Systematic Review

A critical appraisal of studies on the cyclic fatigue

resistance of HyFlex EDM nickel-titanium instrument

ABSTRACT

Aims: to summarize the currently available evidence to point out the different outcomes of static versus
dynamic tests and to assess whether cyclic fatigue tests provide useful data and informationfor clinical
practice

Study design: Systematic Review.

Place and Duration of Study: From May 2015 to July 2021, a total of 21 studies on HyFlex
EDM cyclic fatigue have been published in the Journal of Endodontics and the International
Endodontic Jour- nal and Odontology, and the Nigerian Journal of Clinical Practice and

Journal of Den- tal Sciences restorative dentistry and endodontic and MDPI

Methodology: different studies comparing between Hyflex EDM and other rotary files as in:

wave one gold, reciproc blue.

Results: REC showed that HYFLEX EDM has the highest cyclic fa-tigue resistance and

conforming that sterilization has no influence in cyclic fatigue resistance.

Conclusion: Non-invasive independent predictors for screening esophageal varices may decrease
medical as well as financial burden, hence improving the management of cirrhotic patients. These
predictors, however, need further work to validate reliability.

1. INTRODUCTION

Nickel-titanium (NiTi) rotary files became more widely used in endodontics for
preparing root canals and with the use of NiTi rotary files, the complications thatcan be
observed when using stainless steel files such as ledges, zips, perforations, and

straightened root canals started to be seen less frequently.

In recent years, numerous engine-driven nickel-titanium (NiTi) systems have been

introduced to the market (Haapasalo & Shen 2013). Topics of major interest inthese




instruments include bending properties and flexibility, cutting efficacy and safety of use, and

fracture resistance [11.

Despite the advantages related to the superplasticity, fracture of NiTi files (Serene et
al. 1995) due to torsional overloading or flexural fatigue remains a concern in clinical
practice (Igbal et al. 2006). There are Possible strategies to increase the efficiency and
safety of NiTi rotary files including an improvement in the manufacturing process, or the use
of new alloys that provide superior mechanical proper-ties (Gambarini et al. 2011, Shen et

al. 2013a) [2I.

Cyclic fatigue resistance of Ni-Ti instruments improved by using different
technologies, including heat treatment, electrolytic polishing, and electro-discharge
machiningl4] of electrical discharge machining (EDM) with controlled-méemory feature and
have greater resistance to cyclic fatigue fracture, micro-hardness, maximumtorque, and

distortion angle. When compared to HyFlex CM (Coltene/Whaledent jnc.)[15:47].

HyFlex EDM files are known as a new-generation single-file system made of a
controlled memory alloy using electro-discharge machining technology. It was re- ported that
the mechanical properties of HEDM files werg significantly.improved using this technology
Thus, it's designed and marketed to shape root canals using a sin-gle-file technique in

continuous rotation [3].

HyFlex EDM files have a constant 8% taper in the apical 4 mm; the taper de- creases
to 4% toward the coronaliregion. Throughout the entire working part of the file, there are 3
different horizontal cross-sections: a quadratic cross-section in the apical region, a
trapezoidal crass-section in.the middle region, and an almost triangu-lar cross-section in the

coronal region.[4].

The HyFlex EDM is the first file system to feature the use of electrical discharg-ing
machining.(EDM) technology in contrast to the grinding method, which is conventionally used
to produce NiTi files, using electric discharges, the file is shaped by melting and vaporization

on the material using a ‘non-contact production method

(Pirani et al. 2015). According to a previous study, the use of EDM technology createsa
crater-like appearance and increased its cyclic fatigue resistance (Pedulla et al. 2016) [5]. It
has been tested that Autoclave sterilization generally did not significantlyincrease the cyclic

fatigue and torsional fracture resistance of HyFlex EDM [6].



Cyclic fatigue is caused by the alternating tension-compression cycles to whichthey
are subjected when flexed in the maximum curvature of the canal during rota-tionl7.8l.
Tension and compression cycles at the point of highest flexure during in- strument rotation

in a curve result in cyclic fatigue fracturell.

To evaluate the cyclic fatigue resistance of the file, a static cyclic fatigue resis-

tance test is performed without axial motion, where the instrument rotates at a des-ignated
length in the simulated canal until the instrument fractures [10]. The dynamictest incorporates

axial movement and simulates the clinical situation [10-13],

2. MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY

Literature research strateqy:

There are a wide range between the cyclic fatigue results.of the same instruments. The
current review selected the Hyflex EDM instruments-as a model and try to figure out the

reliability of the static and dynamic cyclic fatigue test as a tool for instruments survival.

Number of studies on cyclic fatigue

From May 2015 to July 2021, atotal of 21 studies on HyFlex EDM cyclic fatigue have been
published in the Journal of Endodontics and the International Endodontic Jour- nal and
Odontology, and the:Nigerian Journal of Clinical Practice and Journal of Den- tal Sciences
restorative dentistry and endodontic and MDPI. The number of such pa- pers increased lately
since 2017 Only 8 of 21 (38.095%) used dynamic study tests while the majority of them

(85.714%) used static methods. (M. Hulsmann et al 2019)

Variables in study designs (18-25)
Table 1 : Study design variability
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3. RESULT AND DISCUSSION:

The introduction of rotary NiTi files in the field of endodontics has signifi- cantly

changed the outcome of endodontic therapy. Rotary file systems have greatly enhanced the




level of precision and speed of the endodontic treatment. Apart from advantages, the rotary
files also possess a few disadvantages. The file separation maytake place inadvertently,
which compromises the outcome of the endodontic rehabil-itation and healing of the

periradicular tissues [26]-

Several factors contribute to the fracture of the rotary instrument. These include handling
by the operator, usage, anatomy of the root canal, and design of NiTi rotaryinstruments.
Because of these, various studies have been performed to investigate the reasons and
physics of the instrument fracture [27]. The mechanism of rotary in- strument separation was
reported as a torsional failure and cyclic fatigue fracture [28]- Cyclic flexural fatigue occurs
when an instrument rotates in a curved canal by repeti-tive compressive and tensile stresses,
and torsional failure occurs when the instru- ment's tip is locked or jammed in the canal, but

the shank of the file keeps rotating
[29].

Although the resistance of files to CF has been improved with the develop- ment of new
alloys [30-33], it is important to patients and still a concern for.endodon- tists and general
practitioners. Manufacturers in the field of endodontics continue tointroduce new strategies to

enhance the properties of rotary instruments.

The endodontic literature.contains a plethora of studies on static and dynamic
cyclic fatigue resistance tests performed on a large array of rotary or reciprocating
nickel-titanium endodontic instruments. This review aimed to summarize the currently
available evidence to point out the different outcomes of static versus dynamic tests
and to assess whether cyclic fatigue tests provide useful data and informationfor clinical

practicel34]:
This focused review aimed to provide evidence-based answers to two main questions:

1. “Are there a different outcomes from static versus dynamic tests?

2. Do cyclic fatigue tests provide useful data and information for clinical prac-
tice?

These results suggest that both static and dynamic tests are currently poorly stan- dardized.
Numerous parameters have been shown to exert a marked impact on the results (Plotino et

al. 2009) [35], with the environmental temperature representing themost relevant parameter



(Capar et al. 20141361, De Vasconcelos et al. 2016[37], Shen etal. 2016[38], Dosanjhet all.
20171391, Grande et al. 2017[40], Alfawaz et al. 2018[41], Yil- maz et al. 2018[42]).
Environmental temperature has a 500% impact on the lifetime ofan instrument (Grande et al.
2017[49]). It can therefore be deduced that studies con- ducted under room temperature or
under temperatures that do not correspond to the clinical situation any longer appear

acceptable from a scientific point of view.

Furthermore, the available data strongly suggest that there is an urgent need to agree on
either static or dynamic experimental set-ups. Evidence suggests that dy- namic tests might
have some advantages compared to static approaches, although maximal differences
between highest and lowest published values for one instru- ment were considerably higher
in dynamic than in static tests. Thus, it might be speculated that dynamictests are more
prone to procedural errors and are more technique-sensitive than static tests as it is difficult
to keep the instruments in a pre-cise trajectory (Li et al. 2002[43], Plotino et al..2010[44],

Pedulla et al. 2018al45].



Once a consensus has been reached on the favored method, the next step should
be to clearly define all relevant experimental parameters to limit the diversityof experimental
designs and, as a result, distortion of the results. A clearly defined test design, preferably
similar to an 1SO specification, is a prerequisite for a reliable assessment of the
corresponding studies (Plotino et al. 2009[351. On the other behavethis review to answer if the

cyclic fatigue provides information for clinical practice?

This question has no value since there is the vast majority of responses of thesame
instrument in different studies. All the studies that have been reviewed have limited
information to be useful in clinician selection of instrument with no convinc- ing evidence due
to different study designs and results. Moreover, the majority of these studies have limitations
in vitro, several variables such as taper, cross-sectional,size, and manufacturing techniques

affect the performance of files [46]-

different studies comparing between Hyflex EDM and other rotary files.as in: wave one gold

, reciproc blue and REC showed that HYFLEX EDM has.the highest cyclic fa-tigue

resistance and conforming that sterilization has no influence:in.cyclic fatigue resistance .

The clinician must use the data from the published study regarding the cyclicfatigue

with a great caution.
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