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ABSTRACT

Aim: This study aimed to define physico-mechanical properties of recently introduced 
thermally treated Edge Taper Platinum (ET Platinum) Nickel-Titanium (NiTi) instruments 
compared to conventional NiTi Edge Taper (ET) to disclose improvements obtained by 
heat-treatments. 
Methods: ET and ET Platinum instruments (n=30/each) were rotated until fracture in a 
stainless-steel canal with 90°curvature angle and 5mm curvature radius. Time to fracture 
(TtF) and number of cycles to fracture (NCF) were calculated and results were analyzed 
using Mann-Whitney test (p=0.05). Fractured instruments underwent fractographic anal-
ysis under Field-Emission-Gun Scanning Electron Microscope (FEG-SEM). Superficial features 
of additional new ET and ET Platinum instruments were analyzed under SEM at increasing 
magnification with standardized angulations and positions. After inspection, ET and ET 
Platinum instruments were used in extracted teeth to shape 4 straight canals each to 
simulate clinical conditions and re-evaluated under SEM at the same points to detect 
superficial wear features. ET and ET Platinum brand new instruments were examined by 
differential scanning calorimetry (DSC) to assess transformation temperatures. 
Results: Cyclic fatigue test showed a significant increase of fatigue resistance on ET 
Platinum compared to ET instruments (p=0.05). Fractographic analysis demonstrated a 
pattern of fatigue propagation on both instruments. SEM analysis on brand new instruments 
revealed a more regular surface of ET Platinum compared with ET and both instruments 
appeared with minimal alterations after the simulated clinical use. DSC analysis demon-
strated higher amounts of martensite at 37°C in ET Platinum compared to ET instruments. 
Conclusions: ET Platinum instruments displayed an improved mechanical behavior, pos-
sibly related to modified phase transformation temperatures induced by thermal treatment 
of the alloy during manufacturing process. These results suggest a safe use in clinical 
conditions.
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Introduction

I
n the last decade many new designs, 
alloys, manufacturing processes, heat 
treatments and kinematics of Nick-
el-Titanium (NiTi) instruments have 
been introduced by several manufac-

turers (1). Recent strategies are focused to 
improve the mechanical properties of 
NiTi instruments through different ther-
momechanical treatments with the aim to 
optimize the alloy microstructure (2). In 
fact, heat-treatments are known to modify 
the intrinsic features of NiTi alloy due to 
the shift in crystalline structure (3, 4). The 
martensite/austenite transformation tem-
peratures have been adjusted to allow a 
higher percentage of martensitic phase 
either at room, or body temperature, lead-
ing to more flexibile NiTi instruments and 
with an increased cyclic fatigue resistance 
compared to austenitic instruments; this 
is known to reduce intra-canal separation 
during clinical use (5).  
Recently EdgeEndo (Albuquerque, NM, 
USA) has commercialized the heat-treated 
EdgeTaper Platinum (ET Platinum) rotary 
instruments. According to the manufac-
turer, ET Platinum instruments have the 
same design and geometric characteristic 
of EdgeTaper (ET), differing exclusively for 
the NiTi heat-treatment technology (Edg-
eTaper Platinum Brochure, EdgeEndo, 
Albuquerque, NM, USA). 
ET are characterized by a bilobated trian-
gular cross section with a progressive 
changing taper which tended to decrease 
at the middle and coronal portions. The 
operative system is based on an SX orifice 
opener (#19/12) an S1 (#17/09) and S2 
(#20/06) series for shaping the canal and 
an F1 (#20/05), F2 (#25/05), F3 (#30/04), F4 
(#40/05) and F5 (#50/05) series to finish the 
root canal instrumentation. The alloy of 
ET Platinum (Fire-WireTM) has been devel-
oped to improve flexibility and to enhance 
resistance (6). Fire-WireTM is claimed to 
consist of an annealed heat-treated, cryo-
genically tempered NiTi alloy (7, 8) that 
should be in martensitic phase at body 
temperature. 
The aim of the present study was to analyse 
the mechanical properties of recently in-

troduced ET Platinum in comparison with 
not heat-treated ET instruments to better 
understand the improvements associated 
to the heat-treatment and if these instru-
ments are suitable for the clinical use.
 
Materials and Methods

Cyclic Fatigue Resistance and Fractograph-
ic analysis
New ET (n=30, batch 070906170) and ET 
Platinum (n=30, batch 070918172) F1 size 
#20 with .06 variable taper and 25 mm 
length were rotated in a stainless steel 
(AISI 300) block containing a simulated 
canal with an angle of curvature of 90°, a 
radius of 5 mm and the centre of the 
curvature at 7 mm from the tip of the file 
(3) following manufacturer’s recommen-
dations (300 rpm) until fracture occurred. 
A fixed tool guaranteed a standardized 
placement of the instruments inside the 
artificial canal. Time to fracture (TtF) was 
recorded with a digital stopwatch and the 
numbers of cycles to fracture (NCF) was 
calculated using the following formula: 
NCF=TtF(s) x rotation speed(rpm) x 60s1. 
Fragment length (FL) was measured using 
a digital caliper. 
Fractured samples were cleaned to obtain 
a clear surface, in an ultrasonic bath con-
taining a solution of isopropyl alcohol for 
5 minutes at room temperature immedi-
ately before placing in the FEG-SEM. In-
struments separated during cyclic fatigue 
test were subjected to fractographic anal-
ysis using a FEG-SEM (FEG-SEM - Nova 
NanoSEM 450, FEI, Eindhoven, Nether-
lands) and micrographs from 500x to 5000x 
were taken on the fractured surface. 

SEM analysis and Wear test 
Human extracted teeth were used to per-
form wear test. Theeth were removed due 
to orthodontic or periodontal reasons and 
were caries free without any root canal 
treatment. Patients were informed and 
agreed with the use for scientific research 
purpose. The approval of the Ethical Com-
mittee was obtained (Prot. n. 000083).
A Scanning Electron Microscope (SEM) 
(JSM-5200, JEOL, Tokyo, Japan) was used 
to evaluate superficial features of brand 
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new additional instruments ET (n=3) and 
ET Platinum (n=3). Micrographs were 
taken at increasing magnification from 
50× to 5000×, with standardized angu-
lations and positions, at the tip of the 
instrument and on cutting edges at 5 mm 
from the tip. After the SEM examination 
these instruments were subjected to 
wear tests to simulate clinical condi-
tions, using straight and round canals 
selected from a pool of extracted human 
teeth (9) evaluated radiographically with 
a mesio-distal and bucco-lingual angu-
lation (4). Canal width of one-rooted 
teeth (n=24) was evaluated and measured 
on radiographs at 5 mm from the apex 
using a periodontal probe. Only teeth 
with canal width between 1 mm and 1,5 
mm, at 5 mm far from the apex were 
accepted. Each tooth was sectioned at 
the cementum-enamel junction with a 
water-cooled diamond wheel saw in 
order to obtain a standard root length of 
15 mm. Canal patency was verified with 
#10-15 stainless steel manual K-file and 
the working length was visually deter-
mined by insertion of a 25-mm #10 K file 
until its tip appeared at the apical fora-
men. Pre-flaring was achieved with an 
ET SX instrument 19/.12 19mm length 
(EdgeEndo, Albuquerque, New Mexico) 
and canal shaping was obtained with ET 
(n=3) and ET platinum (n=3) instruments 
25 mm length S1 17/.06v and S2 20/.07v 
(EdgeEndo, Albuquerque, New Mexico). 
Instruments were used with a 16:1 re-
duction endodontic handpiece X-Smart 

Plus (Dentsply Maillefer, Baillagues, 
Switzerland) following manufacturer’s 
recommendations at 300 rpm and 2.5 
N∙cm, with pecking motion. Irrigation 
was performed with 3 ml of 5% NaOCl 
(Niclor 5, Ogna, Muggiò, Italy) and 3 ml 
of 10% EDTA (Tubuliclean, Ogna, Mug-
giò, Italy). Every step was performed by 
the same expert operator. Each instru-
ment was used in 4 canals, washed in 
an ultrasonic bath containing enzymat-
ic solution for 10 min and then auto-
claved at 134.8 °C (10). These multi-used 
instruments were observed at SEM after 
this wear test at the same points and 
angulations to identify the wear features. 
Wear was evaluated comparing the pre- 
and post-operative micrographs, to 
verify the presence of unwinding, mi-
crocracks, blade disruption and tip 
deformation (10-13).

Differential Scanning Calorimetry
Brand new ET (n=1) and ET Platinum 
(n=1) instruments were subjected to 
Differential Scanning Calorimetry (DSC, 
DSC2010, TA Instruments, New Castle, 
US-DE). Instruments were sectioned in 
their working portion in order to obtain 
a weight of 15mg and placed in an alu-
minum crucible to perform multiple 
heating and cooling cycles from -40 °C 
to 110 °C with a heating/cooling rate of 
5 °C min-1. Data were analyzed using 
software Universal Analysis 2000 (TA 
Instruments).

Statistical analysis
Data regarding the Cyclic Fatigue Resist-
ance were analysed through Sigmaplot 
software (Systat, USA). Due to the 
non-normal distribution of the data 
(normality test>.05), Mann-Whitney test 
was performed (p=0.05) as statistical 
analysis.

Results

Cyclic Fatigue Resistance and Fracto-
graphic analysis
ET Platinum instruments exhibited 
significantly higher mean TtF and NCF 
compared to ET instruments (p<.05). The 

Table 1
Descriptive analysis for NCF, time to fracture (TtF) expressed in 

seconds (s) and fragment length (FL) expressed in mm for EdgeTaper 
and EdgeTaper Platinum. Mean and standard deviations (SD) are 

represented.

NCF, mean ± 
SD

TtF (s), 
mean ± SD

FL (mm), 
mean ± SD

EdgeTaper 139.52±41.11 27.9±3.9 7.71±1.33

EdgeTaper Platinum 319.89±187.36 63.98±12.9 8.39±1.88

P value <0.05* <0.05* >0.05
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difference in FL was not statistically 
significant (p>.05). Results are presented 
in Table 1.
On both groups of instruments, fracto-
graphic analysis revealed a small zone 
with fatigue striations next to a single 
crack origin in correspondence of an 
outer cutting edge, demonstrating a slow 
fatigue fracture propagation in this area. 
The remaining wider surface was cov-
ered by dimples, revealing the ductile 
fracture that caused the final rupture of 
the sample (Fig. 1). No pattern of torsion-
al fracture was recognized in both in-
struments. 

SEM analysis and Wear test
SEM analysis on brand new instruments 
revealed the presence of irregular 
grooves on the surface of ET, while ET 
Platinum exhibited a smooth regular 
surface (Fig. 2). Both instruments in-
spected as received from the manufac-
turer did not show fracture, microcracks, 
unwindings and the cutting edges were 
intact. Manufacturing residues were 

noticed on the surface of brand new ET 
instruments, but not on those of ET 
Platinum. After wear test, both types of 
instruments did not reveal surface deg-
radation in terms of fracture, microcrack, 
unwinding, tip deformation and blade 
disruption. Both the groups of instru-
ments showed the presence of residual 
dentinal debris on the cutting edges, 
which remained attached to the surface 
despite the ultrasonic bath and autoclav-
ing cycle.

Differential Scanning Calorimetry
ET instruments exhibited a DSC peak 
that extends over a temperature range 
from +21.4 °C (Ms – martensitic start) to 
-14.9 °C (Mf – martensitic finish) during 
cooling (forward transformation) and a 
range from -7.6 °C (As – austenitic start) 
to +22.3 °C (Af – austenitic finish) during 
heating (reverse transformation) (Fig. 3).
ET Platinum instruments showed a dif-
ferent behavior, with a DSC peak that 
extends over a temperature range from 
+33.5 °C (Ms – martensitic start) to +20.4 

Figure 1
Fractographic 
analysis on ET (A, B) 
and on ET Platinum 
(C, D) instruments. 
In each micrograph 
the crack origin is 
identified and 
represented (white 
arrow), fatigue 
striation area 
(marked by white 
dotted line), and 
ductile fracture area 
(white asterisk) are 
noticeable.

A B

C D
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°C (Mf – martensitic finish) during cool-
ing (forward transformation) and a range 
from +27.6 °C (As – austenitic start) to 
+44.5 °C (Af – austenitic finish) during 
heating (reverse transformation).

Discussion

This study pointed out that ET and ET 
Platinum rotary endodontic instruments 
share the same design, differing exclusive-
ly for the NiTi annealing heat-treatment. 
Considering this, every difference in their 

features may be attributed to this post-man-
ufacturing process enabling comparabili-
ty between the two groups. Therefore, these 
results could be translated also in other 
NiTi files which received the same heat 
treatment.
Results demonstrated that the heat-treat-
ment greatly enhances the cyclic fatigue 
resistance because of the statistically sig-
nificant increase in NCF of ET Platinum 
(heat-treated) compared to traditional ET 
(not heat-treated) instruments. In the pres-
ent study the Fire-WireTM alloy was found 

Figure 2
SEM analysis on ET 
Platinum before (A, 
C, E) and after (B, D, 
F) wear test. The out-
er surface exhibited 
a smooth regular 
texture. After wear 
test, no signs of 
surface degradation 
in terms of fracture, 
microcrack, 
unwinding, tip 
deformation and 
blade disruption 
were noticed. Residu-
al dentinal debris on 
cutting edges after 
wear test, remained 
attached to the 
surface.

A B

C D

E F
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to be more resistant to cyclic fatigue when 
compared with the conventional NiTi alloy. 
As a matter of fact, the NCF of ET Platinum 
was almost 2.3 times higher compared to 
the austenitic ET, suggesting a safer clinical 
use especially in curved canals. The liter-
ature provides a comparison between the 
cyclic fatigue resistance of ET Platinum 
and another instrument of similar charac-
teristics: the former still appears to be su-
perior tested in a 60° 5 mm radius curved 
artificial canal (6). Similarly, in previous 
studies (8) Fire-WireTM alloy instruments 
outlasted instruments made by M-Wire and 
Gold wire alloys both in continuous rotation 
and reciprocation. Scott et al. (2019) also 
reported a slightly different design of the 
tested instruments as a reason for the dif-
ference in cyclic fatigue resistance in their 
study (8). A comparison between ET Plat-
inum and ProTaper Gold (14) reported a 
statistically significant higher cyclic fa-
tigue resistance of ET Platinum, despite a 

lesser resistance to torsional load, thus 
confirming the results of Alcalde et al. 
(15). As mentioned, in the present study 
the tested instruments differed only for 
the heat treatment of the alloy and this 
eliminates the variables that can be con-
nected with a different morphology of the 
compared instruments, such as section 
area, section design and taper. The homo-
geneity of the instrument’s morphology 
between the two groups, and the rigorous 
set-up of the experimental conditions can 
explain why there was not statistically 
significant difference in the FL between 
the two groups. 
FEG-SEM analysis of fractured instru-
ments showed the typical pattern of cyclic 
fatigue fracture (16, 17), validating the 
chosen cyclic fatigue test procedure and 
confirming that no torsional load was 
simultaneously exerted on the instru-
ments. In fact, SEM analysis of the frac-
tured surface revealed a single crack ori-

Figure 3
Differential scanning 

calorimetry (DSC) graphic 
representing phase transfor-
mation temperatures (°C) of 

ET (red line) and ET Platinum 
(blue line). The “endo up” 

plotting convention was 
followed; whereby endother-

mic peaks are in the positive 
direction of the y-axis and 

vice versa. The temperatures 
associated with the onset 

and completion of the 
austenite → martensite 

transformation (direct 
transformation) during 

cooling, labelled as Ms and 
Mf, and of the the martensite 

→ austenite transformation 
during heating (reverse 

transformation), respectively 
labelled As and Af, are 
indicated on the plot. 

Transformation enthalpies 
(ΔH) associated with each 

peak were calculated as the 
ratio of the overall amount of 

heat absorbed/released 
(respectively) by the sample 

during the transformation 
and the sample mass, and 

are specified on the plot next 
to the corresponding peaks, 

in units of J/g.
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gin on the cutting edge of both instru-
ments, with a relatively small propaga-
tion area showing the typical fatigue 
striations, while the remaining part was 
covered by dimples and showed a ductile 
fracture pattern; Piao et al. (2014) con-
ducted a similar and more extensive 
fractographic analysis procedure with 
different instruments (18). Heat-treated 
ET Platinum appears to have larger fa-
tigue propagation area compared to ET, 
suggesting a longer crack propagation 
stage before the final fracture, compati-
ble with the higher duration obtained 
through the cyclic fatigue test. Moreover, 
ET Platinum instruments presented 
more regular fractured margins, com-
pared to the traditional ET. This could 
suggest that traditional ET had a sudden 
ductile fracture rather than a progressive 
propagation of the crack (17).
SEM analysis was selected for the as-
sessment of the morphological charac-
teristics of the instruments before and 
after wear testing, to verify the onset of 
superficial defects (3, 10, 11, 12, 19). Both 
ET and ET Platinum passed intact the 
wear test, which simulates clinical con-
ditions, with no detectable alterations 
of their outer morphology. Both types of 
instruments did not reveal any surface 
degradation in the form of microcracks, 
tip deformation, fracture, unwinding, 
blade disruption during the test; so, it 
can be assumed that both instruments 
have high wear resistance under clinical 
conditions. Confirming this, Alfawaz et 
al. (2022) found ET Platinum to be less 
affected by working in a solution of 
NaOCl compared to other instruments 
(20). Interestingly, ET instruments re-
vealed the presence of many irregular 
grooves on the surface before the test, 
unlike ET Platinum that exhibited a 
smoother and more regular surface. 
Nevertheless, the finding of an irregular 
surface on some new instruments, prob-
ably ascribed to some differences during 
the manufacturing process, did not affect 
the wear resistance (i.e. comparable re-
sults between groups). On the contrary, 
it can be speculated that the presence of 
an irregular surface can affect the cyclic 

fatigue resistance, contributing to the in 
significantly different results between 
ET and ET Platinum. 
DSC assessment of martensitic conver-
sion temperatures can help in predicting 
the behavior of NiTi rotaries in different 
environments (21-24). In the present 
evaluation DSC analysis revealed the 
phase transformation points of martens-
ite and austenite in EdgeEndo Fire-
WireTM alloy. Because the reverse trans-
formation peak of the ET Platinum file 
is centered approximately around the 
body temperature (37 °C), it is inferred 
that this file has a higher amount of 
martensite at the body temperature com-
pared to ET, which is inferred to be 
completely austenitic, confirming the 
findings of a recent study (25). Ther-
mo-mechanically treated NiTi alloys 
have been widely reported to possess an 
increased flexibility and an augmented 
cyclic fatigue resistance (5) and DSC 
data of the present study suggests that 
ET Platinum benefits from a higher 
amount of martensite, which is expected 
to make the material more flexible, hence 
more resistant to rotating bending fa-
tigue. Considering the in-vitro design of 
the study, it can be completed with in-
vestigations to evaluate the impact of 
Fire-WireTM alloy on the actual clinical 
effectiveness of the instruments.

Conclusions

Heat-treated NiTi ET Platinum instru-
ments revealed an improved mechanical 
behavior compared to traditional NiTi 
ET, possibly related to a modified phase 
transformation temperature of the wire 
induced by thermal treatment during 
manufacturing process. Fire-Wire fea-
tures analyzed in the present study 
suggest a safe use in clinical conditions. 
 
Clinical Relevance

Clinically, the enhanced fatigue resist-
ance and improved surface characteris-
tics of ET Platinum instruments suggest 
a safer and more effective use in chal-
lenging endodontic procedures, espe-
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cially in curved canals. The heat treat-
ment process employed in ET Platinum 
instruments leads to a more regular 
surface and higher resistance to cyclic 
fatigue, which could significantly reduce 
the risk of instrument fracture during 
clinical procedures.
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