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intrOdUctiOn
Radiology now forms the cornerstone of clinical 
diagnosis and effective patient management. With 
continuing advances in the field of radiology, improving 
the diagnostic efficacy and availability of radiological 
imaging, there has been a significant increase in the 
utilisation of radiological imaging techniques. This is 
best exemplified by the number of CT scans performed 
within hospitals increasing from 1 to 5 million between 
1997 to 2013, a percentage increase of approximately 
400%.1

As radiological imaging becomes widely adopted as an 
integral part of the clinical diagnostic process, increasing 
evidence has emerged regarding the radiation associated 
risks with various imaging modalities.2–5 In the UK alone, 
studies have reported that the cumulative risk of cancer 
associated with diagnostic X-rays equated to 700 cases 
of cancer per year.6 To minimise the risk associated with 
unnecessary radiation exposure, healthcare regulators have 
formulated legislation to increase the awareness of the risks 
associated with radiation amongst clinicians and other 
allied healthcare professionals. In the UK, this resulted in 
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Objective: Junior doctors routinely request radiolog-
ical investigations for patients. Prior studies have noted 
that among this group there is a lack of knowledge on 
radiation legislation and radiation exposure in common 
radiological investigations. However, no studies have 
compared this against radiology trainees and radiog-
raphers. We compared knowledge of radiation legis-
lation and radiation exposure in common radiolog-
ical investigations among final year medical students 
(FYMS), foundation year doctors (FY1, FY2) against 
specialist radiology trainees (SRT) and radiographers  
(RG).
Methods: A 12-question multiple choice questionnaire 
(MCQ) was distributed to FYMS, FY1, FY2, SRT and RG 
at a UK teaching hospital. Questions assessed knowl-
edge of radiation legislation and radiation-dose esti-
mates of common radiological investigations. Mean 
MCQ scores were compared using one-way ANOVA 
and Tukey post-test to determine statistical signifi-
cance (p-value < 0.05).

results: 127 participants were included in the study. 
Mean scores (%) for FYMS (49.3%), FY1 (52.6%) and 
FY2 (51.1%) were significantly lower compared to SRT 
(64.4%) and RG (66.3%) (p-value < 0.05). Mean test 
scores between FYMS, FY1 and FY2 did not significantly 
differ (p-value > 0.05).
conclusion: FYMS, FY1 and FY2 knowledge of radiation 
legislation and radiation exposure in common radiolog-
ical investigations was poor compared to SRT and RG. 
Patients require knowledge of radiation risk to provide 
informed consent as per IRMER regulations, thus we 
propose formal teaching on the subject matter to 
promote radiation safety culture among medical under-
graduates and postgraduates.
advances in knowledge: First study to compare knowl-
edge of radiation legislation and radiation exposure in 
common radiological investigations between medical 
students and junior doctors to radiology trainees and 
radiographers.
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the Department of Health formulating the Ionising Radiation 
Medical Exposure Regulations legislation.7 Moreover, other 
organisations involved in the training of healthcare professionals 
exposed to radiation, such as the Royal College of Radiologists 
(RCR), have drafted guidelines on the need for adequate training 
on the risks of radiation. Moreover, tools such as the RCR’s iRefer 
tool have been developed to guide healthcare professionals in 
requesting the most appropriate imaging modality, thereby 
limiting patient exposure to unnecessary radiation.8

Despite this, multiple studies have shown that radiation aware-
ness and knowledge about its associated risks is poor among 
healthcare professionals at both an undergraduate9–11 and post-
graduate level.12–15 However, to the best of our knowledge, there 
have been no studies in the UK that compare knowledge of radi-
ation legislation and radiation exposure in common radiolog-
ical investigations between clinicians, at both an undergraduate 
and postgraduate level, to radiographers (RGs). Therefore, we 
developed a study that aimed to compare knowledge of radia-
tion legislation and radiation exposure in common radiolog-
ical investigations among final year medical students (FYMS), 
foundation year one doctors (FY1), foundation year two doctors 
(FY2) against specialist radiology trainees (SRT) and RG. We 
hypothesise that FYMS may not be aware of radiation legisla-
tion or the radiation dose associated with the different radio-
logical investigations. However, we expect that with increasing 
clinical seniority and training, knowledge on these topics should 
improve.

MethOds and Materials
A written multiple choice questionnaire (MCQ), consisting of 12 
questions in total with 6 questions assessing knowledge on radi-
ation awareness and radiation exposure in common radiological 
investigations (Supplementary Material 1). The maximum test 
score attainable was a score of 16. Questions were derived with 

expert input from senior consultant radiologists and from tools 
such as iRefer. This was distributed to FYMS, FY1, FY2, SRT and 
RG within a university teaching hospital in the UK. None of FYMS, 
FY1 and FY2 had been provided with any formal regional training 
on radiation awareness, thus were reliant on any knowledge attained 
during their undergraduate or clinical training. Conversely, SRT 
and RG are provided formal training on radiation awareness as 
part of their specialty training programmes, therefore acted as the 
comparison groups. Throughout the study, all groups were super-
vised in their completion of the MCQ to prevent participants from 
utilising resources to assist in answering the questions. Responses 
were collated for each group as a number of correct versus incor-
rect answers and presented as the mean ± standard error of the 
mean (SEM). One-way analysis of variance with Tukey post-test 
was utilised using GraphPad Prism® to determine if the observed 
differences in test scores between groups were of statistical signif-
icance (defined as a p-value < 0.05). Kruskal–Wallis test was used 
to determine if observed differences between groups for non-para-
metric categorical data was of statistical significance (defined as a 
p-value < 0.05).

resUlts
A total of 127 participants were involved in the study (Table 1). The 
mean ± SEM test scores observed for FYMS, FY1 and FY2 were 
significantly lower when compared to SRT and RG (Table 2). More-
over, despite increasing seniority and clinical exposure, the mean 
± SEM test scores did not significantly differ between the FYMS, 
FY1 and FY2 training groups (p > 0.05). Additionally, there was 
no significant difference observed in the mean ± SEM test scores 
between the SRT and RG groups (p = 0.99).

As highlighted by Table 3, the proportion of FYMS, FY1 and FY2 
were significantly less aware of the RCR undergraduate radiology 
curriculum compared to SRT and RG. Additionally, there was 

Table 1. Number of participants per group

Group Number of participants
FYMS 34

FY1 27

FY2 40

SRT 13

RG 13

FY1, foundation year one doctors; FY2, foundation year two doctors; 
FYMS, final year medical students; RG, radiographers; SRT, specialist 
radiology trainees;

Table 2. Mean (%) ± SEM test scores between training groups (maximum test score of 16)

Training group

FYMS FY1 FY2 SRT RG
Mean (%) ± SEM test score 7.88 (49.3) ± 0.26 8.41 (52.6) ± 0.39 8.18 (51.1) ± 0.36 10.3 (64.4) ± 0.64 10.6 (66.3) ± 0.43

FY1, foundation year one doctors; FY2, foundation year two doctors; FYMS, final year medical students; RG, radiographers; SEM, standard error of 
the mean; SRT, specialist radiology trainees;
p-values: FYMS vs FY1, p = 0.84; FYMS vs FY2, p=0.97; FYMS vs SRT, p = 0.0024*; FYMS vs RG, p = 0.0004*; FY1 vs FY2, p = 0.99; FY1 vs SRT, p = 
0.041*; FY1 vs RG, p = 0.011*; FY2 vs SRT, p = 0.0086*; FY2 vs RG, p = 0.0017*; SRT vs RG, p = 0.99. *denotes statistically significant results.

Table 3. Number (%) of participants in each training cohort 
aware of the RCR undergraduate radiology curriculum

Training group

FYMS FY1 FY2 SRT RG
Number (%) 1 (2.94) 5 (18.5) 4 (10) 10 (76.9) 8 (61.5)

FY1, foundation year one doctors; FY2, foundation year two doctors; 
FYMS, final year medical students; RG, radiographers; SRT, specialist 
radiology trainees;RCR, Royal College of Radiologists;
p-values: FYMS vs FY1, p > 0.99; FYMS vs FY2, p > 0.99; FYMS vs 
SRT, p < 0.0001*; FYMS vs RG, p = 0.0002*; FY1 vs FY2, p > 0.99; FY1 
vs SRT, p = 0.0003*; FY1 vs RG, p = 0.022*; FY2 vs SRT, p < 0.0001*; 
FY2 vs RG, p = 0.0011*; SRT vs RG, p > 0.99. *denotes statistically 
significant results.
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no statistically significant difference in the proportion of trainees 
aware of the RCR undergraduate radiology curriculum between 
FYMS to FY2. Moreover, no statistically significant differences 
were noted between the SRT and RG cohort concerning the 
proportion aware of the RCR undergraduate curriculum.

Similarly, Table  4 outlines that FYMS, FY1 and FY2 compara-
tively noted a lack of awareness of the iRefer tool developed by 
the RCR, with no FYMS reporting an awareness of the resource, 
compared to both the SRT and RG cohort. Nonetheless, a statis-
tically significant greater proportion of SRT were aware of the 
iRefer tool compared to the RG cohort.

When determining existing knowledge of governmental regu-
lations underpinning radiation, Table  5 denotes a statistically 
significant greater proportion of SRT and RG were aware of 
existing governmental regulations on radiation compared to the 
FYMS, FY1 and FY2 groups. Furthermore, a statistically insignif-
icant difference was noted between the SRT and RG cohort with 
regards to the proportion aware of governmental regulations on 
radiation. Additionally, no significant increase in the proportion 
of study participants’ awareness of governmental regulations 
on radiation between the FYMS, FY1 and FY2 training groups 
despite increasing seniority and perceived clinical acumen.

The SRT and RG cohorts had a significantly greater proportion 
of healthcare professionals aware of existing national referral 
guidelines for requesting images compared to the FYMS, FY1 
and FY2 groups (p < 0.0001) (Table 6). However, no statistically 
significant difference was noted between the number of SRT and 

RG aware of national referral guidelines on requesting imaging 
(p > 0.99). Similarly, no significant differences were noted in the 
proportion of FYMS, FY1 and FY2 cohorts aware of national 
referral guidelines for requesting radiological imaging (p > 0.99).

discUssiOn
Medical imaging plays a key role in the diagnosis and manage-
ment of a disease. Radiological imaging is widely available and 
can provide invaluable information promptly that can guide clin-
ical diagnosis and management. However, the risks of radiation 
exposure vary depending on the radiation dose and duration. 
Effects such as hair loss, skin erythema, sterility and malignancy 
have been associated with radiation exposure.16 Previous studies 
have shown radiation doses as low as 10 mSv can provoke malig-
nancy in 1 in 2000 patients and it is estimated that around 700 
new cases per year develop after radiation exposure from medical 
imaging in the UK.6,16

The results of our study illustrate a poor baseline knowledge of 
radiation exposure awareness in FYMS, FY1 and FY2. Moreover, 
knowledge within these domains did not improve among these 
groups despite increasing seniority (mean score FYMS = 49.3%, 
FY1 52.6%, FY2 51.1%, p-value > 0.05). These findings correlate 
with previous studies such as that conducted by Soye et al who 
assessed radiation awareness among 153 health professionals 
from varied training schemes. Within their study, they noted 
that their cohorts average test score was 39%.12 Furthermore, 
McCusker et al found out of 269 participants, including medical 
students and junior doctors, 99% underestimated radiation doses 
in a variety of imaging with 90% underestimating radiation doses 
associated with CT abdomen/pelvis. Moreover, they identified 
that only 1% of their study cohort had attended formal radiation 
protection teaching.10 Similar results have been found in studies 
abroad whereby doctors and medical students both underesti-
mated radiation doses and their knowledge lacking.9,17–20

The above highlights the underlying concern that teaching 
appears ineffective from the undergraduate level to the initial 
formative year’s post-graduation. With recent changes to the 
legal basis of informed consent, it is crucial that clinicians should 
have sufficient knowledge to communicate the risks and bene-
fits of requested investigations to receive informed consent from 
patients. Furthermore, the European Directive 2013/59/Euratom 
from the European Commission which addresses diagnostic 

Table 4. Number (%) of participants within each training group 
aware of the iRefer tool

Training Group

FYMS FY1 FY2 SRT RG
Number 
(%) 0 (0) 1 (3.7) 1 (2.5) 13 (100) 5 (38.5)

FY1, foundation year one doctors; FY2, foundation year two doctors; 
FYMS, final year medical students; RG, radiographers; SRT, specialist 
radiology trainees;
p-values: FYMS vs. FY1, p>0.99; FYMS vs. FY2, p>0.99; FYMS vs. 
SRT, p<0.0001*; FYMS vs. RG, p=0.0126*; FY1 vs. FY2, p>0.99;FY1 
vs. SRT, p<0.0001*; FY1 vs. RG, p=0.0487*; FY2 vs. SRT, p<0.0001*; 
FY2 vs. RG, p=0.0207*; SRT vs. RG, p=0.0002. *denotes statistically 
significant results.

Table 5. Number (%) of participants aware of any govern-
mental regulations on radiation

Training group

FYMS FY1 FY2 SRT RG
Number (%) 1 (2.9) 1 (3.7) 3 (7.5) 13 (100) 12 (92.3)

FY1, foundation year one doctors; FY2, foundation year two doctors; 
FYMS, final year medical students; RG, radiographers; SRT, specialist 
radiology trainees;
p-values: FYMS vs FY1, p > 0.99; FYMS vs FY2, p > 0.99; FYMS vs 
SRT, p < 0.0001*; FYMS vs RG, p < 0.0001*; FY1 vs FY2, p > 0.99; FY1 
vs SRT, p < 0.0001*; FY1 vs RG, p < 0.0001*; FY2 vs SRT, p < 0.0001*; 
FY2 vs RG, p < 0.0001*; SRT vs RG, p > 0.99. *denotes statistically 
significant results.

Table 6. Number (%) of participants aware of any national 
referral guidelines for requesting imaging

Training group

FYMS FY1 FY2 SRT RG
Number (%) 2 (5.88) 0 (0) 2 (5) 11 (84.6) 10 (76.9)

FY1, foundation year one doctors; FY2, foundation year two doctors; 
FYMS, final year medical students; RG, radiographers; SRT, specialist 
radiology trainees;
p-values: FYMS vs FY1, p > 0.99; FYMS vs FY2, p > 0.99; FYMS vs 
SRT, p < 0.0001*; FYMS vs RG, p < 0.0001*; FY1 vs FY2, p > 0.99; FY1 
vs SRT, p < 0.0001*; FY1 vs RG, p < 0.0001*; FY2 vs SRT, p < 0.0001*; 
FY2 vs RG, p < 0.0001*; SRT vs RG, p > 0.99. *denotes statistically 
significant results.
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imaging, emphasises a need for justifying medical exposure with 
a requirement to provide information to patients.21

Awareness of the undergraduate curriculum specified by the RCR 
was seen by the majority of SRT in our study (76.9%). Compara-
tively, there was a lower percentage of trainees in the other clin-
ical groups aware of the RCR curriculum (FYMS = 2.94%, FY1 = 
18.5%, FY2 = 10%). This could be due to a lack of formal teaching 
present both at the undergraduate and postgraduate level. This 
corresponds with data obtained by Selmi et al who reported that 
out of 49 respondents to their questionnaire, 76% of trainees did 
not have previous radiology teaching in dosimetry in diagnostic 
imaging either at the undergraduate or postgraduate level.16 
This suggests there is a need for continued development from 
the undergraduate level up, which is also strongly emphasised by 
the International Commission on Radiological Protection who 
provide guidance for academic institutions.22

The iRefer tool is a comprehensive guide that details the most 
appropriate investigation with radiation dosing information. 
100% of SRT were aware of this tool however, awareness of iRefer 
among was lower in the other study groups (FYMS = 0 %, FY1 
= 3.7%, FY2 = 2.5%, RG 38.5%). This correlates with Selmi et 
al findings which found 88% of their cohort (FY1 and FY2) 
reported no knowledge of iRefer.16 This is also consistent with 
Borgen et al who found 84.8% of their radiologist cohort knew of 
their respective guidelines compared to 38.9% of their radiogra-
pher counterparts.23

Awareness of government regulations on radiation showed a 
substantial disparity between those in the SRT (100%) and RG 
(92.3%) cohorts when compared to FYMS (2.9%), FY1 (3.7%) 
and FY2 (7.5%). This trend was also reflected in the awareness 
of national referral guidelines for imaging requests. Such results 
reinforce the need to implement teaching at both the undergrad-
uate and foundation training level. At the undergraduate level, 
radiology teaching, a study by Nyhsen et al 64% of their foun-
dation year study cohort stated they had not enough exposure 
to radiology teaching at undergraduate level.24 Additionally, 
Selmi et al also reported that 76% of their foundation trainees 
had no formal teaching at the undergraduate level.16 Moreover, 
in our study no statistically significant difference in the mean ± 
SEM test score was noted between FYMS, FY1 and FY2 cohorts. 
This correlates with Selmi et al study, suggesting that increasing 
seniority and experience did not lead to improved under-
standing.16 Overall, our findings alongside those reported previ-
ously highlights the need to incorporate education, at all stages 
of training, on radiation legislation and radiation exposure in 
common radiological investigations, thereby promoting a strong 
radiation safety culture among medical professionals.

To increase knowledge at both the undergraduate and founda-
tion level we suggest, like Selmi et al, specific teaching sessions 
for both demographics. Teaching should encompass educa-
tional domains on radiation legislation, application to clinical 
practice, national referral guidelines for requesting imaging, 
roles of tools such as iRefer and communicating risk of radi-
ation to their patients.16 Concerning the method of delivery, 

interactive case-based teaching would be appropriate to 
deliver radiology and radiation awareness teaching. Nyhsen et 
al suggested that teaching should be interactive sessions rather 
than self-directed learning resources including textbooks, 
journals and online learning modules.24,25 Similarly, Dellie et 
al and Abuelhia et al both found their cohort stated workshop 
sessions as their preferred method of learning for ionising 
radiation.17,18 Incorporating technology into teaching can also 
be valuable in delivering radiology-based education. Maleck et 
al assessed 225 third year medical students and concluded that 
computer-based teaching improves students problem-solving 
ability in radiology.26

In the UK, IRMER (Ionising Radiation Medical Exposure Regu-
lations) is not part of an annual mandatory update for medical 
staff and there are no specific guidelines relating to this.9 A 5-year 
revalidation process exists for dentists which would be useful to 
include with medical staff to keep their awareness up to date. 
This could be used to improve awareness of radiation exposure 
and consequently, the risk to patients.

liMitatiOns
There are some limitations to our study. Firstly, this was a single 
centre and although our sample size is comparable to existing 
studies within this area, our study could have been improved by 
conducting a cross-centre study, allowing us to increase our sample 
size.12,14,17–19,23,24,27,28 Another limitation of our study was a lack of 
clinicians more senior than foundation year doctors, e.g. medical 
and surgical specialist trainees. Existing literature has conflicting 
evidence regarding the relationship between non-radiologist 
experience and knowledge of radiation doses, with some studies 
expressing an inverse relationship and other demonstrating more 
linear results.29,30 Consequently, repeat studies could incorporate 
more senior clinicians to assess radiation awareness in these groups 
and compare these with junior doctors. Furthermore, we did not 
assess attitudes to the importance of radiation awareness. Previous 
studies have demonstrated a proportion of their cohorts did not 
believe knowledge of radiation was important.9,17 Future studies 
could include this component to assess if there is a fundamental 
lack of importance towards awareness for radiation risk among 
clinical professionals.

cOnclUsiOn
Our study highlights an overall lack of knowledge of radiation 
legislation and radiation exposure in common radiological inves-
tigations among FYMS, FY1 and FY2. This suggests there is a need 
for structured teaching at both the undergraduate and postgraduate 
level regarding these topics to help prepare junior doctors but also 
ensure informed consent is taken from patients. Future suggestions 
include incorporating interactive teaching sessions among these 
groups, supplementary educational posters and utilisation of infor-
mation technology to aid learning. Expanding on this study would 
involve assessing knowledge in all training grades up to consultant 
level in all clinical specialties. Furthermore, assessing knowledge at 
other centres throughout the UK would allow us to gauge if this 
knowledge level is prevalent nationally, therefore highlighting if 
multicentre teaching is required.
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