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INTRODUCTION 

Root canals shaping is highly affected by 
mechanical properties of endodontic instruments. 
Procedural errors such as transportation, ledge, 
zipping, stripping, and perforation result from 
deviation from the canal curvature. The main 
mechanical properties of instruments that affect 
their performance in curved canals are flexibility 
and cyclic fatigue resistance.

 The fracture of NiTi rotary files occur due to 
torsional failure or flexural failure (1,2). Torsional 
failure usually occurs when the file tip is locked 
inside the root canal while the shank continues 
rotation. File unwinding, reverse winding, and 
reverse winding with tightening of the spirals 
often occurs with torsional failure. Flexural failure 
occurs due to metal fatigue where the rotary file 
rotates freely inside the canal curvature with 
repeated tension and compression cycles at point of 
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ABSTRACT

Aim: The purpose of this study was to compare the resistance to cyclic fatigue of three nickel-
titanium (NiTi) endodontic instruments from Protaper Gold (PTG), OneShape (OS), and Twisted 
files (TF). 

Methodology: A total of 45 nickel-titanium instruments were tested and divided into 3 
experimental groups (n = 15): group 1, Protaper Gold (F2 25/.08); group 2, OneShape (25/.06) file; 
and group 3, Twisted file (25/.06). The testing device was specially designed for this experiment. 
The time and cycles to failure were calculated. The data were compared for differences by using 
2-way analysis of variance (p < 0.05). 

Results: Statistical analysis revealed that PTG showed the statistically significantly highest 
mean cyclic fatigue value, while TF showed statistically significantly lower mean cyclic fatigue 
value. OS system showed the statistically significantly lowest mean cyclic fatigue value. 

Conclusions: ProTaper Gold files demonstrated significantly higher cyclic fatigue resistance 
than OneShape and Twisted files, while OneShape files revealed the lowest cyclic fatigue resistance. 
The enhanced alloy properties of ProTaper Gold may be the main reason for this difference.
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maximum curvature until fracture occurs (3,4,5). This 
type of failure exhibits no specific patterns of plastic 
deformation under microscopic examination unlike 
the torsional failure. The manufacturing process of 
NiTi instruments usually results in internal residual 
stresses and surface defects that affect the overall 
instrument strength (6). In unused NiTi instruments, 
suface defects and work hardening have been 
reported. Some improvements have been employed 
to minimize the effect of machining defects. 

ProTaper Gold files (PTG) (Dentsply Tulsa 
Dental Specialties, Tulsa, OK) are newly introduced 
files that exhibit improved mechanical properties 
because of their innovative metallurgy, which had 
2-stage specific transformation behavior and high 
Af temperatures (7). PTG files have changing helical 
angle as well as convex triangular cross section. 

Single file concept has been recently introduced. 
OneShape (Micro Méga, Besançon, France), a 
typical single-file instrument, manufactured from 
conventional austenite NiTi alloy, and operates 
in continuous rotation (9,10). It was claimed by the 
manufacturer that OneShape file exhibits improved 
shaping ability and cleaning efficacy. However, the 
cyclic fatigue resistance and the force generated by 
OneShape files in preparing curved canals is not 
fully investigated (11).

The TF files (Sybron Dental Specialties, Orange, 
CA) represents another improvement in the NiTi 
instruments manufacturing. TF files have a constant 
tip size of #25 with tapers of .04, .06, 0.8, .10, and 
.12.  It was reported that the R-phase heat treatment, 
special surface treatment and twisting of the 
metal significantly increased the file cyclic fatigue 
resistance (12).

The purpose of this study was to evaluate 
the cyclic fatigue resistance of 3 different NiTi 
instruments in artificial canals: Protaper Gold 
(PTG), OneShape (OS), and Twisted Files (TF). 
The hypothesis is that the new generation of 
instruments made of modified NiTi alloys possess 
better mechanical properties when compared with 

instruments manufactured from conventional NiTi 
alloy. 

Methodology

Fifteen PTG F2 (25/.08), 15 OneShape (25/.06), 
and 15 TF (25/.06) files were included in the present 
study.

Testing Device

The testing device was specially designed for this 
experiment by using a modification of the device 
used by Haikel et al (13). The device consisted of a 
steel base attached to a specifically machined holder 
that position the hand-piece in a precise relationship 
to the cyclic flexural fatigue testing block. The 
cyclic flexural fatigue testing block consisted of 
1mm deep and wide groove that was machined 
into a stainless steel block. The block had a curve 
with a 5 mm radius. The angle of the cyclic fatigue 
testing block to the horizontal plane was adjusted 
such that when the tested file was mounted in the 
hand-piece, it conformed to the curve without the 
need for a covering cylinder. The resulting angle of 
curvature was 51 degrees according to the method 
of Schneider (14). The files were mounted in the hand-
piece and positioned to the same point in the testing 
block. (Figure 1)

The files were divided into 3 experiment groups, 
and the following procedures were performed: 

1. Group 1: Protaper Gold (F2 25/.08). The files 
in this group were used with the X-Smart 
endodontic motor mounted on a cyclic fatigue 
test device at 300 rpm and 3.1 g/cm torque in 
rotation mode until the fracture occurred. 

2. Group 2: OneShape (25/.06). The files in this 
group were used with the X-Smart endodontic 
motor mounted on a cyclic fatigue test device 
at 400 rpm and 2 g/cm torque in rotation mode 
until the fracture occurred. 

3. Group 3: Twisted file (25/.06). The files in this 
group were used with the X-Smart endodontic 
motor mounted on a cyclic fatigue test device at 
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500 rpm and 2.5 g/cm torque in rotation mode 
until the fracture occurred. 

Testing procedures

The time to fracture was recorded using digital 
chronometer. Using the time data, the numbers of 
cycles to failure (NCFs) were calculated according 
to the following formula: NCFs = revolutions per 
minute x time to fracture (seconds)/60 (15, 16, 17).

Numerical data were explored for normality 
by checking the data distribution and using 
Kolmogorov-Smirnov and Shapiro-Wilk tests. Data 
showed parametric (normal) distribution. Data were 
represented as mean, standard deviation (SD) and 
95% Confidence interval for the mean (95% CI) 
values. One-way ANOVA test was used to study 
compare between the three groups. Bonferroni’s 
post-hoc test was used for pair-wise comparisons 
when ANOVA test is significant.

The significance level was set at P ≤ 0.05. 
Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20.

showed statistically significantly lower mean cyclic 
fatigue value. OS system showed the statistically 
significantly lowest mean cyclic fatigue value. 

TABLE (1) Descriptive statistics and result of one-
way ANOVA test for comparison between 
cyclic fatigue in the three groups.

System Mean SD
95% CI

P-value
Effect 

size (Eta 
squared)

Lower 
bound

Upper 
bound

TF 408.8 B 27 388 429.5
<0.001* 0.889OS 144.1 C 35.9 116.5 171.7

PTG 1052.9 A 258.5 813.8 1291.9

*: Significant at P ≤ 0.05, Different superscripts are 
statistically significantly different

DISCUSSION

Files with high fracture resistance are preferred 
during root canal preparation. Instrument failure 
may not only affect clinical outcomes (18), but also 
may produce procedural mishaps (19). During shaping 
the file is subjected to repeated cycles of tension 
and compression leading to crack propagation 
originating from manufacturing flaws that function 
as initial crack nuclei (20). Microcracks subsequently 
expands deeper through the material until complete 
file separation occurs (21). All files exhibit surface 

RESULTS

There was a statistically significant difference 
between the three systems (P-value <0.001, Effect 
size = 0.889).  Pair-wise comparisons between the 
systems revealed that PTG showed the statistically 
significantly highest mean cyclic fatigue value. TF 

Fig. (1) Showing the cyclic fatigue testing device

Fig. (2): Bar chart representing mean and standard deviation 
values for cyclic fatigue in the three groups.
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irregularities as well as inner defects resulting from 
the manufacturing process which directly affects the 
fracture strength of endodontic instruments (22,23).

Human teeth were used in several studies in the 
experimental design (24, 25). However, it is impossible 
to control the amount of stresses in the rotating-
bending area of the instrument when used in human 
canals. Moreover, different root canal curvature 
from tooth to tooth is considered another important 
variation. Also, there will always be a combination 
of torsional stress and cyclic fatigue when human 
root canals are used. To avoid these biases, an 
artificial metallic block with a groove was used. 

In the present study, a device was used to hold the 
hand-piece to eliminate the interference of operator-
induced tensions on endodontic instruments during 
the fatigue test (26). The stainless steel cyclic fatigue 
testing block had a curve with a 5 mm radius and 
consisted of 1 mm deep and wide groove in order to 
standardize the entire length of the canal, the length 
of curvature radius, and the length of the arc. A 
lubricant was used in-order to allow the instruments 
to rotate within the canal without significant 
resistance during the cyclic fatigue test (27). 

It was previously reported that the instruments 
size affected the cyclic fatigue resistance of the 
rotary files, and it was recommended to test the files 
with similar diameters to compare the effects of the 
design and manufacturing properties of the novel 
instruments more accurately (28). In the present study, 
files in all groups have a tip diameter equivalent to 
size 0.25 mm. 

PTG Showed statistically significant the highest 
cyclic fatigue resistance, it might be speculated 
that alloy properties of the PTG files were the main 
factor for the different mechanical performance 
of the instruments. In addition, thermomechanical 
treatment of PTG instruments leads to the 2-stage 
transformation behavior (austenite-reverse phase 
martensite) in which the reverse phase is considered 
a potential martensitic phase with improved 
resistance to fatigue (29). 

In this study TF 25 .06 showed a higher fatigue 
resistance than OS files, representing the major 
role of the manufacturing process in increasing the 
resistance to fatigue of NiTi rotary instruments. 
TF is manufactured with a twisting method of a 
heat-treated wire (R- phase), which maintains the 
natural grain structure that would result in slower 
crack initiation and propagation, also an absence of 
transverse–running machining marks as a result of 
electropolishing (30). 

According to the results of the present study, 
OS files showed the lowest cyclic fatigue resistance 
among the tested NiTi files. In previous studies, 
the files made of controlled memory were reported 
to have higher cyclic fatigue resistance than those 
made of the conventional NiTi alloy (31, 32). The fact 
that the same results were found in the present study 
is believed to originate from the production of OS 
files using the conventional NiTi alloy. 

On the basis of above mentioned information 
and within the limitations of this study, it could be 
considered that PTG files could be used more safely 
in severely curved canals because of their higher 
cyclic fatigue resistance.

CONCLUSION

ProTaper Gold files demonstrated significantly 
higher cyclic fatigue resistance than OneShape and 
Twisted files, while OneShape files revealed the 
lowest cyclic fatigue resistance. The enhanced alloy 
properties of ProTaper Gold may be the main reason 
for this difference.
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