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Datte CE. A influéncia da carga vertical em diferentes niveis &ésseos em
implantes unitarios: estudo comparativo de dois sistemas de implante [tese]. S&o José
dos Campos (SP): Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e
Tecnologia; 2021.

RESUMO

Embora existe um alto indice de sucesso implantes dentarios, podem ocorrer perda da
osseintegracao apos instalacao das préteses sobre implante e as causas sao as peri-
implantites e sobre cargas oclusais. Diferentes conexfessurgiram para o melhor
desempenho estético, biomecéanico e para evitar perdas 0sseas perimplantares. Para
analisar as deformacdes geradas ao redor dos implantes e suas conexdes, as duas
metodologias utilizadas neste estudo e que apresentam resultados numéricos,foram a
analise de elementos finitos e a extensometria linear.Para o teste do FEA, foi utilizado
o software Rhinoceros 4.0 para obter os desenhos em 3D dos dois modelos de
implantes,com o mesmo comprimento e largura, um hexagono externo HE (Titaoss®
TM cortical Intraoss®, SP, Brasil) com diametro de 3,75 mm e comprimento de 13 mm
e 0 segundo sendo um implante conexao interna (CM) (Titaoss® Max Cone Morse,
Intraoss®, SP, Brasil). Sobre os implantes foram modelados seus abutments
respectivamente, Ucla anti- rotacional com plataforma de 4.1 mm e um Pilar Cone
Morse CMN com transmucoso de 0,8 mm. Ambos abutments para proteses
parafusadas e foram exportados para o software de andlise (ANSYS 17.0, ANSYS Inc.,
Houston, TX, USA) em formato STEP.Para o teste de extensometria, foram obtidos
blocos de poliuretano (Poliuretano F160 ISO Axson, Cercy, Franca) de forma retangular
com dimensodes internas de 95 x 45 x 30 mm e intalados implantes Titaoss® Max Cone
Morse 3,75 X 13 mm e os implantes Titaoss® TM 3,75 X 13 mm (Intraoss- SP - Brasil),
e 0s abutments e coroas metélicas de cromo-cobalto. Formado 4 grupos: a) CM no; b)
HE no, ¢) CM po e d) He po; em cada grupo foram instalados 4 extensémetros
tangenciando cada um dos implantes, segundo mapas colorimétricos da regiao de
maior microdeformacdo Ossea. Na aplicacdo de carga, foi utilizado o dispositivo de
aplicacdo de carga-DAC(Nishioka - Proc. 08/53071-4), com carga axial de 30 kg
aplicadas por um periodo de 10 segundos (Mericske-Stern et al.) na fosseta central
(carga axial).Resultados:1) FEA- a) Tensdo de von-Mises gerada no conjunto
implante/parafuso mostrou maior concentracao de tensao no parafuso protético de
ambos os grupos independente da perda éssea; b) Tensdo de von-Mises gerada na
regido mais estressada que mostrou a possivel falha na regido da cabeca do parafuso
de ambos os grupos independente da perda 6ssea; c) Tensao de von-Mises gerada no
implante em seccgao longitudinal foi maior concentragao de tensao na plataforma do
hexagono externo, mas, com pouca diferenca no restante do corpo do implante, e d)
microdeformagao gerada no interior do bloco de poliuretano .N&o foi possivel notar
diferencas significativas entre as diferentes conexdes. Para os implantes com perda
Ossea € possivel notar maior deformagao apica. 2) Na extensometria foi realizada a
meédia da deformacdo gerada de cada os quatro grupos, no qual ndo apresentou
diferencas numéricas entre os grupos. Neste estudo podemos concluir que ndo héa
diferencas significativas na microdeformacéo entre o grupo dos implantes CM no e HE
no, com uma maior deformacdo CM e HE quando ha presenca de perda 6ssea.

Palavras-chave: Reabsorcéo 6ssea. Carga oclusal. Implantes dentarios. Perda éssea crestal.



Datte CE. The influence of vertical load on different bone levels in single implants: a
comparative study of two implant systems (doctorate thesis). Sdo José dos Campos
(SP): Sao Paulo State University (Unesp), Institute of Science and Technology; 2021.

ABSTRACT

Although there is a high success rate, dental implants may lose osseintegration after
implantation of prostheses on implants and the causes are peri-implantitis and occlusal
loads.Different connections have emerged for better aesthetic and biomechanical
performance to prevent perimplant bone loss.To analyze the deformations generated
around the implants and their connections, the two methodologies used in this study
and which present numerical results were the analysis of finite elements and linear
extensometry.The Rhinoceros 4.0 software was used to obtain the 3D drawings of the
two implant models with the same length and width, an external hexagon HE (Titaoss®
TM cortical Intraoss®, SP, Brazil) with a diameter of 3.75 mm and a length of 13 mm
and the second being an internal connection (CM) implant (Titaoss® Max Cone Morse,
Intraoss®, SP, Brazil). The abutments were modeled on the implants, respectively, Ucla
anti-rotational with 4.1 mm platform and a Morse Cone Abutment CMN with 0.8 mm
transmucous. Both abutments for screwed prostheses and were exported to the analysis
software (ANSYS 17.0, ANSYS Inc., Houston, TX, USA) in STEP format.For the
extensometry test, rectangular polyurethane blocks (Polyurethane F160 1SO Axson,
Cercy, France) with internal dimensions of 95 x 45 x 30 mm and Titaoss® Max Cone
Morse 3.75 X 13 mm implants and implants were obtained Titaoss® TM 3.75 X 13 mm
(Intraoss-SP - Brazil), and the abutments and metallic crowns of chromium-cobalt.
Forming 4 groups: a) CM no; b) HE no; ¢c) CM po and d) He po, each group installed 4
strain gauges tangent to each of the implants, according to colorimetric maps of the
region with the greatest bone microdeformation. In the load application, the DAC load
application device (Nishioka- Proc. 08 / 53071-4) was used, with an axial load of 30 kg
applied for a period of 10 seconds (Mericske-Stern et al.) In the pit central (axial
load).Results: 1) FEA- a) von-Mises tension generated in the implant / screw set showed
a higher concentration of tension in the prosthetic screw of both groups regardless of
bone loss; b) von-Mises tension generated in the most stressed region, showing
possible failure in the screw head region of both groups regardless of bone loss; c) Von-
Mises stress generated in the implant in longitudinal section was higher stress
concentration in the external hexagon platform but with little difference in the rest of the
implant body, and d) microdeformation generated inside the polyurethane block, it was
not possible to notice significant differences between the different connections. For
implants with bone loss, it is possible to notice greater apical deformation. 2) In the
extensometry, the average strain generated for each of the four groups was performed,
in which there were no numerical differences between the groups. In this study we can
conclude that there was no difference in microdeformation between the group of CM
implants and HE no, with a greater CM and HE deformation when there is bone loss.

Keywords: Resorption. Occlusal load. Dental implants. Crestal bone loss.



1 INTRODUCAO

Apesar dos implantes dentarios apresentarem altos indices de sucesso, por
longo tempo , serem responsaveis pelas restauracdes estéticas e funcionais, falhas
podem ocorrer e afetar a osseointegracao (Sahin et al., 2002; Pjetursson et al., 2004;
Cehreli et al., 2004; Chee, Jivraj, 2007; Lambert et al., 2009; Papaspyridakos et al.,
2014; Barias et al., 2013).

Uma proétese sobre implante dental pode ser considerado sucesso quando :
se radiograficamente o 0sso peri-implantar tiver uma perda 6ssea de 1,5 a 2,0 mm
durante o primeiro ano e 0,2 mm nos proximos anos (Albrektsson et al., 1986;
Lindquist et al., 1988).

As principais causas da perda da osseintegracdo e apoés instalacdo das
préteses sobre implante séo as peri-implantites e sobre cargas oclusais (Albrektsson
et al., 1986; Smith, 1989; Panagakos, 1996; Esposito, 1998; Esposito, 1999).

Muitos estudos clinicos mostram a progressao da perda 0ssea ao redor dos
implantes, devido a insuficiéncia de higiene oral (Adell et al., 1981; Lang et al., 1993;
Lang et al., 1994) e devido a progressiva inflamacao peri-implantar (Quirynen et al.,
2002). Outros estudos mais recentes, realizados por Isidor et al. (1996) e Isidor et al.
(2006), testados em primatas, relatam que os principais problemas sao devido a
sobrecarga oclusal.

Estimulos mecéanicos decorrentes da mastigacao podem gerar consequéncias
positivas ou negativas, isto €, induzir um remodelamento 6&sseo, fisiolégicos
ouexcessivos que podem levar a perda da osseointegracédo (Quirynen et al., 1992;
Frost et al., 1994, 2003; Isidor et al., 2006).

O momento de flexdo, causado pelas forgas mastigatorias excessivas, tornam
0 0sso peri-implantar suscetivel a danos permanentes (Schwarz, 2000). Isto ocorre
porque as for¢cas mastigatdrias sao transmitidas diretamente ao osso (Cehreli et al.,
2002; Sahin et al., 2002; Isidor, 2006).

Deste modo, relata—se que as cargas axiais SG&0 menos nocivas para o tecido
0sseo pela transmissdo das tensdes ao longo do implante, enquanto que, as cargas
obliquas produzem maior microdeformacdo Ossea, devido a uma transmisséo

naouniforme ao redor do longo eixo do implante. (Rangert et al., 1989,1997; Sahin et
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al., 2002; Isidor, 2006; Campos et al., 2014; Rodrigues et al., 2017, 2018;Tribst et al.,
2017, 2018).

Os implantes com conexdes cbnicas (Cone Morse), protegem a crista 0ssea
de reabsorcbes (Tenenbaum et al., 2003; Porter, 2006; Norton, 2006), evitam o
desaperto e fratura dos parafusos (Bozkaya, Sinan, 2005), permitem o uso de coroas
cimentadas (Weigl, 2004) e resultam em uma melhor performance quando
comparadas a conexdes de hexagono externo, representando, assim, a opcao ideal
para coroas posteriores (Hansson, 2003; Doring et al., 2004). Quando essas conexdes
estdo associadas a pilares com plaforma switching, ajudam, também, o selamento
bioldgico horizontal, apresentando uma menor perda éssea na regido cervical
(Ericsson et al., 1995; Hurzeler et al., 2007; Canulo et al., 2012), como, de mesmo
modo, reduzindo a micro deformacéao transmitida ao osso (Chang et al., 2010; Canulo
et al., 2011; Tabata et al., 2011) e doencgas peri-implantares (Novaes et al., 2009).

A estabilidade do tecido na area ao redor do componente protético age como
umabarreira contra a migracao do epitélio juncional no sentido apical prevenindo a
reabsorcdo 6ssea, auxiliando, consecutivamente, na manutencéo a longo prazo da
estabilidade peri-implantar. (Degidi et al., 2011; Gehrke et al., 2015).

Varios métodos e modelos de estudo, como em: cranio humano seco (Hatcher
et. al., 1986), modelos de resina fotoelastica e extensdbmetros (Sakagushi et. al.,1991)
e andlise dos modelos matematicos bidimensionais ou tridimensionais pelo método
dos elementos finitos (Korioth et al.,1992), comecaram a ser empregados para 0s
estudos da dinamica biomecanica na odontologia.

Para analisar as deformacbes geradas ao redor dos implantes, as duas
principais metodologias aplicadas na odontologia e com resultados numéricos séo a
analise de elementos finitos e a extensometria linear (Pesqueira et al., 2014).

As analises por elementos finitos, geralmente realizadas através de softwares
de engenharia assistida por computador,que consideram estruturas em 3D do modelo
de estudo e simulacdes de aplicacdo de cargas e propriedades mecanicas (Lanza et
al., 2011; Tang et al., 2012; Matsunaga et al., 2013; Sotto- Maior et al., 2014). Com
isso, oferece-se previsibilidade dos acontecimentos em futuros estudos in vitro.

O uso da extensometria linear elétrica permite avaliar a distribuicdo decargas
estéticas, in vitro (Nishioka et al., 2009; Abreu et al., 2010; Nishioka et al., 2010, 2011;

Vasconcellos et al., 2011, 2013). Este método é realizado por terminais elétricos que
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sdo colados na superficie a serem avaliadas, como a superficie do implante, pilares
ou na superficie de um material simulador 6sseo ao redor do implante (Ak¢a et al.,
2002; Maeda et al., 2006; Nishioka et al., 2010, 2011; Vasconcellos et al., 2011, 2013).
Esse método se destaca por permitir que as variaveis de um corpo de prova in vitro
sejam aplicadas durante a confeccdo do espécime, simulando contatos que ndo sao
ideais como no método por elementos finitos por exemplo. Sua limitacdo, no entanto,
€ de que apenas a regido cujo extensémetro se encontra colado sera analisada. Deste
modo, um modelo prévio 3D, identificando as regifes de interesse prévio permite que
0s extensdmetros sejam colados na melhor posicao possivel de andlise (Tribst et al.,
2017; Rodrigues et al., 2018; Datte et al., 2018;)

A andlise da distribuicdo do estresse nos 6rgdos dentarios sob a acédo de
cargas oclusais causa um problema altamente complexo. Isso se deve a falta de
homogeneidade de varios tecidos que integram sua morfologia especifica, pois cada
um desses tecidos possui propriedades mecanicas e bioldgicas distintas, além de uma
fisiologia especifica, que constitui um sistema biomecanico dinamico e especializado
(Selna et al., 1975). Quando o processo de mastigacdo comecga, 0s alimentos séo
distribuidos por toda a face oclusal dos molares. A medida que os alimentos s&o
esmagados e transformados no bolo alimentar, ocorre um contato dentario com o
antagonista. Esse contato produz forcas axiais, (Cuniberti, Rossi, 2011). A forca de
mordida maxima esté relacionada a saude do sistema mastigatorio (Kampe et al.,
1987; Ow et al., 1989) e influéncia a eficiéncia muscular e o desenvolvimento da
funcdo mastigatéria no desenvolvimento dental (Ingervall, Minder, 1978; Braun et al.,
1995, 1996). Grandes variacdes na forca de mordida humana foram registradas na
primeira area molar (Bates et al., 1975; Proffit et al., 1983; Lundgren, Laurell, 1986).
A forca de mordida varia dentro das regides da cavidade oral e € maior na area dos
primeiros molares (Tortopidis et al., 1998). A forca mastigatoria € maior em adultos
com morfologia craniofacial retangular e mordida profunda esquelética do que
naqueles com face longa e mordida aberta (Abu Alhaija et al., 2010). Cimini et
al.(2000) publicaram em uma reviséo de literatura diferentes métodos de medir forgas
orais in vivo. Howell e Manly (1948) utilizaram strain gauge de para registrar a carga
oclusal maxima em um grupo de homens. As medidas foram repetidas por dias e os
valores de carga oclusal na regido molar variaram de 391 a 881 N.

Em um estudo de Mish et al. (2015) que as maiores for¢cas da mordida séo na
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regido dos molares inferiores, que pode causar injurias ao tecido 0sseo e regido
perimplantar. Mish et al. (2008) em estudo retrospectivo com follow-up de 10 anos e
com mais de 1377 implantes instalados, foram318na regido de primeiros molares
inferiores (23%), que foi o dente posterior mais comum substituido no estudo.De tal
modo, verificar as microdeformacdes na regido da crista 6ssea, devido a possibilidade
de ocorréncia de reabsorcdes indesejadas com possivel perdas dos implantes por
sobre carga oclusal.Os dentes ,além das fun¢des mastigatoria e estética, tem um
importante também papel na degluticdo e fonacédo. Portanto, a perda de um ou mais
dentes leva ao aparecimento e as mais rapidamente percebidas pelo paciente séo,
problemas estéticos e a deficiéncia ou perda da eficacia mastigatoria. Contudo, podem
concomitantemente ocorrer perturbacdes fonéticas, diminuicdo da dimenséao vertical
e da altura morfol6égica podendo levar a disfun¢des da articulacdo temporo-mandibular
e reabsorcado do 0sso alveolar, sendo que a perda éssea ira dificultar ou até em alguns
casos mais severos de perda de estrutura de tecidos de suporte (tecido 6sseo) podera
inviabilizar a reabilitacdo protética (Misch et al., 2006).

Reabilitacdes protéticas de pacientes parcialmente desdentado é feita com o
recurso a proteses parciais removiveis ou fixas. Embora o uso de préteses parciais
removiveis serem um tratamento menos invasivo e com menor custo do que as
préteses fixas (Koyama et al., 2010), o desconforto a dimuicéo de estabilidade devido
as perdas 6sseas do rebordo alveolar devido ao aceleramento da reabsorcéao (Wyatt,
1998), devido a carga mastigatdria que é transmitida a mucosa e a por¢cdo mais
coronal do rebordo alveolar, reduzindo o aporte sanguineo e, consequentemente,
diminuindo o volume 06sseo.

O uso de préteses parciais fixas sobre dentes naturais permitem reabilitar
desdentacbes unitarias e parciais, sendo uma solugcdo com Otimos resultados
funcionais e estéticos, superiores a protese parcial removivel. O aumento
dosfracassos com o tempo é devido a varios tipos de complicacbes que podem estar
relacionadas com a prépria restauracdo e, mais importante, com os dentes pilares.
Apesar das possiveis complicacdes do uso de protese fixa como carie dos dentes
pilares as complicacbes periodontais, fratura dos materiais restauradores ou do
elemento dental, o principal motivo que conduz o uso de reabiltar com implantes
dentarios seria que o tratamento de prétese fixa sobre dentes leva ao desgaste de

estrutura dentaria e as vezes leva ao comprometimento da vitalidade pulpar (Bragger
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et al., 2005).

O protocolo de Branemark foi inicialmente introduzido para a reabilitacéo de
pacientes totalmente edéntulos (Branemark et al., 1983) e com relatos publicados de
sucesso (Adell et al., 1981; Zarb, Schmitt, 1990; Naert et al., 1992), os implantes
passaram a ser utilizados para a reabilitacéo de pacientes parcialmente desdentados
(Jemt et al., 1992; Jemt, Lekholm, 1993; Lekholm et al., 1994; Lekholm et al., 1999,
2006). Sendo estes individuos parcialmente edéntulos o principal grupo de pacientes
a ser reabilitado com implantes (Lekholm et al., 2006), e diversos estudos vém
confirmando o0 seu uso com seguranca e previsibilidade (Jemt, Lekholm, 1993;
Lekholm et al., 1994, 1999, 2006).

A estabilidade primaria € um pré-requisito para a osseointegracdo
(Lioubavina- Hack et al., 2006). Esta estabilidade & conseguida por meio da
osseocompressao durante a instalacao cirurgica (Duyck et al., 2015; Berardini et al.,
2016). O objetivo durante a insercdo dos implantes apresenta-se em ter uma
estabilidade priméria suficiente para manter os altos indices de sucesso (Berardini et
al., 2016).

Bryant (1998), relata que para que ocorra uma neoformacao é6ssea, se faz
necessaria a existéncia de suprimento sanguineo para aporte de minerais e fosfatase
alcalina sobre a matriz imatura sintetizada. Osteoblastos s&o células Osseas
diferenciadas e sdo responsaveis pela formacao 6ssea, por outro lado os osteoclastos
sdo responsaveis pela reabsorcéo do tecido ja formado a fim de utilizar o aporte de
célcio nele encontrado, realizando uma renovacao constantemente do tecido.

Albrektsson e colaboradores, em 1986, definiu critérios que um implante é
considerado como um sucesso,quando, relativamente a remodelacdo da crista peri-
implantar, ndo deve ser observada radiologicamente uma perda 6ssea superior a 2.0
mm desde a colocacdo do implante. Qualquer implante que apresente, pelo menos,
uma das seguintes condi¢cfes: dor a palpacédo; percussdo ou funcéo; mobilidade
horizontal e/ou vertical; perda 0ssea superior a metade do comprimento do implante;
supuracao persistente e/ou inviavel proteticamente, € considerado um fracasso e deve
ser removido (Misch et al., 2008).

Uma meta-analise, em 2005, que compilou e comparou os dados relativos a
remodelacdo Ossea marginal peri-implantar obtidos de estudos prospetivos

guetivessem documentado radiograficamente os niveis 6sseos no dia da colocacgéo
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da protese e ap0Os 5 anos de fungéo (Laurell, Lundgren, 2011). Os estudos publicados
entre 1980 e 2007 desde que reportassem dados radiograficos na variacédo da crista
0ssea marginal entre o dia da colocagdo da protese e apdés 5 anos. Ficaram excluidos
desta meta-analise os estudos que incluiam implantes imediatos, implantes com carga
imediata ou precoce e implantes em rebordos alveolares regenerados. Foram
considerados elegiveis 40 estudos, e 3 sistemas que cumpriam todos requisitos de
inclusado foram o sistema Branemark (Nobel Biocare AB, Goteborg, Suécia) com 3719
implantes em 1051 pacientes, o sistema Straumann (Institute Straumann AG, Basel,
Suica) com 1364 implantes em 614 pacientes e o sistema da Astra Tech (Astra Tech
AB, MdIndal, Suécia) com 1187 implantes em 324 pacientes. Nesta meta-analise 6270
implantes colocados em qualquer regido dos maxilares, com qualquer tipo de prétese,
removivel ou fixa. A perda éssea marginal foi inferior a 1.0 mm para os 3 sistemas,
apos 5 anos em carga. Sendo que a maior remodelacdo 6ssea ocorreu durante o
primeiro ano de funcdo. O sistema de implantes da Astra foi o que apresentou
melhores resultados, com uma perda 6ssea média de 0,27 mm, apds 5 anos. Este
estudo concluiu que qualquer dos 3 sistemas estudados apresentaram uma perda
0ssea marginal, apés 5 anos, muito menor do que a preconizada e aceite como
sucesso.

Recentemente, Ferrari et al. (2015) usaram implantes de superficies jateadas
com acido em cées, usando dispositivos de expansao ortoddnticos presos a pilares,
promovendo carga estatica lateral (o parafuso de expansdo foi aberto 4,5 mm,
resultando em uma for¢ca de 20 kg). Os resultados foram comparados com carga
normal (controle) e com implantes descarregados submersos. Com o objetivo de
reduzir a presenca de biofilme bacteriano, a limpeza com clorexidina a 0,12% foi
realizada diariamente por quatro meses antes da analise. Os resultados mostraram
gue 5 implantes (em 6) do grupo de teste foram perdidos. Radiograficamente, houve
perda 6ssea marginal de 3,68 mm no grupo teste, 1,63 mm no grupo controle e 0,45
mm no grupo sem carga. Curiosamente, a porcentagem de contato osso-implante foi
de 35,52%, no grupo teste, de 63,16% no grupo controle e de 42,33% no grupo sem
carga, mostrando um aumento do contato quando as cargas sao aplicadas, mas uma
diminuicdo se excessivo lateral carga estatica € aplicada. Esses resultados sugerem
gue o estresse excessivo pode levar a reabsorcdo 6ssea, enquanto magnitudes

abaixo do limiar do estresse podem resultar na aposicdo 0ssea, no entanto, 0s
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parametros clinicamente responsaveis pela via de sobrecarga de implantes ja
integrados ainda nao foram identificados.

Piccinini et al. (2016) relataram diferentes respostas biologicas para o0s
limiares 6sseos e a forca maxima - micro-tensao (ue), também mostradas em estresse
(MPa) e carga unitaria (kg / mm2), relacionadas a homeostase éssea (1.000-1.500
pe, 20 MPa ou 2 kg / mm2), sobrecarga fisioldgica (1.500-3.000 ue, 60 MPa ou 6 kg /
mm2) e sobrecarga patologica (3.000—6.000 ug, 120 MPa ou 12 kg / mm2) que levam
a danos e absorcao 6ssea , esses valores poderiam explicar os resultados obtidos por
Gotfredsen et al. (2002) e Ferrari et al.(2015) em estudos com cdes com carga estatica
lateral mostrando homeostase 0ssea e perda 6ssea, respectivamente.

Corroborando com esses resultados, Nagasawa et al. (2013) em uma
avaliacao histolégica observaram alteracdes degenerativas sob carga oclusal precoce
e excessiva. Eles utilizaram um modelo in vivo” (ratos) onde os implantes com
superficies usinados foram colocados na mandibula posterior. A carga foi realizada
apos 2 ou 4 semanas e os implantes de controle permaneceram sem carga. As
amostras mostraram perda 6ssea notavel e deterioracdo da osseointegracao quando
a sobrecarga comecou as 2 semanas. Sobrecarga apds 4 semanas induziu
reabsorcdo Ossea. Portanto, esse modelo revelou alteracdes degenerativas na
osseointegracdo e no 0sso ao redor dos implantes apds carga oclusal excessiva,
enfatizando os riscos associados a carga e sobrecarga imediatas.

No estudo de Miyamoto et al. (2005) 22 em caes foram analisadas as
alteracdes 6sseas em torno de implantes com sobrecarga seletiva de 12 e 20 semanas
apos a colocacao do implante. Cada céo recebeu 3 implantes e cada implante distal
recebeu uma superestrutura do tipo cantilever. A forca foi induzida por um parafuso
estatico controlado de 250 um, fixado nos implantes mesial e central, exercendo uma
forca apical no cantilever mesial do implante distal. Apds 24 semanas, as amostras de
tecido, incluindo implantes, foram avaliadas histologicamente e
histomorfometricamente, e a perda 0ssea marginal foi significativamente maior no
grupo de carga de 12 semanas do que no grupo de carga de 4 semanas. Esses
achados demonstram que as forcas induzidas por sobrecarga estatica podem
provocar alteracées no 0sso peri-implantar.

Sadowsky (2019) em uma revisao verificou falta de evidéncia disponivel para

orientar os clinicos em suas decisdes de planejamento de tratamento com
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restauracdes de implantes, uma abordagem cientifica basica pode oferecer clareza
em relacdo entre carga mecéanica e consequéncias bioldgicas na resposta 6ssea por
nao existir limiares especificos com o desenho protético e as diretrizes do esquema
oclusal. E preocupante notar que até 20% de todos os pacientes com implante sofrem
peri-implantite, enquanto o impacto da sobrecarga oclusal permanece desconhecido,
e que nos estudos em animais ndo revelaram o limiar biolégico para a falha por fadiga,
no osso peri-implantar. Por outro lado, estudos clinicos demonstraram uma ligagédo
entre falha parafuncional e implante, embora variaveis como a intensidade da
frequéncia de cargas, a densidade Ossea,apresentaram resultados diferentes. O
autor ainda pede uma pesquisa pré-clinica para estabelecer limites especificos de
carga do paciente € para estabelecer um plano de tratamento personalizado.

Em um estudo de Epprecht et al. (2018) que se usou um modelo experimental
gue foi fabricado a partir de um onde os dentes entre 43 e 48 estavam ausentes,
representando uma situacao clinica que requer implantes. Simulando o tecido 6sseo
alveolar, usaram poliuretano (Polyurock, Cendres + Métaux SA, Bienne, Suica) com
propriedades mecéanicas semelhantes ao 0sso.

Foram usados dois implantes no nivel 6sseo (4.1 = 4,1 mm, RC, SLA 10 mm,
Ti, Straumann AG, Basileia, Suica) inseridos nos modelos de poliuretano na area dos
dentes 44 e 47 com um angulo de 5 ° entre os implantes. Neste foram utilizados
copings de impresséao, foi feita uma impressdo de cada modelo com material de
poliéter (Permadyne, 3 M ESPE, Minn, EUA), e os modelos de poliuretano foram
copiados em modelos de gesso. Implantes analdgicos (nivel 6sseo, RC, Implant
Analog, L 12 mm, Ti, Straumann AG) foram encaixados nos copings de impressao, e
um molde de pedra foi feito para a fabricacdo das proteses. Para cada modelo, seis
estruturas proétese fixas idénticas de 4 unidades de didxido de zirconio (Lava, 3 M
ESPE, Minn, EUA) foram feitas e posteriormente foram revestidas. Os modelos
principais, das préteses foram projetados (Exocad Software, Darmstadt, Alemanha) e
digitalizados (Ceramill Map 400, Amann Girrbach, Koblach, Austria). Os blocos de
zirconia (lava) foram entdo fresados em uma fresadora de 5 eixos (Ceramill Motion 2,
Amann Girrbach) e sinterizados (Ceramill therm 3, Amann Girrbach). As préteses de
zircbnia foram testados e depois revestidos com ceramica feldspética (Criacao ZI CT,
Criac&o Willi Geller International GmbH, Meiningen, Austria; N = 6, n = 2 por modelo)

de acordo com as instru¢des de queima do fabricante. Um extensémetro foi colado a
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superficie oclusal da potese fixa no pbntico 46 e os outros dois no modelo de
poliuretano, sendo um distal ao implante 44 e o outro mesial ao 47. Para posicionar
0s extensdmetros (SGs) precisamente nos modelos de poliuretano, foi tracada uma
linha que conecta os dois implantes com uma régua e uma ponta de lapis de 0,7 mm.
Um SG foi colocado distalmente adjacente ao implante no. 44 emesialmente adjacente
ao implante no. 47. O terceiro SG foi colocado na superficie oclusal do péntico n. 46.
Para o posicionamento exato do SG na prétese , a superficie oclusal foi feita plana.
Uma linha mesio-distal foi tracada oclusal, conduzindo exatamente através do meio
do pontico 46. O SG foi colocado nessa linha, fazendo fronteira com a direita na borda
do pontico. Os resultados de ambas conecg¢des na tiveram diferencas estatisticas
entre elas.

A avaliacdo da longevidade dos implantes esta na biomecanica e a
importancia na avaliacdo da sobrevida e na problematica das falhas dos implantes ja
osseointegrados. A sobrecarga oclusal e fatores microbianos séo os principais fatores
gue levam ao insucesso dos implantes osseointegrados (Saadoun et al., 1993).

Frost (1994) em um estudo apresentado revisando a lei de Wolff e o
comportamento das estruturas 6sseas frente a estimulos observou que a falta de
estimulo 6sseo onde o valor de microdeformacéo encontra-se abaixo de 50pe inicia-
se um processo de reabsorcdo 0ssea e que quando os valores se apresentam em
uma faixa entre 50 e 150 peg, o processo de reabsorgcdo € cessado e a estrutura €
mantida estavel e valores acima de 1500 pe tendem a ativar a remodelagdo 6ssea
lamelar, levando a uma reformulacao e reforco. Valores acima de 3000 pe causariam
uma desorganizacdo da remodelacdo que geram microdanos irreversiveis ao 0Sso.
As fraturas e maiores danos se dao em valores de deformacgao acima de 25000 L.

Estudos do padrao peri-implantar de tensdo 6ssea sob carga oclusal, por meio
de comparagBes com os limiares de tensdes criticas apresentadas por Frost (2004),
na teoria mecanostatica (Kan et al., 2014). Foram utilizados para o estudo dois cées,
nos quais foram instalados quatro implantes de 8 mm de comprimento e 4,1 mm de
diametro. Para deteccdo de forca de mordida foi utilizado um dispositivopara
guantificar a carga oclusal in vivo. Apés 8 semanas, os caes foram sacrificados e
novas cargas foram aplicadas in vitro. A carga oclusal de 478 N foi aplicada com
intervalo de 70 N para simular a média in vivo da carga oclusal. Intervalos de carga, o

conjunto de dados de deformacéo Ossea foi registrado em valores de
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microdeformacao (strain x 10-6). A média da carga oclusal in vivo encontrada foi de
434 N com desvio padréo de 136 N, sendo o pico de carga oclusal registrado de 795
N. Eles concluiram que as microdeformacfes do 0sso ao atingir o limiar de sobrecarga
patolégica definida pela mecanostatica Frost (3000 pe), é necessaria uma carga de
1344 N oclusal.

Mericske-Stern et al. (1995) observarama forca maxima de oclusédo e a
sensibilidade tétil bucal, e neste estudo foi verificado que a média para regido de
segundo pré-molar é de 450 N e para regido de primeiro pré-molar e molar é de300N.
Em pacientes com protese sobre implante foram observados valores menores, cerca
de 200 N para o primeiro pré-molar e molar e 300 N para o segundo pré-molar, sendo
gue para ambos os casos os maiores valores foram encontrados na regido do segundo
pré-molar. Porém, o limiar de detec¢do de pressdo minima foi mais elevado nos
implantes, em relacdo aos dentes naturais. A média do numero de erros de avaliacdo
guando feito o teste com folhas de aco foi 3.2 para pares antagonistas dente/implante
e 2.6 para dentes naturais. Concluiram que o tipo de prétese e a presenca de implante
alteram os padrdes de funcéo oral, juntamente com o estado da denticdo e aspectos
psicolégicos.

Devido as transmissdes das tensdes ao tecido 6sseo e que fazem sofrer
alteracdes devido a variacdo das estruturas mecanicas que compdem a prétese e o
implante, estudos in vitro tém uma grande visibilidade a fim de estudar o
comportamento biomecanico desse tratamento reabilitador. Estudos que utilizam
ferramentas da bioengenharia surgem para responder a influéncia do diametro, altura
e do tipo de conexao dos implantes quanto a sua resposta biolégica (Akca, Cehreli,
2009; Ding et al., 2009).

Nishioka et al., 2009 com objetivo de quantificar as deformacdes geradas por
diferentes tipos de hexagonos internos e externos com colocacao linear e offset de
implantes utilizando Strain Gauges colados a superficie do bloco de poliuretano, e os
resultados foram que a conexédo interna do hexagono exibiu valores mais altos de
microdeformacdo do que a colocacdo do implante do tipo externo do hexagono.
N&ohavia evidéncias de que houvesse alguma vantagem do posicionamento
deslocado na redugéo da tenséo ao redor de um implante e que o hexagono interno
nao reduziu a microestrutura ao redor do implante.

Nishioka et al. (2011) no seu estudo “in vitro® utilizando 3 tipos de implantes
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externos, hexagono interno e cone morse que foram dispostas no meio de 6 modelos
retangulares de poliuretano de modelos 70 x 40 x 30-mm3 (F16 Axson, Cercy, Franca)
Os implantes foram colocados em uma linha reta em 1 bloco de poliuretano e em um
desenho de deslocamento bucolingual no outro bloco para a colocacdo do
deslocamento, os implantes mesial e distal foram localizados em linha reta e o
implante médio foi colocado 1,5 mm bucalmente. A distancia entre os centros dos
implantes foi mantida em 7 mm para fornecer espacgo para o Strain Gauge. Os tipos
de pilares Microunit (Conexao Sistemas de Protese) foram parafusados nos implantes
usando um torque de 20 N cm com o driver de torque manual do fabricante do implante
(Conexéo Sistemas de Prétese). Os autores observaram as tendéncias de identificar
fatores que poderiam influenciam nos valores dos resultados de tensdes gerados por
diferentes conexfes ao redor de implantes, mas confirmou entdo que nado existe
diferenca quanto as tensfes geradas para o tecido 6sseo de suporte pelos diferentes
sistemas de conexdes existentes para a implantodontia, o que levou outros autores a
pesquisar outros possiveis fatores capazes de influenciar na distribui¢cdo e valores de
tensdes e microdeformacgdes geradas no tecido 6sseo ao redor de implantes.

Através de estudos laboratoriais Vasconscellos et al. (2011), afirmou que a
posicdo da aplicacdo de carga influéncia nos valores de microdeformacéo ao redor
dos implantese que as alteracbes de posicionamento dos implantes e pontos de
aplicagcéo de cargas se torna muito mais significante para estudar esses fatores de
tenséo e microdeformacéo ao redor de implantes.

Os modelos matematicos tridimensionais, apesar de desprender de bastante
tempo para sua confec¢do, mostram quese uma ferramenta muito importante para
analisar as areas internas de contato entre 0sso e implante e componentes protéticos.
Analises bidimensional e tridimensional em implantes laminados foram comparados e
mostraram que a analise bidimensional ndo conseguiu simular a distribuicdo de
tensdes normais e concluiram que o modelo tridimensional permite a obtencdo de
resultados mais realistas (Ismail et al., 1987) .

Para analisar comportamentos e influéncias dos pilares protéticos nas tensées
geradas sobre osso, Clelland et al. (1995) fizeram uma analise matematica
tridimensional para entender a biomecanica de componentes. Inclinados com uma
carga oclusal de 178 N, foi simulada ao longo eixo da fixacdo sobre trés diferentes

pilares com 0 grau, 15 graus e 20 graus de angulo. Os autores descreveram o

20



aumento na magnitude da tensdo e microdeformacdo, mesmo que dentro dos limites
fisiolégicos, de acordo com o aumento da inclinagdo o que mostraria que forgas nao
axiais sofrem maiores tensbes sobre os pilares e implantes e maiores
microdeformacao 0sseas.

Ao analisarem as distribuicbes de tensdes na regido cortical e no 0sso
trabecular, utilizando implantes com sistemas de hexagono interno e cone Morse com
carregamentos axiais de 100 N e n&o axiais de 50 N aplicados simulando uma carga
oclusal, concluiram que em ambos os tipos de implantes a distribuicdo de tenséao foi
semelhante tanto no 0sso cortical como no 0sso trabecular, dentro do limite fisiologico,
mas quando, porém, foram ampliadas a carga obliqua foi aplicada o implante cone
Morse apresentou menor tensdo na regiao superficial (Hanaoka et al., 2014).

Andlises utilizando a extensometria em estudos in vivo e in vitro tem se
mostrado bastante efetiva no estudo dos comportamentos dos implantes, mesmo
havendo limitacbes em sua reproducdo, principalmente as condi¢cdes bucais nos
estudos in vitro. Os resultados obtidos nesses estudos podem elucidar os
comportamentos dos implantes dentarios e das préteses na condi¢do bucal. Glantz et
al. (1993) compararam em seu estudo as microdeformagdes funcionais em uma
prétese parcial fixa sobre implante em situagéo in vivo e in vitro e concluiram que as
situacbes de carregamento in vivo apresentaram uma alta taxa de flexdo dos
implantes quando comparado ao estudo in vitro.

Miyashiro et al. (2011), validaram os modelos de poliuretano para simulagdes
de tecidos 0sseos, justificando que a utilizacdo foi dada através do moddulo de
elasticidade do material estar proximo aos valores dos médulos de elasticidade do
0ss0, permitindo que a extensometria ganhasse uma padronizacao e permitindo uma
reprodutibilidade independente das variacbes anatdémicas.

O uso da extensometria em estudos in vitro com estdo amplamente
publicados na literatura, e permitem estudar comportamentos que em condi¢des in
VivOo seriam impossiveis ou inviaveis.

Cehreli et al. (2002) com a possibilidade de estudar o comportamento das
tensdes em diferentes condi¢cdes de aplicacdo de carga um estudo apresentado por
poder comparar a distribuicdo de tensdes ao redor dos implantes quando aplicadas
cargas axiais e nao axiais. Neste estudo foram utilizados implantes de hexagono

interno com medida de 3,75 mm de diametro por 10 mm de comprimento. Sobre os
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implantes foram instalados pilares protéticos e confeccionadas infraestruturas
metalicas de proteses parciais fixas de trés elementos, as quais foram fixadas pela
técnica de cimentagdo. O estudo concluiu que um maior valor de microdeformacéo foi
gerado ao redor dos implantes quando aplicada carga em pontos ndo axiais, podendo
induzir a perda 6ssea em torno do implante.

Akca et al. (2009) avaliaram por meio da extensometria, as deformacdes ao
redor dos implantes em dois diferentes desenhos de prétese: parafusadas e
cimentadas e com diferentes técnicas de moldagem. Foi aplicada sobre as estruturas,
uma carga estatica de 150 N na regido central do péntico. Eles concluiram que as
micro-tensdes geradas ao redor de proteses de trés elementos parafusadas e
cimentadas sdo semelhantes, independentemente da técnica de moldagem utilizada,
indicando a sua utilizagéo clinica.

Nishioka et al. (2009), compararam o comportamento das tensdes ao redor
de implantes de hexagono interno e externo, apo0s o apertamento dos parafusos,
guando instalados em posicao linear e offset. Foi simulada uma situagdo in vitro,
instalados implantes com medidas de 3,75 mm de didmetro e 13 mm de comprimento
em um bloco de poliuretano com dimensdées de 70 x 40 x 30 mm. Sobre os implantes
foram instalados os mini pilares cénicos, com torque de 20 Ncm e sobre os pilares
foram parafusado as estruturas metélicas de trés elementos que previamente foram
fundidas em liga de cobalto-cromo. Os autores concluiram que a utilizacao do implante
de hexagono interno ndo reduziu os valores de tensédo ao redor dos implantes e que
a instalacdo dos implantes em offset ndo apresentou nenhuma evidéncia na reducéo
das microdeformacdes.

Nishioka et al. (2010), avaliaram a influéncia das microdeformac¢des com a
variacdo do tipo de munhdo (plastico ou plastico com base metélica) e a
conexaoprotética. Para o estudo, os grupos foram divididos em 1: implante hexagono
externo/ coifa usinada; 2: hexagono externo/coifa plastica; 3: hexagono interno/ coifa
usinada; 4: hexagono interno/coifa plastica. As microdeformacdes foram mensuradas
apos o apertamento dos parafusos das estruturas aos mini pilares conicos retos com
10 Ncm de torque utilizando-se um torquimetro manual. Os autores puderam concluir
gue o tipo de coifa ndo alterou as microdeformacgdes geradas ao redor dos implantes
e que as variacdes dos tipos de conexdes ndo apresentaram diferenca.

Para analisar o comportamento da influéncia da aplicacdo de cargas axiais e
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nao axiais ao redor de implantes Abreu et al. (2012), verificaram as hipoteses de que
os implantes quando instalados em configuracdo offset apresentaram valores
menores de tensdo, quando comparados com implantes instalados em linha. Os
implantes com conexao cone Morse foram instalados em dois blocos de poliuretano,
sendo trés em configuracdo linear e trés em configuracdo offset. Os implantes
receberam mini pilares conico com torque de 20 Ncm. Para cada bloco foram
confeccionadas dez estruturas metalicas em liga de cobalto-cromo, as quais foram
parafusadas sobre os pilares com torque de 10 Ncm. Os carregamentos axiais e ndo
axiais foram realizados com o uso de um dispositivo de aplicacdo de carga (DAC),
com uma carga de 30 Kgf por 10 segundos cada ponto. Pontos foram localizados no
centro do parafuso de fixacdo (axial) e equidistantes entre 1 e 2 mm do centro do
parafuso (ndo axial). Concluiram que o posicionamento offset foi capaz de reduzir as
microdeformacdes ao redor dos implantes quando aplicadas cargas axiais e nao axiais
a 1 mm, para as cargas axiais a 2 mm, e portanto ndao havendo diferenga no
posicionamento.

Vasconcellos et al. (2013) analisaram as influéncias das aplicacdes de cargas
axiais e ndo axiais, e aquilataram a influéncia das cargas em estruturas metélicas de
préteses parciais fixas de trés elementos suportadas por trés implantes dispostos em
configuracdo linear e offset. Os implantes com conexao do tipo hexagono interno
foram instalados em dois blocos de poliuretano, sendo trés em configuracéo linear e
trés em configuracdo offset. Os implantes receberam mini pilares conicos com torque
de 20 Ncm. Entéo foram posicionadas estruturas metalicas sobre os pilares, usando
uma chave especifica de torque. Os parafusos foram fixados com um torque de 10
Ncm. A sequéncia de aperto iniciou-se peloparafuso central seguido dos parafusos
mesial e distal. Os pontos de aplicacao de cargas estavam divididos em cinco pontos,
sendo trés axiais (A, B, C) localizados no centro do parafuso de fixacdo e dois nao
axiais (D, E), localizados na regiao distal do centro do parafuso do ponto C a uma
distancia de 6 e 8 mm. A aplicacdo de carga foi realizada com o auxilio de um
dispositivo de aplicacdo de carga (DAC), com uma carga de 30 Kgf. Concluiram que
a configuracéo offset dos implantes ndo reduziu os valores de microdeformacgéo ao
redor dos implantes, e os pontos de aplicacdo influenciaram nos valores de
microdeformacao, sendo gerado no ponto nédo axial E (8 mm) os maiores valores de

microdeformacao.
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Os estudos de Campos et al. (2014) avaliaram a influéncia de aplicacao de
carga axial e ndo axial nas microdeformacdes ao redor de implantes. Para o estudo
foram confeccionadas estruturas metalicas e foram parafusadas sobre os mini pilares
cbnico com torque de 10 Ncm cada. Em seguida, foram realizados carregamentos
verticais estaticos de 30 kgf, durante 10 segundos, em cinco pontos pré-determinados
(A, B, C, D e E), utilizando um dispositivo de aplicacdo de cargas. Concluiram que a
aplicacdo de carga sobre os pontos ndo axiais D e E produziu um aumento da

magnitude de microdeformacao ao redor dos implantes.
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2.1 Artigo — Datte CE, Rodrigues VA, Datte FB, Lopes GRS; Borges ALS,
INishioka RS. O efeito de diferentes niveis 6sseos e conexdes protéticas na
resposta biomecéanica de implantes unitarios: strain gauge e andlise de
elemento finito/ The effect of different bone level and prosthetic connection on
the biomechanical response of unitary implants: Strain gauge and finite element

analyses*

RESUMO

Diferentes conexdes protéticas surgiram para melhor desempenho estético e
biomecanico para prevenir a perda éssea peri-implantar. A analise de elementos
finitos e as metodologias de extensémetro foram utilizadas para a analise numeérica
das tensdes geradas e da microtensdo em torno dos implantes e suas conexdes. Dois
modelos de implantes com 0 mesmo comprimento (13 x 3,75 mm) foram analisados
de acordo com a conexao protética: hexagono externo ou cone morse. Ambos 0s
abutments receberam coroas metalicas aparafusadas em cromo-cobalto. O tecido
peri-implantar foi simulado com resina de poliuretano em duas alturas diferentes (nivel
0sseo e 5 mm de perda 6ssea). Uma carga de 300 N foi aplicada na superficie oclusal.
Os resultados foram analisados em termos de tenséo de von-Mises e micro
deformacéo. Amostras idénticas aos modelos numeéricos foram feitas para a analise
de Strain Gauge (SG); quatro SGs foram colados ao redor do implante para obter
resultados de microtenséo. Andlise de elementos finitos e extensémetro corroborado
em termos de resposta mecanica semelhante. Assim, ndo ha diferenca quanto a
conexao protética para as tensdes e deformacdes geradas sob carga axial. No
entanto, a perda 6ssea aumentou a tensao e a magnitude da deformacao para ambas
as conexdes protéticas. Em conclusdo, ambas as conexdes de implantes avaliadas
apresentam comportamento biomecéanico semelhante, independentemente da altura
ossea.

Palavras-chave: Biomecanica. Implantes dentarios. Odontologia protética. Osso
estresse.

ABSTRACT

Different prosthetic connections have emerged for better aesthetic and biomechanical
performance to prevent peri- implant bone loss. The finite elements analysis and the
strain gauge methodologies were used for the numerical analysis of the generated
stress and the microstrain around the implants and their connections. Two implant

*Artigo elaborado de acordo com as normas do Periédico International Journal of Advanced Engineering Research ans Science
(ISSN 2349-6495). Submetido em: 03/11/2020. Aceite em: 05/02/2021 e Publicado em: 25/02/2021.



models with the same length (13 x 3.75 mm) were analyzed according to the prosthetic
connection: external hexagon or morse Taper. Both abutments received screw-
retained metallic crowns in chromium-cobalt. The peri-implant tissue was simulated
using polyurethane resin in two different heights (bone level and 5 mm of bone loss).
A load of 300 N was applied on the occlusal surface. The results were analysed in
terms of von-Mises stress and microstrain. Samples identical to the numerical models
were made for the Strain Gauge (SG) analysis; four SGs were bonded around the
implant to obtain microstrain results. Finite element analysis and strain gauge
corroborated in terms of similar mechanical response. Thus, there is no difference
regarding the prosthetic connection for the generated stress and strain under axial
load. However, bone loss increased the stress and strain magnitude for both prosthetic
connections. In conclusion, both evaluated implant connections present similar
biomechanical behavior regardless the bone height..

Keywords: Biomechanics. Dental implants. Prosthetic dentistry. Bone stress.
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INTRODUCTION

Even though dental implants have high success rates, failures can occur after
osseointegration.! The main reasons for osseintegration failure are peri-implantitis and
occlusal overloads.?? Studies reported that occlusal overload induces unwanted bone
remodeling.*® The occlusal overload promotes a moment in the implant that entails on
peri-implant bone permanent damage.® It is reported that axial loads are less harmful
to the bone tissue due to the stresses transmission throughout the implant; while
oblique loads generate higher bone microstrain due to a non-uniform load transmission
in the implant long axis.”® In addition to the occlusal overloads, the prosthetic
connection can modify the mechanical response in some situations.10-14

Implants with internal conical connections (Morse Taper) have been
assosciated with bone crest mantaining, avoiding screws loosening and fracture.>-18
However, the biomechanical benefit of morse taper implants are still controvertial in
the literature.'?-18

To analyze the generated strain around the implants, finite element analysis
and strain gauge methodologies can be applied in dentistry. Both methods are able to
generate numerical results to evaluate the mechanical response after chewing load
simulation.1-23

Finite element analysis consists on theoretical simulations of applied loads and
constrains. This method offers predictable results of in vivo events with acceptable
accuracy. Associated with the strain gauge analysis, they allow the evaluation of
complex situations with a valid model.?3-2°

In view of the above, the present study aimed to evaluate, in silico and in vitro,
the stress distribution and strain of unitary implants with different prosthetic
connections and bone height. The hypothesis of the study consisted that prosthetic
connection and bone height would not influence the mechanical response under axial

load.

MATERIAL AND METHODS
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Two different implant connection models were simulated in the present study:
a regular morse taper and an external hexagon (Titaoss® TM cortical Intraoss®, SP,
Brazil); both created according to the manufacturer’s dimensions (3.75 x 13 mm) using
CAD (Computer Aided Design) software (Version 4.0 SR8, McNeel North America,
Seattle, WA, USA). Next, the morse taper model received an anatomic prosthetic solid
abutment (0.8 mm) and the external hexagon received an UCLA abutment (4.1 mm).
Both abutments indicated for screw-retained fixed prosthesis. The implant was inserted
at the center of a three-dimensional bone model (40 x 40 x 20 mm) with 3 mm of
exposed threads. An anatomic first upper molar was modeled, duplicated and
positioned on each abutment (Figure 1).

To simulate an isotropic substrate, a polyurethane resin block was used to
receive the implants. In addition, 5 mm of bone loss has been simulated in half of the
models totaling 4 clinical situations (2 implant systems x 2 bone height levels). The
mechanical properties of polyurethane and the simulated materials were summarized
in table 1.26,27 The materials were assumed as isotropic, linear, elastic and
homogeneous. After the modelling process, the solid volumetric three-dimensional
models were exported to the analysis software (ANSYS 17.0, ANSYS Inc., Houston,
TX, USA) in STEP format. The contacts were considered bonded between all bodies.

Fig.1: 3D model with A) MT without bone loss, B) EH without bone loss, C) MT with
bone loss and D) EH with bone loss

The fixation was defined on the bottom surface of the polyurethane block and
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the load was defined as axial and applied in the center of the crown. Tetrahedral
elements (Figure 2) formed the mesh (754.936 nodes with 440.893 elements) and the
results were obtained in von-misses stress for metallic solids and microstrain for peri-

implant tissue.

e

Fig.2: Finite element-mesh generated in A) automatized and B) after the

convergence test.

Table.1: Mechanical properties used in the present study.

Material Young Modulus (GPa) Poisson Ratio
Titanium 110 0.33
Co-Cr 218 0.30
Polyurethane 3.6 0.30

To simulate the bone tissue, two blocks (95 x 45 x 30 mm) of polyurethane
(F160 Axson, Cercy - France) were obtained through a rectangular stainless steel
metal matrix. After polymerization of the polyurethane, the blocks were removed from
the matrix and had their surfaces polished with sandpapers #220-600 under water.

In this study, Titaoss® Max Cone Morse implants and Titaoss® TM 3.75 X 13
mm implants (Intraoss, SP, Brazil) were used. For the installation of the implants inthe
blocks, a set of milling cutters was used according to the manufacturer’s
recommendations.

Two implants (one of each system: external hexagon and morse taper) were
inserted at the bone level. Other two implants were positioned 5 mm above the
polyurethane surface simulating a 5 mm bone-loss condition. Next, the respective

abutments were installed with the aid of a manual torque wrench and the
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manufacturer's guidance (Figure 3). The selected crown to perform a direct
comparison between in silico (FEA) and experimental (strain gauge) tests was the Cr-

Co crown due to the facility in manufacturing and simplicity for polishing.*®

Fig.3: In vitro model similar to the virtual model

The strain gauges (PA-06-060CA-120L-Excel Sensors Ltda., Sdo Paulo,
Brazil) were bonded with cyanoacrylate adhesive (Super Bonder Loctite, SP, Brazil)
around the implants in the cervical third, according to colorimetric maps of the region
with the highest bone microstrain detected in the finite element analysis.® A load
application device was used to apply the occlusal load on the crowns occlusal
surface.?! The device has a spherical tip that is positioned in the center of the crown
with a load of 30 kg during 10 seconds.?%2!

Variations of electrical resistance were converted into microstrain-rate units
through an electrical signal conditioning apparatus (Model 5100B Scanner - System
5000 - Instruments Division Measurements Group, Inc. Raleigh, North Carolina, USA).
Electrical cables allowed the connection between the strain gauges and the data
acquisition apparatus, where the acquisition channels were installed.??> The magnitude
of micro-strain was recorded in um/um and compared with the finite element analysis

results.
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RESULTS

In the present study, the strain gauge was used to validate the computational
models with the in vitro test using one specimen per group. According to the strain
gauge test, there is no value capable do induce unwantedbone remodeling (Table 2).
According to the similarity of results from FEA and strain gauge (Fig. 4), it was possible
to observe that the models were considered valid and the conclusions from the

numerical method are possible with reduced error and acceptable behavior.

& Avéiage (S5) FEA

Fig.4: Microstrain peaks measured in both methods

Table.2: Average values (uStrain) obtained in vitro

Type Bone Mesial Distal Buccal Lingual
MT 138 136 137. 136
Bone level
EH 155 161 154. 146
EH loss 335. 376 358 338

For the Von-Mises stress in each model, a qualitative comparison showed a
stress increase in the models with bone loss when compared to bone level ones (Fig
5).
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According to the implant connection, it is not possible to note visible differences
in the stress concentration in the titanium implant. The difference between both implant
systems is visible in the prosthetic screw region, with highest stress magnitude in the
external hexagon screw neck. No difference was reported between models (10%) with
similar bone height for the microstrain (Fig 6).

For the apical and cervical regions of the set, the factor “bone loss” was
significant; showing that for the mechanical response, the peri-implant tissue

maintenance was more important than the implant connection itself.
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Fig.5: Von-Mises stress maps in dental implants and screws. A) MT without bone

loss, B) MT with bone loss, C) EH without bone loss and D) EH with bone loss
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Fig.6: Microstrain maps in peri-implant tissue with sectioned and occlusal
view. A) MT without bone loss, B) MT with bone loss, C) EH without bone loss and D)
EH with bone loss

DISCUSSION

The present study aimed to evaluate, in silico and in vitro, the stress
distribution and strain of unitary implants with different prosthetic connections and bone
height. The results showed that there was no difference between the external hexagon
and Morse taper system, regardless the bone level.?%32 However, there was higher
strain in the cervical and apical regions in the models with bone loss.

In addition to bone strain, it was observed with FEA that, regardless the implant



system, Von-Misses stress in the implant and in the screw was higher when there is a
bone loss situation, which corroborates with previous studies that have evaluated bone
loss in dental implants.33

When evaluating the screws, it is possible to observe a high stress
concentration in the screw neck in all groups. This finding can indicate loosening or
even fracture of these screws similarly between Morse taper and external hexagon
systems.1?22 These results go against previous studies that indicated an higher failure
risk in external hexagon implant for unitary restorations.?’2

The unitary restorations are biomechanically complex, especially when
replacing posterior missing elements, since the occlusal forces are higher,?! which can
lead to high stresses in the abutment and in the bone, making the system more
susceptible to failure.?® During the load dissipation, the lateral component of the force
can be responsible for the torque moment, which have a destructive effect on the
cortical bone and can cause complications in the long-term.3¢

Frost (1994)* conceptualized that the mechanical stimuli in the bone can
induce the predictable bone behavior. The basic activities of remodeling determine the
architecture and strength of the bone tissue. Basically, regions where the bone strain
remains below 50 u, means that it is in disuse. Microstrain above 1500 u tend to
promote lamellar remodeling by reconfiguration. However, with microstrain equal to or
higher than 3,000 u, there is an irreversible tissue damage. In this study, all simulated
models did not exceed borderline microstrain values, similar to previous reports.”23

During the loading condition, 300 N was simulated as an average load
obtained in the posterior region.83° However, the present study did not consider the
bone variation conditions present as different bone types. In order to improve the
samples standardization, this study applied an in vitro evaluation, using isotropic
substrate following the methodology described and applied by several previous
reports.57:12-14,18

Regarding the bone loss, a previous study indicated that bone loss occurs in
the neck of the implant, because the stress concentration in the crestal bone gives rise
to damage in this region; which affects the bone remodeling process by reducing bone
volume fraction.3* The present study is in agreement with that, showing a deleterious
effect as the bone level decreases and the load was constant. In addition, when 50%

of bone loss was considered (almost the bone loss simulated in the present study:

34



approximately 38.45%), previous reports showed that the maximum stress was found
in the marginal bone at the implant bone contact area for cortical bone and around the
apex for cancellous bone. This behavior was exactly what occurred with both implant
systems in the present study, showing that both areas will be affected bythe new
fulcrum position formed in implant/bone lever.3>3¢

The microstrain results were calculated by strain gauges. This method is
based on the principle of electrical conductivity, considering terminals that have active
areas of 3mm?2, which will accurately measure the strain.”'® The choice of the region
for bonding the strain gauges was based on the finite element analysis results, implying
that the highest strain peak was measured in silico and also in vitro. This cervical region
that showed the highest strain values is also related to the area of the bone crest
remodeling reported in clinical studies.'

The correlation and use of FEA and Strain Gauges is of great importance to
evaluate the biomechanical behavior of a complex structure, e.g. dental implant
model.>81823 Also, using two different numerical methods of strain measurement, the
errors and limitations of each analysis can be minimized by the complementary
method.

The restoration was made in Cr-Co, which does not fit the most common
practice found in clinics to manufacture an implant-supported dental crown.*® However,
a previous report has demonstrated that the elastic modulus and the stress behavior
will be proportional between a common crown geometry.® In this sense, it was
expected that different crown materials will behave similarly between the models,
allowing the comparison between bone height and prosthetic connection regardless

the restorative material used to receive the load.

CONCLUSION

Despite the limitations of this study, both methodologies demonstrated that
there is no difference between external hexagon and Morse taper systems, regardless

the bone height.
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2.2 Artigo — Datte CE, Datte FB; Borges ALS, Campos JF, LopesGRS, Tribst JPM,
Nishioka RS. A influéncia do material restaurador, altura 6ssea e sistema de
implante na distribuicdo de tensdes de coroas posteriores implantadas/ The
influence of restorative material, bone height and implant system on the stress
distribution of implant-supported posterior crowns*

RESUMO

A avaliacdo do efeito biomecénico de diferentes materiais restauradores, altura 6ssea
e conexao protética ainda nao foram avaliados na restauracao implantossuportada. A
analise de elementos finitos foi aplicada para a simulacdo numérica da tenséo gerada
e da micro-distorcdo em restauracfes unitarias implantossuportadas. Dois modelos
de implantes (13 x 3,75 mm) contendo hexagono externo ou conexao cone Morse
foram simulados. Ambos os abutments receberam diferentes coroas aparafusadas
(resina acrilica, cromo-cobalto, metaloceramica ou ceramica pura). O tecido do
substrato foi simulado em dois niveis utilizando resina de poliuretano (nivel 6sseo e
perda 6ssea de 5 mm). Uma carga de 300 N foi aplicada na superficie oclusal. Os
resultados foram analisados usando o estresse de von-Mises e 0s critérios de micro
deformacdo. Os resultados mostraram que nao ha diferenca quanto a conexao
protética para as tensdes e deformacdes geradas. Os diferentes materiais
restauradores também nao influenciaram a resposta mecanica éssea. No entanto, a
condicdo de perda 6ssea aumentou a magnitude do estresse e da deformacao para
todos os modelos. Em conclusédo, considerando apenas o modelo e as condi¢cbes
atuais, o tecido perimplantar ndo € mecanicamente sensivel aos diferentes materiais
da coroa ou conexdo protética. Consequentemente, a perda 6ssea aumenta a
magnitude do estresse e da tensao; portanto, a perda 6ssea tem um efeito deletério
no sistema e deve ser controlada clinicamente.

Palavras-chave: Andlise de elementos finitos. Implantes dentarios. Ceramica.
Biomecéanica. Estresse.

ABSTRACT

The evaluation of the biomechanical effect of different restorative material, bone height
and prosthetic connection have not been evaluated yet in the implant-supported
restoration. The finite elements analysis was applied for the numerical simulation of
the generated stress and the microstrain in unitary implant-supported restoration. Two
implant models (13 x 3.75 mm) containing external hexagon or Morse-taper connection
were simulated. Both abutments received different screw-retained crowns (acrylic
resin, cobalt-chrome, metal-ceramic or all-ceramic). The substrate tissue was
simulated in two levels using polyurethane resin (bone level and 5 mm bone loss). A
load of 300 N was applied on the occlusal surface. Results were analyzed using von-
Mises stress and microstrain criteria. Results showed that there is no difference

*Artigo elaborado de acordo com as normas do Periddico International Journal of Devolopment Research
(ISSN 2230-9926). Submetido em: 19/12/2020. Aceite em: 27/01/2021 e Publicado em: 28/02/2021.
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regarding the prosthetic connection for the generated stress and strain. The different
restorative materials also did not influenced the bone mechanical response. However,
bone loss condition increased the stress and strain magnitude for all models. In
conclusion, considering only the present model and conditions, the peri- implant tissue
is not mechanically sensitive to different crown materials or prosthetic connection.
Whereas, the bone loss increases the stress and strain magnitude; therefore, bone
loss has a deleterious effect on the system and should be clinically controlled.

Keywords: Finite element analysis. Dental implants. Ceramic. Biomechanics. Stress.



INTRODUCTION

Despite dental implants have high success rate, failures can occur that could
compromise the implant osseointegration, especially in unitary implant supported
restorations with overload condition (Albrektsson et al., 1986; Frost et al., 2004, Tribst
et., al 2017, Datte et al., 2018). In addition to the occlusal overload, the restorative
material play an important role on the treatment longevity (Alkan et al., 2004). A
systematic review (Pjetursson et al., 2007; Jung et al., 2008) reported a failure rate of
6.7% after 5 years for all-ceramic crowns. For these restorations, the most common
type of failure was the veneering ceramic chipping, which occurred in 4.5% of the
crowns. When used for posterior teeth, the 5-year survival rate for polycrystalline
ceramics crowns (94.8%) and reinforced glass-ceramic crowns (93.7%) were similar
to metal-ceramic crowns.

Over the last decade, the digital workflow for prosthesis manufacturing has
been increasingly encouraged (Lopes et al., 2019; Datte et al., 2020), allowing the
manufacturing of implant-supported restorations using different CAD/CAM (Computer
Aided Design/ Computer Aided Manufacturing) materials. A previous study reported
that milled cobalt-chrome alloy crowns exhibited superior retention in comparison to
temporary acrylic resin, titanium and polycrystalline crowns (Lopes et al., 2019).
However, the authors did not investigated the biomechanical response of the crowns.
In addition, the authors affirmed that, due to the variety of available luting agents, crown
materials, abutment designs, and milling parameters, continued effort is needed to
study implant-supported restorations.

Chose the restorative material is an important decision that can modify how
the chewing forces will be dissipated by the implant/bone tissue; and therefore, it can
compromise the treatment longevity when it is not properly planed. In addition, it has
been reported that different mechanical behavior and failure mode can occur when
using monolithic and bilayer prosthetic crowns (Archangelo et al. 2019a; 2019b).
Although, the influence of different restorative materials on the peri-implant tissue
microstrain is controversial in the literature. And, the association of restorative material
and bone height effect on the dental implants biomechanics has not been evaluated

yet.
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A previous literature review (Poggio et al., 2017) concluded that there is
insufficient evidence to support the effectiveness of metal-free restorations for the
prosthodontic treatment instead metal-ceramic restorations.

Other factors that can vary in the dental practice are the prosthetic connection
and the peri-implant tissue level. An in silico and in vitro study evaluating the peri-
implant microstrain, showed that there is no difference between dental implants with

external hexagon or Morse-taper prosthetic connection, regardless the bone level
(Datte et al., 2021). It has been reported that conical prosthetic connections can
prevent the bone crest resorption (Norton 2006); which may result in a better prognosis
compared to the external hexagon connection in some cases (Vinhas et al., 2011).
However, similar to the effect of crown materials, the mechanical benefit of different
prosthetic connections in terms of bone strain is a controversial topic in the literature.
Many studies show differences between implant systems mechanical response due to
the prosthetic connection, while other investigations show no difference between them
(Nishioka et al., 2009; Nishioka et al., 2011, Tribst et al., 2019a; Borges etal., 2020).
To analyze the dental implants mechanical response, the finite element method is
widely applied in dentistry (Tribst et al 2016, Rodrigues et al., 2017; Datte et al.,
2018). This numerical method consists on simulations of boundary conditions
(chewing loads and constrains) of representative models with known mechanical
properties of an oral condition (Trivedi 2014), offering predictability of events for further
in vivo or in vitro studies. Therefore, the aim of this study was to investigate the
biomechanical effect of crown material, bone height and prosthetic connection
combination on a posterior unitary implant-supported restoration, using the finite

element analysis.

MATERIALS AND METHODS

In the present study, a validated model was used (Datte et al., 2021). For that,
two different prosthetic regular implant connection models were exported to the
computer aided design software (CAD Rhinoceros version 4.0 SR8, McNeel North
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America, Seattle, WA, USA): a Morse-taper and an external hexagon (Titaoss® TM
cortical Intraoss®, SP, Brazil); both models were created according to the dimensions
offered by the manufacturer (3.75 x 13 mm). Next, the Morse-taper model received an
anatomic prosthetic solid abutment while the external hexagon received an UCLA
abutment. Both abutments received screw-retained crowns. The implant was inserted
at the center of a three-dimensional substrate model (40 x 40 x 20 mm). And, an
anatomic first upper molar was modeled, duplicated and positioned on each abutment
(Fig. 1).

Figure 1. Three-dimensional models according to different crown materials. A) Acrylic

resin. B) Cobalt-chrome. C) Metal-ceramic and D) All-ceramic crown.

To simulate the bone tissue, the polyurethane resin block was used. In
addition, 5 mm of bone loss has been simulated in half of the models totaling 4 clinical
situations (2 implant systems x 2 bone height levels). The mechanical properties of
each simulated material were summarized in table 1. The materials were assumed as

isotropic, linear, elastic and homogeneous.

Table 1: Mechanical properties of materials
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Material Elastic modulus Poisson Reference
(GPa) ratio
Titanium 110 0.33 Caglar et al., 2011
Polyurethane resin 3.6 0.30 Souza et al., 2015
Acrylic resin 2.7 0.30 Nagai et al., 2001
Cobalt-chrome Kayabasi et al.,
alloy 220 0.30 2006
veneering 69 0.26 Zhang et al., 2016
porcelain
Zirconia 218 0.30 Caglar et al., 2011

After the modelling process, the solid volumetric three-dimensional models
were exported to the analysis software (ANSYS 17.0, ANSYS Inc., Houston, TX, USA)
in STEP format. And, the contacts were considered bonded between all bodies. The
bottom surface of the polyurethane block has been fixed and an axial load (300 N) was
applied in the center of the crown (Nishioka et al., 2009; Nishioka et al., 2015; Tribst
et al., 2018a). Tetrahedral elements (Fig. 2) formed the mesh (754.936 nodes with
440.893 elements) and the results were obtained in von-Mises stress for implants and

microstrain for peri-implant tissue.

Figure 2. Meshing subdivision performed for the finite element analysis
according to the bone level. A) Without bone loss and B) 5 mm of bone loss for both

implant systems.
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RESULTS

Table 2 summarizes the group’s distribution and stress peak values.

Table 2. Group’s distribution, stress peaks and strain peaks according to the crown

material, prosthetic connection and bone height.

Model Crown Prosthetic Bone Stress Strain
material connection height peak peak
(MPa)
EH.0.AC All-ceramic External Bone level 109 144
Hexagon
MT.0.AC Morse taper 108 145
EH.05.AC External 5.0 mm 172 360
Hexagon bone loss
MT.05.AC Morse taper 169 361
EH.0.MC Metal- External Bone level 111 145
ceramic Hexagon
MT.0.MC Morse taper 113 143
EH.05.MC External 5.0 mm 174 362
Hexagon bone loss
MT.05.MC Morse taper 172 360
EH.0.M Metal alloy External Bone level 111 146
(Cobalt- Hexagon
MT.0.M crome)  \Morse taper 114 145
EH.05.M External 5.0 mm 175 360
Hexagon bone loss
MT.05.M Morse taper 172 361
EH.0.AR Acrylic External Bone level 116 145
resin Hexagon
MT.0.AR Morse taper 119 144
EH.05.AR External 5.0 mm 178 362
Hexagon bone loss
MT.05.AR Morse taper 179 360




According to the finite element analysis it was possible to observe a similar

stress trend for all models (Fig. 3). For the Von-Mises stress in each model, the
qualitative comparison showed a higher stress concentration in the models with bone
loss in comparison with bone level situation. Regarding the different implant
connections, it is not possible to observe visible differences in the stress concentration
in the titanium threads comparing models with the same peri-implant tissue level. In
addition, all models showed more prone to failure as the bone level reduces. For the
implant thread, the restorative materials showed no influence in the stress
concentration during the chewing load incidence. However, the prosthetic platform
stress concentration was affected by the restorative material. The lower the restorative
material elastic modulus the higher the stress concentration in the platform, with a more
visible effect for the external hexagon models in comparison with the Morse-taper one.
For the bone mechanical behavior, two different regions were observed with
colorimetric maps (Figs. 4 and 5): the cervical region in figure 4 and the apical region,
using the sectioned plane in figure 5. The highest magnitude of strain occurred in the
cervical region regardless the prosthetic connection, bone height and restorative
material. The restorative material and prosthetic connection were not able to modify
the bone mechanical response in comparison to the bone height. There is a very similar
strain pattern between Morse-taper and external hexagon implants with no difference
in terms of strain peaks between both systems. Regardless the simulated clinical
protocol, when a bone loss was considered, there was an increase in the stress and

strain magnitudes.
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Figure 3. Von-Mises stress maps according to each simulated model. In the first row,
A) EH.0.AC, B) MT.0.AC, C) EH.05.AC, D) MT.05.AC, E) EH.0.MC, F) MT.0.MC, G)
EH.05.MC, H) MT.05.MC, I) EH.0.M, J) MT.0.M, K) EH.05.M, L) MT.05.M, M) EH.0.AR,
N) MT.0.AR, O) EH.05.AR and P) MT.05.AR
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Microstrain maps (section plane view) according to each simulated model. In the first
row, A) EH.0.AC, B) MT.0.AC, C) EH.05.AC, D) MT.05.AC, E) EH.0.MC,F) MT.0.MC,
G) EH.05.MC, H) MT.05.MC, I) EH.0.M, J) MT.0.M, K) EH.05.M, L) MT.05.M, M)
EH.0.AR, N) MT.0.AR, O) EH.05.AR and P) MT.05.AR

DISCUSSION

The aim of this study was to investigate the biomechanical effect of crown
material, bone height and prosthetic connection combination on a posterior unitary
implant-supported restoration, using the finite element analysis.

Results showed that crowns in different materials are not able to generate

different stresses and microstrains in the implant and in the peri-implant, corroborating
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with previous studies (Datte et al., 2018; Hamza et al., 2019; Tribst et al., 2019b;
Mendes Tribst et al., 2020). In addition, the prosthetic connection also did not modify
the bone mechanical response as demonstrated by previous in vitro and in silico
reports (Nishioka et al., 2009; Nishioka et al., 2011; Tribst et al., 2019a). The only factor
simulated in this study able to negatively affect the microstrain values was the bone
height. Since, the magnitude of the peri-implant strain and implant stress were higher
when the bone loss was considered. This information is also in agreement with
previous investigations that evaluated the peri-implant bone loss effect in the
mechanical response (Bozkaya et al., 2004; Tsouknidas et al., 2015).

The effect of different types of frameworks on the survival probability of crowns
in acrylic resin has been evaluated (Rodrigues et. al, (2020). The authors showed that
the crowns with a framework with low elastic modulus had reduced fatigue resistance
compared to a crown with a rigid framework. The present study complement this
finding, showing that the all-ceramic crown (with a more rigid framework in zirconia)
presents similar mechanical behavior in comparison to a bilayer crown with a less rigid
framework (metal-ceramic), when evaluating the bone tissue behavior.

A previous study using finite element analysis, investigated five different
restorative materials for an implant-supported crown (Kaleli et. al, 2018). The crown
elastic modulus ranged from 3.5 to 210 GPa in different CAD/CAM materials. The
authors revealed that all restorative materials and abutment materials had similar
biomechanical behavior in terms of stress distribution in the implants and in the peri-
implant bone (Kaleli et. al, 2018). The authors justify this behavior because the energy
transferred to the implant/bone interface first passes through the abutment/implant
interface; however, the amount of energy in the implant and in the bone is still the same
(Kaleli et. al, 2018). The present study corroborates with this explanation, showing that
despite the difference in the elastic modulus and composition of the restorative
materials, the stress and strain peaks were not quite different.

A previous study evaluated implant-supported crowns in gold, lithium disilicate
and zirconia using FEA (El-Anwar et al., 2014). Opposite to the results of the present
study, the authors concluded that crown material with low elastic modulus reduces the
stresses generated on the jaw bone. However, the qualitative or quantitative results for
the bone were not reported in the manuscript, except to zirconia crown (El-Anwar et

al., 2015). Therefore, the comparison with the present results are not directly possible.

50



Another investigation using the same zirconia crown model reported better load
distribution in comparison with lithium disilicate (EI-Anwar 2015). However, the authors
also reported in both studies that all tested materials are safe to the patients. Thus, the
present study corroborates with both previous studies findings, showing that all
evaluated materials can be considered as safe options to the bone tissue.

Other study used the digital image correlation method to study the strain
behavior of different crown materials (Tanasic et al., 2019). The authors found that
zirconia had the maximum strain (nearby 383 microstrain), which presented a
magnitude value near the calculated in the present study for the bone loss model.

Using in vitro fracture load test and finite element method, a previous report
concluded that monolithic restorations reduced the stress concentration in the implant
and in the bone (Yegin & Atala, 2020). However, the reported difference was only 0.291
MPa for the implants and 0.336 MPa for the bone. In the present study, these values
were not considered different since they are below 10% of the total amount of stress
magnitude.

In agreement with the present study, a previous investigation concluded that
bone tissue was insensitive to crown and cement materials (Hamza et al., 2019).
Therefore, the success rate for different crown materials reported in literature can be
explained by the absence of deleterious effect in bone tissue (Larsson 2014;
Spitznagel 2018).

The Wolff’s law relates to the response of bone to mechanical stimulation and
states that bony adaptation will occur in response to a repeated load via sophisticated
mechanotransduction mechanisms (Frost 1994, Frost 2004). This theory allows the
assumption that values above 3,000 microstrains would represent the onset of bone
resorption generated by overload (Vasconcellos et al., 2011; Tribst et al., 2018).
However none of the evaluated simulations demonstrated microstrain magnitude that
can suggest an unwanted bone remodeling. This behavior was also demonstrated in
previous studies that have evaluated different implant-supported restorations
parameters.

Regarding the bone loss, the present study simulated 5 mm of bone loss in
half of the models. Considering an annual bone resorption of 0.2 mm, 10 years of
uncontrolled bone loss will occurs (Jemt & Book 1996). A previous study indicated that

bone loss occurs in the neck of the implant, because the stress concentration in the
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crestal bone is higher in this region; which increases the bone remodeling (Merdji et
al., 2020, Bing et al., 2020). Despite the deleterious effect of bone loss in modify the
mechanical response of the peri-implant tissue, the use of different restorative
materials seems not to be an option to reduce it, since there is no difference between
the evaluated materials with and without bone loss.

This current finite element analysis study also corroborates the study in which
bone loss influenced stress and strain in bone tissue, implants and prosthetic
components. Biomechanical behavior worsened with increased bone loss (Lemos et
al., 2020).

As study limitations, it is important to note that the patients who have
parafunctions can present a different mechanical response with higher occlusal loads
and non-axial loading incidence (de Vasconcellos et al., 2013; Tribst et al., 2020). In
addition, all the interfaces between the different geometries were assumed to be fully
bonded in the models and the crowns present a perfect interface, which does not
occurs in vitro (Nishioka et al., 2010). Until now the restorative material selection
should be performed by the clinicians focusing in different aspects of the treatment
longevity, e.g. the wear rate, abrasion to the antagonist tooth, esthetics mismatch and

stress in the crown itself instead the bone and implant mechanical response.

CONCLUSION

Within the limitations of this study, the following conclusion can be drawn:

The peri-implant tissue is not mechanically sensitive to different crown
materials or prosthetic connection. Whereas, the bone loss increases the stress and
strain magnitude; therefore, bone loss has a deleterious effect on the system and

should be clinically controlled.
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2.3 Artigo — Datte CE, Datte FB, Rodrigues VA, Borges ALS, Campos JF, Nishioka
RS. Efeito Biomecanico de Dois Sistemas de Implante com Diferentes Alturas
Osseas Sob Condig6es de Carregamento Axial e Ndo-Axial / Biomechanics
effect of Two Implant System with Different Bone Height under Axial and Non-

Axial Loading Conditions *

RESUMO

O objetivo deste presente estudo in silico foi avaliar a influéncia das cargas axiais e
nao axiais em implantes unitarios, com hexagono externo ou conexao cone-Morse em
dois niveis 0sseos distintos, utilizando analise por elementos finitos. Dois modelos de
implantes com o mesmo comprimento (13 x 3,75 mm) foram analisados de acordo
com a conexao protética (hexagono externo ou cone-Morse) e a altura do osso (nivel
0sseo ou 5 mm de perda 6ssea). Ambos 0s sistemas de implantes receberam coroas
metélicas aparafusadas em cromo-cobalto. O tecido peri-implantar foi simulado como
um material isotrépico (resina de poliuretano). O bloco de poliuretano foi fixado e uma
carga de 300 N foi aplicada na superficie oclusal em duas direc6es diferentes (Axial
ou Ndao-axial) para cada modelo de implante e condicdo 6ssea. Os resultados foram
analisados em termos de tensdo de von-Mises e microdeformacao 6ssea. Os
materiais foram considerados isotrépicos, homogéneos, lineares e elasticos. Os
resultados mostraram que ndo ha diferenca quanto a conexdo protética para as
tensdes e deformacfes geradas sob a mesma incidéncia de carga. No entanto, a
perda 6ssea e as cargas ndo axiais aumentaram a magnitude da tensdo e da
deformacédo, independentemente das conexdes protéticas. Concluindo, a incidéncia
de carga é mais propensa a modificar a tensdo do implante e a microdeformacéo
0ssea do que a conexao protética. Além disso, quanto maior a perda éssea, maior a
magnitude da tenséo e da deformacéo geradas, independentemente da condicao de
carregamento.

Palavras-chave: Analise por elementos finitos. Implantes dentéarios. Peri-implantite.
Tenséo.

ABSTRACT

The objective of this current in silico study was to evaluate the influence of axial and
non-axial loads on unitary implant-supported implants, with external hexagon or
Morse-taper connection in two different bone level, using finite element analysis. Two
implant models with the same length (13 x 3.75 mm) were analyzed according to the
prosthetic connection (external hexagon or morse Taper) and bone height (bone level
or 5 mm of bone loss). Both implant systems received screw-retained metallic crowns
in chromium-cobalt. The peri-implant tissue was simulated as an isotropic material

*Artigo elaborado de acordo com as normas do Periédico Journal of Research and Knowedge Spreading
(ISSN 2675-8229). Submetido em: 10/01/2021. Aceite em: 19/02/2021 e Publicado em: 27/02/2021.
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(polyurethane resin). The polyurethane block has been fixed and a load of 300 N was
applied on the occlusal surface in two different directions (Axial or Non-axial) for each
implant model and bone condition. The results were analyzed in terms of von-Mises
stress and bone microstrain. The materials were considered isotropic, homogeneous,
linear and elastic. The results showed that there is no difference regarding the
prosthetic connection for the generated stress and strain under the same load
incidence. However, bone loss and non-axial loadings increased the stress and strain
magnitude regardless the prosthetic connections. In conclusion, the load incidence is
more prone to modify the implant stress and bone microstrain than the prosthethic
connection. In addition, the higher the bone loss the higher the stress and strain
magnitude generated, regardless the loading condition.

Keywords: Finite element analysis. Dental implants. Peri-implantitis.Stress.

INTRODUCTION

During the treatment of partially edentulous patients, especially in the posterior
regions, some limitations can be found, such as reduce bone quality, bone volume as
well as the presence of the maxillary sinus or mandibular nerve (Albrektsson et al.,
1986; Ota-Tsuzuki eta I., 2011; de Carvalho Moreira et al., 2019). In addition, occlusal
loads applied to the implant-prosthesis-bone complex can be affected by several
factors, such as the number and position of implants, occlusal contacts, and load
direction (Nishioka et al., 2009a; Nishioka et al., 2011; Satnos et al., 2012; Tribst et al.,
2018a). These factors should be considered part of the treatment plan and sometimes
are part of the professional’s control (de Vasconcellos et al., 2013).

Regardless the clinical success of implant-supported restorations, it should be
proposed a safe and effective treatment to reduce the potential risk for occlusal
overload during the chewing function. Depending on the occlusal contact, 2 types of
loads can be generated: axial and non-axial with a bending moment (de Vasconcellos
et al., 2013; Vasconcellos et al., 2011). The axial load is more present and favorable
to the implant and bone, whereas the non-axial load promotes high stress and strain
in the implant as well as in the bone (Tribst et al., 2018b).

According to bone response, the levels of stress and strain induced in the bone
may determine resorption or not of the peri-implant bone tissue (Frost 1994; Souza et

al., 2013; Nishioka et al., 2016; Datte et al., 2018). However, sometimes biological
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factors e.g. response to peri-implantitis can generate bone loss around the
osseointegrated implants (Tercanli Alkis & Turker, 2019). In this sense, the effect of
axial and non-axial loads in implant supported restorations with bone loss has not been
investigated yet in literature.

Another factor that can be controlled by the dentist during the treatment plan
is the selection of the most appropriate implant system (de Vasconcellos et al., 2015;
Tribst et al., 2017a; Tribst et al., 2019a). There are several types of implants system
available that can be used for the same clinical situation (Nishioka et al., 2009b;
Nishioka et al, 2011; Nishioka et al., 2016). However, the use of morse-taper or
external hexagon prosthetic connections are usually the most common options. The
literature is controversial in terms of mechanical differences of both connections to the
bone tissue microstrain (Nishioka et al, 2011; Tribst et al., 2019a), and therefore its
association with different bone height and loadings cancontribute to the scientific
literature and assist the dentist in select the most promising system.

The objective of this current in silico study was to evaluate the influence of
axial and non-axial loads on unitary implant-supported implants, with external hexagon
or Morse-taper connection in bone level or with bone loss of 5 mm, using finite element

analysis.

METHODOLOGY

Two different implant connection models were simulated in the present study:
a regular morse taper and an external hexagon (Titaoss® TM cortical Intraoss®, SP,
Brazil); both created according to the manufacturer’s dimensions (3.75 x 13 mm) using
CAD (Computer Aided Design) software (Version 4.0 SR8, McNeel North America,
Seattle, WA, USA). Next, the morse taper model received an anatomic prosthetic solid
abutment (0.8 mm) and the external hexagon received an UCLA abutment (4.1 mm).
Both abutments indicated for screw-retained fixed prosthesis. The implant was inserted
at the center of a three-dimensional bone model (40 x 40 x 20 mm) with 3 mm of
exposed threads. An anatomic first upper molar was modeled, duplicated and

positioned on each abutment (Figure 1).
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Figure 1. Three-dimensional model used in the present study.
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Source: Datte et al., 2021

To simulate an isotropic substrate, a polyurethane resin block was used to
receive the implants. In addition, 5 mm of bone loss has been simulated in half of the
models totaling 4 clinical situations (2 implant systems x 2 bone height levels). The
mechanical properties of polyurethane and the simulated materials were summarized
in table 1.

Table 2. Models distribution according to the different parameters

Material Elastic modulus Poisson Ratio Reference
Titanium 110 0.30 Schwitalla et al., 2015
Polyurethane 3.6 0.30 Firmino et al., 2020
Co-Cr 220 0.30 Kayabasg! et al., 2006

The materials were assumed as isotropic, linear, elastic and homogeneous.
After the modelling process, the solid volumetric three-dimensional models were
exported to the analysis software (ANSYS 17.0, ANSYS Inc., Houston, TX, USA) in
STEP format. The contacts were considered bonded between all bodies. The models

distribution are summarized in table 2.



Table 2. Models distribution according to the different parameters
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Model name Implant system Loading Position
EH.ONA Bone level
Non-axial
EH.5NA External Hexagon Bone loss
EH.0A Implant Bone level
Axial
EH.5A Bone loss
MT.ONA Bone level
Non-axial
MT.5NA Morse-taper Bone loss
MT.0A implant Bone level
Axial
MT.5A Bone loss
Notes.

The fixation was defined on the bottom surface of the polyurethane block and

the load was defined in two different moments (Axial and Non-axial) applied in the

center of the crown (Figure 2).
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Figure 2. Loading conditions simulated in the present study.A) Axial load and B) Non-

axial load in 45°.

z

L.

10,000 (mm)

Source: Datte et al., 2021

Tetrahedral elements (Figure 3) formed the mesh (754.936 nodes with 440.893
elements) and the results were obtained in von-misses stress for metallic solids and

microstrain for peri-implant tissue.

Figure 3. Mesh performed for the finite element analysis.

Source: Datte et al., 2021
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RESULTS

For the Von-Mises stress in each model, a qualitative comparison showed a
stress increase in the models with bone loss when compared to bone level ones
(Figure 4).

Figure 4. Von-Mises stress maps for each model.A) EH.ONA, B) MT.ONA, C)
EH.5NA, D) MT.5NA, E) EH.0A, F) MT.0A, G) EH.5A, H) MT.5A
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According to the implant connection, it is not possible to note visible differences
in the stress concentration in the titanium implant. The difference between both implant
systems is visible in the prosthetic screw region, with highest stress magnitude in the
external hexagon screw neck. No difference was reported between models (10%) with

similar bone height for the microstrain (Figures 5 and 6).

Figure 5. Sagital view of the microstrain maps for each model. A) EH.0A, B) MT.0A,
C) EH.5A, D) MT.5A, E) EH.ONA, F) MT.ONA, G) EH.5NA, H) MT.5NA
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Source: Datte et al., 2021

For the apical and cervical regions of the set, the factor “bone loss” was
significant; showing that for the mechanical response, the peri-implant tissue

maintenance was more important than the implant connection itself.



Figure 6. Sagital view of the microstrain maps for each model. A) EH.0A, B) MT.0A,
C) EH.5A, D)MT.5A, E) EH.ONA, F) MT.ONA, G) EH.5NA, H)MT.5NA
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Source: Datte et al., 2021

DISCUSSION

The present study aimed to evaluate, in silico the stress distribution and strain
of unitary implant-supported restorations with two prosthetic connections, bone heights
and loading condition. The results showed that there was no difference between the
external hexagon and Morse taper system, regardless the bone level. However, there

was higher strain in the cervical and apical regions in the models with bone loss and

non-axial loadings condition.

In addition to bone strain, it was observed in the numerical results that,
regardless the implant system, a lower stress in the implant and in the screw when
there is no bone loss, which corroborates with previous studies that have evaluated

bone loss in dental implants (Linetskiy et al., 2017; Tribst et al., 2017b; Lemos et al.,

2021).
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In this study, polyurethane was used as an implant fixation substrate because it
is widely used as a bone tissue simulator material in laboratory studies (Nishioka et al.,
2010; Miyashiro et al., 2011; Rodrigues et al., 2017; Rodrigues et al., 2018). Bone
structures have predictable behavior in front of a stimulus, as it has been defined that
a normal mechanical stimulus results in preservation of bone tissue (Frost 1994).
Values considered low can lead to reabsorption due to disuse, and exacerbated values
can lead to remodeling disorganization, which causes irreversible damage on the bone
structure (Mendes Tribst et al., 2020). Thee bone quality is an important factor in the
effectiveness of treatment with dental implants (Nishioka & Souza 2009). Despite the
surrounding peri-implant tissue does not constitute a homogeneous substrate, in vitro
studies have been simulated its behavior with homogeneous and isotropic materials
(Nishioka et al., 2009a, Nishioka et al., 2016; Tribst et a., 2018). In this sense, the
present study followed the same approach using a previous validated material to
standardize the model’s mechanical behavior. However different bone quality and
types can modify the mechanical response reported herein and the clinical

extrapolation should be carefully performed (Lemos et al., 2021).

A previous investigation reported that the occlusal load of patients with implant-
supported restorations are nearby 293.2 + 98.3 N for posterior regions (Mericske-Stern
et al., 1995). In this study, a load of 30 kgf was used, equivalent to approximately 294
N, applied through the Load Application Device (Nishioka et al., 2015), following
previous studies with similar methods (Nishioka et al., 2016; Rodrigues et al., 2018;
Tribst et al., 2018b; Tribst et al., 2018c; Tribst et al., 2019b).

The annual amount of bone loss less than 0.2 mm following the first year of
implant service is recommended as one of the criteria for implant success (Albrektsson
et al., 1986). Therefore, the present study simulated an aggressive condition with 5
mm of bone loss. According to the literature, the reduction in the bone height would
jeopardize implant longevity (Linetskiy et al., 2017). The present study corroborates
with that showing a similar mechanical behavior regardless the implant system. In
addition, the results complement is suggesting that, if non-axial loads are present the
bone loss will be a more problematic factor to the implant treatment.

A previous study reported that implants with excessive bone loss (3.0-mm or

4.5-mm bone loss), the stress and strain can be 2 to 3 times higher than that in implants
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without bone loss (Lemos et al., 2021). The present study corroborates with this
statement showing that the values ranged between and regardless the prosthetic
connection. It was also reported that progressive marginal bone loss directly affects
the biomechanical characteristics of the implant wall and fixation screw, mainly in
external connection implants under oblique loading (Lemos et al., 2021). The present
study corroborates with that in terms of bone loss, howeverboth external hexagon and

morse-taper implant system are more prone to failure with the bone loss.

A previous study using finite element method reported that the peri-implant bone
resorption may be higher in the buccal and palatal regions (Tercanli Alkis & Turker,
2019). It can be expected by the lowed volume of bone tissue in comparison with
mesial and distal regions. The present study showed a very similar strain trend in the
bone tissue with axial load condition, however when the non-axial load was applied the

buccal region showed higher strain magnitude.

According to previous numerical simulation, the critical values of microstrain
were found when the inserted portion was smaller than the exposed portion (Tribst et
al., 2017b). In this study the implants have 13 mm of height and 5 mm of bone loss in
the worst situation, allowing more than 50% of the implant remains osseointegrated,
and therefore requesting a follow-up by the dentist. However, when bone loss is
present, the contact points and cusp angles should be modified and adjusted in order
to keep the chewing load the most axial possible to avoid the deleterious effect of non-

axial loadings condition.

It is important to note that the finite element analysis is an ideal condition that
uses perfectly bonded contacts that cannot be clinically reproduced (Wandscher et al.,
2015; Trisbt et al., 2017a; Lopes et al., 2019). In addition, the processing method using
castable or machined abutments can modify the vertical misfit and therefore the

prosthesis longevity (Rodrigues et al., 2017).
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CONCLUSION

Despite the limitations of this study, the results demonstrated that the load
incidence is more prone to modify the implant stress and bone microstrain than the
prosthetic connection. In addition, the higher the bone loss the higher the stress and

strain magnitude generated, regardless the loading condition.
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3 CONSIDERACOES GERAIS

Gracas a disposicdo de diversas conexfes de implantes dentarios torna a
odontologia e mais ainda a implantodontia, capaz de recuperar elementos perdidos
mesmo nas situacdes mais adversas de disponibilidade 6ssea. Essa quantidade de
variacOes possiveis para se alcancar o resultado da prétese em boca nem sempre
segue critérios positivos para longevidade do tratamento, uma vez que dependendo
do planejamento clinico e da escolha ideal para caso a ser estabelecido, respostodera
bioldbgicamente positivamente ou negativamente.

Diversas sdo as complicacdes existentes, o foco desse estudo aqui descrito
se ateve a sobrecarga oclusal gerada pela dissipacdo agressiva das tensodes
compressivas, devido a influéncia de diferentes conexdes dos implantes e
compresenca de perda 6ssea em implantes unitarios. A literatura ja relata a influéncia
de implantes cbnicos terem melhores resultados que os de plataforma externa.

Neste estudo, através da andlise por elementos finitos e através da
extensometria que a utilizacédo de dois tipos de conexdes, Cone morse e Hexagono
externo , nao tiverem diferencas significativas, descrito no primeiro artigo, e em termos
de diferentes possiveis materiais restauradores em serem capazes de alterar o
comportamento nos dois sistemas de conexdes foi analisado ,em in silico, no segundo
artigo e no terceiro artigo realizado foi aplicado uma carga axial e outra nao axial (45°)
em que foi possivel verificar que estas cargas nao axiais sdo mais capazes de
modificar a tensdo do implante e a microdeformacédo 6ssea e que quanto maior a
perda 6ssea maior sera sua magnitude.

Portanto, a partir dos resultados encontrados neste estudo, é possivel dizer
que a utilizacao de diferentes sistemas de conexdo, diferentes materiais
restauradores nao interferira mecanicamente no aumento da perdas 6ssea ou de uma
possivel perda da osseointegracao. No entanto, sdo necessarios estudos com
variacdes de diferentes regides da maxilla e da mandibula, utilizando diferentes
materiaisrestauradores diferentes e até analises in vivo para definir de fato se esta

indicacdoé viavel ou néo.
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APENDICE A - Teste in vitro: Extensémetria

Figura 1. Confeccdo das amostras

Legenda: A) Perfuracdo do bloco; B) Blocos perfurados
Fonte: Elaborada pelo autor

Figura 2. Analise de Extensiometria

Legenda: A méquinaide ensaio MTS; B) Aplicacao de forga axial na coroa protética; C) Grafico dos
resultados do strain gauges
Fonte: Elaborada pelo autor
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