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Torsional fatigue strength of 
reciprocating and rotary pathfinding 
instruments manufactured from 
different NiTi alloys

Abstract: To evaluate the torsional properties of engine-driven 
pathfinding instruments manufactured from different NiTi alloys – 
R-Pilot (tip size 12.5;.04 taper; M-Wire) and One G (tip size 14;.03 taper; 
Conventional NiTi). A total of 40 NiTi instruments from engine-driven 
pathfinding instruments (n = 20) were used. The torsion tests followed 
ISO 3630-1 (1992). Three millimeters of each instrument tip was fastened 
to a small load cell by a lever arm linked to the axis of torsion. During 
the test, the torsion testing machine software measured the maximum 
torsional strength and angle of rotation (0) before instrument failure. 
The fractured surface of each instrument was assessed by scanning 
electron microscopy (SEM). In addition, a supplementary examination 
was performed to measure the cross-sectional area and the metal mass 
volume of each instrument 3 mm from the tip. Data were analyzed 
using a t-test, with significance level set at 5%. R-pilot had significantly 
higher torsional strength than did One G (p < 0.05). Regarding the 
angle of rotation to fracture, One G had higher angles than did R-Pilot 
(p < 0.05). The supplementary examination showed that R-Pilot had the 
highest cross-sectional area and volume of metal mass at 3 mm from 
the tip (p < 0.05). R-pilot (M-Wire NiTi alloy) had a significantly higher 
torsional strength and One-G (superelastic NiTi alloy) had the highest 
angle of rotation to fracture.
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Introduction

During root canal preparation, maintenance of the original canal 
anatomy is mandatory to avoid undesirable shaping errors.1,2 The glide 
path is an endodontic procedure that aims to pre-enlarge the root canal 
from its orifice to its apical constrictions prior to root canal preparation 
with hand or engine-driven NiTi instruments.3,4 Additionally, the glide 
path favors less canal transportation,5,6 prevents shaping errors,1,3,7 
decreases the mechanical stress of engine-driven NiTi instruments,5,7,8 

and reduces postoperative pain.7,8 Therefore, it has been strongly 
recommended during root canal preparation, especially for curved and 
constricted canals.4,5,7
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The glide path can be performed using conventional 
stainless steel #10 hand files and rotary and reciprocating 
NiTi instruments with small tip sizes and small 
tapers.9,10,11 Pathfinding instruments are used at the 
beginning of canal preparation and could be subject 
to high torsional loads, increasing the risk of plastic 
deformation or instrument failure.2,12,13 Torsional failure 
occurs when the cutting blades of the instruments are 
locked in the dentin walls while the shank continues to 
rotate.14 Thus, it is essential that the torsional properties 
of pathfinding instruments be evaluated.

Several NiTi pathfinding instruments present 
different cross-sectional designs, taper, tip size, 
and thermomechanical treatments.2,10,15,16 One G is 
a single-file pathfinding instrument manufactured 
from superelastic NiTi alloy. This instrument has 
an asymmetric cross-section with three cutting 
blades, 0.140 mm of tip size, and a constant.03 taper.17 
Additionally, the cutting edges of One G have different 
pitches, which reduce the screwing effect17 and favor 
debris elimination.18,19

R-Pilot, the first reciprocating NiTi pathfinding 
instrument, has been recently introduced on the 
market. This instrument is made of M-Wire alloy, 
has an S-shaped cross-section, a 0.125-mm tip size 
and a.04 constant taper. Yilmaz et al.17 showed that 
R-Pilot presented higher cyclic fatigue resistance 
than did One G.

Despite the advantages of engine-driven 
pathfinding instruments, unexpected instrument 
failure is still a concern.7,13 The torsional properties 
of pathfinding instruments are affected by taper, 
tip size, cross-sectional design, and type of NiTi 
alloy.2,13,20 Therefore, knowledge of the torsional 
properties of these instruments could help clinicians 
to choose a more suitable instrument for negotiation 
of a constricted canal.

The torsion test tries to simulate torsional stress 
during root canal preparation by clamping the 
instrument’s tip and rotating it at a standardized 
speed.13,20 During the test, the maximum torsional 
strength and angle of rotation supported by the 
instrument before failure are measured.21,22 This 
test has been widely used to assess the torsional 
properties of endodontic instruments, and it has 
been previously reported by several authors.13,20,21,22

There is no study comparing the torsional 
properties of R-Pilot and One G instruments. The 
aim of this study was to evaluate the torsional 
properties (maximum torsional strength and angle 
of rotation) of R-Pilot and One G. The null hypothesis 
was that there would be no difference in the torsional 
properties between these instruments.

Methodology

Based on data from a previous study [22], the 
sample size was calculated using G*Power 3.1 
(Heinrich Heine University, Düsseldorf, Germany). 
The calculation indicated that the sample should 
include at least 20 files per group.

Forty NiTi instruments (25 mm in length) from two 
different glide path systems (n = 20 per system) were 
used in this study, as follows: R-pilot (tip size 12.5; .04 
taper; M-Wire NiTi) and One G (tip size 14; .03 taper; 
Conventional NiTi). Before testing, all instruments 
were inspected under a stereomicroscope (Stemi 
2000C; Carls Zeiss, Jena, Germany) at 16x magnification 
for detecting possible defects or deformities; none 
were discarded.

Metal mass volume analysis
Prior to the torsional test, all the instruments 

were scanned by Micro-CT (Skyscan 1174v2; 
Bruker-micro-CT, Kontich, Belgium) to evaluate 
the metal mass volume along the 3 mm tip. The 
Micro-CT parameters used were 50KV, 800mA, 360° 
of rotation, and an isotropic resolution of 14.1 μm. 
The images of each specimen were reconstructed 
with dedicated software (NRecon v. 1.6.3, Bruker-
micro-CT), which provided the three-dimensional 
analysis of the metal mass volume. The metal mass 
volume was then evaluated using the CTAn v.1.12 
software (Bruker-micro-CT).

Torsion test
The torsion tests were performed in compliance 

w it h  t he  I nte r n at ion a l  O rg a n i z at ion  for 
Standardisation ISO 3630-1 (1992) specification, 
using a torsion testing machine described in detail 
elsewhere.22,23,24 Before testing, all the instruments 
had their handles removed at the point where 
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the handle was attached to the shaft. The shaft 
of each instrument was fixed into a chuck and 
connected to a geared motor. Three millimeters 
of the instrument’s tip was fixed into another 
chuck, connected to a small load cell. The geared 
motor rotated at standardized speed (2 rpm) in a 
clockwise direction for One G instruments and 
in a counterclockwise direction for R-Pilot. The 
maximum torsional strength (N.cm) values and 
angle of rotation (0) before instrument failures were 
measured by the torsion testing machine software 
(Analógica, Belo Horizonte, Brazil).

SEM Evaluation
After the torsion test, the instruments were 

ultrasonically cleaned to remove debris and 
were examined by scanning electron microscopy 
(JEOL, JSM-TLLOA, Tokyo, Japan) to assess the 
topographic features of their fractured surface. 
The SEM evaluation was performed at 50x and 
350x magnification. Furthermore, an additional 
assessment was performed at 1000x magnification at 
the center of the fracture surface of the instruments 
to improve the analysis of the topographic features. 
In addition, the SEM images were used to measure 
the cross-sectional area of the instruments using 
the AutoCAD software (Autodesk Inc, San Rafael, 
USA), as previously reported.22,23,24

Statistical analysis
Preliminary analysis of data normality was 

performed with the Shapiro-Wilk test, which showed 
that the data were normally distributed. One-way 
analysis of variance (ANOVA) and Tukey’s tests were 
used for multiple and individual comparisons. The 
Prism 6.0 software (GraphPad Software Inc., La Jolla, 
USA) was used as the analytical tool, and the level 
of significance was set at 5%.

Results

The mean and standard deviations of torsional 
fatigue strength (maximum torsional strength and 
angle of rotation) of the instruments are shown in 
Table 1. R-Pilot had significantly higher torsional 
strength than did One G (p < 0.05). However, One 

G had a significantly higher angle of rotation to 
fracture than did R-Pilot (p < 0.05). The mean and 
standard deviations of the cross-sectional area 
and metal mass volume at 3 mm from the tip are 
shown in Table 2. R-Pilot had a significantly higher 
cross-sectional area and volume of metal mass than 
did One G (p < 0.05).

The SEM evaluation of the fracture surface revealed 
similar and typical features of torsional failure for 
both brands. All the instruments had concentric 
abrasion marks and fibrous dimple marks at the 
center of rotation for torsional failure (Figure A, B, C, 
and D). In addition, in the lateral view, it is possible 
to note the deformation of the spiral flutes of the 
instruments, mainly in those that had a higher angle 
of rotation (Figure E and F).

Discussion

An effective glide path procedure can improve 
root canal preparation, reducing operational 
errors,6,7 risk of instrument failure,1,25 debris 
extrusion, and postoperative pain,8 and maintaining 
the original root canal anatomy.6 This procedure 
has been performed using a #10 K hand file and 

Table 1. Mean values of torque (N.cm) and angle of rotation (°) 
of the instruments tested.

Instruments

 Torsional Fatigue

Torque (N.cm) Angles (°)

Mean SD Mean SD

One G 0.24b 0.011 778.4 b 10.48

R-Pilot 0.51 a 0.019 279.3 a 6.35

Different superscript letters in the same column indicate statistical 
differences between the groups (p <.05); SD: standard deviation.

Table 2. Mean values of cross-sectional area (μm2) and metal 
mass volume (mm3) for the 3 mm instrument tips.

Instruments

Cross-sectional area 
(μm2)

Metal mass volume 
(mm3)

Mean  SD Mean SD

One G 24.190b 0.021 0.0308b 0.0019

R Pilot 36.930a 0.009 0.0422a 0.0022

Different superscript letters in the same column indicate statistical 
differences between the groups (p <.05) ; SD: standard deviation.
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NiTi engine-driven instruments.7,17 Currently, 
the use of engine-driven NiTi instruments has 
been proposed because these instruments can 
reduce the length of the procedure and possible 
difficulties associated with it.8,20 Several new NiTi 
pathfinding instruments have been introduced, 
with different designs, type of NiTi alloy, tapers, 
diameters, and kinematics.2,13,17 These different 
features can affect their clinical performance 
and mechanical properties. However, there is no 
information on the torsional properties of R-Pilot 
and One G yet. Therefore, this study sought to 
fill this gap.

In this study, the torsion test was performed 
to assess the maximum torsional strength and 
angle of rotation supported by the instruments 
before failure. The test was performed according 
to ISO Standard 3630-1, which had been previously 
reported by several authors.21,22,23,24 The 3 mm of 
the instrument’s tip was fastened and rotation in 
a clockwise and counterclockwise direction was 
carried out for One G and R-Pilot, respectively. The 

3 mm of the instruments tip was chosen because 
this area is more prone to failure.27 This test ensures 
accurate results regarding torsional properties 
and is considered gold standard, used by several 
authors. 21,22,23,24 The results of this study revealed that 
there was a significant difference in the torsional 
properties between the instruments tested. Thus, 
our null hypothesis was rejected.

Although laboratory studies do not simulate 
the actual clinical conditions, they could provide 
endodontists with important knowledge.17 The 
results revealed that R-Pilot had significantly 
higher torsional strength than did One G (p < 0.05). 
However, One G presented higher rotation angle 
to fracture than did R-Pilot (p < 0.05). Even though 
the M-Wire NiTi alloy has greater flexibility in 
comparison with conventional NiTi,20,27,28 the results 
of this study showed that R-Pilot presented higher 
torsional strength and lower angle of rotation 
to fracture. Despite the lack of previous studies 
comparing the torsional properties between 
R-Pilot and One G, the torsional strength and 

Figure. SEM images of fractured surfaces of R-Pilot (A, C, E) and of One G (B, D, F) after torsional fatigue testing. The first column 
shows the front view of the fracture surface of the instruments at 350X magnification; the second column shows the center of rotation 
with the concentric abrasion mark and skewed dimples at 1000x magnification, which are typical features of torsional failure; the 
third column represents the lateral view of the instruments at 50X magnification, showing the plastic deformation of the spiral flutes, 
especially of One G instrument.
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angular rotation of these instruments are similar 
to those reported by other authors.29,30 The different 
torsional properties could be related to the different 
cross-sectional design, taper, and tip diameter 
between the instruments.

Previous studies have reported that instruments 
with greater metal mass volume and tip diameter 
tend to present higher torsional strength and 
lower angle rotation to failure.22,24,28,31 The metal 
mass volume is directly affected by the taper, 
cross-sectional design, and tip diameter of the 
instruments.31,32 Therefore, in a supplementary 
analysis,  the cross-sect ional desig n of the 
instruments was assessed by 3D to measure the 
cross-sectional area (μm2). In addition, the metal 
mass volume (mm3) of the 3 mm of instrument 
tips was measured by Micro-CT. Micro-CT is an 
accurate technology and has been used to assess 
the quality of root canal preparation, endodontic 
obturation, and root canal anatomy.33 There are 
no previous studies that have evaluated metal 
mass volume using this method. The results 
showed that R-Pilot presented a significantly 
larger cross-sectional area and metal mass volume 
than did One G (P<0.05). Despite the smaller tip 
diameter of R-Pilot (0.125 mm/mm) when compared 
to One G (0.140 mm/mm), the cross-sectional 
design and lower taper (.03) of One G instruments 
favored a significantly lower metal mass volume 
and cross-sectional area, which could explain 
the torsional properties of R-Pilot instruments. 
Moreover, susceptibility to instrument failure is 
affected by the cross-sectional design because it 
can alter the stress distribution under torsion.32,34

The SEM analysis demonstrated the typical features 
of torsional failure for all instruments (Figure). After 
the torsion test, all fragments presented typical 
features of shear failure, including abrasion marks and 
microscopic fibrous dimples at the center of rotation 
(Figure A, B, C and D). Additionally, in lateral view, 
it was possible to note a greater deformation of the 
spiral flutes of One G instruments when compared 
to R-Pilot (Figure E and F).

The results obtained for One G instruments 
suggest that they are more flexible than R-Pilot 
because of the lower torsional strength and 

greater angle of rotation to failure. The greater 
angle of rotation of One G could indicate plastic 
deformation and the risk of imminent instrument 
failure.35 On the other hand, the lower torsional 
strength could lead to easy plastic deformation35 
when compared to R-Pilot. Moreover, the greater 
flexibility observed could suggest that One G 
is more resistant to cyclic fatigue than R-Pilot. 
However, Yilmaz et al.17 showed that R-Pilot 
presents significantly greater cyclic fat igue 
strength than does One G. Therefore, the results 
of the torsion test cannot determine the cyclic 
fatigue behavior of the instruments. The greater 
cyclic fatigue strength of R-Pilot is related to the 
reciprocating motion.36,37 Reciprocating motion 
probably compensates for the lower flexibility of 
R-Pilot instruments and could reduce the risk of 
instrument fracture by torsion in cases of curved 
and constricted canals. Therefore, the clinician 
should know the torsional and cyclic fatigue 
strengths to choose a suitable glide path instrument 
and to perform a safe glide path procedure.

The torsion test is a laboratory test that provides 
accurate information about the maximum torsional 
strength and angle of rotation supported by each 
instrument before failure. This test provides a 
standard high torsional stress for all groups, 
which is fundamental to ensure accurate results.23 
The torsion test results could determine which 
instrument could be more resistant when the 
glide path procedure is used in a constricted 
canal.21-23 Therefore, the authors suggest that 
future randomized clinical tr ials should be 
conducted to evaluate whether the different 
torsional strength and angle of rotation between 
these instruments could clinically affect their 
susceptibility to fracture and the success of the 
glide path procedure.

Conclusions

In conclusion, R-Pilot (M-wire NiTi alloy) 
had the highest torsional strength, metal mass 
volume, and cross-sectional area. However, One 
G (superelastic NiTi alloy) had higher angle of 
rotation to fracture.
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