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Table 2. Transformation temperatures (°C) for the nickel-titanium rotary instruments that were tested for 3 samples of each instrument

Instrument Cooling Heating

Rs R¢ M, M¢ R R¢ A, A¢
M3 Pro Gold size 20/0.04 32.49+£0.20 12.36 £ 0.22 3.70 017 -31.52 £ 0.23 - - 23.58 £0.12  44.50 +0.18
M3 Pro Gold size 25/0.04 23.22+0.19 13.40+0.24 -11.58+0.16 -33.05+0.22 = o 24.98 +0.15  36.39 £ 0.17
M3 Rotary size 20/0.04 - - 17.22 + 0.16 2.65+0.22 - - 6.01+£0.14 20.48+0.16
M3 Rotary size 25/0.04 = = 17.71 £ 0.18 111+ 0.21 = = 517 £ 0.12 21.26 + 0.19

Data were shown with mean + standard deviations.

M, martensite transformation starting point; M;, martensite transformation finishing point; R, R-phase transformation starting point; Ry, R-phase transformation
finishing point; A, austenite transformation starting point; A, austenite transformation finishing point.

clear endothermic peak on the heating curve. On the cooling curve, there were 2 exothermic
peaks. The peaks at approximately -8°C and -25°C for the M3 Pro Gold size 20/0.04 and

size 25/0.04, respectively, corresponded to the initial transformation from the martensitic
phase to the R-phase, and the peaks at approximately 15°C and 20°C for the M3 Pro Gold size
20/0.04 and size 25/0.04, respectively, corresponded to the transformation from the R-phase
to the austenitic phase. The DSC diagrams for the M3 Rotary file (Figure 2C and 2D) showed a
single and defined peak upon cooling and heating. This peak represents the martensitic and
reverse transformation between austenite and martensite.
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Figure 2. Typical differential scanning calorimetry (DSC) diagram obtained from (A) an M3 Pro Gold size 20/0.04 file, (B) an M3 Pro Gold size 25/0.04 file, (C) an M3
Rotary size 20/0.04 file, and (D) an M3 Rotary size 25/0.04 file. Blue circles indicate the austenite transformation finishing point (A;) temperatures for each file.
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DISCUSSION

Several variables, such as instrument size, taper, cross-sectional design, and manufacturing
techniques, affect the clinical performance of endodontic files and their resistance to fracture
by torsion and/or cyclic fatigue [18,19].

In this study, cyclic fatigue, maximum torque load, and the angular rotation of the M3
Rotary and new M3 Pro Gold files were evaluated. The M3 Rotary files and M3 Pro Gold files
were compared because they have an identical design and geometrical features, but differ
only in the heat treatment used in their manufacturing process; thus, the influence of other
variables was eliminated in the present study. Moreover, only 2 sizes (sizes 20 and 25 with
0.04 taper) of both instruments were tested because these sizes are commonly used during
instrumentation.

According to our results, when the same size of the 2 different instruments was compared,
the M3 Pro Gold files exhibited higher cyclic fatigue resistance and angular rotation to
fracture than the M3 Rotary files, while no significant difference was observed between

the 2 instruments for the maximum torsional strength. These results are probably due to
the different NiTi alloys and manufacturing processes [20,21]. In fact, according to the
manufacturer, M3 Rotary instruments are made by an advanced memory alloy technology,
which increases cyclic fatigue resistance [12]. No data are available on the metallurgical
characteristics of this alloy. However, the DSC analysis conducted in this study revealed that
the M3 Rotary files seem to be made with an alloy similar to the traditional NiTi. Indeed,
M3 Rotary files, as conventional superelastic NiTi [22], have an austenite structure at room
and oral temperature, while the M3 Pro Gold files, as CM wire, have a mixture of martensite
and austenite at room temperature. In particular, the A¢ of the M3 Pro Gold sizes 20 and 25
files were measured to be 44.50°C and 36.39°C, respectively, from their heating curves. This
means that at human body temperature (around 37°C) [23], the M3 Pro Gold files are in a
mixed austenite and martensite phase. In contrast, the A¢of the sizes 20 and 25 M3 Rotary
files were measured to be 20.48°C and 21.26°C, respectively, from their heating curves, which
means that M3 Rotary files are in a state of only austenite at human body temperature. Since
martensite is less stiff than austenite [24], it is likely that shape memory files present lower
stiffness than conventional or M-wire files [25].

Shen et al. [11,26] observed increased fatigue resistance in files manufactured via proprietary
CM wire processing. The reason for this may be that for a given strain, a more flexible file
would experience less stress, allowing for a longer fatigue lifetime [25]. Moreover, there was
no significant difference between the M3 Rotary and M3 Pro Gold files in terms of maximum
torsional strength. The type of metal alloy, consequently, does not appear to affect torsional
strength. These results are in agreement with previous studies [20,21]. However, some
previous studies reported that CM wire instruments were associated with a lower torque to
failure than conventional or M-wire instruments [25,27]. These differences can be attributed
to the different type and size of the tested instruments.

In addition, the angular rotation to fracture of a NiTi file is associated with its ability to be
plastically deformed under stress without failing [21]. In this study, the M3 Pro Gold files
were significantly more plastic than the M3 Rotary files. In particular, the M3 Pro Gold size
25/0.04 file exhibited the highest angular rotation to fracture. The increase in the plasticity
of thermally treated files is thought to be due to the increase of the proportions of the
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R-phase and martensite. The R-phase has the lowest shear modulus among the 3 phases [28].
Martensite is more likely to deform than austenite since martensite has a twinning process,

which refers to an internal movement of lattices without breaking atomic bonds by absorbing
stress [22].

To explain the mechanical behavior observed in both fracture resistance tests, the effects of
the size, as well as the cross-section, should not be ignored. The results of the present study
show that the size 25 diameter instruments had significantly higher torsional (ultimate)
strength than the size 20 diameter instruments. These findings imply that the diameter play
an important role in torsional resistance, as previously reported [29,30]. In contrast, size
20 diameter files showed higher cyclic fatigue resistance than size 25 diameter files. These
results are in agreement with previous studies reporting that smaller instruments usually
showed high flexibility and fatigue resistance [6,10]. In particular, the M3 Pro Gold size 20
file with a 0.04 taper exhibited the highest values of cyclic fatigue resistance. These results
are probably due to the benefits of metal treatment associated with the reduced dimensions
of the instrument.

Moreover, in a supplementary study, the M3 Rotary size 20 file with a 0.04 taper was found
to have a smaller area (71,665 pm?) than the M3 Rotary size 25 file with a 0.04 taper (80,841
um?), based on a measurement of their cross-sectional area at 5 mm from the tip (D5) under
scanning electron microscopy by software (AutoCAD, Autodesk Inc., San Rafael, CA, USA).
The same results were found when the cross-sectional area was measured at 5 mm from the
tip (D5) of the M3 Pro Gold size 20 file with a 0.04 taper and the M3 Pro Gold size 25 file with
a 0.04 taper, considering that M3 instruments with the same tip size and taper had the same
cross-sectional area regardless of the heat treatment received (M3 Rotary or Pro Gold). The
present findings agree with those of previous studies reporting that a reduced cross-sectional
area increased cyclic fatigue resistance but negatively affected torsional resistance [31,32].

The clinical implications of these observations are as follows. A high angle of rotation before
fracture in controlled memory files may be beneficial because it may provide clinicians

with an indication that plastic/permanent deformation has taken place and that fracture is
imminent [25]. In addition, greater flexibility could be useful in clinical situations with high
flexural fatigue (e.g., in curved canals).

CONCLUSIONS

Within the limitations of this study, it was observed that the M3 Pro Gold files showed greater
flexibility than the M3 Rotary files, with no decrement of other mechanical properties such as
torque resistance or angular rotation.

REFERENCES

1. Gavini G, Pessoa OF, Barletta FB, Vasconcellos MA, Caldeira CL. Cyclic fatigue resistance of rotary nickel-
titanium instruments submitted to nitrogen ion implantation. ] Endod 2010;36:1183-1186.
PUBMED | CROSSREF

2. Yum]J, Cheung GS, Park JK, Hur B, Kim HC. Torsional strength and toughness of nickel-titanium rotary
files. ] Endod 2011;37:382-386.
PUBMED | CROSSREF

https://rde.ac https://doi.org/10.5395/rde.2018.43.e25 8/10


http://www.ncbi.nlm.nih.gov/pubmed/20630295
https://rde.ac
https://doi.org/10.1016/j.joen.2010.11.028
http://www.ncbi.nlm.nih.gov/pubmed/21329826
https://doi.org/10.1016/j.joen.2010.03.032

Restorative
Dentistry
How heat treatments influence NiTi file properties & Endodontics

https://rde.ac

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Parashos P, Messer HH. Rotary NiTi instrument fracture and its consequences. ] Endod 2006;32:1031-1043.
PUBMED | CROSSREF

Pedulla E, Lo Savio F, Boninelli S, Plotino G, Grande NM, Rapisarda E, La Rosa G. Influence of
cyclic torsional preloading on cyclic fatigue resistance of nickel - titanium instruments. Int Endod J
2015;48:1043-1050.

PUBMED | CROSSREF

Cheung GS. Instrument fracture: mechanisms, removal of fragments, and clinical outcomes. Endod
Topics 2007;16:1-26.

CROSSREF

Pruett JP, Clement DJ, Carnes DL Jr. Cyclic fatigue testing of nickel-titanium endodontic instruments. J
Endod 1997;23:77-85.

PUBMED | CROSSREF

Haikel Y, Serfaty R, Bateman G, Senger B, Allemann C. Dynamic and cyclic fatigue of engine-driven
rotary nickel-titanium endodontic instruments. ] Endod 1999;25:434-440.

PUBMED | CROSSREF

Bryant ST, Thompson SA, Al-Omari MA, Dummer PM. Shaping ability of Profile rotary nickel-titanium
instruments with ISO sized tips in simulated root canals: part 1. Int Endod J 1998;31:275-281.

PUBMED | CROSSREF

Ounsi HF, Al-Shalan T, Salameh Z, Grandini S, Ferrari M. Quantitative and qualitative elemental analysis
of different nickel-titanium rotary instruments by using scanning electron microscopy and energy
dispersive spectroscopy. ] Endod 2008;34:53-55.

PUBMED | CROSSREF

Plotino G, Grande NM, Cotti E, Testarelli L, Gambarini G. Blue treatment enhances cyclic fatigue
resistance of vortex nickel-titanium rotary files. ] Endod 2014;40:1451-1453.

PUBMED | CROSSREF

Shen Y, Qian W, Abtin H, Gao Y, Haapasalo M. Fatigue testing of controlled memory wire nickel-titanium
rotary instruments. ] Endod 2011;37:997-1001.

PUBMED | CROSSREF

United Dental (CN): M3 Rotary brochure [Internet]. Shangai: United Dental; 2016 [cited 2016 Sep 20].
Available from: http://www.m3-endo.com/col.jsp?id=110. (updated 2016 Dec 20).

United Dental (CN): M3 Pro Gold brochure [Internet]. Shangai: United Dental; 2016 [cited 2016 Sep 20].
Available from: http://www.m3-endo.com/col.jsp?id=111. (updated 2016 Dec 20).

Pedulla E, Genovesi F, Rapisarda S, La Rosa GRM, Grande NM, Plotino G, Adorno CG. Effects of 6 single-
file systems on dentinal crack formation. ] Endod 2017;43:456-461.
PUBMED | CROSSREF

Gambarini G, Gergi R, Grande NM, Osta N, Plotino G, Testarelli L. Cyclic fatigue resistance of newly
manufactured rotary nickel titanium instruments used in different rotational directions. Aust Endod J
2013;39:151-154.

PUBMED | CROSSREF

Pedulla E, Plotino G, Grande NM, Scibilia M, Pappalardo A, Malagnino VA, Rapisarda E. Influence of
rotational speed on the cyclic fatigue of Mtwo instruments. Int Endod J 2014;47:514-519.

PUBMED | CROSSREF

Chang SW, Shim KS, Kim YC, Jee KK, Zhu Q, Perinpanayagam H, Kum KY. Cyclic fatigue resistance,
torsional resistance, and metallurgical characteristics of V taper 2 and V taper 2H rotary NiTi files.
Scanning 2016;38:564-570.

PUBMED | CROSSREF

Gao Y, Shotton V, Wilkinson K, Phillips G, Johnson WB. Effects of raw material and rotational speed on
the cyclic fatigue of ProFile Vortex rotary instruments. ] Endod 2010;36:1205-1209.

PUBMED | CROSSREF

Kramkowski TR, Bahcall J. An in vitro comparison of torsional stress and cyclic fatigue resistance of
ProFile GT and Profile GT Series X rotary nickel-titanium files. ] Endod 2009;35:404-407.

PUBMED | CROSSREF

HaJH, Kim SK, Cohenca N, Kim HC. Effect of R-phase heat treatment on torsional resistance and cyclic
fatigue fracture. ] Endod 2013;39:389-393.

PUBMED | CROSSREF

ChoiJ, Oh §, Kim YC, Jee KK, Kum K, Chang S. Fracture resistance of K3 nickel-titanium files made from
different thermal treatments. Bioinorg Chem Appl 2016;2016:6374721.

PUBMED | CROSSREF

https://doi.org/10.5395/rde.2018.43.e25 9/10


https://doi.org/10.1016/j.joen.2014.02.020
http://www.ncbi.nlm.nih.gov/pubmed/28131416
http://www.ncbi.nlm.nih.gov/pubmed/24279663
https://doi.org/10.1016/S0099-2399(99)80274-X
https://doi.org/10.1111/iej.12400
https://doi.org/10.1111/iej.12178
http://www.ncbi.nlm.nih.gov/pubmed/23992374
http://www.ncbi.nlm.nih.gov/pubmed/26792574
https://doi.org/10.1016/j.joen.2008.12.003
https://doi.org/10.1046/j.1365-2591.1998.00153.x
https://doi.org/10.1111/j.1747-4477.2012.00353.x
https://doi.org/10.1111/j.1601-1546.2009.00239.x
http://www.ncbi.nlm.nih.gov/pubmed/25146031
https://doi.org/10.1155/2016/6374721
https://doi.org/10.1016/j.joen.2016.10.038
https://rde.ac
https://doi.org/10.1016/j.joen.2010.02.015
http://www.ncbi.nlm.nih.gov/pubmed/21689559
http://www.ncbi.nlm.nih.gov/pubmed/25353957
http://www.ncbi.nlm.nih.gov/pubmed/19249605
https://doi.org/10.1002/sca.21301
http://www.ncbi.nlm.nih.gov/pubmed/18155492
http://www.ncbi.nlm.nih.gov/pubmed/27965526
https://doi.org/10.1016/j.joen.2006.06.008
http://www.ncbi.nlm.nih.gov/pubmed/23402513
https://doi.org/10.1016/S0099-2399(97)80250-6
https://doi.org/10.1016/j.joen.2012.11.028
http://www.ncbi.nlm.nih.gov/pubmed/20630300
http://www.ncbi.nlm.nih.gov/pubmed/9220735
https://doi.org/10.1016/j.joen.2007.09.009
http://www.ncbi.nlm.nih.gov/pubmed/17055902
https://doi.org/10.1016/j.joen.2011.03.023
http://www.ncbi.nlm.nih.gov/pubmed/10530246
http://www.ncbi.nlm.nih.gov/pubmed/9823117

Restorative
Dentistry
How heat treatments influence NiTi file properties & Endodontics

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Shen Y, Zhou H, Zheng Y, Campbell L, Peng B, Haapasalo M. Metallurgical characterization of controlled
memory wire nickel-titanium rotary instruments. ] Endod 2011;37:1566-1571.

PUBMED | CROSSREF

de Vasconcelos RA, Murphy S, Carvalho CA, Govindjee RG, Govindjee S, Peters OA. Evidence for
reduced fatigue resistance of contemporary rotary instruments exposed to body temperature. ] Endod
2016;42:782-787.

PUBMED | CROSSREF

Kusy RP. A review of contemporary archwires: their properties and characteristics. Angle Orthod
1997;67:197-207.

PUBMED

Ninan E, Berzins DW. Torsion and bending properties of shape memory and superelastic nickel-titanium
rotary instruments. ] Endod 2013;39:101-104.

PUBMED | CROSSREF

Shen Y, Qian W, Abtin H, Gao Y, Haapasalo M. Effect of environment on fatigue failure of controlled
memory wire nickel-titanium rotary instruments. ] Endod 2012;38:376-380.

PUBMED | CROSSREF

Pedulla E, Lo Savio F, Boninelli S, Plotino G, Grande NM, La Rosa G, Rapisarda E. Torsional and cyclic
fatigue resistance of a new nickel-titanium instrument manufactured by electrical discharge machining. J
Endod 2016;42:156-159.

PUBMED | CROSSREF

Wu SK, Lin HC, Chou TS. A study of electrical resistivity, internal friction and shear modulus on an aged
Ti49Ni51 alloy. Acta Metall Mater 1990;38:95-102.

CROSSREF

Peters OA, Barbakow F. Dynamic torque and apical forces of ProFile 0.04 rotary instruments during
preparation of curved canals. Int Endod J 2002;35:379-389.

PUBMED | CROSSREF

Bahia MG, Buono VT. Decrease in the fatigue resistance of nickel-titanium rotary instruments after
clinical use in curved root canals. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;100:249-255.
PUBMED | CROSSREF

Plotino G, Grande NM, Testarelli L, Gambarini G. Cyclic fatigue of Reciproc and WaveOne reciprocating
instruments. Int Endod J 2012;45:614-618.

PUBMED | CROSSREF

Park SY, Cheung GS, Yum J, Hur B, Park JK, Kim HC. Dynamic torsional resistance of nickel-titanium
rotary instruments. ] Endod 2010;36:1200-1204.

PUBMED | CROSSREF

https://rde.ac https://doi.org/10.5395/rde.2018.43.e25 10/10


https://doi.org/10.1016/j.joen.2015.10.004
https://doi.org/10.1016/j.joen.2011.08.005
https://rde.ac
http://www.ncbi.nlm.nih.gov/pubmed/23228266
https://doi.org/10.1046/j.0143-2885.2001.00494.x
http://www.ncbi.nlm.nih.gov/pubmed/22341078
https://doi.org/10.1016/j.joen.2012.08.010
https://doi.org/10.1016/j.joen.2016.01.025
http://www.ncbi.nlm.nih.gov/pubmed/16037784
https://doi.org/10.1016/j.tripleo.2004.10.013
http://www.ncbi.nlm.nih.gov/pubmed/20630299
https://doi.org/10.1111/j.1365-2591.2012.02015.x
http://www.ncbi.nlm.nih.gov/pubmed/9188964
http://www.ncbi.nlm.nih.gov/pubmed/12059940
https://doi.org/10.1016/j.joen.2011.12.002
http://www.ncbi.nlm.nih.gov/pubmed/22268461
http://www.ncbi.nlm.nih.gov/pubmed/26993574
https://doi.org/10.1016/j.joen.2010.02.016
https://doi.org/10.1016/0956-7151(90)90137-6
http://www.ncbi.nlm.nih.gov/pubmed/22000465
http://www.ncbi.nlm.nih.gov/pubmed/26586518

	Cyclic fatigue resistance, torsional resistance, and metallurgical characteristics of M3 Rotary and M3 Pro Gold NiTi files
	DISCUSSION
	CONCLUSIONS
	REFERENCES


