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ABSTRACT 
INTRODUCTION: Despite the introduction of more durable files of various costs designed to minimize file separation and 

enhance the success rate of curved canal instrumentation. Given the benefits of NiTi rotary files, cyclic fatigue continues to 
pose considerable difficulty. 
AIM OF THE STUDY: This study aimed to assess the cyclic fatigue resistance of three different types of rotary files. 
MATERIALS AND METHODS: Three NiTi rotary file systems of different costs were assessed for their resistance to 
cyclic fatigue in vitro. All 48 files were divided into three equal groups (n=16): Group I: Hyflex EDM (Coltene). Group II: 
M3 ProGold (United Dental) and Group III: MG3 Blue (Shenzhen Perfect Medical Instruments). Each file was tested in a 
dynamic custom-made cyclic fatigue device simulating a 60° canal curvature with a 5mm radius of curvature. The TTF, the 
NCF, and the length of the fractured tip were recorded for each file. 

RESULTS: Hyflex EDM files demonstrated a higher resistance to cyclic fatigue, followed by M3 ProGold and MG3 Blue 
files in TTF and NCF. Hyflex EDM's NCF was significantly higher than MG3 Blue (P < 0.001), but not statistically 
significant compared to M3 ProGold (P > 0.05). The fractured tips' lengths varied significantly between MG3 Blue and M3 
ProGold (P < 0.05). 
CONCLUSION: Based on the cyclic fatigue results and the affordability of these files, Hyflex EDM and M3 Pro Gold 
demonstrated superior resistance, indicating that they may be viable options for root canal treatment of curved canals. 
KEYWORDS: Cyclic fatigue, Hyflex EDM, M3 Pro Gold, MG3 Blue, Nickel-Titanium (NiTi). 
RUNNING TITLE: Cyclic Fatigue Resistance of Various NiTi Rotary Files. 
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 INTRODUCTION 
Walia et al. first introduced Nickel-Titanium (NiTi) 

rotary files to endodontics in the late 1980s, and 

they have since grown in popularity. Their 

enhanced qualities may have contributed to their 

growing popularity (1). The improved mechanical 

properties of NiTi instruments, which facilitated 

curved canal instrumentation due to their super-

elasticity, resulted in superior root canal 

preparation (2). The capacity of NiTi rotary files to 

shape root canals with severe curvature in a safe, 

effective, and well-suited way is what has led to 
their growing popularity (3). In order to overcome 

their unanticipated failures, manufacturers focused 

their efforts on enhancing NiTi performance as the 

popularity of conventional NiTi files increased (4). 

This was done so that the files could be used more 

effectively and withstand deformation and 

breakage, regardless of their obviously persistent 

plastic deformation-free surface (5). 

The aforementioned characteristics led to 

less canal transportations and fewer preparation 

errors as compared to stainless steel hand files, 

particularly in the root canal's curvatures, which are 

crucial to the final result (6). 

File separation remains one of the primary 
issues with NiTi rotary instruments in clinical 

settings (7). Cyclic fatigue is one of the ways that 

fractures can occur. When the NiTi instrument 

spins in a curved canal, cyclic fatigue takes place 

within its elastic limit (8). Until the instrument 

breaks, cycles of tension and compression are 

repeatedly produced at the point of peak flexure 

(9). 

The entire cyclic life of NiTi endodontic 

instruments is divided into two phases: crack 

commencement, when micro-cracks form and grow 

preferentially along particular grain boundaries or 
crystallographic planes, and crack propagation, 

which lasts until the final fracture (10). Numerous 

factors, such as the NiTi alloy's metallurgical 

characteristics, instrument dimensions, file cross-

sectional shape, design, and metal surface 

treatments, might result in broken files (11). 

In order to generate a highly elastic NiTi 

alloy with a stable martensitic phase under clinical 

settings, a number of manufacturers attempted to 
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develop novel thermo mechanical processing 

methods (12). Numerous cross-sectional designs 

have been displayed, but the advent of unique 

production methods is more important. These 

treatments can be applied during or after 
manufacture and include heat treatment, surface 

treatment, and other machining processes (13). 

Modern Electric Discharge Machinery 

(EDM) technology is used in the manufacturing of 

Hyflex EDM (Coltene/Whaledent, Altstätten, 

Switzerland) rotary files. EDM is a non-contact 

machining technique that increases a material's 

fracture resistance by up to 700% by accurately 

removing material using pulsed electrical discharge 

(14,15). Throughout the file, its cross section 

changes. According to the manufacturer, a routine 

autoclaving process will return the file to its 
original form and fatigue resistance after it has 

been used (16). Unlike traditional grinding, Hyflex 

EDM reduces the possibility of mechanical stress 

by avoiding direct contact with the workpiece 

during manufacture. This contrasts with the 

traditional grinding method (12). 

Chinese-made files are a reliable and 

reasonably priced alternative to more expensive 

European ones. Dental students and clinics in low-

socioeconomic areas are increasingly using them. 

Their affordability and accessibility to the market 
are the main reasons for their appeal. 

The M3 Pro Gold Rotary file (United 

Dental, Shanghai, China) is one of these files. Its 

passive tip is designed to be used in continuous 

rotation motion, and has a convex triangular cross-

section (17). The manufacturer claims that this 

file's significant flexibility enables quick and secure 

preparation, especially in curved root canals. The 

better triple surface coating and CM wire used in 

the production of M3 Pro Gold files provide for 

greater flexibility and resistance to cycle fatigue 

(18). 
Another affordable blue rotary file 

produced in China is the MG3 Blue rotary file 

(Shenzhen Perfect Medical Instruments, Shenzhen, 

China). The complex heating-cooling unique 

technique used to create these files gives the alloy a 

blue hue and leaves a visible coating of titanium 

oxide on the surface (19). Despite having lower 

transformation temperatures, these systems have 

more stable martensite than M-wire, which 

improves the ductility and softness of the alloy 

(12). It was found that all blue heat-treated and 
gold instruments exhibited remarkable levels of 

flexibility and fatigue resistance in comparison to 

conventional Ni-Ti and M-wire instruments (20). 

Hyflex EDM, a premium European brand, 

is priced higher than competing Chinese rotary file 

systems such as M3 Pro Gold and MG3 Blue. 

These more affordable alternatives are widely 

distributed by regional wholesalers and online 

retailers worldwide. Despite their extensive use, 

data on their mechanical performance remains 

limited (17). 

Therefore, the study's research question 

was: when utilized in curved canals, would the 

affordable, low-cost rotary files (M3 Pro Gold and 
MG3 blue files) exhibit cyclic fatigue resistance 

that is comparable to that of the expensive, 

premium Hyflex EDM rotary files? 

 

MATERIALS AND METHODS 
This study assessed the cyclic fatigue resistances of 

Hyflex EDM Ni-Ti rotary files compared to M3 

Pro Gold and MG3 Blue rotary files. The Ethics 

Committee of Faculty of Dentistry, Alexandria 
University gave its approval for this study (IRB 

No. 001056 – IORG 0008839). The cyclic fatigue 

resistance test was conducted in the Endodontic 

department of the Faculty of Dentistry at Ain 

Shams University, while the files were inspected in 

the Biomaterials department's research facilities at 

Alexandria University. The primary objective of 

this study was to evaluate the time till fracture 

(TTF), and the number of cycles to fracture (NCF) 

among the three types of rotary files. The 

secondary objective was to evaluate the length of 

the fractured file tip. 
Sample Size calculations 

The sample size was estimated based on assuming 

a confidence level of 95% and study power of 80%. 

The mean NCF was 8359.21 ± 880.72 cycles for 

Hyflex EDM, 7636.93 ± 716.72 cycles for M3 Pro 

Gold, and 7526.89 ± 661.99 cycles for AF F One 

Blue (18). Based on a comparison between 

independent means using pooled SD= 753.14, a 

minimum sample size of 15 files was required per 

group yielding an effect size of 0.490. This was 

increased to 16 files to compensate for any 
processing errors. Total sample size = Number per 

group x Number of groups = 16 x 3 = 48 files. 

Software 

The sample size was based on Rosner’s method (21) 

calculated by G*Power 3.1.9.7 (22). 

In this study forty-eight Ni-Ti rotary files were 

divided into three groups according to the type of 

rotary file system (n=16 each). For cyclic fatigue 

resistance, each file system was examined for the 

number of cycles till fracture, time till fracture and 

length of fractured fragment. 

Group (I): Hyflex EDM (n=16) (25, /~ [variable 
taper])  

Group (II): M3 Pro Gold (n=16) (25, taper.04)  

Group (III): MG3 Blue (n=16) (25, taper.04)  

To make sure there were no manufacturing flaws, 

files were inspected using a stereomicroscope (x1.8 

magnification). A dynamic cyclic fatigue testing 

apparatus that was manufactured by ElWakeel was 

used in this study (Figure 1). A 16 mm long 

stainless-steel canal groove was fabricated. At a 60-

degree angle canal curvature, and a 5 mm radius of 

curvature (Figure 2). The canal had a tip size 
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#25/0.08 taper with a 0.2 mm offset (23,24). A 

glass cover was placed over the canal to primarily 

prevent the files from slipping out of the artificial 

canal and also allow for visual confirmation of the 

fracture.  
The endodontic motor was installed on the 

cyclic fatigue testing apparatus to guarantee three-

dimensional alignment and uniform depth 

positioning of every instrument, allowing for 

precise and repeatable file insertion within the 

curved artificial canal. The apparatus offered a 1.5 

mm/0.5 second upward and downward dynamic 

pecking action. Within a one-second relay, the 

cycles were repeated (25).  

Endodontic motor was set according to the 

speed and torque of each manufacturer’s 

recommendation for their respective file system 
(25). 

Group I: Hyflex EDM size 25 /~ at 500 rpm and 

torque 2.5 N/cm. 

Group II: M3 Pro Gold size 25 taper .04 at 500 rpm 

and torque of 2.0 N/cm. 

Group III: MG3 Blue size 25 taper .04 at 350 rpm 

and torque of 2.0 N/cm. 

Using the aforementioned settings for each group, 

each file was first secured to the endodontic motor. 

A synthetic oil (WD40 Company, Milton Keynes, 

U.K.) was used to flood the artificial canal as a 
lubricant in all groups. After lubrication of the 

artificial canal, the file connected to the endodontic 

motor was inserted into the canal. Once the file was 

inserted to full length of the artificial canal, the 

stopwatch and the endodontic motor were started at 

the same time. The entire process was timed, noted 

and video recorded. The timer was stopped as soon 

as a fracture occurred (Figure 3). It was recorded 

how long it took from the beginning of the process 

to the instrument time to fracture (TTF). Every file 

utilized in this study was only used once and didn’t 

undergo any sterilization processes (16). The 
following formula was then used to calculate the 

Number of Cycles to Fracture (NCF): Time (min) × 

speed (rpm). 

Statistical Analysis 

Normality was tested using descriptive statistics, 

Q-Q plots, histograms, and normality tests. All data 

showed normal distribution, so parametric analysis 

was adopted. Means, standard deviation (SD), and 

range (Min – Max) were calculated for all 

variables. Comparisons between the three study 

groups were performed using one-way ANOVA, 
followed by multiple pairwise comparisons using 

Bonferroni adjusted significance level. Significance 

was set at p-value <0.05. Data was analyzed using 

IBM SPSS for Windows (Version 26.0). 

 
Figure 1: Dynamic cyclic fatigue device. 
 

 
Figure 2: Stainless steel simulated canal. 
 

 

Figure 3: Fractured file in the artificial canal. 
 

RESULTS 
Three distinct Ni-Ti rotary file systems—Hyflex 

EDM, M3 Pro Gold, and MG3 Blue—were tested 

in this study for their cyclic fatigue resistance. The 

outcomes were recorded as TTF, NCF and length 

of fractured file tip. 

Time to Fracture (TTF) and Number of Cycles to 

Fracture (NCF)  

The analysis of TTF indicated that Hyflex EDM 

files exhibited the longest fracture time, with a 

mean duration of 1.44 (±0.35) minutes. M3 Pro 
Gold and MG3 Blue exhibited mean values of 1.15 
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(±0.36) and 1.08 (±0.33) minutes, respectively as 

shown in Table 1. The TTF across the three study 

groups. ANOVA revealed significant differences 

among the groups (F=4.80, P=0.01) is presented in 

Figure 4. Pairwise comparisons indicated a 
statistically significant difference between Hyflex 

EDM and MG3 Blue (P=0.02), but no significant 

difference between Hyflex EDM and M3 Pro Gold 

as presented in Table 2. 

The Hyflex EDM files had the better NCF, 

with a mean of 725.00 cycles (±181.90), greatly 

surpassing MG3 Blue, which had 373.56 cycles 

(±114.49). The average NCF for M3 Pro Gold was 

604.69 (±197.95) cycles as shown in Table 1. 

Figure 5 illustrates the NCF across the three 

research groups. The one-way ANOVA test 

indicated statistically significant differences 
between the groups (F=17.93, P<0.001). Pairwise 

comparisons indicated that Hyflex EDM and M3 

Pro Gold exhibited substantially elevated NCF 

values compared to MG3 Blue (P-values <0.001 

and 0.001, respectively), but there is no significant 

difference between Hyflex EDM and M3 Pro Gold 

as presented in Table 2. 

Length of Fractured File Tip 

The length of the fractured file tip differed 

significantly among the groups. MG3 Blue had the 

highest mean tip length with 4.78 (±0.36) mm, 
followed by Hyflex EDM with 4.50 (±0.37) mm 

and M3 Pro Gold with 4.31 (±0.40) mm as shown 

in Table 1. Figure 6 shows the length of the 

fractured file tip among the three study groups. 

ANOVA results showed significant differences 

(F=6.24, P=0.004). Pairwise comparisons indicated 

a significant difference between MG3 Blue and M3 

Pro Gold (P=0.003) as presented in Table 2. 

 
Figure 4: TTF among the three study groups. 

 

 
Figure 5: NCF among the three study groups. 
 

 
Figure 6: Length of fractured tip among the three 

study groups. 
 

Table 1: Comparison among the three study groups. 

  Hyflex EDM (n= 

16) 

M3 Pro Gold (n= 

16) 

MG3 Blue (n= 

16) 

F of 

ANOVA 

P value 

Time to fracture 

(minutes) 

Mean (SD) 1.44 (0.35) a 1.15 (0.36) ab 1.08 (0.33) b F= 4.80 

P= 0.01* Min – Max 0.58 – 1.88 0.52 – 2.00 0.72 – 1.97 

NCF (Number of 

cycles to fracture) 

Mean (SD) 725.00 (181.90) 

a 

604.69 (197.95) a 373.56 (114.49) 

b 

F= 17.93 

P <0.001* 

Min – Max 290.00 – 

1000.00 

260.00 – 1000.00 252.00 – 690.00 

Length of fractured 

file tip (mm) 

Mean (SD) 4.50 (0.37) ab 4.31 (0.40) a 4.78 (0.36) b F= 6.24 

P= 0.004* Min – Max 4.00 – 5.00 4.00 – 5.00 4.00 – 5.00 

SD: Standard Deviation, Min: Minimum, Max: Maximum 

One way ANOVA was used 

*Statistically significant at p-value <0.05 

a,b: different letters denote statistically significant differences between groups using Bonferroni correction 
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Table 2: Pairwise comparison among the three study groups. 

 Group Compared to P value 

Time to fracture 

(minutes) 

Hyflex EDM M3 Pro Gold 0.10 

MG3 Blue 0.02* 

M3 Pro Gold MG3 Blue 1.00 

NCF (Number of cycles 

to fracture) 

Hyflex EDM M3 Pro Gold 0.15 

MG3 Blue <0.001* 

M3 Pro Gold MG3 Blue 0.001* 

Length of fractured file 

tip (mm) 

Hyflex EDM M3 Pro Gold 0.50 

MG3 Blue 0.12 

M3 Pro Gold MG3 Blue 0.003* 

*Statistically significant using Bonferroni corrected significance (P <0.05) 

 

DISCUSSION 
Root canal therapy has seen notable improvements 

due to the introduction of NiTi rotary files, which 

have optimized the mechanical preparation of root 

canals, particularly in instances with pronounced 

curvatures (26). Despite their benefits, NiTi rotary 

files are susceptible to cyclic fatigue, resulting in 

file fracture, especially in curved canals (27). 

Cyclic fatigue arises from repeated stress and 

compression cycles at the point of greatest flexure, 

ultimately leading to file fracture (28). 

Comprehending the cycle fatigue resistance of 
various NiTi rotary file systems is essential for 

enhancing the success rate of endodontic 

procedures and reducing the likelihood of file 

separation (17). 

This research sought to evaluate and 

compare the cyclic fatigue resistance of three distinct 

NiTi rotary file systems: Hyflex EDM, M3 Pro 

Gold, and MG3 Blue, with regard to their cost-

effectiveness. The research aimed to assess whether 

cost-effective file systems can rival the performance 

of high-end files regarding cycle fatigue resistance. 
The null hypothesis of this research was that there 

would be no significant difference in the cyclic 

fatigue resistance of Hyflex EDM, M3 Pro Gold, and 

MG3 Blue rotary files when used in curved canals.  

This research used a custom-made cycle 

fatigue device to accurately replicate the clinical 

conditions seen during endodontic procedures. The 

custom-made device enabled the establishment of a 

controlled and uniform environment, ensuring 

precise and reproducible outcomes. This 

methodology is endorsed by ElWakeel et al., who 

emphasized the advantages of using custom devices 
to replicate authentic situations overcoming the 

operator variability which might affect the results 

(25). 

The selected 60° canal curvature with a 

5mm radius of curvature signifies a clinically 

relevant condition often seen in endodontic 

procedures. This standardized curvature emulates 

real-world challenges in root canal instrumentation, 

where resistance to cyclic fatigue is essential to avert 

file separation (24). Research has underscored the 

significance of radius selection, as a 5mm radius 
ensures uniform mechanical stress on NiTi rotary 

files, enabling a dependable evaluation of their 

durability under repeated flexural strain (29). 

Moreover, research substantiates the imperative of 
integrating both angle and radius standardization to 

guarantee repeatability in fatigue resistance 

assessments (30). The technique used in this study is 

consistent with other research that underscores the 

importance of controlled conditions for fatigue 

testing (25), hence corroborating the selected 

parameters as a viable means of assessing the 

endurance of NiTi rotary files. 

Dynamic cycle fatigue testing was used 

over static testing to more accurately simulate the 

clinical settings in which files endure constant in-
and-out pecking movements during root canal 

preparation. Dynamic testing facilitates a more 

authentic evaluation of the files' performance in 

clinical settings by evenly distributing stress over 

the file's length, hence diminishing stress 

concentration at any one place (30). In contrast, 

static testing maintains the file in a fixed position 

inside the canal, failing to correctly simulate the 

clinical setting and perhaps underestimating the 

cycle fatigue resistance of the files (31).  

This study used synthetic oil as a lubricant to 

reduce friction between the file and the canal walls, 
facilitating smooth rotation and decreasing the 

likelihood of file binding or stalling. Synthetic oil has 

shown the ability to provide a thin, uniform lubricating 

layer without obstructing the file's movement, making it 

an optimal selection for cyclic fatigue testing 

(30,32,33). Moreover, the characteristics of synthetic 

oil maintain stability throughout the testing duration, 

yielding uniform results (29). In a few studies a 

different type of lubricant was used, Martins et al. (34) 

used glycerin. Unfortunately, using synthetic oil in this 

study may not fully represent the clinical irrigation and 
lubrication conditions (32). While synthetic oil reduces 

friction and facilitates smooth rotation, its properties 

differ from conventional irrigants and lubricants used in 

clinical settings, which may influence fatigue resistance 

results. 

The files were not sterilized before being 

tested to guarantee that their metallurgical qualities 

remained unchanged. Sterilization methods, 

including autoclaving, may induce phase changes 

in nickel-titanium alloys, possibly impacting their 
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mechanical characteristics and cyclic fatigue 

resistance (33). By using non-sterilized files, the 

aim was to evaluate their performance in their 

original condition, hence yielding a more precise 

evaluation of their cycle fatigue resistance (30). 
This methodology is consistent with prior research 

that has similarly examined files in their non-

sterilized condition to preserve their essential 

characteristics (31).  

Environmental factors, including 

temperature and humidity, may affect the cyclic 

fatigue resistance of NiTi rotary files. Temperature 

fluctuations may modify the metallurgical 

characteristics of NiTi alloys, influencing their 

phase transformation and mechanical properties 

(12,25). Elevated temperatures accelerate phase 

transitions, potentially affecting flexibility and 
durability, whereas humidity may influence 

lubricant efficiency and lead to surface oxidation, 

thereby compromising the structural integrity of the 

files (29,32). Prior research has emphasized the 

impact of various environmental conditions on the 

performance and durability of NiTi files (33). 

While this research was performed in a controlled 

laboratory setting, it is important to recognize the 

lack of particular environmental controls (35, 36).  

Due to the differences in cycle fatigue resistance, 

the null hypothesis asserting no significant 
difference among the three file systems was 

rejected. This suggests that the various costs of the 

different file systems did affect their quality in 

terms of cycle fatigue resistance. 

Hyflex EDM and M3 Pro Gold exhibited 

similar cyclic fatigue resistance when compared to 

one another, yet there were statistically significant 

differences when contrasted with MG3 Blue. The 

findings revealed that Hyflex EDM files exhibited 

the longest time to fracture (TTF), with a mean 

duration of 1.44 (±0.35) minutes. M3 Pro Gold had 

a mean time to failure (TTF) of 1.15 (±0.36) 
minutes, whilst MG3 Blue registered the quickest 

TTF of 1.08 (±0.33) minutes. The statistical 

analysis revealed significant differences between 

Hyflex EDM and MG3 Blue (P = 0.02), affirming 

the greater resistance of Hyflex EDM compared to 

MG3 Blue, however the difference between Hyflex 

EDM and M3 Pro Gold was not statistically 

significant. 

The improved cycle fatigue resistance of 

Hyflex EDM files is confirmed by the NCF results, 

which concur with the TTF findings. They 
demonstrated the greatest average NCF of 725.00 

cycles (±181.90), followed by M3 Pro Gold with an 

average of 604.69 cycles (±197.95). The MG3 Blue 

files had the lowest NCF, with a mean of 373.56 

cycles (±114.49). Statistically significant 

differences were noted between Hyflex EDM and 

MG3 Blue (P < 0.001) and between M3 Pro Gold 

and MG3 Blue (P = 0.001), however the difference 

between Hyflex EDM and M3 Pro Gold was 

statistically insignificant. 

The enhanced TTF and NCF of Hyflex 

EDM files are due to their sophisticated production 

process using Electric Discharge Machining 
(EDM) technology. This technique enhances the 

uniformity of the material and diminishes the 

occurrence of micro-cracks, hence substantially 

augmenting their resistance to cycle fatigue (37). 

The M3 Pro Gold files, subjected to gold heat 

treatment, exhibited notable performance. The 

thermal processing improves the flexibility and 

endurance of these files, making them dependable 

for clinical applications (33). However, MG3 Blue 

files had lower TTF and NCF values even though 

they benefited from blue heat treatment. The blue 

heat treatment enhances flexibility but does not 
considerably enhance fatigue resistance compared 

to the EDM or gold heat treatment procedures (20).  

The impact of rotational speed differences across 

groups must be acknowledged, as ElWakeel et al. 

(25) suggested that variations in speed may act as a 

confounding factor. Specifically, MG3 Blue 

operated at 350 rpm, whereas Hyflex EDM and M3 

Pro Gold ran at 500 rpm, potentially influencing 

cyclic fatigue resistance outcomes. 

A significant element influencing cycle 

fatigue resistance in this investigation is the 
variability in file size and taper across the groups. 

Hyflex EDM files include a variable taper design 

(25/~), while both M3 Pro Gold and MG3 Blue 

files have a constant 25/.04 taper. The variation in 

taper affects the interaction of files with curved 

canals, since differing taper designs reduce stress 

concentration and improve flexibility during 

instrumentation (25). Moreover, research has 

shown that differences in taper influence the 

distribution of cyclic fatigue resistance, with bigger 

tapers often experiencing increased flexural 

stresses (24). 
These results correspond with those of Iacono et al. 

(26), who emphasized the influence of 

manufacturing methods on fatigue resistance, and 

Shen et al. (27), who verified that heat treatments 

substantially improve file durability. Additionally, 

Capar et al. (29) underscored the significance of 

standardized canal curvature in evaluating cycle 

fatigue resistance, hence endorsing the methods 

used in this investigation. 

The results corroborate existing literature on 

NiTi file performance. Studies have demonstrated that 
EDM-treated NiTi files, such as Hyflex EDM, exhibit 

enhanced durability due to reduced micro-cracks, 

improving fatigue resistance (37). Likewise, gold 

heat-treated files like M3 Pro Gold have shown 

improved flexibility and mechanical performance, 

reinforcing their cyclic fatigue resistance (33). 

However, MG3 Blue files, despite their blue heat 

treatment, presented significantly lower resistance, 

consistent with findings by Hou et al. (20), which 
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indicate that blue heat treatment primarily enhances 

flexibility rather than fatigue endurance.  

The fractured tip length varied 

significantly among the studied groups. MG3 Blue 

files had the longest mean fractured tip length of 
4.78 mm (±0.36), followed by Hyflex EDM at 4.50 

mm (±0.37) and M3 Pro Gold at 4.31 mm (±0.40). 

Notably, MG3 Blue files tended to fracture at the 

beginning of the curve, which, combined with their 

reduced cyclic fatigue resistance, makes them less 

suitable for severely curved canals where 

instruments are subjected to high flexural stress 

(35). In contrast, Hyflex EDM files, with their 

moderate fractured tip length and superior cyclic 

fatigue resistance, provide a balanced performance, 

making them a more reliable option for curved 

canals. Their enhanced durability might be 
attributed to the Electric Discharge Machining 

(EDM) process, which improves material integrity 

and minimizes micro-cracks (37). Similarly, M3 

Pro Gold files demonstrate notable cyclic fatigue 

resistance due to their gold heat treatment, which 

enhances flexibility and durability, making them a 

preferable choice for navigating severely curved 

canals (33). 

Although this research offers significant 

information, it has several limitations. The in vitro 

design of cyclic fatigue testing does not completely 
emulate the clinical context, as patient-specific 

variables, operator proficiency, and canal 

morphology might affect file efficacy. Another 

limitation is the use of synthetic oil as a lubricant, 

which may not entirely emulate the conditions 

present inside the root canal system. Moreover, the 

research failed to include differences in canal 

diameters, lengths, and curvature angles, which 

might influence the efficacy of the files.  

Subsequent studies need to concentrate on 

clinical studies to corroborate these results in 

practical environments. Furthermore, examining 
the effects of frequent use and sterilization on the 

cycle fatigue resistance of these files would provide 

a more thorough comprehension of their durability 

(34).  

Subsequent research should investigate the 

efficacy of a wider array of file systems and the 

impact of differing canal anatomies, radii, and 

curvature angles on cycle fatigue. Comprehending 

these aspects will enable clinicians to make more 

informed judgements in their endodontic practice, 

hence enhancing patient outcomes (36). 
 

CONCLUSIONS 
Within the limitations of this study, highlighting 

the differing cycle fatigue resistance of Hyflex 

EDM, M3 Pro Gold, and MG3 Blue rotary file 

systems, stressing the need to choose the suitable 

file according to clinical requirements and financial 

implications. While Hyflex EDM and M3 Pro Gold 

exhibited better cyclic fatigue resistance. M3 Pro 

Gold’s affordability suggests that they may be a 

suitable choice for curved canal treatment. 

However, quantitative cost data analysis and 

clinical outcomes correlation studies should be 

done to support the results. 
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