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Abstract

INTRODUCTION. The intracanal fracture of nickel-titanium (NiTi) rotary instruments remains a significant pro-
cedural concern in endodontics. Advances in metallurgy, manufacturing processes, and geometric design
have led to the development of new file systems with enhanced mechanical properties. The Hyflex EDM OGSF
(HEDM), Protaper Ultimate (PTU), and RACE EVO (RE) systems represent distinct technological approaches
toimproving instrument safety. However, a direct comparative evaluation of their fracture resistance is limited.
MATERIALS AND METHODS. A total of 120 new NiTi files, 40 from each system (HEDM, PTU, RE), with a tip size
of 25 and a .07 taper, were selected. For the cyclic fatigue test (n = 20 per group), instruments were rotated in
a custom-fabricated stainless steel artificial canal with a 60° angle of curvature and a 5 mm radius until fracture.
The number of cycles to fracture (NCF) was calculated. For the torsional resistance test (n = 20 per group), the
apical 3 mm of each file was clamped, and the instrument was rotated clockwise at 2 RPM until fracture, follo-
wing ISO 3630-1 standards. Maximum torque (Ncm) and angular deflection (degrees) at failure were recorded.
Data were statistically analyzed using one-way ANOVA and Tukey’s HSD post-hoc test (o = 0.05).

RESULTS. HEDM exhibited a significantly higher mean NCF (852.5+75.3) compared to both RE (621.8 £60.2)
and PTU (455.1£55.4) (p < 0.001). RE also showed significantly higher cyclic fatigue resistance than PTU
(p <0.001). Inthe torsional test, PTU demonstrated the highest maximum torque to fracture (0.46 =0.05 Ncm),
which was significantly greater than RE (0.41+0.04 Ncm) and HEDM (0.34£0.06 Ncm) (p < 0.001). The diffe-
rence in torque resistance between RE and HEDM was also statistically significant (p < 0.01).
CONCLUSIONS. Within the limitations of this laboratory study, the Hyflex EDM OGSF file system demon-
strated the highest resistance to cyclic fatigue. The Protaper Ultimate file system exhibited the greatest
resistance to torsional fracture. The choice of instrument should be guided by the specific anatomical chal-
lenges of the root canal system.
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Pe3iome
BBEOEHWE. BHyTprkaHanbHbIN nepenom Hukenb-TutaHoBbIX (NiTi) pOTaunMOHHbIX MHCTPYMEHTOB OCTaeTcs
3HaYMMOM npouenypHo Npobnemoit B aHA0AOHTMN. COBEPLLUEHCTBOBAHME METaNNyprum, NPOn3BOACTBEH-
HbIX TEXHONIOMTUA N FTEOMETPUYECKOIr0 An3anHa NMpMBEso K CO34aHNI0 HOBbIX PannoBbiX CUCTEM C YNYy4LUEH-
HbIMU MexaHn4Yecknmm xapaktepuctmkamum. Cuctemsl Hyflex EDM OGSF (HEDM), Protaper Ultimate (PTU)
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1 RACE EVO (RE) npencTtaBnsioT pasfiniHble TEXHONOrMYeckne noaxoasl K noBblLLeHNo 6€30MacHOCTN NH-
cTpymeHToB. OfHako X NPSMOE CPaBHUTESIbHOE MUCCNEeAO0BaHME Ha NpeaMeT YCTONYMBOCTU K Mepenomy
npeacTaBieEHO B OrpaHNY4E€HHOM OObeEME.

MATEPUAJIbI M METOAbI. B nccnepoaHune BkntoveHbl 120 HoBbix NiTi-dpannoB — no 40 NHCTPYMEHTOB 13
kaxpaomn cuctemol (HEDM, PTU, RE) ¢ paamepom koHumka 25 1 koHycHOCTbio .07. [1ns TecTa Ha LMKINYECKYIO
ycTanocTb (n = 20 B KaXA0W rpynne) MHCTPYMEHTbI BPalanicb B MHOMBUAYANbHO N3rOTOBAEHHOM UCKYC-
CTBEHHOM KaHaJe U3 HepXaBeLLLEe CTanu ¢ yrnoM KpmBu3sHbel 60° 1 paamycom 5 MM 0 MOMEHTa nNepenoma.
PaccuntbiBanock konn4ecTso Umkaos Ao nepenoma (NCF). [lna Tecta Ha TOPCMOHHYIO YCTOMYMBOCTb (N = 20
B KaX[0W rpynne) anukanbHbie 3 MM Kaxaoro gakina GukcrupoBanuch, NOCe Yero MHCTPYMEHT BpaLlancs
MO 4YacOBOW CTPesike CO CKOPOCTbIO 2 06/MUH A0 NnepenomMa B COOTBETCTBUM cO cTaHaapTom ISO 3630-1.
PernctpupoBanucb MakCMManbHbIN KPYTALWMA MOMeEHT (H-cm) n yron gedopmauum (B rpagycax) B MOMEHT
paspyweHus. CTaTucTMYeCcKnin aHanna npoBOANIICS C UCMOb30BaAHMEM 0AHOGMAKTOPHOIrO ANCNEPCUOHHOIO
aHann3da (ANOVA) 1 nocT-xok Tecta Tbioku (o = 0,05).

PE3YJIbTATbl. HEDM npoagemMoHcTpupoBana cTaTUCTUYECKM 3HA4YMMO Oonee BbiICOKOE CpefHee 3HavyeHue
NCF (852,5%75,3) no cpaBHeHuto ¢ RE (621,8+60,2) u PTU (455,1+55,4) (p < 0,001). RE Takxe nokazana
LOCTOBEPHO 60siee BbICOKYK YCTOMYMBOCTb K LMKINYECKOM ycTanocTn no cpasHeHuio ¢ PTU (p < 0,001).
B TecTe Ha TOPCMOHHYI0 ycToM4MBOCTE PTU NpoaemMoHCTprpoBana HambonbLUmMii MakCUMabHbIN KPYTALLNIA
MOMeHT npu nepenome (0,46+0,05 H-cm), 4TO ObINIO CTATUCTMHECKM 3HAYMMO BbilLIE NO cpaBHeHUIO ¢ RE
(0,41+0,04 H-cm) 1 HEDM (0,34+0,06 H-cm) (p < 0,001). Pasnnyne B TOPCUOHHOM yCTOMYMBOCTU Mexay RE
1 HEDM Takxe okasanocb cTaTUCTUYECKN 3Ha4uUMbIM (p < 0,01).

BbIBObl. B npeanenax orpaHnyeHuii gaHHoro nabopartopHoro uccnenosaHus darnosas cuctema Hyflex
EDM OGSF npomemMoHcTpMpoBana HauMbOJbLUYD YCTOWYMBOCTb K UMKINYeckonm ycTtanoctn. Cuctema
Protaper Ultimate nokasana makcrMarsnbHyi0 YCTOMYMBOCTb K TOPCUOHHOMY nepenomy. Beibop MHCTpymeHTa
[OMXEH onpenensTbCq aHaTOMUY4ECKMMN OCOBOEHHOCTAMM KOPHEBOI0 KaHana 1 KJIMHNYeCKOWM CUTyaumnei.

KnioueBble cnoBa: uUUKIMYECKAs YCTanOCTb, TOPCUOHHAS YCTOMYMBOCTb, HUKenb-TUTaH, Hyflex EDM,
Protaper Ultimate, RACE EVO, sHgoaoHTUs

UHdopmauua o ctaTbe: noctynuna — 17.10.2025; ncnpasnena — 23.12.2025; npunsata — 03.01.2026
KoH$AuKT nHtepecos: ABTOpPbI COOOLLAIOT 06 OTCYTCTBUMN KOHPNNKTA UHTEPECOB.
BnaropgapHocTu: PrHaHCMpOBaHWE U MHAMBMAYANbHbIE ONarof4apHOCTU ANS AeKapMPOBaHUS OTCYTCTBYIOT.
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penomy dannosbix cuctem Hyflex EDM OGSF, Protaper Ultimate n RACE EVO: nccnegosanue in vitro. 9Hgo-
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INTRODUCTION

The ultimate goal of root canal treatment is com-
plete chemomechanical debridement of the root canal
system and then obturation of the root canal system
in order to avoid reinfection [1]. Nickel-titanium (NiTi)
rotary instruments are introduced to practice endo-
dontics and help to prepare complex root canal mor-
phologies efficiently and predictably compared to tra-
ditional stainless steel hand files [2]. NiTi alloys exhibit
superelasticity and shape memory, which enables
such instruments to maneuver round curves in canals
with a smaller probability of errors in the process like
ledging, zipping, and transportation [3].

Although these benefits are present, intracanal frac-
ture of NiTiinstruments is an important iatrogenic event
that may undermine the outcome of the treatment [4].
The mechanism of instrument separation is of two
types: cyclic fatigue and torsional failure [5]. Repeated
tensile and compressive stresses result in cyclic fatigue
caused by rotation of a file in a curved canal, which
causes crack formation and upward all the way to frac-
ture [6]. Torsional failure happens when the tip of the
equipment becomes attached or clamped in the canal
as the shank turnsresulting in shear strains that surpass
the elastic threshold of the metal [7].

To reduce the chances of the fracture of instruments,
the manufacturers have paid attention to three essential
directions of innovation: alloy metallurgy, instrument de-
sign, and manufacturing processes [8]. The creation of

NiTi alloys subjected to thermal treatment (e.g., M-Wire,
R-Phase, Gold-wire, Blue-wire) has seen the creation
of instruments that have greater flexibility and cyclic fa-
tigue resistance than traditional superelastic NiTi [9; 10].
Moreover, the instrument cross-section, taper and flute
design changes are intended to achieve a better cutting
efficiency and minimize stress concentration [11].

This study focuses on three contemporary file sys-
tems that embody these technological advancements.
The Hyflex EDM OGSF (Coltene/Whaledent, Altstatten,
Switzerland) files are manufactured using an Electrical
Discharge Machining (EDM) process. This technique
creates a unique, hardened surface with inherent mi-
cro-craters, which is purported to enhance cutting ef-
ficiency and fracture resistance, while the core remains
highly flexible due to its controlled memory (CM) wire
composition [12; 13]. The Protaper Ultimate system
(Dentsply Sirona, Ballaigues, Switzerland) is an evolu-
tion of the widely successful Protaper series. It is fab-
ricated from proprietary Gold-wire, features a variable
taper design, and has an off-centered, parallelogram-
shaped cross-section intended to improve debris re-
moval and reduce the “screw-in” effect [14; 15]. The
RACE EVO system (FKG Dentaire, La Chaux-de-Fonds,
Switzerland) is characterized by its proprietary heat
treatment, which provides enhanced flexibility, and an
alternating-cutting-edge design on a triangular cross-
section, aimed at minimizing engagement and impro-
ving safety [16; 17].
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Several studies have individually evaluated the me-
chanical properties of these file systems or compared
them to their predecessors [13; 15; 17]. For instance, re-
search has confirmed the superior cyclic fatigue resis-
tance of Hyflex EDM files over many other systems [18],
and the balanced properties of the Protaper Ultimate
system have been noted [14]. However, there is a scar-
city of research directly comparing these three spe-
cifics, technologically distinct systems within a single
standardized experimental framework. This research
gap is significant, as clinicians must make evidence-
based decisions when selecting an instrument system
best suited for the diverse anatomical challenges en-
countered in daily practice.

Therefore, the aim of this in vitro study was to provide
a direct comparative evaluation of the cyclic fatigue and
torsional fracture resistance of the Hyflex EDM OGSF,
Protaper Ultimate, and RACE EVO file systems. The null
hypothesis was that there would be no significant diffe-
rence in the mechanical performance among the three
tested file systems.

MATERIALS AND METHODS

Study design and sample selection

This in vitro comparative study was designed to eva-
luate the mechanical properties of three commercially
available NiTi file systems. A total of 120 new, sterile in-
struments were procured from single batches to mini-
mize manufacturing variability. The instruments were
divided into three groups (n = 40 per group):

Group 1: Hyflex EDM OGSF (HEDM) — Size 25, .07 taper.

Group 2: Protaper Ultimate (PTU) — Finisher F2, Size 25,
.07 taper.

Group 3: RACE EVO (RE) - Size 25, .07 taper.

Each group was further subdivided for two separate
tests: cyclic fatigue testing (n = 20) and torsional resis-
tance testing (n = 20). The selected size (25/.07) repre-
sents a common finishing file size, making the compari-
son clinically relevant.

Instrument inspection

Prior to testing, all instruments were examined un-
der a dental operating microscope (Leica M320, Leica
Microsystems, Wetzlar, Germany) at 20X magnification
to detect any visible manufacturing defects, such as
unwound flutes, surface irregularities, or bent shanks.
Any instrument with visible defects was to be excluded
and replaced; however, no instruments were excluded
based on this criterion.

Cyclic fatigue testing

The cyclic fatigue resistance was tested using a cus-
tom-fabricated static model. A block of stainless steel
was machined to create an artificial canal with a 60° an-
gle of curvature and a 5 mm radius of curvature. This ge-
ometry simulates a severely curved canal and is a stan-
dardized method for in vitro fatigue testing. The testing
device consisted of a stationary platform holding the
steel block and a mobile unit for a 6:1 reduction contra-
angle handpiece (Sirona, Bensheim, Germany) powered
by an endodontic motor (X-Smart Plus, Dentsply Sirona).

dHdodoHmus
————TLT

Each instrument was coated with a synthetic lu-
bricant (WD-40 Company, San Diego, CA, USA) to re-
duce friction and heat generation. The file was then
introduced into the artificial canal and rotated accor-
ding to the manufacturer’s recommended settings for
speed and torque (HEDM: 400 RPM/2.5 Ncm; PTU:
400 RPM/2.5 Ncm; RE: 1000 RPM/1.5 Ncm). The in-
strument was operated continuously until a fracture
was audibly and visually detected. A digital stopwatch
with a precision of 0.01 seconds was used to record the
time to fracture (TTF). The number of cycles to fracture
(NCF) was calculated using the formula:

NCF - TTF (seconds) x Rotational Speed(RPM).

60
The fractured segments were retrieved, and the
length of the fractured tip was measured with a digital
caliper to confirm consistency of the fracture location at
the point of maximum curvature.

Torsional resistance testing

The torsional resistance test was performed in ac-
cordance with ISO 3630-1 standards using a dedicated
torsion testing machine (Tinius Olsen, Horsham, PA,
USA). The apical 3 mm of each instrument was securely
clamped between two smooth-surfaced brass jaws.
The file shank was fixed into the chuck of the motor,
which was connected to a torque sensor.

The test was initiated by rotating the instrument in
a clockwise direction at a constant speed of 2 RPM. The
testing apparatus recorded the torque (Ncm) and the
angle of rotation (degrees) in real-time. The test contin-
ued until the instrument fractured. The two primary pa-
rameters recorded were the maximum torque to fracture
(the peak torque value reached before failure) and the
angular deflection at fracture (the total degrees of rota-
tion from the start of the test until the point of fracture).

Statistical analysis

All collected data were entered into a spreadsheet
(Microsoft Excel 2019, Microsoft Corp., Redmond, WA,
USA) and analyzed using statistical software (SPSS
Version 26.0, IBM Corp., Armonk, NY, USA). Descriptive
statistics, including mean and standard deviation (SD),
were calculated for NCF, maximum torque, and angu-
lar deflection for all three groups. The normality of the
data distribution was confirmed using the Shapiro-Wilk
test. A one-way analysis of variance (ANOVA) was per-
formed to compare the means among the three groups
for each tested parameter. If a statistically significant
difference was found, Tukey’'s Honestly Significant
Difference (HSD) post-hoc test was used for pairwise
comparisons. The level of statistical significance was
setat p < 0.05.

RESULTS

All 120 instruments were tested successfully, and
no data were excluded. The mean values, standard
deviations (SD), and statistical comparisons for both
cyclic fatigue and torsional resistance tests are pre-
sented below.
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Cyclic fatigue resistance

Table 1 indicates the mean NCF value of the three file
systems. The highest mean NCF was recorded in HEDM
group then in the RE group and finally in the PTU group.
ANOVA One way ANOVA showed statistically significant
cyclic fatigue resistance difference between the three
groups (F= 152.6, p < 0.001).

The HSD post-hoc test by Tukey (Table 3) proved the
statistical relevance of all the pair-wise tests. The HEDM
files had a much high resistance to cyclic fatigue when
compared to both RE files (p < 0.001) and PTU files
(p < 0.001). In addition, cyclic fatigue resistance was
found to be a lot higher with the RE files than with the
PTU files (p < 0.001).

Table 1. Descriptive statistics for cyclic fatigue
resistance (NCF)

Ta6nuua 1. OnucaTtenbHaga cTaTUcTUKa
conpoTmBaeHuns unknndeckon yctanoctm (NCF)

File System n piean S_tar]dard
NCF Deviation (SD)
Hyflex EDM OGSF (HEDM) | 20 852.5 75.3
Protaper Ultimate (PTU) 20 4551 55.4
RACE EVO (RE) 20 621.8 60.2

Table 2. Descriptive statistics for torsional resistance

Tabnuua 2. OnvcaTesbHble CTaTUCTUYECKMNE JaHHbIe
O COMPOTUBAEHUN KPYHEHMIO

Mean Mean
. Max Angular
File System n Torque SD Deflection SD
(Ncm) ()
Hyflex EDM
OGSF (HEDM) 20 0.34 0.06 510.5 45.2
Protaper
Ultimate (PTU) 20 0.46 0.05 425.3 38.8
RACEEVO (RE) | 20 0.41 0.04 448.7 40.1
Table 3. Pairwise comparisons from Tukey’s HSD
Post-Hoc test
Tabnuua 3. MNonapHbie cpaBHEHUS, NOJIy4EeHHbIE
B X0[e nocnenyoulero tecta Tbtokn Ha HSD
. Mean
Parameter Comparison Difference p-value
NCF HEDMvs. PTU 397.4 <0.001*
HEDM vs. RE 230.7 <0.001*
REvs. PTU 166.7 <0.001*
Max Torque (Ncm) | PTUvs. HEDM 0.12 <0.001*
PTUvs. RE 0.05 0.041*
RE vs. HEDM 0.07 0.008*
Angular Deflection | HEDMvs. PTU 85.2 <0.001*
) HEDM vs. RE 61.8 0.009*
REvs. PTU 23.4 0.215

Note: * Statistically significantat p < 0.05
lMpumeyaHne: * CTaTucTunyeckm saHadmmo npum p < 0,05
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Torsional resistance

Table 2 shows the findings of the torsional resis-
tance test and the maximum torque and angular deflec-
tion. The maximum torque to fracture and the angular
deflection were the highest in the PTU group and HEDM
group, respectively.

Statistical analysis using one way ANOVA revealed
that there was significant difference between the groups
in terms of both maximum torque (F = 19.8, p < 0.001)
and angular deflection (F= 12.4, p < 0.001).

A post-hoc test using Tukey HSD test (Table 3) to
determine maximum torque found that PTU group
was significantly more resistant (torsional) to torsional
stress than the RE group (p < 0.05) or the HEDM group
(p < 0.001). RE group also displayed a highly significant
torsional strength in comparison to the HEDM group
(p < 0.01). In angular deflection, HEDM group recor-
ded much more deflection until fracture than both PTU
(p <0.001) and RE (p < 0.01). Angular deflection did not
significantly differ between the PTU and the RE group
(p > 0.05).

DISCUSSION

The currentin vitro research was carried out to com-
pare the fracture resistance of three current NiTi rotary
systems that are: Hyflex EDM OGSF, Protaper Ultimate
and RACE EVO. According to the findings, the null hy-
pothesis that the file systems would not have a signifi-
cant difference was rejected. The results showed that
both cyclic fatigue and torsional resistance were sig-
nificantly different and each of the systems had its own
mechanical behaviors.

The best result turned out to be the increased cyclic
fatigue resistance of the Hyflex EDM files. The HEDM
group passed through about 87 cycles to fracture com-
pared to the PTU group and 37 cycles compared to
the RE group. This finding can be compared to earlier
studies that have indicated that the EDM manufactu-
ring process has special fatigue resistance and flexibili-
ty [12; 18]. The resulting EDM process not only produces
a specialty spark-eroded surface, which is hard and not
easily crack starting, but also the underlying CM-wire
alloy is extremely flexible and resistant to crack propa-
gation [13]. This combination enables the instrument
to be able to endure in the curved canals more stress
cycles before it fails. RACE EVO system also fared well
in cyclic fatigue test, which was way ahead of Protaper
Ultimate system. This is owed to the fact that it has its
own heat treatment and a relatively slender core that
makes it flexible [16]. Protaper Ultimate is made of Gold-
wire making it easier to have its cyclic fatigue charac-
teristic enhanced over its M-wire counterpart, Protaper
Gold [14]. Its resistance was however lower than that of
the two other systems in this comparison which could be
associated with its larger core mass and specific cross-
sectional geometry which could enhance stiffness [15].

However, the torsional resistance tests showed dif-
ferent rankings. The Protaper Ultimate system showed
the greatest resistance to torsional fracture with RACE
EVO in the next rank and then Hyflex EDM. The cross-
sectional area of the instrument and its core diameter
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have an important impact on torsional strength, as well
as the metallurgy of the alloy [19]. The cross-section of
the PTU F2file is parallelogram-shaped which makes its
metallic core larger than the triangular-shaped core of
the RACE EVO or the slimmer core of the Hyflex EDM
file. This adds more weight to the metal, which can sup-
port the twisting forces before plastic deformation and
fracture takes place [11]. The performance of the RACE
EVO file was moderate, which probably indicated the
reason between its mass of the core and the characte-
ristics of its heat-treated alloy. The Hyflex EDM file was
the lowest torsional strength although it was more flex-
ible. It is a natural trade-off, that the traits of metallurgy
which make it flexible and able to resist cyclic fatalities
also make it less torsionally rigid [20].

The angular deflection result gives also some under-
standing about the behavior of the instruments when
handled on torsion stress. The HEDM files were the
most angularly deflected files which means that they are
more able to deform plastically before breaking. This
property may act as a visual alert to the clinician since
a file that uncoils at a very slow rate can be regarded
as safe, whereas, a file that splits suddenly with minimal
prior notice may pose danger to the clinician [7]. The
PTU and RE files displayed lower and statistically equal
angular deflection values indicating a stiffer behavior
under torsional load.

These implications on the clinical implications are
important. The Hyflex EDM system is the safest in this
case because of its excellent fatigue resistance in the
treatment of canals with severe or multiple curvatures
whose fracture is mainly due to cyclic fatigue. Torsio-
nal strength of the Protaper Ultimate system can prove
beneficial where the torsional stresses in instruments,
and in the canals, are more critical, e.g., thin, calci-
fied, or straight canals. The RACE EVO system has an
equal profile, as it is good in both categories, and it is
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a versatile system that can suit a wide range of clinical
situations.

This research has various limitations which are a re-
sult of in vitro research design. The experiments were
done at room temperature, which is not a good resem-
blance of the intracanal temperature of the human body
(85-37 degC), an aspect that has been proven to affect
the phase transformation and mechanical characteris-
tics of NiTi alloys [11]. A static model of cyclic fatigue
does not replicate the dynamic pecking of that used in
the clinical setting. Moreover, each system was tested
with only one size and taper (25/.07), and outcomes
might not be the same with other sizes of instruments.
These limitations can be resolved in future studies by
adding dynamic models, body temperature testing,
and testing a greater variety of instrument sizes to gain
a better idea of their clinical performance.

CONCLUSION

As confined in this in vitro experiment, it may be
concluded that Hyflex EDM OGSF file system had bet-
ter cyclic fatigue resistance than Protaper Ultimate and
RACE EVO systems, which may indicate higher flexibility
and better compatibility when it comes to repetitive ca-
nal negotiation. Conversely, the Protaper Ultimate sys-
tem has proved to have the highest torsional strength,
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