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RESUMO

Introducdo: O objetivo deste estudo foi avaliar os efeitos decorrentes da
administracdo do Acido Zoledrénico (AZ) em ratos durante o movimento dentario.
Métodos: Em noventa ratos Wistar machos, foi aplicada forca de 30 ctN com mola
fechada de niquel-titinio para movimentar o primeiro molar superior direito para
mesial. No grupo CM foi realizado somente movimento dentario, o grupo CAZ
recebeu dose unica (0.1mg/Kg) de AZ e o grupo EAZ recebeu dose Unica
(0.1mg/Kg) de AZ uma semana antes do inicio do movimentacdo dentaria. Os
animais foram eutanasiados apds 3, 7 e 14 dias. Foram mensurados a
movimentacdo dentaria, com auxilio de paquimetro digital, o numero de
osteoclastos por meio da coloracdo TRAP, a porcentagem do colageno maduro e
imaturo por meio da coloragdo Picrosirius e a presenca de area hialina e
reabsorcao radicular por meio de HE. Os dados foram comparados por ANOVA a
dois critérios, Tukey HSD, Games-Howell e Teste de Qui-quadrado, ao nivel de
significancia de 5%. Resultados: Verificou-se menor numero de osteoclastos,
tendéncia a diminuicdo do movimento dentario com o tempo e maior porcentagem
de é&rea hialina no grupo EAZ. Nao houve diferenca entre grupos quanto a
neoformacdo Ossea e reabsorcdo radicular em todos os tempos observados.
Conclusbes: O Acido Zoledronico apresenta tendéncia a inibir a movimentag&o

dentéria pois dificulta a reabsorcao 6ssea.

DESCRITORES (DeCS)
Bifosfonatos, Movimentacdo Dentaria, Ortodontia, Ratos Wistar.



INTRODUCAO

Bifosfonatos administrados via oral ou intravenosa sao amplamente
utilizados para o tratamento de determinadas doencgas 6sseas metabdlicas, tais
como a doenca de Paget, osteogénese imperfeita, displasia fibrosa, Doenca de
Gaucher, hipercalcemia maligna, osteopenia e osteoporose.*™

Estes farmacos podem vincular os cristais de hidroxiapatita em uma matriz
0ssea mineralizada e tornar 0 0Sso mais resistente aos osteoclastos, aliado a isso,
inibir a funcdo e induzir a apoptose dos osteoclastos, assim, inibindo a
remodelacdo éssea.>*?

Além disso, ndo so6 restringem a atividade dos osteoclastos, mas também
mostram efeitos osteocondutor e osteoindutor pelo aumento da atividade
osteoblastica. &

O Acido Zoledronico (AZ) € um potente e inovador bifosfonato de terceira
geracdo, que contém nitrogénio. E administrado por via intravenosa, com rapida
absorcdo e concentracdo nas estruturas da maxila e mandibula, sendo
considerado o mais potente inibidor da reabsor¢cdo 6ssea comparado com outros
bifosfonatos que estdo atualmente disponiveis.*®

Este farmaco apresenta grande afinidade pelo calcio no osso e tem sua
meia vida intradssea de aproximadamente 10 anos, sendo possivel os seus
efeitos sobre a remodelacdo e reparacdo 6ssea possiveis por tempo prolongado.
Pondendo ainda afetar os usuérios por muitos anos, mesmo depois de terem seu
uso interrompido.***

Complicacbes conhecidas da utilizacdo de bifosfonatos sao a diminuicéo da
cicatrizacdo 0ssea e a capacidade de poder inibir a movimentacdo dentaria. A
inibicAo da movimentacdo dentaria podera ocorrer devido a diminuicdo da
atividade osteoclastica limitando a remodelacéo e reparo 6sseo.™®

O uso de bifosfonatos por pacientes adultos tem sido mais difundido,
portanto aumentar 0 nosso conhecimento sobre os bifosfonatos é fundamental,

pois esses farmacos tém o potencial de poder inibir a movimentag&o dentaria.®**



Desta forma, o objetivo deste trabalho foi avaliar: a) a reabsor¢cdo 0ssea; b)
a porcentagem do colageno tipos | e Ill do osso alveolar; c) a taxa de
movimentacdo dentaria; d) a presenca de areas hialinas; e) a presenca de
reabsorcao radicular; durante o movimento ortodontico em ratos submetidos ao

uso de Acido Zoledrdnico.

MATERIAL E METODOS

Este trabalho foi aprovado pelo Comité de Etica em Animais (CEUA) da

Pontificia Universidade Catélica do Parana (PUCPR), sob parecer n° 628.

Distribuicdo da Amostra

Foi constituida por 90 ratos machos da linhagem Wistar (Rattus novergicus
albinus) com nove semanas de vida, pesando aproximadamente 300 — 350g,
provenientes do Biotério da PUCPR.

Apbés célculos estatisticos apropriados, os animais foram distribuidos em
trés grupos, da seguinte maneira:

O grupo controle movimentacdo (CM) foi constituido por 30 animais, nos
quais ndo se administrou nenhum farmaco e foi realizada somente movimentagéo
dentéria & forca de 30 cN. 1213

O grupo Controle Acido Zoledrdnico (CAZ) foi constituido por 30 animais,
nos quais foi administrado Acido Zoledrénico (Aclasta™, Novartis® Biociéncias

1,14-16

S.A., Stein, Switzerland) via intraperitoneal, em dose Unica (0.1mg/Kg) , Sem

aplicacdo da movimentacao dentaria.

O grupo Experimental Acido Zoledronico (EAZ) foi constituido por 30

N,13'14

animais, que foram submetidos a forca ortodéntica de 30 c sob

administracdo do farmaco Acido Zoledrénico (Aclasta™, Novartis® Biociéncias

1,14-16

S.A., Stein, Switzerland) via intraperitoneal em dose Unica (0.1mg/Kg) uma

semana antes do inicio da movimentag&o dentéria.
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Cada grupo foi subdividido nos tempos 3, 7 e 14 dias, apos inicio da

1718 cada dia com 10 animais.

movimentacao dentaria,
Anestesia dos Animais e Preparo do Dispositivo Orto dontico

Na realizacdo do procedimento de instalacdo do dispositivo ortoddntico os
animais foram sedados com Tiletamina/Zolazepan (Zoletil 50®, Virbac Brasil
Industria e Comércio Ltda, Jurubatuba, SP, Brasil), na dosagem de 50 mg/kg via
intramuscular.

O dispositivo ortoddntico consistiu em uma mola de nickel titanium fechada
(G&H® Wire Orthdontics, Franklin, IN) e fio de amarrilho de aco inoxidavel com
0,25 mm de espessura, utilizado para fixagdo da mola no primeiro molar direito e

nos incisivos da maxila dos animais.*®

Instalacéo e Ativacdo dos Dispositivos Ortodoénticos

O fio de amatrrilho foi analogo a uma banda circundando a coroa do primeiro
molar e ao mesmo tempo fixando uma das extremidades da mola. A outra
extremidade foi unida ao incisivo superior do mesmo lado, por meio de fio de
amarrilho e resina composta (Charisma®, Heraeus Kulzer, Hanau, Germany)
(Figura 1). A mensuracdo da forca (30cN) produzida pela mola foi padronizada

com tensidmetro (Haag-Streit AG, Koeniz, Switzerland).

Fig 1. Desenho esquematico do dispositivo ortodéntico instalado




Afericdo da Taxa de Movimentagéo Dentéaria

A taxa de movimentacdo dentaria foi aferida com paquimetro digital
(Absolute-Mitutoyo, Kawasaki-Shi, Japan), antes da instalacdo da mola e
imediatamente apos o sacrificio dos animais, em todos os periodos de observacéo
(3, 7 e 14 dias). Foi aferida a distancia entre a face palatina do incisivo superior

direito e a face mesial do primeiro molar superior direito.’

Processamento Histotécnico e Analise Histoldgica

ApGs 3, 7 e 14 dias da instalacdo da mola os animais foram eutanasiados

por overdose de solucéo anestésica.™®

Posteriormente a eutanasia, a maxila de cada animal foi removida, dissecada
e seccionada na linha média. A hemi-maxila direita foi fixada em formol a 10% por
24 horas e desmineralizada com EDTA 5%, por dois meses.

Apdés a completa desmineralizacdo, os espécimes foram processados e
emblocados no Laboratério de Patologia Experimental da PUCPR. Foram obtidas
cinco secgdes transversais a partir do terco cervical da raiz meésio-vestibular do
primeiro molar, cortados em microtomo com 4 um de espessura, com intervalo de
60 um entre cada seccdo. Estes cortes foram corados pelas técnicas de coloracdo
de Hematoxilina e Eosina, Picrosirius Red e pela técnica histoquimica Fosfatase
Acida Tartarato Resistente (TRAP).?° A enzima TRAP é considerada marcador
pontual de osteoclastos e pode ser utilizada para determinar quantitativamente, a
reabsorcdo 6ssea.’* A coloracdo por TRAP foi realizada usando o kit TRAP 387
(Sigma-Aldrich, St Louis, MO) seguindo as instrucdes do fabricante. De cada
seccao, foram capturadas cinco imagens da regido mesial da raiz mésio-vestibular
do primeiro molar (area de compressdo), compreendendo uma area total de
942.813,00um? utilizando microscépio Olympus BX-50 (Olympus, Téquio, Japao)
acoplado a microcamera Dinolite® AM 423X (AmMo Eletronics Corporation, New
Taipei City, Taiwan) em magnificacdo de 400X.>° Os parametros de aquisicdo da
imagem foram fixados durante o processo de captura. A contagem do niamero de
osteoclastos foi realizada com auxilio do programa de morfometria Image Pro-Plus

4.5 (Media Cybernetics, Silver Spring, MD), onde foi criada uma grade para
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contagem. Foram consideradas osteoclastos as ceélulas multinucleadas, TRAP-
positivas e localizadas adjacentes ao tecido 0sseo. Para a obtencdo do niumero de
osteoclastos primeiro somou-se 0s osteoclastos das cinco imagens e
posteriormente calculou-se a média das cinco seccdes. %° (Figura 2)

A presenca ou auséncia de areas hialinas e reabsorcdo Ossea foram
identificadas utilizando Iaminas coradas com Hematoxilina e Eosina (Figura 4), por
intermédio de microscopio de luz Olympus BX-50 (Olympus, Toéquio, Japao)
acoplado a microcamera Dinolite® AM 423X (AmMo Eletronics Corporation, New
Taipei City, Taiwan).

A neoformacdo da matriz organica 6ssea no lado de tracdo foi verificada
nas laminas coradas com Picrosirius. Uma area na distal da referida raiz de cada
seccao foi selecionada e uma imagem capturada por intermédio de microscopio de
luz Olympus BX-50 (Olympus, Téquio, Japdo) acoplado a microcamera Dinolite®
AM 423X (AmMo Eletronics Corporation, New Taipei City, Taiwan) e a uma lente
polarizadora (Olympus U-P110) com magnificacédo de 100x."*® As imagens foram
editadas com o auxilio do programa Adobe Photoshop® CS6® (Adobe Systems
Incorporated, San Jose, CA) no qual ligamento periodontal e o dente foram
apagados selecionando apenas o tecido 6sseo. O sistema de analise automatico
Image Pro Plus 4,5 (Media Cybernetics, Silver Spring, MD) foi utilizado para medir
a porcentagem das areas de colageno maturo e imaturo.*®?? A porcentagem de
cada tipo de colageno para cada animal foi obtida pela média das cinco secgdes.

Contra fundo preto, as fibras espessas, ordenadas, fortemente aderidas e
com coloragédo vermelha representam o colageno maduro (tipo 1); as fibras mais
finas, desorganizadas, frouxas e com coloracdo esverdeada, correspondem ao

colageno imaturo (tipo I11).2"*#2? (Figura 3)



Andlise Estatistica

A andlise estatistica foi realizada usando o programa SPSS 19.0 (SPSS,
Chicago, IL). Visando comparar se existia diferenca nos valores médios das
variaveis: colageno tipo I no 0sso, colageno tipo Ill no 0sso, taxa de movimentagao
dentaria e numero de osteoclastos segundo grupo e tempo, foi testada a
normalidade dos dados utilizando o teste de normalidade de Kolmogorov-Smirnov
e a homogeneidade de variancias utilizando do teste de Levene. Observou-se que
apenas um tratamento n&o apresentou distribuicdo normal (p<0,05). A
comparacdo dos valores médios entre grupo, tempo e a interacdo grupo X tempo
foi realizada utilizando ANOVA a dois critérios, modelo fatorial completo. Quando
ANOVA indicou existir diferenca entre qualquer um dos dois fatores e o teste de
Levene indicou variancias homogéneas, a comparacgéo dos tratamentos 2 a 2 foi
feita utilizando o teste de comparag¢des multiplas paramétricas de Tukey HSD para
variancias homogéneas; caso contrario utilizou-se o teste de comparactes
multiplas paramétricas de Games-Howell para variancias heterogéneas. O nivel de
significancia adotado foi de 5% (p<0,05).

Visando avaliar se existia dependéncia entre presenca ou auséncia de area
hialina e de reabsorcao radicular segundo grupo, tempo e a interacdo grupo X
tempo utilizou-se o teste de Qui-quadrado, ao nivel de significancia de 5%
(p<0,05).



RESULTADOS

Reabsorcdo Ossea

Utilizando o teste de comparacbes multiplas de Games-Howell para a
variavel grupo x tempo, foi observado que o grupo CM apresentou diferenca
estatisticamente significante (p<0,05) em relacdo aos grupos CAZ e EAZ em todos
0os tempos de observacdo (3, 7 e 14 dias). O grupo CM apresentou maior
guantidade de osteoclastos que os grupos em que houve a administracdo do AZ,
indicando que no grupo sem o farmaco a quantidade de reabsorcdo éssea foi
maior. (Grafico I, Tabela | e Figura 2).

Tabela I. Média, Desvio padrao e Valor de p das variaveis: nUmero de osteoclastos,
porcentagem de colageno tipo |, porcentagem de colageno tipo Il e taxa de
movimentacdo dentaria nos grupos controle movimentacdo (CM), controle Acido
Zoledrdnico (CAZ) e experimental (EAZ) nos dias 3, 7 e 14.

Varidveis/ Dias Média = DP Valor de p
CM | caz | EAZ CM x CAZ | CMxEAZ | CAZ x EAZ
Osteoclastos
3 1756 +7,71  2,79+198 2,89+2,00  0,0062 0,0443 1,0000
7 11,79+7,00 1,98+164 287+1,09  0,0269 0,0453 0,9042
14 13,79+£4,05 1,51+098 196+050  0,0001 0,0001 0,9345
Colageno Tipo |
3 78,00+£11,71 7823+16,78 80,68+16,69  0,0964 0,2545 0,2498
7 78,21+£12,35 80,84 +19,96 83,12+10,32  0,1990 0,1353 0,2000
14 80,47 £8,97 87,35+528 82,66+12,89  0,2234 0,1926 0,1923
Colageno Tipo Il
3 22,00+£11,71 21,77 £+16,78 19,32+16,69  0,0964 0,2545 0,2498
7 21,79+12,35 19,16 +19,96 16,88+10,32  0,1990 0,1353 0,2000
14 19,53+8,97 12,65+528 17,34+12,89  0,2234 0,1926 0,1923
Movimentacao
Dentaria
3 4,17 + 3,65 8,22+492 08724 0,5123 0,0696
7 5,56 + 4,37 6,94+433 01595 0,9979 0,0376
14 9,56 + 6,05 6,92 +2,72  0.0402 0,9263 0,0024

Teste de Games-Howell a significancia de 5%.



Grupo
25 00

I Controle Movimentagdo

I Cortrole Acido Zoledrénico

1 Experimental

20,00

15,00+

10,00

Mimero de Osteoclastos

RS DS

T T T
3 dias 7 dias 14 dias

00

Tempo

Gréfico I. Comparacao entre grupos x tempo da variavel nimero de osteoclastos.

Fig 2. Periodo de 14 dias, maior nimero de osteoclastos (células positivas para TRAP -
setas pretas) foi observado no grupo CM (A) quando comparado com os grupos CAZ (B)
e EAZ (C). OA, Osso Alveolar; LP, Ligamento Periodontal; OC Osteoclastos (coloracao
TRAP, magnificagédo 400X)
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Neoformacéo Ossea
Ao avaliarmos a porcentagem de colageno tipo | e Ill no osso, utilizando o
teste de comparacdes multiplas de Games-Howell, ndo foi encontrada diferenca

estatisticamente significante (p>0,05) entre grupos em todos o0s tempos de

observacgao (3, 7 e 14 dias). (Tabela | e Figura 3)

Fig 3. Periodo de 14 dias, ndo foi observada diferenca na colora¢do do coldgeno no 0sso
nos grupos: CM (A), CAZ (B), e EAZ (C) em todos os tempos de observacdo. OA, Osso
Alveolar; LP, Ligamento Periodontal; DEN, Dentina; CEM, Cemento (coloracéo
Picrosirius, magnificacdo 100X)

Taxa de Movimentacédo Dentaria

Nao foi observada diferenca estatisticamente significante (p>0,05) entre os
grupos CM e EAZ (grupos com movimentacdo dentéria) nos trés periodos de
observacéo (3, 7 e 14 dias), ao utilizarmos o teste de compara¢gdes multiplas de
Games-Howell (Tabela I).

Porém foi observada tendéncia a aumento gradual da taxa de
movimentacdo dentéaria no grupo CM em todos os periodos de observagédo. Por
outro lado, no grupo EAZ foi observada tendéncia a diminuigdo gradual da taxa de

movimentacao dentaria nos tempos de 3, 7 e 14 dias. (Gréfico Il)
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Gréfico Il. Taxa de Movimentacao Dentéria em fungéo de grupo e tempo.

Areas Hialinas

No tempo de 7 dias notou-se que o grupo EAZ apresenta maior presenca
de &reas hialinas (90%) quando comparado ao grupo CM (10%).

Nos tempos de 3 e 14 dias ndo foi observado diferenca estatisticamente
significante (p>0,05) (Tabela II).

12



Tabela Il. Porcentagem e Valor de p da presenca de &area hialina e reabsor¢éo radicular
nos grupos controle movimentagdo (CM), controle Acido Zoledrénico (CAZ) e

experimental (EAZ) nos dias 3, 7 e 14.

Porcentagem (%) Valor de p

Variaveis Dias CAZ x

CM CAZ EAZ CM x CAZ | CM x EAZ EAZ

33 0 75 0,0322 0,0519 0,002
Area Hialina 7 10 0 90 0,1592 0,0011 0,0004
14 60 0 50 0,006 0,3292 0,0122

3 0 40 25 0,0238 0,0656 0,256

Reabsorcao

Radicular 7 40 30 70 0,3224 0,0971 0,0462
14 80 67 60 0,2642 0,171 0,3779

Teste Qui- Quadrado. Significancia de 5%

Reabsorcao Radicular

Na comparacdo dos grupos CM e EAZ néo foi observada nenhuma
diferenca estatisticamente significante (p>0,05) em todos os tempos avaliados
(Tabela Il).

Fig 4. Periodo de 14 dias, areas hialinas e reabsorcéo radicular nos grupos: CM (A), CAZ
(B), e EAZ (C). AH, Area Hialina; RR, Reabsorcdo Radicular; OA, Osso Alveolar; LP,
Ligamento Periodontal; DEN, Dentina; CEM, Cemento (coloragdo Hematoxilina e Eosina,

magnificacdo 100X)
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DISCUSSAO

Os bifosfonatos inibem a atividade osteoclastica e a microcirculacéo,
podendo inibir a movimentacdo dentaria.>®?° Neste estudo foi utilizado o farmaco
Acido Zoledrénico por se tratar de um inovador Bisfosfonato, e sua relacdo com a
movimentac&o dentéria é ainda pouco estudada.?®

O Acido Zoledronico é administrado em humanos em dose Unica, e repetido
anualmente conforme as necessidades de cada paciente. Ele tem a caracteristica
de rapida absorcdo e concentracdo nas estruturas da maxila e da mandibula,
podendo permanecer no organismo por até 10 anos. Com o intuito de avaliarmos
os efeitos do Acido Zoledrdnico nas estruturas periodontais, no decorrer do tempo,
a aplicacdo do farmaco se deu uma semana antes da instalagdo do dispositivo
ortoddntico da mesma forma que em outras pesquisas.***°

Nos grupos CAZ e EAZ observou-se menor numero de osteoclastos em
relacdo ao grupo CM, em todos os periodos de tempo observados, nédo
apresentando variagdo com o passar do tempo (Tabela 1). Este resultado
representa diminuicdo na atividade osteoclastica, consequentemente diminuindo a
remodelacdo 0ssea, sendo semelhante aos de pesquisas anteriores de Ozturk et
al’ e Huja et al*, que utilizaram o Acido Zoledrénico em ratos e cachorros
respectivamente.’*

Diante da interpretacdo dos resultados desta pesquisa é possivel sugerir
gue o medicamento teve eficacia, uma vez que tem por papel, inibir a funcéo e
induzir a apoptose dos osteoclastos.™*>

Estudos comprovam que apoés a aplicagdo da forca ortodéntica, células e
fibras colagenas sdo comprimidas e estiradas, nos lados de compresséao e tracao,
respectivamente. O processo bioldgico prossegue com o0 recrutamento de
osteoclastos e osteoblastos e remodelacdo do osso alveolar.*®2%%*

Neste estudo buscou-se também avaliar as mudangas estruturais na matriz
trabecular 6ssea neoformada na presenca simultaneamente de movimentagao
dentéaria e Acido Zoledrénico por meio do método de Picrosirius com uso de luz

polarizada, sendo possivel detectar as fibras de colageno maduro e imaturo e
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correlacionar a distribuicdo tridimensional das fibras coldgenas com o estagio de
formacé&o 6ssea (Figura 3).%°

A matriz organica do osso alveolar € composta fundamentalmente por
colageno tipo | (95% da matriz organica). A neoformagéo 0ssea resulta de eventos
complexos e interdependentes, que envolvem desde a diferenciagdo dos
osteoblastos a partir de células mesenquimais primitivas, a sintese da matriz
organica, sua maturacéo, até completa mineralizagdo.*’

Os resultados encontrados neste estudo mostram que 0S Qrupos
submetidos ao uso do Acido Zoledrénico ndo apresentaram diferenca em relagéo
ao grupo sem o uso do medicamento (p>0,05), em todos os tempos observados,
para a porcentagem de colageno tipo | e Ill no osso alveolar (Tabela I), portanto o
Acido Zoledrdnico néo interferiu no processo de neoformacéo 0ssea.

Kubek et al*® no seu estudo realizado em ratos que foram submetidos a
aplicagdo de Acido Zoledrénico, notou que o tratamento suprimiu
significativamente a remodelac&o medular nos ossos dos maxilares.?

z

Considerando que o Acido Zoledronico é amplamente absorvido nas

49 os resultados encontrados neste estudo

estruturas O0sseas dos maxilares,
diferiram dos de Kubek et al.?®, possivelmente pelo fato destes autores terem
realizado a aplicacdo do farmaco em duas doses via intravenosa, possibilitando
assim as estruturas 0sseas dos maxilares, que sdo altamente irrigadas, terem
maior concentracdo do farmaco. Ainda, os animais daquela pesquisa eram do
sexo feminino e ovariectomizadas, e nessa situacdo, apresentam comportamento
semelhante a mulheres na fase da pos-menopausa, fase em que estdo mais
propensas a osteoporose, apresentando maior remodelacéo 6ssea.?®

Pacientes em tratamento ortoddntico usuarios de bifosfonatos apresentam

reducdo na movimentacdo dentéria.®>"

Sabendo-se desta possibilidade
objetivou-se avaliar a taxa de movimentagdo dentaria, contudo os resultados
encontrados ndo mostraram diferenca (p>0,05) em todos os grupos nos periodos
avaliados. Porém observou-se tendéncia a diminuicdo da quantidade de
movimentacdo dentaria com o passar dos dias no grupo EAZ quando comparado

com o grupo CM (Gréfico II).
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Choi et al'®, encontraram reducéo da quantidade de movimentac&o dentaria
em ratos machos e fémeas com utilizacdo do bisfosfonato Clodronato.®

O movimento dentario tem se mostrado maior em ratas ovariectomizadas
pois estas apresentam comportamento semelhante a mulheres portadoras de
osteoporose, doenca na qual o 0sso se torna mais poroso facilitando o movimento
do dente no periodonto. Sirinsoontorn et al® encontraram no seu estudo reducéo
no movimento dentério nestes animais.”

Apesar de se ter observado apenas uma tendéncia a reducdo na taxa de
movimentacdo dentaria, vemos que os resultados encontrados no presente estudo
foram semelhantes aos de pesquisas anteriores. Com isso podemos perceber que
o Acido Zoledrénico reduz a quantidade de movimentagéo dentaria.

A forca aplicada no dente durante a movimentacdo dentaria comprime os
vasos do ligamento periodontal, gera hipdxia e, consequentemente, fuga e/ou
morte celular. A matriz extracelular altera a relagdo bioquimica e organizacional
dos seus componentes resultando em areas de maior concentracdo proteica, com
unido de densos feixes de fibras colagenas. Isso resulta em areas
microscopicamente pobres em células e de aspecto eosindfilo homogéneo,
denominadas &reas hialinas da matriz extracelular.?’

Conforme a tabela Il, o grupo EAZ apresentou maior porcentagem de areas
hialina (90%) quando comparado com o grupo CM (10%) no tempo de 7 dias, mas
nos demais tempos nao foram observadas diferencas.

Esta diferenca na presenca de areas hialinas no tempo de 7 dias ocorreu
juntamente com a diminuicdo na quantidade de é&reas hialinas no grupo CM e
aumento na presenca de areas hialinas no grupo EAZ, podendo indicar que na
fase da reparacdo 6ssea em que as areas hialinas tendem a diminuir em animais
sem o uso do farmaco, o Acido Zoledronico interferiu na presenca das areas
hialinas aumentando a sua presenca.

A reabsorcao radicular € um efeito adverso do tratamento ortodontico muito
conhecido.?® Ao avaliar as condi¢cdes do dente e periodonto de ratos submetidos &
movimentacdo ortodontica € relatada a presenca de éareas de reabsorcéo

radicular.?®?°
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No presente estudo os animais dos grupos CM e EAZ nédo apresentaram
diferenca na quantidade de reabsorcédo radicular (p>0,05) em todos os tempos
observados, portanto sugere-se que o0 uso deste farmaco néo influéncia a
reabsorcao radicular.

Contrarios aos resultados do presente estudo, a literatura relata que sob
efeito de bifosfonatos, ratos que foram submetidos a movimentacdo dentaria,
apresentaram diminuicdo da reabsorcdo radicular. >*° Mori et al.*® observaram
diminuicdo na reabsorc¢&o radicular em ratos onde o Acido Zoledrdnico foi aplicado
de maneira ativa sobre a superficie radicular de dentes reimplantados, e néo de
forma sistémica intraperitoneal como neste estudo.*

Em outro estudo Sirisoontorn et al® relataram que ratas ovariectomizadas,
submetidas ao movimento dentario e sob efeito do Acido Zoledronico
apresentaram diminuicdo da reabsorcao radicular em relacdo a ratas que nao
utilizaram o farmaco.®> A diferenca nos resultados encontrados pode ter ocorrido
pelo fato de Sirisoontorn et al®° terem comparado a quantidade de reabsorc&o entre
ratas ovariectomizadas e ratas ndo ovariectomizadas. As ratas ovariectomizadas
tem maior propensdo a apresentar reabsorcdo radicular do que ratas néo
ovariectomizadas, desta forma pode-se sugerir que o farmaco n&o tenha
influenciado, e a quantidade de reabsorcé&o radicular que ja era superior apenas se
manteve.’

Devido a grande demanda por tratamento ortodontico em adultos e 0 uso
do Acido Zoledronico ser mais difundido entre esses pacientes, o ortodontista
deve informa-los acerca dos possiveis efeitos adversos deste farmaco e da
possibilidade de maior tempo de tratamento, uma vez que deve-se recomendar
maior intervalo entre as ativacdes do aparelho, considerando a influéncia do
farmaco na reabsorcdo 6ssea.’ Deve-se ainda ter o cuidado de incluir na
anamnese questdes sobre os farmacos utilizados pelos pacientes, tendo em vista
gue os mesmos podem influenciar no movimento dentario, mesmo por muitos
anos apos a interrupcao do seu uso.
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CONCLUSOES

a) Os animais apresentaram menor numero de osteoclastos e
consequentemente menor reabsorcdo 6ssea na movimentacdo dentaria
sob efeito do Acido Zoledronico.

b) O osso alveolar ndo apresentou alteracdes na neoformacdo Ossea
quando utilizado o Acido Zoledronico.

c) Quando sob efeito do Acido Zoledronico a taxa de movimentacdo
dentéria teve tendéncia a diminuir com o decorrer dos dias.

d) Foi observada maior porcentagem de areas hialinas na movimentacao
dentaria sob efeito do Acido Zoledrénico no tempo de 7 dias.

e) A guantidade de reabsorcao radicular foi semelhante nos animais que
usaram o Acido Zoledrénico quando comparado com aqueles sob efeito
do farmaco.
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ABSTRACT

Introduction: The purpose of this study was to assess the effects of the
administration of Zoledronic Acid (ZA) during orthodontic movement in rats.
Methods: Ninety male Wistar rats were applied force of 30 cN with spring closed
nickel-titanium to move the upper right first molar to mesial. In the CM group, only
tooth movement was performed; the CAZ group received a single dose (0.1mg/Kg)
of ZA; the EAZ group received a single dose (0.1mg/Kg) one week prior to the start
of tooth movement. The animals were euthanized after 3, 7 and 14 days. Tooth
movement was measured using a caliper, the number of osteoclasts using TRAP
staining, the expression of mature and immature collagen using picrosirius
staining, and the presence of hyaline areas and root resorption using HE. The data
were compared using two-way ANOVA, Tukey HSD, Games-Howell and Chi-
squared test, at the 5% significance level. Results: A smaller number of
osteoclasts, a trend toward decreasing tooth movement over time, and a greater
percentage of hyaline area in the EAZ group. There was no difference among the
groups regarding bone remodeling and root resorption for all observed times.
Conclusions: ZA shows a tendency to inhibit tooth movement because it hinders
bone resorption.

Key Words

Biphosphonates, Tooth Movement, Orthodontics, Wistar Rats.

22



INTRODUCTION

Biphosphonates, either oral or intravenous, are widely used in the treatment
of certain metabolic bone diseases, such as Paget's Disease, osteogenesis
imperfecta, fibrous displasia, Gaucher Disease, malignant hypercalcemia,
osteopenia and osteoporosis.’™

These drugs can bind to hydroxyapatite crystals in a mineralized bone
matrix and make the bone more resistant to osteoclasts. Linked to this, they inhibit
the function and induce apoptosis of osteoclasts, thus inhibiting bone remodeling.
1,3-5

In addition to this, they not only restrict osteoclast activity, but also show
osteoconductive and osteoinductive effects by increased osteoblastic activity. °®

Zoledronic Acid (ZA) is a potent and innovative third generation
biphosphonate containing nitrogen that is administered intravenously, with rapid
absorption and concentration in the maxillary and mandibular structures. It is
considered the most potent bone resorption inhibitor compared to other, currently
available biphosphonates.*®

This drug shows great affinity for the calcium in bone and has an
intraosseous half-life of approximately 10 years, making its effects on bone
remodeling and repair possible for prolonged periods. Therefore, users can still be
affected for many years, even after its use is discontinued.**

Known complications of biphosphonate use are: decreased bone healing,
and the ability to inhibit tooth movement. The inhibition of tooth movement can
occur due to the reduction of osteoclastic activity, limiting bone remodeling and
repair.°

The use of biphosphonates by adult patients has been more widespread; so,
increasing our knowledge about biphosphonates is fundamental because these
drugs have the potential to inhibit tooth movement.®**

Therefore, the aim of this study was to evaluate: a) bone resorption; b) the p
of Type | and Il collagen of the alveolar bone; c) the rate of tooth movement; d) the
presence of hyaline areas; e) the presence of root resorption during orthodontic

movement in rats subjected to the use of Zoledronic Acid.
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MATERIAL AND METHODS

This study was approved by the Ethics Committee for Animals (CEUA) of
the Pontificia Universidade Catdlica do Parana (Pontifical Catholic University of
Parana -PUCPR), opinion n° 628.

Sample Distribution

The sample comprised 90 male Wistar rats (Rattus norvegicus albinus), nine
weeks old, weighing approximately 300-350 g, provided by the vivarium of the
Pontificia Universidade Catdlica of Parana (PUCPR).

Following appropriate statistical calculations, the rats were divided into three
groups as follows:

The CM group comprised 30 animals, in which no drug was administered
and only tooth movement was performed using a force of 30 cN.***°

The CAZ group comprised 30 animals, in which Zoledronic Acid (Aclasta™,
Novartis® Biociéncias, S.A.) was administered intraperitoneally in a single dose
(0.1mg/Kg)**®*8, without application of tooth movement.

The EAZ group comprised 30 animals that were subjected to a 30 cN*3**
orthodontic force, in which Zoledronic Acid (Aclasta™, Novartis® Biociéncias, S.A.)

was administered intraperitoneally in a single dose (0.1mg/Kg)***2

one week prior
to the start of tooth movement.
Each group was divided in the days 3, 7 and 14 days after initiation of tooth

movement, 1718

with 10 animals each day.
Anaesthesia of the Animals and Preparation of the O  rthodontic Device

In order to install the orthodontic device, the animals were sedated with an
intramuscular dose of 50 mg/kg of Tiletamina/Zolazepan (Zoletil 50°, Virbac Brasil
Industry and Commerce Ltda, Jurubatuba, SP, Brasil).

The orthodontic device consisted of a nickel titanium closed spring (G&H®
Wire Orthdontics, Franklin, IN) and a 0.25 mm thick stainless steel tying wire, used
to secure the spring to the first right molar and the maxillary incisors of the

animals.*®
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Installation and Activation of the Orthodontic Devi ces

The tying wire was analogous to a band encircling the crown of the first
upper molar, while attaching to one end of the spring. The other end was attached
to the upper incisor on the same side, using a tying wire and composite resin
(Charisma®, Heraeus Kulzer, Hanau, Germany) (Figura 1). The measurement of
force (30cN) produced by the spring was standardized using a tensiometer (Haag-
Streit AG, Koeniz, Switzerland).

Fig. 1 Schematic of the installed orthodontic devi ce

Measurement of the Rate Tooth Movement

The rate of tooth movement was measured using a digital caliper (Absolute-
Mitutoyo, Kawasaki-Shi, Japan) prior to installation of the spring and immediately
after the euthanizing of the animals, in all times observed (3, 7 and 14 days). The
distance between the palatal surface of the upper right incisor and mesial surface

of the first upper right molar was measured.?

Histotechnical Processing and Histological Analysis
After 3, 7 and 14 days from the installation of the spring, the animals were
euthanized using an overdose of the anesthetic solution.*
Following euthanasia, the maxilla of each animal was removed, dissected and
sectioned along the midline. The right hemi-maxilla was fixed in 10% formalin for

24 hours and demineralized with 5% EDTA for two months.
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Following complete demineralization, the specimens were processed and
embedded in the Experimental Pathology Laboratory of PUCPR. Five cross-
sections were obtained from the cervical third of the mesio-buccal root of the first
molar, cut into microsections of 4 um thickness with an interval of 60 um between
each section. These sections were stained using hematoxylin and Picrosirius Red
eosin, and using the histochemical Tartrate Resistant Acid Phosphatase (TRAP)
technique.”® The TRAP enzyme is considered a timely marker of osteoclasts, and
may be used to quantitatively determine bone resorption.?* The TRAP staining was
performed using the TRAP 387 kit (Sigma-Aldrich, St Louis, MO), according to
manufacturer’s instructions. In each section, five images were captured of the
mesial region of the mesio-buccal root of the first molar, comprising a total area of
942.813,00 um?, using an Olympus BX-50 (Olympus, Tokyo, Japan) microscope
attached to a Dinolite AM 423X (AmMo Eletronics Corporation, New Taipei City,
Taiwan) microcamera with 400X magnification.?’ The image acquisition parameters
were set during the capture process. The count of the number of osteoclasts was
done using the morphometric program Image Pro-Plus 4.5 (Media Cybernetics,
Silver Spring, MD), in which a counting grid was created. Multinucleated, TRAP-
positive cells, located next to bone tissue, were considered to be osteoclasts. To
obtain the number of osteoclasts, the osteoclasts of the five images were first
totaled and then the mean of the five sections was calculated.”® (Figure 2)

The presence or absence of hyaline areas and bone resorption were
identified using slides stained with Hematoxylin and Eosin (Figure 4), using an
Olympus BX-50 (Olympus, Tokyo, Japan) optical microscope attached to a
Dinolite® AM 423X (AmMo Electronics Corporation, New Taipei City, Taiwan)
microcamera.

The organic matrix of new bone formation on the tension side was verified in
slides stained using Picrosirius. An area on the distal side of the referenced root of
each section was selected and an image was captured using the Olympus BX-50
(Olympus, Tokyo, Japan) optical microscope attached to the Dinolite® AM 423X
(AmMo Electronics Corporation, New Taipei City, Taiwan) microcamera and a

polarizing lens (Olympus UP-110) with 100X magnification.'*** The images were

26



edited using the Adobe Photoshop® CS6® (Adobe Systems Incorporated, USA)
program in which the periodontal ligament and tooth were deleted, selecting only
bone tissue. The automatic analysis system, Image Pro Plus 4.5 (Media
Cybernetics, Silvers Springs, MD, USA), was used to measure the percentage of
mature and immature collagen areas.*?? The percentage of each type of collagen
for each animal was obtained from the mean of the five sections.

Against the black background, the thick, organized and strongly adhered
fibers represent the mature collagen (Type 1), with red staining. The finer,
disorganized and loose fibers correspond to the immature collagen (Type IlI),
giving it a greenish color. ***322 (Figure 3)

Statistical Analysis

Statistical analysis was performed using the SPSS 19.0 (SPSS, Chicago, IL)
program, in order to compare whether there was difference in the mean values of
the variables: Type | collagen in the bone, Type Il collagen in the bone,
measurement of tooth movement and number of osteoclasts according to group
and time. The normality of the data was tested using the Kolmogorov-Smirnov test,
and the homogeneity of variance using the Levene test. It was found that only one
treatment did not show normal distribution (p<0.05). Comparison of mean values
between group, time and the group X time interaction was performed using two-
way ANOVA, full factorial model. When ANOVA indicated difference between any
one of the two factors, and the Levene test indicated homogeneous variances, the
treatments were compared 2 by 2 using the parametric Tukey HSD multiple
comparisons test for homogeneous variances. Otherwise, the parametric Games-
Howell multiple comparisons test for heterogeneous variance was used. The 5%
(p<0.05) significance level was adopted

In order to evaluate if dependence existed between the presence or
absence of hyaline area and root resorption according to group, time, and the
interaction of group X time, the Chi-squared test was used at the 5% (p<0.05)

significance level.
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RESULTS

Bone Resorption

Using the Games-Howell multiple comparisons test for the group x time
variable, it was observed that the CM Group showed statistically significant
difference (p<0.05) compared to the CAZ and EAZ groups at all times of
observation (3, 7 and 14 days). The CM Group showed a higher number of
osteoclasts than did the other groups in which ZA was administered, indicating that
the amount of bone resorption was greater in the group without the drug. (Graph |,
Table I, Figure 2).

Table I. Mean, Standard Deviation and p Value of th e variables: number of
osteoclasts, percentage of Type | collagen, percent  age of Type Il collagen and rate
of tooth movement in the movement control group (CM ), the Zoledronic Acid (CAZ)
control group, and the experimental (EAZ) group on days 3, 7 and 14.

Variables Average + DP P Value
CM | caz | EAZ CM x CAZ | CMxEAZ | CAZ x EAZ
Osteoclasts
3 1756 +7,71 2,79+198 289+200  0,0062 0,0443 1,0000
7 11,79+7,00 1,98+164 287+109  0,0269 0,0453 0,9042
14 13,79+4,05 151+098 1,96+050  0,0001 0,0001 0,9345
Type | Collagen
3 78,00 +11,71 78,23+16,78 80,68+16,69  0,0964 0,2545 0,2498
7 78,21+12,35 80,84+19,96 83,12+10,32  0,1990 0,1353 0,2000
14 80,47 £8,97 87,35+528 82,66+12,89  0,2234 0,1926 0,1923
Type Il Collagen
3 22,00+11,71 21,77 +16,78 19,32+16,69  0,0964 0,2545 0,2498
7 21,79+12,35 19,16 +19,96 16,88+10,32  0,1990 0,1353 0,2000
14 19,53+8,97 1265+528 17,34+12,89  0,2234 0,1926 0,1923
Dental
Movement
3 417+3,65  2,25+229 822+492 08724 0,5123 0,0696
7 556+437  124+091 694+433 0159 0,9979 0,0376
14 956+6,05  1,66+160 6,92 +272 0,0402 0,9263 0,0024

Games-Howell Test with a 5% level of significance.
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Graph I. Comparison between groups x time of the nu ~ mber of osteoclasts variable.

Fig. 2 14 day time, a greater number of osteoclast s (TRAP-positive cells — black

arrows) was observed in the CM Group (A) when compa  red to the CAZ (B) and EAZ
(C) groups. AB, alveolar bone; PL, periodontal liga  ment; OC osteoclasts (TRAP

staining, 400X magnification).

New Bone Formation
The percentage of Type | and Type Il collagen in the bone was assessed

using the Games-Howell multiple comparisons test, and no statistically significant
difference was found (p>0.05) between the groups at any observation times (3, 7
and 14 days). (Table | and Figure 3)
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Fig. 3 14 day time, no difference in staining of bo  ne collagen was observed in the
CM (A), CAZ (B), and EAZ (C) groups, at any observa tion times. AB, alveolar bone;
PL, periodontal ligament; DEN, dentin; CEM, cementu m (Picrosirius staining,
magnification 100X)

Rate of Tooth Movement

No statistically significant difference was observed (p>0.05) between the CM
and EAZ groups (those subjected to the orthodontic device) during the three
observation times (3, 7 and 14 days), when the Games-Howell multiple
comparisons test was used. (Table 1)

However, a trend toward gradual increase in the rate of tooth movement
was observed in the CM group at all times of observation. On the other hand, a
trend toward gradual decrease in the rate of tooth movement was observed in the
EAZ group at times of 3, 7 and 14 days. (Graph II)
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Graph II. Rate of Dental Movement according to grou  p and time
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Hyaline Areas

At the 7 day time, it is noted that the EAZ group shows a greater presence
of hyaline areas (90%) than the CM group (10%).

However, at the times of 3 and 14 days, no statistically significant difference
(p>0.05) was observed (Table II).
Table Il. Percentage and P value of the presence of variables: hyaline area and root

resorption in the movement control group (CM), the Zoledronic Acid control group

(CAZ) and the experimental group (EAZ) at 3, 7 and 14 days.
0,
Variables Days Percentage (%) P Value
CM | cAZ | EAZ [ CMx CAZ | CM x EAZ | CAZ x EAZ
3 33 75 0,0322 0,0519 0,0020
Hyaline

Area 7 10 0 90  0,1592 0,0011 0,0004
14 60 50 0,0060 0,3292 0,0122
Root 3 0 40 25 00238  0,0656 0,2560
Resorption 7 40 30 70 0,3224 0,0971 0,0462
14 80 67 60 0,2642 0,1710 0,3779

Chi-SquareTest with a significance level of 5%

Root Resorption

No statistically significant difference (p>0.05) was observed between the CM

and the EAZ groups at all times of evaluation (Table II).

Fig. 4 At the 14 day time, hyaline areas and root r  esorption in groups: CM (A), CAZ
(B), and EAZ (C). AH, hyaline area; RR, root resorp

periodontal ligament; DEN, dentin; CEM, cementum (H

tion; OA, alveolar bone; LP,
ematoxylin and eosin
staining, 100X magnification)
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DISCUSSION

Bisphosphonates inhibit osteoclastic activity and microcirculation, and may
inhibit tooth movement. *2° Zoledronic Acid was used In this study, as it is a novel
Bisphosphonate and its relation to dental movement is still little studied. %

Zoledronic Acid is administered to humans in a single dose, repeated
annually according to the needs of each patient. It is characterized by rapid
absorption and concentration in the maxillary and mandibular structures, and may
stay in the body for up to 10 years. With the aim of assessing the effects of
Zoledronic Acid on periodontal structures over time, the drug was administered one
week prior to the installation of the orthodontic device, in the same way as done in
other studies. »*41°

A smaller number of osteoclasts was observed in the CAZ and EAZ groups
in relation to the CM group, at all times observed, showing no variation over time.
(Table 1) This result represents a decrease in osteoclastic activity, consequently
decreasing bone remodeling, and is similar to previous studies by Ozturk et al* and
Huja et al*, using Zoledronic Acid in rats and dogs, respectively.*

Interpretation of the results of this study makes it possible to suggest that
the drug was effective, since its purpose is to inhibit the function and induce the
apoptosis of osteoclasts.*®™

Studies show that, following application of orthodontic force, cells and
collagen fibers are compressed and stretched on the compression and tension
sides, respectively. The biological process proceeds with the recruitment of
osteoclasts and osteoblasts, and with alveolar bone remodeling. *82%:24

This study also sought to evaluate structural changes in the trabecular bone
matrix, newly formed in the simultaneous presence of tooth movement and
Zoledronic Acid, by the Picrosirius method using polarized light. This enabled the
detection of mature and immature collagen fibers, and to correlate the three-
dimensional distribution of collagen fibers with the stage of bone formation (Figure
3). 25

The organic matrix of alveolar bone consists mainly of Type | collagen (95%

of the organic matrix). The formation of new bone results from complex and
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interdependent events that involve since the differentiation of osteoblasts from
primitive mesenchymal cells, synthesis of the organic matrix, its maturation, until
complete mineralization. *’

The results found in this study show that the groups subjected to the use of
Zoledronic Acid presented no statistically significant difference from the group that
did not use the drug (p>0.05), at any observed times (Table I), regarding the
percentage of Type | and Type Il collagen in the alveolar bone. Therefore, the
Zoledronic Acid did not interfere with the process of new bone formation

Kubek et al*® in their study with rats that were subjected to the use of
Zoledronic Acid, noticed that the treatment significantly suppressed medullary
remodeling in the maxillary bones.?

Taking into consideration that Zoledronic Acid is largely absorbed in
maxillary bone structures*®. The results found in this study differed from those of
Kubek et al. ?°, possibly because these authors applied the drug in two doses
intravenously, thus enabling the maxillary bone structures, which are highly
irrigated, to have greater concentrations of the drug. Moreover, the animals of that
study were female and ovariectomized; in this situation, they present behavior
similar to women in the postmenopausal phase, during which phase they are more
prone to osteoporosis, showing greater bone remodeling. %°

Patients undergoing orthodontic treatment using bisphosphonates show
reduction in tooth movement.>*° Knowing the possibility of reduction in tooth
movement, this study aimed to assess the rate of tooth movement. However, the
results showed no statistically significant difference (p>0.05) between any groups
during the times evaluated. However, Graph Il shows a tendency to decrease the
amount of tooth movement over time in the EAZ group when compared to the CM
Group.

Choi et al*®, observed a reduction in the amount of tooth movement in male
and female rats when bisphosphonate Clodronate was used.*®

Tooth movement has been higher in ovariectomized rats, since they display
behavior similar to that of women with osteoporosis, a disease in which the bone

becomes more porous facilitating tooth movement in the periodontium.
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Sirinsoontorn et al®, in their study, found reduced tooth movement in these
animals.’

Despite no statistically significant difference being found in this study, the
tendency toward reduced tooth movement that was found showed that the results
of previous research must be considered cautiously.

The force applied to the tooth during tooth movement compresses the
vessels of the periodontal ligament, generates hypoxia and, consequently, leakage
and/or cell death. The extracellular matrix alters the biochemistry and
organizational relationship of the components, resulting in areas of greater protein
concentration with a union of dense bundles of collagen fibers. This results in
areas microscopically poor in cells and with a homogeneous eosinophilic aspect,
called the hyaline areas of the extracellular matrix.?

According to Table Il, the EAZ group showed a greater percentage of
hyaline areas (90%) when compared to the CM group (10%) at the 7 day time; but,
at other times, no statistically significant difference was observed.

This difference in the presence of hyaline areas at the time of 7 days
occurred along with a reduction in the amount of hyaline areas in BC and
increasing the presence of hyaline areas EAZ group, which may indicate that at the
stage of bone healing in areas that tend hyaline to reduce animal without the use of
the drug zoledronic acid interfered in the presence of hyaline areas increasing their
presence.

Root resorption is a well-known, adverse effect of orthodontic treatment.*® In
assessing the conditions of the tooth and periodontium of the rats subjected to
orthodontic movement, the presence of areas of root resorption is reported.3*3

In the present study, the animals from the CM and EAZ groups showed no
statistically significant difference in the amount of root resorption (p>0.05) in any of
the times observed. This does not indicate that use of the drug has caused
alterations in the presence of root resorption.

Contrary to the results of this study, the literature reports that under the
effect of bisphosphonates, mice that underwent tooth movement showed less root

resorption.>**Mori et. al.** observed reduced root resorption in rats where
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Zoledronic Acid was applied actively on the root surface of re-implanted teeth, and
not in a systemic, intraperitoneal way as in this study.*?

In another study, Sirisoontorn et al’ reported that ovariectomized rats,
subjected to tooth movement and under the effect of Zoledronic Acid, showed
reduced root resorption in relation to rats not subjected to the drug.’ The difference
in findings may have occurred because Sirisoontorn et al> compared the amount of
resorption between ovariectomized rats with and without the effect of Zoledronic
Acid. Ovariectomized rats have a greater propensity to produce root resorption
than non-ovariectomized rats, thus it can be suggested that the drug did not
influence, and the amount of root resorption was already higher only remained.’

Due to the large demand by adults for orthodontic treatment, and to the use
of Zoledronic Acid being more widespread among these patients, the orthodontist
must inform patients about the possible adverse effects of treatment and the
possibility of a longer treatment time because a longer interval between the
activations of the apparatus is recommended for these patients considering the
influence of the drug on bone resorption.® Thus, it should be recommended that the
case history contain questions about medications used by the patients, keeping in
mind that they may influence tooth movement, even many years after discontinuing

their use.
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CONCLUSIONS

a) The animals showed fewer osteoclasts and, consequently, less bone
remodeling under the effect of Zoledronic Acid and tooth movement.

b) The alveolar bone showed no alterations in remodeling when Zoledronic
Acid was used.

c) When under the effect of Zoledronic Acid, the amount of tooth movement
tended to decrease over some days.

d) A greater percentage of hyaline areas was observed when under the effect
of orthodontic force and Zoledronic Acid at the 7 day time.

e) The amount of root resorption is similar in animals with the use of Zoledronic

Acid when compared to the animals without the use of the drug.
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justificativas.
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with the manuscript proper. Submit figures and tables separately (see below); do
not embed figures in the word processing document.
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4. Figures. Digital images should be in TIF or EPS format, CMYK or
grayscale, at least 5 inches wide and at least 300 pixels per inch (118 pixels per
cm).Do not embed images in a word processing program. If published, images
could be reduced to 1 column width (about 3 inches), so authors should ensure
that figures will remain legible at that scale. For best results, avoid screening,
shading, and colored backgrounds; use the simplest patterns available to indicate
differences in charts. If a figure has been previously published, the legend
(included in the manuscript proper) must give full credit to the original source, and
written permisson from the original publisher must be included. Be sure you have
mentioned each figure, in order, in the text.

5. Tables. Tables should be self-explanatory and should supplement, not
duplicate, the text. Number them with Roman numerals, in the order they are
mentioned in the text. Provide a brief title for each. If a table has been previously
published, include a footnote in the table giving full credit to the original source and
include written permission for its use from the copyright holder. Submit tables as
text-based files (Word or Excel, for example) and not as graphic elements.

6. Model release and permission forms. Photographs of identifiable persons
must be accompanied by a release signed by the person or both living parents or
the guardian of minors. lllustrations or tables that have appeared in copyrighted
material must be accompanied by written permission for their use from the
copyright owner and original author, and the legend must properly credit the
source. Permission also must be obtained to use modified tables or figures.

7. Copyright release. In accordance with the Copyright Act of 1976, which
became effective February 1, 1978, all manuscripts must be accompanied by the
following written statement, signed by all authors:

"The undersigned author(s) transfers all copyright ownership of the
manuscript [insert title of article here] to the American Association of
Orthodontists in the event the work is published. The undersigned author(s)
warrants that the article is original, does not infringe upon any copyright or other
proprietary right of any third party, is not under consideration by another journal,

has not been previously published, and includes any product that may derive from
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the published journal, whether print or electronic media. | (we) sign for and accept
responsibility for releasing this material." Scan the printed copyright release and
submit it via EES.

8. Use the International College of Medical Journal Editors Form for the
Disclosure of Conflict of Interest (ICMJE Conflict of Interest Form). If the
manuscript is accepted, the disclosed information will be published with the article.
The usual and customary listing of sources of support and institutional affiliations
on the title page is proper and does not imply a conflict of interest. Guest editorials,
Letters, and Review articles may be rejected if a conflict of interest exists.

9. Institutional Review Board approval. For those articles that report on the
results of experiments of treatments where patients or animals have been used as
the sample, Institutional Review Board (IRB) approval is mandatory. No
experimental studies will be sent out for review without an IRB approval
accompanying the manuscript submission.

10. Systematic Reviews and Meta-Analyses must be accompanied by the
current PRISMA checklist and flow diagram (go to Video on CONSORT and
PRISMA). For complete instructions, see our Guidelines for Systematic Reviews

and Meta-Analyses.

11. Randomized Clinical Trials must be accompanied by the current
CONSORT statement, checklist, and flow diagram (go to Video on CONSORT and
PRISMA). For complete instructions, see our Guidelines for Randomized Clinical

Trials.

Other Articles

Follow the guidelines above, with the following exceptions, and submit via
EES. Case Reports will be evaluated for completeness and quality of records,
quality of treatment, uniqueness of the case, and quality of the manuscript. A high
quality manuscript must include the following sections: introduction; diagnosis;
etiology; treatment objectives, treatment alternatives, treatment progress, and
treatment results; and discussion. The submitted figures must include extraoral and
intraoral photographs and dental casts, panoramic radiographs, cephalometric

radiographs, and tracings from both pretreatment and posttreatment, and progress
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or retention figures as appropriate. Complete Case Report Guidelines can be

downloaded from Case Report Guidelines.

Techno Bytes items report on emerging technological developments and
products for use by orthodontists.

Miscellaneous Submissions

Letters to the Editor and their responses appear in the Readers' Forum
section and are encouraged to stimulate healthy discourse between authors and
our readers. Letters to the Editor must refer to an article that was published within
the previous six (6) months and must be less than 500 words including references.
Send letters or questions directly to the editor, via e-mail:

vagkokich@u.washington.edu. Submit a signed copyright release with the letter.

Brief, substantiated commentary on subjects of interest to the orthodontic
profession is published occasionally as a Special Article. Submit Guest Editorials
and Special Articles via the Web site. Books and monographs (domestic and
foreign) will be reviewed, depending upon their interest and value to subscribers.
Send books to the Editor in Chief, Dr. Vincent G. Kokich, Department of
Orthodontics, University of Washington D-569, HSC Box 357446,
Seattle, WA98195-7446. They will not be returned.
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