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Crystallographic Metallurgy of Nick-
el Titanium Instruments in
Endodon-tics: A Comprehensive
Review

Abstract:

A solid grasp of the mechanical and physical properties of nickel titanium (NiTi)
endodontic files, as well as their link to metallurgical characteristics is required for
clini-cians to appreciate the role and proper use of NiTi instruments during root canal
treatment. Various thermo mechanical treatment techniques have been created to
increase the clinical performance and improve the fracture resistance of NiTi
instruments.Knowledge will also assist clinicians in selecting the most appropriate
instruments forroot canal treatment. During heat treatment, NiTi alloy undergoes
phase change to increase mechanical characteristics. This narrative analysis evaluate
how various thermo mechanical heat treatment technique affect the metallurgical
properties of NiTialloys, as well as discussing newly introduced thermomechanical
process altered NiTiendodontic instruments.

Introduction:

Since the time of Walia et al., nickel titanium (NiTi) alloys have been utilized in the last
3decades in endodontics and they have brought about a major breakthrough in root
canaltreatment (16). NiTi endodontic instruments were more flexible than
stainlesssteel (SS)instruments due to enhanced resistance against torsional fracture
(46). These enhancedqualities resulted in a significant improvement in engine or
machine driven of end-

odontic instruments (2).

In contrast to SS instruments, the use of NiTi instruments in engine or machine driven
endodontic handpieces reduces the likelihood of procedural errors (3). However, despite
the improved metallurgical properties, NiTi instruments are still vulnerable to be brittle
during the biomechanical preparation of root canals (3). During mechanical
instrumentation within the root canal, two forms of fracture of NiTi devices can occur:
flexural fracture and torsional fracture (4). NiTi instruments may suffer a flexural fracture
during biomechanical instrumentation of curved root canals due to an increase in their
cyclic fatigue (4). Torsional fractures develop as a result of constant phase
transformation inside the material produced by the repeated loading and unloading of
the instrument during function (4,5). Applying stress to the instrument causes in
microstructural  changes, which  produce phase transformation. Several
thermomechanical modifications of the alloy can have an impact on these phenomenon
(6).

Numerous patented thermal processing techniques for NiTi alloys have been designed
to enhance their mechanical properties (9). In addition to thermal and mechanical
treatment techniques, manufacturers have also implemented some machining
procedures such as the twisted method and the electrical discharge machining method
and chemoelectrical surface finishing procedures (10).

NiTi alloys used for endodontic devices from are classified into two types by major
phases: those with a high concentration of austenite phase (traditional / conventional
NiTi instruments, R- phase, M- wire) and the others with a high concentration of the
martensite phase (Gold and Blue heat treated NiTi, controlled memory wire) (9).
Whenthe proprietary thermo mechanically processed NiTi alloys were compared
with theconventional NiTi, the thermo mechanically treated NiTi alloys demonstrated
increasedflexibility, superior cycle fatigue resistance, and a larger distortion angle
before torsionalfailure (7).These improved properties might be ascribed to a modified
phase including differentproportions of martensitic alloy as well as Rphase alloy (11).
Endodontic instruments composed of austenitic alloys have superelastic (SE) capabilities
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due to transformation from the stress induced martensite and they will revert to their native state after deformation (2). On
theother hand, due to the reorientation of the martensite properties, the martensitic devices are easily distorted, and the form
memoryeffect can be seen once heated (12). When compared to austenitic alloy, martensitic alloy produces a range of
more flexibleinstruments with enhanced cycle fatigue resistance (5). The newly developed thermomechanically treated NiTi
instruments have hadan evolving and progressing impact on mechanical properties due to enhanced fracture resistance and overall
improvement in rotaryendodontic instruments’ clinical performance (5,13).

This review summarises the history of NiTi alloy used for endodontic files and the developmental advancement of the instruments
with clinical implications.

History of nickel titanium (NiTi) alloy

NiTi alloy was first developed in 1963 at the Naval Ordinance Laboratory for the United States space program and dubbed as “Nitinol”
at the time (10). Andreasen and Hilleman reported its first usage in the production of orthodontic wires in 1971. Walia, Brantley, and
Gerstein then introduced the first hand NiTi file in1988, which was made by notching orthodontic wire (14). The shape memory
property and super elasticity of NiTi instruments are due to its micro structural phase transformation (15).

NiTi alloy made up nickel (56%) and titanium (44%).(15) It exists in two major phases that are determined by their crystal structure
(5,10):

[ The Austenitic phase is a parent phase that possesses cubic B2 crystal structure.

[1The monoclinic B19 crystal structure is made up of the Martensitic phase.

There is also a transitional phase, known as the Rphase (9). The nature and relative proportions of the components affect the
mechanical characteristics of the metal (16). When compared to the martensitic alloy, Austenitic alloy is harder and has a better su-
perelastic property (17). Based on this property, martensitic alloy is flexible, adaptable and has a shape memory effect. It also more
resistance to cyclic fatigue than austenitic alloys (Fig. 1) (9).

The alloy will be in its austenitic state, if the transition temperature is higher than the austenitic finish (Af) temperature (2). If the
temperature drops below the martensitic finish (Mf) temperature while cooling, the alloy is in the martensitic phase or daughter
phase (10). The thermo elastic behavior of a martensitic alloy can develop either through the administration of stresses, resulting

in strains known as stress induced martensite (SIM), or by a heat change known as thermallyinduced martensite (TIM) (Fig. 2) (9).
Detwinning allows martensite's original form to be readily bent to a single orientation structure known as detwinned martensite (15).
The austenite phase is elastic in comparison to the martensitic phase

(10). If the temperature produced is above the temperature transformation range, heating the alloy can reverse the deformation (i.e.
the reverse temperature transformation range) (9,10).

A

100 Twinned matensita
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My As

Temperature (°C)

Figure 1. The temperature dependent transformation from the austenitic phase to the martensitic phase for a nickel titanium
alloy. The Xaxis represents temperature in Celsius (°C), and the Y- axis represents the ratio of austenite (%). (Ms: Martensite start
temperature, Mf: Martensite finish temperature, As: Austenite start temperature, Af: Austenite finish temperature)
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Figure 2. NiTi alloy phase transformation process

Fracture resistance of NiTi alloy

The possibility of NiTi instruments fracture is a significant risk
in clinical endodontic treatment.(4) Fractures are frequently
caused by inappropriate or excessive use of the device. NiTi
instruments can fracture in two ways: (i) torsional fracture
and (ii) flexural fracture (4,15,18).

Torsional fracture is typically caused by the application of a
high tensional force to the instrument (5). Constant loading
and unloading of an instrument causes significant pressure
tension, which may surpass the alloy's 8% limit. This will
result in plastic deformation that is irreversible, resulting in
fracture (6).

Flexural fracture is caused by cyclic fatigue of the instruments
(19). Cyclic fatigue occurs when the instrument is exposed to
several tension and compression cycles (14). After putting a
load to the equipment, scanning electron microscopy (SEM)
revealed irreversible microcracks on the alloy’s crystallo-
graphic structure (20), followed by crack propagation re-
sulting in fracture (5,20).

Phase transition behaviour has a significant impact on the
mechanical characteristics of NiTi instruments. Several
elements, including manufacturing method, heat treatment,
and chemical composition, have a significant impact on it
(21). By performing phase transformation during the heat
treatment process, the instrument’s flexibility may be
increased, which improves the metallurgical properties of
NiTi files by enhancing their resistance to cyclic fatigue (14).

Effects of heat treatment on phase transforma-
tion properties and crystalline microstructure

Temperature affects how NiTi alloys reacts. NiTi will be in an
austenitic condition characterized as a centered cubic lattice
after higher temperature processes (9,18). At lower
temperatures, NiTi has a martensitic crystalline structure
with a monoclinic deformed structure (7). This deformed
structure allows for higher angles of deformation than the
austenitic NiTi state (3). Stress and heat cause phase shifts.
Complex procedures like as Ms, Mf, As, Af, Rs and Rf have
been wused by manufacturers to adjust the alloy
transformation temperatures, thereby improving its
mechanical performance (17).

P458 EJPRD 0000000000000000000000000000000000000000000000000

One of the primary advantages of using NiTi is the
instruments' tremendous flexibility (22). The instruments
have SE properties, which cause reversible deformation when
stress is applied (23). To demonstrate the superelastic
characteristic, the alloy should be employed in its parent aus-
tenitic phase

(24). At normal room temperatures, the austenitic phase is
present in conventional NiTi alloys (7). When austenitic NiTi
is activated, it undergoes linear stress/strain elastic
deformation (6). As the stressinduced deformation
develops, the SE deformation occurs, while the strain remains
constant (25). This fundamental advantage of the martensitic
transition observed at the crystallographic level is this super-
elasticity (26).

Developmental generations of endodontic instruments
The first generation (Superelastic files)

McSpadden created the first rotary system with 2% or 0.02
taper size of NiTi instrument which was commercially
available in 1992 (14). Despite the fact that new instruments
started to alter dentists’ perception on root canal
instrumentation, issues with file breaking persisted (5).
Johnson first launched the ProFile 0.04 tapered series of

files in 1994 (14). ProFile 0.06 tapered files and the Orifice
Shapers were created shortly after. Milling three regularly
spaced Ushaped grooves throughout the entire shaft of a
tapered NiTi wire produced the crosssectional forms (27).
The radial land area was defined as an unground area close
to every groove to achieve this design (22). The flat section
was designed to keep the file from catching or locking inside
the root canal. A passive planing action created the cutting
effect (28). Shortly after, various rotary files systems were
developed, each with its own set of alleged advantag-

es —these file systems included Greater Taper (GT) files,
Quantec file system, and LightSpeed system (29).

The earliest generation of files alloys were austenitic, with
Austenite finishing (Af) temperatures lower than body
temperature and SE characteristics (30). The Af for most SE
NiTi files was at or under ambient temperature (1631°C), and
the devices were in the austenitic SE state, according to
metallurgy of SE files investigations utilizing standard
differential scanning calorimetric (DSC) research (14). ProFile
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(Dentsply Tulsa Dental, Tulsa, OK) and LightSpeed
(Lightspeed Inc, San Antonio, TX, USA) were reported to have
an Af of approximately 25°C (6). EndoSequence (Brassel-
er, Savannah, GA, USA) and Typhoon (TYP; Clinician’s Choice
Dental Products, New Milford, CT) files had Af temperature
of 31.13°C and 16.22°C, respectively (9). According to another
study, the Af for ProFile GT was 21°C, 17°C for ProTaper
Universal (Dentsply Tulsa Dental, Tulsa, OK, USA) and 3.88
3.21°Cfor K3 (SybronEndo, Orange, CA, USA) (31). All earliest
NiTi rotary files included passive cutting capabilities,
such as peripheral surfaces and a fixed tapers system. By us-
ing these file systems, to satisfy the objectives of root canal
preparation, multinumber of files were necessary (13).

The second generation

In the end of the 1990’s, the commercial availability of the
second generation of NiTi rotary files was announced (24).
The most significant distinctions between this generation of
files were the presence of active trailing edges without radial
lands as well as the use of fewer instruments for canal prepa-
ration

(5) . The angle formed by the instrument's longitu-
dinal axis and the cutting blade was less than in first- gener-
ation files, lowering the possibility of a "screwing in" effect
throughout operation (2,32). The ProTaper (Dentsply Tulsa)
rotary files of the second generation included several and
varied tapers (progressive changing taper) along the length
of each file, in contrast to all other passive or active NiTi
cutting devices (33,34).

Several patented thermomechanical processes for producing
SE wire blanks were developed, and they were found to be in
the stable martensitic phase under normal clinical settings
(5). During manufacture, thermal processing of the alloy
improved crystal structures and changed the relative
percentages of existing alloy phases (31). Heat treatment
often results in finely distributed NiTi particles in the matrix
as well as an increase in the alloy's Af, leading in different
crystallographic percentages of martensite, Rphase, and/or
austenite close to body temperature (2,26). Three unique
wires will be generated based on the thermodynamic
processing of the wires prior to or during manufacture (14).

The third generation

NiTi metallurgical advancements resulted in the third
generation of NiTi files (5,15,18,31). Heat treatment (or the
heat processing techniques) is among the most popular and
essential methods for controlling both the transition
temperatures and the fatigue tolerance of NiTi alloys (28).
Since 2007, there has been a significant advancement in the
thermomechanical processing and manufacturing for
optimizing  the microstructure of  NiTi alloys
(31).

To overcome faults introduced by cutting the files to mod-
ify the structure of the crystalline phase, a novel method
of heating was introduced following the machining process
(35). It has been found that the martensitic transformation
of NiTi alloys happens in 2 stages instead of one during heat
cycle. In nickelrich NiTi alloys, the first stage transi-
tion (AM) happens, while the second stage transition (ARM)
happens after the additional heat treatment (36). The
thermal treatment causes finely dispersed Ti3Ni4 crys-
talized to develop in the austenitic matrix (2). Because of
the presence of the tiny Ti3Ni4 pieces, the Rphase with a
propensity formartensite is formed (37). Because the alloy
requires extra cooling to generate martensite, the marten-

sitic deformation happens in two stages (ARM) (2,16,37).

The fourth generation

The large proportion of widely available NiTi files used for
root canal treatment are mechanically operated in
endodontic handpieces by a continuous rotating movement
(23). However, certain files are used in a reciprocating
fashion, with repetitive backandforth action. As early as
1958, SS versions of similar files were produced (7). At first,
all rotational motors and handpieces moved in equal 90°
clockwise (CW) and 90° counterclockwise (CCW) arcs.
Reciprocating systems have evolved over time to use smaller
but equal, arcs of CW/CCW rotation. Reciprocating systems
with equal CW/CCW arcs of 30° include the M4 (SybronEndo),
EndoEzeAET (Ultradent), and EndoExpress (Essential Dental
Systems) files (38).

Contemporay WaveOne and Reciproc (VDW) were
introduced as singlefile instrumentation systems (35). They
move in asymmetrical reciprocal arcs (14). The CCW engaging
arc is smaller than the file’s elastic limit and five times the CW
detaching arc (28). After 3 CCW/CW cutting cycles, the file will
have completed a full rotation of 360° revolution, or a full
circle. This reciprocating motion enables a file to function
better and proceed more easily to the apical end of the canal
while cutting and auguring particles out of the canal (31,39).

The fifth generation

The fifth generation of NiTi files uses a snake movement like
a wave motion along the active cutting portion of the files (5).
They were manufactured with an offset mass center (Cen-
treoff design) and/or the rotation center which resultsin a
wavelike motion during rotation.(3) The goal of this offset
is to reduce the conflict that exists between the file and
the dentin. Additionally, it enhances debris removal from
the root canal and promotes flexibility along the active
area of the file. Variations of this concept can be found in
the file systems such as RevoS (Medidenta), One Shape
(MicroMega, Besangon, France), and ProTaper Next
(Dentsply Sirona) (40).

ProTaper Next system provides 5 files available in varying
sizes: X1 (17/0.04v), X2 (25/0.06v), X3 (30/0.07v), X4
(40/0.06v), and X5 (50/0.06v) (17). These tapers represent
the taper of each file’s tip area and they vary throughout the
active section of the file (41). Both the PTN X1 and X2 files
have a growing and decreasing percentage taper, however
PTN X3, X4, and X5 files feature a fixed D1D3 taper, then a
falling proportion taper over their remaining active sections
(24). PTN files incorporate three important design elements
— many tapers on a single file, Mwire technology, and the
offset design (7). Lowering the instrument’s engagement
with the dentin limits both the unwanted taperlock (also
known as the screwin effect) and the torque on the file. The
offset design may help reduce the chance of debris laterally
compacting into the canal wall, which might contribute to
canal obstruction (22).

The RevoS NiTi system includes 3 shaping device: the
forming and cleansing device (SC) number 1 (SC1)(#25/0.06),
the SC2 (#25/0.04), and the universal shaper (#25/0.06).(6)
The irregular crosssection design allows for snakelike
movement through the canal which is believed to alleviate
torsional stress on the file (31). According to the
manufacturer, this sequence slices dentin and eliminates
debris, followed by a cleaning cycle that facilitate coronal-
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clearance of the dentin debris generated by the cutting.(40)
The only singlefile NiTi instrument recommended for use
with continuous rotation is the One Shape file (6). It has a
varying crosssection along the cutting tool, allowing for opti-
mal cutting process in three areas of the canal wall. The very
first zone has a varying 3 cuttingedge design, the second has a
crosssection prior to the transition that gradually shifts from
3 to 2 cutting edges, and the third zone has 2 cutting edges
(used in the coronal portion of the canal) (14).

Variation of NiTi alloy by heat treatment Mwire

The substance used for thermal treatment of Mwire contains
55.8+1.5%wt nickel (Ni), 44.2+1.5%wt titanium (Ti), and trace
elements less than 1%wt.(16) Mwire's austenite finish (Af)
temperature ranges between 43° and 50°C, showing that it is
not totally built of austenite when used in clinical tooth
treatment (15). At body temperature, Mwire has an
austenite phase with a trace of martensite and Rphase (2).
Mwire is more flexibile than the traditionally processed SE
NiTi wire. In addition, martensite and Rphase have less
moduli of elasticity than austenite (40). Therefore, the
presence of these two phases can be linked to the Mwire’s
improved flexibility (42). According to an analysis of the
stressstrain curve of Mwire, less pressure is needed to
trigger martensite transition in Mwire than in ordinary NiTi
(17). Mwire has been found to be significantly less
susceptible to cyclic fatigue than typical NiTi wire while

maintaining comparable torsional properties (14,42).

Rphase

Sylk))ronEndo (Orange, CA, USA) designed Twisted File (TF), a
novel rotating NiTi technology, shortly after the introduction
of Mwire in 2008 (9). The production process includes three
steps: Rphase thermal treatment, alloy wire twisting and a
specific surface conditioning. A raw austenitic NiTi wire is
turned into Rphase for the twisting procedure using a
proprietary thermal processes (28). The Rphase has a lower
shear modulus and a transformation strain which is less than
a tenth of martensite transition (3). Twisting process requires
less tension to generate plastic deformation in the Rphase.
After bending, TF is changed back to austenite by further heat
processes in order to retain its new form. The austenite final
temperature of Rphase tools ranges between 18° and 25°C,
implying that when used clinically in the mouth, these instru-
ments primarily contain SE austenite (24).

Rphase instruments have already been revealed to have
superior cyclic fatigue resistance and flexibility when in
comparison to standard NiTi instruments manufactured
without heat treatment (31) and comparable cyclic fatigue
resistance to Mwire instruments (20). Rphase instruments
have a larger angle of bending at fracture but a lower
maximum torque when contrasted to MWire and
conventional NiTi devices (Fig. 3)(11). They have also been
shown to provide more central root canal preparations with
less mobility than standard NiTi rotating processes (11).

R-phase
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Figure 3. Schematic illustration of phases transitions of the NiTi lattice structure by stress and temperature; Cubic shaped of B2
austenitic phase, twinned and detwinned martensite, and distorted rhombohedral Rphase

Martensitic alloy

Cooling under a crucial transformation temperature range,
causes electron bonding to modify the modulus of elasticity,
yield strength and electric resistance of NiTi alloy (Fig. 3) (18,
43). Lowering the temperature leads to an alteration in the
crystal structure referred as the martensitic transformation
(44) which gives the alloy with its shape memory effect (33).

The degree of alteration is determined by the starting
(Ms) and the finishing (Mf) temperatures (26). The shear
kind of process causes the alloy undergo transforma-
tion, resulting in changing metallurgical properties
and the production of a new stage known as the martensitic
or daughter step. This results in twinned martensite,
which has the structure of a tightly compacted hexagonal
structure (18). This martensite structure is easilydistorted
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to a singular orientation by a process known as detwin-
ning when subjected to a "flipping over" form of shear (9).
Another feature of the device in this transformed
martensitic phase is that when heated above the austenite
final (Af) temperature (e.g., autoclaving), the alloy returns to
its native form by reverting to the basic austenitic condition
(45). Compared to the austenite phase, the alloy is very
ductile and soft in the martensitic phase (24).

Controlled memory (CM) wire

Controlled memory (CM) wire was announced in 2010 and it
was the earliest thermomechanically processed NiTi alloy
without superelastic characteristics whether at room or
body temperature.(7) CM wire can be distorted due to reori-
entation of the martensite variation due to changing phase
composition.(46) As a result, unlike austenitic NiTi files, CM
wire devices do not to entirely adjust when curved root ca-
nalsis prepared. When compared to RevoS, ProTaper Next and
Reciproc files, the use of Hyflex CM files led in much less root
canal straightening during preparation (5).

DSC study demonstrated that the austenite final temperature
of CM wire devices is higher than the temperatures observed
within root canals (approximately 4755°C) (41). It was also
discovered that unutilized Hyflex CM devices had
Af temperatures of roughly 3237°C, but utilized Hyflex

CMinstruments had Af temperature of approximately
5461°C.(43) Although, XRD study of Hyflex CM and Typhoon
CM (Clinician’s Choice Dental Products, New Milford, CT,
USA) found that at room temperature, both fresh and second
hand CM wire devices had a combination of austenite
and martensite structures, with a little amount of Rphase.(47)
CM wire instruments were more flexible than MXire and

the standard NiTi devices (2). The primary reason for this
enhanced flexibility is because the critical stress needed to
cause martensite reorientation (from twinned to deformed
martensite) in martensitic instruments is substantially lower
than the required stress needed to cause stressinduced
martensite (SIM) transition (from austenite to deformed
martensite) in austenitic devices (Fig. 4) (18). Even after
having enhanced flexibility that might result in a nega-

tive impact on cutting efficiency, Hyflex CM instruments
outperformed electropolished and conventional NiTi
instruments (9).

CM wire instruments demonstrated much greater cycle
fatigue resistance than Mwire and standard SE NiTi
instruments, possibly due to the martensitic condition (24).
CM wire instruments also demonstrated a larger deflection
angle at failure than Mwire and traditional SE NiTi, although
having nearly a same optimum torque (18).

Transformation induced by stress
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Figure 4. Schematic representation of phase crystallographic transformation of NiTi alloy induced by stress or temperature

Gold and Blue heattreated instruments

Dentsply Tulsa Dental (Tulsa, OK, USA) launched the ProFile
VortexBlue files, the earliest endodontic instruments with a
distinctive colour of blue (41). There are two major colour of
thermal- treated NiTi systems as Gold and Blue (48,49).
ProFile VortexBlue and ProTaper Gold (Dentsply Sirona
Endodontics) are the representative rotary systems and
Reciproc Blue (VDW) and WaveOne Gold (Dentsply Sirona
Endodontics) are the representative reciprocating systems
(49). These devices can also be deformed and have a
controlled memory effect (24). The primary distinction of CM
wire and the Gold and Blue thermal treated devices is that
the former are crushed prior to undergoing a patented post-
machining thermal treatment (50).

The titanium oxide coating that remains after the post-
machining heat treatment is the reason of the remarkable
blue colour on the surface of Vortex Blue instruments (51).

Vortex Blue's austenite finish temperature was close to body
temperature (38.5°C), whereas the martensite initial
temperature is around 31°C (52). The Vickers surface
hardness of the blue heatrated devices is softer than that of
the Mwire instruments (53). The blue heattreated file’s
regulated memory behaviour, independent of the lower
transformation temperatures, shows that these instruments
contain more steady martensite than M- wire, resulting in a
smoother and more durable NiTi alloy (17).

The distinctive colour of the gold heattreated instruments
may also be caused by the upper layer (25). DSC examination
of ProTaper Gold found that the austenite finish temperature
was roughly 50°C, indicating that when utilized at clinical
temperatures, these instruments primarily contain
martensite or Rphase (48,50). Due to their martensitic
condition, all Gold and Blue thermaltreated files
demonstrated greater flexibility and fatigue endurance as-

EJ P RD 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000



European Journal of Prosthodontics and Restorative Dentistry (2025) 33, 456-464

compared to standard SE NiTi and Mwire instruments (54).
Hyflex EDM files is the only one that outperformed ProTaper
Gold, WaveOne Gold, and Reciproc Blue regarding cyclic
fatigue tolerance (51). According to Kaval et al., Compared to
Hyflex EDM and ProTaper Universal, ProTaper Gold featured
a much greater maximum torque, but Hyflex EDM is the one
with a higher deformation angle (50). ProTaper Gold
outperformed ProTaper Universal in lateral cutting motion
(48).

MaxWire

MaxWire was introduced as a new patented
thermomechanically treated NiTi alloy (Martensite-
AusteniteelectropolishfileX) by FKG Dentaire Manufacturer.
This is the earliest instrument to combine shape memory
capacity with SE characteristics (55). The XPEndo Shaper and
the XPEndo Finisher are two MaxWire instruments that are
commercially available (21). While these instruments are
reasonably straight in the martensitic state at ambient
temperature, when subjected to intracanal temperatures,
they curve due to transition to the austenitic state (56). As a
result, when placed inside the root canal (martensiticphase
to austeniticphase), they have a form memory effect and are
superelastic during canal preparation (25). Because of the
curve shape, root canals with complex morphology can be
created with the file that adapts to the canal abnormalities
(57).

The cycle fatigue endurance of the XPEndo Shaper was much
greater compared to Hyflex CM, VortexBlue, and iRaCe,
however it had less torsional resistance than Vortex (23). It is
worth noting that this instrument’s taper of 0.01mm/mm had
an effect on its cyclic and torsional resistance.(41) This is
most likely due to the smaller diameter improving the
resistance to cycle fatigue and decreasing the torsional
strength (58).

Electrical discharge machining (Hyflex EDM)

The Hyflex EDM was the earliest instrument made using an
electrical discharge machining (EDM) method (Fig. 4) (59).
According to the manufacturer, this technique hardens the
skin of the instrument, leading to greater fracture resistance”
and better cutting performance (60). EDM is a representative
noncontact machining technique that uses a pulsed electrical
discharge to remove material accurately (13). The workpiece
and the cutting tool (electrode) must both be good electrical
conductors for EDM to work (17). A dielectric liquid is used
to embed the machining tool, which is then moved closer
to the workpiece until the gap is narrow enough for the input
current to ionize the dielectric fluid

(13). Fine particles from the workpiece are vaporized by the
ensuing spark, which causes them to re- solidify in the
dielectric liquid and be successively removed. EDM, as
opposed to the traditional grinding, does not need to touch
the work item directly, hence eliminating the chances of
inducing mechanical stress (61).

Optically observed metallographic study of Hyflex EDM
instruments discovered a molecular structure dominated by
translucent grains (presumably martensite), that alternate
with big flat grains (assumed to be austenite) (26). In
contrary, XRD analysis found that Hyflex EDM is made of
martensite and significant quantities of Rphase, whereas
Hyflex CM is a mix of martensite and austenite (62).

When contrasted with Hyflex CM, Mwire, and standard SE
NiTi devices, Hyflex EDM exhibited much higher cyclic fatigue
resistance (14). Hyflex EDM’s flexibility is comparable to tha-

tof other CM wire instruments. It has been observed that
Hyflex EDM can generate a centralized root canal preparation
(29). Furthermore, when compared to Mwire files, Hyflex
EDM files had a higher rotation angle at fracture, but it had
a lesser torque to fracture (63). Despite the lower aus-
tenite phase, Hyflex EDM instruments were harder
than conventionally manufactured CM wire files, resulting to
the surface hardening process used to make EDM files (10).

Conclusion

Significant changes in the metallurgical characteristics of NiTi
alloys have been found as a result of thermomechanical heat
treatments. Endodontic treatment quality was improved by
the current modifications in the production process of NiTi
alloys, which ensures that modern endodontic instruments
have better mechanical properties. The pre-and post-
machining thermo mechanical heat treatment approach
improved instrument lifetime by enhancing resistance to
flexural and cyclic fatigue. In order to increase the quality,
safety, and effectiveness of endodontic devices and,
ultimately, the clinical success rates, deeper study is required
into the effects of the heat treatment technique for
re treatment files.
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