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ORIGINAL ARTICLE

Cytotoxic and Genotoxic effect on the Buccal Mucosa
Cells of Patients Undergoing Fixed Orthodontic Treatment
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ABSTRACT
Aim: To evaluate the presence of metal ions and deoxyribonucleic acid damage on the cells of buccal mucosa in subjects
scheduled to undergo fixed orthodontic treatment.
Materials and methods: Eighty patients scheduled to undergo
orthodontic treatment were included in the present study. Samples
were collected from buccal mucosa of the subjects at five different intervals: before the starting of the fixed appliance therapy,
5 months after the insertion of the appliance, 10 months after insertion of the appliance, 15 months after insertion of the appliance
and 20 months after insertion of the appliance. Flow cytometry
was further used for assessment of apoptosis. Comet assay was
used for evaluating the metal ions associated deoxyribonucleic
acid ((DNA) damage of buccal epithelial cells. Atomic absorption
spectrometry was used for measuring the nickel (Ni), chromium
(Cr) and zinc (Zn) levels in the cells of the buccal mucosa. Analysis
of data was done by SPSS software version 16.0.
Results: A significant increase in the Ni, Cr and Zn concentration during orthodontic treatment was observed. A progressive
non-significant decrease in the percentage of viable cells from
a baseline value to the end of the treatment was observed.
A significant increase in the head diameter, DNA in tail and
tail length, starting from the pretreatment value to the end of
orthodontic treatment, was also observed.
Conclusion: Timely checking of deoxyribonucleic acid (DNA)
damage and nuclear changes should be done for detecting
earlier adverse changes.
Clinical significance: In patients wearing orthodontic appliances, no clinical impact occurs by wearing fixed appliances.
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INTRODUCTION
Patients undergoing orthodontic treatment are often
associated with various oral adverse effects, commonly,
glositis, metallic taste, gingivitis, gingival hyperplasia, etc.
Along with these effects, the release of metallic ions and
corrosion products of the appliance used is also seen in
patients undergoing orthodontic treatment.1,2
The orthodontic appliances remain in the mouth for
an average time period of one and a half to two years,
thereby providing a potentially corrosive environment
by slow release of metallic ions. By directly integrating
with DNA, these heavy metals can cause DNA damage.2,3
Literature quotes controversial findings in relation to the
biocompatibility status of the orthodontic appliances.
Some studies in the past literature have quoted the
presence of the genotoxic effect of orthodontic alloys,
while some other studies support the negative results.
In of the previous study conducted by Pereira et al.,
authors reported a decrease in the nuclear size of the
buccal mucosa cells in response to the orthodontic bracket
placement. However; the change reported by the authors
was non-malignant.4-6 The single cell gel (comet) assay
and the micronucleus (MN) assay are the routinely used
assays for the determination of the DNA damage.7,8 Under
the light of above mentioned data, the present study
was planned to assess the presence of metal ions and
DNA damage in cells of the buccal mucosa in subjects
scheduled to undergo fixed orthodontic treatment.
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MATERIALS AND METHODS
The present investigation was commenced in the
department of orthodontics, and it included assessment
of ion release and DNA damage in the cells of the
buccal mucosa in patients undergoing fixed orthodontic
treatment. Ethical approval was taken from the
institutional ethical committee before the commencement
of the study. Written consent from all the subjects was
also obtained after explaining them in detail the entire
research protocol. A total of 80 patients scheduled to
undergo orthodontic treatment were included in the
present study. Exclusion criteria for the present study
included:
• Patients more than 38 years of age,
• Patients with a history of allergic reaction to artificial
jewelry,
• Patients with a history of smoking,
• Patients who had a positive history of previous
orthodontic treatment,
• Patients with the presence of metallic restorations
Complete demographic and clinical details in all
the patients were obtained before the starting of the
treatment. Stainless steel fixed orthodontic treatment was
carried out in all the patients using edgewise appliances.

Sample Collection
Using the Besaratinia et al. method, samples were collected
from buccal mucosa of the subjects at five different
intervals: before the starting of the fixed appliance
therapy, 5 months after the insertion of appliance,
10 months after insertion of the appliance, 15 months
after insertion of the appliance and 20 months after
insertion of the appliance.9 Instructions were given to all
the subjects to rinse the oral cavity with distilled water
twice, for removing the dead epithelial cells. Using an
interdental brush, epithelial cell sample collection was
done from the buccal mucosa of the patients by gentle
brushing. This was followed by centrifugation of the cells
and their subsequent suspension in phosphate-buffered
saline solution at a pH of 7.4. The solution was then filtered
through polyamide gauze. Preparation of pelleted filtrate
was done using centrifugation, followed by immediate
re-suspension in 1 mL of phosphate-buffered saline
solution. Placement of a hemocytometer (coated with
trypan blue drop) on the binocular microscope was done,
followed by focussing of the cells. Separate counting of
both stained (nonviable) and unstained (viable) cells was
done.10 Flow cytometry was further used for assessment
of apoptosis.10,11 Comet assay was used for evaluating the
metal ions associated DNA damage of buccal epithelial
cells. Comet score software was used for assessment of
apoptotic cell’s head diameter. For calculating the amount

of DNA damage, following parameters of the comet were
assessed:
• Mean length of the tail,
• Percentage of DNA in tail, and
• Olive tail movement
Metal ions were estimated in the buccal mucosa cells
using the method described previously in the literature.13
Atomic absorption spectrometry was used for measuring
the Ni, Cr and Zn levels in the cells of the buccal mucosa.
From each patient, out of the previously collected sample,
1 mL of cell suspension (100 cells) was obtained. The
suspension was then treated with nitric acid (five percent
concentration) and was diluted with distilled water. In
between the concentration of 0.1 µg/L and 0.8 µg/L,
preparation of standard solutions of Ni, Cr, and Zn was
done. Analysis of data was done by SPSS software version
16.0. Mann–Whitney U test and chi-square test were used
for assessment of the level of significance. A p-value of
less than 0.05 was taken as significant.

RESULTS
Total 80 patients with mean age of 13.5 years, scheduled
to undergo orthodontic treatment were included in the
present study. Mean concentration of Ni at baseline, after
5 months of placement of orthodontic appliances, after 10
months, after 15 months and after 20 months were found
to be 22, 25.3, 39.1, 49.4 and 59.7 ppb respectively (Table 1
and Graph 1). Mean concentration of Cr at baseline, after
5 months of placement of orthodontic appliances, after
10 months, after 15 months and after 20 months were found
to be 21.1, 25.3, 34.7, 43.9 and 55.4 ppb respectively (Table 1
and Graph 1). Mean concentration of Cr at baseline, after
5 months of placement of orthodontic appliances, after
10 months, after 15 months and after 20 months were
found to be 194.6, 252.4, 328.7, 434.2 and 547.4 ppb
respectively (Table 1 and Graph 1). A significant increase
in the Ni, Cr, and Zn concentration during orthodontic
treatment was observed as shown in Table 1 (p < 0.05).
It has been found that there was a progressive nonsignificant decrease in the percentage of viable cells from
a baseline value of 19.6 to a value of 9.7 at the end of the
treatment (Table 2 and Graph 2). A significant increase in
the head diameter, DNA in tail and tail length, starting
from the pretreatment value to the end of orthodontic
treatment, was also observed in the present study
(p-value < 0.05). However; non-significant increase in the
olive tail movement was observed in the present study
(p-value > 0.05) (Table 2).

DISCUSSION
In the routine orthodontic practice, a variety of metallic
materials are used. Orthodontic wires and brackets
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Table 1: Comparison of metallic ions concentrations at different time intervals
Metallic ion
Ni (ppb)
Cr (ppb)
Zn (ppb)

Baseline
22
21.1
194.6

After 5 months
25.3
25.3
252.4

Time period
After 10 months
39.1
34.7
328.7

After 15 months
49.4
43.9
434.2

After 20 months
59.7
55.4
547.4

p-value
0.02*
0.01*
0.02*

*: Significant

Table 2: Comparison of Cytotoxicity and Genotoxicity at different time intervals
Time period

Cytotoxicity and
genotoxicity
Viable cells (%)

Baseline
19.6

After 5 months
17.9

After 10 months After 15 months After 20 months
12.5
10.2
9.7

p-value
0.07

Head diameter (px)

110.5

139.4

156.8

163.1

180.2

0.00

DNA in tail (%)

14.02

16.88

21.08

28.41

30.82

0.01

Tail length (px)

14.87

20.49

24.34

30.21

35.60

0.02

7.21

10.77

12.38

14.51

0.09

Olive tail movement (px) 6.99

Graph 1: Metallic ions concentrations at different time intervals

contain stainless steel, and for connecting the supporting
wires in orthodontic appliances, silver solder is the metal
of choice. In the past few years, there has been extensive
research in relation to the biocompatibility of the
orthodontic materials. Previous authors have reported
various hypersensitivity and allergic reactions against
these orthodontic materials.12-14 Hence; the present study
was planned to assess the presence of metal ions and
DNA damage in cells of the buccal mucosa in subjects
scheduled to undergo fixed orthodontic treatment.
In the present study, a steady increase in the Ni, Cr
and Zn ions concentrations during the entire time span of
orthodontic treatment was observed, the results of which
were found to be statistically significant (p-value < 0.05)
(Table 1 and Graph 1). However; the levels of these ions
did not reach the toxic level limit. Our results were in
concordance with the results obtained by Amini et al.,
who also reported similar findings in their study.15
The current study revealed a non-significant decrease
in the percentage viability of cells of buccal mucosa
during the treatment. This further reinforces the theory
that some quantity of cellular damage do occur in
patients undergoing orthodontic treatment. Our results
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Graph 2: Cytotoxicity and genotoxicity at different time intervals

were in agreement with the results obtained by Guler
et al., who reported similar findings in their study.16
In one of the previous study conducted by Gonçalves
et al., authors assessed the cytotoxic and genotoxic effect
of non-soldered bands (NSB) and silver soldered bands
(SSB) on the HepG2 and HOK cell lines. They observed
higher cytotoxicity and genotoxicity in SSB eluates in
comparison to NSB samples.14
It has been observed that there was a significant higher
level of apoptosis at the end of the orthodontic treatment
in comparison to the pre-treatment values (Table 2 and
Graph 2). This indicated that apoptosis of cells of buccal
mucosa is induced by metallic ions released from the
fixed orthodontic appliances. However; because of the
continuous fundamental process of cell renewal going
inside the human body, this failed to have any significant
clinical effect. Heravi et al., in another study, assessed
the genotoxic effect of orthodontic fixed appliances in
25 patients undergoing orthodontic treatment. They
treated the patients with stainless steel orthodontic
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brackets and nickel-titanium arch wires. They assessed
the oral mucosa cells twice; once before the starting of the
treatment, and secondly nine months after the treatment.
This was followed by centrifugation and dropping of
the cells onto the slides. They used the micronuclei
(MN) assay for assessing the genomic alterations. They
did not observe any significant difference in terms of
the presence of a quantity of micronuclei in the buccal
mucosa at two different time intervals. They concluded
that fixed orthodontic therapy does not increase the risk
of additional DNA damage in buccal mucosa cells of
healthy individuals.17
In the present study, we also assessed the DNA
damage by evaluating the length of the tail and percentage
of DNA in the tail along with the olive tail movement of
cells of the buccal mucosa. Figure 1 shows the results
of the comet assay at different time intervals. With
the course of time in patients undergoing orthodontic
treatment, all the above-mentioned parameters showed
a statistically significant increase. Similar results have
been reported by Faccioni et al.18 In a study conducted
by Westphalen GH; authors assessed the genotoxic
effect of fixed orthodontic treatment in 20 patients with
mean age of 16 years. They used MN assay and comet
assay for evaluating the DNA damage in buccal mucosa
cells. They did not observe any significant difference in
the change in primary DNA damage levels in patients
undergoing orthodontic treatment.19 Hafez et al. assessed

A

cytotoxic and genotoxic effect of fixed orthodontic
appliances in patients undergoing orthodontic treatment.
They assessed 18 controls and 28 treated subjects. They
tested four combinations of brackets and arch wires.
Collection of buccal mucosa samples was done in their
study at three different time intervals; pretreatment,
3 months and 6 months after placement of fixed
orthodontic appliances. They observed a decrease in
cellular viability, DNA damage (orthodontic appliance
induced) and elevated content of Ni and Cr in the buccal
mucosa cells, under the effect of fixed orthodontic
appliances.8
Past studies have reported various controversial
results which can be due to several other additional
factors. There was a difference in the time period of
appliance placement in all the previous studies. Some
assessed the DNA damage at the time of appliance
debonding,20 while others assessed the DNA damage 10
to 30 days after placement of orthodontic appliances.21
Several other studies have also reported the release of
metallic ions from the orthodontic appliances. However;
quantity of these metallic ions has been found to be far
away from the toxic range.22,23
The standard alkaline solution used in the comet
assay gives minimal knowledge concerning the type
of DNA damage, as it is almost impossible to know
whether the breaks detected in the DNA strand are the
result of direct effect of orthodontic appliances or due

B

D

C

E

Figs 1A to E: Damaged cells are seen as comets when comet assay was performed.y (A) Before insertion of the appliance;
(B) After 5 months; (C) After 10 months; (D) After 15 months years, and; (E) After 20 months
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to indirect oxidative damage. Hence; further research
is warranted.14

CONCLUSION
Increase in metal ions in cells of buccal mucosa in patients
undergoing fixed orthodontic treatment occur within
physiologic dietary limits. Some quantity of DNA damage
also occurs in these patients. Therefore, we strongly
recommend that timely checking of DNA damage and
nuclear changes should be done in patients undergoing
orthodontic treatment so that adverse changes if occur,
could be detected at the earliest.
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