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INTRODUCTION
Learning is an event consisting of a goal, a training activity and an appraisal.1 The aim is to have 
a total instructional experience, associated with the usual descriptors.1 The method for acquir-
ing further information is not merely a matter of obtaining data (surface learning); additionally, 
it involves the capacity to interpret it and feasibly do this.2 

One essential feature of the learning method relates to student motivation.3 Student motivation 
involves mutual communications within ambient circumstances, actions and particular aspects of 
these.3 This automated manner of learning develops when learners become self-aware administra-
tors of their own motivation and performance, in order to reach the desired goals.3 Fun is also a 
meaningful part of learning events and, perhaps, can be one of the principal components, with self-
determination, towards achievement of problem-based learning within health-related teaching.4 

Undergraduate, postgraduate and continuing professional development studies compose 
medical education.2 All trainees have their limitations, skills and decision-making capacity.2 The 
job of mentors is to provide an atmosphere and resources within which any trainee can develop.2 

There is a lack of formal teaching time in medical schools dedicated to interpretation of 
radiological images.5 This situation is disappointing, given that imaging can be used as a dynamic 
teaching utility, to demonstrate anatomy, pathology and physiology.5 Medical students develop 
the way they learn, but their progression does not always go from duality to multiplicity.2

Health-related teaching needs a diversity of elements, comprising institutional, visual, concrete and 
accurate knowledge.6 Conventional health-related teaching includes use of books, speeches, pictures 

MD, MSc, PhD. Musculoskeletal Radiologist, 
WEBIMAGEM Telerradiologia, São Paulo (SP), 
Brazil; and Professor, Ultrasonography, Centro 
Universitário Lusíada (UNILUS), Santos (SP), Brazil.

 https://orcid.org/0000-0002-7874-9332 

IIMD, MSc. Endocrinologist and Professor, 
Physiology and Internal Medicine, Centro 
Universitário Lusíada (UNILUS), Santos (SP), Brazil; 
and Doctoral Student, Evidence-Based Health 
Program, Universidade Federal de São Paulo 
(UNIFESP), São Paulo (SP), Brazil. 

 https://orcid.org/0000-0001-7897-1198  

IIIMD, PhD. Supervisor Professor, Evidence-
Based Health Postgraduate Program, 
Universidade Federal de São Paulo (UNIFESP), 
São Paulo (SP), Brazil. 

 https://orcid.org/0000-0002-6426-5636 

IVPT, PhD. Associate Professor, Department 
of Human Movement Sciences and Advisor, 
Evidence-Based Health Postgraduate Program, 
Universidade Federal de São Paulo (UNIFESP), 
São Paulo (SP), Brazil. 

 https://orcid.org/0000-0003-0329-4588  

KEYWORDS (MeSH terms): 
Ultrasonography.
Telemedicine.
Education, distance.

AUTHORS’ KEYWORDS:
Ultrasound.
Distance learning.
Web-based.
M-learning.
E-learning. 

ABSTRACT
BACKGROUND: Use of the web for radiological education is an obvious application. Many comput-
er-based teaching materials have been developed over recent years, and e-learning is becoming increas-
ingly popular in medical schools. 
OBJECTIVE: To assess whether the effectiveness of distance-learning and/or e-learning, m-learning and 
web-based methods are equivalent to traditional methods.
DESIGN AND SETTING: Systematic review of comparative studies of teaching techniques guided by Best 
Evidence Medical Education.
METHODS: A search was carried out in the MEDLINE, EMBASE, Cochrane Library, Tripdatabase, CINAHL 
and LILACS online databases in April 2020, for original publications in all languages. The following MeSH 
terms were used: Ultrasonography; Teleradiology; Telemedicine; Education, Medical; Teaching; and Sim-
ulation Training; along with the terms e-learning, m-learning and web-based. All eligible studies were 
assessed using the Kirkpatrick model and Buckley’s quality indicators.
RESULTS: The search in the databases and a manual search resulted in 4549 articles, of which 16 had suffi-
cient methodological quality for their inclusion. From analysis of these data, it was observed that teaching 
of ultrasonography using telemedicine methods is similar to the traditional method, except for venous 
access procedures, for which the studies did not show agreement.
CONCLUSION: We found that learning via telemedicine methodologies presents great acceptance 
among students, besides demonstrating quality similar to the traditional method. Thus, at least at the 
moment, this has the capacity to serve as an important adjunct in the teaching of ultrasonography.
REGISTRATION NUMBER: DOI: 10.17605/OSF.IO/CGUPA at the OPENSCIENCE Framework.
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and guidelines.6 The value of lectures within teaching has been chal-
lenged historically, and investigations have revealed that they have 
insufficient influence on short and, notably, long-term retention, partic-
ularly with regard to expositions that last for longer than 20 minutes.7 
Just 20% to 30% of the information imparted in any given session can 
be put into practice by trainees immediately following the exposition. 
Moreover, over the subsequent two weeks, 90% of the data is wasted.7

Low-cost telemedicine technologies can enable doctors to 
access expert support, remote procedure guidance and real-time 
training opportunities, thereby reducing unnecessary transporta-
tion costs and improving patient outcomes.8-11 There are studies 
in the medical literature that have reported that doctors who were 
trained remotely over the internet had a good degree of satisfac-
tion with the quality of their training and achieved a quality level 
in evaluating ultrasound images that was similar to that of doctors 
who underwent in-person training.5,12 

OBJECTIVE
The objective of this systematic review was to assess whether the 
effectiveness of distance-learning and/or e-learning, m-learning 
and web-based methods, for ultrasonography training, is equiva-
lent to traditional methods.

METHODS

Study model
The reference point for this study was the education-oriented 
systematic review model for Best Evidence Medical Education 
(https://www.bemecollaboration.org/). The study was registered 
on the OpenScience Framework platform (https://osf.io/wn762). 
This study was considered exempt from formal institutional 
review by our institutional review board because no human or 
animal subjects were studied.

Modalities of distance-learning
•	 Electronic learning (E-learning) is an online educational assis-

tance website that instructs and enables students to enhance 
specific topics.

•	 Mobile learning (m-Learning) can be described generically as 
a modality of e-Learning in which learning takes place through 
easy-to-handle mobile electronic devices (such as smartphones 
and tablets, for example). 

•	 A video lesson is a video that presents educational material to 
a subject.

•	 A live distance class is an online class at a regularly planned 
time in which learners work together with their instructor and 
classmates at the same time on the same days. Homework tasks 
are then accomplished outside of this dedicated lesson period, 
just like in in-person lessons.

 Search strategy
A systematic search of the literature was carried out on April 
16, 2020, in the following online databases: Medline (PubMed); 
EMBASE; Cochrane Library; LILACS; Tripdatabase; CINAHL; 
ERIC; and SciELO. Original published articles in any language 
were sought using the following MeSH terms: Ultrasonography; 
Distance-learning; Online learning; Teleradiology, Telemedicine; 
Education, Medical; Medical Education Online; Simulation 
Training; and Teaching. In addition, the terms e-learning, m-learn-
ing and web-based were also used. The reference lists of studies 
that were included and those of the main reviews on this subject 
were also evaluated. Manual searches were also carried out in the 
reference lists. All of these searches are shown in Table 1.

The search was performed in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines. Studies that compared the teaching of ultrasonography for 
healthcare professionals, between traditional methods and electronic 
means through distance-learning, e-learning, m-learning and web-
based learning, were included regardless of their publication status.

There was no language restriction. There was no exclusion 
for population size or age. There was no funding for this study. 
The PICO technique (Population, Intervention, Comparison, 
Outcome) was used to define the question and the development 
of the research, as follows:

P = Undergraduate health care students; postgraduate trainees; 
continuous professional development training – indepen-
dent of the specialties.

I = Distance-learning to teach ultrasonography.
C = Traditional methodology versus distance-learning.
O = Improved ultrasound skills, to achieve an accurate diagnosis

Selection of studies and data extraction
The study selection process was carried out by two independent 
reviewers and any disagreement was resolved by a third reviewer. 
The selection of studies was carried out in two stages. In the first 
stage, the titles and abstracts of the references identified through 
the search strategy were evaluated and the potentially eligible 
studies were preselected. In the second stage, a full-text evalu-
ation of the preselected studies was carried out to confirm their 
eligibility. In cases of disagreement, a third author was consulted. 
Data extraction was performed using a standardized form. The 
outcomes analyzed were the score previously established for the 
training method and the performance of the procedure. 

The selection process was carried out through the Rayyan plat-
form (https://rayyan.qcri.org).13

Quality assessment
All eligible studies were assessed using Buckley’s quality indica-
tors14 and the Kirkpatrick training assessment model described 

https://www.bemecollaboration.org/
https://osf.io/wn762
https://rayyan.qcri.org
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Table 1. Search strategy according to the corresponding database

Database Search strategy

Cochrane 
Library 

#1: MeSH descriptor: [Ultrasonography] explode all trees
#2: MeSH descriptor: [Education, Distance] explode all trees
#3: MeSH descriptor: [Teleradiology] explode all trees
#4: MeSH descriptor: [Telemedicine] explode all trees
#5: MeSH descriptor: [Education, Medical] explode all trees:
#6: MeSH descriptor: [Simulation Training] explode all trees
#7: MeSH descriptor: [Teaching] explode all tress
#8: #1 AND #2 OR #3 OR #4 AND #5 OR #6 OR #7

MEDLINE 

#1: “Ultrasonography”[Mesh] OR (Echotomography) OR (Diagnostic Ultrasound) OR (Diagnostic Ultrasounds) OR (Ultrasound, 
Diagnostic) OR (Ultrasounds, Diagnostic) OR (Sonography, Medical) OR (Medical Sonography) OR (Ultrasound Imaging) OR 
(Imaging, Ultrasound) OR (Imagings, Ultrasound) OR (Ultrasound Imagings) OR (Echography) OR (Ultrasonic Imaging) OR (Imaging, 
Ultrasonic) OR (Echotomography, Computer) OR (Computer Echotomography) OR (Tomography, Ultrasonic) OR (Ultrasonic 
Tomography) OR (Diagnosis, Ultrasonic) OR (Diagnoses, Ultrasonic) OR (Ultrasonic Diagnoses) OR (Ultrasonic Diagnosis) 

#2: “Teleradiology”[MeSH] OR “Telemedicine”[MeSH] OR (mobile health) OR (health, mobile) OR (health) OR (telehealth) OR (ehealth) 
OR “m-learning” OR “e-learning” OR “web based” OR “Education, Distance”[MeSH] OR (distance education) OR (distance learning) OR 
(learning, distance) OR (online learning) OR (learning, online) OR (online education) OR (education, online) OR (online education) OR 
(correspondence courses) OR (correspondence course) OR (course, correspondence)

#3: “Education, Medical”[MeSH] OR (medical education) OR “Simulation Training”[MeSH] OR (training, simulation) OR (interactive 
learning) OR (learning, interactive) OR “Teaching”[MeSH] OR (training techniques) OR (technique, training) OR (techniques, training) 
OR (training technique) OR (training technics) OR (technic, training) OR (technics, training) OR (training technic) OR (pedagogy) 
OR (pedagogies) OR (teaching methods) OR (method, teaching) OR (methods, teaching) OR (teaching method) OR (academic 
training) OR (training, academic) OR (training activities) OR (activities, training) OR (training activity) OR (techniques, educational) OR 
(technics, educational) OR (educational technics) OR (educational technic) OR (technic, educational) OR (educational techniques) OR 
(educational technique) OR (technique, educational) 
 
#4: #1 AND #2 AND #3

EMBASE

#1: Echography/exp 
#2: Online learning/exp OR online education/exp OR teleradiology/exp OR telemedicine/exp OR e learning OR m-learning
#3: Medical education/exp OR medical education training/exp OR Simulation training/exp OR Clinical education/exp OR Teaching/exp
#1 AND # 2 AND #3

LILACS 

#1:  mh:”Ultrassonografia”/exp OR (Ultrasonografía) OR (Ultrasonography) OR (Ecografia) OR (Ecotomografia Computador) OR 
(Sonografia Médica) OR (Ecografia Médica) OR (Tomografia Ultrassônica) OR (Diagnóstico Ultrassom) OR (Imagem Ultrassônica) OR 
(Imagem Ultrassonográfica) OR (Imagem Ultrassom) OR (Imagem Ultrassom) OR (Ecotomografia) OR (mh:E01.370.350.850$)

#2: mh:” Educação a Distância”/exp OR (Educación a Distancia) OR (Education, Distance) (Correspondence Course) OR (Correspondence 
Courses) OR (Course, Correspondence) OR (Cyberlearning) OR (Distance Education) OR (Distance Learning) OR (Education, Online) 
OR (Interactive Tele-Education) OR (Learning, Distance) OR (Learning, Online) OR (Online Education) OR (Online Educations) OR 
(Online Learning) OR (Tele-Education) OR (Teletraining) OR (eLearning) or(mh:I02.195$) OR (mh:SP2.021.167.010.090.030$) OR 
(mh:SP2.021.172.010.099$) OR (mh:SP2.031.332.030$) OR (mh:SP4.017.047.599$) OR (SP4.127.428.764) OR mh:”Teleradiology”/
exp OR (Telerradiología) OR (Telerradiologia) OR (mh:E05.920.700$) OR (mh:H02.010.850.700$) OR (mh:H02.403.840.700$) OR 
(mh:L01.178.847.652.700$) OR (mh:N04.452.515.825.500$) OR (mh:N04.590.374.800.700$) OR (mh:SP2.021.167.010.090.210$) OR 
(mh:SP2.031.332.210$) OR (Telemedicine) OR (Telemedicina) OR (mh:H02.403.840$) OR (mh:L01.178.847.652$) OR (mh:N04.590.374.800$) 
OR (mh:SP2.016.303$) OR (mh:SP2.021.167.010.090$) OR (mh:SP2.031.332$)

#3: mh: “Education, Medical”/exp OR (Educación Médica) OR (Educação Médica) OR (Medical Education) OR (mh: I02.358.399$) OR #4: 
mh: “Simulation Training”/exp OR (Entrenamiento Simulado) OR (Treinamento por Simulação) OR (Interactive Learning) OR (Interactive 
Learning) OR (Training, Simulation) OR (mh: I02.903.847$) OR mh: “Ensino”/exp OR (Enseñanza) OR (Teaching) OR (Academic Training) 
OR (Activities, Training) OR (Educational Technic) OR (Educational Technics) OR (Educational Technique) OR (Educational Techniques) 
OR (Method, Teaching) OR (Methods, Teaching) OR (Pedagogies) OR (Pedagogy) OR (Teaching Method) OR (Teaching Methods) 
OR (Technic, Educational) OR (Technic, Training) OR (Technics, Educational) OR (Technics, Training) OR (Technique, Educational) OR 
(Technique, Training) OR (Techniques, Educational) OR (Techniques, Training) OR (Training Activities) OR (Training Activity) OR (Training 
Technic) OR (Training Technics) OR (Training Technique) OR (Training Techniques) OR (Training, Academic) OR (mh:I02.903$)

#4: #1 AND #2 AND #3

Continue...
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Database Search strategy

Tripdatabase
(title:Ultrasonography)(title:Teleradiology OR Telemedicine OR Education, Distance OR e-learning OR m-learning OR Online learning)
(Education, Medical OR Medical Education Training OR Simulation Training OR Teaching)

CINAHL 

#1: (Ultrasonography) 
#2: (Telemedicine & e-Health) OR (Distance Education) OR (Medical Education Online) 
#3: (Medical Education)
#4: #1 and #2 and #3

ERIC 

#1: MeSH descriptor: Ultrasonography
#2: MeSH descriptor: Education, Distance
#3: MeSH descriptor: Teleradiology
#4: MeSH descriptor: Telemedicine
#5: MeSH descriptor: Education, Medical
#6: MeSH descriptor: Simulation Training
#7: MeSH descriptor: Teaching
#8: #1 AND #2 OR #3 OR #4 AND #5 OR #6 OR #7

SciELO

#1: MeSH descriptor: Ultrasonography
#2: MeSH descriptor: Education, Distance
#3: MeSH descriptor: Teleradiology
#4: MeSH descriptor: Telemedicine
#5: MeSH descriptor: Education, Medical
#6: MeSH descriptor: Simulation Training
#7: MeSH descriptor: Teaching
#8: #1 AND #2 OR #3 OR #4 AND #5 OR #6 OR #7

Table 1. Continuation.

in BEME Guide No. 8 by Steinert et al.15 These tools are based on 
instruments that cover a wide range of methodological issues in 
studies on evaluation of teaching methodologies.

RESULTS
The search in the databases yielded 5,090 articles. Additionally, seven 
articles were found through a manual search. After excluding dupli-
cates, 5,048 articles were screened, out of which 61 were evaluated 
in their entirety; from these, 16 presented sufficient methodological 
quality for their inclusion (Figure 1). The study by Socransky et al.16 
was excluded due to loss to follow-up of over 50% of the initial par-
ticipants. Hempel et al.17 was not included because its results from 
the study phase that were compatible with our inclusion criteria had 
already been published previously.7

Eleven studies evaluated teaching among doctors and/or res-
idents and/or medical school students;7,18-27 one study conducted 
in England evaluated teaching among nurses,28 and four stud-
ies carried out in Spain evaluated physical therapy students.4,29-31

Regarding methodology, one study was a cross-sectional, ran-
domized study,28 one was a prospective pseudorandomized study,25 
one was a prospective cohort19 and three were randomized con-
trolled trials.4,7,18,20-24,26,27,29-31 

In ten studies, a questionnaire was administered both before 
and after each teaching technique was applied.7,18-21,23-25,27-29 In three 
of these,19,20,27 a questionnaire was also administered long after the 

last lesson, as a late assessment of knowledge retention. In three 
studies, no questionnaire was used;22,26,30 while in two studies a ques-
tionnaire was administered only after the teaching technique.4,31 In 
six studies, teaching of the FAST ultrasound technique (directed 
ultrasound in trauma cases),24,25 or structures included in this,28 
was evaluated; or point-of-care was evaluated.7,21,27

One study assessed thoracic structures,19 and one was specif-
ically directed to pneumothorax.20 Three studies evaluated inter-
ventions: venous access,18 arterial access22 and intravenous central 
catheter.26 Five studies evaluated the teaching of structures of the 
musculoskeletal system.4,23,29-31 Five studies did not involve any 
practical evaluation, and their results were based only on ques-
tionnaires carried out after applying the teaching technique.18,19,23-25

Arroyo-Morales et al.31 conducted a randomized clinical trial 
to evaluate the learning of knee ultrasound therapy among 44 
students who were divided into two groups: traditional method 
and textbooks associated with e-learning. At the end of the study, 
they reported that the two groups obtained similar results in the 
theoretical evaluation; however, in the practical evaluation with 
ultrasound, the students in the e-learning group obtained high-
er-quality images despite taking longer to perform the examina-
tion. It should be noted that the students in the e-learning group 
showed good acceptance of distance-learning. 

Bertran et al.26 also conducted a randomized clinical trial, in 
which they evaluated 43 residents in anesthesiology regarding 
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positioning of the central venous catheter guided by ultrasound. 
They concluded that the residents who had had a video lesson 
showed better results than those who had had a classroom lesson.

Ten nurses participated in a randomized comparative 
cross-sectional study by Brisson et al.28 in which they were 
learning about the Morrison space. The subjects were divided 
into two groups: telemedicine and face-to-face group (class-
room lesson). At the end of the study, teaching by means of 
telemedicine proved to be equivalent to classroom lessons for 
acquiring the practical skill of ultrasound, and this was achieved 
within similar times.

In a randomized clinical trial by Cantarero-Villanueva,30 teach-
ing of lumbopelvic ultrasonography was evaluated among 44 phys-
iotherapy students. It was concluded that the e-learning group 
showed better results than the control group, which used books, 
and that this could be an effective adjunctive strategy for teaching.

Chenkin et al.18 conducted a randomized clinical trial in which 
only theoretical ultrasonography was assessed, with no evaluation of 
ultrasound practice, among 21 emergency department doctors and 
residents. They found that the group that received an internet-based 
tutorial was at least as effective as the group who had attended an 
in-person teaching lecture on ultrasound-guided venous access.
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Figure 1. PRISMA flow diagram. 
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Furthermore, in the prospective cohort study by Cuca et al.,19 no 
assessment of  ultrasonography practice was conducted. There were 
only assessments via questionnaires regarding thoracic structures 
in ultrasonography, including two post-tests. That study evaluated 
75 doctors and medical students and it was found that teaching via 
e-learning showed results that were similar to those of the tradi-
tional method, including through a survey conducted two weeks 
after the teaching, which evaluated the retention of information.

In a randomized clinical trial by Edrich et al.,20 138 anesthe-
siologists were assessed. They were divided into three groups: a 
group without instruction, a group with classroom instruction and 
a group that received instruction through telemedicine. It was con-
cluded that teaching via telemedicine provided results that were 
similar to those through the traditional methodology, including 
in a questionnaire administered four weeks after the teaching, to 
evaluate the retention of information. 

Fernández-Lao et al.29 carried out a randomized clinical trial 
among 49 physiotherapy students. They concluded that the group 
with m-learning showed better positioning and handling of the 
transducer, and patient positioning, than the group with traditional 
methodology for shoulder ultrasound assessment.

Haskins et al.21 evaluated 18 anesthesiology residents through a 
randomized clinical trial. They found that there was no evidence of 
difference between the traditional teaching and e-learning groups 
regarding the learning results or satisfaction, in relation to point-of-
care ultrasound. Hempel et al.7 analyzed 60 medical students from 
the third year of an undergraduate course in a randomized clinical 
trial and, like Haskins et al.,21 found that teaching via e-learning 
showed results similar to those of the traditional method, regard-
ing point-of-care ultrasonography.

Lian et al.22 evaluated 30 medical students in three groups: tra-
ditional method, e-learning and no previous instruction. Through 
this randomized clinical trial, they analyzed the teaching of ultra-
sound-guided vascular access and concluded that the traditional 
method group achieved significantly better performance than the 
e-learning group and the uneducated group.

Lozano-Lozano et al. conducted a randomized clinical trial4 in 
which the teaching of 105 physiotherapy students for evaluating 
sports pathological conditions using ultrasound was evaluated. 
They concluded that the m-learning group achieved better patient 
positioning, transducer management and image adjustment than 
the traditional method group. However, less time was required 
for performing the examination through the traditional method.

In a randomized clinical trial by Maloney et al.,23 theoretical 
teaching of musculoskeletal ultrasonography was evaluated among 
33 radiology residents, without any practical evaluation. It was 
concluded that the group with the traditional teaching method-
ology presented a result that was slightly better than that of the 
e-learning group (less than 5% difference).

Platz et al. carried out two studies analyzing FAST, but with-
out evaluation of ultrasound practice. One was a prospective pseu-
dorandomized trial25 among 55 doctors and residents of different 
specialties divided into three groups: traditional method, tele-
medicine method and no previous instruction. From this, it was 
concluded that telemedicine teaching presented results similar to 
those of the traditional method. The other was a randomized clin-
ical trial24 among 44 emergency and surgery residents, in which it 
was found that computer-based classes were not inferior to class-
room classes among individuals without previous training, for 
teaching about FAST ultrasound.

Soon et al.27 carried out a randomized clinical trial on point-
of-care ultrasound for pleural effusion and pneumothorax, among 
45 pediatric physicians without experience of ultrasound. These 
subjects were divided into two groups: web classroom and in-per-
son classroom, followed by practice on living models. They con-
cluded that teaching via the web was at least as effective as the 
usual teaching method, including with regard to evaluation of 
information retention, among 39 of the study participants, con-
ducted two months later.

A summary of all the studies is presented in Table 2.4,7,18-31

DISCUSSION
Out of the 16 studies analyzed, nine7,18-21,24,25,27,28 showed simi-
lar results between the traditional and telemedicine groups. It 
should be noted that in four of these studies18,19,24,25 there was 
no practical evaluation; in these, assessments were only made 
through questionnaires that were administered before and after 
the teaching intervention.

In five studies,4,26,29-31 it was demonstrated that distance-learning 
was superior. Moreover, among these five studies, four4,29-31 eval-
uated physical therapy students; in two of these studies, m-learn-
ing technology was used,4,29 while e-learning technology was used 
in the other two.30,31 Two studies22,23 showed that the traditional 
education group had slightly better results than the telemedicine 
group that used e-learning technology. We need to contextualize 
that all these studies were carried out before the COVID-19 pan-
demic. Although the study by Lozano-Lozano et al.4 was published 
in 2020, it was carried out in 2014-2015.

In the present-day world, people acquire information daily 
through computers and, especially, smartphones. The current gen-
eration of students uses electronic media regularly, such that this is 
an essential part of their daily lives and modifies their brain struc-
tures in relation to learning. Thus, 37% of healthcare students have 
already used an application to develop their professional skills.32 
Therefore, there is a need to adapt teaching methods. In this regard, 
the use of traditional teaching tools is now out of context.4 

A study by Gul et al. showed that medical students prefer tele-
medicine teaching over classroom lesson approaches, with regard 
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to the clarity of procedures, the ability to ask questions and the 
quality of time spent learning, even in relation to surgical pro-
cedures.28,33 The most evident advantage of telemedicine teach-
ing was the better positioning of the patient and handling of the 
transducer.4,29 Weber et al.34 also reported that there was a marked 
improvement in performance in the early stages of teaching; how-
ever, in their study, only the telemedicine group used augmented 
reality together with telementoring, which could be characterized 
as a form of bias.

Regarding studies on ultrasound-guided procedures, there was 
no agreement among the results. Bertran et al.26 compared teaching 
of central venous access by video and by the traditional method 
and concluded that residents who took video classes obtained bet-
ter results. Lian et al.22 carried out a similar study comparing the 
teaching of vascular access by e-learning and the traditional method; 
they found that the traditional method showed significantly bet-
ter results. In a randomized clinical trial by Chenkin et al.,18 a web 
tutorial teaching venous access was compared with an in-person 
lecture and it was concluded that the methods were equivalent.

Three studies4,30,31 from the University of Granada compared 
e-learning using a cell phone app versus books and texts, and 
another study29 compared m-learning versus books and texts. It 
was concluded from these four studies that the app was at least 
as effective as a teaching lecture, but that sometimes more time 
was needed for performing the ultrasound examination. Chenkin 
et al.18 reached the same outcome when teaching venous access in 
the University of Toronto. It needs to be noted that cell phones or 
tablets do not have present certain issues that relate to books, such 
as their weight (cell phones and tablets can store many books, inde-
pendent of their volume and cost). It is also important to remem-
ber, on the other hand, that reading books on an electronic device 
is not always a pleasant experience for the learner and, thus, some 
students prefer textbooks on paper.

From gathering this data together, we can infer that ultra-
sound telemedicine teaching methods are similar to the tradi-
tional method, except in the case of teaching venous access proce-
dures, for which the studies did not show agreement. The studies 
demonstrated that telemedicine teaching was effective in relation 
to teaching thoracic ultrasound, FAST ultrasound, point-of-care 
and musculoskeletal ultrasound. Hempel et al.17 reported that use 
of social networks after the e-learning course presented superior 
results only when compared with classroom lessons. Student sat-
isfaction compared between teaching methods was also similar, 
according to the studies evaluated.

The benefits of learning from computers are numerous and 
include interactivity, novelty, flexible programming, teachers’ relief 
from the need to give repetitive lectures and greater consistency 
in quality.16,35,36 The disadvantages of computer-based instruction 
include the lack of human interaction and guidance, the material 

presented in a format that is less pleasant to read than in a textbook 
and the possibility for a student to have unanswered questions.7,23,35

Use of the web for radiological education is an obvious appli-
cation.37-39 Many computer-based teaching materials have been 
developed over recent years. M-learning, which is defined as “the 
ability to access educational resources, tools and materials anywhere, 
using a mobile device (smartphone)”,4,29,40 along with e-learning, is 
becoming increasingly popular in medical schools. Guides on the 
implementation of e-learning have been appearing.6,18,22,30,31,35,41-44 
This method of learning has many organizational advantages over 
classroom lessons, as follows:5,7,17,19,20,25,27,30,31,41

•	 Environment free from stressful factors and without judgment.
•	 Live updates.
•	 Easy and uniform dissemination of teaching resources for 

teachers.
•	 Temporal and spatial flexibility for students.
•	 Greater accessibility.

The monetary savings that accrue through use of these new 
teaching methods should also be taken into account. Professionals 
in rural areas need to travel to major centers to receive medical 
education and training;28,45 alternatively, trained professionals 
from the main centers need to travel to teach in remote areas.8,28,46 
Both of these situations are time-consuming and expensive.8,28,46 
Telemedicine education offers an economical alternative for 
teaching skills in remote environments or for situations in which 
resources are limited.8,28,45,47

One limitation of this systematic review was that it seemed that 
many types of ultrasound examinations have not been evaluated 
in primary studies on distance-learning techniques in the medi-
cal literature, such as examinations on the thyroid, neck, breasts 
and prostate. In addition, because of the variability of outcomes 
between studies, performing a meta-analysis was not possible.

Regarding the implications for research, distance-learning tech-
niques can be expanded to other areas of healthcare, such as bio-
medicine and nutrition, among others. Evaluations among medical 
specialties that remain little explored also need to be undertaken. 
It should be noted that none of the studies presented level 4 of the 
Kirkpatrick model (changes in system/organizational practice and 
changes among participants, students, residents or colleagues). 
Studies at level 4 could confirm the good results that were shown 
by the studies at levels 2B and 3 that were found. Another possi-
bility that needs to be better explored is to combine these tech-
nologies with augmented reality and virtual reality, which would 
facilitate teaching in relation to areas that are difficult to access. 
Such combinations have already been successfully demonstrated 
with regard to obstetric examinations, in a study published by 
Zimmermann et al.,48 and this should be extended to other ultra-
sound examinations.
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Therefore, we can state that teaching of ultrasound by means 
of telemedicine is a novelty that is being implemented in the 21st 
century. It presents possibilities such as videos and texts on com-
puters or cell phones, with use of the internet and applications 
and/or programs, in addition to the possibility of augmented real-
ity, which has already been analyzed in some studies. Thus, a new 
teaching technique is presented here, which is available to teach-
ers for implementation, with the possibility of recording classes 
and making them available for repeated student viewing. This is 
something that is often impossible with classroom lessons. It should 
be noted that not all the studies evaluated here included practical 
analyses on ultrasound. However, with regard to the theoretical 
part of teaching, distance-learning presents results similar to tra-
ditional methods in the classroom.

CONCLUSION
In this systematic review, we found that learning by means of 
telemedicine methodologies is widely accepted by students. 
Distance-learning can have quality similar to the traditional 
method and, at least at present, it can serve as an important 
adjunct in the teaching of ultrasonography, especially in relation 
to places that are difficult to access, where there are no schools/
universities where this teaching could take place. 

However, instructors need to pay attention to each student’s 
particularities. Some students might not adapt to or appreciate 
the techniques of online teaching because of low levels of interac-
tion between people or the need to study using a textbook rather 
than a screen. The need for internet access in order to have live 
video classes may be a problem for some locations. Studies con-
ducted using this technology during the COVID-19 pandemic 
will provide new data on this technology. In addition, studies 
are still needed to assess the practical part of teaching ultraso-
nography at a distance.
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