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Aim To evaluate the pitting and crevice corrosion
characteristics of stainless steel (SS) and NiTi endodon-
tic files in R-EDTA and NaOClI irrigating solutions.

Methodology The corrosion behaviour of two
H-files produced from different SS alloys (Mani, AISI
303 SS, Dentsply Maillefer, AIST 304 SS) and one file
produced from NiTi alloy (Maillefer) was determined in
R-EDTA and NaOClI irrigating solutions by the cyclic
potentiodynamic polarization method. The cutting
flutes of 12 files of each material were embedded in
an epoxy resin, polished, exposed to the irrigating
solutions and used as an electrode. An Ag/AgCl
electrode was used as a reference, a platinum plate
was used as a counter electrode and polarization curves
were obtained for all files in R-EDTA and NaOCl
irrigating solutions in 37 °C with a potential scan rate
of 5mV min~'. Corrosion potential (Ecor), Corrosion

current density (I..r) and Pitting potential (E,;) were
calculated from each curve. The results were statisti-
cally analysed with two-way ANovA and Student-
Newman-Keuls (SNK) multiple comparison test with
materials and irrigating solutions serving as discrimin-
ating variables (a = 0.05).

Results Cyclic polarization curves presented negative
hysteresis implying that pitting or crevice corrosion are
not likely to occur for all the materials examined in
both irrigating solutions. In NaOCI all materials showed
significantly higher E.,,. (P = 0.011) as well as lower
I.orr compared with R-EDTA reagent. Moreover, all
materials demonstrated equal E,;; in NaOCl, which was
to be found significantly lower (P = 0.009) than the
value of E; in R-EDTA.

Conclusions None of the tested materials is sus-
ceptible to pitting or crevice corrosion in R-EDTA and
NaOCl solutions and from this standpoint are appro-
priate for the production of endodontic files.
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Introduction

Intracanal fracture of endodontic files during chemo-
mechanical preparation of root canals may jeopardize
the outcome of endodontic therapy (Grossman 1969,
Cohen & Burns 1984, Ingle 1984, Lambrianidis 2001).
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Information on the failure process of stainless steel
(SS) endodontic files has been gained by a limited
number of in vivo studies. These studies concern K-files
(Sotokawa 1988) and H-files (Zinelis & Margelos
2002), which were retrieved after clinical use; the
conclusions were that metal fatigue is the primary
failure mechanism under clinical conditions. The
fatigue failure mechanism has been also adopted for
NiTi instruments (Yared et al. 2000, Gambardini
2001), although limited studies based on in vivo data
imply that fracture occurs due to a sudden overloading
rather than a progressive fatigue process (Zinelis &
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Margelos 2001, 2003). Fracture caused by fatigue
failure mechanism occurs due to crack initiation at the
cutting surfaces and propagation toward the file’s axial
centre (Sotokawa 1988, Kuhn et al. 2001, Zinelis &
Margelos 2001). Although, there are no reports in the
literature about corrosion failure of files, it is likely that
pitting or crevice corrosion might occur first and
promote fatigue failure altering the fracture mechanism
from conventional fatigue failure to corrosion fatigue
(Sprowls 1987). Corrosion mechanism might be
activated during chemomechanical preparation, che-
mical disinfection or sterilization. Although the corro-
sion behaviour of several materials used for file
manufacture has been studied in different irrigating
solutions (Speck & Fraker 1980, Edie et al 1981,
Mueller 1982, Rondelli 1996, Stratovetsky et al. 1998,
Stokes et al. 1999, Dartar Oztan et al. 2002, Gurappa
2002), data regarding the potential of pitting or crevice
corrosion of endodontic files are deficient.

The aim of the present work was to evaluate and
compare the electrochemical behaviour and the poten-
tial of pitting and crevice corrosion of representative SS
and NiTi files when immersed in two commonly used
irrigating solutions (NaOCIl and R-EDTA).

Materials and methods

Twelve files (ISO size 25) from each company listed in
Table 1 were used. The files of each company are made
of three different alloys (AISI 303 and AISI 304 SS and
NiTi) as presented in Table 1. The irrigating solutions
used were 5.25 wt% NaOCl with a pH 10.6 and
17 wt% R-EDTA solution with a pH 7.5; both solutions
were prepared before testing. For each solution, six
different files of each material were tested in order to
evaluate their corrosion behaviour.

The apparatus and the polarization cell conformed to
ASTM G5-94 standards. An Ag-AgCl electrode was
used as a reference and a platinum plate as an auxiliary
counter electrode. The files were embedded along their
longitudinal axis in an epoxy resin with good edge

Table 1 Lot numbers and alloy type for all materials tested

Manufacturer ISO no. Lot no. Alloy type

Mani, Tochigi-Ken, 15-40 5980180400 AISI 303
Japan

Dentsply, Maillefer, 15-40 377632 AISI 304
Ballalgues, Switzerland

Dentsply, Maillefer, 15-40 348527 NiTi

Ballalgues, Switzerland
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retention and were wet polished with SiC papers up to
1000 grits. The latter ensures that all the surfaces have
the same roughness, which is a critical parameter in
measuring corrosion behaviour (Stratovetsky et al
1998). The size of the exposed area after polishing
was measured using an optical microscope and an
image analysis procedure.

The corrosion behaviour of files was determined
electrochemically by cyclic potentiodynamic polariza-
tion, which is capable of measuring localized corrosion
susceptibility of iron- and nickel-based alloys (ASTM
G61-81). The solutions were heated to 37 °C and this
temperature was held until the end of the tests. Before
testing, the specimens were cleaned in an ultrasonic
bath with distilled water and were left to dry. Then,
they were placed in the polarization cell for 1 h before
initiating polarization. Polarization curves were
obtained with a potential scan rate of 5 mV min~! by
using a potentiostat (Versa Stat II; EG & G Instruments,
Princeton, TN, USA). The corrosion parameters deter-
mined from the cyclic potentiodynamic polarization
curve are shown schematically in Fig. 1. The results
were statistically analysed with two-way Anova and
the SNK multiple comparison test, with material (SS
AISI 303, SS AISI 304 and NiTi) and irrigating
solutions (R-EDTA and NaOCl) serving as discrimin-
ating variables (a = 0.05).

Results

Figure 2(a—c) presents typical cyclic polarization curves
of AISI 303, AISI 304 and NiTi, respectively, in

>+

Potential

— Forward scan
-~ Reverse scan

o<

Log(current density)

E.,. : Corrosionpotential
L., : Corrosioncurrent
E,, : Pitting potential

Figure 1 Corrosion parameter obtained by a cyclic potentio-
dynamic polarization curve.
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Figure 2 Representative cyclic polarization curves of tested materials, in R-EDTA (a—c) and NaOCI (d-f) irrigating solutions.

R-EDTA, whilst Fig. 2(d—f) presents the cyclic polariza-
tion curves of the same materials in NaOCI reagent.
It can be observed that all the polarization curves showed
negative hysteresis as in the reverse anodic scan the
current density was less than that for the forward scan.
Figure 3 demonstrates the mean value and standard
deviations for Eioy, Icorr and Ep; obtained for all
materials tested in R-EDTA and NaOCI irrigating solu-
tions. Significant differences were found for E....,
between AISI 303 and AISI 304 in R-EDTA, whilst
significant differences were located amongst all materi-
als in NaOCl. However, all materials showed signifi-
cantly higher E,.. in NaOCl (Fig. 3a) reagent as well as
lower I.o. (Fig. 3b). Only AISI 303 and NiTi depicted
significantly equal I, in NaOCl. Moreover, all materials
demonstrated equal but significantly lower E,;; in NaOCI
compared with that in R-EDTA (Fig. 3c), whilst AISI 303
demonstrated lower Ep; than NiTi in R-EDTA. For all
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measured variables, there was no statistically significant
interaction between materials and irrigating solutions.

Discussion

ISO 3630-1 (1992) states that endodontic files should be
made from plain carbon steel or SS without any other
specific requirements regarding the alloy type. Unfortu-
nately there is no available information for the type of SS
currently used in the production of endodontic files.
However, recent studies with EDS analysis (Darabara
et al. 2003) pointed out that only two types of SS alloys
are currently used for the production of endodontic files
and for this reason the specific endodontic files were
selected as representative of AISI 303 (17-19Cr,
8—10Ni, max 2 Mn, max 1 Si and 0.6 Mo, all in wt%)
and AISI 304 (18-20Cr, 8-10.5Ni, max 2 Mn, max 1 Si,
all in wt%) SS alloys (Table 1).
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Figure 3 Corrosion parameters, obtained from the cyclic
potentiodynamic polarization curves shown in Fig. 2. (a)
Corrosion potential (E.o.), (b) corrosion current density (I.orr)
and (c) pitting potential (E,;). Bars connect mean values
without statistical significant differences (P = 0.05).

Generally, E.. value is indicative for the ionization
tendency of materials in specific media. The ionization
tendency is decreased towards higher E.,. values.
According to the results of this study all materials
demonstrated higher E.,, in NaOCl compared with
R-EDTA accompanied with lower corrosion rate (I.o.)
in the same reagent. These differences should be
attributed to the lower pH of R-EDTA (7.5) compared
with NaOCl (10.6), behaviour that has also been
recorded for a variety of precious, semiprecious and
base dental alloys (Bayaramoglu et al. 2002). Never-
theless, the lower corrosion rate I.,., of all materials
tested in NaOCl is in contrast with the findings of
Dartar Oztan et al. (2002) for SS K files. However, these
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differences are likely to be related to the fact that in this
study a laboratory fresh made reagent was used
compared with a commercially available solution used
in the study of Dartar Oztan et al. (2002). Ordinarily,
NaOCl is ionized in Na* and OCl™ (Daumer et al. 2000)
and thus does not contain Cl™ as erroneously reported
in previous studies (Dartar Oztan et al. 2002). This is
also corroborated by the basic pH of this reagent.
However, storage of stock solutions even for short
periods (3—4 months) leads to the decomposition of
NaOCI to CI™ increasing the reactivity of the reagent
(Sidgwick 1950, Sneed et al. 1954, Downs & Adams
1973). In general, a yellowing of the solution could
identify decomposition of NaOCL. Previous studies
reported that caution should be exercised when using
NaOCl, as even new solutions demonstrated signs of
decomposition (Daumer et al. 2000).

In standard potentiodynamic polarization tests, pit-
ting resistance is evaluated by the type of hysterisis in
reverse scan and pitting potential (E,;) (Ralph et al.
1987). Figure 2 demonstrates that all the cyclic
polarization curves present negative hysteresis, imply-
ing that pitting or crevice corrosion is not likely to
occur for all the materials examined in both irrigating
solutions. The passive film formed on the surface of the
specimens is protective and self-healing. So in the case
where a preexisting crack tends to propagate, a
protective film will be instantly developed, preventing
further expansion of the crack due to pitting corrosion.
Epy represents conservative measures of anodic pitting
tendency because it shows minimum potential below
which pitting cannot be sustained.

Although all the examined materials present better
values for E.o and I, in NaOCl (Fig. 3) the pitting
potential (Ep) in R-EDTA reagent was extended to
higher potential values compared with NaOCl, meaning
that the passive film formed is more stable and durable
in an R-EDTA environment. This may be attributed in
turn to the ability of R-EDTA to form complexes with
metal ions (i.e. Fe, Ni, Cr, Co, etc.) at low pH values
(<4) that is attained in the pit (Reinhard et al. 1992)
promoting the passivation. Another explanation could
be that the large molecules of R-EDTA have greater
difficulty in concentrating and orienting the pit so as to
increase the acidity to adequate values for trigger
corrosion.

AISI 303 and AISI 304 demonstrated equal pitting
resistance in NaOCl (Fig. 3) although it would be
expected that AISI 303 should have higher pitting
resistance than AISI 304 due to the presence of small
quantities of Mo (<0.6 wt%) (Ralph et al. 1987, Davis
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2000) which in combination with Cr is very effective in
terms of stabilizing the passive film in the presence of
Cl7, increasing the resistance to the initiation of pitting
and crevice corrosion. However, as mentioned above,
NaOCl reagent does not contain ClI- and thus the
beneficial effect of Mo is eliminated.

The results of this study for the high corrosion
resistance of SS agree with previous findings that
continuous irrigation and prolonged contact with 2.5%
NaOCl does not corrode SS files (Eicher et al. 1976,
Scott & Walton 1986). The high corrosion resistance of
SS and NiTi alloys in specific irrigating solutions are
also in accord with the clinical observation where
mechanical rather than corrosive reasons are respon-
sible for file failure (Zinelis & Margelos 2002, 2003). In
addition, the results of this study suggest that crack
propagation cannot be accelerated by the combined
action of stresses and corrosion for the specific alloys in
R-EDTA and NaOCl irrigating solutions. In conclusion,
the AISI 303, AISI 304 and NiTi alloys easily
withstand the corrosive attack of R-EDTA and NaOCl
and from this standpoint they are appropriate for use in
endodontic files.

Conclusions

Pitting or crevice corrosion of endodontic files are not
likely to occur in R-EDTA and NaOCI irrigating
solutions whilst all the examined materials showed
higher pitting resistance in R-EDTA irrigating solution.
Both stainless steel and the NiTi alloys demonstrate
high corrosion resistance in NaOCl and R-EDTA
irrigating solutions.
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