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Comparison of the cyclic fatigue resistance of four different file
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Purpose: Maintaining the original root canal configuration and minimalizing iatrogenic errors are crucial to mechanical instrumentation. Thus, this study aims to compare the cyclic fatigue resistance of
newly developed EndoArt Blue and EndoArt Gold rotary files with ProTaper Gold and ProTaper Universal
rotary files at body temperature.
Methods: The study included EndoArt Blue, EndoArt Gold, ProTaper Gold, and ProTaper Universal rotary
file systems (n = 12/each group). Files were rotated in the artificial canals at a 60° angle and a 5-mm
radius of curvature until fracture occurred. The time to fracture (Ttf ) was recorded when a fracture was
visually and/or audibly detected. The lengths of the fractured fragments (FL) were also measured. The
Ttf and FL data were statistically analyzed using Kruskal–Wallis, One-way analysis of variance and the
Bonferroni test at the 5% significance level, respectively.
Results: EndoArt Blue files had the statistically highest fatigue resistance, and ProTaper Universal files
had the lowest (p< 0.001). There was also a statistically significant difference between EndoArt Gold and
ProTaper Gold file systems (p = 0.001). There was no statistically significant difference in FL among the
groups (p> 0.05).
Conclusion: EndoArt Blue file system had a significantly higher cyclic fatigue resistance than EndoArt
Gold, ProTaper Gold, and ProTaper Universal file systems.
Keywords: Cyclic fatigue resistance, endodontics, nickel-titanium alloys.

Introduction

curvature area, especially in curved root canals (4,5).

Nickel-titanium (NiTi) instruments, produced in the late
1980s, are widely used in endodontic treatments (1). NiTi
instruments have beneficial properties such as increased
flexibility, shorter treatment time, and fewer procedural
errors (2). However, these instruments might separate or
fracture during treatment due to cyclic fatigue and torsional stress (3). Cyclic fatigue occurs by continuous tension and compression stresses on the maximum root canal

Various factors can affect the cyclic fatigue resistance of
the NiTi instruments, including operational settings, alloy,
and metallurgical properties of the instrument (6,7). The
environmental temperature during testing influences the
cyclic fatigue of these instruments (8). Therefore, methods such as heat treatment, electropolishing, alterations of
cross-sections of instruments, and simulation of intracanal
temperature were developed (9,10).
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ProTaper Universal (PTU, Dentsply Tulsa Dental Specialties, Tulsa, OK, USA) rotary system has a progressive
taper and triangular cross-section design with a high cutting efficiency (11). According to the manufacturer, the
progressive taper design of the ProTaper Universal files
not only improves flexibility and cutting efficiency; but its
shape is also carried through the system with precisionmatched components. This system has three shaping (Sx,
S1, S2) and five finishing (F1, F2, F3, F4, F5) files (12).
ProTaper Gold (PTG, Dentsply Tulsa Dental Specialties, Tulsa, OK, USA) rotary system has a convex triangle
cross-section and a variable taper (Sx, 18/.02, 20/.04,
20/.07, 25/.08, and 30/.09). Advanced metallurgy of
a ProTaper Gold system increases flexibility and cyclic fatigue resistance (13).
EndoArt Blue (EAB, Inci Dental, Istanbul, Turkey) and
EndoArt Gold (EAG, Inci Dental, Istanbul, Turkey) are
recently-developed, heat-treated NiTi rotary file systems.
These files have a convex triangle cross-section and control memory. It is commonly suggested that six files can
be used during preparing root canals. These files can be
categorized as a starter file (Sx), shaping files (S1, S2), and
finishing files (F1, F2, F3) (14).
Due to the lack of knowledge and high demand for the
use EAB and EAG file systems in Turkey, the investigation of these files’ cyclic fatigue resistance is important.
Although mechanical features of PTU and PTG files are
well documented (15,16), no study compares the cyclic
fatigue resistance of the EAG and EAB rotary file systems
in the literature. Thus, this study aimed to compare the
cyclic fatigue resistance of EAG, EAB, PTG, and PTU file
systems at body temperature. The null hypothesis of this
study is that there would be no difference between the
cyclic fatigue resistance of these four file systems.

Materials and Methods
The total sample size for the study was based on the effect size calculation of the results of a previous study (17).
An a priori ANOVA (fixed effects, omnibus, one-way) was
selected from the F test family using an alpha-type error
of 0.05 and power beta of 0.95 (G*Power 3.1 for Macintosh; Heinrich Heine, Universitat Dusseldorf, Dusseldorf,
Germany). In total, 12 samples were indicated as the minimum ideal size required to observe the same effect.
Twelve EAG F2 (25/.06), 12 EAB F2 (25/.06), 12 PTG
(25/.08), and 12 PTU F2 (25/.06) files were involved in
the present study. All files were 25 mm long. Selected files
were examined under a dental operating stereomicroscope
at x20 magnification to determine deformations before
the cyclic fatigue testing. Since no deformation was found,
no files were excluded from the experiments.
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Forty-eight files (n = 12 of each group) were placed into
a stainless-steel artificial canal which has a 1.5 mm inner
diameter, a 60° angle, and a 5-mm radius of curvature as
demonstrated in previous literature (18). The distance
between the root canal orifice and the first point of the
curvature was 12.5 mm. In order to ensure better observation of fractured files, the top of the stainless-steel artificial
canal was covered with a plastic sheet. The artificial canal
was immersed in distilled water in a glass container and
placed into a hot plate to keep the temperature at 35°C ±
1°C (19) (Fig. 1). The temperature of the block and solution was controlled via an infrared thermometer.
All files were used with an endodontic motor (X-Smart
Plus, Dentsply, Maillefer, Ballaigues, Switzerland) connected to the cyclic fatigue testing device. All selected files
were used according to the manufacturers’ recommendations. The EAG and EAB files were operated at a speed of
300 rpm and torque of 3 N/cm2. The PTU and PTG files
were set at a speed of 300 rpm and torques of 2 and 3 N/
cm2, respectively.
Synthetic oil was used inside the artificial root canal model
to reduce friction between the metallic files and the metallic walls of the root canal (2,20). Files were placed into the
canal up to 17 mm and rotated in the artificial canals until
fracture occurred. The time to fracture (Ttf) was measured
in seconds by a chronometer in the control panel of the
cyclic fatigue testing device. When a fracture was detected
visually and/or audibly, time was recorded. The lengths of
the fractured fragments (FL) were also measured with a
digital microcaliper and recorded.
All statistical analyses were performed using SPSS 26.0
(SPSS, Inc., Chicago, IL, USA). The normality of the
data was analyzed not only by the Shapiro–Wilk test but
also normality was evaluated by using statistical parameters such as skewness and kurtosis (21). While the data
of Ttf did not verify normal distribution, the data of FL
verified normal distribution. Therefore, Ttf data were
compared by the Kruskal–Wallis test. One-way analysis
(a)

Fig. 1.

(b)

Cyclic fatigue testing device (a). Preheated distilled water (b).
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of variance and the Bonferroni test were performed to
compare the data of FL. The statistical significance level
was set at 5%.

Results
Table 1 presents the results of Ttf and FL. The mean values of Ttf were 579.9 ± 199.4, 285 ± 33.7, 237.5 ± 28.5,
and 84.3 ± 11.9 sec for EAB, EAG, PTG, and PTU file
systems, respectively. The EAB file system had the highest
fatigue resistance, and the PTU file system had the lowest
(p< 0.001). There was also a statistically significant difference between EAG and PTG file systems (p = 0.001).
The mean values of FL were found as 5.8 ± 0.5, 5.6 ± 0.7,
5.3 ± 0.6, and 5.2 ± 1.1 mm for PTG, EAG, PTU, and
EAB file systems, respectively. There was no statistically
significant difference in terms of FL (p> 0.05).

Discussion
Maintaining the original root canal configuration and
minimizing iatrogenic errors is crucial for mechanical instrumentation (22). NiTi files mainly fracture due to cyclic
fatigue during root canal preparation (23,24). The prognosis may be affected if file breakage impedes adequate
shaping and cleaning of root canal system (25). Therefore,
many innovations have been developed in metallurgy design, surface, and thermal treatments for NiTi alloys to
improve cyclic fatigue resistance (22).
The present study compared the cyclic fatigue resistance
of newly developed EAB, EAG rotary files with PTG, and
PTU rotary files at body temperature. According to the
results, the EAB file system had the statistically highest
cyclic fatigue resistance than other file systems. Hence,
the null hypothesis of this study was rejected. Additionally, FLs did not present any significant differences. This
result indicates that the tested instruments were correctly
positioned within the artificial canal, and similar stresses
were induced (26).
Comparing the Ttf values of different NiTi endodontic
rotary systems is highly challenged due to their differTable 1.

Time to failure (Ttf ) (s) and the fragment length (FL) (mm)
of selected file systems during cyclic fatigue testing

File Systems

Ttf
(Mean ± SD)

FL

EndoArt Blue
EndoArt Gold
ProTaper Gold
ProTaper Universal

579.9 ± 199.4a
285 ± 33.7b
237.5 ± 28.5c
84.3 ± 11.9d

5.6 ± 0.7a
5.2 ± 1.1a
5.8 ± 0.5a
5.3 ± 0.6a

SD: Standard deviation. Different upper superscript letters indicate a statistically
significant difference (p< 0.05).

ences in transversal designs, tapers, angular speeds, and
NiTi alloy (27,28). The rotary instrument manufacturers
provided the amplitude of the oscillating motion within a
time unit. Thus, the fatigue resistance of the instruments
was evaluated using Ttf instead of the number of cycles to
fracture (29). Because there is no study examining the cyclic fatigue resistance of EAB and EAG files, the Ttf values
cannot be directly compared with the other study results.
Additionally, the mean Ttf values of PTU and PTG files
are consistent with other studies (15,27).
EAB files showed higher cyclic fatigue resistance than other rotary files. This result can be attributed to these files’
increased flexibility, control memory, and blue thermal
properties (30). The EAB and EAG files have similar mechanical features (14). However, different heat treatments
were used during the production of these files. This difference might be related to the altered molecular structure
and higher cyclic fatigue resistance of the blue file. DeDeus et al. (31) investigated the influence of blue thermal
treatment on the bending resistance and cyclic fatigue of
conventional M-Wire Reciproc files (VDW, Munich, Germany) and reported an improved flexibility and fatigue
resistance of Reciproc Blue files.
A statistically significant difference was found between
PTG and PTU files in this study which is consistent with
previous studies (15,32,33). Although PTG and PTU systems have similar properties such as sizes, taper, and crosssection design, gold thermal treatment increases flexibility
and resistance to cyclic fatigue (22). In addition to this,
PTG files have a high Af value and 2-stage transformation
behavior (33,34). Moreover, PTU files demonstrate lower
cyclic fatigue resistance due to their rigidity (35). This
knowledge also confirms the results of this study.
Previous studies compared the cyclic fatigue resistance of
NiTi files at room temperature. However, environmental
conditions also affect fatigue resistance (15). The cyclic fatigue resistance of NiTi files is lower at body temperature
than at room temperature (16,36). Therefore, selected
NiTi files were used in distilled water heated to 35 ± 1
to imitate clinical conditions. Additionally, a standardized
artificial canal was used to mimic clinical conditions and
minimize the other variables. In addition, the cyclic fatigue static test was preferred instead of the dynamic test
since the dynamic test cannot represent the mechanical
behavior of NiTi files (37).
In the present study, FL values of the tested files were not
statistically different (p> 0.05), and fractures occurred at
the center of the curvatures, corresponding to the point of
maximum flexure of the shaft. The instruments fractured
at approximately 5 mm from the file’s tip, and it stated a
narrow area of maximum flexure for all files in accordance
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with the previous studies (2,38). Manufacturers have been
working on NiTi file systems with higher mechanical and
biological features. Nowadays, in Turkey, the use of EAB
and EAG rotary files are increasing. Although these files
showed higher cyclic fatigue resistance, further studies are
needed for widespread usage of these files in clinical conditions.

Conclusion
Within the limitations of this study, the EAB file system
had a significantly higher cyclic fatigue resistance than
EAG, PTU, and PTG file systems.
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