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Torsional Resistance of Two Heat-treated Reciprocating Files
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ABSTRACT

Aim: The present study aims to evaluate the difference in torsional resistance of two reciprocating nickel-titanium (NiTi) rotary files: WaveOne
Gold and EdgeOne Fire.

Materials and methods: A total of 40 nickel-titanium rotary instruments (n = 40): 20 WaveOne Gold Small (WOGS) and 20 EdgeOne Fire Small
(EOFS) were divided into two groups. Each instrument was tested using a torsional resistance device already validated in previous studies to
evaluate and compare torsional resistance. The static torsional test was implemented by blocking each instrument at 3 mm from the tip and
rotating it until fracture with a reciprocating motion. Torque to fracture (TtF) and fragment length (FL) were measured and statistically analyzed.
Results: Statistical analysis of TtF found significant differences between the two groups (p <0.05). The EOFS showed higher TtF if compared to
WOGS, with a mean value and a standard deviation of 3.05 + 0.07 (N cm) against 2.97 + 0.08 (N cm). Data for FL showed no significant differences
(p >0.05) between the two groups.

Conclusion: According to the results of this study, it is reasonable to assert that EOFS instruments showed a higher torsional resistance if
compared to the WOGS.

Clinical significance: As evidenced by this study, EOFS should be considered as a safer solution, in terms of torsional resistance, if compared

to WOGS, reducing the risk of intracanal separation due to excessive torsional load.
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INTRODUCTION

The introduction of nickel-titanium rotary (NTR) instruments
in endodontics has significantly reduced the operative time of
intracanal instrumentation.! Moreover, NTR files improved the
shaping and cleaning ability of the root canal during clinical
procedures.? Despite these superior qualities, the prolonged use
of NTR instruments can lead to fracture during the root canal
treatment (RCT).3 According to Sattapan et al., two main patterns
of fracture can occur using nickel-titanium (NiTi) files: torsional
and flexural.** These two patterns of failure could be considered
as the major drawback during RCTs. Flexural stresses could result
in the formation of microcracks on the instrument surface and,
after repetitive compression and tension, the instrument can be
fractured due to cyclic fatigue.® File failure due to torsional stress
occurs when the tip or part of the file remains blocked between the
canal walls while it continues to rotate.*S For this reason, in recent
literature many studies focused their attention on NiTi torsional
behavior.”® Recent studies investigated the role of two prevailing
factors affecting torsional resistance, that is, heat treatments and
the metal mass of the instrument.”~® According to the most recent
literature, static torsional resistance tests have been evaluated as
described by International Organization for Standardization (ISO)
3630-1. According to this, to evaluate torsional resistance, a stainless
steel (SS) instrument is rotated at 2 rpm with its tip blocked at 3 mm
until fracture and the torque generated is calculated by a torque
meter. However, the ISO 3630-1 evaluation does not consider that
during clinical practice, NTR instruments are rotated at a higher
speed if compared to SS files. According to the authors, the above-
mentioned I1SO 3630-1 should be changed for a methodology
that takes into account the clinical application of NTR files, since it
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has been demonstrated that rotational speed does not affect the
torsional resistance of NTR instruments.'

In the last decades, new kinematics were introduced to
minimize the influence of flexural and torsional stresses during
instrumentation." Reciprocating motion was introduced to improve
resistance to fracture since it reduces cyclic and torsional fatigue
during root canal treatment.'>'* Reciprocating motion consists
of development of a cutting angle and a releasing angle during
the instrumentation. The subsequent alternating changes in the
direction of rotation could reduce the cyclic fatigue of the NTR files
if compared to rotating motion.'* WaveOne Gold (WOG) (Dentsply
Maillefer, Ballaigues, Switzerland) is a recent single-file reciprocating
instrument that replaced WaveOne (Dentsply Maillefer, Ballaigues,
Switzerland). Concerning the cross-sectional design, the WOG is
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characterized by an uncentred parallelogram with two cutting
edges along the instrument surface.”® Moreover, WOG presents
the Gold Wire (Dentsply Maillefer, Ballaigues, Switzerland) heat
treatment, which according to Zupanc et al. is characterized by a
martensitic status with varying amounts of austenite and R-phase.'®
These features enhance the instrument with a controlled memory
effect and flexibility.'

EdgeOne Fire (EOF) (EdgeEndo, Albuquerque, NM, USA)
is a new instrument with the same cross-section of the WOG.
This instrument presents a proprietary heat treatment called
FireWire™ (EdgeEndo, Albuquerque, NM, USA). According to the
manufacturer’s declaration, this heating process provides high
flexibility and superior resistance to cyclic fatigue tests. This
instrument is developed to be used in reciprocating motion, with
the same handpiece settings adopted for WaveOne Gold."” To date,
no studies in the literature have evaluated the torsional behavior
of these NTRinstruments yet. The present study aimed to evaluate
the differences in terms of torsional resistance at fracture between
WaveOne Gold and EdgeOne Fire with a previously validated
torsional resistance testing device.

MATERIALS AND METHODS

The study has been performed at the Department of Oral and
Maxillo Facial Sciences of Sapienza University of Rome (Rome, Italy).

After calculating the sample size, and in agreement with the
recently published literature on this subject, 40 NTR files (n = 40)
were used in this study, divided into two groups using a simple
randomization technique: 20 WaveOne Gold Small (Group A) and
20 EdgeOne Fire Small (Group B). All the tested instruments were
evaluated with x20 magnification (SMZ 745T; Nikon, Tokyo, Japan)
before undergoing the tests. None of the analyzed NTR instruments
were discarded due to manufacturing defects, such as microcracks
and dented cutting edge.

The torsional test was performed using a torsional resistance
testing device that was already validated in the literature.'®'® A
torque recording endodontic motor (KaVo, Biberac, Germany)
appropriately modified to perform reciprocating motion, was used
in this study. This endodontic motor could register the variations
of the torque generated by the instrument during the intracanal
instrumentation every 0.1 seconds. According to ISO 3630-1, the tip
of the file was blocked at 3 mm from the tip, stuck in a vise (Fig. 1).

Fig. 1: Torsional static test device

Fig. 2: Microscope analysis of EdgeOne Fire Small. Torsional fracture is
evidenced by the round-shaped circumferential lines3?

Fig. 3: Microscope analysis of WaveOne Gold Small. Torsional fracture is
evidenced by the round-shaped circumferential lines>?

Using the same settings recommended for WaveOne Gold,
each file was rotated using reciprocating motion, until fracture
occurred. The torque limit was set at 5.5 N cm. Torque to fracture
(TtF) was recorded and tips fragment length (FL) of the instrument
was measured using a digital caliper. Moreover, the separated
instruments of both groups were analyzed with a Zeiss Axio
Microscope (Carl Zeiss Microlmaging, Gottingen, Germany) to
visualize fracture patterns (Figs 2 and 3).

Data were collected and analyzed using the SPSS 17.0 software
(SPSS Incorporated, Chicago, IL, USA). Moreover, the mean value and
standard deviation were calculated and the student’s t test with the
significance level set at p <0.05 was performed.

REesuLts

Table 1 shows the mean values for FL for both groups. Statistical
analysis showed no significant differences (p >0.05) between the
two instruments.

Table 2 shows the mean values of TtF for both groups. Group
B showed higher TtF if compared to Group A.
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Table 1: Mean values for fragment length (FL) for both groups A and
Bin mm (p >0.05)

Mean values for FL in mm (mean + SD)
Group B
3.05 +0.07

Group A
2.97 +£0.08

Table 2: Mean values for torque to fracture (TtF) for both groups A and
Bin N cm (p <0.05)

Mean values for TtF in N cm (mean + SD)

Group A Group B

0.27 +0.01 0.35 +0.04

Statistical analysis found significant differences between the
two groups (p <0.05). According to the results, EdgeOne Fire
showed higher TtF if compared to WaveOne Gold.

Discussion

Instrument failure during RCTs remains a serious drawback for
the clinician.??' Root canal geometry may be considered as a
leading factor influencing the stress applied to the instrument
and the high fracture incidence in curved canals is a consequence
of this.? As described by Parashos and Messer, another important
factor in determining fatigue resistance of NTR instruments is the
number of uses and stress accumulated during previous RCTs.>?2
Furthermore, the first shaping file of a sequence can be subjected
to a higher torsional load during instrumentation.?® A recently
published study showed that the non-use of lubricants during
intracanal instrumentation could increase the instrument fracture
due to torsional stress.?* For the above-mentioned reasons, the
reciprocating motion has been proposed to decrease the frequency
of taper locks.?> The NTR instruments presented in these studies,
WaveOne Gold and EdgeOne Fire, have been designed to be used
with reciprocating motion. As described above, the alternating
motion gives superior flexural resistance to the instruments during
clinical usage.?®

NTR instruments fracture usually occurs without any visual
warnings and with only microscopical permanent deformations.
In literature, many studies investigated the main features that
could influence the torsional resistance of instruments: numerous
variables, like presence of flexural stress, instrument manufacturing
processes, taper, size, pitch, shaft length, cross-sectional design,
and metal mass distributed along the instruments could influence
the clinical performance of an endodontic file and its resistance to
both cyclic and torsional stresses.26-30

Since multiple parameters can affect the torsional strength,
during in vitro tests, it is necessary to consider only one feature to
avoid bias. Indeed, the major problem in carrying out this type of
research is the standardization of each of the above-mentioned
factors. For these reasons, we selected WaveOne Gold and EdgeOne
Fire, which present the same tip, taper, cross-sectional design,
and pitch, and they differ only for the heat treatments provided
by the manufacturers. Moreover, the manufacturers suggest the
same clinical motion for the two files, with the same cutting and
releasing angle.

It has been demonstrated that heat-treated NiTi instruments
have a better performance regarding the angular rotation and
torsional resistance if compared to conventional similar NiTi files.
As described by Tabassum et al., the extreme ductility provided

by some heat treatments could explain the superior flexibility
and therefore the higher resistance to failure of such type of
instruments.>’

As showed in Table 2 fragment length (FL) mean values were
calculated and no significant differences were found (p >0.05). This
result demonstrates that there is no difference in the tip length of
the files blocked for the test and, therefore, no differences in the
portion of the instrument subjected to the stresses.

Results for TtF showed significant differences (p <0.05) for both
tests. These results could be explained by the prevalent difference
between the two tested instruments. WaveOne Gold presents an
innovative heat treatment, the Gold Wire. To date, many studies
investigated the role of Gold Wire alloy in torsional and flexural
resistance. Gold treated instruments represent new technology in
the field of endodontic instruments resistance.'® Therefore, in this
study, the EdgeOne Fire instruments resulted to be more resistant to
torsional stress when compared to identical instruments made with
Gold Wire treatment. Even if the number of the instruments used in
the present study is meager, the difference between the two tested
instruments could be due to the innovative three-dimensional
aspect of the crystalline matrix of the FireWire™ that confers to the
alloy not only higher flexibility, as shown in previously published
studies, but also superior resistance to torsional stress.””

CONCLUSIONS

Since we used the same motion and similar-in-shape instruments,
differences could be related to the different heat treatments
provided during the manufacturing process. Within the limitation
of the present study, it can be assessed that the FireWire™
treatment could provide more torsional resistance to the
instruments if compared to the Gold Wire. Further studies are
needed to better evaluate the role of thermal treatments during
torsional resistance tests.

CLINICAL SIGNIFICANCE

As evidenced by the results of this study, the possibility of reaching
ahigher torsional resistance by performing proper heat treatments
during the manufacturing process should be considered a very
promising solution that could improve endodontic practice,
reducing the clinical risk of intracanal separation and its consequent
complication in reaching a proper RCT.

REFERENCES

1. Glossen CR, Haller RH, Dove SB, et al. A comparison of root canal
preparations using Ni-Ti hand, Ni-Ti engine-driven, and K-Flex
endodontic instruments. J Endod 1995;21(3):146-151. DOI: 10.1016/
50099-2399(06)80441-3.

2. Htun PH, Ebihara A, Maki K, et al. Comparison of torque, force
generation and canal shaping ability between manual and nickel-
titanium glide path instruments in rotary and optimum glide path
motion. Odontology 2020;108(2):188-193. DOI: 10.1007/510266-019-
00455-1.

3. Parashos P, Messer HH. Rotary NiTi instrument fracture
and its consequences. J Endod 2006;32(11):1031-1043. DOI:
10.1016/j joen.2006.06.008.

4. Sattapan B, Nervo GJ, Palamara JE, et al. Defects in rotary nickel-
titanium files after clinical use. J Endod 2000;26(3):161-165. DOI:
10.1097/00004770-200003000-00008.

5. Seracchiani M, Miccoli G, Reda R, et al. A Comprehensive in vitro
comparison of mechanical properties of two rotary endodontic

The Journal of Contemporary Dental Practice, Volume X Issue X (XXXX—=XXXX XXXX) 3



Torsional Resistance of Two Heat-treated Reciprocating Files

10.

1.

14.

16.

18.

4

instruments. World J Dent 2020;11(3):185-188. DOI: 10.5005/
jp-journals-10015-1729.

Alapati SB, Brantley WA, Svec TA, et al. SEM observations of
nickel-titanium rotary endodontic instruments that fractured
during clinical use. J Endod 2005;31(1):40-43. DOI: 10.1097/01.
don.0000132301.87637.4a.

Gambarini G, Miccoli G, Di Nardo D, et al. Torsional resistance of
two new heat treated nickel titanium rotary instruments: an in vitro
evaluation. Pesqui Bras Odontopediatria Clin Integr 2020;20:0053.
Gambarini G, Cicconetti A, Di Nardo D, et al. Influence of different
heat treatments on torsional and cyclic fatigue resistance of nickel-
titanium rotary files: a comparative study. Appl Sci (Switzerland)
2020;10(16):5604. DOI: 10.3390/app10165604.

Di Nardo D, Gambarini G, Seracchiani M, et al. Influence of different
cross-section on cyclic fatigue resistance of two nickel-titanium
rotary instruments with same heat treatment: an in vitro study. Saudi
Endod J 2020;10(3):221-225. DOI: 10.4103/sej.sej_124_19.

Ha JH, Kwak SW, Kim SK, et al. Effect from rotational speed on
torsional resistance of the nickel-titanium instruments. J Endod
2017;43(3):443-446.DO0OI: 10.1016/j.joen.2016.10.032.

Ferreira F, Adeodato C, Barbosa |, et al. Movement kinematics and
cyclic fatigue of NiTi rotary instruments: a systematic review. Int
Endod J 2017;50(2):143-152. DOI: 10.1111/iej.12613.

Kiefner P, Ban M, De-Deus G. Is the reciprocating movement per
se able to improve the cyclic fatigue resistance of instruments? Int
Endod J 2014;47(5):430-436. DOI: 10.1111/iej.12166.

. TokitaD,Ebihara A, MiyaraK, etal. Dynamictorsional and cyclicfracture

behavior of profile rotary instruments at continuous or reciprocating
rotation as visualized with high-speed digital video imaging. J Endod
2017;43(8):1337-1342. DOI: 10.1016/j joen.2017.03.024.

Gambarini G, Rubini AG, Al Sudani D, et al. Influence of different
angles of reciprocation on the cyclic fatigue of nickel-titanium
endodontic instruments. J Endod 2012;38(10):1408-1411. DOI:
10.1016/j.joen.2012.05.019.

Kwak SW, Lee CJ, Kim SK, et al. Comparison of screw-in forces during
movement of endodontic files with different geometries, alloys, and
kinetics. Materials (Basel) 2019;12(9):1506. DOI: 10.3390/ma12091506.
Zupanc J, Vahdat-Pajouh N, Schéfer E. New thermomechanically
treated NiTi alloys—a review. Int Endod J 2018;51(10):1088-1103. DOI:
10.1111/iej.12924.

Gambarini G, Galli M, Di Nardo D, et al. Differences in cyclic fatigue
lifespan between two different heat treated NiTi endodontic rotary
instruments: WaveOne Gold vs EdgeOne Fire. J Clin Exp Dent
2019;11(7):e609-e613. DOI: 10.4317/jced.55839.

Di Nardo D, Seracchiani M, Mazzoni A, et al. Torque range, a new
parameter to evaluate new and used instrument safety. Appl
Sci 2020;10(10):3418. DOI: 10.3390/app10103418.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3.

32.

Gambuarini G, Miccoli M, D’Angelo M, et al. The relevance of operative
torque and torsional resistance of nickel-titanium rotary instruments:
a preliminary clinical investigation. Saudi Endod J 2020;10:260-264.
10.4103/sej.sej_157_19.

Madarati AA. Factors influencing incidents of complications while
using nickel-titanium rotary instruments for root canal treatment.
BMC Oral Health 2019;19(1):241. DOI: 10.1186/512903-019-0938-7.
Miccoli G, Seracchiani M, Zanza A, et al. Possible complications of
endodontic treatments. J Contemp Dent Pract 2020;21(5):473-474.
Miccoli G, Seracchiani M, Del Giudice A, et al. Fatigue resistance of
two nickel-titanium rotary instruments before and after ex vivo root
canal treatment. J Contemp Dent Pract 2020;21(7):728-732.

Kwak SW, Ha JH, Cheung GS, et al. Effect of the glide path
establishment on the torque generation to the files during
instrumentation: an in vitro measurement. J Endod 2018;44(3):496—
500. DOI: 10.1016/j joen.2017.09.016.

Mazzoni A, Pacifici A, Zanza A, et al. Assessment of real-time operative
torque during nickel-titanium instrumentation with different
lubricants. Appl Sci 2020;10(18):6201. DOI: 10.3390/app10186201.
Kimura S, Ebihara A, Maki K, et al. Effect of optimum torque
reverse motion on torque and force generation during root canal
instrumentation with crown-down and single-length techniques.
JEndod 2020;46(2):232-237. DOI: 10.1016/j.joen.2019.11.007.

Baek SH, Lee CJ, Versluis A, et al. Comparison of torsional stiffness of
nickel-titanium rotary files with different geometric characteristics.
JEndod 2011;37(9):1283-1286. DOI: 10.1016/j.joen.2011.05.032.
Alcalde MP, Tanomaru-Filho M, Bramante CM, et al. Cyclic and
torsional fatigue resistance of reciprocating single files manufactured
by different nickel-titanium alloys. J Endod 2017;43(7):1186-1191. DOI:
10.1016/j.joen.2017.03.008.

Gambuarini G, Miccoli G, Seracchiani M, et al. Role of the flat-designed
surfaceinimproving the cyclic fatigue resistance of endodontic NiTi
rotary instruments. Materials (Basel) 2019;12(16):2523. DOI: 10.3390/
mal12162523.

Gambarini G, Seracchiani M, Zanza A, et al. Influence of shaft length
on torsional behavior of endodontic nickel-titanium instruments.
Odontology 2020. DOI: 10.1007/s10266-020-00572-2. Epub ahead
of print. PMID: 33245455,

Seracchiani M, Miccoli G, DiNardo D, et al. Effect of flexural stress on
torsional resistance of NiTi instruments. J Endod 2021;47(3):472-
476. DOI: 10.1016/j.joen.2020.10.011. Epub 2020 Oct 21. PMID:
33096192.

Tabassum S, Zafar K, Umer F. Nickel-titanium rotary file systems: what'’s
new? Eur Endod J 2019;4(3):111-117. DOI: 10.14744/eej.2019.80664.
Zupancich A, Cristiani E. Functional analysis of sandstone ground
stone tools: arguments for a qualitative and quantitative synergetic
approach. SciRep 2020;10(1):15740.DOI: 10.1038/541598-020-72276-0.

The Journal of Contemporary Dental Practice, Volume X Issue X (XXXX—=XXXX XXXX)



	Nickel-Titanium Rotary Instruments: An In Vitro Comparison 
	Torsional Resistance of Two Heat-treated Reciprocating Files 
	Abstract 
	Introduction 
	Materials and Methods 
	Results
	Discussion
	Conclusions
	Clinical Significance
	References



