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KEYWORDS Abstract  Objectives: The aim of this in vitro study was to investigate the torsional fatigue resis-
Curved position; tance of different rotary files in straight and curved positions at a simulated intracanal temperature.
Torsional resistance; Methods: Forty-eight size #25 files from ProTaper Universal (PTU), ProTaper Next (PTN) and
ProTaper Gold; ProTaper Gold (PTG) were tested for torsional resistance in both straight and curved (90 degrees)
ProTaper Next; positions (n = 8 each). The experiment was conducted at a simulated intracanal temperature of 35
ProTaper Universal + 1 °C. The torque gauge was reset before every use, and uniform torsional stress was applied by

rotating the file clockwise at a speed of 40 rpm until fracture. Torque failure values were recorded,
and fractured surfaces were tested using a scanning electron microscopy (SEM). Statistical analysis
of the data was completed using one-way ANOVA and post-hoc test (LSD) in order to compare
between the tested systems in each file position. Student’s 7-test was also performed to compare
between the two positions in each rotary system, and significance level was set at 5%.

Results: In the straight position, torsional resistance of PTN was significantly lower than that of
PTU and PTG (p < 0.001), while the PTU and PTG had comparable results (p > 0.05). In the
curved position, torsional resistance was found to be comparable among all systems (p > 0.05).
Within each system, the curved position resulted in a significantly lower torsional resistance when
compared to the straight position (p < 0.001). SEM examination revealed similar torsional failure
behavior for all files tested under both positions.
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Conclusions: Our study identified that placing files in a curved position was associated with a sig-
nificant decrease in torsional resistance of all systems, and this necessitates reconsidering the torque
settings proposed by the manufacturers. Whether these effects can be translated into in vivo studies
remains to be investigated, and thus future studies are essential to provide confirming evidence.
© 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Endodontic files made of nickel-titanium (NiTi) alloy were
introduced to the market with their superelastic behavior
and shape memory property (Glossen et al., 1995; Del
Fabbro et al., 2018) which make them superior to stainless
steel files in cleaning and shaping the root canal system or
removing the previous root canal filling in retreatment cases,
especially in challenging root canal anatomy. The main factor
for the improved characteristic of NiTi files is the reversible
martensitic transformation. This transformation occurs due
to a change between austenite and martensite phases which
facilitates preparing curved root canals with safety, efficiency,
and predictability (Kazemi et al., 2000; Perez et al., 2005).
However, clinicians might encounter NiTi files fracture during
root canal instrumentation which affects root canal treatment
prognosis (Spili et al., 2005). File fracture might be caused by
cyclic fatigue and/or torsional failure. The former occurs when
compressive and tensile forces are repeatedly applied to the file
while it is used in a curved canal in the area of greatest curva-
ture until it fractures, while the latter takes place when the file
tip is engaged in the canal while the rest of the file is rotating
freely (Sattapan et al., 2000).

During root canal instrumentation, there are many factors
that might generate stress on the file leading to fracture such as
the handling technique, method of use, and complexity of the
root canal anatomy. Moreover, the NiTi file performance
under stress might be influenced by file design, alloy composi-
tion, and manufacturing process (Kuhn and Jordan, 2002;
Miyai et al., 2006; Peters et al., 2007; Hieawy et al., 2015).
The manufacturers of rotary systems strive to improve the
mechanical characteristics of their products by developing
new geometric design and/or thermo-mechanical manufactur-
ing process (Cheung and Darvell, 2008; Shen et al., 2012). Pro-
Taper Gold (PTG; Dentsply Sirona, Ballaigues, Switzerland)
has been launched as the second generation of PTU with the
same design and dimensions. However, both have different
proprietary advanced metallurgy. Previous studies compared
between PTG and PTU in relation to the resistance to cyclic
fatigue and torsional failure and found that PTG had a higher
resistance to cyclic fatigue yet lower resistance to torsional fail-
ure (Elnaghy and Elsaka, 2016,2017). Moreover, the same
manufacturer introduced another NiTi system, named ProTa-
per Next (PTN), by using M-Wire technology with a unique
design where the center of rotation is offset. The PTN files
showed higher resistance to cyclic fatigue than PTU
(Elnaghy, 2014).

It is worth mentioning that all previous torsional studies
were performed while the file was held in a straight position.
This might not reflect the reality of clinical practice where most
root canals have some degrees of curvature. Therefore, con-
ducting such type of experiments while the file is placed in

curved position might be more informative on instruments’
performance when used in vivo. Moreover, performing this
experiment under simulated intracanal temperature shall show
file performance inside the patient’s mouth. Thus, the aim of
this in vitro study was to investigate the effect of torsional fati-
gue on PTU, PTN and PTG files in straight and curved posi-
tions at simulated intracanal temperature. The null hypothesis
of this study is that there would be no difference in the tor-
sional resistance between the two positions in each group
and between the groups in each position.

2. Materials and methods

Forty-eight files with #25 tip size selected from PTU, PTN and
PTG were tested in both, straight and curved positions (n = 8
each). File defects and irregularities were identified using a
dental operating microscope (OPMI Zeiss Pico; Carl Zeiss
MediTec, Dublin, CA), at a magnification of 13.6X.

A universal vise was used to hold the X-Smart Plus motor
handpiece (Dentsply Sirona) with the mounted file above the
torque gauge device (TTOl; Mark-10 Corporation, Long
Island, NY). The file’s apical 3 mm was firmly fixed using a
stainless-steel pen vise. Then, the pen vise was attached to
the torque gauge device in a way that placed the file in a ver-
tical direction and oriented its tip apically toward the center
of the gauge device for testing under straight position
(Fig. 1.A).

In the curved position, the handpiece was moved 90 degrees
in one plane while keeping the file tip toward the center of the
gauge device. This created a curvature with 90 degrees angle
and 2 mm radius, and the maximum tensile strain was gener-
ated 3 mm from the file tip (Fig. 1.B).

2.1. Torsional resistance test

The torque gauge was reset before every use, and uniform tor-
sional stress from the motor was applied by rotating the file
clockwise at a speed of 40 rpm until fracture. The readings
of torque at failure were recorded.

During the experiment, the file was subjected to a hairdryer
at a temperature of 35 £ 1 °C as confirmed by a thermocou-
ple. The readings of torque at failure were recorded in real-
time, and data were presented on a PC display using
MESUR™ Lite software (Mark-10 Corporation, NY, USA).

2.2. Scanning electron microscopy

Two files from each subgroup were chosen for scanning elec-
tron microscopy (SEM) analysis to observe the topographic
changes of the fractured surfaces. The files were cleaned by
using absolute alcohol in an ultrasonic bath for 3 min to elim-
inate debris before the microscopic examination. They were
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dried at room temperature, and then each was mounted on a
15-mm metal stub vertically, by using a double-sided carbon
type. The mounted sample was placed inside the SEM
(6360LV Scanning Electron Microscope; JEOL, Tokyo,
Japan) at 20 kV and 32-mm working distance. The SEM pho-
tomicrographs were captured at magnifications of 200X and
1000X.

2.3. Data analysis

Since the data were normally distributed (Shapiro-Wilk test;
p > 0.05), they were analyzed statistically using one-way
ANOVA and post-hoc test (LSD) to compare the tested sys-
tems in each file position. The two positions in each rotary sys-
tem were compared using student’s r-test. All statistical
analyses were performed using SPSS software version 22
(SPSS Inc., Chicago, IL, USA) at a 5% significance level.

3. Results

For all tested systems, placing the file in a curved position was
found to reduce torsional resistance significantly (p < 0.001).
In the straight position, torsional resistance of PTN was signif-
icantly lower than PTU and PTG (p < 0.001) while PTU and
PTG were comparable (p > 0.05). In the curved position, tor-
sional resistance was found to be comparable among the dif-
ferent systems (p > 0.05) (Fig. 2). Fractured segment length
was found to be comparable, ranging from 3.3 mm to
3.8 mm in the tested systems in both positions (p > 0.05).

Under SEM, all tested files revealed similar behavior of tor-
sional failure. Fractured cross-sectional surfaces exhibited typ-
ical features of failure, caused by torsion, with concentric
abrasion patterns and a dimpled surface with micro-voids in
the middle (Fig. 3).

4. Discussion

The aim of this study was to investigate the torsional perfor-
mance of different rotary files from the same manufacturer
under different positions. To the best of our knowledge, no
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Schematic drawings of the experimental set-up where the NiTi file was held in straight (A) or curved position (B).

study has investigated the file’s torsional performance under
a curved position. Compared to the straight position condi-
tion, placing the file in a curved position reduced the torsional
resistance significantly in the tested systems. Thus, the null
hypothesis was rejected.

Torsional fatigue is a mechanical property that occurs when
the file gets twisted while the tip is locked in the canal. This
behavior is highly seen in cases of narrow canals (Glossen
et al., 1995; Sattapan et al., 2000). This property is usually
studied according to the ANSI/ADA specifications (1989), in
which the apical 3 mm of the file is secured, and the file shaft
is allowed to rotate at 2 rpm speed. In this study, the file was
secured at the same level and the speed was set at 40 rpm since
the rotary file is operated at a higher speed than the hand file.
Nonetheless, Ha et al. (2017) compared the torsional resistance
of files rotated at 2 rpm with higher rpm values and found the
performance of the rotary NiTi instruments were not affected
by the rotational speed. Although the tested systems have iden-
tical features of fractured surfaces under SEM, the torsional
resistance of PTN was significantly lower than that of PTU
and PTG in a straight position which is in agreement with a
previous study (Algedairi et al., 2019). The PTN has less sur-
face area than its corresponding file types in PTU and PTG
at a 3mm level (Algedairi et al.,, 2019). Previous studies
reported that an increase in the file’s core diameter would
enhance its resistance to the torsional stress (Xu et al., 2006;
Kim et al., 2009; Baek et al., 2011; Pedulla et al., 2016; Goo
et al., 2017). However, another study found that PTN had
the highest torsional resistance, followed by PTU and PTG
(Elnaghy and Elsaka, 2017). Moreover, Elnaghy and Elsaka
(2016) found the torsional resistance of PTU and PTG to be
higher than our findings. Also, Goo et al. (2017) studied the
torsional failure of PTN and found its torsional resistance
behavior higher than the present finding of the same file. These
differences could be due to the study design, testing tempera-
ture and the level where the instrument was clamped and tested
under torsion.

This study has shed light on the effect of canal curvature on
the torsional performance of NiTi files. The curved position
has reduced the torsional perfrormance in all tested groups,
suggesting that canal curvature is an important predictor of
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Torsional resistance data of the tested systems. Placing the file in a curved position was found to reduce torsional resistance

significantly. In the straight position, torsional resistance of PTN was significantly lower than PTU and PTG while PTU and PTG were
comparable. In the curved position, torsional resistance was found to be comparable among the different systems.

torsional behavior. Several studies showed that the perfor-
mance of NiTi alloy is affected by alloy transformation from
the austenitic phase to the martensitic phase (Thompson,
2000; Miyai et al., 2006; Hayashi et al., 2007; Yahata et al.,
2009). This transformation is induced by a change in stress
and/or temperature. Although different geometric designs
and manufacturing processes showed improved properties in
previous studies (Cheung and Darvell, 2008; Shen et al.,
2012), the present study showed that examining the NiTi file
under the curved position reduced the torsional resistance of
PTU, PTN, and PTG by 45%, 29%, and 49%, respectively,
compared to the straight position. Deflecting the file to obtain
a curved position would induce martensitic phase transforma-
tion by stress that leads to gradual defect accumulation. The
defect is generated at the interface between martensite colonies
which inhibits martensite to reform and reorient easily. This
will facilitate crack growth and propagation and eventually
leading to fracture at the maximum curvature area (Li et al.,
2006). This might indicate the NiTi file will be more susceptible
to torsional fatigue in curved canals. This shall make us recon-
sider the torque setting proposed by different manufacturers
when preparing curved canals.

Laboratory studies have reported that changing the sur-
rounding temperature affects file performance (Jamleh
et al., 2016; Grande et al., 2017; Alfawaz et al., 2018;
Elnaghy and Elsaka, 2018). Therefore, all the tested files were
investigated under 35 + 1 °C that simulates the intracanal
temperature (de Hemptinne et al., 2015) which is clinically
more relevant.

In this study, the pen vise was used to precisely secure the
file in order to confirm the file clamping at 3 mm in all samples
since slight changes in positioning can affect the torsional fati-
gue behavior of the tapered files. The fractured level was found
to be close to the clamped level; in the range of 3.3-3.8 mm
from the file tip in the groups with no significant difference,
showing that the point of maximum stress was similar in each
condition.

The fractographic examination is performed to show char-
acteristics of the fractured surface that may indicate the crack
direction and origin that has led to the file’s fracture (Shen and
Cheung, 2013). The actual mechanism involved in the fracture
process can be shown on the fractured surface (Del Fabbro
et al., 2018). It is known that the failure caused by torsion
demonstrates concentric abrasion patterns and a dimpled sur-
face with microvoids on the fractured surface. The fractured
surfaces of the tested files showed similar fractographic charac-
teristics that were typical of torsional fatigue.

5. Conclusions

This study provided data on the torsional resistance of rotary
files with different manufacturing processes in straight and
curved positions at simulated intracanal temperature. Testing
the file in curved position was associated with a significant
decrease in the torsional resistance of all tested systems. Future
torsional failure studies are highly recommended to mimic
environmental conditions such as curved canals and intracanal
temperature.
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Fig. 3 Scanning electron microscopic images showing the fractured surfaces of PTU, PTN and PTG after torsional resistance failure in
straight (a, ¢ and e, respectively) and curved positions (b, d and f, respectively). Higher magnification showed typical features of torsional
resistance failure (g and h).
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