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ABSTRACT

Introduction: The goal of this study was to evaluate the bending and fracture
resistance of TRUShape and ProTaper Next files in static and dynamic modes.
Method: A universal testing machine evaluated the bending resistance of ten
randomly chosen files from each system. These files were chosen for the
present investigation because they were all 0.25-inch in diameter. Custom-
built equipment was used to conduct both static and dynamic cycle fatigue
testing. An artificial canal was cut with a 60-degree curve and a 6mm diameter
in a stainless-steel block. Scanning electron microscopy was utilized to detect
the fracture mechanism after the broken segments' lengths had been
determined by other means. New TRUShape and ProTaper Next files were
subjected to X-ray energy-dispersive spectrometer (EDS) examination to
assess their average nickel and titanium contents. The statistical analysis made
use of an independent t-test. Result: TRUShape files displayed substantially
less bending resistance than ProTaper Next files. Moreover, the TRUShape
demonstrated significantly better cycle fatigue resistance than the ProTaper
Next in both static and dynamic modes. The EDS analysis demonstrated that
the alloy composition of both files was highly comparable. Conclusion: When
evaluated in static and dynamic modes, TRUShape files outperformed
ProTaper Next in cycle fatigue resistance. ProTaper Next files displayed much

less flexibility than TRUShape files for dynamic cycle fatigue testing.

Keywords: Bending and fracture resistance, TRUShape Next files, ProTaper
Next files, Dynamic mode, static mode, root canal.

1. INTRODUCTION

Nickel-titanium (NiTi) rotary devices are a significant advancement in root
canal preparation. Maintaining the root canal's geometrical integrity is
possible due to greater flexibility and elasticity (Biirklein et al., 2015; Saber et
al., 2015). A crack during root canal preparation might affect treatment results

because of cyclic fatigue, making them flexible but prone to unexpected
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fractures (Alapati et al., 2005; Sattapan et al., 2000; Cujé et al., 2010). Composition, design, and heat treatment play a critical part in
NiTi instruments' fracture resistance (Shen et al., 2011). New instruments, including the M-Wire, R-phase, and controlled memory
wires, have been developed due to the thermomechanical treatment of NiTi alloy. Improved flexibility and cyclic fatigue resistance
may be found in the updated generation of NiTi alloys that have been heat-treated (Braga et al., 2014; Shen et al., 2013).

Before these changes, the cross-section and taper of rotating NiTi instruments were altered to increase their shaping capabilities
and fracture resistance (Biirklein et al., 2015; Shen et al., 2016). Further improvements in rotary instruments may be found in
nonstandard cross sections, S-curve long axes, and self-adjustable file designs. An additional benefit of using these designs is their
ability to preserve canal geometry while removing more germs from the root canal, using less dentin removal (Ahmetoglu et al.,
2015; Bortoluzzi et al.,, 2015). An M-Wire alloy is used to make the ProTaper Next rotary file (Dentsply, Sirona, Ballaigues,
Switzerland), incorporating a variable taper design. Flexural responses are delivered better with this file's off-center rectangular
cross-section, which is the best design (Braga et al., 2014; Topcuoglu et al., 2016; Elnaghy, 2015; Ha et al., 2017).

TRUShape files (Dentsply Tulsa Dental Special, Tulsa, OK), which are heat-treated NiTi instruments with an S-curve long axis,
are on the market. When tested in a double-curved canal, the TRUShape file beats the Vortex blue, Profile, and One Shape
instruments in terms of fatigue resistance (Shen et al., 2016). This is the first time that the fatigue resilience of TRUShape files has
been evaluated dynamically. To evaluate bending and cyclic fatigue resistance, we tested the ProTaper Next and TRUShape NiTi
files in static and dynamic settings. According to the null hypothesis, there is no statistical difference among the two instruments'

bending and cycle fatigue resistance when used in the two modes.

2. METHODOLOGY
This experimental procedure was agreed by King Abdulaziz University (REC-FD#198-01-21), the duration of the experiment was 12

weeks from January 2021 to April 2021. Bending resistance of 10 fresh files from each system was tested on universal testing
equipment. This experiment required the use of 60 TRUShape and ProTaper Next files with a 0.25-pixel size. Static and dynamic
cycle fatigue testing was carried out using specialized equipment. A stainless-steel block was cut with a 60-degree curvature and a
6mm radius artificial waterway. When the shattered segments' lengths had been determined, scanning electron microscopy was
utilized to investigate the kind of fracture that had occurred. An X-ray energy-dispersive spectrometer analysis (EDS) was used to

assess the average quantities of nickel and titanium in the new TRUShape and ProTaper Next files.

Binding Resistance Test

Ten new TRUShape and ProTaper Next devices were used in the bending resistance test at random. Bending resistance was
measured using universal testing equipment (MultiTest 2.5-i, Mecmesin, Newton House, West Sussex, United Kingdom), as
mentioned in earlier research (De-Deus et al., 2017; Silva et al.,, 2016). The universal machine was fitted with a pre-programmed
computer algorithm that ensured a consistent 450 position for all instruments (Emperor, Mecmesin, Sinfold, UK). A wire composed
of flexible stainless steel was used to attach a 20-N load cell at 15 mm/min at one end of the instrument. The opposite termination of
the wire was attached 3mm from the instrument's tip. The machine was turned on until the instrument's tip expressed elastic

displacement and reached 450. The computer application recorded the time and load for each file bent.

Cyclic Fatigue Test

A universal machine was fitted with pre-programmed computer software that ensures a consistent location for all instruments in
both static and dynamic modes (Emperor, Mecmesin, Sinfold, UK). One operator was responsible for performing the test in both
modes. For the static model, 15 new TRUShape files (TSFILE2525, size 25, 0.06 v) and ProTaper Next files (X2, size 25, 0.06 v) were
selected. Under an operating microscope, the files were examined for flaws (Pico; Zeiss, Oberkochen, Germany). A custom-made
system was used to test cyclic fatigue, as described in a previous study (Plotino et al., 2009). The curve of the artificial canal was 600
degrees. According to the manufacturer's specifications, both files were tested at 300 rpm and triggered by an ACTEON motor
(ENDODUAL, MERIGNAC Cedex, France). Synthetic oil was used to lessen the amount of friction between the canal's wall and the
instrument (Super Oil; Singer Co Ltd., Elizabeth Port, NJ, USA).

Another set of 15 new TRUShape and ProTaper Next files was tested in the dynamic mode. In this mode, the starting position
was determined by first lowering the file until it touched the inclined surface of the artificial canal lightly. A second position was
recorded by lowering the file 3.0 mm from the first position. The hand piece moved axially 1.5mm above and below the starting
position at a frequency of 1cycle/sec (Hz) (Ray et al.,, 2007) to imitate the pecking motion. The computer recorded the pecking

motion pattern and reproduced it with all files. Fractures were detected visually with a magnifying lens fixed to the testing
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machine. A chronometer with a 1/10 second precision was used to record the time to fracture. The total number of cycles to fracture
(NCF) was determined by calculating the duration (seconds) till failure by the number of rotations per minute. Digital micro-
calipers (Filetta, Schut Geometrical Metrology, Ebnatstrasse, Schaffhausen, Switzerland) were used to measure the length of the
cracked sections in both static and dynamic modes.

SEM Evaluation
Each file evaluated had four fragmented segments that were dressed ultrasonically in absolute alcohol at random from the static

and dynamic modes. At various magnifications, SEM was utilized to image the lateral views and fracture surfaces (150-1500X).

X-ray energy-dispersive Spectrometer Analysis (EDS)
TRUShape and ProTaper have announced five new models. The average degrees of nickel (Ni), titanium (Ti), and diverse

components in the instruments were then discovered utilizing X-ray beam (EDS) analysis.

Power Analysis
An independent sample t-test was utilized to investigate the test's power. With a total sample size of 60, the values from the t-test
analysis (Table 1) had a power of 0.99 at p<0.05 (15 per group for each outcome: number of cycles in static and dynamic modes).

Table 1 Number of cycles to fracture (Mean+ SD) in static and dynamic mode and bending resistance load.

Segment length
Group NCF
(mm)
TRUShape 496.300+52.929 4.6+.156
Static
ProTaper Next 447.000+58. 533 4.7+.125
TRUShape 1004.400+205.654 3.160+.189
Dynamic
ProTaper Next 634.900+ 68.276 3.310+.117
All tested groups were significantly different from each others (p<.05).
NCF, number of cycles to failure; M, mean; SD, standard deviation;
N, Newton

Statistical Analysis
The data were evaluated with SPSS v22 (SPSS, Inc., Chicago, IL), and the Kolmogorov-Smirnov test was performed to assess its
normality. In addition to this, the mean values of the two files in the static and dynamic modes were compared by an independent

sample t-test. The 0.05 p-value was used.

3. RESULTS

The data for the NCF were confirmed to be normally distributed using the Kolmogorov-Smirnov test. Both instruments displayed
much stronger resistance to cyclic breakage in the dynamic mode than in the static mode (p<0.05). In all modes, the TRUShape files
demonstrated much stronger resilience to breakage than the ProTaper Next (p0.05) (p0.05). The ProTaper Next files displayed
considerably stronger bending resistance than the TruShape files (p<0.05: Tablel). The mean lengths of fragmented segments were
substantially longer in the static than in the dynamic mode (p<0.05). The SEM topographic appearance of the broken face displayed
morphologic traits typical of ductile fracture. The ProTaper Next displayed sluggish propagation of fractures, whereas the
TRUShape exhibited many crack sources in the dynamic mode compared to the one in the static approach (Fig. 1). No plastic
deformation or cracks were observed in the lateral view for either file. According to the EDS study, the alloy composition of both

files was highly comparable, as shown in Fig 2.
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Figure 1 Secondary electron micrograph showing the fractured surface of instruments with morphologic characteristics of ductile
fracture: (A) ProTaper Next static test. (B) ProTaper Next dynamic test. (C) TRUShape static test. (D) TRUShape dynamic test

(original magnification 750X).
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TiE 40.18  38.27 0.3936 0.3774 0.9753 1.0278 TiF 37.14  31.27  0.3605 0.2660 0.9783  1.0273
Nik 50.73 39.43 0.4937 0.98943 0.9753 1.0036 Wik 47.44 32.59 0.4573 0.9819 0.9783 1.0035
Znk 2.42 1.69 0.0217 0.8492 0.9451 1.0000 ZnK 2.21 1.38 0.0196 0.9371 0.9497 1.0000
Total 100.00 100.00 Total 100.00 100.00

Figure 2 Results of X-ray energy-dispersive spectrometer (EDS) analysis: (A) TRUShape file. (B) ProTaper Next file.

4. DISCUSSION

The fatigue resistance of newly designed NiTi rotary instruments was thoroughly tested using the static mode in single and double
canal curvature (Gu et al., 2017). Other research has employed the dynamic mode with a continuous pecking action (Ray et al., 2007;
De-Deus et al., 2014). Axial motion is encouraged during cleaning and shaping, and the tool should not remain static in the root
canal to avoid the danger of fracture (De-Deus et al., 2014; Li et al., 2002; Dederich and Zakariasen, 1986). Thus, testing instruments
represent the pecking motion that is typically used. In contrast, the static mode does not resemble a clinical situation (Ray et al.,
2007; Li et al., 2002; Dederich and Zakariasen, 1986). In a previous study, TRUShape files exhibited a unique, slight up and down
axial motion during cyclic fatigue tests in a double curvature canal. The authors compared this to its motion in curved canals (Shen
et al., 2016). Based on this observation, we selected the dynamic mode to test the cyclic fatigue of TRUShape and used the static
mode as a reference test.

Theoretically, in the static mode, the instrument lingers in the area of the highest stress. In contrast, the instrument remains
longer in the linear part of the canal in the dynamic mode before passing again through the high-stress area. Both instruments in
this investigation exhibited much better fatigue resistance in the dynamic mode than in the static mode, which is consistent with
earlier research (Li et al., 2002; Rodrigues et al., 2011). As a result, the null hypothesis was ruled out. Generally, the phase transition

and cyclic fatigue resistance of NiTi alloys are affected by heat treatment. TRUShape has a classic R-phase transformation. The R-
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phase and the martensitic transformation overlap with an austenite finish temperature of approximately 300C, while ProTaper Next
has a classic austenite-m phase. This might be due to the heat treatment, flexibility, and various file design (Braga et al., 2014;
Hieawy et al., 2015; Govindjee and Govindjee, 2015). Because of heat treatment, flexibility, and other file designs, the TRUshape had
better static and dynamic fracture resistance than ProTaper Next files.

In dynamic mode, file designs are considered the most critical factor in contributing to fatigue resistance (Ray et al., 2007).
Furthermore, the cross-sectional design and area of the internal core also affect fracture resistance significantly (Shen et al., 2011). In
this study, the small, triangular cross-section and the S-curve long axis of TRUShape gave it superior fracture resistance to the
ProTaper Next, which has a rectangular cross-section. Similarly, TRUShape exhibited conventional Vortex Blue and ProFile rotary
files (Shen et al., 2016). Theoretically, the difference in NCF between the two files should be similar in both modes if they have a
similar tip size, taper, and elemental composition. In this study, the percentage difference in NCF of TRUShape and ProTaper Next
files was 11%, while the percentage difference in dynamic mode was 58%. The percentage NCF difference of ProTaper Next in static
and dynamic modes was 42%, while it was 102% in TRUShape. This statistical difference in the NCF of TRUShape in the two modes
might be primarily attributable to the S-curve long axis design, which affects its vulnerability to cyclic failure in dynamic mode (Yao
et al., 2006). Moreover, both files have different heat-treatment and fracture resistance (Shen et al., 2013).

Heat-treated files always exhibit a minimum bending load because of changes in the transformation behavior that significantly
affect the bending characteristics of the NiTi instrument. The TRUShape file proved less bending resistant than the ProTaper Next
in performed tests. These results are attributable to the unique design feature of the S-curve along the TRUShape longitudinal axis,
as the bending point was located on the concave side and facilitated bending more than did the linear design of the ProTaper Next
(Yahata et al., 2009). However, the current study results showed that the TRUShape rotary files resist dynamic and static cyclic
fatigue significantly better than ProTaper Next files. TRUShape files also had the most extended life duration in dynamic cycle
fatigue tests and showed more flexibility than the ProTaper Next rotary file.

5. CONCLUSION

Although the authors followed a standardized procedure to test cyclic fatigue of the gadgets in dynamic mode with the assistance
of a computer program, it does not depict the mechanical preparatory pecking motion. An interrupted pecking motion is observed
more often in the clinical situation, as irrigation and the pecking motion alternate. When evaluated in static and dynamic modes,
TRUShape files resist cyclic fatigue better than ProTaper Next. When evaluated for dynamic cycle fatigue, TRUShape files had the
most extended lifetime and were substantially more flexible than ProTaper Next files. Appropriate rotating speeds and constant

pecking action in the root canals are required to avoid a NiTi rotary tool fracture.
Statement of clinical relevance
The file lifetime represents a great issue for the endodontist, complicating the treatment. Testing the cyclic fatigue resistance in

dynamic mode is much closer to the pecking motion in the clinic.
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