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ABSTRACT

The new era in endodontics has been established with the introduction of nickel titanium (NiTi)
alloys, and later on the automation of mechanical preparation. By changing the phase transfor-
mation temperatures of NiTi alloy, the manufacturers alter the phase composition to have a
NiTi with new mechanical properties. These mechanical properties can be achieved either by
thermal, mechanical treatments or both. Moreover, many machining procedures (e.g. twisting,
electrical discharge machining), were developed. The higher flexibility of Thermomechanically
treated NiTi alloys was found as the main advantages of these alloys with the improvement of
cyclic fatigue resistance when compared to conventional NiTi. Austenitic alloys have superelas-
tic properties due to stress-induced martensite transformation and consequently try to spring-
back to their original shape after distortion. In contrast, the martensitic instruments have abil-
ity to reorientation of martensite variants when heated. So these instruments easily deformed
and show a shape memory effect. Moreover, the use of martensitic alloy results in more flexi-
ble files, with an increased cyclic fatigue resistance compared with austenitic alloy. So, contin-
ued development in the manufacturing treatment of NiTi alloys has resulted in the producing
of controlled memory (CM) wire. These materials do not possess superelastic properties at
neither room nor body temperature. This article reviews the development process, features

and properties of Hyflex file and Hyflex EDM file made from CM wire.
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INTRODUCTION

The new era in endodontics has been es-
tablished with the introduction of nickel
titanium (NiTi) alloys, and later on the
automation of mechanical preparation.’
These alloys are more flexible with the
increasing of bending propertles com-
pared to stainless steel alloy.” NiTi alloy
present in two different temperature-
dependent crystal structures:’

* Austenite (high temperature phase)
which is a parent phase with cubic B2
crystal structure.

» Martensite (low temperature phase) with
monoclinic B19 crystal structure.

The ambient temperature and whether the
alloy is cooled or heated to this tempera-
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ture, is determine the phase composition and
consequently the mechanical properties of Ni-
Ti alloy The alloy become stiff, hard and has
superlor super elastic (SE) properties, when 1t
is above the austenite finish temperature Af).?

While in the martensitic state the alloy is soft,
ductile, can easily be deformed and possesses
the shape memory effect (SME) and this in-
duce when the temperature is below martensit-
ic finish temperature (Mf). Because of the re-
orientation capacity of the twinned phase
structure, martensite has a superior cyclic fa-
tigue resistance compared with austenite. And
have a lower modulus of elast1c1ty (30-40
GPa) than austenite (80-90 GPa).’ So many
manufacturers depend on the change of trans-
formation temperatures (Ms, Mf, As, Af) of
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the utilized NiTi alloy, to alter the composi-
tion of phase to obtain a NiTi alloy with
new properties. And this can be achieved
by thermal and mechanical treatment or
variation in the chemical composition.®
Other method to modify the mechanical
properties of NiTi alloy, manufacturers in-
troduced several machining procedures
(e.g. twisting, electrical discharge machin-
ing), as well as techniques for final surface
finishing.’

Continued development in the manufac-
turing process of NiTi files has resulted in
the production of controlled memory (CM)
wire. CM wire was introduced by DS Den-
tal in 2010. That does not possess supere-
lastic properties at neither room nor body
temperature.

After machining of Nitinol SE508, a heat-
ing and cooling process gives the alloy con-
trol over the shape-memory effect allowing
the instruments to be pre-bent,* o , in con-
trast to austenitic NiTi files, CM ere in-
struments do not tend to fully straighten
during the preparation of curved root ca-
nals. The controlled memory effect helps
the endodontic instrument to retain the
shape of the canal even when it is taken out
from the canal. This property helps avoid
procedural errors such as ledge formation,
transportation, and perforations.’ the modi-
fied phase composition allows the CM wire
to deform and reorientation of the marten-
site variant.” !

Other advantage properties of CM wire is
raise the transformation temperatures (Af to
about 50 °C) and obtain stable martensite at
the body temperature.'" '* Studies found
that the Af temperature of Hyflex CM
(Coltene Whaledent, Cuyahoga Falls, OH)
was about 47°C, suggesting that this instru-
ment at body temperature will be in a
mixed martensmc R-phase and austenitic
structure.” '** '* These data are consistent
with the previous studies, which showed
that instruments made from SE-NiTi exhibit
an austenitic phase at room temperature,
whereas MW and CM instruments, in addi-
tion to the austenite, also contained marten-
site and R phase."”

Hyflex CM files exhibit a lower percent in
weight of Nickel (52 Ni % wt) when com-
pared with other commonly used NiTi files
(54.5-57 Ni % wt).'® Decreasing the Nickel
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content creates a softer metal and lower sits
hardness.'” A softer metal may be less ag-
gressive in cutting dentin but may stay cen-
tered within the canal during instrumenta-
tion. Another benefit marketed by Hyflex
CM is the ability of the metal to regain its
original shape after sterilization. Defor-
mation or unwinding of a NiTi file is a
common finding after the file has been sub-
Jected to a curved canal.” An unwound file
is typically discarded to prevent future file
separation within the canal.

The CM-treated instruments have lower
tensile strength (1094 MPa) in comparing
to conventional NiTi (1415 MPa), the supe-
rior flexibility of these 1ns‘[rumentsl al-
lowed it to withstand deformation before
fracture (58.4% to 84.7%) than convention-
al ones (16.7% to 27.5%). Other studies
confirm that CM instruments have >300%
greater resistance to cychc fatigue when
compared to SE instruments.'® '*

The system consists of Orifice Shaper
#25.08 with a triangular cross-section that
remove the cervical interferences, followed
by preparation of the middle and apical
thirds, and ending with more tapered instru-
ments for final shaping. In narrower re-
gions .04 taper and a quadrangular cross-
section is used which improves resistance
to the narrower regions of the root canal.
Final for shaping and finishing an instru-
ment with a triangular cross-section is used,
with 04 and .06 taper, and a larger tip di-
ameter.”” The Hyflex CM instrument, when
compared to other NiTi SE systems, exhibit
greater resistance to cyclic fatigue. 20,21,22

In 2016 another file manufactured by Col-
tene Whaledent from CM wire called
Hyflex EDM was available in the market.
This file considers as a novel instrument,
since is the first instrument that is manufac-
tured via an electrical discharge machining
EDMQ Which also known as spark erod-
ing.”#*** EDM can be used to manufacture
all types of conductive materials (e.g., met-
als, alloy, graphite, and so on) of any hard-
ness with high precision.*®

With an electrical spark a local melting oc-
curred, with partially evaporation of small
portions of material that are eliminated
from this area hvmg a typical crater-like
surface finish.® In the presence of pulsed
electrical discharge a metal removal is es-
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tablished. This procedure needs to put both
workpiece and cutting tool in a dielectric
liquid and voltage. The liquid removes the
metal and produces non-directional surface
finish.” In an acid bath and ultrasonic
cleaning of instrument is accomplished.
Before or after the cleaning process the in-
strument is heat treated at temperature
ranging between 300-600 “C for10 min to 5
hours?” explained that EDM does not re-
quire direct contact with the workpiece,
which eliminates the chance of mechanical
stress as in the traditional grinding pro-
cess.”’

By using three-dimensional optical pro-
filometry, the surface topographies of in-
tact Hyflex CM and EDM files before and
after root canal preparation was examined.
The results found that the increase of sur-
face roughness values in the Hyflex EDM
group was not significant, meanwhile
Hyflex CM had significantly higher surface
alterations compared with Hyflex EDM
after preparation of severely curved root
canals.”® The As for Hyflex EDM instru-
ments was found to be higher than for
Hyflex CM (42 °C and 21 °C respectively)
with higher Af temperature 52 °C for
Hyflex EDM that indicating a changed
phase composition. So, EDM file inside the
canal found to be martensite phase.”

Pirani et a/, in a metallographic analysis of
new and used files showed that the main
composition of these file is a lenticular
martensite gains and some residual austen-
ite which homogenously. And it shows
700% higher fatigue resistance than CM
instruments.** In accordance with previous
findings, several studies proved that Hyflex
EDM exhibits a significantly increased cy-
clic fatigue resistance compared with
Hyflex CM, M-Wire and conventional Ni-
Ti instruments, 24 29- 30 31.3233.34

The Hyflex designed and marketed to
shape and prepare root canals using a sin-
gle-file technique in continuous rotation.*’
Hyflex EDM files have a tip size of 25,
with a constant taper 0.08 in the apical
4mm of the instruments. That reduces pro-
gressively up to 0.04 in the coronal part of
the instrument. This file has 3 different
cross-sectional zones over the entire length
of the working part (rectangular in the api-
cal part and 2 different trapezoidal cross
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section in the middle and coronal part of
the instrument working portion) to increase
its fracture resistance and cutting efficien-
cy.35
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