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Objectives: The aim of the present study was to evaluate DNA damage (micronucleus) and
cellular death (pyknosis, karyolysis and karyorrhexis) in exfoliated buccal mucosa cells from
adults following cone beam CT exposure.
Methods: A total of 19 healthy adults (10 men and 9 women) submitted to cone beam CT
were included.
Results: No significant statistically differences (P . 0.05) in micronucleus frequency were
seen before and after cone beam CT exposure. In contrast, the tomography was able to
increase other nuclear alterations closely related to cytotoxicity such as karyorrhexis,
pyknosis and karyolysis (P , 0.05).
Conclusion: In summary, these data indicate that cone beam CT may not be a factor that
induces chromosomal damage, but it is able to promote cytotoxicity.
Dentomaxillofacial Radiology (2010) 39, 295–299. doi: 10.1259/dmfr/17573156

Keywords: buccal mucosa cells; cone beam computed tomography; micronucleus test

Introduction

In recent years, cone beam CT (CBCT) has been used
as a promising new radiographic method in the fields of
dentistry for implant treatment, oral surgery, endodon-
tic treatment, orthodontics and temporomandibular
joint imaging.1–5 The great advantage of this technol-
ogy is that it offers three-dimensional (3D) imaging of
dental structures and provides clear images of highly
contrasted structures, such as bone.6 Compared with
conventional CT, CBCT technology in clinical practice
has important advantages, such as minimization of the
radiation dose, image accuracy, rapid scan time, fewer
image artefacts, chair-side image display and real-time
analysis.7

Biomonitoring studies have been used in health
sciences for many years to assist in diagnosing and
staging disease as well as to evaluate the risk assess-
ment. They give information concerning environmental
exposure and susceptibility. These studies are divided

into three groups: first to define the exposure to
mutagenic and/or carcinogenic agents, second to show
biological effects on the target tissue and third to give
information about the individual susceptibility.8 To
date, a variety of assays have been proposed in
biomonitoring studies, including those that assess
metaphase chromosomal aberrations, sister chromatid
exchanges, DNA damage and host cell reactivation.
However, these methods are typically laborious and
time-consuming or require highly trained technicians to
accurately read and interpret slides. For these reasons
the application of the micronucleus test to uncultured
exfoliated cells has been greeted enthusiastically.9

Micronuclei arise from acentric fragments or whole
chromosomes which are not included in the main nuclei
of the daughter cells. The formation of micronuclei
can be induced by substances that cause chromosome
breakage (clastogens) as well as by agents that affect the
spindle apparatus (aneugens).10 Recently, we have
applied this methodology with success in individuals
(adults and children) exposed to dental X-rays11,12 or
who have malignant tumours and are undergoing
radio- or chemotherapy.13,14 In the present study, we
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investigated the frequencies of micronucleated cells in
oral mucosa from individuals exposed to CBCT. To
monitor cytotoxic effects, pyknosis, karyolysis and
karyorrhexis were also evaluated in this setting.
Certainly, such data will contribute to a better under-
standing of the effects this new radiographic method
upon the cellular system.

Materials and methods

Participants
The participants of this study consisted of 19 healthy
adults (10 men and 9 women) with a mean age of
26.8¡5 years. All patients submitted to CBCT were
outpatients attending the Department of Dental
Clinics, University of Sacred Heart, USC, SP, Brazil.
Individual characteristics of the participants were
collected and included gender, age, habits and exposure
to genotoxic agents. CBCT had been requested by a
dentist and was performed with an i-CAT CBCT
scanner (Image Sciences International, Hatfield, PA).
This scanner is used on the dentomaxillofacial region,
and has a minute voxel size of 0.2 mm3. The mandible
was imaged at a tube voltage of 80 kV, a tube current
of 4 mA and exposure time of 40 s. After scanning,
contiguous sectional images in three directions, i.e.
parallel section (parallel to the dental arch), cross-
section (perpendicular to the dental arch) and horizontal
section images, were reconstructed from the projection
data with a slice width of 1 mm.

Micronucleus test in oral mucosa cells
Exfoliated oral mucosa cells were collected immediately
before CBCT exposure and after 10 days. After rinsing
the mouth with tap water, cells were obtained by
scraping the right/left cheek mucosa with a moist
wooden spatula. Cells were transferred to a tube
containing saline solution (NaCl at 0.9% concentra-
tion), centrifuged (800 rpm) for 5 min, fixed in 3:1
methanol/acetic acid, and dropped on to pre-cleaned
slides. Later, the air-dried slides were stained using
the Feulgen/fast green method and examined under a
light microscope at 6400 magnification to determine
the frequency of micronucleated cells, as described
elsewhere.15 2000 cells were scored from each patient
for each sampling time (before and after CBCT
exposure).

Data analysis
Micronuclei were scored according to the criteria
described by Sarto et al16 as a parameter for DNA
damaging (mutagenicity). For cytotoxicity, the follow-
ing nuclear alterations were considered: pyknosis,
karyolysis and karyorrhexis.17 Results were expressed
as a percentage (%). Such analysis has been established
in a previous study conducted by our research group.18

Statistical methods
The Wilcoxon test for dependent samples was used to
compare the frequencies of micronuclei and other
cytotoxic alterations among the samples before and after
CBCT exposure. For this purpose, SigmaStat software,
version 1.0 (Jadel Scientific, Chicago, IL), was used. The
level of statistical significance was set at 5%.

Results

Table 1 shows the frequencies of micronucleated cells in
individuals undergoing CBCT. Before CBCT exposure,
the mean frequency of micronucleated cells was 0.04%.
No statistically significant differences (P . 0.05) were
noticed after CBCT exposure. In contrast, an increase
in other nuclear alterations was observed after CBCT,
as depicted by the frequency of karyorrhexis, pyknosis
and karyolysis. These data are summarized in Table 1.
Figure 1 shows a micronucleated cell and Figure 2
displays abnormalities closely related to cytotoxicity,
i.e. karyorrhexis, pyknosis and karyolysis.

To avoid putative confounding factors, all individual
participants in this study were non-smokers. In addition,
exposure to known genotoxins was not identified in any
of the study participants. A total of seven individuals
included in this trial used oral antiseptic solutions
(chlorhexidine, ListerineH) regularly. Daily alcohol con-
sumption was not considered in this study because of
recall bias.

Discussion

The aim of this study was to employ the micronucleus
test to assess chromosome damage and cellular death in
adults exposed to CBCT. To the best of our knowledge,
the approach has not been addressed in the literature so
far.

Table 1 Frequency of micronucleated cells (MNCs) and other nuclear alterations (karyorrhexis, pyknosis and karyolysis) in individuals
undergoing cone beam CT (CBCT)

Groups

MNC (%) Other nuclear alterations* (%)

No. of individuals Mean¡SD No. of individuals Mean¡SD

Individuals prior to CBCT exposure 19 0.04 ¡ 0.05 19 7.45 ¡ 461
Individuals after CBCT exposure 19 0.05 ¡ 0.06 19 17.84 ¡ 5.47{

*Karyorrhexis, pyknosis and karyolysis
{P , 0.05 compared with individuals prior to CBCT exposure
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Damage that leads to the formation of micronuclei
takes place in the basal layer of the epithelial tissue,
where cells undergo mitosis. Rapid turnover of
epithelial tissues brings the cells to the surface, where
they exfoliate. As a result, the maximal rate of
micronuclei formation in exfoliated cells is seen
between 1 and 3 weeks after exposure to the genotoxic
agent.19,20 For this reason, a period of 10 days after
CBCT exposure was adopted in this study.

Genomic damage is probably the most important
fundamental cause of developmental and degenerative
diseases. It has been well established that genomic damage
is produced by environmental exposure to genotoxins,
medical procedures (e.g. radiation and chemicals), micro-

nutrient deficiency (e.g. folate), lifestyle factors (e.g.
alcohol, smoking, drugs and stress) and genetic factors
such as inherited defects in DNA metabolism and/or
repair.21,22 Micronucleated cell indexes may reflect
genomic instability, although the mechanisms are not
exactly known.23 Overall, the detection of an elevated
frequency of micronuclei in a given population indicates
increased risk of cancer.24 However, cell types that repair
DNA damage efficiently are likely to show lower levels of
residual damage than cells less proficient in DNA repair.25

Buccal cells have been shown to have limited DNA repair
capacity relative to peripheral blood lymphocytes, and
therefore may more accurately reflect genomic instability
events in epithelial tissues.26 Our results demonstrated
that the micronucleus frequencies were not significantly
different before and after CBCT exposure in this trial. By
comparison, previous studies conducted by our group
have revealed an absence of the clastogenic effect after
exposure to panoramic dental radiology.18 Such findings
are fully in line with those of other authors.27,28

Biomonitoring studies of populations exposed to some
radiographic methods are quite difficult and rather
specific because each population is exposed to different
doses of radiation. This could explain why some studies
find an increase in genetic damage in populations exposed
to radiographic procedures. On the basis of our results, we
postulated the lack of the clastogenic and/or aneugenic
effects related to the CBCT exposure on buccal mucosa
cells of healthy individuals. Since the number in the study
group is relatively small, further studies are needed to
confirm the issue.

To monitor cytotoxic effects, the frequencies of
karyorrhexis, karyolysis and pyknosis were evaluated in
this experimental design. Despite the lack of cytogenetic
damage, our results demonstrated that CBCT was able to
induce cellular death as depicted by statistically significant
differences (P , 0.05) between values before and after
CBCT exposure. It is important to emphasise that this is a
new finding in radiation biology and, therefore, the

Figure 1 Micronucleated cell (arrow) (6100 magnification, Feulgen/
fast green stain)

a b c

Figure 2 Cytotoxicity parameters evaluated in this study: (a) pyknosis, (b) karyolysis and (c) karyorrhexis (6100 magnification, Feulgen/fast
green stain)
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mechanism is as yet unknown. Independent of its mode of
action, such results support the notion that CBCT is a
cytotoxicant agent. Cytotoxicity interferes with micro-
nucleus induction as some micronucleated cells are
inevitably lost after cytotoxic insult, confirming, there-
fore, the lack of mutagenic effect induced by CBCT.
Nevertheless, it has been postulated that repeated
exposure to cytotoxicants can result in chronic cell injury,
compensatory cell proliferation, hyperplasia and ulti-
mately tumour development.29 In fact, a correlation
between cell proliferation and induction of cancer is
assumed.30 Proliferation probably increases the risk of
mutations within target cells, and may also be important
in selective clonal expansion of (exogenously or endogen-
ously) initiated cells from pre-neoplastic foci and even-
tually tumours.31 Further research will be required to fully
elucidate this relationship.

In human cytogenetic studies, it is important to
consider some confounding factors. Viruses, alterations
in the immune system, failures in the DNA repair
system and interindividual variations have already been

associated with increased frequencies of chromosome
aberrations.32 Furthermore, an age-related increase in
micronuclei has been postulated.32 All participants in
our study were a similar age, ranging from 18 to 30
years. Moreover, tobacco smoke is usually considered
to be a relevant confounding factor.33 Thus, all adults
recruited to participate of this study were non-smokers.

In conclusion, the results of the present study suggest
that CBCT can induce cytotoxic effects in oral mucosa
cells. As cellular death is considered to be a prime
mechanism in non-genotoxic mechanisms of carcino-
genesis, CBCT should be used only when necessary.
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