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Purpose:  To evaluate  the  awareness  of  radiation  protection  issues  and  the  knowledge  of  dose  levels
of  imaging  procedures  among  medical  students,  radiology  residents,  and  radiography  students  at  an
academic  hospital.
Material and methods:  A  total  of  159  young  doctors  and students  (including  60  radiology  residents,  56
medical  students,  and  43  radiography  students)  were  issued  a  questionnaire  consisting  of  16  multiple
choice  questions  divided  into  three  separated  sections  (i.e., demographic  data, awareness  about  radiation
protection  issues,  and  knowledge  about  radiation  dose  levels  of common  radiological  examinations).
Results:  Medical  students  claimed  to  have  at least  a good  knowledge  of radiation  protection  issues  more
frequently  than  radiology  residents  and  radiography  students  (94.4%  vs  55%  and  35.7%,  respectively;
P  < 0.05),  with  no  cases  of  perceived  excellent  knowledge  among  radiography  students.  However,  the
actual  knowledge  of  essential  radiation  protection  topics  such  as  regulations,  patient  and  tissue  suscep-
tibility  to  radiation  damage,  professional  radiation  risk  and  dose  optimisation,  as  well  as  of  radiation
doses  delivered  by  common  radiological  procedures  was  significantly  worse  among  medical  students
than  radiology  residents  and  radiography  students  (P  <  0.05).  Those  latter  significantly  outperformed
radiology  residents  as  to knowledge  of radiation  protection  issues  (P  < 0.01).  Overall,  less  than  50%  of

survey  respondents  correctly  answered  all  questions  of the survey.
Conclusions:  Radiology  residents,  radiography  students  and  medical  students  have  a limited  aware-
ness  about  radiation  protection,  with  a specific  gap  of knowledge  concerning  real  radiation  doses  of
daily  radiological  examinations.  Both  undergraduate  and  postgraduate  teaching  needs  to  be  effectively
implemented  with  radiation  safety  courses.

© 2016  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

The recent dramatic evolution and increased use of ionising

adiation-based diagnostic modalities such as multidetector com-
uted tomography (CT) has led to a multiplication of the number
f examinations and hence of the overall radiation exposure to
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the population, with CT currently accounting for about 50% of the
total radiation burden for medical purposes [1,2]. This situation has
raised concerns in the scientific community about the potential side
effects on patients, with particular reference to radiation-related
cancer and death [2,3]. Moreover, several papers have recently
shown a small, but significant increase of cancer risk in children and
young patients with previous exposure to CT scans [3–5], paralleled

by a measurable increase in radiation-induced DNA damage follow-
ing several radiologic examinations that correlates with radiation
dose [6,7]. In this setting, a full awareness of radiation protection
issues and a proper knowledge of the radiation doses delivered by
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he various imaging modalities are essential to make sure that all
nvolved professionals adhere to up-to-date appropriateness and
ptimisation criteria [8].

General training about radiation protection should be pro-
ided starting from undergraduate courses and followed by specific
pdate courses, as requested by the Guidelines on radiation pro-
ection education and training of medical professionals in the
uropean Union no. 175 (2014), which has set the standard of
inimum knowledge expected from each and every practitioner

nvolved in radiation protection [9]. In the past decade, several
tudies conducted on selected cohorts of referring physicians and
taff radiologists and technologists unveiled an alarming lack of
adiation protection knowledge among them. In particular, a sub-
tantial amount of professionals resulted to be underestimating the
verall radiation doses associated with various imaging modalities,
nd in some cases, they were even unable to correctly differen-
iate between ionising and non-ionising radiation-based imaging
echniques [10–12]. Such disappointing findings warrant a system-
tic, comprehensive evaluation of the knowledge of basic radiation
rotection issues needed for daily practice by students in train-

ng (such as medical students, radiography students, and radiology
esidents), in an attempt to gain insight about the current status of
adiation protection education among those who will order, per-
orm or interpret medical imaging examinations in their future
rofessional life. In this perspective, the advantages of creating

 positive radiation safety culture in the higher education and
esearch sectors have been outlined, with continuous education
nd testing for all people involved (including students during
heir training period) being key to optimise performance, minimise
rrors, and protect the entire workforce as well as the general public
nd the environment [13–15].

The aim of our work is to assess the degree of subjectively per-
eived knowledge and effective knowledge of essential radiation
rotection and dose assessment topics across a population of med-

cal students, radiography students and radiology residents.

. Material and methods

.1. Data collection

Data were obtained from a survey conducted in a group of
adiology residents and undergraduate students by a multidisci-
linary “dose team” between January 1 and December 31, 2015.
he survey was designed to assess the knowledge of dose exposure

evels and awareness of radiation protection among radiology resi-
ents, medical students, and radiography students. Questionnaires
ere distributed on the occasion of university classes that medical

tudents attend during the 5th year of their six-year course, radio-
raphy students during the 2nd year of their three-year course,
nd radiology residents during their five-year course, respectively.
rior to the survey, participants had been informed that the results
f the questionnaire would be stored in a database and used for
esearch purposes only. Participation to the survey was voluntary
nd completely anonymous.

A total of 159 young doctors and students (radiology residents
7.74%, medical students 35.22%, radiography students 27.04%)

oined the survey. This latter was divided into three sections, of
hich:

Section 1 (Demographics and Perceived radiation protection
skills) contained the demographic data of each survey partici-

pant, as well as including their degree of training and perceived
radiation protection knowledge;
Section 2 (Radiation protection awareness) was focused on
assessing: (1) radiation standards (2) susceptibility to radiation
f Radiology 86 (2017) 135–142

damage, (3) regulations, (4) knowledge about professionals with
a higher exposure risk, (5) tissues more susceptible to injury from
ionising radiation, (6) diseases caused by radiation damage, and
(7) knowledge about dose optimisation;

• Section 3 (Knowledge about radiation dose levels) investigated
specific topics, such as: (1) average dose of a postero-anterior
chest X-ray (considered as a common reference unit to compare
radiation exposure from different radiological examinations); (2)
background radiation dose absorbed by the general population;
(3) lumbar spine X-ray dose; (4) mammography dose (bilateral,
two  projections per side); (5) chest CT dose; (6) pelvic mag-
netic resonance imaging (MRI) dose; (7) 18-fluorodeoxiglucose
positron emission tomography-computed tomography (18F-FDG
PET-CT) dose; (8) abdominal ultrasound (US) dose; (9) myocardial
scintigraphy dose (2-day protocol with 99mTC-sestamibi) [16].

All questions of Sections 2 and 3 were formulated in a multiple
choice format with five to six options and one only correct answer.
One mark was assigned for each correct answer and zero marks for
each wrong or missing answer, respectively (Appendix).

2.2. Statistical analysis

A descriptive analysis of the sample was  performed. Categorical
variables were expressed as percentages, and continuous variables
as mean and standard deviation, respectively. The total question-
naire score and the two  subscales (Radiation Protection and Dose
Assessment) were expressed as median and interquartile ranges
(IQR) and displayed on box-plot diagrams.

The score differences related to three questionnaire sec-
tions among the three groups (radiology residents, medical
students, radiography students) were evaluated using the Kruskal-
Wallis test. Post-hoc analysis was  performed using pairwise
Mann–Whitney tests with Bonferroni correction. The questionnaire
reliability was assessed in terms of internal consistency by means
of the Cronbach’s alpha (�) coefficient [mean and 95% confidence
intervals (CI95)].

A P-value less than 0.05 was set as threshold for statistical sig-
nificance. Statistical analysis was carried out using software (SPSS
version 23.0, http://www-01.ibm.com/software/analytics/spss).

3. Results

The demographics of the survey participants in terms of age and
gender distribution, perceived radiation protection knowledge, and
previously performed training are reported in Table 1. All 159 par-
ticipants completed the questionnaire. Mean age was  29.4, 23.8,
and 22.5 years old for radiology residents, medical students and
radiography students, respectively. Gender distribution was  com-
parable across the three categories (43.1%, 48.2%, and 44.2% of male
percentage, respectively; Chi-square test, P > 0.05).

As reported in a previous paper of ours [16], the questionnaire
was found to have acceptable internal reliability (� = 0.780; CI95
0.762 ÷ 0.852) as a measure of knowledge of essential radiation
protection topics. The internal consistency of the questionnaire was
also assessed separately among the radiology residents, medical
students, and radiography students. Cronbach’s � coefficients were
0.760 (CI95 0.746 ÷ 0.796), 0.727 (CI95 0.688 ÷ 0.744) and 0.797
(CI95 0.696 ÷ 0.835), respectively.

As to the perceived knowledge of radiation protection issues,
medical students claimed to have at least a good knowledge

in 94.4% of cases (22.2% excellent, 72.2% good), resulting in
the highest value among the other categories of survey par-
ticipants. In fact, radiology residents claimed to have at least
a good knowledge in 55% of cases (5% excellent, 50% good),

http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
http://www-01.ibm.com/software/analytics/spss
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Table  1
Sample demographics (age, gender, and level of radiation protection awareness and training). SD = standard deviation. *F-test statistic by Anova, **Chi-square test, ***Fisher’s
exact  test. P < 0.05 indicates statistical significance.

Radiology residents (N = 60) Medical students (N = 56) Radiography students (N = 43) P-value

Age (mean; SD) 29.4 (3.3) 23.8 (1.6) 22.5 (3.7) <0.05*
Gender (% Male) 43.1 48.2 44.2 >0.05**

Perceived knowledge (%)
Excellent 5.0 22.2 0 <0.05***
Good 50.0 72.2 35.7
Sufficient 43.3 5.6 54.8
Insufficient 1.7 0 9.5

Training (%)
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Frequently 45.0 88.7 

Rarely 38.3 9.4 

Never 16.7 1.9 

hereas radiography students got the lowest rating with a per-
eived good level of knowledge in 35.7% of cases and no cases
f perceived excellent knowledge (Fisher’s exact test, P < 0.05)
Table 1).

Total questionnaire scores are reported in Fig. 1. Given a score
f 1 for each correct answer, the total mean score was  10.3 out of
6 for both radiology residents and radiography students, and 8.5
ut of 16 for medical students, respectively (Kruskal-Wallis test,

 < 0.001). Questionnaire results concerning radiation protection
ssues were much better, with a score of 5.8 out of 7 for both radi-
logy residents and radiography students and a score of 4.8 out of 7
or medical students, respectively (Kruskal-Wallis test, P < 0.001).
onversely, the scores related to the knowledge about radiation
oses of radiological procedures were lower, with a score of 4.5
ut of 9 for both radiology residents and radiography students and
.7 out of 9 for medical students, respectively (Kruskal-Wallis test,

 < 0.001).

.1. Radiation protection awareness

As to the questionnaire section related to main radiation protec-
ion issues (Fig. 2), all radiology residents and radiography students
96.7% and 100%) and the majority of medical students (89.1%) were
ware of the need to inform patients about the risks of radiation
xposure. The question about which patients are most sensitive
o ionising radiation was correctly answered by 82.1% of radio-
raphy students, 76.3% of radiology residents, and only 54.5% of
edical students, respectively. The majority of radiology residents

nd radiography students (83.3% and 83.6%) correctly answered
hat referring physicians, radiologists and radiographers are all
esponsible for unnecessary patient exposure and lack of optimi-
ation, whereas medical students’ performance was significantly
orse (73.2%) (Chi-square test, P < 0.05). Interventional radiologists

nd cardiologists were properly considered as the most exposed
ategory by 88.3% of radiology residents and 76.2% of radiogra-
hy students, while less than half of medical students gave the
orrect answer (43.6%). Breast was correctly deemed to be the
ost radiation-sensitive tissue by almost all radiology residents

97.7%), the majority of radiography students (87.5%), and about
hree quarters of medical students (75.5%), respectively. Only 69.8%
f radiography students, 62.7% of radiology residents, and 57.1% of
edical students gave the correct answer to the question about

tochastic radiation damage. Overall, the majority of respondents
rom all groups knew the concept of dose optimisation, yet the rate

f correct answers by medical students was slightly, but signifi-
antly worse compared with the other groups (medical students
7.3% vs radiography students 95.0% and radiology residents 95.3%;
isher’s exact test, P < 0.05).
26.8 <0.05***
46.3
26.8

3.2. Knowledge of recommended radiation dose levels for the
main imaging procedures

The percentages of survey respondents who correctly identified,
underestimated and overestimated doses for natural background
exposure and common radiological investigations are shown in
Table 2.

The radiation dose from a standard chest X-ray examination was
correctly estimated by about three quarters of radiography stu-
dents (77.6%) and about half of radiology residents and medical
students (57.6 and 56.0%, respectively) (Fisher’s exact test, P < 0.05).
The radiation dose due to natural background was poorly estimated
by all categories, as only 24.6% of radiology residents, 18.9% of med-
ical students and 14.0% of radiography students gave the correct
answer. The knowledge of the radiation dose delivered by a lum-
bar X-ray examination was  even worse, as the correct dose value
was given by only 10.3% of radiology residents, 14.8% of medi-
cal students, and 7.0% of radiography students, respectively. The
dose delivered by a mammography examination was known by
37.9% of radiology residents, 22.2% of medical students and 27.9%
of radiography students, but the fact that as many as 3.4% of radi-
ology residents, 1.9% of medical students, and 4.7% of radiography
students considered mammography as a radiation-free procedure
should be a matter of concern.

The dose figure best known by all categories was  that of a chest
CT examination, yet it was correctly estimated by only about half
of respondents (radiology residents 54.4%, medical students 46.4%,
radiography students 44.2%). Surprisingly, 1.8% of both radiogra-
phy students and medical students answered that CT involves no
radiation exposure. Moreover, MRI  and US were correctly identi-
fied as radiation-free by all radiology residents (100%) and almost
all radiography students (97.7%), while 9.1% and 32.7% of medical
students, respectively did not know that US and MRI  do not involve
the use of ionising radiation.

As for nuclear medicine procedures, radiography students cor-
rectly estimated the radiation dose of 18F FDG PET-CT examinations
significantly more frequently than radiology residents and medi-
cal students (66.7% vs 37.9% and 34.5%, respectively; Fisher’s exact
test, P < 0.05), whereas the radiation dose delivered by a myocar-
dial scintigraphy was more familiar to radiology residents (40.4%)
than to medical students (31.5%) and radiography students (16.7%)
(Fisher’s exact test, P < 0.05). As already observed for chest CT, a
small, but significantly higher percentage of radiology residents
and medical students thought that either PET-CT (3.4% and 5.5%,
respectively) or myocardial scintigraphy (9% and 3.7%, respectively)
are not associated with radiation exposure, compared with radiog-

raphy students (0% for both procedures; Fisher’s exact test, P < 0.05).
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ig. 1. Distribution of scores related to knowledge of radiation protection (a), do
ssessment) among radiology residents, medical students, and radiography studen
nd  maximum values. P-values indicate statistical significance.

. Discussion

Over the last years, the evolution of medical imaging has led to
 broadening of the clinical indications to several imaging proce-
ures, and consequently to a multiplication of imaging requests
y referring clinicians. This is especially true for CT, due to its
idespread availability even in peripheral centres, fast image

cquisition time, and excellent spatial and contrast resolution,
hich allows to obtain a wealth of morphological and even func-

ional information from a single one-stop shop study. On the
ther hand, such progress has spawned concern on the related

ncrease in radiation exposure to patients and the overall popula-
ion, prompting efforts towards a systematic reduction of radiation
oses through the development of dose-saving tools [17] and the
ptimisation of radiological resources, including dose auditing and

nitiatives aimed to improve radiation protection culture among
ealthcare operators [18–20].

To the best of our knowledge, this is the first report of a survey
n the basic aspects of radiation protection (both subjectively per-
eived and objectively tested through a structured questionnaire)
imultaneously involving medical students, radiology residents

nd radiography students all studying or working in the same aca-
emic hospital. Strikingly, medical students resulted to have the
ighest perceived knowledge on radiation protection issues (100%,
ith 22.2% of them self-rating as excellent), but reported the worst
l assessment (b), and overall knowledge (i.e. radiation protection and dose level
Box plot diagrams show the distribution of median, interquartile range, minimum

scores in objective tests (12.5% of 100% correct answers for gen-
eral radiation protection questions, and 0% for average dose levels
of common imaging techniques, respectively). It should be noted
that all medical students involved were attending the fifth year of
their 6-year undergraduate programme (including both theoretical
education and practical training in medical wards since the second
half of the third year) at the time of the survey, so that a basic
preparation on the main radiation protection issues as presented
in the questionnaire would have been expected. Yet, such a lack
of knowledge was paralleled by a high degree of self-confidence,
likely due to a simplistic view about radiation protection topics
that ultimately led to an overestimation of their own  knowledge.
A potential explanation for this may  be a general understatement
of radiation protection culture, which may  have been engendered
by a poor knowledge itself as well as by a lack of familiarisation
with such topics during academic training. Such findings are sub-
stantially in line with the literature [10,12,21,22], and in particular,
Zhou et al. showed that the awareness of ionising radiation from
diagnostic imaging was lacking among senior medical students and
interns, with as high as 11.3% and 25.5% of respondents believing
that US and MRI  involve the use of ionising radiation, respectively

[12]. It is worth noting that in this latter paper, interns from three
teaching hospital performed significantly better than fourth to sixth
year medical students, underscoring the importance of systematic
exposure to real-life training. Moreover, O’Sullivan et al. showed
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ig. 2. Descriptive statistics of radiology residents’, medical students’, and radiogra
uestions from 1 to 4; b, questions from 5 to 7 of Section 2 of the survey questionn

hat medical students attending yearly modules of clinical radi-
logy education over their 5-year undergraduate programme had

 significantly greater awareness of radiation exposures associ-
ted with diagnostic imaging examinations than students following
he regular programme [23], suggesting that continuous radiation

rotection education may  be more effective at providing medi-
al students with adequate radiation protection skills. Anyway, it
s clear that such understatement of radiation protection educa-
tudents’ answers to survey questions about general radiation protection issues (a,
orrect answers are boxed. IR = ionising radiation.

tion might have dangerous consequences, potentially resulting in
an increased number of inappropriate requests for imaging tests,
unnecessary higher radiation exposure to patients (as well as to
operators, in case of interventional procedures), and extra health-
care costs [13,23–25].
On the other hand, radiology residents and radiography students
possessed a significantly better knowledge of radiation protec-
tion issues, yet their perceived degree of knowledge was lower
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Table 2
Overall distribution of answers to questions about the dose of natural background radiation and commonly performed imaging examinations given by radiology residents,
medical students, and radiography students. Values are expressed in terms of equivalent number of postero-anterior (PA) chest radiographs. Correct answers are highlighted
in  shaded bold.

Which is the average dose for a PA chest radiograph?

<0.01 mSv 0.01–0.1 mSv  0.1–1 mSv  1–10 mSv  10–100 mSv >100 mSv

Radiology residents 8.5 57.6 28.8 1.7 3.4 0.0
Medical students 2.0 56.0 24.0 18.0 0.0 0.0
Radiography students 2.3 76.7 18.6 0 2.3 0.0

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to natural background radiation in Italy?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 1.8 35.1 26.3 12.3 24.6 0.0
Medical students 3.8 26.4 30.2 17.0 18.9 3.8
Radiography students 0.0 7.0 34.9 44.2 14.0 0.0

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to a lumbar x-ray examination?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 0.0 58.6 27.6 10.3 3.4 0.0
Medical students 0.0 59.3 22.2 14.8 3.7 0.0
Radiography students 0.0 39.5 44.2 7.0 9.3 0.0

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to mammography (bilateral, two projections each, i.e. four images in total)?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 3.4 46.6 37.9 8.6 3.4 0.0
Medical students 1.9 50.0 22.2 13.0 9.3 3.7
Radiography students 4.7 51.2 27.9 16.3 0.0 0.0

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to a noncontrast chest CT examination?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 1.8 0.0 15.8 26.3 54.4 1.8
Medical students 1.8 7.1 14.3 25.0 46.4 5.4
Radiography students 0.0 0.0 4.7 46.5 44.2 4.7

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to a pelvis MRI  examination?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 100 0.0 0.0 0.0 0.0 0.0
Medical students 67.3 3.6 5.5 12.7 7.3 3.6
Radiography students 97.7 0.0 0.0 2.3 0.0 0.0

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to a whole body PET-CT examination?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 3.4 3.4 10.3 6.9 37.9 37.9
Medical students 5.5 3.6 10.9 16.4 29.1 34.5
Radiography students 0.0 0.0 2.4 14.3 16.7 66.7

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to an abdominal ultrasound examination?
0  1–10 10–50 50–100 100–500 >500

Radiology residents 100 0.0 0.0 0.0 0.0 0.0
Medical students 91.1 1.8 0.0 3.6 3.6 0.0
Radiography students 97.7 0.0 2.3 0.0 0.0 0.0

If  a PA chest radiograph counts as 1 unit, how much is the average dose due to a myocardial scintigraphy (2-day protocol with 99mTc-sestamibi)?
0  1–10 10–50 50–100 100–500 >500

10.
14.
9.5

c
t
a
m
c
r
t
b
g
a
d
t

i
r
j
t
b

Radiology residents 9 5.3 

Medical students 3.7 9.3 

Radiography students 0.0 2.4 

ompared with medical students. Such data may  be explained by
he fact that radiology residents and radiography students receive

 more focused and intensive radiation protection training than
edical students due to the specialised nature of their academic

ourses, and are in line with the finding by Borgen et al. [26] of
adiologists and radiographers having better knowledge of radia-
ion issues and referral guidelines than clinicians. Moreover, it may
e supposed that owing to their better radiation protection back-
round, radiology residents and radiography students are more
ware of, and even somewhat daunted at the complexity of an in-
epth radiation protection knowledge such as they will be expected
o master in their future professional life.

To this latter respect, it is worth noting that in our study, train-
ng was perceived to be less frequent by radiology residents and
adiography students than by medical students. Indeed, all sub-

ects from the three groups attended hospital wards as a part of
heir training, and especially radiography students are expected to
e directly involved in technically setting the radiation dose to be
5 14.0 21.1 40.4
8 18.5 22.2 31.5

 14.3 57.1 16.7

delivered to patients, yet most radiography students rated their
training on radiation protection issues to occur rarely (46.3%) or
even never (26.8%). Such figures were better for radiology resi-
dents, though even among them training was reported to occur
rarely in quite a large fraction of cases (38.3%), and never in as
many as 16.7% of cases. Though we did not ask respondents to
quantify their training time, the finding of insufficient training was
also reported in the study by Portelli et al., in which half of radi-
ology practitioners and radiographers involved in a survey had
declared receiving a maximum of 20 h of radiation protection edu-
cation and training, which is much less than the recommended
30–50 h for radiology practitioners and 100–140 h for radiogra-
phers [21].

Taking the objective performance scores of radiography
students and radiology residents separately, we found that radiog-

raphy students significantly outperformed radiology residents as to
knowledge of radiation protection issues (P < 0.01). In their future
professional life, radiology residents will be expected to be able to



rnal o

c
w
c
s
k
s
o
a
t
o
a
d
t
r
f
k
b
t
p
a
c
o
m
r
u
r
a
w
l
t
b
d
p
f
t
o
r
i
m
e
r
o
i
c
l
a
a
i
p
p

c
e
r
d
o
i
a
w
d
p
a
i
e
t
t

L. Faggioni et al. / European Jou

hoose the best imaging technique for a given diagnostic query and
ill be held legally responsible for the justification of imaging pro-

edures along with prescribing physicians, whereas radiography
tudents (i.e., future technologists) should gain a comprehensive
nowledge of dose levels as they are going to be technically respon-
ible for delivering radiation dose to patients. Overall, only 44.2%
f radiography students and 31.7% of radiology residents correctly
nswered all questions on general radiation protection issues in
he objective test questionnaire, respectively, while as few as 2.3%
f radiography students and 5% of radiology residents correctly
nswered all questions on radiation dose levels. This was  quite
isappointing given the rather low difficulty level of the ques-
ionnaire, which was aimed to assess a basic knowledge about
adiation protection even among students without specialty pro-
essional training in radiology, such as medical students. A poor
nowledge of radiation doses among trainees was also reported
y other authors (with, for instance, only 20% of radiology prac-
itioners providing the correct dose estimate for radiation-based
aediatric examinations in a primary paediatric referral centre [21],
nd as few as 7% of residents knowing the dose of a postero-anterior
hest X-ray [25]. Actually, general dosimetry information is part
f the teaching programme of radiology courses to undergraduate
edical students, as well as of the core curriculum of radiology

esidents as recommended by major radiological societies and reg-
latory institutions [24,27,28]. Combined with the relatively high
ate of survey respondents perceiving their training as not frequent,

 potential explanation to the above findings may  be a trend by
orking professionals acting as tutors in their daily activity to over-

ook radiation protection issues. In other terms, it may  be likely
hat while radiography students and radiology residents receive
etter theoretical radiation protection teaching than medical stu-
ents (as confirmed by their higher scores in objective radiation
rotection knowledge tests), they do not get enough educational

eedback and radiation protection skill reinforcement during their
raining time because radiation protection culture within the radi-
logical staff is either lacking or undervalued. While action has
ecently been taken to improve radiation protection knowledge and
ts implementation through quality assessment and workflow opti-

isation initiatives in radiology departments [18–20], evidence
xists in the literature that radiation protection awareness among
eferring physicians as well as performing radiologists and technol-
gists is quite variable and hovers at definitely substandard levels

n a substantial fraction of cases, even at academic or tertiary care
entres [29,30]. In this perspective, we believe that one of the chal-
enges for promoting the importance of radiation protection culture
mong radiological and non-radiological professionals in training
nd improving their radiation protection skills is to consistently
mplement their learning curricula with specific theoretical and
ractical modules held by board certified radiologists and medical
hysicists.

Our study has some limitations. Firstly, we  performed a single
entre study, which prevented us from making comparisons and
ventually finding out any differences among medical students,
adiography students and radiology residents from different aca-
emic institutions. While this could be an interesting extension of
ur present work that might warrant further investigation, teach-

ng curricula for students of the three aforementioned categories
re harmonised in agreement to national and European bylaws,
hich should contribute to mitigate potential inter-institutional

iscrepancies. Secondly, our survey sample was not large com-
ared with other studies [10,12,25], but can be deemed to be of
verage size [21,30] and was sufficient to detect statistically signif-

cant differences among the three groups. Thirdly, unlike Portelli
t al. [21], we did not ask the survey respondents to give a quan-
itative estimation of the hours spent in their radiation protection
raining, because this would have been quite complicated for med-
f Radiology 86 (2017) 135–142 141

ical students (whose radiation protection training usually occurs
on various occasions other than at radiology departments and is
therefore unavoidably more dispersed in both time and space),
potentially leading to inconsistent findings. Fourthly, we did not
include a gold standard group of experts (such as radiation physi-
cists or board certified radiologists) for comparison, because we
feel that the complexity of radiation protection as a whole matter
makes it difficult to identify a single professional category as a valid
reference standard.

5. Conclusions

Our findings indicate that medical students near the end of
their undergraduate career tend to overestimate their own knowl-
edge of radiation protection issues as assessed by means of a basic
level survey, yet their radiation protection skills are significantly
worse compared with radiology residents and radiography stu-
dents participating to the same survey. On the other hand, those
latter believe that their radiation protection background and train-
ing is not enough for their future professional needs, and their
objective radiation protection knowledge still reveals significant
flaws. Despite the recently increased sensitivity of the medical
community and radiology vendors towards building a stronger
radiation protection culture, further efforts are needed to ensure
that radiation protection effectively becomes an essential part of
the professional skills of all healthcare providers involved. This is
the recommended approach to safeguard patients’ and operators’
safety and optimise resources, both inside and outside the radio-
logical environment.
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