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CAPITULO 1

1.1- RESUMO

O sucesso do tratamento ortodéntico é dependente de fatores como a estabilidade de
ancoragem, principalmente na presenca de desarmonias oclusais severas e auséncias
dentarias multiplas. Caracteristicas, como a imobilidade frente a forgas funcionais, permitiram
a utilizacdo de implantes osseointegrados, ndo somente como agentes de suporte para
proteses, como também de ancoragem éssea absoluta para movimentagbes dentérias;
entretanto, com menor aplicabilidade na terapia ortoddntica, devido ao largo diametro dos
implantes o que possibilita sua instalagdo somente em rebordos alveolares edéntulos. O
desenvolvimento de dispositivos endodsseos, de diametros reduzidos, como 0s mini-
implantes, aumentou o0s sitios para sua aplicacao clinica, simplificou a técnica de instalacao,
diminuiu o trauma cirdrgico e o tempo de osseointegragdo necessario para estabiliza-los
guando submetidos a forcas ortoddnticas. Fatores mecanicos (desenho e dimensdes dos
dispositivos), e biolégicos (qualidade 6ssea e tempo de osseointegracdo prévio a aplicacédo
de forcas ortodOnticas estaticas) tém sido relacionados a estabilidade da ancoragem éssea
de mini-implantes. Entretanto, o nivel de influéncia desses fatores permanece indefinido,
diminuindo a previsibilidade clinica dessa terapia. O objetivo do presente estudo foi avaliar,
através de histomorfologia e histomorfometria, a taxa de contato entre o tecido 0sseo e a
superficie de mini-implantes, de diferentes comprimentos (6mm e 10mm), e submetidos a
diferentes tempos de osseointegracdo (imediato, 1 e 3 semanas), antes da aplicacdo de
forcas ortoddnticas padronizadas (150g). Um total de 78 mini-implantes foi instalado em 6
cdes da raca Beagle, na lateral do corpo mandibular da regido de pré-molares e molares.

Todos os 42 mini-implantes dos grupos controle (ndo submetidos a forcas ortoddnticas)



osseointegraram (taxa de sobrevivéncia de 100%), enquanto que 8 dos 36 mini-implantes
dos grupos experimento apresentaram mobilidade apds a aplicacdo da forca ortodbntica
(taxa de sobrevivéncia de 77,78%). A perda de 8 mini-implantes foi relacionada a processos
inflamatorios do tecido gengival perimplantar, provavelmente gerados pela agressdo das
molas ortoddnticas a mucosa ndo ceratinizada; ndo sendo o efeito da aplicagdo de forcas
estéticas sobre o sistema osso e miniimplante o Unico fator de causa. Os achados
histomorfolégicos apresentaram o intimo contato do tecido 6sseo a superficie de todos os
mini-implantes avaliados, revelando nos grupos controle eventos classicos de reparagao
O0ssea. Nestes, os processos de neoformacdo éssea foram observados dentro do periodo
precoce de implantacdo, e processos de remodelamento estavam ja estabelecidos, em
periodos de 12 semanas in vivo. Todos 0S grupos experimento apresentaram as mesmas
caracteristicas morfologicas encontradas nos grupos controle de 12 semanas, com excecao
da perda 0ssea associada a migracao apical de tecido mole presente no lado de tensdo. As
analises histomorfométricas de todos os grupos controle e experimento ndo revelaram dados
com diferencas estatisticamente significantes, com base nos diferentes parametros
avaliados. Levando em consideracdo as limitagcdes do modelo experimental, as avaliacdes
dos resultados histomorfolégicos e histomorfométricos indicam a possibilidade de aplicacéo
clinica de forcas ortododnticas estaticas, imediatamente ou precocemente, apds a instalagéo
de mini-implantes, permitindo que o processo de osseointegracao siga a mesma sequéncia
de eventos encontrados nesse estudo. Deve ser observado, que a dindmica da reparacéo
Ossea € diferente entre homens e cées, e essas diferencas podem ser significantes sob a

acdo de forgas estéticas de baixa magnitude, prejudicando a estabilidade da ancoragem.



1.2- SUMMARY

The success of conventional orthodontic treatment is closely related to anchorage
stability, especially in cases of multiple teeth absence and severe occlusal discrepancies. The
absence of mobility while subjected to functional loads enabled osseointegrated endosseous
implants’ prosthetic restoration, and an expansion of its primary use as orthodontic absolute
anchorage. A limiting factor for orthodontic treatment assisted by endosseous implants is the
large diameter of commercially available devices, once these may only be placed in
edentulous sites with sufficient bone available for anchorage. In an attempt to overcome such
limitation, implants of reduced dimensions have been introduced (mini-implants), and their
use has been gaining popularity due to an increase in placement sites (these can be placed
virtually everywhere in the oral cavity, even between roots), simplified surgical procedure,
decrease in surgical trauma, and potential decrease in bone healing time prior to static
orthodontic loading. The stability of miniimplants has been attributed to mechanical (bulk
device design and dimensions) and biological (bone quantity and quality, osseointegration
time prior to loading) factors. Although substantial data has been published to date, the
influences of several variables on orthodontic therapy through mini-implant anchorage are still
undetermined, decreasing its clinical predictability. The purpose of this study was to evaluate
the survival rate and bone response to statically loaded mini-implants of 6 and 10 mm lengths
activated by a standardized 1509 force after different healing periods (osseointegration times
of 0, 1, and 3 weeks). Seventy eight mini-implants were placed along mandibular premolar
and molar regions of six beagle dogs. Survival rates of 100% (42/42) and 77.78% (28/36)
were found for control (non-loaded) and experimental (statically loaded) mini-implant groups

respectively. All mini-implant losses were related to peri-implant inflammation due to



mechanical irritation from orthodontic appliances in contact with non-keratinized tissue, and
not to the application of low magnitude static loads. Decalcified sections showed bone contact
to mini-implant surface for all specimens. Control groups’ morphologic findings revealed
classic bone healing events, where modeling processes were advanced at early implantation
times and remodeling processes established before 12 weeks in-vivo. All experimental groups
showed the same morphologic characteristics found for control groups at 12 weeks after
implantation, with the exception that cortical bone loss associated with soft tissue apical
migration at the side opposite to static load vector direction was observed. Histomorphometric
analyses did not present statistically significant data between any two groups within different
parameters evaluated. Given the limitations of the experimental method, overall evaluation of
morphologic and morphometric results indicated the possibility of clinical application of an
orthodontic static load immediately after implantation and at early implantation times. It should
be noted that mineralized tissue dynamics is different between humans and dogs, and these
differences may be significant under low magnitude static loads, potentially jeopardizing

anchorage stability and clinical predictability.



CAPITULO 2

2.1-INTRODUGAO

A ortodontia é amplamente utilizada como terapia de reabilitacdo bucal estética e
funcional. O sucesso do tratamento ortoddntico é dependente de fatores como a estabilidade
de ancoragem, principalmente na presenca de desarmonias oclusais severas e auséncias
dentarias multiplas’.

Dispositivos, como os aparelhos extra-bucais, tém sido empregados para o controle da
ancoragem, visando eliminar movimenta¢des dentarias passivas e indesejaveis durante a
realizacdo dos tratamentos ortodonticos. Apesar de evitar os problemas relacionados as
deficiéncias de ancoragem dentéria, fatores como a auséncia de cooperacdo dos pacientes
na utilizacdo correta destes dispositivos diminui consideravelmente a taxa de sucesso deste
tratamento®.

A utilizacdo de dispositivos intra-0sseos visando uma ancoragem estavel das
movimentacdes dentarias, surgiu paralelamente ao desenvolvimento da implantodontia
odontolégica. Varios pesquisadores desenvolveram implantes enddsseos de diferentes
desenhos e biomateriais, buscando uma ancoragem absoluta para as movimentacdes
dentérias; Gainsforth e Higley? utilizaram implantes endésseos de vitalio cirirgico; Sherman?,
Mendez-Villamil® e Oliver® utilizaram implantes de carbono vitreo; e Turley et al” utilizaram
implantes de 6xido de aluminio revestidos por biovidro. Entretanto, nenhum desses implantes

apresentou resisténcia as forcas ortoddnticas empregadas, devido a deficiente qualidade



biomecanica dos dispositivos e do tipo de integracdo do tecido O6sseo a superficie do
biomaterial.

A descoberta de um fenémeno biolégico, chamado de osseointegracdo (intimo contato
entre o0 0sso e a superficie do implante), por um grupo de pesquisadores suecos 12 tornou a
implantodontia odontolégica uma especialidade altamente previsivel. Branemark et al®
observaram que implantes enddsseos de titdnio puro apresentavam caracteristicas
mecéanicas e bioquimicas adequadas para garantir uma coexisténcia estrutural e funcional
com os tecidos biologicos diferenciados, sem iniciar mecanismos de rejeicdo. Dessa forma,
0s implantes osseointegrados apresentaram a capacidade de permanecer estaveis quando
submetidos a forcas funcionais'®. Tal caracteristica possibilitou a sua utilizagdo, néo
somente como agentes de suporte para proteses’™?, como também de ancoragem para

417 e ortopédica’®. A grande vantagem da aplicacdo dos

movimentacdes ortodontica
implantes osseointegrados, em ortodontia, estd na sua imobilidade e na auséncia de
instabilidade frente a forcas funcionais, atuando como uma ancoragem absoluta®®.

A aplicagdo de implantes dentarios nos tratamentos ortoddnticos tem demonstrado
resultados satisfatorios**"%°. A instalacéo desses implantes é realizada apenas em rebordos
alveolares, devido aos seus largos diametros'®. No entanto, a aplicabilidade da ancoragem
ortoddntica atravées de dispositivos enddsseos esté diretamente relacionada a diversidade de
sitios intrabucais para sua instalacdo. Dessa forma, surgiu a necessidade do
desenvolvimento de outros tipos de dispositivos, diferentes daqueles convencionalmente
utilizados para suportar reabilitacdes protéticas?.

Diversos estudos e relatos clinicos apresentaram dispositivos de ancoragem

ortodéntica com a macroestrutura de parafusos de didmetros reduzidos. Kanomi®

desenvolveu um mini-implante (didametro de 1,2mm) de dois estagios cirlrgicos (periodo de
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osseointegracao de 10 semanas, previamente a aplicacdo de forcas ortoddnticas), com base
na macroestrutura de parafusos de fixacdo de enxertos 0sseos utilizados em cirurgias
reconstrutivas. Ohmae et al®® analisaram, em modelo animal, mini-implantes (diametro de
1mm) para intruséo de pré-molares (submetidos a 6 semanas de osseointegracdo). Costa et
al®® utilizaram mini-implantes (diametro de 2mm), de Unico estagio cirlrgico para ancoragem
ortodéntica imediata em um ensaio clinico com 19 pacientes. Wherbein et al 242
desenvolveram um sistema de implantes de dois estagios cirdrgicos (periodo de
osseointegracdo de 3 meses), com macroestrutura baseada nos implantes endosseos
convencionais (diametro de 3,3mm), para instalacdo na regido mediana do palato duro.
Freudenthaler et al *° descreveram a utilizacdo clinica de micro-parafusos bicorticais
(diametro de 2mm e comprimento de 13mm) como ancoragem para protrusdo de molares em
8 pacientes, visando aumentar a estabilidade mecéanica da fixacdo o0ssea. Todos esses
trabalhos apresentaram resultados clinicos iniciais satisfatérios, no entanto, sem avaliar
isoladamente os possiveis fatores associados a qualidade da ancoragem 0ssea obtida.

A maior aplicabilidade, simplificacdo da técnica de instalacdo e diminuicdo do trauma
cirdrgico, no tratamento, foram as caracteristicas que fizeram dos miniimplantes os agentes
para ancoragem ortoddntica de maior interesse no desenvolvimento e utilizacdo clinica.
Degushi et al " analisaram através de histomorfometria a ancoragem oOssea de mini-
implantes instalados em mandibulas e maxilas de caes. Trés periodos de osseointegracao
(3, 6 e 12 semanas) foram utilizados previamente a aplicacdo de for¢as ortoddnticas (200-
300g) para movimentacdes dentarias, sendo observado que periodos de apenas 3 semanas
ja seriam suficientes para promover a estabilidade da ancoragem em cées. Miyawaki et al®®,

em estudo clinico, analisaram o0s possiveis fatores associados a estabilidade de mini-

implantes instalados em regides posteriores para ancoragem ortodontica. Trés tipos de mini-
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implantes foram utilizados (1X6mm, 1,5X11mm, 2,3X14mm), totalizando 134 dispositivos. Os
autores ndo observaram associacdes significativas entre a taxa de sucesso e as variaveis,
tais como: comprimento dos mini-implantes, tipo de instalagéo cirdrgica, aplicacdo imediata
de forcas ortoddnticas e sitio de instalacdo. Dessa forma, concluiram que fatores como o
didmetro dos mini-implantes menor ou igual a 1mm, inflamacédo peri-implantar e a presenca
de cortical éssea fina estdo associados ao insucesso clinico da ancoragem.

O comportamento de mini-implantes parece estar diretamente relacionado a fatores
mecanicos (desenho e dimensdes?®), e biol6gicos (qualidade 6ssea e tempo de
osseointegracdo previamente requerido para estabiliza-los quando submetidos a forgas

ortoddnticas estaticas) >

. Entretanto, a influéncia desses fatores no grau de ancoragem
O0ssea dos mini-implantes ortodénticos ainda permanece indefinido, diminuindo a
previsibilidade clinica dessa terapia.

Visando aumentar os beneficios da ancoragem absoluta, tanto para os clinicos quanto
para os pacientes, tém se buscado a aplicacdo imediata ou precoce de forcas ortodonticas
nos mini-implantes®®. Dessa forma, modificacdes das macroestruturas dos dispositivos tém
sido realizadas para minimizar o estresse gerado no tecido 6sseo ao redor de mini-implantes
e na interface osso e biomaterial, durante a aplicacéo de for¢as ortodontica estaticas™.

O objetivo do presente estudo, em modelo animal (cdo), foi avaliar através da
histomorfologia e histomorfometria o tecido 6sseo em contato com um novo mini-implante
ortodontico; analisando a influéncia de diferentes comprimentos (6mm e 10mm), e de
diferentes periodos de osseointegracdo prévios a aplicacdo de forcas ortoddnticas estaticas
(Imediato, 1 e 3 semanas) na qualidade da ancoragem obtida. Tais analises, qualitativas e

guantitativas, visaram compreender 0os eventos biolégicos ocorridos em associacdo com as

respostas clinicas evidenciadas, para aumentar a aplicabilidade e previsibilidade da terapia
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ortoddéntica auxiliada pela ancoragem 6ssea, resultando no bem-estar dos pacientes

submetidos ao tratamento.
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CAPITULO 3

3.1- ARTIGO EM PORTUGUES

ANALISE HISTOMORFOLOGICA E HISTOMORFOMETRICA DE MINI-IMPLANTES PARA

ANCORAGEM ORTODONTICA IMEDIATA E PRECOCE.

Resumo

O objetivo do presente estudo, em modelo animal (c&o), foi avaliar a taxa de sobrevivéncia e
a resposta 6ssea de miniimplantes, de 6 e 10mm de comprimento, submetidos a forcas
estaticas apos diferentes periodos de osseointegracdo. Setenta e oito mini-implantes (Ti-6Al-
4V e superficie usinada) foram instalados em 6 cdes da raca Beagle, bilateralmente, na
regiao mandibular de pré-molar e molar. Os hemi-arcos esquerdo (experimento) e direito
(controle) receberam 6 e 7 mini-implantes, respectivamente. O periodo de osseointegracao
prévio a ativacdo (forca de 250g aplicada entre os pares de mini-implantes, durante 12
semanas) dos grupos experimento foram de O (imediatamente ativados),1 e 3 semanas. Os
mini-implantes dos grupos controle (ndo submetidos a forcas) foram instalados 12,3 e 1
semana prévias a eutanasia e no dia da eutanasia. Apos este procedimento, as mandibulas
foram dissecadas, e o0s espécimes descalcificados foram preparados para avaliagdo
histomorfolégica e histomorfométrica (taxa de contato do osso ao implante). Os resultados
mostraram taxas de sobrevivéncia de 100% e 77,78% para 0S grupos controle e
experimento, respectivamente. As taxas de sobrevivéncia especificas ao comprimento dos

mini-implantes foram de 88,89% e de 66,67% para 0s grupos experimento de 10mm e de
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6mm, respectivamente. Inflamacdo do tecido mole perimplantar foi observada em todas as
perdas de mini-implantes, que ocorreram apés a aplicacdo da forca (instalacdo da mola). Os
grupos controle mostraram o0s eventos classicos da reparacdo 0ssea € 0S Qrupos
experimento apresentaram a morfologia de osso maduro. N&o houve, entre todos 0s grupos,
diferencas estatisticamente significantes entre os valores de contato do osso a superficie do
mini-implante. Esses resultados indicam a possibilidade de aplicacdo clinica de forcas
ortodonticas estaticas, imediatamente ou precocemente, apés a implantacdo de mini-

implantes.

Palavras chaves: Mini-implantes/Ortodontia/ Ancoragem /Ativac&o Imediata/ Céo.
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Introducgao

Desde o descobrimento e a sedimentacdo do fendmeno biolégico chamado de
osseointegracdo (intimo contato de tecido O0sseo a biomateriais) por um grupo de
pesquisadores suecos 4 a implantodontia tornou-se uma das mais previsiveis modalidades
de reabilitacdo da clinica odontologica, com taxas de sucesso, acima de 90%, sendo
frequentemente relatadas”.

O intimo contato entre o tecido 6sseo e o substrato metalico do implante promove uma
anquilose (auséncia do ligamento periodontal, imobilidade) 2, permitindo a interacdo
funcional e estrutural dos tecidos biolégicos com o biomaterial, promovendo a estabilidade
desse sistema (osso-implante) frente a forcas funcionais®. Esta caracteristica possibilitou a
utilizacdo de implantes osseointegrados, ndo somente em reabilitacdes protéticas, mas
também para tratamentos ortoddnticos’® e ortopédicos®.

O sucesso do tratamento ortodontico é dependente de fatores como a estabilidade de
ancoragem, principalmente na presenca de desarmonias oclusais severas e auséncias
dentérias multiplas®.

A grande vantagem da utilizagcdo de implantes osseointegrados, como agentes de
ancoragem, é a imobilidade clinica quando submetidos a forcas estéticas constantes
(funcionando como uma ancoragem absoluta)**, evitando a movimentacdo dentaria passiva
gue ocorre nas terapias ortoddnticas convencionais. Os implantes também podem ser
aplicados como uma alternativa a utilizagcdo de aparelhos extrabucais, eliminando a
necessidade de cooperacdo dos pacientes, otimizando e diminuindo o tempo de tratamento

requerido.
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Apesar do sucesso da utilizacdo de implantes osseointegrados em ancoragens

ortoddnticas*?**

, 0 largo didmetro dos dispositivos comercialmente disponiveis representa
uma limitagdo, pois viabiliza sua instalacdo somente em rebordos alveolares edéntulos,
diminuindo seus sitios intrabucais e sua aplicabilidade nas terapias ortodénticas. Dispositivos
enddsseos, de diametros reduzidos (mini-implantes)'®, tém sido desenvolvidos para superar
essa limitacdo, com alta taxa de popularidade; pois sua utilizacdo aumentou os sitios de
aplicacao clinica (pode ser instalado em qualquer regido da cavidade bucal, até entre raizes),
simplificou a técnica de instalacdo, diminuiu o trauma cirirgico e o tempo de osseointegracao

15-19

prévio a aplicacédo de forgcas ortodonticas estaticas A estabilidade da ancoragem 6éssea

de mini-implantes tem sido relacionada a fatores mecéanicos (desenho e dimensdes 18)

, €
biolégicos (qualidade Ossea e tempo de osseointegracdo previamente requerido para
estabiliza-los quando submetidos a forcas ortoddnticas estaticas °??). Entretanto, o nivel de
influéncia desses fatores permanece indefinido, diminuindo a previsibilidade clinica dessa
terapia.

Visando aumentar os beneficios da ancoragem absoluta, tanto para os clinicos quanto
para os pacientes, tém se buscado a aplicacdo imediata ou precoce de forcas ortodonticas
nos mini-implanteslG. Dessa forma, modificagcbes das macroestruturas dos dispositivos tém
sido realizadas para minimizar o estresse gerado no tecido 6sseo ao redor de mini-implantes
e na interface osso-biomaterial, durante a aplicacdo de forcas ortoddnticas estaticas®.

O objetivo do presente estudo, in vivo, € avaliar a resposta 6ssea de mini-implantes

submetidos a forcas ortoddnticas estaticas padronizadas apoOs diferentes periodos de

osseointegracao.
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Material e Métodos

Material

Setenta e oito mini-implantes (Ti-6Al-4V e superficie usinada) de 2,5mm de diametro
foram fornecidos por um fabricante (Bicon Inc., Boston, MA, USA) em dois diferentes
comprimentos (6mm, 10mm). A parte superior do mini-implante apresentava duas fendas
circunferénciais e perpendiculares entre si, para instalacdo do dispositivo ortodoéntico, e o
corpo do mini-implante apresentava quatros roscas para promover a sua estabilidade

biomecéanica (Figura 1).

R UL T TETS

mm‘i'lli [r—

v}

Figura 1- Macroestrutura dos miniimplantes ortodonticos de 6mm e de 10 mm de
comprimento (Bicon Implants. Boston, MA). Observar, no modulo superior, a fenda
circular para instalacéo de aparelhos ortodénticos.
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Métodos

Ap0Os aprovacado prévia do projeto pela Comissdo de Etica no Uso de Animais (CEUA-
UFSC), seis caes da raca Beagle, machos e adultos (idade entre 12 a 15 meses) foram
adquiridos e mantidos sob avaliacdo e cuidados durante 12 semanas antes do inicio do

experimento.

Desenho Experimental

Os mini-implantes foram divididos em 3 grupos experimento e 4 grupos controle. Os
grupos experimento foram definidos de acordo com o tempo de osseointegracao prévio a
aplicacéo de forcas ortodonticas padronizadas, em grupo ativado imediatamente (El), ativado
apos 1 semana (E1S), e ativado apdés 3 semanas (E3S). Todos 0s grupos experimento
permaneceram ativados por um periodo de 12 semanas até a eutanasia.

Os grupos controle foram definidos de acordo com o periodo de osseointegracao
requerido até a eutandsia, possibilitando informacgfes morfologicas e morfométricas do exato
momento da ativacdo da for¢ca nos mini-implantes. Os grupos controle foram formados pelo
imediato (Cl), 1 semana (C1S), 3 semanas (C3S), e 12 semanas (C12S) de periodo de
osseointegragao.

O sitio cirurgico utilizado foi a lateral do corpo mandibular, na regido dos molares e pré-
molares. O lado esquerdo da mandibula foi utilizado para instalacdo dos grupos experimento
e o lado direito para os grupos controle. Uma seqiiéncia de procedimentos cirdrgicos
possibilitou a colocacédo de 6 mini-implantes no lado experimento (esquerdo), formados por
pares de mini-implantes dos grupos E3S, E1S, El instalados de distal para mesial,
respectivamente (Figura 2a). No lado controle, a mesma sequéncia de eventos foi realizada,

adicionando um sétimo mini-implante (C12S) mesialmente (Figura 2b). Dessa forma, em
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cada animal foram realizadas 6 intervengdes cirargicas durante um periodo de 15 semanas,
com reavaliacdo das forcas ortodénticas a cada 3 semanas. Os eventos descritos,
anteriormente, sdo apresentados na Figura 3. Trés caes receberam mini-implantes de 6mm e

0s outros trés caes receberam mini-implantes de 10mm.

Figura 2- Exposicao dos mini-implantes e do tecido 6sseo, através de dissecacao, e
apos a eutanasia dos animais; revelando os grupos experimento(a), lado esquerdo
mandibular, e os grupos controle(b), lado direito mandibular.
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X-15s  X-13s

»
»

o Elingtal. ¢ Regjustedaforca Cl instal.
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Figura 3: Sequéncia de eventos cirurgicos e clinicos realizados em cada céo, do primeiro
procedimento (X-15) até o dia da eutanasia (X). s=tempo em semanas.

Protocolo Clinico-Cirurgico

Todos os procedimentos experimentais cirdrgicos (instalagdo dos mini-implantes) e
clinicos (obtencao de fotografias intraorais, aplicacdo e avaliacdo das forcas ortodénticas)
foram realizados sob condi¢cdes estéreis, apdés medicacdo pré-anestésica, por via
intramuscular de uma injecao de sulfato de atropina a 0,044mg/kg (Atropina Lab. Ariston), e
de procedimento anestésico (apés um periodo médio de 10 minutos), com aplicacao
intramuscular de uma injecdo de cloridrato de xilazina a 2% (Kensol- Lab. Konig) na
dosagem de 8mg/kg, associado ao cloridrato de ketamina 50mg (Vetanarcol-Lab.Konig) na
dosagem de 16mg/kg. ApoOs cada intervencdo cirargica foram administradas por via
intramuscular, em doses Unicas, antibidtico (Pentabidtico ®-Fort Dodge, 30.000 U/Kg) e
antiinflamatério (Banamine® Shering-Plough 1,1 ml/kg ).

Uma incisao intrabucal foi realizada em mucosa nao ceratinizada na regidao de molares

e pré-molares, com descolamento total do retalho. Duas perfuracdes paralelas foram
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realizadas (distancia de 10mm) no tecido 6sseo (cortical e medular) com broca piloto de 2mm
de diametro (800rpm, irrigacdo profusa), nas profundidades de 6 e 10mm para os diferentes
comprimentos dos mini-implantes de cada grupo experimento e controle. Os pares de mini-
implantes de cada grupo foram instalados através de chaves adaptadas a um contra-angulo
(20rpm) até o contato intimo da cabeca dos mini-implantes ao leito 6sseo receptor. O retalho
foi coaptado através de sutura simples da mucosa perimplantar, evitando a submersao dos
mini-implantes durante o periodo de osseointegragao.

Nos grupos experimento, apés o periodo de osseointegracdo determinado, foram
instaladas molas helicoidais de tracdo Cr-Ni (20,20mm X gint. 0,80mm; Morelli, S&o Paulo,
Brasil), objetivando forcas ortod6nticas padronizadas e constantes de 250 gramas entre 0s

pares de mini-implantes (Figuras 4,5).

Figura 4- Medicdo da forca estatica gerada pela mola entre os pares de mini-implantes,
objetivando a magnitude de 250g.
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Figura 5- Grupos experimento ap0s a ativacdo da forca entre os pares de mini-
implantes

A estabilidade dos mini-implantes foi avaliada clinicamente ao longo do estudo, em
intervalos de 5 dias. O mini-implantes que apresentaram qualquer grau de mobilidade
durante a realizacdo do experimento foram removidos, sendo necessaria a instalacdo de
novo mini-implante (em sitio adjacente) nos casos em que a mobilidade ocorreu em apenas
um dos dispositivos, visando a manutencdo da ativagcdo do mini-implante remanescente.

Nestes casos, 0 novo mini-implante n&o foi considerado no experimento. Foram reavaliadas

as forcas das molas ortoddnticas em cada periodo de trés semanas, apos a ativacao inicial.

Preparacao dos Espécimes
Os caes foram submetidos a eutanasia, através da repeticdo de procedimentos
anestésicos, sem 0 uso de atropina, e aplicacédo via endovenosa de uma injecdo de cloreto

de potassio 19,1%. As suas mandibulas foram dissecadas e fixadas em solucao de
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formaldeido a 10%, por um periodo de 15 dias. Considerando o numero, a localizagéo, e o
tempo de osseointegracdo, um mini-implante, por par avaliado, foi descalcificado para
estudos morfolégico e morfométrico. O processo de descalcificacao foi realizado através da
submersdo dos espécimes, em EDTA e acido férmico, durante 14 dias e 48 horas,
respectivamente. Apos a conclusdo do processo de descalcificagdo, os mini-implantes foram
cautelosamente removidos através de torque reverso, visando evitar danos na interface
0sso-mini-implante.

Os espécimes embebidos em parafina foram seccionados mesio-distalmente (ao longo
do plano do vetor da forca ortodontica), objetivando o centro do longo-eixo dos mini-
implantes, possibilitando posterior comparacao histomorfologica e histomorfométrica entre as
regibes de compressédo e de tensdo. As cinco seccdes obtidas, para cada espécime, foram
coradas com Eosina e Hematoxilina (H.E.) e analisadas através de microscopio optico de

transmissao.

Analises Histomorfolégica e Histomorfométrica

Micrografias com 40X de magnificagdo foram adquiridas ao longo do perimetro do
mini-implante de cada espécime para analise morfoldgica do osso cortical e trabecular.

Os espécimes foram divididos em duas regides de interesse (lado de compresséao —
lado na direcdo do vetor de forca , lado de tensdo — lado oposto ao vetor de direcao da
forca). A taxa de contato do osso a superficie do mini-implante, nas 5 secc¢des obtidas de
cada espécime, foi determinada pela analise histomorfométrica, através do software
BIOQUANT NOVA (Bioquant Analysis Corporation, Nashville, TN,USA). Para essa andlise, o

espécime foi dividido quanto ao lado de tensdo e de compressdo. As analises estatisticas
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foram obtidas com um nivel de significancia de 95% para todas as comparacdes realizadas
nesse estudo.

O intervalo de confianca (IC) para cada grupo e parametros descritos acima foi
calculado com um nivel de significancia de 95% através das seguintes equacdes: IC= [valor +
t (erro padréo)], erro padrdo = [desvio padrdo/(n*?)], onde t= ty, valor associado com o
namero de graus de liberdade e nivel de significancia, e n=nimero de observacdes para 0s

parametros submetidos a avaliagéo .

Resultados

A revisdao e analise dos procedimentos cirlrgicos e o acompanhamento geral nao
demonstraram complicac&o significante relativa a condicdo de execucao dos procedimentos,
e de infeccdo pds-operatéria nos animais, apesar do curto intervalo de tempo entre os
procedimentos realizados.

N&o foi observada inflamacé&o tecidual para ambos os grupos controle e experimento
antes da instalacdo das molas e ativacdo dos mini-implantes. Apds a ativacéo, a inflamacao
de tecido mole perimplantar foi clinicamente detectada para varios mini-implantes; devido a
impactacdo alimentar entre a mola, mini-implante e tecido mole, especialmente para aqueles
casos em que as molas estavam em intimo contato com a mucosa nao-ceratinizada. Tal
situacéo foi, na maioria dos casos, relacionada aos mini-implantes instalados na regido de
molar.

Todos os 42 mini-implantes (6 e 10mm de comprimento) dos grupos controle

permaneceram clinicamente estaveis durante o curso do experimento, com uma taxa de
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sobrevivéncia de 100%, enquanto 8 dos 36 mini-implantes dos grupos experimento
fracassaram. A taxa de sobrevivéncia geral para o grupo experimento foi de 77,78%, onde 1,
4, e 3 mini-implantes foram respectivamente perdidos nos grupos El, E1S, e E3S grupos.

A taxa de sobrevivéncia para os mini-implantes de 10 mm de comprimento (n=18) foi
de 88,89%, onde 1 e 1 mini-implante foram perdidos pelos grupos E3S, e EIl
respectivamente. A taxa de sobrevivéncia para os 6 mini-implantes de 6 mm de comprimento
(n=18) foi de 66,67%, onde 4 e 2 mini-implantes foram respectivamente perdidos pelos
grupos E1Se E3S. Todas as perdas de miniimplantes pelos grupos experimento
aconteceram depois da instalagdo da mola ortodontica e ativagdo do miniimplante, e metade
das perdas, ao longo do estudo, aconteceram em um unico animal.

Trinta e nove espécimes foram descalcificadas para avaliacao histoldégica. Apesar das
perdas ocorridas durante o estudo, s6 os grupos E1S (n=1) e ES (n=2) tiveram numero de
espécimes reduzido por grupo, devido a perdas emparelhadas. Os outros grupos que tiveram
perdas, ainda proveram um implante para avaliagcdo histolégica.

A avaliacdo de Histomorfologia das secOes descalcificadas de todos os grupos revelou
a presenca de contato de osso ao implante nas regides cortical e trabecular para todos os

espécimes. O exemplo de uma seccédo descalcificada € apresentado em Figura 6.
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Figura 6: Seccdo descalcificada (corada com H.E.) mostrando o contato entre 0 0SS0 e 0
mini-implante (grupo E1S), no perimetro das roscas. (magnificacdo original de 12,5X).

Uma caracteristica notavel encontrada em todos os grupos experimento foi a perda de

0sso cortical associada com migracao apical de tecido mole no lado oposto a direcdo do

vetor da forca estatica (Figura 7).
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Figura 7- Perda do tecido 6sseo cortical, associado a migracdo de tecido mole, no lado
oposto a direcdo do vetor da forca estatica (lado de tensao). Caracteristica histomorfologica
observada em todos os mini-implantes dos grupos experimento. (magnificagdo original de
12,5X).

Nenhuma diferenca morfologica foi observada entre os mini-implantes de 6mm e 10
mm, e uma representacdo das caracteristicas mais consistentes encontradas para 0s
diferentes grupos controle e experimento esta descrita nas Figuras 8 e 9. Os grupos CI
(Figura 8a) mostraram intimo contato entre 0 0sso cortical e 0 mini-implante, e regides de
ruptura do osso trabecular. Todos os espécimes dos grupos C1S (Figura 8b) apresentaram
contato 6sseo, com pontos de reabsor¢cdo e de necrose em todo o perimetro dos mini-
implantes. Os pontos de necrose foram mais pronunciados no didmetro externo das roscas

dos mini-implantes, particularmente, na primeira rosca superior. Neoformacdo Ossea
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também foi observada em regidbes de osso trabecular. Os grupos C3S (Figura 8c)
apresentaram notavel formacdo de osso desorganizado nas regides corticais e trabecular.
Poucas areas de necrose foram observadas, normalmente confinadas no diametro externo
da primeira rosca. Um osso com alto grau de organizacao foi encontrado nos espécimes dos
grupos C12S (Figura 8d), El, E1S, e E3S (Figura 9a-9c), onde pontos de necrose estavam

completamente ausentes.

Figura 8- Morfologia dos grupos controle. (a) regido de rosca do espécime do grupo ClI, entre
a transicdo do osso cortical para trabecular, mostrando (setas) a ruptura do osso trabecular,
apos a instalacdo do mini-implante; (b) espécime do grupo C1S apresentando pontos de
necrose (setas) e de reabsorcao (setas largas), (c) espécime do grupo C3S apresentando
regides de neoformacdo 6ssea ao longo do perimetro do mini-implante, observar pontos
necroticos no diametro externo da rosca (seta). (d) Espécime do grupo C12S, na regido de
transicdo do osso cortical para trabecular, apresentando estrutura 6ssea organizada em todo
perimetro do mini-implante. (magnificacao original de 40X).
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Figura 9- Morfologia 6ssea dos grupos experimento. Todos 0s espécimes apresentaram

intimo contato entre o osso e a superficie do mini-implante, semelhante a morfologia
encontrada no grupo C12S. (magnificacao original de 40X).

Os IC 95%, para todos o0s grupos e parametros avaliados, estdo apresentados na
tabela 1 para os grupos de mini-implantes de 6 mm de comprimento e na tabela 2 para os
grupos de mini-implantes de 10 mm de comprimento para todos os parametros avaliados.
Deve ser observado que ndo foram encontradas diferencas estatisticamente significantes

entre quaisquer dois grupos dentro dos diferentes parametros avaliados.
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Tabela 1- Lado de compressao, lado de tenséo, e porcentagem total de contato entre o 0sso
e 0s mini-implantes dos grupos de 6mm, no intervalo de confianca (IC) de 95%.

6 mm espécimes | compressao 95% CI tensdo 95% IC total 95% IC
Cl 1 81.5 75.2 £15.9 81.7 76.7 £ 14.6 81.6 75.9 £15.2
2 75.3 78.2 76.8
3 68.7 70.2 69.5
C1s 1 92.7 80.7 £ 33.8 98.7 84.6 +37.5 95.7 82.7 + 35.6
2 65.9 68.7 67.3
3 83.6 86.5 85.1
C3S 1 93.7 90.4 + 14.5 93.1 90.4 + 14.5 93.4 89.6 + 16.6
2 83.7 80.1 81.9
3 93.9 93.2 93.6
C12s 1 94.6 929+9 92.8 92.6+7.3 93.7 92.7+8
2 88.7 89.5 89.1
3 95.3 95.4 95.4
El 1 81.4 87.9+15.1 64.7 76.9 +29.9 73.1 82.4+22.5
2 93.5 88.8 91.2
3 88.7 77.3 83.0
E1S 1 92.0 92.0 78.8 78.8 85.4 85.4
E3S 1 95.7 95.8+0.6 92.3 86.2+77.5 94.0 91.5+38.4
2 95.8 80.1 88.0

Tabela 2- Lado de compressao, lado de tenséo, e porcentagem total de contato entre o 0sso

e 0S mini-implantes dos grupos de 10mm, no intervalo de confianca (IC) de 95%.
10mm | espécimes | compressao 95% ClI tensao 95%Cl total 95%IC
Cl 1 87.4 67.3 71.2+£8.9 77.4 74.4+8.4

2 76.0 776 £ 22.7 74.3 75.2
3 69.3 72.1 70.7

C1s 1 64.4 79.6 +34.2 67.9 82.9+32.7 66.2 81.2 +33.3
2 83.0 88.2 85.6
3 91.3 92.6 92.0

C3S 1 93.7 925+7 86.5 90.1+84 90.1 91.3+55
2 89.3 90.5 89.9
3 94.5 93.2 93.9

C12S 1 96.1 92.3+10.9 93.2 91.8+7.6 94.7 92.1+9
2 87.5 88.3 87.9
3 93.2 94.0 93.6

El 1 90.4 90.3+7.2 67.5 74.6 £16 79.0 82.5+9.7

2 87.4 76.3 81.9
3 93.2 80.1 86.7

E1S 1 95.5 8258 92.8 84.8+17.5 94.2 88.6 £ 12
2 88.6 81.9 85.3
3 88.6 81.9 85.3

E3S 1 90.9 9277 83.0 84.0+£3.1 87.0 88.4+ 3.6
2 96.0 83.7 89.9
3 91.3 85.4 88.4
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Discussao

O tratamento ortoddntico é influenciado pela estabilidade da ancoragem 0 e a
ancoragem absoluta € uma caracteristica desejavel para a otimizacdo da qualidade e do
tempo de tratamento 8'#>1° O presente estudo, em modelo canino, avaliou a influéncia da
aplicacéo de forcas ortoddnticas de 2509, por um periodo de 12 semanas, em mini-implantes
(Ti-6Al-4V, superficie usinada) submetidos a diferentes periodos de osseointegracao
(Imediato, 1 semana, 3 semanas). A forca perpendicular ao longo eixo do mini-implante foi
obtida através da instalacao paralela desses dispositivos na regido de pré-molar e molar,
associada a colocacado das molas de Cr-Ni entre os pares de mini-implantes. Esse padréao de
aplicacao da forca ortoddntica ja foi utilizado em outros estudos para avaliacdo de implantes
osseointegrados  convencionais'*®, que apresentaram  consistentes  resultados
histomorfométricos para os lados de tensdo e compressdo Ossea. Outras pesquisas,
avaliando a eficiéncia de mini-implantes submetidos a forcas estéticas, utilizaram esse
dispositivo para movimentacdes dentarias (forca aplicada entre mini-implante e dente)*®1%2!;
dificultando a padronizacédo da intensidade da forca, devido a presenca de variaveis como
anatomia e reabsorcdo radiculares que alteram o vetor da forgca durante o tratamento
ortodontico.

Os resultados obtidos, no presente estudo, mostraram que 0s aspectos cirdrgicos do
experimento ndo influenciaram processos de inflamacgéo e/ou infeccdo nos animais, apesar
do curto intervalo de tempo entre os procedimentos realizados.

As taxas de sobrevivéncia dos mini-implantes dos grupos experimento e controle

foram de 77,78% e de 100%, respectivamente. Todos os mini-implantes foram perdidos apos

a instalacdo das molas (aplicacdo da forca estética), e o aspecto clinico observado era de
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inflamacé&o do tecido mole perimplantar, provavelmente devido ao sinergismo do intimo
contato entre a mola e a mucosa nao ceratinizada (irritacdo mecéanica), associado a retencao
alimentar entre o tecido mole, a mola, e o mini-implante. Esse aspecto clinico desfavoravel
do experimento foi resultado da tentativa de padronizacao das forcas estaticas para todos os
mini-implantes dos grupos experimento, através da instalacdo cirtrgica dos pares de mini-
implantes paralelos entre si, e ativados com uma mola instalada a um angulo de 90 graus
com o longo eixo do mini-implante. Desta forma, houve dificuldade de evitar interacdes
negativas entre os aparelhos ortodoénticos e o tecido gengival.

A taxa de sobrevivéncia para os mini-implantes de 10mm e 6mm de comprimento
foram de 88,89% e 66,67%, respectivamente; e todas as perdas foram associadas com
processos inflamatérios do tecido mole perimplantar, como previamente mencionado. Deve
ser observado que quatro dos seis mini-implantes de 6mm de comprimento que foram
perdidos, estavam instalados em um mesmo cdo, em mucosa nao ceratinizada da regiao de
molares, pertencentes aos grupos E1S e E3S. Os mini-implantes dos grupos El, da mesma
hemi-mandibula, permaneceram estaveis durante todas as avaliagBes clinicas realizadas
nesse estudo. Apesar da diferenca nas taxas de sobrevivéncia para os mini-implantes de
diferentes comprimentos, os autores acreditam que as condi¢des anatdomicas particulares da
regido de molar desse cado foram desfavoraveis para o sucesso dos dispositivos de 6mm de
comprimento, devido a presenca de estrutura 0ssea adequada para sua instalagdo somente
em areas de grande volume de mucosa nao ceratinizada (fundo de vestibulo).

Essas observacgdes gerais associadas ao fato de que apenas 1 mini-implante do grupo
El foi perdido durante o experimento, sugerem que o fator primario de perda dos mini-
implantes foi a inflamac&o do tecido mole perimplantar’*'’, e n&o a aplicacdo precoce de

forcas estaticas de magnitudes comparaveis as utilizadas nos tratamentos ortodénticos. Além
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disso, a indicacdo que a baixa magnitude da forca estatica ndo € prejudicial ao sucesso de

mini-implantes tem sido apresentada em outro estudo °

, no qual as perdas desses
dispositivos ocorreram durante o periodo de osseointegracao (atribuidas a infec¢do) e ndo
apos a aplicacédo da forca ortodéntica. As perdas de mini-implantes apés ativacdo tém sido

relatadas na literatura %’

, € representadas por peqguenas porcentagens dos mini-implantes
avaliados nesses estudos. Contudo, a possibilidade de uma associacdo entre a inflamacéo e
a ativacdo de mini-implantes, acelerando alteracdes bioldgicas prejudiciais ao tecido
perimplantar, assim como observado em implantes convencionais **, deve ser considerada e
pode ser assunto de pesquisas futuras.

As seccOes descalcificadas obtidas ndo mostraram efeitos prejudiciais da remocéao
dos miniimplantes de Ti-6Al-4V e superficie usinada, ja que o perimetro externo dos mini-
implantes foi facilmente delineado, tanto em regides de osso cortical quanto de trabecular,
para todos os espécimes, como mostra a Figura 6.

Observacbes gerais das sec¢Oes descalcificadas comprovam as propriedades de

biocompatibilidade e osseocondutibilidade 3

para os mini-implantes de Ti-6Al-4V e
superficie usinada, através do contato direto do mini-implante com o osso cortical e
trabecular para todos os grupos controle e experimento. A excec¢do ocorreu com o grupo ClI
(cirurgicamente instalado no dia da eutanasia), no qual o contato do osso com a superficie do
mini-implante foi consequéncia da inser¢cédo de um dispositivo de 2,5 mm de diametro, em um
sitio cirdrgico de 2 mm de diametro, e ndo do processo de modelamento 6sseo. O intimo
contato da superficie do mini-implante com o osso cortical e trabecular, fenbmeno chamado

1-3

de osseointegracdo “°, é uma caracteristica desejavel quando se considera os mini-

implantes endésseos para aplicacdo em casos que requerem resisténcia a forcas °®.
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Avaliacbes histomorfoldégicas dos grupos controle revelaram os eventos que ocorrem
no osso ao redor de mini-implantes (de ambos os comprimentos) antes da aplicacdo da
forca. As seccOes descalcificadas para os grupos de mini-implantes Cl (Figura 8) mostraram
gue as regides de o0sso cortical estavam em intimo contato com a superficie dos mini-
implantes, devido ao encaixe mecanico que ocorre imediatamente apos a sua implantacéo,
sendo esse o fator primério de estabilidade imediata desses dispositivos. As regifes de 0sSso
trabecular para os espécimes dos grupos Cl apresentaram taxas mais baixas de contato
osso-mini-implantes, devido a ruptura anatdémica gerada pelos procedimentos de perfuracdes
Osseas. Tecido necrotico nao foi evidenciado em nenhum dos grupos ClI, revelando que os
corretos procedimentos de perfuragcdo ndo ocasionaram aquecimento prejudicial ao tecido
6sseo °.

As seccdes descalcificadas dos grupos C1S mostraram regifes necroticas ao longo da
interface osso-mini-implante (de ambos os comprimentos), especialmente nas pontas das
roscas que concentraram maior compressao tecidual ®2 (mais pronunciado na primeira rosca
da parte superior do mini-implante), combinado com regifes de continua reabsorcao e de
tecido sadio. O osso neoformado foi evidente nas regifes trabeculares, e um aumento
gualitativo do contato 6sseo foi aparente, quando comparado com os dos grupos CI.

Apenas poucos pontos de necrose foram encontrados nos grupos C3S, de ambos o0s
comprimentos, predominantemente na primeira rosca do mini-implante. Tais achados,
associados com as observacbes histomorfolégicas encontradas nos mini-implantes dos
grupos C1S (presenca de regides de necrose), foram uma indicagcao que o trauma gerado
durante a instalacao dos mini-implantes é mais pronunciado na ponta da primeira rosca da
parte superior desses dispositivos. A explicacdo, para tal fendbmeno, foi a alta quantidade de

friccdo entre 0 0sso e a superficie do mini-implante durante a insercdo dessas especificas
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regides, que foram até quatro vezes maiores quando comparadas com as interacdes entre o
0SS0 em contato com a primeira por¢cédo da quarta rosca do mini-implante. Reduzidas areas
de reabsorcao foram encontradas para todas os espécimes quando comparadas aos do
grupo C18S, devido a consideravel quantidade de osso desorganizado proxima as superficies
do mini-implante, tanto para regides corticais quanto trabeculares, mostrando intensa
atividade osteogénica nos periodos iniciais de osseointegracéo 3.

Achados morfolégicos para os grupos C12S (de ambos 0s comprimentos) mostraram
0sso maduro nas regides cortical e trabecular, refletindo uma atividade de remodelacéo
O0ssea. Esses achados foram compativeis com as caracteristicas de reparacdo 0ssea ao
redor de implantes convencionais ndo submetidos a forcas descritas em estudos
anteriores .

A razdo para a utilizagdo do grupo controle apds 12 semanas do tempo de

implantacédo foi para obter dados comparaveis a outros estudos 112022

~hos quais longos
periodos de osseointegracdo foram utilizados anteriormente a ativacdo dos mini-implantes.
Além disso, os grupos C12S possibilitaram comparacées morfoldgicas e morfométricas,
utilizando o mesmo periodo de tempo in vivo, entre 0s grupos de mini-implantes néo
submetidos a forgcas estaticas com 0s grupos experimento.

Todos os grupos experimento (ambos os comprimentos) apresentaram 0sso maduro
préximo a superficie dos mini-implantes (em osso cortical e medular), semelhante ao
observado nos grupos C12S. Esses achados indicaram que a aplicacao de forca estatica nos
mini-implantes teve pouca influéncia na neoformacéo e subseqiiente maturacdo 6ssea "1
22 Um dado consistente para todos os grupos experimento foi a perda de osso cortical, com

migracdo apical de tecido mole, no lado oposto a direcdo do vetor da forca estatica (Figura

7), compreendendo o lado de tensdo ™. A perda de osso cortical ndo foi detectada no lado de
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compressdo'! onde o contato 6sseo com a superficie do mini-implante ocorreu em toda a
densidade da parede cortical. A hipétese dos autores € que a migracdo do tecido mole,
primariamente, ocorreu durante os estagios iniciais da ativacdo dos miniimplantes, e foi,
possivelmente, causada pelo aumento da distancia entre a superficie do mini-implante e o
0sso, devido a aplicagéo da forca estética na dire¢éo oposta.

Visando quantificar o contato osso-mini-implante sob a influéncia dos parametros de
tempo de osseointegracdo prévio a aplicacdo das for¢as estéticas, comprimento dos mini-
implantes, e os lados de compresséo e tensao, foram realizadas analises histomorfométricas.
A direta comparacdo entre as taxas de contato osso-mini-implantes, com intervalos de
confianca de 95%, para os grupos controle e experimento de diferentes comprimentos,
revelaram diferencas ndo estatisticamente significantes para os trés parametros avaliados.
Os fatores limitantes para a analise estatistica foram o pequeno nimero de espécimes por
grupo e a perda de espécimes, que aumentaram 0s valores superiores e inferiores do
intervalo de confiangca. Apesar da sobreposicdo da curva do intervalo de confianca para
todos os parametros avaliados, tendéncias consistentes foram observadas entre 0s grupos
de mini-implantes de 6mm e 10mm.

A quantidade de contato entre o tecido 6sseo e a superficie do mini-implante
aumentou dos grupos ClI para os grupos C3S (de ambos os comprimentos), e permaneceu
com valores préximos dos grupos C3S para os C12S. Tal fato foi relacionado aos seguintes
eventos: ruptura O0ssea durante a perfuracdo do sitio e instalagdo do mini-implante nos
grupos ClI, neoformacéo 0ssea nas regides trabeculares nos grupos C1S (apesar dos pontos
de necrose e reabsorcéo 6ssea cortical e medular), e subseqliente aposicdo 6ssea em intimo
contato com a superficie do mini-implante para os grupos C3S. A mesma tendéncia foi

observada para os lados de tensdo e compressao analisados; além disso, valores com
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magnitudes semelhantes foram encontrados entre as taxas de contato osso-mini-implante
para ambos os lados. O aumento progressivo do contato do mini-implante ao osso em funcéo
do tempo in vivo tem sido observado em varios estudos, utilizando diferentes modelos em
animais incluindo cées, sendo associado aos processos iniciais de formacédo dssea 5. 79,
111922 As pequenas diferencas encontradas entre os valores médios dos grupos C3S e
C12S mostraram que a fase de inicial de reparacédo 6ssea (neoformacéo) é possivelmente
finalizada dentro de um periodo de trés semanas de implantacao.

Um achado interessante para todos o0s grupos experimento (de ambos os
comprimentos) foi que o lado de compressao apresentou valores histomorfométricos maiores
gue os do lado de tensédo, e essas diferencas foram provavelmente devidas a perda de osso
cortical, presente em todos os espécimes, no lado de tensdo. Todos 0s grupos experimento
apresentaram valores médios de contato do mini-implante ao 0sso, com magnitudes
similares aos do grupo C12S, para ambos os comprimentos, indicando que a ativacao da
forca imediatamente ou precocemente ap0s a instalacdo do mini-implante n&o foi prejudicial

ao inicio do reparo 0sseo, subsequiente remodelamento e da estabilidade da ancoragem do

mini-implante, como relatado nos estudos laboratoriais in-vivo *° e clinicos™’.

Conclusao

A instalagdo de mini-implantes de Ti-6Al-4V com superficie usinada de 6 e 10mm de
comprimento, bilateralmente em mandibulas de cédes da raca Beagle, foi utilizada para
investigar a influéncia do periodo de osseointegracao prévio a aplicacéo de forca estatica na
taxa de sobrevivéncia dos mini-implantes e na resposta bioldgica do tecido ésseo. Os tempos

BN

de osseointegracdo previamente a aplicacdo de forgcas foram o imediato (forca aplicada
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imediatamente apés a instalacdo dos mini-implantes), 1 e 3 semanas, e 0s mini-implantes
submetidos a uma forca de 250g permaneceram ativados por um periodo de 12 semanas.
Os grupos controle foram instalados previamente a eutanasia, seguindo a sequéncia de 12, 3
e 1 semanas, e imediato, permitindo a obtencédo de dados referentes aos eventos bioldgicos
de osseointegragcdo. Aspectos relacionados aos procedimentos de instalacdo cirdrgica dos
mini-implantes ndo influenciaram de forma negativa nos avaliados. As taxas gerais de
sobrevivéncia foram de 100% e 77,78% para 0S grupos controle e experimento,
respectivamente. As taxas de sobrevivéncia especificas para o comprimento dos mini-
implantes foram de 66,77% para os de 6mm de comprimento, e 88,89% para os de 10mm de
comprimento; todas as perdas foram associadas com processos inflamatorios do tecido mole
perimplantar, causado por agressdo mecanica das molas ortoddnticas, associadas a
impactacao alimentar entre os tecidos moles, as molas e 0s mini-implantes.

As seccdes descalcificadas apresentaram contato de tecido 6sseo a superficie de
todos os mini-implantes. Os achados morfologicos dos grupos controle revelaram eventos
classicos de reparacdo 0ssea; nos quais processos de neoformacdo Gssea encontravam-se
em estagios avancados no periodo precoce de instalagdo dos mini-implantes, e processos de
remodelamento estavam ja estabelecidos em periodos de 12 semanas in vivo. Todos 0s
grupos experimento apresentaram as mesmas caracteristicas morfoloégicas encontradas nos
grupos controle de 12 semanas, com excecdo da perda 6ssea associada com a migracao
apical de tecido mole, no lado oposto a direcao do vetor de for¢ca estatica que foi observada.

Andlises histomorfométricas ndo apresentaram dados estatisticamente significantes
entre todos 0s grupos, com base nos diferentes parametros avaliados.

Levando em consideracao as limitacbes do modelo experimental, as avaliagdes dos

resultados histomorfolégicos e histomorfométricos indicam a possibilidade de aplicacdo
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clinica de forcas ortodonticas estaticas, imediatamente ou precocemente, apds a
implantacdo, permitindo que o processo de osseointegracdo siga a mesma sequéncia de
eventos encontrados nesse estudo. Deve ser observado que a dindmica da reparagcédo 6ssea
é diferente entre homens e cées, e essas diferencas podem ser significantes sob a acédo de
forcas estaticas de baixa magnitude, prejudicando potencialmente a estabilidade da

ancoragem e 0 sucesso clinico.
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Abstract

The purpose of this study was to evaluate the survival rate and bone response to statically loaded
mini-implants of 6 and 10 mm lengths activated after different healing periods in a dog model. Seventy
eight as-machined surface Ti-6Al-4V mini-implants were bilaterally placed along mandibular premolar
and molar regions of six beagle dogs. Left (experimental) and right (control) hemi arches received six
and seven mini-implants respectively. Experimental group healing periods prior to load activation
(2509g) for 12 weeks achieved by spring installation between paired devices were 0 (immediately
activated), 1, and 3 weeks. Control mini-implant groups (non-loaded) provided baseline data and were
placed 12, 3, and 1 week prior euthanization, and at euthanization day. After euthanization, the
mandibles were exposed by sharp dissection and decalcified specimens were prepared for
histomorphologic and histomorphometric (bone to mini-implant contact) assessment. Results showed
survival rates of 100% and 77.78% for control and experimental groups. Length specific survival rates
were 88.89% for 10 mm and 66.67% for 6 mm experimental groups respectively. All failed devices
presented tissue inflammation and were lost after spring installation. Control groups showed classic
bone healing events, and experimental groups showed mature bone morphology. Bone to implant
contact values were not significant between groups. These results indicated the possibility of clinical

application of orthodontic static loads immediately after implantation and at early implantation times.

Keywords: Mini-implant/ Orthodontics/ Anchorage/ Immediate activation/ Dogs.
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Introduction

Since the introduction of the term osseointegration (close bone contact to biomaterial) by a
Swedish group over the past decades®, dental implantology has become one of the most successful
restorative modalities in clinical dentistry, with treatment success ratios often reported above 90%".
Due to dental implantology highly predictable and successful nature, research and clinical efforts have
been concentrating in improving and expanding the application of endosseous implants.

The close contact between bone and implant metallic substrate provides an ankylosis-like'?
type of interaction between living tissues and biomaterial, supporting conditions load bearing and
transfer®, enabling prosthetic rehabilitation and the utilization of endosseous implants as anchorage
devices for orthodontic’® and orthopaedic® treatment.

It is known that the success of conventional orthodontic treatment is closely related to
anchorage stability, especially in those cases of multiple teeth absence and severe occlusal
discrepancies'®. An advantage of using endosseous implants for orthodontic anchorage is the
absence of mobility while subjected to constant static loads (absolute anchorage), avoiding
anchoring teeth passive movement during conventional orthodontic treatment. Also, endosseous
implants may be used as an alternative for extra-oral devices, virtually eliminating the need for patient
compliance, optimizing treatment modalities and diminishing their time frames*?*3.

Although successful attempts of orthodontic treatment assisted by endosseous implants have
been reported!?!*, the large diameter of commercially available devices became a limitation regarding
its placement in the oral cavity, once these could only be placed in edentulous sites with sufficient
bone available for anchorage. In an attempt to overcome this limitation, implants of reduced
dimensions have been introduced™ (mini-implants), and their use has been gaining popularity due to
an increase in placement sites (these can be placed virtually everywhere in the oral cavity, even
between roots), simplified surgical procedure, decrease in surgical trauma, and potential decrease in

15-19

bone healing time prior to static orthodontic loading™". The stability of mini-implants has been

attributed to mechanical (bulk device design and dimensions®®) and biological (bone quantity and
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quality, osseointegration time prior to loading*®#

) factors. Although substantial data has been
published to date, the influences of several variables on orthodontic therapy through mini-implant
anchorage are still undetermined, decreasing its clinical predictability.

In order to increase benefits for both patients and private practitioners by decreasing treatment
time, there is the desire for immediate/early activation of mini-implants in the oral cavity'®. For this
purpose, design modifications have been performed in order to minimize stresses on bone
surrounding mini-implants and the bone-biomaterial interface during orthodontic static loading®.

The purpose of this study was to evaluate the survival rate and bone response to statically
loaded mini-implants of two lengths activated after different healing periods in an in-vivo laboratory
dog model.

Materials and Methods
Materials

Seventy eight as-machined surface Ti-6Al-4V mini-implants of 2.5 mm diameter were provided
by the manufacturer (Bicon Implants, Boston, MA) in two different lengths (6 mm and 10 mm). The
mini-implant connection module presented two perpendicular circumferential slots for orthodontic
device adaptation, and the mini-implant body presented four threads from the connection module to
apical direction for biomechanical stability (Figure 1).

Methods

Following approval of the bioethics committee for animal care at the Universidade Federal de
Santa Catarina (CEUA-UFSC), six adult (12-15 months old) male beagle dogs were acquired and kept
at the animal care facility for 12 weeks prior to surgical procedures.

Experimental Design

The mini-implants were divided into 3 experimental and 4 control groups. The experimental
groups were defined according to osseointegration time allowed prior to mini-implant load activation

and comprised groups immediately (EIl) activated, activated after 1 week (E1W), and activated after 3
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weeks (E3W). All experimental groups remained activated for a period of 12 weeks prior to
euthanization.

The control groups were defined according to osseointegration time allowed before
euthanization, in order to provide baseline information regarding morphology and morphometry at the
time of experimental groups mini-implant load activation. The control groups comprised immediate
(CI), 1 week (C1W), 3 weeks (C3W), and 12 weeks (C12W) of osseointegration time.

The surgical site was the lateral region of the mandibular body along premolar and molar
regions. The left side of the mandible was used for the experimental groups and the right side for
control groups. Sequenced surgical procedures enabled placement of six mini-implants on the
experimental side, where 3 pairs of mini-implants were placed comprising E3W, E1W, and EI group
from distal to mesial respectively (Figure 2a). The control side followed the same sequence of events,
with the addition of a 7" mini-implant (C12W) mesially (Figure 2b). Surgical procedures time sequence
is presented in Figure 3. Three dogs received 6 mm mini-implants and three dogs received 10 mm
mini-implants bilaterally.

Surgical and Post-Surgical Procedures

All surgical procedures were conducted following sterile procedures. The animals were pre-
anesthetized by a 0.044 mg/Kg intra muscular (IM) injection of atropine sulphate (Atropina lab.,
Ariston) followed by an IM injection of 8mg/Kg 2% xilazine hydrochloride (Kensol lab., Konig) added to
16 mg/Kg ketamine hydrochlorate (Vetanarcol Lab., Konig) for full anesthesia. Post surgical
medications included 30000 U/Kg single doses of penicillin and flunixin meglumine (Schering-Plough,
Kenilworth, N.J.).

An incision was made at the non-keratinized mucosa along premolar and molar regions for
mandibular bone exposure. Two parallel perforations were made 10 mm from each other at the
cortical bone through a 2 mm pilot drill (800 rpm, saline irrigated) at 6 and 10 mm depths for the

different mini-implant lengths. The mini-implants were inserted by means of a specific toll adapted to a
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high torque hand-piece (20 rpm). The flap was closed by standard suture procedures avoiding mini-
implant submersion.

The paired experimental groups were then perpendicularly activated against each other at the
appropriate time frames by Cr-Ni traction springs (0.2 mm cross-section diameter, 0.8 mm
circumference diameter) (Morelli, Sao Paulo, Brazil) aiming constant standardized orthodontic loads of
250g (Figures 4 and 5).

Mini-implant stability was clinically evaluated throughout the study at 5 day intervals. Clinical
detection of mini-implant instability was considered a failure, where the failing mini-implant was
removed, followed by the placement of another device in an adjacent site. The rationale for this
procedure was to enable continuous loading of the remaining mini-implant. Replacement mini-implants
were not considered for histomorphologic and histomorphometric analyses. Spring forces were
evaluated at periods of three weeks after initial activation.

Specimen Preparation

The animals were euthanized by anesthesia overdose and the mandibles retrieved by sharp
dissection, remaining in 10% formaldehyde solution for 15 days. Considering number, location, and
osseointegration time, one mini-implant per group (one of the paired mini-implants) was decalcified for
histomorphologic and histomorphometric analysis. Specimen decalcification was achieved by totally
immersing the bone sections containing mini-implants in EDTA and formic acid for 14 days and 48
hours respectively. After decalcification procedure completion, the mini-implants were carefully
removed from the bone by reversal torque in order to avoid damage to the bone- mini-implant
interface.

The specimens were mounted in paraffin wax and sections aiming the implant long axis center
mesio-distally (aiming orthodontic load force vector plane) were Hematoxylin and Eosin (H.E.) stained
for transmitted optical microscopy. The rationale for bone sectioning along the orthodontic force vector
plane was to enable histomorphologic and histomorphometric comparisons between compression and

tension regions on mini-implant sides.
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Histomorphologic and Histomorphometric Analyses

Micrographs at 40X magnification were acquired along the mini-implant perimeter for cortical
and trabecular bone morphologic analyses for each individual specimen.

For histomorphometric analysis, specimens were divided into two regions of interest
(compression side- load vector direction side, tension side-load vector direction opposite side), and
percent bone contact to mini-implant surface was determined through live measurements by means of
computer software (BIOQUANT NOVA, Bioquant Analysis Corporation, Nashville, TN). The total
percent bone contact to implant surface was determined by adding compression and tension sides.

The confidence interval for each group and parameter described above was calculated at the
95% level of significance through the following equations: confidence interval= [mean value + t

(standard error)], standard error = [standard deviation/(n*?

)], where t= t,, value for parameter’s
degrees of freedom, and n= number of observations for the given parameter.
Results

Review and analysis of surgical procedures and general immediate follow-up demonstrated no
significant complications regarding procedural conditions and post-operative infection throughout the
study.

No soft tissue inflammation was observed for control groups’ mini-implants and experimental
groups’ mini-implants prior to spring installation and activation. After spring activation, peri-implant soft
tissue inflammation was clinically detected for several mini-implants due to food impaction between
spring, mini-implant, and soft tissue, especially in those cases where springs were in close contact
with non-keratinized tissue, which was the case for most mini-implants placed along molar regions.

All 42 mini-implants (both 6 and 10 mm in length) comprising control groups remained clinically
stable throughout the course of this study, with a survival rate of 100%. The general survival rate for

the experimental group (n=36) was 77.78, where 1, 4, and 3 mini-implants were lost from the EI, E1W,

and E3W groups respectively.
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The survival rate for the 10 mm length mini-implant (n=18) was 88.89%, where 1 and 1 mini-
implant was lost from E3W and EI groups. The survival rate for the 6 mm length mini-implant (n=18)
was 66.67%, where 4 and 2 mini-implants were lost from E1W and E3W groups respectively. All mini-
implant happened after spring installation/ mini-implant loading, and half the losses throughout the
study occurred in one animal.

Thirty nine specimens were decalcified for histological evaluation. Although losses occurred
during the study, only the 6 mm E1W (n=1) and E3W (n=2) had reduced specimen numbers due to
paired losses. Other groups having mini-implant losses still provided one mini-implant for histology.

Histomorphologic evaluation of all groups’ decalcified sections revealed the presence of bone
to mini-implant contact at cortical and trabecular regions. An example of a decalcified section is
presented in Figure 6.

A remarkable feature found in all experimental groups was cortical bone loss along with soft
tissue apical migration at the side opposite to the static load vector direction (tension side) (Figure 7).

No morphologic differences were observed between 6 mm and 10 mm mini-implants, and a
representation of the features consistently found for different control and experimental groups are
depicted and described in Figures 8 and 9. Cl groups (Figure 8a) showed intimate contact between
cortical bone and mini-implant, and regions of bone to mini-implant contact and bone disruption at
trabecular regions. C1W groups (Figure 8b) presented bone contact along with resorption and necrotic
spots at mini-implant perimeter for all specimens. The Necrotic spots were more pronounced at mini-
implant threads outer diameter, particularly at the first thread from connection module to apical
direction. Evidence of bone neoformation at trabecular bone regions was observed. The C3W (Figure
8c) groups showed remarkable woven bone formation at regions of cortical and trabecular bone. Few
necrotic spots were observed and were usually confined to first thread from connection module outer
diameter regions. Bone with higher degrees of organization was found for C12W (Figure 8d), El, E1W,

and E3W groups (Figure 9a-9c), where necrotic spots were totally absent.
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The 95% confidence intervals for all groups and parameters evaluated are presented in Table
1 for 6 mm length mini-implant groups and in Table 2 for 10 mm length mini-implant groups. It should
be noted that no statistically significant differences were found between any two groups within the
different parameters evaluated.

Discussion

Orthodontic treatment is related to anchorage stability'®, and absolute anchorage is a desirable
feature for decreasing treatment time frames®?*5®_ The present study evaluated the influence of a
250 g orthodontic load for 12 week periods (as per periodic force measurement evaluations) on as-
machined Ti-6Al-4V mini-implants activated immediately after surgical placement, and after 1 week
and 3 weeks healing period (osseointegration time) in a laboratory canine model. A load perpendicular
to the mini-implant long axis was obtained through mini-implant parallel placement along mandibular
premolar and molar regions followed by installation of a Cr-Ni spring between mini-implant pairs. This
loading pattern has been previously used in other studies™*® for conventional endosseous implants
and showed consistent histomorphometric results for the tension and compression bone sides. Other
investigations concerning static load bearing efficiency of mini-implants have utilized these devices for
teeth movement (force applied between mini-implant and teeth), making load standardization a difficult
task due to anatomical considerations like vector changes due to tooth movement and root
resorption™®%,

The results obtained in this study showed that surgical aspects had no negative influence due
to inflammation and/or infection, despite short time intervals between surgical procedures.

Mini-implant survival rate was 100% and 77.78% for control and experimental groups
respectively. Survival rates for the 10 mm and 6 mm mini-implant lengths were 88.89% and 66.67%
respectively. It should be noted that 4 of 6 6 mm length mini-implants were lost from the same animal
and comprised E1IW and E3W groups, which were placed in non-keratinized soft tissue along molar

regions. The El implants from the same hemi-mandible remained stable during clinical evaluations

throughout the course of the study. Despite differences in survival rates for different mini-implant
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lengths, the authors feel that anatomical conditions at the molar region of this particular animal was
detrimental to these 6 mm mini-implant clinical success. All mini-implants were lost after spring
installation/ mini-implant loading. A feature clinically observed for all lost mini-implants was peri-
implant soft tissue inflammation, which was likely due to synergism between spring close contact to
soft tissue (mechanical irritation) and food impaction between soft tissue, spring, and mini-implant.
This detrimental clinical aspect arose due to the experimental model’s attempt to reproduce the same
loading condition for all mini-implants on experimental groups, where paired mini-implants were
surgically placed parallel to each other and activated with a spring with 90 degrees angle with respect
to mini-implants’ long axis, resulting in a clinical set up where interactions between orthodontic
appliances and soft tissues were difficult to avoid.

The general observations added to the fact that only one IE mini-implant was lost throughout
the study suggest that the primary factor resulting in mini-implant loss is peri-implant soft tissue

inflammation®*’

, and not the application of an immediate/early static force having magnitudes
comparable to orthodontic treatment loads. Further indication that low magnitude static forces are not
detrimental to mini-implant success has been presented in another study'® , where implant losses
were attributed to infection and occurred during mini-implant healing periods, and not after mini-

16-17 and

implant load activation. Mini-implant losses after activation have been reported in the literature
represented small fractions of the number of devices evaluated. Nonetheless, the possibility of an
association between inflammation and mini-implant activation accelerating deleterious phenomena on
perikimplant tissues, as observed for conventional endosseous implants’®, should not be
underestimated and may be subject of future research.

The decalcified sections obtained showed no detrimental effects due to removal of the as-
machined surface Ti-6Al-4V mini-implants, once mini-implant’s outer perimeter (Figure 6) was easily
delineated in both cortical and trabecular bone regions for all specimens.

General observation of decalcified sections supported biocompatible and osseoconductive®?

properties for the as-machined surface Ti-6Al-4V mini-implants, as per direct bone to mini-implant
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contact, and no evidence of inflammatory process at regions of cortical and trabecular bone for all
groups that remained in-vivo for more than 3 weeks was found. An exception was the IC group, which
was surgically placed at the euthanization day, where bone contact to mini-implant surface was a
consequence of inserting of a 2.5 mm first thread diameter mini-implant in a 2 mm drilled surgical site,
and not due bone healing/modeling. The direct bone contact to the implant surface phenomena at
cortical and trabecular bone regions, regarded as osseointegration'?, is a desirable feature when
considering endosseous implants for load bearing applications®®.

Histomorphologic evaluation of control groups revealed the healing events that occurred on
bone surrounding mini-implants prior to load activation. The decalcified sections for the CI group mini-
implants (Figure 8a) showed that regions of cortical bone were in close contact with mini-implant
surface due to mechanical fit, and was the primary factor for mini-implant immediate stability. Regions
of trabecular bone for Cl specimens had lower bone to mini-implant contact due to anatomic disruption
resulted from drilling procedures. No evidence of necrotic tissue was found for any of the CI groups,
revealing appropriate drilling procedures avoiding tissue overheating™>,

The C1W decalcified (Figure 8b) sections showed necrotic regions along the bone-mini-implant
interface, especially at thread outer diameter spots (more pronounced at the first thread from mini-

implant top) where higher tissue compression concentrated®®

, combined with regions of ongoing
resorption and regions of sound tissue. Newly formed bone was evident at trabecular regions and a
qualitative increase in bone-contact was apparent compared to Cl groups.

Few necrotic spots were found for C3W (Figure 8c) mini-implants. These were mostly present
at the first thread from mini-implant top outer diameter. Associating histomorphologic observations of
necrotic regions found for CIW and C3W mini-implants, there were indications that trauma generated
during mini-implant insertion was more pronounced at the first thread from mini-implant top outer
diameter. A possible explanation for this phenomenon was the higher amount of interaction between

bone and mini-mini-implant surface during insertion at these particular regions, which was up to 4

times higher compared to interactions between bone in contact to the first portion of the fourth thread
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from mini-implant top. Reduced resorption areas were found for all specimens compared to C1W
group due to remarkable amounts of woven bone at both cortical and trabecular regions in proximity
with the mini-implant surface, showing modeling osteogenic activity at early implantation times®.
Morphologic findings for C12W (Figure 8d) group of both lengths showed mature bone at
cortical and trabecular bone regions consistent with mineralized tissue after remodeling activity'* 2*?%.
The rationale for using a control group after 12 weeks of implantation time was to obtain data

comparable to other studies**?#

, Where longer osseointegration times were allowed prior to mini-
implant load activation, and to provide morphologic and morphometric information on non-loaded mini-
implants that remained in-vivo for the same time span which all experimental groups were subjected to
static loading. Control groups’ morphologic findings were consistent to previously reported bone
healing kinetics around non-loaded implants at early implantation times following similar surgical
protocols'?,

All experimental groups (Figure 9a-9c) presented mature bone in proximity with mini-implant
surface at cortical and trabecular bone regions as found for C12W groups. These findings indicated
that static loading of mini-implants had little influence on bone neoformation and subsequent

maturation”1119-22

. A feature consistently found for all experimental groups was cortical bone loss
along with soft tissue apical migration at the side opposite to the static load vector direction (Figure 7),
regarded as the presumptive tension side'’. Cortical bone loss was not detected at the presumptive
compression side!!, where bone contact to mini-implant surface occurred along the whole cortical
plate thickness. We hypothesize that soft tissue migration initially occurred during early stages of mini-
implant load activation, and was possibly caused by an increase in the distance between mini-implant
surface and bone due to static load application in the opposite direction and side.

Direct comparison between bone to mini-implant contact 95% confidence intervals for
experimental and control groups of different lengths revealed no significant differences for the three

parameters evaluated. Limiting factors for statistical analyses were the small number of specimens per

group and specimen losses, which increased the upper and lower confidence interval values. Despite
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overlap between all groups for all parameters evaluated, consistent trends were observed for 6 mm
and 10 mm mini-implant groups. The amount of bone contact to mini-implant surface increased from
Cl to C3W for both mini-implant lengths, and C3W and C12W mean values were close in magnitude.
This progressive increase in bone to mini-implant contact was observed once trabecular bone
disruption occurred during site drilling and mini-implant placement at Cl, bone neoformation at
trabecular bone regions (despite necrotic and resorption spots on cortical and trabecular bone) was
observed at C1W, and subsequent bone apposition in close contact to the mini-implant surface at
C3W. The same trends were observed for tension and compression sides evaluated. It should be
noted that tension and compression side mean values presented similar magnitudes for control
groups. Progressive increase in bone to implant contact as a function of time in-vivo has been
observed in various studies using different animal models, including dogs and humans, and has been
associated with initial bone modeling processes™™"*'*922 The smaller differences found between
C3W and C12W bone to mini-implant contact mean values showed that the initial modeling phase of
bone healing was close to completion at 3 weeks of implantation time.

An interesting finding for all experimental groups’ specimens was that bone compression sides
showed higher bone to mini-implant contact values than tension sides. These differences were likely
due to cortical bone loss present for all specimens on the tension side. All experimental groups
presented total bone to mini-implant contact mean values comparable in magnitude to those found for
C12W groups, indicating that load activation immediately after mini-implant placement and at early
implantation times was not detrimental to bone initial modeling, subsequent remodeling, and mini-

implant anchorage stability, as reported in in-vivo laboratory studies'® and clinical trials*’.

Summary and Conclusions
Bilateral mini-implant placement on beagles’ mandibles was used to investigate the influence
of healing period (osseointegration time) on survival rates and biological response of as-machined Ti-

6Al-4V mini-implants of 6 and 10 mm lengths. Experimental group healing periods prior to 2509 load
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activation for 12 weeks were 0 (immediately activated), 1, and 3 weeks. Control mini-implant groups
(non-loaded) provided baseline data and were placed 12, 3, and 1 week prior euthanization, and at
euthanization day. Surgical placement aspects of the experimental model had no negative influence
on mini-implant clinical evaluations. General survival rates were 100% and 77.78% for control and
experimental groups respectively. Mini-implant length specific survival rates were 88.89% for 10 mm
length mini-implant and 66.67% for 6 mm length mini-implant, where all losses were associated with
peri-implant inflammation due to mechanical irritation from orthodontic appliances in contact with non-
keratinized tissue, added to food impaction between soft tissues, loading spring, and mini-implant.

Decalcified sections showed bone contact to mini-implant surface for all specimens. Control
groups’ morphologic findings revealed classic bone healing events, where modeling processes were
advanced at early implantation times and remodeling processes established before 12 weeks in-vivo.
All experimental groups showed the same morphologic characteristics found for control groups at 12
weeks after implantation, with the exception that cortical bone loss associated with soft tissue apical
migration at the side opposite to static load vector direction was observed.

Histomorphometric analyses did not present statistically significant data between any two
groups within different parameters evaluated.

Given the limitations of the experimental method, overall evaluation of morphologic and
morphometric results indicated the possibility of clinical application of an orthodontic static load
immediately after implantation and at early implantation times. It should be noted that mineralized
tissue dynamics is different between humans and dogs, and these differences may be significant

under low magnitude static loads, potentially jeopardizing anchorage stability and clinical predictability.
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Table 1- Compression side, tension side, and total percent bone contact to 6 mm mini-implant groups
95% confidence intervals (Cl).

6 mm Group specimen | compression 95% CI tension 95% CI total 95% CI
75.2 + 76.7 £ 75.9 +
Cl 1 81.5 15.9 81.7 14.6 81.6 15.2
2 75.3 78.2 76.8
3 68.7 70.2 69.5
80.7 + 84.6 + 82.7 +
Ciw 1 92.7 33.8 98.7 375 95.7 35.6
2 65.9 68.7 67.3
3 83.6 86.5 85.1
90.4 + 90.4 + 89.6 +
C3wW 1 93.7 14.5 93.1 14.5 93.4 16.6
2 83.7 80.1 81.9
3 93.9 93.2 93.6
C12w 1 94.6 92.9+9 92.8 92.6+7.3 93.7 92.7+8
2 88.7 89.5 89.1
3 95.3 95.4 95.4
87.9+ 76.9 + 82.4 +
El 1 81.4 15.1 64.7 29.9 73.1 225
2 93.5 88.8 91.2
3 88.7 77.3 83.0
E1wW 1 92.0 92.0 78.8 78.8 85.4 85.4
86.2 + 915+
E3W 1 95.7 95.8 + 0.6 92.3 77.5 94.0 38.4
2 95.8 80.1 88.0
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Table 2- Compression side, tension side, and total percent bone contact to 10 mm mini-implant groups
95% confidence intervals (Cl).

10 mm Mini-
Implant specimen | compression 95% CI tension 95% CI total 95% CI
77.6 +
Cl 1 87.4 22.7 67.3 71.2 +8.9 77.4 74.4+8.4
2 76.0 74.3 75.2
3 69.3 72.1 70.7
79.6 829+ 81.2 +
Ciw 1 64.4 34.2 67.9 32.7 66.2 33.3
2 83.0 88.2 85.6
3 91.3 92.6 92.0
C3wW 1 93.7 925+7 86.5 90.1 +8.4 90.1 91.3+55
2 89.3 90.5 89.9
3 94.5 93.2 93.9
92.3 %
C12w 1 96.1 10.9 93.2 91.8+7.6 94.7 92.1+9
2 87.5 88.3 87.9
3 93.2 94.0 93.6
El 1 90.4 90.3+7.2 67.5 74.6 + 16 79.0 825+9.7
2 87.4 76.3 81.9
3 93.2 80.1 86.7
84.8 +
E1W 1 95.5 82.5+8 92.8 17.5 94.2 88.6 +12
2 88.6 81.9 85.3
3 88.6 81.9 85.3
E3W 1 90.9 92.7+7 83.0 84.0+3.1 87.0 88.4+3.6
2 96.0 83.7 89.9
3 91.3 85.4 88.4
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Figures
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Figure 1- Mini-implant macrostructure (Bicon Implants. Boston, MA). Note connection module circular
slots for orthodontic appliance insertion.
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Figure 2: Mini-implant exposure by sharp dissection after beagles’ euthanization revealing (a)

experimental groups, mandible’s left side, and (b) control groups, mandible’s right side.
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Figure 3: Experimental Method sequence of events from first surgical procedure (X-15w) until
euthanization day (X). w=time in weeks.



Figure 4: Mini-implant activation aiming a 2509 static loading force between experimental group mini-
implant pairs.



Figure 5: Experimental groups after mini-implant pairs load activation.
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Figure 6: Decalcified (H. E. stained) section showing cortical bone contact to mini-implant (E1W
group) thread perimeter (original mag 12.5X).
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Figure 7: Cortical bone loss along with soft tissue apical migration at the side opposite to static load
vector direction (tension side) was observed for all experimental groups (original mag. 12.5X)
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Figure 8- Control groups bone morphology. (a) Cl group specimen at a thread located at the cortical to
trabecular bone transition region showing trabecular bone disruption (arrowheads) after mini-implant
insertion, (b) C1W group specimen presenting necrotic (arrows) and resorption spots (arrowheads),
(c) C3W group specimen presenting regions of bone neoformation along mini-implant perimeter. Note
necrotic spot at thread’s outer diameter region (arrows). (d) C12W group specimen at a thread located
at the cortical to trabecular bone transition region presenting organized bone structure along mini-
implant perimeter. (original mag. 40X).
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Figure 9: Experimental groups bone morphology. All experimental groups presented mature bone in
close contact with mini-implant surface. (original mag. 40X)
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5.1- Graficos

5.1.1- Gréfico da taxa de sucesso de mini-implantes para os grupos controle e experimento
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5.1.2- Gréfico da taxa de sucesso de mini-implantes dos grupos experimento em funcao do

comprimento do dispositivo.
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5.1.3- Gréfico da taxa de sucesso de mini-implantes dos grupos experimento em funcao dos

seus comprimentos e do tempo de osseointegracdo prévio a aplicacéo de forcas ortodonticas

padronizadas
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5.2.1- Artigo Publicado

Coelho PG, Freire JNO. Biomechanische Bewertung von Mini-Implantaten. Article in press.

Kieferortopadie Nachrichten 2004; 12:2-3.

Introduction and Background

Replacement of missing dental organs has been a concern since ancient times, as
archeological findings revealed carved wood, animal’s bone, and other hard tissues as early
civilizations’ attempts to restore maxillofacial function'. Although several improvements
occurred throughout time, it was not until the late seventies and early eighties that dental
implantology became an established dental treatment modality/ specialty, when a Swedish
group published a series of research investigations showing the compatibility of titanium and
its alloys®™.

Although several studies have revealed the phenomenon called osseointegration (bone
close apposition to implant surface), factors governing such phenomenon are under current
investigation and there has been substantial disagreement in many aspects on the published
literature. Also, despite disagreements among basic and clinical scientists, academicians, and
private practitioners, dental implantology has been regarded as the most successful dental
specialty and implantology modality, with success ratios higher than 95% not being unusual?.

The classic protocol for endosseous dental implants comprises the surgical placement
of an implant of suitable biocompatible alloy (usually titanium based), a somewhat arbitrary

latency time to allow for osseointegration (generally dependent on bone quality/ quantity), and



77

the manufacturing of the prosthetic component to restore function. This classic protocol has
been changing/evolving since its large scale introduction in the early eighties, and substantial
decreases in the latency time (immediate/ early loading) and its impact on osseointegration
and treatment success ratios has been one of the features most speculated by modern dental
implantology research groups. Even though there is some evidence regarding treatment
success of immediately and early loaded implants, further in-vivo, in vitro, and controlled
clinical investigations are desirable for a better understanding of the wound healing kinetics
and bone adaptation around implants subjected such loading conditions.

Due to the load bearing and thus function restoration ability of endosseous implants, its
application has been expanded to other dental specialties like maxillofacial/ craniofacial
rehabilitation and orthodontics. The anchylosis-type anchorage (absence of periodontal
ligament, inability to move) of endosseous implants made its application as anchorage for
orthodontic treatment a desirable feature, especially through mini-implants, which have
reduced dimensions and may be placed virtually everywhere in the oral cavity (even between
roots), theoretically eliminating difficulties regarding orthodontic treatment anchorage
diminishing treatment time for patients and private practitioners®.

In order to provide the highest benefit (diminishment in treatment time) to both patients
and private practitioners, early/ immediate loading of mini-implants is desirable for orthodontic
mini-implants®®. On this regard, several attempts have been made in implant design in order
to change stresses distributions and thus provide a more favorable condition for immediate
loading of dental implants’.

The assessment of stress distributions in bone around implants have been classically
performed by finite element analysis (FEA) and several models are available with various

degrees of sophistication. It is important to note that any finite element analysis in implant
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dentistry is only qualitative in nature, once there is a lack of input data (tissue’s mechanical
properties and anisotropy) in the literature, and in general, several simplifying assumptions
are made. Despite the qualitative nature of the FEA software output, this type of analysis has
been proven useful on determination of stress patterns on the bone around implants before
and after design modifications, becoming a useful tool for implantology researchers. Also,
FEA is an even more insightful tool for orthodontic anchorage analysis once the loads which
these implants are subjected are static in nature (which is simpler to mathematically model
than dynamic loads, which is the case of implants replacing teeth)®.

The purpose of this pilot study was to biomechanically evaluate an orthodontic mini

implant (ANCHORSYSTEM) through the finite element method.

Materials and Methods

The orthodontic mini implant was drew in a computer assisted drawing software (CAD)
using its original dimensions and was inserted into a bone domain of sufficiently large
dimensions to allow stress distribution without compromising the model. Due to the long axis
symmetry of the cylindrical implant and bone domain, only one half of the bulk was imported
into a FEA software (I-DEAS) for meshing as shown in Figures 1 and 2. The rationale for the
axisymmetric analysis is to save computing time, once this model provide a 3-D like
mechanical evaluation (the software rotates the bulk along its long axis) with a simple
assemble of 2-D drawings. Boundary conditions were then placed on the edge nodes of the
bone domain (constraining movement on these nodes) and a 5 N horizontal load was placed
on the implant connector through a Fourier series (Figure 3). The meshed bulk was then

imported into ANSYS 5.7 and materials properties were assigned for bone and titanium
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(E=100 GPa and E= 25 GPa respectively). The model was considered linear and isotropic

and was then run in a PC and the output acquired for different analyses.

Figure 1: Half implant and bone domain CAD Figure 2: Bulk discretization (meshing ) for
drawing for the axisymmetric model. the axisymetric model.
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Figure 3: Load placement on the mini-implant connector.

Results and Discussion

The nodal solution for the previously described load and boundary conditions (Von
Mises failure criterion) output is presented in Figure 4. Observing the color distribution where
low stress conditions are presented in dark blue and the high stress conditions in red, one first
note that the 5 N load applied to the orthodontic implant caused stresses that were dissipated
at the regions near the implant bulk, which is a relevant feature as these implants may be
placed in close proximity to other structures in the oral cavity, and once it is known that bone
responds to mechanical loads through modeling/remodeling, deleterious effects may take
place in other structures if overload occurs.

It is also clear that this implant design is biomechanically favorable once only one red

spot (MX in Figure 4) is present in the bone just below the connection module. Although the
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red spot is a sign of deleterious biomechanical stress states, it should be noted that this
region is immediately below the corner of a structure with higher elastic modulus, and
stresses tend to go to infinity in regions in close contact with sharp corners (from solid
mechanics this feature is automatically translated to FE software). The stresses are then
dissipated to lower levels as one observes deeper into the bone. The bone domain around
the implant threads was also observed to have low stress values. This is likely attributed to
the connection module design and diameter, where the bottom part of the module remains in
contact to the bone cortical throughout its whole extension, which is unlikely to occur
clinically, where the surgeon usually places the orthodontic implant at a 45 degree angle with

respect to the bone surface.

ELEMENT SOLUTION AN

APR 23 2003
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28.169

37.558
32.864 42.253

Figure 4: Nodal solution for the 5 N horizontal load (Von Mises criterion).
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Despite the favorable biomechanical condition presented by the Von Mises criterion, it
should be observed that this failure condition holds for various metallic materials, but does not
hold for ceramics, polymers and living tissues, which may have a higher tendency to fail in
tension than compression (being the case for most ceramic materials and for bone). Bone
ability to withstand higher compressive than tensile stress states may shift the von Mises
computer output to the compressive side as shown in Figure 5, making the finite element

analysis evaluation very subjective in nature.

tension

compression

Figure 5: Bone failure criterion will likely shift to the compression side due to bone’s ability to
better support compressive than tensile states of stress.

An alternative to overcome the limitation provided by the Von Mises failure criterion
software output is to perform an evaluation of the stress invariants around the implant. The
stress invariants are calculated by manipulating the stress state of each element and turning
this stress state into normal directions, which will be compressive or tensile in nature. When
the mathematical formulations are performed for stress invariants calculation, the first stress
invariant (1SI) is usually the most tensile and the third stress invariant (3SI) the most

compressive in nature. A computer output of this nature is valuable tools on stress
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interpretation on materials like bone that have a different failure stress state in tension and
compression. A vectorial solution presenting the 1SI and 3Sl is presented in Figure 6. The 1Sl
(most deleterious for bone) is mainly present in the implant body revealing that the tension
bearing is being mostly performed by the implant bulk. The 3SI can be observed in its highest
vectorial magnitudes below the implant connection module (red on Von Mises failure criterion
output), indicating that the chances of this bone withstand this state of stress is qualitatively
higher compared to the same state of stress comprised of tensile nature, further indicating the
biomechanically favorable condition for this particular implant design under a 5 N horizontal

load.

l‘i?ECTEIR AN
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Figure 6: Stress invariants vectoriral analyses. The first stress invariant- black; second stress
invariant- blue; third stress invariant- green.
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Conclusion

According to the results obtained through the finite element analyses and its
limitations, it can be concluded that the mini-implant design favorably dissipated the
orthodontic loads. From a purely mathematical standpoint, treatment success on immediately
loading and clinical long term anchorage of this device will likely occur, but it must be
observed that more in-vivo (animal) and clinical studies are desirable for further

characterization of such devices.
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