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INTRODUCTION

The introduction of  nickel–titanium (NiTi) rotary 
instruments in endodontics brought significant 
improvement in root canal treatment. Thanks to this 
alloy, excellent results in terms of  shaping and cleaning of  
root canals were reached.[1] Despite the superior qualities 
of  the NiTi alloy compared to the traditional stainless 
steel instruments, the risk of  unexpected fracture could 

still occur. Several factors could affect the unexpected 
file breakage, among those, the most remarkable are 
flexural and torsional stresses.[2] During instrumentation, 
the torsional fracture could occur when the tip or a part 
of  the file binds inside the canal while the remaining part 
still rotates, overloading the torsional resistance of  the 
instrument.[3,4] On the other hand, repetitive compression 
and tension that the files endure could cause cyclic 
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fatigue failures.[5] Intracanal cyclic failure is an unexpected 
complication that is clinically predictable, but it is not 
possible to know when it will happen exactly. Cyclic 
fatigue stresses result in the formation of  microcracks on 
the file’s surface, usually beginning with minimal defects 
on the instrument outer part.[6,7] The fatigue separation is 
particularly insidious and can occur without any warnings. 
Geometrical discontinuities, porosities, inclusions, and 
overheating that occurred during manufacturing could lead 
to fatigue failure.[8]

Moreover, many published studies demonstrate the 
presence of  hidden curvature inside the root canal anatomy; 
this kind of  curvature enhances the bending stresses in 
NiTi rotary files.[9]

One of  the most used ways to evaluate the resistance 
to flexural stresses is to study the in vitro cyclic fatigue 
lifespan.[10] The in vitro flexural resistance, as shown in 
many studies, is affected by many factors, such as speed, 
motion, alloy, mass/cross‑section, tip diameter and taper 
dimension, surface quality treatment, and canal features 
such as radius of  curvature.[11‑14] Furthermore, the grinding 
procedure could influence the lifespan of  the rotary files, 
but this parameter is often difficult to evaluate.[15]

The S‑One (Fanta Dental CO., Ltd., Shanghai, China) 
is a heat‑treated instrument recently introduced on the 
marketplace. This file is thought to be used in a single 
file system technique and in continuous rotation.[16] The 
instrument presents an S‑Shaped cross‑section with two 
cutting blades along the cutting surface. The tip diameter 
is 25, and the taper 6% along with the whole instrument.

The AF Blue S4 (Fanta Dental CO., Ltd., Shanghai, China) is 
a 4‑file system. The file taken into consideration in this study 
is the 25.06. It presents a convex triangular cross‑section 
along with the instrument with three cutting blades. AF‑R 
wire is the proprietary heat treatment used for both files. 
According to the manufacturer’s studies, it should improve 
file flexibility, elastic behavior, and ultimately provide better 
shaping abilities. However, there are no published studies 
that demonstrate the manufacturer’s claims.[17]

To date in the present literature, there are no studies 
that compare the resistance of  S‑One and AF Blue S4 
instruments to cyclic fatigue in a stainless steel artificial 
canal.

The aim of  the present study was to evaluate the role of  
the cross‑sectional design of  the instrument regarding the 
cyclic fatigue resistance.

MATERIALS AND METHODS

A total of  40 new NiTi instruments 25 mm in length were 
tested in this study and divided into two groups: 20 S‑One, 
tip size 25 and constant 0.06 taper in Group A and 20 AF 
Blue S4 tip size 25 and constant taper 0.06 in Group B.

All instruments were used in continuous motion with 
300 rpm and 2 Ncm torque value with the same endodontic 
motor (Eighteeth, Shanghai, China). All the instruments 
had been previously inspected for manufacturer defects or 
any visible signs of  deformations using a stereomicroscope 
at ×20 magnification. As a result, none of  them 
were discarded. To perform the tests, a customized 
self‑assembled cyclic fatigue testing device already adopted 
in previously published studies[18,19] was used. The device 
consists of  a main platform to which is connected to an 
electric handpiece and a stainless‑steel block containing the 
artificial canals [Figure 1]. The electric handpiece, mounted 
on a mobile device, allowed a precise and reproducible 
placement of  each instrument inside the stainless steel 
canal and permitted each instrument to reach the same 
depth (18 mm). The stainless steel artificial root canal 
used in this study present a 90° angle of  curvature and 
3 mm radius of  curvature. The whole procedure has been 
performed by the same operator, to keep as low as possible 
the variability during the testing procedure. Time to fracture 
for each (TtF) instrument was recorded. The time was 
stopped as soon as the fracture was visible and registered 
with a 1/100 s chronometer. Fragment length (FL) was 
also collected and measured using a digital caliper. The data 
were collected, and mean and standard deviation (SD) were 
calculated. Differences among groups were statistically 
evaluated with Student’s t‑test,  and the significance level 
was set at P < 0.05. Data were statistically analyzed using the 

Figure 1: Device used with the instrument engaged in the artificial, 
stainless steel canal
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SPSS 17.0 software (SPSS Incorporated, Chicago, IL, USA). 
After the test, the fragment of  used instrument underwent 
to scanning electron microscope (SEM) (Hitachi, Tokyo, 
Japan) analysis to investigate the fracture pattern.

RESULTS

As illustrated in Table 1, TtF for each instrument was 
recorded, and statistical analysis found significant 
differences between the two groups (P < 0.05). Mean 
values for TtF for Group A were 29.54 s (SD ± 4.73), 
and Group B instruments were 10.67 s (SD ± 2.51). 
The Group A (S‑One) showed higher TtF than the 
Group B (AF Blue), and statistical analysis found significant 
differences between the two instruments (P < 0.05). Mean 
values for FL showed no significant differences (P > 0.05) 
between the two instruments.

Fractographic analysis of  the fractured surfaces performed 
at the SEM showed patterns of  cyclic fatigue striations, 
confirming that the fracture occurred due to repeated 
flexural stresses [Figures 2 and 3].

DISCUSSION

The present in vitro study compares cyclic fatigue resistance 
among the selected Ni‑Ti rotary files. In literature, there 
are no studies comparing the fatigue lifespan of  these 
two files. S‑One 25.06 exhibited higher cyclic fatigue 
resistance compared to S4 25.06 (P < 0.05). The results in 

terms of  fragment’s length demonstrated no differences 
in the insertion of  the instruments inside the stainless 
steel canal and no differences in the portion of  the 
instrument subjected to the stresses.

Several variables, such as instrument taper, size, 
cross‑sectional design, and manufacturing techniques, 
could influence the clinical performance of  the 
endodontic files as well as their resistance to cyclic fatigue 
lifespan.[20‑22]

The two Ni‑Ti rotary files have the same tip #25 and 
constant 0.06 taper. The same dimension parameters such 
as tip and taper allow the comparison of  the performance 
of  the two files. To avoid the influence of  the motion on 
cyclic fatigue resistance, each of  the tested instruments was 
rotated in continuous motion at the same speed 300 rpm, 
and the torque value has been set at 2 Ncm.

According to previous studies, fatigue resistance can be 
influenced by the alloy and the manufacturing process of  
the instruments.[22,23] To avoid influence due to metallurgical 
behavior, both instruments taken into account in this study 
are made with the same grinding process and have the 
same heat‑treated alloy, the AF‑R Wire. According to the 
manufacturer’s claims,[17] this proprietary thermal treatment 
could improve the cyclic fatigue lifespan, but no published 
studies have already demonstrated it.

In literature, there are several studies evaluating the relation 
between cross‑section and cyclic fatigue resistance, but none 
of  them could exclude the influence of  other confounding 
factors in cyclic fatigue lifespan, such as grinding machine 
and manufacturing process. These factors are eliminated 
in these factors because the two studied files are realized 

Table 1: Time to fracture and fragment length analysis
Mean±SD

TtF (s) FL (mm)

S‑One 29.54±4.73 3.15±0.74
AF Blue S4 10.67±2.51 3.25±0.75

SD: Standard deviation, FL: Fragment length, TtF: Time to fracture

Figure 2: Scanning electron microscope analysis × 250 magnification 
SE + B. C + B. T of S One

Figure 3: Scanning electron microscope analysis × 250 magnification 
SE + B. C + B. T of AF Blue S4
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by the same manufacturer with the same grinding machine 
and the same procedure.[24,25]

Differently from previous studies that have been focused 
on cyclic resistance parameters such as manufacturers and 
metallurgical features, heat treatments and different motion 
techniques were eliminated in this study, allowing a more 
precise evaluation of  the influence of  the cross‑sectional 
design.

The mean value for the FL is 3, 20 mm for both instruments 
tested (no significant difference found). The stainless steel 
artificial canal presents a 90° curvature at 3 mm from 
the apex. Therefore, 3 mm correspond to the point of  
maximum stress of  the instruments. At this point, the 
cross‑section is the only parameter that could influence 
the fatigue resistance between the S‑One and AF Blue S4. 
Thus, an explanation of  the longer lifespan of  S‑One 
could be related to the different cross‑sections of  the two 
instruments. The S‑One has an S‑shaped cross‑section 
while the AF Blue S4 has a convex triangular cross‑section. 
Previous studies have already demonstrated that an 
instrument rotating freely inside a canal can enhance its 
cyclic fatigue lifespan, for this reason, the canal dimension 
should be tight to the instrument tip and taper.[26] Using 
the same canal, the S‑shaped cross‑sectional design could 
be also advantageous in reducing torsional stresses because 
of  the less surface in contact with the canal walls.[27,28] 
Moreover, the S‑Shaped cross‑sectional design presents 
less blade engagement compared to the convex triangular 
cross‑section, and it could influence the instrument cyclic 
fatigue resistance.[29]

Recent studies indicated that the amount of  metal mass 
could affect the fatigue resistance of  rotary instruments. In 

the past 13 years, it has been investigated the influence of  
metal mass in the flexural resistance, and previous studies 
already demonstrated that the S‑Shaped cross‑section 
design presents lower mass percentage than a conventional 
triangular convex section.[30,31] Thus, the S‑Shaped 
cross‑section of  the 25.06 S‑One instrument must be 
considered as one of  the most relevant characteristics 
as well as the metal mass in the influence of  flexural 
resistance.[32]

Both instruments were analyzed using SEM and showed 
similar fracture patterns. The fractured surfaces were 
inspected to assess their topographic features and to 
confirm that the files fractured because of  cyclic fatigue 
that is characterized by the presence of  typical fatigue 
striations [Figures 4 and 5]. Similar findings were reported 
by Gambarini et al.[33]

S‑One 25.06 and AF Blue S4 25.06 showed statistically 
significant differences in cyclic fatigue test. Since motion 
and the heat treatment were the same, differences could be 
related to the different cross‑sectional design and the mass 
present along the instrument. However, further studies 
are needed to better evaluate the role of  the different 
cross‑sectional design and metal mass in improving 
instruments fatigue resistance to fracture.

CONCLUSION

The results of  this study confirm and enhance the role of  
cross‑section in increasing the cyclic fatigue resistance of  
NiTi rotary instruments.
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Figure 4: Scanning electron microscope magnification (×3000) showing 
fatigue stripes (yellow arrows) on the fractured surface of the S‑One 
endodontic instrument

Figure 5: Scanning electron microscope magnification (×1.000) 
showing fatigue stripes (Yellow arrows) on the fractured surface of the 
AF‑Blue endodontic instrument
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