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(e main aim is to evaluate the cyclic fatigue resistance of blue heat-treated instruments with different kinematics. Twenty-four
endodontic instruments of the same brand were used for each of three experimental groups: VB (Vortex Blue 40/0.04), RB
(RECIPROC Blue 40/0.06), and XB (X1 Blue 40/0.06). (e instruments were randomly distributed and subjected to temperatures
of 20°C and 37°C. (e fatigue test was performed using a stainless steel device. Data were analysed using the Shapiro–Wilk test,
Student’s t-test, the F test, and Tukey’s and Tamhane tests at significance level P � 0.05. (e instruments’ cyclic fatigue resistance
at both temperatures differed significantly for each instrument type (P< 0.001). (e RB instruments displayed greater cyclic
fatigue resistance at the tested temperatures compared with the VB and XB instruments (P< 0.001). Reciprocating kinematics
positively influenced cyclic fatigue resistance. Blue heat-treated instruments showed decreased cyclic fatigue resistance as the
temperature increased (P< 0.001).

1. Introduction

Cyclic fatigue is one of the main mechanisms leading to
nickel titanium (NiTi) instrument fracture in root canals
[1–4].(is type of fatigue is caused by alternating tensile and
compressive stresses when the instrument is inside a curved
canal, and the instrument typically fractures in the area of
maximum curvature [5, 6]. To overcome this limitation,
instrument design and manufacturing methods have been
improved, and treatments are applied to the NiTi alloy that
provides superior mechanical properties [7–9].

(ese treatments are methods to transform shape
memory properties and influence the mechanical behavior of
the alloy, exhibiting better performance when comparing
similar instruments made of conventional superelastic NiTi
wires [10, 11]. (e components’ transition temperatures are

adjusted to change the crystalline arrangement of the NiTi
alloy atoms and modify it from the austenitic phase (cubic
structure) to the martensitic phase (low-temperature phase,
with a monoclinic B190 structure) [8]. A high percentage of
this phase increases the instruments’ flexibility and cyclic
fatigue resistance [12–14] since the change to the martensitic
phase has dampening characteristics, making crack propa-
gation more difficult because more interfaces are present [15].

Automated instruments tested at different temperatures
have considerably different fatigue behaviours [16, 17]. An
increase to approximately 37°C (simulating body tempera-
ture) alters their fracture resistance [18–20], and since they
are used within the canal, which is surrounded by the
periodontium, body temperature is a relevant factor [21, 22].

Manufacturers have developed a special thermal process
to increase the flexibility of NiTi alloy, which primarily
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contains a stable martensitic phase under clinical conditions
[23, 24]. (e blue thermal treatment imparts a blue colour
and controls the temperature transition, ensuring alloy
memory control and absence of elastic memory, and has
been cited as a relevant factor in increased cyclic fatigue
resistance [12, 14, 25].

Regarding motion kinematics, in vitro cyclic fatigue tests
show that reciprocating instruments exhibit better fatigue
resistance. However, the mean time to fracture is not directly
proportional to the increase in the number of reciprocations
required for a complete rotation (360°) probably because the
resulting speeds are not directly proportional [26].

Per their manufacturers, when subjected to blue thermal
treatment, the instruments Vortex Blue (VB; DENTSPLY
Tulsa Dental, Tulsa, Oklahoma, USA), RECIPROC Blue (RB;
VDW, Munich, Bayern, Germany), and X1 Blue (XB; MK
Life, Porto Alegre, Rio Grande do Sul, Brazil) are indicated
when better cyclic fatigue resistance is desired. (us, the
present study evaluated the cyclic fatigue resistance of in-
struments with blue thermal treatment and different kine-
matics, continuous, and reciprocal rotation (Vortex Blue,
RECIPROC Blue, and X1 Blue) at 20°C (±0.5°C) and 37°C
(±0.5°C) simulating room temperature and the temperature
inside the root canal, respectively. Considering that body
temperature (around 37°C) can significantly affect the
transformation temperatures of the NiTi crystalline phase,
the cyclic fatigue behavior of NiTi files.

(e null hypotheses tested were the absence of signifi-
cant differences in cyclic fatigue resistance between blue
heat-treated instruments with different kinematics at 20°C
(±0.5°C) and 37°C (±0.5°C).

2. Materials and Methods

(ree brands of blue heat-treated NiTi endodontic instru-
ments with different kinematics were tested. Twenty-four
new endodontic instruments were used for each of the three
experimental groups: VB (Vortex Blue 40/0.04), RB
(RECIPROC Blue 40/0.06), and XB (X1 Blue 40/0.06), all
with size ISO 40 and a length of 25mm and commercially
available in the country of origin of the study. Prior to use, all
instruments were checked by a single operator under a
stereomicroscope (SteREO Discovery V12, ZEISS, Ger-
many) at 16x to qualitatively standardize the instruments in
terms of lack of defect or deformation, such as distortions or
coarse burrs on the cutting blades. No signs of change were
detected, and no instrument was discarded. Twenty-four
instruments of the same brand, all from the same production
batch, were randomly distributed (http://www.random.org)
into two groups (n� 12) and subjected to the temperatures
of 20°C and 37°C. (e endodontic instruments were used
with a 6 :1 reduction handpiece (Sirona Dental Systems
GmbH, Bensheim, Germany) coupled to the VDW.Silver®RECIPROC® motor (VDW, Munich, Germany). (e VB
group instruments (Vortex Blue 40/0.04) were used at a
speed of 500 rpm and a torque of 1.3Nmm. In the RB
(RECIPROC Blue 40/0.06) and XB (X1 Blue 40/0.06) groups,
the instruments were used in the “RECIPROC All” mode,
with the same kinematics.

(e fatigue test was performed using a stainless steel
device that allowed simulating instrument insertion into a
curved artificial canal 1.5mm wide [20]. A custom support
(Figure 1) was used to keep the handpiece and steel canal
static during use, allowing only free rotation of the in-
strument. (e artificial canal was made with a 60° curvature
angle and a 5mm curvature radius measured per the
Schneider [27] method and a centre of curvature at 5mm
from the end of the instrument. (e instrument to be tested
was coupled to the handpiece and inserted into the artificial
canal parallel to the vertical portion of the canal, following
the direction from the tip of the instrument to the base. (e
device was completely submerged in distilled water in a glass
container measuring 50× 20× 30 cm [18, 20]. (e temper-
ature was controlled at 20°C (±0.5°C) or 37°C (±0.5°C) while
working using a digital underwater thermometer and a
thermostat [20]. To heat and cool the water during testing, a
heating element and ice were used, respectively. (e ther-
mostat tip was sufficiently maintained near the simulated
canal to ensure the specific temperature during analysis. All
endodontic instruments were used per the manufacturers’
recommendations and operated freely and statically in the
axial direction until fracture. Fatigue resistance was deter-
mined bymeasuring the time in seconds via video recording,
starting when the instrument was triggered and stopping
when the fracture was visually detected [12]. (e number of
cycles to fracture (NCF) was calculated using the formula
NCF� rotations per minute (rpm)× time to failure in sec-
onds (s)/60 s. After fracture, the fragment length was
measured using a digital caliper with 0.01mm accuracy.

(e data were descriptively analysed using SPSS 23.0
(SPSS Inc, Chicago, IL, USA) for Windows and Excel 2010.
(e normality of the data for each file type and temperature
combination was tested using the Shapiro–Wilk test. (e
analysis was inferential, using Student’s t-test with equal
variances, Student’s t-test with unequal variances and the F
(analysis of variance (ANOVA)) test with Tukey’s or
Tamhane posttests. Tukey’s multiple comparisons test was
used in cases where the equality of variances hypothesis was
confirmed, and the Tamhane comparisons test was used
when the hypothesis of equality of variances was rejected.
(e significance level was set at P � 0.05.

3. Results

(e mean and standard deviation of the NCF values are
shown in Table 1 and in Figure 2. (e instruments’ cyclic
fatigue resistance at both temperatures (20°C and 37°C)
differed significantly by the instrument type (P< 0.001). (e
RB instruments displayed greater cyclic fatigue resistance at
the tested temperatures compared with the VB and XB
instruments (P< 0.001). (e multiple comparison tests
showed that NCF significantly differed among the three
instrument types at 20°C (P � 0.004) and between the RB
instruments and the other two brands at 37°C (P< 0.001).
(e mean fragment length (4.62–5.40mm) did not differ
significantly among the instruments tested at 20°C or 37°C
(P> 0.05).
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4. Discussion

(e results of the present study showed that decreased
temperatures increased the cyclic fatigue resistance of blue
heat-treated instruments. (ese instruments are the result of
the oxidation that heating and cooling induce on their
surface, making the NiTi alloymore martensite, hence giving
it better fatigue life [18]. To date, no cyclic fatigue studies
have compared only blue heat-treated instruments (VB, RB,
and XB) under different temperatures and kinematics.
Temperature has been investigated as a variable that con-
siderably influences cyclic fatigue resistance [16, 18, 19].
Increased temperature causes decreased cyclic fatigue re-
sistance [17, 20, 22, 28], as our findings showed. At 20°C, the
NCF values for each instrument type were significantly
higher than those at 37°C (P< 0.001), for groups XB and RB.
(e NCF values among the three instrument types tested
differed significantly at 20°C (P � 0.004). At 37°C, this

difference occurred for the RB instruments relative to the VB
and XB instruments (P< 0.001). (us, the null hypotheses
were rejected (P< 0.05).

In the past, most cyclic fatigue resistance studies were
performed at room temperature, but this did not reflect
clinical conditions, as the root canal had a different tem-
perature [29]. (e environmental conditions in which the
cyclic fatigue test is performed affect the fracture resistance
as well as motion kinematics, metal alloy, and physical
properties of the instruments [16, 30, 31]. According to our
results, the ideal temperature to verify the resistance to cyclic
fatigue was 37°C, simulating the root canal temperature. For
this, we use a thermostat keeping the temperature constant.

An ideal experimental model for testing cyclic fatigue
would involve instrumentation in natural teeth. However,
sample standardization is difficult and restricts the sample size
because of the large variation in length, radius, and degree of
curvature within the same dental group [32]. In addition,
testing all instruments on the same tooth is impossible because
the sample is permanently changed after instrumentation.
Another important variable is performance of the cyclic fatigue
test in air, using oil or immersed in water, whichmay influence
the NCF values.(erefore, the tests were conducted in artificial
canals immersed in water to ensure that the experimental
conditions were standardized and with great temperature
control as in previous studies [17–20, 28]. Notably, no specific
ISO standard exists for validating a device to perform cyclic
fatigue tests [28]; thus, a device was created for this study.

Reciprocating motion kinematics extend the useful life
of the instruments because they expose the instruments to
lower voltage values compared to continuous rotation, thus
increasing NCF [33–35]. (rough a systematic review,
Ferreira et al. [26] noted that the reciprocating motion
improves the instruments’ cyclic fatigue resistance com-
pared with continuous rotation independent of other var-
iables, such as the rotational velocity, curvature angle of the

Table 1: Mean and standard deviation of the number of cycles to fracture (NCF) according to instrument type and temperature used.

Instrument type 20°C mean± SD (CV%) 37°C mean± SD (CV%) P value
VB 1.899± 629.73(A) 1.033± 190.07(A) P(1) < 0.001∗
XB 2.974± 449.12(B) 1.082± 374.19(A) P(2) < 0.001∗
RB 5.419± 1,179.85(C) 2.019± 388.49(B) P(1) < 0.001∗
P value P(3) = 0.004∗ P(4) < 0.001∗
∗Significant difference at 0.05. (1)Student’s t-test with equal variances. (2)Student’s t-test with unequal variances. (3)F (analysis of variance (ANOVA)) test with
Tukey’s comparisons. (4)F (ANOVA) test with Tamhane comparisons. Different superscript letters in the same columnmean significant difference (P< 0.01).
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Figure 2: Mean and standard deviation of the number of cycles to
fracture (NCF) according to the instrument type and temperature
used.

Figure 1: Custom device used for dynamic fatigue test.
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simulated canal, and NiTi instrument design. (is infor-
mation agrees with the results of this study, as the recip-
rocating RB and XB instruments presented higher NCF
compared with the rotating VB instrument, although the
latter had the lowest taper (0.04).

A smaller radius of curvature and an increased instrument
diameter result in fewer cycles to fracture [36]. (e instru-
ments tested in our study had an elevated diameter—40—and
were thus more susceptible to fatigue than instruments with
smaller diameters [36, 37]. However, the RB and XB in-
struments had the same taper of 0.06, while that of the VB
instrument was 0.04. (e RB instruments exhibited signifi-
cantly higher NCF than did the XB instruments, which had
the same taper, and the VB instruments, which had a lower
taper. (is finding shows that, in blue heat-treated instru-
ments, the variable taper did not appear to affect cyclic fatigue
resistance. Additionally, the RB instruments had an S-shaped
cross section, unlike the triangular cross section present in the
other two instruments tested. (is finding corroborates the
findings of Kaval et al. [38], who found a higher NCF in
instruments with S-shaped cross-sections, which have a
smaller metal core than those with triangular cross-sections.

(e blue heat-treated XB reciprocating instruments,
produced with controlled memory (CM) NiTi alloy, were
recently launched on the market. (ey have an inactive tip
and a triangular cross section per the manufacturer’s
instryctions. No studies have reported XB file behaviour (40/
0.06) in cyclic fatigue tests. In our study, the NCFs of these
instruments at 20°C were significantly smaller and larger,
respectively, than those of the RB and VB instruments
(P< 0.05). At 37°C, the XB instruments differed only from
the RB instruments (P< 0.001), presenting a lower NCF.
When compared between the temperatures tested, the NCFs
of the XB instruments differed significantly.

(e VB rotary instruments manufactured with CM NiTi
alloy and blue heat treatment are characterized by a constant
taper, a triangular cross section, and the absence of radial
lands [39, 40]. In our study, the VB instruments presented
lower NCF than the other instruments at both tested
temperatures, with values near those found by Dosanjh et al.
[20] at the same angle and radius of curvature, showing a
mean NCF of 1,233 at 37°C.

Some studies have suggested that cooling down to low
temperatures may be an interesting strategy to improve the
fatigue resistance of rotary NiTi files although cooling down
to a low temperature during the instrumentation may be
difficult to achieve [17]. (is experiment was pioneering in
evaluating the cyclic fatigue resistance of RB 40/0.06 in-
struments in canals with a 60° curvature angle and a 5mm
radius. Because of this condition, the NCF results for the RB
25/0.08 instruments are discussed. Studies with the same
artificial canal condition showed that RB instruments (25/
0.08) presented better cyclic fatigue resistance compared
with the RECIPROC (25/0.08), WaveOne Gold Primary (25/
0.07) [17, 34], and One Shape (25/0.06) [41] instruments, but
none reported the experimental temperature. Consistent
with these studies, even with higher-diameter instruments,
our study found higher NCF values for RB 40/0.06.(us, the
null hypotheses were rejected.

5. Conclusion

Within the limitation of the study, the RECIPROC Blue
instruments showed greater cyclic fatigue resistance com-
pared with the X1 Blue and Vortex Blue instruments at 20°C
and 37°C. (e results indicate that the fatigue test should be
conducted at body temperature instead of room temperature.

Data Availability

(e data used to support the findings of this study are in-
cluded within the article.
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[41] M. Gündoğar and T. Özyürek, “Cyclic fatigue resistance of
oneshape, hyflex EDM, waveone gold, and reciproc blue
nickel-titanium instruments,” Journal of Endodontics, vol. 43,
no. 7, pp. 1192–1196, 2017.

International Journal of Biomaterials 5


