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RESUMO

A osteoporose é uma doenca metabodlica que leva a perda mineral e mudancas
estruturais do tecido 6sseo com efeitos adversos em sua resisténcia podendo
provocar a ocorréncia de fraturas e/ou alteracdo na capacidade reparadora do 0sso.
O Ranelato de Estroncio (REs) € um medicamento utilizado no tratamento da
osteoporose devido a suas caracteristicas duais de diminuicdo da reabsorcéo 6ssea,
e aumento da diferenciacdo osteoblastica. Sua administracdo sistémica aumenta a
resisténcia 0ssea e diminui a ocorréncia de fraturas e, nos ossos maxilares, melhora
a condicao Ossea para as técnicas de instalacdo de implantes end6sseos. O objetivo
do presente estudo foi avaliar o efeito da aplicacdo topica do REs na
osseointegracdo de implantes instalados na tibia de ratas com e sem osteoporose
induzida. Para tanto, 42 ratas adultas foram divididas em 6 grupos experimentais
com sete animais em cada grupo: Grupos controle: G1 - ratas saudaveis (S), G2
ratas saudaveis com aplicacdo de membrana de coldgeno com gel Carbopol
(SMCC), G3 ratas saudaveis com aplicacdo de membrana de coldgeno com gel de
REs a 1% (SMCR). Grupos Teste, G4 ratas com osteoporose induzida (O), G5 ratas
com osteoporose induzida e aplicacdo de membrana de coldgeno com gel Carbopol
(OMCC), G6 ratas com osteoporose induzida com aplicacdo de membrana de
colageno e gel REs a 1% (OMCR). Todos os animais receberam a instalacdo de um
parafuso de Titanio na tibia esquerda. Apés 28 dias os animais foram sacrificados,
as tibias recuperadas e a forca de contra-torque (FCT) necessario para remocédo dos
implantes do tecido 6sseo imediatamentemensurada.. Pode-se demonstrar que a
aplicacao topica do Ranelato de Estroncio aumentou de forma significativa (P<
0,001) a forca de contra torque necessdria para o rompimento da interface
osso/implante tanto nos grupos de animais saudaveis quanto naqueles com

osteoporose induzida.

Palavras-chave: Ranelato de estrdncio. Reparo 6sseo. Osteoporose quimicamente

induzida. Defeito 6sseo.



ABSTRACT

Osteoporosis is a metabolic disorder that leads to mineral loss and structural
changes of bone tissue with adverse effects on their resistance may cause the
occurrence of fractures and / or change in the restorative capacity of the bone. The
Strontium ranelate (RES) is a medicine used to treat osteoporosis because of its dual
characteristics of decreased bone resorption, and increased osteoblastic
differentiation. Its systemic administration increases bone strength and decrease the
occurrence of fractures and jaw bones, improves bone condition for the endosseous
implant placement techniques. The aim of this study was to evaluate the effect of
topical application of REs in osseointegration of implants installed in the tibia of rats
with induced osteoporosis. For this purpose, 42 adult female rats were divided into 6
groups: control groups: G1 - healthy rats (S), G2 healthy rats with collagen
membrane application with Carbopol gel (SMCC), G3 healthy rats with collagen
membrane application gel REs 1% (SMCR). Groups Test, G4 rats with induced
osteoporosis (O), G5 rats with induced osteoporosis and application of collagen
membrane with Carbopol gel (OMCC), G6 rats with osteoporosis induced with
collagen membrane application and gel REs 1% (OMCR). All animals received the
installation of a titanium screw in the left tibia. After 28 days the animals were
sacrificed, tibia recovered, and measures to counter-torque (FCT) necessary for
removal of bone tissue implant measured immediately. It can be shown that topical
application of Strontium ranelate increased significantly (P < 0.001) against the force
of torque necessary to break the bone / implant interface in both healthy animals in

groups as with induced osteoporosis.

Keywords: Strontium ranelate. Bone repair. Chemically induced osteoporosis. Bone

defect.



LISTA DE ABREVIATURAS

S — Saudaveis

SMCC - Saudaveis com aplicacdo de membrana de colageno com gel de carbopol
SMCR - Saudéaveis com aplicagdo de membrana de coldgeno com gel de Ranelato
de estroncio a 1%

O — Osteoporose

OMCC - Osteoporose com aplicagdo de membrana de colageno com gel de
Carbopol

OMCR - Osteoporose com aplicacdo de membrana de coldgeno com gel de
Ranelato de estroncio a 1%

FCT — Forca de contra torque

PTH — Hormonio paratireoidiano

REs — Ranelato de estroncio

CaRs — Receptores sensiveis ao calcio extracelular

OVX — Ovariectomizadas

DMO - Densidade mineral ossea
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1 INTRODUCAO

Os implantes de titanio endosseos vieram ampliar as possibilidades de
tratamentos reabilitadores do edentulismo parcial ou total de forma estética e
funcional (BRANEMARK, 1983; ZARB, 1990). A osseointegracao foi definida como
sendo "uma ligagdo estrutural e funcional direta entre 0 0sso vivo ordenado e a
superficie de um implante submetido a carga funcional” (BRANEMARK, 1985).
Admite-se que osindices de sucesso com a terapia de implantes sdo dependentes
de vérios fatores comoa idade, a qualidade 6ssea e o tempo de implantacdo
(BERGLUNDH; PERSSON; KLINGE, 2002; ROMANOS et al., 2010) além disso
caracteristicas como o desenho do implante,otipo de superficie e a técnica cirargica
atraumatica (BRANEMARK et al., 1985).

O tecido 0sseo €é constituido porconjuntivo especializado que apresenta uma
matriz organica mineralizada constituida de fibras colagenas, proteinas
proteoglicanas e proteinas ndo colagenosas. Possui, também, uma abundante
matriz extracelular mineralizada constituida principalmente por cristais de
hidroxiapatita (YAMOTO; FURUYA; HANADA, 2002). As células responséaveis pela
remodelacdo 6ssea sdo 0s osteoblastos, que realizam sintese de colageno e outras
proteinas e fazem a deposicdo Ossea e 0s osteoclastos responsaveis pela
reabsorcdo 6ssea a partir da dissolucdo da estrutura 0ssea por acao enzimatica
(LONG, 2001).

A osteoporose é um distarbio multifatorial e progressivo do esqueleto
caracterizado por reducdo da massa Ossea e deterioracdo da microarquitectura. E
causada, dentre outros fatores, pelo decréscimo na secrecdo do estrégeno levando
a baixa qualidade do osso e aumentando o risco de fraturas (MARTIN; CORREA,
2010). A osteoporose afeta mais de 75 milhdes de pessoas na Europa, Japéo e os
Estados Unidos, com um risco estimado de fraturas ao redor 15%. Dados norte
americanos mostram que as fraturas devido a osteoporose sdo mais graves e letais
em 12 a 20% dos casos acarretando despesas médicas ao redor de dez bilhdes de
dolares/ano. No Brasil, ha escassez de dados referentes a populacdo acometida,
entretanto, estima-se que aproximadamente 10 milhdes de brasileiros sofram da
doenca (MEINAO et al., 1998; RENNO; DRIUSSO; FERREIRA, 2001).

O estrogeno tem papel fundamental no turnover 6sseo e sua deficiéncia afeta

0s osteoclastos e osteoblastos causando a reducdo da massa 0ssea incluindo os
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0ssos da maxila e mandibula. Embora a osteoporose ndo seja uma contra-indicacao
absoluta para a instalacdo de implantes diversos estudos demonstram que uma
piora na qualidade do osso receptor pode comprometer a estabilidade inicial do
implante ou mesmo a manutencdo da osseointegracdo caracterizando a presenca
da osteoporose como um complicador para as reabilitacdes bucais com implantes
(KRIBBS, 1990; DUARTE et al., 2003). Estudos em animais demostram que, nos
casos de osteoporose induzida por gllicocorticoides, o primeiro efeito parece ser o
da estimulacdo dos osteoclastos aumentando a reabsorcdo O0ssea e 0 segundo
alteracbes tanto na formacdo quanto na reabsorcdo 6ssea influindo assim na
velocidade do reparo 6sseo (WEINSTEIN et al., 1998, O'BRIEN et al., 2004, JIA et
al., 2006).

Na area médica, varias terapias medicamentosa sistémicas tem sido
estudadas visando a melhora na qualidade 6ssea na presenca da osteoporose a
partir da aplicacdo de substancias que inibem a reabsor¢do éssea, como no caso
dos Alendronatos, ou que aumentam a diferenciacdo osteoblastica, como no
emprego do hormoénio paratireoideano (PTH) ou mesmo substancias que
apresentam o efeito dual, ou seja, inibem a reabsorcéo e favorecem a neoformacao
0ssea sendo este 0 mecanismo de acdo do Ranelato de Estroncio (REs). Assim,
desde 2004, o REs foi aprovado para o tratamento da osteoporose em paises
europeus (NEUPREZ et al., 2008). Entretanto, seu uso ainda néo foi aprovado nos
Estados Unidos pela Food and Drugs Administration (FDA) (KYLLONEN et al.,
2015).

O Ranelato de Estrbéncio € constituido por dois &tomos de Estroncio estavel e
uma molécula de acido ranélico. Sendo um metal alcalino-terroso, o Estréncio possui
muitas semelhancas com o Célcio, como absorc¢éo intestinal, incorporacdo 0ssea e
eliminagdo renal (MEUNIER et al., 2004). O mecanismo de agédo do REs ainda nao
esta completamente compreendida, mas, tem sido sugerido, que a via de sinalizacao
através da qual a droga pode controlar a atividade dos osteoclastos € a ativagédo de
receptores sensiveis ao Célcio extracelular (CaRs). Assim, o Estroncio, ao interagir
com estes receptores de Calcio promovam a reducdo da reabsorcdo Ossea por
inducdo da apoptose dos osteoclastos (KAMEDA et al., 1998; KANATANI et al.,
1999). Por outro lado, os mecanismos moleculares no qual o REs promove o
aumento da replicacdo dos osteoblastos € resultado da interacdo dos ions de

Estroncio com os CaRs também presentes nos osteoblastos. Esta interagcdo tem
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como resultado a expressdo das proteinas-quinase de mitdégenos ativados para
células formadoras de o0sso resultando no aumento da replicacdo celular. Além
disso, uma acdo do REs via CaRs também resulta na diminuicdo da apoptose dos
osteoblastos (CHATTOPADHYAY et al., 2007; HURTEL-LEMAIRE et al., 2009).

Diversos estudos em humanos apresentam resultados positivos da terapia
com REs por via oral para o tratamento da osteoporose relatando, principalmente,
uma reducdo na prevaléncia de fraturas 0sseas do quadril e das vertebras (Quadro
1).

Estudos em animais mostraram que houve melhora na osseointegracdo de
implantes associado a administracdo via oral de REs (LI et al., 2010a; LI et al.,
2012).

Além de um efeito positivo na reparo de fratura em ratas ovariectomizados em
relacdo a qualidade e quantidade éssea do osso neoformado (HABERMANN et al.,
2010; LI YF et al., 2010). Mudancgas na microarquitetura 6ssea com um aumento da
resisténcia do tecido, diminuicdo da reabsorcdo e aumento da formacdo Ossea
também foram relatadas em ratas saudaveis submetidas a terapia oral com REs
(AMMAN et al., 2004 ; BOYD; SZABO; AMMANN, 2011).

Por outro lado, uma segunda via de aplicacdo tem sido descritos com a
utilizacdo de sistemas de liberacdo local através da incorporacdo do REs ao Titanio
(PARK et al., 2010; PARK et al., 2013, ANDERSEN et al., 2013) ou a cobertura de
hidroxiapatita que reveste a superficie dos alguns tipos de implantes (LI et al.,

2010b; FU et al., 2012) com efeitos positivos na osseointegracao.






Quadro 1: Estudos que ultilizaram o Ranelato de Estréncio em humanos e em animais.

(Continuacao...)

semestrelmente

Duracéo trés anos.

Estudos Objetivo Método de avaliagéo Via Administragcao\ Animal/ Resultado
Humanos/ in
Dose Empregada\ vitro
Duragéo
Meunier et al., 2002 | Avaliacao o efeito do DMO avaliada pela dupla | Oral Humanos > densidade mineral vertebral e
REs na reducéo de absorcao de raios-X e Os pacientes foram reducéo a incidéncia de fraturas
fraturas vertebrais marcadores bioquimicos | randomizados para vertebrais
do metabolismo 6sseo. receber placebo, 0,5 g, 1
0, 2 g de REs ao dia.
Reginster et al., Avaliar o efeito do REs | Método semi- quantitativo | Oral Humanos >reducdo significativa da
2002 em fraturas ndo- descrito por Genant. REs a2 g/diaou incidéncia de fraturas
vertebrais e vertebrais placebo . osteoporoéticas ndo-vertebrais,
Duracéo 5 anos incluindo fraturas de quadril e
fraturas vertebrais.
Avaliar a eficacia do | Radiografias  vertebrais | Oral Humanos Reducdo significativa no risco de
Meunier et al., 2004 | REs na prevencdo de | anualmente, DMO foram | REs 2g ao dia ou fraturas vertebrais
fraturas vertebrais realizadas a cada | placebo

21
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(Concluséo)

Estudos Objetivo Método de avaliagao Via Administragcao\ Animal/ Resultado
Dose Empregada Humanos/ in
vitro

Lietal, 2012 Avaliar  osseointegracéo | Histomorfometria, micro-CT e | Oral Animais >  osseointegracdo  dos
de implantes de titanio | teste biomecéanico. Grupo teste 625\kg\dia Ratas Wistar animais que receberam o
instalados em ratas REs.
osteoporoticas

Lietal., 2010a Avaliar diferentes Oral Animal O tratamento com REs
posologias do Res na Os blocos 06sseos com | Grupo OVX sem dose Ratas Wistar melhorou a fixagéo dos
osseointegracao de implantes foram avaliados com | Grupo OVX dose baixa - implantes revestidos com
implantes instalados na testes de push-out | 500mg\kg\dia hidroxiapatita em ratos
tibia. biomecénicas e micro -TC . Grupo OVX dose alta - OVX e > estabilidade do

1000mg\kg\dia implante no osso
osteoporotico.

Er et al., 2008 Avaliar a citotoxidade do G1 controle, e os teste | In vitro O REs ndo é citotoxico nas
REs nos fibroblastos do G2,G3,G4 e G5 com |Ligamento concentragdes ulitilizadas,
ligamento periodontal de concentragfes de 20,10,5 | periodontal
humanos. e 25 mg/ml de Res

respectivamente.

REs - Ranelato de Estroncio, micro TC - microtomografia computadorizada, DMO — densidade mineral 6ssea

Fonte: Elaborado pelo autor
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito da aplicacdo topica do gel do Ranelato de estréncio a 1%
incorporado a membrana de colageno no reparo 0sseo periimplantar de ratas com

osteoporose induzida.

2.2 Objetivos especificos

a) avaliar o nivel de osseointegracdo dos implantes a partir da medida da
forca de contra-torque necessaria para romper a interface osso/implante
em animais saudaveis;

b) avaliar o nivel de osseointegracdo dos implantes a partir da medida da
forca de contra-torque necessaria para romper a interface osso/implante
em animais com osteoporose quimicamente induzida;

c) avaliar o efeito da osteoporose quimicamente induzida nas variagdes de

peso dos animais.
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3 MATERIAL E METODOS
3.1 Desenho de estudo

Figure 1: Ensaio experimental em modelo animal

DELINEAMENTO DO EXPERIMENTO
FLUXOGRAMA

GRUPO TESTE

Aplicacdo corticoide (1 X semana)

semanas W

Aplicacdo soro fisiologico
(1 X semana)

GRUPO CONTROLE

Fonte: Elaborado pelo autor

3.2 Modelo experimental

Foram utilizadas ratas adultas Rattus norvegicus albinus: Wistar (n= 42) com
vinte semanas de vida, pesando entre 240 e 300g, provenientes do Biotério do

Instituto de Ciéncias Biologicas da PUC Minas.

3.3 Amostragem

A amostra, do tipo de conveniéncia, foi dividida em grupos com seis animais

cada alocados da seguinte maneira:

a) Grupo G1 (S) - animais saudaveis com instalacdo de implantes na tibia
esquerda somente;
b) Grupo G2 (SMCC) - animais saudaveis com instalacdo de implantes na

tibia esquerda assocoada amembrana de colageno + gel de carbopol,
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c) Grupo G3 (SMCR) - animais saudaveis com instalacdo de implantes na
tibia esquerda associada a membrana de colageno + gel de carbopol com
Ranelato de Estroncio a 1%;

d) Grupo G4 (O) - animais osteoporoticos com instalacdo de implantes na
tibia esquerda somente;

e) Grupo G5 (OMCC) - animais osteoporoéticos com instalacdo de implantes
na tibia esquerda associada a membrana de colageno + gel de carbopol,

f) Grupo G6 (OMCR) - animais osteoporoéticos com instalagcdo de implantes
na tibia esquerda associada a membrana de coldgeno + gel de carbopol e
Ranelato de Estroncio a 1%.

Os animais foram acondicionados, um por gaiola, no biotério do Instituto de
Ciéncias Biolégicas da Universidade Federal de Minas Gerais com apropriado
controle de temperatura e luminosidade e acesso ad libitum a agua e racdo. De
acordo com as normas do Comité de Etica em experimentacdo Animal (CEUA), os
animais receberam analgésicos, antiinflamatorios profilaticos e antibioticos na fase
pré e pbés operatéria do experimento.O presente trabalho teve a aprovacdo do
Comité de Etica em estudo com Animais da Universidade Federal de Minas Gerais
Protocolo n® 366/2015 (ANEXO A).

3.4 Inducédo da osteoporose

A osteoporose foi induzida seguindo-se o protocolo de Santos (2004), com
injecOes via intramuscular, de dexametasona (Azium Solugao®-Shering-Plough) na
dose de 7mg/Kg peso corporal, uma vez por semana, durante cinco semanas. Apos
as cinco semanas foi realizada a cirurgia.

Os grupos de animais que néo foram submetidos a inducédo de osteoporose
receberam injecdes de NaCl a 0,9%, na mesma via de administracdo e em intervalos

de aplicacdo e volume iguais aos do grupos teste.

3.5 Técnica cirurgica

Cinco semanas ap0s a inducdo da osteoporose, houve a pesagem. Para
adequacao da dose dos medicamentos, os animais foram anestesiados com injecao



27

intramuscular de uma combinacdo de sedativo e relaxante muscular, cloridrato de
xilazina 2% (10mg/Kg) e a base anestésica, cloridrato de Ketamina 10%
(70mg/Kg).No pré operatorio , 0s animais receberam uma dose de antiinflamatorio
de uso veterinario, Flunixina/ meglumina (Banamine injetavel pet), 1,1 mg/kg.

A limpeza e assepsia da area operada foi realizada com Digluconato de
Clorexidina a 2,0% (MANIFAR®) seguido da tricotomia da regiao do femur esquerdo
com laminas de aco inoxidavel e polittetrafluoretileno (GILLETTE®).

Foi realizada uma incisdo no sentido horizontal utilizando lamina de bisturi
namero n°15 (SOLIDOR®) sendo os musculos e demais tecidos afastados por
dissecacgéao romba.

ApOs a exposicao 6ssea foi preparado o leito receptor utilizando-se uma broca
(NEODENT®, Curitiba, Parana, Brasil) de 1,1mm de forma bicortical seguida da
broca de 1,3mm mm de diametro somente na cortical superior visando a
estabilizacdo priméaria do implante (GUIMARAES; OLIVEIRA; OLIVEIRA, 2011;
AIALA et al., 2013). Foi utilizado um contra-angulo 1:16 (KAVO®) e um motor de
implante (BLM 600 DRILLER®) na rotacdo de 600 RPM com irrigacdo constante e
abundante com solucdo de soro fisiol6gico estéril a rotacdes de 1000 RPM. Os
animais receberam parafusos autoroscantes do tipo usado em fixacdo de enxertos
0sseos, fabricados em titanio grau IV (NEODENT®, Curitiba, Parana, Brasil)
medindo 4 mm de comprimento e 1,5 mm de diametro na tibia esquerda. O implante
foi inserido através de chave manual (NEODENT®, Curitiba, Parana, Brasil) até que
a cabeca do mesmo tocasse 0 0Sso cortical e apresentasse estabilidade mecanica.

Os animais dos grupos G1 e G4 receberam apenas os implantes. Ja nos
animais dos grupos G2 e G5 os implantes foram associados a membrana de
colageno (Surgy Dry™) + gel de carbopol (Farmaquimica S.A., Rio Grande do Sul
Brasil) e nos grupos G3 e G6 os implantes foram associados a membrana de
colageno + gel de carbopol + Ranelato de Estroncio a 1% (BioX Corporation,
Ontario, Canada) .

A sutura foi realizada com fio de nylon 4-0 (Biosut Ltda., Belo Horizonte,
Minas Gerais, Brasil) utilizando-se pontos simples removidos ap0s sete dias.

Todos os animais receberam dose unica de antibiotico OXITETRACICLINA
(Terramicina — Pfizer) 25 mg/Kg por meio de inje¢do intramuscular e antiinflamatério

de uso veterinario, Flunixina/ meglumina (Banamine injetavel pet) 1,1 mg/kg logo
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apos a cirurgia. Todo o procedimento cirargico foi realizado respeitando as normas

de biossegurancga.

3.6 Preparacdo da membrana

A membrana de colageno (SurgyDry®) € uma matriz organica de colageno
tipo | polimerizado e purificado na sua forma Fibrilar (esponja ou filme) com
caracteristica hemostatica e de reabsorcado rapida. A membrana utilizada foi do tipo
esponja devido a sua maior capacidade de absorcéo. Esta foi recortada nas medidas
de 1X1cm e colocada em contato com 1mL do gel de Carbopol carregado ou nao
com o Ranelato de Estroncio por 2 minutos antes da insercéo no sitio cirdrgico.

Apoés o procedimento cirdrgico, os animais foram monitorados até o final do
efeito anestésico, garantindo o bem estar dos mesmos no pés operatério imediato.
ApGs as cirurgias, a fim de minimizar os possiveis traumas sobre as areas operadas,
os animais foram isolados, ficando um em cada gaiola. A 4gua foi renovada e as
gaiolas limpas, com detergente, alcool e hipoclorito de sédio diariamente, a fim de
garantir um ambiente limpo e seco durante toda a fase de cicatrizacao, até a data de
sacrificio dos ratos.

Ap6s28 dias da cirurgia os animais foram sacrificados com uma overdose
da associacdo de Ketamina (240mg/Kg) e Xilazina (45mg/Kg) e as tibias
recuperadas e limpas. As pecas foram imobilizadas em um torno de bancada de
maneira que permitisse a insercdo da chave perpendicular a cabeca do
parafuso. Medidas de contra-torque necessario para remocao dos implantes no
tecido 0sseo para avaliacdo do nivel de osseointegracdo foram imediatamente

auferidos com um torquimetro (Model NS-1200ATG, Tohnichi, Japao).

Figure 2: Preparo do leito receptor

—

Fonte: Elaborado pelo autor



Figure 3: Instalagdo do implante

- o

Fonte: Elaborado pelo autor

Figure 4: Colocagdo membrana

”

Fonte: Elaborado pelo autor

Figure 6: Imobilizacdo da peca

Fonte: Elaborado pelo autor
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Figure 7: Contra torque

Fonte: Elaborado pelo autor

3.7 Andlise estatistica

Os resultados foram testados em sua normalidade e homogeneidade da sua
variancia respectivamente pelos testes de Liliefors e Bartlett. As diferencas de
contra-torque e peso entre os grupos foram comparadas pelos teste T de Student,
Qui-quadrado e Mann-Whitney quando adequado. A unidade de andlise foi
individualmente por animal, sendo as diferencas consideradas significativas para
p<0.05. Todas as analises foram realizadas usando o software estatistico SPSS,
Version 14.0 for Windows, SPSS Inc., Chicago, IL, USA.
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ABSTRACT

Purpose: This study aimed to assess the effect of topical application of
strontium ranelate (SR) on the osseointegration of implants inserted into the tibia of
osteoporosis-induced female rats. Materials and methods: Forty-two adult female
rats were divided into 6 groups of seven animals each: G1 — healthy rats subjected to
implant installation only (H); G2 — healthy rats subjected to implant installation
associated with the application of a collagen membrane with Carbopol gel (HCMC);
G3 - healthy rats subjected to implant installation associated with a collagen
membrane with Carbopol gel and SR 1% (HCMSR); G4 — osteoporosis-induced rats
subjected to implant installation only (O); G5 — osteoporosis-induced rats subjected
to implant installation associated with a collagen membrane with Carbopol gel
(OCMC); and G6 — osteoporosis-induced rats subjected to implant installation
associated with a collagen membrane with Carbopol gel and SR 1% (OCMSR). A
titanium screw was tightened in the left tibia of all animals. The animals were
euthanized after 28 days, the tibias were recovered, and the counter-torque force
(CTF) was measured immediately. Results: The average CTF of all healthy rats was
higher than that of any osteoporosis-induced rats
(HCMSR>H=HCMC>0OCMSR>0=0CMC; p<0.001). When comparing animals in the
healthy groups to those in the osteoporosis-induced groups, we found that animals
receiving SR (HCMSR and OCMSR) showed an average CTF that was significantly
higher (p<0.001) than that of other groups (HCMSR>H=HCMC) and
(HCMSR>H=HCMC). Conclusion: The topical application of SR associated with a
collagen membrane significantly increased the CTF required to break the
bone/implant contact of both healthy and osteoporosis-induced rats.

Keywords: Strontium ranelate. Bone repair. Osteoporosis. Counter-torque.
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INTRODUCTION

The high success rates with implant therapy in oral rehabilitation depend on
several factors such as age of the individual, bone quality, implant time,'?
characteristics related to implant design, type of surface, and surgical technique.?

Osteoporosis is a multifactorial and progressive skeletal disorder
characterized by bone mass reduction and subsequent microarchitecture
deterioration. It is caused, among other factors, by a decrease in estrogen secretion,
which leads to poor bone quality and increases the risk for fracture.*

Previous experiments in animals showed that when osteoporosis is induced by
glucocorticoids, the first effect produced seems to be the stimulation of osteoclasts,
which increase bone resorption. Osteoporosis follows changes in both bone
formation and resorption, which influence the speed of bone repair.>’ Although
osteoporosis is not an absolute contraindication for the installation of dental implants,
some results demonstrate that the poor quality of the recipient bone can compromise
the initial stability of the implant or even the maintenance of osseointegration.®®

Strontium ranelate (SR), a drug used in the treatment of osteoporosis,
presents many similarities with Calcium, such as intestinal absorption, bone
incorporation, and renal clearance.® The mechanism of action of SR is still not totally
understood. However, it has been suggested that the signaling pathway through
which SR exerts control of osteoclasts’ activity is mediated by the activation of
extracellular calcium-sensing receptors (Ca-sRs). Therefore, when it interacts with
Ca-sRs, strontium exhibits a dual effect as it promotes a reduction in bone resorption

11,12

by inducing apoptosis of osteoclasts and promotes the proliferation of

osteoblasts, which favors the formation of bone tissue.****
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The results obtained from studies in humans showed a reduction in the
prevalence of hip and spinal fractures after the oral administration of SR in the

treatment of osteoporosis.*>*® The oral administration of SR was shown to improve

17,18

the osseointegration of the implants in animals and to have a positive effect on

fracture healing in ovariectomized rats in relation to the quality and quantity of newly
formed bone tissue.’®® Favorable changes in bone microarchitecture were also

reported in healthy female rats subjected to oral therapy with SR: increased tissue

resistance, decreased resorption, and increases in bone formation.?*%?

Another route of administration has been described with the incorporation of

23-25

SR into Titanium or as a substitute of the hydroxyapatite-coated surface of

implants,?®%’

showing positive effects on osseointegration.
This study aimed to assess the effects of topical application of SR 1% gel on

the peri-implant bone repair of rats with induced osteoporosis.
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MATERIALS AND METHODS
Sampling

The animal models used for this study were 42 adult Wistar female rat, Rattus
norvegicus albinus, 20 weeks old, weighing between 240 and 300 g, obtained from
the Institute of Biological Sciences of the Pontifical Catholic University of Minas
Gerais. This study was approved by the Ethics Committee for Animal
Experimentation of the Federal University of Minas Gerais (Protocol No. 366/2015).

The sample was divided into 6 groups of 7 animals each: G1 (H) — healthy
animals subjected to implant installation only; G2 (HCMC) — healthy animals
subjected to implant installation associated with collagen membrane + Carbopol gel,
G3 (HCMSR) — healthy animals subjected to implant installation associated with
collagen membrane + Carbopol gel and SR 1%; G4 (O) — osteoporotic animals
subjected to implant installation only; G5 (OCMC) — osteoporotic animals subjected
to implant installation associated with collagen membrane + Carbopol gel; and G6
(OCMSR) — osteoporotic animals subjected to implant installation associated with
collagen membrane + Carbopol gel and SR 1%;

The animals were housed individually, one per cage, with a proper

temperature and light control, and ad libitum water and feed.

Induction of osteoporosis

Osteoporosis was induced by the intramuscular administration of
dexamethasone 7 mg/kg body weight (Azium Solucdo® Schering-Plough — S&o
Paulo, Brazil), once a week for 5 weeks.?® Control groups received 0.9% NaCl, via
the same route of administration. The time of application and volume administered

were the same in all the test groups. (Fig.1)



37

Membrane preparation and loading

We used a collagen membrane (SurgiDry®, Belo Horizonte, Minas Gerais,
Brazil), formed by an organic matrix of type | collagen polymerized and purified in its
fibrillar form (sponge), with hemostatic characteristic and rapid resorption. The
membrane, of 1 cm x 1 cm size, was soaked in 2 mL of Carbopol gel (Farmaquimica
S.A., Rio Grande do Sul, Brazil), with or without SR 1% (BioX Corporation, Ontario,

Canada).

Surgical technique

After weighing to determine the appropriate dose of the drug, the animals were
anesthetized by the intramuscular administration of a combination of sedative and
muscle relaxant, i.e., xylazine 2% (10 mg/kg — Ronpum®; Bayer, Sdo Paulo, Brazil)
and an anesthetic base, i.e., ketamine hydrochloride 10% (70 mg/kg — Dopalen®;
Vetbrands, S&o Paulo, Brazil).

Cleaning and sterilization of the surgical site was performed using 2.0%
chlorhexidine digluconate (MANIFAR® - Belo Horizonte, Brazil), followed by
trichotomy of the left tibia region with stainless steel and polytetrafluoroethylene
blades (Gillette®).

Using a No. 15 scalpel blade (Solidor®), an incision was carried out
horizontally to separate the muscles from other tissues through blunt dissection. After
bone exposure, the recipient bed was prepared using a 1.1 mm diameter drill
(NEODENT®, Curitiba, Parana, Brazil), transfixing the tibia (bicortical). Then, a 1.3
mm diameter drill was used only in the upper cortical region in order to primarily
stabilize the implant.?>*° A 1:16 contra-angle (KaVo®) and implant motor (BLM 600

DRILLER®) were used at 500 rpm. The surgical site was irrigated constantly and
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abundantly using sterile saline solution. A 4 mm long implant, with 1.5 mm diameter
(made of Titanium grade 4 (NEODENT®, Curitiba, Parana, Brazil), was inserted
using a handpiece (NEODENT®, Curitiba, Parana, Brazil), until its head touched the
cortical bone and presented mechanical stability. The membrane was immediately
inserted into the surgical site prior to closure. The wound was closed with single
sutures using a 5-0 nylon thread (Biosut, Belo Horizonte, Minas Gerais, Brazil).

Sutures were removed after 7 days.

Postsurgical monitoring

All animals were monitored postoperatively until the end of the anesthetic
effect and received an intramuscular injection of a single dose of
OXYTETRACYCLINE antibiotic, 25 mg/kg body weight (Terramicina — Pfizer, S&o
Paulo, Brazil) and of flunixin/meglumine anti-inflammatory compound 1.1 mg/kg body
weight (Banamine injectable solution — PET, Cruzeiro, Brazil). The animals were
orally administered 10 mg/kg body weight acetaminophen diluted in water for 2 days,

to reduce pain.

Animal euthanasia and CTF measurement

Twenty-eight days after implant installation, the animals were euthanized
using an overdose of ketamine (240 mg/kg) and xylazine (45 mg/kg). The tibias were
harvested and cleansed. The pieces were immobilized on a bench vise in order to
allow the insertion of the key perpendicularly to the screw head. The CTF required for
the removal of the implants from the bone tissue was measured immediately using a

torgue wrench (Model NS-1200ATG, Tohnichi, Japan).
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Statistical analysis

The data were tested for normality and homogeneity of variance, using the
Lilliefors and Bartlett’s tests, respectively. The differences of the CTF and in animal
weight were compared using the Student’s t-test, Pearson’s chi-square test, and
Mann-Whitney U test, when necessary. The analysis unit was per animal, and
differences were considered significant when p<0.05. All analyses were performed
using SPSS statistical software, Version 14.0 for Windows, SPSS Inc., Chicago, IL,

USA.

RESULTS

The weight of the animals in the healthy and osteoporosis-induced groups was
homogeneous (average 277.5g + 65.0), without any significant differences between
initial evaluation (p=0.92) and the post-treatment (p=0.89).

Table 1 shows a comparison between the different groups in relation to CTF.
The HCMSR group had a significantly higher average CTF than other groups
(p<0.001), showing that the use of collagen membrane + Carbopol gel associated
with SR 1% increased the force necessary to break the bone/implant interface in
relation to other groups. Notably, among the healthy animal groups, no significant
differences were found between animals subjected only to the implant and those
treated with the implant associated with collagen membrane and Carbopol gel (H=
HCMC).

All healthy groups showed an average CTF significantly higher than that
showed by groups with osteoporosis (HCMSR>H=HCMC>0OCMSR>0=0CMC;
p<0.001). In addition, the osteoporosis-induced animals that received adjunctive

therapy of 1% SR showed better outcomes than those that received only implant or
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those with collagen membrane associated with Carbopol gel (OCMSR>0=0CMC).
The collagen membrane with Carbopol gel did not influence the CTF in either the
healthy group or the osteoporosis-induced group.

Table 2 shows the results of the comparison between healthy and
osteoporosis-induced animal groups with respect to CTF. We observed a significant
difference (p<0.001) in the CTF required to break bone/implant interface; healthy
animals required higher average CTF when compared to osteoporosis-induced

animals.

DISCUSSION

This study offers the first description of the effect of local application of 1% SR
gel incorporated to a collagen membrane on peri-implant bone repair in osteoporosis-
induced adult female rats.

We hypothesized that a collagen membrane soaked with Carbopol gel 1%
could act as slow-release SR device at the surgical site, contributing to
osseointegration.

The CTF required to break the implant/bone interface was significantly higher
in healthy animals that received the collagen membrane loaded with SR gel 1%
(HCMSR) than in the other groups (H-HCMC). These findings corroborate the study

21
l.

published by Ammann et al.“*, who found changes in bone microarchitecture with an

increase in tissue resistance, decrease in bone resorption, and increase in bone
formation in healthy rats subjected to oral therapy with SR. In addition, Wohl et al.*!
suggested that the anabolic effect of SR both in healthy and osteoporotic bones is

associated with increased osteoblastic differentiation of bone marrow cells and not to

levels of strontium present in the animals’ bone.



41

The results showed a significant increase in CTF in the osteoporotic group that
received SR 1% gel (OCMSR) than in groups without any application (O) or with
application of the membrane with Carbopol only (OCMC). The O and OCMC groups
showed no difference in CTF, suggesting that the use of collagen membrane and
Carbopol gel did not significantly influence CTF. Our findings corroborate those of

other researchers®”*®

who found a positive effect of SR (orally administered) on the
CTF in osteoporosis-induced animals.

Our findings showed that healthy animals had an average CTF significantly
higher than those belonging to the osteoporosis-induced groups did
(HCMSR>H=HCMC>0OCMSR>0=0CMC; p<0.001), thus demonstrating the
effectiveness of the chemically-induced osteoporosis method and highlighting its
deleterious effect in osseointegration. These results are in agreement with a study by
Li et al.'®, in which the authors showed that even using SR systemically, it was
possible to observe an increase of 117% in CTF and 103% in shear strength in
animals that were treated with SR when compared to animals receiving only the
placebo. Duarte et al.®, using a histometric evaluation method in ovariectomized rats
subjected to tibia implants, showed lower percentage of contact between
bone/implant and bone density in the tested group, reinforcing the deleterious effect
of estrogen deficiency on osseointegration. In osteoporosis, there is a reduction of
bone mineral density associated with a decrease in the number of osteoblast
precursor cells and osteoblasts in the bone marrow. A significant reduction in the
cancellous bone area occurs with decreases in the average thickness of the

trabecular wall, osteoid area, and mineral deposition rates, as well as an increase of

apoptosis in both osteoblasts and osteoclasts.*
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The complete mechanism of the SR effect in bone tissue is still not fully
established in the literature. According to Hurtel et al.'*, the extracellular calcium-
sensing receptors (Ca-sRs) can control the activity of the osteoclasts, since the
strontium molecule is an agonist of these receptors. Hence, it is suggested that
strontium promotes the reduction of bone resorption by inducing apoptosis of
osteoclasts when interacting with Ca-sR. On the other hand, when strontium interacts
with osteoblasts Ca-sR, it increases their replication and decreases their apoptosis.

We wish to acknowledge the limitations to this study. First, method used in
this study to evaluate the level of bone/implant contact, i.e., the CTF. Second, there
are relatively few studies using the same animal model to compare results. However,
we note that previous results were similar to the results of this study.

Systemic administration of strontium ranelate has been shown to promote
osseointegration of implants. Likewise, topical administration of SR by incorporating

2325 or the hydroxyapatite-coated surface of the implants®®?’ has

it to either titanium
shown encouraging results. We have presented a different means of topical
administration of SR that resulted in enhanced contact of bone/implant. Although this
route of administration requires further study to understand the mechanism of drug

delivery, ideal concentration, and identify potential adverse effects, we believe the

findings support the pursuit of human studies.

CONCLUSION
Topical application of SR associated with collagen membrane significantly
increased the CTF required to break the bone/implant contact, in the groups of both

healthy animals and animals subjected to chemically induced osteoporosis.
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TABLES

Table 1. Comparison between groups in relation to the counter-torque force (N/cm)

49

Average SD P
H 2.17 +0.21°
HCMC 1.98 +0.11°
HCMSR 2.52 +0.232
© 1.24 +0.22¢
OCMC 1.12 +0.15¢
OCMSR 1.62 +0.24°
p<0.001

Student’s t-test for independent samples; different letters represent statistically significant differences;

HCMSR>H=HCMC>0OCMSR>0=0CMC
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Table 2. Comparison between healthy rats and osteoporosis-induced rats in relation
to the counter-torque force (N/cm)

Average SD P
H 2.2 + 0.81°
o 13 +0.63"
p<0.001

Pearson’s chi-square test, different letters represent statistically significant differences; H>O
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5 CONSIDERACOES FINAIS

A aplicacao topica do Ranelato de Estréncio em uma membrana de colageno
reabsorvivel no local de instalacdo do implante aumentou de forma significativa a
forca de contra-torque necessario para romper o contato osso/ implante tanto no
grupo de animais saudaveis quanto nos com osteoporose quimicamente induzida.

A inducéo da osteoporose nao influenciou no peso dos animais.

A aplicacdo de glicocorticoides na inducdo da osteoporose demonstrou ser

um método eficaz.
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