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Abstract
Clinicians face a major problem when a Nickel-Titanium
(NiTi) rotary endodontic instruments fracture occurs inside
the canal during treatment. It is time consuming for removal
of these separated instruments, in addition to its technical
difficulty. So for these reasons it is important to reduce the
risk of file fracture. As a sequel, several attempts have been
made to improve the mechanical features of NiTi rotary files,
like changes in speed of operation, changing the geometric
and dimensional characteristics, and several different metal
treatments. The revolution of new heat-treated NiTi
instruments opens a new era for basic, clinical and scientific
research. This article concerns mostly with environmental
and heat-treated factors, irrigation and type of rotation and
their effects on heat-treated NiTi instruments found in most
studies.
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Introduction:
technical difficulty. So for these reasons it
is important to reduce the risk of file
fracture. As a sequel, several attempts
have been made to improve the
mechanical features of NiTi rotary files,
like changes in speed of operation,
changing the geometric and dimensional
characteristics, such as tip sizing, taper,
cross-section design, helical angle and
pitch length design, operation speed and
several different metal treatments(2,3). In
recent years, development in the
processing and manufacturing of rotary
NiTi have been attempted to reduce the

Different instruments used in root canal
treatment (RCT) including instruments
used for canal preparation and obturation
like explorers, files and reamers, irrigation
needles, Lentulo spirals, etc.(1). Fracture of
these instruments especially files and
reamers may occur inside the canal during
treatment. The cyclic fatigue fractures
occur as a result of repetitive tension and
compression stresses that the file is
exposed to within the curved canals(1). It is
time consuming for removal of these
separated instruments, in addition to its

11

Factors Affecting the Cyclic ….8(1) (2020) 11-19
incidence of separated instruments (2,3).
This revolution of new heat-treated NiTi
instruments opens a new era for basic,
clinical, and scientific research. This
article
concerns
mostly
with
environmental and heat-treated factors,
irrigation, and type of rotation and their
effects on heat-treated NiTi instruments
found in most studies.

temperature of martensitic transformation
should be alter by heat technology.
Preceding reports have indicated that
flexibility of heat-treated NiTi instruments
increased with extended cyclic fatigue
life(9, 10, 11). Many factors influence the
heat treatment effect included: time,
temperature, history of processing, and
amount of prior cold work, which will
develop different mechanical features for
NiTi. Although different researchers have
investigated the cyclic fatigue resistance
of
NiTi
instruments
at
room
temperature(12, 13, 14, 15, 16). Other studies
assessed the cyclic fatigue of NiTi alloy at
body temperature to confirm significance
results and resemble the flexural behavior
at temperatures inside the root canal(17, 18,
19)
. Authors have shown that body
temperature capable of modifying the
transformation temperatures of the NiTi,
and greatly affect the flexural resistance of
NiTi instruments (18, 19, 20). Consequently
the effect of environment and body
temperatures
was
consider
by
deVasconcelos et al.,(20) two temperatures
(20oC and 37oC) were taken into
consideration when the fracture resistance
of different rotary instruments compared:
Hyflex control memory (HyFlex CM),
TRShape, Vortex Blue (VB), and PTU,
and correspond the results with
transformation
temperatures
of
martensitic. At ambient temperature,
Hyflex CM file had a superior fracture
resistance which is significant, followed
by VB and TRUShape, whereas the lowest
fracture resistance showed by PTU file.
These results maintain the assurance that
NiTi alloy is the more ﬂexible and fatigue
resistance when it is in more martensite
phase(11, 22). In point of fact, instruments
manufactured with conventional NiTi wire
instruments less ﬂexible and fatigue
resistant than M-Wire (Sportswire LLC,
Langley, OK)(23,24). The fatigue resistance
for all instruments was decreased at body
temperature, even with a different extent.
For explanation the significant lowering in
fatigue life at room temperature,
one should consider the pertinent
transformation-temperatures. Furthermore,
Dosanjb et al., in 2017(17) compared the
cyclic fatigue of instruments with
dissimilarity in metallurgy at various

Literature Review
The literature review was organized into
three sections (i) Environment and heat –
treatment. (ii) Irrigants. (iii) Kinematics
movements of instruments.
Effect of Environmental and Heat
Treatment
Nickel-Titanium alloy has two heatdependent crystal states (martensite and
austenite)(4). At temperatures higher than
the transformation level, NiTi alloy has an
austenite structure and is more rigid,
whereas it is more flexible in low
temperature with a martensite structure (4).
Martensite transforms into austenite, with
shape memory properties when the NiTi
alloy is heated over the intermediate
temperature(5). The newly developed heattreated alloys present a higher transitional
temperature that is come to or above the
body temperature, when comparing with
conventional NiTi alloy (4). The life of
cyclic fatigue not increased when NiTi
alloy heat treated below 300oC as found by
Yahata et al.,(6) due to the remaining
crystal lattice defect. Moreover the surface
hardness of NiTi alloy decrease at 600oC
owing to recrystallization of NiTi alloy (7).
Chi et al., in 2016(8) conducted a study to
assess the effect of two different heat
treatments on the cyclic fatigue of
ProTaper universal (PTU) F2 files (no
treatment group, HT400oC and HT600oC
groups). They found that the performance
of PTU ﬁles in cyclic fatigue life was
qualified through heat treatment. The
cyclic fatigue life for files in the HT400oC
group was higher than file in control
group. Moreover, ﬁles in the HToC600
group showed extended cyclic fatigue life
in comparing with the ﬁles in HT400oC
group and control group. Many studies
concluded that to obtain a high percentage
of the martensitic stage, intermediate
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temperatures (3o,22o, 37o, and 60oC).Three
groups of NiTi instruments; EdgeFile
(EF), VB, and ESX group were used. At
3oC there was a decrease in number of
cyclic fatigue (NCF) for EF group. The
explanation of this decreasing may be
related to the same mechanism of how
traditional metals become more brittle just
as they cool, causing them to fracture.
Lowering the NCF related to the transition
of NiTi alloy to an austenitic phase that
caused by heating process. The NCF was
doubled for Files in both the ESX and VB
groups when they were placed in frozen
water because they may have a more
austenitic phase at room temperature in
comparing with ﬁles in the EF group. By
decreasing the temperature, they transition
to a more martensitic phase. The
difference in NCF for the ESX group from
37oC to 60oC was not signiﬁcant. Their
explanation that the ﬁles in the ESX group
already being in mostly an austenitic phase
at body temperature; therefore, further
heating did not have an effect.
Dosanjb et al., study’s supported by
another study carried out by Arias et
al.,(25) who also found that rotary
instruments with different post-machining
heat treatment responded differently to
changed ambient temperatures, and all
instruments lasted significantly longer at
room than at body temperature. The
fracture resistance of different invention
NiTi rotary single file, One Curve (OC),
OneShape new generation (OSNG) and
One shape (OS), was assessed by Staffoli
et al.,(26) in relation to environmental
temperature and heat treatment. They
found that when the temperature increased
from 0 to 35oC all files showed decrease in
the fracture resistance significantly.
Moreover OC files with new features of
thermal treatment showed the highest
fatigue resistance in comparing with other
groups at all the temperature, intension
that mechanical properties and fracture
resistance of NiTi instruments improved
by heat-treatment of rotary NiTi files (11, 27,
28)
. Statistical results from Klymus study
proposed that instruments with Blue
technology were more affected than
instruments with Gold technology at body
temperature(29). The crystal lattice of
Reciproc Blue (Rec Blue) 25.08 and X1

Blue file (X1 25.06) mostly changed
suddenly at body temperature than that of
WaveOne Gold (WOG) 25.07, and this
could explain why the WOG 25.07 file
showed reduction in
the fracture
resistance. The austenite finishing
temperature of Gold (50.1–51.8 °C)(10) is
higher than Blue technology (33.71–38
°C)(17). At body temperature Rec Blue
25.08 and X1 25.06 given a lower
percentage of martensitic phase than
WOG 25.07, thereby decreasing the
flexibility and the cyclic fatigue resistance.
Their
conclusions
support
the
aforementioned studies in which the
researchers showed a reduction in the time
of the cyclic fatigue when exposed to body
temperature(17,18).
Effect of irrigants
During root canal preparation NiTi files
have contact with the irrigation solutions
(30,3132,)
, that causes the deformation and
corrosion of files and might lead to
unexpected separation of file during
instrumentation(30,31,32,). Many types of
irrigation solutions used in chemomechanical
preparation,
sodium
hypochlorite NaOCl consider as a gold
standard irrigant(30). NaOCl with CIO−
ions found in the structure were stated to
have the effect on the increasing the
corrosion. Many studies found that NaOCl
and ethylene diamine tetraacetic acid
(EDTA) solutions changed the physical
properties of files in sites, where they are
in contact with files, and the files fractured
at those sites(32, 33, 34). The antimicrobial
properties and the tissue-dissolving
capability of NaOCl could be enhanced by
adding a surfactant; disturb the material;
raising its concentration, volume, and/or
temperature(35). When single-ﬁle NiTi
systems are recommended for root canal
instrumentation of necrotic teeth, using
preheated NaOCl could be beneficial
because of its increased antimicrobial
properties(35). In spite of these advantages,
its toxicity may be damaging to apical
tissues when NaOCl drive out accidentally
into the apical area and it is also highly
destructive
to
metals(32).
Certain
researchers have concluded that NaOCl
affects the cyclic fatigue resistance of NiTi
rotary files by way of corrosion(36,37,38).
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Huang
et
al.,
introduced
a
different fatigue test model that mimic the
clinical situation to estimate the corrosion
effect of 5.25% NaOCl on NiTi rotary
files under three different temperatures
(22°C, 37°C, and 60°C). They found that
the fatigue manner of NiTi instruments
does not affect by NaOCl 5.25%,
moreover no pitting or crevice corrosion
was recognized on the fracture surface.
The fracture resistance of NiTi files should
be tested under particular temperature
conditions. For determining the fracture
risk
at
body
temperature
the austenite finish temperature of a file is
essential (39).
In 2019 Keles et al.,(40) showed the
adverse effect of NaOCl on the cyclic
fatigue life of heat-treated files when the
temperature
of
NaOCl
increased.
However, heat-treated files showed better
cyclic fatigue resistance than conventional
NiTi, even in high temperature(40). Many
studies used different temperatures and
concentrations of NaOCl to see their effect
on different types of NiTi instruments.
Alfawazet et al., in 2018(41) assessed the
effect of temperature and the type of
irrigants on the number of cycles to
fracture of the ProTaper Gold (PTG) F2.
They found that the fatigue resistance of
PTG was decrease when the temperature
increase from 230C in distilled water to
60oC5 in 25% NaOCl. They concluded
that NaOCl with increasing the
surrounding temperature have adverse
effect on the fatigue resistance. Other
examined the effect of different type of
irrigants. The cyclic fatigue resistance of
WO, Reciproc, and PTU ﬁles was
examined under the effects of 5.25%
NaOCl and 17% EDTA solutions(42).
Pedulla et al., found a decrease in the
fracture resistance of all files actively
exposed to EDTA for 3 minutes.
Moreover they determined that NaOCl did
not affect the cyclic fatigue resistance of
the tested ﬁles. In 2016 Elnaghy and
Elsaka(31) evaluated the effects of NaOCl
and saline irrigants on the fracture
resistance of WaveOne (WO) and
Reciproc instruments. The authors
determined the adverse effects of both
NaOCl and saline solutions on the cyclic
fatigue resistance of both ﬁles. Because of

their finding, they stated that the irrigants
caused deterioration and distortion on the
surface of ﬁles, thus predisposing the files
to possible accidental fractures.
Uslu et al., (43) Topcuoglu et al.(11) and
Ozyurek(44) found that the cyclic fatigue
resistance of WOG ﬁles was statistically
higher than that of WO ﬁle, when WOG
and WO ﬁles were compared with each
other. These results established that the
new heat metal treatment probably depict
the main variable, which increases the
fracture resistance of these ﬁles(27).
Accordingly to the data of their study, the
submersion of WO and WOG into the
NaOCl and EDTA solutions did not affect
the cyclic fatigue resistance of the ﬁles.
Their foundation are in agreement with the
results of preceding study published that
the
cyclic
fatigue
resistance
of
conventional NiTi instruments which
operate in rotation movement like Mtwo
and Revo-S(45), and instruments which
operate in reciprocating motion and made
from M-Wire alloy like WO and Reciproc
ﬁles(46), did not show any decreasing in
cyclic fatigue resistance statistically when
exposed to NaOCl for 1 to 5 minutes.
When NaOCl and EDTA used as mixing
solution in final irrigation of root canals, a
white color precipitate formed that reduces
the antimicrobial characteristic and tissue
dissolvability of NaOCl(47).
For this
reason,
hydroxyethylidenebisphosphonate
(HEBP) was
recommended by Zehnder et al., to be
used with NaOCl as an alternative to
EDTA as chelating (33,48). When HEBP
combined with NaOCl does not create any
precipitate and does not affect the
antimicrobial effectiveness of NaOCl
solution, and tissue dissolving property
(33)
. Moreover the NaOCl/HEBP mixture
reduced debris accumulation and smear
layer formation.
To assess the effect of etidronate on the
cyclic fatigue of heat-treated instruments
Erik &Ozyurek in 2018(49) compared
HEBP, NaOCl, and EDTA solutions and
their mixtures on the cyclic fatigue
resistance of Rec Blue, WOG and HyFlex
Electrical Discharge Machining (HyFlex
EDM) instruments that having various
metallurgic properties at 37°C. According
to the results of their study, the cyclic
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with different angles of rotation(58).
Reconstruct the extent of reciprocation has
a significant effect on the cyclic fatigue
life of NiTi files(67). Gambarini et al.,
stated that the differences in the fracture
resistance of different reciprocating angles
might be inversely proportional to the
angle of rotation (68). Capar& Arslan in
2016(68) compared the lifespan of Reciproc
instruments used with different motions
whether
in
reciprocating
motion
150°CCW-30° CW, 270° CCW-30°CW,
360° CCW-30° CW, or in continuous
rotation utilizing a static testing set-up.
The longest lifespan showed by all
reciprocating motions compared to
continuous rotation. Karatas et al.,(69)
used a static motion device with different
reciprocating movements (150° CW/30°
CCW, 210° CW/30° CCW and 360°
CW/30° CCW) and continuous rotation to
analyzed the cyclic fatigue resistance of
reciprocating instruments, OS and WO .
All the reciprocating motions resulted in
prolonged fatigue life, compared to
continuous motion.
A short time ago Optimum Torque
Reverse (OTR) kinematic has been
developed to utilize the benefits of
reciprocation
and
reduce
its
disadvantages(70). During full rotation, the
torque is automatically measured: the file
moves in CW continues if the torque is
less than the set value, but if the torque has
reached the set value, the file moves
reversely in CCW by 90° and then
continues in the cutting direction CW for
180° till the torque becomes less than the
set value. Thus, the reciprocation of OTR
motion is incomplete reciprocation with
CW rotational effect, so it can be used
with instruments that cut in a CW
direction like PTN, Revo S, Mtwo,
Twisted File and EndoWave (these
instruments are designed to cut in
continuous CW rotation). As stated by
manufacturer, the file fatigue as well as
the risk of file fracture can be reduced
with OTR (70).
Pedullà et al., in 2018(53) evaluated the
resistance to cyclic fatigue of PTN, RevoS, Mtwo, Twisted Files, and EndoWave.
They were utilizing in continuous rotation
or in reciprocation of OTR. According to
inferential analysis all experimental files

fatigue resistance of tested files not
affected by any type of irrigants when
used alone. In accordance to their results,
it was shown that the NaOCl irrigant had
no effect on the fracture resistance of
WOG and Rec Blue files(48). While the
cyclic fatigue resistances of HyFlex EDM,
Rec Blue, and WOG files were reduced
when NaOCl used in combination with
HEBP at body temperature. This
combination induces corrosion on the
files, and decreases the cyclic fatigue
resistance of tested files.
Effect of Kinematics Movements of file
The bulk of studies reviewed in this article
addressed that reciprocating motion
provided better resistance to cyclic fatigue
than
full
rotation(12,50.51,52.53,54,55,56).
Different factors like Instrument design,
rotational speed, the degree of curvature of
the root canal, torque, alloy, and type of
kinematics used, may affect the cyclic
fatigue of rotary files. Many of rotary
endodontic files initially produced to work
in continuous rotation have been tested
using different reciprocating motions,
comparing their cyclic fatigue after use
(51,57.58.59,60)
. These studies used the same
file system with different Kinematics to
assess the effect of Kinematics motion
only. So the influence of Kinematics
could be evaluated without another
variable.
Perez Higueras et al.,(61) and De- Deus et
al., (50, 12) reported that numerous
continuous motion files improved cyclic
fatigue resistance when moved with
reciprocation movement; 144 clockwise
(CW) and 72 counterclockwise (CCW). da
Frota et al., (62), Degan et al., (63), Elska &
Elnaghy (64) , and El-Anwar et al.,(65) used
each of the files in motion in line with
their program of the manufacturer. Most
of the studies obtained better cyclic fatigue
resistance with reciprocating motion
compared with the full rotary ﬁles.
Moreover Rubio et al.,(66) stated that
Reciprocating motion (Reciproc and
WOG) improves the cyclic fatigue results
compared to almost all the continuous
motion systems studied (F360, iRace,
Protaper Next (PTN), OS and Revo-S).
A significant difference was also found
between different reciprocating motions
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significantly had higher cyclic fatigue in
reciprocation of OTR motion than full
rotation.
In 2019 Pedulla et al.,(71) conducted
another study to assessed the influence of
OTR on the cyclic fatigue resistance of
heat-treated single file. HyFlex EDM,
Reciproc R25 (Rec), primary WO, and
primary WOG were used. Resistance to
fracture was determined by registering
time to fracture in artificial canal. Only
Hyflex EDM and WOG showed higher
fatigue resistance in reciprocation of OTR
rotation compared to proper rotation. The
reciprocating kinematics tested could
explain the higher fracture resistance of
HyFlex EDM in reciprocating OTR
motion than in proper rotation(72,73).
However, cyclic fatigue of files operated
with reciprocating kinematics was lower
than the one used with the reciprocation of
OTR motion, on the whole there was no
reported difference in the cyclic fatigue of
instruments operated with “RECIPROC
ALL”
and
“WAVEONE
ALL”
movements,(54). The explanation of this
result may be the synergistic effect of the
gold heat- treatment(74) and OTR
reciprocating motion. Furthermore, the
synergistic effect of CM heat treatment
and EDM manufacturing process could
explain the lower time to fracture (TTF)

values of WOG than the ones of HyFlex
EDM(75).

Conclusions:







Cyclic fatigue resistance of new
heat-treated
NiTi
rotary
instrument reduced at body
temperature.
Post or pre, heat treatment of
NiTi modifies the cyclic fatigue
resistance with positive results.
Irrigants negatively affected the
cyclic fatigue resistance of heattreated files and their adverse
effect increase with increasing
temperature.
Movement kinematics is amongst
the factors determining the
resistance
of
rotary
NiTi
instruments to cyclic fracture.
Moreover,
the
reciprocating
movement promoted an extended
cyclic fatigue life of the heattreated NiTi instruments in
comparison with conventional
rotation.
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