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Abstract 

Principle Supervisor: Dr. Rashid El Abed 

Co-supervisor: Professor Dimitrios Tziafas 

Background: The main objective of this study was to compare the cyclic fatigue 

resistance, torsional resistance and bending stiffness in commercially available heat treated 

NiTi rotary instruments (OneFlare-H) and non-heat treated NiTi instruments (OneFlare-O) 

of similar geometric features, customized for the present study. Methods: Ninety OneFlare 

were analyzed with torsional resistance, cyclic fatigue resistance and bending stiffness 

tests. The torsional resistance evaluated at 3 mm from the file tip by plotting the torsional 

load changes until fracture by rotational loading of 2 rpm. The cyclic fatigue resistance was 

compared by measuring the number of cycles to failure. The bending stiffness was 

measured in accordance with the American National Standard/American Dental 

Association Specification No. 28 and ISO Specification 3630-1. Many fractured fragments 

have been observed under a scanning electron microscope (SEM). Data analyzed: non-

parametric Mann-Whitney U-test and parametric t-test were used. Result: No significant 

difference in torsional resistance was found between two groups of files when compared in terms 

of ultimate strength, fracture angle and toughness. Heat treated Oneflare showed superior resistance 

to cyclic fatigue compared to non-heated Oneflare files. The examination of fracture’s surfaces 

from Cyclic Fatigue test with SEM showed topographic differences between the two 

groups of files. Heat treated Oneflare showed lower Bending stiffness than conventional 

Oneflare-O. Conclusion: The Oneflare-H instruments using T-wire heat treatment 

technology showed improved mechanical properties in cyclic fatigue resistance and 

bending stiffness without any effect on torsional resistance. 
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Introduction 

 Objectives of Cleaning & Shaping Root Canal System  

The main objective of endodontic treatment is to prevent or treat apical periodontitis 

(Orstavik and PittFord, 2008). Endodontic treatment failure occurs when treatment 

procedures have not met the standards for prevention and control of root canal infection 

(Kakehashi et al, 1965 and Siqueira 2001). The effectiveness of root canal treatment is 

based on enlargement and shaping of the complex endodontic space together with its 

disinfection (Lesmann et al, 2005). Thus, a thorough chemo-mechanical preparation is 

needed for a successful root canal treatment. Principles of chemo-mechanical preparation 

includes two main objectives (Young et al, 2007): 

A) Biological objectives aim to eliminate microorganisms from root canal system, to 

remove pulp tissue or organic remnants that may support microbial growth, to avoid 

forcing debris beyond the apical foramen which may sustain apical inflammation, 

and to create sufficient space for intracanal medicaments.   

B) Technical objectives target shaping canals so as to achieve the biological objectives 

& to facilitate placement of a highly quality root filling. Schilder, (1974), outlined 

several mechanical objectives for optimal instrumentation: 

- Develop a continuously tapering conical form in the root canal preparation. 

- Make the canal narrower apically, with the narrowest cross-sectional 

diameter at its terminus. 

- Make the preparation in multiple planes. 

- Never transport the foramen. 
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- Keep the apical foramen as small as practical. 

Schilder concept is summarized in creating ‘a three-dimensional continuously 

tapering cone in multiple planes with sufficient apical enlargement preserving 

foramen position and size’. 

 

 Root Canal Instrumentation and Disinfection Strategies  

Technical protocols for shaping canals have evolved to achieve the objectives outlined by 

Schilder, (1974). Mechanical preparation of the root canal space is accomplished with files. 

Historically, a variety of different techniques have been developed specifically for 

preparation of canals using ISO standardized 0.02 tapered stainless-steel hand files 

(Kakehashi et al, 1965).  The step-back technique involves preparation of the apical region 

of the root canal first, followed by coronal flaring to facilitate obturation (Mullaney, 1979). 

Step-down or crown down techniques start preparation with the use of larger instruments 

at the canal orifice and then proceed down the root canal with progressively smaller files 

(Goerig et al, 1982). The balanced force technique enables shaping of curved canals to 

larger sizes using stainless steel files (Roane et al, 1985). Canal systems move through 

multiple geometric plane and curve significantly more than the roots that house them 

(Schilder, 1974). It has been revealed that instrumentation with stainless steel files can 

cause aberrations such as zips, elbows (Weine et al, 1975), ledges or perforations 

(Jafarzadeh and Abbott, 2007).  

The use of inflexible instruments to prepare a curved canal results in uneven force 

distribution in certain contact areas and a tendency of the instrument to straighten itself 
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inside the root canal. This results in wider canal shapes to compensate for the presence of 

the curves (Wildey et al, 1992). Whereas hand instruments continue to be used, the 

introduction of NiTi rotary instruments and other advanced techniques have been widely 

adopted and avoid major drawbacks of traditional hand instrumentation (Lsmann et al, 

2005). The first usable NiTi alloy dates back to the year 1960 when William Buehler 

developed it at the US Navy Ordinance Lab in Silver Spring, Maryland (Crumpton and 

McClanahan, 2003). Instruments made of this alloy demonstrated two to three times greater 

flexibility than stainless steel instruments (Walia et al, 1988). Due to NiTi files wider range 

of elastic deformation, it became possible to engineer instruments with greater taper that 

could be used to instrument curved canals (Walia et al, 1988).  

 A variety of instruments and techniques have been developed to achieve a successful 

root canal therapy. Tan & Messer (2002), reported a significant cleaner canal in the apical 

3mm when used rotary NiTi instrumentation to a larger file size than hand instrumentation. 

However, Schafer and Zapke (2000), discovered un-instrumented areas with remaining 

debris in all canals irrespective of preparation technique in a curved root canal of extracted 

human teeth using either rotary NITI or Stainless steel hand file. Peters et al, (2001), using 

micro computed tomography scans before and after mechanical instrumentation found that, 

regardless of the instrumentation technique, 35% or more of the root canal surfaces 

remained un-instrumented. The in-vitro study by Paqué et al, (2010), evaluated the 

preparation efficacy of the ProTaper system versus stainless steel hand-files in the oval 

distal canals of the lower molar teeth, using the μCT technique. They reported that the 

unprepared areas varying from 59.6% to 79.9% in the study occurred regardless of the file 

and technique used, and created no statistically significant difference between the groups. 
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The increased volume observed in the root canal was also reported to be found similar in 

all groups (P < 0.001). Hilal et al, (2015), evaluated the shaping potentials of the ProTaper 

system and nickel-titanium (Ni-Ti) hand-files using micro-computed tomography (μCT) in 

young permanent teeth. He found that the rates of unprepared canal surface areas varied 

from 40.6% to 46.2%.  

Therefore, irrigation is an essential part of root canal debridement as it allows cleaning 

beyond what might be achieved by root canal instrumentation alone (Peters et al, 2001). 

Ørstavik and Pitt Ford (2008), evaluated the extent of bacterial reduction with nickel-

titanium rotary instrumentation and 1.25% NaOCl irrigation and the additional 

antibacterial effect of calcium hydroxide. He found out NaOCl irrigation with rotary 

instrumentation is an important step in the reduction of canal bacteria during endodontic 

treatment. However, this method could not consistently render canals bacteria-free. The 

proper size and taper of apical instrumentation has been recognized as an essential pre-

requirement for effective irrigation and disinfection protocols in infected root canals 

(Tziafas et al, 2017).  The addition of calcium hydroxide intracanal medication should be 

used to more predictably attain this goal (Shuping et al, 2000). Bystrom & Sundqvist 

(1985), concluded that combined use of EDTA & 5% NaOCL was more efficient in terms 

of antibacterial action than the use of sodium hypochlide solution alone. Moorer and 

Wesselink (1982), found that frequent exchange of hypochlorite solution was more 

important than the concentration. They suggested that lower concentrations of NaOCl can 

still achieve good tissue dissolving effects when used in copious amounts and with frequent 

replenishment. 
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 Root Canal Instruments  

NiTi alloys 

In 1960 Buehler named his discovery NITINOL (Nickel Titanium Naval Ordnance 

Laboratory), an acronym for the elements from which the material was composed. Nitinol 

was introduced to dentistry by Dr. Andreasen who developed its use for orthodontics. 

Brantley and Gerstein who used nitinol wire to manufacture endodontic files (Thompson, 

2000). Since the introduction of rotary NiTi instruments in 1988 (Walia et al), there has 

been a growing shift from manual to rotary engine-driven preparation. In a survey of 

Australian dentists, Parashos and Messer (2006), found that while hand instrumentation 

was still the most popular method of preparing root canals, most endodontists (64 %) and 

an increasing number of general practitioners were using rotary NiTi instruments. 

 

Basic Metallurgy of NiTi  

The Nickel Titanium alloy used in manufacturing endodontic instruments is composed of 

approximately 56 percent (wt) nickel and 44 percent (wt) titanium. In some NiTi alloys, a 

small percentage (<2% wt) of nickel can be substituted by cobalt. The resultant 

combination is a one-to-one atomic ratio (equiatomic) of the major components and, as 

with other metallic systems, the alloy can exist in various crystallographic forms. The 

generic term for these alloys is 55- Nitinol; they have an inherent ability to alter their type 

of atomic bonding which causes unique and significant changes in the mechanical 

properties and crystallographic arrangement of the alloy (Thompson, 2000). These changes 

occur through temperature change or with applied stress and strain, termed “stress-induced 

martensite”. The first requisite is an atomically ordered solid-state parent phase classically 
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called “austenite” that exists at higher temperatures. The second requisite is, at a lower 

temperature, the atoms of ordered austenite phase must be capable of solid-to-solid 

deformation into a new atomic arrangement or phase, called “martensite”. These 

characteristics are termed shape memory and super-elasticity (Thompson, 2000). The 

super-elasticity of NiTi allows deformations of as much as 8% strain to be fully recoverable 

whereas stainless steel can withstand only a maximum of less than 1% strain before 

permanent deformation occurs (Lee et al, 1988, Serene et al, 1995 and Thompson, 2000). 

Other alloys that possess super-elastic properties are copper-zinc, copper-aluminum, gold-

cadmium, and nickel-niobium. However, none of these have the magnitude of strain or heat 

recovery, general corrosion resistance, human tissue and body fluid compatibility of nitinol 

(Lee et al, 1988, Serene et al, 1995 and Thompson, 2000). 

 

 

Benefits of using NiTi Instruments in Endodontic Treatment 

Numerous studies using extracted human teeth have concluded that rotary NiTi instruments 

maintain the original root canal shape better than stainless steel hand instruments. In terms 

of shaping ability of NiTi rotary files Short et al, (1997) and Gluskin et al, (2001), 

concluded that rotary NiTi instruments maintain the original canal curvature better than 

stainless steel hand instruments, particularly in the apical region of the root canal. Esposito 

and Cunningham (1995), found that NiTi files became significantly more effective than 

stainless steel hand files in maintaining the original canal path when the apical preparation 

was enlarged beyond ISO size 30. Collectively, in vitro studies show that NiTi instruments 

produce significantly less straightening and better centered preparations than stainless steel 
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hand files, thereby reducing the potential for iatrogenic errors. The shape memory and 

super-elastic properties of NiTi enabled the manufacture of files with tapers greater than 

2% and facilitated the preparation of canals in a mechanically rotary motion. This enables 

a more conical preparation of larger tapers and allows more space for penetration of 

irrigants, better cutting efficiency of the instruments and placement of a master gutta-

percha points of greater taper (Bergmans et al, 2001). Moreover, crown-down preparation 

technique was introduced in combination with rotary nickel-titanium instruments of greater 

taper, which proved to produce root canal preparations with more predictable outcomes 

and reduced risk of procedural accidents (Guelzow et al, 2005). Petiette et al (2001), 

prepared 40 teeth with either NiTi hand files or stainless steel K-files and found that NiTi 

instrumentation was better at maintaining the original canal shape. When the two groups 

were recalled one year after completion of endodontic treatment, the authors found a 

significantly higher healing rate (as assessed by change in densitometric ratio) for teeth 

prepared with NiTi files. They concluded that instrumentation with NiTi files led to a better 

prognosis compared with stainless steel files because of better maintenance of original 

canal shape and access to apical anatomy. Instrumentation to larger file sizes using rotary 

NiTi instruments resulted in significantly cleaner canals in the apical 3mm than hand 

instrumentation (Tan and Messer, 2002). Procedural errors such as loss of working length, 

instrument separation, canal transportation, zip or elbow formation, strip perforation, and 

excessive weakening of the root occurs less when root canals of extracted teeth are shaped 

with rotary NiTi instruments (Guelzow et al, 2005, Celik and Taşdemir, 2013). Further the 

use of rotary nickel-titanium endodontic instruments has been shown to be associated with 
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a higher success rate than seen in those treatments performed exclusively with stainless 

steel hand instruments (Cheung, 2009).  

 

Fracture of NiTi Instrument 

Fracture of an endodontic instrument inside the root canal remains a serious problem, even 

though NiTi instruments are stronger and more flexible than stainless steel counterpart 

(Walia et al, 1988). These instruments can fracture within their elastic limit. It has been 

repeatedly demonstrated that fractures occur without any signs of previous permanent 

deformation (Pruett et al, 1997 and Gambarini, 2001), which result in impeding the 

likelihood of reaching the final goal of the planned treatment (Schilder, 1974). A review of 

the literature reveals that the mean clinical fracture frequency of rotary NiTi instruments is 

approximately 1.0% with a range of 0.4–3.7%. In comparison, the mean prevalence of 

retained fractured endodontic hand instruments (mostly stainless steel files) is 

approximately 1.6% with a range of 0.7–7.4% (Parashos and Messer, 2006). NiTi rotary 

instrument fracture was seven times more likely than hand instrument fracture in an 

endodontic residency program (Iqbal et al, 2006). Other study reported higher frequency 

of rotary NiTi instrument separation 1.55% compared to stainless steel instruments 0.55% 

(Tzanetakis et al, 2008). Unfortunately, conflicting results have been reported in the 

literature regarding the clinical significance of retaining fractures files within treated root 

canals. Evidence shows, however, that in certain cases (teeth with necrotic pulps or teeth 

with periapical lesion) it will be more traumatic and unfortunate if instrument separates, as 

the chance of successful healing will be reduced (Spili et al, 2005).  Moreover, tooth 

undergoing root canal treatment has a poorer prognosis if the endodontic instrument 
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separates in the apical third of the root canal or beyond the root canal curvature, as it will 

become more difficult to remove. The greater the curvature of the root canal, the more 

difficult it will become to remove the fractures segment (Hülsmann and Schinkel, 1999, 

Ward et al, 2003).  

 

Factors Influencing Mechanisms of NiTi Instruments Fracture  

Safe clinical usage of NiTi instruments requires an understanding of basic fracture 

mechanisms and their correlation to canal anatomy. NiTi instruments are used in a rotary 

motion and are therefore subjected to structural fatigue that eventually leads to fracture 

when the fatigue resistance of the file is exceeded (Pruett et al, 1997). Sattapan et al, (2000), 

identified two modes of fracture for rotary NiTi instruments; cyclic fatigue caused by 

repetitive compressive and tensile stresses acting on outer fibers of a file rotating in a 

curved canal, torsional failure happens when the tip of the instrument binds, but the shank 

of the file continues to rotate. Clinically, Sattapan et al, (2000) reported a higher prevalence 

of torsional failure (56% vs 44%) than cyclic fatigue for multiple use NiTi rotary files.  

 

Torsional Stress 

Torsional (shear) stress fracture happens when the tip or any part of the instrument binds 

in a canal while the shaft continues to rotate, the elastic limit of the metal is exceeded, and 

the instrument undergoes plastic deformation (unwinding, reverse winding) followed by 

fracture (Sattapan et al, 2000). The instrumentation of root canals of smaller diameter 

generates more torsional stress during the cleaning and shaping procedure than when 

dealing with root canals of larger diameter (Sattapan et al, 2000). This usually occurs when 



10 
 

the operator exerts excessive apical force on the rotating instrument in the root canal 

(Kobayashi et al, 1997, Sattapan et al, 2000). Torsional stress fractures can also occur when 

the apical portion of a rotating instrument is forced into narrow root canals. Friction 

increases at this point, high torque is required to rotate the instrument and the fragile 

instrument tip is subjected to excessive torque (Blum et al, 1999). This effect has been 

described as ‘taper lock’ since it might occur with similarly tapered instruments of varying 

tip diameters rather than with variably tapered instruments (Yared et al, 2002). Torsional 

stress is influenced by tip and taper of the instrument and canal size, an increase in 

instrument diameter and corresponding increase in cross-sectional area may contribute to 

increased resistance to torsional failure (Peter and Messer, 2006). However, the clinician 

can control the manipulation of the endodontic instrument and therefore can reduce the 

intensity of the torsional stress fracture (Sattapan et al, 2000).  

 

Flexural (Cyclic) Fatigue / Bending Stress 

Flexural or cyclic fatigue can be described as the force generated within the nickel-titanium 

alloy by rotating an instrument in a curved canal resulting in repeated compression and 

flexing at the point of maximum curvature which is a very destructive form of loading of 

the instrument, even though NiTi has superior elasticity and that there is no binding to the 

canal wall (Pruett et al, 1997). The resistance of rotary instruments to cyclic fatigue 

decreases with increasing instrument diameters, and it is specifically related to the metal 

mass of the instrument in the point of maximum stress. Moreover, the increased severity 

of the angle and radius of the curve, around which the instrument rotates, decreases 

instrument lifespan in vivo and clinically (Peter and Messer, 2006, Plotino et al, 2009).  
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Various designs and manufacturing methods have been involved to make NiTi files more 

resistant to torsional stress and flexural / cyclic fatigue.  Clinical measures recommended 

to reduce both torsional stress (A-G) and flexural / cyclic fatigue (H-L) (Parashos and 

Messer, 2006, Peter and Messer, 2006, Cheung, 2009) are: 

A. Use a crown-down sequence of instrumentation incorporating instruments of 

different tapers or hybrid instrumentation protocol as this will reduce the 

contact surface area between files and dentine walls. 

B. Advance files slowly into a canal until resistance is met and withdraw without 

pushing hard on file. 

C. Ensure finger rests to compensate for patient movement and reduce risk of taper 

lock. 

D. Use a torque control motor with manufacturer recommended settings for each 

instrument. 

E. Use chelators and lubricants to reduce friction. 

F. Frequently recapitulate, irrigate and wipe instrument blades to reduce clogging 

of file blades by dentine debris and reduce friction. 

G. Manually pre-flare which can ease the insertion of the instruments through the 

apical third and thus facilitate instrumentation and irrigation access through the 

root canal and provide more accurate apical size determination and prepare a 

glide path to working length serve a same purpose (Arslan et al, 2014).  

H. Obtain straight line access to the apical half of the canal, in this way increasing 

the radius of curvature and minimizing the amount of curves. 



12 
 

I.  Avoid using a rotary file of 6% taper or higher for canals with mid-root 

curvature.  

J. Lower the rotation speed to postpone the onset of fatigue. 

K. Use a constant in and out axial movement when file is inserted into the canal, 

in this way reducing the concentration of bending stress at any particular point 

along the length of the file. 

L. Limit the number of uses of the NiTi files especially after use in much curved 

canals. 

Other Factors  

Other factors that may contribute to instrument fracture include: 

A. Instrumentation technique: Schrader and Peters (2005), have found that varying 

instrumentation sequences and using combinations of different tapers seemed to be 

safer regarding torsional and fatigue failure. several studies have reported that the 

less experienced operator has, the higher the incidence of instrument fracture 

(Yared et al, 2002).  

B. Number of uses: Partially fatigued instruments, when flexed, reveal fractures 

associated with surface flaws than those used for the first time (Pruett et al, 1997, 

Gambarini, 2001).  

C. Tooth anatomy: most NiTi rotary instrument fractures in mesial canals of 

mandibular and maxillary molars. Fractures were also common in retreatment cases 

compared to initial endodontic treatment (Iqbal et al, 2006, Tzanetakis et al, 2008). 

D. Rotation rate: a lower rotational speed produced a lower risk of instrument 

separation (Yared et al, 2002). 
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E. Instrument size and radius of curvature: it has been demonstrated that factors 

including radius of the root canal curvature, angle of the root canal curvature and 

diameter of the endodontic instruments are more important as predictors of 

instrument failure and fracture than speed at which the NiTi rotary instrument 

operates (Pruett et al, 1997). 

F. Torque-controlled motor: in clinical situation where an endodontic motor is used 

that generates a high degree of torque, it is very easy to exceed the fracture limit of 

the endodontic instrument. In combination with torsional stress and cyclic fatigue, 

a high degree of torque can increase the risk of instrument failure substantially if 

great care is not taken (Cheung, 2009). 

G. Surface condition and inspection of instruments: the manufacturer of rotary NiTi 

instruments advocates that instruments are inspected constantly for defects and 

micro-cracks that can lead to instrument fracture (Martín et al, 2003, Anderson et 

al, 2007). 

H. Sterilization: Hilt et al, (2000), tested stainless steel files and Nickel-Titanium files 

torsional resistance after multiple sterilization cycles and types and found that 

neither the number of sterilizations nor the type of autoclave sterilization used, 

affected the torsional properties, hardness, and microstructure of both types of files. 

On other hand Nair et al, (2015), studied the effect of multiple autoclave cycles on 

the surface of rotary Ni-Ti files in vitro study using atomic force microscopy and  

confirmed that the irregularities present on the surface of the file became more 

prominent with multiple autoclave cycles. 
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Flaring Instruments:  

The first important step of the root canal preparation after completion of the cavity access 

consists of the enlargement of the root canal entrances by eliminating dentinal overhangs. 

Pre-flaring of the root canal with hand instruments before use of a rotary NiTi instrument 

(Tan & Messer, 2002) creates a glide path for the instrument tip and is a major factor in 

reducing the fracture rate of rotary NiTi instruments (Roland et al, 2002, Berutti et al, 2004 

and Varela et al, 2005). 

 

Early coronal flaring provides a number of advantages for the clinician. First, this 

procedure is found to simplify changes in working lengths. Moreover, it eases the insertion 

of the instruments through the apical third and thus facilitates instrumentation and 

irrigation access through the root canal. It has also been found that early coronal flaring 

provides more accurate apical size determination (Arslan et al, 2014). 

Tan & Messer, (2002), investigated the effect of instrument type and the impact of 

preflaring on the first file size that binds at working length (WL) in a range of canal types 

of varying sizes and curvatures. They concluded that to determine an accurate master apical 

file size, canal orifice enlargement should be performed first before the placement of the 

assessment file. 

Berutti et al, (2004), evaluated the influence of manual preflaring and torque on the failure 

rate of rotary nickel-titanium ProTaper Universal instruments and they concluded that 

Manual preflaring creates a glide path for the instrument tip and is a major determinant in 

reducing the failure rate of these rotary nickel-titanium files. All instruments worked better 

at high torque. 
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Uses of Flaring Instrument: (The OneFlare Brochure, 2016) 

 Allows an efficient refocusing of the scouting file and an unhindered action in 

order to facilitate the penetration into the root canal beyond the first insertion. 

 Limits the fracture risk of the following instruments by facilitating the straight line 

access to the medium and then to the apical third. 

 Cleans and relocates the canal entrances. 

 Prevents the thrusting of bacteria towards the next third. 

 Limits the shaping instruments’ contacts with the root canal walls. 

 

Nickel Titanium Heat Treatment: 

Nitinol wire instruments were introduced to the field of endodontics because their 

increased flexibility and bending properties over traditional stainless-steel instruments 

(Walia et al, 1988). The mechanical behavior of NiTi alloy is determined by the relative 

proportions and characteristics of the microstructural phases (Shen et al, 2013). Recently, 

several novel thermomechanical processing and proprietary manufacturing technologies 

have been developed to optimize the microstructure and flexibility of NiTi alloys 

(Gutmann and Gao, 2012). Numerous investigations explored the mechanical behavior of 

the Niti shape memory alloys, but few addressed the influence of heat treatment. However, 

there is still lack in understanding the fundamental mechanisms related to the 

thermomechanical treatment. 
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Heat Treatment Effects on Crystalline Microstructure and Phase Transformation 

Properties: 

 Nitinol alloys configure in different temperature dependent structures. At higher 

temperatures, Nitinol is in an austenitic state known to be that of a face centered cubic 

lattice. At lower temperatures, Nitinol is in a martensitic crystalline structure which is a 

monoclinic (shape of crystal) distorted structure. The distorted structure allows the material 

to be deformed at greater angles and working conditions than that of the austenitic Nitinol 

in same conditions. The transformation between phases is initiated by heat and stress 

(Thompson, 2000, Johnson et al, 2008 and Shen et al, 2013). Manufacturers have been 

using complex procedures to modify the alloy transformation temperatures such as Ms 

(Martensitic start temperature), Mf (Martensitic finish temperature), As (Austenite start 

temperature), Af (Austenite finish temperature, Rs (R-phase start temperature), and Rf (R-

phase finish temperature) and consequently improve its mechanical performance (Miyai et 

al, 2006).  

 

M-Wire 

M-wire, a new type of nickel titanium wire, has been developed by a series of proprietary 

thermos-cyclic processing procedures (Ye & Gao, 2012). This material has showed great 

promise in reducing the failure risk of endodontic instruments through cyclic fatigue. 

The first rotary M-Wire endodontic instruments developed included the GT series X and 

the Profile Vortex systems (Dentsply, Tulsa Dental, Tulsa, Oklahoma, USA) (Johnson et 

al, 2008, Larsen et al, 2009, Al-Hadlaq et al, 2010, Peixoto et al, 2010 and Gao et al, 2010). 



17 
 

According to the manufacturers, nickel titanium endodontic instruments created with M-

Wire are even more flexible and resistant to failure than those made from traditional nickel 

titanium alloy. 

Alapati et al, (2009), conducted a study to determine the metallurgical characterization of 

M-Wire and found that the material contains all three crystalline phases (deformed micro-

twinned martensite, R-phase, and austenite).M-Wire has a higher Vickers hardness value 

(VHN) than the super-elastic nickel-titanium material nitinol and, therefore, a higher micro 

hardness. A value of 385VHN was found in M-Wire compared with a value of between 

312 and 376 VHN for nitinol rotary endodontic instruments (Zinelis et al, 2010). 

Ye and Gao, (2012), speculated that the superior mechanical qualities and increased 

resistance to torque and mechanical wear and tear of the M-Wire NiTi alloy can be ascribed 

to its 100nm martensite grains. 

The most recent introduction of M-Wire in Endodontics is the WaveOne Endodontic 

system (Dentsply/Maillefer) where a single instrument is used in a reciprocating movement 

(150degree counter-clockwise movement and 30degree clockwise) to prepare a root canal 

system. 

 

R-Phase: 

SybroEndo corporation (SybronEndo, Orange, California, USA) has adopted a different 

approach to the manufacturing process of NiTi endodontic instruments and designed the 

Twisted File (SybronEndo). The manufacturing technique involves a combination of heat 

treatment and twisting of ground blank NiTi wire. A raw NiTi wire is selected in is 
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austenite crystalline structure and, by means of heating and cooling procedures, a 

completely new crystalline phase of the alloy is created, referred to as the ''R-phase''. In 

this phase the NiTi alloy cannot be ground and twisting is the only way that may be 

processed. Hence the twisted file is created by twisting the R-phase wire into the desired 

shape, heating and cooling it to maintain this shape and then converting it back to its 

austenite crystalline structure. The structure is super elastic once the stress procedure is 

completed (Gambarini et al, 2008). 

The development of these manufacturing techniques and processes was in the endeavor to 

find a way of enhancing super elasticity and increasing the cyclic fatigue resistance (The 

twisted File Brochure, 2008). Larsen et al, (2009), demonstrated in their study that the 

unique design of the twisted file conjunction with the use of the R-phase NiTi alloy did 

indeed contribute to an increase in resistance to cyclic fatigue. 

Another advantage of the twisted file is that the instrument is not created by means of a 

grinding process, which causes micro-fracture points in the crystalline structure along the 

complete length of the file. Rather, the new process leads to the formation of the R-phase 

of the NiTi alloy, which preserves the crystalline structure and increase the resistance of 

fracture and instrument failure. 

Gambarini et at, (2008), compared the performance of the size 25,.06 taper Twisted File 

with that of the K3 (SybroEndo) (size 25, .06taper) instrument about cyclic fatigue. The 

authors concluded that together with the new way of creating the superior NiTi material R-

phase, the Twisted File concept produced instruments which are far superior regarding 

fatigue resistance. 
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Ha et al, (2013), investigate the resistance to torsional stress and cyclic fatigue of K3XF 

and K3 files with sizes of #30/.04 and #30/.06. Although K3XF showed superior cyclic 

fatigue resistance to K3 (P < .000), there was no significant difference in torsional 

resistance in terms of ultimate strength, fracture angle, and toughness between the 2 brands 

of K3XF and K3 regardless of the instruments' taper.  

 

Vortex Blue: 

Vortex blue (Dentsply, Tulsa Dental) is a recent development that, according to the 

manufacturer, will improve fracture resistance and cutting ability, have superior flexibility 

relative to previous NiTi rotary systems and will enhance the ability to more precisely 

shape a centric root canal preparation. The development involves a state of the art 

proprietary thermo-mechanical process to manipulate the NiTi alloy. 

The Vortex blue instruments have unique 'blue color', different from other NiTi instrument. 

The proprietary manufacturing process results in the formation of an oxide surface layer 

that has the unique 'blue color'. The titanium oxide (including anatase and rutile) has 

hardness of between 5.5 and 6.5 on the Mohs scale and in the range of 620 to 970 VHN on 

the Vockers scale (Dentsply, Tulsa Dental, 2011).   

The formation of the Titanium oxide surface has increased failure resistance by providing 

more hardness to the instrument, which at the same time has more flexibility that the Profile 

vortex instrument (Dentsply/Tulsa Dental). Gao et al, (2012), proved that the rotary 

endodontic instruments manufactured with vortex blue alloy showed superior elasticity, 

hardness and resistance to fracture than conventional NiTi instruments. 
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Controlled M-Wire (CM-Wire): 

In October 2011, typhoon infinite flex NiTi rotary endodontic system (Clinician's Choice 

Dental Products, New Milford, Connecticut, USA) was launched. This Endodontic 

instrument is manufactured using controlled-memory (CM) NiTi wire. 

Shen et al, (2011), demonstrated that CM-Wire was 800% more resistant to fatigue failure 

than conventional NiTi. These authors noted that the instruments showed many more crack 

origins than did conventional instruments, but the increased fatigue resistance can be 

ascribed to CM-Wire's bulk mechanical properties and increased fatigue crack threshold. 

A major advantage of the Typhoon CM file is that its memory has either been removed or 

controlled by special thermo-mechanical process. This remarkable product differs from 

any other NiTi rotary endodontic instrument because the instrument can be pre-curved and 

bent to adapt to root canal curvature. This feature allows instrument to follow the root canal 

anatomy without creating unwanted, disproportionate lateral forces on the canal walls. Pre-

curving of the instrument also facilitates working on teeth with limited access (second and 

third molars) and allows management of root canals with ledges (Sides, 2012). 

The Typhoon CM file has increased torsional strength and increased resistance to cyclic 

fatigue and is more likely to unwind than separate. The design includes a non-cutting tip. 

The instrument 'follows' the root canal, preserving tooth structure as less is removed during 

cleaning and shaping (Sides, 2012). Traditional NiTi instruments have perfect memory, 

which causes straightening of the root canal curvatures (Sides, 2012). The Typhoon CM 

instrument will not attempt to straighten in curved root canals and hence should not alter 

original root canal anatomy. 
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T-wire: 

T wire is an undisclosed proprietary manufacturing process from Micro Mega (Besancon, 

France) used to produce One Flare files. No information has been released from the 

manufacturer regarding the manufacturing process. According to Key opinion leaders from 

Micro Mega, involved in the development of the One Flare, the file has undergone a post 

machining thermomechanical treatment including electropolishing and heat treatment. 

Details on heat treatment process, temperature raise, heating medium as well as 

transformation temperatures are not available. The files are commercially available since 

2016 and they have been produced always by heat treatment. 
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Aim of the study 

The aim of this comparative study was to examine the cyclic fatigue resistance, torsional 

resistance and bending stiffness in commercially available heat treated NiTi rotary 

instruments (OneFlare-H) and experimentally manufactured non-heated NiTi instruments 

(OneFlare-O) of similar geometric features. 

 

Null Hypotheses 

Null Hypothesis #1: there is no difference between the torsional resistance of the tested 

heat treated and non-heat treated NiTi rotary instruments. 

Null Hypothesis #2: there is no difference between the cyclic fatigue resistance of the 

tested heat treated and non-heat treated NiTi rotary instruments. 

Null Hypothesis #3: there is no difference between the bending stiffness of the tested heat 

treated and non-heat treated NiTi rotary instruments. 
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Materials and Methods 

Study Design: Samples 

Two NiTi rotary file systems, Oneflare-H and Oneflare-O (Micro-Mega), were 

selected for this study. These systems had identical geometric design sizes of the 

instruments roughly #25 / .09 taper, but different metal alloy: 

 Oneflare-O is a customized instrument made by (Micro-Mega) specially for this   

experiment from conventional NiTi alloy, the file has undergone post machining  

electropolishing. 

 Oneflare-H is made from novel heat-treated T-wire NiTi alloy, the file has            

undergone a post machining thermomechanical treatment including                       

electropolishing and heat treatment. 

Ninety new files were used for the cyclic fatigue, torsional resistance and bending 

stiffness tests (n=15 for each group and each test) as follows (Table 1):  

 

Table 1: Study Design. 
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New files were used for each test. Before the experiments, the instruments were visually 

examined under a dental operating microscope (Zeiss Pico; Carl Zeiss MediTec, Dublin, 

CA) and instruments with any type of defect were discarded. 

 

Study Design: Methods 

Torsional Test:   Torsional resistance was evaluated using an AEndoS (DMJ system, 

Busan, Korea) (Fig. 1) as described previously in Ha et al, (2013).  

 

Fig 1: Torsional resistance test device (AEndoS) used in this study 
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Briefly, 3 mm of the file tip was secured between polycarbonate blocks. While keeping 

the file straight, it was rotated clockwise at a constant rotational speed of 2 rpm until 

fracture occurred. The torsional load (Ncm) and distortion angle (degrees) were recorded 

during the rotation of the files at the rate of 50 Hz. The toughness until fracture was 

computed from the area under the plot by using Origin v6.0 Professional (Microcal 

Software Inc., Northampton, MA) (Ha et al, 2013). 

Cyclic Fatigue Resistance Test: Cyclic fatigue resistance was evaluated using a custom-

made device (Fig. 2). This device was designed to allow a reproducible simulation of an 

instrument confined in a curved canal.  

 

Fig 2: Customized Cyclic fatigue tester with a simulated artificial canal used in this study 



26 
 

An artificial canal block was made of tempered steel with a 6 mm radius and 35° angle of 

curvature, measured by the method described by Schneider. The artificial canal length in 

this study was 15mm considering the file length (12 mm) (Fig. 3). It has a clear glass 

cover that enables the files to be observed during the rotation and be removed from the 

canal after fracture. The cyclic fatigue test was conducted in a dynamic mode (Li et al, 

2002) with continuous up-and-down pecking movement (4 mm in each direction at 0.5 s 

and 50 ms dwell times) to simulate the clinical situation. Synthetic oil (WD-40; WD-40 

Company, San Diego, CA) was sprayed into the metal canal space to reduce friction 

between the instrument and the walls of the metal canal, as recommended by Grande et 

al, (2006). 

 

Fig.  3. This artificial canal block made of tempered steel with a 6 mm radius and 350 

angle of curvature the total canal length is 15 mm and the file inserted till 10 mm with 

picking motion of 4 mm.  
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The instruments were freely rotated at a constant speed of 300 rpm using a torque-

controlled electric motor (X-smart; Dentsply Maillefer, Ballaigues, Switzerland). The 

torque was set at maximum (5.2 Ncm) to minimize the influence of torque on the 

rotational speed. The instrument fracture was detected visually and audibly, and recorded 

using a chronometer. The number of cycles to failure (NCF) for each instrument was 

calculated by using the following formula: total time (seconds) to failure multiplied by 

the rotational speed (5 revolutions per second; 300 rpm). The length of the fractured file 

tip was measured using a digital microcaliper (Mitutoyo, Kawasaki, Japan). 

 

Bending Stiffness Test: Bending stiffness was evaluated using an AEndoS (DMJ 

system, Busan, Korea) (Fig. 4).  The bending stiffness was measured by following the 

American National Standard/American Dental Association Specification No. 28 and ISO 

Specification 3630-1. The files (n = 15) were fixed at 3 mm from the tip and then bent 

45° with respect to their long axis, while the bending moment was recorded by a load cell 

of the same device. 



28 
 

 

Fig 4: Bending stiffness test device (AEndoS) used in this study  

 

SEM Analyses: After torsional and cyclic fatigue tests, randomly selected 5 fractured 

fragments were examined under the SEM (S-4800 II; Hitachi High Technologies, 

Pleasanton, CA) to evaluate topographic features of the fractured surfaces.  

The specimens were analyzed by using the typical features of fractures surfaces as 

follows: 

 Fractures from torsional test the concentric abrasion marks and the fibrous dimples 

areas. 

 Fractures from cyclic fatigue test the crack origin areas and the overloaded fast 
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fracture zones.   

 

Statistical Analysis 

The data of torsional, cyclic fatigue resistance and bending stiffness tests were first 

analyzed using the Kolmogrov-Smirnov test to evaluate the assumption of normality. The 

nonparametric Mann-Whitney U test was then used to analyze the torsional resistance. 

The NCF and length of fractured fragments were analyzed statistically by using an 

independent t test. All statistical analyses were conducted at a significance level of 0.05 

using SPSS software (SPSS v19.0; IBM Corp, Somers, NY).  
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Results 

 

Torsional Test:  The results for the torsional resistance test for each file are shown in 

Table II 

Table II. Results from Torsional Resistance test (mean ± SD). 

  Torsional 

Resistance 

 

Ultimate strength 

(Ncm) 

Fracture angle 

(degree) 

Toughness 

(degreeNcm) 

OneFlare-O 

OneFlare-H 

1.39 ± 0.04 

1.39 ± 0.16 

522.3 ± 53.1 

521.4 ± 49.1 

589.6 ± 57.2 

566.3 ± 79.9 

 

The Kolmogrov-Smirnov test did not show normality for the parameters of the torsional 

resistance test. No significant difference in torsional resistance was found between the 

two different alloys when they were compared for the ultimate strength, fracture angle, 

and toughness (P > 0.05). 

The examination of fractures surfaces from torsional test with SEM showed typical 

features of these fractures, presence of concentric abrasion marks and fibrous dimples 

areas in both experimental groups of files (Fig. 5, 6 and 7). No topographic difference 

between the files OneFlare-O and OneFlare-H was seen. Heat treated OneFlare-H had the 

longer distortion length at the longitudinal aspect than OneFlare-O (Fig. 5). 
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Figure 5: Scanning electron micrographs of the fracture surface lateral views from 

Torsional test fracture of OneFlare-O (A, C) and OneFlare-H (B, D). Heat treated 

OneFlare-H (B) had the longer distortion length at the longitudinal aspect than 

OneFlare-O (A).   
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Figure 6: Scanning electron micrograph of the fracture surface cross section topographic 

features from Torsional test fracture of OneFlare-O and magnification in B.  The round a

rrow in (A) indicates a concentric abrasion mark from torsion. The circle in (B) indicates 

fibrous dimples.            

A 

B 
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Figure 7: Scanning electron micrographs of the fracture surface cross section 

topographic features from Torsional test fracture of OneFlare-H and magnification in B. 

The round arrow in (A) indicates a concentric abrasion mark from torsion. The circle in 

(B) indicates fibrous dimples.             

A 

B 
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Cyclic Fatigue Resistance Test  

The results for the torsional resistance test for each file are shown in Table III. 

Table III. Results from Cyclic Fatigue Resistance test (mean ± SD).  

 Cyclic Fatigue Resistance 

(NCF) 

OneFlare-O 

OneFlare-H 

 ٭27.6 ± 202.9

 ٭41.8 ± 246.0

Superscripts symbol indicates statistical differences between OneFlare-O and OneFlare-

H in vertical column (P<.05). 

 

Oneflare-H showed superior resistance to cyclic fatigue compared to Oneflare-O (P < 

0.05).  

The examination of fractures surfaces from Cyclic Fatigue Test with SEM showed 

topographic differences between the files OneFlare-O and OneFlare-H (Figs. 8, 9 and 

10). Characteristic overloaded fast fracture zones and small crack initiation areas were 

observed in the facture surfaces of the group of OneFlare-O files (Fig. 9) and 

characteristic overloaded fast fracture zones was observed in the facture surfaces of the 

group of OneFlare-H files (Fig. 10). 
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Figure 8: Scanning electron micrographs of the fracture surface lateral views from 

Cyclic Fatigue Test of Oneflare-O (A, C) and Oneflare-H (B, D). 
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Figure 9: Scanning electron micrographs of the fracture surface cross section 

topographic features from Cyclic Fatigue Test of Oneflare-O and magnification in B. 

Small crack initiation in (arrow in A) and overloaded fast fracture zones in (A) (Dotted 

area). 

A 

B 
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Figure 10: Scanning electron micrographs of the fracture surface cross section 

topographic features from Cyclic Fatigue Test of Oneflare-H and magnification in B. and 

overloaded fast fracture zones in (A) (Dotted area). 

A 

B 
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Bending Stiffness Test 

The results for the Bending Stiffness Test for each file are shown in Table IV.  

Table IV. Results from Bending Stiffness test (mean ± SD).  

 Bending Stiffness 

(Ncm) 

OneFlare-O 

OneFlare-H 

 ٭0.04 ± 0.97

 ٭0.07 ± 0.86

Superscripts symbol indicates statistical differences between OneFlare-O and 

OneFlare-H in vertical column (P<.05). 

 

Heat treated Oneflare (Oneflare-H) showed lower bending stiffness than 

conventional Oneflare (Oneflare-O). 
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Discussion 

 

In the present study, the cyclic fatigue resistance, torsional resistance & bending stiffness 

of a new brand of heat treated Ni-Ti rotary instruments (OneFlare by Micromega) were 

compared with a control non-heated rotary instrument of the same shape, size, taper and 

diameter. The control instrument was custom made specially for this experiment. 

Since the introduction of NiTi instruments in endodontic practice by 1988, due to their 

increased flexibility and clinical performance over traditional stainless-steel instruments 

(Walia et al, 1988), many changes in instrument taper and core diameter, cross-sectional 

design and manufacturing processes have been proposed to improve their mechanical 

properties.  Numerous studies in the last decades compared the cyclic and torsional 

resistance of files with different geometrical features and manufacturing processes.  

The torsional resistance has been evaluated in various experimental models. More 

specifically, Blum et al, (1999), analyzed the forces developed during mechanical 

preparation of extracted teeth using Profile NiTi rotary instruments. They used the 

Endograph machine to record and generate graphs of the vertical forces and torque exerted 

during the preparations either with step-back technique, or with the crown-down 

pressureless technique. These experiments showed that crown-down technique generated 

lower stresses. Sattapan et al, (2000), investigated the type and frequency of defects in 

nickel-titanium rotary files endodontic after routine clinical use. In a number of 378 files 

of Quantec Series 2000 (Quantec Series 2000, Tycom Corp, Irvine, CA) used, Torsional 

fracture occurred in 55.7% of all fractured files (n=79) whereas flexural fatigue occurred 
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in 44.3%. They concluded that the instrumentation of root canals of smaller diameter 

generates more torsional stress during the cleaning and shaping procedure than when 

dealing with root canals of larger diameter. Yared et al, (2002), studied the influence of 

torque on failure of GT files (Dentsply/Maillefer, Maillefer, Switzerland) by using crown-

down technique in 300 canals used to evaluate 3 different torque values (20,30,55 Ncm) 

with 150 r.p.m speed. They reported that Instrument locking, deformation, and separation 

did not occur with any of the three values, leading to the conclusion that ‘taper lock’ might 

occur with similarly tapered instruments of varying tip diameters rather than with variably 

tapered instruments. In the study of Peter and Messer (2006), where the predisposing 

factors to instrument fracture have been analyzed, the increase of cross-sectional diameter 

was determined as a factor that increases the torque resistance. Yum et al, (2011), tested 

Five NiTi rotary instruments with different cross-sectional geometries to compare torsional 

strength, distortion angle, and toughness. The 5 tested files showed a similar mechanical 

behavior under torsional load, with a period of plastic deformation before actual torsional 

breakage but with unequal strength and toughness value. In our experimental study no 

significant difference in torsional resistance was found between the files with identical 

geometrical features composed from heated on non-heated alloys when they were 

compared for the ultimate strength, fracture angle, and toughness (P > 0.05).   

In parallel methodology, the resistance of Ni-Ti instruments to cyclic fatigue stress was 

also investigated in experimental laboratory studies. Pruet et al, (1997), examined Light-

speed instruments (Lightspeed Technologies, Inc., San Antonio, TX) size #30 & #40 

placed in stainless-steel guide tubes with angles of curvature of 30, 45, or 60 degrees, and 

radii of curvature of 2 or 5 mm at speeds of 750, 1300, or 2000 rpm until separation 
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occurred. They showed that #40 files, failed after significantly fewer cycles than did #30 

instruments indicated that cycles to failure significantly decreased as the radius of 

curvature decreased from 5 mm to 2 mm and as the angle of curvature increased greater 

than 30 degrees. In the study of Gambarini, (2001), the cyclic fatigue of nickel-titanium 

rotary instruments after clinical use with low-and high-torque endodontic motors has been 

analyzed. Fifty instruments (ProFile, Maillefer, Baillagues, Switzerland) for each of the 

following sizes were used: .06-25, .06-20, and .04-25 used at 350rpm speed, showing that 

the use of endodontic motor with lower torque values reduced cyclic fatigue of nickel-

titanium rotary instruments. In the article of Plotino et al, (2009), results of the cyclic 

fatigue testing of Ni-Ti files were extensively reviewed. Authors reported that several 

devices that have been used in endodontic literature for cyclic fatigue testing and concluded 

that differences in the methodology affected the fatigue behavior of rotary instruments and, 

consequently, the outcome of these studies. Therefore, it was widely accepted during the 

last decade that an international standard for cyclic fatigue testing of NiTi rotary 

instruments is required to ensure uniformity of methodology and comparable results. 

Kim HC et al, (2010), compared the fatigue resistance of traditional, ground nickel-

titanium rotary instruments with the Twisted File, TF (R-phase heat treated by 

SybronEndo) showed a significantly higher resistance to cyclic fatigue than other nickel-

titanium files that were manufactured with a grinding process (P < .05). Al-Hadlaq et al, 

(2010), investigate cyclic flexural fatigue resistance of GT series X rotary files made from 

the newly developed M-wire nickel-titanium alloy compared with GT and Profile nickel-

titanium files made from a conventional nickel-titanium alloy, indicated that the GT series 

X files had superior cyclic flexural fatigue resistance than the other 2 file types made from 
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a conventional nickel-titanium alloy (P = .004). In our experimental study the Oneflare-H 

instruments showed superior resistance to cyclic fatigue compared to Oneflare-O (P < 

0.05), indicating the heat-treatment of the alloy might be regarded as a factor improving 

the fatigue behavior of Ni-Ti files.  

Regarding the role of heat treatment of Ni-Ti files in their clinical performance, several 

novel thermomechanical processing and proprietary manufacturing technologies have been 

developed in recent years to optimize the microstructure and the flexibility of NiTi alloys 

(Gutmann and Gao, 2012). However, only few investigations addressed the influence of 

heat treatment on the mechanical properties of instruments with the same instrument 

design. Johnson et al, (2008), did a comparison between M-wire alloy and 508 nitinol alloy 

on the cyclic fatigue life of Profile 25/.04 rotary instruments (DENTSPLY Tulsa Dental, 

Tulsa, OK), found that M-Wire NiTi have significantly greater resistance to cyclic fatigue 

while maintaining comparable torsional properties. Gao et al (2010), compared the cyclic 

fatigue resistance of ProFile Vortex rotary instruments (DENTSPLY Tulsa Dental, Tulsa, 

OK) made of two different raw materials: M-Wire and regular super-elastic wire (SE-wire), 

concluded that ProFile Vortex files made of M-Wire exhibited superior cyclic fatigue 

resistance compared with those made of regular SE-wire. Clearly, our results agree with 

the data reported in these two studies. 

   

It must be emphasized here that the experimental methodology and data analysis, used 

previously in the studies of research team in Pusan National University, Prof Henry H.C. 

Kim and his colleagues (Baek et al, 2011, Kim JY et al, 2012, Versluis et al, 2012, Cheung 

et al, 2013, Sung et al, 2014, Kwak et al, 2014 and Kwak et al, 2017), have been followed 
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in the study design of the present thesis. More specifically, Beak et al, (2011), studied 

Finite element models of NiTi rotary instruments with different cross-sectional geometries 

and different number of threads were made for comparison of torsional stiffness, resulted 

in the file models with larger pitch (fewer threads) had lower torsional stiffness. Models 

with rectangular cross section had higher torsional stiffness than models with triangular 

cross section and File models with larger cross-sectional area had higher torsional stiffness. 

(Kim JY et al, 2012), ProFile (#25/0.06; Dentsply Maillefer, Ballaigues, Switzerland) and 

ProTaper (F1, Dentsply Maillefer) were cyclic precycled to 4 conditions (ie, 0%, 25%, 

50%, and 75% of the mNCF) before the torsional resistance test, resulted in both ProFile 

and ProTaper groups, the 75% preloading groups had significantly lower torsional strength 

than other preloaded files. Versluis et al, (2012), used Finite element models of rotary 

instruments with 4 cross-sectional geometries (triangle, slender-rectangle, rectangle, 

square) and 3 pitches (5-, 10-, 15-threads) were created, featuring super-elastic nickel-

titanium properties. All models had the same length, taper, and external peripheral radius; 

cross-sectional area and/or center-core area varied. Results showed that stiffness and 

maximum stress decreased with decreasing pitch (increasing threads). The slender-

rectangle had the smallest center-core area and the lowest stiffness and stresses. Cheung et 

al, (2013), used ProFile (#25/0.06) (Dentsply Maillefer, Ballaigues, Switzerland) and 

ProTaper (F1; Dentsply Maillefer) in his study. Each file was preloaded at 4 conditions 

(i.e., no preloading and 25%, 50%, and 75% of mean ultimate torsional strength) of 

torsional prestress before the fatigue test, after torsional preloading, the number of cycles 

to failure was evaluated in a simulated canal. Results showed the 50% and 75% torsion ally 

preloaded ProFile and all ProTaper preloading groups had a higher number of cycles to 
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failure than the other groups. Ha et al, (2013), investigate the resistance to torsional stress 

and cyclic fatigue of K3XF and K3 files (SybronEndo, Orange, California, USA) with sizes 

of #30/.04 and #30/.06. Authors found the following mean values of torsional resistance 

for the files K3/.04, K3XF/.04, K3/.06 and K3XF/.06, at 5 mm respectively:  ultimate 

strength in Ncm 2.26±0.15, 2.26±0.17, 3.75±0.37 and 3.51±0.35; fracture angle in degrees 

1125.5±109.1, 1222.6±148.9, 950.9±305.6 and 1171.5±314.4; toughness in Ncm 

1700.5±214.9, 1877.5±375.3, 2467.3±821.5 and 2909.9±960.3. Therefore, the values of 

cyclic fatigue resistance in NCF for the files K3/.04, K3XF/.04, K3/.06 and K3XF/.06 in 

this study were 937.5±127.8, 1243.5±286.8, 917±139.2 and 1260.8±163.0 respectively. 

Although K3XF showed superior cyclic fatigue resistance to K3 (P < .000), there was no 

significant difference in torsional resistance in terms of ultimate strength, fracture angle, 

and toughness between the 2 brands of K3XF and K3 regardless of the instruments' 

taper. Kim et al, (2015), compared the cyclic fatigue resistance and torsional resistance of 

rotary instruments with and without surface treatment. Authors reported the following 

values of torsional resistance for the instruments with and without surface treatment 

respectively: ultimate strength in Ncm 2.26±0.19 and 2.81±0.25; fracture angle in degrees 

720±349 and 615±72; toughness in Ncm 1252±624 and 1313±229. The cyclic fatigue 

resistance test showed in NCF  2219±698 and 977±325 for the instruments with and 

without surface treatment, indicating that the surface treatment of the instruments may 

improve cyclic fatigue resistance while maintaining the torsional resistances and 

mechanical properties.  

Sung et al, (2014), compared cyclic fatigue and torsional resistances of glide path creating 

instruments with different tapers and tip sizes. Two sizes (G1 and G2) from G-File system 
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and three sizes (PathFile #1, #2, and #3) from PathFile system were used for torsional 

resistance and cyclic fatigue resistance tests. The torsional resistance was evaluated at 2-, 

3-, 4-, 5-, and 6-mm from the file tip. Authors reported the following mean values for the 

files G1, G2, Pathfile #1, Pathfile #2 and Pathfile #3 files respectively: ultimate strength at 

3 mm in Ncm 0.09±0.03, 0.20±0.02, 0.10±0.01, 0.15±0.01 and 0.22±0.02; cyclic fatigue 

resistance in NCF 314±32, 155±13, 386±43, 347±41 and 293±31. Results showed that the 

smaller files of each brand had a significantly higher cyclic fatigue resistance than the 

bigger ones (p < 0.05) and Although G-2 file showed a lower torsional strength than 

PathFile #3 at 2- and 3-mm levels (p < 0.05), they had similar ultimate strengths at 4-, 5-, 

and 6-mm levels (p > 0.05).  In the present study we found the following mean values for 

torsional resistance and the cyclic fatigue tests for the non-heated and heated OneFlare files 

respectively: ultimate strength in Ncm 1.39 ±0.04 and 1.39±0.16; fracture angle in degrees 

522±53.1 and 521±49.1; toughness in Ncm 589.6±57.2 and 566.3±79.9; cyclic fatigue 

resistance in NCF 202.9±27.6 and 246±41.8; bending stiffness in Ncm 0.97±0.04 and 

0.86±0.07.  

 

In another study Kwak et al, (2014), investigated the buckling resistance, bending stiffness, 

ultimate torsional strength, and fracture angle under torsional load were compared for 4 of 

canal exploration and glide path preparation instruments. They found the following mean 

values for the C+ file (CP, Dentsply Maillefer, Ballaigues, Switzerland), Mani K-file (MN, 

Mani, Tochigi, Japan) and NiTiFlex K-file (NT, Dentsply Maillefer) respectively: ultimate 

strength in Ncm 0.55±0.09, 0.37±0.05 and 0.37±0.05; fracture angle in degrees 

321.0±112.6, 768.4±105.0 and 906.7±92.3; bending stiffness in Ncm 0.31±0.03, 0.16±0.03 
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and 0.04±0.00. Authors concluded that CP (C+ file) and NT files (NiTiFlex K-file) were 

revealed to be the stiffest and the most flexible instruments, respectively. Ha et al, (2015), 

evaluated the effect of torsional preloads on the cyclic fatigue life of nickel-titanium 

instruments with different history of heat treatment by manufacturers. WaveOne (Primary) 

made of M-wire, K3XF (#30/0.06) of R-phase, and Protaper (F2) of conventional NiTi 

alloy was used. Each file was preloaded at four conditions (nil, 25, 50, 75) of their mean 

ultimate strength before fatigue testing. Fractured instrument examined under SEM, and 

concluded that alloy type may improve the mechanical properties of the endodontic 

instrument. Ha et al, (2017), reported the following mean values for the instruments BLX 

(MicroMega, Besancon, France), K3XF (SybronEndo, Glendora, CA) and OneShape 

MicroMega, Besancon, France) in the rotational speed of 2 rpm, which has been used in 

this study; ultimate strength in Ncm 1.81±0.16, 2.47±0.23 and 2.10± 0.22; distortional 

angle in degrees 352±22, 581±66 and 434±70; toughness in Ncm 449.9±44.2, 

1045.2±130.9 and 673.3±111. This study concluded that the torsional resistance of the 

rotary instruments was not affected by the rotational speed. 

    Furthermore, Kwak et al, (2017), compared cyclic and torsional resistance of three NiTi 

file systems with a similar triangular cross-section and the same ISO #25 tip size G6(G6), 

(Global Top Inc., Goyang, Korea), Protaper Universal (PTU), (Dentsply Maillefer, 

Ballaigues, Switzerland) and Dia-PT (DPT), (Dia-Dent, Cheongwon, Korea). And reported 

the following mean values for the instruments respectively: ultimate strength in Ncm 

2.13±0.13, 3.08±0.38 and 2.89± 0.38; fracture angle in degrees 594±90, 543±57 and 

511±60; toughness in Ncm 974±148, 1333±183 and 1140±147, cyclic fatigue resistance in 

NCF 944±123, 842±59 and 1134±246. PTU showed significantly greater toughness 
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followed by DPT and G6 (p < 0.05). G6 showed the lowest resistance in ultimate torsional 

strength while it showed a higher fracture angle than the other files (p < 0.05). In cyclic 

fatigue test DPT showed a significantly higher number of cycles to failure than PTU or G6 

(p < 0.05). 

Comparison of the mean values and SEM images reported by the studies of (Ha et al, 2013, 

Sung et al, 2014, Kwak et al, 2014, Kim BH et al, 2015, Ha et al, 2017 and Kwak et al, 

2017), in which almost the same methodology with our study was used indicate that the 

testing of pre-flaring OneFlare instrument exhibited reasonable mean values which are 

farther confirmed by the SEM observations of torsional resistance, cyclic fatigue resistance 

and bending stiffness for the specific geometrical characteristics of the files.    

In conclusion, the present results comparing mechanical properties of the tested NiTi 

instruments clearly confirmed the null hypothesis #1 that there is no difference between 

the torsional resistance of the tested heat treated and non-heat treated files. Furthermore, 

results of the cyclic fatigue and bending stiffness tests rejected the null hypotheses #2 and 

#3 respectively. Higher cyclic fatigue resistance and lower bending stiffness of the heated 

OneFlare NiTi instruments were found. Taking into consideration results from previous 

similar tests of various types and geometries of NiTi rotary instruments, it seems 

reasonable to conclude that the thermomechanical processing of the NiTi alloy may 

improve the mechanical properties of the rotary instruments at least as it concerned to the 

bending stiffness and the resistance to the cyclic fatigue fracture during their clinical 

performance.  
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Conclusions 

 

1. T-wire heat treated OneFlare showed almost no effect on torsional fatigue 

resistance when compared with non-heat treated OneFlare with same geometric 

features. 

2. T-wire heat treated OneFlare showed improved mechanical properties in bending 

stiffness when compared with non-heat treated OneFlare with same geometric 

features. 

3. T-wire heat treated OneFlare showed improved mechanical properties in cyclic 

fatigue resistance when compared with non-heat treated OneFlare with same 

geometric features. 

4. Under the limitations of the present research, this study shows that further 

investigations are needed for T-wire heat treatment technology to improve the 

mechanical properties and clinical performance of the NiTi instruments. 
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