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Abstract: The cyclic fatigue, torsional resistance, and angular deflection of a new Fire-Wire rotary file
(CricENDO) were compared. A total of 20 files of each type were tested. Cyclic fatigue testing was
performed for each group (n = 10) by measuring the number of cycles to fracture (NCF) in an artificial
stainless-steel canal (60◦ angle of curvature, with a 6-mm radius) for each group. The torque and
angle of rotation at the failure of each group (n = 10) were measured according to ISO 3630-1. The
fractured surfaces were examined using scanning electron microscopy. Statistical analysis was carried
out utilizing Student’s t-test at a significance level set at 5%. The Fire-Wire CricENDO rotary files
were associated with a significantly higher number of cycles to fracture and time to failure (in seconds)
compared to the M-Wire Protaper Next (p < 0.05). A significantly higher angular deflection to fracture
was observed for CricENDO compared to Protaper Next (p < 0.05). The new Fire-Wire CricENDO
rotary files exhibit higher cyclic fatigue resistance and angle of rotation to fracture than M-Wire
Protaper Next. Without warning, file fracture may occur as a result of cyclic fatigue, torsional stress,
or a combined effect of both. CricENDO rotary files may be an effective alternative in curved root
canals as they exhibited elevated cyclic and torsional resistance. It will be helpful in eliminating one
of the reasons for file fracture during the root canal treatment.
Keywords: angular deflection; cyclic fatigue; Fire-Wire; fracture; M-Wire; torsional resistance

1. Introduction
The key aspect of an endodontic therapy is to sustain or re-establish the health of periapical tissues
by cleaning, shaping [1], and filling [2] the root canals. Cleaning and shaping are achieved through
the associated use of files and chemical substances (irrigating solutions and intracanal dressings) [1].

Metals 2020, 10, 1359; doi:10.3390/met10101359

www.mdpi.com/journal/metals

Metals 2020, 10, 1359

2 of 8

Then, the canals must be filled to maintain the cleaning obtained through the previous stages, trap the
remaining microorganisms, interrupt the supply of nutrients necessary for their survival, and avoid
contamination or recontamination [2].
Irrigation and intracanal dressings have proven to be relatively effective for the success of
endodontic treatment [3,4]. An equivalent cannot be said about the endodontic files. Procedure
errors [5,6] and untouched root canal walls [7,8] often occur in treatments using endodontic files.
For this reason, researchers are continually attempting to develop new files with the aim of increasing
their performance.
Among procedural errors that occur during the chemo-mechanical preparation, instrument
fracture is the most frequent [9,10]. It is commonly assumed that instrument fractures are often caused
by two different mechanisms—torsional and cyclic failures. Cyclic failure results from constant tension
and compression stress on the region of maximal root canal curvature. Torsional failure occurs if the
tip of the file binds into the canal because the instrument shank continues to rotate; thus, the torque
surmounts the plastic limit of the metal. In the course of manufacture of files, other elements like the
angle of rotation, cross-sectional design, metallurgical properties, and thermomechanical processes can
also contribute to the mechanical properties [9,11].
Off late, a new super elastic M-Wire technology was employed to manufacture Protaper Next
(Dentsply Sirona, Ballaigues, Switzerland). These files have an off-centered rectangular cross-section
with only two cutting/contact points (when in rotation within the canal). This design was executed to
decrease the strain on the file when used for instrumenting the root canal [12].
The CricEndo system (CricDental Pvt. Ltd., Mumbai, India) is manufactured with a new thermal
treatment called F-Wire. According to the manufacturer this heat treatment increases the flexural
strength and flexibility of the instrument. The characteristics, namely, deformation and strength of
the metal alloys could be changed with the said heat treatment. These files have a convex triangular
cross-section and a continuous taper of 4% (C1, C2, C3, SF1, and SF2) or 6% (E1 and E2). Consistent
with the manufacturer’s information, the system has higher cyclic and torsional resistance to fracture
compared to instruments manufactured with M-Wire technology.
This study aimed to compare cyclic fatigue, torsional resistance, and angle of distortion of the
CricEndo (E2) and Protaper Next (X2) files. The null hypothesis tested was that there are no differences
between the two files for the variables being compared.
2. Materials and Method
The sample size calculation was based on the results of previous study [13]. Using an alpha (α)
level of 0.05 (5%) and a beta (β) level of 0.20 (20%) (i.e., power = 80% at a 5% significance level) and a
difference between the two groups of 50 ± 51.3, the minimum estimated sample size was 10 samples
per group but we increased it to 20 samples per group.
Initially, 40 endodontic rotary files with an equivalent tip size (25) and length (25 mm) but
manufactured with different thermal treatments (F-Wire and M-Wire) were selected for this study
(CricEndo E2 and Protaper Next X2 files, respectively). Twenty files (10 per group) were used for cyclic
fatigue resistance tests. The apparatus used for this part of the study was analogous thereto that already
employed by Plotino et al. [13]. In brief, the apparatus consisted of a main frame, moving plastic
support for the endodontic motor handpiece (XSmart Plus; Dentsply Maillefer, Ballaigues, Switzerland),
and a stainless-steel block with a uniform artificial canal. The canal of this device was standardized by
replicating the file size and taper, 60◦ angle of curvature, and 5-mm radius of curvature [14]. From the
tip of the file, the center of the curvature was maintained at 5 mm. The handpiece of the endodontic
motor was mounted on a moving device that allowed precise and reproducible movements of every
file to be tested within the canal, consistent with the manufacturer’s instructions. To scale back the
friction, a synthetic oil designed for the lubrication of mechanical parts (Super Oil; Singer Co Ltd., NJ,
USA) was used [15,16]. The temperature of the experiment was maintained at 37 ◦ C. The time of motor
activation was recorded employing a digital timer, and the time was stopped as soon as a fracture was
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detected visually and/or audibly. This step of the procedure was video-recorded, and therefore the
recordings were observed to make sure that the recorded time of instrument fracture was accurate [16].
Then, the video recordings were used to identify the number of cycles to fracture (NCF). The mean
lengths of the fractured segments of the files were also recorded to evaluate whether the instrument
was positioned correctly inside the canal curvature and whether the stresses induced on the two file
types were similar.
Torsional resistance and angular deflection were evaluated according to ISO 3630-1 (1992) [16,17].
For this, 20 more files (10 per group) were used. The apical 3 mm of every file was clamped employing
a chuck connected to a torque-sensing device (Sabri Dental Enterprises, Inc., Downers Grove, IL, USA),
after which the shaft of the file was fastened onto an opposing chuck. The rotational speed of the
instruments was set in clock-wise direction (2 rpm), and employing that setting, the maximum torque,
and angular deflection until fracture of the instrument were ascertained.
3. Statistical Analysis
Initial data were analyzed using a Shapiro-Wilk normality test, which revealed a normal
distribution. For this reason, a parametric test (Student’s t-test) was applied to identify whether there
were statistical differences between the systems/files. Post-hoc pair-wise comparisons were performed
using the Tukey test for multiple comparisons. All statistical analyses were performed using Biostat
4.0 Software (Mamirauá Institute, Belém, Brazil) with a significance level of 95%.
4. Results
The CricEndo E2 files exhibited significantly higher NCF and time to fracture than the Protaper
Next X2 files (p < 0.01; Table 1). No statistically significant difference was observed in the mean length
of the fractured fragments of the files (p > 0.05; Table 1). No difference was found between the groups
for the torque needed to fracture the files (p > 0.05; Table 2). Lastly, the distortion angles of the CricEndo
X2 files were significantly higher than Protaper Next X2 files (p < 0.01; Table 2). Scanning Electron
Microscope (SEM) images demonstrated characteristic dimpling of the entire fractured surfaces,
microvoids, fatigue striations, and overloaded areas causing cyclic fatigue failure (Figure 1).
Table 1. Data obtained after cyclic fatigue test.
File

NCF ± SD

Time to Fracture
(Seconds ± SD)

Mean Length of the Fractured
Fragments (Millimeters ± SD)

CricEndo E2
(number of files-10)

667 ± 33 a

155 ± 17 c

5.51 ± 0.34 *

Protaper Next X2
(number of files-10)

498 ± 46 b

101 ± 24 d

5.28 ± 0.16 *

NCF, number of cycles to fracture; SD, standard deviation. Different lower case letters in the same column represent
statistically significant differences between groups (Student’s t-test; p < 0.01). * There was no significant difference
in length of fracture fragment between files (Student’s t-test; p > 0.05).

Table 2. Data obtained after torsional resistance tests.
File

Torque (gf/cm ± SD)

Distortion Angle ± SD

CricEndo E2 (number of files-10)

168 ± 08 *

389 ± 28 a

Protaper N X2 (number of files-10)

153 ± 11 *

235 ± 13 b

g, gram; f, force; cm, centimeters; SD, standard deviation. * There was no significant difference in torque resistance
between files (Student’s t-test; p < 0.01). Different lower case letters in the same column represent statistically
significant differences between groups (Student’s t-test; p < 0.01).
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Figure 1. Representative scanning electron micrograph of the fractured surface exhibiting fatigue
zones, overload zone, dimples, and microvoids under low magnification (×200): (A) Protaper NEXT,
(B) CricENDO. Under higher magnification (×800): the fractured surface exhibited as irregular,
consistent rough dimpled (white arrow), microporous, microvoids (black arrow), and fatigue striations
(red arrow) with no microcracks: (C) Protaper NEXT, (D) CricENDO.

5. Discussion
Instrument fracture is the most common accident that occurs during the chemo-mechanical
preparation when NiTi file systems are used [9–11]. Different thermal treatments seem to decrease
its incidence [18,19], however, they are not able to eliminate it. Cyclic fatigue, torsional resistance,
and angle of distortion are important points for a better understanding of file fracture [9–11]. Therefore,
the present study evaluated these variables comparing a new endodontic rotary file system heat-treated
by new technology (CricEndo E2/F-Wire) with a traditional system heat-treated by a well-known
technology (Protaper Next X2/M-Wire). The null hypothesis was rejected following significant
differences between the two instruments.
The type of NiTi alloy used, cross-sectional shape and area, core diameter, taper, tip size of the
instrument, and manufacturing processes of the files are the determinant factors for cyclic fatigue,
torsional resistance, and angle of rotation [10]. Planning to control these biases, instruments with
similar designs, and the same length (25 mm) were used. Still, it is important to notice that in similar
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cyclic fatigue tests, friction among the file, and artificial root canal walls may cause heat generation
hence, a lubricant was used [15,16].
Regarding torsional resistance and angular deflection especially, an extremely important point is
the length of the clamped instrument tip during the tests as shown by Capar et al. [20]. The authors
reported in this paper that the instrument was more susceptible to failure when 3 mm of the tip of the
instrument is clamped compared to when 5 mm is clamped. Therefore, within the present study, the
instruments were clamped at 3 mm from their tips.
CricEndo E2 files exhibited significantly higher NCF and time to fracture compared to Protaper
Next X2 files (p < 0.01). As previously mentioned, the files tested herein had an equivalent tip (25)
and length (25 mm). However, the taper is continuous for E2 CricEndo File (6%) and variable for
X2 Protaper Next file (6% at 1 and 3 mm from the tip, 7% at 6 and 9 mm from the tip, 6%–13 mm
from the tip, and 4% at 16 mm from the tip), considering that cycles to fracture decrease because of
the increase in the diameter of the instrument [21,22]. Also, the superior performance might be due
to the effect of annealing, internal stress relaxation, and smaller grain size. Heat treatment of alloy
results in a three-dimensional alignment of crystal structure matrix leading to improved flexibility and
fatigue resistance. Heat treatment results in better alignment of crystal structure leading to improved
flexibility and fatigue resistance. The hybrid composition of both austenite and marten-site phases
in different proportions may be a reason for increased flexibility with these files. Moreover, a hybrid
microstructure with martensitic peaks provides resistance to crack propagation than a fully austenitic
microstructure. These differences might explain this result. Greater flexibility may also result in the
prevention of canal transportation whereas, higher cyclic fatigue may allow these files to navigate
successfully in cases with severely curved root canals.
No statistically significant differences were observed between CricEndo E2 and Protaper Next
X2 files for the torque needed to fracture them. Recall that the instruments were clamped at 3 mm
from their tips according to the standardized method described in the ISO 3630-1, ADA/ANSI
specifications number 28 (Figure 2) [23]. This was done to provide gradual application of torsional
moment. The maximum torque and angular deflection when the file segment separated, are recorded.
The endodontic files are more susceptible to failure when 3 mm of the tip of the instrument is clamped.
With this clamping specification, the two instruments have equivalent diameter values (0.43), and both
are heat-treated systems. These features may explain the dearth of differences between the two systems
regarding the torque needed to fracture the files.

Figure 2. A schematic set-up for torsional testing of the files.
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CricEndo E2 files showed a significantly higher angle of distortion than Protaper Next X2 files
(p < 0.01). However, the Protaper Next X2 file has an off-centered rectangular cross-section with
two cutting edges and a variable taper12, whereas the CricEndo E2 file features a convex triangular
cross-section and a continuous taper (6%). These differences might explain the higher angle of distortion
found for the Protaper Next X2 files. It is worth mentioning that in an exceedingly clinical scenario,
visual analysis of the files from CricEndo system may assist the operator in identifying visible plastic
deformation and clinicians may keep themselves away from using the file and thus avoid the resultant
fracture [16,23].
Several methodologies have been used to analyze cyclic fatigue of endodontic files, including
a curved metal tube or a grooved block, movement of files against inclined planes, and 3-point
bending [24]. Cyclic fatigue tests can be conducted either as a static or dynamic model. In the static
model, there are no axial movements of the instrument in the artificial canal [25]. Conversely, the
dynamic model includes back-and-forth or oscillating movements of the instrument in the canal [26,27].
The dynamic model has two advantages compared to the static model. First, the dynamic model is
said to simulate the clinical environment [27]. Second, there is a wider distribution of stresses along
the instrument in the dynamic model, while the static model causes concentration of stresses in a
single area of the instrument [28]. However, the dynamic tests do not accurately replicate a clinical
model since the instruments have much less oscillations clinically compared to dynamic static fatigue
tests [27]. The employment of an artificial simulated canal in a stainless-steel block is the preferred
method as evidenced in prior research. The inner diameter of the simulated canal was set to 1.5 mm to
produce free rotation of the instruments with minimal torque values. This strategy already has been
utilized in several previous studies [20,29], and can provide standardized conditions, and therefore,
more confident results.
The SEM images exhibit significantly different fractured surface characteristics. At low magnification,
multiple (Protaper Next) and few (CricEndo E2) ruptured aspects were found in the centrally located
overload zones. At high magnification, the overload zones revealed evidence of dimpled rupture that
occurred because of the coalescence of the microvoids in the overload zone resulting in the ultimate
ductile fracture of the instruments.
Although this investigation made use of standardized and recognized methodologies, the results
of this study should be evaluated with caution. It is important to notice that the performance of
endodontic files is overestimated in standardized artificial conditions. The impacts of anatomical
complexity should be considered within the clinical scenario. For example, it is often difficult to
achieve instrumentation of infected oval root canals, because of the tendency to leave un-instrumented
recesses [30].
While the study has presented some important findings, the aforementioned limitations must be a
consideration when interpreting and extending the results. This study was executed on simulated
root canal of stainless steel and the exact clinical condition like canal morphology could not be
replicated. The simulated artificial canal curvature wherein the files were tested was two dimensional.
Moreover, debris inside the root canal could be a modifying factor in the cyclic fatigue of the rotary
files. The current study was carried out at room temperature. Future studies should explore the
reported properties of the endodontic files at an intra-canal temperature setting, thus simulating
clinical scenarios.
6. Conclusions
CricEndo E2 files (manufactured with F-Wire) exhibited significantly better results of cyclic fatigue
and angular rotation to fracture compared to Protaper Next X2 files (manufactured with M-Wire).
Both the files exhibited similar torque resistance. These findings suggest that F-Wire technology may
reduce the possibilities of file fractures due to cyclic fatigue. However, more studies are needed to
prove this hypothesis.
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