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In vivo study of metal content of oral
mucosa cells in patients with and
without fixed orthodontic appliances

Structured Abstract

Authors — Amini F, Borzabadi Farahani A, Jafari A, Rabbani M

Objective — To compare the concentration of nickel, chromium and cobalt in oral
mucosa cells of patients with and without fixed orthodontic appliances.

Materials and Methods — A total of 60 patients were included in this study. The control
group consisted of 30 patients without any type of fixed orthodontic appliances or
metal restoration in the mouth (20 females and 10 males from 16 to 20 years with a
mean age of 18 years). The test group consisted of 30 patients who had fixed
orthodontic appliance in their upper and lower arches (20 females and 10 male from
16to 20 years with a mean age of 18.2 years). The metal content determinations were
carried out using atomic absorption spectrophotometry with a graphite furnace.
Results — According to spectrophotometric analysis, no significant differences in
chromium (p = 0.09) and cobalt (p = 0.10) content of oral mucosa cells were found
between the test and control samples. The nickel content in mucosa samples was
significantly higher (p = 0.003) in orthodontic patients compared with the controls.
The mean levels of nickel in control and orthodontic patient group were 12.26

and 21.74 ng/ml, respectively.

Conclusion — Our findings indicate that there was no difference in the concentration
of chromium and cobalt in oral mucosa cells of patients with or without fixed
appliances. However, a significantly higher concentration of nickel can be found
in oral mucosa cells of patients wearing fixed orthodontic appliances. Continued
follow-up is needed to determine the long-term significance of nickel release.

Key words: chromium; cobalt; fixed orthodontic appliances; nickel; oral mucosa cell
content

Introduction

The warm and moist condition in the mouth offers an ideal environment
for the biodegradation of metals, consequently facilitating the release of
metals ions that can cause adverse effects. Biocompatibility is strongly
related to ionic release and therefore the public may express concern
about possible leakage of metal ions from an orthodontic appliance.
Fixed orthodontic appliances usually include brackets, bands, arch
wires, and springs. They are made of stainless steel, nickel-titanium, or
nickel-cobalt alloys. The stainless steel currently used in orthodontic
clinics is of type 302 or 304, both of which contain 8-10% nickel. Nickel is
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added to maintain the steel’s face-centered cubic
structure, and is created when heated at 912°C or
higher. Nickel also increases the strength, ductility, and
resistance to general, crevice and erosion corrosion.

The major corrosion products are iron, chromium,
and nickel for stainless steel, and Ti and Ni for nickel-
titanium alloys. Among stainless steel and nickel-tita-
nium corrosion products nickel and chromium have
received the most attention because of their reported
adverse effects. Nickel is a known allergen (1) with
carcinogenic (2) and mutagenic effects (3). However,
the cause and effect relationship between intra-oral use
of nickel alloys and carcinogenicity has never been
demonstrated (4). Nickel is a component of certain
enzyme systems in humans and it is considered
an essential trace element. Daily intake of nickel is
estimated to be 100-600 pg/day (5).

Nickel is one of the most common causes of allergic
contact dermatitis, and the incidence of such contact
dermatitis is as high as approximately 20-30% (6-8).
Adverse reactions related to nickel containing ortho-
dontic devices such as arch wires, brackets, and
soldered stainless steel face-bows have been reported
(9-11). Surprisingly, nickel sensitivity has been
reported to be lower in subjects who have received
orthodontic treatment. It seems that treatment with
nickel-containing metallic appliances
before sensitization to nickel (ear piercing) may have
reduced the frequency of nickel hypersensitivity (12)
and patients developed immunologic tolerance over a
long period of treatment (13, 14). Allergic response to
nickel-containing alloys is mainly type IV hypersensi-
tivity reaction, cell mediated by T-lymphocytes (15). It
has been suggested that long-term exposure to nickel-
containing dental materials may adversely affect both
human monocytes and oral mucosal cells (16-18).

Chromium ions provide an electrochemically formed
passive film that offers protection against aggressive
ions in the oral environment and prevents corrosion.
This effect increases as the chromium content
increases. As a result stainless steel and chromium-
containing alloys do not corrode easily. The mecha-
nism occurs by creating a thin oxide film, which delays
corrosion. Integrity of chromium oxide on a metal
surface is very important and chromium oxide must be
maintained and kept stable throughout the entire
material. However, when stainless steel is heat-treated,
surface oxidation can occur, and an uneven oxide film
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may cause localized corrosion. Each heat treatment
environment and cooling method can affect the thick-
ness and form of the uneven oxide film on the wire
surface, which can create various degrees of corrosion.

Aside from nickel, chromium and cobalt ions can also
cause hypersensivity and dermatitis. These metals can
induce cytotoxicity and genotoxicity (19-21). Previous
in vitro (22-26) and in vivo (27-32) studies have inves-
tigated the release of metals, such as nickel and chro-
mium from fixed orthodontic appliances. These studies
reported a measurable level of metals in simulated
medium (sodium chloride solution), saliva and blood.
However, nickel released from all tested arch wires was
considerably lower than the concentrations necessary to
elicit cytotoxic reactions (25). Overall, differences in
nickel content (in saliva) between individuals with or
without orthodontic appliances, or between saliva
collected before and after appliance insertion was not
significant. The release of nickel seemed to be related to
both the composition and the method of manufacture of
the appliances (23, 25). Nickel release does not seem to
be proportional to the nickel content of used fixed
appliance (23). Heat treatments of the alloys under
laboratory conditions have been shown to markedly
increase the release of metal ions by 15-60 times (33).
Exposure to acidic environment (34), simulated function
conditions (dynamic) compared to static conditions
(24), and the use of toothpaste (35) and some mouth
washes (36) have been shown to increase the release of
nickel ions from nickel alloys.

To our knowledge, most studies investigated the level
of released ions in saliva or blood, overlooking the cells
with prolonged contact with fixed appliances. The aim
of this study was to compare the content of nickel,
chromium and cobalt in oral mucosa cells in young
patients with and without orthodontic appliances.

Materials and methods
Study cohort

Subjects were selected from the pool of patients who
registered for a routine checkup at the Department of
Orthodontics, Dental school of Azad Medical University
within the past 3 years. A sample of 60 selected subjects
was used comprising of a test group of 30 orthodontic
patients who had fixed orthodontic appliances in both
arches. The control group included 30 subjects without



any type of fixed orthodontic appliances or metal
restoration in the mouth. The exclusion criteria in both
groups were 1) smoking, pre-existing systemic diseases
or medications associated with oral mucosa changes
and 2) intraoral piercing/metal restorations. Informed
consent was obtained after the objective of the study
was fully explained.

In total, 20 females and 10 males, from 16 to 20 years
(mean age 18.2 years) agreed to participate in the test
group. For the patients in the test group, average period
since appliance insertion was 16 months at the time of
sample collection. All patients were bonded with new
0.018 in stainless steel brackets with standard edgewise
slot in both arches (Discovery; Dentaurum, Pforzheim,
Germany), and eight also had stainless steel ortho-
dontic bands (Unitek/3M; Monrovia, CA, USA) on
their upper and lower first molars. Six patients had
a nickel-titanium alloy arch wire (Nitinol®; Ormco
Corporation, Orange, CA, USA) at the time of sampling,
and the remaining participants had stainless steel
wires (Remantium; Dentaurum). Twenty females and
10 males aged 16-20 years (mean age 18 years) formed
the control group.

Sample collection

The participants were asked to rinse their mouth for
1 min to remove exfoliated dead cells. Mucosa samples
were collected by gentle brushing of the internal part of
the right and left buccal mucosa with an interdental
brush. The brushes were transferred to polyprophylene
tubes and stirred in 5 ml of phosphate-buffered saline
solution.

Metal content determination

Mucosa samples were diluted in water and acidified in
nitric acid, kept at 60°C for 10 min to dissolve the
metal content before analysis. The concentration of
nickel, chromium, and cobalt ions was quantified
using atomic absorption spectrophotometry with a
graphite furnace (Varian SpectrAA-220; Mulgrave,
Australia). Results were given as ng/ml. The detection
limit of the method for samples solutions was as low
as 1 ng/ml (p.p.b.). All metal content determinations
were performed at the Analytical Chemistry Depart-
ment, Nuclear Research Centre, Atomic Energy
Organization of Iran.
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Statistical analysis

Taking into account the approximately normal distri-
butions of metal contents in samples, The Student’s
t-test was applied to assess differences in nickel,
chromium, and cobalt mucosa cell contents between
orthodontic patients (test group) and the control group.
All analyses were carried out using SPSS 12 (Statistical
Package for Social Sciences; SPSS Inc., Chicago, IL,
USA). Statistical significance was determined at the
0.05 level throughout.

Results

The nickel contents in the buccal mucosa cells are
given as mean and standard deviations and are shown
in Table 1. The mean levels of nickel in control and test
group were 12.26 and 21.74 ng/ml, respectively.
Examining the content of nickel in the buccal mucosa
cells of orthodontic patients (test group) and controls,
the nickel content in mucosa samples of test group was
significantly higher (p < 0.01) than that in the controls
(Table 1).

There were slight increases in the content of
chromium and cobalt in the buccal mucosa cells of
the test group (Tables 2 and 3). In the control group,
the mean levels of chromium and cobalt were 3.46 and
0.44 ng/ml, respectively, whereas in the test group the
same metals were 4.24 and 0.84 ng/m, respectively.
However the Student’s t-test did not reveal a statisti-
cally significant difference between test and control
groups for both chromium and cobalt.

Discussion

The present study investigated the presence of metal
ions in oral mucosa cells in orthodontic patients
wearing fixed appliances. Orthodontic appliances are

Table 1. Mucosa cell nickel content in collected samples
(mean + SD, ng/ml) in controls and test groups

Samples (ng/ml) Controls (n = 30) Patients (n = 30)  p-value

Nickel content 12.26 + 12.9 21.74 + 11.41 0.003

(Mean + SD)
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Table 2. Mucosa cell chromium content in collected samples
(mean = SD, ng/ml) in controls and test groups

Samples (ng/ml) Controls (n = 30)  Patients (n = 30)  p-value

Chromium content  3.46 + 1.65 4.24 + 1.82 0.09

(Mean + SD)

Table 3. Mucosa cell cobalt content in collected samples
(mean * SD, ng/ml) in controls and test groups

Samples (ng/ml)  Controls (n = 30)  Patients (n = 30)  p-value

Cobalt content 0.44 £ 0.74 0.84 + 1.06 0.10

(Mean + SD)

mostly made of stainless steel and nickel-titanium
alloys. The orthodontic alloy constituents are mostly
iron, cobalt, chromium, and nickel. Because the cor-
rosion products from orthodontic appliances can be
harmful to the surrounding structure or body, we
decided to evaluate the buccal mucosa cell content of
three main possibly harmful constituents of ortho-
dontic fixed appliances. Variety of factors can affect the
amount of metal released from orthodontic appliances
including the corrosion resistance of the material, the
brazing or welding effects on the metal, galvanic cor-
rosion of dissimilar metals, the surface of the appliance
(37, 38).

Oral cavity provides an environment that makes
aqueous corrosion in metals and alloys more favorable.
Saliva as an electrolyte and a medium for chemical
reactions between metals can cause corrosion. The
organic acids and enzymes that microbes produce or
the bacteria existing within the mouth can also cause
corrosion. The present study used atomic absorption
spectrophotometry with a graphite furnace for analysis
of metal content in oral tissues. This is a common
method used for trace element analysis in the literature
(32, 39).

In our study, the nickel content in buccal mucosa
cells of orthodontic patients (test group) was found to
be significantly higher than in controls. This in vivo
observation is in line with previous study by Faccioni
et al. (16) in which the presence of nickel and cobalt
has been shown in oral mucosa cells of orthodontic
patients. Contrary to Faccioni’s work (16), we did not
find a significant difference in chromium and cobalt
cell contents in patients with orthodontic appliances
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compared with their non-appliance controls. The fail-
ure to reach statistical significance was probably due to
the wide variation in metal contents, and larger
numbers may be required to demonstrate significant
differences.

Nickel can be taken up into cells by diffusion via the
Mg2" transport system (2), or via the calcium and iron
channels (40). The most effective way of nickel uptake
into cells is by phagocytosis of metallic nickel or nickel
compound dust which has been seen in cultured cells,
the efficiency of which depends on the size and surface
charge of the nickel particles (41). Of the two environ-
mentally available forms of chromium, hexavalent and
trivalent, the hexavalent form has been demonstrated
to be associated with the toxic parameters and classi-
fied as human carcinogen and mutagen (20). Several
studies have shown that the cellular uptake of chro-
mate is several fold greater than that of the trivalent
ion, because trivalent chromium is predominantly
octahedral and diffuses slowly (42). The tetrahedral
hexavalent ion has been shown to enter the cell
through general anion channels and bind to cellular
components, causing disruptions in biochemical
pathways.

Reductive metabolism of chromium within the cell
by the cell’s redox system leads to the formation of
various intermediate forms, Cr (V), Cr (IV), and Cr (III)
(43). While there is overwhelming evidence to show
that Cr (VI) complexes are mutagenic in bacterial and
mammalian cells, most of the Cr (III) complexes are
shown to be non-mutagenic. Entry of Cr (III) into cells
has also been shown to be diffusion controlled and
macrophage mediated. Chromium (III) has been rec-
ognized as an essential trace element (44). Interpreta-
tion of the metal content of buccal mucosa cells is
hampered by inherent limitations of the atomic
absorption spectrophotometry to differentiate between
oxidation levels of the metal contents. However, the
valence of a metal affects its biologic activity, e.g., being
mutagenic, hexavalent Cr crossed the cell membrane in
contrast to trivalent Cr during in vitro studies.

There have been many studies on the amount of
metal released from orthodontic appliances under
various physical and chemical conditions (22-32).
These studies demonstrated that these metals were
released and absorbed by patients during the early
stages of orthodontic therapy. They concluded that
nickel ions, released from orthodontic appliances in



saliva or blood samples was significantly below
the average dietary intake and did not reach toxic
concentrations.

However, a review of the literature reveals that pro-
longed in vitro exposure to low levels of nickel ions can
alter cellular metabolic activity (17, 18). Furthermore
studies taking oral mucosal cell brushings in ortho-
dontic patients compared with control subjects con-
cluded that nickel release from fixed orthodontic
appliances could induce DNA damage in oral mucosal
cells (16). Therefore, to insure the safety of patients,
further research and continued follow-up would be
needed to determine the long-term significance of
nickel release and other corrosion products.

Conclusion

Our findings indicate that there was no difference in
the concentration of chromium and cobalt in oral
mucosa cells of patients with or without fixed appli-
ances. However, a significantly higher concentration of
nickel can be found in buccal mucosa cells of patients
wearing fixed orthodontic appliances. Continued
follow-up is needed to determine the long-term
significance of nickel release.
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