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In vitro oxidative stress induced by conventional and self-ligating brackets

Zorana Ivankovic Buljana; Sonja Pezelj Ribaricb; Maja Abramc; Ante Ivankovicd; Stjepan Spalje

ABSTRACT
Objective: To determine the in vitro oxidative stress induced by conventional and self-ligating
brackets made of different materials.
Materials and Methods: The concentration of oxidative stress marker 8-hydroxy-29-deoxyguanosine
(8-OHdG) in DNA of murine fibroblast cells L929 after in vitro exposure to three types of conventional
and four types of self-ligating brackets was assessed. To determine viability and changes in the
number of cells before and after exposure, trypan blue dye was used. Analysis of variance (ANOVA)
was used for statistical analysis.
Results: No significant difference in cell viability was noted between metal, ceramic, and polymeric
conventional brackets, and self-ligating brackets made of combinations of those materials, but
viability was significantly higher compared with positive controls (P , .05). The conventional
sapphire ceramic bracket (Inspire Ice) showed high viability, the largest increase in the number of
cells, and the lowest oxidative stress. A higher concentration of markers of oxidative stress was
observed in full metal conventional and self-ligating brackets (MiniSprint and Speed) and in
conventional polyurethane brackets (Quantum) compared with negative controls (P , .05).
Conclusion: All types of orthodontic brackets, regardless of the constituent materials, are a source
of oxidative stress in vitro, but the highest stress was induced in the full metal and polyurethane
brackets. Conventional ceramic brackets show the highest degree of biocompatibility compared
with polymeric and metal brackets and self-ligating brackets made from combinations of these
materials. (Angle Orthod. 2012;82:340–345.)
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INTRODUCTION

Physiologic and biochemical processes of the oral
cavity provide an ideal milieu for biodegradation of

orthodontic appliances,1–5 thereby facilitating the re-
lease of oxidation products associated with adverse
health effects, such as cytotoxicity and genotoxicity.1,6,7

Orthodontic brackets usually are made of alloys
based on iron, chromium, molybdenum, and nickel,
and esthetic variants of polymers and ceramics are
available.8 Self-ligating brackets contain passive or
active clips made of stainless steel or nickel-titanium
or cobalt-chromium alloys, and may be coated with
rhodium in an effort to improve their appearance.9 To
improve esthetics and to retain mechanical properties,
self-ligating brackets are made of various combina-
tions of these metallic and esthetic materials.10 The
biological effects of such brackets composed of
combinations of different materials have not yet been
studied sufficiently.

Oxidative stress is a disturbance in the balance of
oxidation-reduction processes in the body, where the
shift in balance is directed toward oxidation.11 This
disturbance results in excessive production of free
radicals, which are highly reactive and which further
initiate auto-oxidation of lipids and damage proteins,
nucleic acids, carbohydrates, and other organic
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molecules. Sources of free radicals may be found in
various physiologic processes and physical and
chemical agents, such as oxygen metabolism, phago-
cytosis, chemotaxis, apoptosis, coagulation, hypoxia,
hyperoxia, cigarette smoke, medication, nutrition,
pesticides, metals, and radioactive and ultraviolet
(UV) irradiation.12 Probably the most important biolog-
ical target of oxidative stress is DNA, which suffers
pyrimidine dimerization, modification or loss of bases,
single-stranded and double-stranded breaks, breaks of
hydrogen bonds, and oxidation of nitrogen bases.11 It is
believed that long-term oxidative damage to DNA
plays an important role in various pathophysiologic
processes including cancer, atherosclerosis, neurode-
generative disorders, infectious and autoimmune
diseases, diabetes, aging, and hemolysis.11,13

The aim of this study was to determine the in vitro
oxidative stress induced by conventional and self-
ligating brackets made of different materials.

MATERIALS AND METHODS

The sample consisted of three types of conventional
and four types of self-ligating brackets: conventional:
(1) stainless steel (MiniSprint, Forestadent, Phorz-
heim, Germany), (2) monocrystalline sapphire ceramic
(Inspire Ice, Ormco, Orange, Calif), and (3) polyure-
thane (Quantum, Masel, Carlsbad, Calif); self-ligating:
(1) stainless steel body with nickel-titanium clip
(Speed, Strite Industries, Cambridge, Canada), (2)
aluminum oxide ceramic with cobalt-chromium clip
(QuicKlear, Forestadent, Phorzheim, Germany), (3)
aluminum oxide ceramic with nickel-cobalt clip coated
with rhodium (In-Ovation C, Dentsply GAC, Bohemia,

NY), and (4) polycarbonate-stainless steel brackets
(Damon 3, Ormco) (Table 1).

Five maxillary brackets of each type were weighed,
autoclaved, and immersed into artificial saliva Glando-
sane (Stade Arzneumittel, Vienna, Austria) with
pH 6.75 6 0.15 (adjusted and controlled with 10 N
NaOH buffer solution), placed into sterile airtight
polyethylene tubes, stored at 37uC, and kept in
stationary conditions for 30 days. According to
International Organization for Standardization (ISO)
standards, 1 mL of saliva per 0.2 g of brackets was
used.14 Artificial saliva, which served as a negative
control, was stored in the same way. After the
immersion period, the brackets were removed and
the artificial saliva was stored at 4uC until further
analysis was conducted.

The study was performed on murine fibroblast cells
L929. All cells were grown in culture in Dulbecco
modified Eagle medium (Sigma Chemicals, St Louis,
Mo) supplemented with 10% fetal bovine serum
(Gibson BRL, Grand Island, Nebr), 2 mM L-glutamine,
11 mM sodium bicarbonate, 100 U/mL penicillin, and
100 mg/mL streptomycin. Cells were cultivated in
100 mm cell culture dishes (Sigma Aldrich Co, St
Louis, Mo) in a humidified atmosphere containing 5%
CO2 at 37uC for 24 hours to obtain cell monolayer. A
total of 200 mL of each sample of saliva was added to
cell culture dishes (2 3 106 cells each). The medium of
cell culture without any test material served as the
absolute control. Artificial saliva was used as the
negative control, while the positive control was 0.1 mM
H2O2, both in 200 mL. Samples were incubated for
48 hours. All tests were conducted in triplicate and
were repeated twice.

Table 1. Composition of Brackets According to Manufacturer’s Material Safety Data Sheet

Bracket Type Composition

MiniSprint Conventional SS Cr 16–20%, Mn 16–20%, Mo 1.8–2%, Si 1%, Ni 0.3%, P, S, V,

C 0.1%, Fe rest #65%

Quantum Conventional polyurethane Isocyanate, long chain macrodiol, short chain diol extender.

(Hazardous ingredients: diphenylmethane 4,4 diisocyanate [MDI],

polyether polyol based on dipropylenglicol)

Inspire Ice Conventional sapphire ceramics Single-crystal aluminum oxide, zirconium oxide

Speed Self-ligation SS with Ni-Ti clip Body: Cr 20%, Ni 14%, Cu 5%, Mo 3%, Mg 2%, P, S, Cb, Ta, C ,1%,

Fe rest #54%

Clip: Ni 55%, Ti 45%

QuicKlear Self-ligation ceramics with Co-Cr clip Body: 99.99% aluminum oxide

Clip: Co 38–42%, Cr 15–30%, Ni 14–16%, Mo 6–8%, Mn 1–3%, Be,

C ,1%, Fe rest #25%

In-Ovation C Self-ligation ceramics with Rh-coated Ni-Co clip Body: 99.9% aluminum oxide

Clip: Ni 10–50%, Co 10–50%, Cr 1–30%, Mb 0–20%, Fe, Nb, Ti 0–5%

Clip coating: Rh

Damon 3 Self-ligation SS and polycarbonate with SS clip Body: SS ,30% (Fe 73%, Cr 12%, Ni 7%, Mn 2%, Si 1%, C ,1%),

poly-(2,2-bis-[phenylene]propane carbonate) 40–60%, e-type glass

fiber (calcium-alumini-borsilicate) ,20%

Clip: Cr 15.5–17.5%, Ni 3–5%, Cu 3–5%, Mn, Si 1%, C, P, S,

Nb ,1%, Fe rest #75%
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To determine the number of cells and their viability,
a 20 mL cell suspension was mixed with 80 mL 10%
solution of trypan blue dye (Sigma Aldrich), and cells
were counted using a Neubauer microchamber (Brand
GMBH, Wertheim, Germany) with the light microscope
Olympus BM-2 (Olympus, Center Valley, Pa).

For isolation of genomic DNA, the GenElute
Mammalian Genomic DNA Kit (Sigma Aldrich) was
used. As the number of cells increased from 2 to more
than 5 3 106 in 2 days, 5 3 106 cells were taken from
each of the samples. RNA was removed from genomic
DNA by adding 20 mL solution of RNase A. Accord-
ing to the manufacturer’s instructions, cells were
resuspended and lysed. With the addition of 95% etha-
nol (Kemika, Zagreb, Croatia), binding of DNA to the
silicate membrane columns was enabled, the remain-
ing contamination was removed by washing, and DNA
was eluated with tris-ethylenediaminetetraacetic acid
(EDTA) buffer.

The quantity and quality of extracted DNA were
determined at wavelengths of 260 nm and 280 nm on a
NanoVue spectrophotometer (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden). For further analy-
sis, extracted DNA was used at a concentration of
0.1 mg/mL. The sample was converted to single-
stranded DNA by incubating the DNA sample at 95uC
for 5 minutes, and then rapidly cooling it on ice. DNA
was digested into nucleosides by incubating denatured
DNA with 10 U nuclease P1 (Sigma Aldrich) for 2 hours
at 37uC in 20 mM sodium acetate pH 5.2, and was
treated with 5 U alkaline phosphatase (Sigma Aldrich)
for 1 hour at 37uC in 100 mM tris buffer pH 7.5. The
reaction mixture was centrifuged for 5 minutes at
6000 g, and the supernatant was used in measur-
ing the concentration of markers of oxidative stress
(8-OHdG).

Oxidative DNA damage was determined using the
OxiSelect Oxidative DNA Damage ELISA Kit (8-OHdG
Quantitation) (Cell Biolabs, San Diego, Calif) accord-
ing to the manufacturer’s instructions, and optical
density readings were performed by using plate
readers (Start Fax 2010, Awareness Technology,
Palm City, Fla) with a 620-nm filter. The amount of 8-
OHdG in each sample was determined by comparing
its absorbance read on the reader with that of the
known standard curve. To create a standard curve, a
series of dilutions of standard 8-OHdG with a
concentration range of 0 to 20 ng/mL were prepared.

One-way analysis of variance (ANOVA) with a Sidak
post hoc test was used for statistical analysis.

RESULTS

Cell viability was lowest in a positive control (89.93 6

3.07); this is significantly different from all groups (P , .05),
except the one with QuicKlear brackets (94.93 6 3.03;
Table 2; Figure 1). Inspire Ice showed the largest increase
in the number of cells between initial count and that after
48-hour exposure (10.58 6 1.83)—significantly greater
than both QuicKlear (5.07 6 2.15; P , .05) and the positive
control (4.57 6 0.10; P , .05; Table 2; Figure 2).
Differences between other groups of brackets and control
groups were not statistically significant.

A statistically significant higher oxidative stress was
observed in the full metal brackets Speed (1.42 6 0.15)
and MiniSprint (1.44 6 0.36) and in the polyurethane
Quantum brackets (1.56 6 0.02) compared with
negative controls (0.65 6 0.22; P , .05; Table 2;
Figure 3). All groups of brackets had higher stress than
the positive controls (1.10 6 0.50), except Inspire Ice,
which had slightly lower stress. Negative and absolute
controls had the lowest levels of oxidative stress.

Table 2. Distribution of Viability, Cell Growth, and Concentration of 8-OHdG Oxidative Stress Markers Between Groups (mean 6

standard deviation)

Group Viability, %* Cell Growth, N-fold Increase** 8-OHdG, ng/mL***

Self-ligating QuicKlear 94.93 6 3.03ab 5.07 6 2.15c 1.25 6 0.10efg

Speed 96.65 6 1.38a 7.68 6 1.38cd 1.42 6 0.15ef

Damon 3 97.74 6 0.55a 5.90 6 1.20cd 1.12 6 0.42efg

In-Ovation C 98.12 6 0.77a 6.72 6 2.15cd 1.12 6 0.40efg

Conventional MiniSprint 98.27 6 1.53a 6.18 6 1.51cd 1.44 6 0.36ef

Inspire Ice 97.63 6 0.88a 10.58 6 1.83d 1.09 6 0.42efg

Quantum 96.99 6 2.61a 6.83 6 0.93cd 1.56 6 0.02f

Control Negative control 97.75 6 1.94a 6.17 6 2.90cd 0.65 6 0.22g

Positive control 89.93 6 3.07b 4.57 6 0.10c 1.10 6 0.50efg

Absolute control 97.65 6 0.63a 6.28 6 1.06cd 0.87 6 0.26eg

Total 96.57 6 2.90 6.60 6 2.13 1.16 6 0.40

* ANOVA P 5 .001; g2 5 0.708. Same letters indicate no statistically significant differences between samples according to the Sidak post hoc

test.

** ANOVA P , .05; g2 5 0.562. Same letters indicate no statistically significant differences between samples according to the Sidak post hoc

test.

*** ANOVA P , .001; g2 5 0.437. Same letters indicate no statistically significant differences between samples according to the Sidak post

hoc test.
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The highest effect size in explaining the differences
in biological effects between groups had viability
(70.8%) compared with cell proliferation and oxidative
stress (56.2% and 43.7%, respectively).

DISCUSSION

Studies of biocompatibility in the orthodontic field are
often focused on the corrosion of archwires and
brackets, the cytotoxic effects of bracket material and

bonding agents on cell culture, oral tissues, and
changes in salivary parameters.1–6,15–21 Few studies
have explored the genotoxicity of orthodontic appli-
ances, usually involving stainless steel brackets.22–24 It
is known that iron, copper, chromium, and vanadium
undergo a redox cycle and thus directly generate free
radicals, while cadmium, mercury, nickel, and lead
create them indirectly.7 It seems that polymers,
ceramics, and synthetic sapphire, used for esthetic
components of brackets, are not inert materials. Some
types of alumina ceramics cause numeric chromo-
some aberrations.25 Polycarbonates hydrolyze and
release bisphenol A (BPA), which is associated with
DNA hypomethylation, breast and prostate cancer,
and disorders of the thyroid and gonads.26,27 Polyoxy-
methylene brackets release formaldehyde, which is
toxic, allergenic, and potentially carcinogenic.16,20

Sapphire is an aluminum oxide crystal in which metals
of iron, chromium, titanium, or vanadium, which
determine its color, can be incorporated, and these
metals can induce the production of radicals. Knowl-
edge of the genotoxic properties of orthodontic
materials, such as oxidative stress, should be an
important criterion for selecting an appliance that
would have safe biological effects on patients.28

The advantage of using an immortal cell line is that
the cell can be grown indefinitely in culture. Performing
analysis on primary cells from tissue donors (human
gingival fibroblasts) does not offer such advantages
and raises some ethical concerns. For initial evaluation
of the biocompatibility of a material, the cellular viability

Figure 3. Distribution of oxidative stress marker concentrations.
Figure 1. Distribution of viability index.

Figure 2. Distribution of increase in the number of cells.
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test is used.14 The viability of positive control was
significantly lower than that of negative and absolute
controls and that for all groups of brackets, except
QuicKlear. Because the body of QuicKlear brackets is
composed of 99.99% aluminum oxide ceramics and a
clip of 38% to 42% cobalt, 15% to 30% chromium, and
14% to 16% nickel, reduced viability of QuicKlear is
probably due to release of these ions from the clip.
Vitral et al.16 showed good biocompatibility of ceramic
brackets in terms of cellular viability, but polycarbonate
and polyoxymethylene brackets showed decreased
cell viability compared with the control group and those
with ceramics, although this finding was not statistically
significant. Although the polyurethane bracket Quan-
tum in our study induced lower viability, no statistically
significant difference in viability was noted between
brackets made of metal, ceramic, and polymeric
material (and combinations); this is consistent with
the findings of previous studies.16,29 It seems that
corrosion extracts of stainless steel brackets do not
alter viability in L929 cell culture but cause reduction of
cellular metabolism.30 This suggests that mitochondrial
metabolism is the target of corrosion products. Nickel
ions, when in the trivalent form, are exposed to
mitochondrial redox metabolism, which leads to the
formation of not fully reactive oxygen radicals.30

The sapphire ceramic bracket Inspire Ice showed the
greatest increase in the number of cells—significantly
higher than those from QuicKlear and positive controls,
which showed the smallest increase in the number of
cells. This result can be explained by the composition of
ceramic, which is found in monocrystalline and polycrys-
talline forms. The advantage of producing monocrystals
(Inspire Ice) is the elimination of possible contamination
or impurities.31 Some studies have reported the highest
growth inhibition by nickel-chromium-cobalt alloy,29 as
confirmed by our tests, in which the ceramic bracket with
a cobalt-chrome-nickel clip (QuicKlear) showed the
greatest inhibition of growth.

All groups of brackets induced higher oxidative
stress than the positive control, except for Inspire
Ice, but the differences were not statistically signifi-
cant. Compared with the negative control, a higher
oxidative stress level was recorded with the full metal
brackets Speed and MiniSprint and with polyurethane
Quantum brackets. In accordance with other studies,
we were expecting to record the highest level of DNA
damage with metal brackets,5,7,22,23 but the highest
oxidative stress was induced by polyurethane brack-
ets. Polyurethanes are segmented polymers formed by
the reaction of polyether polyol segments with isocy-
anates and could be, while they are hydrolytically
stable, subject to oxidative degradation. Both could be
considered hazardous ingredients; the first can be
nonreacted and is therefore harmful, while the other

may undergo oxidation in vivo and therefore may
generate reactive species such as free radicals that
can further react with organic molecules in the
physiologic milieu.32 Because polymers can be dam-
aged by heat and humidity, the polyurethanes could
have been affected by autoclave sterilization and
made more prone to oxidation.

Studies conducted so far suggest that some
other polymeric brackets can also release harmful
substances.16,20,33,34 More BPA seems to be released
from polycarbonate brackets in saliva than had been
expected based on in vitro data, but the effect of estrogen
is very weak.33 Nevertheless, it is suggested that long-
term use of polycarbonate brackets in the mouth may not
be desirable.33 However, Pithon et al. reported that
polycarbonate brackets do not cause cytotoxicity in cell
culture L929 after immersion brackets in culture medium
up to 7 days.34 The first research measured only the
amount of released BPA, not its biological effect; the
second measured the biological effect, not the quantity or
type of a potentially toxic substance. Also, the first
simulated the length of orthodontic treatment and
allowed enough time to see the release of BPA.

Our results indicate that all brackets are the source
of oxidative stress, and that metal brackets, probably
because of iron, chromium, and nickel ions, have
higher stress, but the highest stress was induced by
polymeric brackets, probably because of polyether
polyol. Induction of lactate dehydrogenase and lipid
peroxidation and induction of the Fenton reaction
mediate oxidative stress caused by exposure to
metals, particularly nickel. This last process involves
the reaction of O2 with an oxidative metal trace and
generation of O2, which eventually reacts with hydroxyl
peroxide to form the hydroxyl radical.6 Hexavalent
chromium has been shown to induce the formation of
8-OHdG and formamidopyrimidine DNA glycosylase-
dependent DNA strand breaks in white blood cells in
vitro. Because cobalt and iron possess similar chem-
ical properties, there is reason to assume that cobalt
causes mechanisms such as Fenton for the production
of reactive oxygen species.12 A recent in vitro study
failed to detect the presence of DNA damage after
treatment by corrosion eluates from stainless steel
brackets at experimental periods of 0 to 70 days.24

However, the very manipulation of cell culture (tryp-
sinization and media replacement) could affect viability
and cell proliferation results, inducing oxidative stress.

The results of this study complement previous
findings in the field of biocompatibility of appliances
used in orthodontics. Still further in vivo studies
concerning oxidative stress that include measurement
of changes in pH of the oral cavity and concentrations
of potentially hazardous ingredients during long-term
exposure are needed.
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CONCLUSIONS

N All types of orthodontic brackets, regardless of the
constituent materials, are a source of oxidative
stress in vitro, but the highest stress inducers are
full metal and polyurethane brackets.

N Conventional ceramic brackets have the highest
degree of biocompatibility compared with polymeric
and metallic brackets and self-ligating brackets made
from combinations of these materials.
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