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Aim: The aim of the present study was to evaluate the resistance to cyclic fatigue of different nickel-titanium (NiTi) rotary 
instruments. The tested instruments were Protaper Gold (PTG), HyFlex EDM (HEDM) and K3XF. 
Materials and Methods: A total of forty-five NiTi rotary instruments were divided into three experimental groups (n = 15 
each). Group 1: Protaper Gold (F2 25/.08), group 2: HyFlex EDM (25/.08) file and group 3: K3XF file (25/.08). The testing 
device was specially designed for this experiment. The cycles to failure were calculated. The data were statistically analyzed 
using one-way analysis of variance (p < 0.05). 
Results: The results revealed that HyFlex EDM showed statistically significant highest mean cyclic fatigue value, while 
K3XF showed statistically significant lower mean cyclic fatigue value. Protaper Gold system showed statistically significant 
lowest mean cyclic fatigue value. 
Conclusions: The geometrical design features and mode of manufacturing of the tested nickel-titanium rotary systems have 
a direct influence on their resistance to cyclic fatigue. HyFlex EDM files demonstrated significantly higher cyclic fatigue 
resistance than Protaper Gold and K3XF. The electrical discharge machining (EDM) technology and the unique cross 
section of HyFlex EDM may be the main reason for this difference. 
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Introduction 
The effectiveness of endodontic 

cleaning and shaping procedures has 
significantly increased with the introduction 
of rotating nickel-titanium devices. These 
tools can provide more rounded preparations 
that remain centered in the canal area while 
reducing procedural mistakes like ledging 
and transporting. With these instruments, 
separation is a big challenge even with their 
greater flexibility. It appears that fracture 
may occur within the elastic limit of the 
instrument, even in the absence of any 
obvious evidence of prior permanent 
deformation [1]. The lack of defined 
standards for the production and testing of 
these devices is one issue with the nickel-
titanium file systems. Without performing a 
thorough analysis, any new rotary nickel-
titanium file system may be produced, 
designed, and commercialized in any shape 
or taper. 

The two main factors responsible for 
the fracture in rotating NiTi files are torsional 
stress and cyclic fatigue [2]. When a file 
rotates freely in a canal, it experiences cyclic 
fatigue and bends until it fractures. This is 
caused by the alternating cycles of 
compression and tension that files endure to 
when they are strained in canals with great 
curvature [2]. There have been several 
solutions proposed to strengthen the 
instruments resistance to cyclic fatigue. 
These include the production of novel alloys 
with enhanced mechanical characteristics 
and refining the manufacturing process. 

To overcome these limitations, 
sophisticated manufacturing techniques for 
NiTi endodontic tools have recently been 
developed. To enhance their mechanical 
qualities, the new NiTi endodontic 
implements have undergone sophisticated 
metallurgy and several surface treatments 
[3]. 

Recently released ProTaper Gold 
files (Dentsply Tulsa Dental Specialties, OK, 

USA) have shown enhanced mechanical 
qualities due to its novel metallurgy, with 
high Af temperatures and a two-stage unique 
transformation behavior. PTG files feature a 
convex triangular cross section with a 
varying helical angle [4]. 

Electrical discharge machining 
(EDM) is used to improve the mechanical 
characteristics of controlled memory (CM) 
wires, which is how Hyflex EDM (HEDM) 
(Coltene/Whaledent, Altstätten, Switzerland) 
is performed [5]. In order to optimize 
flexibility, torsional resistance, and cyclic 
resistance, the instrument also displays 
different cross-sectional forms that change 
from triangular to rectangular from shaft to 
tip [6].  

R-phase technology was used in the 
production of K3XF (SybronEndo, Orange 
County, CA, USA). R-phase is a 
rhombohedral phase that is present in a 
relatively narrow temperature ranging 
between austenite and martensite. These files 
have the same primary features of K3 files. 
As a result, according to the manufacturers, 
K3XF is more flexible and resistant to cyclic 
fatigue [8]. 

Therefore, the present study was 
carried out to evaluate the resistance to cyclic 
fatigue of different nickel-titanium (NiTi) 
rotary instruments. The tested instruments 
were PTG, HEDM and K3XF Files.  

 
Materials and Methods 
Sample size calculation 
Using cyclic fatigue as the primary outcome, 
power analysis was used to calculate the total 
sample size. With a power of 90%, the effect 
size (w) of 0.56 was calculated at the alpha 
(α) level of 0.05 (5%) and beta (β) level of 
0.10 (10%). The minimum estimated sample 
size was 45 samples. This analysis was made 
using the findings of an earlier study [7].  
Thus, there were 15 samples in each group, 
for a total sample size of 45. To calculate the 
sample size, G*Power Version 3.1.9.2 was 
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used. 
Selection of samples: 
A number of forty-five NiTi rotary files 
including Protaper Gold file F2 size 25 and 
0.08 taper, HyFlex EDM file size 25 with 
0.08 taper, and K3XF file 25 and 0.08 taper 
(15 each) were selected and used in the 
current study. 
Grouping of samples: 
Selected NiTi rotary instruments were 
divided into three equal groups (n=15): 
Group 1: Protaper Gold (PTG) file (Dentsply 
Tulsa Dental Specialties, OK, USA) F2 size 
25 and 0.08 taper was rotated at a speed of 
300 rpm and 3.1 g/cm torque using an X-
Smart endo motor that was fixed on a cyclic 
fatigue assessment device until the fracture 
of the file. 
Group 2: HyFlex EDM file 
(Coltene/Whaledent, Altstätten, 
Switzerland) size 25 and 0.08 taper was 
rotated with an X- Smart endo motor at a 
speed of 500 rpm and torque of 2.5 g/cm until 
fracture was observed in the same manner as 
group 1. 
Group 3: K3XF file (SybronEndo, Orange 
County, CA, USA) size 25 and 0.08 taper 
was also used at rotational speed 500 rpm and 
torque of 2.5 g/cm until fracture in the same 
manner as the other groups. 
Measuring Device: 
The measuring device was modified from the 
one used by Haikel et al. [9]. The hand-piece 
was precisely positioned by means of a 
machined holder that was linked to a steel 
base. There was a 5 mm radius curvature on 
the block. The assessed file was placed in the 
handpiece, and by using  Schneider’s 
method, the curvature was adjusted to 51 
degrees [10] [Figure 1]. 
Assessment methods 
A digital chronometer was utilized to record 
the fracture time. The following formula was 

 
 

 

used to determine the number of cyclic 
failures using the time data: Time to fracture 
(seconds) x rotations per minute equals 
Cyclic failure [11–13]. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Showing the measuring device. 

Statistical analysis:    
All data was collected, tabulated and 

statistically analyzed. By examining the data 
distribution and using Kolmogorov-Smirnov 
and Shapiro-Wilk tests, numerical data were 
checked for normality. Parametric (normal) 
distribution was seen in the data. The data 
were shown as mean, standard deviation (SD) 
and mean (95% CI) confidence intervals. A 
One-way ANOVA test was used to compare 
the differences among the three groups. 
When ANOVA test is significant, pair-wise 
comparisons were performed using 
Bonferroni’s post-hoc test. 

The significance level was set at P ≤ 
0.05. IBM® SPSS® Statistics Version 20 was 
used for statistical analysis. 

 
Results 

Results have shown that HyFlex 
EDM had the highest cyclic fatigue mean 
value followed by K3XF, PTG files have 
shown the least cyclic fatigue mean value. 
There was a statistical significant difference 
(P-value = 0.001) (Table 1, Figure 2). 
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Table 1. Descriptive statistics and result of one-way ANOVA test for comparison between the 
three groups. 

System Mean SD 
95% CI 

P-value 
Lower 
bound Upper bound 

PTG 374.75 C 20.33 364.30 384.68 
0.001* HEDM 774.29 A 64.15 722.16 850.92 

K3XF 645.85 B 84.33 613.49 695.81 
              * Significant at P ≤ 0.05, Different superscripts are statistically significantly different 
 

 
 
 
 
 
 

 
Figure (2): Bar chart representing mean and 
standard deviation values of the three groups. 
 
Discussion 

Numerous research has been 
performed to determine the causes of 
instrument fracture and how it could be 
avoided rather than being treated. A review 
of literature reveals that the deformation and 
fracture of nickel-titanium rotary instrument 
is a multi-factorial problem [2]. 

There are number of reasons 
responsible for rotary instrument fracture, 
such as the handling of the files, anatomy of 
the root canal, and NiTi rotary instrument 
design. As a result, several investigations into 
the causes and mechanics of the instrument 
fracture have been carried out [14]. It has 
been stated that cyclic fatigue fracture and 
torsional failure are the mechanisms of rotary 
instrument separation [15]. Torsional failure 
happens when the shank of the file rotates 
while the instrument's tip becomes stuck or 
jammed in the canal. As a result of repetitive 
tensile and compressive stresses on the file in 
curved canals, Cyclic failure occurs [16]. 

According to previous studies, during 
extended usage of rotary NiTi files, torsional 
failure occurred more frequently (56%) than 
cyclic fatigue (44%) [14, 17]. The torsional 

and flexural stresses develop simultaneously, 
which is hard to prevent, however, only few 
studies have linked them [18]. 

In other research, the experimental 
design used human teeth [19, 20]. When the 
device is employed in human canals, the 
stresses cannot be controlled. Additionally, 
different root canal curvatures between teeth 
are thought to be another significant variance. 
Additionally, using human root canals will 
always result in a combination of cyclic 
fatigue and torsional stress. A fabricated 
metal block was utilized to avoid these 
biases.  

In order to prevent operator-induced 
stresses from interfering with endodontic 
instruments during cyclic fatigue assessment, 
a device was used in the current study to hold 
the handpiece [21, 22].  

As it has been suggested that the size 
of instruments size altered the resistance of 
rotary files to cyclic fatigue [23]. Thus, rotary 
files used in this study, have a tip diameter 
that is equal to 0.25 mm in size. 

In the current study, three differently 
designed rotary files were utilized to assess 
their resistance to cyclic fatigue. Hyflex 
EDM files are produced using electrical 
discharge machining (EDM) process. The 
revolutionary HyFlex EDM possesses its 
unique features to a Electrical Discharge 
Machining, a groundbreaking technology. 
Through the application of spark erosion, this 
novel technique hardens the NiTi file surface 
enhancing the cutting efficiency and fracture 
resistance. HyFlex EDM files have 
regenerative qualities and reliable controlled 
memory effect, similar to Hyflex CM files 
[24]. K3XF are produced by thermally 
processing a raw NiTi wire to change it from 
the austenite phase into the R-phase [9]. 
Using a patented improved metallurgy and 
heat treatment approach, the ProTaper Gold 
files were manufactured [25].  

Results of the current study showed 
the highest resistance to cyclic fatigue with 

0
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HyFlex EDM file, which was statistically 
significant.  Its EDM approach, novel cross-
section design, and higher austenite final 
temperature (over 370°C), which contains 
both austenite and martensitic structure 
mixes at room temperature, may be 
responsible for these results [26]. Since 
martensite has a higher density than 
austenite, files made with CM wires have less 
stiffness than austenite, which impacts the 
file fatigue behavior [27].  

In contrast to Twisted files and Wave 
One Gold files, Hyflex EDM demonstrated 
the highest resistance to cyclic fatigue, 
according to another study [28]. Furthermore, 
HyFlex EDM file had the different cross- 
section designs that may be contributed to 
high fracture resistance [29].  

In the cuurent study K3XF file 
showed resistance to fatigue higher than PTG 
files, a possible explanation for the 
superiority of K3XF file might be related to 
its unique feature in its design which is the 
variable core diameter or flute depth. 
Throughout the whole working length, the 
correlation between the core and the outer 
diameter differs from D1 to D16 to preserve 
flexibility. It was stated that the cross-
sectional dimensions of instruments with 
deep cutting flutes and progressively greater 
varying tapers, change across the full length. 
These instruments are particularly vulnerable 
to metal fatigue and fracture, due to the high 
torque rates they create. conversely, torsional 
loading is less likely to affect instruments 
with shallow cutting flutes, uniformly 
tapered shafts and regularly formed cross-
sectional areas. This is due to the 
homogenous distribution of the torsional and 
bending forces along the whole length that 
arises during usage [9, 30]. 

On the other hand, the PTG file had 
the least resistance to cyclic fatigue This may 
be related to the progressive taper of these 
files, which increase the cutting efficiency, 
while decreasing resistance to cyclic failure. 

The results of our study seem to suggest that 
these previous findings may well be true. In 
addition, these files had a constant convex 
triangular that is expected to show a lower 
fatigue resistance, because of the large 
concentration of stresses [31]. Alternatively, 
enlarging the cross-section inner core 
diameter improves the rotary file torsional 
resistance [32]. Madarati et al. [33] showed 
the effects of the total mass of the file, its 
flexibility and strength, the way of contact 
with the canal walls, the quantity of cutting, 
and the stress induced on the canal walls were 
all influenced by the cross-section of the file; 
and all these factors affected on the file 
fatigue. 

Based on the results limitations of the 
current study, it would be stated that HyFlex 
EDM files, with their better resistance to 
cyclic failure, could be a safer option for use 
in curved canals. 
 
Conclusion 

The geometrical design features and 
mode of manufacturing of the tested nickel-
titanium rotary files have a direct influence 
on their resistance to cyclic fatigue. HyFlex 
EDM files had the most superior resistance to 
cyclic fatigue over Protaper Gold and K3XF. 
This could be related to the electrical 
discharge machining (EDM) technology and 
the unique cross section of HyFlex EDM. 
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