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Abstract
Aim: This study compared the mechanical properties of Profile Vortex, Profile Vortex Blue, and Race rotary files.
Materials and Methods: The files were subjected to flexibility, rotating-bending (static and dynamic), and torsional resistance tests.
Results: Analysis of the data obtained was performed using ANOVA and Student-Newman-Keuls tests. Significant difference in flexibility was observed between Profile Vortex Blue and the two other files tested (Profile Vortex M Wire and Race)
(P<0.05); however, Profile Vortex M Wire and Race did not significantly differ from each other (P>0.05). In the rotatingbending tests (static and dynamic), Profile Vortex Blue presented significantly greater resistance than Profile Vortex M Wire
and Race (P<0.05). As for the torsional resistance test, Profile Vortex M Wire had significantly greater resistance (degrees
and turns) than the other two instruments tested (P<0.05). No difference in torsional resistance was observed between
Profile Vortex Blue and Race files (P>0.05). Statistical analysis revealed significant differences in maximum torque among
the instruments tested, as follows (in decreasing order): Profile Vortex Blue > Profile Vortex M Wire > Race (P<0.05).
Conclusion: Profile Vortex Blue files were more flexible, more resistant to rotating-bending fatigue, and to torsional failure
when compared to Profile Vortex (made of M-Wire NiTi) and Race files (made of conventional NiTi).

Introduction
From a mechanical standpoint, the root canal anatomy has always
been a challenge during cleaning and shaping [1, 2]. In 1988, Walia
et al. [3] introduced the first nickel-titanium (NiTi) endodontic
instruments, which revolutionized root canal preparation.
This major impact relates to two properties inherent to NiTi –
shape memory and super elasticity – allied to high resistance to
corrosion and biocompatibility [4]. The performance of NiTi
alloy permitted the development of engine-driven rotary files
operated in continuous rotation or reciprocating motion. Despite
the advantages of NiTi rotary instruments, these files are still
susceptible to fracture as a result of fatigue, torsional failure, or
a combination of both [5, 6]. In recent years, in an attempt to
enhance the efficiency and safety of rotary files while minimizing
the risk of fracture, manufacturers have invested in researching
novel heat treatments to enhance the mechanical properties of
NiTi instruments. M-Wire and, more recently, controlled memory

NiTi files were developed as a result of this initiative [7-9]. This
study aimed to compare the flexibility, cyclic fatigue, and torsional
resistance of three different NiTi alloys; Vortex M Wire (Dentsply
Tulsa Dental, Tulsa, OK, USA), Vortex Blue (Dentsply Tulsa
Dental, Tulsa, OK, USA) and Race (FKG Dentaire, La Chauxde-Fonds, Switzerland) rotary files, in order to verify whether
different heat treatments resulted in mechanical benefits when
used for preparation of curved root canals.

Materials and Methods
In this study, a total of 120 NiTi files were tested: 40 Profile
Vortex Blue (Dentsply Tulsa Dental, Tulsa, OK, USA), made
of controlled memory NiTi; 40 Profile Vortex (Dentsply Tulsa
Dental, Tulsa, OK, USA), made of M-Wire; and 40 Race files
(FKG Dentaire, La Chaux-de-Fonds, Switzerland), made of
conventional NiTi alloy. Race files were established as the control
group. All instruments tested had 25 mm length with 0.40mm tip
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diameter and 0.04 taper. Ten specimens from each manufacturer
were used in each test.
Cantilever bending test
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No significant difference was observed between Profile Vortex M
Wire and Race (P>0.05). On the other hand, Profile Vortex Blue
files were significantly more flexible than Profile Vortex M Wire
and Race (P<0.05).

The instruments’ flexibility was analyzed by exposing the files
to a cantilever bending resistance test using a universal testing
machine (Emic, DL10000, Paraná – Brazil). Briefly, a 20 N load
was applied by means of a stainless steel wire measuring 30 cm in
length and 0.3 mm in diameter, with one end attached to the cross
head and the other end fastened at 3 mm from the instrument tip
(load application point). The tips of the instruments tested were
subjected to a 45-degree displacement, within the elastic limit of
the alloy. Testing was conducted at a speed of 15 mm/min.

Static rotating-bending test

Rotating-bending test

Dynamic rotating-bending test

Instruments were subjected to static and dynamic tests, as
described in a previous study [10].

The mean and standard deviation for resistance to cyclic fatigue
in the dynamic rotating-bending test, measured by the NCF of
the instruments tested, are presented in Table 1. Statistically
significant difference was observed between all groups, in the
following order: Profile Vortex Blue > Profile Vortex M-Wire >
Race (P<0.05).

Static test: Instruments were allowed to rotate clockwise in a
simulated canal with fixed torque of 3N and 300 rpm speed, until
occurrence of fracture. The time (in seconds) to fracture was
multiplied by the number of rotations per second to determine
the number of cycles to fracture (NCF).
Dynamic test: Instruments were subjected to the same protocol
as in the static test, but the apparatus was set to move axially with
an amplitude of 3 mm every 2 seconds.
In both tests, the moment of fracture was established visually and
recorded by the same operator. NCF results were subjected to
statistical analysis.
Torsional resistance test
Clockwise torsion without axial load was applied to the files using
an apparatus attached to a universal testing machine (EMIC, DL
10000), as previously described [11]. The maximum rotation
(degrees and turns) and maximum torque to fracture of each
instrument were continuously monitored using a computer
connected to the universal testing machine.
Scanning Electron Microscopy (SEM) analysis
SEM was used to determine the type of fracture and presence
of plastic deformation in the helical shaft analyzed the fracture
surface and the helical shaft of the fractured files.
Statistical analysis
Statistical analysis of the data was conducted by multiple
comparisons testing using ANOVA and Student-Newman-Keuls
test. The significance level was set to 5% (P<0.05).

Results
Flexibility (cantilever bending test)
The mean and standard deviation for flexibility, measured by the
load required to bend the files to 45 degrees, are shown in Table 1.

The mean and standard deviation for resistance to cyclic fatigue
in the static rotating-bending test, defined by the NCF of the
instruments tested, are also shown in Table 1. No statistically
significant difference was found between Profile Vortex M-Wire
and Race files (P>0.05). Nonetheless, Profile Vortex Blue were
significantly more resistant in the static rotating-bending test than
Race and Profile Vortex M-Wire files (P<0.05).

Comparison between the data obtained in the dynamic and static
fatigue tests for instruments of the same brand showed that the
dynamic testing model extended the NCF of all files (P<0.05).
Torsional resistance test
Table 1 shows the mean and standard deviation for the maximum
rotation (degrees and turns) and the maximum torque to fracture
the instruments in the torsional resistance test. Statistical analysis
showed statistically significant difference between Profile Vortex
M Wire files and the other instruments tested (P<0.05) in terms
of the maximum rotation to fracture (degrees and turns). No
significant difference was observed between Profile Vortex Blue
and Race files (P>0.05). As for the maximum torque, statistical
analysis revealed significant difference between the three groups,
in the following order: Profile Vortex Blue > Profile Vortex M
Wire > Race (P<0.05).
SEM analysis
After the rotating-bending tests, the fracture surfaces of all
file presented features of ductile fracture (Figure 1). Evidence
of ductile fracture was also observed on the fracture surface
of instruments subjected to torsional resistance tests. All the
instruments tested showed plastic deformation (helical distortion)
(Figure 2).

Discussion
Use of NiTi alloy for production of endodontic files has brought
great advancement to Endodontics, especially considering the
mechanical challenges encountered during preparation of curved
root canals [12, 13].
The instruments tested in the present study had similar design,
length, taper, and diameter at D0, but were subjected to different
heat treatments during the manufacturing process. This allowed
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Figure 1. Rotating - bending fracture. Ductile - type fracture surface: (A and B) ProFile Vortex Blue file; (C and D) ProFile
Vortex file; (E and F) Race file (control group).

Figure 2. Torsional fracture. Ductile - type fracture surface showing plastic deformation on the helical shaft of the instruments: (A and B) Profile Vortex Blue file; (C and D) Profile Vortex file; (E and F) Race file (control group).

Table 1. Mean (± standard deviation) results from the flexibility (cantilever bending), rotating-bending, and torsional resistance tests.
Rotating-bending test (NCF)

Maximum rotation

Maximum
torque (g·mm)

Instruments

Flexibility (g)

Profile Vortex
Profile Vortex
Blue
Race

268.08 (12.32)

Static model
262.5 (278.2)

Dynamic model
698.7 (106.96)

Degrees
917.1 (119.49)

231.89 (17.14)

866.5 (166.87)

1406.5 (272.32)

752.27 (96.94) 2.09 (0.27) 2732.03 (425.32)

275.22 (5.91)

270.6 (40.01)

414.4 (36)

735.08 (90.04) 2.04 (0.25) 1784.95 (154.85)

for a realistic comparison of the influence of the type of NiTi
alloy on the mechanical behavior of these files. The flexibility of an
endodontic instrument is an important determinant of resistance
to fatigue and torsion [6]. Moreover, use of flexible instruments
lowers the risk of canal transportation, ledging, or perforations.
During the rotating-bending tests, the instruments were allowed
to rotate freely within the root canal without the interference of
torsion, which could also have led to fracture [5, 10]. This test
generated repetitive cycles of traction and compression loads
at the point of maximum flexure in the curved segment of the
canal, until occurrence of fracture [14]. A relevant aspect to be
considered in the present study is that the results from the static
and dynamic tests were compared not only between the groups,

Turns
2.48 (0.3)

2139.69 (145.68)

but also within the groups of instruments. The number of
cycles to fracture (NCF) was significantly greater in the dynamic
model than in the static model, even between instruments of the
same brand. This probably occurred because in the static test,
compression and traction loads are concentrated in a single area
of the instrument shaft. Contrastingly, in the dynamic model,
these compression and traction loads are distributed throughout
a greater area along the instrument shaft. Consequently, in the
dynamic model, crack propagation is delayed and the instrument's
resistance to cyclic fatigue is increased [10, 15]. Still, comparison
between the controlled memory, M-Wire, and conventional
NiTi files showed that the NCF of Profile Vortex Blue was
significantly higher than that of Profile Vortex M-Wire and Race
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(conventional NiTi), both in the static model and the dynamic
model. Conversely, when the NCF of Profile Vortex M-Wire files
was compared with the NCF of Race files in the static model,
their values did not differ significantly, while in the dynamic
model Profile Vortex M-Wire files had significantly higher NCF
values than Race. The most likely explanation for this difference
in mechanical behavior may be attributed to the different heat
treatments of M-Wire, controlled memory, and conventional
NiTi alloys during the manufacturing process [16-22].
The heat treatment by which controlled memory NiTi is
produced is a relatively new field in Endodontics research and
the manufacturers have made limited information on this process
available. Studies by Thompson 2000 [4], Kuhn et al. 2001 [20],
Johnson et al. 2008 [21], and Gutmann & Gao 2012 [6] agree
with the notion that the type of heat treatment dispensed to the
alloy, in conjunction with instrument configuration, influence the
mechanical properties of the material by significantly affecting
the flexibility of the resulting instrument. Lopes et al. 2013 [22]
compared the mechanical behavior of endodontic files made
of conventional NiTi, M-Wire, and R-phase NiTi. The authors
concluded that Profile Vortex M-Wire files did not perform better
in terms of flexibility and fatigue, probably due to differences in
instrument design and size among the instruments tested in their
study. Shen et al. 2012 [23] and Shen et al. 2013 [24] reported
that controlled memory files are more flexible and resistant to
fatigue; these authors believe that this behavior is related to the
heat treatment of the alloy. In our study, Profile Vortex Blue
showed greater fatigue resistance and flexibility in comparison
with Profile Vortex M Wire and Race files (conventional NiTi –
control group). The mechanical behavior of Profile Vortex Blue
is likely to have delayed crack propagation along the instrument
shaft. These results are in agreement with some previous studies
[23-25].
Regarding the torsional resistance test, the two parameters
evaluated are related to the maximum rotation (degrees and
number of turns). According to some authors, the most important
determinant of torsional fracture is the maximum torsional
angle until fracture, rather than the maximum torque [11, 26].
During clinical use, the maximum torsional angle may serve as
a safety factor by allowing the operator to visually detect plastic
deformation of the rotary file upon its removal from the canal
(thus preventing re-insertion). In other words, instruments with
great maximum torsional angle values are capable of withstanding
great elastic and plastic deformation until failure. In order to
improve the safety of engine-driven rotary files, manufacturers
adopt torque values below the maximum torque that could lead
the instrument to torsional failure.
With reference to the maximum torque results in the present study,
Profile Vortex Blue had significantly greater torque values than
those of Profile Vortex M-Wire, which in turn were significantly
greater than those of Race files. These results corroborate
those from Peters et al. 2012 [26], who reported that controlled
memory NiTi instruments have great torsional resistance. On
the other hand, the maximum torsional angle values showed
no significant difference between Profile Vortex Blue and Race
files. Nevertheless, Profile Vortex M-Wire files were capable of
withstanding greater torsional angles than the controlled memory
and conventional NiTi files. This discrepancy of results has been
previously reported in the literature [9, 19, 22, 25, 26].
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Another important consideration concerning the mechanical
behavior and clinical performance of endodontic instruments
relates to apical widening the choice of size 40 files with 0.04
taper in the present study was based on previous works suggesting
that the final apical diameter should range from 0.35 to 0.60 mm
[27, 28]. Therefore, development of instruments with greater
diameter and taper while maintaining the flexibility, torsional
resistance, and fatigue resistance has been a constant pursuit for
the manufacturers, who aim to develop instruments that can be
safely used in the preparation of curved canals.
SEM analysis showed that the fracture surfaces of all files
presented features of ductile fracture, regardless of the type of
alloy and of the test (torsion or rotating-bending resistance). The
helical shafts of all the instruments subjected to the torsional
resistance assay suffered plastic deformation [29].
Based on these results, our conclusion is that Profile Vortex Blue
files have greater flexibility, resistance to fatigue, and torsional
resistance when compared to Profile Vortex M-Wire and
conventional NiTi Race files. This study suggests that controlled
memory NiTi may represent advancement for preparation of
severely curved root canals.
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