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Cyclic fatigue failure of Nicket-titanium files

INTRODUCTION

Nickel-titanium (NiTi) rotary endodontic instru-
ments were introduced commercially in the early
1990’s. Since their introduction, these instruments
have gained increased popularity within the dental
profession due to many favorable characteristics of
rotary NiTi instruments compared to their stainless
steel hand files predecessors. The advantages of rotary
NiTi files over stainless steel hand files include in-
creased flexibility1, better maintenance of root canal
geometry 2-4, less extrusion of debris5, and reduced root
canal preparation time. 6,7

Although rotary NiTi instruments provide many
desirable features, their sudden fracture during clini-
cal use remains a major drawback. Two main mecha-
nisms are responsible for NiTi file fracture, cyclic
flexural fatigue failure and torsional failure. Cyclic
flexural fatigue failure occurs due to repeated com-
pression and tension cycles of the NiTi alloy at the
point of maximum canal curvature as the file rotates
freely in curved canals, whereas torsional failure
occurs due to binding of the tip of the instrument in the
canal while the shaft continues to rotate.8, 9 It has been

reported that cyclic flexural fatigue failure accounts for
44-70% of instrument fractures during clinical use,
while torsional failure accounts for 30-56%.9,10 Cyclic
flexural fatigue failure usually occurs without visible
signs of permanent deformation, which makes failure
very difficult to prevent.9,11

Resistance of rotary NiTi instruments to cyclic
flexural fatigue failure is dependent on many factors
including cross-sectional area and file design.8,12 Manu-
factures continuously introduce new rotary NiTi in-
struments with different file designs to improve their
characteristics.  This necessitates continuous testing of
such instruments to verify their properties.  A number
of devices has been developed and reported in the
literature for testing resistance of rotary NiTi files to
cyclic flexural fatigue failure.13-17 Revo-S rotary NiTi
instruments (Micro-Mega, Besancon, France) were mar-
keted with a new asymmetrical cross-section that is
intended, according to the manufacturer, to increase
flexibility, reduce stress and improve cleaning. To date,
there is no study in the dental literature evaluating the
cyclic flexural fatigue failure of Revo-S instruments.
The aim of this study was to evaluate the cyclic flexural
fatigue failure resistance of the Revo-S Shaper Univer-
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sal rotary NiTi files and to compare it to two other
rotary NiTi files with similar size and taper, the Hero
Shaper (Micro-Mega, Besancon, France) and the ProFile
(Dentsply-Tulsa Dental, Tulsa, OK, USA). The null
hypothesis that guided this research work was
that; there was no difference in cyclic flexural
fatigue failure resistance between the Revo-S Shaper
Universal, the Hero Shaper and the ProFile rotary
NiTi files.

METHODOLOGY

Fifteen endodontic files each of Revo-S Shaper
Universal, Hero Shaper, and ProFile all with the same
tip diameter (ISO size 25), taper (0.06), and length (25
mm) were assessed. The cross-sectional design of the
instruments is shown in figure 1. The cyclic flexural
fatigue testing device has been described18. The testing
device was modified to fit the files used in this study by
making the groove in the testing block slightly wider.
Briefly, the device consisted of a steel base with a hand-
piece holder that positioned the hand-piece in a precise
relationship to the cyclic flexural fatigue-testing block.
The stainless steel cyclic flexural fatigue-testing block
had a 5mm radius curved groove that was 1 mm deep
and 2 mm wide. The cyclic flexural fatigue-testing

block was positioned relative to the horizontal plane at
an angle that allowed the hand-piece mounted file to
conform to the curve of the testing block groove
without the need for a covering cylinder. The resulting
angle of curvature was 51° according to the Schneider
method.19

During each testing run, the hand-piece mounted
file was positioned exactly to the same point on the
testing block groove. Each testing cycle consisted of
three files, one Revo-S, one Hero Shaper, and one
ProFile. To minimize bias, each testing cycle was
started with a different file type in a non-random
sequencing to ensure that each file type was used first
in one-third of the cycles, second in one-third of the
cycles, and third in one-third of the cycles.  While
testing the files, the testing block groove was lubri-
cated with three-in-one oil (WD-40 Company, San
Diego, CA, USA).  The files were rotated at a constant
speed of 300 RPM using a 16:1 reduction hand-piece
(Advanced Technology Research, Pistoia, Italy) pow-
ered by a torque-controlled electric motor (Tecnika
Vision, Dentsply Maillefer, Ballaigues, Switzerland).
Time in seconds to instrument fracture was monitored
visually using a 1/100 second chronometer.  The num-
ber of revolutions to failure was calculated by multiply-

TABLE 1: TIME AND NUMBER OF REVOLUTIONS TO CYCLIC FLEXURAL FATIGUE FAILURE

Group Sample Time to Failure in Number of Revolutions
Size Seconds [Mean, (SD)] to Failure [Mean, (SD)]

Revo-S Shaper 15 96.1 (17.3)* 480.5 (86.5)*

Hero Shaper 15 120.5 (24.3)* 602.5 (121.3)*

ProFile 15 154.6 (14.9)* 773.0 (74.5)*

One-way ANOVA F = 35.0, p = 0.001 F = 35.0, p = 0.001

SD = Standard deviation, *Significantly different from other groups

Fig 1: Scanning electron microscope photomicrograph illustrating the cross-sectional design of; A) Revo-S
Shaper Universal, B) Hero Shaper, and C) ProFile
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ing the time to failure in seconds by 5 (300 RPM/60).
Data were analyzed using one-way ANOVA followed by
the Scheffé post hoc test, with the level for statistical
significance set at α = 0.05.

RESULTS

The findings of the study are presented in Table 1.
Revo-S files were the least resistant to cyclic flexural
fatigue failure followed by the Hero Shaper files. The
ProFile files were the most resistant to cyclic flexural
fatigue failure. Differences between the three groups
were all statistically significant (p = 0.001).

DISCUSSION

This study evaluated the resistance to cyclic flex-
ural fatigue failure of the newly introduced Revo-S
Shaper Universal rotary NiTi files and compared it to
two other rotary NiTi files with a similar tip diameter,
taper and file length. The Hero Shaper rotary NiTi files
were chosen for comparison because they are produced
by the same manufacturer, share some cross-sectional
characteristics with the Revo-S (Figure 1), and the
resistance of the Hero Shaper files to cyclic flexural
fatigue failure have been previously reported.14,15  The
ProFile rotary NiTi files were included because they
were the first rotary NiTi instruments marketed and
are also commonly used in similar cyclic flexural
fatigue testing studies.14, 15

The superior resistance to cyclic flexural fatigue
failure exhibited by the ProFile NiTi files compared to
the Hero Shaper NiTi files is in agreement with
previous comparative studies.14, 15 Haikel et al. (1999)14,
using a similar testing block with a 5 mm radius curved
groove, reported the ProFile (ISO size 25 with 0.06
taper) files to be more resistant to cyclic flexural
fatigue than the Hero files of similar size and taper.
Similarly, Tripi et al. (2006)15, using an artificial canal
with a 45° curvature and a radius of 5 mm, showed that
the ProFile files (ISO size 25 with 0.06 taper) to be more
resistant to cyclic flexural fatigue failure than the Hero
files of similar size and taper.

The improved performance of rotary NiTi instru-
ments relative to stainless steel hand files in terms of
the flexibility1, reduction of root canal preparation
time6,7 and better canal preparation with less
debris extrusion2-5 has led to an increased adop-
tion of NiTi technology among dental practi-

tioners. This increased popularity of rotary NiTi in-
struments encouraged manufacturers to develop and
introduce to the market new products with features
that are claimed to improve their performance. It is
important to evaluate scientifically these new instru-
ments to aid practitioners to make an evidence-based
selection.

Although fracture of rotary NiTi files during clini-
cal use remains a major problem, no standardized
method or specification has been developed for testing
resistance to cyclic flexural fatigue failure.16 Resis-
tance of different rotary NiTi instruments to cyclic
flexural fatigue failure has been reported using differ-
ent testing models.13-17 Due to the lack of an accepted
testing standard, and to the difference between labora-
tory and clinical conditions, the results reported by
different studies regarding cyclic flexural fatigue fail-
ure resistance can only compare the relative perfor-
mance of the NiTi files used in that study or studies
when employing very similar testing devices and con-
ditions. In addition, the absolute values reported for
time to cyclic flexural fatigue failure should be used
only as a guide, as they may not reflect the perfor-
mance of the instrument during clinical use.16 There-
fore, practitioners should always be careful when using
rotary NiTi instruments during root canal preparation
and should not allow the rotary NiTi files to remain in
the canal for more than the time required to prepare
the canal.

CONCLUSIONS

This laboratory study found that the Revo-S
Shaper Universal rotary NiTi files (ISO size 25 with
0.06 taper) had a significantly lower resistance to
cyclic flexural fatigue failure than the Hero Shaper or
the ProFile rotary NiTi files. Based on the finding of
this study, the null hypothesis stating that; there
was no difference in cyclic flexural fatigue failure
resistance between the Revo-S Shaper Universal, the
Hero Shaper and the ProFile rotary NiTi files was
rejected.
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