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Resumo

Xavier, Samantha Rodrigues Resposta do tecido 6sseo a debris de dentina
infectados e nao infectados. 2019. Dissertagdo de Mestrado em Odontologia —
Programa de P6s Graduacao em Odontologia. Universidade Federal de Pelotas,
Pelotas, 2019. 59 f.

Apesar do grande numero de estudos in vitro demonstrando e quantificando a
ocorréncia de extrusdo apical de debris com diferentes instrumentos, ndo ha
evidéncia cientifica bioldgica confirmando a influencia da quantidade e infec¢cdo dos
debris extruidos na resposta tecidual. Portanto, o objetivo deste estudo foi avaliar in
vivo a resposta tecidual a diferentes quantidades de debris de dentina infectados e
nao infectados. A resposta tecidual foi avaliada em 42 ratos Wistar, apos 7, 30 e 60
dias (n = 6 por periodo). Para cada animal, trés cavidades cirurgicas foram
preparadas no fémur direito e preenchidas com diferentes quantidades (5mg, 10mg
ou 20mg) de debris de dentina infectados ou n&o infectados. No grupo controle
negativo, as cavidades cirurgicas foram mantidas sem preenchimento. Ao final de
cada periodo experimental, os animais foram eutanasiados aleatoriamente. As
amostras foram processadas histologicamente e analisadas usando um microscopio
de luz. A presenca e a severidade da reacgao inflamatoéria, bem como a deposi¢cao de
tecido mineralizado, foram avaliadas. Os dados foram analisados estatisticamente e
os efeitos das variaveis dependentes calculados, usando o software SPSS (verséo
20.0, SPSS, Inc., Chicago, USA) usando os testes ndo parameétricos Kruskal Wallis e
Mann-Whitney U com correcdo de Bonferroni a p=0,05. A presenga de debris
infectados aumentou significativamente os escores para neutrofilos (P<0.05), e
formacdo de abscesso (P<0.05). Debris n&o-infectados ocasionaram scores
significativamente mais altos de infiltrado linfocitico em comparagcdo ao grupo
controle e aos debris infectados. Eosindfilos foram detectados com mais frequéncia
nos grupos contendo debris em comparacao ao controle. Com relacdo as células
gigantes e aos macrofagos, néo foi detectada diferenga entre os grupos (P>0.05).
Inicialmente, a deposicdo de tecido mineralizado foi semelhante entre os grupos
(P=1.00). Os parametros histolégicos avaliados ndo foram significativamente
influenciados pela quantidade de debris inserida na cavidade (P>0.05).
Considerando todos os parédmetros avaliados, a resposta inflamatoria foi
significantemente mais intensa aos 7 dias, em comparacéo aos periodos de 30 e 60
dias (P<0,05). No entanto, a neoformagdo 6ssea aumentou significativamente apos
30 dias (P<0,05). Nenhuma diferenca nos parametros avaliados foi observada entre
30 e 60 dias (P=1,00). E possivel concluir que a afirmacdo de que a quantidade de
debris extruida pode afetar negativamente a resposta inflamatéria do tecido ésseo
nao foi validada no presente estudo. Ja a presenca de debris de dentina infectados
pode causar o aumento dos parametros inflamatorios agudos, especialmente no
periodo inicial de contato com os tecidos; no entanto, em longo prazo, estes efeitos
negativos sao atenuados.

Palavras-chave: endodontia; extrusao de detritos; instrumentacao; inflamagao



Abstract

Xavier, Samantha Rodrigues. Bone tissue response to infected and non-infected
dentin debris. 2019. Dissertation Master degree in Dentistry. Graduate Program in
Dentistry. Federal University of Pelotas, 2019. 59 p.

In spite of the large number of in vitro studies demonstrating and quantifying the
occurrence of apical extrusion with different endodontic preparation systems, there is
no biological scientific evidence to confirm the influence of the amount and the
infection of extruded debris on bone tissue response. Therefore, the objective of this
study is to evaluate in vivo the bone tissue response to different amounts of infected
and non-infected dentin debris. Bone tissue reactions were evaluated in 42 Wistar
rats after 7, 30, and 60 days For each animal, three surgical cavities were prepared
on the right femur and filled with different amounts (5mg, 10mg or 20mg) of infected
or non-infected dentin debris. In negative control group, the surgical cavities were
kept unfilled. By the end of each experimental period, animals were randomly
euthanized. The samples were histologically processed and analyzed using a light
microscope. The presence and the severity of inflammatory reaction, as well as hard
tissue deposition were evaluated. Data was analyzed statistically and effects of the
dependent variables calculated using SPSS statistical software (version 20.0, SPSS,
Inc., Chicago, USA) using non-parametric tests Kruskal Wallis and Mann-Whitney U
with due Bonferroni correction at p=0.05. The presence of infected debris significantly
raised the histopathological scores for neutrophils (P<0.05), and abscess formation
(P<0.05). Non-infected debris scored significantly higher for the lymphocyte infiltrate
compared to control group, and infected debris (P<0.05). Both infected and non-
infected debris equally triggered eosinophil cells compared to no-dentine (P<0.05).
As for giant cells and macrophages no difference was detected among the dentine
groups (P>0.05). Initially, hard tissue deposition was similar regardless of the
presence or the bacteriological status of the debris (P=1.00). None of the above
histopathological parameters was significantly influenced by the amount of debris
(P>0.05). For all parameters evaluated, after 7 days of analysis, the inflammatory
response was significantly more intense compared to 30 and 60 days (P<0.05).
However, hard tissue deposition has significantly increased after 30 days (P<0.05).
No difference was seen between 30 and 60 days of analysis (P=1.00) for all
histological parameters evaluated. In conclusion, the assumption that the amount of
extruded debris may negatively affect the inflammatory response of bone tissue is not
validated in the present in vivo animal study. Infected dentine debris may trigger
acute inflammatory parameters especially along the first 7 days of contact with the
tissue; however, in the long run these negative effects are mitigated.

Key Words: Endodontics, debris extrusion, bone tissue response, infected dentine



IL-1
IL-6
pum
OCN
BHI
Cx
EDTA

mg

ml
mm
NaOCI
N°
TCLE
UFPel
Un

Lista de Abreviaturas e Siglas

Interleucina-1

Interleucina-6

Micrometro

Osteocalcina

Brain heart Infusion

Caixa

Acido etilenodiamino tetra - acético
Litro

Miligramas

Mililitro

Milimetro

Hipoclorito de sodio

Numero

Termo consentimento livre e esclarecido
Universidade Federal de Pelotas
Unidade



Sumario

1 Introdugao

2 Projeto de pesquisa

3 Relatorio de trabalho de campo
4 Artigo

5 Consideracgoes finais
Referéncias Bibliograficas
Apéndice

Anexos

12

20

23

47

48

54

56



1 Introducgao

O preparo biomecanico dos canais radiculares, independente dos
instrumentos utilizados, resulta na producao de raspas de detritos em decorréncia do
corte de dentina das paredes dos canais radiculares (CAPAR et al., 2014; TANALP
et al., 2006; OZU et al., 2014). Chapman et al. (1968) foram os primeiros autores a
constatar a extrusdo de material infectante do sistema de canais radiculares durante
a instrumentagdo do canal radicular. Além de raspas de dentina, restos pulpares,
micro-organismos e solugdes irrigadoras também sdo constantemente extravasados
do forame apical durante a etapa de limpeza e modelagem dos canais radiculares
(TANALP et al., 2006; DAGNA et al., 2017).

Podemos relacionar a extrusdo de debris a diversos fatores, incluindo a
anatomia apical da raiz dentaria, a conformagao e diametro da agulha de irrigacao, a
técnica e/ ou sistema de irrigacdo, a profundidade de inser¢gdo da agulha durante a
irrigacéo, o didmetro e conicidade do preparo apical, o design do instrumento, e a
técnica de instrumentagdo (ALTUNDASAR et al., 2011; BURKLEIN, BENTEN;
SCHAFER, 2014; BURKLEIN, SCHAFER 2012; GHIVARI et al., 2011; TANALP et
al., 2006; TINAZ et al., 2005; SILVA et al., 2016; RIBEIRO et al., 2018; USLU et al.,
2018).

Nas ultimas décadas, as técnicas e instrumentos utilizados para o preparo
biomecanico dos canais radiculares sofreu mudangas drasticas. A introducdo das
limas de niquel-titanio (NiTi) na Endodontia, como alternativa ao preparo tradicional
com instrumentos manuais de ago inoxidavel, permitiu o surgimento de sistemas
rotatérios mais seguros e eficientes para a realizagdo da limpeza e modelagem de
canais radiculares, principalmente canais com curvatura moderada a severa, e
canais radiculares atrésicos (WALIA et al., 1988; PETERS, 2004). Posteriormente, o
desenvolvimento dos sistemas reciprocantes trouxe outras vantagens ao preparo,
como a redugao do numero de instrumentos utilizados, menor tempo de preparo do
canal radicular (NEEKOFAR et al.,, 2015), otimizagcdo da modelagem do canal
radicular (BERUTTI et al., 2012) e eliminagdo da contaminagdo cruzada associada
aos instrumentos clinicos em diferentes pacientes, devido a recomendagao de uso
unico na rotina clinica. Além disso, o uso dos instrumentos de NiTi, na cinematica
reciprocante alternada, aumenta a resisténcia a fadiga do instrumento em

comparagao ao movimento de rotagdo continua (YARED et al., 2008).



Os diversos instrumentos e sistemas desenvolvidos ao longo dos ultimos
anos cumpriram com o objetivo de diminuir as alteragdes morfolégicas causadas
durante o preparo do canal radicular (CICEK et al., 2016). No entanto, tais
instrumentos tém sido associados a diferentes quantidades de debris extruidos para
regiao apical (GUTMANN et al., 2012; BORGES et al., 2016; USLU et al., 2018). O
desenho da seccdo transversal, a conicidade, a sequéncia dos instrumentos, a
eficacia de corte, a cinematica de emprego, e a técnica de preparo biomecéanico
utilizada sao fatores diretamente relacionados a quantidade de debris extruidos para
a regiao apical (KOCAK et al., 2013; CAVIEDES et al., 2016; SOWMYA et al., 2013,
USLU et al., 2018).

Diversos estudos relacionam o uso de instrumentos na cinematica
reciprocante com uma elevada extrusao de debris; superior a observada com o uso
da cinematica de rotagcdo continua (BURKLEIN et al., 2014; BORGES et al., 2016;
TOYOLGLU et al.,, 2017; USLU et al., 2018). Alguns estudos tém sugerido que o
movimento reciprocante pode favorecer o acumulo apical de debris, empurrando-os
em direcdo ao forame apical, enquanto o movimento de rotagdo continua aumenta o
transporte de raspas de dentina e de debris infectados em direcdo cervical,
facilitando sua remocg&o durante a irrigagdo (BURKLEIN et al., 2012). Entretanto, tais
resultados s&o controversos, uma vez que alguns estudos apontam para uma maior
extrusdo apical em canais instrumentados com sistemas rotatorios (TINOCO et al.,
2013; DE DEUS et al., 2015; ARLAN et al., 2016; ALVES et al., 2018; BOIJINK et al.,
2018). Ainda, de acordo com uma revisdo sistematica recente, ndo ha evidéncias
consistentes de que o movimento reciprocante € capaz de produzir maior extrusao
de debris para regido apical em comparagdo ao movimento rotatério. (AHN et al.,
2016).

Atualmente, é possivel observarmos na literatura endoddntica um amplo
debate em relagdo a mensuracido dos debris extravasados pelas diferentes técnicas
de instrumentacdo e pelos diversos sistemas disponiveis no mercado (TANALP et
al., 2006; DE-DEUS et al., 2010; TASDEMIR et al., 2010; BURKLEIN et al., 2012;
KOCAK et al., 2013,2015; BURKLEIN et al., 2013; CAPAR et al., 2014; SURAKANTI
et al., 2014; EHSANI et al.,, 2016), além da afirmagdo de que quanto maior a
quantidade de debris extravasados, maior a resposta inflamatéria. Em média, a
quantidade de debris extravasados durante a instrumentacdo com os diferentes
sistemas endoddnticos em estudos in vitro, varia de 0,19 a 11,5 mg (TANALP et al.,
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2006; DE-DEUS et al., 2010; BURKLEIN et al.,, 2012; KOCAK et al., 2013,2015;
BURKLEIN et al., 2014; CAPAR et al., 2014; EHSANI et al., 2016; USLU et al., 2018;
BOIGNK et al., 2018). Na pratica clinica, no entanto, esses resultados podem diferir,
com uma tendéncia a diminuicdo da quantidade de debris extravasados, uma vez
que a presenca de tecidos periapicais possivelmente atue como uma barreira
natural, exercendo pressao negativa, e prevenindo a extrus&o apical.

A alegacdo que quanto maior o peso dos debris extruidos maior a severidade
da resposta inflamatéria ndo ainda foi completamente evidenciada. Podemos afirmar
ainda que provavelmente ndo s6 a quantidade de debris, mas também o tipo e
viruléncia das bactérias, assim como fatores imunologicos do hospedeiro sejam
determinantes no desenvolvimento e manutencdo do processo inflamatério
periapical em decorréncia do extravasamento de detritos (DE DEUS et al., 2015;
ELMSALLATI et al., 2009).

Clinicamente, a inflamacdo e/ou abscesso dos tecidos periapicais €
caracterizada por dor de moderada a intensa a mastigacdo ou percusséo
(GUTMANN et al., 2009), gerando uma situagao indesejada tanto para o profissional
quanto para o paciente (SIQUEIRA et al., 2002). De acordo com Siqueira Jr. et al.
(2003), durante a instrumentagéo, espécies bacterianas patogénicas presentes no
sistema de canais radiculares podem ser impelidas para os tecidos perirradiculares,
quando entdo, mesmo uma pequena quantidade de debris infectados tera o
potencial de causar ou exacerbar a inflamacéo perirradicular, com consequente
flare-up, desde que haja a perda de equilibrio entre as defesas do hospedeiro e a
viruléncia bacteriana. Embora a presenga de micro-organismos patogénicos seja um
fator causal critico na ocorréncia de flare-up, também € aceito que remanescentes
pulpares e dentinarios contaminados ou ndo, possam ter potencial para indu¢ado de
uma reacéo inflamatoria (SELTZER et al., 1968).

Apesar de a literatura reportar o papel da extrusdo de debris na ocorréncia de
dor pos-operatoria, inflamacgao perirradicular e edema, assim como no retardo do
reparo periapical (ALTUNDASAR et al., 2011; GERNHARDT et al., 2004; SIQUEIRA
et al., 2003), ndo ha evidéncia cientifica clara que assinale para a influéncia da
quantidade de debris extruidos no reparo tecidual. Sendo assim, o presente estudo
tem como objetivo a avaliagédo histologica da resposta tecidual frente a insergcéo de
diferentes quantidades de debris infectados e nao-infectados em cavidades

cirargicas preparadas in vivo.



2 Projeto de pesquisa
2.1 Introducgao

A extrusdo apical € uma ocorréncia comum durante o preparo quimico
mecanico, de forma que nenhum instrumento ou técnica é capaz de evitar esse
evento (TANALP, GUNGOR, 2014). Independentemente do sistema utilizado, a
instrumentacdo dos canais radiculares resulta na produgdo de raspas de dentina
como resultado do corte das paredes dentinarias dos canais radiculares (CAPAR et
al., 2014; TANALP et al., 2006; OZU et al.,, 2014). Além de raspas de dentina,
também restos pulpares, micro-organismos e solugdes irrigadoras podem extravasar
o forame apical durante a etapa de limpeza e modelagem dos canais radiculares
(TANALP et al., 2006). A extrusdo apical esta relacionada ainda a outros varios
fatores, incluindo a anatomia apical, o tipo, tamanho da agulha de irrigagdo, a
técnica de irrigagdo, a profundidade de colocacdo da agulha, o tamanho e
conicidade do preparo apical e a técnica de instrumentagdo (ALTUNDASAR et al.,
2011; BURKLEIN, BENTEN; BURKLEIN, SCHAFER 2012; GHIVARI et al., 2011;
TANALP et al., 2006; TINAZ et al., 2005; SILVA et al., 2016).

Com o advento das limas de NiTi, houve uma reducao na extrusdo de debris
em comparagdo a instrumentacdo com limas manuais (DE-DEUS et al., 2014;
TOPCUOGLU et al., 2014). No entanto, alguns estudos tém demonstrado que os
sistemas de lima unica tendem a liberar mais debris que os sistemas de multiplas
limas, assim como o movimento reciprocante tende a for¢ar apicalmente mais debris
e solugdes através do forame para os tecidos periapicais que os sistemas rotatorios
(CAVIEDES-BUCHELI et al., 2016; AHN et al., 2016; BURKLEIN et al., 2012; SO-
YEON et al.,, 2016). Existem evidéncias de que o movimento reciprocante pode
favorecer o acumulo apical de debris, empurrando-os em dire¢cao ao forame apical,
enquanto o movimento de rotagdo continua aumenta o transporte de raspas de
dentina e de debris infectados em diregao cervical, facilitando sua remog¢ao durante
a irrigagdo (BURKLEIN; SCHAFER, 2012). Além do movimento exercido pelo
sistema, a secgao transversal da lima endoddntica também pode ser considerada
uma caracteristica importante na extrusédo de debris (CAVIEDES-BUCHEL et al.,
2016).
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Atualmente, a literatura endodbéntica demonstra uma preocupagao
exacerbada com a quantificacdo dos debris extravasados pelas diferentes técnicas
de instrumentacdo e pelos diversos sistemas disponiveis no mercado (TANALP et
al., 2006; DE-DEUS et al., 2010; TASDEMIR et al., 2010; BURKLEIN et al., 2012;
KOCAK et al., 2013,2015; BURKLEIN et al., 2014; CAPAR et al., 2014; SURAKANTI
et al., 2014; EHSANI et al., 2016) e resultados controversos em relagao a este tema
foram descritos em uma recente revisdo sistematica (AHN et al., 2016). O cenario
clinico, no entanto, pode diferir destes resultados, uma vez que a presenca de
tecidos periapicais pode agir como uma barreira natural, prevenindo a extruséo
apical.

Apesar do grande numero de estudos in vitro demonstrando e quantificando a
ocorréncia de extrusdo apical com os diferentes sistemas de preparo endodéntico,
nao ha evidéncia cientifica que aponte a influéncia da quantidade de debris extruidos
no reparo tecidual. Sendo assim, o objetivo desse estudo é avaliar histologicamente
a resposta tecidual diante a insercdo de diferentes quantidades de dentina

contaminada e ndo contaminada em cavidades cirurgicas preparadas in vivo

2.2 Objetivo geral
Avaliar a resposta tecidual diante da inser¢cdo de debris infectados e debris

nao-infectados em cavidades cirurgicas preparadas em fémur de ratos.

2.3 Objetivos especificos

2.3.1 Avaliar a resposta inflamatéria e a reparacdo 6ssea frente a diferentes
quantidades de debris inseridas nas cavidades cirurgicas;

2.3.2 Avaliar a influéncia da presenca bacteriana no processo inflamatério, e

no reparo 6sseo das cavidades cirurgicas;

2.3.3 Avaliar a influéncia do tempo no processo inflamatério, € no reparo
0sseo das cavidades cirurgicas apds a insergdo de debris infectados e nao-
infectados.
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2.4 Hipotese

A hipotese nula a ser testada € a de que a quantidade de debris,
independente da presenga de infecgdo, nao influenciara na reacdo inflamatoria
tecidual, sendo o organismo capaz de limitar esse evento e reparar o dano tecidual.

A hipétese alternativa € que uma maior quantidade de debris extravasados
causara maior reacao inflamatéria tecidual; e que o dano tecidual sera exacerbado

na presenga de contaminagao.

2.5 Metodologia
2.5.1 Tipo de estudo

Estudo laboratorial in vivo, utilizando ratos da espécie Wistar.

2.5.2 Consideragoes éticas

Uma vez que os testes serdo realizados em animais, previamente ao inicio do
experimento, o projeto de pesquisa foi submetido ao Comité de Etica em
experimentos com animais da Universidade Federal de Pelotas, RS, Brasil.

Além disso, tendo em vista que para simulacdo dos debris extravasados
serdo utilizadas raspas de dentina advindas de dentes humanos extraidos, , este
projeto sera também analisado pelo Comité de Etica em Pesquisa da Faculdade de
Odontologia da Universidade Federal de Pelotas, RS, Brasil.

Para a coleta dos dentes extraidos, o pesquisador responsavel sera
encarregado de manter um biorrepositorio* (Resolugdo CNS N° 441, DE 12 DE
MAIO DE 2011 - Biorrepositério: colegdo de material biolégico humano, coletado e
armazenado ao longo da execugao de um projeto de pesquisa especifico, conforme
regulamento ou normas técnicas, éticas e operacionais pré-definidas, sob
responsabilidade institucional e sob gerenciamento do pesquisador, sem fins
comerciais). Apos o termino de vigéncia deste projeto, os remanescentes dos dentes
serdo descartados por método apropriado ou doadas ao Banco de Dentes da
Faculdade de Odontologia da UFPel.
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2.5.3 Calculo Amostral

O numero minimo de amostras necessarias para identificar diferencas entre
os grupos foi identificado usando o teste ANOVA repeated measures, between
factors da familia F de testes do programa G*Power 3.1 para Mac. Em raz&o da
auséncia de trabalhos prévios, que correlacionem o volume de detritos dentinarios
extruidos com a reacéao inflamatoria dos tecidos, foi escolhido um tamanho do efeito
meédio de 0,5. Outros parametros incluidos foram: erro-alpha = 0,05, poder beta = 0,8
e correlacdo entre os valores repetidos de 0,5. O resultado indicou um total de 6

amostras por grupo e por tempo experimental.

2.5.6 Obtencao dos debris dentinarios

Serédo coletados 4 dentes molares recém extraidos, com indicagado para
extracdo por motivos nao relacionados a esta pesquisa. Todos os pacientes/pais
serdo informados quanto ao propdsito do projeto e receber&o instrugbes por meio
orais e por escrito no Termo de Consentimento Livre e Esclarecido (Apéndice A).
ApOs a realizagdo deste estudo, os dentes serdo entregues ao Banco de Dentes da
Faculdade de Odontologia da UFPel ou devidamente descartados.

Os debris de dentina serdo obtidos com o desgaste da porcéo interna da
camara pulpar de dentes extraidos, com uma broca esférica n° 6, acionada em
micromotor de baixa rotagdo, sob irrigagéo.

As raspas de dentina serdo mantidas em suspensao com BHI e conforme o
grupo experimental serdo autoclavadas (debris ndo contaminados), ou infectadas
(debris contaminados).

Placa subgengival sera coletada de um doador adulto, saudavel, e suspensa
em caldo brain-heart infusion (BHI; Becton Dickinson, Sparks, MD, USA). As raspas
de dentina serdo incubadas nesta suspensao, em placas de 24 pocgos sob condi¢coes
de anaerobiose (AnaeroGen; OXOID, Hampshire, UK) a 37°C, por uma semana.

2.5.7 Procedimentos em animais

Para a realizacdo deste estudo serdo necessarios 42 ratos da espécie Wistar,
com média de idade de 4 meses, pesando em meédia 300g. Os animais seréo
originarios do Biotério da Universidade Federal de Pelotas.
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Previamente ao procedimento cirurgico, os ratos serdo anestesiados atraves
de injec&o intraperitoneal com Xilazina 10 mg/kg e Quetamina 25 mg/kg. O fémur
traseiro do lado direito sera utilizado para a intervencdo. Apos tricotomia e
desinfec¢cdo da area com solugao de alcool iodado, sera realizada uma incisdo na
pele dos animais de 5 cm de comprimento utilizando uma lamina de bisturin® 11. Em
seguida, os tecidos serao divulsionados e o peridsteo sera exposto. Em cada animal,
trés cavidades de 2 mm de didametro serao preparadas sobre a superficie cortical do
fémur, com aproximadamente 3 mm de distancia umas das outras. Estas cavidades
serao realizadas com canetas de baixa rotacdo com pontas diamantadas n° 5, sob
irrigacédo constante com soro fisiologico, seguido de aspiragdo. A ponta diamantada
sera posicionada perpendicularmente ao fémur até atingir a medula 6ssea. As
cavidades cirurgicas serdo preenchidas com debris de dentina, contaminada ou n&o
contaminada, nas seguintes medidas: 5 mg, 10 mg e 20 mg. No grupo controle, a
cavidade cirurgica ndo sera preenchida (Tabela 1). A insergdo de detritos seguira
uma ordem previamente estabelecida e sera registrada em uma ficha apropriada. A
ferida cirdrgica sera suturada com fio de nylon 4-0 e cada animal sera
individualmente identificado pela cauda ou marcacdo na orelha, e acomodado em
ambiente préprio para sua recuperagdo pos-cirurgica, sob supervisdo de um
veterinario. Durante os periodos experimentais, serdo mantidos dois ratos por casa,
com ciclo de 12 horas dia/noite, temperatura entre 19-23°C, umidade relativa do ar
entre 40-70%. A alimentagdo dos animais, bem como os demais cuidados, seguira

os protocolos regulamentados pelo Biotério da Universidade Federal de Pelotas.
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Tabela 1. Distribuicdo das medidas de debris de dentina e os periodos empregados no

experimento.

Grupo Dentina Periodo

07 dias 30dias 90 dias

| 5mg de dentina estéril 6 6 6
] 10mg de dentina estéril 6 6 6
1] 20mg de dentina estéril 6 6 6
v 5mg de dentina contaminada 6 6 6
\' 10mg de dentina contaminada 6 6 6
Vi 20mg de dentina contaminada 6 6 6
ViI Controle 6 6 6

A eutanasia dos animais sera realizada apos os periodos de 7, 30 e 90 dias.
Para tal, os animais receberdo aprofundamento da anestesia com Isoflurano, por via
inalatoria. Em seguida a perna operada sera desarticulada e dissecada para isolar o
fémur. Com um disco de diamante sob baixa rotacdo o o0sso sera seccionado
transversalmente para separagdo dos blocos contendo as cavidades cirurgicas Por
um periodo aproximado de uma semana. As amostras serdo montadas em blocos de
parafina e processadas para analise histolégica. Secgdes com espessura de 5 mm
serdo cortadas transversalmente ao longo do eixo do fémur, montadas em laminas e
coradas com hematoxilina-eosina (H&E). Os cortes serdo analisados com um
microscopio 6ptico (RM2235; Leica, Sao Paulo, Brazil), usando 40,100, 200, e 400x de
magnificagdo. Apos, sera realizada a analise histologica por um patologista

previamente calibrado.

2.5.7 Avaliacao histologica

Os eventos celulares inflamatérios serdo analisados de acordo com os
critérios descritos por Tavares et al., (2013). A ocorréncia de infiltrado inflamatorio
sera determinada pela presenca de neutrofilos, linfocitos, eosinofilos, macréfagos e

células gigantes, classificada como ausente, rara, moderada ou intensa.
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Sera avaliada ainda a formacao de barreira mineralizada, de acordo com os
critérios estabelecidos por Assmann et al., (2015), onde a barreira é classificada
como: (1) ausente: sem deposicdo de tecido mineralizado na da abertura da
cavidade; (2) parcial: fechamento parcial da cavidade pela deposi¢céo de tecido duro;
e, (3) completa: fechamento total de cavidade por deposig¢ao de tecido.

2.5.8 Analise Estatistica

Os dados serdo analisados estatisticamente e a diferenga entre os grupos
calculada utilizando o software estatistico SPSS (versao 20.0, SPSS, Inc., Chicago,
USA). Testes ndo-parameétricos fardo a comparagao entre os grupos. Multiplos
grupos serdao comparados utilizando os testes Kruskal Wallis e Mann-Whitney U com

corregcéo de Bonferroni a p=0.05.

2.5.9 Orgcamento

Material Quantidade Valor Unitario Valor total
Luva 1 ¢cx R$ 17,00 R$ 34,00
Gorro 1 cx R$ 7,79 R$ 7,79
Méascara 1 ¢x R$ 11,99 R$ 11,99
Xilazina 2 frascos R$ 25,00 R$ 50,00
Quetamina 1 frasco R$ 150,00 R$ 150,00
Gaze 1 cx R$ 10,92 R$ 10,92
Alcool iodado 2L R$ 5,49 R$ 10,98
Fio de sutura 2um R$ 6,50 R$ 13,00
Lamina de bisturi 2 cxs R$ 68,33 R$ 136,66
Protetor de bancada estéril 1um R$ 6,15 R$ 6,15
Broca carbide 10 um R$ 6,77 R$ 67,70
Isoflurano 3 frascos R$ 80,00 R$ 240,00
Soro fisiologico 1L R$ 2,75 R$ 2,75
Seringa insulina 10 um R$ 20,00 R$ 20,00
TOTAL R$ 761,94

Quadro 1. Orgamento do projeto de responsabilidade dos pesquisadores envolvidos.




2.5.10 Cronograma de atividades

Atividades

Ano/Més

2017

2018

Abr-
Jun

Jul-Ago

Set

Out-dez

Jan- Jun-Jul Ago-
Maio Set

Out-Nov

Dez

Revisao da Literatura

Elaboracao do Projeto

Qualificagéo

Submissio ao CEP - UFPel

Obtencgao dos animais

Procedimentos cirtirgicos

Processamento histoldgico

Avaliacao histologica

Analise dos dados

Redacdo da Dissertagdo

Defesa/Submissao do Artigo

Quadro 2. Cronograma das atividades
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3 Relatoério do Trabalho de campo

Este relatorio tem por objetivo apresentar as etapas que envolveram o
trabalho de campo do presente estudo, o qual teve como objetivo avaliar a
resposta inflamatéria e o reparo 6sseo frente a insercdo de debris de dentina
em fémur de ratos da espécie Wistar.

3.1 Comité de Etica

Apoés a qualificagdo e aprovagao, o projeto foi encaminhado ao Comité
de Etica em Experimentacdo Animal da Universidade Federal de Pelotas
(CEEA/UFPel) e foi aprovado (processo no 23110.004329/2016-73/CEEA
4329) (Anexo A), houve inicio do experimento. O projeto também foi
encaminhado ao Comité de Etica em Pesquisa (CEP) da Faculdade de
Odontologia de Pelotas, em razdo da utilizacdo das raspas de dentina de
dentes humanos e foi aprovado com numero de parecer de 2.737.449 (Anexo
B).

3.2 Metodologia

Durante o exame de qualificagdo do projeto, que ocorreu em Setembro
de 2017, foi sugerido pela banca examinadora a alteragdo dos tempos
experimentais, com exclusido do periodo de 90 dias, uma vez que nao se
justificaria um tempo experimental tdo prolongado frente a resposta metabdlica
acelerada do modelo animal utilizado. Normalmente a resposta de reparo
tecidual ocorre totalmente em no maximo 60 dias. Desta forma, os periodos
experimentais passaram a ser 7, 30 e 60 dias.

Na primeira etapa do estudo, foi realizada a intervengao cirurgica em 36
animais, totalizando 108 cavidades. Nesta fase, os tempos experimentais
seguidos eram ainda 7, 30 e 90 dias. Aléem disso, apds a desarticulagdo das
pecas Osseas, e processamentos de fixacdo, descalcificagao, incluséo, corte e
coloragédo, houve perda de dezenas de cortes. Na ocasido, seguiamos o
protocolo de processamento utilizado na rotina do laboratério de patologia da
UFPel. Por algum motivo ainda n&o identificado, ao longo das trocas de xilol,

alcool e lavagens com agua, os cortes frequentemente se soltavam das
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laminas. Uma das possiveis causas poderia ter sido insuficiente desidratagao.
A qualidade final de coloragdo também n&o foi considerada satisfatéria na
época.

Desta forma, os pesquisadores envolvidos no projeto decidiram repetir
todo o experimento, alterando os tempos experimentais conforme sugerido
pela banca do exame de qualificagdo, e com algumas modificagdes no
processamento histologico.

Apds a obtengdo dos animais para realizagdo da segunda etapa do
experimento, as intervengbes foram realizadas desta vez com mais
tranquilidade e padronizacdo de cada passo dos procedimentos. Para o
processamento histolégico, foi seguido o protocolo utilizado no departamento
de Histologia da Faculdade de Odontologia da UNESP-Aracgatuba.

Primeiramente as amostras foram fixadas por 48h com formaldeido.
Como diferengas neste protocolo, em comparagao ao seguido anteriormente,
podemos citar a descalcificagdo mais lenta com EDTA 10% (com trocas de
solugéo, a cada 7 dias por cerca de 30 dias) ao invés de acido nitrico + uréia
(em torno de 7 dias), e o processo de desidratagdo mais lento e com maior
numero de trocas alcool etilico. Apds foi realizado a lavagem em agua corrente
por 24 horas.

Na etapa de inclusdo, as amostras passaram pelas seguintes etapas:
1 hora em etanol 70%

30 minutos em etanol 80%

30 minutos em etanol 90%

30 minutos em etanol 95%

40 minutos etanol 100%

40 minutos etanol 100%

40 minutos etanol 100%

T Q@ ™o o o0 TP

1 hora- etanol-xilol

30 minutos em xilol 1

j- 30 minutos em xilol 2

k. 30 minutos em xilol 3

[. 1 hora na parafina 1 (Sigma)
m. 1 hora na parafina 2 (Sigma)
n. Parafina 3 (Inclus&o — Procito)
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Os corantes utilizados foram da Merck, o tempo de utilizacdo dos
corantes foram 2 minutos de hematoxilina e 2 minutos de eosina.

Na repeticdo do experimento ndo houve perda de animais, e a qualidade
obtida nos cortes foi indubitavelmente superior a etapa anterior. Durante a
execugao do projeto, foi estabelecida uma parceria com a UNESP-Aracgatuba,
de forma que parte das pecas foi destinada a coloragcdo para
imunohistoquimica. Os reagentes utilizados, a principio, serdo Interleucina-1
(IL-1), Interleucina-6 (IL-6) e osteocalcina (OCN) o que dara origem a um
segundo artigo.

Em decorréncia do atraso na importagdo de alguns reagentes, e tendo
em vista os prazos estipulados para defesa, apenas o primeiro artigo sera
apresentado nesta dissertacdo, o qual contém apenas os resultados referentes
a coloracdo com H&E. (Artigo 1 intitulado On the longitudinal bone tissue
responsiveness to infected and non-infected dentin debris. Part 1
Histopathological analysis). Posteriormente, 0s resultados da
imunohistoquimica serdo expostos como parte 2 desse artigo.
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ABSTRACT

Aim: To longitudinally evaluate in vivo the histological bone tissue response of
rats to different amounts of infected and non-infected dentine debris.

Methodology: Bone tissue reactions were histologically evaluated in 42 Wistar
rats after 7, 30, and 60 days. For each animal, three surgical cavities were
prepared on the right femur and filled with different amounts (5mg, 10mg or
20mg) of infected or non-infected dentine debris. In negative control group, the
surgical cavities were kept unfilled. By the end of each experimental period,
animals were euthanized. The samples were histologically processed and
analysed using a light microscope. The presence and the severity of
inflammatory reaction, as well as hard tissue deposition were evaluated. Data
was analysed statistically and effects of the dependent variables calculated
using SPSS statistical software (version 20.0, SPSS, Inc., Chicago, USA) using
non-parametric tests Kruskal Wallis and Mann-Whitney U with due Bonferroni
corrections at p=0.05.

Results: The presence of infected debris significantly raised the
histopathological scores for neutrophils (P<0.05), and abscess formation
(P<0.05). Non-infected debris scored significantly higher for the lymphocyte
infiltrate compared to control group, and infected debris (P<0.05). Both infected
and non-infected debris equally triggered eosinophil cells compared to no-
dentine (P<0.05). As for giant cells and macrophages no difference was
detected among the dentine groups (P>0.05). Initially, hard tissue deposition
was similar regardless of the presence or the bacteriological status of the
dentine (P=1.00). None of the above histopathological parameters was
significantly influenced by the amount of debris (P>0.05). For all parameters
evaluated, at 7 days of analysis, the inflammatory response was significantly
more intense compared to 30 and 60 days (P<0.05). However, hard tissue
deposition has significantly increased after 30 days (P<0.05). No difference was
seen between 30 and 60 days of analysis (P=1.00) for all histological
parameters evaluated.

Conclusion: The assumption that the amount of extruded debris may
negatively affect the inflammatory response of bone tissue is not validated in
the present in vivo animal study. Infected dentine may trigger acute
inflammatory parameters especially along the first 7 days of contact with the
tissue; however, in the long run, these negative effects are mitigated.

Key Words: Endodontics, debris extrusion, bone tissue response, infected
dentine
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Introduction

The root canal chemomechanical preparation is taken as one of the
paramount steps for successful endodontic treatment (Ozsu et al. 2014).
However, during instrumentation, an undesired side effect is likely to happen,
as dentine chips, pulp tissue fragments, necrotic tissue, microorganisms and
irrigants may be transported apically and extruded into the perirradicular tissues
(Seltzer et al. 1985, Siqueira et al. 2002). Because it is not an uncommon event
(Tanalp & Gungor 2013), apical extrusion following root canal preparation is
under constant spotlight by endodontic community, as it may trigger
inflammatory reactions in the periapical region and subsequent postoperative
pain, swelling, (Siqueira et al. 2003, Parirokh et al. 2012) and flare-up, possibly
delaying or impairing the healing process (Siqueira et al. 2003).

In this sense, root canal instrumentation systems have been routinely
scrutinized and ranked by several in vitro researches according to the amount
of extruded debris along root canal preparation (Tinaz et al. 2005, Costa et al.
2017, Labbaf et al. 2017, Western et al. 2017). There is a relatively large body
of evidence indicating that different endodontic instrumentations systems,
notably the mechanized ones, may induce distinct quantities of apically
extruded debris (Gutmann et al. 2012). These results are usually associated to
the design, size and taper of the instrument, as well as its kinematics, finally
leading to the conclusion that the amount of apically extruded debris is directly
related to the instrumentation system and technique chosen for root canal
preparation (Kogak et al. 2013, Caviedes et al. 2016, Sowmya et al. 2013),
which, at last, shapes the knowledge background that reinforces the concern

towards debris extrusion during root canal treatment.
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Although of concern, the in vitro results on debris extrusion during root canal
treatment are conflicting (Pedrinha et al. 2018, Ahn et al. 2016). Reciprocating
instruments, for instance, in some studies, may cause more debris extrusion
than files used under continuous rotation (Burklein et al. 2014, Borges et al.
2016, Toyolglu et al. 2017, Uslu et al. 2018), while opposite results are also
reported (Tinoco et al. 2013, De-Deus et al. 2015, Arlan et al. 2016). However,
the in vitro phenomenon of apical extrusion shall not be taken isolated, since
clinically, the presence of periapical tissues may serve as a natural barrier
providing a physical back pressure, limiting the apical extrusion of debris and
irrigants (Bonaccorso et al. 2009), possibly contributing to reduce its overall in
vivo impact. Furthermore, the claim that greater extruded debris weight would
contribute to increase the severity of the inflammatory response is not well
rationalized, as not only the debris amount, but also the virulence and
bacteriological status and the host tissue resistance may be of importance (De-
Deus et al. 2015, Elmsallati et al. 2009).

In spite of the large number of in vitro studies demonstrating and
quantifying the occurrence of apical extrusion with different endodontic
preparation systems, there is no biological evidence to support the rational that
the amount and the bacteriological status of dentinal debris influence the bone
tissue response. Therefore, the objective of this study is to longitudinally
evaluate, in vivo, the bone tissue response of rats to different amounts of
infected and non-infected dentine debris. The core hypotheses tested are that
the presence of infected dentine and its amount can trigger more severe

inflammatory reactions and impair the healing rate of rats bone tissue.
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Materials and Methods

The Research Ethics Committee for Animal Use of the Federal University
of Pelotas, Brazil approved this study (Protocol n® 23110.004329/2016-73). All
procedures were carried out in accordance with institutional guidelines for
animal care and use. Wistar rats (Raftus norvegicus; age, 4 months; weight,
~300 g) were used. Bone tissue reactions to infected and non-infected dentine
debris were evaluated in 42 rats after three experimental periods (7, 30, and 60
days; n = 6 per period). Three cavities were prepared in each animal, in a total
of 126 cavities.

Surgical cavities were randomly allocated to different experimental and
control groups. The animals’ tails were marked for individual identification. The
rats were housed in plastic cages (two per cage) placed in ventilated racks
(Alesco, Monte Mor, SP, Brazil) at 22°C with a 12 h light/dark cycle (lights on
between 7am to 7pm). The animals were provided with a standard diet of rat
chow (Nuvilab, Colombo, PR, Brazil) and filtered water ad libitum during the

experiment.

Sample calculation

The minimum number of samples needed to identify differences between
groups was determined using the G * Power 3.1 program for Mac (ANOVA test
for repeated measures, between factors from the F family of tests). Due to the
absence of previous works, that correlate the volume of extruded dentine with
the inflammatory tissue reaction, an average effect size of 0.5 was chosen.

Other parameters included were: alpha-error = 0.05, beta-power = 0.8 and
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correlation between the repeated values of 0.5. The result indicated a total of 6

samples per group and per experimental time.

Production of infected and non-infected dentinal debris

Four freshly removed molar teeth were collected, after extraction for
reasons not related to this research. Teeth were kept in 0.5% sodium
hypochlorite to remove soft tissue, rinsed in distilled water and autoclaved. The
crowns of the teeth were removed with a diamond saw and the dentine
debris were obtained by wearing the inner portion of the pulp chamber with a
spherical drill no. 5, driven in a low rotation handpiece under irrigation. Dentine
debris were then, immediately suspended in brain-heart infusion broth (BHI;
Becton Dickinson, Sparks, MD, USA).

With the aim to keep dentine debris in humidity, in the non-infected
debris group, they were kept suspended in sterile BHI (Becton Dickinson,
Sparks, MD, USA), for 7 days time before being used in the used. For the
infected debris group, subgingival plaque were collected from an adult, healthy
donor and suspended in BHI. Further, the dentine debris were incubated in this
suspension using 24 well plates under Anaerobic conditions (AnaeroGen;
OXOID, Hampshire, UK) at 37 ° C for one week.

Before animal procedures, the excess of BHI medium were removed

using a paper filter, and the dentine debris were weighed in a precision scale.

Animal procedures
This methodology was adapted from Assmann et al. (2015). Briefly,

animals were anesthetized by intraperitoneal injection with 0.008 mL/100 g
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ketamine (Virbac do Brasil, Sdo Paulo, SP, Brazil) and 0.004 mL/100 g 2%
xylazine hydrochloride (Virbac do Brasil), and 0,03 mL/100g tramadol
hydrochloride by subcutaneous injection. The right femur was used for
intervention. Trichotomy was performed and the area was disinfected with
alcohol iodine solution. A 5 cm long incision was made on the skin, tissues were
separated by layers, and the periosteum was incised with a Surgical Scalpel
Blade #15. Three cavities with 2 mm in diameter were prepared on the cortical
surface of the femur, at a 3 mm distance from each other, by means of a low-
speed handpiece and a #5 round steel bur (KG Sorensen, Sdo Paulo, SP,
Brazil) under constant irrigation with saline solution and aspiration.

The bur was positioned perpendicularly to the femur and used until
reaching the bone marrow. The surgical cavities were randomly designated to
experimental groups, which were filled with different amounts (5mg, 10mg or
20mg) of either infected or non-infected dentine debris. In the control group, the
surgical cavities were not filled (Figure 1).

Finally the wound was sutured in layers (Nylon 4-0 Procare, Labor
import, Osasco, SP, Brazil). After the experimental procedures, the animals
were placed in cages until their recovery from anesthesia. Two animals were
kept per house, with cycle of 12 hours day/night, temperature between 19-23°C,
relative air humidity between 40-70%. To aid recovery, paracetamol (0.06 mg g-

1day-1) was added to their drinking water for 72 h.

Euthanasia
The animals were euthanized 7, 30 or 60 days after intervention (n = 6

per group at each time point), by means of inhalation of isoflurane in a closed
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chamber until loss of vital signs and consequent cardiorespiratory arrest. The
operated leg was disarticulated and dissected to isolate the femur. Then, with a
low-speed diamond disc (KG Sorensen), the bone was transversally sectioned
to separate each region with the surgical cavities. Each fragment was
individually stored in a fixative solution consisting of 10% neutral-buffered
formalin for 24h.

The specimens were decalcified in a 10% ethylenediaminetetraacetic
acid (EDTA) solution for 4 weeks and then dehydrated, clarified, and embedded
in paraffin. Sections with 5-um thickness were cut transversely to the long axis

of the femur, mounted on slides, and stained with hematoxylin-eosin.

Histological evaluation

Slices were analysed with a light microscope (DM3000 LED; Leica, Sao
Paulo, Brazil), using 40, 100, 200, and 400x magnification. The repair process
was analysed according to histological parameters. The presence of
inflammatory response and the hard tissue deposition was evaluated by a
previously calibrated experienced pathologist who was blinded to sample group
assignment performed histological evaluation of the H&E-stained sections.

The cellular inflammatory component was determined by the presence of
neutrophils, lymphocytes, eosinophils, macrophages, and giant cells. These
cellular events were then classified according to the following scale, described
by Tavares et al. (2013): (0) Absent: Inflammation was either absent or within
blood vessels; (1) Mild: Cells were present although sparse or in reduced
clusters; (2) Moderate: Cells were present, but not dominating the microscopic

field; (3) Intense: Cells were present in the form of an infiltrate within the
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surgical cavity. The abscess formation was also assessed and recorded as (0)
absent or (1) present.

Hard tissue deposition was modified from the criteria used by Assmann
et al. (2015), as follows: (0) Absent: no hard tissue deposition on the cavity
region; (1) Formation of immature bone tissue, beginning the process of closure
of the experimental defect; (2) Partial: partial close of cavity by hard tissue
deposition; (3) Complete: total close of cavity by hard tissue deposition.

In order to test the intra- examiner variability, Kappa coefficient was
obtained using a sample of 15 sections. The intra-examiner weighted Kappa
was calculated separately for the presence of inflammatory cells (k = 0.89,
P<.001), abscess formation (k = 1.00, P<.001), and hard tissue deposition (k =

1.00, P<.001).

Statistical Analysis

Categorical data was statistically scrutinized by using IBM SPSS
statistical software (version 24.0, SPSS, Inc., Chicago, USA). Histopathological
events were considered as the dependent variables, while debris (infected, non-
infected and no-dentine), amount of debris (Omg, 5mg, 10mg and 20mg) and
time of evaluation (7 days, 30 days and 60 days) were considered as the
independent variables. The effect of each independent variable over the
dependent variables was studied individually by using a non-parametric test,
Kruskal Wallis with the due Bonferroni corrections. Pair-wise comparisons were
also studied by means of a Mann-Whitney U test also with Bonferroni

correction. All significances were accepted at P=0.05. Box-plot graphs were
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constructed following interaction of the independent variables displaying

significance at individual evaluations.

Results

The median scores obtained for the evaluated histopathological events,
in each time interval, are presented in Table 1. Examples of histopathological
parameters assessed within the different groups and experimental periods are
shown in Figure 2.

Regarding the presence and the bacteriological status of the debris
inoculated in the surgical cavities, Kruskal Wallis demonstrated a significant
difference among the groups for neutrophils (P=0.003), lymphocytes (P=0.006),
eosinophils (P=0.048) and abscess formation (P=0.003). Further investigation
with Mann-Whitney U revealed that, compared to no debris and non-infected
debris, the presence of infected debris scored significantly higher for neutrophil
infiltrate (P= 0.005, 0.015, respectively), and abscess formation (P= 0.006,
0.01, respectively). Non-infected debris significantly raised the severity of
lymphocyte infiltrate compared to no-debris and infected debris (P=0.014,
0.012, respectively). Both infected and non-infected debris equally triggered
eosinophil cells compared to no-dentine (P=0.021 for both). As for giant cells
and macrophages, no difference was detected among the dentine debris
groups (P=0.087 and P=0.174, respectively). Hard tissue deposition was similar
regardless of the presence or the bacteriological status of debris (P=1.00).

As for the effect of the amount of dentine debris over the
histopathological parameters, Kruskal-Wallis revealed that none of them was

significantly influenced by this variable (P=0.249 for neutrophil infiltrate,
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P=0.204 for lymphocyte infiltrate, P=0.198 for giant cells, P=0.12 for eosinophils
and P=0.381 for macrophages, P=0.339 for abscess formation, P=1.00 for hard
tissue deposition).

Time of evaluation was also seen to significantly influence the dependent
variables under test (Kruskal-Wallis, P=0.000 for all parameters). For all
histological parameters evaluated, after 7 days of analysis, a significantly higher
inflammatory responsiveness was noticed compared to 30 and 60 days (Mann-
Whitney U, P=0.000 for all parameters and comparisons), except for hard tissue
deposition, which has significantly scored higher after 30 days (Mann-Whitney
U, P=0.000). No difference was seen between 30 and 60 days of analysis
(Mann-Whitney U, P=1.00) for all histological parameters evaluated.

Because significance was detected for both the time of evaluation and
the presence and the bacteriological status of the dentine, box-plot graphs of
the interaction of these two variables were constructed confirming the influence

of the debris presence and status mostly at 7 days of analysis (Figure 3).

Discussion

Endodontic scientific community have been systematically assuming a
hazard influence of debris extrusion to apical tissue healing (Boijink et al. 2018,
Uslo et al. 2018), even though, clinically, the determination of the frequency and
the specific amount of debris or bacteria extrusion occurred during root canal
preparation is yet to be determined, as well as the tissue response to different
amounts of dentine debris, and the role of infected debris in this process.

Numerous laboratory studies have been conducted to determine which

intra-canal procedures result in more or less extrusion of hard tissue debris
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(Topcuoglu et al. 2016, Burklein et al. 2012, 2014, Uslu et al. 2018) or bacteria
(Aksel et al. 2017, Teixeira et al. 2015, Kustarci et al. 2008, Tinoco et al. 2013)
through the apical foramen, based on the assumption of debris apical extrusion
being capable to trigger a more severe inflammatory reaction that may impair
the apical healing process. As opposite to that, the most relevant finding of the
present study evidences that the amount of dentine debris (infected or not) do
not influence the inflammatory process of bone tissue. Thus, associating the
amount of extruded debris with the bone inflammatory level may be misleading.
At a first glance, this may seem as a controversial and peculiar finding once all
body of evidence accumulated in endodontics have used this very trivial and
biologically plausible rationale to justify the studies attempting to rank root canal
preparation systems and techniques according to the amount of extruded apical
debris. However, the present result can be taken more conceptually considering
the systematic lack of experimental studies specifically designed to evaluate the
causality or not between those variables.

In a clinical situation, it is expected that the debris extruded apically stay
in intimate contact with periodontal soft and hard tissues. Then, to better mimic
the clinical condition, the present study had followed the methodology
previously described by Assmann et al. (2015), in which different sealers were
put in direct contact with bone tissue, using Wistar rats femurs. The bone tissue
reaction to endodontic sealers is frequently described in the literature (Sousa et
al. 2006, Cintra et al. 2006, Moretton et al. 2000), and the use of this model to
simulate the apical extrusion of debris in contact with bone tissues seems to be
a suitable experimental model in the present framework. The effect of

endodontic materials or dentinal debris on bone has unquestionable clinical
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relevance, since a primary goal of endodontics is the maintenance or
regeneration of the bone tissue supporting teeth in a healthy state.

Studies carried out in rats, regarding the bone tissue reaction, usually are
performed with a maximum experimental period of thirty, sixty, or ninety days
(Cintra et al. 2006, Rahimi et al. 2012, Assmann et al. 2015, Quintana et al.
2018). The present study lasted 60 days, which is consistent with the majority of
studies. The experimental periods chosen demonstrated to be adequate to
validate the differences between groups, which occurred at 7 days. Moreover,
there was no need to longer periods of follow up, since at 60 days all the
samples showed absence of inflammation and complete hard tissue barrier
deposition.

The choice regarding the amount of debris to be included in surgical
cavities (5mg, 10mg and 20mg) was based on previous in vitro studies, which
described that the average amount of debris extruded during the root canal
therapy ranges from 0.19 to 11.5 mg (Tanalp et al. 2006, De-Deus et al. 2010,
Tasdemir et al. 2010, Burklein et al. 2012, Kogak et al. 2013,2015, Burklein et
al. 2014, Capar et al. 2014, Surakanti et al. 2014, Ehsani et al. 2016, Uslu et al.
2018, Boijink et al. 2018). However, if instead of the average, we consider the
maximum amount of debris reported, it is possible to find reports of up to
30.8mg of debris extruded apically (Uslu et al. 2018). Nevertheless, it is
important to highlight that periapical tissues may serve as a natural barrier
providing a physical back pressure, thereby limiting the apical extrusion of
debris and irrigants (Bonaccorso et al. 2009).

Similarly to the weight of debris extruded (quantitative factor), it is

commonly assumed a direct correlation between the virulence of the bacteria
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and the severity of the periapical inflammation (qualitative factor) (Kalra et al.
2017). In fact, bacteria may extrude along with debris through the apical
foramen (Siqueira et al. 2003, Naidorf et al. 1985). However, the present study
was not focused on classifying the intensity of the inflammatory reaction based
on the virulence of different microorganisms, but rather to observe whether the
presence of anaerobically infected debris would negatively influence the tissue
reaction. At 7 days, independently of the amount, infected debris induced
intense acute inflammatory infiltrate and abscess formation in every evaluated
samples, with high scores for neutrophils, and as a consequence being more
irritating to bone tissue than non-infected debris. These findings are in
accordance with the literature, which described that pathogenic bacterial
content of debris are associated with the acute inflammatory reaction, via higher
neuropeptide expression in the periradicular tissues (Caviedes-Bucheli et al.
2010, 2013, 2016).

Even though infected debris had increased the frequency and the
severity of inflammatory infiltrate and abscess formation at initial period of
evaluation, at 30 and 60 days, all the groups were similar regarding these
cellular events. Moreover, the hard tissue barrier was complete in all samples
from experimental and control groups, at 60 days. These findings indicate that
progressively, after a short-term the initial negative impact is mitigated and the
tissue healing is invariably reached contact with infected debris. The
longitudinal character of the present histological evaluation is of interest, since it
helps to increase understanding the overall role of the extruded debris. It
highlights the fact that, even though infected debris extrusion may be initially

pro-inflammatory, after a short-term the initial negative impact is mitigated and
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the tissue healing is invariably reached. As previously discussed, the overall
role of the presence of dentine debris in the bone tissue might be overestimated
by the scientific community and, as such, the generally accepted biological
rational used to rank instruments and instrumentation techniques based on the
occurrence of debris extrusion should be reconsidered.

According to our findings, it is reasonable to say that the endodontic
scientific community has been actually assigning an unproven role for the
phenomenon of the studies on apical extrusion of debris. In other words, the
core rationale used by in vitro apical extrusion studies has being accepted
based on a non-experimentally tested idea. Actually, this is a very common
behavior among endodontic scientific community, to assume in vitro surrogates
as being of in vivo relevance based on simply logical or biological plausibility.
Speculative biological plausibilities have been largely employed as rational to
formulate working hypothesis based on which several in vitro studies are
conducted. However, it is fair to say that a given working hypothesis without
experimentation is an unsupported speculation; thus, as far as the real role of
the extruded debris is under the spot, there is a clear need of gathering in vivo
experimental evidence and, in this sense; the current study fits very well into
this background. At last, the present result emphasizes the necessity to
question hypothesis or assumptions prior to their being considered as a real

dogma or universal beliefs.

Conclusion
The generally accepted assumption that the amount of extruded dentine

may negatively affect the inflammatory response of bone tissue is not validated
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in the present in vivo animal study. Infected dentine may trigger some
inflammatory parameters, most specifically, neutrophils and abscess, especially
along the first 7 days of contact with the tissue; however, in the long run these

negative effects are diminished and complete healing is achieved.
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Figure 2 Figure 2 - Histopathological parameters assessed within the different groups and
experimental periods. Hematoxylin and eosin staining. (a-g) 7 days. (a) Control group, 40X.
Intense immature bone tissue deposition, closing the surgical cavity; (b) 100X magnification of
(a), showing mild chronic inflammatory infiltrate surrounded by bone tissue neoformation; (c) 10
mg of non-infected debris 40X. Absense of abscess areas; incomplete surgical cavity closure;
(d) 200X magnification of (c) — immature bone tissue deposition and chronic inflammatory
infiltrate; (e) 5 mg of infected debris, 100X. Abscess formation in a superficial area of surgical
cavity, intense acute inflammatory infiltrate; (f) 20mg of infected dentin. 40X. Extensive abscess
formation within the surgical cavity. (g) 200X magnification of (f), showing severe inflammatory
infiltrate, and presence of dentin debris. (h) 30 days, non-infected debris (i) 60 days, infected
debris. Both areas demonstrating the complete hard tissue deposition, with complete healing of
surgical area.
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Table 1 — Median and min-max scores obtained for the evaluated histopathological events, per group, in each time interval.

7 days 30 days 60 days
Non-infected debris Infected debris Non-infected Infected debris Non-infected Infected debris
(mg) (mg) No- debris (mg) (mg) No- debris (mg) (mg) No-
dentin dentin dentin
5 10 20 5 10 20 5 10 20 5 10 20 5 10 20 5 10 20

Median 0 2 1 3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Neutrophils Min 0 0 0 3 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Max 0 2 3 3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Median 2 3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lymphocytes ~ Min 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Max 3 3 3 3 3 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0

Median 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Eosinophils Min 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Max 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Median 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Macrophages  Min 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Max 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Median 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Giant cells Min 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Max 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Abscess Median 0 0.5 0.5 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

formation Min 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Max 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hard tissue Median 1 1 1 1 0 0 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3

o Min 1 1 1 1 0 0 1 2 2 2 3 2 2 3 3 3 3 3 3 3 3
deposition

Max 3 1 1 1 1 0 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3




5 Consideracoes Finais

A afirmacdo, comumente aceita, de que a quantidade de debris de dentina
extruidos apicalmente pode afetar negativamente o reparo tecidual, ndo foi validado
no presente estudo.

A presenca de debris de dentina infectados, independentemente da
quantidade avaliada, pode aumentar a frequéncia e a severidade dos parametros
inflamatodrios agudos, especialmente nos periodos iniciais em contato com os
tecidos; no entanto, a longo prazo, estes efeitos negativos sdo atenuados e o reparo
€ alcangado.

De acordo com nossas descobertas, é razoavel dizer que a comunidade
cientifica endodédntica tem realmente atribuido um papel ndo comprovado para o
fendbmeno dos estudos sobre a extruséo apical de debris.

Em outras palavras, o raciocinio central usado pelos estudos de extrusao
apical in vitro tem sido aceito com base em uma ideia nado testada
experimentalmente.

A dentina infectada pode desencadear alguns parametros inflamatdrios,
principalmente nos primeiros 7 dias de contato com o tecido;

A longo prazo, esses efeitos negativos diminuem e o reparo completo é

alcancado.
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Numero do Parecer: 2.737.449

Apresentagao do Projeto:
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