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Abstract: Objective: The aim of this study was to evaluate the influence of autoclave sterilization
on the resistance to cyclic fatigue of two nickel-titanium (NiTi) endodontic files of identical design
and taper, but with different NiTi alloy treatments: the newly introduced heat-treated Race Evo and
the electropolished Race files. Materials and methods: Fifteen Race (25/0.06) files and fifteen Race
Evo (25/0.06) files (n = 30 in total) were randomly assigned to five sub-groups each consisting of
three files of the same NiTi alloy treatment. One group served as a control with files unautoclaved.
The four remaining groups were sterilized in a steam sterilizer for 1, 3, 5, and 10 autoclave cycles,
respectively. Files then underwent cyclic fatigue testing in a simulated metal canal block. A scanning
electron microscope was used to inspect the surface of the fractured instruments. Statistical analysis
was conducted using independent t-test and multi-factorial analysis of variance with significance
set at a p value of ≤0.05. Results: Both Race Evo and Race files showed no significant difference
between the different autoclaving cycles in terms of the number of cycles to fracture (p = 0.232
and p = 0.359). Despite rotating at a higher speed, the number of cycles to fracture of heat-treated
Race Evo files was significantly higher than that of Race files (p ≤ 0.0001). Conclusion: Autoclave
sterilization has no significant effect on the resistance to cyclic fatigue of heat-treated Race Evo or
electropolished Race files. However, Race Evo files showed superior resistance to cyclic fatigue
irrespective of autoclaving cycles.
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1. Introduction

Nickel-titanium (NiTi) rotary files can provide faster and more predictable instru-
mentation of root canal systems. This alloy, which contains nearly 56% (wt) nickel and
44% (wt) titanium, grants them key properties, such as shape memory and super elasticity,
which have allowed them to revolutionize root canal instrumentation [1,2]. However,
these NiTi instruments have been plagued with a high risk of fracture related to either
torsional or flexural fatigue. A NiTi file rotating in a curved canal is subjected to a set of
continuous compressive and tensile stresses that results in its flexural (cyclic) fatigue [3].
Many factors influence cyclic fatigue: canal curvature, instrument dimensions, design,
and manufacturing process. Advancements in the manufacturing of the NiTi alloy itself,
such as thermal treatment [4] and surface treatment, have been suggested to enhance
fatigue resistance [5–7].

The NiTi alloy exists in three crystallographic phases: austenite, martensite, and R-
phase. The martensite microstructure shows superior resistance to cyclic fatigue. Heat-
treatment alters the temperature at which the microstructure of the NiTi alloy shifts from
one phase to another, adopting in the process the specific properties of that phase. As a
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result of subjecting NiTi to specific heat processes, the temperature at which it completes
the transformation from the martensite to the austenite phase rises above body temperature,
resulting in heat-treated files being used clinically while in the martensite phase, as opposed
to conventional NiTi, which is used in the austenite phase [2].

In clinical practice it is necessary, for various reasons, for NiTi files to undergo auto-
clave sterilization to avoid cross-contamination [8]. Apart from cost, many dental practi-
tioners choose pre-arranged sets of files in which not all files in the set are used during a
treatment session.

Because thermal treatment has a significant influence on the mechanical properties of
NiTi, the additional heat that files are subjected to during autoclaving procedures may have
an effect on the mechanical qualities of these instruments. A recent systematic review [9]
reported that the cyclic fatigue resistance of heat-treated NiTi instruments seems to be
influenced by autoclave sterilization methods. According to Zhao et al. [6], although
thermal-treated HyFlex CM, Twisted File, and K3XF instruments were found to be more
resistant to cyclic fatigue failure than Race and K3 instruments, autoclaved HyFlex CM
and K3XF instruments were more resistant to cyclic fatigue than Twisted File.

Race (FKG, La-Chaux-de-Fonds, Switzerland) files are constructed of an electropol-
ished NiTi alloy. Its cross-section is triangular, with distinct positive cutting angles [10].
Recently, the Race Evo (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland) file was intro-
duced. The cross-sectional shape was the same as the Race file, with similar alternating
cutting blades that minimize screw effect and improve the control of the instrument’s
movement through the canal [11]. This file is heat-treated in order to optimize the shape
memory of the NiTi alloy thereby increasing its flexibility and reducing its susceptibility to
cyclic fatigue and fracture. Very little is known regarding the composition and manufactur-
ing of these files. However, their blue color suggests the presence of a titanium oxide layer
that enhances their resistance [2].

The effect of autoclave sterilization on newly developed instruments constructed of
heat-treated alloys, such as the Race Evo, has not been documented in the literature. Thus,
the aim of this in vitro study was to investigate the effect of repeated autoclave cycles on
the cyclic fatigue resistance of two files of identical design and cross section, but different
NiTi alloy composition and treatment: the Race (25/0.06) and Race Evo (25/0.06) files.
The null hypothesis was that no difference in the impact of multiple autoclave cycles on
cyclic fatigue resistance existed between the Race (25/0.06) and Race Evo (25/0.06) files.

2. Materials and Methods

This randomized controlled in vitro study was exempted according to the Institutional
Review Board of Princess Nourah Bint Abdulrahman University in Riyadh, Saudi Arabia
(IRB no. 21-0382).

Fifteen Race (25/0.06) files and fifteen Race Evo (25/0.06) files (n = 30 in total), all of
the same length (21 mm), were randomly assigned to one of five sub-groups aligned with
each type of file. Each sub-group consisted of three files. The first group was classified
as the control group and was not autoclave sterilized. The four remaining groups were
sterilized using a variable number of autoclave cycles (1, 3, 5, and 10) in a sterilizer using
steam (Steris Amsco century prevac steam sterilizer, v-148h, Mentor OH, United States).
In each autoclave cycle, the files were treated at a temperature of 132 ◦C with a pressure of
29 psi for a period of 4 min which was then followed by a 5 min drying time.

A special metal block was constructed in accordance with Plotino et al. [12], an ap-
proved technique for cyclic fatigue testing. This block contained a machined stainless-
steel artificial canal showing a 60 degree angle of curvature, a 5 mm radius of curvature,
a 1.40 mm inner diameter, and a length of 19 mm (Figure 1).
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Figure 1. Metal block showing the radius and curvature of the artificial canal. 

Both Race and Race Evo files have the same cross-sectional triangular configuration, 
with distinct positive cutting angles, an active non-cutting tip with a diameter of 0.25 mm 
and a continuous taper of 0.06 mm extending 16 mm from the tip. Files were inserted into 
the metal canal then rotated using a 16:1 reduction dental handpiece of an endodontic 
electric motor (X-Smart; Dentsply Sirona, Ballaigues, Switzerland). The handpiece had 
been mounted onto a prefabricated jig that allowed the file to be inserted into the artificial 
canal in a reproducible and accurate manner, while the metal block was immersed in a 35 
°C water bath (Figure 2). 

 
Figure 2. Cyclic fatigue testing device. 

All files were rotated in a continuous clockwise motion at constant torques and 
speeds recommended by the manufacturer until fracture occurred. For Race files, the ro-
tation speed was 400 rpm at a torque of 1.5 Ncm, and for Race Evo, 800 rpm at a torque of 
1 Ncm. Separation was observed both audibly and visually. A digital stopwatch was used 
to determine the time needed for fracture in seconds to the nearest 1/100 s. Accordingly, 
the number of cycles to fracture was calculated. 

A scanning electron microscope (SEM; JSM-7001F, JEOL, Tokyo, Japan) was used to 
inspect the fractured instruments and evaluate the topographical characteristics of the 
fractured surfaces. Photomicrographs of the fractured surfaces were taken at 250× and 
2000 × magnification, in addition to photomicrographs of the lateral surface at 100× mag-
nification. 

Using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 
22.0. Armonk, NY: IBM Corp.), the normality of the data was checked with the Shapiro–
Wilks test. Accordingly, statistical analysis was conducted using an independent t-test 
and multi-factorial analysis of variance. Statistical significance was set at a p value of ≤ 
0.05. 

3. Results 

Figure 1. Metal block showing the radius and curvature of the artificial canal.

Both Race and Race Evo files have the same cross-sectional triangular configuration,
with distinct positive cutting angles, an active non-cutting tip with a diameter of 0.25 mm
and a continuous taper of 0.06 mm extending 16 mm from the tip. Files were inserted into
the metal canal then rotated using a 16:1 reduction dental handpiece of an endodontic
electric motor (X-Smart; Dentsply Sirona, Ballaigues, Switzerland). The handpiece had
been mounted onto a prefabricated jig that allowed the file to be inserted into the artificial
canal in a reproducible and accurate manner, while the metal block was immersed in a
35 ◦C water bath (Figure 2).
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Figure 2. Cyclic fatigue testing device.

All files were rotated in a continuous clockwise motion at constant torques and speeds
recommended by the manufacturer until fracture occurred. For Race files, the rotation
speed was 400 rpm at a torque of 1.5 Ncm, and for Race Evo, 800 rpm at a torque of 1 Ncm.
Separation was observed both audibly and visually. A digital stopwatch was used to
determine the time needed for fracture in seconds to the nearest 1/100 s. Accordingly,
the number of cycles to fracture was calculated.

A scanning electron microscope (SEM; JSM-7001F, JEOL, Tokyo, Japan) was used
to inspect the fractured instruments and evaluate the topographical characteristics of
the fractured surfaces. Photomicrographs of the fractured surfaces were taken at 250×
and 2000× magnification, in addition to photomicrographs of the lateral surface at 100×
magnification.

Using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp.), the normality of the data was checked with the Shapiro–
Wilks test. Accordingly, statistical analysis was conducted using an independent t-test and
multi-factorial analysis of variance. Statistical significance was set at a p value of ≤0.05.

3. Results

For both NiTi file types, the mean time and number of rotations to fracture are shown in
Table 1. The number of rotations to fracture for the Race files ranged between 385 rotations
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(recorded after one autoclaving cycle) and 639 after three autoclaving cycles. While Race
Evo files failed following a mean number of rotations ranging between 1239 rotations
(recorded after ten autoclaving cycles) and 1729 rotations (at five autoclaving cycles)
(Figure 3).

Despite rotating at higher speeds, Race Evo files took a significantly longer time and
had a higher number of rotations to fracture compared to Race (p ≤ 0.0001). However,
when comparing different autoclaving cycles, no significant difference was found between
the groups, whether the files were Race (p = 0.359) or Race Evo (p = 0.232) (Table 2).

Table 1. Cyclic fatigue for Race and Race Evo files after different autoclave sterilization cycles.

NiTi File Number of
Autoclave Cycles N NRF ± SD Time to Fracture

(Seconds ± SD)

Race

0 3 435 ± 144 a 65.27 ± 21.63

1 3 385 ± 76 a 57.87 ± 11.5

3 3 639 ± 184 a 95.93 ± 27.63

5 3 451 ± 102 a 67.77 ± 15.32
10 3 522 ± 217 a 78.30 ± 32.57

Race Evo

0 3 1585 ± 256 b 118.93 ± 19.25
1 3 1466 ± 98 b 110 ± 7.37
3 3 1572 ± 287 b 117.93 ± 21.6
5 3 1729 ± 339 b 129.73 ± 25.46
10 3 1239 ± 155 b 92.933 ± 11.65

NRF, number of rotations to fracture; SD, standard deviation. Different lower-case letters in the same column
represent statistically significant differences between the groups according to independent t-test (p ≤ 0.0001).

Table 2. ANOVA analysis comparing number of rotations to failure after various autoclave steriliza-
tion cycles.

File Type N Mean Square F Sig. (2-Tailed)

Race 15 29,007.807 1.227 0.359
Race Evo 15 99,614.341 1.672 0.232

p value was set at ≤0.05.
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The SEM photomicrographs can be seen in Figure 4. The images show fractured
surfaces pre-autoclaving and then after 5 and 10 cycles. Arrows point to the distinct
features on these fracture surfaces.
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Figure 4. Scanning electron microscope (SEM) images of the fractured surfaces (A–I): Race files, (J–R):
Race Evo files) under low magnification (×250) and high magnification (×2000) pre-autoclaving,
then after 5 and 10 autoclaving cycles. White arrows in (B) Dimple features characteristic of ductile
failure; (E) Microvoids; (H,O) Crack initiation; (K,N,Q) Striation lines (fatigue failure).
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4. Discussion

Fracture due to cyclic fatigue remains a frequent cause of NiTi failure during root
canal preparation. Previous studies have reported an inverse relationship between the
amount of metal mass in the file cross-section and cyclic fatigue [13,14], and it has been
suggested that thermal and surface treatment during the manufacturing of the NiTi alloy
enhance fatigue resistance [4–7].

Due to economic considerations, these files are subject to multiple uses, which exposes
them to autoclave sterilization during their working life. Therefore, the purpose of this
study was to evaluate the influence of autoclave sterilization on the resistance to cyclic
fatigue of two files of identical design and taper but of different NiTi alloy treatment.

The heat-treated Race Evo file outperformed the conventional electropolished Race file
in terms of cyclic fatigue resistance irrespective of the number of autoclaving cycles. This is
in accordance with most studies that have shown that the thermomechanical manipulation
of the NiTi alloy microstructure enhances its performance, especially in terms of cyclic
fatigue resistance [15–17]. By immersing the metal canal block in water heated to 35 ◦C,
the present study was able to simulate the phase transition of the Race Evo files between
martensite and austenite at the recommended temperature of 32–35 ◦C [18], which would
explain the favorable results.

Despite rotating at a high speed of 800 rpm, the Race Evo file showed superior cyclic
fatigue resistance not only in terms of the number of cycles to failure, but also in terms of
time until failure (the mean time to fracture was 1 min and 13 s for Race files as compared
to 1 min and 54 s for Race Evo). The effect of rotational speed on cyclic fatigue is a
controversial issue, especially where conventional NiTi files are concerned. Apart from
Lopes et al. [19], who reported a 30% reduction in the number of cycles to fracture of
ProTaper instruments when the rotational speed was increased from 300 to 600 rpm, other
studies [20,21] found that rotational speed has no significant influence on cyclic fatigue,
and a higher speed simply reduces the time to failure.

The current study found that autoclave sterilization did not affect cyclic fatigue resis-
tance in either Race Evo or Race files. It appears that the temperatures the files are exposed
to during autoclave sterilization may not be high enough to incur serious alterations in the
microstructure of the NiTi alloy, which would negatively affect its resistance to fatigue. This
finding was echoed in previous studies [6,8,22,23] that detected no detrimental influence
of autoclave sterilization on the cyclic fatigue resistance of conventional or heat-treated
NiTi files. In fact, Viana et al. [22] reported an increase in the cyclic fatigue resistance of
Profile files after 5 autoclaving cycles, while Champa et al. [23] found the same increase in
Reciproc files. However, Hilfer et al. [24] reported a decrease in the cyclic fatigue resistance
of a size 25/0.06 Twisted File. In their study, not only was the file of a large taper, but the
simulated metal canal had a severe curve of 90◦.

In order to standardize experimental parameters, files were tested in a canal grooved
within a metal block without any back-and-forth movement. Although this static model
does not reproduce clinical situations, nor does it replicate the extended distribution of
stresses associated with rhythmic movement, it remains the preferred model for evaluating
cyclic fatigue used in previous studies [8,9,13,14]. That said, the results obtained in this
study may not be identically reproducible in clinical settings.

The quality of the file’s surface was shown to be critical, as cracks and corrosion may
result in instrument fracture [25,26]. Praisarnti et al. [27] showed that electropolishing
enhanced the resistance to fatigue failure, especially in the presence of corrosive sodium
hypochlorite. However, it does not affect the core mechanical properties of the metal itself
as heat-treatment does.

Through SEM, fractured surfaces tend to exhibit various textures that reflect the differ-
ent loads and failure types. Failure as a result of flexural fatigue is usually characterized
by linear striations perpendicular to the direction of the tensile stress and areas of crack
initiation, while torsional fracture is associated with plastic deformation and dimpling
patterns [28]. Race Evo files showed distinct striations typical of flexural fatigue radi-
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ating from an initiation point followed by dimpling, which is characteristic of ductile
failure [29]. Features consistent with ductile and microvoid coalescence failure were seen
on the fractured surfaces of both types of files [30].

5. Conclusions

Autoclave sterilization has no significant effect on the resistance to cyclic fatigue of
heat-treated Race Evo or electropolished Race files. However, heat-treated Race Evo files
showed superior resistance to cyclic fatigue irrespective of autoclaving cycles.
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