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a b s t r a c t

Introduction: Ionizing radiation plays a fundamental role in clinical practice for diagnosis and therapy. 
However, patients with reproductive potential, including women of reproductive age who may be preg
nant or become pregnant in the future, often report limited knowledge and increased anxiety regarding 
these procedures. Although medical exposures involve inherent risks, when examinations are appropri
ately justified  and optimized, clinical benefits  generally outweigh potential radiation-related risks. 
Nevertheless, misconceptions and risk overestimation may lead to refusal or delay of necessary imaging.
This study aims to evaluate perceptions and concerns of women of reproductive age regarding medical 
exposure to ionizing radiation.
Methods: A systematic review was conducted in April 2026, following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines. Searches were performed in PubMed, Scopus, and 
Web-of-Science using the keywords perception, concern, ionizing radiation, and women.
Results: Seven studies published between 2017 and 2025 were included. The review identified  vari
ability in knowledge and persistent gaps in radiation awareness among women, often associated with 
increased levels of concern. Lower levels of radiation literacy were generally reported among partici
pants without health-related training, whereas higher awareness was observed among those with 
medical background. During pregnancy, risk perception was frequently overestimated and primarily 
focused on fetal harm.
Conclusion: Perceptions and concerns about medical radiation are heterogeneous and influenced  by 
sociodemographic, cultural, and psychological factors. These findings  highlight the need for targeted 
educational strategies and further research to enhance the understanding of how these patients 
perceive the risks associated with ionizing radiation.
Implications for practice: Healthcare professionals should individualize communication about radiation 
risks according to each patient's sociodemographic and cultural background, providing accurate and 
comprehensible information aligned with the patient's level of health literacy and informational needs.
© 2026 The Authors. Published by Elsevier Ltd on behalf of The College of Radiographers. This is an open 

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

In recent decades, medical imaging and therapeutic procedures 
using ionizing radiation have become essential components of 

modern medicine. The use of imaging techniques and radiotherapy 
has increased substantially, with a sustained rise in the number of 
examinations and treatments performed across multiple spe
cialties and clinical indications.1–6

Currently, medical imaging using ionizing radiation plays a 
central role across the entire healthcare continuum, from 
screening to early diagnosis, treatment planning, and monitoring 
of treatment response.7–10 The diversity and sophistication of 
available imaging techniques enable healthcare professionals to 
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make more informed clinical decisions, improve diagnostic accu
racy, and optimize patient management.1,2,4,11

On the other hand, radiotherapy constitutes one of the most 
important therapeutic modalities in the treatment of cancer, with 
approximately half of cancer patients benefitting from this treat
ment at some point during the clinical process.12,13 Despite its 
therapeutic benefits,  radiotherapy involves the delivery of rela
tively high radiation doses and is associated with well-recognized 
risks to healthy tissues, requiring careful planning and 
optimization.

Nevertheless, patients often report limited knowledge of 
medical procedures involving ionizing radiation14 as well as 
varying levels of anxiety depending on the context.7,15–17 This 
psychological impact may be influenced by multiple factors. These 
include body positioning during the procedure, duration of the 
examination, fear of diagnostic results, limited knowledge about 
the nature of the procedure, communication difficulties between 
professionals and patients, and concerns regarding the use of 
ionizing radiation.14,17 Concerns regarding the effects of radiation 
exposure are particularly relevant in sensitive populations, 
including women of reproductive age, who may be pregnant or 
may become pregnant in the future.18,19

However, it is essential to distinguish between the well- 
established risks associated with high-dose or specific  exposure 
scenarios and the low radiation doses typically used in most 
diagnostic imaging examinations.

Numerous studies have documented the harmful effects of 
radiation exposure, particularly during pregnancy and in young 
children.19–22 In utero exposure to high doses of ionizing radiation 
can lead to a range of adverse outcomes, including developmental 
abnormalities. Exposure to ionizing radiation during early child
hood, at higher doses, has been associated with an increased risk of 
cancer, especially leukemia.23,24 The magnitude of these risks de
pends on several factors, including the radiation dose received and 
the gestational age at the time of exposure.25 However, in most 
cases, examinations with ionizing radiation performed during 
pregnancy, especially those that do not involve direct exposure to 
the abdomen or that use low doses (such as conventional radi
ography), result in radiation exposures well below levels associ
ated with deterministic effects. Nevertheless, these procedures are 
not entirely risk-free, and risk–benefit assessment and optimiza
tion remain essential.19,26,27

Scientific evidence shows that imaging tests involving ionizing 
radiation can be performed with minimal risk during pregnancy 
when properly justified  and optimized, providing significant 
clinical benefits  that largely outweigh the associated risks.19,26

However, unjustified  refusal of these tests can delay the diag
nosis27 and treatment of conditions that may pose a risk to both 
the mother and the fetus.28

Despite the clinical relevance and sensitivity of the topic, no 
systematic reviews have yet explored the risk perception of 
medical procedures using ionizing radiation among women of 
reproductive age, nor the impact of this perception on the accep
tance or refusal of such procedures. Therefore, this study aims to 
evaluate the perceptions and concerns of women of reproductive 
age regarding medical exposure to ionizing radiation.

Methods

Study design

A systematic review (SR) was performed to provide a 
comprehensive analysis of the perceptions and concerns of 
women of reproductive age. This population is typically defined as 
individuals aged 15–49 years, according to the World Health 

Organization,29 although pregnancy may occur outside this 
range.29 This definition  was adopted to ensure consistency in 
population selection, while acknowledging that other national 
guidelines may use broader age ranges.

The review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA)30 (Fig. 1). The review protocol was registered in PROS
PERO (CRD420251082522).

This review included studies addressing women of reproduc
tive age with exposure to ionizing radiation in diagnostic imaging 
or radiotherapy. Eligible studies reported perceptions, concerns, or 
experiences related to radiation exposure. Studies focusing 
exclusively on populations outside reproductive age (e.g., post
menopausal or elderly individuals) were excluded. Studies with 
mixed populations were included when subgroup data relevant to 
individuals of reproductive age were available.

The term “women” is used in accordance with the terminology 
of the included studies and primarily refers to individuals with 
reproductive potential. This review acknowledges that people of 
diverse gender identities may also fall within this category; how
ever, such distinctions were not consistently addressed in the 
available literature.

Search strategies

In April 2026, a bibliographic search was conducted in the 
PubMed, Scopus, and Web of Science databases using keywords 
and the Boolean operators AND and OR, as detailed in Table 1.

The keywords were selected after the PEO strategy was defined, 
and the inclusion and exclusion criteria were determined, as 
shown in Table 2.

Rayyan software was used to facilitate the screening. The initial 
exclusion criteria were systematic reviews and articles published 
before 2015, as the aim was to capture contemporary perceptions 
and concerns of women, considering the significant advancements 
in imaging modalities, equipment, and healthcare practices in 
recent years. Duplicate records were removed prior to screening. 
Two authors independently reviewed the full texts for eligibility 
according to the inclusion criteria. Discrepancies were resolved by 
consensus with the involvement of other authors.

Quality appraisal

For quality appraisal, the JBI Critical Appraisal Checklist for 
Analytical Cross-Sectional Studies (JBI, 2020), which comprises 
eight criteria, was used for studies with a cross-sectional design. 
For qualitative studies, the JBI Critical Appraisal Checklist for 
Qualitative Research, which comprises ten criteria, was applied.31

Two authors independently rated all the articles according to 
the JBI criteria as “yes”, “no”, “unclear”, or “not applicable”. Dis
agreements were resolved through consensus, with two other 
authors available to do so. After discussing and resolving any 
discrepancies, the final quality rating for each study was calculated 
by averaging the scores assigned to each dimension (“No” = 1, 
“Unclear” = 2, “Yes” = 3).

Data extraction and synthesis

Data were extracted according to the following headings: 
author, year, study design, sample size, radiation knowledge, ra
diation perceptions, radiation concerns.
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Results

Study selection

The initial database search yielded 3413 articles from advanced 
searches across the PubMed (1,178), Scopus (1,229), and Web of 
Science (1,006) databases. Of these, 1771 articles were identified as 
duplicates and removed, and 1615 articles were excluded as they 
did not meet the predefined inclusion criteria.

The PRISMA flow  diagram (Fig. 1) illustrates the number of 
records retrieved from each database, the number of records 

screened, the number of full-text articles assessed for eligibility, 
and the number of articles included in the review. Seven stud
ies32–38 met the inclusion criteria and were included in the final 
analysis. Studies that did not meet the inclusion criteria were 
excluded. The reasons for exclusion are provided in Fig. 1.

Figure 1. PRISMA flow diagram for search and study selection.

Table 1 
Detailed description of the keywords used in each scientific database.

Databases Detailed description of the keywords used in 
each scientific database.

PubMed ((perception*[Title/Abstract]) OR 
(concern*[Title/Abstract]) AND (radiation 
[Title/Abstract]) OR (ionizing [Title/Abstract]) 
AND (woman [Title/Abstract] OR women [Title/ 
Abstract]))

Scopus ((TITLE-ABS-KEY (perception*) OR TITLE-ABS- 
KEY (concern*)) AND ((TITLE-ABS-KEY 
(radiation) OR TITLE-ABS-KEY (ionizing)) AND 
TITLE-ABS-KEY (women OR woman)

Web of science TOPIC=(perception*) OR TOPIC=(concern*) 
AND TOPIC= (radiation) OR TOPIC=(ionizing) 
AND TOPIC= (women) OR TOPIC=(woman)

Table 2 
PEO criteria for inclusion and exclusion of articles.

Parameters Inclusion Criteria Exclusion Criteria

P = participants • Women of reproductive 
age (15–49 years), 
including those who may 
be pregnant.

• Age younger than 15 
years;

• Healthcare professionals 
work with ionizing 
radiation;

E = exposure • Ionizing radiation in 
medical imaging, 
including diagnostic 
imaging, radiotherapy, 
and prototherapy.

• Women undergoing 
diagnostic and/or 
treatment procedures 
that do not use ionizing 
radiation.

O = outcome • Radiation-related 
perceptions;

• Radiation-related 
concerns;

• Radiation-related 
knowledge.

• Results not presented for 
subgroups of women 
with age/age category 
with the 15–49 years old 
interval.

Types of evidence • Qualitative and 
quantitative research.

• Books, integrative 
review, systematic 
review, narrative review, 
editorials, and articles 
published before 2015.

L. Vieira, R. Geysmans, C. Turcanu et al. Radiography 32 (2026) 103481

3



Table 3 
General overview of the main characteristics of the reviewed articles.

Author(s), year of publication Country Study approach Study population Sample Method(s) Main aim(s) of the study Quality appraisal

Rayne et al., 201732 South Africa Quantitative Adult breast cancer 
patients receiving 
treatment in South Africa

263 adult breast cancer 
patients receiving 
treatment at two South 
African health centers (16% 
aged ≤40 years)

Cross-sectional survey Identify fears among breast 
cancer patients to guide 
education and care 
improvements

21

Habibullah et al., 201833 Pakistan Qualitative Adult women with breast 
cancer receiving radiation 
therapy in Pakistan

14 women (aged 20–60) 
with breast cancer 
receiving radiation therapy 
at a hospital in Pakistan. 
Only one woman older 
than 50 years.

Semi-structured interviews Explore breast cancer 
patients' experiences with 
radiotherapy in Pakistan

26

Shumway et al., 201834 US Quantitative Women newly diagnosed 
with breast cancer in SEER 
registries (Georgia and Los 
Angeles County, US)

538 women with newly 
diagnosed breast cancer in 
SEER registries

Cross-sectional survey Describe radiotherapy 
patterns for DCIS and 
evaluate patient and 
provider decision-making 
about RT omission

22

Reitan & sanderud, A., 202135 Norway Qualitative Pregnant women in 
Norway (gestational weeks 
13–38)

7 pregnant women from 
the Oslo metropolitan area 
(gestational weeks 16–33, 
no X-ray exposure during 
current pregnancy)

Semi-structured interviews Identify pregnant women's 
information needs and 
preferred communication 
about X-rays

25

Bahanan et al., 202136 Saudi Arabia Quantitative Adult women (18+) living 
in Saudi Arabia

410 women Cross-sectional survey Assess women's awareness 
of dental imaging safety 
during pregnancy

24

Seven et al., 202237 Turkey Quantitative Pregnant women seeking 
teratological consultation 
in Turkey

674 pregnant women (461 
exposed to radiation)

Cross-sectional survey Evaluate teratogenic risk 
overestimation and the role 
of counselling in correcting 
misconceptions

24

Ataalla et al., 202438 Saudi Arabia Quantitative Women not employed as 
healthcare professionals in 
Saudi Arabia

290 women with various 
occupational backgrounds 
(university staff, university 
students, hospital 
administrative staff, 
patients aged 20–50 years)

Cross-sectional survey Assess non-healthcare 
professional women's 
knowledge of radiation 
hazards during pregnancy

22
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The JBI checklist results for all items and global ratings for each 
article are organized into two separate tables (see Supplementary 
Materials). The overall appraisal and quality scores ranged from 21 
to 24 for studies assessed with the cross-sectional checklist, and 
from 25 to 26 for those assessed using the qualitative research 
checklist and are presented in Table 3.

General literature characteristics

The seven articles included in this review were published be
tween 2017 and 2025, with four of them being published in the last 
five years.35–38 Two studies were conducted in Saudi Arabia,36,38

one in the United States of America,34 and the remaining studies 
were conducted in Norway,35 South Africa,32 Pakistan,33 and 
Turkey,37 as shown in Fig. 2.

In terms of the methodologies used, most articles (n = 5) used a 
quantitative approach, while two articles were based on qualita
tive studies (Table 3). The former category relied on survey 
methods for data collection, including items assessing radiation 
knowledge and awareness,36,38 and risk perception.37 In contrast, 
studies using qualitative research designs employed semi- 
structured interviews as their primary data collection method, as 
reported by Habibullah et al.33 and Reitan et al.35

Some of the included studies had a wider focus on respondents’ 
age and/or sexes. For example, they included data on both men and 
women32 or wider age groups.36 In several articles, women of 
older age (≥50 years old) were included.33,34,36 These articles were 
included as they provide insights for the specific  age groups in 
focus. Two articles35,37 reported on pregnant women. While Seven 
et al.37 only report on the mean age (31.7 years old, standard de
viation 5.6), and not on the full age range, all women were logically 
considered to be of reproductive age.

Radiation awareness and knowledge

Various studies had a prime interest in respondents' knowledge 
and awareness of ionizing radiation and its potential effects in the 
medical context. Ataalla38 explicitly focused on the knowledge of 
female patients regarding medical radiation risks during preg
nancy. A survey with knowledge-related questions (for example 
‘Which one of the following radiological imaging modalities 
carries the highest risk for the fetus?’, ‘Do you think that there is a 
limit on the number of CT scans during pregnancy?'). The author 
concludes that a lack of awareness about X-rays, radiation dosage, 
and their potential effects on pregnant women and fetuses can be 
observed among female patients in Saudi Arabia. The study also 
reveals that radiation awareness is significantly different between 
respondents with a medical and nonmedical educational back
ground, with the former, as can be expected, being more knowl
edgeable about the topic. It is noteworthy that one of the first 
knowledge questions in (the English version of) the questionnaire 
was ‘Do you know that some medical imaging examinations use 
dangerous ionizing radiation?’, which arguably entails a rather 
strong (negative) framing of the topic for the remainder of the 
survey.38

Building on a qualitative research design, Reitan et al.35

concluded from their interviews with seven Norwegian pregnant 
women that participants had varying levels of knowledge about 
the risks of X-rays during pregnancy, with some respondents 
revealing inadequate knowledge (e.g., being unsure whether fetal 
dose depends on the anatomical area of the procedure). In relation 
to awareness regarding radiation use during dental procedures in 
Saudi Arabia, Bahanen et al.36 found no differences in the level of 
knowledge about radiation safety for diagnostic dental imaging 
during pregnancy between women younger than 30 years old and 
those in other age categories (e.g., 30–39, 40–49). They also found 

Figure 2. Geographical focus of included articles.
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that many respondents in their sample (n = 410) of adult women 
tended to perceive the risks as larger than those estimated by 
experts.

Radiation perceptions and concerns

Seven et al.37 argue that pregnant women tend to overestimate 
the actual effects of radiation during pregnancy. However, it is not 
clear how this argument was derived from a sample of pregnant 
Turkish women undergoing teratological consultation. The data 
they gathered did not seem to include specific  items measuring 
risk perception, or such items were not reported in their paper.

Three studies provided more specific insights regarding radia
tion risk perception, including two qualitative studies33,35 and one 
quantitative study.32

Rayne et al.32 studied the concerns of South African women 
with breast cancer. While the perceived risks entailed a broad 
range of factors, when extending beyond medical procedures, ra
diation exposure was an important concern among the studied 
population. One of the key arguments provided is that “women are 
far less fearful of how they will negotiate life during treatment 
(including work, finances, and family commitments) than they are of 
the planned treatments”.32

With respect to the two qualitative studies included in our 
database, the study of Reitan et al.35 among pregnant women in 
Norway found that their respondents would not feel very 
comfortable taking a medical imaging procedure (X-Ray) during 
pregnancy, even though they considered the fetus' risk to be rather 
low. The low-risk perception among the interviewed pregnant 
women was attributed by the authors to the fact that the doctor's 
prescription of the imaging procedure reassured respondents 
about the risks. Furthermore, the authors argue that those re
spondents who expressed higher concern about pregnancy, in 
general, also seemed to have higher risk perceptions regarding X- 
rays.35 Interestingly, in the study by Habibullah et al.,33 fear of 
radiation was not brought up by their Pakistani female re
spondents as the main perceived risk of undergoing medical im
aging; instead, they expressed anxiety about exposing themselves 
to male staff during the procedure, which was perceived as a loss 
of dignity or honor.

Communication on procedures and risks

A recurring topic entailed communication between healthcare 
providers and patients regarding medical procedures involving the 
use of ionizing radiation. Some articles provide recommendations 
regarding communication and information-provision without 
explicitly investigating these topics in the presented studies. This 
is the case for studies by Ataalla,38 Seven et al.,37 Bahanan et al.,36

and Shumway et al.34 In all these studies, arguments are presented 
to dedicate more attention to the information provided to patients. 
Ataalla,38 and Bahanan et al.36 emphasize the need to educate 
caregivers, in order to enable them to provide correct and factual 
information to patients. Seven et al.37 connect the importance of 
information-provision to a more general plea for teratological 
counselling. They argue that “teratological counseling is effective in 
preventing abortions based on groundless anxieties and risk assess
ment is necessary to understand the outcomes of teratogen expo
sure”.37 Finally, Shumway et al.34 argue that better communication 
is needed, and that radiation oncologists could be considered as 
the primary source of information.

Finally, several studies have explored communication ap
proaches and procedures that can be used. Reitan et al.35 found 
that pregnant women interviewed expressed a need for specific 
information regarding medical imaging procedures, including 

their justification  and potential risks. Participants also indicated 
preferences regarding both the source of information, often their 
general practitioners, complemented by explanations provided 
immediately before the examination by healthcare professionals, 
and the format in which it should be delivered (verbal or written). 
The authors35 emphasized the importance of effective communi
cation skills among healthcare providers, including active 
listening, appropriate body language, and flexibility to accommo
date individual patient needs and preferences.

Similarly, Habibullah et al.33 highlighted the importance of 
adapting communication to the cultural and linguistic context. In 
their study involving Pakistani participants, anxiety was partly 
attributed to the terminology used. Specifically, expressions such 
as images being “shot” were interpreted as a direct translation 
from Western terminology, leading some patients to associate the 
procedure with an electric shock.

Discussion

This review provides an overview of various studies that have 
been conducted over the past 10 years (since 2015) on perceptions 
regarding medical imaging procedures among women of repro
ductive age. Seven articles32–38 were included, which is indicative 
of the very limited attention this topic has received in the litera
ture over the past decade. Nonetheless, the use of medical imaging 
has shown significant growth, and is likely to expand in the future. 
The identified  articles addressed radiation knowledge and risk 
perception as dominant empirical themes.

Limited empirical attention has been given to communication 
and information provision, although various studies34–38 provide 
recommendations on the topic.

Based on the general state of the current literature on medical 
imaging perceptions among women of reproductive age, five key 
observations can be made.

First, there seems to be a dominance of quantitative stud
ies,32,34,36–38 using surveys with closed questions as the data 
collection method. However, as shown by the few qualitative 
studies30,32 found in this review, such studies allow us to better 
understand some of the reported quantitative findings (e.g., why 
certain risks are perceived as high or low), but are very limited in 
number and contexts studied. Complementing quantitative ana
lyses with qualitative analysis or setting up mixed-methods 
studies combining both methodological approaches, would 
extend our insights into how radiation knowledge can be 
improved among healthcare providers and patients, why certain 
perceptions exist regarding medical imaging procedures, or which 
communication processes would be most suitable to particular 
medical contexts or patient groups.

Second, the social scientific  focus of the presented studies 
points to the need for robust methodologies and conceptual 
frameworks. While this was indeed the case for some contribu
tions, others lacked methodological aspects. For instance, the 
survey design or sampling procedures should be addressed more 
carefully. The articles were generally transparent regarding their 
methodological choices, which allowed readers to make their own 
assessments of quality(Supplementary Material). Nonetheless, there re
mains a risk that readers less attuned to methodological nuances 
may interpret or draw conclusions from the findings in ways that 
are not aligned with the methodologies used.

Third, the limited number of published studies indicates that 
the current literature covers a relatively narrow geographical 
scope. However, as some of the reviewed studies highlight,33 and 
which are corroborated by McNierney-Moore et al.,39 Alghamdi40

and Hofmmann et al.,41 cultural differences can significantly shape 
how patients perceive and relate to the use of ionizing radiation in 
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medical imaging. These insights underline the risks of relying on 
‘one-size-fits-all’  approaches, particularly in patient–caregiver 
communication and interaction. Previous studies40–42 have 
demonstrated the influence of geographical and cultural factors on 
how patients understand and interpret information about radia
tion in medical imaging. Therefore, expanding the geographical 
and cultural diversity of research in this area emerges as an 
important priority.

Fourth, the limited number of empirically grounded studies on 
the interactions between patients and healthcare professionals 
points to a clear path for future research. While many pub
lications34–38 emphasize the need to provide patients with more 
or better information about medical imaging, only a few base their 
claims on empirical evidence.

Moreover, existing studies often highlight the perceived de
mand for information and communication, but rarely specify how 
or when this should be delivered, by whom, or with what content. 
This gap is closely linked to the underrepresentation of qualitative 
research, which allows the exploration of such questions in greater 
depth.

Fifth, this study highlighted some socio-demographic charac
teristics, such as higher anxiety with respect to medical exami
nations involving the use of ionizing radiation among pregnant 
women concerned about pregnancy in general, compared to those 
with lower general pregnancy concerns; as well as culturally 
anchored anxieties about the medical procedure as such, rather 
than about the ionizing radiation risks involved.

Conclusion

In conclusion, this review emphasizes the need for additional, 
mixed-methods research studies on how women of reproductive 
age perceive and understand medical imaging that uses ionizing 
radiation, what their information needs are, and how the 
communication content and process can be improved, taking into 
account the particular sensitivities of women who are concerned 
not only with their own health but also with that of their unborn 
children. Therefore, addressing this gap remains an important task 
in future research.

Ethics approval and consent to participate

This research did not require Institutional Review Board 
approval because is a Systematic Review.

Availability of data

Data required for this study may be made available by the au
thor(s) upon reasonable request.

Author contributions

LV: Conceptualisation, Methodology, Data curation, Visual
isation, Writing – original draft, Writing-review & editing.

RG: Data curation, Visualisation, Writing- Original Draft prep
aration, Writing-review & editing.

CT: Methodology, Data curation, Writing-review & editing.
MAS: Methodology, Data curation, Writing-review & editing.

Generative AI use

During the preparation of this manuscript, the authors used 
Paperpal solely for language editing. After using this tool, the au
thors reviewed and edited the manuscript as needed and take full 
responsibility for the content of the published article.

Funding

Not applicable.

Conflict of interest statement

The author(s) declare(s) that there are no conflicts of interest.

Acknowledgements

The authors would like to thank the PIANOFORTE Open grant 
call 2023 (HORIZON-EURATOM-2023-NRT-01). This partnership 
has received funding from the European Union’s “EURATOM” 
research and innovation program under the 101061037 grant 
agreement.

Appendix A. Supplementary data

Supplementary data to this article can be found online at 
https://doi.org/10.1016/j.radi.2026.103481.

References

1. Bercovich E, Javitt MC. Medical imaging: from Roentgen to the digital revo
lution, and beyond. Rambam Maimonides Med J. 2018;9:e0034. https://doi.org/ 
10.5041/RMMJ.10355.

2. Chilra P, Gnesin S, Allenbach G, Monteiro M, Prior JO, Vieira L, et al. Cardiac 
PET/CT with Rb-82: optimization of image acquisition and reconstruction 
parameters. EJNMMI Phys. 2017;4:10. https://doi.org/10.1186/s40658-017- 
0178-3.

3. Fiagbedzi EW, Gorleku PN, Nyarko S, Atuwo-Ampoh VD, Fiagan YAC, Asare A. 
The role of artificial  intelligence (AI) in radiation protection of computed to
mography and fluoroscopy:  a review. Open J Med Imag. 2022;12:25–36. 
https://doi.org/10.4236/ojmi.2022.121004.

4. Hussain S, Mubeen I, Ullah N, Shah SSUD, Khan BA, Zahoor M, et al. Modern 
diagnostic imaging technique applications and risk factors in the medical 
field:  a review. Biomed Res Int. 2022:5164970. https://doi.org/10.1155/2022/ 
5164970.

5. Mahesh M, Ansari AJ, Mettler F. Patient exposure from radiology and nuclear 
medicine procedures in the United States and worldwide: 2009–2018. Radi
ology. 2023;307(1):e221263. https://doi.org/10.1148/radiol.221263.

6. World Health Organization. Strengthening medical imaging capacity: resolution 
adopted by the World Health Assembly. Geneva: WHO; 2025. https://apps.who. 
int/gb/ebwha/pdf_files/EB156/B156_(17)-en.pdf.

7. Bastiani L, Paolicchi F, Faggioni L, Martinelli M, Gerasia R, Martini C, et al. 
Patient perceptions and knowledge of ionizing radiation from medical imag
ing. JAMA Netw Open. 2021;4(12):e2128561. https://doi.org/10.1001/ 
jamanetworkopen.2021.28561.

8. Hollada J, Speier W, Oshiro T, Marzan-McGill R, Ruehm SG, Bassett LW, et al. 
Patients' perceptions of radiation exposure associated with mammography. 
AJR Am J Roentgenol. 2015;205(1):215–221. https://doi.org/10.2214/ 
AJR.14.13650.

9. Pereira GC, Traughber M, Muzic Jr RF. The role of imaging in radiation therapy 
planning: past, present, and future. Biomed Res Int. 2014;2014:231090. 
https://doi.org/10.1155/2014/231090.

10. Trotter J, Pantel AR, Teo BK, Escorcia FE, Li T, Pryma DA, et al. Positron 
emission tomography (PET)/computed tomography (CT) imaging in radiation 
therapy treatment planning: a review of PET imaging tracers and methods to 
incorporate PET/CT. Adv Radiat Oncol. 2023;8(5):101212. https://doi.org/ 
10.1016/j.adro.2023.101212.

11. Vieira L, Vaz TF, Costa DC, Almeida P. Monte Carlo simulation of the basic 
features of the GE Millennium MG single photon emission computed to
mography gamma camera. Rev Espa~nola Med Nucl Imagen Mol. 2014;33(1): 
6–13. https://doi.org/10.1016/j.remn.2013.03.009.

12. International Atomic Energy Agency (IAEA). Radiotherapy in cancer care: facing 
the global challenge. Vienna: IAEA; 2017.

13. Zhu H, Chua MLK, Chitapanarux I, Kaidar-Person O, Mwaba C, Alghamdi M, 
et al. Global radiotherapy demands and corresponding radiotherapy- 
professional workforce requirements in 2022 and predicted to 2050: a 
population-based study. Lancet Global Health. 2024;12(12):e1945–e1953. 
https://doi.org/10.1016/S2214-109X(24)00355-3.

14. Ricketts ML, Baerlocher MO, Asch MR, Myers A. Perception of radiation 
exposure and risk among patients, medical students, and referring physicians 
at a tertiary care community hospital. Can Assoc Radiol J. 2013;64(3):208–212. 
https://doi.org/10.1016/j.carj.2012.05.002.

15. Fuzesi S, Becetti K, Klassen AF, Gemignani ML, Pusic AL. Expectations of 
breast-conserving therapy: a qualitative study. J Patient-Rep Outcomes. 
2019;3(1):73. https://doi.org/10.1186/s41687-019-0167-5.

L. Vieira, R. Geysmans, C. Turcanu et al. Radiography 32 (2026) 103481

7

https://doi.org/10.1016/j.radi.2026.103481
https://doi.org/10.5041/RMMJ.10355
https://doi.org/10.5041/RMMJ.10355
https://doi.org/10.1186/s40658%2D017%2D0178%2D3
https://doi.org/10.1186/s40658%2D017%2D0178%2D3
https://doi.org/10.4236/ojmi.2022.121004
https://doi.org/10.1155/2022/5164970
https://doi.org/10.1155/2022/5164970
https://doi.org/10.1148/radiol.221263
https://apps.who.int/gb/ebwha/pdf_files/EB156/B156_%2817%29%2Den.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB156/B156_%2817%29%2Den.pdf
https://doi.org/10.1001/jamanetworkopen.2021.28561
https://doi.org/10.1001/jamanetworkopen.2021.28561
https://doi.org/10.2214/AJR.14.13650
https://doi.org/10.2214/AJR.14.13650
https://doi.org/10.1155/2014/231090
https://doi.org/10.1016/j.adro.2023.101212
https://doi.org/10.1016/j.adro.2023.101212
https://doi.org/10.1016/j.remn.2013.03.009
http://refhub.elsevier.com/S1078-8174(26)00157-4/sref12
http://refhub.elsevier.com/S1078-8174(26)00157-4/sref12
https://doi.org/10.1016/S2214%2D109X%2824%2900355%2D3
https://doi.org/10.1016/j.carj.2012.05.002
https://doi.org/10.1186/s41687%2D019%2D0167%2D5


16. Steele JR, Jones AK, Clarke RK, Giordano SH, Shoemaker S. Oncology patient 
perceptions of the use of ionizing radiation in diagnostic imaging. J Am Coll 
Radiol. 2016;13(7):768–774.e2. https://doi.org/10.1016/j.jacr.2016.04.023.

17. Vieira L, Pires A, Grilo A. Anxiety experienced by oncological patients who 
undergo 18F-FDG PET-CT: a systematic review. Radiography. 2021;27(4): 
1203–1210. https://doi.org/10.1016/j.radi.2021.06.001.

18. Tom�a P, Bartoloni A, Salerno S, Granata C, Cannat�a V, Magistrelli A, et al. 
Protecting sensitive patient groups from imaging using ionizing radiation: 
effects during pregnancy, in fetal life and childhood. Eur J Radiol. 2023;163: 
110775. https://doi.org/10.1016/j.ejrad.2023.110775.

19. Vandecaveye V, Amant F, Lecouvet F, Van Calsteren K, Dresen RC. Imaging 
modalities in pregnant cancer patients. Int J Gynecol Cancer. 2021;31(3): 
423–431. https://doi.org/10.1136/ijgc-2020-001779.

20. De Santis M, Cesari E, Nobili E, Straface G, Cavaliere AF, Caruso A. Radiation 
effects on development. Birth Defects Res C Embryo Today. 2007;81(3): 
177–182. https://doi.org/10.1002/bdrc.20099.

21. Dellie ST, Admassie D, Ewnetu Y. A survey of awareness about radiation 
exposure among final-year  medical students and interns: a cross-sectional 
study. Radiol Res Pract. 2014;2014:426909. https://doi.org/10.1155/2014/ 
426909.

22. Linet MS, Slovis TL, Miller DL, Kleinerman R, Lee C, Rajaraman P, et al. Cancer 
risks associated with external radiation from diagnostic imaging procedures. 
CA Cancer J Clin. 2012;62(2):75–100. https://doi.org/10.3322/caac.21132.

23. Brent RL. Saving lives and changing family histories: appropriate counseling of 
pregnant women and men and women of reproductive age concerning the 
risk of diagnostic radiation exposures during and before pregnancy. Am J 
Obstet Gynecol. 2009;200(1):4–24. https://doi.org/10.1016/j.ajog.2008.06.031.

24. Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP, et al. Radiation 
exposure from CT scans in childhood and subsequent risk of leukaemia and 
brain tumours: a retrospective cohort study. Lancet. 2012;380(9840):499–505. 
https://doi.org/10.1016/S0140-6736(12)60815-0.

25. American College of Obstetricians and Gynecologists. Committee opinion no. 723: 
guidelines for diagnostic imaging during pregnancy and lactation. Obstet Gynecol. 
2017;130(4):e210–e216. https://doi.org/10.1097/AOG.0000000000002355.

26. Missanelli A, Lombardi N, Bettiol A, Lanzi C, Rossi F, Pacileo I, et al. Birth 
outcomes in women exposed to diagnostic radiology procedures during first 
trimester of pregnancy: a prospective cohort study. Clin Toxicol. 2022;60(2): 
175–183. https://doi.org/10.1080/15563650.2021.1919693.

27. American College of Obstetricians and Gynecologists’ Committee on Obstetric 
Practice. Committee opinion no. 723: guidelines for diagnostic imaging during 
pregnancy and lactation. Obstet Gynecol. 2017;130(4):e210–e216. https:// 
doi.org/10.1097/AOG.0000000000002355.

28. American College of Obstetricians and Gynecologists’ Committee on Ethics. 
Committee opinion no. 664: refusal of medically recommended treatment 
during pregnancy. Obstet Gynecol. 2016;127(6):e175–e182. https://doi.org/ 
10.1097/AOG.0000000000001485.

29. World Health Organization. World health statistics 2024, Monitoring health for 
the SDGs,Sustainable Development Goals. Geneva: World Health Organization; 

2024. https://iris.who.int/server/api/core/bitstreams/74b12494-f213-4b5b- 
9533-18442147e1fb/content.

30. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
PRISMA 2020 explanation and elaboration: updated guidance and exemplars 
for reporting systematic reviews. Br Med J. 2021;372:n160. https://doi.org/ 
10.1136/bmj.n160.

31. Ma LL, Wang YY, Yang ZH, Huang D, Weng H, Zeng XT. Methodological quality 
(risk of bias) assessment tools for primary and secondary medical studies: 
what are they and which is better? Milit Med Res. 2020;7(1):7. https://doi.org/ 
10.1186/s40779-020-00238-8.

32. Rayne S, Schnippel K, Firnhaber C, Wright K, Kruger D, Benn C-A. Fear of 
treatments surpasses demographic and socioeconomic factors in affecting 
patients with breast cancer in urban South Africa. JCO Glob Oncol. 2017;3: 
125–134. https://doi.org/10.1200/JGO.2015.002691.

33. Habibullah G, Gul R, Cassum S, Elahi R. Experiences of breast cancer patients 
undergoing radiotherapy at a public hospital in Peshawar, Pakistan. Asia Pac J 
Oncol Nurs. 2018;5(2):184–194. https://doi.org/10.4103/apjon.apjon_70_17.

34. Shumway DA, McLeod CM, Morrow M, Li Y, Kurian AW, Sabolch A, et al. Pa
tient experiences and clinician views on the role of radiation therapy for 
ductal carcinoma in situ. Int J Radiat Oncol Biol Phys. 2018. https://doi.org/ 
10.1016/j.ijrobp.2018.01.020.

35. Reitan AF, Sanderud A. What information did pregnant women want related 
to risks and benefits  attending X-ray examinations? J Med Imag Radiat Sci. 
2021;52(1):79–85. https://doi.org/10.1016/j.jmir.2020.12.005.

36. Bahanan L, Tehsin A, Mousa R, Albadi M, Barayan M, Khan E, et al. Women's 
awareness regarding the use of dental imaging during pregnancy. BMC Oral 
Health. 2021;21:421. https://doi.org/10.1186/s12903-021-01726-6.

37. Seven M, Kalayci Yigin A, Agirbasli D, Alay MT, Kirbiyik F, Demir M. Radiation 
exposure in pregnancy: outcomes, perceptions and teratological counseling in 
Turkish women. Ann Saudi Med. 2022;42(3):214–221. https://doi.org/10.5144/ 
0256-4947.2022.03.03.1200.

38. Ataalla NN. Evaluation of non-healthcare professional women's knowledge 
regarding ionizing radiation exposure hazards during pregnancy. J Radiat Res 
Appl Sci. 2024;17(1):100794. https://doi.org/10.1016/j.jrras.2024.100794.

39. McNierney-Moore A, Smith C, Guardiola J, Xu KT, Richman PB. Patient un
derstanding of radiation risk from medical computed tomography: a com
parison of Hispanic vs non-Hispanic emergency department populations. 
PeerJ. 2015;3:e937. https://doi.org/10.7717/peerj.937.

40. Alghamdi SA. Patients' knowledge and perceptions of ionizing radiation from 
medical imaging in Saudi Arabia. J Radiat Res Appl Sci. 2025;18:101803. 
https://doi.org/10.1016/j.jrras.2025.101803.

41. Hofmann BM, Gransjøen AM. Geographical variations in the use of outpatient 
diagnostic imaging in Norway 2019. Acta Radiol Open. 2022;11(2): 
20584601221074561. https://doi.org/10.1177/20584601221074561.

42. Bastiani L, Paolicchi F, Faggioni L, Martinelli M, Gerasia R, Martini C, et al. 
Patient perceptions and knowledge of ionizing radiation from medical im
aging. JAMA Netw Open. 2021;4(10):e2128561. https://doi.org/10.1001/ 
jamanetworkopen.2021.28561.

L. Vieira, R. Geysmans, C. Turcanu et al. Radiography 32 (2026) 103481

8

https://doi.org/10.1016/j.jacr.2016.04.023
https://doi.org/10.1016/j.radi.2021.06.001
https://doi.org/10.1016/j.ejrad.2023.110775
https://doi.org/10.1136/ijgc%2D2020%2D001779
https://doi.org/10.1002/bdrc.20099
https://doi.org/10.1155/2014/426909
https://doi.org/10.1155/2014/426909
https://doi.org/10.3322/caac.21132
https://doi.org/10.1016/j.ajog.2008.06.031
https://doi.org/10.1016/S0140%2D6736%2812%2960815%2D0
https://doi.org/10.1097/AOG.0000000000002355
https://doi.org/10.1080/15563650.2021.1919693
https://doi.org/10.1097/AOG.0000000000002355
https://doi.org/10.1097/AOG.0000000000002355
https://doi.org/10.1097/AOG.0000000000001485
https://doi.org/10.1097/AOG.0000000000001485
https://iris.who.int/server/api/core/bitstreams/74b12494%2Df213%2D4b5b%2D9533%2D18442147e1fb/content
https://iris.who.int/server/api/core/bitstreams/74b12494%2Df213%2D4b5b%2D9533%2D18442147e1fb/content
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1186/s40779%2D020%2D00238%2D8
https://doi.org/10.1186/s40779%2D020%2D00238%2D8
https://doi.org/10.1200/JGO.2015.002691
https://doi.org/10.4103/apjon.apjon_70_17
https://doi.org/10.1016/j.ijrobp.2018.01.020
https://doi.org/10.1016/j.ijrobp.2018.01.020
https://doi.org/10.1016/j.jmir.2020.12.005
https://doi.org/10.1186/s12903%2D021%2D01726%2D6
https://doi.org/10.5144/0256%2D4947.2022.03.03.1200
https://doi.org/10.5144/0256%2D4947.2022.03.03.1200
https://doi.org/10.1016/j.jrras.2024.100794
https://doi.org/10.7717/peerj.937
https://doi.org/10.1016/j.jrras.2025.101803
https://doi.org/10.1177/20584601221074561
https://doi.org/10.1001/jamanetworkopen.2021.28561
https://doi.org/10.1001/jamanetworkopen.2021.28561

	Perceptions and concerns regarding medical exposure to ionizing radiation in women of reproductive age: A systematic review
	Introduction
	Methods
	Study design
	Search strategies
	Quality appraisal
	Data extraction and synthesis

	Results
	Study selection
	General literature characteristics
	Radiation awareness and knowledge
	Radiation perceptions and concerns
	Communication on procedures and risks

	Discussion
	Conclusion
	Ethics approval and consent to participate
	Availability of data
	Author contributions
	Generative AI use
	Funding
	Conflict of interest statement
	Acknowledgements
	Appendix A. Supplementary data
	References


