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Genotoxic effects of X-rays in buccal mucosal cells in children
subjected to dental radiographs
Naveena Preethi1, Nagarathna Chikkanarasaiah1 and Shakuntala S Bethur1

OBJECTIVES/AIMS: Bitewing and digital dental panoramic radiographs have become important adjuvants for successful dental
practice in pediatric dentistry. Both methods lead to genetic changes in the oral buccal epithelium that have not yet been
satisfactorily explored. The aim of the present study was to evaluate the genotoxic effects induced by X-ray radiation from bitewing
and panoramic dental radiography in exfoliated buccal epithelial cells of children, using the Buccal Micronucleus Cytome assay.
MATERIALS AND METHODS: Children (n= 40) who met the inclusion criteria and provided signed informed consent were included
in the study. Children were selected for undergoing bitewing radiographs (group 1; n= 20) or digital dental panoramic radiographs
(group 2; n= 20). Exfoliated buccal mucosal cells were obtained by scraping the right/left buccal mucosa with a wooden spatula
immediately before the X-ray exposure and 10± 2 days after exposure.
RESULTS: The frequency of micronuclei increases significantly post exposure to both bitewing and digital dental panoramic
radiography in children, but the frequency was higher in bitewing radiographs.
CONCLUSION: It was concluded that the frequency of micronuclei increases post exposure to both bitewing and digital panoramic
radiographs. Increased radiation exposure results in an increase in micronuclei frequency.
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INTRODUCTION
Roentgenography is an important diagnostic method with wide
application in pediatric practice. There is a tremendous need
for roentgenography in children compared with adults as there is
a greater concern with regard to growth and development in
children, and factors that alter them.1

Over the years, roentgenography has become an important
adjuvant to successful dental practice, especially in pediatric
dentistry. Primarily, a bitewing radiograph, which is also known as
an interproximal intraoral radiograph, was used. Adjuvant to this,
the panoramic radiograph, also known as rotational panoramic
imaging, an extra oral radiographic technique that images both
the maxilla and the mandible on single exposure, is also used.
This is mostly indicated for the assessment of growth and
development of jaws of children and adolescents, to view the
mixed dentition stages, and the status and stages of resorption of
primary dentition. In both radiographic methods, the oral buccal
epithelium is directly exposed to ionizing X-ray radiation.2

Even though X-rays are widely used for diagnostic and
therapeutic reasons3, there is considerable concern with regard
to the potential harmful effects associated with radiation exposure
as there is no safe margin of dosage. Ionizing radiation either acts
directly on the DNA molecule or indirectly through the formation
of reactive compounds that interact with the DNA molecule
resulting in cytotoxicity of the cell.4

Children may be vulnerable to greater risk for genetic damage
from radiation exposure compared with adults, as young, and
rapidly growing tissues are more radiosenstive than mature tissue.
Further, the intercellular effects of ionizing radiation are
cumulative and may likely lead to the development of radiation-
induced tumors. Nowadays, various biomarkers are used to assess
DNA-induced genetic damages. One such reliable biomarker is

The Buccal Micronucleus Cytome (BMCyt) assay, which detects
genetic damage with the presence of micronucleus (MN).
The BMCyt assay is a suitable internal dosimeter for revealing

tissue-specific genotoxic damage in individuals exposed to
carcinogens.5 The analysis of micronuclei has gained popularity
as a biomonitoring assay for human genotoxic exposure and its
effects because it is noninvasive, the scoring is simple, it requires
shorter training, it is less time-consuming,6 and precision is
obtained from scoring a large number of cells with better patient
acceptance.7 It is also a sensitive short-term assay for the
detection of genotoxicants.8

The possible genotoxic effects from bitewing and panoramic
dental radiography as assessed by MN occurrence have not yet
been satisfactorily explored, as it has been investigated in only a
few studies on exfoliated cells. Hence, the aim of the present study
was to evaluate the genotoxic effects induced by X-ray radiation
from bitewing and panoramic dental radiography in exfoliated
buccal epithelial cells collected from children who were subjected
to routine diagnostic procedures, using the BMCyt assay.

MATERIALS AND METHODS
Study design
The present study was conducted after obtaining approval from the
Instutional Ethical Committee and signed written informed consent
from parents of 40 healthy children, who were advised to undergo
bitewing or digital dental panoramic dental radiographs as a part of
their diagnostic procedure and who were referred to the Department of
Pedodontics and Preventive Dentistry, Rajarajeswari Dental College and
Hospital, Bangalore.
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Inclusion criteria
1. Healthy children subjected to bitewing and digital dental panoramic

radiographs for various diagnostic purposes.
2. Age between 6 and 12 years.
3. No exposure to head and neck radiation before the study.

Exclusion criteria
1. Presence of systemic diseases or being differently abled.
2. Radiographic exposure within the last 6 months.

Screening and sample collection
In this ex vivo study, 40 children who met the inclusion criteria were asked
to rinse their mouth thoroughly with normal water to remove any
unwanted debris before sample collection. Twenty children were
selected for bitewing radiographs (group 1) and 20 children for digital
dental panoramic radiographs (group 2). Exfoliated buccal mucosal cells
were obtained by scraping the right/left buccal mucosa with a wooden
spatula immediately before the X-ray exposure and 10 ± 2 days after
exposure.

Exfoliated buccal cell staining for microscopy
The microscope slides with fixed cells were coded according to group and
subject. Each slide was immersed for 1 min in two Coplin jars containing
50% (vol/vol) and 20% (vol/vol) ethanol, respectively. The cells were
washed for 2 min in a Coplin jar containing Milli-Q water. The slides were
then transferred to a Coplin jar containing 5 M Hcl for 30 min and rinsed in
running tap water for 3 min. They were then drained, but not allowed to
dry out, and were placed in a Coplin jar containing Schiff’s reagent for
60 min in the dark at room temperature. The slides were then rinsed in
running tap water for 5 min and rinsed well in Milli-Q water. The cells were
counterstained by immersing in a Coplin jar containing 0.2% (wt/vol) Light
Green for 20–30 s and rinsed well in Milli-Q water. To blot away any
residual moisture, the slides were immediately placed face down onto
Dr Watts no. 1 filter paper. They were then placed on a slide tray and
allowed to dry for ~ 10–15 min. The efficiency of staining and the density
of cells were examined at × 100 and ×400 magnification, respectively.
Thereafter, the slides were dried completely for at least 30 min before
placing a coverslip with distrene dibutylphthalate xylene (DPX) and
observed using transmitted light microscopy. The nuclei and micronuclei
were magenta in color, whereas the cytoplasm appeared pale blue/green.
The cells were viewed under fluorescence with a far-red filter, because
Feulgen-stained DNA appears bright red in color under these conditions.

BMCyt assay analysis
Coded slides were examined for 1,000 cells per subject at × 400
magnification. In each slide, 250 intact epithelial cells were scored for
the presence of micronuclei. As four slides per subject were scored, a total
of 1,000 cells were scored per subject. Abnormalities were identified by
fluorescence microscopy. Slides were evaluated using the criteria of
Tolbert et al.8.

Statistical method
The data obtained for both groups, i.e., for group 1 before exposure and
after exposure and for group 2 before exposure and after exposure, were
tabulated and subjected to statistical analysis with SPSS software version
20.0 using the Mann–Whitney test. P values o0.05 were considered
statistically significant.

RESULTS
From this ex vivo study conducted to evaluate the extent of
genetic changes on the basis of MN frequency in exfoliated
buccal mucosa cells before and after exposure to bitewing
and panoramic radiographs, the following conclusions
were drawn:

● Bitewing radiography causes a threefold increase in MN
frequency post exposure (group 1B) compared with that before
exposure (group 1A), with a statistically significant P value
(Po0.001).

● Digital panoramic radiographs cause a twofold increase in MN
frequency post exposure (group 2B) compared with that before
exposure (group 2A), with a statistically significant P value
(Po0.001).

● The study emphasized the fact that frequency of micronuclei
increases post exposure to both bitewing and digital dental
panoramic radiographs in children. Thus, increase in radiation
exposure time and less scatted radiation increase the
occurrence of micronuclei frequency in children.

● Bitewing and panoramic radiography should be advised only
when it is necessary because it cannot be considered a risk-free
procedure.

DISCUSSION
It is important to realize that children are often subjected to
radiographs as part of dental treatment. They are thus at higher
risk from radiation exposure compared with adults as the tissues
of children are still in the development stage and are more
sensitive to radiation. Children have a longer life span but are
more susceptible to tumors. The effects of radiation are
cumulative. Because of their smaller stature they are closer to
the central X-ray beam.9 Hence, the present study aimed to
evaluate the genotoxic effects of bitewing and digital dental
panoramic radiography in children using BMCyt assay.
Detection of developmental conditions such as missing teeth,

supernumerary teeth, ectopic eruption, delayed root resorption of
primary teeth, deflected eruptive paths of permanent teeth, and
caries activity is important for the optimal development of a
child’s dentition. Radiographic examination involving bitewing
and panoramic radiographs is an important tool for the proper
diagnosis and monitoring of the above-mentioned conditions in
children during the mixed dentition stage. Pediatric dentists
routinely recommend either bitewing or panoramic radiographs,
or both, as appropriate, for the diagnosis of various conditions in
children.10

Bitewing films are used as ‘cavity detecting’ films to detect
incipient interproximal caries, determine pulp chamber configura-
tion and depth of carious lesions, record the width of spaces
created by premature loss of primary teeth, evaluate the presence
or absence of premolar crowns, and analyze the relation of the
occlusal plane to possible tooth ankylosis.10

In our study, we have selected children who were diagnosed
with moderate caries activity for bitewing radiographs (Table 1;
Figure 1). Nowak et al.11 suggested that the child with high or
moderate risk to dental caries should have bitewing radiographs
taken as soon as possible, as the posterior primary teeth
are in proximal contact and for this the age of the patient is not
an important variable. If proximal caries is detected, follow-up

Table 1. Distribution of male and female patients according to age in
study group 1 (bitewing radiography)

Age (years) Male Female

n % n %

7 4 40 4 40
8 6 60 3 30
9 0 0 3 30
Total 10 100 10 100
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radiographs are indicated semiannually until the child is
caries free.11

Panoramic radiographs are used to diagnose missing teeth,
supernumery teeth, gross pathoses, ectopic eruption, delayed root
resorption of primary teeth, and deflected eruptive paths of
permanent teeth, evaluate skeletal and dental growth, and assess
the development of dentition and malocclusion. In our study, we
have included those children who were advised for panoramic
radiographs (Table 2; Figure 2) for one of the above-mentioned
conditions and who would seek orthodontic treatment. Various
authors recommend that, regardless of risk level, all pediatric
patients receive two panoramic radiographs, one at the early
mixed dentition stage and one at the late mixed dentition stage,
to detect undetected pathological conditions with the advantage
of reduced dose and cost and imaging of a larger area.10

In our study, the genotoxic effects of the exposed dental
radiation were evaluated using the BMCyt assay, which is a simple,
noninvasive, cost-effective procedure for viewing a large number
of exfoliated buccal mucosal cells.
Exfoliated buccal mucosal cells were collected to evaluate the

MN frequency from radiation exposure before and after subjecting
children to bitewing and digital dental panoramic radiography. An
increase in MN frequency in exfoliated cells was observed as a
result of radiotherapy. This was in relation to other studies,12–16

but to our knowledge this is the first study to evaluate the MN
frequency from bitewing radiographs in children aged 6–9 years
and from digital dental panoramic radiographs in children aged
10–12 years.
Exfoliated buccal mucosal cells have been used noninvasively to

successfully show the genotoxic effects of lifestyle factors, medical
treatments such as radiotherapy, as well as occupational exposure
leading to potentially mutagenic and carcinogenic effects. These
effects were evaluated from the buccal cells that turn over every
7–21 days, as it is theoretically possible to observe the genotoxic
effects of an acute exposure only after 7–21 days.17

In our study, postexposure MN was evaluated 10 ± 2 days after
bitewing and digital dental panoramic radiographs, as the
buccal cells in the basal layer were exposed to radiation initially
and it takes 7–21 days to migrate to the superficial surface of the
oral cavity.

According to Moore et al., the BMCyt system can detect a
16-fold increase in MN frequency in oral cancer patients after
completion of treatment with photons. The buccal mucosa also
has the potential to be utilized to identify inherited genomic
instability such as Bloom’s syndrome.18

The BMCyt assay thus has been used to measure biomarkers of
DNA damage (micronuclei and/or nuclear buds) and also the
cytokinetic defects (binucleated cells), proliferative potential
(basal cell frequency), and cell death (condensed chromatin,
karyorrhexis pyknotic, and karyolytic cells).17

In our study, the frequencies of MN cells were evaluated on the
basis of exposure to both bitewing and digital dental panoramic
radiography, similar to a few other studies carried out previously.
The comparison carried out was unique to our study as previous
studies did not attempt to compare the effects of dental radiation
from bitewing and panoramic radiograph, as evaluated by
fluorescence microscopy, in children.
In the present study, fluorescence microscopy was used to

precisely identify and visualize the cell nuclei and MN using the
Feulgen staining method, and evaluate false-positive MN count in
bright field. Tools such as Romanowsky stains, propidium iodide,
Hoechst 33258, or Acridine orange have resulted in a higher
number of false positives, as they positively stain keratin bodies
that are often mistaken for micronuclei; therefore, they are not
reliable and hence were not used in this study. It is recommended
to use Feulgen stain, which is a DNA-specific stain, and the
permanent slides thus obtained can be viewed under both
transmitted (Figures 3a, 4a) and fluorescent light (Figures 3b, 4b),
as done in this study.19

Our study evaluated MN frequency before and after exposure to
bitewing radiographs in children using the BMCyt assay. Bitewing
radiographs showed a threefold increase in MN frequency post
exposure (group 1 B) compared with that before exposure (group
1A; Table 3), with a statistically significant P value (Po0.001). The
reason for the increase in MN count from bitewing radiation in
children could be the direct point of focus of cone beam radiation
on the buccal mucosal site of interest with comparatively
decreased amount of scatted radiation; the targeted dosage of
radiation in bitewing radiography was 70 Kvp.
In digital dental panoramic radiographs, the results showed a

twofold increase in MN frequency post exposure (group 2B)
compared with that before exposure (group 2A) (Table 4),
with a statistically significant P value (Po0.001). The reason for
the comparative decrease in MN count from digital dental
panoramic radiation in children could be the divergent point of
focus of cone beam radiation to the buccal mucosal site of interest
as the tube head revolves around the jaw with the targeted
dosage of radiation of 64 Kvp, which is less than that of bitewing
radiography.
Both groups showed statistically significant MN frequency

before radiation (Z value − 4.391; P value 0.001) and the relative
increase in MN frequency post X-ray radiation in both groups was
statistically significant (Z value − 4.840; P value 0.001) (Table 5;

Figure 1. Distribution of male and female patients in group 1 (bitewing radiography) according to age in the study.

Table 2. Distribution of male and female patients according to age in
study group 2 (panoramic radiography)

Age (years) Male Female

n % n %

10 4 40 3 30
11 3 30 3 30
12 3 30 4 40
Total 10 100 10 100
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Figure 5). Hence, in the present study, the micronuclei frequency
was highly significantly elevated post exposure to bitewing and
panoramic radiography when compared with that before expo-
sure. These findings are similar to those of other studies
conducted on panoramic radiographic exposure,20,21 which
showed an increased frequency of micronuclei formation. A study

by Lorenzoni et al. evaluated MN frequency after bitewing
radiography along with other orthodontic radiographic proce-
dures and found an increase in MN count. However, the difference
was not statistically significant. In addition, other studies14,22–24

have shown a statistically nonsignificant difference in the
frequency of micronuclei before and after exposure to panoramic

Figure 2. Distribution of male and female patients in group 2 (panoramic radiography) according to age in the study.

Figure 3. (a) Pre-exposed exfoliative buccal mucosal cells showing
cytoplasm and nucleus under bright-field microscopy. (b) Pre-
exposed exfoliative buccal mucosal cells showing cytoplasm and
nucleus under fluorescence microscopy.

Figure 4. (a) Postexposed exfoliative buccal mucosal cells showing
cytoplasm, nucleus, and micronuclei under bright-field microscopy.
(b) Postexposed exfoliative buccal mucosal cells showing cytoplasm,
nucleus and micronuclei under fluorescence microscopy.
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radiography. The higher frequency of buccal epithelial micronuclei
observed after X-ray exposure corroborates the data in the
literature, in which X-ray radiation was reported to induce genetic
damage that resulted in the increased formation of micronuclei in
buccal epithelial cells as they are sensitive for detecting
genotoxicants; the high radiation absorbed could be a reason
for the positive result.20

It is important to note that micronuclei found in group 1 and
group 2 before X-ray radiation may be due to diverse
environmental and lifestyle factors such as a non-vegetarian diet,
with no difference in gender distribution. This is commensurate

with studies that have proved that diet and environmental factors
have a direct influence on the increase in MN.25 In addition,
exposure to X-ray radiation also significantly increases MN. Hence,
the increase in micronuclei frequency found in the postexposure
group could have been influenced by pre-exposure presence of
micronuclei as well as postexposure radiation.
Even though the study was conducted under standard protocol,

a certain amount of contamination was expected because of
difficulty in efficiently standardizing the sample collection from
young patients. Processing of the collected samples was
time-consuming, and identification of MN proper was tedious, as

Table 3. Comparison of pre- and postexposure micronucleus cell count in group 1 (bitewing radiography)

Exposure Mean s.d. s.e. of mean Mean difference Z P-value

Pre-exposure to bitewing X-ray 2.80 0.70 0.16 − 3.250 − 3.940 o0.001a

Postexposure to bitewing X-ray 6.05 1.10 0.25

The mean, s.d. and mean difference of pre- and post-micronucleus in group 1.
The increase in mean number of cells with micronucleus from pre-exposure to postexposure was found to be statistically significant (Po0.001).
aSignificant difference.

Table 4. Comparison of pre- and postexposure micronucleus cell count within group 2 (panoramic radiography)

Exposure Mean s.d. s.e. of mean Mean difference Z P-value

Pre-exposure to panoramic X-ray 4.20 0.77 0.17 − 3.950 − 3.947 o0.001a

Postexposure to panoramic X-ray 8.15 0.81 0.18

The mean s.d. and mean difference of pre- and post-micronucleus in group 2.
The increase in mean number of cells with micronucleus from pre-exposure to postexposure was found to be statistically significant (Po0.001).
aSignificant difference.

Table 5. Comparison of mean number of cells with micronucleus between the two groups

Cells Group Mean s.d. s.e. of mean Mean difference Z P-Value

Pre-exposure Group 1 2.80 0.70 0.16 − 1.400 − 4.391 o0.001a

Group 2 4.20 0.77 0.17
Postexposure Group 1 6.05 1.10 0.25 − 2.100 − 4.840 o0.001a

Group 2 8.15 0.81 0.18

Before exposure, a higher mean number of cells with micronucleus was recorded in group 2 compared with group 1, and the difference between them was
statistically significant (Po0.001).
aSignificant difference.

Figure 5. The comparison of micronuclei before and after exposure in both group 1 and group 2, with statistically significant difference.
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we performed manual staining and a visual examination count.
Although the study concluded statistically significant results,
further studies with large sample sizes, which are epidemiological
in nature and conducted under different clinical scenarios, with
different age groups are required. Use of an automated machine
for staining and counting cells will reduce time and bias.
Advanced research using activated histone 2AX (Y-H2AX) and
activated checkpoint kinase 2 (pChk2), which are DNA damage
response molecules in irradiated cells,26,27 and fluorescence in situ
hybridization analysis is also recommended, as it can serve as a
sensitive indicator of low-dose radiation exposure in children.28

CONCLUSION
The present ex vivo study was conducted to evaluate the extent of
genetic changes on the basis of MN frequency in exfoliated buccal
mucosa cells before and after exposure to bitewing and
panoramic radiographs in children. It was concluded that the
frequency of micronuclei increases post exposure in both bitewing
and digital panoramic radiographs. Increased radiation exposure
results in an increase in micronuclei frequency.29–32
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