UNIVERSIDADE DE SÃO PAULO
FACULDADE DE ODONTOLOGIA DE BAURU

Murilo Priori Alcalde

Comparison of the mechanical properties of engine-driven NickelTitanium instruments manufactured by different thermal treatments

Comparação das propriedades mecânicas de instrumentos
mecanizados de Níquel-Titânio fabricados com diferentes
tratamentos térmicos

BAURU
2018

Murilo Priori Alcalde

Comparison of the mechanical properties of engine-driven NickelTitanium instruments manufactured by different thermal treatments

Comparação das propriedades mecânicas de instrumentos
mecanizados de Níquel-Titânio fabricados com diferentes
tratamentos térmicos
Tese constituída por artigos apresentada à
Faculdade de Odontologia de Bauru da
Universidade de São Paulo para obtenção do
título de Doutor em Ciências no Programa de
Ciências Odontológicas Aplicadas, na área de
concentração Endodontia.
Orientador: Prof. Dr. Clovis Monteiro Bramante

Versão Corrigida

BAURU
2018

Alcalde, Murilo Priori
Al16c

Comparison of the mechanical properties of
engine-driven
Nickel-Titanium
instruments
manufactured by different thermal treatments. / Murilo
Priori Alcalde. – Bauru, 2018.
97 p. : il. ; 30cm.
Tese (Doutorado) – Faculdade de Odontologia de
Bauru. Universidade de São Paulo
Orientador: Prof. Dr. Clovis Monteiro Bramante

Nota: A versão original desta tese encontra-se disponível no Serviço de Biblioteca e
Documentação da Faculdade de Odontologia de Bauru – FOB/USP.

Autorizo, exclusivamente para fins acadêmicos e científicos, a
reprodução total ou parcial desta dissertação/tese, por
processos fotocopiadores e outros meios eletrônicos.
Assinatura:
Data:

FOLHA DE APROVAÇÃO

Murilo Priori Alcalde
DADOS CURRICULARES

14 de janeiro de 1988

Nascimento
Jaú - SP

Filiação

Jorge Luiz Alcalde
Eliana Alves Priori Alcalde

2008 - 2011

Graduação em Odontologia Universidade
de São Paulo (Faculdade de Odontologia
de Bauru – FOB - USP)

2012 – 2013

Especialização

em

Endodontia

pela

Universidade de São Paulo (FOB – USP)

2013 - 2015

Pós-graduação,

mestrado,

área

Endodontia Faculdade de Odontologia de
Bauru Universidade de São Paulo (FOB –
USP)
2015 - 2018

Pós-graduação,

doutorado,

área

Endodontia Faculdade de Odontologia de
Bauru Universidade de São Paulo (FOB –
USP)

DEDICATÓRIA
Dedico este trabalho à Deus pois graças a ele tenho uma
família e amigos maravilhosos, os quais sempre me apoiaram nesta
jornada. Além disso, Ele sempre me deu força e esperança para
continuar em pé nos momentos mais difíceis.
Dedico este trabalho à minha família. A base fundamental,
para que minha vida tenha sentido.
Aos meus pais, Jorge Alcalde e Eliana Alcalde, por todo apoio,
dedicação e confiança depositados em mim durante todo este
período. Obrigado pela apoio e amor incondicional! Vocês são e
sempre serão exemplos para mim, AMO vocês mais que tudo nessa
vida.
Aos meus irmãos Rafael, Otavio, Flávia e Marina vocês sem
dúvida são o maior legado e o maior presente que nossos pais
poderiam ter me dado! Obrigado por fazerem parte da minha e
sempre estar ao meu lado!
As minhas cunhadas Fernanda e Thatiana que além de serem
pessoas maravilhsas me proporcionaram a alegria de ser tio! Fato
este impossível de mensurar o amor que tenho pelo Daniel , Vinicius
e Lucas.
Aos meus sobrinhos Daniel, Vinicius e Lucas fontes de amor e
alegria. Amo muito vocês!
Aos meus avós (in memoriam), Décio e Dalva que estão vivos
em minha memória e em meu coração. É muito difícil não pode ver
vocês. A saudade é imensa. Sei que vocês sempre estão olhando por
nós. Obrigado por tudo. Amo vocês.

Aos meus avós José

Alcalde e Odila que sempre nos deram

carinho, amor . Vocês são exemplos de honestidade e conduta.
Obrigado pela dedicação e preocupação, vocês são essenciais na
nossas vidas!
Aos meus Tios Maurício e Gladis que sempre estiveram à
disposição dos seus sobrinhos! Obrigado pelo amor e toda ajuda
principalmente nos momentos mais difíceis! O apoio seus foi
fundamental para minha formação e meu amadurecimento!
A minha madrinha, conhecida como Tia Bete, por sempre
demonstrar amor e preocupação comigo! Obrigado por fazer parte
da minha vida! Você é uma pessoa incrível!
Aos meus tios Carlos e Lúcia por todo carinho, amor e
preocupação!
Aos meus primos Olavo, Gustavo e Guilherme pela infância
feliz que tivemos juntos e por todo carinho !
A minha namorada Natalia Favoretto, a qual soube ter
paciência e compreender minha ausência em certos momentos. No
entanto, sempre me deu apoio, carinho e amor. Obrigado por esta
sempre ao meu lado, que seja assim para o resto de nossas vidas, eu
te amo!
A minha Tia Elaine Priori que sempre nos deu amor e dedicou
o máximo do seu tempo aos seus sobrinhos. Além disso, nos
presentou com uma jóia (Marina) após sua partida para os braços
dos seus pais. Obrigado tia! (In memoriam).

AGRADECIMENTOS

Ao meu orientador, Prof. Dr. Clovis Monteiro Bramante,
agradeço ao senhor pela sua disponibilidade, paciência, conselhos
e humildade compartilhada durante estes anos! Aprendi muito
com

o

senhor.

Obrigado

pela

sua

amizade

e

por

todos

ensinamentos clínicos e científicos! Tenho uma grande admiração
e respeito pela sua pessoa, foi uma honra tê-lo como orientador.

Ao Prof. Dr. Marco Antonio Hungaro Duarte, por toda
paciência, ajuda e conselhos durante toda a pós-graduação. O
senhor teve um papel fundamental na minha formação científica
e pessoal! Serei eternamente grato por tudo que me ensinou e me
ajudou, o senhor é um exemplo de pessoa e profissional .

Ao Prof. Dr. Rodrigo Ricci Vivan, agradeço pela amizade,
pelos ensinamentos e profissionalismo. O Senhor é o exemplo de que
dedicação e esforço são essenciais para o sucesso! Obrigado por
toda a ajuda na execução desta tese!
Sua amizade e conselhos foram fundamentais para que eu
chegasse até aqui, obrigado meu amigo!

Aos Professores do departamento de endodontia FOB-USP,
Prof. Dr. Clovis Monteiro Bramante, Prof. Dra. Flaviana Bombarda
Andrade, Prof. Dr. Ivaldo Gomes de Moraes, Prof. Dr. Marco Antonio
Hungaro Duarte ,Prof. Dr. Norberti Bernardineli, Prof. Dr. Roberto
Brandão Garcia e Prof. Dr. Rodrigo Ricci Vivan. Obrigado por
terem me ajudado na minha formação. Admiro muito vocês pela
vontade de ensinar, compartilhar os conhecimentos sem receios e
sobretudo, pela qualidade humana que há em todos vocês.

Aos Professores do departamento de endodontia Faculdade de
Odontologia de Araraquara, Prof. Dr. Mario Tanomaru Filho e
Profa. Dra. Juliane Guerreiro Tanomaru, e o Pós-graduando,
Jader

Camilo

Pinto,

por

toda

ajuda,

planejamento

e

disponibilidade na execução de parte desta tese. A ajuda de vocês
foi de suma importância para a concretização dos trabalhos
realizados. MUITO OBRIGADO!
As funcionárias do departamento de endodontia FOB-USP,
Andressa Barraviera e Suely Regina Bettio. Obrigado pelo carinho,
ajuda e amizade durante estes anos de convivência.
Ao funcionário do departamento de endodontia FOB-USP,
Edimauro de Andrade pela amizade, conselhos, broncas e ajuda.
Obrigado por sempre me ajudar meu amigo!
Ao Prof. Dr. Ricardo Affonso Bernardes pelos conselhos,
conversas e toda ajuda mesmo estando distante de Bauru. Saiba
que o considero como um grande amigo e tenho muito respeito alta
capacidade profissional que o senhor possui. Muito obrigado!
Aos

meus

amigos

de

pós-graduação,

Raquel,

Bruno

Cavenago, Pablo Amoroso-Silva, Marina Marciano, Aldo, Amanda,
Lincoln, Francine, Aldo, Samuel, layla, Thais, Bruno Piazza,
Renan Furlan, Yahir, Melissa, Maricel, Jussaro, Mariana, Rafaela,
Ericke, Pomini, Milena, Talita, Vanessa, Arthur, Pedro, Vitor,
Ericsson, Denise, Gislene, Lyz, Michel, Bruno Guimarães, Fernanda,
India e Glaucia, obrigado pela amizade , convivência e ajuda!
Aas meus amigos Bruno Piazza, Pablo, Ericke, Pomini, Michel
e Renan pela convivência, amizade e risadas! Contem sempre com
a minha ajuda pois sei que posso contar com vocês!

Aos meus amigos e colegas de profissão Paulo Wechwerth e
Guilherme

Ferreira

da

Silva,

obrigado

pelos

conselhos,

ensinamentos e por me ajudar e acompanhar meu caminho dentro
da USC! Vocês são peças fundamentais para que eu atingisse os
meus objetivos! Levo a amizade de vocês sempre comigo!
À Universidade do Sagrado Coração, à todos os funcionários
e professores pelo apoio, convivência e confiança! Agradeço por
acreditarem em meu trabalho e por tornarem os dias de trabalho
mais alegres.

AGRADECIMENTOS INSTITUCIONAIS

À Faculdade de Odontologia de Bauru, Universidade de São
Paulo, na pessoa da diretora, Profa. Dra. Maria Aparecida Moreira
Machado.

À Comissão de Pós-graduação na pessoa do Prof. Dr.
Guilherme dos Reis Pereira Janson

Ao

Coordenador

do

programa

da

Pós-graduação

em

Endodontia Prof. Dr. Marco Antonio Hungaro Duarte.

Aos funcionários da pós-graduação Maria Margareth Pereira
Morzakel,

Ana

Leticia

Palombo

Momesso,

Fatima

Cassador

Carvalho, Elaine Falcão Tuler Xavier e Leila Regina da Silva Yerga
Xavier por sempre estarem à disposição de ajudar e serem
atenciosas, muito Obrigado!

A Coodernação de Aperfeiçoamento de Pessoal de Nível
Superior (CAPES) pelo apoio financeiro com a bolsa de doutorado.

Á todos os professores e funcionários da Faculdade de
Odontologia de Bauru da Universidade de São Paulo, que
participaram e contribuíram com a minha formação ao longos
deste 10 anos.

“Feliz aquele que transfere o que sabe e aprende o que ensina. O
saber se aprende com mestres e livros. A sabedoria, com o
corriqueiro, com a vida e com os humildes. O que importa na vida
não é o ponto de partida, mas a caminhada. Caminhando e
semeando, sempre se terá o que colher”.
(Cora Coralina).

RESUMO
Comparação do comportamento mecânico de instrumentos mecanizados de
Níquel-Titânio fabricados com diferentes tratamentos térmicos

O objetivo deste estudo foi avaliar o comportamento mecânico de instrumentos
mecanizados de Níquel-Titânio (NiTi) fabricados com diferentes tratamentos térmicos.
Na primeira parte do estudo foram utilizados 60 instrumentos reciprocantes para a
realização dos teste de fadiga cíclica flexural e torcional (n=20): Reciproc R25 (REC
25.08), Unicone L25 (UNC 25.06) e Prodesign R 25 (PDR 25.06). O teste de fadiga
cíclica flexural foi realizado com o objetivo de mensurar o tempo para a fratura dos
instrumentos em um canal artificial de aço inoxidável com curvatura com 60º de
angulação e 5 mm de raio (n=10). Para o teste de torção, os 3 mm inicias das pontas
dos instrumentos foram fixadas em um aparelho de torção (n=10), de acordo com a
norma ISO 3630-1. Este teste foi realizado com o objetivo de mensurar o torque
máximo e o ângulo de rotação suportado pelos instrumentos até sua fratura.
Adicionalmente, todos os fragmentos dos instrumentos fraturados foram examinados
em microscopia eletrônica de varredura (MEV)

para avaliar as características

topográficas da superfície da área da fratura. A análise-estatística foi realizada
utilizando o teste de análise de variância com um fator ANOVA e teste de Tukey, o
nível de significância foi de 5%. Os resultados de fadiga cíclica flexural demonstraram
que o PDR 25.06 apresentou maior tempo para a fratura do que os outros grupos
(P<0.05). O instrumento REC 25.08 apresentou maior resistência a fadiga cíclica
flexural do que o UNC 25.06 (P<0.05). O teste de torção demonstrou que o PDR 25.06
apresentou significantemente menor resistência torcional do que o REC 25.08 e UNC
25.06 (P<0.05). Além disso, não houve diferença entre REC 25.08 e UNC 25.06. Com
relação ao ângulo de rotação, o PDR 25.06 e UNC 25.06 apresentaram diferença
significante quando comparado ao REC 25.08. Não houve diferença entre PDR 25.06
e UNC 25.06 (P>0.05). Todos os instrumentos apresentaram característica
topográficas típicas de fadiga cíclica flexural e torcional. Na segunda parte deste
estudo avaliou-se a fadiga cíclica flexural e torcional dos instrumentos reciprocantes
Reciproc Blue R25 (RB 25.08), WaveOne Gold Primary (WOG 25.07) e Prodesign R
25 (PDR 25.06) (n=20). O teste de fadiga cíclica

flexural foi realizado com dispositivo descrito anteriormente, utilizando curvaturas de
60º e 5 mm de raio (n=10). O teste de torção foi realizado de acordo com a norma ISO
3630-1 (n=10). Todos os fragmentos dos instrumentos fraturados foram examinados
em microscopia eletrônica de varredura (MEV)
topográficas da superfície da área da fratura.

para avaliar as características
A análise-estatística foi realizada

utilizando o teste de análise de variância com um fator (ANOVA) e teste de Tukey, o
nível de significância foi de 5%. Os resultados de fadiga cíclica flexural demonstraram
que o PDR 25.06 apresentou a maior resistência a fadiga cíclica flexural do que dos
outros grupos (P<0.05). O RB 25.08 apresentou maior tempo para à fratura do que o
WOG 25.07 (P<0.05). O teste de torção, o PDR 25.06 apresentou a menor resistência
à torção do que os outros grupos (P<0.05). Não houve diferença significante entre RB
25.08 e WOG 25.07 (P>0.05). Em relação ao ângulo de rotação, o PDR 25.06
apresentou maiores valores quando comparados com RB 25.08 e WOG 25.07. O RB
25.08 apresentou diferença significante quando comparado com WOG 25.07. Todos
os instrumentos apresentaram características topográficas típicas de fadiga cíclica
flexural e torcional. Na terceira parte deste estudo avaliou-se a resistência torcional
de instrumentos empregados para patência do canal radicular, de acordo com a norma
ISO 3630-1. Foram utilizados 56 instrumentos rotatórios (n=8): Logic 25.01 (LOG
25.01), Logic CM 25.01 (LOG CM 25.01), Proglider 16.02 (PGD 16.02), Hyflex GPF
15.01, 15.02, 20.02 (HGPF) e Mtwo 10.04. Os fragmentos dos instrumentos fraturados
foram examinados em microscopia eletrônica de varredura (MEV) para avaliar as
características topográficas da superfície da área da fratura. A análise-estatística foi
realizada utilizando o teste de análise de variância com um fator ANOVA e teste de
Tukey, o nível de significância foi de 5%. Os resultados demonstraram que o LOG
25.01 apresentou significantemente maior resistência torcional do que os demais
grupos (P<0.05). O grupo da PGD 16.02 apresentou diferença significante quando
comparado com HGPF 15.01 e 15.02 (P<0.05). O LOG CM 25.01 apresentou maior
resistência torcional do que o grupo do HGPF 15.01 e 15.02 (P<0.05). Não houve
diferença significante entre os intrumentos Mtwo 10.04 e HGPF 15.01, 15.02 e 20.02.
Com relação ao ângulo de rotação, o LOG CM 25.01 e HGPF 15.01 apresentaram os
maiores valores (P<0.05). O PGD 16.02 apresentou o menor valor de todos os grupos
(P<0.05) seguido pelo Mtwo 10.04. O LOG 25.01 apresentou

maiores ângulos de rotação do que o PGD 16.02 e Mtwo 10.04 (P<0.05). Todos os
instrumentos apresentaram característica topográficas típicas de fadiga torcional. As
características da secção transversal, tipo de núcleo, taper e o tratamento térmico
possuem forte influência sobre as propriedades mecânicas dos instrumentos de NiTi.
No entanto, o tratamento térmico é um dos fatores primordiais para maior flexibilidade
dos instrumentos. O instrumento PDR 25.06 apresentou maior resistência à fadiga
cíclica flexural e maior ângulo de rotação no teste de torção do que todos os outros
instrumentos reciprocantes avaliados. No entanto, menor resistência torcional. Os
intrumentos LOG 25.01 apresentaram maior resistência torcional e o LOG CM 25.01
maiores ângulos de rotação.

Palavras-chave: Níquel-Titânio; Instrumentos rotatórios; Instrumentos reciprocantes;
Tratamento térmico; Fadiga cíclica flexural; Fadiga torcional.

ABSTRACT
Comparison of the mechanical properties of engine-driven Nickel-Titanium
instruments manufactured by different thermal treatments

The aim of this study was to evaluate the mechanical properties of engine-driven
Nickel-Titanium instruments manufactured by different thermal treatments. In the first
part of this study, 60 reciprocating instruments were used (n=20): Reciproc R25 (REC
25.08), Unicone L25 (UNC 25.06) e Prodesign R 25 (PDR 25.06). The cyclic flexural
fatigue resistance was performed measuring the time to failure in an artificial stainless
steel canal with a 60º angle and a 5 mm radius of curvature (n=10). The torsional test
was performed according to ISO 3630-1, measuring the torque and angle of rotation
at failure in the 3 mm from the tip portion (n=10). Additionally, the fractured surface of
each instrument was examined by scanning electron microscopy (SEM) to assess the
topographic features of the fractured surface. Data were analyzed using one was
analysis of variance ANOVA and Tukey test, the level of significance was set at 5%.
The results of the cyclic flexural fatigue showed that PDR 25.06 presented significantly
higher values than the other groups (P<0.05). REC 25.08 showed higher fatigue
resistance than UNC 25.06 (P<0.05). In relation to the torsional test, the PDR 25.06
presented the lowest torque load than REC 25.08 and UNC 25.06 (P<0.05). In addition,
there was no significant difference between REC 25.08 and UNC 25.06 (P>0.05). The
PDR 25.06 and UNC 25.06 showed higher angular rotation until fracture than REC
25.08 (P<0.05). No difference was found between PDR 25.06 and UNC 25.06. All the
instruments showed typical topographic features of cyclic flexural and torsional fatigue.
The second part of this study evaluated the cyclic flexural and torsional fatigue
resistance of reciprocating instruments Reciproc Blue (RB 25.08), WaveOne Gold
Primary (WOG 25.07) and Prodesign R 25 (PDR 25.06) (n=20). The cyclic flexural
fatigue test was performed with the same previsoly described device, using a root
curvature with 60º and a 5 mm radius (n=10) and the torsional test was performed
according to ISO 3630-1 (n=10). The fractured surface of each instrument was
examined by scanning electron microscopy (SEM). Data were analyzed using one was
analysis of variance ANOVA and Tukey test, the level of significance was set at
5%. The results of the cyclic

flexural fatigue test showed that PDR 25.06 presented significantly higher values than
the other groups (P<0.05). RB 25.08 showed higher fatigue resistance than WOG
25.07 (P<0.05). The torsional test showed that PDR 25.06 had lowed torsional load
(P<0.05). No difference was found between RB 25.08 and WOG 25.07 (P>0.05). In
relation the angular rotation, the PDR 25.06 showed higher angular rotation values
than RB 25.08 and WOG 25.07 (P<0.05). RB 25.08 presented higher angular values
than WOG 25.07 (P<0.05). All the instruments showed typical topographic features of
cyclic flexural and torsional fatigue. The third part of this study was to evaluate the
torsional fatigue resistance of NiTi rotary glide path instruments. The torsional test was
performed according to ISO 3630-1, measuring the torque and angle of rotation at
failure in the 3 mm from the tip portion. A total of 56 glide path instruments were used
(n=8): Logic 25.01 (LOG 25.01), Logic CM 25.01(LOG CM 25.01), Proglider 16.02
(PGD 16.02), Hyflex GPF 15.01, 15.02, 20.02 (HGPF) and Mtwo 10.04. The fractured
surface of each instrument was examined by scanning electron microscopy (SEM).
Data were analyzed using one was analysis of variance ANOVA and Tukey test, the
level of significance was set at 5%. The results showed that LOG 25.01 had a
significantly higher torsional load than the other groups (P<0.05). The PGD 16.02 had
significantly difference in comparison with HGPF 15.01 and 15.02 (P<0.05). LOG CM
25.01 had higher torsional load than HGPF 15.01 and 15.02 (P<0.05). No difference
was found among Mtwo 10.04, HGPG 15.01, 15.02 and 20.02. In relation the angular
rotation, LOG CM 25.01 and HGPF 15.01 presented the highest values (P<0.05). PGD
16.02 had the lowest values (P<0.05) followed by Mtwo 10.04. LOG 25.01 had higher
angle of rotation than PGD 16.02 and Mtwo 10.04 (P<0.05). All the instruments showed
typical topographic features of torsional fatigue.

Keywords: Nickel-Titanium; Rotary instruments; Reciprocating instruments; Thermal
treatments; Cyclic flexural fatigue; Torsional fatigue.
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1 INTRODUCTION

The stainless steel hand files were the main and the most method used for root
canal preparation during many decades (PETERS, 2004; HULSMANN; PETERS;
DUMMER, 2005). However, the low flexibility of the stainless steel became the root
canal preparation of curved canals a challange (WALIA et al., 1988; PETERS, 2004),
increasing the risks of procedure errors such as root canal perforations, working lenght
loss or the root canal patency, ledging, etc (BAUMANN, 2004; CHEUNG; LIU, 2009).
The Nickel-Titanium (NiTi) was introduced in endodontics by Walia et al. (1988).
The authors showed the NiTi files were two or three time more flexible than stainless
steel hand files and greater resistance by torsion. After this publication, there was a
revolution on the root canal preparation and many studies were published showing that
the NiTi hand files favor a greater canal centrability and safety for root prepararion of
curved canals than stainless steel (PORTO CARVALHO; BONETTI; GAGLIARDI
BORGES, 1999; PETERS; SCHONENBERGER; LAIB, 2001; PETTEIETE; DELANO;
TROPE, 2001; PETERS, 2004; CHEUNG; LIU, 2009).
The NiTi present low stiffness, high springback, shape memory and superelastic
properties (BURSTONE; QIN; MORTON, 1985; MIURA et al., 1986; WALIA et al.,
1998; THOMPSON, 2000). The shape memory is defined as the ability of the NiTi to
deform and recover to the original shape. The superelasticity is the ability of the NiTi
alloy to suffer large deformation previously to fracture. These features exist because
of the phases of the NiTi alloy, the Austenite (B2) and Martensite (B19) (TORRISI,
1999; THOMPSON, 2000). The austenite is the initial phase of the NiTi where the
atoms are in a cubic cristallyne form. This phase is responsable to the shape memory
and can be induced by heating or the absence of tension. When the NiTi is submited
by tension or cooling, the atoms are rearranged into a monoclinic crystalline strutucre
with superelasticity, the Martensite phase (TORRISI, 1999; THOPSON, 2000). The
shape memory effect is a direct consequence of reversible transformation between
austenite and martensite, differently from stainless steel (THOMPSON, 2000;
BAUMANN, 2004).
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The NiTi endodontic instruments allowed that curved canals could be
mechanically prepared using a continuous rotary motion (THOMPSON, 2000;
BAUMAN, 2004; HAAPASSALO; SHEN, 2013). The flexibility is beneficial for
maintaining the original shape of root canals especially in severe curvature
(THOMPSON, 2000) and favors an adequate torsional and flexural resistance,
reducing the risk of the instrument separation (THOPSON, 2000; BAUMAN, 2004;
ZHOUG; PENG; ZHENG, 2013).
The first NiTi rotary system was designed by Dr. John McSpadden and came to
the market in 1992. In 1994, Dr. Ben Johnson introduced a line of files, which became
known as the Profile 0.04 tapered series. Afterwards, was introduced the ProFile 0.06
tapers and several others rotary systems manufactured by conventional NiTi alloy were
developed (HAAPASSALO; SHEN, 2013). The NiTi rotary instruments manufactured
by conventional NiTi are used clinically in the austenitic phase (body temperature) and
when submitted by tension stress, the martensitic transformation occurs, given rise to
a more elastic material (TORRISI, 1999). Therefore, the rotary system began to
change how the dentists viewed the root preparation of curved canals (HULSMANN;
PETERS; DUMMER, 2005; PLOTINO et al., 2009; HAAPASSALO; SHEN, 2013;
SHEN et al., 2013).
Despite the NiTi rotary files had improved the quality and safety of the root canal
preparation of curved canals, an unexpected instruments separation can occur, which
is caused by flexural and torsional stress (SATTAPAN et al., 2000; PEDULLA et al.,
2015). The flexural fatigue occurs by repeated compressive and tensile stresses when
the instrument rotates in a curved canal (SATTAPAN et al., 2000). Torsional failure
occurs when the tip of the instrument is locked in the canal whilst the shank continues
to rotate (SATTAPAN et al., 2000). This can happen in straight or curved canals,
especially in the preparation of narrow and constricted canals when the file is
susceptible to high torsional loads (SATTAPAN et al., 2000; WYCOOFF; BERZINS,
2012). Torsional resistance is characterized by a maximum torsional load and angle of
rotation. This property reveals the ability of the file to twist before fracture (ELNAGHY;
ELSAKA, 2015).
During the years, the manufacturers have been proposed changes in the crosssection design, taper, rake angle, diameter of core, helical angle, pitch, tips design and
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radial land of the NiTi instruments to improve their mechanical properties and clinical
performance (PLOTINO et al., 2009; SHEN et al., 2013; ZHOU; PENG; ZHENG, 2013;
CAPAR et al., 2015a; ÖZYÜREK, 2016). In addition, it was reported that the surface
condition of the NiTi instruments contributes to fatigue resistance because most fatigue
failures nucleate from the surface, especially in the presence of high stress amplitude
or surface defects (BAHIA; BUONO, 2005; LOPES et al., 2010). Thus, manufacturers
began to focus on other methods to increase the resistance to file separation, such as
electropolishing of the NiTi (LOPES et al., 2010; GUTMANN; GAO, 2012;
HAAPASALO; SHEN, 2013). The BioRaCe was the first rotary system manufactured
by grinding and submitted to an electropolishing surface treatment. Some studies
showed that this treatment reduces the surface defects and improve the cyclic flexural
fatigue resistance (RAPISARDA et al., 2000; TRIPI; BONACCORSO; CONDORELLI,
2006; LOPES et al., 2010; GUTMAN N; GAO et al., 2012; SHEN et al., 2013; KIM et
al., 2015).
After the introduction of electropolishing, the manufacturers have been
developed several thermal treatments and manufacturing technologies in order to
optimize the microstructure of NiTi alloy (HAAPASALO; SHEN, 2013; SHEN et al.,
2013). The thermal treatments assist the control of transition temperatures of NiTi alloy
and induce a better arrangement of the crystal structure (GAO et al., 2012; SHEN et
al., 2013; BRAGA et al., 2014). Previous studies showed that the thermal treatments
can increase the percentage of martensite phase (which is known to be more flexible
than austenitic NiTi) or R-Phase (an intermediate phase between the austenite and
martensite phase), increasing the flexibility and reducing the risk of instrument
separation under high stress (SHEN et al., 2012; SHEN et al., 2013; BRAGA et al.,
2014; PLOTINO et al., 2014; ELSAKA; ELNAGHY, 2016). In Addition, depending of
the thermal treatment the spiral flutes of the endodontic instrument can be
manufactured by twisting process instead of grinding due to the presence of R-Phase
(LOPES et al., 2013; SHEN et al., 2013).
Currently, there are nearly of six types of thermal treatment used in NiTi
instruments: Martensite Wire (M-Wire/ 2007), R Phase NiTi (2008), Controlled Memory
Wire (CM-Wire/ 2010), Blue Wire (2013), Gold Wire (2014) and Max-Wire (2015)
(SHEN et al., 2013; PLOTINO et al., 2014b; GAGLIARDI et al., 2015; PIRANI et al.,
2016; FKG DENTAIRE, 2016). In general, the thermal treatments promote greater
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flexibility than conventional NiTi due to the specific temperature variation applied
during the manufacturing process, inducing a different microstructure arrangement of
the NiTi and better mechanical properties (PETERS et a., 2012; SHEN et al., 2013;
PLOTINO et al., 2014b; KAVAL et al., 2016; ÖZYÜREK, 2016; KAVAL et al., 2017).
Despite the several improvements on the instruments designs and the
metallurgy of the NiTi, the rotary instruments separation continues to be a concernment
for the clinicians (SHEN et al., 2013; PEDULLA et al., 2016; KAVAL e al. 2017; DEDEUS et al., 2017).

In 2008, Yared proposed a new concept of the root canal

preparation using single instrument and a novel kinematics, called reciprocating motion
(DE-DEUS et al., 2010; KIM et al., 2012). The reciprocating motion involves rotation in
counterclockwise (CCW) and clockwise (CW) directions with 120° of difference
between the two movements and completes 360° in 3 cycles (KIM et al., 2012;
PEDULLA et al., 2016; KARATAS et al., 2017). This kinematics reduces the screwingin effect and the mechanical stress of the instruments. In addition, has been shown to
be safer than rotary motion during root preparation of curved and constricted root
canals, reducing cyclic flexural and torsional fatigue (VALERA-PATIÑO et al., 2010;
KIM et al., 2012; KARATAS et al., 2016).
The two firsts reciprocating instruments was introduced on the market in 2011,
the Reciproc (VDW GmbH, Munich, Germany) and Wave-One (Dentsply Tulsa Dental
Specialties, Tulsa, OK, USA). The Reciproc system is composed by three instruments
with S-Shaped cross-section and present three sizes and tapers: #25, #40, and #50
tip sizes and tapers of 0.08, 0.06, and 0.05, respectively. The Wave-one also consists
in three files with triangular cross-section and also three instruments sizes and tapers:
#21, #25, and #40 sizes and tapers of 0.06, 0.08 and 0.08 taper. The Reciproc works
at 300 rpm speed in 150° CCW and 30° CW direction, while Wave-One operates at
350 rpm in in 170° CCW and 50° CW direction (KIM et al., 2012). These both systems
were manufactured by special thermally treated NiTi alloy, called M-Wire. The M-Wire
is composed of 508 Nitinol which has undergone a proprietary method of treatment,
than submit the raw wire under specific tension and heat treatments at various
temperatures resulting in a material that includes some portion in both the martensitic
and the premartensitic R phase while maintaining a pseudoelastic state (PLOTINO
et al., 2014a). Previous studies showed that M-Wire alloy is more flexible and cyclic
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flexural fatigue resistant than conventional NiTi (PEREIRA et al., 2012; SHEN et al.,
2013).
In 2014, the Unicone (Medin, Nov e Mesto na Morave, Czech Republic) was
introduced on the Brazilian market. This reciprocating instruments with convex
triangular cross-section; it consists of 3 instruments: #20, #25 and, #40 tip sizes and
0.06 taper (SILVA et al., 2016a). According to the manufacturer, it is manufactured
proprietary thermal treatment, which offer highly flexible NiTi. In 2015, a Brazilian
reciprocating system was introduced, the Prodesign R (Easy Dental Equipment, Belo
Horizonte, MG, Brazil). This system has two instruments presenting an S-shaped
cross-section: size 25, 0.06 taper and size 35, 0.05 taper. Additionally, these
instruments are made from similar thermal processing of CM-Wire, favoring higher
flexibility than conventional NiTi (SILVA et al., 2016b).
Recently, a new generation of the Reciproc and Wave-one instruments was
introduced. In 2016, the Wave-One Gold (WOG) was introduced on the Brazilian
market. This system uses the same reciprocating motion of the WaveOne file (M-Wire).
However, the WOG instruments are manufactured with a new thermal treatment
procedure called Gold treatment (WEBBER, 2015; PLOTINO et al., 2017). This system
presents different designs and sizes: 20, 25, 35 and 45 tip sizes and tapers of 0.07,
0.07, 0.06 and 0.05, respectively. The cross-sectional design of these instruments is a
parallelogram design with 2 cutting edges (WEBBER, 2015). In the Gold thermal
process, the NiTi instrument undergoes a slow heating-cooling process that creates
Ti3Ni4 precipitates dispersed on the NiTi surface (HIEAWY et al., 2015), inducing
martensitic transformation to occur in 2 steps and increasing the flexibility (ÖZYÜREK
2016; TOPÇUOĞLU et al., 2017; PLOTINO et al., 2017). The Reciproc Blue is an
evolution of Reciproc (M-Wire), which present the same S-Shaped cross-section,
instrument tip sizes, tapers and the same reciprocating motion than the former.
However, the manufacturer replaced the M-Wire alloy with a new thermal treatment
called Blue treatment (DE-DEUS et al., 2017). This thermal treatment is a special
heating-cooling method that results in instruments with a blue color due to a titanium
oxide layer (PLOTINO et al., 2014a; DE-DEUS et al., 2017). This treatment reduces
the shape memory alloy of the NiTi and induces the occurrence of martensitic
transformation in 2 phases (PLOTINO et al., 2014b; SHEN et al., 2015), increasing the
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cyclic flexural fatigue resistance and flexibility compared with Reciproc M-Wire
instruments (DE-DEUS et al., 2017).
The advances on the metallurgy and kinematics of the engine-driven NiTi
instruments improved the safety during root canal preparation of curved and
constricted canals (SHEN et al., 2013; PEDULLA et al., 2016). However, some clinical
procedures can also concur for the reduction of the mechanical stress of rotary and
reciprocating instruments. Some authors reported that creation of a glide path can
favor the reduction of shaping errors (D’AMARIO et al., 2013; ELNAGHY; ELSAKA,
2014), prevent instrument fracture (BERUTTI et al., 2009) and reduce the
postoperative pain (PASQUALINI et al., 2012). This procedure can be performed with
conventional stainless steel hand files or with engine-drive NiTi instruments with small
tip sizes and smaller taper (GAMBARINI et al., 2015; USLU et al., 2017).
The NiTi instruments used for glide path preparation are susceptible to torsional
failure in the constricted root canals because they are used at the beginning of the
preparation (DE-DEUS et al., 2016; ARIAS et al., 2016). Therefore, to minimize this
drawback, the manufacturers have developed new instruments with various crosssections, designs and thermal treatments (KARATAS et al., 2016; USLU et al., 2017).
Several NiTi rotary glide path files are manufactured as single-file or multiple-file
systems. Examples of single-file glide path instruments include Proglider (Dentsply
Tulsa Dental Specialties, Tulsa, OK, USA), Mtwo (VDW, Munich, Germany) and
ProDesign Logic (Easy Equipamentos Odontológicos, Belo Horizonte, Brazil).
The Proglider instrument is made of M-wire alloy (Dentsply Tulsa Dental
Specialties, Tulsa, OK, USA) has a square cross section design; It has a 0.16 mm tip
size and variable taper of between 2% and 8% along the shaft (DE-DEUS et al., 2016).
The Mtwo rotary instrument has a 0.10 tip size and 0.04 taper, manufactured from
conventional NiTi-Wire and an S-shaped cross-sectional design with double cutting
edeges and noncutting tip (ALVES et al., 2012). The Prodesign Logic 25.01 (Easy
Equipamentos Odontológicos, Belo Horizonte, Brazil) is new glide path instrument that
has a square cross section design, a 0.25 mm tip size and 0.01 taper. This instrument
is made of both conventional NiTi Wire and CM-Wire.
The Hyflex GPF (Coltene-Whaledent, Altstätten, Switzerland) is an example of
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a multiple-rotary pathfinding system composed of three instruments: size 0.15, .01
taper, size 0.15, .02 taper, and size 0.20, .02 taper. The instrument size 0.15, .01 taper
is manufactured of conventional NiTi Wire and a triangular cross section; the others
instruments are made of controlled memory wire (CM-Wire) and square cross section
(CAPAR et al., 2015a).
Currently, there are several engine-driven NiTi instruments for root canal
preparation and glide path. Thus, it is important to know the torsional and cyclic flexural
resistance of these instruments to provide a safe and suitable clinical use.
The aim of this study was to evaluate the cyclic flexural and torsional fatigue
resistance of reciprocating and the torsional fatigue resistance of pathfinding
instruments manufactured by different NiTi alloy. For this purpose, the study was
performed in tree steps:
•

1st article: to evaluate the cyclic and torsional fatigue (maximum torque
load and angular rotation) of the Prodesign R 25.06, Unicone 25.06 and
Reciproc 25.08 instruments.

•

2nd article: to evaluate the cyclic and torsional fatigue (maximum torque
load and angular rotation) of Prodesign R 25.06, WaveOne Gold 25.07
and Reciproc Blue 25.08 instruments.

•

3rd article: to evaluate the torsional properties (maximum torque load and
angle angular rotation of Proglider 16.02, Hyflex GPF (15.01, 15.02,
20.02), Logic 25.01, Logic 25.01 CM and Mtwo 10.04 instruments.
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The introduction of the NiTi engine-drive instruments in endodontics promoted
a revolution on the concept of root canal preparation, favoring safety and more
efficiency during preparation of curved and constricted canals (PETERS, 2001;
HAAPSALO; SHEN, 2013). However, unexpected instrument separation can occur
because of flexural and torsional stress (SATTAPAN et al., 2000). If instrument
separation occurs and the fragment can not be removed or bypassed, the root canal
can not be cleaned, which could compromise the success of the treatment (Capar et
al., 2015a). Therefore, it is important to know the mechanical properties of the NiTi
instruments for suitable and safe clinical use.
Previous studies reported that the cyclic flexural and torsional resistance of NiTi
instruments are affected by instrument size, taper, cross-sectional design, diameter of
core and thermal treatment of the NiTi (TURPIN; CHAGNEAU; VULCAIN, 2000;
PEREIRA et al., 2012; LOPES et al., 2013; KAVAL et al., 2016; KAVAL et al., 2017;
PEDULLA et al., 2016). In addition, the reciprocating motion has been shown to be
safe and effective in the preparation of curved canals, reducing cyclic flexural and
torsional fatigue in comparison than rotary motion (VALERA-PATIÑO et al., 2010; DEDEUS et al., 2010; KIM et al., 2012; KARATAS et al., 2016; DE-DEUS et al., 2017).
Therefore, the aim of this study was to evaluate the mechanical properties of
reciprocating instruments and pathfinding rotary instruments manufactured with
different designs and thermal treatments of the NiTi alloy.
In this study, the static cyclic flexural fatigue test was performed to evaluate the
time demanded to fracture reciprocating instruments in simulated artificial canals in
stainless steel blocks, with 60° angle of curvature and a 5-mm radius of curvature, as
previously reported (DE-DEUS et al., 2010; LOPES et al., 2013; DA FROTA et al.,
2014; KIM et al., 2012; PEDULLA et al., 2016). Previous studies used the dynamics
model to simulate pecking motion accomplished during root canal preparation, which
increase the cyclic flexural fatigue resistance in comparison with the static test
(HAIKEL et al., 1999; LI et al., 2002). However, the static model has advantage to
simulate a situation of higher flexural stress and reduce some variables, such as the
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amplitude of axial motion and speed, which are subjective, because the manually
controlled axial motion could be performed in different forms by the clinicians,
difficulting their reproduction (WAN et al., 2011; DA FROTA et al., 2014; PEDULLA et
al., 2016).
The torsional test was performed in accordance with the ISO Standard 3630-1
methods for root canal instruments, as previously described (BAHIA; BUONO, 2005;
ELNAGHY; ELSAKA, 2015, ARIAS et al. 2016, PEDULLA et al., 2015; PEDULLA et
al., 2016). The 3 mm of the instrument’s tip was fastened and rotated in a
counterclockwise was performed for reciprocating instruments, whereas the rotary
pathfinding instruments were rotated clockwise direction until file separation. For all
instruments, 3 mm of the tip was chosen because at this point the instrument is more
susceptible to fracture than at 5 mm (CAPAR et al., 2015a). This test provides precise
and standardised conditions of high torsional loads for the NiTi instruments (KIM et al.,
2012, PEDULLA et al., 2015; PEDULLA et al., 2016). Additionally, the test provides
accurate information regarding the maximum torsional strength and angle of rotation
supported by the instruments before fracture, ensuring precise torque values for their
safe clinical use (ARIAS et al., 2016).
The results of cyclic flexural fatigue resistance of reciprocating instruments
showed that there was a significant difference among them (P<0.05). All the
instruments have the same tip sizes (#25). However, the tapers, cross-sectional design
and thermal treatments differed among them. The instruments used in this study
presented tapers of 0.06, 0.07 and 0.08, over the first 3 mm from the tip. Usually,
instruments with lower taper should ensure higher cyclic flexural fatigue resistance
(PLOTINO et al., 2009; KAVAL et al., 2017); however, our results showed that
UNICONE 25.06 (UNC 25.06) had lower cyclic flexural fatigue resistance than
Prodesign R 25.06 (PDR 25.06) and Reciproc 25.08 (REC 25.08) (P<0.05). In addition,
the WaveOne Gold 25.07 (WOG 25.07) presented lower cyclic flexural fatigue
resistance than PDR 25.06 and Reciproc Blue 25.08 (RB 25.08) (P<0.05). Therefore,
other variables, such as cross-sectional design, diameter of core and thermal
treatment of the Nickel-Titanium (NiTi), played roles in the results of this study.
In this study, the cyclic flexural fatigue test was performed using the preset
programs “Reciproc All” and “WaveOne All” to activate the reciprocating instruments
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according the manufacturer’s instructions. The mode “Reciproc All” presents 150°
counterclockwise (CCW) and 30° clockwise (CW) angles of rotation and a speed of
300 rpm; the mode “WaveOne All” presents 170° CCW and 50° CW (CW) angles of
rotation and a speed of 350 rpm (KIM et al., 2012; PEDULLA et al., 2013). Previous
studies have shown that larger angles of rotation during reciprocating motion
(KARATAS et a., 2016; ARSLAN et al., 2016) and higher rotation speeds tend to
decrease the cyclic flexural fatigue time resistance of NiTi instruments (PLOTINO et
al., 2009; PEDULLA et al., 2013). However, it was previously reported that the
“Reciproc All” and “WaveOne All” modes did not influence the cyclic flexural fatigue
resistance of NiTi instruments (KIM et al., 2012; PEDULLA et al., 2013). It is likely that
the different reciprocating modes used among the instruments did not influence our
results.
The cross-sectional design and diameter of core have affects the cyclic flexural
fatigue resistance of NiTi instruments (GRANDE et al., 2006; SHEN et al., 2013; KIM
et al., 2012; SILVA et al., 2016a; PEDULLA et al., 2016; KAVAL et al., 2017). The
instruments used in this study presented the following cross-sectional design of the: a
convex triangular (UNC 25.06), S-shaped (PDR 25.06; REC 25.08; RB 25.08), and
parallelogram (WOG 25.07). A supplementary examination was performed by
scanning electron microscopy (SEM) and measured the cross-sectional configuration
area of each instrument 5 mm from the tip. This step was performed in the D5 because
at this point is the maximum stress of NiTi instruments during cyclic flexural fatigue
resistance. The PDR 25.06 showed smallest cross-sectional area (239.219 µm 2)
followed by UNC 25.06 (245.95 µm 2) and REC 25.08 (274.890 µm 2). Additonally, PDR
25.06 showed the smallest cross-sectional area (236.549 µm 2), followed by RB 25.08
(274.780 µm 2) and WOG 25.07 (309.861 µm 2) (P< 0.05). Previous studies have shown
that larger metal mass volume at the maximum stress point of NiTi instruments affect
the cyclic flexural fatigue resistance (SATTAPAN et al., 2000; GRANDE et al., 2006;
PLOTINO et al., 2009; CAPAR et al., 2015a; KAVAL et al., 2016). However, the UNC
25.06 presented lower cross-sectional area than REC 25.08 and also lower cyclic
flexural fatigue resistance. Therefore, the different thermal treatments among them
may influenced on their mechanical properties.
All the instruments used in this study are manufactured from different thermal
treatments of NiTi alloys. The thermal treatments assist the control of transition
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temperatures of NiTi alloy and induce a better arrangement of the crystal structure
(GAO et al., 2012; SHEN et al., 2013; BRAGA et al., 2014). Previous studies showed
that the thermal treatments can increase the percentage of martensite phase or RPhase (which is known to be more flexible than austenitic NiTi), increasing the flexibility
and reducing the risk of instrument separation under high stress (GAO et al., SHEN et
al., 2012; SHEN et al., 2013; BRAGA et al., 2014; PLOTINO et al., 2014a; ELSAKA et
al., 2016; DE-DEUS et al., 2017; TOPÇUG̈OLU et al., 2017). Our results showed that
PDR 25.06, which are manufactured by controlled memory technology, had a higher
cyclic flexural fatigue resistance than all the instruments tested (P<0.05). The REC
25.08 had higher cyclic flexural fatigue resistance than UNC 25.06 (P<0.05), and the
RB 25.08 showed higher time to fracture than WOG 25.07 (P<0.05). It is likely that the
different thermal treatments among them could result in different martensitic phase
transformations and could induce different dissipations of the energy required for crack
formation and/or propagation during cyclic flexural fatigue testing (SHEN et al., 2013).
The results of this study are in agreement previous studies that showed that
instruments manufactured with controlled memory technology are likely more cyclic
flexural fatigue resistant - and more flexible - than those manufactured from Blue
(PEREIRA et al., 2015; DE VASCONCELOS et al., 2016), Gold (KAVAL et al., 2016;
DE MENEZES et al., 2017; YILMAZ et al., 2017; KAVAL et al., 2017) , M-Wire
(PONGIONE et al., 2012; PEDULLA et al., 2016; SILVA et al., 2016b; YILMAZ et al.,
2017) and conventional NiTi alloys (CAPAR et al., 2015b; SILVA et al., 2016b; KAVAL
et al., 2016; TOPÇUOĞLU et al., 2016).
The torsional test was performed by clamping 3 mm of the instrument tip. In
addtion, a sumplementary examination was performed by SEM in D3 of each
instrument and measured the area in software (AutoCAD; Autodesk Inc, San Rafael,
CA) before the torsional test (KIM et al., 2012; PEDULLA et al., 2016). Our results
showed that PDR 25.06 had the lowest torsional strength, greater angular rotation to
fracture and lowest cross-sectional area than all the instruments tested (P<0.05). The
UNC 25.06 and REC 25.08 presented closer values between them as well as RB 25.08
and WOG 25.07 (P>0.05). NiTi instruments with smaller cross sectional areas
generally present lower torsional stiffness and higher angle of rotation to fracture
(MELO et al., 2008; ZHANG; CHEUNG; ZHENG, 2011; KIM et al., 2012; NINAN;
BERZINS, 2013; SILVA et al., 2016b; PEDULLA et al., 2016). Additionally, the different
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cross-sectional designs and core diameters promote different torsional stress
distribution behaviors, which could affect the susceptibility to fatigue (MELO et al.,
2008; ZHANG; CHEUNG; ZHENG, 2011; BAEK et al., 2011; NINAN; BERZINS, 2013;
KAVAL et al., 2016). Lastly, the different thermal treatments of the NiTi alloys among
the instruments have a strong influence in our results. Probably, the results of PDR
25.06 could be explained because of the controlled memory technology used in
manufacturing process. Previous studies that showed that controlled memory
technology induce a high flexibility, which favor a lower torsional strength and higher
angular rotation until fracture than instruments manufactured from Blue, Gold and MWire treatment (SHEN et al., 2013; PEREIRA et al., 2015; PEDULLA et al., 2016;
KAVAL et a., 2016; LO SAVIO et al., 2016).
The SEM analysis showed the typical topographic features of cyclic flexural and
torsional fatigue for the all the reciprocating files. After the cyclic flexural fatigue test,
all of the instruments evaluated showed crack initiation areas and overload zones, with
numerous dimples spread on the fractured surfaces. After the torsional test, the
fragments showed concentric abrasion marks and fibrous dimples at the center of
rotation (KIM et al., 2012; PEDULLA et al., 2016; SILVA et al., 2016a; SILVA et al.,
2016b).
Despite the advances on the metallurgy and kinematics of the engine-drive NiTi
instruments, some authors has been recommended the glide path preparation before
use rotary and/or reciprocating instruments for the reduction of the mechanical stress
of instruments, which reduces the incidence of instruments fractures (BERUTTI et al.,
2009; USLU et al., 2017). The pathfinding instruments are susceptible mainly to
torsional failure in the constricted root canals
they are used at the beginning of the preparation (DE-DEUS et al., 2016;
ARIAS et al., 2016).
In this study, the torsional fatigue resistance (maximum torsional strength and
angle of rotation) to fracture was evaluated of seven rotary pathfinding instruments.
The results revealed that Logic 25.01 had significantly higher torsional strength values
when compared with all the groups (P<0.05). However, the Logic CM size 25.01 taper
had significant differences only when compared with Hyflex GPF 15.01 and 15.02
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(P<0.05). There was no significant difference (P<0.05) relative to the torsional strength
among Logic CM 25.01, Proglider 16.02, Mtwo 10.04 and GPF CM 20.02 groups.
It was difficult to make comparisons among the different instruments, because
of differences in the type of alloy, cross section, tip size and taper which affected the
torsional properties of NiTi instruments (NINAN; BERZINS, 2013; SHEN et al., 2013;
PEDULLA et al., 2016; SILVA et al., 2016; KAVAL et al., 2016; ACOSTA et al., 2017).
Therefore, a supplementary examination was performed, the cross-sectional
configuration of the instruments were captured at D3 by SEM and the area measured
by means of software (AutoCAD; Autodesk Inc, San Rafael, CA, USA) (KIM et al.,
2012; PEDULLA et al., 2016). The cross-sectional design and diameter of core affect
the torsional fatigue resistance of NiTi instruments (BAEK et al., 2011; ZHANG et al.,
2011; KIM et al., 2012; NINAN; BERZINS, 2013; PEDULLA et al., 2016; KWAK et al.,
2016). The instruments used in this study presented the following cross-sectional
design of the: a convex triangular (Hyflex GPF 15.01), S-shaped (Mtwo 10.04), and
quadrangular (Logic 25.01, Logic 25.01 CM, Proglider 16.02; Hyflex GPF CM 15.02
and 20.02). The Hyflex GPF 15.01 and Hyflex GPF CM 15.02 had the smallest area
(14.491 µm 2 and 24.699 µm 2, respectively) followed by Proglider (30.823 µm 2), Hyflex
GPF 20.02 (33.311 µm 2), Mtwo 10.04 (36.890µm 2), Logic 25.01 and Logic CM 25.01
(42.469 µm 2 and 42.472 µm 2).
Although the Logic 25.01 and Logic CM 25.01 taper have the same tip size,
taper, cross-sectional design and similar cross-sectional area, the results revealed
there was a significant difference regarding the torsional strength between them
(P<0.05). This could be explained because of the different NiTi alloys used during the
manufacturing process. Previous studies have shown that controlled memory wire has
greater flexibility and lower torsional load than conventional NiTi Wire (PEREIRA et al.,
2012; SHEN et al., 2013; PEDULLA et al., 2016; KAVAL et al., 2016; KWAK et al.,
2016; ACOSTA et al., 2017). In addition, the Hyflex GPF 15.01 and 15.02 had the
lowest torsional strength values when compared with the other groups (P<0.05) and
also the smallest cross-sectional areas. Previous reports have indicated that
instruments with smaller cross-sectional area tend to present lower metal mass
(diameter of core, tip size and taper), providing lower torsional strength (BAEK et al.,
2011; ZHANG et al., 2011; KIM et al., 2012; PEDULLA et al., 2016; KWAK et al., 2016).
Moreover, the cross-sectional design modified the stress distribution under torsion,

Discussion 59

which affected the torsional strength and susceptibility to fracture (ZHANG et al., 2011;
EL-ANWAR et al., 2016).
In relation the angle of rotation, the Logic CM 25.01 had the highest deformation
capacity when compared with the other groups (P<0.05) followed by GPF 15.01, Hyflex
GPF CM 15.02, Hyflex GPF CM 20.02, and Logic 25.01. The Proglider and Mtwo 10.04
had significantly lower values than the other groups (P<0.05). Additionally, the
Proglider had a significantly lower angle of rotation values than Mtwo 10.04. It is
important to note that the instruments with smaller taper diameters had the highest
angles of rotation to fracture. The results were in agreement with the studies of DeDeus et al. (2016) and Arias et al. (2016) that revealed that instruments with a larger
taper are more susceptible to fracture.
The higher angle of rotation of Logic CM 25.01, Hyflex GPF 15.02 and 20.02
could be influenced by the special thermal treatment of the NiTi used in manufacturing
process, which increased the flexibility and deformation capacity of controlled memory
instruments (PEREIRA et al., 2012; PETERS et al., 2012; SHEN et al., 2013; KWAK
et al., 2016; KAVAL et al., 2016; PEDULLA et al., 2016; ACOSTA et al., 2017).
However, controlled memory instruments are not always more flexible than
instruments manufactured from conventional NiTi or M-Wire, because other factors,
such as cross-sectional design, core mass, taper and tip size (SHEN et al., 2013;
NINAN; BERZINS, 2013; KWAK et al., 2016) need to be taken in account, which could
explain the high angle of rotation values of Hyflex GPF 15.01.
The SEM analysis revealed the typical topographic features of torsional fatigue
for all instruments. After the torsional test, the fragments demonstrated the typical
features of shear failure, including concentric abrasion marks and fibrous microscopic
dimples at the centre of rotation (KIM et al., 2012; PEDULLA et al., 2016). In addition,
in the side view, it was possible to note the deformation of the spiral flutes of the
instruments, particularly in those that had a higher angle of rotation to fracture.
The instruments features (cross-sectional design, taper, tip size and thermal
treatment) should be considered to choose the engine-driven NiTi instruments for root
preparation (GAGLIARDI et al., 2015; MARCELIANO-ALVES et al., 2015; PINHEIRO
et al., 2017; SILVA et al., 2017). Some authors have been recommended to use less
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tapered instruments to ensure a conservative root canal preparation (RUNDQUIST;
VERSLUIS, 2006; COHENCA et al., 2013; GERGI et al., 2015), preserving more
remaining dentin thickness, which can favor less risk of vertical tooth fracture or strip
perforation (KISHEN, 2006; RUNDQUIST; VERSLUIS, 2006; TANG; WU; SMALES,
2010; ADORNO, 2013). In addition, there are an worldwide tendency to use thermallytreated instruments for root preparation of curved and flattened canals, which reduces
the risk of canal transportation and favor to preserve remaining dentin thickness
(MARCELIANO-ALVES et al., 2015; PINHEIRO et al., 2017). Probably, the use of less
tapered thermally-treated instruments could provide safer root canal preparation,
ensuring less risk of instruments fractures and conservative root preparation. However,
future studies should be performed to evaluate the impact of conservative preparation
for the effectiveness of root canal irrigation techniques and the antimicrobial effect.
Despite the studies have been evaluated the cyclic flexural and torsional fatigue
resistance in separated tests, it well known that during root canal preparation the
instruments fractures can occur due to a association of both fatigue (SATTAPAN et
al., 2000; PEDULLA et al., 2016). Therefore, in future studies, it would be important to
develop new methodologies trying to reproduce the real mechanical behaviour of the
NiTi instruments during root canal preparation.
The cyclic flexural and torsional fatigue resistance of the NiTi instruments
should be considered to choose the suitable instruments for root canal preparation of
curved and/or constricted canals. Therefore, the results of this study have an important
clinical significance, allowing to speculate the mechanical behavior of the NiTi
instruments on the different root canal anatomies. Instruments that present high cyclic
flexural fatigue resistance indicate that they are very flexible and safe for preparing
curved root canals, and probably cause fewer undesirable changes in the root canal
anatomy. On the other hand, in cases of constricted canals, it is suitable to use
instruments that present greater torsional resistance because they are submitted to
higher torsional stress, which could cause plastic deformation or instrument
separation.
The results of this study showed that the cyclic flexural and torsional fatigue
resistance of engine-driven NiTi instruments are affected by cross-sectional design, tip
size, taper and thermal treatment. However, the controlled memory technology seems
to be a key factor to provide greater flexibility for NiTi instruments.
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4 CONCLUSION

•

The PDR 25.06 had the highest cyclic flexural fatigue resistance values and
angular rotation to fracture in comparison with REC 25.08 and UNC 25.07.
However, REC 25.08 showed higher torsional strength to fracture.

•

The cross-sectional design, taper and thermal treatments, had a significant
influence on the mechanical properties of the NiTi instruments. Our results
showed that PDR 25.06 had highest cyclic flexural fatigue resistance and
highest angular rotation values to fracture, compared with RB 25.08 and
WOG 25.07. However, RB 25.08 and WOG 25.07 showed higher torsional
resistance to fracture than PDR 25.06.

•

The Logic 25.01 instrument made of conventional NiTi alloy had the highest
torsional strength of all instruments tested. In addition, the ProGlider
instrument manufactured from M-Wire alloy had the lowest angle of rotation
to fracture in comparison with the other instruments.
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