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Abstract: Background: When exposed to equal radiation doses, the risks for children and adolescents
are more significant than for adults. Children grow quickly, and their cells are more sensitive to
radiation. After radiation exposure, children have a higher risk of developing malignancies such as
leukemia, thyroid abnormalities, and various types of cancers. The healthcare professionals’ (in this
context referring to medical doctors at all levels) awareness of imaging modalities associated with
ionizing radiation is essential to ensure optimal patient management of cooperation in dealing with
radiation exposure. Therefore, the present study is aimed to evaluate the awareness of healthcare
professionals on medical imaging-related radiation exposure in the pediatric population in our center,
Pusat Perubatan Universiti Kebangsaan Malaysia. Materials and Methods: A cross-sectional survey
was conducted among healthcare professionals using self-administered validated questionnaires in a
university hospital for a duration of seven months. Healthcare professionals of all levels participated
in this survey. Results: A total of 145 healthcare professionals participated in this study. More than half
of the respondents are house officers, 57.2% (n = 83). Results indicated that only 6 out of 145 healthcare
professionals who participated in this survey had attended a radiation protection course. This survey
showed that 37.2% of the respondents were unaware that chest radiographs would expose patients to
ionizing radiation. Finally, results also indicated that senior doctors (21 out of 24 participants) showed
better awareness of radiation protection knowledge. Conclusions: In general, healthcare professionals
in our institution are inadequate in awareness of medical radiation exposure, particularly among
house officers. However, the awareness of radiation safety and exposure improves with the number
of years of clinical practice. We propose that some younger healthcare professionals do not take
radiation safety seriously. Moreover, we would like to suggest all healthcare professionals must
attend a radiation safety course, as we expect this will improve patient outcomes.

Keywords: pediatric; radiation protection; healthcare professional

1. Introduction

Hiroshima and Nagasaki are the most significant nuclear disasters in human his-
tory, providing clear evidence that ionizing radiation is a human carcinogen. Data show
significant increases in the blood, breast and other cancers have been observed in the
bomb survivors [1]. These epidemiological studies have also demonstrated that exposure
to ionizing radiation during childhood may increase cancer risk compared with adults,
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pointing toward higher sensitivity to radiation-induced cancers in the pediatric population.
Among exposed children, the incidence of leukemia rose dramatically just a few years after
exposure [2]. Studies from the Chornobyl incident further expanded our knowledge on
the increased sensitivity of children to ionizing radiation, as indicated by the substantial
increase in the relative risk of thyroid cancer in children exposed to high thyroid doses
(over 1 Gy) in their childhood [3,4]. Therefore, it is now generally accepted that children are
more sensitive to radiation than adults, specifically with a higher relative risk of cancers,
including leukemia, brain, breast, skin, and thyroid cancers following exposure [3,5]. This
is partly because of the radiosensitivity of their developing organs and tissues [6,7]. Addi-
tionally, the longer post-exposure life expectancy increases the lifetime risks of developing
radiation-induced malignancies [8–10]. This is becoming important because 70% to 80% of
all children diagnosed with cancer have long-term survival [5,11,12].

Technology in medical imaging has increased dramatically in the recent decade. With
the growth in availability, diagnostic radiological imaging requests have also increased in
recent years [13,14]. From 1997 to 2007, more than 3.6 billion diagnostic medical imaging
were performed annually worldwide [13,15]. Approximately 3–10% of all radiological
procedures were performed in children with variable frequency among countries [13,16].
Some medical imaging is associated with ionizing radiation, such as general radiography,
computed tomography (CT) and fluoroscopy [16]. Based on a report from the American
Cancer Society [12], the US Food and Drug Administration (FDA) estimates that exposure
to 10 mSv from an imaging test would be expected to increase the risk of death from
cancer by about 1 chance in 2000 [17,18]. Knowing this, the application of the radiation
protection principles proposed by the International Commission on Radiological Protection
(ICRP) has become more critical, particularly for the pediatric population [19,20]. In this
context, the radiation protection principles refer to justification, optimization, and a system
of dose limits [5,21]. Radiological medical practitioners (RMP) [13], such as radiologists,
often enforce radiation protection principles. However, the referrer’s role in upholding
these principles is equally important. “Referrer” refers to a healthcare professional who
requests diagnostic medical imaging [14], such as a pediatrician or pediatric surgeon.
The referrer could reduce the radiation dose received by patients through discussion with
RMP on the most suitable and the safest radiological examination to be performed [18].
In the whole manuscript, healthcare professionals in this context refer to medical doctors,
including consultants, specialists, medical officers, and house officers. The present study’s
house officer refers to a medical practitioner undergoing internship training under the
Medical Act 1971.

A previous study by Quinn et al., 1997 shows that despite the POPUMET regulations,
most clinicians have not received adequate radiation protection teaching. Even if a course
has been attended, overall knowledge is still poor [22]. Another study also shows the
same results, suggesting that the level of radiation protection awareness among health
care professionals is insufficient to ensure patient and worker safety [23]. With increased
public awareness of medical radiation exposure, communication between the healthcare
professional and patient (in this context, refers to parent or caretaker) is essential [19].
Healthcare professionals should be knowledgeable and be able to explain to the patients
about radiation risk.

Furthermore, patients have the right to know the radiation dose they receive for every
imaging procedure [20]. F. Ria et al. reported that 56.4% of the patient respondents in the
study did not know about ionizing radiation-related imaging modalities [9]. Moreover,
to protect patients from an excessive radiation dose, there is a paradigm shift from the
concept of radiation protection through nationwide collection and reduction in radiation
dose to individual dose and exposure tracking [24]. In 2006, the International Atomic
Energy Agency (IAEA) introduced the Smart Card project to track cumulative radiation
doses [25]. This program facilitates both clinicians and radiologists to decide on suitable
imaging modalities for patients [26–29].
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All departments can request these diagnostic examinations in our institution, and all
are submitted and endorsed by the Radiology Department. Therefore, it is crucial to
evaluate the level of awareness among healthcare professionals on medical radiation
exposure used in the pediatric population in our institution. In addition, we also include a
survey to determine the respondents’ opinion on the initiation of a cumulative radiation
dose-tracking program for pediatric patients.

2. Materials and Methods

A cross-sectional survey was conducted among healthcare professionals using self-
administered questionnaires in a university hospital for seven months, from June 2020
to December 2020. The study protocol (FF-2018-439) was approved by an institutional,
local ethics committee. The main objective of this study is to determine the level of
knowledge among healthcare professionals on medical radiation exposure used in the
pediatric population.

2.1. Study Population

A total of 145 healthcare professionals of all levels, including consultants, specialists,
medical officers and house officers involved in the management (either directly, indirectly
or with prior experience) of pediatric patients, were included in this study. We had sent
250 invitations to health professionals to respond to our study in our institution, Pusat
Perubatan Universiti Kebangsaan Malaysia.

In particular, house officers were invited to participate, as pediatric attachment is
compulsory for internship training in this country (Malaysia) with a minimum of 4 months.
To achieve a confidence level of 95% with a tolerated margin of error within 5%, the total
number of respondents needed was 108 doctors. Any healthcare professionals who refused
to give consent or sent incomplete questions were excluded from this study.

2.2. Questionnaire

The questionnaire was designed with joint input from all authors, which included
two pediatric radiologists, a physicist, and a biostatistician. The question was based on
a previous similar study by Kew et al., 2012 [27]. The questionnaire was piloted using
other medical professionals, such as radiographers, whose work involved radiation. It was
composed of questions that required a simple tick and short answer. The knowledge-based
questions were deemed statistically reliable and valid for the objectives. The internal
consistency test’s reliability analysis was acceptable with a Cronbach’s alpha value of 0.775
(95% CI: 0.727–0.818). The validity testing was analyzed using the item difficulty index, item
discrimination index, and exploratory factor analysis. It showed that the knowledge-based
questions had different difficulty levels with acceptable discriminating characteristics.

The questionnaire was divided into two sections. In Section A, respondents were asked
questions regarding demographic information. For example, gender, years of experience in
medical service, specialty, and respondents’ experience attending a radiation protection
course. In Section B, there were 17 knowledge-based questions. The first question was on
the perception of cancer risk in children exposed to a single abdominal CT scan. Subse-
quently, there were 11 questions related to the identification of medical imaging associated
with ionizing radiation. The last 5 questions were related to the estimation of effective doses
in terms of a chest radiograph equivalent for commonly used radiological imaging in the
pediatric population. There were questions to determine the presence of communication
between pediatric healthcare professionals, parents and caretakers on ionization radiation
risk as well as to ascertain the respondents’ agreement on the radiation-tracking program.

2.3. Data Collection

This study was carried out from 1 June 2020 to 31 December 2020. Self-administered
questionnaires were distributed to the healthcare professionals via a Google sheet form or
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hardcopy during this period. The respondents were requested to answer all the questions
in one setting without any references.

2.4. Analysis and Statistical Method

Statistical analysis was performed using IBM SPSS Version 22. Descriptive analyses
such as frequency and percentage were used to determine the level of knowledge on
ionizing radiation-related imaging modalities, effective dose estimation, and cancer risk
perception. To evaluate the overall level of knowledge, an arbitrary one point was given
to each correctly answered knowledge-based question. No points were awarded for an
incorrect answer. Then, further analyses were performed using chi-square and Spearman’s
correlation. These analyses were used to determine whether there was an association
between knowledge level and different variables such as gender and respondents’ years of
service in the medical field. The statistical significance level was set as a p-value < 0.05.

3. Results
3.1. Respondents’ Socio-Demographic Characteristics and Prior Experience on Radiation
Protection Concept

A total of 145 healthcare professionals participated in this study (n = 145), with 100 fe-
male participants (69%) and 45 male participants (31%). House officers made up 57.2% of
the total respondents (n = 83). The remaining respondents included 38 medical officers
and 24 specialists. More than 25% of the participants (n = 41) were from pediatric and
pediatric surgery specialties (Table 1). Results also indicated that 27 respondents (18.6%)
were reported to have heard of radiation protection principles, for example, as low as rea-
sonably achievable (ALARA). However, only 6 participants (4.1%) out of the 145 healthcare
professionals had formally attended a radiation protection course.

Table 1. Distribution of respondents’ specialty/current posting.

Specialties/Current Posting Number of Participants Percentage (%)

Pediatric 31 21.4
Pediatric Surgery 10 6.9

Medical 28 19.3
General Surgery 18 12.4

Obstetrics and Gynecology 6 4.1
Orthopedic 14 9.7

ENT 7 4.8
Ophthalmology 1 0.7

Oncology 1 0.7
Family Medicine 3 2.1

Other 26 17.9

Total 145 100.0

3.2. Perception of Cancer Risk in the Pediatric Population and Awareness of Medical Imaging
Related Radiation Exposure

On the perception of cancer risk in the pediatric population, only 33.8% of the total
respondents (n = 49) agreed that the lifetime risk of cancer is higher than in adults as a result
of exposure to a single abdominal CT. In the present study, medical imaging is divided
into non-ionizing and ionizing radiation-related medical imaging. Non-ionizing medical
imaging refers to imaging not associated with ionizing radiation, namely ultrasound and
magnetic resonance imaging (MRI). The chest radiograph is a commonly requested ionizing
radiation-related medical scan in our center. More than 35% of the total respondents were
unaware that performing chest radiographs would expose pediatric patients to ionizing
radiation (Table 2). Results also show that more than 70% of the respondents correctly
answered that an abdomen ultrasound, a spine ultrasound, and a lower limb Doppler
ultrasound used a non-ionizing imaging modality. However, some respondents failed to
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recognize that these examinations belong to the same modality used to investigate different
body parts (Table 3). Most of the respondents (more than 50%) answered no to the questions
they did not know or were unsure about (wrong answer).

Table 2. Summary of questionnaire responses on ionizing radiation-related medical imaging.

Questions Number of Respondents

1. Chest Radiograph Uses Ionising Radiation?
Yes 91 (62.8%)
No/Unsure 54 (37.2%)

2. Upper Gastrointestinal Fluoroscopic Study Uses Ionising Radiation?
Yes 86 (59.3%)
No/Unsure 59 (40.7%)

3. CT Thorax Uses Ionising Radiation?
Yes 115 (79.3%)
No/Unsure 30 (20.7%)

4. Tc-99m Meckel Scan Uses Ionising Radiation?
Yes 87 (60.0%)
No/Unsure 58 (40.0%)

5. HRCT Temporal Bone Uses Ionising Radiation?
Yes 101 (69.7%)
No/Unsure 44 (30.3%)

6. Diagnostic Cerebral Angiogram Uses Ionising Radiation?
Yes 84 (57.9%)
No/Unsure 61 (42.1%)

Table 3. Summary of questionnaire responses on dose-saving medical imaging.

Questions Number of Respondents

1. Ultrasound Abdomen Uses Ionising Radiation?
No 110 (75.9%)
Yes/Unsure 35 (24.1%)

2. MRI Brain Uses Ionising Radiation?
No 74 (51.0%)
Yes/Unsure 71 (49.0%)

3. Ultrasound Spine Uses Ionising Radiation?

No 110 (75.9%)

Yes/Unsure 35 (24.1%)

4. Ultrasound Doppler Lower Limb Uses Ionising Radiation?
No 108 (74.5%)
Yes/Unsure 37 (25.5%)

3.3. Effective Dose Estimation

Less than a quarter of the respondents could correctly estimate the effective dose
for some commonly requested imaging in an average 5-year-old child. This imaging
included CT head, CT chest, CT abdomen, FDG PET CT, Tc-99m bone scan and fluoroscopic
cystogram (Table 4).
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Table 4. The number of respondents that correctly estimated the chest radiograph equivalent effective
dose for ionizing radiation-related medical imaging in an average 5-year-old child.

Imaging Number of Respondents Percent (%)

CT head
(100 chest radiographs) 41 28.3

CT chest
(150 chest radiographs) 39 26.9

CT abdomen
(185 chest radiographs) 25 17.2

FDG PET CT
(765 chest radiographs) 25 17.2

Tc-99 bone scan
(300 Chest Radiographs) 17 11.7

Fluoroscopic cystogram
(16 chest radiographs) 22 15.2

3.4. Overall Knowledge of Medical Imaging Radiation Exposure in the Pediatric Population

The median score for the 17-item knowledge-based questions was 9.0. Authors arbitrar-
ily set the satisfactory knowledge level as respondents who could answer more than eight
knowledge-based questions (out of 17). Only 78 participants (53.8%) achieved satisfactory
knowledge levels, with a significant association demonstrated between the respondents’
seniority and their level of knowledge (Spearman Correlation = 0.378, p-value = 0.000).
In general, specialists and medical officers had better awareness than house officers on
medical imaging-related radiation exposure for the pediatric population (Table 5). Sim-
ilarly, healthcare professionals with more than ten years of experience showed better
awareness of medical imaging-related radiation exposure. (Spearman Correlation = 0.379,
p-value = 0.000) (Table 6). This present study also showed that pediatric and pediatric
surgery specialty respondents had better knowledge of this subject matter than other
specialties (Pearson’s chi-square = 19.520, p-value = 0.000) (Table 7). No association was
demonstrated between the level of knowledge or gender in this study.

Table 5. Number of respondents who achieved a satisfactory score according to professional’s grade.

Professional’s Grade
Level of Knowledge

(Out of 17 Knowledge-Based Questions) Total
=/<8 >8

House officer 51 32 83 (57.93%)
Medical officer 13 25 38 (26.20%)

Specialist/consultant 3 21 24 (16.55%)

Total 67 78 145

Table 6. Number of respondents who achieved satisfactory scores according to years in service.

Years in Service

Level of Knowledge
(Out of 17 Knowledge-Based Questions) Total

=/<8 >8

<5 years 51 33 84 (57.93%)
5–10 years 14 23 37 (26.20%)
>10 years 2 22 24 (16.55%)

Total 67 78 145
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Table 7. Comparison of knowledge levels between pediatric and pediatric surgery respondents and
other specialties.

Specialties
Level of Knowledge

(Out of 17 Knowledge-Based Questions) Total
=/<8 >8

Pediatric/pediatric surgery 7 34 41 (28.28%)
Other specialties 60 44 104 (71.72%)

Total 67 78 145

3.5. Communicating Radiation Risk

Lack of communication between healthcare professionals and patients regarding ioniz-
ing radiation dose exposure and the associated risk was highlighted by A. Ribeiro et al. [16].
In our study, it was reported that only 63.4% of the healthcare professional respondents
explained the associated risks of radiological examinations to parents and caretakers. Gen-
erally, healthcare professionals who have better knowledge of this subject matter tend to
explain to parents and caretakers, as they are more likely to realize the importance of risk
communication (Spearman’s correlation = 0.193, p-value = 0.020), refer Table 8.

Table 8. Number of respondents who explained to parents the risks associated with radiological
examination according to the level of knowledge.

Do You Explain to Parents the
Radiological Examination Risk?

Level of Knowledge
(Out of 17 Knowledge-Based Questions) Total

=/<8 >8

Don’t know 11 2 13
No 17 23 40
Yes 27 65 24

Total 55 90 145

4. Discussion
4.1. Awareness of Non-Ionizing and Ionizing Radiation Related Imaging Modalities

Plain radiography, such as chest radiograph, is frequently requested for the pediatric
population in our center. Even though the individual’s radiation risk is low for plain
radiography, considerable collective risk cannot be ignored [30]. Surprisingly, more than
35% of the respondents were unaware that chest radiography would expose pediatric
patients to ionizing radiation.

Non-ionizing modalities such as ultrasonography and MRI are preferred in the pe-
diatric population whenever indicated and available [13]. Approximately 75% of the
respondents were aware that an abdominal ultrasound, a lower limb Doppler ultrasound,
and spinal ultrasound use a non-ionizing imaging modality. However, this result was
less than the result found in a study by T. Y. Kew et al. [28], which revealed 96% of their
respondents were able to identify ultrasound as a non-ionizing procedure. There are also re-
spondents (n = 10) that failed to recognize an abdominal ultrasound, a lower limb Doppler
ultrasound, and spinal ultrasound as having the same physical properties. It is alarming
that only 49% of our respondents realized that MRI is non-ionizing compared with 66% in
the study mentioned above. A postulated explanation for this is that our current under-
graduate medical education focuses more on disease recognition with a lack of emphasis on
radiation protection elements, as indicated in a previous study from other institutions [18].

4.2. Dose Estimation and Awareness of Cancer Risk

To communicate with the public about radiation used in medical imaging, a compar-
ison with the effective dose concept might be useful [20]. For example, expressing the
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effective dose in multiple commonly known examinations such as the chest radiograph [20].
Less than 15% of the respondents in this study could correctly estimate the effective dose
of commonly requested imaging procedures for pediatric patients. In addition, only 41.9%
of the respondents realized that ionizing radiation would increase the lifetime risk of devel-
oping cancer among pediatric patients. One possible explanation is that our respondents
had no prior exposure to medical radiation information and were unaware of radiation
protection principles. This is evidenced as more than 95% of the respondents had never
attended a formal radiation protection course. About 80% of them were unaware of the
ALARA concept. This is similar to the study by Al-Rammah [2] that reported 85% of their
pediatrician respondents were also unfamiliar with the ALARA concept.

4.3. Overall Knowledge of Medical Imaging Radiation Exposure in the Pediatric Population

It was reported that only 53.8% of the total respondents had satisfactory knowledge
levels. It is worth noting that junior doctors, particularly house officers, showed low
awareness of this subject matter. This needs to be addressed as they are involved in
explaining medical imaging to the parents and caretakers.

There is a significant association between respondents’ professional grade as well as
years in service and their level of knowledge. Hence, it is instead assuring that specialists
and medical officers showed better awareness of the subject matter than house officers.
One possible reason postulated was that experience gained over the years during medical
practice would improve knowledge level in addition to more communication with RMP
that could have transferred the radiation knowledge when discussing the best imaging
modality for their patients’ management.

We recommend that healthcare professionals, especially junior doctors, be educated on
medical imaging-related radiation exposure and radiation protection principles. This could
be implemented through participation in a radiation protection course organized by the ra-
diology department. In addition, to ensure senior doctors, particularly specialists, are more
aware of their role as referrers, radiation protection principles could be incorporated into
the undergraduate and postgraduate medical syllabi [28]. Most countries make it compul-
sory for healthcare professionals to attend a radiation protection course. Some countries
also expect their healthcare professionals to pass the radiation protection examination.

4.4. Acceptance of Medical Radiation Tracking Program among Healthcare Professionals

Approximately 90% of the health professionals in this study support a medical
radiation-tracking program, which helps them decide on a more suitable radiological
examination, trace old examination records, as well as prevent unnecessary and repetitive
examinations. For effective radiation dose tracking, the ultimate way is to implement a
radiation-tracking program. This study has shown that our respondents were supportive
of this program. Thus, a further plan should be implemented to have this program in place
in the future.

4.5. Limitation

The present study used convenience sampling, which may result in sampling bias.
The larger sample size from senior doctors, such as medical officers and specialists, would
better represent the overall knowledge level. In addition, this study was conducted in
one center (in a single university hospital); hence, the result may not be representative
of the whole country. The results could not be transposed to other hospitals in different
countries. However, results are at least significant for the hospital we are working in and
may help raise awareness of radiation protection and support the importance of education
on radiation protection. A multi-center survey is recommended for future studies to
generate a more representative result.
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5. Conclusions

Only half of the respondents achieved a satisfactory knowledge level, with a significant
association between the respondents’ seniority and their level of knowledge. Therefore,
there is an urgent need for a change in the education of medical students and young
doctors to improve awareness of radiation exposure in diagnostic radiological examinations.
Furthermore, incorporating radiation protection principles in the undergraduate medical
student curriculum is advisable to equip our future doctors with this knowledge.

Author Contributions: Conceptualization, C.G.N.; methodology, C.G.N. and H.A.M.; software,
C.G.N.; validation, C.G.N. and H.A.M.; formal analysis, C.G.N.; investigation, C.G.N.; resources,
C.G.N.; data curation, C.G.N.; writing—original draft preparation, C.G.N.; writing—review and
editing, C.G.N. and H.A.M.; visualization, H.A.M.; supervision, F.M.Z., R.Z. and H.A.M.; project
administration, R.Z. and F.M.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Universiti
Kebangsaan Malaysia (FF-2018-439) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. The patient(s) has obtained written informed consent to publish this paper if applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We thank Boektiar for providing insight and ideas.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Douple, E.B.; Mabuchi, K.; Cullings, H.M.; Preston, D.L.; Kodama, K.; Shimizu, Y.; Fujiwara, S.; Shore, R.E. Long-term radiation-

related health effects in a unique human population: Lessons learned from the atomic bomb survivors of Hiroshima and nagasaki.
Disaster Med. Public Health Preparedness 2011, 5 (Suppl. S1), S122–S133. [CrossRef] [PubMed]

2. Wa, B. Epidemiologic impact of children with brain tumors. Childs Nerv. Syst. 1999, 15, 758–763.
3. Kutanzi, K.R.; Lumen, A.; Koturbash, I.; Miousse, I.R.; Solo-Gabriele, H.; Ferguson, A. Pediatric Exposures to Ionizing Radiation:

Carcinogenic Considerations. Int. J. Environ. Res. Public Health 2016, 13, 1057. [CrossRef] [PubMed]
4. Cardis, E.; Hatch, M.; Cardis, E. The Chernobyl accident-an epidemiological perspective. Clin. Oncol. 2011, 23, 251–260. [CrossRef]
5. Kleinerman, R.A. Cancer risks following diagnostic and therapeutic radiation exposure in children. Pediatr. Radiol. 2006, 36,

121–125. [CrossRef]
6. Tong, J.; Hei, T.K. Aging and age-related health effects of ionizing radiation. Radiat. Med. Prot. 2020, 1, 15–23. [CrossRef]
7. Effects of Radiation Exposure of Children—Japan|ReliefWeb. Available online: https://reliefweb.int/report/japan/effects-

radiation-exposure-children (accessed on 8 May 2022).
8. Shah, D.J.; Sachs, R.K.; Wilson, D.J. Radiation-induced cancer: A modern view. Br. J. Radiol. 2012, 85, e1166. [CrossRef]
9. Radiation Health Effects|US EPA. Available online: https://www.epa.gov/radiation/radiation-health-effects (accessed on

8 May 2022).
10. Radiation Risks and Pediatric Computed Tomography—NCI. Available online: https://www.cancer.gov/about-cancer/causes-

prevention/risk/radiation/pediatric-ct-scans (accessed on 8 May 2022).
11. Childhood Cancer. Available online: https://www.who.int/news-room/fact-sheets/detail/cancer-in-children (accessed on

8 May 2022).
12. X-rays, Gamma Rays, and Cancer Risk. Available online: https://www.cancer.org/healthy/cancer-causes/radiation-exposure/

x-rays-gamma-rays.html (accessed on 8 May 2022).
13. WHO. Communicating Radiation Risks in Paediatric Imaging—Information to Support Healthcare Discussions about Benefit and Risk;

World Health Organization: Geneva, Switzerland, 2016; ISBN 9789241510349. Available online: https://www.who.int/data/
gho/data/themes/topics/topic-details/GHO/world-health-statistics (accessed on 8 May 2022).

14. Al-Rammah, T.Y. CT Radiation Dose Awareness among Paediatricians. Ital. J. Pediatr. 2016, 42, 77. [CrossRef]
15. UNSCEAR. UNSCEAR 2008 Report. Sources and Effects of Ionizing Radiation. Volume I: Sources: Report to the General Assembly,

Scientific Annexes A and B; United Nations Scientific Committee on the Effects of Atomic Radiation: New York, NY, USA, 2010;
Available online: http://www.unscear.org/unscear/en/publications/2010.html (accessed on 8 May 2022).

http://doi.org/10.1001/dmp.2011.21
http://www.ncbi.nlm.nih.gov/pubmed/21402804
http://doi.org/10.3390/ijerph13111057
http://www.ncbi.nlm.nih.gov/pubmed/27801855
http://doi.org/10.1016/j.clon.2011.01.510
http://doi.org/10.1007/s00247-006-0191-5
http://doi.org/10.1016/j.radmp.2020.01.005
https://reliefweb.int/report/japan/effects-radiation-exposure-children
https://reliefweb.int/report/japan/effects-radiation-exposure-children
http://doi.org/10.1259/bjr/25026140
https://www.epa.gov/radiation/radiation-health-effects
https://www.cancer.gov/about-cancer/causes-prevention/risk/radiation/pediatric-ct-scans
https://www.cancer.gov/about-cancer/causes-prevention/risk/radiation/pediatric-ct-scans
https://www.who.int/news-room/fact-sheets/detail/cancer-in-children
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/x-rays-gamma-rays.html
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/x-rays-gamma-rays.html
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/world-health-statistics
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/world-health-statistics
http://doi.org/10.1186/s13052-016-0290-3
http://www.unscear.org/unscear/en/publications/2010.html


Int. J. Environ. Res. Public Health 2022, 19, 6260 10 of 10

16. UNSCEAR. UNSCEAR 2013 Report. Sources, Effects and Risks of Ionizing Radiation. Volume II: Scientific Annex B: Effects of Radiation
Exposure of Children; United Nations Scientific Committee on the Effects of Atomic Radiation: New York, NY, USA, 2013; Available
online: https://www.unscear.org/unscear/en/publications/2013_1.html (accessed on 8 May 2022).

17. Allisy-Roberts, P.J.; Williams, J.R. Farr’s Physics for Medical Imaging, 2nd ed.; Saunders, W.B., Ed.; Elsevier: Amsterdam, The Netherlands,
2008; ISBN 9780702028441.

18. McCollough, C.H.; Bushberg, J.T.; Fletcher, J.G.; Eckel, L.J. Answers to Common Questions about the Use and Safety of CT Scans.
Mayo Clin. Proc. 2015, 90, 1380–1392. [CrossRef]

19. Dauer, L.T.; Thornton, R.H.; Hay, J.L.; Balter, R.; Williamson, M.J.; St Germain, J. Fears, Feelings, and Facts: Interactively
Communicating Benefits and Risks of Medical Radiation with Patients. Am. J. Roentgenol. 2011, 196, 756–761. [CrossRef]

20. Kotian, R.P.; Sukumar, S.; Kotian, S.R.; David, L.R. Perception of Radiation Awareness among Patients in South Indian Population—
A Qualitative Study. Int. J. Sci. Res. 2012, 2, 373–375. [CrossRef]

21. Ria, F.; Bergantin, A.; Vai, A.; Bonfanti, P.; Martinotti, A.S.; Redaelli, I.; Invernizzi, M.; Pedrinelli, G.; Bernini, G.; Papa, S.; et al.
Awareness of Medical Radiation Exposure among Patients: A Patient Survey as a First Step for Effective Communication of
Ionizing Radiation Risks. Phys. Med. 2017, 43, 57–62. [CrossRef]

22. Quinn, A.D.; Taylor, C.G.; Sabharwal, T.; Sikdar, T. Radiation protection awareness in non-radiologists. Br. J. Radiol. 1997, 70,
102–106. [CrossRef]

23. Algohani, K.A.; Aldahhasi, A.A.; Algarni, A.H.; Amrain, K.Y.; Marouf, M.A. Awareness of Radiation Protection Measures among
Radiologists and Non-Radiologists. Egypt. J. Hosp. Med. 2018, 70, 371–375. [CrossRef]

24. Lee, C.; Lee, S.S.; Kim, J.E.; Symkhampha, K.; Lee, W.J.; Huh, K.H.; Yi, W.J.; Heo, M.S.; Choi, S.C.; Yeom, H.Y. A Dose Monitoring
System for Dental Radiography. Imaging Sci. Dent. 2016, 46, 103–108. [CrossRef]

25. Rehani, M.M.; Frush, D.P.; Berris, T.; Einstein, A.J. Patient Radiation Exposure Tracking: Worldwide Programs and Needs—Results
from the First IAEA Survey. Eur. J. Radiol. 2012, 81, e968–e976. [CrossRef]

26. Rehani, M.M. Patient Radiation Exposure and Dose Tracking: A Perspective. Med. Imaging 2017, 4, 031206. [CrossRef]
27. Kew, T.Y.; Zahiah, M.; Syed Zakaria, S.Z.; Noraidatulakma, A.; Hatta, S. Doctors’ Knowledge Regarding Radiation Dose and its

Associated Risks: Cross-sectional Study in a Tertiary Hospital in Malaysia. Hong Kong J. Radiol. 2012, 15, 71–79.
28. Ribeiro, A.; Husson, O.; Drey, N.; Murray, I.; May, K.; Thurston, J.; Oyen, W. Ionising Radiation Exposure from Medical

Imaging—A Review of Patient’s (Un) Awareness. Radiography 2019, 26, e25–e30. [CrossRef]
29. Alzen, G.; Benz-Bohm, G. Radiation Protection in Pediatric Radiology. Dtsch. Arztebl. Int. 2011, 108, 407–414. [CrossRef]
30. Samuel, W.T.J.; Rumeetha, G.; Azuhairi, A.A.; Anita, A.R. Knowledge and Perception on Radiation among Medical Students in a

Malaysian Public University. Int. J. Public Health Clin. Sci. 2016, 3, 137–146.

https://www.unscear.org/unscear/en/publications/2013_1.html
http://doi.org/10.1016/j.mayocp.2015.07.011
http://doi.org/10.2214/AJR.10.5956
http://doi.org/10.15373/22778179/NOV2013/120
http://doi.org/10.1016/j.ejmp.2017.10.014
http://doi.org/10.1259/bjr.70.829.9059306
http://doi.org/10.12816/0043471
http://doi.org/10.5624/isd.2016.46.2.103
http://doi.org/10.1016/j.ejrad.2012.07.004
http://doi.org/10.1117/1.JMI.4.3.031206
http://doi.org/10.1016/j.radi.2019.10.002
http://doi.org/10.3238/arztebl.2011.0407

	Introduction 
	Materials and Methods 
	Study Population 
	Questionnaire 
	Data Collection 
	Analysis and Statistical Method 

	Results 
	Respondents’ Socio-Demographic Characteristics and Prior Experience on Radiation Protection Concept 
	Perception of Cancer Risk in the Pediatric Population and Awareness of Medical Imaging Related Radiation Exposure 
	Effective Dose Estimation 
	Overall Knowledge of Medical Imaging Radiation Exposure in the Pediatric Population 
	Communicating Radiation Risk 

	Discussion 
	Awareness of Non-Ionizing and Ionizing Radiation Related Imaging Modalities 
	Dose Estimation and Awareness of Cancer Risk 
	Overall Knowledge of Medical Imaging Radiation Exposure in the Pediatric Population 
	Acceptance of Medical Radiation Tracking Program among Healthcare Professionals 
	Limitation 

	Conclusions 
	References

