
SIGNIFICANCE

The torsional resistances of
reciprocating nickel-titanium
instruments may be evaluated
using a clinically relevant
repetitive torsional loading
method rather than the
conventional single-rotation
method.
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BASIC RESEARCH – TECHNOLOGY
Torsional Resistance of
WaveOne Gold and Reciproc
Blue according to the Loading
Methods
ABSTRACT

Introduction: This study aimed to compare the torsional resistances and fracture modes of
WaveOne Gold (Dentsply Sirona, Ballaigues, Switzerland) and Reciproc Blue (VDW, Munich,
Germany) using the repetitive torsional loading (RTL) method and the conventional single-
rotation (STL) method.Methods: A 3-mm file tip was fixed with a brass plate, and a torsional
load was applied using a custom device. In the RTL method, the file was driven counter-
clockwise at 50 rpm until it achieved the preset torque of 0.5 Ncm; thereafter, it was returned
to its original position. This recovery of the file to its original position was defined as 1 torsional
loading cycle; the number of repetitive load cycles until fracture was counted. In the STL
method, the files were rotated at a constant rate of 2 rpm in a counterclockwise direction until
file fracture. The fragments fractured by the 2 methods were compared under a scanning
electron microscope to examine the topographic features of the fractured surfaces and lon-
gitudinal aspects. Results: With the RTL method, Reciproc Blue showed a higher number of
repetitive load cycles until fracture than WaveOne Gold (P , .05). With the STL method,
Reciproc Blue also had a higher ultimate strength than WaveOne Gold (P , .05). Scanning
electron microscopic findings of the fractured specimens from the 2 test methods showed
different features of torsional failure. Conclusions: Within the study limitations, both the RTL
and STL methods conferred similar torsional resistance. Therefore, the clinically relevant RTL
method with repetitive and reciprocation motion can be used for testing torsional
resistance. (J Endod 2021;47:88–93.)

KEY WORDS

Fracture; microscopic features; nickel-titanium file; reciprocating; repetitive; torsional load
During the last few decades, root canal preparations with nickel-titanium (NiTi) files have become a
mainstay of endodontic treatment. Compared with stainless steel hand files, the use of a NiTi rotary file
has many advantages, such as reduced preparation time, increased cutting efficiency, and lower
incidence of iatrogenic alteration to the shape of the root canal1–3. However, these NiTi rotary files may
exhibit a higher risk of fracture within the root canal by torsional stress or cyclic fatigue during root canal
preparation4. The fractured fragment in the root canal is considered to be hardly removed and might
negatively contribute to the long-term treatment prognosis5.

To overcome the drawback of NiTi rotary files, various approaches such as diversification of
design, kinetics, and heat treatments have been proposed6–8. In 2008, Yared6 introduced the single-file
reciprocation concept, which is based on the balanced force technique. The reciprocation movement of
the NiTi file is composed of unequal clockwise (CW) and counterclockwise (CCW) rotational motions, and
the instruments require several rotations to make a 360� rotation. Cyclic fatigue resistance of
reciprocation NiTi file systems has been assessed extensively; results indicate that they are more resistant
to cyclic fatigue in a curved canal compared with NiTi files with continuous rotation7,9, which results from
stress relief during rotational movement9.

In contrast, there is little information available on the torsional resistance of reciprocation NiTi files
because of their unique kinetic features. The NiTi files with continuous rotation are designed to rotate at a
certain speed (rpm) recommended by each manufacturer and autoreverses when the file receives more
than the preset torque. The autoreserve function prevents the fracture of the NiTi file due to torsional
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stresses by repetitive locking and unlocking at
a prefixed torque. Clinically, any continuous
rotation of the NiTi file operated by an
endodontic motor would not rotate in 1
direction until the file fracture occurs because
of the autoreverse function. On the contrary,
the WaveOne Gold (WOG; Dentsply Sirona,
Ballaigues, Switzerland) operates in 170� CCW
and 50� CW directions, whereas Reciproc
Blue (RCB; VDW, Munich, Germany) works in
150� CCW and 30� CW directions. The elastic
limit of the reciprocation instrument would not
exceed these set limits because of repetitive
CW and CWW movements with a limited
rotational angle10. This repetitive movement
might prevent the torsional failure of
reciprocation files during clinical use.

To date, the use of a single rotational
load until file fracture occurs is the only
experimental method to assess the torsional
resistance of NiTi files. This method is based
on the ISO 3630-1 and includes a 3-mm file tip
fixed with a brass plate and application of
2-rpm rotational speed to create the torsional
load11. However, this ISO specification aimed
to test stainless steel manual instruments. The
experimental condition with a rotational speed
of 2 rpm might be low speed considering the
NiTi rotary files rotate at a much higher rpm in
clinical settings. Furthermore, the reciprocation
files are not designed to continuously rotate in
1 direction until fracture. In other words, there
is a gap between clinical use and experimental
methods.

Therefore, it is necessary to evaluate
and compare the torsional resistance with a
different method. This study aimed to compare
the torsional resistances and fracture modes of
2 reciprocating NiTi file systems by using the
repetitive torsional loading (RTL) method and
the conventional single-rotation (STL) method
based on ISO specifications.
FIGURE 1 – (A ) File clamping in the test machine (AEndoS). (B ) The torsional resistance test using RTL to count the
number of repetitive load cycles until fracture. (C ) The torsional resistance test using STL to measure the ultimate
torsional strength.
MATERIALS AND METHODS

Two types of torsional resistance test methods
were performed with 2 heat-treated
reciprocating NiTi instrument systems: WOG
Primary (Dentsply Sirona) and RCB R25
(VDW). The files used in this study had the
same ISO tip sizes of #25, a 25-mm length,
and a variable shaft taper (0.08 taper apically
and a variable taper). All of the instruments
were inspected under a dental operating
microscope (Zeiss Pico; Carl Zeiss MediTec,
Dublin, CA) for defects or deformities before
testing, and no instrument was discarded.

Test 1: The Torsional Resistance
Test Using the RTL Method
The torsional resistance test was performed
using a custom-made device (AEndoS; DMJ
JOE � Volume 47, Number 1, January 2021
System, Busan, Korea) (Fig. 1A). The apical
3-mm portion of each instrument (n 5 15 per
brand) was firmly fixed between brass plates.
The file was driven CCW at 50 rpm until it
achieved the preset torque of 0.5 Ncm;
thereafter, it was returned to the original
position (Fig. 1B). This recovery to its original
position was defined as 1 torsional loading
cycle. The dwell time was set to 50
milliseconds. The loading was repeated
automatically until the file fractured. The
custom-made device automatically recorded
the number of repetitive load cycles until
fracture for each instrument.

Test 2: The Torsional Resistance
Test Using the STL Method Based
on the ISO Specification
The apical 3-mm portion of each instrument
was fixed in the same way. The ultimate
torsional strength (Ncm) until fracture was
determined for each instrument (n 5 15 per
brand) using the same device, but the files
were rotated at a constant rate of 2 rpm in a
CCW direction until the file fractured (Fig. 1C).
The ultimate strength (Ncm) and distortion
angle (�) were recorded when the files were
rotated at a rate of 20 Hz.

Statistical Comparison of the Data
from the 2 Test Methods
The data of the RTL method were not normally
distributed on the Kolmogorov-Smirnov test;
thus, the results were statistically analyzed
using the Mann-Whitney U test. A Student t
Fra
test with Bonferroni correction was used to
compare the results from the STL method. The
results from the 2 test methods were also
statistically compared for any differences using
the Spearman correlation test. All statistical
analyses were performed by SPSS v25.0 (IBM
Corp, Armonk, NY) with a significance level
of .05.
Scanning Electron Microscopic
Examination
Seven fractured fragments of each instrument
system with both methods were randomly
selected and ultrasonically cleaned with
absolute alcohol for approximately 120
seconds. The cross-sectional surfaces and
longitudinal aspects of the fractured
instruments were examined under a scanning
electron microscope (SU8220; Hitachi High
Technologies, Tokyo, Japan) to assess their
topographic features.
RESULTS

The torsional resistances estimated by the RTL
and STL methods are shown in Table 1. In the
RTL method with a repetitive torsional load, the
RCB group showed a higher number of
repetitive load cycles until fracture than WOG
(P, .05). The STL test using single continuous
torsional loading also showed a higher ultimate
strength in the RCB group than in the WOG
group (P , .05) (Table 1). The results of the
RTLmethod at 50 rpmwere the same as those
from the torsional resistance test using the STL
ctographic Features after Torsional Fracture 89



TABLE 1 - A Comparison of Torsional Resistance (Mean 6 Standard Deviation) Using the 2 Test Methods

Test
method

RTL
method STL method

File NRCF

Ultimate
strength
(Ncm)

Distortion
angle (�)

WaveOne
Gold

2750 6 792a 1.27 6 0.13a 664 6 51a

Reciproc
Blue

7392 6 139b 1.82 6 0.08b 646 6 57a

NRCF, number of repetitive load cycles until fracture; RTL, repetitive torsional loading; STL, single continuous torsional
loading.
Different superscript letters indicate significant differences between groups in the vertical column (P , .05).
method based on ISO 3630-1 specification,
with a strong correlation (correlation coefficient
5 1).

The scanning electron microscopic
observation of the fractured specimens in each
group from the 2 test methods (RTL and STL)
showed different features (Figs. 2 and 3). The
cross sections of the fractured surface in the
STL method group showed typical features of
torsional failure, such as circular abrasion
marks and dimples at the center of rotation. In
contrast, the RTL method showed irregular
fractured surface features, such as ruptured
aspects with multiple levels of fracture
surfaces, gross cracked areas, and
propagating cracks without any circular
abrasion marks (Fig. 2A–d).

In the lateral aspect of the fractured
fragments, the STL method group showed
FIGURE 2 – Cross-sectional aspects of the fracture fragme
and d: RCB). Specimens of the RTL method show ruptured as
some crack lines (white arrows in a and c ). The specimens o
dimple (dotted circle ) at the center of rotation. (Magnificatio
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typical unwinding of screw thread (Fig. 3A–d),
whereas the RTL method group did not show
any noticeable deformation. Moreover,
irregular fracture aspects with some crack lines
were observed in the RTL method group
(Fig. 3).
DISCUSSION

The use of NiTi rotary instruments in
endodontic practice has many advantages,
such as easy and safe root canal preparation,
the reduction of clinical errors, and treatment
predictability2,12. Nevertheless, 1 of the main
complications of NiTi files during root canal
preparation is unintended file fracture13. The
mechanism of NiTi file fracture is the result of
torsional stress and/or cyclic fatigue5.
Therefore, many studies have attempted to
nts from the RTL method (left 2 columns) and the STL method
pects with multiple levels of fracture surfaces and gross catastro
f the STL method show typical features of torsional failure, suc
n ranged from !200–250 for A–D and from !600–700 f
evaluate the cyclic fatigue and torsional
resistance of various NiTi systems14,15.

The methodologies used for testing
torsional and cyclic fatigue resistances were
validated in previous studies14,15. Although
cyclic fatigue resistance is generally tested
using the number of cycles to failure value under
various conditions of artificial root canal5,16,
torsional resistance is compared using 3
parameters (ie, toughness, ultimate strength,
and distortion angle) using the method
described in the ISO 3630-1, American Dental
Association/American National Standards
Institute specifications number 2817, or their
modifications11,14. These standards for
torsional resistance include securing the 3-mm
file tip and applying continuous torsional force
until the file fractures18.

However, in clinical settings, a number
of variable factors act together to result in the
NiTi instrument fracture. This could be a
reason for the difficulty in correlating laboratory
findings to clinical conditions. First, the
monotonic torsional loading condition rarely
occurs clinically19. In other words, the torsional
load is not applied to the NiTi files until fracture
because of the autoreverse function in the
endodontic motor. This unique function
prevents the torsional force from exceeding a
certain amount of preset torque regardless of
the canal condition or operator’s skill.
Especially for the reciprocation file systems,
the rotational movements occur in repeated
unequal CW and CWW directions, not limited
to 1 direction. Furthermore, the rotational
(right 2 columns) groups (A, a, B, and b: WOG and C, c, D,
phic features without any circular abrasion marks and with
h as a circular abrasion mark (circular arrow ) and fatigue
or a–d.)
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FIGURE 3 – The longitudinal and lateral aspects of the fracture fragments from the RTL method (left 2 columns) and the STL method (right 2 columns) groups (magnification!30 for
A–D and !180 for a–d ). Specimens of the RTL method show rare unwinding near the fractured area, whereas specimens of the STL method show typical features of unwinding
(dotted box ). The specimens from the RTL method show irregular fracture surfaces (*) and catastrophic aspects with some cracks without unwinding.
speed of 2 rpm recommended by the ISO and
American Dental Association/American
National Standards Institute specifications is
designed to measure the torsional resistance
of stainless steel instruments used in hand
manipulation. Typically, the designated rpm of
each motor-driven NiTi instrument is higher
than 250 rpm. Therefore, the torsional
resistance of the 2 reciprocation file systems
was compared between the RTL method, with
a higher rotational speed of 50 rpm, repetitive
loading, and unloading torque application, and
the conventional STL method to improve the
clinical relevance.

According to the results of the present
study, RCB showed a higher torsional
resistance than WOG with both the RTL and
STL methods. Because no study has
previously examined the torsional resistance of
RCB and WOG files with both methods, the
results cannot be directly compared with those
of other study results. The heat-treated NiTi
files had a higher flexibility and lower stiffness
than conventional NiTi files15,20. The 2 NiTi
systems tested in this study were thermally
treated. The RCB file undergoes a novel heat
treatment and is coated by an oxide layer as a
result of the thermomechanical process21,
whereas WOG is manufactured using gold
heat treatment, which is heated and then
slowly cooled after manufacturing.

The stress generated in the NiTi
instruments under torsional environment
were influenced by many factors, such as
the design of the instruments, surface
JOE � Volume 47, Number 1, January 2021
treatment, and manufacturing methods8.
Besides the metallurgical differences
between RCB and WOG, the cross-sectional
design may have an effect on their torsional
resistance. Prados-Privado et al22 also
reported a higher torsional resistance of
RCB than WOG in their finite element
analysis. Although WOG has a
parallelogram-shaped cross section, that of
RCB is S shaped. The cross-sectional areas
of RCB and WOG at D5 under a scanning
electron microscope were reported to be
202,549 mm2 and 148,186 mm2,
respectively23. The combination of geometric
factors such as the cross-sectional area and
the core diameter might have influenced the
torsional resistance.

The repetitive loading on the NiTi
instruments during reciprocation movement
may also affect the mechanical properties of
the NiTi file system24,25. The increased density
of dislocations inside the NiTi material by
repeated loading results in higher torsional
resistance without developing microcracks or
surface defects25–27. Even though the
important torsional resistance index such as
the distortion angle and toughness can be
obtained by the STL method, the measuring
paradigm shift from the STL to the RTLmethod
seems to be more clinically relevant
considering the changes in torsional resistance
during the instrumentation with reciprocation
NiTi files.

The scanning electron microscopic
findings revealed that the cross-sectional
Fra
fractured surfaces resulting from the RTL
method were considerably different from
that generated by the STL method. Although
the RTL method showed unique
catastrophic aspects with a ruptured surface
as a result of repetitive torque, the STL
method showed a typical fractured surface
with circular abrasion marks and fibrous
dimples in the center. In the lateral aspect of
the fractured surface with the RTL method,
unwinding threads around the fractured area
were rarely observed. This could be
explained by the repeated, small amounts of
torsional loads that generated microcracks
rather than unwinding the flute. The
accumulation of these microfailures might
have caused the sudden rupturing fracture
without any clinical sign as observed with
the STL method.

Despite the study limitations, the result
of torsional resistance with the RTL method
showed similar results as that with the STL
method but showed different topographic
features on scanning electron microscopic
observation. According to the results of both
methods, the clinically relevant RTL method
with the application of reciprocation motion
can be considered for testing torsional
resistance.
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