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STATIC FLEXURAL CYCLIC FATIGUE
OF TWO ROTARY FILE SYSTEMS
(AN IN VITRO STUDY)
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ABSTRACT

INTRODUCTION: Cyclic fatigue fracture is caused by repeated compressive/tensile stresses that accumulate around the curved rotating
file. Many efforts have been made to increase the fracture resistance of Nickel-titanium (NiTi) rotary instruments, such as the use of heat-
treated alloy, modification of the instrument's cross section and the improvement of surface treatment.

OBJECTIVES: The aim of this study was to compare the static flexural cyclic fatigue of TwoShape (Micro.Mega, Besancon, France) rotary
file system which is made of T-Wire heat treatment technology and OneShape (Micro Mega, Besancon, France) rotary file system which is
made of conventional nickel-titanium alloy.

MATERIALS AND METHODS: Eighteen files from eachystem were subjected to static cyclic fatigue test. Cyclic fatigue testing was
performed in a device which allowed a reproducible position of the instrument inside a custom-made stainless-steel artificial canal. The
artificial canal had a curvature of 60° angle and 5 mm.adius. All instruments were allowed to rotate inside the artificial canal until fracture.
Time to fracture (TTF) was recorded using a digital chronometer. The number of cycles to failure (NCF) was calculated. The length of
separated fragments was recorded. Data were analysed.

RESULTS: The NCF of TwoShape files (365.909+82.077) was statistically significantly higher when compared with the OneShape files
(266.681+35.218) p < .05. While there was no significant difference in the length of separated segments between both systems.
CONCLUSIONS: Within the limitations of this study, the cyclic fatigue resistance of heat treated TwoShape files was significantly higher
than the OneShape files. [T-wire] heat treatment drastically enhanced the cyclic fatigue'resistance of the file.

KEY WORDS: cyclic fatigue, OneShapeyTwoShape, artificial canal, number of cycles to fracture, NiTi rotary files.

1.Bachelor of Dentistry, Faculty of Dentistry, Pharos University, Alexandria, Egypt
2.Professor of Endodontics Department, Faculty. of Dentistry, University of Alexandria, Alexandria, Egypt

*Corresponding author:
E-mail: raghdaa.eldieb.dentist@outlook.com

INTRODUCTION new files during their first use. This mechanical failure

Cleaning and shaping of root canals without having any
procedural errors is one of the most important factors to
achieve a successful root canal treatment. Instrument
separation during root canal treatment is one of the most
common problems in endodontics which become a
frequent error with the introduction of rotary shaping
instruments. In case of stainless-steel instruments, fracture
is proceeded by mechanical deformation as unwinding
which warrants the operator to discontinue using this
instrument (1). Unfortunately, this is not the case of
Nickle-Titanium (Ni Ti) files which could be fractured
during function without any previous warning even with
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could be due to either overload or fatigue of the material
(2). However, Introduction of Ni Ti rotary instruments has
provided easier and faster canal instrumentation and has
minimized the procedural errors and operator fatigue (3).
Instrument fracture is known to occur due to either forms
torsional or flexural cyclic fatigue. Torsional fatigue
fracture occurs when an instrument is locked into a canal
during rotation and the resulting torque exceeds the elastic
limit of the Ni Ti alloy. While Cyclic fatigue fracture is
caused by repeated compressive/tensile stresses that
accumulate around the curved point of rotating instrument
(4,5).
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Heat treatment is one of the modifications that
was carried out to improve the file mechanical properties
and increase its fracture resistance (6). One Shape (OS) is
a single continuous rotating file made of a conventional
austenite Ni Ti alloy which was introduced in the market
2012 by (Micro Mega, Besancon, France). They have a
triangular cutting edge in the apical part, 2 cutting edges in
the coronal part, and a cross section that progressively
changes from 3 to 2 cutting edges between the apical and
coronal parts; this design was supposed to offer better
cutting action (7,8).

Two Shape files (Micro Mega, Besancon, France)
are manufactured by a proprietary heat treatment (T-Wire)
that is claimed to enhance the flexibility and cyclic fatigue
resistance of instruments. They have asymmetrical cross
section with triple helix which might reduce the risk of
instrument fracture, two main cutting edges and one
secondary cutting edge for improved debris removal (9).

Cyclic fatigue test is an important test to give the
clinician an idea about the cyclic fatigue resistance of the
file. This test is performed by allowing files to rotate inside
an artificial canal until fracture. For this test, several
studies had used different canal's curvatures, methods,
designs and modes (10). Cyclic fatigue test can, be
performed either in static or dynamic mode<In the static
mode, the endodontic hand piece is fixed in a reproducible
position without any axial movement during the test.
Whereas, in the dynamic mode the endodontic hand piece
has an axial oscillating motionsduring the test to simulate a
clinical pecking motion with (2-3mm) oscillation
amplitude range (10-15).

Cyclic fatigue resistance \is affected by every
single variable not only the alloy type (heat treatment) but
also the instrument's design, cross section, flexibility and
motion (16,17). Therefore, the research<question of the
study is whether the Two-Shape rotary. file system will
have higher cyclic fatigue resistance than the One-Shape
rotary file system. The null hypothesis is that Two-Shape
TS2 rotary file (#25 / 0.06) will not have higher cyclic
fatigue resistance than One-Shape rotary file (#25 / 0.06).

MATERIALS AND METHODS

A total of thirty-six Ni Ti rotary files of One Shape and
Two Shape (Micro Mega, Besancon, France) were tested.
All tested files had 1SO tip size number 25 and constant
taper 6%. Files used in this study were classified into two
main groups (each n=18) according to file's system; group
I (One Shape) and group Il (Two Shape) TS2. A special
device was constructed for cyclic fatigue testing of
endodontic files. This device held the endodontic motor
and the artificial canal securely in a reproducible position
(Fig.1, Fig.2) All files were allowed to rotate inside a
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custom-made stainless-steel artificial canal which had the
same size and taper of the files to be used plus 0.1 mm
relief circumferentially for the whole file. The canal had a
16 mm length and 60° angle of curvature with 5 mm radius
of curvature according to the curvature's definition of
Pruett et al., (18) who described the curvature by two
parameters [angle and radius of curvature]. Synthetic
lubricating oil was used inside the artificial canal to reduce
friction during file rotation (Fig.3). Video was recorded for
each file during the test. During the file rotation in the
canal, file was observed visually and audibly very
carefully by the operator until the file was broken (Fig.4).
Time to fracture was recorded using digital chronometer
(19,20). Times were then multiplied by the endodontic
motor speed (350 rpm) to obtain the number of cycles to
fracture'according to the following formula (8,14):

NCF = Number of rotations per minutes (350 rpm) x Time
till fracture (seconds)

Statistical analysis:

Afterobtaining the number of cycles to fracture (NCF) for
all files, data were collected and entered to the computer
using SPSS (Statistical Package for Social Science)
program for statistical analysis (ver 21) (21). Data were
entered as numerical or categorical, as appropriate.
Kolmogorov-Smirnov ~ test of normality revealed
significance in the distribution of most of the variables, so
the non-parametric statistics was adopted (22).

- Data were /described using minimum, maximum, mean,
standard<deviation and 95% CI of the mean (23), median
and inter-quartile range for not-normally distributed data.

- Comparisons were carried out between two studied
independent not-normally distributed subgroups using
Mann-Whitney U test (24).

- Box and Whiskers plot was used accordingly.

- An alpha level was set to 5% with a significance level of
95%, and a beta error accepted up to 20% with a power of
study of 80%.
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Figure (1): Device top view. 1= main plate; 2= motor
table; 3= Plastic tie wraps to hold the endodontic motor
tightly; 4= endodontic motor (hand piece); 5= artificial
canal block; 6= block bench; 7= two round rail motion
guides; 8= rails supports; 9= fixed stopper; 10= hinged
stopper; 11= part of block bench connection assembly;
12=hand screw.

Figure (2): Device side view. 1= hinged stopper;
2=motor table; 3= glass cover of the canal block; 4=
artificial canal block; 5= block bench; 6= three plates
together form the block bench connection assembly.

-
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Figure (3): The canal block parts. 1= artificial canal

block; 2=customized glass cover; 3= screws to hold the

glass cover and canal block together. All_these parts

assembled together as at the small picture.
e -— :
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Figure (4): Side view of the artificial canal. (A) the
resemblance of the U-shaped cross section of the artificial
canal. (B) file inside the canal, arrow pointing at the
broken fragment during the test.

RESULTS

In the present study, the number of cycles to fracture in
One Shape files group ranged from 223.533 to 356.592
with a mean + SD of 266.681+35.218 (95% CI for mean of
249.16692-284.19430) with a median (IQR) 259.759
(237.708-282.217). While in the Two Shape files group it
ranged from 241.850 to 611.742 with a mean + SD of
365.909+82.077» (95% CI for mean of  325.09311-
406.72466) avith a median (IQR) 358.925 (326.317-
372.633).4The number of cycles to fracture in Two Shape
files group ‘was statistically significantly higher when
compared with the One Shape files (Z=4.303, p=0.000)
(Tablel, Figure 5).

In the present study, the length of separated
fragment in the One Shape files group ranged from 2.0 to
3.00mm with a mean + SD of 2.6+0.3 mm (95% CI for
mean of 2.461-2.784 mm) with a median (IQR) 2.7 (2.3-
2.9) mm. While in the (Two Shape files group it ranged
from 2.0 to 3.1 mm with a mean + SD of 2.4+0.3 mm
(95% CI for mean of 2.296-2.593 mm) with a median
(IQR) 2.5 (22-2.6) mm. There was no significant
difference in the length of separated fragment between the
two tested groups (Z=1.756, p=0.085) (Table 2, Figure 6).

o o 503
p=0.000%

Number of cycles to fracture (NCF)
s

T T
One shape files Two shape files
Group

Figure (5): Box and whisker graph of number of cycles to
fracture (NCF) in the studied groups, the thick line in the
middle of the box represents the median, the box
represents the inter-quartile range (from 25" to 75"
percentiles), and the whiskers represent the minimum and
maximum after excluding outliers (black circles) and
extremes (black asterisks). Numbers indicate file number
in the original master table
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Figure (6): Box and whisker graph of length of separated
fragment (mm) in the studied groups, the thick line in the
middle of the box represents the median, the box
represents the inter-quartile range (from 25" to 75
percentiles), and the whiskers represent the minimum and
maximum.

Table (1): Number of cycles to fracture in the two tested
groups

Numbe
r of
cycles
to
fracture
(NCF)
n 18 18

Min- 223.533- 241.850-
Max 356.592 611.742
Mean + | 266.681+35.21 | 365.909+82.
Std. 8 077

Deviati | 249.16692- 325.09311-
on 284.19430 406.72466
95% CI | 259.759 358.925

for (237.708- (326.317-
mean 282.217) 372.633)
Median | D=0.144, D=0.245
(IQR) p=0.200 NS p=0.005*
KS test
of
normali
t

n : Number of files

Min-Max: Minimum — Maximum

Cl: Confidence interval

IQR: Inter-quartile range

KS: Kolmogorov-Smirnov

MW: Mann-Whitney U test

* . Statistically significant (p<0.05)

NS: Statistically not significant (p>0.05)
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Table (2): Length of separated fragment in the two tested

groups
Length  of
separated
fragment files files
(mm)
n 18 18
Min-Max 2.0-3.0
Mean + Std. | 2.6+0.3
Deviation 2.461-
95% CI for | 2.784
mean 2.7 (2.3-
Median 2.9)
(IQR) D=0.208,
KS test of | p=0.038*
normality

OneShape | TwoShape | Test of
significance

O mw)=1.756
p=0.085 NS

n : Number of files

Min-Max: Minimum — Maximum

Cl: Confidence interval

IQR: Inter-quartile range

KS: Kolmaogorov-Smirnov.

MW: Mann-Whitney U test

* . Statistically significant (p<0.05)

NS: Statistically not significant (p>0.05)

DISCUSSION

This study‘was performed to compare between the static
flexural cyclic fatigue of One Shape and Two Shape files.
Instrument separation is a serious complication which
might happen during root canal treatment. Many efforts
were done to investigate the most causative factor of file
separation. The manufacturers had continuous evaluation
and improvement of the instrument to produce a flexible
file which had sufficient strength and centering ability.
These mechanical properties of the instrument would allow
the practitioner to have canal preparation without
procedural errors such as: canal transportation, zipping,
ledge formation and file separation.

Cyclic fatigue test is an important test to give the
clinician an idea about the cyclic fatigue resistance of the
file. The major drawback of most laboratory studies that
have tested the fatigue behavior of Ni Ti rotary instruments
is that all of the different contributing factors such as
(instrument  cross-section,  design, material  and
dimensions) can’t be totally eliminated. This makes it
difficult to quantify the effect of a single variable on
fatigue behavior.

The ideal model to resemble the clinical situation
for In-Vitro cyclic fatigue test is allowing files to rotate
inside curved canals of natural teeth. However, the usage
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of natural teeth will make it impossible to standardize the
experimental condition as the natural canal geometry will
be changed during preparation and could be used only one
time. The use of standardized artificial canals in cyclic
fatigue experiments minimizes the influence of other
variables not related to the instrument itself. Artificial
canals with definite geometry and curvature had been used
for this test.

In this study a special device was designed and
constructed for cyclic fatigue testing of endodontic files.
This device have the following objectives: the first is to
hold the endodontic motor and the artificial canal securely
in a reproducible position, the second is to reproduce the
exact position of the file in the artificial canal after
changing the file between different samples, the third is to
allow accurate positioning of the file in the artificial canal.
Aluminum mold alloy was used as the raw material for
construction. It has the advantages of high strength and
stiffness and low weight. The design of this device allows
accurate positioning of the canal in relation to the file. The
motor table which hold the endodontic handpiece had
different holes to allow the usage of the plastic tie warps
for accurate fixation of the handpiece during testings

The artificial canal was designed corresponding to
the size and taper of the tested files from both systems
(#25.06) plus 0.1 mm relief circumferentially for the whole
file, allowing the instrument to rotate freely inside the
artificial canal. This design precisely constrained the file in
a suitable trajectory during thegdest. The 0.1 mm amount of
relief was chosen as according'to Plotino et al., (25) who
tested three different canals , the amount of 0:1 mm relief
was the best design in which the tested file respect,the
established parameters of the canal's curvatures while the
relief of 0.3 mm and the non-tapered canals.can't precisely
constrain the file in the established parameters.

All the parameters (Angle, radius of the curvature
and position of the center of the curvature) are controlled
by the researcher before the construction of the artificial
canal. Computerized aided design (CAD) was performed
for canal construction and then milling/of the artificial
canal in a stainless-steel block was done. After that, the
block is hard Chrome electroplated to increase the block
hardness so it would not be milled down by the files during
testing. In this study, videos recorded for all files during
the test. Re-evaluation of the time to fracture was done
after a period of two weeks from the first evaluation to
provide an intra-observer reliability. The artificial canal
had 60° angle, 5 mm radius of curvature and maximum
convexity is 5 mm from the tip of the canal. These specific
parameters were chosen as most of the cyclic fatigue
studies used them (26,27).
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In our study the device worked at static mode
without any axial movement (28). The static mode was
chosen as according to Keles et al., (29) the dynamic axial
movement resulted in an extended cyclic fatigue life.

Lack of standardization for cyclic fatigue testing
led researchers to try developing standardized techniques
and methods for fatigue testing of endodontic instruments.
All these techniques allow files to rotate at certain
parameters and record the duration from the beginning of
rotation until breakage of the file. These different
techniques seem trying to achieve two goals: the first is to
control accurately different variables during the test so the
variation in the,results would be due to variation in the
cyclic fatigue'resistance of files under testing and not a
result of uncontrolled variables, the second is to imitate the
clinical” condition \as much as possible. Standardization
could be as simple as standardizing the file position inside
the canal, file size, canal.(size and taper), position of the
endodontic hand piece in relation to the canal and (speed
& torque) of the endodontic motor.

Inhour study, standardization was achieved by
testing “both systems inside the same artificial canal,
device, environment (room temperature), files size (25.06),
rotational mation (continuous rotation), endodontic motor
speed (350 rpm) and torque (2.5 N.cm). This torque and
speed were used according to the manufacturer
recommendations. The aim of standardization was to
exclude any/contributing causative factors except for the
point of difference between the tested files which was the
heat treatment.

In this study, the test was performed at room
temperature with interval period of (20 minutes) between
each tested file and synthetic oil was used inside the
artificial canal for lubrication of the rotating file inside the
canal and to avoid the effect of the generated heat in the
metal block during testing. According to Dosanjah et al.,
(30) increasing the environmental temperature drastically
decrease the number of cycles to fracture.

In our study we compared the TS and OS files to
investigate the effect of [T-Wire] recent proprietary heat
treatment in the cyclic fatigue resistance of the file. Our
results showed that TwoShape files had greater number of
cycles to fracture compared with OneShape files. This
might be due to the difference in the metal alloy as
OneShape files are manufactured from conventional NiTi
wire, while TwoShape files are manufactured from heat
treated T-wire. TwoShape files have two main cutting
edges and one secondary cutting edge for improved debris
removal. while OneShape files have cross section that
progressively changes from 3 to 2 cutting edges from the
apical to coronal parts. Our results showed that there was
no significant difference in the length of separated
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fragments between both tested systems. Thus, both
systems revealed the same file's fracture level (apical third)
at which the tested file had three cutting edges. This
making us excluded the file's cross section as causative
factor of the resulted difference in the cyclic fatigue
resistance between the two files systems. The cross-
sectional area of the file has a significant effect in the
cyclic fatigue resistance as Sekar et al., (26) found that the
smaller cross-sectional area of the file, the greater cyclic
resistance would be. In the results of our study, we found
one specimen from OneShape (#2) and three specimens
from TwoShape (#22, #23 and #28) at the specimen
distribution were outliers (had extreme reading), we
attributed that to the manufactural defects.

In agreement with our results, Ataya et al., (31)
found T-Wire heat treatment drastically enhanced the
cyclic fatigue resistance of heat-treated OneFlare files
when compared with conventional OneFlare files.
Whereas, Sekar et al., (26) found that M-two files had
higher cyclic fatigue resistance than OS. Moreover,
Giindogar & Ozyiirek (32) found that The HyFlex EDM
files had the greatest number of cycles to fracture whileithe
OS files had the least among all tested files. Furthermore,
Staffoli et al., (33) found that OneCurve files had higher
cyclic fatigue resistance than both OS and OneShape new.
generation. Uslu et al., (34) found that TS files had the
highest cyclic fatigue resistance among all tested files. As
well, Neelakantan et al., (35) found that Reciproc (R25)
had greater number of cyclesysto fracture than OneShape
files at both static and dynamic'modess likewise, Serafin et
al., (36) found that OneCurve' files had greater cyclic
fatigue resistance than OneShape. Also, Topcuoglu et.al.,
(37) found that HyFlex CM and ProTaper Next (X2) files
had higher cyclic fatigue resistance than bothOnShape and
ProTaper Universal (F2) files

In the contrary, Wang et al., (38) found that
OneShape files had higher cyclic fatigue resistance than
ProTaper Universal (F2) files when files testedsin canals
with 60° and 90° angle of curvature.

The limitation of this study was that before cyclic
fatigue testing, we did not examine files by scanning
electron microscope or stereomicroscope for exclusion of
files with manufactural defects before testing.

CONCLUSION

Within the limitations of this study, TwoShape files which
were made of T-Wire had significantly higher cyclic
fatigue resistance when compared with OneShape files
which were made of conventional NiTi alloy. Heat
treatment drastically affected the cyclic fatigue resistance
of the instrument.
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