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ABSTRACT
Introduction: Increase availability of multi-detector high
speed CT scan, digital radiography and various image guided
interventional procedures has increased the total number of
radiation related examinations in current era. These have lead to
increase radiation exposure to patients as well as the radiologist.
This situation has raised the concern about the potential side
effects to patients, like radiation-related cancer and death.
Aim: Evaluation of awareness of source of radiation, radiation
hazards and radiation protection among final year medical
students in Tertiary Care Medical College Hospital.
Materials and Methods: This was a cross-sectional
observational type of study in which total 136 final MBBS
students were issued a questionnaire consisting of 12 multiple
choice questions including demographic data, awareness about
source of radiation, radiation hazard, protection issues and
knowledge about radiation dose levels of common radiological
examinations. All questions were multiple choice types with
answers containing 2 to 9 choices having only one correct
answer. The questionnaire was prepared by authors and their
answers were validated by various faculties of Department of
Radiodiagnosis by peer review methods. This questionnaire was

given in a physical form. The obtained data were analysed using
statistical software (descriptive statistics used). As homogenous
group of final year medical students were analysed, no scoring
and no statistical test were needed.
Results: In present study 87.5 % (n=119) of students
considered radiation knowledge important for them. Out of
eight specific questions for checking their knowledge about
radiation awareness, five questions were regarding safe
radiation practice, radiation exposure, and radiation dose in
common and radiological examination. Among these questions
“Rule of 10”- question was correctly answered by 113 (83.1%)
of students. Questions regarding “Radiological examination of
pregnant patient”- was correctly answered by 114 (83.8 %) of
students and “Radiation exposure to patients during diagnostic
radiology” question was correctly answered by 115 (84.6%) of
students.
Conclusion: Medical students have good awareness about
radiation protection, with a specific gap of knowledge
concerning source of radiation, biological effect of radiation and
radiation hazards. Undergraduate teaching curriculum must
include comprehensive knowledge about radiation hazards and
radiation safety.
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INTRODUCTION
X-rays and other medical imaging investigaions involve the use
of ionizing radiation and are used daily in health care centres for
diagnosis and management of various pathologies. Medical radiation
to the general population is increasing, and is largely contributed
by the increasing and widespread use of Computed Tomography
(CT) [1]. Now many studies have shown that ionizing radiation at
higher doses causes cell death and at low doses damage or alter
the DNA of exposed cells [1,2,3]. In current era, medical imaging
is a significant source of radiation exposure. The risk of radiation
exposure from medical imaging is significant. In general, the effects
of radiation vary according to the dose and duration of exposure and
a linear, dose-dependent relationship model is commonly accepted
for cancer development; and there is no threshold dose below
which radiation exposure is safe [1]. Many studies have suggested
that, medical practitioners who refer radiological examinations are
unaware of the actual doses involved, possible risks to the health
of patients, and as a result are unable to discuss the potential risks
of radiological examinations with their patients [1,2]. Since many
years in the postgraduate medical institute, it has been noticed that
consultant and resident doctors have been prescribing radiological
investigation like multiple X-rays for medico-legal cases, barium
24

studies, CT scan, inadvertently which leads to increase radiation
exposure to patients. This can be avoided by safe investigation
practice like replacing CT scan by Ultrasonography (USG) in
paediatric patients where possible or by reducing number of X-rays.
It has been decided to increase awareness among undergraduate
students by assessing their present awareness about radiation and
with result of this study, implement a proper teaching module at
undergraduate level.

MATERIALS AND METHODS
A cross-sectional observational study involving homogenous
group of final year MBBS students was conducted in Surat
Municiple Institute of Medical Education and Research
(SMIMER), which is a referral Tertiary Care Hospital in South
Gujarat region of India. The study was first approved by the
Institutional Ethics Committee and followed the standard ethical
guidelines (SMIMER/IEC/OUT/NO.13). The study duration was
from August 2019 to October 2019. A total of 150 students had
appeared for final year preliminary examination conducted in the
month of September 2019.
Inclusion criteria: Out of these 150, all students who gave consent
to participate in the study were included in the study.
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Exclusion criteria: Students who were not willing to participate were
excluded from study. Participants with incomplete questionnaire
were excluded from the study.
Total 140 final year medical students gave consent for the study
and participated in the study. Brief and easily understandable wellstructured questionnaire was prepared by the second and third
author. All the questions were in the form of multiple choice questions
format with 2-9 choices, one of which was the correct answer. First
sections contain two questions for demographic data, age of the
participants and sex. The second section contains third question,
which was about their source of knowledge for radiation as they
think. The third section contains fourth to twelfth (4-12) questions
and was specific to their knowledge about source of radiation,
radiation hazards, safe radiation practice, and radiological doses
of common radiological investigation. The questions were selected
from standard radiological book and other articles [1,2,4,5]. The
answers were validated by three senior faculties of Department
of Radiodiagnosis. A panel of three radiology faculties reviewed
the questionnaire, Content Validity Index (CVI) was calculated for
each question; average CVI was 0.89. To measure the test-retest
reliability, the questionnaire was administered on seven radiology
faculties within the interval of 11-21 days and the Intra-Class
Correlation Coefficient (ICC) was calculated. The reliability of the
questioner, as measured by internal consistency, was found to be
satisfactory (Cronbach α=0.94). The results of test-retest reliability
was r=0.85, p<0.001. After students had finished their prelim
exam first author had distributed the printouts of questionnaire
and explained in detail about the study [annexure]. The students
were given total 15 minutes to complete the questionnaire and then
the questionnaire were checked by authors of the study. However,
due to incomplete questionnaire given by four students only 136
students were included finally in this study.

[Table/Fig-1]: Percentage of different responses for question 5.

STATISTICAL ANALYSIS
Descriptive analysis used for representation of data. (Quantitative
data represented by percentage).

RESULTS
Out of 136 participants, 72 were female and 64 were male and all
belonging to age group between 20-25 years with mean age of
22.5 years and standard deviation 0.9116. About 78% (n=106) of
students mentioned tutorial for competitive exams as their source of
information about radiation while rest 22% (n=30) mentioned reading
books on radiation as a source of their knowledge. None of student
mentioned undergraduate (UG) syllabus as their source of knowledge
for questionnaire asked. Knowledge of ionising radiation dose in
various radiological investigations is very much important to 87.5%
(n=119) of students, not important to 10.3 % (n=13) students and
2.94 % (n=4) students answered don’t know. Both “not important”
and “don’t know” answers are considered as false response.

[Table/Fig-2]: Percentage of different responses for question 6.

(n=13) and all of the above by 17.1% (n=23, correct response)
[Table/Fig-3].
For rule of 10 about radiology examination, “to take X-ray during
first ten days of menstrual cycle” is correct answer. About 83.1%
(n=113) students were correct about rule of 10 days while 16.9%
(n=23) students gave wrong answer. About 83.8% (n=114),
answered that radiological examination of pregnant women can be
performed with protective device to embryo, which is true answer
while 16.2% (n=22) students were favoring never perform.

Regarding answer of biggest source of radiation in our daily life
response was nuclear power plant by 13% (n=18), cosmic rays
by 35.8% (n=49), diagnostic medical services at hospital 17.3%
(n=23), air travel 3.1% (n=4) rock and soil 8% (n=11), and microwave
by 22.8% (n=31) of students. Radon gas emitting from naturally
occurring radioactive minerals in the ground, soil, and water is major
cause of background radiation. This correct response was given
by only 8% of students [Table/Fig-1]. Most worrisome sources of
radiation exposure to human body is X-ray and CT scan by 20.6%
(n=28), Radiotherapy by 27.2% (n=37), nuclear weapons by 38.6%
(n=52, correct response), nuclear waste by 8% (n=11) and microwave
by 5.6% (n=8) of students [Table/Fig-2].
Answer to health risk by radiation exposure was skin disorder
by 13.9% (n=19), hair loss by 9.7% (n=13), cataract by 12.5%
(n=17), anaemia by 16.9% (n=23), infertility by 3.6% (n=5), Growth
retardation by 2.9% (n=4), cancer by 13.9% (n=19), death by 9.5%
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Answer to radiation exposure to patients during diagnostic
radiology is not safe for both radiologist and patient was given
by 84.6% (n=115) of students and considered true, while 7.4%
(n=10) believe that it is safe for radiologist but not for patients
and 8.0% (n=11) students answered that it is safe for patient but
not for radiologist- both this options as well as “safe” option is
considered under false category.
Answer to what is approx radiation dose to humans during chest
X-ray in mSv was true by 63.2% (n=86) and wrong by 36.8% (n=50)
students. About 91.2% (n=124) of students have given correct
answer of no radiation exposure to human body during abdominal
ultrasound and MRI, while 8.8% (n=12) students answered wrong.

DISCUSSION
Over the last several years, the undergraduate radiology curriculum
in the institute has been formalised and integrated into the medical
education curriculum, which places an emphasis on radiologic
anatomy, introduction of various imaging modalities and basic
image interpretation. However, given main importance to other
major medical subjects radiology is always given least priority at
undergraduate level. Further knowledge for radiation may be
provided by books or tutorials for competitive exams. The aim of the
work is to assess the degree of subjectively perceived knowledge
and effective knowledge of essential radiation protection and dose
assessment topics across a population of medical students. This
will indirectly assess efficacy of the current curriculum. This study
have included series of pre-validated well structured questions
in such a way that they cover many aspect of radiation including
source of radiation, hazards of radiation, safe radiation practice,
and contraindication for the radiation examination and the dose of
commonly done radiological investigation. The result of the study
suggested the modification in the current medical curriculum to give
necessary education of radiation hazards and radiation protection
to future medical professional, which are going to prescribe these
investigations the most.
In the past decade, several studies conducted in the world on
selected cohorts of medical students, referring physicians, staff
radiologists and technologists unveiled an alarming lack of radiation
protection knowledge among them. But a few such types of studies
are published in India [6-8]. Sukumar S et al., conducted an in depth
an oral interview of 6 medical and dental practitioners in south
India to assess their radiation awareness. The study highlighted
the poor awareness among the medical doctors in India about
the justification of practices, radiation and its hazards to pregnant
woman and paediatric patient during the radiology examination
[6]. Similar study conducted by Kokila BN et al., in south India
including 185 undergraduate final year medical students, house
surgeons and post-graduate students at a rural teaching medical
institute located in southern India, gave similar result of low level of
awareness on radiation dose and the risks associated with ionising
imaging techniques. The study also demonstrated incremental
increase in knowledge of radiation risk and protection from final
year through internship and post graduation [7]. In one study
conducted to assess the knowledge and practice of 215 medical
professionals and nurses on radiation protection in interventional
radiology, Iran showed lack of knowledge and practice concerning
radiation protection concepts among medical professionals and
nurses [8]. A study conducted in Norway for assessing awareness
and knowledge of radiation dose and associated risks among 99
final year medical students concluded low level of knowledge of
the students for radiation dose and risks associated with ionising
radiation examination [9]. The study also showed that 27% and
15% of study population were unaware that MRI and ultrasound are
non-ionising procedure. Similar study in Australia found that 11.3%
and 25.5% of their students were unable to identify that ultrasound
and MRI are non-ionising procedures [10]. Most of students in
26
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present study are aware about non-ionising nature of ultrasound
and MRI and only 8.8% of students identify USG and MRI as ionising
procedure. A study conducted by Faggioni L et al., among 159
young doctors and students including 50 radiology residents, 56
medical students and 43 radiography students showed that study
population have a limited awareness about radiation protection
with a specific gap of knowledge about radiation dose of common
radiological examination [3]. The present study showed similar result
result that is, 36.8% students were unable to give correct answer of
radiation dose during chest X-ray study.
Compared to other past studies, students in this study have shown
good knowledge about importance of radiation knowledge to them,
rule of 10 in radiology, safe practice during pregnancy, safety of
radiological investigation both for patient and doctor and radiation
dose involved in USG and MRI. This may be partly contributed
by their radiology knowledge given by tutorial for competitive
exams as stated by 78% of students. So, this concludes that a
proper practical knowledge to medical students can increase
their radiation awareness. This also suggests that, the current
radiology component of the undergraduate medical curriculum is
widely ignored by students and not sufficient to contribute their
basic radiation awareness knowledge. Radiation exposure during
diagnostic radiology is similar to fire which has both beneficial as
well as harmful effects [3]. Medical students must be aware of
source of radiation, radiation hazards and radiation protection as
they are future doctors who will prescribe radiological investigations
for their patients [11-15]. Referring doctors should know about
the risks and benefits of radiological investigations or procedures
adviced in the management of a patient [16-20]. However, referring
physcian pay little attention to or are unaware about radiation doses
of common diagnostic investigations and therefore, they failed
to explain patients about risks and benefits of a radiological test.
This leads to unnecessary radiation exposure of patients and the
community many times [21-23].

Limitation(s)
Limitation of present study is small sample size and homogenous
group of students from one institute only.

CONCLUSION(S)
Adequate knowledge about radiation generating diagnostic
equipment, hazardous effect of radiation and protective measures
among medical students will establish safe work culture by
minimising the radiation hazards to patients, public and radiation
workers and maximising the benefits of study to patients. Thus, all
medical colleges must include both theoretical as well as practical
training about radiation protection in undergraduate medical
curriculum.
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Appendix:

Nuclear Power plant

Gujarat, India

Cosmic Ray

Survey for awareness of radiation hazards in Final MBBS students

Medical services at hospital

Questionnaire study.

Air travel

Please tick most appropriate answer.

Rock and Soil

1) Age

Microwave

25-30 years
2) Gender

6) Most worrisome sources of radiation exposure
X-ray and CT Application
Radiotherapy

Male

Nuclear weapons

Female

Nuclear waste

3) Your source of information about Radiation
UG Syllabus

Microwave
7) Health risk caused by radiation exposure

Reading books on Radiation

Skin Disorders

Tutorials for competitive exams

Hair loss

4) How important do you think, knowledge of ionising radiation dose
of common radiological investigation in routine medical practice-

Cataract
Anaemia

Not really important

Infertility

Very important

Growth retardation

Moderately important

Cancer

Don’t know

Death
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5) According to you- The biggest source of radiation in our daily life

Department of Radiodiagnosis, SMIMER Hospital, Surat,

20-25 years

Etymology: Author Origin
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All of the above
8) Rule of 10 days is –

11) What is approx. radiation dose to patient during Chest xray
exam (mSv)

To take X-ray during first 10 days of pregnancy

0.02

To take X-ray during first 10 days of menstrual cycle

0.2

9) Radiological exam of pregnant patient Never perform
Perform, if justified by doctor
Perform with protective device for embryo
10) Radiation exposure to patient during diagnostic radiology is
Safe for Patient but not for doctor
Safe for Doctor but not for patient
Safe for both
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2
20
12) Radiation dose in mSv to human body during abdominal
ultrasound (mSv)
0.1
0.2
0.0
0.005

Not safe
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