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RESUMO 

  

Introdução: O propósito deste estudo é avaliar por meio de análise com elementos 

finitos o estresse mecânico (tensão) e a resistência ao deslocamento sobre o 

material de fixação com a utilização de 9 diferentes formas de fixação com sistemas 

de placas e parafusos após OSRM. Além disso, o trabalho também visa comparar o 

sistema de fixação convencional com o sistema do tipo locking. Materiais e 

Métodos: Para este estudo um modelo tridimensional de uma hemimandíbula foi 

obtido a partir de uma imagem tomográfica e a mesma foi espelhada, afim de obter 

uma mandíbula simétrica.  Todas as irregularidades desta imagem foram removidas. 

Na sequência uma OSRM foi simulada e um avanço de 5 mm do segmento distal foi 

realizado. A partir deste modelo, nove diferentes tipos de FIE foram avaliados: a- 

uma placa reta convencional de 4 furos e 4 parafusos monocorticais, b – uma placa 

reta do tipo locking de 4 furos e 4 parafusos locking monocorticais, c- uma placa reta 

de 4 furos convencional, 4 parafusos monocorticais e um parafuso bicortical, d- uma 

placa reta locking de 4 furos, 4 parafusos locking e um parafuso bicortical,e- uma 

placa reta de 6 furos e 6 parafusos monocorticais, f- uma placa reta de 6 furos 

locking e 6 parafusos locking, g- duas placas retas convencionais e 8 parafusos 

monocorticais, h- duas placas retas do tipo locking e 8 parafusos locking 

monocorticais, i- três parafusos bicorticais dispostos em L invertido. As forças foram 

aplicadas nas inserções dos músculos da mastigação e um anteparo foi colocado 

sobre a oclusal dos dentes, deixando a cabeça da mandíbula como eixo de rotação. 

Os valores dos intervalos do stress sobre as placas e parafusos foram verificados 

em cada método de fixação. A resistência ao deslocamento foi verificada através da 

comparação da posição prévia nos pontos com maior e menor deslocamento, uma 

vez que somente o segmento proximal se movimentou pelo fato do segmento distal 

estar seguro pelo anteparo na superfície oclusal dos dentes. Este deslocamento 

entre os segmentos osteotomizados foi verificado através de intervalos milimétricos. 

Resultados: Dentre os nove sistemas de fixação avaliados, os parafusos bicorticais 

dispostos em L invertido obtiveram uma maior estabilidade e as duas placas 

convencionais obtiveram o menor stress mecânico. Já na comparação dos sistemas, 

as tensões foram mais bem distribuídas através das placas locking. Os parafusos do 

tipo locking apresentaram maior concentração de tensões. A estabilidade foi maior 



 
 
 

nas placas locking quando comparados as placas convencionais.  Conclusões: Os 

parafusos bicorticais em L invertido obtiveram uma maior resistência ao 

deslocamento a placa reta convencional com parafuso bicortical apresentou a menor 

concentração de tensão. As placas do sistema locking apresentaram uma maior 

resistência ao deslocamento e uma maior concentração de tensão, quando 

comparadas as placas convencionais. A adição de um parafuso bicortical às placas 

retas de quatro furos aumentou a estabilidade. 

Palavras-Chave: Análise de elementos finitos, osteotomia sagital do ramo 

mandibular, cirurgia ortognática. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

ABSTRACT 

 

Introduction: The purpose of this study is to evaluate by finite element analysis with 

the mechanical stress on the material and dislodgement resistance of fixation with 

the use of 9 different forms of osteosynthesis after BSSO. Additionally, compare the 

fixation using conventional miniplate and screws with the locking system. Material 

and Methods:  For this study, a three-dimensional model of a hemimandible was 

obtained from a tomographic image. In order to obtain a symmetrical three-

dimensional model, the hemimandible was spread. All irregularities of this image 

were removed, one BSSO was simulated and an advancement of 5 mm of the distal 

segment was performed. From this model, nine different types of SIF were evaluated: 

group A, one 4-hole conventional straight miniplate; group B, one 4-hole locking 

straight miniplate; group C, one 4-hole conventional miniplate and one bicortical 

screw; group D, one 4 hole locking miniplate and 1 bicortical screw; group E, one 6-

hole conventional straight miniplate; group F, one 6-hole locking miniplate; group G; 

two 4-hole conventional straight miniplates; group H, two 4-hole locking straight 

miniplates; and group I, 3 bicortical screws in an inverted-L pattern. The forces were 

applied at the insertions of the muscles of mastication and screen was placed on the 

occlusal tooth, remaining the mandibular heads as the axis of rotation. The values of 

the ranges of stress on the plates and screws were checked at each fixation method. 

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. The 

offset between the osteotomized segments was verified by millimeter intervals. 

Results: Of the 9 different fixation methods the L inverted bicortical screws was the 

one with the great stability and the 2 conventional miniplates was the one with less 

concentration of stress. 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 offset values for the locking models 

were lower when compared to the conventional miniplates. Conclusion: Bicortical 

screws in L inverted configuration presented the greatest stability and conventional 

miniplate with the addition of a bicortical screw the lowest stress concentration. 

Locking miniplates system obtained better stability and a higher stress concentration, 



 
 
 

when compared with the conventional ones. The addition of a bicortical screw 

increases the stability of the fixations with 4 holes miniplates. 

Key words: Finite element analysis, bilateral sagittal split osteotomy, 

orthognatic surgery. 
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1. INTRODUÇÃO 

  

 A osteotomia sagital bilateral dos ramos mandibulares (OSRM), descrita 

por Trauner e Obwegeser(1957), e modificada por DalPont(1961) é atualmente 

reconhecida como um procedimento padrão para tratamento de certas 

discrepâncias mandibulares. A estabilização óssea progrediu da osteossíntese 

com fios de aço em conjunto com o bloqueio maxilomandibular (BMM) para o 

uso da fixação interna rígida através de placas e parafusos de titânio. 

Fernandez e colaboradores, Stoelinga e Borstlap, Cox e colaboradores, todos 

em 2003, relataram que os problemas relacionados com o BMM são bem 

reconhecidos e incluem o comprometimento do espaço aéreo superior, 

problemas nutricionais e a perda de peso relacionada, o desgaste da 

articulação temporomandibular ou anquilose e a falta de colaboração dos 

pacientes. Segundo Tyler Cox e colaboradores, em 2003, o procedimento 

padrão para estabilização da OSRM   dentro da cirurgia bucomaxilofacial e 

cirurgia ortognática é a fixação interna estável (FIE). Diferentes métodos de FIE 

têm sido usados para permitir a rápida mobilidade e retorno a função após 

OSRM. Contudo algumas desvantagens relacionadas aos métodos de fixação 

devem ser lembrados como: o deslocamento da cabeça da mandíbula na 

fossa, lesões nervosas irreversíveis relacionadas a compressão causada pelos 

parafusos ou miniplacas, dificuldade em casos de uma reintervenção e 

alterações oclusais (Van Sickels et al., 1985). 

  O principal objetivo da FIE é obter uma neoformação óssea sem 

interferências mecânicas a fim de prevenir qualquer recidiva (Tyler Cox et al., 

2003). Devido aos movimentos dos segmentos osteotomizados, diferentes 

métodos de fixação utilizando placas e parafusos estão sendo utilizados em 

inúmeros estudos, muitas vezes com resultados contraditórios (Van Sickels et 

al., 1985; Watzke et al., 1990). 

 A maioria dos procedimentos atuais utilizam titânio como material para a 

fixação, devido a sua propriedade de rigidez, resistência e biocompatibilidade 

(Erkmen et al., 2005). Essas propriedades proporcionam a estabilização dos 

segmentos osteotomizados com a mínima movimentação dos mesmos, 
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consequentemente os procedimentos de fixação com este tipo de material 

melhoraram radicalmente os resultados da união óssea e diminuíram as taxas 

de má união e não união (Watzke et al., 1990).   

 A FIE utiliza miniplacas de titânio e vários tipos de parafusos. Inúmeras 

variações na utilização de placas e parafusos podem ser obtidas dependendo 

das preferências do cirurgião, podendo ser utilizados somente parafusos 

bicorticais, placas com parafusos monocorticais ou então a técnica híbrida, 

quando são utilizados placas e parafusos bicorticais (Peterson et al., 2005).  

As fixações através de parafusos bicorticais podem ser realizadas por 

via intrabucal ou extrabucal. Quando realizada por via intrabucal são instalados 

três parafusos bicorticais de forma linear próximos a borda superior do 

segmento proximal, com uma angulação de aproximadamente 60 graus. Já 

quando realizada por via extrabucal, através de trocar, os três parafusos 

bicorticais são instalados perpendicularmente e dispostos em uma 

configuração semelhante a um L invertido.(Peterson et al., 2005)   

Nas fixações utilizando placas e parafusos podem ser utilizados placas 

de 1.5mm, 2.0mm, e 2.3mm tanto convencionais quanto as do sistema locking. 

Inúmeras variações 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 

duplo y e outras combinações.  

Os sistemas de miniplacas do tipo locking são aquelas em que a cabeça 

do parafuso trava através de roscas na própria placa. Com isso, elas tendem a 

minimizar o deslocamento dos segmentos osteotomizados, já que com estas 

placas ocorre uma diminuição do tracionamento dos segmentos ósseos. Esse 

sistema evita uma compressão excessiva da placa e parafusos contra a cortical 

óssea, a qual pode levar a uma reabsorção óssea (Ribeiro-junior et al., 2010). 

Estudos in vitro e análises clínicas têm demonstrado que os sistemas de placas 

locking 2.0mm apresentam maior resistência do que as placas convencionais 

(Ribeiro-junior et al., 2010; Gutwald et al., 1999; Ellis e Grabam, 2002; Castilho 

et al., 2004). A utilização deste tipo de fixação tem sido extensivamente 

documentado em cirurgias para o tratamento de fraturas faciais (Ellis e  
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Grabam,  2002; Castilho et al., 2004) contudo dentro da cirurgia ortognática 

tem sido pouco explorada. 

 Alguns estudos utilizam modelos biomecânicos para realização de 

simulações in vitro (Ozden et al., 2006; Murphy et al., 1997; Van Sickels et al., 

2005; Anucul et al., 1992; Ribeiro-junior et al., 2010). Outros estudos utilizam 

análises tridimensionais através de elementos finitos (Maurer et al., 2002; 

Fernandez et al., 2003; Erkmen et al., 2005). O método de elementos finitos 

(MEF) é uma forma de análise matemática, que se fundamenta na divisão de 

um domínio em pequenas áreas, chamado de elementos finitos. A essa divisão 

dá se o nome de “malha”. A malha é composta por arestas (faces) e nós 

(pontos de intersecção das arestas). Portanto, ao buscar uma função que 

obedeça às condições para todo o domínio, agora essas funções devem ser 

estabelecidas em cada elemento (arestas e nós). Assim é montado um 

funcional em cada elemento, cuja soma, produz o funcional do domínio 

completo sobre toda a malha (Argenta et al., 2010). No geral, o MEF possui a 

capacidade de modelar matematicamente estruturas, tornando-se possível a 

aplicação de forças em qualquer ponto e/ou direção. Dessa forma, conseguem-

se dados sobre o deslocamento e o grau de tensão inicial (Lotti et al., 2006). 

Para se obter um modelo, utiliza-se uma tomografia computadorizada, 

que é capaz de reconstituir tridimensionalmente as propriedades e geometria 

dos tecidos ósseos com precisão. Contudo existe a possibilidade de presença 

de artefatos e/ou falhas, as quais podem alterar a estrutura. Por isso são 

utilizados programas para redução de impurezas, tornando assim a estrutura o 

mais próxima da original (Argenta et al., 2010). 

A maior dificuldade em estudos envolvendo testes biomecânicos é como 

simular adequadamente a ação dos músculos da mastigação. A grande maioria 

dos estudos, tanto os in vitro quanto os através de elementos finitos, relatam 

que a técnica de fixação através de 3 parafusos bicorticais dispostos em L 

invertido é a que proporciona maior estabilidade.Contudo, há ainda espaço 

para discussão sobre qual é a técnica mais efetiva e que causa menos 

complicações, principalmente quando grandes avanços são necessários ou em 
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casos de assimetria mandibular, tendo em vista a evolução dos materiais 

utilizados com este propósito. 

 Ribeiro-junior e colaboradores, em 2010, avaliaram a estabilidade de 

nove diferentes tipos de métodos para fixação de osteotomias sagitais 

bilaterais, através de simulações biomecânicas in vitro, comparando os 

métodos de fixação convencionais com os métodos de fixação através de 

placas locking. Neste estudo ele avaliou: a- uma placa reta convencional de 4 

furos e 4 parafusos monocorticais, b – uma placa reta do tipo locking de 4 furos 

e 4 parafusos locking monocorticais, c- uma placa reta de 4 furos convencional, 

4 parafusos monocorticais e um parafuso bicortical, d- uma placa reta locking 

de 4 furos, 4 parafusos locking e um parafuso bicortical,e- uma placa reta de 6 

furos e 6 parafusos monocorticais, f- uma placa reta de 6 furos locking e 6 

parafusos locking, g- duas placas retas convencionais e 8 parafusos 

monocorticais, h- duas placas retas do tipo locking e 8 parafusos locking 

monocorticais, i- três parafusos bicorticais dispostos em l invertido. Os autores 

verificaram a superioridade da estabilidade entre os grupos que utilizaram 2 

miniplacas (grupos G e H), 1 miniplaca e um parafuso bicortical (grupos C e D) 

e somente parafusos bicorticais (grupo I) em comparação com os grupos que 

utilizaram somente uma miniplaca com dois parafusos por segmento (grupos A 

e B) e 3 parafusos por segmento (grupos E e F). Não foram verificadas 

diferenças estatisticamente significantes entre os sistemas convencionais e do 

tipo locking. A adição de um parafuso bicortical na região retromolar aumentou 

a resistência ao deslocamento horizontal e vertical. Este estudo serviu como 

base para o desenvolvimento deste trabalho, buscando verificar as diferentes 

propriedades dos mesmos métodos através da análise por elementos finitos.  

Oguz e colaboradores, em 2009, avaliaram o stress biomecânico após 

fixação da OSRM com placas e parafusos convencionais e do sistema locking, 

através de elementos finitos. Neste estudo foi utilizado um modelo 

tridimensional de metade de uma mandíbula, com a simulação de um avanço 

de 5mm através de modelo computacional. A partir deste modelo dois tipos de 

fixação foram simuladas: fixação com placa e parafusos convencionais de 2.0 

mm e fixação com placas e parafusos locking. A cabeça da mandíbula e a 

incisal dos incisivos permaneceram fixadas, sendo então aplicada uma força de 
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200N na região de ângulo mandibular. Os autores obtiveram valores de stress 

maior na cortical do segmento distal com o sistema de fixação locking. No 

entanto, na cortical do segmento proximal o stress foi maior utilizando o 

sistema de fixação convencional. Na região medular de ambos os segmentos, 

o stress foi maior com a utilização do sistema convencional. Os autores 

chegaram à conclusão de que o sistema de placas e parafusos locking 

dispersa as forças através das placas e dos parafusos e reduz a quantidade de 

força transferida para cada unidade do sistema. 

Sato e colaboradores, em 2012, verificaram as características 

mecânicas e a distribuição do stress em técnicas de fixação híbridas da OSRM, 

através de avaliação in vitro, fotoelástica e elementos finitos. Foram avaliados 3 

tipos de fixação: três parafusos bicorticais em L invertido, uma placa reta de 4 

furos e um parafuso bicortical, uma placa reta de 4 furos. No teste 

biomecânico, 10 réplicas de poliuretano de uma hemimandíbula humana de 

cada tipo de fixação foram submetidas a um teste de carga linear.  Para 

avaliação fotoelástica, 3 réplicas de uma hemimandíbula em resina fotoelástica 

foram submetidas a análise fotoelástica. Na análise de elemento finitos, 3 

modelos computacionais foram submetidos a avaliação de deslocamento e os 

resultados do maior stress foram analisados. Os resultados deste estudo 

demonstraram que a fixação através de três parafusos bicorticais apresentaram 

maior resistência mecânica e padrão de distribuição do stress quando 

comparados com a técnica híbrida, por outro lado, esta apresentou melhores 

resultados quando comparada a técnica com miniplaca e parafusos 

monocorticais. Além disso, mostraram que a técnica hibrida melhora a 

resistência e a distribuição do stress, mantendo as vantagens da técnica de 

fixação com miniplacas e parafusos monocorticais. 

Bohluti e colaboradores, em 2010, avaliaram a tolerância ao stress dos 

parafusos usados em 9 diferentes tipos de fixação para OSRM para determinar 

qual configuração leva a uma menor força sobre a cortical ósseas nos pontos 

de fixação. Foi utilizado um modelo tridimensional de uma mandíbula humana. 

A OSRM foi realizada virtualmente neste modelo. Foram simulados 9 diferentes 

métodos de fixação: um único parafuso bicortical, 2 parafusos bicorticais 

lineares na horizontal, 2 parafusos bicorticais lineares na vertical, 3 parafusos 
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bicorticais em L, 3 parafusos bicorticais em L invertido, miniplaca com dois 

parafusos, miniplaca com 4 parafusos, 2 miniplacas com 4 parafusos e placa 

quadrada com 4 parafusos. Forças de 75N, 135N e 600N foram aplicadas 

verticalmente sobre os dentes posteriores de cada modelo. A distribuição do 

stress sobre os parafusos na cortical vestibular foi medida através de 

elementos finitos. Neste modelo todas as fixações suportaram forças 

compreendidas entre 75N e 135N. Contudo, os modelos com um único 

parafuso bicortical e com placa de dois furos mostraram, através da distribuição 

do stress, que não toleram forças de 600N aplicadas verticalmente na 

posterior. Os resultados deste estudo indicam que parafusos bicorticais em L 

invertido são mais estáveis. Contudo, a maioria dos métodos de fixação 

avaliados possuem estabilidade adequada para aplicações clínicas. 

 Há muitos estudos na literatura verificando a utilização das placas do 

tipo locking para tratamento de fraturas da região maxilofacial, e muitos 

estudos verificando diferentes métodos de fixação da OSBRM através de 

placas e parafusos convencionais. Contudo, ainda há poucos estudos 

avaliando a utilização de miniplacas e parafusos do sistema locking nas 

cirurgias ortognáticas. Parece ainda não haver um consenso na literatura 

quanto a superioridade, ou não, das placas locking quando comparadas com 

as convencionais. Ainda não está claro se há realmente superioridade das 

miniplacas e parafusos do tipo locking quando comparadas com as 

convencionais.  
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2. OBJETIVOS 

 

 Verificar a resistência ao deslocamento e o  estresse em diferentes métodos 

de fixação utilizados na osteotomia sagital dos ramos mandibulares.  

 Comparar a resistência ao deslocamento e o padrão e o estresse entre os 

sistemas de fixação convencional e locking. 
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3. MATERIAIS E MÉTODOS 

 

3.1 Construção do modelo tridimensional  

Para realizar a simulação através dos métodos de elementos finitos foi 

obtido um sólido tridimensional a partir de imagens tomográficas de uma 

mandíbula, fornecida pelo site www.osirix-viewer.com/datasets. Visando obter 

uma simetria sólida na simulação, a imagem da hemimandíbula foi espelhada.  

Os arquivos contendo as imagens tridimensionais das placas e parafusos de 

titânio foram fornecidas pela empresa NEORTHO Ltda, Curitiba, Brazil. Foram 

utilizadas as seguintes imagens: placa reta de 4 furos convencional de 2.0mm, 

placa reta de 4 furos locking de 2.0mm, placa reta de 6 furos convencional, 

placa reta de 6 furos locking, parafuso 2.0mm convencional de 6mm, parafuso 

2.0mm locking de 6mm e parafuso convencional de 15mm.        

Após a obtenção do modelo tridimensional, os arquivos foram reduzidos 

a estrutura de milhares de triângulos, e exportados para o programa Solidworks 

2012 (Dassault Systemes, Solidworks Corps, USA), com a finalidade de 

remover interferências entre os triângulos citados acima e tornar o mesmo 

compatível com a leitura do arquivo no programa Ansys Workbench 14.0 

(NASDAQ: ANSS) utilizado na simulação.  

 

3.2 Simulação de movimento com diferentes métodos de fixação 

Duas osteotomias sagitais bilaterais dos ramos mandibulares foram 

simuladas no programa e um avanço de 5mm foi realizado no segmento distal. 

O modelo obtido a partir desta simulação apresentava 2500662 nós e 1489170 

elementos.(Fig.1) A partir deste novo modelo osteotomizado 9 diferentes tipos 

de fixações foram simuladas: A- uma placa reta convencional de 4 furos com 4 

parafusos monocorticais de 6mm; B- uma placa reta locking de 4 furos e 4 

parafusos monocorticais locking de 6mm; C- uma placa reta convencional de 4 

furos; 4 parafusos monocorticais de 6mm e um parafusos bicortical de 15mm; 

D- uma placa reta de 4 furos locking; 4 parafusos locking de 6mm e um 

http://www.osirix-viewer.com/datasets
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parafuso bicortical de 15mm; E- uma placa reta de 6 furos e 6 parafusos 

monocorticais de 6mm; F- uma placa reta de 6 furos locking e 6 parafusos 

locking monocorticais; G- duas placas retas convencionais de 4 furos e 8 

parafusos monocorticais de 6mm; H- duas placas retas locking de 4 furos e 8 

parafusos monocorticais locking de 6mm e I- 3 parafusos bicorticais de 15mm 

em L invertido. 

 

Fig1.Sólido utilizado na simulação, com a osteotomia sagital bilateral dos ramos 

mandibulares e o avanço de 5mm, mostrando todos os elementos. 

 

Fig 2. Simulação do deslocamento nos 9 diferentes métodos de fixação. 
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3.3 Aplicação de força  

As estruturas foram divididas em: esmalte, dentina, polpa, ligamento 

periodontal, osso trabecular e osso cortical, sendo consideradas com um 

comportamento isotrópico, homogêneo e linear elástico. Foram aplicadas 

forças na região de inserção dos músculos temporal (margem lateral do 

processo coronóide da mandíbula) de 235N, pterigóide medial (tuberosidade 

pterigóidea) de 145N e masseter (face lateral do ramo da mandíbula) de 151N, 

envolvidos no levantamento da mandíbula no ato mastigatório. Estas forças 

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 forças mastigatórias (Fig. 3). 

 

Fig 3. Simulação com a aplicação das forças referentes aos músculos da mastigação. 

 

3.4 Mensuração da  resistência ao deslocamento e do stress  mecânico 

Posteriormente a esta simulação foram avaliados, após cada tipo de 

fixação, o stress sofrido na placa em mega pascal e o deslocamento entre os 

segmentos mandibulares em milímetros. Foram determinados valores mínimo e 

máximo de stress e estabilidade. A resistência ao deslocamento foi verificada 

através da comparação da posição prévia nos pontos com maior e menor 

deslocamento, uma vez que somente o segmento proximal se movimentou pelo 

fato do segmento distal estar seguro pelo anteparo na superfície oclusal dos 

dentes. Portanto quanto maior o valor máximo e maior o valor mínimo, maior o 
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deslocamento e menor a estabilidade. Quanto maior o valor de deslocamento 

menor a estabilidade.Para a avaliação dos parafusos foi verificado somente o 

stress sobre o próprio parafuso, utilizando também valores máximos e 

mínimos. 
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4- DISLODGEMENT RESISTANCE AND STRESS FINITE ELEMENT 

ANALYSIS OF NINE DIFERENT TYPES OF RIGID INTERNAL FIXATION 

FOR BILATERAL SAFITAL SPLIT OSTEOTOMY 

 

ABSTRACT  

Purpose: The aim of this study was verify the stress and dislodgment 

resistance trough finite element analysis of nine different types of rigid internal 

fixation. Material and Methods: A 3d solid finite element model of a hemi 

mandible was obtained through a computed tomography. A bilateral sagittal 

split osteotomy was simulated and the distal segment was advanced 5mm 

forward. After the adjustment and superimposing of the segments 9 different 

types of osteosynthesis with 2.0 miniplates and screws was simulated: group A, 

one 4-hole conventional straight miniplate; group B, one 4-hole locking straight 

miniplate; group C, one 4-hole conventional miniplate and one bicortical screw; 

group D, one 4 hole locking miniplate and 1 bicortical screw; group E, one 6-

hole conventional straight miniplate; group F, one 6-hole locking miniplate; 

group G; two 4-hole conventional straight miniplates; group H, two 4-hole 

locking straight miniplates; and group I, 3 bicortical screws in an inverted-L 

pattern. In each model forces simulating the traction of masticatory muscles 

was applied in the insertion regions, and a bulkhead was used at the occlusal 

tooth. It was checked at each fixation method the ranges values of the stress in 

the plates and screws. 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 The offset between the osteotomized segments 

was verified by millimeter intervals. Results: Inverted L bicortical screws were 

the model that have had the lower dislodgment, and the model with lower 

tension was the one with two conventional plates. The results suggest that the 

tension was better distributed in the locking miniplates, but the locking screws 

presented higher concentration of tension. Conclusion: Bicortical screws in L 

inverted configuration presented the greatest stability and the two conventional 

miniplates the lowest stress concentration. Locking miniplates system obtained 
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better stability and a higher stress concentration, when compared with the 

conventional ones. 

 

INTRODUCTION 

  

The bilateral sagittal split osteotomy of the rami (BSSO) described 

according Trauner & Obwegeser, and modified by Dal-Pont is recognized as a 

standard procedure for treatment of certain mandibular discrepancies. The bone 

stabilization progressed from osteosynthesis with steel wire together with the 

maxillomandibular intermaxillary block (MMI) to the use of rigid internal fixation 

with titanium miniplates and screws. The problems with MMI are well 

recognized and include the involvement of the upper airspace, nutritional 

problems and related weight loss, temporomandibular joint wear and ankylosis 

or lack of cooperation from the patients.1,2,3 The stable internal fixation is the 

standard procedure used to stabilize the BSSO in the oral and maxillofacial 

surgery.3 Different methods of internal fixation has been used to allow quick 

mobility and the return to function after BSSO. However some disadvantages 

related to methods of rigid fixation should be remembered as the displacement 

of the condyle, irreversible nerve injuries related to compression caused by 

screws or miniplates, difficulty in cases of a reintervention and occlusal 

changes.4 

  Most current procedures use titanium as a material for fixing due to its 

property of stiffness, strength and biocompatibility.8 These properties provide 

stabilization of the osteotomized segment with minimal movement. 

Consequently the fixation procedures with this type of material radically 

improved outcomes and decreased bone union rates bad marriage and not 

marriage.7 

 The stable internal fixation uses titanium miniplates and various types of 

screws. Numerous variations on the use of plates and screws may be obtained 

depending on the preference of the surgeon, only bicortical screws, miniplates 
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with monocortical screws and the hybrid technique, when miniplates and 

bicortical screws are used associated with bicortical screws.9 

 In order to obtain the appropriate anchorage it could be used miniplates 

and screws of 1.5mm, 2.0mm and 2.3mm, both of conventional or locking 

system. Numerous variations can be made, it can be used 4 holes or 6 holes 

miniplates, two miniplates of 4 holes or 6 holes, one dual y miniplate and other 

combinations.  

The locking miniplates systems are those in which the screw head set 

itself into the miniplate. Thus, they tend to minimize the movement of the 

osteotomized segments, since with this miniplates occurs a decrease of the 

traction into the bone segments. This system prevents excessive compression 

of the miniplate and screw against the cortical bone, which can lead to bone 

resorption.14 In vitro studies and clinical tests have shown that the 2.0 mm 

miniplate locking systems have greater strength than conventional 

ones.14,18,19,20 The use of this type of fixation has been extensively documented 

in surgeries to treat facial fractures, but little has been explored in orthognathic 

surgery.18,19 

Some studies use biomechanical models for simulations in vitro, other 

studies use the analysis through three-dimensional finite element to compare 

different types of fixation.10,11,12,13,14 The major difficulty in studies involving 

biomechanical testing is how to properly simulate the action of the muscles of 

mastication. The vast majority of studies, both in vitro and by the finite element, 

reported that the fixation technique using 3 bicortical screws arranged in 

inverted L is the one that provides greater stability. However, there is still room 

for discussion about which technique is more effective and causes fewer 

complications, especially when major advances are needed or in cases of 

mandibular asymmetry, given the evolution of the materials used for this 

purpose. 

The propose of this study was to verify the stress and dislodgment trough 

finite element analysis of nine different types of rigid internal fixation, and 

compare the stability and stress of the conventional miniplate and screws with 

the locking system. 
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MATERIAL AND METODS 

  

For the simulation through finite element analysis, it was obtained a 

tridimensional solid from computed tomography images of a mandible, provided 

by the site www.osirix-viewer.com/datasets. Files containing the tridimensional 

images of titanium miniplates and screws was provided by the NEORTHO 

enterprises. In this study the following images was used: 4 holes conventional 

2.0mm miniplate ,4 holes locking 2.0mm miniplate, 6 holes conventional 2.0 

miniplate, 6 holes locking 2.0 miniplate, 2.0mm conventional screw of 6mm 

long, 2.0mm locking screw of 6mm long, and 2.0mm conventional screw of 

15mm long. 

 

Fig1. Solid used in the simulation, showing the bilateral sagital split osteotomy with 5 mm of 

advancment, with all elements. 

After obtaining the three-dimensional model, the files was reduced into 

thousands of triangles, and exported to Solidworks 2012 (Dassault Systemes, 

Solidworks Corps, USA) program, in order to remove the interference between 

the triangles aforementioned and make it compatible with the read at the Ansys 

Workbench 14.0 (NASDAQ:ANSS) program which was used in this simulation 

(Fig 1). 

http://www.osirix-viewer.com/datasets
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 A sagittal bilateral split osteotomy was simulated in the program a 5mm 

forward advancement was realized at the distal segment. As from this new 

osteotomized model nine different types of fixations was simulated. In group A, 

2 conventional 2.0mm diameter 6mm long monocortical screws were installed in 

each bone segment using a conventional miniplate with space (Fig. 2A). In 

group B, 2 locking 2.0mm diameter 6mm long monocortical screws were 

installed in each bone segment using a locking miniplate with space (Fig. 2B). 

In group C, 2 conventional 2.0mm diameter 6mm long monocortical screws 

were installed in each bone segment using a conventional miniplate with space 

and 1 conventional 2.0mm diameter and 15mm long screw reaching both cone 

cortices at 3 mm from distal of the second molar below the superior alveolar 

border (Fig. 2C). In group D, 2 locking 2.0mm diameter 6mm long monocortical 

screws were installed in each bone segment using a locking miniplate with 

space and 1 conventional 2.0mm diameter 15mm long screw reaching both 

bone cortices at 3mm from distal of the second molar below superior alveolar 

border (Fig. 2D). In group E, 3 conventional 2.0mm diameter 6mm long 

monocortical screws were installed in each bone segment using a conventional 

miniplate with space (Fig. 2E). In group F, 3 locking 2.0mm diameter 6mm long 

monocortical screws were installed in each bone segment using a locking 

miniplate with space (Fig. 2F). In group G, 2 4-hole conventional miniplates with 

space with 2 conventional 2.0mm diameter 6mm long monocortical screws per 

plate were installed in each bone segment. One miniplate was installed close to 

the superior border of the bone segment and the other above the basal line 

(Fig. 2G). In group H, two 4- hole locking miniplates with space with 2 locking 

2.0mm diameter 6 mm long monocortical screws per plate were used in each 

bone segment. One miniplate was installed close to the superior border of the 

bone segment and the other above the basal line (Fig. 2H). In group I, 3 

bicortical screws were installed in an inverted-L position (Fig. 1L). 
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Fig. 2. Simulation of dislodgment of the 9 different fixation methods. 

 The structures were divided into: enamel, dentin pulp, periodontal 

ligament, trabecular bone and cortical bone, being considered with a 

homogeneous, isotropic and linear elastic behavior. Were applied forces 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.15(Fig. 3) 

  

Fig. 3. Simulation of forces promoted by the masticatory muscles. 

After this simulation the stress of the plates were evaluated in mega pascal and 

the displacement resistance was verified in millimeters.The dislodgment 
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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 avaliated in separately, and it was just evaluated 

the stress once to verify the displacement to many vectors will be present. At 

the stress simulations the green colors demonstrate a less stress and the red 

colors are related with higher stress values. 

RESULTS 

All the different types of models with different configurations of fixation 

was submitted to the same intensity of forces, being each one evaluated 

separately regarding to the displacement between the bone segments and the 

stress in the miniplates and screws. At the stress simulations the green colors 

demonstrate a less stress and the red colors are related with higher stress 

values, nevertheless it couldn´t be compared the colors between the 

simulations because each one has a different interval of values.  The stress 

results, even in the miniplates and screws, could be visualized at the table 1.   

Type Of Fixation Miniplate Tension 

(Mpa) 

Displacement (mm) Screws Tension 

(Mpa) 

A 4 H Conv. Miniplate 17,395  0,53 -  0,49 22,352  

B 4 HLock. Miniplate 34,208  0,52 - 0,43 360,25  

C C. Mini. + Bscrew 13,381  0,38 - 0,50 79,679  

D L. Mini. + Bscrew 27,481  0,34 - 0,45 132,33  

E 6 HConv. Miniplate 37,783  0,56 - 0,52 59,961  

F 6 H Lock. Miniplate 40,214  0,55 - 0,51 74, 048  

G 2 4 H Conv. Minip. 19,09 0,30- 0,34 113,2  

H 2 4 H lock. Minip. 20, 643 0,30 - 0,34 96,21  

I 3 Bicortical Screws 22, 562  0,21 - 0,28 238,06  

Table 1. Table containing the values of miniplate tension, bone segments displacement and 

screw tension of each fixation method.A- 4 holes conventional miniplate, B- 4 holes locking 

miniplate, C- 4 holes conventional miniplate + bicortical screw, D- 4 holes locking miniplate + 

bicortical screw, E- 6 holes conventional miniplate, F- 6 holes locking miniplate, G- Two 4 holes 

miniplates, H- Two 4 holes locking miniplates, I- 3 bicortical screws in L inverted pattern.  
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 As it was expected the L inverted screws were the configuration that 

demonstrate the lower displacement, however did not have the lower stress in 

the screws. Besides, two conventional miniplates was the simulation with the 

lower stress in the screws. 

 Comparing the fixation methods that use the conventional miniplates with 

the locking miniplates we obtained the following results: 

A- Conventional miniplate with 4 holes x B- Locking miniplate with 4 holes 

 The Locking 4 holes miniplate demonstrated higher tension (Fig 4) when 

compared with the conventional miniplate and a higher displacement resistance 

values of the bone segments (Fig 5). A similar tension values were verified at 

the locking and conventional screws (Fig 6). 

 

Fig 4. First picture showing the tension in the conventional miniplate. Second picture showing 

the tension in the locking miniplate. The red regions demonstrate higher stress values, but it 

can´t be compared between the two simulations because the different intervals of stress used to 

establish the colors. 
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Fig 5. First picture showing the displacement of the conventional 4 holes miniplate(0,53 to 

0,49mm) Second picture showing the displacement of locking 4 holes miniplate(0,52 to 

0,43mm). 

 

Fig 6. First picture showing the tension in the conventional screws of 4 hole conventional 

miniplate (22,352). Second picture showing the tension in the locking screws of the 4 hole 

locking miniplate (22,532). 

C-Conventional 4 holes miniplate + bicortical screw x Locking 4 holes miniplate 

+ bicortical screw 
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 The locking 4 holes miniplate + bicortical screw demonstrated higher 

tension at the plate than the conventional one. And the bone displacement 

resitance was higher with the locking 4 hole miniplate. The tension at the 

screws in this specific simulation was higher at the locking screws. 

E- Conventional miniplates with 6 holes x F- Locking miniplates with 6 holes 

 The tension in the 6 holes locking miniplates were higher than at the 

conventional miniplates. The displacement resistance was slightly lower at the 

conventional miniplate. The tension at the locking screw were higher than at the 

conventional ones. 

G – Two conventional 4 holes miniplates x Two locking 4 holes miniplates 

 The tension supported by the two locking miniplates are higher than the 

tension supported by the two conventional miniplates, the displacement 

resistance of the two models are similar and the tension in the screws 

conventional screws are little higher than the conventional ones. 

 

DISCUSSION 

Osteosynthesis is one of the subject most discussed and investigated in 

the literature. The bone segments need to be fixated in order to reach the 

rigidity and stability to accelerate the healing period, and permit the rapidly 

recovery of the patient.12 If these fixation methods are not well performed they 

can cause serious complications to the treatment. Accordingly, the interest in 

investigating which is the most adequate osteosynthesis method with the lower 

morbidity is increasing.10 

In order to increase the stability and improve surgical outcomes, many 

modifications of the fixation systems were introduced in the past years. For the 

fixation of bilateral sagital split osteotomy it can be used lag screws, bicortical 

position screws, conventional miniplates, resorbable plates, locking plate and 

screws and the possible combinations of them.  

The biomechanical functions of rigid fixation systems clinically depend on 

the interaction between all three components, which are plate, screws, and 
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bone. A conventional bone-plate-screws system requires precise adaptation of 

the plate to the underlying bone. Without this intimate contact, the tightening of 

the screws draw the bone segment towards the plate and result in alterations in 

the position of the segments and the oclusal relation ship.11-14 Actually, with the 

introduction of the locking plate/screw system, disadvantages of conventional 

miniplates, such as screw loosening, need of precise adaptation of the plate to 

the bone, stability problems, and alteration in occlusion, are eliminated or 

decreased.11-14  

Evaluated properties of locking and conventional titanium systems was 

evaluated  and it was concluded that locking plates are more stable in angle 

fractures.16,17 The first clinical study using locking miniplate/screw was done 

using data from 80 fractures in 59 patients.11 It was found that this system was 

simple and provided sound fixation in all cases.  However, the failure strength of 

2.0-mm locking versus 2.0-mm conventional mandibular miniplates was 

compared in a laboratory model and no differences was found between the 2 

techniques.18 They realized that the failure have more relation with the bone 

quality and surgical technique rather than the fixation system. 

 There are feel studies in the literature that verify the stability and 

advantages of using locking miniplates/screws in the fixation of bilateral sagittal 

split osteotomy, and there are some studies that use in vitro biomechanical 

evaluations. An in vitro study was done to access the biomechanical stability of 

9 different osteosynthesis methods after sagittal split ramus osteotomy by 

simulating the masticatory forces and using a 3-point biomechanical test 

method. With forty-five polyurethane hemimandible they tested 9 different 

methods of fixation of bilateral sagittal split osteotomy using different 2.0-mm 

miniplate/screws systems. They used an Instron machine (Norwood, MA) until a 

3-mm displacement occurred between segments vertically or horizontally. 

These tests showed a statically significant difference between the groups that 

used 2 miniplates, 1 miniplate and 1 bicortical screw, and only bicortical screws 

compared with groups that used only 1 miniplate with 2 screws per segment 

and 3 screws per segment. They concluded that the placement of 2.0mm-

diameter bicortical screws in the retromolar region, associated or not with 

conventional and locking miniplates with monocortical screws, promoted a 
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better stabilization of bone segments. Locking miniplates presented a better 

performance in bone fixation in all groups. In this finite element study the 

addition of a bicortical screws with the miniplates also increase the stability, and 

similar with the study in vitro the locking miniplates seems to have better 

distribution of the tensions and increased stability when compared with the 

conventional system. 

Stress over the bone and fixation systems after sagittal split ramus 

osteotomy fixed with standard titanium or locking plate/screws was also 

evaluated using finite element analysis, in another study. A 3 dimension finite 

element mandible model consisted of 153.320 elements and 35.570 nodes was 

created, and 5mm advancement was simulated on computer model. They fixed 

the model either with 2.0mm titanium conventional miniplate/screw or 2.0mm 

titanium locking miniplate/screw system, and they use 200N bite force. The 

values of von Misses stress in the cortical layer of the distal segment using the 

locking plate was higher. However, in the cortical layer of the proximal segment 

the stress were higher at the conventional plate system. In the spongiosa layers 

of both segments, stress were higher with the conventional plate system. They 

conclude that the locking miniplate/screw system spreads the lode over the 

plate and screws and diminishes the amount of force transferred each unit.  

In these study it was used a more reliable 3 dimension finite element 

model of a mandible with 2.500.662 nodes and 1.489.170 elements, which is a 

model of high quality when compared with another studies.The model have 

more structures including, tooth, periodontal ligament, cement, enamel and 

dentin. It was used forces similar to the forces of the masticatory muscles, 

totally different of the majority of studies related to this subject that uses a single 

force. The association of a very realistic three dimension model and the forces 

of the masticatory muscles leads to a more reliable simulation. We verified 9 

different fixation methods similar to in vitro study of Ribeiro-junior et al., 2010. It 

was used the interval of the higher a lower values of the stress in the 

miniplate/screws and the displacement between the bone segments.  

It can be clearly verified in these study that the stress values into the 

miniplates are higher when locking miniplates are used because the tension 
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was distributed through the miniplate and are less transferred to the bone 

segments. In all methods of fixation the displacement values were lower when 

locking miniplate/screw are used, just when two miniplates are used that the 

values are similar. Related to the tension verified in the screws, we can make 

the relation that the higher is the screw tension the lower is the displacement of 

the bone segments. Appears that the addition of bicortical screws in the 

methods of fixation with one miniplate increase the displacement resistance of 

the bone segments.  It seems that the use of locking miniplate/screw offer better 

stabilization with less compression in to the bone segments. 
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6. CONCLUSÕES 

 

 - Dentre os nove diferentes tipos de fixação os três parafusos em L 

invertido apresentaram melhor estabilidade e as duas placas retas 

convencionais e menor valor de tensão. 

 - O sistema locking quando utilizado para fixação de osteotomias 

sagitais bilaterais suporta tensões maiores quando comparado ao sistema 

convencional. 

 - Do ponto de vista da resistência ao deslocamento as placas do tipo 

locking sofreram um menor deslocamento quando comparadas as placas 

convencionais. 

 - A adição de um parafuso bicortical às placas retas aumentou a 

resistência ao deslocamento. 
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ANEXOS 

 

Normas da Revista: Journal Of Oral Maxillofacial Surgery 

Notice to Contributors  

The Journal of Oral and Maxillofacial Surgery (JOMS) publishes articles reflecting a 

wide range of ideas, results, and techniques, provided they are original, contribute 

new information, and meet the journal's standards of scientific thought, rational 

procedure, and literary presentation.  

The JOMS uses EES, an online, electronic submission system. The Web site, 

 http://ees.elsevier.com/joms, guides authors through the submission process. 

Authors must specify the article type (full length article, case report, etc.) and select 

from a set of classifications provided online.  

Case reports. Routine case reports add little to our knowledge, but may be 

published if the report: 1) contains new information; for example, new disease 

process, diagnostic technique or maneuver, treatment, or operative approach; 

or 2) contains information that needs to be reinforced periodically; or 3) includes a 

comprehensive review on a topic requiring an updated review; or 4) is of an 

extremely unusual case.  

Submissions to Perspective Section: Perspective articles represent succinct 

opinion pieces, survey results and other shorter contributions that address various 

topics of relevance to oral-maxillofacial surgeons. These topics may include, for 

example, public policy, patient safety, education, health care or surgical trends, 

government actions, and commentaries on other subjects. Articles in this section are 

limited to no more than 1400 words, no more than 3 figures or tables, and no more 

than 5 references. Articles accepted for publication do not necessarily represent the 

views of the AAOMS or the editorial staff.  

Correspondence. Authors may send queries concerning the submission process, 

manuscript status, or journal procedures to the Editorial Office at joms@aaoms.org. 

All correspondence, including the Editor's decision and request for revisions, will be 

via e-mail.  

http://ees.elsevier.com/joms
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Letters to the Editor may be directed to the Editor-in-Chief: 

 

Dr James R. Hupp, Professor of Oral-Maxillofacial Surgery East Carolina University 

School of Dental Medicine and must be submitted via the EES system to be 

considered (  http://ees.elsevier.com/joms).  

Letters to the Editor should be in reference to a specific article or editorial that has 

been published by the JOMS on which you would like to comment; letters must be 

under 500 words (body of the letter, not including the references). One figure may 

accompany the letter if it is essential to understanding the subject. Please limit the 

number of references to fewer than 5. 

Letters must be submitted within 8 weeks of the article's print publication or for 

online-only articles, within 8 weeks of the date they first appeared online.  

Original articles are considered and accepted for publication on the condition 

that they have not been published in another journal or are not currently 

submitted or accepted for publication elsewhere. The Editor reserves the right to 

edit manuscripts to fit the space available and to ensure conciseness, clarity, and 

stylistic consistency.  

Contributors to the JOMS must refer to the Consort statement on clinical research 

design: www.consort-statement.org and are expected to comply with its 

recommendations when reporting on a randomized clinical trial. When reporting 

observational studies, e.g. cohort or case-series, case-control, or cross-sectional 

studies the editors recommend that authors refer to the STROBE guidelines (

http://www.strobe-statement.org/).  

The JOMS requires compliance with the World Medical Association Declaration of 

Helsinki on medical research protocols and ethics. The JOMS requires institutional 

review board (IRB) approval of the study protocol of all prospective studies; 

retrospective studies and chart reviews may be granted exemption by an IRB by the 

author's institution or must be approved in accord with local IRB standards. 

TheJOMS requires that a statement of such approval or exemption be provided in the 

Methods section of manuscripts.  

http://ees.elsevier.com/joms
http://www.consort-statement.org/
http://www.strobe-statement.org/
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The Journal of Oral and Maxillofacial Surgery strongly encourages all interventional 

clinical trials be registered in a public trials registry that is in conformity with the 

International Committee of Medical Journal Editors (ICMJE). It is valuable to 

researchers hoping to eventually publish the results of their clinical trial to register 

their project at its inception since many major publications now require such 

registration in order for articles based on the investigation to be considered for 

acceptance. The Journal of Oral and Maxillofacial Surgery is considering 

implementing such a requirement. Registering a trial is easy, is free of charge, and 

helps improve scientific transparency among researchers, as well as for readers 

evaluating the results of clinical trials in peer-reviewed publications. 

Trials can be registered in  http://www.clinicaltrials.gov/ or in one of the registries 

meeting the ICMJE criteria that can be found listed at 

 http://www.who.int/ictrp/network/primary/en/index.html 

For example:  

1) "This study was approved by the ___ Hospital IRB and all participants signed an 

informed consent agreement"; or  

2) "This study followed the Declaration of Helsinki on medical protocol and ethics and 

the regional Ethical Review Board of ___ approved the study"; or  

3) "Due to the retrospective nature of this study, it was granted an exemption in 

writing by the University of ___ IRB."  

For authors in private practice, commercial or independent IRBs exist whose services 

should be sought; private practice does not exempt one from the responsibility to 

seek ethical approval of study protocols prospectively.  

For studies featuring animal subjects, the JOMS requires confirmation that the 

research was approved by the appropriate animal care and use committee(s), and 

this information must be stated in the Methods section of the manuscript.  

Declaration of Helsinki: 

 http://www.wma.net/en/30publications/10policies/b3/index.html  

http://www.clinicaltrials.gov/
http://www.who.int/ictrp/network/primary/en/index.html
http://www.wma.net/en/30publications/10policies/b3/index.html
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Preparation of manuscripts. Submission of an article is the author's assurance that 

the article has not been accepted or published and is not under consideration by 

another publication.  

Correct preparation of the manuscript by the author will expedite the reviewing and 

publication procedures. Authors who are not fluent in American English are strongly 

advised to seek help in the preparation of their manuscripts, in order to enhance the 

review process, improve the chance of acceptance, and greatly reduce the time until 

publication if the article is accepted.  

Articles, including all tables, must be formatted in a recent version of Microsoft Word; 

the manuscript and references must be double-spaced. The use of appropriate 

subheadings throughout the body of the text (Abstract, Introduction, Methods, 

Results, and Discussion sections) is required. For ideas and suggestions to aid 

preparation of clinical research papers, consider this reference: Dodson TB. A guide 

for preparing a patient-oriented research manuscript. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod 104:307, 2007.  

Abstracts are required for full-length and review articles. Abstracts should be 

submitted in the following format and must be limited to 250 words:  

Purpose: One sentence background (if necessary) and one sentence purpose stated 

as a declarative sentence or as a research question:  

The investigators hypothesized [insert hypothesis statement].  

Given the audience, commonly a background sentence is not necessary as it will be 

evident from the study purpose or research questions.  

Methods: This can be as short as 5 or 6 declarative sentences:  

The investigators implemented a [insert type of study design]. The sample was 

composed of [describe eligible sample]. The predictor variable was... The outcome 

variable was... Other study variables were... Descriptive and bivariate statistics were 

computed and the Pvalue was set at .05.  
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Results: This section can be as short as 2 sentences: The sample was composed of 

[insert sample size and a few representative descriptive statistics such as age and 

sex and any key differences between the study groups]. There was a statistically 

significant association between [insert the predictor and outcome variables and report 

the key statistics with P values and appropriate confidence intervals] after adjusting 

for [list other variables].  

Conclusion: Example: 

The results of this study suggest [insert key conclusion(s)]. Future studies will focus 

on [insert future research plans as indicated].  

Two examples of abstracts follow: 

Abstract Example 1--(Hypothesis driven patient-oriented research)- 

After Dentoalveolar Surgery, Most Patients Are Satisfied With Telephone Follow-Up  

Srinivas M. Susarla, DMD, MD, MPH, Rachel Black, Thomas B. Dodson, DMD, MPH 

Purpose 

To estimate patient satisfaction with telephone follow-up and compare the 

frequencies of postoperative complications between patients undergoing telephone 

and those undergoing clinical follow-up after ambulatory office-based dentoalveolar 

procedures. 

Materials and Methods 

Using a retrospective study design, the investigators enrolled a cohort of subjects 

who had had at least 1 tooth extracted during a 2-year period. The primary study 

variable was subject self-report of satisfaction with the telephone follow-up. For 

additional analyses, the predictor variable was follow-up type grouped as telephone 

versus clinical. The outcome variable was postoperative complications. To measure 

the relationships between the follow-up type and postoperative complications, 
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bivariate and multiple logistic regression statistics were computed. P <.05 was 

considered significant. 

 

Results 

The sample was composed of 364 subjects, of whom 155 (42.6%) had received 

telephone follow-up. The sample's mean age was 28.6 ± 11.7 years, included 220 

females (60.4%), and had had an average of 3.4 ± 2.1 teeth removed. The self-

reported patient satisfaction rate with telephone follow-up was 95.9%. The overall 

complication frequency was 19.2%, with telephone follow-up subjects having a lower 

complication frequency (12.9%) than the clinical follow-up subjects (23.4%) (P < .01). 

After adjusting for differences between the 2 samples, no significant difference was 

found in the complication frequencies according to the method of follow-up (P = .7). 

Conclusion 

Patient satisfaction with telephone follow-up was high. The subjects scheduled for 

telephone follow-up had a complication rate that was similar to that of the clinical 

follow-up subjects. 

Abstract Example 2--(Literature Review) 

Do Perioperative Antibiotics Decrease Implant Failure? 

Basel Sharaf, DDS, MD, Maher Jandali-Rifai, DMD, Srinivas M. Susarla, DMD, MD, 

MPH, Thomas B. Dodson, DMD, MPH 

Purpose 

To execute an evidence-based review answering the following question: "Among 

patients receiving dental implants, do those who receive perioperative antibiotic 

therapy, compared with those who do not, have a decreased likelihood of implant 

failure?" 

Materials and Methods 
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We performed a literature review. The primary predictor variable was an antibiotic 

regimen, which was grouped into 3 categories: a single preoperative dose, a single 

preoperative dose and multiday postoperative therapy, and no antibiotic therapy. The 

primary and secondary outcome variables were implant failure and postoperative 

infection, respectively. 

Results 

Eight studies meeting the inclusion criteria were reviewed. Two studies assessed the 

effect of a single preoperative antibiotic dose and reported a reduction in implant 

failure by 1.3% to 2% compared with no antibiotics use. Two studies compared the 

effect of pre- and postoperative antibiotics and no antibiotic use and found a 4.2% 

decrease to 1.1% increase in the failure rates when antibiotics were used. Four 

studies considered the effect of different antibiotic regimens. Only 2 studies found a 

statistically significant reduction in implant failure (2.5% to 5.4%) when a single 

preoperative antibiotic dose was used in conjunction with multiday treatment, 

compared with postoperative multiday treatment only.  

Conclusion 

A single dose of preoperative antibiotic therapy may slightly decrease the failure rate 

of dental implants. However, the current data do not support the routine use of 

postoperative antibiotics, which can be tailored by the clinician to the patient's 

specific needs.  

A Title Page must be included with each article that lists the title; the authors' names, 

degrees and affiliations, and complete mailing address and telephone number, fax 

number and e-mail address for the corresponding author. Titles of articles should be 

descriptive and concise.  

Authors listed on the title page must have made substantive intellectual contributions 

to the manuscript and be prepared to accept responsibility for the manuscript. No 

more than 4 authors may be listed for case reports, brief communications or technical 

reports; andno more than 6 authors may be listed for full-length or review articles. If a 

greater number of authors are listed, a detailed description of each author's 

substantive contribution must be provided in the article's cover letter. Generally, 
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editing a manuscript or permitting access to patients or their records will not be 

considered substantive intellectual contributions to qualify as a co-author.  

 

References. (type with double spacing). References must be cited in numerical order 

in the text. Bibliographies and reading lists may not be submitted. For journal 

references, give the author's name, article title, journal name as abbreviated in Index 

Medicus, volume, pagination, and year, for example:  

Susarla SM, Abramson ZR, Dodson TB: Cephalometric measurement of upper 

airway length correlates with the presence and severity of obstructive sleep 

apnea. J Oral Maxillofac Surg 68:2846, 2010 

For books, give the author's name, book title, location and name of publisher, and 

year of publication (exact page numbers are required for direct quotations), for 

example:  

Abrahams OH, Boon JM, Sprat JD: McMinn's Clinical Atlas of Human Anatomy. 

Philadelphia, PA, Mosby, 2008, pp12, 16, 29 

Figures/Illustrations. Color art and color photography submissions are strongly 

encouraged. Figures must be submitted electronically as separate files (not 

embedded in the manuscript file). 

Use arrows or other indicators to point out key findings in images or 

photomicrographs.  

Images must be high-resolution digital illustrations (EPS or TIFF files): line artwork = 

minimum of 1,000 dpi; halftone artwork (photographic/continuous tone) = minimum of 

300 dpi; combination artwork (line/tone) = minimum of 500 dpi; recommended 

dimensional size is a minimum of 5 x 7 inches. PowerPoint or other presentation 

software are not of sufficient quality for publication.  

Authors may contact Elsevier for more information or should download a copy of the 

Specifications for Supplying Digital Artwork from http://www.elsevier.com/artwork. 

This provides detailed information on file formats, artwork guidelines, and color.  

http://www.elsevier.com/artwork
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Figures must be numbered and cited in the text in order. All patient-identifying 

information must be removed or masked. Signed patient releases must 

accompany manuscripts in which there are photos of identifiable patients (unless 

eyes are masked to prevent identification). Release forms can be downloaded from 

the Web site during the submission process.  

Legends. All figures require a legend. For photomicrographs, magnification and stain 

must be specified. Please use arrows or some other indicator to point out the key 

findings in the figures. A list of figure legends must appear after the References and 

Tables, in Microsoft Word.  

Tables. Each table in the manuscript should stand alone and be interpreted without 

referencing the text of the manuscript. As such, tables must be logically organized 

and supplement the article. Where possible, consider summarizing the information as 

text in the manuscript rather than using a table. Tables should include descriptive 

titles. Tables must be numbered consecutively and cited in the text in order. Title and 

footnotes must be on the same page with the table. Use of footnotes is encouraged 

to explain abbreviations and symbols used in the table. Do not draw vertical rules in 

tables. Tables must follow the references in the manuscript document and be in 

Microsoft Word.  

Video and Computer Graphics. Authors are encouraged to submit videos and 

computer-generated graphics; eg, a slide presentation with or without animation and 

sound. Authors who wish to supply such material should notify the editors in the 

Cover Letter and in the Author Comments of the online submission. Although the 

publisher will not edit any video or computer graphic, editors and reviewers may 

suggest changes. All patient-identifying information must be removed or masked. 

The maximum length of a video or computer graphic is 8 minutes. Longer 

submissions may be divided into smaller clips, each of which should be identified at 

the beginning of the section (eg Video Clip 1, graphic 10). A concise legend for each 

videoclip or computer graphic presentation must be included with the manuscript. 

Videos are to be submitted in MGEG-1 or MPEG-2 (*mpg) or QuickTime (*mov) 

format. More detailed instruction can be found at  http://www.elsevier.com/artwork. 

http://www.elsevier.com/artwork
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AudioSlides The journal encourages authors to create an AudioSlides presentation 

with their published article. AudioSlides are brief, webinar-style presentations that are 

shown next to the online article on ScienceDirect. This gives authors the opportunity 

to summarize their research in their own words and to help readers understand what 

the paper is about. More information and examples are available at 

 http://www.elsevier.com/audioslides. Authors of this journal will automatically receive 

an invitation e-mail to create an AudioSlides presentation after acceptance of their 

paper.  
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