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Abstract

Background: Radiology serves in the diagnosis and management of many diseases. Despite its rising importance
and use, radiology is not a core component of a lot of medical school curricula. This survey aims to clarify current gaps
in the radiological education in Egyptian medical schools. In February—-May 2021, 5318 students enrolled in Egyptian
medical schools were recruited and given a 20-multiple-choice-question survey assessing their radiology knowl-
edge, radiograph interpretation, and encountered imaging experiences. We measured the objective parameters as a
percentage. We conducted descriptive analysis and used Likert scales where values were represented as numerical
values. Percentages were graphed afterwards.

Results: A total of 5318 medical students in Egypt answered our survey. Gender distribution was 45% males and

54% females. The results represented all 7 class years of medical school (six academic years and a final training year).

In assessing students knowledge of radiology, most students (75%) reported that they received ‘too little’education,
while 20% stated the amount was ‘just right'and only 4% reported it was 'too much! Sixty-two percent of students
stated they were taught radiology through medical imaging lectures. Participants'future career plans were almost
equally distributed. Near half of participants (43%) have not heard about the American College of Radiology Appropri-
ateness Criteria (ACR-AR), while 39% have heard about it but are not familiar with.

Conclusions: Radiology is a novel underestimated field. Therefore, medical students need more imaging exposure.
To accomplish this, attention and efforts should be directed toward undergraduate radiology education to dissolve
the gap between radiology and other specialties during clinical practice. A survey answered by medical students can
bridge between presence of any current defect in undergraduate radiology teaching and future solutions for this
topic.
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Introduction

Medical education has been a concern to researchers

worldwide. They have tried multiple ways to improve
. teaching methods to both students and physicians.
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technology advancement (which radiology mainly relies
on), modifications need to be made to both undergrad-
uate (UME) and graduate medical educations (GME)
[1-3].

Egyptian medical education was divided into six
academic years and a final training year. In their first
3 years of medical school, students establish a founda-
tion of basic sciences (Anatomy, Physiology, Pathology)
for which they build upon in the latter 3 years with clin-
ical sciences (Internal medicine, Surgery, Pediatrics).
Following these six academic years, a final training year
is approached to apply the acquired clinical knowledge
(as house officers) before graduation [4, 5]. This tradi-
tional educational ladder has shifted recently to a new
modified one; it crafts a more integrated path between
both basic and clinical sciences [4]. We included partic-
ipants enrolled in both models in our survey. In the tra-
ditional older model, the first 3 academic years will be
referred to as preclinical years, while the 3 subsequent
years will be referred to as clinical ones.

Radiology plays a vital role in modern medicine; it
helps with diagnosis, treatment, and follow-up of many
diseases. Unfortunately, there is a worldwide lack of
undergraduate radiology education [6—9]. Some medi-
cal schools do not require radiology as a clerkship in
their curriculum [10, 11]. The need for undergraduate
imaging teaching has been discussed in the literature
[8-10, 12].

Most medical students will deal with imaging, regard-
less to their chosen specialty. Therefore, a basic training
to enhance radiology knowledge and imaging interpre-
tation is necessary to prepare them for clinical practice.
This training is important even for non-radiologists since
radiology is implicated in many other specialties [13-16].
In addition, students should learn how and when to order
a certain imaging study. To solve this, the American Col-
lege of Radiology (ACR) has created their appropriate-
ness criteria (ACR Appropriateness Criteria or ACR-AC);
in any given clinical presentation, they have created a
list of the most appropriate radiographs to order. This in
turn should minimize imaging overuse and unnecessary
orders [17, 18].

Like any other specialty, radiology education is a life-
long journey; it occurs at 3 levels: undergraduate (UME;
medical students), graduate (GME; residency and fellow-
ship), and continuous medical educations (CME; senior
radiologists) [19, 20]. In this national study, we conduct
a survey to assess current awareness and attitude toward
radiology among medical students (UME) in Egypt. This
could provide preliminary data on the current status of
Egyptian undergraduate radiology education (Where do
we stand?) and how to address potential issues (How can
we start?).
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Methods

This is a multicenter survey across Egyptian medical
schools. It was composed by American-Board-certified
radiologists with many years of experience in radiology
teaching; similar surveys were used as a reference [21,
22]. The survey consisted of 20 multiple-choice questions
forming a comprehensive online questionnaire to assess
Egyptian medical schools radiology education. Focus was
on five main categories: (1) demographic data; (2) pre-
clinical radiology education; (3) clinical radiology educa-
tion; (4) exposure to the American College of Radiology
Appropriateness Criteria (ACR-AC); and (5) confidence
in image evaluation (See Additional file 1: "Supplemen-
tary Material: Survey Questions"). At the beginning of
the survey, informed consent was obtained electronically
from participants that answers will be used for data anal-
ysis and research purposes.

The survey was conducted between February and May
2021. In early February, 36 student ambassadors were
recruited from all over Egypt via interest emails; they
represented their medical schools by circulating the sur-
vey with their colleagues using social media platforms.
Each medical school had 1 to 3 ambassadors. This way,
our ambassadors covered a large proportion of Egyp-
tian medical schools (Cairo, Ain Shams, Alexandria,
Al-Azhar, Benha, Zagazig, Fayyom, Menoufia, Sohag,
Assiut, and Aswan). During survey timeframe, a total
of 5318 responses were collected from various Egyptian
medical schools. The questionnaire was designed using
SurveyMonkey (SurveyMonkey Inc., San Mateo, CA,
USA), and then percentages were graphed using Excel
(Microsoft, Redmond, Washington State). Demographic
data focused on gender, class year of medical school, and
future career plans. Questions then addressed the follow-
ing: whether the first 3 academic years (preclinical years)
of medical school tested diagnostic radiology; whether
they received formal education in various aspects of radi-
ology; the faculty who taught their radiology curriculum;
and the teaching modalities and resources provided by
their school.

Students were then asked about their familiarity with
ACR-AC and how often they use them. Other ques-
tions to assess students’ confidence were in evaluating
specific findings on chest radiographs and if they think
it is important for interns (house officers) to inter-
pret certain radiological studies such as bone, chest,
abdominal radiographs, and head computed tomog-
raphy (CT). The questionnaire also included inquiries
about last 3 academic years (clinical years) of medi-
cal school, assessing the frequency the students inter-
acted with radiologists during clinical rotations and if
they encountered any radiological imaging. The survey
asked about level of satisfaction regarding the amount
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of radiology education they received. Finally, our team
of radiologists and educational specialists evaluated the
questions for clarity and accuracy. Descriptive analyses
were conducted through SurveyMonkey, while Likert
score responses were scaled via numerical values (i.e.
1=not important, 2=somewhat important, 3 =mod-
erately important, 4 = very important).

Table 1 Demographic responses

Frequency (N) Percentage (%)
Gender
Male 2398 45.1
Female 2897 54.5
Prefer not to answer 23 043
Class year
1st year student 182 34
2nd year student 315 59
3rd year student 534 10
4th year student 602 1.3
5th year student 951 17.9
6th year student 1004 189
House officer 1320 24.8
Other 410 7.7
Future career plans
Clinician in medical field 1591 299
Clinician in surgical field 1376 259
Radiology 662 12.5
Undecided 1689 318
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Results

Responses represented nearly most medical schools
across Egypt. From 5318 participants, 54.48% (2897)
were females, 45.09% (2398) were males, and 0.43% (23)
preferred not to answer. Gathered data were from stu-
dents in one of the 6 academic years and house officers
in their final training year (Table 1). When asked about
future career plans, 12.45% showed interest in radiology,
while 29.9% in medicine, 25.87% in the surgical field, and
31.76% were undecided.

Radiology teaching during preclinical years

Most students (78.77%) mentioned that their first 3 years
(preclinical) examinations included radiology images.
Radiology training during medical school was almost
equally distributed with 23.09% as a required rotation,
14.8% elective rotation, 21.44% with no radiology train-
ing, and 26.4% of students did not have any clinical
encounter yet. Only 24.18% responded that radiology
training was taught by radiology faculty, while 23.22%
stated it was taught by non-radiologists (Fig. 1). When
asked about imaging teaching method, nearly two-thirds
(62.7%) mentioned it was lectures for medical imaging,
while the others (30.76%) stated it was self-guided learn-
ing with images provided.

Nearly all students stated that their preclinical exami-
nations included radiology imaging (96%). Furthermore,
two-thirds of students (67%) responded that imaging was
taught by radiologists. The most encountered radiology
teaching methods were didactic lectures (86%) and self-
guided learning (61%). Less than half (38%) responded

Who primarily taught your medical

imaging during preclinical years?
30.00%
25.00%
20.00%
15.00%

B Responses
10.00%
5.00%
0.00% \ T
Radiology Non radiology Both Was not Not sure
faculty faculty taught
Fig. 1 Students'response to radiology teaching during preclinical years
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that their schools provided students with resources to
go through medical imaging on their own outside the
classroom. Students were taught multiple modalities.
Methods taught most frequently were X-ray, ultrasound,
computed tomography (CT), and magnetic resonance
imaging (MRI), with less representation for positron
emission tomography (PET) and fluoroscopy (Fig. 2).
Only 7.18% reported that they received formal training
in radiation safety. However, 43.4% of students correctly
answered a question asking about the background radia-
tion level an X-ray can expose to a patient.

Radiology teaching during clinical years

During clinical rounds of the last 3 academic years (clini-
cal years), only 2% of students had daily interactions
with radiologists, 3% interacted few times per week, 22%
interacted few times per month, 45% interacted once or
twice during the year, and 27% have never had any inter-
action with radiologists.

During interpreting radiographs on rounds, most stu-
dents (91%) discussed imaging with a non-radiologist,
84% with a resident, and only 22% with a radiologist; nine
percent of students did not encounter any radiological
imaging.

ACR appropriateness criteria

Nearly half (43.4%) of participants have never heard of
the ACR Appropriateness Criteria (ACR-AC), and 39.2%
heard about it but were not familiar with. Sixty-four per-
cent of students never used ACR-AC. About half of stu-
dents (47.8%) stated that they have not been provided
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with resources from their medical school to learn radiol-
ogy on their own.

Imaging interpretation

Above 60% of students received formal education in
detecting bone fractures (68.45%), pneumonia (62.84%),
and pleural effusions (62.07%), with nearly half (45.64%)
for subdural hemorrhage (Fig. 3).

Discussion

Radiology teaching to medical students has been under-
scored [16, 23, 24]. In the last two decades, the field of
radiology has advanced tremendously, but undergradu-
ate radiology teaching has not achieved a similar growth.
Prior surveys in both the USA and the UK had shown the
inadequacy of radiology teaching to medical students [8,
10]. This national survey serves as a tool to determine
radiology education status in Egypt to guide solutions of
any potential problems.

In our study across Egyptian medical schools, most
students (75.44%) perceived the amount of teaching radi-
ology in their curriculum as ‘too little! These results are
similar to a recent study in the UK which showed that
allocated time in teaching radiology was 0.3% of their
curriculum timetable [10]. A similar trend was seen in a
study in Canada where 90% of students wished to have
more radiology teaching in medical school [25]. Curric-
ula could be overcrowded and often overloaded, limiting
given time for radiology teaching [9]. Given the impor-
tance of image interpretation in physicians’ daily life,
there is an insisting demand for better radiology educa-
tion. Moreover, there is evidence that early exposure to
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In which of the following diseases have
you received formal imaging education?
(comparing normal to abnormal)
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Fig. 3 Student’s responses to image interpretation on a 4-point Likert scale
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radiology, even in the preclinical years, has improved
physical diagnosis, application of clinical anatomy, stu-
dent satisfaction, and of course radiological interpreta-
tion [26—28]. These positive effects indicate the need for

an approach to focus more on radiolo
graduate medical curriculum.

Almost equal percentages of our part
that radiologists (24.18%) or non-radi
had taught them medical imaging. Ou

lighted that teaching radiology in Egyptian medical
schools varied between a required rotation (23.09%),

an elective rotation (14.8%), or its ¢

(21.44%). In the UK, radiology teaching is not a stan-
dalone subject, while in most American and European
medical schools, it is a discrete clinical rotation [8, 10].
In addition, radiology training in the USA has been inte-
grated throughout preclinical disciplines (such as anat-
omy) and clinical rotations (such as internal medicine
and surgery) [8], while in our study radiology education
is primarily taught through didactic lectures. The Euro-
pean Society of Radiology (ESR) recommends initiatives

for undergraduate radiology teaching
application of learned contents. These

include the following: e-learning modules integrated into

the undergraduate curriculum; flipped

students actively take on a role in their learning path-
ways; problem-solved scenarios; simulation techniques
to teach imaging reasoning and appropriateness; and
finally, virtual reality (VR) that can construct an anatomi-

cal environment and different pathologi
skills [29].

The American College of Radiology (ACR) has devel-
oped annually reviewed guidelines for appropriate use
of imaging techniques known as ACR Appropriate-
ness Criteria (ACR-AC). These guidelines aim to assist
referring physicians in ordering the most appropriate
imaging for over 211 topics and almost 1900 clinical
scenarios [30]. Unfortunately, in parallel with many US
interns, almost half of our students in Egypt (43.44%)
have never heard of this valuable resource [31]. Addi-
tional efforts should be made to increase awareness
and utilization of the ACR-AC. This can be achieved
through didactic lectures and multidisciplinary ses-
sions—where radiology is integrated with other dis-
ciplines as surgery. Increasing accessibility to these
guidelines through spreading them into trainee forums
and clinical consults may be helpful as well [31]. Simi-
larly, our data show a knowledge gap in Egyptian stu-
dents regarding radiation safety. Early implementation
of ACR-AC on students can help to modify imaging
ordering patterns, eliminate excess radiation exposure,
and avoid unnecessary costs of radiologic studies.

Our participating students represented all medi-
cal school class years (six academic with a final train-
ing one) with almost equal distribution for their future
career plans (radiologist, internist, or surgeon). One
limitation was that we relied only on an online survey
which may not permit some students’ access. However,
we believe that most medical students are familiar with
digital resources. Another limitation was the participa-
tion of a small portion of medical graduates (‘Others’ in
Table 1). This assessment focuses more on undergradu-
ate population which may encourage another study in
the future to evaluate this important topic from another
perspective (radiology residents and faculty members).
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Conclusion

Radiology is an underestimated specialty despite its
integration into other specialties nowadays. In addi-
tion, undergraduate radiology education and awareness
of the American College of Radiology Appropriateness
Criteria (ACR-AC) may not be receiving the appropriate
attention. We believe a national survey conducted and
answered by medical students can fill the gap between
presence of any weaknesses in undergraduate radiology
education and creating a pathway to strengthen them.
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