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Abstract 
Aim of the study: The aim of this research is to evaluate and compare the cyclic fatigue fracture resistance of three 
different EdgeEndo file systems. 
Material and method: A total of forty-five NiTi files of EdgeFile X7 (25 taper 6), EdgeX7 Utopia (25 taper 6), 
and EdgeOne Blaze Utopia (25 taper 8v) were used. Cyclic fatigue resistance was evaluated in a double-curved 
simulated artificial canal at 37℃ temperature. An endodontic motor (x Smart Plus; dentsply) was used. The motor 
rotated the files at 350 rpm speed until they fractured. Fracture length, time, and number of cycles to fracture were 
documented. Files examined under SEM to identify the topographic characteristics of the fractured file fragments. 
The statistical analysis of the results was done using the one-way ANOVA analysis of variance with Tukey HSD. 
Results: EdgeOne Blaze has demonstrated a significantly greater NCF compared to both EdgeX7 Utopia and 
EdgeX7 (P < 0.05). Additionally, there was a significant difference in the NCF among EdgeX7 Utopia and EdgeX7 
(P < 0.05). 
Conclusion: Cyclic fatigue resistance significantly improved in the new NiTi files that have FireWire Blaze heat 
treatment. 

Keywords: Cyclic fatigue; FireWire Blaze; EdgeOne Blaze Utopia; EdgeX7 Utopia; EdgeFileX7. 
 

Introduction 
A new era in endodontic therapy began with 
the introduction of nickel-titanium in root 
canal files, which minimized the probability 
of treatment-related errors (Al-Amidi and Al-
Gharrawi, 2023). Since then, NiTi rotary file 
usage for root canal preparation has increased 
daily due to the fact that these files 
prominently have higher flexibility than 
stainless steel ones (Almohareb et al., 2023). 
An ideal root canal instrument must have high 
flexibility, torsional strength, and angular 
deflection when subjected to torsional stress 
(Basturk et al., 2022). Intracanal instrument 
fracture during canal preparation is the most 

frequent problem caused either by torsional 
fatigue, cyclic fatigue, or both (Campos et al., 
2023; Pedro-Muñoz et al., 2024). Cyclic 
fatigue causes the file to deteriorate with the 
effect of alternative tension-compression 
cycles during bending, which leads to 
structural breakdown and fracture of the 
instrument. Clinically, this happens while 
shaping severely curved root canals (Nardo et 
al., 2018; EDGEENDO, 2023).  
 Factors including file form, alloy 
type, and manufacturing techniques have a 
substantial effect on the stress behaviour of 
NiTi files and the possibility of file fracture 
(EDGEENDO, 2024). The NiTi alloy 
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commonly undergoes heat treatment in order 
to enhance its microstructure and 
transformation behaviour, leading to 
improved shape memory characteristics and, 
subsequently, enhanced mechanical qualities 
(Faus-Llácer et al., 2021). In comparison to 
continuous rotation movement, reciprocating 
movement was found to be associated with 
extended lifetime NiTi rotary files (Ferreira et 
al., 2017; Gavini et al., 2018).  
 There is a variety of heat-treated NiTi 
file systems, each having its own  unique 
metallurgic characteristics. EdgeFile X7 
(EdgeEndo; Johnson City, TN, USA) is a 
rotary file system that utilizes a FireWire heat 
treatment, which involves the integration of 
heat treatment and cryogenic treatments, 
producing a FireWire NiTi alloy (Gündoğar 
and Özyürek, 2017). Edge X7 Utopia (Edge 
Endo; Switzerland), a novel file system, 
comes into the market in 2023. It delivers a 
Technology-Enhanced File with a prominent 
gold blade featuring a FireWire Blaze Heat 
treatment. The manufacturers claimed that 
FireWire Blaze proprietary heat treatment 
provides optimal fracture resistance while 
maintaining a super sharp cutting edge and 
flawless blade surface (Martins et al., 2022). 
EdgeOne Blaze Utopia (Edge Endo; 
Albuquerque, NM, United States) is another 
new single-file reverse reciprocating motion 
system. It also features a FireWire Blaze Heat 
Treatment (Pedullà et al., 2016).  
 However, there is no data available 
about this new heat treatment, and according 
to the author's knowledge, there has been no 
study about the cyclic fatigue fracture 
resistance of these new file systems; this 
study aimed to investigate the cyclic fatigue 
fracture resistance of the new file systems and 

compare them with the traditional EdgeX7 
file system at body temperature. The null 
hypothesis was that all tested NiTi file 
systems have the same cyclic fatigue 
resistance. 
Material and Methods:  
 A total of forty-five NiTi files have 
been used. Files are grouped into three 
groups: EdgeFile X7 (25 taper 6), EdgeX7 
Utopia (25 taper 6), and EdgeOne Blaze 
Utopia (25 taper 8v). Each group consisted of 
fifteen files, all of which were 25 mm in 
length. The cyclic fatigue fracture resistance 
of the files was assessed by inserting files into 
a simulated double-curved artificial canal. 
The canal was milled in a stainless steel plate 
using laser micromachining; the canal was 
stabilized within a water bath set at a constant 
temperature (37 ℃). A dentsply endomotor 
(x Smart Plus) was positioned in a way that 
facilitated the downward insertion of the file 
into the canal until 18 mm of its length was 
reached. After that, the motor rotated the files 
at a 350 rpm speed until a fracture occurred. 
The fracture length in mm and time in 
minutes were recorded. NCF was calculated 
by multiplying the fracture time (in minuets) 
by 350 rpm. 
SEM: 
 Two broken files were chosen from 
each group for scanning electron microscopic 
analysis to determine the fracture surface 
topographic features. The files underwent a 
three-minute cleaning process in an 
ultrasonic bath using pure alcohol prior to the 
microscopic analysis. The scanning electron 
microscope (SEM) captured 
photomicrographs at a magnification of 170x. 
Data Analysis: 
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 The SPSS (version -22, Chicago, 
Illinois, USA) was used in the data analysis 
and presentation. Cluster and simple bar 
charts were used to display the data. Standard 
deviation, standard error, minimum, and 

maximum were computed, in addition to a 
one-way ANOVA analysis of variance and 
Tukey HSD. Level of significance (p < 0.05) 
[Table 1].

 
Table 1: Statistical test of cyclic fatigue among groups using One Way ANOVA. 

 Sum of 
Squares 

df 
Mean 

Square 
F 

P 
value 

Fracture Time 
(mins.) 

Between 
Groups 

23.348 2 11.674 161.528 0.000 

Within 
Groups 

3.035 42 .072   

Total 26.383 44    

NCF 

Between 
Groups 

2862079.460 2 1431039.730 161.334 0.000 

Within 
Groups 

372542.674 42 8870.064   

Total 3234622.134 44    

Fracture Length 
(mm) 

Between 
Groups 

383.394 2 191.697 4204.613 0.000 

Within 
Groups 

1.915 42 .046   

Total 385.309 44    
*df= degrees of freedom, F= ratio of two variances 
 
Results:  
 The data exhibited a normal 
distribution when tested using the Shapiro-
Wilk test. The minimum, maximum, mean, 
standard deviation, and standard error of the 
NCF, fracture time (in minutes), and FL for 
each file were computed and recorded in 
[Table 2]. ANOVA test revealed a significant 
difference (p-value less than 0.05) in the 
cyclic fatigue fracture resistance across the 
tested groups. The results of Tukey's test 
revealed that the NCF and fracture time of the 
EdgeOne Blaze group were considerably 

more significant than those of the other 
groups (P < 0.05). The NCF and fracture time 
of EdgeX7 Utopia and EdgeOne blaze files 
exhibited a considerably higher value 
compared to the EdgeFile X7 files (P < 0.05). 
The number of cycles to fracture and fracture 
time between EdgeX7 Utopia and EdgeOne 
Blaze files exhibited a statistically significant 
difference (P < 0.05). Fracture length of 
EdgeOne Blaze files was significantly greater 
than that of both EdgeX7 Utopia and 
EdgeFile X7 instruments (P < 0.05). [Figure 
1].
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Table 2: Descriptive statistics of cyclic fatigue among groups. 

 N Mean ±SD ±SE Min. Max. 

Fracture 
Time (mins.) 

Edge X7 15 0.963 0.304 0.078 0.611 1.535 
Edge X7 utopia 15 1.649 0.215 0.056 1.274 2.035 
Edge One Blaze 

utopia 15 2.714 0.280 0.072 2.259 3.063 

NCF 

Edge X7 15 336.701 106.532 27.506 213.960 536.900 
Edge X7 utopia 15 577.363 75.312 19.445 445.780 712.670 
Edge One Blaze 

utopia 15 949.748 97.925 25.284 790.710 1072.110 

Fracture 
Length (mm) 

Edge X7 15 1.485 0.267 0.069 1.060 1.850 
Edge X7 utopia 15 1.727 0.220 0.057 1.430 2.090 
Edge One Blaze 

utopia 15 7.794 0.132 0.034 7.470 7.960 

*N= number of files used, Mean= mean of the results, SD= standard deviation, SE= standard error, Min= 
minimum result, Max= maximum result. 
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Figure1: (A) Represent time of fracture of the tested files, (B) Represent NCF of the tested files, (C) 

Represent fractured fragment length of the tested files, (*) significant differences (p< 0.005) arising from 
ANOVA test, Edge One Blaze utopia displayed higher values in all three tests. 

 
 The SEM analysis of fractured tip 
surfaces revealed consistent and 
characteristic signs of cyclic fatigue in all 

three file systems, including the beginning of 
cracks and the fast fracture zone caused by 
overload with irregular fractured surfaces. 
[Figure 2].
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Figure 2: SEM fractographic analysis of fractured files tips (arrows pointing on the cracks lines); (A) 
fracture surface of EdgeOne Blaze Utopia file, (B) fracture surface of EdgeX7 Utopia file, (C) fracture 

surface of EdgeFile X7 file, 
 
Discussion:  
 This study investigated the effect of 
the new heat treatment on the fracture 
resistance of the new NiTi systems by using 
cyclic fatigue tests and fractographic 
analysis. The difference in thermal treatments 
of the NiTi alloy constitutes one of the most 
significant technological advancements in 
mechanical file manufacturing. Their use 
enhances endodontic file cutting efficiency, 
canal-centering ability, fatigue resistance, 
flexibility and other mechanical features 
(Savitha et al., 2022). Firewire Blaze heat 
treatment is a new thermal treatment 
produced by Edge Endo for the new file 
systems; there has been a need for more 
information about this type of new heat 
treatment and its effect on the mechanical 
behaviour of the new NiTi instruments.  
 Multiple studies have revealed that 
the ambient temperature highly effects the 
mechanical behaviour of NiTi endodontic 
files due to differences in the metallurgical 
features of NiTi alloys (Sekar et al., 2016). In 

2022, a systematic review found that the 
cyclic fatigue fracture resistance of heat-
treated NiTi files falls dramatically when 
exposed to body temperature as opposed to 
room temperature (Sharroufna and 
Mashyakhy, 2020). Thus, this investigation 
was carried out at a regulated temperature that 
closely approximates the intracanal 
temperature of 37℃, which is the body 
temperature.  
 The EdgeFile X7 is produced using a 
FireWire™ Proprietary annealed heat 
treatment, which can increase flexibility and 
cyclic fatigue fracture resistance while 
reducing the shape memory effect that 
characterizes the NiTi files. Additionally, it 
features a continuous taper with a parabolic 
cross-section (Silva et al., 2020). EdgeX7 
Utopia has the same characteristic features as 
EdgeFile X7, but with FireWire™ Blaze heat 
treatment. EdgeOne Blaze Utopia has a 
FireWire™ Blaze heat treatment, an S-
shaped cross-section and a variable taper and 
reciprocating movement (Pedullà et al., 
2016).  
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 The result of this study showed that 
EdgeX7 Utopia has high cyclic fracture 
resistance, which is twice that of EdgeFile 
X7, and this can be related to the new heat 
treatment. EdgeOne Blaze Utopia file has the 
highest number of fracture cycles in 
comparison to other files, which is 3 times 
greater than that of EdgeX7 and more than 
half the time of the EdgeX7 Utopia, and this 
can be related to the new heat treatment and 
type of movement because reciprocating files 
are more resistant to cyclic fatigue than 
rotating files (Ferreira et al., 2017). The 
cross-sectional form of NiTi files 
significantly affects their cycle fatigue 
failure. Specifically, the S-shaped cross-
section exhibits superior cyclic fatigue 
resistance compared to both the rectangular 
and convex triangular cross-sections; this can 
also be the reason why the EdgeOne Blaze 
Utopia file showed the highest resistance to 
cyclic failure in contrast to other file systems.  
 The fracture length of the EdgeOne 
Blaze Utopia file was significantly greater 
than other files. This may be related to the 
difference in taper between files, as this file 
has 08 variables taper and the two other files 
used had 06 constant taper. This gives it 
flexibility in the apical part and less flexibility 
coronally that minimized bending resistance 
in the coronal curvature, which can be the 
reason why it fractured in the coronal 
curvature while the other two files fractured 
in the apical curvature. 
Conclusion: 
       EdgeOne Blaze Utopia file showed 
significantly better cyclic fatigue failure 
resistance than other files; EdgeX7 Utopia 
file has a significantly greater resistance to 
fracture than EdgeFile X7. FireWire Blaze 

heat treatment showed a significant effect on 
the cyclic fatigue failure resistance of the 
studied NiTi files. 
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