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Comparison surface characteristics and
chemical composition of conventional
metallic and Nickel-Free brackets

Abstract: This study aims at comparing conventional and nickel-
free metal bracket surface characteristics with elemental composition
by scanning electron microscopy (SEM), using energy dispersive
spectroscopy (EDS). The sample consisted of 40 lower incisor brackets
divided into four groups: ABZ = conventional brackets, Kirium Abzil
3M® (n = 10); RL = conventional brackets, Roth Light Morelli® (n = 10);
NF = nickel-free brackets, Nickel-Free Morelli® (n = 10); and RM = nickel-free
brackets, Roth Max Morelli® (n = 10). Qualitative evaluation of the bracket
surface was performed using SEM, whereby surface features were
described and compared. The elemental composition was analyzed
by EDS. According to surface analysis, groups ABZ and RL showed a
homogeneous surface, with better finishing, whereas the surfaces in
groups NF and RM were rougher. The chemical components with the
highest percentage were Fe, Cr and C. Groups NF and MR showed no
nickel in their composition. In conclusion, the bracket surface of the
ABZ and RL groups was more homogeneous, with grooves and pores,
whereas the surfaces in groups NF and RM showed numerous flaws,
cracks, pores and grooves. The chemical composition analysis confirmed
that the nickel-free brackets had no Ni in their composition, as confirmed
by the manufacturer’s specifications, and were therefore safe to use in
patients with a medical history of allergy to this metal.
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Introduction

Although the materials applied in orthodontics have evolved greatly,
are prescribed in several different types, and compose a variety of bracket
brands, metallic materials are still very commonly used because of
their physical and chemical characteristics, as well as their mechanical
properties. Bearing this in mind, these materials have been researched
intensely throughout the years.!

Inregard to the physical and chemical characteristics of these materials,
there is a diversity of ferroalloys in brackets, wires, bands, accessories and
other related appurtenances, such as cobalt-chromium alloy (Cr-Co), stainless
steel and titanium, all having nickel (Ni) as one of their main components.>*

Zinelis et al.* describe the elemental composition of the brazing alloy
of four representative orthodontic brackets, namely, Gemini brackets
(3M Unitec): Ni 83.98%, Si 6.46%, Fe 5.90% and Cr 3.52%; MicroLoc (GAC):
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Ag 42.82%, Au 32.14%, Cu 24.53% and Mg 1.12%;
OptiMESHxrt (Ormco): Au 67.79%, Fe 15.69%, Ni
13.01% and Cr 4.01%; and Ultratrim (Dentarum): Ag
87.97%, Cu 10.51%, Mg 1.29% and Zn 1.13%. Their
findings showed that different brazing materials were
used in making the different brands; thus different
performances can be expected in intraoral exposure.

Nickel acts as a primary stabilizer in these
ferroalloys; nevertheless, its atoms are not often
linked, and can be released into the oral environment,
raising questions as to material compatibility.?*

Ferroalloys release Ni and Cr ions when in contact
with the oral cavity, since they are subject to corrosion.?®
Corrosion represents metal loss or conversion into
oxide. In the humid environment of an oral cavity,
all alloys are susceptible to corrosion, if only to
some extent.* Menezes et al.” analyzed structural and
chemical alterations in several metallic brackets, and
observed that the wrinkled surface of new brackets
makes them more susceptible to the corrosive process,
and consequently the release of metallic ions.

Several factors may interfere in the process of
releasing ions: manufacturing method, type of alloy,
and surface characteristics of the accessory,” as well
as characteristics of the environment with which the
component comes into contact, such as composition,
temperature, pH, bacterial flora, enzymatic activity
and presence of proteins.® Additional factors include
use (aging) in the face of adversities, such as stress,
thermal treatment, recycling and reuse of components,
and others.’

Dolci et al.™® researched the release of Ni, Cr, and
iron (Fe) ions in vitro, and concluded that there was
a positive relationship between time and ion release.
This relationship was also observed by Sfondrini et
al™ and Huang et al.®

Health professionals, especially orthodontists,
should broaden their knowledge of material
components of orthodontic use that can cause
patients to have an allergic reaction. Ni has already
proven to have a significant role in dermatitis and
hypersensitivity reactions,>*? and it has been reported
that women are more affected than men.”?

The sensitization caused by Ni can be enhanced
by mechanical irritation, skin maceration and/or
oral mucosal lesions, which may frequently occur
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in orthodontic treatment. According to Rahilly
and Price,"” contact dermatitis caused by Ni is the
response of an immunological reaction to type
IV hypersensitivity in two distinguished stages.
The sensitization phase is when the body first
comes in contact with Ni (allergen), followed by
recognition and response. This stage may present
no symptoms. The induction phase occurs when
the body is newly exposed to nickel, which triggers
the entire clinical reaction.

A precise diagnosis of allergy to Ni is highly
relevant since lesions caused by contact stomatitis
may be variable and visible. Itching has not been
found to be a commonly reported symptom.
Extraoral reactions occur in greater number than
than intraoral reactions.!

Vreeburg et al.* report the importance of differential
diagnoses of allergy to Ni, since other reactions similar
to that of Ni may occur, such as candidiasis, herpetic
stomatitis and mouth ulcers, or else allergy to Ni may
be confounded with allergies to other materials, such
as latex and acrylic.

Ehrnrooth and Kerosuo® reported a clinical case
involving a thirty-four-year-old female patient who
presented a characteristic allergic reaction of pruritus
on the face, eruption of small reddish papules on the
chin, cheeks and neck, as well as eye symptoms, a
week after the insertion of braces.

The biocompatible nature of ferroalloys containing
Ni is questionable, since this component is known
for presenting allergenicity, as well as carcinogenic,
mutagenic and cytotoxic effects.” Nevertheless, this
issue still raises great discussion in literature. Nickel-
free brackets (with no or low content of Ni) were
required as a treatment alternative, because of the
need to use materials that do not release or contain Ni
in their structural composition. A European company
called Dentaurum® presented an entirely biocompatible
titanium bracket at the Annual Convention of the
American Dental Association in 1995 Representing
the Brazilian market, the Morelli® company provides
brackets promoted as nickel-free, with an accepted
0.2% percentage of Ni in their composition. The Abzil
3M® company does not have nickel-free metallic
brackets, and recommends the use of ceramic brackets
for patients with allergy to Ni."?



However, the Monobloco nickel-free brackets
used in this study and made by Morelli® are no longer
manufactured, and have been replaced by the Roth
Max Line, which was not found in the literature.

This study aims at comparing the surface
characteristics of conventional metallic brackets and
the new nickel-free brackets, according to chemical
composition, by scanning electron microscopy (SEM)
using the energy-dispersive X Ray (EDX).

Methodology
This study used fourty new lower incisors brackets
by Abzil 3M® and Morelli®, divided into four groups:
Group ABZ - 10 conventional brackets, Kirium by
Abzil 3M® (3M Unitek, S itek, Ribeirdo Preto, Brazil);
Group RL - 10 conventional brackets, Roth Light
by Morelli® (Dental Morelli Ltda., Sorocaba, Brazil);
Group NF - 10 nickel-free brackets, Nickel-Free by
Morelli® (Dental Morelli Ltda., Sorocaba, Brazil);
Group RM - 10 nickel-free brackets, Roth Max by
Morelli® (Dental Morelli Ltda., Sorocaba, Brazil).
The 10 brackets from each group were mounted on
stubs and analyzed by SEM (JEOL SM-6390LV, Tokyo,
Japan). Each stub contained two brackets. Five stubs
from each group were mounted for SEM analysis.

Surface Analysis
The surface analysis was conducted with

photomicrographs obtained at 25x and 500x

magnification for each bracket, after making
adjustments in light, contrast and focus by an examiner.

The following images were then recorded for each

orthodontic accessory, according to methodology

by Menezes et al.”

a. Frontal (general) - total bracket length
(25x magnifiation). Arrow shows the left
gingival blade area of the bracket for chemical
composition analysis - Figure 1.

b. Frontal (specific) - the left gingival blade area
of the bracket for chemical composition analysis
(500x magnification) - Figure 2.

Only one examiner carried out qualitative
assessment of the surface finish differences for all
orthodontic accessories, according to each company,
with characteristic descriptions and comparison
among groups.
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Figure 1. Frontal photomicrograph (general) at 25x magni-
fication. Arrow pointing to the particular image generated at
500x magnification.

X500, 50um

Figure 2. Frontal photomicrograph (specific) at 500x magnification.

Chemical Composition Analysis

Chemical composition analysis was carried out
with an energy dispersive X-ray (EPX), an auxiliary
tool available on SEM. This analysis was performed
on all the brackets of all the groups. The area assessed
was the buccal surface of the left gingival blade of
each bracket, at 500x magnification, according to
methodology by Menezes et al.” According to this
analysis, the chemical compositions for each bracket
can be quantified and compared. The presence of
Ni, Fe, Cr, Mo and other components was assessed.

Each bracket assessed generated a file containing a
table with the elements and their composition, together
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with the respective percentages. These data were tabbed
and analyzed with GraphPad Prism software, version
5.04 (Graphpad Software Inc., San Diego, USA).

Each chemical element was assessed in each of
the four groups. First, the Kolmogorov-Smirnov test
was applied to assess the sample distribution.

The one-way parametric of Analysis of Variance
(ANOVA) was applied for chemical elements that
presented regular distribution, and established
whether there had been any meaningful statistical
difference among the groups (however, without
establishing among what groups). Tukey’s multiple
comparisons test was then applied to identify the
groups with a significant statistical difference, based
on a significance level of p < 0.05.

The chemical elements without regular
distribution in the samples were assessed by the
Kruskall-Wallis non-parametric test, establishing
whether there had been any significant statistical
difference among the groups., followed by Dunn’s
multiple comparison test to identify the groups
with significant statistical difference, based on a
significance level of p < 0.05.

Results
Surface Analysis

The general images (25x) generated by SEM
revealed more homogeneous surfaces with better
quality finishes for brackets from groups ABZ and
RL, as compared with the surfaces of brackets
from groups NF and RM, which seemed to present
greater rugosity.

Group ABZ revealed a larger area of imperfections
for upper bracket bases. The gingival blades of these
brackets presented greater rugosity than the bracket
blades of the other groups, since these blades were
marked with ink. The remaining areas, such as
the slot and other bracket bases, revealed a more
homogeneous and flatter surface. Imperfections were
observed on the surface of the lateral bottom regions
of brackets from group RL. The remaining areas of
bases, slots and blades presented improvement in
surface polishing and homogeneity.

The entire surface of the brackets from group
NF presented a rougher aspect for the blades,
bases and slots. The brackets from group RM
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also presented a rougher, less polished surface.
Areas of imperfection appeared on both blades
and slots. The left gingival blade of all brackets
presented greater imperfections than other blades,
revealing an area with more stretch marks, dimples
and rugosity.

Particular images (500x) indicated that the sur-
face of bracket blades from groups ABZ (Figure 3)
and RL (Figure 4) presented an improvement in
surface finish, compared with the brackets from
groups NF (Figure 5) and RM (Figure 6). Stretch
marks were observed on the surface of the brack-
ets of all the groups.

The surface of the left gingival blades of the brack-
ets from group ABZ presented predominant pores
and stretch marks that were more homogeneous. A
grainy aspect was observed in some brackets. Group
RL presented fewer pores than group ABZ, and with
a smaller diameter, making the surface look more
homogeneous. However, more stretch marks and
some dimples were observed.

The surface of the left gingival blades of group
NF blades did not present pores. Imperfections such
as multiple stretch marks and some dimples were
observed. Group RM did not present any more stretch
marks than groups ABZ and RL, but it did present
more gaps, pores and dimples, and the surfaces pre-
sented rugosity and more imperfections than the
remaining groups.

X500 50um

Figure 3. Photomicrograph from Group ABZ at 500x
magnification.
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Figure 4. Photomicrograph from Group RL at 500x
magnification.

X500 50um

Figure 6. Photomicrograph from Group RM at 500x
magnification.

Chemical Composition Analysis

Table 1 presents the means and standard devia-
tion of percentages of Iron (Fe), Chrome (Cr), Car-
bon (C) and Silicon (Si), according to bracket type.

Shintcovsk RL, Knop LAH, Gandini Jr LG, Martins LP, Pires AS u
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Figure 5. Photomicrograph from Group NF at 500x
magnification.

Among all the groups, the chemical components
with the highest percentages were Fe and Cr. Car-
bon (C) was present in all the groups as well. The
components with the lowest percentages were Mn,
Ni, Mo, Co, Al and Si (Table 2).

Brackets from group ABZ presented more Fe and
C than brackets from group RM (p < 0.05). Group
RM presented significantly more Cr than group RL.
The silicon (Si) percentage was different among all
groups, except when comparing RM with RL.

Groups NF and RM did not present nickel in their
compositions. When compared with RL, these groups
presented a statistical difference. Group ABZ did
not differ statistically from the remaining groups.

Nickel-free groups (NF and RM) contained man-
ganese (Mn) and molybdenum (Mo) in their compo-
sition, differing significantly from the remaining
groups (ABZ and RL), which did not present these
components in their compositions.

Components Co and aluminum (Al) did not pres-
ent a statistical difference among the groups assessed.

Table 1. Means and standard deviation for percentages of Iron (Fe), Chrome (Cr), Carbon (C) and Silicon (Si), according to the

bracket group assessed.

ABZ RL NF RM p
Fe 69.22 (2.10)° 66.37 (5.24)® 64.73 (2.53) 63.72 (1.75)p 0.039*
Cr 18.37 (1.58) 16.86 (1.36)° 17.67 (0.73) 19.08 (0.83)" 0.023*
C 9.26 (1.65)° 5.36 (4.47) 3.68 (1.60) 2.55 (1.25) 0.001*
Si 0.00 (0.00)° 0.83 (0.12) 0.41 (0.37) 0.92 (0.19) <0.001*

*ANOVA/Tukey. Values followed by the same letter do not differ (p < 0.05). Differents letters represented statiscal difference.

Braz Oral Res [online]. 2015;29(1):1-8 5



Comparison surface characteristics and chemical composition of conventional metallic and Nickel-Free brackets

Table 2. Means and standard deviation. Ranks for percentages of Nickel (Ni), Manganese (Mn), Molybdenum (Mb), Cobalt (Co)

and Aluminum (Al), according to the bracket group assessed.

ABZ RL

Ni Mean (DP) 1.76 (1.40) 8.20 (1.20)°
Mean rank

Mn Mean (DP) 0.00 (0.00)° 0.00 (0.00)°
Mean rank

Mo Mean (DP) 0.00 (0.00)° 0.00 (0.00)°
Mean rank

Co Mean (DP) 0.45 (0.70)° 0.00 (0.00)°
Mean rank

Al Mean (DP) 0.04 (0.10)° 0.37 (0.31)°
Mean rank

NF RM p
0.00 (0.00)° 0.00 (0.00)° <0.001*
9.21 (0.89)° 9.84 (0.98)° <0.001*
3.70 (0.37)° 3.88 (0.33)° <0.001*
0.18 (0.37)° 0.00 (0.00)° 0.202**
0.17 (0.37)° 0.00 (0.00)° 0.055**

**Kruskal Wallis/Dunn. Values followed by the same lefters do not differ (p < 0.05). Differents letters represented statiscal difference.

Discussion

Bracket surfaces and chemical compositions were
assessed in this study to determine whether nickel-
free brackets indeed have no Ni, in order to seek
safer treatments for patients with an allergy to this
chemical component.

Scanning electronic microscopy (SEM) has
been applied in other studies to assess the surface
of brackets and other orthodontic accessories,>”
and has proved suitable to carry out the qualita-
tive evaluation of surface characteristics. Energy-
dispersive X-rays have also been used as a SEM
adjunct tool in assessing the chemical composi-
tion of surfaces.

In this study, brackets from groups ABZ and
RL presented better polishing than brackets from
groups NF and RM, according to Menezes et al.” In
addition, these authors observed that the brack-
ets made by Abzil 3M® presented more corrosion-
related alterations when submitted to biodegrada-
tion. Furthermore, they found a predominance of
Fe, Cr and Ni in the composition of conventional
metallic brackets, as did this study.

Petoumeno et al.> assessed nickel-tatanium
(NiTi) wires by SEM, and observed that most wires
presented surfaces with manufacturing faults;
however, no areas vulnerable to corrosion were
identified. Authors Kao and Huang' also assessed
the surface characteristics of NiTi wires and the
stainless steel of conventional metallic brackets
by SEM, and also observed surface faults associ-
ated with the manufacturing process.
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The final polishing process during bracket man-
ufacturing could interfere in the surface character-
istics, making it susceptible to corrosion and, con-
sequently, to the release of ions into the oral cavity.”

Groups ABZ and RL were composed of conven-
tional stainless steel brackets, whereas groups NF
and RM contained nickel-free brackets. This can be
confirmed by this study and is in accordance with
manufacturer specifications. Brackets of the latter
group are suggested as safer for patients with an
allergy to nickel or metals in general. Zinelis et al.*
assessed the elemental composition of the brazing
alloy of four representative orthodontic brackets,
and observed 83.98% of Ni in one of them; the other
components verified were Si, Fe, Au, Ag, and Cr.

Group ABZ presented a small percentage of
nickel (1.76%), which is statistically insignificant
compared with the remaining groups; nevertheless,
this percentage did not prove safe to patients with
a history of allergy to metals. Nickel is regarded as
cytotoxic, carcinogenic, allergenic and mutagenic;
however, despite the few studies on this subject
reported in the literature, the greatest problems
found are hypersensitivity reactions.> On the
other hand, Park and Shearer! observed that the
release of nickel and chromium from orthodon-
tic bands might sensitize patients to nickel and
chromium, and, as such, may cause hypersensi-
tivity reactions in patients with a prior history
of hypersensitivity to these metals.

Nickel is known for stabilizing austenitic ferroal-
loys and acting as an anticorrosive agent.> Nickel-free
brackets would thus be more susceptible to corro-



sion. Since polishing may influence ferroalloy corro-
sion, the authors of this study believe that nickel-free
brackets (NF and RM) should present better polish-
ing; nevertheless, this characteristic was observed
only for the groups containing Ni (ABZ and RM). On
the other hand, Mo also plays an important anticor-
rosive role when used in alloy steel, and can replace
nickel in nickel-free alloys, as found in this study.

According to Rahilly and Price," the rough sur-
face of orthodontic accessories may cause mechanical
trauma from oral mucosa maceration, thus causing
close contact of a patient’s physical parts with products
that may cause ferroalloy corrosion (release of ions),
and establishing susceptibility to allergic reactions.

Pantuzo et al.® assessed the relationship between
a patient’s medical history of allergy to metals and
his/her allergic reaction to Ni, and observed a
definite correlation between sensitivity to Ni and
allergy to metals. In addition, the authors found
that nickel-free orthodontic accessories caused
fewer allergic reactions.

Several authors assessed the release of metal-
lic ions by orthodontic accessories. Huang et al.’
observed the release of Ni and Mn ions, as well as a
great number of Fe ions from conventional metallic
brackets in artificial saliva. This release is directly
related to the period of degradation and to Fe con-
tent in the alloy, as verified in this study.

Petoumeno et al.° concluded that the Ni concen-
tration in a patient’s saliva increased as the orth-
odontic sets were installed and the NiTi wires were
applied; however, after 8 weeks, the concentration
of Ni decreased to baseline levels. Kao and Huang'*
associated the corrosion process with pH, observing
that the lower the pH of a solution, the greater the
metal corrosion process.
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