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RESUMO

O objetivo desse estudo foi o de investigar a resisténcia a fadiga ciclica, flexural,
torsional e deflexdo angular de instrumentos de niquel-titanio (NiTi) usados para
desobturacdo do canal radicular. Um total de 80 instrumentos de NiTi foram
selecionados para esse estudo. As amostras foram divididas em quatro grupos
(n = 20), da seguinte forma: Pro-R #25.08; ProDesign Logic RT #25.08;
Retratamento MK #25.08; e ProTaper Retratamento D2 #25.08. O teste de fadiga
ciclica foi realizado até a fratura em um dispositivo de aco inoxidavel
personalizado em um equipamento de banho-maria para simular a temperatura
corporal. O tempo para fratura foi registrado. O niumero de ciclos foi calculado. A
resisténcia flexural até 45°, a resisténcia torsional, e a deflexdo angular foram
avaliadas. As superficies das fraturas foram examinadas por microscopia
eletronica de varredura. A analise estatistica foi realizada com os testes ANOVA
unidirecional e Tukey e Kruskal-Wallis e de Dunn. Pro-R e Logic RT
apresentaram a maior fadiga ciclica (P < 0.05). D2 apresentou maior resisténcia
a flexdo do que a Pro-R e a Logic-RT (P < 0.05). Logic RT demonstrou o maior
torque e deflexdo angular (P < 0.05), sem diferencas quando comparado a D2
(P > 0.05). A performance dos instrumentos dependeu das suas caracteristicas

geomeétricas e tratamentos térmicos.

Palavras-Chave: Temperatura corporal, fadiga ciclica, liga de NiTi, forca para
flexdo, torcao



ABSTRACT

The aim of this study was to investigate the cyclic fatigue, bending, torsional
resistance, and angular deflection of nickel-titanium (NiTi) instruments used for
root canal desobturation. A total of 80 NiTi instruments were selected for this
study. The samples were divided in four groups (n = 20), as follows: Pro-R
#25.08; ProDesign Logic RT #25.08; MK Retreatment #25,08; and ProTaper
Retreatment D2 #25.08. Cyclic fatigue test was performed until fracture in a
custom stainless-steel device with water bath equipment to simulate body
temperature. Time to fracture was recorded. Number of cycles was calculated.
Resistance to bending at 45°, torsional resistance, and angular deflection were
evaluated. The fracture surfaces were examined by scanning electron
microscopy. Statistical analysis was performed with one-way ANOVA and Tukey
and Kruskal-Wallis and Dunn tests. Pro-R and Logic RT presented the highest
cyclic fatigue (P < 0.05). D2 had higher strength to bend than Pro-R and Logic
RT (P < 0.05). Logic RT showed the highest torque and angular deflection (P <
0.05), without differences when compared to D2 (P > 0.05). Instruments

performances were dependent on their geometrical features and heat treatments.

Keywords: Body temperature, cyclic fatigue, NiTi alloy, strength to bend, torsion
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1. INTRODUCAO

A principal causa de insucesso do tratamento endodbntico esta
relacionada & presenca de infeccdo bacteriana (SIQUEIRA; ROCAS, 2008).
Essa pode estar localizada dentro do sistema de canais (intrarradicular) (VIEIRA
et al., 2012), ou externamente, se estendendo além do forame apical
(extrarradicular) (RICUCCI et al., 2015).

Tal infeccdo pode ser caracterizada como persistente, quando causada
por bactérias presentes no momento do primeiro tratamento que ndo foram
eliminadas ou controladas; ou secundaria, quando causada por bactérias
introduzidas durante o tratamento primario, por falhas da cadeia asséptica, ou
que tenham infiltrado no sistema de canais apos a finalizacdo do tratamento
(SIQUEIRA et al., 2014).

Independentemente da caracterizacdo da infec¢éo, a reducéo e o controle
da carga bacteriana se fazem necessarios a fim de favorecer o processo de
reparo por parte do organismo (SIQUEIRA; ROCAS, 2008). Nesse sentido, o
retratamento endoddntico ndo cirdrgico se mostra como a primeira opcao de
reintervencdo para a maioria dos casos, apresentando uma taxa de sucesso
entre 70 & 88% (CHERCOLES-RUIZ; SANCHEZ-TORRES; GAY-ESCODA,
2017; NG; MANN; GULABIVALA, 2008; TORABINEJAD et al., 2009).

O retratamento endoddntico n&o-cirirgico consiste na remocdo do
material obturador via acesso coronario, sendo a guta-percha associada a um
cimento endodéntico os materiais mais empregados atualmente, a fim de se
ganhar acesso ao sistema de canais radiculares, para que seja possivel uma
nova tentativa de descontaminacdo (DUNCAN; CHONG, 2008).

Embora até o momento nenhuma técnica tenha demostrado a capacidade
de remover completamente o material obturador do interior do sistema de canais
radiculares (ROSSI-FEDELE; AHMED, 2017), diversas sdo as técnicas
empregadas para a remocéao deste. Entre tais técnicas, podemos citar o uso de
instrumentos manuais de aco inoxidavel, associado ou ndo a utilizacdo de
instrumentos mecanizados de aco (brocas Gates Glidden), com ou sem
solventes endododnticos, o uso de insertos ultrassonicos, e 0 uso de instrumentos

mecanizados de niquel-titanio (NiTi) destinados para a remocdo do material
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obturador (AGRAWAL et al., 2019; ROSSI-FEDELE; AHMED, 2017; TAVARES
et al., 2020).

1.2 Instrumentos Mecanizados de Niquel-Titanio para Retratamento

Endodobntico

E descrito na literatura que, dentre as técnicas de remocdo de material
obturador, a utilizag&o de instrumentos de NiTi possibilita um menor tempo para
a obtencdo do comprimento de trabalho (FENOUL; MELESS; PEREZ, 2010;
RODIG et al., 2012, 2014a, 2014b; SOMMA et al., 2008) e promove uma menor
extrusdo apical de debris (KASIKCI BILGI et al., 2017; TOPCUOGLU et al.,
2014), quando comparados aos instrumentos manuais de a¢o inoxidavel. Porém,
guanto a eficacia na remocédo do material obturador, os estudos demonstram
resultados controversos.

Enquanto Schirrmeister et al. (2006), e Patil et al. (2018), verificaram que
os sistemas de NiTi removeram maior quantidade de material obturador, RAdig
et al. (2014b), e Hammad et al. (2008), verificaram que 0s instrumentos manuais
de aco inoxidavel promoveram uma maior remocdo deste material.
Controversamente, Somma et al. (2008), Fenoul et al. (2010), Bilgi et al. (2017),
e Kosti et al. (2006), demonstraram néo haver diferengas entre os instrumentos
manuais de ac¢o inoxidavel ou de NiTi em relacdo ao mesmo aspecto.

Diversos instrumentos de NiTi, muitos destinados exclusivamente para
situacdes de retratamento, vém sendo introduzidos ao mercado. Esses podem
ser apresentados em trés fases microestruturais, que sdo influenciadas pela
temperatura e estresse que o instrumento € submetido durante o seu uso. Uma
fase predominantemente austenita, fornecendo ao instrumento uma propriedade
de super elasticidade, tornando-o mais rigido. Em uma fase intermediaria, prévia
a fase martensita, conhecida como fase-R. E em fase predominantemente
martensita, fornecendo ao instrumento uma maior ductilidade e um efeito de
memoria de forma (ZUPANC; VAHDAT-PAJOUH; SCHAFER, 2018).

Além disso, esses instrumentos apresentam diferentes caracteristicas
geomeétricas (seccdo transversal, diametro de ponta, conicidade, volume de
massa metdlica, etc.), cinematicas (rotatéria e/ou reciprocante) e tratamentos

térmicos, a fim de, dessa forma, melhorarem as suas performances clinicas
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(GAVINI et al., 2018; ZHANG; CHEUNG; ZHENG, 2010; ZUPANC; VAHDAT-
PAJOUH; SCHAFER, 2018).

Entretanto, embora tais tecnologias venham sendo empregadas aos
instrumentos, € necessario salientar que aqueles destinados ao procedimento
de desobturacao trabalham em constante atrito com o material obturador e as
paredes dentinarias, levando a uma maior incidéncia de fraturas quando
comparados aos indices de fraturas em tratamento primarios (ALFOUZAN;
JAMLEH, 2018), o que pode comprometer a taxa de sucesso da terapia,
principalmente quando ha presenca de infeccdo (CHATTERJEE, 1990;
PARASHOS; MESSER, 2006).

Tais acidentes podem acontecer por dois mecanismos diferentes: fadiga
ciclica ou torsional; acontecendo, em sua maioria das vezes, sem quaisquer
sinais visiveis de deformacao prévia (SATTAPAN et al., 2000).

Além dos riscos inerentes a fratura dos instrumentos, € necessario que
estes apresentem flexibilidade suficiente, principalmente quando empregados
em canais curvos, para se manterem na trajetdria do canal sem a promocao de
um desgaste exacerbado em umas das paredes dentinarias, levando ao risco de
transporte do canal (SCHAFER; DZEPINA; DANESH, 2003; SCHAFER; TEPEL,
2001), ou até mesmo a ocorréncia de degraus, perfuracbes ou rasgos
radiculares (ZHOU; PENG; ZHENG, 2013).

Por esses motivos, testes mecéanicos, realizados previamente a aplicacédo
clinica do instrumento, avaliando fatores como a resisténcia a fadiga ciclica,
resisténcia torsional e a capacidade flexural, se fazem necessarios a fim de se
compreender 0 impacto que as caracteristicas desses instrumentos apresentam
sobre suas performances, promovendo um melhor entendimento e seguranga

para a aplicagéo clinica.

1.3 Testes Mecéanicos de Instrumentos de Niquel-Titanio para Retratamento

1.3.1 Fadiga Ciclica

A fratura por fadiga ciclica ocorre quando o instrumento, girando
livremente em uma curvatura, gera ciclos de tensdo e compressao até exceder
o limite maximo de sua resisténcia flexural (PARASHOS; GORDON; MESSER,
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2004; PETERS, 2004). Ao rotacionar na curvatura do canal, a metade do
instrumento posicionada no lado externo da curva € submetida a tensao,
enquanto a metade do lado interno é submetida a compresséo (PLOTINO et al.,
2009). A constante repeticdo desses ciclos, diminui gradativamente a vida Util
apresentada pelo instrumento ao longo do tempo, sendo um importante fator a
ser considerado clinicamente (PARASHOS; GORDON; MESSER, 2004;
SEREFOGLU et al., 2020).

A resisténcia a fadiga ciclica de instrumentos de NiTi € constantemente
avaliada por meio de testes mecénicos, in vitro, que verificam a sua resisténcia,
justamente por meio do acumulo de fadiga em sua massa metalica, ao se gerar
tais ciclos de tensédo/compresséao sobre o ponto de maxima flexao do instrumento
(PLOTINO et al., 2009).

Poucos sao os estudos que avaliaram a resisténcia a fadiga ciclica de
instrumentos de NiTi destinados para uso em retratamento. Topguoglu et al.
(2016), avaliaram tal aspecto, em relacao aos instrumentos D-Race DR2 (FKG
Dentaire, La Chaux-de-Fonds, Suica) e ProTaper D3 (Dentsply Maillefer,
Ballaigues, Suica) quando em curvaturas de 45° e 60°, encontrando maior
resisténcia a fadiga ciclica por parte do instrumento D-Race DR2 somente
guando utilizado em curvaturas de 60°.

Inan et al. (2012), avaliando os instrumentos R-Endo R3 (Micro-Mega,
Besancon, Franca), ProTaper D3 (Dentsply Maillefer) e Mtwo R 25.05 (VDW,
Munique, Alemanha), verificaram maior resisténcia a fadiga ciclica para os
instrumentos R-Endo R3, sem diferencas entre os demais.

Avaliando os instrumentos ProTaper D1 (Dentsply Maillefer, Ballaigues,
Suica) em diferentes cinematicas (movimento rotatorio continuo e adaptativo),
Ozyirek et al. (2017), verificaram que o movimento adaptativo (combinacdo do
movimento rotatorio continuo e reciprocante) melhorou significativamente a
resisténcia ciclica dos instrumentos testados.

Recentes estudos em fadiga ciclica vém demonstrando que a temperatura
na qual o instrumento é testado afeta significativamente o resultado apresentado
durante esses testes, devido as alteracbes ocorridas sobre as fases
microestruturais do instrumento (DOSANJH; PAURAZAS; ASKAR, 2017,
KLYMUS et al., 2019; PLOTINO et al., 2018). Por esse motivo, tal teste deve ser

realizado em temperaturas proximas da apresentada pelo corpo humano (36° +
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1°C), a fim de simular uma condi¢cado mais préxima daquela encontrada durante
a pratica clinica (KLYMUS et al., 2019).

Até o presente momento, apenas um estudo, realizado por Topguoglu et
al. (2016), avaliou instrumentos destinados para retratamento endodontico em
temperaturas préoximas da corporal. Nesse estudo, os autores avaliaram 0s
instrumentos ProTaper D3 (Dentsply Maillefer), D-Race DR2 (FKG Dentaire) e
Mtwo R 25.05 (VDW), quando imersos ou hdo em solucao de 5% hipoclorito de
sédio (NaOCI) a 37°C durante 5 minutos, verificando que, quando ndo imersos
em NaOCI, os instrumentos D-Race DR2 apresentaram maior resisténcia a
fadiga ciclica em relacédo aos instrumentos ProTaper D3 e Mtwo R 25.05, sem
diferencas entre os Ultimos. Ja a imersdo em NaOCI| 5%, reduziu
significativamente os resultados apresentados pelos instrumentos D-Race DR2,
sem afetar os demais instrumentos. Entretanto, embora tenham realizado tais
testes a 37°C, tal temperatura foi utilizada somente para os instrumentos imersos
em NaOCI 5%, durante o tempo de 5 minutos, sendo o subsequente teste de

avaliacdo de fadiga ciclica realizado fora desses parametros.

1.3.2 Fadiga Torsional

A fratura por torcéo € descrita como aquela que ocorre quando a ponta do
instrumento se prende a parede dentinaria e 0 mesmo continua rotacionando,
até o momento em que o limite elastico do metal € excedido, ocorrendo a fratura
(MARTIN et al.,, 2003). Clinicamente, esse tipo de fratura est4 associada a
excessiva aplicacdo de forca apical durante a instrumentacdo (SATTAPAN;
PALAMARA; MESSER, 2000).

A resisténcia torsional dos instrumentos esta intimamente relacionada a
capacidade de deflexdo angular apresentada por esses. Isto €, a capacidade que
o instrumento possui de se deformar elastica e plasticamente, antes da
ocorréncia da fratura por torcdo (SHEN et al., 2013). Para a prética clinica, tal
propriedade é considerada como um fator de seguranca, visto que a
caracteristica clinica dessa propriedade se reflete na deformacéo das espiras do
instrumento (LOPES et al., 2011).

Os testes para verificagcdo da resisténcia torsional de instrumentos

endodonticos sdo realizados de acordo com as especificagcbes preconizadas
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pela International Organization for Statandardization (ISO) 3630-1
(INTERNATIONAL ORGANIZATION FOR STANDARDIZATION, [s.d.]), no qual
0s 3mm da ponta do instrumento sdo fixos e submetidos a torcdo no sentido
horario ou anti-horério, até o momento de fratura. Ao contrario dos testes de
fadiga ciclica, para a verificacdo da resisténcia torsional, at¢é o momento, a
temperatura parece nao ser um fator influenciador do resultado (SILVA et al.,
2019). Entretanto, tal evidéncia se refere a realizacdo de testes torsionais em
instrumentos CM-Wire e de NiTi convencional (sem tratamento térmico),
necessitando-se a verificagcdo de uma metodologia consistente para a realizacao
de novos estudos que avaliem tal fator sobre instrumentos que apresentem
diferentes tratamentos térmicos.

Quanto ao numero de estudos que avaliaram a resisténcia torsional e a
capacidade de deflexdo angular de instrumentos de NiTi destinados a
retratamento, novamente, é verificada uma escassez de dados. Lopes et al.
(2011), ao avaliarem os instrumentos Mtwo R 15.05 e 25.05 (VDW) e ProTaper
D2 e D3 (Dentsply Maillefer) verificaram que os instrumentos ProTaper D2
apresentaram a maior resisténcia ao torque, seguidos dos instrumentos Mtwo R
25.05, ProTaper D3 e Mtwo R 15.05. Ja em relacdo a deflexdo angular,
verificaram que os instrumentos Mtwo 15.05 demonstraram a maior capacidade
de deformacdo prévia a fratura, seguidos dos instrumentos Mtwo R 25.05,
ProTaper D2 e ProTaper D3.

Em outro estudo, Hussne et al. (2011), avaliando, entre outros fatores, a
resisténcia torsional e a deflexdo angular dos instrumentos ProTaper D1, D2 e
D3 (Dentsply Maillefer), R-Endo R1, R2 e R3 (Micro-Mega) e Mtwo R 15.05 e
25.05 (VDW), verificaram que os instrumentos ProTaper D1 demonstraram
significativa maior resisténcia torsional, havendo diferengcas entre todos os
grupos exceto entre os instrumentos R-Endo R1 e ProTaper D2; e Mtwo R 25.05
e ProTaper D3. Quanto a deflexdo angular, os maiores resultados foram
verificados pela ProTaper D3 e Mtwo R 15.05, sem diferengas significativas entre
ambos.

Em situagcBes de retratamento, o instrumento est4 constantemente em
contato com o material obturador e a parede dentinaria e, por essa razéo, €
necessario que o instrumento apresente certa resisténcia torsional (LOPES et

al., 2011), a fim de evitar uma indesejada fratura que possa inviabilizar a terapia.
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1.3.3 Capacidade Flexural

A capacidade flexural de um instrumento de NiTi est4 diretamente
relacionada com o resultado apresentado quando utilizado na curvatura do canal
radicular (SCHAFER; DZEPINA; DANESH, 2003). Clinicamente, tal propriedade
representa que um instrumento com maior flexibilidade possui a capacidade de
causar menores alteracbes na morfologia da curvatura do canal quando
comparado a aqueles com menor flexibilidade (SCHAFER; DZEPINA; DANESH,
2003).

Bem como os testes de resisténcia torsional, a verificagdo da capacidade
flexural de um instrumento segue as especificacbes da ISO 3630-1
(INTERNATIONAL ORGANIZATION FOR STANDARDIZATION, [s.d.]). Nesse
teste, a flexibilidade é determinada pela fixacgdo dos 3mm da ponta do
instrumento, e pela aplicacdo e medicdo de uma forca até se obter uma
angulacédo de 45°.

Até o momento, apenas um estudo avaliou a capacidade flexural de
instrumentos de NiTi destinados para uso em retratamentos endodonticos.
Hussne et al. (2011), além de verificarem a resisténcia torsional e deflexao
angular dos instrumentos ProTaper D1, D2 e D3 (Dentsply Maillefer), R-Endo
R1, R2 e R3 (Micro-Mega) e Mtwo R 15.05 e 25.05 (VDW), avaliaram a
capacidade flexural dos mesmos. Nesse sentido, 0os autores determinaram que
0s instrumentos destinados para remocéao do material obturador em tergo apical,
apresentaram maior flexibilidade que aqueles destinados para os tercos cervical
e médio, sendo o instrumento Mtwo 15.05 o que apresentou maior flexibilidade
entre os testados.

Por meio da revisdo da literatura disponivel referente as performances
mecanicas de instrumentos de NiTi destinados para uso em retratamento
endododntico, se faz evidente a falta de informacdes sobre tais instrumentos.
Ainda, visto a grande quantidade destes disponiveis no mercado, as suas
verificacbes se fazem necessaria. Portanto, no presente estudo, os seguintes

instrumentos foram avaliados.
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1.4 Pro-R

Pro-R (MK Life, Porto Alegre, Brasil) € um sistema de instrumentos
reciprocantes indicados para a desobturagdo de canais em retratamento.
Segundo o fabricante, o sistema possui trés instrumentos com diferentes
diametros de ponta e conicidades variaveis (#25.08; #40.06; #50.05), com 25mm
de comprimento, seccao transversal em hélice dupla e tratamento térmico
semelhante ao M-Wire, sendo preconizado o uso de apenas um instrumento
para a desobturacéo de todos os tercos, escolhido de acordo com o caso (“MK

Life - Limas Pro-R - Limas Reciprocantes”, [s.d.]).

1.5 Logic RT

ProDesign Logic RT (Easy Equipamentos Odontoldgicos, Belo Horizonte,
Brasil) € um sistema composto por trés instrumentos rotatérios continuos. De
acordo com o fabricante, o primeiro instrumento, possui um didmetro de ponta
#30 e conicidade .10 nos primeiros 3mm, uma seccao transversal em hélice
dupla, sendo destinado para a remocao do material obturador do terco cervical,
0 segundo, possui um diametro de ponta #25 e conicidade .08 nos primeiros
3mm, designado para remocdo do material obturador em terco médio; e o
terceiro, apresenta um diametro de ponta #20 e conicidade .06 nos primeiros
3mm, para utilizacdo no terco apical. Ainda de acordo com o fabricante, os
instrumentos #25.08 e #20.06 possuem secc¢ao transversal em hélice tripla.
Todos os instrumentos apresentam uma liga metalica com tratamento térmico
CM-Wire, e sdo comercializados nos comprimentos de 21 e 25mm (“Bassi Easy
- ProDesign Logic RT”, [s.d.]).

1.6 Retratamento MK

Retratamento MK (MK Life, Porto Alegre, Brasil) € um conjunto de trés
instrumentos rotatdrios continuos. Também de acordo com o fabricante, o
primeiro instrumento, destinado para uso em terco cervical, possui 16mm de

comprimento, didametro de ponta #30 e conicidade .09; o segundo, para uso em
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terco médio, apresenta 18mm de comprimento, didmetro de ponta #25 e
conicidade .08; e o terceiro, para utilizacdo em terco apical, possui 22mm de
comprimento, diametro de ponta #20 e conicidade .07. Todos os instrumentos
apresentam secgao transversal romboidal e liga de NiTi convencional (“MK Life

- Lima Retratamento - Limas Rotatorias”, [s.d.]).

1.7 ProTaper Retreatmento

ProTaper Retreatmento (Dentsply/Tulsa Dental Specialties, Tulsa, OK,
EUA) é mais um sistema composto por trés instrumentos rotatorios continuos. O
primeiro (D1), para remog&o do material obturador na porgdo cervical, possui
16mm de comprimento, diametro de ponta #30 e conicidade .09 nos primeiros
3mm; o segundo instrumento (D2), destinado ao uso no terco médio, possuli
18mm de comprimento, diametro de ponta #25 e conicidade .08 em seus
primeiros 3mm; e o terceiro instrumento (D3), para uso em terco apical, tém
22mm de comprimento, diametro de ponta #20 e conicidade .07 em seus
primeiros 3mm (SO et al., 2008, 2012). Ainda, esses instrumentos apresentam
seccdo transversal triangular convexa e liga de NiTi convencional (SO et al.,
2008, 2012).

Para esse estudo, foram selecionados apenas o0s instrumentos
correspondentes ao diametro #25 de cada sistema, por serem aqueles que
possuem maior atuagao nas zonas de curvatura dos canais. Portanto, o objetivo
desse estudo foi o de avaliar os instrumentos Pro-R #25.08, Logic RT #25.08,
Retratamento MK #25.08 e ProTaper Retratamento D2 #25.08, quanto as suas
resisténcias a fadiga ciclica em temperatura corporal simulada, capacidade

flexural e resisténcia torsional.
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2. OBJETIVOS

2.1 Objetivo Geral

Avaliar as propriedades mecanicas de diferentes instrumentos de niquel-

titanio utilizados para retratamentos endodonticos.

2.2 Objetivos Especificos

Investigar a resisténcia a fadiga ciclica em temperatura corporal simulada
e controlada dos seguintes instrumentos de niquel-titanio destinados para uso
em retratamento endoddntico: Pro-R #25.08, Logic RT #25.08, Retratamento MK
#25.08 e ProTaper Retreatmento D2 #25.08;

Avaliar, em microscopia eletrbnica de varredura, as caracteristicas
topograficas das fraturas dos instrumentos apds os testes de fadiga ciclica.

Investigar a capacidade flexural dos instrumentos: Pro-R #25.08, Logic RT
#25.08, Retratamento MK #25.08 e ProTaper Retreatmento D2 #25.08;

Investigar a resisténcia torsional dos instrumentos: Pro-R #25.08, Logic
RT #25.08, Retratamento MK #25.08 e ProTaper Retreatmento D2 #25.08;

Verificar, apds os testes de resisténcia torsional, as caracteristicas das
fraturas dos instrumentos testados, por meio de microscopia eletrbnica de

varredura.
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Abstract

This study investigated the cyclic fatigue, bending, torsional resistance, and
angular deflection of Pro-R 25.08; Logic RT 25.08; MK Retreatment 25.08 (MK
RT); and ProTaper Retreatment D2 instruments. Cyclic fatigue test was
performed until fracture in a custom stainless-steel device with water bath
equipment to simulate body temperature. Fracture time was recorded. Number
of cycles was calculated. Resistance to bending at 45°, torsional resistance, and
angular deflection were evaluated. The fracture surfaces were examined by
scanning electron microscopy. Statistical analysis was performed with one-way
ANOVA and Tukey and Kruskal-Wallis and Dunn tests. Pro-R and Logic RT
presented the highest cyclic fatigue (p < 0.05). D2 had higher strength to bend
than Pro-R and Logic RT (p < 0.05). Logic RT showed the highest torque and
angular deflection (p < 0.05), without differences when compared to D2 (p > 0.05).
Instruments performances were dependent on their geometrical features and

heat treatments.

Keywords: Body temperature, cyclic fatigue, NiTi alloy, strength to bend, torsion
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Introduction

The need for endodontic retreatment is mainly due to the presence of
persistent or secondary bacterial infection (1). Several techniques have been
proposed for the removal of the filling material. However, none can completely
remove gutta-percha and the endodontic sealer from the root canal system (2).
Studies have already shown the effectiveness of nickel-titanium (NiTi)

instruments specifically designed for these situations (3,4).

The NiTi alloy can be presented in 3 microstructural phases (austenite,
martensite, and R-phase). Conventional NiTi alloy instruments present a high
level of elasticity, mainly containing austenite phase, and when induced to
temperature drops or mechanical stress, a martensite transformation occurs,
presenting a shape memory effect, increasing its flexural resistance (5,6).
However, these instruments are also subject to failure due to torsional fracture or

cyclic fatigue (7).

Therefore, technologies such as different geometries, kinematics, and
thermal treatments, modifying the temperature required to obtain the austenite-
martensite transformation, have been proposed to improve the performance of
NiTi instruments (8-16). Pro-R #25.08 (Pro-R - MK Life, Porto Alegre, Brazil) is a
25mm length reciprocating instrument that presents an alloy with M-Wire
treatment and a double helix cross-section. ProDesign Logic RT #25.08 (Logic
RT - Easy Equipamentos Odontologicos, Belo Horizonte, Brazil), a 25mm length
rotary instrument presenting CM-Wire treatment on its alloy with a triple helix
cross-section. MK Retreatment #25.08 (MK RT - MK Life, Porto Alegre, Brazil),
an 18mm length rotary instrument without heat treatment presenting a
rhomboidal cross-section. And ProTaper Retreatment D2 #25.08 (D2 -
Dentsply/Tulsa Dental Specialties, Tulsa, OK, USA), also an 18mm length rotary

conventional NiTi instrument with a convex triangular cross-section.

NiTi retreatment instruments move with their tip in close contact with the
filling material, being frequently subject to locking, requiring a specific resistance
to torsion (17). These instruments must also present enough flexibility to reduce

the potential risk of canal transportation (18). Several studies evaluated the
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mechanical performance of retreatment NiTi instruments (17-20) but, recent data
have shown that different temperatures at which NiTi instruments are subjected
can alter the properties of their alloy, affecting their flexural strength (21-23),

without any effect on their torsional behavior, regardless of heat treatment (24).

For these reasons, due to the need for studies evaluating the performance
of instruments at body temperature, this study aimed to evaluate the mechanical
properties of four NiTi retreatment instruments: Pro-R #25.08, ProDesign Logic
RT #25.08, MK Retreatment #25.08 and ProTaper Retreatment D2 #25.08. The
null hypotheses of the study are: (i) there are no differences in the cyclic fatigue
resistance of the tested instruments; (ii) there are no differences in the bending
capacity of the instruments; (iii) there are no differences in the torsional strength
of the tested instruments.

Materials and methods

Sample size calculation was performed before the mechanical testing
using G*Power v.3.1 for Mac (Heinrich Heine, University of Disseldorf,
Dusseldorf, Germany) and by selecting the Wilcoxon—Mann-Whitney test. The
alpha-type error of 0.05, beta power of 0.95, and N2/N1 ratio of 1 were also
stipulated. The test calculated eight samples for each group as the ideal size for
noting significant differences. However, an additional 20% of the real instruments

were used to compensate for atypical values that might lead to sample loss.

A total of 80 NiTi instruments were selected for this study. The samples
were divided into four groups (n=20) as follows: Pro-R #25.08 (Pro-R); MK
Retreatment #25.08 (MK RT); ProTaper Retreatment D2 #25.08 (D2); and
ProDesign Logic RT #25.08 (Logic RT).

Pro-R is a 25mm length reciprocating NiTi instrument that presents an
alloy with M-Wire treatment, a #25mm tip, and .08 taper on its first 3mm with a
double helix cross-section. Logic RT is a 25mm length rotary NiTi instrument
presenting CM-Wire treatment on its alloy, #25mm tip, and .08 taper on its first

3mm with a triple helix cross-section. MK RT is an 18mm length rotary
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conventional NiTi instrument, with a #25mm tip and .08 taper presenting a
rhomboidal cross-section, and D2 is also an 18mm length rotary conventional
NiTi instrument, presenting a #25mm tip and .08 taper on its first 3mm with a

convex triangular cross-section.

Pro-R and MK RT instruments are commercialized in sterile blisters packs.
Since Logic RT and D2 instruments are not commercialized in sterile blister
packs, these instruments were subjected to sterilization process in an autoclave
(Bioclave 12L, Saevo, Ribeirdo Preto, Sdo Paulo, Brazil) for 16 minutes at a
temperature of 128° + 1°C and a pressure of 1,7kgf/cm? + 0,4, in order to simulate
clinical conditions. Previously to the mechanical tests, all files were inspected
under a stereomicroscope (Carls Zeiss, LLC, EUA) at 16x magnification to detect

possible defects or deformities; none were discarded.

Cyclic Fatigue Test

The cyclic fatigue test was performed using a custom-made device that
simulated an artificial canal made of stainless steel, with a 60° angle of curvature
and a 5-mm radius of curvature reproducing the size and taper of the instruments.
The curvature of the artificial canal was fitted onto a cylindrical guide made of the
same material. An outer arch had a 1-mm-deep groove that served as a guide
path for the instruments, which kept the instruments on the curvature, allowing
them to rotate or reciprocate freely during the test. The device allowed an
accurate and reproducible position of the curvature to be established for all the

instruments. The same device was used in previous studies (25-27).

This test was performed at body temperatures (36° = 1 °C) using a
histology water bath equipment (Leica HI 1210), which allowed to control the
temperature (28). A total of 600 mL of water was used to fill the equipment
container to the desired level, allowing the simulated canal to be submerged on
the water. The temperature was controlled using a digital thermometer of the
equipment and infrared thermometer during all the test.



28

The instruments were coupled to a VDW Silver Motor (VDW, Munich,
Germany), and speed and torque were programmed according to the
manufacturer’'s recommendations: Pro-R instruments were operated with the
“Reciproc ALL” program (300rpm) in reciprocating motion and Logic RT (900rpm
and 4Ncm), MK RT (350rpm and 2Ncm), and D2 (500rpm and 4Ncm) in rotary

motion.

All instruments were activated until a fracture occurs. A digital chronometer
measured the time to fracture, and video recordings were made during all the
tests. The time to fracture was multiplied by the number of rotations per minute

(rpm) to obtain the number of cycles to fracture (NCF) for each instrument.

Bending and Torsional Tests

Previously to the torsional test, ten instruments of each system were
subjected to the bending test. The bending test was performed using a torsion
machine (Analdgica, Belo Horizonte, Brazil), adapted to the ISO 3630-1
specifications to verify the flexibility and maximum force required to bend the files

at 45° angular deflection, as previously reported (18).

Instruments were fixed at 3mm from the tip and perpendicularly to the
motor axis. The bending angle (45°) was measured and controlled by a resistive
angular transducer connected to a process controller. The force required to bend
the instruments was automatically measured by the load cell and recorded by a

machine's specific program (MicroTorque; Analdgica).

After the bending tests, the torsional test was performed, following the 1ISO
3630-1 specifications, as previously described (18). Torque and angular rotation
were measured throughout the entire test. The values of ultimate load and
angular rotation (°) were provided by the same torsion machine and program
previously described. Before testing, the handle of all instruments was removed
when they attached to the torsion shaft. The 3mm of the instrument tip was
clamped to a geared motor and then started in the counterclockwise motion

(2rpm) for all groups.
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Scanning Electron Microscopy Evaluation

All instruments were examined under a scanning electron microscopy
(SEM) to verify the topographic features of the fragment fractures. Before SEM,
the instruments were cleaned in an ultrasonic device (L100, Schuster, Santa
Maria, RS, Brazil) in distilled water for 3 minutes. The instruments' fracture
surface was examined at 100x magnification in the cross-sectional direction and
transversally at 50x magnification after cyclic fatigue testing, and at 150x and

250x magnification in the instruments cross-section after torsional testing.

Statistical Analysis

Shapiro-Wilk test was performed to verify the presence or absence of
normality. One-way analysis of variance and Tukey’s post hoc tests were used
for multiple and individual comparisons on the cyclic fatigue and torsional results.
Kruskal-Wallis and Dunn post hoc tests were used for multiple and individual
comparisons on the bending and angular deflection results. The Prism 6.0
software (GraphPad Software Inc., La Jolla, CA, USA) was used as the analytical

tool, and the level of significance was set at 5%.

Results

The values (mean and standard deviation) of cyclic fatigue, bending, and
torsional resistance (torque maximum load and angle of rotation) tests are
presented in Table 1. Pro-R and Logic RT presented higher cyclic fatigue values
than MK RT and D2 (p < 0.05).

D2 had higher strength to bend when compared to Pro-R and Logic RT (p
< 0.05), but similar to MK RT (p > 0.05). Logic RT presented the lowest values (p
< 0.05), except when compared to Pro-R (p > 0.05).
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After the torsional test, Logic RT presented the highest torque and angular
deflection values (p < 0.05), but without differences only when compared to D2
(p > 0.05). MK RT showed the lowest torque (p < 0.05), except when compared
with Pro-R (p > 0.05).

SEM evaluation of the fragment surfaces showed typical cyclic fatigue and
torsional failure for all the instruments analyzed. Instruments subjected to the
cyclic fatigue test showed ductile morphologic characteristics and did not present
plastic deformation on their helical shafts (Figure 1). Following the torsional test,
the instruments showed abrasion marks and fibrous dimples near the center of

the rotation (Figure 2).

Table 1. Mean (and standard deviation) of the cyclic fatigue (NCF), bending (°),
torque (Ncm) and angular deflection (°) of the tested instruments.

Cyclic Fatigue . Torque Angular
Instruments Bending (°) _
(NCF) (Ncm) Deflection (°)
Pro-R 953.12 (155) 1.27°(0.42) 1.80b° (0.41) 319.7° (67.93)

Logic RT  867.22(289.6)  0.86°(0.21) 2.512(0.49) 455.52 (122.9)

MK RT 265.15(125.7)  2.04%(0.29)  1.40° (0.44) 336.5" (41.66)
360.42b
D2 255.89(63.24)  2.512(0.28) 2.08% (0.48)
(50.65)

Different lowercase letters denote statistically significant differences in each

column (p < 0.05).
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Figure 1. Scanning electron microscopy images of the fracture surfaces of D2 (A
and B), Pro-R (C and D), MK RT (E and F) and Logic RT (G and H) instruments
after cyclic fatigue test.
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Figure 2. Scanning electron microscopy images of the fracture surfaces of D2 (A
and B), Pro-R (C and D), MK RT (E and F) and Logic RT (G and H) instruments
after torsional resistance test.
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Discussion

NiTi instruments can be presented in three microstructural phases. The
austenitic phase provides superelastic properties to the NiTi alloy, making the
instruments harder and stiffer. The R-phase is a rhombohedral distorted phase
before the martensitic transformation. Finally, the martensitic phase provides the
alloy more ductility, making it easier to be deformed and possessing a shape
memory effect (5,6,13). These transformations are temperature and stress-
induced (5,13). Therefore, to increase the instruments’ flexibility by altering the
austenite-martensite transformation temperature, several heat treatments of the

NiTi alloys have been proposed (6).

Knowing that temperature influences the microstructural phase
transformation and, consequently, the performance of the instruments regarding
cyclic fatigue resistance (21-23), and that, when in clinical conditions, these
instruments are subjected to temperatures ranging those presented by the
patient’s body (36° + 1°C), it is necessary to verify the resistance to cyclic fatigue

of instruments with different alloys when subjected to this conditions.

It is also necessary that the instruments are mounted in a stabilized
handpiece and made to rotate or reciprocate freely in an artificial canal with
predefined characteristics and under specific conditions (27), characterizing the
static cyclic fatigue model. Using this method, is possible to increase the internal
validity and reproducibility test, allowing a better comprehension of the resistance
behavior of the instrument and minimizing biases like speed and amplitude
movements that, although possible to reproduce in the dynamic model, are, in
clinical situations, operator-dependent (27). Therefore, although some editorials
(29,30) present conclusions that criticize such tests' performance, they are still
valid and allow the verification of several factors associated with the instruments'
performance, such as changes caused by temperature and factors associated

with the instrument’s geometrical features.

In this study, four different instruments designed explicitly for retreatment
situations were tested, and the first null hypothesis was rejected. Pro-R and Logic
RT present a heat-treated alloy, M-Wire and CM-Wire, respectively. The
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temperature of the complete austenitic transformation of M-Wire instruments is
around 43-50°C (6,13), which is below the temperature found inside the root
canal. Thus, when inserted into body temperature, M-Wire instruments contain
austenite phase with small amounts of R-phase and martensite (6,11,15),
increasing its cyclic fatigue resistance compared to the conventional NiTi (6),
presented by MK RT and D2. Regarding CM-Wire instruments, they are
presented mainly in the martensitic phase with an austenite finish temperature
around 47-55°C (6), and differently from the M-Wire instruments, it does not
possess superelastic properties (10). The literature shows that CM-Wire
instruments are more flexible and resistant to cyclic fatigue compared to M-Wire
instruments (6,13). This study did not find differences between Pro-R (M-Wire)
and Logic-RT (CM-Wire) (p > 0.05). This result can probably be explained by the
kinematics and rotational speed of both instruments. Pro-R is an instrument
operated in reciprocating motion with speed set at 300rpm and Logic RT in rotary
motion at 900rpm. Studies have shown that reciprocating motion can improve the
cyclic fatigue resistance of the instruments (9) and that in higher rotational
speeds, the instrument is subjected to more rubbing within the canal. Thus, more
cycles of tension and compression are created, leading to decreased resistance

in curved canals (7,16).

MK RT and D2 are presented in conventional NiTi alloy. Thus, according
to previous studies, when in body temperature, these instruments are mainly in
austenitic phase, reducing its flexibility and resistance to cyclic fatigue (6,13).
This can be the probable explanation for MK RT and D2 instruments' lower results
after cyclic fatigue (p < 0.05). Also, both instruments were designed to work only
in the coronal and middle third. This study used them in a 60° angle of curvature
and a 5-mm radius of curvature, located 5mm from their tips. According to a
previous study (18), instruments specifically projected to these root thirds are less
flexible due to their larger diameter and, since both presents reduced lengths
when inserted into curved canals, there is a tendency for the larger diameter of

the instrument to suffer higher stress, resulting in less resistance (19).

Bending stiffness is related to the instrument's capacity to follow the

curvature of the root canal and reduce the risk of canal transportation (13). Due
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to the results found in this study, the second null hypothesis was also rejected.
Logic RT presented the lower results (p < 0.05), probably due to its CM-Wire, that
present lower ultimate tensile strength than the other instruments tested (19).
Although it is reported that M-Wire instruments present greater flexibility than
conventional NiTi instruments (10), in this study, Pro-R and MK RT did not differ

(p > 0.05), probably because of their geometrical features.

In retreatments situations, the instruments work with intimate contact with
the filling material and the dentin walls. Therefore, some resistance to torsion is
necessary to avoid complications due to fracture of the instrument (17). Torsional
resistance is mainly related to the instrument’s cross-section and mass volume
of metal. Thus, instruments with larger diameters may present higher torsional
resistance (12,14). According to the results, the third null hypothesis was

rejected.

In this study, all instruments had the same tip and taper diameters to
reduce bias. Therefore, they only differ in their cross-section geometries and
length. Logic RT presented the highest values regarding torsional resistance and
angular deflection (p < 0.05), but without differences when compared to D2 (p >
0.05). Logic RT and D2 present a triple helix and convex triangular cross-section,
respectively. These results corroborate with other studies in which already had
concluded that instruments presenting these cross-section geometries are more

torque resistance (12,14).

D2 and Pro-R also presented similar torsional resistance and angular
deflection results (p > 0.05), probably because of their cross-section. Although
these instruments have the same taper, Pro-R has a double helix S-shaped
cross-section. According to a previous study (14), this cross-section is
asymmetrical and has a smaller area. Therefore, the stress is poorly distributed,
being more prone to fracture. However, it is necessary to emphasize that, due to
the kinematics, reciprocating instruments are less susceptible to torsional fracture
(20). MK RT presented the lowest values to torsional fracture (p < 0.05), but with
no differences when compared to Pro-R (p > 0.05). This finding agrees with a
previous study (8), which concluded that rhombus-shaped instruments are less
resistant to torsional loadings.
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Regarding angular deflection, this characteristic is associated with the
plastic and elastic deformation of the instrument before it reaches the torsional
failure, functioning as a safety factor in clinical situations (17). It has been
reported that CM-Wire instruments exhibit a more significant angular deflection
compared to M-Wire and conventional NiTi instruments (6). Therefore, the results
of this study are partially following this sentence because Logic RT presented the
greater angular deflection among the instruments tested (p < 0.05), except when

compared to the D2 instrument (p > 0.05).

The SEM analysis of the instruments subjected to the cyclic fatigue test
showed crack initiation areas that propagated over a single or in multiple planes
and the presence of numerous dimples with varied forms. Also, no plastic
deformation of the helical shafts was observed, agreeing with other studies
(16,19). The SEM analysis showed concentric abrasion marks and fibrous
dimples at the center of rotation for torsional failure, also agreeing with other
studies (17,24).

Based on this study's results, it is possible to infer that clinically, Pro-R and
Logic RT may present a more significant safety when used in curved canals. It is
also possible to infer that all the tested instruments present some safety regarding
torsion and angular deflection. Although generating relevant knowledge about
these instruments, this study did not evaluate all their mechanical properties.
Therefore, other aspects, such as their efficiency in removing filling material,
centering ability, canal transportation, dentin removal, and debris formation, were

not assessed. Other studies must be performed to evaluate these outcomes.

With this study, it is possible to conclude that Pro-R and Logic RT
presented higher resistance to cyclic fatigue, probably related to their cross-
section designs and heat treatments. The results were dependent on the
instruments’ geometrical features and heat treatment regarding bending, torque

to fracture, and angular deflection.
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4. CONSIDERACOES FINAIS

Diante das condicfes experimentais desse estudo, € possivel estabelecer
que as caracteristicas geométricas e o tratamento térmico dos instrumentos
testados apresentaram uma grande influéncia sobre os resultados apresentados
em todos os testes realizados. Por esses motivos, se mostra, mais uma vez, a
necessidade da realizacdo de tais testes para melhor compreender o impacto
desses fatores sobre o desempenho dos instrumentos quando testados para
verificacdo de determinadas propriedades.

A realizacdo de testes de fadiga ciclica em temperatura proxima da
corporal se faz necessaria, pois € sabido que a temperatura é um fator que
influencia os resultados apresentados pelos instrumentos nesse teste. Dessa
forma, essa condicdo para o teste de fadiga ciclica, com tal fator sendo
controlado e ajustado para uma situacdo mais préoxima da apresentada
clinicamente, demonstra resultados mais confiaveis.

Sobre a resisténcia a fadiga ciclica, os instrumentos Pro-R #25.08 e Logic
RT #25.08 apresentaram maiores valores até o momento da fratura em relagdo
aos instrumentos MK Retreatment #25.08 e ProTaper D2. Isso se deve,
principalmente, por conta do tratamento térmico empregado nesses
instrumentos, por suas seccdes transversais e pelo comprimento (25mm)
apresentado em relagcdo aos demais. Clinicamente, esses séo fatores que
necessitam serem levados em consideracdo na escolha do instrumento,
principalmente quando a atuacdo do mesmo se dara em canais curvos.

Quanto a flexibilidade do instrumento, novamente, a aplicabilidade clinica
desse fator se da durante o uso desses na curvatura dos canais. O transporte
do canal pode vir a aumentar o risco de degraus, perfuracdes ou rasgos,
podendo, também, se tornarem fatores complicadores ou até mesmo inviabilizar
o retratamento. Por esse motivo, a verificacdo da flexibilidade dos instrumentos
se faz necessaria.

Nesse estudo, foi verificado que os instrumentos Logic RT #25.08
apresentaram a menor resisténcia para dobramento, indicando uma maior
flexibilidade, mesmo embora sem diferencas quando comparado aos
instrumentos Pro-R #25.08. Esse resultado, muito provavelmente esta

relacionado ao tratamento térmico apresentado pelo instrumento (CM-Wire).
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Pode-se inferir que, quando em situacao clinica, esses instrumentos apresentem
um menor risco de transporte do canal durante o seu emprego em canais curvos.
Durante situagfes de retratamento, os instrumentos estdo em constante
contato com o material obturador, aumentando a chance de travamento da ponta
do instrumento, seja com esse material, seja com a parede dentinaria. Por isso,
instrumentos destinados para uso em retratamentos endoddnticos, necessitam
apresentar certa resisténcia torsional e capacidade de deflexdo angular, a fim de
evitar a sua fratura durante o processo de remoc¢ao do material obturador.

Em relacé@o a resisténcia torsional e a deflexdo angular, os instrumentos
Logic RT #25.08 apresentaram os maiores resultados, embora sem diferencas
para os instrumentos ProTaper D2. Além de demonstrar que, no momento do
travamento e inducao da carga torsional, esses instrumentos apresentariam uma
maior resisténcia até a fratura, os dados desse estudo demonstram que os tais
instrumentos apresentariam maior deformacdo antes de isso ocorrer,
possibilitando maior seguranca na utilizagéo clinica.

Esse estudo néo coloca fim aos testes relacionados a esses instrumentos.
Novos estudos que testem aspectos clinicos, como a capacidade de remocao
do material obturador, a verificacdo do transporte do canal ap6s a desobturacao,
entre outros pontos de interesse, se fazem necessarios para que possam ser
indicados com seguranca e eficacia para a pratica clinica.

Baseado nos resultados desse estudo, é possivel concluir que os
instrumentos Pro-R e Logic RT apresentar a maior resisténcia a fadiga ciclica,
sendo esses resultados provavelmente relacionados as suas seccodes
transversais e tratamentos térmicos. Em relagdo a capacidade flexural,
resisténcia torsional e deflexdo angular, os resultados foram dependentes das

caracteristicas geométricas e tratamentos térmicos dos instrumentos.
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