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INTRODUCTION
Mechanized nickel-titanium (NiTi) instru-
ments have been widely used to prepare root 
canals due to their high flexibility and cen-

tering ability (1–4). However, despite their 
favorable mechanical properties, unexpected 
fractures can occur without visible signs of de-
formation (1, 4–8).

• Differences in the fatigue resistance were found among the reciprocating instruments.
• Pro-R and Reciproc Blue were more resistant to dynamic cyclic fatigue compared to Re-

ciproc and X1 Blue.
• Pro-R presented the smallest mean fragment length, being statistically different from the 

other groups.

HIGHLIGHTS

Objective: To compare the fatigue resistance of different heat-treated reciprocating instruments tested in a 
dynamic cyclic fatigue model.

Methods: Forty-eight new instruments were inspected under magnification and selected for this study, and 
then divided as follows (n=12): X1 Blue (MK Life, Porto Alegre, RS, Brazil), Pro-R (MK Life), Reciproc (VDW, Munich, 
Germany), and Reciproc Blue (VDW). Artificial canals presenting a curvature of 60° angle and 5 mm radius were 
milled in zirconia. The block containing the artificial canals was mounted in a container filled with water kept 
at 37°C. A specially designed device was used to perform controlled axial movements while the instruments 
were activated inside the canals. Time to failure was recorded in seconds, and fragment lengths were measured 
(mm). Data were analyzed statistically with the significance level set at 5% (One-Way ANOVA and Tukey test).

Results: Pro-R and Reciproc Blue instruments presented the highest fatigue resistance, being significantly 
different from the other tested files (p<0.05). Reciproc presented intermediate results, significantly different 
X1 Blue (p<0.05). The fractographic analysis showed typical features of cyclic fatigue for all instruments.

Conclusion: Pro-R and Reciproc Blue instruments are more resistant to dynamic cyclic fatigue than the Re-
ciproc and X1 Blue.

Keywords: Dental instruments, dynamic cyclic fatigue, endodontics, nickel-titanium, reciprocation

ABSTRACT

 Thaís Kauana Magalhães SOBRAL,1  Lucila PIASECKI,2 
 Flávia Sens Fagundes TOMAZINHO,3  Alison Luís KIRCHHOFF,4 
 Marilisa Carneiro Leão GABARDO,3  Natanael Henrique Ribeiro MATTOS,5 
 Flares BARATTO FILHO,6  Luiz Fernando FARINIUK7

Dynamic Cyclic Fatigue Resistance of Heat-treated Nickel Titanium 
Instruments in Reciprocating Motion

This work is licensed under 
a Creative Commons 
Attribution-NonCommercial 
4.0 International License.

1Department of Dentistry, Centro Universitário UniDomBosco, Curitiba, Brazil
2Department of Periodontics and Endodontics, University at Buffalo, Buffalo, USA
3Department of Dentistry, School of Health Sciences, Universidade Positivo, Curitiba, Brazil
4Department of Dentistry, Unicesumar, Curitiba, Brazil
5Department of Dentistry, Universidade Tuiuti do Paraná, Curitiba, Brazil
6Department of Dentistry, Universidade da Região de Joinville, Joinville, Brazil
7Specialization in Endodontics, IOA Boutique Curitiba, Curitiba, Brazil

https://orcid.org/0000-0001-7914-5824
https://orcid.org/0000-0003-0546-2928
https://orcid.org/0000-0001-5553-6943
https://orcid.org/0000-0003-0651-4697
https://orcid.org/0000-0001-6832-8158
https://orcid.org/0000-0003-2755-2270
https://orcid.org/0000-0002-5649-7234
https://orcid.org/0000-0003-0731-9893


Sobral et al. Fatigue Resistance of Nickel Titanium Instruments EUR Endod J 2023; 8: 201-6202

Fracture of NiTi rotary instruments is mainly related to cyclic 
or torsional fatigue, or the combination of both. Cyclic fatigue 
occurs when a section is alternately subjected to tensile and 
compressive stresses, usually in the curvatures of the root 
canal (1, 7–9). Torsion fracture occurs when a small part of the 
instrument, usually the apical end, is trapped in the canal's 
walls while the rest of the instrument continues its motion (9, 
10). Thus, to improve NiTi instruments' mechanical properties, 
manufacturers have used different strategies, such as modifi-
cations in instrument design, different alloys, heat treatment, 
manufacturing process, and instrument kinematics (3, 4, 9–14).

Reciprocating motion has improved the safety of endodon-
tic instruments by increasing their resistance to cyclic fatigue 
compared to continuous rotation and allowing the develop-
ment of single-file systems (12, 14). Reciproc (VDW, Munich, 
Germany) and WaveOne (Dentsply Sirona, Ballaigues, Switzer-
land) were the first commercially available brands using the 
contemporary concept of reciprocating motion. While these 
two brands have been widely studied (10–15), the literature 
lacks regarding many different instruments introduced into 
the market recently. X1 Blue and Pro-R (MK Life, Porto Ale-
gre, RS, Brazil) are two new reciprocating files presenting re-
spectively convex triangular and double helix cross-sections. 
Another difference is the type of heat treatment; however, the 
manufacturer does not disclose further information. To date, 
there are no reports in the literature evaluating the Pro-R sys-
tem, and a few have assessed the cyclic fatigue resistance of 
the X1 Blue (16, 17).

Thermal treatment is one of the most fundamental approaches 
to adjust the transition temperature in the NiTi alloy; the re-
sults obtained using heat treatments are directly influenced 
by factors such as time, temperature, moment, and manufac-
turing process, promoting different mechanical properties 
for NiTi instruments (18–21). Studies have shown that heat-
treated instruments present improved fatigue resistance, tor-
sional strength, and flexibility cvompared to their non-treated 
counterparts (18, 20), including Reciproc and its thermally 
treated version, Reciproc Blue (13). However, controversial re-
sults exist in the literature when comparing the resistance to 
cyclic fatigue among instruments manufactured with different 
types of heat treatments (16, 17, 19, 22, 23).

The discrepancy among cyclic fatigue studies is also related 
to the diversity in methodology and study designs, such as 
environmental temperature, the trajectory of the artificial 
canal, fit of the instrument, and use of static or dynamic 
models (1, 9, 14, 16, 21, 23, 24). The main difference between 
static and dynamic models for cyclic fatigue tests is that the 
latter also includes an intermittent axial movement up and 
down while the instrument is activated within the artificial 
canal (1, 23–26). Compared to the static model, a dynamic 
model allows for stress distribution during instrument inser-
tion and removal, which better translates the clinical use of 
endodontic instruments (23–25).

In this context, it is necessary to evaluate the mechanical 
properties of new instruments using a methodology that 

simulates their clinical use. In order to test the cyclic fatigue 
resistance of the X1 Blue and Pro-R, similar instruments re-
garding the characteristics of the metallic alloy and that 
have already been extensively researched, were chosen. 
Thus, Reciproc Blue and Reciproc, respectively, were elected 
for comparisons. 

This study aimed to compare the resistance to cyclic fatigue of 
four heat-treated reciprocating instruments using a dynamic 
model at body temperature. The null hypothesis is that there is 
no difference in the resistance to cyclic fatigue between Pro-R 
25.08, X1 Blue 25.06, Reciproc Blue R25, and Reciproc R25 in-
struments.

MATERIALS AND METHODS

The sample calculation was performed using G * Power v3.1 
for Mac (Heinrich Heine, University of Düsseldorf ) with alpha 
error set at 0.05, beta power at 0.95, and an N2/N1 ratio of 1. 
The test showed 12 samples for each group as the ideal size to 
identify significant differences.

Twelve new nickel-titanium endodontic instruments of each 
tested brand were selected for the study: X1 Blue (25.06) (MK 
Life), Pro-R (25.08) (MK Life), Reciproc R25 (25.08) (VDW), and 
Reciproc Blue R25 (25.08) (VDW). All instruments were 25 mm 
long and were initially observed under 20× magnification to 
discard those with visible deformations or defects.

Dynamic Cyclic Fatigue Test
A customized device (Fig. 1) and artificial canals (Fig. 2) were 
fabricated to perform the dynamic cyclic fatigue tests. The 
artificial canals were 3D modelled (Autodesk Inventor 2017 / 
Autodesk, San Rafael, CA, USA) to fit an instrument size 30.08, 
then milled in a block of zirconia dioxide (InCoris ZI, Dentsply 
Sirona, Bensheim, Germany). The canal used in this study was 
18 mm in length with a curvature of 60° angle and 5 mm ra-
dius, located 8 mm from the apical end.

The zirconia block containing the artificial canals was mounted 
in a container (15×10×4 cm) filled with distilled water; the 
temperature was kept at 37°C in water bath, controlled with a 
digital infrared thermometer (Lasergrip 774 Etekcity, Anaheim, 
CA, USA). The water-filled container and the endodontic hand-
piece were connected to a mainframe which allowed precise 
and reproducible positioning of the instruments, as well as to 
operate the axial movement of the instruments (pecking mo-
tion) at a speed of 8 mm/sec to simulate clinical use. The in-
struments were attached to the handpiece and adequately fit-
ted into the artificial canals. The endodontic motor X Smart IQ 
motor (Dentsply Sirona) was used to activate the instruments 
using the “Reciproc” setting, until the fracture was observed. 
Time to fracture was recorded in seconds (s) using a digital 
stopwatch and video recording simultaneously. 

The number of cycles to fracture (NCF) of each instrument was 
calculated using the formula: NCF=300 (instrument rpm) × 
time (in seconds until fracture) / 60 (15, 16, 25). The fractured 
instruments' fragment length was measured with a digital 
caliper (Mcaliper, Montreal, Canada).
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The fractured ends of the files were examined (Fig. 3), just for 
illustrative purpose with scanning electron microscopy (SEM) 
using a Hitachi SU 70 Field Emission SEM (Hitachi High-Tech-
nologies Corporation, Tokyo, Japan) operated at 20 kV. The 
surfaces were inspected at a magnification of 150× and 2500× 
to look for the topographic the topographic features of the 
fractured surface.

A single operator performed all cyclic fatigue testing proce-
dures. The video was analyzed in slow motion by the operator 
and the moment of the fracture was confirmed by a second 
researcher.

Statistical Analysis
Initially the Shapiro-Wilk was performed. Then, One-Way 
ANOVA and Tukey tests were used. The tests were performed 
using Jamovi statistical program (The Jamovi Project 2020, Ver-
sion 1.2 Sydney, Australia) with the significance level set at 5%.

RESULTS

A normal data distribution (p>0.05) occurred. Descriptive of 
the results are shown in Table 1. 

Pro-R and Reciproc Blue instruments presented significantly 
higher fracture time than the other instruments (p<0.05). 
Mean time to fracture and NCF of Reciproc instruments were 
statistically different from X1 Blue File (p<0.05). Pro-R pre-

sented the smallest mean fragment length, being statistically 
different from the other groups (p<0.05). 

DISCUSSION
Automated NiTi instruments undergo constant evolution in 
the manufacturing processes, alloys, design, and kinematic, 
aiming to improve flexibility and resistance to deliver effective 
and safe preparation of root canals. The results of the present 
study showed that both design and type of heat treatment 
were the factors that influenced the fatigue resistance of re-
ciprocating instruments at body temperature.

It has been shown that one of the most critical factors for im-
proving the mechanical properties of endodontic instruments 
is the manufacturing processes, including heat treatments 
(3, 13, 18–20, 22). Previous studies have indicated that a high 
percentage of the martensitic phase increases the flexibility of 
heat-treated NiTi instruments and improves the performance 
of such instruments when evaluated for cyclic fatigue resis-
tance (3, 18). Here, the tested null hypothesis was rejected be-
cause significant differences were found among the evaluated 
instruments. Pro-R and Reciproc Blue presented higher fatigue 
resistance than the other tested instruments.

Figure 1. Customized device

Figure 2. Schematic drawing of the artificial canal
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Cyclic fatigue has been considered an important cause of 
fracture of NiTi endodontic instruments, even when used in 
reciprocating motion (5, 11, 12, 27). It is important to note 
that, in clinical situations, the instrument is also subjected to 
torsional and bending stresses depending on the anatomy 
of the canals and how the instruments are being used by the 
clinician (1–6). However, for the purposes of evaluating the 
mechanical properties of instruments, it is not possible yet 
to obtain many samples of natural teeth that are anatomi-
cally fully standardized (1, 21, 28). On the other hand, it is 

possible to improve the reliability of cyclic fatigue tests by 
using features such as artificial canals that allow the perfect 
fit and trajectory of the instrument (1, 14, 28), dynamic mod-
els which allow simulating better the axial movements of a 
clinical situation (17, 21, 25), as well performing the tests at 
body temperature (37°C) (16, 23, 29–31).

It has been shown that increasing temperature decreases the 
lifespan of endodontic instruments; thus, laboratory tests 
should preferably be performed simulating body tempera-
ture (16, 29–31). In the present study, the instruments were 
submerged in water throughout the experiment maintaining 
the temperature at 37°C (±1°C). Moreover, using an aqueous 
medium simulates the irrigating solution, lubricates, and 
avoids the increase in temperature due to friction between the 
instrument and the simulated canal (32).

In the present study, the artificial canals were designed in 
CAD software and milled to allow the precise fit and trajec-
tory for the evaluated instruments (1, 28, 30, 33). The use of 
zirconium dioxide facilitates the visualization of the instru-
ments inside them while presenting high resistance to wear 
and abrasion (30, 33). It is important to consider the taper 
chosen for the tube (30.08) and the fact that the instruments 
selected presented size 25 and .08 taper, except for X1 Blue 
File (.06 taper).The standardization of the canal diameters is 
necessary for the instrument to work passively in the canals, 
where the evaluation will be of the fatigue in the curvature 
and not in the canal walls. Although it has been shown that 
smaller tapers might improve the resistance to breakage (3, 
26), in the present results, X1 Blue had the smallest lifespan. 
Present results could be partially related to the convex trian-
gular cross-section of the X1 Blue instrument, different from 
the other tested instruments, which present an "S" shaped 
cross-section. Different design features, such as the cross-
section, core diameter, and flute pitch, might also impact the 
total mass at the maximum stress point and lower the resis-
tance to cyclic fatigue stress of the instruments (1, 3–5, 10, 
32, 34). One should note that most of these previous studies 
were performed using static models for cyclic fatigue testing, 
which hinders further comparison.

Dynamic models for cyclic fatigue are considered more real-
istic because they better simulate axial movements of a clin-
ical situation (21, 23–25). However, to the best of our knowl-
edge, no previous studies assessed the resistance to dynamic 
cyclic fatigue of the X1 Blue File and Pro-R instruments, while 

TABLE 1. Mean and standard deviation of time (s) and number of 
cycles until fracture (NCF) of tested instruments

Instrument Time (s) NCF Fragment length

Pro-R 342±88.1a  1710±441a 4.75±1.05a

Reciproc 238±40.4b 1189±202b 6.83±0.37b

Reciproc Blue 319±35.6a 1597±178a 6.19±0.40b

X1 Blue File 116±46.4c 582±232c 6.29±0.91b

Different superscript letters in the same column indicate statistical difference 
(Tukey test, p<0.05)

b f

d h

a e

c g

Figure 3. SEM images showing the cross-section of the fractured in-
struments at 150× (a-d) and 2500× (e-h) magnification: (a, e) Pro-R; 
(b, f) Reciproc; (c, g) Reciproc Blue; (d, h) X1 Blue. Higher magnification 
of images of the fracture surface of the instruments displays specific 
patterns indicating cyclic fatigue failure
SEM: Scanning electron microscopy
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controversial results are found regarding the comparison 
between Reciproc and Reciproc Blue (19, 23). In the present 
investigation, the Pro-R and Reciproc Blue were significantly 
more resistant than Reciproc, and X1 Blue presented the 
shortest lifespan.

When files are tested for cyclic fatigue in a static model, the 
compressive and tensile stresses accumulate in a restricted 
area, usually at the maximum point of the curvature might un-
derestimate the resistance to fracture (1, 21, 24). Differently, in 
the dynamic model, the up and down motion of the file distrib-
ute the stress along a larger area of the instruments, increas-
ing the resistance to cyclic fatigue (23–25). This fact might par-
tially explain the differences observed for the fragment length 
of Pro-R files, which were on mean shorter and with a higher 
standard deviation compared to the other instruments. In the 
literature, some studies did not report the results for fragment 
length (21, 24), while others reported similar fragment length 
while testing different instruments in dynamic cyclic fatigue 
(19, 23, 25). Thus, the results for the fragment length of Pro-R 
suggest that the stresses were more distributed, which is also 
is correlated to the increased resistance to fracture of this file.

In addition to the methodology used to perform the cyclic fa-
tigue tests, the resistance of NiTi endodontic instruments can 
be influenced by several factors such as diameter, kinematics, 
taper, cross-section, and type of alloy (1, 3, 5, 11, 12, 21, 32, 
34). Little information is available in the literature regarding 
X1 Blue (16, 17). A study showed that X1 Blue File presented 
similar cyclic fatigue resistance compared to Reciproc Blue in a 
static model at both room and body temperature (16). Differ-
ently, in the present study, Reciproc Blue was statistically more 
resistant than X1 Blue File in a dynamic model at body temper-
ature. Another study (17) showed that X1 Blue was more re-
sistant to static cyclic fatigue at body temperature compared 
to another heat-treated reciprocating file, W File (TDKa File, 
Shenzhen, China). 

As a limitation of this study, in vitro studies evaluating cyclic 
fatigue do not accurately simulate clinical situations of stress 
generated to the instrument, because cyclic fatigue is accom-
panied by torsional stress. Future studies are suggested with 
the inclusion of the location and type of fracture, including 
SEM analyses.

CONCLUSION
Pro-R and Reciproc Blue are more resistant to dynamic cyclic 
fatigue compared to Reciproc and X1 Blue instruments.
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