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Comparison of Cyclic Fatigue Resistance of Nickel-Titanium
Rotary Instruments Made of M-Wire and Fire-Wire

Wasinee Kaewumpai* Chinalai Piyachon*

Abstract

Objective: to compare the cyclic fatigue resistance of Nickel-titanium rotary instruments
made of M-wire and Fire-wire.

Materials and methods: The cyclic fatigue testing of the instruments was performed in a
newly invented artificial root canal. M-wire file and Fire-wire file, size X2, 15 samples of each group
were tested. The motion of file rotation in an artificial canal was recorded until file separation was
observed. The time of file rotation before the fracture was recorded and calculated by multiplication by
the speed of rotation to get the number of cycles to failure (NCF). The data were analyzed statistically
using an independent t-test at p < 0.05. The length of the fractured fragment was also recorded.
A scanning electron microscope was used to characterize the topographic features of the fracture
surfaces.

Results: Fire-wire file had a significantly higher number of cycles to failure than M-wire file.
There were no significant differences (p > 0.05) found between groups for the length of the fracture
parts. All fractured surfaces revealed typical features of cyclic fatigue fractures.

Conclusion: Under the condition of this study, Nickel-Titanium rotary Instruments made
of Fire-Wire had more resistance to cyclic fatigue failure in comparison to Nickel-Titanium rotary
Instruments made of M-wire. This invented artificial root canal can be actually used for cyclic fatigue

testing of Nickel-Titanium rotary files.

Keywords: Cyclic fatigue resistance, Heat treatment, Nickel-Titanium rotary file

*Department of Conservative Dentistry and Prosthodontics, Faculty of Dentistry, Srinakharinwirot University, 114, Sukhumvit 23,
Wattana, Bangkok 10110, Thailand.
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Fig 1. Cyclic fatigue resistance test in the invented artificial root canal.
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Table 1. mean values (+ standard deviation) for the length of fractured fragment, time to fracture

and number of cycles to failure.

The length of fractured Time to fracture (s) Number of cycles

fragment (mm.) to failure (rounds)
M-wire group (n = 15) 466 + 0.42 102.49 + 7.69 512.45 £ 38.47
Fire-wire group (n = 15) 4.60 + 0.56 360.52 + 104.97 1802.60 + 524.84
P-value 0.74 < 0.001 < 0.001
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Fig 2. Scanning electron micrographs of the fracture surface, (a) M-wire and (b) Fire-wire showed
the fatigue zone (green area) and overload zone (yellow area). Both (c) M-wire and (d) Fire-wire

showed the fatigue striations (red arrows) that were perpendicular to the crack lines (orange arrows)
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