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Abstract

Occupational exposure to ionizing radiation represents a relevant physical hazard for radiology technicians and radiological service 
workers, potentially inducing measurable cytogenetic damage even in low-dose scenarios. The objective of this study was to synthesize 
recent evidence on cytogenetic alterations associated with occupational exposure to ionizing radiation in radiology professionals, 
identifying the most frequently altered biomarkers and their relationship with dosimetry, work sector, and individual characteristics. 
This is a systematic review conducted in accordance with PRISMA 2020 guidelines. Observational studies with primary human data, 
a non-exposed control group, and quantitative assessment of cytogenetic biomarkers were included. Five studies published between 
2021 and 2025, involving more than 2,600 participants, met the eligibility criteria. The included studies reported higher frequencies 
of cytogenetic damage in exposed workers compared to controls, particularly for micronuclei, nucleoplasmic bridges, nuclear buds, 
dicentrics, and structural chromosomal aberrations. The magnitude of the findings varied according to the biomarker used, the type 
of radiological technology, the occupational sector, and confounding factors such as age, sex, and smoking. The correlation between 
individual dosimetry and biological damage was heterogeneous. It is concluded that occupationally exposed radiology professionals 
constitute a relevant group for cytogenetic surveillance, and that biodosimetry may complement physical dosimetry in occupational 
monitoring programs.
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Graphical Abstract

Cytogenetic alterations associated with occupational exposure to ionizing 
radiation in radiology technicians: a systematic review

Highlights

• Chronic exposure to low 
doses of ionizing radiation is 
associated with measurable 
genomic instability in radiology 
professionals.
• Individual and occupation-
al factors – including age, sex, 
smoking, length of service, and 
work sector –  may influence 
the magnitude of cytogenetic 
damage.
• Periodic cytogenetic monitor-
ing may complement individual 
dosimetry in occupational sur-
veillance and in the prevention 
of late radiation effects.
• Micronuclei, nucleoplasmic 
bridges, nuclear buds, dicen-
trics, and structural chromo-
somal aberrations were the 
most frequently assessed bio-
markers.
• Digital radiological systems 
were associated with lower 
genotoxic damage intensity 
compared to analog and com-
puted radiography systems.
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INTRODUCTION

Occupational exposure to ionizing radiation 
constitutes one of the main physical hazards faced 
by radiology technicians and radiological service 
workers1,2,3. Despite technological advances, the 
expansion of digital systems, and improvements in 
radiation protection standards, professionals work-
ing in radiodiagnosis, computed tomography, ra-
diotherapy, hemodynamics, and nuclear medicine 
may remain subject to chronic, intermittent, and 
cumulative exposures capable of producing molec-
ular, cellular, and chromosomal damage4,5.

Peripheral blood lymphocytes are widely used 
in cytogenetic biodosimetry due to their high ra-
diosensitivity, ease of collection, and capacity to 
reflect chromosomal damage induced by ionizing 
radiation. Although Bergonié and Tribondeau’s 
Law establishes that less differentiated cells with 
high mitotic activity and greater proliferative po-
tential tend to be more radiosensitive, lymphocytes 
represent a notable exception: even as differenti-
ated cells predominantly in the G0 phase, they ex-
hibit high susceptibility to radiation-induced chro-
mosomal breaks. Furthermore, their persistence 
in peripheral blood enables the identification of 
cytogenetic alterations resulting from recent or 
cumulative exposures, thereby justifying the use 
of micronuclei, nucleoplasmic bridges, dicentrics, 
and chromosomal aberrations as biomarkers of ge-
nomic instability in occupationally exposed popu-
lations5,6,7.

Occupational exposure to ionizing radiation 
is monitored through individual dosimetry, with 
whole-body effective dose being one of the main 
quantities used to estimate overall radiological risk. 
According to the International Commission on Ra-
diological Protection, the occupational effective 
dose limit is 20 mSv per year on average over five 
consecutive years, not exceeding 50 mSv in any 
single year8. In Brazil, ANSN Standard 3.01 estab-
lishes radiation protection and radiological safety 
requirements, including registration and investiga-
tion levels for individual monitoring of occupation-
ally exposed individuals; among these, an effective 
dose of 6 mSv in one year or 1 mSv in one month 
constitutes an investigation level9.

Conventional laboratory tests, such as the com-
plete blood count, may assist clinical surveillance 
of exposed workers – particularly in cases of high 
exposures or suspected hematological effects. 
However, they exhibit low sensitivity for the early 
detection of genetic damage resulting from chronic 
low-dose exposure. National evidence, such as the 
assessment of hospital workers exposed to X-rays, 
did not demonstrate a consistent association be-

tween occupational dose and hematological al-
terations in leukocytes and platelets10. Therefore, 
cytogenetic biomarkers may complement physical 
dosimetry by identifying genomic instability prior 
to the emergence of overt clinical alterations.

The biological effects of ionizing radiation may 
be classified as deterministic or stochastic. Deter-
ministic effects have a dose threshold and severi-
ty proportional to the dose received, manifesting 
primarily after high exposures – such as erythema, 
tissue injury, and acute radiation syndrome. In con-
trast, stochastic effects have no defined threshold 
and are characterized by a probabilistic increase 
in risk as a function of accumulated dose, partic-
ularly with respect to carcinogenesis and possible 
hereditary effects. In the occupational context, 
where chronic low-dose exposure predominates, 
the primary concern relates to stochastic effects, 
justifying the continuous adoption of radiation pro-
tection measures and biomonitoring8,9.

The micronucleus assay has been employed as a 
tool for monitoring the health of radiation-exposed 
workers. Nevertheless, the frequency of micro-
nuclei may be influenced by factors such as sex, 
age, lifestyle habits, metabolic conditions, smok-
ing, and exposure to clastogenic and aneugenic 
agents11,12,13,14,15. For this reason, micronuclei are 
not a specific biomarker of ionizing radiation at 
low doses. In contrast, dicentric chromosomes and 
centric rings exhibit greater specificity for radiation 
exposure and are considered the gold standard 
for dose estimation following accidental exposure, 
while nucleoplasmic bridges have been discussed 
as promising markers for chronic low-dose expo-
sure scenarios6,7,16.

Current radiological practice adopts radiation 
protection measures based on the principles of 
justification, optimization, and dose limitation – 
including the ALARA principle, reduction of expo-
sure time, increased distance from the source, and 
use of collective and individual shielding. However, 
these measures do not entirely eliminate stochastic 
risk. Limiting factors for their proper implementa-
tion include low risk perception, irregular use of 
lead garments due to discomfort and weight, work 
overload, insufficient technical supervision, outdat-
ed equipment, and possible underestimation of in-
dividual biological response by conventional phys-
ical dosimetry9,17.

In this context, cytogenetic assessment should 
not replace individual dosimetry, but may func-
tion as a complementary tool for occupational 
surveillance, investigation of chronic exposure, 
and review of workplace practices. Recent stud-
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MATERIALS AND METHODS

This systematic review was conducted in accor-
dance with PRISMA 2020 guidelines, which directed 
the stages of question formulation, literature search, 
eligibility assessment, study selection, data ex-
traction, and result synthesis. Meta-analysis was not 
performed due to study heterogeneity with respect 
to biomarkers assessed, units of measurement, study 
designs, occupational profiles, and methods of ex-
posure measurement. Accordingly, a narrative syn-
thesis of results was adopted. Artificial intelligence 
tools were used solely for linguistic support and 
textual clarity improvement, with no involvement in 
study selection, data extraction, critical appraisal, or 
scientific interpretation.

Research question (PICO)
The research question was constructed using the 

PICO framework. The population (P) was defined 
as radiology technicians and radiological service 
workers occupationally exposed to ionizing radia-
tion; the intervention (I) corresponded to chronic or 
intermittent occupational exposure to ionizing radi-
ation; the comparison (C) comprised non-exposed 
individuals or those with minimal exposure; and the 
outcome (O) consisted of cytogenetic alterations 
assessed by micronuclei, nucleoplasmic bridges, 
nuclear buds, dicentrics, chromosomal aberrations, 
and other genotoxic markers. The central research 
question was therefore: what cytogenetic alterations 
are observed in occupationally exposed radiology 
professionals compared to non-exposed individuals?

Search strategy
The literature search was conducted in PubMed/

MEDLINE, Scopus, ScienceDirect, and Google 
Scholar between November 10 and 28, 2025. Stud-
ies published between January 2021 and Novem-
ber 2025, in Portuguese and English, exclusively 
comprising original scientific articles with primary 
human data, were considered. The search strategy 
was structured in accordance with PRISMA 2020 

and PRISMA-S transparency recommendations, pri-
oritizing reproducibility and explicit description of 
terms, Boolean operators, and databases consult-
ed18,19.

In PubMed/MEDLINE, the following strategy 
was used: (“Radiation, Ionizing”[MeSH Terms] OR 
“ionizing radiation” OR “radiation exposure”) AND 
(“Occupational Exposure”[MeSH Terms] OR occu-
pational OR “radiology workers” OR “radiology 
technicians” OR “medical radiation professionals”) 
AND (“Chromosome Aberrations”[MeSH Terms] 
OR cytogenetic OR micronucleus OR micronu-
clei OR “nucleoplasmic bridges” OR dicentric OR 
“comet assay”). Equivalent strategies were adapted 
for Scopus and ScienceDirect. Google Scholar was 
used as a supplementary source, with the first 100 
results ranked by relevance analyzed.

The temporal delimitation from 2021 to 2025 
was adopted to prioritize studies conducted in a 
technological and regulatory context closer to cur-
rent radiological practice – characterized by the 
expansion of digital systems, greater availability of 
individual dosimetry, and updated radiation protec-
tion recommendations. It is acknowledged, howev-
er, that this restriction may exclude classical stud-
ies on cytogenetic biomonitoring. For this reason, 
studies predating the defined period were used as 
theoretical grounding in the introduction and dis-
cussion sections but were not included in the main 
systematic synthesis.

Inclusion criteria
Observational, cross-sectional, case-control, or 

cohort studies investigating cytogenetic alterations 
in radiology technicians or radiological service 
workers occupationally exposed to ionizing radia-
tion, with comparison against a non-exposed or min-
imally exposed control group, were included. Only 
studies with primary data conducted in humans that 
reported quantitative cytogenetic outcomes were 
considered eligible.

ies demonstrate differences between occupation-
al settings: Farkas et al. observed mean effective 
doses of 1.26 mSv in nuclear medicine, 0.08 mSv 
in radiotherapy, 0.07 mSv in diagnostic X-ray, and 
0.02 mSv in computed tomography, with higher 
frequencies of total aberrations and aberrant cells 
in the nuclear medicine group compared to the 
computed tomography group5.

This systematic review therefore aims to syn-
thesize evidence from observational studies that 

assess, through cytogenetic biomarkers in periph-
eral blood lymphocytes, the alterations associated 
with occupational exposure to ionizing radiation 
in radiology technicians and radiological service 
workers. It further seeks to identify the most prev-
alent types of chromosomal damage – such as mi-
cronuclei, nucleoplasmic bridges, nuclear buds, 
dicentrics, and chromosomal aberrations – and to 
compare these findings with non-exposed control 
groups.

https://creativecommons.org/licenses/by/4.0/
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Exclusion criteria
In vitro or animal experimental articles, narrative 

reviews, systematic reviews, case reports, case se-
ries, studies without a control group, publications 
without full-text availability, studies in which the 
population was simultaneously exposed to other 
genotoxic agents without separate reporting of re-
sults, and studies that did not present quantitative 
cytogenetic biomarkers were excluded.

Study selection
Selection was performed in three stages: title 

screening, abstract screening, and full-text review. 
Each stage was conducted independently by two 
researchers applying the pre-defined eligibility crite-
ria. Disagreements were resolved by consensus and, 
when necessary, by a third researcher. The process 
of identification, screening, eligibility assessment, 
and inclusion of studies is presented in the corre-
sponding PRISMA flowchart.

Data extraction
Data extraction was performed using a standardized 

spreadsheet containing: authors, year of publication, 
country/setting, study design, sample size for exposed 
and control groups, sector or radiological technology, 
duration of occupational exposure, effective dose or 
monitoring method, cytogenetic biomarkers assessed, 
quantitative outcome values, measures of association, 
p-values, 95% confidence intervals when available, con-
founding factors analyzed, and main conclusions.

Methodological quality assessment
The methodological quality of the included stud-

ies was independently assessed by two researchers, 
considering clarity in the definition of the exposed 
and control populations, adequacy of occupational 
exposure measurement, description of cytogenetic 
biomarkers, control of confounding factors, adequa-
cy of statistical analysis, and completeness of result 
presentation. The main sources of bias considered 
were inadequate control group selection, absence 
of adjustment for age, sex, smoking, and length of 
service, heterogeneity of cytogenetic techniques, 
and lack of standardization in occupational dose 
measurement.

Result synthesis
Due to methodological heterogeneity among 

studies – particularly regarding cytogenetic tech-
niques used, exposure durations, occupational 
sectors, radiological technologies, and exposure 
measurement units – results were synthesized nar-
ratively. Quantitative values of the main biomarkers 
were extracted, including means, standard devia-
tions, medians, frequencies, between-group differ-
ences, p-values, 95% confidence intervals, and cor-
relation coefficients, when reported by the original 
studies. When these measures were unavailable, 
results were described as “not reported.” Statistical 
power was not recalculated due to the absence of 
sufficiently homogeneous data for comparable esti-
mates across studies.

Figure 1 - Flowchart of the article selection methodology.

https://creativecommons.org/licenses/by/4.0/
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Table 1 - Methodological characteristics, exposure parameters, biomarkers, and main quantitative 
findings of studies included in the systematic review (2021–2025).

Author/Year Country/
Design Sample Dose/Exposure Biomarkers and 

quantitative findings
Confounders/
Limitations

Cunha Jr et al. (2021)20
Brazil; cros-
s-sectional 
study

113 participants: 
70 exposed and 43 
controls

Occupational exposure in 
radiology departments with 
analog film (AF), computed 
radiography (CR), and di-
gital radiography (DR); an-
nual doses below the legal 
limit reported in the study

Micronuclei: AF 1.96 ± 0.21 
vs. 1.20 ± 0.25; CR 1.89 ± 
0.15 vs. 1.31 ± 0.36; DR 
1.75 ± 0.11 vs. 1.59 ± 0.32. 
Damage was highest in ana-
log systems and lowest in 
digital systems.

Comparison by radiolo-
gical technology; limi-
tations: cross-sectional 
design and possible 
influence of length of 
service and individual 
characteristics.

Çobanoğlu e Çayır (2024)17
Turkey; 
cross-sectional 
study

76 participants: 40 
exposed and 36 
controls

Personal dosimeters as-
sessed periodically; mean 
working time of 11.59 ye-
ars; sectors including X-ray, 
CT, MRI, mammography, 
and nuclear medicine

CBMN: significant increase 
in NPB, NBUD, MN, and 
total DNA damage in expo-
sed workers (p < 0.0001 for 
all measures). Dosimeter re-
adings correlated positively 
with NPB and NBUD.

Occupational varia-
bles — including total 
working hours, mean 
working duration, and 
time in projectional ra-
diography — correlated 
with MN and TDD.

Farkas et al. (2022)21

Hungary; 
retrospective 
cohort with 
cross-sectional 
cytogenetic 
analysis

1,240 participants: 
264 exposed to 
radiation, 188 to 
cytostatics, 63 to 
chemical laboratory 
agents, and 725 
controls

Occupational monitoring 
through personal dosimetry; 
low occupational dose in 
radiotherapy and diagnostic 
services

Total chromosomal aber-
rations were higher in ra-
diation-exposed workers; 
no consistent difference in 
dicentrics across all sub-
groups.

Smoking was frequent 
and relevant as a con-
founding factor; diffe-
rences between occupa-
tional exposures hinder 
direct comparison.

Tian et al. (2021)7
China; cros-
s-sectional 
study

Dicentrics: 199 
exposed/78 controls; 
MN/NPB: 205 
exposed/100 controls

Mean annual effective dose 
of 0.68 mSv; sectors: ra-
diodiagnosis, radiotherapy, 
nuclear medicine, and inter-
ventional radiology

Dicentrics + rings: 0.29 ± 
0.03 per 100 metaphases in 
exposed workers; NPB: 1.04 
± 0.03 per 1,000 binucleated 
cells; MN: 19.52 ± 0.15 per 
1,000 binucleated cells. All 
were significantly higher 
in exposed workers (p < 
0.001).

NPB was influenced by 
type of work and length 
of service; MN also by 
sex and age, making it 
less specific for radia-
tion.

Farkas et al. (2025)5

Hungary; 
cross-sectional 
cytogenetics 
with retros-
pective cancer 
follow-up

1,033 participants: 
301 radiation-
exposed workers and 
732 controls

Mean effective doses: nu-
clear medicine 1.26 ± 2.52 
mSv; radiotherapy 0.08 ± 
0.20 mSv; X-ray 0.07 ± 
0.17 mSv; CT 0.02 ± 0.06 
mSv

Chromatid and chromo-
somal aberrations were 
significantly higher in the 
exposed group. Nuclear me-
dicine presented more total 
aberrations (p = 0.025) and 
aberrant cells (p = 0.032) 
than CT. No higher tumor 
frequency was observed in 
the exposed group.

Smoking elevated aber-
ration frequency and 
cancer incidence; no 
consistent linear corre-
lation between dosime-
try and chromosomal 
aberrations was found.

Note: MN: micronuclei; NPB: nucleoplasmic bridges; NBUD: nuclear buds; CBMN: cytokinesis-block micronucleus assay; TDD: total DNA damage; CT: com-
puted tomography; MRI: magnetic resonance imaging; AF: analog film; CR: computed radiography; DR: digital radiography; TLD: thermoluminescent dosimeter. 
Comparisons were performed qualitatively due to heterogeneity in biomarkers, units of measurement, occupational sectors, and exposure assessment methods.

RESULTS

Five observational studies were included, with 
sample sizes ranging from 76 to 1,240 participants 
per study, comprising occupationally exposed 
workers and respective control groups in variable 
proportions. In general, the studies identified high-
er frequencies of cytogenetic biomarkers in ex-
posed professionals, although the magnitude of the 
effect varied according to the biomarker, occupa-
tional sector, radiological technology, and control 
of confounding factors5,7,17,20,21.

In the study by Cunha Jr et al.20, workers exposed 
to analog systems presented a mean micronucleus 
frequency of 1.96 ± 0.21, compared to 1.20 ± 0.25 

in controls. In computed radiography systems, val-
ues were 1.89 ± 0.15 versus 1.31 ± 0.36; and in 
digital systems, 1.75 ± 0.11 versus 1.59 ± 0.32. 
These data indicate greater genotoxic damage in 
analog systems, followed by computed systems, 
with lower magnitude in digital systems.

Tian et al.7 observed a significant increase in var-
ious cytogenetic markers in radiation professionals. 
The overall frequency of dicentric chromosomes 
and rings was 0.29 ± 0.03 per 100 metaphases in 
exposed professionals, while nucleoplasmic bridge 
and micronucleus frequencies were 1.04 ± 0.03 
and 19.52 ± 0.15 per 1,000 binucleated cells, re-
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The results of this review demonstrate that pro-
longed occupational exposure to ionizing radiation 
is associated with measurable genomic instability 
in radiology technicians and radiological service 
workers, even when recorded doses remain with-
in regulatory limits. These findings corroborate 
evidence recognizing ionizing radiation as a clas-
togenic agent capable of inducing chromosomal 
breaks, mitotic errors, structural rearrangements, 
and persistent DNA damage5,7,17,20,21.

The interpretation of findings must consider that 
the cytogenetic biomarkers assessed do not share 
the same biological specificity. The micronucleus 
assay is widely used for its relative simplicity, repro-
ducibility, and applicability to population biomon-
itoring; however, its baseline frequency may be 
influenced by age, sex, smoking, metabolic diseas-
es, inflammation, and exposure to other genotoxic 
agents11,12,13,14,15. In contrast, dicentric chromosomes 
and rings exhibit greater specificity for ionizing ra-
diation exposure, although they are more useful in 
acute or recent exposures. Nucleoplasmic bridg-
es have been highlighted as promising markers in 
chronic low-dose exposure contexts, as they may 
reflect breakage-fusion-bridge events and exhibit a 
lower baseline frequency than micronuclei6,7.

Differences between occupational settings help 

explain the heterogeneity of results. Nuclear med-
icine professionals may face higher risks of inter-
nal and external exposure due to the handling of 
radiopharmaceuticals and unsealed sources, while 
conventional radiodiagnosis and computed tomog-
raphy workers tend to be exposed predominantly 
to external sources – generally with greater control 
through physical barriers, distance, and exposure 
time. This may account for the higher frequency 
of aberrations observed in nuclear medicine sub-
groups compared to sectors such as conventional 
X-ray and computed tomography5.

The radiological technology employed also ap-
pears to influence the magnitude of cytogenetic 
damage. The study by Cunha Jr et al.20 demonstrat-
ed higher micronucleus frequencies in profession-
als exposed to analog and computed radiography 
systems compared to digital systems. This differ-
ence is biologically plausible, given that digital 
systems tend to allow greater dose optimization, 
better operational control, and fewer repeat exam-
inations – although such benefits depend on ade-
quate calibration, training, and adherence to radia-
tion protection standards.

Another critical point is the incomplete control 
of confounding factors. Age and sex may influence 
the baseline frequency of micronuclei; smoking 

DISCUSSION

spectively. All three markers were significantly 
higher than in controls (p < 0.001), reinforcing that 
NPB and dicentrics may be more informative than 
micronuclei alone in low-dose scenarios.

Çobanoğlu and Çayır17 identified significant in-
creases in micronuclei, nucleoplasmic bridges, nucle-
ar buds, and total DNA damage in radiology workers 
compared to controls, with p < 0.0001 for all mea-
sures. Furthermore, dosimeter readings exhibited a 
positive correlation with NPB and NBUD, while oc-
cupational variables – such as total working hours, 
mean working duration, and time spent in projection-
al radiography – correlated with MN and TDD.

Farkas et al.5 assessed 301 radiation-exposed 
workers and 732 controls, observing significantly 
higher frequencies of chromatid and chromosom-
al aberrations in the exposed group. Sector-level 
analysis demonstrated higher mean effective doses 
in nuclear medicine (1.26 ± 2.52 mSv) compared 
to radiotherapy (0.08 ± 0.20 mSv), diagnostic X-ray 
(0.07 ± 0.17 mSv), and computed tomography 
(0.02 ± 0.06 mSv). The nuclear medicine group pre-
sented higher frequencies of total aberrations (p = 
0.025) and aberrant cells (p = 0.032) compared to 

the computed tomography group.
Considerable heterogeneity was observed in 

the association between physical dosimetry and 
biological damage. In some studies, individual 
dosimeter readings correlated positively with bio-
markers such as NPB and NBUD17. However, other 
investigations did not detect a linear relationship 
between the effective dose estimated by individual 
dosimetry and the magnitude of the chromosom-
al aberrations observed5. This divergence suggests 
that physical dosimetry, although essential for oc-
cupational control, may not fully reflect individual 
biological response in chronic low-dose exposure 
scenarios.

The statistical analyses of the included studies 
were predominantly based on between-group com-
parisons using p-values and, less frequently, on cor-
relations or multivariable models. The absence of 
confidence intervals and standardized effect size 
estimates in some articles limited direct quantita-
tive comparison. For this reason, results were in-
terpreted jointly considering statistical significance, 
sample size, absolute biomarker magnitude, and 
reported confounding factors.

6
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may increase chromosomal aberrations and oxida-
tive damage; and length of service may reflect both 
cumulative exposure and technological changes 
over the course of a career. Studies that do not 
adequately adjust for these factors may over- or un-
derestimate the association between occupational 
radiation and cytogenetic damage. This limitation 
reinforces the need to interpret findings with cau-
tion and to prioritize studies with well-matched 
control groups and multivariate analysis5,7,17.

The absence of a consistent correlation be-
tween individual dosimetry and biological dam-
age does not invalidate the use of dosimeters, but 
demonstrates that the recorded dose may not fully 
translate individual biological response. Radiosen-
sitivity, the efficiency of DNA repair mechanisms, 
actual use of protective equipment, dosimeter po-
sitioning, partial body exposures, and sector-spe-
cific characteristics may modify the relationship 
between physical exposure and observed cytoge-
netic damage. Biodosimetry should therefore be 
understood as a complement – not a substitute – 
for physical dosimetry5,6,8,9,17,22.

From an occupational surveillance perspective, 
the findings suggest that cytogenetic assessment 
may serve as a complementary tool in specific 
situations – such as chronic exposure, suspect-
ed dosimeter underestimation, inadequate use of 
protective equipment, work in higher-risk sectors, 
outdated equipment, or persistent alterations in 
biomarkers. The incorporation of such tests must, 
however, consider cost, laboratory standardization, 
frequency, clinical interpretation, and the need for 
clear institutional protocols6,8,9,16,22,23.

Among the limitations of this review, the follow-
ing are noteworthy: the small number of included 
studies, the temporal restriction to 2021–2025, the 
predominance of cross-sectional designs, the het-
erogeneity of assessed biomarkers, and the insuf-
ficient data for meta-analysis. Furthermore, some 
studies did not report confidence intervals, effect 
sizes, or complete statistical adjustment for con-
founding factors. Despite these limitations, the se-
lection of recent studies allowed discussion of find-
ings produced in a technological context closer to 
current radiological practice.

Based on the studies included in this systematic 
review, occupationally exposed radiology profes-
sionals presented higher frequencies of cytogenetic 
biomarkers – including micronuclei, nucleoplasmic 
bridges, nuclear buds, dicentrics, and chromosomal 
aberrations – compared to non-exposed individuals. 
These findings suggest genomic instability associa-
ted with chronic occupational exposure, even in 
low-dose scenarios and within regulatory limits.

The interpretation of these results must consider 
the methodological heterogeneity among studies, 

including differences in cytogenetic techniques, oc-
cupational sectors, radiological technologies, expo-
sure measurement methods, and control of confou-
nding factors. The relationship between individual 
dosimetry and biological damage was not consis-
tent, reinforcing that biodosimetry may comple-
ment – but not replace – physical dosimetry. Future 
studies should prioritize longitudinal designs, larger 
samples, statistical control of confounders, repor-
ting of confidence intervals, and standardization of 
the biomarkers used.

CONCLUSION
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