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Flores Orozco El. Redugdo de bactérias cultivaveis, lipopolissacarideos e
colagenase/mmp-8 no tratamento endodontico associado a ativacdo ultrassonica
na infeccdo endododntica primaria: estudo clinico randomizado [tese]. Sdo José
dos Campos (SP): Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e
Tecnologia; 2019.

RESUMO

O objetivo desse estudo clinico randomizado foi avaliar em dentes com infeccéo
endoddntica primaria (IEP) os microrganismos anaerdbios cultivaveis (UFC/mL),
niveis de endotoxinas (LPS) (EU/mL) e colagenase/MMP-8 da regido periapical
antes e durante o tratamento endodontico utilizando diferentes protocolos de
irrigacdo final: irrigacdo convencional (CNI), ativacdo ultrassdnica passiva
(PUA) e ativagéo ultrassonica continua (CUA). Quarenta e cinco dentes com IEP
foram submetidos ao tratamento endodontico utilizando NaOCI 2.5% como
solucgdo irrigadora seguido do uso de EDTA 17%. Os protocolos de limpeza final
foram realizados com irrigacdo com agulha convencional (controle), PUA e CUA,;
na sequéncia os canais foram preenchidos com pasta de Ca(OH), + SS por 14 dias.
Foram feitas coletas do contetdo do canal radicular apos abertura coronaria (S1),
apos diferentes protocolos de irrigacdo final (S2) e ap0s uso de medicacéo
intracanal com pasta de hidroxido de calcio [Ca(OH);] (S3). O conteudo coletado
do canal foi submetido as analises por cultura microbioldgica (UFC/mL) e niveis
de endotoxinas (EU/mL) pelo Lisado de Amebdcitos de Limulus (LAL). Apds
preparo dos canais e apds medicacdo com Ca(OH), foram realizadas coletas do
fluido periapical para analise da expressao de MMP-8 por ELISA. A analise
estatistica dos dados foi realizada pelo testes Kruskal-Wallis e Dunn para analise
intergrupos de UFC/mL, LPS e MMP-8, todos eles com nivel de significancia de
5% (P<0.05). Microrganismos anaerdbios cultivaveis foram detectados em 100 %
das amostras iniciais (S1) com valor médio de 1.18 x 10° CFU/mL (20 — 1.84 x
10° CFU/mL). CUA apresentou maior efetividade na reducéo de microrganismos
anaerobios cultivaveis em S3 (97.27%) seguido pela PUA (96.56%) e CNI
(96.2%). Endotoxinas foram identificadas em 100% das amostras em S1 com
valor médio de 538.10 EU/mL (0.017 x 6190 EU/mL), CUA mostrou uma maior
reducdo nos niveis de LPS em S3 (97.75 %), sequido pela PUA (97.11%) e CNI
(90.42%). O protocolo de irrigacdo final com ativacao ultrassonica PUA e CUA
favoreceu a reducdo de MMP-8 em comparacéo ao grupo CNI. Houve correlacao
estatistica positiva entre os niveis de LPS e MMP-8. Conclui-se que o preparo
biomecanico produz a maior reducdo no nimero de microrganismos anaerébios e
endotoxinas; O protocolo de irrigacdo final com PUA e CUA em associacdo ao
preparo biomecéanico produz maior reducéo nos niveis de Endotoxinas e MMP-8



em comparacdo com CNI. Existe correlagéo estatistica positiva entre os niveis de
LPS e MMP-8 presentes nas infeccdes endodonticas priméarias, mostrando a
associacao do LPS com o processo de destruicéo tecidual.

Palavras-chave: Endotoxinas. Infec¢do endodontica. Irrigacéo ultrassonica. Leséo
periapical. Micro-organismos. MMP-8.



Flores Orozco EIl. Cultivable bacteria, lipopolysaccharides and neutrophil
collagenase/mmp-8 reduction on the endodontic treatment associated to
ultrasonic activation in primary endodontic infection: a randomized clinical trial
[doctorate thesis]. S&o José dos Campos (SP): S&o Paulo State University
(Unesp), Institute of Science and Technology; 2019.

ABSTRACT

The aim of this randomized clinical trial was to evaluate in cultivated anaerobic
microorganisms (CFU / mL), endotoxin levels (LPS) (EU / mL) and periapical
collagenase / MMP-8 in teeth with primary endodontic infection (EP1) before and
during Endodontic treatment using different final irrigation protocols:
conventional irrigation (CNI), passive ultrasonic activation (PUA) and
continuous ultrasonic activation (CUA). Forty-five teeth with IEP were submitted
to endodontic treatment using 2.5% NaOCI as an irrigating solution followed by
17% EDTA. Final cleaning protocols were performed with conventional needle
irrigation (control), PUA and CUA; The root canals were then filled with Ca
(OH), paste for 14 days. Root canal contents were collected after coronary
opening (S1), after root canal preparation (S2) and after intracanal calcium
hydroxide paste [Ca (OH).] (S3). Samples of the root canal content was
performed to analysis by microbiological culture (CFU / mL) and endotoxin levels
(EU / mL) by Limulus Amebocyte Lysate (LAL). After canal preparation and after
Ca (OH), medication, periapical fluid samples were collected for analysis of
MMP-8 expression by ELISA. Statistical analysis of the data was performed by
Kruskal-Wallis and Dunn tests for intergroup analysis of CFU / mL, LPS and
MMP-8, all with a significance level of 5% (P <0.05). Cultivable anaerobic
microorganisms were detected in 100% of the initial samples (S1) with a mean
value of 1.18 x 105 CFU / mL (20 - 1.84 x 106 CFU / mL). CUA showed greater
effectiveness in reducing anaerobic microorganisms cultivable in S3 (97.27%)
followed by PUA (96.56%) and CNI (96.2%). Endotoxins were identified in 100%
of samples in S1 with a mean value of 538.10 EU / mL (0.017 x 6190 EU / mL),
CUA showed a greater reduction in LPS levels in S3 (97.75%), followed by PUA
(97.11%). and CNI (90.42%). The final irrigation protocol with ultrasonic
activation PUA and CUA favored the reduction of MMP-8 compared to the CNI
group. There was a positive statistical correlation between LPS and MMP-8
levels. It is concluded that the biomechanical preparation produces the greater
reduction in the number of anaerobic microorganisms and endotoxins; The final
irrigation protocol with PUA and CUA in combination with biomechanical
preparation produces greater reduction in Endotoxin and MMP-8 levels
compared to CNI. There is a positive statistical correlation between the levels of



LPS and MMP-8 present in primary endodontic infections, showing the
association of LPS with the tissue destruction process.

Keywords: Endotoxins. Endodontic infection. Periapical lesion. MMP-8.
Ultrasonic irrigation.
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1 INTRODUCAO

A anatomia interna do dente é formada por uma complexa rede de
ramificacdes, presenca de irregularidades e istmos, que permitém a proliferacdo
e colonizacdo de micro-organismos ao interior do sisttma de canais radiculares
(SCR)(Tennert et al., 2014). Estes micro-organismos e seus subprodutos sao
responsaveis pela etiologia do desenvolvimento de lesdes periapicais, uma vez
que interagem entre eles de forma sinérgica, ou interferindo e evadindo a resposta
do hospedeiro (Kakehashi et al., 1965).

As infecgbes endodonticas sdo polimicrobianas, contendo micro-
organismos  Gram-positivos e micro-organismos  Gram-negativos
predominantémente bactérias anaerobias (Sundqvist, 1994). Estas bactérias, apos
sua morte, liberam lipopolisacarideos (LPS) ou endotoxinas presentes na
superficie da membrana externa da parede celular (Rietschel et al., 1996), sendo
o0 LPS altamente citotoxico, atua sobre macréfagos, neutrofilos e fibroblastos
levando a liberacdo de mediadores bioativos e citocinas pro-inflamatorias
(Mohammadi, Dummer, 2011), mesmo estando presente em baixas
concentracdes consegue produzir uma resposta imune inata do hospedeiro
desencadeando dano tecidual ou/e reabsorcdo 6ssea (Beutler, Poltorak, 2000;
Cardoso et al., 2015; Martinho et al., 2012)

As metaloproteinases (MMPs) sdo enzimas responsaveis pela degradacéo
da matriz extracelular, enzimas metalo-dependentes de zinco e Célcio que atuam
na modelagem, desenvolvimento e destruicdo de tecidos periapicais com a
degradacéo de colageno. As fibras de coldgeno constituem a maior parte da matriz
extracelular da regido periapical e em condicBes patologicas sdo fragmentadas
por MMPs colagenases (MMPs 1, 8 e 13) e degradadas por MMPs gelatinases
(MMPs 2 e 9). Metaloproteinases tais como MMP-8 sdo importantes na

patogénese periapical, uma vez que atuam na degradacdo da matriz organica
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extracelular (Broverman et al., 1998) que é um dos primeiros estadios de
reabsorcéo dssea periapical (Shin et al., 2002). Além disto, MMP-8 s&o ativadas
por proteases bacterianas (Cazalis et al., 2009).

No tratamento endodontico substancias quimicas séo utilizadas durante o
preparo biomecanico e medicacdo intracanal com finalidade de combater
microrganismos e seus produtos e consequente diminuicdo do processo
inflamatorio periapical. Solu¢bes como o hipoclorito de sodio (NaOCI), possui
acdo solvente de matéria organica e antimicrobiana (Cavalli et al., 2017;
Kuruvilla and Kamath, 1998; Valera et al., 2014), sendo indicado como irrigante
em diferentes concentragdes durante o tratamento endodontico. No entanto, o
NaOCI ndo remove a camada de smear layer (Asna Ashari et al., 2009; Chang et
al., 2001; Menezes et al., 2003; Valera et al., 2010), uma vez que ndo atua sobre
a parte inorganica desta camada. Para a melhor remocéo desta camada utiliza-se
agentes quelantes, sendo o &cido etilenodiaminotetracéetico (EDTA) a substancia
quimica mais utilizada, com eficiéncia comprovada na dissolugdo de smear layer
(Carvalho et al., 2008; Haapasalo et al., 2010; Valera et al., 2010). No entanto,
devido a complexa anatomia dos canais radiculares e presenca dos tubulos
dentinarios que podem permanecer parcialmente obliterados pelos residuos
mesmo ap0s 0 uso dos quelantes, novos métodos de irrigacdo vém sendo
utilizados (Gu et al., 2009; Gulabivala et al., 2010).

Na pratica endodontica, utiliza-se 0 NaOCI seguido do EDTA pois o0
NaOCI atua na matéria organica enquanto que o EDTA remove 0 componente
inorganico da camada residual deixada nas paredes do canal durante o preparo
biomecanico (Briseno et al., 1992; Craigbaumgartner, Mader, 1987). Sendo
assim, a combinacéo destes irrigantes associados e a ativacdo por ultrassom pode
resultar em maior limpeza dos canais radiculares e aumento das propriedades
antimicrobianas dos irrigantes (Al-Jadaa et al., 2009), contribuindo para maior

sucesso da terapia endodontica.
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A irrigacdo ultrassbnica tém sido aplicada para melhorar a limpeza
durante o tratamento endodontico devido a complexa anatomia do sistéma de
canais radiculares como istmos nos tercos cervical e médio do canal radicular.

A irrigacdo ativada com ultrassom potencializa as propriedades da
solucéo irrigadora devido aos diferentes fendmenos que ocorrem durante sua
aplicacdo como agitacdo, cavitacdo, microcorrente acustica e geracao de calor
iIrdo produzir efeitos nas estruturas dentais, especialmente sobre a dentina e
camada residual (Walmsley, 1987), que em combinacdo com solucdes irrigadoras
aumentam os efeitos antimicrobianos. De acordo com Briseno et al. (1992), a
utilizacdo do NaOCIl associado ao ultrassom faz com que ocorra maior eliminagao
de residuos da camada de smear layer, levando a melhor limpeza do sistéma de
canais radiculares.

O ultrassom pode ser utilizado de forma intermitente ou continua sobre o
NaOCI durante o tratamento endoddntico. Pesquisas tém sido desenvolvidas
utilizando a Ativacdo Ultrassonica Passiva (PUA) para a ativacdo da solugéo
irrigadora ap6s o preparo biomecanico do canal radicular (Gu et al., 2009; Plotino
et al., 2007; van der Sluis et al., 2007), aléem do PUA, a ativacdo ultrassonica
continua (CUA) produz um fluxo ao interior do canal radicular permitindo a
substituicdo da solucéo ininterruptamente (Castelo-Baz et al., 2016; Jiang et al.,
2012). Em ambos os casos o inserto ultrassdnico permanece no canal radicular
sem contato com as paredes, na premissa que a energia gerada pelo inserto
ultrassénico potencialize as propriedades da solucdo irrigadora mediante
cavitacdo(Kato et al., 2016; Vivan et al., 2016) .

Entretanto, bactérias presentes no sistema de canais radiculares, e zonas de
propagacdo microbiana podem permanecer apds a instrumentacao e irrigacao,
sendo necessario 0 uso de medicacdo intracanal para auxiliar na eliminacao das
bactérias e seus produtos, possibilitando assim atingir maior o sucesso clinico
(Ferreira et al., 2015; Katebzadeh et al., 1999; Nelson-Filho et al., 2002). Entre

as substancias utilizadas, o hidroxido de célcio (Ca (OH).) é a principal
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medicacdo intracanal devido a suas propriedades antimicrobianas contra a
maioria dos agentes patogénicos (Athanassiadis et al., 2007; Ferreira et al., 2015;
Mohammadi, Dummer, 2011).

Assim, o presente trabalho foi delineado com objetivo de avaliar os niveis
de microrganismos anaerdbios cultivaveis, niveis de endotoxinas e sua correlagéo
com niveis de colagenase/MMP-8 da regido periapical nas diferentes fases do
tratamento endodontico utilizando diferentes protocolos de irrigacdo final com
NaOCI apds preparo biomecanico. Espera-se com este estudo, verificar que a
ativacdo do irrigante com ultrassom favorecera a limpeza e descontaminagdo no

tratamento da infec¢do endoddntica primaria.
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2 ARTIGO(S)

2.1 Artigo - Flores Orozco EIl, Toia CC, Corazza BJM, Khoury RD,
Bresciani E, Palo RM, Valera MC. Efetividade das técnicas de ativacéo
ultrassdnica no conteudo infeccioso / inflamatério em dentes com infeccéo
endodontica primaria / Effectiveness of ultrasonically activated techniques on
infectious/inflammatory contents in teeth with primary endodontic infection*

RESUMO

Introducéo: avaliar por meio de ensaio clinico randomizado o efeito de trés
diferentes protocolos finais de irrigacdo: irrigacdo convencional por agulha
(CNI); ativacdo ultrassonica passiva (PUA) e ativacdo ultrassonica continua
(CUA) na reducdo de bactérias cultivaveis, lipopolissacarideos (LPS) e
colagenase neutrofilica / metaloproteinase da matriz 8 (MMP-8) de dentes con
infeccdo endodobntica primaria. Métodos: 45 dentes unirradiculares com infecgéo
endodontica primaria e lesdo periapical foram instrumentados por sistéma lima
unica e solugdo de hipoclorito de sodio 2,5%. Os dentes foram divididos
aleatoriamente em trés grupos (n = 15), de acordo com o protocolo final de
irrigacdo apds o preparo biomecanico: CNI; PUA e CUA. As amostras foram
coletadas antes (S1) e apds o preparo biomecanico (S2) e apos a colocacdo do
medicacdo intracanal a base de hidroxido de célcio e solucdo salina fisiologica
(S3). Bacterias e lipopolissacarideos cultivaveis (LPS) foram avaliados por meio
de unidades formadoras de coldnias bacterianas (UFC / mL) e ensaio de lisado de
amebocitos de Limulus (EU / mL), respectivamente. Amostras de fluido
intersticial foram coletadas logo apos os protocolos finais de irrigacdo (S2 e S3)
para acessar 0s niveis de neutrofilos colagenase / MMP-8 pelo ensaio
imunoabsorvente enzimatico (ELISA). Os dados foram analisados
estatisticamente pelos testes de Kruskal-Wallis e Dunn, com nivel de
significancia de 5% (P <0,05). Resultados: bactérias cultivaveis foram
detectadas em todas as amostras iniciais (S1) com um valor mediano de 6080 (20
- 1,84 x 106) UFC / mL. A CUA apresentou maior efetividade na reducéo
(97,27%) de bactérias cultivaveis, seguido pelo PUA (96,56%) e CNI (96,2%).
Também foram detectados LPS em todas as amostras iniciais (S1), com um valor
mediano de 118 (0,017 x 6190) EU / mL. A CUA apresentou a maior redugédo dos
niveis de LPS apos S3 (97,75%), enquanto a PUA e CNI apresentaram reducfes
de 97,11% e 90,42%, respectivamente. Tanto o PUA como o CUA foram eficazes
na reducdo do MMP-8 em comparacdo ao CNI. Foi encontrada uma correlacéo
positiva entre os niveis de LPS e MMP-8. Conclusfes: o preparo biomecanico

*Artigo elaborado de acordo com as normas do Periédico Journal of Endodontics (Print version ISSN 0099-
2399). Submetido em: XX/XX/XXXX.
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garante a maior reducdo de bactérias cultivaveis e LPS. A ativacdo ultrassénica
(PUA e CUA) como protocolo final de irrigacdo associado ao preparo
biomecanico apresentou a maior reducdo nos niveis de LPS e MMP-8 em
comparacdo a CNI. Existe uma correlacdo positiva entre LPS e MMP-8
relacionada ao processo de reabsorcdo Ossea e estabelecimento de lesdo
periapical.

Palavras-chave: Endotoxinas. Infeccdo endodontica primaria. Irrigacdo
ultrassonica. Lesdo periapical. Micro-organismos. MMP-8.

ABSTRACT

Introduction: to evaluate via a randomized clinical trial the effect of three
different final irrigation protocols: conventional needle irrigation (CNI); passive
ultrasonic activation (PUA) and continuous ultrasonic activation (CUA) on the
reduction of cultivable bacteria, lipopolysaccharides (LPS) and neutrophil
collagenase/matrix metalloproteinase 8 (MMP-8) from primarily infected root
canals. Methods: forty-five single-rooted teeth with primary endodontic infection
and periapical lesion were instrumented by a single-file reciprocating system and
2,5% sodium hypochlorite solution. Teeth were randomly divided into three
groups (n=15) according to the final irrigation protocol after biomechanical
preparation: CNI; PUA and CUA. Samples were collected before (S1) and after
the biomechanical preparation (S2), and after the placement of the intracanal
medication based on calcium hydroxide and physiological saline solution (S3).
Cultivable bacteria and lipopolysaccharides (LPS) were evaluated by means of
bacterial colony-forming units (CFU/mL) and Limulus Amebocyte Lysate assay
(EU/mL), respectively. Interstitial fluid samples were collected right after the
final irrigation protocols (S2 and S3) to access the neutrophil collagenase/MMP-
8 levels by the enzymatic immunosorbent assay (ELISA). Data were statistically
analyzed by Kruskal-Wallis and Dunn tests at a significance level of 5% (P<
0.05). Results: cultivable bacteria were detected in all initial samples (S1) with
a median value of 6080 (20 — 1.84 x 106) CFU/mL. CUA showed more
effectiveness on the reduction (97.27%) of cultivable bacteria, being followed by
PUA (96.56%) and CNI (96.2%). LPS were detected in all initial samples (S1) as
well, with a median value of 118 (0.017 x 6190) EU/mL. CUA showed the greatest
reduction of LPS levels after S3 (97.75 %), while PUA and CNI presented the
reduction of 97.11% and 90.42%, respectively. Both PUA and CUA were effective
on the reduction of MMP-8 compared to CNI. A positive correlation between LPS
and MMP-8 levels was found. Conclusions: biomechanical preparation ensures
the greatest reduction of cultivable bacteria and LPS. CUA as a final irrigation
protocol associated with the biomechanical preparation showed the greatest
reduction on the LPS and MMP-8 levels compared to PUA and CNI. There is a
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positive correlation between LPS and MMP-8 related to the process of bone
resorption and periapical lesion establishment.

Keywords: Endotoxins. Microorganisms. MMP-8. Primary endodontic
infection. Ultrasonic activation.

INTRODUCTION

Primary endodontic infections are polymicrobial, composed of Gram-positive and
Gram-negative bacteria, with facultative and obligate anaerobic bacteria conspicuously
dominating the microbiota (1). During the death and disruption of Gram-Negative bacteria,
lipopolysaccharides (LPS), also known as endotoxins —a component of their outer membrane
— are released into the circulation (2). LPS cause a reaction on the indirect immune system,
acting on neutrophils generating an uncontrolled inflammatory response which induces the
release of bioactive mediators (3,4), including enzymes and reactive oxygen species (5). Even
at low concentrations, LPS are the most potent stimuli for immune cells regarding the release
of several inflammatory mediators such as interleukins, prostaglandins and matrix
metalloproteinases (6-8) . Such local immune response is complex and involves degradation
of the periapical tissue (9,10). Matrix metalloproteinases (MMPs), a diverse group of the
calcium-dependent zinc-containing endopeptidases family, are also involved in the
inflammatory process being strongly related with the breakdown of the extracellular matrix,
the main component of the connective tissue (11). Several subtypes of MMPs have been
identified in apical periodontitis acting according to their taget protein such as collagenase (12),
gelatinases (13), stromelysin (12), and matrixin (14). During pathological conditions, the
MMP-8 subtype, also known as neutrophil collagenase, plays a pivotal role in denaturing and
cleaving type I, Il and I11 collagens, which is the most prevalent component of the extracellular
matrix (15,16)

Periapical immune response is predominantly a reaction to bacterial infection present
in necrotic root canals (17-19). The use of irrigation solution during biomechanical preparation
will act on disinfection and lubrication of the root canal system (20). Although the effectiveness
of irrigation relies on both the mechanical flushing action and the ability of irrigants to Kill
bacteria (21) and dissolve tissue (22), it has been suggested that the flushing action may be the

most important factor (23).
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Although conventional needle irrigation (CNI) is the most widely used technique in
clinical practice it has been reported to be ineffective in flushing out tissue remnants and
cleaning the most apical portions of the root canal system, depending on depth of insertion,
needle shape and design, pressure and flow rate (24,25). To overcome the limitations of CNI
and considering the high incidence of isthmuses in the root canal system and their
inaccessibility to mechanical instrumentation, several techniques have been proposed to
complement the prior conventional irrigation in order to improve the delivery of antibacterial
solutions.

Machine-assisted agitation systems have been suggested as an alternative to enhance
the delivery of irrigating solutions to mechanically inacessible areas of the complex root canal
system. Passive ultrasonic activation (PUA) of the irrigant is an intermittent ultrasonically
activated irrigation method which requires a vibrating instrument within the canal and
replenishment of the solution with a syringe after each activation cycle promoting a micro
acoustic current effect, hydrodynamic agitation, cavitation and heat generation on the irrigant,
enhancing the NaOCI effect (26). Meanwhile, the continuous ultrasonic activation (CUA)
method allows the solution to be uninterruptedly replaced via an ultrasonically activated
irrigation needle (27).

Of a clinical relevance, elevated MMP levels have been correlated with nonhealing
lesions (28,29). To date, there are no clinical studies investigating the influence of different
ultrasonically activation techniques in the reduction of inflammatory mediators. In order to
provide a more accurate perspective between technical procedures with biological conditions,
the aim of the present study was to assess the efficacy of different ultrasonically activated

irrigation methods in the removal of cultivable bacteria, LPS and MMP-8/collagenase.

Materials and Methods
Patient Selection

This randomized clinical trial was approved by the local Institute Review Board (CEP:
83576418.0.0000.0077) and registered at the Brazilian Clinical Trials Registry
(ensaiosclinicos.gov.br) Primary ID:RBR-7CXWGS5.

The sample size was determined based on the findings of a previous study (30) and a
power calculation was performed through the https://sealedenvelope.com/power/binary-

equivalence/website, under binary outcome and equivalence trial option. The calculation
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indicated that must be a minimum of 15 patients per group with a significance level set at 0.05
and power = 0.80.

A total of 157 patients attending the School of Dentistry, Institute of Science and
Technology, Sao José dos Campos, Sdo Paulo, Brazil, from January 2017 to September 2018
were evaluated for primary endodontic treatment. A detailed dental and general history was
obtained from each patient. The inclusion criteria was determined based on clinical and
radiographic examinations indicating the presence of periapical radiolucent lesion. Pulp
necrosis was checked with the negative cold sensitivity test. Teeth that could not be isolated
with rubber dam, presenting periodontal pockets deeper than 3mm and those who had
received antibiotic treatment during the past 3 months and/or who had any systemic health
disorder that might affect the inflammatory response, were excluded. Accordingly, 45 patients
were included in the study and all volunteers signed a free and informed consent form.

Clinical procedures and Sample collections

All instruments and materials used were treated with Co®® gamma radiation (Ipen -
Institute for Energy and Nuclear Research, Séo Paulo, SP, Brazil) for 6 hours at 20 KGy to
sterilize and eliminate pre-existing endotoxins (30). The disinfection of the operatory field was
performed by isolating the teeth with rubber dam and disinfecting the crown and surrounding
structures with 30% H202 (volume / volume) for 30 seconds, followed by 2.5% NaOCI in the
same way and inactivated with sodium thiosulfate 5% (30). To check the sterility of the external
surfaces, a control sample collection was performed by streaking a swab sample onto blood
agar plate which was further incubated aerobically and anaerobically (30).

The access cavity preparation was performed with a high-speed
sterile/apyrogenic diamond bur without the use of water spray under manual irrigation with
sterile / pyrogen-free saline solution. Prior to the coronary opening carious lesions and
infiltrated restorations were removed to obtain a major elimination of contaminants. Then,
before pulp chamber communication, the access cavity was newly disinfected and the sterility
of the internal surface of the access cavity was also checked according to the protocol as
previously described.

Prior to the first sampling (S1 - baseline), a K-file #15 (Denstply Maillefer, Balaigues,
Switzerland) was introduced to confirm the working length previously determined
radiographically. Briefly, an endotoxin sample was obtained by introducing three #15

sterile/pyrogen-free paper tip (Dentsply-Maillefer, Balaigues, Switzerland) consecutivelly into
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the full length of the root canal and retained in position for 60 s. Immediately after, the samples
were stored in a pyrogen-free microtube containing 1 mL of Limulus Amoebocyte Lysate
(LAL) water (Lonza, Walkersville, MD, USA) and frozen at -20°C for further endotoxin
dosage. . For bacterial culture analysis, this procedure was repeated introducing three paper
points consecutively into the full length of the root canal which were removed and placed in a
sterile microtube containing 1 mL of Viability Medium Goéteborg Agar 111 (VMGA II1I)
transport medium (31) for microbial culture. The samples were transported to an anaerobic
chamber.

Next, the working length (-1 mm) was determined using electronic apical locator
(RomiApex A-15; Romidan Dental Solution, Kiryat-Ono, Israel) and confirmed by a digital
periapical radiograph. Biomechanical preparation was performed by a single operator using the
Reciproc R40 files (VDW, Munich, Germany) according to the manufacturer's instructions
using an electric motor (VDW Silver, VDW, Munich, Germany). The instrumentation was
performed in a crown down technique by introducing the instrument in an in-and-out pecking
motion with 3 mm amplitude and slight apical pressure. In each third, after three pecking
movements, the instrument was removed and cleaned, and the root canal was irrigated with 8
mL of 2.5% NaOCL by using a disposable syringe and a 30-G NaviTip needle (Ultradent,
South Jordan, UT, USA), standardizing a total of 24 mL of 2.5% NaOCL during
instrumentation. The foraminal debridement was performed with a # 30 K-type file working
into the full length of the root canal.

Then all participants were divided into 3 groups using the simple randomization method
according to the Consort 2010 - Consolidated Standards of Reporting Trials, namely: an
external (independent) researcher prepared envelopes with a paper sheet inside and the name
of the technique written on it. An assistant opened the envelope prior to the procedure and
informed the operator the final irrigation protocol to be used: Conventional Needle Irrigation
(CNI), Passive Ultrasonic Activation (PUA) or Continuous Ultrasonic Activation (CUA)
technique. All participants and laboratory evaluators were blinded.

CNI After foraminal debridment, the root canal was irrigated with 8 mL of 2.5% NaOCI in a
flow rate of 8mL/min using a syringe and a 30-gauge 27-mm sideport needle (NaviTip,
Ultradent, South Jordan, UT, USA) inserted 1 mm short from the working length.

PUA. Initially, root canal was irrigated with 4 mL of 2.5% NaOClI, using a syringe and a 27
mm 30-gauge side exit needle inserted 1 mm short from the working length, and the PUA was
performed using the noncutting Irrissonic Power tip # 20/ 0.01 (Irrisonic, Helse, S&o Paulo,

Brazil) mounted on a piezoelectric ultrasonic device (ALT - Ribeirdo Preto, SP, Brazil) ata
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power setting of 10%, which was placed at 1 mm from the WL and activated for 30 seconds.
Then the irrigating solution was renewed with 4 mL of 2.5% NaOCI and the PUA was
perfomed again for another 30 seconds.

CUA. The root canal was continuously irrigated with 8 mL of 2.5% NaOCI using a syringe
and a 27 mm 30-gauge side exit needle concomitant with ultrasonic activation of the using the
noncutting Irrissonic Power tip #20/0.01 (Irrisonic, Helse, Sao Paulo, Brazil) inserted at 1mm
short from the WL mounted on a piezoelectric ultrasonic device (ALT - Ribeirdo Preto, SP,
Brazil) at a minimum power of 10000 Hz for 60 s.

In all groups the final irrigation protocol was performed using the same volume (8mL)
of 2.5% NaOCI for the same amount of time in action / activation (Figure 2). For 2.5% NaOCI
inactivation the root canal was irrigated using 5 mL of 5% sodium thiosulfate, followed by a
10 mL irrigation with pyrogen-free/sterile saline solution. A final rinse with 17%
ethylenediamine tetraacetic acid (EDTA) which remained in the root canal for 5 minutes.

In all groups, second sampling (S2) for microbiological culture and LPS analysis was
collected as previously described. For MMP-8 measurement, the samples were collected from
the insterstitial fluid by introducing two sterile paper points Imm over the apex, reaching the
periapical tissues and retained in position for 60s. The paper points were gently removed and
placed in a sterile microtube which were stored at -80 ° C (Figure 2) for further enzyme-linked
immunosorbent assay (ELISA).

The canals were dried with sterile paper cones and filled with calcium hydroxide
intracanal medication (Biodynamics, Ibirapurd, PR, Brazil) manipulated with physiological
saline solution (Sanobiol Laboratory, Pouso Alegre, MG, Brazil) in a 1:1 ratio, for a 14-day
period. The medication was inserted into the root canal with the aid of a lentulo spiral (Dentsply
/ Maillefer Instruments AS, Ballaigues, Swistzerland) until the canal was completely filled.
Then, the teeth were sealed with a coltosol layer (Vigodent, Rio de Janeiro, RJ, Brazil) followed
by provisional restoration with glass ionomer cement (S.S. White Articles Dental Ltd., Rio de
Janeiro, RJ, Brazil).

After two weeks the patient was newly submitted to anesthesia and the provisional
restoration was removed aseptically similar to the first session prior to coronary opening. The
intracanal medication was removed with the aid of a Kerr 30 file and 10 ml of sterile saline
solution and then the third sampling was performed as previously described for S2. , one sample
for endotoxin analysis, three samples for microbiological culture analysis and one sample for

MMP-8 measurement.
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Culture procedure (CFU/mL)

The transport media containing the root canal samples were thoroughly shaken for 60
seconds (Vortex; Marconi, Piracicaba, Sdo Paulo, Brazil). Serial 10-fold dilutions were made
up to 1073, Fifty microliters of the serial dilutions were plated onto 5% defibrinated sheep blood
fastidious anaerobe agar (FAA; Lab M, Bury, UK) by using sterile plastic spreaders to culture
non-selective obligate anaerobes and facultative anaerobes. The plates were incubated at 37°C
in anaerobic atmosphere for up to 14 days. After this period, colony-forming units (CFUs) were
visually quantified for each plate.

Quantification of Endotoxin (LPS)

The kinetic chromogenic LAL assay (Lonza; Basel, Switzerland) was used for
quantification of endotoxins; Escherichia coli endotoxin was used as standard. To determine
the presence or absence of interfering agents, a positive control (root canal sample
contaminated with a known amount of endotoxin) was included for each sample. Five standard
endotoxin solutions (0.005-50 endotoxin units - EU/mL), positive control, root canal samples,
and 100 nul of apyrogenic water (reaction blank) were added to an apyrogenic 96-well plate.
The tests were carried out in quadruplicate. The plate was incubated at 37 °C + 1 °C for 10 min
in a Kinetic-QCL reader (Lonza, Walkersville, MD, USA), which was coupled to a
microcomputer by means of the WinKQCL software. Next, 100 mL of chromogenic reagent
was added to each well. A software continuously monitored the absorbance at 405 nm and
automatically calculated the log/log-linear correlation between reaction time of each standard

solution and corresponding endotoxin concentration.

Quantification of Matrix Metalloproteinases 8 by ELISA

After unfreeze, the tubes containing samples of interstitial fluid (SIF1 and SIF2)
received 600 mL of apyrogenic phosphate buffered saline (PBS) and were shaken for 30
minutes, centrifuged at 3.000 rpm for 15 minutes, and aliquoted for quantification of matrix
metalloproteinases by using enzyme-linked immunosorbent assay (ELISA). The matrix
metalloproteinases evaluated was MMP-8 (R&D Systéms, Inc. Minneapolis, MN, USA). All
reagents, samples and plate were brought to room témperature. The standard curve was made

with the standards provided in the kit and the samples were added in each well containing the
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specific monoclonal antibody for each marker to be quantified. Quantification was performed
in duplicate and revealed with a solution containing chromogenic substrate and hydrogen
peroxide. Optical densities (OD) were read with an ELISA plate reader at a wavelength of 450

nm.

Statiscal Analysis

The data collected (i.e. CFU/mL, endotoxin concentration and MMP-8) were
statistically analyzed by using the GraphPad Prism software, version 6.01 (GraphPad Software,
LLC, CA, USA). Kolmogorov-Smirnov and Lilliefors normality tests were performed in order
to allow visualization and distribution of the data. Kruskal-Wallis and Dunn tests were used in
the inter-group analysis for CFU/mL, endotoxins concentration and MMP-8. Al statistical tests

were performed at a significance level of 5% (P< 0.05).

RESULTS

Upper and lower anterior teeth were included, of which 10 were upper central incisors
(10/45), 13 upper lateral incisors (13/45), 6 lower central incisors (6/45), 2 lower lateral incisor
(2/45) , 1 upper canine (1/45), 4 lower canines (4/45), 2 upper first premolars (2/45), 5 lower
first premolars (5/45) and 2 second lower premolars ( 2/45). The age range of patients ranged
from 18 to 60 years old (55.5% men and 45.5% women) (Table 1).

Culture Procedure

Cultivable microorganisms were detected in 100% of the initial samples (S1) with a
mean value of 1.18 x 105 CFU /mL (20 - 1.84 x 106 CFU / mL). All groups presented reduction
of cultivable bacteria in S2, PUA presented smaller number of cultivable bacteria compared to
CNI (p <0.05). No differences were observed between PUA and CUA (p>0.05). In S3 CUA
showed a greater effectiveness in reducing cultivable anaerobic microorganisms (97.27%)
followed by PUA (96.56%) and CNI (96.2%). The mean values of PUA and CUA remained

similar to S2.
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Table 1. Effectiveness of CNI , PUA and CUA protocols for removal of cultivable bacteria
(CFUs/mL) in teeth primary endodontic infection

Final

Cultivable Bacteria (CFUs/mL)

A . After final
Irrigation Baseline irf:?gatio?] After removal
Protocol Sampling (S1 of IM (S3
pling (S1) protocol (S2) (S3)
Mean 161744 3837.33 6136
Mediana 13400 40 460
CNI
+SD +390658 +9263 +15763
Range 0-1424000 0-30080 0-62280
Aa Ab Aab
Mean 178846.67 10.66 305.33
Mediana 2340 0 0
PUA
+SD +483793 +24.92 +781.6
Range 0-1840000 0-80 0-2560
Aa Bb Bb
Mean 14190 401.4 457.1
Mediana 8000 0 20
CUA
+SD +22365 +766.1 +1357
Range 200-76800 0-28000 0-5120
Aa ABDb Bb

*CNI, Conventional Needle Irrigation, PUA, Passive Ultrasonic Activation; CUA, Continuous Ultrasonic
Activation
**Different uppercase letters represent significant differences difference inter-groups; Different lowercase letters

represent significant differences intra-groups

Quantification of Endotoxins (LPS): Kinetic Chromogenic LAL Assay

The presence of endotoxins was verified in 100% (45/45) of the initial samples (S1) of
root canal, with an average value of 538.10 EU / mL (0.017 x 6190 EU / mL). Table 2 shows
in S1 all groups were similar in LPS levels. After final irrigation protocol (S2) there was a
statistically significant reduction for all groups (P <0.05), with a higher reduction percentage
for the CUA group (93.4%), followed by the PUA group (87.23%) and CNI (80.1 %).
Regarding the treatment steps (intragroups), there is a significant reduction of LPS in S2 with
maintenance of this reduction in the third collection for CNI and CUA, for the PUA group the
significant reduction happens only in S3 (Table 2).
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Table 2. Effectiveness of CNI, PUA and CUA protocols for removal of levels of Endotoxins in teeth

with primary endodontic infection

Final

Levels of Endotoxins (EU/mL)

Irrigation Bas'eline 'io}f:?gra?igil After removal
Protocol sampling (S1) orotocol (S2) of IM (S3)
Mean 999.27 151.30 95.63
Mediana 522 8.22 18.4
CNI + SD +1596 +337.0 +196.0
Range 1.76-6190 0.38-1143 0.489-758
Aa Ab Ab
Mean 426.27 54.40 12.27
Mediana 55.6 4.74 4.45
PUA + SD +722.1 +94.69 +22.69
Range 2.28-2380 0.473-325 0.337-86
Aa ABab ABb
Mean 179 11.32 4.4
Mediana 34.8 1.1 1.77
CUA +SD +239.5 +24.16 +5.414
Range 0.01- 770 0.05-85.3 0.15-16.7
Aa Bb Bb

*CNI, Conventional Needle Irrigation, PUA, Passive Ultrasonic Activation; CUA, Continuous Ultrasonic
Activation
**Different uppercase letters represent significant differences difference inter-groups; Different lowercase letters

represent significant differences intra-groups

Quantification of Matrix Metalloproteinases (MMP-8) (pg/mL)

The intragroup MMP-8 quantification was similar in the second (S2) and third
collection (S3) in the different protocols performed. Comparing the groups in the different final
irrigation protocols, the MMP8 values were higher for the CNI group in both S2 and S3. MMP-
8 values were lower and similar in ultrasonic activation between PUA and CUA in both S2 and

S3. The results of MMP-8 (pg / mL) measurement are shown in Table 3.
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Table 3. Effectiveness of PUA, CUA and CNI protocols for removal of levels of MMP-8 in primary
endodontic infection

Levels of MMP-8 (pg/mL)

Final Irrigation

Protocol After final irrigation | After removal of
protocol (S2) IM (S3)
Mean 8422934,8 9572469,93
Mediana 3493159,72 3516808,49
CNI + SD + 13500000 + 14340000
Range 0 - 51310000 135035-54570000
Aa Aa
Mean 1144,00 1900,84
Mediana 0 0
PUA + SD + 2383 + 2651
Range 0 - 8704 0 - 8981
Ba Ba
Mean 3347,32 2120,24
Mediana 3266,67 820,58
CUA + SD + 3136 + 2862
Range 0- 10620 0-8329
Ba Ba

*CNI, Conventional Needle Irrigation, PUA, Passive Ultrasonic Activation; CUA, Continuous Ultrasonic
Activation
**Different uppercase letters represent significant differences difference inter-groups; Different lowercase letters

represent significant differences intra-groups

Endotoxins (LPS) and Matrix metalloproteinase (MMP-8) correlation

There was a significant correlation between LPS and MMP-8. This correlation was
classified as weak since small increases in LPS correlate with large increases in MMP-8 (P
<0.05) (r 0.3669).

DISCUSSION

Apical periodontitis is a consequence of root canal infection characterized by a local
periradicular immune response (32). In clinical practice, successful endodontic treatment is
achieved by biomechanical preparation associated with different irrigant solutions aiming to
reduce the levels of microorganisms and their by-products from the root canal space (33).
However, because of the complex nature of root canal anatomy, some areas remain inaccessible

and untouched, regardless of instrumentation and irrigation techniques used (30,33) and the
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persistence of microbial infection leads to destruction of the mineralized tissues and degradation
of several extracellular matrix components around the root apex (34).

Various irrigation techniques and new agitation devices that rely on different
mechanisms of irrigant transfer, have been used to improve antisepsis of the root canal system.
This study aimed to investigate the effects of three different final irrigation techniques on
microbial load and endotoxins within the root canal and on the levels of MMP-8 present in the
periapical region. The novelty of the present study lies in the limited literature on this theme
from a biological sight.

CNI with syringe is the most common method in endodontic therapy, but the flushing
action of this conventional method is not quite sufficient to remove debris from the root canal
(26,35,36). In order to overcome this limitation, ultrasonic agitation of the irrigant has been
suggested as a supplementary step to improve antisepsis of the root canal system after
instrumentation. An oscillating instrument is placed up to the apical third of the root canal
promoting a continuous movement of the chemical substances (37-39). In the present study,
two different activation techniques using ultrasonic device were compared with CNI. The main
difference between the two ultrasonic techniques applied relied in the application of the
irrigation solution which can be performed by either intermittent (PUA) or continuous
flushing (CUA) (40-43). Both methods are efficient (35,44) in removing dentinal debris from
root canals, however, little is known about its repercussion on the inflammatory contents.

The microbiological results were similar to those reported by Cavalli et al. (30) since
all the initial root canals samples supported the microbial growth of cultivable anaerobic
bacteria in primary endodontic infection. The data obtained showed a reduction in the number
of cultivable anaerobic microorganisms after instrumentation using 2.5% NaOCI in the
different irrigation protocols. However, the PUA group showed a greater reduction in the
number of cultivable bacteria (97.85%) compared to the CNI (97.62%) and CUA (85.67%)
groups, consequently establishing a statistical difference of cultivable microorganisms
comparing the different groups tested. In S3, the results showed a reduction in the bacterial
colony count in the CUA, PUA and CNI groups by 97.27%, 96.56% and 96.2% respectively.
According to previous studies, the ultrasonic activation of the irrigant promotes greater
cleaning and smear layer removal leading to a greater microbial reduction (45-47). The
accumulated hard tissue debris in the inaccessible areas is an undesirable side effect of the
biomechanical preparation because it may harbor persistent microorganisms while preventing

access for antibacterial irrigation solutions (48,49). Although, there are conflicting results of in
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vitro studies regarding the antimicrobial efficacy of ultrasonic devices, there is no clinical study
comparing these two modalities of ultrasonic activation (27,50).

Culture technique is a reliable method for assessing the effectiveness of antimicrobial
agents to reduce viable bacterial cells (51). Nevertheless, it is important to point out that
negative samples does not necessarily indicates the absence of bacteria, since they could be
below detection levels (51). Although sampling biofilm using paper points presents some
limitations, this approach is a well established protocol considering that all “floating” species
present in the main canal are or were members of the endodontic biofilm (52). The
quantification of MMPs from periradicular tissues has been previously described (6).

Because bacteria and their by-products, such as endotoxins, are considered potential
modulators of MMPs expression, the present study also determined the levels of LPS present
in root canal infection and correlated them with the levels of MMP-8 found in apical lesions.
LPSs were detected in all root canal samples of primarily infected root canals, which is in
accordance with previous findings (6,53,54). Moreover, even in lower amounts, endotoxins
present in root canals were positively correlated with larger amounts of MMP-8.

The data obtained showed that all final irrigation protocols were capable of statistically
significant reduce the levels of LPS, but none of them were able to completely eliminate the
endodotoxins from the root canal. In its lipid structure, LPS requires a longer time to occur
inactivation (55). In this context, after having performed the therapeutic phase with Ca(OH)>
for 14 days, LPS levels showed a higher percentage reduction in the CUA protocol (97.27%)
followed by PUA (96.56%) and statistically differing with CNI (96.2%). This event can be
justified by the cleaning that generates the physical-mechanical action of irrigation along with
ultrasonic activation, reaching a larger number of open dentinal tubules in the apical portion of
the tooth (56).

The use of calcium hydroxide dressing as an intracanal medication is widely accepted
because it exhibits antimicrobial activity, neutralizes bacterial toxins, is biocompatible with the
periapical tissues, inhibits inflammatory root and bone resorption and stimulates mineralization
(57-59). In the present study, all teeth samples were found to be positive for MMP-8, which
supports the role of MMPs in the establishment/development of the periapical inflammatory
process (16). After the final irrigation protocol, both groups with ultrasonic activation (PUA
and CUA) presented lower levels of MMP-8 expression compared to the CNI group. To the
best of our knowledge, this is the first study investigating the efficacy of final irrigation
protocols on the expression of MMPs in the intersticial fluid of the periapical tissue.

Nevertheless, after being submitted to treatment with calcium hydroxide as the root canal
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dressing, none of the groups were capable to reduce the levels of MMP-8 expressed after 14
days with intracanal medication. This finding conflicts with a previous study which have
reported a markedly reduction of MMP-8 levels measured in the fluid inside the root canals of
necrotic teeth following root canal therapy with a calcium hydroxide paste (16,52,60,61).

In conclusion, the use of ultrasonic devices, with either intermittent or continuous flow,
presented lower levels of MMP-8 but the levels did not altered following root canal therapy
with a calcium hydroxide paste. A positive correlation between LPS and MMP-8 was
observed.
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3 CONSIDERACOES GERAIS

No presente ensaio clinico randomizado, niveis de microrganismos, LPS e
sua correlacdo com colagenase MMP-8 foram avaliados apos diferentes
protocolos de irrigacdo final (CNI, PUA e CUA), com o intuito de melhorar a
descontaminacdo na terapia endodéntica. Diferentes protocolos de desinfecgédo
tém sido implementados na tentativa de eliminar os microrganismos e seus
subprodutos presentes no interior do sistema de canais radiculares. A ativagédo do
irrigante com ultrassom foi utilizada como coadjuvante na limpeza apds
instrumentacdo, potencializando a acdo da substancia quimica pela acéo fisica
promovida pela cavitagdo, transmisséo acustica e aquecimento do irrigante. Estas
propriedades do ultrassom, além de permitir maior penetracdo da solucdo
irrigadora, favorece a limpeza e pode potencializar a acdo dos irrigantes,
melhorando a atividade antimicrobiana (Lee et al., 2004; Robinson et al., 2018;
van der Sluis, 2015)

Nesse estudo foi utilizado hipoclorito de sédio 2.5% como solucéo
irrigadora por ser considerado uma das solu¢des mais utilizadas, em associa¢ao
ao preparo biomecanico do canal radicular devido sua propriedade
antimicrobiana e capacidade de dissolver tecido pulpar (Guerisoli et al., 2002;
Mohammadi, 2008). Para a irrigacéo do canal radicular foram utilizados 24 mL
de NaOCI 2.5% durante o PBM, dividido por tercos radiculares, melhorando a
neutralizacdo do contetido necrotico, metodologia semelhante utilizada em outros
estudos (Cardoso et al., 2016; Cavalli et al., 2017).

Entretanto, NaOCI ¢ incapaz de remover a camada de smear layer (Asna
Ashari et al., 2009; Chang et al., 2001; Menezes et al., 2003; Valera et al., 2010),
uma vez que nao atua sobre a parte inorganica da camada residual. Assim, para
melhor remocéo desta camada, torna-se necessario o uso de uma solucédo que

tenha propriedades desmineralizantes (Hulsmann et al., 2003), sendo o &cido
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etilenodiaminotetracético (EDTA) a substdncia quimica mais utilizada, com
eficiéncia comprovada na dissolucdo de smear layer (Carvalho et al., 2008;
Haapasalo et al., 2010; Valera et al., 2010). O EDTA reage com os ions de calcio
na dentina e forma quelatos de célcio sollveis, sendo que 0 mesmo descalcifica
a dentina a uma profundidade de 20-30 um. (Anas Al-Jadaa et al., 2009). No
presente estudo foi utilizado 1mL de EDTA, até que o canal fosse preenchido,
deixando-o atuar somente na camada residual por 5 minutos, como preconizado
em trabalhos anteriores (Cardoso et al., 2016).

Varios metodos tém sido pesquisados para a quantificacédo e identificacdo
de bactérias, assim como, para a quantificacdo de endotoxinas. No presente
estudo o conteudo coletado do canal radicular foi armazenado em VMGA 111 (Ali
et al., 1995), seguido da semeadura em placas de petri contendo meio de cultura
FAA e BHI, auxiliando na detec¢do de microrganismos anaerobios estritos ou
facultativos e aerobios, respectivamente.

O desenvolvimento das infec¢bes endodonticas primarias origina-se pela
proliferacdo de mdaltiplas comunidades bacterianas (Sundgvist, 1994). Na
metodologia do presente estudo, coletas do conteddo do canal radicular
mostraram a presenca de bactérias anaerobias cultivaveis na coleta realizada apos
abertura coronéria (S1) em todas as amostras. Verificou-se ainda uma reducédo no
numero de MO anaerdbios cultivaveis apés PBM (S2) utilizando NaOCI 2.5%
nos diferentes protocolos de irrigacdo. No entanto, o grupo PUA apresentou
maior reducdo no numero de bactérias cultivaveis (97.85%), em comparagéo aos
grupos CNI (97.62%) e CUA (85.67%), consequentémente se estabelece uma
diferenca estatistica de microrganismos cultivaveis comparando os diferentes
grupos testados. Apos a remocgdo da MIC (S3) os resultados mostraram uma
reducdo na contagem de coldnias bactérias nos grupos CUA, PUA e CNI de
97.27%, 96,56% e 96.2% respectivamente. Corroborando o0s resultados com
estudos anteriores, a acdo ultrassénica em combinagcdo a agdo do irrigante

promove maior limpeza e remocao de smear layer. consequentémente atingindo
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uma maior efetividade antimicrobiana (Bueno et al., 2019, Neelakantan et al.,
2019; Souza et al., 2019). Os resultados mostram que o protocolo de irrigacédo
com PUA promove uma maior reducdo no numero de MO, ap6s PBM guando
comparado com CNI (S2) (Nagendrababu et al., 2018). Além disso, é relevante
destacar a efetividade na descontaminacdo obtida pela acdo da cavitacdo
promovida pelo ultrassom associado a acdo do NaOCI que foi renovado durante
a irrigacdo (Bueno et al., 2019), mostrando melhores resultados de
descontaminacgdo em S3 quando comparados CUA com CNI.

Estudos anteriores mostram que fatores de viruléncia de bactérias gram-
negativas como LPS estdo associadas ao desenvolvimento de lesdes periapicais
(Cardoso et al., 2015; Jacinto et al., 2005) . Além disto, LPS pode gerar uma
reacdo incontrolada direta e iminente sobre leucocitos especificamente
neutrofilos ocasionando a ativacdo de MMPs. No presente estudo, os resultados
analisados relacionados aos niveis de colagenase/MMP-8 presentes na regido
periapical mostram que ao utilizar o protocolo de irrigacdo associado com CUA
houve uma reducéo porcentual de 36.65% (S2). Em S3 néo verificou-se diferenca
entre PUA e CUA que foram diferentes a irrigacdo convencional.

E sabido que as bactérias Gram-negativas possuem na sua estrutura diversos
fatores de viruléncia como endotoxinas, que desencadeiam uma reacao
inflamatdria associada a sintomatologia e reabsorcdo Ossea (Martinho et al.,
2017). No presente estudo verificou-se grande quantidade de LPS em todas as
amostras analisadas (S1). Os resultados mostram uma reducdo estatistica
significante ap0ds os diferentes protocolos de irrigacédo final (S2), mas sem obter
uma total eliminacdo, sendo que a CUA reduziu (93.4%) seguido de PUA
(87.23%) e CNI (84.85%) (S2). Devido a estrutura lipidica do LPS, para que
ocorra sua inativacdo é preciso maior témpo de acdo da substancia quimica
auxiliar (Siqueira, Rocas, 2005). Apds uso de (Ca(OH),) por 14 dias como
medicacdo intracanal, niveis de LPS reduziram na CUA, e PUA, havendo

diferencas estatisticas entre CUA e CNI. A limpeza que acontece pela acéo fisico-
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mecénica da irrigacdo junto a ativacdo ultrassbnica, pode favorecer maior
penetracdo do irrigante nos tubulos dentinarios abertos na porgéo apical do dente
(Pacheco-Yanes et al., 2019), melhorando assim a limpeza com consequente
reducdo de MO e seus produtos.

Dos métodos de irrigacdo, o uso do ultrassom para ativacéo do irrigante de
forma passiva (PUA) tém mostrado resultados favoraveis na limpeza e
desinfeccdo na terapia endodontica (Bueno et al., 2019; Pacheco-Yanes et al.,
2019), produzindo cavitagdo e micro-corrente acustica ativando a solucdo e
favorecendo a limpeza dos tlbulos dentinérios. A irrigacdo com CUA, tém sido
sugerido como protocolo clinico a fim de melhorar a desinfeccdo apds PBM
(Jiang et al., 2012). Esta técnica vem somar as caracteristicas de acdo fisica
cavitacional e transmissdo de energia acustica com a dissolucdo do tecido
organico e acdo antimicrobiana do irrigante, permitindo uma substituicdo
continua da substancia dentro do canal radicular (Layton et al., 2015).

Até a finalizacéo desse estudo, ndo ha relato na literatura endoddntica sobre
a correlacdo entre LPS e colagenase/MMP-8. Verificou-se uma correlacéo fraca
entre LPS e MMP-8 uma vez que pequenos aumentos de LPS desencadeiam
grandes aumentos de MMP-8 (Reynaud af Geijersstam et al., 2005; Shin et al.,
2011).

O tratamento realizado nos diferentes grupos avaliados foi considerado como
sucesso clinico, considerando auséncia de fistula, dor ou mobilidade. Os achados
nesse estudo clinico poderdo somar uma alternativa a terapia clinica.

Os estudos (Patan-Zugaj et al., 2018; Qiu et al., 2014) demonstram que mesmo
niveis baixos de LPS podem desencadear a liberacdo de altos niveis de
colagenase/MMP-8, corroborando essa informacdo com o presente estudo.
Assim verificou-se que o uso de hipoclorito de s6dio como irrigante tém a
capacidade de reduzir os niveis de microrganismos, endotoxinas (Carvalho et al.,
2016) e colagenase MMP-8 durante o preparo biomecanico, sendo essa agdo

favorecida pela ativacdo ultrassonica, tanto passiva quanto continua.



44

REFERENCIAS*

Al-Jadaa A, Paqué F, Attin T, Zehnder M. Necrotic pulp tissue dissolution by
passive ultrasonic irrigation in simulated accessory canals: impact of canal
location and angulation. Int Endod J. 2009;42(1):59-65. doi: 10.1111/].1365-
2591.2008.01497.x. PMID: 19125981.

Al-Jadaa Anas, Paqué F, Attin T, Zehnder M. Acoustic hypochlorite activation
in simulated curved canals. J Endod. 2009;35(10):1408-11. doi:
10.1016/j.j0en.2009.07.007. PMID: 19801241.

Ali RW, Bancescu G, Nielsen O, Skaug N. Viability of four putative
periodontal pathogens and enteric rods in the anaerobic transport medium
VMGA Ill. Oral Microbiol Immunol. 1995;10(6):365-71. doi: 10.1111/j.1399-
302x.1995.tb00168.x. PMID: 8602345.

Asna Ashari M, Fayaz F, Moezzi Ghadim N, Alim Marvasti L, Mehrabi Y.
Evaluation of the antimicrobial effects of MTAD, NaOCI against selected
endodontic pathogens. Iran Endod J. 2009;4(2):63—-8. PMID: 23940488.

Athanassiadis B, Abbott P V, Walsh LJ. The use of calcium hydroxide,
antibiotics and biocides as antimicrobial medicaments in endodontics. Aust
Dent J. 2007;52(1 Suppl):S64-82. PMID: 17546863.

Beutler B, Poltorak A. The search for Lps: 1993-1998. J Endotoxin Res.
2000;6(4):269-93. PMID: 11521047.

Briseno M. BM, Wirth R, Hamm G, Standhartfnger W. Efficacy of different
irrigation methods and concentrations of root canal irrigation solutions on
bacteria in the root canal. Dent Traumatol. 1992;8(1):6-11. doi: 10.1111/}.1600-
9657.1992.tb00218.x. PMID: 1396362.

Broverman RL, Nguyen KH, da Silveira A, Brinkley LL, Macauley SP, Zeng T,
et al. Changes in the expression of extracellular matrix (ECM) and matrix
metalloproteinases (MMP) of proliferating rat parotid acinar cells. J Dent Res.
1998;77(7):1504-14. doi: 10.1177/00220345980770070501. PMID: 9663435.

Bueno CRE, Cury MTS, Vasques AMV, Sarmiento JL, Trizzi JQ, Jacinto RC,
et al. Cleaning effectiveness of a nickel-titanium ultrasonic tip in ultrasonically
activated irrigation: a SEM study. Braz Oral Res. 2019;33(0):e017. doi:
10.1590/1807-3107bor-2019.vol33.0017. PMID: 30892412.

* Baseado em: International Committee of Medical Journal Editors Uniform Requirements for Manuscripts
Submitted to Biomedical journals: Sample References [Internet]. Bethesda: US NLM; ¢2003 [cited 2019 Aug
20]. U.S. National Library of Medicine; [about 6 p.]. Available from:
http://ww.nIm.nih.gov/bsd/uniform_requirements.html



45

Cardoso FG da R, Chung A, Martinho FC, Camargo CHR, Carvalho CAT,
Gomes BPF de A, et al. Investigation of Bacterial Contents From Persistent
Endodontic Infection and Evaluation of Their Inflammatory Potential. Braz
Dent J. 2016;27(4):412-8. doi: 10.1590/0103-6440201600520. PMID:
27652703.

Cardoso FGR, Ferreira NS, Martinho FC, Nascimento GG, Manh&es LRC,
Rocco MA, et al. Correlation between VVolume of Apical Periodontitis
Determined by Cone-beam Computed Tomography Analysis and Endotoxin
Levels Found in Primary Root Canal Infection. J Endod. 2015a;41(7):1015-9.
doi: 10.1016/j.joen.2015.02.005. PMID: 25935504,

Cardoso FGR, Ferreira NS, Martinho FC, Nascimento GG, Manhées LRC,
Rocco MA, et al. Correlation between VVolume of Apical Periodontitis
Determined by Cone-beam Computed Tomography Analysis and Endotoxin
Levels Found in Primary Root Canal Infection. J Endod. 2015b;41(7):1015-9.
doi: 10.1016/j.joen.2015.02.005. PMID: 25935504,

Carvalho AS, Camargo CHR, Valera MC, Camargo SEA, Mancini MNG.
Smear layer removal by auxiliary chemical substances in biomechanical
preparation: a scanning electron microscope study. J Endod. 2008;34(11):1396—
400. doi: 10.1016/j.joen.2008.08.012. PMID: 18928856.

Carvalho AS, Oliveira LD de, Cardoso FG da R, Oliveira FE de, Valera MC,
Carvalho CAT. Limewater and Polymyxin B Associated with NaOCI for
Endotoxin Detoxification in Root Canal with Necrotic Pulp. Braz Dent J.
2016;27(5):573-7. doi: 10.1590/0103-6440201600934. PMID: 27982236.

Castelo-Baz P, Varela-Patifio P, Cantatore G, Dominguez-Perez A, Ruiz-Pifidn
M, Miguéns-Vila R, et al. In vitro comparison of passive and continuous
ultrasonic irrigation in curved root canals. J Clin Exp Dent. 2016;8(4):e437-41.
doi: 10.4317/jced.53023. PMID: 27703613.

Cavalli D, Toia CC, Flores Orozco El, Khoury RD, Cardoso FG da R, Alves
MC, et al. Effectiveness in the Removal of Endotoxins and Microbiological
Profile in Primary Endodontic Infections Using 3 Different Instrumentation
Systéms: A Randomized Clinical Study. J Endod. 2017a;43(8):1237-45. doi:
10.1016/j.joen.2017.03.032. PMID: 28606669.

Cazalis J, Tanabe S, Gagnon G, Sorsa T, Grenier D. Tetracyclines and
chemically modified tetracycline-3 (CMT-3) modulate cytokine secretion by
lipopolysaccharide-stimulated whole blood. Inflammation. 2009;32(2):130-7.
doi: 10.1007/s10753-009-9111-9. PMID: 19238528.



46

Chang YC, Huang FM, Tai KW, Chou MY. The effect of sodium hypochlorite
and chlorhexidine on cultured human periodontal ligament cells. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2001;92(4):446-50. doi:
10.1067/moe.2001.116812. PMID: 11598582.

Craigbaumgartner J, Mader C. A scanning electron microscopic evaluation of
four root canal irrigation regimens. J Endod. 1987;13(4):147-57. doi:
10.1016/S0099-2399(87)80132-2.

Ferreira NS, Martinho FC, Cardoso FGR, Nascimento GG, Carvalho CAT,
Valera MC. Microbiological profile resistant to different intracanal medications
in primary endodontic infections. J Endod. 2015;41(6):824—30. doi:
10.1016/j.joen.2015.01.031. PMID: 25892513.

Gu L, Kim JR, Ling J, Choi KK, Pashley DH, Tay FR. Review of contémporary
irrigant agitation techniques and devices. J Endod. 2009;35(6):791-804. doi:
10.1016/j.joen.2009.03.010. PMID: 19482174.

Guerisoli DMZ, Marchesan MA, Walmsley AD, Lumley PJ, Pecora JD.
Evaluation of smear layer removal by EDTAC and sodium hypochlorite with
ultrasonic agitation. Int Endod J. 2002;35(5):418-21. PMID: 12059911.

Gulabivala K, Ng Y-L, Gilbertson M, Eames I. The fluid mechanics of root
canal irrigation. Physiol Meas. 2010;31(12):R49-84. doi: 10.1088/0967-
3334/31/12/R01. PMID: 21071831.

Haapasalo M, Shen Y, Qian W, Gao Y. Irrigation in Endodontics. Dent Clin
North Am. 2010;54(2):291-312. doi: 10.1016/j.cden.2009.12.001. PMID:
20433979.

Hulsmann M, Heckendorff M, Lennon A. Chelating agents in root canal
treatment: mode of action and indications for their use. Int Endod J.
2003;36(12):810-30. doi: 10.1111/j.1365-2591.2003.00754.x. PMID:
14641420.

Jacinto RC, Gomes BPFA, Shah HN, Ferraz CC, Zaia AA, Souza-Filho FJ.
Quantification of endotoxins in necrotic root canals from symptomatic and
asymptomatic teeth. J Med Microbiol. 2005;54(Pt 8):777-83. doi:
10.1099/jmm.0.45976-0. PMID: 16014432.

Jiang L-M, Lak B, Eijsvogels LM, Wesselink P, van der Sluis LWM.
Comparison of the Cleaning Efficacy of Different Final Irrigation Techniques. J
Endod. 2012;38(6):838-41. doi: 10.1016/j.joen.2012.03.002. PMID: 22595122.

Kakehashi S, Stanley HR, Fitzgerald RJ. The effects of surgical exposures of
dental pulps in germ-free and conventional laboratory rats. Oral Surg Oral Med
Oral Pathol. 1965;20(3):340-9. doi: 10.1016/0030-4220(65)90166-0. PMID:



47

14342926.

Katebzadeh N, Hupp J, Trope M. Histological periapical repair after obturation
of infected root canals in dogs. J Endod. 1999;25(5):364-8. doi:
10.1016/S0099-2399(06)81173-8. PMID: 10530263.

Kato AS, Cunha RS, da Silveira Bueno CE, Pelegrine RA, Fontana CE, de
Martin AS. Investigation of the Efficacy of Passive Ultrasonic Irrigation Versus
Irrigation with Reciprocating Activation: An Environmental Scanning Electron
Microscopic Study. J Endod. 2016;42(4):659-63. doi:
10.1016/j.joen.2016.01.016. PMID: 26906240.

Kuruvilla JR, Kamath MP. Antimicrobial activity of 2.5% sodium hypochlorite
and 0.2% chlorhexidine gluconate separately and combined, as endodontic
irrigants. J Endod. 1998;24(7):472—6. doi: 10.1016/S0099-2399(98)80049-6.
PMID: 9693573.

Layton G, Wu W-I, Selvaganapathy PR, Friedman S, Kishen A. Fluid
Dynamics and Biofilm Removal Generated by Syringe-delivered and 2
Ultrasonic-assisted Irrigation Methods: A Novel Experimental Approach. J
Endod. 2015;41(6):884-9. doi: 10.1016/].joen.2015.01.027. PMID: 25749254,

Lee S-J, Wu M-K, Wesselink PR. The effectiveness of syringe irrigation and
ultrasonics to remove debris from simulated irregularities within prepared root
canal walls. Int Endod J. 2004;37(10):672-8. doi: 10.1111/j.1365-
2591.2004.00848.x. PMID: 15347291.

Martinho FC, Chiesa WMM, Leite FRM, Cirelli JA, Gomes BPFA. Correlation
between clinical/radiographic features and inflammatory cytokine networks
produced by macrophages stimulated with endodontic content. J Endod.
2012;38(6):740-5. doi: 10.1016/j.joen.2012.02.021. PMID: 22595105.

Martinho FC, Gomes BPFA. Quantification of endotoxins and cultivable
bacteria in root canal infection before and after chemomechanical preparation
with 2.5% sodium hypochlorite. J Endod. 2008;34(3):268-72. doi:
10.1016/j.joen.2007.11.015. PMID: 18291273.

Martinho FC, de Rabello DGD, Ferreira LL, Nascimento GG. Participation of
endotoxin in root canal infections: A systématic review and meta-analysis. Eur J
Dent. 2017;11(03):398-406. doi: 10.4103/ejd.ejd_84 17. PMID: 28932155.

Menezes ACSC de, Zanet CG, Valera MC. Smear layer removal capacity of
disinfectant solutions used with and without EDTA for the irrigation of canals: a
SEM study. Pesqui Odontol Bras. 2003;17(4):349-55. PMID: 15107918.

Mohammadi Z. Sodium hypochlorite in endodontics: an update review. Int Dent
J. 2008;58(6):329-41. PMID: 19145794,



48

Mohammadi Z, Dummer PMH. Properties and applications of calcium
hydroxide in endodontics and dental traumatology. Int Endod J.
2011;44(8):697-730. doi: 10.1111/j.1365-2591.2011.01886.x. PMID:
21535021.

Nagendrababu V, Jayaraman J, Suresh A, Kalyanasundaram S, Neelakantan P.
Effectiveness of ultrasonically activated irrigation on root canal disinfection: a
systématic review of in vitro studies. Clin Oral Investig. 2018;22(2):655—70.
doi: 10.1007/s00784-018-2345-x. PMID: 29372445.

Neelakantan P, Ounsi HF, Devaraj S, Cheung GSP, Grandini S. Effectiveness of
irrigation strategies on the removal of the smear layer from root canal dentin.
Odontology. 2019;107(2):142-9. doi: 10.1007/s10266-018-0373-2. PMID:
29956060.

Nelson-Filho P, Leonardo MR, Silva LAB, Assed S. Radiographic evaluation of
the effect of endotoxin (LPS) plus calcium hydroxide on apical and periapical
tissues of dogs. J Endod. 2002;28(10):694-6. PMID: 12398166.

Pacheco-Yanes J, Provenzano JC, Marceliano-Alves MF, Gazzaneo I, Pérez
AR, Gongalves LS, et al. Distribution of sodium hypochlorite throughout the
mesial root canal systém of mandibular molars after adjunctive irrigant
activation procedures: a micro-computed tomographic study. Clin Oral Investig.
2019. doi: 10.1007/s00784-019-02970-5. PMID: 31240405.

Patan-Zugaj B, Gauff FC, Egerbacher M, Licka TF. Endotoxin-induced changes
of type VII collagen- cleaving matrix metalloproteinases in lamellar tissue of
extracorporeally perfused equine limbs. Am J Vet Res. 2018;79(9):986-94. doi:
10.2460/ajvr.79.9.986. PMID: 30153058.

Plotino G, Pameijer C, Mariagrande N, SOMMA F. Ultrasonics in Endodontics:
A Review of the Literature. J Endod. 2007;33(2):81-95. doi:
10.1016/j.joen.2006.10.008. PMID: 17258622.

Qiu Z, Chen J, Xu H, Van den Steen PE, Opdenakker G, Wang M, et al.
Inhibition of neutrophil collagenase/MMP-8 and gelatinase B/MMP-9 and
protection against endotoxin shock. J Immunol Res. 2014;2014:747426. doi:
10.1155/2014/747426. PMID: 25762310.

Reynaud af Geijersstam A, Sorsa T, Stackelberg S, Tervahartiala T, Haapasalo
M. Effect of E. faecalis on the release of serine proteases elastase and cathepsin
G, and collagenase-2 (MMP-8) by human polymorphonuclear leukocytes
(PMNS). Int Endod J. 2005;38(9):667—77. doi: 10.1111/j.1365-
2591.2005.01011.x. PMID: 16104981.

Rietschel ET, Brade H, Holst O, Brade L, Miller-Loennies S, Mamat U, et al.



49

Bacterial endotoxin: Chemical constitution, biological recognition, host
response, and immunological detoxification. Curr Top Microbiol Immunol.
1996;216:39-81. PMID: 8791735.

Robinson JP, Macedo RG, Verhaagen B, Versluis M, Cooper PR, van der Sluis
LWM, et al. Cleaning lateral morphological features of the root canal: the role
of streaming and cavitation. Int Endod J. 2018;51:e55-64. doi:
10.1111/iej.12804. PMID: 28654211.

Shin S-J, Lee W, Lee J-I, Baek S-H, Kum K-Y, Shon W-J, et al. Matrix
metalloproteinase-8 and substance P levels in gingival crevicular fluid during
endodontic treatment of painful, nonvital teeth. Oral Surgery, Oral Med Oral
Pathol Oral Radiol Endodontology. 2011;112(4):548-54. doi:
10.1016/j.triple0.2011.04.026.

Shin S, Lee J, Baek S, Lim S. Tissue Levels of Matrix Metalloproteinases in
Pulps and Periapical Lesions. J Endod. 2002;28(4):313-5. doi:
10.1097/00004770-200204000-00013. PMID: 12043871.

Siqueira JF, Rocas IN. Exploiting molecular methods to explore endodontic
infections: Part 1--current molecular technologies for microbiological diagnosis.
J Endod. 2005;31(6):411-23. PMID: 15917679.

van der Sluis LWM. Endodontologie in beweging: nieuwe concepten,
materialen en technieken 3. De rol van activatie van wortelkanaalspoelmiddelen
tijdens de wortelkanaalbehandeling. Ned Tijdschr Tandheelkd.
2015;122(10):533-8. doi: 10.5177/ntvt.2015.10.15181. PMID: 26465016.

van der Sluis LWM, Versluis M, Wu MK, Wesselink PR. Passive ultrasonic
irrigation of the root canal: a review of the literature. Int Endod J.
2007;40(6):415-26. doi: 10.1111/j.1365-2591.2007.01243.x. PMID: 17442017.

Souza C, Bueno C, Kato A, Limoeiro A, Fontana C, Pelegrine R. Efficacy of
passive ultrasonic irrigation, continuous ultrasonic irrigation versus irrigation
with reciprocating activation device in penetration into main and simulated
lateral canals. J Conserv Dent. 2019;22(2):155. doi: 10.4103/JCD.JCD_387_18.
PMID: 31142985.

Sundqvist G. Taxonomy, ecology, and pathogenicity of the root canal flora.
Oral Surg Oral Med Oral Pathol. 1994;78(4):522-30. doi: 10.1016/0030-
4220(94)90047-7. PMID: 7800383.

Tennert C, Fuhrmann M, Wittmer A, Karygianni L, Altenburger MJ, Pelz K, et
al. New bacterial composition in primary and persistent/secondary endodontic
infections with respect to clinical and radiographic findings. J Endod.
2014,;40(5):670-7. doi: 10.1016/j.joen.2013.10.005. PMID: 24767562.



50

Valera MC, Chung A, Menezes MM, Fernandes CEF, Carvalho CAT, Camargo
SEA, et al. Scanning electron microscope evaluation of chlorhexidine gel and
liquid associated with sodium hypochlorite cleaning on the root canal walls.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010;110(5):e82-7. doi:
10.1016/j.triple0.2010.04.051. PMID: 20692188.

Valera MC, Maekawa LE, Chung A, Cardoso FGR, Oliveira LD de, Oliveira
CL de, et al. The effect of sodium hypochlorite and ginger extract on
microorganisms and endotoxins in endodontic treatment of infected root canals.
Gen Dent. 2014;62(3):25-9. PMID: 24784510.

Vivan RR, Duque JA, Alcalde MP, S6 MVR, Bramante CM, Duarte MAH.
Evaluation of Different Passive Ultrasonic Irrigation Protocols on the Removal
of Dentinal Debris from Artificial Grooves. Braz Dent J. 2016;27(5):568-72.
doi: 10.1590/0103-6440201600725. PMID: 27982235.

Walmsley AD. Ultrasound and root canal treatment: the need for scientific
evaluation. Int Endod J. 1987;20(3):105-11. doi: 10.1111/j.1365-
2591.1987.tb00600.x. PMID: 3333651.



51

APENDICE A — Detalhamento da metodologia

Aspectos éticos

Este projeto foi submetido para aprovacio do Comité de Etica em Pesquisa
(CEP) do Instituto de Ciéncia e Tecnologia da UNESP em Sao José dos Campos
(ICT-UNESP) (ANEXO A).

Selecdo de pacientes

A selecdo dos pacientes foi realizada por meio de anamnese, exame clinico
e radiografico (Sensor de Radiografia Digital Imagem Dental Master Fit, Br) em
pessoas que acudiram a clinica de Endodontia do Departamento de Odontologia
Restauradora do Instituto (ICT-UNESP) pela necessidade de realizar um

tratamento endodoéntico.

Selecéo dos casos

O numero de casos selecionados teve como base um calculo amostral
prévio. O célculo amostral considerou uma taxa de sucesso de 98% para o0 Grupo
Controle/ Irrigacdo Convencional com agulha (G1/CNI) + hidroxido de célcio e

soro fisiologico como medicacdo intracanal durante o tratamento endoddntico
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(Fleming, 2010). Assim, atendendo um nivel de significancia do 5%, um “test
power” de 80% e um limite de equivaléncia de 20%, foi determinado um n
minimo de 15 pacientes por grupo para observar uma diferenca maior de 20% de
sucesso entre os grupos. O calculo amostral foi realizado usando o site:
https://sealedenvelope.com/power/binary-equivalence/. Foram selecionados 45
dentes unirradiculares (n=15) com presenca de necrose pulpar e lesdo periapical
(Figura 1), o paciente assinou um termo de consentimento livre e esclarecido
fazendo constar que ele forma parte da pesquisa e deverd cumprir com as
condicOes estabelecidas. Os dentes selecionados seguiram criterios de incluséo e
excluséo previamente estabelecidos, foram inclusos dentes unirradiculares com
presenca de necrose pulpar e leséo periapical, foram excluidos os casos de dentes
com tratamento endoddntico prévio, com presenca de doenca periodontal, fratura
radicular, exposicdo da camard pulpar ao meio bucal, pacientes em uso de
antibioticos ou antifungicos em um periodo menor de trés meses prévio ao
tratamento endoddntico, impossibilidade de vedamento absoluto prévio e apos
tratamento ou impossibilidade de insercdo do cone de papel para a coleta das
amostras no interior do canal radicular no comprimento pré-odontometrico
(Figura 2 ). Foram anotados os dados pessoais de cada um dos pacientes e se
realizou uma historia medica-odontologica, obtendo informacdo dos sinais e
sintomas, dados como a presenca de fistula ou edema, presenca de restauragdes
ou caries e fraturas também foram coletados. Foram realizadas provas de dor a
percussdo, palpacdo ou presenca de mobilidade, Além de ter realizado uma
criteriosa sondagem periodontal. Os pacientes para sua intervencao estiveram em
condigdes de saude favoraveis, tanto locais quanto sistémicas que permitam a
realizacédo do tratamento. Esses pacientes inclusos foram submetidos a CBTC no
departamento de Radiologia do proprio instituto (ICT-UNESP) para a avaliacdo
do caso e confirmacdo da destruicdo Ossea periapical na regido do dente em

selecéo.
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Figura 1 — Radiografia digital do dente com presenca de necrose pulpar e leséo

periapical selecionado para tratamento endodéntico

Fonte: Elaborado pelo autor.

Figura 2 — Descricdo dos critérios de incluséo e exclusao
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Fonte: Elaborado pelo autor.
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Intervencdo Odontoldgica e Sequéncia do tratamento

Todos os instrumentais e materiais utilizados foram submetidos a
esterilizacdo por radiacdo gama com cobalto 60 (dose 20 KGy por 6 horas) e
todos os passos subsequentes foram realizados de forma asséptica.

Inicialmente os pacientes foram submetidos a anestesia na regido do
elemento dentario e 0 mesmo foi individualmente isolado da cavidade oral com
auxilio de grampos (S.S. White Duflex, Artigos Dentarios Ltda, Rio de Janeiro,
Brasil) e lencol de borracha (Madeitex, Sdo José dos Campos, SP, Brasil). Depois
os dentes foram lavados com solucdo salina fisiolégica (Laboratorio Sanobiol,
Pouso Alegre, MG, Brasil) e um vedamento da interface coroa/lencol foi feito
utilizando uma barreira fisica de resina fotopolimerizavel (Top Dam — FGM
Produtos Odontologicos, Joinville, SC, Brasil). O dente isolado recebeu
profilaxia com pasta profilatica (Vigodent S/A Indastria e Comeércio, Rio de
Janeiro, RJ Brasil) e escova de Robinson (Microdont — Micro Usinagem de
Precisdo Ltda, Sdo Paulo, SP, Brasil). Em seguida, foi realizada a desinfec¢éo do
campo operatdrio utilizando cotonetes (Jiangsu Medical Materials Co. Ltda,
Jiangsu, China) estéreis umedecidos em 4&gua oxigenada 30 volumes
(Byoférmula, Sdo José dos Campos, SP, Brasil) seguido de hipoclorito de sédio
5,25% (Byoférmula, Sdo José dos Campos, SP, Brasil). Para evitar a
contaminacgédo quimica do canal radicular com essa solucéo e a interferéncia com
a cultura microbioldgica, foi realizada a neutralizacdo do hipoclorito de sodio
com tiossulfato de sodio 5% (Byoformula, So Jose dos Campos, SP, Brasil). Se
realizou abertura coronaria com auxilio de brocas acionadas em alta rotacéo, sob
refrigeracdo com solugéo salina fisioldgica apirogénica. Terminada a abertura

coronaria, foi realizada a 12 Coleta do contetdo do canal radicular (Figura 3).
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Figura 3 — Intervencdo odontoldgica

-
Legenda: a) Isolamento do campo operatdrio e selamento com barreira gengival fotopolimerizavel;
b) profilaxia do campo operatério com escova de Robson e pasta profilatica; c) abertura coronaria;
d) primeira coleta com cone de papel absorvente
Fonte: Elaborado pelo autor.

Coletas do conteudo do canal radicular

Para a coleta de amostras do canal radicular, 5 cones de papel
apirogénicos foram introduzidos um de cada vez no interior do canal radicular,
respeitando-se o comprimento pré-odontométrico (CPO) permanecendo nesta
posicédo por 60 segundos. O primeiro cone de papel introduzido no canal radicular
foi armazenado em microtubo (1,5 mL) (Axygen INC, Union City, CA, USA)
estéril e apirogénico, contendo 1 mL de &gua apirogénica (Equiplex Industria
Farmacéutica, Aparecida de Goiania, GO, Brasil) para posterior analise de
endotoxinas. Os préximos 3 cones de papel foram armazenados em microtubo
(1,5 mL) esterilizado contendo 1 mL de VMGA I11 (Viability Medium Goéteborg
Agar) para posterior analise microbiologica, o quinto e ultimo cone foi

introduzido um mm Além do comprimento real do dente para a coleta do
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substrato intersticial periapical e armazenado em um microtubo apirogénico para

analise de MMP-8 (a primeira coleta omite este quinto cone) (Figura 4).

Figura 4 — Coletas do contetdo do canal radicular

Fonte: Elaborado pelo autor.

Divisdo dos grupos experimentais

Os grupos foram divididos conforme o protocolo final de irrigacdo apés
preparo biomecéanico: Irrigagdo Convencional com agulha (G1/CNI), Ativagédo
Ultrassonica Passiva (G2/PUA) e Ativacdo Ultrassénica Continua (G3/CUA)
(Quadro 1). Para a divisao dos grupos, foi realizada randomizagéo de acordo com
0 Consort 2010 - Consolidated Standards of Reporting Trials (Schulz, 2010), a

partir do sorteio de papéis com o tipo de tratamento a ser executado antes do

procedimento.
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Divisdo dos grupos experimentais

Divisfo dos prupos experimentais

Grupos n Irrigagdo Final Procedéncia
CNI
(1) N 15 NaOCl 2.5%: 8ml {Total 1 min)
Byoformula
PUA =——= 15 NaOCl 2.5%: 4 ml + 30 sde PUl + 4 ml + 30 s de PUl  Sdo José dos Campos, SP,
(G2) (Total 1 min) Brasil
cua - NaOCl 2.5%: 8ml de CUI (Total 1 min)

(@2) 15

Fonte: Elaborado pelo autor.

Preparo Biomecanico

Uma vez feita a 12 Coleta, o preparo dos canais radiculares foi executado
por um anico operador, com o sistéma de lima unica de Niquel Titanio Reciproc
R40 (VDW GmbH, Munich, Germany) conicidade 40/.06 e motor especifico
VDW Silver Reciproc. O preparo foi efetuado em sentido coroa-apice, realizando
neutralizacdo por tercos cervical, médio e apical. A odontometria foi feita com o
uso do localizador apical RomiApex (RomiBras LTDA, Rio de Janeiro, RJ,
Brasil). Foi realizado desbridamento foraminal com lima #30 tipo K e o
comprimento de trabalho sera determinado subtraindo 1 mm do comprimento

total do dente. Durante o preparo do canal radicular foram utilizados 24 ml de
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solucdo de hipoclorito de sodio 2.5%, divididos nos tercos cervical, médio e
apical.

No Grupo 1 (Irrigacdo Convencional com agulha/CNI) o terco apical foi
irrigado da mesma forma que os tercos cervical e médio com 8ml de NaOCL
2.5% (Byoformula, S&o Jose dos Campos, SP, Brasil), seguido da neutralizacédo
com tiossulfato de sddio e irrigacdo com 10 ml de solucéo salina fisiolégica foi
realizada a 22 Coleta. Apos os canais foram inundados com 1mL de EDTA 17%
(Inodon, Porto Alegre, RS, Brasil) apenas agitados com lima manual por 5
minutos, depois o canal foi irrigado com 10 ml de solucéo salina fisiologica.

No Grupo 2 (Ativacdo Ultrassonica Passiva/PUA) o canal foi irrigado
com 4 ml de NaOCI 2.5% seguido de uma agitacao ultrassénica de forma passiva
por 30 segundos com ponta Irrissonic E1, na sequencia o canal foi irrigado
novamente com 4 ml de hipoclorito de sodio 2.5% e agitado mais uma vez
passivamente com ultrassom por 30 segundos, colocando o inserto ultrassonico 2
mm aquém do comprimento real do dente, o témpo total de ativacdo foi de 1
minuto e um volume de 8 mL de solucdo foi utilizado. Apds isso o NaOCI foi
neutralizado com 5mL de Tiossulfato de Sodio 5% e 10mL de solucdo salina
fisioldgica para realizar a 22 Coleta do conteido do canal radicular. Enseguida o
canal foi preenchido com 1 mL de EDTA 17% permanecendo no canal ate
completar 5 minutos agitado apenas com lima manual, o canal foi irrigado com
10 ml de solucéo salina fisiologica para a inativacdo do EDTA.

No Grupo 3 (Ativacdo Ultrassénica Continua/CUA) o canal foi irrigado
de forma ininterrupta, utilizando 8 ml de NaOCI 2.5% junto a uma ativacdo
ultrassénica mantendo um fluxo continuo da solucdo ao interior do canal radicular
por 60 segundos. A ponta do ultrassom Irrissonic E1 foi colocada 2 mm aquém
do comprimento real do dente e a solugéo foi entregada com uma ponta NaviTip
(Ultradent Products Inc, South Jordan, UT) ao interior do canal concomitante a
ativacdo. Depois de efetuado o protocolo de irrigacdo, o NaOCI foi neutralizado

com 5mL de Tiossulfato de Sédio 5% e 10mL de solucdo salina fisioldgica para
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realizar a 22 Coleta do contetdo do canal radicular. Enseguida o canal foi
preenchido com 1 mL de EDTA 17% permanecendo no canal por 5 minutos,
enseguida o canal foi irrigado com 10 ml de solucéo salina fisioldgica para sua
remocao.

Para agitacdo com ultrassom foi utilizada a ponta Irrisonic E1 (Helse
Dental Tecnhology Santa Rosa de Viterbo, SP, Brasil). A ponta foi inserida no
aparelho ALT (Equipamentos Médicos e Odontologicos, Campos Eliseos
Ribeirdo Preto, SP, Brasil) com poténcia minima de 10000 hz; e colocada 2 mm
aquém do comprimento real do dente, evitando, o contato com as paredes do canal

radicular. A figura 5 ilustra a sequéncia dos procedimentos realizados.

Figura 5 — Sequéncia do tratamento e divisdo dos grupos experimentais

st Preparo Cervical e Médio + NaOCI 2.5%

Reciproc R40/0,06
a Odontometria
A -
| Protocolo deirrigagao final ‘ [ K080 corm S ¥ i

7
Isolamento absoluto e Ii l’ ==,i S

C Antissepsia do campo

' opellatério C' Neutralizagéo do NaOCl
e
C - = iep
" x 14 dias Medicacéo Intracanal Ca(OH)2 +SS
[ wcoea

Fonte: Elaborado pelo autor.
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Medicacéo intracanal

Os canais foram secos com cones de papel estéreis e preenchidos com
Medicacdo Intracanal (MIC) de Hidroxido de Calcio (Biodindmica, Ibirapurd,
PR, Brasil) e Solucdo Salina Fisioldgica (Laboratorio Sanobiol, Pouso Alegre,
MG, Brasil) por um periodo de 14 dias. A associa¢do da medicacdo foi realizada
na proporcao 1:1 em volume e levada ao interior do canal radicular com auxilio
de um lentulo (Dentsply/Maillefer Instruments AS, Ballaigues, Swistzerland) até
0 completo preenchimento do canal. Em seguida os dentes foram selados com
uma camada de coltosol (Vigodent, Rio de Janeiro, RJ, Brasil) seguida da
restauracdo proviséria com cimento de iondmero de vidro (S.S. White Artigos
Dentarios Ltda, Rio de Janeiro, RJ, Brasil).

Apoés duas semanas o paciente foi novamente submetido a anestesia e a
restauracdo provisoria foi retirada de forma asseptica semelhante a primeira
sessdo previa a abertura coronaria. A MIC foi retirada com ajuda de uma lima
tipo Kerr 30 e 20 ml de solucdo salina estéril e em seguida a 32 Coleta do

contetido do canal radicular foi realizada de forma semelhante a 22 coleta.

Obturacéo

Depois da remoc¢do da MIC, o canal foi preenchido com EDTA 17%
durante 5 minutos, seguido de 10 ml de solucéo salina fisiologica, e em seguida
o canal foi seco com pontas de papel. Os casos que se apresentaram sem dor, sem
odor e sem a presenca de exudato, foram obturados com cones de guta-percha
Reciproc R40 (VDW, Munich, Germany) previamente desinfetados em NaOCI
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5.25% por 5 minutos e cimento obturador AH Plus (Dentsply DeTrey GmbH,
Konstanz). Foram realizadas radiografias para comprovacgao do limite adequado
da obturacéo, tal como seu preenchimento em lateralidade. A guta-percha foi
cortada dois milimetros abaixo da coroa clinica e seguido do selamento do dente
com uma camada de coltosol (Vigodent, Rio de Janeiro, RJ, Brasil) e resina
fotopolimerizavel (Filtek Z250 XT, 3M ESPE).

Analise de Cultura Microbiana

Para todas as coletas, a atividade antimicrobiana foi avaliada pela
contagem de unidades formadoras de col6nias por mililitro (UFC/mL) de micro-
organismos remanescentes no canal radicular. O microtubo (1,5mL) contendo os
3 cones de papel (amostra matriz) armazenados em 1 mL de meio de transporte
pré-reduzido VMGA 111 foi agitado por 60 segundos em vortex até a dessorcao
do conteldo para facilitar a dispersdo dos micro-organismos. Em seguida, foram
realizadas diluicdes seriadas transferindo 100 pL da amostra matriz para
microtubos com a diluicdo 10 e assim consecutivamente até a diluicdo 10 em
tubos microtubos (1,5 mL) contendo 900 pL de Caldo Infuso Cérebro Coracao
(BHI) (Brain Heart Infusion Broth - HiMedia Laboratories Pvt. Ltda, Mubai,
india) (Figura6). Para a deteccéo de micro-organismos aerébios, foram semeados
50 pL da amostra matriz (sem diluicéo) e 50 pL da diluicdo 10~ em placas de
Petri (Interlab distribuidora de produtos cientificos, Sdo Paulo, SP, Brasil)
contendo BHI (Brain Heart Infusion — HiMedia — Mumbai, India) acrescido de
5% de sangue de carneiro desfibrinado. Essas placas foram armazenadas em
estufa bacteriologica por 2 dias, para permitir a detec¢do de micro-organismos
aerobios. Para a deteccdo de micro-organismos anaerdbios e facultativos foram

semeados 50 pL da amostra matriz (sem diluicéo) e 50 pL da diluicdo 102 em
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placas de Petri (Interlab distribuidora de produtos cientificos, Sdo Paulo, SP,
Brasil) contendo Fastidious Anaerobe Agar (FAA — Neogen Corporation,
Michigan, USA), acrescido de 5% de sangue de carneiro desfibrinado
suplementados por hemina (5 mg/L) e vitamina K1 (1 mg/L). As placas foram
incubadas em jarra de anaerdbiose a 37°C por 14 dias (Figura 7). O nimero de
unidades formadoras de colonias (UFCs) foi determinado a partir da contagem
do numero de col6nias nas placas analisadas. Para a obtencdo do nimero de UFCs
presentes na amostra por mL (amostra inicial) foi necessario multiplicar por 20
ou 20.000 o numero de UFCs observadas na contagem das placas, dependendo
da diluicdo utilizada. A escolha da placa para contagem de UFCs esteve
relacionada a possibilidade de contar de forma individual o nimero de UFCs
presentes. Quando ndo possibilitado a contagem na amostra inicial, foi utilizada
a diluicdo 103. Ou seja, quando a diluicdo 102 foi escolhida, o valor
correspondente a essa diluicdo € 1000 vezes menor que o inicial (1 mL). A
aliquota plaqueada foi de 50 uL, ou seja, 20 vezes menor que 1 mL. Portanto o
fator de multiplicacdo do nimero de UFCs obtido foi 20.000.

Figura 6 — Diluicdes seriadas a partir da amostra matriz
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Fonte: Elaborado pelo autor.
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Figura 7 — Analise da presenca de micro-organismos e contagem de unidades
formadoras de col6nias por mililitro (UFC/mL)

Legenda: a) Agitacdo de eppendorf contendo VMGA e cones de papel absorvente com coletas do
conteudo do canal radicular; b e c) plaqueamento das amostras das coletas do contetdo do canal
radicular; d) Jarra de anaerdbiose onde foram incubadas as placas por 14 dias a 37°C em estufa

Fonte: Elaborado pelo autor.

Quantificacdo de Endotoxinas

Para verificar a neutralizagcdo de endotoxinas, as amostras coletadas dos
canais radiculares foram submetidas a analise quantitativa pelo teste cinético
cromogénico do lisado de amebdcitos de Limulus (cinético QCL - LAL) (Lonza,
Walkersville, MD, EUA). Inicialmente foi realizada uma curva-padrdo. O
controle padrdo de endotoxina de Escherichia coli foi reconstituido com um
volume especificado, no certificado de qualidade, da &gua apirogénica. Esta
suspensao contém 50 EU/mL. Foram realizadas dilui¢Ges a partir deste padréo de
endotoxina em diferentes concentragdes (50; 5; 0,5; 0,05; 0,005 EU/mL). Para
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cada amostra, foi realizado um controle positivo (amostra do conteddo do canal
radicular adicionada de uma quantidade conhecida de endotoxina). Em uma placa
apirogénica de 96 pocos, foram adicionados 100 uL de &gua apirogénica (branco
da reacdo), os padrbes de endotoxina, as amostras coletadas do canal radicular e
0s controles positivos (Figura 8). A placa foi incubada no leitor cinético QCL a
37 £ 1 °C por 10 minutos, o qual esteve acoplado a um microcomputador com
software WinkQCL™ especifico para gerenciamento, execucdo e emissao de
relatorios. Apos, foram adicionados em cada poco da placa 100 uL do reagente
cinetico cromogénico do LAL, com uma micropipeta multicanal e ponteiras
apirogénicas. Ap6s o inicio do ensaio cinético, o software da leitora de
microplacas monitorava, de forma continua, a absorbancia a 405 nm em cada
poco da microplaca. O software WinkQCL™ automaticamente foi calcular uma
correlacdo linear log/log do témpo de reacdo de cada padrdo com a concentracao
de endotoxina correspondente. Os pardmetros da curva-padrdo foram impressos

no relatorio.

Figura 8 — Quantificacdo de endotoxinas

1 2 5 6 7 8 9 10 11 12
A .. '
B ‘\_, ,.Qu\,‘x/ *
c ( '). K X J
D ..A'A/\/\
E ) p y
F @¢ )\va\,&,./
G ....u
H OOO®OO

" Branco da reagdo  Padroes de endotoxina ] Amostra 1
| @ Amostra2 @ Amostra3 @) Amostra 4 @ Amostra 5

Legenda: a) 4gua apirogénica; b) endotoxina padrdo de E. coli; ¢) reagente cinético cromogénico do
LAL; d) leitor cinético QCL; e) esquema de montagem da placa de 96 pogos
Fonte: Elaborado pelo autor.
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Quantificacdo de Metaloproteinase da matriz 8 (MMP-8/Colagenase)

Microplacas de 96 pocos (Nunc) serdo sensibilizadas com anticorpo de
captura anti-MMP-8 (R&D Systéms, NE) mantidas overnight em témperatura
ambiente. No dia seguinte, as placas serdo lavadas com PBS contendo Tween 20
(PBS-T) e bloqueadas com soro albumina bovina (BSA, 0,1%) por 1 hora. Apos,
as placas serdo lavadas com PBS-T e receberdo os sobrenadantes da cultura de
células (100 pL por poco) e os padrdoes da MMP-8 com concentracdes conhecidas
(curva-padréo). Os testes serdo realizados em duplicata. Apos duas horas, as
placas serdo lavadas (PBS-T) e serdo acrescentados anticorpos de deteccao anti-
MMP-8 marcados com biotina. Apds 2 horas, a reacao sera revelada com solucéo
contendo substrato cromogénico e perdxido de hidrogénio. A reacdo serd
bloqueada apos 20 minutos com &cido sulfdrico 2N. As densidades opticas (DO)
serdo lidas no leitor de microplacas (Biotek) com comprimento de onda de 450
nm. Apdés obtencdo das DO serdo determinados os niveis de Metaloproteinase da
matriz 8 das amostras de sobrenadantes celulares com auxilio do programa
GraphPad Prism 5.0.
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ANEXO B —Fluxograma do Atendimento Clinico

Sample 1 - Baseline

| Cervical third - R40 |

8 mL 2.5% NaOCl |

|

| Middle third- R40 |

8 mL 2.5% NaOCl |

|

I Working length (-1mm) I

I Apical tll:ird- R40 I

8 mL 2.5% NaOCl |

I

I Apical debridement K-file #30 I

e Ric  RRcricen

| 4mL25 % NaOCl | | 41mL25 % NaOCl | | 1mL25 % NaOCl |

I K-file #15 (30 zec) I I Paszzive Ultrasonic Activation (30 sec) Il Continuous Ultrazomc Activation (30 sec) I
1 1 1

| tmr25% 00 | | tmr25%~0a | | tmr25% 00 |
[ |

I K-file #15 (30 zec) I I Pazzive Ultrazonic Activation (30 sec) Il Continuous Ultrasomnic Activation (30 sec) |
N

I 5 mL 5% sodium thiozulfate | I 5 mL 5% sodium thiosulfate | I 5 mL 5% sodium thiosulfate |
i

' T
I 10 mL sterile zaline zolution | I 10 mL sterile zaline zolution I I 10 mL sterile saline solution I

| 17% EDTA (3 min) |

I

I 10 mL stenile saline solution I
] |

I Medication Intracanal (14davs) I
1

I 10 mL sterle saline zolution I

I Obturation I
1

I Restauration I




