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RESUMO

Introducdo: Os principais fatores de risco locais para o desenvolvimento da
osteonecrose associada ao uso bisfosfonatos (OABF) sdo a extracdo dentéria e a
presenca de doenca periodontal. Lesfes periapicais crénicas sdo comuns na clinica
odontoldgica, mas ainda ndo esta totalmente esclarecido se a presenca destas
lesbes pode ser um fator de risco para o desenvolvimento de OABF. O objetivo
deste estudo foi determinar se lesdes periapicais sao fatores de risco para o
desenvolvimento de osteonecrose em animais tratados com zolendronato. Métodos:
Foram utilizados 40 ratos Wistar machos. Para induzir lesdes periapicais, as polpas
dos primeiros molares inferiores foram expostas usando uma broca esférica %
acoplada a um motor de alta rotagdo. Em seguida, foram formados 8 grupos com 5
animais em cada um: G1- inducdo da lesdo periapical (LP) e a administracédo
intraperitoneal semanal (AlS) de solucéo salina (NaCl 0,9 %) durante 4 semanas;
G2- inducdo LP e AIS de zolendronato (0,15 mg/kg/semana) durante 4 semanas;
G3- inducéo da LP e AIS de solucéo salina por 8 semanas; G4- indugéo da LP e AIS
de zolendronato por 8 semanas; G5- AIS de solucédo salina durante 4 semanas e
posterior inducdo da LP; G6- AIS de zolendronato durante 4 semanas e posterior
inducdo da LP; G7- AIS de solucéo salina durante 8 semanas e posterior inducéo da
LP; G8- AIS de zolendronato durante 8 semanas e posterior indugcédo da LP. Para
mensurar o tamanho da LP foram realizadas tomografia computadorizada de feixe
conico (TCFC). Também foi realizada uma analise histomorfoldgica para determinar
a intensidade do infiltrado inflamatério e a presenca de necrose 0ssea. As analises
estatisticas usadas foram o teste ANOVA e o Kruskal-Wallis. Resultados: Os
grupos tratados com zolendronato mostraram tamanho da LP significativamente
menor que o grupo tratado com NaCl 0,9% (p < 0,05). As lesdes periapicais eram
compostas por inflamagdo cronica variando de leve a moderada, sem diferenca
entre os grupos. Nao foi observada necrose mandibular em todas as amostras
analisadas. Concluséo: A presenca de LP nao representa um fator de risco
importante para o desenvolvimento de OABF. Além disso, o tratamento com
zolendronato ndo alterou a populacéo de células de LP.

Palavras-chave: Bisfosfonatos. Osteonecrose Associada a Bifosfonatos. Doengas
da Polpa Dentaria.
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ABSTRACT

Introduction: The main local risk factors for the development of bisphosphonates
related osteonecrosis of the jaw (BRONJ) are tooth extraction and the presence of
periodontal disease. Chronic periapical lesions are common in dental practice, but is
not yet fully clear whether the presence of these lesions may be a risk factor for the
development of BRONJ. The aim of this study was to determine if periapical lesions
are risk factors to the development of osteonecrosis in animals treated with
zolendronate. Methods: It was used 40 male Wistar rats. To induce periapical
lesions, the pulps of first mandibular molars were exposed using a %2 round bur on a
high-speed handpiece with water coolant. Then, 8 groups were formed with 5
animals in each one.: G1- induction of periapical lesion (PL) and weekly
intraperitoneal administration (WIPA) of saline solution (NaCl 0.9%) for 4 weeks; G2 -
PL induction and WIPA zolendronate (0.15 mg/kg/week) for 4 weeks; G3- PL
induction and WIPA of saline solution for 8 weeks; G4- PL induction and WIPA of
zolendronate for 8 weeks; G5- WIPA of saline solution for 4 weeks and subsequent
PL induction; G6- WIPA of zolendronate for 4 weeks and subsequent PL induction;
G7- WIPA of saline solution for 8 weeks and subsequent PL induction; G8- WIPA of
zolendronate for 8 weeks and subsequent PL induction. To measure the size of the
PL, CBCT were performed. A histomorphological analysis was also performed to
determine the intensity of the inflammatory infiltrate and the presence of bone
necrosis. Statistical analyzes used were ANOVA and Kruskal-Wallis test. Results:
The groups treated with zolendronate showed significantly smaller size of the PL
than the group treated with NaCl 0.9% (p <0.05). PL were formed by chronic
inflammation ranging from mild to moderate, with no difference between groups.
There was no mandibular necrosis in all specimens analyzed. Conclusion: The
presence of chronic periapical lesions apparently does not represent an important
risk factor for the development of BRONJ. Furthermore, treatment with zolendronate
did not alter the cell population of chronic periapical lesions.

Key words: Bisphosphonates. Bisphosphonate-Associated Osteonecrosis of the
Jaw. Dental Pulp Diseases.
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1. INTRODUCAO

Os Bisfosfonatos (BFs) sdo analogos do acido pirofosférico e contém em sua
estrutura uma ligacdo P-C-P. Essas drogas tém alta afinidade pelo tecido 6sseo e
atuam inibindo a atividade dos osteoclastos e a reabsorcdo 6sseal % 3. Devido a sua
capacidade de inibir a reabsorcdo 6ssea, os BFs séo utilizados no tratamento de
doencas Osseas, tais como: doenca de Paget, osteoporose, osteopenia,
hipercalcemias associadas a doencas malignas, mieloma mudiltiplo e metastases
6sseas 24,

Apesar do uso dos BFs ser bastante importante no tratamento dessas
doencas, eles apresentam efeitos colaterais sistémicos e locais > ¢ 7. Com relagéo
aos efeitos adversos locais, a maior complicacdo relatada na literatura € a
osteonecrose associada ao uso de bisfosfonatos (OABF) 8. Esta é uma condigédo
caracterizada pela presenca de 0sso exposto na regido maxilo-facial, que néo
cicatriza ha 8 semanas, presente em pacientes que tem um histérico de uso de BFs
e que ndo foram submetidos a tratamento radioterapico > ° 19,

Vérios estudos tém demostrado alguns fatores de risco significantes para o
desenvolvimento da OABF, tais como: o tipo de administracdo, tempo de uso da
droga e procedimentos dentais invasivos & 1. 12, As exodontias estdo entre os
principais fatores de risco locais. No entanto, apesar de alguns fatores de risco ja
estarem bem estabelecidos na literatura, outros ainda n&o foram bem elucidados.
Evidéncia de lesdes periapicais agindo como fator de risco ainda é limitada. A acéo
inibitoria do BF na remodelacdo O6ssea pode interferir no processo de
desenvolvimento, progressdo e reparo de lesGes periapicais, durante e apos o

tratamento endododntico®. No entanto, ainda ndo esta claro o efeito que o BF tem
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nessas lesées e o comportamento dessas lesbes em pacientes que fazem uso
dessa droga.

Modelos animais tém sido utilizados com o objetivo de avaliar se as lesdes
periapicais sdo fatores de risco para o desenvolvimento de OABF. Xiong et al.'4
analisaram os efeitos da administracdo do alendronato (bisfosfonato de
administracdo oral) no processo de reabsorcdo do osso alveolar em ratos com
lesBes periapicais. Eles observaram que a administracdo do bisfosfonato inibiu a
reabsorcdo 6ssea associada a lesao periapical, no entanto, eles ndo diagnosticaram
Ulceras ou osteonecrose. JA Kang et al.’® avaliaram o efeito do zolendronato em
lesbes periapicais de ratos e observaram que estas lesbes foram maiores nos
animais tratados com o bisfosfonato e também identificaram casos de OABF.

Sendo assim, esta revisdo da literatura foi desenvolvida com o objetivo de
analisar as implicacbes clinicas dos BFs na odontologia, principalmente no
tratamento endodoéntico, e avaliar o potencial de lesGes periapicais como fatores de

risco para OABF.
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2. REVISAO DA LITERATURA

Esta revisdo da literatura tem o objetivo de proporcionar um embasamento
tedrico e cientifico sobre os bisfosfonatos, explicando as estruturas quimicas,
mecanismos de acao, indicacdes terapéuticas, aplicabilidade clinica e principais

efeitos colaterais dessas drogas.

2.1 Estrutura molecular e mecanismo de acéo dos bisfosfonatos

Os BFs sédo analogos do pirofosfato no qual o atomo central de oxigénio é
substituido por um de carbono (Figura 1). O acido pirofosférico ndo pode ser
utilizado como medicamento, pois sofre uma rapida hidrolise enzimatica. Essa troca
do &tomo de oxigénio pelo de carbono torna o BF mais resistente a degradacao
enzimatica e a sua meia-vida biolégica fica maior, possibilitando seu uso como
agente terapéutico'®. O tempo de meia vida do BF no plasma é de poucas horas,

mas no o0sso pode durar cerca de 10 anos?’.

T
0-P-0-P-0
0 0

Figura 1: Estrutura quimica do acido pirofosférico (Fonte: Reszka'®)

Os BFs tém na sua estrutura quimica dois grupos fosfato ligados ao atomo
central de carbono (P-C-P) e duas cadeias laterais (R’ e R”) também ligadas ao
atomo de carbono (Figura 2). O grupo R1 fornece a afinidade dos BFs pelos cristais
0sseos, enquanto o grupo R2 é responsavel pela sua poténcia e atividade

farmacoldgica®®.
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PR
T
0R'O

Figura 2: Estrutura quimica dos bisfosfonatos (Fonte: Rezska?®)

Assim como o pirofosfato, os BFs se ligam aos cristais de hidroxiapatita e esta
ligacdo confere grande afinidade as estruturas 6sseas. Uma vez ligados ao 0sso, 0S
BFs inibem a reabsor¢cdo é6ssea e permanecem nao metabolizados por longos
periodos de tempo'3 8 20,

Os BFs séo divididos em dois grupos: bisfosfonatos n&o nitrogenados
(etidronato, clodronato e tiludronato- Figura 3) e o0s nitrogenados (alendronato,
pamidronato, ibandronato, risedronato e zolendronato- Figura 4). Pamidronato e

zolendronato sao administrados por via intravenosa e 0S outros seis séo

administrados por via oral??.

cl
0G0 0040
0-P- C—P 0 0-P-CP-0 g
o CI o 0 OHO 0-P_C_P_0
| | |
Clodronato Etidronato OHO
Tiludronato

Figura 3: Estrutura quimica dos bisfosfonatos ndo nitrogenados (Fonte: Reszka'®)

N
\H C,H 3 0 H.N
NG NH, P N 3
0~ 0 0 0 00 0 0 ol 0
I I

0-P-C-P-0 OPC—PO 0-P-C-P-0 OPGPO ~P-C-P-0
00HO 00HO 00HO 00HO 00HO

Ibandronato  Pamidronato Risedronato Zoledronato Alendronato

Figura 4: Estrutura quimica dos bisfosfonatos nitrogenados (Fonte: Reszka'®)
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O efeito dos BFs no tecido é a inibicdo da reabsorcdo 0ssea e a reducao do
turnover 6sseo??. Seus efeitos a nivel celular sdo a diminuigdo do recrutamento e
proliferacdo dos osteoclastos. Durante o turnover ele € fagocitado pelos
osteoclastos, inibindo a atividade osteoclastica na superficie do osso, muda a
morfologia celular, diminui a vida Gtil dos osteoclastos e induz a apoptose?3.

Os BFs também agem molecularmente pela interacdo com o receptor de
superficie da célula. Em condicbes normais, o0s osteoclastos controlam o
recrutamento dos osteoblastos e ativacdo através da interacdo do ligante do
receptor ativador do fator nuclear kappa Beta (NF-kB) (RANKL) com o receptor
ativador do NF-kB (RANK), presente nos osteoclastos. Os BFs agem inibindo a
expressdo de RANKL e induzem os osteoblastos a produzirem osteoprotegerina
(OPG), fator que compete com RANKL pelo RANK (Figura 5). A inducdo de OPG

leva a uma diminuicdo da atividade osteoclastica®* 2°.
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Figura 5: Acdo molecular do bisfosfonato. Ele age inibindo a expressao de RANKL e
induzem os osteoblastos a produzirem OPG (Fonte: Morote; Planas?®).

Os BFs néao nitrogenados induzem a apoptose dos osteoclastos devido a sua

similaridade com pirofosfato. Eles sdo metabolicamente incorporados a analogos
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nao hidrolisados da ATP (adenosina trifosfato) e sdo acumulados nos osteoclastos,
induzindo a apoptose!. O mecanismo de acdo dos nitrogenados é baseado na
inibicdo de uma pequena GTPase (enzima hidrolase que se liga e hidrolisa o GTP)
gue é importante na funcdo osteoclastica, a enzima farnesil pirofosfato sintase, na
via do mevalonato, que atua na biossintese do colesterol catalisando a conversao do
geranil pirofosfato em farnesil pirofosfato. A inibicdo da farnesil pirofosfato sintase
leva a uma diminuicdo da ativacdo de proteinas intracelulares sinalizadoras. O
resultado nos osteoclastos sédo a reducao de sua atividade e aumento de seu indice
de apoptose?’. Recentemente, estudos tém mostrado que os BFs também interferem
no processo de angiogénese através da inibicdo da proliferacdo e migracdo de

células endoteliais e reducéo da revascularizacéo?22.

2.2 Indicacdes terapéuticas

Os BFs tém sido largamente utilizados no tratamento de doencas 6sseas por
causa da sua habilidade de inibir reabsorcdo 6ssea. Sdo utilizados para tratar
osteoporose, osteopenia, doenca de Paget e osteogénese imperfeita em criancas?®
33, Os BFs administrados intravenosamente sdo usados para tratar condicdes
relacionadas a terapia de céancer, tais como: metastases 6sseas, hipercalcemias
malignas, mieloma multiplo521:34.35,

A alteracdo na homeostase 0ssea causada pelos BFs pode levar a sérios
efeitos adversos?'. Apesar dos BFs terem efeitos clinicos satisfatérios, muitas
complicacbes por causa do seu uso tém sido relatadas, principalmente nos
pacientes que fazem uso de BFs intravenosos. Os principais efeitos colaterais dos

BFs séo: intolerancia gastrointestinal, dor de cabeca, hipocalcemia, hipofosfatemia,
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dor nos ossos, febre, aumento da creatinina, hipercolesterolemia, tontura, fadiga,
nausea, hipertensdo, parestesia, dor no peito, edema, rinite, sinusite, dor
abdominal®. Recentemente, complicacdes orais tém sido observadas. Marx®
descreveu o primeiro caso de complicacdo oral associada ao uso de BFs, chamada
de osteonecrose associada ao uso de BF (OABF).

A Sociedade Americana de Cirurgides Orais e Maxilofaciais define OABF
como uma condicdo caracterizada pela presenca de 0sso exposto na regido
maxilofacial por um periodo de 8 semanas, com uma historia prévia de tratamento
com BFs e auséncia de histéria de radioterapia dos maxilares'®. Geralmente, OABF
ocorre mais frequentemente na mandibula que na maxila. A mandibula é mais
acometida provavelmente por causa da sua anatomia, caracteristicas fisiologicas do
seu osso e efeito anti-angiogénico do BF3%3®. Os maxilares tém um grande
suprimento sanguineo e uma rapida taxa de turnover 0sseo e, por causa da sua
remodelacdo Ossea diaria, os BFs ficam altamente concentrados nesses 0SSOS.
Além disso, doencas dentérias invasivas e tratamento odontol6gico podem contribuir

para a concentracdo anatdmica dos BFs®°.

2.3 Caracteristicas clinicas, radiograficas e histologicas da OABF

O o0sso exposto se apresenta nao vital, os tecidos moles ao redor
apresentam-se eritematosos e inflamados’. A queixa mais comum é dor ou pode ser
assintomatica, podendo ocorrer também inchago dos tecidos, infec¢do, drenagem e
mobilidade dentaria’°.

De acordo com suas caracteristicas clinicas, a OABF pode ser dividida em 4

estagios. No estagio 0, ndo ha 0sso exposto visivel ou 0sso necrético. No estagio 1,
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0S pacientes sao assintomaticos mas ha infeccdo e 0sso exposto/necrotico.
Pacientes no estagio 2 tém 0sso exposto/necrotico, infeccdo e sdo sintomaticos,
apresentando dor e eritema, com drenagem purulenta ou nao. Finalmente, no
estagio 3 ha exposicdo/necrose Ossea, dor, infeccdo e pode ocorrer fraturas

patoldgicas e fistula extra-oral”° (Figura 6).

Figura 6: Apresentacao clinica da OABF

As imagens radiolégicas sao ferramentas muito importantes do diagndéstico de
OABF. Os achados radiologicos fornecem valiosas informacgdes para o clinico que
diz respeito ao desenvolvimento, a magnitude e a progressdo da doenca.
Radiografias panoramicas, radiografia periapical, tomografia computadorizada,
ressonancia magnética e cintilografia 6ssea estao entre as modalidades de imagem
gue podem ser utilizados para ajudar a identificar a extensdo da doenca, orientar
opcOes terapéuticas, e monitorizar a resposta ao tratamento*l. Esses achados
radiograficos variam desde uma area de OABF até areas de 0sso normal. Pode ser
observada esclerose dssea, areas liticas, sequestro 0sseo e espessamento da
lamina dura. As vezes, alteracdes 6sseas podem n&o ser observadas®3941.42,

Chiandussi et al.** avaliaram as caracteristicas imaginol6gicas de 11
pacientes com OABF. Através da radiografia panoramica, eles observaram areas de

destruicdo 6ssea, areas radiolucidas irregulares, com evidéncia sequestro radiopaco
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e necrose 0ssea. A avaliacdo por meio da tomografia computadorizada revelou
imagens com uma moderada irregularidade das margens corticais, destruicdo do
0sso cortical e areas claras de osteolise e osteosclerose.

Hutchinson et al.** avaliaram 30 pacientes com OABF. Dentre esses
pacientes, 10 tinham estagio 0 da doenca com caracteristicas radiogréaficas
semelhantes de osteosclerose regional ou difusa em areas clinicamente
sintomaticas, a maioria com extensdo para além da local envolvido. Também
observaram confluéncia densidade da cortical e 0sso esponjoso, proeminéncia do
canal do nervo alveolar inferior, lamina dura espessada e esclerotica, areas
periradiculares com radiolucéncia uniformes, perda da continuidade cortical, falta de
preenchimento 6sseo apos a extracdo do dente.

A tomografia computadorizada de feixe coénico (TCFC) também tem sido
utilizada para caracterizar lesfes 6sseas e descrever a extensao e envolvimento de
estruturas adjacentes nos casos de OABF. Olutayo et al.*®> analisaram 20 pacientes
que apresentaram OABF e descreveram alguns achados radioldgicos. Através da
TCFC eles identificaram auséncia de cortical, espessamento da lamina dura,
ulceracdo e espessamento do osso cortical. Além disso, também detectaram
presenca de esclerose, destruicdo Ossea litica envolvendo osso alveolar e basal,
com ou sem invasédo do canal mandibular e fraturas mandibulares.

Wilde et al.*¢ analisaram 27 tomografias de regiGes com presenca de OABF e
observaram que a destruicdo do 0Sso esponjoso e erosao do 0sso cortical foram os
achados mais comuns. Eles perceberam também que a ocorréncia desses achados
parece diminuir de acordo com a diminuicdo da gravidade da OABF. Relataram

também que sequestro e osteosclerose foram os achados menos frequentes.
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Ressonancia magnética e cintilografia 6ssea também podem ser usadas no
diagnéstico e avaliacdo da progressdo da OABF. A ressonancia pode ajudar na
deteccdo de envolvimento de tecido mole. Esse exame, através do uso de contraste,
permite a diferenciacdo entre areas de sequestro 0sseo e areas de hiperemia. A
cintilografia mostra areas de marcacao pelo radioisétopo indicando hiperatividade de
osteoblasto. Pode ser observado decréscimo na atividade do radioisétopo ou falta de
atividade, representando que existe baixo metabolismo no o0sso necroético.
Chiandussi et al.** encontraram um aumento captacdo em todos os casos os 11
casos de OABF estudados, com 3 casos de diminuicdo da captacdo central ou
adjacente a regido de absorcéo, indicando uma falta de vascularizacdo e atividade
na regido necrética.Com relacdo a analise histologica, podem ser observados
osteons acelulares e necréticos e uma mistura de células inflamatérias®. Hansen et
al.*” fizeram uma andlise histol6gica de amostras de pacientes com OABF e em
todos os casos tecido 6sseo nao-vital foi encontrado. Eles observaram que as lesdes
OABF eram formadas por multiplas areas de 0sso necrosado e com ninhos residuais
de osso vital. Infiltrados inflamatérios eram constituidos por neutrofilos, linfocitos e
células plasméticas. Em cinco de oito casos de OABF (62,4%), epitélio proliferacdo
ocorreu nos espacos medulares cobrindo o trabeculado 6sseo.

Koerdt et al.*® avaliaram as caracteristicas histoldgicas de 23 casos de OABF.
Eles observaram em cinco casos (21,7%) uma necrose asseptica do 0sso, em duas
(8,7%) amostras ocorreu uma necrose asseptica com uma inflamacéo, em parte,
purulenta, e em 15 casos (65,2%) uma osteomielite purulenta com sequestro e
guantidades de neutrofilos aumentadas. Ocorreu também um caso que mostrou

sinais de uma inflamagéo cronica com tecido de granulagéo e infiltragéo de linfocitos.
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A remodelacdo 0ssea pode ser encontrada em trés amostras (13%) e oito amostras
(34,8%) mostraram sinais de proliferacao epitelial.

Alguns microrganismos podem ser identificados no 0sso necrosado, tal como o
Actinomyces’#24748 Hansen et al.#’ encontraram coldnias de Actinomyces em todos
os casos de OABF estudados. Esses microrganismos foram encontrados ao lado do
0SSO necrotica, que mostrou sinais notaveis de erosdo e contornos em forma
irregulares. No estudo de Koerdt et al.*® dentre os 23 casos de OABF avaliados, em

18 (78,3%) eles encontraram coldnias de Actinomyces.

2.4 Fatores de risco

A OABF pode ocorrer espontaneamente, mas existem alguns fatores que
aumentam o risco para seu desenvolvimento. Os fatores de risco estéo relacionados
a administracdo de BFs, aos fatores de risco sistémicos e fatores locais. Com
relacdo a administracdo de BFs, estd bem estabelecido que os BFs que contém
nitrogénio, os BFs intravenosos, longas exposi¢cdes a droga e a dose administrada
aumentam o risco para desenvolvimento de OABF40:49,

Fatores sistémicos também podem contribuir para a ocorréncia de OABF.
Pacientes com doencas malignas (cancer de mama, cancer de prostata e mieloma
multiplo) estdo mais suscetiveis ao aparecimento de OABF. Algumas comorbidades
sistémicas podem aumentar esse risco, tais como: diabetes, osteoporose, cancer,
uso de esteroides e agentes imunossupressores, uso de alcool e fumo® 10 50,
Recentemente, um estudo mostrou fatores genéticos como fatores de risco, tal como

o polimorfismo no gene CYP2C8%.



32

Fatores de risco locais tém sido largamente estudados na literatura e
pesquisas tém demostrado que uma higiene oral deficiente, carie e doenca
periodontal pré-existentes podem ser considerados potenciais fatores de risco para o
desenvolvimento de OABF!? 205152 Existem alguns eventos desencadeadores que
podem levar a OABF: extracdes dentérias, cirurgias de implantes dentarios, trauma
intraoral, cirurgia periapical e periodontalt?> 5255 Além disso, a anatomia local
também pode contribuir para aumentar o risco de OABF, uma vez que o torus lingual
e a linha milo-hididea estdo presentes na mandibula e o torus palatino na maxila,
gue possuem uma mucosa de revestimento mais suscetivel a traumatismos®42,

Muitos estudos tém mostrado a associacdo de fatores de risco locais com o
desenvolvimento da OABF. Pesquisadores tém investigado essa associacao através
de estudos de caso de séries e pesquisas longitudinais. Marx® avaliaram 36
pacientes com OABF e observaram que 28 (77,7%) tinham sido submetidos a uma
extracao dentdria prévia e 8 (22,3%) desenvolveram espontaneamente. Ruggiero et
al.> realizaram um estudo retrospectivo para analisar pacientes que utilizavam BFs e
identificaram 63 pacientes com OABF. Os sintomas observados foram dor e 0sSso
exposto no local onde foi realizada a exodontia e 9 (14%) casos apresentaram
exposicdo 6ssea espontanea.

Estilo et al.*? conduziram um estudo retrospectivo e encontraram alguns
fatores estatisticamente significantes associados a OABF, tais como: duracdo da
terapia com BFs, tratamento sequencial de BF intravenoso com pamidronato
seguido de acido zoledrdnico, comorbidades como osteoartrite ou artrite reumatoide
e condicbes hematoldgicas benignas. A saude oral, carie, doenca periodontal e uso

de corticoide ndo foram significantemente associados a OABF*2.
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Pacientes que usam os BFs tém um largo nimero de comorbidades, dentre
elas pode-se citar: quimioterapia sistémica, doencas malignas, uso de corticoides,
periodontite e caries3®. Marx et al.*® fizeram uma revisdo de 119 casos de OABF e
eles observaram que as comorbidades orais mais prevalentes eram periodontite
(84%), caries (28,6%), abscesso dentario (13,4%). Também observaram a presenca
de tratamento endoddntico (10,9%) e torus mandibular (9,2%). Em 25,2% dos casos,
a OABF ocorreu espontaneamente e o evento precipitante da exposicdo do 0sso
foram exodontia (37,8%), periodontite avancada (28,6%), cirurgia periodontal
(11,2%), implantes dentarios (3,4%) e cirurgia paraendodontica (0,8%). Céaries
dentarias na area do osso exposto foram observadas em 34 casos (28,6%) e 16
(13,4%) desses casos apresentaram formacéo de abscesso dentario. Trinta (10,9%)
dentes tinham tratamento endodontico ja realizado com evidéncias de faléncia.

Bamias et al.® avaliaram 252 pacientes tratados com BFs e observaram que
17 (6,7%) desenvolveram OABF e eles afirmaram que tratamento dentério prévio,
como as exodontias e o uso de préteses dentarias, pode ter sido o fator
desencadeador. Bagan et al.’® apresentaram uma série de 10 casos de
osteonecrose dos maxilares que ocorreram apoOs o tratamento de céancer. Eles
observaram que em 7 (70%) pacientes com OABF uma exodontia havia sido
realizada previamente.

Na literatura se observa que 40% dos casos de OABF nao estdo associados a
algum procedimento dentario invasivo e esses casos parecem estar conectados a
doencas dentais, trauma local ou variagGes anatémicas®’. Badros et al.>? avaliaram
90 pacientes com mieloma multiplo e diagnosticaram 22 casos de OABF, sendo que

10 desses pacientes tinham sido submetidos previamente a exodontias na area
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afetada, 2 tinham problemas periodontais e 10 ndo foram submetidos a algum
procedimento odontolégico prévio.

Bagan et al.>® estudaram possiveis fatores de risco locais para OABF em 20
pacientes tratados com bisfosfonatos. Eles avaliaram o efeito da extracdo dentaria e
observaram que 11 casos de OABF ocorreram apds as exodontias e os outros 9
casos ocorreram espontaneamente. Dimitrakopoulos et al.>® conduziram um estudo
no qual identificaram 11 pacientes que desenvolveram OABF, sendo que 7 desses
pacientes apresentaram exposicdo 0ssea e necrose apo0s as exodontias, em 3 a
OABF ocorreu espontaneamente e em apenas 1 ocorreu ap0s trauma crénico
devido a prétese. Merigo et al.>” estudaram 29 casos e observaram que 15 foram
decorrentes de procedimentos cirlrgicos e 14 foram espontaneos. Zervas et al.®°
avaliaram 254 pacientes com mieloma multiplo que eram tratados com BFs e
observaram que 28 (11,02%) pacientes foram diagnosticados com OABF. Treze
pacientes (46%) tiveram OABF apdés prévia exodontia e outros 3 (10,7%) pacientes
tinham proteses dentérias.

Jadu et al.®* conduziram um estudo retrospectivo com 655 pacientes com
mieloma multiplo e observaram que a incidéncia de OABF foi 3,2%. Eles
identificaram os seguintes fatores de risco: longos periodos de tratamento, extracdes
dentarias, uso concomitante de corticoide, baixos niveis de hemoglobina, didlise
renal e idade avancada. Exodontias foram observadas em 64% dos pacientes com
exposicao 0ssea.

Marx et al.5? estudaram 30 casos de OABF e observaram que 15 casos (50%)
ocorreram espontaneamente e outros 15 (50%) ocorreram devido a um
procedimento dental invasivo. Eles relataram que uma exposi¢cdo 0ssea espontanea

(3,3%) néo estava relacionada a um torus bucal, uma (3,3%) ocorreu com exposi¢ao
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de um torus bucal, 12 casos (40%) resultaram de extracbes dentarias, 2 casos
(6,7%) desenvolveram-se como resultado de cirurgias de implante e 1 caso (3,3%)
foi proveniente de um enxerto de tecido conjuntivo no palato.

Walter et al.®® observaram que 13 entre 17 pacientes com OABF
apresentaram como possiveis fatores desencadeantes: extracdes (7 pacientes),
doenca periodontal (2 pacientes), lesdo por pressado da protese (1 paciente) e
osteotomia (1 pacientes). J& Yarom et al.®* conduziram um estudo retrospectivo com
98 pacientes que usavam BFs e que tiveram osteonecrose e perceberam que a
OABF foi desencadeada por exodontia em 6 dentre 13 pacientes, por cirurgia de
implante em 3 pacientes e por préteses mal adaptadas em 2 pacientes.

Boonyapakorn et al.®® realizaram um estudo prospectivo com 80 pacientes
gue usavam BFs. Desses 80, 22 (28%) desenvolveram OABF, sendo que em 5
(23%) ela ocorreu espontaneamente e em 17 (77%) ela ocorreu apos exodontia.
Carmagnola et al.®% avaliaram 20 casos de OABF e observaram que em 10 (50%)
casos 0s pacientes foram submetidos a exodontias apds eles iniciarem o uso do BF,
em 3 casos (15%) a origem da OABF n&o pode ser determinada. Outros fatores
desencadeantes que eles observaram foram: remoc¢édo de implantes dentarios (1
caso), infeccao periodontal localizada (1 caso) e trauma por prétese (7 casos).

Estilo et al.!! fizeram um estudo retrospectivo para categorizar os fatores de
riscos associados a osteonecrose em pacientes tratados com BFs intravenosos.
Entre 310 pacientes, a OABF foi diagnosticada em 28 casos durante a primeira
consulta odontologica e em 7 casos ela ocorreu posteriormente. Eles observaram
que caries dentarias foram negativamente associadas com o desenvolvimento da
OABF. A doenca periodontal, presenca sintomatica de dente com comprometimento

periodontal e higiene oral deficiente ndo foram associadas com o desenvolvimento
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de OABF. A maioria dos pacientes (51,4%) tinha realizado uma exodontia prévia ou
colocado um implante no local onde ocorreu a OABF e em 40% o0 aparecimento da
OABF foi espontaneo.

Ibrahim et. al.%” avaliaram a correlacéo entre os BFs e a osteonecrose dos
maxilares e observaram que 8 pacientes que usavam essas drogas desenvolveram
a osteonecrose. Em 4 pacientes, a osteonecrose foi diagnosticada durante o
tratamento, enquanto que em outros 4 pacientes ela foi diagnosticada muitos meses
apos o término do tratamento. Os pacientes com OABF apresentaram varios fatores
de risco, 6 pacientes tinham doenca periodontal e em 6 pacientes foram observadas
extracOes dentdrias e avulsdo espontaneas do dente.

Kyrgidis et al.®® conduziram um estudo com 20 pacientes com OABF e
coletaram informacGes a respeito de um histérico da extracdo dentaria, uso de
préteses e tratamento endodontico. Eles observaram que 10 pacientes tinham um
histérico de exodontias, 8 pacientes usavam protese e 4 tinham tratamento
endoddntico realizado. Além disso, eles afirmaram que a historia de exodontias e
uso de proteses aumentaram o risco de desenvolvimento de OABF. No entanto, o
tratamento endodéntico néo foi significantemente associado a OABF.

Hoff et al.®® conduziram um estudo retrospectivo com 4019 pacientes tratados
com BFs e identificaram 29 casos de OABF. Suas analises identificaram fatores
associados a OABF em 28 casos: exodontia (55%), doenca periodontal (41%),
exostose Ossea (34%), trauma relacionado a intubacbes ou préteses (17%),
implantes dentéarios (2,9%). Eles observaram alto acumulo de doses de BFs, pobre
higiene oral e exodontias como fatores de risco significantes para o desenvolvimento
de OABF. Vieilard et al.”® analizaram 13 casos de OABF e perceberam que em 9

(69%) pacientes as condi¢cdes odontologicas eram desfavoraveis, 3 (23%) pacientes



37

eram edéntulos e 11 (84,6%) pacientes tinham histéria de extracdo dentaria antes do
diagnéstico de OABF.

Assael’ fez uma reviséo da literatura e observou que o risco de OABF pode
aumentar apés um exodontia e esse risco € maior ainda em pacientes que fazem
uso de BFs intravenoso. Ele também observou que alguns cofatores podem ser
importantes, tais como: fumo, uso de esterdide, anemia, hipoxemia, diabetes,
infeccdo e deficiéncia imune. Junquera et al.”? estudaram 21 casos de OABF e
detectaram que 15 pacientes tinham realizado exodontias prévias nho mesmo local
onde ocorreu a exposicdo 0Ossea, 2 pacientes foram submetidos a cirurgia em
diferentes locais e 4 pacientes ndo tinham historia de extracdo prévia mas tinham
uma higiene oral deficiente.

Saussez et al.”® descreveram a apresentacdo clinica de 34 casos de OABF e
identificaram possiveis fatores de risco. Eles observaram que em 17 (50%) pacientes
a OABF ocorreu ap0s uma extracdo dentaria. Além disso, 24 pacientes
apresentaram periodontite (71%), um paciente apresentou abscesso (3%) e 9
pacientes tiveram OABF espontaneamente (26%). Vahtsevanos et al.”* estudaram
80 pacientes com OABF e demostraram através de analise multivariada que o uso
de préteses e a realizacdo de exodontias prévias estdo associadas a um risco maior
de desenvolvimento de OABF. No entanto, fumo, periodontite e tratamento
endodontico ndo aumentaram esse risco. Eles provaram que o risco para surgimento
de OABF é 18 vezes maior em pacientes que realizam exodontias prévias. Além
disso, também afirmaram que o tratamento de canal € um procedimento seguro em
pacientes que fazem uso do BFs. Walter et al.” conduziram um estudo retrospectivo
com 75 pacientes que tinham céncer de mama e observaram uma incidéncia de

5,3% de OABF e a exodontia foi identificada como fator de risco.
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Chiu et al.”® relataram 12 casos de OABF e observaram que 7 pacientes
tinham histérico de exodontia, 1 havia realizado cirurgia pré-protética e 2 tinham
trauma devido ao uso de prétese. Kos et al.”” avaliaram 18 pacientes com OABF e
observaram que em 8 casos a OABF ocorreu apos exodontia, em 2 casos ocorreu
apos remocao cirargica de um cisto e em 2 casos foi apés colocacédo de implante.

Hong et al.”® observaram que em 15 de 24 pacientes, a extracdo dentaria foi o
evento desencadeador da OABF, em 4 de 24 pacientes o fator foi o trauma por
protese e em 5 pacientes a OABF ocorreu espontaneamente. Ja Williamson”®
avaliou 40 pacientes que desenvolveram OABF e notaram que em 29 casos 0S
pacientes nao tinham histéria prévia de extracdo dentaria, em 5 casos foi
considerado que a OABF foi desencadeada por uma doenca periodontal, 3 casos
ocorreram devido a protese mal adaptada, 2 casos aconteceram espontaneamente e
1 caso ocorreu em um paciente que tinha realizado tratamento endodéntico ha mais
de 5 meses. Stockmann et al.8% avaliaram 50 casos de OABF e observaram que esta
condicao estava relacionada a cirurgia dentarias invasivas em 25 pacientes e nos
outros 25 casos ela ocorreu sem precedentes de trauma. Em 10 pacientes, a OABF
estava localizada na regido que suportava a base da protese.

Vescovi et al.®! avaliaram 567 pacientes com OABF e a dividiu em dois
grupos: forma de OABF néao desencadeada por cirurgia (205 pacientes) e a forma de
OABF posterior a procedimentos invasivos (362 pacientes). No grupo da OABF nao
desencadeada por cirurgia, foi observado que em 21 casos (10,2%) um trauma por
protese estava presente no local de exposi¢cado 0ssea, em 4 casos (2%) a OABF foi
associada a periodontite e nos casos restantes nenhum evento desencadeador foi
identificado. No outro grupo, a OABF ocorreu apos exodontia em 361 casos e em 1

caso apos cirurgia de implante. Os autores afirmaram que geralmente a OABF
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ocorre apos um procedimento odontolégico cirtrgico, mas eles perceberam gque esta
condicdo também pode se originar como resultado de infec¢cdes periodontais e
endodénticas ou trauma local. Apesar dos estudos mostrarem que lesdes
relacionadas a procedimentos cirdrgicos sdo mais frequentes que as hao
relacionadas a procedimentos cirdrgicos, a quantidade da forma de OABF néo
desencadeada por procedimentos invasivos vem aumentando.

Manfredi et al.?? relataram a ocorréncia de OABF em 25 pacientes tratados
com BFs devido a raz6es nao oncoldgicas. Eles observaram historia de cirurgia oral
em 18 pacientes (72%), 2 (8%) deles havia recebido um implante e 16 relataram
histéria de exodontia prévia. Sete (28%) pacientes tiveram OABF espontaneamente,
1 (4%) tinha doenca periodontal na area afetada, 12 (48%) usavam protese
removivel. Concluiram que proteses podem ser consideradas como um fator
desencadeante local para o desenvolvimento de OABF. Maurer et al.83 observaram
gue entre 21 pacientes com OABF, 12 (57%) tiveram OABF espontaneamente e 9
(43%) tinham histéria de extragdo prévia.

Otto et al.3* avaliaram 126 casos de OABF e observaram que em 63,6%
casos a investigacdo detalhada da histéria médica revelou fatores desencadeantes
(extracBes dentérias ou extracdes combinadas a tratamento endodéntico ou
procedimentos periodontais) na &area onde a OABF ocorreu. O'Ryan e Lo®%
identificaram 30 casos de OABF em pacientes que faziam uso de BF para
tratamento de osteoporose/osteopenia. Mais da metade (75%) desses pacientes
tinham comorbidades ou uma exposicdo a droga significante, tais como: artrite
reumatoide, diabetes, terapia com glicocorticoide. Em 17 pacientes a exodontia
precedeu a OABF, em 3 pacientes havia historia de trauma pregresso e em 10

pacientes a OABF ocorreu espontaneamente.
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Utreja et al.®® realizaram uma revisdo de 22 estudos publicados na literatura e
observaram que 18 estudos avaliaram a relacdo entre OABF e extracdes dentarias,
relatando uma prevaléncia de osteonecrose que variou de 2,23 a 3,25%. Quatro
estudos ndo evidenciaram relacdo entre OABF e exodontias. Pichardo e van
Merkesteyn®’ avaliaram 45 casos de OABF e observaram que em 44 (97,5%)
pacientes algum possivel foco dentario, como exodontias, tratamento dental prévio
ou tratamento protético, foi encontrado como fator desencadeante osteonecrose.

Taylor et al.88 avaliaram 225 pacientes que faziam uso de BFs orais (202
pacientes) e intravenosos (23 pacientes). Dos 23 pacientes que usavam BF
intravenoso, 8 (34,8%) desenvolveram OABF apds extracdo dentaria. No grupo de
pacientes que usavam BF oral, apenas 5 (2,5%) apresentaram OABF. Os autores
concluiram que o risco de desenvolver OABF foi significantemente maior no grupo
de pacientes que faziam uso de BFs intravenosos. Watters et al.?% avaliaram 109
casos de OABF em pacientes que faziam uso de BFs intravenosos e identificaram
uma associacao significativa entre a presenca de dentes cariados, extraidos ou

restaurados, a diabetes e o fumo com a progresséo da OABF.

2.5 Lesdes periapicais e OABF

A leséo periapical € uma condicdo inflamatoria dos tecidos periradiculares
causada por infeccdo microbiana no canal radicular do dente afetado®. Pode ser
observada uma inflamacéo local e reabsorcdo dos tecidos duros porque esse
processo envolve um recrutamento de células inflamatérias, estimulacdo de
citocinas e enzimas liticas e ativacdo dos osteoclastos®92. O tratamento é baseado

na erradicacdo das bactérias e prevencao da reinfeccdo do canal radicular’®. Apés o



41

tratamento, € esperada uma cicatrizacdo da lesdo periapical, com regeneracao do
tecido duro e reducéo da radiolucidez®.

Algumas vezes o completo reparo do tecido duro ndo ocorre devido a falhas
endodonticas, mas também pode ocorrer por causa de fatores localizados além do
sistema de canais radiculares®. A dinamica tecidual do reparo radicular apés
tratamento endododntico ndo cirdrgico e os fatores que podem interferir nesse
processo ainda ndo foram completamente elucidados®s.

O tratamento endodbntico € preferivel a extracdo ou cirurgia periapical
quando possivel®®. Em alguns casos, o tratamento néo cirlrgico do canal radicular é
preferivel a extracdo quando os pacientes usam BFs e o tratamento endodéntico
cirtrgico ndo é recomendado’ %9, No entanto, existem alguns relatos na literatura
gue mostram a OABF ocasionada por procedimentos endodonticos ndo-cirrgicos %
97,99.

Goodell et al.?® apresentaram dois casos nos quais o tratamento endodontico
foi o fator desencadeante. Eles relataram que os pacientes tinham uma histéria de
tratamento endodéntico ndo cirdrgico no dente na area afetada pela OABF e
afirmaram que o tratamento foi realizado apés inicio da administracdo de
zolendronato. Ja Kyrgidis et al.®8 sugeriram que o tratamento do canal radicular € um
procedimento seguro nos pacientes que recebem BFs e pode reduzir a prevaléncia
de OABF.

Katz et al.% relataram 3 casos de OABF e mostraram as implicacées
endododnticas do manejo desses pacientes. Eles afirmaram que quando o tratamento
endodontico é indicado, devem ser considerados procedimentos que minimizem o
trauma aos tecidos marginais, apicais e periodontais. E importante prestar atencéo

no posicionamento do grampo e lencol de borracha, o comprimento da
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instrumentacdo e obturacdo durante o tratamento. O tratamento endoddntico nao
cirdrgico € menos traumatico para os tecidos orais e tem sido relatado que pode
estar associado a osteonecrose dos maxilares em apenas 0,8% dos casos®. No
entanto, 0 sucesso desse tratamento e o impacto dos BFs na polpa dentaria ainda
ndo foram avaliados'®.

Galego et al.1% relataram um caso no qual o tratamento endodontico foi o
fator desencadeante da OABF e discutiram o papel do trauma de mucosa,
periodontal e de osso alveolar, causado pelo posicionamento do grampo e lencol de
borracha, como um fator de risco para o desenvolvimento de OABF. Eles relataram
gue um tratamento endodoéntico ndo cirdrgico foi realizado e o molar afetado foi
isolado durante o procedimento. Apds cinco meses, através de avaliacdo clinica,
eles observaram uma éarea de ulceracdo com exposicdo O0ssea na area lingual do
molar tratado endodonticamente. Eles consideraram que o posicionamento do
grampo e lencol de borracha podem causar um trauma do tecido marginal e
periodontal e pode ser considerado um fator de risco para desenvolvimento de
OABF.

Na lesdo periapical, a remodelacdo Ossea € importante no processo de
desenvolvimento, progressdo e reparo. Sendo assim, a lesdo periapical pode
potencialmente ser afetada pelo uso de BF. O efeito inibitério dos BF na
remodelacdo Ossea pode interferir no processo de reparo periapical que ocorre
durante o tratamento endododntico. Ainda ndo esta bem esclarecido se os BFs tém
algum efeito no processo de reparo periapical3.

Sarathy et al.’ relataram 2 casos de OABF que tiveram como fatores
desencadeantes o tratamento endodéntico. Ambos os pacientes estavam usando

BFs intravenosos, um tinha um histérico de tratamento endoddntico ndo cirdrgico e
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outro tinha historico de tratamento endodontico cirdrgico na area onde a OABF
ocorreu. Hsiao et al.'® avaliaram o processo de reparo de lesfes periapicais em
pacientes que faziam uso de BFs orais e eles observaram que a taxa de reparo
desses pacientes ndo foi significantemente diferente que a taxa dos pacientes
controles. Eles concluiram que o paciente que usa BF oral tem uma cicatrizacao
periapical satisfatéria apds o tratamento endodéntico e eles afirmaram que esse
tratamento é uma boa opcao para pacientes que fazem uso de BFs. No entanto,
deve ser considerado que os autores analisaram apenas BFs orais e que seria
interessante avaliar também pacientes que fazem uso de BFs intravenosos, uma vez
gue eles tém efeitos colaterais mais severos. Além disso, eles analisaram poucos
casos 0 que pode explicar porque o0s autores ndo encontraram resultados
significantes.

Devido a sua alta afinidade a estruturas mineralizadas como 0sso e dentina, é
possivel que os BFs fiqguem acumulados na dentina e, como resultado, as células da
polpa podem ser expostas a droga. Estudos na literatura ndo mostram claramente
esse efeito do BFs sobre a polpa. Cvikl et al.l®® analisaram o efeito dos BFs
intravenosos em células derivadas da polpa dentaria e mostraram que essas drogas
podem reduzir a viabilidade e atividade celular, levando a apoptose e necrose.

Xiong et al.'* fizeram um estudo experimental com ratos para analisar o efeito
do BFs em lesbes periapicais, avaliando a reabsorcdo do osso alveolar e
angiogénse. Eles comprovaram que os BFs inibiram significantemente a perda
0ssea e diminuiram o numero de osteoclastos. A matrix de metaloproteinase (MMPSs)
parece ter um papel do desenvolvimento de lesdes periapicais e age na degradacao
da matriz extracelular. Estudos tém demostrado que os BFs inibem as MMPs, o que

causam uma diminuicdo dessas MMPs na area periapical, levando a uma inibicdo da
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reabsorcdo 6sseal®?. Tjaderhane et al.!%3, por sua vez, observaram que a inibicdo
das MMPs aumentou a taxa de necrose pulpar e formacao de lesao.

A baixa incidéncia de OABF torna dificil a conducédo de ensaios clinicos que
permitam o estabelecimento de diretrizes baseadas em evidéncias para o tratamento
endodéntico ndo cirdrgico em pacientes que fazem uso de BFs. Apesar da
ocorréncia de OABF ser considerada rara, suas consequéncias sdo catastroficas
para o paciente. Por isso, até que mais evidéncias cientificas estejam disponiveis, é
preciso ter bastante precaucdo na realizacdo de um tratamento endoddntico em
pacientes que usam BFs04,

Embora alguns fatores de risco ja estejam bem estabelecidos na literatura,
outros ainda precisardo ser elucidados, principalmente os fatores de risco orais.
Evidéncias sobre lesGes periapicais atuando como um fator de risco ainda é
bastante limitado. Existem apenas alguns relatos na literatura mostrando OABF
desencadeada por procedimentos endoddnticos conservadores®:°7.99.101 QO efeito
inibitério dos bisfosfonatos na remodelacdo 6ssea pode interferir potencialmente no
processo de reparo da lesdo periapical durante o tratamento endodénticos. No
entanto, o efeito dos bisfosfonatos no aparecimento e evolugdo das lesbes
periapicais ainda ndo esta claramente explicado e, por isso, faz-se necesséario o
desenvolvimento de mais pesquisas experimentais, laboratoriais e clinica que visem

elucidar esse tema.
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3. OBJETIVO

Avaliar se a lesdo periapical € um fator de risco para o desenvolvimento de

osteonecrose associada ao uso de bisfosfonatos.

3.1 Objetivos especificos

e Avaliar através da tomografia computadorizada de feixe-cbnico e analise
histoldgica, lesdes periapicais cronicas e 0sso adjacente em ratos tratados
com zolendronato;

e Determinar tamanho das lesbes periapicais, intensidade da reacéo

inflamatoria e presenca de necrose 0ssea.
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Effects of the zolendronate in periapical
lesions and surrounding alveolar
bone in a murine model.
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4. EFFECTS OF THE ZOLENDRONATE IN PERIAPICAL LESIONS AND
SURROUNDING ALVEOLAR BONE IN A MURINE MODEL.

The study are presented in a form of an original article and had the objective
to determine if periapical lesions are risk factors to the development of osteonecrosis

in Wistars rats treated with zolendronate.

4.1 Introduction

Bisphosphonates-related osteonecrosis of the jaw (BRONJ) is characterized
by an avascular necrosis of the mandible or maxilla in patients taking BPs and not
exposed to radiotherapy in the head and neck region (1,2). Studies have shown
some risk factors that are significant to the development of this condition, such as
type of bisphosphonates, route of administration (oral or endovenous), number of
infusions, age and dental extractions (3-9). BRONJ usually occurs after a dental
invasive procedure but it can also happen spontaneously (10).

Although some risk factors are well established in the literature, others remain
unclear, mainly oral risk factors. Evidence about periapical lesions acting as a risk
factor is limited. There are only some reports in the literature showing BRONJ
triggered by conservative endodontic procedures (11-14). Animal models have been
also used to evaluate whether the periapical lesions can be considered a risk factor
for development of OABF. Xiong et al. (15) evaluated the effects of administration of
alendronate in the alveolar bone resorption processes in rats with periapical lesions.
They observed that administration of bisphosphonates inhibit bone resorption

associated with apical periodontitis, however, they did not diagnose ulcers or
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osteonecrosis. Kang et al. (16) evaluated the effect of zolendronate in periapical
lesions in rats and they identified OABF cases in these animals.

The inhibitory effect of bisphosphonates on bone remodeling can also
potentially interfere with periradicular healing during root canal therapy. However, the
effect of bisphosphonates on the onset and evolution of periapical lesions is not
clearly explained (17). Thus, the aim of this study was to determine if periapical
lesions are risk factors to the development of osteonecrosis in animals treated with
zolendronate and to analyze chronic periapical lesions and the surrounding adjacent
bone in rats treated with zolendronate, using histological analyses and cone- beam

computed tomography.

4.2 Methods

The Ethics Committee of Animal Use of the Biological Science Center of
Federal University of Pernambuco (UFPE) approved this study with protocol number
23076.027486/2010-25. Forty males rats (Rattus novergicus, albinus Wistar) were
used, weighing between 220 and 250 grams, which were randomly divided into 8
groups, being 4 experimental groups and 4 control groups.

The animals of experimental group were treated with zolendronate (Zometa
Novartis Pharmaceuticals, Basel, Switzerland) using a dosage of 0.15 mg/kg/week,
administered intraperitoneally, while control groups were treated with saline solution
(NaCl 0.9%) also administered intraperitoneally. The experimental and control groups
were composed for: G1- induction of periapical lesion (PL) and administration of
NaCl 0.9% for 4 weeks; G2- induction of PL and administration of zolendronate for 4

weeks; G3- induction of PL and administration of NaCl 0.9% for 8 weeks; G4-
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induction of PL and administration of zolendronate for 8 weeks; G5- administration of
NaCl 0.9% for 4 weeks and subsequent induction of PL; G6- administration of
zolendronate for 4 weeks and subsequent induction of PL; G7- administration of
NaCl 0.9% for 8 weeks and subsequent induction of PL; G8- administration of
zolendronate for 8 weeks and subsequent induction of PL (Table 1).

In order to induce periapical lesions in the animals, the pulps of the right first
mandibular molars were exposed on the occlusal mesial face using a ¥ round bur on
a high-speed hand piece, under water coolant (Fig. 1). The dental pulps remained
exposed for 30 days in the oral cavity. Prior to the pulp exposition, the animals were
anesthetized with ketamine hydrochloride 0.1 mg/kg (SESP, Vetbrands Animal
Health Division, Jacarei, Sdo Paulo, Brazil) associated with xylazine 0.05 mg/ kg
(Bayer Brazil, Beford Roxo, Rio de Janeiro, Brazil), intramuscularly.

After the period of analysis established, the animals were euthanized by
anesthetic overdose with ketamine hydrochloride. The mandible was dissected and
placed into plastic recipient containing 10% formaldehyde solution. In these
recipients, the specimens were submitted to cone- beam computed tomography
(CBCT) (-CAT Next Generation, Imaging Sciences International, Hatfield, PA),
operating at 120 kV and 3.8 mA, using a protocol with voxel size of 0.2 mm and an
exposure time of 26 seconds. Then, images were reconstructed and evaluated using
the XORAN software (Xoran CAT versao 2.0.21, Xoran Technologies, Ann Arbor
Mich, EUA). A specialist in Oral Radiology with experience in the method used
analyzed the images in multiplanar reconstructions (axial, sagittal and coronal). The
measurement was taking in the larger diameter of the lesions in each specimen

analyzed (Fig. 2). It was used a 22”flat screen monitor (Dell Precision 390™, Dell
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Inc., Round Rock, Texas, EUA). Images density and contrast were accordingly
adjusted to help the observer.

After the image analyses, the jaws were decalcified in 5.0% aqueous solution of
ethylenediaminetetracetic acid (EDTA). Then, a histological conventional analysis
was performed and the specimens were embedded in paraffin. Histological sections
of 5 um thick were obtained from paraffin blocks and stained with hematoxylin-eosin
(HE). In order to determine the intensity of the inflammatory infiltrates and the
presence of bone necrosis, a histological analysis was carried out. The inflammatory
reaction in the periapical lesions was classified as slight (scarce or focal inflammatory
reaction), moderate (moderate amount of inflammatory cells) or severe (diffuse
inflammatory reaction).

The histological and imaginological data were analyzed by descriptive statistic.
The imaginological data that showed uniform distribution were analyzed by ANOVA
and those that showed non-homogeneous distribution, the nonparametric Kruskal-
Wallis test was used, considering a significance of 5%. Statistical calculations were

performed using SAS 9.2 software.

4.3 Results

In control and zolendronate groups, ulcers or osteonecrosis with exposure of
bone were not observed when the mandible were removed and examined. Periapical
lesions were evident in the periapical area after pulpal exposure in all animals
studied. These lesions were identified by CBCT and histomorphological analysis.

Imaginological analysis by CBCT revealed periapical lesions associated with

the right mandibular first molars in all animals. Comparing the control and



52

experimental groups submitted to the same procedures and conditions, it can be
seen that the groups treated with zolendronate (G2, G4, G6 and G8) show the size of
periapical lesions significantly smaller than the groups treated with NaCl 0.9% (G1,
G3 G5 and G7), respectively (p <0.0001) (Fig. 3).

Table 1 shows the mean size in millimeters of periapical lesions in control and
treated animals. Analyzing the matching control and experimental groups, the
comparison revealed that the control groups G1, G3 and G7 presented periapical
lesions significantly larger than the experimental groups G2 (p=0.0009), G4
(p=0.0015) and G8 (p=0.0078), respectively. However, although the specimens of G5
presented periapical lesions larger than G6, this difference was not significant
(p=0.0736).

Table 1 shows the mean size of the periapical lesions according to the groups,
in addition to the matching analysis. Comparing the control groups with each other
(G1, G3, G5 and G7), it was observed that the size of periapical lesions were
statistically different (p = 0.0026). The groups G1 and G3, in which the periapical
lesions were induced and subsequently started applications of saline solution,
showed larger periapical lesions (Table 1). Comparing animals treated with
zolendronate (G2, G4, G6 and G8), it was also observed that the size of periapical
lesions were statistically different (p<0.0001). The groups G2 and G4, in which the
periapical lesions were induced and then the administration of zolendronate started,
showed larger periapical lesions (Table 1).

Microscopically, in all specimens, the chronic periapical lesions were well
circumscribed and consisted in chronic inflammatory reaction ranging from mild to

moderate intensity, formed predominantly for lymphocytes. No morphological
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differences were observed between the analyzed groups (Fig. 4). Additionally, in all

samples, no necrosis was observed in the adjacent bone tissue.

4 .4 Discussion

The mechanism of development of BRONJ has not yet been fully elucidated,
but the presence of periodontal disease and dental extractions are among the local
risk factors most commonly related (10,18). Although some local risk factors were
well established in the literature, others remain unclear. Evidence about periapical
lesions acting as a risk factor is limited. There are some reports in the literature
showing BRONJ caused by conservative endodontic procedures (11-14). However,
the effect of the periapical lesions on the bone tissue under BPs is not clearly
explained. Elucidating BRONJ pathophysiology is very important to the establishment
of protocols of endodontic treatment in patients using BFs. Therefore, until more
scientific evidence is available, it is necessary precaution in performing endodontic
treatment in these patients (19).

In order to generate evidence that can help in the creation of these protocols,
this study observed the behavior of periapical lesions in rats treated with BPs. Other
studies have also used animal models to simulate what occurs in patients using BPs
(20-28). The majority of these researches used tooth extractions and high doses of
BPs to simulate clinical, radiographic and histologic features of BRONJ (16).
Because BRONJ may occur in the absence of tooth extractions, it is relevant using
animal models to simulate others conditions also important in dental practices and
that eventually may also act as risk factor for BRONJ, as the inflammatory periapical

lesions.
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The periapical lesions were induced by pulp exposure according to protocols
used in the literature (15). Studies have showed that after pulp exposure in rats,
osteoclasts in periapical lesions could be found at day 2 and the peak number of
these cells was reached at day 14. In these studies, it was also observed that
increasing amounts of inflammatory infiltration and alveolar bone resorption occurred
in the periapical region from day 7 to day 14 (29,30). Between day 0 and day 20
occurred a period of lesion expansion and bone destruction (31). Based on these
studies, the pulps were exposed in the oral cavity for a period of 30 days to induce
periapical lesion.

Although zolendronate be administered intravenously, in the present study it
was administered intraperitoneally, similar to other published reports (16,32). Even
knowing that intraperitoneal administration results in a lower plasmatic concentration
of the drug, it was chosen because it is more secure and easy to use in small
animals. The doses used in experimental studies vary widely. Ottewel et al. (32)
administered a dose of 0.1 mg/kg (100ug/kg), which according to these authors, is
equivalent to a human dose of 4 mg/ kg of body weight. Sonis et al. (20) used a dose
of 7.5 pg/kg, whereas Pautke et al. (28) used the dose of 0.05 mg/kg of zolendronate
in minipigs. In this study, we used the dose of 0.15 mg/ kg/ week based on the dose
of 0.6 mg/kg/28 days used by Maahs et al. (33). Although it can be considered a high
dose, its use has been safety demonstrated in these previous studies and it was
chosen to increase the probability of BRONJ in the studied animals.

Studies have been observed that inhibition of osteoclast activity resulted in
smaller periapical lesions (16, 34, 35). Similar to occurred in previous experiments,
the current study observed that the periapical lesions in animals treated with

zolendronate showed the lesions significantly smaller than that located in animals
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from the control group. Kang et al. (16) assessed the apices of the molar roots of
mouse mandibles by micro—computed tomography scanning. They also observed
that the size of periapical lesions was significantly smaller in the animals treated with
BPs. Bone remodeling is an important process in the development, progression and
repair of periapical lesions. Once the BPs act by inhibiting bone resorption, its
inhibitory effect may interfere in periapical repair process that occurs during
endodontic treatment (17). In the present study, it was proved that in animals treated
with BP, periapical lesions tend to have smaller sizes than in animals that do not use
BP. Clinically this suggests that patients using BP can have a satisfactory periapical
healing after endodontic treatment, once the BPs did not increase the size of the
lesion (16,17,34,35).

In the control and experimental groups in which the periapical lesions were
induced and subsequently started applications of saline solution or zolendronate, it
was observed larger periapical lesions. However, whether the lesion is already
present or not when the drug administration started, it did not influence their
evolution, cell population and also the risk of BRONJ. Probably, lesions of G1, G2,
G3 and G4 had larger sizes because the tooth remained in the oral cavity of the
animal for a longer period of time than in the other groups, allowing further growth of
the lesions. Clinically, this suggests that the appearance of the periapical lesion
before or during treatment with bisphosphonates does not interfere in the
development of these lesions and does not increase the risk of BRONJ.

Regarding the histological features, the periapical lesions showed mild to
moderate chronic inflammatory reaction, without morphological differences between
the all groups. Importantly, even using high doses of zolendronate, osteonecrosis

was not observed in all specimens. Xiong et al. (15) conducted a study to analyze the
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effect of alendronate on angiogenesis and on alveolar bone resorption in rats
subjected to experimental periapical lesions. They did not observe a significant
decrease in the number of microvascular vessels and, similar to the present study,
no ulcers or BRONJ were observed. On the other hand, Kang et al (16) observed
that 88% of BP treated animals showed areas of osteonecrosis in the dental disease
site and 33% developed bone exposure. Moreover, osteonecrosis, periosteal
thickening, periosteal bone apposition, epithelial migration and bone exposure were
present. However, this high incidence of BRONJ observed probably occurred
because the authors used a threefold higher dose than the oncologic zolendronate
dose used clinically in patients. Differently, in the present study it was used a
pharmacologic doses similar to clinical regimens, wich provide a more accurate
evaluation of incidence and severity of the disease.

In the literature, some studies have reported endodontic treatment as a risk
factor for BRONJ (11,13). By contrast, other studies claim that endodontic treatment
is safe and should be performed in preference to extraction (36, 12,37, 38). However,
even if the endodontic treatment is indicated, dentists need to take some
precautions. It should be considered procedures that minimize the trauma to the
marginal, apical and periodontal tissues. It is important to pay attention to the
periapical radiographs, the position of the clamp and rubber dam, the length of
instrumentation and obturation during treatment (11).

According to the present findings, periapical lesions apparently do not
represent a risk factor for the development of BRONJ, once no ulcers or
osteonecrosis of the bone were observed in the jaws of animals treated with
zolendronate. Even so, further scientific evidence is necessary in order to provide

secure protocols for dental care of patients who use bisphosphonates.
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4.5 Conclusion

Periapical lesions were significantly smaller in animals treated with
zolendronate. Zolendronate did not alter the cell population of the periapical lesion.
Furthermore, the presence of periapical lesion is apparently not an important risk

factor to the development of BRONJ.
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Table 1 - Mean size of the periapical lesions and analysis of matching control and
experimental groups

Groups Procedures Mean size in mm p value’
(minimum-maximum)
Gl Induction of PL and administration of 1.72 (1.6-2.0) 0.0009
NaCL 0.9% for 4 weeks
G2 Induction of PL and administration of 1.2 (1.0-1.4)
zolendronate for 4 weeks
G3 Induction of PL and administration of 1.64 (1.5-1.8) 0.0015
NaCl 0.9% for 8 weeks
G4 Induction of PL and administration of 1.2 (1.0-1.4)
zolendronate for 8 weeks
G5 Administration of NaCl 0.9% for 4 1.04 (0.8-1.2) 0.0736
weeks and induction of PL
G6 Administration of zolendronate for 4 0.8 (0.6-1.0)
weeks and induction of PL
G7 Administration of NaCl 0.9% for 8 1.44 (1.4-1.6) 0.0078
weeks and induction of PL
G8 Administration of zolendronate for 8 0.64 (0.4-0.8)

weeks and induction of PL

*p value resulting from the comparison between groups G1xG2, G3xG4, G5xG6 and

G7xG8.
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1.80 mm

Figure 1: Coronal section with 0.2mm thick showing the measurement of the
periapical lesion in a specimen of G3.

64



65

Figure 2: Coronal reconstruction with 0.2 mm thick. Red arrows indicate periapical
lesion in G1 (A), G2 (B), G4 (C), G5 (D), G6 (E) and G8 (F).
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Figure 3: Histological findings in periapical region. (A) Group 1 (B) Group 2 and (C)
Group 3 showing slight inflammatory infiltrate (hematoxylin and eosin, original
magnification, x40 and x100). (D) Specimen from Group 7 shows a moderate
inflammatory infiltration (hematoxylin and eosin, original magnification, x200).
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5. CONLUSAO

As lesbes periapicais foram significativamente menores nos animais tratados
com zolendronato. A presenca de lesdo periapical ndo € um importante fator de risco
para o desenvolvimento de OABF. Além disso, o zolendronato nédo alterou o padrdo

histomorfoldgico da leséo periapical.
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ANEXOS

Anexo A

Guidelines for Publishing Papers in the JOE

Writing an effective article is a challenging assignment. The following guidelines are
provided to assist authors in submitting manuscripts.

The JOE publishes original and review articles related to the scientific and applied
aspects of endodontics. Moreover, the JOE has a diverse readership that includes
full-time clinicians, full-time academicians, residents, students and scientists.
Effective communication with this diverse readership requires careful attention to
writing style.

General Points on Composition

Organization of Original Research Manuscripts
Manuscripts Category Classifications and Requirements
Available Resources

1. General Points on Composition

1. Authors are strongly encouraged to analyze their final draft with both software
(e.g., spelling and grammar programs) and colleagues who have expertise in
English grammar. References listed at the end of this section provide a more
extensive review of rules of English grammar and guidelines for writing a scientific
article. Always remember that clarity is the most important feature of scientific
writing. Scientific articles must be clear and precise in their content and concise in
their delivery since their purpose is to inform the reader. The Editor reserves the
right to edit all manuscripts or to reject those manuscripts that lack clarity or
precision, or have unacceptable grammar or syntax. The following list represents
common errors in manuscripts submitted to the JOE:

2. The paragraph is the ideal unit of organization. Paragraphs typically start with an
introductory sentence that is followed by sentences that describe additional detail
or examples. The last sentence of the paragraph provides conclusions and forms
a transition to the next paragraph. Common problems include one-sentence
paragraphs, sentences that do not develop the theme of the paragraph (see also
section “c” below), or sentences with little to no transition within a paragraph.

3. Keep to the point. The subject of the sentence should support the subject of the
paragraph. For example, the introduction of authors’ names in a sentence changes
the subject and lengthens the text. In a paragraph on sodium hypochlorite, the
sentence, “In 1983, Langeland et al., reported that sodium hypochlorite acts as a
lubricating factor during instrumentation and helps to flush debris from the root
canals” can be edited to: “Sodium hypochlorite acts as a lubricant during
instrumentation and as a vehicle for flushing the generated debris (Langeland et
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al., 1983)." In this example, the paragraph’s subject is sodium hypochlorite and
sentences should focus on this subject.

4. Sentences are stronger when written in the active voice, i.e., the subject performs
the action. Passive sentences are identified by the use of passive verbs such as
“‘was,” “were,” “could,” etc. For example: “Dexamethasone was found in this study
to be a factor that was associated with reduced inflammation,” can be edited to:
“Our results demonstrated that dexamethasone reduced inflammation.” Sentences
written in a direct and active voice are generally more powerful and shorter than
sentences written in the passive voice.

5. Reduce verbiage. Short sentences are easier to understand. The inclusion of
unnecessary words is often associated with the use of a passive voice, a lack of
focus or run-on sentences. This is not to imply that all sentences need be short or
even the same length. Indeed, variation in sentence structure and length often
helps to maintain reader interest. However, make all words count. A more formal
way of stating this point is that the use of subordinate clauses adds variety and
information when constructing a paragraph. (This section was written deliberately
with sentences of varying length to illustrate this point.)

6. Use parallel construction to express related ideas. For example, the sentence,
“Formerly, endodontics was taught by hand instrumentation, while now rotary
instrumentation is the common method,” can be edited to “Formerly, endodontics
was taught using hand instrumentation; now it is commonly taught using rotary
instrumentation.” The use of parallel construction in sentences simply means that
similar ideas are expressed in similar ways, and this helps the reader recognize
that the ideas are related.

7. Keep modifying phrases close to the word that they modify. This is a common
problem in complex sentences that may confuse the reader. For example, the
statement, “Accordingly, when conclusions are drawn from the results of this
study, caution must be used,” can be edited to “Caution must be used when
conclusions are drawn from the results of this study.”

8. To summarize these points, effective sentences are clear and precise, and often
are short, simple and focused on one key point that supports the paragraph’s
theme.

9. Authors should be aware that the JOE uses iThenticate, plagiarism detection
software, to assure originality and integrity of material published in the Journal.
The use of copied sentences, even when present within quotation marks, is highly
discouraged. Instead, the information of the original research should be expressed
by new manuscript author’s own words, and a proper citation given at the end of
the sentence. Plagiarism will not be tolerated and manuscripts will be rejected, or
papers withdrawn after publication based on unethical actions by the authors. In
addition, authorsmaybesanctioned for future publication.

2. Organization of Original Research Manuscripts

Please Note: All abstracts should be organized into sections that start with a one-

word title (in bold), i.e., Introduction, Methods, Results, Conclusions, etc., and should

not exceed more than 250 words in length.

1. Title Page: The title should describe the major emphasis of the paper. It should be
as short as possible without loss of clarity. Remember that the title is your
advertising billboard—it represents your major opportunity to solicit readers to
spend the time to read your paper. It is best not to use abbreviations in the title
since this may lead to imprecise coding by electronic citation programs such as
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PubMed (e.g., use “sodium hypochlorite” rather than NaOCI). The author list must
conform to published standards on authorship (see authorship criteria in the
Uniform Requirements for Manuscripts Submitted to Biomedical Journals
at www.icmje.org). The manuscript title, name and address (including email) of
one author designated as the corresponding author. This author will be
responsible for editing proofs and ordering reprints when applicable. The
contribution of each author should also be highlighted in the cover letter.

. Abstract: The abstract should concisely describe the purpose of the study, the
hypothesis, methods, major findings and conclusions. The abstract should
describe the new contributions made by this study. The word limitations (250
words) and the wide distribution of the abstract (e.g., PubMed) make this section
challenging to write clearly. This section often is written last by many authors since
they can draw on the rest of the manuscript. Write the abstract in past tense since
the study has been completed. Three to ten keywords should be listed below the
abstract.

. Introduction: The introduction should briefly review the pertinent literature in
order to identify the gap in knowledge that the study is intended to address and the
limitations of previous studies in the area. The purpose of the study, the tested
hypothesis and its scope should be clearly described. Authors should realize that
this section of the paper is their primary opportunity to establish communication
with the diverse readership of the JOE. Readers who are not expert in the topic of
the manuscript are likely to skip the paper if the introduction fails to succinctly
summarize the gap in knowledge that the study addresses. It is important to note
that many successful manuscripts require no more than a few paragraphs to
accomplish these goals. Therefore, authors should refrain from performing
extensive review or the literature, and discussing the results of the study in this
section.

. Materials and Methods: The objective of the materials and methods section is to
permit other investigators to repeat your experiments. The four components to this
section are the detailed description of the materials used and their components,
the experimental design, the procedures employed, and the statistical tests used
to analyze the results. The vast majority of manuscripts should cite prior studies
using similar methods and succinctly describe the essential aspects used in the
present study. Thus, the reader should still be able to understand the method used
in the experimental approach and concentration of the main reagents (e.g.,
antibodies, drugs, etc.) even when citing a previously published method. The
inclusion of a “methods figure” will be rejected unless the procedure is novel and
requires an illustration for comprehension. If the method is novel, then the authors
should carefully describe the method and include validation experiments. If the
study utilized a commercial product, the manuscript must state that they either
followed manufacturer’s protocol or specify any changes made to the protocol. If
the study used an in vitro model to simulate a clinical outcome, the authors must
describe experiments made to validate the model, or previous literature that
proved the clinical relevance of the model. Studies on humans must conform to
the Helsinki Declaration of 1975 and state that the institutional IRB/equivalent
committee(s) approved the protocol and that informed consent was obtained after
the risks and benefits of participation were described to the subjects or patients
recruited. Studies involving animals must state that the institutional animal care
and use committee approved the protocol. The statistical analysis section should
describe which tests were used to analyze which dependent measures; p-values
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should be specified. Additional details may include randomization scheme,
stratification (if any), power analysis as a basis for sample size computation, drop-
outs from clinical trials, the effects of important confounding variables, and
bivariate versus multivariate analysis.

. Results: Only experimental results are appropriate in this section (i.e., neither
methods, discussion, nor conclusions should be in this section). Include only those
data that are critical for the study, as defined by the aim(s). Do not include all
available data without justification; any repetitive findings will be rejected from
publication. All Figures, Charts and Tables should be described in their order of
numbering with a brief description of the major findings. Author may consider the
use of supplemental figures, tables or video clips that will be published online.
Supplemental material is often used to provide additional information or control
experiments that support the results section (e.g., microarray data).

. Figures: There are two general types of figures. The first type of figures includes
photographs, radiographs or micrographs. Include only essential figures, and even
if essential, the use of composite figures containing several panels of photographs
is encouraged. For example, most photo-, radio- or micrographs take up one
column-width, or about 185 mm wide X 185 mm tall. If instead, you construct a two
columns-width figure (i.e., about 175 mm wide X 125 mm high when published in
the JOE), you would be able to place about 12 panels of photomicrographs (or
radiographs, etc.) as an array of four columns across and three rows down (with
each panel about 40 X 40 mm). This will require some editing to emphasize the
most important feature of each photomicrograph, but it greatly increases the total
number of illustrations that you can present in your paper. Remember that each
panel must be clearly identified with a letter (e.g., “A,” “B,” etc.), in order for the
reader to understand each individual panel. Several nice examples of composite
figures are seen in recent articles by Jeger et al (J Endod 2012;38:884—-888);
Olivieri et al., (J Endod 2012;38:1007 1011); Tsai et al (J Endod 2012;38:965—
970). Please note that color figures may be published at no cost to the authors and
authors are encouraged to use color to enhance the value of the illustration.
Please note that a multipanel, composite figure only counts as one figure when
considering the total number of figures in a manuscript (see section 3, below, for
maximum number of allowable figures).
The second type of figures are graphs (i.e., line drawings including bar graphs)
that plot a dependent measure (on the Y axis) as a function of an independent
measure (usually plotted on the X axis). Examples include a graph depicting pain
scores over time, etc. Graphs should be used when the overall trend of the results
are more important than the exact numerical values of the results. For example, a
graph is a convenient way of reporting that an ibuprofen-treated group reported
less pain than a placebo group over the first 24 hours, but was the same as the
placebo group for the next 96 hours. In this case, the trend of the results is the
primary finding; the actual pain scores are not as critical as the relative differences
between the NSAID and placebo groups.

. Tables: Tables are appropriate when it is critical to present exact numerical
values. However, not all results need be placed in either a table or figure. For
example, thefollowingtablemaynotbenecessary:

% N/Gr % Inhibition of
NaOCl oup Growth
0.001 5 0

0.003 5 0
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0.01 5 0
0.03 5 0
0.1 5 100
0.3 5 100
1 5 100
3 5 100

8. Instead, the results could simply state that there was no inhibition of growth from
0.001-0.03% NaOCI, and a 100% inhibition of growth from 0.03-3% NaOCI
(N=5/group). Similarly, if the results are not significant, then it is probably not
necessary to include the results in either a table or as a figure. These and many
other suggestions on figure and table construction are described in additional
detail in Day (1998).

9. Discussion: This section should be used to interpret and explain the results. Both
the strengths and weaknesses of the observations should be discussed. How do
these findings compare to the published literature? What are the clinical
implications? Although this last section might be tentative given the nature of a
particular study, the authors should realize that even preliminary clinical
implications might have value for the clinical readership. Ideally, a review of the
potential clinical significance is the last section of the discussion. What are the
major conclusions of the study? How does the data support these conclusions

10.Acknowledgments: All authors must affirm that they have no financial affiliation
(e.g., employment, direct payment, stock holdings, retainers, consultantships,
patent licensing arrangements or honoraria), or involvement with any commercial
organization with direct financial interest in the subject or materials discussed in
this manuscript, nor have any such arrangements existed in the past three years.
Any other potential conflict of interest should be disclosed. Any author for whom
this statement is not true must append a paragraph to the manuscript that fully
discloses any financial or other interest that poses a conflict. Likewise the sources
and correct attributions of all other grants, contracts or donations that funded the
study must be disclosed

11.References: The reference style follows Index Medicus and can be easily learned
from reading past issues of the JOE. The JOE uses the Vancouver reference
style, which can be found in most citation management software products.
Citations are placed in parentheses at the end of a sentence or at the end of a
clause that requires a literature citation. Do not use superscript for references.
Original reports are limited to 35 references. There are no limits in the number of
references for review articles.

3. Manuscripts Category Classifications and Requirements

Manuscripts submitted to the JOE must fall into one of the following categories. The

abstracts for all these categories would have a maximum word count of 250 words:

1. CONSORT Randomized Clinical Trial-Manuscripts in this category must strictly
adhere to the Consolidated Standards of Reporting Trials-CONSORT- minimum
guidelines for the publication of randomized clinical trials. These guidelines can be
found at www.consort-statement.org/. These manuscripts have a limit of 3,500
words, [including abstract, introduction, materials and methods, results, discussion
and acknowledgments; excluding figure legends and references]. In addition, there
is a limit of a total of 4 figures and 4 tables*.

2. Review Article-Manuscripts in this category are either narrative articles, or
systematic reviews/meta-analyses. Case report/Clinical Technique articles even
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when followed by extensive review of the literature will should be categorized as
“Case Report/Clinical Technique”. These manuscripts have a limit of 3,500 words,
[including abstract, introduction, discussion and acknowledgments; excluding
figure legends and references]. In addition, there is a limit of a total of 4 figures
and 4 tables*.

3. Clinical Research (e.g., prospective or retrospective studies on patients or patient
records, or research on biopsies, excluding the use of human teeth for technique
studies). These manuscripts have a limit of 3,500 words [including abstract,
introduction, materials and methods, results, discussion and acknowledgments;
excluding figure legends and references]. In addition, there is a limit of a total of 4
figures and 4 tables*.

4. Basic Research Biology (animal or culture studies on biological research on
physiology, development, stem cell differentiation, inflammation or pathology).
Manuscripts that have a primary focus on biology should be submitted in this
category while manuscripts that have a primary focus on materials should be
submitted in the Basic Research Technology category. For example, a study on
cytotoxicity of a material should be submitted in the Basic Research Technology
category, even if it was performed in animals with histological analyses. These
manuscripts have a limit of 2,500 words [including abstract, introduction, materials
and methods, results, discussion and acknowledgments; excluding figure legends
and references]. In addition, there is a limit of a total of 4 figures or 4 tables*.

5. Basic Research Technology (Manuscripts submitted in this category focus
primarily on research related to techniques and materials used, or with potential
clinical use, in endodontics). These manuscripts have a limit of 2,500 words
[including abstract, introduction, materials and methods, results, discussion and
acknowledgments; excluding figure legends and references]. In addition, there is a
limit of a total of 3 figures and tables *.

6. Case Report/Clinical Technique (e.g., report of an unusual clinical case or the use
of cutting-edge technology in a clinical case). These manuscripts have a limit of
2,500 words [including abstract, introduction, materials and methods, results,
discussion and acknowledgments; excluding figure legends and references]. In
addition, there is a limit of a total of 4 figures or tables*.

* Figures, if submitted as multipanel figures must not exceed 1 page length.

Manuscripts submitted with more than the allowed number of figures or tables will
require approval of the JOE Editor or associate editors. If you are not sure whether
your manuscript falls within one of the categories above, or would like to request
preapproval for submission of additional figures please contact the Editor by email
at jendodontics@uthscsa.edu.

Importantly, adhering to the general writing methods described in these guidelines
(and in the resources listed below) will help to reduce the size of the manuscript while
maintaining its focus and significance. Authors are encouraged to focus on only the
essential aspects of the study and to avoid inclusion of extraneous text and figures.

The Editor may reject manuscripts that exceed these limitations.

Available Resources:

Strunk W, White EB. The Elements of Style. Allyn & Bacon, 4th ed, 2000, ISBN
020530902X.

Day R. How to Write and Publish a Scientific Paper. Oryx Press, 5th ed. 1998. ISBN
1-57356-164-9.
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Woods G. English Grammar for Dummies. Hungry Minds:NY, 2001 (an entertaining
review of grammar).

Alley M.The Craft of Scientific Writing.Springer, 3rd edition 1996 SBN 0-387-94766-3.
Alley M.The Craft of Editing.Springer, 2000 SBN 0-387-98964-1.
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Carta de aceite da Comiss&o de Etica no uso de Animais (CEUA) da UFPE

Universidade Federal de Pernambuco
Centro de Ciéncias Bioldgicas
Av. Prof. Nelson Chaves, s/n

50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 8840 | 2126 8351

fax: (55 81) 2126 8350 1\
www.ccb.ufpe.br

Recife, 28 de julho de 2010.
Oficio n® 299/2010

Da Comissé&o de Etica no uso de Animais (CEUA) da UFPE
Para: Prof: Danyel Elias da Cruz Perez

Departamento Clinica e Odontologia Preventiva - CCS
Universidade Federal de Pernambuco

Processo n°® 23076.027486/2010-25

Os membros da Comiss&o de Etica no Uso de Animais do Centro de Ciéncias
Biologicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu projeto de
pesquisa intitulado, “Avaliagdo do efeito do acido zoledrénico no inicio e progressdo de
lesé6es periapicais cronicas e no reparo alveolar em ratos.”

Concluimos que os procedimentos descritos para a utilizagéo experimental dos animais
encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro para
Experimentag&o Animal e com as normas internacionais estabelecidas pelo National Institute of
Health Guide for Care and Use of Laboratory Animals as quais sdo adotadas como critérios de
avaliag&o e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei 11.794
de 08 de outubro de 2008, que trata da questdo do uso de animais para fins cientificos e
didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a serem

realizados.

Observagéo: Atenciosamente,
Origem dos animais: Biotério do Departamento de Nutrigo,
Animais: Ratos( Rattus norvegicus), linhagem Wistar: sexo:
Machos; Idade: 60(sessenta) dias; N° de Animais : 75(setenta e %W 0

cinco). Profa. Maria Teresg.dahsem

Presidente dqCEE

UFPE

CCB: Integrar para desenvolver
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