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PREFACIO

Esta tese estd baseada nos seguintes artigos cientificos:
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Estrogen deficiency affects bone healing around titanium implants. A histometric study in
rats. Implant Dentistry, v.12, p.340-345, 2003

Effect of estrogen replacement and calcitonin therapies on bone around titanium implants
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p.1618-1624, 2003

Alendronate therapy may be effective to prevent bone loss around titanium implants inserted
in estrogen deficient rats. Journal of Periodontology (aceito)

Age-related and surgically induced estrogen deficiencies may differently affect bone around
titanium implants inserted in rats. Journal of Periodontology (submetido)

Effect of an estrogen-deficient state and its therapy on bone loss resulting from an
experimental periodontitis in rats. Journal Periodontol Research, v.39, n.2, p.107-110,
2004

Alendronate protects against increased periodontitis-related bone loss in estrogen-deficient
rats. Journal of Periodontology, v.75, n.9, p.1196-1202, 2004



RESUMO

Osteoporose e osteopenia sdo doengas osteometabdlicas caracterizadas por uma diminuigdo

progressiva de massa 0ssea gerada pela deficiéncia de estrogeno na pés-menopausa ou pela
ovariectomia. Diversas terapias tém sido propostas para o tratamento destas patologias como, por
exemplo, a terapia de reposicao estrogénica, os bisfosfonatos e a calcitonina. Assim como 0s 0ss0s
longos, a doenga parece atingir 0s 0ssos orais, 0 que poderia afetar o sucesso de implantes dentais
e a progressdo da doenca periodontal. Os objetivos deste trabalho foram avaliar, através de analise
histométrica: 1 - a influéncia da deficiéncia de estrégeno induzida (DEI) sobre o tecido dsseo ao
redor de implantes de titanio e na perda dssea proveniente da periodontite induzida (PI) em ratas
ovariectomizadas (OVX); 2 - a influéncia da terapia de reposicdo estrogénica (TRE), da calcitonina
(CT) e do alendronato (ALD) sobre o tecido 6sseo ao redor de implantes de titanio e na perda dssea
proveniente da Pl em OVX; 3 - o efeito residual da TRE e do ALD; 4 - o efeito da deficiéncia de
estrégeno relacionada a idade (DERI) , comparativamente a DEI, sobre o tecido dsseo ao redor de
implantes de titdnio. Os resultados demonstraram um efeito negativo da DEI no tecido dsseo
preexistente e neoformado ao redor dos implantes de titdnio e na perda dssea decorrente da PI. A
TRE continua € o ALD (continuo-C e interrompido-l) demonstraram-se capazes de prevenir a
influéncia negativa da deficiéncia de estrégeno enddgeno ao redor dos implantes. Somente o ALD
(C/l) apresentou efeito positivo na prevengdo da progressao da perda 6ssea decorrente da Pl. A
DERI apresentou impacto negativo apenas no 0sso preexistente ao redor dos implantes de titanio.
PALAVRAS - CHAVE: implantes dentais, periodontite, deficiéncia de estrégeno, terapia de

reposi¢do hormonal, calcitonina, alendronato, osteoporose.



ABSTRACT

Osteoporosis and osteopenia has been defined as systemic skeletal diseases characterized by
gradual loss of bone tissue. The most common cause of osteoporosis is the decrease of estrogen
level, in menopause or ovariectomy. Estrogen replacement, calcitonin and bisphosphonates
therapies have been considered for preventing and treating osteoporosis. Significant relationships
have been reported between oral bone and skeletal bone mass in postmenopausal women with
osteoporosis. Osteoporosis could, therefore, be considered as a risk factor for dental implants and
periodontitis progression. The purpose of this study was, by histometric analysis, to evaluate: 1 - the
influence of an induced estrogen-deficient (IED) state on bone around titanium implants placed in
ovariectomized rats (OVX) and on bone loss resulting from an experimental periodontitis (EP); 2 -
the impact of estrogen (E), calcitonin (CT) and alendronate (ALD) administrations on bone density
and healing around titanium implants and on bone loss resulting from an EP; 3 - whether ALD and E
therapies would provide a residual effect; 4 - the influence of age-related (ARED) and surgically IED,
comparatively, on bone around titanium implants inserted in rats. The results demonstrated that IED
affects bone healing and bone density around titanium implants and bone loss resulting from EP.
Continuous (C) E and interrupted (1) and C-ALD may prevent the negative influence of IED on bone
around titanium implants. Only ALD (C/I) may protect against the impact of IED on alveolar bone loss
resulting from EP. ARED mainly affects pre-existing bone while IED more significantly affects both
newly formed and pre-existing bone.

KEY WORDS: Dental implants, periodontitis, estrogen deficiency, hormone replacement therapy,

calcitonin, alendronate, osteoporosis.



INTRODUCAO

Fatores de riscos para os implantes dentais

Os implantes dentais de titanio sdo considerados atualmente dispositivos seguros para
substituicdo de dentes perdidos, cada vez mais empregados na rotina odontoldgica. Estudos
longitudinais tém demonstrado que a reabilitacgdo de regides edéntulas por implantes
osseointegraveis € um procedimento com taxa de sucesso acima de 90% (BAIN & MQY, 1993;
JONES et al., 1999). Entretanto, alguns fatores exdgenos, relativos ao operador e ao biomaterial;
enddgenos locais, relativos a quantidade e qualidade dssea e enddgenos sistémicos inerentes aos
habitos e estado de saude do paciente podem contribuir para o insucesso desses implantes
(ESPOSITO et al., 1998).

Os principais fatores locais relacionados as falhas de implantes consistem basicamente na
caracteristica anatémica e na qualidade dssea do sitio receptor. JAFFIN & BERMAN (1991)
encontraram 37% de falhas em implantes colocados em 0sso tipo IV e apenas 3% de falhas em
implantes colocados em ossos dos tipos |, Il e lll. FRIBERG (1994), através de estudo retrospectivo,
avaliou mais de 4000 implantes e concluiu que regiées com qualidade dssea pobre, principalmente
posterior da maxila e mandibula, apresentam maior risco para a estabilidade inicial do implante.

Em relacdo aos fatores de ordem sistémica, além do consumo de cigarros, as doencas
0sseas, imunolégicas e hormonais parecem influenciar o resultado da osseointegracéo,
demonstrando que o estado de saude geral do paciente apresenta um importante papel na
sobrevida dos implantes dentais (ADELL, 1992).

Osteoporose e os implantes dentais

Osteoporose e é uma doenga osteometabdlica, consequente de uma perda gradativa do
conteudo mineral e orgénico do tecido 6sseo, caracterizada pela presenca de uma massa 0ssea
inferior a valores pré-estabelecidos para determinada idade e sexo (ALBRIGHT, 1941). A doenca
pode ser classificada, de acordo com sua etiologia, em osteoporose primaria e secundaria. A
secundaria € uma consequéncia de disturbios enddcrinos, como por exemplo, hiperparatireodismo,
hipertireoidismo e ingestao de glicocorticoides. A osteoporose primaria, por sua vez, decorre do

envelhecimento ou da diminuicdo dos niveis plasmaticos de estrdgeno na menopausa, sendo esta



Ultima a causa mais comum de osteoporose na mulher. Embora o nivel estimado dessa perda
diferencie de uma populacéo para outra e de acordo com as formas de diagndstico empregadas, tem
sido reportado uma ocorréncia de 0,5% a 1% de perda dssea por ano (VICO et al., 1992).

Assim como 0s 0ss0s longos, a osteoporose também atinge os 0ssos da face. Dessa forma,
alguns estudos tém demonstrado que a presenca desta doenca pode implicar em alteragdes no
tratamento odontoldgico no que diz respeito a colocagdo de implantes, proteses, progresséo de
doenca periodontal e risco de perdas dentarias (KRIBBS et al., 1989; KRIBBS et al., 1990a; KRIBBS,
1990b).

Um dos principais modelos de inducdo de osteoporose em animais consiste na excisao
cirurgica bilateral dos ovarios (ovariectomia), onde a diminui¢@o do nivel de estrdgeno resulta num
quadro de osteopenia qualitativamente similar ao desenvolvida na osteoporose pds-menopausa
humana (WRONSKI et al.,1988). Embora estudos clinicos n&o tenham sugerido que a osteoporose é
um fator de risco para o insucesso dos implantes, estudos em ratas ovariectomizadas séo
praticamente un&nimes em demonstrar que a deficiéncia de estrogeno ocasiona menor area de
contato, quantidade e qualidade dssea ao redor de implantes, bem como em uma menor resisténcia
ao torque. (YAMAZAKI et al, 1999).

Mecanismo de acéo do estrégeno

Estudos laboratoriais tém demonstrado que o estrogeno age diretamente sobre as células
dsseas, inibindo a reabsorcdo e promovendo osteogénese, uma vez que receptores para esse
horménio tém sido encontrados em todos os principais tipos de células do tecido sseo (TURNER et
al., 1994). A deficiéncia de estrogeno, por sua vez, esta relacionada a um aumento do numero, do
tempo de vida e da quimiotaxia de osteoclastos e seus precursores. E possivel que a acdo deste
(JILKA et al. 1992). Em cultura de osteoblastos, o estrdgeno parece estimular a proliferacéo e
diferenciac@o dessas células (TURNER et al., 1994).

O estrogeno pode ainda modular a producdo de reguladores dsseos liberados local e
sistemicamente por mondcitos, macrofagos e linfocitos T (RAISZ, 1988). GIRASOLE et al. (1995)
demonstraram o efeito do estrdgeno na secrecdo de interleucina-6 (IL-6) e sua relagdo com



diferenciacdo osteoclastica. A IL-6 exerce importante papel no metabolismo dsseo por estimular sua
reabsorcdo pela quimiotaxia e diferenciacdo de osteoclastos. (GIRASOLE et al,1992). A
interleucina-1 (IL-1) é o mais potente estimulador da atividade osteoclastica promovendo reabsorgéo
dssea em estudos desenvolvidos in vitro (GOWEN et al., 1983) e in vivo (LORENZO et al.,1998).
Exerce efeito na sintese de proteinas colagenas e ndo-colagenas e induz as células dsseas a
secretarem varias citocinas como IL-6, fator estimulador de colénias de macréfagos (M-CSF) e fator
estimulador de coldnias de macréfagos granuldcitos (GM-CSF). Estas, por sua vez, regulam a
proliferacdo de precursores osteoclasticos e sua diferenciagdo em osteoclastos (PACIFICI, 1992).
PACIFICI et al., em 1989, demonstraram que mondcitos de pacientes osteoporoticos apresentaram
maior atividade de IL-1 quando comparados a pacientes saudaveis. Os autores demonstraram que
a atividade desta citocina aumentava apds a menopausa, permanecia elevada por um periodo maior
em mulheres portadoras de osteoporose e retornava a niveis pré-menopausa quando empregado
tratamento com estrégeno. Efeito similar foi observado para o fator de necrose tumoral o (TNF-a) e
o GM-CSF. Os mondcitos humanos secretam simultaneamente IL-1 e um inibidor de IL-1. A
deficiéncia de estrdgeno possivelmente desequilibra o nivel destas substéncias, diminuindo a
secrec¢ao do inibidor e elevando o nivel de IL-1 (PACIFICI, 1992).

Em nivel molecular, tem sido demonstrado que a reabsorgao dssea ocorre por intermédio de
duas moléculas-chave, o ligante ativador do receptor NF-Kappa (RANKL) e a osteoprotegerina
(OPG). O mecanismo de reabsorcéo dssea é significantemente reduzido pela inibicdo da fungéo de
RANKL nas células osteoclasticas, através da agdo de OPG no receptor especifico. O estrogeno,
por sua vez, exerce um importante papel no controle da reabsor¢do 6ssea através de sua agao
estimulatéria em OPG. Dessa forma, tem sido sugerido que a deficiéncia de estrdgeno induz um
desequilibrio no sistema RANKL/OPG, favorecendo assim a reabsor¢do 6ssea (LINDBERG et al.,
2001).

Tratamentos para a osteoporose
Diversos tratamentos tém sido propostos para a osteoporose com 0 objetivo de prevenir ou

evitar a progressao da reabsorcdo 6ssea. Entre os tratamentos farmacoldgicos estdo os agentes

anti-reabsor¢do como a terapia de reposicao estrogénica, os moduladores seletivos de receptores



de estrogenos (SERMs), os bisfosfonatos e a calcitonina (CT); e os agentes estimuladores da

formagdo dssea como o paratorménio (PTH) (National Institute of Health- NIH, 2001).

Baseados nos mecanismos de acdo do estrogeno no metabolismo dsseo, muitos estudos
tém sugerido que a terapia de reposicdo estrogénica é capaz de prevenir a osteoporose e reduzir
riscos de fraturas dsseas em mulheres no periodo pds-menopausa (MICHAELSSON et al., 1998).
Dessa forma, a terapia de reposicdo hormonal com estrégenos, administrados oralmente, de forma
injetdvel ou através de adesivos cutaneos, tem sido assim considerada a principal forma de
tratamento e prevenc@o de osteoporose pds-menopausa. Trabalhos clinicos e laboratoriais tém
comprovado que a presenca do horménio reduz significantemente o ritmo de reabsorgdo dssea
(CHRISTIANSEN et al.,1993). MICHAELSSON et al, em 1998, em um estudo epidemioldgico
retrospectivo sugeriram que a terapia de reposicao hormonal pode reduzir o risco de fratura em mais
de 50% dos casos quando os sujeitos estdo sob tratamento ou receberam o horménio nos ultimos
cinco anos. WRONSKI et al., em 1988, concluiram que o tratamento de ratas ovariectomizadas com

estrégeno promoveu completa protecdo contra o desenvolvimento de osteopenia na tibia.

Embora essa terapia ofereca beneficios indiscutiveis para o tecido 6sseo, a mesma tem
demonstrado contra-indicagdes e risco de efeitos colaterais como aumento da incidéncia de céncer e
de doencgas cardiovasculares (Woman’s Health Initiative, 2002). Dessa forma, muitos pacientes
interrompem o tratamento ou procuram terapias alternativas para a osteoporose pds-menopausa
(RODAN & MARTIN, 2000). As conseqiéncias do abandono do tratamento para o tecido dsseo tém
sido investigadas por estudos em humanos e em animais. CHRISTIANSEN et al, (1981)
demonstraram uma acelerada taxa de perda 6ssea apos a interrupcdo da terapia de reposicdo
hormonal em mulheres no periodo pés-menopausa. WRONSKI et al., (1993) estudaram o efeito da
interrupcé@o da administracdo de estrégeno em ratas ovariectomizadas e concluiram que o efeito de
protec@o contra perda 6ssea exercido pelo horménio foi completamente perdido apds a retirada do

mesmo.

Bisfosfonatos sdo agentes anti-reabsortivos derivados do acido pirofosfonico, que
constituem uma terapia alternativa para a prevencdo da perda dssea gerada pela deficiéncia de

estrogeno (TIRAS et al., 2000). Alendronato € um dos mais potentes bisfosfonatos que apresenta
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acdo 6ssea especifica além de grande afinidade e capacidade de adsorgdo ao tecido dsseo. Sua
meia-vida dssea terminal é estimada em mais de dez anos, o que faz com que o medicamento
apresente um efeito prolongado mesmo apds a interrupcdo do uso (WRONSKI et al., 1993), na
maioria das vezes devido a disturbio gastrico (DONAHUE et al., 2002). Seu mecanismo de agao
parece estar relacionado & inibicdo seletiva da atividade osteoclastica (BUFFO et al, 1996) e,
segundo estudos in vitro, a um efeito positivo na diferenciagéo e atividade osteoblastica. (GANDOLFI
et al, 1999). Baseados nessas propriedades, estudos randomizados e placebos controlados tém
demonstrado que o alendronato aumenta a massa dssea e reduz o risco de fraturas em 30% a 50%
em mulheres osteopordticas (GREENSPAN et al., 2002). Tais dados clinicos estéo de acordo com
estudos desenvolvidos em animais ovariectomizados, que tém demonstrado que o alendronato é
capaz de prevenir as alteracdes osseas decorrentes da deficiéncia de estrégeno (THOMPSON et al.,
1992).

A calcitonina, isolada principalmente do salméo, também tem sido prescrita como terapia
alternativa para o tratamento ou prevencdo de desordens 6sseas por inibir a reabsorcao do tecido
6sseo (GONZALEZ et al, 1987; NODA & KUWAHARA, 1993) e por apresentar propriedades
analgésicas (LYRITIS et al., 2002). Este horménio parece reduzir transitoriamente as concentracdes
plasmaticas de calcio através de um efeito imediato na diminuicdo da atividade osteoclastica. Um
efeito tardio desse horménio consiste na diminuicéo da formagéao de osteoclastos (GUYTON, 1992).
KALLIO et al., em 1972, demonstraram que a calcitonina além de manter os osteoclastos separados
da superficie 6ssea, provoca inibicdo da formacdo da “bordadura em escova” da membrana
plasmatica dessas células, estrutura fundamental em sua atividade de reabsor¢do. Em 1988,
CIVITELLI et al., afirmaram que existe ganho de massa e menor perda 0ssea em pacientes
osteopordticos tratados com calcitonina. WRONSKI et al, em 1991, sugeriram que o horménio
promove, em curto prazo, prote¢@o contra a osteopenia desenvolvida pela deficiéncia de estrégeno.
Em 1996, SHEN et al. avaliaram, por meio de técnicas histométricas, as alteragdes dsseas ocorridas
em ratas ovariectomizadas, tratadas por um longo periodo com calcitonina, e as consequéncias da
interrupc@o desse tratamento. Os resultados demonstraram que a calcitonina diminuiu o
remodelamento 6sseo, mas foi capaz de prevenir apenas parcialmente o desenvolvimento de
osteopenia no o0sso trabecular. A retirada do horménio resultou em uma rapida perda do tecido

0sseo.
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Tratamentos para a osteoporose e os implantes dentais

Embora esteja bem documentado na literatura o beneficio de cada medicamento para a
osteoporose no tecido 6sseo esquelético, poucos sdo os relatos sobre o efeito dos mesmos no
tecido 6sseo preexistente e neoformado ao redor de implantes, bem como o efeito dos mesmos no

sucesso da osseointegracao.

MINSK & POLSON (1998), ndo encontraram correlagdo entre a taxa de sucesso dos
implantes dentais em mulheres pds-menopausa recebendo ou né&o reposicao hormonal. AUGUST et
al., em 2001, compararam 168 mulheres pds-menopausa sem terapia de reposicdo hormonal, 75
com reposicao hormonal, 114 mulheres pré-menopausa, 59 homens com menos de cinglenta anos
e 110 homens com mais de 50 anos em relagdo ao sucesso da osseointegracao. Mulheres sem
reposicdo hormonal obtiveram nivel de fracasso maxilar significantemente maior (13,6%) que
mulheres pré-menopausa (6,3%) e homens com mais de 50 anos (7,6%). Mulheres tratadas tiveram
menor taxa de insucesso quando comparadas as ndo tratadas, embora essa diferenca n&o tenha

sido estatisticamente diferente (8,1%).

NARAI et al., em 2003, demonstraram que o tratamento de ratas osteopordticas com
alendronato aumentou significantemente o torque de remocéo, fazendo com os animais tratados

com esse medicamento apresentassem mesma resisténcia ao torque que os ratos normais.

JANURIO et al. (2001) estudaram o efeito da calcitonina em implantes de titanio inseridos
em tibias de coelhos saudaveis para verificar se 0 horménio era capaz de acelerar 0 processo de
maturacdo Ossea. Andlises histométricas de 6, 8, 12 e 18 semanas apds colocagdo dos implantes
demonstram que a calcitonina € capaz de aumentar a massa dssea ao redor de implantes de titanio
nos estagios tardios do processo de reparo. Esse estudo, porém, foi desenvolvido em animais
saudaveis e objetivava observar o efeito da calcitonina na formacéo dssea ao invés de seu papel na

contencéo da reabsorcéo dssea.

Osteoporose, seus tratamentos e a doenca periodontal

Periodontite consiste em uma doenca inflamatéria dos tecidos de suporte dental resultando

em reabsor¢cdo do o0sso alveolar e perda de ligamento periodontal, sendo uma das maiores
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responsaveis pela perda de dentes no adulto (PAGE & SCHROEDER, 1976). Embora seu agente
etioldgico seja o biofilme bacteriano especifico, estudos clinicos e laboratoriais tém demonstrado que
alguns fatores sistémicos podem exercer um importante papel no estabelecimento e progresséo da
periodontite (GENCO, 1996). Desde de que alteragdes osteoporédticas tém sido observadas no
tecido dsseo facial (KRIBBS, 1990), a baixa densidade 6ssea mineral tem sido considerada um
indicador de risco para a doenca periodontal (WACTAWSKI-WENDE, 1996).

O verdadeiro papel da osteoporose na etiopatogenia da doenca periodontal ainda nao esta
totalmente esclarecido. Ambas as doencas sdo multifatoriais e apresentam inumeros fatores de risco
em comum, como fumo, deficiéncias nutricionais, idade e disfuncbes do sistema imune
(WACTAWSKI-WENDE, 1996). Assim, a dificuldade de isolamento dos fatores de confundimento
tem sido uma das principais limitagdes dos estudos em humanos que correlacionam osteoporose e
doencga periodontal (WACTAWSKI-WENDE, 1996). Estudos clinicos correlacionando densidade
6ssea mineral (DOM) e doenca periodontal (DP) tém apresentado resultados controversos (INAGAKI
etal., 2001; MOHAMMAD et al., 2003). Enquanto alguns trabalhos sugerem auséncia de associa¢ao
significativa entre a DOM e a DP (MOHAMMAD et al., 1996), outros tém demonstrado que uma
baixa DOM esta positivamente correlacionada com uma reduzida altura de crista alveolar e maior
perda de insergdo periodontal (INAGAKI et al., 2001; MOHAMMAD et al., 2003).

N@o ha informacbes consistentes sobre o papel dos diferentes tratamentos para a
osteoporose na doenca periodontal. Estudos realizados em mulheres na pds-menopausa
demonstraram que a terapia de reposi¢cdo hormonal diminuiu a ocorréncia de edentulismo e
sangramento gengival (KRIBBS et al., 1990). A terapia de reposicdo hormonal tem sido também
associada a um aumento da densidade da crista dssea alveolar, embora ainda ndo esteja bem
esclarecido se uma maior densidade alveolar reflete em menor perda de insercédo periodontal
(RONDEROS et al., 2000). Mulheres na pds-menopausa que se submeteram a terapia de reposicao
hormonal apresentam menor perda de inser¢do, demonstrando que o risco é atenuado na presenca
de terapia de reposicao hormonal (ALBANDAR, 2002).

Além disso, dados de periodontite natural ou induzida tém sugerido que os bisfosfonatos
podem retardar a perda dssea ao redor de dentes periodontalmente afetados, embora néo ocorra

reducéo dos sinais clinicos de inflamagéo da periodontite (REDDY et al. 1995).
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PROPOSICOES GERAIS

Os objetivos do presente trabalho, divido em sete artigos cientificos, foram:

1- Avaliar o efeito da deficiéncia induzida de estrogeno sobre o reparo e densidade 6ssea ao redor
de implantes de titanio inseridos em ratas ovariectomizadas;

2- Avaliar a influéncia do estrogeno e da calcitonina de salm&o no contato e na area dssea dentro
das roscas de implantes de titanio inseridos em ratas ovariectomizadas;

3- Avaliar a influéncia do estrégeno e da calcitonina de salm@o no 0sso preexistente em uma
regido lateral a superficie de implantes inseridos em tibias de ratas ovariectomizadas;

4- Avaliar a influéncia do estrégeno e do alendronato, bem como seus efeitos residuais, no 0sso
neoformado e preexistente ao redor de implantes inseridos em ratas ovariectomizadas;

5- Avaliar o efeito da deficiéncia de estrogeno relacionada a idade, comparativamente ao efeito da
deficiéncia de estrégeno induzida, sobre o reparo e densidade dssea ao redor de implantes de
titanio;

6- Avaliar o efeito da deficiéncia de estrégeno e das terapias com estrdgeno e calcitonina na perda
dssea alveolar resultante da periodontite induzida;

7- Avaliar o impacto do alendronato, do estrogeno e da interrupcao de ambos os medicamentos na

perda 6ssea resultante da periodontite experimental em ratas ovariectomizadas.
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ABSTRACT

The purpose of this study was to evaluate the influence of an estrogen-deficient state on bone around
titanium implants placed in rats. Thirty female Wistar rats were divided into two groups: test (n=15):
ovariectomized rats (OVX); and control (n=15): sham operated rats. Screw-type titanium implants
were placed bilaterally in rats 21 days after ovariectomy or sham surgery. After sixty days, the
animals were sacrificed and undecalcified sections obtained. Blood samples were collected to obtain
serum levels of alkaline phosphatase at the time of sacrifice. Bone-to-implant contact (BIC), bone
area (BA) around the implants and bone density (BD) in a 500pum-wide zone lateral to the implant
were obtained and arranged separately for the cortical (Zone A) and cancellous (Zone B) regions. In
zone A, there was no significant difference between test and control groups regarding BIC and BD
(p>0.05). It was observed a lower BA for the estrogen deficient animals (p<0.05). In Zone B, data
analysis showed that estrogen deficiency may result in a lower percentage of BIC, BA and BD
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(p<0.05). In addition, a higher concentration of alkaline phosphatase was observed for the test group.
Therefore, estrogen-deficient state may affect bone healing and bone density around titanium
implants placed in rats, especially in the cancellous bone area.

KEY WORDS: estrogen deficiency, ovariectomy, titanium implants and osteoporosis
INTRODUCTION

The use of titanium endosseous dental implants in the treatment of edentulous or partially
edentulous patients has become an alternative to restore function and esthetic'3. The contact
between bone tissue and implant surface is known as osseointegration and involves numerous
complex factors®. These include not only implant-related factors, such as material, shape and surface
chemistry, but mechanical loading, surgical technique, and patient variables, such as bone quantity
and quality*. There are various risk factors that might affect bone quality, quantity and healing around
titanium implants®. The influence of bone quality and quantity on the outcome of dental implants have
been discussed in several studies, in which a high failure rate has been observed in patients
presenting a poor bone quality and an inadequate bone volume 57.

Osteoporosis has been defined as a systemic skeletal disease characterized by gradual loss
and microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and
susceptibility to fracture 8. Pathological conditions causing bone loss, such as hyperparathyroidism,
hyperthyroidism and Cushing disease, and glucorticoid treatment can induce osteoporosis °.
However, the most common cause of osteoporosis is the decrease of estrogen in menopause or
ovariectomy 89,

Estrogen plays an important role in the regulation of bone turnover in adult bone. Thus,
estrogen is associated with inhibition of osteoclasts differentiation and reduction of their action,
inducing cancellous as well as cortical bone loss'0-11. Besides, it has been reported that interleukin-1
(IL-1), interleukin-6 (IL-6), tumor necrosis factor-o. (TNF-ot) and other cytokines have either direct or
indirect effects in the pathogenesis of post menopause osteoporosis. The production of all of these
cytokines is suppressed or regulated by the estrogen level 1213,

Significant relationships have been reported between oral bone and skeletal bone mass in
postmenopausal women with osteoporosis 415, Osteoporosis could, therefore, be considered as a
risk factor in treatment planning and in determining the prognosis for patients considering dental

implants 6. However, clinical reports have been contradictory in correlating postmenopausal
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osteoporosis as a risk factor for dental implants'7-8. On the order hand, few animal studies, using
ovariectomized animals model, have demonstrated that estrogen deficiency may induce histological
changes around hydroxyapatite-coated and titanium screw dental implants 19-21,

The aim of the present study was to evaluate, by histometric analysis, whether estrogen
deficiency, prior to implant placement, would influence bone healing and bone density around
titanium implants placed in rats.

MATERIALS AND METHODS
ANIMALS

Thirty female Wistar rats aged 90 days old (190-220g) were included in this study. The
animals were kept in plastic cages and provided drinking water ad libitum. The food consumption of
the ovariectomized rats (OVX) was restricted to that of control rats (pair feeding) to minimize the
increase in body weight associated with ovariectomy?2. The whole protocol was approved by
University of Campinas Institutional Animal Care and Use Committee.

OVARIECTOMY AND EXPERIMENTAL DESIGN

Ovariectomy or sham surgeries were performed at the beginning of the study (Fig 1). The

rats were anesthetized with intramuscular administration of ketamine (0.5ml/kg) and divided into test
and control groups. The test animals (n=15) had their ovaries exposed and completely excised from a
dorsal approach. On the other hand, the control animals (n=15) had their ovaries lifted up and
returned intact to the original position.

IMPLANTS SURGERY

Twenty-one days after the ovariectomies, general anesthesia was performed using

intramuscular administration of ketamine (0.5ml/kg). The tibiae skin was shaved and disinfected with
iodine surgical soap. A 10mm incision was made and the bone surface of the tibiae surgically
exposed by blunt dissection. Under profuse saline solution irrigation, bicortical implant beds were
drilled at a rotary speed not exceeding 1500 rpm. A screw-shaped commercially available pure
titanium implant, of 4.0 mm in length and 2.2 mm in diameter, was placed bilaterally until the screw
thread had been completely introduced into the bone cortex (Fig. 2). Finally, soft tissues were
replaced and sutured. Postoperatively, the animals received antibiotic (Pentabidtico®, Wyeth-
Whitehall Ltda, S&o Paulo, SP, Brazil) given as a single intramuscular injection.

CLINICAL ANALYSES
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In order to confirm the success of the ovariectomy procedure, estrus cycle was monitored
two weeks after the sham and ovariectomy surgeries. The changes in the vaginal smear during 4-5
days of the estrus cycles were observed in each group. At autopsy, success of the ovariectomy was
also confirmed by absence of ovaries and atrophy of uterine horns.
BIOCHEMICAL SERUM ANALYSES

Blood samples were collected to measure plasma concentration of alkaline phosphatase at

the time of sacrifice (60 days after implant insertion). Using automated laboratory techniques, alkaline
phosphatase activity was obtained colorimetrically (Gold Analisa Diagndstica, Belo Horizonte, MG,
Brazil).

HISTOMETRIC PROCEDURE

After 60 days, the animals were sacrificed, the tibiae were removed and fixed in 4% neutral

formalin for 48 hours. Undecalcified sections were prepared as previously described?3, i.e. the blocks
were dehydrated by using an ascending series of ethanol (60-100%) and embedded in
glycolmethacrylate (Technovit 7200°; Heraeus Kulzer GmbH, Wehrheim, Germany).Subsequently,
the sections (20-30pm) were obtained and stained using 1% toluidine blue. The percentages of bone-
to-implant contact (BIC) and bone area (BA) within the threads of the implants were obtained
bilaterally. Besides, bone density (BD), i.e., the proportion of mineralized matrix, in a 500 pym-wide
zone lateral to the implant surface, was separately recorded for both sides of the implant (Image-
Pro®; Media Cybernetics, Silver Spring, MD, USA). Data were arranged separately in cortical (Zone
A) and cancellous bone (Zone B).

STATISTICAL ANALYSIS

Data from Zones A and B (cortical and cancellous bone, respectively) were separately

averaged. The hypothesis that estrogen deficiency had no influence on the bone density and bone
healing was tested using Mann-Whitney’s test (alpha = 0.05). In addition, to test the hypothesis that
estrogen deficiency did not influence alkaline phosphatase serum level and that there was no
difference between the groups with respect to the animals” body weight during experimental period,
the t-Student test was used (alpha = 0.05).

RESULTS

CLINICAL ANALYSES
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All animals gained weight during the course of the study, however there was no difference
between test and control groups at the beginning and the end of the experiment (p>0.05) (Table 1).

In the present study, macro analysis of the uterine horns, the absence of ovaries and
assessment of the estrous cycle of the rats confirmed the success of the ovariectomy surgery. All
OVX animals presented diestrus smear and their reproductive organs atrophied, therefore confirming
the reduction of serum estrogen levels in this group. On the order hand, the four stages of the estrous
cycle (estrus, metastrus, diestrus and proestrus) and a pink and fluid filled uteri were clearly identified
in the sham group, assuring that the serum estrogen levels were kept normal in these animals.
BIOCHEMICAL SERUM ANALYSIS

Serum concentrations of alkaline phosphatase (Ul) and standard deviation, performed at the

time of sacrifice, were 80.47 + 20.16 and 29.13 + 10.93 for test and control groups, respectively.
Intergroup analyses demonstrated a significant difference between the test (OVX) and control (sham)
groups (p<0.05), regarding the alkaline phosphatase level.

HISTOMETRIC RESULTS

In zone A, the data showed no significant difference between test and control groups
regarding BIC (p=0.237) and BD (p=0.074). On the other hand, estrogen deficiency decreased the
percentage of BA within the limits of the threads of the implants (p=0.0310) (Table 2). In Zone B, data
analysis showed that estrogen deficiency may result in a lower percentage of BIC (p=0.0152), BA
(p=0.0181) and BD (p<0.01) (Table 2). Figure 3 illustrates the histological aspects observed for both
groups.

DISCUSSION

High long-term success rates have been reported for implant-supported prostheses in fully
and partially edentulous patients'-3. However, among other factors, the medical status of the patient
has been associated with biological failures of dental implantss. With the growth of the elderly
population, the number of patients with senile or postmenopausal osteoporosis asking for implant
treatment has increaseds. The hypothesis that postmenopausal osteoporosis is a negative factor for
dental implants outcomes is based on the fact that besides affecting other parts of the skeleton, it
affects oral bone as well, 415 resulting in alterated bone metabolism and reduced bone healing
capacity 8 10-11,
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Therefore, the present study aimed to investigate in rats the influence of estrogen
deficiency, prior to implant placement, on the bone healing process around titanium implants.
Ovariectomized rats have long been described as a reliable model to study estrogen deficiency, and
therefore, were used in the present study 19-22,

In the current study, implant placement was performed 21 days after ovariectomy and the
bone around implants was evaluated 60 days after the implant placement'®. The analysis of estrus
cycle and autopsy confirmed the success of ovariectomy in test group and it could have detected
animals in which the ovariectomy could have failed, if there were any. Results indicated that
estrogen deficiency, prior to the implant placement, had no effect on bone to implant contact in the
cortical area. Nevertheless, the bone area with the limits of the threads of the implant in the cortical
area, was significantly affected by the hormone deficiency (Table 2). Similarly, all parameters were
significantly influenced, in the cancellous bone area, by the decrease in estrogen levels (Table 2).
Based on these findings, one may assume that estrogen deficiency may have enhanced bone
resorption in the newly formed bone around titanium implants. The data generated by the present
study are similar to those reported by other studies 1921, However, differently than any other, the
implants were placed in rats with early established osteoporosis (21 days).

Since bone quality is an important factor for retaining an implant-supported prostheses (later
failure) 67, the present study evaluated the influence of estrogen deficiency on the proportion of
mineralized bone matrix in a 500 pm-wide zone lateral to the implant surface, besides its influence on
the healing process (early failure). Bone density was lower in osteopenic (OVX) than in normal
animals in the cancellous, but not in the cortical bone. Therefore, it can be suggested that estrogen
deficiency affected bone not only in newly formed bone around the implant, but also in the preexisting
cancellous bone, reducing the proportion of mineralized matrix.

The negative effects of estrogen deficiency on newly and preexisting bone around titanium
implants, observed in the present study and other studies®2!, might have been caused by
accelerated osteoclastic bone resorption in the OVX animals'®1124 The estrogen protective
mechanism apparently involves suppression of bone turnover as a direct effect of estrogen on bone
cells, in which this hormone induces cells of the osteoblastic lineage to inhibit osteoclastic bone
resorption’0-1124, Further, estrogen was found to regulate the synthesis and secretion of some

cytokines involved in bone metabolism12-13,
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Alkaline phosphatase has been described as a biochemical marker of high bone turnover
used to reflect the changes in bone during the diagnosis of osteoporosis. In this study, the alkaline
phosphatase level was significantly elevated in the OVX group, indicating a high bone turnover
promoted by estrogen deficiency. This is a similar observation to previous animal studies in which
osteopenic rats showed increased levels of alkaline phosphatase?5-26. In addition, our results are in
agreement with clinical studies, which also demonstrated that alkaline phosphatase level is about 20
% higher in the menopausal period 7.

The present study provides pre-clinical information regarding titanium dental implants placed
in individuals with osteoporosis induced by estrogen deficiency. However, long-term clinical studies
are necessary to compare osteoporotic with non-osteoporotic subject under the effects of occlusion
stimulation, and controlling factors such as medical history, diet, smoking and physical activity 28.
Thus, within the limits of this study it can be concluded that estrogen deficient state has a negative
influence on bone healing and bone quality around titanium implants. It could suggest that when it
comes to elderly patients or menopausal women, clinicians should be aware when placing
conventional implants in regions with predominantly cancellous bone.

Acknowledgment

Dr. Duarte was supported by CAPES (Coordenacéo de aperfeicoamento de pessoal de nivel
superior). The authors greatly appreciated the assistance of AS Technology, for supplying the
implants.

REFERENCES

1. Branemark PI. Osseointegration and its experimental background. J Prosthet Dent 1983;50:390-
410.

2. Lindquist LW, Carlsson GE. Long terms effects on chewing with mandibular fixed prostheses on
osseointegrated implants. Acta Odontol Scand 1985;43:39-45.

3. Zarb GA, Schmitt A. The longitudinal clinical effectiveness of osseointegrated dental implants:
The Toronto study. Part II: The prosthetic results. J Prosthet Dent 1990; 64:53-61.

4. Puleo DA, Nanci A. Understanding and controlling the bone-implants interface. Biomaterials
1999; 20: 2311-2321.

5. Esposito M, Hirch J-M, Lekholm U, Thomsen P. Biological factors contributing to failures of

osseointegrated oral implants (1l). Etiopathogenesis. Eur J Oral Sci 1998;106:721-764.

23



6. Jaffin RA, Berman, CL. The excessive loss of Branemark fixtures in type IV bone: A 5-year
analysis. J Periodontol 1991;62(1): 2-4.

7. Triplett RG, Mason ME, Alfonso WF, McAnear JT. Endosseous cylinder implants in severely
atrophic mandibles. Int J Oral Maxillofac Implants 1991; 6: 264-269.

8. Harrison JE. Osteoporosis. In: Tam CS, Heersche JNM, Murray TM. Metabolic bone diseases:
Cellular and tissue mechanisms. Boca Raton: CRC Press, 1989:240-267.

9. Rodan GA, Martin TJ. Therapeutic approaches to bone diseases. Science 2000; 289:1508-1514.
10. Vaananen HK, Harkonen PL. Estrogen and bone metabolism. Maturitas 1996;23 Suppl:S65-9.
11. Turner RT, Riggs BL, Spelsberg TC. Skeletal effects of estrogen. Endocr Rev 1994;15(3):275-
300.

12. Pacifici R. Is there a causal role for IL-1 in postmenopausal bone loss? Calcif Tissue Int
1992;50(4):295-9.

13. Girasole G, Passeri G, Pedrazzoni M, Giuliani N et al. Interleukin-6: a pathogenetic role in the
postmenopausal osteoporosis? Acta Biomed Ateneo Parmense 1995;66(3-4):125-38.

14. Kribbs PJ, Chesnut CH 3rd, Ott SM, Kilcoyne RF. Relationships between mandibular and
skeletal bone in an osteoporotic population. J Prosthet Dent 1989;62(6):703-7.

15. Kribbs PJ. Comparison of mandibular bone in normal and osteoporotic women. J Prosthet Dent
1990;63(2):218-22.

16. Weber RB, Wisen MJ, lacono VJ, Baer PN Osteoporosis: a risk factor for dental implants and in

the prognosis of periodontal therapy. Periodontal Clinical Investigations 1997; 19(2): 5-8.

17. August M, Chung K, Chang Y, Glowacki J. Influence of estrogen status on endosseous implant
osseointegration. J Oral Maxillofac Surg 2001;59(11):1285-9; discussion 1290-1.

18. Dao TTT, Anderson JD, Zarb GA. Is osteoporosis a risk factor for osseointegration of dental
implants? Int J Oral Maxillofac Implants 1993;8:137-144.

19. Motohashi M, Shirota T, Tokugawa Y, Ohno K et al. Bone reactions around hydroxyapatite-
coated implants in ovariectomized rats. Oral Surg Oral Med Oral Pathol 1999;87:145-152.

20. Yamazaki M, Shirota T, Tokugawa Y et al. Bone reactions to titanium screw implants in
ovariectomized animals. Oral Surg Oral Med Oral Pathol 1999;87:411-418.

24



21. Pan J, Shirota T, Ohno K, Mich K. Effect of ovariectomy on bone remodelling adjacent to
hydroxyapatita-coated implants in the tibia of mature rats. J Oral Maxillofac Surg 2000;58:877-882
22. Wronski TJ, Schenck PA, Cintron M, Walsh CC. Effect of body weight on osteopenia in
ovariectomized rats. Calcif Tissue Int 1987;40:155-159.

23. Donath K, Breuner GA. A method for the study of undecalcified bones and teeth with attached
soft tissue. J Oral Pathol 1992;11:318-326.

24. Takano-Yamamoto T, Rodan GA. Direct effects of 17 beta-estradiol on trabecular bone in
ovariectomized rats. Proc Natl Acad Sci U S A 1990;87(6):2172-6.

25. Sones AD, Wolinsky LE, Kratochvil FJ. Osteoporosis and mandibular bone resorption in the
Sprague Dawley rat. Calcif Tissue Int 1986 Oct; 39(4):267-70.

26. Weiss RE, Gorn A, Dux S, Nimmi M Influence of high protein diets on cartilage and bone
formation in rats. J Nutr lIl: 804-816.

27. Christiansen C, Rodbro P, Tjellesen L, Serum alkaline phosphatase during hormone treatment in
early postmenopausal women. Acta Med Scand 1984 216: 11-17.

28. Minsk L, Polson AM. Dental implant outcomes in postmenopausal women undergoing hormone
replacement. Compend Contin Educ Dent 1998 Sep;19(9):859-62,864;quiz866

25



Table 1: Mean and standard deviation (grams) of body weight for test and control groups at the
beginning of the experiment and before sacrifice.

INITIAL SACRIFICE
TEST 203.00 + 9.75 aA 261.67 + 14.98aB
CONTROL 204.40 + 14.94 aA 256.27 + 15.70aB

Different letters (lower case - column, capital - line) indicate significant differences (a=0.05)

Table 2: Mean and standard deviation (%) of bone-to-implant contact (BIC), bone area (BA) within
the limits of the implant threads and the proportion of mineralised tissue (BD) in a 500 pm-wide zone

lateral to the implant, for test (OVX) and control (sham rats) groups in Zone A (cortical bone) and
Zone B (medullar bone).

CORTICAL BONE MEDULLAR BONE

TEST CONTROL TEST CONTROL

BIC 4561+836A 50.99+15.19 A BIC  40.28 +9.52 A 51.75+12.54 B

BA  81.35+381A 84.76 + 3.74 B BA 41.38+10.82A 49.26 +5.60 B

BD 9327+381A 95.39+1.34A BD 8.26+4.77A 48.39+9.37B

Different letters (line) indicate significant differences within cortical and medullar bone (:=0.05).

Figure 1: Experiment design.

OVARIECTOMY IMPLANT
SHAM SURGERY PLACEMENT
DAY 0 DAY 21 DAY 81
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Figure 2: The tibiae surface was exposed by dissection and a titanium implant was inserted until the

screw thread had been completely introduced into the bone cortex.

Figure 3: Photomicrographs illustrating the histological aspects observed within the limits of the
threads and in a 500 pym-wide zone lateral to the implant surface. Figures A and B illustrate test
(OVX) and control (sham) groups, respectively. (Toluidine blue / Original magnification = 6.25x).
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ABSTRACT

The aim of the present study was to evaluate whether hormone replacement therapy (HRT) and
calcitonin (CT) administration could influence bone healing around implants placed in ovariectomized
rats (OVX). One screw-type titanium implant was placed bilaterally in ovariectomized rats. The
animals were assigned to one of the following groups: Group 1 (n=15) - sham surgeries; Group 2
(n=15) - OVX rats; Group 3 (n=14) - OVX rats administered with calcitonin (CT) 4 days/week (16
IU/Kg); Group 4 (n=14) - OVX rats administered with 17 estradiol (20ug/Kg). After 60 days, the
animals were sacrificed and undecalcified sections obtained. Bone-to-implant contact (BIC) and bone
area (BA) around the implants were separately determined for the cortical (Zone A) and cancellous
(Zone B) bone areas. In Zone A, intergroup analysis did not reveal significant difference regarding

BIC. In contrast, the HRT-group presented a greater BA than groups 2 and 3 (P<0.05). Data from
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Zone B revealed that HRT nullified the negative effect of the ovariectomy on BIC and BA (P<0.05),
while CT presented no effect (P>0.05). Within the limits of the present study, it may be concluded that
HRT may prevent the influence that estrogen deficiency exerts on bone healing around titanium
implants.

KEY WORDS: estrogen deficiency, titanium implants, calcitonin, hormone replacement therapy.
INTRODUCTION

Titanium endosseous implants have been increasingly used in various edentulous situations'™.
However, because the success of osseointegration depends, in part, on the state of the host bone
bed and its healing capacity, concerns have been raised regarding conditions affecting its quality and
quantity>.

Since osteoporosis is a skeletal disorder in which bone density and bone mass decrease as a
function of a high rate of bone turnover, some studies have investigated the impact of osteoporosis
on osseointegrated implant outcomes®7. Recently, the reactions of bone tissues following placement
of implants under estrogen-deficient conditions have been studied using experimental animals8-1°.
Generally speaking, estrogen deficiency seems to negatively influence bone quality around titanium
implants.

To prevent or "treat" bone loss in postmenopausal women, i.e., estrogen deficient individuals,
hormone replacement therapy (HRT) and calcitonin (CT) have been used. An increased trabecular
bone volume, unchanged mechanical properties and depressed bone turnover have been reported
as benefits of the HRT'-13, Similarly, normal bone volume and decreased bone turnover have been
reported for estrogen-deficient animals (ovariectomized) treated by osteoclast inhibitors such as
CT.

To date, no information is available regarding the effect of HRT and CT administration on the bone
healing around osseointegrated implants placed in estrogen-deficient animals. Therefore, the present
study was designed to evaluate, by histologic analysis, whether HRT and CT administration could
prevent the negative influence of estrogen deficiency around titanium implants placed in
ovariectomized rats.

MATERIALS AND METHODS

ANIMALS
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The experimental animals were 58 female Wistar rats which were 90 days old and weighed 210 g at
the beginning of the study. The animals were kept in plastic cages with access to water ad libitum.
The food consumption of the ovariectomized (OVX) rats was restricted to that of control rats (pair
feeding) to minimize the increase in body weight associated with ovariectomy'. The protocol was
approved by the University of Campinas Institutional Animal Care and Use Committee (School of
Dentistry at Piracicaba, University of Campinas. Piracicaba, S.P., Brazil).

OVARIECTOMY PROCEDURE

General anesthesia was obtained by intramuscular administration of ketamine (0.5ml/kg). Bilateral

ovariectomies were performed in 43 rats from a dorsal approach. The remaining 15 rats were
subjected to sham surgeries in which the ovaries were exteriorized and replaced intact. For the
sham-ovariectomy, the ovaries were lifted up and returned to the original position.

EXPERIMENTAL DESIGN

On the day after the ovariectomies, the animals were assigned to one of the four treatment groups:

Group 1 (n=15) - sham surgeries (negative control); Group 2 (n=15) - OVX rats (positive control);
Group 3 (n=14) - each OVX rat in this group was injected subcutaneously with CT (Miacalcic®,
Sandoz A.G., Fertigung Schiitzenstrsse, Ravenburg, Germany) 4 days/week at a dose of 16 |U/Kg
body weight; Group 4 (n=14) - each OVX rat in this group was injected subcutaneously daily with
17p estradiol (Sigma Chemical, St. Louis, MO, USA), dissolved in 100% ethanol and diluted in
mineral oil at a dose of 20ug/Kg body weight.

IMPLANT SURGERY

Twenty-one days after the ovariectomies, all animals were anesthetized (ketamine - 0.5ml/kg). The

skin was cleansed with iodine surgical soap and an incision of approximately 1 cm in length was
made and the bone surface of the tibiae surgically exposed by blunt dissection. Under profuse saline
irrigation, bicortical implant beds were drilled at a rotary speed not exceeding 1500 rpm and one
screw-type commercially available pure titanium implant (AS Technology, S&o José dos Campos,
S.P., Brazil), of 4.0 mm in length and 2.2 mm in diameter, was placed bilaterally. The soft tissues
were replaced and sutured. Postoperatively, the animals received antibiotic (Pentabidtico®, Wyeth-
Whitehall Ltda, S&o Paulo, SP, Brazil) given as a single intramuscular injection.

SERUM ANALYSES
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At the time of sacrifice (60 days after implant placement), blood was drawn to measure the serum
level of alkaline phosphatase and calcium. Alkaline phosphatase activity was obtained
colorimetrically (Gold Analisa Diagndstica, Belo Horiaonte, MG, Brazil) and calcium by the ion
selective electrode method (Eletrolyte Analyzer, AVL Scientific Corporation, Roswell, Georgia, USA).
CLINICAL ANALYSES

To confirm the success of the ovariectomy, two weeks after the ovariectomy and sham surgeries, the

estrous cycle of the rats was daily monitored for one week by collecting vaginal smears. In addition,
the success of the ovariectomy was also confirmed at necropsy by marked atrophy of the uterine
horns and no histologic evidence of ovarian tissue at the surgical site.

HISTOMETRIC PROCEDURE

After 60 days, the animals were sacrificed; the tibiae were removed and fixed in 4% neutral formalin

for 48 hours. Undecalcified sections were prepared as previously described'®, i.e. the blocks were
dehydrated by using an ascending series of ethanol (60-100%) and embedded in glycolmethacrylate
resin (Technovit 7200° ; Heraeus Kulzer GmbH, Wehrheim, Germany). Subsequently, the sections
(20-30 pm) were obtained and stained using toluidine blue 1% staining. The percentage of bone-to-
implant contact (BIC) and bone area (BA) within the threads of the implants was determined
bilaterally (Image-Pro®; Media Cybemetics, Silver Spring, MD, USA) and arranged separately in
cortical (Zone A) and cancellous bone (Zone B) areas.

STATISTICAL ANALYSIS

Data from Zones A and B (cortical and cancellous bone, respectively) were separately averaged. The

hypothesis that HRT and CT administration had no influence on the bone healing around the implants
placed in the OVX rats was tested using an intergroup analysis (Kruskal-Wallis test - alpha = 0.05). In
the case that statistical difference was detected, Dunn’s method was used to isolate the groups that
differed from the others. In addition, to test the hypothesis that HRT and CT administration did not
influence alkaline phosphatase and calcium serum levels; the one way ANOVA (alpha = 0.05) was
used. If statistical difference was detected, a pairwise multiple comparison procedure was used
(Bonferroni t-test).

Finally, an intergroup analysis was used to test the hypothesis that there was no difference between
the groups with respect to the animals” body weights at the end of the experimental period (one way
ANOVA - alpha = 0.05).
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RESULTS
CLINICAL OBSERVATIONS
All animals gained weight during the course of the study. The animals from groups 1, 2 and 3

weighed significantly more than the animals from group 4 (P<0.05). The final mean body weights
were 256.279 + 15.70, 261.679 + 14.98, 255.47¢g + 20.25 and 228.57¢ + 13.68, for the animals from
groups 1, 2, 3 and 4, respectively.

In the present study, macro and microscopic analysis of the uterine horns, and assessment of the
estrous cycle of the rats confirmed the success of the ovariectomy surgery. All OVX and CT animals
were in the diestrus stage and presented their reproductive organs atrophied, therefore confirming
the reduction of serum estrogen levels in these two groups'”. In contrast, the sham group presented
the four stages of the estrous cycle (estrus, metestrus, diestrus and proestrus), while the HRT
animals remained in the estrus stage. Furthermore, macro and microscopic analysis showed that the
reproductive organs of sham and HRT-groups were intact, assuring that the serum estrogen levels
were maintained in both groups.

SERUM ANALYSES RESULTS

The alkaline phosphatase serum level varied between the experimental groups. It was similar for the
animals from groups 1 and 4 (29.13IU/l + 10.93 and 33.29 IU/l + 14.91, respectively - P>0.05), but
statistically higher in the animals from groups 2 and 3 (80.47 U/l + 20.16 and 98.20 U/l + 14.27,
respectively - P<0.05).

Regarding the calcium serum level, the animals, which were ovariectomized and did not receive
either HRT or CT (group 2), presented higher values than the animals from groups 1, 3 and 4
(P<0.05). The mean calcium serum levels were 1.10mmol/l + 0.07, 1.24 mmol/l + 0.08, 1.10 mmol/l +
0.14 and 1.07 mmol/l + 0.13 for groups 1, 2, 3 and 4, respectively. Figures 1a and 1b illustrate the
results observed for alkaline phosphatase and calcium serum levels, respectively.

HISTOMETRIC RESULTS

Intergroup analysis did not reveal significant differences regarding BIC in Zone A (P=0.64).

Therefore, in the cortical bone area, estrogen deficiency did not appear to influence osseointegration
around titanium implants. On the other hand, in Zone B, data analysis showed that estrogen
deficiency may result in a lower percentage of BIC than the animals not submitted to ovariectomy

(P<0.05). However, this negative effect was restored in the OVX, which received 17f3 estradiol, to a
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similar percentage as that of the sham surgery animals. In addition, data analysis revealed a slight
positive effect of CT administration on the percentage of BIC in the OVX animals, but this difference
was not statistically significant (P>0.05) (Table 1).

Data analysis also showed that in the cortical and cancellous bone regions (Zones A and B), a slight
difference in the BA was noted between groups 1, 2 and 3, but this was not statistically significant
(P>0.05). In contrast, the OVX animals administered with 17 estradiol (group 4) presented a
statistically higher percentage of BA than animals from groups 2 and 3 (P<0.05) (Table 1). Figures 2
to 5 illustrate the histologic findings.

DISCUSSION

Risk factors for osteoporosis have been extensively studied®19. Estrogen levels present prior to
menopause are protective against the bone loss resulting from osteoporosis. Therefore, early
menopause, naturally occurring, drug- or surgically-induced predisposes individuals to
osteoporosis'®.

The influence that osteoporosis exerts on the implant outcome has been investigated. Some authors
have suggested on the basis of clinical observations, that osteoporosis is not always a risk factor in
osseointegration’20. On the other hand, studies based on histologic observations have reported
some negative effects of estrogen deficiency on the bone healing around titanium implants (induced
osteoporosis)s-10,

Although the present study did not aim to investigate the effect of ovariectomy on the bone around
titanium implants, the present results showed that estrogen deficiency may slightly influence bone
healing around titanium implants in the cortical area (Zone A) and significantly decrease the BIC in
the cancellous bone region (Zone B). Extrapolation of the observations found in animal models to a
clinical situation is not possible. However, the indication provided by the experimental studies that
estrogen deficiency may influence BIC and BA around titanium implants should be investigated on a
long-term basis.

Most bone diseases, including osteoporosis, are caused by increased bone resorption, rendering its
inhibition a primary therapeutic objective. Indeed, most bone therapies currently available belong to
this category. Inhibition of bone resorption can be accomplished by reducing either osteoclast
generation (for example, with estrogens) or osteoclast activity (with CT). Estrogen replacement

therapy has long been considered the first line therapy for preventing osteoporosis. Treatment with
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estrogens clearly inhibits bone loss as well as bone turnover and increases bone mineral density?'.
The molecular mechanism of action of estrogen on bone, as well as on other tissues, is under
investigation22,

Calcitonin (CT) is a polypeptide hormone that has been used to treat or prevent bone metabolism
disorders, because of its capacity to inhibit bone resorption® and because of its analgesic
properties?4. Because no information is available regarding the effect of HRT and CT administration
on the bone healing around osseointegrated implants placed in estrogen deficient animals, the
present study aimed to evaluate whether HRT and CT administration could prevent the negative
influence of estrogen deficiency on bone around titanium implants placed in ovariectomized rats. The
results of the present study showed that estrogen administration immediately after ovariectomy, may
neutralize the negative effects of estrogen deficiency on both parameters analyzed, i.e., bone-to-
implant contact and bone area around the implants placed in the tibiae of the rats. The OVX rats
which daily received 17p estradiol (group 4) present similar levels of BIC and BA to the sham
operated animals (group 1). On the other hand, in the present study, although data analysis revealed
a slight positive effect of CT administration after ovariectomy, this was not statistically significant.

The biochemical serum analysis supported the histologic results of this study. HRT resulted in a
similar level of alkaline phosphatase and calcium to the control group (sham), indicating that estrogen
administration might has controlled the high bone turnover promoted by the ovariectomy (increased
alkaline phosphatase levels) and blocked its influence on the bone tissue around the implants. In
contrast, although CT may have presented its biologic properties, decreasing the level of serum
calcium, it did not decrease bone turnover in the OVX animals. Calcitonin-induced loss of CT
receptors, resulting in hormone-induced resistance, has been previously reported?>-26, Whether this
was the case in the present investigation remains to be investigated. Thus, the bone tissue around
the implants in the CT-treated animals was negatively affected by estrogen deficiency.

The results of the present study are in agreement with previous studies regarding the benefits of HRT
to the bone metabolism in estrogen-deficient animals''-1327. Moreover, regarding the effect of CT on
bone metabolism in ovariectomized rats, the results of the present study are closely related to the
study by Shen et al. (1995)28 who showed that CT partially prevented bone loss in ovariectomized

rats. Results, though, are not in agreement with the report by Wronski et al. (1991)'4 who observed
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that CT treatment depressed bone turnover and prevented the development of osteopenia in OVX

rats.

Therefore, within the limits of the present investigation, it can be suggested that HRT immediately

after ovariectomy may be important to prevent the influence that estrogen deficiency may exert on

bone healing around titanium implants. Nevertheless, further studies should be considered to
clinically confirm the present data and to investigate whether other inhibitors of osteoclast activity,
such as diphosphonates, may influence bone around titanium implants in estrogen-deficient animals.

In addition, whether HRT is able to revert, not prevent, the effect of estrogen deficiency on bone

healing around titanium implants should also be studied.
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Figure 1a: Mean and standard deviation (IU/l) of alkaline phosphatase serum levels.
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Figure 1b: Mean and standard deviation (mmol/l) of calcium serum levels.
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Figure 2: Micrograph of a ground section showing the histologic findings for the animals submitted to

sham surgery (group 1). Note that after 60 days, in the cortical zones the bone is in a close contact
with the implant surface (®), and in the cancellous bone area (*), it is also observed some bone

proliferation on the implant surface (Toluidine blue / Original magnification = 6.25x).

Figure 3: Photomicrograph illustrating the histologic aspect observed around the implants placed in

the animals that were submitted to ovariectomy (group 2). Note that estrogen deficiency negatively
influenced the bone tissue around the implant, especially in the cancellous bone compartment (*)

(Toluidine blue / Original magnification = 6.25x).
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Figure 4: Photomicrograph that, histologically, illustrates the bone tissue around the implants placed
in the animals that were submitted to ovariectomy and received daily injections of calcitonin (group
3). Observe that calcitonin was not able to prevent the negative effect of estrogen deficiency on bone

around the implant, especially in the cancellous bone area (*), when compared to the control group

(figure 2) (Toluidine blue / Original magnification = 6.25x).

Figure 5: Micrograph illustrating the histologic findings observed for the animals that were submitted
to ovariectomy and treated by the hormone replacement therapy. A significantly positive effect of the
treatment was observed either for the cortical or cancellous bone as compared to groups 2 and 3

(Toluidine blue / Original magnification = 6.25x).
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Table 1: Mean and standard deviation (%) of bone-to-implant contact (BIC) and bone area (BA)
within the limits of the implant threads for groups 1 to 4 at Zones A and B.

Zone A Zone B
BIC BA BIC BA
Group 1 5098 +15.19a  84.76 +3.74 ab Group 1 51.75+12.53a 49.26 + 5.60ab
Group 2 46.00+7.94a 81.35+3.81a Group 2 40.28 + 9.51b 41.38 + 10.82a
Group 3 49.79 + 14.81a 82.65 + 5.15a Group 3 48.60 + 10.16ab 42.64 +5.49a
Group 4 50.45 + 12.76a 88.36 + 3.39b Group 4 52.99 +10,27a 58.56 + 12.22b

Non-capital letters should be considered in columns.
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ABSTRACT

Background: This study evaluated the influence of estrogen and calcitonin administration on tibial
bone density in a lateral area adjacent to implants placed in ovariectomized rats (OVX).

Methods: One screw-type titanium implant was placed bilaterally in the ovariectomized rats, and the
animals assigned to one of the following groups: Group 1 (n=15): sham surgeries; Group 2 (n=15):
OVX; Group 3 (n=14): OVX subcutaneously administered with calcitonin (CT) 4 days/week (16 [U/kg);
Group 4 (n=14): OVX rats daily administered with 17 estradiol (20ug/Kg). After sixty days, the
animals were killed and undecalcified sections obtained. Blood samples were collected to measure
serum levels of alkaline phosphatase and calcium at the time of sacrifice. Bone density was measured

in a 500pm-wide mineralised zone lateral to the implant.
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Results: Alkaline phosphatase levels in groups 2 and 3 (P>0.05) were statistically higher than groups
1 and 4 (P<0.05) and calcium serum level was higher in group 2 than the other groups (P<0.05).
Regarding bone density, the data were arranged separately for cortical (Zone A) and cancellous (Zone
B) bone. In Zone A, intergroup analysis revealed no significant difference among groups (P>0.05).
However, in Zone B the animals that received estrogen administration (group 4) presented a higher
bone density than groups 2 and 3 (P<0.05).

Conclusion: Thus, it appears that estrogen therapy may prevent the negative influence of
endogenous estrogen deficiency on bone density around titanium implants placed in ovariectomized
rats.

KEY WORDS: estrogen deficiency, ovariectomy, titanium implants, calcitonin, osteoporosis
INTRODUCTION

An increasing number of titanium endosseous dental implants has been used to replace and
restore function and esthetic in edentulous patients. Successful outcomes can be expected when
dental implants are placed in good bone quality and quantity!3. However, local and systemic
conditions, which may impair bone healing or may interfere with the stability of the implants, have
been described*.

Osteoporosis is a systemic skeletal disease characterized by low bone mass, widened
trabecular space and thin cortical bone due to a high rate of bone turnovert. The ovarian hormone
deficiency (estrogen) results in increased bone turnover and imbalance in favor of resorption, causing
osteoporosis’-10. These osteoporotic changes have been observed in the oral bone''-12, however; only
a few studies have investigated the impact of osteoporosis on osseointegrated implant outcomes. In
summary, clinical reports have been contradictory'®14 in correlating osteoporosis as risk factor for
dental implants, and experimental studies, using animal models, have demonstrated that estrogen
deficiency may influence bone healing around titanium implants's-18.

Estrogen plays an important role in the regulation of bone turnover in adult bone. In the
menopause, estrogen deficiency induces cancellous as well as cortical bone loss'®. At a cellular level,
estrogen inhibits differentiation of osteoclasts thus decreasing their number and reducing the amount
of active remodeling units20. At a molecular level, estrogen regulates the expression of IL-1, IL-6 and

TNF-a., cytokines that regulate bone resorption21-22,
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The administration of estrogen is the most currently and widely treatment used in the prevention
of bone loss in postmenopausal women and estrogen deficient individuals'. In fact, many
observations in animal and clinical studies show that after estrogen hormone replacement therapy
(HRT), skeletal remodeling is reduced and bone loss is halted23-25,

Calcitonin (CT), a peptide hormone, has the property of inhibiting bone resorption by acutely
blocking osteoclast activity. Studies in humans and animal models have demonstrated its usefulness
in treating estrogen deficiency-induced osteoporosis?6-27.

Although, it has been demonstrated, in animal models, that estrogen deficiency impairs bone
quality around titanium implants, no information is available regarding the effect of HRT (estrogen) and
CT administration on the bone density around osseointegrated implants placed in estrogen-deficient
animals. Therefore, the present study was designed to evaluate, by histological analysis, whether
estrogen and CT administration could prevent the negative influence that endogenous estrogen
deficiency exerts on bone density around titanium implants placed in the tibiae of rats.

MATERIALS AND METHODS
ANIMALS

The experimental animals were 58 female Wistar rats that were 90 days old and weighed an
average of 210g at the beginning of the study. During the period of the experiment, the animals were
housed in groups of six in plastic cages. Food and water were given ad libitum to all animals, except
ovariectomized (OVX) rats not on estradiol treatment (pair feeding)?8. This protocol was approved by
University of Campinas Institutional Animal Care and Use Committee.

OVARIECTOMY PROCEDURE

All rats were anesthetized with intramuscular administration of ketamine (0.5mli/kg). Skin was

cleansed with iodine surgical soap. Bilateral ovariectomies were performed in 45 rats from a dorsal
approach. The remainders were subjected to sham surgeries in which the ovaries were lifted up and
returned intact to the original position.

EXPERIMENTAL DESIGN

Twenty-four hours after ovariectomies, the animals were randomly assigned to one of the four

groups: Group 1 (n=15): sham surgeries (negative control); Group 2 (n=15): OVX rats (positive

control); Group 3 (n=14) OVX rats and 4 days/week subcutaneous injections of CTt at a dose of 16
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[U/Kg body weight; Group 4 (n=14): OVX rats and daily subcutaneous injections of 17p estradiol?,
dissolved in 100% ethanol and diluted in mineral oil at a dose of 201g/Kg body weight.
IMPLANTS SURGERY

Twenty-one days after ovariectomies, general anesthesia was performed using the ovariectomy

protocol (ketamine - 0.5ml/kg). The skin was cleansed with iodine surgical soap, an incision of
approximately 1cm in length was made and the bone surface of the tibiae surgically exposed by blunt
dissection. Under profuse saline solution irrigation, bicortical implant beds were drilled at a rotary
speed not exceeding 1500 rpm. A screw-shaped commercially available pure titanium implant, of 4.0
mm in length and 2.2 mm in diameter, was placed bilaterally until the screw thread had been
completely introduced into the bone cortex. Finally, soft tissues were replaced and sutured.
Postoperatively, the animals received antibiotic$ given as a single intramuscular injection.

CLINICAL ANALYSES

In order to confirm the success of ovariectomy and efficiency of estrogen administration on

ovariectomized animals, estrous cycle was monitored. The changes in the vaginal smear during 4-5
days of the estrus cycles were observed in each group. At autopsy, success of the ovariectomy was
confirmed by absence of ovaries and atrophy of uterine horns in rats not submitted to estrogen
therapy.

BIOCHEMICAL SERUM ANALYSES

Blood samples were collected to measure plasma concentration of alkaline phosphatase and

calcium at the time of sacrifice. Using automated laboratory techniques, alkaline phosphatase activity
was obtained calorimetrically! and calcium, by the ion selective electrode method 1.
HISTOMETRIC PROCEDURE

After 60 days, animals were killed and tibiae were removed and fixed in 4% neutral formalin for

48 hours. Undecalcified sections were prepared as previously described?, i.e. the blocks were
dehydrated by using an ascending series of ethanol (60-100%) and embedded in glycolmethacrylate*.
Subsequently, the sections (20-30pm) were obtained and stained using 1% toluidine blue. The bone
density, i.e., the proportion of mineralized matrix, in a 500 pm-wide zone lateral to the implant was
separately recorded for both sides of the implant™ in the cortical (Zone A) and cancellous bone (Zone
B) areas (figure 1).

STATISTICAL ANALYSIS
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Data from Zones A and B (cortical and cancellous bone, respectively) were separately
averaged. The hypothesis that estrogen and CT administration had no influence on the bone denstiy
around the implants placed in the OVX rats was tested using an intergroup analysis (Kruskal-Wallis
test - alpha = 0.05). In the case that statistical difference was detected, Dunn’s method was used to
isolate the groups that differed from the others. In addition, to test the hypothesis that HRT and CT
administration did not influence alkaline phosphatase and calcium serum levels; the one-way ANOVA
(alpha = 0.05) was used. If statistical difference was detected, a pairwise multiple comparison
procedure was used (Bonferroni t-test).

Finally, an intergroup analysis was used to test the hypothesis that there was no difference
between the groups with respect to the animals” body weights at the end of the experimental period
(one way ANOVA - alpha = 0.05).
tMiacalcic®, Sandoz A.G., Fertigung Schiitzenstrsse, Ravenburg, Germany.

1 Sigma Chemical, St. Louis, MO, USA.
§ Pentabidtico®, Wyeth-Whitehall Ltda, S&o Paulo, SP, Brazil.
I Gold Analisa Diagndstica, Belo Horizonte, MG, Brazil.
1 AVL Scientific Corporation, Roswell, GA, USA.
# Technovit 7200°; Heraeus Kulzer GmbH, Wehrheim, Germany.
" Image-Pro®; Media Cybernetics, Silver Spring, MD, USA.
RESULTS
CLINICAL ANALYSES
All animals gained weight during the course of the study. The animals from groups 1, 2 and 3

weighted significantly more than the animals from group 4 (P<0.05) (table 1).

The success of ovariectomy and efficiency of estrogen administration were confirmed by estrus
cycles and macro analysis of the uterine horns and absence of ovaries. The diestrous smear, which
consisted mainly of leucocytes and some epithelial cell, were found in all OVX and CT animals. In
contrast, the animals that received estrogen remained in the estrus stage, in which the smear consists
entirely of large cornified epithelial cells. Finally, the sham group presented changes in the kind of
cells in the vaginal smears, clearly identifying the four stages of the estrous cycle (estrus, metestrus,

diestrus and proestrus).
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Regarding the autopsy, macroscopic analysis showed that the uterus of the group-1 and -4
animals were pink and fluid filled, assuring that the serum estrogen levels were kept normal in both
groups. On the other hand, OVX and CT rats presented their reproductive organs thin and anemic,
confirming the reduction of serum estrogen levels in both groups.

BIOCHEMICAL SERUM ANALYSIS

Serum concentrations of alkaline phosphatase and calcium at the time of sacrifice are

summarized in table 1. The alkaline phosphatase serum level was similar in groups 1 and 4 (P>0.05),
but was statistically higher in groups 2 and 3 (P<0.05). Regarding the calcium serum level, the
animals that were ovariectomized and did not receive either HRT or CT (group 2) presented higher
values than the animals from groups 1, 3 and 4 (P<0.05).

HISTOMETRIC RESULTS

In zone A, intergroup analysis revealed no significant difference regarding the bone density

(P=0.64 — figure 2). However, data analysis demonstrated that estrogen deficiency resulted in a lower
bone density in zone B than the sham animals (P<0.05). This negative influence was overcome when
the animals were administered with 17 estradiol (P<0.05). CT administration resulted in a slight
increase in bone density, but no significant difference was detected (P>0.05 - figure 3). Figures 4A to
4D illustrate the histological findings.

DISCUSSION

Treatment with dental implants has become a routine procedure for rehabilitation of edentulous
patients with high predictability’-3. Postmenopausal osteoporosis is a heterogeneous bone disorder
characterized by a progressive loss of bone tissue due to estrogen deficiency after natural or surgical
cessation of the ovarian function2®, and some concern has been raised on the implant outcome in
such patients.

Since the prognosis of an implant-supported prostheses may be influenced by the proportion of
mineral bone around the implant's, the present study aimed to evaluate the influence of estrogen and
calcitonin on bone quality (PMM) in a 500 pm-wide zone lateral to the implant surface in
ovariectomized rats, instead of its influence on osseointegration (early failure). Results indicated that
ovariectomy (group 2) decreased bone density around titanium implants in cancellous bone, but not in

cortical bone. Therefore, it is likely that, besides affecting the new-formed bone as previously
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described®17.30, the accelerated osteoclastic bone resorption resulting from estrogen deficiency, may
also affect the pre-existing cancellous bone in an adjacent area lateral to the implant surface.

Estrogen replacement therapy has long been considered the first line therapy for preventing
osteoporosis'®. Estrogen administration clearly inhibits bone loss as well as bone turnover and
increases bone mineral density?4. To date, the present study is the pioneer in evaluating the effect of
HRT (estrogen) and CT on the proportion of mineralized bone in a 500um-wide zone lateral to the
implant surface. The results of this study demonstrated that estrogen treatment immediately after
ovariectomy provided complete protection against the negative effects of estrogen deficiency. The
OVX rats which daily received 17 estradiol (group 4) presented bone density levels similar to sham
animals (group 1). The mechanism for this protective effect apparently involves suppression of bone
turnover as a direct effect of estrogen on bone cells'9-20. 31 and cytokines regulation2!-22, Such an
observation is in agreement with previous studies regarding the benefits of estrogen to the bone
metabolism in estrogen-deficient animals23-24,

On the other hand, the present study showed that treatment of OVX rats with CT, immediately
after ovariectomy, revealed a slight positive effect to prevent the development of cancellous
osteopenia, but this was not statistically significant. The data of the present study are closely related to
the study reported by Shen et al.®2, who showed that CT partially prevented bone loss in
ovariectomized rats when administrated during 90 days. These trends suggest that the skeletal
response to CT therapy may decline along the treatment. This phenomenon has been reported in
some clinical trial involving long-term CT treatment of postmenopausal osteoporotic patients33-34,
Calcitonin induces loss of CT cell receptors, resulting in hormone-induced resistance, and induces a
progressive down-regulation of bone binding sites for the hormone 336, If these same phenomena
occurred in this investigation is still unknown, but it is clear that CT treatment was not able to
completely revert the effects of estrogen deficiency on bone adjacent to the implant surface.

The biochemical serum analyses support the histometric results. Alkaline phosphatase may
assist in the diagnosis of osteoporosis, indicating high bone turnover. In the present study, the serum
alkaline phosphatase was significantly elevated in the OVX group. Estrogen administration resulted in
a level of alkaline phosphatase similar to control group (sham), indicating that this therapy controlled
the high bone turnover promoted by ovariectomy. These results were in agreement with previous

animal studies®7-38. In addition, Christiansen et al.3° also demonstrated that alkaline phosphatase level
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is 20 % higher in the menopausal period and decreases to a normal level with estrogen administration.
Furthermore, estrogen therapy resulted in a level of calcium similar to negative control group (sham)
and CT group, demonstrating that CT might have presented its biological properties, decreasing the
levels of serum calcium 40-41, even though it did not decrease bone turnover in OVX animals.

In conclusion, experimental studies indicate that estrogen deficiency might influence bone
around titanium implants. These effects should be seriously investigated on a long-term clinical trial,
controlling as confounding variables as possible. Further studies should be considered in order to
complement the present study and to investigate whether other inhibitors of bone resorption, such as
diphosphonates, may influence bone around titanium implants in estrogen-deficient animals.
Extrapolation of the observations found in animal models to a clinical situation is not possible.
However, it could suggest, at least, that when it comes to elderly patients or menopausal women,
without estrogen treatment, the choice between conventional and different alternatives of implants-
supported prostheses should be carefully considered. Finally, within the limits of this investigation, it
can be suggested that estrogen administration, immediately after ovariectomy, may prevent the
negative influence of estrogen deficiency on bone density around titanium implants.
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Table 1. Body weight, serum levels of alkaline phosphatase (IU/l) and calcium serum levels (mmol/l)

at the time of sacrifice of sham, OVX (ovariectomized rats), CT (OVX and calcitonin administration)

and E (OVX and estradiol administration) groups.

Group Body Weight (kg) Alkaline phosphatase(IU/l) Calcium serum (mmol/l)
Sham (1) 256,279 + 15,7a 29.13 +10.932 1.10 + 0.07b
ovX (2) 261,679 + 14,98a 80.47 + 20.16b 1.24 + 0.08a
CT(3) 255,479 + 20,252 98.20 + 14.27b 1.10+0.14b
E (4) 228,579 + 13,68b 33.29 + 14.91a 1.07 + 0.13b

Data represents the mean + SD. Different letters indicate significant statistical differences (a=0.05), within each column.
Body Weight determined by One Way analyses of variance and Turkey test. Alkaline phosphatase and calcium serum
determined by One Way analyses of variance (ANOVA) and Bonferroni t-test.

53



Figure 1. Schematic illustration of the histometric parameters evaluated in a 500 ym-wide zone lateral

to the implant surface in the cortical (Zone A) and cancellous bone (Zone B) areas.
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Figure 4. Photomicrographs illustrating the histological aspects within the limits of the threads and in
a zone lateral to the implant. Note cortical and cancellous bone. Figures A, B, C and D illustrate
groups 1(sham), 2 (OVX), 3 (OVX and calcitonin) and 4 (OVX and estrogen), respectively. (Toluidine

blue / Original magnification = 12.5x).
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Figure 2. Means and standard deviation (%) of PMM in zone A (cortical bone) for all experimental
groups: sham, OVX (ovariectomized rats), CT (OVX and calcitonin administration) and E (OVX and
estradiol administration). Bone density means and standard deviations in this area were 95.39 +
1.34%; 93.27 + 3.81%; 94.90 + 2.16 % and 95.84 + 1.75% for Sham, OVX, CT and E groups,

respectively.
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Figure 3. Means and standard deviation (%) of PMM in zone B (cortical bone) for all experimental
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groups: sham, OVX (ovariectomized rats), CT (OVX and calcitonin administration) and E (OVX and
estradiol administration). The bone density means and standard deviations in zone B were 48.39 +
9.37%; 8.26 + 4.77%; 16.97 + 6.87% and 50.97 + 8.25% for Sham, OVX, CT and E groups,

respectively.
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ABSTRACT

Background: A negative impact of estrogen deficiency on bone healing around titanium implants has
been reported. This study evaluated whether the alendronate (ALD) therapy would influence bone
healing and density around titanium implants inserted in ovariectomized rats, and whether ALD
therapy would provide a residual effect after its withdrawal.

Methods: Twenty-one days before implant placement, bilateral ovariectomies were performed. One
screw-shaped titanium implant was placed in the tibiae. The animals were assigned to one of the
following groups: Group SHAM (n=15): sham surgeries; Group OVX (n=15): ovariectomy; Group AT
(n=15): OVX plus alendronate administration for 80 days; Group AW (n=14): OVX plus alendronate
administration for 40 days; Group ET (n=14): OVX plus 17 estradiol administration for 80 days;
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Group EW (n=14): OVX plus 173 estradiol administration for 40 days. After sixty days, the animals
were sacrificed and undecalcified sections obtained. Bone-to-implant contact (BIC), bone area (BA)
within the limits of implants threads and bone density in a 500um-wide zone lateral to the implant (BD)
were obtained and arranged for the cortical (Zone A) and cancellous (Zone B) regions.

Results: In zone A, data analysis showed no significant differences among the groups regarding BIC
and BD (P>0.05), and a slight beneficial effect of estradiol on the BA when compared with the OVX,
EW and AW groups (P<0.05). In zone B, OVX negatively impacted bone healing around the implants,
resulted in reduced BA and BD (P<0.05). ALD (continuous/interrupted) and estradiol (only continuous)
positively affect BIC, BA and BD, resulting in values at the same level as the control group (SHAM).
Conclusion: ALD may prevent the negative influence of estrogen deficiency on bone density and
healing around titanium implants inserted in OVX rats. Furthermore, the ALD positive effect, in
contrast to estradiol, is sustained in BA and BD following its withdrawal.

KEY WORDS: estrogen deficiency, titanium implants, alendronate, estradiol, osteoporosis.
INTRODUCTION

Currently, osseointegrated titanium implants has became an important alternative to
conventional prosthesis in edentulous situations'2. Implant integration into bone involves not only
implant-related factors, such as material, topography, shape, and surface chemistry, but also
mechanical loading, surgical technique, and patient variables, such as bone quantity and qualitys.
Since osteopenia and osteoporosis are estrogen deficiency-related bone diseases4, which results low
bone mass, some studies have investigated the impact of this diseases on dental implants-0.
Although clinical studies have demonstrated no evidence suggesting that osteoporosis is a risk factor
for dental implants®, animal studies have showed that bone volume, bone area and bone contact were
significantly decreased around the implant placed in estrogen- deficient animalsé-10.

Estrogen deficiency after ovariectomy or menopause plays a major role in the early changes
in the turnover of cancellous bone, leading to a reduction in bone mass and disruption of the
trabecular network''. Estrogen replacement therapy is commonly used as a prophylactic and
therapeutic measure in order to prevent bone loss in postmenopausal women and estrogen deficient
individuals'2.  However, the possibility of estrogen side-effects, such as breast swelling and

tenderness, bloating, bleeding and spotting, lead postmenopausal women often discontinue this
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therapy's. In addition, the possibility of clinical contra-indications to the estrogen treatment requires
development of therapeutic alternatives.

Bisphosphonates are synthetic compounds extensively used for the treatment of systemic
bone loss due to estrogen depletion?4. Although, the bisphosphonates mechanism of action is not yet
fully understood, it has been demonstrated that it inhibits osteoclast-mediated bone resorption?s. It
has been shown that alendronate is a potent inhibitor of bone resorption without significantly affecting
bone formation'6. Despite some patients discontinue ALD therapy because of upper gastrointestinal
symptoms'7, it accumulates in the bone, having very long biological half-lives?®.

Therefore, the present study was designed to evaluate, by histometric analysis, whether ALD
therapy would prevent the negative influence of endogenous estrogen deficiency around titanium
implants placed in ovariectomized rats. Furthermore, little is known about the effects of discontinuation
of both ALD and estradiol (E) therapies on bone healing and density around titanium implants, and
therefore, the present study also aimed to investigate the impact of both therapies withdrawal.
MATERIALS AND METHODS
ANIMALS
The experimental animals were 87 female Wistar rats that were 90 days of age and weighed an
average of 210g at the beginning of the study. During the period of the experiment, the animals were
kept in plastic cages with access to food and drinking water ad libitum, except the ovariectomized
(OVX) rats not on estradiol treatment (pair feeding)'®. This protocol was approved by the University of
Campinas Institutional Animal Care and Use Committee.

OVARIECTOMY

The animals were anesthetized with intramuscular administration of ketamine (0.5ml/kg). Ovariectomy
or sham surgeries were performed at the beginning of the study. Bilateral ovariectomies were
performed in 72 rats from a dorsal approach. The remaining 15 animals were subjected to sham
surgeries in which the ovaries were liffted up and returned intact to the original position.
Postoperatively, the animals received antibiotic' given as a single intramuscular injection.
EXPERIMENTAL DESIGN

After ovariectomies, the animals were randomly assigned to one of the following six groups: Group
SHAM (n=15): sham surgery; Group OVX: (n=15): ovariectomy; Group AT (n=15): OVX plus 4
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days/week subcutaneous injections of ALD2 at a dose of 5mg/Kg body weight for 80 days; Group AW
(n=14) OVX plus 4 days/week subcutaneous injections of ALD at a dose of 5mg/Kg body weight for 40
days; Group ET (n=14): OVX and daily subcutaneous injections of 173 estradiol3, dissolved in 100%
ethanol and diluted in mineral oil at a dose of 20ug/Kg body weight for 80 days ; Group EW (n=14):
OVX and daily subcutaneous injections of 173 estradiol, dissolved in 100% ethanol and diluted in
mineral oil at a dose of 20ug/Kg body weight for 40 days (figure 1).

IMPLANTS SURGERY

Twenty-one days after ovariectomies, general anesthesia was performed (ketamine - 0.5ml/kg). Skin

was cleansed with iodine surgical soap. An incision of approximately 1 cm in length was made and the
bone surface of the tibiae surgically exposed by blunt dissection. Under profuse saline solution
irrigation, bicortical implant beds were drilled at a rotary speed not exceeding 1,500rpm. A screw-
shaped commercially available pure titanium implant, of 4.0 mm in length and 2.2 mm in diameter,
was placed until the screw thread had been completely introduced into the bone cortex. Finally, soft
tissues were replaced and sutured. Postoperatively, the animals received antibiotic* given as a single
intramuscular injection.

CLINICAL ANALYSES

In order to confirm the success of ovariectomy and estrogen administrations, the estrous cycle was

monitored two weeks after the ovariectomy surgeries, and two weeks after the withdrawal of the
drugs. Changes in the vaginal smear during 4-5 days of the estrus cycles were observed in each
group. At autopsy, success of the ovariectomy was also confirmed by absence of ovaries and atrophy
of uterine horns in ovariectomized rats. In addition, the presence of normal uterine horns was also
used to support the success of estrogen administrations.

ALKALINE PHOSPHATASE ANALYSIS

! Pentabiético®, Wyeth-Whitehall Ltda, Sao Paulo, SP, Brazil.
% Teva Pharmaceutical Ltda. , Petach Tikva, Israel

3 Sigma Chemical, St. Louis, MO, USA.

* Pentabittico®, Wyeth-Whitehall Ltda, Sdo Paulo, SP, Brazil.
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Blood samples were collected to measure plasma concentration of alkaline phosphatase at the time of
sacrifice. Using automated laboratory techniques, alkaline phosphatase activity was obtained
colorimetrically>.

HISTOMETRIC PROCEDURE

Sixty days after implant placement (figure 1), the animals were sacrificed, the tibiae removed and fixed

in 4% neutral formalin for 48 hours. Undecalcified sections were prepared, as previously described?0.
Briefly, the blocks were dehydrated by using an ascending series of ethanol (60-100%) and embedded
in glycolmethacrylatet. Subsequently, the sections (20-30 pm) were obtained and stained using
toluidine blue 1% staining. The percentage of bone-to-implant contact (BIC) and bone area (BA) within
the limits of the threads of the implants and bone density (BD), i.e., the proportion of mineralized
matrix in a 500pm-wide zone lateral to the implant surface was separately recorded for both sides of
the implant in the cortical (Zone A) and cancellous bone (Zone B) areas’.

MORPHOLOGICAL ANALYSIS

In order to parallel the histometric data with the morphological aspect of the contralateral tibiae,

specimens were observed on the scanning electron microscopy (SEM) level. Samples were fixed in
2,5% glutaraldehyde in 0.05mol/l cacodylate buffer, pH 7,4. Subsequently, specimens were washed in
five changes of tap water for 15 min to remove the smear layer, fixed, post-fixed, dehydrated in
ascending acetone concentrations up to 100%, critical point drieds, sputter-coated with gold?, and
observed under a SEM'0. The sections were obtained in a transversal direction. Representative areas
of cortical and cancellous bone were photographed at 35X magnification.

STATISTICAL ANALYSIS

Data from Zones A and B were separately averaged. Intergroup analysis was used to test the

hypothesis that the treatments had no influence on BIC, BA and BD. (Kruskal-Wallis test - alpha =
0.05). In the case that statistical difference was detected, the Dunn’s method was used to isolate the

groups that differed from the others. Furthermore, One Way ANOVA (alpha = 0.05) was used to test

5 Gold Analisa Diagndstica, Belo Horizonte, MG, Brazil

6 Technovit 7200®; Heraeus Kulzer GmbH, Wehrheim, Germany

7 Image-Pro®; Media Cybernetics, Silver Spring, MD, USA

8 CPD 030 - BAL-TEC, Furstentum, FL, Liechtenstein

9 MED 010 - BAL-TEC, Furstentum, FL, Liechtenstein

10 EQ 435 VP, LEO Electron Microscopy Ltd., Cambridge, United Kingdom
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the hypothesis that the treatments did not influence the alkaline phosphatase serum levels. If
statistical difference was detected, a pairwise multiple comparison procedure was used (Bonferroni t-
test). Finally, an intergroup analysis was used to test the hypothesis that there was no difference
among the groups with respect to the animal’s body weight at the end of the experimental period (One
Way ANOVA - alpha = 0.05). A pairwise multiple comparison procedure was used (Bonferroni t-test),
if statistical difference was detected.

RESULTS

CLINICAL OBSERVATIONS

All animals gained weight during the study. The animals from SHAM, OVX, AW and EW groups

weighed significantly more than the animals from group AT and ET groups (P<0.05). The final mean
body weight was 256.269 + 16.08; 261.66g + 17.16; 244.18g + 20.4; 266.569 + 23.89; 228.579 +
15.76 and 269.44¢ + 35.85 for the animals from SHAM, OVX, AT, AW, ET, EW groups, respectively.
Clinical appearance of uterine horns, absence of ovaries and assessment of the estrous cycle
confirmed the success of ovariectomy and estrogen replacement. Groups OVX, AT and AW presented
diestrous smear and their reproductive organs atrophied, confirming the reduction of serum estrogen
levels. In contrast, the animals submitted to SHAM surgery presented the four stages of estrous cycle
(estrus, diestrus, proestrus and metaestrus) and a pink and fluid filled uteri. The animals administered
for 80 days with estradiol (ET) remained in the estrus stage and presented normal uteri, assuring that
the serum estrogen levels were kept normal in these animals. Finally, animals in which the estradiol
therapy was interrupted by day 40 presented diestrous smear after the withdrawal and, their
reproductive organs were atrophied at sacrifice.

MORPHOLOGICAL ANALYSIS

Similarly to the histometric observation, morphological analysis confirmed the striking differences in
the cortical and cancellous bone regions among the groups. SHAM, AT, AW, ET presented a much
more dense cancellous bone than OVX and EW. Figures 2A to 2C illustrate the morphological results.
ALKALINE PHOSPHATASE ANALYSIS

Alkaline phosphatase serum concentrations (UI/L) and standard deviation, performed at the time of
sacrifice, were 27.6 + 11.30; 80.46 + 18.72; 40.93 + 11.05; 44.28 + 13.28; 33.2 + 14.90 and 91.23 +
23.28 for SHAM, OVX, AT, AW, ET and EW groups, respectively. Alkaline phosphatase levels were

62



statistically higher for the OVX and EW groups (P<0.001) and, therefore, confirmed the high bone
turnover in the animals in an estrogen-deficient state.

HISTOMETRIC RESULTS

BONE-TO-IMPLANT CONTACT (BIC):

Intergroup analysis did not reveal significant difference regarding BIC in Zone A (P>0.05). On

the order hand, in Zone B, data analysis revealed a statistically significant positive effect of ALD and E
therapies on the percentage of BIC, even after their withdrawal (P< 0.05) (table 1).

BONE AREA WITHIN THE LIMITS OF THE IMPLANT THREADS (BA):

In Zone A, although there was a slight difference, estrogen deficiency did not significantly influence BA
around the implants (P>0.05). Furthermore, statistical analysis demonstrated that continuous estradiol
administration to OVX animals promoted a significantly higher BA than OVX, EW and AW groups
(P<0.05). On the other hand, in Zone B, data analysis showed that estrogen deficiency may result in a
lower percentage of BA than the animals not submitted to ovariectomy (P<0.05). However, this
negative effect was restored in the OVX rats, which were submitted to AT, ET and AW, but not to EW
(table 1).

BONE DENSITY IN A 500pm WIDE ZONE LATERAL TO THE IMPLANT SURFACE (BD):

Data analysis showed that, in Zone A, there was no significant difference regarding the percentage of
mineralized tissue in lateral region to the implant surface (P>0.05). Means and standard deviations
were 95.39% + 1.34; 93.27 % + 3.8; 94.44% + 1.59; 94.34% + 1.55; 95.84% + 1.75 and 92.81% +
6.89 for SHAM, OVX, AT, AW, ET and EW groups, respectively (Figure 3). In Zone B, the results
revealed that estrogen deficiency may result in a lower BD than the SHAM group (p<0.05).
Furthermore, AT, AW and ET, but not EW, were able to prevent against the negative influence of
estrogen deficiency. Means and standard deviations were 48.39% + 9.37; 8.2% + 4.7; 56.91% + 8.7;
57.12 % + 5.2; 50.97% + 8.2 and 32.81% + 10.7 for SHAM, OVX, AT, AW, ET and EW groups,
respectively (Figure 4). Figures 5A to 5F illustrate the histological results
DISCUSSION

Postmenopausal osteoporosis and osteopenia are characterized by a progressive bone loss,
which begins after natural or surgical cessation of the ovarian function4. These conditions are strongly
supported by the estrogen role in bone metabolism20-24,
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Since dental implant outcome is dependent on bone quality, estrogen deficiency has been
investigated with respect to its impact on the osseointegration process®10. Although clinical data are
not conclusives, animal studies have suggested that estrogen deficiency may negatively impact on
bone around titanium implants 610, In the present study, as previously reported 810 data analysis
support the observation that bone is affected by an estrogen-deficient state. At this stage, however,
caution should be used since further studies are requires to determine if implant supported prostheses
would also be involved.

Pharmacological interventions for osteoporosis include mainly estrogen replacement therapy,
calcitonin and parathyroid hormones and bisphosphonate administrations?. In the present study the
impact that alendronate therapy (AT) and its withdrawal (AW) would exert on bone healing around
titanium implants placed in ovariectomized rats was investigated. In addition, continuous and
interrupted estrogen administrations were also investigated with respect to their effect on preventing
the influence of endogenous estrogen deficiency on bone around the implants.

Estrogen replacement is commonly used as a first line therapy for preventing and treating
osteoporosis. The protective effect of estrogen replacement has been demonstrated in clinical and
animal studies with respect to both bone mass loss and fracture incidence'2 2627, The results of the
current study, as in our previous studies®10, showed that ET after ovariectomy may neutralize the
negative effects of estrogen deficiency, mainly in cancellous bone, on all parameters analyzed, i.e.,
BIC, BA and BD. Although the mechanisms involved remain to be investigated, currently, it has been
demonstrated that bone resorption is characterized by two key molecules, receptor activator of NF-
kappa ligand (RANKL) and osteoprotegerin (OPG) 24. Bone resorption is significantly reduced by
RANKL function inhibition via its decoy receptor OPG2428, Since estrogen has been reported to control
bone resorption acting on OPG, it may be suggested that estrogen deficiency induces an unbalance in
the RANKL/OPG system favoring bone resorption, and its replacement may revert this mechanism.
However the precise mechanisms remain to be clarified.

In addition, for the first time, we demonstrated that the interruption in the treatment with
estrogen resulted in BA and BD, in the cancellous bone, similar to the OXV group. Although, little is
known about the effects of discontinuation of estrogen therapy on bone around titanium implants,
these observations are in agreement with those studies that demonstrated that EW causes marked

increase in bone turnover and physiological changes, i.e., loss of bone density and increased risk of
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fracture 2930, Even though our findings do not support the hypothesis that bone loss might continue to
be accelerated long after estrogen treatment cessation, we cannot fully observe residual benefit of
estradiol on bone after its withdrawal. Therefore, the pattern of bone loss observed after estrogen
withdrawal seems to be comparable to that which occurs in rats after ovariectomy without treatment.

ALD is a bisphosphonate compound that has been described to inhibit bone loss and has
been extensively applied in the treatment of osteoporosis 4. Several mechanisms have been
investigated including osteoclasts development and activity inhibition, osteoclasts apoptosis induction
and stimulation of an osteoclast inhibitory factor proctuction? 3'. In the current study, alendronate
immediately after ovariectomy prevented bone loss and depressed bone turnover around titanium
implants. The OVX rats which received alendronate (AT), immediately after ovariectomy, present
similar levels of BIC, BA and BD to the sham operated animals (SHAM) in the cortical and cancellous
bone (Zone A and B, respectively). These findings are consistent with the skeletal effects of
bisphosphonates in early postmenopausal and ovariectomized women3. Our results are also in
agreement with that reported by Narai et al.33, which demonstrated that removal torque was lower for
the osteoporotic rats than ALD-treated rats and, there was no significant difference between the ALD-
treated and sham groups.

ALD side effects, including sensitivity to phosphates and gastrointestinal upset, often lead
postmenopausal women to discontinue therapy'?. Thus, in the present study, we also investigated the
effects of alendronate withdrawal (AW) on bone healing and density around titanium implants in OVX
rats. Data analysis revealed that all the histometric parameters (BIC, BA and BD), in cancellous and
cortical bone, for the animals that received an interrupted ALD therapy, were similar to control group
(SHAM). Thus, in contrast to estrogen withdrawal, OVX rats maintained normal bone mass and low
levels of bone turnover after alendronate treatment withdrawal. These findings are in agreement with
studies showing that accelerated bone loss is seen after withdrawal of estrogen therapy but not after
withdrawal of alendronate or combination therapy 34. The prolonged residual skeletal effects of
bisphosphonates are probably a consequence of a strong affinity to the hydroxyapatite crystals3s.
Bisphosphonates bound to bone mineral are released during bone resorption by osteoclasts. This
could lead to a localized accumulation of the drug, which could directly perturb osteoclasts as

explained above 3136,
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Alkaline phosphatase has been described as a biochemical marker of high bone turnover
used to reflect the changes in bone metabolism during the diagnosis of osteoporosis3’-38. Serum levels
of alkaline phosphatase were significantly higher in the OVX and EW groups, demonstrating a high
bone turnover as a consequence of an estrogen-deficient state. On the other hand, ET, AT and AW
demonstrated an alkaline phosphatase level similar to the control group (SHAM), indicating that these
treatments were able to control the high bone turnover induced by low level estrogen, thus providing
support to the histometric and morphological findings.

Furthermore, the assessment of estrus cycle and the presence of atrophic uterine horns in
OVX rats not submitted to ET confirmed the success of the ovariectomy and estrogen administrations.

Therefore, within the limits of the present investigation, it can be suggested that ET and AT,
immediately after ovariectomy may provide complete protection against the negative influence of
endogenous estrogen deficiency on bone healing and density around titanium implants. Furthermore,
our findings suggest that the effects of EW and AW were found to be widely dissimilar. EW may be a
high risk for subsequent bone loss around titanium implant, while AW maintained relatively normal
cancellous bone. Nevertheless, further studies should be considered in order to clinically evaluate the
relevance of these findings.
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Table 1: Mean and standard deviation (%) of bone-to-implant contact (BIC) and bone area (BA) within

the limits of the implant threads for all groups at Zones A and B.

GROUPS BIC BA
ZONE A ZONE B ZONE A ZONE B
SHAM 524 +11.74 a 51.08 +12.54a 84.79+3.70ab 49.64 + 5.60 ab

ovX 42.08 +8.20 a 36.75+8.80Db 80.21+3.80 a 36.59+7.90c

AT 55.66 + 17.66 a 5256+9.38a  83.85+3.40ab 56.84 + 13.80 a

AW 5797 +12.65a 55.05+15.04a 8299+570a 59.59+7.80a

ET 50.45+12.76 a 52.99+10.27a  88.36+3.39b 58.54 +12.19a

EW 51.08 + 18.17 a 5214 +1366a 81.04+6.80a 40.73 + 7.05 bc
Different letters indicate significant statistical differences (a=0.05), within each column.
BIC and BA determined by Kruskal-Wallis and Dunn’s tests.
Figure 1: Schematic experimental design
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DAY 0 DAY 21 DAY 40 DAY 81
— -
\ 4
AW/EW
~_ -
\ 4
AT/ET

70



Figure 2. Transversal sections of the proximal tibial diaphysis from SHAM (A); AT (B) and OVX (C)
observed at the SEM level. Note the reduced amount of trabecular bone (TB) in the OVX rats. Note
also that the AT provided complete protection against bone loss. The trend for increased trabecular

bone in SHAM and AT is very similar. (Magnification =35X).
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Figure 3. Means and standard deviation (%) of BD in zone A (cortical bone) for all experimental
groups: sham, OVX (ovariectomized rats), AT (alendronate therapy), AW (alendronate withdrawal), ET
(estrogen therapy), EW (estrogen withdrawal).
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Figure 4. Means and standard deviation (%) of BD in zone B (medullar bone) for all experimental
groups: sham, OVX (ovariectomized rats), AT (alendronate therapy), AW (alendronate withdrawal), ET
(estrogen therapy), EW (estrogen withdrawal).

SHAM OvX AT AW ET EW

* Significantly different when compared with the OVX group (P<0.05) (Kruskal-Wallis and Dunn’s tests).
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Figure 5. Photomicrographs 5A to 5 F illustrating the histological aspects observed within the limits of
the threads and in a 500 pm-wide zone lateral to the implant surface in sham, OVX (ovariectomized
rats), AT (alendronate therapy), AW (alendronate withdrawal), ET (estrogen therapy) and EW

(estrogen withdrawal) groups, respectively. (Toluidine blue / Original magnification = 6.25x).
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ABSTRACT

Background: Valuable information has been generated by using the ovariectomy model, however
clinical studies have indicated that such a model may not be the most appropriate to parallel with the
post-menopausal condition and titanium implants. Thus, the aim of this study was to comparatively
evaluate, by histometric analysis, the influence of age-related (ARED) and surgically-induced (OVX)
estrogen deficiencies on bone healing and density around titanium implants inserted in rats.
Methods: Single screw-shaped titanium implants were placed in rat tibiae and animals were then
assigned to one of the following groups: Group SHAM (n=15): bilateral sham ovariectomies in 90
days old rats, twenty-one days before implant placement; Group OVX (n=15): bilateral
ovariectomies in 90 days old rats, twenty-one days before implant placement. Group ARED (n=15):
implant placement in reproductive aged rats (22 months old). After sixty days, the animals were

sacrificed and undecalcified sections obtained. Bone-to-implant contact (BIC) and bone area (BA),
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within the limits of implants threads; and bone density (BD), in a 500pum-wide zone lateral to the
implant, were obtained and arranged for cortical (Zone A) and cancellous (Zone B) bone regions.
Results: For Zone A, data analysis showed no significant differences among the groups regarding
BIC and BA (P>0.05). In contrast, ARED negatively influenced BD around the implants (P<0.05). In
Zone B, OVX negatively affected BIC and BA (P<0.05), and both ARED and OVX groups
demonstrated lower BD than the control group (P<0.05).

Conclusion: Within the limits of this study, it can be concluded that ARED mainly affects pre-
existing bone while OVX more significantly affects both newly-formed and pre-existing bone.

KEY WORDS: estrogen deficiency, titanium implants, aging, osteoporosis.

INTRODUCTION

The osseointegrated implant is becoming an increasingly used for the rehabilitation of
partially or fully edentulous patients'-2. The biological principle of osseointegration may be influenced
either by implant materials, designs, and surface characteristics, or by patient variables, such as
bone quantity and quality3. Postmenopausal osteoporosis and osteopenia have been defined as
estrogen deficiency-related diseases characterized by gradual bone loss following the cessation of
ovarian function either naturally or surgically induced*®. The accelerated bone loss associated with
estrogen deficiency appears to be caused by a direct and indirect action of estrogen in the regulation
of bone turnover”. It has been shown that estrogen presents an important role in controlling bone
resorption through its action on OPG and RANKLE molecules and on cytokines such as interleukin-1
(IL-1), interleukin-6 (IL-6) and tumor necrosis factor-a. (TNF-a)®-10. Moreover, it has been reported
that estrogen deficiency leads to increased osteoclast formation and enhanced resorption in
cancellous as well as cortical bone?.

For these reasons, ovariectomized rats have been widely used in order to simulate an
estrogen-deficient state, and histologically document its impact on bone around titanium implants'-
12, These studies have shown that bone volume, bone area and bone contact are significantly
decreased around the implant placed in estrogen-deficient animals induced by ovariectomy!'-12, On
the other hand, clinical studies have, in general, reported that implant failures do not seem to depend
clinically on the osteoporotic condition of the patients's. While the significant effect of ovariectomy on
bone results almost exclusively from reduced estrogen levels, the more gradual bone loss

associated with post-menopause seems to result from mechanisms other than only the reduced
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estrogen level™. These mechanisms include age-related diminution in transforming growth factor-f3
levels™, reduced osteoclast recruitment'® and increased parathyroid hormone secretion’s.

Based on these considerations, it seems clinically relevant to study whether age- related
estrogen deficiency may affect bone around titanium implants in a similar manner to that observed
with the surgically-induced model (ovariectomy). Thus, the present study was designed to evaluate,
by histometric analysis, whether age-related estrogen deficiency may affect bone healing and
density around titanium implants inserted in aged rats with intact ovaries, comparing results with the
ovariectomy model.

MATERIALS AND METHODS
ANIMALS

The experimental animals were 45 female Wistar rats that weighed an average of 211g
(208-2149) at the beginning of the study. During the period of the experiment, the animals were kept
in plastic cages with access to food and drinking water ad libitum, with the exception of the
ovariectomized (OVX) rats (pair feeding)'”. This protocol was approved by the University of
Campinas Institutional Animal Care and Use Committee.

OVARIECTOMY AND SHAM SURGERY

Thirty 90 day-old rats were anesthetized with intramuscular administration of ketamine

(0.5ml/kg). Bilateral ovariectomies were performed in 15 rats from a dorsal approach and sham
surgeries, in which the ovaries were lifted up and returned intact to the original position, were
performed on the remaining 15 rats. Ovariectomy or sham surgeries were performed at the
beginning of the study. Postoperatively, the animals received antibiotic’ given as a single
intramuscular injection (1ml/Kg).
ESTROUS CYCLE AND AGING

In order to verify the success of ovariectomy and the hormonal status in the aged animals,

the estrous cycle was monitored two weeks after the ovariectomy surgeries and, in the older rats,
monthly after they were 14 months old. Rats were considered irregularly cycling when vaginal
smears showed disordered estral cycle phases for at least 15 days. Only OVX animals (90 days old)
which presented diestrus smears and reproductive aged (22 months old) animals with irregular estral

cycles, with repeated pseudopregnancies, were included in the current study.
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IMPLANTS SURGERY

In order to place the implants, general anesthesia was performed (ketamine - 0.5ml/kg) and

the skin was cleansed with iodine surgical soap. An incision of approximately 1.0cm in length was
made and the bone surface of the tibiae surgically exposed by blunt dissection. Under profuse saline
solution irrigation, bicortical implant beds were drilled at a rotary speed not exceeding 1,500rpm. A
screw-shaped commercially available pure titanium implant, of 4.0mm in length and 2.2mm in
diameter, was placed until the screw thread had been completely introduced into the bone cortex.
Finally, soft tissues were replaced and sutured. Postoperatively, the animals received antibiotic™
given as a single intramuscular injection (1ml/Kg).

EXPERIMENTAL DESIGN

The animals were randomly assigned to one of the following groups: Group SHAM (n=15):

bilateral sham ovariectomies in 90-day-old rats, twenty-one days before implant placement; Group
OVX (n=15): bilateral ovariectomies in 90 days old rats, twenty-one days before implant placement;
Group ARED (n=15): implant placement in ovaries intact reproductive aged rats (22 months old).
ALKALINE PHOSPHATASE ANALYSIS

Blood samples were collected to measure serum concentration of alkaline phosphatase at
the time of sacrifice. Using automated laboratory techniques, alkaline phosphatase activity was
colorimetrically obtained”.
HISTOMETRIC PROCEDURE

Sixty days after implant placement, the animals were sacrificed and the tibiae removed and

fixed in 4% neutral formalin for 48 hours. Undecalcified sections were prepared, as previously
described?2. Briefly, the blocks were dehydrated by using an ascending series of ethanol (60-100%)
and embedded in glycolmethacrylate”. Subsequently, the sections (20-30pm) were obtained and
stained using 1% toluidine blue staining. A blinded examiner obtained the percentages of bone-to-

implant contact (BIC) and bone area (BA) within the limits of the threads of the implants, and bone

* Pentabidtico®, Wyeth-Whitehall Ltda, S&o Paulo, SP, Brazil.

“ Pentabiético®, Wyeth-Whitehall Ltda, Sdo Paulo, SP, Brazil.

/" Gold Analisa Diagnstica, Belo Horizonte, MG, Brazil

T Technovit 7200°; Heraeus Kulzer GmbH, Wehrheim, Germany
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density (BD), i.e., the proportion of mineralized matrix in a 500um-wide zone lateral to the implant
surface for both sides of the implant in the cortical (Zone A) and cancellous bone (Zone B) areas”.
STATISTICAL ANALYSIS

Data from Zones A and B were separately averaged. Intergroup analysis was used to test

the hypothesis that age-related and surgically-induced estrogen deficiency had no influence on BIC,
BA and BD. (Kruskal-Wallis test - alpha = 0.05). In the case that statistical difference was detected,
the Dunn’s method was used to isolate the groups that differed from the others. Additionally, One
Way ANOVA (alpha = 0.05) was used to test the hypothesis that age-related and surgically induced
estrogen deficiency did not influence the alkaline phosphatase levels and the animal’s body weight at
the end of the experimental period. If statistical difference was detected, a pairwise multiple
comparison procedure was used (Tukey Test). Finally, an intragroup analysis (paired t-Test; alpha =
0.05) was performed to determine whether the body weight was affected over-time.

RESULTS

CLINICAL OBSERVATIONS

Intragroup analysis demonstrated that all animals gained weight during the period of the

study. Moreover, an intergroup analysis showed that the aged animals weighed significantly more
than the animals from group SHAM and OVX (P<0.05), and both SHAM and OVX were statistically
similar (209.2g + 12.92 / 256.269 + 16.08; 209.87g + 12.08 / 261.66g + 17.16 and 214.34g +13.7/
341.45g + 37.58, at the beginning and the end of the experiment, for SHAM, OVX and ARED
groups, respectively).

Changes in the vaginal smear during 4-5 days of the estrus cycles were observed for the
OVX and SHAM groups. Animals in the OVX group presented diestrous smear and atrophied
reproductive organs, confirming the reduction of serum estrogen levels. In contrast, the animals
submitted to SHAM surgery presented the four regular stages of estrous cycle (estrus, diestrus,
proestrus and metaestrus), and a pink and fluid filled uteri. Finally, reproductive aged animals (ARED
group) were characterized by irregular estrous cycles. By the age of 22 months most female rats did

not present regular hormonal cycles for at least 9 months. These reproductive aged rats presented

< Image-Pro®; Media Cybernetics, Silver Spring, MD, USA
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repeated pseudopregnant states, long diestrous periods of variable length and uteri with numerous
secretory glands.
ALKALINE PHOSPHATASE ANALYSIS

Alkaline phosphatase serum concentrations (Ul/L) and standard deviation, performed at the
time of sacrifice, were 27.6 + 11.30; 80.46 + 18.72 and 64.61+ 10.40 for SHAM, OVX and ARED
groups, respectively. Statistical analysis showed differences among all the experimental groups, with
higher alkaline phosphatase serum levels for the OVX group, followed by the ARED and SHAM
groups (P<0.001). Thus, although both surgically-induced and age-related estrogen deficient states
promoted a high bone turnover, ovariectomy affected bone metabolism significantly more than did
naturally-occurring estrogen deficiency.
HISTOMETRIC RESULTS
BONE-TO-IMPLANT CONTACT (BIC) AND BONE AREA (BA):

Intergroup analysis did not reveal significant difference regarding BIC and BA in the cortical

bone (Zone A- P>0.05). On the other hand, in Zone B, data analysis revealed a statistically
significant negative effect of OVX on the percentage of BA and BIC (P<0.05), while there was no
difference between the both ARED and SHAM groups (P>0.05). (Table 1)

BONE DENSITY IN A 500pm WIDE ZONE LATERAL TO THE IMPLANT SURFACE (BD):

Data analysis showed that, in Zone A, age-related estrogen deficiency (ARED group) may
affect the pre-existing bone, resulting in a lower percentage of mineralized tissue in a lateral region
to the implant surface (BD) (P>0.05). Moreover, in Zone B, the results revealed that both surgically
induced and age-related estrogen deficiency significantly affected the pre-existing bone, resulting in
a lower BD than that of the SHAM group (p<0.05). Means and standard deviations are graphically
illustrated by figures 1 and 2. Additionally, figures 3A to 3C illustrate the histological results.
DISCUSSION

The ovariectomized rat is considered to be a good animal model of estrogen deficiency
induced-osteopenia, since it has been established that ovariectomy induces an imbalance between
bone resorption and formation'8. As such, the model has been widely used to study the impact of
estrogen deficiency on the bone around titanium implants'-2. Although the precise mechanisms
involved remain to be investigated, it has recently been reported that estrogen controls bone

resorption acting on the osteoprotegerin (OPG) molecule, and its deficiency induces an imbalance in
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the receptor activator of the NF-kappa ligand (RANKL) and the OPG system, favoring bone
resorption®19. In general, studies using the ovariectomy model have suggested that estrogen
deficiency may negatively affect bone around titanium implants''-'2, Data from the present
investigation advance the concept that ovariectomy significantly hinders the process of healing
around implants inserted in rats, as judged by measurements of BIC and BA. In addition, as
previously reported'2, the bone density (BD) findings in the present study support the observation
that the pre-existing bone may also be affected by this surgically-induced estrogen-deficient state.
Contrary to the information provided by the ovariectomized animal studies, the available clinical data
do not provide a compelling theoretical or practical basis to indicate that osteoporosis and
osteopenia are risk factors for osseointegrated dental implants'320, Moreover, although the
ovariectomy model seems to be a suitable method for the study of problems related to
postmenopausal bone loss, it is not certain whether the characteristics of the ovariectomy-induced
bone loss, and its radical sequels, resemble those found in naturally occurring estrogen deficiency in
women. It has been suggested that age-related and surgically-induced estrogen deficiencies appear
to initiate cancellous and cortical bone loss by a different cellular mechanism. The first stimulates a
more gradual bone loss and limits the bone formation process while the second stimulates a rapid
bone resorption?!. Thus, the aim of the present investigation was to evaluate, by histometric
analysis, whether naturally occurring estrogen deficiency may affect bone healing and density
around titanium implants inserted in ovaries intact aged rats, comparing results to the ovariectomy
model data.

In general, studies have used rats aged at least 18 months to evaluated age-related
changes in bone mineral density™.22. In order to select natural estrogen-deficient rats (ARED group),
in addition to age, the estrous cycle was precisely monitored in the current study. It has been
reported that, by the age of 22 months, most female rats do not present regular hormonal cycles,
progressing from a constant-estrous syndrome to a series of irregular pseudopregnancies and to an
anestrous state?2. The present study utilized only the 22 months old rats that presented repeatedly
pseudopregnant states characterized by long diestrous periods and consequently reduced estrogen
levels. In the current investigation, data analysis showed that age-related estrogen deficiency
resulted in similar levels of BIC and BA to the sham-operated animals (SHAM) in the cortical and

cancellous bone (Zone A and B, respectively) and, therefore, demonstrated that bone healing around
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titanium implants may not be significantly affected by an age-related estrogen deficiency state, as
seen for the ovariectomy model. Although clinical studies have demonstrated no evidence
suggesting differences in implant survival between older and younger groups?, the osteopenia
associated with advanced age appears to be a universal phenomenon in humans and animals™. In
the present study, the pattern of cancellous bone density in the older animals (ARED group) seemed
to be comparable to that seen in ovariectomized rats (OVX). Furthermore, data analysis
demonstrated that, in contrast to OVX, age-related estrogen deficiency also promoted a reduced
cortical bone density in a lateral area to the implant surface, which may be explained by an
increased bone turnover and a decreased mineral apposition rate during the aging process?'.
Takeshita et al. (1997)23 were the first to investigate age-related changes in bone metabolism and its
impact on the bone tissue surrounding titanium implants. However, the short experimental period
used in this study may not have allowed osseointegration to occur completely. Therefore, to the
authors’ knowledge, the present study is the first to examine the impact of age-related bone changes
on osseointegration and on bone around titanium implants, comparing its results to the surgically
induced estrogen deficiency model.

It is not certain whether estrogen deficiency alone is responsible for the decrease in bone
mass during the female aging period?'. This phenomenon is probably a multifactorial problem due to
the decline of bio available estradiol and testosterone, altered hormonal status and nutrition® and
loss of osteogenic stem cells. In addition, it has been demonstrated that the “old” bone tissue
presents reduced numbers of osteogenic precursor cells?® and a change in the pattern of cytokine
stimulation of bone 27-28, The present data suggest that some architectural changes in bone resulting
from age-related estrogen deficiency may mirror the one associated to surgically-induced estrogen
deficiency, but the second may provide a more rapid and marked bone turnover change. However, it
remains to be elucidated whether these physiological aspects occurred in the present study and
contributed to these findings.

Thus, within the limits of the present investigation, it can be suggested that OVX may
negatively influence the newly-formed and pre-existing bone around titanium implants, especially in
the cancellous bone. Furthermore, age-related estrogen deficiency may be more restricted to the

pre-existing bone lateral to the titanium implant surface in both cancellous and cortical bone.
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Additionally, further studies should be considered in order to explore the clinical implications of these

findings on a long-term basis.
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Table 1: Mean and standard deviation (%) of bone-to-implant contact (BIC) and bone area (BA)
within the limits of the implant threads for all groups (SHAM: sham surgery; OVX: ovariectomy;

ARED: age-related estrogen deficiency) at Zones A (cortical bone) and Zone B (cancellous bone).

GROUPS BIC BA
ZONE A ZONE B ZONE A ZONE B
SHAM 49.84 + 15.19a 51.08 + 12.54a 84.79 + 3.70a 49.64 + 5.60a
ovX 45.72 + 8.36a 36.75+8.80 b 81.61 + 3.81a 36.59+7.90b
ARED 47.49 +9.70a 43.46 + 13.68a 81.63 +5.9a 43.62 +7.32a

Different letters, within each column, indicate significant statistical differences determined by Kruskal-Wallis and Dunn’s
tests (a=0.05).
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Figure 1. Means and standard deviation (%) of BD in zone A (cortical bone) for all experimental
groups: SHAM: sham surgery; OVX: ovariectomy; ARED: age-related estrogen

deficiency.
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* Statistically different when compared to the SHAM group (P<0.05) (Kruskal-Wallis and Dunn’s tests).
Figure 2. Means and standard deviation (%) of BD in zone B (medular bone) for all experimental

groups: SHAM: sham surgery; OVX: ovariectomy; ARED: age-related estrogen deficiency.
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* Statistically different when compared to the SHAM group (P<0.05) (Kruskal-Wallis and Dunn’s tests).
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Figure 3. Photomicrographs 3A to 3C illustrate the histological aspects observed within the limits of
the threads and in a 500 pm-wide zone lateral to the implant surface in SHAM, OVX (ovariectomy)
and ARED (age-related estrogen deficiency), respectively. (Toluidine blue/ Original magnification =

6.25x).
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Abstract

The aim of this study was to evaluate the impact of an estrogen-deficient state (ED) and its therapies
(estrogen and calcitonin administration) upon bone loss resulting from an experimental periodontitis.
Fifty-eight Wistar rats were divided into four groups: Group 1 (n=15): sham operated; Group 2 (n=15):
ovariectomized (OVX); Group 3 (n=14): OVX plus calcitonin administration; Group 4 (n=14): OVX plus
estrogen administration. Twenty-one days after ovariectomy or sham surgeries, the ligature was
randomly placed. Sixty days later, the animals were sacrificed and the specimens routinely processed.

In addition, serum levels of alkaline phosphatase and calcium were assessed. Intergroup analysis
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revealed that ED significantly increased bone loss resulting from periodontitis and that such an effect
could not be prevented either by estrogen or calcitonin administration (0.34 + 0.13, 0.65 + 0.06, 0.63 +
0.19, 0.67 + 0.28 for groups 1, 2, 3 and 4; respectively). Furthermore, ED presented a direct effect on
the alveolar bone regardless of plaque accumulation and this effect may be significantly reduced by
estrogen administration (p<0.05). Serum analysis demonstrated a higher bone turnover for the
animals with estrogen deficiency and estrogen therapy restored bone metabolism.

In conclusion, estrogen administration may prevent the direct effect of ED on alveolar bone; however,
neither estrogen nor calcitonin administration could prevent this effect when associated with a
response to a plaque-related inflammatory process.

Introduction

Periodontitis is characterized by inflammation of the supporting tissues of the teeth, resulting in
alveolar bone resorption and soft tissue attachment loss (1). The role of systemic factors in the
initiation and progression of periodontitis has been proposed (2).

Osteopenia and osteoporosis are age-related metabolic bone diseases that result in low bone mass
and susceptibility to fractures (3). Currently, estrogen hormone replacement remains the single most
effective treatment of menopausal symptoms and prevention of osteoporosis (4). However, alternative
therapies such as calcitonin have also been proposed (5). Since osteoporotic changes have been
observed in the oral bone (6) and loss of alveolar bone is a prominent feature in periodontal disease,
osteoporosis could be suspected of being an aggravating factor in periodontal disease.

Therefore, the aim this study was to evaluate the impact of an estrogen-deficient state (ED) and its
treatments, estrogen and calcitonin administration, on bone loss resulting from an experimental
periodontitis in rats.

Material and methods

Experimental design: On the day after the ovariectomies, the animals were randomly assigned to one

of four groups: Group 1 (n=15): sham surgeries (negative control); Group 2 (n=15): ovariectomy
(OVX) (positive control); Group 3 (n=14): OVX plus 4 days/week subcutaneous injections of CT
(Miacalcic®, Sandoz A.G., Fertigung Schiitzenstrsse, Ravenburg, Germany) at a dose of 16 IU/Kg
body weight; Group 4 (n=14): OVX plus a daily subcutaneous injection of 173 estradiol (Sigma
Chemical, St. Louis, MO, USA), dissolved in 100% ethanol and diluted in mineral oil at a dose of

20pg/Kg body weight.
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Ligature placement/ clinical and biochemical analyses: Twenty-one days after ovariectomy, one of the

mandibular first molars of each animal was randomly assigned to receive cotton ligature and the
contralateral tooth was left unligated. Ovariectomy success was confirmed by monitoring the estrous
cycle and, at autopsy, by the atrophy of uterine horns in rats not given estrogen therapy. Before the
sacrifice, blood samples were collected in order to obtain plasma concentration of alkaline
phosphatase (Gold Analisa Diagndstica, Belo Horizonte, MG, Brazil) and calcium (AVL Scientific
Corporation, Roswell, GA, USA).

Histometric procedure: Sixty days after ligature placement, the animals were sacrificed and the

specimens routinely processed for decalcified sections in a mesio-distal direction (6ym). Using an
image analysis system (Image-Pro®; Media Cybemetics, Silver Spring, MD, USA), the area of bone
loss in the furcation region was histometrically determined.

Statistical analysis: Measurements were averaged to allow intergroup and intragroup analysis, using

the one-way analysis of variance (ANOVA) (alpha = 0.05). Pairwise multiple comparisons were carried
out by Bonferroni test (a = 0.05) in the cases where the ANOVA test showed significant differences. In
addition, the paired t-test (a = 0.05) was used for intragroup comparisons between ligated and
unligated teeth.

Results

Clinical observations: Macro analysis of the uterine horns and assessment of the estrous cycle of the

rats confirmed the success of the ovariectomy surgery. Groups 2 and 3 presented diestrous smears
and their reproductive organs were atrophied, confirming the reduction of estrogen levels. Conversely,
group 1 presented the four stages of the estrous cycle and group 4 remained in the estrus stage.
Finally, a pink and fluid filled uteri were clearly identified in groups 1 and 4, confirming that the serum
estrogen levels were kept normal in these animals.

Biochemical serum analysis: The alkaline phosphatase level (IU/L) was statistically higher in groups 2

and 3 (P<0.05) and, therefore, confirmed a high bone turnover in the animals in the estrogen-deficient
state (29.13 + 10.93, 80.47 + 20.16 and 98.20 + 14.27, 33.29 + 14.91 for groups 1, 2, 3 and 4;
respectively). With respect to calcium serum levels, group 2 presented higher values than the other
groups (P<0.05). The mean calcium serum levels (mmol/L) were 1.10 + 0.07, 1.24 + 0.08, 1.10 + 0.14
and 1.07 + 0.13 for groups 1, 2, 3 and 4; respectively.
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Histometric results: Intragroup analysis showed that cotton ligatures placed around the teeth were

able to promote periodontitis (p<0.05) (Table 1). In unligated teeth, intergroup analysis showed that
ED may have a direct effect on the alveolar bone regardless of plaque accumulation, resulting in some
bone loss in the furcation region. However, this negative effect was restored by 17 estradiol
administration, but not by CT treatment (Table 1). In ligated teeth, ED resulted in a significant bone
loss when compared to estrogen-sufficient animals (p<0.05). In addition, none of the treatments
(groups 3 and 4) were able to protect against the impact of ED on the alveolar bone in the ligated
teeth (p<0.05) (Table 1). Figures 2A to 2D illustrate the histological findings.

Discussion

Osteoporosis and periodontal disease are major health problems in older populations (7).
Determination of the correlation between these two diseases may be critical for the prevention of
morbidity and mortality related to these disorders in elders.

Thus, the present study aimed to investigate the impact of an estrogen-deficient state (ED), and two
therapies, on the alveolar bone loss resulting from experimental periodontitis in rats. The results of the
present study showed that ED may directly affect alveolar bone regardless of plague accumulation
and may also significantly increase bone loss resulting from ligature-induced periodontitis. Other
studies have shown that ED and osteopenia/osteoporosis may increase oral bone resorption,
attachment loss and tooth loss (6,8-9), however, this is the first study to show a direct correlation
between periodontitis-related bone loss and lower levels of estrogen.

On a molecular basis, bone resorption has been characterised by two key molecules, RANKL
(receptor activator of NF-kappaf ligand) and OPG (osteoprotegerin) (10). Inhibition of RANKL function
via the decoy receptor, OPG, has been shown to significantly reduce alveolar bone destruction, as
reported by Teng et al (2000) (11). It has been shown that estrogen presents an important role in
controlling bone resorption through its action on OPG (12). Therefore, in the present study, the
synergistic effect observed between ED and plaque accumulation may be explained by an increased
level of RANKL and a decreased level of OPG resulting from LPS stimulation and estrogen deficiency,
respectively. However, the mechanisms involved remain to be investigated.

In the present study, estrogen therapy immediately after ovariectomy provided protection against the
negative effects of ED on the alveolar bone around unligated teeth. These findings are in agreement

with previous reports showing that ED induces osteoclastogenesis and osteoporotic changes in the

92



interradicular septum of rat first molars, and estrogen administration would prevent this effect (13). On
the other hand, estrogen therapy was not able to protect the alveolar bone against the negative
influence of ED associated with plaque accumulation. To date, to the authors’ knowledge, no
information is available regarding the effects of estrogen administered to estrogen-deficient individuals
upon bone loss resulting from periodontitis. The protective mechanism of estrogen on bone tissue
apparently involves suppression of bone turnover as a direct effect on bone cells and an indirect effect
on the regulation of cytokine expression (14). Since the effects of estrogen on bone metabolism have
also been attributed to its effect on OPG levels (12), estrogen replacement (in the present study) may
have not reproduced OPG levels capable of counteracting LPS-stimulated RANKL levels. Caution,
however, should be taken when drawing conclusions from these results and further studies should be
considered.

Wronski et al., (1991) (15) reported that CT therapy for 41 days depresses bone turnover and
prevents the development of osteopenia in OVX rats. Shen et al (1996) (16), however, demonstrated
that CT, when administered to OVX rats for 90 days, only partially prevented bone loss. Similarly, our
results demonstrated that CT partially affected bone loss around unligated teeth, although this effect
was not noted in the presence of dental plaque. As previously reported (17), this phenomenon
suggests that the skeletal response to CT may decline in a time-dependent manner, probably due to a
down-regulation of bone binding receptors (18).

In conclusion, the present study clearly demonstrated, in rats, a synergistic effect of ED and plaque
accumulation. In addition, the administration of estrogen or calcitonin could not protect against the
effect of ED on the bone loss resulting from the experimental periodontitis. According to the data
presented, a negative influence of ED on the alveolar bone can also be expected regardless of plaque
accumulation, but estrogen administration was able to prevent such an effect. Therefore, in addition to
the importance of estrogen deficiency in the general health status, it may also constitute a critical state
with respect to the periodontium and controlled clinical studies should be considered in order to
provide information as to the best approach to deal with this condition.
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Table 1: Mean and standard deviation (mm?2) of bone loss and periodontal ligament areas around

ligated and unligated teeth, according to each group.

SHAM ovX CALCITONIN ESTRADIOL
UNLIGATED 0.18+0.03aA 0.32 +0.08 aB 0.26 +0.04 aB 0.17+0.03 aA
LIGATED 0.34 + 0.13bA 0.65 + 0.06 bB 0.63 +0.19bB 0.67 +0.28 bB

Capital letters should be considered in lines and non-capital letters in columns.
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Figure 2: Photomicrography illustrating periodontal ligament and bone loss areas in the furcation
region for unligated and ligated teeth, respectively. Unligated tooth (group 1), ligated tooth (group 1),
unligated tooth (group 2) and ligated tooth (group 2) are illustrated for figures A, B, C and D;
respectively (Original Magnification 12.5x - H & E).
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ABSTRACT

Background: The aim of this study was to evaluate the impact of alendronate (ALD) and estrogen
(EST) therapies, and their withdrawal, on bone loss resulting from an experimental periodontitis in
ovariectomized rats.

Methods: Eighty-seven Wistar rats were divided into six groups: Group 1 (n=15): sham surgery;
Group 2 (n=15): ovariectomy (OVX); Group 3 (n=15): OVX plus alendronate administration for 80
days (AT); Group 4 (n=14): OVX plus alendronate administration for 40 days (AW); Group 5 (n=14):
OVX plus 17 estradiol administration for 80 days (ET); Group 6 (n=14): OVX plus 17p estradiol
administration for 40 days (EW). Twenty-one days after ovariectomy or sham surgeries, the
mandibular molar was randomly assigned to receive a ligature, whilst the contralateral tooth was left

unligated. Sixty days later, the animals were sacrificed and the specimens processed.
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Results: OVX presented a direct impact on alveolar bone, regardless of plaque accumulation, and
significantly increased bone loss resulting from periodontitis (p<0.05). The effect of OVX on
unligated sites was significantly reduced by AT, AW and ET (p<0.05), but not by EW (p>0.05). In
addition, alendronate administration (AT/AW) significantly reduced the impact of OVX on
periodontitis-related bone loss (p<0.05), while estradiol did not (p>0.05).

Conclusion: Within the limits of this study, alendronate administration, but not estrogen
replacement, may protect against the impact of estrogen deficiency on alveolar bone presenting a
significant residual effect after its withdrawal.

KEY WORDS: estrogen deficiency, experimental periodontitis, alendronate, estradiol
INTRODUCTION

Periodontitis is characterized by inflammation of the supporting tissues of the teeth, resulting
in soft tissue attachment loss and alveolar bone resorption'. Although the dental biofilm is the initiator
of periodontal disease, animal and clinical studies have demonstrated that systemic factors may play
an important role in its initiation and progression 23. Estrogens have long been known to be important
for skeletal homeostasis preventing bone loss*. The discovery of estrogen receptors in osteoblasts®
and osteoclasts® suggests that a direct skeletal effect may be involved. It has also been shown that
estrogen presents an important role in controlling bone resorption through its action on OPG and
RANKL mechanism”8 and on bone-regulating factors such as interleukin-1 (IL-1), interleukin-6 (IL-6)
and tumor necrosis factor (TNF)? -10. Since osteoporotic changes have been observed in the oral
bone'-12, and alveolar bone loss is a prominent feature in periodontal disease, estrogen deficieny
could be suspected to be an aggravating factor in periodontal disease3-14.

Estrogen therapy has been proposed to deal with osteoporosis in order to prevent bone loss in
postmenopausal women and estrogen deficient individuals'>. However, possibility of clinical contra-
indications, risk of side effects and doubt about the real effect of estrogen treatment in the advanced
years, has prompted the search for alternative approaches'¢-'7. Alendronate, a member of the
nitrogen-containing bisphosphonate family, has been shown to be an alternative therapy for preventing
estrogen deficiency-induced osteopenia in experimental animal models and clinical trials'”-'8, and
inhibiting resorptive activity of mature osteoclasts'®. Unlike other bisphosphonates (e.g., etidronate or

pamidronate), alendronate does not impair mineralization?0, and in contrast to estradiol therapy, a
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residual effect has been reported for alendronate therapy, favoring the maintenance of bone tissues?'-
24

Our group has previously shown that, in rats, estrogen deficiency resulted in an increased
bone loss around ligated and unligated teeth, and that estradiol therapy was only able to protect
unligated sites®. Here, we demonstrate that alendronate administration may protect against the
negative impact of estrogen deficiency on unligated and ligated sites, and that such a beneficial effect
was maintained even after interrupting alendronate administration. However, estradiol therapy was not
able to impede ligature-induced bone loss in the ligated sites.
MATERIALS AND METHODS
ANIMALS

The experimental animals were 87 female Wistar rats that were 90 days of age and weighed
an average of 210g at the beginning of the study. During the period of the experiment, the animals
were kept in plastic cages with access to food and drinking water ad libitum, except ovariectomized
(OVX) rats not on estradiol treatment (pair feeding) 26. This protocol was approved by the University of
Campinas Institutional Animal Care and Use Committee.
OVARIECTOMY

The animals were anesthetized with intramuscular administration of ketamine (0.5ml/kg).
Ovariectomy or sham surgeries were performed at the beginning of the study. Bilateral ovariectomies
were performed in 72 rats from a dorsal approach. The remaining animals (15 rats) were subjected to
sham surgeries in which the ovaries were lifted up and returned intact to the original position.
Postoperatively, the animals received antibiotic® given as a single intramuscular injection.
EXPERIMENTAL DESIGN

On the day after ovariectomies, the animals were randomly assigned to one of the six groups:
Group 1 (n=15): sham surgery (SHAM); Group 2 (n=15): ovariectomy (OVX); Group 3 (n=15): OVX
plus 4 days/week subcutaneous injections of ALD?at a dose of 5mg/Kg body weight for 80 days (AT);

Group 4 (n=14) OVX plus 4 days/week subcutaneous injections of ALD at a dose of 5mg/Kg body

* Pentabiético®, Wyeth-Whitehall Ltda, Sao Paulo, SP, Brazil.

9 Teva Pharmaceutical Ltda. , Petach Tikva, Israel
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weight for 40 days (AW); Group 5 (n=14): OVX and daily subcutaneous injections of 173 estradiol”,
dissolved in 100% ethanol and diluted in mineral oil at a dose of 20uug/Kg body weight for 80 days
(ET); Group 6 (n=14): OVX and daily subcutaneous injections of 17 estradiol, dissolved in 100%
ethanol and diluted in mineral oil at a dose of 20ug/Kg body weight for 40 days (EW) (figure 1);
LIGATURE PLACEMENT

Twenty-one days after ovariectomies, general anesthesia was obtained as mentioned above
(ketamine - 0.5ml/kg). One of the mandibular first molars of each animal was randomly assigned to
receive a cotton ligature in a submarginal position to induce experimental periodontitis. The
contralateral tooth was left unligated to serve as control.
CLINICAL ANALYSES

In order to confirm the success of ovariectomy and estrogen administration, the estrous cycle

was monitored two weeks after the ovariectomy surgeries and two weeks after the withdrawal of the
drugs. Changes in the vaginal smear during 4-5 days of the estrus cycles were observed in each
group. At autopsy, success of the ovariectomy was also confirmed by absence of ovaries and atrophy
of uterine horns in ovariectomized rats. Success of estrogen administration was confirmed by the
presence of normal uterine horns.

ALKALINE PHOSPHATASE ANALYSES

Blood samples were collected to measure plasma concentration of alkaline phosphatase at

the time of sacrifice (60 days after ligature placement). Using automated laboratory techniques,
alkaline phosphatase activity was obtained calorimetrically".
HISTOMETRIC PROCEDURE

Sixty days after ligature placement, the animals were sacrificed. The specimens were then

fixed in 4% neutral formalin for 48hs, and demineralized in a solution containing equal parts of 50%
formic acid and 20% sodium citrate for 45 days. Paraffin serial sections (6pm) were obtained in a
mesio-distal direction and stained by hematoxylin and eosin. Using an image analysis system’, the
area of bone loss in the furcation region was histometrically determined by the point counting

technique.

* Sigma Chemical, St. Louis, MO, USA.
" Gold Analisa Diagnéstica, Belo Horizonte, MG, Brazil
/ Image-Pro®; Media Cybemetics, Silver Spring, MD, USA
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STATISTICAL ANALYSIS
Measurements were averaged to allow intergroup and intragroup analysis, using the one-way

analysis of variance (ANOVA) (alpha = 0.05). Pairwise multiple comparisons were carried out by
Bonferroni test (alpha = 0.05) in the cases where the ANOVA test showed significant differences. In
addition, the paired Student t-test (alpha = 0.05) was used for intragroup comparisons between ligated
and unligated teeth. In order to test the hypothesis that estradiol and alendronate administration did
not influence alkaline phosphatase level, a one-way ANOVA (alpha = 0.05) was used. If statistical
difference was detected, a pairwise multiple comparison procedure was used (Bonferroni t-test).
RESULTS
CLINICAL OBSERVATIONS

Clinical appearance of uterine horns, absence of ovaries and assessment of the estrous cycle

confirmed the success of ovariectomy and estrogen replacement. Groups 2, 3 and 4 (OVX, AT and
AW, respectively) presented diestrous smear and their reproductive organs atrophied, confirming the
reduction of serum estrogen levels in these groups. In contrast, animals that were not ovariectomized
(SHAM) presented the four stages of estrous cycle and a pink and fluid filled uteri. Animals that were
administered for 80 days with estradiol (group 5) remained in the estrus stage and presented normal
uteri, assuring that the serum estrogen levels were kept normal in these animals. Finally, animals in
which the estradiol therapy was interrupted by day 40 presented diestrous smear after the withdrawal
and their reproductive organs were atrophied at sacrifice.
ALKALINE PHOSPHATASE ANALYSES

Serum concentrations of alkaline phosphatase (Ul/L) and standard deviation, performed at the
time of sacrifice, were 27.6 + 11.30; 80.46 + 18.72; 40.93 + 11.05; 44.28 + 13.28; 33.2 + 14.90 and
91.23 + 23.28 for SHAM, OVX, AT, AW, ET and EW groups, respectively. Alkaline phosphatase levels
were statistically higher for the OVX and EW groups (P<0.001) and, therefore, confirmed a high bone

turnover in the animals in an estrogen-deficient state.
HISTOMETRIC RESULTS
Intragroup analysis demonstrated that ligature placement induced a significant periodontal

bone loss in the furcation area for all the experimental groups when unligated and ligated sites were
compared by the paired Student t-test (p<0.05). The intergroup comparison between unligated teeth

by ANOVA demonstrated that estrogen deficiency affected alveolar bone regardless of biofilm
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accumulation. In addition, it was also observed that continuous estradiol/alendronate and interrupted
alendronate therapies were able to protect against the direct effect of estrogen deficiency on alveolar
bone. Intergroup analysis further showed a significant increase in bone loss around ligated teeth for
groups 2, 5 and 6 (OVX, ET and EW) (p<0.05), demonstrating that estrogen deficiency may have an
effect upon periodontitis progression, and that estradiol therapy (continuous or interrupted) was not
able to maintain such an effect. In contrast, statistical analysis demonstrated that continuous
alendronate administration to OVX animals resulted in similar bone loss levels to control group
(SHAM), and that such an effect was still observed even 40 days after drug withdrawal (Figure2).
Figure illustrates the histological findings.

DISCUSSION

Although previous studies have failed to establish a relationship between osteoporosis and
periodontal disease, it has been suspected that estrogen deficiency may act as a risk factor for
periodontitis'-14. Confounding factors such as race, age, gender, or smoking, and the lack of precise
methods for assessment of osteoporosis in the jaws have been reported to effect the establishment of
a clear interaction between osteoporosis and periodontitis'. We previously demonstrated, in rats, that
a surgically-induced estrogen deficiency may affect bone loss around unligated and ligated teeth, and
that estrogen therapy was not able to reverse this effect?>. In this study, we hypothesized that
alendronate would protect against the deleterious effect of a reduced availability of estrogen, and that
a residual effect would be observed after drug withdrawal.

The results of the present study confirm our previous observation® that estrogen deficiency
might directly affect alveolar bone regardless of plaque accumulation. Data also confirm the fact that
the periodontitis progression rate is increased due to an estrogen-deficient state. Although the
mechanisms involved remain to be investigated, it has been demonstrated that bone resorption is
characterised by two key molecules, RANKL (receptor activator of NF-kappa ligand) and OPG
(osteoprotegerin) 2728, that both RANKL and OPG are present with the periodontium 2931, and that
inhibition of RANKL function via its decoy receptor OPG significantly reduces alveolar bone
destruction 22, Since estrogen has been reported to control bone resorption through its action on OPG
78 regulation, we believe that the reduced levels of this hormone, induced in this study, may have

promoted an unbalance in the RANKL/OPG system favouring bone resorption. Moreover, a synergic
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effect between the biofilm and reduced levels of estrogen, resulting in an increased RANKL:OPG ratio,
may be suggested.

In the current study, daily estrogen therapy (ET) immediately after ovariectomy provided
protection against the negative effects of estrogen deficiency on alveolar bone around unligated teeth.
This observation is in agreement with previous studies showing that ET protects against
osteoclastogenesis and osteoporotic changes in the interradicular septum of the rat’s first molar 32-34,
In contrast, in the present study, ET was not able to protect against the increased rate of bone loss
observed around ligated teeth in ovariectomized animals, also supporting the findings of a previous
investigation 34, Estrogen withdrawal was observed to suppress its protective effect around unligated
teeth, confirming the fact that estrogenic protection against osteopenia is not possible after drug
removal?!, and as expected, no effect of ET was observed when drug administration was interrupted
for ligated teeth.

Similarly to ET, alendronate administration provided protection against the negative effects of
estrogen deficiency on alveolar bone around unligated teeth. However, a very different scenario was
observed around ligated teeth when ovariectomized animals were treated with alendronate. Both
continuous and interrupted alendronate therapies significantly reduced the effect of ovariectomy on the
rate of periodontitis-related bone loss. These observations are consistent with the skeletal effects of
bisphosphonates in early postmenopausal and ovariectomized women, and also confirm previous
studies?2-24.3536, Bisphosphonates are synthetic compounds that are absorbed preferentially by the
skeleton and suppress osteoclast-mediated bone resorption37-38. They inhibit osteoclast-mediated
bone resorption by a mechanism that is not yet fully understood?, although it has been suggested that
alendronate, at low intracellular levels, inhibits osteoclast activity3” and, at higher concentrations, may
influence recruitment and differentiation of osteoclasts39-40.

Data from studies on naturally-occurring and ligature-induced periodontitis*!-42 suggest that
alendronate may retard bone loss around periodontitis affected teeth, however, alendronate therapy
did not reduce signs of inflammation. The aim of the present study was not to investigate whether
alendronate therapy affects bone loss resulting from periodontitis alone, and therefore, caution must
be used before comparisons are made. If a synergic effect is occurring, between estrogen deficiency
and biofilm accumulation, upon bone loss, the mechanism by which alendronate affects this process is

unclear at the moment and further investigation should be considered. An interesting finding,
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described herein, was the fact that the bone protective effect of alendronate therapy was maintained
after its withdrawal around ligated and unligated teeth. These findings are in agreement with studies
showing that the positive bone balance induced by alendronate is sustained for at least 18 months,
long after therapy is stopped?? and that intermittent periods of alendronate administration may be
sufficient for long-term protection against estrogen deficiency?t. The prolonged skeletal effects of
diphosphonates after its withdrawal are probably a consequence of the long retention of this drug in
bone, due to its strong binding to hydroxyapatite crystals43.

The analysis of the estrus cycle and the aspect of the uterine horns in ovariectomized rats not
submitted to ET confirmed the success of the ovariectomy model. In addition, biochemical serum
analyses support the histometric results. Serum levels of alkaline phosphatase were significantly
higher in the OVX and EW groups, demonstrating a high bone turnover as a consequence of the low
levels of estrogen. On the other hand, ET, AT and AW resulted in an alkaline phosphatase level
similar to that of the control group (SHAM), indicating that these therapies controlled the high bone
turnover characteristic of low level estrogen.

In conclusion, within the limits of the present study, estrogen deficiency presented a significant
effect upon alveolar bone, and also significantly increased bone loss rate resulting from experimental
periodontitis in rats. Furthermore, continuous and interrupted alendronate administration may be a
very important tool in dealing with periodontitis in estrogen-deficient individuals, whilst estrogen
replacement therapy is not. Further studies should be considered in order to determine the potential
role of osteoclastogenesis “inhibitors” drugs in dealing with alveolar bone loss in postmenopausal
women or any estrogen-deficient individual.
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Figure 1: Schematic experimental design
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Figure 2: Mean and standard deviation (mm?2) of bone loss and periodontal ligament areas around

ligated and unligated teeth, according to each group.
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Figure 3: Photomicrography illustrating bone loss in the furcation region. Figures 3A, 3B, 3C, 3D, 3E,

3F illustrate, respectively: sham ligated tooth, OVX ligated tooth, AT ligated tooth, AW ligated tooth,
ET ligated tooth, EW ligated tooth (Original Magnification 12.5x - H & E).

109



DISCUSSAO GERAL

Considerando que uma extensa porcentagem da populagdo necessita da substituicdo de
dentes perdidos e de tratamento periodontal e que a expectativa de vida estd aumentando,
podemos esperar que a demanda para a colocagdo de implantes e para tratamento periodontal em
pacientes osteoporoticos esteja sujeita a um aumento significativo. Com base nessa probabilidade,
a relacdo entre osteoporose e implantes dentais bem como osteoporose e doenca periodontal tem

sido alvo de alguns estudos clinicos e em animais.

Ja esta bem estabelecido que os implantes dentais de titanio apresentam alta taxa de
sucesso para substituicdo de espagos edéntulos (ADELL et al., 1992), porém, alguns fatores de
ordem local e/ou sistémica podem interferir no processo de osseointegracao (ESPOSITO et al.,
1998). A osteoporose induzida pela deficiéncia de estrégeno, por ser uma doenca sistémica do
metabolismo 6sseo, poderia ser um fator prejudicial para o processo de osseointegracdo. Este
processo patoldgico poderia ainda resultar em um 0sso alveolar de qualidade pobre (0sso tipo V),
que apresentam grande risco para 0 sucesso de implantes dentais (JAFFIN & BERMAN , 1991).
Logo, a primeira proposta deste trabalho foi verificar se a osteoporose induzida pela deficiéncia de
estrégeno poderia afetar o tecido 6sseo ao redor de implantes de titanio, utilizando para isso um
modelo de ratas ovariectomizadas. Embora relatos de casos clinicos ndo tenham demonstrado que
a osteoporose interfere no sucesso da osseointegracdo (FRIEBERG, 1994), os resultados deste
estudo foram conclusivos em demonstrar que o tecido 0sseo € negativamente afetado pela

deficiéncia de estrdgeno (capitulo 1).

Alguns estudos avaliaram modificagdes na superficie e no desenho de implantes para serem
utilizados em 0ssos osteopénicos, com o intuito de melhorar o contato osso-implante (PAN et al.,
2000). Entretanto, poucas sdo as informagbes sobre o efeito que medicamentos utilizados
sistemicamente para o tratamento de osteoporose poderiam ocasionar sobre 0 0sso ao redor dos
implantes de titanio. Logo, o presente trabalho avaliou o impacto da terapia de reposicdo
estrogénica, da calcitonina e do alendronato ao redor dos implantes inseridos em tibias de ratas
ovariectomizadas. Os resultados demonstraram efeitos benéficos mais evidentes da terapia com

estrdgeno e com alendronato (capitulos 2, 3 e 4). Uma vez que, por inumeras razées ambos
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tratamentos podem ser interrompidos, foi proposto ainda uma avaliagdo dos efeitos residuais desses
medicamentos. Como discutido no capitulo 4, o alendronato apresentou efeito protetor do tecido
0sseo mesmo apos sua interrupcdo, enquanto a descontinuagdo do estrogeno resultou um uma

perda dssea subsequente.

Uma vez que ainda existem duvidas se 0 modelo de ovariectomia reproduz realmente os
fendmenos que ocorrem no tecido 6sseo num processo natural de perda gradativa de estrégeno em
mulheres na pds-menopausa, foi proposta uma comparagdo entre a deficiéncia de estrdgeno
relacionada a idade e a ovariectomia. Os resultados demonstraram que a ovariectomia apresenta
um efeito negativo mais radical e rapido que a perda de estrogeno natural, que afeta

preferencialmente 0 0sso preexistente (capitulo 5).

Embora ndo existam evidéncias clinicas suficientes para contra-indicar a colocagdo de
implantes em mulheres osteopordticas ou estrogeno-deficientes, os resultados do presente trabalho
sugerem que estas devem ser minuciosamente interrogadas sobre seu estado de saude para a
elaboracdo de um plano de tratamento seguro. Durante a anamnese deve ser observado se o
paciente esta sendo submetido a algum acompanhamento médico ou ndo. Ao exame clinico e
radiografico, devem ser analisados as caracteristicas do leito receptor e 0 grau de perda 6ssea local
e periférica, considerando que a osteoporose € uma doencga osteometabdlica progressiva. Esses
pacientes poderdo ser encorajados a realizar algum controle da doenga, através do
encaminhamento para um ortopedista, reumatologista ou ginecologista. Finalmente, cirurgides
dentistas devem ser cautelosos em colocar implantes e prdéteses convencionais em pacientes
osteoporodticos sem tratamento prévio, principalmente aqueles que ja apresentem um leito receptor

desfavoravel.

A presenca de diversos fatores de confundimento em estudos clinicos tem impossibilitado o
estabelecimento concreto da relag@o entre a osteoporose e a doenca periodontal. Através de um
modelo animal de osteoporose e periodontite induzidas, o presente trabalho demonstrou
primeiramente que a deficiéncia de estrdgeno apresenta um efeito sinérgico com o biofilme dental na
perda Ossea alveolar (capitulo 6). Subsequentemente, foi verificado se na presenca de alguns
tratamentos para a osteoporose (estrégeno, calcitonina e alendronato) este efeito negativo poderia

ser minimizado (capitulos 6 e 7). Os resultados demonstraram que apenas o alendronato (continuo
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ou interrompido) apresentou efeito protetor do tecido dsseo na presenca de deficiéncia de estrégeno
e de periodontite induzidas. Tais resultados encontraram suporte na literatura no que diz respeito ao
beneficio da droga na osteoporose e na perda 6ssea decorrente da doenca periodontal, bem como a
sua longevidade de acdo pela unido aos cristais de hidroxiapatita (FLEISCH, 1987; REDDY et
al.1995) (capitulo 7). Da mesma forma que para o planejamento de implantes, os capitulos 6 e 7
chamam a atencd@o para a importéncia do estado de saude geral do paciente na progressao da
doenca periodontal e para a possibilidade de minimizacdo dos efeitos negativos da deficiéncia de

estrégeno através do uso de medicamentos.
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CONCLUSAO

Diante dos objetivos do presente estudo, conclui-se que:

o A deficiéncia de estrdgeno induzida pela ovariectomia afetou negativamente o tecido dsseo
preexistente e neoformado ao redor de implantes de titénio inseridos em tibia de ratas, especialmente

0 0ss0 medular;

o As administragbes de estrogeno e de alendronato, imediatamente apds a ovariectomia e
durante todo periodo experimental, foram capazes de prevenir a influéncia negativa da deficiéncia do

estrogeno enddgeno tanto no reparo quanto na densidade 6ssea ao redor dos implantes de titanio;

° A calcitonina, imediatamente apds a ovariectomia, ndo foi capaz de evitar a influéncia
negativa da deficiéncia de estrogeno no reparo e na densidade dssea adjacente aos implantes de
titanio;

o Ao contrario do estrdgeno, dentro do tempo avaliado, o efeito benéfico do alendronato sobre
o tecido 6sseo ao redor dos implantes inseridos em ratas ovariectomizadas foi mantido mesmo apds

sua interrup¢éo;

o A deficiéncia de estrogeno relacionada a idade afetou principalmente o tecido dsseo
preexistente ao redor dos implantes de titnio, enquanto a deficiéncia de estrdgeno induzida pela

ovariectomia que afetou os tecidos dsseos preexistente e neoformado;

o A deficiéncia de estrogeno induzida apresentou um efeito negativo direto sobre o 0sso
alveolar de ratas mesmo sem o acumulo de biofiime, que pdde ser reduzido pelas administracdes
continuas de estrogeno e alendronato e pelo alendronato interrompido; mas nédo pela calcitonina e
estrégeno interrompido;

o Existe um impacto negativo sinérgico da deficiéncia de estrogeno induzida e o acumulo de
biofilme sobre 0 0sso alveolar de ratas ovariectomizadas. Nessas condicdes, 0 estrogeno (continuo e
interrompido) e a calcitonina ndo foram capazes de proteger o tecido dsseo. O alendronato (continuo

ou interrompido), por sua vez, protegeu o tecido dsseo alveolar dentro do tempo avaliado.

115



REFERENCIAS BIBLIOGRAFICAS®

1. Adell R The surgical principles of osseointegration. In: WORTHINGTON, P., BRANEMARK, P-I.
Advanced osseointegration surgery: Aplications in the maxiloffacial region 1992: 94-107.

2.  Albandar JM. Global risk factors and risk indicators for periodontal diseases. Periodontol 2000.
2002; 29: 177.

3. Albright F, Smith PH, Richardson AM. Postmenopause osteoporosis. It's clinical features. JAMA
1941; 116:2465-74.

4.  August M, Chung K, Chang Y, Glowacki J. Influence of estrogen status on endosseous implant
osseointegration. J Oral Maxillofac Surg 2001 Nov; 59(11):1285-9; discussion 1290-1

5.  Bain CA, Moy PK. The association between the failure of dental implants and cigarette smoking. Int
J Oral Maxillofac Implants 1993;8(6): 609-15.

6.  Buffo L, Rossini M, Buoncristiano A, Girardello S, Zamberlan N, Diani F et al. Diphosphonates: and
alternative to estrogen therapy in postmenopausal osteoporosis. Experience with alendronate Minerva
Ginecol 1996 Jun; 48(6): 263

7.  Christiansen C, Christensen MS, Transbol | Bone mass in postmenopausal women after
withdrawal of estrogen/gestagen replacement therapy. Lancet 1981;1: 459-461.

8. Christiansen C. Skeletal osteoporosis. J Bone Miner Res 1993 Dec; 8 Suppl 2:5475-80.

9.  Civitelli R, Gonnelli S, Zacchei F, Bigazzi S, Vattimo A, Avioli LV et al. Bone turnover in
postmenopausal osteoporosis. Effect of calcitonin treatment. J Clin Invest 1988 Oct; 82(4):1268-74.

10. Donahue JG, Chan KA, Andrade SE et al. Gastric and duodenal safety of daily alendronate. Arch
Intern Med 2002 Apr 22; 162(8): 936

11. Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological factors contributing to failures of
osseointegrated oral implants. (1l). Etiopathogenesis. Eur J Oral Sci 1998 Jun; 106(3): 721-64.

* De acordo com a norma da UNICAMP/FOP, baseada no modelo Vancouver. Abreviatura dos
periddicos em conformidade com o medline.

117



12.  Fleisch MH. Bisphophonates- history and experimental basis. Bone 1987; 8 (suppl 1): S23-528.

13. Friberg B. Treatment with dental implants in patients with severe osteoporosis: a case report. Int J
Periodontics Restorative Dent 1994 Aug; 14(4):348-53.

14. Gandolfi MG, Pugnaloni A, Mattioli-Belmonte M et al. Osteoblast behaviour in the presence of
bisphosphonates: ultrastructural and biochemical in vitro studies. Clin Exp Rheumatol 1999 May-Jun;
17(3): 327-33.

15.  Genco RJ. Current view of risk factors for periodontal disease. J Periodontol 1996; 67(suppl): 1041-
1049.

16. Girasole G, Jilka RL, Passeri G, Boswell S, Boder G, Williams DC et al. 17 beta-estradiol inhibits
interleukin-6 production by bone marrow-derived stromal cells and osteoblasts in vitro: a potential

mechanism for the antiosteoporotic effect of estrogens. J Clin Invest 1992 Mar; 89(3): 883-91.

17. Girasole G, Passeri G, Pedrazzoni M, Giuliani N, Passeri M. Interleukin-6: a pathogenetic role in
the postmenopausal osteoporosis? Acta Biomed Ateneo Parmense 1995; 66(3-4): 125-38.

18. Gonzalez D, Vega E, Ghiringhelli G, Mautalen C. Comparison of the acute effect of the intranasal
and intramuscular administration of salmon calcitonin in Paget's disease. Calcif Tissue Int 1987 Dec;
41(6): 313-5.

19. Gowen M, Wood DD, Ihrie EJ, McGuire MK, Russell RG. An interleukin 1 like factor stimulates
bone resorption in vitro. Nature 1983 Nov 24-30; 306(5941): 378-80.

20. Greenspan SL, Emkey RD, Bone HG et al. Significant differential effects of alendronate, estrogen,
or combination therapy on the rate of bone loss after discontinuation of treatment of postmenopausal
osteoporosis. A randomized, double-blind, placebo-controlled trial.
Ann Intern Med. 2002 Dec 3; 137(11): 875-83.

21.  Guyton AC Tratado de Fisiologia Médica 8° ed. Rio de Janeiro, Editora Guanabara Koogan, 1992.
p.776.

22. Inagaki K, Kurosu Y, Kamiya T et al. Low metacarpal bone density, tooth loss, and periodontal
disease in Japanese women. J Dent Res. 2001 Sep; 80(9):1818-22.

23. Jaffin R A., Berman C L. The Excessive Loss Of Branemark Fixtures In Type Iv Bone: A 5-Year

118



Analysis. J Periodontol 1991 Jan 62(1): 2-4.

24. Januario AL, Sallum EA, de Toledo S, Sallum AW, Nociti JF Jr. Effect of calcitonin on bone
formation around titanium implant. A histometric study in rabbits. Braz Dent J 2001; 12(3): 158-62.

25. Jilka RL, Hangoc G, Girasole G, Passeri G, Williams DC, Abrams JS et al. Increased osteoclast
development after estrogen loss: mediation by interleukin-6. Science 1992 Jul3; 257(5066): 88-91.

26. Jones JD, Lupori J, Van Sickels JE, Gardner W. A 5-year comparison of hydroxyapatite-coated
titanium plasma-sprayed and titanium plasma-sprayed cylinder dental implants. Oral Surg Oral Med Oral
Pathol Oral Radliol Endod 1999 Jun; 87(6): 649-52.

27. Kallio DM, Garant PR, Minkin C. Ultrastructural effects of calcitonin on osteoclasts in tissue culture.
J Ultrastruct Res 1972 May; 39(3): 205-16.

28. Kribbs PJ, Chesnut CH 3rd, Ott SM, Kilcoyne RF. Relationships between mandibular and skeletal
bone in a population of normal women. J Prosthet Dent 1990 Jan; 63(1): 86-9.

29. Kribbs PJ, Chesnut CH 3rd, Ott SM, Kilcoyne RF. Relationships between mandibular and skeletal
bone in an osteoporotic population. J Prosthet Dent 1989 Dec; 62(6): 703-7.

30. Kribbs PJ. Comparison of mandibular bone in normal and osteoporotic women. J Prosthet Dent
1990 Feb; 63(2): 218-22.

31. Lorenzo JA, Naprta A, Rao Y, Alander C, Glaccum M, Widmer M et al. Mice lacking the type |

interleukin-1 receptor do not lose bone mass after ovariectomy. Endocrinology 1998Jun; 139(6): 3022-5.

32. Lindberg MK, Erlandsson M, Alatalo SL et al. Estrogen receptor alpha, but not estrogen receptor
beta, is involved in the regulation of the OPG/RANKL (osteoprotegerin/receptor activator of NF-kappa B
ligand) ratio and serum interleukin-6 in male mice. J Endocrinol 2001; 171(3): 425-433.

33. Lyritis GP, Trovas G. Analgesic effects of calcitonin. Bone 2002 May;30(5 Suppl 1): 71-4.

34. Michaelsson K, Baron JA, Farahmand BY, Johnell O, Magnusson C, Persson PG et al. Hormone
replacement therapy and risk of hip fracture: population based case-control study. The Swedish Hip
Fracture Study Group. BMJ 1998 Jun 20; 316(7148): 1858-63 .

119



35. Minsk L, Polson AM. Dental implant outcomes in postmenopausal women undergoing hormone
replacement. Compend Contin Educ Dent 1998 Sep; 19(9): 859-62,864;quiz866.

36. Mohammad AR, Brunsvold M, Bauer R. The strength of association between systemic

postmenopausal osteoporosis and periodontal disease. Int J Prosthodont. 1996 Sep-Oct; 9(5): 479-83.

37. Mohammad AR, Hooper DA, Vermilyea SG, Mariotti A, Preshaw PM.
An investigation of the relationship between systemic bone density and clinical periodontal status in post-
menopausal Asian-American women. Int Dent J. 2003 Jun; 53(3): 121-5.

38. Narai S, Nagahata S. Effects of alendronate on the removal torque of implants in rats with induced
osteoporosis. Int J Oral Maxillofac Implants. 2003 Mar-Apr; 18(2): 218-23

39. NIH Consensus development panel on osteoporosis prevention, diagnosis and therapy.

Osteoporosis prevention, diagnosis and therapy JAMA 2001 285: 785.

40. Noda K, Kuwahara Y The occurrence of mitochondrial variations including large mitochondria in
osteoclasts following calcitonin treatment. J ElectronMicrosc(Tokyo)1993Aug; 42(4): 218-26.

41. Pacifici R, Rifas L, McCracken R, Vered I, McMurtry C, Avioli LV, Peck WA.Ovarian steroid
treatment blocks a postmenopausal increase in blood monocyte interleukin 1 release. Proc Natl Acad Sci
U S A 1989 Apr; 86(7): 2398-402.

42. Pacifici R. Is there a causal role for IL-1 in postmenopausal bone loss? Calcif Tissue Int 1992 Apr;
50(4): 295-9.

43. Page RC, Schroeder HE. Pathogenesis of inflammatory periodontal disease. A summary of current
work. Lab Invest. 1976 Mar; 34(3): 235.

44. Pan J, Shirota T, Ohno K, Mich K. Effect of ovariectomy on bone remodelling adjacent to

hydroxyapatita-coated implants in the tibia of mature rats. J Oral Maxillofac Surg 2000; 58: 877-882

45. Raisz LG. Hormonal regulation of bone growth and remodelling. Ciba Found Symp 1988; 136:226-
38.

46. Reddy MS, Weatherford TW, Smith CA et al. Alendronate Treatment of Naturally-Occurring
Periodontitis in Beagle Dogs. J Periodontol 1995; 66: 211-217.

120



47. Rodan GA, Martin TJ. Therapeutic approaches to bone diseases. Science 2000 Sep 1; 289(5484):
1508-14.

48. Ronderos M, Jacobs DR, Himes JH, Pihlstrom BL. Associations of periodontal disease with femoral
bone mineral density and estrogen replacement therapy: cross-sectional evaluation of US adults from
NHANES . J Clin Periodontol. 2000 Oct; 27(10):778-86.

49. Shen'Y, Li M, Wronski TJ Skeletal effects of calcitonin treatment and withdrawal in ovariectomized
rats Calcif Tissue Int 1996 58: 263-267.

50. Thompson DD, Seedor JG, Quartuccio H, Solomon H, Fioravanti C, Davidson J et al. The
bisphosphonate, alendronate, prevents bone loss in ovariectomized baboons. J Bone Miner Res 1992;
7(8): 951

51. Tiras MB, Noyan V, Yildiz A, Yildirim M, Daya S. Effects of alendronate and hormone replacement
therapy, alone or in combination, on bone mass in postmenopausal women with osteoporosis: a
prospective, randomized study. Hum Reprod 2000 Oct; 15(10): 2087-92.

52. Turner RT, Riggs BL, Spelsberg TC. Skeletal effects of estrogen. Endocr Rev 1994 Jun; 15(3):
275-300.

53. Vico L, Prallet B, Chappard D, Pallot-Prades B, Pupier R, Alexandre C. Contributions of
chronological age, age at menarche and menopause and of anthropometric parameters to axial and

peripheral bone densities. Osteoporos Int 1992 May; 2(3): 153-8.

54. Wactawski-Wende J, Grossi SG, Trevisan M , Genco RJ, Tezal M, Dunford RG et al. The role of
osteopenia in oral bone loss and periodontal J Periodontol 1996; 67: 1076-1084.

55. Women's Health Initiative (WHI) Risks and benefits of estrogen plus progestin in healthy
postmenopausal women. 2002 July; 288(3): 321-333.

56. Wronski TJ, Cintron M, Doherty AL, Dann LM. Estrogen treatment prevents osteopenia and

depresses bone turnover in ovariectomized rats. Endocrinology 1988 Aug; 123(2): 681-6

57.  Wronski TJ, Dann LM, Qi H, Yen CF. Skeletal effects of withdrawal of estrogen and diphosphonate
treatment in ovariectomized rats. Calcif Tissue Int 1993 Sep; 53(3): 210-6.

58. Wronski TJ, Yen CF, Burton KW, Mehta RC, Newman PS, Soltis EE et al. Skeletal effects of

121



calcitonin in ovariectomized rats. Endocrinology 1991 Oct; 129(4): 2246-50.

59. Yamazaki M, Shirota T, Tokugawa Y, Motohashi M, Ohno K, Michi K et al. Bone reactions to
titanium screw implants in ovariectomized animals. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1999 Apr; 87(4): 411-8.

122



ANEXOS

123



Entrez PubMed Péagina 1 d

National E>3
Library Wil
of Medicine

Entrez Fubkiled iiuchentida Protein Garsims Struciure e FiiS - Jourmals
Search PubMed for . ) . . Go Clear
Limits Previaw/index History Clighoard
Display Abstract R '_ Show: 20 Sot Sendto
~Eaut Ents . . : . ]
Tert Varsion _11: Implant Dent. 2003;12(4):340-6.

Estrogen deficiency affects bone healing around titaniumi
histometric study in rats.

Duarte PM, Cesar Neto JB, Goncalves PF, Sallum EZ£ , Nociti FH.

Department of Prosthodontics and Periodontics, Division of Period: '
of Dentistry at Piracicaba, UNICAMP, Sao Paulo, Brazil.

The purpose of this study was to evaluate the influence of an estrog
state on bone around titanium implants placed in rats. Thirty femal
were divided into 2 groups: test (n = 15), ovariectomized rats (OVX);
(n=15), sham-operated rats. Screw-type titanium implants were pl

in rats 21 days after ovariectomy or sham surgery. After 60 days, th
killed and undecalcified sections obtained. Blood samples were col
serum levels of alkaline phosphatase at the time of killing. Bone-to
(BIC), bone area (BA) around the implants, and bone density (BD)
microns-wide zone lateral to the implant were obtained and arranged s¢
the cortical (zone A) and cancellous (zone B) regions. In zone A, there
significant difference between test and control groups regarding BIC ar
0.05). A lower BA was observed in the estrogen-deficient animals
zone B, data analysis showed that estrogen deficiency could resulti
percentage of BIC, BA, and BD (P < 0.05). In addition, a higher conc
alkaline phosphatase was observed for the test group. An estrogen-
could affect bone healing and bone density around titanium implants pl
especially in the cancellous bone area. |

PMID: 14752971 [PubMed - indexed for MEDLINE]

Display Abstract Show: 20 Sort Sendto |

Write to tha Halp Desk
NCBI | NLM | NIH
Department of Health & Human Services
Privacy Statemant | Freedom of Information Act | Disclaimer

124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=A... 17/10/200




Entrez PubMed Pagina 1 de 1

; National E
Pub? e
of Medicine
Entraz FPubivled Tiucizotide Frotzin Zznome Srutnes TR PRI Journalz
Search PubMed - for Go Clear
Limits Previsw/lndex History Clipboard Detail
Display Abstract ' Show: 20 - Sort - Sendto Te
Ahout Entrez
Text Versian ([11: Int J Oral Maxillofac Implants. 2002 Nov-Dec;17(6):786-92. Relatzd A

Effect of estrogen replacement and calcitonin therapies on be
around titanium implants placed in ovariectomized rats: a
histometric study.

Nociti FH Jr, Sallum AW, Sallum EA, Duarte PM.

Department of Prosthodontics and Periodontics, Division of Periodontics;
of Dentistry at Piracicaba, Sao Paulo, Brazil. nociti@fop.unicamp.br

PURPOSE: The aim of the present study was to evaluate whether hormor
replacement therapy (HRT) and calcitonin (CT) administration could infl
bone healing around implants placed in ovariectomized (OVX) rats. MA”
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Effect of estrogen and calcitonin therapies on bone densityi
lateral area adjacent to implants placed in the tibiae of
ovariectomized rats.
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Department of Prosthodontics and Periodontics, Division of Periodontig
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BACKGROUND: This study evaluated the influence of estrogen and ¢
administration on tibial bone density in a lateral area adjacent to im:

ovariectomized rats (OVX). METHODS: One screw-type titanium im
placed bilaterally in the ovariectomized rats, and the animals assigned i
following groups: group 1 (n = 15): sham surgeries; group 2 (n=15):0
3 (n=14): OVX subcutaneously administered with calcitonin (CT)4 d
(16 IU/kg); group 4 (n = 14): OVX administered daily with 17beta
microg/kg). After 60 days, the animals were sacrificed and undecalcifi
obtained. Blood samples were collected to measure serumrlevels of alk
phosphatase and calcium at the time of sacrifice. Bone density was mea
500 microm wide mineralized zone lateral to the implant. RESULTS: A
phosphatase levels in groups 2 and 3 (P > 0.05) were statistically h
groups 1 and 4 (P < 0.05), and calcium serum levels were higher in
the other groups (P < 0.05). Regarding bone density, the data were groy
separately for cortical (zone A) and cancellous (zone B) bone. In zone A
intergroup analysis revealed no significant difference among groups (P>
However, in zone B, the animals that received estrogen administration (§
presented a higher bone density than groups 2 and 3 (P < 0.05). CONCL
appears that estrogen therapy may prevent the negative influence of ends
estrogen deficiency on bone density around titanium implants placed in
ovariectomized rats.
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Effect of an estrogen-deficient state and its therapy on bone I
resulting from an experimental periodontitis in rats.

Duarte PM, Goncalves PF, Sallum AW, Sallum EA, Casati MZ, Hun
Nociti F Jr.

Department of Prosthodontics and Periodontics, Division of Periodontics.
of Dentistry at Piracicaba, UNICAMP, Piracicaba, Sao Paulo, Brazil.

OBJECTIVE: The aim of this study was to evaluate the impact of an estr:
deficient state and its therapies (estrogen and calcitonin administration) u
loss resulting from an experimental periodontitis. METHODS: Fifty-eigh
rats were divided into four groups: group 1 (n = 15): sham operated; grou
15): ovariectomized; group 3 (n = 14): ovariectomized plus calcitonin
administration; group 4 (n = 14): ovariectomized plus estrogen administr:
Twenty-one days after ovariectomy or sham surgeries, the ligature was ra
placed. Sixty days later, the animals were killed and the specimens routin
processed. In addition, serum levels of alkaline phosphatase and calcium
assessed. RESULTS: Intergroup analysis revealed that an estrogen-defici-
significantly increased bone loss resulting from periodontitis and that suc
could not be prevented either by estrogen or calcitonin administration (0..
0.13, 0.65 +/- 0.06, 0.63 +/- 0.19, 0.67 +/- 0.28 for groups 1, 2, 3 and 4,
respectively). Furthermore, an estrogen-deficient state presented a direct «
the alveolar bone regardless of plaque accumulation and this effect may t
significantly reduced by estrogen administration (p < 0.05). Serum analys
demonstrated a higher bone turnover for the animals with estrogen deficic
estrogen therapy restored bone metabolism. CONCLUSION: Estrogen
administration may prevent the direct effect of an estrogen-deficient state
alveolar bone; however, neither estrogen nor calcitonin administration co
prevent this effect when associated with a response to a plaque-related
inflammatory process.
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Alendronate May Protect Against Increased Periodontitis-Related

Loss in Estrogen-Deficient Rats

Poliana Mendes Duarte, Daniel Roberto de Assis, Marcio Zaffalon Casati, Antonio Wilson Sallum, Enilson Antonio Sallum, and Francisco B
Jr.

Abstract

Background: The aim of this study was to evaluate the impact of alendronate (ALD) and estrogen (EST)

therapies and their withdrawal on bone loss in experimental periodontitis in ovariectomized rats.

Methods: Eighty-seven Wistar rats were divided into six groups: group 1 (N = 15): sham surgery; group 2 (N:
15): ovariectomy (OVX); group 3 (N = 15): OVX plus alendronate administration for 80 days (AT); group 4 (N
14): OVX plus alendronate administration for 40 days (AW); group 5 (N = 14): OVX plus 17 estradiol
administration for 80 days (ET); and group 6 (N = 14): OVX plus 17 estradiol administration for 40 days (EW
Twenty-one days after ovariectomy or sham surgery, one mandibular molar was randomly assigned to receivea
ligature, while the contralateral tooth was left unligated. Sixty days later, the animals were sacrificed and the
specimens processed.

Results: OVX presented a direct impact on alveolar bone, regardless of plaque accumulation and significantly
increased bone loss resulting from periodontitis (P <0.05). The effect of OVX on unligated sites was signific
reduced by AT, AW, and ET (P <0.05), but not by EW (P >0.05). In addition, alendronate administration (A

significantly reduced the impact of OVX on periodontitis-related bone loss (P <0.05), while estradiol did not
>0.05). '

Conclusion: Within the limits of this study, alendronate administration, but not estrogen replacement, may

protect against the impact of estrogen deficiency on alveolar bone presenting a significant residual effect afteri
withdrawal. J Periodontol 2004;75:1196-1202. 4 ;

KEY WORDS

Alendronate/therapeutic use; alveolar bone loss/therapy; animal studies; estradiol/therapeutic use; est
deficiency. '
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