UNIVERSIDADE FEDERAL DO MARANHAO
CENTRO DE CIENCIAS BIOLOGICAS E DA SAUDE
PROGRAMA DE POS-GRADUACAO EM ODONTOLOGIA
DOUTORADO

AVALIACAO HISTOPATOLOGICA DA
MOVIMENTACAO DENTARIA
INDUZIDA EM DENTES SUBMETIDOS A
LUXACAO LATERAL EXPERIMENTAL.

SAO LUIS-MA
2017




VFMA

LUANA MARTINS CANTANHEDE

AVALIACAO HISTOPATOLOGICA DA MOVIMENTACAO DENTARIA INDUZIDA
EM DENTES SUBMETIDOS A LUXACAO LATERAL EXPERIMENTAL

Tese apresentada ao Programa de P6s-Graduagdo em
Odontologia como parte dos requisitos para a
obtencdo do titulo de Doutora em Odontologia.
Orientador: Prof. Dr. Alex Luiz Pozzobon Pereira

Coorientadora: Profa. Dra. Erika Martins Pereira

SAO LUIS - MA
2017



Cantanhede, Luana Martins.

Avaliacdo histopatolégica da movimentacdo dentdria
induzida em dentes submetidos a luxacdo lateral experimental
/ Luana Martins Cantanhede. - 2017.

83 f.

Coorientador(a): Erika Martins Pereira.
Orientador(a): Alex Luiz Pozzobon Pereira.
Tese (Doutorado) - Programa de Pds-graduacdo

cm

Odontologia/CCBS, Universidade Federal do Maranhdo, Sdo Luis,

2017.

1. Andlise Qualitativa. 2. Modelos Animais. 3. Traumatismos
Dentérios. 1. Pereira, Alex Luiz Pozzobon. II. Pereira, Erika Martins.

III. Titulo.




LUANA MARTINS CANTANHEDE

AVALIACAO HISTOPATOLOGICA DA MOVIMENTACAO DENTARIA INDUZIDA
EM DENTES SUBMETIDOS A LUXACAO LATERAL EXPERIMENTAL

A Comissdo julgadora da Defesa do Trabalho Final de Doutorado em

Odontologia, em sessdo publica realizadanodia / / , considerou a candidato(a).

() APROVADO () REPROVADO

1. Examinador: Prof2. Dr2. Luciana Artioli Costa
Universidade CEUMA

2. Examinador 2: Prof. Dr. Julio Aradjo Gurgel
Universidade CEUMA

3. Examinador 3: Prof. Dr. Vandilson Pinheiro Rodrigues
Universidade Federal do Maranhao

4. Examinador 4: Prof2. Dr2. Melaine de Almeida Lawal
Universidade Federal do Maranhio

5. Presidente (Orientador): Prof. Dr. Alex Luiz Pozzobon Pereira
Universidade Federal do Maranhao




il

Aos meus pais: meus escudos, alavancas e espelhos.



iv

AGRADECIMENTOS ESPECIAIS

Agradeco a Deus Pai, todo poderoso, que concedeu a todos ndés o dom da vida e
concedeu a mim uma fé que me faz confiar o meu caminho em Suas maos. Se cheguei até
aqui foi gracas a Ele. Agradeco também a Nossa senhora da Concei¢do por interceder
incansavelmente no meu caminho e a todo Orum que me acompanha nessa caminhada e me

ajuda a vencer cada desafio imposto nessa vida. Adupé.

Aos meus pais, Luzia Martins e Aniceto Cantanhede, por acreditarem em mim mais do
que eu mesma e por possibilitarem meu crescimento profissional diante de tantas dificuldades.
Uma pagina de agradecimento ndo € suficiente para descrever o tamanho da minha gratidao,
obrigada! E também a minha familia inteira, em especial a Maria Licia Nogueira Cantanhede
(in memoriam) e Maria José dos Santos Martins (in memoriam) por serem bravas defensoras

da educacao como fator primordial da mudanga, mesmo com tdo pouca instrucao.

A minha mie Venina Carneiro, por transmitir seu imenso conhecimento, sabedoria,

amor e apoio constante! Meu infinito obrigada!

Aos meus amigos, irmdos e namorado pelo respeito e apoio pelas minhas escolhas que
nem sempre permitiram um maior tempo e disponibilidade de convivio nesses ultimos anos.
Mas agradeco por fazerem parte da minha histdria e parte da minha constru¢cdo quanto pessoa.
Vocés sdo maravilhosos! (As suas amizades te definem, portanto, seja seletivo: escolha

aqueles de bom coracdo — TATCLAT e adjacéncias).

Em especial aos meus companheiros de doutorado: Halinna de Carvalho, Michael
Garcia, Mariana Proenca e Ana Karla Ramalho que compartilharam das angustias

vivenciadas, e entendem como ninguém esse periodo da nossa historia.

A UNA-SUS — UFMA por ter me propiciado um grande aprendizado em relacdo ao
funcionamento da educacdo a distincia e pelas amizades construidas no decorrer desses trés
anos. Em especial agradeco a equipe de Coordenagdao de Curso: Elza Monier, Carol

Fernandes, Ilka Belfort e Daniele Conde, vocés sao maravilhosas!

Aos professores da PPGO-UFMA por sempre nos apoiarem na caminhada académica.
Vocés sempre serdo exemplos. Nesse caminho do doutorado: agradeco especialmente: Profa.
Dra. Cecilia Ribeiro e Prof. Dr. Darlon Martins, coordenadores da PPGO/UFMA, que sempre

estiveram de bracos abertos para me acolher.



7z

A Profa. Dra. Erika Martins Pereira, que além de coorientadora, ¢ um exemplo de
docente apaixonada pelo que faz e empenhada em transformar seus alunos ndo sé em bons

profissionais, mas também em bons seres humanos. Sou imensamente grata!

Em especial, gostaria de agradecer de forma expressiva e sincera ao Prof. Dr. Alex
Pozzobon Pereira, por sempre estar disposto a nos ofertar o melhor do conhecimento. Espero
que em um futuro préximo, eu consiga ser pelo menos 1/3 do que o senhor representa pra
mim. Agradeco por me permitir aproveitar as diversas oportunidades que me ajudaram a
evoluir quanto profissional e também por me mostrar sempre o melhor caminho. Mais uma
vez repito: muitos conseguem ser bons professores apenas com inteligéncia e boas
publicacdes, mas poucos conseguem entender que a exceléncia profissional no caminho da

docéncia vai muito além disso! Obrigada por entender e obrigada por tudo!



vi

AGRADECIMENTOS

A Universidade Federal do Maranhdo pela contribuicio para minha construcio

profissional desde a graduacgao.

Ao Programa de Pés Graduacao em Odontologia da Universidade Federal do Maranhdo
— PPGO/UFMA (Corpo docente) — pela formagdo e aprendizado inestimédvel concedido ao

longo desses trés anos e alguns meses de doutorado.

A Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior — CAPES e ao
Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico — CNPq pela concessdo da

bolsa de estudos.

A Fundagio de Amparo a Pesquisa e Desenvolvimento Cientifico e Tecnolégico do

Maranhdo — FAPEMA pelo financiamento do projeto de pesquisa desenvolvido.

Ao Biotério do Centro Universitirio do Maranhdo (CEUMA), em nome do Seu

Sampaio, pelo amparo e auxilio constante no desenvolvimento do experimento.

A Josinéia Coelho que me concedeu todo o suporte e auxilio possivel quando necessitei

nesses 6 anos de pos graduacdo! Sentimos saudades de voce!

A Cléo pelo apoio e empenho no auxilio da reativacio do laboratério de patologia da

PPGO-UFMA.

E a todos que diretamente ou indiretamente contribuiram para a busca da finalizacao

dessa etapa.



vii

“Entender que tudo tem seu tempo.
Que tudo vem a seu tempo. Dar o
tempo necessdrio. Para crescer.
Brotar. Florescer. Aceitar o ciclo da
vida. Respeitar o fluxo do tempo.
Observar o tempo passar, ESPERAR O
TEMPO CERTO. Pra plantar. Pra
colher. Pra agir. Pra seguir. Pra

aprender.” Autor desconhecido



viii

RESUMO

Traumatismos dentdrios acometem parte dos pacientes que procuram tratamento ortodontico.
A movimentacdo dentdria para estes casos pode ocasionar progndstico mais desfavoravel,
pois as forcas irdo incidir sobre os mesmos tecidos que se encontram sobre o reparo do
trauma. O propdsito desse estudo foi avaliar microscopicamente os eventos bioldgicos da
movimentacao dentdria induzida 15 e 30 dias apds luxagao lateral experimental. A amostra foi
composta por 30 ratos machos que, de acordo com a técnica splitmouth, foram divididos em
seis grupos, com 10 primeiros molares superiores cada. O Grupo Controle (G°) ndo foi
submetido ao trauma dental (TD) e nem a movimentacao dentéria induzida (MDI), no Grupo
Movimentacdo Controle (GMC) foi realizada MDI apenas, nos Grupos Traumatismo Controle
15 e 30 dias (GT" e GT), foi realizada o TD, seguido do reposicionamento no alvéolo, e
avaliados apds, respectivamente, 22 e 37 dias, nos Grupos Traumatismo e Movimentacgdo 15 e
30 dias (GTMY e GTM¥), os animais sofreram TD e, respectivamente, apds 15 e 30 dias,
foram submetidos a MDI por sete dias para avaliagdo posterior. Confeccionou-se 1aminas
histoldgicas cujas andlises qualitativas ocorreram na face mesial da raiz distal, nas face distal
da raiz mesial e na furca do primeiro molar superior. Realizou-se também andlise
semiquantitativa por meio da extensdo Freeman-Halton do teste exato de Fisher.
Encontraram-se caracteristicas de infiltrado inflamatério exacerbado na regido de furca no

TMI, e caracteristicas de reabsor¢do foram encontradas no grupo GTM*°, A anilise

grupo G
semiquantitativa demonstrou que os escores mais significativas de infiltrado inflamatério se
concentraram na regifio distal da furca do grupo GTM! e as caracteristicas de reabsorcdo
foram mais significativas na regido central da furca do grupo GTM*’. Conclui-se que a
movimentacdo dentdria 15 dias apds o trauma resultou em alteragdes histologicas mais

exuberantes em relagdo ao infiltrado inflamatoério e a movimentagdo apds 30 dias resultou em

caracteristicas de reabsorcao radicular mais severas.

Palavras-chave: Traumatismos Dentérios. Modelos Animais. Histologia. Andlise Qualitativa.
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ABSTRACT

Dental trauma affects some patients seeking orthodontic treatment. The dental movement for
these cases can cause worse prognoses, because the forces will affect the same tissues that are
on the trauma repair. The purpose of this study was to evaluate microscopically the biological
events of induced tooth movement 15 and 30 days after experimental lateral luxation. The
sample consisted of 30 male rats and according to the splitmouth technique were divided into
six groups, each group with 10 first maxillary molars . The control group (G®) was not
submitted to dental trauma (TD) or induced tooth movement (ITM), the Control Movement
Group (G™), ITM was only performed in the Trauma Control Groups 15 and 30 days (TG®'
and TG®Y), TD was performed, followed by repositioning, evaluated after 22 and 37 days
respectively, in Trauma and Movement Groups 15 and 30 days (TGM'5 and TGM*), the
animals suffered TD and, respectively, after 15 and 30 days, were submitted to I'TM for seven
days for further evaluation. Histological slides were produced whose qualitative analyzes
occurred in the mesial side of the distal root, in the distal side of the mesial root and in the
furca on the first maxillary molar. Semiquantitative analysis of the region was also performed
using the Freeman-Halton extension of Fisher's exact test. Chronic Inflammatory infiltrate
Characteristics was exacerbated in the distal side of the furca in the TGM" group were found,

and resorption characteristics were found in the TGM*°

group. Semiquantitative analysis
demonstrated that the most evident scores of inflammatory infiltrate were concentrated in the
distal region of the furca of the TGM" group and the resorption characteristics were more
evident in the central region of the furca. It was conclude that tooth movement 15 days after
trauma may result in more exuberant histological alterations in relation to inflammatory

infiltrate and movement after 30 days can lead to more severe root resorption.

Keyword: Tooth Injuries. Animal models. Histology. Qualitative analysis.
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1. INTRODUCAO

1.1 Traumatismo dental

O conceito de trauma implica em uma lesao razoavelmente severa, nao fisiologica
e que pode acometer qualquer parte do corpo do individuo (FELICIANO; CALDAS, 2006). No
que diz respeito ao traumatismo dental (TD), € possivel caracterizd-lo como uma injaria de
ordem acidental no elemento dentario que pode ter como alvo individuos, independentemente

da faixa etaria (WENDT et al., 2010).

A violéncia, acidentes de transito e a pratica de esportes tém sido identificados como
alguns dos principais fatores contribuintes para a ocorréncia do TD, que pode ser considerado
um problema de satde publica devido a sua possibilidade de prevencdo, elevada frequéncia,
sua ocorréncia em pouca idade, a seus custos e complica¢des durante o tratamento, que, por sua
vez, podem afetar diretamente na qualidade de vida do individuo (KRAMER et al., 2003;

GLENDOR, 2008; WENDT et al., 2010; TRAEBERT; CLAUDINO, 2012).

No que tange aos dados epidemioldgicos, muitos paises t€ém mostrado um declinio
na prevaléncia de carie e doenga periodontal. Estima-se que futuramente a incidéncia dessas
doengas sera menor que a incidéncia do TD, principalmente nas populagdes mais jovens

(CALDAS; BURGOS, 2001; FELICIANO; CALDAS, 2006; GLENDOR, 2008).

Apesar da populacdo infantil ser atualmente a mais acometida por traumatismos
dentarios (CALDAS; BURGOS, 2001; KRAMER et al., 2003; GLENDOR, 2008; WENDT et
al.,2010; TRAEBERT; CLAUDINO, 2012) observa-se uma tendéncia de aumento deste tipo
de injaria na populacdo adulta, que ¢ mais propensa a sofrer violéncia, bem como acidentes de

transito (GLENDOR, 2008).



Determina-se ainda, o sexo masculino com taxas de incidéncia mais elevadas que o
sexo feminino (GLENDOR, 2008; WENDT ef al., 2010; TRAEBERT; CLAUDINO, 2012).
Quanto ao tipo de traumatismo, o mais comum ¢ a fratura de esmalte; com destaque ao incisivo
central superior como o dente mais acometido por TD nos estudos de prevaléncia (KRAMER
et al., 2003; SORIANO et al., 2007; GLENDOR, 2008; WENDT et al., 2010) Entre os fatores
de risco mais destacados, pode-se observar a falta de selamento labial e o trespasse horizontal
acentuado (SORIANO et al., 2007; GLENDOR, 2008. WENDT et al., 2010). Ressalta-se que
todas essas caracteristicas epidemiologicas sofrem influéncia de acordo com a classe
econdmica, localizacdo geografica, e sistema de classificagdo de trauma utilizado

(FELICIANO; CALDAS, 2006, TRAEBERT; CLAUDINO, 2012).

Do ponto de vista terapéutico, anatdmico e do prognostico, podem ser reconhecidos
cinco tipos diferentes de traumatismos aos tecidos periodontais: concussdo, subluxacio,
luxagdo intrusiva, luxacdo extrusiva, luxacdo lateral e avulsdo. Todos estes tipos de
traumatismo, por sua vez, podem estar relacionados ou ndo com o traumatismo de areas

vizinhas (ANDREASEN; ANDREASEN, 2001).

1.2 Luxacdo Lateral

A luxagdo lateral ¢ classificada como uma luxagdo que atinge os tecidos periodontais,
caracterizada por um impacto horizontal da forga, causando um deslocamento excéntrico do
dente, que, dependendo da forga exercida, pode vir a culminar também no deslocamento do
dente para o interior do osso alveolar, resultando em fratura da tabua vestibular ou palatina.
(ANDREASEN; ANDREASEN, 2001).

As luxacdes compreendem 15% a 60% dos traumatismos em dentes permanentes e de
62% a 73% na dentigao decidua (ANDREASEN; ANDREASEN, 2001; GLENDOR, 2008;
RITWIK; MASSAY; HAGAN, 2015). Assim como citado anteriormente, essas variagdes nas

taxas de prevaléncia variam de acordo com o local, faixa etaria e classificacdo utilizadas. Os



elementos dentais mais atingidos sao os incisivos centrais superiores, principalmente, quando
esses pacientes possuem um trespasse horizontal acentuado (GLENDOR, 2008, PAIVA et al.,
2015).

Os fatores etioldgicos relacionados a este tipo de trauma sdo: praticas esportivas,
agressoes, acidentes de transito e, durante a infancia, as quedas que podem ser configuradas
como um fator causal também (ANDREASEN; ANDREASEN, 2001; TRAEBERT;
CLAUDINO, 2008; PAIVA et al., 2015).

Dentre as alteragdes histoldgicas observadas estdo: danos ao ligamento periodontal,
envolvendo ruptura ou compressdao das fibras do ligamento periodontal, rompimento do
suprimento neurovascular da polpa e danos a parede do alvéolo (ANDREASEN;
ANDREASEN, 2001).

Para realizar o diagnostico deste tipo de luxagdo, € necessario combinar as observacdes
clinicas e radiograficas:

1.2.1 Exame clinico

De acordo com o guia de tratamento de traumatismos dentais de DI ANGELIS et al.

(2012), deve-se observar as seguintes caracteristicas:

e Sob inspecdo visual deve ser verificado se o elemento dental foi deslocado para
fora do seu eixo e se ocorreu fratura Ossea.

e Sob teste de vitalidade pulpar, normalmente, ndo ha sensibilidade, e ao se executar
o exame de percussado € possivel obter-se um som metalico;

¢ A mobilidade, quando presente, ¢ caracterizado como grau I.

1.2.2 Exame radiogrdfico
Seguindo o mesmo guia proposto por DI ANGELIS et al. (2012), algumas observagdes

radiograficas devem ser observadas:



e A imagem radiografica pode ou ndo exibir aumento do ligamento periodontal.
e Em tomada oclusal, pode ser observado um aumento do espago apical, o qual

ocorre quando o apice ¢ deslocado vestibularmente.

Em relagdo ao tratamento, este pode variar de acordo com a gravidade do trauma. A
sequéncia de tratamento pode envolver as seguintes etapas (ANDREASEN; ANDREASEN,
2001 e DI ANGELIS et al., 2012):

e Reposicionamento do elemento dental no alvéolo assim que possivel (sob
anestesia).

e Checar em radiografia o reposicionamento realizado.
e Compressao das tdbuas dsseas vestibular e palatina.

® Re-adaptagdo da gengiva lacerada ao colo dentario.
e [Estabilizar o dente durante quatro semanas (contengao flexivel).
e O tempo de proservacao deste elemento dental deve ser de um ano, no
intuito de determinar se ha a necessidade de realizar terapia pulpar.
Entretanto, estes guias utilizados ndo sdo baseados em revisdes sistematicas da
literatura, nem em estudos clinicos randomizados, que, apesar de necessarios, normalmente nao
podem ser realizados, devido a natureza emergencial dos traumatismos dentérios e devido aos
critérios éticos preconizados (ANDREASEN; LAURIDSEN e ANDREASEN, 2010; COSTA
et al., 2016).
O progndstico dos dentes que foram afetados por esse tipo de traumatismo vai variar
de acordo com o grau de formacao radicular, com a presenga de fraturas no osso alveolar e com
a resposta ao teste vitalidade pulpar (HERMANN et al., 2012; POZZI; ARX, 2008;

ANDREASEN; ANDREASEN, 2001).

1.3 Movimentagdo dentdria induzida em experimento animal



O estudo do deslocamento dentario em amostra animal tem como objetivo verificar
as alteragdes dos tecidos periodontais e pulpares de dentes que sofreram movimentagao
dentaria, este deslocamento, por sua vez, ¢ denominado movimentagao dentaria induzida (MDI)
(CONSOLARO, 2012).

A MDI ¢ representada a partir de forcas desencadeadas por fatores externos aos
dentes e ao 0sso, que possuem carater mecanico € que provém de dispositivos adaptados aos
dentes. Este se diferencia do movimento ortodontico, pois nao visa restabelecer a oclusdo, as
fungdes bucais normais nem conduzir ao equilibrio das propor¢des e da estética facial.
(CONSOLARO, 2012).

E preconizado um periodo de MDI de cinco a nove dias, com a média de sete dias
estabelecida em diversos trabalhos (FRACALOSSI et al., 2009; BUSATO et al., 2014; LELIS,
2015), visto que em periodos com menor tempo, os fendmenos sdo discretos € pouco
perceptiveis (FRACALOSSI et al., 2009).

As alteragdes obtidas a partir da MDI foram descritas na literatura (HELLER;
NANDA, 1979; VERNA; ZAFFE; SICILIANI, 1999; BUSATO et al., 2014). Ao microscopio
optico podemos notar alteragdes como:

e Areas hialinas.

e Reabsorgoes Osseas.

e Alteragdo no quantitativo de células clasticas.
e Presenca de lacunas de Howship.

e Tensdo e compressao das fibras do ligamento periodontal.

1.4 Relevdncia e objetivo da pesquisa

Com base na literatura, verifica-se a necessidade da realizacdo de trabalhos

padronizados em relacdo a angulacdo e a forca aplicada para reproducdo do trauma e que



esclaregam as alteragdes histoldgicas das complicagdes desenvolvidas apos luxacdes laterais.

O trauma de luxagao lateral se trata de um traumatismo que atinge os ligamentos
periodontais e a polpa (HERMANN et al., 2012), além disso, sabe-se que para realizar a MDI
necessita-se da integridade destes tecidos (COHEN et al., 2010; BUSATO et al., 2014).

A combinagao entre traumatismos dentais € a MDI pode resultar em niveis maiores
de reabsor¢ao radicular (HARRIS et al, 1997). Porém, na literatura atual, ha uma escassez de
estudos que descrevam as alteracdes e os desfechos da MDI em dentes que sofreram
exclusivamente a luxacao lateral.

Assim, o objetivo da pesquisa foi avaliar microscopicamente os eventos bioldgicos
da MDI, 15 e 30 dias apds a aplicacdo de um trauma dentoalveolar experimental, do tipo

luxacao lateral em molares de ratos.
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RESUMO

Avaliou-se microscopicamente os eventos bioldgicos da movimentacdo dentaria induzida
(MDI) 15 e 30 dias ap6s luxagao lateral experimental. A amostra foi composta por 30 ratos que,
de acordo com a técnica splitmouth, foram divididos em seis grupos com dez primeiros molares
superiores cada. O Grupo Controle (G°) nfio foi submetido ao trauma dental (TD) e nem a MDI,
no Grupo Movimentagio Controle (GMC) foi realizada MDI apenas, nos Grupos Traumatismo
Controle 15 e 30 dias (GT“"® e GT®*"), foi realizada TD, o reposicionamento do dente no
alvéolo, e acompanhamento apo6s, respectivamente, 22 e 37 dias, nos Grupos Traumatismo e
Movimentagio 15 e 30 dias (GTM! e GTM?Y), 0s animais sofreram TD e, respectivamente, apos
15 e 30 dias, foram submetidos a MDI por sete dias. Apos periodo experimental os animais
foram eutanasiados. A anélise histologica das laminas ocorreu na face mesial da raiz distal, na
face distal da raiz mesial e na furca do primeiro molar superior. Realizou-se analise
semiquantitativa por meio da extensdo Freeman-Halton do teste exato de Fisher. Encontraram-

se caracteristicas de infiltrado inflamatério exacerbado na furca no grupo GTM!

, € encontrou-
se caracteristicas de reabsor¢do no grupo GTM. A analise semiquantitativa demonstrou escores
elevados de infiltrado inflamatério concentrados na distal da furca do grupo GTM° e as
caracteristicas de reabsor¢io foram mais evidentes na regido central da furca do grupo GTM3°,
Conclui-se que a MDI 15 dias apds o TD apresentou um infiltrado inflamatério cronico intenso

na regido de furca, e a MDI 30 dias apds o TD resultou em areas de reabsor¢ao.

Palavras-chave: Traumatismos Dentarios. Modelos Animais. Histologia. Andlise Qualitativa.



ABSTRACT

The biological events of induced tooth movement (ITM) 15 and 30 days after
experimental lateral dislocation were evaluated microscopically. The sample
consisted of 30 rats that, according to the splitmouth technique, were divided into six
groups with ten upper first molars each. The Control Group (C®) was not submitted
to dental trauma (TD) and neither to ITM, in the Control Movement Group (GMC)
ITM was performed only in the Trauma Control Groups 15 and 30 days (GT“'S and
GT®Y), TD, the repositioning of the tooth in the alveolus, and follow-up after,
respectively, 22 and 37 days, in the Groups Traumatism and Movement 15 and 30
days (GTM!> and GTM?Y), the animals suffered TD and, respectively, after 15 and 30
days, were submitted to MDI for seven days. After the experimental period the
animals were euthanized. Histological analysis of the blades occurred on the mesial
aspect of the distal root, the distal aspect of the mesial root and the furcal of the first
maxillary molar. Semiquantitative analysis was performed using the Freeman-Halton
extension of the Fisher exact test. Characteristics of inflammatory infiltrate

exacerbated in furcal region in the GTMP

group were found, and resorption
characteristics were found in the GTM* group. Semiquantitative analysis
demonstrated elevated inflammatory infiltrate scores concentrated in the distal furcal
region GTM"® group and the resorption characteristics were more evident in the
central furcal region of the GTM*® group. It is concluded that MDI 15 days after TD

can result in intense chronic inflammatory infiltrate in the furcation region, and MDI

30 days after TD may culminate in reabsorption.

Keyword: Tooth Injuries. Animal models. Histology. Qualitative analysis.
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1. INTRODUCAO

Segundo Feliciano e Caldas, 2006 (1) o sistema de classificagdo de traumatismos
dentarios mais utilizado foi proposto por Andreasen em 1994 (2), que definiu a luxagdo lateral
como o deslocamento parcial do dente para uma direcao diferente da axial, que, dependendo da

intensidade da forga aplicada, pode vir acompanhada de uma fratura alveolar.

Dentre as alteragdes histologicas observadas estdo: danos ao ligamento periodontal,
envolvendo ruptura ou compressdo das fibras do ligamento periodontal, rompimento do

suprimento neurovascular da polpa e fratura da cavidade alveolar (3).

O periodo de proservagdo deste tipo de trauma pode revelar algumas complicagdes
como obliteracdo do canal pulpar, necrose pulpar, reabsor¢do radicular, perda do suporte

marginal e anquilose (3).

A movimentagdo dentéria pode aumentar os riscos de um prognoéstico desfavoravel para
um dente traumatizado, pois as for¢as que atuam no tratamento ortoddntico irdo incidir sobre

0s mesmos tecidos que se encontram em reparo pos-trauma (4,5).

Os guias de conduta no tratamento de dentes traumatizados (6-8), propostos pela
International Association of Dental Traumatology — IADT tém orientado os profissionais no

atendimento desses pacientes, buscando um progndstico mais favoravel.

Por outro lado, a conduta do tratamento ortodontico de dentes previamente
traumatizados ou traumatizados durante o tratamento ortodontico ndo apresenta informagdes
concretas e precisas na literatura especializada (9). Grande parte das informagdes esta baseada

em ensaios clinicos com diferentes métodos ou relatos de caso (10,11,12).

Bauss et al.,, 2004 (13) relataram uma prevaléncia significativa de traumatismo

dentoalveolar (TD) em pacientes ortodonticos. Verificou-se que 10,8% dos pacientes sofreram
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injurias traumaticas antes do inicio do tratamento ortodontico. Associada a esta informacgao, um
estudo (14) avaliou o nivel de conhecimento de um grupo de ortodontistas sobre o TD ¢ a
movimentagdo ortodontica em dentes traumatizados. O autor verificou que apenas a avulsao
apresentou um nivel de conhecimento satisfatorio sobre seu conceito, e que 40,25% dos
ortodontistas necessitam de mais informag¢des sobre a movimentacdo dentaria em dentes

traumatizados.

No que tange as implicagdes éticas de pesquisas envolvendo pacientes com TD,
Andreasen et al., 2010 (15) apontam uma alternativa relacionada a realizacdo de estudos
experimentais em modelo animal, pois sabe-se que traumatismos conduzidos
experimentalmente em ratos ja ajudaram a compreender varias caracteristicas histologicas do
elemento dentério (16,17), determinando este modelo como uma opg¢ao para um primeiro passo

em busca de respostas relacionadas a essa problematica.

E no intuito de se estabelecer uma correlagao dos dados obtidos nesses estudos com a
vida humana, alguns autores (18,19,20) afirmaram existir uma correspondéncia de 30 dias de
vida do homem para cada dia de vida do rato, o que permite considerar, que uma observacao
de 15 dias poderia corresponder ao periodo préximo de proservagdo sugerida na literatura de 1
ano para luxagdes moderadas e severas (21,22,23). E o periodo de observacdo de 30 dias

corresponderia ao periodo de 2 ano e seis meses de proservacao.

Dessa forma, o presente estudo se propds a avaliar microscopicamente os eventos
biologicos da MDI, 15 e 30 dias ap6s a aplicagdo de um trauma dentoalveolar experimental, do

tipo luxacdo lateral em molares de ratos.



13

2. MATERIAL E METODOS

Este projeto de pesquisa foi encaminhado ao Comité de Etica em Pesquisa Animal, e

aprovado sob o protocolo 269/12 (Anexo B).
2.1 Amostra

Para a realizagdo deste estudo foram utilizados 30 ratos (Rattus, norvergicus, albinus,
Wistar) machos, com peso entre 300 e 350 gramas, com idade de 3 a 4 meses, alimentados
previamente ao experimento com racao solida e dgua ad libitu, submetidos ao ciclo claro/escuro
e temperatura ambiente.

Apos a instalagao dos dispositivos ortodonticos, a ragao foi triturada com a finalidade
de diminuir a consisténcia, e evitar danos aos dispositivos ortodonticos. Os animais foram
mantidos em gaiolas plasticas com dimensdes de 34 X 42 X 17cm, sendo cinco animais por

gaiola de acordo com os seus respectivos grupos.
2.2 Divisdo dos Grupos:

Os 30 ratos participaram do experimento de acordo com a técnica de splitmouth, na qual
o lado esquerdo foi determinado como experimental para movimentagdo dentaria e o direito foi
considerado o controle (sem trauma ou com trauma). Na Tabela 1 apresenta-se a descri¢ao da

distribui¢do dos grupos.

A distribui¢ao dos animais nos grupos foi realizada de forma randomizada, por meio de
um programa online (Random.org ®), no intuito de casualizar os grupos. No momento de aloca-
los em gaiolas, cada animal recebeu uma numeracdo (1 a 30), e de acordo com o sorteio

executado pelo programa, estes foram acomodados em seus grupos.

2.3 Anestesia dos animais:
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Para a realizagdo das intervengdes, os animais ficaram sob sedagdo profunda.

Inicialmente, realizou-se a sedagdo com a aplicagdo de um relaxante muscular -
Cloridato de Xilazina (DOPASER, Caleir S.A., Barcelona, Espanha) ministrando-se 0,03
ml/100g de peso, ¢ em seguida o anestésico - Cloridato de Cetamina (VETASET, Fort Dodge
Animal Health, Towa, USA), com dosagem de 0,07ml/100g de peso, ambos por via

intramuscular.

2.4 Preparo dos animais:

Uma vez sedados, os animais foram acomodados em uma maca na posi¢ao de dectbito
dorsal, na qual permaneceu com as patas aprisionadas, a cabeca imével e boca aberta durante a
realizacdo dos procedimentos de aplicagdo do traumatismo dentoalveolar experimental e/ou

instalacao do dispositivo ortodontico.

2.5 Aplicacdo do traumatismo dentoalveolar:

O trauma experimental dentoalveolar foi realizado de forma padronizada, por meio da
aplica¢do de uma forca de 1000 cN, com 40° de angulagdo do tensidmetro (Morelli, Sorocaba,
Sao Paulo, Brasil — cédigo 75.02.006) (determinado com auxilio do transferidor). A forca foi
aplicada no angulo formado entre as faces ocluso vestibular da cuispide mésiovestibular do
primeiro molar superior direito ou esquerdo (dependendo do grupo experimental) (Fig. 1). Este
modelo de aplicacdo de trauma experimental foi fundamentado em Pereira et al., 2010 (9).
Clinicamente, ocorreu a reproducdo do deslocamento dos dentes para um eixo diferente do
axial, com sangramento a partir do sulco gengival.

Apos a reproducao do trauma experimental, o dente foi reposicionado de forma digital

no alvéolo.

2.6 Instalagcdo do dispositivo ortodontico:
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Nos animais dos Grupos GM®, GTM!S ¢ GTM* foi instalado um dispositivo ortodontico
composto por uma mola de ago inoxidavel, de sec¢dao fechada, com espessura de 0,20 mm e
diametro interno de 0,8mm (Morelli, Sorocaba, Sao Paulo, Brasil - cdédigo 35.20.062) e um
segmento de fio de amarrilho com espessura de 0,25 mm (Morelli, Sorocaba, Sao Paulo, Brasil
- codigo 55.01.210) em cada extremidade da mola.

Inicialmente as molas foram seccionadas e padronizadas com 4 mm de comprimento
por meio de um paquimetro digital Starrett 799-6/150 (Starret, Itd, Sdo Paulo, Brasil). Para
padronizacao ¢ afericdo da forca, manteve-se uma das extremidades da mola fixa, enquanto a
outra extremidade foi estendida por meio de um tensidmetro até o registro da for¢ca de SOcN.

ApOs a realizagdao dos procedimentos pré-operatorios, com o auxilio de um disco de
carburundum (KG Sorensen, Sdo Paulo, Brasil) confeccionou-se um sulco na regido cervical
do incisivo central superior direito, com a finalidade de evitar o deslocamento da mola durante
o periodo de avaliagao.

Em seguida, um fio de amarilho foi inserido, evitando a lesdo das papilas gengivais e
consequentemente a inflamacao periodontal, no sentido lingual/vestibular abaixo do ponto de
contato entre a face mesial do segundo molar superior esquerdo e a face distal do primeiro
molar superior esquerdo. Assim, o fio de amarrilho contornou justamente toda a superficie
corondria e nas proximidades da face mesial uniu-se a uma das extremidades da mola.

O segmento do fio de amarilho fixado na outra extremidade da mola foi tracionado,
estendendo-a até atingir a forga equivalente a 50 cN. E foi fixado parcialmente no incisivo
superior direito do animal. Para assegurar a intensidade da forca, a mola foi novamente aferida,
e entdo o remanescente de fio foi cortado e unido a face vestibular do incisivo superior direito
com resina composta fotopolimerizavel TPH (Dentisply, Catanduva, Sao Paulo, Brasil) (Fig.

2). Esse mecanismo de MDI foi estabelecido por Heller e Nanda em 1979(23).
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2.7 Eutandsia dos animais:

A eutanésia dos animais foi realizada por doses excessivas do anestésico. Constatou-se
o Obito dos animais, por meio da auséncia de batimentos cardiacos. Em seguida, foram
decapitados, a maxila e a mandibula foram separadas e a maxila seccionada em duas partes e

acondicionada em um frasco para fixa¢dao em solu¢do de formol neutro a 10% por 24 horas.

2.8 Processamento histologico:

Ap6s fixacdo, as pecas anatomicas foram lavadas em 4gua corrente por 24 horas e
descalcificadas em solugao de Plank-Richlo’s (por 15 dias). Posteriormente a descalcificagao,
foram realizados os processos de desidratacao, clarificagao e inclusao em parafina.

Com as pegas anatomicas incluidas em parafina e montadas em blocos, estas foram
submetidas aos cortes seriados no sentido sagital da pe¢a com 5 pum de espessura. Dispondo os
cortes seriados em grupo de cinco cortes por lamina, foi realizada a coloracdo de Hematoxilina

€ eosina.

2.9 Andlise qualitativa:

Na andlise qualitativa foi realizada a avaliagdo descritiva: da morfologia do contorno
0sseo, cemento, ligamento periodontal; presenca de infiltrado inflamatdrio (cronico ou agudo),
de clastos, de fibroblastos, de areas de hialinizacdo; da organizacdo das fibras coldgenas, dos
vasos sanguineos; da formacao do tecido ostedide e presenga de anquilose. Foram consideradas
para esta avaliacdo: a face mesial da raiz distal, a face distal da raiz mesial e a furca, além da
analise do tecido pulpar, crista alveolar e do epitélio juncional do primeiro molar superior do
rato (Fig. 3).

Cada grupo deste estudo apresentou uma tabela referente as possiveis alteragdes

histologicas encontradas.
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2.10 Andlise semiquantitativa das laminas histologicas

Para a quantifica¢ao das ocorréncias histologicas foram atribuidos escores de 1 a 4 aos
diferentes eventos histopatologicos: infiltrado inflamatorio, alteragdo vascular e reabsor¢ao
radicular externa na furca do primeiro molar superior do animal, nos ter¢os mesial, médio e
distal.

Os eventos avaliados e seus respectivos escores foram:

1) Intensidade do processo inflamatdrio no ligamento periodontal (24):

1- Auséncia ou presenca ocasional de células inflamatorias.

2- Pequeno niimero de células inflamatorias. Até dez células por campo, com aumento de
400X.

3- Moderado numero de células inflamatoérias. De 11 a 50 células por campo, com
aumento de 400X.

4- Grande namero de células inflamatorias. Acima de 50 células inflamatorias por campo
com aumento de 400X.
2) Alteragdes vasculares no ligamento periodontal (25):

1- Auséncia ou presenca ocasional de vasos sanguineos.

2- Presenga de vasos sanguineos hiperémicos.

3- Presenga de hemorragia leve (algumas hemacias soltas no ligamento).

4- Ligamento periodontal hemorragico (hemorragia intensa no ligamento periodontal).

3) Areas de reabsorc¢ao radicular ativa e inativa (24):
1- Auséncia de area de reabsor¢ao.
2- Presenga de area de reabsor¢do inativa (auséncia de células clésticas).

3- Presenca de pequenas areas de reabsor¢do ativa (presenga de clastos).
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4- Presenca de extensas areas de reabsor¢do ativa (presenca de clastos).

2.11 Andlise estatistica

2.11.1 Determinagao do erro para a analise semi-quantativa

As avaliagdes dos grupos foram realizadas duas vezes com um més de diferenca entre
elas. Foi realizado o teste Kappa para avaliar a concordancia intra-examinador através do
software SPSS 18.0 (IBM, Chicago, IL, USA). Observou-se uma concordancia substancial
(Kappa = 0,6).

2.11.2 Anélise de escores

Os dados obtidos foram tabulados em programa Excel — Microsoft Office (Microsoft

Corp. Redmond, WA, USA, 2013) para descrever as frequéncias dos desfechos encontrados. E
apo6s tabulagdo, utilizou-se a extensdo Freeman-Halton do teste exato de Fisher no software
SPSS 18.0 (IBM, Chicago, IL, USA, 2014) para comparar a distribuicao escores de acordo com
o desfechos e de acordo com a 4rea de furca afetada. O nivel de significancia adotado foi de

5%.

3. RESULTADOS

3.1 Andlise qualitativa

Nesta analise foram perceptiveis caracteristicas relacionadas a reabsor¢ao na superficie
Ossea (principalmente na regido de crista 0ssea alveolar, caracterizadas como ativa, quando
notava-se a presenca de osteoclastos nas lacunas de howship), reabsor¢des dentarias externas
na superficie de cemento, alteracdes pulpares (relacionadas a vasos congestos, desorganizagao
da camada odontoblastica e caracteristica da matriz extracelular), assim como alteragdes no
ligamento periodontal, relacionadas a presenca de infiltrado inflamatério cronico (linfocitos,
destruicdo tecidual, angiogénese e formagao de tecido fibroso) e desorganizacao do ligamento

periodontal (rompimento, estiramento e compressdo de fibras do ligamento periodontal).
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Nao foram encontradas areas de hialinizag¢do ou caracteristicas de anquilose.

Abaixo encontramos a descrigao histopatoldgica por grupo, e na tabela 2 a sumarizagéo
das informagdes obtidas a partir da analise descritiva.

3.1.1 Alteracoes histopatoldgicas do G€:

Neste grupo foram utilizados dez animais como controle que tiveram os primeiros
molares direito superiores que ndo foram submetidos a MDI e a TD.

Na altura do ter¢o cervical da raiz o epitélio juncional encontrou-se justaposto a
superficie cementéria. Subjacente a esta area, observou-se a presenca de fibroblastos e fibras
colagenas. Essas fibras encontraram-se inseridas na superficie radicular e no tecido gengival.

O tecido pulpar mostrou-se bem vascularizado e rico em expressiva matriz extracelular.
A disposicdo dos fibroblastos e as fibras coldgenas no tecido pulpar ndo apresentou uma
organizac¢do bem definida. As paredes dentarias da porcao radicular apresentaram-se dispostas
paralelamente entre si e, ao longo do tecido pulpar desta area, observou-se vasos sanguineos
amplos dispostos paralelamente as paredes do canal.

Os odontoblastos, localizados junto a superficie dentindria, apresentaram-se
colunarmente dispostos. Junto a essas células, encontrou-se uma camada de pré-dentina que
se manteve constante em todas as areas analisadas (Fig. 4). O ligamento periodontal € rico em
fibras coldgenas e fibroblastos. Os feixes de fibras coldgenas estavam dispostos
horizontalmente na regido cervical, enquanto no ter¢o médio e apical se posicionaram de

forma obliqua. As paredes alveolares apresentam-se rica em osteoblastos e osteodcitos.

3.1.2 Alteracoes histopatolégicas do GM®:
Neste grupo foram utilizados dez animais que tiveram os primeiros molares esquerdos
superiores submetidos a MDI apenas.
Em todos os espécimes, o ligamento periodontal apresentou-se rico em fibras coldgenas

e fibroblastos. Suas fibras, no tergo cervical e no terco apical da superficie mesial da raiz
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distal, apresentaram-se sem uma organizagao definida. Nessa regiao, em alguns espécimes,
observou-se também um infiltrado inflamatério pouco expressivo no tecido conjuntivo
fibroso. Nas demais areas, suas fibras estavam dispostas obliquamente, inserindo-se na
superficie cementaria de um lado e superficie 6ssea alveolar do outro.

Na crista 6ssea alveolar, em um espécime, encontrou-se alguns pontos de reabsor¢ao
ossea. Nos demais espécimes, esses pontos se caracterizavam por pequenas cavidades 0sseas
sem a presenga de clastos (lacunas de Howship vazias), situagdo comum no tecido 6sseo
neoformado. Em trés espécimes, alguns pontos de reabsor¢do de superficie radicular

(cemento) foram encontrados no terco disto apical da raiz mesial (Fig. 5).

3.1.3 Alteracoes histopatoldgicas do GT¢!S:

Neste grupo foram utilizados dez ratos, que tiveram os primeiros molares superiores
direitos submetidos ao TD e sofreram eutanasia ap6s 22 dias.

Na altura do terco cervical da raiz o epitélio juncional encontraram-se justaposto a
superficie do dente, o tecido aparentou caracteristicas de normalidade, com fibras inseridas na
lamina propria da gengiva e no cemento.

Na polpa, em grande parte da amostra, a camada odontoblastica apresentou-se
desorganizada, com grande quantidade de vasos sanguineos congestos e matriz extracelular.

Verificou-se, em grande parte da amostra, que a superficie cementaria da face mesial da
raiz distal apresentou integridade em toda sua extensao, enfatiza-se-se ainda, a desorganizacao
das fibras coldgenas inseridas nessa regido. Na superficie distal da raiz mesial o ligamento
periodontal se encontrou-se rompido em grande parte dos espécimes.

Na crista 0ssea, foi notado focos ocasionais de clastos, ¢ em uma amostra verificou-se

focos de reabsorcao.
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As fibras do ligamento periodontal da regido de furca encontraram-se rompidas (Fig. 6)
e com vasos congestos, com a presenca de infiltrado inflamatorio crénico moderado,
caracterizado pela presenca de linfocitos dispersos entre as fibras do ligamento periodontal.

3.1.4 Avaliacio histopatolégica do GTM!S:

Neste grupo foram utilizados dez ratos que tiveram os primeiros molares superiores
esquerdos submetidos ao TD, e apods 15 dias, foram submetidos a MDI por um periodo de sete
dias e sacrificados no 22° dia do experimento.

Notou-se o epitélio juncional bastante dilacerado e na crista 0ssea, verificaram-se focos
de clastos e de reabsorcao.

Na polpa, foram encontradas as caracteristicas mais exacerbadas de desorganizacdo da
camada odontoblastica; em alguns espécimes, encontrou-se uma elevada quantidade de matriz

extracelular e vasos congestos.

No ligamento periodontal da furca, foram encontradas caracteristicas de rompimento e
desorganizacdo deste tecido, e como caracteristica bem evidente a concentracdo de um
infiltrado inflamatdrio cronico caracterizado pela presenca de linfocitos em grande quantidade
nessa regido (Fig. 7 e Fig. 10).

Na crista alveolar verificou-se pontos de reabsor¢do e a presenca de clastos em quase

todas as amostras.

Destacam-se pequenas areas de reabsorcao na superficie cementéria da face mesial da

raiz distal, na furca e na face distal da raiz mesial de parte da amostra, além disso, verifica-se

a presenca de areas hialinas, em grande parte desta amostra, no ter¢o cervical da face dessa

regiao.

3.1.5 Avaliacio histopatolégica do GT:
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Neste grupo, nove ratos (perda de um animal durante o experimento) que tiveram os
primeiros molares superiores direitos submetidos ao TD, e sofreram eutanasia 37 dias apos o
trauma.

Quando se leva em consideragao as caracteristicas do ligamento periodontal, em grande
parte das amostras apresentou-se organizacao das fibras coldgenas, que estdo inseridas na
superficie do dente e no tecido 0sseo.

Porém, destacou-se a presenca de clastos dispersos no ligamento periodontal da regido
de furca em apenas trés amostras (Fig. 8).

Em outras trés diferentes amostras, encontrou-se caracteristicas de normalidade na
polpa, porém, em todos os outros a camada odontoblastica desorganizada foi a caracteristica
principal apresentada.

A crista Ossea apresenta focos de clastos em cinco das nove amostras, nas demais,
encontrou-se caracteristicas de normalidade.

A presenga de infiltrado inflamatorio € pouco caracteristica desse grupo, assim como as
areas de reabsorcao na superficie cementaria da face mesial da raiz distal e na face distal da
raiz mesial sdo pouco caracteristicos desses grupos.

Na figura 11, enfatiza-se as caracteristicas do grupo GT*°

que apresenta caracteristica
de normalidade semelhante ao G°.

3.1.6 Avaliacio histopatolégica do GTM;

Neste grupo, nove ratos (perda de um animal durante o experimento) tiveram os
primeiros molares superiores esquerdos submetidos ao TD e ap6s 30 dias foram submetidos
a MDI por sete dias.

Encontrou-se na superficie mesial da raiz distal organizagdo das fibras colagenas, em

grande parte das amostras, inseridas tanto na superficie da raiz como no tecido Osseo e

gengival.
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Observou-se um epitélio juncional dilacerado em todas as amostras.

E importante destacar que em todas as amostras foram encontrados um quantitativo
significante de clastos, estes na maioria das vezes encontraram-se na regiao de furca ou na
superficie mesial da raiz distal (Fig. 9), assim como pequenas areas reabsorvidas em diversos
pontos da raiz.

Configurou-se como caracteristica deste grupo a presenca de areas de reabsor¢ao dssea
na crista 0ssea também.

Observou-se uma polpa corondria vascularizada, com grande quantidade de matriz
extracelular e a desorganizagdo da camada odontoblastica foi evidenciada em uma amostra
apenas.

Nas Figuras 10 e 11 apresenta-se o comparativo dos acontecimentos na regido de furca
dos grupos experimentais com os grupos controle, mostrando as diferencas histopatologicas
encontradas em cada grupo.

3.1 Andlise semiquantitativa
Os resultados desta andlise (frequéncia e p-valor) estdo representados nas tabelas 3, 4
es.
Na Tabela 3, que expde dados relacionados a presenga de infiltrado inflamatério, o
GTM? exibiu diferengas estatisticamente significantes, quando comparado a G¢, GM® e GTM3?,
devido apresentar um maior numero de amostras com escores maiores que os demais grupos.

Na regido média da furca, o grupo GTMP

apresentou diferenca estatisticamente significante
também, quando comparado ao seu proprio controle (GT“!).

Na tabela 4, as alteracdes vasculares foram expostas, demonstrando que o grupo GTM!®
apresentou diferencas estatisticamente significantes quando comparado aos demais grupos,

com escores menores. Observa-se que o unico grupo que essa diferenca nao foi evidenciada foi

GTM30.
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A tabela 5, que apresenta as caracteristicas de reabsorcao radicular, demonstrou que o
GTMIS e GTM® tem diferengas estatisticas quando comparados aos G¢ e GMC. Além disso,
ambos os grupos (GTM® e GTM3%) apresentaram diferencas estatisticas significantes quando
comparados aos seus respectivos controles de trauma (GT" e GT*, respectivamente). Na
regido média da furca, o grupo GTM*? apresentou diferenga quando comparados ao GTM!3, pois
apresenta escores mais elevados nessa regido.

Nas figuras 12, 13 e 14 sdo apresentados graficos que mostram a distribui¢ao dos
escores referente a presenca/intensidade dos desfechos em cada area da furca (mesial, média e
distal).

Na figura 12, o gréfico exibiu escores elevados de infiltrado inflamatorio (escore 4) do
GTC" na regido distal da furca, sendo estatisticamente significante quando comparada a regido
média e mesial. No grupo GTM!3, essa caracteristica ainda é apresentada, quando a regido distal
¢ comparada as demais regides.

Na figura 13, o grafico demonstra que as alteragdes vasculares ndo apresentaram
diferencas estatisticamente significantes em relagdo a regido da furca analisada. Ou seja, as
alteragdes vasculares ocorrem de forma semelhante em toda a furca.

Na figura 14, em relagdo a distribui¢do dos escore referentes reabsor¢ao radicular nos
grupos experimentais, verifica-se que no grupo GTM*°, a regidio média possui maior quantidade
de reabsor¢do (escore 3), quando comparado aos demais grupos, exibindo dados estatiscamente

significantes.

4. DISCUSSAO
A conduta para MDI em dentes que sofreram luxacdes, previamente ou durante o
tratamento ortodontico ainda ¢ um assunto contraditorio e com baixo nivel de evidéncia

cientifica (9). Atualmente, existem guias de conduta que informam sobre a necessidade de se
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aguardar um periodo de proservacdo de aproximadamente um ano antes de iniciar qualquer
procedimento ortodontico (6, 21, 22), e de forma contraria, a literatura também indica a MDI
como uma forma de estimular a recuperagdo de tecidos periodontais, devido a liberagao de
areas de compressao no ligamento periodontal, o que pode trazer resultados benéficos para
recuperacao do elemento dental traumatizado (26, 27). Essas informagdes contrarias, apontam
ainda uma necessidade de desenvolvimento de estudos nessa area que explorem mais as
respostas biologicas da MDI em diferentes periodos apds TD.

Neste estudo, por meio da andlise qualitativa foi possivel determinar que no grupo
GTM' foram encontradas caracteristicas de infiltrado inflamatério cronico intenso na regido
de furca (Fig. 7 e Fig. 10), e que de acordo com a anélise semiquantitativa, foi estatisticamente
diferente dos grupos G¢ GM€, e do GTM* (Tab. 4.). Além disso, é importante ressaltar, que
essa caracteristica se fez mais evidente na superficie mesial da raiz distal e na regido distal da
furca (Fig. 10 e Tab. 2), o que pode ser explicado pelo fato da raiz distovestibular ter
caracteristicas de menor espessura quando comparada a raiz mesiovestibular (28), pelo fato
de ser uma das regides mais agredidas pelo TD e por ter sofrido atuacdo das forcas da MDI.

Ao mesmo tempo, de acordo com a analise semiqunatitativa, e ainda considerando o
evento da presenca de infiltrado inflamatério cronico, o grupo GTM!®> demonstra nio ter
diferenca do grupo GTC!® (Tab. 4), determinando que o tempo de preservacgdo de 15 dias nio
¢ suficiente para minimizar o exacerbado inflamatério, e consequentemente, que deve ser
considerado um tempo de proservagdo insuficiente para realizar a MDI.

Grande parte dessas células inflamatorias foi caracterizada como linfocitos, que sdo
células caracteristicas de inflamagdes cronicas. Diversos estimulos podem induzir a
cronificagdo do processo inflamatorio, por exemplo, a presenga de traumas repetitivos (29).

Logo, a MDI apés o trauma de 15 dias pode ser considerada um tipo de trauma repetitivo,
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sugerindo assim uma justificativa para infiltrado inflamatorio intenso caracteristico do grupo
GTMIS.

O GTM* apresentou uma quantidade substancial de clastos na regido de furca, e areas
de reabsor¢do em diversos pontos da raiz. Na analise semiquantitativa houve uma
concentracao de areas de reabsorcao significativa na regido média da furca (Fig. 13). Ressalta-
se ainda, que no GT“*, a analise qualitativa apontou um menor quantitativo de células
inflamatorias (Tab. 2) e caracteristicas mais proximas do G, porém, a MDI apés o periodo
de 30 dias de reparo demonstra que ainda pode haver riscos de reabsor¢do radicular, e
determinando nao ser um tempo de proservagao suficiente para realizar a MDI.

Estes achados apresentaram similaridade com a pesquisa desenvolvida por Lelis, 2015
(30) que avaliou a MDI ap6s tempos tardios de reparo do trauma do tipo luxacao extrusiva,
concluindo que MDI pode causar reativacdo das areas de reabsor¢do radicular que se
encontravam paradas. Porém, os resultados desse estudo apresentaram graus maiores € mais
variados de reabsorcao em diferentes areas, o que pode ser explicado pela forma de aplicacao
do trauma que ocorreu sem padronizacao da for¢a e da angulacao, e que pode resultar em uma
variabilidade na resposta de reparo e de reabsor¢do obtida, assim como apontado por Pereira
etal., 2010 (9).

O método de luxagao lateral utilizado nesse experimento possibilitou a padronizagdo da
angulacdo e da forga aplicada, levando a alteracdes histoldgicas no ligamento periodontal e
na polpa do elemento dental, assim como altera¢des clinicas, como deslocamento parcial do
dente para uma direcdo diferente da axial e sangramento a partir do sulco gengival, porém,
nao o suficiente para causar uma fratura alveolar (3).

Uma das principais preocupagdes relacionadas aos estudos em modelo animal ¢ a
possibilidade de extrapolacao de dados para populacao humana (19). Estudos classicos (31,

32) afirmaram existir uma correspondéncia de 30 dias de vida do homem para cada dia de
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vida do rato, e estudos mais recentes (18,19,20), que realizaram revisdes e trabalhos
experimentais em ratos, também consideraram como verdadeira esta correlagdo. Logo
evidencia-se a necessidade de realizar algumas adequagdes, em relacdo ao tempo de
proservagao e ao método para que a analise dos resultados da MDI e do TD possam ser
extrapolados para o tempo de proservacao clinico em humanos. Dessa forma, uma observagao
de 15 dias poderia corresponder ao periodo proximo de proservacao sugerida na literatura de
1 ano para luxagdes moderadas e severas (6), ¢ o periodo de 30 dias seria equivalente a um
periodo de um pouco mais de 2 anos de proservagao.

Com os resultados obtidos nessa pesquisa, verifica-se a necessidade de se determinar o
inicio do tratamento ortodontico apenas dois anos e seis meses ou mais apos a luxacao lateral.
Porém, deve-se levar sempre em consideragado a gravidade do trauma apresentado, verificando
se trauma gerou danos nao s6 ao ligamento periodontal, mas também ao plexo vascular e ao
0sso alveolar; assim como pontuado por Andreasen ¢ Andreasen, 2001 (3), tais caracteristicas
irdo influenciar diretamente na conduta a ser tomada e no tempo de proservacao necessario.
Ainda sim, o acompanhamento constante por meio de radiografias periapicais define-se como

necessario, para determinar a evolugao dos quadros de reabsorcao (33).

5. CONCLUSAO

-Em dentes que foram submetidos a MDI apos 15 dias da luxagao lateral verificou-se:
infiltrado inflamatdrio intenso na regido de furca, a presenga de clastos em diversos pontos do
ligamento periodontal, assim como desorganiza¢do da camada odontoblastica e das fibras
colagenas.

- Em dentes que foram submetidos & MDI ap6s 30 dias da luxagao lateral, verificou-se:

caracteristicas mais brandas relacionadas ao infiltrado inflamatoério (discreto/moderado),
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porém com escores elevados de clastos na regido de furca, assim como areas de reabsor¢ao

sobre a superficie de cemento.
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FIGURAS

Figura 1 - A: Instrumento utilizado para aplicagdao do trauma, que padroniza a angulagdo
(devido o brago biarticulado) e a for¢a (devido tensidmetro). B: Aplicagdo do trauma no molar
do rato.

Figura 2 - Cranio seco do animal, com instalacdo do aparelho ortoddntico no primeiromolar
superior direito e no incisivo superior direito.A: Vista oclusal do dispositivo de MDI. B: Vista
lateral do dispositivo de MDI.

Fonte: PEREIRA, Alex Luiz Pozzobon. Avaliacdo microscépica da movimentagdo dentaria induzida em dentes
traumatizados: um estudo experimental em ratos. 2008. 60 f. Tese (doutorado) - Universidade Estadual Paulista,
Faculdade de Odontologia de Aracgatuba, 2008. Disponivel em: <http://hdl.handle.net/11449/104517>

Figura 3 - Area de avaliagdo para analise qualitativa descritiva face distal da raiz mesial, face
mesial da raiz distal e regido de furca.
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Figura 4 - A: Desenho esquematico da area avaliada. B: Os odontoblastos, localizados junto a
superficie dentinaria, apresentam-se colunarmente dispostos (G°). (Aumento de 100X.).

Figura 5 - A: Desenho esquematico da area analisada. B: Terco apical da superficie distal da
raiz mesial com reabsor¢do da superficie no GMC. (Aumento de 200X):
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Figura 6 - A: Desenho esquematico da area analisada. B Rompimento das fibras da regido de
furca no GT"%. (Aumento de 100X).

Figura 7 - A: Desenho esquematico da 4rea avaliada. B: Infiltrado inflamatdrio evidenciado na
regido de furca no grupo GTM!, (Aumento de 200X).
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Figura 8 - A: Desenho esquematico da area avaliada. B: Presenca de osteoclastos na regido de
furca no GT*. (Aumento de 400X).

Figura 9 - A: Desenho esquematico da area avaliada. B: Osteoclastos ocasionais dispersos no
ligamento periodontal do grupo GTM3?. (Aumento de 400X).




Figura 10 - Comparagdo das caracteristicas histologicas da regido de furca dos grupos GC, GMC, GTC1 e GTM1 (Aumento de 400X).
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Figura 11 - Comparacdo das caracteristicas histologicas da regido de furca dos grupos GC, GMC, GTC2 e GTM2 (Aumento de 400X).
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Figura 12 - Distribuicao dos escore referentes a presenca de infiltrado inflamatdrio entre as areas mesial, média e distal da furca dos grupos de

estudo.
— *
100% —
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
S 2 0o S 2 o s = B s = B s = B
GMC G.I.C15 G_|_|v|15 GTC3O GTM3O
mScorel mScore2 1 Score3 - Scored

* Indica diferengas estatisticamente significantes entre as regides.



39

Figura 13 - Distribui¢do dos escore referentes a presenca de alteragdes vasculares entre as areas mesial, média e distal da furca nos grupos de

estudo.
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Figura 14 - Distribui¢@o dos escore referentes a presenga de reabsorc¢ao radicular entre as areas mesial, média e distal da furca nos grupos de estudo.
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Tabela 1 — Classificacao dos grupos
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TABELAS

ANIMAIS GRUPOS Acio executada
Auséncia de TD e de MDI, eutanasia apos 7 dias
Grupo Controle (G°) -
1° molar superior direito
10 Ratos i i i i
Gl o Auséncia de TD, MDI por 7 dias, seguida de eutanasia
Controle (GM©): 1° molar superior esquerdo
G Tt Corirs e Aplicagao de TD + 22 dias para eutanasia
15 dias (GT“P): 1° molar superior direito
10 Ratos ; Aplicagdo de TD + aguarda-se 15 dias + 7 dias de MDI para
Grupo Traumatismo e .
Movimentagdo 15 dias cutanasia
(GTM®) 1° molar superior esquerdo
G Unmekins Comirs e Aplicacdo de TD + 37 dias para eutanasia
30 dias (GT?) 1° molar superior direito
10 Ratos Aplicacao de TD + aguarda-se 30 dias + 7 dias de MDI para

Grupo Traumatismo e
Movimentagao 30 dias
(GTM30);

eutanasia

1° molar superior esquerdo



Tabela 2 - Sumarizagao das informag¢des obtidas a partir da analise descritiva

Superficie Distal da Raiz

Superficie Mesial da Raiz Distal X Furca Observacoes
Mesial
G RO | RD | AP LP RO | RD | AP: LP RO | RD | AP? LP
rupos IIC | DLP IIC | DLP IIC | DLP
GM€ + + - + - + + - - - - - - - -
GTC1 + - + - + - + + - + + - + + +
Ep. Juncional dilacerado e com
GTMI5 + + | | ++ ++ + - ++ + + - + | | ++ | colonias bacterianas aderida a
superficie do dente.
Presenca de clastos em 3
GT - + + - - - + + - - + + + - - amostras na furca
Ep. Juncional dilacerado e com
colonia bacteriana aderida a
GTM ++ + - - - - | |- - - + - + + - superficie do dente. Presenca
de clastos no ligamento
periodontal.

Legenda: +: presenca do evento histologico / ++: presenga mais exacerbada/ -: auséncia do evento histoldgico/ RO: reabsor¢ao 6ssea/ RD:
reabsor¢do dentaria/ AP': Alteragdo Pulpar na raiz distal/ AP?; Alteragdo pulpar na raiz mesial/ AP3:Alteragdo pulpar coronéria/ IIC:
Infiltrado Inflamatdrio. Cronico/ DLP: Desorganizag¢do do Ligamento Periodontal/ LP: Ligamento Periodontal
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Tabela 3: Resultado da anélise semiquantitativa para presenga de infiltrado inflamatdrio crénico.

Presenca de Infiltrado Inflamatorio (N de animais por score/ N total de animais do grupo)

GC GMC GTCIS GTMIS GTC30 GTM30
Scores
1 10/10 5/10 1/10 0/10 0/9 1/9
Furca Mesial 2 0/10 5/10 0/10 0/10 9/9 6/9
3 0/10 0/10 9/10 7/10 0/9 1/9
4 0/10 0/10 0/10 3/10 0/9 1/9
Comparagao * * *H * *
Scores
1 10/10 5/10 1/10 0/10 0/9 0/9
Furca Média 2 0/10 5/10 0/10 1/10 9/9 8/9
3 0/10 0/10 9/10 4/10 0/9 0/9
4 0/10 0/10 0/10 5/10 0/9 1/9
Comparacdo * * *ti# * *t
Scores
1 10/10 9/10 1/10 0/10 0/9 0/9
Furca Distal 2 0/10 1/10 0/10 0/10 9/9 8/9
3 0/10 0/10 9/10 2/10 0/9 0/9
4 0/10 0/10 0/10 8/10 0/9 1/9
Comparagdo * *tH * *t

* Representa diferencas estatisticamente significantes quando comparado com o grupo GC.

T Representa diferengas estatisticamente significantes quando compara o grupo GMC e grupos com movimentagao
apos a aplicagdo do trauma (GTM1 e 2).

¥ Representa diferencas estatisticamente significantes entre o grupo de trauma controle (GTC) e o grupo de trauma
com movimentagdo que possui 0 mesmo tempo de proservagdo (GTC1 com GTM1 e GTC2 com GTM2).

# Representa diferencgas estatisticamente significantes entre os grupos de movimentagdao GTM1 e GTM?2.



Tabela 4: Resultado da anélise semiquantitativa para presenca de alteragdes vasculares.

Presenca de alteragdes vasculares (N de animais por score/ N total de animais do grupo)

GC GMC GTCIS GTMIS GTC30 GTM30
Scores
1 10/10 1/10 1/10 6/10 1/9 4/9
Furca Mesial 2 0/10 9/10 2/10 3/10 8/9 5/9
3 0/10 0/10 7/10 1/10 0/9 0/9
4 0/10 0/10 0/10 0/10 0/9 0/9
Comparagao * *t *t & *
Scores
1 10/10 1/10 1/10 7/10 1/9 2/9
Furca Média 2 0/10 9/10 2/10 3/10 8/9 7/9
3 0/10 0/10 7/10 0/10 0/9 0/9
4 0/10 0/10 0/10 0/10 0/9 0/9
Comparagdo * *f t * *
Scores
1 10/10 2/10 1/10 5/10 1/9 2/9
Furca Distal 2 0/10 7/10 2/10 4/10 8/9 7/9
3 0/10 1/10 7/10 1/10 0/9 0/9
4 0/10 0/10 0/10 0/10 0/9 0/9
Comparagdo * * *% * *

* Representa diferencas estatisticamente significante quando comparado com o grupo GC.

t Representa diferengas estatisticamente significante quando compara o grupo GMC e grupos com movimentagao
apos a aplicagdo do trauma (GTM1 e 2).

¥ Representa diferengas estatisticamente significante entre o grupo de trauma controle (GTC) e grupo de trauma com
movimentagao que possuem o mesmo tempo de proservagdo (GTC1 com GTM1 e GTC2 com GTM2).

# Representa diferengas estatisticamente significante entre os grupos de movimentagdo GTM1 e GTM2.



Tabela 5: Resultado da anélise semiquantitativa para presenga de reabsor¢ao radicular.

Presenca de reabsor¢do radicular (N de animais por score/ N total de animais do grupo)

GC GMC GTCIS GTMIS GTCSO GTM3O
Scores
1 10/10 10/10 10/10 5/10 8/9 2/9
Furca Mesial 2 0/10 0/10 0/10 0/10 1/9 3/9
3 0/10 0/10 0/10 5/10 0/9 4/9
4 0/10 0/10 0/10 0/10 0/9 0/9
Comparagao *tf *tf
Scores
1 10/10 10/10 9/10 5/10 9/9 0/9
Furca Média 2 0/10 0/10 0/10 3/10 0/9 0/9
3 0/10 0/10 1/10 2/10 0/9 9/9
4 0/10 0/10 0/10 0/10 0/9 0/9
Comparagao *t *ti#
Scores
1 10/10 10/10 9/10 4/10 9/9 2/9
Furca Distal 2 0/10 0/10 0/10 1/10 0/9 3/9
3 0/10 0/10 1/10 4/10 0/9 4/9
4 0/10 0/10 0/10 1/10 0/9 0/9
Comparagdo *tH# *t§

* Representa diferencas estatisticamente significantes quando comparado com o grupo GC.

T Representa diferengas estatisticamente significantes quando compara o grupo GMC e grupos com movimentagao
apos a aplicagdo do trauma (GTM1 e 2).
¥ Representa diferencas estatisticamente significantes entre o grupo de trauma controle (GTC) e o grupo de trauma
com movimentagdo que possui 0 mesmo tempo de proservagao (GTC1 com GTM1 e GTC2 com GTM2).

# Representa diferencas estatisticamente significantes entre os grupos de movimentag¢do GTM1 e GTM?2.
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3. CONSIDERACOES FINAIS

O tratamento do TD tem sido objeto de estudo nos ultimos anos (autores), no entanto, os
protocolos de tratamento ortodontico de dentes previamente traumatizados ou traumatizados
durante o tratamento ortodontico ndo sdo, ainda hoje, baseados em evidéncias cientificas. A
literatura cientifica é pobre em trabalhos padronizados que esclarecam as alteragdes decorrentes
das complicagcdes desenvolvidas apds o trauma (ANDREASEN; LAURIDSEN;
ANDREASEN, 2010), e no que tange as consequéncias ocorridas pelo tratamento ortodontico,
esse cenario também nao ¢ diferente.

Uma alternativa citada por ANDREASEN, LAURIDSEN; ANDREASEN (2010) ¢
a realizagdo de estudos experimentais em modelo animal, pois verifica-se que estudos com
traumatismos conduzidos experimentalmente em ratos ajudaram a compreender a histogénese
das mudancgas traumaticas no desenvolvimento do germe dentdrio e os eventos biologicos

envolvidos no reimplante dentario (TANIGUCHI et al., 1999; SHINOARA et al., 2004).

Por outro lado, ANDREOLLO et al, 2012 confirma a necessidade de se levar em
consideragdo na analise dos resultados de estudos em murinos as diferencas anatdmicas,
fisioldgicas e de desenvolvimento bioldgico do animal, principalmente quando se pretende
extrapolar os dados para condicdo humana. Por isso, alguns autores (KLEE et al., 1990;
IANDOLI et al., 2000; ANDREOLLO et al., 2012), alicercado em seus estudos, relatam que 1
dia de vida do rato corresponde a 30 dias de vida do humano. Sendo esse um parametro utilizado
em estudos em diversas areas da medicina.

Dessa forma, nesse estudo, o tempo de proservacao de 15 dias corresponderia a 1 ano e
3 meses e o tempo de proservacao de 30 dias corresponderia a 2 anos e 5 meses. O periodo de
1 ano foi selecionado como primeiro tempo de proservagdao, pois se trata do periodo
determinado pelos guias da tratamento orotoddntico para dentes previamente traumatizados
(MALMGREN et al., 1982; FLORES et al., 2007, e KINDELAN et al., 2008), quando ocorrem
luxagdes moderadas a severas, € selecionou-se um periodo maior de tempo para comparar o
processo de reparo.

No Capitulo I desta tese, pode-se discutir sobre sugestdes de periodos de proservacao
apoOs o traumatismo de luxacdo lateral, e verificou-se que realizar a MDI 15 dias apds a
aplicacdo do trauma de luxagdo lateral pode culminar em desfechos relacionados a um alto

quantitativo de infiltrado inflamatoério cronico. E quando a MDI ocorre depois do tempo de
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proservacao ¢ de 30 dias, ¢ observado um quantitativo elevado de clastos, e areas de reabsorcao
ao longo da superficie cementaria. Estes dados sugerem que existe uma necessidade de se
abordar outros tempos de proservacao para se realizar a movimentacao dentdria, com protocolos

clinicos e desfechos mais seguros.
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ANEXO A — Normas do Periédico Dentaal Traumatology

Estas normas foram utilizadas para adequagao do primeiro artigo.
Author Guidelines

Content of Author Guidelines: 1. General, 2. Ethical Guidelines, 3. Submission of
Manuscripts, 4. Manuscript Types Accepted, 5. Manuscript Format and Structure, 6. After
Acceptance

Useful Websites: Submission Site, Articles published in Dental Traumatology, Author
Services, Wiley-Blackwell’s Ethical Guidelines, Guidelines for Figures

1. GENERAL

Dental Traumatology is an international peer-reviewed journal which aims to convey
scientific and clinical progress in all areas related to adult and pediatric dental traumatology. It
aims to promote communication among clinicians, educators, researchers, administrators and
others interested in dental traumatology. The journal publishes original scientific articles,
review articles in the form of comprehensive reviews or mini reviews of a smaller area, short
communication about clinical methods or techniques and case reports. The journal focuses on
the following areas as they relate to dental trauma:

Epidemiology and Social Aspects

Periodontal and Soft Tissue Aspects

Endodontic Aspects

Pediatric and Orthodontic Aspects

Oral and Maxillofacial Surgery / Transplants/ Implants
Esthetics / Restorations / Prosthetic Aspects
Prevention and Sports Dentistry

Epidemiology, Social Aspects, Education and Diagnostic Aspects.

Please read the instructions below carefully for details on the submission of manuscripts,
the journal's requirements and standards as well as information concerning the procedure after
a manuscript has been accepted for publication in Dental Traumatology. Authors are
encouraged to visit Wiley-Blackwell Author Services for further information on the preparation
and submission of articles and figures.
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2. ETHICAL GUIDELINES

Dental Traumatology adheres to the following ethical guidelines for publication and
research.

2.1. Authorship and Acknowledgements

Authors submitting a paper to the journal do so on the understanding that the manuscript
has been read and approved by all authors and that all authors have agreed to submit the
manuscript to the Journal. ALL authors MUST have made an active and significant contribution
to the development of the concept and/or design of the study, and/or analysis and interpretation
of the data and/or the writing of the paper. ALL authors must have critically reviewed its content
and must have approved the final version that is submitted to the journal for consideration for
publication. Participation solely in the acquisition of funding or the collection of data does not
justify authorship.

Dental Traumatology adheres to the definition of authorship set up by The International
Committee of Medical Journal Editors (ICMJE). According to the ICMJE, the criteria for
authorship should be based on: 1) substantial contributions to the concept and design of, or
acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it
critically for important intellectual content, and 3) final approval of the version to be published.
Authors should meet conditions 1, 2 and 3.

It is a requirement that all authors have been declared as appropriate upon submission of the
manuscript. Contributors who do not qualify as authors should be mentioned under the
Acknowledgements section on the title page.

Acknowledgements: In the Acknowledgements section, you can specify contributors to
the article other than the authors. The acknowledgements should be placed on the title page,
and not in the main document, in order to allow blinded review.

2.2. Ethical Approvals

Experimentation involving human subjects will only be published if such research has
been conducted in full accordance with ethical principles, including the World Medical
Association Declaration (version, 2008
http://www.wma.net/en/30publications/10policies/b3/index.html)  and  the  additional
requirements, if any, of the country and/or institution where the research has been carried out.



Manuscripts must be accompanied by a statement that the experiments were undertaken with
the understanding and written consent of each subject and according to the above mentioned
principles. A statement regarding the fact that the study has been independently reviewed and
approved by an ethical board should also be included. In the online submission process,it is a
requirement that all authors submitting manuscripts to Dental Traumatology must answer in the
affirmative to a statement 'confirming that all research has been carried out in accordance with
legal requirements of the study country such as approval of ethical committees for human and/or
animal research or other legislation where applicable.' Editors reserve the right to reject papers
if there are doubts as to whether appropriate procedures have been used.

2.3 Clinical Trials

Clinical trials should be reported using the CONSORT guidelines available at
www.consort-statement.org. A CONSORT checklist should also be included in the submission
material.

All manuscripts reporting results from a clinical trial must indicate that the trial was
fully registered at a readily accessible website, e.g., www.clinicaltrials.gov.

2.4 DNA Sequences and Crystallographic
Structure Determinations

Papers reporting protein or DNA sequences and crystallographic structure
determinations will not be accepted without a Genbank or Brookhaven accession number,
respectively. Other supporting data sets must be made available on the publication date from
the authors directly.

2.5 Conflict of Interest

Dental Traumatology requires that sources of institutional, private and corporate
financial support for the work within the manuscript must be fully acknowledged, and any
potential grant holders should be listed. Acknowledgements should be brief and should not
include thanks to anonymous referees and editors. The Conflict of Interest Statement should be
included within the title page, and not in the main document, in order to allow blinded review.

2.6 Appeal of Decision

The Editor’s decision to accept, reject or require revision of a paper is final and it cannot
be appealed.

2.7 Permissions
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If all or parts of previously published illustrations are used, permission must be obtained from
the copyright holder concerned. It is the author's responsibility to obtain the permission in
writing and to provide copies to the Publishers of Dental Traumatology.

2.8 Copyright Transfer Agreement

If your paper is accepted, the author identified as the formal corresponding author for
the paper will receive an email prompting them to login into Author Services; where via the
Wiley Author Licensing Service (WALS) they will be able to complete the license agreement
on behalf of all authors of the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected, the corresponding author will be presented
with the copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can
be previewed in the samples associated with the Copyright FAQs.

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the
following Creative Commons License Open Access Agreements (OAA):

Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the
Copyright FAQs hosted on Wiley Author Services and visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust
and members of the Research Councils UK (RCUK) you will be given the opportunity to
publish your article under a CC-BY license supporting you in complying with Wellcome Trust
and Research Councils UK requirements. For more information on this policy and the Journal’s
compliant self-archiving policy please visit: http://www.wiley.com/go/funderstatement.

Authors submitting a paper do so on the understanding that the work and its essential
substance have not been published before and the paper is not being considered for publication
elsewhere. The submission of the manuscript by the authors means that the authors
automatically agree to assign exclusive copyright to Wiley-Blackwell if and when the
manuscript is accepted for publication. The work shall not be published elsewhere in any
language without the written consent of the publisher. The articles published in this journal are
protected by copyright, which covers translation rights and the exclusive right to reproduce and
distribute all of the articles printed in the journal. No material published in the journal may be
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stored on microfilm or videocassettes or in electronic database and the like or reprod......
photographically without the prior written permission of the publisher.

Upon acceptance of a paper, authors are required to assign the copyright to publish their
paper to Wiley-Blackwell. Assignment of the copyright is a condition of publication and papers
will not be passed to the publisher for production unless copyright has been assigned. Papers
subject to government or Crown copyright are exempt from this requirement; however, the form
still has to be signed. A completed Copyright Transfer Agreement must be completed online
before any manuscript can be published upon receiving notice of manuscript acceptance.

Production Editor

John Wiley & Sons Singapore Pte Ltd
Email: edt@wiley.com

2.9 OnlineOpen

OnlineOpen is available to authors of primary research articles who wish to make their
article available to non-subscribers on publication, or whose funding agency requires grantees
to archive the final version of their article. With OnlineOpen, the author, the author's funding
agency, or the author's institution pays a fee to ensure that the article is made available to non-
subscribers upon publication via Wiley Online Library, as well as being deposited in the
funding agency's preferred archive.

For the full list of terms and conditions, see
http://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms.

Any authors wishing to send their paper OnlineOpen will be required to complete the
payment form available from our website at:
https://authorservices.wiley.com/bauthor/onlineopen_order.asp

Prior to acceptance there is no requirement to inform an Editorial Office that you intend
to publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are treated in
the same way as any other article. They go through the journal's standard peer-review process
and will be accepted or rejected based on their own merit.

3. MANUSCRIPT SUBMISSION PROCEDURE

Manuscripts should be submitted electronically via the online submission site
http://mc.manuscriptcentral.com/dt. The use of an online submission and peer review site
enables immediate distribution of manuscripts and consequentially speeds up the review
process. It also allows authors to track the status of their own manuscripts. Complete
instructions for submitting a paper are available online and below. Further assistance can be
obtained from the Editorial Office: EDToffice@wiley.com.
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3.1. Getting Started

* Launch your web browser (supported browsers include Internet Explorer 6 or higher,
Netscape 7.0, 7.1, or 7.2, Safari 1.2.4, or Firefox 1.0.4) and go to the journal's online Submission
Site: http://mc.manuscriptcentral.com/dt

* Log-in or click the 'Create Account' option if you are a first-time user.
* [f you are creating a new account.

- After clicking on 'Create Account', enter your name and e-mail information and click
'Next'. Your e-mail information is very important.

- Enter your institution and address information as appropriate, and then click 'Next.'

- Enter a user ID and password of your choice (we recommend using your e-mail address
as your user ID), and then select your area of expertise. Click 'Finish'.

* If you have an account, but have forgotten your log in details, go to Password Help on
the journals online submission system http://mc.manuscriptcentral.com/dt and enter your e-mail
address. The system will send you an automatic user ID and a new temporary password.

* Log-in and select 'Author Centre.'
3.2. Submitting Your Manuscript

* After you have logged into your 'Author Centre', submit your manuscript by clicking
the submission link under 'Author Resources'.

* Enter data and answer questions as appropriate. You may copy and paste directly from
your manuscript (e.g. the Abstract) and you may upload your pre-prepared covering letter.

* Click the Next' button on each screen to save your work and advance to the next
screen.

* You are required to upload your files.

- Click on the 'Browse' button and locate the file on your computer.

- Select the designation of each file in the drop down next to the Browse button.

- When you have selected all files you wish to upload, click the 'Upload Files' button.

* To allow double blinded review, please submit (upload) your main manuscript and
title page as separate files. Please upload:

- Your manuscript without title page under the file designation 'main document'

- Figure files under the file designation 'figures'.
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- The title page, Acknowledgements and Conflict of Interest Statement w
applicable, should be uploaded under the file designation 'title page'

* Review your submission (in HTML and PDF format) before completing your
submission by sending it to the Journal. Click the 'Submit' button when you are finished
reviewing. All documents uploaded under the file designation 'title page' will not be viewable
in the HTML and PDF format that you are asked to review at the end of the submission process.
The files viewable in the HTML and PDF format are the files that will be made available to the
reviewers during the review process.

3.3. Manuscript Files Accepted

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rft) files (not
write-protected) plus separate figure files. GIF, JPEG, PICT or Bitmap files are acceptable for
submission, but only high-resolution TIF or EPS files are suitable for printing. The files
uploaded as main manuscript documents will be automatically converted to HTML and PDF
on upload and will be used for the review process. The files uploaded as Title Page will be
blinded from review and not converted into HTML and PDF. The Main Manuscript document
file must contain the entire manuscript including the abstract, text, references, tables, and figure
legends (in that sequence), but no embedded figures. In the text, please reference figures as
'Figure 1', 'Figure 2' etc in order to match the tag name you choose for the individual figure files
that you upload. Manuscripts should be formatted as described in the Author Guidelines below.

3.4. Blinded Review

All manuscripts submitted to Dental Traumatology will be reviewed by two experts in
the field. Dental Traumatology uses a double blinded review process — hence, the names of the
reviewers will not be disclosed to the author(s) who have submitted the paper and the name(s)
of the author(s) will not be disclosed to the reviewers.

To allow double blinded review, please submit (upload) your main manuscript and title
page as separate files.

Please upload:
* Your manuscript WITHOUT the title page under the file designation 'main document'

* Figure files under the file designation 'figures' — each figure should be uploaded
individually

» The title page, Acknowledgements and Conflict of Interest Statement where
applicable, should be uploaded under the file designation 'title page'

All documents uploaded under the file designation 'title page' will not be viewable in
the HTML and PDF files that you will be asked to review at the end of the submission process.
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The files viewable in the HTML and PDF format are the files that will be available to *-~
reviewers during the review process.

3.5. Suggest a Reviewer

Dental Traumatology attempts to keep the review process as short as possible to enable
rapid publication of new scientific data. In order to facilitate this process, you may suggest the
names and current email addresses of potential international reviewers whom you consider
capable of reviewing your manuscript. Please note that these are suggestions only and the Editor
may or may not invite the suggested people to review your paper. In addition to any suggestions
you make, the journal editor will choose one or two independent reviewers.

When the review is completed you will be notified under the 'Manuscripts with decision'
section and via an e-mail message.

3.6. Suspension of Submission Mid-way through the Submission Process

You may suspend a submission at any phase before clicking the 'Submit' button and
save it to continue and submit later. The manuscript can then be located under 'Unsubmitted
Manuscripts' and you can click on 'Continue Submission' to continue your submission when
you choose to.

3.7. E-mail Confirmation of Submission

After submission, you will receive an e-mail to confirm receipt of your manuscript. If
you do not receive the confirmation e-mail after 24 hours, please check your e-mail address
carefully in the system. If the e-mail address is correct please contact your IT department. The
error may be caused by some spam filtering in your e-mail server. Also, the e-mails should be
received if the IT department adds our e-mail server (uranus.scholarone.com) to their whitelist.

3.8. Manuscript Status

You can access ScholarOne Manuscripts (formerly known as Manuscript Central) at
any time to check your 'Author Center' for the status of your manuscript. The Journal will
inform you by e-mail once a decision has been made.

3.9. Submission of Revised Manuscripts

To submit a revised manuscript, locate your manuscript under 'Manuscripts with
Decisions' and click on 'Submit a Revision'. Please remember to delete any old files when you
upload your revised manuscript. Please also remember to upload your manuscript document
separate from your title page. Any new files should be uploaded and designated correctly.

4. MANUSCRIPT TYPES ACCEPTED

Original Research Articles in all areas related to adult and pediatric dental traumatology
are of interest to Dental Traumatology. Examples of such areas are Epidemiology and Social



60

Aspects, Periodontal and Soft Tissue Aspects, Endodontic Aspects, Pediatric and Orthodontic
Aspects, Oral and Maxillofacial Surgery/Transplants/Implants,
Esthetics/Restorations/Prosthetic Aspects, Prevention and Sports Dentistry, Epidemiology,
Social Aspects, Education and Diagnostic Aspects.

Review Papers: Dental Traumatology commissions specific topical review papers
mini reviews of small areas of interest. The journal also welcomes uninvited reviews. Revi. ...
should be submitted via the online submission site and are subject to peer-review.

Comprehensive Reviews should be a complete coverage of a subject discussed with the
Editor-in-Chief prior to pre and submission. Comprehensive review articles should include a
description of search strategy of the relevant literature, the inclusion criteria, method for
evaluation of papers, level of evidence, etc.

Mini Reviews cover a smaller area and may be written in a more free format.

Case Reports: Dental Traumatology may accept Case Reports that illustrate unusual and
clinically relevant observations or management. Case reports should demonstrate something
new or unique, and they should not present common clinical scenarios. Case reports should be
kept brief (within 3-4 printed pages) and need not follow the usual division into material and
methods etc. There should be an Abstract written as a short paragraph. The Abstract should not
be structured with specific sections (i.e. do not use aims, methods, results, conclusions). The
Introduction should be kept short. Thereafter the case is described followed by a short
Discussion. Case reports should have adequate follow-up to demonstrate the outcome of the
treatment provided or the long-term prognosis of the presented problem. Typically, cases with
treatment should have at least 4-5 years follow-up radiographs, photographs, etc to show the
outcome. Case reports are subject to peer review.

Case Reports illustrating unusual and clinically relevant observations are acceptable,
but their merit needs to provide high priority for publication in the journal. They should be kept
within 3-4 printed pages and need not follow the usual division into material and methods etc,
but should have an abstract. The introduction should be kept short. Thereafter the case is
described followed by a discussion.

Short Communications of 1-2 pages may be accepted for publication. These papers need
not follow the usual division into Material and Methods, etc., but should have an Abstract. They
should contain important new information to warrant publication and may reflect improvements
in clinical practice such as introduction of new technology or practical approaches. They should
conform to high scientific and high clinical practice standards. Short communications are
subject to peer review.

Letters to the Editor may be considered for publication if they are of broad interest to
dental traumatology . They may deal with material in papers already published in Dental
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Traumatology or they may raise new issues, but they should have important implications for
dental traumatology.

Meetings: advance information about and reports from international meetings are
welcome, but should not be submitted via the online submission site — these should be sent
directly to the Editorial Office: EDToffice@wiley.com

5. MANUSCRIPT FORMAT AND STRUCTURE
5.1. Format

Language: The language of publication is English. Authors for whom English is a
second language must have their manuscript professionally edited by an English speaking
person before submission to make sure the English is of high quality. A list of independent
suppliers of editing services can be found at
http://authorservices.wiley.com/bauthor/english_language.asp. All services are to be paid for,
and arranged by, the author. The use of one of these services does not guarantee acceptance or
preference for publication, nor does it guarantee that no further editing will be required as that
is at the discretion of the Editor of the journal.

Scientific papers should not be written in the 1st person — that is, avoid using “we”,
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our”, etc. As examples, Use the ‘current study”, “the results”, “samples were tested”, instead
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of “our study”, “our results”, “we tested”, etc.

13

Care must be taken with the use of tense, and use of singular and plural words.

Numbers may be written as numbers or spelt out as words, according to the context in
which the number is being used. In general, if the number is less than 10, it should be spelt out
in words (e.g. five). If the number is 10 or greater, it should be expressed as a number (e.g. 15).
When used with units of measurement, it sholdul eb expressed as a number (e.g. Smm, 15mL).

When referring to a figure at the beginning of a sentence, spell the word out (e.g. Figure
2 shows the patient’s injuries on initial presentation). When referring to a figure as part of the
sentence, use the abbreviation “Fig.” (e.g. The pre-operative radiograph shown as Fig. 3
demonstrates the degree of displacement of the tooth). When referring to a figure at the end of
a sentence, use the abbreviation “Fig.” and enclose it in parentheses - e.g. The patient’s
maxillary central incisor was repositioned and splinted (Fig. 5).

Abbreviations, Symbols and Nomenclature: Abbreviations should be kept to a
minimum, particularly those that are not standard. Non-standard abbreviations must be used
three or more times — otherwise they should not be used. The full words should be written out
completely in the text when first used, follwoed byt eh abbreviation in parentheses. Consult the
following sources for additional abbreviations: 1) CBE Style Manual Committee. Scientific
style and format: the CBE manual for authors, editors, and publishers. 6th ed. Cambridge:
Cambridge University Press; 1994; and 2) O'Connor M, Woodford FP. Writing scientific papers
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in English: an ELSE-Ciba Foundation guide for authors. Amsterdam: Elsevier-Excerpta
Medica; 1975.

As Dental Traumatology is an international journal with wide readership from all parts
of the world, the FDI Tooth Numbering system MUST be used. This system uses two digits to
identify teeth according to quadrant and tooth type. The first digit refers to the quadrant and the
second digit refers to the tooth type. — for example: tooth 11 is the maxillary right central incis
and tooth 36 is the mandibular left first molar. Alternatively, the tooth can be described
words. Other tooth numbering systems will not be accepted.

Font: When preparing your file, please use only standard fonts such as Times, Times
New Roman or Arial for text, and Symbol font for Greek letters, to avoid inadvertent character
substitutions. In particular, do not use Japanese or other Asian fonts. Do not use automated or
manual hyphenation. Use double spacing and left alignment of text when preparing the
manuscript. Do not use Arabic or other forms of software that automatically align text on the
right.

5.2. Structure

All papers submitted to Dental Traumatology should include: Title Page, Abstract, Main
text, References and Table Legends, Figure Legends, Tables, Figures, Conflict of Interest
Statement and Acknowledgements where appropriate. The Title page, Conflict of Interest
Statement and any Acknowledgements must be submitted as separate files and uploaded under
the file designation Title Page to allow blinded review. Tables should be included as part of the
Main Document. Figures should be uploaded as separate files and must not be embedded in the
Main Document. Manuscripts must conform to the journal style. Manuscripts not complying
with the journal style will be rejected and returned to the author(s) without being peer reviewed.

During the editorial process, reviewers and editors frequently need to refer to specific
portions of the manuscript, which is difficult unless the pages are numbered. Hence, authors
should number all of the pages consecutively at the bottom of the page.

Title Page: The Title page should be uploaded as a separate document in the submission
process under the file designation 'Title Page' to allow blinded review. The Title page should
include: Full title of the manuscript, author(s)' full names (Family names should be underlined)
and institutional affiliations including city, country, and the name and address of the
corresponding author. The title page should also include a running title of no more than 60
characters and 3-6 keywords.

The tile of the paper should be concise and informative with major key words. The title
should not be a question about the aim and it should not be a statement of the results or
conclusions.

Abstract is limited to 250 words in length and should contain no abbreviations. The
abstract should be included in the manuscript document uploaded for review as well as inserted



63

separately where specified in the submission process. The abstract should convey a brief
background statement plus the essential purpose and message of the paper in an abbreviated
form. For Original Scientific Articles, the abstract should be structured with the following
headings: Background/Aim, Material and Methods, Results and Conclusions. For other art
types (e.g. Case Reports, Reviews Papers, Short Communications) headings are not requ..cu
and the Abstract should be in the form of a paragraph briefly summarizing the paper.

Main Text of Original Articles should be divided into the following sections:
Introduction, Material and Methods, Results and Discussion, References, Legends to Tables,
Legends to Figures, and the Tables.

Introduction This section should be focused, outlining the historical or logical origins
of the study. It should not summarize the results and exhaustive literature reviews are
inappropriate. Give only strict and pertinent references and do not include data or conclusions
from the work being reported. The introduction should close with an explicit, but brief,
statement of the specific aims of the investigation or hypothesis tested. Do not include details
of the methods in the statement of the aims.

Materials and Methods This section must contain sufficient detail such that, in
combination with the references cited, all clinical trials and experiments reported can be fully
reproduced. As a condition of publication, authors are required to make materials and methods
used freely available to academic researchers for their own use. Describe your selection of
observational or experimental participants clearly. Identify the method, apparatus and
procedures in sufficient detail. Give references to established methods, including statistical
methods, describe new or modified methods. Identify precisely all drugs used by their generic
names and route of administration.

(1) Clinical trials should be reported using the CONSORT guidelines available at
www.consort-statement.org. A CONSORT checklist should also be included in the submission
material. All manuscripts reporting results from a clinical trial must indicate that the trial was
fully registered at a readily accessible website, e.g., www.clinicaltrials.gov.

(i) Experimental subjects: experimentation involving human subjects will only be
published if such research has been conducted in full accordance with ethical principles,
including the  World Medical  Association  Declaration  (version, 2008
http://www.wma.net/en/30publications/10policies/b3/index.html)  and  the  additional
requirements, if any, of the country and institution where the research has been carried out.
Manuscripts must be accompanied by a statement that the experiments were undertaken with
the understanding and written consent of each subject and according to the above mentioned
principles. A statement regarding the fact that the study has been independently reviewed and
approved by an ethical board should also be included. Editors reserve the right to reject papers
if there are doubts as to whether appropriate procedures have been used.



64

(ii1) Suppliers of materials should be named and their location (town, state/county,
country) included.

Results should clearly and simply present the observations/results without reference to
other literature and without any interpretation of the data. Present the results in a logi
sequence in the text, tables and illustrations giving the main or most important findings first.
Do not duplicate data in graphs and tables.

Discussion usually starts with a brief summary of the major findings. Repetition of parts
of the Introduction or of the Results sections should be avoided. Statements and interpretation
of the data should be appropriately supported by original references. A comment on the
potential clinical relevance of the findings should be included. The Discussion section should
end with a brief conclusion but the conclusion should not be a repeat of the results and it should
not extrapolate beyond the findings of the study. Link the conclusions to the aim of the study.

Do not use sub-headings in the Discussion section, The Discussion should flow from
one paragraph to the next in a cohesive and logical manner.

Main Text of Review Articles should comprise an introduction and a running text
structured in a suitable way according to the subject treated. A final section with conclusions
may be added.

Acknowledgements: Under acknowledgements, specify contributors to the article other
than the authors. Acknowledgements should be brief and should not include thanks to
anonymous referees and editors.

Conflict of Interest Statement: All sources of institutional, private and corporate
financial support for the work within the manuscript must be fully acknowledged, and any
potential grant holders should be listed. The Conflict of Interest Statement should be included
as a separate document uploaded under the file designation 'Title Page' to allow blinded review.

5.3. References

As the Journal follows the Vancouver system for biomedical manuscripts, the author is
referred to the publication of the International Committee of Medical Journal Editors: Uniform
requirements for manuscripts submitted to biomedical journals. Ann Int Med 1997;126:36-47.

The references should be numbered consecutively in the order in which they are first
mentioned in the text. Identify references in the text, tables, and legends by Arabic numerals
(in parentheses). Use the style of the examples below, which are based on the format used by
the US National Library of Medicine in Index Medicus. For abbreviations of journals, consult
the 'List of the Journals Indexed' printed annually in the January issue of Index Medicus.
Authors can also review previous articles published in the journal to see the style used for
references.
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Authors are advised to use a tool such as EndNote or Reference Manager for reference
management and formatting. EndNote reference styles can be searched for here:
www.endnote.com/support/enstyles.asp. Reference Manager reference styles can be searched
for here: www.refman.com/support/rmstyles.asp

Examples of reference styles used by Dental Traumatology
Journal Articles:

Lam R, Abbott PV, Lloyd C, Lloyd CA, Kruger E, Tennant M. Dental trauma in an Australian
Rural Centre. Dent Traumatol 2008; 24: 663-70.

Text book chapters:

Andreasen J, Andreasen F. Classification, etiology and epidemiology. IN: Andreasen JO,
Andreasen FM, eds. Textbook and Color Atlas of Traumatic Injuries to the Teeth. 3rd Edn.
Munksgaard, Copenhagen. 1994;151-80.

Thesis or Dissertation:

Lauridsen, E. Dental trauma — combination injuries. Injury pattern and pulp prognosis for
permanent incisors with luxation injuries and concomitant crown fractures. Denmark: The
University of Copenhagen. 2011. PhD Thesis.

Corporate Author:

European Society of Endodontology. Quality guidelines for endodontic treatment: consensus
report of the European Society of Endodontology. Int Endod J 2006:39;921-30.

American Association of Endodontists. The treatment of traumatic dental injuries. Available at:
URL:
‘http://www.aae.org/uploadedfiles/publications and research/newsletters/endodontics collea
gues_for excellence newsletter/ecfe summer2014%20final.pdf’. Accessed September 2015.
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Int. J. Oral Maxillofac. Surg. 2017; 46: 214-229
http://dx.doi.org/10.1016/j.ijom.2016.08.021, available online at http://www.sciencedirect.com

Treatments for intrusive luxation
in permanent teeth: a
systematic review and meta-
analysis

L.A. Costa, C.C.C. Ribeiro, L.M. Cantanhede, J.F. Santiago Junior, M.R. de
Mendonga, A.L.P. Pereira: Treatments for intrusive luxation in permanent teeth: a
systematic review and meta-analysis. Int. J. Oral Maxillofac. Surg. 2017; 46.: 214—
229. © 2016 International Association of Oral and Maxillofacial Surgeons. Published
by Elsevier Ltd. All rights reserved.

Abstract. Intrusive luxation is a severe form of dental trauma and there is no
consensus regarding its management for permanent teeth. A systematic review and
meta-analysis was performed to identify the appropriate treatment for teeth with
intrusive luxation. The PubMed/MEDLINE, Embase, US Clinical Trials, and
ISRCTN Registry electronic databases were used to search for articles in English
and unpublished studies without a date limit. Eligible studies evaluated periodontal
results (root resorption as the primary outcome; marginal bone defects and/or pulpal
changes as secondary outcomes) after spontaneous re-eruption (SRE), orthodontic
repositioning (ORP), or surgical repositioning (SRP) for patients with one or more
traumatically intruded permanent teeth. Risk ratios with 95% confidence intervals
were used to compare treatments. The meta-analysis revealed no significant
difference (P > 0.05) between SRP and SRE for root resorption. For secondary
outcomes, SRE was significantly better than SRP and ORP (P < 0.05). Subgroup
analyses showed no significant differences among treatments in teeth with
completely formed roots (P > 0.05) and a better prognosis when SRE was
performed in teeth with incompletely formed roots (P < 0.05). The available
evidence does not allow us to conclude on the best treatment for traumatically
intruded teeth. More reliable evidence is needed.
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Dental trauma is a significant problem that
affects approximately 25% of school-age
children, and its incidence can exceed
those of dental caries and periodontal
disease in this population.' > Moreover,

0901-5027/020214+016

approximately 33% of adults suffer trau-
ma in the permanent dentition.”
Intrusive luxation is a severe form
of dental trauma, accounting for 0.5-2%
of traumas affecting the permanent

dentition.” Its low incidence makes it
difficult to perform research involving a
large number of participants,” and makes
treatment strictly empirical, even at major
trauma centres.”

© 2016 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Intrusive luxation is defined as the axial
dislocation of a tooth in its alveolus.*”
The injury is so severe because the root
surface of the intruded tooth remains in
intimate contact with the alveolar bone,
resulting in the destruction of most fibres
of the periodontal ligament and the cemen-
tum of the root surface.”'’ Vascular com-
pression of the periodontium and pulpal
complex causes ischemia.'® As a result of
these characteristics, healing following in-
trusive luxation is associated with several
complications, such as inflammatory and
replacement root resorption.”'”

Currently, three treatments are available
for intrusive luxation: spontaneous re-
eruption, orthodontic repositioning, and
surgical repositioning. However, the pub-
lished evidence provides conflicting prog-
noses for these three treatment types.’

The protocols used by the International
Association of Dental Traumatology
(IADT)? and by the UK National Clinical
Guidelines in Paediatric Dentistry'' were
developed based on literature reviews and
consensus meetings. In addition, the treat-
ment decision considers the degree of
intrusion and the degree of root formation,
which are important confounding vari-
ables related to the treatment outcome.'’

In 2014, a systematic review concluded
that spontaneous eruption yields the least
complications in immature teeth, regard-
less of the degree of intrusion, and ob-
served no significant differences between
active treatments (surgical and orthodon-
tic).'> These conclusions were based ex-
clusively on the results of the articles
included in the review, without statistical
analyses. Therefore, a further study in-
cluding the statistical analysis of primary
studies could produce a single estimate
result and an overall conclusion, providing
the best available evidence to guide the
selection of the optimal treatment methods
in the future."

A systematic review and meta-analysis
of interventional and observational stud-
ies—both prospective and retrospective—
was thus performed to assess the periodon-
tal effects (inflammatory and/or substitu-
tion root resorption) of the three
treatments, spontaneous re-eruption, or-
thodontic repositioning, and surgical repo-
sitioning, used to manage patients with
one or more permanent teeth that have
suffered intrusive luxation.

Materials and methods

This systematic review and meta-analysis
was performed in accordance with
the criteria established in the PRISMA
2009 guidelines.'* It is registered in the

Intrusive luxation in permanent teeth

PROSPERO database (National Institute
for Health Research) under registration
number CRD42015025334.

Selection criteria

The PICO (population, intervention, com-
parison, and outcomes) method was used
to define the research question and to
optimize the search strategy'>: (1) Popu-
lation: only studies on humans with one or
more traumatically intruded permanent
teeth were included. (2) Intervention:
spontaneous  re-eruption, orthodontic
repositioning, or surgical repositioning
of the intruded tooth/teeth were evaluated.
(3) Comparison: comparisons between or-
thodontic and surgical repositioning, be-
tween one of the two types of
repositioning and no repositioning, and
between the two types of repositioning
and no repositioning were evaluated. (4)
Outcome: root resorption was the primary
outcome evaluated, and marginal bone
defects and pulpal changes were the sec-
ondary outcomes. All studies that evaluat-
ed at least one type of periodontal
parameter were included.

Search strategy to identify studies

The search strategy was developed for
PubMed/MEDLINE and revised for other
databases. Search terms were related to the
types and populations of the studies
(Fig. 1). The searches were performed
systematically in April 2015 using the
online databases Embase and PubMed/
MEDLINE. Studies published in English
were selected, without restriction on year
of publication. The references of pre-se-
lected articles were also reviewed.

#1 Search cohort study

#2 Search prospective study

#3 Search clinical study

215

Articles that were not available online
were obtained using a bibliographic
commutation program (Comut;
Programa de Comutagdo Bibliografica
do Instituto Brasileiro de Informagao em
Ciéncia e Tecnologia). The US Clinical
Trials (http://www.clinicaltrials.gov) and
ISRCTN Registry (http://www.isrctn.
com) websites were searched for unpub-
lished literature (records of clinical trials)
using only the term ‘dental trauma’, be-
cause ‘intrusion’ and ‘intrusive luxation’
did not present any results.

Two independent reviewers (LAC and
LMC) identified and evaluated the titles
and abstracts of the articles. When the
information in the title and abstract was
insufficient, the entire article was read.
The two reviewers met to finalize the
article selection. When there was dis-
agreement, a third reviewer (CCCR) de-
cided on the article inclusion. The articles
included in this review had to report at
least 6 months of follow-up.

Evaluation of study quality

The quality of each study was evaluated
on the basis of the risk of bias using the
criteria recommended in the Cochrane
Handbook for Systematic Reviews of
Interventions, version 5.1.0.'° The fol-
lowing criteria were applied: (1) random
sequence generation to form intervention
groups; (2) allocation concealment be-
fore grouping; (3) blinding of partici-
pants and healthcare providers; (4)
blinding of the outcome evaluators; (5)
incomplete outcome data (i.e., reasons
for losses not reported or no correspond-
ing data from the text and tables); (6)
selective reporting (i.e., possibility of

74 Search retrospective study

#5 Search intervention study

#6 Search observational study

#7 Search treatment

#8 Search #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

#9 Search intrugive luxation

#10 Search intrusion

#11 Search permanent tooth
#12 Search permanent teeth

#13 Search #9 OR #10
#14 Search #11 OR #12

#15 Search #8 AND #13 AND #14

Fig. 1. Search strategy.
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establishing a connection between diag-
nosis, treatment, and outcome); and (7)
other biases (mainly related to the study
design).

Using these criteria, the articles were
classified as having a low risk of bias
(improbable that bias directly affected
the results) if all criteria were followed,
as having a moderate risk of bias (bias
leaving some doubt about the validity of
the results) if one or more criteria were
partially followed and judged as having an
indeterminate risk of bias, or as having a
high risk of bias (bias that severely weak-
ened the reliability of the results) if one or
more criteria were not followed.

The studies covered by this research
normally followed some type of protocol
for choosing the treatment type according
to the degree of intrusion and the degree of
root formation, which are important con-
founding variables. Therefore, a second
selection was performed, wherein only
studies that reported the primary (peri-
odontal) and/or secondary (bone and pulp)
outcomes to treatments and/or the diagno-
sis (degree of intrusion and degree of root
formation) were retained. When the pre-
selected studies did not meet these criteria,
the corresponding authors were e-mailed
for additional information. Papers were
excluded if the authors did not reply.

Three reviewers (LAC, LMC, CCCR)
independently evaluated the quality of the
pre-selected studies, and a kappa test was
performed to assess the agreement be-
tween the reviewers. Disagreements were
resolved by discussion until consensus
was reached.

Data extraction

Two reviewers (LAC and LMC), who
were not blinded to the title of the journal
or the authors, extracted the following data
from the articles: the collection period,
country of study, sample size, sample
characteristics, degree of intrusion, degree
of root formation, treatments performed,
and outcomes. All data were stored in a
Microsoft Excel 2007 spreadsheet.

Summary measures

To compare the presence or absence of
periodontal and pulpal outcomes after
treatment, risk ratios (RR) with 95% con-
fidence intervals (CI) were used; the stan-
dard deviation of each group was also
analyzed. A meta-analysis was performed
only when the comparison of at least three
studies was possible.

Values of P < 0.05 were considered
significant for all of the analyses

performed. A software program was used
for the meta-analysis, as well as to produce
the forest plots (Review Manager, Rev-
Man version 5.3; The Nordic Cochrane
Centre, Copenhagen, Denmark; The
Cochrane Collaboration, 2014).

Risk of bias in the studies

The fixed-effects model was used when
there was no statistically significant dif-
ference and the random-effects model
when there was a statistically significant
difference, i.e., a high level of heteroge-
neity, between trials (this was considered
significant at P < 0.1). Heterogeneity was
assessed using the O method ( x%), and the
value of I was calculated.'® The statistical
value of 7 was used to analyze heteroge-
neity, where I of 50~75% indicated mod-
erate heterogeneity and I° above 75%
indicated significant heterogeneity. 17

Additional analyses

To analyze the sensitivity of the tests
employed, a subgroup analysis to identify
any potential causes of heterogeneity was
performed. Specifically, subgroup analy-
ses based on the degree of root formation
and the degree of intrusion were per-
formed.

Results

The electronic search yielded 294 unique
titles. After evaluating all of the titles and
abstracts, and reading 17 full articles,
seven studies were eligible on the basis
of the inclusion criteria.”*'*'%!¥ No un-
published study met the eligibility criteria.

A search of the references revealed 16
additional studies of interest that had not
been identified in the original search. After
searching for and reading the full-texts of
these articles, three of them were eligible
for inclusion in this review.”%?' Finally,
a total of 10 articles met the inclusion
criteria and were included (Fig. 2).

The 10 eligible articles were assessed
for their individual quality and risk of bias.
After this step, two articles were excluded.
The reasons for exclusion are presented in
Table 1.

The risk of bias did not influence the
exclusion of the articles, but it did affect
the interpretation of the data obtained. The
kappa test for agreement among the
reviewers was 0.84 (95% CI 0.63—-1.0).

Characteristics of selected articles

Initially, only five of the 10 eligible arti-
cles were included in this review, as they

presented data on the correlations between
the treatments and outcomes.”**'%* The
corresponding authors of the remaining
studies were contacted by e-mail for addi-
tional information, and three authors
responded.”'*?! With the additional data
provided, these three studies were includ-
ed in the review, yielding eight articles
that appropriately addressed the research
questions, > *10:18.2021

The studies included in this review
reported 6 months to 5 years of follow-
up. The outcomes presented in these stud-
ies are reported without establishing rela-
tionships with the follow-up period
shown.

Table 2 presents the key information
from these eight selected articles. Only
one study included cases from two cen-
tres,® and only one study reported financ-
ing using outside funds.’

Characteristics of participants

The participants ranged in age from 6 to 67
years. Some patients had more than one
tooth that had been traumatically intruded.
None of the studies had a control group or
employed randomization. In all studies,
the patients were allocated to the different
interventions based on the clinician’s de-
cision.

Intervention characteristics

Two studies did not include orthodontic
repositioning among the interventions.®~
One study, whose title indicated that it had
only involved surgical repositioning and
spontaneous re-eruption, reported having
performed a single orthodontic reposition-
ing.'"® One study divided the treatments
into surgical and non-surgical procedures,
where orthodontic repositioning and re-
eruption were grouped together.”!

Reporting of diagnostic characteristics
(degree of intrusion and degree of root
formation)

The degree of root formation was reported
according to the maturity of the apex, root
canal walls, Nolla’s classification,”?
Moorrees et al.,”> and Andreasen and
Pedersen.” The classification of the de-
gree of root formation varied drastically
(Table 2).

Reported outcomes

All of the articles reported the primary
outcome (inflammatory or replacement
root resorption). Two studies did not re-
port on the secondary outcome of marginal
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134 artkles 92 articles 92 studies from 16 studies from
from from clinicaltrials.gov tsretn.com
MedLine EMBASE
| ] | ]
334 titles

—| 40 duplicate titles

| 294 titles |

277 excluded on the basis of the title

| and abstract:

103 - other areas of dentistry

41 - other areas of medical science

83 - inclusion criteria for study
type: inadequate

37 —inclusion criteria for
population: inadequate

11 - not published in English

2-partof serialstudy

17 whole articles read

10 excluded:
9 - prevalence articies
1 - evaluation of pulpal outcome
only

7 pre-selected articles

@ 16 articles selected through reference
review

1
| ]
05 COMUT 11 PubMed
references references

atitles excluded: Stitles excluded:
1 - prevalence article 4 —inclusion criteria for study
3 -inclusion criteria for type: inadequate
study type:inadequate 2 - prevalence articies
2 -did not reportinterventions
of interest
1 —inclusion criteria for
population: inadequate

1 pre-selected article | | 2 pre-selected articles

Fig. 2. Flow chart of the screening and selection process.

Table 1. Studies excluded from the analysis.

Studies excluded Reasons for exclusion

Andreasen and Pedersen, 1985’ It was not possible to establish a relationship between the outcome and levels of root formation and
intrusion, or between the outcome and treatment

Tsilingaridis et al., 2012"° It was possible to establish a relationship between the diagnosis and treatment, but not between these and

the outcomes




Table 2. Main characteristics of the selected studies.

Age (years),
mean (range),

Study Country n or mean + SD Follow-up Antibiotics Local disinfection Post-surgical splint
Kinirons and Sutcliffe, 1991°°  Northern Ireland 29 9.55 (7-12) 2 years total NR NR Removable splint 4-7
days
Ebeleseder et al., 2000'® Austria 58 11.1 £ 521 Medium-term group: Cephalosporin, Chlorhexidine mouth Held in place with thread
(medium-term) mean 40 months penicillin, or rinse 3 times daily for 2 and resin for 3—4 weeks
11.7 £ 4.25 Short-term group: erythromycin for 8 weeks
(short-term) mean 9 months days
Andreasen et al., 2006 Denmark 140 8=£1141 >1 year 1 g penicillin NR Rigid, semi-rigid, or
6-11,n=73 immediately and flexible for 6-8 weeks
12-17, n =30 500 mg 4 times daily
1867, n=37 for 4 days
Wigen et al., 2008* Norway 51 6-11, 45 teeth Mean 4 years, Penicillin prescribed to  0.1% chlorhexidine Held in place with wire
1217, 6 teeth range 1-12 years 15 patients (from table) mouth rinse 2x daily and resin for 2—6 weeks
and nine patients (from
text)
Moreira Neto et al., 2009° Brazil 15 8.9 (7-14.8) Minimum 6 months, NR NR NR
mean 26.6 months
Stewart et al., 2009’ Ireland 55 93+1.99 2.3 £ 1.6 years 21 patients, posology NR NR
NR
Al-Badri et al., 2002 Northern Ireland and 61 93+19% Mean 2.9 years NR NR NR
North East England
Humphrey et al., 2003'° Canada 31 93427 Minimum 6 months, Penicillin (50 mg/kg) 0.1% chlorhexidine Passive non-rigid splint of
mean 26.6 months prescribed to all gluconate mouth rinse 0.014 or 0.016 inch
patients for 7 days stainless steel orthodontic
wire
Classification of root
Study Losses Treatment time Degree of intrusion development Treatment Correlation possible
Kinirons and Sutcliffe, 1991%° 9 teeth: 6 SRE, 3 SRP SRE: NR <4 mm: 14 teeth Root canal and apex SRE: 10 teeth Outcome/treatment

Ebeleseder et al., 2000'®

Andreasen et al., 2006°

2 teeth in medium-term
and 1 tooth in short-
term follow-up; due to
epithelial invagination
(1), longitudinal
fracture (1), a new
trauma (1)

28 teeth: by root
resorption (17),
spontaneous root
fracture after
endodontic treatment
(4), due to poor
prognosis (7)

SRP: >24 h, 9 teeth;

<24 h, 10 teeth

Emergency

<24 h: 58 teeth
>24 h: 11 teeth
SRE: 38 teeth
NR: 33 teeth

>5 mm: 15 teeth

1-2 mm: 12 teeth
3—4 mm: 15 teeth
5-mm: 14 teeth
>9 mm: 16 teeth
NR: 1 tooth

1-3 mm: 30 teeth
4-5 mm: 54 teeth
6—7 mm: 24 teeth
8-9 mm: 18 teeth
10-16 mm: 14 teeth

features

Root, root canal, and
apex features

Root and apex features

SRP: 19 teeth

SRE: 9 teeth
SRP: 48 teeth
ORP: 1 tooth

SRE: 38 teeth
ORP: 29 teeth
SRP: 73 teeth

Outcome/degree of
intrusion; outcome/degree
of root formation;
outcome/treatment

Degree of intrusion/
treatment/outcome;
degree of root formation/
treatment/outcome
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Table 2 (Continued )

Classification of root

Correlation possible

Treatment
SRE: 37 teeth
ORP: 7 teeth
SRP: 7 teeth

Treatment time Degree of intrusion development

Losses

7 teeth: due to

Study

Outcome/degree of

Root and apex features

Incisor almost

NR

Wigen et al., 2008"

intrusion; outcome/degree

of root formation;

invisible: 21 teeth

ankylosis (2),

>2 mm: 22 teeth
<2 mm: 8 teeth

immature teeth with
necrotic pulp (4),
extracted for

Outcome/treatment

orthodontic reasons (1)

SRE: 5 teeth Degree of intrusion/

Nolla’s classification

All >6 mm

NR

2 teeth: due to

Moreira Neto et al., 2009°

degree of root formation/

treatment/outcome

SRP: 10 teeth

inflammatory root
resorption (1),

replacement root
resorption (1)

Degree of root formation/

SRE: 19 teeth
treatment/outcome

Root and apex features

<3 mm: 4 teeth
3—6 mm: 10 teeth

NR

5 teeth: 1 tooth SRE,
with incomplete apex;

4 teeth ORP with
incomplete apex

Stewart et al., 2009’

ORP: 22 teeth

SRP: 14 teeth

>6 mm: 11 teeth
NR: 30 teeth

Degree of root formation/

treatment/outcome

SRP: 35 teeth

According to apex

NR 0-2 mm: 7 teeth
3-5 mm: 27 teeth features

13 teeth: submitted

treatment NR

Al-Badri et al., 20022

NSRP: 26 teeth

>5 mm: 27 teeth

Degree of intrusion/

SRE: 11 teeth
ORP: 6 teeth

Root and apex features

<3 mm: 8 teeth

NR

5 teeth: reasons NR

Humphrey et al., 2003'°

degree of root formation/

treatment/outcome

3—6 mm: 12 teeth

>6 mm: 11 teeth

SRP: 14 teeth

NR, not reported; NSRP, no surgical repositioning (spontaneous re-eruption or orthodontic repositioning); ORP, orthodontic repositioning; SRE, spontaneous re-eruption; SRP, surgical repositioning.
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bone defects.®*' Seven studies reported on
the secondary outcome of pulpal
changes® *'*'%2%; however one of them
did not provide sufficient information for
this outcome.”” Table 3 presents the out-
comes according to the diagnosis and

treatment reported in the selected articles.

Risk of bias

All of the studies were considered to have
a high risk of bias based on the Cochrane
Handbook for Systematic Reviews of
Interventions, version 5.1.0'° (Table 4).

Meta-analysis results

All of the included articles were consid-
ered for meta-analysis. However, statisti-
cal analysis required a similar approach
for categorizing the degree of intrusion,
degree of root formation, and the treat-
ment performed. Therefore, the two types
of root resorption (inflammatory root
resorption and replacement root resorp-
tion) were grouped to perform the meta-
analysis. The articles that reported these
two types of root resorption without spec-
ifying whether the affected tooth suffered
both were excluded from this analysis.
The inclusion of these articles could have
interfered with the results, as these teeth
could have been counted twice thereby
overestimating the results.”*?

Treatment vs. outcome—primary
outcome

The primary outcome was analyzed to
identify the treatment with the better prog-
nosis for the periodontal effect (root
resorption). This analysis could only be
performed with surgical repositioning and
spontaneous re-eruption.

The results from four articles were ana-
lyzed, and no significant difference was
observed (RR 1.30, 95% CI 0.90-1.88;
P=0.16)." "*" The x* for heterogeneity
was 2.68 (P =0.44; I’ = 0%) (Fig. 3).

Secondary outcomes

The secondary outcomes were analyzed to
identify the treatment with the better prog-
nosis for bone and pulpal effects (marginal
bone defects and pulpal changes). The
analyses included surgical repositioning
vs. spontaneous re-eruption, orthodontic
repositioning vs. spontaneous re-eruption,
and surgical repositioning vs. orthodontic
repositioning.

Five studies were included in the anal-
ysis of surgical repositioning vs. sponta-
neous re-eruption with regard to marginal



Table 3. Outcomes related to diagnoses and/or treatment.

Study

Outcome

Kinirons and
Sutcliffe, 1991%°

Ebeleseder
et al., 2000"

Andreasen
et al., 2006

Treatment

Diagnosis

Treatment

Diagnosis and treatment

Inflammatory root resorption,
number of teeth (%)

SRE: 4/10 (40%)

SRP: 7/19 (36.8%)

Inflammatory root resorption,
number of teeth (%)
NR

NR

Inflammatory root resorption,
number of teeth (%)

Replacement root resorption,
number of teeth (%)
NR

Replacement root resorption,
number of teeth (%)
Degree of intrusion:
1-2 mm: 0/12 (0%)
3—4 mm: 4/15 (26.7%)
5-9 mm: 5/14 (35.7%)
>9 mm: 5/16 (31.2%)
Degree of root formation:
Incomplete: 11/48 (22.9%)
Complete: 3/10 (30%)

ORP + SRE: 0/10 (0%)
SRP: 14/48 (29.2%)

Root resorption (inflammatory +
replacement), number of teeth (%)
Degree of intrusion:
<3 mm:

SRE: 3/12 (25%)

ORP: 2/7 (28.6%)

SRP: 3/11 (27.3%)
>3 and <7 mm:

SRE: 7/21 (33.3%)

ORP: 6/14 (42.8%)

SRP: 27/43 (62.8%)
>7 mm:

SRE: 3/5 (60%)

ORP: 5/8 (62.5%)

SRP: 11/19 (57.9%)
Root formation:
Incomplete:

SRE: 10/28 (35.7%)

ORP: 4/8 (50%)

SRP: 4/7 (57.1%)
Complete:

SRE: 3/10 (30%)

ORP: 9/21 (42.8%)

SRP: 37/66 (56.1%)

Replacement root resorption,
number of teeth (%)

Marginal bone defects, number

of teeth (%)
SRE: 5/10 (50%)
SRP: 2/19 (10.5%)

Marginal bone defects, number

of teeth (%)

Degree of intrusion:
1-2 mm: 1/12 (8.3%)
3—4 mm: 6/15 (40%)
5-9 mm: 5/14 (35.7%)
>9 mm: 8/16 (50%)

Degree of root formation:

Incomplete: 13/48 (27.1%)

Complete: 7/10 (70%)

ORP + SRE: 2/10 (20%)
SRP: 18/48 (37.5%)

Marginal bone defects, number

of teeth (%)
Degree of intrusion:
<3 mm:
SRE: 0/12 (0%)
ORP: 2/7 (28.6%)
SRP: 5/11 (45.4%)
>3 to <7 mm:
SRE: 0/21 (0.0%)
ORP: 5/14 (35.7%)
SRP: 19/43 (44.2%)
>7 mm:
SRE: 0/5 (0%)
ORP: 2/8 (25%)
SRP: 12/19 (63.1%)
Root formation:
Incomplete:
SRE: 0/28 (0%)
ORP: 1/8 (12.5%)
SRP: 1/7 (14.3%)
Complete:
SRE: 0/10 (0%)
ORP: 8/70° (11.4%)
SRP: 35/66 (53.0%)

Marginal bone defects,
number of teeth (%)

Pulpal changes, number of
teeth (%)
NR

Pulpal changes, number of
teeth (%)
Degree of intrusion:
1-2 mm: 4/12 (33.3%)
3—4 mm: 9/15 (60%)
5-9 mm: 12/14 (85.7%)
>9 mm: 11/16 (68.7%)
Degree of root formation:
Incomplete: 29/48
(60.4%)
Complete: 7/10 (70%)
ORP + SRE: 4/10 (40%)
SRP: 32/48 (66.7%)

Pulpal changes, number of
teeth (%)
Degree of intrusion:
<3 mm:
SRE: 8/12 (66.7%)
ORP: 6/7 (85.7%)
SRP: 11/11 (100%)
>3 to <7 mm:
SRE: 16/21 (76.2%)
ORP: 13/14 (92.8%)
SRP: 39/43 (90.7%)
>7 mm:
SRE: 5/5 (100%)
ORP: 8/8 (100%)
SRP: 18/19 (94.7%)
Root formation:
Incomplete:
SRE: 20/28 (71.4%)
ORP: 6/9" (66.7%)
SRP: 3/7 (42.8%)
Complete:
SRE: 9/10 (90%)
ORP: 21/21 (100%)
SRP: 65/66 (98.5%)

Pulpal changes, number of
teeth (%)
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Table 3 (Continued )

Study Outcome
Wigen Diagnosis Root formation: Root formation: NR Root formation:
et al., 2008* Immature: 6/31 (19.3%) Immature: 2/31 (6.4%) Immature: 14/31 (45.2%)
Mature: 7/20 (35%) Mature: 4/20 (20%) Mature: 15/20 (75%)
Degree of intrusion: Degree of intrusion: Degree of intrusion:
Complete: 6/21 (28.6%) Complete: 5/21 (23.8%) Complete: 15/21 (71.4%)
Partial: 23/30 (76.7%) Partial: 1/30 (3.3%) Partial: 14/30 (46.7%)
Treatment SRE: 7/37 (18.9%) SRE: 2/37 (5.4%) NR SRE: 18/37 (48.6%)

Moreira Neto Diagnosis + treatment

et al., 2009°
Stewart Diagnosis (root

et al., 2009™ formation) + treatment
Al-Badri Diagnosis (root

et al., 2002%' * formation) + treatment

ORP: 4/7 (57.1%)
SRP: 2/7 (28.6%)

Inflammatory root resorption,
number of teeth (%)
Degree of intrusion >6 mm
Incomplete root formation (n = 7):
SRE: 1/3 (33.3%)
SRP: 0/4 (0%)
Complete root formation (n = 8):
SRE: 1/2 (50%)
SRP: 4/6 (66.7%)

Root resorption, number of
teeth (%)
Apex incomplete (n = 34):
SRE: 4/16 (25%)
ORP: 4/15 (26.7%)
SRP: 1/3 (33.3%)
Apex complete (n=21):
SRE: 2/3 (66.7%)
ORP: 3/7 (42.8%)
SRP: 3/11 (27.3%)

Root resorption, number of

teeth (%)

Apex divergent (n =23):
SRE + ORP: 7/18 (38.9%)
SRP: 1/5 (20%)

Apex parallel (n=10): NR

Apex closed (n=28):

SRE + ORP: 4/4 (100%)
SRP: 20/24 (83.3%)

Inflammatory root resorption,
number of teeth (%)

ORP: 2/7 (28.6%)
SRP: 2/7 (28.6%)

Replacement root resorption,
number of teeth (%)
Degree of intrusion >6 mm
Incomplete root formation (n =7):
SRE: 0/3 (0%)
SRP: 0/4 (0%)
Complete root formation (n = 8):
SRE: 0/2 (0%)
SRP: 3/6 (50%)

Replacement root resorption,
number of teeth (%)

Marginal bone defects,
number of teeth (%)
Degree of intrusion >6 mm
Incomplete root formation (n = 7):
SRE: 1/3 (33.3%)
SRP: 2/4 (50%)
Complete root formation (n = 8):
SRE: 0/2 (0%)
SRP: 6/6 (100%)

Marginal bone defects,
number of teeth (%)
Apex incomplete (n = 34):
SRE: 1/16 (6.2%)
ORP: 6/15 (40%)
SRP: 0/3 (0%)
Apex complete (n=21):
SRE: 0/3 (0%)
ORP: 2/7 (28.6%)
SRP: 1/11 (9.1%)

Marginal bone defects,
number of teeth (%)
NR

Marginal bone defects,
number of teeth (%)

ORP: 6/7 (85.7%)
SRP: 5/7 (71.4%)

Pulpal changes, number of
teeth (%)

Degree of intrusion >6 mm
Incomplete root formation

(n=17):

SRE: 3/3 (100%)

SRP: 4/4 (100%)
Complete root formation
(n=28):

SRE: 2/2 (100%)

SRP: 6/6 (100%)

Pulpal changes, number of
teeth (%)
Apex incomplete (n = 34):
SRE: 4/16 (25%)
ORP: 6/15 (40%)
SRP: 1/3 (33.3%)
Apex complete (n=21):
SRE: 2/3 (66.7%)
ORP: 5/7 (71.4%)
SRP: 7/11 (63.6%)

Pulpal changes, number of
teeth (%)
NR

Pulpal changes, number of
teeth (%)
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bone defects.”"'*?° A significant differ-
ence favouring spontaneous re-eruption
was observed (RR 3.15, 95% CI 1.68—
5.89; P =0.0003), with significant hetero-
geneity. The x* for heterogeneity was
17.52 (P =0.002; I = 77%) (Fig. 4A).

Three studies were included in the anal-
ysis of orthodontic repositioning vs. spon-
taneous re-eruption with regard to
marginal bone defects.””'" A significant
difference favouring spontaneous re-erup-
tion was observed (RR 0.19, 95% CI 0.06—
0.54; P =0.002), with moderate heteroge-
neity. The x? for heterogeneity was 5.59
(P =0.06; I* = 64%) (Fig. 4B).

Three studies were included in the anal-
ysis of surgical repositioning vs. orthodon-
tic repositioning with regard to marginal
bone defects.””'® No significant differ-
ence was observed (RR 1.29, 95% CI
0.77-2.16; P=0.33). The heterogeneity
was moderate. The x> for heterogeneity
was 5.07 (P =0.08; I = 61%) (Fig. 4C).

Five studies were included in the anal-
ysis of surgical repositioning vs. sponta-
neous re-eruption with regard to pulpal
changes.” *'° A significant difference
favouring spontaneous re-eruption was
observed (RR 1.35, 95% CI 1.14-1.60;
P =0.0005), with moderate heterogeneity.
The x> for heterogeneity was 8.19
(P =0.08; I =51%) (Fig. 5A).

Four studies were included in the anal-
ysis of orthodontic repositioning vs. spon-
taneous re-eruption with regard to pulpal
changes.””*'% A significant difference
favouring spontaneous re-eruption was
observed (RR 0.69, 95% CI 0.56-0.84;
P=0.0003). The x> for heterogeneity
was 5.55 (P =0.14; I? = 46%) (Fig. 5B).

Four studies were included in the anal-
ysis of surgical repositioning vs. orthodon-
tic repositioning with regard to pulpal
changes.>’*'% No significant difference
was observed (RR 0.99, 95% CI 0.87-
1.13; P=0.87). The x* for heterogeneity
was 1.00 (P =0.80; I* = 0%) (Fig. 5C).

SRE: 1/4 (25.0%)

ORP: 1/1 (100%)

SRP: 1/1 (100%)
Mature apex (n =2):

SRE: 2/3 (66.7%)

ORP: 1/1 (100%)

SRP: 1/1 (100%)
Degree of intrusion >6 mm

Immature apex (n = 4):
SRP: 2/3 (66.7%)

Degree of intrusion <3 mm
SRE: 0/0 (0%)
ORP: 0/0 (0%)
SRP: 1/2 (50%)
Degree of intrusion 3—-6 mm
Immature apex (n=7):
SRE: 0/3 (0%)
ORP: 2/2 (100%)
SRP: 2/2 (100%)
Mature apex (n =15):
SRE: 1/1 (100%)
ORP: 0/0 (0%)
Mature apex (n="7):
SRE: 0/0 (0%)
ORP: 2/2 (100%)
SRP: 5/5 (100%)

Immature apex (n = 6):

SRP: 1/1 (100%)

Mature apex (n = 2):
ORP: 1/1 (100%)

SRP: 0/1 (0%)
Degree of intrusion >6 mm

Immature apex (n = 4):
SRP: 3/3 (100%)

Degree of intrusion <3 mm
SRE: 1/4 (25%)
ORP: 0/1 (0%)
SRE: 0/0 (0%)
ORP: 0/0 (0%)
SRP: 0/2 (0%)
Degree of intrusion 3—6 mm
Immature apex (n=7):
SRE: 0/3 (0%)
ORP: 0/2 (0%)
SRP: 1/2 (50%)
Mature apex (n =135):
SRE: 2/3 (66.7%)
SRE: 0/1 (0%)
ORP: 0/0 (0%)
Mature apex (n=17):
SRE: 0/0 (0%)
ORP: 0/2 (0%)
SRP: 3/5 (60%)

Immature apex (n = 6):

Outcome

Degree of intrusion <3 mm
SRE: 0/4 (0%)
ORP: 0/1 (0%)
SRP: 1/1 (100%)
Mature apex (n = 2):
SRE: 0/0 (0%)
ORP: 0/0 (0%)
SRP: 0/2 (0%)
Degree of intrusion 3—6 mm
Immature apex (n = 7):
SRE: 0/3 (0%)
ORP: 2/2 (100%)
SRP: 0/2 (0%)
Mature apex (n=135):
SRE: 0/3 (0%)
ORP: 0/1 (0%)
SRP: 0/1 (0%)
Degree of intrusion >6 mm
Immature apex (n = 4):
SRE: 1/1 (100%)
ORP: 0/0 (0%)
SRP: 0/3 (0%)
Mature apex (n=17):
SRE: 0/0 (0%)
ORP: 2/2 (100%)
SRP: 1/5 (20%)

Immature apex (n = 6):

SRE: 2/3 (66.7%)

ORP: 1/1 (100%)
SRP: 1/1 (100%)
ORP: 1/2 (50%)

Mature apex (n =2):
ORP: 1/1 (100%)
SRP: 1/1 (100%)
Degree of intrusion >6 mm

Immature apex (n = 4):
SRE: 1/1 (100%)

ORP: 0/0 (0%)
SRP: 3/3 (100%)

Degree of intrusion <3 mm
SRE: 2/4 (50%)
SRE: 0/0 (0%)
ORP: 0/0 (0%)
SRP: 2/2 (100%)
Degree of intrusion 3—6 mm
Immature apex (n=7):
SRP: 2/2 (100%)
Mature apex (n =15):
SRE: 3/3 (100%)
Mature apex (n="7):
SRE: 0/0 (0%)
ORP: 2/2 (100%)
SRP: 2/5 (40%)
NR, not reported; ORP, orthodontic repositioning; SRE, spontaneous re-eruption; SRP, surgical repositioning.

Immature apex (n = 6):

Subgroup analyses

Subgroups analyses were performed con-
sidering the confounding variable of ‘de-
gree of root formation’ only for surgical
repositioning vs. spontaneous re-eruption.
An analysis that considered the degree of
intrusion could not be performed.

Four studies were included in the anal-
ysis of incomplete root formation vs. com-
plete root formation with regard to root
resorption.”*'®?! Teeth with complete
root formation suffered significantly more
root resorption than teeth with incomplete
root formation (RR 0.40, 95% CI 0.18-
0.90; P=0.03). Heterogeneity was

Diagnosis + treatment

provided by the authors.
Information published in Table 6 of the referenced article.

et al., 2003'°2
# Information

b

Table 3 (Continued)

Study
Humphrey
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Table 4. Summary of the risk of bias for the studies selected.
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Random Blinding of Blinding of
sequence Allocation participants outcome Incomplete Selective Other
generation concealment and personnel assessment outcome data reporting bias
Kinirons and Sutcliffe, 1991%° High High High High High Moderate High
Ebeleseder et al., 2000'* High High High High Low Moderate High
Andreasen et al., 2006 High High High High High Moderate High
Wigen et al., 2008° High High High High Moderate Moderate High
Moreira Neto et al., 2009° High High High High High Low High
Stewart et al., 2009’ High High High Moderate High High High
Al-Badri et al., 2002”' High High High High High Moderate  High
Humphrey et al., 2003'° High High High High Low High High
Surgical Spontaneous re-eruption Risk Ratio Risk Ratio

Study or Subgroup __ Events _Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Andreasen 2006 41 73 13 38 54.4% 1.64 [1.01, 2.67] ——

Kinirons 1991 7 19 4 10 16.7% 0.92 [0.35, 2.41] I E—

Neto 2008 5 10 3 5 12.7% 0.83[0.32,2.19] T

Stewart 2009 4 14 B 19 16.2% 0.90[0.31,2.61] .

Total (95% CI) 116 72 100.0% 1.30[0.90, 1.88] LS

Total events 87 26

Heterogeneity: Chi*= 2.68, df= 3 (P = 0.44); F= 0% =0.01 0f1 150 100*

Test for overall effect: Z=1.38 (P = 0.16)

Favours [Surgical] Favours [Spontaneous]

Fig. 3. Forest plot for the comparison of surgical repositioning vs. spontaneous re-eruption with regard to the outcome ‘root resorption’.

Surgical repositioning  Spontaneous re-eruption Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andreasen 2006 36 73 0 38 5.1% 38.47(2.43,610.09) —————>
Humphrey 2003 8 14 3 11 26.4% 2.10[0.72,6.09) -
Kinirons 1991 2 19 5 10 51.4% 0.21 [0.05, 0.90] —_——
Neto 2009 8 10 1 5 105% 4.00(0.67,23.72) mm———a———
A Stewart 2003 1 14 1 18  67%  1.36[0.09,19.88)
Total (95% CI) 130 83 100.0% 3.15[1.68, 5.89] <
Total events 55 10
Heterogeneity: Chi*=17.52, df= 4 (P = 0.002); F=77% 10.01 0f1 110 1005
Testfor overall effect: Z= 3.58 (P = 0.0003) Favours [Surgical] Favours [Spontaneous]
Spontaneous re-eruption  Orthodontic repositioning Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andreasen 2006 0 38 9 29 55.2% 0.04[0.00,067] +———W——
Humphrey 2003 3 1" 1 6 6.7% 1.64[0.21,1249] —
Stewart 2008 1 19 8 22 381% 0.14 [0.02, 1.05) —_——
B Total (95% Cl) 68 57 100.0%  0.19[0.06, 0.54] R
Total events 4 18
Heterogeneity: Chi*= 5.59, df= 2 (P = 0.06); = 64% 50.01 0;1 150 100:
Testfor overall effect. Z= 3.10 (P = 0.002) Favours [Spontaneous) Favours [Orthodontic)
Surgical repositioning  Orthodontic repositioning Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andreasen 2006 36 73 ] 23 628%  1.59(0.88,2.87) i
Humphrey 2003 8 14 1 6 6.8% 3.43[0.54,21.71) -
Stewart 2009 1 14 8 22 30.3%  0.20(0.03,1.41) e —
C Total (95% Cl) 101 57 100.0%  1.29[0.77,2.16] >
Total events 45 18
Heterogeneity: Chi*= 5.07, df= 2 (P = 0.08); F=61% =[l.l]1 0¥1 1?0 1 DD:

Test for overall effect: Z= 0.97 (P = 0.33)

Favoﬁrs [Surgical] Favours (Orthodontic)

Fig. 4. Forest plots for the comparison of repositioning methods with regard to the outcome ‘marginal bone defects’: (A) surgical repositioning vs.
spontaneous re-eruption; (B) orthodontic repositioning vs. spontaneous re-eruption; (C) surgical repositioning vs. orthodontic repositioning.
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Surgical Rep.  Spontaneous Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI
Andreasen 2006 68 73 29 38 63.0% 1.22(1.01,1.47] il
Humphrey 2003 12 14 4 11 7.4%  2.36(1.05,5.30]
Neto 2008 10 10 5 5 11.8%  1.00(0.76,1.31) —_r
Stewart 2008 8 14 6 19 8.4%  1.81[0.81,4.04]

A Wigen 2008 5 7 18 37 95% 1.47(0.83,2.61)] B e —
Total (95% Cl) 118 110 100.0%  1.35[1.14, 1.60] S 4
Total events 103 62
Heterogeneity: Chi*= 8.18, df= 4 (P =0.08); F=51% 0:2 0;5 ,i‘ i
Test for overall effect: Z= 3.48 (P = 0.0005) Favours [Surgical] Favours [Spontaneous]

Spontaneous  Orthodontic Risk Ratio Risk Ratio

Study or Subgroup  Events _ Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Andreasen 2006 29 38 27 29 51.8%  0.82[0.67,1.00] —l
Humphrey 2003 4 11 6 6 13.9%  0.40[0.19, 0.86] . —
Stewart 2009 6 19 11 22 17.2%  0.63[0.29,1.38]

B Wigen 2008 18 37 6 7 17.1%  0.57[0.36,0.89) =
Total (95% Cl) 105 64 100.0%  0.69 [0.56, 0.84] -
Total events 57 50
Heterogeneity. Chi*= 5.55, df=3 (P =0.14), F= 46% 0!2 0:5 é }
Test for overall effect: Z= 3.63 (P = 0.0003) Favours [Spontaneous] Favours [Orthodontic]

Surgical Orthodontic Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% C| M-H, Fixed, 95% ClI
Andreasen 2006 68 73 27 29 62.3%  1.00(0.89,1.12)
Humphrey 2003 12 14 6 6 14.3%  0.90(0.66,1.22) —
Stewart 2009 8 14 11 22 13.8%  1.14[0.62,2.12)

C Wigen 2008 5 7 6 7 87% 0.83[0.48,1.46)
Total (95% Cl) 108 64 100.0%  0.99[0.87,1.13] -l
Total events 93 50
Heterogeneity: Chi*= 1.00, df= 3 (P = 0.80); F= 0% [1:5 0:7 1:5 +

Test for overall effect: Z= 0.16 (P = 0.87)

Favours [Surgical] Favours [Onﬁodontic]

Fig. 5. Forest plots for the comparison of repositioning methods with regard to the outcome ‘pulpal changes’: (A) surgical repositioning vs.
spontaneous re-eruption; (B) orthodontic repositioning vs. spontaneous re-eruption; (C) surgical repositioning vs. orthodontic repositioning.

moderate. The x* for heterogeneity was
9.75 (P =0.02; I* = 69%) (Fig. 6A).

Four studies were included in the analy-
sis of incomplete root formation vs. com-
plete root formation with regard to
marginal bone defects.*'*!'® No signifi-
cant difference was observed (RR 0.78,
95% CI 0.57-1.05; P = 0.10). Heterogene-
ity was moderate. The x* for heterogeneity
was 5.80 (P =0.12; I* = 48%) (Fig. 6B).

Five studies were included in the anal-
ysis of incomplete root formation vs. com-
plete root formation with regard to pulpal
changes.>*%!%1% Teeth with complete
root formation suffered significantly more
pulpal changes than teeth with incomplete
root formation (RR 0.76, 95% CI 0.63—
0.92; P =0.004). Heterogeneity was mod-
erate. The x> for heterogeneity was 5.78
(P=0.22; P =31%) (Fig. 6C).

The degree of root formation + treat-
ment (surgical repositioning and sponta-
neous re-eruption) was analyzed with
regard to the outcomes. It was not possible

to compare the treatments in teeth with
incomplete root formation for the outcome
‘root resorption’.

Three studies were included in the anal-
ysis of incomplete root formation + surgi-
cal repositioning vs. spontaneous re-
eruption with regard to marginal bone
defects.>®!" A significant difference
favouring spontaneous re-eruption was
observed (RR 4.88, 95% CI 1.49-15.95;
P =0.009). The x* for heterogeneity was
0.72 (P =0.70; I* = 0%) (Fig. 7A).

Three studies were included in the anal-
ysis of incomplete root formation + surgi-
cal repositioning vs. spontaneous re-
eruption with regard to  pulpal
changes.™®'® A significant difference
favouring spontaneous re-eruption was
observed (RR 1.69, 95% CI 1.10-2.60;
P =10.02), with significant heterogeneity.
The x> for heterogeneity was 10.26
(P =0.006; > =81%) (Fig. 7B).

Three studies were included in the anal-
ysis of complete root formation + surgical

5,6,

repositioning vs. spontaneous re-eruption
with regard to root resorption.”*?' No
significant difference was observed (RR
1.24, 95% CI 0.78-1.97; P =0.36). The
heterogeneity was moderate. The x> for
heterogeneity was 4.24 (P=0.12;
P =53%) (Fig. 8A).

Three studies were included in the anal-
ysis of complete root formation + surgical
repositioning vs. spontaneous re-eruption
with regard to marginal bone defects.”®'°
No significant difference was observed
(RR 3.15, 95% CI 1.02-9.79; P =0.05),
with significant heterogeneity. The x* for
heterogeneity was 8.82 (P =0.01;
P =77%) (Fig. 8B).

Three studies were included in the anal-
ysis of complete root formation + surgical
repositioning vs. spontaneous re-eruption
with regard to pulpal changes.”*'" No
significant difference was observed (RR
1.12,95% C10.90-1.39; P = 0.33). The x*
for heterogeneity was 0.24 (P=0.89;
P =0%) (Fig. 8C).
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F.Rad.Incomp. F.Rad. Compl. Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Al-Badri 2002 12 33 24 28 33.4% 0.42[0.26, 0.68] ——
Andreasen 2006 2 43 49 97 17.9% 0.09 [0.02, 0.36] ——
Ebeleseder 2000 11 48 3 10 22.4% 0.76 [0.26, 2.25) —_—
Neto 2009 5 11 3 4 26.3% 0.61[0.26,1.43] —_—
A Total (95% CI) 135 139 100.0% 0.40 [0.18, 0.90] s
Total events 30 79
Heterogeneity: Tau?= 0.43; Chi*= 9.75, df= 3 (P = 0.02); F= 69% :0.01 0%1 110 1001
Testfor overall effect. Z= 2.23 (P = 0.03) Favours [F.R. Incomp] Favours [F.R. Compl]
F.R. Incompl. F.R.Compl. Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Andreasen 2006 18 43 43 97 539% 084062143 -
Ebeleseder 2000 13 48 7 10 23.7%  0.39([0.21,0.72) —
Humphrey 2003 6 17 6 14 13.4%  0.82(0.34,1.99] R E—
B Neto 2009 6 11 3 4 9.0% 0.73[0.33,1.59 —_—
Total (95% Cl) 119 125 100.0% 0.78[0.57, 1.05] <@
Total events 43 59
B
. . . Favours [F.R. Incompl.) Favours [F.R. Compl.]
F.R.Incompl. F.R. Compl. Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Andreasen 2006 29 43 95 97 36.3% 0.68 [0.56, 0.85] -
Ebeleseder 2000 29 48 7 10 13.2% 0.86 [0.54,1.38] —r
Humphrey 2003 10 17 12 14 13.9% 0.69 (0.44, 1.08] —=T
Neto 2009 11 11 4 4 233% 1.00(0.73,1.37] -
C Wigen 2008 14 31 15 20 13.3% 0.60 [0.38, 0.96] —
Total (95% Cl) 150 145 100.0% 0.76 [0.63, 0.92] *
Total events 93 133
Heterogeneity; Tau®= 0.01; Chi*= 5.78, df= 4 (P = 0.22); F=31% =0 01 011 150 100’

Test for overall effect: Z= 2.84 (P = 0.004)

Favours [F.R. Incompl] Favours [F.R. Complj

Fig. 6. Forest plots for the comparison of the degree of root formation with the outcomes (A) root resorption, (B) marginal bone defects, and (C)

pulpal changes.

A summary of the meta-analysis results
can be seen in Table 5.

Discussion

Spontaneous re-eruption appears to have
the best prognosis in comparison to active
repositioning (orthodontic and surgical
repositioning) for marginal bone defects
and pulpal changes. The degree of root
formation may be an important character-
istic to consider, as the subgroup analysis
revealed a better prognosis for incomplete
root formation for all outcomes compared
with complete root formation.

The subgroup analysis did not show
differences between the treatments per-
formed when the roots were completely
formed. Overall, these results need to be
evaluated with caution because of the high
heterogeneity that accompanied most of
the analyses and the high risk of bias of
the individual studies, which weakens

confidence in the results. Moreover, no
clinical trials were identified in this re-
search and all of the articles included were
case series, a design that limits the weight
of the evidence because of the lack of
blinding, randomization, and a control
group.

There was no significant difference be-
tween surgical repositioning and sponta-
neous re-eruption for the primary outcome
of root resorption, possibly because the
degree of root formation was not consid-
ered in this analysis. However, for the
secondary outcomes of marginal bone loss
and pulp necrosis, spontaneous re-erup-
tion yielded a significantly better progno-
sis in comparison with orthodontic
repositioning and surgical repositioning.

These findings could be explained by
the traction force applied by orthodontic
or surgical methods, which could lead to
additional damage to traumatically intrud-
ed teeth and may disrupt the remaining

periodontal ligament'® and apical neuro-
vascular bundle that has already been
damaged by crushing.'® This may cause
healing complications,” whereas sponta-
neous re-eruption would be a more physi-
ological way for the tooth to return to its
position.

However, these results should be eval-
uated carefully because this analysis did
not take into account the degree of root
formation and intrusion, two important
confounding variables that could impact
the treatment outcomes.®'"

Teeth with incomplete root formation
submitted to spontaneous re-eruption were
associated with better secondary outcomes
than teeth treated with surgical reposition-
ing. This result may be explained by the
presence of incompletely formed teeth in
the analysis, as a subgroup analysis per-
formed only with teeth with complete
root formation did not yield differences
between the treatments for any of the
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Surgical Spontaneous Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Andreasen 2006 1 7 0 28 14.6% 10.88[0.49,242.23) >
Humphrey 2003 5 6 1 8 40.2% 6.67 [1.03,43.17) &
Neto 2009 5 7 1 4 452% 2.86 [0.49,16.62] —
Total (95% CI) 20 40 100.0% 4.88[1.49, 15.95] e —
A Total events 11 2
Heterogeneity. Tau®= 0.00; Chi*= 0.72, df= 2 (P = 0.70); I*= 0% =D o1 051 1=U 1IJD=
Test for overall effect: Z= 2.62 (P = 0.009) Favours [Surgical] Favours [Spontaneous)
Surgical Spontaneous Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Andreasen 2006 4 7 8 28 30.6% 2.00[0.84,4.77] T8
Humphrey 2003 5 6 2 8 16.4% 3.33(0.95,11.66) T
Neto 2009 7 7 4 4 53.0% 1.00[0.71,1.41] -
B Total (95% Cl) 20 40 100.0%  1.69[1.10, 2.60] <
Total events 16 14
Heterogeneity: Chi*= 10.26, df= 2 (P = 0.006); F=81% :U 01 y ? 1 g[]=

Test for overall effect: Z= 2.3 (P = 0.02)

0.1
Favours [Surgical] Favours [Spontaneous)

Fig. 7. Forest plots for the comparison of the degree of root formation and repositioning methods (incomplete root formation + surgical
repositioning vs. spontaneous re-eruption) for the outcomes (A) marginal bone defects, and (B) pulpal changes.

outcomes evaluated. The better prognosis
associated with re-eruption and the
recovery of teeth with incompletely
formed roots has been observed previous-
Ly +9:182627

The present results suggest that the
degree of root formation is essential for
the treatment prognosis. Moreover, future
studies that aim to compare these treat-
ment choices should divide their analysis
into two categories—teeth with complete
root formation and teeth with incomplete
root formation—as this is a variable that
directly impacts the outcomes in an inde-
pendent way. The clinician needs to as-
sume the degree of root formation as a
predictor for treatment success and con-
sider it when making treatment decisions.

The findings of this research suggest
that the prognosis is defined at the moment
of the accident based on the aspects of the
tooth before trauma, as proposed by
Andreasen and Pedersen.” The results ob-
served in this review also suggest that
spontaneous re-eruption is the superior
treatment in cases of incomplete root for-
mation, as these teeth exhibited the best
prognosis.

A higher degree of intrusion was ob-
served to be associated with a more severe
injury, due to the higher compression and
ischaemia of the periodontal ligament,
which may increase the chance of root
resorption.'**' Thus, the degree of intru-
sion appears to be another variable that
could be considered in defining the prog-
nosis. However, it was not possible
to include this variable in the present

meta-analysis due to the lack of standardi-
zation among the studies in categorizing
the degree of intrusion.

Clinical trials investigating dental trau-
ma are unlikely to have the level of blind-
ing that is recommended by Cochrane
(patient and dentist). Therefore, it
becomes difficult to determine the extent
to which the lack of blinding influences
the results already obtained for this type of
experiment. However, it is possible to
blind the investigator analysing the radio-
graphs, but this was not done in any of the
studies included and, thus, can be consid-
ered an important source of bias.'

Additionally, the studies were not ran-
domized, which can introduce a serious
selection bias that produces unevenness
in the prognostic factors."” In the studies
included in this review, patients were allo-
cated to the different treatment groups
according to a pre-established protocol®”
82021 that took into account the degree of
intrusion and root formation,>'*'® which
are two important confounding variables. '
Randomization is difficult to perform in
dental trauma studies due to its low inci-
dence, emergency nature, and the fact that
it requires a multi-professional treatment
approach in many cases.”'*® The absence
of randomization in these studies elicits
other problems. The protocols differed
not only from one study to another, but
also, and without explanation, within the
same study, where a treatment group that
should have been homogeneous was not.

Furthermore, the lack of standardization
in the use of antibiotic therapy, type of

post-surgical splint, local disinfection, and
the timing of orthodontic repositioning
(immediate or late) may have significantly
interfered with the results, which makes a
comparison of the articles difficult. More-
over, most articles did not explain their
losses, which increases the risk of report-
ing bias. Still, there were observable dif-
ferences between the numbers presented
in the text and in the tables and difficulties
in establishing a relationship between the
diagnoses (the degree of intrusion and root
formation), treatments, and outcomes.
These discrepancies and difficulties
resulted in the exclusion of two of the
pre-selected articles.”"”

Unfortunately, the poor quality of the
studies included is not a finding unique to
this review. As early as 1985, Andreasen
and Andreasen reported concerns regard-
ing the quality of studies on dental trau-
ma.”’ In 2010, a new study by Andreasen
et al. also reported this concern.’® Two
systematic reviews published in 2013 and
2014 also highlighted this problem.'***

This systematic review and meta-anal-
ysis is important because intrusive luxa-
tion, although rare, has consequences that
often lead to dental loss. However, the
limitations of this research include the
search method (only electronic) and lan-
guage (only publications in English were
included).

In conclusion, based on the methodolo-
gy applied, the available evidence does not
allow us to definitively identify the best
treatment for traumatically intruded teeth.
More reliable evidence, with a minimal



Table 5. Summary of meta-analysis results.

Spontaneous re- Surgical Orthodontic Incomplete root Complete root

Comparison Outcomes eruption repositioning repositioning formation formation
Outcomes vs. treatments Root resorption Not different Not different

Marginal bone defects Better prognosis” Worse prognosis’

Marginal bone defects Better prognosis® Worse prognosis”

Marginal bone defects Not different Not different

Pulpal changes Better prognosis® Worse prognosis”

Pulpal changes Better prognosis Worse prognosis

Pulpal changes Not different Not different
Outcomes vs. degree of root Root resorption Better prognosis® Worse prognosis®
formation Marginal bone defects Not different” Not different

Pulpal changes Better prognosis® Worse prognosis”
Incomplete root formation + Marginal bone defects Better prognosis Worse prognosis
treatment vs. outcomes Pulpal changes Better prognosisb Worse prognosisb
Complete root formation + Root resorption Not different” Not different”
treatment vs. outcomes Marginal bone defects Not different” Not different®

Pulpal changes Not different Not different

Notes: Shaded cells correspond to the characteristics (treatment or degree of root formation) compared. Treatments were considered better or worse only when a statistically significant difference was
found (P < 0.05); statistically insignificant differences (P > 0.05) were considered not different.

2 Moderate heterogeneity (I> = 50-75%).
® Significant heterogeneity (F* > 75%).
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Surgical Spontaneous Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C|
Al-Badri 2002 20 24 4 4 51.0% 0.91 [0.65,1.29] —a—
Andreasen 2006 37 66 3 10 354% 1.87[0.71,4.93] L S
Neto 2009 2 3 1 1 13.6%  0.83[0.28,2.51] —_—
A Total (95% CI) 93 15 100.0%  1.24[0.78,1.97] -
Total events 59 8
Heterogeneity: Chi*= 4.24, df=2 (P=0.12); F=53% 0 65 0!2 é 2:0
Testfor overall effect. Z= 0.91 (P = 0.36) Favours [Surgical] Favours [Spontaneous]
Surgical Spontaneous Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Andreasen 2006 35 66 0 10 19.4% 11.66[0.77,176.50] >
Humphrey 2003 3 8 2 3 656% 0.56(0.17,1.87] —
Neto 2009 3 3 1] 1 15.0% 3.50[0.31, 39.71]
B Total (95% Cl) 77 14 100.0%  3.15[1.02,9.79] i
Total events 41 2
Heterogeneity: Chi== 8.82, df=2 (P=0.01); F=77% =0 01 0:1 1=0 100:
Test for overall effect: 2= 1.99 (P = 0.05) Favours [Surgical] Favours [Spontaneous)
Surgical Spontaneous Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andreasen 2006 65 66 9 10 76.1% 1.09[0.89,1.35)
Humphrey 2003 7 8 2 3 142% 1.31 [0.57, 3.09) B e
C Neto 2009 3 3 1 1 97% 1.00[0.41,2.42) —r—
Total (95% CI) 77 14 100.0% 1.12[0.90, 1.39] &
Total events 75 12
Heterogeneity: Chi*= 0.24, df= 2 (P = 0.89); F= 0% 50 0 011 1=U 100’

Test for overall effect: Z= 0.98 (P = 0.33)

Favours [Surgical] Favours [Spontaneous]

Fig. 8. Forest plots for the comparison of the degree of root formation and repositioning methods (complete root formation + surgical
repositioning vs. spontaneous re-eruption) for the outcomes (A) root resorption, (B) marginal bone defects, and (C) pulpal changes.

risk of bias and standardized clinical pro-
tocols, is needed.

The results of this systematic review
and meta-analysis suggest that, whenever
possible, spontaneous re-eruption should
be the treatment of choice. When sponta-
neous re-eruption is not indicated, there is
no difference between orthodontic and
surgical repositioning in terms of the pos-
itive outcome rates. The degree of root
formation is important to the prognosis of
the teeth, where teeth with incomplete root
formation display a better prognosis.
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