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Abstract:
Objective: The aim of this study was to evaluate cyclic fatigue resistance of three control
memory wire based instruments namely, Hyflex CM NiTi files (Coltene/ Whaldent,
Switzerland), M3 Pro Gold NiTi files (United Dental, Shanghai, China) and NeoEndo
Flex NiTi files (Orikam health care, Gurgaon, India) in an extreme canal curvature.
Method: A total of 30 NiTi instruments of three different rotary systems weretested using a
custom made jig that reproduces a curvature of 90° and 5mm radius. All of the files were
used in the artificial canals until the fracture occurred. The time to fracture for each
group was recorded using digital chronometer. Using the time data, the numbers of cycles
to failure (NCF) were calculated. The mean, standard deviation and standard error of the
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three groups were calculated and statistically analyzed using SPSS software 21.0 version.
One-way analysis of variance (ANOVA) was done to determine significant differences
among the systems, between groups and within groups. Post Hoc test of Tukey was
performed to identify pair-wise significance.

Results: NeoEndo Flex had highest NCF followed by M3 Pro Gold and Hyflex CM with a
mean of 425.310, 380.060 and 259.960 NCF respectively. On one way ANOVA the three
groups had statistically significant difference (P value = 0.025) and on Post hoc Tukey
HSD between all the three groups NeoEndo Flex vs. Hyflex CM was statistically
significant (P value = 0.024).

Conclusion: Within the limitations of present study, NeoEndo Flex had significantly
higher cyclic fatigue resistance than Hyflex CM in 90 degree canal curvature and among
all the three NiTi systems.

Keywords: cyclic fatigue, extreme curvature, Hyflex CM, M3 Pro Gold, NeoEndo Flex

1. INTRODUCTION

Ameliorating rotary files to enhance proficiency, precision and endurance has always been
the pursuit of a dentist. Nickel-titanium rotary files are proven to be efficient to shape root
canals but, they undergo repetitive strain excursions during rotation in root canals ). Inside a
curved canal, they tend to break due to cyclic fatigue, which has been majorly attributed to
50% to 90% of mechanical failure . Thus, increasing the fatigue resistance to fracture has
always been a focus with the advancement of rotary NiTi instruments ¢, Manufacturers
have claimed to improve the resistance to fracture by altering the metallurgy, design,
kinematics of the files and through the heat treatments applied to the files ©. Recent
techniques of modifying the mechanical properties of these materials include thermal
treatment of NiTi alloys ¢ ® 7. The thermo-mechanical treatment influences the mechanical
properties of NiTi alloys by optimizing the microstructure and, in turn affecting the
transformation behaviour of the alloys ®. In addition to the mechanical properties of the file,
various other factors such as angle of curvature “ 9 and radius “ °* also influence the
cyclic fatigue resistance.

Files with different metallurgical properties are being developed of which, Hyflex CM NiTi
files (Coltene/ Whaldent, Switzerland), is made of CM wire and the files are flexible but
without shape memory unlike conventional NiTi Files. These files have lower elastic
modulus and therefore exhibit higher fracture resistance ‘?.The NeoEndo Flex NiTi files
(Orikam health care, Gurgaon, India) is a newly introduced NiTi instrument. This file system
as stated by the manufacturer is a gold thermal treated file with enhanced cutting efficiency
and extreme flexibility. Similarly, M3 Pro Gold Rotary files (United Dental, Shanghai,
China) are also gold treated CM wire, with greater flexibility and are more resistant to
fracture than M3 rotary files .

Many in-vitro studies were performed on the cyclic fatigue resistance of rotary NiTi files ¢ *
10. 111399 including the newer generation files but, very few studies have tested them in
severely curved canals . Though there are comparative studies between CM wire and other
systems, these three different commercially available CM wire file systems have not been
compared, especially in severe curvature. Hence, the aim of this study was to evaluate cyclic
fatigue resistance of three CM wire files in canal curvature of 90° and 5mm radius. Null
hypothesis of the study is that there is no difference in cyclic fatigue resistance among the
instruments being tested.
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2. MATERIALS AND METHODS

A total of 30 NiTi instruments of 3 different rotary systems of same size and taper
25/.06(n=10) were used in the present study: Hyflex CM NiTi files (Coltene/ Whaldent,
Switzerland), M3 Pro Gold NiTi files (United Dental, Shanghai, China) and NeoEndo Flex
NiTi files (Orikam health care, Gurgaon, India). A static cyclic fatigue test was performed
using a custom-made jig that allowed a reproducible simulation of an instrument confined in
an artificial curved canal *”. The artificial canal was made of stainless steel, with an inner
diameter of 1.5 mm, total length of 20 mm and an arc with a curvature radius of 5 mm
located just coronal to the apical end point. Base of the concavity is at a curvature of 90°,
which was calculated according to Schneider’s method ) to provide a suitable trajectory.
The dental hand piece of 16: 1 reduction (X-Smart Endo Motor, Dentsply Sirona) was
attached to the descending cross head of the Instron (8874) testing machine (Boston,
Massachusetts, USA). In order, to reduce the friction of the instruments as it came into
contact with the artificial canal walls, special high-flow synthetic oil (WD- 40 Company,
Milton Keynes, U.K.) was applied. All three groups of files were rotated at a speed according
to the manufacturer’s instructions. All of the files were used in the artificial canals until the
fracture occurred. The time to fracture for each group was recorded using digital chronometer
and stopped as soon as the failure was detected. Using the time data, the numbers of cycles to
failure (NCF) were calculated according to the following formula: NCF = revolutions per
minute x time to fracture (seconds)/60.

3. STATISTICAL ANALYSIS

The mean, standard deviation and standard error of the three groups were calculated and their
95% confident intervals were calculated. The number of cycles to failure was statistically
analyzed using SPSS software 21.0 version (SPSS Inc, Chicago, IL). One -way ANOVA was
done to determine significant differences among the systems, between groups and within
groups. When the overall F test indicated significant difference, Post Hoc test of Tukey was
performed to identify pair-wise significance of the groups. The differences were considered
statistically significant when P value < 0.05.

4. RESULTS

The results showed that NeoEndo Flex had highest NCF followed by M3 Pro Gold and
Hyflex CM with a mean of 425.310, 380.060 and 259.960 NCF respectively (Table 1). On
one way analysis of variance (ANOVA) the three groups had statistically significant
difference (P value of 0.025) (Table 2) and on post hoc Tukey HSD of all the three groups,
NeoEndo Flex vs. Hyflex CM was statistically significant (P value is 0.024) whereas, Hyflex
CM vs M3Pro Gold (P value is 0.121) and M3Pro Gold vs NeoEndo Flex (P value is 0.725)
had no significant difference (Table 3). Since cyclic fatigue resistance of NeoEndo Flex file
system was found to be statistically higher than Hyflex CM and M3 Pro Gold files, the null
hypothesis of the present study was partly rejected.

5. DISCUSSION

Cyclic fatigue resistance refers to the number of cycles to failure that an instrument is able to
resist under a specific loading condition ™. Currently, there are no standardised testing
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devices in existence for cyclic fatigue. Though the extracted tooth model resembles the
clinical condition, it is not ideal to test the physical properties of NiTi files as, no two root
canals are perfectly identical “*. Thus, in this study a non-tooth model was selected to rule
out the confounding factors and to ensure standardization. A static model was preferred
though it does not simulate the advised pecking motion of the file, because the instrument
being tested could be constrained in precise trajectory ®® . In previous studies it has been
proved that canal curvature majorly influences the NCF and an instrument can behave
comparably different in different curvatures %, It was also observed that more micro fissures
occurred in severely curved canals *®. Hence, in the present study 90° canal curvature was
used. Though a very few NiTi systems were studied at this curvature Hyflex CM to our
knowledge has not been subjected to cyclic fatigue testing in a 90° curvature. Studies on
Hyflex CM have been done only at 60° and 45° curvature ®. An identical size and taper of
25/.06 were selected because it is the master apical file in many operative sequences and safe
to use in curved canals Y. Hyflex CM was the first to be introduced in CM wire rotary files
category which can be considered as a conventional CM wire file system. CM instruments, in
addition to the austenite, also contained martensite and R-phase © .Whereas, NeoEndo Flex
and M3Pro Gold are CM wire systems subjected to gold thermal treatment unlike Hyflex
CM.

According to the results of the present study, cyclic fatigue resistance of NeoEndo Flex file
system was found to be significantly higher followed by M3 Pro Gold and Hyflex CM (P
value of 0.025) with mean NCF of 425.31 (graph 1). Hyflex CM has shown to perform well
in cyclic fatigue resistance in comparison to many other file systems in previous studies .
But the compared file systems in those studies were conventional NiTi files that did not
undergo thermo-mechanical treatment. The higher NCF of Hyflex CM was also observed in
previous studies in comparison with Protaper next and other heat treated file systems ). The
cross-sectional design, surface conditioning and thermo-mechanical process applied during
manufacturing also determines cyclic fatigue resistance of rotary instruments @2, In this
study all the three files have a similar triangular cross section but mainly vary in the post-
machining thermo mechanical processing without any surface conditioning such as
electropolishing.

The higher cyclic fatigue resistance of NeoEndo Flex and M3 Pro Gold in comparison to
Hyflex CM could be due to the gold heat treatment. The possible reason for increased cyclic
fatigue resistance is damping characteristics of the martensitic phase transformation. Where,
on heat treatment the energy absorption of twinned phase structure results in internal
movement of lattices without breaking the atomic bonds resulting in formation of a complex
array of secondary cracks due to its multiple interfaces, which dissipates the energy required
for crack propagation. They also have high Af temperature around 50°C . Another
possible reason could be due to the relatively harder surface layer of the Gold heat-treated
instruments that may resist crack initiation and also might compensate for the decreased
micro hardness ¥,

The post machining heat treatment reduces the surface defects formed while manufacturing
the file which also increases the longevity @®. All Gold and Blue heat-treated files showed
increased flexibility and fatigue resistance than conventional NiTi and M-Wire instruments
which might be attributed to their martensitic state . In a study done by Pedulla et al, it was
observed that the M3 Pro Gold files showed greater cyclic fatigue resistance than the M3
Rotary files, which was attributed to significant R-phase and martensite ). The results of
present study are in accordance with both these studies, where gold heat treated files had
higher cyclic fatigue resistance. A limitation of the study is that the files were tested only in
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90 degree curvature, and further studies are required to test the cyclic fatigue resistance of
these files at different canal curvatures.

6. CONCLUSION

Within the limitations of present study, NeoEndo Flex and M3 Pro Gold has better cyclic
fatigue resistance than Hyflex CM in 90 degree canal curvature and of all the three NiTi
systems NeoEndo Flex had significantly higher cyclic fatigue resistance than Hyflex CM.
The impetus of this study is to present an assessment of incidence of fracture and support
prudent use of instruments in root canal preparation thereby, giving an idea to the clinician
on adequate time for fracture so that instrument can be used more cautiously in severely
curved canals.
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Tables And Figures

Table 1: Descriptive statistics of NCF (number of cycles to failure) of three groups. (HCM-
Hyflex CM, NEF- NeoEndo Flex, MPG-M3 ProGold, Std- standard)

CYCLIC FATIGUE FREQUENCY - DESCRIPTIVE STATISTICS

Groups | Sample size | Mean Std. Std. Error | Minimum | Maximum
Deviation

HCM 10 259.960 | 149.6777 47.3323 91.6 508.3

NEF 10 425.310 | 126.9103 40.1326 291.6 647.5

MPG 10 380.060 | 115.5564 36.5421 248.3 577.5

Table 2: A one-way analysis of variance (ANOVA) was calculated for NCF between the
three groups. (*p Value Significant at the level <0.05)

ANALYSIS OF VARIANCE (ANOVA)
Sum of | df Mean Square F p VALUE
Squares

Between 146040.650 2 73020.325 4.224 | 0.025*

Groups

Within 466766.337 27 17287.642

Groups

Total 612806.987 29

Table 3: Post hoc comparisons using the Tukey HSD test among three comparison groups.
(HCM-Hyflex CM, NEF- NeoEndo Flex, MPG-M3 ProGold, Std- standard)

Post hoc comparisons using the Tukey HSD test
I J Mean Difference Std. p

(1-J) Error VALUE
HCM NEF -165.3500 58.8008 0.024*
HCM MPG -120.1000 58.8008 121
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MPG NEF -45.2500 58.8008 725

Graph 1: Mean NCF of Hyflex CM, NeoEndoFlex& M3 Pro Gold
CYCLIC FATIGUE FREQUENCY - DESCRIPTIVE STATISTICS
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