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RESUMO 

 
Obejtivo: Artigo 1- avaliar o impacto da temperatura corporal a resistencia a fadiga cíclica de 

diferentes Ligas de NiTi usadas na fabricação dos instrumentos: Reciproc Blue (Vdw Munich), 

X1 Blue (MK Life, Porto Alegre), Waveone Gold (Dentsply Ballaigues). Artigo 2- avaliar a 

resistência à fadiga cíclica e torcional de instrumentos rotatórios de níquel-titânio com secções 

transversais semelhantes e confeccionados com diferentes tipos de tratamentos térmicos: 

Hyflex CM (HCM 25/.06), Vortex Blue (VB 25/.06), Sequence Rotary File (SRF 25/.06) e 

EdgeSequel (EDF 25/.06) (n=20). Metodologia: Artigo 1- 60 instrumentos de Reciproc Blue, 

X1 Blue e Waveone Gold foram usados (n=20). Teste de fadiga cíclica foram realizados em 

temperatura ambiente (20º C + - 1) e a temperatura corporal (37º +-1). Os instrumentos foram 

acionados no movimento reciprocante ate ocorrer a fratura em um canal artificial de aço inox 

com curvatura num ângulo de 60º e 5mm Raio. O Tempo de frartura foi registrado TTF foi 

registrado. Tambem o Numero de Ciclos para fratura NCF foi calculado. Artigo 2- O teste de 

fadiga cíclica avaliou o tempo TTF e o número de ciclos para a fratura (NCF) dos instrumentos 

em canal artificial com 60° de curvatura e 5mm de raio (n=10). O teste de torção avaliou o 

torque máximo e a deflexão angular para a fratura dos 3mm da ponta dos instrumentos (n=10). 

Após o teste de torção e de fadiga cíclica, os instrumentos foram avaliados em microscopia 

eletrônica de varredura (MEV) (n=10). Os dados foram analisados empregando-se os testes 

ANOVA e de Tukey, sendo selecionado um nível de significância de 5%. Resultados: Artigo 

1- O teste da fadiga cíclica a 20º C mostrou que Reciproc Blue 25/08 e X1 Blue 25/06 apresenta 

significantemente maior TTF a NCF que Waveone Gold 25/07. Em 37º C, todos os grupos 

apresentaram significante redução do TTF e NCF. Reciproc Blue 25/08 apresentou 

significantemente amaior TTF que Waveone Gold 25.07. Referente ao NCF não houve 

diferença significante entre os grupos. Waveone Gold 25.07 apresentou menor porcentagem de 

redução no teste de fadiga cíclica. Artigo 2- HCM apresentou o maior tempo e NCF entre todos 

os instrumentos avaliados (p0,05) e menor NCF (p0,05). Conclusao: Artigo 1- A temperatua 

corporal provoca uma significativa redução na resistência a fadiga cíclica de todos os 

intrumentos reciprocantes testados. Reciproc Blue e X1 Blue apresentaram similar resultados 

em ambas temperaturas testadas. Waveone Gold apresentou menor porcentagem de redução a 

resistência a fadiga na temperatura corporal. Artigo 2- O HCM apresentou maior resistência à 

fadiga cíclica e deflexão angular. Entretanto, o VB apresentou maior resistência torcional para 

a fratura. 

Palavras-chave: Instrumentos odontológicos. Endodontia. Níquel. Titânio. 



 

 

 



 

 

 

 

ABSTRACT 

 

Objective: article 1- The aim of this study was to evaluate the impact of body temperature on 

the cyclic fatigue resistance of different NiTi alloys used for the manufacturing of Reciproc 

Blue R25 (RB 25.08; VDW, Munich, Germany), X1 Blue File 25 (X1 25.06; MK Life Medical 

and Dental Products, Porto Alegre, Brazil) and WaveOne Gold Primary (WOG 25.07; Dentsply 

Maillefer, Ballaigues, Switzerland). Article 2- evaluate the cyclic and torsional fatigue 

resistance of Nickel-Titanium rotary instruments with similar cross sectional design and 

manufactured by different thermal treatments. Methodology Article 1- Sixty instruments of the 

RB 25.08, X1 25.06 and WOG 25.07 systems were used (n = 20). Cyclic fatigue tests were 

performed at room temperature (20° ± 1 °C) and at body temperature (37° ± 1 °C). The 

instruments were reciprocated until fracture occurred in a stainless steel artificial canal with a 

60° angle and a 5-mm radius of curvature. The time to fracture (TTF) was recorded. Also, the 

number of cycles to fracture (NCF) was calculated. Data were analysed using one-way ANOVA 

and Tukey’s tests for inter-group comparison at both temperatures and for the reduction of 

cyclic fatigue at body temperature. For intra-group comparison at the different temperatures, 

the unpaired t test was used. Article 2- eighty instruments of Hyflex CM (HCM; #25/.06) Vortex 

Blue (VB; #25/.06), Sequence Rotary File (SRF; #25/.06) and EdgeSequel (EDF #25/.06) were 

used (n=20). Cyclic fatigue test evaluated the time and number of cycles to failure (NCF) in a 

stainless steel artificial canal with 60° and 5-mm radius of curvature (n=10). The torsional test 

(ISO 3630-1) evaluated the maximum torque and distortion angle to failure in the 3 mm from 

the tip (n=10). The topographic features of fractured surface of instruments were assessed using 

scanning electron microscopy (SEM). Data were analyzed using one-way ANOVA and Tukey 

tests, and the level of significance was set at 5%.Results: Article 1- The cyclic fatigue test at 

20 °C showed that RB 25.08 and X1 25.06 presented significantly higher TTF and NCF than 

WOG 25.07 (P < 0.05). At 37 °C, all groups presented significant reduction of TTF and NCF 

(P < 0.05). RB 25.08 presented significant higher TTF than WOG 25.07 (P < 0.05). Regarding 

the NCF, there was no significant difference among the groups (P > 0.05). The WOG 25.07 

presented the lowest percentage reduction of cyclic fatigue (P < 0.05). Article2- The HCM 

presentedthe longest time and highest NCF to cyclic fatigue compared with all the groups 

(P<0.05). The SRF presented similar time as, (P<0.05) and lower NCF (P<0.05) to fatigue than 

VB. Relative to the torsional test, HCM presented the lowest torque load and the highest 

distortion angleof all 



 

 

 



 

 

 

 

the groups(P<0.05). The SRF and EDF presented similar torque load (P>0.05). There was no 

difference among VB, SRF and EDF regarding the distortion angle (P>0.05). The SEM analysis 

showed typical features of cyclic and torsional fatigue for all instruments tested. Conclusion: 

Article 1- The body temperature treatment caused a marked reduction of the cyclic fatigue 

resistance for all reciprocating instruments tested. The RB 25.08 and X1 25.06 systems 

presented similar results at both temperatures tested. However, WOG 25.07 presented the lowest 

percentage reduction in fatigue resistance at body temperature. Clinical relevance Cyclic fatigue 

resistance of NiTi reciprocating instruments has been evaluated at room temperature. However, 

the fatigue resistance significantly decreases upon exposure to body temperature, which could 

affect the mechanical behaviour of the NiTi instruments during root canal preparation. Article 

2- The HCM presented the highest cyclic fatigue resistance and angular rotation to failure. 

However, the VB showed higher torsional strength to failure. 

 

 

Keywords: Cyclic Fatigue, torsional resistance, rotary systems, thermal treatment, nickel- 

titanium. 
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1 INTRODUCTION 

 

 
 

The Nickel-Titanium alloy (NiTi) was introduced in endodontics in 1988 by Walia et 

al. The authors demonstrated that prototype of NiTi hand files were more flexible and presented 

greater deformation capacity by torsion than stainless steel hand files, which could be advantage 

during root canal preparation of curved canals (GAVINI et al., 2018). Since then, several 

studies were published reporting that NiTi instruments provide centering root canal shaping and 

safety endodontic root canal preparation in comparison with stainless steel endodontic 

instruments (PETERS; SCHONENBERGER; LAIB, 2001; PETTEITE; DELANO; TROPE, 

2001; PETERS, 2004; CHEUNG; LIU, 2009) 

 

The NiTi alloy (55% Nickel; 45% Ti) present low modulus of elasticity, high flexibility, 

shape memory effect and high recoverable strains (OUNSI et al., 2017; GAVINI et al., 2018). 

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 aforementioned features exist due to two equiatomic phases, the Austenite 

(B2) and Martensite (B19) (THOMPSON, 2000). In the Austenite phase the atoms are in a 

cubic crystalline form and it is responsible to shape memory effect, which can be induced by 

tension or heating. On the other hand, when the NiTi is undergone by tension or cooling, the 

atoms are rearranged into a monoclinic crystalline structure with provides superelasticity, called 

Martensite Phase (THOMPSON, 2000). It is important to highlight that the austenite-martensite 

transformation is a reversible process, differently from stainless steel alloy (THOMPSON, 

2000; BAUMANN, 2004) 

 

The proposal of Walia et al. to manufacture endodontic instruments using NiTi alloy 

allowed that curved canals could be also mechanically prepared using a continuous rotary 

motion instead of only hand files (GAVINI et al., 2018; HAAPASSALO; SHEN, 2013). The 

mechanical properties of NiTi alloy allowed safety during root canal preparation especially in 

curved canals, reducing the risk of instruments separation caused by cyclic or torsional fatigue 

(SATTAPAN et al., 2000; PLOTINO et al., 2014). The cyclic fatigue occurs by repeated 

compressive and tensile stresses at the maximum point of flexion 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., 
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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). 

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 (WYCOFF; BERZINS, 2012). 

 

During the last decades, several studies evalauted the cyclic and torsional resistance to 

fatigue of the NiTi rotary instruments, which showed that the instruments design (cross- section 

desing, taper, diameter of core, tip diameter) can affect the metal mass volume of the 

instruments, modifying their flexibility and clinical performance (TOPÇUOGLU et al., 2016; 

WYCOFF; BERZINS, 2012; USLU et al., 2017; ALCALDE et al., 2017, 2018, 2020). 

Therefore, the manufacturers began to develop other methods to improve the resistance to 

fatigue. 

 

The most of brands of NiTi engine-driven endodontics instruments are mainly 

manufactured by machining process, which could cause micro defects of the instrument surfaces 

(LOPES et al., 2010; GAVINI et al., 2018). The micro defects on the surfaces can lead to a 

crack on the instruments, increasing the risk of instrument separation during root canal 

preparation (LOPES et al., 2010; HAAPASSALO; SHEN, 2013). Thus, the manufacturer 

developed a new method to improve reduce these micro defects on the instruments surface after 

machining process, called as electropolishing (LOPES et al., 2010; HAAPASSALO; SHEN, 

2013). The BioRaCe was the first rotary system manufactured with this technology and several 

authors demonstrated that has a significant reduction of the imperfections on the instrument’s 

surface and, also, improved the cyclic fatigue resistance (RAPISARDA et al., 2000; SHEN et 

al., 2013; LOPES et al., 2010; GUTTMAN; GAO, 2012). 

 

After the introduction of electropolishing method, the manufacturers developed others 

technologies in order to optimize the mechanical properties of NiTi instruments, modifying the 

microstructure of atoms the NiTi alloy (HAAPSALO; SHEN, 2013; SHEN et al., 2013). The 

thermal treatment of the NiTi alloy is a technology that assists to control the austenite- 

martensite transformation and induce a better arrangement of the crystal structure using a 

controlled heating-cooling process (SHEN et al., 2013; ZUPANC et al., 2018). This treatment 

of the NiTi provides greater flexibility and deformation capacity under high mechanical stress 

in comparison with conventional NiTi alloy (SHEN et al., 2013; ZUPANC et al., 2018). The 
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thermal treatments 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) in ambient temperature, improving the resistance to fatigue (SHEN et al., 

2013; GAVINI et al., 2018; ZUPANC et al., 2018). Also, some type of thermal treatment allow 

that the spiral flutes of the instruments can be manufacture by twisting process instead of 

machining method because of the R-phase features (LOPES et al., 2013; ZUPANC et al. 2018). 

 

Another method of manufacturing process was introduced in 2015 by Coltene (Coltène 

Whaledent, Switzerland) in a new rotary system, Hyflex EDM (Coltène Whaledent, 

Switzerland). This rotary system is manufactured via an electrical discharge machining (EDM) 

process that provides a harden the surface of the NiTi file, resulting in an improved fracture 

resistance and superior cutting efficiency (ZUPANC et al., 2018). EDM process is a well-

known noncontact machining procedure that allows precise material removal via pulsed 

electrical discharge (BOJORQUEZ et al. 2002, DANESHMAND et al. 2013). Embedded in a 

dielectric liquid, the machining tool is moved toward the workpiece until the gap is small 

enough so that the applied voltage is able to ionize the dielectric liquid (BOJORQUEZ et al. 

2002). The resulting spark vaporizes small particles from the workpiece, which resolidify in the 

dielectric liquid and are subsequently flushed away (BOJORQUEZ et al. 2002), EDM does 

not require direct contact with the workpiece, which eliminates the chance of mechanical stress 

as in the traditional grinding process (SINGH et al. 2004). In addition, this process can modify 

a phase composition in the crystalline structure, improving the flexibility. 

 

Currently, there are nearly of seven 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), EDM (2015) and Max-Wire (2015) (SHEN et al., 

2013; GAVINI et al., 2018; ZUPANC et al., 2018). The main difference among these different 

NiTi treatments is the percentage of martensite phase in room temperature, consequently, 

different cyclic and torsional fatigue resistance (ZUPANC et al., 2018). 

 

Although the development of several rotary instruments with different design and the 

thermal treatments, instrument separation continues to be an undesirable occurrence during 

endodontic procedures (GAMBARINI et al., 2015; ALCALDE et al., 2018). In 2008, Yared 

proposed a new kinematics to be used during canal preparation, called reciprocating motion 
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(DE-DEUS et al., 2010; KIM et al., 2012). This kinematicas 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). This kinematics have some 

advantages in comparison with rotary motion, such as: low screw-in effect, less cyclic fatigue 

stress and less torsional stress, reducing the risk of instrument separation during canal 

preparation of curved and constricted canals (VALERA-PATIÑO et al., 2010; KIM et al., 2012; 

GAVINI et al., 2018). 

 

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; GAVINI et al., 2018). In addition, the most recent NiTi instruments have a significant 

improvement on the cyclic and torsional fatigue resistance in comparison with the firsts systems 

developed in the beginning of 1990 (GAVINI et al., 2018). 

 

The cyclic and torsional fatigue test of the engine-driven rotary instruments aimed to 

simulate a mechanical stress caused during root canal preparation curved or constricted canal, 

assisting in to understand how would be the mechanical behavior the of the instruments in 

different root anatomies (ALCALDE et al., 2017, 2018). The most part of the mechanical test 

are performed at room temperature, however, after a better comprehension of the austenite- 

martensite transformation and the thermal treatments, some studies have demonstrated that 

room temperature can affect the mechanical properties of the instruments (ALCALDE et al., 

2018; STAFFOLI et al., 2019; ARIAS et al., 2019). 

 

Depending of the type of thermal treatment performed during manufacturing process of 

the NiTi instruments the room temperature can induce a crystalline alteration (modifying the 

crystalline phase). The transition temperature depends of the initial (Start – S – the phase begins 

to appear) and final (Final – F – phase transformation completed) limits induced by thermal 

treatment or type of the alloy. A modified phase composition due to changed transformation 

temperature is the main difference between the different NiTi engine-drive instruments. 

Therefore, these modifications can lead to more flexible endodontic instruments with an 

advanced resistance to fracture (ZUPANC et al., 2018; STAFFOLI et al., 2019). 

 

The Austenite Final temperature (Af) of NiTi induced by the thermal treatments process 

of the instruments should be higher than root canal temperature (35-360C), ideally, to avoid the 

less flexible crystalline phase, the austenite phase, and ensure more flexible and 
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resistant instruments clinically. The Af temperature of the conventional NiTi (18-310C), R- 

Phase (170C), M-Wire (500C), Blue (380C), Controlled Memory Wire (550C), Gold (500C), 

Max-Wire (350C) and Electrical Discharge machining (600C) differed among than according to 

studies of differential Scanning Calorimetry (DSC). Therefore, these types of NiTi present 

different crystalline phase when exposed on root canal temperature, consequently, different 

mechanical properties (ZUPANC et al., 2018; STAFFOLI et al., 2019, ARIAS et al., 2019). 

 

The evaluation of the cyclic and torsional resistance of NiTi engine-drive instruments 

need to considered several factors, such as instruments design (cross-section, taper, diameter of 

core and tip diameter) and the different thermal treatments of the NiTi, which has a key role 

effect on their mechanical properties and clinical performance. For this reason, the comparison 

of instruments with different features is a complex process (PEDULLA et al., 2016) 

 

Currently, there are several rotary and reciprocating NiTi instruments with different 

design and thermal treatments for root canal preparation. Thus, it is important for the clinician 

to know the cyclic and torsional properties of the instruments to provide a safe endodontic 

procedure. 

 

The aim of this study was to evaluate the cyclic and torsional fatigue resistance of 

reciprocating and rotary instruments manufactured by different NiTi alloy. For this purpose, the 

study was performed in tree steps: 

 

 1st article: to evaluate the effect of temperature on the cyclic fatigue resistance of 

thermally treated reciprocating instruments. 

 

 2nd article: to evaluate the cyclic and torsional fatigue of four NiTi rotary 

instruments with similar cross-section and different thermal treatments. 
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2.1 ARTICLE 1 – EFFECT OF TEMPERATURE ON THE CYCLIC FATIGUE 

RESISTANCE OF THERMALLY TREATED RECIPROCATING INSTRUMENTS 

 
The first article presented in this thesis was published in the Clinical Oral 

Investigation. 
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2.2 ARTICLE 2 – EVALUATION OF CYCLIC AND TORSIONAL FATIGUE 

RESITANCE OF FOUR ROTARY INSTRUMENTS WITH SIMILAR CROSS- 

SECTION AND DIFFERENT THERMAL TREATMENTS 

 
The second article presented in this thesis was published in Dental Press Endodontics. 
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3 DISCUSION 

 

 
 

During the last decades the manufacturers have been struggling to develop new 

manufacturing methods, thermal treatments and instruments with different designs to improve 

the shaping ability, clinical performance and reduce de risk of instruments separation 

(PEDULLA et al., 2016; GAVINI et al., 2018; ALCALDE et al., 2018, ZUPANC et al., 

2018). The cyclic and torsional fatigue is the most commom cause of instruments separation 

(SATAPAN et al., 2000; PEDULLA et al., 2016). Thus, cyclic and torsional fatigue tests are 

widely used to evaluate the mechanical properties of NiTi engine-driven instruments 

(PLOTINO et al., 2014). These mechanical tests aimed to cause cyclic and torsional stress, 

simulating a mechanical stress caused during a curved or constricted canal, assisting to stipulate 

how would be the mechanical behavior in these clinical situations (HÜLSMANN et al., 2019). 

 

The cyclic fatigue apparatus used in this both studies was previous reported by several 

authors (MARKS DUARTE et al., 2018; ALCALDE et al., 2018; ALCALDE et al., 2020; 

WEISSHEIMER et al., 2020). Our study utilized the static instead of the dynamics model due 

to the static method decrease some biases, such as amplitude of axial motions and speed, wich 

are completely subjective in a clinical situation because their reproduciton is manually 

controlled (ALCALDE et al., 2018). Also, depending on the design of the tube or artificial 

groove, torsional stress can be created, which could compromisse to distinguish the tupe of 

fatigue occured, as previously pointed out by Dedrich & Zakariasen (1986) and reinforced for 

Hülsmann et al. (2019). Therefore, in both studies used the static model because dynamics 

seems to be a more sensitive method and could create other variables beyond the type of the 

instrument. 

 

It is important to emphasize that there are no specifications or international standards 

for the evaluation of cyclic fatigue resistance in NiTi instruments. According to Plotino et al., 

(2017), the artificial canal should reproduce the instruments size and taper to ensure repeatable 

canal trajectory in terms of radius and angle of curvature. However, this is not possible in our 

studies because the testes instruments present different tapers. Therefore, to standardize the 

testing conditions, the same tapered artificial canal was used for all groups 
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(60° of curvature, 5 mm of radius of curvature, 0.40 mm of diameter at the most apical 

portion, 0.06 mm/mm taper). 

 

Another methodological point that needs to be adressed is related to temperature 

conditions during the cyclic fatigue. Although the current studies demonstrated that the cyclic 

fatigue test should be performed simulating the root canal temperature (VASCONCELOS et 

al., 2016; JAMLEH et al., 2016; DOSANJH et al., 2017), the first study was performed at 

36±1°C while the second at 20±1°C. The difference between then can be explained due to the 

second study was previously performed and the method to simulating of body temperature 

was developed during the second study. This fact is the only difference, because the same 

apparatus, canal and radius of curvatures were used. 

 

In the second study was used the torsional test to evalaute the maxium torsional strength 

and angular deflection supported by the instruments before separation. The method used was 

according the ISO Standadr 3630-1 and has been previously reported by several authors 

(ALCALDE et al., 2017, 2018, 2020). The 3 mm of the tip was fastened and rotation in 

clockwise direction wa set for all instruments. The the mm of the tip was chosen because at this 

point the instruments is more suspectible to fracture than at 5 mm (ÇAPAR et al., 2015). Also, 

the torcional test was performed at room temperature (20±1°C) because it seems that the 

different temperature did not affect the torsional properties of NiTi instruments (SILVA et al., 

2019). 

 

The first result of the first study showed that Reciproc Blue (RB) 25.08 and X1 Blue 

File (X1) 25.06 had higher cyclic fatigue resistance values than WaveOne Gold (WOG) 25.07 

at room and body temperature (P<0.05). The instruments used in this study had the same tip 

sizes (#25). However, the tapers differed among them; The Reciproc Blue had a taper of 0.08 

mm/mm, WaveOne Gold had a nominal taper of 0.07 mm/mm and X1 Blue File a nominal taper 

of 0.06 mm/mm, along the first 3 mm from the tip. Previous studies have shown that instruments 

with lower taper should ensure lower metal mass volume and higher cyclic fatigue time 

(KESKIN et al., 2017; ALCALDE et al., 2018; SILVA et al., 2018); nevertheless, our results 

showed that Reciproc Blue group presented better results than X1 

25.06 and WOG 25.07. Therefore, other variables such as cross-section design diameter of core 

and heat treatments have impacted in the outcomes of this study. 
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The RB 25.08 had S-shaped cross-sections with 2 cutting edges; the X1 Blue file a 

convex triangular cross-section; and WOG 25.07 had a parallelogram-shaped cross-section. 

These different features among the instruments probably provided a different metal mass 

volume. Previous studies have shown that a larger metal mass volume at the maximum stress 

point of NiTi instruments affected cyclic fatigue resistance (KIM et al., 2012; KAVAL et al., 

2016; ÇAPER et al., 2015; ALCALDE et al., 2017; SILVA et al., 2018; ALCALDE et al., 

2020), which could concur with the difference in the cyclic fatigue lifetimes of the 

instruments. 

 

The heat treatments of the NiTi alloys have strong influences on martensitic/austenitic 

transformation behavior, which favor a different arrangement of the crystalline structure and a 

higher percentage of martensitic transformatin, consequently, high flexibility and greater 

resistance to fatigue (GUTTMAN et al., 2012; LOPES et al., 2013; SHEN et al., 2013; 

ZUPANC et al., 2018; GAVINI et al., 2018). Our results showed that WOG 25.07 presented 

the lowest cyclic fatigue resistance when compared with RB 25.08 and X1 25.06 at room 

temperature (p<0.05); and at body temperature, lower cyclic fatigue resistance than RB 25.08 

(p<0.05). The results of this study were in agreement with the findings of some authors, which 

showed that RB 25.08 had higher cyclic fatigue resistance than WOG 25.07 (KESKIN et al., 

2017; ALCALDE et al., 2018; SILVA et al., 2018). The results of X1 25.06 were similar to 

those of RB 25.08. Despite the difference in taper and cross-sectional design between them, the 

similar heat treatments could explain our results. The Blue technology of RB 25.08 and X1 

25.06 could probably result in different martensitic phase transformations than those of Gold 

used in WOG 25.07 at the two temperatures tested, providing differences in flexibility and 

dissipation of the energy required for crack formation and/or propagation during cyclic fatigue 

testing (GUTTMAN et al., 2012; SHEN et al., 2013; PEDULLA et al., 2016; ZUPANC et al., 

2018). 

Previous studies have shown that the cyclic fatigue resistance of NiTi instruments was 

drastically affected at room temperature (VASCONCELOS et al., 2016; JAMLEH et al., 2016; 

DOSANJH et al., 2017). The results of this study showed that three reciprocating instruments 

reduced the cyclic fatigue resistance at 37°C. Despite the differences in cross- sectional design 

and taper among the instruments, the results at body temperature showed that the heat treatment 

may play role in the results of this study. The WOG 25.07 presented similar results of cyclic 

fatigue time to failure with X1 25.06. In addition, WOG 25.07 presented the lowest reduction 

in cyclic fatigue resistance when compared with RB 25.08 and X1 25.06. 
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There was no difference between RB 25.08 and X1 25.06 regarding the cyclic fatigue time to 

failure and reduction in cyclic fatigue resistance. The reduction in cyclic fatigue resistance of 

these instruments at body temperature could be related to the differences in temperature of 

martensitic transformation between Blue (38°C) and Gold treatment (50°C) (HIEAWY et al., 

2015; VASCONCELOS et al., 2016; DOSANJH et al., 2016), which could have induced a 

different degree of austenitic phase at body temperature. 

 

Data from this study suggested that Blue technology was more affected than Gold at 

body temperature. The crystal lattice of RB 25.08 and X1 25.06 probably changed more 

abruptly at body temperature than that of WOG 25.07, which could explain the lower reduction 

in cyclic fatigue resistance of WOG 25.07. The austenite finishing temperature of Blue 

technology is lower (33.71- 38°C) (VASCONCELOS et al., 2016; DOSANJH et al., 2016) than 

that of Gold (50.1-51.8°C) (HIEAWY et al., 2015). At body temperature the RB 

25.08 and X1 25.06 probably presented a lower percentage of martensitic phase than WOG 

25.07, thereby decreasing the flexibility and the cyclic fatigue resistance. Our results support 

those of previous investigations in which the authors showed a reduction of cyclic fatigue time 

of heat-treated NiTi instruments exposed to body temperature (HIEAWY et al., 2015; 

VASCONCELOS et al., 2016; DOSANJH et al., 2016; JAMLEH et al., 2016). These results 

are clinically relevant because the mechanical behavior of the NiTi instruments could be 

affected during root canal treatment. 

 

The second study evaluated the cyclic and torsional fatigue resistance of four NiTi rotary 

instruments with similar cross-section and different thermal treatments (Hyflex CM 25.06, 

Vortex Blue 25.06, Sequence Rotary File 25.06 and Edge Sequel 25.06). Altought the cyclic 

fatigue test was performed at room temperature (20±1°C), as previously discussed, the results 

could stipulate the mechanical behavior of these instruments in curved canals. However, it 

would be interesting to repeat this test at root canal temperature (20±1°C) to assess if the results 

would be impact or not as previously discussed at the first study. 

 

The results of the cyclic fatigue teste showed that Hyflex CM (HCM) had the highest 

cyclic fatigue resistance (time and NCF) when compared with the others groups (P<0.05). 

The Sequence Rotary File (SRF) presented similar time (P<0.05) and lower NCF (P<0.05) to 

fatigue than Vortex Blue (VB). The EdgeSequel (EDS) presented the lowest time and NCF 

when compared with the other groups (P<0.05). In this study, all the instruments had the same 

tip size (#25), taper and similar cross-sectional design, which could ensure similar cyclic 
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fatigue resistance among them. Thus, the thermal treatment of the NiTi alloy should be 

considered in the outcomes of this study. 

 

The results of HCM and VB in this study were in agreement with those of a previous 

study (SHIM et al., 2018) that showed HCM 25.06 was more cyclic fatigue resistant than VB 

25.06 at room temperature. The thermal treatments modify the martensitic/austenitc 

transformation behavior, which can induce a higher level of flexibility due to a different 

arrangement of the crystalline structure and a higher percentage of martensite or R-phase 

(GUTTMAN et al., 2012; LOPES et al., 2013; SHEN et al., 2013; VASCONCELOS et al., 

2016; ZUPANC et al., 2018). In addition, the martensite phase favor slower fatigue crack 

propagation speed than that of the austenite phase (PEREIRA et al., 2012; SHEN et al., 2013; 

PEDULLA et al., 2016). Therefore, the different phase transformation of the NiTi probably 

affected our results. 

 

The controlled memory instruments have a martensite and R-phase (ZUPANC et al., 

2018), while Blue treatment of V 25.06 B induces a classic R-phase (VASCONCELOS et al., 

2016; PLOTINO et al., 2014). HCM group probably presented higher percentage of martensite 

phase, which could explain the best performance. The results of VB 25.06 and SRF 25.06 

groups could be related to the similar thermal treatment between them. Lastly, EDS 25.06 

probably presented a high percentage of austenite phase. 

 

During the cyclic fatigue test all instruments were used in accordance with the 

manufacturer’s recommendations. HCM, VB and EDF were used at 500 rpm for cyclic fatigue 

test, while SRF, at 400 rpm. The higher rotational speed increases the cyclic fatigue stress due 

to inducing more compressive and tensile stresses in the NiTi instruments (LOPES et al., 2009). 

Therefore, if all instruments were used at 500 RPM, probably the results of SRF could be 

negative affected. The results of EDS group suggest that would be safer to use them at a lower 

speed than that specified in the manufacturer’s instructions, reducing the risk of instrument 

failures. 

 

The torsional test determined the maximum torque load and distortion angle to failure 

at the 3 mm of the instrument tip, according ISO Standard 3630-1. HCM 25.06 had the lowest 

torque load when compared with the other groups (P<0.05). VB 25.06 presented the highest 

torque load in comparison with all the groups (P<0.05); no difference was found between SRF 

25.06 and EDS 25.06 (P>0.05). In relation the distortion angle, HCM 25.06 showed 
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higher angle values than the other groups (P<0.05). There was no difference among VB 25.06, 

SRF 25.06 and EDS 25.06 (P>0.05). The design features (taper, tip size, cross-section and core 

diameter) of NiTi instruments affected the torsional resistance (WYCOFF; BERZIN, 2012; 

BAEK et al., 2012; ALCALDE et al., 2018; SILVA et al., 2018; ALCALDE et al., 

2020). All the instruments used in this study presented similar design features (taper, cross- 

section and tip size), which should have ensured similar torsional resistance. However, this 

did not occur. 

 

Previous studies have shown there was an inverse tendency between flexibility and core 

diameter (ZHANG et al., 2011; BAEK et al., 2012). Thus, based on our results, it might be 

speculated that HCM presented smaller core diameter. Additionaly, depending on the type of 

thermal treatment, a different arrangement of the crystal structure could be induced, changing 

the mechanical properties (SHEN et al., 2013; PEDULLA et al., 2016; ALCALDE et al., 2018). 

CM-Wire instruments presented low torsional loads and high distortion angle to failure due to 

the presence of martensite and R-phase, which reduced the elastic modulus and increased the 

deformation capacity (PEDULLA et al., 2016; ZUPANC et al., 2018; GAVINI et al., 2018). 

The thermal treatments probably induced different martensite transformation of the NiTi among 

them. Therefore, the core diameter and thermal treatments played an important role in our 

results. 

 

The Electron Scanning Microscopy (SEM) analysis was perfored to analyze the 

topographic features of the instruments after the cyclic and torsional test. After the cyclic fatigue 

test, the instruments showed crack initiation areas and overload zones, with numerous dimples 

spread across the fractured surfaces. After the torsional test, the fragments showed concentric 

abrasion marks and fibrous dimples at the center of rotation. 

 

Althougth 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 results of both studies study have an important clinical significance, allowing 

speculate the mechanical behavior of the NiTi instruments on a curved or constricted canal. 



Discussion 43 
 

 

 

 

Instruments with higher cyclic fatigue resistance indicate that they are much 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. 
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4 CONCLUSIONS 

 

 
 

In relation the results of the two articles were possible concluded that: 

 
a) The body temperature treatment caused a marked reduction in the cyclic fatigue 

resistance for all reciprocating instruments tested. The RB 25.08 and X1 25.06 

systems presented similar results at both temperatures tested. However, WOG 

25.07 presented the lowest percentage reduction in fatigue resistance at body 

temperature. 

b) The thermal treatments of the NiTi are important determinants of the mechanical 

properties of the NiTi instruments. The HCM demonstrated the highest cyclic 

fatigue resistance and distortion angle to failure then the others instruments. 

However, the VB showed highest torque load and lowest anglular deflexion. 
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