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Commercial archwires NiTiCu (Ormco) and NiTi (Morelli) and samples of the corresponding
raw materials were tested to assess the influence of Cu addition and sterilization on the corrosion
resistance and biocompatibility. Raw materials samples and commercial archwires exhibited similar
corrosion resistance when compared. The addition of Cu decreased the corrosion resistance of NiTi
alloy, whiling the sterilization process had no influence. The biocompatibility tests were carried out in
different extracts of the alloys and no cytotoxicity effects were observed for the ionic concentrations
used. SEM and Confocal laser analysis permitted to observe the localized corrosion morphology
obtained after anodic polarization tests. Although Cu addition on NiTi can be introduced to better adjust
the mechanical resistance, this third element induced detrimental effect on the corrosion resistance of

raw materials and commercial archwires.
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1. Introduction

NiTi alloys are widely used in orthodontic applications,
due to shape memory and superelasticity characteristics'.
Kassab and Ponciano Gomes® and Pun and Berzins’
mentions that the austenitic to martensitic transformation
allows NiTi alloys to reach 8% of elastic elongation. The
main advantage of using NiTi archwires in orthodontics is
the release of continuous and controlled forces responsible
to produce the desired teeth movement under elastic
deformation®!°. This efficient tooth movement, in a short
period under large deflections, is important during the
alignment phase of the orthodontic therapy®!""*, reducing
the treatment time and achieving positive biological response
by avoiding root resorption process®’#!""13, The addition of
the ternary element Cu to the composition has an impact
on mechanical behavior, such as a narrowing of hysteresis,
obtention of more constant superelastic stress plateau and
increment of the fatigue resistance, when compared with the
binary alloy'-*%1314, Consequently, NiTiCu in orthodontic
therapy'3 can exert lower forces being a good selection
for the treatment of patients with periodontal disease*®!15,
Another advantage is the antibacterial property of copper
benefiting the microflora control'®.

Corrosion resistance and biocompatibility are basic
requirements for a biomaterial>**!21¢. Corrosion resistance
is a concern since the oral cavity where are exposed the
archwires contain saliva of variable pH and microflora!”!8,
The conjoint factors can make the archwires susceptible to
corrosion degradation, promoting a continuous ions release,
mainly nickel ions, and can be a major concern for a group of
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patients'™!8, Literature reports adverse inflammatory reactions,
mutagenic, cytotoxicity, and allergic to nickel ions>*!71%.
Furthermore, corrosion can affect the biocompatibility and,
at the same time, can compromise the archwire integrity
leading to loss of efficiency of the mechanical effect expected
from the treatment plan by using the shape memory alloy.

There is not a consensus in the literature about the
corrosion resistance of ternary NiTiCu alloys!3¢791420 and
few studies related to corrosion resistance assessment of
NiTiCu commercial archwires*”2°. The lack of consensus
is related to the different methodologies adopted for analysis
and interpretation of the results. A group of authors>!**
mentions a lower corrosion resistance for NiTiCu based on
different parameters, such as the extension of the passive
range, pitting potential and passive current density, or even
corrosion rate. The controversial studies'*® denote similar
corrosion resistance between the ternary and binary alloys
considering the current density at open circuit potential
estimated by Stern Geary equation (I _) without correlating
the electrochemical results with surface analysis methods.

From the knowledge of the enhancement of mechanical
properties of NiTi by addition of Cu and the lack of consensus
on literature concerning NiTiCu corrosion resistance, the
present study aims to evaluate the influence of Cu addition on
corrosion resistance and the basic aspects of biocompatibility
of the alloys under investigation. The alloys were tested using
raw materials samples and commercial archwires and the
influence of sterilization was also considered.

The present study describes the effect of chemical
composition modification and sterilization process on
corrosion resistance of the alloys. The importance of selecting
proper electrochemical parameters in conjoint with surface
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analyses technique to achieve a consistent corrosion resistance
assessment of biomedical alloys is pointed out.

2. Materials and Methods

2.1. Materials

The raw materials were the binary NiTi,, (Memory
Metalle, Gmbh, Deutschland) and the ternary Ni, Ti, Cu..
(Memry Corp., Connecticut, USA), with 0.020” and 0.040”
diameters, respectively. The commercial orthodontic archwires
used were the NiTiCu 27°C (Ormco Corp., Glendora, CA,
USA), and NiTi 27°C (Morelli, SP, Brazil), with 0.018"” and
0.020” diameters, respectively.

2.2. Electrochemical assessment

The working electrodes of raw materials and commercial
archwires were prepared with insulation regions limiting the
sample length exposed to the solution as shown in Figure 1a.
The raw materials segments were cut into 50 mm and prepared
with the length of 20 mm exposed to the solution, as shown
in Figure 1b. The commercial archwires were prepared to
expose a fixed area with a length of 50 mm (Figure 1b).
The samples were used in the condition supplied by the
manufacturer. All samples were cleaned with ethyl alcohol in
an ultrasonic bath for 10 min, washed with distilled water and
stored in a drying chamber containing silica before the tests.

The electrochemical measurements were performed
in 200 mL of 0.9% NacCl solution, at room temperature,
in a three-electrode electrochemical cell, connected to the
potentiostat (Autolab Type I1I), where the raw material or the
commercial archwire of each alloy was the working electrode.
Spiral platinum wires were used as counter electrodes and
saturated calomel electrode (SCE) as the reference electrode.

The electrochemical technique used was anodic polarization
performed using a scan rate of 20 mV/min from the corrosion
potential (E_ ) to 800 mV, or until the anodic current reached
10 A, whichever happened first.

The raw materials were selected to evaluate the influence
of autoclave sterilization on the corrosion resistance of NiTi
and NiTiCu alloys. For the sterilized group, the raw materials
were packed on sterilization envelopes and sterilized by
steam under pressure using a Cristofili 21L autoclave, with

20 mm
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distilled water for 30 minutes after reaching the temperature
of 127°C. The parameters used for sterilization were the
same commonly applied at the dental clinic.

All tests were performed in triplicate, being the most
representative result of each parameter presented with their
average parameters. The obtained results were analyzed by
one-way ANOVA and the significance was p.<0.05.

2.3. Surfaces characterization

The surfaces of the materials were evaluated by Scanning
Electron Microscope (SEM) (Jeol, JSM-6460LV), before and
after the electrochemical tests. A complementary analysis was
performed by confocal laser scan microscope (Zeiss LSM
880), to characterize the surface and corrosion morphology
of the materials, before and after the electrochemical tests.
Roughness parameters were obtained from the average of
four measurements made along the surface.

2.4. Biocompatibility assessment

Biocompatibility tests were based on ISO 10993-5 standard?!
for the choice of cell type, as well as the cytotoxicity test.
The L929 cells were from the INMETRO cell bank and the
test type chosen was the neutral red (NR), which marks the
lysosome of the viable cells for microscopic observation.
The materials were used as an extract, also based on the
standard, with incubation in DMEM (Dulbecco’s Modified
Eagle Medium) for 24 hours at a ratio of 1g/L. After this
period, the materials were removed and the extract prepared
in the following concentrations: 100%, 70%, 50% and 25%.
The extracts were placed in direct contact with L929 cells
in the monolayer and three-dimensional culture models.

For comparison and evaluation of cell viability, a control
test with SDS solution (sodiumiododecylsulfate, SIGMA)
was performed. The SDS solution is a surfactant used for
cell denaturation. The controls were established based on
cell death. The negative control (NC) for cell death test were
the cells maintained in culture medium without the presence
of contaminant, viable cells. The positive control (PC)
test for cell death were the cells culture in a medium with
different dilutions of SDS solution (100 pg/mL, 68.1 pg/mL,
46.4 pg/mL, 31.6 pg/mL, 21.5 pg/ml, 14.7 pg/ml, 10 pg/ml,
6.8 pg/ml). The number of viable cells was estimated by
neutral red (NR) assay. The controls were compared to the

Figure 1. Raw material (a) and commercial archwire (b) with respective work length. A: electrical contact region, B and C: insulated
region. The region between B and C represents the electrode area exposed to the solution.
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cells in a medium containing the extract previously prepared
of different concentrations.

3. Results

3.1. Electrochemical assessment

The anodic polarization curves are shown in Figure 2,
for the raw materials (Figure 2a) and for the commercial
archwires (Figure 2b), with respective parameters shown in
Table 1. The parameters obtained from the anodic polarization
curves and used to assess the corrosion resistance were the
passive range (AE), in mV, defined as the potential difference
between pitting and corrosion potential (Ep —-E_ ) and the
passive current density @, in A/cm?. Both parameters were
used to express the localized corrosion resistance of the alloys.

The polarization curves exhibited passive conditions for
both NiTi and NiTiCu. However, only NiTiCu presented
pitting potential in all tested conditions. For NiTiCu, the
AE parameter was calculated with the pitting potential
as the upper limit. NiTi remained in passive range during
all extent of polarization, thus no AE was calculated.
Raw material and commercial archwire did not presented
significant differences on passive range and median current
densities parameters for the binary alloy (p.>0.05). The
ternary alloy presented no significant differences on passive
range comparing the samples (p.>0.05) and slightly higher
passive current densities for raw materials (p.<0.05), but
lower than 10°A/cm?, which represent a similar passive
condition. The NiTiCu presented a passive range limited
by pitting potential and NiTi a not limited passive range.
The relevant result obtained from the anodic polarization
test was the localized corrosion susceptibility exhibited by
NiTiCu alloy not observed for NiTi alloy.

Based on the similar corrosion resistance observed for
raw materials and commercial archwires of the same alloy,
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raw materials were selected to investigate the influence of
autoclave sterilization. Anodic polarization curves obtained
are shown in Figure 3 and the corresponding parameters
(AE and jp) in Table 2.

From the parameters obtained from the anodic polarization
curves, Table 2, was observed that the sterilized condition
lead to an increase of corrosion and pitting potentials and
a decrease of the passive current densities for both alloys.
Despite this, did not presented significant differences for
the parameters, in Table 2, between the conditions sterilized
or no sterilized, for both alloys (p.>0.05). Important to
point out that, after sterilization, the localized corrosion
susceptibility of NiTiCu alloy and not observed for NiTi
alloy was confirmed.

3.2. Surface characterization

Surface characterization by SEM was obtained before
and after the electrochemical tests, being disposal of in
Figure 4. Once no differences on image surfaces between
raw materials and commercial archwires were detected,
only the images obtained for raw materials were presented.

All samples of raw materials and commercial archwires
before the tests showed a surface containing manufacture
marks. NiTi raw material and commercial archwire did not
presented localized corrosion, or pits, on the surface after
the anodic polarization, in agreement with the profile of
the anodic polarization curves. NiTiCu raw material and
commercial archwire presented pits on the surface after
the anodic polarization, which is also in agreement with the
anodic polarization curves. The sterilization process did not
influence the surface condition observed before and after
the electrochemical tests, for both alloys.

The Confocal 3D reconstructions were obtained from
the surface of the samples before and after electrochemical
corrosion tests. Once no differences on images of surfaces of
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Figure 2. Anodic polarization of raw materials (a) and commercial archwires (b) in 0.9% NaCl solution.

Table 1. Electrochemical parameters of raw materials and commercial archwires.

Alloy E, . (mV_J) E (mV,.) i, (A/em?) AE (mV_.)
NiTi wire 68432 - 7.69x10% £1.12 x10? *
NiTiCu wire 70+41 197+30 2.21x 107+£3.16 x10°® 127
NiTi archwire -59+38 - 1.69x107+2.82 x10°* *
NiTiCu archwire -40+33 224+37 3.11x10° £1.77 x101° 264

*not calculated, no pitting potentia
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Figure 3. Polarization curves of NiTi and NiTiCu wires depending on sterilization condition in 0.9% NaCl solution.
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Table 2. Parameters obtained from polarization curves of wires for sterilized conditions.

Alloy E, (mV_ ) E (mV,.) i, (A/em?) AE (mV,_.)
NiTi sterilized 9619 - 4.37x10% +3.29 x10” *
NiTi no sterilized 68+32 - 7.69x 10%£1.12 x10° *
NiTiCu sterilized 78422 224+26 2.57 x 10%+3.77 x10” 146
NiTiCu no sterilized 70+41 197+30 2.21x 107+3.16 x10°® 127

*not calculated, no pitting potential

raw materials and commercial archwires or for the sterilized
condition were observed by SEM analysis, only the images
of not sterilized raw materials are shown in Figure 5. Besides
that, the geometry and dimensions of the samples of raw
materials were more adequate to perform the confocal
microscopy analysis. This 3D reconstruction of the surface,
as shown in Figure 6, allowed to observe the localized
corrosion morphology with a higher microscale resolution.

The images from confocal also detected pits on the surface
of NiTiCu after polarization. From this characterization was

possible to obtain profiles from the surface of the materials
to characterize the pits. The obtained profile of NiTiCu
surface after the polarization tests is shown in Figure 7. It was
possible to observe the shape and depth of the pits — elements
of localized corrosion - detected on the alloy surface. The
same analysis allowed to obtain roughness parameters of
Sa (square arithmetic roughness) and Sg (square quadratic
roughness) presented in Table 3. The roughness increased
after the electrochemical tests for all materials. The differences
observed were more evident for raw materials than for
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Figure 5. Confocal images of NiTi (a,b) and NiTiCu (c,d) raw
material before (a,c) and after (b,d) polarization.

commercial archwires. NiTi presented higher roughness
than NiTiCu before and after the corrosion tests.

3.3. Biocompatibility tests

The number of viable cells obtained through NR assay
at each dilution of SDS is disposal in the SDS curve in
Figure 8, being the positive control (PC) for cell death. It was
possible to observe that in 100pg/m and 68.1pg/m dilutions
of SDS cell death occurred, since the number of viable cells
was reduced compared to other concentrations. When SDS
dilution was 10 pg/mL and 6.8 pg /mL the number of viable
cells was higher, as shown in the SDS curve in Figure 8.
Figure 9 presents the number of viable cells observed in
100 pg/mL and 10 pg/m SDS dilutions.

Positive and negative control test conditions are important
to validate the results of biocompatibility tests, being used
for the comparison with the data obtained from the different
extract concentrations test. The number of viable cells of
negative control and of the extract of alloys obtained through
NR assay is shown in Figure 10. Significant differences in the
number of viable cells for the different extract concentrations
were not observed. The micrograph of viable cells on the
highest extract concentration was selected to be presented
for NiTi and NiTiCu compared to the negative control,
shown in Figure 11.

The curves referred to both alloys remained in the same
range of viable cells obtained on the negative control test.
Extracts of different concentrations did not reduce the number
of viable cells when compared to the negative control.

)
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Figure 6. 3D reconstruction obtained from confocal analysis of NiTi (a,b) and NiTiCu (c,d) raw material before (a,c) and after (b,d)
polarization. An approximate view is pointed by the arrow for the NiTiCu surface after (d) polarization.
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Figure 7. Profile with depths corresponding a pits obtained from NiTiCu surface after polarization.
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Figure 9. Viable L929 cells on SDS concentrations of 10ug/mL (a) and 100pg/mL (b).

Table 3. Roughness parameters obtained from confocal analysis.

Alloy Sa
Before (um) After (um) Before (um) After (um)
NiTi wire 3.46+0.38 4.95+0.31 4.37+0.34 6.32+0.50
NiTiCu wire 2.00+0.29 4.42+0.22 2.39+0.41 6.26+0.46
NiTi archwire 3.40+0.33 4.01+0.41 4.29+0.36 4.95+0.48
NiTiCu archwire 3.23+0.30 4.21+0.26 3.94+0.23 4.55+0.33
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Figure 10. Viable cells in NR for NiTi and NiTiCu alloy compared to negative control (NC).

4. Discussion

The results clearly indicated the negative impact of the
Cu addition on the corrosion resistance of the NiTi alloy,
based on the results expressed by the anodic polarization tests.
NiTiCu samples, as raw material or commercial archwires,
exhibited localized corrosion susceptibility, confirmed by
surface analysis after the corrosion tests, which could be
associated with the addition of Cu as the ternary element. The
conventional binary alloy was not susceptible to localized
corrosion when tested in the same solutions and conditions.

The results of the present study were in accordance with
a several reports from literature>'** about the detrimental
effect of Cu addition on corrosion resistance of NiTi based
on anodic polarization curves. These studies*!** considered
not a single parameter, but a set of parameters jointly used
to analyze and interpret the results. One of the parameters
was the passive range, being observed the presence of pitting
potential or a lower extension of passive range (AE) when the
Cu was present in the alloy. Rondelli and Vicentini' informed
no pitting potential for NiTi and lower passive range with
pitting potential for NiTiCu. Kassab et al.? identified pitting
potential for both NiTi and NiTiCu, being the lowest passive
range (AE) for the ternary alloy. Zigbowicz et al.* found
lower polarisation resistance, lower pitting potential and a
higher corrosion rate for NiTiCu than for NiTi.

Other studies'” on literature did not confirm the decay
of the corrosion resistance promoted by Cu addition or
reported higher corrosion resistance® since these studies
did not considered conjoint parameters for data analysis
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or considered not adequate parameters. Zheng et al.' and
Phukaoluan et al.® informed similar corrosion resistance
comparing ternary NiTiCu® and quaternary NiTiCuCr' to
binary alloy. The authors used the current density at open
circuit potential estimated by Stern Geary equation (I ) as
a parameter to assess the corrosion resistance of the alloys.
Zheng et al.' reported an I of 3.09 x10° A/cm” for NiTi
obtained from polarization curves, six times higher than
the I obtained for NiTiCu. Phukaoluan et al.* evaluated
NiTiCu raw material and commercial archwire and cited a
reduction of the same parameter I, as an indication of higher
corrosion resistance of ternary alloy compared to binary alloy.
However, is important to note that both studies selected the
parameter [ _supported by the Stern Geary equation theory.
The equation mentioned can be properly used for material
that undergoes active dissolution, a condition not expected for
biomaterials in simulated body fluid solutions. The analysis of
the electrochemical parameters passive range (AE) and passive
current densities (j ) from anodic polarization curves on the
mentioned works'~, suggests higher corrosion resistance for
the binary alloy, leading to an opposite conclusion compared
to interpretation based on I The polarization curves reported
on the cited references showed current densities on the passive
range (j,) for modified alloys within the values 10 A/cm?
(Phukaoluan et al.*) to 10-° A/cm? (Zheng et al.'), much higher
than the same values registered for binary alloy, which was
10 A/cm? (Phukaoluan et al.?; Zheng et al."). These values
confirmed the decrease of the corrosion resistance of modified
NiTi by Cu addition and demonstrate the importance of
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using appropriate electrochemical parameters to assess the
corrosion resistance. Surface characterization results were
not included by the authors and, consequently, the onset of
localized corrosion was not confirmed.

Another study that informs similar corrosion resistance
of modified and conventional NiTi alloys was presented
by lijima et al.’. Quaternary NiTiCuCr containing 5% of
Cu in partial substitution of Ni was investigated. Anodic
polarization curves showed that the pitting potential of
NiTiCuCr was 200 mV below the same value obtained for
NiTi. SEM images showed pits and the presence of corrosion
products only on the surface of the quaternary alloy. The
authors considered only the equivalent values of the passive
current density values to infer similar corrosion resistance
between the alloys. However, considering the conjoint analysis
of corrosion parameters and surface analysis, it could be
suggested that NiTiCuCr clearly was more susceptible to
localized corrosion than NiTi. The extension of the passive
range and the surface analysis were not considered by the
authors and probably are the additional parameters necessary
to achieve a consistent conclusion.

In the present work, the incidence of localized corrosion
was confirmed by SEM and confocal microscopy analysis
carried out after the anodic polarization tests for raw materials
and commercial archwires. The surface of as received
archwires, before the electrochemical tests, indicated that both
alloys presented similar surface morphologies, containing
defects, drawing marks and slots, probably associated with
the fabrication processes, characteristics also observed by
Gravina et al.®. Comparing raw materials and commercial
archwires after the polarization tests, significant differences,
in terms of corrosion resistance, were not observed for NiTi
and for NiTiCu. It is important to emphasize that NiTi did
not presented pits in the surface after the anodic polarization
tests, in agreement with the indications derived from the
anodic polarisation curves. Localized corrosion elements, or
pits, were detected on NiTiCu surface after polarization and
were also detected by Pun and Berzins’ using SEM analysis,
corresponding to a morphology similar to the one obtained
in the present study. However, the authors observed pits
on NiTi and NiTiCu commercial archwires, with a lower
density of pits on NiTi, and claimed that corrosion initiated
at surface drawn marks of manufacturing.

Surface roughness increased after the electrochemical
tests, as observed by Huang et al.?> and by Huang®. Literature
reported that the defects on the surface observed before
electrochemical tests could act as a preferential site for the
occurrence of localized corrosion, increasing roughness after
the tests?*. However, this correlation was not observed in our
study, once NiTi presented higher roughness than NiTiCu,
as raw material or commercial archwire, with no pits, and
higher corrosion resistance. The chemical composition
of the alloy was the determining factor of the localized
corrosion resistance. A similar no correlation between
roughness and corrosion resistance was detected in other
studies'®?2225, According to the results here presented and
in these other studies'®?2%25, the roughness parameters
could not be considered as a major or critical parameter to
evaluate corrosion resistance. The increase in roughness
was an important parameter to be correlated to bacterial or
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cell adhesion, which may compromise the biocompatibility.
Abraham et al.' investigated the bacterial adhesion to NiTi
and NiTiCu surfaces and concluded that NiTiCu was more
favorable to bacterial adherence than NiTi and explained the
result as a consequence of the higher roughness of NiTiCu,
despite the antibacterial property of copper.

The influence of the sterilization process, commonly used
in dentistry, on the corrosion resistance of the alloys, was also
evaluated in the present study. Only a slight improvement of
the electrochemical parameters was detected. The temperature
of the sterilization process reached 127°C and the formation of
preliminary passivation of the alloys might be occurred during
the process. However, the improvement of the parameters
induced by sterilization was not significant, which means
that the sterilization process did not influence the oxide film
passivation. Some authors considered a differential oxide
film formation that would reduce ions release and improve
the corrosion resistance®*?. Sterilized NiTi was investigated
in the literature, and the results are qualitatively coherent
with those here reported. Positive effects of sterilization were
explained by the reductions of defects on the passive film
formed on the surface at the sterilization temperature, but
this modification was not sufficient to significantly improve
the corrosion resistance®?’.

Biocompatibility is a basic requirement for biomaterials.
The nickel element present on orthodontic archwires is one
ofthe known elements which may cause allergies, mutagenic
and cytotoxicity>*!*!"1?, Literature is not consistent about
the correlation between ions release and immersion time.
Some studies mentioned that ions release could increase
with time immersion®'>%26, others as Zheng et al.! and
Mikulewicz et al.'” reported a decrease of ions release with
time. The extent of the ions release process is linked to the
corrosion resistance of the alloy, together with the chemical
composition. ons release could affect the biocompatibility of
NiTi based alloys>** due to the high nickel content. Several
studies addressing the detection and quantification of Ni ions
released were based on in vitro immersion tests of NiTi alloys
for a few days"!1*%, but using different methodologies.
Mikulewicz et al.'” proposed the use of in vitro test under
continuous solution flow to detect the amount of ions released
from one fixed orthodontic appliance, initially detecting a
higher concentration of metal ions that decreased with time,
probably associated with the passivation of alloy. Gil and
Planell' realized ICP-MS analysis to quantify ions released
from NiTi and NiTiCu archwires at various immersion times
and concluded that longer immersion time (120 days) leads
to the highest concentration of ions, but the concentration
achieved was still within the range commonly detected
in drinking water. Despite the amount of Ni ions release
mentioned in the cited literature, even the highest amount
detected was below the Ni amount recommended in the daily
diet (25-35 pg) or in blood volume (12-50 pg/L), being not
sufficient to cause deleterious effects™!:17:2326,

Cytotoxicity tests were performed on the NiTi and NiTiCu
raw materials as a primary requisite for biocompatibility,
based on the effect produced in oral cells during the simulated
use. The biocompatibility tests were performed using extracts
of the alloys of different concentrations, obtained after the
incubation period, in accordance with ISO 10993-5%!. The
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results of no cytotoxicity effects obtained were in agreement
with the literature about the biocompatibility of NiTi based
alloys. Phukaoluan et al.? also evaluated the biocompatibility
of NiTi and NiTiCu alloys raw materials and commercial
archwires based on ISO 10993-5%" with L929 cells and the
alloys presented admissible cytotoxicity, based on the number
of viable cells observed.

5. Conclusions

The results of the present work bring a contribution to
achieve a better understanding of the effect of Cu on the
corrosion resistance of NiTi alloys. It was concluded that
NiTiCu, commercial archwires or raw materials, exhibited lower
corrosion resistance than the binary NiTi alloy. The corrosion
morphology was localized and the susceptibility of the alloy
containing Cu was demonstrated by the methodology based
on the conjoint assessment of electrochemical parameters,
obtained from corrosion tests, and surface analysis. The
importance of using proper electrochemical parameters on
the analysis was pointed. The most adequate electrochemical
parameters were the passive range (AE) and passive current
density (jp) considered together. Surface analysis methods were
important to validate the results and consistent knowledge
about the corrosion resistance of the alloys was achieved.

Autoclave sterilization presented no influence on the
corrosion resistance of the alloys. The results obtained through
the biocompatibility tests of the L929 cell exposition in the
different concentrations extract did not indicate significant
differences in terms of cytotoxic effects for both alloys
investigated.
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