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Background and Aim:The ionizing radiation has been recognized to have deleteri-
ous effects on the DNA and induce cell death. Due to the importance of evaluating 
the DNA alterations in buccal mucosa cells induced by the ionizing radiation and by 
considering the limited volume of the samples used in previous studies, the present 
study aimed to assess the micronucleus (MN) incidence in the buccal mucosa of cone 
beam computed tomography (CBCT)-exposed patients of an oral and maxillofacial 
radiology center during 2016.
Materials and Methods: This descriptive study was conducted by using the target-
based sampling. All the subjects, corresponding to the inclusion criteria, had been 
exposed to CBCT radiation according to their treatment plans. The specimens were 
scraped from the buccal mucosa of the participants by a damp spatula and were subse-
quently stained by Papanicolaou staining process. The percentage of the micronucle-
ated cells was reported after evaluation under a light microscope. Also, the multiple 
linear regression (MLR) method was approached to statistically analyze the correla-
tion between the MN frequency and the age and gender of the participants.
Results: The lowest and highest percentages of the MN frequency were respectively 
equal to 8.20% and 27.10% with the mean MN frequency of 17.68±4.98. Also, there 
was no significant correlation between the age and gender of the subjects and the MN 
frequency (P>0.05). 
Conclusion: Based on the results of the present study,the mean MN frequency per-
centage was 17.68±4.98. Also, there was no significant correlation between the age 
and gender of the participants and the MN frequency. 

*Corresponding author: 
Babaeiha K
Email: kimibabaiha@yahoo.com

Please cite this paper as: Farhadi S, Jolehar M, Babaeiha K. Evaluation of  
Micronucleus Frequency and Related Factors in the Buccal Mucosa of Cone 
Beam Computed Tomography-Exposed Subjects.J Res Dent maxillofac 
Sci.2017;2 (3):10-15



Evaluation of Micronucleus Frequency in CBCT-Exposed Subjects          

http://www.jrdms.dentaliau.ac.ir  Journal of Research in Dental and  Maxillofacial  Sciences,Vol 2,No 3, Summer  2017 11

Introduction: 
	 Cancer is among the principal life-threatening 
diseases throughout the world.(1) It is normally 
diagnosed in advanced stages since there are no 
early diagnostic signs and therefore, the chance 
of survival decreases despite the advanced levels 
of medical care.(2) It seems essential to use nonin-
vasive diagnostic methods in the early stages of 
cancer formation.
	 During the last decade, X-rays have been 
vastly employed in dental imaging. However, 
the effects of the ionizing radiation on the struc-
ture of the DNA and protein-DNA crosslinking, 
which cause cell death, cannot be overlooked.(3, 4)

	 Periapical and panoramic radiography are ex-
tensively used in diagnostic and therapeutic den-
tistry. However, more sophisticated and precise 
techniques such as computed tomography (CT), 
magnetic resonance imaging (MRI), and soft tis-
sue scans are also being used nowadays. Cone 
beam computed tomography (CBCT) is a new 
technique, which provides CT scans by the use of 
cone-shaped radiation. (4)

	 CBCT images are similar to the images ob-
tained by medical CT, except that the radiation 
dose emitted from CBCT units is generally lower 
than that of medical CT. CBCT provides images 
of the inner bone structures of the head and neck. 
CBCT units require less space and equipment 
than medical CT.(5)

	 The alterations in the cell nuclei occur in 
the early stages of cancer. These alterations in 
the buccal mucosa cells were first identified by 
Stich and Rosin in 1983.(6) Today, the alterations 
in the cell nuclei are widely used as  biomarkers 
to highlight the genetic damages in the cells, (7)

which allow the identification of different pre-ne-
oplastic conditions in the cell nuclei prior to the 
clinical manifestations.(8) The nuclear alterations 
in the cytological specimens exfoliated from the 
buccal mucosa of patients have also been exam-
ined. This method is simple, noninvasive, and 
relatively painless.(9) Therefore, the micronucleus 
(MN) scoring is one of the most sensitive mark-
ers of DNA damage and is considered one of the 
most trusted biomarkers of the pathologies in-
duced by occupational and environmental expo-

sures in numerous human and animal epidemio-
logical studies.(10,11) The MN scoring can be used 
for the evaluation of the chromosomal damage in 
routine cytopathological activities.(8) The advan-
tage of this method is its simplicity since the MN 
assessment is fast and does not require special 
expertise.(1) 
	 Kamboj and Mahajan showed that analyzing 
the epithelial cells of the buccal mucosa is a reli-
able indicator for the early evaluation of malig-
nant and pre-malignant lesions. (1) The MN scor-
ing of the epithelial cells in the buccal mucosa 
is considered a method for verifying the risk of 
carcinogenesis.(12-14)

	 Some studies have been conducted in the field 
of maxillofacial surgery on the effects of CBCT, 
but the number of studies on the effects of CBCT 
on the frequency of MN is very limited.(4,5) There-
fore, by considering the importance of analyzing 
the alterations of the buccal mucosa cells and the 
limited number and volume of the samples used 
in previous related analyses, The present study 
was performed to assess the MN incidence in the 
buccal mucosa of CBCT-exposed subjects in an 
oral and maxillofacial radiology center during 
2016. 

 Methods and Materials:
	 This descriptive study was conducted by the 
use of target-based sampling. All the subjects 
had been exposed to the ionizing radiation by 
ProMax® 3D SCARA3 CBCT unit (Planmeca 
Co., Helsinki, Finland) with a dose area product 
(DAP)=445-994 mGy/cm2 and a CT dose index 
(CT DI)=4.1-8 mGy at the same radiology center. 
In addition, all the subjects met the inclusion cri-
teria, which consisted of no alcohol consumption, 
no systemic diseases, no smoking habits, no med-
ication consumption, no recent viral infection, 
no history of radiotherapy and/or chemotherapy 
and no jobs that involve contact with chemicals. 
(4) The sample size for each of the independent 
variables was calculated to be 10 samples and 
at least 40 samples of each gender were evalu-
ated. To collect the data, after obtaining informed 
consent, the patients underwent a biopsy and the 
buccal mucosa cells were scraped by using a 



http://www.jrdms.dentaliau.ac.ir       J Res Dent Maxillofac Sci , Vol 2,No 3, Summer  2017     

Farhadi S,et al,

12

damp spatula and were observed under a light mi-
croscope. Before the sampling, the subjects were 
asked to wash their mouths thoroughly with water. 
The buccal mucosa cells were exfoliated by the 
use of the spatula and were spread over clean glass 
slides. The smears on the slides were fixed by the 
use of the Patofix cytology smear spray. The slides 
were then air-dried at room temperature. Papanico-
laou staining was then performed to measure the 
MN frequency. 500 cells per sample were counted 
and the presence of the micronucleated cells was 
determined and was reported in percentage.(15) 

Results:
	 In this study, 80 individuals (40 women and 
40 men), who met the inclusion criteria, were ex-
posed to a single predetermined dose of CBCT 
radiation. The lowest and highest percentages 
of the MN incidence were respectively equal to 
8.20% and 27.10%, and the mean MN frequency 
was 17.68±4.98. The mean and standard deviation 
(SD) of the MN frequency equaled to 18.02±5.53 
in women and 17.33±4.37 in men. The youngest 
participant was 19 years old and the oldest was 
86 years old. The average age of the subjects was 
45.02±14.52 years. (Tables 1 and 2)

Table 1: Micronucleus (MN) frequency
 

MN frequency
N Minimum Maximum Mean

Std.

Deviation

80 8.20 27.10 17.68 4.98

Table 2: Distribution of micronucleus (MN) frequency categorized by gender

  MN frequency

 Gender       
N  Minimum Maximum Mean Std. Deviation

Female 40 8.20 27.00 18.02 5.53

Male  40 9.80 27.10 17.33 4.37

The regression analysis showed no signifi-
cant correlation between the age (P=0.372) 
and gender (P=0.491) of the subjects and the 
MN frequency (P>0.05). Figure 1 shows the 
micronucleated cells in the studied samples.

 

Figure 1: Micronucleated cells in the buccal mu-
cosa smears of CBCT-exposed subjects (Papani-
colaou staining, ×400 magnification).
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Discussion:
	 In this study, the MN frequency was equal 
to 17.68±4.98. The results showed that there was 
no significant correlation between the age and 
gender of the participants and the MN frequency.
	 In 2010, Carlin et al conducted a study on 
the relationship between the MN frequency and 
CBCT radiation and measured the MN rate in 10 
men and 9 women before and after exposure to 
CBCT radiation. The average MN frequency af-
ter the irradiation was 0.04% and there were no 
significant differences in the MN scores before 
and after the irradiation.(5) 

	 In 2012, Ribeiro examined the DNA damage 
and cell death in adult buccal mucosa cells af-
ter exposure to CBCT radiation.(16) Although the 
mentioned study did not show any significant sta-
tistical differences in the MN prevalence before 
and after exposure to CBCT radiation, it indicat-
ed an increase in the incidence of other nuclear 
changes closely correlated with cytotoxicity such 
as karyorrhexis, pyknosis, and karyolysis.(16) On 
the other hand, Lorenzoni et al investigated the 
mutagenicity (MN) and cytotoxicity-related al-
terations (karyorrhexis, pyknosis, and karyolysis) 
in the mucous membrane lining of the cheek of 49 
children exposed to CBCT or conventional radi-
ography for orthodontic treatment.(4) The average 
MN frequency after irradiation was 0.025%. The 
cited study also showed that the MN frequency 
was similar in the pre- and post-intervention 
groups. However, the mentioned assay indicated 
that the irradiation caused other nuclear changes 
related to cytotoxicity such as karyorrhexis, py-
knosis and karyolysis in both groups (P<0.05). 
They concluded that the CBCT-exposed group 
showed a greater rate of cell death than the con-
ventionally-radiographed group (P<0.44).(4) In 
most studies, the MN abnormalities have been 
compared before and after the exposure to CBCT 
radiation.(2,3,10)  

	 A search of the literature revealed studies on 
the nuclear abnormalities that were merely based 
on the incidence of the abnormalities without 
any reference to the demographic characteristics 
of the subjects such as age and gender; thus, our 
study is probably the first to consider these fac-
tors. The results of the present research can be 
used as a basis for future studies in this field. 
	 The epithelial cells of the buccal mucosa are 
a good resource for early detection of the geno-

toxic effects of the carcinogenic agents that enter 
the body through inhalation, injection, and direct 
contact.(17-19)  Oral malignancies are the sixth most 
common cancer worldwide, and 90% of human 
cancers originate from the epithelial cells. These 
scientific facts emphasize the importance of the 
MN scoring in clinical pathology. This method is 
inexpensive, noninvasive and simple, and evalu-
ates the elevated MN frequency, due to the carci-
nogenic stimuli, long before the manifestation of 
the clinical symptoms.
	 The rapid turnover of the epithelial cell 
cycle (7 to 16 days) gives researchers the op-
portunity to verify the damages in the basal layer 
of the epithelial tissue within a maximum of 16 
days of cell renewal (exfoliation).(20) Therefore, in 
the current study, similar to most of the previous 
studies, the sampling was performed 10 days af-
ter exposure to radiation.
	 The Biomonitoring of the buccal cells is of-
ten a complex study due to the diversity of the 	
influential variables including the age, lifestyle, 
oral hygiene, smoking habits, alcohol consump-
tion, exposure to various chemicals, and the im-
pact of some viruses that can affect the epithe-
lial cells in the oral mucosa. For a more precise 
evaluation of the genotoxic effects of radiation, 
we tried to obtain our samples from individuals 
that had not been exposed to the other known in-
fluencing factors.
	 Nonetheless, the environmental variables 
such as airborne particles, background ionizing 
radiation, and other environmental exposures re-
lated to the geographic habitat of the individuals 
could also influence the results. The percentage 
of the micronucleated cells in the present study 
was higher than that in similar studies.  
	 It should be noted that the differences in the 
radiation dose, duration of irradiation, variables 
related to the CBCT equipment, and also the bi-
opsy site can interfere with the results of the MN 
scoring in the individuals exposed to CBCT ra-
diation. The present study showed no significant 
correlation between the MN frequency and the 
age and gender of the subjects, which was in line 
with the results of previous reports; although, 
few studies have considered the age-related ef-
fects.(21-24)
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Conclusion
Based on the results of the present study,the mean 
MN frequency percentage was 17.68±4.98. Also, 
there was no significant correlation between the 
age and gender of the participants and the MN 
frequency. 
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