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Objective: This study evaluated the cytotoxicity and genotoxicity of fixed
orthodontic treatment with three different light-cured orthodontic bonding
composites by analyzing micronucleus (MN) formation in the buccal mucosa
during a 6-month period. Methods: Thirty healthy volunteers were selected
from consecutive patients referred for orthodontic treatment. Equilibrium 2
brackets and molar tubes (Dentaurum) were bonded with three different light-
cured orthodontic bonding composites—Transbond XT (3M Unitek), Kurasper
F (Kuraray Europe), or GrenGloo (Ormco Corporation)— to all teeth in both
arches. Exfoliated buccal epithelial cells were scraped from the middle part of
the inner cheeks with sterile cement spatulas before treatment and at 1, 3, and
6 months after treatment. MNs and nuclear alterations, such as karyorrhexis
(KR), karyolysis (KL), and binucleated cells (BNs), were scored under a light
microscope. Repeated measure ANOVA was used to calculate statistical
differences in degenerative nuclear abnormalities. Results: MN rates did not
significantly differ among different time points within the same cell type (p >
0.05). In contrast, the number of BNs in buccal epithelial cells significantly
increased in all composite groups (p < 0.01, Transbond XT; p < 0.001, Kurasper
F and GrenGloo). KL frequency significantly increased between the beginning
and end of the study in the Kurasfer F (0.80 + 0.79 to 1.90 + 1.10; p < 0.05)
and GrenGloo (1.30 + 1.06 to 2.40 + 1.08; p < 0.05) groups. Conclusions: After
6 months of fixed orthodontic treatment with different light-cured composites,
morphological signs of cytotoxicity were observed but genotoxic effects were
absent.
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INTRODUCTION

Since the introduction of the acid-etch bonding tech-
nique several decades ago, orthodontists have suc-
cessfully and reliably employed fixed appliances in
clinical practice. Orthodontic light-cured adhesive ma-
terials have had additional advantages over previously
used adhesives, including simplicity of use and in-
creased time for bracket application.' Despite great
advancements in the development of photoactivated
resin composites, their biocompatibility remains a con-
cern for orthodontists, since the bonding agents are
generally left in close contact with oral tissue over long
periods of time.”

Bisphenol A diglycidyl dimethacrylate (bis-GMA) and
triethylene glycol dimethacrylate (TEGDMA) are two
primary monomers in the resin matrices of orthodontic
bonding systems. The matrix sometimes exists as a
combination of multiple different monomeric units,
such as bis-GMA and urethane dimethacrylate (UDMA).
Several co-monomers (e.g., ethylene glycol dimetha-
crylate [EGDMA], diethylene glycol dimethacrylate
[DEGDMA], TEGDMA) and various additives such as
photoinitiators (e.g., camphorquinone), co-initiators
(e.g., 4-N,N-Dimethyl amino benzoic acid ethylester
[DMABEE], 2-(diethylamino)ethyl methacrylate
[DEAEMA]), inhibitors (e.g., butylated hydroxytoluene
[BHT]), ultraviolet absorbers, photostabilizers, and pig-
ments are selectively included.’

These compounds may induce allergic reactions in
some treated individuals.* Additionally, several studies
have reported symptoms that could be attributable to
the mutagenic/genotoxic’ and cytotoxic effects of the
materials.”” Genotoxicity is the capacity of an agent
to exert deleterious effects on a cell’s genetic material,
thereby affecting its genetic integrity. This agent may
be a chemical compound or certain types of radiation.
Cytotoxicity is the capacity of an agent to be toxic
to living cells. Examples of cytotoxic agents include
chemical compounds, immune cells, and certain types
of venom. To evaluate the genotoxic and cytotoxic
effects of orthodontic bonding composites, a variety of
different test techniques have been used, such as the
MTT assay,’ protooncogene expression analysis,” the
Comet assay,” and the micronucleus test (MNT).'*"

The MNT has been used to evaluate the genotoxicity
of dental adhesives.'”> Micronucleus (MN) deposits
contain abnormal genetic material that were lost from
the genome during mitosis as a consequence of toxic
exposure of cells to radiation or chemical agents. Esti-
mation of the MN formation induced in cells by muta-
genic factors has been widely used for assessment of
cytogenetic alteration.”'* This method has been applied
to blood Tymphocytes,'* gingival cells,>® and exfoliated
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epithelium cells.”” In addition to MN formation, mea-
surement of other degenerative nuclear alterations—such
as karyorrhexis (KR), karyolysis (KL), and binucleated
cells (BNs)— has also been recommended for evaluating
cytotoxicity effects.'”

Fixed orthodontic treatment includes orthodontic
composites as well as metallic components, such as
bands, brackets, and wires. As a result, metallic ions and
monomers are inevitably released from the orthodontic
appliances into the oral environment during treatment."
This possibility is of great clinical concern, especially
for patients who are genetically predisposed to certain
clinical conditions.

There is a lack of comprehensive data in the literature
regarding the toxicity of light-cured orthodontic bon-
ding composites." Moreover, only a few studies have
examined genetic and cytological effects over time
after light-induced polymerization and the potential
of composites to interact with oral tissue.'® Therefore,
the purpose of this study was to evaluate the frequency
of MN formation as a measure of genotoxicity in the
buccal mucosa during fixed orthodontic treatment with
three different light-cured orthodontic composites,
which were commonly used in orthodontic practice,
during a 6-month period. Additionally, nuclear alte-
rations in the form of BNs, KL, and KR were also
assessed to determine the cytotoxic effects of these
composite samples.

MATERIALS AND METHODS

Subjects and samples

The study protocol conforms to the guidelines of the
Helsinki Declaration on human experimentation. The
study design was accepted by the ethics committee of
Inonu University (no: 2011/219). Written informed con-
sent was obtained from all participants.

The study group consisted of 30 healthy volunteers
(12 boys and 18 girls) with a mean age of 14.08 +
1.79 years (range: 11.17-17.67 years) (Table 1). All

Table 1. Distribution of patients among groups by sex
and age

Patient (n)
Boy Girl Total
Transbond XT 5 5 10

Age (yr)

15.00 + 2.02 (11.25-17.67)

Kurasper F 3 7 10 13.52+1.50(11.25-16.17)
GrenGloo 4 6 10 13.70+1.45(11.17-17.67)
Total 12 18 30 14.08+1.79(11.17-17.67)

Values are presented as number only or mean + standard de-
viation (range).
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volunteers were selected from consecutive patients
referred for orthodontic treatment to the Department
of Orthodontics, ITnonu University (Malatya, Turkey),
were interviewed, and underwent an oral examination.
Patients were included in the study if they had good
oral hygiene, no tooth decay, and no fillings. Patients
with more than four lost teeth, repeated aphthous sto-
matitis, and skin reactions were excluded. No subject
had a history of alcoholism and smoking. Additionally,
no subject was using any oral antiseptic solutions at the
time of the study.

The selected subjects were randomly segregated with
the help of a randomizer software (Research Randomizer,
ver. 4.0 [computer software]; Urbaniak GC and Plous S,
available from http://www.randomizer.org/) into three
study groups (Transbond XT, 3M Unitek Ortho Prod,
Monroe, LA, USA; Kurasper F, Kuraray Europe GmbH,
Frankfurt, Germany; and GrenGloo, Ormco Corporation,
Orange, CA, USA) (Table 2), each consisting of 10
subjects. Orthodontic records, such as lateral and frontal
cephalometric X-rays and panoramic dental radiographs,
were collected for all subjects. However, orthodontic
treatment was only initiated at 3 months after X-ray
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Figure 1. Normal cells stained with acridine orange
(x1,000).

exposure to eliminate the effects of radiation.

Buccal cell-exfoliated epithelium samples were col-
lected at four separate time points from each patient.
The first samples were collected at the beginning of
the study (T1), regarded as the baseline control (Figure
1). For standardization, Equilibrium 2 brackets and
direct molar tubes (Dentaurum, Ispringen, Germany)
were bonded with three different orthodontic light-
cured composites to all teeth in both arches (according
to the manufacturer’s instructions), including second
molars if they had erupted. The bonding composites
used in this study are shown in Table 2. In each group,
0.012-inch, 0.014-inch, and 0.016-inch Rematitan ideal,
round, nickel titanium arch wires (Dentaurum) were
applied with 0.010-inch Remanium preformed stainless
steel ligature wires (Dentaurum) at 2-month intervals.
One and three months after appliance placement, the
same investigator (OHK) collected the second and third
samples (T2 and T3, respectively). The final records
(T4) were obtained after the sixth month of bracket
placement.

Sample collection

All patients were instructed to rinse their mouths
twice with tap water before the investigator collected
exfoliated epithelial cells from the buccal mucosa.
All samples were scraped from the middle part of the
inner cheeks with sterile cement spatulas by the same
investigator (OHK). The samples obtained were smeared
onto clean microscope glass slides. Three to five
slides from each sample were prepared, air-dried, and
immediately fixed in a methanol:glacial acetic acid (3:1)
mixture. Next, samples were stained with acridine orange
(Sigma Chemical Co., St. Louis, MO, USA) dissolved in
bi-distilled water (0.01%) for 10 minutes.

Evaluation of the slides

MNs and nuclear anomalies were analyzed in terms
of the frequency of occurrence. A single investigator
(SY) performed blinded analysis and scored a total of
2,000 cells from each set of stained slides under a light
microscope without special filters for acridine orange

Table 2. Bonding system used for patients in orthodontic treatment

Application

Material time (s) Material type Manufacturer

Transbond XT 20 Bis-GMA (%5-10), Bis-EMA (%10-20), TEG-DMA (%5-10), 3M Unitek Ortho Prod,

Light Cure silane-treated quartz (%70-80), silane-treated silica (%2) Monroe, LA, USA
Kurasper F 40 Bis-GMA (%5-25), TEG-DMA (%6), silanated barium glassfiller, ~Kuraray Europe GmbH,

Light Cure colloidal silica, dI-camphorquinone, catalysts accelerators Frankfurt, Germany
GrenGloo 20 Uncured methacrylate ester monomers (%20-38), inert mineral Ormco Corporation,

Light Cure fillers, fumed silica, activators and preservatives Orange, CA, USA
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(Olympus BX50; Olympus Co. Ltd., Tokyo, Japan).
Verification of MNs and nuclear alterations was primarily
conducted using the criteria of Tolbert et al."” and
applied as reported by Oztiirk et al."" In order to score
MNs and nuclear anomalies, cells were analyzed for each
sample at x200 magnification, and photographs were
taken at x1,000 magnification using an Olympus BH2
oil immersion lens (Olympus Co. Ltd.) oil immersion lens.

Statistical analysis

Mean, standard deviation, minimum and maximum
values of degenerative nuclear abnormalities, as appro-
priate, were calculated as the descriptive measurements
of this study. Repeated measure ANOVA (RMANOVA)
tests were used to calculate statistical differences in
degenerative nuclear abnormalities (MN, BN, KL, and
KR) during the different periods within these groups.
Comparisons between all pairs of groups were tested
with Bonferroni multiple comparison tests. The level
of significance was set at p < 0.05. The data were
computationally tested using SPSS for Windows, version
14.0 (SPSS Inc., Chicago, 1L, USA).

RESULTS

Table 3 shows the comparative frequency of MNs,
BNs, KL, and KR at different time points within the
groups. When comparing the MN rates among different
time points within the same cell type using RMANOVA
analysis, no statistically significant differences were

observed (p > 0.05; Figure 2).

The number of BNs in buccal epithelial cells signifi-
cantly increased in all composite groups (p < 0.01 for
Transbond XT; p < 0.001 for Kurasper F and GrenGloo;
Figure 3A), as determined by RMANOVA analysis. Sta-
tistically significant increases were observed in all groups
between the T1 and T4 time points (3.40 + 1.27 to 5.40
+ 1.17 for Transbond XT; 3.00 + 1.05 to 5.00 + 0.82 for
Kurasper F; 3.20 + 1.69 to 5.30 + 1.34 for GrenGloo; p
< 0.01) and between the T2 and T4 time points (3.80 +
1.03 to 5.40 + 1.17 for Transbond XT, p < 0.01; 2.80 +

Figure 2. Formation of micronucleus stained with acri-
dine orange (x1,000).

Table 3. Comparison of the genetoxic and cytotoxic effects of the cements at different time points within groups

Group (n=10) T1 T2 T3

Bonferroni
T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4

RMANOVA

MN Transbond XT 2.40+1.27 2.30+0.95 3.00+1.33 3.60+1.17 NS

Kurasper F 240+1.17 2.10+1.10 2.50+0.97 2.80 +1.32 NS
GrenGloo 2.50+1.08 2.20+1.14 2.50+0.71 3.20+1.14 NS

BN Transbond XT 3.40+1.27 3.80+1.03 4.20+1.03 5.40%1.17 i i i
Kurasper F 3.00+1.05 2.80+1.03 3.90+0.99 5.00 +0.82 ¥ f i
GrenGloo 3.20+1.69 2.90+0.74 4.30+0.95 5.30+1.34 u i o v

KL Transbond XT 0.90+0.74 0.80+0.79 1.30+0.68 1.70+0.82 NS

Kurasper F
GrenGloo

0.80+0.79 1.10+0.74 1.60+0.84 1.90+1.10 * *
1.30+1.06 1.20+0.92 1.40+1.08 2.40+1.08 f * f *

KR Transbond XT 1.30+1.06 0.90+0.74 1.30+0.95 1.60+1.27 NS

Kurasper F

GrenGloo

1.00+0.82 1.10+0.74 1.60+0.84 1.70+0.82 NS
0.90+0.74 1.10+0.99 1.50+0.85 1.70+1.16 NS

Values are presented as mean + standard deviation.

MN, micronucleus; BN, binucleated cell; KL, karyolysis; KR, karyorrhexis; RMANOVA, repeated measure analysis of variance;

NS, non significant.
*p < 0.05, 'p < 0.01, 'p < 0.001.
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Figure 3. Cytotoxicity evaluation in this study. A, Binucleated cell; B, karyolysis and cell death; C, binucleated cell and

karyorrhexis stained with acridine orange (x1,000).

1.03 to 5.00 + 0.82 for Kurasper F, p < 0.001; 2.90 + 0.74
to 5.30 + 1.34 for GrenGloo, p < 0.001).

Furthermore, the frequency of KL significantly in-
creased between T1 and T4 in the Kurasfer F group
(0.80 + 0.79 to 1.90 + 1.10; p < 0.05) and GrenGloo
group (1.30 + 1.06 to 2.40 + 1.08; p < 0.05; Figure 3B).
Additionally, the frequency of KL significantly increased
in the GreenGloo group between T2 and T4 (1.20 + 0.92
to 2.40 + 1.08; p < 0.01) and between T3 and T4 (1.40
+ 1.08 to 2.40 + 1.08; p < 0.05). The frequency of KL
did not differ in the Transbond XT group between the
T1 and T4 time points.

The frequency of KR in buccal epithelial cells showed
no significant differences between different time points
within the groups (p > 0.05; Figure 3C), as determined
by RMANOVA analysis.

DISCUSSION

Brackets, bands, and arch wires used as appliances in
fixed orthodontic treatments are fabricated from alloys,
including nickel, cobalt, and chromium. In addition
to these metallic ions, a variety of monomers released
from bonding composites have deleterious effects on
adjacent oral tissue, such as allergic skin reactions. The
mucosa of the mouth or pharynx may absorb residual
monomers or they may be ingested into the digestive
system via saliva.'””"” Therefore, in the present study,
we aimed to evaluate the long-term effects of metallic
ions and residual monomers reported to have harmful,
perhaps synergistic, effects on buccal mucosa cells.'**
Under most clinical conditions, it cannot be determined
whether the effects are due to orthodontic composites
or metallic components.

The extraction assay is one of the most frequently
used methods in the study of orthodontic-bonding
composites for investigating the mechanism underlying
intraoral cytotoxicity.® The MNT is a validated alter-
native way of sensitive detection for chromosomal
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aberrations.”’ Some genotoxic chemicals, for example,
tobacco products, pesticides, and alcohol, have been
examined in exfoliated buccal mucosa cells by using
estimates of MN formation.”

However, analysis of chromosomal abnormalities
or signs of genotoxicity in mammalian cells is labor-
intensive, time-consuming, and requires an experienced
operator."” Although cell culture tests are simple, ac-
curate, reliable, and rapid, they detect the agent’s effect
only on isolated cells derived from animal or human
tissue and grown in culture plates for in vitro testing.’
Previous studies have used animal models to perform
biocompatibility testing of orthodontic adhesives.'”*’

Various types of dental materials have been reported
to possess genotoxic and cytotoxic capabilities, in-
cluding alterations in chromosomal integrity, cell-cycle
progression, DNA replication, and repair in normal
cultured human lymphocytes, although researchers have
acknowledged that their results could not be directly
applied to real-world clinical settings.”* Therefore, we
evaluated the genotoxic and cytotoxic effects of ortho-
dontic treatment with various orthodontic composites
on human oral mucosa cells in such a setting.

Evaluation of the increase in number of MNs within
the adhesive groups by the MNT showed that the fixed
orthodontic treatment had no genotoxic effects. For
experimental standardization among all the adhesive
groups examined, the same brand of metallic products,
including brackets, tubes, arch wires, and ligature wires,
were applied in the fixed orthodontic treatments during
the time period evaluated. Since Oztiirk et al."" had
demonstrated that band cementation had moderate
genotoxic and cytotoxic effects, we applied bonded
tubes to the first and second molars.

While orthodontic fixed attachments bonded with
different types of adhesives showed no genotoxic effects
during the 6-month periods, cytotoxic effects mani-
festing in terms of elevated BN and KL levels were
observed. This finding may be attributed to the effect
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of adhesive contents and the properties of metallic ap-
pliances, either individually or in combination. The
primary components of Transbond XT and Kurasper
F are bis-GMA and TEGDMA. GrenGloo consists of
uncured methacrylate ester monomers. Bis-GMA,
TEGDMA, UDMA, and 2-hydroxyethyl methacrylate
(HEMA) have been tested as resin components in the
literature. Kleinsasser et al.” reported that TEGDMA,
UDMA, and HEMA induced significant increases in the
rates of DNA migration in the Comet assay, a possible
sign of genotoxic effects in human salivary glands and
lymphocytes. Schweikl et al.” reported that HEMA,
GMA, and TEGDMA significantly elevated the number
of MNs, whereas bis-GMA and UDMA only slightly
elevated the number of MNs. Researchers have directly
applied different types of monomers in mammalian
cells in vitro. In contrast, in our study, these monomers
were applied in vivo in composite form with different
additives, such as photoinitiators, ultraviolet absorbers,
and photostabilizers. This composite form could be a
factor in causing reduction in the release of monomers.

Differences in BN growth between the time points
T4 and T1 and between T4 and T2 were statistically
significant in all the adhesive groups examined. Similarly,
a statistically significant increase in the frequency of
KL was observed, except in the Transbond XT group
in the T1-T4 time period. Additionally, differences in
the frequency of KL between the time points T4 and
T2 and between T3 and T4 were only significant in
the GreenGloo group. We speculate that GreenGloo
may have a slightly greater cytotoxic effect than the
other adhesives because of the presence of uncured
methacrylate ester monomers. Unreacted methacrylate
monomers, such as HEMA, UDMA, and Bis-GMA, are
dissolved in the lipid bilayers of cell membranes. Since
these hydrophobic monomers are often associated with
HEMA, which increases the hydrophilic properties of
the compound, these monomers can diffuse easily in
the cell. Under existing circumstances, the hydrophobic
monomers can attach and cause damage to the cells.”’
The next step in the cellular process may be MN for-
mation as a consequence of DNA fragmentation.”

A combination of the aforementioned monomers is
typically used in the preparation of orthodontic ad-
hesives. The materials tested in this study include largely
similar resin matrices. However, Transbond XT also
contains bis-EMA, which in monomeric form, has been
reported to show a cytotoxic effect analogous to that
of TEGDMA.”® Malkoc et al.” examined five different
adhesives and concluded that light-cured orthodontic-
bonding adhesives showed significantly higher biocom-
patibility than other dental adhesives.”” A mixture of
orthodontic adhesive monomers and a high degree of
curing may have led to these results.

www.e-kjo.org
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Corrosion-induced release of cobalt and nickel ions
from metallic brackets and arch wires has been reported
to cause DNA fragmentation in the buccal mucosa.”
Acid production from microorganisms, plaque, hard
calcified deposits, and certain physicochemical events,
such as varying chloride combinations and elevated
levels of oxygen in saliva, are extremely corrosive to
orthodontic appliances in the oral cavity.” Several
studies'®" that metallic ions were released during the
first 4-5 months of orthodontic treatments and sub-
sequently moved into systemic transportation. However,
the concentration of ions present in saliva or blood
samples was significantly below their corresponding
average dietary consumption and did not approach
toxic levels.'®" Therefore, we investigated the cytotoxic
effects of fixed orthodontic treatment during a 6-month
period, an adequate time interval for obtaining reliable
results.

Baraba et al.”™ reported that in vitro alterations induced
by dental materials on human leukocytes are reversible
in the long term. Similarly, it was shown that fixed
orthodontic treatment in a minimum 1-year follow-up
period did not cause apparent mutagenic or cytotoxic
effects in oral mucosa cells.” In our study, we observed
cytotoxic changes during the 6-month period and
observed no genotoxic effects based on MN formation,
perhaps because the epithelial cells of the oral mucosa
have the capacity of rapid turnover and regeneration (in
general, in every 7 to 14 days). Therefore, the deleterious
effects of monomers may not remain at the end of the
study.

There has been some controversy about the effects
of tobacco smoke and alcohol consumption on MN
formation. For instance, the vast majority of parti-
cipants consumed alcohol and tobacco in a study,
which hindered researchers in elucidating the effects of
individual variables.”” In another study, no genotoxic
results associated with alcohol consumption were detec-
ted.” In contrast, Schweikl and colleagues™ detected a
synergistic effect between alcohol and nicotine. For this
reason, we preferred to select nonsmoking and non-
drinking individuals for this study.

To accurately assess the results, we selected patients
who had no fillings or caries. In addition, none used
oral antiseptic solutions; Erdemir et al.”' reported the
presence of possible cytotoxic effects of the three
commercial mouth rinses on gingival epithelial cells.
Since viruses and variations in the immune system were
potentially associated with an increased frequency
of chromosome aberrations,’ subjects with repeated
aphtous stomatitis or skin reactions were also excluded
from the study. Furthermore, age-matched participants
were recruited in order to control for age-related deve-
lopment of the MN.”

]28
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We evaluated the potential effect of radiation exposure
on the buccal mucosa. Several previous studies have
shown that radiation stimulated genotoxic effects on
oral mucosa cells.”” Other studies reported that although
radiographic exposure did not cause MN formation in
target buccal epithelium cells, it did elevate cytotoxicity
after 10 days of exposure.”* Moreover, Moore et al.”
proved that the rate of MN frequency increased shortly
after radiotherapy, subsequently returning to baseline
after a 3-month period. Therefore, in the present study,
collection of epithelium cell samples was initiated after
approximately 90 days after X-ray exposure in order to
minimize the impact of any confounding variables.

Research on genotoxicity and cytotoxicity in patients
undergoing orthodontic therapy can provide invaluable
information concerning the carcinogenicity of ortho-
dontic adhesives.

CONCLUSION

The results of the present study suggest the following:

- Fixed orthodontic appliances employed using three
tested orthodontic composites did not show geno-
toxic effects during the 6-month period of ortho-
dontic treatment.

- Some morphological evidence of cytotoxicity was
seen for the 6-month orthodontic treatment.

This study highlights several deleterious health-related
effects of orthodontic treatment. However, further in-
vestigation is necessary to confirm and expand these
findings.
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