
 

INTRODUCTION 

Biomarker of buccal mucosa cells damaged after exposure to 
panoramic radiography: a literature review 
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Objectives: This review aimed to understand the 
effect of exposure to panoramic radiographs on 
exfoliated buccal mucosal cells at the cellular level.  

Review: The dose of radiation exposure in dentistry, 
both intraoral and extraoral, has been regulated by 
The National Radiological Protection Board (NRPB). 
However, even though it is given in small doses, x-
ray radiation due to intraoral and extraoral 
radiographs still has a radiobiological effect on the 
exposed tissue. The radiobiological effects of X-ray 
exposure can cause changes in biological molecules, 
either directly or indirectly, within hours or days. 
There are two classification of this radiobiological 
effect, called deterministic and stochastic effect. 
The deterministic effect occurs when the dose given 
exceeds the recommended dose by the NRPB, 
whereas the stochastic effect does not have any 
threshold that needs to be exceeded to give some 

adverse impact to the exposed tissue One method 
used as a predictor or biomarker of genetic damage 
due to exposure to physical or chemical mutagenic 
agents in humans is micronucleus (MN). The 
biomarker for the cell damaged is the change of 
nucleus shape and outline, called pycnosis, 
karyolysis, karyorrhexis. 

Conclusion: The exposed to x-ray from panoramic 
could induce cell and genetic damaged. Prescription 
for panoramic radiographic examination in patients 
should be as effectively as possible according to the 
principles of ALADA (as low as diagnostically 
acceptable) to avoid adverse effects on the exposed 
tissue. 
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The dose of radiation exposure in dentistry, 
both intraoral and extraoral, has been regulated by 
The National Radiological Protection Board (NRPB). 
However, even though it is given in small doses, x-
ray radiation due to intraoral and extraoral 
radiographs still has a radiobiological effect on the 
exposed tissue.1 These radiobiological effects can 
cause changes in molecular biology, either directly 
or indirectly, within hours or days There are two 
classification of this radiobiological effect, called 
deterministic and stochastic effect. The 
deterministic effect occurs when the dose given 
exceeds the recommended dose by the NRPB, 
whereas the stochastic effect does not have any 
threshold that needs to be exceeded to give some 
adverse impact to the exposed tissue.2 

One method that can be used as a predictor or 
biomarker of genetic damage due to exposure to 
physical or chemical mutagenic agents in humans is 
the micronucleus test (MN)3,4. This micronucleus 
comes from chromosome fragments or all 

chromosomes that are left behind during the 
anaphase process. An increase in micronucleus 
frequency indicates chromosomal damage. The 
micronucleus can easily be assessed on 
erythrocytes, lymphocytes, and exfoliated epithelial 
cells in the oral, urothelial, or nasal areas. 
Micronucleus examination of exfoliated buccal cells 
is a minimally invasive method of monitoring 
human genetic defects and has been used since the 
1980s.5 

Beside the formation of micronucleus, the x-ray 
radiation that given in panoramic radiograph can 
lead to cell damage (cytotoxic). This cell damage 
can be seen from several cell changes that occur 
after panoramic exposure, such as damage to the 
cell nucleus, which is marked by the dissolution of 
chromosomes (pycnosis), the dissolution of 
chromatin in the cell nucleus (karyolysis), the 
rupture of the cell nucleus and the breakdown of 
chromatin (karyorrhexis).6 
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FORMATION OF MICRONUCLEUS AND CELL 
DAMAGED DUE TO X-RAY RADIATION 

The micronucleus originates primarily from 
acentric chromosome fragments, acentric 
chromatid fragments, or entire chromosomes that 
fail to be included in the nuclei at telophase 
completion during mitosis because the 
chromosome fragments or chromosomes do not 
adhere well to the spindle during the separation 
process in anaphase (Figure 1). These chromosomes 
or chromosome fragments that are not attached 
are eventually closed by a nuclear membrane which 
is morphologically similar to the nucleus after 
conventional nuclear staining but with a smaller 
size.7  

Several mechanisms form the acentric 
chromosome fragments. Studies of radiation 
biology over several decades have shown that 
repair errors in double-chain DNA breakdown can 
lead to an asymmetric and symmetrical exchange of 
chromosomes and chromatids and exchange of 
chromatids and chromosome fragments. A fraction 
of the acentric chromosome fragments results from 
the unrepaired breakdown of double-chain DNA. 
But this is only possible when the burden of DNA 
damage exceeds the cell repair capacity within a 
certain time.7 From research conducted by Kyung-
Mi Choi et al. in 2006, it was concluded that x-ray 
radiation can cause DNA damage through the 
process of damage to DNA breakdown or by 
producing reactive oxygen species (ROS). From 

these studies it is known that ROS is a mediator of 
micronucleus formation due to irradiation.8 

The molecular mechanism of x-ray radiation-
induced cellular damage depends on several 
factors, including dose, length of exposure, cell 
type, and the cells' status transformed. In some 
cases, the susceptibility of certain tissues and organ 
systems has different radio-sensitivities. The 
susceptibility of tissue to radiation damage is stated 
by Bergonie and Trebondeau's Law which states 
that ionizing radiation is generally more destructive 
in rapidly dividing cells and in undifferentiated 
cells.9 

Cell death, both necrosis and apoptosis, occur 
due to the induction of x-ray radiation 
characterized by irreversible changes in the nucleus 
and cytoplasm. These irreversible changes in the 
nucleus include pycnosis (the process of damage to 
the cell nucleus characterized by the dissolution of 
chromosomes and the condensation process in the 
cell nucleus), karyolysis (the process of dissolving 
chromatin in the cell nucleus that occurs naturally 
or due to damage to body tissues) and karyorrhexis. 
(a process of cell damage characterized by the 
rupture of the cell nucleus and the breakdown of 
chromatin).10 

 
 

DISCUSSION 
 
The buccal mucosa is the main barrier in the 

oral cavity, both inhalation, and ingestion, and can 
metabolize carcinogenic compounds into reactive 

REVIEW ARTICLE 

Figure 1. Micronucleus originates from asentric chromosome fragments or entire chromosomes that are left behind5 

Figure 2. Alteration in the nucleus as a result of damage induced by x-ray radiation9  
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Table 1. Studies on genetic and cell damaged induced by dental X-rays 

products. As much as 90% of human cancers 
originate from epithelial cells, and the buccal 
mucosal epithelial cells can reflect the cell area 
where the initial genotoxic processes induced by 
carcinogenic agents enter through the oral cavity. 
The exfoliated buccal mucosa epithelial cells were 
chosen to be the research object of some 
researchers because the retrieval process is 
relatively easy and fast, non-invasive, does not 
require culture and stimulation processes.11 

The sample collection of exfoliated buccal 
mucosa cells was carried out within 10 ± 2 days 
after exposure to x-rays because it followed the 
turnover time from the basal layer to the epithelial 
layer which had the fastest migration rate between 
week 1 to week 3 (7-21 days) after exposure. Some 
literature suggests the maximum take is in the 
range of 8-12 days.3,12 

The formation of micronucleus in exfoliated 
buccal mucosa cells after exposed to panoramic 
radiograph was found in several research that 
conducted by Cerqueira et al. (2008), Arora P et al. 
(2014), Vidya KB et al. (2014), Preethi N et al. 
(2016), Sandhu M et al. (2015), Li G et al. (2018). 
Their publication showed that there was a 
significant increase in the amount of micronucleus 
in exposed group.12–17 The increase in the number 
of micronucleus indicated a genomic instability and 
was thought to be associated with an increase in 
carcinogenic effects. The differences in the 
micronucleus of the samples in the same group 
could be caused by chromosome alteration.13 The 
micronucleus formation occured because of 
damage at the chromosome level when cells divide 
from the basal layer to the epithelium of the buccal 
mucosal cells and can only be observed from 

exfoliated cells after the differentiation process 
occurs.12 

From the histopatological examination, some of 
research that conducted by Cerqueira et al. 
(2004,2008), Agarwal P et al.(2015), Antonio EL et 
al. (2017), Li G et al. (2018) it was found that the x-
ray radiation giving in panoramic radiograph could 
induced the morphological change in nucleus form. 
Their publication showed that there were an 
increase in the number of pycnosis, karyolysis, and 
karyorrhexis of exfoliated buccal mucosa cells 
exposed to panoramic radiography.3,13,17,18 This 
increase indicated that in this study panoramic 
radiographs induce an apoptotic response 
characterized by an increase in the number of 
pycnosis and karyorrhexis, and also induce a 
necrotic response characterized by an increase in 
the number of karyolysis. 

The changes that occur in exfoliated buccal 
mucosal cells after x-ray exposure was a sign that x-
ray exposure from panoramic radiographs could 
give an effect at the cellular level. Although the 
effect does not seen immediately, this effect should 
be considered before prescribing a diagnostic 
radiological examination. 

 
 

CONCLUSION 
 
The exposed to x-ray from panoramic could 

induce cell and genetic damaged. The prescription 
of radiology examinations that can provide x-ray 
exposure to patients should be done as effectively 
as possible according to standard radiographic 
examination procedures and ALADA (as low as 
diagnostically acceptable) principles to avoid 
stochastic effects. 

Author’s (Year) Subject Type of Dental X-Ray Findings 

Cerqueira et al. (2004) Exfoliated cells from 
oral mucosa 

Panoramic Non-significant genetic damaged 
Significant cell damaged 

Popova L et al. (2007) Buccal mucosa cells Panoramic Non-significant genetic damaged 

Cerqueira et al. (2008) Keratinized mucosa 
cells 

Panoramic Significant genetic and cell dam-
aged 

Arora P et al. (2014) Buccal mucosa and 
gingival cells 

Panoramic Significant genetic damaged 

Vidya KB et al. (2014) Buccal mucosa cells Panoramic Significant genetic damaged 

Haghgoo R et al. (2014) Buccal mucosa celsl Panoramic Non-significant genetic damaged 

Agarwal P et al.(2015) Buccal mucosa cells Panoramic Non-significant genetic damaged 
Significant cell damaged 

Sandhu M et al. (2015) Buccal mucosa cells Panoramic Significant genetic damaged 

Preethi N et al. (2016) Buccal mucosa cells Panoramic Significant genetic damaged 

Antonio EL et al. (2017) Oral mucosa cells Panoramic Non-significant genetic damaged 
Significant cell damaged 

Kesidi S et al. (2017) Buccal mucosa cells Panoramic Non-significant genetic damaged 

Li G et al. (2018) Buccal mucosa cells Panoramic Significant genetic and cell dam-
aged 
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