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Abstract

Introduction: The purpose of this study was to assess
the resistance to cyclic fatigue of three nickel-titanium
(NiTi) files after the immersion in sodium hypochlorite
(NaOCl) solution in conditions similar to those used in
clinical practice. Methods: A total of 150 new Twisted
Files (SybronEndo, Orange, CA), Revo S SU files (Micro
Mega, Besancon, France), and Mtwo files (Sweden
and Martina, Padova, Italy), size 25.06, were tested.
Fifty files of the same brand were randomly assigned
to five groups (n = 10) and submitted to the following
immersion protocol in 5% NaOCl at 37�C for 16 mm:
no immersion (control), 5 minutes statically, 1 minute
statically, 5 minutes dynamically (300 rpm/min), and 1
minute dynamically. Resistance to cyclic fatigue was
determined by counting the numbers of cycles to failure
in a 60� curve with a 5-mm radius. Data were analyzed
by two-way analyses of variance. Results: Resistance to
cyclic fatigue of the same NiTi file was not significantly
affected by immersion in NaOCl (P > .05). The Twisted
File showed a higher resistance in all groups than Revo S
SU (P < .001). The comparison between the same
groups of Twisted Files and Mtwo files or between
Mtwo and Revo S files did not show significant differ-
ences (P > .05) except for two cases: group 2 of the
Twisted Files and Mtwo files and group 5 of the Mtwo
and Revo S SU files (P < .05). Conclusions: Static or
dynamic immersion in NaOCl for 1 minute or 5 minutes
did not reduce the cyclic fatigue resistance of NiTi signif-
icantly. However, the type of instrument influences
cyclic fatigue resistance. In our study, Twisted Files
were more resistant followed by Mtwo and Revo S SU
files. (J Endod 2011;37:1139–1142)
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The goals of root canal treatment are to achieve a high standard of disinfection of the
root canal system through chemomechanical instrumentation and fill the canal to

prevent reinfection (1, 2). Canal preparation requires a continuous and
progressively tapered shape so as to allow irrigants to be delivered to the apical
section of canal and perform its bactericidal action (3, 4) and to dissolve organic
substances (5). Over the last 2 decades, nickel-titanium (NiTi) rotary files have become
increasingly popular for this task (6). There is clear experimental and clinical evidence
that the use of NiTi files, compared with stainless steel K-files, promotes canal shapes
that follow the original canal path with less procedural errors (6, 7). On the other hand,
in vitro studies have suggested that NiTi rotary files fracture more often than stainless
steel files (8). The fracture of instruments used in rotary motion occurs in two different
ways: torsion and flexural cyclic fatigue (9, 10). Torsional fracture occurs when an
instrument tip or another part of the instrument is locked in a canal while the shank
continues to rotate (11). Fracture caused by fatigue through flexure occurs because
ofmetal fatigue. The instrument does not bind in the canal, but it rotates freely in a curva-
ture, generating tension/compression cycles at the point of maximum flexure until the
fracture occurs. This repeated tension-compression cycle, caused by rotation within
curved canals, increases cyclic fatigue of the instrument over time andmay be an impor-
tant factor in instrument fracture (6, 12). Efforts are ongoing to identify factors that
impact NiTi rotary fracture resistance (eg, file sequence, torque-limiting motors,
cross-sectional file design, and file surface treatments as electropolishing and magneto-
electropolishing processes) (13, 14). One additional factor potentially limiting the
resistance to fatigue and torsional fracture is corrosion that may occur in the
presence of NaOCl solution (15–17). Sodium hypochlorite (NaOCl) is the most
common irrigant used in root canal treatment. It has a very unpleasant odor; it tends
to discolor (18) and corrode surgical instruments (19). NiTi instruments come into
contact with NaOCl during disinfection (20) or when the solution is present in the
pulp chamber and root canal during instrumentation (21), and for this reason the
time course and extent of corrosive action of NaOCl on NiTi surfaces are currently
unclear (22). The corrosion patterns, involving selective removal of nickel from the
surface, can create micropitting (23). It is supposed that these microstructural defects
can lead to areas of stress collection and crack formation, weakening the structure of
the instrument (24). The corrosive effect of NaOCl on endodontic NiTi instruments has
been studied previously. Haikel et al (25) used hand instruments totally immersed in
a 2.5% solution for 24 to 48 hours and detected no obvious corrosion. Busslinger et al
(26) used 5% NaOCl for 30 or 60 minutes and Lightspeed rotary instruments and found
corrosion patterns, even if the authors were not sure of the clinical implications (Discus
Dental, Culver City, CA). However, these studies provide a contact of endodontic instru-
ments with hypochlorite solution only in static mode and for different times from what
occurs in clinical conditions. In fact, the working part of endodontic instruments
contacts dynamically the NaOCl solution only for a few minutes during endodontic
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Figure 1. The Twisted File instrument inserted in the cyclic fatigue testing
device.
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therapy. If present, corrosion may negatively affect physical properties
of NiTi files (22). Therefore, the aim of the present study was to assess
resistance to cyclic fatigue of three NiTi files after immersion in NaOCl
solutions in conditions similar to those used in clinical practice.

Materials and Methods
A total of 150 new Twisted Files (SybronEndo, Orange, CA), Revo S

SU files (Micro Mega, Besancon, France), and Mtwo files (Sweden &
Martina, Padova, Italy), size 25.06, were tested. Fifty files of the same
brand, all from the same production lot, were randomly assigned (using
a random numbers table) to five different groups of 10 each. Group 1
(the control group) was composed of new instruments not immersed in
solution. Instruments of groups 2, 3, 4, and 5 were immersed in 5%
NaOCl (Niclor, OGNA Laboratory, Milan, Italy) at 37�C for 16 mm.
For that purpose, files were placed in small separate glass containers.
Files of groups 2 and 3 were statically immersed in NaOCl solution
for 5 minutes and 1 minute, respectively; instruments of groups 4
and 5 were dynamically (300 rpm) immersed in solution for 5 minutes
and 1 minute, respectively. For the dynamic immersion, the endodontic
instruments were attached to an endodontic motor and rotated freely at
constant speed (300 rpm) in a small glass container with the amount of
the NaOCl solution necessary to contact 16 mm of instruments. Imme-
diately after removal from immersion, all files were rinsed by bidistilled
water to neutralize the effect of NaOCl, dried, registered with an
ID number, and stored in glass vials. The instruments of all five groups
of three brandswere then subjected to cyclic fatigue test using amechan-
ical device (Fig. 1) specifically developed for the purpose and already
used in previous studies (27–29). The apparatus was connected to an
endodontic motor and enabled the instrument to rotate freely within
a stainless steel artificial canal at a constant pressure. The artificial
canal was manufactured by reproducing an instrument’s size and
taper. It provided the instrument with a suitable simulated root canal
with a 60� angle of curvature and a 5-mm radius of curvature. The
center of the curvature was 6 mm from the tip of the instrument, and
the curved segment of the canal was approximately 6 mm in length.
The instruments were rotated at a constant speed of 300 rpm using
a 6:1 reduction handpiece (Sirona Dental Systems GmbH, Bensheim,
Germany) powered by a torque-controlled electric motor (VDW Silver,
VDW GmbH–Dentsply International Inc, Munich, Germany). Torque
was set at 2 N/cm. To reduce the friction of the file as it contacted
the artificial canal walls, a special high-flow synthetic oil designed for
the lubrication of mechanical parts (Super Oil; Singer Co Ltd, Elizabeth-
port, NJ) was applied. For each instrument, the time in seconds from the
start of the test until the moment of breakage was recorded with a chro-
TABLE 1. Descriptive Statistics of Cyclic Fatigue Resistance: NCF for Instruments

Brand Group n Mean (seconds) Median S

Twisted File 1 10 742.5 750
2 10 729.5 720
3 10 703 735
4 10 802.5 807.5
5 10 755 767.5

Revo S SU 1 10 395.5 375
2 10 417.5 452.5
3 10 392 390
4 10 390 367.5
5 10 382 390

Mtwo 1 10 560 540
2 10 533 480
3 10 563 512.5
4 10 579.5 552.5
5 10 571.5 572.5
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nometer to an accuracy of 0.1 seconds, and the number of cycles to
failure (NCF) were calculated to the nearest full number multiplying
the seconds by 5 (number of cycles for second using 300 rpm). The
Kolmogorov-Smirnov for normality test revealed a nonnormal distribu-
tion of fatigue data in all groups of the same brand, and, therefore,
nonparametric statistical analysis was chosen. A two-way analysis of
variance and Scheff�e post hoc tests at 0.05 (MedCalc Software, Maria-
kerke, Belgium) were used to evaluate the effect of immersion in hypo-
clorite solution on fatigue resistance. The number of rotations to
fracture was dependent variables, whereas the brand of files and
immersion conditions were independent measures.

Results
Descriptive statistics are summarized in Table 1 and Figure 2. The

mean NCFs of all Twisted File groups are greater than that of Mtwo and
Revo S. The inferential analysis revealed no statistically significant differ-
ences between the five groups of the same brand, considering the
immersion conditions as the independent variable (two-way analysis
of variance, P = .71; interaction = 0.84), but there were statistically
significant differences between the same group considering the brand
as the independent variable (two-way analysis of variance, P <
.0001). Post hoc analysis revealed a significantly higher resistance
to cyclic fatigue in all groups of Twisted Files when compared with
respective groups of Revo S (P < .05 for each comparison). The
comparison between the groups of Twisted File and Mtwo or Mtwo
tandard deviation Standard error of mean Min Max

87.38 27.63 555 865
121.7 38.5 575 915
92.26 29.18 520 795
84.73 26.79 710 975

138.9 43.92 450 915
72.17 22.82 315 565

124.3 39.32 155 540
92.14 29.14 275 545
92.33 29.2 260 530
35.76 11.31 305 420

107.5 33.99 450 730
122 38.59 380 700
145.5 46.01 435 905
113 35.73 450 800
145.8 46.12 415 840

JOE — Volume 37, Number 8, August 2011



Figure 2. A column bar plot of NCF for instruments by groups.
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and Revo S did not show statistically significant differences (P > .05)
except in two cases. Group 2 (files statically immersed in NaOCl for
5 minutes) of the Twisted File was more resistant to cyclic fatigue
than the same group of Mtwo, and group 5 (files dynamically immersed
in NaOCl for 1 minute) of Mtwo was more resistant than the same group
of Revo S (P < .05).

Discussion
This study aimed to assess the resistance to cyclic fatigue of

three NiTi files after immersion in NaOCl solutions in conditions
similar to the clinic. Different times and static or dynamic immersion
were used. Many studies have considered the effects of NaOCl on NiTi
alloys. Berutti et al (30) immersed ProTaper rotary instruments in
5% NaOCl solution at 50�C for 5 minutes and found corrosion effects
afflicting the cyclic fatigue fracture resistance, especially when the
instrument was completely immersed in solution, because of galvanic
corrosion phenomena caused by the different composition of the
working part and the shaft of ProTaper (Dentsply Maillefer, Bal-
laigues, Switzerland). Peters et al (22) investigated the effect of
immersion in 5.25% NaOCl for 1 or 2 hours at temperatures of
21�C and 60�C on torque and fatigue resistance of 25.04 ProFile
(Dentsply Maillefer) and RaCe (FKG Dentaire, La Chaux-de-Fonds,
Switzerland) files and found that NiTi rotary files exhibit reduced
resistance to cyclic fatigue after contact with heated NaOCl, so they
should be considered single-use instruments (22). However, Dara-
bara et al (16) found no signs of corrosion after immersion for 1
hour in 5.25% NaOCl and 17% EDTA heated to 37�C. Possible expla-
nations for these conflicting findings are the different test and immer-
sion protocols used. Immersion varied substantially (between 5
minutes and 48 hours) provided that the instrument was totally
and statically immersed in the solution. These conditions, which
mimic those used during cleaning procedures of the instruments
involving NaOCl as a disinfectant agent, are very unlikely in clinical
practice when the shaft is completely lodged within the head of
the endodontic handpiece and the endodontic file rotates during
root canal therapy. In order to get closer to clinical conditions,
the protocol of this study provides static or dynamic (300 rpm)
immersion in 5% NaOCl solution at 37�C for 1 or 5 minutes only
of the working part (16 mm) of 25.06 endodontic NiTi rotary files
of three different brands. Considering that the mean life of instru-
ments in group 1 (control group) in the test conditions was between
1 minute 16 seconds (382 NCF, Revo S SU) and 2 minutes 51
seconds (755 NCF, Twisted File), it was decided to choose 1 minute
and 5 minutes as the contact time of the instrument with the solution
so as to remain within realistic times for clinical practice. NaOCl
JOE — Volume 37, Number 8, August 2011
solution was used at 37�C to simulate the body temperature. Only
16 mm from the tip of instruments was immersed in solution to
avoid galvanic corrosion phenomena that are induced when two
(or more) dissimilar metals are coupled in a corrosive electrolyte
(such as NaOCl solution) (31). However, the clinicians should
consider that the use of heating NaOCl (50�C or 60�C) or its use
as a disinfectant agent of NiTi files as well as the onset of galvanic
corrosion during endodontic therapy (the presence of NaOCl solu-
tion in pulp chambers of teeth with restorations of different metal
such as amalgam restorations, gold crowns, and so on) trigger
corrosion processes as shown in other studies (22, 30) and might
further reduce the cyclic fatigue resistance of file. In these
experimental conditions, static or dynamic immersion in NaOCl for
1 minute or 5 minutes did not reduce significantly the cyclic
fatigue resistance of NiTi files. These findings may be because of
the type of analysis. The cyclic fatigue device generates the
maximum stress at the center of the simulated curve (about 6 mm
from the tip), so if a corrosive zone was present at that level, the
instrument could break early. However, if the corrosive attack hits
the instrument in a different area from that of maximum stress
generated by the testing device, the resistance to cyclic fatigue of
the instrument will probably not be reduced. Under the conditions
of this in vitro study, statistically significant differences were found
between the three different NiTi files tested; Twisted Files were
more resistant to cyclic fatigue than Mtwo and Revo S SU. These
differences are probably because of the different type of alloy and
production processes used for these instruments. In fact, Twisted
File instruments were produced by heating and twisting, whereas
Mtwo and Revo S SU were produced by traditional grinding
methods. Moreover, it has been shown that the different cross-
section and cutting flutes design of the three NiTi instruments used
in this study do not influence the fatigue resistance of files that
are of the same size (32–34). In conclusion, under these
experimental conditions, static or dynamic immersion in NaOCl for
1 minute or 5 minutes did not reduce significantly the cyclic
fatigue resistance of NiTi files. However the type of instrument
influenced cyclic fatigue resistance. In our study, Twisted Files
were more resistant than Mtwo and Revo S SU.
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