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Resumo

Introdugdo: O objetivo deste trabalho foi analisar pelo método de elementos
finitos (MEF) as tensbes geradas no mini-implante (MI) e no osso circundante
pela aplicacdo de uma forgca perpendicular ao MI, considerando variagcbes de
espessura de cortical 6ssea e composicao do MIl. Material e métodos: Mini-
implante com propriedades mecanicas referentes ao ago inoxidavel e a liga de
titdnio, inseridos em blocos 6sseos com duas variagbes de cortical (1 mm e 2
mm) foram modelados tridimensionalmente via CAD (Computer Aided Design) e
estudados pelo MEF. Uma forga de 3,5 N, perpendicular ao longo eixo do MI, foi
aplicada em 4 ensaios mecanicos: EM1- Modelo s6lido geométrico de bloco
0sseo com espessura de cortical de 1 mm e MI de ago inoxidavel, EM2— Modelo
sélido geométrico de bloco 6sseo com espessura de cortical de 1 mm e MI de
titdnio; EM3— Modelo sélido geométrico de bloco 6sseo com espessura de
cortical de 2 mm e MI de acgo inoxidavel, EM4— Modelo solido geométrico de
bloco 6sseo com espessura de cortical de 2 mm e MI de titdnio. Resultados e
conclusodes: As distribuicdes de tensbes em todos os ensaios mecanicos se
concentraram no MI, principalmente na regido em contato com a cortical éssea. A
maior tensao von Mises foi obsevada no EM2, seguido pelo EM1, EM4 e EM3. A
concentracdo maior de tensdes ocorre, portanto, em espessura de osso cortical
de 1 mm quando comparado a de 2 mm e no MI de titdnio quando comparado ao

MI de ago inoxidavel na mesma espessura de cortical éssea.

Palavras-chave: Implantes Dentarios, Procedimentos de Ancoragem

Ortodontica, Analise de Elementos Finitos.
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Introducgao

O controle de ancoragem é um requisito fundamental para o sucesso do
tratamento ortoddntico de diversos tipos de maloclusdes. A resisténcia de fixacéo
da ancoragem deve ser maior do que a do dente que sera movimentado
ortodonticamente, este fator segue o conceito de que “agcéo e reagdo” sao iguais
e opostas. Respeitando estes conceitos e exercendo este controle de ancoragem
€ possivel maximizar o movimento desejado e diminuir os efeitos colaterais
indesejados. Existem algumas classificagdes quanto a ancoragem. Esta pode ser
do tipo A ou "absoluta”, quando n&o ocorre movimentacdo dos dentes de
ancoragem; tipo B quando ha movimentagao dos dois segmentos dentarios, tanto
posterior quanto anterior, um em dire¢do ao outro; e o tipo C que ocorre quando
ha a movimentacdo apenas dos dentes de ancoragem, ou seja, perda total da
ancoragem.” Diversos fatores colaboram para que ocorra esta perda de
ancoragem, entre eles a colaboragédo e o comprometimento do paciente no uso
de dispositivos de ancoragem. Em busca de obter essa ancoragem absoluta sem
necessitar da colaboragdo do paciente, os M| foram desenvolvidos e tém sido
amplamente utilizados, com este objetivo, para a realizacéo de diversos tipos de

movimento dentario.28

O MI ortodéntico utilizado como ancoragem temporaria apresenta muitas
vantagens tais como maior facilidade e o menor trauma durante o procedimento
de insergdo e remocdo, maior versatilidade, a possibilidade de carga imediata
ap6s a colocagdo e baixos custos.>® Existe uma grande variagdo de relatos
encontrados para a taxa de sucesso do MI utilizado como ancoragem, como uma
baixa taxa em 50% e, também, resultados mostrando altas taxas como 89%.7%1"
Alguns fatores identificados como causas de insucesso incluem a inflamagéo,
infeccdo, insercdo em regibes de mucosas nao queratinizadas e o tamanho

reduzido do M|.3.12.13

Outro fator que provavelmente pode influenciar o potencial de ancoragem
dos MI é a quantidade e a qualidade do osso em que eles sao instalados, pois,

nao sdo osseointegraveis e necessitam de retengcdo mecanica.” '

A estabilidade primaria de um MI pode ser afetada, basicamente, por
fatores relacionados ao parafuso e ao paciente. Caracteristicas morfologicas

como diametro e o comprimento sdo alguns fatores relacionados ao MIl. A
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qualidade e quantidade do osso onde o MI é inserido referem-se a fatores do
paciente. A espessura do osso cortical € um fator relacionado ao hospedeiro que
pode interferir na estabilidade primaria do MI. A estabilidade primaria sera melhor
quanto maior for a quantidade de osso cortical pela essencial dependéncia da
interface metal-osso. As areas consideradas mais estaveis para colocacao de Ml
sao aquelas que apresentam o osso cortical mais espesso. Esta espessura assim
como a densidade podem variar de acordo com o individuo e regido que recebera

o) M|_6-8,15

A importancia da localizagdo e da angulagdo do MI para a resisténcia e
estabilidade da ancoragem pode ser questionavel devido a falta de estudos
cientificos , assim como das tensbes que sao geradas nos tecidos adjacentes ao
MI sob carga.’ A reabsorgdo no osso circundante ao Ml pode ser ativada por
diversos fatores tais como trauma cirurgico, infeccdo bacteriana ou até mesmo

por sobrecarga na interface osso-implante.'6.17

Sobrecarga na regiao peri-implantar 6ssea pode gerar como consequéncia
altas concentragbes de tensdes, e algumas hipoteses’® sugerem que os campos
de deformacéo relacionados devem estimular uma reabsorgdo 6ssea na regiao
comprometendo assim, a eficacia do implante.'® A avaliagido da distribuicdo das
tensdes no osso possibilita a investigagao da eficacia dos implantes enddsseos e

revela os riscos de insucesso do implante.™

O MEF é um método numérico computacional que pode ser utilizado para
simular sistemas biomecanicos e prever as tensdes e deslocamentos gerados
dentro deste sistema.?%2" Alguns estudos relataram a distribuicdo das tensbes no
osso circundante ao MI, porém poucos estudos avaliaram a distribuicdo das

tensdes no préprio MI.

O maior conhecimento acerca das regides do Ml que apresentam maior
concentracao tensao é também importante para o desenvolvimento de design de
MI que apresente menor risco de fratura, aumentando o indice de sucesso do

tratamento ortoddntico, bem como a minimizagao de riscos para o paciente.

Assim o objetivo deste trabalho foi analisar pelo MEF as tensdes geradas no
MI e no osso circundante pela aplicagdo de uma forca perpendicular ao M| de

acordo com variagdes de:

a) Espessura da cortical 6ssea (1 mm e 2 mm) e,



b) Composigdo do mini-implante (liga de titanio e ago inoxidavel).
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Material e Métodos

O MI selecionado para a realizagao deste estudo foi da marca Morelli
(numero de referéncia 37.10.102) com comprimento de 8 mm, didmetro de 1,5
mm e perfil transmucoso de 1 mm (Figura 1). O MI foi introduzido em blocos
0sseos de 9 mm de altura, 8 mm de largura e 8 mm de profundidade, formado
pelos ossos cortical e trabecular. Neste estudo sdo avaliadas duas variagdes de
cortical, uma com espessura de 1 mm e outra com 2 mm. Tanto o M| quanto os
blocos 6sseos foram simulados através da modelagem soélida geométrica com um
aplicativo de CAD (Computer Aided Design) chamado de DS Solidworks® 2013.
(Figura 2A). Foram atribuidas propriedades mecanicas dos materiais do Mi
referente ao aco inoxidavel (ASTM F138) e liga de titanio (Ti6AI-4V) (Tabela 1) .

0.8

05

1.1

11.9

Detalhe da Rosca
B (20:1)

Vista Auxiliar em Perspectiva
Esc.- (5:1)

Fig 1. Dimensdes do mini-implante.

Os modelos computacionais do Ml inserido no bloco ésseo foram
exportados para o programa Autodesk Simulation Multiphysics® 2013. Nesta
etapa foram geradas as malhas de elementos finitos (Figuras 2A, 2B, 2C e 2D),
introduzida as propriedades mecanicas (modulo de Young e coeficiente de
Poisson) de todos os componentes que formam o modelo sélido (Osso e MI). As
propriedades dos materiais adotadas para a simulagao estao descritas na Tabela

1 e a forga aplicada foi de 3,5 N na cabega do Ml em sentido perpendicular.
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Fig 2. A, Modelagem tridimensional do MI inserido no bloco 6sseo utilizada para as
simulagdes mecanicas a) Espessura correspondente ao osso cortical. b), Espessura
correspondente ao osso trabecular. B, Condicdes de contorno vista tridimensional. C,

Detalhe da malha vista superior. D, Detalhe da malha do MI.

Tabela 1. propriedades do osso e dos mini-implantes utilizados nos modelos

Material | Modulos de Young (Mpa)l Coeficiente de Poisson
Titanio 110.000 0,33
Aco Inoxidavel 205.000 0,29
Osso Cortical 138.000 0,26
5 Osso Trabecular 345 0,31

Foram realizados quatro ensaios mecanicos com as seguintes

combinagdes de espessura de cortical e material do Ml:

8 e EM1- Modelo sdélido geométrico de bloco 6sseo com espessura de
9 cortical de 1 mm e MI de ago inoxidavel
10 o EM2- Modelo sélido geométrico de bloco 6sseo com espessura de
11 cortical de 1 mm e MI de titanio
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cortical de 2 mm e MI de ago inoxidavel
e EM4- Modelo solido geométrico de bloco 6sseo com espessura de

cortical de 2 mm e MI de titanio

Nas faces laterais do cuboide, como condigdes de contorno, foram
restringidas as translagdes nas dire¢gdes X, y, z, representadas por circulos
verdes na Figura 2B. Estas condigcbes fazem-se necessarias para simular o
restante do osso. O carregamento de 3,5 N foi aplicado na cabeg¢a do mini-
implante na dire¢ao do eixo z, representados por linhas verdes na cabeca do M
(Figura 2B). Esta magnitude representa uma for¢ca real que € aplicada
clinicamente.?

Apos uma anadlise de convergéncia do campo de tensdes definiu-se a
malha para realizagdo das andlises de MEF.?> Os comprimentos das arestas dos
elementos resultantes desta analise variam entre 0,375 mm e 0,500 mm. O maior
refino de malha ocorreu na regidao do osso circundante ao MI (Figura 2C). A
malha final para EM1 e EM2 é formada por 416.889 elementos tetraédricos
lineares e 81.421 n6s e a malha para EM3 e EM4 é composta por 499.882
elementos tetraédricos lineares e 96.753 nés. O modelo de elementos finitos dos
ossos cortical e trabecular e dos M| foram considerados homogéneos, isotrépicos
e com comportamento elastico linear. O campo de tensdes sobre o modelo de
elementos finitos, é avaliado de acordo com a teoria da energia de distorgao para
materiais ducteis, também conhecido como critério de falha de von Mises. Estas
duas tratativas vem sendo utilizadas no campo da Ortodontia.?6:23-25

O sistema de coordenadas estabelecido para avaliagdo dos resultados
foram os trés eixos (x, y, z) determinados no programa Autodesk Simulation
Multiphysics® 2013. Dessa maneira a forga foi aplicada na diregdo z em sentido

negativo (da direita para esquerda).
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Resultados

A distribuicdo das tensdes no osso e no MI foram avaliadas por meio de uma
escala de cores que vai da cor azul que representa as tensdes baixas até a cor

vermelha que representa as tensdes mais altas.

As regides com tensdes maiores na interface do osso e do Ml em todos os
ensaios mecanicos se concentraram na regidao do Ml em contato com a cortical
ossea (Fig 3, 4, 5 e 6). O valor mais alto das tensdes foi encontrado no EM2
(53,09 MPa), seguido pelo EM1(43,64 MPa), EM4 (36,12 MPa) e EM3 (33,29
MPa) (Tabela 2).

Tabela 2. Valores maximos de Stress Von Mises para os 4 ensaios mecanicos (MPa

| Maximo
EM1 43,64
EM2 53,09
EM3 33,29
EM4 36,12

Em todos os carregamentos foi observado tensdées na regiao do Ml
localizado fora do osso acima da cortical 6ssea e no osso trabecular préximo ao
osso cortical quando a espessura de cortical foi de 1 mm. Nos ensaios mecanicos
com espessura de cortical de 2 mm a concentragao de tensdes ocorreu dentro da
cortical apenas, nao se estendendo para o osso trabecular (Figuras 3E, 4E, 5E e
6E).

No corte perpendicular as maiores tensdes se apresentaram na parte
externa do MI e coplanares com o plano de aplicacdo da forca em todos os

ensaios mecanicos (Figura 3B, 4B, 5B e 6B)

No corte transversal com deflexdo a distribuicao das tensdes se comportou
da mesma maneira em todos 0s ensaios mecanicos. A maior deflexdo como
esperado, se concentrou na cabega do Ml em todos os ensaios mecanicos
(Figura 3D, 4D, 5D e 6D). O EM2 foi o que apresentou maior deflexao (0,00464),
seguido pelo EM1 (0,00337), EM4 (0,00331) e EM3 (0,00238).
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Fig 3. Distribuicao das tensdes para EM 1. A- Corte transversal. B— Corte perpendicular.
C- Corte transversal com a menor escala dos valores maximos encontrados em
todos ensaios mecéanicos. D— Corte transversal com deflexdo (escala: magnitude
de deflexdo). E- Detalhe da distribuicdo das tensbes na regido da espessura
correspondente a cortical dssea.
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Fig 4. Distribuicdo das tensdes para EM2. A- Corte transversal. B— Corte perpendicular.
C- Corte transversal com a menor escala dos valores maximos encontrados em
todos ensaios mecanicos. D— Corte transversal com deflexao (escala: magnitude
de deflexdo). E- Detalhe da distribuicdo das tensbes na regido da espessura
correspondente a cortical 6ssea.
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Fig 5. Distribuicao das tensbées para EM3. A- Corte transversal. B— Corte perpendicular.
C- Corte transversal com a menor escala dos valores maximos encontrados em
todos ensaios mecénicos. D— Corte transversal com deflexdo (escala: magnitude
de deflexdo). E- Detalhe da distribuicdo das tensbes na regido da espessura
correspondente a cortical dssea.
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Fig 6. Distribuicdo das tensdes para EM4. A- Corte transversal. B— Corte perpendicular.
C- Corte transversal com a menor escala dos valores maximos encontrados em
todos ensaios mecanicos. D— Corte transversal com deflexdo (escala: magnitude
de deflexdo). E- Detalhe da distribuicdo das tensbes na regido da espessura

correspondente a cortical 6ssea.

13



a A 0O N -

0 N O

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34

Discussao

Este estudo avaliou a distribuicdo e magnitude das tensdes no 0sso e no
MI induzido por uma carga ortoddntica aplicada ao MI. Os resultados forneceram
informagdes que contribuem na compreensao de algumas reagdes advindas de

um sistema de forgas aplicado ao MI variando a espessura da cortical éssea.

A utilizagcdo de modelos animais para a avaliagao e estudo da biomecanica
ortodéntica € limitada, pois este método apresenta problemas na transferéncia
dos resultados obtidos para humanos e estudos prospectivos realizados em
humanos acabam sendo dificultados. O MEF é um método que surgiu com o
desenvolvimento da engenharia computacional e tem permitido a realizagdo de
pesquisas nas areas de ciéncias biologicas e da saude sem o envolvimento de
seres vivos. Este motivo tem sido muito utilizado na Odontologia, pois além de
trazer vantagens por nao utilizar seres humanos e animais na realizacdo da
pesquisa, permite a avaliagdo de biomecanicas e dessa maneira a busca pela
solucao de problemas relacionados a este tipo de situagdo. Na Ortodontia este
método vem sendo utilizado para avaliar a magnitude e distribuicdo das tensdes

em diversos movimentos ortoddnticos.

Alguns estudos que utilizaram o MEF mostraram que quando uma forga de
sentido lateral é aplicada no Ml a maior parte das tensbes ira se concentrar nas
areas de cortical 06ssea.?? O presente estudo encontrou resultados
semelhantes, as maiores concentragdes de tensdes foram observadas no Ml na
regiao de osso cortical. Estudos anteriores realizados com o objetivo de buscar
melhor estabilidade primaria do MI direcionaram o foco para a anatomia 6ssea
relacionada com a espessura da cortical 6ssea e ndao com a qualidade do

trabeculado 6sseo.!

Os resultados do presente estudo mostraram maiores valores de tensdes
Nos ensaios mecanicos com espessura de cortical 6ssea de 1 mm independente
do material do MI. Nestes ensaios com espessura de cortical de 1 mm houve
concentracdo de tensdes no MI fora do osso, acima da espessura referente a
cortical éssea e no MI na regido do osso trabecular logo abaixo a espessura
referente ao osso cortical. Na espessura de cortical de 2 mm essa concentracéo
de tensdes ocorreu fora do 0sso acima da espessura referente a cortical dssea e
no MI dentro da espessura referente ao osso cortical e ndo se estendeu ao Ml na

regiao do osso trabecular.
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A estabilidade primaria, fator fundamental para a retengdo adequada do
dispositivo de ancoragem, pode ser influenciada também pelo torque de insergao
além da qualidade e quantidade do osso. Com o objetivo de alcangar diferentes
locais de insercéo e de obter maior estabilidade primaria os cirurgides-dentistas
langam mao de diversos tamanhos e formatos de MI. Incidentes como
deformagbes e fraturas dos MI podem ser evitados através de uma melhor

compreensao da influéncia dessas variagdes nas suas propriedades mecanicas.

Trabalho realizado por Pithon et al. 2013%” avaliou a influéncia do
comprimento dos MI sobre suas propriedades mecanicas, o torque de insercao
necessario para diversas espessuras de osso cortical e o torque de insergao
necessario para fratura do dispositivo. Observaram que o comprimento do Ml tem
influéncia sobre o torque de insercao idependente da espessura do osso cortical,
assim como relatado por Lim et al. 200828 utilizando uma espessura de 0sso
cortical de 1,5 mm. No estudo realizado por Pithon et al. 2013%” os maiores
torques de insergcao foram obtidos em cortical 6ssea mais espessa independente
do MI em concordancia com os resultados obtidos por Pithon et al. 20112° O
torque de insercéo pode ser influenciado também pelo formato do M, dispositivos
cbnicos requerem maior torque de insercdo quando comparados aos com

formato cilindrico Pithon et al. 20112°

O eixo de aplicagdo de forga sobre o MI mais utilizado nas mecanicas
ortodénticas € o eixo perpendicular ao dispositivo e por este motivo a deflexdo do
MI deve ser avaliada através da aplicagao da forca neste sentido assim como foi
realizado no presente estudo.?” A maior deflexdo foi observada na regido da
cabeca do MI e os dispositivos de aco inoxidavel apresentaram maiores valores
de deflexdo quando comparados ao dispositivos de titanio.

Foram selecionados MI de dois materiais diferentes para a realizagdo do
presente estudo, sendo eles aco inoxidavel e liga de titdnio. Os agos inoxidaveis
utilizados para implantes utilizados em tecidos humanos, especialmente, na
cavidade oral devem ser resistentes a corrosao pela exposi¢cdo aos fluidos
corpdéreos pois esse tipo de corrosao pode trazer prejuizos ao paciente e ao
tratamento por exemplo pela fratura do dispositivo. As ligas de titanio utilizadas
para fabricagdo de implantes apresentam vantagens que s&o a alta resisténcia e
seu baixo médulo de elasticidade que os tornam duas vezes mais resistentes do

que as ligas de aco inoxidavel além de apresentarem uma resisténcia a fadiga
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cerca de 30% maior.3%-32 A magnitude do campo de tensdes & maior no mini-
implante fabricado com liga de titdnio porque a sua rigidez € aproximadamente 47
% menor que a do mini-implante do ago inoxidavel 316. Para carregamento de
flexdo a rigidez estd diretamente relacionada com o modulo de Young.3® Os
resultados obtidos por este estudo apresentaram maiores valores de tensdes e
maior deflexdo nos MI de titdnio quando comparados com os M| de acgo

inoxidavel.

O MI na cavidade oral utilizado para ancoragem encontra-se inserido em
0sso e em tecido mole, porém é a porcao 6ssea que exerce a forca necessaria
contra as forgas ortodonticas. Estudos realizados com o auxilio da engenharia
computacional através do MEF permitem uma visualizagcdo da distribuicdo das
tensdes em simulagdes mecanicas e com isso auxiliam a utilizagdo de mecanicas

ortoddnticas com maior seguranga e previsibilidade.
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Conclusao

O presente estudo recriou um modelo tridimensional de um Ml inserido em
um bloco ésseo com duas variagdes da espessura da cortical 6ssea e através do
MEF forneceu um esbogo da distribuicdo das tensdes no M| e no osso adjacente,
geradas pela aplicagdo de uma forga perpendicular ao MI. Os resultados obtidos

por esta simulagao permitiram concluir que:

1) As distribuicbes das tensdes se concentraram no M|l em todos os ensaios
mecanicos, principalmente na regido em contato com o osso cortical;

2) As maiores concentragdes de tensdes ocorreram em espessura de 0SSO
cortical de 1 mm quando comparados a espessura de osso cortical de 2
mm;

3) Os MI de liga de titanio apresentaram maior concentracéo de tensdes e
maior deflexdo quando comparados aos M| de aco inoxidavel na mesma

espessura de cortical 6ssea.
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Abstract

Introduction: The aim of this study was to analyze the finite element
method (FEM) tensions generated in the miniscrew (MS) and surrounding bone
upon applying a force perpendicular to MS according to variations in the cortical
bone thickness and MS composition. Methods: Miniscrews with stainless steel or
titanium alloy mechanical properties that were inserted in bone blocks with cortical
bone of varying thickness (1 mm and 2 mm) were modeled three-dimensionally
using computer aided design (CAD) and studied by FEM. A 3.5-N force
perpendicular to the long axis of the MS was applied in the four mechanical tests:
EM1, solid geometric bone block model, 1-mm cortical thickness, and stainless
steel MS; EM2, solid geometric model, 1-mm thickness, and titanium MS; EM3,
solid geometric model, 2-mm thick, and stainless steel MS; and EM4, solid
geometric model, 2-mm thick, and titanium MS. Results and Conclusions: The
stress distributions in all mechanical tests were highest at the MS, especially at
the MS-cortical bone interface. EM2 showed the highest von Mises voltage,
followed by EM1, EM4, and EMS3. Stress concentration was higher at a cortical
bone thickness of 1 mm compared with 2 mm, and in titanium MS compared with

stainless steel MS at the same cortical bone thickness.

Keywords: Dental implants, Orthodontic anchorage procedures, Finite

element analysis

22



0o N o o0k~ WODN -

11
12
13
14
15

16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32
33

Introduction

Anchorage control is a key requirement for successful orthodontic
treatment of a variety of malocclusions. The holding strength of the anchor must
be greater than the orthodontic tooth being moved; this follows the principle of an
equal and opposite "action-reaction." Using his principal, anchorage control can
be used to maximize the desired motion and decrease unwanted side effects.
There are several types of anchoring: type A, or absolute anchoring, occurs when
there is no movement of the anchor teeth, type B occurs when there is movement
of the two tooth segments toward one another, and type C occurs when only the
anchor tooth is handled or a total loss of anchorage occurs.! Several factors
contribute to a loss of anchorage, including the interaction between the dental
structures and the patient adherence to using the anchoring devices. In searching
for absolute anchorage that does not require patient adherence, miniscrews (MS)
have been developed and widely used to produce different types of tooth

movement.28

Orthodontic treatment using a temporary anchorage MS has many
advantages compared with conventional dental implants, including simplicity, less
traumatic insertion and removal, minimal anatomical contraindications, the
potential for instant loading after placement, and low cost.®® Numerous studies
have examined the success rate of MS anchors and report rates as low as 50%
and as high as 89%.'0"" Causative factors for failure include inflammation,
infection, insertion into non-keratinized mucosa, and small MS size.31213 The
amount and quality of bone in which MS are installed is another influential factor,

as the implant can fail to osseointegrate and requires mechanical retention.”-4

The primary stability of a MS is affected mostly by factors related to the
screw and the patient. Morphological characteristics, such as the screw diameter
and length, are among the factors related to the MS. The quality and quantity of
the bone where the MS is to be inserted are among the patient factors. The
thickness of the cortical bone is a patient factor that can interfere with the primary
stability of the MS. Primary stability improves as the amount of bone increases,
highlighting the importance of the metal-bone interface. Areas with thicker cortical
bone are considered more stable for MS placement. This bone density and

thickness may vary between individuals and MS regions.6815
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The importance of location and the MS angle for the strength and stability
of the anchor, as well as the stress generated in the tissues adjacent to the MS
under load, is unclear due to the paucity of studies.’ Dental implants cause
resorption in the surrounding bone, primarily in the bone contacting the implant
neck. Resorption can be triggered by several factors including surgical trauma,

bacterial infection, or overload at the bone-implant interface.'6:1”

Overload on the peri-implant bone region can result from high
concentrations of stress, and some studies'® suggest that the deformation related
fields stimulate bone resorption in the region, thereby undermining the
effectiveness of the implant.’® The evaluation of stress distribution in the bone
enables investigation of the effectiveness of endosseous implants and reveals the

risk of implant failure.™®

The finite element method (FEM) is a numerical computation method that
can be used to simulate and forecast biomechanical stress and displacement
generated within a system.2%2" Many studies have reported the stress distribution
in the bone surrounding the MS, but few studies have evaluated the stress

distribution in the domestic market itself.

A greater understanding of the MS regions experiencing the greatest
voltage concentration is important in designing MS with a lessened risk of
fracture, increased success rate of orthodontic treatment, and minimized risks to

the patient.

The aim of this study was to analyze the stress generated using the FEM in
MS and the surrounding bone by applying a force perpendicular to the MS
according to variations in the cortical bone thickness (1 mm and 2 mm) and the

miniscrew composition (titanium and stainless steel alloy).
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Material and Methods

An 8-mm long, 1.5-mm diameter MS with a 1-mm transmucosal profile was
selected for this study (Morelli, reference number 37.10.102; Figure 1). The MS
was introduced into bone blocks measuring 9-mm high, 8-mm wide, and 8-mm
deep comprising cortical and trabecular bone. Two cortical variants were
evaluated, one measuring 1 mm and the other 2 mm. Both the MS and bone
blocks were simulated by geometric solid modeling application using a computer
aided design (CAD) program (SOLIDWORKS® DS 2013; Figure 2A). The MS was
assigned the mechanical properties of stainless steel (ASTM F138) and titanium
alloy (Ti6AI-4V) (Table 1).

1.1

Vista Auxiliar m Perspectiva
Esc.: (5:1)

Fig 1. Miniscrew dimensions.

The computational models of the inserted MS-bone block was exported to
the Autodesk Simulation program Multiphysics® 2013. The finite element meshes
(Figures 2A-D) were generated, and the mechanical properties (Young's modulus
and coefficient Poisson) of all components forming the solid model (bone and MS)
were introduced. The properties of the materials used in the simulation are
summarized in Table 1. A 3.5-N force was applied to the MS head in a

perpendicular direction.
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Fig 2. A, Three-dimensional modeling of the miniscrew (MS) inserted into a bone block in the
mechanical simulations a) corresponding to the cortical bone thickness and b) trabecular

bone thickness. B, Three-dimensional view of boundary conditions. C, Detailed top view. D,

Detailed view of MI mesh.

Table 1. Bone and properties of miniscrews used in the models

Material Young's modulus (MPa) | Poisson’s ratio
Titanium 110.000 0,33
Stainless Steel 205.000 0,29
Cortical Bone 138.000 0,26
4 Cancellous Bone 345 0,31

Four mechanical tests were performed using the following cortical
thickness and MS material combinations:

* EM1: solid geometric bone block model, 1-mm thickness, and cortical
stainless steel MS

+ EM2: solid geometric bone block model, 1-mm thickness, and cortical

10 titanium MS
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* EM3: solid geometric bone block model, 2-mm thickness, and cortical

stainless steel MS

+ EM4: solid geometric bone block model, 2-mm thickness, and cortical
titanium MS.

The translations on the side faces of the cuboid were restricted in the x-, y-,
and z-directions as boundary conditions (Figure 2B, green circles). These
conditions were necessary to simulate the remaining bone. The 3.5-N load was
applied at the MS head along the z axis (Figure 2B, green lines). This magnitude

is a realistic force that is applied clinically.?

After performing a convergence analysis of the stress field, the mesh was
defined to perform the FEM analysis.?? The lengths of the element edges in the
analysis varied between 0.375 mm and 0.500 mm. The larger mesh refinement
occurred in the region surrounding the bone-MS interface (Figure 2C). The final
mesh for the EM1 and EM2 comprised 416,889 linear tetrahedral elements and
81,421 nodes, and the mesh for EM3 and EM4 comprised 499,882 linear
tetrahedral elements and 96,753 nodes. The FEM of the cortical and trabecular
bone, and MS were homogeneous, isotropic, and exhibited linear elastic behavior.
The field stresses on the FEM were assessed according to the distortion energy
theory for ductile materials, also known as failure von Mises criterion. These two

parameters have been used in orthodontic studies.6.23-25

The coordinate system used to evaluate the results were the three axes (x,
y, z) determined by the Autodesk Simulation Multiphysics® program 2013. Force

was applied in the z-direction in the negative direction (from right to left).
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Results

The stress distribution in the bone and MS were evaluated using a color

scale, with blue representing a low voltage and red representing a high voltage.

In all four mechanical tests, the highest stress occurred at the bone and MS
interface, particularly at the MS region in contact with the cortical bone. High
stress was also observed along the MS region just above the cortical bone and in
the trabecular bone near the cortical bone boundary when the cortical thickness
was 1 mm (Fig. 3—6). The highest stress occurred in EM2 (563.0 MPa), followed by
EM1 (43.6 MPa), EM4 (36.1 MPa), and EM3 (33.2 MPa) (Table 2).

Table 2.  Maximum values of Stress Von Mises for 4 mechanical tests (MPa)

| Maximum
EM1 43.64
EM2 53.09
EM3 33.29
EM4 36.12

In the mechanical tests employing a 2-mm thickness, stress was
concentrated within the cortical bone only and did not extend into the trabecular

bone.

In cross—section, the highest stress was present along the outside of the
MS and was coplanar with the force application plane in all the mechanical tests
(Figure 3B, 4B, 5B, and 6B).

In cross-section, deflection of the stress distribution behaved identically
across all four mechanical tests. As expected, most of the deflection was
concentrated at the MS head in all four mechanical tests (Figure 3D, 4D, 5D, and
6D). Stretching was greatest in EM2 (0.00464), followed by EM1 (0.00337), EM4
(0.00331), and EM3 (0.00238).
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Fig 3. Stress distribution in EM1. A- Cross section. B- Perpendicular court. C- Cross
section, the EM1 model had the lowest magnitude of stress among the
mechanical test models. D- Cross section deflection (scale: magnitude of
displacement). E- Stress distribuition in the region corresponding to the cortical
bone
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bone

30



Stress A Stress B
von Mises

won Mises
NAmm~2) NAmm~"2)
3320494 3320404
2008538 2996536
26 63597 - 2663587 :
23.30630 23.30639
1097691 1997691
16,64742 16 64742
1331704 i 1331794 i
9988453 g 9,088453 :
6658060 £ 6,658060 £
3320484 £ 3320484 i
: | . :
Y x
I-oz L»z
Loet Case Vot | Luad Came Nt |

Stress C Displacement D
won Mises Magnitude
NAmm”"2) mm
33,20484 0,002384084
2008538
2009607 0,002145676
15 2o 0,001207267 i
1997691 e
16 64742 : 0,001430451
1231794 i 0,001192042 F
0088453 : 0,0009536337 2
6558060 i 0,0007152253 g
3320434 i 00004768168 £
) i 0,0002384084 ¢

i Cave Lt
b TITHE N

Fig 5. Stress distribution in EM3. A- Cross section. B- Perpendicular court. C- Cross
section, the EM3 model had the lowest magnitude of stress among the
mechanical test models. D- Cross section deflection (scale: magnitude of
displacement). E- Stress distribuition in the region corresponding to the cortical
bone

31



e B
Smgs A Stress
won Mises won Mises
p
NAmm"2) NAmm*2)
3612212 36,12212
32,5009 32,5099
2830760 s 2889789 g
25,2854 i 2528548 2
2167327 : 2187327 i
18.08108 18.08108 g
14,44285 i 14,44385 3
10,83663 g 10,83663 £
7.224423 g 7.224423 g
3612212 H 3812212 3
o | o i
v bs X &
b A1 Ll
] Z e 3 o)
" ey Wi el @ WmeZ) -
N e W o Do Bz = m
<o e 1+
s c Displacement D
von Mises =~
mm
NAmm*2)

0003318716
0,002026844
0,002654073

0,002323101 s
0001091229 i
0.001659358 H
0001327486 g
0,0009956147 '
0.0000637431 5
00003318716 g
o H
Y
I-Dz

33.20484
2096536
26 63587
23,30839
10,9769
16.64742
13.31794
9,988452
6,652068
3.320484
0

L2008 THNOLYONTT HEBICLNY WY 13 TTNO0es
120008 THOLYIM03 A5 30

FHODUCED Y AN
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Discussion

This study evaluated the stress distribution and magnitude in the bone and
MS induced by a load applied to an orthodontic MS. These results contribute to
the understanding of the complex biological reactions resulting from the system of

forces applied to the MS varied according to the cortical bone thickness.

The use of animal models to evaluate and study orthodontic biomechanics
is limited by the difficulty of transferring the results to humans, which ultimately
hampers prospective studies in humans. FEM has emerged with the development
of computer engineering and enables research in life science and health without
requiring living beings. This motif has long been used in dentistry. In addition to
the benefits of avoiding human and animal research, FEM allows the assessment
of biomechanical processes and the search for solutions to these particular
clinical problems. In orthodontics, this method has been used to assess the

magnitude and distribution of stress caused by various orthodontic movements.

Some FEM studies have shown that applying the force lateral to the MS
causes most of the stress to concentrate in cortical bone areas.?® The present
study found similar results, as the highest stress concentrations were observed in
the cortical bone-MS interface. Previous studies seeking to improve the primary
stability of MS have focused on the bony anatomy, namely the thickness of the

cortical bone, and not on the quality of the trabecular bone.’

The present results showed higher stress in the mechanical tests using a 1-
mm cortical bone thickness, independent of the MS material. In the assays where
the cortical thickness was 1 mm, stress concentrated 1-mm above the cortical
bone and 1-mm below in the trabecular bone. In the 2-mm thick cortical bone, this
stress concentration occurred within the entirety of the cortical bone and do not

extend into the trabecular bone.

Primary stability is fundamental to the proper retention of the anchor and
can be influenced by the insertion torque, as well as by the quality and quantity of
the bone. In order to adapt MS to different insertion sites and achieve greater
primary stability, dentists use various MI sizes and types. Deformation and MS
fractures can be avoided through a better understanding of the influence of these

factors on the mechanical properties of the implant.
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Pithon et al. 2013%7 evaluated the influence of the MS length on its
mechanical properties, specifically the insertion torque required for various
thicknesses of cortical bone and the insertion torque required to fracture the
device. They observed that the MS length influenced the insertion torque,
independent of the cortical bone thickness, a finding also reported by Lim et al.
200828, who examined cortical bone measuring 1.5-mm thick. Pithon et al. 201327
obtained larger insertion torques in thicker cortical bone independent of the MS,
consistent with their findings in a separate study.?® The insertion torque is also
influenced by the MS form, as tapered devices require greater insertion torque

compared with the cylindrical device used by Pithon et al. 20112°

The force application axis used on the most MS in orthodontic mechanics is
the axis perpendicular to the device. Therefore, the MS deformation should be
evaluated by applying the force in this direction, as done in this study.?” The
largest deformation was observed in the MS head, and stainless-steel appliances

had higher offset values compared with titanium devices.

Two different materials were selected for the MS in this study, stainless
steel and titanium alloy. The stainless steel used for implants in human tissues,
especially in the oral cavity, must resist corrosion caused by exposure to body
fluids because this type of corrosion can harm the patient and promote device
fracture and other forms of treatment failure. Titanium alloy implants have several
advantages, including high strength and a low modulus of elasticity, that make
these implants twice as resistant to corrosion as stainless steel alloys, as well as
approximately 30% more resistant to fatigue apresetarem.30-32 The present study
revealed higher voltage and deflection in the titanium MS compared with the
stainless steel MIl. The magnitude of the stress field was higher in MS comprising
titanium alloy because its rigidity is approximately 47% less than in the MS
comprising stainless steel 316. The load bending stiffness is directly correlated

with the magnitude of the Young’s modulus.3?

Although anchoring Ml in the oropharynx is inserted into both the bone and
soft tissue, it is the bone portion that maintains the necessary force against
orthodontic forces. Studies aided by computer engineering using the FEM allow
visualization of the stress distribution in mechanical simulations, thereby allowing

clinicians to use orthodontic mechanics with greater certainty and predictability.
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Conclusion

This study recreated a three-dimensional model of an MS inserted into a
bone block at two cortical bone thicknesses and used FEM to predict the stress
distribution in the adjacent bone and MS upon applying a force perpendicular to

the MS. The simulation results showed the following:

1) The stress distribution concentrated at the MS in all mechanical tests,

mainly at the interface with the cortical bone.

2) The greatest stress concentration occurred in cortical bone measuring 1-

mm thick compared with cortical bone measuring 2-mm thick.

3) The titanium alloy MS showed higher stress and deflection voltages

compared with the stainless steel MS at the same cortical bone thickness.
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1 ANEXO 1 - Autorizagao do fabricante

2 Autorizagado para utilizagcdo dos desenhos dos mini-implantes fornecidos

3 pelo fabricante Morelli

MORTODONTIA

Prezada

Renata Machado Marangon

5 de Novembro de 2013

SAC Morelli Finalizado

Agradecemos seu contato bem como suas consideracdes sobre nossos produtos e servigos.

Segue abaixo os esclarecimentos sobre as SACs registradas na Morelli.

SAC

Data

Tipo de Atendimento
Classificacdo

Tipo

Servigo

36775

01/11/2013

Contato do Site
Solicitagdo

Servico

Informagdes Técnicas

Descricdo fornecida pelo Cliente

Ocorréncia

Resposta da Morelli

Atenciosamente,

4 SAC Morelli

5

Sou estudante do mestrado de ortodontia da PUC Paranda. Meu orientador € o Professor
Orlando Tanaka, e vamos comegar uma pesquisa que serd a minha dissertagdo com mini-
implantes avaliados por elementos finitos. Pretendemos utilizar os MI Morelli de 8,0 mm de
comprimento e com perfil transmucoso de 1,0 mm e outro de 8,0 mm de comprimento
com perfil transmucoso de 2,0 mm. Pretendemos avaliar as tensdes no Mi em relagdo a
variacdo do perfil transmucoso. Gostaria de ver se ha a possibilidade de me enviarem os
desenhos ou fotos destes MI para que possamos realizar o trabalho com elementos finitos.
Obrigada.

Prezada Dra. Renata,

Agradecemos por nos consultar, e aproveitamos para lhe desejar todo sucesso possivel no
seu trabalho.

Segue em anexo, 05 desenhos dos miniparafusos solicitados.

Atenciosamente,
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ANEXO 2 — Normas para publicagao

AMERICAN JOURNAL OF ORTHODONTICS & DENTOFACIAL
ORTHOPEDICS

Information for Authors
Electronic manuscript submission and review

The American Journal of Orthodontics and Dentofacial Orthopedics uses the
Elsevier Editorial System (EES), an online manuscript submission and review

system.

To submit or review an article, please go to the AJO-DO EES website: =+

http://ees.elsevier.com/ajodo.

Rolf G. Behrents, Editor-in-Chief

E-mail: behrents@slu.edu

Send other correspondence to:

Chris Burke, Managing Editor

American Journal of Orthodontics and Dentofacial Orthopedics
University of Washington

Department of Orthodontics, D-569

HSC Box 357446

Seattle, WA 98195-7446

Telephone (206) 221-5413

E-mail:ckburke@aol.com
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For information on Ethics in publishing and Ethical guidelines for journal

publication see =+ hitp://www.elsevier.com/publishingethics and =+

http://www.elsevier.com/journal-authors/ethics.

Human and animal rights

If the work involves the use of animal or human subjects, the author should
ensure that the work described has been carried out in accordance with The Code
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privacy rights of human subjects must always be observed.
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any other language, including electronically without the written consent of the
copyright-holder. To verify originality, your article may be checked by the
originality detection service CrossCheck G+

http://www.elsevier.com/editors/plagdetect.
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Each author is required to declare his or her individual contribution to the article:
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preparation, so roles for all authors should be described. The statement that all
authors have approved the final article should be true and included in the
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Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in

the authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add
or remove an author, or to rearrange the author names, must be sent to the
Journal Manager from the corresponding author of the accepted manuscript and
must include: (a) the reason the name should be added or removed, or the author
names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of
addition or removal of authors, this includes confirmation from the author being
added or removed. Requests that are not sent by the corresponding author will be
forwarded by the Journal Manager to the corresponding author, who must follow
the procedure as described above. Note that: (1) Journal Managers will inform the
Journal Editors of any such requests and (2) publication of the accepted

manuscript in an online issue is suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to
add, delete, or rearrange author names in an article published in an online issue

will follow the same policies as noted above and result in a corrigendum.
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Upon acceptance of an article, authors will be asked to complete a 'Journal

Publishing Agreement' (for more information on this and copyright, see =

http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding

author confirming receipt of the manuscript together with a 'Journal Publishing

Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
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Publisher is required for resale or distribution outside the institution and for all
other derivative works, including compilations and translations (please consult =+

http://www.elsevier.com/permissions). If excerpts from other copyrighted works

are included, the author(s) must obtain written permission from the copyright
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access articles is determined by the author's choice of user license (see =+

http://www.elsevier.com/openaccesslicenses).

Author rights

As an author you (or your employer or institution) have certain rights to reuse your

work. For more information see @+ http://www.elsevier.com/copyright.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be

stated.

42



a A~ ODN

10
11
12
13
14

15

16

17
18
19
20
21
22
23
24
25
26
27
28
29

30
31

32

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow
authors to comply with their funder's open access policies. Some authors may

also be reimbursed for associated publication fees. To learn more about existing

agreements please visit 3+ http://www.elsevier.com/fundingbodies.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but
not a mixture of these). Authors who feel their English language manuscript may
require editing to eliminate possible grammatical or spelling errors and to conform
to correct scientific English may wish to use the English Language Editing service
available from Elsevier's WebShop (B+

http://webshop.elsevier.com/languageediting/) or visit our customer support site (

= http://support.elsevier.com) for more information.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents,
permissions and releases must be obtained where an author wishes to include
case details or other personal information or images of patients and any other
individuals in an Elsevier publication. Written consents must be retained by the
author and copies of the consents or evidence that such consents have been
obtained must be provided to Elsevier on request. For more information, please
review the Elsevier Policy on the Use of Images or Personal Information of

Patients or other Individuals, = http://www.elsevier.com/patient-consent-policy.

Unless you have written permission from the patient (or, where applicable, the
next of kin), the personal details of any patient included in any part of the article
and in any supplementary materials (including all illustrations and videos) must be

removed before submission.

Submission
Our online submission system guides you stepwise through the process of

43



a A 0O N -

10
11
12

13

14
15
16
17

18

19

20

21
22
23

24
25
26
27
28

29
30
31

entering your article details and uploading your files. The system converts your
article files to a single PDF file used in the peer-review process. Editable files
(e.g., Word, LaTeX) are required to typeset your article for final publication. All
correspondence, including notification of the Editor's decision and requests for

revision, is sent by e-mail.

Blinding

The AJO-DO uses a blind review process; the identity of the author and the
location of the research are concealed from the reviewers, and the identities of the
reviewers are concealed from the author. The following submission items are sent
to reviewers during the review process and should not contain any identifying

information.
Manuscript * Figures * Tables * Other Material

The title page, which should contain complete author information, is not sent to
reviewers. In the manuscript, please pay special attention to Material and
Methods and Acknowledgments sections; wherever author is mentioned, use the

"hidden" format in Word to conceal it, or move it to the title page.

Guidelines for Original Articles

Submit Original Articles via EES: &+ http://ees.elsevier.com/ajodo.

Before you begin, please review the guidelines below. To view a 7-minute video

explaining how to prepare your article for submission, go to Video on Manuscript

Preparation.

1. Title Page. Put all information pertaining to the authors in a separate document.
Include the title of the article, full name(s) of the author(s), academic degrees, and
institutional affiliations and positions; identify the corresponding author and
include an address, telephone and fax numbers, and an e-mail address. This

information will not be available to the reviewers.

2. Abstract. Structured abstracts of 200 words or less are preferred. A structured
abstract contains the following sections: Introduction, describing the problem;
Methods, describing how the study was performed; Results, describing the
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primary results; and Conclusions, reporting what the authors conclude from the

findings and any clinical implications.

3. Manuscript. The manuscript proper should be organized in the following
sections: Introduction and literature review, Material and Methods, Results,
Discussion, Conclusions, References, and figure captions. Express
measurements in metric units, whenever practical. Refer to teeth by their full
name or their FDI tooth number. For style questions, refer to the AMA Manual of
Style, 10th edition. Cite references selectively, and number them in the order
cited. Make sure that all references have been mentioned in the text. Follow the
format for references in "Uniform Requirements for Manuscripts Submitted to

Biomedical Journals" (Ann Intern Med 1997;126:36-47); 3+ http://www.icmje.org.

Include the list of references with the manuscript proper. Submit figures and
tables separately (see below); do not embed figures in the word processing

document.

4. Figures. Digital images should be in TIF or EPS format, CMYK or grayscale, at
least 5 inches wide and at least 300 pixels per inch (118 pixels per cm). Do not
embed images in a word processing program. If published, images could be
reduced to 1 column width (about 3 inches), so authors should ensure that figures
will remain legible at that scale. For best results, avoid screening, shading, and
colored backgrounds; use the simplest patterns available to indicate differences in
charts. If a figure has been previously published, the legend (included in the
manuscript proper) must give full credit to the original source, and written
permission from the original publisher must be included. Be sure you have

mentioned each figure, in order, in the text.

5. Tables. Tables should be self-explanatory and should supplement, not
duplicate, the text. Number them with Roman numerals, in the order they are
mentioned in the text. Provide a brief title for each. If a table has been previously
published, include a footnote in the table giving full credit to the original source
and include written permission for its use from the copyright holder. Submit tables
as text-based files (Word is preferred, Excel is accepted) and not as graphic
elements. Do not use colors, shading, boldface, or italic in tables. Do not submit
tables as parts A and B; divide into 2 separate tables. Do not "protect" tables by
making them "read-only." The table title should be put above the table and not as

a cell in the table. Similarly, table footnotes should be under the table, not table
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cells.

6. Model release and permission forms. Photographs of identifiable persons must
be accompanied by a release signed by the person or both living parents or the
guardian of minors. lllustrations or tables that have appeared in copyrighted
material must be accompanied by written permission for their use from the
copyright owner and original author, and the legend must properly credit the

source. Permission also must be obtained to use modified tables or figures.

7. Copyright release. In accordance with the Copyright Act of 1976, which became
effective February 1, 1978, all manuscripts must be accompanied by the following
written statement, signed by all authors: "The undersigned author(s) transfers all
copyright ownership of the manuscript [insert title of article here] to the American
Association of Orthodontists in the event the work is published. The undersigned
author(s) warrants that the article is original, does not infringe upon any copyright
or other proprietary right of any third party, is not under consideration by another
jJournal, has not been previously published, and includes any product that may
derive from the published journal, whether print or electronic media. | (we) sign for
and accept responsibility for releasing this material." Scan the printed copyright

release and submit it via EES.

8. Use the International Committee of Medical Journal Editors Form for the
Disclosure of Conflict of Interest (ICMJE Conflict of Interest Form). If the
manuscript is accepted, the disclosed information will be published with the
article. The usual and customary listing of sources of support and institutional
affiliations on the title page is proper and does not imply a conflict of interest.
Guest editorials, Letters, and Review articles may be rejected if a conflict of

interest exists.

9. Institutional Review Board approval. For those articles that report on the results
of experiments of treatments where patients or animals have been used as the
sample, Institutional Review Board (IRB) approval is mandatory. No experimental
studies will be sent out for review without an IRB approval accompanying the

manuscript submission.

Guidelines for Systematic Reviews
Systematic Reviews and Meta-Analyses must be prepared according to
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contemporary PRISMA (Preferred Reporting for Systematic Reviews and Meta-
Analyses) standards. The AJO-DO will screen submissions for compliance before
beginning the review process. To help authors understand and apply the

standards, we have prepared a separate Guidelines for AJO-DO Systematic

Reviews and Meta-Analyses. This guide includes links to a Model Orthodontic

Systematic Review and an accompanying Explanation and Elaboration document.

These guidelines are supplemental to the Guidelines for Original Articles, which

describe how to meet general submission requirements, such as figure formats,

reference style, required releases, and blinding.

Systematic Review and Meta-Analysis Guide for Authors

You can access a link to an annotated example of a Model Orthodontic

Systematic Review. Further explanation of reporting practices is given in the

accompanying Explanation and Elaboration document. These documents have

been prepared in accordance with PRISMA guidelines and the "PRISMA
Statement for Reporting Systematic Reviews and Meta-Analyses of Studies that
Evaluate Health Care Interventions: Explanations and Elaboration" (E3+

http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1000100).

However, we have made these guidelines more relevant to orthodontics and have
adapted the reporting template to encourage transparent and pertinent reporting

by introducing subheadings corresponding to established PRISMA items.

Further information on reporting of systematic reviews can also be obtained in the
Cochrane Handbook for Systematic Reviews of Interventions (3+

http://www.cochrane-handbook.org).

Guidelines for Randomized Clinical Trials

Randomized Clinical Trials must meet current CONSORT (Consolidated
Standards of Reporting Trials) requirements. The AJO-DO will screen
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submissions for compliance before beginning the review process. To help authors
understand and apply the standards, we have prepared a separate document,
Guidelines for Randomized Clinical Trials. This document contains links to an
Annotated RCT Sample Article.

These guidelines are supplemental to the Guidelines for Original Articles, which

describe how to meet general submission requirements, such as figure formats,

reference style, required releases, and blinding.

Guidelines for Miscellaneous Submissions

Letters to the Editor and their responses appear in the Readers' Forum section
and are encouraged to stimulate healthy discourse between authors and our
readers. Letters to the Editor must refer to an article that was published within the
previous six (6) months and must be less than 500 words including references.
Submit Letters via the EES Web site. Submit a signed copyright release with the

letter.

Brief, substantiated commentary on subjects of interest to the orthodontic
profession is published occasionally as a Special Article. Submit Guest Editorials

and Special Articles via the Web site.

Books and monographs (domestic and foreign) will be reviewed, depending upon
their interest and value to subscribers. Send books to Chris Burke, Department of
Orthodontics, University of Washington D-569, HSC Box 357446,
Seattle, WA98195-7446. They will not be returned.

Checklist for Authors

Title page, including full name, academic degrees, and institutional affiliation
and position of each author, and author to whom correspondence and reprint
requests are to be sent, including address, business and home phone numbers,

fax numbers, and e-mail address
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____ Abstract

____Article proper, including references and figure legends
_____ Figures, in TIF or EPS format

_____Tables

Copyright release statement, signed by all authors

Photographic consent statement(s)

ICMJE Conflict of interest statement

Permissions to reproduce previously published material

Preparation

Double-blind review

This journal uses double-blind review, which means that both the reviewer and
author name(s) are not allowed to be revealed to one another for a manuscript
under review. The identities of the authors are concealed from the reviewers, and
vice versa. For more information please refer to (23

http://www.elsevier.com/reviewers/peer-review. To facilitate this, please include

the following separately:

Title page (with author details): This should include the title, authors' names and
affiliations, and a complete address for the corresponding author including an e-

mail address.

Blinded manuscript (no author details): The main body of the paper (including the
references, figures, tables and any Acknowledgements) should not include any

identifying information, such as the authors' names or affiliations.

Article structure
Introduction

Provide an adequate background so readers can understand the nature of the
problem and its significance. State the objectives of the work. Cite literature

selectively, avoiding a detailed literature survey or a summary of the results.
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Material and Methods

Provide sufficient detail to allow the work to be reproduced. If methods have
already been published, indicate by a reference citation and describe only the
relevant modifications. Include manufacturer information (company name and
location) for any commercial product mentioned. Report your power analysis and

ethics approval, as appropriate.

Results

Results should be clear and concise.

Discussion

Explain your findings and explore their significance. Compare and contrast your
results with other relevant studies. Mention the limitations of your study, and
discuss the implications of the findings for future research and for clinical practice.

Do not repeat information given in other parts of the manuscript.

Conclusions

Write a short Conclusions section that can stand alone. If possible, refer back to

the goals or objectives of the research.

Essential title page information

» Title. Concise and informative. Titles are often used in information-retrieval

systems. Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled.
Present the authors' affiliation addresses (where the actual work was done) below
the names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the

e-mail address of each author.
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» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-
mail address is given and that contact details are kept up to date by the

corresponding author.

* Present/permanent address. If an author has moved since the work described
in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address') may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main,

affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A structured abstract using the headings Introduction, Methods, Results, and
Conclusions is required for Original Article, Systematic Review, Randomized
Controlled Trial, and Techno Bytes. An unstructured abstract is acceptable for

Case Report and Clinician's Corner.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the
contents of the article in a concise, pictorial form designed to capture the attention
of a wide readership. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: Please provide an image with a
minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should
be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
Preferred file types: TIFF, EPS, PDF or MS Office files. See =+

http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's lllustration and Enhancement service to
ensure the best presentation of their images and in accordance with all technical

requirements: lllustration Service.

Highlights
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Highlights are a short collection of bullet points that convey the core findings of
the article. Highlights are optional and should be submitted in a separate editable
file in the online submission system. Please use 'Highlights' in the file name and
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet

point). See i http://www.elsevier.com/highlights for examples.

Acknowledgments

Collate acknowledgments in a separate section at the end of the article before the
references; do not include them on the title page, as a footnote to the title page, or
otherwise. List here those individuals who provided help during the research (eg,

providing help with language or writing assistance, or proofreading the article).

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for
clarity, manipulation for purposes of deception or fraud will be seen as scientific
ethical abuse and will be dealt with accordingly. For graphical images, this journal
is applying the following policy: no specific feature within an image may be
enhanced, obscured, moved, removed, or introduced. Adjustments of brightness,
contrast, or color balance are acceptable if and as long as they do not obscure or
eliminate any information present in the original. Nonlinear adjustments (e.g.

changes to gamma settings) must be disclosed in the figure legend.

Electronic artwork

General points
* Make sure you use uniform lettering and sizing of your original artwork.
* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New
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Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.
» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

= http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information

are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word,

PowerPoint, Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your
electronic artwork is finalized, please 'Save as' or convert the images to one of the
following formats (note the resolution requirements for line drawings, halftones,

and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum
of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep

to a minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG);

these typically have a low number of pixels and limited set of colors;

» Supply files that are too low in resolution;
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» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF) or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at
no additional charge, that these figures will appear in color online (e.g.,
ScienceDirect and other sites) in addition to color reproduction in print. For further
information on the preparation of electronic artwork, please see =+

http://www.elsevier.com/artworkinstructions.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves

to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed
either next to the relevant text in the article, or on separate page(s) at the end.
Number tables consecutively in accordance with their appearance in the text and
place any table notes below the table body. Be sparing in the use of tables and
ensure that the data presented in them do not duplicate results described

elsewhere in the article. Please avoid using vertical rules.

References
Citation in text

Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be given
in full. Unpublished results and personal communications are not recommended in

the reference list, but may be mentioned in the text. If these references are
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included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either
'‘Unpublished results' or 'Personal communication'. Citation of a reference as 'in

press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting
and indexing services, such as Scopus, CrossRef and PubMed, please ensure
that data provided in the references are correct. Please note that incorrect
surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain

errors. Use of the DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can
be listed separately (e.g., after the reference list) under a different heading if

desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list

(and any citations in the text) to other articles in the same Special Issue.

Reference style

Text: Indicate references by superscript numbers in the text. The actual authors

can be referred to, but the reference number(s) must always be given.
List: Number the references in the list in the order in which they appear in the text.

Examples:
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Reference to a journal publication:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article.
Sci Commun 2010;16351-9.

Reference to a book:

2. Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman;
2000.

Reference to a chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age. New York: E-
Publishing Inc; 2009. p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6
authors the first 6 should be listed followed by 'et al." For further details you are
referred to 'Uniform Requirements for Manuscripts submitted to Biomedical
Journals' (J Am Med Assoc 1997;277:927-34) (see also &+

http://www.nIm.nih.gov/bsd/uniform requirements.html).

Video data

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish
to submit with their article are strongly encouraged to include links to these within
the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they
directly relate to the video file's content. In order to ensure that your video or
animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your
article in  Elsevier Web products, including ScienceDirect: &+

http://www.sciencedirect.com. Please supply 'stills' with your files: you can choose

any frame from the video or animation or make a separate image. These will be
used instead of standard icons and will personalize the link to your video data. For

more detailed instructions please visit our video instruction pages at =+
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http://www.elsevier.com/artworkinstructions. Note: since video and animation

cannot be embedded in the print version of the journal, please provide text for
both the electronic and the print version for the portions of the article that refer to

this content.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets,
sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products, including

ScienceDirect: =+ http://www.sciencedirect.com. In order to ensure that your

submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file.
For more detailed instructions please visit our artwork instruction pages at &=+

http://www.elsevier.com/artworkinstructions.

3D Models

You can enrich your online articles by providing 3D models (optional) in PLY, OBJ
or U3D format, which will be visualized using the interactive viewer next to the
article. Each 3D model will have to be zipped and uploaded to online submission
system via the "3D models" submission category. Please be advised that the
recommended model size before zipping is 50-100 MB. Multiple models can be
submitted. Please provide a short informative description for each model by filling
in the “Description” field when uploading a dataset. Note: all datasets will be
available for download from the online article on ScienceDirect. If you have
concerns about your data being downloadable, please provide a video instead.

For more information see @ http://www.elsevier.com/about/content-

innovation/obj-ply-models and = http://www.elsevier.com/about/content-

innovation/u3d-models.
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Submission Checklist

The following list will be useful during the final checking of an article prior to
sending it to the journal for review. Please consult this Guide for Authors for

further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'
» References are in the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice

versa

* Permission has been obtained for use of copyrighted material from other

sources (including the Web)

For any further information please visit our customer support site at =+

http://support.elsevier.com.

Permissions

To use information borrowed or adapted from another source, authors must obtain
permission from the copyright holder (usually the publisher). This is necessary
even if you are the author of the borrowed material. It is essential to begin the
process of obtaining permissions early; a delay may require removing the

copyrighted material from the article. Give the source of a borrowed table in a
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footnote to the table; give the source of a borrowed figure in the legend of the
figure. The source must also appear in the list of references. Use exact wording
required by the copyright holder. To secure permission for materials published in

AJO-DO, please visit @3+ http://www.elsevier.com/authors/obtaining-permission-to-

re-use-elsevier-material. For more information about permission issues, contact

permissionshelpdesk@elsevier.com or visit 3+ www.elsevier.com/permissions.

After Acceptance
Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication.
The assigned DOI never changes. Therefore, it is an ideal medium for citing a
document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format;

here an article in the journal Physics Letters B):

=+ http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIls are

guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding
author (if we do not have an e-mail address then paper proofs will be sent by
post) or, a link will be provided in the e-mail so that authors can download the files
themselves. Elsevier now provides authors with PDF proofs which can be
annotated; for this you will need to download Adobe Reader version 9 (or higher)

available free from =+ http://get.adobe.com/reader. Instructions on how to

annotate PDF files will accompany the proofs (also given online). The exact
system requirements are given at the Adobe site: =

http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the

corrections (including replies to the Query Form) and return them to Elsevier in an
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e-mail. Please list your corrections quoting line number. If, for any reason, this is
not possible, then mark the corrections and any other comments (including replies
to the Query Form) on a printout of your proof and return by fax, or scan the
pages and e-mail, or by post. Please use this proof only for checking the
typesetting, editing, completeness and correctness of the text, tables and figures.
Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. We will do everything
possible to get your article published quickly and accurately. It is important to
ensure that all corrections are sent back to us in one communication: please
check carefully before replying, as inclusion of any subsequent corrections cannot

be guaranteed. Proofreading is solely your responsibility.

Offprints

For a fee, paper offprints can be ordered via the offprint order form which is sent
once the article is accepted for publication. Both corresponding and co-authors
may order offprints at any time via Elsevier's WebShop (&

http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed

copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book'
service to collate multiple articles within a single cover (&+

http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklet

s).

The corresponding author, at no cost, will be provided with a personalized link
providing 50 days free access to the final published version of the article on

ScienceDirect. This link can also be used for sharing via email and social

networks. For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both
corresponding and co-authors may order offprints at any time via Elsevier's
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