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Abstract

Background: Occupational exposure to ionizing radiation (IR) has the potential to lead to adverse health effects, including
cancer and genetic damage. Micronuclei (MN) in oral exfoliated epithelial cells serve as a dependable and noninvasive tool for
the early detection of genetic damage.

Objectives: The present study aimed to evaluate the frequency of MN in oral exfoliated epithelial cells as an indicator of
genomic damage among healthcare workers exposed to IR.

Methods: In this cross-sectional study, oral epithelial cells were collected from 70 employees of one hospital. Individuals were
divided into two groups based on their chronic exposure history to IR: Exposed and non-exposed (35 individuals in each group).
Initially, demographic and occupational information was collected through a questionnaire. Micronuclei frequency was
compared between the two groups based on age, gender, smoking history, alcohol consumption history, mouthwash use
history, hospital ward, and work history using SPSS software.

Results: The exposed and non-exposed groups were similar in terms of age, gender, smoking history, alcohol consumption
history, and mouthwash use history, with no significant differences. In this study, MN frequency in the exposed group (10.97 +
8.2) was significantly higher than in the non-exposed group (4.02 +3.6) (P < 0.05). Micronuclei frequency was approximately 2.7-
fold higher in the exposed group (10.97 vs. 4.02, P < 0.05).

Conclusions: Our study has demonstrated that assessing MN in oral epithelial cells can serve as a simple screening method
for early detection of genomic damage. Healthcare professionals, who routinely handle IR, should adhere strictly to
radioprotection protocols and radiation safety guidelines, utilizing all available protective equipment.
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activities, including diagnostic radiology, nuclear
medicine, and radiotherapy, are exposed to IR (2). In the
United States, the use of radiological and nuclear
medicine methods has increased almost 10-fold and 2.5-

1. Background

The International Labor Organization (ILO) estimates
that the mortality rate attributed to occupational cancer

worldwide is approximately twice as high as that
resulting from occupational accidents. One of the
occupational factors contributing to cancer is ionizing
radiation (IR) (1). In 2008, the United Nations Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR) reported that three categories of medical

fold, respectively, from 1980 to 2006 (3). Healthcare
personnel are among the professions exposed to
chronic low doses of IR (4, 5).

Many countries have adopted recommendations
from the International Commission on Radiological
Protection (ICRP) based on limiting the occupational
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effective dose to 20 mSv per year, with a maximum of 50
mSv per year (4). Recommendations include using lead
aprons, glasses, and shields, consistently wearing
personal radiation monitoring badges, and maintaining
proper distance from patients. Through the adoption of
these measures and staff training, medical workers have
experienced a decrease in radiation exposure over time,
despite an increase in the number of procedures
performed. A study shows that a significant fraction of
medical workers use radiation protection measures
inconsistently, including wearing personal dosimeters,
which might lead to underestimation of occupational
exposures (6). Continued exposure to IR carries the
potential for notable adverse health outcomes,
encompassing heightened cancer risk alongside genetic
and immunological impairments (4). The U.S.
Radiologic Technologists (USRT) study observed an
increased risk of leukemia, skin cancer, and breast
cancer among radiologic technologists who were
exposed to chronic low doses of radiation (7). A study
highlighted an increased incidence of brain tumors
among interventional cardiologists compared to the
general population, attributed to higher doses of
radiation to the head during procedures (8).

The primary target of IR is the DNA molecule.
Ionizing radiation can directly affect DNA by causing
structural damage to its molecules. This damage
includes breaking the chemical bonds within the DNA
strands or causing alterations in the DNA sequence.
These changes can lead to mutations, chromosomal
abnormalities, or breaks in the DNA strands, genome
instability, which can interfere with the cell’s ability to
replicate and repair itself properly (9, 10). Genetic
instability, characterized by significant alterations in
genomes, is a major cause of cancer. Research shows
that most cancers exhibit these genetic changes (11).

Micronuclei (MN) assay is a highly effective and rapid
technique for assessing DNA damage. A micronucleus is
defined as a small chromatin structure visible in the
cytoplasm of eukaryotic cells. During mitosis, a nuclear
envelope can form around lost chromosomes, creating a
structure that resembles a small nucleus (12). A review
paper aims to pinpoint the genotoxicity biomarkers
that exhibit the highest elevation in individuals exposed
to IR (13). Through the search procedure, 65 studies were
identified. Significant differences were observed in
chromosome aberrations and MN between [R-exposed
and unexposed workers (13). Typically, for assessing DNA
damage resulting from chronic occupational exposure
to IR in hospital staff, peripheral blood lymphocytes
(PBL) are used (14-17). In another review, 19 studies were
chosen based on their assessment of MN in both buccal

mucosal cells and PBL (18). The findings revealed a high
correlation in the MN frequency between these two
tissues (18). The buccal MN assay encompasses several
key aspects: The biology of the buccal mucosa, its
application in human studies investigating DNA
damage from environmental exposure to genotoxins,
the relationship between buccal MN and cancer, as well
as various reproductive, metabolic, immunological,
neurodegenerative, and other age-related diseases, and
the influence of nutrition and lifestyle (19). Oral
mucosal epithelial cells, as the first barrier to genotoxic
agents, are easily and quickly sampled, requiring no
preparation, culture, and have a limited DNA repair
capacity than PBL (20, 21).

2. Objectives

Healthcare personnel are chronically exposed to IR,
and a significant fraction of them use radiation
protection measures inconsistently. The present study
aims at investigating MN as a cost-effective and reliable
biomarker for early detection of genomic damage in
different wards (endoscopy, radiology, operating room,
and angiography). In only two studies, oral mucosal
cells from individuals exposed to low and chronic doses
of IR have been examined to measure MN, being these
papers only focused on the radiology ward (22, 23).

3. Methods

3.1. Participants

This cross-sectional study was conducted in 2023 on
70 employees of one of the medical educational
hospitals. The participants included 35 individuals
exposed to IR (exposed group) and 35 individuals not
exposed to IR who met the inclusion criteria. The
inclusion criteria were being employed in the past 6
months, age between 18 and 60 years, and having no
history of cancer and radiotherapy, acute infectious
diseases (such as influenza) at the time of sampling, or
undergoing radiography in the six months before
sampling. The exposed group included personnel from
departments where routine exposure to IR is common,
such as radiology, endoscopy, operating room, and
angiography. These departments were chosen to reflect
the range of occupational exposure present in the
hospital setting and to increase the generalizability of
the findings. The control group was selected from
administrative and clerical hospital employees using
convenience sampling, based on availability and
willingness to participate. These individuals had no
known occupational exposure to IR.
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Demographic information (age, gender, marital
status) and occupational details (department, work
history), smoking status, alcohol consumption,
mouthwash use, drug use, and medical history were
obtained through a questionnaire. According to
institutional radiation safety records based on film
badge dosimetry from the past 5 years, the average
occupational exposure levels in the relevant
departments have generally remained below 20 mSv per
year. However, individual dose records were not
available for the study participants. At the beginning of
the study, the participants were informed about the
study’s objectives and sampling methods, and their
informed consent was obtained. This study has been
approved by the ethics committee of the university
under the number IR.JIUMS.FMD.REC.1401.077.

3.2. Micronuclei Assay

Participants were requested to rinse their mouths
with plain water to avoid the staining of mucoid saliva
and residual food particles during the staining of slides.
Subsequently, using a tongue depressor, exfoliated cells
from the buccal mucosa adjacent to the posterior
maxillary molars on both sides were gently collected 2
to 3 times. The respective tongue depressor was then
spread on a dry and clean slide that had been previously
numbered. Immediately, the cells present on the surface
were fixed using a cytology fixative spray (Namiracyte)
from Bahar Afshan, an Iranian company. The slides were
stained using the Papanicolaou method and examined
by two pathologists using a Nikon BX50 light
microscope at 400x magnification. In each sample, 1000
exfoliated oral epithelial cells were counted to
determine the frequency of micronucleated -cells.
Micronucleus counting involved assessing cells with
defined borders and intact nuclei, ensuring they were
not overlapping with other cells. Cells that were dead,
degenerated, or contained nuclear bubbles were
excluded from the count. The criteria determined by
Tolbert et al. include criteria for selecting cells and for
identifying cells (24).

Figure 1 shows the MN in the exfoliated buccal
epithelial cells in exposed and unexposed individuals.

3.3. Statistical Analysis

All statistical analyses were performed using SPSS 24.
The level of significance was set at P < 0.05.

4.Results

Table 1 shows the general characteristics of the study
groups, indicating that the exposed and unexposed
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groups are matched.

The mean frequency of MN in the exposed group
(10.97 £ 8.2) was significantly higher than in the non-
exposed group (4.02 £ 3.6) (P < 0.05). Additionally,
among the factors that may influence the MN frequency,
a statistically significant relationship was found with a
history of underlying disease, cigarette smoking, and
alcohol consumption (P < 0.05) (Table 2). Also, no
significant relationship was found between age and
work experience with the frequency of MN (P < 0.05).

To assess the independent effects of relevant
variables on MN frequency, we conducted a multiple
regression analysis including only those factors that
showed significant associations in the univariate
analysis of the total study population. In the final
model, both alcohol consumption (P < 0.05) and
exposure to IR (P < 0.05) remained statistically
significant predictors. These findings indicate that both
variables are independent predictors of increased MN
frequency (Table 3).

As seen in Table 4, the MN frequency in the
endoscopy ward (percentage: 14.66 * 12.1) was the
highest among the studied wards. In comparing the
studied wards with the unexposed group, a significant
difference in the MN frequency was observed in all
wards except for the radiology ward, where no
significant difference was noted in MN frequency.
Furthermore, for comparing different sections, there
was no significant difference observed using ANOVA (P >
0.05).

5. Discussion

The potential genotoxic effect resulting from
occupational exposure of medical professionals to IR
has raised significant concerns within the medical
community (13). Micronuclei are regarded as early
biological indicators of genetic toxicity carcinogenesis
(11).

Our study demonstrated that exposure to low doses
of IR significantly increased the noticeable level of MN
in oral mucosal cells compared to non-exposed
individuals. The use of oral mucosal cells to investigate
occupational genetic damage from low doses of IR has
been limited in two studies, showing that the frequency
of MN was significantly higher in the exposed group
than in the control group (22, 23).

In this study, the highest level of MN was observed in
the endoscopy group, while the lowest level was in the
radiology group. Although this difference was not
statistically significant, it raises questions, given that
fluoroscopy-guided procedures, such as angiography;,


https://brieflands.com/articles/ijcm-163280
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=258999

Labbafinejad Yet al. Brieflands

1]

L
e

4o

Figure 1. Microscopic view of the MN in exfoliated oral mucosal cells at 400x magnification; A, exposed group; B, unexposed group.

Table 1. General Characteristics of the Study Groups (N =35)

Variables Exposed Group Non-exposed Group
Sex

Male 17(48.6) 20(57.1)

Female 18 (51.4) 15 (42.9)
Marital status

Single 9(25.7) 8(22.9)

Married 26(74.3) 27(77.4)
Ward

Radiology 12(34.3) -

Angiography 9(25.7)

Endoscopy 6(17.1) -

Operating room 8(22.9)
Smoking

No 28(80) 29(82.9)

Yes 7(20) 6(17.1)
Alcohol consumption

No 33(94.3) 35(100)

Yes 2(57) 0
Mouthwash use

No 32(91.4) 32(91.4)

Yes 3(8.6) 3(8.6)
Medical history

No 29 (82.9) 29 (82.9)

Yes 6(17.1) 6(17.1)
Drug use

No 31(88.6) 31(88.6)

Yes 4(11.4) 4(11.4)
Age (y) 3825+7.8 37.54+8.7
Work experience (y) 13.62£7.9 11.42+10.0

typically involve higher radiation exposure. However, the fluoroscopy unit, which increases their exposure to
several possible explanations exist. Endoscopy scattered radiation (7, 24, 25). Furthermore, multiple
personnel, particularly those performing ERCP, often studies have shown that adherence to radiation safety
remain in close physical proximity to the patient and protocols is often suboptimal among endoscopy staff
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Table 2. Association Between the Frequency of Micronuclei and Exposure History, Marital Status, Sex, Smoking, Alcohol Consumption, Mouthwash Use, Medical History, and

Drug Use
Variables Exposed Group Non-exposed Group Total Participants
Exposure history
No = ° 4.02+3.6
Yes - 10.97+38.2
P-value - - 0.000
Marital status
Single 12.44+75 2.62%25 7.82+75
Married 11.46 +8.5 444138 739+7.1
P-value 0.54 0.22 0.83
Sex
Male 11.29+7.8 4+37 7.35%6.95
Female 11.66 £ 8.7 4.06£3.7 7.66+7.6
P-value 0.82 0.95 0.85
Smoking
No 8.8611.6 331+3.4 710+7.6
Yes 5.34+2.0 75%+27 9.23+4.4
P-value 0.92 0.009 034
Alcohol consumption
No 10.27+7.7 4.02%3.6 7.05+6.7
Yes 22.5+10.6 - 22.5+10.6
P-value 0.039 - 0.002
Mouthwash use
No 10.71£ 8.0 3.81£3.6 72771
Yes 13.66 £10.9 633%3.2 10+8.2
P-value 0.56 0.26 0.37
Medical history
No 11.06 £ 8.4 3.41+33 724+7.4
Yes 10.50 +7.7 7t4 8.75+6.4
P-value 0.88 0.027 0.51
Drug use
No 11.41+£8.5 3.74+35 7.58+75
Yes 7.50%2.8 6.25+4.7 6.87+3.7
P-value 037 0.20 0.79
Table 3. Multiple Regression Analysis: Independent Predictors of Micronuclei Frequency
Variables Beta Standard Error P-Value 95% CI
Constant 2.286 0.121 0.000 2.04-2.52
Alcohol consumption 0.970 0.520 0.046 0.06-2.00
Exposure to IR 0.745 0.173 0.000 0.39-1.09

Abbreviation: IR, ionizing radiation.

(26-28). For instance, a recent study of 159 therapeutic
endoscopists found that many lacked formal training in
the use of fluoroscopy systems, and the consistent use of
protective equipment, such as lead glasses and
shielding curtains, was low. Over half of the participants
did not routinely wear a dosimeter (28). In contrast,
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radiology staff are generally more aware of radiation
hazards and tend to operate imaging devices from
shielded control rooms (7). These differences in
behavior, training, and protective practices may explain
the relatively higher MN frequency observed in the
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Table 4. Mean Frequency of Micronuclei in Exfoliated Buccal Mucosa Cells

Groups Mean + SD Range P-Value vs Non-exposed
Non-exposed 4.02%3.6 0-10

Exposed 10.97+8.2 1-30 0.000
Radiology 725%7.3 1-20 0.52
Angiography 13.77+6.7 2-20 0.002
Endoscopy 14.66 £12.1 3-30 0.000
Operating room 10.6216.2 5-20 0.02

endoscopy group despite the expected higher risk in
angiography.

Aging leads to a decline in the efficiency of DNA
repair processes and the accumulation of mutations,
resulting in increased levels of DNA damage (29). In our
study, an increase in age did not lead to a rise in the MN
levels in both exposed and non-exposed groups. The
average age of both groups is approximately 38 years.
Also, in the study by Aguiar Torres et al., the absence of a
link between age and MN frequency may be due to the
average age of participants in both groups (around 45
years). Given that participants in both groups are
relatively young, they may not yet exhibit the increased
levels of DNA damage typically associated with aging
(22).

In our study, no significant relationship was found
between work experience and MN levels. While some
studies have reported an increase in MN levels with an
increase in work experience (30-32), some of these
studies attributed this increase to aging (31).
Distinguishing whether the increase is due to aging or
an increase in work experience requires further research
and investigation (32).

Smoking status is usually recognized as an important
factor affecting MN frequency, but in this study, it was
not significantly associated with the frequency of MN
(Table 3). Chemicals found in cigarette composition
contain genotoxic substances (18). Bonassi et al. (33)
showed that only heavy smokers (i.e., > 40
cigarettes/day) have a significant increase in MN
frequency compared to nonsmokers. In our study, the
tobacco consumption rates (cigarettes/day) were (3.2 +
0.18).

In this study, two individuals from the exposed group
mentioned alcohol consumption, and a significant
relationship was  observed between alcohol
consumption and the frequency of MN (P > 0.05) (Table
3). In a study by Singh et al. (34), an increase in the
frequency of MN in alcoholics and alcoholic smoker
subjects as compared to healthy controls was found.

Micronuclei assays in buccal exfoliated cells have
gained popularity as a minimally invasive biomarker for
genomic damage in human populations. A
comprehensive meta-analysis by Ceppi et al. (18), which
reviewed 63  studies, highlighted important
methodological considerations, including controlling
for confounding factors, adequate sample size, and
appropriate statistical modeling. Their findings
demonstrated a strong correlation between MN
frequencies in buccal cells and PBL, supporting the use
of buccal MN assays as reliable and sensitive indicators
of genotoxic exposure. Additionally, the meta-analysis
recommended scoring a minimum of 4,000 cells to
reduce variability, which contrasts with the common
practice of scoring 2,000 cells. Incorporating buccal MN
evaluation in occupational health studies enables large-
scale, noninvasive screening while maintaining robust
predictive value for genomic damage.

One of the strengths of our study is that it is among
the limited studies that utilized a simple and non-
invasive method to assess genetic damage resulting
from chronic occupational exposure to IR; however,
other environmental factors may affect the result. In
this study, the control group was selected from the same
workplace, which was exposed similarly in terms of
demographic factors and confounding factors, and
various exposure departments were also investigated.

One of the limitations of this study is the absence of
dosimetry data, as participants are not routinely
monitored for radiation exposure, and no official dose
records are available. This restricts our ability to
conduct precise dose-response analyses between IR
exposure and MN frequency. Future studies should
incorporate real-time personal dosimetry monitoring to
quantify individual radiation doses better and to
strengthen the understanding of the dose-dependent
genomic effects.

5.1. Conclusions

Our study demonstrated that evaluating MN in oral
mucosal cells can serve as a simple, noninvasive
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screening method for the early detection of genomic
damage in individuals exposed to IR. Based on our
findings, we tentatively suggest a threshold of > 11 MN
per 1,000 cells as a potential indicator for follow-up
monitoring. This value, derived from the upper limit of
the MN frequency distribution in the non-exposed
population, may help guide future research and
screening practices. It is recommended that this
method be applied in larger populations and combined
with dosimetry data to better assess dose-response
relationships. Healthcare professionals routinely
handling IR should adhere strictly to radioprotection
protocols and radiation safety guidelines, utilizing all
accessible protective equipment.

Footnotes

Authors' Contribution: Y. L.: Study concept and
design, study supervision, critical revision of the
manuscript for important intellectual content,
administrative, technical, and material support; N. M.:
Acquisition of data, analysis and interpretation of
pathological samples, critical revision of the manuscript
for important intellectual content; P. B.: Acquisition of
data, analysis and interpretation of pathological
samples, critical revision of the manuscript for
important intellectual content; Z. A.: Acquisition of data,
drafting of the manuscript, statistical analysis,
interpretation of data; N. K.: Analysis and interpretation
of data, drafting of the manuscript, statistical analysis,
critical revision of the manuscript for important
intellectual content, study supervision. All authors read
and approved the final version of the manuscript.

Conflict of Interests Statement: The authors declare
no conflict of interests.

Data Availability: All data generated or analyzed
during this study are included within the manuscript.
Additional data can be made available from the
corresponding author upon reasonable request. The
data are not publicly available due to legal and ethical
restrictions related to patient privacy and
confidentiality.

Ethical Approval: The present study has been
approved by the ethics committee of the university
under the number IR.IUMS.FMD.REC.1401.077 .

Funding/Support: This study received no specific
grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Int ] Cancer Manag. 2025;18(1): 163280

Informed Consent: Informed consent was obtained
from all participants prior to their inclusion in the
study.

References

1. Nourmohammadi M, Fallah Asadi A, Yari S. Occupational and
Environmental Cancer. Asian Pacific Journal of Environment and
Cancer. 2018;1(1):5-13. https://doi.org[10.31557/apjec.2018.1.1.5-13.

2. United Nations Scientific Committee on the Effects of Atomic
Radiation. Sources and effects of ionizing radiation. United Nations.
2000. Available from:
https:/[www.unscear.org/unscear/uploads/documents/unscear-
reports/[UNSCEAR_2000_Report_Vol.L.pdf.

3. Mettler F], Bhargavan M, Faulkner K, Gilley DB, Gray JE, Ibbott GS, et
al. Radiologic and nuclear medicine studies in the United States and
worldwide: frequency, radiation dose, and comparison with other
radiation sources-1950-2007. Radiology. 2009;253(2):520-31. [PubMed
1D:19789227]. https://doi.org/10.1148/radiol.2532082010.

4. International Commission on Radiological Protection. Dose Limits.
ICROAEDIA. 2019. Available from:
http://www.icrp.orgficrpaedia/limits.asp.

5. Badiee Nejad A, Beit Abdollah M, Akbari G. [Assessment of awareness,
performance, and attitudes of radiographers toward radiological
protective principles in Khuzestan, Iran]. J Health Res Communit.
2015;1(3):16-24. FA. https:/[doi.0rg/20.1001.1.24236772.1394.1.3.3.1.

6. Piotrowski I, Dawid A, Kulcenty K, Suchorska WM. Use of Biological
Dosimetry for Monitoring Medical Workers Occupationally Exposed
to Ionizing Radiation. Radiation. 2021;1(2):95-115.
https:[/doi.org[10.3390/radiation1020009.

7. Rajaraman P, Doody MM, Yu CL, Preston DL, Miller JS, Sigurdson A], et
al. Cancer Risks in U.S. Radiologic Technologists Working With
Fluoroscopically Guided Interventional Procedures, 1994-2008. AJR
Am ] Roentgenol. 2016;206(5):1101-8. quiz 1109. [PubMed ID: 26998721].
[PubMed Central ID: PMC10986158].
https://doi.org/10.2214/A]R.15.15265.

8. Roguin A, Goldstein ], Bar O, Goldstein JA. Brain and neck tumors
among physicians performing interventional procedures. Am |
Cardiol. 2013;111(9):1368-72. [PubMed ID: 23419190].
https://doi.org/10.1016/j.amjcard.2012.12.060.

9. International Atomic Energy Agency. Radiation Protection of Medical
Staff in Interventional Fluoroscopy. 2020. Available from:
https://www.iaea.org/resources/rpop/health-
professionals/interventional-procedures/radiation-protection-of-
medical-staff-in-interventional-fluoroscopy.

10. Nakano T, Mitsusada Y, Salem AM, Shoulkamy MI, Sugimoto T,
Hirayama R, et al. Induction of DNA-protein cross-links by ionizing
radiation and their elimination from the genome. Mutat Res.
2015;771:45-50. [PubMed ID: 25771979].
https://doi.org[10.1016/j.mrfmmm.2014.12.003.

1. Lou ], He ], Zheng W, Jin L, Chen Z, Chen S, et al. Investigating the
genetic instability in the peripheral lymphocytes of 36 untreated
lung cancer patients with comet assay and micronucleus assay.
Mutat  Res.  2007;617(1-2):104-10.  [PubMed ID:  17303195].
https://doi.org/10.1016/j.mrfmmm.2007.01.004.

12. de Souza DV, Dos Anjos Rosario B, Takeshita WM, de Barros Viana M,
Nagaoka MR, Dos Santos ]N, et al. Is micronucleus assay in oral
exfoliated cells a suitable biomarker for predicting cancer risk in
individuals with oral potentially malignant disorders? A systematic
review with meta-analysis. Pathol Res Pract. 2022;232:153828. [PubMed
ID: 35279481]. https://doi.org[10.1016/j.prp.2022.153828.


https://brieflands.com/articles/ijcm-163280
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=258999
https://doi.org/10.31557/apjec.2018.1.1.5-13
https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2000_Report_Vol.I.pdf
https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2000_Report_Vol.I.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19789227
https://doi.org/10.1148/radiol.2532082010
http://www.icrp.org/icrpaedia/limits.asp
https://doi.org/20.1001.1.24236772.1394.1.3.3.1
https://doi.org/10.3390/radiation1020009
http://www.ncbi.nlm.nih.gov/pubmed/26998721
https://www.ncbi.nlm.nih.gov/pmc/PMC10986158
https://doi.org/10.2214/AJR.15.15265
http://www.ncbi.nlm.nih.gov/pubmed/23419190
https://doi.org/10.1016/j.amjcard.2012.12.060
https://www.iaea.org/resources/rpop/health-professionals/interventional-procedures/radiation-protection-of-medical-staff-in-interventional-fluoroscopy
https://www.iaea.org/resources/rpop/health-professionals/interventional-procedures/radiation-protection-of-medical-staff-in-interventional-fluoroscopy
https://www.iaea.org/resources/rpop/health-professionals/interventional-procedures/radiation-protection-of-medical-staff-in-interventional-fluoroscopy
http://www.ncbi.nlm.nih.gov/pubmed/25771979
https://doi.org/10.1016/j.mrfmmm.2014.12.003
http://www.ncbi.nlm.nih.gov/pubmed/17303195
https://doi.org/10.1016/j.mrfmmm.2007.01.004
http://www.ncbi.nlm.nih.gov/pubmed/35279481
https://doi.org/10.1016/j.prp.2022.153828

Labbafinejad Y et al.

Brieflands

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

Baudin C, Bernier MO, Klokov D, Andreassi MG. Biomarkers of
Genotoxicity in Medical Workers Exposed to Low-Dose Ionizing
Radiation: Systematic Review and Meta-Analyses. Int | Mol Sci.
2021;22(14). [PubMed ID: 34299125]. [PubMed Central ID:
PM(C8304237]. https://doi.org/10.3390/ijms22147504.

Gharibdousty T, Zakeri F, Changizi V, Rajabpour MR, Farshidpour MR.
Low levels of ionizing radiation exposure and cytogenetic effects in
radiopharmacists. Biosci Biotechnol Res Communicat. 2017;10(1):56-62.
https:|/doi.org[10.21786/bbrc/[10.1/9.

Shafiee M, Borzoueisileh S, Rashidfar R, Dehghan M, Jaafarian Sisakht
Z. Chromosomal aberrations in C-arm fluoroscopy, CT-scan,
lithotripsy, and digital radiology staff. Mutat Res Genet Toxicol Environ
Mutagen. 2020;849:503131. [PubMed ID: 32087852].
https://doi.org/10.1016/j.mrgentox.2020.503131.

Mousavikia SN, Bahreyni Toossi MT, Khademi S, Soukhtanloo M,
Azimian H. Evaluation of micronuclei and antioxidant status in
hospital radiation workers occupationally exposed to low-dose
ionizing radiation. BMC Health Serv Res. 2023;23(1):540. [PubMed ID:
37226157]. [PubMed Central ID: PMC10210448).
https://doi.org[10.1186/s12913-023-09516-2.

Angelini S, Kumar R, Carbone F, Maffei F, Forti GC, Violante FS, et al.
Micronuclei in humans induced by exposure to low level of ionizing
radiation: influence of polymorphisms in DNA repair genes. Mutat
Res. 2005;570(1):105-17. [PubMed ID: 15680408].
https://doi.org/10.1016/j.mrfmmm.2004.10.007.

Ceppi M, Biasotti B, Fenech M, Bonassi S. Human population studies
with the exfoliated buccal micronucleus assay: statistical and
epidemiological issues. Mutat Res. 2010;705(1):11-9. [PubMed ID:
19932192]. https://doi.org/10.1016/j.mrrev.2009.11.001.

Fenech M, Knasmueller S, Nersesyan A, Bolognesi C, Wultsch G,
Schunck C, et al. The buccal micronucleus cytome assay: New
horizons for its implementation in human studies. Mutat Res Genet
Toxicol Environ Mutagen. 2024;894:503724. [PubMed ID: 38432772].
https://doi.org/10.1016/j.mrgentox.2023.503724.

Kanagaraj K, Abdul Syed Basheerudeen S, Tamizh Selvan G, Jose MT,
Ozhimuthu A, Panneer Selvam §, et al. Assessment of dose and DNA
damages in individuals exposed to low dose and low dose rate
ionizing radiations during computed tomography imaging. Mutat
Res Genet Toxicol Environ Mutagen. 2015;789-790:1-6. [PubMed ID:
26232253]. https://doi.org/10.1016/j.mrgentox.2015.05.008.

Mosavat F, Mahdavi N, Safari S. Cytotoxicity, genotoxicity, and
immunohistochemical expression of p53 in the oral mucosal
epithelium of adults following cone-beam computed tomography.
Mutat Res Genet Toxicol Environ Mutagen. 2022;879-880:503496.
[PubMed ID: 35914862].
https://doi.org/10.1016/j.mrgentox.2022.503496.

Aguiar Torres L, Dos Santos Rodrigues A, Linhares D, Camarinho R,
Nunes Pascoa Soares Rego ZM, Ventura Garcia P. Buccal epithelial cell
micronuclei: Sensitive, non-invasive biomarkers of occupational
exposure to low doses of ionizing radiation. Mutat Res Genet Toxicol
Environ ~ Mutagen. 2019;838:54-8. [PubMed ID: 30678828].
https://doi.org[10.1016/j.mrgentox.2018.12.009.

Padilla-Raygoza N, Gutiérrez MDRA, Martinez IZM, Beltran-Campos V,
Delgado-Sandoval SDC, Garcia-Campos MDL, et al. Evaluation of

24.

25.

26.

27.

28.

20.

30.

3L

32.

33.

34.

micronuclei in oral mucosa of individuals exposed to ionizing
radiation: a pilot study from Celaya, México. Central Asian | Global
Health. 2019;8(1). https://doi.org/10.5195/cajgh.2019.331.

Tolbert PE, Shy CM, Allen JW. Micronuclei and other nuclear
anomalies in buccal smears: methods development. Mutat Res.
1992;271(1):69-77. [PubMed ID: 1371831]. https://doi.org/10.1016/0165-
1161(92)90033-i.

Kim KP, Miller DL, Balter S, Kleinerman RA, Linet MS, Kwon D, et al.
Occupational radiation doses to operators performing cardiac
catheterization procedures. Health Phys. 2008;94(3):211-27. [PubMed
1D:18301095]. https://doi.org/10.1097/01.HP.0000290614.76386.35.

Sethi S, Barakat MT, Friedland S, Banerjee S. Radiation Training,
Radiation Protection, and Fluoroscopy Utilization Practices Among
US Therapeutic Endoscopists. Dig Dis Sci. 2019;64(9):2455-66.
[PubMed ID: 30911863]. [PubMed Central ID: PMC7313385].
https://doi.org[10.1007/s10620-019-05564-z.

Soylemez H, Sancaktutar AA, Silay MS, Penbegul N, Bozkurt Y, Atar M,
et al. Knowledge and attitude of European urology residents about
ionizing radiation. Urology. 2013;81(1):30-5. [PubMed ID: 23153952].
https://doi.org[10.1016/j.urology.2012.07.097.

van Papendorp LWA, Suleman FE, Hanekom H. The knowledge,
awareness and practices of radiation safety amongst orthopaedic
surgeons. SA | Radiol. 2020;24(1):1806. [PubMed ID: 32161676].
[PubMed Central ID: PMC7059512].
https://doi.org[10.4102/sajr.v24i1.1806.

Guedj A, Geiger-Maor A, Galun E, Benyamini H, Nevo Y, Elgavish S, et
al. Early age decline in DNA repair capacity in the liver: in depth
profile of differential gene expression. Aging (Albany NY).
2016;8(11):3131-46. [PubMed ID: 27922819]. [PubMed Central ID:
PMC5191890]. https://doi.org/10.18632/aging.101120.

Miszczyk ], Rawojc K, Panek A, Galas A, Kowalska A, Szczodry A, et al.
Assessment of the nuclear medicine personnel occupational
exposure to radioiodine. Eur ] Radiol. 2019;121:108712. [PubMed ID:
31683253]. https://doi.org[10.1016/j.ejrad.2019.108712.

Karuppasamy CV, Ramachandran EN, Kumar VA, Kumar PR, Koya PK,
Jaikrishan G, et al. Peripheral blood lymphocyte micronucleus
frequencies in men from areas of Kerala, India, with high vs normal
levels of natural background ionizing radiation. Mutat Res Genet
Toxicol Environ Mutagen. 2016;800-801:40-5. [PubMed ID: 27085474].
https://doi.org[10.1016/j.mrgentox.2016.03.005.

Speit G, Witton-Davies T, Heepchantree W, Trenz K, Hoffmann H.
Investigations on the effect of cigarette smoking in the comet assay.
Mutat  Res.  2003;542(1-2):33-42. [PubMed ID: 14644351].
https://doi.org[10.1016/j.mrgentox.2003.08.002.

Bonassi S, Coskun E, Ceppi M, Lando C, Bolognesi C, Burgaz S, et al.
The HUman MicroNucleus project on eXfoLiated buccal cells
(HUMN(XL)): the role of life-style, host factors, occupational
exposures, health status, and assay protocol. Mutat Res.
2011;728(3):88-97. [PubMed ID: 21763453).
https://doi.org/10.1016/j.mrrev.2011.06.005.

Singh S, Saini M, Yadav AS. Elevated frequencies of micronuclei and
other nuclear anomalies in alcoholic subjects. | Entomol Zool Stud.
2015;3(2):243-5.

Int ] Cancer Manag. 2025;18(1): €163280


https://brieflands.com/articles/ijcm-163280
http://www.ncbi.nlm.nih.gov/pubmed/34299125
https://www.ncbi.nlm.nih.gov/pmc/PMC8304237
https://doi.org/10.3390/ijms22147504
https://doi.org/10.21786/bbrc/10.1/9
http://www.ncbi.nlm.nih.gov/pubmed/32087852
https://doi.org/10.1016/j.mrgentox.2020.503131
http://www.ncbi.nlm.nih.gov/pubmed/37226157
https://www.ncbi.nlm.nih.gov/pmc/PMC10210448
https://doi.org/10.1186/s12913-023-09516-2
http://www.ncbi.nlm.nih.gov/pubmed/15680408
https://doi.org/10.1016/j.mrfmmm.2004.10.007
http://www.ncbi.nlm.nih.gov/pubmed/19932192
https://doi.org/10.1016/j.mrrev.2009.11.001
http://www.ncbi.nlm.nih.gov/pubmed/38432772
https://doi.org/10.1016/j.mrgentox.2023.503724
http://www.ncbi.nlm.nih.gov/pubmed/26232253
https://doi.org/10.1016/j.mrgentox.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/35914862
https://doi.org/10.1016/j.mrgentox.2022.503496
http://www.ncbi.nlm.nih.gov/pubmed/30678828
https://doi.org/10.1016/j.mrgentox.2018.12.009
https://doi.org/10.5195/cajgh.2019.331
https://doi.org/10.5195/cajgh.2019.331
http://www.ncbi.nlm.nih.gov/pubmed/1371831
https://doi.org/10.1016/0165-1161(92)90033-i
https://doi.org/10.1016/0165-1161(92)90033-i
http://www.ncbi.nlm.nih.gov/pubmed/18301095
https://doi.org/10.1097/01.HP.0000290614.76386.35
http://www.ncbi.nlm.nih.gov/pubmed/30911863
https://www.ncbi.nlm.nih.gov/pmc/PMC7313385
https://doi.org/10.1007/s10620-019-05564-z
http://www.ncbi.nlm.nih.gov/pubmed/23153952
https://doi.org/10.1016/j.urology.2012.07.097
http://www.ncbi.nlm.nih.gov/pubmed/32161676
https://www.ncbi.nlm.nih.gov/pmc/PMC7059512
https://doi.org/10.4102/sajr.v24i1.1806
http://www.ncbi.nlm.nih.gov/pubmed/27922819
https://www.ncbi.nlm.nih.gov/pmc/PMC5191890
https://doi.org/10.18632/aging.101120
http://www.ncbi.nlm.nih.gov/pubmed/31683253
https://doi.org/10.1016/j.ejrad.2019.108712
http://www.ncbi.nlm.nih.gov/pubmed/27085474
https://doi.org/10.1016/j.mrgentox.2016.03.005
http://www.ncbi.nlm.nih.gov/pubmed/14644351
https://doi.org/10.1016/j.mrgentox.2003.08.002
http://www.ncbi.nlm.nih.gov/pubmed/21763453
https://doi.org/10.1016/j.mrrev.2011.06.005

