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RESUMO

Introducéo: O objetivo desta pesquisa foi avaliar a acdo da nicotina (1mg/Kg) e
etanol (3g/kg) sobre a neoformacédo e reabsorcdo Ossea, taxa de movimento
dentario e peso corporal, durante o movimento dentario em ratos. Métodos: 200
ratos foram divididos em oito grupos: S — Salina sem movimento dentario (n=15),
N — Nicotina sem movimento dentario (n=25), E — Etanol 20% sem movimento
dentario (n=25), NE — Nicotina + Etanol 20% sem movimento dentario (n=25), SM
— Salina com movimento dentario (n=30), NM — Nicotina com movimento dentéario
(n=30), EM — Etanol 20% com movimento dentario (n=30), NEM — Nicotina +
Etanol 20% com movimento dentario (n=30), todas as solu¢bes foram aplicadas
uma vez ao dia. O etanol mimetizou o padréo binge (4 dias de aplicacdo com 3
de abstinéncia). Todas as solu¢des foram aplicadas durante 32, 44 e 58 dias,
conforme cada subgrupo. A movimentacdo ortoddntica (25cN) iniciou apés 30
dias de aplicacdo para os grupos com movimento dentario. Os ratos foram
eutanasiados 2, 14 e 28 dias apds o inicio do movimento dentario. As seccdes
foram coradas pelas técnicas picrosirius e fosfatase acida tartarato-resistente
(TRAP). A taxa de movimentacdo dentaria foi mensurada em modelos de gesso,
e 0 peso avaliado semanalmente. Os dados foram comparados por ANOVA a
dois critérios, Tukey HSD e Games-Howell. Resultados: No 28° dia de
movimentacdo dentaria, o grupo NEM apresentou menor porcentagem de
coldgeno Tipo | em relacdo ao grupo SM (p=0,0448), e 0 grupo S no 28° dia
apresentou maior numero de osteoclastos/um® no ligamento periodontal,
comparado ao grupo N (p=0,0405). Conclusédo: A nicotina e o etanol nao
interferiram na taxa de movimentacdo dentaria e peso corporal. A nicotina
diminuiu o namero de osteoclastos quando ndo foi induzido o movimento
dentario. Quando a nicotina foi associada ao etanol, interferiu na maturacédo das

fibras colagenas, durante o movimento ortodontico.

Palavras-Chave: Nicotina, Etanol, Movimento dentario, Ortodontia.
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INTRODUCAO

O abuso de nicotina e alcool é relativamente comum, e ocupam a primeira
e a terceira posicdo no ranking de causa evitaveis de mortes nos Estados
Unidos,*® com mais de 480.000 e 80.000 mortes, respectivamente, por ano.? A
nicotina € uma entre aproximadamente duas mil substancias com potencial toxico
na fumaca do cigarro,* e tem sido identificada como a mais importante para
promover os efeitos patogénicos induzidos pelo tabaco sobre o periodonto,” além
de ser um fator de risco para osteoporose e dificultar o reparo de fraturas
6sseas.®’” O etanol é o principal componente das bebidas alcodlicas, é
considerado téxico para os 0ssos,® e promove varios efeitos diretos sobre a
atividade das células Osseas, como a inibicdo da diferenciacdo das células
mesenquimais presentes na medula 6ssea em osteoblastos, e também o
crescimento das células osteoblasticas.’

Embora os riscos do tabagismo sejam conhecidos h& décadas, sédo
estimados 1,3 bilhdo de fumantes em todo o mundo.’ Estudos indicam que a
nicotina desempenha papel importante no metabolismo 6sseo. Sodagar et al.,™*
avaliaram a taxa de movimento dentario em ratos submetidos a 28 dias de
aplicacdo de nicotina, e observaram que apdés 14 dias de movimentacdo a
nicotina acelerou o movimento dentario destes animais, e este efeito foi dose-

dependente. Da mesma forma Bakathir et al.,*

também aplicaram nicotina
durante 28 dias, sendo que deste total, em 14 dias foi realizada movimentagao
ortodontica, e observaram que a nicotina acelerou a movimentacao ortodéntica
gerando um desequilibrio entre reabsor¢cédo e neoformacao 6ssea. Por outro lado,
Shintcovsk et al.,"®* em um estudo histolégico avaliou o efeito da nicotina (2
mg/kg) sobre o movimento dentario em ratos, e observaram que a nicotina afetou
a remodelacao 6ssea, reduzindo a angiogénese, células osteoclasticas, lacunas
de Howship e promovendo um atraso na maturacdo do colageno na matriz 0ssea.

O alcool é amplamente consumido em todo o mundo, envolvendo distintos
contextos sécio-culturais. O abuso no consumo de &lcool se constitui como um
problema de saude publica nos Estados Unidos, com préaticas de consumo
perigosas nas populacdes de adolescentes e adultos jovens, sendo o padréo de
consumo Binge o mais comum nesta faixa etaria.’**®> Segundo Rolland et al.,*® a

definicao do que é o “padrdao de consumo Binge” varia na literatura cientifica,
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dependendo do autor ou da instituicdo, entretanto o instituto nacional de
alcoolismo e abuso do &lcool (NIAAA), ramo do departamento de saude dos
Estados Unidos, define como um padrdo de consumo de alcool que traz altos
niveis séricos de concentracdo etilica, o que ocorre geralmente apds 4 bebidas
para mulheres e 5 bebidas para os homens, em cerca de 2 horas. Sendo assim,
ndo € apenas uma alta concentracdo sérica, mas é também a associacdo com

um curto espaco de tempo.'® Barcia et al.,*’

através de uma revisao bibliografica
sobre o efeito do etanol na ortodontia, ressaltam que apesar do fato de varios
estudos indicarem o potencial efeito deletério do etanol no periodonto e no 0sso
alveolar, ha apenas um trabalho na literatura cientifica sobre os efeitos do etanol
durante o movimento dentario. Este Gnico estudo foi realizado por Araujo et al.,?
utilizando dose de 3g/kg/dia de etanol 20% em ratos, onde mimetizaram o padréo
binge de consumo de etanol, avaliaram o efeito sobre a movimentacao
ortodontica, e observaram que houve decréscimo na reabsorcéo éssea no 28° dia
de movimentacao ortodontica.

Nicotina e alcool, consumidos separadamente, sao prejudiciais a
integridade do tecido 0sseo, entretanto quando em conjunto, podem intensificar
estes efeitos.'® Soares et al.,’® observaram em ratos que receberam solucéo
diluida de etanol a 10% e nicotina 1.25mg/kg pelo periodo de 4 semanas, houve
a reducdo da osteogénese ao redor de implantes, bem como na resisténcia
mecénica do osso. N&o ha na literatura nenhum trabalho cientifico que tenha
avaliado o efeito destas substancias em conjunto sobre o0 movimento dentario.

Na pratica ortoddontica a prevaléncia de fumantes em tratamento
ortoddntico representa em média 26% dos adultos e 12% dos adolescentes.”
Conforme os dados da Associacdo Americana de Ortodontistas, do ano de 1994
a 2010 a percentagem de adultos que utilizaram aparelho ortoddntico subiu de
680.000 para 1.1 milhdo por ano (58%), muitos dos quais segundo Barcia et al.,*’
podem utilizar etanol, em algum momento, ao longo do tratamento ortodéntico.
Uma vez que o0 consumo excessivo de bebidas alcodlicas esta altamente
correlacionado ao tabagismo,® é de extrema importancia o conhecimento do
efeito destas duas substancias sobre o movimento ortodontico.

Sendo assim, 0 objetivo deste estudo foi avaliar o efeito da nicotina e

etanol durante o movimento dentario em ratos nos seguintes aspectos:
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neoformacdo Ossea, reabsorcdo Ossea, taxa de movimento dentério e peso

corporal.

MATERIAL E METODOS

O presente trabalho foi aprovado pelo Comité de Etica no uso de Animais
da PUCPR (#778/#779).

Amostra

A amostra inicial foi constituida por 210 ratos machos da linhagem Wistar
(Rattus norvegicus albinus) com aproximadamente 9 semanas de vida, pesando
entre 300-350g. Os animais foram fornecidos e mantidos pelo Biotério da
PUCPR, no qual todos os cuidados em relac&o a higiene, iluminacao, ventilacdo
e alimentacdo dos ratos foram respeitados seguindo as recomendacdes e
orientacdes éticas do Canadian Council on Animal Care.*

Os animais foram alimentados a base de 4gua e racdo ad libitum durante
todo o experimento. Antes da instalacdo dos dispositivos para movimentacéo
dentaria a racdo foi fornecida na consisténcia soélida. Apds a instalacdo dos
dispositivos a racdo passou a ser fornecida triturada, no intuito de prevenir
eventuais danos a aparelhagem ortodéntica e facilitar a alimentacdo dos animais.
A temperatura foi controlada entre 19° e 22° e fotoperiodo de 12 horas claro e 12
horas escuro. A alimentagcdo, temperatura, condicbes de alojamento foram
idénticos a todos os ratos e todos permaneceram no mesmo biotério.

Os animais foram randomizados em oito grupos (Fig 1). O grupo S ficou
com menor tamanho de amostra devido a questdes envolvendo a liberacdo de

animais pelo comité de ética.
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ortodintico  antes do  lémino  do
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onde o objelo de estude (raiz
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o /

200 ratos
S (n=15)/ M {n=24) J E [n=21)J NE (n=21) / M [n=30)/ MM (n=30) / EM (n=30) / NEM (n=29)

Fig 1. Desenho esquematico da distribuicdo de animais por grupo (amostra

inicial e amostra final).

A administracdo do etanol 20% ocorreu por via intraperitoneal, na

822 mimetizando o padrdo Binge de consumo de etanol,

dosagem de 3g/kg
administrado por quatro dias subsequentes, seguidos por trés dias de
abstinéncia.®# A nicotina (Nicotine hemisulphate, Sigma-Aldrich Chemicals Pvt
Ltd, St. Louis, MO) foi previamente preparada, diluida em solucdo salina 0,9%,
homogeneizada e administrada por via subcutanea, na dosagem de

11192425 g dorso dos animais, todos os dias sem intervalo, até o dia da

1mg/kg
eutanasia. A solucdo salina foi administrada em volume e periodicidade
semelhante aos grupos que receberam solugdes experimentais. O papel da
aplicacdo da solucédo salina foi evitar o viés da interferéncia do estresse gerado
ao animal durante a aplicacéo. Todas as solugGes foram aplicadas uma vez ao
dia, durante 32, 44 e 58 dias, conforme cada subgrupo. A movimentacao
ortodontica iniciou apdés 30 dias de aplicacdo para 0s grupos com movimento

dentério.
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Como a solugao aplicada nédo foi semelhante a todos os grupos, néo foi
possivel o cegamento do pesquisador que realizou a administracédo das solucfes
nos animais. Entretanto, foi realizado o cegamento do pesquisador para realizar
as mensuracfes, impossibilitando qualquer viés quanto a analise dos desfechos
da pesquisa.

Os ratos foram pesados semanalmente, através de balanca eletrdnica de
precisdo (Gehaka — BG 4001, S&o Paulo, Brasil) com o intuito de ajustar a dose
da substancia administrada. A variacdo do peso corporal foi calculada pela
formula:

Variacéo do peso corporal = peso inicial - peso final

Apos 32, 44 e 58 dias do inicio do experimento os animais dos grupos
controle foram eutanasiados, conforme o subgrupo a que pertenciam, ou seja,
apos 2, 14 e 28 dias de movimento dentario para 0s grupos com aparatologia
ortodontica. Todos os animais foram eutanasiados por overdose de solucdo

anestésica (Ketamina 270mg/Kg / Xilazina- 30g/Kg), via intraperitoneal.

Movimento dentario induzido
A inducdo do movimento dentério foi realizada através de dispositivo

ortodontico®2%%’

constituido por uma mola de niquel-titAnio (Dentsply
GAC International, Islandia, NY) e fio de amarrilho de ago inox (Dental Morelli
Ltda, Sao Paulo, SP, Brasil) com 0,025 milimetros, para fixacdo da mola ao
primeiro molar superior direito e incisivos centrais, e transmitir forga reciproca de
25¢cN.%° A forca foi mensurada por meio de dinamdmetro (Haag-Streit AG, Koeniz,
Suica), previamente calibrado. A extremidade do fio de amarrilho foi fixada no
incisivo superior direito, e com resina composta (Charisma, Heraeus, Hanau,
Germany), o amarrilho foi fixado ao dente. Para aumentar a estabilidade do
dispositivo, o incisivo superior esquerdo também foi recoberto com resina. Apos a
ativacdo inicial, a mola ndo foi reativada durante o periodo experimental. No

entanto, seu posicionamento foi conferido diariamente.

Processamento Histotécnico
Apoés a eutanasia dos animais, as hemimaxilas direitas foram removidas,
armazenadas em formaldeido a 10% por 24 horas e desmineralizadas com acido

etilenodiamino tetra-acético (EDTA) 5% por 2 meses. ApOs a desmineralizacao,

v
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0s espécimes foram processados e embebidos em parafina no laboratério de
patologia experimental da PUCPR.

Para cada peca foram obtidas seis seccdes transversais, para cada
coloracdo, a partir do terco cervical da raiz meésio-vestibular do primeiro molar
superior, cortadas em microtomo com 4um de espessura, com a superficie
oclusal do molar paralela ao microtomo e com intervalo de 60 um entre cada
seccdo. Totalizando 1200 seccdes para cada coloracdo. As seccdes foram
coradas pelas técnicas picrosirius e fosfatase acida tartarato-resistente (TRAP).

A neoformacédo Ossea foi verificada através da coloracao picrosirius. Uma
area do osso adjacente ao lado onde as fibras estavam mais estiradas foi
escolhido para avaliagdo, pois durante o movimento ortodéntico o 0sso €
depositado na parede alveolar do lado de tracdo. As imagens foram capturadas
utilizando um microscépio Olympus BX-50 (Olympus, Toquio, Japdo) com lente
polarizada Olympuse U-Pot (Olympus, Téquio, Japao) e acoplado a microcamera
Dinolitee (AmMo Eletronics Corporation, New Taipei City,Taiwan) com
magnificacdo de 200x. As imagens foram avaliadas através do analisador de
imagens Image-Pro Plus 4.5 (Media Cybernetics, Rockville, MD), o qual
mensurou a percentagem da area de coldgeno maturo e imaturo no 0Sso
alveolar.?® Foi considerado colageno do tipo | (colageno maturo) aquele que
apresentasse coloracdo vermelho-alaranjada, enquanto o colageno do tipo llI
(imaturo), coloragéo verde-amarelada.?® A percentagem de colageno para cada
animal foi obtido pela média das seis secc¢des.

Nos cortes corados por TRAP, foi avaliada a reabsorcdo Ossea pelo
niimero de osteoclastos por micrémetro quadrado (um?) no ligamento periodontal.
Esta enzima € considerada marcador pontual de células osteoclasticas,
permitindo quantificar a reabsorcédo 0ssea. Desta forma, células TRAP-positivas,
multinucleadas, no ligamento periodontal adjacente ao o0sso alveolar foram
consideradas como osteoclastos funcionais e quantificadas.’® Para tanto foram
capturadas imagens de todo ligamento periodontal, onde estivessem presentes
células TRAP-positivas, utilizando um microscopio Olympus BX-50 acoplado a
microcamera Dinolite® em magnificacdo de 400x. Para a obtencdo da média de
osteoclastos por pm?, foi capturada uma imagem de todo o ligamento com o
mesmo microscopio e microcamera, em magnificacdo de 50x, e a area de todo

ligamento periodontal foi quantificada com auxilio da ferramenta “count and

8
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measure objects” do programa de morfometria Image Pro-Plus 4.5 (Media
Cybernetics, Silver Spring, MD). Para quantificagdo dos osteoclastos, as imagens
foram analisadas no programa de morfometria Image Pro-Plus 4.5 no qual foi
aplicada grade para contagem dos osteoclastos. Apés a obtencdo destes dados
(nimero de células TRAP-positivas em todo ligamento e area do ligamento
periodontal) foi feita a média para obtencdo do nimero de osteoclastos/um? no

ligamento periodontal, utilizando a seguinte férmula:

N° total qle células TRAP-positivas
Area do ligamento

E unanime na literatura cientifica que diferentes vetores de forgca criam
diferentes tensdes ao longo da raiz. Nenhum dente tem a forma e a proporcao
ideal, e os pressupostos de linearidade sobre a distribuicdo da forca nos tecidos
duros e moles sdo problematicos.?® Por este motivo a utilizacdo da média de
osteoclastos por micrometro quadrado (TRAP) e a escolha do 0sso a ser avaliado
baseado no local onde as fibras se encontram mais estiradas (picrosirius) evita o
viés de mensuracdo, pois a distribuicdo de forcas (tensdo e compressédo) ira
variar de acordo com a altura avaliada no longo eixo da raiz.

As mensuracgfes para cada variavel foram feitas por apenas um avaliador
treinado e calibrado. Com o intuito de demonstrar o poder de reprodutibilidade
das mensuracbes e a calibragem intra-examinador, 30% da amostra foi
remensurada, apos 21 dias da primeira mensuracdo. Para o erro de Dahlberg o
resultado foi de 1,36%, indicando que o avaliador reproduziu a medida de forma
confiavel. Em seguida, visando avaliar o erro sistematico, comparou-se a média
das variaveis nos dois momentos, utilizando o teste t de Student para amostras
emparelhadas. O resultado do teste indicou néo existir diferenca estatisticamente

significante entre os valores médios da variavel nos dois momentos.

Taxa de movimento dentério

Para a avaliacdo da taxa do movimento dentario, foi realizada moldagem
do arco dentario superior dos ratos no inicio (antes da instalacdo dos dispositivos
ortodonticos) e no final do experimento (logo apdés a eutanasia). Para tal, os
animais foram anestesiados (pentobarbital sédico — Syntec, Cotia, Brasil) e

moldados com silicone de condensacédo a base de polidimetilsiloxano (Vigodent
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Coltene, Rio de Janeiro, Brasil). Os modelos foram confeccionados com gesso
tipo IV (Durone IV Gesso Pedra, Dentsply, Petropolis, Brasil) (Fig 2).

A distancia entre o ponto mais palato-cervical do incisivo superior direito
até o ponto mais mésio-cervical do primeiro molar superior direito, foi mensurado
com auxilio de paquimetro digital (Absolute-Mitutoyo, Kawasaki-Shi, Japan). O
movimento dentério foi calculado pela formula:

Taxa de movimento dentario = Distancia Inicial - Distancia Final.

Para a mensuracéo de todos os desfechos da pesquisa o pesquisador foi
cegado, classificando os animais por nimeros e nao pelo grupo a qual pertencia,
de maneira que ndo soubesse a qual grupo o animal pertencia, impossibilitando
qualquer viés quanto a selecdo de resultados ou influéncia nos desfechos

avaliados.

Fig 2. Fotografia do procedimento de moldagem do animal com silicone de
condensagdo (A), confec¢cdo dos moldes (B) e afericAo da distancia da face
palatina do incisivo superior direito até a face mesial do primeiro molar superior

direito, com auxilio de paquimetro digital (C).

Andlise Estatistica

A andlise estatistica foi realizada utilizando o programa SPSS (versao
23.0; IBM SPSS, Armonk, NY). O nivel de significancia adotado em todos os
testes estatisticos foi de 0,05.

10
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Testou-se a normalidade dos dados utilizando o teste de Shapiro Wilk. Na
sequéncia foi testada a homogeneidade das variancias entre diferentes
tratamentos usando o teste de homogeneidade de variancia de Levene.

Uma vez que 0s grupos apresentaram distribuicdo normal (p>0,05), a
comparacdo dos valores médios segundo grupo e tempo foram realizadas
utilizando o teste paramétrico ANOVA a dois critérios, modelo fatorial completo.
Quando ANOVA indicou existir diferenca, e quando os tratamentos apresentaram
heterogeneidade de variancia (p<0,05), a comparacédo dos tratamentos 2 a 2 foi
feita por meio do teste paramétrico de compara¢des multiplas para variancias
heterogéneas de Games-Howell; caso contrario utlizou-se o teste de
comparacdes multiplas de Tukey para variancias homogéneas. Para cada uma
das variaveis dependentes segundo grupo x tempo, calculou-se o poder

observado para cada fator e para a interacdo grupo x tempo (Poder do teste).

RESULTADOS

Neoformacéao 6ssea

No 28° dia de movimentagdo dentaria, o grupo NEM apresentou menor
porcentagem de colageno Tipo | em relagdo ao grupo SM (p=0,0448) (Tabela I,
Fig 3).

Tabela |. Comparagdes da variavel porcentagem de colageno tipo | (%) na relag&o grupo x tempo

Grupo/Dia S (Média + DP) N (Média + DP) E (Média+DP) NE (Média + DP)
2 dias 97,45+2,44"  97,79+0,90" 92,89 +3,20" 95,29 + 2,86 A
i A A A A  Poder do teste
14 dias 93,45 + 3,59 90,01 + 4,70 94,44 + 1,85 95,85 + 1,14
28 dias 96,35+2,63" 93,33+6,94"  98,41+1,20" 97,77 +1,24
Grupo/Dia SM (Média + DP) NM (Média + DP) EM (Média + DP) NEM (Média + DP)
2 dias 86,94 +804" 9395+562" 73,49+13,66" 91,59 + 7,17 A
14 dias 87,61+11,47" 89,18+583"  84,49+941" 93,02 + 8,28 A 1,0000
28 dias 91,60+ 708" 8588+7,19"® 80,25+11,03”®  77,20+7,358

ANOVA a dois critérios modelo fatorial completo: p<0,05
Teste de Games Howell
Letras diferentes na mesma linha indicam diferencas estatisticamente significativas

DP = Desvio padrao

11



© 00 N o o b~ W DN P

N
B O

12
13

Fig 3. Fotomicrografia de laminas da area do 0sso alveolar da raiz mesial vestibular
do primeiro molar superior direito, dos grupos SM (A), NM (B) EM (C) e NEM (D) no

28° dia apods instalagcdo do dispositivo ortodontico, havendo diferengas na

neoformacdo Ossea entre os grupos SM x NEM. OA, osso alveolar. (Picrosirius,

magnificagdo 200x)

Reabsorc¢édo 6ssea

Na comparacdo entre 0s grupos sem movimentacdo dentaria, verificou-se

que o grupo S apresentou maior nimero de osteoclastos do que o grupo N no 28°
dia (p=0,0405) (Tabela Il, Fig 4).

Tabela Il. Comparagdes do niumero de osteoclastos por um2 na relagdo grupo x tempo

Grupo/Dia

S (Média + DP)

N (Média + DP)

E (Média + DP)

NE (Média + DP)

2 dias
14 dias
28 dias

0,000154+0,000094
0,000069+0,000031
0,000216+0,000047 A

0,000086+0,000024 *
0,000081+0,000058 *
0,000102+0,000031 B

0,000207+0,000122 A
0,000142+0,000080 *
0,000314+0,000113 B

0,000219+0,000122 A
0,000086:0,000046
0,000109+0,000054 B

Poder do teste

Grupo/Dia

SM (Média + DP)

NM (Média + DP)

EM (Média + DP)

NEM (Média + DP)

2 dias
14 dias
28 dias

0,000159+0,000104
0,000163+0,000033 A
0,000248+0,000148

0,000187+0,000096 *
0,000164+0,000107 A
0,000106:+0,000080 *

0,000319+0,000130
0,000223+0,000155 *
0,000220+0,000141

0,000178+0,000076
0,000225+0,000091 A
0,000224+0,000120 A

0,9999

ANOVA a dois critérios modelo fatorial completo: p<0,05

Teste de Games Howell
Letras diferentes na mesma linha indicam diferencas estatisticamente significativas

DP= Desvio padrdo

12
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Fig 4. Fotomicrografia de laminas da area do ligamento periodontal da raiz mesial

vestibular do primeiro molar superior direito, dos grupos S (A), N (B) E (C) e NE (D)

no 28° dia apos instalacdo do dispositivo ortodontico, sendo observado maior

numero de osteoclastos por ym? no grupo S quando comparado ao N. OA, 0sso

alveolar; LP, ligamento periodontal, setas pretas indicando células TRAP positivas.
(TRAP, magnificacdo 500x)

Taxa de movimento dentario

N&o houve diferenca estatisticamente significante para taxa de movimento

dentario na relacdo grupo x tempo (p>0,05) (Tabela Il1).

Tabela Ill. Comparagdes da variagdo da taxa de movimento dentario (mm) na relagdo Grupo x Tempo (Média, desvio padréo e valor de p)

Grupo/Dia S (Média + DP) N (Média + DP) E (Média + DP) NE (Média + DP)
2 dias 0,6833 * 0,5845 0,4538 + 0,5141 0,9571 + 0,6579 0,6933+0,6649
14 dias 0,3000 * 0,2529 0,3000 + 0,3012 0,5444 + 0,6984 0,4400+0,4949
28 dias 0,5399 + 0,5176 0,3642 + 0,3152 0,3889 + 0,2713 0,5818+0,4792
Grupo/Dia SM x NM (p) SM x EM (p) SM x NEM (p) Poder do teste
2 dias 0,9986 0,9977 1,0000

14 dias 1,0000 0,9986 1,0000 0,6686

28 dias 0,9999 1,0000 1,0000

ANOVA a dois critérios modelo fatorial completo: p>0,05

Teste de Tukey

DP= Desvio padréo

13
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Peso corporal
N&o houve diferenca estatisticamente significante na interacdo grupo X
tempo (p>0,05) (Tabela IV).

Tabela IV. Comparacao da variagdo do peso corporal (g) ha relagdo grupo x tempo

Grupo/Dia S (Média + DP) N (Média+ DP) E (Média+DP) NE (Média + DP)
2 dias -7,83+16,77" 16,57 +31,86" 9,85+2395" -5,28 + 20,02 A
) A A A A Poder do teste
14 dias -20,00 + 8,79 9,42 + 10,92 -10,57 + 10,58 9,71 + 8,44
28 dias -12,00 + 14,05 " -21,00+7,74"” -2,62+19,46”  -10,57 +12,35"
Grupo/Dia SM (Média = DP) NM (Média + DP) EM (Média + DP) NEM (Média + DP)
2 dias -3,40 +14,09” 17,22+9,89" 11,60 +11,52" 9,50 + 17,05 A 1 0000
14 dias -1,80+18,80” -0,70+15,81"  3,50+22,224 7,00 + 14,75 4 ’
28 dias -0,70+2550" 6,90+2388" 30,70+16,89" 2544 + 12,66 "

ANOVA a dois critérios modelo fatorial completo: p<0,05
Teste de Games Howell
Letras iguais na mesma linha indicam que ndo houwve diferencas estatisticamente significativas

DP = Desvio padrédo

DISCUSSAO

O presente estudo avaliou o efeito do etanol e nicotina sobre a
movimentacdo ortodbntica nos seguintes aspectos: neoformacdo Ossea,
reabsorcdo Ossea, taxa de movimento dentario e peso corporal, e foram
observadas diferencas para neoformacéo 6ssea (SM x NEM) e reabsorcdo 6ssea
(S xN).

Aproximadamente 90-95% da matriz organica do ligamento periodontal é
composta por colageno tipo |, que através do processo de reabsorcao Ossea
causado pela movimentacdo dentaria € degradado e posteriormente reparado
pela deposicdo de fibras imaturas de colageno tipo lll, sendo este remodelado
posteriormente para colageno tipo 1.8%%*° No presente estudo o grupo NEM
apresentou diminuicdo significativa no colageno tipo | no osso alveolar, quando
comparado ao grupo SM (p<0,05). Estes achados concordaram com os de
Soares et. al,*® onde observaram que animais que receberam solugao de etanol a
10% e nicotina 1.25mg/kg pelo periodo de 4 semanas tiveram efeito negativo
sobre a osteogénese ao redor de implantes, entretanto, o etanol associado a
nicotina intensificou estes efeitos. Quando avaliado o efeito apenas do etanol
(3g/kg) sobre a matriz coldgena em ratos submetidos ao movimento dentario,
Araujo et al.®, ndo observaram diferencas na porcentagem de colageno tipo | no
osso alveolar (p= 0,05), sugerindo que o etanol ndo influenciou no processo de

deposicao de fibras colagenas. Quando avaliados os dados apenas do efeito da

14
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nicotina (2mg/kg) sobre a matriz colagena, Shintcovisk et al.,** observaram que a
nicotina retardou o processo de maturacdo das fibras coldgenas depositadas na
matriz 0ssea, entretanto este estudo utilizou o dobro da dosagem utilizada neste

estudo. Ghanem et al.,!

ao fazerem uma reviséo sistematica avaliando o papel
da nicotina na osseointegracao de implantes, observaram que 62,5% dos estudos
revisados demonstraram nao haver influéncia significativa da nicotina sobre a
cicatrizacdo ao redor dos implantes. No presente estudo, quando avaliada a
interacdo do etanol com a nicotina, 0s resultados sugerem que a nicotina
associada ao etanol atrasou a maturagédo do colageno.

Com relacdo a reabsorcdo 0ssea, na presente pesquisa observamos que
no 28° dia o grupo N apresentou menor numero de osteoclastos quando
comparado ao grupo S. Mesmo tendo utilizado dosagem de nicotina diferente da

utilizada no presente estudo, Shintcovsk et al.,*®

observaram que os animais que
receberam nicotina (2mg/kg) e foram submetidos & movimentacdo ortoddntica,
apresentaram reducao da expressdo das células osteoclasticas e das lacunas de
Howship. Entretanto no presente estudo quando realizado o movimento dentario,
ndo houve diferenca estatistica para o numero de osteoclastos. Em contraste,
Bakathir et al.,*? utilizando trés dosagens (0.37 mg/kg; 0.57 mg/kg; 0.93 mg/kg)
observaram maior frequéncia de células osteoclasticas nos grupos que
receberam nicotina, entretanto os autores ndo apresentaram a quantificacdo dos
dados histologicos, apenas resultados qualitativos. O método de mensuracdo da
reabsorcdo 6ssea pode ter influenciado os resultados. Na presente pesquisa foi
feita a média de osteoclastos por micrémetro quadrado para evitar o risco de viés
relativo a escolha do lado de compressdo no ligamento periodontal e 0sso
alveolar. A média de todo ligamento se torna um modelo mais confiavel para
evitar um resultado falso-positivo ou falso-negativo. Além disto, neste estudo, as
variaveis estudadas, incluindo a reabsorcdo 0ssea, foram convergentes em seus
resultados produzindo uma evidéncia com maior for¢a, pois todas varidveis
apontaram para mesma direcéo.

E de nosso conhecimento que ndo ha na literatura cientifica nenhum
trabalho que tenha avaliado o efeito do etanol e nicotina sobre a taxa de
movimentagdo dentaria. Ha relatos na literatura apenas da influéncia destas

11
.,

substancias de maneira isolada. Sodagar et al.,”“avaliaram a movimentacéo

dentaria em ratos utilizando forca de 60g/f submetidos a administracao de trés
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dosagens de nicotina (0,5 mg/kg; 0,75 mg/kg; 1 mg/kg), da mesma forma
Bakathir et al.,’* também utilizando outras trés dosagens de nicotina associada
ao movimento ortodéntico (30g/f), concluiram que apods 14 dias de
movimentacao, a nicotina acelerou o movimento dentario dos ratos, e o efeito foi
dose-dependente. Entretanto, houveram diferencas nos desenhos metodolégicos
destes estudos quando comparados a este, tais como o método de mensuragao
e o0 tempo de administracdo da nicotina, prévia a movimentag¢ao ortodéntica. Em

relacdo ao método de mensuracgéo Bakathir et al.,*?

utilizaram paquimetro digital
e Sodagar et al.,’* utilizaram medidor de espessura interproximal. No presente
estudo optou-se pela realizagdo de moldagens e confeccdo de modelos de
gesso, antes e depois do periodo de movimentacédo, para fornecer resultado mais
confiavel, uma vez que desta forma, os tecidos moles da boca do animal néao
interferiram na afericdo. Outra diferenca entre os estudos foi o tempo de
aplicacdo da nicotina, prévia & movimentacdo ortodéntica. Sodagar et al.'* e
Bakathir et al.*? utilizaram o tempo de 14 dias de aplicacdo e em nosso estudo
optamos por um periodo maior de aplicacdo para intensificar o carater de

cronicidade da nicotina no animal. Ghanem et al., 3!

relata que o periodo de 6
semanas ou mais, de suplementacéo de nicotina, € o periodo ideal para que 0s
efeitos da nicotina sobre o metabolismo dsseo sejam evidenciados nos animais, e
em nenhum destes estudos o periodo de aplicacdo prévia somado ao periodo de
movimentagao, ultrapassaram 4 semanas. Nao ha nenhum relato na literatura da
avaliacdo da taxa de movimentacdo dentaria sob o efeito do etanol, ha apenas
um estudo na literatura® e este avaliou apenas aspectos histolégicos.
Interpretando os resultados da presente pesquisa, a nicotina e o etanol nao
interferiram na taxa de movimentacao dentaria.

N&o houve diferenca na interagdo grupo x tempo para o peso corporal. O
dispositivo ortodontico instalado na cavidade bucal dos animais pode gerar
desconforto ao animal, e dificuldade na ingestdo de alimentos com consequente
alteracdo no peso.®> Somado a isto, 0 etanol e a nicotina quando associadas
também podem levar ao menor ganho de peso corporal. Isto foi verificado por
Soares et al.,*® em cujo estudo observaram que o grupo que recebeu nicotina e
etanol foi o que menos ganhou peso corporal. Frankham et al., 2003,® afirmam
gue em humanos a saciedade é acelerada pela nicotina, isto pode ocorrer

atraves da influéncia direta da nicotina, especialmente no sistema dopaminérgico
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ou pela liberagédo de leptina. Entretanto, mesmo que relatos indiqguem que a
nicotina e o etanol possam influenciar na variacdo do peso do animal, estes
fatores ndo foram suficientes para interferir no peso dos animais.

Em muitas partes do mundo o alcool e o tabaco sédo considerados como
drogas licitas e sdo amplamente consumidas pela populacdo. Sendo assim é de
extrema importancia aos ortodontistas o conhecimento da influéncia destas
drogas no movimento ortodéntico, uma vez que baseado em nossos achados,
estas podem interferir no metabolismo 6sseo através da menor neoformacao
0ssea quando induzido o movimento dentario, € menor nimero de osteoclastos
quando nao induzido. Extrapolando para uma situagdo clinica, este atraso na
maturacdo do colageno tipo | ou maior degradacéao, pode indicar ao ortodontista a
necessidade de intervalo maior entre consultas, nestes pacientes. Entretanto,
apesar de ratos serem um modelo bem estabelecido para avaliagdo destas
substancias sobre o metabolismo 6sseo, estudos em animais se encontram na
base da piramide de evidéncia cientifica, sendo esta uma limitacdo deste tipo de
estudo, e ao mesmo tempo uma recomendacéao futura para realizacdo de estudos

em humanos para fortalecer a evidéncia dos resultados ja encontrados.

CONCLUSAO

A nicotina e o etanol ndo interferiram na taxa de movimentacdo dentaria e
peso corporal, independente da indu¢cdo do movimento ortodontico. A nicotina
influenciou o nimero de osteoclastos, diminuindo a sua quantidade quando néo
foi induzido o movimento dentario. Quando a nicotina foi associada ao etanol,
interferiu  negativamente na maturacdo das fibras colagenas, durante o

movimento ortodontico.
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ABSTRACT

Introduction: The aim of this study was to evaluate the effect of nicotine (1
mg/kg) and ethanol (3 g/kg) on bone formation and reabsorption, tooth movement
rate, and body weight during rat tooth movement. Methods: A total of 200 rats
were divided into eight groups: S: saline without tooth movement (n = 15); N:
nicotine without tooth movement (n = 25); E: 20% ethanol without tooth movement
(n = 25); NE: nicotine and ethanol 20% without tooth movement (n = 25); SM:
saline with tooth movement (n = 30); NM: nicotine with tooth movement (n = 30);
EM: ethanol 20% with tooth movement (n = 30); and NEM: nicotine and ethanol
20% with tooth movement (n = 30). Nicotine and saline were administered once
per day, every day; ethanol administration mimicked the binge pattern. All
solutions were applied for 32, 44, or 58 days according to the subgroup.
Orthodontic movement (25 cN) was initiated 30 days after solution administrations
in the groups with tooth movement. The rats were euthanized 2, 14, or 28 days
after initiation of tooth movement. Tooth sections were stained using picrosirius
techniques and tartrate-resistant acid phosphatase (TRAP). The tooth movement
rate was measured in plaster models, and animal weights were measured weekly.
Data were compared by ANOVA using two methods: Tukey’s HSD and Games-
Howell. Results: On day 28 of tooth movement, the NEM group had a lower
percentage of Type | collagen compared to the SM group (p = 0.0448), and the S
group at day 28 had a higher number of osteoclasts/um? in the periodontal
ligament compared to the N group (p = 0.0405) Conclusions: Ethanol associated
with nicotine delayed the maturation of collagen fibers when tooth movement was
induced. When tooth movement was not induced, nicotine decreased numbers of

osteoclasts in the periodontal ligament.

Key words: Nicotine, Ethanol, Tooth movement, Orthodontics.
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INTRODUCTION

The abuse of alcohol and nicotine is relatively common; the substances
occupy the first and third positions in the ranking of preventable causes of death
in the United States,’® with more than 480.000 and 80.000 deaths per year,
respectively.” Nicotine is one of approximately two thousand substances with toxic
potential in cigarette smoke* and has been identified as the most important
promoter of tobacco-induced pathogenic effects on the periodontium,® a risk factor
for osteoporosis, and a substance that hinders the repair of bone fractures.®’
Ethanol is the main component of alcoholic beverages, is considered toxic to
bones,® and promotes several direct effects on the activity of bone cells, such as
inhibition of the differentiation of the mesenchymal cells in the bone marrow into
osteoblasts and the growth of osteoblastic cells.’

Although smoking risks have been known for decades, there are an
estimated 1.3 billion smokers worldwide.*® Studies indicate that nicotine plays an
important role in bone metabolism. Sodagar et al.'* evaluated the rate of tooth
movement in rats subjected to 28 days of nicotine application and observed that
after 14 days of movement, nicotine accelerated tooth movement of these animals

and the effect was dose-dependent. Bakathir et al.*?

also applied nicotine for 28
days, orthodontic movement was performed for 14 days and nicotine accelerated
the orthodontic movement, generating an imbalance between reabsorption and

bone neoformation. However, Shintcovsk et al.*®

evaluated the effect of 2 mg/kg
nicotine on tooth movement in rats in a histological study and observed that
nicotine affected bone remodeling; reduced angiogenesis, osteoclasts, and
Howship’s lacunae; and delayed collagen maturation in the bone matrix.

Alcohol is widely consumed around the world, involving different socio-
cultural contexts. Alcohol abuse is a public health problem in the United States,
and dangerous drinking practices are presented among adolescent and young
adult populations; the binge consumption pattern is most common in these age
groups.*** According to Rolland et al.,*® the definition of the "binge consumption
pattern” varies in the scientific literature depending on the author or institution.
However, the National Institute of Alcoholism and Alcohol Abuse (NIAAA), a
branch of the United States Department of Health, defines it as a pattern of

alcohol consumption that results in high serum levels of ethyl alcohol, which
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usually occurs after 4 drinks for women and 5 drinks for men in approximately 2
hours. Thus, it is not only a high serum concentration, but also the association
with a short time period.*® Barcia et al.,*” through a bibliographical review on the
effect of ethanol on orthodontics, mentioned that despite the fact that several
studies have indicated the potential deleterious effects of ethanol on periodontal
and alveolar bone, there is only one work in the scientific literature on the effects
of ethanol on tooth movement. This unique study was conducted by Araujo et al.®
using a dose of 3 g/kg/day of 20% ethanol in rats that mimicked the binge pattern
of ethanol consumption. The study evaluated the effect on orthodontic movement
and observed a decrease in bone resorption on day 28 of orthodontic movement.
Nicotine and alcohol are detrimental to the integrity of bone tissue when
consumed separately. When combined, these effects may be intensified.*® Soares

et al.’®

observed rats receiving a diluted 10% ethanol solution and 1.25 mg/kg
nicotine for 4 weeks and reported a reduction of osteogenesis around implants
and decreased mechanical resistance of the bone. There is no scientific work in
the literature that has evaluated the combined effect of these substances on tooth
movement.

In orthodontic practice, the prevalence of smokers in orthodontic treatment
represents on average 26% of adults and 12% of adolescents.®> According to data
from the American Association of Orthodontists, from 1994 to 2010 the
percentage of adults who used orthodontic appliances increased from 680,000 to

1.1 million per year (58%). According to Barcia et al.,*’

many of them used
ethanol at some point during orthodontic treatment. As the excessive consumption
of alcoholic beverages is highly correlated with smoking,® it is extremely
important to know the effects of these two substances on orthodontic movement.
Therefore, the objective of this study was to evaluate the effect of nicotine
and ethanol on tooth movement in rats in the following aspects: bone

neoformation, bone resorption, tooth movement rate, and body weight.

MATERIAL AND METHODS

The present work was approved by the PUCPR Committee of Ethics in the
Use of Animals (#778/#779).
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1 Sample
2 The initial sample consisted of 210 male Wistar rats (Rattus norvegicus
3 albinus) approximately 9 weeks of age weighing 300-350 g. The animals were
4  provided and maintained by the PUCPR vivarium; all care relating to hygiene,
5 lighting, ventilation, and feeding followed the recommendations and ethical
6 guidelines of the Canadian Council on Animal Care.*
7 The animals were fed water and feed ad libitum throughout the experiment.
8 Before the installation of the devices for dental movement, the feed was supplied
9 in a solid consistency. After the installation of the devices, crushed feed was
10 provided to prevent possible damage to the orthodontic apparatus and to facilitate
11 the feeding of the animals. The temperature was controlled to between 19° and
12 22°C and the photoperiod was 12 h of light and 12 h of darkness. Feeding,
13 temperature, and housing conditions were identical for all rats, and all remained in
14  the same vivarium.
15 The animals were randomized into 8 groups (Fig 1). Group S had a smaller
16 sample size due to issues involving the release of animals by the ethics
17  committee.
[ 210 rats ]
!
v v l v ' ! ' !
5 N E NE 5M NM EM NEM
(=15} {n-zs} {n-zﬁ} {n=25) J (=30} [ (r=30) [ {r=30) ‘ [ {rv=30) ]
| v ! ! !
Sanudubm[ Micotine TEmmdm Macoline -\‘rsahqesnluiim Micotine Ethanod 20% Micoline
0.9%(3g%g) {1mg/kg) (3gig) without (Trngikg) and 0.9%(3afkg) {1mgi'ka) with (3pfhg) with (1mngikg) and
without toath without tooth Ethanal 20% with tocth toath toath Ethanal 20%
movement movernent mowerment n‘jig:r!r‘::u“::rlt rovesment rovement movement ‘uilhmmﬂunm'ml
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/E;mpl&bsa_ \
1.  Death of the animal (=3}
"t e o et e
" i ot of sty (i o
of the upper rght molar) may have
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{ 200 rats I
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18
19 The 20% ethanol was administered intraperitoneally at a dose of 3 g/kg®?

20 that mimicked the binge pattern of ethanol consumption: administration for 4
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consecutive days followed by 3 days of abstinence.®** The nicotine (nicotine
hemisulphate, Sigma-Aldrich Chemicals Pvt. Ltd., St. Louis, MO, USA) had been
previously prepared and was diluted in 0.9% saline, homogenized, and

subcutaneously administered at a dose of 1 mg/kg'%2*2°

on the dorsa every day
until the day of euthanasia. The saline solution was administered in a volume and
at a periodicity similar to the groups receiving experimental solutions. The role of
saline application was to avoid interference bias of the stress generated during
the application. All solutions were applied once daily for 32, 44, or 58 days,
according to each subgroup. The orthodontic movement began after 30 days of
application to the groups with tooth movement.

As the solution applied was not similar in all groups, it was not possible to
blind the investigator who administered the solutions to the animals. However, the
researcher was blinded when performing the measurements, making any bias in
analysis of the research outcomes impossible.

The rats were weighed weekly using a precision electronic balance
(Gehaka-BG 4001, Sao Paulo, Brazil) to adjust the dose of the administered
substances. Body weight variation was calculated using the formula:

Body weight change = Initial weight - Final weight

Animals were euthanized, according to subgroup, after 32, 44, or 58 days
of substance administration, and 2, 14, or 28 days of tooth movement in groups
with orthodontic appliances. All animals were euthanized by anesthetic overdose

(270 mg/kg ketamine and 30 g/kg xylazine) administered intraperitoneally.

Tooth movement

The induction of tooth movement was performed through an orthodontic

device®?6:2’

consisting of a nickel-titanium spring (Dentsply GAC, Dentsply Sirona,
Islandia, NY, USA). Stainless steel 0.025-mm ligature wire (Dental Morelli Ltd.,
Séao Paulo, SP, Brazil) was used to attach the spring to the first right maxillary
molar and central incisors and to transmit a reciprocal force of 25 cN.?® The force
was measured by a dynamometer (Haag-Streit AG, Koeniz, Switzerland) that had
been previously calibrated. The tip of the ligament was fixed to the upper right

incisor, and the ligature was attached to the tooth with composite resin (Charisma,
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Heraeus, Hanau, Germany). To increase the stability of the device, the upper left
incisor was also coated with resin. After initial activation, the spring was not
reactivated during the experimental period. However, the positioning was checked

daily.

Histotechnical processing

After euthanasia of the animals, the right hemimaxils were removed, stored
in 10% formaldehyde for 24 h, and demineralized with 5% ethylenediamine
tetraacetic acid (EDTA) (Biotec Analytical Reagents, Pinhais, Brazil), for 2
months. After demineralization, specimens were processed and embedded in
paraffin in the PUCPR experimental pathology laboratory.

Six 4-um thick transverse sections were taken from each tooth, for each
staining, from the cervical third of the mesiobuccal root of the upper first molar.
Teeth were cut using a microtome, with the occlusal surface of the molar parallel
to the microtome and with a 60-ym interval between each section. Totaling 1200
sections for each staining. The sections were stained by picrosirius techniques
and tartrate-resistant acid phosphatase (TRAP).

New bone formation was verified through picrosirius staining. An area of
the bone adjacent to the side where the fibers were most stretched was chosen
for evaluation, as during orthodontic movement the bone is deposited on the
alveolar wall of the traction side. Images were taken using an Olympus BX-50
microscope (Olympus, Tokyo, Japan) with a polarized Olympus® U-Pot lens
(Olympus, Tokyo, Japan) and coupled to a Dinolite® microcamera (AmMo
Electronics Corporation, New Taipei City 241, Taiwan) with a magnification of
200x. The images were evaluated using the Image-Pro Plus 4.5 image analyzer
(Media Cybernetics, Rockville, MD, USA), which measured the percentage of the
area of mature and immature collagen in the alveolar bone.?® Type | collagen
(mature collagen) presented as a red-orange color; type Il collagen (immature)
presented as green-yellow.?® The percentage of collagen for each animal was
obtained by the average of the 6 sections.

In the sections stained by TRAP, bone resorption was evaluated by the
number of osteoclasts per square micrometer (um?) in the periodontal ligament.

This enzyme is considered a marker of osteoclastic cells, allowing quantification
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of bone resorption. In this way, multinucleated TRAP-positive cells in the
periodontal ligament adjacent to the alveolar bone were considered to be
functional osteoclasts and were quantified.™® For quantification, images of all
periodontal ligaments with TRAP-positive cells were captured using an Olympus
BX-50 microscope coupled to the Dinolite® microcamera at a magnification of
400%. To obtain the mean of osteoclasts per square micron, an image of the
whole ligament was captured with the same microscope and microcamera at a
magnification of 50x, and the area of the entire periodontal ligament was
quantified using the "count and measure objects" tool of the Image Pro-Plus 4.5
(Media Cybernetics, Silver Spring, MD, USA) morphometry program. For
guantification of osteoclasts, the images were analyzed in the Image Pro-Plus 4.5
morphometry program in which a grid for osteoclast counting was applied. After
obtaining number of TRAP-positive cells in all the ligaments and area of the
periodontal ligament, the mean number of osteoclasts/um? in the periodontal

ligament was calculated using the following formula:

(Total number of TRAP-positive cells)/(Periodontal ligament area)

It is unanimous in the scientific literature that different force vectors create
different stresses along the root. No tooth has the ideal shape and proportion, and
linearity assumptions about the distribution of force in hard and soft tissues are
problematic.?® For this reason, the use of the mean osteoclasts per square
micrometer (TRAP) and the choice of bone to be evaluated based on the location
where the fibers are most stretched (picrosirius) avoids the measurement bias, as
the distribution of tension and compression forces will vary according to the height
assessed on the long axis of the root.

Measurements for each variable were made by a single trained and
calibrated evaluator. To demonstrate the reproducibility of the measurements and
the intra-examiner calibration, 30% of the samples were remeasured 21 days after
the first measurement using the Dahlberg error and Student's t-test. The result of
the Dahlberg error was 1.36%, indicating that the evaluator reliably reproduced
the measurement. To evaluate systematic error, the mean of the variables at the

two moments was compared using the Student's t-test for paired samples. The
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test result indicated that there was no statistically significant difference between

the mean values of the variable in the two moments.

Variation of tooth movement

Variation of tooth movement was evaluated by molding the upper dental
arch of the rats before orthodontic device installation and at the end of the
experiment shortly after euthanasia. To make each mold, the animal was
anesthetized with sodium pentobarbital (Syntec, Cotia, Brazil) and molded with
polydimethylsiloxane-based condensation silicone (Vigodent Coltene, Rio de
Janeiro, Brazil). The models were made with gypsum type IV (Durone IV Gesso
Pedra, Dentsply Sirona, Petropolis, Brazil) (Fig 2).

The distance between the most palato-cervical point of the upper right
incisor to the most mesiocervical point of the first right upper molar was measured
using a digital caliper (Absolute, Mitutoyo, Kawasaki-Shi, Japan). The tooth
movement was calculated using the formula:

Variation of tooth movement = Initial Distance - Final Distance

Fig 2. Photograph of the molding procedure of the animal with condensation
silicone (A), confection of molds (B) and measuring the distance of the palatal face
of the upper right incisor to the mesial surface of the first upper right molar, with the

aid of digital caliper (C).

The researcher was blinded for the measurement of all research outcomes

by classifying the animals by numbers, so that he did not know the animal’s
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group. Blinding precluded any bias in the selection of results or influence in the

evaluated outcomes.

Statistical analysis

Statistical analysis was performed using SPSS for Windows (Version 23.0,
IBM Corp., Armonk, NY, USA). A p-value < 0.05 was considered significant.

The normality of the data was tested using the Shapiro-Wilk test. In the
sequence, the homogeneity of the variances between different treatments was
tested using the Levene variance homogeneity test.

Once the groups showed a normal distribution (p > 0.05), the comparison
of the mean values according to group and time were performed using the
parametric ANOVA test with two criteria in a complete factorial model. When
ANOVA indicated a difference, and when the treatments presented variance
heterogeneity (p < 0.05), the comparison of treatments 2 to 2 was made through
the parametric multiple comparisons test for heterogeneous Games-Howell
variances. Tukey's multiple comparisons test was used for homogeneous
variances. For each of the dependent variables according to group x time, the
power observed for each factor and for the group X time interaction (power test)

was calculated.

RESULTS

Bone neoformation
On day 28 of tooth movement, the NEM group presented a lower

percentage of Type | collagen than the SM group (p = 0.0448) (Table I, Fig 3).

Table |. Comparisons of the variable percentage of type | collagen (%) in relation group x time (Mean and
Standard deviation)

Group/Day S (Mean = SD) N (Mean + SD) E (Mean + SD) NE (Mean + SD)

2 days 97.45+244"  97.79+0.90"  92.89+3.20" 95,29 + 2,86 *

14 days 93.45+359” 0001+470” 94.44+185° osg5+114A  owerTest
28 days 96.35+2.63"% 93.33+6.94" 9841+1.20" 97,77 + 1,24 A

Group/Day SM (Mean £ SD) NM (Mean + SD) EM (Mean + SD) NEM (Mean + SD)

2 days 86.94+8.04"  93.95+562" 73.49+13.66" 91.59+7.17" 1.000
14 days 87.61+11.47" 89.18+583"  84.49+9.41" 93.02 + 8.28 # '

28 days 91.60+7.08" 85.88+7.19”% 80.25+11.03”®  77.20+7.35°

Two-way ANOVA full factorial design: p<0,05

* Significance level of the Games-Howell test was: p<0.05
Different letters in the same line indicate statistically significant differences.
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Fig 3. Photomicrograph blade of the alveolar bone of the mesiobuccal root of the
maxillary right first molar. SM (A), NM (B), EM (C) and NEM (D) on the 28™ day after
installation of the orthodontic device. There were differences in bone formation

between the SM x NEM groups. AB indicates alveolar bone. Picrosirius staining was

at a magnification of 200x

Bone resorption

In the comparison of groups without tooth movement, it was verified that
group S had a greater number of osteoclasts than group N on day 28 (p = 0.0405)
(Table 11, Fig 4).

Table II. Comparisons of the number of osteoclasts per pm2 in relation group x time (Mean and Standard deviation)

Group/Day S (Mean + SD) N (Mean + SD) E (Mean + SD) NE (Mean + SD)

2 days 0,000154+0,000094 A  0,000086+0,000024 * 0,000207+0,000122 A 0,000219+0,000122 ~ Power Test
14 days 0,000069+0,000031 #  0,000081+0,000058 * 0,000142+0,000080 A 0,000086x0,000046 *

28 days 0,000216+0,000047 #  0,000102+0,000031 & 0,000314+0,000113 *® 0,000109:+0,000054 ~B

Group/Day SM (Mean + SD) NM (Mean + SD) EM (Mean + SD) NEM (Mean + SD)

2 days 0,000159+0,000104 A 0,000187+0,000096 * 0,000319+0,000130 *  0,000178+0,000076 * 0.9999
14 days 0,000163+0,000033 #  0,000164+0,000107 * 0,000223+0,000155 *  0,000225+0,000091 * '

28 days 0,000248+0,000148 # 0,000106+0,000080 * 0,000220+0,000141 *  0,000224+0,000120 *

Two-way ANOVA full factorial design: p<0,05
* Significance level of the Games-Howell test was: p<0.05
Different letters in the same line indicate statistically significant differences.
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Fig 4. Photomicrograph blade of area of the periodontal ligament of the buccal

mesial root of the first right upper molar, the groups S (A), N (B) E (C) e NE (D) on
the 28" day after installation of the orthodontic device, with a lower number of
osteoclasts per um? in group N when compared to S. AB, alveolar bone; PL,
periodontal ligament, Black arrows indicate TRAP-positive cells. (TRAP,
magnification 500x)

Rate of tooth movement
There was no statistically significant difference in tooth movement variation
in the group x time relationship (p > 0.05) (Table I11).

Table Ill. Comparisons of the varying tooth displacement rate (mm) in relation group x time (Mean, Standard deviation and p value)

Group/Day SM (Mean + SD) NM (Mean * SD) EM (Mean + SD) NEM (Mean * SD)
2 days 0,6833 + 0,5845 0,4538 + 0,5141 0,9571 + 0,6579 0,6933+0,6649
14 days 0,3000 + 0,2529 0,3000 + 0,3012 0,5444 + 0,6984 0,4400+0,4949
28 days 0,5399 + 0,5176 0,3642 + 0,3152 0,3889 + 0,2713 0,5818+0,4792
Group/Day SMx NM (p) SMx EM (p) SM x NEM (p) Power Test

2 days 0,9986 0,9977 1,0000

14 days 1,0000 0,9986 1,0000 0,6686

28 days 0,9999 1,0000 1,0000

Two-way ANOVA full factorial design: p>0,05
* Significance level of the Tukey's Test was: p<0.05
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Body Weight
There was no statistically significant difference in group x time interaction
(p > 0.05) (Table IV).

Table IV. Means and standard deviations of body weight changes in relation group x time (Mean and Standard dewviation)

Group/Day S (Mean *+ SD) N (Mean * SD) E (Mean + SD) NE (Mean + SD)
2 days -7,83+16,77 4 16,57 + 31,86 # 9,85 + 23,95 # -5,28 + 20,02 A
Power Test
14 days -20,00 + 8,79 A 9,42 +10,92 A -10,57 + 10,58 A 9,71 + 8,44~
28 days -12,00 + 14,05 A 21,00+ 7,74 -2,62 + 19,46 * -10,57 + 12,35~
Group/Day S (Mean = SD) N (Mean * SD) E (Mean + SD) NE (Mean + SD)
2 days -3,40 + 14,09 A 17,22 +9,89 A 11,60 + 11,52 A 9,50 + 17,05 A 10000
14 days -1,80 + 18,80 A -0,70 + 15,814 3,50 + 22,224 7,00 + 14,75 " '
28 days -0,70 + 25,50 A 6,90 + 23,88 * 30,70 + 16,89 A 25,44 + 12,66 °

Two-way ANOVA full factorial design: p<0,05
* Significance level of the Games-Howell test was: p<0.05
Different letters in the same line indicate statistically significant differences.

DISCUSSION

The present study evaluated the following aspects of the effects of ethanol
and nicotine on orthodontic movement: bone neoformation, bone resorption, tooth
movement rate, and body weight. Differences were observed in bone
neoformation (SM x NEM) and bone resorption (S x N).

Approximately 90-95% of the organic matrix of the periodontal ligament is
composed of type | collagen, which, through the process of bone resorption
caused by tooth movement, is degraded and subsequently repaired by the
deposition of immature type Il collagen fibers, this being subsequently remodeled
to type | collagen.®**%* In our study, the NEM group showed a significant
decrease in type | collagen in the alveolar bone when compared to the SM group

.,° who observed that

(p < 0.05). Our findings agreed with those of Soares et a
administration of a 10% ethanol solution and 1.25 mg/kg nicotine for 4 weeks had
a negative effect on osteogenesis around implants of study animals. However,
ethanol associated with nicotine intensified the effects. Araujo et al.® evaluated
only the effect of ethanol (3 g/kg) on the collagen matrix in rats subjected to tooth
movement and did not observe differences in the percentage of collagen type | in
the alveolar bone (p = 0.05), suggesting that ethanol did not influence the

1
|13

deposition process of collagen fibers. Shintcovisk et al.” evaluated the effect of

nicotine (2 mg/kg) on the collagen matrix; they observed that nicotine delayed
maturation of collagen fibers deposited in the bone matrix. However, this study

1
1.3

used twice the dosage of the present study. Ghanem et a performed a
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systematic review to evaluate the role of nicotine in the osseointegration of
implants. They found that 62.5% of the studies reviewed showed no significant
influence of nicotine on the healing around implants. In the present study, when
we evaluated the interaction of ethanol with nicotine, our results suggest that
nicotine associated with ethanol delayed the maturation of collagen and/or
increased the degradation of type I collagen.

Regarding bone resorption, in the present study we observed that on day
28, group N had a lower number of osteoclasts when compared to group S.
Although the nicotine dosage was different from that used in the present study,

Shintcovsk et al.*®

observed that animals that received 2 mg/kg nicotine and were
subjected to orthodontic movement had reduced expression of osteoclastic cells
and Howship’s lacunae. However, when tooth movement was performed in the
present study, there was no statistical difference in the number of osteoclasts. In
constrast, Bakathir et al.*? used three dosages (0.37, 0.57, and 0.93 mg/kg) and
observed a higher frequency of osteoclasts in the groups that received nicotine;
the authors did not present quantification of the histological data, only qualitative
results. The method of measuring bone resorption may have influenced the
results. In our study, the mean osteoclasts per square micrometer were measured
to avoid the risk of bias relative to the choice of the compression side in the
periodontal ligament and alveolar bone. The mean of all ligaments becomes a
more reliable model to avoid a false-positive or false-negative result. Thus, in the
present study, the variables including bone resorption were convergent in their
results, which increased the strength of the evidence.

To our knowledge, no scientific work in the literature has evaluated the
effect of ethanol and nicotine on the variation of tooth movement. There are only
isolated reports of the influence of these substances. Sodagar et al.** evaluated
the effects of three doses of nicotine (0.5, 0.75, or 1 mg/kg) on tooth movement in

.22 also used three different doses of

rats using a force of 60 g/f. Bakathir et a
nicotine associated with orthodontic movement (30 g/f) and concluded that after
14 days of movement, the nicotine accelerated the rats’ tooth movement and the
effect was dose-dependent. However, there were differences in the
methodological designs of those studies when compared to this study, such as
the methods of measurement and the time of administration of nicotine prior to

orthodontic movement. Regarding the measurement method, Bakathir et al.*?
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used a digital caliper and Sodagar et al.'* used an interproximal thickness gauge.
In the present study, we opted to make molds and gypsum models before and
after the movement period to provide a more reliable result. Our method ensured
that the soft tissues of the animal's mouth did not interfere with the measurement.
Another difference between the studies was the time of application of
nicotine prior to orthodontic movement. Sodagar et al.** and Bakathir et al.* used
a 14-day application period; we opted for a longer application period to intensify

the effect of the nicotine in the animal. Ghanem et al.**

reported that
administration of nicotine for 6 weeks or more is the ideal period for the effects on
bone metabolism to be evident in animals, yet in every study, the period of
previous application combined with the period of movement did not exceed 4
weeks. There is no report in the literature evaluating the effects of ethanol on the
variation of tooth movement. There is only one study in the literature,® which
evaluated the histological aspects. Our results suggested that nicotine and
ethanol did not affect the variation of tooth movement.

In the present study, there was no difference in group x time interaction for
body weight. The orthodontic device installed in the oral cavity of the animals can
generate discomfort for the animal and difficulty eating, with a consequent change
in weight.® In addition, co-administration of ethanol and nicotine may also lead to
lower body weight gain. This was verified by Soares et al.!® when they observed
that the group that received nicotine and ethanol was the group that gained the
least weight. Frankham et al.*® reported that human satiety is accelerated by
nicotine. This may occur through the direct influence of nicotine, especially in the
dopaminergic system or by the release of leptin. However, although reports
indicate that nicotine and ethanol may influence the weight variation of the animal,
these factors were not sufficient to interfere in the weight of the animals in our
study.

In many parts of the world, alcohol and tobacco are considered legal drugs
and are widely consumed. Therefore, it is of extreme importance that
orthodontists know the influence of these drugs on orthodontic movement as,
based on our findings, these substances can interfere with bone metabolism
through decreased bone neoformation when dental movement is induced, and an
decreased number of osteoclasts when not induced. Extrapolating to a clinical

situation, the delay in maturation or the increased degradation of type | collagen
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may indicate to the orthodontist the need for a longer interval between visits for
these patients. However, although rats are a well-established model for evaluation
of these substances on bone metabolism, animal studies provide only preliminary
evidence, which is a limitation of their usage and also a future recommendation
for performance of studies in humans to strengthen the evidence of the results

already found.

CONCLUSION

Nicotine and ethanol did not affect rate of tooth movement or body weight,
regardless of the induction of orthodontic movement. Nicotine influenced the
number of osteoclasts by decreasing their quantity when dental movement was
not induced. When nicotine was associated with ethanol, it interfered in the

maturation of collagen fibers during orthodontic movement.
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document.
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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
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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
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and accept responsibility for releasing this material." Scan the printed copyright
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manuscript is accepted, the disclosed information will be published with the
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9. Institutional Review Board approval. For those articles that report on the results
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