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Abstract
Introduction: The purpose of this study was to evaluate
the effect of different temperatures (0�C, 10�C, 22�C,
37�C, and 60�C) on the cyclic fatigue life of nickel-
titanium (NiTi) files using a new fatigue test model in zir-
conium oxide. Methods: Three superelastic NiTi files
(EndoSequence [Brasseler USA, Savannah, GA], ProFile
[Dentsply Tulsa Dental Specialties, Tulsa, OK], and K3
[SybronEndo, Orange, CA]), and 3 heat-treated (K3XF
[SybronEndo], Vortex [Dentsply Tulsa Dental Spe-
cialties], and HyFlex CM [Coltene-Whaledent, Allstetten,
Switzerland]) NiTi files, all size 25/.04, were subjected to
cyclic fatigue tests inside a novel, artificial ceramic canal
with a curvature of 60� and a 5-mm radius. The model
was immersed in water at 5 different preset tempera-
tures. The number of cycles to failure (NCF) was re-
corded, and the fracture surface of the fragments was
examined by a scanning electron microscope. The data
were analyzed using 2-way analysis of variance with
the significance level at 0.05. Results: When the tem-
perature was reduced from 60�C to 0�C, the NCF signif-
icantly increased from over 2 to 10 times for the NiTi file
groups (P < .01). K3XF had the highest fatigue resis-
tance of all files at 0�C (P < .05). Vortex files had the
highest NCF at 10�C–60�C. The NCF of heat-treated
files was significantly higher than superelastic NiTi files
at 10�C and 20�C (P < .05). There was no significant dif-
ference in the NCF of HyFlex CM at 0�C and 22�C. There
was little difference in the fractographic appearance
among different temperatures, except that the fraction
area occupied by the dimple region of some instruments
at 0�C was slightly smaller than at 60�C. Conclusions:
Cooling down to low temperatures may be an inter-
esting strategy to improve the fatigue resistance of
rotary NiTi files. (J Endod 2017;-:1–4)
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Thenickel-titanium(NiTi)
alloy consists of nickel

and titanium in a nearly
equal atomic ratio. NiTi
is called an exotic metal
because it does not conform
to the typical rules of
metallurgy. The NiTi alloy
has special properties such as shape memory and superelasticity (1, 2). Fatigue
failure of nitinol material is a constant subject of discussion. Because it is the
material of choice for applications requiring high level of flexibility, it is often
exposed to much greater fatigue strains than other metals. Although the strain-
controlled fatigue performance of nitinol is superior to all other known metals, fatigue
failures have been observed in the most demanding applications (1). Rotary root canal
instruments manufactured out of an NiTi alloy have proven to be well suited for root
canal therapy. NiTi rotary shaping files have reduced the numbers of iatrogenic instru-
mentation complications that often occurred with endodontic steel files (3). However,
the separation of NiTi files can still occur as a result of fatigue failure and torsional
fracture. Studies found that cyclic fatigue is 1 of the main reasons for the fracture of
endodontic rotary files used clinically (4–6).

To reduce the risk of intracanal fracture caused by cyclic fatigue, new file designs
and manufacturing methods have been developed (7, 8). Thermal processing
procedures that modify the microstructure of NiTi alloys are 1 of the most
fundamental approaches that affect the fatigue resistance of NiTi endodontic files
(9–13). In 2009, ProFile Vortex files (Dentsply Tulsa Dental Specialties, Tulsa, OK),
the ‘‘next generation’’ in the ProFile file (Dentsply Tulsa Dental Specialties) series,
were introduced. These files are manufactured from M-Wire, which had undergone
a proprietary treatment. CM Wire (DS Dental, Johnson City, TN) is a novel NiTi alloy
with flexible properties that was introduced in 2010. CM NiTi files have been
manufactured using a special thermomechanical process that changes the properties
of the material, making the files extremely flexible but without the shape memory of
other NiTi files. HyFlex CM rotary files (Coltene-Whaledent, Allstetten, Switzerland)
are made from NiTi CM-wire. Another thermal process was used for the production
of K3XF files (SybronEndo, Orange, CA) subsequent to the grinding process. The manu-
facturer claims that K3XF provides clinicians with the basic features of the original K3
(SybronEndo) plus a new level of flexibility and resistance to cyclic fatigue with the pro-
prietary R-phase technology. Previous studies (9, 13, 14) have shown that NiTi files
made of thermomechanically treated alloys have a significantly improved fatigue
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Significance
Fatigue resistance of NiTi files reduces when the
temperature increases from 0�C to 60�C. Cooling
down to low temperatures may be an interesting
strategy to improve the fatigue resistance of rotary
NiTi files.
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resistance compared with those made of conventional superelastic NiTi
alloys that have not been exposed to similar thermal treatments.
Clinically, endodontic instruments are used to prepare the root canal
in the presence of an irrigant solution. Published studies (15, 16)
have shown that those heat-treated NiTi files that have been examined
for fatigue both in a dry condition and liquid have all shown higher fa-
tigue resistance in liquid. Several studies (17, 18) on irrigating
solutions have shown that increasing the temperature of sodium
hypochlorite to 60�C significantly increases the rate of soft tissue
dissolution. However, new studies (19–22) have reported that the
increased temperature during use reduced the fatigue life of NiTi files
in water. Therefore, the aims of this study was to evaluate the effect of
5 different temperatures (0�C, 10�C, 22�C, 37�C, and 60�C) on the
cyclic fatigue life of conventional superelastic and heat-treated NiTi files
using a new fatigue test in zirconium oxide model.

Materials and Methods
Six nickel-titanium rotary instruments (size 25/.04), EndoSe-

quence (Brasseler USA, Savannah, GA), ProFile, K3, K3XF, HyFlex
CM, and Vortex were subjected to cyclic fatigue tests in a novel ceramic
artificial canals model (23). The ceramic artificial canals were milled in
an InCoris ZI zirconium oxide disc (Dentsply Sirona, Bensheim, Ger-
many) using the inLab MC X5 Digital CAD/CAM System (Dentsply Si-
rona). The size of the artificial canal was 30/.06 with a curvature of
60� and a 5-mm radius (23). The model was fixed in a glass container
filled with 300 mL distilled water. To achieve the desired temperatures,
the glass container was filled with ice water at 0�C� 0.5�C or placed on
a hot plate until the water temperature was stabilized at 10�C� 1�C, the

room temperature at 22�C� 1�C, the body temperature at 37�C� 1�C,
or a high temperature of 60�C� 1�C; during all tests, the temperature
was measured with an infrared thermometer (Sper Scientific Ltd, Scotts-
dale, AZ). A 19-mm long segment from the tip of each NiTi file was intro-
duced into the ceramic canal and immersed in the liquid medium
during the test. Each test group included 12 instruments. The EndoSe-
quence, ProFile, and K3 files were rotated at 300 rpm, and the K3XF,
HyFlex CM, and Vortex files were allowed to rotate at 500 rpm as rec-
ommended by the manufacturer until fracture. A digital video at a fixed
distance and magnification was recorded to detect file breakage. The
fatigue life of the time to break (seconds) was recorded and multiplied
by the number of rotations per minute to obtain the total number of cy-
cles to failure (NCF).

After the test, the detached fragments were collected and rinsed
briefly with deionized water, and the length of the fragment was
measured using a stereomicroscope at 10� (Microdissection; Zeiss,
Bernried, Germany). The fractured instruments, 3 files randomly
selected from each group, were further cleaned in an ultrasonic
bath in absolute alcohol, and the fractured surfaces were faced up-
ward for fractographic examination using a scanning electron micro-
scope (Helios NanoLab 650; FEI, Eindhoven, Netherlands) operating
at 3 kV.

The data for NCF and fragment length of the instruments at
different temperatures were analyzed statistically using 2-way analysis
of variance (SPSS for Windows 11.0; SPSS, Chicago, IL). Post hoc mul-
tiple comparison (Tukey test) was used to isolate and compare the
mean of the results. All analyses were performed at a 95% confidence
level.

Figure 1. (A and B) The NCF of 6 NiTi files at different temperature(s). Different letters indicate statistically significant differences between different temperatures
for each group (P < .05).
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