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Objectives. To evaluate the level of knowledge about the radiation exposure to diagnostic imaging procedures among the final-year
medical students and interns and to suggest how education could be improved. Material and Methods. All 355 final-year medical
students and interns from Tikur Anbessa Teaching Hospital in Addis Ababa were included in the study. Participants were asked to
complete a questionnaire consisting of their actual knowledge on ionizing radiation and on their preferred method of learning. All
questions were in multiple choice formats ranging from 4 to 7 choices. The obtained data were analyzed using statistical software.
Results. A total of 343 completed questionnaires were received. Up to 78.9% of respondents underestimated or do not know the
radiation dose from commonly requested radiological procedures. Surprisingly, 245 (71.4%) and 254 (79.3%) students incorrectly
believed that ultrasound and MRI, respectively, emit ionizing radiation or they do not know if they emit radiation or not. Both
interns andmedical students did not have significant difference (𝑃 = 0.56) in their knowledge of ionizing radiation. A combination
of tutorials or workshops (29.7%) and learning modules (19.8%) combined were their first and last preferred methods of teaching
for future radiation awareness, respectively. Conclusion. This study has clearly shown that awareness of ionizing radiation from
diagnostic imaging is lacking among senior medical students and interns.The results highlight the need for improved education to
minimize unnecessary exposure of patients.

1. Introduction

Nowadays, medical imaging procedures involving the use
of ionizing radiation are used daily in hospitals and clinics,
making possible more accurate diagnosis of diseases and
injuries. However, the use of ionizing radiation such as X-rays
is also associated with potentially harmful biological effects
specifically; high radiation doses tend to kill cells, while low
doses tend to damage or alter the DNA of irradiated cells
[1, 2].

The risk of radiation exposure from medical imaging is
not insignificant; it is now believed that a linear relationship
exists between radiation exposure and cancer development.
In recent times, many studies have clearly documented
the harmful effects of radiation exposure [3–7]. Evidences
suggest that exposure of fetus in utero during pregnancy may
lead to wide range of malformations. Early childhood (up to

10 years) exposure carries an enhanced radiation risk, and
it has been estimated that the probability of induction of
cancer especially leukaemia is about two to three times higher
than adults [7]. This may be due to pediatric patients smaller
body size relative to adults, rapid cellular growth, and after
exposure longer period of survival life compared to adults. A
British survey in 1989 showed that 4% of all CT examinations
were performed for children younger than 15 years of age [8];
however, by 1999, this figure had risen up to 11.2% [9].

In addition, there is a concern that CT parameters are not
always adjusted to take into account the age and varying sizes
of pediatric patients [10, 11] with children being frequently
imaged using adult CT protocols [12], thus exposing them to
an unnecessary high radiation dose as a consequence.

Many studies indicate that primary care providers are
unaware of the hazards associated with the use of radiation.
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Physicians who are responsible for requesting radiologi-
cal examinations tend to underestimate the actual doses
involved, have poor knowledge about the possible risks to the
health of populations, and do not discuss the potential risks
of CT scans with their patients [13–20].

In a research done in Pakistan, the majority of medical
students have limited knowledge about various aspects of
radiation sources, the risk involved, and protection [21].
Similarly, in a research done in Australia among interns and
senior medical students, there was clear lack of awareness
about ionizing radiation doses from commonly requested
diagnostic procedures [22]. Another research done in Aus-
tralia among doctors working in the emergency depart-
ment assessed emergency doctors’ knowledge of radiation
exposure for medical imaging and it was found to be
poor, and whether they would inform their patients of the
risks of radiation exposure varied with the clinical scenario.
Overall, these doctors underestimated radiation exposure of
frequently used diagnostic imaging and the associated risks.
Underestimation of doses and risks may lead to doctors
requesting more diagnostic imaging than they would if they
had accurate knowledge [23].

In a survey done in Northern Ireland among health pro-
fessionals on awareness of radiation dose, it was confirmed
that clinician awareness of radiation doses imparted during
common radiological procedures and the consequent risk to
the individual patient is poor.

It was identified that radiological courses do increase
awareness about radiation dose. There is a need to educate
clinicians about ionizing radiation relevant to medical imag-
ing and their clinical role to provide accurate information to
their patients [20].

Many universities in Africa have medical schools that
offer training and give a degree in medicine. However, there
are only few which give radiology course for their students
during their undergraduate studies. This is striking, since,
after graduation, these physicians will be the only health
professionals having the authority to request radiological
examinations. In addition, there is a lack of studies in Ethiopia
about the hazards of unnecessary use of radiological exami-
nations. There is only one study among medical doctors on
the knowledge and awareness of radiation exposure during
common radiological procedures; the result was poor [24].
Therefore, the aim of this study was to evaluate awareness
of radiation doses from commonly requested radiological
procedures among senior medical students and interns at
Tikur Anbessa Specialized General Hospital.

2. Materials and Methods

A hospital-based cross-sectional study was conducted in
Addis Ababa University, College of Health Science, Addis
Ababa, where there are medical students from the first year
to the final year including their internship program. The
study period was from April 1, 2013 to April 30, 2013. All
final-year medical students and interns of AAU in the year
2013 were included in the study. All of them have their
residence in the compound of Tikur Anbessa Specialized

Hospital. Tikur Anbessa Specialized Hospital is the biggest in
the country and is the only territory under the administration
of the university, and students and interns will have clinical
attachment in this hospital. They have four groups each with
different clinical attachment, they have one coordinator, and
they were approached by the help of their coordinators.

Brief and easily understandable questionnaires were
prepared. They consist of 5 questions on the participant’s
demographics and perceived understanding and importance
of radiation knowledge, 16 questions testing their actual
knowledge on ionizing radiation doses, and 2 questions on
their preferred method of learning for future education on
the subject; all questions are in multiple choice formats
ranging from 4 to 7 choices. Data was analyzed using
SPSS for Windows version 15.0 for calculating means and
cross tabulation. Comparisons of mean were performed
using Student’s t-test. Level of statistical significance was set
at 𝑃 < 0.05.

The study was first approved by the Ethical Review
Committee of Addis Ababa University. Information sheet
explaining the objectives of the study and the benefit of
the research findings was provided to each study subject
before submitting the questionnaire. Before collecting the
data, individuals were asked for willingness to be included
in the study and the purpose of the study was thoroughly
explained to them. An informed verbal consent was obtained
from each individual involved in the research.

3. Result

Out of the 355 questionnaires distributed, 350 questionnaires
were returned, and of these, 343 had completed answers (98%
response rate). One hundred fourteen (33.2%) were interns
and 229 (66.8%) were final-year medical students. A hundred
(29.1%) of them were divided as follows: 90 (26.2%) thought
that they were at least moderately confident and 10 (2.9%)
thought that they were very confident in their knowledge
of ionizing radiation doses, while 51 (14.9%) of them were
divided as follows: 14 (4.1%) believed that knowledge of
radiation was “not really important,” 1 (0.3%) believed that
it is “not important at all,” and 36 (10.5%) “do not know if
it is important or not.” A score was given to each respon-
dent; this was calculated as a percentage of the number of
correctly answered questions related to knowledge of ionizing
radiation. The percentages of participants, who correctly
identified, underestimated or said they do not know, and
overestimated doses for common radiological investigations,
are shown in Table 1. The overall result is summarized in
Figure 1. The radiation dose from a standard chest X-ray
was correctly identified by only 47 (13.7%) respondents. Of
note, 245 (71.4%) and 254 (79.3%) incorrectly believed that
ultrasound and MRI, respectively, emit ionizing radiation
or they do not know if they emit radiation or not. Up to
296 (86.3%) underestimated or do not know the risk of fatal
cancer from an abdominal CT scan.

Knowledge of organ sensitivities to ionizing radiation
was not also encouraging as expected with only 150 (43.7%)
correctly identifying the gonads as the most sensitive organs.
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Table 1: Percentages of participants correctly identifying, under-
estimating or saying that they do not know, and overestimating
ionizing radiation doses from 9 commonly requested radiological
investigations.

Questions

% of the
underestimating
participants or

those who DN (do
not know)

% of the
correctly
identifying
participants

% of the
overestimat-

ing
participants

Background
radiation 71.2 19.2 9.6

Chest X-ray 69.1 13.7 17.2
Ankle X-ray 65 16.3 18.7
Abdominal X-ray 86.7 10.8 2.6
Abdominal US 62.4 1.5 36.1
Abdominal CT 94.7 3.8 1.5
Barium meal 95.9 4.1 0
Spine MRI 98.6 1.5 0
Bone scan 56 20.7 23.3
PET scan 40.2 4.4 22.7
Fatal cancer (CT) 86.3 8.5 5.2

The mean scores of subgroups according to year of medical
school or internship, age, confidence, and perceived impor-
tance of radiation knowledge were compared (Table 2). The
mean for interns (mean score 1.0) did not have significant
difference when compared with final-year medical students
groups (mean score 1.4). The mean of those between the age
of 25 and the age of 29 (mean score 3.9) was higher than that
of those between the age of 20 and the age of 24 (mean score
2). Those who perceived that radiation knowledge was mod-
erately important or very important achieved higher mean
scores (5.2) than those who thought that such knowledge
was “not really important” or “not important at all” (2.8).
With regard to the participants’ confidence of their radiation
knowledge, those who were “very confident” or “moderately
confident” achieved higher mean scores (8.2) compared with
those who were “not really confident” or had “no idea” (mean
score 3.6).

In terms of radiation awareness, 34.8% of respondents
acknowledged that they had some form of education on
ionizing radiation previously in the form of lectures (21.3%),
tutorials/workshops (7.3%), or a combination of these 5.2%.
A breakdown of the preferred types of education for each
subgroup is shown in Figure 2. If the respondents were to
have a choice in the format of education for further radiation
awareness, they answered that a combination of tutorials or
workshops (29.7%) and learning modules (19.8%) would be
their first and last choices, respectively.

4. Discussion

Everyone alive in this world is being exposed to ionizing
radiations. The risk of ionizing radiation from medical
imaging is not insignificant. It is now believed that a linear

Table 2:Themean scores of subgroups according to year of medical
school or internship, age, confidence, and perceived importance of
knowledge of radiation.

Subgroups Mean score

Year of study Medical students 1.48
Interns 1.0

Age

20–24 2
25–29 3.9
30–34 5
35+ None

Confidence with
knowledge

Very confident 4.7
Moderately confident 3.4
Not really confident 2.2

No idea 1.4

Perceived
importance

Very important 2.8
Moderately important 2.4
Not really important 2.2
Not important at all 0.58
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Figure 1: Summary of overall result of final-year medical students
and interns in Tikur Anbessa Hospital during the study period. DN
= do not know.

relationship exists between radiation exposure and cancer
development.

Although the absolute risk to an individual may be small,
exposure of large numbers of people over time and repeated
exposure of individual patients may lead to a significant
increase in cancer cases. Furthermore, it is believed that up
to a third of all requested radiological studies are completely
or partially unnecessary [6, 21].The use of alternativemedical
imaging techniques using less radiation should be considered
when clinical decisions are being made.

Medical students and internes represent future medical
practitioners. Unless they are taught which imaging methods
use radiation and the approximate quantity of radiation
involved, they will be unable to make appropriate informed
clinical decisions. It is the responsibility of referring doctors
to assess the risks and benefits of any investigations or proce-
dures requested in the management of a patient. Radiological
tests are no exception. However, there is increasing concern
in the literature that there is limited appreciation of radiation
doses from diagnostic imaging by referring doctor. This
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19.8% learning

modules
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29.70%

Figure 2: Preferred method of education by final-year medical
students and interns in Tikur Anbessa Hospital during the study
period.

lack of knowledge makes it difficult for doctors to inform
patients about the risks and benefits of a radiological test.
Furthermore, there is also the danger of underestimating the
risks of imaging-related radiation, leading to unnecessary
exposure of individual patients and the community.

In our sample, the mean score for interns 1.0 (6.25%) and
that of final-yearmedical students 1.4 (8.75%) are significantly
lower when compared with a similar study done among
interns and final-year medical students in Australia whose
mean score was 6 (31.6%) [22]; the explanation could be
that the percentage of participants in Australia who had
previous education on ionizing radiation was significantly
higher (78.2%) when compared to our study where only
34.8% of participants had previous forms of education.

Awareness did not increase with seniority; there was no
significant difference between interns and medical students
(𝑃 = 0.56). It is alarming that 14.9% of participants believed
that such knowledge was either “not really important” or “not
important at all” or “they do not know if it is important
or not.” This group scored significantly lower than those
who believed that radiation knowledge was “moderately
important” or “very important” (𝑃 = 0.002). These findings
are similar to that of the research done in Australia.

Surprisingly, 245 (71.4%) and 254 (79.3%) incorrectly
believed that ultrasound andMRI, respectively, emit ionizing
radiation or they do not know if they emit radiation or
not. This finding is significantly higher when compared with
previous similar study in Australia reporting the percentage
of respondents who do not know that ultrasound does not
emit ionizing radiation to be 11.3% and for MRI to be 25.5%
[8]. Similar explanation could be given for this significant
difference with the previous study in Australia; the number
of participants who had previous education on ionizing
radiation is less in our study. This is of concern as such
doctors would not therefore be aware of safer alternatives to
investigate their patients.

Education is ultimately the only way to increase aware-
ness of the potential risks of ionizing radiation. Yet despite
having some form of education on this subject previously,
participants scored poorly. In our study also those between
the age groups of 25 and 29 scored higher than those between

20 and 24 (𝑃 = 0.001); this difference may be due to practical
experience because of their age variations.

The results of this research emphasize the need for further
education of present and future doctors. While previous
education obtained was primarily in the form of lectures,
participants showed equal preferences for lectures and case
studies for further education. Although further studies will be
required to optimize the modality of education and clinical
relevance, action should be taken urgently to protect the
patient population in the future from such unnecessary
radiation.

The results of our study clearly highlight the lack of aware-
ness of ionizing radiation doses from commonly requested
radiological procedures among senior medical students and
interns in Ethiopia.There is a need to further educate current
and future referring doctors in order to minimize unneces-
sary exposure of individual patients and the community to
radiation and its accompanying risk of cancer. Due to the
limitation of resources, this research deals only with Tikur
Anbessa Specialized Hospital. Further studies are required
to determine the optimum method of improving awareness.
It is also a good start that AAU, College of Medicine has
incorporated radiology attachment for final-year medical
students; through this time the Department of Radiology
should include topics which could raise the level of radiation
awareness for the students. Radiation doses and associated
risks should also be provided on imaging request forms.
This would allow the requesting doctors, as the subjects of
this study are future doctors of the country, to consider this
information and discuss the risks with patients. This may
increase doctors’ general awareness and have a more lasting
effect on overall knowledge and behavior.

Appendix

Questionnaire

Please circle the appropriate answer
Personal questions DN = Do not know

(1) Which one describes you best?

(A) Senior medical student
(B) Intern doctor

(2) Which age do you belong to?

(A) 20–24
(B) 25–30
(C) 31–35
(D) Greater than 35

(3) Sex:

(A) Female
(B) Male
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(4) How confident are you in your knowledge of ionizing
radiation dose of common radiological investigation?

(A) Very confident
(B) Moderately confident
(C) Not really confident
(D) Do not have any idea about ionizing radiation

(5) How important do you think is the need of knowledge
of ionizing radiation dose of common radiological
investigation in medical practice?

(A) Very important
(B) Moderately important
(C) Not really important
(D) Not important at all
(E) DN

Questions related to diagnostic imaging (The SI unit
of ionizing radiation is Sieverts, Sv)

(6) Howmuch radiation in mili Sieverts, mSv, is a person
exposed to, on average, every year, from natural
background radiation?

(A) 0.24
(B) 2.4
(C) 24
(D) 240
(E) DN

(7) What is the approximate radiation dose, in mSv, on
chest X-ray?

(A) 0.02
(B) 0.2
(C) 2
(D) 20
(E) DN

What is the dose in chest X-ray equivalents for the
following radiological investigations?

(8) Ankle X-ray

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

(9) Abdominal X-ray

(A) 0
(B) 1–5X
(C) 5–10X

(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

(10) Abdominal ultrasound

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

(11) Bone scan

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

(12) Barium meal

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

(13) Spiral CT of abdomen

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

(14) Spine MRI

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN



6 Advances in Radiology

(15) PET scan

(A) 0
(B) 1–5X
(C) 5–10X
(D) 10–50X
(E) 50–300X
(F) Greater than 300X
(G) DN

Please rate the following organs in terms of their
sensitivity to ionizing radiation.

(16) Ovary/Testes

(A) Very insensitive
(B) Moderately insensitive
(C) Moderately sensitive
(D) Very sensitive
(E) DN

(17) Breast

(A) Very insensitive
(B) Moderately insensitive
(C) Moderately sensitive
(D) Very sensitive
(E) DN

(18) Skin/Cortical Bone

(A) Very insensitive
(B) Moderately insensitive
(C) Moderately sensitive
(D) Very sensitive
(E) DN

(19) Lung/Colon

(A) Very insensitive
(B) Moderately insensitive
(C) Moderately sensitive
(D) Very sensitive
(E) DN

(20) Liver/Kidney/Bladder

(A) Very insensitive
(B) Moderately insensitive
(C) Moderately sensitive
(D) Very sensitive
(E) DN

(21) What is the risk of inducing fatal cancer from an
abdominal CT scan?

(A) 1 in 200

(B) 1 in 2000
(C) 1 in 20,000
(D) 1 in 200,000
(E) DN

(22) Have you ever had education in the form of lectures,
tutorials, or courses regarding ionizing radiation?

(A) Lectures
(B) Tutorials/workshops
(C) A combination of the above two
(D) None

(23) If you were to have a choice, which of the following
kinds of education do you think would help you the
most to raise awareness of ionizing radiation? (Select
only one)

(A) Lectures
(B) Tutorials or workshops
(C) Case studies
(D) Learning modules
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