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RESUMO

A avulséo dentaria é definida como o completo deslocamento do elemento dental do
alvéolo ocasionando o rompimento total das fibras do ligamento periodontal bem como
do feixe vasculo-nervoso apical. O reimplante € o tratamento de escolha, embora seu
prognostico no longo prazo seja imprevisivel, pois enquanto alguns dentes
reimplantados permanecem em boca por anos, outros sdo perdidos rapidamente
promovendo sérios prejuizos psicologicos, estéticos, funcionais e financeiros. Poucos
estudos clinicos longitudinais avaliaram o prognostico pulpar de dentes permanentes
reimplantados. Este estudo consistiu numa coorte histérica para avaliar o prognéstico
pulpar de 133 dentes permanentes com rizogénese incompleta reimplantados apés
avulsdo traumatica em 117 pacientes atendidos na Clinica de Traumatismos Dentarios
da Faculdade de Odontologia da Universidade Federal de Minas Gerais no periodo
de 1994 a 2018. A partir da analise de prontuarios clinicos foram coletados dados
como: sexo, idade do paciente no momento do trauma, grau de rizogénese, duracao
do periodo extra-alveolar, meio de armazenamento do dente avulsionado, prescricdo
de antibioticoterapia sistémica, tempo de imobilizac&o, ocorréncia de fraturas da coroa
concomitantes com a avulsdo. O padréo de resposta pulpar foi determinado com base
nos dados clinicos e radiograficos e classificado como cicatrizacdo quando observada
a manutencao da vitalidade pulpar, obliteracdo do canal radicular e invaginacao de
tecido mineralizado semelhante ao osso na cavidade pulpar. A auséncia de
cicatrizacdo foi classificada como necrose pulpar. Os dados foram analisados
utilizando-se o programa estatistico R (versdo 3.5.3, Viena, Austria, 2018). Foi feita a
andlise descritiva das variaveis pesquisadas e uma regressao logistica para estudo
de associacdo entre as co-variaveis estudadas e a ocorréncia ou ndo de cicatrizacao.
A necrose pulpar representou o achado mais frequente (82,7%) seguida da
invaginacao de tecido mineralizado com aspecto 6sseo na cavidade pulpar (9,77%),
manutenc¢ao da vitalidade pulpar (5,26%) e obliteracdo do canal radicular (2,25%). O
modelo multivariado final demonstrou que as chances de cicatrizacao pulpar foram
maiores para dentes com estagios de rizogénese 2 (RC 17.4, IC 95% 2.8-106.6, p=
0.003) e 3 (RC 6.9, IC 95% 1.4 -3.9, p= 0.019), dentes armazenados no leite (RC 5.5,
IC 95% 1.1 — 26.5, p= 0.038) e dentes reimplantados dentro de 15 minutos (RC 25.9,
IC 95% 3.7 — 183.3, p= 0.001). Os resultados obtidos no presente estudo nos
permitem concluir que a cicatrizacao pulpar representou um evento raro tendo
ocorrido principalmente em dentes reimplantados com estagios precoces de
desenvolvimento radicular ap6s armazenamento em meios fisiolégicos como o leite
por curtos periodos de tempo.

Palavras-chave: Traumatismos dentarios. Avulsdo dentaria. Reimplante dentario.
Polpa dentéria. Cicatrizagéo.



ABSTRACT

Pulp prognosis of permanent teeth with incomplete rhizogenesis replanted after
traumatic avulsion: longitudinal clinical study

Tooth avulsion implies total displacement of the tooth out its soket leading to rupture
of all fibers of the periodontal ligament as well as the apical vascular-nervous bundle.
Replantation is the treatment of choice, although its long-term prognosis is
unpredictable. While some reimplanted teeth remain in the mouth for years, others are
lost quickly causing serious psychological, aesthetic, functional and financial damage.
Few longitudinal clinical studies have evaluated the pulp prognosis of reimplanted
permanent teeth. This study consisted of a historical cohort to assess the pulp
prognosis of 133 permanent teeth with incomplete rhizogenesis replanted after
traumatic avulsion in 117 patients treated at the Dental Trauma Clinic of the Faculty of
Dentistry at Federal University of Minas Gerais, from 1994 to 2018. Dental records
were evaluated to collect data such as: gender, age of the patient at the time of trauma,
stage of root development, storage medium and length of extra-alveolar period of the
avulsed tooth, prescription of systemic antibiotic therapy, immobilization time,
presence of concomitant uncomplicated crown fractures in the avulsed tooth. The pulp
response pattern was determined based on clinical and radiographic data and
classified as healing as follows: pulp survival without radiographic changes, pulp canal
obliteration and invagination of bone-like mineralized tissue in the pulp cavity. Pulp
necrosis was classified as non healing. Statistical analysis was done using the program
R (version 3.5.3, Vienna, Austria, 2018). A logistic regression was performed to explore
possible associations between the studied co-variables and the occurrence of healing
inside the pulp cavity. Pulp necrosis represented the most frequent finding (82.7%)
followed by bone-like tissue invagination into root canal space (9.77%), maintenance
of pulp vitality (5.26%) and root canal obliteration (2.25%). The final multivariate model
demonstrated that the chances of pulp healing were greater for teeth with stages of
rhizogenesis 2 (OR 17.4, 95% CI 2.8-106.6, p = 0.003) and 3 (OR 6.9, 95% CI 1.4 -
3.9, p = 0.019), teeth stored in milk (OR 5.5, 95% CI 1.1 - 26.5, p = 0.038) and teeth
reimplanted within 15 minutes (OR 25.9, 95% CI 3.7 - 183.3, p = 0.001). The present
results demonstrated that healing represented a rare event, occurring mainly in teeth
reimplanted with early stages of root development after storage in physiological media
such as milk for short periods of time.

Keywords: Tooth avulsion.Tooth replantation. Dental pulp.
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1 CONSIDERACOES INICIAIS

As lesbes traumaticas dentérias (LTD) representam hoje um problema de
saude publica entre criangcas e adolescentes, pois, sua prevaléncia reportada em
estudos populacionais é alta (PETTI et al., 2018) e, embora suas causas sejam
amplamente conhecidas, programas de prevencdo e controle ainda sdo raros
(SIGURDISSON, 2013). As LTD apresentam natureza aguda uma vez que resultam
de um impacto abrupto, principalmente sobre os dentes anteriores. Além disso sao
multiplas podendo acometer, simultaneamente os tecidos mineralizados do dente,
suas estruturas de sustentacdo e a polpa. Como resultado, as LTD abrangem desde
lesGes mais simples, como uma trinca de esmalte, até lesdes mais complexas, como
luxacdes intrusivas e avulsbes. Estas caracteristicas delineiam um problema de
tratamento longo, complexo e de alto custo, pois geralmente, além dos procedimentos
emergenciais iniciais ha a necessidade de um acompanhamento e tratamento no

longo prazo para tratamento das sequelas (GLENDOR et al., 2001).

A avulséo dentéria caracteriza-se pelo completo deslocamento do dente de seu
alvéolo com ruptura total das fibras do ligamento periodontal e do feixe vasculo-
nervoso periapical. Neste contexto a agressao ao tecido pulpar se deve a interrupcao
da atividade nervosa e do suprimento sanguineo com subsequente degeneracao das

populacdes celulares da polpa.

O reimplante dentario tem sido recomendado como tratamento de escolha,
entretanto ainda apresenta resultados variados, influenciado por fatores clinicos e
demograficos, relacionados ao manejo do dente avulsionado, ao tratamento e ao perfil
de reposta do hospedeiro (ANDERSSON et al., 2012; ROSKAMP et al., 2010).
Embora a necrose represente o tipo de resposta pulpar mais frequente em dentes
reimplantados, modelos experimentais em animais descrevaram cicatrizacdo da
cavidade pulpar apos o reimplante imediato de molares de ratos com a formagéo de
tecido dentindide ou ostedide. (BYERS et al., 1992; KVINNSLAND; HEVERAAS;
BYERS, 1991; NAKAKURA-OHSHIMA et al.,, 2003; OHSHIMA et al., 2001;
RUNGVECHVUTTIVITTAYA; TAKASHI; SUDA, 1998; SHIMIZU et al., 2000;
TSUKAMOTO-TANAKA et al., 2006; ZHAO et al., 2007). Embora a origem destes
tecidos ainda seja controversa, sabe-se que este processo depende do pronto
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estabelecimento de anastomoses entre os vasos na interface polpa/periodonto no
apice radicular, apos o reimplante garantindo a chegada de células de defesa (imunes)
e células-tronco que, gradualmente atuam no controle da infeccéo, na neoformacéao
vascular e na substituicdo do tecido pulpar afetado, promovendo desse modo a
cicatrizacdo do tecido pulpar (KRISTERSON; ANDREASEN, 1984,
RUNGVECHVUTTIVITTAYA; TAKASHI; SUDA, 1998; SKOGLUND; TRONSTAD,
1981; SKOGLUND; TRONSTAD; WALLENIUS, 1978). Outro aspecto a ser
considerado na cicatrizacdo pulpar apés um reimplante € a regeneracao das fibras
nervosas que ocorre pela proliferagéo de axonios colaterais originados de fibras da
regido adjacente ao forame apical. A quantidade e distribuicdo das fibras nervosas
cicatriciais € regulada pelo padréo celular e vascular da cicatriza¢do pulpar. A melhor
reinervacdo € encontrada em areas que mantiveram alguns dos odontoblastos
originais e seus fibroblastos e capilares associados. A menor densidade nervosa foi
observada em dentes com invaginacao de tecido ésseo (BYERS; SUZUKI; MAEDA,
2003).

Resultados de estudos clinicos longitudinais demonstram que a cicatrizacao
pulpar € um evento raro nos dentes com rizogénese completa sendo observado
somente apds o reimplante de dentes permanentes com rizogénese incompleta ou
pelo menos, com forames abertos (ABD-ELMEGUID; ELSALHY; YU, 2015;
ANDREASEN et al., 1995a; 1995b; ANDREASEN; BORUM; ANDREASEN, 1995;
ANDREASEN; HJORTING-HANSEN, 1966; CHAPPUIS; VON ARX, 2005;
EBELESEDER et al., 1998; GONDA et al., 1990; KLING; CVEK; MEJARE, 1986;
RHOUMA; MCMAHON; WELBURY, 2012; SCHATZ; HAUSHERR; JOHO, 1995;
SOARES et al, 2008; TSILINGARIDIS et al., 2015; TZIGKOUNAKIS et al., 2008;
WANG; WANG; QIN, 2019). Estes levantamentos clinicos relatram dois padrbes
radiogréaficos de cicatrizacao na cavidade pulpar de dentes reimplantados: no primeiro
h& a deposicdo de tecido mineralizado internamente nas paredes do canal radicular
levando a obliteracdo da camara pulpar (OCR parcial), ou da camara pulpar e canal
radicular (OCR total), e continuidade do desenvolvimento radicular. No segundo,
observa-se invaginacdo de tecido semelhante a 0sso para o interior da cavidade
pulpar, em continuidade com o o0sso alveolar, mas separado das paredes de dentina,

além da paralisacao da rizogénese e perda da vitalidade (ANDREASEN et al., 1995a).
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Do ponto de vista anatdomico, os dentes permanentes com rizogénese
incompleta apresentam algumas caracteristicas que favorecem a revascularizagédo do
tecido pulpar apos a lesdo do feixe vasculo-nervoso apical, entre elas: o amplo
diametro do forame apical, 0 menor comprimento da raiz e a presenca do complexo
odontogénico apical. Forames apicais amplos significam uma maior interface
polpa/periodonto o que facilita a ocorréncia de anastomoses entre 0s vasos pulpares
e do periodonto apical sugeridas como 0 mecanismo mais importante no pronto
restabelecimento do suprimento sanguineo pulpar local (SKOGLUND; TRONSTAD,
1981; SKOGLUND; TRONSTAD; WALLENIUS, 1978). O menor comprimento da raiz
facilita o acesso da frente de revascularizagdo e das células mesenquimais
indiferenciadas, responsaveis pela substituicdo do tecido pulpar isquémico, as
por¢cdes mais coronarias do canal radicular, antes que todo o tecido se torne
necrosado (KRISTERSON; ANDREASEN, 1984; SKOGLUND; TRONSTAD, 1981).
Além disso, o complexo odontogénico apical, formado pela papila dentéria, e a bainha
epitelial radicular, também favorece o processo de cicatrizacao seja pela presenca de
varias populacdes de células tronco, seja pela caracteristica resiliente deste tecido
(DAS; DAS; MURPHY, 1997).

Outros fatores clinicos tais como 0 manejo do dente avulsionado, tratamento
apos a avulsao também foram investigados quanto aos seus efeitos no processo de
cicatrizacdo pulpar apds o reimplante. Estudos experminetais em macacos e cées
demonstraram maiores indices de revascularizacdo associada a aplicacdo topica de
doxiclina antes do o reimplante (CVEK et al., 1990a, YANPSET; TROPE, 2004).
Entretanto, este efeito ndo foi comprovado clinicamente (TSILINGARIDIS et al., 2015).
A utlizacdo de atibioticoterapia sistémica também nao influenciou a revascularizacao
pulpar seja em estudos experimentias (CVEK et al., 1990a), seja nos levantamentos
clinicos (ANDREASEN et al., 1995b; ANDREASEN; HJORTING-HANSEN, 1966;
KLING; CVEK; MEJARE, 1986; RHOUMA; MCMAHON; WELBURY, 2012,
TSILINGARIDIS et al., 2015; WANG; WANG; QIN, 2019). Os unicos fatores clinicos
determinantes da cicatrizacdo pulpar foram meios de armazenamento Umidos
associados a periodos extra-alveolares curtos que favoreceriam o processo de
revascularizacdo (ANDREASEN et al., 1995b; ANDREASEN; HIORTING-HANSEN,
1966; KLING; CVEK; MEJARE, 1986; RHOUMA; MCMAHON; WELBURY, 2012;
SCHATZ; HAUSHERR; JOHO, 1995).
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O conhecimento sobre o prognéstico pulpar pés-trauma, suas diferentes formas
de cicatrizacdo, bem como seus fatores determinantes € de grande importancia,
principalmente quando falamos de dentes permanentes que nao concluiram a
formacdo radicular e que necessitam de sua polpa vital e ativa para completar a
rizogénese e formar paredes radiculares suficientemente espessas e fortes que

permitam sua fungao normal.

Apesar da relevancia do assunto, poucos estudos clinicos longitudinais
abordam o prognéstico pulpar de dentes traumatizados. Os trabalhos disponiveis
possuem um numero reduzido de dentes com rizogénese incompleta em suas
amostras, dao maior énfase na cicatrizagdo periodontal e nem sempre apresentam
informacdes especificas sobre o padrao de cicatrizacdo pulpar e seus determinantes
(ANDERSSON; BODIN, 1990; ANDERSSON; BODIN; SORENSEN, 1989;
ANDREASEN; HIORTING-HANSEN, 1966; BARRET; KENNY, 1997; COCCIA, 1980;
CHAPPUIS; VON ARX, 2005; GONDA et al., 1990; KARAYILMAZ; KIRZIOGLU;
GUNGOR, 2013; KEMP; GROSSMAN; PHILLIPS, 1977; MACKIE; WORTHING; TON,
1992; POHL; FILIPPI; KIRSCHNER, 2005; WERDER; VON ARX; CHAPPUIS, 2011).

Como existem objecbes éticas e metodoldgicas para se realizar estudos
clinicos randomizados com pacientes portadores de LTD, os estudos clinicos
longitudinais sdo a melhor fonte de evidéncia cientifica para embasar as condutas
adotadas no tratamento das LTD. Para isso, alguns pré-requisitos metodologicos
devem ser observados tais como um tamanho de amostra razoavel, conduta clinica
padronizada e uma avaliacdo estatistica adequada (ANDERSON; ANDREASEN,
2011). Uma vez contemplados esse pré-requisitos, os estudos clinicos sobre o
prognéstico pulpar de dentes permanentes portadores de LTD sdo de grande
relevancia, uma vez que podem subsidiar condutas terapéuticas que favorecam a
cicatrizacdo pulpar ideal e a permanéncia desses dentes na cavidade oral até o
momento mais apropriado para uma reabilitacao definitiva (OIKARINEN, 1993).
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2 OBJETIVOS

2.1 Objetivo geral

O presente trabalho teve como objetivo avaliar o padrédo de resposta pulpar
apos o reimplante de dentes permanentes imaturos, bem como seus fatores

progndsticos.
2.2 Objetivos especificos

a) Determinar o padrdo clinico e radiografico da resposta pulpar apds o

reimplante de dentes permanentes com rizogénese incompleta.

b) Avaliar o efeito da idade do paciente no momento do trauma no padréo de
resposta pulpar ap6s o reimplante de dentes permanentes com rizogénese

incompleta.

c) Avaliar o efeito do estagio de formacéo radicular, presenca de fratura
coronaria concomitante, periodo extra-alveolar e meio de armazenamento do dente
avulsionado no padréo de resposta pulpar apés o reimplante de dentes permanentes

com rizogénese incompleta.

d) Avaliar o efeito da prescricdo de antibioticoterapia sistémica (ATS) e periodo
de imobilizacdo no padrdo de resposta pulpar apés o reimplante de dentes

permanentes com rizogénese incompleta.
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3 METODOLOGIA EXPANDIDA

O presente estudo consistiu numa coorte historica de pacientes portadores de
dentes permanentes com rizogénese incompleta reimplantados apos avulsédo
traumética, atendidos na CTD-FO-UFMG no periodo de 1994 a 2018. Esse estudo foi
aprovado pelo Comité de Etica em Pesquisa da UFMG (CEP-UFMG) (Aprovado no
CEP-UFMG em: 05/07/2018/ CAAE: 92160618.6.0000.5149 / Numero do Parecer:
2.756.614 — ANEXO A).

3.1 Selegéo da amostra

O grupo de estudo avaliado constituiu-se de pacientes portadores de dentes
permanentes com rizogénese incompleta reimplantados apos avulsdo traumatica,
atendidos na CTD-FO-UFMG. Os prontuérios dos pacientes foram analisados e 0s
casos selecionados de acordo com 0s seguintes critérios de inclusdo: (i) dentes
permanentes reimplantados com incompleto desenvolvimento radicular ou forame
apical aberto no momento do trauma, segundo os critérios de Moorrees, Fanning e
Hunt (1963); (ii) dentes reimplantados de acordo com o protocolo adotado pelo PTD-
FO-UFMG desde 1994; (iii) dentes com periodo de acompanhamento minimo de 6
meses; (iv) dentes com documentacédo radiografica completa edesde o momento do
trauma ate a data da Ultima consulta: (v) dentes com informa¢des adequadas sobre
o trauma, manejo do dente avulsionado e primeiros cuidados até chegar a CTD-FO-
UFMG,; (vi) dentes com fratura de esmalte e fratura de esmalte e dentina associada a
avulsdo; (vii) dentes sem histérico prévio de carie, restauracdo extensa e
procedimentos endoddnticos. Aqueles casos com um segundo evento traumatico

tiveram seus dados registrados até o segundo trauma.

3.2 Protocolo do reimplante e acompanhamento clinico radiografico

O tratamento emergencial da avulséo foi realizado no Pronto Socorro Odontologico
do Hospital Municipal Odilon Behrens (PSO-HMOB) e os pacientes foram
encaminhados para continuidade do tratamento na CTD-FO-UFMG, ambos os
servicos integrantes do Programa Traumatismos Dentarios da FO-UFMG (PTD-FO-

UFMG). O reimplante de todos os dentes incluidos no estudo foi realizado de acordo
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com o protocolo adotado no PTD-FO-UFMG desde 1994. As manobras adotadas
consistiram na remoc¢do do coagulo pela irrigagdo do alvéolo com soro fisioldgico e
introducédo do dente avulsionado no alvéolo com pressao digital lenta e gradual até
atingir a regiao apical. Nenhum tipo de tratamento da superficie radicular foi utilizado.
Apos a verificagdo radiografica do correto posicionamento, o dente foi imobilizado
utilizando-se fio de ago inox para amarrilho (0,12" & 0,25mm) (Fio de ago estético para
amarrilho redondo®, Morelli, Sorocaba, SP, BR), fixado com resina composta
fotopolimerizavel (Resina Filtek Z350™, ®3M ESPE, Maplewood, Minnesota, USA). A
imobilizacdo foi removida apds admissdo na CTD-FO-UFMG e os pacientes
retornaram para monitoramento clinico e radiografico dos dentes reimplantados com
rizogénese. A padronizacdo radiogréfica foi baseada em critérios previamente
definidos na literatura (ANDREASEN; ANDREASEN, 1985) e consistiu nha realizacao
de 3 radiografias periapicais (ortoradial, mesializada e distalizada) através da técnica
do paralelismo, utilizando-se filmes periapicais (Kodak ®Ultra-speed DF 58, no. 2,
Eastman Kodak Company Rochester, NY, USA) e posicionadores de filmes (Cone®,
Maquira Dental Products, Maringa, PR, BR). Uma sequéncia de radiografias
periapicais de cada dente, composta pela radiografia inicial, realizada no momento do
reimplante, uma radiografia realizada na consulta de remog¢é&o da imobilizagdo e uma
radiografia dos controles subseqiientes até a definicdo da condicdo pulpar foi

organizada e posteriormente examinada, independentemente, por dois examinadores.

3.3 Coleta de dados
3.3.1 Considerac0es éticas

Esse estudo foi realizado a partir da coleta de dados indiretos, disponiveis nos
prontuarios e ndo envolveu os pacientes diretamente. Os pacientes e/ou seus
responsaveis, assinaram o Termo de Consentimento Livre e Esclarecido (TCLE)
(APENDICE A) e o Termo de Assentimento Livre e Esclarecido (TALE) (APENDICE
B). Para os casos em que nao foi possivel obter o TCLE e o TALE foi solicitado a
Chefia do Departamento de Odontologia Restauradora (ODR), ao qual a CTD-FO-
UFMG esté vinculada, um Termo de Anuéncia (ANEXO B) para utilizacdo dos dados
disponiveis no arquivo da CTD. Além disso, todos os pesquisadores e colaboradores

assinaram um Termo de Compromisso para Utilizagdo de Dados (TCUD) (APENDICE


https://www.google.com.br/search?biw=1366&bih=673&q=rochester+nova+york&stick=H4sIAAAAAAAAAGOovnz8BQMDAw8HsxKHfq6-QaVhUVpspNu5nH8x91acKm_QNp25XHdBcDAAojZBxikAAAA&sa=X&ei=S9pAUrvyC6f84AOhxIGIDA&sqi=2&ved=0CK8BEJsTKAIwEA
https://www.google.com.br/search?biw=1366&bih=673&q=nova+iorque+estado&stick=H4sIAAAAAAAAAGOovnz8BQMDAy8HsxKnfq6-gallUVLlsoeL2-68P8G5e3pOkr3Ua-bL5aoKABsjT-oqAAAA&sa=X&ei=S9pAUrvyC6f84AOhxIGIDA&sqi=2&ved=0CLABEJsTKAMwEA
https://www.google.com.br/search?biw=1366&bih=673&q=estados+unidos&stick=H4sIAAAAAAAAAAEqANX_AHvTx-gAAAANCAMiCS9tLzA5Yzd3MJ2htu4P02go6xHW9N2nv9_pKSihWBWbnSoAAAA&sa=X&ei=S9pAUrvyC6f84AOhxIGIDA&sqi=2&ved=0CLEBEJsTKAQwEA
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C) com a privacidade e a confidencialidade dos dados utilizados, preservando

integralmente o anonimato dos pacientes.

3.3.2 Dados clinicos e demograficos

Foram coletados os seguintes dados clinicos e demograéficos:

Sexo do paciente;

Idade no momento do trauma;

Dados relativos ao momento do trauma: data do trauma, dente acometido,
namero de dentes reimplantados;

Dados relativos ao manejo do dente avulsionado: periodo extra-alveolar, meio
de armazenamento, tempo de imobilizacéo e prescricao de ATS;

Dados relativos aos testes e exames clinicos das consultas de
acompanhamento: resultados dos testes percussao horizontal e vertical, teste
de sensibilidade (quente, frio e elétrico), exame de palpacéo, presenca ou
auséncia de fistula e coloragéo da coroa.

3.3.3 Dados radiogréficos

Foram coletados os seguintes dados radiograficos:

Dados relativos ao estadgio de formacao radicular: o grau de rizogénese foi
classificado radiograficamente de acordo com os estagios descritos por
Moorrees, Fanning e Hunt (1963), de acordo com a seguinte classificacao:
estagio 1: formacdo apenas corondria; estagio 2: 1/4 de raiz formada; estagio
3: 2/4 de raiz formada; estagio 4: 3/4 de raiz formada; estagio 5: raiz
completamente formada com &pice aberto ou meio aberto e estagio 6: raiz

completamente formada e forame fechado, como ilustrado pela Figura 1.
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Figura 01 - Desenho esquematico da classificacdo do grau de rizogénese, segundo
0s niveis descritos por Moorrees, Fanning e Hunt.

Fonte: Moorrees; Fanning; Hunt, 1963, p. 4.

a. Dados relativos a presenca, tipo e extensdo da reabsorcao radicular externa
(RRE) de acordo com critérios descritos na literatura (Andreasen et al., 1995):
(1) Reabsorcdo Radicular externa inflamatoria (RREI): Areas radiolticidas em
forma de concha ao longo da superficie da raiz e no osso alveolar adjacente.
(2) Reabsorcdo Radicular externa por substituicio (RRES): Areas de
irregularidade da superficie radicular, sem LP e com imbricamento do 0sso

alveolar foram classificadas como RRES.

b. Dados relativos a presenca e tipo de tecido mineralizado no interior da cavidade
pulpar: de acordo com critérios descritos por Andreasen et al. (1995a), a saber:
(1) Invaginacgdo de tecido semelhante a osso: tecido radiopaco, semelhante a
osso invadindo o canal radicular e em continuidade com o osso alveolar, além
disso foi identificada presenca de lamina dura e espaco do ligamento

periodontal (LP) no interior do canal radicular;

(2) Obliteracao do canal radicular (OCR): deposicdo de tecido radiopaco nas

paredes canal radicular, dificultando a visibilidade do canal radicular.
c. Dados relativos a presenca de rarefacdo 0ssea periapical;

d. Dados relativos a continuidade do desenvolvimento radicular.
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3.3.4 Critérios para definicdo da condicdo pulpar da condicéo pulpar

A determinacéo da condicao pulpar foi feita a partir dados clinicos associados
aos dados radiograficos utilizando a classificacdo descrita por Andreasen et al.
(1995a):

(1) Vitalidade pulpar: reacédo de sensibilidade positiva, coloracdo normal da
coroa, e radiograficamente, tecidos perirradiculares e cavidade pulpar sem

alteracoes;

(2) Necrose pulpar: nenhuma reacao a estimulacdo elétrica combinada com
radiolucéncia periapical e / ou imagem radiografica de reabsorcdo radicular
externa inflamatoria (RREI) e / ou descoloracéo da coroa e / ou sensibilidade a

percussao;

(3) Invaginacéo de tecido semelhante a osso: tecido radiopaco, semelhante a
osso invadindo o canal radicular e em continuidade com o 0sso alveolar, além
disso foi identificada presenca de lamina dura e espaco do ligamento

periodontal (LP) no interior do canal radicular;

(4) Obliteracao do canal radicular (OCR): deposicdo de tecido radiopaco nas

paredes canal radicular, dificultando a visibilidade do canal radicular.

3.4 Andlises estatisticas dos dados

Os dados obtidos dos prontuérios foram coletados em formulario de coleta
especifico (APENDICE D), logo em seguida foram tabulados em uma planilha do
Excel e posteriormente exportados para o Programa R (verséo 3.5.3, Viena, Austria,
2018). O coeficiente de concordancia de Kappa foi usado para estimar os valores de
concordancia para os dois examinadores (inter e intra-avaliador) em relacdo a
avaliacdo dos indices e tipo de RRE, bem como os critérios radiograficos dos padrbes
de cicatrizagdo indicando uma boa concordancia intra-examinador para diagnostico
de RRE (0,85% e 0,82%), leséo periapical (0,82% e 0,83%), condicao pulpar (0,89%
e 0,83%). A concordancia entre examinadores para definicdo da condi¢ao periodontal

(0,75%), leséo periapical (0,78%) e resposta pulpar (0,80) foi considerada boa.
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Foi feita uma analise descritiva das variaveis pesquisadas e um estudo da
associacdo entre fatores clinicos e demogréaficos e a ocorréncia de cicatrizacdo
através de uma regressao logistica utilizando-se o modelo de Equacbes de
Estimativas Generalizadas (GEE), levando-se em considerac&o a ocorréncia de mais
de um dente reimplantado no mesmo paciente. Para tanto, os casos em que houve
invaginacdo de tecido semelhante a osso na cavidade pulpar, manutencdo da
vitalidade pulpar e OCR, foram agrupados na categoria auséncia de necrose. As
variaveis que apresentaram p<0,25 na analise univariada foram testadas num modelo
de regressdo logistica multivariada. A medida de associacdo entre as variaveis
explicativas e a variavel resposta estudada foi calculada utilizando-se a razdo das
chances (RC) com intervalo de confianca a 95% (IC 95%) e nivel de significancia a
5%. Foi utilizada a imputag&o multipla via algoritmo Multivariate Imputation by Chained

Equatoins (MICE) para os dados ausentes sobre a prescricdo de ATS.
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Abstract

Introduction: Avulsion implies complete displacement of tooth out of its socket,
leading to the total rupture of the neuro-vascular supply. Clinical studies have
demonstrated that pulpal healing is a rare event, being possible only in immature teeth
replanted after short extra-alveolar periods or after storage in suitable conditions. The
present study aimed to evaluate pulpal healing patterns, as well as its determinants, in
permanent teeth replanted after avulsion. Methods: Records from 117 patients treated
at the Dental Trauma Clinic of the Federal University of Minas Gerais were reviewed
to collect clinical and radiographic data regarding pulp prognosis of 133 replanted
permanent teeth with root formation stages from 2 — 5. Pulpal status was classified as
healing (pulp vitality with or without pulp canal obliteration or pulp bone tissue) or non-
healing (pulp necrosis). A logistic regression in the generalized estimated equations
model was performed to investigate possible prognostic factors, such as patients’ age
at trauma and others related to the trauma event and emergency care. Results: Pulp
necrosis was diagnosed in 110 teeth (82.7%) and healing was observed in 23 teeth
(17.3%). The odds of pulpal healing were significantly higher in replanted teeth with
stages 2 (p=0.003) and 3 (p=0.019) of root development. An increase in the extra-
alveolar period also had a progressive effect in the odds of pulp necrosis (OR 1.12, CI
95% 1.02 — 1.24, p=0.017). Teeth stored in milk during the extra-alveolar period
presented less chance of developing pulp necrosis when compared to teeth kept dry
(OR 0.21, CI 95% 0.05 - 0.88, p=0.04). Conclusions: Pulpal healing represented a
rare event after tooth replantation. It was associated with early stages of root
development, extra-alveolar periods less than 15 minutes and storage of the avulsed
tooth in humid media, such as milk.

Key words: pulpal healing, replantation, pulp bone, pulp canal obliteration, milk
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INTRODUCTION

Tooth avulsion is a serious traumatic injury in the permanent dentition, almost
always affecting growing children and adolescents.>? Tooth replantation has been
recommended as the treatment of choice, although its long-term prognosis is
unpredictable and depends on a range of factors such as the patients’ age at the time
of the injury, the management of the avulsed tooth during the extra-alveolar period and
the emergency treatment.® Tooth displacement, out of its socket, implies damage to
both pulpal and periodontal tissues with complete rupture of the periodontal fibers and
the neurovascular bundle at the apical foramen, resulting in the interruption of pulpal

blood supply.

Knowledge about the pulpal healing process after tooth replantation derives
mainly from in vivo experimental studies using animal models. A range of different
tissues have been described inside the root canal including normal reparative dentin,
irregular reparative dentin, irregular immature bone, regular bone and cementum.
Necrosis has also been described.*! There is a lack of clinical studies addressing
pulpal healing patterns after replantation of permanent teeth in the dental trauma
literature, since most of them focus on periodontal healing.'?'® The available
information has demonstrated that pulpal healing is a rare event, observed only in teeth
with incomplete root development or with open apices.?%3° In addition, the duration of
the extra-alveolar period has been suggested as an influence on pulpal healing in two
clinical studies. Kling et al.?! reported significantly increased frequency of
revascularization for teeth replanted within 45 min, and the results from the prospective
study by Andreasen et al.?®> demonstrated a progressive decrease in the chance of
revascularization for teeth stored in wet media (saline or saliva) for more than 5 min.2®

Considering the scarcity of consistent clinical data regarding factors affecting
pulpal healing in immature teeth, the present study aimed to explore retrospectively
possible prognostic factors, as well as their interactions, for pulpal healing in immature
permanent teeth replanted after avulsion. ldentifying prognostic and/or predictive
factors in clinical research is particularly important because they can support specific,

targeted therapeutic strategies.?®
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MATERIALS AND METHODS

The present study retrospectively evaluated immature avulsed and replanted
permanent teeth from patients treated at the Dental Trauma Clinic at the Federal
University of Minas Gerais (DTC, UFMG) in Belo Horizonte, Brazil during the last 25
years (1994-2019). Patients’ records were reviewed and cases were selected
according to the following criteria: (i) replanted permanent teeth with incomplete root
formation at the time of the injury (Moorrees’ criterias?); (ii) teeth replanted according
to the protocol adopted by the Dental Trauma Program since 1994, described
elsewhere®?; (iii) teeth with a minimum follow-up period of 6 months unless pulpal
status could be diagnosed before this time; (iv) teeth with complete and standardized
radiographic records from the time of the injury and from the follow-up period,
according to the protocols adopted by the dental Trauma Program from the UFMG,
described previously®?; (v) teeth with adequate information regarding the traumatic
event, management of the avulsed tooth and first aid provided until arriving at dental
trauma service; (vi) teeth without concomitant complicated crown fractures, root
fractures or alveolar fractures in the avulsed tooth; (vii) teeth without previous history
of caries, extensive restoration, endodontic procedures or traumatic injuries in the
avulsed tooth. Those with a second trauma event had their data recorded until the
second trauma. This study was approved by the Committee on Ethics in Research of
the UFMG (COEP-UFMG 92160618.6.0000.5149).

Radiographic assessment of stage of root development, pulpal status and
periodontal healing

A set of periapical radiographies (PR) from each replanted tooth were blindly
examined by two of the authors (JVB and RGA), properly trained and calibrated. Stage
of root development was assessed from the PR taken at the replantation visit,
according to the Moorrees3! system. Stages 1 to 4 represent the length of the root in
quarters, and stage 5 corresponds to full root length with the foramen half closed (Fig
1A to E).
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Figure 1: Stages of root development according to Moorrees. (A) 1/4 root length; (B)
2/4 root length; (C) 3/4 root length (D) full root length+open foramen; (E) full root
length+half closed foramen.

Radiographic parameters for pulpal healing were classified according to criteria
described by Andreasen et al.?*, as follows: pulp survival without radiographic change,
pulp canal obliteration, or pulp bone (Figs. 2A, B, C). Data regarding the presence and
amount of the external root resorption were assessed from the PR taken during the
follow-up period using the root resorption index developed by Andersson et al.3. The
structures in the resorption cavities were classified as either inflammatory external root
resorption (IERR), bowl-shaped radiolucency in the resorption area; or, as replacement
external root resorption (RERR), bone structures in the resorption area and periodontal

space loss, according to criteria described by Andreasen et al.?*

Clinical assessment of pulpal status

Pulpal status was assessed clinically at the initial visit and during the follow-up
appointments by evaluating crown discoloration, tenderness to percussion and
palpation, presence of swelling or fistula, response to pulp sensibility tests. The
sensibility tests consisted of thermal (refrigerant spray and hot gutta-percha) and
electrical pulp tests. All teeth were tested with all three methods, and the tests were
performed according to procedures described previously.3? Pulp necrosis was
diagnosed based on the presence of fistulas, or on radiographic signs of periapical
bone resorption or IERR. The absence of a response to pulp sensibility tests and crown
discoloration were considered to be additional signs of necrosis only when associated

with the criteria mentioned above.
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Figure 2: Radiographic parameters for diagnosis of pulpal healing: (A: | - 1) pulp
survival without radiographic change; (B: | - II) pulp canal obliteration; (C: I- 1) pulp
bone.

Statistical analysis

Statistical analysis was performed using the R language and environment (R
Core Team, Version 3.5.3, 2018, Vienna, Austria). The Kappa statistic was used to
estimate agreement values for the two examiners (inter- and intra-rater), regarding the
assessment of ERR indexes and type, as well as the radiographic criteria of healing
patterns. This statistic indicated good intra-examiner agreement for ERR (0.85% and
0.82%) and pulpal definition (0.89% and 0.83%), and fair to good inter-examiner
agreement for periodontal and pulpal status definitions (0.75% and 0.78%,
respectively). A multiple logistic regression was performed to test both the association
of potential prognostic factors and the odds of pulpal healing. The generalized
estimation equation (GEE) was used to describe the expected correlation between
avulsed teeth from the same patient. Individuals with missing data for the covariate
systemic antibiotic therapy (SAT) prescription were included using the Multiple
Imputation by Chained Equations (MICE) package in R, An initial univariate model
was applied to evaluate the individual association of the studied covariates (patients’
age at trauma, stage of root development, presence of concomitant uncomplicated
crown fractures, storage media, length of extra-alveolar period of the avulsed tooth,
splinting timing and SAT prescription) with the likelihood of pulpal healing compared to
pulp necrosis. For this evaluation, pulp survival without radiographic change, pulp
canal obliteration and pulp bone were gathered into the same category, i.e., pulpal
healing. The final model was developed after testing covariates presenting nominal p-

values less than 0.25, as well as their multiplicative interaction term.®*
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RESULTS

Records from 871 patients with 1288 replanted permanent teeth were reviewed,
initially. After applying the inclusion criteria the final sample comprised 117 patients,
77 males (65.8%) and 40 females (34.2%), with a mean age of 8.2 + 1.2 years (range
from 5.1 to 11.4 years), at the moment of trauma. Patients were followed for a mean
period of 2.6 years (range from 1 to 13 years). A total of 133 permanent teeth with
incomplete rhizogenesis replanted were evaluated. There were 115 (86.5%) central
upper incisors, 13 (9.8%) lateral upper incisors, 4 (3.0%) lower incisors and 1 (0.8%)
canine. Teeth were classified according to the stage of root development, following
Moorrees’ criteria (1963)3! as follows: 49 teeth (36.8%) presented stage 5, 48 teeth
(36.1%) stage 4, 25 teeth (18.8%) stage 3, and 11 teeth (8.3%) stage 2. Concomitant,
uncomplicated crown fractures were observed in 25 (18.8%) avulsed teeth. The extra-
alveolar periods ranged from 5 minutes to 24 hours (median period of 120 min).
Sample distribution, regarding storage condition, was: 41 teeth were stored dry
(30.8%), 43 were stored in milk (32.3%), 26 in saline solution (19.5%) and 14 in water
(10.5%). Nine teeth (6.8%) remained inside the oral cavity, either under the tongue or
in the vestibule, and were classified as stored in saliva. The extra-alveolar period
ranged from 5 min to 7 days, with a medium period of 120 min. SAT was prescribed in
15.4% of the patients , and 67 (57.3%) patients were not advised about the use of SAT.
This information was not available in 32 (27.4%) of the records. The median splinting
time was 42 days (range from 7 days to 8 months). Pulp necrosis was the most
common outcome, diagnosed in 110 teeth (82.7%). Pulpal healing was observed in 23
teeth (17.3%), pulp vitality was observed in 7 teeth (30.4%), pulp canal obliteration in
3 teeth (13.0%) and pulp bone in 13 teeth (56.5%). Sample distribution of pulpal status
according to stage of root formation is presented in Table 1. Periodontal healing was
observed in only 17.3% of the sample (23 teeth), while ERR was observed in almost
all cases (110 teeth, 82.7%), most of them with RERR (70 teeth, 52.6%). IERR was
observed in 40 teeth (30.1%).

Results from applying the univariate logistic regression model are presented in
Table 2. Table 2 shows the stages of root formation, concomitant crown fractures,
extra-alveolar periods and storage conditions of the avulsed teeth as possible
prognostic factors for pulpal healing after replantation, since they presented nominal,

significant association with the pulpal prognosis after replantation. Patients’ age at
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trauma had an effect on pulpal healing that was marginally significant in the univariate
model. SAT prescription and splinting time did not affect pulpal healing in replanted
immature teeth. Considering that patients’ age at trauma and stage of root formation
are closely correlated covariates, the prognostic values of these two covariates was
tested using two distinct multivariate models including one of them together with
concomitant crown fracture, extra-alveolar period and storage condition of the avulsed
tooth, since were nominally significant in the univariate model. Concomitant crown
fracture in the avulsed tooth lost significance in both models. The first multivariate
model revealed that an increase in the patients’ age at trauma decreased the odds of
pulpal healing (OR 0.56, Cl 95% 1.4 -3.9, p=0.019). This effect was also demonstrated
in the model that included the stages of root formation, since it was verified that the
likelihood of pulpal healing was greater for stages 2 (OR 17.4, Cl 95% 2.8 — 106.6,
p=0.003) and 3 (OR 6.9, Cl 95% 1.4 — 3.9, p=0.019). Extra-alveolar period and storage
condition of the avulsed tooth remained significant in both models, and it was
demonstrated that teeth stored in milk (OR 5.5, Cl 95% 1.1-26.5, p=0.038) had a
greater likelihood of pulpal healing when compared to teeth kept dry, as well as those
replanted within 15 min after avulsion (OR 25.9, Cl 95% 3.7 — 183.3, p=0.001).

Table 1: Sample distribution according to pulpal status and stage of root development

Stageof root development

Pulpal
status 2 3 4 5 Total N (%)
Pulp
Survival 2(18.2)

urviva 1(4.0) 3(6.3) 1(2.0) 7 (5.3)
PCO 1(9.1) 1(4.0) 0 1(2.0) 3(2.3)

FUOfp BEme 2(18.2) 4(16.0) 5(10.4) 2 (4.1) 13 (9.8)

\ . 19 (76.0)
ecrosis 6 (54.5) 40(83.3) 45(91.8) 110 (82.7)

Total 11 (100.0)  25(100.0) 48 (100.0) 49 (100.0) 133 (100.0)
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Table 2 — Logistic Regression Model - Univariate and multivariate analysis of potential

predictors of pulpal healing replantation

PrognosticFactor

Patients’ age at trauma

Each additional year
Systemic Antibiotic Therapy
No
Yes
Concomitant Crown Fractures
No
Yes
Extra-alveolar period
<15 min
>15 e <60 min
> 60 min
Stage of Root Development
Stage 2
Stage 3
Stage 4
Stage 5
Storage Condition
Dry
Water,
Saline,
Saliva
Milk
Splinting Timing*
Each additional day

Univariate

Multivariate

OR(95% Chp

0.68 (0.44-1.05) 0.078

Reference
1.47(0.51-4.27) 0.479

Reference
0.24 (0.06-0.98) 0.047

8.40 (1.67-42.34) 0.011
1.56 (0.56-4.37) 0.399
Reference

7.23 (1.46-35.76) 0.015
3.57(0.94-13.46) 0.061
1.85(0.56-6.18) 0.314
Reference

Reference
3.98 (0.72-22.13) 0.117
2.14 (0.43-10.43) 0.348
6.73 (0.85-53.26) 0.074
3.74 (0.95-14.76) 0.061

1.0 (0.96-1.04) 0.922

0.56 (0.36-0.91) 0.020#

25.85 (3.65-183.32) 0.0011
2.54 (0.74-8.75) 0.142
Reference

17.35 (2.82-106.61) 0.0031
6.90 (1.40-33.89) 0.019
2.25 (0.51-9.86) 0.285

Reference

Reference
4.27 (0.56-32.73) 0.165
2.94 (0.49-17.74) 0.241
7.84 (0.81-75.83) 0.078
5.45 (1.12-26.48) 0.038t1

*log transformed

#Multivariate model including patients’age, concomitantant crown fractures, extra-alveolar

period and storage condition.

TMultivariate model including stage fo root development, concomitantant crown fractures,
extra-alveolar period and storage condition.
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DISCUSSION

The present study evaluated prognostic factors for pulpal healing in replanted
immature permanent teeth retrospectively. It makes an important contribution to the
dental trauma clinical literature. Pulpal healing of replanted permanent teeth has been
addressed marginally in most clinical studies aiming at replantation outcomes. This is
especially true considering that immature replanted teeth, in which revascularization
could be expected, quite often were either not included or accounted for only a minor
part of the samples.?%22:2835 The present results demonstrated that pulpal healing was
a rare event after replantation of immature teeth, and was observed in only 17.3% of
the sample. This rate of revascularization is close to the 18.0% reported by Kling et
al.?!, and the 18.8% reported by Chapuix and von Arx 2. However, other clinical
studies have reported lower frequencies of pulpal healing. Rates of 7.0% and 9.1% are
reported in studies by Rhouma et al.?® and Wang et al.®®, respectively. On the other
hand, higher rates of pulpal healing in immature teeth have been found by Andreasen
et al.?4, who reported a pulpal healing rate of 34%; by Ebeleseder et al.?’, who reported
a pulpal healing rate of 41%; and, by Tsilingaridis et al.2°, who reported a pulpal healing
rate of 34.8%. A meta-analysis conducted by Abd-Elmeguid et al.3’ demonstrated a
pulpal healing rate of 32.9%. Such discrepancies should be discussed considering
differences in sample composition, since a group comprising immature teeth may
include different stages of root formation. However, such discrimination is not always
presented in the studies or they may follow different criteria, which would prevent direct
comparisons. The present paper adopted Moorrees’ classification3!, since it allows
discriminating by both root length and apical foramen diameter. These criteria were
adopted previously by Andreasen et al.?* and by Tsilingaridis et al.2°. On the other
hand, Kling et al.?%, Chappuis and von Arx?8, and Wang et al.®® considered as immature
those teeth with an apical foramen diameter greater than 1mm, but they gave no
information concerning root length. Other studies did not provide details about how
immature teeth were classified. In the present sample, the main prognostic factor for
pulpal healing was early stage of root formation, since it was more frequent in
Moorrees’ stages 2 and 3. In the present paper, it was not possible to determine
whether this healing effect could be attributed to short root length or to wide apical
foramens, since these specific measurements were not performed. However, the

present results are in line with previous reports from Andreasen et al.?®, who
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demonstrated an inverse relationship between pulp length and increased odds of
revascularization, and from Tsilingaridis et al.3°, who observed significantly less pulp
necrosis in teeth with open apices. A tendency towards more frequent pulpal heal