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RESUMO

Os objetivos deste estudo retrospectivo foram: comparar o sucesso clinico e a
continuacdo do desenvolvimento radicular, através de mensuracdes radiograficas, em dentes
traumatizados com rizogénese incompleta submetidos aos procedimentos de apicificacdo, com a
pasta obturadora composta por hidroxido de célcio, clorexidina gel 2% e 6xido de zinco, ou a
revascularizacdo pulpar; propor um método de avaliacdo da convergéncia apical; verificar a
efetividade da medicacéo intracanal composta por hidroxido de célcio e clorexidina gel 2% em
dentes revascularizados. As taxas de sucesso clinico e de sobrevivéncia dos dentes e a presenca de
eventos adversos foram avaliadas através da ficha clinica dos pacientes. As radiografias periapicais
pré-operatdrias e ao final do periodo de acompanhamento foram utilizadas para avaliar as
mudancas radiograficas quantitativas no comprimento e largura radicular, diametro apical e angulo
apical, sendo mensuradas atraves do software Image J. Os dados foram avaliados estatisticamente,
ao nivel de significAncia de 5%. No artigo 1, foram analisados 22 dentes previamente submetidos
a apicificacdo e 22 a revascularizacdo pulpar. O periodo de acompanhamento variou de 6 a 72
meses. As taxas de sucesso clinico com reparo completo foram de 86.36% na apicificacdo e
95.45% na revascularizacao pulpar, sem diferenca estatistica (teste G; p>0.05). A revascularizacao
pulpar promoveu maior incidéncia de eventos adversos do que a apicificacdo (teste G; p<0.05),
sendo 0 escurecimento corondrio o mais encontrado. A revascularizacdo pulpar promoveu,
significativamente (teste t; p<0.05), maior aumento em largura das paredes dentinarias (6.7%) em
comparacdo com a apicificacdo (0.99%). Ndo houve diferenca estatistica (teste t; p>0.05) em
relacdo ao aumento do comprimento radicular (6.66% na apicificacio e 12.55% na
revascularizacdo pulpar), a diminuicdo do diametro apical (30.47% na apicificacdo e 40.51% na
revascularizacdo pulpar) e a convergéncia do angulo apical (7.6° na apicificacdo e 8.0° na
revascularizacdo pulpar). A presenca de reabsorcdo por substituicdo em dentes reimplantados e
um novo trauma dentario com histéria de avulséo foram as principais causas de falha do tratamento
no grupo da apicificagéo e revascularizacao pulpar, respectivamente. No artigo 2, foram avaliados
16 dentes submetidos a revascularizacdo pulpar, com a associacdo do hidroxido de célcio e
clorexidina gel 2% como Unica medicag&o intracanal utilizada. Quinze dentes (93.75%) atenderam
aos critérios de sucesso clinico e sobreviveram durante o periodo de acompanhamento que variou
de 9 a 36 meses. Eventos adversos foram notados em 6 dentes (37.5%). Observou-se mudancas
radiogréaficas significativas (teste t e teste de Wilcoxon; p<0.05) no comprimento, largura radicular
e diminuicdo do didmetro apical (média de 14.28%, 8.12% e 48.37%, respectivamente). Pode-se
concluir neste estudo que os procedimentos de apicificacdo e revascularizagao pulpar promoveram

resultados semelhantes em relacdo ao sucesso clinico. A revascularizacdo pulpar so foi superior a



apicificagdo quando comparado o aumento em largura das paredes dentinérias. Os dois
procedimentos permitiram resultados semelhantes em relagdo a convergéncia apical. A medicagédo
intracanal composta por hidréxido de calcio e clorexidina gel 2% produziu resultados clinicos
satisfatorios nos dentes revascularizados. No entanto, em relacdo a complementacdo do
desenvolvimento radicular, os resultados ainda s&o imprevisiveis, sendo o fechamento apical o

achado mais consistente.

Palavas-chave: Endodontia. Dentes - Radiografia. Traumatismos dentarios.



ABSTRACT

The purposes of this retrospective study were to compare the clinical success and
continuation of root development, through radiographic measurements, in traumatized
immature teeth submitted to apexification with an intracanal dressing paste composed by
calcium hydroxide, 2% chlorhexidine gel, and zinc oxide or pulp revascularization; verify the
effectiveness of an intracanal medication composed by calcium hydroxide and 2%
chlorhexidine gel in revascularized teeth; propose a method for evaluation the apical
convergence. The clinical success, survival rates, and adverse events were evaluated through
the patient’s clinical records. Preoperative and final follow-up periapical radiographs were used
to assess the quantitative radiographic changes in root length and width, apical diameter and
apical angle, measured by Image J. The data were statistically evaluated at the level of
significance of 5%. In article 1, were analyzed 22 teeth previously submitted to apexification
and 22 to pulp revascularization. The follow up ranged from 6 to 72 months. Clinical success
rates with complete healing were 86.36% in apexification and 95.45% in pulp revascularization,
without statistical difference (G test; p>0.05). Pulp revascularization showed a higher incidence
of adverse events than apexification (G test; p<0.05) and crown discoloration was the most
noted. Pulp revascularization showed a significantly (t test; p<0.05) greater increase in root
dentin width (6.7%) as compared to apexification (0.99%). There was no statistically significant
difference (t test; p>0.05) in relation to the increase in root length (6.66% for apexification and
12.55% for pulp revascularization), the decrease of apical diameter (30.47% for apexification
and 40.51% for pulp revascularization) and convergence of apical angle (7.6° for apexification
and 8.0° for pulp revascularization). Replacement resorption in reimplanted teeth and
retraumatization with a history of avulsion was the main cause of failure in apexification and
pulp revascularization, respectively. In article 2, were analyzed 16 teeth submitted to pulp
revascularization, with the combination of calcium hydroxide and 2% chlorhexidine gel as the
only intracanal medication used. Fifteen teeth (93.75%) met the criteria for clinical success and
survived during the follow-up period ranging from 9 to 36 months. Adverse events were noted
in 6 teeth (37.55%). There were significant radiographic changes (t test and Wilcoxon test;
p<0.05) in root length, root width, and the decrease of apical diameter (mean of 14.28%, 8.12%,
and 48.37%, respectively). It was concluded that apexification and pulp revascularization
promoted similar clinical success rates. Pulp revascularization was only superior to
apexification when compared to the increase in root dentin width. Two procedures allowed
similar results in relation to apical convergence. The intracanal medication composed of

calcium hydroxide and 2% chlorhexidine gel showed satisfactory clinical outcomes on



revascularized teeth. However, in relation to the continued root development, the results are

still unpredictable, with the apical closure being the most consistent finding.

Key Words: Endodontics. Teeth - Radiography. Tooth injuries.
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1 INTRODUCAO

Os traumatismos dentarios sdo situacdes de urgéncia odontologica que compreendem
95% de todas as injdrias orais (Glendor et al., 1996; Petersson et al., 1997; Alnaggar e Andersson,
2015). Apresentam uma prevaléncia de 15-30% na denticdo permanente, que varia
consideravelmente entre paises, pois € determinada por diversos fatores, tais como o
comportamento e a diversidade cultural, status social e econdmico, a idade da populagéo e a falta
de padronizacdo em pesquisas nessa area (Andreasen, 1970; Glendor, 2008; Ruslin et al., 2015).
As injdrias traumaticas ocorrem com mais frequéncia em criangas e jovens, na idade entre 7 a 14
anos e, dependendo da severidade podem levar a necrose pulpar com posterior paralisacdo do
desenvolvimento radicular, se este ainda ndo estiver completo (DiAngelis et al., 2012).

O tratamento de dentes permanentes com rizogénese incompleta € um dos
procedimentos mais desafiadores na endodontia (Cvek, 1992; Trope, 2010). Tais dentes
normalmente tém canais muito largos, paredes dentinarias finas e frageis e apices abertos que
apresentam dificuldades para a instrumentacdo, determinacdo do comprimento de trabalho,
controle do extravasamento de irrigantes e selecdo dos materiais de obturacdo. Além disso, devido
a presenca de paredes radiculares finas e frageis, dentes imaturos sdo mais susceptiveis a fraturas
e mesmo 0s casos com tratamento endoddntico ideal podem néo ter um bom progndstico em longo
prazo (Cvek, 1992; Trope, 2010; Jeeruphan et al., 2012).

O procedimento classico para dentes necrosados com rizogénese incompleta € a
apicificacdo, que consiste em induzir uma barreira calcificada em uma raiz com apice aberto ou
permitir o desenvolvimento apical continuado de uma raiz incompletamente formada (Shabahang,
2013). Historicamente, o tratamento de escolha envolve a aplicacéo a longo prazo de medicagdes
intracanais a base de hidroxido de célcio (Rafter, 2005). No entanto, esta opcdo de tratamento
requer multiplas consultas durante um periodo prolongado de tempo, com tratamentos estendendo
regularmente em, no minimo, 6 meses (Andreasen et al., 2002).

Uma alternativa para apicificacdo com hidréxido de célcio é a colocacdo de uma
barreira apical usando o agregado de trioxido mineral (MTA) (Witherspoon et al., 2008;
Shabahang, 2013). A apicificagdo com MTA produz resultados comparativamente favoraveis em
longo prazo em relagdo ao hidroxido de calcio, no que diz respeito a resolugdo dos sinais e
sintomas e reparo periapical (EI-Meligi e Avery, 2006; Pradhan et al., 2006; Moore et al., 2011).
Apesar da vantagem da reducdo do numero de consultas, a apicificagdo com MTA néo permite o
término do desenvolvimento radicular em termos de comprimento e largura (Bakland e Andreasen,
2012; Alobaid et al., 2014).
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Outra alternativa para atingir a apicificacdo é a mistura do hidroxido de célcio com
clorexidina 2% gel e 6xido de zinco, preconizada pela disciplina de Endodontia da Faculdade de
Odontologia de Piracicaba (FOP-UNICAMP) e proposta por Soares (2007). Esta opcdo de
medicacdo intracanal é de baixo custo, facil de usar, possui alta radiopacidade e ndo tem
necessidade de trocas periddicas (Soares et al., 2012). Varios estudos ja foram publicados
referentes a este protocolo, avaliando a associagdo dessas substancias com a atividade
antimicrobiana (Souza-Filho et al., 2008; Gomes et al., 2009), mensuracédo do pH (Souza-Filho et
al., 2008), biocompatibilidade (Soares et al., 2015), além de relatos de casos e estudos clinicos
(Soares, 2007; Soares et al., 2011; Soares et al., 2012; Herrera et al., 2014; Soares et al., 2014).
Observou-se, nestes estudos, diminui¢do dos sinais e sintomas clinicos, assim como o fechamento
e reparo apical.

Na Gltima década, a revascularizacdo pulpar conceituada como a invaginacdo de
células indiferenciadas da regido apical de dentes de pacientes jovens com apice aberto, surgiu
como uma nova opcao de tratamento para a rizogénese incompleta (Zhang e Yelick, 2010; Lei et
al., 2015). Este protocolo inclui a desinfeccdo do sistema de canais radiculares, insercdo de uma
medicacdo intracanal, seguida da inducdo de sangramento além do término apical, que ira
preencher o canal radicular com coagulo sanguineo. Posteriormente, insercdo de uma esponja de
colageno e, logo acima 0 MTA, com selamento da cdmara pulpar com iondmero de vidro, coltosol
ou resina composta (Shah et al., 2008).

Entre as vantagens da revascularizacao pulpar, esta a necessidade de um menor tempo
clinico, a conclusédo do procedimento em uma ou duas sessdes apds o controle da infeccdo, custo
beneficio favoravel, uma vez que ndo sdo necessarias multiplas consultas, além de permitir o
fechamento apical, o término do desenvolvimento radicular e 0 aumento da espessura das paredes
dos canais radiculares (Iwaya et al., 2001; Banchs e Trope, 2004; Shah et al., 2008; Petrino et al.,
2010; Chen et al., 2012).

Iwaya et al. (2001) publicaram o primeiro caso clinico de revascularizacdo pulpar em
um pré-molar inferior com formacéo radicular incompleta e periodontite apical cronica. Apos a
irrigacdo com hipoclorito de sodio 5% e perdxido de hidrogénio 3% e medicagdo intracanal com
antibioticos (metronidazol e ciprofloxacina), foi observado a presenga de um tecido vital 5mm
apical a cavidade de acesso, e esta foi selada com pasta de hidroxido de célcio, cimento de
iondbmero de vidro e resina composta. Trinta meses apos a conclusdo do procedimento, o dente
respondeu positivamente ao teste elétrico pulpar e o término da formacédo radicular era visivel

radiograficamente.
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A partir do caso clinico descrito por Banchs e Trope (2004), foram desencadeadas
novas tentativas para o tratamento de dentes com rizogénese incompleta utilizando a
revascularizacdo pulpar. Estes autores usaram a pasta tripla antibidtica composta por
ciprofloxacina, metronidazol e minociclina, descrita anteriormente por Hoshino et al. (1996).
Depois que os sinais inflamatérios haviam diminuido, o sangramento foi provocado por uma
irritacdo mecénica dos tecidos periapicais e 0 coagulo sanguineo foi coberto com MTA ao nivel
da juncdo cemento-esmalte. Ap6s 24 meses, houve o reparo da extensa lesdo perirradicular,
estreitamento do canal radicular e formacao radicular completa.

Desde os primeiros relatos de casos clinicos, cerca de 400 estudos foram publicados
acerca da revascularizacdo pulpar, utilizando protocolos diversos, principalmente, em relagdo a
concentracdo das solucdes irrigadoras e medicac6es intracanais (Kahler et al., 2017). No entanto,
todos os estudos buscaram os trés resultados favoraveis da revascularizacdo pulpar: resolucéo de
sinais e sintomas clinicos, posterior maturagdo das raizes e retorno da resposta pulpar (Kim et al.,
2018).

Recentemente, as Associacfes Americana e Europeia de Endodontia (AAE, 2016;
Galler et al., 2016a) publicaram as diretrizes para os procedimentos de revascularizacdo pulpar
que incluem: anestesia local, isolamento absoluto e acesso coronario; irrigacdo abundante e suave
com hipoclorito de sédio na concentragdo entre 1.5%-3% com a agulha irrigadora posicionada
cerca de 1-2mm da extremidade radicular, para minimizar a citotoxicidade para as células-tronco
da papila apical; posterior irrigacdo com solucédo salina estéril e EDTA 17%; secagem do canal
radicular; insercdo de medicacdo intracanal a base de hidréxido de célcio; selamento com material
restaurador temporario. Apds 2 a 4 semanas, na segunda consulta é avaliada a resposta ao
tratamento inicial. Se houver sinais e/ou sintomas de infecgdo persistente, considerar o tempo de
tratamento adicional com antimicrobianos; anestesia, isolamento absoluto e remoc¢éo do material
restaurador temporario; irrigacdo com solucdo salina estéril e EDTA 17% para remocdo da
medicacdo intracanal; secagem do canal radicular; indugdo do sangramento, girando uma lima tipo
K a 2 mm além do forame apical com o objetivo de ter todo o canal preenchido com sangue até o
nivel da juncdo cemento-esmalte. Uma alternativa a criagdo de um coagulo sanguineo é o uso de
plasma rico em plagquetas (PRP) ou plasma rico em fibrina (PRF); insercdo de uma matriz de
colageno em cima do coagulo de sangue; colocacdo de um cimento de silicato hidraulico (por
exemplo, MTA ou cimento de silicato tricalcio) em uma fina camada homogénea cerca de 2 mm
abaixo da juncéo cemento-esmalte; restauracao final.

Chen et al. (2015), em uma revisdo de literatura, demostraram que 0s protocolos

técnicos de revascularizagdo pulpar para o tratamento de dentes permanentes com rizogénese
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incompleta e necrose pulpar podem ser considerados uma opcao de tratamento valiosa, eficaz e
reprodutivel na pratica clinica. Baseado nos artigos selecionados para esta revisdo, a
revascularizacdo pulpar mostrou aumento acentuado no comprimento radicular, largura e
fechamento apical. No entanto, para ter uma ideia melhor da real taxa de sucesso desta técnica,
foram recomendados estudos controlados adicionais e a padroniza¢do dos métodos de anélise de
imagens radiograficas durante as visitas de acompanhamento. Além disso, acompanhamentos em
longo prazo sdo necessarios para avaliar seu efeito na sobrevida do dente.

Alguns estudos compararam os resultados clinicos e radiograficos da apicificacdo e
revascularizacdo pulpar (Bose et al., 2009; Jeeruphan et al., 2012; Alobaid et al., 2014; Nagy et
al., 2014; Lin et al., 2017; Silujjai e Linsuwanont, 2017). Embora as taxas de sucesso clinico sejam
altamente favoraveis e semelhantes entre os dois procedimentos (em torno de 76% a 100%), 0s
resultados radiograficos de continuacao do desenvolvimento radicular sdo bastante variaveis. Bose
et al. (2009), Jeeruphan et al. (2012), Nagy et al. (2014) e Lin et al. (2017) concluiram que a
revascularizacdo pulpar obteve, significativamente, maior crescimento radicular em comprimento
e largura em comparacdo a apicificacdo com hidrdxido de célcio ou MTA, enquanto que Alobaid
et al. (2014) e Silujjai e Linsuwanont (2017) verificaram que, embora, mais casos de
revascularizacdo pulpar do que apicificagdo tenham evidenciado aumento do comprimento
radicular e da largura das paredes dos canais radiculares, este efeito ndo foi estatisticamente
significante, sendo que nenhum desses tratamentos ofereceu um desenvolvimento radicular
satisfatorio e previsivel. Todos estes estudos utilizaram radiografias periapicais como parametro
para as mudancas gquantitativas no desenvolvimento radicular (Bose et al., 2009; Jeeruphan et al.,
2012; Alobaid et al., 2014; Nagy et al., 2014; Silujjai e Linsuwanont, 2017), com excec¢do do
estudo de Lin et al. (2017) que analisaram estas mudancas através de tomografias
computadorizadas cone beam. O parametro radiografico ndo requer apenas a técnica do
paralelismo, mas também tomadas radiograficas pré e p6s-operatérias realizadas exatamente no
mesmo angulo (Lin et al., 2017). Comparados com imagens bidimensionais, as imagens
tridimensionais oferecem uma maior perspicacia para avalicdo dos resultados de tratamento de
dentes revascularizados (EzEldeen et al., 2015). Porém, a selecdo do protocolo de imagem mais
apropriado deve seguir os principios ALARA em que todo o esforgo deve ser feito para reduzir a
efetiva dose de radiagdo ao paciente “tdo baixo quanto razoavelmente possivel” (AAE/AAOMR,
2015).

Os estudos relatados apresentam etiologias variadas para a paralisacdo do

desenvolvimento radicular, como carie, trauma dentario e anomalias anatbmicas, que podem
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influenciar no progndstico do tratamento (Bose et al., 2009; Jeeruphan et al., 2012; Alobaid et al.,
2014; Nagy et al., 2014; Lin et al., 2017; Silujjai e Linsuwanont, 2017).

Diogenes e Ruparel (2017) afirmaram que o trauma dentario € a principal etiologia da
necrose pulpar em dentes com rizogénese incompleta e a presenca de dens evaginatus ou dens
invaginatus é a segunda etiologia mais comum. Traumas dentarios moderados a graves na denticao
em desenvolvimento podem danificar potencialmente a bainha epitelial de Hertwig, conhecida por
ser crucial para a formagéo e amadurecimento radicular, dirigindo a proliferacdo e diferenciacao
de células tronco mesenquimais (Xu et al., 2009; Diogenes e Ruparel, 2017).

Apesar da grande relevancia que os traumas dentérios exercem em dentes com
rizogénese incompleta, foram encontrados apenas trés estudos conduzidos, exclusivamente, com
esta etiologia (Nagata et al., 2014a; Saoud et al., 2014; Nazzal et al., 2018) e a revascularizacao
pulpar foi a Unica opcdo de tratamento avaliada.

Portanto, os objetivo deste estudo foram: comparar as taxas de sucesso clinico e a
continuacdo do desenvolvimento radicular, através de mensuracBes radiograficas, em dentes
traumatizados com rizogénese incompleta, submetidos aos procedimentos de apicificacdo, com a
pasta obturadora composta por hidroxido de calcio, clorexidina gel 2% e 6xido de zinco, ou
revascularizacdo pulpar; propor um método radiografico de avaliacdo da convergéncia apical;
verificar a efetividade da medicacéo intracanal composta por hidroxido de célcio e clorexidina gel

2% nos casos de revascularizacao pulpar.
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2 ARTIGOS
2.1 Artigo: Clinical and radiographic outcomes of traumatized immature permanent teeth

treated with apexification or revitalization: a retrospective study
Artigo submetido para publicacéo no periddico International Endodontic Journal

Abstract

Aim: The purposes of this retrospective study were to compare the clinical success rates and
evaluate the continued root development of apexification and revitalization in traumatized
immature teeth. Methodology: Clinical and radiographic data were collected from 37 patients
with 44 treated teeth (22 apexification and 22 revitalization). Tooth survival, success criteria,
and adverse events were evaluated. The preoperative and follow-up radiographs were analyzed
to measure the continued root development and calculate the percentage changes in the root
length, root width, apical diameter, and apical angle. Results: The survival rates and the success
criteria of complete healing of apexification and revitalization were 86.36% and 95.45%,
respectively. Revitalization promoted greater incidence of adverse events than apexification
(p<0.05). Tooth discoloration was the most found event (9/44 cases). Revitalization showed
significantly greater percentage changes only in root width (6.7% vs 0.99% in apexification).
The mean percentage change of increased root length and decreased apical diameter was 6.66%
and 30.47% for apexification and 12.55% and 40.51% for revitalization, respectively. The mean
convergence of the apical angle was 7.6° for apexification and 8.0° for revitalization (p>0.05).
Replacement resorption in avulsed teeth was the main cause of failure in the apexification
group. One case of failure occurred in the revitalization group due to a secondary trauma with
avulsion. Conclusions: Apexification and revitalization provide satisfactory outcomes in
relation to the clinical success rates. In terms of continued root development, revitalization was

similar to apexification, except for root width.

Key Words: apexification, clinical outcome, dental trauma, immature teeth, radiographic

outcome, revitalization.

Introduction

The main etiology for immature necrotic teeth are traumatic dental injuries,
especially intrusions, avulsions and combined injuries (Diogenes et al. 2013, Diogenes &
Ruparel 2017). Moderate to severe trauma can lead to pulp necrosis and apical periodontitis as

well as to root resorption and/or arrested root development, possibly due to damage to the
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Hertwig’s epithelial root sheath, known to be essential for root formation and maturation
(Nagata et al. 2014, Saoud et al. 2014, Diogenes & Ruparel 2017).

Treatment of immature necrotic teeth is a challenge for endodontists. The presence
of thin dentinal root walls leaves the tooth more susceptible to fractures. In addition, chemical-
mechanical preparation, working length determination and obturation are difficult to perform
due to open apices (Andreasen et al. 2002, Law 2013, Alobaid et al. 2014). The conventional
treatment is apexification with periodic changes of calcium hydroxide-based intracanal
medications or placement of an apical plug with mineral trioxide aggregate (MTA) (Shabahang
2013). Both treatments aim to form an apical calcific barrier that induces apical closure (Yassen
& Platt 2013). Although these procedures result in the resolution of the infection and in the
remission of signs and symptoms, they do not allow the continued root development and teeth
persists with thin and fragile dentinal walls (Silujjai & Linsuwanont 2017).

Since the first clinical cases published by Iwaya et al. (2001) and Banchs &
Trope (2004), revitalization became an alternative treatment for immature necrotic teeth. This
modality consists of a minimal instrumentation, copious irrigation, application of an intracanal
medication and induction of the blood clot inside the root canal (Lin et al. 2017). It has as
advantages, besides the resolution of the disease, such as root-end development, increase in root
length and width and decrease in apical diameter (Jeeruphan et al. 2012, Nagata et al. 2014,
Nagy et al. 2014).

Some studies compared the treatment outcomes of apexification and revitalization.
Both procedures promotes satisfactory success rates, with resolution of the infection and
remission of signs and symptoms ranging from 68% to 100% (Jeeruphan et al. 2012, Alobaid
etal. 2014, Linetal. 2017, Silujjai & Linsuwanont 2017). In relation to the continuation of root
development, the literature is very variable, showing rates of increase in root length from 8.55%
to 14.9% and increased width of dentin walls ranging from -3.30% to 28.2% (Jeeruphan et al.
2012, Alobaid et al. 2014, Lin et al. 2017, Silujjai & Linsuwanont 2017). These studies
involving different etiologies for pulp necrosis. Therefore, the purposes of this retrospective
study were to compare the clinical success rates and continued root development of
apexification and revitalization in traumatized immature teeth, and propose a method to

evaluate apical convergence.
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Materials and methods

Selection of Clinical Dental Records
The study protocol was approved by the local ethics research committee (protocol
number 57189016). Clinical dental records from patients who sought treatment at a local dental
trauma service between 2006 and 2016 were selected for this study (Figure 1). The inclusion
criteria were as follows:
- Healthy patients (ASA | or I1).
- Clinical dental records and periapical radiographs of patients who had, at least,
one traumatized immature permanent tooth with pulp necrosis treated by either
apexification or revitalization.
- The treatment should be completed and the tooth restored.
- A clinical and radiographic follow-up of at least 6 months.
Exclusion criteria were incomplete clinical dental records, poorly processed

periapical radiographs or distorted images that do not allow full evaluation.

Treatment Protocol

All the treatment was performed by specialists in Endodontics. For apexification
cases, chemomechanical preparation was performed with manual instrumentation (K files), 2%
chlorhexidine gel and saline solution as irrigation agents and use of EDTA 17% to remove
smear layer. The intracanal dressing paste composed by calcium hydroxide, 2% chlorhexidine
gel and zinc oxide, as a radiopacifying agent, in a proportion of 2:1:2, without periodic changes,
was inserted in root canals, according to the protocol of Soares et al. (2014). This dressing paste
was manipulated to a firm consistency and was inserted in increments, using medium and fine-
medium sized vertical condensers in the entire extent of the root canal up to the apice. After
this, the teeth were sealed with resin-bonded restoration. Definitive root canal filling with sealer
and gutta-percha was performed only in cases where it was observed dissolution of the paste.

In revitalization cases, the clinical protocol was the same as that from Nagata et al.
(2014). In all cases, the first appointment consisted of local anesthesia, access cavity
preparation, rubber dam application, working length determination, and irrigation with 6%
sodium hypochlorite, 2% chlorhexidine, and saline solution with minimal or no
instrumentation. The action of sodium hypochlorite and chlorhexidine was neutralized by 5%
sodium thiosulfate, 5% Tween 80 and 0.07% soy lecithin, respectively (Siqueira et al. 1998).
Intracanal medication was applied with either calcium hydroxide and 2% chlorhexidine gel or
a mixture of ciprofloxacin 250 mg, metronidazole 400 mg, and minocycline 50 mg in the
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proportion of 1:1:1 (Hoshino et al. 1996). At the second visit, the teeth were anesthetized,
accessed, and irrigated with saline solution for intracanal medication removal. Next, a final
irrigation with 3 mL of 17% EDTA was followed by saline solution irrigation. The blood clot
formation was induced into the canal system with manual K-files and collagen fibers were
inserted, followed by White MTA Angelus (Angelus, PR, Brazil) application with a thickness
of approximately 2-3 mm and a coronal seal with temporary sealing and bonded restoration.
Patients were scheduled for posttreatment follow-up examinations, with a minimum interval of

3 months.

Data collection

Data were collected from the patients’ records. Preoperative data included gender,
age, tooth, type and etiology of trauma, presence of periapical lesion and root resorption,
endodontic diagnosis and initial Cvek’s stage of root development (Cvek 1992). The follow-up
data included the presence or absence of clinical symptoms (including spontaneous pain,
sensitivity to percussion, palpation, sinus tract, abscess and tooth mobility), teeth survival,
success criteria, presence of root resorption, presence, type and treatment of adverse events
(Alobaid et al. 2014), follow-up periods and final Cvek’s stage of root development (Cvek
1992).

The preoperative and follow-up radiographs were taken using the standardized
paralleling technique with receptor-holding instruments. The follow-up radiographs were taken
in an attempt to reproduce the same geometry as the preoperative radiographs. Conventional
radiographs were chemically processed and digitized using a HP Scanjet G4050 scanner
(Hewlett-Packard Development Co., CA, USA), and digital radiographs were
processed/scanned using the Apixia Digital Imaging scanner (Apixia Dental, CA, USA). The
images were saved in TIFF format, and transferred to the ImageJ software (Image J 1.49v; US
National Institutes of Health, MD, USA) for measurement and analysis of changes in the root
length, root width, apical diameter and apical angle. The size of an intraoral radiographic image
in the ImageJ software was calibrated based on the actual size of a #2 image receptor by setting
the horizontal and vertical dimensions to 30 and 40 mm, respectively. The calibration process

permitted measuring changes in root size on a millimeter scale.

Radiographic analysis
Under subdued room lighting, three examiners (two endodontists and one oral

radiologist) marked, by consensus, the most apical point of the root on the mesial and distal
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side. Then, all of the following measurements were taken, in millimeters, based on these
landmarks (Figure 2).

Root Length: The shortest distance between the most apical point and an imaginary
line on the cementoenamel junction (Figure 2a). This measurement was performed on the
mesial and distal sides and the mean value was calculated. The difference between the
preoperative and follow-up root lengths was calculated. The percentage of increase in root
length was calculated as follows: (follow-up length - preoperative length/ preoperative length)
x 100 (Nagy et al. 2014).

Root width: The distance between the mesial and distal external root surfaces. This
measurement was performed on the cervical, middle and apical thirds (Figure 2b).

Root canal width: The distance between the mesial and distal inner surfaces of the
root canal. This measurement was performed on the cervical, middle and apical thirds (Figure
2¢).

Root width and root canal width were measured in each level of the root (apical,
middle, and cervical third) that were fixed relative to the determined root length. The
measurements obtained at each level were averaged to determine the overall percentage change
in width, and the increase in root width was calculated as follows: dentin width = root width —
root canal width. The percentage of increase in width = (follow-up width - preoperative
width/preoperative width) x 100 (Nagy et al. 2014).

Apical Diameter: The distance between the mesial and distal most apical points
(Figure 2d). The difference between the preoperative and follow-up measurements and the
percentage of apical closure = follow-up apical diameter - preoperative apical
diameter/preoperative apical diameter x 100 (Nagy et al. 2014).

Apical angle: Angle between two lines connecting the most apical point and
another point 5 mm toward the crown on the mesial and distal sides. Figures 2e and 2f are
examples of apical convergence and divergence, respectively.

All the measurements were conducted twice by the same examiner with an interval
of 1 week, and the mean of the 2 sets was considered the final value. In addition, a subjective
radiographic analysis was performed by the examiners to evaluate the presence or absence of a
periapical lesion, changes in the Cvek’s stage of root development, signs of root resorption and

canal obliteration.
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Clinical outcomes of survival and success

Survival was defined as the tooth remaining present in the arch throughout the study
period (Saoud et al. 2014). The clinical outcome of success was based on the criteria described
by Friedman & Mor (2004), with some modifications, consisting of the following categories:
Complete healing: absence of clinical signs and symptoms, complete resolution of the
periradicular radiolucency, and/or stabilization (not increased in size) of external inflammatory
root resorption.
Incomplete healing: absence of clinical signs and symptoms, periapical lesion either reduced in
size or unchanged, and/or stabilization (not increased in size) of external inflammatory root
resorption.
Failure (disease): persistent clinical signs and symptoms, and/or increased size of the periapical

lesion, and/or increased external inflammatory root resorption, and/or replacement resorption.

Statistical Analysis

The data were imported from Excel into BioEstat 5.3 (Instituto Mamiraud, PA,
Brazil) for analysis. For pre and follow-up characteristics of the study population, a g test was
used to evaluate categoric variables, whereas continuous and ordinal variables were evaluated
using the Mann-Whitney test. The intraclass correlation coefficient (ICC) was conducted to
assess intraexaminer reliability in quantitative radiographic measurements. The changes in root
length, root width, apical diameter and apical angle were expressed as the mean + standard
deviation for comparison between 2 procedures, and the parametric t test was used, because
data was normally distributed. The divergent angles assumed negative values to better represent
the difference with cases of apical convergence. Statistical significance was set at P<0.05.

Results

From 2006 to 2016, 175 traumatized immature permanent teeth were observed in
the dental trauma service. Of these, 65 became necrotic and were treated with either
apexification with an intracanal dressing paste composed by calcium hydroxide, 2%
chlorhexidine gel and zinc oxide or revitalization. Forty-four teeth met the inclusion criteria,
wherein 22 were treated with apexification, 6 with revitalization with triple antibiotic paste and
16 with calcium hydroxide and 2% chlorhexidine gel as intracanal medication. Because of the
small number of cases treated with triple antibiotic paste, they were consolidated into 1 group
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with 22 revitalization cases (Figure 1). All the teeth were restored with composite resin.
Stimulation of the blood clot occurred in all the cases in the revitalization group.

The patient demographics and the clinical characteristics of the study population
are shown in Table 1. The total number of patients is 37 (18 apexification/19 revitalization).
The age of the patients ranged from 6 to 18 years old. The follow-up period ranged from 6 to
72 months, with statistical significant difference between the groups (p<0.05).

Clinical outcomes

The survival rates for apexification and revitalization were 86.36% and 95.45%,
respectively (Table 2). For apexification and revitalization, 19 and 21 teeth met the inclusion
criteria for complete healing, respectively, without statistically significant difference between
the groups (p>0.05). None of the teeth regained responsiveness to pulpal sensibility tests (cold
and electrical) during the follow-up period.

The summary of failure cases are shown in Table 3. The presence of replacement
resorption in reimplanted teeth was the main cause of failure in the apexification group. One
case of apexification failure occurred due to a secondary trauma with horizontal root fracture
and one case of revitalization failure due to a secondary trauma with avulsion.

Revitalization group showed more adverse events (12 cases) than the apexification
group (3 cases) (p<0.05). Tooth discoloration (75%) was the main adverse event found. Four
teeth that were treated with triple antibiotic paste and 5 teeth treated with calcium hydroxide
and 2% chlorhexidine gel showed crown discoloration. In some cases, the same teeth showed

more than one adverse event.

Quantitative radiographic outcomes of root development

The intraexaminer reliability of measuring the increase in root length and root
width, decrease in apical diameter and apical angle showed excellent reliability of ICC values.
The mean of ICC in the apexification group was 0.913 and in the revitalization group was 0.901.
Only the cases that survived in the follow-up period were included in these analyses (19
apexification/21 revitalization).

Revitalization caused a significant increase in root width (mean = 0.21mm/6.7%)
in comparison with apexification (mean = 0.03mm/0.99%), with no statistical differences in
root width at the apical, middle and cervical thirds (p>0.05) (Table 4). When comparing
increase in root length and decrease in apical diameter, statistically significant difference was

not observed between the groups (Table 4). The measured percentage changes in root length
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were 6.66% (mean = 0.88mm) for apexification and 12.55% (mean = 1.42mm) for
revitalization. The measured percentage changes of decrease in apical diameter were 30.47%
(mean = 0.6mm) for apexification and 40.51% (mean = 0.88mm) for revitalization (Table 4).
The apical angle was not statistically significant between the groups. The mean of
convergence in the apexification group was 7.6° and in the revitalization group was 8° (Table
4). Three cases of revitalization were excluded from this analysis because they showed canal

obliteration in the apical third.

Discussion

This retrospective study compared the clinical success rates and continued root
development of apexification and revitalization in traumatized immature teeth. Ideally, these
procedures should be conducted in randomized controlled clinical trials to minimize the risk of
bias. Therefore, the results of this study are based on a sample of 22 apexification and 22
revitalization cases, with varying periods of follow-up. Some retrospective studies measure
quantitative radiographic changes in root length, width, and apical diameter to evaluate the root
development after apexification or revitalization procedures (Jeeruphan et al. 2012, Alobaid et
al. 2014, Silujjai & Linsuwanont 2017).

The protocol used for apexification procedures was the application of an intracanal
dressing paste composed by calcium hydroxide, 2% chlorhexidine gel and zinc oxide. This
combination in the present study and in other past studies allowed remission of signs and
symptoms and induced apical closure, so it can be used successfully in apexification (de Jesus
Soares et al. 2012, Herrera et al. 2014, Soares et al. 2014).

Traumatic dental injuries were the only etiology in the sample studied, which differs
from studies that had a variety of etiologies, in addition to dental trauma, such as caries and
dens evaginatus (Jeeruphan et al. 2012, Alobaid et al. 2014, Silujjai & Linsuwanont 2017). In
this study, combined injuries were the most prevalent, with extrusive luxation associated or not
with crown fractures being the main etiology for both procedures, apexification (9/22) and
revitalization (14/22). Severe traumas such as lateral, extrusive, and intrusive luxations and
avulsions have the potential to damage the Hertwig’s epithelial root sheath that has stem cells
and can differentiate and induce the continuation of root development (Nagata et al. 2014,
Diogenes & Ruparel 2017). Although both procedures promote excellent success and survival
rates in traumatized immature teeth, the clinical significance of continued root development is

still poorly predictable.
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This study found that the success rates of revitalization (95.45%) were comparable
with those of apexification (86.36%), which is similar to other studies that found satisfactory
clinical and radiographic outcomes for both procedures. Jeeruphan et al. (2012) showed a
success rate of 80% for revitalization, 77.27% for calcium hydroxide apexification and 68.42%
for MTA apexification. Alobaid et al. (2014) obtained a success rate of 70% for revitalization
and 100% for apexification. Silujjai & Linsuwanont (2017) found a success rate of 80.77% for
MTA apexification and 76.47% for revitalization. In addition, recent systematic reviews
showed both procedures produce great success and survival rates, with revitalization achieving
similar results to those of apexification (Kahler et al. 2017, Torabinejad et al. 2017).

In this study, the radiographs were taken through a standardized parallelism
technique with intraoral positioners, similar to the studies of Nagy et al. (2014), Estefan et al.
(2016) and Silujjai & Linsuwanont (2017), instead of using the TurboReg algorithm, which can
lead to image distortion and elongation (Silujjai & Linsuwanont 2017). We chose to use, besides
the intraoral positioners, the calibration of images in the same size in Image J. Due to the
difficulty of determining the most apical point of the root in immature teeth, this was established
by consensus among three evaluators and all measurements were taken from this landmark. In
addition, a method that relies not only on the decrease in apical diameter, but also, and mainly,
on the convergence or divergence of the root walls was proposed.

The continued root development is another expected outcome. The literature
showed various degrees of root maturation. In our study, the increase in root length in the
apexification group ranged from 0% to 18% (mean of 6.66%) and in the revitalization from -
7.54% to 45.88% (mean of 12.55%) (Figure 3), with no statistical difference between them.
This result is similar to those from the studies by Alobaid et al. (2014) and Silujjai &
Linsuwanont (2017) who also did not find differences regarding the increase in root length for
both procedures. However, it differs from the studies by Bose et al. (2009), Jeeruphan et al.
(2012) and Nagy et al. (2014), who verified that revitalization promoted, significantly, a greater
increase in root length than apexification. Regarding the increase in the width of dentin walls,
revitalization was significantly superior to apexification, being this result similar to those found
in other studies (Bose et al. 2009, Jeeruphan et al. 2012, Nagy et al. 2014, Silujjai &
Linsuwanont 2017). In relation to the decrease in apical diameter, the results for both
procedures were similar, which differs from the study by Nagy et al. (2014). The apical angle
showed both procedures led to root convergence, with no statistical difference between them.
In apexification group, the convergence ranged from 0° to 21.09° and revitalization ranged from

-6.66° to 18.43°. Three cases diverged at the end of the follow-up period due to the absence of
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apical closure. These results of increase in root length and width should be interpreted with
caution, since it is not known how much increase in tooth structure is enough to strengthen the
root.

Of the four cases that did not survive during the follow-up period, three are
reimplantations under unfavorable conditions, such as long extra-alveolar period and
inadequate storage medium (Table 3). This shows that, regardless of the procedure performed,
unfavorable conditions of reimplantation contribute to the appearance of sequelae and
subsequent tooth loss. The two cases of avulsion of the revitalization group that succeed have
been redeployed within one hour after trauma, suggesting that revitalization may be a treatment
option, since it has favorable conditions for reimplantation. Only 1 case presented root fracture
due to a secondary trauma in the follow-up period. Although some studies report that prolonged
use of calcium hydroxide-based combinations may weaken the root structure (Andreasen et al.
2002, Valera et al. 2015), these results, suggesting that the cause of fracture, may be more
related to thin and fragile walls than to use of calcium hydroxide (Kahler et al. 2018).

As in the study by Alobaid et al. (2014), revitalization was associated with a higher
incidence of adverse effects. Tooth discoloration was the most adverse event found. The crown
discoloration probably occurred due to use of triple antibiotic paste as intracanal medication
and the use of white MTA as cervical sealing (Kahler & Rossi-Fedele 2016), because tooth-
staining occurred.in some cases that calcium hydroxide and 2% chlorhexidine gel were used.
Revitalization achieved a higher follow-up than apexification, probably because the expected
results of continued root development take longer to be visualized radiographically. In addition,
patients in the revitalization group were possibly more enlightened of the need to return the
follow-up periods.

Conclusions

The findings of this study suggest that revitalization provide similar clinical success
rates and radiographic outcomes of root development, to those from apexification procedures.
Further longitudinal studies with larger samples sizes are required to determine the suitable

treatment for traumatized immature permanent teeth.
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Table 1. Summary of Patient Demographics and Preoperative Characteristics of the

Study Population.

Variable Apexification (n=22)  Revitalization (n=22) P value
Gender 0.4126
Male 11 (57.89%) 8 (44.44%)
Female 8 (42.11%) 10 (55.56%)
Age (y) 9,12,6 9,18,7 0.9439
Tooth 0.2351
upper central incisor 22 (100%) 21 (95.45%)
upper lateral incisor 0 (0%) 1 (4.55%)
Type of trauma 0.5567
Fracture 1 (4.55%) 0 (0%)
Luxation 7 (31.82%) 5 (22.73%)
Combined injury (fracture + luxation) 12 (54.55%) 14 (63.64%)
Reimplantation 2 (9.09%) 3 (13.64%)
Etiology 0.0676
Fall 12 (54.55%) 10 (45.45%)
Bycicle 9 (40.91%) 7 (31.82%)
Sports 0 (0%) 3 (13.64%)
Running over 1 (4.55%) 0 (0%)
Physical aggression 0 (0%) 2 (9.09%)
Periapical lesion 0.7086
Yes 5 (22.73%) 4 (18.18%)
No 17 (77.27%) 18 (81.82%)
Root resorption 0.0558
Yes 2 (9.09%) 7 (31.82%)
No 20 (90.91%) 15 (68.18%)
Endodontic diagnosis 0.4295
Pulp necrosis 12 (54.55%) 9 (40.91%)
Acute apical periodontitis 8 (36.36%) 7 (31.82%)
Acute apical abscess 1 (4.55%) 2 (9.09%)
Chronic apical abscess 1 (4.55%) 4 (18.18%)
Initial Cvek’s stage of root development 3541 3,4,1 0.1271

Categoric variables presented as number (n) and percentage (%) (G test). Continuous and

ordinal variables presented as median, maximum value, minimum value (Mann-Whitney test).
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34

Variable Apexification (n=22) Revitalization (n=22) P value
Clinical symptoms 0.0904
Yes 2 (9.09%) 0 (0%)
No 20 (90.91%) 22 (100%)
Teeth survival 0.2843
Yes 19 (86.36%) 21 (95.45%)
No 3 (13.64%) 1 (4.55%)
Sucess criteria 0.4013
Complete healing 19 (86.36%) 21 (95.45%)
Incomplete healing 1 (4.55%) 0 (0%)
Disease (failure) 2 (9.09%) 1 (4.55%)
Root resorption 0.1823
Yes 4 (9.09%) 8 (36.36%)
No 18 (90.91%) 14 (63.64%)
Adverse events* 0.0040
Yes 3 (13.64%) 12 (54.55%)
No 19 (86.36%) 10 (45.45%)
Adverse event type* 0.0261
Tooth discoloration 0 (0%) 9 (75%)
Replacement resorption 2 (66.67%) 1(11.11%)
Absence of apical closure 0 (0%) 3 (25%)
Retraumatization 1 (33.33%) 1(11.11%)
Treatment of adverse event 0.0693
Internal bleaching 0 (0%) 7 (58.34%)
Reintervention 0 (0%) 1 (8.33%)
Extraction 3 (100%) 1 (8.33%)
None 0 (0%) 3 (25%)
Final Cvek’s stage of root development 4,51 4,5,2 0.6443
Follow-up periods* (months) 12,24,6 21,72,9 0.0228

Categoric variables presented as number (n) and percentage (%) (G test). Continuous and

ordinal variables presented as median, maximum value, minimum value (Mann-Whitney test).

*There was statistically significant difference between groups.
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Pre Operative
Characteristics

Reimplantation
Data

Age at Endodontic Storage Follow-
Treatment treatment diagnosis Etiology Type of trauma Storage media time Cause of failure up period
Apexification 6 pulp necrosis running over reimplantation tap water 2 hours replacement resorption 9 months
24
Apexification 8 pulp necrosis fall reimplantation dry 3 hours replacement resorption  months
enamel fracture + extrusive retraumatization- 12
Apexification 11 pulp necrosis fall luxation - - horizontal root fracture ~ months
retraumatization —
Revitalization 7 acute apical abscess  bicycle reimplantation milk 19 hours avulsion 9 months
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Table 4. Quantitative radiographic outcomes (mean + standard deviation).

Variable Apexification (n=22)  Revitalization (n=22) P value

Increase in root length in mm (%) 0.88+0.7 (6.66+5.28) 1.42+1.25 (12.55+11.89)  0.0968

Increase in root width in mm (%)* 0.03+0.07 (0.99+2.25) 0.21+0.35 (6.7+11.08) 0.0328
Decrease in apical diameter in mm

(%) 0.6£0.51 (30.47+22.3) 0.88+0.77 (40.51+28.33)  0.1844

Convergence of apical angle in ° 7.6+6.9 8.0£7.6 0.9142

*There was statistically significant difference between groups (t test).
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Figures
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from 2006 to 2016

with 1282
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Figure 1. Flowchart showing the number of cases attended in the dental trauma service and

excluded for not meeting inclusion criteria.
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Figure 2: Scheme showing how the quantitative radiographic measurements were performed.
(@) Root length; (b) Root width at the apical, middle and cervical third; (c) Root canal width at
the apical, middle and cervical third; (d) Apical diameter; (e) Example of convergence of apical
angle. The apical distance was smaller than the distance 5mm below. Then, the angle tool was
brought up, and the angle was considered convergent; (f) Example of divergence of apical
angle. The apical distance was larger than the distance 5mm below. Then, the angle tool was

taken down, and the angle considered divergent.
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Figure 3: Box-plot graphics showing the percentage increase in (A) root lenght, (B) root width,
(C) decrease in apical diameter and (D) apical angle after apexification (APEX) or revitalization
(REVITA) procedures. One case of revitalization showed a greater increase in root length
(45.88), and one case showed decrease in root length (-7.54%), probably due to the use of
orthodontic appliance. Only root width showed statistically significant difference. Few cases of
apexification and revitalization showed decrease in root width, probably due to the presence of
root resorption. Three cases of revitalization showed divergence of apical angle in follow-up

period due to the absence of apical closure.
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Figure 4: Radiographs of representative clinical cases included in this retrospective study. (A-
B) This case involved an 8-year-old female who traumatized the right and left central maxillary
incisors, after a bicycle accident, causing an extrusive luxation. This case was treated with
apexification with an intracanal dressing paste composed by calcium hydroxide, 2%
chlorhexidine gel and zinc oxide: (A) Preoperative radiograph; (B) Follow-up radiograph 12
months after treatment showing an apical closure and a slight increase in root length. (C-D)
This case involved a 7-year-old female who traumatized the right (causing a lateral luxation),
left central maxillary incisors and the left lateral maxillary incisor (causing avulsion and
reimplantation). The reimplanted teeth were extracted later. (C): Preoperative radiograph
showing external inflammatory root resorption. This case was treated with revitalization, (D):
Follow-up radiograph 24 months after treatment showing an apical closure, a slight increase in
root length and width and stabilization of external inflammatory root resorption. (E-F) This
case was a failure and involved a 7-year-old male who traumatized the right maxillary incisor,
after a bicycle accident, causing an avulsion. The tooth was reimplanted after 19 hours
immersed in milk. (E): Preoperative radiograph. This case was treated with revitalization. (F):
Follow-up radiograph 9 months after treatment showing replacement resorption. Subsequently,

the patient retraumatized the tooth, and it was avulsed.
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2.2 Artigo: Treatment outcomes of pulp revascularization using calcium hydroxide and
2% chlorhexidine gel as intracanal medication

Artigo redigido de acordo com as normas para publicacdo no periddico Journal of Endodontics

ABSTRACT

Introduction: Pulp revascularization is an effective treatment for immature necrotic teeth.
Triple antibiotic paste was the most commonly used intracanal medication. However, it has
some drawbacks, such as bacterial resistance and crown discoloration. Lately, calcium
hydroxide has been used in pulp revascularization procedures due to its beneficial properties.
The purposes of this study were to investigate the clinical success and quantitative radiographic
changes of root development in immature traumatized teeth using calcium hydroxide and 2%
chlorhexidine gel as intracanal medication. Methods: In this retrospective study, 15 patients
with 16 teeth were treated with a standardized pulp revascularization protocol. Patients were
followed up for a period from 9 to 36 months for evaluation of clinical and radiographic data.
Radiographic measurements of root length, root width, apical diameter and MTA placement
from the apex were quantified using the ImageJ software. Results: Fifteen teeth survived during
the follow-up period and 15 teeth (93.75%) met the criteria for clinical success. Adverse events
were noted in 6 cases (37.5%). Significant increases in the average root length (14.28%,
p<0.0001), root width (8.12%, p=0.0196) and decrease of apical diameter (48.37%, p=0.0007)
were observed, although in many cases the changes appear to be very small. MTA placement
from the apex and age at the time of treatment were not significantly associated with the
guantitative radiographic outcomes. Conclusions: Pulp revascularization in traumatized
immature teeth treated with calcium hydroxide and 2% chlorhexidine gel as intracanal
medication had high success and survival rates, showing periodontal healing and resolution of
signs and symptoms. However, with regard to continued root development, the outcomes are

still unpredictable.

Key Words: Calcium hydroxide, chlorhexidine, dental trauma, endodontics, immature teeth,

pulp revascularization.

INTRODUCTION
Traumatic dental injuries occur most frequently between 7 and 14 years old and
pulp necrosis is one of the main sequelae (1, 2). If injury occurs to an immature tooth,

reinnervation and reestablishment of the vascular supply are expected, allowing the tooth to
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continue its growth (2). However, if the pulp tissue becomes necrotic, there is rupture of the
blood supply and, consequently, suspension of root development, leaving the tooth with open
apices and thin and fragile dentinal walls (2, 3). The endodontic treatment for these cases
involves apexification with periodic changes of calcium hydroxide-based medications or the
placement of an apical barrier with MTA (mineral trioxide aggregate), followed by root canal
obturation with gutta-percha (4).

In the last years, pulp revascularization has been consolidated as a viable and
effective alternative for the treatment of immature necrotic teeth (3). It has as advantages, in
relation to the conventional techniques, allowing continued root development and consequent
strengthening the dental structure (5, 6). Its steps involve decontamination with root canal
irrigants, insertion of intracanal medication, inducing of blood clot and coronal sealing (7).

For a few years, triple antibiotic paste, described by Hoshino et al. (8) and
composed of metronidazole, ciprofloxacin and minocycline, was considered a ‘gold-standard’
intracanal medication for pulp revascularization procedures, because antibiotics are effective
against endodontic pathogens (9). However, this combination offers risks of allergic reactions,
bacterial resistance, difficulty of removal and possibility of crown discoloration (10, 11). The
recent guidelines of the American Association of Endodontics and the European Society of
Endodontology (7, 12) recommend the use of calcium hydroxide-based medications. Two
percent chlorhexidine gel is an active vehicle that confers additional antimicrobial properties to
calcium hydroxide. This combination offers pH around 13, acts as a physical and chemical
barrier, in addition to substantivity of chlorhexidine (13, 14). The effectiveness of this
association was demonstrated in cases of pulp revascularization, with satisfactory clinical and
radiographic outcomes (6, 15, 16, 17).

Although dental trauma is the main etiology for pulp necrosis in immature teeth
(18), only three studies have reported the clinical and radiographic outcomes of pulp
revascularization in immature traumatized teeth, exclusively (6, 19, 20). Therefore, the
purposes of this retrospective study were to investigate the clinical success and quantitative
radiographic changes of root development in immature traumatized teeth using the combination

of calcium hydroxide and 2% chlorhexidine gel as intracanal medication.
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MATERIALS AND METHODS

Selection of Dental Records

The study protocol was approved by the local research ethics committee (protocol
number 57189016). The dental records of patients who sought treatment for traumatic dental
injuries, from 2010 to 2016, in a local dental trauma service, with immature necrotic teeth, were
selected for this study. Cases with at least 6-month follow-up, appropriate data and well-

processed radiographs that allow qualitative and quantitative assessments were selected.

Treatment Protocol

Two specialists in endodontics performed the pulp revascularization procedures,
using the standard protocol of the dental trauma service, according to Nagata et al (6). The
informed consent was obtained after an initial examination. The teeth were anesthetized,
isolated with a rubber dam, accessed, slowly and carefully irrigated with 6% sodium
hypochlorite, which was inactivated by 5% sodium thiosulfate, followed by saline solution and
2% chlorhexidine, which was neutralized by 5% Tween 80 and 0.07% soy lecithin (21). There
was no mechanical instrumentation. The canal was dried with absorbent paper points and an
intracanal medication composed by calcium hydroxide (Biodindmica, Ibipord, PA, Brazil) and
2% chlorhexidine gel (Endogel; Itapetininga, SP, Brazil) in a 1:1 proportion was inserted into
the root canals with Lentulo spirals (Dentsply Maillefer, Baillaigues, Switzerland). The access
cavity was also double-sealed with temporary sealing and resin-bonded restauration. In the
second visit after 14 days, the intracanal medication was removed via irrigation with saline
solution and a final irrigation was carried out with 17% EDTA followed by saline solution.
Then, a manual K-file (Dentsply Maillefer, Baillaigues, Switzerland) was inserted into the root
canals to stimulate bleeding, and collagen fibers (CollaCote; Zimmer Dental, Carlsbad, CA,
USA) were placed on the blood clot, followed by the insertion of a white MTA (Angelus,
Londrina, PA, Brazil) as coronal sealing. The access cavity was also double-sealed with

temporary sealing and resin-bonded restauration.

Success Criteria

Clinical success was defined as absence of any signs or symptoms (spontaneous
pain, swelling, sinus tract, pain associated with palpation or percussion and normal tooth
mobility) (22). In addition, the absence of periapical radiolucency and presence of root

resorption were observed (22). Survival was defined as the tooth remaining in the arch during
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the follow-up period, whereas a tooth that was extracted was considered as a failure (19). The

incidence of adverse events was also noted (23).

Radiographic analysis

The preoperative and follow-up radiographs were taken using the standardized
paralleling technique, bite registration with condensation silicone impression and receptor-
holding instruments. Conventional radiographs were chemically processed and scanned with
HP Scanjet G4050 (Hewlett-Packard Development Co., CA, USA), and digital radiographs
were obtained with Apixia Digital Imaging (Apixia Dental, CA, USA). All radiographic images
were saved in TIFF format and transferred to the ImageJ software (ImageJ 1.49v; US National
Institutes of Health, MD, USA). Size #2 of an intraoral radiographic image in the ImageJ
software was calibrated by setting the horizontal dimension to 30 mm and the vertical
dimension to 40 mm. The calibration process allowed the measurement of changes in root
development in millimeter scale.

Under subdued room lighting, three examiners (two endodontists and one oral
radiologist) marked, by consensus, the landmarks where all measures would be taken in
millimeters. The ends of the root on the mesial and distal side were chosen as landmarks. Root
length was measured using the straight-line tool toward an imaginary line in the cementoenamel
junction (Figure 1a). Root dentin width was measured as follows: outer root width (dotted line;
Figure 1b) — pulp space (full line; Figure 1b). Width was measured at 3 levels of the root (apical,
middle and cervical) that were determined in relation to the previously determined root length.
The measurements obtained at each level were averaged to determine the overall percentage
change in width. The diameter of the apical foramen was measured as the distance from the end
of the root on the mesial side to the end of the root on the distal side (Figure 1c). The difference
between preoperative and final follow-up radiographs was calculated. MTA placement from
the apex was measured as the shortest distance from the middle of the apex to the MTA barrier
(represented as the vertical line; the squares represent the coronal sealing; Figure 1d). This
measure was calculated in millimeters and associated with radiographic changes in root length,
root width, and apical diameter.

The measurements were conducted by the same examiner and repeated after 1
week. The mean of the 2 replicates was considered as the final value. Using the visual
assessment method, the examiners evaluated the presence or absence of periapical
radiolucency, changes in Cvek’s stage of root development (24), signs of root resorption and

intracanal calcification.
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Statistical Analysis

The descriptive analyses were expressed as frequencies and percentages or the
median, maximum and minimum value for the patients” demographic, baseline characteristics
and success criteria. The intraclass correlation coefficient (ICC) was conducted to assess
intraexaminer reliability in the radiographic analysis. The preoperative and follow-up
measurements of root length, root width and decrease of apical diameter were expressed as
mean + standard deviation when data was normally distributed and parametric t test was used;
the median, maximum value and minimum value were expressed when nonparametric
Wilcoxon test was used. Statistical significance was set at p<0.05. All statistical analyses were
conducted using BioEstat 5.3 (Instituto Mamiraua, PA, Brazil).

RESULTS
Baseline Study Population’s Characteristics

The characteristics of the study population are summarized in Table 1. Fifteen
patients with 16 traumatized immature teeth met the inclusion criteria. In this population, about
half of the subjects were male (53.33%), the age at the time of treatment ranged between 7 and
18 years old, the average having been 9 years old. Fall (43.75%) and crown fracture associated
with extrusive luxation (43.75%) were the main etiology and type of trauma, respectively. The

follow-up period ranged between 9 and 36 months, the average having been 21 months.

Clinical Outcomes

Survival rate was 93.75% (15/16); 1 tooth was retraumatized with history of
avulsion. This study had 93.75% (15/16) clinical success rate (Table 2). No tooth required
additional endodontic treatment during the follow-up period. The average Cvek’s final stage of
root development was stage 4 (24). The main adverse event noted was crown discoloration
(5/16) followed by retraumatization of the same tooth (1/16). All cases of crown discoloration
were submitted to internal bleaching. All cases that showed signs of root resorption in the initial
exam were stabilized in the follow-up. During the follow-up periods, none of the teeth regained
pulpal sensitivity or exhibited any signs or symptoms. All teeth were restored with composite
resin. There was stimulation of the blood clot in all cases.
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Radiographic Outcomes

The radiographic outcomes are presented in Table 3. There was excellent
intraexaminer agreement for the radiographic measurements with a 0.935 mean ICC value.
Only the cases that survived in the follow-up period were included in these analyses (15/16).

Significant increase in root length, root width and decrease in apical diameter were
observed from the preoperative radiographs to the follow-up period. The apical third was the
only one that increased significantly, but when comparing the percentage increase between the
three thirds, there was no statistical difference (p>0.05; Kruskal-Wallis test). The average
increase in root length, root width and decrease in apical diameter was 14.28%, 8.12% and
48.37%, respectively. Assuming a 20% difference as clinical radiographic change (19, 22, 23,
25), 4 teeth (26.67%), 3 teeth (20%) and 13 teeth (86.67%) achieved this criterion for root
length, root width and apical diameter, respectively (Figure 2). MTA placement from the apex
and age at the time of treatment were not significantly associated with the radiographic
outcomes of continued root development. Stage of root development was not associated with a
higher percentage of change in root length and root width, only with decrease in apical diameter.

Two cases showed intracanal calcification.

DISCUSSION

This study shows the clinical and radiographic outcomes of pulp revascularization
in traumatized immature teeth, after use of calcium hydroxide with 2% chlorhexidine gel as
intracanal medication. Despite its retrospective design, only two operators performed all cases
through the standard protocol of the dental trauma service where the study was conducted, with
an average follow-up of 21 months. The use of standardized radiographs with bite registration,
receptor-holding instruments and the same x-ray machine were fundamental to allow the
quantification of changes in root length, root width and apical diameter. In addition, through
the analysis of the clinical records, it was possible to verify aspects such as the type and etiology
of dental trauma, presence of root resorption and periapical radiolucency, signs and symptoms,
adverse events and clinical success rates.

The clinical success rate in this study was 93.75%. This result is similar to those of
studies that reported 76% to 100% clinical success rates (6, 19, 22, 25, 26, 27). This finding
confirms that pulp revascularization is a viable and effective procedure for immature
traumatized teeth, with satisfactory results in relation to the resolution of clinical and
radiographic signs and symptoms. The most frequent adverse event was the crown discoloration

(5/16 cases), which is also observed in several studies (6, 20, 22, 23, 26). Despite the use of a
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calcium hydroxide-based intracanal medication, discoloration cannot be avoided, probably due
to the use of white MTA (11), even if this material is carefully inserted below the
cementoenamel junction. This crown discoloration can be attributed due to the presence of
bismuth oxide in white MTA composition that interacts with collagen of dentin matrix and
culminates in a color change (28). All cases of crown discoloration in this study were submitted
to internal dental bleaching with favorable aesthetic results.

The most frequently observed radiographic finding was decrease in apical diameter,
ranging from 15.54% to 68.8%, which is in accordance with several studies that consider it to
be the most consistent and significant radiographic finding (6, 19, 20, 22, 25, 27). More
immature developmental teeth, such as Cvek’s stages 1, 2 and 3 (24), achieved the highest rates
of decrease in apical diameter, confirming that pulp revascularization is an efficient procedure
in traumatized teeth at the early stages of development.

The second most frequently observed radiographic finding was increase in root
length, ranging from 0.74% to 45.88%, the average having been 14.28%. Considering the
threshold of a 20% increase in radiographic outcomes as cutoff point (19, 22, 23, 25), only 4
cases met this criterion. In the studies by Saoud et al (19), Chan et al (22), and Alobaid et al
(23) no case met this criterion, while in Li et al (25) study, in which dens evaginatus was the
only etiology, 11 cases achieved this result. Despite the possible damage that luxation injuries
exert on Hertwig’s epithelial root sheath (19, 29), the rates of increase in root length are similar
to those of studies that involved several etiologies (ranging from 8.6% to 23.37%) (22, 23, 25,
26, 27, 30). However, it is slightly higher in comparison to studies that involved dental traumas
only (19, 20).

The third most frequently observed radiographic finding was increase in root width.
It was observed that the apical third had greater increase in width, possibly due to the greater
invagination of stem cells of apical papilla in this region. However, only three cases had
meaningful radiographic changes, whereas Saoud et al (19) obtained 9 cases that met this
criterion. The average increase in root width was 8.12%, being comparable to Nazzal et al (20)
study, but slightly lower than the average of similar studies, in which this finding ranged from
13.75% to 28.2% (19, 23, 27, 31, 32). This finding suggests that root strengthening in terms of
width is unpredictable. Despite the significant statistical results regarding the increase in root
length and width, these changes cannot be considered clinically consistent, since in most cases
they are quite small and only observed through radiographic measurements.

In this study, most traumatic injuries were extrusive luxations, associated or not

with enamel, enamel and dentin or enamel, dentin and pulp fractures. Extrusive luxation is
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considered a moderate trauma to the supporting tissue and when associated with crown
fractures, the chance of pulp necrosis is around 40% in immature teeth, a lower rate when
compared to the estimate of pulp necrosis in lateral luxation (50%) or intrusions (100%) (2).
These findings differ from the studies conducted in traumatized immature teeth only, in which
most injuries were lateral luxations (6), enamel, dentin and pulp fractures (19) or enamel and
dentin fractures (20). In addition, severe traumas such as intrusions and avulsions were also
found in smaller proportions, as well as in studies in which dental trauma was not the only
etiology (22, 23). Avulsion followed by reimplantation was observed in 3 cases; 2 with clinical
success and 1 failed due to a new avulsion. One of the factors that contributed to clinical success
was the favorable conditions of reimplantation: both had saline solution as storage medium and
were replanted within 60 minutes, according to IADT’s guidelines (33). The failure case was
replanted 19 hours after the avulsion and already exhibited signs of replacement resorption
before retraumatization. This shows that when reimplantation is performed under favorable
conditions, pulp revascularization may be considered a viable treatment option.

The disinfection of the root canals was performed with sodium hypochlorite and
chlorhexidine, without mechanical instrumentation. These irrigating solutions were inserted
approximately 3mm lower than the working length to prevent the possibility of cytotoxicity of
these substances to stem cells of apical papilla and neutralized by using sodium thiosulfate,
Tween 80 and soy lecithin. To complement the disinfection of the root canals, calcium
hydroxide associated with 2% chlorhexidine gel was the only intracanal medication used in the
present study. This association allows the increase of antimicrobial activity against some
bacteria found in endodontic infections and diffusion in the dentinal, without interfering in
chemical and biological properties of calcium hydroxide (34, 35). Some studies have been
successful with the use of this medication in pulp revascularization (6, 15, 16, 17), achieving
similar results to triple antibiotic paste (6, 16). For some time, the use of calcium hydroxide in
pulp revascularization was not indicated because, due to its high pH, tissue necrosis could
occur, preventing the differentiation of mesenchymal cells into a new vital tissue (36).
However, more recent studies showed that calcium hydroxide can be recommended in pulp
revascularization (7, 37). In addition to its already known property of microbial reduction and
to the fact it does not have potential for crown discoloration, it also does not exhibit cytotoxicity
to stem cells of apical papilla and increase the release of dentin growth factors by EDTA (7,
37). Clinical studies and case series have also demonstrated the clinical success of pulp
revascularization with the use of calcium hydroxide-based intracanal medications (27, 32, 38).

In conclusion, the results of the present study suggest that pulp revascularization, using
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the combination of calcium hydroxide and 2% chlorhexidine gel as intracanal medication, is a
viable treatment for traumatized immature teeth with high success and survival rates, showing
periodontal healing and resolution of signs and symptoms. However, with regard to continued
root development, the outcomes are still unpredictable. Longitudinal studies are necessary with

larger sample sizes and longer follow-up periods.
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TABLES

Table 1. Patients’ Demographics and Baseline Characteristics

Variable Pulp Revascularization

(n=16)
Gender
Male 8 (53.33%)
Female 7 (46.67%)
Age at the time of treatment™ 8.5;18; 7
Tooth

Maxillary central incisor

15 (93.75%)

Maxillary lateral incisor 1 (6.25%)
Etiology of trauma
Fall 7 (43.75%)
Bycicle 5 (31.25%)
Sports 3 (18.75%)
Physical aggression 1 (6.25%)
Type of trauma
Crown fracture + subluxation 1 (6.25%)
Crown fracture + extrusive luxation 7 (43.75%)
Crown fracture + intrusive luxation 1 (6.25%)
Extrusive luxation 2 (12.5%)
Lateral luxation 2 (12.5%)
Reimplantation 3 (18.75%)
Presence of clinical symptoms 10 (62.5%)
Presence of periapical radiolucency 2 (12.5%)
Presence of root resorption 6 (37.5%)
Endodontic diagnosis
Pulp necrosis 6 (37.5%)
Acute apical periodontitis 6 (37.5%)
Acute apical abscess 2 (12.5%)
Chronic apical abscess 2 (12.5%)
Initial Cvek’s stage of root development* 3;4;1
Follow-up periods (months)* 18; 36; 9
*Median; maximum value; minimum value.
Table 2: Clinical Outcomes and Adverse Events
Variable Pulp Revascularization (n=16)
Clinical sucess n(%o) 15 (93.75%)
Survival n(%) 15 (93.75%)
Adverse events n(%) 6 (37.5%)
Crown discoloration 5 (83.33%)

Retraumatized

1 (16.67%)
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Table 3: Quantitative Radiographic Outcomes

Radiographic Mean+SD (mm)/Median, maximum value,

Stage . P value
measurement minimum value (mm)
Increase in root
Preoperative 12.25+2.19 <0.0001
length
Follow-up 13.85+2.17
Increase in root width  Preoperative 3.21+0.29 0.0196
Follow-up 3.46+0.36
Apical third Preoperative 2.54+0.29 0.0011
Follow-up 2.93+0.5
Middle third Preoperative 3.42; 3.9; 2.87 0.1641
Follow-up 3.5; 4.98; 3.01
Cervical third Preoperative 3.75+0.58 0.9729
Follow-up 3.7520.6
Decrease of apical
diameter

T test was used for values expressed as mean£SD; Wilcoxon test was used for values expressed

as median, maximum value and minimum value.
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FIGURES

a b C d

L

Figure 1. Measurements of radiographic images. (a) Root length: perpendicular line from the
end of the root on the mesial and distal side to an imaginary line connecting both
cementoenamel junctions; (b) Root width (dotted line) and pulp space (full line) at the apical,

middle and cervical third; (c) Apical diameter; (d) MTA placement from the apex.
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Figure 2: Patient’s age and radiographic changes in (A) increase of root length; (B) increase of

root width; (C) decrease of apical diameter.
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Figure 3: (a) Initial radiography of a 9-year old girl with extrusive luxation of the maxillary
left central incisor after a fall; (b) After 36 months, showing continued root development. (c)
Initial radiography of a 9-year old boy with extrusive luxation of the right and left maxillary
central incisors after a sport activity. This radiography showed signs of root resorption. This
patient took 3 years to seek treatment in the Dental Trauma Service, after receiving initial care
in a hospital; (d) After 18 months, showing periapical healing, incomplete apical closure,
absence of significant increase in root length and root width and stabilization of root resorption.
(e) Crown discoloration in the cervical third after use of white MTA as coronal sealing in the

maxillary left central incisor; (f) After internal dental bleaching, showing satisfactory results.
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3 DISCUSSAO

O objetivo geral deste estudo foi avaliar as taxas de sucesso clinico e a continuagdo
do desenvolvimento radicular em dentes traumatizados com rizogénese incompleta, submetidos
aos procedimentos de apicificacdo e revascularizacao pulpar e também verificar a efetividade
da medicagdo intracanal composta por hidroxido de célcio e clorexidina gel 2% nos casos de
revascularizagdo pulpar. Optou-se por realizar um estudo retrospectivo, utilizando o banco de
dados e selecionando radiografias padronizadas que atendessem aos critérios de inclusédo do
estudo, originados do Servigo de Atendimento aos Traumatismos Dentarios (SATD/FOP-
UNICAMP) e todos os procedimentos clinicos foram realizados por cirurgides-dentistas
especialistas em Endodontia.

Idealmente, estes procedimentos deveriam ser conduzidos através de estudos
clinicos randomizados e controlados que minimizam o risco de viés. Porém, os resultados deste
estudo partem de uma amostra com 22 dentes apicificados e 22 dentes revascularizados, com
periodos de acompanhamento variados, o que permite somente a avaliagdo pré-operatoria e pos-
operatoria final, ndo sendo possivel fazer uma avaliacdo prospectiva em cada consulta de
acompanhamento. No entanto, apresenta vantagens em relacdo aos relatos de casos clinicos e
série de casos, por mensurar quantitativamente mudangas no comprimento radicular, largura e
diametro apical, e ndo apenas selecionar casos clinicos que mostram expressivas vantagens em
relacdo a estes aspectos de desenvolvimento radicular ou aqueles estudos que fazem somente
analises radiograficas visuais subjetivas.

Neste estudo, as radiografias foram realizadas com o uso de posicionadores intra-
orais e levadas ao software Image J para as mensuracfes de comprimento, largura, fechamento
e angulo apical. Similar aos estudos de Nagy et al. (2014), Estefan et al. (2016) e Silujjai e
Linsuwanont (2017), ndo foi utilizado o algoritmo TurboReg, como relatado em diversos
estudos (Bose et al., 2009; Jeeruphan et al., 2012; Alobaid et al., 2014; Kahler et al., 2014;
Saoud et al., 2014; Chan et al., 2017) que tem o objetivo de minimizar quaisquer mudancas
dimensionais que podem ocorrer como resultado das diferencas de angulagdo no momento em
gue as imagens foram tiradas. Silujjai e Linsuwanont (2017) concluiram que o uso deste
algoritmo pode levar a distorgéo e alongamento de imagens. Ent&o, no presente estudo, optou-
se por utilizar posicionadores intra-orais e calibrar as imagens no mesmo tamanho no software
Image J, de maneira a minimizar possiveis distorgdes. Devido, muitas vezes, a dificuldade de
se definir o apice anatbmico em dentes com rizogénese incompleta, este foi estabelecido por
consenso entre trés avaliadores e todas as medicGes foram realizadas a partir deste ponto. Além

disso, foi proposto um novo método de avaliacdo que se baseia ndo somente na diminuicéo do
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didmetro apical, mas, principalmente, na convergéncia ou divergéncia das paredes radiculares
apos os procedimentos. A avaliagdo do angulo apical, originalmente proposta por Soares (2007)
como um indice de convergéncia apical, foi aprimorada neste estudo para ser mensurada no
software Image J. Foram obtidos resultados semelhantes de convergéncia apical nos dois
procedimentos avaliados, mesmo sendo a formag&o de uma barreira apical um dos principais
objetivos na apicificagdo e o término do desenvolvimento radicular na revascularizacéo pulpar.

O protocolo utilizado para os procedimentos de apicificagdo foi a inser¢do de uma
medicacdo intracanal a base de hidroxido de célcio, clorexidina gel 2% e 6xido de zinco,
protocolo padrdo do SATD/FOP-UNICAMP. Esta medicagdo permite a remisséo dos sinais e
sintomas, reparo da lesdo periapical e induz o fechamento apical, sem necessidade de trocas
periddicas, podendo ser usada com sucesso na apicificacao (Soares et al., 2011; Soares et al.,
2012; Herrera et al., 2014; Soares et al., 2014).

Embora alguns estudos reportem que o uso prolongado de medicages intracanais
a base de hidréxido de célcio podem enfraquecer a estrutura radicular (Andreasen et al., 2002;
Valera et al., 2015), no presente estudo apenas um caso apresentou fratura radicular no periodo
de acompanhamento, devido a ocorréncia de um novo trauma. Kahler et al. (2018) sugeriram
que a causa da fratura pode estar mais relacionada a paredes finas e frageis do que ao uso do
hidréxido de célcio.

Apesar do design retrospectivo do estudo, o protocolo para os procedimentos de
revascularizacdo pulpar foi de acordo com o estudo de Nagata et al. (2014a). A medicacédo
intracanal de escolha foi o hidréxido de calcio associado a clorexidina gel 2% ou a pasta tripla
antibidtica. Foi utilizada a irrigacdo com hipoclorito de sédio 6%, associado a clorexidina 2%,
sendo essas solugdes neutralizadas pelo tiossulfato de sddio, Tween 80 e lecitina de soja, com
o0 intuito de minimizar a possivel citotoxicidade para os tecidos peripicais, além da irrigacdo
final com EDTA 17% e solucdo salina estéril. Apesar das recentes recomendacfes da
AssociacOes Americana e Europeia de Endodontia (AAE, 2016; Galler et al., 2016a) de utilizar
o0 hipoclorito de sodio nas concentracfes de 1.5%-3%, nos estudos de Nagata et al. (2014a,b) e
Nagata et al. (2015) este protocolo mostrou resultados clinicos, radiograficos e microbiol6gicos
satisfatorios e sem diferencas entre as medicagdes acima mencionadas, sendo um dos motivos
pelos quais elas foram alocadas em um sé grupo no artigo 1.

O periodo de acompanhamento dos dentes apicificados variou de 6 a 24 meses e
dos dentes revascularizados de 9 a 72 meses. Apesar de 6 e 9 meses serem considerados um
tempo curto para observar alguma mudanga no desenvolvimento radicular, apenas um caso de

apicificacdo e um caso de revascularizacdo pulpar apresentou esses tempos minimos,
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respectivamente. Alobaid et al. (2014) utilizaram o tempo minimo de 3 meses, Jeeruphan et al.
(2012) de 6 meses, Nagata et al. (2014a) de 9 meses e Silujjai e Linsuwanont (2017) de 12
meses para observar mudancas no comprimento, largura e fechamento apical. Os pacientes do
grupo da revascularizacdo pulpar alcancaram periodos maiores de acompanhamento que o
grupo da apicificagdo, possivelmente, devido aos pais ou responsaveis estarem mais
conscientizados da necessidade de um acompanhamento a longo prazo para verificar mudangas
no desenvolvimento radicular, enquanto que na apicificacdo espera-se, apenas a formacéo da
barreira apical, 0 que leva em média de 6 a 12 meses (Shabahang, 2013).

Os eventos adversos foram avaliados nos dois artigos, com o intuito de observar
possiveis achados desfavoraveis que podem ocorrer apos a realizagdo dos procedimentos e que
podem ou ndo comprometer 0 sucesso em longo prazo. A revascularizacdo pulpar foi,
significativamente, associada a um maior nimero de eventos adversos, assim como no estudo
de Alobaid et al. (2014). Nos dois artigos, 0 mais encontrado foi o escurecimento coronario.
Isto pode ser explicado devido a utilizacdo da pasta tripla antibiética como medicacéo intracanal
no artigo 1. Porém, a pasta tripla antibiotica ndo € a unica responsavel pelo escurecimento
coronario. O uso do MTA branco como selamento cervical também pode causar a descoloracéo,
como foi observado no artigo 2. Kahler e Rossi-Fedele (2016) sugerem que 0 uso da pasta tripla
antibidtica com minociclina deve ser reconsiderado. O hidroxido de calcio ou a pasta dupla
antibidtica com metronidazol e ciprofloxacina podem limitar a descoloracdo. No entanto, o
MTA branco também ¢é associado ao escurecimento, devido a presenca do 6xido de bismuto em
sua composicao que pode interagir com o colageno da matriz dentinaria, resultando na alteracédo
de cor (Marciano et al., 2014). Contudo, ha pouca evidéncia de um material superior alternativo
ao MTA como selamento coronario (Kahler e Rossi-Fedele, 2016), embora o Biodentine
(Septodont, Saint Maur des Fosses, France) esteja sendo utilizado em relatos de casos clinicos
na revascularizacdo pulpar (Aldakak et al., 2016; Bakhtiar et al., 2017; Chaniotis, 2017).
Mozynska et al. (2017), em uma revisdo sistematica, concluiram que o Biodentine é um dos
cimentos a base de silicato de calcio com menor potencial para a descoloracdo coronéria.

A revascularizacdo pulpar (95.45%) e a apicificagdo (86.36%) atingiram taxas de
sucesso clinico similares e satisfatorias no artigo 1, o que é semelhante a outros estudos que
compararam os dois procedimentos (Jeeruphan et al., 2012; Alobaid et al., 2014; Silujjai e
Linsuwanont, 2017). Recentes revisdes sistematicas mostram que ambos 0s procedimentos
produzem altas taxas de sucesso e sobrevivéncia, ndo sendo a revascularizagao pulpar superior
a apicificagdo (Kahler et al., 2017; Torabinejad et al., 2017).



63

Outro aspecto avaliado no artigo 1 foi a continuacdo do desenvolvimento radicular.
A literatura mostra variados percentuais das mensuragdes. No nosso estudo, 0 aumento do
comprimento radicular do grupo da apicificacdo variou de 0% a 18% (média de 6.66%) e na
revascularizacdo de -7.54% a 45.88% (média de 12.55%), sem diferenca estatistica entre o0s
grupos, o que é similar aos estudos de Alobaid et al. (2014) e Silujjai e Linsuwanont (2017) e
difere dos estudos de Bose et al. (2009), Jeeruphan et al. (2012) e Nagy et al. (2014) que
verificaram que a revascularizacdo pulpar promoveu, significativamente, maior aumento do
comprimento radicular do que a apicificacdo. No que se refere ao aumento da espessura das
paredes dentinarias, a revascularizagdo foi, significativamente, superior a apicificacdo, sendo
este resultado similar ao encontrado em outros estudos (Bose et al. 2009; Jeeruphan et al. 2012,
Nagy et al. 2014; Silujjai e Linsuwanont, 2017). Em relacdo a diminuicao do diametro apical,
os dois procedimentos foram semelhantes, o que difere do estudo de Nagy et al. (2014). No
entanto, estes resultados devem ser interpretados com cautela, visto que ainda ndo foram
realizados estudos para verificar o quanto de aumento em largura e comprimento é suficiente
para fortalecer a raiz. Além disso, o conteudo do canal radicular é diferente nos dois
procedimentos, sendo a apicificacdo formada por materiais obturadores ou pelo MTA e a
revascularizacdo pulpar é formada por tecidos biologicos, como tecidos semelhantes ao
cemento e 0sso e ainda ndo se sabe, comparativamente, qual contetdo pode realmente fortalecer
a raiz (Silujjai e Linsuwanont, 2017).

O artigo 2 avaliou o sucesso clinico e o desenvolvimento radicular continuado em
dentes traumatizados utilizando o hidréxido de calcio e a clorexidina gel 2%. Essa medicacéo
intracanal, preconizada pela disciplina de Endodontia da FOP-UNICAMP e consagrada em
varios estudos da equipe (Gomes et al., 2006; Souza-Filho et al., 2008; Gomes et al., 2009;
Signoretti et al., 2011), ainda é pouco utilizada nos procedimentos de revascularizacéo pulpar.
Os estudos de Soares et al. (2013), Nagata et al. (2014a,b) e Nagata et al. (2015) utilizaram esta
medicacdo intracanal, porém esses sdo estudos clinicos (Nagata et al., 20144a,b) e relatos de
casos (Soares et al., 2013; Nagata et al., 2015), em que somente foi realizada a analise subjetiva
visual dos resultados. Por isso, a necessidade de conduzir as mensuracdes radiograficas
guantitativas no software Image J para avaliar o término do desenvolvimento radicular em
dentes traumatizados em que a associacdo de hidroxido de calcio e a clorexidina gel 2% foi a
unica medicacéo intracanal utilizada.

Esta associagdo permite o aumento da atividade antimicrobiana contra
microorganismos comumente encontrados nas infec¢fes endodoénticas, sem interferir com as

propriedades quimicas e bioldgicas do hidroxido de célcio (Gomes et al., 2009; Signoretti et
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al.,, 2011). Nagata et al. (2014a,b) obtiveram resultados clinicos, radiograficos e
microbioldgicos semelhantes com esta medicagdo intracanal em comparagdo com a pasta tripla
antibiotica.

Durante algum tempo, o uso do hidréxido de calcio na revascularizacao pulpar nao
foi indicado porque devido ao seu alto pH, poderia ocorrer a necrose tecidual, impedindo que
as células mesenquimais se diferenciassem em um novo tecido vital (Banchs e Trope, 2004).
No entanto, estudos mais recentes revelam que o hidroxido de calcio é benéfico na
revascularizacdo pulpar, pois além das suas ja conhecidas propriedades de reducao microbiana
e ndo ter potencial de escurecimento coronario, também ndo exibe citotoxicidade para as células
tronco da papila apical e pode auxiliar no aumento da liberagdo de fatores de crescimento da
dentina pelo EDTA (Galler et al., 2015; Galler et al., 2016a; Galler, 2016b). Estudos clinicos e
séries de casos também demonstraram o sucesso clinico da revascularizacdo pulpar com o uso
de medicagdes intracanais a base de hidroxido de célcio (Cehreli et al., 2008; Li et al., 2017,
Linsuwamont et al., 2017; Silujjai e Linsuwanont, 2017). Além disso, estas medica¢des ndo
possuem as desvantagens das pastas antibiéticas, como dificuldade de remocéo do interior dos
canais radiculares, possibilidade de resisténcia bacteriana e reac6es alérgicas, além do seu
inconveniente mais relatado nos estudos: o escurecimento coronario (Montero-Miralles et al.,
2018).

Em relacdo ao término do desenvolvimento radicular no artigo 2, optou-se por
utilizar o limiar de aumento de 20% nos achados radiograficos como uma mudanca
significativa, assim como relatado nos estudos de Alobaid et al. (2014), Saoud et al. (2014),
Chanetal. (2017) e Li et al. (2017). Entdo, apesar da diferenca estatistica significativa em todos
os parametros radiograficos, 13 dentes alcancaram este limiar de 20% no que diz respeito a
diminuicdo do diametro apical, 4 dentes alcancaram este limiar de 20% em relagdo ao aumento
do comprimento radicular e 3 dentes alcancaram este limiar de 20% em relacdo a largura
radicular. Estes resultados corroboram com o estudo de Saoud et al. (2014) que consideram o
fechamento apical o achado radiografico mais consistente e significativo. A altura da barreira
cervical com MTA até o apice, a idade na época do tratamento e estagios mais precoces de
desenvolvimento radicular ndo foram associados com uma maior porcentagem de aumento em
comprimento e largura, o que difere do estudo de Estefan et al. (2016) que verificaram que a
revascularizacdo pulpar obteve melhores resultados em pacientes mais jovens. No entanto,
Estefan et al. (2016) organizaram as faixas etarias em grupos de 9 a 13 anos e de 14 a 18 anos

de forma igualitaria, 0 que ndo pode ser realizado no nosso estudo, visto que as idades estdo
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distribuidas de forma aleatéria, 0 que pode contribuir para a auséncia de resultados
significativos neste aspecto.

Apesar de todos os tipos de trauma dental no artigo 2 envolverem os tecidos de
suporte e a maioria do artigo 1 serem injarias combinadas e tendo em vista o possivel dano que
estas injurias exercem na bainha epitelial de Hertwig, estrutura fundamental para a
diferenciacdo das células tronco mesenquimais (Saoud et al., 2014; Kim et al., 2018), as taxas
de aumento do comprimento radicular sdo semelhantes para aqueles estudos que envolveram
diversas etiologias (Jeeruphan et al., 2012; Alobaid et al., 2014; Kahler et al., 2014; Nagy et al.,
2014; Chanetal., 2017; Li et al., 2017; Linsuwamont et al., 2017). Porém, é ligeiramente maior
em comparagdo com aqueles que envolveram apenas o trauma dental (Saoud et al., 2014;
Nazzal et al., 2018). As células da bainha epitelial de Hertwig sdo essenciais para o controle da
diferenciacédo de células-tronco, além da formacdo de cemento (Sonoyama et al., 2007; Nazzal
e Duggal, 2017). Dessa forma, danos as células da bainha epitelial de Hertwig podem impedir
a diferenciacdo de células-tronco, impedindo a formacdo continuada das raizes (Nagata et al.
2014a; Saoud et al. 2014). Porém, o grau desse dano é imprevisivel e, portanto, susceptivel de
afetar ou ndo os resultados da revascularizacdo pulpar em termos de continuacdo do
desenvolvimento radicular.

Tendo em vista os resultados acima discutidos, pode-se concluir que a apicificacéo
e a revascularizacao pulpar com a pasta tripla antibidtica ou hidréxido de célcio associado a
clorexidina gel 2% como medicacBes intracanais oferecem progndsticos favoraveis de
tratamento em relacdo a resolucdo dos sinais e sintomas clinicos e ao reparo periapical. As
mudancas quantitativas observadas no desenvolvimento radicular, na maioria dos casos, séo
muito pequenas e sé percebidas através de mensuragdes radiograficas. Portanto, estudos
longitudinais com um maior numero de dentes traumatizados com rizogénese incompleta sdo
necessarios para verificar se a revascularizacdo pulpar permite uma mudanca radiografica

significativa do desenvolvimento radicular.
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4 CONCLUSAO

De acordo com os resultados obtidos e dentro das limitagdes dos estudos realizados
foi possivel concluir que:

- A apicificagdo com a pasta obturadora, composta por hidroxido de calcio,
clorexidina gel 2% e 6xido de zinco, e a revascularizacdo pulpar promoveram resultados
satisfatorios em relacdo a resolucdo dos sinais e sintomas clinicos e reparo periapical, com altas
taxas de sucesso e sobrevivéncia.

- Em relacdo ao desenvolvimento radicular continuado e a convergéncia apical, 0s
dois procedimentos sdo similares, com exce¢do do aumento em espessura radicular, em que a
revascularizacéo pulpar foi superior & apicificacao.

- A revascularizacdo pulpar utilizando o hidréxido de calcio e a clorexidina gel 2%
como medicacao intracanal é uma opc¢éo de tratamento viavel para dentes traumatizados com
rizogénese incompleta. No entanto, no que diz respeito a complementacdo do desenvolvimento
radicular, os resultados ainda sdo imprevisiveis, sendo o fechamento apical o achado mais

consistente.
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APENDICES
Apéndice 1 — Termo de consentimento livre e esclarecido

§\"’A UNIVERSIDADE ESTADUAL DE CAMPINAS
¥
NI FACULDADE DE ODONTOLOGIA DE PIRACICABA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Gostariamos de convida-lo a participar da pesquisa intitulada:
“Analise comparativa dos resultados clinicos e radiogréaficos de dentes traumatizados com

rizogénese incompleta submetidos aos procedimentos de apicificacdo e revasculariza¢ao”

I. Apresentacdo da pesquisa

a) Instituicdo: Faculdade de Odontologia de Piracicaba/UNICAMP.

b) Responsavel pela pesquisa e aplicacdo do TCLE: Doutoranda Andrea Cardoso Pereira (area
Endodontia).

c¢) Orientadora: Prof? Dr2 Adriana de Jesus Soares.

d) Pesquisadores: Ana Carolina Correia Laurindo de Cerqueira Neto (Doutoranda), Debora
Duarte Moreira (Doutoranda), Jaqueline Mafra Lazzari (Mestranda) e Matheus Lima de
Oliveira (Professor da area de Radiologia Odontoldgica).

e) Justificativa para a realizacdo da pesquisa: Dentes que sofreram necrose pulpar e néo
terminaram de se formar possuem raizes mais frageis e serd pesquisado qual das opcdes de
tratamento oferece o melhor resultado, sendo o primeiro denominado apicificacdo que consiste
na formacédo de uma barreira no final da raiz, e o segundo denominado revascularizacédo pulpar

que tem o objetivo de terminar a formacéo da raiz do dente.

Il. InformacGes sobre a pesquisa

Objetivo:

- Comparar os resultados clinicos e radiograficos de dentes que sofreram trauma dental e que
ainda ndo terminaram de formar a raiz submetidos a duas opcdes de tratamento: apicificacao
ou revascularizagéo pulpar.

- Propor um indice radiografico para comparar o fechamento da raiz do dente nos dois

procedimentos.
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- Verificar e comparar, através de um programa de imagens, 0 aumento do comprimento da raiz
e aumento da espessura das paredes dos canais nos dois procedimentos.

- Comparar os resultados clinicos em relacéo a presenca de dor espontanea, sensibilidade pulpar
(teste com bolinha de algoddo com liquido frio), dor a percussdo (realizada com o cabo do
espelho) vertical e horizontal e a palpacéo, presenca de fistula (bolinha na gengiva), abscesso
(inchago) e alteragdo de cor do dente, assim como se houve manutencdo do elemento dentario
na arcada.

Metodologias

- Testes para verificar o estado geral do dente e tomada radiogréafica com protecao;

- Verificar qual dos dois procedimentos (apicificacdo ou revascularizagdo pulpar) o paciente foi
submetido.

- Verificar, através do exame clinico e radiografico, qual dos dois procedimentos obteve o
melhor resultado.

Nao havera inclusdo de pacientes em grupo controle ou placebo.

Meétodos alternativos para obtencdo da informacdo ou tratamento da condicéo: Por se
tratar de um estudo retrospectivo, no qual os participantes ja receberam o tratamento, ndo
existem métodos alternativos para obtencdo da informacéo ou tratamento da condicéo.
Descricao critica dos desconfortos e riscos previsiveis: Os participantes serdo submetidos a
tomadas radiograficas devidamente protegidos com avental de chumbo e protetor de tireoide.
Os participantes ndo terdo gastos adicionais com a participacdo da pesquisa, nem terdo que se
deslocar demasiadamente a faculdade, pois mesmo ja concluido o procedimento, terdo que
comparecer as consultas de controle e por isso ndo havera necessidade de ressarcimento.
Descricdo dos beneficios e vantagens diretas ao participante: Os participantes irdo ser
submetidos aos acompanhamentos para verificar se 0 seu tratamento obteve sucesso e, em casos
que for verificado o insucesso, serd realizado o tratamento convencional com curativo de
hidréxido de célcio e obturacdo do canal.

Forma de acompanhamento e assisténcia ao participante: Os pacientes terdo
acompanhamento e assisténcia do responsavel pela pesquisa. Caso necessite de alguma
assisténcia, o paciente devera entrar em contato pelos telefones descritos a seguir: (19) 2106-
5215 (Area de Endodontia) ou (14) 98104-0472, no endereco Avenida Limeira, 901, Bairro
Areido, Piracicaba-SP e pelo e-mail: andrea-pereira@hotmail.com (Andrea Cardoso Pereira —

pesquisadora responsavel).
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Forma de contato com o pesquisador: O pesquisador estd a disposicdo para esclarecer
quaisquer duvidas deste trabalho e o participante poderd obter contato com o pesquisador
através dos telefones: (19) 2106-5215 ou (14) 98104-0472

Forma de contato com 0 CEP: Em caso de duvidas quanto aos seus direitos como voluntario
da pesquisa entre em contato com o Comité de Etica em Pesquisa da FOP: Avenida Limeira,
901, CEP 13414-903, Piracicaba-SP. Fone/Fax: (19) 21065349/ e-mail:

cep@fop.unicamp.br/website:www.fop.unicamp.br/cep

I11. Garantias

a) Vocé sera esclarecido antes, durante e apds a realizacdo da pesquisa;

b) Sua participacédo é totalmente voluntaria, podendo vocé: recusar-se a participar, ou mesmo
desistir a qualqguer momento sem que isto acarrete qualquer dnus ou prejuizo ao seu/sua filho
(a);

c¢) As informac0es serdo utilizadas somente para os fins desta pesquisa, e serdo tratadas com o
mais absoluto sigilo e confidencialidade, de modo a preservar a sua identidade;

d) O voluntario ndo terd qualquer despesa por participar na pesquisa, ndo sendo necessarios
ressarcimentos;

e) Se houver algum dano eventual decorrente da participacdo na pesquisa, este sera reparado;
) Garantimos a entrega de uma via deste Termo de Consentimento Livre e Esclarecido (TCLE)

ao voluntario.

V. Consentimento formal

E importante que vocé seja consciente de que a participacio nesta pesquisa n&o é obrigatoria e
gue vocé pode recusar-se a participar ou sair do estudo a qualquer momento. Desde ja agradeco
sua compreensao e ressalto que a sua participacdo € muito importante. Também estou a sua
disposicdo para esclarecer quaisquer davidas deste trabalho e caso queria entrar em contato
diretamente comigo, vocé podera me ligar (mesmo em ligacOes a cobrar) pelo telefone (19)
3374-7469 ou (14) 98104-0472. Fico desde ja, agradecida pela sua colaboragéo.

Atenciosamente,

Data: _ / /20

Pesquisadora Responsavel: Andrea Cardoso Pereira (Doutoranda em Clinica Odontoldgica,
area de concentracdo de Endodontia). CRO-SP: 104.504.
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Eu, , RG n°
, concordo voluntariamente em permitir a participagdo do meu
filho(a) neste estudo acima descrito, como

sujeito. Declaro ter sido devidamente informado e esclarecido pela pesquisadora Andrea
Cardoso Pereira sobre o0s objetivos da pesquisa, os procedimentos nela envolvidos, assim como
0s possiveis riscos e beneficios envolvidos na minha participacdo e de meu filho (a). Foi me
dada a oportunidade de fazer perguntas e recebi telefones para entrar em contato, a cobrar, caso
tenha davidas. Fui orientado para entrar em contato com a aluna pesquisadora nos telefones
(19) 2106-5215/(14) 98104-0472, caso me sinta lesado ou prejudicado. Foi-me garantido que
n&o sou obrigado a participar da pesquisa e posso desistir a qualquer momento, sem qualquer
penalidade, podendo retirar meu filho deste estudo a qualquer momento. Foi-me garantido que
ndo héa custos envolvendo minha participacdo e que minha identidade e a do meu filho (a) serdo
preservadas. Dou meu consentimento de livre e espontanea vontade e sem reservas para a

participagdo neste estudo. Recebi uma cdpia deste documento.

Observacdo: o presente documento, em conformidade com a Resolucdo 466/12 do Conselho
Nacional de Salde, sera assinado em duas vias de igual teor, ficando uma via em poder do
participante e outro do pesquisador.

Assinatura do pesquisador:

Piracicaba, de de20 |

Assinatura do sujeito

Todas as paginas do TCLE serdo rubricadas pelo sujeito da pesquisa (ou responséavel) e

pesquisador.
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Apéndice 2 — Termo de assentimento

RN UNIVERSIDADE ESTADUAL DE CAMPINAS
¥
UNICAMP FACULDADE DE ODONTOLOGIA DE PIRACICABA

TERMO DE ASSENTIMENTO
Gostariamos de convida-lo a participar da pesquisa intitulada:

“Analise comparativa dos resultados clinicos e radiograficos de dentes traumatizados com

rizogénese incompleta submetidos aos procedimentos de apicificagdo e revasculariza¢éo”

“Vocé faz parte de um grupo de pacientes que precisou tratar o canal do dente, mas a raiz do
seu dente ndo estava completamente formada e vocé realizou uma dessas duas formas de
tratamento: a primeira denominada “Apicificacdo” que consiste na formagdo de uma barreira no
final da raiz ou a segunda denominada “Revascularizagido pulpar” que tem o objetivo de terminar
a formacéo da raiz do dente. Queremos com esta pesquisa, estudar qual dos dois procedimentos é
0 mais eficiente.

Como vocé ja realizou o tratamento previamente, o desconforto que ird sentir serd o da
realizacdo de exames clinicos e radiografias. Como responsavel pela pesquisa, garanto a vocé meu
acompanhamento e assisténcia.

Caso necessite de alguma assisténcia, podera entrar em contato direto comigo por meio dos
contatos telefénicos a seguir: FOP/UNICAMP (19) 2106-5215, ou caso queira conversar
diretamente comigo, vocé podera me ligar (mesmo em ligacOes a cobrar) pelo telefone (14) 98104-
0472.

Por fim, garanto ainda que: (1) VVocé sera esclarecido antes, durante e apds a realizacdo da
pesquisa; (2) Sua participacdo é totalmente voluntéria, podendo vocé recusar-se a participar, ou
mesmo desistir a qualquer momento; (3) As informagdes serdo utilizadas somente para os fins
desta pesquisa e serdo tratadas de modo a preservar a sua identidade; (4) Vocé ndo tera qualquer
despesa por participar na pesquisa; (5) As radiografias serdo realizadas de acordo com as normas
de protecdo ao paciente, descritas na portaria n°453 do Ministério da Salde, portanto os riscos
quando da tomada radiografica serdo minimizados, e (6) VVocé recebera uma copia deste Termo de
Assentimento.

Eu, declaro que fui devidamente

esclarecido(a) e concordo em participar voluntariamente da pesquisa realizada pelos
pesquisadores: Andrea Cardoso Pereira (pesquisador responsavel), Profa. Dra. Adriana de Jesus
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Soares (Orientadora), Ana Carolina Correia Laurindo de Cerqueira Neto, Debora Duarte Moreira,
Jaqueline Mafra Lazzari e Matheus Lima de Oliveira.

Data: / 120
Assinatura (ou impressdo datiloscopica) do paciente
Telefone: ( )
Eu, , declaro que forneci todas as

informac0es referentes ao projeto de pesquisa supra-nominado.

Data: / /20

Assinatura do pesquisador
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Apéndice 3 — Detalhamento da metodologia
Mensuracdes radiogréaficas através do software Image J
Inicialmente, as radiografias foram padronizadas no mesmo tamanho para que fosse
possivel a medi¢cdo em mm:
- Pelicula radiografica convencional: 40mm de altura x 30mm de largura; 485 pixels
- Pelicula radiografica digital: 41mm de altura x 31mm de largura; 640 pixels
Para isso, as imagens foram levadas ao software Image J, selecionada a opgao “Straight

Line” e, posteriormente, as opc¢des “Analyze” e “Set scale”.

Figura 1: Padronizacdo do tamanho das imagens.
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Em seguida, foram feitas as marcaces no ponto mais apical de cada lado da raiz
pelos trés avaliadores, utilizando 0 aumento de 200%.

Figura 2: Marcacdo do ponto mais apical de cada lado da raiz, utilizando a ferramenta

“paintbrush tool”.
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Medidas realizadas

Medida 1: Comprimento radicular
Foi tragada uma linha marcando a juncao cemento-esmalte e realizada a medicdo da altura

radicular de cada lado raiz, a partir dos pontos demarcados anteriormente, utilizando a ferramenta
“straight line” e, em seguida, foi calculada a média da altura pré-operatéria e altura final. Usou-se

também a ferramenta “ROI Manager” para que as medidas fossem registradas.

Figura 3: Medicdao da altura radicular.

4 Image) = B

File Edit Image Process Analyze Plugins Window Help

Ojola|ofE 4|+ Ala|o|l] | s|e|7|e] |>
File Edit Font Results
|area [Mean  |Min [max |angle  |Length |

1 0986 92146 66625 255 -B6.028 11.805
2 0993 100670 76514 253 -B6.028 11.843

i RoIMan.. - o HEM
02430222 =~ Add [i]
02430245 Update
Delete
Rename...
T
Deselect
FProperties...
Flatten [F]
More =
¥ Show All
| Labels

Medida 2: Largura radicular
Utilizando também a ferramenta “‘straight line” foram realizadas as medi¢des em cada ter¢co

da raiz (cervical, médio e apical), a partir da altura determinada anteriormente. A linha maior
corresponde a largura radicular e a linha menor a largura do espaco pulpar. A largura da dentina foi
determinada subtraindo a largura radicular pela largura do espaco pulpar em cada terco da raiz e,

posteriormente, foi calculada a média para as radiografias pré-operatorias e finais.
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Figura 4: Medicéo da largura radicular.
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Medida 3: Diametro apical
Utilizando também a ferramenta “straight line” foi mensurada a distancia entre os pontos
mais apicais do lado mesial e distal.

Figura 5: Medicao do diametro apical.
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Medida 4: Angulo apical

Utilizando também a ferramenta “straight line” e “paintbrush”, foi demarcado os pontos
5mm em direcdo a coroa, a partir dos pontos mais apicais demarcados anteriormente. Se a relagdo entre
essas distancias fosse maior do que 1, a ferramenta “angle tool” era direcionada para a coroa e
mensurado o valor do angulo apical no momento em que as linhas passassem nos 4 pontos demarcados
(figura 6a). Se a relagdo entre essas distancias fosse menor do que 1, a ferramenta “angle tool” era
direcionada para a raiz e mensurado o valor do angulo apical no momento em que as linhas passassem
nos 4 pontos demarcados (figura 6b).
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Figura 6: Medic&o do angulo apical. a) Angulo divergente; b) Angulo convergente.
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Medida 5: Altura da barreira cervical com MTA ate o &pice
Utilizando também a ferramenta “straight line” e 0 aumento de 200% foi tragada uma linha

vertical do meio do apice até o inicio da barreira cervical com MTA.

Figura 7: Altura da barreira cervical com MTA até o épice.
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Anexo 2 — Aprovagdo do Comité de Etica em Pesquisa

COMITE DE ETICA EM PESQUISA
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CERTIFICADO

0O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "Analise comparativa dos resultados clinicos e
radiograficos de dentes traumatizados com rizogénese incompleta submetidos aos procedi os de apicificacdo e revascularizagdo ”
protocolo n® 57189016, dos pesquisadores ANDREA CARDOSO PEREIRA, ADRIANA DE JESUS SOARES, ANA CAROLINA CORREIA LAURINDO DE
CERQUEIRA NETO, DEBORA DUARTE MOREIRA, JAQUELINE MAFRA LAZZARI e MATHEUS LIMA DE OLIVEIRA, satisfaz as exigéncias do
Conselho Nacional de Salide — Ministério da Salide para as pesquisas em seres humanos e foi aprovado por este comité em 29/06/2016.

The Ethics Committee in Research of the Piracicaba Dental School, University of Campinas, certify that the project "'Comparative analysis of
the clinical and radiographic results of traumatized teeth with open apices submitted to apexification and revascularization procedures”;
register number 57189016, of ANDREA CARDOSO PEREIRA, ADRIANA DE JESUS SOARES, ANA CAROLINA CORREIA LAURINDO DE
CERQUEIRA NETO, DEBORA DUARTE MOREIRA, JAQUELINE MAFRA LAZZARI and MATHEUS LIMA DE OLIVEIRA , comply with the
recommendations of the National Health Council — Ministry of Health of Brazil for research in human subjects and therefore was approved by this committee
on Jun 29, 2016.

"a

/1)
i

Prof. Jacks Jorge Junior

Coordenador
CEP/FOP/UNICAMP

ota: O titulo do protocolo aparece como fornecido pelos pesquisadores, sem qualquer edigdo.
otice: The title of the project appears as provided by the authors, without editing.
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