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Abstract

Background: Although many radiological examinations are requested daily to aid clinical diagnosis by the referring physician, it
should be kept in mind that ionizing radiation has adverse biological effects on the life of living organisms, which may vary in indi-
viduals depending on the dose and duration of exposure. Therefore, radiologists and their assistants should have comprehensive
information about ionizing radiation.
Methods: In this descriptive cross-sectional study, all the radiology residents (41) were included in the study. The questionnaire
consisted of two parts, the first part including of demographic information and part 2 includes 21 questions about the effective
dose created by a chest X-ray, the approximate effective dose from various imaging examines, as well as the awareness of the risks of
brain, abdominal CT scans.
Results: The results showed that out of 41 residents, 56.1% were male. Based on these results, 19.5% were aware of the approximate
effective dose received by a patient on PA chest X-ray. Also, knowledge of some X-ray absorptiometry parameters based on chest
X-ray in PA position are: 12.2% abdominal CT scan, 17.1% and 2.4% brain and chest CT scan respectively. In this study the radiology
resident’s awareness about dangers of ionizing radiation and the likelihood of cancer were evaluated in 31% and 48.8% of brain and
abdominal CT scan, respectively.
Conclusions: According to the findings, awareness of radiology residents in Kermanshah university of medical sciences is at an
inappropriate level. Therefore, training is needed to raise the awareness of radiology residents by conducting several workshops.
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1. Background

Nowadays, radiology plays a significant role in modern
medicine, and many interventional and diagnostic imag-
ing techniques are performed using ionizing radiation. In
2009, an international consul reported a 7-fold increase in
ionizing radiation exposure to the USA population for diag-
nostic purposes since 1980 (1). Although, many daily radiol-
ogy examinations had been requested by a referring physi-
cian to help clinical diagnosis (2, 3); but it should be kept
in mind that ionizing radiation has negative biological ef-
fects on the life of living organisms, that may increase the
potential risks of lifetime cancer occurrence in individuals
depending on the dose and duration of exposure to X-rays
and therefore is a threat to public health (4, 5), because a
lower threshold radiation dose doesn’t reveal adverse out-

comes for at least 1 - 2 decades (1). Over the past years, nu-
merous studies have been conducted on the level of global
knowledge about ionizing radiation in general practition-
ers and specialists in medicine, medical students, trainees
and teaching assistants and results show that the informa-
tion and knowledge about ionizing radiation and its po-
tential risks are very limited (1, 2); for example in a study
by Zakeri et al. in 2016, it is found that only 33% of 136
general and specialist practitioners (different disciplines)
were aware of effective dose rates created by X-ray (6).
In another study conducted by Ramanathan and Ryan in
2014, it turned out that 23% of total 92 radiology residents
working in the medical imaging department were aware
of the dose rate and its risks (1). Another study conducted
in 2013 in Turkey aimed to compare the information level
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of 300 radiology residents, interns and radiographers in
emergency departments showed that unfortunately, radi-
ology residents with a response rate of 39.4% had the least
information (7). In brief, it is important that referring
physicians have comprehensive information about ioniz-
ing radiation and its possible risks, since they are one of the
prescribers for radiology examinations and, after those, it
is most important for radiologists because they have an im-
portant task to decide on the requested test according to
the patient’s history and status, and they have to response
patient questions (1); therefore, radiologists and their as-
sistants need to have a high level of knowledge and infor-
mation about ionizing radiation and their potential risks
(8). Since there has not been any research on the aware-
ness of radiology residents about ionizing radiation and
its complications in Kermanshah. In this study, the re-
searchers intended to provide a picture of the current state
of this group’s awareness so that, based on the results of
this study, some plans can be made to improve educational
quality and adopt appropriate strategies if necessary.

2. Methods

In this descriptive cross-sectional study, the awareness
of radiology residents about ionizing radiation and its po-
tential risk was investigated. The study population con-
sisted of all radiology residents studying in Kermanshah
medical education centers in 2018 - 2020 who totally were
41 individuals and were studied by census method. The
questionnaire completed by radiology residents in hos-
pitals was designed by the researcher so that the valid-
ity of the questionnaire was confirmed by 4 faculty mem-
bers and the reliability of the questionnaire was calculated
by using Cronbach’s alpha coefficient to be 0.78 after dis-
tributing 10 questionnaires among statistical population
and executing repeated tests. The coefficient of agreement
between the two tests was 0.96 showing that it is an accept-
able agreement. The way the variables are scored is based
on the Zero-one (true/false) Scale. The questionnaire con-
sisted of two parts, the first part covering demographic in-
formation through 9 questions (age, gender, date of ob-
taining general medical degree, name of university where
general medical degree was taken, length of residency,
history of attending radiation protection workshops) and
part 2 includes 21 questions (Supplementary File) about the
knowledge of background radiation amount, the effective
dose created by a chest X-ray (PA) test, the approximate
effective dose of various imaging examinations including
brain, abdominal and pelvic CT scans, Barium meal, transit
and etc.; also awareness of the risk of brain, abdominal and
pelvic CT scans and having information about the differ-
ence in radiation parameters between children and adults.

After completing the questionnaire by radiology residents
and collecting them, data were entered in KSOI STATA 12
software and frequency, percentage, mean and standard
deviation for the variables were analyzed. Qualitative vari-
ables were reported based on frequency table and quan-
titative variables were reported based on mean and stan-
dard deviation. The sum of the scores obtained by individ-
uals from question 1 - 17 was considered as the score of indi-
vidual awareness of ionizing radiation. So, to get the aver-
age, we divided the sum of these scores for all people by the
number of people studied. In the same way, based on ques-
tions 17 - 21, we have gained awareness of the possible dan-
gers of ionizing radiation. Inadequate or incomplete re-
sponse of radiology residents to questionnaire questions
was one of the limitations of this study.

3. Results

The purpose of this study was to determine the aware-
ness of radiology residents of Kermanshah university of
medical sciences about ionizing radiation and its potential
risk in 2018 - 2020. The results of the study on gender fre-
quency show that out of 41 individuals, 23 (56.1%) were male
and 18 (43.9%) were female. Findings from the descriptive
statistics regarding the age of residents show that the av-
erage age of the residents is 31.17 years with a standard de-
viation of 5.57. The youngest among residents was 25 years
old and the oldest was 56 years old. According to results Ta-
ble 1, we find that the frequency distribution related to the
year of obtaining the general medical degree shows that
in 2012 and 2014 the highest number of degrees was ob-
tained. Based on the Table 2 the results showed the descrip-
tive statistics related to the length of the residency period.
Regarding the necessity of training courses on ionizing ra-
diation just 1 subject (2.4%) has passed a training course on
the dangers of using imaging techniques during residency
(based on the answer to question 7 of the demographic
part) and resident’s opinion about training courses was
evaluated and 39 residents (95.1%) agreed to attend train-
ing course on the dangers of using imaging techniques, 27
residents (65.9%) agree to attend training courses during
residency (Table 3). In the second part of the questionnaire,
the level of knowledge of all radiology assistants about ion-
izing radiation was investigated. This section consisted of
21 (17 and 4) questions. According to the information ob-
tained from the questionnaire, the descriptive statistics of
the radiology resident’s knowledge about ionizing radia-
tion are as follows Table 4.

Based on the results, the number of research units (res-
idents) was 41 people. Average knowledge score of resi-
dents was 4.14 out of 17 with a standard deviation of 2.98. Of
the 17 questions related to awareness, the highest reported
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Table 1. Frequency Distribution Related to the Year of Obtaining the General Medical
Degree

Year of Obtaining the General Medical Degree Frequency Percent

1994 1 2.4

1997 1 2.4

2003 1 2.4

2005 3 7.3

2007 1 2.4

2008 1 2.4

2009 2 4.9

2010 4 9.8

2011 2 4.9

2012 6 14.6

2013 4 9.8

2014 6 14.6

2015 3 7.3

2016 3 7.3

2017 3 7.3

Total 41 100

Table 2. Descriptive Statistics Related to the Length of Residency

Length of Residency Frequency Percent

One year 8 19.5

Two years 14 34.1

Three years 12 29.3

Four years 7 17.1

Total 41 100

number of correct answers was 12, the least number of cor-
rect answers was 1.

Based on the results of the Table 4, out of 41 subjects,
34 (82.9%) people were unaware of the effective dose of X-
rays in brain CT scan and 7 (17.1%) people identified the ap-
propriate dose. Results of other imaging methods can be
interpreted in the same way.

Research results in response to the question whether
radiology residents of Kermanshah educational centers
are aware of the possible dangers of ionizing radiation.
The questions in the section on awareness of the potential
dangers of ionizing radiation include 4 questions. Based
on the information obtained from the questionnaire, the
descriptive statistics of the knowledge of radiology resi-
dents about the possible dangers of ionizing radiation are
as follows:

Based on the results, the number of research units (res-
idents) is 41 and the mean score of residents’ awareness

about the possible dangers of ionizing radiation is 1.70 out
of 4 with a standard deviation of 1.03 Of the 4 questions re-
lated to awareness of possible risks, the highest number of
correct answers is 3 answers, the least number of correct
answers is 0. The percentage of the radiology resident’s
knowledge about potential risk of the ionizing radiation
are as follows Table 5.

4. Discussion

According to the results, 11 radiology residents were
aware of the average natural background radiation and 30
of them (73.2%) gave incorrect answer. Regarding the ap-
proximate effective dose received by a patient in a PA po-
sition of chest x-ray, 19.5% (8 subjects) were aware. In vari-
ous studies, this rate of awareness was different. In a study
by John Ryan in Turkey, 23% of residents and radiographers
were aware (1), in Zakeri et al. (Iran), 33% of specialist physi-
cians were aware (6), in Lee et al. in Hong Kong, 32% of med-
ical practitioners were aware (2) as well as 26% of residents
in the study of Divrik Gokce et al. (4) were aware, one of
the reasons for the low percentage in this study could be
the low number of years of specialized activity of residents.
On the other hand, regarding the percentage of awareness
about approximate dose in bilateral view of chest X-ray, in
some studies, including Ay̧segül Yurt, 13% of subjects were
aware of effective dose of chest X-ray for adults (5). In our
study, 97.6% (40 people) of the studied community were
fully aware of the sensitivity of children age group to ra-
diation, while none of the previous studies have examined
it.

In this study, the knowledge about absorbed dose pa-
rameters was investigated based on the effect of X-rays re-
ceived on chest X-ray in PA, that some of results are as be-
low: in abdominal CT scan, 12.2% was aware, while in the
John Ryan and Azmoonfar et al.’s study, it was 72 % and 2.8%,
respectively (1, 9); in the brain and chest CT scans, 17.1% and
2.4% of subjects were aware, respectively, while in Azmoon-
far et al. they were 2.8% and 1%, respectively (9). In plain ra-
diography, skulls in PA and some lower and upper organs
were examined, where the awareness was 17.1% and 7.3%, re-
spectively, while in Azmoonfar et al.’s study, it was 80.2%
and 43.2%, respectively, which indicates greater awareness
of general practitioners and residents. Also, in the data
obtained from the awareness about absorbed dose of flu-
oroscopic (dye) images according to Table 2, for example
in barium enema, the awareness rate was 4.9% which was
higher compared to other studies including Azmoonfar et
al. (0.9%) (9).

In the results of the study, 31.7% of the residents be-
lieved that MRI imagg examines were also accompanied by
ionizing radiations, the frequency in the studies of Lee was
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Table 3. Descriptive Statistics Related to Attending a Training Course, Residents’ Opinion About Attending a Course and Their View About the Time of Attending the Training
Course

Attending a Training
Course

Frequency Percent Residents’ Opinion
About Attending a

Course

Frequency Percent Residents’ View About
the Time of Attending

the Training Course

Frequency Percent

Yes 1 2.4 Agree 39 95.1 During general medical
education

13 31.7

No 40 97.6 Disagree 2 4.9 During residency 27 65

Total 41 100 Total 41 100 After residency 1 2.4

Table 4. Descriptive Statistics on the Knowledge of Radiology Residents About the Effective X-ray Dose in Different Methods

Variable Percentage of False Answers (Frequency) Percentage of True Answers (Frequency)

Question 1 73.2 (30 individuals) 26.8 (11 individuals)

Question 2 80.5 (33 individuals) 19.5 (8 individuals)

Question 3 2.4 (1 individuals) 97.6 (40 individuals)

Brain CT scan 82.9 (34 individuals) 17.1 (7 individuals)

Abdominal CT scan 87.8 (36 individuals) 12.2 (5 individuals)

Chest CT scan 97.6 (40 individuals) 2.4 (1 individuals)

US 31.7 (13 individuals) 68.3 (28 individuals)

MRI 31.7 (13 individuals) 68.3 (28 individuals)

PET head 87.8 (36 individuals) 12.2 (5 individuals)

Organs and bones 92.7 (38 individuals) 7.3 (3 individuals)

Skull 82.9 (34 individuals) 17.1 (7 individuals)

Lumbar vertebrae 95.1 (39 individuals) 4.9 (2 individuals)

Hip joint 85.4 (35 individuals) 14.6 (6 individuals)

Intravenous pyelography 87.8 (36 individuals) 12.2 (5 individuals)

Barium swallow & meal 82.9 (34 individuals) 17.1 (7 individuals)

Barium follows through 87.8 (36 individuals) 12.2 (5 individuals)

Barium enema 95.1 (39 individuals) 4.9 (2 individuals)

Table 5. Percentage of the Knowledge of Radiology Residents About Possible Risks of Ionizing Radiation

Variable Percentage of False Answers (Frequency) Percentage of True Answers (Frequency)

Question 18 68.3 (28 individuals) 31.7 (13 individuals)

Question 19 51.2 (21 individuals) 48.8 (20 individuals)

Question 20 22 (9 individuals) 78 (32 individuals)

Question 21 87.8 (36 individuals) 12.2 (5 individuals)

34% (2), in Divrik Gokce et al. was 14.3% (4), in Azmoonfar et
al. was 35.8% (9), and in the Faggioni study, it was showed
that 10.9% of the study population thought that MRI and
ultrasound imaging tests require even greater doses than
a chest X-ray (10). In addition, unfortunately only 12.2%
of residents were aware about the absorbed dose of PET
scan (positron radiation), while the reported rate in the
John Ryan study was 33% (1). In another part of the study,
the awareness of radiology residents about the dangers of

ionizing radiation and the probability of cancer in people
were investigated. Awareness about the possibility of can-
cer as a result of brain and abdominal CT scan was 31.7% and
48.8%, respectively, while it was 33.5% and 32.7% in the study
of Divrik Gokce et al. (4). Generally, in the study of Sidwell
et al., 41.8% of the subjects believed that CT scan increased
the risk of cancer due to the high absorbed dose of ion-
izing radiation (11). Also, regarding the question whether
there are differences between the parameters of CT used

4 J Clin Res Paramed Sci. 2021; 10(2):e121051.



Abbasi Azizi S et al.

for adults and children, 9 (22%) subjects gave the wrong an-
swer, lack of knowledge of residents about the maximum
and minimum radiation parameters has been a factor in
choosing the right option, while in the Divrik Gokce et al.’s
study, 96% of subjects gave the correct answer (4).

4.1. Conclusions

According to the findings, the level of knowledge of
radiology of Kermanshah University of Medical Sciences
is at an inappropriate level. Therefore, in order to raise
the awareness of radiology assistants, some training work-
shops on the importance and requirements of radiation
and the amount of absorbed dose in patients should be
held, because the radiology department, as one of the most
important para-clinical units, has special and important
responsibility for patients.
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