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Abstract

Introduction: The aim of the study was to analyze the
incidence and mode of ProFile Vortex instrument (Dents-
ply Tulsa Dental Specialties, Tulsa, OK) defects during
a predefined schedule of clinical use by the undergrad-
uate students in a dental school setting and to examine
the metallurgical characteristics of unused and clinically
used Vortex instruments. Methods: A total of 2,203
ProFile Vortex instruments discarded after single use
from the undergraduate students program over 24
months were collected and examined for defects using
a stereomicrosocpe at 10 x magnification. The incidence
and type of instrument defects or separation were
analyzed. The lateral surfaces of part of the defected
instruments and fracture surfaces of fractured files
were examined using scanning electron microscopy.
Unused and clinically used files were examined by differ-
ential scanning calorimetry and X-ray diffraction. Vickers
hardness of the files was measured with a 200-g load.
Results: Only 1 of the 2,203 files fractured during clin-
ical use. The cause of fracture was shear stress, and the
file also showed unwinding of the helix structure. None
of the remaining 2,202 files exhibited unwinding after
clinical use. Blunt apicals were detected in 86 used files
(3.9%). Austenite-finish temperatures were very similar
for as-received, used files with defects and used files
without defects, all exceeding 50°C. No difference in mi-
crohardness was detected among these 3 instrument
groups. X-ray diffraction results showed that NiTi files
had austenite structure at room temperature. Conclu-
sions: The risk of ProFile Vortex fracture is very low
when files are used 1 time by undergraduate students.
Unwinding of the files was not detected except for the
fractured file. Clinical single use had no detectable effect
on austenite-martensite phase transformation of the
files. Unused and clinical single-use files contain a similar
phase structure at body temperature. (J Endod
2012;38:1613-1617)
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he introduction of nickel-titanium (NiTi) to endodontics over 2 decades ago has

dramatically changed the way root canal preparation is performed in both experi-
enced and inexperienced operators’ practices. Instruments made of the NiTi alloy, which
consists of nickel and titanium in a nearly equal atomic ratio, not only have high resis-
tance to corrosion and excellent biocompatibility but also a special mechanical property
known as “superelasticity” (1). Superelasticity is associated with the occurrence of
aphase transformation of the alloy upon application of stress above a critical level, which
takes place when the ambient temperature is above the so-called austenite-finish (A;)
temperature of the material. This stress-induced martensitic transformation reverses
spontaneously upon release of the stress; the material then returns to its original shape
and size (2). This special property manifests as an enhanced elasticity of the NiTi alloy,
allowing the material to recover after large strains. Thus, NiTi instruments are highly flex-
ible and elastic; hence, there is the possibility to use them in a continuous rotary fashion
and in a curved canal. Many studies have shown that NiTi rotary systems are able to
prepare root canals with desired taper, less canal transportation, and at 2 much faster
rate than hand files (3—5). Despite the advantages, there is concern about the incidence
of instrument fractures during root canal preparation (6, 7). Two mechanisms that may
lead to NiTi rotary fracture, cyclic fatigue, and torsional overloading have been described
(8, 9). The separation of a rotary instrument in the root canal caused by fatigue in
particular has been identified as a primary concern in endodontics especially for
root canals with severe curvatures (9, 10).

Improvements in metallurgy, surface treatment, design, and quality control and
the introduction of hands-on training have reduced the extent of file fracture. Recently,
thermal treatment of NiTi alloys (eg, controlled memory wire [CM Wire; DS Dental,
Johnson City, TN], M-Wire [Dentsply Tulsa Dental Specialities, Tulsa, OK], and R-phase
wire [SybronEndo, Orange, CA]) have been used to modify the mechanical properties.
Thermomechanical processing is a frequently used method to optimize the microstruc-
ture and transformation behavior of NiTi alloys, which in turn has great influence on the
reliability and mechanical properties of NiTi files (11-14). In 2009, ProFile Vortex
(Dentsply Tulsa Dental, Johnson City, TN), the “next generation” in the ProFile
instrument series was introduced. Vortex files are manufactured from M-Wire; they
have a triangular cross-section without radial lands and a helical angle.

A number of studies have examined the failed NiTi instruments collected after
clinical use (6, 7, 10, 15-20). Several general observations have been made, which
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are now considered as contributing factors to instrument fracture,
including operator proficiency, method of use, rotational speed,
anatomic configuration of the canals, design of the instrument, and
number of sterilization cycles. Interestingly, factors related to
operators, such as experience, were ranked as the most important
(6, 7, 21). However, little information is available about the new
generation of ProFile Vortex files after clinical use. Therefore, the
purpose of this study was (1) to analyze the incidence and mode of
deformation of this brand of instruments after normal clinical use in
an undergraduate student endodontic program over 24 months and
(2) to evaluate the impact of clinical use on metallurgical properties
(such as the microhardness and phase transformation behavior) of
the files.

Materials and Methods

The ProFile Vortex system was adopted for use by the dental
students in the final 15 months of their program at the Faculty of
Dentistry, the University of British Columbia, Canada, in 2010-2012.
During the period of this study, a full class of 56 fourth-year undergrad-
uate students participated. Cases with very complex, severely curved, or
calcified canals were referred to the graduate endodontic program.
Each set of Vortex instruments was only used once. After access cavity
preparation, canals were negotiated, and the working length was deter-
mined using size #15 K-files. Canal preparation was performed accord-
ing to the manufacturer’s recommendations in a crown-down fashion in
the following order: .04 tapered instruments sizes 40, 35, 30, and 25.
Size 20 was used only when the size 25 Vortex did not reach to the
working length. Apical enlargement was performed by using hand
NiTi files to reach size 25 or 30 or Vortex files to increase the apical
size to 25 or 30. The instruments were used in an electric motor with
a 1:8 reduction handpiece at 500 rpm (AEU-20 Endodontic System,
Dentsply-Tulsa Dental) at the recommended torque values. To eliminate
debris accumulation, approximately 0.5 to 1 mL 1% sodium hypochlo-
rite was used as an irrigant between the files. After instrumentation,
canals were irrigated with 17% EDTA. A 30-G side vent needle (Dentsply
Tulsa Dental) was used for the irrigation.

Great care was taken to collect all Vortex files after use in the clinic.
Atotal of 2,203 ProFile Vortex instruments were discarded after normal
clinical use. All discarded instruments were ultrasonically cleaned, au-
toclaved, and then examined by 1 investigator under a stereomicroscope
(Microdissection; Zeiss, Bernried, Germany) at 10 x magnification. Any
defects were noted and classified into one of the following categories:
(1) files that seemed intact, (2) unfractured files with defects, and
(3) fractured files with or without other defects. The fractured instru-
ment was further cleansed in an ultrasonic bath in absolute alcohol
for 90 seconds, and the remaining length was measured using a micro-
scope at 30 X magnification and examined first in the lateral view using
a scanning electron microscope (Stereoscan 260; Cambridge Instru-
ments, Cambridge, UK) operating at 8—10 KV. Then, part of the instru-
ment was remounted on the microscope stage, with the fractured
surface facing upward, for fractographic examination. The mode of
fracture was classified as “fatigue” or “shear” (17).

Differential scanning calorimetry (DSC) analyses were first per-
formed on unused and clinically used Vortex instruments. Test speci-
mens included 3 groups: (1) unused instruments, (2) clinically used
instruments without defect, and (3) clinically used instruments that
had a defect after use. Ten randomly selected specimens from each
group were subjected to the test. Each specimen consisted of 2 segments
4-5 mm in length and cut from the instruments using a slow-speed,
water-cooled diamond saw. Each file had 2 different parts for the
DSC test including the apical part (from tip to D5) and the coronal
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part (D6-D11). The DSC analyses were conducted (PYRIS, Perkin
Elmer Diamond Series DSC; PerkinElmer, Shelton, CT) over a tempera-
ture ranging from —100°C to 100°C by using the liquid nitrogen cooling
accessory to achieve subambient temperatures. The detailed procedure
has been described previously (22). The transformation temperatures
were obtained from the intersection between extrapolation of the base-
line and the maximum gradient line of the lambda-type DSC curve. The
martensitic transformation—starting and transformation-finishing
points (Ms and M) and reverse austenitic transformation—starting
and transformation-finishing points (As and As) were determined.

X-ray diffraction (X'Pert PRO; PANalytical BV, Almelo, The
Netherlands) analysis was performed (22—24) in unused instruments,
clinically used instruments without defect, and clinically used
instruments that developed a defect during use. Analyses were
performed on 5 samples each at room temperature (25°C) with CuKe
monochromatic radiation at 40 kV and a tube current of 100 mA. The
detailed procedure has been described previously (22). The peaks
were identified by using the pattern library Powder Diffraction File (PDF
release 2004; International Centre for Diffraction Data, Newtown Square,
PA) by the software MDI Jade5.0 (Materials Data, Inc, Livermore, CA).

An apical segment of 5-6 mm in length was cut with a water-cooled
diamond saw from all instruments for the Vickers microhardness test.
Test specimens included 3 groups:

1. Unused instruments
2. Clinically used instruments without a defect
3. Clinically used instruments with a defect after use

These segments were mounted and polished by using standard
metallographic preparation techniques (25). Vickers microhardness
measurements were performed at ambient temperature with a 200-g
load and a 15-second dwell time (MicroMet Microhardness Tester,
Buehler LTD, Lake Bluff, IL) . Three specimens for each group were sub-
jected to the test. Five microindentations were made for each instrument.

The testing data for DSC and microhardness were analyzed statis-
tically by using 1-way analysis of variance, and a comparison of means
was conducted by using the Tukey multiple comparison test in software
(SPSS for Windows 11.0; SPSS, Chicago, IL) when necessary at a signif-
icance level of P < .05.

Resuits

A total of 2,203 ProFile Vortex instruments were discarded after 1
clinical use. Thirty-three percent of treated teeth were anterior, 33%
were premolars, and the remaining 34% were molars. Of the 2,203
Vortex instruments collected, only 1 size 20 file was fractured with
unwinding. Fractographic examination revealed torsional failure
(Fig. 14—F). Blunting of the file tip was detected in 87 (3.9%) instru-
ments, but none of these had fractured (Table 1). None of the 2,202
files without fracture exhibited plastic deformation after clinical use.
Of the files with tip blunting (z = 86), size 25 was the most common
(n = 27) followed by size 30 (1 = 23). The fractured size 20 instrument
showed torsional failure (Fig. 1).

There were no differences in the DSC total heat flow for the heating
and cooling cycles of test specimens among the unused files and files
with or without defects after clinical use (Fig. 24 and B and Table 2).
Only a single and defined peak on cooling and heating was detected
in all Vortex files; the A; temperature was over 50°C. The mean A
temperature for clinically used files was nearly identical to the values
for the corresponding as-received instrument products (P > .05). X-
ray diffraction patterns at 25°C for diffraction angles (26) ranging
from 20°C to 100°C contained a major peak for the atomic planes in
austenite with no difference among the 3 groups.
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TABLE 1. Occurrence and Type of Defects in Single-Use ProFile Vortex
.04 Taper Instruments Used by Undergraduate Students in a Dental School
(% of all instruments)

Defects

Fracture Apical blunt Subtotal

Vortex N (%)  Unwinding (%) (%)
#20 445 1 (0.2) 0 11 (2.5) 12 (2.7)
#25 440 0 0 27 (6.1) 27 (6.1)
#30 440 0 0 23(5.2) 23(5.2)
#35 438 0 0 8(1.8) 8(1.8)
#40 440 0 0 17 (3.5) 17 (3.5)
Total 2203 1 (0.005) 0 86 (3.9) 87 (3.9)

maintaining a pseudoelastic state (22, 28). According to literature,
various forms of the NiTi material (stable or superelastic austenite or
stable martensite) have a similar ultimate strength (hence, little
impact on torsional [shear] failure) but a different fatigue behavior
(29). The superelastic NiTi possesses the lowest fatigue-crack initiation
threshold and the worst crack propagation properties among the 3, the
best being the stable martensitic structure (29). Some studies (28, 30,
31) found that Vortex instruments made from the M-Wire exhibited
superior cyclic fatigue resistance compared with those made of
regular superelastic NiTi files. Hence, it was perhaps not surprising
that the incidence of fracture of ProFile Vortex files with a mixture of
austenite and martensite structure at body temperature was extremely
low (1/2,203) in the present study. Although the detailed information
about the thermomechanical treatment history of the Vortex file made
from M-wire is not available, it seems that this processing is a very
promising way to gain substantial benefits to the safety of endodontic
instruments. However, it is important to bear in mind that instrument
fracture is a complex multifactorial clinical problem, and many
factors such as the operator, root canal anatomy, instrument
properties, and usage can influence the fracture.

As a general rule, flexible instruments are not very resistant to
torsional load but are resistant to cyclic fatigue. In our study, only 1
file fractured with unwinding because of shear stress. From a mechan-
ical viewpoint, the maximum shear stress always occurs on the surface
and is proportional to the shear moment or torque applied, and it is

A =
o
= <C
\ < =
. I Do =
S M IH S o
’é Vortex-new
9
£
Vortex-used
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2Theta (deg.)

inversely proportional to the third power of radius for a circular
cross-section (32). Therefore, given the same torque, smaller instru-
ments would be more susceptible to torsional failure than larger instru-
ments. Shear fracture in conventional superelastic NiTi files has mostly
occurred in files of small size (10, 18). In the present study, the fracture
rate was too low for any conclusions to be drawn regarding the
instrument size, but interestingly the only fracture occurred with the
smallest file size of #20.

Recently, Gao et al (31) studied the torsional properties of supere-
lastic wire files, M-Wire files, and Vortex Blue NiTi files. Results showed
that M-Wire was 20% higher in torque strength than superelastic wire
and Vortex Blue NiTi, whereas superelastic wire exhibited a slightly
higher distortion angle at break than M-Wire. It is possible that the
higher torque strength and lower angular distortion (compared with
superelastic NiTi wire) makes ProFile Vortex files less likely to undergo
such deformations, and, therefore, separation might occur without
warning. This position is only indirectly supported by the present study
because the extremely low fracture rate does not allow proper compar-
isons to be made. Manufacturer’s instructions affirm that ProFile Vortex
instruments are intended exclusively for single use.

The structure of the NiTi alloys, which is central to their clinical
performance, is conveniently studied by DSC in which the difference
in thermal power supplied to a test specimen and an inert control spec-
imen heated at the same rate is measured very accurately. In the present
study, there was no evident effect with the single use of Vortex files on the
phase transformation. This is in agreement with another recent study
(33) in which no significant difference of A; temperatures (all Ag
50.8°C = 0.5°C) was observed for M-Wire samples at 4 different stages
of fatigue life (from unused to 90% fatigue life). The absence of signif-
icant work hardening near the tip of the file (from D2 to D6) during use
in this study was consistent with our DSC results that the NiTi alloy
remains the austenite and martensite structure after clinical use. The
study by Ye and Gao (33) found that there was no difference in micro-
hardness between unused and 30% fatigue life files made of M-Wire.
However, microhardness increased as the low cycle fatigue test pro-
gressed to and beyond 60% fatigue life. Although work hardening in
the active region may be expected during instrumentation, the use of
nanoindenter appears to be necessary to verify the microhardness
changes in further research.
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Figure 2. (4) X-ray diffraction of unused and used Profile Vortex files. (B) DSC of unused and used Profile Vortex files.
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TABLE 2. Phase Transformation Temperatures and Associated Energies of Vortex Files (mean - standard deviation)

Heating Cooling
Files As (Oc) Af (OC) AI'Iheating (J/g) Iv's (Oc) Mf (Oc) AHcooling (J/g)
New coronal -1.1+25 559+ 1.4 1.6+04 441 +£11 15.6 £ 1.7 -1.3+0.3
New apical 0.02+54 517+ 14 1.7+ 0.1 434 + 0.7 16.8 + 1.1 -19+04
Used coronal 0.1 +£6.7 55.2 + 0.1 3.1+ 0.1 442 £ 0.8 14.7 £ 0.5 -19+0.5
Used apical -0.6 +6.4 54.4+ 0.5 2.9 +£0.02 454 +1.1 15.7 £ 0.3 -2.3+0.1
Apical blunt coronal -0.5+43 53.4+04 2.1+01 424+ 0.3 126 +24 -1.8+04
Apical blunt apical -04+20 52.1+£0.5 3.5+ 0.02 43.7 £0.3 17.2+0.2 —-3.1+0.2

In conclusion, only one ProFile Vortex file (1/2,203) fractured

during a 2-year period in an undergraduate clinic. The cause of the frac-
ture was shear stress. Wear of the file tip (apical blunting) was detected
in 86 (3.9%) of the files; however, none of these showed unwinding of
the helical structure. Clinical single use had no evident effect on the
phase transformation of the Vortex files. Unused and clinically single-
use files contain a similar phase structure at body temperature.
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