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ABSTRACT

Objective: To investigate the effect of room and body temperatures on cyclic fatigue resistance of three endodontic
nickel-titanium rotary files: Hyflex EDM (HEDM) (Coltene/Whaledent, Switzerland), WaveOne Gold (WOG)
(Dentsply Maillefer, Switzer), and EdgeOne Fire (EOF) (EdgeEndo, Albuquerque, New Mexico, USA) in a double-
curved canal. Material and Methods: In this study, Sixty NiTi rotary files were used. These files were divided
into three groups (n = 20 for each group). Group A: HEDM (size 25, taper 0.08), group B: WOG (size 25, taper
0.07), and group C: EOF (size 25, taper 0.07). Each group was subdivided into two subgroups (n=10 for each
subgroup). One of the subgroup was subjected to cyclic fatigue test at room temperature (20%=1°C), while the
other subgroup was subjected to cyclic fatigue test at body temperature (37=1°C). These files were tested by using
a custom-made artificial canal with a double curvature (coronal curve: 60° curvature with 5 mm radius; apical
curve: 70° curvature with 2 mm radius). All instruments were rotated according to the manufacturer instructions
until the fracture occurred by using electric endodontic motor (Wave One, Dentsply Maillefer, Ballaigues,
Switzerland). The number of cycles to fracture (NCF) and the fractured fragment length (FL) were recorded
for each endodontic file. The data were gathered and statistically analyzed using shapiro-wilk test and two-way
ANOVA test. The statistical significance was set at 0.05. Results: The NCF of WOG and EOF were significantly
lower at body temperature as compared to room temperature (p<0.05), whereas no difference was observed
in NCF of HEDM at body and room temperatures (p>0.05). At 20=1°C, the results showed a non-significant
difference between NCF of WOG and EOF (p>0.05), while the NCF of HEDM was significantly lower than the
other groups (p<0.05). At 37+1°C, the results showed a non-significant difference in NCF among the tested
endodontic files (p<0.05). There is non-significant difference in FL of each group at (20+1°C) and (37+1°C)
(p>0.05). No statistical difference in FL among the tested files at room and body temperatures (p>0.05).
Conclusion: The temperature has a significant effect on cyclic fatigue resistance of EOF and WOG, whereas no
effect was observed on cyclic fatigue resistance of HEDM. WOG and EOF had a comparable NCF, while HEDM
had a lower NCF than other groups at room temperature. At body temperature, all tested files have a comparable
NCF. These results were attributed to the type of the alloy and heat treated that was used to manufacture these
endodontic files. The cyclic fatigue test should be done at body temperature.
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RESUMO

Objetivo: Investigar o efeito das temperaturas ambiente e corpdrea na resisténcia a fadiga ciclica em trés
instrumentos endodonticos rotatério de niquel-titdnio: Hyflex EDM (HEDM) (coltene/Whaledent, Switzerland),
WaveOne Gold (WOG) Dentsply Maillefer, Switzer), e EdgeOne Fire (EOF) (EdgeEndo, Albuquerque, New
Mexico, USA) em canais com dupla curvatura. Material e Métodos: Neste estudo foram utilizadas sessenta
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limas endodonticas rotatdrias. Esses grupos foram divididos em trés grupos (n=20). Grupo A: HEDM (tamanho
25, conicidade 0.08), grupo B: WOG (tamanho 25, conicidade 0.07), e grupo C: EOF (tamanho 25, conicidade
0.07). Cada grupo foi subdivididos em dois subgrupos (n=10). Um dos subgrupos foi submetido ao teste de
fadiga ciclica em temperatura ambiente (20+1°C), enquanto o outro subgrupo foi submetido a ao teste de
fadiga ciclica em temperatura corporea (37+1°C). Essas limas foram testadas em um canal artificial feito sob
medida com duas curvaturas (curva coronal: curvatura de 60° e com 5 mm de raio; curva apical: curvatura de
70° com 2mm de raio); Todos os instrumentos foram rotacionados de acordo com a instrucdo do fabricante até
que a fratura ocorresse utilizando um motor endodontico elétrico (Wave One, Dentsply Maillefer, Ballaigues,
Switzerland). O numero de ciclos até a fratura (NCF) e a comprimento do fragmento fraturado (FL) foram
registrados para cada lima endodéntica. Os dados foram coletados e analisados pelo teste shopiro-wilk e ANOVA
two-way. A significAncia estatistica foi 0.05. Resultados: O NCF do WOG e do WOF foi significantemente
menor na temperatura corpérea em comparacio a temperatura ambiente (p<0.05), enquanto néo foi observada
diferenca entre NCF em HEDM em temperatura corpérea e temperatura ambiente (p>0.05). Em 20+1°C, os
resultados mostraram diferenca néo significativa entre o NFC com WOG e EOF (p>0.05), enquanto o NCF com
HEDM foi significante menor que os demais grupos (p<0.05). A 37=1°C, os resultados mostraram diferen¢a ndo
significativa em NCF entre as limas endodonticas testadas (p<0.05). Ha diferenca ndo significativa no FL de cada
grupo (20+1°C) e (37%=1°C) (p>0.05). Néo houve diferenca estatisticamente diferente no FL entre as limas
testadas nas temperaturas ambiente e corporal (p>0,05). Conclusdo: A temperatura tem efeito significativo na
resisténcia a fadiga ciclica do EOF e WOG, enquanto néo foi observado nenhum efeito na resisténcia a fadiga
ciclica do HEDM. WOG e EOF tiveram um NCF comparavel, enquanto HEDM teve um NCF menor do que os
outros grupos em temperatura ambiente. A temperatura corporal, todas as limas testas apresentam semelhante
NCF. Esses resultados foram atribuidos ao tipo de liga e ao tratamento térmico que foi utilizado na fabricacao.
O teste de fadiga ciclica deve ser feito a temperatura corporal.

PALAVRAS-CHAVES
EdgeOne fire; Fadiga ciclica; Hyflex EDM; Temperatura corpdrea; WaveOne Gold.

INTRODUCTION

motion with off center design and parallelogram
cross section. A gold heat treatment method
was used to produce this file. It is heated and
then cooled slowly [8]. Edge One Fire (EOF)
(EdgeEndo, Albuquerque, New Mexico, USA) is a
single-file system that has the same cross section
and reciprocating motion of the WOG and it is
treated with a proprietary heat process called
FireWire ™ [4]. Most cyclic fatigue studies of
NiTi files were done at room temperature [9-11].
These don’t perform the clinical conditions as
NiTi rotary files that are used in the root canal
which has a temperature similar to that of the
body [7]. Some investigators have revealed that

Changing the design, using different
heat treatments and alloys, and altering the
kinematics of NiTi rotary files were done by the
manufacturers to improve the superelasticity
and fatigue resistance of the nickel-titanium
(NiTi) instruments [1,2]. In spite of advances
in endodontic instruments, fracture of these
instruments during treatment remains a problem
for dentists [1]. This fracture usually occurs due to
cyclic fatigue or torsional overload [3,4]. Fracture
due to torsional fatigue occurs as a result of the
file being stuck in the root canals while the hand
piece continues to rotate. Cyclic fatigue occurs

when the freely rotating file within the canal
being exposed to frequent cycles of compression
and tensile forces at the curved portion of the
root canal [5]. Traditional radiography failed
to reveal S-shaped root canal anatomy, so
this make the treatment more complicated for
clinicians [6]. HyFlexEDM (HEDM) (Coltene/
Whaledent, Altstédtten, Switzerland) is a single-
file system with a continuous rotating motion.
The heat treatment of controlled memory alloy
is used to create this file system [7]. WaveOne
Gold (WOG) (Dentsply Maillefer, Switzerland)
is a single-file system that has a reciprocating

when the body temperature was raised, cyclic
fatigue resistance was decreased drastically [12].

The aim of this work was to investigate
the effect of room and body temperatures on
the cyclic fatigue resistance of three endodontic
nickel-titanium rotary files for HEDM, WOG,
and EOF in a double-curved canal. The null
hypotheses of this study were as follows:

* There would be a significant difference
in fractured fragment length for each
endodontic file system at two different
temperatures and there would be a significant
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difference in fractured fragment length
among endodontic files at room temperature
and body temperature.

*  There would be no significant difference in
cyclic fatigue for each endodontic file system
at room temperature and body temperature.

*  There would be no significant differences in
cyclic fatigue among endodontic file system
at room temperature and body temperature.

MATERIAL AND METHOD

A total of 60 NiTi rotary files were used
in this study. The sample calculation was
based on previous study that was done by
Klymus et al. [12]. These NiTi rotary files
were divided into three groups (n=20 for each
group), group A: HEDM (size25, taper 0.08),
group B: WOG (size 25, taper 0.07), and group
C: EOF (size 25, taper 0.07). These groups
were tested in a double curvature canal. Each
endodontic rotary file was examined under the
Stereomicroscope (MELJI Techno, Japan, model
No. (HG175398)) x20 magnification to check if
any manufacturing deformation may be found
for exclusion before the testing procedure. Ten
instruments of each endodontic file system were
tested at room temperature (20+1°C) and the
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other ten endodontic files were tested at body
temperature (37+1°C), simulating intracanal
temperature. The artificial canal has two curves;
the coronal curve with 60° angle of curvature
and 5 mm radius which is located at 8 mm
from the tip of the canal, while the apical curve
has 70° angle of curvature with 2 mm radius
which was located at 2mm from the tip of the
canal [2,5,6]. The radius and angle of curvature
were determined according to Pruett et al. [13].
A circle of 5mm diameter was milled at the end
of the canal to reduce the torsional effect and to
provide a space for a fractured piece [14]. The
artificial canal (18 mm length) was covered by
tempered glass to prevent the instrument from
slipping out and to allow the observation of the
instrument during operation. A circle was done
in the tempered glass [15] which had the same
size and place of the circle that milled at the end
of the canal to allow the distal water to enter the
artificial canal as shown in Figure 1.

The electric hand piece was mounted on
a device to allow for precise and reproducible
placement of each endodontic file inside the
canal. Each file was placed into an artificial
canal in a metal block, which was submerged in
a Digital water bath (HH-W420, China) that was
filled with distal water. The temperature of distal

Figure 1 - a) Testing system for cyclic fatigue; b) Fracture of rotary endodontic file in an apical curve of artificial canal.

Braz Dent Sci 2022 Oct/Dec;25 (4): e3591



Jumaa ZM et al.

water was set to tested degree and wait for few
second before the test was began. A thermometer
was used for checking the temperature of distal
water for more accuracy. All the endodontic files
in each group were operated inside the artificial
canal without pecking motion until the fracture
occur when using a 6:1 reduction hand piece
driven by motor device (Wave One, Dentsply
Maillefer, Ballaigues). The speed for each group
was adjusted according to the manufacturer
instructions as follows: Group A: HEDM (speed
500 rpm, torque 2.5 N.cm), Group B and C:
WOG and EOF files (speed 350 rpm, WaveOne
ALL program which has a cutting motion of
150 degrees (counterclockwise) and a releasing
motion of 30 degrees (clockwise)). The procedure
was timed and the stop watch was stopped as
soon as the fracture was detected visually and
by video recording. The number of cycles to
failure (NCF) for each instrument was calculated
by multiplying the number of rotations per the
seconds of rotation required to fracture [16].
The fractured fragment length (FL) of each
instrument obtained by measuring it by using a
digital vernier. The collected data were analyzed
using SPSS (Statistical Packages for Social
Sciences) version 21 (SPSS Inc., Chicago, IL).
The data were analyzed by using Shapiro Wilk
test and two-way ANOVA (Analysis of variance)
for both NCF and FL. The statistical significance
was set at 0.05.

Evaluation of temperature effect on cyclic fatigue resistance of
nickel-titanium instruments in a double-curved canal:
a comparative study

RESULTS

The mean and standard deviations of NCF
and FL for all groups are shown in Table I and
Figure 2. The Shapiro Wilk test value for NCF
and FL of three endodontic rotary files HEDM,
WOG, and EOF at (20+1°C) and (37*=1°C)
were normally distributed (P > 0.05). Two way
ANOVA test for NCF of HEDM exhibited non-
significant difference between (20 +1°C) and
(37%=1°C) (p>0.05), while there was a significant
difference in NCF of WOG and EOF between both
temperatures (p<0.05) as shown in Table II. At
(20£1°C), there was a non-significant difference
in NCF between WOG and EOF (p>0.05), while
HEDM had significantly lower NCF values than
other groups (p<0.05). At (37=1°C), there was a

files
MHyflex EDM

HwaveOne Gold
EdgeOne Fire

Mean Fatigue (MPa)

20x1°C 37zx1°C

Temperature

Figure 2 - Bar chart showing the means of NCF for each group at
(20 +1°C) and (37 +1°C).

Table | - Mean and standard deviation of NCF and FL for each group at (20 +1°C) and (37 +1°C) for apical curved of artificial canal

Hyflex EDM
20+1°C Waveone Gold

Edgeone Fire

Hyflex EDM
37+1°C Waveone Gold

Edgeone Fire

Table Il - Two way ANOVA test for NCF and FL for each group between (20 +1°C) and (37 +1°C)

Hyflex EDM 20 37
Waveone Gold 20 37
Edgeone Fire 20 37

p > 0.05 non-significant, *p < 0.05 significant.

322.3500 182.00703 1.7150 .23918
661.9100 252.35322 1.9180 .22225
865.7100 459.85874 1.8790 32726
321.5500 118.19039 1.7320 .21091
333.8300 91.04528 1.9730 .21675
542.8500 146.77650 1.9690 .35120
.800 .994 -017 .887
328.080 .004* -.055 .647
322.860 .004* -.090 455
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non-significant difference in NCF among the file
systems (p>0.05) as shown in Table III. There
was no significant difference in FL. among files
groups at both temperatures as shown in Table II
and There was no significant difference in FL
between each group at room temperature and
body temperature (P>0.05) as shown in Table III.

DISCUSSION

The resistance of NiTi endodontic files can
be influenced by number of factors, including
metallurgical design, manufacturing process,
heat treatment of instrument, instrument size,
cross-sectional design, helix angle, taper, core
diameter, file kinematics, and the temperature
to which the instrument is subjected [8].

The root canal anatomy of teeth cannot be
determined from a proximal view on standard
radiographs. The treatment of teeth with
dilacerated (S-shaped) root canals can be
challenging because of file breakage and losses
of working length which are frequently reported
as complications in such teeth [6].

Although the extracted human teeth might
better reflect the clinical situations, they are not
anatomically and morphologically standardized
(curvature, diameter, and radius) in addition, a
tooth can only be used once because of the shape of
the root canal will change during instrumentation,
making it impossible to standardize experimental
conditions [17].

The dynamic model cannot replicate
actual clinical conditions. It is more liable to
procedural errors and is more difficult to keep
the instruments in a precise trajectory [5]. For
this reason a static model was used in this study.
There are different methods for increasing the
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temperature of the environments, such as using
a temperature-controlled oven or immersing the
instruments in preheated solutions continuously
during tests [18,19] which was used in this study.

The effect of temperature (room and body
temperatures) on the cyclic fatigue resistance of
the three endodontic files (HEDM, WOG, and EOF)
was evaluated and the cyclic fatigue resistance
was compared between them at room and body
temperatures by using a metal block that was
submerged in a distal water in a digital water bath.
These instruments were chosen because each has
a different manufacturing process.

The friction between the instruments and
the artificial canal walls could lead to increase
in the temperature due to the friction between
the instruments and the artificial canal which
increase the risk of crack formation and/or
growth [12,20]. Cheung and Darvell [20] showed
that the aqueous media did not affect the cyclic
fatigue test. Additionally, Klymus et al. [12],
affirmed that aqueous media simulate irrigating
solutions more closely and avoid increasing the
temperature [12]. So in this study, it was used
water to decrease the friction.

According to the results of this study, all
files fractured mainly in the apical curvature
which might be attributed to the severity of the
curvatures (the apical curvature have a radius
of 2mm and the coronal curvature have a radius
of 5mm). The results of previous cyclic fatigue
studies on S-shaped root canals confirm this
idea [5,6]. There was no significant difference
in the mean length of the fracture piece of
experimented files. The FL of each file occurred
at the center of the curvature or just below this
point. At this point, the stress had a greater effect
on the endodontic rotary files [6], so the first null
hypothesis was rejected.

Table 111 - Two way ANOVA for NCF and FL for each pair of groups at (20 +1°C) and (37 +1°C)

Waveone Gold

Hyflex EDM
20x1°C Edgeone Fire
Waveone Gold Edgeone Fire
Waveone Gold

Hyflex EDM
37£1°C Edgeone Fire
Waveone Gold Edgeone Fire

p > 0.05 non-significant, *p < 0.05 significant.

-339.560 .008 -.203 .285
-543.360 .000* -164 527
-203.800 0.196 .039 1.000
-12.280 1.000 -241 146
-221.300 138 =237 157
-209.020 77 .004 1.000
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Previous studies performed cyclic fatigue
resistance test at room temperature. This
temperature was lower than body temperature
and should not be clinically relevant because
the NiTi files are used inside the root which is
surrounded by periodontium that have the same
body temperature [2]. In a recent study, it was
determined that the intracanal temperature during
root canal therapy is 37+ 1°C [4]. Therefore, in
the current study, all endodontic files were
tested for cyclic fatigue resistance at intracanal
temperature to mimic clinical conditions in
addition to room temperature.

Dosanjh et al. [21], examined the effect
of different temperatures on the cyclic fatigue
resistance of NiTi rotary files and found that
NCF values decreased as the temperature
increased [21]. Vasconcelos et al. [1], evaluated
the effect of two different temperatures (room
and body temperatures) on the cyclic fatigue
resistance of NiTi files. They reported that at
body temperature, the cyclic fatigue resistance
of tested files was significantly reduced as
compared with room temperature. The main
findings of the current study showed that the
cyclic fatigue resistances of WOG and EOF at
room temperature are more significant than at
body temperature (p<0.05). This is compatible
with the aforementioned studies, while the
result of previous study which was done by
Ismail et al. [22], found that there was a non-
significant difference in cyclic fatigue resistance
of WOG at room and body temperatures which is
different from the result of current study because
of different test that was used.

According to the results of the present study,
the HEDM showed a non-significant difference
between the mean of NCF at room and body
temperatures (p > 0.05), this result agree with
the previous studies [18,23]. Also the current
result agrees with a previous study done by
Plotino et al. [24]. Plotino et al. observed that
Protaper Gold had no significant difference in
cyclic fatigue resistance at different temperatures.
Shen et al. [25], evaluated cyclic fatigue resistance
of six dissimilar endodontic files at different
temperatures, and only one type (Vortex; Dentsply
Sirona Endodontics) had significantly reduced
cyclic fatigue resistance at 37°C compared to 22°C
[25], while there were no significant differences
in cyclic fatigue resistance of other endodontic
tested files NiTi systems at 22°C and 37°C. So the
second null hypothesis was partially rejected. The

Evaluation of temperature effect on cyclic fatigue resistance of
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result of this study showed that the temperature
at which the instruments are tested influenced on
the results of cyclic fatigue resistance of NiTi files
with a different behavior which depends on the
heat treatment of the alloy and the type of alloy
of the tested endodontic files [22,24].

At (20%+1°C), there was non-significant
difference in NCF between WOG and EOF. There
were few previous studies compared the EOF
with other instruments. In this study, the tested
instruments (EOF and WOG) have the same cross
section and reciprocating motion [4]. Despite
of different alloy, Firewire instruments showed
to be non-significant difference in NCF value
when compared with identical instruments that
made with Gold treatment at room and body
temperatures. This result is not agree with the
previous study [4] which showed that the EOF is
more cyclic fatigue resistance than WOG, which
was attributed to different test that was used.

HEDM displayed a lower value of NCF than
other evaluated instruments at 20+1°C. The results
of this study showed that the highest cyclic fatigue
resistance was associated with files that have the
reciprocation motion (EOF and WOG) followed
by files that have a continuous rotation (HEDM).
This indicated that the motion plays a major
role in cyclic fatigue resistance. These findings
might be attributed to the release of the reaction
stresses that built up in the material by reversing
the rotational direction [26]. Number of studies
[22,27] reported that, regardless of the file type,
reciprocation motion increased the cyclic fatigue
resistance of files more than continuous rotation
did. Karatas et al. [27], concluded that the fatigue
life is associated with the number of times of
opening and closing of the crack in an instrument.
During reciprocation motion, the instrument needs
to complete one rotation (360°) which require
more time as compared to continuous rotation.
Therefore, the number of times for opening and
closing crack in a reciprocation motion is less when
compared with a continuous rotation over the
same time. This may explain the extended fatigue
life of a reciprocation motion [27].

The instruments were used in this study had
the same tip size (#25) with different tapers. At
the first 3 mm from the tip, the HEDM has a taper
of 0.08 mm/mm, whereas WOG and EOF have a
taper of 0.07 mm/mm. Previous studies showed
that instruments with lower taper have higher
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cyclic fatigue resistance [28]. This agrees with the
results of the present study at room temperature.

To the author knowledge, there were no
previous investigations that compared the cyclic
fatigue resistance of Hyflex EDM, WaveOne
Gold, and EdgeOne Fire at body temperature in
S-shape canal. The results showed non-significant
difference in NCF among the tested files (p<0.05).
This result depends on the heat treatment of the
alloy and the type of alloy of tested files. The result
is different from the previous investigations [23,29]
which found that the cyclic fatigue of HEDM is
more significant than WOG. This is due to different
dimensions of artificial canal that was used. So the
third hypothesis was partially rejected.

Although the results of the present study have
important issue, they should be applied carefully in
clinical practice because of other factors that may
affect the cyclic fatigue resistance of the tested
files, as using different irrigation solutions, usage
force during instrumentation that may affect the
properties of dissimilar types of NiTi instruments.
Furthermore, in clinical practice there are other
factors that may affect file separation like torsional
load that is difficult to distinguish it from cyclic
load clinically [14].

CONCLUSIONS

The main conclusions of this investigation
can be summarized as follows:

1- The temperature has a significant effect on
cyclic fatigue resistance of EOF and WOG,
whereas no effect was observed on cyclic
fatigue of HEDM. Cyclic fatigue test should
be done at body temperature.

2- There was non-significant difference in
NCF between WOG and EOF, while HEDM
displayed a lower value of NCF than other
evaluated instruments at room temperature.

3- The HEDM, WOG, and EOF have a
comparable NCF at body temperature.

4- This results were attributed to type of
alloy and heat treated that was used to
manufacture these files.
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