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Aim: The aim of present study was to evaluate if the cross-
section and the number of use have influence in cyclic fatigue 
resistance of rotary files. Methods: K3 Endo (group K) and 
EndoSequence (group E) files, 25/.04, 25 mm, were subdivided 
into 3 subgroups (n=12) according to the number of uses, 1, 
3 and 5 uses, totalizing 72 files. The files were submitted to 
dynamic assays device moved by an electric engine, using 
300 rpm of speed that permitted the reproduction of pecking 
motion. The files run within a temperate steel ring’s groove, 
simulating an instrumentation of a curved root canal with 
40-degrees and 5-mm of curvature radius. The fracture of 
file was detected by sensor of device and the time and the 
number of cycles was acquired. The data were analyzed 
statistically by two-way ANOVA (p<0.05). Results: There were 
no statistical significant differences in regard to the number 
of uses (p>0.05). K3 Endo files showed greater resistance 
to cyclic fatigue than EndoSequence instruments (p<0.01). 
Conclusion: It may be concluded that the cross-section of 
instruments presented significant influence in cyclic fatigue 
resistance and the number of uses up to 5 times had no 
influence in cyclic fatigue resistance in both NiTi rotation 
systems evaluated.
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Introduction

The major aim of endodontic treatment is to maintain or to promote the periapi-
cal health, with the maximum elimination of microorganisms of the root canals 
system. Therefore, the chemomechanical preparation plays an important role in 
the cleaning and shaping of root canals with the use of several instruments and 
chemical auxiliary substances.

In curved canals, there are some physical and mechanical challenges that difficult 
the correct modeling and the effective bacterial elimination. To carry out a better 
instrumentation of these root canals, rotary NiTi files are employed due its super-
elasticity and shape memory effects. These instruments allow the dentist to effi-
ciently prepare the root canal with significantly less zipping and ledging and with 
minimal transportation towards the outer aspect of the curve1-3. The vast majority 
of the studies uniformly describe good maintenance of curvature even in severely 
curved root canals3-5.

Despite greater flexibility and torsion resistance, fracture is the major concern in NiTi 
files, especially after prolonged use6. Unfortunately, most of these fractures occur 
unexpectedly, with no sign of permanent deformation. Cyclic fatigue of the alloy, with 
successive tension and compression loads on the curved areas of the root canal, can 
be the most destructive form of cyclic load7. Therefore, most cases of mechanical 
failure of NiTi rotary files during clinical use have been associated with cyclic fatigue8.

The frequency of use of rotary NiTi files and the file cross-section are parameters 
that might affect the cyclic fatigue resistance of these instruments9,10. Few studies 
have investigated dynamic cyclic fatigue using an apparatus11-13 that simulates the 
pecking motion even as the use of this movement during instrumentation by NiTi 
rotary files appears to significantly extend the life of the instrument. Therefore, the 
purpose of this study was to assess the cyclic fatigue behavior of two NiTi rotary 
files with different cross-section, K3 Endo (SybronEndo, Orange, USA) and EndoSe-
quence (Brasseler USA, Savannah, GA, USA), submitted to repeatedly used in simu-
lated curved canals, using an experimental cyclic fatigue testing apparatus that sim-
ulates the pecking motion in curved canals. Thus, the null hypothesis is that rotary 
NiTi systems with different cross-section and that the repeat uses of instruments 
have no influence in resistance to cyclic fatigue during instrumentation in curved 
canals performing pecking motion.

MATERIALS AND METHODS
Three hundred twenty simulated canals were constructed using size 15 silver points 
as templates. The annealed silver points were pre curved to create artificial canals 
with angle of curvature of 40º, 5 mm of radius curvature and 21 mm of length, and 
the beginning of the curve was positioned 14 mm from the canal orifice. These 
simulated canals were constructed using self-curing epoxy resin (Araldyte LY 1316 
Ciba, São Paulo, SP, Brazil) in the proportion of 100g of resin to 13g of catalyst (HY 
1208 Ciba, São Paulo, SP, Brazil). To prevent the formation of bubbles, the mixing 
of the resin with the catalyst was carried out by the vacuum spatulate Model A 300 
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(Polidental, São Paulo, SP, Brazil). Clear spectrophotometer cuvettes (STARNA, UK) 
retained the epoxic resin that was poured around the silver points14.

A total of thirty-six K3 Endo (group K) and thirty-six EndoSequence (group E) files, 
size #25, taper 0.04 were divided into four subgroups of 12 specimens each, based 
on number of repetitions (1, 3 and 5 times) to which the files would be submitted. 
The files were used with an electric motor at 300 rpm with 2.0 N.cm of torque. A 16:1 
reduction contra angle was attached to the electric motor.

To reduce interoperator variables, each preparation was conducted by the same oper-
ator, with wide experience of the preparation technique for shaping root canals with 
the rotary NiTi files, prepared all the simulated curved root canals using the pecking 
motion, that consists in exerting enough pressure so that the instrument will move 
forward millimeter by millimeter, followed by light backward movements until the 
desired depth is reached. During the preparation of resin blocks canals, the operator 
was unaware of the number of times that the instrument was being used, nor the 
driven torque. 

Prior to preparation and after the use of each instrument, copious irrigation with 3 ml 
of 1% NaOCl solution was performed using disposable syringes and Endo-Eze irriga-
tion needle (Ultradent Products Inc., South Jordan, UT, USA). During the instrumenta-
tion procedure, approximately 12 ml of irrigant was used per block.

After each cycle of use the files tested were examined under a magnification of 10X. 
If distortions or breakage in the flutes were observed, the instrument was discarded. 
Based on this evaluation, no instrument has been discarded. Then they were washed 
with tap water and soap, dried with paper towels, placed in an envelope and auto-
claved for 20 minutes at 121ºC temperatures.

Cyclic fatigue testing was performed with a custom-made apparatus (Fig. 1) spe-
cifically designed to allow dynamic testing by simulating the pecking motion, made 
essentially of aluminum, according to Gavini et al.15 (2012).

An electric motor handpiece (Driller, São Paulo, Brazil) was used with a contra-angle 
of 16:1 (NSK, Kanuma, Japan). Firstly, the micromotor/contra-angle handpiece was 
secured to the support arm in a parallel position to the apparatus base. Then, the 
file was secured to the contra-angle handpiece, ensuring correct locking. The electric 
motor was calibrated to run at a speed of 300 rpm and torque identical to that used 
during the preparation of simulated canals.

Platforms were moved using the grading rings until reaching a position that allowed 
the file to remain curved and free to rotate between the cylinder and the steel jig, thus 
simulating rotary instrumentation of a canal with a 40-degree, 5-mm radius curva-
ture. Care was taken to ensure that the instrument was well positioned in the cyl-
inder groove, so as to avoid file displacement. The instrument tip remained visible 
throughout the experiment, touching the sensor when the maximum displacement of 
the pneumatic system was achieved. 

With the file adequately positioned, the main switch turned on, the electric motor was 
powered, and simultaneously turned on the pneumatic switch. With that, the whole 
set micromotor/contra-angle/file were powered by the pneumatic system, reproduc-
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ing the pecking motion, with a 2 mm each movement forward and backward, where 
the file slide in the groove created on the ring made of tempered steel. This movement 
was repeated at a speed of one cycle per second. The fracture of the instrument was 
easily detected by the sensor, at moment which the counter and timer were stopped. 
Testing time was registered with a digital stopwatch (Casio, Tokyo, Japan), started at 
the moment the motor was turned on and stopped at fracture detection. This proce-
dure was sequentially repeated for all groups.

After completion of all tests, the mean time to failure observed in each group was 
recorded in seconds. 

Because our study included independent set of samples with normal distribution 
and equal variances, the ANOVA and the Student t test were employed to assess the 
presence of statistically significant differences (p<0.01). Statistical analysis was per-
formed with SPSS 17.0 statistical software (SPSS, Chicago, IL, USA)

RESULTS
Fatigue resistance data were assessed with regard to central tendency (means) and 
dispersion (standard deviation). The effect of number of uses of the files on cyclic 
fatigue was not statistically significant (p=0.3592) in both rotation systems. The 
instruments with 1, 3 and 5 numbers of uses, behave similarly in regard to cyclic 

Figure 1. Cyclic fatigue testing apparatus. Letters a, b and c – Rectangular platforms; d – Grading rings; 
e – Mechanical arm with locking ring to support micromotor/contra-angle/file; f – pneumatic cylinder to 
reproduce reproducing the pecking motion. 
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fatigue. On the other hand, K3 Endo files showed significantly greater resistance 
to cyclic fatigue (p=0.0146) than EndoSequence files. Table 1 shows fracture data 
obtained within each group. 

DISCUSSION
In present study, the null hypothesis was accepted in regard to number of uses of 
instruments, however was rejected in regard to rotary systems.

The present study assessed the cyclic cyclic fatigue resistance of K3 Endo and 
EndoSequence files size #25, taper 0.04 submitted to different number of uses, using 
an experimental cyclic fatigue testing apparatus that simulates the pecking motion. 
File size (# 25) and taper (0.04) were chosen for being different from those estab-
lished in the ISO standard and compatible with the clinical instrumentation of apical 
thirds in curved canals.

The option for K3 Endo and EndoSequence files was based on idea that the cross-sec-
tional area of the files may influence strongly the cyclic fatigue resistance16, fact 
that happens throughout the 16 mm of the working portion of these instruments. 
K3 Endo files present a positive rake angle with three radial lands and a relatively 
large cross-sectional area17. EndoSequence has a triangular cross-section, without 
radial lands and with alternating contact points (ACP) along the instrument’s shank. 
The use of ACP allows the file to remain centered in the canal, while simultaneously 
reducing the torque requirements. The lack of radial lands provides a sharper instru-
ment as a result of a decreased thickness of metal, thereby providing a more flexible 
file. Combined with a precision tip, the alternating contact points provide an efficient 
instrument that will not transport the canal. The EndoSequence file undergoes elec-
tropolishing and the result is visible in its mirror-like finish that remains sharper longer 
and stays cleaner during use. Some authors observed that electrochemical polishing 
did not inhibit the development of microcracks in EndoSequence NiTi files18 and K3 
Endo files19.

The design of the cross-sectional will influence the file’s flexibility and how much lat-
eral resistance is generated when the file is working within the canal9,20,21. File designs 
that incorporate radial lands, in an attempt to reinforce the cross-section of the file 
and thereby decrease file separations. This fact also will increase significantly the 
percentage of contact with the canal wall and subsequently increase lateral resis-

Table 1. Mean of cycles to occur the fracture (standard deviation), according to the number of uses and 
type of file used in each experimental group.

Uses K Group E Group

1 674.60a (78.25) 333.35b (70.90)

3 597.50a (64.60) 317.90b (83.05)

5 547.90a (105.20) 255.85b (68.95)

Different letters indicate the presence of statistically significant differences (p<0.01).
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tance. Radial lands that increase the stiffness of a file decrease its flexibility in curved 
canals. The developers state that removing radial lands increases cutting efficiency, 
increases flexibility, and reduces “drag,” therefore lowering the torque requirements of 
the files20,21. 

Files ground from triangular blanks will have greater flexibility than those with wide 
radial lands, but may transport the canal if they lack a centering device. Furthermore, 
those files with a constant pitch have a tendency to create “suck-down”, particularly 
in larger sizes. Suck-down, refers to the tendency of the file to be pulled apically 
as it engages the canal walls. This results in an increased potential for file sepa-
ration. Some authors reported a higher rate of fracture in files without radial lands 
than those instruments with radial lands9,18, agreeing with the present research. In 
a similar study, Ray et al.9 (2007) also observed that EndoSequence files presented 
significantly lower resistance to fracture than K3 Endo files, with used under 300 
and 600 rpm.

Mechanical stress of NiTi files is strongly related to the curvature of the root canal and 
dentin hardness22, but it is also proportional to motor torque14,23, thus the instrument’s 
cyclic fatigue resistance should decrease with prolonged clinical use23,24. Cyclic fatigue 
occurs at the instrument maximal flexure, when rotating freely inside curved canals, 
without prior indication of failure15. Continuous traction and compression cycles in 
curved canals are the most destructive form of cyclic fatigue and fracture in endodon-
tic files11,14,25-27. Although many studies have assessed cyclic fatigue and the dynamics 
of NiTi rotary files14,23,28, the relationship between force exerted during preparation of 
the root canal and clinical risk of distortion and fracture of the files has not been prop-
erly studied yet. 

This study attempted to investigate the mechanisms of pecking motion associated 
cyclic fatigue test in the breakage of two NiTi rotary instruments. The methodology 
allowed the instruments to rotate freely at a standardized curvature. Other stud-
ies23,24,27 have also indicated that these methodological characteristics are the most 
appropriate ones for the assessment of cyclic fatigue in rotary NiTi instruments, 
since static tests do not reproduce the real conditions faced in the clinical practice: 
automated instrumentation systems have been designed to enter the root canal 
in motion, with previously determined torque and speed values, whereas, the dis-
tribution of the load over a large area prolonged the useful life of the instrument. 
The occurrence of maximum flexion in the same location, in the same point, will 
decrease the lifetime of the instrument. The continuous strength of tension and 
compression in the curved area of the root canal can promote a destructive load of 
NiTi rotary instruments23,26.

During the pecking motion, the instruments were always stressed in the curved canals, 
but the pecking distance gives the instruments a time interval before it once again 
passes through the highest stress area. According to Li et al.12, the pecking motion 
may be a crucial factor in preventing the breakage of NiTi rotary instruments. Thus, 
the pecking motion minimizes the stress on instruments into curves, decreasing the 
chance of occur a fracture. Li et al.12 (2002) still recommended that to avoid break-
age of a NiTi rotary instrument, appropriate rotational speed and continuous pecking 
motion in root canals are necessary.
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This study was conducted in simulated canals to reduce the variation in the instru-
mentation technique and limit the variability of parameters, such as length, width, 
anatomy, radius and angle of curvature of the canal. The handpiece was never forced 
apically during instrumentation. With regard to the angle and radius of curvature used, 
the option for 40º and 5 mm, respectively, better represents the clinical conditions of 
a root canal with gradual curvature.

An analysis of the studies that investigated the impact of torque and number of uses 
on the cyclic fatigue behavior of NiTi rotary files allowed concluding that fracture can 
be avoided by regularly disposing of files after a few uses, and by using low torque 
motors, operating below the maximum torque limit of each different NiTi file. The 
results of this in vitro study must be interpreted critically, and comparisons with the 
clinical practice must be drawn carefully, because only two of the many variables of 
root canal preparation were assessed. During this procedure, there are different types 
of stress from different mechanisms, which are correlated and can affect the useful 
life of NiTi rotary files. 

Although there is still no consensus regarding the number of uses or the maximum 
torque permitted for each file system. It may be affirmed according to results of this 
study that K3 Endo and EndoSequence files, size #25, taper 0.04, can be used at 
up to 5 times and with a maximum torque of 2 N.cm, without affecting their cyclic 
fatigue behavior.

It may be concluded that the cross-section of instruments presented significant influ-
ence in cyclic fatigue resistance and the number of use, up to 5 times, had no influ-
ence in cyclic fatigue resistance in both NiTi rotary systems analyzed.
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