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graduate studies influence successful knowledge application.

Objective: This study aimed to describe the level of knowledge in radiology of students in
the last two years of medical school and curricular characteristics of their courses in seven
Latin American countries.

Methods: A multicenter cross-sectional study was carried out on medical students of 7 Latin
American countries (Bolivia, Brazil, Colombia, Ecuador, Mexico, Paraguay, and Peru) in their
final two years of medical school, using an online questionnaire validated by experts and
adapted for each country that assessed knowledge and curricular characteristics in radiology
subject. Scores were assigned according to the number of correct answers for the knowledge
test. The T-test, and regression analysis with one-way ANOVA were used to search for
relationships between the level of knowledge and other variables.

Results: A total of 1514 medical students participated in this study. All countries had similar
participation (n > 200); most participants were women 57.8%. The country with the highest knowl-
edge score was Brazil. Male, sixth year (internship) and from public universities students had higher
knowledge score (n<0.05). Participants, who considered radiology more important, and who
reported higher compliance with teaching staff with the proposed syllabus, and programmed
classes, obtained better scores (n < 0.05).

Conclusions: Latin American medical students included in this study have a regular overall
level of knowledge of Radiology, apparently influenced by curricular differences such as class
and academic program compliance. Efforts to better understand and improve academic
training are indispensable.

Limitations: The study was subject to selection bias determined by non-probability conve-
nience sampling. The questionnaire assessed only theoretical knowledge and the evaluation
system was designed by the investigators.
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Introduction However, this has not been reflected in the undergraduate
curricula of medical schools [2].

The classic teaching model proposed by Abraham
Flexner in 1910 for medical schools is characterized by
a 4-year curricular education period with a bimodal
approach in basic sciences and clinical subjects. Its use
has been widespread around the world, and, thanks to

certain adaptations, it has managed to last until today.

Radiology debuted as a medical specialty at the end of the
19th century. Since then, imaging techniques have shown
exponential advances, starting with studies of low com-
plexity such as radiography, and reaching more complex
techniques such as ultrasound, computed tomography,
and magnetic resonance [1,2]. Nowadays, radiology

represents a fundamental part of medical practice, assist-
ing in the detection, evaluation of extension and compli-
cations of cancer, and treatment of many diseases [3,4].

This is despite its limitations, such as giving little impor-
tance to the primary care approach in undergraduate
education [5-8]. Regardless of the teaching model used
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in academic training, the integration of radiology in the
curriculum is indisputable. However, according to
Kourdioukova et al. (2011), some aspects of the academic
curriculum lack general consensus, such as the necessary
number of hours of theoretical and practical classes to
obtain a competent level of training upon completion of a
medical degree [2,9]. In this context, due to the multi-
factorial nature of the teaching-learning process, various
strategies have been proposed to improve students’ aca-
demic results, especially extracurricular activities such as
elective courses and complementary readings [10,11].

The inappropriate prescription of radiologic stu-
dies by medical doctors represents a high cost for
health systems and can be attributed to the lack of
knowledge of their appropriate indications [12,13].
Moreover, exposure to radiation has harmful dose-
dependent effects on health, such as the increase in
the risk of certain types of cancer [14-16].
Nonetheless, previous studies have identified insuffi-
cient levels of knowledge in medical doctors and
medical students regarding the risks of radiation
exposure and the necessary protection measures to
mitigate them [17-19]. Even when dealing with the
clinical efficacy of imaging tests, medical students
have shown poor knowledge [20].

Researchers who have evaluated the attitudes of
medical students regarding their training in radiology
have attributed students’ lack of knowledge of the
subject to deficiencies in medical education. In this
context, in 2012, Bhogal P. et. al highlighted the
importance of academic training and argue that med-
ical students during their medical degree must
achieve a complete understanding of the available
imaging techniques, including their basics of physics,
interpretation, limitations and risks [2,21].

To the extent of our knowledge, no previous stu-
dies have described the curricular characteristics of
radiology teaching along with the level of knowledge
of this subject in medical students.

The aim of this study was to describe the level of
knowledge and the curricular characteristics regard-
ing the teaching of the subject of radiology in medical
students in their final years (fifth and sixth years) of a
medical degree from seven Latin American countries
(Bolivia, Brazil, Colombia, Ecuador, Mexico,
Paraguay, Peru).

Materials and methods
Hypothesis

This study was developed from testing strategy based on
differences among groups. Our HO was: No differences
between countries in terms of knowledge about radiol-
ogy. The H1 was: There are differences in terms of level of
knowledge about radiology among countries.

Ethics approval and consent to participate

This research used only anonymized information. In
addition, its development was approved by the
Research Ethics Committee of the Hospital General
San Francisco de Quito (CEISH-HGSF), Quito,
Ecuador, under the code: ‘CEISH-HGSF-2022-0014.

Study design

A descriptive, cross-sectional, multicenter study was
performed using an online questionnaire.

Setting and participants

An online survey was conducted between October
2019 and February 2020, in medical students from
universities located in seven Latin American coun-
tries: Bolivia, Brazil, Colombia, Ecuador, Mexico,
Paraguay, and Peru.

The participants were students legally enrolled in
their finale two years of their degree: fifth year (year
prior to the medical rotating internship) and sixth
year (rotating internship year) who had already
undertaken the subject of radiology as the main or
complementary course of medicine at public or pri-
vate universities in seven Latin American countries.
For the selection of the participants and participating
universities, a non-probabilistic sampling method
was used for the convenience of the researchers.
Thus, participants were recruited from universities
described in the Additional file 1.

Data measurement and questionnaire

The research team designed a structured questionnaire,
to assess the level of knowledge of medical students about
Radiology the researchers summarized the grids of their
countries, chose related topics and formulated questions
related to the physical basis of radiological tests, the most
frequently performed radiological examinations, and
risks of radiological examinations for the healthcare
team and patients, based on the essential skills standards
for medical students proposed by the Royal College of
Radiologists (RCR) of the United Kingdom in 2017 [22],
and the curricular characteristics of radiology in medical
schools.

Prior to the study, a pilot study was carried out on
20 final-year medical students from the Universidad
Central del Ecuador with the objective of identifying
comprehension difficulties or errors within the struc-
ture of the questionnaire. After editing some ques-
tions due to errors detected in the piloting, a 40-item
questionnaire was created in Spanish and revised and
validated by three experts in Radiology and teaching.
In addition, the questionnaire was translated into the
Portuguese language by one of the Brazilian native



researchers and validated by a Brazilian native expert
in radiology to evaluate Brazilian medical students.
Additionally, an English version of the questionnaire
was designed to be displayed in this report (see
Additional file 2).

The final version of the online research question-
naire was made up of three sections:

The first section included five questions about
demographic variables such as: sex, age, year of
study, country of residence and type of education
(public or private).

The Second section was composed of 15 questions
assessing the curricular characteristics of the teaching
of Radiology in the participants’ medical schools,
including: 1) the student perception of the impor-
tance of the radiology subject in academic training;
2) their perception about their level of radiology
knowledge at the time of the study; 3) the semester/
year of university education considered optimal to
undertake the subject; 4) curricular characteristics of
the subject as: percentage of the radiology syllabus
(the planning tool for a subject) completed, percen-
tage of radiology classes received by the participants
based on the number of scheduled classes, teaching
methodology, preferred bibliographic sources, extra-
curricular training activities in radiology and gaining
radiology knowledge during their practical class
hours in other medical specialties.

The third section included 20 questions con-
sisted of 10 true/false questions and 10 multiple
choice questions, which measured the level of radi-
ology knowledge based on the following aspects:
general knowledge of the most frequent radiologic
studies, basics of physics of radiologic studies, and
awareness of the risks of exposure to radiologic
studies.

Data collection was carried out using the free
access web tool ‘Google Forms’, in which a unique
questionnaire was designed for each of the seven
countries. Participants accessed the questionnaire
through a link that was shared by the researchers
through social network dissemination groups
(Facebook and WhatsApp). In the initial section of
all questionnaires, a brief explanation of the purpose
of the study was presented, as well as a statement on
the confidential handling of the data. In all cases,
informed consent was obtained from the participants;
likewise, the questionnaires collected online were
anonymous and no personal information was
requested in none of them.

Bias

The biases to which the information collected was
exposed were dealt with at different stages of the
data collection and management process.
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Initially, to deal with duplicate response bias, using
the properties of the ‘Google Forms’ tool, the number
of responses for the questionnaires was limited to 1
response for each IP device. In addition, during the
completion of the surveys, in the case of the questions
intended to evaluate aspects of the curricular charac-
teristics of the radiology course (e.g., percentage of
the syllabus completed, or percentage of lectures
received), an explanation was added to each question
related to the meaning of the variables being studied
to avoid confusion among respondents. Regarding
the ‘percentage of the syllabus completed’ variable,
students were asked to optionally select the option ‘I
did not receive any information about the radiology
syllabus’, stated in the manuscript as ‘No
information’.

Subsequently, to reduce bias, the researchers who
analyzed the results did so independently and, if they
found any errors or contradictions, they discussed
them as a group with all the members of the research
team to select the answers that were accepted as valid
and included in the results of this research.

Study size

The required sample size was calculated using the
following equation, designed to calculate samples in
infinite or unknown populations [23]:
72 . (p -

Starting from a confidence level of 95% (Z=95%),
margin of error of 7% (e=7%) and an expected
positive (p) and negative (q) distribution of 50%, a
minimum of n =196 completed questionnaires were
obtained for each participating country.

Data management

Within the demographic variables, the type of edu-
cation was classified as public or private according
to the source of funding of the University [24]. The
year of study was classified as: fifth year and sixth
year (for all participating countries the medical
career lasts 12 semesters or 6years; the sixth year
represents the internship year for the universities of
all countries except Brazil, where the internship
rotation takes place during the 5th and 6th year of
the career) of the medical degree. To assess the
participants’ perceptions of radiology, the questions
about the level of importance and the perception of
the level of knowledge required single-choice
answers. This was also the case with questions
regarding the variables pertaining to the percentage
of syllabus completed and the percentage of classes
received. Permission to select more than one answer
per question was granted in questions regarding the
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optimal moment to study the subject, teaching
methodology, bibliographical sources, extracurricular
activities, and the presence during the performance
of radiological examinations in practical classes.
Therefore, the total data collected for each question
was greater than the total number of participants (n
= 1514).

The level of knowledge in radiology was mea-
sured using the 10-point decimal type numerical
grading scale [25], assigning a value of 0.5 points
for each question answered correctly, while each
incorrect question was assigned a value of 0.0
points (incorrect answers did not subtract points).
Thus, the maximum score a participant could
obtain was 10.0 points, and the minimum 0.0
points. In addition, the knowledge level qualifica-
tion was stratified into three groups:

(1) General knowledge of frequent radiologic stu-
dies, with 10 questions, allowing a maximum
score of 5.0 points.

(2) Basics of physics of radiologic techniques with
five questions that allow a maximum score of
2.5 points.

(3) Risks due to exposure to radiologic studies,
with five questions that allow a maximum
score of 2.5 points.

Statistical methods

The descriptive analysis of the qualitative variables
was carried out by evaluating frequencies and per-
centages. For quantitative variables, measures of the
central tendency (mean) and dispersions (standard
deviation) were analyzed.

To search for relationships of association
between the wvariable’s ‘sex’, ‘year’, ‘education
type’, ‘teaching methodology’, ‘information
source’, and ‘be present during practical class’,
with the knowledge level score the Student’s T-
test was used. While searching for relationships of
association between the variable’s ‘country’
‘importance level’, ‘perception of knowledge
level’, ‘percentage of the syllabus completed’, ‘per-
centage of classes attended as a function of classes
programmed’ and ‘extracurricular activities’ with
the knowledge level score, regression analysis of
variables was performed, using the variable
‘knowledge level’ as the dependent variable, fol-
lowed by a one-way ANOVA analysis for regres-
sions with p-values<0.05. For all association
analyses, a Bonferroni correction was developed
to determine the p values accepted as statistically
significant. Results analysis was carried out in the
IBM SPSS version 24.0 software.

Results
Demographic characteristics

A total of 1,514 questionnaires were completed by
medical students from Latin America. The country
with the largest number of participants was Ecuador
16.4% (n =248), but all countries had a similar sam-
ple size (n>200). The 68.1% (n = 1031) were students
under 24 years of age; 57.8% were women; 65.7%
were enrolled in fifth year (the last year prior to
internship); and 52.2% (n=790) were from public
universities (Table 1).

Table 1 displays the demographic characteristics of
the participants by country, and the perceptions of
medical students regarding Radiology.

Students’ perceptions

Most medical students believe that radiology is very
important (59%) or important (32.8%) to the aca-
demic training of the general practitioner; less than
1.0% believe the subject is not important. On the
other hand, only 5.5% (n=283) believe to have a
very high level of knowledge in radiology, while
48.2% consider their knowledge level as regular. Of
note, Paraguayan students had the best self-rating
index regarding their Radiology knowledge (Table 1).

Academic training characteristics

With respect to the level programmed to be taught, only
23.3% of students stated that between 75% and 94% of the
contents proposed in their Radiology syllabus were ful-
filled. The students who mostly claimed not to have
received any information were Colombians (39.3%) and
Paraguayans (25.5%). On the other hand, 17.6% claimed
to have received less than 50% of scheduled classes,
especially Colombian (44.7%) and Ecuadorian (21.8%)
students. The most used teaching methodology was
image analysis (32.1%). Regarding the most used biblio-
graphic sources, books (29.0%) and professors’ opinions
(26.3%) were the most cited ones. Moreover, 51.3% of the
students said not to have participated in any extracurri-
cular activity in Radiology. During their practical activ-
ities in in health centers, the students were more
frequently present during the conduction of exams of
lower complexity compared to those of higher complex-
ity (Table 2).

Radiology knowledge level

In our whole sample (n=1514), the average overall
knowledge score was 5.5 + 1.3/10 points. The sub scores
for general radiology knowledge, basics of physics and
risks of imaging techniques were 2.8 + 0.8/5 points, 1.6 +
0.6/2.5 points, and 1.1 + 0.5/2.5 points, respectively. The
country with the highest score was Brazil (6.1+1.0
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points), and the lowest level of knowledge was Bolivia
(4.8 £ 1.4 points) (n<0.001). In relation to knowledge
components, the country with the highest risk knowledge
was Brazil (1.4+0.4 points), for basics of physics
Paraguay (1.9 +0.5 points), and for general radiologic
knowledge Ecuador (3.0 + 0.8) (Table 3).

Male participants showed the highest knowledge
level (5.6+1.4) compared to women (p=0.015).
Likewise, students enrolled in sixth year showed a
higher score (5.6+ 1.3 points) compared to those
from fifth year (p=0.023), and students enrolled in
public universities had a higher score relative to pri-
vate universities (5.7 £ 1.3 points) (p <0.001) (Table
3). The importance given to radiology by the partici-
pants showed a positive inclination toward the level
of knowledge, those who considered radiology as a
very important subject had the highest knowledge
scores (5.6 £ 1.3 points) (p <0.001). In addition, com-
pliance with the syllabus, as well as compliance with
the scheduled classes, showed positive effects on the
level of knowledge with higher scores in the higher
compliance percentages (p<0.001) (Table 3).
Regarding teaching methodology, overall, image ana-
lysis and master classes were the techniques with the
highest levels of knowledge (5.7 + 1.2 points), and
when analyzing the techniques individually, image
analysis and master classes showed significantly
higher levels of knowledge compared to those who
said they did not use them (p < 0.001). In terms of the
information source, participants who claimed to use
the Internet had the lowest knowledge, while in the
individual analysis, students who used scientific arti-
cles and books had higher knowledge compared to
those who did not (p <0.05) (Table 3). Finally, the
development of radiologic studies during clinical
practice showed greater knowledge in studies of
greater complexity, likewise, the presence of students
in any radiologic study exposed higher levels of
knowledge compared to not being present (p <0.05)
(Table 3).

Table 3 presents the level of radiology knowledge
expressed as mean and standard deviation of Latin
American students out of 10 points, stratified accord-
ing to general knowledge out of 5.0 points, basics of
physics of radiology techniques out of 2.5 points, and
risks out of 2.5 points. In addition, the relationship
between the overall knowledge level with the demo-
graphic and curricular variables.

Discussion

In addition to revealing the radiology knowledge level
for medical students in their last years in several Latin
American countries, the findings of this multicenter
research allow for a better understanding of the
teaching-learning process and the role played by cur-
ricular variables in this process, the main findings of
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these research are summarized in the Figure 1. The
participants in our study showed a predominance of
female respondents, probably justified because
women have shown a greater predisposition to
answer online surveys [26], or probably because it
has been suggested that in recent years there is a
higher percentage of female medical students, how-
ever, there are no official data in Latin America.

According to the type of university, although our
participants had a similar overall distribution
between public and private universities, in several
countries there was a much higher frequency of par-
ticipants from public universities, and students from
public universities showed a significantly higher level
of knowledge. We believe that these differences may
be indirectly caused by the fact that several public
universities in the Latin American region are more in
demand than private universities. Another character-
istic of our study is that the population chosen to
participate in this research focused on students who
were finishing their medical degree. This decision was
taken since we consider that at this point in their
training, they should have knowledge close to what is
necessary for the development of their medical prac-
tice. What our findings showed is that the students
who were attending the sixth year (participating in
their medical internship) have significantly higher
levels of knowledge compared to the group of fifth
year. We believe that these differences make sense,
due to the enormous load of academic theory and
practice that the internship provides in medical
degree training compared to the previous years.
Accordingly, our research supports the results found
by Leschied J. et al. who, with short elective courses
in radiology, evidenced an improvement in the level
of knowledge [27], as well as the report by Dawes et
al. who demonstrated an improvement in the perfor-
mance in the interpretation of images (radiological
cases) after 26 weeks of clinical training [28]. It is
important to note that there exists a relative hetero-
geneity in the ‘year of study’ variable, given that in
Brazil, despite having the same degree duration, the
last two years of a medical degree correspond to the
internship, rather than just the final year, meaning
that greater exposure to clinical radiology. We con-
sider that the possible effects of this difference can be
evidenced in our findings since the Brazilian partici-
pants obtained the highest knowledge scores,
although more precise studies would be necessary in
this regard.

It has been described that the perception of the
student and teacher with respect to the importance of
the material being studied, in the degree in the gen-
eration of student knowledge on the theme [29,30].
This research reveals a strong positive association
between the perceived importance that the student
perceives radiology to have in their degree and the
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Table 3. Relationship between radiology knowledge level an

d curricular characteristics in Latin American medical students.

Radiology knowledge level

General Basis of
knowledge physics Risks Total
Mean/5.0 Mean/2.5 Mean/2.5 Mean/10.0 Bonferroni  T-test P

Characteristics n  points = SD points + SD points + SD points + SD  correction  value
Country Bolivia 206 25+09 14+£07 09+05 48+ 14 0.007 < 0.001*
Brazil 209 29+0.7 1.8+ 05 14+ 04 6.1+ 1.0
Colombia 231 2609 15+ 0.7 1.1+05 53+15
Ecuador 248 3.0x08 1.6 £ 0.6 1.1+04 58+13
México 217 28 +08 16 £ 0.5 1.1+04 54 +£1.1
Paraguay 200 29+1.0 1.9+ 05 1.2+ 05 60+ 14
Pera 203 2806 12+05 1.0 £ 04 50+10
Sex Male 639 28+08 1.7 £ 0.6 1.1+£05 5614 0.025 0.015
Female 875 28+08 15+ 06 1.1+04 54+13
Year Fifth year 995 2809 1.6 £ 0.6 1.1+£05 54+14 0.025 0.023
Sixth year 519 29+07 16 = 0.6 1.1+05 56 +13
Education type Public 790 29+08 1.7 £ 0.6 1.2+ 04 5713 0.025 < 0.001
Private 724 28+ 08 15+ 0.6 1.1+05 53+ 14
Importance level Very Important 893 28+08 1.6 = 0.6 1.1+£04 56 +£13 0.01 < 0.001*
Important 49 2908 15+ 06 1.1£05 5513
Moderate 109 2708 1.5+0.7 1.2+ 05 5314
Slightly important 13 2211 12+08 1.1 +£04 45+ 20
Unimportant 3 22+21 1.0 £ 09 1.0+ 0.0 42 +28
Perception of knowledge level Very high 83 25+09 1.6 + 0.7 1.1+£05 52+15 0.01 < 0.001*
High 455 29+ 09 1.7 £ 0.6 1.1+£05 5714
Regular 730 2807 1.6 = 0.6 1.1+05 55+12
Deficient 199 2708 1.5+ 06 1.1+04 53x13
Bad 47 26+08 13 £0.7 1.1+05 5014
Percentage of the syllabus 95% — 100% 254 29+08 1.8+ 05 1.3+04 6.0+ 1.2 0.01 < 0.001*
completed 75% — 94% 342 29+09 1.7 £05 1205 58+ 14
50% — 74% 333 2807 14+ 06 1.0+ 04 5211
Less 50% 154 28 +038 14 + 0.6 1.0 £ 04 52+13
No information 431 27 +08 1.6 £ 0.7 1.1+£05 54+14
Percentage of classes attended as a 95% — 100% 432 29108 1.8+ 0.5 12+04 59+12 0.013 < 0.001*
function of classes programmed  75% — 94% 438 28+09 16 + 0.6 1.1+£05 56+ 14
50% — 74% 387 28+07 14+ 06 1.0 £ 04 52+12
Less 50% 257 26 +08 14 +0.7 1.0+ 04 5114
Teaching methodology Presentations Yes 577 28+0.8 16 + 0.6 1.1+04 55+ 13 0.025 0.886
conducted by No 937 28+038 1.6 £ 0.6 1.1+£05 55+13
students
Clinical case Yes 491 2808 1.6 £ 0.6 1.1+£05 5613 0.025 0.162
analysis No 1023 28+0.8 1.6 = 0.6 1.1+05 55+13
Images analysis Yes 834 29+08 16 £ 0.6 12+ 04 5712 0.025 < 0.001
No 680 27+09 15+ 0.6 1.1+05 53+14
Master classes Yes 697 29+0.8 16 = 0.6 1.1£04 57 €12 0.025 < 0.001
No 817 27+08 15+ 06 1.1+£05 54+14
Information source Scientific articles Yes 693 29+08 16 + 0.6 1.1+ 04 56 +13 0.025 0.043
No 821 28+08 15+ 06 1.1+05 54+14
Books Yes 786 29 +08 1.6 £ 0.6 1.1+£05 5613 0.025 0.037
No 728 28+08 1.6 = 0.6 1.1+05 54+13
Internet Yes 576 2907 1.6 £ 0.6 1.1+04 55+12 0.025 0.341
No 938 28+09 1.6 + 0.6 1.1+05 55+ 14
Professor's opinion Yes 714 28 +0.8 1.6 = 0.6 1.1£05 56 £13 0.025 0.152
No 800 28=+0.8 1.6 = 0.6 1.1+05 55+13
Extracurricular activities Virtual courses 105 28+08 1.7 £ 0.6 12+ 05 5713 0.01 0.825*
To face courses 139 28+038 1.6 £ 0.6 1.0+ 04 54+13
Extra readings 376 28 +£08 1.5+ 0.6 1.1 £04 5413
Supervised 109 2.7 +08 1.6 + 0.7 1.1+04 54+12
practices
None 767 2808 1.6 = 0.6 1.1+05 55+ 14
Be present during practical class X-rays Yes 1288 2.8 +0.8 1.6 + 0.6 1.2 £05 56+ 14 0.025 0.008
No 226 27+08 15+ 06 1.1+05 53+ 14
Ultrasound Yes 1071 2908 1.6 £ 0.6 1.1+£05 5713 0.025 < 0.001
No 443 26+09 14 + 0.6 1.1+05 52+ 14
Computed Yes 922 28 +08 1.7 £ 0.6 1.2+ 05 5713 0.025 < 0.001
tomography No 592 28+09 1.5+ 0.6 1.1+05 54+14
Magnetic Yes 556 29+08 1.6 £ 0.6 1.2+ 04 5813 0.025 0.002
resonance No 958 28 +09 1.5+ 0.6 1.1+05 54+14
Total score 1514 28 £ 0.8 1.6 £ 0.6 1.1+£05 55+13

SD: Standard deviation; *p-Value obtained from regression analysis and

level of knowledge that they achieve with respect to
the same. This highlights a potential role of the tea-
cher in emphasizing the relevance of a theme for
student results and corroborates findings seen in
previous studies carried out in medical students in

one-way ANOVA.

the United Kingdom and the United States for whom
radiology is also very important in their training
[30,31]. On the other hand, despite the fact that our
participants attach great importance to the subject,
most of them claimed to have only a regular level of
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Figure 1. Main findings about the level of knowledge of radiology in Latin American medical students.

knowledge in radiology although being in the final
stages of their medical degree, a discrepancy of opi-
nions that has been noted in several studies [31,32].

We found alarming information about the quality
of university education in our participants, an impor-
tant part (56.4%) reported that the teachers respon-
sible for teaching the classes complied with less than
75% of the topics that had been programmed in the
academic radiology curriculum, Peru and Ecuador
being the countries most affected by this character-
istic; as well as in 40.5% of cases, the programmed
classes were taught by the teachers in less than 75%,
this deficiency affecting more the students of Peru
and Colombia. In both cases, a positive association
was observed between higher levels of knowledge and
higher percentages of compliance with the curricu-
lum (scheduled classes and syllabus). On the other

hand, regarding to the methodology used by the
teachers, a significant percentage of participants sta-
ted that they experienced the classes through presen-
tations made by the students; this methodology
obtained the lowest knowledge score. While the
only methods that showed a significant positive effect
on the level of knowledge were images analysis and
master classes, we found that our findings are par-
tially supported by the study of Nyhsen C. et al. who
found that medical students from Newcastle, UK,
rated case-based radiology teaching as the most effec-
tive, while student-led (self-directed) learning as the
least effective [33].

This investigation sought to analyze learning sce-
narios close as possible to the reality of the teaching
process. Accordingly, the study evaluated the rela-
tionship between academic teaching activities that
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are not included in the curricular documents (sylla-
bus) or that are taught spontaneously in the teacher-
student relationship. Such teaching approaches are
referred to in the literature as part of a ‘hidden
curriculum’ for which neither the educational institu-
tion nor the student is responsible [34]. What our
research finds is that there is a strong relation
between the participant presence during the perfor-
mance of imaging techniques evaluated (X-ray, ultra-
sound, computer tomography and magnetic
resonance) during a practical class that are not
directly related to the radiology subject, and the
level of knowledge that the participant gains. As is
also to be expected, the presence of the students
decreases as the radiological studies that are per-
formed gain complexity (computed tomography and
magnetic resonance). However, it was found that the
students’ knowledge score increases with the com-
plexity of the radiological study.

The overall level of knowledge of Latin American
medical students in radiology is regular (5.5+ 1.3/
10.0 points). Taking as a point of ‘approval or accep-
tance’ a score>7.0 points, demonstrating that the
average level of knowledge could be categorized as
‘insufficient’. Also, a deficiency of knowledge was
observed in all the categories studied: general knowl-
edge about common radiological studies (mean of
2.8 £0.8/5.0 points), the fundamentals of the physics
of radiological studies (mean of 1.6 £ 0.6/2.5 points)
and the potential risks involved in radiological studies
for the patient and healthcare personnel (mean of 1.1
+0.5/2.5 points). These findings are not new in the
literature. Several research in medical students of
various levels have stated that they have low levels
of knowledge about indications for common medical
imaging modalities, radiation doses, and risks asso-
ciated with imaging exam agents that use ionizing
radiation [18,21,35,36]. The findings of the present
investigation, as well as others, suggest the existence
of an important deficit of radiology knowledge dur-
ing university training, which could extend to the
professional life of the medical student. In particular,
it could be considered that students with deficient
levels of knowledge will become professionals with
deficient knowledge for professional medical practice
[17,37,38].

The deficiency of correlation between the impor-
tance that radiology has in modern medical practice
and the lack of importance given to the same in the
academic curricula of medical schools around the
world is considered a significant concern [2,11].
Although there are multiple reports regarding defi-
ciencies in the knowledge that students and profes-
sionals (medical doctors) have on this subject in the
region [32,39-41],, efforts to improve the academic
training of medical students in Latin America have
only been demonstrated by Chilean academics who

have proposed an academic curriculum for radiology
that seeks to include all the knowledge that a general
practitioner should have [42][]. While this is a sig-
nificant achievement in Latin America, within other
regions, the efforts are much greater, important
examples include the Royal College of Radiologists
in the United Kingdom, which produces routine
guidelines of recommendations for the preparation
in radiology of medicine students [22]. This approach
is based on the findings that many authors assert
having a good foundations in radiology are essential
for medical practice and its capacity to result in more
efficient practice by minimizing the number of unne-
cessary studies, reducing the risk of harmful effects in
patients and ensuring a better use of financing
sources [43].

The authors of the present study acknowledge that
the teaching-learning process is far from being fully
understood, however, that the objectives set out in
this research were achieved. Specifically, we were able
to confirm the low quality of knowledge that Latin
American students have, as well as deficiencies that
exist in the radiology teaching process as an impor-
tant part of the medical degree training. In addition,
the present investigation showed that the character-
istics of academic formation are dependent on all the
actors of the teaching-learning process, and that of
the role of the teacher, which shows to be essential.
The implication of this result calls for renewed atten-
tion to ensuring quality teaching, a petition made
nearly two decades ago by Rogers L., but that has
failed to be taken with adequate importance until
these days [44].

Limitations

This study has several limitations in the ability to
form robust conclusions. An important limitation is
that of selection bias, as the delegates of each country
were forced to opt for a convenience sampling to
obtain the necessary sample, contacting Universities
that were within their reach to distribute the survey.
Consequently, the results are not representative of the
country population. Nevertheless, the effects of selec-
tion bias were reduced by including students from
private and public universities. The self-report design
also exposes the research to potential selection bias as
students interested in radiology are more likely to
have been willing to complete the questionnaire.
Another limitation is that the evaluation system
used to evaluate the level of knowledge of the stu-
dents who participated was developed by the
researchers for this study. To ensure, however, that
the surveys did capture objective results, measures
were proposed to validate the knowledge level evalua-
tion instrument. In particular, the radiology experts
were asked to approve that the questions be equally



weighted. In addition, the assessment system used
was taken from the decimal-type numerical grading
scale that gives equal weighting to the answers to each
question addressing separate the items.

Regarding the questionnaire, an important limita-
tion is that the radiology knowledge assessment tool
only included theoretical knowledge and did not
include important practical aspects such as the ability
to recognize anatomical elements, radiological pat-
terns, identification of pathologies, or direct interpre-
tation skills (using images), which is an approach for
future research. The study was also limited by the
possibility that the measurement of radiology knowl-
edge outcomes could be biased, as there are no
national guidelines described in the participating
countries that end up with a common or specific
range for radiology education, so the investigators
developed the knowledge questions based on the pre-
cepts described by the Royal College of Radiologists
on the radiology knowledge that the general practi-
tioner should possess at the end of the training, and
after that, we obtained the approval of radiology
experts who assured that the questionnaire was
intended to measure an elementary level of knowl-
edge. We believe that these biases were adequately
addressed, as the results showed similar distribution
trends among the groups of participants in each
country.

According to the training in radiology, a limitation
was found because we could not evaluate the vari-
ables of the number of hours of the subject because
no official documents detailing the number of hours
or courses in radiology for the students of the parti-
cipating countries are available. Another limitation is
that school-level analyses could not be conducted
because official information regarding the number
of participants officially enrolled in each course was
not provided to the researchers, however, the
researchers managed to cover a sample of more
than 200 participants per country to be considered
representative.

Finally, to address the possibility of social accep-
tance bias that could be due to students fearing the
lack of anonymity of the responses, researchers tried
to reiterate to students the strict anonymity of the
data collected and the importance of honesty when
completing the instrument.

Further research

Our work is the first of its kind, with a broad explora-
tory character on the teaching-learning process in
medical students, a phenomenon of very complex
characterization, as evidenced by the limitations
reported in this manuscript. Nevertheless, the find-
ings presented in this study represent a baseline study
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that may be useful for future explorations and
comparisons.

Conclusions

Latin American medical students in the final two
years of their medical degree have an overall level of
radiology knowledge considered only regular. Despite
the multifactorial origin of the teaching-learning pro-
cess, the curricular differences that characterize the
academic training process such as a type of education
(public or private), compliance with classes and aca-
demic programs, and teaching methodologies seem to
have an influence on the level of knowledge that
students achieve. The undoubted importance of
equipping medical students to be qualified and effi-
cient future practicing physicians should incline all
actors in the educational system to strive to under-
stand and improve the academic training of these
students, not only in the radiology subject. This can
be achieved through a cycle of continuous evaluation
and improvement [43,44].
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