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The oral environment is responsible to the degradation of metal wires, with consequent release of metal
ions in the oral cavity during corrosion, and welded joints are known as areas that are particularly susceptible
to corrosion. The aim of the study was to achieve the corrosion behavior of welded Ni-free and Ni-containing
stainless steel (SS) orthodontic wires. The morphology and the topography of the laser welded samples
were investigated by scanning electron microscopy and atomic force microscopy. The electrochemical
measurements calculated the values for corrosion potential, corrosion current and corrosion rate, for different
PH values. Immersion in acidic solution had minimal effect on the corrosion on the joint regions. Ni-free SS
wires proved to have a better corrosion resistance, improved by laser welding. Ni-containing SS wires are

positive influenced by laser welding, relative to the corrosion behavior.
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Joining of metal components is frequently necessary to
create individual orthodontic appliances and to achieve
efficient treatments. These rely on the perfect design and
condition of orthodontic wires. Nowadays different wires
made from different metals and alloys are available [1].

Nickel is one of the most commonly used metals in
orthodontic wires. Nickel is known to cause contact
dermatitis, to induce allergic reactions, some complexes
of nickel have been considered carcinogenic, allergenic,
and mutagenic. The oral environment is responsible to the
degradation of metal wires, with consequent release of
metal ions in the oral cavity during corrosion. It can lead to
roughening of the surface and altering of the mechanical
properties of the orthodontic materials [2-4].

Brazing, soldering over a temperature of 450°C, is the
conventional method of joining orthodontic wires in
different clinical situations. Beside the problems of galvanic
corrosion and possibly biocompatibility, brazed joints show
a low mechanical strength with high failure rates [5-9].

Broken appliances complicate the orthodontic
treatment, including soft tissue irritation, lost of orthodontic
anchorage or aspiration of broken parts. Another method
employed for joining metal frameworks is laser welding
[10-15]. To weld dental alloys, crystals of yttrium,
aluminium and garnet (YAG) doped with neodymium (Nd)
are mainly used to emit laser beams (Nd:YAG laser) [16-
21]. In 2005 an interesting alternative with lower investment
costs was introduced in orthodontics. Based on the
technigue of tungsten inert gas (TIG) welding two different
devices for orthodontic purposes were developed. The
welding heat is produced with the help of a light bow
between tungsten anode and metal. The advantages of
laser and TIG welding systems is that there is no solder
and thus no galvanic corrosion in the joint; however it
requires a small focus to perform the weld and a
stereomicroscope is desirable for efficient working, as well
as an Argon shielding atmosphere to stop the oxidation
process around the welding zone [22-24]. However, the
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welded joints are known as areas that are particularly
susceptible to corrosion [25].

During years there were parallel developments in both
materials and joining technologies.

The aim of the study was to achieve the corrosion
behavior of welded Ni-free and Ni-containing stainless steel
orthodontic wires, in terms of morphological and
electrochemical investigation.

Experimental part
Materials and methods

For the experimental analyses metallic Ni-containing
wires Chromium (Scheu-Dental, Iserlohn, Germany) with
the composition Cr 16.0-19.0; Ni 6.0-9.5; Mn < 2.0; Si < 2.0;
Mo < 0.8; C 0.05-0.15; P < 0.045; S < 0.015; rest Fe and Ni-
free wires Menzanium (Scheu-Dental, Iserlohn, Germany)
with the composition Cr 16.0-20.0; Mn 16.0-20.0; Mo 1.8-
2.5; Si< 1.0

N0.7-1.0; Ni<0.2;V< 0.2;C< 0.1, P<0.05 S<0.05
rest Fe were used.

They were laser welded using Orotig XXS (Orotig,
Verona, Italy), an Nd:YAG laser with the wavelength of 1064
nm, power 2.5W, time, 1 ms, frequency 15Hz, laser spot
1.1 mm for Chromium and 1.3 for Menzanium, and a spot
superposition of 50%.

The morphology and the topography of the samples
were investigated by scanning electron microscopy with
energy dispersive X-ray analysis SEM / EDAX Model
INSPECT S (FEI, Oregon, USA) and atomic force
microscope AFM Model Nanosurf® EasyScan 2 (Nanosurf
AG, Liestal, Switzerland).

The electrochemical measurements were obtained
using a potentiostat Voltalab Model PGZ 402 with the
software VoltaMaster 4 v.7.09. This software calculated
the values for corrosion potential (Ecorr), corrosion current
(icorr) and corrosion rate. The electrolyte used was artificial
saliva (Fusayama) with pH=2.5, 3.5, 4.5, 5.5, 6.5. For each
sample, the open-circuit potential (OCP) vs. time was
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recorded over 30 min and potentiodynamic polarization
curves were obtained.

Results and discussions

The morphological aspect of the wires was examined
by SEM, before welding (fig. 1, 2).

AFM images (fig. 3, 4) of the surface for each of the
studied samples were obtained using a scan size of 1.12im
x 1.12im. The contact mode cantilever was used to
measure the samples.

The surface roughness was calculated with eq. 1 for the
average roughness and eq. 2 for the mean square root
roughness.
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where N and M are the crystallites number on x and y axis,
z being the medium height of the crystallites, x, and y, are
the maximum and minimum of the crystallites reported to
the average value.

After welding, the morphology was examined on both
sides (fig. 5, 6).

Electrochemical measurements were made for the
corrosion potential (Ecorr), corrosion current (icorr) and
corrosion rate (fig. 7).

Considering the potentiodynamic polarization curves
plotted in figure 8, the first important remark is that all of
the alloys could form a passive film. A higher corrosion
current density indicates that the overall corrosion rate will
be higher. The corrosion current values were higher for
pH=2.5 and non-welded samples, reflecting a higher
corrosion rate.

The welded surfaces were more resistant to corrosion,
related probably to the surface morphology. The most
positive potential indicate the lowest activation in chemical
reaction and the lowest possibility of corrosion.

Fig. 1. SEM micrographs showing the
structure of Chromium wires, before
welding.

Fig. 2. SEM micrographs showing the
structure of Menzanium wires, before
welding.

Fig. 3. 3D AFM images and
roughness values for
Chromium.

Fig. 4. 3D AFM images
and roughness values
for Menzanium.

Fig. 5. SEM micrographs for the structure of
Chromium wires on both sides, after
welding.
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Corrosion potential (Ecorr)
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Fig. 6. SEM micrographs for
the structure of Menzanium
wires on both sides, after
welding.
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Fig. 7. Electrochemical measurements
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Fig. 8. Tafel potentiodynamic polarization curves for: a. Chromium, b. Menzanium

Although no wire is the best for the entire treatment,
they must have certain properties such as biocompatibility,
formability, weldability, low coefficient of friction, resilience,
shape memory, low stiffness, and high elastic limit. Even
with the buildup of protective layers, wires exposed to the
oral environment can suffer corrosion. Corrosion of
orthodontic wires is strongly related with the acidic
environment of the buccal cavity. Although the cathodic
reaction should be considered for corrosion processes
under natural environments, acidic (or even low acidic)
environments, are the ones that should be taken into
account regarding the corrosion of wires in the oral cavity.
SS wires remain popular because of their favourable
combination of low cost and excellent formability along
with their good mechanical properties. It is a 18/8 Cr/Ni
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austenitic type. Cr forms a thin, adherent passivating oxide
layer that provides corrosion resistance by blocking the
diffusion of oxygen to the underlying alloy. can be soldered
and welded for the fabrication of complex appliances [1].

For Ni-containing wires carbide precipitation occurs
when alloys containing both Cr and C are heated (chromium
carbide Cr3C2) (625-815°C). The quicker the metal is
heated and cooled, the less time that Cr3C2 can form. This
combining lowered the Cr that is available to provide
corrosion resistance. Ni possess excellent corrosion
resistance to improve weldability, the C content should be
as low as possible [26].

For Ni-free wires, Fe-Cr-Mn-Mo-N is a potential
replacement in recent years. Mn is a Ni substituting alloy
element, is added to further enhance the N content. N isan
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important alloying element in terms of corrosion resistance
and strength, without affecting their good ductility and
toughness properties. High manganese steels contain 12%
or more Mn, and high nitrogen steels include over 0.4% of
N [27].

The welded joints are known as areas that are
particularly susceptible to corrosion. The formation of
corrosion products may have the effect of reducing the
lifetime of the material. In the case of SS orthodontic alloys,
depending on composition, the release of cobalt,
chromium, nickel ions can occur that could accumulate in
the tissues or migrate to other parts of the human body
thereby causing allergies and infections. Nickel ions in
particular are considered toxic and carcinogenic and may
cause adverse reactions in human body. Corrosion of
orthodontic wires is strongly related with the acidic
environment [25, 28-30].

Generally, a high OCP indicates a high tendency to resist
corrosion. Anincrease in Ecorr can usually be attributed to
anincrease in the thickness of the oxide passive film. Ecorr
measurements do not provide any information on the
kinetics of the corrosion process. This information can be
obtained from the corrosion current density (icorr). From
the thermodynamic point of view, the acid environment
leads to a thinner oxide passive film, reflected through
higher corrosion current density values and corrosion rates
[31].

The improvement of electrochemical performance
could be attributed to the fact that Ni element which
possessed excellent corrosion resistance [26].

Conclusions

Fabricating orthodontic appliances using laser welding
has the clinical advantage of biocompatibility, because the
welded joint does not require soldered alloy.

Rapid heating due to laser irradiation improves the
corrosion resistance of the joint regions.

Immersion in acidic solution had minimal effect on the
corrosion on the joint regions.

Ni-free SS wires proved to have a better corrosion
resistance, improved by laser welding.

Ni-containing SS wires are positive influenced by laser
welding, relative to the corrosion behavior.

Laser welding of SS orthodontic wires should be
acceptable for clinical use, successful joinings result due
to the good weldability of the SS wires.
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