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ABSTRACT

Background. The objective of this study was to analyze the resistance alp#iy to

cyclic fatigue failure of ProTaper Universal files (PTU; size 25, 0.08 taper),
ProTaper Gold files (PTG; size 25, 0.08 taper), and Hyflex CM files (HCM; size 25,
0.06 taper).

Materials and Metho An overall number of 120 new instruments of PTU, PTG,
and HCM were tested in a stainless steel block that replicated artificial root canal
morphology with an angle of curving point (45°) and the radius urvature (5mm).
Forty files from each group were employed inside the canal until frm.lre. The
timing of the instruments fracture was recorded by a digital stopwatch. The time to
separation was analyzed and the figure of cycles to failure (NCF) of the rotary files
was measured and registered. The obtained data was statistically analyzed.
Results. All files suffered a fracture at a precise number of cycles. The highest
resistance to breakage of the rotating files demonstrated a superior number of
cycles to fatigue separation. The HCM and PTG files showed greater grades of
NCF than PTU files with significant differences (P < .05). The HCM and PTG
groups recorded comparable standards of resistance to repeated fatigue inside the




canal (P > .05). On the contrary, PTU exhibited the smallest competence to
fracture resistance among the other tested files.

Conclusions. The present findings showed that the HCM files appeared to be
proper for shaping complicatgsy root canal system as HCM files illustrated a
remarkable performance in fatigue resistance followed by PTG and PTU,
respectively.
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INTRODUCTION

The nickel-titanium (NiTi) endodontic instruments have more flexible capability and
elasticity than stainless steel that minimizes the restoring forces and improves the
canal preparation [1,2].The central concern when operating NiTi rotary instrument
is files fracture. In viey@f that, study showed that the cyclical fatigue is presumably
to take place inside a root canal with small radius of curvature especially with
morphology of an acute curve [3,4].

The thickness of the instrument and the curvature radius of the root canal system
can both influence on the degree of the compression and tensile forces that
subjected on the flexed zone of the instrument [5].

According to the study by Haikel Y. and al., it was reported that the generated
forces upon the instrument have a potential to increase with a less significant
radius of the canal twist and larger instrument’s diameter. Accordingly, the fracture

resistance potential of the instrument is reduced [6].

The NiTi root canal instruments tend to fracture as an end result bending fatigue
[7]. A mechanical load occurs as a result of endodontic instrument’s rotation inside

a curved canal which can be shown by changing compression and tensile stresses.




The recurrence of these loads causes fracture to the endodontic instruments [8].
Mechanical test of rotating-torsional fatigue is implemented in order to calculate the
resistance to crack of the endodontic preparation instruments. Therefore, ma
studies reported that both cyclic and torsional weakness are the major causes of
the NiTi endodontic files fracture inside the canals during the clinical use [9].
Recently, manufacturers have developed the designs and metallurgy of the NiTi
files and added elite technology with the purpose of optimizing the fracture
resistance and functionality [10]. The advanced thermo-mechanical treatment for
NiTi files were emerged to upgrade the clinical performance and to degrade the
issues that associated with the conventional NiTi alloy, such as file distortion and

fracture [11].

The ProTaper Universal (PTU; Dentsply Maillefer, Ballaigues, Switzerland) files

were generated in the canal instrumentation with a conventional NiTi materials,
their design is ai to decrease the breakage, torsional stress, and prospective
separation [12]. The ProTaper Gold (PTG; Dentsply Maillefer, Ballaigues,
Switzerland) rotary files have lately developed, although their design is
geometrically identical with PTU files, with a Gold-Wire alloy and were processed

with a heat treatment technology that shows signs of a considerable flexibility [13].

Lately, the newer generation of NiTi system is yflex CM files (HCM; Coltene-
Whaledent, Allstetten, Switzerland) are manufactured with a contemporary NiTi
technology that uses the controlled recall memory (CM) wire, which have been
treated with thegmo-mechanical procedures making the files exceptionally flexible
[14]. The goal of this in-vitro research was to assess the comparison of the
resistance potentials to the eated fatigue failure of various rotary endodontic
files: PTU, PTG, and HCM. The null hypothesis was that there is no distinction in
the resistance capability to recurring fatigue fracture among the tested rotary
systems.




MATERIALS AND METHODS

Cyclical fatigue testing

The tested endadontic instruments were applied in this study were ProTaper
Universal (PTU) (Dentsply Maillefer, Ballaigues, Switzerland) with file size 25, 0.08

er, ProTaper Gold (PTG) (Dentsply Maillefer, Ballaigues, Switzerland) with file
size 25, 0.08 taper, and Hyflex CM files (HCM) (Coltene-Whaledent, Allstetten,
Switzerland) with file size 25, 0.06 taper as displayed in Table 1. Each single
instrument was careﬁlly checked for any visible structural micro-defects under
magnifying images (OPMI pico, Zeiss, Oberkochen, Germany), and none was
rejected.
The fabrication process of the artificial root canals was done by the simulation of

the canals into a stainless steel block.

The measurements were as follows: - Angle of the curving point (45°)
- Radius of the bending (5mm) - Distance from files tip to the center of curvature

(5mm).

Table 1. The Tested Rotary Endodontic Files, Sizes, and Tapering Degree

Rotary Files Manufacturer Files Size Files Taper

—-gro Taper Dentsply Maillefer, 25 mm 0.08 %

Universal Files Ballaigues, Switzerland

(Pé U)

* Pro Taper Gold | Dentsply Maillefer, 25 mm 0.08 %
jﬁs (PTG) Ballaigues, Switzerland

* Hyflex CM Files | Coltene-Whaledent, 25 mm 0.06 %

(HCM) Allstetten, Switzerland

The instruments were classified into three groups, 40,samples for each group (120
samples in total) and were exposed to repeated Taligue testing procedure. A
stainless steel block was distinctively made in order to simulate the artificial canal




morphology and to achieve a close ntact between the tested rotary instruments
and the canal walls [15].

Cyclic fatigue testing was specifically conducted by using a rotary Eandpiece (X-
Smart Plus, Dentsply Maillefer, Baillagues, Switzerland). The handpiece was fixed
and adjusted to the speed and torque with a constant and controlled pressure with
no sliding as instructed by the producer [16]. Subsequently, the tested rotary files
were worked in a continuous clockwise rotation. s

The PTU files performed at 300 rounds per minute (rpm) and 3 N/cm torque, PTG
worked a 300 rpm and 2.5 N/ecm torque, and HCM files at 500 rpm and 2.5 N/cm
torque. The working length of the canal was allocated to be 19 mm for the all
tested rotary files.

In relation to the study byéubizarreta A. and al., the synthetic oil was applied
knowingly as a lubricant Iin order to lessen the friction effect that generates
between the rotating files and the walls (Singer All-Purpose Oil; Singer Corp.,
Barcelona, Spain) [17].

In accordance with the research by De Almeida F. and al., stated that the NiTi files
were used inside the canal until breakage happened and the timing of the
instruments separation was reported a digital stopwatch (HS-80TW, Casio
Computer Co., Inc., Tokyo, Japan) [18]. The time to breakage failure was analyzed
and the number of cycles to failure (NCF) of the rotary files was measured and
registered.

The data of both rgfary file systems was obtained through applying the following
formula: the figure gﬁcycles to fatigue fracture (NCF) = rotational speed of files X
time to failure in seconds and dividing the results by 60 [19].

time (sec) X speed
NCF = ( 63] P

Statistical Analysis




The mean nd standard deviations values of NCF were analyzed and measured
for each tested instrument. All colleaed data were subsequently investigated and
submitted to statistical assessment using one-way analysis of variance and Tukey
post hoc tests. The significance level was established at P < 0.05. All
statistical investigations were executed by applying SPSS software (SPSS Inc,
Chicago, IL).

RESULTS
Resistance to fatigue failure

The NCF was statistically analyzed for PTU, PTG, and HCM.instruments. All files
demonstrated a separation at a certain number gf cycles at%e apical one/ third of
the canal at angle of curvature 45°. The greaﬁr resistance to fatigue fracture of the
testing rotary files showed a superior digit of cycles to fracture as presented in
Table 2.

3
Table 2. Mean Values of Cycles to Fatigue Fracture and Standard Deviation of the

Instruments
Instruments Groups NCF
Mean SD
* ProTaper Universal Files 513.942 121.28
» ProTaper Gold Files 752.61° 168.57
» Hyflex CM Files 791.56° 202.74
gi:ferent superscript letters indicate a significant difference at (P < 0.05).

Abbreviations: SD= Standard deviations. NCF= Number of cycles to failure.

The file’s ups of HCM and PTG illustrated higher scores of NCF than PTU
group with significant differences (P < 0.05). The files groups of HCM and PTG
reported comparable values of resistance to fatigue failure inside the canal (P >
0.05). Interestingly, file group HCM showed the greatest mean value of cycles to




fatigue fracture among the other tested groups. Conversely, the least capability to
fracture resistance was observed in file group PTU and witnessed the poorer NCF.

;
DISCUSSION

The obtained results of ﬁis study rejected the null hypothesis which states that
there is no diversity in the resistance ability to cyclic fatigue separation of the

experimented NiTi endodontic rotary files.

The outcomes of the present work exhibited an agreement with the findings of the
prior studies which state that the NiTi root canal rotary instruments suffered
unexpected separation inside the ¢anal regardless their superior flexibility [20]. The
files separations were generated by the stress triggered by the recurring fatigue
failure, torsional fatigue, or both of these combined factors [21].

Study described that the existence of history of a periapical lesion in conjunction
with the breakage of the root canal file represents a decisive part that influences
the success of the endodontic therapy. Moreover, the fragment the separated
files block the entrance to the roohcanal apex that compromisess% healing of the
periapical tissues and decreases the disinfection level of the root canal geometries
[22].

%e cyclic fatigue failure and torsional failure are the core reasons explaining the
mechanism of the root canal files separation. Subsequently, the rotary file works in
a curved canal with recurgging compressive and tensile pressures that lead to cyclic
fatigue and fracture, and when the file’s tip is jammed inside the curved canal while

the file’s shank maintains rotating a torsional failure takes place [23,24].

The implem(atation of a simulated artificial canal specifically imperative when
investigating the cyclic fatigue of the endodontic files inside the curved canal as the
standardized artificial canal lessens the impact of other variables not related to the
endodontic file itself. Therefore, it is virtually impracticable to select a sample of




human teeth with a standardized anatomy in order to mimic the curved canal with
similar length, dimension, and geometries [25].

Studies recorded that the shaping endodontic rotary files with a symmetrical
jangular cross-sectional pattern exhibit better confrontation to fatigue separation
gn those instruments with a square cross-sectional outline where the triangular
design reduces the metal mass and tﬁ friction between the blades of the file and
dentinal wall [26]. The HCM, PTG, and PTU files have symmetrical triangular,
convex triangular, and triangular cross-sectional shapes, respectively.
The outcome of this study showed that HCM files (symmetrical triangular cross-
sectional pattern) illustrated better resistance to fatigue failure and higher grade of
NCF than PTG and PTU files. The heat-treated NiTi alloys are the essential
elements that made HCM files which provide the files with remarkable flexibility
angﬁgher resistance to cyclical fatigue than the PTU instruments fabricated with a
conventional NiTi alloy which are considered inferior in terms of bending capability
[27].
In line with the study by Simpsy G. and al., emphasize that the HCM group
demonstrated an exceptional fatigue resistance compared with the PTU group, and
it was suggested for acutely curved root canals which concur with the findings of
this present study [28].
The PTG group showed superior flexible properties that enabled it to grant a
significant resistance against cyclic fatigue failure compared with PTU group [29].
The PTG files were developed with an innovative technology of heat treatment; as
thus, it explains their enhanced clinical performance and behavior among PTU
group [30].

This finding is in harmony with an earlier study results. The authors attributed the
results to the diverse metallurgical and manufacturing advances of both PTG and
PTU rotary files and that could essentially influence their fatigue resistance
performance. Accordingly, thermally processed PTG files were correlated with
significantly boosted flexibility than PTU files [31].




In fact, when comparing the resistance to cyclic fatigue between PTG and PTU
files, PTG proved to be considerably more resistant to fatigue failure than PTU
instruments. Although, the matching architecture of both PTG and PTU systems,
dissimilarity of the manufacturing process among the two systems evidently
influences their resistance behavior to cyclic fatigue [32].

Based on several studies and conclusions, indicated that multiple factors such as
cross-sectional design, thermo-mechanicwrocessing, and innovative technology
could have a fundamental consequence on the microstructure of the NiTalloys
and consequently optimize the clinical performance and repeated fatigue
resistance of the rotary files, and in addition to that, upgrade the flexibility of the

instruments inside the curved canals [33].

CONCLUSIONS

Within the limitation of the findings of this in-vitro study, it can be summarized that
HCM files seemed to be appropriate for preparing complicated root canal system
with superior number of rotational cycles bef they fracture. The Hyflex CM
instruments showed the supreme presentation In terms of fatigue resistance, and
the ranking of trﬁ other tested files in declining order of recurring fatigue resistance
was as follows: ProTaper Gold and ProTaper Universal files.
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