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ABSTRACT

Aim: This study aimed to compare the cyclic fatigue of EdgeFile, ProTaper Gold, OneShape, 
and ProTaper nickel-titanium rotary instruments. 

Materials and methods: F2 ProTaper Universal and ProTaper Gold (Dentsply, Tulsa Dental 
Specialties, Tulsa, OK, USA), C2 EdgeFile (EDGEENDO, Albuquerque, NM, USA), and size 25 
OneShape (Micro-Mega, Besançon Cedex, France) (15 instruments each group) were tested for 
cyclic fatigue in an artificial canal with a 6-mm radius and a 45° curvature. The number of cycles 
to fatigue (NCF) was recorded, the lateral surface and fractured face of segments were examined 
using scanning electron microscopy (SEM), and the cross-sectional area was measured. One-way 
ANOVAs and Games-Howell tests were utilized for data analysis. A significant difference was set 
at 0.05. 

Results: The EdgeFile had significantly greater resistance to cyclic fatigue, compared with 
the ProTaper Gold, OneShape, and ProTaper Universal (p<0.05). No significant difference 
was found between the OneShape and ProTaper Gold (p>0.05), and the ProTaper Universal 
exhibited significantly lower resistance to cyclic fatigue compared to the other systems (p<0.05). 
The OneShape had a significantly smaller cross-sectional area (p<0.05), while no significance 
differences were found between the cross-sectional areas of ProTaper Gold, EdgeFile, and ProTaper 
Universal (p>0.05). No significant differences were found among the groups regarding the length 
of the fractured segments (p>0.05). 

Conclusion: EdgeFile rotary files have superior resistance to cyclic fatigue, followed in order 
by the ProTaper Gold, OneShape, and ProTaper Universal rotary files.  
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INTRODUCTION 

Rotary instruments fabricated from nickel-
titanium (NiTi) have become more widely used. 
The use of recent NiTi instruments improves the 
quality of root canal shaping (1). Despite their ability 
to prepare a curved root canal, they have a tendency 
to suddenly fracture. A fractured instrument inside 
a root canal can affect the treatment outcome (2). 
Instrument fracture during root canal preparation 
can be attributed to either cyclic or torsional failure. 
Cyclic failure occurs due to repetitive tension and 
compression inside curved canals. The efforts of 
manufacturers are consistently focused on refining 
the performance of instruments and increasing their 
life span. Instrument modifications include surface 
electropolishing (3) and thermal treatment (4) changes 
in the file design and cross-section (5). Surface 
electropolishing decreases surface roughness 
that compromises instrument resistance to cyclic 
fatigue (6). The OneShape instrument (Micro-
Mega, Besançon Cedex, France) is an example of a 
regular NiTi file with an electropolished surface and 
variable cross-section that exhibits good mechanical 
properties and prepares the canal in less time with 
respect to the original canal curvature (7,8).

Recently, the thermal treatment of the NiTi 
alloy optimizes its microstructure and maximizes 
its flexibility and resistance to cyclic fatigue. The 
instruments manufactured of M-Wire and controlled 
memory wires are more resistant to cyclic failure 
than those made of the traditional NiTi alloy (7,9,10). 

     ProTaper Gold (PTG, Dentsply, Tulsa Dental 
Specialties, Tulsa, OK) is a new rotary system that 
has the same design as the ProTaper Universal, 
but it includes advanced metallurgy for superior 
flexibility. The ProTaper Gold exhibits a two-stage 
transformation behavior and a high Af temperature 
without shape memory, thus resembling controlled 
memory wires. The ProTaper Gold has a better 
resistance to cyclic fatigue than the ProTaper 
Universal (4,11).

The EdgeFilesX3 (EF, EDGEENDO, Albu-
querque, NM, USA) is another recently developed 
electropolished rotary system made of an annealed 
heat-treated NiTi alloy called Fire-Wire that does 
not have the shape memory property. This file is 
compatible with the ProTaper Universal and ProTa-
per Gold files, and it has a parabolic cross-section 
and a constant taper of 06. 

No previous study has compared the cyclic 
fatigue resistance of EdgeFile to other rotary 
files. Thus, the aim of this study was to compare 
the resistances to cyclic fatigue of the EdgeFile 
(EF), ProTaper Gold (PTG), OneShape (OS), and 
ProTaper Universal (PT). 

The null hypothesis tested was that there were 
no significant differences in the cyclic fatigue 
resistance of the tested NiTi rotary instruments.

MATERIALS AND METHODS

Sixty NiTi rotary instruments of four brands 
(15 files each) with similar ISO tip size #25 and 
25-mm length were tested for cyclic fatigue. The 
tested instruments were the F2 ProTaper Universal; 
the ProTaper Gold with 0.08v taper (Dentsply, 
Tulsa Dental Specialties, Tulsa, OK); the size 25 
OneShape with 0.06 taper (Micro-Mega, Besançon 
Cedex, France); and the C2 EdgeFileX3 with 0.06 
taper (EDGEENDO, NM, USA). The Metallurgical 
Microscope (Model: MX7520, MEIJI TECHNO, 
Meiji, Japan) at 100x magnification was utilized to 
inspect the new instruments for defects. 

The static mode of cyclic fatigue testing was 
conducted in a custom-made device similar to 
that described elsewhere (12). The handpiece was 
mounted to a stainless block that contained an 
artificial tapered shape corresponding to tested 
instruments’ dimensions. Its simulated root canal is 
a size 25, length of 19 mm, and either a 0.06 or 0.08 
taper. All artificial canals have a 6-mm radius and 
a 45° curvature, according to Schneider (13) and the 
center of the curvature is located 5mm from the end 
(Fig. 1). The handpiece was fixed to the block via 
a movable device that facilitated the placement of 
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the tested files inside the artificial canal in a precise 
and reliable manner that guaranteed the placement 
of all files at the same distance inside. The stainless 
block is covered by glass to prevent slippage of 
the instrument during testing. An ACTEON motor 
(eNDODUAL, MERIGNAC Cedex, France) 
was used for PT, PTG, OS, and EF following the 
manufacturers’ instructions: PT at 300 rpm and 3 
Ncm torque, PTG at 300 rpm and 5.2Ncm torque, 
EF at 300 rpm and 3 Ncm torque, and OS at 350 
rpm and 2.5 Ncm torque. To decrease the friction 
between the files and the canal, artificial oil was 
applied (Super Oil; Singer Co Ltd., Elizabeth Port, 
NJ, USA). The instruments were rotated until they 
fractured. The time to fracture was recorded as 
1/10s using a chronometer. The number of cycles 
to fracture (NCF) was calculated by multiplying 
the time (seconds) to failure by the rotations per 
second. The lengths of the fractured segments 
were measured using digital microcalipers (Filetta, 
Schut Geometrical Metrology, Ebnatstrasse, 
Schaffhausen, Switzerland). The cross-sectional 
areas of the fractured segments were measured at the 
same magnification using special software for the 
Scanning Electron microscope (Quanta 250 FEG, 
FEI, Eindhoven, Netherlands). Also, their lateral 
views and the fracture surfaces were photographed 
at various magnifications (150x–1500x). The 
statistical package used to analyze the data from this 
study was IBM’s SPSS v22 (SPSS, Inc., Chicago, 

IL). Simple descriptive statistics were used to study 
the variables via the means and standard deviations. 
To compare the mean levels of the four different 
instruments, this study utilized one-way ANOVAs. 
These tests were performed after examining the 
normality of the data distributions using the Shapiro-
Wilk Test and Levene’s Test for the homogeneity 
of variance. A robust test for the equality of means 
and Welch statistics were used when normality was 
violated, and the Games-Howell Test was used as an 
alternative post hoc test. All significant results were 
based on the conventional cut-off p-value of < 0.05 
for the rejection of the null hypothesis. 

RESULTS

The mean NCF values and cross-sectional 
area of the segments for each rotary system are 
represented in Table 1. The EF files exhibited 
significantly greater resistances to cyclic fatigue 
followed by the PTG, OS, and PT (p<0.05). No 
significant differences were found between the OS 
and PTG (p>0.05). The PT exhibited a significantly 
lower resistance to cyclic fatigue compared to 
the other systems (p<0.05). The OneShape had a 
significantly smaller cross-sectional area (p<0.05), 
while no significant difference was found between 
the cross-sectional area of EdgeFile, ProTaper Gold, 
and ProTaper Universal (p>0.05). No significance 
differences were found between the groups 
regarding the length of the segments (p>0.05). In 
the lateral view of the fractured instruments, cracks 
were observed near the fracture sites. The crack 
propagation followed the machining grooves in the 
PT file. In the PTG file, the cracks assumed irregular 
patterns and fracture occurred as a simple fracture or 
two-plane fractures. The OS file exhibited tortuous 
and longitudinal cracks parallel to the long axis, 
while the EF file had irregular horizontal cracks 
(Figure 2). The secondary electron images showed 
that the cross-sections of all of the brands exhibited 
the same fractographic signs of a typical pattern of 
ductile fracture characterized by the presence of the 
crack initiation area, fatigue striations, and dimpling 
areas (Fig. 3).  

Fig. (1) The custom made system and artificial canal utilized in 
the present study. 
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TABLE (1) Mean ± Standard deviation of Number of cycles to fracture (NCF) and cross-sectional area 
(mm2)

Group Mean± SD Cross Section Area (mm
2
)

ProTaper Universal 611.60±56.060
  a

0.28±0.008 
a

OneShape 1031.70±71.752 
b

0.14±0.006 
b

EdgeFile 3896.80±49.910 
c

0.24±0.009 
a

ProTpaer Gold 1050.40±99.625 
b

0.27±0.005 
a

All tested groups were significantly different from each others (p< .05). SD, standard deviation; different letters indicate 
significant difference.

FIG. (2) A scanning electron micrograph showing the lateral view of the instruments after testing with numerous cracks near the 
fracture sites. With the ProTaper Universal (PT), the cracks run along the machining grooves (arrow). With the ProTaper 
Gold (PTG), surface pitting and irregular cracks were observed near the fracture site (arrow). With the OneShape (OS), the 
tortuous and vertical cracks had surface pitting near the fracture site (arrow). With the EdgeFile (EF), zigzagging cracks 
occurred near the fracture site (arrow).
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DISCUSSION

In modern endodontics, many brands have 
been introduced to the market. Regarding the 
concerns of clinicians, the file lifetime, efficiency 
in the preparation of root canals, and treatment 
outcome are the anticipated benefits of new rotary 
systems. This study provided a comparison of 
four recent NiTi rotary instruments in terms of 
their failures due to cyclic load. The findings of 
this study provide the endodontists with essential 
knowledge about the fracture resistance of these 
instruments. In cyclic fatigue testing, the durability 
of rotary instruments inside a curved root canal is 
evaluated. The thermal treatment of different NiTi 

alloys, surface electropolishing, cross-sectional 
designs, diameters, and tapers all contribute to a 
nickel-titanium instrument’s tendency for cyclic  
failure (3,14,15).

Thermal treatment of the NiTi alloy increases 
the flexibility and impedes crack propagation by 
preventing the slipping of the crystallography (15-18), 
while the surface treatment decreases the number 
of crack initiations and propagation on the smooth 
electropolished surfaces. According to Lopes et al in 
2016 (6), the increased depths of the surface rough-
ness of the instruments decrease their resistance to 
fracture. Cross-sectional diameter and geometry af-
fect the instrument resistance to cyclic failure. Ac-

FIG. (3) Secondary electron images showing typical cross-sectional aspects of cyclic fatigue fractures. Outline areas correspond to 
the fatigue crack nucleation and propagation. 
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cording to Kaval et al in 2016 (11), the cross-section 
geometry could be considered the most important 
factor that affects the cyclic fatigue of instruments.

Several previous studies were conducted to 
compare the different types of NiTi wires (7,19-22). 
The present study aimed to examine the cyclic 
fatigue resistance of the EF file as a recent file 
manufactured using a thermally treated NiTi alloy. 
The PTG file was selected as a recent thermal treated 
instrument compatible with EF file, and neither file 
has shape memory like controlled memory files. 
In the meantime, the PT file was selected as the 
gold standard that represents the regular NiTi alloy 
and compared to the OS file to study the effects of 
electropolishing on cyclic fatigue resistance.  

The null hypnosis of the present study was 
rejected as the results indicated the EF file was 
significantly more resistant than the PTG, OS, and 
PT files. This finding could be attributable to the 
flexibility that resulted from the thermal treatment 
(18), the surface electropolishing (3), and the small 
parabolic cross-section (23). This finding agrees 
with those of previous studies that reported the 
files manufactured from thermally treated alloy 
and small cross-section exhibit greater resistance 
to cyclic fatigue (11,16,19). In a recent study, EdgeFile 
exhibited the highest NCF more than Vortex Blue 
and ESX files at different temperatures (24).

In the present study, the PTG file was less 
resistant to cyclic fatigue than the EF file. This 
could be attributed to the file design, method of 
thermal treatment, and type of alloy (25). The EF file 
is made of Fire wire, while PTG is made of a NiTi 
alloy with advanced metallurgy and a two-phase 
transformation (4). Moreover, the PTG file has a 
convex triangle cross-section with 0.08 taper, while 
the EF file has a small cross-section and 0.06 taper. 

The results of the present study indicated that 
there was no significant difference between the 

cyclic fatigue resistance of the PTG and OS files. 
The reason may be the small cross-section of the 
OS file and its electropolished surface, which give 
it a higher flexibility (11). Indeed, the PTG file, 
which is made of advanced metallurgy NiTi wire, 
would be more resistant to fatigue than the PT file 
made of regular NiTi with the same file design (4). 
The enhanced alloy properties of the PTG file are 
considered the main cause for its superiority (4,11,26,27). 

When comparing The OS and PT files as regular 
NiTi files, the OS file was more resistant to fatigue 
than the PT file, which is attributable to the surface 
electropolishing (3). The OS file has the smallest 
cross-section, while the PT file has a convex 
triangle. This may add an advantage to the OS file. 

In the present study the authors adopted the static 
mode in testing the cyclic fatigue, which does not 
represent the clinical situation of dynamic pecking 
motion performed during mechanical preparation. 
Another limitation could be the absence of 
irrigation and its effect on files as modifying factors 
in the cyclic fatigue of the rotary files. Moreover, 
an artificial stainless steel canal was used with a 
different hardness than dentin.

CONCLUSSION

The EdgeFile nickel-titanium rotary file is more 
resistant to cyclic fatigue, followed by the ProTaper 
Gold, OneShape, and ProTaper Universal rotary 
files when tested in an artificial canal. 
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