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RESUMO

A maioria das falhas e insucessos do tratamento endodontico estid relacionada com a
persisténcia de microrganismos resistentes ao preparo quimico-mecanico e/ou a medicacao
intracanal. Aliado a isso, a complexidade do sistema canais radiculares (SCR), com a
presenca de istmos, ramificac@es, reentrancias e tubulos dentinarios, também é um obstaculo
para a correta limpeza e sanificacdo. Na busca por métodos mais eficazes para a desinfeccao
do sistema de canais radiculares, novas técnicas e novos sistemas de instrumentacdo foram
introduzidos na endodontia. O instrumento Reciproc Blue® (RB) foi desenvolvido a partir
de um inovador processo de aquecimento que modifica sua estrutura molecular aumentando
sua flexibilidade e resisténcia a fadiga. O instrumento XP-endo Shaper® (XP-S) foi
recentemente introduzido na endodontia com objetivo de melhorar a limpeza e desinfeccao.
Quando introduzido no canal radicular adquire a forma austenita e desenvolve um
movimento de expansdo e contragdo durante o movimento rotacional, possibilitando tocar
todas as paredes e agitar a solucdo irrigadora. Da mesma forma, o instrumento XP-endo
Finisher® (XP-F) foi recentemente introduzido para ser usado ap6s a instrumentacao final
do canal radicular, como uma etapa complementar da limpeza e para romper o biofilme
bacteriano. O presente trabalho teve como objetivo avaliar por meio de estudo clinico
randomizado a capacidade de limpeza e desinfeccdo do SCR pelo uso do instrumento RB e
XP-S e XP-F em dentes humanos. Foram utilizados dentes com necrose pulpar e
periodontite apical assintomatica com formato oval ou achatado. Os grupos foram
randomizados e divididos em grupo-1 RB (n=14) e grupo-2 XP-S e XP-F (n=14). As
amostras foram coletadas no canal radicular antes da instrumentacdo (S1), apds a preparo
quimico-mecanico (S2) e apos a instrumentacdo com XP-F (S3). Os extratos de DNA foram
submetidos a analise por reagdo em cadeia da polimerase em tempo real (QPCR) com a
utilizacdo primers universais para o gene 16S rRNa. O ensaio foi realizado com 1 pL de
molde de DNA e 5 pL de Power SYBR Green PCR Master Mix (Thermofisher, Estados
Unidos) a um volume final de 10 pL. Uma curva padrdo foi preparada a partir de uma
diluicdo seriada na base de 10 vezes do pool de todas as amostras extraidas de DNA, que
foram amplificadas usando PCR convencional e os mesmos iniciadores foram empregados
para gPCR (R2 > 0,99, eficiéncia = 106%). Todas as amostras foram analisadas em
triplicata, incluindo o padrdo e os controles. Os dados foram analisados pelo teste de analise
de variancia (ANOVA) e binomial negativo do modelo de Poisson com nivel de

significancia estabelecido em 5%. Todas as amostras apresentaram resultados positivos



quanto a presenca de bactérias em S1 e as contagens bacterianas reduziram-se
substancialmente ap6s os procedimentos do tratamento (P <0,01). Os resultados néo
mostraram diferenca estatistica entre a instrumentacdo com RB e XP-S em relacédo a reducéo
bacteriana (P > 0,05). Uma redu¢do bacteriana acentuada foi observada apds o uso do
instrumento XP-F (P <0,01). Os sistemas XP-S e RB reduziram acentuadamente a carga
bacteriana em canais radiculares de formato oval. XP-F usado como instrumento
suplementar ao preparo quimico-mecanico promoveu uma reducdo bacteriana

significativamente maior.

Palavras-chave: Endodontia. PCR em tempo real. Reciproc Blue. XP-endo Finisher. XP-

endo Shaper.



ABSTRACT

Most endodontic treatment failures are related to the persistence of microorganisms resistant
to chemical-mechanical preparation and/or intracanal medication. Also, the complexity often
presents inside the root canal system (RCS), with the presence of isthmus, ramifications,
recesses, and dentinal tubules, which are also an obstacle to the proper cleaning and
sanitation. New techniques and new instrumentation systems were introduced in
Endodontics in the search for more effective methods for disinfecting the root canal system.
The Reciproc Blue® instrument was developed from an innovative heating process that
modifies its molecular structure, increasing its flexibility and resistance to fatigue. The XP-
endo Shaper® (XP-S) instrument was recently introduced to improve cleaning and
disinfection. When introduced into the root canal, it acquires the austenite shape and
develops an expansion and contraction movement during the rotational movement, making it
possible to touch all the walls and agitate the irrigating solution. Likewise, the XP- endo
Finisher® (XP-F) instrument was recently introduced after the final root canal
instrumentation as an additional cleaning step to disrupt the bacterial biofilm. The present
study aimed to evaluate employing randomized clinical study, the ability to clean and
disinfect the SCR using the RB and XP-S and XP-F instruments in human teeth using
guantitative real-time PCR (gPCR). Teeth with necrosis and asymptomatic apical
periodontitis with an oval or flat shape were used. The groups were randomized and divided
into group-1 RB (n = 14) and group-2 XP-S and XP-F (n = 14). Samples were collected
from the canal at the baseline (S1), after chemomechanical preparation (S2), and after XP-F
instrumentation (S3). The DNA extracts were subjected to analysis by polymerase chain
reaction in real time (QPCR) using universal primers for the 16S rRNa gene. The assay was
performed with 1 uL of DNA template and 5 pL of Power SYBR Green PCR Master Mix
(Thermofisher, United States) at a final volume of 10 uL. A standard curve was prepared
from a 10-fold serial dilution of the pool of all DNA extracted samples, which were
amplified using conventional PCR and the same primers were used for g°PCR (R2> 0.99,
efficiency = 106 %). All samples were analyzed in triplicate, including the standard and
controls. Data were analyzed using the variance analysis test (ANOVA) and negative
binomial of the Poisson model with a significance level set at 5%. All samples showed
positive results for the presence of bacteria in S1 and bacterial counts were substantially
reduced after treatment procedures (P <0.01). The results showed no statistical difference

between RB and XP-S instrumentation regarding bacterial reduction (P > 0.05). A marked



bacterial reduction was observed after using the XP-F instrument (P <0.01). The XP-S and
RB systems markedly reduced bacterial load in oval-shaped root canals. XP-F used as a
supplement to the chemical-mechanical preparation promoted a significantly higher bacterial

reduction.

Keywords: Endodontics. Real-time PCR. Reciproc Blue. XP-endo Finisher. XP-endo Shaper.



LISTA DE ABREVIATURAS E SIGLAS

# NUmero

% Percentagem

CDR Comprimento dente na radiografia

CP Comprimento de paténcia

CT Comprimento de trabalho

EDTA Acido Etileno Diamino Tetracético

Micro-CT Micro tomografia computadorizada

mL Mililitro

mm Milimetro

NaOClI Hipoclorito de sddio

NiTi Niquel-titanio

PUC Minas Pontificia Universidade Catdlica de Minas Gerais
gPCR Reacdo em cadeia da polimerase em tempo real
RB Reciproc Blue

SCR Sistema de canais radiculares

XP-F XP-endo Finisher

XP-S XP-endo Shaper



Figura 1.
Figura 2.
Figura 3.
Figura 4.
Figura 5.
Figura 6.
Figura 7.

LISTA DE FIGURAS

Controle de esterilidade. ..........ooviiiiiiie s 44
Cones de papel inseridos em Eppendort ... 45
Amostra biologica homogeneizada M VOIEX .........ccoevveieinieneieienessese e 46
Eppendorfs armazenados em freezer & -80TTC......cvvvvveieiieieieieese e 46
Instrumento ReciproC BIUE R25..........covoiiic e 47
INstrumento XP-eNd0 SNAPET ........ccoiiiiiiiii s 48

Instrumento XP-endo FINISNET ......coooeeieeeeee 48



SUMARIO

L INTRODUGAO ..ottt ettt sttt sttt sttt 29
2 REFERENCIAL TEORICO .....ooiiievceeeeee e vesasss st asnen s 33
B HIPOTESES......oiiiiiiieieisite ettt 39
A OBUIETIVOS ...ttt bbbttt bbbttt e bt s et bbbt beeneene e 41
4.1 ODBJETIVO GEIAL......oiiiiiiie e 41
4.2 ODJEtiVOS BSPECITICOS ....uviiviiieiiccie ettt e e ee e 41
5 MATERIAL E METODOS .......coiiieteieseeee et es s sesssss s ses st sssan s, 43
5.1 Tamanho estimado da @MOSTIa ..........ccceeiriieriee e 43
5.2 SEIECA0 AOS UENTES .....ccvieiieiieecte ettt ettt e e e reesaeeaeene e reenee e 43
5.3 Obtencgéo das amostras e procedimentos do tratamento ...........ccoocvevviievverecieseenenn, 43
5.4 Analise Quantitativa PCR Real-Time (QPCR) .......ccceviiieie e 49
5.5 ANALISE ESTALISTICA. ... ecveiieieiciicicic ettt ra s 49
B ARTIGO CIENTIFICO Lu.ooiiiciceeee ettt en st en st s s 51
7 ARTIGO CIENTIFICO 2ottt 71
8 CONSIDERACGAOES FINAIS ..ottt eeeeseeseeetsee s ss sttt 87

ANEXO A - Parecer Consubstanciado do Comité de Etica em Pesquisa PUC Minas ....97
ANEXO B - Termo de Consentimento Livre e Esclarecido..........ccccccoovvivevcviieicnncnee, 101

ANEXO C - Producdo intelectual do aluno durante o curso de doutorado.................... 105



29

1 INTRODUCAO

A Endodontia tem conquistado muitos avancos com o desenvolvimento e adoc¢éo de
novas tecnologias e materiais. Apesar disto, a maioria das falhas ou insucessos endodonticos
esta relacionada com a persisténcia de microrganismos que resistiram ao preparo quimico-
mecanico ou & medicago intracanal (SIQUEIRA JUNIOR; ROCAS, 2008).

Neste contexto, a complexa anatomia do sistema de canais radiculares (SCR) abriga
diferentes espécies de microrganismos, o que dificulta a acdo das defesas imunolégicas do
hospedeiro e dos antibidticos em casos de necrose pulpar, além de disponibilizar nutrientes
remanescentes de tecido necrético localizados em istmo, irregularidades, tubulos dentinarios,
ramificacOes e areas da raiz ndo afetadas pela instrumentacdo e irrigacdo (SIQUEIRA
JUNIOR et al., 1997; WALTON, 1976).

Os estudos demonstram que o0 preparo quimico-mecanico utilizando solucdo de
hipoclorito de sédio em diferentes concentra¢cbes ndo elimina completamente todas as
bactérias do SCR e cerca de 40% a 60% dos canais sdo positivos para a presenga bacteriana
(BYSTROM; SUNVQVIST, 1985; SIQUEIRA JUNIOR; MAGALHAES; ROCAS, 2007;
SJOGREN et al., 1997).

A desinfeccdo efetiva do SCR é uma etapa fundamental para sucesso do tratamento
endodéntico. Técnicas contemporaneas incluindo preparo quimico-mecanico com sistemas
rotatérios (PAIVA et al.,, 2013a; SHUPING et al., 2000), sistemas sonicos de irrigacdo
(HUFFAKER et al., 2010), ultrassonicos (HUQUE et al., 2002; PAIVA et al., 2013b),
hidraulicos (HEILBORN et al., 2010), gas ozbnio (HUTH et al., 2009) e medicacédo
intracanal (PAIVA et al., 2013a; SHUPING et al.,, 2000) ndo sdo efetivos na completa
eliminacdo microbiana.

Na busca por novos métodos de desinfec¢do do SCR e para aumentar a previsibilidade
de sucesso do tratamento endodontico, novos instrumentos foram introduzidos na endodontia
com objetivo de aumentar a limpeza e desinfeccdo do canal radicular. As novas geracdes de
instrumentos de NiTi tratados termicamente sdo mais flexiveis e resistentes a fadiga quando
comparados aos instrumentos fabricados com M-Wire, devido a alteracdo da estrutura
molecular (DE-DEUS et al., 2017).

O primeiro sistema reciprocante foi introduzido em 2008 (YARED, 2008), fabricado
em liga M-Wire. Foi uma inovacdo porque a fratura de instrumentos rotatdrios feitos de ligas
convencionais de NiTi foi a principal preocupacdo associada a fadiga ciclica (CHEUNG,
2007; PARASHOS; GORDON; MESSER, 2004).
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O instrumento Reciproc Blue (RB; VDW, Munique, Alemanha) foi desenvolvido por meio de um
tratamento térmico inovador que compreende um tratamento complexo de aquecimento e resfriamento
que resulta em uma camada visivel de Oxido de titdnio azul na superficie do instrumento. Este
tratamento térmico regula as temperaturas de transicdo de fase, tornando parte da estrutura
cristalografica da liga e criando uma memdria de forma predeterminada. O instrumento RB possui
uma ponta sem corte, resisténcia a fadiga e alta flexibilidade, permitindo uma melhor centralizagdo
entre as paredes do canal. O desempenho de corte e a alta eficiéncia sdo fornecidos com a associagéo
de angulos de se¢do transversal, afunilamento e corte (DE-DEUS et al., 2017).

Outros instrumentos com diferentes designs e conceitos surgiram para lidar com
canais de anatomia complexa, incluindo canais em formato oval. Eles incluem os sistemas
TrueShape (Dentsply Sirona, Tulsa, OK), e o Self-Adjusting File (ReDentNOV A, Ra‘anana,
Israel) (ZUOLO et al., 2018).

Recentemente, totalmente diferente dos sistemas tradicionais de instrumentacdo de
niquel-titanio (NiTi) que utilizam movimento rotatério, reciprocante ou hibridos, surgiram os
instrumentos XP-endo Shaper (XP-S) e XP-endo Finisher (XP-F) (FKG Dentaire, La Chaux-
de-Fonds, Switzerland). Estes sdo produzidos a partir de uma liga especial, MaxWire
(Martensite-Austenite electropolish-fleX). Na fase martensitica possui uma conicidade inicial
de 0,01, mas quando exposto a temperatura corporal, o XP-S se expande dentro do canal para
atingir uma conicidade de pelo menos 0,04. O movimento de contracdo e expansdo quando
rotacionado e deslocado no sentido coroa-apice permite o instrumento tocar as paredes do
canal radicular e agitar a solugdo irrigadora. Segundo o fabricante, o XP-S possui uma
geometria Unica, com seis arestas de corte na ponta (ponta booster). A interacdo entre uma
forma especifica predeterminada e a extrema flexibilidade permite que este instrumento se
contraia e se expanda ao trabalhar em temperatura corporal, preparando areas do espaco do
canal que os sistemas NiTi convencionais ndo conseguem acessar. A ponta booster permite
que o instrumento amplie a area apical do tamanho # 15 ao # 30, e respeite a trajetdria do
canal (AZIM et al., 2016; ZUOLO et al., 2018). O instrumento XP-endo Finisher (FKG
Dentaire, La Chaux-de-Fonds) também é inovador e foi recentemente introduzido para ser
usado ap6s a instrumentacdo final do canal radicular, como uma etapa complementar da
limpeza e para romper o biofilme bacteriano. Ele é fabricado com uma liga especial da NiTi, a
MaxWire, consiste em um nucleo de tamanho Unico (tamanho da ponta lima # 25, sem
conicidade), que a temperatura ambiente é reto; no entanto, quando colocado no interior do
canal, a temperatura corporal, sua porcdo apical se expande e com 0 movimento rotacional
adquire a forma semelhante de uma colher (DEBELIAN; TROPE, 2015).
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Os canais de formato oval ou achatado representam uma tarefa desafiadora para a
limpeza, formatacdo e eliminacdo bacteriana (VERSIANI et al., 2013; VERSIANI,
PECORA; DE SOUSA-NETO, 2011). Pesquisas in vitro utilizando Micro Tomografia-
Computadorizada (micro-CT) mostraram que o nimero de superficies ndo tocadas pode variar
de 59.6% a 79,9% (BUSQUIM et al., 2015; METZGER et al., 2010; PAQUE et al., 2010;
PETERS; ARIAS; PAQUE, 2015).

Tendo em vista que nenhum estudo clinico disponivel na literatura avaliou a eficacia
dos instrumentos RB, XP-S e XP-F, o presente estudo clinico randomizado teve como
objetivo avaliar por meio de qPCR a reducéo da carga bacteriana em canais radiculares de

formato oval com diagndstico de necrose pulpar e periodontite apical assintomatica.
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2 REFERENCIAL TEORICO

A eliminacdo da microbiota do SCR é um dos principais objetivos da terapia
endodéntica. A microbiota do canal radicular presente nos casos de infeccdo priméria difere
dos casos de fracasso endodontico mesmo quando estes foram relativamente bem tratados. A
infeccdo primaria é mista, com equilibrio entre bactérias Gram-positivas e Gram- negativas,
com predominio de anaerdbios estritos. Nos casos de fracasso da terapia endodéntica, a
microbiota apresenta prevaléncia de bactérias anaerdbias facultativas Gram- positivas
(MOLANDER et al., 1998; SIQUEIRA JUNIOR; ROCAS, 2008; SUNDQVIST et al., 1998).

A prevaléncia do carater polimicrobiano das infec¢cBes endodonticas tem sido
reportada na literatura. Existe uma correlacdo entre o tamanho da lesdo periapical e o niUmero
de espécies e células bacterianas presentes no canal radicular de dentes infectados. Mudancas
populacionais ocorrem ao longo do tempo com microrganismos anaerébios obrigatorios
dominando a microbiota dos canais radiculares. O sucesso do tratamento endodontico esta
diretamente relacionado com a eliminag¢do microbiana, de modo a romper a delicada ecologia
e abster microrganismos persistentes de sua fonte nutricional (SUNDQVIST, 1992).

Um dos principais objetivos da instrumentacdo do canal radicular é erradicar as
populacdes bacterianas ou reduzi-las a niveis que permitam a cicatrizacdo do tecido
perirradicular. Um resultado 6timo do tratamento depende da reducdo maxima na contagem
bacteriana (SIQUEIRA JUNIOR; ROCAS, 2008).

Os resultados de tratamentos endoddnticos em sessdo Unica foram avaliados por
pesquisadores (OLIET, 1983; PEKRUHN, 1986) indicando sucesso em longo prazo da
terapia endododntica. Entretanto, outros pesquisadores tém enfatizado a importancia do
tratamento em sessdes multiplas para erradicar toda a infeccdo do canal, contestando o
tratamento em sessdo Unica (SJOGREN et al., 1997; TROPE; DELANO; @RSTAVIK, 1999).
O sucesso do tratamento endoddntico é significativamente influenciado pela presenca
microbiana no momento da obturacdo (SJOGREN et al., 1997; WALTIMO et al., 2005).

Outros estudos tém reportado que o preparo quimico-mecanico dos canais radiculares
com instrumentacao rotatéria ou manual é igualmente efetivo e ndo ha diferenca na reducao
microbiana apesar da eficiéncia dos sistemas rotatdrios de niquel-titanio (CLARK DALTON

et al., 1998; SIQUEIRA JUNIOR et al., 1999).
Os efeitos do desbridamento quimico-mecéanico sdo significativamente melhorados quando
substancias antimicrobianas sdo usadas para irrigacdo, como o NaOClI, que é considerado uma solucéo

antimicrobiana altamente eficaz (SHAFFER, 2007). Entretanto, os efeitos sdo restritos ao canal
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radicular principal porque os instrumentos geralmente ndo tocam em todas as paredes, deixando areas
sem preparo que podem abrigar microrganismos (VERA et al., 2012).

E amplamente reconhecido que os canais de formato oval podem ser uma tarefa
desafiadora para a limpeza, modelagem e desinfec¢do durante o preparo quimico-mecanico
(VERSIANI et al., 2013; VERSIANI; PECORA; DE SOUSA-NETO, 2011). A
instrumentacdo rotatoria normalmente esculpe uma se¢éo transversal de forma circular, e as
paredes dos canais podem permanecer intocadas, principalmente os canais radiculares
achatados ou ovais. De acordo com pesquisas in vitro em canais de formato oval utilizando
estudo de Micro Tomografia-Computadorizada (micro-CT), as imagens mostraram que 0
nimero de superficies ndo tocadas pelos instrumentos varia de 59,6% a 79,9% (BUSQUIM et
al., 2015; METZGER et al., 2010; PAQUE et al., 2010; PETERS; ARIAS; PAQUE,

2015). Os incisivos inferiores, segundos pré-molares superiores e raiz distal dos
molares inferiores apresentam um formato achatado ou oval (WU et al., 2000).

Vaérios estudos foram realizados para se investigar a limpeza, formatacdo, remocéo de
debris e reducdo bacteriana em canais de formato oval. Um estudo recente utilizando micro-
CT correlacionado com uma abordagem microscépica, revelou que a maioria das areas
instrumentadas de dentes vitais e necréticos apresentava restos de tecido e/ou bactérias,
exceto a porgédo coronal de dentes com polpas vitais (LACERDA et al., 2017).

Azim et al. (2016) investigaram a capacidade de modelagem do sistema XP endo-
Shaper e comparou os resultados com Vortex Blue (Dentsply Tulsa Dental Specialties, Tulsa,
OK) utilizando imagens de micro-CT. Foram utilizados 20 incisivos centrais mandibulares
com canal unico, formato oval. Os dentes foram escaneados no pré-operatorio e no poés-
operatorio. A porcentagem de paredes ndo tocadas, alteracdes no volume do canal e
superficie, a quantidade de dentina removida, detritos remanescentes no canal e a conicidade
da preparacédo foram avaliados. Pode-se concluir que XP endo-Shaper foi superior ao Vortex
Blue com uma area de instrumentacdo mais abrangente em canais de formato oval.

Bao et al. (2017) avaliaram a eficacia do instrumento XP-endo Finisher na eliminacdo
de biofilme em comparacdo com a irrigagdo convencional por agulha (CNI) e irrigacdo
ultrassdnica passiva (PUI) em cinqlienta e quatro pré-molares humanos extraidos com raiz
Unica. Foi utilizado um modelo de dente infectado com um sulco apical artificial. Cada dente
foi posteriormente dividido longitudinalmente em 2 metades, com uma ranhura feita na regido
apical da parede do canal. Foi utilizada microscopia eletrdnica de varredura para avaliar a
quantidade de biofilme residual dentro e fora do sulco. XPF mostrou a melhor eficacia na

remocéo do biofilme dentro e fora do sulco seguido por PUI e CNI.
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Lacerda et al. (2017) avaliaram a limpeza e formatagdo de 3 sistemas de
instrumentacdo. Foram utilizados canais distais de 33 molares inferiores recém-extraidos, com
vitalidade pulpar e com formato oval. Foram divididos em 03 grupos, Self-Adjusting File
(SAF) (ReDentNOVA, Ra‘anana, Israel), TRUShape (Dentsply Sirona, Tulsa, OK), e XP-
endo Shaper (FKG Dentaire, La Chaux-de-Fonds, Suica). Os dentes foram digitalizados com
micro-CT antes a ap6s instrumentacdo. Foram identificadas &reas sem preparo mecanico e
avaliados histologicamente para a quantidade de restos de polpa em cada terco radicular O
irrigante usado foi o hipoclorito de sodio a 5,25% aquecido a 37°C. Nao houve diferenca
significativa na quantidade de areas superficiais ndo instrumentadas entre os 3 sistemas,
exceto para a 0 grupo SAF e XP-endo Shaper na area apical de 4 mm, onde SAF exibiu areas
significativamente menos preparadas que o XP-endo Shaper. Nenhum grupo preparou 100%
das paredes do canal radicular. A capacidade de limpeza dos 3 sistemas foi semelhante.

Leoni et al. (2017) avaliaram a eficacia de quatro protocolos de irrigacdo final na
reducdo de detritos acumulados na raiz mesial de primeiros molares inferiores usando analise
por micro-CT. Quarenta raizes mesiais com istmo Unico e continuo entre 0s canais mesio-
vestibular e mesio-lingual foram selecionados e digitalizados. Os canais foram
instrumentados sequencialmente usando o instrumento WaveOne Small e Primary (Dentsply
Sirona, Ballaigues, Suica) sem irrigacdo intracanal para permitir a acumulacdo de detritos. Os
espécimes foram anatomicamente pareados e distribuidos em quatro grupos (n = 10), de
acordo com o protocolo final de irrigacdo: pressdo positiva apical (APP), irrigacdo
ultrassonica passiva (PUI), lima autoajustavel (SAF) e XP-endo Finisher (XP-F). Os
procedimentos finais de irrigagdo foram realizados ao longo de 2 min usando um total de 5,5
mL de NaOCI a 2,5% por canal. A reducdo de detritos acumulados foi observada em todos 0s
grupos apds o protocolo final de irrigacdo. A técnica PUI e o XP-F estiveram associados a
niveis mais maiores de reducdo de detritos em comparacdo com o protocolo irrigacdo
convencional e com o sistema SAF modificado.

Zand et al. (2017) investigaram a quantidade de smear layer remanescente em canais
instrumentados com limas Bio Race e XP-endo Finisher irrigados com EDTA 17% e soluc¢éo
de hipoclorito de sédio. Um total de 68 dentes unirradiculares extraidos foram divididos
aleatoriamente em 4 grupos (n = 14) e dois grupos controle (n = 6). Grupo 1: XP-F com 2 mL
de NaOCl a 2,5% por 1 minuto. Grupo 2: XP-F com 1 mL de de EDTA 17% por um minuto.
Grupo 3: XP-F foi utilizado por 1 minuto em associa¢do com solugéo salina normal. Grupo 4:
XP-F por 30 segundos em associacdo com 2,5% de NaOCl e de EDTA 17% por 30 segundos.

O grupo controle negativo: NaOCI (2,5%) foi utilizado durante o preparo do canal radicular,
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seguido de irrigagdo com EDTA 17% no final da preparo do canal radicular. O grupo
controle positivo: solucdo salina foi usado para irrigacdo durante a instrumentacdo do canal
radicular. As amostras foram analisadas em MEV. Os resultados do estudo mostraram que o
uso combinado de NaOCIl e EDTA em associa¢do com XP-F exibiu a melhor eficécia para a
remogao do smear layer.

Alves et al. (2018) avaliaram a redugdo microbiana e a extrusdo de detritos na regido
apical apos o preparo do canal radicular com XP-endo Shaper e Reciproc. Foram utilizados
molares superiores extraidos, canais disto-vestibulares, divididos aleatoriamente de acordo
com o sistema de instrumentacdo em 02 grupos de 21 dentes, contaminados com
Enterococcus faecalis. Extratos de DNA das amostras foram coletados do canal antes e ap6s
instrumentacdo e foram submetidos avaliacdo por meio do gPCR. O volume de detritos
extruidos foi avaliado por micro-CT. A reducéo intracanal microbiana foi mais pronunciada
no grupo XP-endo Shaper. Embora ambos o0s instrumentos produziram um volume
semelhante de detritos, a contagem de bactérias extruidas foi significativamente menor com
Reciproc em relacdo XP-endo Shaper.

Bedier, Hashem e Hassan (2018) estudaram o efeito da instrumentacdo e irrigacdo na
reducdo bacteriana em dentes extraidos utilizando Confocal Laser Scanning Microscopy
(CLSM) ap6s inoculacdo de Enteroccus faecalis nos canais mesiais de molares inferiores.
Foram divididos em 04 grupos; XP-endo Shaper (XP-S) com irrigagcdo convencioanal e outro
com XP-endo Finisher (XP-F), e sistema IRace (FKG Dentaire, La Chaux-de-Fonds,
Switzerland) com irrigagdo convencioanal e outro com XP-F. Amostras microbiologicas
foram obtidas de cada grupo e foram avaliados por CLSM em uma profundidade de 50 um no
interior dos tubulos dentinérios. A combinacdo de IRaCe com XP-F melhorou o efeito de
reducdo bacteriana, enquanto a combinacdo de XP-S com XP-F ndo produziu uma melhora
significativa em sua capacidade de reduzir bactérias a uma profundidade de 50 pm nos
tabulos dentinarios.

Carvalho et al. (2019) investigaram em dentes extraidos a eficacia do XP-endo
Finisher (XP-F) associado ao XP-endo Shaper (XP-S) ou Reciproc Blue (RB) na reducéo da
carga bacteriana em canais radiculares de formato oval durante o preparo quimico-mecanico
usando solucdo salina e NaOCIl 2,5%. Oitenta incisivos inferiores com canal Unico de
formato oval foram contaminados com Enterococcus faecalis. Os dentes foram divididos
aleatoriamente em quatro grupos experimentais (n = 20): G1: XP-S, G2: XP-S + XP-F, G3:
RB e G4: RB + XP-F. Os grupos foram instrumentados com NaCl ou NaOCI. A reducéo da

carga bacteriana foi avaliada por contagem de unidades formadoras de col6nias antes (S1) e
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apos instrumentagdo (S2). Os sistemas XP-S e RB foram eficazes na reducdo bacteriana (p <
0.05), mas ndo houve diferenca entre os grupos. O uso do XP-F como método agitacdo da
solucdo irrigante melhorou a eficiéncia da limpeza dos dois sistemas de limas avaliados.

De-Deus et al. (2019a) compararam a eficacia do instrumento XP-endo Finisher e a
irrigacdo ultrassonica passiva (PUI) como protocolo final de irrigagcdo na remogao de detritos
acumulados (AHTD) de canais com formato oval, utilizando micro-CT. Incisivos inferiores
extraidos foram anatomicamente pareados com base em dimensdes morfoldgicas semelhantes
e preparados com o instrumento Reciproc R25. Foram divididos em dois grupos
experimentais (n = 10), de acordo com o protocolo final de irrigacdo: XP-endo Finisher e PUI.
As amostras foram analisadas novamente e 0s conjuntos de dados registrados foram
examinados para quantificar a quantidade de AHTD. XP-endo Finisher e PUI mostraram a
mesma eficacia na remocdo do AHTD. Nenhum dos protocolos de irrigacdo removeu
completamente o AHTD dos canais radiculares de formato oval.

De-Deus et al. (2019b) avaliaram a capacidade de modelagem do sistema XP-endo
Shaper com diferentes tempos de trabalho. Dez raizes mesiais de molares inferiores extraidas
foram escaneados por meio de micro-CT, instrumentadas e irrigadas com NaOCI 2,5% de
acordo com o protocolo recomendado pelo fabricante até o instrumento atingir o CT. Em
seguida cada amostra foi submetida a mais 15, 30 e 45 segundos de instrumentacéo no CT. O
escaneamento pds-operatorio foi realizado apds a preparo do canal em cada tempo. Em
seguida, o pré-registro e o conjuntos de dados pds-operatdrios foram examinados para avaliar
as porcentagens de volume e area de superficie do canal instrumentado, ndo instrumentado e
volume de dentina removida. De acordo com os resultados, o aumento no tempo de
instrumentacdo além do recomendado pelo fabricante proporcionou um aumento no volume e
area de superficie do canal radicular instrumentado e ndo instrumentado, assim como um
maior volume de dentina removida.

Ureyen Kaya et al. (2019) investigaram a reducio bacteriana alcangada com WaveOne
Gold (Dentsply Sirona, Ballaigues, Suica), Hyflex EDM (Coltene, Altstatten, Suica) e XP-
endo Shaper em dentes extraidos e que foram posteriormente infectados com Enterococcus
faecalis. Setenta e quatro pré-molares inferiores com canais radiculares retos e com formato
oval foram selecionados e submetidos a instrumentacdo. Amostras bacterianas foram
coletadas com pontas de papel estéreis antes e ap0s a instrumentacdo para quantificar a carga
bacteriana. Os resultados mostraram que o sistema Hyflex EDM e XP-endo Shaper reduziram
de forma significativamente maior a contagem bacteriana em relacdo WaveOne Gold.

Nenhum sistema proporcionou canais completamente livres de bactéria.
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Zhao et al. (2019) avaliaram por micro-CT o efeito da instrumentacdo e irrigacdo em
dentes extraidos, a percentagem de paredes ndo tocadas pela instrumentacdo e o acimulo de
detritos dentinarios de canais em formato de C. Foram utilizados setenta molares inferiores,
escaneados antes e ap0s instrumentacdo com o0s sistemas Reciproc Blue (VDW, Munique,
Alemanha) e XP-endo Shaper (FKG Dentaire, La Chaux-deFonds, Suica). Os sistemas RB e
XP-S foram similares na instrumentagéo das paredes dos canais, no entanto, RB deixou niveis
significativamente maiores de detritos que XP-S.

Pérez et al. (2020) avaliaram em molares superiores e inferiores extraidos a
capacidade de limpeza, formatacdo e desinfeccdo dos sistemas XP-endo Shaper (FKG
Dentaire, La Chaux-deFonds, Sui¢a) e Reciproc Blue (VDW, Munique, Alemanha). Os dentes
foram escaneados e pareados anatomicamente com as similaridades por meio de micro-CT.
Os dentes foram divididos em grupos: XP- endo Shaper (n=16) e Reciproc Blue (n=16).
Foram realizados micro-CT na fase pré-instrumentacdo e pds-instrumentacdo para identificar
areas ndo preparadas pela instrumentacdo. Os canais foram preparados seguindo o protocolo
de instrumentacdo dos fabricantes e irrigados com 5 mL de NaOCI 2.5% e 5 mL de solucdo
de EDTA 17% ao final da instrumentacdo. Os dentes foram também avaliados
histologicamente quanto a presenca de bactérias e remanescente de tecido pulpar no tergo
apical. Os resultados evidenciaram areas de superficie ndo preparadas para XP-endo Shaper e
Reciproc Blue em todo o comprimento do canal, aproximadamente 26% e 19%
respectivamente e 30% e 23% na porc¢éo apical do canal. Ndo houve diferenca estatistica entre
os grupos (P >0.05). Reciproc Blue resultou em 37,5% de canais livres de bactérias em todas
as secdes examinadas e 56% apenas nas se¢des apicais. XP-endo Shaper resultou em 44% de
canais livres de bactérias em todas as se¢Oes e 56% somente na parte apical do canal. Tecido
pulpar remanescente ndo foi observado em 31% (todas as se¢des do canal) e 50% (secBes do
canal apical) das amostras de ambos os sistemas. Ndo foram observadas diferencas
significativas entre os instrumentos ao comparar a quantidade de restos de tecido pulpar e o
namero de casos negativo para bactérias e restos de tecido pulpar. Ambos os sistemas tiveram
desempenho semelhante na limpeza e desinfeccdo dos canais radiculares. Canais irregulares e

areas de dificil acesso ndo foram completamente limpas e desinfetadas por nenhum sistema.
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3 HIPOTESES

d Hipdtese Nula: Nao havera diferenca entre os sistemas Reciproc Blue e XP-endo
Shaper-Finisher em relacéo a reducédo da carga bacteriana;
b) Hipotese alternativa: Haverad diferenca entre os sistemas Reciproc Blue e XP-

endo Shaper-Finisher em relacdo a redugéo da carga bacteriana.
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4 OBJETIVOS

4.1 Objetivo geral

Avaliar a eficicia dos sistemas Reciproc Blue, XP-endo Shaper e XP-endo Finisher
guanto a capacidade de reduzir a carga bacteriana dos canais radiculares de dentes humanos,
unirradiculares e com canal Unico, de formato oval, com diagndstico de necrose pulpar e

periodontite apical assintomatica.

4.2 Objetivos especificos

a) avaliar quantitativamente a reducdo da carga bacteriana dos canais radiculares
através de PCR em tempo real (QPCR) pela quantificacdo do gene 16S rRNA,
antes e ap0s 0 preparo quimico-mecanico com o sistema Reciproc Blue;

b) avaliar quantitativamente a reducdo da carga bacteriana dos canais radiculares
através de PCR em tempo real (QPCR) pela quantificacdo do gene 16S rRNA,
antes e ap0s o0 preparo quimico-mecanico com os sistemas XP-endo Shaper e
XP-endo Finisher.
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5 MATERIAL E METODOS

Este estudo foi aprovado pelo Comité de Etica e pesquisa da Pontificia Universidade
Catolica de Minas Gerais, PUC Minas CAAE 97131918.7.0000.5137 (ANEXO A).

5.1 Tamanho estimado da amostra

O célculo estimado do tamanho da amostra para avaliar as diferencas entre 0s grupos
foi baseado no estudo de De-Deus et al. (2019a). Um efeito de 0,8 foi calculado e inserida
em uma analise de teste de variancia da familia F, juntamente com um erro tipo alfa de 5% e
poder beta de 97% (G* Power 3.0 para Machintosh; Heinrich Heine, Universitat Dusseldorf,
Dusseldorf, Alemanha). O calculo demonstrou que um minimo de 12 amostras por grupo

seria necessario para avaliar a reducdo microbiana.

5.2 Selecdo dos dentes

Foram selecionados pacientes para tratamento endoddntico de dentes com diagnéstico
de necrose pulpar e periodontite apical assintomatica. Foram incluidos vinte oito dentes
unirradiculares e com canal Unico de 18 pacientes (12 mulheres e 6 homens; idade média de
39 anos, variacao de 18 a 78 anos). Os dentes incluidos no estudo foram 9 incisivos inferiores,
4 caninos superiores e 2 inferiores, 7 segundos pré- molares superiores e 6 pré-molares
inferiores, todos os dentes com paredes intactas da camara pulpar e com diagndstico de
necrose pulpar confirmado por exames clinicos e evidéncia radiogréfica de radioluscéncia
apical. Os dentes foram radiografados em posicdo ortogonal mesial e distal e somente 0s
canais que apresentaram um diametro vestibulo-lingual 4 vezes maior que o diametro mesio-
distal foram selecionados como ovais e achatados (VERSIANI; PECORA; DE SOUSA-
NETO, 2011). Os critérios de exclusdo foram dentes com lesdo de carie extensa com
exposicdo da cavidade pulpar, trinca ou fratura de raiz, rizogénese incompleta, dentes
sintomaticos, bolsa periodontal superior a 4 mm e pacientes que receberam antibioticoterapia

nos 03 meses anteriores aos procedimentos.

5.3 Obtencéo das amostras e procedimentos do tratamento

Amostras foram coletadas ap0s estritas medidas antissépticas que incluiam
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procedimentos iniciais de limpeza e polimento coronério do dente e adjacentes e em seguida
bochecho com solucéo de gluconato de clorexidina 0,12% por 01 minuto. O tratamento foi
conduzido com isolamento absoluto. O protocolo de desinfeccao foi realizado em duas etapas
no campo operatério com o uso sequencial de peréxido de hidrogénio 3% e de NaOCI 5.25%
por meio de mechas de algoddo estéreis, utilizando pinca de algoddo estéril previamente
flambada em lamparina para execucdo dos procedimentos. Este protocolo de desinfeccdo foi
aplicado antes e depois de concluir a cavidade do acesso. Uma solucdo tiossulfato de sodio a
5% foi usada para inativar residuos de NaOCI. Foram obtidas amostras de controle de
esterilidade, retirados do angulo cavo-superficial do acesso da cavidade, esfregando-se 03
pontas de papel estéreis (Fig. 1) (Dentsply Maillefer, Ballaigues, Suica) (NEVES et al.,
2016).

Figura 1. Controle de esterilidade

Fonte: Elaborado pelo autor

Apo6s a conclusdo do acesso coronario por meio de brocas carbide 1557 e Endo-Z
(Dentsply Maillefer, Ballaigues, Suica), foi realizado a exploragdo do canal radicular com
uma lima manual tipo K # 15 e 20 (Dentsply Maillefer, Ballaigues, Suica). Nesta etapa, o
canal radicular foi irrigado com 3 mL de tiossulfato de sodio 5%, e o canal explorado com
movimentos circunferencial de limagem até atingir o comprimento do dente na radiografia
(CDR).

Para obtengdo das amostras bioldgicas iniciais S1 nos grupos, foram utilizados trés

cones de papel absorvente # 20, um de cada vez, inseridos préximo ao CDR no interior do
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canal radicular e mantido por um minuto para absorver o fluido do canal. Em ambos os
grupos, finalizado a instrumentacéo, os canais foram irrigados com 3 mL de tiossulfato de
sodio 5% para eliminar residuo de NaOCI e novas amostras microbiologicas S2 foram
obtidas com 3 cones de papel de calibre compativel com a instrumentacdo final. Os cones de
papel foram inseridos em um Eppendorf (Fig. 2) contendo 1 mL de agua Milli-Q. Foram
armazenados em caixa térmica com gelo e transportados para o laboratdrio de microbiologia
em menos de 02 horas onde foram homogeneizados em vortex (Fig. 3) por 3 minutos e em
seguida retirados com uma pinca estéril. Os Eppendorfs foram armazenados em freezer a -
801C (Fig. 4). A instrumentacdo dos canais foi realizada na mesma sesséo em todos 0s
dentes.

Figura 2. Cones de papel inseridos em Eppendorf

Fonte: Elaborado pelo autor
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Figura 3. Amostra bioldgica homogeneizada em vortex

Fonte: Elaborado pelo autor

Figura 4. Eppendorfs armazenados em freezer a -8001C

Fonte: Elaborado pelo autor
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Os dentes foram distribuidos aleatoriamente em dois grupos de acordo com a técnica
de instrumentacdo. Grupo-1 RB (n=14) e grupo-2 XP-Endo (XP-S e XP-F) (n=14). Foi
utilizado o aplicativo Randomize (disponivel: https://apps.apple.com/au/app/randomize-
randomization-tool/id1490735869), para fazer realizar randomizacdo dos grupos.

No grupo-1, o preparo quimico-mecénico foi realizado com sistema Reciproc Blue
(Fig. 5), R25 (VDW, Munique, Alemanha) de acordo com a técnica proposta pelo fabricante.
Em ambos os grupos foi realizada a odontometria com uso de localizador eletrénico Root ZX
Il (J Morita, California, Estados Unidos da América) e estabelecido o comprimento de
paténcia (CP) do canal. Foi utilizado o motor elétrico VDW Silver (VDW, Munique,
Alemanha) usando os ajustes predefinidos. O instrumento foi inserido no canal até sentir
resisténcia e em seguida, ativado e movimentado em direcdo apical com movimentos de
entrada e saida de aproximadamente 3 mm. Apds 3 movimentos o instrumento foi removido,
limpo e o canal foi irrigado com NaOCI a 5.25%. Esses procedimentos foram repetidos até
que o CP fosse alcangado pelo instrumento. Cada canal radicular foi instrumentado com um
Unico instrumento RB e cada instrumento foi utilizado para preparar apenas 1 canal. A
paténcia do forame foi confirmada com uma lima manual tipo K #15. A irrigacdo foi feita
com uso seringa descartavel 30-G, agulhas NaviTip (Ultradent, South Jordan, UT) recuado 2
mm do comprimento do CP. Para remocédo da smear layer, o canal foi irrigado com 5 mL de
EDTA 17% e depois 5 mL de NaOCl a 5.25%. Um volume total de 25 mL de NaOCI foi
irrigado por canal e um tempo meédio de exposi¢ao de 10 minutos contado a partir da primeira
irrigacdo até irrigacdo final apds uso de EDTA. Apos a secagem do canal radicular com ponta
de papel estéril, foi realizada nova irrigacdo com 5 mL tiossulfato de s6dio a 5% e apos 1
minuto foi obtida uma amostra pds-operatdria por meio de trés cones de papel absorvente
(S2).

Figura 5. Instrumento Reciproc Blue R25
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No grupo 2, o preparo quimico-mecénico foi realizado com sistema XP-Endo Shaper
(Fig. 6) e Finisher (Fig. 7) de acordo com a técnica proposta pelo fabricante. O instrumento
XP-S foi acionado com rotacao de 800 rpm e torque de 1 Ncm. O instrumento foi inserido no
canal e realizados movimentos de entrada e saida de aproximadamente 3 a 4 mm, sentido
coroa-apice, com 05 ciclos de 10 segundos até atingir o comprimento de trabalho (CT), 0.5
mm menor que o CP estabelecido pelo localizador eletrénico e irrigacdo com uso seringa
descartavel 30-G, agulha NaviTip, com 5 mL de de NaOCI 5.25%. De forma idéntica ao
grupo 1, um volume total de 25 mL de NaOCI foi irrigado por canal e um tempo médio de
exposicao de 10 minutos contado a partir da primeira irrigacdo até irrigacdo final ap6s uso de
EDTA. Apods a secagem do canal radicular com ponta de papel estéril, foi realizada nova
irrigacdo com 5 mL tiossulfato de sédio a 5% e ap6s 1 minuto foi obtida uma amostra pds-
operatoria (S2). Em seguida, o canal radicular foi irrigado novamente com 5 mL de NaOCI
5.25% e o instrumento XP-F foi acionado com rotacdo de 800 rpm e torque de 1 Ncm com
movimentos suaves de 7-8 mm contra as paredes do canal radicular por 1 minuto. Apés a
secagem do canal radicular com ponta de papel estéril, foi realizada nova irrigacdo com 5 mL

tiossulfato de sddio a 5% e apds 1 minuto foi obtida uma nova amostra pds-operatoria (S3).

Figura 6. Instrumento XP-endo Shaper
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Fonte: FKG SWISS ENDO, 2020a

Figura 7. Instrumento XP-endo Finisher
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Fonte: Fonte: FKG SWISS ENDO, 2020b
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Os canais foram instrumentados seguindo o protocolo recomendado pelo fabricante.
Cada canal radicular foi instrumentado com um Unico instrumento e cada instrumento foi
utilizado para preparar apenas 1 canal. Para eliminar variabilidade entre operadores, apenas
um profissional especialista em endodontia e com experiéncia com 0s sistemas pesquisados

executou todos os procedimentos.

5.4 Analise Quantitativa PCR Real-Time (QPCR)

O DNA total bacteriano das amostras foi extraido com o auxilio do Kit MiniSpin de
extracdo de DNA (Kasvi, Brasil), de acordo com as instru¢des do fabricante, e quantificado
utilizando o espectrofotémetro NanoDrop ND-1000 (Thermofisher, Estados Unidos).

A quantificacdo bacteriana total foi determinada por gPCR utilizando o equipamento
Applied Biosystems 7500 Real-Time PCR System (Thermofisher, Estados Unidos),
empregando primers universais para 0 gene 16S rRNA (338F: TACGGGAGGCAGCAG;
518R: ATTACCGCGGCTGCTGG) (MUYZER; DE WAAL; UITTERLINDEN, 1993). O

ensaio foi realizado com 1 pL de molde de DNA e 5 pL de Power SYBR Green PCR
Master Mix (Thermofisher, Estados Unidos) a um volume final de 10 pL. O programa
consistiu em um ciclo de desnaturacdo de 10 minutos a 95°C, seguido de 40 ciclos de 15s a
95°C e 60s a 60°C. Apds 40 ciclos, uma curva de dissociacdo (melting) com uma rampa entre
60°C e 95°C foi determinada com uma leitura a cada 0,2°C usando a fluorescéncia SYBR.
Uma curva padréo foi preparada a partir de uma diluicéo seriada na base de 10 vezes do pool
de todas as amostras extraidas de DNA, que foram amplificadas usando PCR convencional e
0s mesmos iniciadores foram empregados para gPCR (R2 > 0,99, eficiéncia = 106%). Todas

as amostras foram analisadas em triplicata, incluindo o padréo e os controles.

5.5 Analise estatistica

Os dados de contagem bacteriana total foram coletados em trés momentos diferentes
para cada paciente: S1, S2 e S3. A regressdao de Poisson € a abordagem basica para a
modelagem de dados de contagem bacteriana, mas ndo pode ser utilizada no presente estudo
porque os dados foram superdispersos com a variagdo maior que a média. Portanto, diferentes
variantes do modelo de Poisson, incluindo o modelo binomial negativo (BN) e o modelo
quasipoisson foram consideradas. O teste de ANOVA foi utilizado para testar os modelos (p <

0,05). Foi selecionado o modelo BN com a introdugdo de efeitos aleatorios do paciente. O
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modelo de efeitos aleatdrios BN foi ajustado para as diferengas significativas nas contagens
bacterianas em S1 entre os tratamentos RB e XP-Endo (houve significativamente mais
contagens de bactérias no tratamento RB comparado ao tratamento no grupo XP-Endo em
S1). As andlises estatisticas foram realizadas usando o Programa R versdo 3.5.1, utilizando os
pacotes MASS e Ime4.
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ABSTRACT

Introduction: This randomized clinical study compared the in vivo antibacterial efficacy of
Reciproc Blue (RB), XP-endo Shaper (XP-S),XP-endo Shaper associated with XP-endo
Finisher (XP-F) systems in infected oval-shaped root canals with primary apical periodontitis.
Methods: In this study, 28 human teeth with a single root and a single canal were randomly
assigned to two groups according to the instrumentation technique: group-1, RB (n = 14) and
group-2, XP-endo (XP-S and XP-F, n = 14). The single-rooted teeth were prepared by
reciprocating and rotary nickel-titanium (NiTi) instruments with 5.25% sodium hypochlorite
irrigation. Samples were collected from the canal at the baseline (S1), after chemomechanical
preparation (S2), and after XP-F instrumentation (S3). The DNA extracts were subjected to
quantitative analysis for total bacterial counts by quantitative real-time polymerase chain
reaction. The data were analyzed using the analysis of variance test (ANOVA), and the level
of significance was set at 5%.

Results: All samples tested positive for the presence of bacteria at baseline, and the bacterial
counts substantially reduced after treatment procedures (P < 0.01). The results showed no
statistical difference between RB and XP-S instrumentation with respect to the bacterial
reduction (P > 0.05). A marked bacterial reduction was observed after the use of the XP-F
instrument (P < 0.01).

Conclusion: The XP-S and RB systems sharply reduced the bacterial load in oval-shaped root
canals with primary apical periodontitis. XP-F, used as a supplementary instrument to

chemomechanical preparation, promoted a significantly higher bacterial reduction.

Keywords: Apical periodontitis, bacterial reduction, quantitative real-time polymerase chain
reaction, endodontic treatment.
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Introduction

One of the primary goals of root canal instrumentation is to eradicate bacterial colonization or
to reduce the bacterial load to levels that permit periradicular tissue healing (1). The effects of
chemomechanical debridement significantly improve when antimicrobial substances are used
for irrigation such as sodium hypochlorite (NaOCI), which is considered a highly effective
antimicrobial solution (2). However, the effects are restricted to the main root canal, and
instruments usually fail to touch all the walls, causing unprepared areas to harbor
microorganisms (3). In addition to that, studies have revealed that chemomechanical
preparation using NaOCI at different concentrations is not able to render root canals free of
bacteria, and 40% to 60% of the root canals are still positive for bacterial presence (1,4).

Over the last few decades, instruments with different designs and concepts have been
introduced to deal with canals of complex anatomy, including oval-shaped canals. They
include TrueShape (Dentsply Sirona, Tulsa, OK) (5), Self-Adjusting File (ReDentNOVA,
Ra‘anana, Israel) (6), and XP-endo Shaper and Finisher (FKG, Dentaire, La Chaux-de-Fonds,
Switzerland) systems (7). It is widely recognized that oval-shaped canals provide a
challenging task for adequate root canal cleaning, shaping, and disinfection (8-10). The
unprepared areas may harbor microorganisms and pulp tissue remnants, irrespective of the

instruments used (11-14).

A study using a correlative micro-computed tomography (micro-CT) and microscopic
approach reported that most non-instrumented areas from vital and necrotic teeth contained
tissue remnants and bacteria, except for the coronal portion of teeth with vital pulps (12).
Mandibular incisors, maxillary second premolars, and distal root of mandibular molars most
commonly present the oval-shaped canals (9). According to an in vitro research on oval-
shaped canals using micro-CT, the images showed that the number of untouched areas of the
total canal length ranged from 59.6% to 79.9% (15).

Single-file instrumentation systems are being widely used over the last few years to shape
root canals. The preparation with a single instrument is potentially time saving and cost-
effective as compared to multiple rotary instruments systems. Moreover, the new generation
of instruments has undergone improvements in the treatment of nickel-titanium (NiTi), such
as electropolishing and thermal treatment protocols, providing more flexibility and
improvement of the mechanical properties of the NiTi instruments (16,17). However, more

knowledge is required about the efficiency and ability of the new instruments to three-



55

dimensionally shape the root canal and maximally reduce the bacterial counts to levels that

allow periradicular tissue healing, which is paramount for optimal treatment outcomes (1).

Reciproc Blue (RB; VDW, Munich, Germany) is a reciprocating NiTi system that has a
distinctive blue color due to a thermal process, resulting in a visible titanium oxide layer on
the surface of the instrument. According to the manufacturer, it regulates the phase transition
temperatures, rendering part of the crystallographic structure of the alloy and creating a
predetermined shape memory. The RB instrument has a non-cutting tip enabling better
centering between the canal walls. Cutting performance and high efficiency can be attributed
to the S-shaped cross-section, taper, and cutting angles (18). This new generation of heat-
treated instruments are more flexible and fatigue resistant when compared to instruments

made of M-wire, due to the alteration of the molecular alloy structure (19,20).

Recently, a heat-treated snake-shaped NiTi rotary instrument, XP-endo Shaper (XP-S) (FKG
Dentaire, Chaux-de-Fonds, Switzerland) was introduced. It is made from a special alloy called
MaxWire (Martensite-Austenite electropolish-fleX). The manufacturer claims that it has an
initial taper of .01 in the “M” phase, but the XP-S expands inside the canal to a taper of .04
when exposed to body temperature, preparing areas of the canal space that conventional NiTi
systems cannot access (21). Apparently, it can expand and contract to adapt itself to the canal
morphology. The interplay between a specific predetermined snake shape and the extreme
flexibility allows this instrument to contract. The Booster tip has six cutting edges that enables
the file to enlarge the apical area from size #15 to #30, respecting the trajectory of the canal
(22,23).

The XP-endo Finisher (XP-F) (FKG Dentaire, La Chaux-de-Fonds) is also a new file that was
introduced for use after root canal instrumentation as a final approach. The manufacturer
states that it provides optimal cleaning of the root canal system and disrupts the bacterial
biofilm while preserving the dentin. Similar to XP-S, it is made from the special NiTi
proprietary alloy MaxWire, and it consists of a small core size (tip size #25, non-tapered) that
is straight at room temperature, but expands in its apical portion and forms a spoon-like shape

when placed inside the canal at body temperature (7,24).

The present randomized clinical study was undertaken to evaluate the in vivo antibacterial
efficacy of two different single-file systems in oval-shaped root canals. The reduction of the
total bacterial levels was assessed by employing quantitative real-time polymerase chain
reaction (QPCR).
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The null hypothesis tested was as follows:

1. There is no significant difference in the intracanal bacterial reduction load between the
RB and XP-S instruments.

2. There is no significant difference in the reduction of the intracanal bacterial load with the
additional use of XP-F in the XP-S group.

Materials and Methods Patients and Case Selection

A total of 125 patients were selected for the treatment of asymptomatic apical periodontitis
associated with mature teeth, from March 2018 to October 2019. The inclusion criteria
consisted of teeth with a single root and a single canal presenting with a carious lesion with
intact pulp chamber walls, necrotic pulp clinically confirmed by pulpal sensitivity tests, and
clinical and radiographic evidence of primary apical periodontitis. The exclusion criteria were
teeth with extensive crown destruction by caries that did not permit rubber dam placement,
presence of root or crown fracture, teeth subjected to previous endodontic treatment,
symptomatic teeth, patients who received antibiotic therapy in the last 3 months, and patients

with periodontal pockets deeper than 4 mm.

The final study population consisted of 18 patients (12 females and 6 males; mean age 39
years, range, 18-78 years). Some patients contributed with more than 1 tooth. The teeth
included in the study were 9 mandibular incisors, 4 maxillary and 2 mandibular canines, 9
maxillary second premolars and 6 mandibular premolars. The included patients had no
systemic disease. Radiographs of the teeth were recorded from the orthogonal, mesial, and
distal positions, and only the root canals presenting a buccolingual diameter four times greater
than the mesiodistal diameter, were classified as oval and flat, were included in this study
(25). Approval for the study protocol was obtained from the Ethics Committee of the
Pontifical Catholic University of Minas Gerais, CAAE 9713.1918.7.0000.5137, and informed

consent was obtained from all participating individuals.

Sample Size Calculation

Based on a previous study (26), a given 0.91 effect size was input together with an alpha- type
error of 0.05 and power 0,95 into an analysis of variance (ANOVA) repeated measures within
factors from the F family (G*Power 3.1 for Macintosh; Heinrich Heine, Universitat

Dusseldorf, Dusseldorf, Germany). The results revealed the need for a minimum of 14
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samples to highlight the impact of intracanal bacterial reduction promoted by RB, XP-S, and

supplementary instrument XP-F systems in long-oval shaped canals.

Sample Collection

Samples were collected from the root canals under strict asepsis, which included scaling of
the tooth and cleaning with pumice, removal of caries and previous coronal restorations under
saline irrigation. A rubber dam was applied, and the operative field (tooth, clamp, and dam)
was disinfected by a two-step disinfection protocol with the sequential use of 3% hydrogen
peroxide and 5.25% NaOCI both before and after the preparation of the access cavity. The
second step was performed after access preparation, and it included the pulp chamber.
Following this, 5% sodium thiosulfate was used to inactivate 5.25% NaOCI, and sterility
control samples were collected from the internal surfaces of the cavosurface angle of the
access cavity by scrubbing with sterile paper points (Dentsply Maillefer, Ballaigues,
Switzerland) (27). The area sampled served as the sterility control, because the paper points
used later for collecting root canal samples could accidentally touch the access cavity walls.
Paper points were transferred aseptically to a cryotube containing Milli-Q® water and
immediately frozen at —80[JC. For the inclusion of the tooth in the study, these control
samples had to test negative in the end-point PCR using universal bacterial primers, and the
initial sample collected at baseline had to test positive for bacterial presence. Before
chemomechanical procedures, an initial sample was collected from the root canal and served
as the baseline (S1). Sterile 5% sodium thiosulfate solution was carefully used to irrigate
the root canal without overflowing, and a sterile single-use K-type hand file #15 (Dentsply
Maillefer, Ballaigues, Switzerland) was placed 1 mm short of the root apex as determined
radiographically. This instrument was gently used in a circumferential filing motion to
suspend the canal contents in the sodium thiosulfate solution. Sterile paper points were
consecutively placed in the canal to a level approximately 1 mm short of the radiographic root
apex to soak up the fluid in the canal. Each paper point was left in the canal for 1 min. The
paper points were then inserted in tubes containing 1 mL of sterile Milli- Q® water, which
were homogenized in a vortex for 3 min. Subsequently, the paper points were removed with
sterile tweezers, and the tubes were cooled in a freezer at —80°C. The same procedures were
performed to obtain samples after chemomechanical preparation (S2) and after XP-F

instrumentation (S3).
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Root Canal Treatment Procedures

The selected teeth were randomly assigned to two groups according to the instrumentation
technique: group-1 RB, (n = 14) and group-2, XP-endo (n = 14). Two teeth in group-1 were
excluded because of positive results in sterility controls. Additional specimens were used to
compensate two samples losses. The canal instrumentation was completed in the same
appointment in all cases. In all groups, a mean volume of 25 mL of 5.25% NaOCI was used
for irrigation per root canal, and an average exposure time of 12 min was counted from the
first irrigation until final irrigation after the use of EDTA. Irrigants were delivered using 30-
gauge NaviTip needles (Ultradent, South Jordan, UT) reaching up to 2 mm short of the WL.
This irrigation protocol was standardized. Each instrument was used to prepare only one
canal, and all teeth were obturated in a single visit. To eliminate variability between operators,

all canals were prepared by a single endodontics specialist.

After collecting S1 samples in both groups, the root canal was irrigated with 5 mL of 5.25%
NaOCI. A glide path was established using a size #15 K-file (Dentsply Maillefer, Ballaigues,
Switzerland) to establish the apical foramen patency using an electronic apex locator (Root
ZX 11; J Morita, California, USA) and confirmed by radiographs. Patency was achieved for all
canals included in this study. In the RB group, a file of #25 size and .08 taper was introduced
into the canal and used on “Reciproc ALL” working mode as recommended by the
manufacturer and powered by an electric motor (VDW Silver; VDW). The instrument was
used in a slow in-and-out motion, approximately 3 mm in amplitude in the apical direction for
10 s, using a gentle brushing motion against the canal wall. After three apical motions, the file
was removed from the canal and cleaned. The canal was subsequently irrigated with 5 mL of
5.25% NaOCI. Irrigants were delivered using 30-gauge NaviTip needles (Ultradent, South
Jordan, UT) up to 2 mm short of the working length (WL). This procedure was performed
twice until the WL was reached. The apical foramen patency was checked with a size #20 K-
type hand file after preparation. Next, the root canal was irrigated with 5 mL 17%
ethylenediaminetetraacetic acid (EDTA) and then 5 mL 5.25% NaOCI to remove the smear
layer. After chemomechanical preparation, the canal was flushed with 3 mL 5% sodium
thiosulfate for 1 min to inactivate the 5.25% NaOCI, and the S2 sample was collected from
the root canal.

In the XP-endo group, the instrument XP-S (size #30, .01 taper) was introduced into the canal

and used on rotation mode at 800 rpm and 1 N-cm torque as per manufacturer
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recommendations, powered by an electric motor (VDW Silver; VDW). Each root canal was
filled with 5 mL of 5.25% NaOCI. The file was used for 10 s with slightly up-and-down
movements, gentle strokes, with amplitude of 3 mm up to the WL. When the instrument failed
to reach the WL after the initial five strokes, the canals were irrigated with 5 mL of 5.25%
NaOCl, recapitulated, and continued again with the XP-S instrument. Once the file reached
the WL, three cycles of 10 more up-and-down motions were applied. Irrigants were delivered
using 30-gauge NaviTip needles (Ultradent, South Jordan, UT) up to 2 mm short of the WL.
The same procedures employed in group 1 to remove the smear layer and to inactivate the
5.25% NaOCIl were performed, and the S2 sample was collected from the root canal.
Following this, the canals were irrigated with 5 mL of 5.25% NaOCI. The XP-F instrument
(size #25, taper .00) was inserted up to WL and activated for 60 s on rotation mode at 800 rpm
and 1 N-cm torque with a slow and gentle lengthwise up-and-down movements of 7-10 mm to
contact the entire length of the canal (28). Subsequently, the root canal was flushed with 3

mL of 5% sodium thiosulfate and the S3 sample was collected from the root canal.

DNA Extraction and Quantitative Polymerase-Chain-Reaction Analysis

The total bacterial DNA of the samples was extracted with the aid of the MiniSpin DNA
extraction kit (Kasvi, Brazil) according to the manufacturer's instructions. The samples were
quantified using the NanoDrop ND-1000 spectrophotometer (Thermofisher, United States).
The total bacterial quantification was determined by qPCR using the Applied Biosystems
7500 Real-Time PCR System (Thermofisher, United States), with universal primers for the
16S rRNA gene (338F: TACGGGAGGCAGCAG,; 518R: ATTACCGCGGCTGCTGG)
(29). The assay was performed with 1 uL of DNA template and 5 pL of Power SYBR Green
PCR Master Mix (Thermofisher, United States) in a final volume of 10 pL. The program
consisted of a 10-min denaturation cycle at 95°C, followed by 40 cycles of 15 s at 95°C and
60 s at 60°C. After 40 cycles, a melting curve with a ramp between 60°C and 95°C was
determined with a reading every 0.2°C using SYBR fluorescence. A standard curve was
prepared from a 10-fold serial dilution of the pool of all DNA-extracted samples, which were
amplified using conventional PCR, and the same primers were used for gPCR (R2 > 0.99,
efficiency = 106 %). All samples were analyzed in triplicate, including the standard and

controls.
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Statistical Analysis

The total bacterial count samples data were collected at three different times for each patient:
S1, S2, and S3. Poisson regression is the primary approach for modeling bacterial count data,
but it could not be used in the present study because the data were overdispersed with more
significant than average variation. Therefore, different variants of the Poisson model,
including the negative binomial model (BN) and the quasipoisson model were considered.
The ANOVA test was used to test the models (p < 0.05). The BN model was selected with the
introduction of random patient effects. The BN random-effects model was adjusted for the
significant differences in bacterial counts in S1 sample between the RB and XP-S and XP-F
treatments. There were significantly more bacterial counts in the RB treatment as compared to
the XP-S and XP-F treatment in S1 sample. Statistical analyses were performed using

Program R version 3.5.1, using the MASS and Ime4 packages.

Results

Groups 1 and 2 were instrumented and obturated in a single session. Patients were contacted
by phone 72 hours after treatment, and no patient reported acute postoperative pain, flare-up,
or any discomfort. It was not necessary to prescribe an analgesic or anti- inflammatory for any

patient.

For the inclusion of the tooth in the study, sterility control samples had to test negative for

PCR using universal primers and positive for bacterial presence in S1

Two samples were excluded from group 1 because they tested positive for sterility control in
the initial pre-instrumentation phase, but no sample was excluded from group 2. Two patients
were replaced by another two individuals selected from the dental clinic at Pontifical Catholic
University according to the inclusion/exclusion criteria. All teeth showed negative results for

sterility control and positive results for initial microbial count.

Quantitative data are summarized in Table 1. The reduction in the microbial count was
observed in both groups in phases S2 and S3. An average of 3.57 x 10° bacterial cells was
found in S1 samples and decreased sharply in the RB group after instrumentation to an
average of 3.08 x 10° (P < 0.001). The S2 sample represented 0.09% of S1 (99.91% bacterial
reduction). In the XP-S/XP-F group, an average of 2.62 x 10’ bacterial cells was found in the

S1 sample, which decreased markedly after instrumentation with XP-S to an average of 3.06
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x 10" (P < 0.001). The S2 sample represented 0.02% of S1 (99.88% of microbial reduction).
An average of 5.13 x 10 bacterial cells was observed after using the XP-F instrument, with a
total bacterial reduction of 99.98% of S1-S3 (P < 0.001). A marked intra-group bacterial
reduction (P < 0.001) can be seen in groups RB and XP-S/XP-F in phases S1, S2, and S3 (Fig.
1).

Quantitative assessment of inter-group microbial reduction is shown in Graph 2. The
microbial reduction data for S2 and S3 samples were compared between groups after
adjusting for the bacterial count in S1. There was no statistical difference between the groups
(P > 0.05) when analyzing the data in the S2 sample (Fig. 2). A marked bacterial reduction
was observed after obtaining the S3 sample following the use of the XP-F instrument (P <
0.01) when compared to the S2 sample. There was a statistically significant difference (P <
0.01) between the groups in S2 and S3.

Discussion

Endodontics has achieved significant advances in recent decades with the development of
new instruments (16,17). Despite this, a constant and permanent challenge for endodontists is
the preparation of the oval-shaped root canal. It represents a root area that is difficult to

access, clean, and obturate (12,16,25).

The new single-file instruments developed to prepare the root canal cannot contact all the
canal walls (12), resulting in the presence of necrotic pulp tissue and/or bacteria in the areas
that are not instrumented (14). Enlarging the root preparation with instruments of different

diameters does not solve the problem and increases the susceptibility to root fracture (30).

Different systems have been proposed to overcome the difficulties and limitations with the
instrumentation of oval-shaped canals, such as the TrueShape (Dentsply Tulsa Dental
Specialties) and Self-Adjusting file (ReDent NOV A, Ra’anana Israel) systems. These systems
were also not able to overcome all limitations and challenges (10). Research carried out with
micro-CT showed a large area of the root surface that remains unt(;uched in oval-shaped
canals, regardless of the instruments used (5,31,32). The effectiveness of these single file

instrumentation systems in reducing microbial load is still unknown in clinical studies.

The overall mean of bacterial reduction was 99.91% for RB and 99.88% for XP-S in S2
phase. The comparison between the groups in the S2 phase did not show statistical difference,

(P > 0.05). Thus, the first null hypothesis tested cannot be rejected. This result was different
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from the in vitro study observed by Alves et al. (28), where a more significant microbial
reduction was found in the XP-S group when compared with RB group using a saline solution

as an irrigating agent to evaluate only the mechanical effects of instrumentation (33).

The instrumentation of the teeth followed the protocol recommended by the manufacturer.
Due to the differences between the instrumentation protocols of both groups, possible
differences occurred in the irrigant retention time in the root canal. Given the absence of
significant differences between groups, these factors did not seem to influence the research
results. Besides, the use of 5.25% NaOCI played an essential role in the microbial reduction in
the groups (34).

The second result from this study indicated that a significant bacterial reduction of 99.98%
was observed in S3 phase after using the XP-F instrument, (P < 0.01). Thus, the second null
hypothesis was rejected. This is consistent with the results of previous in vitro studies (33—
36). In addition to that, Azim et al (37) concluded that XP endo Finisher appears to be more
efficient than other 3 techniques in disinfecting the main canal space. According to Debelian
and Trope (7), the XP-F instrument has a superior cleaning capacity over passive ultrasonic
irrigation to remove the bacterial biofilm. Its exclusive property of expanding and promoting
the agitation of the irrigating solution and adapting to the canal anatomy without removing the

dental structure, makes this instrument essential in endodontic treatment.

One of the limitations of this research was the method of obtaining biological samples with a
paper point, which only reveals the bacteriological conditions of the main canal and tissues in
its immediate vicinity. The bacteria located in areas of the isthmus, apical and lateral
ramifications, and dentinal tubules may not be detectable by paper point sampling (3). No

conclusions can be drawn regarding the total bacterial reduction of the entire RCS.

This research used the gPCR approach to evaluate the effect of microbial reduction by
different instrumentation systems. This culture-independent method can detect and quantify
cultivable bacteria, non-cultivable bacteria, or those difficult to culture, and it can be
considered an excellent option to evaluate the antibacterial effect of endodontic treatment on
human teeth with pulpal necrosis and asymptomatic apical periodontitis (11,38). However, as
it is a method based on DNA, one can also detect bacteria that were recently killed in the root

canal.

All instruments used in this study were effective in reducing the bacterial load. Despite the
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bacterial reduction after the instrumentation, all groups tested positive for bacterial presence,
which is in accordance with previous in vitro studies (27,39,40). Further studies regarding
rotary and reciprocating systems are required to investigate the efficacy of XP-F as a

supplementary approach.

In conclusion, within the limitations of this study, it can be concluded that the XP-endo
Shaper and Reciproc Blue systems sharply reduced the bacterial load in oval-shaped root
canals of teeth with primary apical periodontitis. The XP-endo Finisher used as a
supplementary instrument in the chemomechanical preparation promoted a significantly

higher bacterial reduction.
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TABLE 1. Total Bacterial Load in Root Canal Samples of Teeth with Apical
Periodontitis Collected before (S1) after Chemomechanical Preparation Using
Reciproc Blue and XP-endo Shaper (S2) and after Using XP-endo-Finisher (S3)

Groups S1 S2 S3
Reciproc Blue (n=14)
Mean 3,57 x10° 3,08 x 10°
Median 5,36 x10" 4,17 x 10
Range (S1-S2) 3,57 x 10°
Reduction (S1-S2 %) 99,91%
XP-endo Shaper/XP-endo Finisher (n=14)
Mean 2,62x10" 3,06 x10* 513x10°
Median 1,30x 10" 2,86x10* 2,74x10°
Range (S1-S2) 2,62 x 10’
Reduction (S1-S2 %) 99,88%
Range (S2-S3) 2,54 x 10*
Reduction (S2-S3 %) 83,20%
Range (S1-S3) 2,62 x 10’
Reduction (S1-S3 %) 99,98%
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Abstract

This randomized clinical study assesses In Vivo the use of XP-Endo Finisher (XP-F) as a final
irrigation protocol on the reduction of bacterial load in infected oval-shaped root canals.
Chemomechanical preparation was performed using 5.25% sodium hypochlorite (NaOCI) and
17% EDTA. A total of 28 human teeth with a single root and a single canal were randomly
assigned to two groups according to the instrumentation technique as follows: Group 1:
Reciproc Blue (RB) and Group 2: XP- Endo Shaper (XP-S) + XP-F. The instrumentation of
the teeth followed the protocol recommended by the manufacturer. In both groups, irrigants
were delivered using 30- G NaviTip needles taken up to 2 mm short of the working length.
Samples were taken from the canal at the baseline (S1), after chemomechanical preparation
(S2) and after XP-F (S3). The decline of the total bacterial levels was assessed employing the
quantitative real-time polymerase chain reaction (qQPCR). The data were analyzed using the
ANOVA test, and the level of significance was set at 5%. Both instrumentation techniques
were effective. Bacteria counts were substantially reduced after treatment procedures (P
<0.01). The results showed no statistical difference between RB and XP-S instruments (P>
0.05). A marked bacterial reduction was observed after the use of the XP-F (P <0.01). In
conclusion, our findings showed that Reciproc Blue and XP-Endo Shaper were effective in
reducing bacterial load in oval-shaped root canals. The use of XP-Endo Finisher as a final

irrigation protocol promoted a significantly higher bacterial reduction.

Descriptors: Bacterial reduction; Quantitative real-time polymerase chain reaction; Root

canal irrigation; Endodontic treatment.
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Introduction

The main objective of root canal treatment on an infected tooth is to eradicate
microorganisms as completely as possible or reducing them to levels that permit periradicular
tissue healing.! The success is directly related to microbial elimination, in order to disrupt the
delicate ecology and abstain persistent microorganisms from their nutritional source.? The
cleaning, shaping, disinfecting, and filling are of the vital importance steps to reach
endodontic treatment goals.

It is widely recognized that oval-shaped canals can be a challenging task for cleaning,
shaping, and disinfecting during chemical-mechanical preparation (CMP).>* Instruments with
different designs and concepts have emerged to deal with canals of complex anatomy,
including oval-shaped canals.” Irrespective of instruments design or technique, in oval-
shaped canals, the number of surfaces not touched by the instruments varies from 59.6% to
79.9%. *°

Single-file instrumentation systems have become widely used over the last decade to
shape root canals. The preparation with a single instrument provides time-saving and
simplicity compared to multiple rotary instruments systems.™® Reciproc Blue is a system that
uses reciprocating motions (RB; VDW, Munich, Germany). It was introduced by an
innovative manufacturing thermal process, resulting in a distinctive blue color due to a visible
titanium oxide layer on the surface of the instrument. RB instrument has a noncutting tip
enabling better centering between canal walls. Cutting performance and high efficiency are
provided with the association of S-shaped cross-section, taper, and cutting angles."* Recently,
XP- Endo Shaper was introduced as an innovative type of NiTi rotary instrument. It is made
from a special alloy, MaxWire (Martensite-Austenite electropolishfle-X). It is in the M phase
that has an initial taper of .01, but when exposed to body temperature, XP-endo Shaper
expands inside the canal to achieve a taper of .04. The Booster tip has six cutting edges,
which enables the file to enlarge the apical area, from a size #15 to #30, and respects the
trajectory of the canal. It is claimed to expand and contract to adapt itself to the canal
morphology, preparing areas of the root canal that conventional NiTi systems are unable to
access.'***

The XP-Endo Finisher (FKG Dentaire, La Chaux-de-Fonds) is also a new file that has
been introduced to be used after root canal instrumentation as an adjunctive approach to
improving the effectiveness of irrigation in endodontics. It is made of a special NiTi
proprietary alloy, MaxWire, and it consists in a small core size (tip size #25, nontapered),

which at room temperature is straight; however, when placed inside the canal, at body
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temperature, its apical portion expands and forms a spoon-like shape'® up to a 6 mm
diameter.”

The present randomized clinical study was undertaken to evaluate in vivo antibacterial
efficacy of XP-Endo Finisher as a final irrigation protocol on the reduction of bacterial load in
oval-shaped root canals during CMP using 5.25% NaOCI. The decline of the total bacterial
levels was assessed employing the quantitative real-time polymerase chain reaction (QPCR).
The null hypothesis was that there is no difference in bacterial reduction with the use of XP-

Endo Finisher as a final irrigation protocol.

Methodology
Patients and case selection

Approval for the study protocol was obtained from the Ethics Committee of the
Pontifical Catholic University of Minas Gerais, CAAE 9713.1918.7.0000.5137, and informed
consent was obtained from all individuals. Patients were selected for the treatment of
asymptomatic apical periodontitis associated with mature teeth at the. The inclusion criteria
consisted of teeth with a single root and a single canal presenting with a carious lesion with
intact pulp chamber walls and necrotic pulp as clinically confirmed by pulp sensibility tests
and clinical, radiographic evidence of primary apical periodontitis. The exclusion criteria
were teeth with extensive crown destruction by caries that could not be placed a rubber dam,
root or crown fracture, teeth subjected to previous endodontic treatment, symptomatic teeth,
patients who received antibiotic therapy within the previous three months and patients with
periodontal pockets deeper than 4 mm. Patients had no significant systemic conditions. The
teeth were radiographed in an orthogonal, mesial, and distal position, and only the root canals
that presented a buccolingual diameter four times greater than the mesiodistal diameter were

classified as oval and flat.*

Sample collection

Samples were collected from the root canals under strict asepsis, which included
scaling of the tooth and cleaning with pumice, caries, and previous coronal restorations
removed under saline irrigation. A rubber dam was applied, and before and after the
preparation of the access cavity, the operative field (tooth, clamp, and dam) was disinfected
and a two-step disinfection protocol with the sequential use of 3% H202 and 5.25% sodium
hypochlorite (NaOCI). The second approach was performed after access preparation and also

included the pulp chamber. Next, 5% sodium thiosulfate was used to inactivate NaOCI, and
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sterility control samples were taken from the internal surfaces of the cavosurface angle of the
access cavity by scrubbing with sterile paper points.*® The area sampled served as the sterility
control, where the paper points used later for taking root canal samples might accidentally
touch the access cavity walls. Paper points were transferred aseptically to a cryotube
containing Milli-Q® water and immediately frozen at -80[1C. For the inclusion of the tooth in
the study, these control samples had to be negative for end-point PCR using universal
bacterial primers, and the S1 sample had to be positive for bacterial presence. Before
chemomechanical procedures, an initial sample (S1) was taken from the root canal and served
as the baseline. Sterile 5% sodium thiosulfate solution was carefully irrigated in the root canal
without overflowing, and a K-type hand file # 15 type hand file (Dentsply Maillefer,
Ballaigues, Switzerland) was placed 1 mm short of the root apex as radiographically
determined. This instrument was gently used in a circumferential filing motion to suspend the
canal contents in the sodium thiosulfate solution. Sterile paper points were consecutively
placed in the canal to a level approximately 1 mm short of the radiographic root apex and
used to soak up the fluid in the canal. Each paper point was left in the canal for 1 min. Next,
paper points were added in tubes containing 1 ml of sterile milliq water, which were
homogenized in vortex for 3 minutes. Subsequently, the paper cones were removed with
sterile tweezrs and the tubes were cooled in -80 freezer. The same procedures were done to

obtain S2 and S3 samples after completion of instrumentation.

Chemomechanical preparation protocol

Teeth were randomly assigned to two groups according to the instrumentation
technique. Group-1 Reciproc Blue, (n = 14) and group-2, XP-Endo (n = 14). Accordingly,
two teeth in group-1 were excluded because of positive results in sterility controls. The canal
instrumentation was completed at the same appointment in all cases.

In both groups and after taken samples (S1), the root canal was irrigated with 5 mL
5.25% NaOCI. A glide path was established using a size 15K-file (Dentsply Maillefer,
Ballaigues, Switzerland) up to the apical foramen patency, based on an electronic apex locator
(Root ZX 11; J Morita, California, USA) and radiographs.

Reciproc Blue (RB) group, file (size 25, .08 taper) was introduced into the canal and
used on “Reciproc ALL” working mode as the manufacturer recommended, powered by an
electric motor (VDW Silver; VDW). The instrument was used in slow in-and-out motion of
approximately 3 mm in amplitude in the apical direction for 10s, using a gentle brushing

motion against the canal wall. After three apical movements, the file was removed from the
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canal and cleaned. The canal was subsequently irrigated with 5 mL of 5.25% NaOCI. Irrigants
were delivered using 30- G NaviTip needles (Ultradent, South Jordan, UT) taken up to 2 mm
short of the WL. This procedure continued twice until reaching the working length (28). The
apical foramen patency was checked with a size 20 k-type hand file after preparation. Next,
the root canal was irrigated with 5 mL 17% EDTA and then 5 mL 5.25% NaOCI to remove
the smear layer. It was dried with sterile paper points and flushed with 3 mL 5% sodium
thiosulfate for 1 minute for NaOCI inactivation, and a second sample after chemomechanical
preparation (S2) was taken from the root canal.

XP-Endo group, the instrument XP-Xndo Shaper (size 30, .01 taper) was introduced
into the canal and used on rotated mode at 800 rpm, 1 Ncm torque as the manufacturer
recommended, powered by an electric motor (VDW Silver; VDW). Each root canal was filled
with 5 mL of 5.25% NaOCI. The file was applied for 10s with slightly up-and-down
movements, gentle strokes, using an amplitude of 3 mm up to the WL. When the instrument
failed to reach it after the initial five strokes, the canals were irrigated with 5 mL of 5.25%
NaOCl, recapitulated, and preceded again with the XP-Endo Shaper instrument. Once the file
reached the WL, a total of 3 cycles of 10 more up-and-down movements were applied.
Irrigants were delivered using 30- G NaviTip needles (Ultradent, South Jordan, UT) taken up
to 2 mm short of the WL. The same procedures as described to remove the smear layer in
group 1 were done, and a second sample after chemomechanical preparation (S2) was taken
from the root canal. After that, canals were irrigated with 5 mL of 5.25%, the instrument XP-
Endo Finisher (size 25, taper .00) was inserted up to WL, and activated for 60s, rotated mode
at 800 rpm, 1 Ncm torque, with a slow and gentle lengthwise up and down movements of 7-
10 mm to contact the full length of the canal (29). Subsequently, the instrument was removed,
the root canal was dried with sterile paper points, and flushed with 3 mL 5% sodium
thiosulfate for 1 minute for NaOCI inactivation, and the third sample after chemomechanical

preparation (S3) was taken from the root canal.

DNA extraction and qPCR analysis

The total bacterial DNA of the samples was extracted with the aid of the MiniSpin
DNA extraction kit (Kasvi, Brazil), according to the manufacturer’s instructions, and
quantified using the NanoDrop ND-1000 spectrophotometer (Thermofisher, United States).
The total bacterial quantification was determined by qPCR using the Applied Biosystems
7500 Real-Time PCR System (Thermofisher, United States), using universal primers for the



78

16S rRNA gene (338F: TACGGGAGGCAGCAG; 518R: ATTACCGCGGCTGCTGG).
The assay was

performed with 1 uL of DNA template and 5 puL of Power SYBR Green PCR Master Mix
(Thermofisher, United States) at a final volume of 10 pL. The program consisted of a 10-
minute denaturation cycle at 95°C, followed by 40 cycles of 15s at 95°C and 60s at 60°C.
After 40 cycles, a melting curve with a ramp between 60°C and 95°C was determined with a
reading every 0.2°C using SYBR fluorescence. A standard curve was prepared from a 10-fold
serial dilution of the pool of all DNA extracted samples, which were amplified using
conventional PCR, and the same primers were used for gPCR (R2> 0.99, efficiency = 106%).

All samples were analyzed in triplicate, including the standard and controls.

Statistical analysis

The total bacterial count data were collected at three different times for each patient:
S1, S2, and S3. Poisson regression is the primary approach for modeling bacterial count data,
but it could not be used in the present study because the data were overdispersed with more
significant than average variation. Therefore, different variants of the Poisson model,
including the negative binomial model (BN) and the quasipoisson model were considered.
The ANOVA test was used to test the models (p < 0.05). The BN model was selected with the
introduction of random patient effects. The BN random-effects model was adjusted for the
significant differences in bacterial counts in S1 between the Reciproc Blue and XP-Endo
Shaper and XP-Endo Finisher treatments (there were significantly more bacterial counts in the
Reciproc blue treatment compared to the XP-Endo group in S1). Statistical analyzes were

performed using Program R version 3.5.1, using the MASS and Ime4 packages.

Results

For the inclusion of the tooth in the study, sterility control samples had to be negative
for PCR using universal primers and positive for initial sample S1, bacterial presence.

In group 1, two samples were excluded because they tested positive for sterility
control in the initial pre-instrumentation phase. In group 2, no sample was excluded from the
research. All teeth showed negative results for sterility control and positive results for the
initial microbial count.

Each instrument was used to prepare only one canal, and all teeth were obturated in a

single visit. All canals were prepared by a single operator who is a specialist in endodontics.
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The teeth were instrumented and obturated in a single session. Patients were contacted
by phone 72 hours after treatment, and no patient reported acute postoperative pain, flare-up,
or even discomfort.

Quantitative data are summarized in Table 1. The RB group, a mean number of 3.57 x
10° bacterial cells, was found in S1 samples and decreased sharply after instrumentation to a
mean of 3.08 x 10° (P <0.001). S2 represented 0.09% of S1 (99.91% bacterial reduction). In
the XP-endo Shaper / Finisher group, an average number of 2.62 x 10’ bacterial cells was
found in the S1 samples and decreased markedly after instrumentation with XP-endo Shaper
to an average of 3.06 x 10* (P <0.001). S2 represented 0.02% of S1 (99.88% of microbial
reduction). An average number of 5.13 x 10° was observed after using the XP-endo Finisher
instrument, to a total reduction of 99.98% in S1-S3 (P <0.001). A marked intra-group
bacterial reduction (P <0.001) can be seen in groups RB and XP-endo Shaper-Finisher in
phases S1, S2, S3 (Graph 1). Quantitative assessment of inter-group microbial reduction can
be seen in Graph 2. There was no statistical difference between the groups (P> 0.05) when
analyzing the data in S2 (Graph 2). The microbial reduction data for S2 and S3 were
compared between groups after adjusting for the bacterial count in S1. A marked bacterial
reduction was observed after obtaining the S3 sample after the use of the XP-F instrument (P
<0.01) when compared to S2. There was a statistically significant difference (P <0.01)

between groups when compared in S2 and S3.

Discussion

The ideal microbiological goal of the endodontic treatment of teeth with apical
periodontitis is the total eradication of microbial bioburden or at least reduce to levels
compatible with periradicular tissue healing.'® Oval-shaped canals pose a challenging task for
cleaning, shaping, and filling.>>!*? Different systems have been proposed to overcome the
difficulties and limitations with oval-shaped canals.®® However, they all produce a final round
shape*, leaving untouched fins or recesses on the buccal and lingual extensions.?*

Efforts have been expended toward developing adjunctive approaches to drive
irrigants to difficult-to-reach areas. One of these adjunctive approaches is passive ultrasonic
irrigation (PUI), which comprises the activation of an irrigant solution in the root canal using
ultrasonically files ou smooth noncutting wires.?> Conventional needle irrigation (CNI) uses a
needle adapted to a syringe associated with apical positive pressure. In this approach, the tip
was positioned 2 mm short from the working length to improve disinfection. This method is
claimed that it is not effective in the apical third of the root canal.?® The efficacy of PUI
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compared with CNI has been pointed out with some reports supporting the use of PUI?*®
whereas some studies did not find a difference.?#%

In all groups, the teeth were prepared accordingly to manufacturer protocol. A mean
volume of 25 mL of 5.25% NaOCI per root canal was irrigated using 30- G NaviTip needles,
flushed with a continuous flow of 5 mL during 90 seconds, and an average exposure time of
12 minutes counted from the first irrigation until final irrigation after the use of 17% EDTA.
Due to the differences between the instrumentation protocols of both groups, possible
differences occurred in the irrigant retention time in the root canal. Given the absence of
significant differences between groups, these factors do not seem to have influenced the
research results.

All instruments used in this study were capable of reducing bacterial load in vivo
evaluation in oval-shaped root canals. The overall mean of bacterial reduction was 99.91% for
RB and 99.88% for XP-endo Shaper in S2. There was no statistical difference between the
groups (P > 0.05). Quantitative assessment of inter-group microbial reduction was observed
after obtaining the S3 sample. There was a sharp difference between groups when compared
in S2 and S3. An average number of 5.13 x 10% was found after using the XP-endo Finisher
instrument, to a total reduction of 99.98% in S1-S3 (P <0.001). The association of XP-endo
Finisher used as a supplementary instrument to chemomechanical preparation promoted a
significantly higher bacterial reduction.

Therefore, the null hypothesis was rejected.

This finding is in line with Azim et al.?’

, Who investigated the antibacterial benefits of
using XP-Endo Finisher and reported the most significant bacterial reduction in the main
canal (98.2%). This is also corroborated with Bao et al.®®, who concluded that XP-Endo
Finisher used as an agitation technique might help remove biofilm from hard-to-reach areas in

1.2 in line with our results, showed that the use of XP- F

the root canal system. Carvalho et a
as a method of agitation of the irrigating solution improved the cleaning efficiency in the

reduction of bacterial load in oval-shaped canals irrespective of files system tested.

Conclusion
In conclusion, our findings showed that Reciproc Blue and XP-Endo Shaper were
effective in reducing bacterial load in oval-shaped root canals. The use of XP-Endo Finisher

as a final irrigation protocol promoted a significantly higher bacterial reduction.
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Figure Legends
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Figure 1. Quantitative assessment of intra-group microbial reduction

® - B Reciproc Blue
—
§ 8- = XP- endo Shaper/ XP- endo Finisher
Q %
S 6+ ]T:
™
8
L=
- 2_
g
0= T T T
51 52 53

Treatment phase
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Table 1: Mean (+ SD) of total bacterial counts before and after the instrumentation in

the different groups
Reciproc Blue 3,57 x 10° (£10%) 3,08 x 10° (£10%)
XP- Endo Shaper 2,62 x 10 (¥10%) 3,06 x 10* (£10%)

XP- Endo Shaper +

7 (102 3, .
XP- Endo Finisher 2,62 x 10" (£10°) 5,13 x 10° (+10)
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8 CONSIDERACAOES FINAIS

A endodontia conquistou significativos avangos nas Gltimas décadas com o
desenvolvimento de novos instrumentos (PETERS, 2004; PLOTINO, GRANDE; PORCIANI,
2015). Apesar disso, uma preocupagdo constante e permanente desafio para os endodontistas
é o preparo do canal radicular de formato oval. Representa uma area da raiz de dificil acesso
para instrumentar, limpar e realizar a obturacdo (PETERS, 2004; VERSIANI et al., 2013;
VERSIANI; PECORA; DE SOUSA-NETO, 2011).

Os novos instrumentos desenvolvidos para instrumentar o canal radicular com lima
Unica também ndo sdo capazes de tocar todas as paredes da raiz (VERSIANI et al., 2013) e
deixam &reas ndo instrumentadas com presenca de restos de tecido pulpar vivo, necrético e ou
bactérias (SIQUEIRA JUNIOR et al., 2018a; SIQUEIRA JUNIOR et al., 2018b). Estes
sistemas de instrumentacdo também ndo foram capazes de superar todas as limitagcdes e
desafios (ZUOLO et al., 2018). O alargamento do preparo radicular com instrumentos de
diferentes diametros ndo soluciona o problema e ainda aumenta a susceptibilidade a fratura
radicular (PRADO et al., 2016).

O presente estudo avaliou a capacidade de limpeza e desinfeccdo do SCR com uso de
Reciproc Blue e XP-endo Shaper e Finisher no preparo do canal radicular de dentes com
necrose pulpar e com periodontite apical cronica, de formato oval ou achatado. Neste estudo,
amostras de controle de esterilidade foram avaliadas por qPCR e produziram resultados
negativos, confirmando que o protocolo de desinfeccdo foi eficaz na eliminacdo de
microrganismos presentes na coroa.

Ambos sistemas de instrumentacdo foram significativamente eficazes na reducgédo da
contagem bacteriana total. A média total de reducdo bacteriana foi de 99,91% para RB e
99,88% para XP-endo Shaper em S2 e 99,98% em S3 (XP-S + XP-F). A comparacdo da
reducdo bacteriana em S2 ndo mostrou reducdo bacteriana significativa entre os grupos. Este
resultado foi divergente do estudo in vitro observado por Alves et al. (2018), quando uma
maior redugdo microbiana foi observada no grupo XP-endo Shaper quando utilizou como
agente irrigante solucdo salina para avaliar apenas os efeitos mecéanicos da instrumentagao.
No presente estudo, uma significativa reducao bacteriana foi observada em S3 ap0s 0 uso do
instrumento XP-endo Finisher, com menor nimero de bactérias presentes quando avaliados
por gPCR real-time. Apesar da reducdo bacteriana, todos os grupos foram positivos para a
presenca bacteriana, consonante com outras pesquisas (BYSTROM; SUNVQVIST, 1985;
NEVES et al., 2016; SIQUEIRA JUNIOR; MAGALHAES; ROCAS, 2007; SJOGREN et al.,
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1997).

A instrumentacdo dos dentes seguiu o protocolo recomendado pelo fabricante. Cada
canal radicular foi instrumentado com um dnico instrumento e cada instrumento foi utilizado
para preparar apenas 1 canal. Um volume total de 25 mL de NaOCI a 5,25% foi irrigado por
canal e um tempo médio de exposic¢do de 10 minutos contado a partir da primeira irrigacdo até
irrigacdo final apos uso de EDTA foi realizado em ambos os grupos. Em razéo das diferencgas
entre os protocolos de instrumentacdo de ambos 0s grupos, eventuais diferencas ocorreram no
tempo de retencdo do irrigante no canal radicular. Dada a auséncia de diferencas significativas
entre 0s grupos, esses fatores ndo parecem ter influenciado os resultados da pesquisa. Além
disso, a utilizacdo do NaOCI a 5,25% pode ter exercido um papel importante na reducao
microbiana dos grupos (RETAMOZO et al.,, 2010). Para eliminar variabilidade entre
operadores, apenas um profissional especialista em endodontia e com expertise com 0s
sistemas pesquisados executou todos os procedimentos. A utilizacdo do EDTA 17% ap6s 0
uso do NaOCI foi realizado nesta pesquisa porque € o protocolo mais referenciado no
tratamento endoddntico para a remocgao do smear layer (LOTTANTI et al., 2009).

Uma limitacdo desta pesquisa refere-se a forma de obtencdo das amostras bioldgicas
com cone de papel que pode revelar apenas as condi¢des bacteriologicas do canal principal.
Bactérias localizadas em areas de istmo, ramificacGes apicais, laterais e tubulos dentinarios
podem ndo ser detectaveis por amostragem com cone de papel (VERA et al., 2012). Nenhuma
conclusédo pode ser tomada em relacao a total reducéo bacteriana de todo o SCR.

Esta pesquisa utilizou como método para avaliar o efeito da reducédo bacteriana pelos
sistemas de instrumentacdo a abordagem gqPCR. Este método independente de cultura pode
detectar e quantificar além de bactérias cultivaveis, bactérias nao-cultivaveis ou de dificil
cultivo, e pode ser considerado como uma excelente opcdo para se avaliar o efeito
antibacteriano do tratamento endoddntico em dentes humanos com necrose pulpar e
periodontite apical (ROCAS et al., 2014; VIANNA et al., 2007). Porém, como é um método
baseado no DNA, pode-se detectar bactérias que morreram no canal, ou seja, bactérias ndo
viaveis.

Este é o primeiro estudo clinico randomizado que investigou a eficacia do sistema
Reciproc Blue, XP-endo Shaper associado a XP-endo Finisher na reducéo da carga bacteriana
em canais radiculares de formato oval ou achatado durante o preparo quimico-mecanico com
NaOCl 5,25% e EDTA 17%, em dentes humanos. Todos os instrumentos utilizados neste
estudo foram eficazes na reducdo da carga bacteriana nos canais radiculares de formato oval.

A utilizacdo do instrumento XP-endo Finisher reduziu consideravelmente a carga microbiana
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apos o uso de XP-endo Shaper. Este resultado estd em acordo com outras pesquisas
(ALVES et al., 2016; AZIM et al., 2016; BAO et al., 2017; CARVALHO et al., 2019).

O instrumento XP-F tem sido investigado por meio de pesquisas in vitro com
resultados promissores em relacdo reducdo da carga bacteriana. O estudo de Azim et al.
(2016) investigaram a eficicia de 04 sistemas de irrigacdo na eliminacdo bacteriana no canal
principal e particularmente nos tabulos dentinérios. O uso de XP-F promoveu uma reducdo
bacteriana significativa e superior em relacdo aos outros sistemas. Alves et al. (2016)
avaliaram o efeito coadjuvante de XP-F e a irrigacdo ultrassénica passiva apds o preparo
quimico-mecéanico com BT Race e NaOCI 2,5% na desinfeccdo de canais mandibulares. Uma
reducdo significativa na contagem microbiana foi alcan¢ada no canal principal apos o preparo
quimico-mecanico com instrumento XP-F. O estudo de Bao et al. (2017) concluiu que o
instrumento XP-F usado como instrumento suplementar na agitacdo da solugéo irrigante pode
ajudar a remover o biofilme de areas inacessiveis no sistema de canais radiculares. Carvalho
et al. (2019), em linha com nossos resultados, mostrou que o uso do XP-F como método de
agitacdo da solucdo irrigante melhorou a eficiéncia da limpeza e a reducdo da carga bacteriana
em canais ovais.

De acordo com Debelian e Trope (2015), o instrumento XP-F apresenta uma
capacidade superior de limpeza em relagéo a irrigacdo ultrassonica passiva para remover o
biofilme bacteriano. Sua propriedade exclusiva de expandir e promover a agitacdo da solugéo
irrigante adaptar-se as paredes do canal sem remover estrutura dentaria e tocar todas as
paredes torna este instrumento um importante aliado no tratamento endoddntico
(DEBELIAN; TROPE, 2015).

O estudo de Pérez et al. (2020) avaliou em molares superiores e inferiores extraidos, a
capacidade de limpeza, formatacdo e desinfeccdo dos sistemas XP-endo Shaper (FKG
Dentaire, La Chaux-deFonds, Suica) e Reciproc Blue (VDW, Munique, Alemanha). De forma
semelhante ao nosso trabalho, os canais foram preparados seguindo o protocolo de
instrumentacéo dos fabricantes, mas irrigados com volume e concentracdo menor de NaOCI,
com o total de 5 mL de NaOCl 2.5% e 5 mL de solucdo de EDTA 17% ao final da
instrumentagdo. Ndo houve diferenca estatistica ente os grupos (P >0.05) quanto a presenca
de bactérias remanescentes nos canais em todas as se¢des examinadas por micro-CT e exame
histobacterioldgico. Este resultado foi em linha com nossa pesquisa, onde os sistemas RB e
XP-S apresentaram desempenho semelhante na eliminacgdo bacteriana.

Siddique et al. (2020) avaliaram por meio de um ensaio clinico randomizado a

efetividade antibacteriana dos sistemas XP-endo Shaper, Protaper Next, Protaper Gold usando
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a metodologia qPCR em dentes com necrose pulpar e periodontite apical assintomatica.
Difere da nossa pesquisa a metodologia utilizada, com dentes unirradiculares com canal Unico
e multirradiculares, sendo a raiz distal de molares inferiores e palatina de molares superiores,
concentragdo de NaOCI a 3% e volume total utilizado de 15 mL. A redugdo percentual total
da carga bacteriana de XP-S foi de 99,50%, superior aos valores alcangados por ProTaper
Next (98,81%) e ProTaper Gold (95,72%). No entanto, os dados quantitativos em S2 nao
revelaram diferenca estatistica significativa entre os grupos (P > 0.05).

Na literatura, existem atualmente 47 artigos relacionados aos instrumentos XP-S e XP-
F, sendo o estudo de Siddique et al. (2020) o Unico ensaio clinico randomizado com o
instrumento XP-S.

Esta pesquisa foi inédita por ter sido a primeira a relatar o emprego do instrumento
XP-F associado a XP-S no preparo quimico-mecanico com vistas a reducdo bacteriana em
canais radiculares de formato oval, com necrose pulpar e periodontite apical assintoméatica em
um estudo clinico randomizado. Os resultados evidenciaram que os sistemas XP-endo Shaper
e Reciproc Blue reduziram de forma similar e significativa a carga bacteriana. O ineditismo
do presente trabalho foi demonstrar que o instrumento XP-endo Finisher, usado de forma
conjugada e na tecnica recomendada pelo fabricante, promoveu uma reducdo bacteriana

superior em rela¢éo aos outros dois métodos utilizados.



91

REFERENCIAS

ALVES, F.R.F. et al. Adjunctive steps for disinfection of the mandibular molar root canal
system: a correlative bacteriologic, micro—computed tomography, and cryopulverization
approach. Journal of Endodontics, v.42, n.11, p. 1667-1672, 2016.

ALVES, F.R.F. et al. Bacteria and hard tissue debris extrusion and intracanal bacterial
reduction promoted by xp-endo shaper and reciproc instruments. Journal of Endodontics,
v.44,n.7, p. 1173-1178, 2018.

AZIM, A.A. et al. Efficacy of 4 irrigation protocols in killing bacteria colonized in dentinal
tubules examined by a novel confocal laser scanning microscope analysis. Journal of
Endodontics, v.42, n.6, p. 928-934, June 2016.

BAO, P. et al. In vitro efficacy of xp-endo finisher with 2 different protocols on biofilm
removal from apical root canals. Journal of Endodontics, v.43, n.2, p. 321-325, 2017.

BEDIER, M.M.; HASHEM, A.A.R.; HASSAN, Y.M. Improved dentin disinfection by
combining different-geometry rotary nickel-titanium files in preparing root canals.
Restorative Dentistry & Endodontics, v.43, n.4, p. 1-10, 2018.

BUSQUIM, S. et al. A micro-computed tomography evaluation of long-oval canal
preparation using reciprocating or rotary systems. International Endodontic Journal, v.48,
n.10, p. 1001-1006, 2015.

BYSTROM, A.; SUNVQVIST, G. The antibacterial action of sodium hypochlorite and
EDTA in 60 cases of endodontic therapy. International Endodontic Journal, v.18, n.1, p.
35-40, 1985.

CARVALHO, M.C. et al. Effectiveness of XP-Endo Finisher in the reduction of bacterial
load in oval-shaped root canals. Brazilian Oral Research, v.33, p. 1-8, 2019.

CHEUNG, G.S.P. Instrument fracture: mechanisms, removal of fragments, and clinical
outcomes. Endodontic Topics, v. 16, n. 1, p. 1-26, 2007.

CLARK DALTON, B. et al. Bacterial reduction with nickel-titanium rotary instrumentation.
Journal of Endodontics, v.24, n.11, p. 763-767, 1998.

DE-DEUS, G. et al. Blue thermomechanical treatment optimizes fatigue resistance and
flexibility of the reciproc files. Journal of Endodontics, v.43, n.3, p. 462-466, 2017.

DE-DEUS, G. et al. Micro-CT comparison of XP-endo Finisher and passive ultrasonic
irrigation as final irrigation protocols on the removal of accumulated hard-tissue debris from
oval shaped-canals. Clinical Oral Investigations, v.23, n.7, p. 3087-3093, 2019a.

DE-DEUS, G. et al. Shaping efficiency as a function of time of a new heat-treated instrument.
International Endodontic Journal, v.52, n.3, p. 337-342, 2019b.

DEBELIAN, G.; TROPE, M. Cleaning the third dimension. Endodontic Practice, v.8, n.6,



92

p. 18-21, 2015.

FKG SWISS ENDO. XP endo shaper. Swilzerland, 2020a. Disponivel em:
<https://www.fkg.ch/products/endodontics/canal-shaping-and-cleaning/xp-endo-shaper>.
Acesso em: 25 de out. 2020.

FKG SWISS ENDO. XP endo finisher. Swilzerland, 2020b. Disponivel em:
<https://www.fkg.ch/products/endodontics/canal-shaping-and-cleaning/xp-endo-finisher>.
Acesso em: 25 de out. 2020.

HEILBORN, C. et al. Cleaning efficacy of an apical negative-pressure irrigation system at
different exposure times. Quintessence international (Berlin, Germany: 1985), v.41, n.9, p.
759-767, 2010.

HUFFAKER, S.K. et al. Influence of a passive sonic irrigation system on the elimination of
bacteria from root canal systems: A clinical study. Journal of Endodontics, v.36, n.8, p.
1315-1318, 2010.

HUQUIE, J. et al. Bacterial eradication from root dentine by ultrasonic irrigation with sodium
hypochlorite. International Endodontic Journal, v.31, n.4, p. 242-250, 2002.

HUTH, K.C. et al. Effectiveness of ozone against endodontopathogenic microorganisms in a
root canal biofilm model. International Endodontic Journal, v.42, n.1, p. 3-13, 20009.

LACERDA, M.F.L.S. et al. Cleaning and shaping oval canals with 3 instrumentation systems:
a correlative micro—computed tomographic and histologic study. Journal of Endodontics,
v.43,n.11, p. 1878-1884, 2017.

LEONI, G.B. et al. Ex vivo evaluation of four final irrigation protocols on the removal of
hard-tissue debris from the mesial root canal system of mandibular first molars. International
Endodontic Journal, v.50, n.4, p. 398-406, 2017.

LOTTANTI, S. et al. Effects of ethylenediaminetetraacetic, etidronic and peracetic acid
irrigation on human root dentine and the smear layer. International Endodontic Journal,
v.42,n.4, p. 335-343, 20009.

METZGER, Z. et al. The quality of root canal preparation and root canal obturation in canals
treated with rotary versus self-adjusting files: A three-dimensional micro-computed
tomographic study. Journal of Endodontics, v.36, n.9, p. 1569-1573, 2010.

MOLANDER, A. et al. Microbiological status of root-filled teeth with apical periodontitis.
International Endodontic Journal, v.31, n.1, p. 1-7, 1998.

MUYZER, G.; DE WAAL, E.C.; UITTERLINDEN, A.G. Profiling of complex microbial
populations by denaturing gradient gel electrophoresis analysis of polymerase chain reaction-
amplified genes coding for 16S rRNA. Applied and Environmental Microbiology, v.59,
n.3, p. 695-700, 1993.

NEVES, M.AS. et al. Clinical antibacterial effectiveness of root canal preparation with


https://www.fkg.ch/products/endodontics/canal-shaping-and-cleaning/xp-endo-shaper
https://www.fkg.ch/products/endodontics/canal-shaping-and-cleaning/xp-endo-finisher

93

reciprocating single-instrument or continuously rotating multi-instrument systems. Journal
of Endodontics, v.42, n.1, p. 25-29, 2016.

OLIET, S. Single-visit endodontics: A clinical study. Journal of Endodontics, v.9, n.4, p.
147-152, 1983.

PAIVA, S.S.M. et al. Molecular microbiological evaluation of passive ultrasonic activation as
a supplementary disinfecting step: A clinical study. Journal of Endodontics, v.39, n.2, p.
190-194, 2013a.

PAIVA, S.S.M. et al. Clinical antimicrobial efficacy of NiTi rotary instrumentation with
NaOCl irrigation, final rinse with chlorhexidine and interappointment medication: A
molecular study. International Endodontic Journal, v.46, n.3, p. 225-233, 2013b.

PAQUE, F. et al. Preparation of oval-shaped root canals in mandibular molars using nickel-
titanium rotary instruments: a micro-computed tomography study. Journal of Endodontics,
v.36, n.4, p. 703-707, 2010.

PARASHOQOS, P.; GORDON, I.; MESSER, H.H. Factors influencing defects of rotary nickel-
titanium endodontic instruments after clinical use. Journal of Endodontics, v.30, n.10, p.
722-725, 2004.

PEKRUHN, R.B. The incidence of failure following single-visit endodontic therapy. Journal
of Endodontics, v.12, n.2, p. 68-72, 1986.

PEREZ, A.R. et al. Cleaning, Shaping and disinfecting abilities of 2 instruments systems as
evaluated by a correlative micro-ct tomographica and histobacteriological approach. Journal
of Endodontics, v.46, n.6, p. 846-857, 2020.

PETERS, O.A. Current challenges and concepts in the preparation of root canal systems: a
review. Journal of Endodontics, v.30, n.8, p. 559-567, Aug. 2004.

PETERS, O.A.; ARIAS, A.; PAQUE, F. A Micro-computed tomographic assessment of root
canal preparation with a novel instrument, trushape, in mesial roots of mandibular molars.
Journal of Endodontics, v.41, n.9, p. 1545-1550, 2015.

PLOTINO, G.; GRANDE, N.M.; PORCIANI, P.F. Deformation and fracture incidence of
Reciproc instruments: A clinical evaluation. International Endodontic Journal, v.48, n.2, p.
199-205, 2015.

PRADO, M. et al. Resistance to vertical root fracture of root filled teeth using different
conceptual approaches to canal preparation. International Endodontic Journal, v.49, n.9, p.
898-904, 2016.

RETAMOZO, B. et al. Minimum contact time and concentration of sodium hypochlorite
required to eliminate Enterococcus faecalis. Journal of Endodontics, v.36, n.3, p. 520-523,
2010.

ROCAS, I.N. et al. Susceptibility of as-yet-uncultivated and difficult-to-culture bacteria to
chemomechanical procedures. Journal of Endodontics, v.40, n.1, p. 33-37, 2014.


https://www.ncbi.nlm.nih.gov/pubmed/15273636

94

SHAFFER, E. Irrigation of the root canal. Endo, v.1, n.1, p. 11-27, 2007.

SHUPING, G.B. et al. Reduction of intracanal bacteria using nickel-titanium rotary
instrumentation and various medications. Journal of Endodontics, v.26, n.12, p. 751-755,
2000.

SIDDIQUE, R. et al. Comparison of antibacterial effectiveness of three rotary file system
with

different geometry in infected root canals before and after instrumentation—a double-blinded

randomized controlled clinical trial. British Dental Journal Open, v.6, n. 8, p. 1-7, 2020.

SIQUEIRA JUNIOR, J.F. et al. Evaluation of the effectiveness of sodium hypochlorite used
with three irrigation methods in the elimination of Enterococcus faecalis from the root canal,
in vitro. International Endodontic Journal, v.30, n.4, p. 279-282, 1997.

SIQUEIRA JUNIOR, J.F. et al. Mechanical reduction of the bacterial population in the root
canal by 3 instrumentation techniques. Journal of Endodontics, v.25, n.5, p. 332-335, 1999.

SIQUEIRA JUNIOR, J.F. et al. What happens to unprepared root canal walls: a correlative
analysis using micro-computed tomography and histology/scanning electron microscopy.
International Endodontic Journal, v.51, n.5, p. 501-508, 2018a.

SIQUEIRA JUNIOR, J.F. et al. Unprepared root canal surface areas: Causes, clinical
implications, and therapeutic strategies. Brazilian Oral Research, v.32, p. 1-19, 2018b.

SIQUEIRA JUNIOR, J.F.; MAGALHAES, K.M.;: ROCAS, I.N. Bacterial reduction in
infected root canals treated with 2.5% naocl as an irrigant and calcium
hydroxide/camphorated paramonochlorophenol paste as an intracanal dressing. Journal of
Endodontics, v.33, n.6, p. 667-672, 2007.

SIQUEIRA JUNIOR, J.F.; ROCAS, I.N. Clinical implications and microbiology of bacterial
persistence after treatment procedures. Journal of Endodontics, v.34, n.11, p. 1291-1301.e3,
2008.

SJOGREN, U. et al. Influence of infection at the time of root filling on the outcome of
endodontic treatment of teeth with apical periodontitis. International Endodontic Journal,
v.30, n.5, p. 297-306, 1997.

SUNDQVIST, G. Ecology of the root canal flora. Journal of Endodontics, v.18, n.9, p. 427-
430, 1992.

SUNDQVIST, G. et al. Microbiologic analysis of teeth with failed endodontic treatment and
the outcome of conservative re-treatment. Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontics, v.85, n.1, p. 86-93, 1998.

TROPE, M.; DELANO, E.O.; @RSTAVIK, D. Endodontic treatment of teeth with apical
periodontitis: Single vs. multivisit treatment. Journal of Endodontics, v.25, n.5, p. 345-350,
1999.



95

UREYEN KAYA, B. et al. Mechanical reduction in intracanal Enterococcus faecalis when
using three different single-file systems: an ex vivo comparative study. International
Endodontic Journal, v.52, n.1, p. 77-85, 2019.

VDW. Reciproc blue. Munich, 2020. Disponivel em: <https://www.vdw-
dental.com/en/products/detail/reciproc-blue/>. Acesso em: 25 de out. 2020.

VERA, J. et al. One- versus two-visit endodontic treatment of teeth with apical periodontitis:
A histobacteriologic study. Journal of Endodontics, v.38, n.8, p. 1040-1052, 2012.

VERSIANI, M.A. et al. Micro-computed tomography study of oval-shaped canals prepared
with the self-adjusting file, reciproc, waveone, and protaper universal systems. Journal of
Endodontics, v.39, n.8, p. 1060-1066, 2013.

VERSIANI, M.A.; PECORA, J.D.; DE SOUSA-NETO, M.D. Flat-oval root canal preparation
with self-adjusting file instrument: A micro-computed tomography study. Journal of
Endodontics, v.37, n.7, p. 1002-1007, 2011.

VIANNA, M.E. et al. Effect of root canal procedures on endotoxins and endodontic
pathogens. Oral Microbiology and Immunology, v.22, n.6, p. 411-418, 2007.

WALTIMO, T. et al. Clinical efficacy of treatment procedures in endodontic infection control
and one year follow-up of periapical healing. Journal of Endodontics, v.31, n.12, p. 863-
866, 2005.

WALTON, R.E. Histologic evaluation of different methods of enlarging the pulp canal space.
Journal of Endodontics, v.2, n.10, p. 304-311, 1976.

WU, M.K. et al. Prevalence and extent of long oval canals in the apical third. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontics, v.89, n.6, p. 739-743,
2000.

YARED, G. Canal preparation using only one Ni-Ti rotary instrument: Preliminary
observations. International Endodontic Journal, v.41, n.4, p. 339-344, 2008.

ZAND, V. et al. Smear layer removal evaluation of different protocol of Bio Race file and
XPendo Finisher file in corporation with EDTA 17% and NaOCI. Journal of Clinical and
Experimental Dentistry, v.9, n.11, p. €1310-e1314, 2017.

ZHAO, Y. et al. Evaluation of several instrumentation techniques and irrigation methods on
the percentage of untouched canal wall and accumulated dentine debris in C-shaped canals.
International Endodontic Journal, v.52, n.9, p. 1354-1365, 2019.

ZUOLO, M.L. et al. Micro-CT assessment of the shaping ability of four root canal
instrumentation systems in oval-shaped canals. International Endodontic Journal, v.51, n.5,
p. 564-571, 2018.


https://www.vdw-dental.com/en/products/detail/reciproc-blue/
https://www.vdw-dental.com/en/products/detail/reciproc-blue/

97

ANEXO A - Parecer Consubstanciado do Comité de Etica em Pesquisa PUC Minas

PONTIFICIA UNIVERSIDADE

CATOLICA DE MINAS GERAIS Wﬂ\o
PUCMG

'PARECER CONSUBSTANCIAD

DADOS DA EMENDA

Titulo da Pesquisa: ESTUDO DA CAPACIDADE DE LIMPEZA E DESINFECCAO DO SISTEMA DE
CANAIS RADICULARES COM O USQO DE RECIPROC BLUE E XP-ENDO SHAPER

Pesquisador: RODRIGO RODRIGUES AMARAL

Area Tematica:

Versao: 3

CAAE: 97131918.7.0000.5137

Instituicao Proponente: Pontificia Universidade Catdlica de Minas Gerais - PUCMG
Patrocinador Principal: Pontificia Universidade Catdlica de Minas Gerais - PUCMG
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Numero do Parecer: 2.226.649

Apresentacao do Projeto:

A maioria das falhas e insucessos do tratamento endodéntico esta relacionada a persisténcia de
microrganismos resistentes ao preparo quimico-mecanico e/ou a medicacdo intracanal. A proposta inicial
deste estudo & utilizar dentes com Indicacdo de tratamento endodéntico, com periodontite apical crdnica,
com formato oval ou achatado para obtengdo de amostras microbiologicas antes e apos a Instrumentagédo
do SCR com 3 pontas papel absorventes. Sera feita avaliagao qualitativa em 12 incisivos inferiores, grupe-1
SAF (n=6) e grupo-2 XP-endo Shaper (n=6) com indica¢do de exodontia, que receberdo tratamento
endodontico em sess30 unica e obturacdo do SCR. O grupo 3 (n=2) sera o grupo controfe positivo. Nesta
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- Avaliar guantitativamente e qualitativamente a microbicta do SCR de dentes humanos infectados. in vivo,
antes e apos o preparc quimico-mecanico com o© sisterna SAF e instrumento XP-endo Shaper por meio de
qPCR real time e por estudo histobacterioldgico.
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Objetivos Secundarios

a) quantificar a carga microbiana dos canais radiculares através da técnica de sequenciamento de nova
geracdo do 16S rRNA, antes e apés o preparo quimico-mecanico com SAF, in vivo, por meio de gPCR real
time;

b} quantificar a carga microbiana dos canais radiculares através da técnica de sequenciamento de nova
geracdo do 16S rRNA, antes e apds o preparo quimico-mecanico com XP-endo Shaper, in vivo, por meio de
gPCR real time;

c) avaliar qualitativamente, in vivo, através de método histobacterioldgico a presenca de microrganismos
remanescentes nos canals radiculares nos tergos médio e apical da ralz, pela técnica modificada de Brown e
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ANEXO B - Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do Projeto: ESTUDO COMPARATIVO IN VIVO DA CAPACIDADE DE
LIMPEZA E DESINFECCAO DO SISTEMA DE CANAIS RADICULARES COM O
USO DE RECIPROC BLUE E XP-ENDO SHAPER.

Prezado Sr(a),

Vocé esta sendo convidado a participar de uma pesquisa que avaliard a capacidade de limpeza
e eliminacdo de bacterias em canais radiculares (canal do dente) de pacientes atendidos na
clinica da Faculdade de Odontologia da Pontificia Universidade Catélica de Minas Gerais
(PUC Minas). Os canais radiculares, quando saudaveis, ndo apresentam em seu interior a
presenca de bactérias. Contudo, na maioria das vezes, quando contaminados por bactérias a
partir de lesGes de carie, necessitam ser tratados devido a presenca de bactérias que
alcancaram o canal, e consequentemente atingiram a regido do o0sso causando as chamadas
lesbes periapicais. O tratamento correto que o(a) Sr.(a) terd nessa clinica sera a limpeza
(desinfeccdo) e, posteriormente, obturacdo dos canais radiculares, ou seja, o preenchimento
deste canal vazio com uma substancia apropriada. Caso o dente ndo seja viavel ou possivel
recupera-lo, o tratamento reduzira a quantidade de bactérias para ter posteriormente o dente

ser extraido. O (A) Sr.(a) comparecera a clinica no minimo duas vezes para esse tratamento.

Vocé foi selecionado(a) a participar deste estudo por que possui um dente que necessita de
tratamento de canal, devido a presenca de uma infeccdo. Para que decida ou ndo participar
desta pesquisa, vocé deve entender o suficiente a respeito do protocolo, de modo a fazer um
julgamento preciso. Apos tirar radiografia e definir o diagndstico, o paciente sera submetido
a coleta, inserindo-se um cone de papel absorvente no interior dos canais radiculares. Todos
0s pacientes receberdo tratamento de canal, a ser realizado na PUC Minas, situada na cidade
de Belo Horizonte MG, obedecendo as normas da instituicdo. Apds a coleta, as amostras
serdo levadas ao Laboratorio de Microbiologia para serem processadas. Se houver alguma
duvida que vocé ndo tenha entendido sobre este estudo, apos a leitura deste consentimento

informado, por favor, dirija suas perguntas ao Dentista Rodrigo Rodrigues Amaral.

Os riscos na participacdo da pesquisa sd0 0s mesmos referentes ao tratamento de canal.
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Podera ocorrer o aparecimento de dor ou inflamacdo apds o tratamento, que poderdo ser
diminuidos com o atendimento adequado ou de emergéncia. Caso necessite, o Dr. Rodrigo

Rodrigues Amaral indicara o atendimento de emergéncia (ligar para ele se isto acontecer).

Sua participagdo é muito importante e voluntaria e, consequentemente, ndo havera pagamento
por participar desse estudo. VVocé tem o direito de se recusar em participar ou retirar-se do
estudo a qualquer momento ndo havendo nenhum prejuizo pessoal se esta for a sua decisao.

Caso recuse, mesmo assim o seu dente sera tratado normalmente.

As informacdes obtidas nesse estudo seréo confidenciais, sendo assegurado o sigilo sobre sua
participacdo em todas as fases da pesquisa, € quando da apresentacdo dos resultados em
publicacdo cientifica ou educativa, uma vez que 0s resultados serdo sempre apresentados

como retrato de um grupo e nao de uma pessoa.

Todo material coletado durante a pesquisa ficarda sob a guarda e responsabilidade do

pesquisador responsavel pelo periodo de 5 (cinco) anos e, apos esse periodo, serd destruido

As informacdes obtidas com a sua participacdo podem resultar no melhor entendimento na
limpeza e eliminacdo de bactérias nos pacientes portadores de infeccdo endodontica (de
canal). De toda forma, o principal beneficio serd a realizagéo do tratamento endodéntico sem
custo e consequentemente eliminar a causa da infeccdo do canal que serd por meio da
eliminacdo de bactérias. Mesmo quando o dente ndo for mais recuperavel, a extracdo do dente
sera realizada em condicGes mais saudaveis com menor quantidade de bactérias presentes.

Para todos os participantes, em caso de eventuais danos decorrentes da pesquisa, sera

observada, nos termos da lei, a responsabilidade civil.

Vocé receberd uma via deste termo onde consta o telefone e o endereco do pesquisador
responsavel, podendo tirar suas duvidas sobre o projeto e sua participacdo, agora ou a

qualquer momento.

Pesquisador responsavel:

Rodrigo Rodrigues Amaral.

Endereco: Av. do Contorno, 2511- salas 806 e 807. Belo Horizonte -
MG. Telefones: 3222-9862 / 99818 7779

Este estudo foi aprovado pelo Comité de Etica em Pesquisa envolvendo Seres Humanos da
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Pontificia Universidade Catolica de Minas Gerais, coordenado pela Prof.2 Cristiana Leite
Carvalho, que poderd ser  contatado em caso de  questdes  éticas, pelo

telefone 3319-4517 ou e-mail cep.proppg@pucminas.br.

O presente termo sera assinado em 2 (duas) vias de igual teor.

Belo Horizonte, 22 de Marc¢o de 2019.

Dou meu consentimento de livre e espontanea vontade para participar deste estudo. Nome do

participante (em letra de forma)

Assinatura do participante ou representante legal Data

Eu, Rodrigo Rodrigues Amaral, comprometo-me a cumprir todas as exigéncias e
responsabilidades a mim conferidas neste termo e agradego pela sua colaboracdo e sua
confianga.

Assinatura do pesquisador Data


mailto:cep.proppg@pucminas.br
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ANEXO C - Produgéo intelectual do aluno durante o curso de doutorado
Artigos completos publicados em periddicos nacionais e internacionais
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Ferreira Silveira; Stephen Cohen. Ex Vivo Assessment of Photodynamic Therapy in
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v.45. No 3, p. 139-144, 2017.
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ARTICLE INFO ABSTRACT

Keywonds This paper desaribes a case with 2 5. year follow.up of Antimicrobial H:otdymmu: Therapy (2P UT) associated
Fadobonts teleciin with long-erm sucress in endodontic treatment i 2 Doth with ‘The patient d
Phatdyaamic Shetapy with s moth exhibiting 2 periapical lesion, slight swelling, and severe poin. A radiograph revealed the presence
:::-:’: aof two separated files in the middle and apical $hirds of the mesial ot on 2 bwer first malar. Atempes at

bypassing were not sucessful bn fhe mesial root, instrumentation was limited to the coromal ends of the se-
parard instruments. The apical patency conld nat he achieved due © the blockage of the separated files 2PDT
was performed in two visits, at 3 660-nm waveleng$h and 100mW of power, r %3 0 2 total energy of 9.0
Joules. Methylene blue solution was used as photosensitizer at concentration of 0005%. A 300-pm light diffusor
was coupled to the diode laser and was inserted into the rootcanal 2mm shart of WL, where it was sot © allow
better diffusion of light. ach oot canal was sealed with gotta percha by warm vertical compaction and Pulp

Canal Sealer™. After 5 years of follow.up, clear evid of i of the and bone
hdngwx nhm:ed.‘lhzus:mn:us: that e addition of 2P DT d odonti
p ] dlisinde leading © & 2sful long-term ouxome.
1. Introduction therapy. It may hinder clesning and shaping within the rool canal
system. Although some studies state that the prognosis for endodontic
Over the last decades, ful endodonti has became treatment is not significantly reduced when 3 fractured imstrument
more predictable with the devel of new technologies and ma fragment is left within a root canal [2) wlun a periapical lesion is
larhls Eﬂecuve 100t canal dhwxlkm it one of the main gouls and & present at the time of instrument sep the
It of nmcmul The quality may became highly questionable [3].

of endodanti has ly Improved, and the time m- Antimicrobial Photodynamic Therapy (aPDT) has emerged x5 a
quired to plish it hay been sub ially reduced. i approach to eradi oralpath ic bacterts. PDT involves
Most themspeutic failures are isted with the pessi o the use of 3 photasensitizer (PS) that is activated by light at a specific
microorganisms that are able 1o survive ¢l hanical preparsti length; it absorbs photons from the light source, and their elec
and/or b I medication. The dexity of the root canal system trons enter an excited state, also known as triplet state. In the presence
and the polymicrobial nature of pﬂm:ry dodontic infecti of asul such & oxygen, the phatosensitizer, when it retums 1o its
sisting primarily of anserobic bacteria nukes complew ddmdcnml basic state, transfers the energy to the substrate, thus brming free ra-
and | | eradi with i ton, irigation or intracanal dicalsof high ity, such s superoxddes, free rudicals and singlet
i almost impassible [1]. Intracansl separation of instru- oxygen. These oxygen species are highly reactive and kamm proteing,

ments is ane of the most bl incid during endodonti lipids, nucleic acids, and other microbial cellular components (4].
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ABSTRACT

Introduction: Tris randamzed cincal study cormparad the 1 vsvo antbactana efficacy of
Racproc Bus [(B), XP-ando Snaper (XP-S), and XP-ando Snaoer assocatad with XP-ando
Frishar (P F) systams in infectad ovel-shaped root canas with primary apca penodonttis.
Methods: In s study, 28 numan teath win a snge oot and a single cana ware randanmty
assignad 10 2 groups acoordng B the narumentation Behnigus: goun 1, RB (0 = 14) and
group 2, XP-ando (P -S and XP-F, n = 14). The single+voled testh ware trepared by
racprocatng and rofary nickal-flamum nstruments wih 5.25% sodum hypochionts imiga-
tion. Sampias ware colscted from the cana al he tesaing (S1), alter chemomechanicad
peaparabon (S2), and after XP-F narumentation (S3). The DNA extracts wers sutiected to
quanttatve analyss for total bactensal counts by quanttatve raa-ime polymarase chan
reaction. Tha data wers anayzed usng the analyss of varancs tast, and the level of
signficancs was sol at 5%. Results: Al sarmpies tesied postive for the presence of bacteria
at bassing, and the bactanal counts substantaly reduced aflsr Faatmeant procadures

(P < 01). The resuts shaowed no statistical diffierenca betwean RB and XP-S instrumantation
with respect to tha bactera raduction (P > .05). A marked bactand reduction was otsarved
after e uss of e XPF nstrumeant (P < .01). Conclusions: Tne XP-S ard BB systams
sharply reducad the tactenatloadin oval-shaped root canals with primary anical parodanttis.
XP-F used as a suppementary nstunant to chamomechanics preparation promoted a
sgnficantly nigher bactang reducton. {J Endod 2000;,46:1228-1234.)

KEY WORDS

Apical parodonttis; baclana raduction; endodontic traatmeant, quanttative real tma
poymerasa chan reaction
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Abstract
Pulp canal obliteration (PCO) is characterized by the deposition of calcified tissue within the root canal space, which may partally
or totally invelve the canal The endodontic reatment of calcfied teethis idered a challenging task depending on the seversty of
pulp i guided endod has become an alternative approach for those cases, This case report describes the
use of guided endodontic access for the maxillary left lateral incisor of 3 73-year-old male patient that required restorative treatment.
The tooth had an extensive coronary fracture and d ded endodonti for prosthetic purposes. Periapical radiography
showed that pulp obliteration was severe at the cervical and middle thinds of the root. A cone beam computed tomography (CBCT)
was requested in order to assess the level of obliteration. A three-dimensional (3D) template was planned with the CBCT's images
along with intraoral scanning, A prototyped guide for guided endodontic access was performed, and the dental procedures were
concluded safely. Guided endodontic access was p to overcome the pulp obliteration and ensured the endodonsic
and prosthetic rehabilization could be performed.
Keywords: Contracted Access Cavity; Endod

Guided Endod

Pulp Canal Obliteration; Root Canal Treatment

Introduction canals. Despite that. access cavity preparation for such cases is as-

Pulp canal obliteraion (PCO). also known as calcific metamor-
phosis, is characterized by the deposition of calcified Sssue along
the canal walls, Dental aums, carious lesions, abfraction, abra-

sociated with a high failure rate and Hmited prognosis. Procedural
errors can Jead to a substantial loss of dentin sTucture, root canal

ic therapy p -
tional habits, and aging are factors that can trigger PCO [L2]. The
root canal location and exploration are significantly complicated
in teeth with PCO, The difficulty is determined by the root canal
anaromy, the extension of calcification. and tooth position in the
mouth [3].

sion, pulp capping malocchusion, orthod "

Endodontic treatment of teeth with pulp obliteration is a chal-
lenging task even for the most expenenced endodontists. The use
of a dental microscope, ultrasonic tips [4], digital radiographs
with different angulations, and cone beam computed tomography
(CBCT) [5] provide reliable information to identify obliterated root

d or even p jon [5].

Recently, clinical cases and in vitro studies of guided endodon-
tics have been reportsd usmg a2 statc computed tomographic-
based stereolithographic drill guide system used for access prepa-
ration [7-5]. The results are promising, showing thatitis a clinically
viable method and easy to perform even by the less expenenced
clinician [10],

This case report aims to describe the guided endodontic access
in maxillary left lateral incisor with pulp canal obliteration and cor-
onal rooth structure loss, which required presthetic rehabilitazon.

Cltation: Rodrigo Rodrigues Amaral, et al “Contracted Endodontic Cavity tn 3 Severcly Calafied Anterior Tooth Using Guided Endodontics Technique:

Case Report”. Acto Sclentsfic Denta! Sciences 4.8 (2020): ; 104-104
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ABSTRACT

A 35.yearald woman with a history of pulp canal obliteration (POO) and apical periodontitis was treated with guided endodonti hined with anti bial
photodynamic therapy (aPDT) The wse of aPDT was paramount to the approach paiﬂmd mduwwonﬁmﬂ becan;adnu.uoim&y aldfied
i of these

canak when apical patency is unachievable The
follow-up. Key Words: Antimicrobial PUT, guided endodoni

1, radiographic, and at the 1.year

1. Introduction

The success of endodontic treatment is related © the cleaning,
dupug and sealing of the oot canal system (RCS) with the consequent
of microargani H , success may be hampered by
anatomicsl cnmpleﬂlis\ such as pulp mal obliteration (POD) [1,2].
POO is ck ized by the deposition of cakified tissues within the
100t canal space. Tt is wsually iated with | aggresions, such
= dental trauma, response to orthodontic forces, or even physidogical
factors in elderdy patients [2). The severity of pulp calcification poses a
hall 10 the and is d with ahigh failure rate and
nducd pmgnas 131
ical adv have i d the success mte and de-
audthgopeaoqum:c{ dodonti ly, the
guided endodontic technique has grined popularity s an alt §

inflammation (7]

This case repont describes the use of sPDT &8 an adjunctive treat-
ment in a cate that presented with severe PCO and apical periodontitis,
in which guided endodontic access could not be succesfully schieved
due to the severity of pulp cakificstion

2. Case report

A 35-year-old Brazilian woman was referred 1o an endodontist at a
private dental clinic in Belo Hm'mml.:. Minas Gerais, Brazil. The patient
had no history of medicati ic di An i 1 ex-
amination revealed pain on pdpaﬁun and tendemess 1o percussion

d. ‘vrilhthe fected tooth. In add slight edena wis ob-
served. Radiographicaily, complete absence of the roat canal space and

were observed

method for scomssing severely cakified root canals without causing
iatrogenic damage 1o the tissues [4]. A uuee-dlmloml( 3D) template
is built based on be; y (CBCT) and 3D
scanned teeth, which enables vﬁ—mal planning ol huw the cakified root
can be sccessed.

Antimicrobial photodynamic themapy (aPDT) & a promising ap-
proach in endodontic treatment, and it has been shown to be effective
in both in vitro and in vivo studies [5-8). The procedure is based on the
use of a ph izer (PS)and a light source_ In the pr

The patient was informed sbout the prognosis and predictability of
success. An informed consent was signed ly the patient, and guided
endodontics combined with sPDT was proposed s the best treatment
option. Highresolution (BCT was perf 1 using the following set-
tings: 0.Zanm voxel, grayscale 14 bits, 26.9-second x-ray exposure, 120

kv, and 37 mA (iCAT; Imaging Sci L Hatfield, PA,
USA), which confirmed severe POD.

After the printed 3D fate fit was checked B ly, drilling
was perf d using an endodantic motor set © 900 rpm and 4 N

of oxygen, the PS absorbs the resonant wavelength, sand reactive oxygen
species are genersted. aPDT is effective against many microorganisnm,
such as bacteria and fungi, which may be present in the calcified root
canal and dentinal tubules and, ly, may lead to perispical

torque under copious saline irrigation. After each 2 mm apical ad-
vancement of the instrument, 3 radiograph was obtained and used to
confirm the comrect position of the drill However, even after reaching 1
mm from the root apex, patency could not be achieved due to a dight

* Carresponding author at- Griffith Health Centre, Comer Olien Averme & Parklands Drive, Gold Coast campis, Southport, QLD 4215, Awstralia.
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Newton Paiva, Belo Horizonte. Minaz Abstract
Geraiz, Brazil Introduction: This study aimed to determine the level of incorporation of current
Department of Restorative Dentistry, e rolaies Tor endadontic tretmant-i 2 AU &

« o e 8! n ar Y na
Facuity of Dentistry, Universidade Federal
de Minas Geraiz, Belo Horizonts, Minaz south-eastern state of Brazil
S Bz Methods: For dsta coll 2 seif- based online ire was cre-

IDepartment of Dentistry, Pontificia
Universidade Catdlica de Minas Geraiz, Belo

ated using the “Google Forms" platform, consisting of 12 multipie-choice and a few

Horizente, Minas Gersiz, Brazi open-ended guesti The g were related to the use of current technolo-
“School of Dentiztry and Oral Health Griffith gies for diagr aging, use of ultrasonics in endod - ion tEaoE
Univerzity, Gold Coast, Qid, Australia
apex locator, microscopy, photody ic therapy and th plastic techniques dur-
Comespondemce ing endodontic The g ire was sent to 54 dental schools in Minas
Rodrigo Rodrigues Amaral, Department of ?
Dentistry, Pontificia Univerzidade Catoiica Gerais.
da e ";r:‘i"m“mm” Results: The results show low technological incorporation during the various stages
Emait: drrodrigoamaral@gmail.com of endodonti by undergraduate d in dentistry courses in Minas
Gerais.
Funding information 2 % S PRELARES
Conselho Nacicnal para o Dezemvolvimento Cmmmthe ility of tec gies to help perform different
f""“’;i““_&‘_“"’h"_ o (CNPak: A stages of endodontic treatment, it was observed that most universities do not teach

Peszoal de Nivel Superior—Brazil {CAPES)

1 | INTRODUCTION

The skills of dental professionals have become an important sub-
ject of research for understanding and effectively catering to the

health needs of the society.” The

the use of these technologies. Additional studies are ded to ¢ how the
lack of incorporation of these technologies could impact on the quality of the endo-
dontic learning for undergraduate students.

KEYWORDS
endodontics, root canal therapy, technology

In dentistry, technological innovation is directly related to re-
search and education® The isition of new logies by dental
schools does not necessarily indicate their implementation in clinical
practice. For the implementation of a new technology, it must have
some advantage, be compatible with the expected result, have low

scenarios can be of crucial importance for p g
them to become integrated with social realities and articulated with
the challenges in oral health care, as part of the teaching and learmn-

ing process in dentistry.”

es gained in practice

Is in enabli complexity, have been the object of study and have been under ob-
servation for a requisite period. Rogers {2010)* describes that there
are four main in the ination of i the inno-
vation itself, communication channels, time and the social system.

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sonz Ltd

EurJ Dent Educ. 2020,00:1-7.
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1 | INTRODUCTION

Abstract

Objectives: This study aimed to evaluate the impact of the use of magnification
(2.5x dental loupes) for third-year dental students in simulated endodontics and
fixed prosthodontic ¢ d to those using no magnification.
Methods: Upon institutional review board exemption, third-year dental stu-
dents were assessed during endodontics and fixed prosthodontics exams in the
simulation laboratory, The endodontic group (n = 93) consisted of students
who made an endodontic access preparation on a plastic lower left first molar
(Nissan). The prosthodontic group (n = 86) consisted of students who made
porcelain fused to metal preparation (PFM) on a plastic lower right first molar
mounted on an acrylic lower jaw model (Columbia Dentoform). The impact of
the use of dental loupes was evaluated. Assessment of the tasks was undertaken
by experts—calibrated, blinded examiners—using a standardized marking
rubric for each task. The statistical analysis included Chi-square test, one-way
ANOVA, and Logistic regression. The level of significance adopted was 5%.
Results: Students’ preparations using magnification were better compared with
those without magnification. Students using magnification had a significantly
higher pass rate than those not using magnification in both endodontic and
prosthodontic groups (P < 0.05).

Conclusions: In conclusion, third-year dental students who used loupes in the
endodontics and prosthodontics simulation laboratory had significantly higher
scores at the assessments.

KEYWORDS
dentistry, endodontics, fixed o

dental Joupes, simulation laboratory

important tool in dentistry. The use of optical magnifi-
cation, associated with proper illumination is a safe and

Over recent decades, magnification devices such as den-  effective way to improve the outcome of difficult endodon-
tal loupes and microscopes have become an increasingly  tic procedures.”

J Dent liduc: X0201-9.
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Eficacia da barreira intracanal contra a
infiltracao microbiana em dentes preparados

para pino intrarradiculad

DOI: https:idotong/10.14434/2358-2545 10 3.036-0442.0ar

RESUMO

Introdugao: Pinos intrarradiculares sao recomendados
para melhorar a retencao de coroas artificiais e distribuir
forgas intrabucais ao longo da raiz. Se o espa¢o criado
pela remoc8o parcial da obturagdo n2o for preenchido
adequadamente, pode ocorrer uma infiltracao macica de
microrganismos da cavidade bucal. Objetivo: O objetivo
do presente estudo foi avaliar a eficacia contra a infiltra-
¢80 bacteriana de uma barreira intracanal colocada dire-
tamente sobre o remanescente da obturagao do canal ra-
dicular, apds o preparo de espago para o pino. Métodos:
Setenta e dois dentes humanos unirradiculares foram ins-
trumentados, cbturados e divididos aleatoriamente em
trés grupos experimentais e dois grupos controle. O gru-
po 1 ndo recebeu tratamento adicional apos a obturacio
€ o preparo do espago, enquanto os Grupos 2 € 3 rece-
beram uma barreira composta por material de selamento

Como citar: Viera AH, Amaml AR, dn-Siva A, Fermandes DG, Villcbos MICE,
Ahmrer-Lege ME, Shveirs FF, Corten MIS, Nunes E. Eficacy of némcanad bamier
agairat microbiad infitration in toeth prepared for nfremdioder pozt. Dental Press.
Endod. 2000 Sapt-Dec: 1033642,

DOk Fetpec//doi.crg/10.14436/2368-2546.10.3.036-042.car
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temporario com 1.0 e Z0mm de espessura, respectiva-
mente. Uma cultura de Enterococrus faecalis foi inoculada
nos espacos preparados para receber o pino intrarradicu-
lar, a cada trés dias, por um periodo de 60 dias. A infiitra-
¢ao foi avaliada dianamente pela turbidade do meio de
cultura. Resultados e Conclusao: Houve infiltragao
bacteriana nos trés grupos experimentais, sendo signifi-
cativamente maior e ocomrendo mais rapidamente no G1
(< 0,05), em comparacgao aos G2 e G3. Houve infiltragio
em todos os grupos controles positivos; porém, nenhuma
infiltracao foi observada nos grupos controles negativos.
Nao foi encontrada diferenca significativa (p > 0,05) entre
0 G2 e 0 G3, emrelagao a taxa e o periodo de infiltracao.
Pode-se concluir que a barreira reduziu a incidéncia de
infiltracao e atrasou o tempo de ocomréncia.

Palavras-chave: Pinos dentais. Endodontia. Enterococous
faecals.
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Tratamento endodéntico de segundo molar
inferior com presenca de canal mesiomediano:
relato de caso

DO: htspe/joi_org]10.14436/2358-2545,10.3.081-087.car
RESUMO

Introdugao: A identificacdo de possiveis variacdes
anatomicas & decisiva para o correto diagnéstico e pla-
nejamento da terapia endodontica. Objetivo: Relatar o
tratamento endodontico de um dente #37, no qual foi
identificado um terceiro canal na raiz mesial (canal mesio-
mediano, CMM). Caso clinico: Dente #37 com diagnos-
tico de pulpite irreversivel sintomética, foi encaminhado
para realizar tratamento endodéntico. Durante 0 acesso
coronario, e com auxilio de microscopio operatorio (MO),
foram identificadas trincas coronarias. Foi solicitada uma
tomografia computadorizada de feixe conico (TCFC), a
partir da qual foi descartada a presenca de trinca radi-
cular. A TCFC possibilitou, também, identificar a presen-
¢a de um terceiro canal na raz mesial, localizado entre
canais mesiovestibular e mesiolingual. O tratamento
endodontico foi executado pelo sistema reciprocante

Comeo citar; Figuerndo VC, Corins MS, Nunes E, Amand RA. Endodontic trest-
ment of second mandibuler molar with peesence of middie mesal canat: case re-
port. Dental Press Endod, 2020 Sept-Dec; 1043):81-7.

DO%: Hitpa-/idoiong/10. 144362358 2645.10.2.081 -087.cer
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WaveOne GOLD. A solucao irrigadora de escolha para
0 preparo quimnico-mecénico foi o hipoclorito de sodio a
5.25%. Imediatamente antes da obturacao, os canais fo-
ram imgados com EDTA a 17%, para auxiliar na remocao
da smear layer €, em seguida, foi realizada nova irrigacao
com hipoclorito de s6dio a 5,25%. Os canais foram secos
com pontas de papel absorvente e obturados pela técnica
de onda continua de condensacio. Resultados: Os ca-
nais radiculares do dente #37 foram devidamente instru-
mentados e obturados. A paciente nao apresentou qual-
quer sintomatologia pos-operatoria, sendo encaminhada
para a reabilitacao protética final. Conclusao: ATCFCe
0 microscopio operatorio foram decisivos para o cometo
planejamento do caso, tanto em relagdo a trinca observa-
da quanto a deteccao do canal mesiomediano.

Dente molar. Tomografia computadorizada de feixe c6nico.
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resso Infermacional da Sociedade Brasileira de Endodontia

Tecnologias utilizadas por alunos de graduacao na
endodontia em Minas Gerais - estudo piloto

Rodrigo Rodrigues Amaral, Gabriela Da Costa Ferreira, Isabella Da Costa Ferreira,
Nayara Jussara De Melo Assun¢ao, Maria Iima De Souza Cértes (Centro Universitario Newton Paiva)

dr.rodrigoamaral@gmail com

O sucesso do tratamento endodéntico esta diretamente relacionado com formatagao, limpeza e obtu-
ragao dos canais radiculares, com o objetivo de eliminar toda carga microbiana e consequentemente
favarecer o processo bioldgico de cicatrizagao dos tecidos perirradiculares. Diversas tecnologias estac
disponfveis em todas etapas do tratamento endoddntico com a finalidade de minimizar erros ou iatro-
genias, diminuir o tempo para execugao do tratamento endodéntico e reduzir o tempo de exposicao do
paciente a radiagae durante os exames radiograficos. O presente estuda teve como objetivo conhecer
o nivel de incorporagao tecnolégica dos cursos supericres de QOdontologia no estado de Minas Gerais,
utilizados especificamente na disciplina de endodontia por alunos de graduagao. Projeto aprovado -
CAAE: 79279917.1.0000.5097. Para a coleta de dados foi desenvolvido um questionario on- line, pla-
taforma Formulérios Google, autoaplicavel, composto por 15 questoes de multipla escolha e algumas
questoes abertas, As perguntas estavam relacionadas com a utilizagao da tecnologia no diagnéstico,
obtencao de imagens, instrumentagac mecanizada, ultrassom, localizador apical de forame, microsco-
pia, terapia fotodinamica e técnicas termoplastificadas durante o tratamento ended6ntico em todas suas
fases operaténias. O questionario foi encaminhado para 42 faculdades de Odontologia em Minas Gerais.
Os resultados obtidos evidenciaram baixa incorporagao tecnolégica nas diversas etapas do tratamento
endoddntico por alunos de graduagdo nos cursos de Odontologia em Minas Gerais apesar de todo de-
senvolvimento tecnolégico disponivel na endodontia.

182 Suplitenin Dentsl Press Soteed 2040 Seex Oeci3)
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AVALIACAO QUANTITATIVA DA REDUGCAO BACTERIANA COM
RECIPROC BLUE, XP-ENDO SHAPER E FINISHER: ESTUDO
CLiNICO

RODRIGO RODRIGUES AMARAL, ANNA GABRIELLA GUIMARAES OLIVEIRA, TIAGO BRA-
GA, PETER REHER, PEDRO GONCALVES FERREIRA, MARIA ILMA DE SOUZA CORTES

PONTIFICIA UNIVERSIDADE CATOLICA DE MINAS GERAIS
dr.rodrigoamaral@gmail. com

RESUMO:

Objetivo: O presente estudo clinico randomizado avaliou a eficacia dos instrumentos Reciproc Blue (RB),
XP-endo Shaper (XP-S) e XP-endo Finisher (XP-F) associado a XP-S na redugao bacteriana em canais
radiculares de formato oval, com necrose pulpar e pericdontite apical primaria, por meio avaliagao quanti-
tativa através de PCR em tempo real. Material e Método: Esta pesquisa foi aprovada pelo Comité de Etica
e Pesquisa da Pontificia Universidade Catélica de Minas Gerais, CAAE 97131918.7.0000.5137. Um total
de 28 dentes unirradiculares e com canal tinico foram divididos aleatoriamente em dois grupos: grupo 1,
RB (n = 14) e grupo 2, XP-endo (XP- S e XP-F, n = 14). O preparo quimico-mecénico utilizou como irri-
gantes hipoclorito de sédio 5,25% e EDTA 17%. Amostras microbiol6gicas foram coletadas com pontas
de papel absorvente estéreis antes da instrumentagao (S1), apos o preparo quimico-mecénico (S2) e apos
a instrumentacgao com XP-F (S3). Amostras de controle de esterilidade, controle negativo, foram retirados
do angulo cavo-superficial do acesso da cavidade, esfregando-se 03 pontas de papel estéreis. Os extratos
de DNA foram submetidos para anélise de contagem bacteriana total por reagao em cadeia da polimerase
em tempo real. Os dados foram analisados pelo teste ANOVA, e o nivel de significancia foi estabelecido
em 5%. Resultados: A contagem bacteriana reduziu substancialmente ap6s os procedimentos do trata-
mento (P

Palavras-chave: Endodontia, Microbiologia, Periodontite Periapical.
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AVALIACAO DA REDUCAO DA CARGA MICROBIANA POR MEIO DE PCR EM
TEMPO REAL COM O USO DO INSTRUMENTO XP-ENDO FINISHER COMO O
PROTOCOLO FINAL DE IRRIGACAO EM CANAIS RADICULARES INFECTADOS
DE FORMATO OVAL: ESTUDO CLINICO

Pedro Henrique Gongalves Ferreira - pedro.goncalvesferreira@hotmail.com
Marcia Almeida Lana - marcio.almeida.lona@gmall.com
Orientador; Dr. Maria lima de Souza Cortes - mariailmac@gmail.com
Co-Qrientador: Ms, Rodrigo Rodrigues Amaral - dr.rodrigoamaral@gmail.com
Pontificia Universidade Catolica Universidade de Minas Gerais — Coragdo Eucaristico

Este estudo clinico randomizado avaliou o uso do instrumento XP-Endo Finisher (XP-F) como o
protocolo final de irrigagdo em canais radiculares de formato oval com periodontite apical primaria.
Um total de 24 dentes unirradiculares com canal Unico foram divididos aleatariamente em dois
grupos: grupo 1 ReciprocBlue (RB) n=12 e grupo 2 XP-Endo (XP-Shaper/XP-F) n=12, A instrumentacdo
dos dentes foi realizada de acordo com as recomendagdes do fabricante. Para o preparo quimico-
mecanico utilizou-se como irrigantes hipoclorito de sddio 5,25% e EDTA 17%, realizada a irrigacdo
com agulhas NaviTip 30G até 2mm aquém do Comprimento de Trabalho. Amostras microbiologicas
foram coletadas com pontas de papel absorvente estéreis antes da instrumentagao(S1), apos o
preparo quimico-mecanico(S2) e apds a instrumentacdo com XP-F(S3). Os extratos de DNA foram
submetidos para andlise do declinio nos niveis totais de contagem bacteriana total por reagaoc em
cadeia da polimerase em tempo real. Os dados foram analisados pelo teste ANOVA e o nivel de
significancia foi estabelecido em 5%. Resultados das amostras foram positivos quanto & presenca
bacteriana em S1. A contagem bacteriana reduziu substancialmente apés os procedimentos do
tratamento (P<0,01). Os resultados ndo mostraram diferenca estatistica entre a instrumentagdo com
RB e XP-S em relacdo a reducdo bacteriana (P?0,05). Uma reducdo bacteriana acentuada fol
observada apos o uso de XP-F (P<0,01). Os sistemas XP-S e RB reduziram acentuadamente a carga
bacteriana em canais radiculares de formato oval com periadontite apical priméria. O instrumento
XP-F usado como suplementar ao preparo quimico-mecanico para agitar @ solu¢do irrigadora
promoveu uma redugao bacteriana significativamente maior,

Area do Conhecimento: Ciéncias da Salde

Palavras-Chave: "Reducdo bacteriana, Reagdo em cadeia do polimerase em tempo real, Irrigagdo de
Canais Radiculares, Tratamento Endodontico”

Financiamento: FIP
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Anais da 37° Reunido Anual da SBPqO, 2020

iyl Avaliacao quantitativa da redugao bacteriana com Reciproc Blue, XP-

endo Shaper e Finisher em canais de formato oval: estudo in vivo

Ferreira PHG®, Oliveira AGG, Farios f:M, Magalhdes PE Reher £ Brogo T, Corfes MIS, Amaral RR
Odontologia | Graduacao - PONTIFICIA UNIVERSIDADE CATOLICA DE MINAS GERAIS.

Naio ha conflito de interesse

Este estudo clinico randomizado in vivo avaliou a eficacia dos instrumentos Reciproc Blue (RB), XP-
endo Shaper (XP-S} e XP-endo Finisher (XP-F) associado a XP-S na reducdo bacteriana em canais
radiculares de formato oval com necrose pulpar e periodontite apical primdria. Um total de 28 dentes
unirradiculares e com canal unico foram divididos aleatoriamente em dois grupos: grupo 1, RB (n =
14) e grupo 2, XP-endo (XP- S e XP-F, n = 14}. O preparo quimico-mecanico utilizou como irrigantes
hipoclorito de sédio 5,25% e EDTA 17%. Amostras microbioldgicas foram coletadas com pontas de
papel absorvente estéreis antes da instrumentagio (S1), apés o preparo quimico-mecanico (S2) e apos
a instrumentagio com XP-F (S3). Os extratos de DNA foram submetidos para analise de contagem
bacteriana total por reagio em cadeia da polimerase em tempo real. Os dados foram analisados
pelo teste ANOVA, e o nivel de significinca foi estabelecido em 5%. Resultados das amostras foram
positivos quanto a presenca bacteriana em S1. A contagem bacteriana reduziu substancialmente apés
os procedimentos do tratamento (P <0,01), Os resultados ndo mostraram diferenca estatistica entre a
instrumentacdo com RB e XP-S em relacio a reducdo bacteriana (P > 0,05). Uma reducdo bacteriana
acentuada foi observada apos o uso de XP-F (P <0,01).

Os sistemas XP-S e RB reduziram acentuadamente a carga bacteriana em canais radiculares de formato
oval com periodontite apical primaria. O istrumento XP-F, usado como suplementar ao preparo
quimico-mecanico, promoveu uma reducio bacteriana significativamente maior,

(Apoio: Fundo de Incentivo a Pesquisa PUC Minas - FIP PUC Minas N° 22.474/12.2019 |
CAPES N° 001)
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Apresentacdo de pesquisa em eventos cientificos

TECNOLOGIAS UTILIZADAS POR ALUNOS DE GRADUACAO NA ENDODONTIA EM
MINAS GERAIS — ESTUDO PILOTO. Isabella da Costa Ferreira; Gabriela da Costa Ferreira;
Nayara Jussara de Melo Assuncéo; Maria lima Souza Cortes; Rodrigo Rodrigues Amaral.
Apresentado No Congresso Internacional da Sociedade Brasileira de Endodotia- SBENDO, em
Gramado-RS, no periodo de 26 a 29 de Setrembro de 2018

161/10140

Wh =
SBENDO  Certificado

Certificamos qua o lrabaltho "TECNOLOGIAS UTILIZADAS POR ALUNOS DE GRADUAGCAO NA
ENDODONTIA EM MINAS GERAIS - ESTUDO PILOTO * apresentado por AMARAL RR e tendo
como sutor(es) FERREIRA GDC, FERREIRA IDC, ASSUNGAO NJDM, CORTES MIDS, s AMARAL

‘ RR, foi apresentado na categorla PESQUISA CIENTIFICA, dia 26 de setembro de 2018 a 29 de
satembro de 2018, durante o(a) 10° SBENDO - CONGRESSO INTERNACIONAL DA SOCIEDADE
BRASILEIRA DE ENDODONTIA, em Gramado/RS
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ESTUDO PILOTO SOBRE A UTILIZACAO DAS TECNOLOGIAS NA ENDODONTIA NOS
CURSOS DE ODONTOLOGIA EM MINAS GERAIS. Isabella da Costa Ferreira; Gabriela da
Costa Ferreira; Nayara Jussara de Melo Assuncdo; Maria llma Souza Cortes; Rodrigo Rodrigues
Amaral. Apresentado no XIV Encontro Cientifico da Faculdade de Odontologia da Universidade
Federal de Minas Gerais, no periodo de 07 a 09 de novembro de 2018.

XIV ENCONTRO CIENTIFICO DA FACULDADE DE ODONTOLOGIA DA
UNIVERSIDADE FEDERAL DE MINAS GERAIS

CERTIFICADO DE APRESENTACAO

Certfficamcs que ¢ frabaho infitulado “ESTUDC PILOTO SOBRE A UTILUZACAO DAS TECNOLOGIAS MA
ENDODONTIA NOS CURSOS DE ODONTOLOGIA EM MINAS GERAIS” de autoria de Isabella da Costa FERREIRA®,
Gabriela da Costa FERREIRA, Nayara Jussara de Melo ASSUNGAQ, Maria lima CORTES, Rodrige Rodrigues AMARAL,
foi apresentadc no XIV Encontro Cientifico da Faculdade de Odontologia da Universidade Federal de Minas
Gerais. no periodo de 07 a 09 de novembro de 2018

Belo Honzonte, G2 de novembre de 2013

Profa. Iubela Alineda Poedaun Profa. Vers Lucis Sdva Recende Profs, Crissane Baccus Beodo Neves
Coovdenndoes do Colegindo de Pon-Uradmagho  Cooedenadom do XIV Encoutro Ciemifico Coordenadom do XIV Ensomro Owennifiso
da Faculdade de Oontalopa s Faculdade de Odotologa LFMG da Faculdads de Odoatologpa UFMG
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PLANEJAMENTO VIRTUAL 3D E ACESSO ENDODONTICO GUIADO: RELATO DE
CASO. Rodrigo Rodrigues Amaral, Victor Couto Figueiredo, Maria llma de Souza Gruppioni
Cortes, Alessandra Rosa de Sa. Apresentado como painel cientifico durante a 212 Jornada
Odontoldgica e 0 9° Encontro de Pesquisa do Departamento de Odontologia da Pontificia
Universidade Cat6lica de Minas Gerais, realizado de 25 a 28 de setembro de 2019, em Belo Horizonte.

21* Jormada
Odontolégica

Odontologia: Humanizagdo,
Cidncla e Tecnologia

CERTIFICADO

Certificamos que o trabalho PLANEJAMENTO VIRTUAL 3D E ACESSO ENDODONTICO GUIADO: RELATO DE CASO dos
antores Rodiggo Rodrigues Ansaral Victor Couto Figuediredo, Marta Husa de Souza Gruppionl Cortes, Akssandes Rosa de SA,
ol apresentach como painel clentifico durinte 1 210 Jornads Odoptokigiea ¢ ¢ 9% Encontro de Pesquisi do Departamento de
ebontobgia da Pontificia Universibule Catdlica de Minas Gerais, realizado de 25 a 28 de setemino de 2019, em Beln
Horizonte
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USO DA TOMOGRAFIA COMPUTADORIZADA NO DIAGNOSTICO E PLANO DE
TRATAMENTO DE DENTE COM NECROSE PULPAR ASSOCIADA A REABSORCAO
RADICULAR EXTERNA: RELATO DE CASO. Tomaz Gongalves Martins Neto; Victor Couto
Figueiredo; Pedro Henrique Gongalves Ferreira; Rodrigo Rodrigues Amaral; Nelson Ferreira De
Figueiredo; Maria Ilma De Souza Cortes. Apresentado como painel cientifico durante a 212 Jornada
Odontoldgica e o 9° Encontro de Pesquisa do Departamento de Odontologia da Pontificia

Universidade Catdlica de Minas Gerais, realizado de 25 a 28 de setembro de 2019, em Belo Horizonte.

21° Jormada
Odontolégica

Odontologia: Humanizacao,

Qiéncia e Tecnologia. CERTIFICADO

Certificamos que o trabalbe USO DA TOMOGRAFIA COMPUTADORIZADA NO DIAGNOSTICO E PLANO DE

TRATAMENTO DE DENTE COM NECROSE PULPAR ASSOCIADA A REABSORCAO RADICULAR EXTERNA: RELATO DE
CASO dos autores Tomaz Gongalves Martins Neto, Victor Couto Figuetredo, Pedro Henrigue Gongalves Ferreira, Rodrigo
Rodrigues Amaral Nelon Ferrelra De Figuelredo, Maria ma De Souza Cortes, lol apresentad como paine] clentifico
durante a 21* [omads Odontoligica e 0 99 Encontro de Pesquisa do Deparamento de Odontologia da Pontificia Universidade

Catolica de Minas Gerais, realizado de 25 3 28 de setembro de 2019, em Bek Horizonte

ODONTO | Wi puc Minas
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SUCESSO DO TRATAMENTO ENDODONTICO APOS USO DA TERAPIA
FOTODINAMICA E OBTURACAO COM CIMENTO BIOCERAMICO: RELATO DE CASO.
Ana Carolina Tocafundo Thompson; Maria Ilma de Souza Cortes; Victor Couto Figueiredo; Pedro
Henrique Goncalves Ferreira; José Gustavo Gariff Garcia; Rodrigo Rodrigues Amaral. Apresentado
como painel cientifico durante a 21* Jornada Odontolégica e o 9° Encontro de Pesquisa do
Departamento de Odontologia da Pontificia Universidade Catolica de Minas Gerais, realizado de 25 a
28 de setembro de 2019, em Belo Horizonte. Recebeu MEN(;AO HONROSA

212 Jormada
Odontolégica

Odorrtologia: Humanizacso,
Ciéncia & Tecnologia

Certificamos que o trabalbo SUCESSO DO TRATAMENTO ENDODONTICO APOS USO DA TERAPIA FOTODINAMICA E
OBTURACAO COM CIMENTO BIOCERAMICO: RELATO DE CASO dos autorss Ana Caroling Tocalundo Thompson, Murla
[Ima do Souza Cortes, Victor Couto Figuelredn, Pedro Henrique Gongidves Ferreira, José Gustwvo Gariil Garcla , Rodrigo
Rodrigues Amaral receben MENCAO HONROSA durante & 21* ornucs Odontokdgca ¢ o 99 Encontro &0 Pesquisa do
Departaments ¢ Odntologla & Ponuficis Universidade Catolics de Minas Gerals, realtzado de 25 a 28 de setembro de

2019, em Beb Horkzonte. R i
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RESTAURACAO TRANS-CIRURGICA DE REABSORCAO RADICULAR EXTERNA
ASSOCIADO A TRATAMENTO ENDODONTICO RADICAL: RELATO DE CASO. Pedro
Henrique Goncalves Ferreira; Victor Couto Figueiredo; Rodrigo Rodrigues Amaral; Tomaz
Goncalves Martins Neto; Nelson Ferreira Figueiredo; Maria llma de Souza Cortes. Apresentado como
painel cientifico durante | Encontro Cientifico de Odontologia da Faculdade Arnaldo, realizado em 13
de Junho de 2019 em Belo Horizonte.

Certificado

Certificamos que o trabalho RESTAURACAO TRANSCIRURGICA DE

4 REABSORCAO RADICULAR EXTERNA ASSOCIADA A TRATAMENTO
<> ENDODONTICO RADICAL RELATO DE CASO do ore Pedro
Henrique Gongalves Ferreira®; Vietor Couto Figueciredo; Rodrige Rodrigues

alves Martios Neto

ol apresentad e 5 nodahdade Imciante, no

erreirn de Figueiredo: Maria

| Encantro Clentifi

junho de 2019, na ¢
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AVALIACAO QUANTITATIVA DA REDUCAO BACTERIANA COM RECIPROC BLUE,
XP-ENDO SHAPER E FINISHER EM CANAIS DE FORMATO OVAL: ESTUDO IN VIVO.
Pedro Henrique Goncalves Ferreira; Anna Gabriella Guimardes Oliveira, Luiz Macedo Farias, Paula
Prazeres Magalhdes, Peter Reher, Tiago Braga; Maria llma de Souza Cortes; Rodrigo Rodrigues
Amaral. Apresentado na 372 Reunido Anual da Sociedade Brasileira de Pesquisa Odontoldgica no
periodo de 09 a 12 de Setembro de 2020.

Socledade Brasileira de Pesquisa Odontologica Expo D. Pedro - Campinas/SP
Divisdo Brasileira da JADR 09 a 12 de setembro de 2020

Certificamos que o trabalho P10209 - AVALIACAO QUANTITATIVA DA
REDUCAO BACTERIANA COM RECIPROC BLUE, XP-ENDO SHAPER E
FINISHER EM CANAIS DE FORMATO OVAL: ESTUDO IN VIVOde Ferreira
PHG*, Oliveira AGG, Farias LM, Magalhaes PP, Reher P, Braga T, Cortes MIS, Amaral
RR foi apresentado

na 37* Reuniao Anual da Sociedade Brasileira de Pesquisa Odontoldgica
no periodo de 09 a 12 de Setembro de 2020

) LM A7 -
! Pz o AR S
-)\‘{ob \ i i €%
Isabela Almeida Pordeus Paulo Francisco César
Presidente Vice-Presidente
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AVALIACAO QUANTITATIVA DA REDUCAO BACTERIANA COM RECIPROC BLUE,
XP-ENDO SHAPER E FINISHER: ESTUDO CLINICO. Rodrigo Rodrigues Amaral; Anna
Gabriella Guimarées Oliveira; Tiago Braga; Peter Reher; Pedro Gongalves Ferreira; Maria Ilma de
Souza Cortes. Trabalho apresentado na 12° Congresso Internacional da Sociedade Brasileira de
Endodontia - SBENDO, realizado no periodo de 15/10/2020 a 17/10/2020.

CERTIFICADO

Certificamos que RODRIGO RODRIGUES AMARAL submeteu o trabalho:
AVALIACAO QUANTITATIVA DA REDUCAO BACTERIANA COM RECIPROC
BLUE, XP-ENDO SHAPER E FINISHER: ESTUDO CLINICO na modalidade

Técnica endoddntica: RODRIGO RODRIGUES AMARAL, ANNA GABRIELLA
GUIMARAES OLIVEIRA, TIAGO BRAGA, PETER REHER, PEDRO
GONCALVES FERREIRA, MARIA ILMA DE SOUZA CORTES trabalho
apresentado na 12° Congresso Internacional da Sociedade Brasileira de
Endodontia - SBENDOQO, realizado no periodo de 15/10/2020 a 17/10/2020.
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Produtos Técnicos

1. Amaral, R. R.; Figueiredo, V.C.; MARTINS NETO, T. G.; FERREIRA, P. H. G.; cortes, M.I. S.
Aspiracao e Irrigacao ativada por ultrassom em Endodontia, 2019.
Gotas do Conhecimento-Puc Minas.

https://www.youtube.com/watch?v=9uEZESx69D4

2. Amaral, R. R.; Figueiredo, V.C.; MARTINS NETO, T. G.; FERREIRA, P. H. G.; Cortes M.1.S
Fratura radicular obliqua, 2019.
Gotas do Conhecimento - PUC Minas.

https://www.youtube.com/watch?v=DUnyNB4LLeg

3. Amaral, R.R; Figueiredo, V.C.; MARTINS NETO, T. G.; FERREIRA, P. H. G.; CORTES, M. 1.
S.
Photodynamic Therapy, 2019.
Gotas do Conhecimento - PUC Minas.
https://www.youtube.com/watch?v=r1YtefflA5I

4. Amaral, R. R.; Figueiredo, V.C.; MARTINS NETO, T. G.; FERREIRA, P. H. G.; CORTES, M. I.
S.
Remocao de pino metélico pré-fabricado, 2019.
Gotas do Conhecimento - PUC Minas.
https://www.youtube.com/watch?v=xv-rTt dIB8&t=18s

5. Thompson, A.C.T; Amaral, R. R.; FERREIRA, P. H. G.; Figueiredo, V.C.; Braga, T.; CORTES,
M. I. S. XP-Endo Shaper®: Adaptar a morfologia do canal, limpar mais desgantando
menos, 2020.
Gotas do Conhecimento - PUC Minas.

https://www.youtube.com/watch?v=NsDgMTOidyl &feature=youtu.be

6. Thompson, A.C.T; Amaral, R. R.; Figueiredo, V.C.; FERREIRA, P. H. G.; Braga, T.; CORTES,

M. I. S. XP-Endo Finisher®: Limpeza final do sistema de canais radiculares preservando

dentina, 2020.

Gotas do Conhecimento - PUC Minas.
https://www.youtube.com/watch?v=rr37g62sQrw&feature=youtu.be

7. Povoa, S.A ; Padua, R.B; Vieira, J.C; Oliveira,F.B; Amaral,R.R; Cortes,M.l.S; Grossmann,
S.M.C. Terapia Fotodinamica Antimicrobiana.
Gotas do Conhecimento-PUC Minas

https://www.youtu.be/BHguVKYm4Wg

8. Amaral, R. R., CORTES, M. |. S.,, AMARAL T.G.

Aplicativo para randomizagéo- RandomIZe, 2020.

Disponivel em:
https://apps.apple.com/au/app/randomize-randomization-tool/id1490735869
https://play.google.com/store/apps/details?id=com.thiagoamaral.random|ZE&hl=en

9. AmaralL, R R, CORTES, M. I. S.

PODCAST - 2019. Boca a Boca - PUC Minas

Como prevenir o trauma dental
https://soundcloud.com/user-458494525/como-prevenir-os-traumatismos-dentarios



https://www.youtube.com/watch?v=9uEZESx69D4
https://www.youtube.com/watch?v=DUnyNB4LLeg
https://www.youtube.com/watch?v=rIYteffIA5I
https://www.youtube.com/watch?v=xv-rTt_dIB8&t=18s
https://www.youtube.com/watch?v=NsDgMTOidyI&feature=youtu.be
https://www.youtube.com/watch?v=rr37g62sQrw&feature=youtu.be
https://www.youtu.be/BHquVKYm4Wg
https://apps.apple.com/au/app/randomize-randomization-tool/id1490735869
https://play.google.com/store/apps/details?id=com.thiagoamaral.randomIZE&hl=en
https://soundcloud.com/user-458494525/como-prevenir-os-traumatismos-dentarios
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10. Registro de programa de computador.

Instituto Nacional da Propriedade Intelectual
Processo N°BR5120200011843-
AMARAL T.G; Amaral, R. R., CORTES, M. I. S.

LTI R
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Outras participagdes e producao técnica

e Avaliador painel cientifico

CERTIFICADO

Cortdwasmnon gue JES DA IPON Cornn AVALIADOR DE PAINEIS s 204 jormads Oduntalogics « do 89
Encontio de Preguiss do Departamento de Odontologs da Pontaficw Universidade Catohca de Minas Gersss, ivalizados no peniodo
A A0, A1 e ot e (08, O O seterniser e 2007 penn el Metiznnte, MG
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e Revisor de Periodico

20

ELSEVIER

|Photodiagnosis and Photodynamic Therapy

Certificate of Reviewing

Awarded since May 2019 (5 reviews)
presented to

RODRIGO AMARAL

in recognition of the review contributed to the journal

The Editors of Photodiagnosis and Photodynamic Therapy
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Postgraduate course: Teaching for Learning in Advance Higher Education

Wy

riv:
UNVERSITY

Teaching for Learning - Understanding
Learning

ISSUED 10

Rodrigo Amaral

UNDERSTANDING
LEARNING

msued o 28 FEB 2020 | Expires un: 01 APR 2035 | 1ssued by: Grimin \Aaversity
Verify: hitps/ iveaw.youracclalm, comigo! GYIHHmGo
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Gri
UNIVERSTY

Teaching for Learning - Teaching Using
Active Learning

ISSUED TO

Rodrigo Amaral

TEACHING USING
ACTIVE LEARNING

Issued ore 10560 2020 | Bxperes one 01 APR 2025 | issusd byt Gl Uriversity
Verify: Frtpswaww. youracdam com/pnirESEQOOD
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©

f‘l’eaching for Learning - Designing for
Learning

ISSUED 1O

Rodrigo Amaral

DESIGNING FON
LEARNING

lssued on: 13 AUG 2020 | Expires on: 05 APR 2025 | ssued by: Goffith University
Verify: httpsa//www. youracdamm.com/go/SYYvmaue
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Griffith
UNIVERSITY

Teaching for Learning - Using
Assessment for Learning

ISSUED TO

Rodrigo Amaral

USING ASSESSMENT
FOR LEARNING

1ssued o 0% OCT 2020 | Expores on: 09 APR 2025 | I5suad byt Griffth University
Verity: ps My Ouracciam, comygod ORFIOTNG
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Teaching for Learning - Evaluating
Teaching

ISSUED 10

Rodrigo Amaral

msued ore 22 OCT 2020 | Expires one 0T APR 2025 | fssued by: Griftith Ualversity

Verdy: httpsiwwweyouracdaim comigo/wb4 P304

Teaching for Learning - Developing a
Learning and Teaching Philosophy

SSUED TO

Rodrigo Amaral

Jssued an: 22 OCT 2020 | Expires on: OF APR 2025 | issued by: GrtTith Univer sity
verify: haps/fwwes youracdaim, comiga E8G0S
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Teaching for Learning - Authenticating
Practice

ISSUED TO

Rodrigo Amaral

AUTHENTICATING
PRACTICE

Jzzued on: 26 NOV 2020 | Expires onc 01 APR 2025 | issued by: Griffith University
Vet ify: https Paww youracclaimcom/gaVis 2 awMie

Successful completion of the seven (7) badges in the Teaching for Learning qualifies
candidates for Associate Fellow, HEA and for credit into 7031LFC University Teaching for

Learning, a core course in the Graduate Certificate in University Learning and Teaching.

This means you are eligible for recognition as an Associate Fellow, HEA, and for credit into

the Graduate Certificate in University Learning and Teaching.
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