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Abstract

analyzed statistically (p < .05).

behavior in terms of cyclic fatigue resistance.

Background: The purpose of the current study was to inspect and compare the influence of applying continuous
rotation and reciprocation motions on the cyclic fatigue resistance of Protaper Next (PTN) file (X2) and WaveOne
Gold (WOG) Primary file in simulated canals. Twenty Protaper Next files(X2) and 20 WaveOne Gold Primary files
were included in this study. A cyclic fatigue testing device was employed to test the cyclic resistance of each file in
different motions. The testing device has an artificial custom-made stainless-steel canal with a 60° angle of
curvature and a 2-mm radius of curvature. The files were randomly divided into 4 groups; group 1: PTN in
continuous rotation, group 2: PTN in reciprocation, group 3: WOG in continuous rotation and group 4: WOG in
reciprocation. All the instruments were rotated until fracture occurred, and the time to fracture was recorded in
seconds using a digital chronometer. The number of cycles to fracture (NCF) was calculated. The data were

Results: Results represented that when using either continuous rotation motion or reciprocating motion, WOG files
showed a significantly longer time until failure than PTN files (p < 0.001). The time till fracture increased
significantly, when using both types of files with a reciprocating filing motion.

Conclusion: Within the confinement of this study, WOG file in reciprocation showed higher cyclic fatigue resistance
than PTN in both continuous rotation and reciprocating motion. The reciprocating motion enhances both files

Keywords: Continuous rotation, Cyclic fatigue ProtaperNext, Reciprocation, WaveOne Gold

Background

The behavior of endodontic instruments is considered a
critical factor in achieving safe root canal shaping. Nickel
titanium (NiTi) rotary instruments showed superiority
over stainless steel files in clinical practice. The NiTi in-
struments provided greater flexibility, super elasticity,
and increased cutting efficiency (Peters 2004). However,
unexpected instrument fracture may occur during root
canal shaping. Rotary NiTi files show two types of failure
modes: torsional failure and cyclic fatigue failure.
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Torsional failure takes place when the tip of the file is
bound to dentin while its shank is still rotating. Cyclic
fatigue occurs when part of the file is bound to dentin
while subjected to cycles of compression/tension strain
in the area of maximum root canal curvature (Sattapan
et al. 2000; Parashos and Messer 2006). Cyclic fatigue is
considered the principal cause of NiTi instrument separ-
ation especially in canals with acute-angles and short ra-
dius of curvature (Pruett et al. 1997).

In this context, improving methods for cyclic fatigue
resistance have been proposed, including modifying the
chemical composition of the NiTi alloy, changing the
manufacturing process, providing novel cross-sectional
designs, thermomechanical processes, and kinematics
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(Shen et al. 2013; Karatas et al. 2016). Researchers
have claimed that reciprocating motion augment the
fracture resistance of endodontic rotary files during
instrumentation by working continuously below the
instruments’ elastic limit, thereby prolonging their
cyclic fatigue resistance when compared with their
usage in continuous rotation (Castelld-Escriva et al.
2012; Plotino et al. 2015).

ProTaper Next (PTN; Dentsply Maillefer, Ballaigues,
Switzerland) is a NiTi rotary system that has variable
taper and an off-centered rectangular cross-sectional de-
sign. This design feature creates an enlarged space for
debris removal as suggested by the manufacturer. The
M-wire alloy used in the instrument manufacturing
improves the file flexibility, while retaining the cutting
efficiency resulting in better cyclic fatigue resistance
(Elnaghy and Elsaka 2014).

WaveOne Gold (WOG; Dentsply Maillefer, Ballaigues,
Switzerland) is a reciprocating single-file rotary system.
The WOG combines the original WaveOne reciprocat-
ing instrument technique and the metallurgical advance-
ments of a gold thermal treatment, which gives the file a
characteristic golden appearance. It has modified dimen-
sions and geometry through an off-centered parallelo-
gram cross-section. It has been stated that the gold heat
treatment improved the file cyclic fatigue resistance of
WOG when compared with other reciprocating or con-
tinuous motion rotary systems (Ozyurek 2016). The heat
treatment of the gold is implemented by heating the file
manually, then cooling it slowly, unlike the heat
treatment of the M-wire technology which is pre-
manufactured. According to the manufacturer, this type
of heat treatment augments the elasticity of the file
(Webber 2015).

There is only limited information about the impact of
rotation and reciprocating motion on the cyclic fatigue
resistance of files made to rotate in only one motion.
The purpose of present study was to compare the cyclic
fatigue resistance of Protaper Next and WaveOne Gold
files when used with continuous rotation and reciprocat-
ing motion to evaluate the effect of the motion on the
lifespan of the tested instruments. The null hypothesis
was that the cyclic fatigue performance of both files
when operated with different motions would not differ.

Methods

Sample size

The sample size was calculated based on the results
of Plotino, G., et al. (Plotino et al. 2012). Adopting an
alpha (a) level of 0.05 (5%), a beta (B) level of 0.20
(20%), i.e, power = 80%, and an effect size (d) of
(1.92) the predicted sample size was a total of (12)
samples. Sample size calculation was performed using
G*Power version 3.1.9.7
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Cyclic fatigue test

Forty NiTi rotary instruments were inspected under a
stereomicroscope (Axio Zoom.V16; Carl Zeiss, Jena,
Germany) for defects or deformities, and none was dis-
carded. All the instruments were 25 mm long. The in-
struments were divided in the following groups (n = 10):

Group (I): PTN X2 rotary files (25/.06) operated in
continuous rotation

Group (II): PTN X2 rotary files operated in reciproca-
tion motion

Group (III): WOG primary (25/.07) rotary files oper-
ated in continuous rotation

Group (IV): WOG rotary files operated in reciproca-
tion motion

The rotary files were operated by a torque-controlled
motor (X-Smart Plus; Dentsply Maillefer, Ballaigues,
Switzerland)

The cyclic fatigue test was conducted in a custom-
made device that allowed a reproducible simulation of
an instrument confined in a curved canal (Fig. 1). The
device consisted of curved artificial canal made of
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Fig. 1 Custom made cyclic fatigue testing device
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stainless steel with an inner diameter of 1.5 mm, a 60°
angle of curvature, a 2 mm curvature radius and 19 mm
length. The PTN and WOG instruments were rotated
using a torque-controlled motor (X-Smart Plus; Dents-
ply Maillefer, Ballaigues, Switzerland) at the manufac-
turers’ recommended pre-set speeds and torques;
Protaper Next program (300 rpm) for the continuous ro-
tation motion (groups I and III) and the WaveOne ALL
program (350 rpm) for the reciprocating motion (groups
II and IV).

To reduce the file friction as it contacted the artificial
canal walls, a special high-flow synthetic oil intended for
lubrication of the mechanical parts (Super Oil; Singer
Co. Ltd., Elizabethport, NJ, USA) was applied. All instru-
ments were operated with pecking motion until fracture
occurred. The instance of fracture was based on visual
observation of the fracture occurring in the instrument.
The time to fracture (TTF) was recorded (in seconds)
(from starting operating within a canal until fracture oc-
curred) for each instrument with the aid of a 1/100th of
a second chronometer, and the timing was stopped as
soon as a fracture was detected either visually and/or
audibly.

The TTF was converted to the number of cycles to
fracture (NCF) by using the following formula: TTF (in
seconds) x rotational speed (rpm)/60.

Statistical analysis

Numerical data were explored for normality by checking
the data distribution, calculating the mean and median
values and using Kolmogorov-Smirnov and Shapiro-
Wilk tests. Data showed parametric distribution so it
was represented by mean and standard deviation (SD)
values. Two-way ANOVA was used to study the effect
of different tested variables and their interaction. Com-
parison of the main and simple effects was done utilizing
pairwise ¢ tests with Bonferroni correction. The signifi-
cance level was set at p < 0.05 within all tests. Statistical
analysis was performed with IBM (IBM Corporation,
NY, USA) SPSS Statistics Version 26 for Windows.

Table 1 Comparison of simple main effects
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Results

The mean + standard deviation of time in minutes till
fracture of different groups are presented in Table 1.
Analysis of simple main effects for (TTF) showed that
when using either continuous rotation (01:12.60 + 00:
13.66) (36298 + 68.29) or reciprocating motion (02:
26.69 * 00:05.67) (855.72 * 33.07), WOG files showed a
significantly higher value of (TTF) and (NCF) than PTN
files (00:37.58 + 00:08.88) (187.89 + 44.40) in continuous
rotation and (01:19.55 + 00:10.42) (464.05 + 60.80)in re-
ciprocating motion respectively (p < 0.001). Within each
group, the behavior of PTN and WOG in terms of
(TTF) and (NCF) values improved significantly in recip-
rocating motion (p < 0.001) (Table 2).

Results of two-way ANOVA test were presented in
Table 3. There was a statistically significant interaction
between type of file and instrumentation motion utilized
(p = 0.003). Two-way ANOVA test was conducted to
examine the effects of the systems and motion types on
the time needed to failure Table 2 and box and bar plots
of values of time until fracture in different groups were
presented in Figs. 2 and 3, respectively.

Discussion

Separation of rotary instruments during root canal prep-
aration is considered a critical mishap as the separated
segment may hinder the irrigant from entering the canal
system that may prevent adequate microorganism eradi-
cation (Haapasalo et al. 2003). Thus, considering the fac-
tors that may improve the rotary files resistance to cyclic
failure is considered a critical issue that has been deeply
reviewed in literature (Keskin et al. 2017; Yilmaz et al.
2018). The present study investigated and compared the
cyclic fatigue resistances of the PTN and WOG NiTi ro-
tary systems in rotation and reciprocation motions in
simulated canal with a 60° angle of curvature.

Many factors may cause instrument fracture inside the
root canal such as canal curvature abruptness including
the angle and radius of curvature, the instrument design,
surface treatment, and kinematics (Parashos et al. 2004).
Variable methods had been utilized to examine the

Variable Filing motion File type (mean * SD) p value
PTN WOG

TTF Continuous rotation 00:37.58 + 00:08.88 01:12.60 + 00:13.66 < 0.001*
Reciprocation 01:19.55 + 00:1042 02:26.69 + 00:05.67 < 0.001*
p value < 0.001* < 0.001*

NCF Continuous rotation 187.89 £ 44.40 36298 + 68.29 < 0.001*
Reciprocation 464.05 + 60.80 855.72 + 33.07 < 0.001*
p value < 0.001* < 0.001*

*Significant (p < 0.05); ns non-significant (p > 0.05)
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Table 2 Descriptive statistics for time till fracture (TTF) (mm:ss:ss) and number of cycles till fracture (NCF) for different groups

Variable File type Motion Mean Std. deviation Median Min. Max.
TTF PTN Continuous rotation 00:37.58 00:08.88 00:33.00 00:29.45 00:49.00
Reciprocation 01:19.55 00:10.42 01:20.39 01:04.27 01:30.00
WOG Continuous rotation 01:12.60 00:13.66 01:05.69 00:58.45 01:28.89
Reciprocation 02:26.69 00:05.67 02:25.10 02:20.00 02:35.07
NCF PTN Continuous rotation 187.89 4440 165.00 147.25 245.00
Reciprocation 464.05 60.80 468.94 37491 525.00
WOG Continuous rotation 362.98 68.29 32845 29225 44445
Reciprocation 855.72 33.07 84642 816.67 904.58

cyclic fatigue fracture resistance of NiTi rotary files. In
the present study, a custom-made canal model was
employed to keep the experimental conditions standard-
ized in terms of angle and radius of curvature and
minimize the impact of other variables (Pruett et al
1997). The simulated canal design used in the study
followed the approach illustrated by Pruett et al. (Pruett
et al. 1997). The custom-made canal had an angle of
curvature of 60°, a radius of curvature of 3 mm, to simu-
late the abrupt apical root canal curvature, where the
maximum stresses are concentrated on the rotary instru-
ments (Chang et al. 2016; Pedulla et al. 2012). A pecking
motion was employed during the instrumentation proce-
dures to prevent instrument binding and torque-
generated cyclic fatigue (Li et al. 2002).

According to the findings of the study, the WOG file
showed significantly higher cyclic fatigue resistance than
that of PTN in both the continuous rotation and recip-
rocation modes (p < 0.001); thus, the null hypothesis
was rejected. Though WOG was never tested in con-
tinues rotating motion, the findings of this study corres-
pond with previous studies reporting that the WOG files
were significantly more cyclic fatigue resistant compared
to other files tested in reciprocating motions (Elnaghy
and Elsaka 2014; Ozyurek 2016).

Table 3 Two-way ANOVA test results

This outcome could be attributed to the difference in
the metallurgical properties and the cross-sectional de-
signs of the tested NiTi systems which have an impact
on cyclic fatigue resistance (Berutti et al. 2012). The
WOG files are made of thermally treated Ni-Ti alloy
termed “Gold”, where the ground instrument is heat-
treated then slowly cooled in a post-manufacturing
process. This process results in a characteristic gold fin-
ish that enhances its resistance to fracture and flexibility
and reduces the surface defects (Sirona n.d.). The WOG
files have a parallelogram cross-section, two cutting
edges, and an alternate contact point. This design fea-
ture reduces the number of contact points between the
WOG file and the canal walls. While, PTN is made of
M-wire, that has improved resistance to cyclic fatigue
through a proprietary of thermomechanical process the
material has undergone during manufacturing. The PTN
files have an off-centered rectangular cross-sectional de-
sign (Ye and Gao n.d.).

In this study, applying the reciprocating motion on
both files significantly increased the time until failure (p
< 0.001). In this research, the reciprocating motion was
delivered by using the X-Smart Plus endodontic motor
utilizing the preset-mode (WAVEONE ALL) and the
continuous rotation motion through Protaper Next

Variable Source Sum of squares df Mean square f value p value

TTF File type 13045.83 1 13045.83 12847 < 0.001*
Filing motion 16840.89 1 16840.89 165.84 < 0.001*
File type * motion 1289.94 1 1289.94 12.70 0.003*
Error 1624.79 16 101.55

NCF File type 401509.31 1 401509.31 140.56 < 0.001*
Filing motion 739005.81 1 739005.81 25871 < 0.001*
File type * motion 58629.11 1 58629.11 20.52 < 0.001*
Error 45703.63 16 2856.48

df degree of freedom
*Significant (p < 0.05); ns non-significant (p > 0.05)
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Fig. 2 Bar chart showing mean and standard deviation values of time till fracture (TTF) (mm:ss:ss) in different groups

B PTN
EwoeG

Reciprocation

Mode. Both are pre-programmed modes, with the speed
and the torque of the rotating files are not influenced by
the operator. No previous study had operated the WOG
in continuous rotation or the PTN in reciprocating mo-
tion. An important feature in the performance of the re-
ciprocating instruments is the reciprocation range. The
manufacturer of WaveOne rotary system suggests a
range of 150 counter-clock wise/30 Clockwise that

completes one cutting cycle in three strokes (Saber and
ElSadat 2013). The literature demonstrated the signifi-
cant increase in the cyclic fatigue resistance of the NiTi
files operated in reciprocating motion when compared
to continuous rotation (Castello-Escrivd et al. 2012;
Plotino et al. 2015; Pedulla et al. 2013). Cyclic fatigue re-
sistance is affected by the number of cumulative cycles
of tension and compression created while operating in
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Fig. 3 Bar chart showing mean and standard deviation values of number of cycles till fracture (NCF) in different groups
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the curved part of the instrument (Inan et al. 2007).
Many studies revealed that the time of fracture is attrib-
uted to the rotation speed, i.e., instruments show more
resilience when operated at lower speeds (Li et al. 2002).
According to the manufacturer, the WaveOne system
operates in clockwise/counter-clockwise directions at
350 rpm as a speed, with 120° difference between the
two motions (Gavini et al. 2012; Birklein et al. 2012).
Although the continuous rotary system has a lower rota-
tional speed of 300 rpm, reciprocation motion shows
non-constant rotational speed during operation, as the
electric motor shows some limitations in altering the
direction of rotation mechanically, unlike what happens
in the case of continuous rotation (Kim et al. 2012).
Thereby, less tension is created on the file while rotating
in both directions due to the procedure of acceleration/
deceleration and consequently better cyclic fatigue re-
sistance (Li et al. 2002). In agreement with You et al.
(You et al. 2010) who stated that the increased longevity
of the instruments was associated with their decreased
binding capacity to root canal dentin. Rubio et al. (Rubio
et al. 2019) showed that systems with Gold-Wire alloys
and reciprocating motion offered better resistance to
cyclic fatigue. They reported superior cyclic fatigue re-
sistance performance of WOG. Reciprocating motion
was found to improve the cyclic fatigue results com-
pared to almost all the continuous motion systems
studied

Pedulla et al. (Pedulla et al. 2013), Lee et al. (Lee et al.
2013), Gambarini et al. (Gambarini et al. 2012), and
Kiefner et al. (Kiefner et al. 2014) utilized the same file
system with different kinematics. They showed that cyc-
lic fatigue is affected by kinematics and that the recipro-
cating motion had better cyclic fatigue resistance than
its counterpart.

Conclusions

Within the parameters of this in vitro study, it could be
concluded that reciprocating motion showed superior
cyclic fatigue resistance than continuous rotation. In
addition, WOG files showed significantly longer time till
fracture than PTN files. WOG operated with reciprocat-
ing motion showed the best performance in terms of
cyclic fatigue resistance. PTN showed enhanced cyclic
fatigue resistance when operated in reciprocating mo-
tion. Finally, reciprocating motion can be utilized more
safely in curved canals than continuous rotation due to
the better cyclic fatigue resistance performance.
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