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Abstract Background/purpose: Sodium hypochlorite (NaOCl) is a highly alkaline solution
which exhibits antimicrobial properties. However, it causes corrosion to endodontic rotary
files. This study investigated the effect of NaOCl on the metal surface of five different unused
endodontic rotary files in vitro.
Materials and methods: Two non-heat-treated nickel-titanium (NiTi) files, ProTaper, BioRace,
and three heat-treated NiTi files, VortexBlue, TRUShape, and EdgeFile X7 files, were immersed
in 4% NaOCl for 5, 10, and 20min, and 1, 6 and 24 h. The corrosion susceptibility was evaluated
by visual inspection and scanning electron microscopy (SEM).
Results: In the TRUShape group, the black particulate matter was mostly formed at the file’s
curvature and shaft. A large amount of precipitate accumulated in the EdgeFile group. The
extent and prevalence of surface defects were found to be consistently higher in EdgeFile
X7 instruments than in any other instruments. EdgeFile X7 and TRUShape files exhibited a
greater corrosive tendency to NaOCl than BioRace, ProTaper, and VortexBlue not only under
visual inspection, but also under SEM analysis after prolonged immersion (1, 6, 24 h) in 4%
NaOCl. However, shorter immersion periods (5, 10, 20 min) showed little surface corrosion
across all experimental groups.
Conclusion: Within the limitations of this study, EdgeFile X7 and TRUShape files exhibit greater
corrosive tendencies to NaOCl in vitro than BioRace, ProTaper, and VortexBlue files after pro-
longed immersion in 4% NaOCl. However, shorter immersion periods, which more closely
approximate clinical conditions during single root canal therapy, may not show surface corro-
sion across all experimental groups.
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Introduction

The primary goal of root canal treatment is to optimize
disinfection of the root canal system to prevent or eliminate
apical periodontitis.1 Root canal disinfection is achieved
through chemo-mechanical instrumentation, which includes
mechanical debridement of the root canal walls by using
endodontic files and chemical irrigation with sodium hypo-
chlorite (NaOCl) to dissolve organic substances and eliminate
microbes in the root canal space.2,3 The metallurgy of end-
odontic files has evolved over the decades. Endodontic files
have changed from traditional stainless steel to nickel-
titanium (NiTi) alloys,4 which exhibit greater physical prop-
erties, including flexibility, high torsional strength, and
shape memory capabilities.4,5 Furthermore, since early
2000, heat-treated NiTi endodontic files produced with
proprietary methods consisting of drawing the raw wire
under specific tension and heat treatments at various tem-
peratures have been introduced. The heat treatment of NiTi
instruments can induce changes in the transformation
behavior of the metal alloy, which provides higher fatigue
resistance, flexibility, and cutting efficiency compared with
traditional superelastic NiTi and stainless steel files.6e8

These enhanced physical properties of the heat-treated
endodontic files may enable more efficient root canal
preparation by facilitating instrumentation in curved canals
and maintaining the file in the center of root canal space.9,10

Due to the anatomical complexity of the root canal system,
mechanical debridement alone has limitations in removing
infected tissues and microbes present in isthmuses and rami-
fications of the root canal system. Therefore, the use of irri-
gation solutions in conjunction with mechanical
instrumentation is essential for successful root canal treat-
ment.11 The most widely used irrigant is NaOCl, commonly
prepared at various concentrations (0.5%e5.5%). It has a
unique tissue-dissolving property,11,12 as well as a broad anti-
microbial spectrumthat is bothbactericidal andvirucidal.13e15

During chemo-mechanical instrumentation of the root
canal system, endodontic files are constantly in contact
with NaOCl inside the root canal space. Furthermore,
throughout the lifetime of an endodontic file, it may need
to undergo multiple cycles of cleaning and disinfection
after each use. NaOCl is a highly alkaline solution and has
been shown to cause measurable corrosion at concentra-
tions of 5e5.25%16 to both stainless steel and NiTi files.16,17

The effect of corrosion on files has been discussed in the
literature. As NaOCl selectively removes nickel from the
instrument’s surface, immersion in NaOCl leads to micro-
pitting, which negatively affects the physical and me-
chanical properties of NiTi files.18 Various studies have
investigated the corrosive effects of NaOCl on both con-
ventional NiTi and stainless steel endodontic instruments,19

using microscopy, electrochemical analysis, and by
measuring Ni and Ti release.16,20,21 However, so far few
studies have assessed the effects of NaOCl on the surface of
heat-treated NiTi instruments.
The aim of this study was to evaluate and compare
in vitro the corrosion susceptibility of five NieTi endodontic
instruments immersed in 4% NaOCl both by visual inspection
and by scanning electron microscopy (SEM).

Materials and methods

Selection and preparation of the samples

Five endodontic file systems were used for this study:
ProTaper (Dentsply Tulsa Dental Specialties, Tulsa, OK,
USA), BioRace (FKG Dentaire, La Chaux-de-Fonds,
Switzerland), VortexBlue (Dentsply Tulsa Dental Spe-
cialties), TRUShape (Dentsply Tulsa Dental Specialties), and
EdgeFile X7 (EdgeEndo, Albuquerque, NM, USA). A total of
210 new rotary files (42 files from each file system) were
used in this study, and each selected file was 25mm in
length, with an ISO #40 tip size. Each file was selected at
random, and its rubber stopper was gently removed to
avoid causing damage to the file surfaces.

Sodium hypochlorite (NaOCl) treatment

Flat-top 2.0-mL polypropylene microtubes (Fisher Scienti-
fic, Hampton, NH, USA) were filled with 1.0 mL of 4% NaOCl.
Each file was placed in an individual tube and approxi-
mately 18mm of the file, including the flute and shaft, was
immersed in the NaOCl solution. The lid of the tube was left
open. The handle of the file was left unexposed. All
microtubes were placed in an incubator at 37 �C during the
experimental times to simulate the temperature at which
NaOCl is found in the root canals in a clinical situation. To
detect the visual changes during the 24 h-observation, all
samples were visualized with the naked eye against a white
background. The microtubes were monitored every 5 min
for one hour and then every hour for 5 h and at the 24th
hour, and the samples were evaluated for color changes in
the solutions, the presence of bubbles, and precipitate
formation. A total of 18 files from each file system were
subjected to NaOCl treatment. File immersion in NaOCl was
terminated at six time points, namely 5, 10, and 20min,
and 1, 6 and 24 h. After examining the files at each time
point, three files were taken out of each microtube and
prepared for further analysis. This time-course study was
independently repeated two times, resulting in a total of 36
files to be examined for each file system. Furthermore,
additional six files from each file system were chosen at
random and were left unexposed to NaOCl to serve as
negative controls.

Evaluation by scanning electron microscopy (SEM)

After being immersed in 4% NaOCl for each experimental
period, each file was taken out of the microtube, and
rinsed in distilled water twice, and allowed to air-dry at
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room temperature overnight. Three files from each file
system were randomly selected among the six files from
each time point of immersion in NaOCl. Selected files were
then mounted on an SEM stub and the surfaces were
examined using SEM. Furthermore, six unused rotary files
(negative controls) from each file system were screened
for any defects using SEM. The Quanta 600 Environmental
SEM (FEI Co., Hillsboro, OR, USA) operated at 15 kV ac-
celeration voltage was used for analysis of the samples.
SEM images of the shaft, middle, and tip (end) portions of
each file were taken at �100 e �150 magnifications and
analyzed.
Statistical analysis

Multiple comparisons were performed using the chi-square
test. Differences at P < .05 were considered significant.
Results

Visual inspection of the file samples in sodium
hypochlorite

The following general features were observed during the
corrosion process. Bubbles were formed on the metal
surface of the immersed file. The amount of bubble for-
mation increased over time and was found to be most
abundant in the BioRace, TRUShape, and EdgeFile groups.
Furthermore, the volume of sodium hypochlorite
decreased over time as the corrosion process proceeded.
The remaining sodium hypochlorite solution changed its
color from colorless with a yellowish tint to a grayish,
purplish color in the most corroded groups, namely
TRUShape and EdgeFile.

The formation of black particulate both on the file
surface and as a precipitation product was the most sig-
nificant observation during the corrosion process. No
corrosion products were observed in any of the five groups
after a 15 min-immersion in NaOCl. At 20 min, all files in
the EdgeFile group showed black particulate matter, while
in the TRUShape group, the first sign of corrosion was
detected at one hour. The amount of black particulate
formation increased over time for both EdgeFile and
TRUShape (Fig. 1). Although there were variations in black
particulate formation within each brand of files, the
following general patterns were observed. In the TRUSh-
ape group, the black particulate matter was mostly
formed at the bulb of the file, i.e. at the file’s curvature,
and at the shaft. In the EdgeFile group, on the other hand,
most of the black precipitate was formed on the shaft of
the file with the accumulation of large amount of precip-
itate (Fig. 1A). At the end of the observation period (24 h),
the black particulate matter was also observed on the
shaft of some of the BioRace files, but not all (Fig. 1A). The
EdgeFile groups showed a significantly higher tendency of
corrosion than other file groups at every time point
(P<.001, Fig. 1B). After 24 h-immersion in NaOCl, the
percentages of files with precipitate formation were Pro-
Taper (0%), VortexBlue (0%), BioRace (33.3%), TruShape
(83.3%), and EdgeFile (100%).
SEM analysis

The SEM results of the 20-min-, 6-h-, and 24-h immersion
groups were included as these time points represented the
most significant visual changes as a result of the corrosive
effect of NaOCl. The most representative SEM images of the
general features at these time points were presented in
Fig. 2.

1) Control group (non-exposed files)

Screening of the six unused, brand-new files from each
group under SEM inspection showed that no single file sys-
tem was completely free of defects or debris. Pitting was
the most common defect on unused files and was evident
from the cutting head to the end of the cutting surface
(Fig. 2A, white arrows). All EdgeFile X7 files showed black
residues on the surface of the working portion of the file
(Fig. 2A).

2) 20 min-immersion group

Compared to the control group, no apparent signs of
corrosion were identified on the file surface in any of the
file groups after 20min of 4% NaOCl immersion under SEM
(Fig. 2B). In the EdgeFile file group, however, a small
amount of black precipitate was detectable at the bottom
of the microtube at the 20-min direct visual inspection.

3) 6 h-immersion group

While no sign of corrosion was detected in the ProTaper,
BioRace, and VortexBlue groups (Fig. 2C), the TRUShape
group showed variable evidence of corrosion on the cutting
heads and at the S-shaped curves of the files. In all EdgeFile
groups, surface pitting, metal flesh, and precipitated
corrosion products were detected on the entire surface of
the files (Fig. 2C).

4) 24 h-immersion group

ProTaper and VortexBlue files consistently showed no
detectable sign of corrosion (Fig. 2D), whereas a small
amount of corrosion was detected on the shaft of BioRace
files. The TRUShape group showed variable evidence of
corrosion on the shaft and flute of the files, and more se-
vere corrosion was identified on the cutting head. An
extensive flocculent white precipitate, sometimes over-
lying a dense black precipitate, was detected on the entire
surface of all EdgeFile instruments (Fig. 2D).

Discussion

While several studies have discussed the corrosive effects
of NaOCl on conventional NiTi endodontic rotary in-
struments, few studies have examined the effects of NaOCl
on heat-treated NiTi files. In the present study, the effects
of NaOCl solution on non-heat-treated, conventional NiTi
rotary files (ProTaper, BioRace) and heat-treated NiTi ro-
tary files (VortexBlue, TRUShape, and EdgeFile X7) were
investigated by using direct visual inspection and SEM



Figure 1 (A) Visual aspect of the interactions between the files and NaOCl. ProTaper, BioRace, VortexBlue, TRUShape, and
EdgeFile X7 were immersed in 4% NaOCl for 1 h and 24 h. (B) The percentage of files with precipitate formation after immersing in
4% NaOCl for 5, 10, and 20 min, and 1, 6 and 24 h. *P < .05, **P < .01, and ***P<.001 indicated significance.

NaOCl effect on heat-treated endodontic instruments 741
analysis of the file surface. Furthermore, this study aimed
to determine whether heat-treated NiTi endodontic files
are more susceptible to NaOCl corrosion.

Our observation of the black precipitate produced after
prolonged periods of NaOCl immersion was consistent with
the findings reported by O’Hoy’s et al.20 According to our
direct visual analysis of corrosion, the rankings of corrosion
resistance of the five endodontic file systems under our
testing conditions, from most resistant to least, were as
follows: VortexBlue, ProTaper, BioRace, TRUShape, and
EdgeEndo X7. The present study found that VortexBlue
exhibited greater corrosion resistance to NaOCl than the
other two non-heat-treated files. This finding indicates that
heat treatment alone does not necessarily increase the
file’s susceptibility to NaOCl corrosion. Various
manufacturing factors, such as file surface treatment after
carving (e.g. BioRace’s electropolishing), file cross-section
geometry, and design (e.g. TRUShape’s S-shape design),
may all contribute to a discrepancy in the file’s suscepti-
bility to NaOCl corrosion. In addition, the visible blue ti-
tanium oxide surface layer that is the proprietary
manufacturing feature of VortexBlue may be responsible
for the file’s increased resistance to NaOCl corrosion.

A previously published study reported that VortexBlue
exhibits better physical and mechanical properties
compared to the other non-heat-treated instrument of the
same file design.10 The specific oxide surface layer
manufacturing process may have contributed to the
enhanced cyclic fatigue resistance of VortexBlue.10 With
respect to the other mechanical properties of the instru-
ment, namely torsional moment, maximum angular
deflection, maximum bending moment, and permanent
angular deflection, Haikel et al. evaluated these four me-
chanical properties as a function of corrosion resistance
with NaOCl.22 They concluded that the mechanical prop-
erties of the four conventional NiTi instruments that they
examined were not affected by NaOCl, nor was their cut-
ting efficiency.22 Even though few studies have investigated
the various mechanical properties of heat-treated NiTi files
after NaOCl immersion, Pedulla et al. have shown that the
effect of NaOCl on the cyclic fatigue resistance of heat-
treated files was not significant.18 Future studies should
be directed in this area in order to explore the relationships
between the effects of NaOCl on the heat-treated file’s
metal surface and the affected heat-treated file surface’s
impact on the file’s various mechanical properties.

The SEM analysis not only provides a more accurate
assessment of the effects of NaOCl immersion, but it also
serves as a screening tool for defects on brand-new, unused
rotary files. It is important to point out that although none



Figure 2 Representative scanning electron microscopic images showing selected samples from shaft, middle, and tip portion of
files (magnification �100 e �150). (A) Untreated files. The arrows indicate pitting. (B) Files after soaking in 4% NaOCl for 20 min.
(C) Files after soaking in 4% NaOCl for 6 h. (D) Files after soaking in 4% NaOCl for 24 h.
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of the unused files showed their cutting surfaces
completely free of defects or debris under SEM examina-
tion, the extent and prevalence of surface defects were
found to be consistently and significantly higher in EdgeFile
X7 (Fig. 2). It is plausible to assume that the lack of
adequate quality control and surface treatment standards
may lead to the production of instruments with more sur-
face defects and irregularities during manufacturing and
induce a corrosion pit that was associated with crack
initiation.23 Nevertheless, the SEM analysis has its limita-
tions, since it can only examine one side of the file at a
time. The true extent of corrosion would have been more
accurately assessed if both sides of the file were to be
examined. This could explain why little evidence of corro-
sion was identified on the file surface in all experimental
groups at 20min under SEM, even though minute amounts
of black particulate were found on the file surface and at
the bottom of the microtube in the EdgeFile X7 group by
direct visual inspection.

The results of the present study showed that the two heat-
treated instruments, TRUShape and EdgeFile X7, are more
susceptible to NaOCl. Themanufacturers of these three heat-
treated file systems recommend single patient use of their
rotary files to reduce the risks of cross-contamination and
instrument breakage.24e26 However, it remains unclear
whether instrument breakage is a direct result of changes to
the metal surface due to NaOCl corrosion in these heat-
treated files. Whether our findings may be clinically relevant
in vivo depends on the number of times of the files’ reuse,
disinfection control protocol, such as immersing files in 6%
NaOCl for 5min before use,27 and autoclave sterilization
which cumulatively prolongs file contact with NaOCl.20,28

Therefore, multiple uses of these endodontic files may in-
crease the risk of instrument breakage.

In conclusion, EdgeFile X7 and TRUShape files exhibit a
greater corrosive tendency to NaOCl in vitro than BioRace,
ProTaper, and VortexBlue files after prolonged immersion (1,
6, 24 h) in 4% NaOCl. However, shorter immersion periods (5,
10, 20min), which more closely approximate clinical condi-
tions during one single root canal therapy, seem to show no
surface corrosion across any of the experimental groups. Heat
treatmentof theNiTi filemaynothaveadirect impact onfile’s
susceptibility to NaOCl corrosion.
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