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In vitro corrosion of metallic orthodontic brackets: Influence of artificial saliva with and without fluorides

Mbénica Pereira Saporeti', Enio Tonani Mazzieiro?, Wisley Falcco Sales®

Objective: This in vitro study verified the resistance to corrosion of metallic brackets, evaluating the superficial aspects in
scanning electron microscopy (SEM) and the residual components. Methods: The sample consisted of 17 sets of brackets of
four different metallic alloys: Titanium, Cobalt-Chromium, Stainless steel with low nickel concentration and with titanium
nitride coating (NiTi). Twelve sets were submitted to corrosion by immersion in 50 ml of artificial saliva (pH 6.5) and four
in saliva (pH 6.5) containing fluoride (2 g/1), all at a temperature of 37 °C and analyzed after 7,9 and 11 weeks. One was kept
as control set. The analysis consisted in qualitative evaluation of the corrosion by the images obtained on the SEM, in semi-
quantitative evaluation of chemical composition of the surface residue by SEM-EDS and the amount of ions released in saliva
on evaluation of atomic absorption spectrophotometry. Results: The results showed that the pure titanium brackets and the
ones with low nickel concentration were superior regarding resistance to corrosion. The cobalt-chromium alloy showed the
greatest corrosion. In the presence of fluoride, it was observed greater variation in all alloys, especially in the ones of NiTi coat-
ed steel and the ones of cobalt-chromium. Conclusion: Although observed corrosion on the SEM, the spectrophotometry
showed low ions release in the artificial saliva, however, the presence of fluoride negatively affected the corrosion resistance.
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Objetivo: este estudo in vitro verificou a resisténcia a corrosio de braquetes metalicos, avaliando-se os aspectos
superficiais em microscopia eletrénica de varredura (MEV) e os componentes residuais formados. Métodos: a
amostra consistiu de 17 conjuntos de braquetes de quatro diferentes ligas metdlicas: titanio, cobalto-cromo, aco
inoxidavel com baixa concentracgio de niquel e com cobertura de nitreto de titanio (TiN). Doze conjuntos foram
submetidos a corrosio por imersdo em 50ml de saliva artificial (pH 6,5) e 4 em saliva (pH 6,5) contendo flaor
(2g/1), todos sob temperatura de 37°C, e analisados apds 7, 9 e 11 semanas. Uma montagem foi mantida como con-
trole. As analises consistiram na avaliacdo qualitativa da corrosio por meio das imagens obtidas no MEV, na ava-
liacdo semiquantitativa da composicéo quimica dos residuos superficiais por meio de MEV-EDS e da quantidade
de ions liberados nas salivas na avaliacio da espectrofotometria de absorcédo atomica. Resultados: os resultados
demonstraram que os braquetes com liga de titanio puro e os de aco com baixa concentracéo de niquel foram supe-
riores em relacdo a resisténcia a corrosio. A liga de cobalto-cromo foi a que apresentou maior corrosio. Na presenca
do fluior, observaram-se maiores alteracdes em todas as ligas, com destaque para as de ago cobertos com TiN e as de
cobalto-cromo. Conclusdo: apesar de se observar a corrosdo no MEV, a espectrofotometria mostrou baixo despren-
dimento de ions nas salivas artificiais, porém a presenca do fltior interferiu negativamente na resisténcia a corrosao.
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INTRODUCTION chemical composition and the thermodynamic treat-
The release of metallic ions and the associated ment of the cobalt-chromium alloy present impact on
biological effects of the nickel alloys have received its resistance to corrosion. Considering the peculiari-
attention in literature of biomedical materials. Some  ties inherent to the oral cavity and the mechanical re-
researches®”* have focused the in vitro phenomenon quirements during the orthodontic treatment, it is es-
that occurs with it, including toxicity and allergenic- sential the development of more researches related to
ity. The biocompatibility of the use of nickel alloys in biocompatibility, mechanical resistance and anticor-
the oral cavity for long periods of time has promoted rosion properties of these alternative alloys, so they
the study of alternative materials for orthodontic  can settle as a possibility on the bracket manufactur-
patients. The oral environment is particularly ideal ing process. This study evaluates the corrosion of me-
for biodegradation of metals,' facilitating the corro-  tallic alloys in artificial saliva with and without fluo-
sion process on orthodontic appliances. For this rea- rides, evaluating the superficial aspects in scanning
son, nickel-free alloys or alloys of stainless steel with electron microscopy and the residual components, so
reduced amount of nickel have been tested.” Stud- that they can be used alternatively to stainless steel in
ies!*81121827 confirmed the possibility of in vivo and patients hypersensitive to nickel.
in vitro corrosion of steel brackets and associated a
lower or greater potential of corrosion not only to the MATERIAL AND METHODS
metal used, but to the manufacturing process and to The sample consisted of 64 straight-wire premo-
the final structure of these appliances. The pure tita- lars brackets, distributed in groups according to man-
nium was recently introduced as alternative material ufacturer and type of alloy (Table 1). Twelve groups
for metallic brackets for its low allergenicity, greater were immersed in artificial saliva, pH 6,5 (Table 2), for
corrosion resistance' (inferior to gold and platinum periods of 7, 9 and 11 weeks and four in artificial saliva
only), biocompatibility and good mechanical resis- (pH 6,5) with 2g/1 of NaF for 11 weeks. One sample was
tance.*® Some authors, however, have questioned the not immersed (Table 3).
behavior of titanium brackets in fluoridated environ- The brackets were set with the aid of tweezers
ment.**?>** The titanium alloys (Ti Al,V) and the co- (Univer, Duflex, Rio de Janeiro, Brazil) in sterile Pe-
balt-chromium alloys have also been used. Filmore,’ tri dishes, 90 x 15 mm, containing 50 ml of artificial
evaluating the soft temper cobalt-chromium alloy and saliva, sealed and kept in kiln (EES, Olidef, Ribeirio
comparing it to two titanium alloys, observed that the Preto, Brazil) at 37 °C constant, in static conditions.

Table 1 - Distribution of sample according to experimental groups.

Control group Group 1 Group2 Group3 Group4  Total

Morelli Nickel- Free - Sorocaba, Brasil 791448 Ni-free steel 1 4 4 4 4 17
Morelli Golden Line - Sorocaba, Brasil 632079 TiN coating 1 4 4 4 4 17
TP Orthodontics - La Porte, USA 1395LJR Co-Cr 1 4 4 4 4 17
Dentaurum- Inspringen, Germany 345360 Ti 1 4 4 4 4 17
Total 4 16 16 16 16 68

Table 2 - Artificial saliva composition (mg/1).

Compound Concentration (mg/1)

NaH,PO,H,0 780
NaCl 500
KCl 500

CaCl,H,0 795
NaS;H,0 5
(NH,),SO, 300
Citric acid 5
NaHCO, 100
Urea 1000
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At the end of each week, about 3 ml of saliva was re-
placed, preventing the solutions saturation by the cor-
rosion byproducts. The corrosion process was qualita-
tively analyzed on the brackets surface through scan-
ning electron microscopy (SEM) (JSM-5310, JEOL,
Japan). The panoramic images were obtained with
angulation of 60° and magnification of 15x. The tie-
wing area and region of transition between body and
base of the bracket were selected to be evaluated with
magnification of 200 and 500x. The chemical compo-
sition of surface residue resultant from the corrosive
process was semi-quantitatively evaluated through
SEM linked to EDS system (XL30, Philips, Eindhoven,
Netherlands). Table 4 presents the alloys composition
before the corrosive process.

The quantitative evaluation of released products
concentration in solutions of artificial saliva by corro-
sion was performed by atomic absorption spectropho-
tometry (Varian 220 FS, New York, USA).

RESULTS
Results for steel samples with
low nickel concentration

The visual inspection of brackets from the control
group revealed a unibody architecture, having little
porosity on the surface. The tie-wing area, under-
neath it and on the area of transition between body
and base presented a quite irregular and rough sur-
face, probably due to the difficult access to polishing
in that region. On experimental groups immersed in

artificial saliva it was observed color changes in iso-
lated areas of the brackets that were proved time-de-
pendent. It was not noticed superficial deposits sug-
gesting corrosion. In the group of 11 weeks of immer-
sion in solution of saliva with fluoride showed stain-
ing, granulation in all surfaces and some superficial
deposit (Fig 1). The EDS analysis did not show for-
mation of superficial oxides in measurable amount.
The atomic absorption spectrophotometry did not
identify ions release after 11 weeks.

Results for steel samples
with titanium nitride coating

The visual inspection revealed that these brack-
ets also present a unibody architecture. According
to manufacturer, the bracket has the same chemical
composition as the steel with low concentration of
nickel, but a thin coating of titanium nitride (TiN) is
applied. The control group presented a rough and ir-
regular surface. On experimental groups immersed in
artificial saliva, small whitish deposits were seen on all
brackets that are more susceptible to surface defects
for the TiN coating. Extending the immersion period,
isolated granules were seen on the bracket surface
and some cracks also could be noticed. A more in-
tense corrosive process was noticed on these brackets
when compared to the group with low concentration
of nickel. On the group of 11 weeks in artificial saliva
with fluoride it was observed greater granulation and
formation of vesicles (Fig 2). In the semi-quantitative

Table 3 - Distribution of brackets groups according to period of immersion and solution utilized.

Group of brackets Group of brackets Corrosive solution
Control group Group O 0 week None
Group 1 7 weeks Artificial saliva
Group 2 9 weeks Artificial saliva
Experimental groups
Group 3 11 weeks Artificial saliva
Group 4 11 weeks Artificial saliva with fluoride

Table 4 - Initial chemical composition of the brackets alloys.

Chemical composition(% by weight)

stainless

Brand Fe Cr Ni Si Mo  Mn Ti W Co Cu H O N C TiN
steel
Morelli Nikel-free  64.69 175 0.01 10 3.5 120 08 0.2
Morelli Golden-line 64.69 175 0.01 10 35 120 0.8 0.2 Superficial coating
Dentaurum 99.0 0.06 035 035 0.05 0.3
TP Orthodontics 075 260 01 - 6.0 - - 01 630 10
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evaluation of chemical composition of surface resi-
dues (SEM-EDS), it was identified the presence of
titanium (95,88%) and oxygen (4,12%) which shows
formation of oxides on the surface of the material, re-
sultant from the corrosion (Fig 3). Despite the pres-
ence of this corrosion after 11 weeks, there was no
significant amount of ions on the atomic absorption
spectrophotometry, showing that despite the corro-
sion, the ions release in saliva was low.

Results for titanium samples

The titanium bracket from the control group present-
ed the most irregular surface, full of fenestrations and in-
creased rugosity in relation to the other brackets, despite
also being unibody. This bracket presented little altera-
tion and superficial deposits during the experimental pe-
riod. Brackets from groups of 9 and 11 weeks of immersion
in artificial saliva presented areas of staining and it was
noticed the appearance of isolated granulation.

Figure 1 - Superficial aspects of the transition area between body and base of steel alloy with low nickel concentration brackets (magnification of 200x).

A) control; B) 11 weeks without fluoride; €) 11 weeks with fluoride.

Figure 2 - Superficial aspects of the transition area between body and base of steel alloy with titanium nitride coating brackets (magnification of 200x).

A) control; B) 11 weeks without fluoride; €) 11 weeks with fluoride.

TiKa

OKa Tikb

-

1.00 200 3.00 400 500 6.00 700 800 900 10.00 11.00 12.00

Element Wit% At% K-Ratio z A F
oK 412 11.40 0.0041 11613 0.0848 1.0000
TiK 95.88 88.60 09519 09920 10007 1.0000
Total 100.00  100.00
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Figure 3 - Result of the SEM-EDS evaluation of chemical composition
of surface residues from the titanium nitride alloy after 9 weeks of im-
mersion.
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In the presence of fluoride, it was noticed an in-
crease of these color variations and of granulations,
which suggests alower resistance of the titanium alloy
to the fluoride (Fig 4). The EDS analysis did not show
clear signs of oxidation and after 11 weeks, the solu-
tions of saliva did not present measurable amount of
ions on the atomic absorption spectrophotometry.

Results for cobalt-chromium samples

The assessment of the cobalt-chromium bracket
proved to be the only one in the sample formed by
two parts connected by a weld interface. The con-
trol group already presented staining on the surface
and some porosity. The weld bead was irregular and
with spongy aspect, which may facilitate the be-
ginning of the corrosion process. Galvanic, inter-
granular and crevice corrosions are more frequent
in brackets with soldering area. The experimental
group showed the greatest alterations during exper-
iment, when compared to the other tested alloys.

After 9 weeks of immersion in artificial saliva it was
observed agreatdeposition of materialin the solder-
ing area. The sample of 11 weeks showed significant
alterations, with formation of crystals on the body/
base interface, suggesting a deposition of corrosion
byproducts in these areas. The group of 11 weeks in
solution of saliva with fluoride experienced greater
corrosion in relation to the others. The bracket pre-
sented a superficial granulated aspect, with forma-
tion of crystals and with release of metal chips from
the surface of the bracket (Fig 5). The semi-quanti-
tative analysis (SEM-EDS) of chemical composition
of surface residues after 11 weeks of immersion in
artificial saliva present a predominance of cobalt
(50,86%), chromium (19,32%) and silver (16,83%).
The presence of oxygen (5,98%) shows formation
of oxides on the surface of the material (Fig 6). The
analysis of the solutions by atomic absorption spec-
trophotometry did not show clear signs of ions re-
lease on the solution of artificial saliva.

Figure 4 - Superficial aspects of the transition area between body and base of titanium alloy brackets (magnification of 200x). A) control; B) 11 weeks

without fluoride; €) 11 weeks with fluoride.

Figure 5 - Superficial aspects of the transition area between body and base of cobalt-chromium alloy brackets (magnification of 200x). A) control;
B) 11 weeks without fluoride; €) 11 weeks with fluoride.
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100 200 3.00 400 500 6.00 700 800 9.00 10.00 11.00 12.00

Element Wt% At% K-Ratio z A F
oK 598 18.73 0.0209 11731 0.2972 10020
AIK 3.35 6.21 0.0157 1.0902 14300 1.0018
SK 1.66 2.59 0.0142 11304 0.7495 1.013
CIK 2.00 2.83 0.0179 1.0778 0.8152 0.0170
Agl 16.83 7.81 01479 19061 09645 1.0056
CrK 19.32 18.61 01991 1.0040 09627 10660
CoK 50.86 43.22 0.4865 0.9877 0.9685 1.0000
Total 100.00  100.00

Figure 6 - Result of the SEM-EDS evaluation of chemical composition
of surface residues from the cobalt-chromium alloy after 11 weeks of
immersion.

DISCUSSION

The corrosion of metallic alloys used on the orth-
odontic bracket manufacturing process has been re-
searched. The corrosion release of nickel and chro-
mium ions has received special attention due to its
potential carcinogenic, mutagenic and allergenic
effects. It is estimated that about 10% of the popula-
tion present allergic reactions to nickel.®*#2¢ In the
oral cavity this reaction can manifest through edema
and gingival bleeding, often of difficult differential
diagnosis in relation to periodontal inflammatory re-
actions of patients in orthodontic treatment and that
present bad sanitation. The orthodontic industry
have sought alternatives to minimize these allergic
reactions, altering the composition of stainless steel
alloy, reducing the concentration of nickel or using
alternative alloys as titanium-aluminium-vanadium
alloy, pure titanium, cobalt-chromium or superficial
coating of titanium nitride. The present study evalu-
ated the corrosion of some of these alloys, keeping
the brackets immersed in solution of artificial saliva,
pH 6,5, at constant temperature of 37 °C. Similar
methodology was used by some researchers. 6101620
Other works!® evaluated the bracket corrosion us-
ing solution of sodium chloride at 0,9%. Although
the solution of NaCl is potentially more corrosive
than artificial saliva, no laboratory corrosive envi-
ronment is capable to simulate every event that oc-
curs in the oral cavity. The interaction between the
characteristics of the human saliva, alterations of pH
due to food variety, bacterial colonization and its by-
products make the oral cavity an extremely favorable

© 2012 Dental Press Journal of Orthodontics

environment to corrosive process and of difficult re-
production in vitro.>® The addition of fluoride to ar-
tificial saliva diminished the corrosion resistance in
all tested alloys. Similar result was found in several
works,31014151723.25 ipndjcating a greater susceptibility
to corrosion in the presence of fluorides. Clinically,
this fact represents a concern regarding cavity pre-
vention in orthodontic patients, once that astringent
solutions and fluoridated toothpaste, normally rec-
ommended as a way to prevent cavity, may increase
the appliance corrosion, releasing greater amount
of ions in the oral cavity. The evaluations of the mi-
croscopy images showed a different behavior of the
alloys. The steel alloy with low concentration of nick-
el presented better performance when compared to
the others. After 11 weeks submitted to the corrosive
process it was not observed the presence of surface
residues in the groups with and without fluoride.
It was not identified the presence of oxygen on the
EDS evaluation and the atomic absorption spectro-
photometry did not reveal ions release. Similar re-
sults were found in a previous study,” although the
saline solution was used as corrosive environment.
The titanium nitride bracket presented greater gal-
vanic and crevice corrosion process than the steel
brackets with low concentration of nickel. Defects on
this coating during the manufacturing process may
facilitate it.262** Titanium brackets presented good
resistance to corrosion. The titanium is considered
a stable metal, biocompatible and resistant to corro-
sion 3478101415172325 The gnalysis of the images showed
little alteration, mostly, only chromatic, and even in
presence of fluoride, the increase of alterations was
not sufficient to cause ions release in the solution.
The cobalt-chromium alloy was the one that pre-
sented lowest resistance to corrosion. The presence
of fluoride increased the corrosion, indicating a low
resistance to fluorides. Associated to this fact, these
brackets were the only ones that presented a solder-
ing area between the body and the bracket bases. The
presence of this area and thermal treatment increase
the susceptibility of this alloy to corrosion.”#9162021
The solutions saturated by corrosion byproducts
were analyzed in order to verify the types and concen-
trations of released metals after the corrosion tests
of the different samples in all three experimental in-
tervals. The atomic absorption spectrophotometer

Dental Press J Orthod. 2012 Nov-Dec;17(6):24.e1-7
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is capable to quantify chemical elements in surfaces,
solid materials and or solutions, through detecting
its atoms.'? Several works about corrosion of brac-
es!213192025 ysed the atomic absorption spectropho-
tometer to quantify chemical elements in these solu-
tions. In the present study, this method proved that
the corrosion of alloys, observed on the SEM, was of
low intensity, with low ions release in the solution
of saliva. This result suggests that the alloys used on
the bracket manufacturing process presented fine
biocompatibility and may be used on patients with
nickel hypersensitivity.
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