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Abstract

Background: The exposure of patients and radiation workers to ionizing radiation is evaluated in most cases on the basis of risk
versus benefit. Any unnecessary exposure of the entire community is an unacceptable risk.
Objectives: The purpose of this paper was to assess medical interns and residents’ awareness of radiation protection in pediatric
diagnostic imaging.
Methods: This descriptive cross-sectional study was conducted on 270 medical interns and residents. Data collection was done
using a questionnaire prepared according to a literature review, with confirmed validity and reliability. After collecting and scoring
the questionnaires, the data were extracted and analyzed by descriptive statistics, independent t-test, and Pearson’s correlation
coefficient.
Results: The participants’ awareness of pediatric diagnostic imaging was 75.55% and awareness of the principles of biological ef-
fects of radiation was 62%. There was a significant difference between the awareness of residents (59.16%) and that of interns (52.22%)
(P = 0.01). The results for the two groups also showed that there was a significant difference between the level of knowledge about
the dose received during imaging in both male and female groups (P = 0.04).
Conclusions: Based on the results, in order to reduce children’s exposure to radiation, it is recommended to enhance the awareness
and knowledge of general and specialized medical students at universities and hospitals through retraining courses.
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1. Background

Nowadays, ionizing radiation plays an important role
as a diagnostic tool in the treatment of diseases and is be-
ing updated day by day, making its scope broader than ever
before (1, 2). The exposure of patients and radiation work-
ers to ionizing radiation is evaluated in most cases on the
basis of risk versus benefit (3). Any unnecessary exposure
of the entire community is an unacceptable risk.

Ionizing radiation, especially in radiography, can have
biological effects on both patients and radiation work-
ers, when exposed to radiation, and these effects could
be short-term (definite), long-term (probable), or genetic
(4). Therefore, to avoid unnecessary radiation and the
risks from ionizing radiation, there are radiation protec-
tion standards, based on which unnecessary use of these
beams is prohibited in the first place, and the necessary
uses of ionizing radiation without observing the protec-
tion principles and rules will bring about more risks and

losses than avoiding the use of radiation (5).

According to the regulations approved by the Interna-
tional Commission on Radiological Protection (ICRP) and
National Commission on Radiological Protection (NCRP),
an ionizing radiation test or therapy should be justified
for the patient and be used in a manner, by which the pa-
tient and the radiation worker are exposed to the lowest
possible level of radiation (5). To this aim, one of the pro-
tection programs abbreviated as ALARA (as low as reason-
ably achievable) has been placed forward for the protec-
tion of patients, radiation workers, and the entire commu-
nity against radiation. Based on this principle, a risk is
highly linear and without any threshold (6). All individ-
uals, with no exception, are constantly and naturally ex-
posed to ionizing radiation, which is called background
radiation. Various sources of background radiation, affect
cells and tissues from outside or inside the body (7).

According to the ICRP Act, an effective dose is a quan-
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tity that respects biological effects of various types of tissue
in addition to the biological effects of a variety of beams
(8). The most important issue for ordinary people in the
community is protecting them from the risks and genetic
waste of ionizing radiation, which is underlined by the
rules and regulations of national and international asso-
ciations, to reach a further reduction of the genetic dose.
In diagnostic radiography, the goal is to draw conclusions
with the help of imaging, which is worthwhile in protect-
ing the health of the patient far more than the risk of ra-
diation (9). Those, who are at the greatest risk of X-rays
are children and pregnant females (10). Since the level of
knowledge of physicians and those involved in diagnostic
tests, using ionizing radiation for children is unclear, the
purpose of this paper was to assess the awareness of medi-
cal interns and residents of pediatric diagnostic imaging.

2. Methods

In this descriptive cross-sectional study, a question-
naire addressing radiation effects on the body of living
organisms and the principles of protection against radia-
tion was distributed among medical interns and residents
at university hospitals of Ahvaz Jundishapur University of
Medical Sciences. The research plan was approved by the
Ethics Committee of Ahvaz Jundishapur University, with
the ethical code of IR.AJUMS.REC.1393.170.

2.1. Inclusion and Exclusion Criteria

The questionnaires were distributed among 300 med-
ical residents and interns, between 7th and 22nd of June
2016.

2.2. Questionnaires

The questionnaire consisted of 15 questions on differ-
ent topics (supplementary file Appendix 1), which were
based on previous studies and verified by the faculty mem-
bers of the Radiology Technology Department of Ahvaz
Jundishapur University of Medical Sciences (11, 12). It dealt
with a general understanding of the community’s aware-
ness of the concepts of radiation protection and the asso-
ciated risks in conventional pediatric imaging. The ques-
tionnaire consists of two parts. The first part was dedi-
cated to demographic information while the second part
involves questions about radiation, during pediatric imag-
ing. The demographic information section consists of
three parts (age, gender, and degree of education). In the
second part of the questionnaire, questions regarding the
absorbed dose, the most sensitive limb for radiation, and
the risks of computerized tomography (CT) for children, as
a factor for future cancer, were included.

2.3. Statistical Tests

The scoring was as follows: correct answers) one,
wrong answers) zero, and unanswered questions) two. The
reliability of the questionnaire was verified by the SPSS
software, using Cronbach’s alpha coefficient (α = 0.78).
After collecting and scoring the questionnaires, the data
were extracted and analyzed using SPSS software and de-
scriptive statistics, independent t-test, and Pearson corre-
lation coefficient.

3. Results

A total of 300 medical interns and residents completed
270 questionnaires (90%) and 30 questionnaires were ex-
cluded. Out of these 270 individuals, 170 females and 100
males with a mean age of 29.1 ± 5.37 (63% and 37%, respec-
tively) constituted the total population (Table 1).

The results of the responses to the questionnaires
showed that the participants’ awareness of pediatric diag-
nostic imaging was 75.55%. There was a significant differ-
ence between the residents’ knowledge (59.16%) and that
of the interns (52.22%) (P = 0.01) (Figure 1)

The participants’ awareness of the effects of ionizing
radiation on body organs was 60.4%. The results also
showed that awareness of the principles and rules of pro-
tection was 24.4%. Among the respondents, 15.9% did not
recognize the non-ionizing nature of the magnetic reso-
nance imaging (MRI) test. Considering the advent of CT
scan tests and the induction of cancer by abdominal CT
(13, 14), 51.5% of the respondents did not know the risk of
this test compared to other diagnostic tests. About two-
thirds (62%) of the physicians were reported to be aware of
the principles of biological effects of radiation. The results
of t-test for two independent groups indicated that there
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Figure 1. The comparison of the two groups’ awareness of pediatric diagnostic
imaging
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Table 1. The Participants

Participants Residents (N = 130) Interns (N = 140) Total (N = 270)

Age (mean ± SD) 33.65 (5.3) 26.07 (1.26) 29.1 (5.37)

Age range 24 - 45 24 - 30 24 - 45

Gender (Female %) 80 64.3 63

was a significant difference between the level of knowl-
edge of the principles of biological effects of radiation in
two groups of general practitioners and specialists (P =
0.01). The percentage of correct answers to questions in
each group is shown in Figure 2 and Table 2.

About three-fourths (74.58%) of the participants stated
that they were trained in radiation protection through ed-
ucation at universities and hospitals, and 78.6% by attend-
ing pediatric care conferences and workshops. When per-
forming a diagnostic test, 55.9% of the respondents in-
formed their patients about the side effects of radiation. In
addition, there was a significant difference in the level of
awareness of pediatric diagnostic imaging between male
and female participants (by gender) (P = 0.04).

4. Discussion

Physicians’ awareness of diagnostic tests for patients
is important because they are directly involved in the pa-
tient’s imaging. The radiation of the patients is often per-
formed by X-ray diagnostic imaging, and by avoiding un-
necessary imaging and repeated imaging tests by training,
through which the amount of the radiation received by pa-
tients is reduced.

The results of this study indicate that the amount of
physicians’ knowledge is not the same in different fields
of imaging. That is, 26.7% of the participants had no idea
of the absorbed dose and 58.9% stated that a CT scan test
in childhood increases the risk of cancer. Today, with the
advent of CT scan devices and their new generation, ‘mul-
tislice’ CT has more doses than previous generations (15).
However, 45.6% of physicians responded correctly to this
question.

The concept of ALARA is considered as a principle in
imaging tests, according to which any imaging of children
should be justified in terms of justification and, in fact, the
benefit of the test is greater than its risk. Therefore, physi-
cians need to be aware of the risks of each imaging, so they
can prescribe the best and safest diagnosis to reduce in-
juries to the patient. According to this study, the statistical
population did not have enough awareness of this princi-
ple, and only 24.4% of the community were aware of this
principle. In the study of Salerno et al. (16), 27% of the com-

munity was aware of this principle, which is similar to the
current study in this regard.

A comparison of this study with other studies shows
that physicians’ knowledge of radiation doses and the
risks of current diagnostic tests in Iran was not sufficient in
2016, and this can be improved through purposeful train-
ing (17). Salerno et al. (16) addressed the risks of chil-
dren’s exposure to radiation among pediatric residents
in Italy. They showed that physicians’ awareness of the
non-ionizing nature of the MRI test was 79% and high-
lighted the need for implementation of protective training
courses for physicians to raise their awareness in this re-
gard. The results of this study are the same as that of the
current study in terms of knowledge of the non-ionizing
nature of MRI.

Gunalp et al. (12) found that the knowledge of medi-
cal interns, residents, and radiologists in Turkey was not
satisfactory. Similarly, Thomas et al. (11) stated that ra-
diation from diagnostic imaging is an insignificant issue
among physicians, and their awareness is poor in this re-
gard. Unlike other studies, Heyer et al. (18) showed that the
level of awareness of pediatric residents in Germany has in-
creased. Soye and Paterson (19) admit that physicians need
to be trained in diagnostic radiation. Keijzers and Britton
(20) examined the knowledge of emergency department
physicians and found that their overall knowledge of di-
agnostic imaging was poor. A study by Rahman et al. in
Pakistan in 2008 on cardiovascular specialists during an-
giography and its protection showed that 93% of the sam-
ple knew about lead shields and used lead coveralls (21). A
recent study in Italy showed that the knowledge of radiol-
ogy specialists, radiology students, and medical students
is limited with regards to protection from ionizing radia-
tion (22). One important point to note here is that inform-
ing parents of the harms and risks of diagnostic imaging
before performing tests on their children, should be con-
sidered ethically and legally.

The questionnaire used in this study was confirmed to
be valid and reliable and provides the basics for protect-
ing children against diagnostic imaging tests. The partic-
ipants surveyed in this study do not represent the entire
medical population, yet given the high rate of answers to
the questions, it is almost possible to say that statistics are
consistent with reality.
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Figure 2. The Relationship between the percentage of correct answers given by medical practitioners and medical assistants

Table 2. Statistical Distribution of Answers to Questionnaire Questions

Questions/Answer Residentsa Internsa

1. Absorbed dose Pelvic CT has a higher risk for the baby

Correct 82 (63.1) 103 (73.6)

Wrong 38 (29.2) 34 (24.3)

2. Non-ionizing nature of MRI

Correct 128 (98.5) 95 (67.9)

Wrong 1 (0.8) 42 (30)

3. Total body MDCT emits the maximum radiation dose

Correct 75 (57.7) 68 (48.6)

Wrong 46 (35.4) 56 (40)

4. Abdominal X-Ray has a lower risk for the baby

Correct 77 (59.2) 67 (47.9)

Wrong 47 (36.2) 60 (42.9)

5. Pelvic CT has a higher risk for the baby

Correct 60 (46.2) 55 (39.3)

Wrong 67 (51.5) 72 (51.4)

6. Weight is an important indicator of the effect of the dose received by patients

Correct 92 (70.8) 58 (41.4)

Wrong 37 (28.5) 72 (51.4)

7. The ‘multislice’ CT technology allows imaging from children at a faster rate. The radiation dose of this device is higher than that of a single-slice helical scanner

Correct 59 (53.1) 64 (38.6)

Wrong 69 (45.4) 54 (45.7)

8. Lymphocyte is more sensitive to radiation

Correct 111 (85.4) 89 (63.6)

Wrong 15 (11.5) 47 (33.6)

9. Thyroid is the most sensitive limb to radiation

Correct 72 (55.4) 91 (65)

Wrong 57 (43.8) 48 (34.3)

10. ALARA principle refers to

Correct 39 (30) 27 (19.3)

Wrong 33 (25.4) 45 (32.1)

a Values are presented as No. (%).
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4.1. Conclusion

The results of this descriptive study showed that resi-
dents have a higher level of knowledge about pediatric di-
agnostic imaging radiation. Based on the results of this
study, it is recommended to reduce radiation exposure of
children, raise the awareness of general and specialized
medical students at universities and hospitals through re-
training courses, holding workshops and adding courses
on radiation protection and the effects of radiobiology.
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