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thin film metallic Methods: A 200- or 500-nm thick Ti—zirconium—boron (Ti-Zr-B) thin film metallic glass was
glass deposited on ProTaper Universal F2 files using a physical vapor deposition process. The char-

acteristics of coating were analyzed by scanning electron microscopy, transmission electron
microscopy, and X-ray diffractometry. In cyclic fatigue tests, the files were performed in a
simulated root canal (radius = 5 mm, angulation = 60°) under a rotating speed of 300 rpm.
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The fatigue fractured cross sections of the files were analyzed with their fractographic perfor-
mances through scanning electron microscopy images.

Results: The amorphous structure of the Ti-Zr-B coating was confirmed by transmission elec-
tron microscopy and X-ray diffractometry. The surface of treated files presented smooth mor-
phologies without grinding irregularity. For the 200- and 500-nm surface treatment groups, the
coated files exhibited higher resistance of cyclic fatigue than untreated files. In fractographic
analysis, treated files showed significantly larger crack-initiation zone; however, no significant
differences in the areas of fatigue propagation and catastrophic fracture were found compared
to untreated files.

Conclusion: The novel surface treatment of Ti-Zr-B thin film metallic glass on dental NiTi ro-
tary files can effectively improve the fatigue fracture resistance by offering a smooth coated
surface with amorphous microstructure.

Copyright © 2016, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Nickel—titanium (NiTi) rotary instruments have been popu-
larly used in endodontic treatment for more than two de-
cades. Compared with conventional stainless steel files, NiTi
instruments present superior flexibility and shape-memory
ability. "2 NiTi rotary instruments can shape the canal more
efficiently and prevent canal aberrations including ledge,
perforation, and transportation in curved root canals.>™>
Therefore, the original shape of the canal can be main-
tained and the following clinical procedure can be simpli-
fied.®” The process of endodontic treatment thus becomes
more efficient with a higher success rate.® Despite the ad-
vantages of NiTi instruments, instrument fracture in the root
canal remains the main issue in clinical applications.

NiTi instrument failure can be divided into two main
mechanisms: torsional fracture and cyclic fatigue.®'®
Torsional fracture is due to the extensive resistance from
the root canal wall. Cyclic fatigue results from the alter-
nation of tension and compression of the rotary instrument
in the curved canal."’ Indeed, a rotary instrument receives
various loading as the combination of the cyclic and
torsional stress which may lead to its fracture during clinic
root canal treatment.'? The instrument fracture or crack is
usually attributed to the defects on its edge or surface.’®
Therefore, surface treatments such as electropolishing
and ion implantation are applied to enhance the fatigue life
by removing surface irregularities, cracks, and residual
stresses.'”"> However, previous studies reported that
electrochemical polishing treatments are not able to in-
crease the mechanical resistance of the instrument, and
unpredictable fracture may happen at times in clinical
practice.'®

Recently, metallic glass (MG) materials have attracted
lots of attention due to their amorphous structure and
unique mechanical properties.’"'® A good corrosion resis-
tance of the MG material is clearly revealed since no grain
boundaries, dislocations, and crystalline defects as corro-
sion initiation sites are found on its surface. Furthermore,
the development of thin film metallic glass (TFMG) through
physical vapor deposition process becomes more and more
popular because of the unique properties of MG in the thin

film form." % A recent study showed that zirconium (Zr)-
based TFMG is capable of smoothening the substrate sur-
face and improving the fatigue life of a 316L stainless steel
substrate." Besides, the hardness of the 316L stainless
steel substrate is also increased by the Zr-based TFMG
coating.?* Despite the advantages of TFMG coating, it has
not yet been applied to dental instruments.

In this study, the new surface treatment with a unique
material, Ti-Zr-boron (Ti-Zr-B) based TFMG coating, was
applied to the surface of the ProTaper Universal F2
(Dentsply Maillefer, Ballaigues, Switzerland) by a physical
vapor deposition process. The mechanical behavior of the
TFMG-coated files was evaluated using the cyclic fatigue
test. The fracture mechanism of the treated files was also
investigated with fractographic analysis.

Methods

Surface treatment

The Ti-Zr-B TFMG was deposited on the ProTaper Universal
F2 files using a carousel-type radio frequency and pulsed
direct current reactive magnetron sputtering system in an
argon ambient under room temperature. The p-type (100)
silicon wafer was also deposited for the physical charac-
terization measurement of the Ti-Zr-B TFMG coating. This
sputtering system consisted of three rectangular targets
and a 360° rotating sample holder in the center of the
chamber.? Three pure element targets of Ti, Zr, and B with
purity of 99.99% were used and the dimension of each
target was 127 mm x 305 mm x 6 mm. The distance be-
tween the sample holder and targets was set at 250 mm. No
substrate bias was applied during sputtering. The coated
files with 200- and 500-nm thickness of Ti-Zr-B thin films
were prepared by adjusting the deposition time.

Observation of the thin film on silicon substrate and
files

The 200-nm thick TFMG on silicon (Si) substrate was
analyzed under a transmission electron microscope (TEM;
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