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Static Cyclic Fatigue Resistance of Three
Different Thermally Treated Nickel-Titanium
Rotary Files: In-vitro Comparative Study
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Aim: compare cyclic fatigue resistance, length of the separated fragment and time to file fracture between Race Evo, TruNatomy
and ProTaper Next files.

Materials and Methods: 75 new NiTi rotary files of ProTaper Next (PTN), TruNatomy (TN) and RaCe EVO (RE) were divided
into 3 equal groups (n=25). Tested files were subjected to static cyclic fatigue protocol by rotating the file in 450 curved simulated
canal in stainless steel block with 5 mm radius until the file separated. Time to file fracture and length of separated instrument was
recorded while the number of cycles to fracture (NCF) were calculated. Data was statistically analyzed using one way ANOVA
test.

Results: NCF in RE group was significantly higher than that obtained from TN and PTN, while PTN was lowest significantly. RE
group recorded the least time to fracture between the tested groups with no significant difference between TN and PTN groups.
PTN recorded significantly longer separated fragments than the other two tested groups.

Conclusion: Within the limits of the current investigation, RE files demonstrated the highest cyclic fatigue resistance in comparison
to TN and PTN NiTi files regarding a static cyclic fatigue testing protocol. However, the RE files also fractured in a shorter duration
than the other two systems.
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Introduction

Substitution of stainless-steel alloy
with NiTi alloy for manufacturing of files
needed mechanical root canal preparation had
marked impact on quality of endodontic
treatment and resulted in a reduction in
treatment-related issues.! Nevertheless, while
mechanically  preparing root  canals,
endodontic NiTi rotary files still pose the risk
of fracture within the canals. The main
problem related to separated instrument is
that it would reduce access to root canal
areas, which in turn reduces the success rate
of endodontic therapy. 2

NiTi rotary files can fracture due to
either cyclic or torsional failures. Cyclic
fatigue is widely regarded as the prime reason
of breakage in curved root canal systems. * It
is caused by the repetitive cycles of tension
and compression stresses experienced in the
curved part of root canal. Hence, these
instruments are constantly having their
mechanical and metallurgical qualities
improved to booster their resistance to cyclic
fatigue, specifically, file  production
procedures and file design. *

M-wire alloy had been developed
with special manufacturing technique with
thermal processing of conventional NiTi
alloy to improve the instrument's ability to
withstand repeated fatigue and increase its
flexibility.> ProTaper Next (Dentsply Sirona,
Ballaigues, Switzerland) is an M-Wire rotary
file system that features an off-centered
rectangular  cross-section alloy  which
developed with special heat treatment to
improve the instrument's ability to withstand
repeated fatigue and increase its flexibility.
TruNatomy is a file system (Dentsply Sirona,
Ballaigues, Switzerland) that is made of a
heat-treated, annealed nickel-titanium alloy
that is designed for continuous rotational
movement. It features a parallelogram-
shaped, off-centered cross-section with a
variable regressive taper, reaching a
maximum diameter of 0.8 mm at the coronal
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end. These files undergo various heat
treatment processes, which the manufacturer
claims that it enhances their flexibility and
resistance to cyclic fatigue. ¢ Recently, the
RaCe Evo file system was introduced, which
is produced from a thermally processed
nickel-titanium alloy and reported enhanced
file flexibility and greater resistance toward
cyclic fatigue and fracture. ’ The file features
an electropolished surface with a triangular
cross-section and alternating cutting edges.
As formerly mentioned, utilizing different
methods for alloy heat treatment would
enhance its metallurgical properties.
Nevertheless, rotary files would behave
differently according to the manufacturing
method and its design features. Therefore, the
aim of this study was to compare the
durability against cycle fatigue, duration until
breakage, and length of the detached
fragment of RaCe EVO (RE), TruNatomy
(TN), and ProTaper next (PTN) NiTi rotary
files.

Materials and Methods

Ethical approval of present study was
obtained from Research Ethics committee at
Faculty of Oral and Dental Medicine at Delta
University, Egypt (DU:0240821042).
The sample size for the present study was
determined using G*Power 3.1.9.7 software
(Heinrich-Heine-Universitit, Disseldorf,
Germany), taking into account an alpha error
probability of 0.05, a power of 0.8, and an
effect size of 0.5. the present investigation
included 75 NiTi rotary files with near tip
diameter of #25 and length 25 mm that
equally divided into three groups (n=25)
according to the type of the rotary file. The
groups consisted of RE files (4% taper), TN
prime file (4%), and PTN X2 file (6%). All
files were inspected at high level of
magnification using a dental operating
microscope (Zumax OMS2380, Zumax
medical Itd, Suzhou, China), and Any files
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found to be defective were substituted with
new ones.

Cyclic fatigue test was performed
using static artificial canal following ISO
3630-1 standard. Artificial canal was
fabricated using a die-sinking electrical-
discharge machining process (D-7135 LCD,
Ningbo Bohong Machinery Manufacture
Development Co., Zhejiang, China) in a hard
stainless-steel block mounted on stainless
steel base plate. The canal has curvature
angle of 45° of with 5 mm radius. Artificial
canal had 14 mm total length with 1.2 mm
maximum canal width at the simulated canal
orifice and the center of curvature
approximately 5 mm from canal tip. Depth of
artificial canal ~was machined by
incrementing the maximum diameter of the
instrument by 0.2 mm to enable free
instrument rotation within the canal. A
transparent glass cover was positioned over a
designated cut-out chamber to collect the file
segment located at the top of the canal apex,
allowing for visualization of the revolving
instruments in the canal and preventing them
from slipping out of the chamber.

Each file was mounted to a torque-
controlled electric motor (FKG Rooter S,
FKG Dentaire, La Chaux-de-Fonds,
Switzerland) with a contra angled head (16:1
reduction speed) and positioned within the
canal to the desired length using a custom-
made jig connected to the base device which
could be adjusted in vertical and horizontal
planes to allow for three-dimensional
reproducible positioning. file rotation was set
and continued under constant rotating speed
and torque according to the manufacturer's
instructions (800 rpm/1.5 Ncm for RE, 500
rpm/1.5 Nem for TN, and 350 rpm/2 Nem for
PTN) until the file fractured. Glycerin was
used to reduce the friction of instruments with
stainless steel walls. for each instrument, the
time to fracture of each instrument was
recorded and the number of cycles to fracture
(NCF) was calculated by multiplying the time
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recorded in seconds by the recommended
motor speed divided on 60. Apical instrument
fragments were then collected, and length
measured with a digital caliper.

Statistical analysis was conducted
using SPSS Statistics for Windows software
(SPSS v20, IBM Corp, NY, USA). Normality
tests, including the Shapiro-Wilk and
Kolmogorov-Smirnov tests, revealed that the
data followed a mnormal distribution.
Accordingly, the mean and standard
deviation of the NCF and instrument length
were calculated for each group and compared
at 0.05 level of significance using ANOVA
and Tukey's multiple comparison postHOC
tests.

Results

Data regarding NCF, time to fracture
and separated fragment length is detailed in
table 1 and presented in figure 1. In summary,
RE demonstrated the highest value regarding
NCF with shortest duration regarding time to
fracture significantly than PTN and TN files.
There was no significant difference between
PTN and TN files regarding time to fracture,
however TN files were more resistant toward
cyclic fatigue significantly. There was
significant difference regarding separated
fragment length between the three tested
groups.

Table 1: Mean values and standard deviation of the
number of cycles' to fracture (NCF), time to fracture
(TTF) (in seconds) and fragment length (FL) (in mm)
after testing with static cyclic fatigue protocol

NCF TTF FL
PTN 915.4 + 177.2¢ 156. + 30.4* 4.3 + | 0.07"
9
TN 1281.5 + 251.3" 153. + 30.2° 5.2 + | 0.10°
8
RE 1720.7 + 357.9* 129. + 26.8° 4.9 £ | 0.14°
1
P-value 0.000 0.002 0.000

Values with different lower-case superscript at the same
column are statistically significant different at p-value <0.05.
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Figure 1: Box Plot analysis of the static cyclic fatigue
resistance of TN, RE and TN files showing
comparison regarding NCF (a), TTF (b) and FL (c).

Discussion

Thermo-mechanical processing is
commonly employed to enhance the
microstructure and phase transformation
characteristics of nickel-titanium
instruments, thereby improving their
performance in root canal mechanical
preparation, including increased resistance to
cyclic fatigue. ® Thus, the present study
focused on comparing the cyclic fatigue
resistance between three different thermally
treated NiTi alloy rotary systems. Based on
current data, significant differences between
the tested groups regarding all testing criteria
were noted, thus, null hypothesis has been
rejected.

Present study utilized a static cyclic
fatigue testing protocol, subjecting the
instruments to a steel canal with a 45° angle
and 5-mm radius of curvature, as described in
prior research. °~!! In the static test model, the
concentrated alternating stresses in a single
area of the instrument at the center of the
curve can induce changes in the alloy's micro-
structure. !> In contrast, the dynamic test
model permits the instrument to glide
vertically across the curve, thus reducing
stress and increasing the likelihood of fatigue
life extension. '* In this case, we used the
static model to control for operator-
dependent and subjective factors such axial
motion and speed, even though the dynamic
model better represents real-world root canal
preparation. 413

The RE files have been introduced by
the manufacturer as an improved generation
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of the RaCe files, featuring similar design
characteristics. To the best of our knowledge,
there is limited published data comparing the
cyclic fatigue resistance of RE files with
other rotary files, making it challenging to
justify and draw comparisons. Existing
research have demonstrated the enhanced
cyclic fatigue resistance of RE instruments
compared to the predecessor RaCe files made
from pseudo-elastic nickel-titanium alloy -6,
as well as other heat-treated file systems. !’
The present study revealed that RE has
superior resistance to cyclic fatigue compared
to TN and PTN files. One explanation of the
improved fatigue resistance may be attributed
to the heat treatment utilized in the
manufacturing process, which alters the
metallurgical properties of the alloy. Even
though all the tested files are heat-treated, the
differences in the thermal treatment of the
NiTi alloy in each system may have
influenced the results. The manufacturer
claimed that the applied heat treatment to the
alloy triggers a phase transition (between
martensite and austenite) just below body
temperature  (between 32°and  35°C).
Previous studies '*!” have shown that heat-
treating NiTi alloy results in maintaining file
alloy in the martensitic phase at body
temperature, which subsequently increases
its resistance to cyclic fatigue. Another
explanation for the improved cyclic fatigue
resistance of the RE files is their cross-
sectional design. The importance of a reduced
core area of the files has been thoroughly
investigated in previous studies 2%%!, which
have indicated that this design feature
enhances the fatigue resistance of the
instruments. In recent research by Pedulla et
al 22, authors explained that instruments with
triangular cross sections would be more
resistant toward cyclic fatigue in comparison
with rectangular or parallelogram cross
sections in static cyclic fatigue test.
Moreover, The RE has a centered triangular
cross-section, in contrast to the off-centered



ASDJ December 2024 Vol 36 Fixed Prosthodontic, Endodontics and Conservative section

parallelogram cross-section of the TN and
PTN files. Research by Galal and Hamdy %}
has shown that minimizing stress
accumulation during the bending of rotary
files in curved root canals can be achieved by
using rotary NiTi instruments with a centered
cross-section, rather than an eccentric cross-
section as the centered design improves the
flexibility of the rotary NiTi instruments
during bending.

The present study also revealed a
significant resistance of TN files compared to
PTN files. this could be explained because of
both design features and metallurgical
properties of files. ® according to the
manufacturer, both TN and PTN share an off-
centered cross-section with a parallelogram-
shaped and rectangular cross-section,
respectively. however, TN file has less
tapering in comparison with PTN. which
would have larger core diameter, the reduced
core diameter related to TN may has
increased flexibility resulting in less stress on
the file during bending or rotation. in
contrast, the increased core diameter mass of
PTN could result in greater stress
accumulation in the file during bending in
curved canals, leading to lower cyclic fatigue
resistance. 2* present results come in
agreement with former research. 24

Despite the results revealed that the
RE files exhibited the greatest resistance to
cyclic fatigue, it also indicated that they
failed significantly faster than the PTN and
TN files. This could be explained by the fact
that the RE files were rotated at a higher
speed compared to the other tested
instruments according to the manufacturer’s
instruction. Prior research!# has shown that
higher rotational speeds can diminish the
cyclic fatigue resistance of rotary nickel-
titanium instruments. This is because
increased rotational speed leads to a greater
number of cycles per unit of time, resulting in
earlier instrument fracture. on contrary,
Pedulla et al > reported that rotational speed
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did not affect the fatigue resistance but
decrease the preparation time needed. The
contradictory findings regarding the effect of
rotational speed on cyclic fatigue resistance
may be related to the lack of a standardized
protocol for comparing the cyclic fatigue of
different file systems under the same speed
and torque settings. It is noteworthy that the
time to instrument separation has important
clinical implications, as the operator must be
aware that files rotated at higher speeds may
separate in a shorter time, even if they have
high cyclic fatigue resistance.

Results of the present study indicated
significant difference between the length of
the separated fragment as PTN represented
the shortest separated fragment. Furthermore,
Existing data also indicate that the fracture of
instruments occurred near the point of
maximum curvature of the canal which was 5
mm, which come in ordinance with Stosi¢ et
al. ' and Aksoy et al. 2 An explanation for
that might be attributed to reduced flexibility
when compared to the tested files because of
increased taper and core area at the point of
fracture  which agree with previous
research.'?

Conclusion

Within the limits of the current
investigation, RE files demonstrated the
highest cyclic fatigue resistance compared to
the TN and PTN NiTi rotary file systems
regarding “a static cyclic fatigue testing
protocol. However, the RE files also
fractured in a shorter duration than the other
two systems.
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