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Abstract

Background: Free Open Access Medical Education has the potential to democratize access to medical knowledge globally;
however, this potential remains largely unrealized, particularly in resource-limited settings. Content is increasingly concentrated
on a small number of platforms, each hosting large volumes of material compiled from diverse sources.

Objective: This scoping review aimed to identify and synthesize reported barriers and enablers to the successful design,
production, and operation of open access medical education platforms, with the goal of informing strategies to improve their
impact, reach, and sustainability.

Methods: We conducted a scoping review using the Arksey and O’Malley framework. A structured search was carried out on
April 17, 2023, in PubMed and EBSCOhost. Citation chaining with the SnowGlobe tool and manual reference checking
supplemented the search. Studies were eligible for inclusion if they examined platforms that compile content from multiple
sources and reported barriers and enablers. Two reviewers (AAEA and AB) independently screened records and extracted data,
with discrepancies resolved by a third reviewer (EPOF). Beginning with an a priori framework of “barriers” and “enablers,”
coding was then developed inductively. Thematic synthesis categorized findings by stakeholder group.

Results: Of 1108 records identified, 1064 unique records were screened, and 64 full-text papers were assessed; 34 met the
inclusion criteria. The most frequently reported barriers were concerns about content-quality control, incomplete or unstructured
materials, and the resources needed to sustain platforms long-term. Key enablers included the use of validated tools to assess
content quality and collaboration with existing content providers and platforms to enhance visibility and learner engagement.
Findings were organized into 3 stakeholder groups: learners and training programs, content designers and creators, and platform
managers.

Conclusions: Open access medical education platforms have significant untapped potential to enhance global medical training.
Addressing these persistent challenges—particularly around quality assurance, content organization, and sustainability—will
require more structured, collaborative, and internationally coordinated approaches.

(JMIR Med Educ 2025;11:e65306) doi: 10.2196/65306
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Introduction

Advances in technology have revolutionized medical education
and training. e-Learning) has become an accepted part of
medical training worldwide, at all levels, in both high- and
low-income environments [1,2], offering health care
professionals and students the promise of accessible and flexible
learning opportunities, regardless of their location [3,4].
e-Learning can be defined as “an approach to teaching and
learning, representing all or part of the educational model
applied, that is based on the use of electronic media and devices
as tools for improving access to training, communication and
interaction and that facilitates the adoption of new ways of
understanding and developing learning” [5]. Included in this
definition are a multitude of different forms including
asynchronous (self-directed) courses, synchronous (live)
tutorials and webinars, blogs, podcasts, social media, learning
communities and communities of practice, online videos and
images, and more. Learners may interact with this content as
part of a formal training program, as formal in-service
professional development, or at their own volition. e-Learning
content is hosted on a variety of platforms of different
types—including learning management systems, content
management systems, and learning destination sites. In this
review, we will refer to all online locations hosting e-learning
content as “platforms.”

Open access content is “digital, online, free of charge, and free
of most copyright and licensing restrictions” [6]. This is of
particular importance in resource-limited settings, where open
access education has the potential to alleviate persistent
educational disparities [7]. The acronym “FOAM” (or
“FOAMed,” Free Open Access Medical Education) is often
used in open access medical education, describing “a dynamic
collection of resources and tools for lifelong learning in
medicine, as well as a community and an ethos” [8]. As FOAM
covers many different types of content, and medical education
technologies are quickly evolving, it is difficult to quantify the
use of FOAM across the globe and across medical specialties.
However, it is clear that there is a lot of FOAM content
available, that it is increasingly accepted as a valid medium for
medical education, and that it is increasingly used. Taking
podcasts as one example, a study looking at podcasts related to
a limited set of medical specialties found 169 different English
language podcasts with over 6500 combined hours of
educational content [9]. Acceptance of podcasts as a medical
education tool is growing. While a 2007 study found that most
of the US students and physicians surveyed felt podcasts had
no role in medical education [10], a 2019 study reported that
71% of residents from various US training programs supported
the utility of podcasts [11]. In total, 39% of US nephrology
fellows report regularly learning from podcasts [12].

Open access does not, however, mean equal access. Use is
higher in high-income countries than in low- and middle-income
countries (LMICs) [13], and LMIC learners face additional
challenges [14]. A systematic review of e-learning for medical
education in LMICs finds that it has “not met its expected
potential” in such settings [15]. Even within a single LMIC
institution, some learners have greater access than others [16].

Thus, due to these disparities, open access platforms may not
in fact fulfill their promise of decreasing pre-existing educational
[17], health care, and economic inequalities [18]. This is a
profound issue: those most in need of medical education and
training information, such as professionals in resource-limited
settings, often find it the most elusive [19].

The total number of FOAM sites now seems to be decreasing,
as open access medical education resources are increasingly
consolidated in a smaller number of platforms [20-22]. Due to
the effort and expense involved in producing, maintaining, and
hosting e-learning content, it can be expected that this trend
will continue; the number of platforms will decrease, yet the
volume of content on each platform will increase, compiled
from multiple sources. Barriers and enablers to the production
and sustainability of e-learning material of various kinds have
been described in the literature [23]. This review aims, for the
first time, to identify and synthesize from the literature the
barriers and enablers to the successful design, production, and
operation of e-learning platforms compiling content from
multiple sources. In doing so, this review looks to inform efforts
to optimize the impact and reach of open access medical
education resources.

Methods

Study Design
A scoping review methodology was selected “to ‘map’ relevant
literature in the field of interest,” following the framework
proposed by Arksey and O’Malley [24]. The protocol was
publicly registered on Open Science Framework [25]. Results
are reported in line with the PRISMA-ScR (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) [26]. The PRISMA-ScR checklist is included
as Multimedia Appendix 1.

Research Question
We defined our research question as “What is known in the
existing literature about the barriers and corresponding enablers
to developing, producing, and maintaining open access medical
education platforms containing material from multiple sources?”

Search Strategy
Searches were conducted on April 17, 2023, using PubMed and
EBSCOhost, which includes Academic Search Complete, ERIC,
and CINAHL Plus with Full text. The search string used was
((resources) OR (material)) AND ((((medical education) OR
(training)) AND (((((identify) OR (evaluate)) OR (integrate))
OR (compile)) OR (collect))) AND (open-access)). The
SnowGlobe tool [27] was then used for citation chaining
(snowballing), automatically retrieving references of included
studies as well as studies citing them. Manual reference
searching additionally contributed a number of papers. Search
results were imported into Covidence (Veritas Health
Innovation), and duplicates were removed. Gray literature, such
as institutional websites, preprints, and reports, was not
searched.

JMIR Med Educ 2025 | vol. 11 | e65306 | p. 2https://mededu.jmir.org/2025/1/e65306
(page number not for citation purposes)

Ahmed et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Study Selection
Studies were eligible for inclusion if they described open access
medical education or training platforms that curate or compile
content from multiple sources or institutions for use by health
care providers. To be included, studies also needed to provide
information on factors that facilitate or hinder the design,
production, implementation, or ongoing operation of such
platforms. All paper types, including reviews, were considered.
No date restrictions were applied, given the emerging nature of
this field. Studies were excluded if they focused solely on a
single course or on materials developed by a single institution.
Conference abstracts and non-English language studies were
also excluded.

All identified papers underwent a 2-stage screening process. In
stage 1, a total of 2 authors (AAEA and AB) independently
reviewed the title and abstract of each paper against the
predefined inclusion and exclusion criteria. Discrepancies were
resolved with the input of EPOF. In stage 2, the full texts of
potentially relevant papers were assessed for final inclusion by
AAEA and AB, with EPOF adjudicating on discrepancies.

Charting the Data
Beginning with an a priori framework of “barriers” and
“enablers,” the data chart form was then developed through an
inductive process, with input from all authors. Following initial
immersion in the data, coding for each barrier and enabler was
developed. Data from included papers were then independently
extracted by AAEA and AB into this form. Any disagreements
were resolved through discussion or with the input of EPOF.
Finally, the coding for barriers and enablers was reviewed, and
minor coding edits were made. To derive practical
recommendations for the various stakeholder groups involved
in the production, management, and use of open access
educational platforms, barriers and enablers were then mapped

to the appropriate stakeholder group: (1) learners and training
programs, (2) content designers and creators, and (3) platform
managers.

Data Synthesis and Reporting
Thematic analysis was undertaken. Once authors were familiar
with the data, and coding agreed, themes were then proposed,
explained, and clarified through iterative team discussion. Both
barriers and enablers were then grouped under these themes,
and the themes were reviewed for appropriateness. Descriptive
statistics were used to analyze characteristics of the included
studies.

Ethical Considerations
The review involved analysis of publicly available secondary
data only. No human or animal participants were involved;
therefore, ethics approval was not required.

Results

Overview
Our search strategy identified a total of 1108 records from
multiple sources. PubMed contributed 502 records, followed
by 253 from EBSCOhost databases (including Academic Search
Complete, ERIC, and CINAHL Plus with Full Text). Snowball
sampling added 332 records, and 21 were identified through
manual reference searching. After removing duplicates, 1064
records were screened by title and abstract. Of these, 64 full-text
papers were assessed for eligibility.

A total of 29 full-text studies were excluded because, although
they addressed open access content, they did not examine
barriers or enablers or did not relate to platform-level
considerations. Ultimately, 34 studies were included in the final
review. The study selection process is shown in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Characteristics of the Included Studies
All 34 studies described educational resources targeted at
doctors or medical students. Nurses were also targeted in 14
(41%) studies, and allied health professionals in 11 (32%)
studies. Most studies did not explicitly focus on a particular
geography. Some focused on LMICs [2,28], while others were
explicitly “global” [29] or “international” [30] in their scope.
However, most first authors were based in high-income
countries, with a majority from the United States. Other first
authors were from Canada, Germany, Belgium, Italy, the United
Arab Emirates, the United Kingdom, Australia, Botswana, Papua

New Guinea, and South Africa. In total, 16 (47%) studies were
categorized as reviews or expert opinion, 11 (32%) were
primarily qualitative research, 5 (15%) were primarily
quantitative research, and 2 (6%) were reports on educational
innovations. While all included studies discussed open access
medical education platforms, this was rarely their primary focus.
Most included studies focused on e-learning in medical
education in general, or in specific medical education and
training contexts, or specific topics and specialties, or for
specific cohorts of learners. Other studies again focused on the
FOAM education movement. Characteristics of the included
studies are given in Table 1.
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Table 1. Characteristics of included studies.

EnablersBarriersPlatform or contextType of studyCountry of
first author

Author name
(year)

Early open online
nursing education re-

Qualitative re-
search

United
States

Kleinpell et
al (2011)
[31]

• Crowdsourced feedback• Navigability, searchability
• •Access Interactive content

sources (blogs, wikis,
repositories); empha-

•• Tools to help learners find re-
sources

Effort and cost to maintain

sis on discoverability • Student-centered, personalized
and maintenance bur-
dens.

• Content integrated with curric-
ula

• Networking of educators
• Tools to make content creation

easier

Global or

LMICa-friendly open

Scoping reviewGermanyNieder et al
(2022) [2]

• Collaboration for awareness• Computer, phone, internet
• •Time Social, instructor, and cogni-

tive presence• Languageresources for medical
• Learner familiarity• Accesseducation
• Low bandwidth content• Digital literacy

(FOAMb-style blogs
• Local language• Learning culture

or podcasts, YouTube,
• External pressure

mobile-first sites)
• Appropriate content structure

with attention to
• Interactive content

bandwidth and lan-
guage. • Quality tool

• Regular content review

Open educational
websites with struc-

Qualitative studyBelgiumPizzolato et
al (2020)
[32]

• Navigable, searchable• Incompleteness, lack of structure
• •Interactivity, design Interactive content

tured navigation and
mapped content areas
to guide learners.

• Map content areas

FOAM resources in
emergency medicine;

Qualitative re-
search

United
States

Grock et al
(2019) [33]

• Quality tool• Volume of content
• Quality control

blogs or podcasts and • Appropriateness of content
their quality or appro-
priateness concerns.

• Incompleteness, lack of structure

Open platforms used
in undergraduate

Scoping reviewItalySchettino
and Capone
(2022) [34]

• Local language• Language
• •Digital literacy Student-centered, personalized

medical curricula; fo-
cus on training con-

•• Appropriate content structureLearning culture
• Motivation • Training of content creators

tent creators and inter- • Interactive content• Time
active, learner-cen-
tered design.

Broad FOAM ecosys-
tem across blogs, pod-

Expert opinionAustraliaBansal
(2021) [35]

• Collaboration for awareness• Navigability, searchability
• •Interactivity, design Networking of educators

casts, Twitter, • Training of content creators• Quality control
YouTube, and online • Motivation
question banks; strate- • Learning culture
gies to expand reach
and impact.

• Effort and cost to maintain

Systematic review of
digital or open re-

Systematic reviewUnited
Kingdom

Regmi and
Jones (2020)
[23]

• Content integrated with trainee
experience

• Digital literacy
• Motivation

sources integrated
with trainee experi-

• Content integrated with curric-
ula

• Interactivity, design
• Appropriateness of content

ence and formal curric- • Clarity of content• Incompleteness, lack of structure
ula; clarity and struc-
ture emphasized.

• Student-centered, personalized• Effort and cost to build
• Appropriate content structure• Effort and cost to maintain
• Interactive content

Review of open ac-
cess educational re-

Review paperUnited
States

Culbert et al
(2022) [36]

• Collaboration for awareness• Access
• •Quality control Content integrated with curric-

ulasources in medicine;
integration into curric-

• Quality tool issues
• Effort and cost to maintain

ula and institutional
adoption.
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EnablersBarriersPlatform or contextType of studyCountry of
first author

Author name
(year)

• Technological advancement
• Local language
• Local content creators
• Regular content review

• Language
• Effort and cost to maintain
• Appropriateness of content

Needs assessment for

OERsc, preference for
locally authored con-
tent, and regular re-
view cycles.

Needs assessmentUnited
States

Rodman et
al (2021)
[28]

• Collaboration for awareness
• Curated compilations
• Open Access and Creative

Commons

• Computer, phone, internet
• Awareness
• Language
• Interactivity, design

Expert guidance on
leveraging FOAM or
OER with curation
and Creative Com-
mons licensing; curat-
ed compilations to aid
discovery.

Expert opinionUnited
Arab Emi-
rates

Cevik et al
(2021) [30]

• Social, instructor, and cogni-
tive presence

• Quality tool

• Computer, phone, internet
• Language
• Learning culture
• Quality control
• Incompleteness, lack of structure

Descriptive analysis
of learner engagement
with open platforms;
emphasis on social or
instructor presence
and tool quality.

Descriptive analyti-
cal study

United
States

Knopf et al
(2020) [37]

• Learner familiarity
• Collaboration for awareness
• Peer review, editorial process
• Quality tool
• Crowdsourced feedback
• Map content areas

• Volume of content
• Trust
• Quality control
• Incompleteness, lack of structure

Critical appraisal of
FOAM resources; en-
courages structured
evaluation frame-
works for blogs or
podcasts and social
media posts.

Expert opinionCanadaChan et al
(2019) [38]

• Low bandwidth content
• Content integrated with trainee

experience
• Clarity of content
• Student-centered, personalized
• Appropriate content structure
• Immediate feedback
• Social, instructor, and cogni-

tive presence
• Existing ethical guidelines
• Open Access and Creative

Commons

• Computer, phone, internet
• Learning culture
• Motivation
• Effort and cost to build
• Ethics
• Intellectual property

Review of open online
medical education
with emphasis on
ethics, intellectual
property, and learner-
centered design; rec-
ommends low-band-
width delivery.

Review paperCanadaCameron
and
Schofield
(2017) [29]

• Collaboration for awareness
• Curated compilations
• Free tools for hosting content

• Quality control
• Quality tool issues
• Incompleteness, lack of structure

Approved Instruction-
al Resources initia-
tive; curated, peer-re-
viewed emergency
medicine FOAM
blogs or podcasts
aligned to curricula.

Educational innova-
tion report

United
States

Lin et al
(2016) [39]

• Learner familiarity
• Local content creators

• Computer, phone, internet
• Awareness
• Trust
• Navigability, searchability

Qualitative explo-
ration of FOAM
awareness and trust;
learners relying on lo-
cal creators and site
familiarity.

Qualitative re-
search

AustraliaThurtle et al
(2016) [40]

• —d• Expertise of authors
• Quality control

Implementation of
peer review on a ma-
jor FOAM blog to im-
prove quality assur-
ance and transparen-
cy.

Educational innova-
tion report

CanadaThoma et al
(2015) [41]

• Trust
• Navigability, searchability
• Volume of content
• Quality control

Perspective paperCanadaThoma et al
(2014) [42]
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EnablersBarriersPlatform or contextType of studyCountry of
first author

Author name
(year)

• Tools to help learners find re-
sources

• Resources recommended by
colleagues, mentors

• Curated compilations
• Resources recommended by

training programs

Perspective on navigat-
ing FOAM: curated
compilations, mentor-
recommended re-
sources, and residen-
cy-endorsed lists.

• Tools to help learners find re-
sources

• Interactive content
• Curated compilations

• Volume of content
• Incompleteness, lack of structure
• Effort and cost to maintain

Early expert commen-
tary on open online
resources in medical
education; calls for
better organization
and curation.

Expert opinionGreeceAlexiou and
Falagas
(2008) [43]

• —• Navigability, searchability
• Quality control
• Incompleteness, lack of structure

Analysis of FOAM
coverage of core cur-
ricular topics; identi-
fies gaps relative to
competency frame-
works.

Observational
study

United
States

Grock et al
(2021) [44]

• Quality tool• Quality control
• Quality tool issues

Revised Approved In-
structional Resources
initiative; curated,
peer-reviewed emer-
gency medicine
FOAM blogs or pod-
casts aligned to curric-
ula.

Usability studyUnited
States

Grock et al
(2021) [45]

• Collaboration for awareness
• Engagement strategy
• Tools to make content creation

easier

• Quality control
• Quality tool issues

Evaluation of engage-
ment strategies and
tooling that make cre-
ating and maintaining
open content easier.

Evaluation studyUnited
States

Ghiathi et al
(2020) [46]

• Quality tool
• Curated compilations
• Regular content review

• Incompleteness, lack of structure
• Effort and cost to maintain

Technical report on
operationalizing open
resources; stresses
maintenance effort
and need for periodic
review.

Technical reportUnited
States

Misra and
Lawson
(2019) [47]

• Quality tool
• Curated compilations

• Navigability, searchability
• Volume of content
• Quality control
• Incompleteness, lack of structure

Review of topic-fo-
cused open resources;
supports curated lists
and quality tools for
better navigation.

Review paperUnited
States

Hsiao et al
(2021) [48]

• Collaboration for awareness
• Content integrated with curric-

ula

• Dated content
• Effort and cost to build
• Effort and cost to maintain

Census of active
emergency medicine
or critical care FOAM
blogs or podcasts;
sustainability and
trend analysis.

Cross-sectional
study

United
States

Lin et al
(2022) [21]

• Collaboration for awareness
• Social, instructor, and cogni-

tive presence
• Open Access and Creative

Commons

• Awareness
• Access
• Quality control
• Effort and cost to maintain
• Ethics

Qualitative study of
FOAM in South
Africa; emphasizes
open licensing and so-
cial or instructor pres-
ence.

Qualitative re-
search

South
Africa

Mncube and
Mthethwa
(2022) [49]

• Collaboration for awareness
• Technological advancement
• Appropriate content structure
• Interactive content
• Quality tool

• Navigability, searchability
• Interactivity, design
• Quality control
• Incompleteness, lack of structure
• Effort and cost to build

Observational work
on open platform
structure and interac-
tivity; highlights the
need for quality tools.

Observational
study

CanadaZhang et al
(2019) [50]
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EnablersBarriersPlatform or contextType of studyCountry of
first author

Author name
(year)

Grabow
Moore et al
(2021) [51]

• Student-centered content de-
sign

• Crowdsourced feedback
• Regular content review

• Computer, phone, internet
• Time
• Quality control
• Incompleteness, lack of structure
• Effort and cost to maintain

Descriptive account of
learner-centered open
content design and
routine review process-
es.

Descriptive studyUnited
States

• Learner familiarity
• Funding and recognition for

content creation

• Effort and cost to build
• Effort and cost to maintain

Economic evaluation
of creating or main-
taining OERs; discuss-
es funding or recogni-
tion mechanisms.

Economic evalua-
tion

CanadaLee et al
(2022) [52]

• Navigable, searchable
• Appropriate content structure
• Interactive content
• Peer review, editorial process
• Quality tool
• Regular content review
• Map content areas

• Access
• Interactivity, design

Review of selected
open resources for
critical care.

Analytic reviewUnited
States

Wolbrink et
al (2019)
[53]

• Collaboration for awareness
• Appropriate content structure
• Interactive content
• Quality tool
• Crowdsourced feedback
• Curated compilations
• Map content areas

• Interactivity, design
• Quality control
• Incompleteness, lack of structure

Review of FOAM
ecosystems; maps
content areas, curated
compilations, and
crowdsourced feed-
back models.

Review paperUnited
States

Shappell et
al (2017)
[54]

• Collaboration for awareness
• Interactive content
• Peer review, editorial process
• Quality tool

• Computer, phone, internet
• Access
• Interactivity, design
• Quality control
• Quality tool issues
• Effort and cost to build
• Effort and cost to maintain

Cross-sectional study
of open resources,
processes, and tooling
(peer review, quality
instruments) across
sites.

Cross-sectional
study

United
States

Evans et al
(2022) [55]

• Resources recommended by
colleagues, mentors

• Interactive content
• Quality tool

• Volume of contentExpert commentary
on integrating FOAM
into formal education;
highlights peer-re-
viewed tools and
mentor-curated lists.

Expert opinionCanadaLo et al
(2018) [56]

• Content integrated with curric-
ula

• Quality tool
• Funding and recognition for

content creation

• Ethics
• Quality control
• Ethics

Quality appraisal or
assurance techniques
for FOAM; proposes
methods to evaluate
blogs or podcasts and
social media content.

Literature reviewCanadaTing et al
(2020) [57]

• Collaboration for awareness• Computer, phone, internet
• Incompleteness, lack of structure
• Effort and cost to maintain
• Intellectual property

Mini review on OER
or FOAM with focus
on maintenance costs
and intellectual proper-
ty; advocates collabo-
ration for awareness.

Mini review paperBelgiumMarée
(2019) [58]

aLMIC: low- and middle-income country.
bFOAM: Free Open Access Medical Education.
cOER: open educational resource.
dNot available.

Across the 34 included studies, we identified 127 instances of
barriers and 122 instances of enablers. These were coded into
22 unique barriers and 33 unique enablers, and then, mapped

to 1 of 3 stakeholder-based themes. A full list of the coded
barriers and enablers, and the frequency with which they were
identified, is presented in Tables 2 and 3.
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Table 2. Frequency and detail of barriers identified.

Values, nBarrier detailBarrier name

Theme: learners and training programs

5Lack of learner culture of e-learning, and lack of culture of or dislike of interactive learningLearning culture

4General lack of motivation and adherenceMotivation

3Lack of learner digital literacyDigital literacy

3Learners’ limited time availability or conflict of prioritiesTime

3Learners’ lack of trust in content, lack of connection to content creatorsTrust

Theme: content designers and creators

18Lack of quality controlQuality control

14Material does not equally cover all required learner knowledge areas and is not presented in a
logical structure

Incompleteness, lack of structure

8Lack of interactivity of resources and poor designInteractivity, design

8Learners’ lack of access to adequate computer, phone, or internetComputer, phone, internet

7Resources are difficult to find and navigateNavigability, searchability

6Overwhelming volume of contentVolume of content

5Lack of learner competence or comfort in the language of resourcesLanguage

5Issues with quality tools usedQuality tool issues

3Content not appropriate for learners’ context and levelAppropriateness of content

1Dated contentDated content

1Lack of author subject area expertiseExpertise of authors

Theme: platform managers

13Human and financial resources required to maintain and update contentEffort and cost to maintain

6Restrictions on learner access to material (requirement to register or be a member of certain
organizations)

Access

6Human and financial resources required to develop contentEffort and cost to build

3Learners’ lack of awareness of resources availableAwareness

3Ethical issuesEthics

2Intellectual property issuesIntellectual property
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Table 3. Frequency and detail of enablers identified.

Values, nEnabler detailEnabler name

Theme: learners and training programs

7Use of curated compilations of resourcesCurated compilations

4Growth of learner familiarity with and awareness of e-learning and FOAMa in generalLearner familiarity

2Recommendations of resources by trusted colleagues and mentorsResources recommended by colleagues and
mentors

1External circumstances and pressuresExternal pressure

1Production of a learner engagement strategyEngagement strategy

1Curation or recommendation of resources by training programsResources recommended by training pro-
grams

Theme: content designers and creators

13Use of a tool to rate quality of online resources or framework developmentQuality tool

11Interactive contentInteractive content

7Appropriate content structure (eg, iterative, with learning objectives, using multimedia)Appropriate content structure

5Integration of resources with established curriculaContent integrated with curricula

5Regular content reviewRegular content review

5Student-centered, personalized learning approachStudent-centered, personalized

4Crowdsourced feedback and curriculum developmentCrowdsourced feedback

4Establishment of a social presence (peers), instructor presence, and cognitive presence
(material and assignments)

Social, instructor, and cognitive presence

4Mapping and categorization of content areas, aiming for comprehensivenessMap content areas

3Content translation into local languageLocal language

3Peer review, editorial processPeer review, editorial process

2Systematic characterization of resources for navigability and searchabilityNavigable, searchable

2Networking of educators, sharing best practiceNetworking of educators

2Training of content creatorsTraining of content creators

2Clarity of contentClarity of content

2Integration of content with trainee experienceContent integrated with trainee experience

2Recruitment of content creators from the same context as learners or launch LMICb

platform

Local content creators

2General global technological advancementTechnological advancement

2Use of low-bandwidth content where the internet is poor or expensiveLow bandwidth content

1Provision of immediate feedback to learnerImmediate feedback

Theme: platform managers

13Collaborate and partner with existing content providers or hosts to increase awarenessCollaboration for awareness

3Tools to help learners find resources (eg, automatically queued resources and custom
search engines)

Tools to help learners find resources

3Availability of Open Access and Creative Commons resourcesOpen Access and Creative Commons

2Funding and recognition for content creationFunding and recognition for content creation

2Use of tools to make content creation easierTools to make content creation easier

1Use of free tools for hosting contentFree tools for hosting content

1Use of existing ethical guidelinesExisting ethical guidelines

aFOAM: Free Open Access Medical Education.
bLMIC: low- and middle-income country.
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Learners and Training Programs

Barriers
Most barriers under this theme related to learner engagement:
the lack of an interactive learning culture conducive to
self-directed e-learning, particularly in resource-limited settings
[2,29,34,35,37]; a lack of trust in content or content creators
[38,40,41]; and a general lack of learner motivation and
adherence [23,29,34,35]. Practical barriers were a lack of learner
digital literacy [2,23,34] and learners’ limited available time
due to competing priorities [2,34,51]. Barriers under this theme
were particularly reported by studies in resource-limited
contexts.

Enablers
Some of the barriers found can be expected to be partially
addressed by global macrotrends, such as increasing learner
familiarity with, and acceptance of, e-learning and interactive
learning approaches [2,38,40,52]. Several enablers were
reported, which may address challenges of learner trust and
motivation—peer-to-peer recommendation of content [42,56],
training bodies recommending specific content to their trainees
[42], and the use of trusted curated compilations of resources
[30,39,42,43,47,48,54]. Other enablers can be leveraged by
training programs to increase engagement, such as the
development of a formal engagement strategy [46]. External
pressure, such as when completion of certain e-learning content
is determined to be a mandatory part of a training program, with
appropriate deadlines and reminders, was also reported as an
enabler [2].

Content Designers and Creators

Barriers
Barriers reported relating to content creation and design included
a lack of resource interactivity [23,30,32,35,50,53-55], resources
that are difficult to find and navigate [31,35,40,42,44,48,50],
and an overwhelming volume of content [33,38,42,43,48,56].
However, the major challenge under this theme—and the most
cited barrier in this study—was a lack of quality control, which
was identified in the majority of included studies (n=18, 53%)
[33,35-39,41,42,44-46,48-51,54,55,57]. Other quality-related
barriers reported were problems with quality evaluation tools
[36,39,45,46,55], a lack of author subject area expertise [41],
and dated content [21].

Incompleteness of content or lack of structure—where material
does not appropriately cover all required learner knowledge
areas or is not presented in a logical structure—was repeatedly
reported [23,32,33,37-39,43,44,47,48,50,51,54,58]. Some topics
appear to be covered in detail on multiple platforms, while other
topics are seemingly absent. Grock et al [44] describe the
“uneven distribution” of open access content as “holes in the
FOAM.” Content in some cases was also reported not to be at
the appropriate level for target learners or not appropriate for
the learners’ context [23,28,33].

Finally, practical barriers found that can be taken into
consideration by content designers and creators were learners’
lack of access to adequate equipment and infrastructure such
as computers, phones, and reliable internet connections

[2,29,30,37,40,51,55,58] and lack of learner competence in the
language in which content was provided [2,28,30,34,37].

Enablers
Many of the enablers reported under this theme can be
considered general good practice in adult education, such as
interactive learning approaches [2,23,31,32,34,43,50,53-56],
clarity of content [23,29], the provision of immediate feedback
to the learner [29], and student- or learner-centered design
[23,29,31,34,51]. The “flipped classroom” was cited as an
example of “an interactive learner-centric approach particularly
well-suited to the needs of contemporary ... learners” [51].
Gamification was reported as another effective student-centered
design approach, as it “represents a way to increase the
attractiveness of learning content among students and foster
their motivation to participate in the proposed activities” [34].
Other enablers centered on e-learning design, such as the use
of an appropriate structure with learning objectives, multimedia,
and the employment of an iterative design process
[2,23,29,34,50,53,54]. Another reported enabler was the
establishment of 3 forms of “presence”: social presence (peers),
instructor presence, and cognitive presence (material and
assignments) [2,29,37,49].

Two enablers reported focused on the development of content
creators: the networking and sharing of best practices among
educators [31,35] and the training of content creators [34,35].
Bansal [35] proposes faculty development programs to “train
a cohort of clinical educators who can drive the creation of
FOAM resources.” The final enabler under this theme was the
systematic characterization of resources for navigability and
searchability [32,53].

The most commonly reported enabler to address the issues of
content quality was the use of objective, validated content
quality evaluation tools to assess the quality of content before
publication [2,33,37,38,45,47,48,50,53-57]. Examples given
include the “Approved Instructional Resources” tool [45] and
the revised “Medical Education Translational Resources: Impact
and Quality” tool [59]. Other enablers addressing issues of
content quality were the implementation of regular content
review [2,28,47,51,53], content peer review as part of a
transparent selection and evaluation process [38,53,55], and
crowdsourced feedback [31,38,51,54].

Two enablers under this theme focused on ensuring that content
was appropriate for the target learner’s level and context: the
recruitment of content creators from the same context as targeted
learners [28,40] and the integration of learners’ experience into
content [23,29]. Integration of resources with established
curricula [21,23,31,36,57] was reported as a means to ensure
both content appropriateness and comprehensiveness. Mapping
and categorizing content areas [32,38,53,54] were reported as
a way to identify content area gaps and thus enable the
production of more complete and comprehensive learning
resources.

Where the internet connection of the target learner population
is likely to be expensive or of poor quality, ensuring content is
not bandwidth-intensive was an identified enabler [2,29]. In
such contexts, Nieder et al [2] propose “[p]roviding access to
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course media such as video content in lower resolution and
downloading course materials for offline usage in places with
a better connection.” The global spread of technology and
improvements in internet speed can also be expected to enable
greater access over time [28,50]. Learner participation was
reported to be facilitated by translation of content into local
languages [2,28,34].

Platform Managers

Barriers
Barriers found, which can be addressed by platform managers,
include learners’ inability to access content due to requirements
to register or be a member of an organization [2,31,36,49,53,55].
Lack of learner awareness of available resources [30,40,49] can
also be addressed by platform managers.

A number of barriers to the long-term sustainability of open
access platforms were reported—most commonly, the resources
and efforts required to maintain and update content
[21,23,28,31,35,36,43,47,49,51,52,55,58]. Lin et al [21] note
that open access medical education platforms originated from
“volunteers providing free education to all who wish to learn.
This volunteerism comes at the expense of opportunity costs
and may have been unsustainable for many sites that no longer
exist.” The direct costs of content development are also a notable
barrier [21,23,29,50,52,55]. Barriers that were reported related
to intellectual property [29,58], included questions over the
legality of the common practice of reproducing content from
journal papers [29]. Ethical concerns, such as the deliberate
sharing of incorrect information, bullying on social learning
spaces, and the unethical appropriation of material, were also
raised [29,49,57].

Enablers
Collaboration between content providers and platforms was
repeatedly reported as an enabler, in order to make resources
available on highly visible platforms, thus addressing a lack of
l ea rne r  awareness  o f  these  r e sources
[2,21,30,35,36,38,39,46,49,50,54,55,58]. Several relatively
simple technological enablers were also found. Where cost is
a barrier, the use of free tools [39], such as Google Drive for
content hosting, was reported as an enabler. User-friendly
content creation tools were reported to reduce the effort required
to produce resources [31,46]. Incorporation of tools into
platforms, such as custom search engines to help learners find
resources [31,42,43], was proposed to address barriers around
awareness, searchability, and navigability.

Financial support and academic recognition for content creation
were seen to enable the long-term effort required of content
creators [52,57]. The use of Creative Commons licenses to
clarify the legal status of content was reported as an enabler to
address intellectual property–related barriers [29,30,49]. Users
are free to retain, reuse, revise, remix, and redistribute the
content (the 5Rs) under Creative Commons licenses, which
have a range of openness depending on how many of the 5Rs
are allowed to the user. Mncube and Mthethwa [49] consider
that “Once such [Open Access Educational Resource] common
laws are well established in faculty ... collaboration ... will

continue to grow unviolated.” One study reported the use of
existing ethical guidelines as an enabler [29].

Discussion

Principal Findings
As has already been seen in the specialties of emergency
medicine and critical care [21], it seems likely that open access
medical education resources in other areas and specialties are
becoming increasingly consolidated in a smaller number of
larger online platforms. Such compilations of open access
medical resources have the potential to improve the learner
experience by offering a “1-stop shop,” where learners are
confident that they can find easy-to-use, quality-assured,
up-to-date, comprehensive learning resources appropriate for
their context.

Our review finds numerous barriers reported to the design,
production, and operation of such platforms. The literature also
shows that there is much that open access content designers,
authors, and platform administrators can do to address these
barriers; and indeed, there is much that can be done by training
programs and learners themselves. We can reasonably expect
that some of these barriers will diminish in severity over time.
Some of the practical barriers identified, particularly in
resource-limited settings [2], will partially be addressed by
improving internet connectivity, while growing learner
familiarity with interactive online learning methodologies can
be expected to partially address some of the cultural and
motivational barriers.

The 3 most cited barriers in this review were a perceived lack
of content quality control, incompleteness of content, and
concerns that the demand on human and financial resources
required to maintain and update content are unsustainable.

While informal peer and expert recommendations of resources
may be helpful, neither learners nor experts are consistently
able to make an accurate “gut feeling” appraisal of the quality
of online educational resources [60]; therefore, informal
recommendation of resources alone may not suffice as a quality
control measure. Objective, validated content quality evaluation
tools such as the “Approved Instructional Resources” tool [45]
or the revised “Medical Education Translational Resources:
Impact and Quality” tool [59] should be routinely used by
content creators and open access platform curators.

Where e-learning content is targeted at students or trainees in
formal training programs, such content should be integrated
with learners’ other educational activities, rather than existing
apart from them. The connection between content and curricula
should be made clear and explicit through a mapping of content
to appropriate established curricula. Training programs should
identify appropriate open access resources, which fulfill the
requirements of their curricula and should guide their students
and trainees toward them. The curation of content into platforms,
and the linking of content and curricula, will make clear which
training needs are met and which are not met by currently
available open access content. Identification of content area
gaps will reduce duplication of effort and allow “holes” [44] in
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open access medical education content to be filled by appropriate
content.

The barrier presented by the human and financial resources
required to maintain and update content is the least amenable
to the solutions found in this review. Enablers addressing the
sustainability of human resources, such as paying content
creators, may negatively impact the financial sustainability of
such platforms. Cost and effort may be contained to some degree
by the enablers identified in this review; however, creating,
hosting, and updating high-quality content will continue to cost
money and require significant effort. Hosting content on curated
platforms, such as the United Nations Global Surgery Learning
Hub [61] and OpenCriticalCare [62], which are free for both
content providers and learners, may address some of the issues
associated with long-term hosting of content as well as partially
address issues of quality control and trust. Ultimately, the value
of material and platforms will have to be acknowledged for the
associated costs to be met.

Comparison With Prior Work
This review differs from prior published work by focusing on
open access e-learning platforms compiling content from
multiple sources, whereas previously published literature has
predominantly focused on specific courses and cohorts. Many
of the barriers and enablers identified relating to platforms have
previously been found in studies of individual courses, and
meta-analyses relating to e-learning in health sciences in general
[23] and e-learning in medical education in LMICs [15].

These include learner motivation and familiarity with e-learning,
incompleteness and inappropriateness of content, and challenges
in maintaining and updating content. In LMICs, basic challenges
in getting online were highlighted [15]. Enablers related to all
of these barriers were similar to those found in this study. Some
challenges related to courses are not applicable to platforms.
Barteit et al [15] found a preponderance of pilot or small-scale
e-learning interventions for resource-limited settings that never
produced content at scale. De facto compilations of medical
education contain significant volumes of content.

This study found the financial sustainability of open access
medical education compilations, and the sustainability of the
level of effort required, to be challenges with few
straightforward solutions. This concern is echoed throughout
the broader literature on open access medical education. Lee et
al [52] calculated the median overall value of a FOAM website
to be US $22,815 and concluded that there is “substantial value
being generated from these resources and ... this should be
recognized by academia.” Platform costs will either have to be
met by funding from academic institutions and funding bodies
or by charging fees—to content providers, to learners in
high-income settings, to training programs, or for learners to
access “premium” content. Lin et al [21] found that the majority
of the 109 FOAM sites that they analyzed generated income,
with 18% embedding advertisements; 27.5% asking for

donations or payment for merchandise, continuing medical
education credits, books, or web-based courses; and 44% being
affiliated with a sponsoring institution, such as a professional
society, hospital, or journal. Lee et al [52] draw parallels
between the FOAM movement and the open access publication
movement, noting that in making publications available open
access, publishers shifted the cost from the content consumer
to the content producer. They note that grant funding
mechanisms exist to fund these publication costs and call for
similar support for medical education content creation. Mncube
and Mthethwa [49] quote an unnamed academic, “When we
write and publish the research articles or book chapters we are
incentivized, however in the development of [open access
resources], there are no incentives.” Where it is not possible to
fund content creators, and until more sustainable models are
developed, greater acknowledgment and recognition of content
creators and others involved in this work may be a simple way
to help sustain their motivation.

Two important barriers found relating to compilations of medical
education resources, that were either not discussed or not given
prominence in the literature on individual courses, are issues
of trust and language. It may simply be that analyses at a course
level exclude potential learners who either do not trust the
content or are not comfortable learning in the course language
of instruction—they would never take the courses in the first
place. We found that managers of such platforms aspiring to
make content sourced from multiple different institutions
available to a global audience must give much higher priority
to issues of trust and language than content creators may have
previously done. We found several means by which platform
managers can build trust—most prominently, the transparent
use of objective, validated content quality evaluation tools.
Translation of content into appropriate languages was found to
be a key enabler.

Recommendations for Future Research
In addition to mapping existing literature, future empirical
research should include systematic surveys of open access
platform websites and interviews with their developers to
provide deeper insight into their design, governance, and
real-world implementation. There is a notable lack of
longitudinal research evaluating the lasting impact of open
access medical education platforms. Additionally, limited
evidence exists on the structured integration of these resources
into formal medical training programs. Sustainable
models—particularly those detailing financial and operational
strategies for the long-term maintenance of such platforms—are
also rarely published.

Implication of Findings
This review identifies from the literature actions that each
stakeholder group can take to improve open access medical
platforms and increase their impact. Recommendations are
summarized in Table 4.
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Table 4. Recommended actions for stakeholder groups.

Recommended actionsStakeholder group

Learners • Use trusted curated compilations of resources
• Peer-to-peer recommendation of content

Training programs • Recommend specific content on curated compilations of resources to learners
• Require learner completion of certain content, with deadlines
• Develop a formal learner engagement strategy

Content designers and creators • Evaluate the quality of educational content using validated evaluation tools
• Share best practices among educators and content creators
• Recruit content creators from the same context as targeted learners and integrate learners’ experience

into content
• Provide low-bandwidth and downloadable resources for learners with poor or expensive internet con-

nectivity
• Map and categorize new and existing content to ensure new content fills gaps rather than duplicates

existing content
• Integrate new resources into established curricula
• Combine self-directed cognitive learning with peer interaction and instructor presence
• Adhere to best practices in adult education, including interactive learning and learner-centered approaches,

and the provision of immediate feedback
• Translate content into appropriate languages

Platform managers • Use Creative Commons licenses to clarify the legal status of content
• Host content on open access platforms and use free tools to reduce costs
• Enhance navigability and searchability with custom search tools and other tools
• Formally recognize the contribution of content creators

Limitations
Only studies published in English were included, which may
introduce language bias and limit the representation of
perspectives from non-English–speaking regions. Furthermore,
the majority of included studies originated from high-income
countries, potentially narrowing the cultural and economic
contexts considered. We recognize the possibility of funding
bias influencing the evidence base. The exclusion of gray
literature may also have led to the omission of relevant
nonindexed reports or institutional documents. Changes in
medical education technology are fast-paced, and the literature
necessarily lags behind changes in learner behavior.
Nevertheless, this review establishes a foundation for future

research, implementation, and policy development in the field
of open access medical education.

Conclusions
Open access medical education has the potential to add
significant value to preservice and in-service medical education
worldwide. However, numerous challenges are preventing open
access medical education platforms from achieving their
potential, particularly a lack of content quality control,
incompleteness of content, and the challenge of sustaining the
necessary human and financial resources.

Ultimately, if open access medical education is to achieve its
potential, much greater coordination and collaboration on a
global scale is required—between learners, educational
institutions, content creators, and platform managers.

Authors' Contributions
All authors contributed to the design of the study. AAEA conducted the search, and AAEA and AB independently undertook
each stage of the screening and extraction process, with discrepancies resolved by EPOF. All authors contributed to interpreting
the data as well as drafting and reviewing the manuscript. All authors have approved the submitted manuscript and agree to be
accountable for all aspects of the work.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA-ScR checklist.
[PDF File (Adobe PDF File), 84 KB-Multimedia Appendix 1]

References

JMIR Med Educ 2025 | vol. 11 | e65306 | p. 14https://mededu.jmir.org/2025/1/e65306
(page number not for citation purposes)

Ahmed et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mededu_v11i1e65306_app1.pdf&filename=95ae21954db01e90cdc8e06e7b465154.pdf
https://jmir.org/api/download?alt_name=mededu_v11i1e65306_app1.pdf&filename=95ae21954db01e90cdc8e06e7b465154.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Longhini J, Rossettini G, Palese A. Massive open online courses for nurses' and healthcare professionals' continuous
education: a scoping review. Int Nurs Rev. 2021;68(1):108-121. [doi: 10.1111/inr.12649] [Medline: 33855697]

2. Nieder J, Nayna Schwerdtle P, Sauerborn R, Barteit S. Massive open online courses for health worker education in low-
and middle-income countries: a scoping review. Front Public Health. 2022;10:891987. [FREE Full text] [doi:
10.3389/fpubh.2022.891987] [Medline: 35903395]

3. Vaona A, Banzi R, Kwag KH, Rigon G, Cereda D, Pecoraro V, et al. e-Learning for health professionals. Cochrane Database
Syst Rev. 2018;1(1):CD011736. [FREE Full text] [doi: 10.1002/14651858.CD011736.pub2] [Medline: 29355907]

4. George P, Papachristou N, Belisario JM, Wang W, Wark PA, Cotic Z, et al. Online eLearning for undergraduates in health
professions: a systematic review of the impact on knowledge, skills, attitudes and satisfaction. J Glob Health.
2014;4(1):010406. [FREE Full text] [doi: 10.7189/jogh.04.010406] [Medline: 24976965]

5. Sangrà A, Vlachopoulos D, Cabrera N. Building an inclusive definition of e-learning: an approach to the conceptual
framework. Int Rev Res Open Dis. 2012;13(2):145-159. [FREE Full text]

6. Suber P. Open Access. Cambridge, MA. MIT Press; 2012.
7. Doyle DJ. Web-based education in anesthesiology: a critical overview. Curr Opin Anaesthesiol. 2008;21(6):766-771. [doi:

10.1097/aco.0b013e3283173e44] [Medline: 19009692]
8. Nickson C, Cadogan MD. Free Open Access Medical Education (FOAM) for the emergency physician. Emerg Med

Australas. 2014;26(1):76-83. [doi: 10.1111/1742-6723.12191] [Medline: 24495067]
9. Little A, Hampton Z, Gronowski T, Meyer C, Kalnow A. Podcasting in medicine: a review of the current content by

specialty. Cureus. 2020;12(1):e6726. [FREE Full text] [doi: 10.7759/cureus.6726] [Medline: 32104642]
10. Sandars J, Schroter S. Web 2.0 technologies for undergraduate and postgraduate medical education: an online survey.

Postgrad Med J. 2007;83(986):759-762. [FREE Full text] [doi: 10.1136/pgmj.2007.063123] [Medline: 18057175]
11. Block J, Lerwick P. 1064: Educational preferences among residents in the ICU. Crit Care Med. 2019;47(1):509. [FREE

Full text] [doi: 10.1097/01.ccm.0000551809.99859.12]
12. Larsen D, Boscardin C, Sparks MA. Engagement in Free Open Access Medical Education by US nephrology fellows. Clin

J Am Soc Nephrol. 2023;18(5):573-580. [FREE Full text] [doi: 10.2215/CJN.0000000000000123] [Medline: 36800537]
13. Burkholder T, Bellows J, King RA. Free Open Access Medical Education (FOAM) in emergency medicine: the global

distribution of users in 2016. West J Emerg Med. 2018;19(3):600-605. [FREE Full text] [doi: 10.5811/westjem.2018.3.36825]
[Medline: 29760862]

14. O’Flynn E, Ahmed AAE, Biswas A, Bempong-Ahun N, Perić I, Puyana JC. e-Learning supporting surgical training in
low-resource settings. Curr Surg Rep. 2024;12(6):1-9. [FREE Full text] [doi: 10.1007/s40137-024-00399-8]

15. Barteit S, Guzek D, Jahn A, Bärnighausen T, Jorge MM, Neuhann F. Evaluation of e-learning for medical education in
low- and middle-income countries: a systematic review. Comput Educ. 2020;145:103726. [FREE Full text] [doi:
10.1016/j.compedu.2019.103726] [Medline: 32565611]

16. Takavarasha S, Cilliers L, Chinyamurindi W. Assessing ICT Access Disparities Between the Institutional and Home Front:
A Case of University Students in South Africa’s Eastern Cape. 2018. Presented at: 13th IFIP TC 9 International Conference
on Human Choice and Computers; September 19-21, 2018; Poznan, Poland. URL: https://link.springer.com/book/10.1007/
978-3-319-99605-9#bibliographic-information [doi: 10.1007/978-3-319-99605-9_4]

17. Hadjiat Y. Healthcare inequity and digital health—a bridge for the divide, or further erosion of the chasm? PLOS Digit
Health. 2023;2(6):e0000268. [FREE Full text] [doi: 10.1371/journal.pdig.0000268] [Medline: 37267232]

18. García-Escribano M. Low internet access driving inequality. IMF BLOG. 2020. URL: https://www.imf.org/en/Blogs/
Articles/2020/06/29/low-internet-access-driving-inequality [accessed 2025-10-10]

19. Yamey G. Open access to medical literature can boost global public health. Virtual Mentor. 2009;11(7):546-550. [FREE
Full text] [doi: 10.1001/virtualmentor.2009.11.7.oped1-0907] [Medline: 23199390]

20. Chan T, Stehman C, Gottlieb M, Thoma B. A short history of Free Open Access Medical Education. The past, present, and
future. ATS Sch. 2020;1(2):87-100. [FREE Full text] [doi: 10.34197/ats-scholar.2020-0014PS] [Medline: 33870273]

21. Lin M, Phipps M, Yilmaz Y, Nash CJ, Gisondi MA, Chan TM. A fork in the road for emergency medicine and critical care
blogs and podcasts: cross-sectional study. JMIR Med Educ. 2022;8(4):e39946. [FREE Full text] [doi: 10.2196/39946]
[Medline: 36306167]

22. Cadogan M, Thoma B, Chan T, Lin M. Free Open Access Meducation (FOAM): the rise of emergency medicine and critical
care blogs and podcasts (2002-2013). Emerg Med J. 2014;31(e1):e76-e77. [FREE Full text] [doi:
10.1136/emermed-2013-203502] [Medline: 24554447]

23. Regmi K, Jones L. A systematic review of the factors—enablers and barriers—affecting e-learning in health sciences
education. BMC Med Educ. 2020;20(1):91. [FREE Full text] [doi: 10.1186/s12909-020-02007-6] [Medline: 32228560]

24. Arksey H, O'Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol. 2005;8(1):19-32.
[FREE Full text] [doi: 10.1080/1364557032000119616]

25. Ahmed A, Biswas A, Peric I, Bempong-Ahun N, O'Flynn E. Barriers and enablers to producing compilations of open-access
medical education and training material: a scoping review protocol. Open Science Framework. 2023. URL: https://osf.io/
mtqyf/overview [accessed 2025-10-23]

JMIR Med Educ 2025 | vol. 11 | e65306 | p. 15https://mededu.jmir.org/2025/1/e65306
(page number not for citation purposes)

Ahmed et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

http://dx.doi.org/10.1111/inr.12649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33855697&dopt=Abstract
https://europepmc.org/abstract/MED/35903395
http://dx.doi.org/10.3389/fpubh.2022.891987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35903395&dopt=Abstract
https://air.unimi.it/handle/2434/553927
http://dx.doi.org/10.1002/14651858.CD011736.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29355907&dopt=Abstract
https://europepmc.org/abstract/MED/24976965
http://dx.doi.org/10.7189/jogh.04.010406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24976965&dopt=Abstract
https://doi.org/10.19173/irrodl.v13i2.1161
http://dx.doi.org/10.1097/aco.0b013e3283173e44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19009692&dopt=Abstract
http://dx.doi.org/10.1111/1742-6723.12191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24495067&dopt=Abstract
https://europepmc.org/abstract/MED/32104642
http://dx.doi.org/10.7759/cureus.6726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32104642&dopt=Abstract
https://europepmc.org/abstract/MED/18057175
http://dx.doi.org/10.1136/pgmj.2007.063123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18057175&dopt=Abstract
http://journals.lww.com/ccmjournal/citation/2019/01001/1064__educational_preferences_among_residents_in.1020.aspx
http://journals.lww.com/ccmjournal/citation/2019/01001/1064__educational_preferences_among_residents_in.1020.aspx
http://dx.doi.org/10.1097/01.ccm.0000551809.99859.12
https://europepmc.org/abstract/MED/36800537
http://dx.doi.org/10.2215/CJN.0000000000000123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36800537&dopt=Abstract
https://europepmc.org/abstract/MED/29760862
http://dx.doi.org/10.5811/westjem.2018.3.36825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29760862&dopt=Abstract
https://doi.org/10.1007/s40137-024-00399-8
http://dx.doi.org/10.1007/s40137-024-00399-8
https://europepmc.org/abstract/MED/32565611
http://dx.doi.org/10.1016/j.compedu.2019.103726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32565611&dopt=Abstract
https://link.springer.com/book/10.1007/978-3-319-99605-9#bibliographic-information
https://link.springer.com/book/10.1007/978-3-319-99605-9#bibliographic-information
http://dx.doi.org/10.1007/978-3-319-99605-9_4
https://europepmc.org/abstract/MED/37267232
http://dx.doi.org/10.1371/journal.pdig.0000268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37267232&dopt=Abstract
https://www.imf.org/en/Blogs/Articles/2020/06/29/low-internet-access-driving-inequality
https://www.imf.org/en/Blogs/Articles/2020/06/29/low-internet-access-driving-inequality
https://journalofethics.ama-assn.org/article/open-access-medical-literature-can-boost-global-public-health/2009-07
https://journalofethics.ama-assn.org/article/open-access-medical-literature-can-boost-global-public-health/2009-07
http://dx.doi.org/10.1001/virtualmentor.2009.11.7.oped1-0907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23199390&dopt=Abstract
https://www.atsjournals.org/doi/10.34197/ats-scholar.2020-0014PS?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.34197/ats-scholar.2020-0014PS
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33870273&dopt=Abstract
https://mededu.jmir.org/2022/4/e39946/
http://dx.doi.org/10.2196/39946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36306167&dopt=Abstract
https://escholarship.org/uc/item/9vw8p5r0
http://dx.doi.org/10.1136/emermed-2013-203502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24554447&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-020-02007-6
http://dx.doi.org/10.1186/s12909-020-02007-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32228560&dopt=Abstract
https://doi.org/10.1080/1364557032000119616
http://dx.doi.org/10.1080/1364557032000119616
https://osf.io/mtqyf/overview
https://osf.io/mtqyf/overview
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Tricco A, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): checklist and explanation. Ann Intern Med. 2018;169(7):467-473. [FREE Full text] [doi: 10.7326/M18-0850]
[Medline: 30178033]

27. McWeeny S, Choe J, Norton E. SnowGlobe: an iterative search tool for systematic reviews and meta-analyses. Open Science
Framework. 2021. URL: https://osf.io/u25rn/overview [accessed 2025-10-23]

28. Rodman A, Abrams H, Watto M, Trivedi S, Barbee J, Meraz-Munoz A, et al. Medical podcasting in low- and middle-income
countries: a needs assessment and vision for the future. Teach Learn Med. 2021;33(4):416-422. [doi:
10.1080/10401334.2021.1875834] [Medline: 33587858]

29. Cameron BH, Schofield S. e-Learning in global surgery. In: Park A, Price A, editors. Global Surgery: The Essentials. Cham.
Springer International Publishing; 2017:127-144.

30. Cevik A, Cakal E, Kwan J. From the pandemic's front lines: a social responsibility initiative to develop an international
free online emergency medicine course for medical students. Afr J Emerg Med. 2021;11(1):1-2. [FREE Full text] [doi:
10.1016/j.afjem.2020.11.005] [Medline: 33304802]

31. Kleinpell R, Ely E, Williams G, Liolios A, Ward N, Tisherman SA. Web-based resources for critical care education. Crit
Care Med. 2011;39(3):541-553. [doi: 10.1097/CCM.0b013e318206b5b5] [Medline: 21169819]

32. Pizzolato D, Abdi S, Dierickx K. Collecting and characterizing existing and freely accessible research integrity educational
resources. Account Res. 2020;27(4):195-211. [doi: 10.1080/08989621.2020.1736571] [Medline: 32122167]

33. Grock A, Bhalerao A, Chan TM, Thoma B, Wescott AB, Trueger NS. Systematic Online Academic Resource (SOAR)
review: renal and genitourinary. AEM Educ Train. 2019;3(4):375-386. [FREE Full text] [doi: 10.1002/aet2.10351] [Medline:
31637355]

34. Schettino G, Capone V. Learning design strategies in MOOCs for physicians' training: a scoping review. Int J Environ Res
Public Health. 2022;19(21):14247. [FREE Full text] [doi: 10.3390/ijerph192114247] [Medline: 36361125]

35. Bansal A. Expanding Free Open-Access Medical Education. Front Med (Lausanne). 2021;8:794667. [FREE Full text] [doi:
10.3389/fmed.2021.794667] [Medline: 35004769]

36. Culbert M, Brisson R, Oladeru OT. The landscape of digital resources in radiation oncology. Tech Innov Patient Support
Radiat Oncol. 2022;24:19-24. [FREE Full text] [doi: 10.1016/j.tipsro.2022.08.006] [Medline: 36133932]

37. Knopf J, Kumar R, Barats M, Klimo P, Boop FA, Michael LM, et al. Neurosurgical operative videos: an analysis of an
increasingly popular educational resource. World Neurosurg. 2020;144:e428-e437. [FREE Full text] [doi:
10.1016/j.wneu.2020.08.187] [Medline: 32889185]

38. Chan T, Bhalerao A, Thoma B, Trueger NS, Grock A. Thinking critically about appraising FOAM. AEM Educ Train.
2019;3(4):398-402. [FREE Full text] [doi: 10.1002/aet2.10352] [Medline: 31637359]

39. Lin M, Joshi N, Grock A, Swaminathan A, Morley EJ, Branzetti J, et al. Approved instructional resources series: a national
initiative to identify quality emergency medicine blog and podcast content for resident education. J Grad Med Educ.
2016;8(2):219-225. [FREE Full text] [doi: 10.4300/JGME-D-15-00388.1] [Medline: 27168891]

40. Thurtle N, Banks C, Cox M, Pain T, Furyk J. Free Open Access Medical Education resource knowledge and utilisation
amongst emergency medicine trainees: a survey in four countries. Afr J Emerg Med. 2016;6(1):12-17. [FREE Full text]
[doi: 10.1016/j.afjem.2015.10.005] [Medline: 30456058]

41. Thoma B, Chan T, Desouza N, Lin M. Implementing peer review at an emergency medicine blog: bridging the gap between
educators and clinical experts. CJEM. 2015;17(2):188-191. [FREE Full text] [doi: 10.2310/8000.2014.141393] [Medline:
25927262]

42. Thoma B, Joshi N, Trueger NS, Chan TM, Lin M. Five strategies to effectively use online resources in emergency medicine.
Ann Emerg Med. 2014;64(4):392-395. [FREE Full text] [doi: 10.1016/j.annemergmed.2014.05.029] [Medline: 24962889]

43. Alexiou V, Falagas ME. E-meducation.org: an open access medical education web portal. BMC Med Educ. 2008;8:6.
[FREE Full text] [doi: 10.1186/1472-6920-8-6] [Medline: 18218119]

44. Grock A, Chan W, Aluisio AR, Alsup C, Huang D, Joshi N. Holes in the FOAM: an analysis of curricular comprehensiveness
in online educational resources. AEM Educ Train. 2021;5(3):e10556. [FREE Full text] [doi: 10.1002/aet2.10556] [Medline:
34124504]

45. Grock A, Jordan J, Zaver F, Colmers-Gray IN, Krishnan K, Chan T, et al. The revised Approved Instructional Resources
score: an improved quality evaluation tool for online educational resources. AEM Educ Train. 2021;5(3):e10601. [FREE
Full text] [doi: 10.1002/aet2.10601] [Medline: 34141997]

46. Ghiathi C, Seitz K, Kritek P. How to create and evaluate a resident-led audio program: six clinical podcasts for medicine
house staff. MedEdPORTAL. 2020;16:11062. [FREE Full text] [doi: 10.15766/mep_2374-8265.11062] [Medline: 33409359]

47. Misra A, Lawson C. Use of technology to identify and cover underweighted topics in resident conference curriculum.
Cureus. 2019;11(1):e3967. [FREE Full text] [doi: 10.7759/cureus.3967] [Medline: 30956919]

48. Hsiao J, Pedigo R, Bae SW, Jung J, Zhao L, Trueger NS, et al. Systematic Online Academic Resource (SOAR) review:
endocrine, metabolic, and nutritional disorders. AEM Educ Train. 2021;5(4):e10716. [FREE Full text] [doi:
10.1002/aet2.10716] [Medline: 34966884]

49. Mncube L, Mthethwa LC. Potential ethical problems in the creation of open educational resources through virtual spaces
in academia. Heliyon. 2022;8(6):e09623. [FREE Full text] [doi: 10.1016/j.heliyon.2022.e09623] [Medline: 35706951]

JMIR Med Educ 2025 | vol. 11 | e65306 | p. 16https://mededu.jmir.org/2025/1/e65306
(page number not for citation purposes)

Ahmed et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://www.acpjournals.org/doi/10.7326/M18-0850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178033&dopt=Abstract
https://osf.io/u25rn/overview
http://dx.doi.org/10.1080/10401334.2021.1875834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33587858&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-419X(20)30135-X
http://dx.doi.org/10.1016/j.afjem.2020.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33304802&dopt=Abstract
http://dx.doi.org/10.1097/CCM.0b013e318206b5b5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21169819&dopt=Abstract
http://dx.doi.org/10.1080/08989621.2020.1736571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32122167&dopt=Abstract
https://europepmc.org/abstract/MED/31637355
http://dx.doi.org/10.1002/aet2.10351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31637355&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph192114247
http://dx.doi.org/10.3390/ijerph192114247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36361125&dopt=Abstract
https://europepmc.org/abstract/MED/35004769
http://dx.doi.org/10.3389/fmed.2021.794667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35004769&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-6324(22)00026-9
http://dx.doi.org/10.1016/j.tipsro.2022.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36133932&dopt=Abstract
https://europepmc.org/abstract/MED/32889185
http://dx.doi.org/10.1016/j.wneu.2020.08.187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32889185&dopt=Abstract
https://europepmc.org/abstract/MED/31637359
http://dx.doi.org/10.1002/aet2.10352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31637359&dopt=Abstract
https://europepmc.org/abstract/MED/27168891
http://dx.doi.org/10.4300/JGME-D-15-00388.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27168891&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-419X(15)00133-0
http://dx.doi.org/10.1016/j.afjem.2015.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30456058&dopt=Abstract
https://escholarship.org/uc/item/qt1c34991t
http://dx.doi.org/10.2310/8000.2014.141393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25927262&dopt=Abstract
https://escholarship.org/uc/item/9np8r758
http://dx.doi.org/10.1016/j.annemergmed.2014.05.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24962889&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/1472-6920-8-6
http://dx.doi.org/10.1186/1472-6920-8-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18218119&dopt=Abstract
https://europepmc.org/abstract/MED/34124504
http://dx.doi.org/10.1002/aet2.10556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34124504&dopt=Abstract
https://europepmc.org/abstract/MED/34141997
https://europepmc.org/abstract/MED/34141997
http://dx.doi.org/10.1002/aet2.10601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34141997&dopt=Abstract
https://europepmc.org/abstract/MED/33409359
http://dx.doi.org/10.15766/mep_2374-8265.11062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33409359&dopt=Abstract
https://europepmc.org/abstract/MED/30956919
http://dx.doi.org/10.7759/cureus.3967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30956919&dopt=Abstract
https://europepmc.org/abstract/MED/34966884
http://dx.doi.org/10.1002/aet2.10716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34966884&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(22)00911-2
http://dx.doi.org/10.1016/j.heliyon.2022.e09623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35706951&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Zhang X, Holbrook A, Nguyen L, Lee J, Al Qahtani S, Garcia MC, et al. Evaluation of online clinical pharmacology
curriculum resources for medical students. Br J Clin Pharmacol. 2019;85(11):2599-2604. [FREE Full text] [doi:
10.1111/bcp.14085] [Medline: 31385322]

51. Grabow Moore K, Ketterer A, Wheaton N, Weygandt PL, Caretta-Weyer HA, Berberian J, et al. Development,
implementation, and evaluation of an open access, level-specific, core content curriculum for emergency medicine residents.
J Grad Med Educ. 2021;13(5):699-710. [FREE Full text] [doi: 10.4300/JGME-D-21-00067.1] [Medline: 34721800]

52. Lee M, Hamilton D, Chan TM. Cost of Free Open-Access Medical education (FOAM): an economic analysis of the top
20 FOAM sites. AEM Educ Train. 2022;6(5):e10795. [FREE Full text] [doi: 10.1002/aet2.10795] [Medline: 36189455]

53. Wolbrink T, Rubin L, Burns J, Markovitz B. The top ten websites in critical care medicine education today. J Intensive
Care Med. 2019;34(1):3-16. [doi: 10.1177/0885066618759287] [Medline: 29519206]

54. Shappell E, Chan T, Thoma B, Trueger NS, Stuntz B, Cooney R, et al. Crowdsourced curriculum development for online
medical education. Cureus. 2017;9(12):e1925. [FREE Full text] [doi: 10.7759/cureus.1925] [Medline: 29464134]

55. Evans F, Krotinger A, Lilaonitkul M, Khaled HF, Pereira GA, Staffa SJ, et al. Evaluation of open access websites for
anesthesia education. Anesth Analg. 2022;135(6):1233-1244. [doi: 10.1213/ANE.0000000000006183] [Medline: 35983999]

56. Lo A, Shappell E, Rosenberg H, Thoma B, Ahn J, Trueger NS, et al. Four strategies to find, evaluate, and engage with
online resources in emergency medicine. CJEM. 2018;20(2):293-299. [doi: 10.1017/cem.2017.387] [Medline: 28893344]

57. Ting D, Boreskie P, Luckett-Gatopoulos S, Gysel L, Lanktree MB, Chan TM. Quality appraisal and assurance techniques
for Free Open Access Medical Education (FOAM) resources: a rapid review. Semin Nephrol. 2020;40(3):309-319. [doi:
10.1016/j.semnephrol.2020.04.011] [Medline: 32560781]

58. Marée R. Open practices and resources for collaborative digital pathology. Front Med (Lausanne). 2019;6:255. [FREE Full
text] [doi: 10.3389/fmed.2019.00255] [Medline: 31799253]

59. Colmers-Gray I, Krishnan K, Chan TM, Seth Trueger N, Paddock M, Grock A, et al. The revised METRIQ score: a quality
evaluation tool for online educational resources. AEM Educ Train. 2019;3(4):387-392. [FREE Full text] [doi:
10.1002/aet2.10376] [Medline: 31637356]

60. Krishnan K, Thoma B, Trueger NS, Lin M, Chan TM. Gestalt assessment of online educational resources may not be
sufficiently reliable and consistent. Perspect Med Educ. 2017;6(2):91-98. [FREE Full text] [doi: 10.1007/s40037-017-0343-3]
[Medline: 28243948]

61. O'Flynn E, Tolani M, Joos E, O'Sullivan J, Sharma D, Wren SM, et al. Advancing open-access education for the surgical
team worldwide: the development and rollout of the United Nations Global Surgery Learning Hub (SURGhub). World J
Surg. 2025;49(7):1700-1707. [doi: 10.1002/wjs.12661] [Medline: 40542462]

62. The Open Critical Care Project. Open Critical Care. URL: https://opencriticalcare.org/ [accessed 2025-10-10]

Abbreviations
FOAM: Free Open Access Medical Education
LMIC: low- and middle-income country
PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews

Edited by B Lesselroth; submitted 12.Aug.2024; peer-reviewed by T Wolbrink, S-H Sung, M Bordonaro, I Araujo-Filho, N Komasawa;
comments to author 17.Jun.2025; revised version received 31.Aug.2025; accepted 07.Oct.2025; published 07.Nov.2025

Please cite as:
Ahmed AAE, Biswas A, Bempong-Ahun N, Perić I, O'Flynn EP
Barriers and Enablers to the Production of Open Access Medical Education Platforms: Scoping Review
JMIR Med Educ 2025;11:e65306
URL: https://mededu.jmir.org/2025/1/e65306
doi: 10.2196/65306
PMID:

©Ahmed Abdelfattah Eltomelhussein Ahmed, Arushi Biswas, Nefti Bempong-Ahun, Ines Perić, Eric Patrick O'Flynn. Originally
published in JMIR Medical Education (https://mededu.jmir.org), 07.Nov.2025. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Medical Education, is
properly cited. The complete bibliographic information, a link to the original publication on https://mededu.jmir.org/, as well as
this copyright and license information must be included.

JMIR Med Educ 2025 | vol. 11 | e65306 | p. 17https://mededu.jmir.org/2025/1/e65306
(page number not for citation purposes)

Ahmed et alJMIR MEDICAL EDUCATION

XSL•FO
RenderX

https://europepmc.org/abstract/MED/31385322
http://dx.doi.org/10.1111/bcp.14085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31385322&dopt=Abstract
https://europepmc.org/abstract/MED/34721800
http://dx.doi.org/10.4300/JGME-D-21-00067.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34721800&dopt=Abstract
https://europepmc.org/abstract/MED/36189455
http://dx.doi.org/10.1002/aet2.10795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36189455&dopt=Abstract
http://dx.doi.org/10.1177/0885066618759287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29519206&dopt=Abstract
https://europepmc.org/abstract/MED/29464134
http://dx.doi.org/10.7759/cureus.1925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29464134&dopt=Abstract
http://dx.doi.org/10.1213/ANE.0000000000006183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35983999&dopt=Abstract
http://dx.doi.org/10.1017/cem.2017.387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28893344&dopt=Abstract
http://dx.doi.org/10.1016/j.semnephrol.2020.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32560781&dopt=Abstract
https://europepmc.org/abstract/MED/31799253
https://europepmc.org/abstract/MED/31799253
http://dx.doi.org/10.3389/fmed.2019.00255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31799253&dopt=Abstract
https://europepmc.org/abstract/MED/31637356
http://dx.doi.org/10.1002/aet2.10376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31637356&dopt=Abstract
https://link.springer.com/article/10.1007/s40037-017-0343-3
http://dx.doi.org/10.1007/s40037-017-0343-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28243948&dopt=Abstract
http://dx.doi.org/10.1002/wjs.12661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40542462&dopt=Abstract
https://opencriticalcare.org/
https://mededu.jmir.org/2025/1/e65306
http://dx.doi.org/10.2196/65306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

