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Abstract

Introduction: The aim of this study was to compare
cyclic fatigue resistance of four nickel-titanium rotary
systems and to evaluate their surface, fractographic,
and matrix morphology. Methods: Four models of
endodontic rotary files (EasyShape [Komet/Gebr. Brass-
eler, Lemgo, Germany], ProTaper [Dentsply Maillefer,
Ballaigues, Switzerland], NRT [MANI Inc, Toshigi-Ken,
Japan], and AlphaKite [Komet/Gebr. Brasseler]) were
subjected to fatigue testing in artificial canals with angle
of curvature of 45� and 60� and a radius of curvature of
5 mm until fracture occurred. Nickel-titanium (NiTi) alloy
properties were investigated by light microscopy, envi-
ronmental scanning electron microscopy (ESEM), and
energy dispersive x-ray spectrophotometry (EDS).
ESEM analysis was conducted on new files to examine
surface characteristics and on fractured samples to iden-
tify the crack origin and the fractographic features.
Results: Analysis of variance testing revealed signifi-
cant differences (P < .001) among the groups. NRT files
had the highest fatigue resistance followed by Alpha-
Kite, EasyShape, and ProTaper. All the new files pre-
sented surface imperfections. Fractographic analysis
found the crack initiation to originate at the level of
surface irregularities. Optical microscope inspection of
the NiTi alloy matrix disclosed different-sized nonme-
tallic inclusions among models. EDS analysis of these
inclusions showed that they were composed of carbon
and oxygen in addition to nickel and titanium. Under
light microscopy, austenitic grains appeared larger
near the handle and smaller near the tip in all instru-
ments. Conclusions: NRT files presented the longest
fatigue life. All samples showed surface irregularities
and nonmetallic inclusions. Austenitic grains were
smaller near the tip than near the handle. The angle
of curvature was confirmed to influence the fatigue
life of NiTi instruments. (J Endod 2011;37:1013–1016)
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Nickel-titanium (NiTi) root canal files were first introduced in 1988 by Walia et al
(1) to overcome the rigidity of stainless steel instruments and thereby improve

the instrumentation of curved canals (1). NiTi is far more flexible than stainless steel,
and its superelasticity reduces the restoring force (2), thereby allowing improved canal
shaping and reduced transportation (3). Despite the many advantages of NiTi instru-
mentation, unexpected fractures may occur during clinical use (4, 5), and the
impairment of the outcome of root canal treatment results from the impossibility of
removing the instrument (5). According to Sattapan et al (6), two different separation
mechanisms occur in rotary instruments: torsional (ductile) and fatigue (brittle) frac-
ture. Instruments separated by torsional stresses usually present macroscopic plastic
deformation (7), whereas instruments fractured by fatigue generally exhibit no specific
macroscopic pattern (6).

Although several clinical and laboratory studies have investigated the cumulative
effects of multiple tensile-compressive stresses on the incidence of cyclic fatigue and
instrument separation for NiTi files (5, 6, 8, 9), little is known on how surface and
alloy features affect NiTi instrument fracture.

The aim of the present study was to compare the cyclic fatigue resistance of NiTi
endodontic rotary files in simulated 45� and 60� curved canals and to correlate their
fatigue life with their surface, matrix, and fractographic features. The tested null hypoth-
esis was that there are no differences between the NiTi instruments examined.

Materials and Methods
The cyclic fatigue testing was conducted in a manner similar to that performed by

Lopes et al (10, 11). Two 16-G stainless steel needles (LG Forniture, Osimo, Italy) were
bent to obtain artificial canals with a 5-mm radius of curvature, curvature angles of 45�
and 60�, and an overall length of 22. NiTi instruments were tested for cyclic fatigue in
a stainless steel apparatus composed of a base and a vertical axis. The vertical axis
contained a structure that allowed the movement of the 16:1 reduction handpiece
powered by a torque-controlled electric stepper motor (Xsmart; Dentsply Maillefer,
Baillagues, Switzerland). At the apparatus base, a bench vise was used to hold the arti-
ficial canals. This device ensured standardized placement of the NiTi instruments in the
artificial canals. All the instruments were mounted on the electrical handpiece and were
inserted 22 mm into the steel canal. A silicone stop (Endo Stopper, Kumapan, Bourges,
France) was mounted on each instrument to easily mark the correct length of the part
introduced into the artificial canal.
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TABLE 1. Mean and Standard Deviation of the Number of Cycles to Fracture for Each Group at 45� and at 60�

NRT ProTaper EasyShape AlphaKite

45� 3923.1 � 192.4 2746.7 � 109.1 3010.1 � 299 3361.8 � 236.9
60� 957.7 � 59.2 571.5 � 92.3 704.9 � 70.3 782.3 � 62.4
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The electrical handpiece was standardized to rotate the instru-
ments at a nominal speed of 300 rpm, with a maximum torque of 3
N/Cm. Cyclic fatigue testing was conducted on four different groups
(n = 22) of instruments: (1) group A: Mani NRT 25/.06 (MANI Inc,
Toshigi-Ken, Japan), (2) group B: ProTaper Universal F2 (Dentsply
Maillefer, Ballaigues, Switzerland), (3) group C: EasyShape 25/.06 (Ko-
met/Gebr. Brasseler, Lemgo, Germany), and (4) group D: AlphaKite 25/
.06 (Komet/Gebr. Brasseler).

Files were divided into eight subgroups (n = 11) and tested in the
curved 45� and 60� artificial canals until fracture occurred. Time to
fracture was recorded visually with a 1/100-second digital stopwatch
(Oregon Scientific SL928D, Tualatin, OR). During the test, the stainless
steel artificial canals were filled with glycerine to reduce the friction of
the instrument against the canal walls.

Results were analyzed statistically using SPSS software (SPSS, Oak-
brook, IL). One-way and two-way analysis of variance (ANOVA) and
Tukey Honestly Significant Difference (HSD) test were calculated to
determine any statistical difference amongst groups. The significance
was determined at the 95% confidence level.

Fractured fragments were collected and analyzed under ESEM
(EVO50 EP; Carl Zeiss NTS GmbH, Oberkochen, Germany) with magni-
fication ranging from 400� to 10,000�. Unused instruments were
examined for surface details under ESEM with magnification ranging
from 100� to 5,000� at the tip and 4 mm from the tip. Each sample
was then embedded in epoxy resin, wet ground with 180 to 320 grit size
silicon carbide (SiC) papers, and polished with a 9-mm diamond paste.
Specimens were then etched with 60% nitric acid, 10% fluorhydric acid,
and 30% acetic acid at room temperature for 5 seconds (12) to disclose
themicrostructure of the NiTi matrix. All the etched samples were exam-
ined with an optical microscope (Zeiss AXIO, Carl Zeiss NTS GmbH) and
analyzed with ESEM equipped with EDS (EDS Oxford Inca Energy 350;
Oxford Instruments, Abingdon, Oxfordshire, UK).

The images of the new and fractured samples were examined in
a double-blind manner by two trained operators; a consensus was
reached between the two examiners regarding any discrepancies.

Results
The mean and standard deviation of the number of cycles to frac-

ture for each group are listed in Table 1. One-way ANOVA analysis re-
vealed significant differences between all g roups tested, both at 45�
and 60� (P < .001). The Tukey HSD test showed that there were signif-
icant differences between all groups at 45� and at 60� (P< .001) except
between groups C and D at 60� (P = .077).

Two-way ANOVA analysis and its post hoc test (Tukey HSD)
showed how every tested instrument broke significantly earlier in the
60� artificial curved canal than in the 45� curved canal (P < .001).
It confirmed the results of one-way analysis and showed significant
differences between all the combinations for 45� and 60� (P <
.001), except between groups B and C at 60� (P = .003) and between
groups C and D at 60� (P = .370).

The crack origin in every sample was identified to be at the level of
superficial manufacturing defects, mainly milling grooves (Fig. 1A). At
high magnification, fatigue striations were found close to the crack initi-
ation area (Fig. 1B). Far from the crack initiation site, a dimpled surface
was observed, indicating ductile fracture in which breakage occurred
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after plastic deformation. Dimples were similar in size and density in
all models except Mani Files in which they were more numerous and
shallow. In all samples examined, microvoids and inclusions were de-
tected in proximity of the dimple centers (Fig. 1C).

ESEM analysis of unused instruments disclosed surface defects
such as debris, pits, metal strips, longitudinal scratches, and milling
grooves in all samples (Fig. 1D). A comparative observation of the pres-
ence and size of milling grooves, notches of the cutting edges, cavities,
and scratches revealed that NRT files presented a smoother surface than
ProTaper, EasyShape, and AlphaKite files.

Optical microscope observations of etched surfaces indicated
inclusions randomly distributed in the matrix of the NiTi alloy of all
instruments examined (Fig. 1E and F). Differences were found
comparing the inclusions in the four different models of files; although
ProTaper, AlphaKite, and EasyShape files showed much the same size
and density of inclusions, Mani Files presented smaller inclusions
with a much greater density.

Observation of the etched instruments at low magnification dis-
closed the austenitic grains of the NiTi alloy matrix. Austenitic grains ap-
peared larger in the portion of the instrument near the handle (Fig. 1G)
and smaller near the tip of the file (Fig. 1H) in all samples.

The EDS analysis conducted on the inclusions showed their chem-
ical composition, disclosing carbon and oxygen in addition to nickel
and titanium, whereas EDS analysis of the NiTi matrix confirmed
a composition of roughly 55% nickel and 45% titanium.

Discussion
The fracture process of rotary NiTi files is of clinical interest

because instrument separation may impair clinical outcomes given the
difficulty in removing the separated file (13). A disadvantage of NiTi alloy
is its low ultimate tensile and yield strength comparedwith stainless steel,
making it more susceptible to fracture at lower loads (14).

The tested null hypothesis was rejected. The results of the present
study revealed that NRT files resisted fatigue fracture for a longer time,
showing higher flexural strength, whereas ProTaper F2 resisted signif-
icantly less time than the other instruments. Cycles to fracture decrease
as the diameter of the instrument increases (15, 16). ProTaper F2 has
a variable taper, .08 from D1 to D3 and .06 from D4 to D14. A diameter
of 0.55 mm was calculated to be at 4 mm from the tip in ProTaper,
whereas in AlphaKite, EasyShape, and NRT files, the same diameter
was at 5 mm.

As described by Pruett et al (15), themaximum area of stress in the
instrument is close to the arc midpoint of the canal. In the present study,
this area was approximately at 4 to 5 mm from the tip of the artificial
canal. Because every instrument at this level has a comparable diameter,
the instruments could be compared.

Test results corroborated the conclusion that the canal curvature
angle with the same radius influences the cyclic fatigue resistance of NiTi
instruments. The greater the angle of curvature, the lower the number of
cycles the endodontic files can tolerate until fracture occurs (17).

Crystalline materials always contain inclusions within the grains or
the grain boundaries. Under the influence of an applied load, these
inclusions may fracture or debond, producing pores or voids (18).
Ounsi et al (19) observed voids in the fracture surface of NiTi files,
assuming them to be caused by the Kirkendall effect. In the micrographs
JOE — Volume 37, Number 7, July 2011



Figure 1. (A) A micrograph (5,000�) of the crack initiation site. The milling groove from which the fracture originated (white arrow) is visible. Parallel stri-
ations typical of cyclic fatigue are detectable. (B) A micrograph (5,000�) showing fatigue striations. (C) A high-magnification (10,000�) micrograph of dimpled
surface. Holes (black arrow) and inclusions (white arrow) are evident. (D) A high-magnification (5,000�) micrograph of the cutting edge of a ProTaper
Universal F2 with deep milling grooves (white arrow), metal rollover, and notching of the cutting blade (black arrow). (E) A micrograph of lattice inclusions
in a Komet file. (F) A micrograph of lattice inclusions in a Mani File. The inclusions are smaller and have greater density compared with other instruments. (G) An
optical micrograph of the austenitic grains of the lattice of an EasyShape file at the handle. (H) An optical micrograph of the austenitic grains of the lattice of an
EasyShape file at the tip; the grain size progressively decreases from the handle to the tip of the instrument.
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examined in the present work, inclusions were often found at the level of
these pores, suggesting instead they could be produced by the debond-
ing of nonmetallic inclusions. ESEM, EDS, and optical microscope anal-
ysis were performed on these inclusions. The inclusions are assumed to
be essentially titanium carbides and NiTi oxides (Ti4Ni2Ox) formed
during vacuum melting of NiTi alloy in a graphite crucible (20, 21).
Because inclusions in NRT files are much more concentrated and
smaller than those in the other models, this may suggest differences
in the manufacturing method. It is well known that crack
propagation is much enhanced by large nonmetallic inclusions acting
as nucleation sites of void in ductile fracture (22, 23). By contrast,
small inclusions could slow or stop propagation of the crack acting
as pinning points. A pinning point in the material serves to halt
a dislocation movement, requiring a greater amount of force to be
applied to overcome the barrier (24).

The austenitic grain size of the NiTi alloy can also influence crack
propagation. Crack nucleation along grain boundaries caused by locally
concentrated stress is known to subside with decreasing grain size.
Therefore, a smaller grain size can increase the yield strength of a metal
(18). All the samples in this study showed smaller austenitic grains near
the tip where the stresses are mostly concentrated and the risk of fracture
is higher. It is possible that the swaging process of the NiTi wire could
have compressed the austenitic grains, thereby producing smaller grains.

Examination of unused files showed structural defects and imper-
fections in all samples. The surface of the instruments showed cavities,
debris, longitudinal scratches, irregular cutting edges, andmillingmarks.
These defects may weaken the cutting efficiency of the instruments and
make them more vulnerable to fracture (25), serving as notches that
would concentrate the stress (26, 27). The fractographic analysis
conducted in this work seemed to confirm the influence of superficial
defects as an important aspect in the resistance of NiTi files, at least in
terms of the fatigue life of the instruments. In fact, almost every file
examined showed a crack initiation site at the level of a superficial
defect. These findings indicate that a smoother surface could improve
fatigue life resistance, and the use of electropolishing procedures has
been suggested (28) to produce a surface with fewer structural defects
that could enhance fracture resistance.

Our results lead to the consideration that surface and alloy features
of NiTi instruments should be considered as fundamental characteris-
tics that can influence fatigue resistance of the files. Thus, the quantity of
superficial defects should be reduced during manufacturing processes,
and the quality of the NiTi alloy should be improved in order to obtain
a diminished risk of fracture.

In conclusion, the four different brands of NiTi rotary instruments
presented similar fractographic characteristics and mechanical
behavior, which is typical of metals being subjected to fatigue loads.
There are significant differences in the fatigue resistance of the files
tested, probably because of the different surface and alloy features.
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