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Abstract
Purpose of Review Surgical training is most needed in low-resource settings (LRSs) worldwide. Technological advances 
provide new tools to expand and enhance surgical training in these settings. Accessible technologies such as e-learning can 
achieve an immediate impact on training.
Recent Findings LRS trainees regard both e-learning resources specifically designed for their context, and those designed 
for other contexts, as valuable. However, LRS trainees have some specific learning needs which are best addressed through 
LRS learner-centred content. Challenges to creating valuable educational experiences include infrastructural deficiencies, 
difficulties in finding and accessing resources, variable quality of material, incompleteness, repetition, and a lack of context- 
and curricula-focused material.
Summary Future efforts should focus on improving the findability, quality, and contextual appropriateness of educational 
resources, while emphasizing sustainability and local ownership. The appropriateness, acceptability, and impact of available 
e-learning resources in LRSs should be evaluated.
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Introduction

There is an enormous unmet need for surgical care world-
wide, felt most acutely in low- and middle-income countries 
[1]. Lack of access to safe, affordable surgical care causes 
immense disability, suffering, and death. This is a complex, 
multifactorial problem, but a key issue is an insufficient 
surgical care workforce in low-resource settings. A signifi-
cant limitation on the expansion of surgical training is a 
dearth of trainers, which directly impacts the efficacy of the 
trainee–trainer relationship—the cornerstone of the classical 
apprenticeship model of surgical training.

Advances in technology provide new tools to expand and 
enhance the training of surgeons in low-resource settings. 
New technologies allow access to learning material, peer 
interaction, supervision, feedback, and learning opportuni-
ties at a distance. This can reduce the trainee’s dependence 
on a trainer as the font of all surgical instruction, and by 
doing so, allow for an expansion of quality-assured train-
ing, and even potentially reduce the time required to train 
a surgeon.

To expand quality surgical training in low-resource set-
tings, the opportunity that technology presents must be 
grasped. This review will first describe how technology is 
helping to enhance and expand surgical training worldwide. 
It will then focus on cognitive e-learning in low-resource 
settings, outlining the current situation, challenges, and sug-
gested avenues for progress.

This review uses the terms high-resource setting (HRS) 
and low-resource setting (LRS) when referring to the context 
in which surgical training takes place. The local context is 
more important than the overall wealth of the country in 
which training takes place, thus in line with recent recom-
mendations [2], the terms high-income country (HIC) and 
low- and middle-income country (LMIC) are used sparingly.
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Technology in Surgical Training

Understanding the basis of learning is key to identifying the 
role of technology in supporting surgical training. Bloom 
divided learning into cognitive (knowledge), psychomotor 
(skills), and affective (attitude) domains [3]. Gallagher et al. 
posit that, given our limited capacity to pay attention to many 
things at once, learning in one domain reduces the need to 
concentrate on that domain, allowing for greater acquisition 
in the others [4]. Therefore, for example, a trainee coming to 
the operating theatre who has a sound understanding of the 
procedural steps and the basic science related to the proce-
dure at hand will be able to concentrate more on the techni-
cal skill required to perform the procedure. Similarly, having 
practised the psychomotor skills on a simulator will allow 
the trainee to devote more attention to the non-technical 
aspects of the surgery, such as decision-making.

Some educational technology primarily supports learn-
ing in the cognitive domain—all static didactic resources 
and most e-learning courses could be described in this way. 
Other technologies aim to promote psychomotor skills acqui-
sition—such as low-fidelity simulators. Communication and 
telepresence tools can be used for learning in either domain. 
Increasingly sophisticated immersive simulation technology 
aims to combine learning in the cognitive and psychomotor 
domains, though the challenge of providing realistic haptic 
feedback (the “sense” of touch, force, self-movement, and 
body position) in a virtual world remains.

Didactic Resources and Training Tools

Digital versions of textbooks, journals, surgical atlases, and 
other reference material would be familiar to previous gen-
erations of trainees, while commonly used new media for-
mats such as podcasts, social media, and video sharing plat-
forms now offer a vast and diverse array of surgical training 
content. Messaging apps provide a platform for case-based 
discussions [5]. Electronic training logbooks can provide 
trainees with feedback on their operative experience through 
a scoring system or by showing how their experience com-
pares with their peer cohort [6].

Cognitive, Interactive E‑learning

While there are many definitions of e-learning and related 
terms [7], it can simply be considered as “the delivery of 
educational content through web-based methods” [8]. In this 
review, this definition is narrowed by adding the require-
ment that the content is accessible without the use of any 
other equipment such as a headset or physical simulator, 
and that the live online presence of a trainer is not required. 

Most resources discussed are asynchronous—meaning the 
learner works through the material in their own time—con-
tain at least some degree of interaction and generally support 
learning in the cognitive domain. Many surgical e-learning 
platforms, courses, and resources exist—some e-learning 
content is intended to provide a complete learning experi-
ence in the chosen topic, while other content is designed 
as an adjunct to a short course or training programme or as 
preparation for an examination.

Mechanical Simulation

Technological advances have led to increasingly sophisti-
cated physical surgical task simulators, while innovative 
low-cost simulation systems are making high-fidelity simu-
lation more widely available [9].

The Global Surgical Training Challenge, for example, 
spurred the creation of an ecosystem of low-cost, open-
access, easily reproducible simulation training modules for 
LRSs [10], in many cases combining cutting-edge technol-
ogy with widely available materials such as socks [11] and 
cigarettes [12] to produce realistic training experiences. The 
Surgical Education Learners Forum [13] and Wellcome 
Leap SAVE [14] programmes aim to further develop this 
paradigm. The rapid creation of reliable, low-cost anatomi-
cal models is now possible with 3D printing. Exact patient 
anatomical replicas can be created in advance of complex 
surgery to aid trainees and surgeons to design optimal plans.

Immersive Simulation

Interactive simulated surgery can take place on a two-dimen-
sional screen [15]. Attempts to create a more immersive sur-
gical training experience include 360° videos displayed on a 
two-dimensional screen [16], and immersive virtual reality 
where the user is placed in an entirely simulated world [17]. 
Augmented and mixed realities and advanced visualization 
tools for complex anatomical structures are being used to 
support surgical training and practice, overlaying imagery 
on top of physical simulators, or indeed on the actual surgi-
cal field [18]. In augmented reality, images are overlaid on 
the user’s view of the physical world [19], while in mixed 
reality, overlaid images interact with the physical world 
[20]. Both modalities offer the possibility of realistic haptic 
feedback.

Communication and Telepresence

Widely used videoconferencing tools are routinely used to 
deliver lectures and tutorials online, and full academic sur-
gical degree programmes can be completed entirely online 
[21]. Live surgery can be streamed and telepresence—“the 
subjective experience of being in one place or environment, 
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even when one is physically situated in another” [22]—aims 
to deepen the experience, to virtually bring trainees into an 
expert’s operating theatre, or vice versa [23–25]. Live inter-
action allows for teaching and supervision. Video recordings 
of these surgeries have been accumulated to create enormous 
digital libraries of surgical imaging for future applications 
and potential implementation of artificial intelligence tech-
niques. Video analytics and instrument motion capture can 
already provide feedback on skills performance [26–28].

Integrating Technology into Training

These technologies complement, rather than replace, the 
learning experience that takes place in the hospital environ-
ment. An effective use of technology is to achieve a “blend” 
of individual, self-directed, technology-enhanced learning 
and live, in-person learning. Blended learning in medi-
cal education is found to have “consistently better effects 
on knowledge outcomes when compared with traditional 
learning” [29]. A common and proven blend is the “flipped 
classroom” model, where trainees are introduced to concepts 
online, practise and receive feedback in-person, and extend 
and test their learning online [30].

No single tool, resource, or modality is the answer to all 
trainee learning needs. Trainees and training programmes 
face the challenge of choosing appropriate tools for differ-
ent learning needs, and a combination of different technolo-
gies may often be appropriate. For example, a trainee will 
often progress from a cognitive e-learning module, in which 
they learn about a procedure, to a task simulator, on which 
they practice the technical skills required to perform the 
procedure.

The remainder of this review will focus on e-learning in 
surgical training. Numerous studies have shown e-learning 
to be “a valuable tool for surgical education” [31]. While 
noting the transformative potential of some of the more 
advanced technologies listed here, the “Future of Surgery” 
report [32••] suggests that “technologies that are cheaper 
and easier to transport, such as those that can be used with 
smartphones, will, however, have the biggest immediate 
impact”.

LRS Trainees Have Different Needs

E-Learning is accepted as a useful training tool by train-
ees in LRSs [33••]. Both resources designed specifically 
for LRS trainees and those designed with HRS trainees in 
mind are regarded as valuable by LRS trainees [34]. Both 
LRS and HRS trainees are highly heterogeneous groups; 
nevertheless, we can draw some general differences between 
these two training contexts. These differences mean that sim-
ply providing access for LRS trainees to a HRS e-learning 

programme is an incomplete response; contextualisation is 
key.

Different Content Needs for a Different Context

Pathologies, diagnostic strategies, laboratory capabilities, 
pre-hospital services, and treatments, as well as the avail-
ability of drugs and other resources vary in different con-
texts—and an ideal training programme should prepare 
trainees for the local realities they will face in practice. In 
the Sub-Saharan African context, Parker et al. note that 
HRS surgical textbooks have historically been the primary 
source of content, but point out a number of issues, such as 
“textbooks exclude disease processes frequently or exclu-
sively seen in [Sub-Saharan Africa], like typhoid intestinal 
perforations, hydatid disease, and rheumatic heart disease” 
and “images… do not represent physical examination find-
ings as they appear on darker skin tones” [35•]. Conversely, 
LRS learners may spend significant time and energy learning 
about pathologies, treatments, and tools that are not avail-
able or applicable in their context. We can reasonably expect 
that a lack of context-specific material is having a negative 
effort on surgical training in LRSs, but have little evidence 
as yet for this.

Different Role for Surgeons

Surgeons in LRSs often have a broader scope of practice 
than their HRS counterparts, often providing surgical care 
in other specialties, yet “rarely, if ever, are these special-
ties covered adequately in… curricula from high-resource 
areas” [35•].

Different Cadres of Surgical Provider

The composition of the surgical team differs in different set-
tings. In some LRS contexts, non-specialist and non-physi-
cian surgical providers supply the majority of surgical care 
[36]. As surgery is very rarely performed by these cadres in 
HRSs, surgical training material designed specifically for 
the learning needs of these cadres is not widely available.

Different Role for E‑learning

In many HRSs, part of the appeal of e-learning, simulation, 
and other technological solutions is as a perceived substi-
tute for the decreased exposure to surgery brought about by 
working time directives and other reforms [37]. This is a 
much less critical issue in many LRSs, where trainees often 
have more operative exposure than HRS counterparts [38] 
and take on roles of greater responsibility [39].

E-learning may support other needs in LRSs, which are 
less pressing in HRSs. With a lower density of surgeons and 
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trainees in LRSs [1], issues related to professional isolation 
and the lack of a critical mass of trainers and trainees can 
partly be alleviated through e-learning. E-learning can also 
provide standardization of the delivery of cognitive learning 
across large geographies, and the opportunity for trainees 
in smaller centres to gain exposure to topics not routinely 
encountered in their training site.

LRS training institutions may adopt different strategies 
to make high-quality e-learning material available to their 
trainees; they may adopt or adapt training material created 
in the HRS context, or create local context-driven original 
content. The relative impact of implementing these differ-
ent educational strategies is not clear. While we know that 
learning needs differ in different contexts, it is not yet clear 
in which parts of surgical training curricula context-specific 
material provides significant added value over non-context-
specific material, and in which areas non-context-specific 
material is perfectly appropriate. All of these strategies can 
be assumed to add value, and a decision to adopt, adapt, or 
create should be the result of a careful needs assessment, 
should be a pragmatic one, and unfortunately must be based 
on the availability of funding and other local resources.

Open‑Access HRS Resources

LRS surgical trainees’ e-learning needs can be addressed 
not only through content specifically designed for their set-
tings, but also through making appropriate content avail-
able through an open-access model—even where the content 
is not specifically designed with LRSs in mind. The Free, 
Open-Access Medical education (FOAM or FOAMed) [40] 
movement aims to make medical education resources freely 
accessible, and in doing so reduce educational disparities 
between different settings [41].

Open-access platforms, where both content and access 
are setting-agnostic, are an important resource. Platforms 
may be entirely free and open access, such as “AO Surgery 
Reference” [42], or may provide a free basic offering with 
paid premium offerings, such as “Orthobullets” [43].

Some platforms provide free access to LRS learners to 
(mainly HRS authored) content, to which counterparts in 
HRSs, or more commonly their training institutions, must 
pay for access. DeckerMed provides free access to its surgi-
cal training platform to African trainees [44]. The Research-
4Life Initiative [45] provides LMIC institutions with access 
to journal articles and other academic content.

The above two modalities are likely to provide the major-
ity of the e-learning content accessed in LRSs. In the case 
of neurosurgery training, for example, a study identified 
resources suitable for use in LMICs, and recommended 13 
resources, all of which are hosted in HRSs [46].

LRS‑Specific Content

There is a clear perceived benefit to developing LRS-
specific learning resources, to address the learning needs 
described above, though of course no two LRS contexts 
are the same. Many excellent LRS-specific resources exist, 
only a fraction of which can be named in this review. These 
resources are created by LRS, HRS, and global bodies.

Many LRS training institutions manage their own learn-
ing management systems—accessible to their trainees 
and faculty. The College of Surgeons of East, Central and 
Southern Africa (COSECSA) manages the “School for 
Surgeons” platform [34], developed in collaboration with 
the Royal College of Surgeons in Ireland [47]. The exist-
ence of an established LRS platform, with large enrolled 
cohorts of learners who are now familiar with e-learning, 
has created fertile conditions for the production of content 
specific for such platforms such as COSECSA’s “Surgical 
Foundations in Basic Science” course [35•, 48].

Other LRS institutions take a different approach by 
making their resources available open access, such as the 
University of Cape Town’s “Developing World ENT” plat-
form [49].

International organizations often take the lead in build-
ing platforms and courses specifically for the LRS environ-
ment, such as the “Trauma and Disaster Team Response 
Course Open Program” [50]. The “Essential Surgical 
Skills” course [51] is one of the few explicitly targeting 
non-physician clinician surgical providers.

In practice, resources are often collaboratively produced 
between HRS and LRS authors and institutions, such as 
the “COSECSA-ReSurge Plastic Surgery Modular Course” 
[52]. Creation of such resources can provide an oppor-
tunity for “South–South” cooperation—COSECSA and 
the West African College of Surgeons collaborate on the 
“Pan-African Paediatric Surgery E-Learning Programme”, 
supported by HRS institutions [53].

Global bodies both create and curate content. Some 
original surgically related content is hosted on OpenWHO 
[54], with WHO Academy operative care content forth-
coming [55]. The United Nations Global Surgery Learning 
Hub “SURGhub” [56] curates and makes available high-
quality pre-existing e-learning courses suitable for LRSs—
both contents created in LRSs and in HRSs.

Challenges for LRS Surgical E‑learning

Many of the challenges facing LRS surgical trainees, and 
those who train and create content for them, are common 
to surgical trainees worldwide. Trainees are universally 
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time poor, may have significant clinical responsibilities, 
and may not always find the perfect environment to con-
centrate and study. The generally high drop-out rate of 
e-learning courses is a long-recognized phenomenon [57], 
with variable learner motivation a factor in medical educa-
tion [58•]. In considering the particular challenges facing 
LRS surgical trainees, it is useful to also draw examples 
from other medical specialties, particularly Emergency 
Medicine (EM) which has been an early adopter of open-
access online learning for both HRSs and LRSs, and has 
produced a more extensive literature.

Getting Online

Given the near ubiquity of mobile Internet, a complete lack 
of access to the internet is likely to now be rare for members 
of the surgical team, and those in training. However, “subop-
timal” access to computers, poor internet connectivity, and 
the high cost of this connectivity remain critical limiting 
steps for many LRS trainees [59].

Findability

Major difficulties in this regard are the sheer volume of 
resources and information, the way that resources are organ-
ized, and difficulties with search. A review of EM e-learning 
resources finds that “resources are scattered across an enor-
mous number of sites” [60]. The “decentralized explosion of 
FOAM resources is a double-edged sword, as consumers of 
FOAM are faced with a potentially unworkable abundance 
of options” [61]. Learning material tends to be grouped into 
courses aimed at a particular cadre or specialty, yet many 
topics are of relevance to several specialties. This is particu-
larly true for non-technical topics, such as research method-
ology, leadership, and communication skills. An excellent 
research methodology module, for example, in an orthopae-
dic surgery course hosted on an open-access orthopaedic 
surgery platform, is unlikely to be accessed by the many 
other surgical cadres who could benefit from it. Finally, con-
tent stored behind a login in a traditional learning manage-
ment system, or within a larger course, is not accessible to 
search engines, if course contents are not also listed on a 
publicly accessible website.

Quality

Common e-learning quality deficiencies—in content aimed 
at both LRS and HRS learners—include a lack of peer 
review, no verification of reliability, lack of transparency, 
and potential conflicts of interest [62]. Formal attempts to 
measure the quality of online medical resources return a 
wide range of scores [63, 64] suggesting that many avail-
able resources may contain significant gaps and deficits. 

Issues with quality are not always obvious. Neither trainees 
nor trainers can reliably agree on whether different medical 
e-learning resources are accurate and legitimate [65].

Many resources are not employing learner-centred edu-
cational approaches. In EM, a lack of “curriculum-driven 
online resources in local [LMIC] languages” was found. A 
review of critical care e-learning resources found that one-
third did not contain interactive learner experiences [66]. 
The situation in surgical training is likely to be similar. Para-
doxically, too much interaction can be off-putting for many 
LRS surgical trainees, as many LMIC learners are more 
familiar with a teacher-centred didactic learning approach 
[67].

Incompleteness and Repetition

There is a surfeit of resources in some areas and, most likely, 
a corresponding dearth of resources in others. In the absence 
of detailed guidance and direction, a learner wading through 
online resources is likely to find a lot of repetition, yet is 
unlikely to comprehensively cover the subject area. A review 
of renal and genitourinary online content for EM trainees 
and practitioners assigned all content found to one of 35 
subtopics, based upon an accepted curriculum. Forty-one 
per cent of all “high-quality” resources related to just one 
of these subtopics [60].

Appropriateness and Integration

As discussed previously, few resources are tailored to LRS 
context needs, leading to content gaps and inappropriate 
content [35•]. Integration of resources into training curricula 
is a key success factor for e-learning in the health profes-
sions [58•], yet few online resources are integrated into LRS 
surgical training programme curricula.

Sustainability

Producing high-quality e-learning material is labour inten-
sive and often costly. Once the content is published, there 
are ongoing costs and administrative tasks, and soon the 
time rolls around where a revision is required. The time put 
into authoring an e-learning module may be equivalent to 
authoring a journal article, or delivering an in-person taught 
course. The administration of high-quality e-learning plat-
forms costs money, even free platforms such as Moodle 
incur development and support costs. It is not sustainable to 
rely on volunteer authors, editors, and administrators.

After previous rapid growth, the total number of EM 
open-access online resources declined by 40% from 2014 to 
2022 [68••]. Lin et al. attribute this to issues around finan-
cial sustainability, lack of academic recognition, and higher 
learner expectations [68••].
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The Future of E‑learning in LRSs

Champions of e-learning in surgical training in LRSs can 
take heart that broader changes in the world continue to 
alleviate some of the challenges described. Internet access 
continues to improve in most settings, and many learners are 
growing more accustomed to learning online, and to more 
interactive learning styles. However, there remains much to 
be done for e-learning to approach its potential in supporting 
surgical training in LRSs.

Improve Findability

In order for content to be found by the targeted learners, it 
must be searchable.  At its simplest, this can mean ensur-
ing that course content—which may be behind a login, or 
embedded within a larger course—is listed on a publicly 
accessible website, making it available to search engines. 
Bespoke search engines may be developed to help learners 
find content, and artificial intelligence may play a role.

Hosting content on collaborative and pre-existing plat-
forms often makes it easier to find. Given the difficulties of 
finding content already described, a concentration of content 
on a smaller number of platforms may not be a negative 
outcome, if they are high-quality and sustainable. We can 
look to other specialties for excellent examples of platforms 
bringing together high-quality resources suitable for LRS 
trainees, such as Open Paediatrics [69] and Open Critical 
Care [70]. A new platform focused on surgical care systems 
named the United Nations Global Surgery Learning Hub 
“SURGhub” [56] was launched in June 2023, and provides 
access to high-quality surgical, anaesthetic, obstetric, and 
perioperative nurse training resources curated from through-
out the world. As this new resource continues to grow, study 
of content available on the hub may help provide an under-
standing of where content gaps may exist.

While any list or mapping of surgical training e-learning 
resources will likely be incomplete, and certainly soon out 
of date, there is nevertheless value in such lists [46], both to 
help trainees and their training programmes find appropri-
ate material, but also to avoid wasted effort and ensure that 
content is created only where it is fills an educational gap. 
A systematic review of available open-access resources in 
anaesthesia [63] provides a model study that could be use-
fully replicated in the surgical specialties.

Ensure Quality

The peer review process can, and should, be applied to 
newer forms of educational content [71]. Authorship, and the 
process by which content was reviewed, should be clearly 

displayed on e-learning content. A number of tools exist 
to help learners, training programmes, and content authors 
rate the quality of e-learning resources—such as the revised 
Medical Education Translational Resources: Impact and 
Quality (rMETRIQ) score [72] and the Medical Education 
Website Quality Evaluation Tool (MEWQET) [73]. Any list-
ing of e-learning resources should ideally make a judgement 
on quality and should use a validated quality assessment 
tool to do so. Recommendation engines may be developed 
to direct learners to appropriate content using algorithms 
which consider factors such as usage, user ratings, and local 
expert review.

Quality issues can in part be attributed to a lack of under-
standing of e-learning principles. Learner behaviour in 
e-learning tends to be radically different from their behav-
iour in in-person teaching—for example learners tend to 
skim large chunks of online text, and multitask while watch-
ing long videos. High-quality e-learning resources make use 
of the habits that learners already have, rather than trying 
to change these habits. Examples include the use of short, 
focused videos with clear organization and summaries, 
knowledge checks, and tools that track progress through 
a course—assuming that users will drop in and out of the 
course rather than completing it in one sitting. Training of 
authors in e-learning best practice [74, 75] and high-quality 
instructional design may remedy these issues.

Close Gap Between Content, Trainees, and Training 
Programmes

It should be made explicit how resources relate to LRS cur-
ricula. Where new resources are produced, they should meet 
an identifiable training need, in at least one existing curricu-
lum. Busy trainees use resources significantly more when 
they are required to do so—but this requires their training 
programmes to have proof that trainees successfully com-
pleted the course, either through access to the usage and 
performance data of their trainees, or course certificates of 
completion.

Many resources discussed in this review have no related 
academic publication, and where a publication exists, it is 
often a description of the resource, the need for the resource, 
or the process by which it was created. The impact of all 
e-learning resources should be evaluated and published, 
using an established evaluation model [76].

Key areas for research should be to better understand (a) 
the appropriateness of different resources to support training 
programmes in various LRS contexts, (b) the acceptabil-
ity of these resources to trainees in various LRS contexts, 
and trainees’ motivational factors for using or not using 
them, and (c) the impact of integrating different e-learning 
resources in training programmes.
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Build for Sustainability

The creation of high-quality educational resources and main-
tenance of high-quality platforms require time and funding. 
Payment of authors and editors should be considered, both as 
an ethical principle and as a pragmatic approach to encour-
age timely, high-quality content production. Lin et al.’s con-
clusion with regard to EM online resources applies equally 
in the LRS surgical training context, “if the FOAM sites are 
to achieve independence and sustainability… the solution 
will rest upon finding successful business models” [68••].

Ultimately, it is primarily LRS training programmes that 
train the surgeons providing service in those regions. For 
long-term sustainability, capacity building of local LRS 
organizations is a key strategy. Many LRS surgical training 
institutions are in a position to build and manage e-learning 
platforms, author course content, develop e-learning strate-
gies, and adopt, adapt, and create content to meet the needs 
of their own training programmes. Many more LRS institu-
tions can be supported to do so.

Conclusion

A range of exciting technologies offer the promise of trans-
forming surgical training worldwide. Accessible technolo-
gies such as e-learning can achieve an immediate impact. 
LRS surgical training can be supported both by e-learn-
ing resources specifically designed for these contexts and 
resources designed for other contexts. LRS trainees see both 
as valuable; however, LRS trainees have some specific learn-
ing needs which are best addressed through LRS learner-
centred content.

Challenges to creating valuable educational experiences 
include infrastructural deficiencies, difficulties in finding and 
accessing resources, variable quality, incompleteness, repeti-
tion, and a lack of context- and curricula-focused material. 
Future efforts should focus on improving findability, qual-
ity, and contextual appropriateness of educational resources, 
while emphasizing sustainability and local ownership. The 
appropriateness, acceptability, and impact of e-learning 
resources in LRS surgical training should be evaluated.

The integration of high-quality, appropriate e-learning 
into LRS surgical training programmes has the potential to 
support a rapid expansion of surgical training in these con-
texts, ultimately leading to greater access to safe, affordable, 
and timely surgical care for those who need it.

Author contributions EO drafted the main manuscript text. EO, AA, 
AB, NB and IP collated the evidence upon which the review is based. 
JCP made a substantial contribution to the design of the review. All 
authors contributed to iterative revisions of the draft manuscript, and 
approved the final manuscript.

Funding Open Access funding provided by the IReL Consortium. No 
funding was received for this work.

Declarations 

Conflict of interest In the course of their work, the following authors 
have, or had, involvement in varying capacities with the following pro-
jects, courses, and platforms mentioned in this review:
Mr. O’Flynn, Ms. Bempong-Ahun, Ms. Biswas, and Dr. Perić with the 
United Nations Global Surgery Learning Hub.
Mr. O’Flynn and Dr. Perić with The Global Surgical Training Chal-
lenge and the Pan-African Paediatric Surgery E-Learning Programme.
Mr. O’Flynn with the COSECSA “School for Surgeons” platform and 
“Surgical Foundations” course.
No authors have any financial interest in projects, courses, and plat-
forms mentioned in this review.

Ethical Approval There is no Human or Animal Rights process that 
needed to be obtained for this review.

Informed Consent There is no Informed Consent process that needed 
to be obtained for this review.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have been 
highlighted as:  
• Of importance  
•• Of major importance

 1. Meara JG, Leather AJM, Hagander L, Alkire BC, Alonso N, 
Ameh EA, et al. Global Surgery 2030: evidence and solutions for 
achieving health, welfare, and economic development. Lancet. 
2015;386(9993):569–624.

 2. Lencucha R, Neupane S. The use, misuse and overuse of the 
“low-income and middle-income countries” category. BMJ Glob 
Health. 2022;7(6):1–4.

 3. Bloom B. Taxonomy of educational objectives. In: Handbook I: 
the cognitive domain. New York: David McKay Co Inc.; 1956.

 4. Gallagher AG, Ritter EM, Champion H, Higgins G, Fried MP, 
Moses G, et al. Virtual reality simulation for the operating room: 
proficiency-based training as a paradigm shift in surgical skills 
training. Ann Surg. 2005;241(2):364–72.

 5. Mukherjee R, Roy P, Parik M. What’s up with WhatsApp in sup-
plementing surgical education: an objective assessment. Ann R 
Coll Surg Engl. 2022;104(2):148–52.

 6. Harrington CM, Kavanagh DO, Ryan D, Dicker P, Lonergan 
PE, Traynor O, et al. Objective scoring of an electronic surgical 
logbook: analysis of impact and observations within a surgical 

http://creativecommons.org/licenses/by/4.0/


158 Current Surgery Reports (2024) 12:151–159

training body. Am J Surg. 2017;214(5):962–8. https:// doi. org/ 10. 
1016/j. amjsu rg. 2017. 07. 028.

 7. Kumar Basak S, Wotto M, Bélanger P. E-learning, M-learning 
and D-learning: conceptual definition and comparative analysis. 
E-Learning Digit Media. 2018;15(4):191–216. https:// doi. org/ 10. 
1177/ 20427 53018 785180.

 8. Jayakumar N, Brunckhorst O, Dasgupta P, Khan MS, Ahmed 
K. e-Learning in surgical education: a systematic review. J Surg 
Educ. 2015;72(6):1145–57.

 9. Sharma D, Agrawal V, Bajaj J, Agarwal P. Low-cost simulation 
systems for surgical training: a narrative review. J Surg Simul. 
2020;5:33–52.

 10. Global Surgical Training Challenge. Global Surgical Training 
Challenge; 2023. https:// globa lsurg icalt raini ng. chall enges. org/.

 11. ALL-SAFE. ALL-SAFE; 2023. https:// globa lsurg icalt raini ng. 
chall enges. org/ all- safe.

 12. Medical Makers. Colostomy in newborns. Medical Makers; 2023. 
https:// www. appro pedia. org/ Colos tomy_ in_ Newbo rns.

 13. Intuitive Foundation. Surgical Education Learners Forum; 2023. 
https:// www. intui tive- found ation. org/ self/.

 14. Wellcome Leap. SAVE. Wellcome Leap; 2023. https:// wellc omele 
ap. org/ save/.

 15. Bunogerane GJ, Taylor K, Lin Y, Costas-Chavarri A. Using 
touch surgery to improve surgical education in low- and mid-
dle-income settings: a randomized control trial. J Surg Educ. 
2018;75(1):231–7.

 16. Harrington CM, Jang SS, Mangaoang D, O’Flynn E, Minja C, 
Chikoya L, et al. Integration and sustainability of electronic surgi-
cal logbooks in Sub-Saharan Africa. World J Surg. 2020. https:// 
doi. org/ 10. 1007/ s00268- 020- 05613-z.

 17. Ntakakis G, Plomariti C, Frantzidis C, Antoniou PE, Bamidis 
PD, Tsoulfas G. Exploring the use of virtual reality in surgical 
education. World J Transplant. 2023;13(2):36–43.

 18. Verhey JT, Haglin JM, Verhey EM, Hartigan DE. Virtual, aug-
mented, and mixed reality applications in orthopedic surgery. Int 
J Med Robot Comput Assist Surg. 2020;16(2): e2067. https:// doi. 
org/ 10. 1002/ rcs. 2067.

 19. Suresh D, Aydin A, James S, Ahmed K, Dasgupta P. The role of 
augmented reality in surgical training: a systematic review. Surg 
Innov. 2022. https:// doi. org/ 10. 1177/ 15533 50622 11405 06.

 20. Sánchez-Margallo JA, Plaza de Miguel C, Fernández Anzules RA, 
Sánchez-Margallo FM. Application of mixed reality in medical 
training and surgical planning focused on minimally invasive sur-
gery. Front Virtual Real. 2021. https:// doi. org/ 10. 3389/ frvir. 2021. 
692641.

 21. University of Edinburgh. MSc in Surgical Sciences. University of 
Edinburgh; 2023. https:// www. edinb urghs urger yonli ne. com/ progr 
ammes/ msc- surgi cal- scien ces.

 22. Witmer BG, Singer MJ. Measuring presence in virtual envi-
ronments: a presence questionnaire. Presence Teleoper Virtual 
Environ. 1998;7(3):225–40. https:// doi. org/ 10. 1162/ 10547 46985 
65686.

 23. Patel E, Mascarenhas A, Ahmed S, Stirt D, Brady I, Perera R, 
et al. Evaluating the ability of students to learn and utilize a novel 
telepresence platform, Proximie. J Robot Surg. 2022;16(4):973–9. 
https:// doi. org/ 10. 1007/ s11701- 021- 01330-4.

 24. VSee. VSee; 2023. https:// vsee. com/.
 25. VRIMS. VRIMS—Virtual Reality in Medicine and Surgery; 2023. 

https:// www. vrims. net/.
 26. Shaharan S, Ryan DM, Neary PC. Chapter 1. In: Travieso-Gon-

zalez CM, editor. Motion tracking system in surgical training. 
Rijeka: IntechOpen; 2017.

 27. Ganni S, Botden SMBI, Chmarra M, Goossens RHM, Jakimowicz 
JJ. A software-based tool for video motion tracking in the surgical 
skills assessment landscape. Surg Endosc. 2018;32(6):2994–9.

 28. Medtronic. Touch Surgery Enterprise; 2023. https:// www. medtr 
onic. com/ covid ien/ en- us/ produ cts/ digit al- surge ry/ enter prise- solut 
ion. html.

 29. Vallée A, Blacher J, Cariou A, Sorbets E. Blended learning 
compared to traditional learning in medical education: system-
atic review and meta-analysis. J Med Internet Res. 2020;22(8): 
e16504.

 30. Hew KF, Lo CK. Flipped classroom improves student learning in 
health professions education: a meta-analysis. BMC Med Educ. 
2018;18(1):1–12.

 31. El Boghdady M, Ewalds-Kvist BM, Alijani A. A review of 
online platforms in training and surgical education. Eur Surg. 
2019;51(2):41–8. https:// doi. org/ 10. 1007/ s10353- 019- 0569-x.

 32. ••Burke J. The future of surgery: technology enhanced surgi-
cal training report. Bull R Coll Surg Engl. 2021;103(S1):14–7. 
https:// doi. org/ 10. 1308/ rcsbu ll. TB2021.6. A broad, comprehen-
sive overview of the ways in which advances in technology are 
changing surgical training, and offering new possibilities.

 33. ••Lu J Di, Cameron BH. The effectiveness and challenges of 
e-learning in surgical training in low- and middle-income coun-
tries: a systematic review. Glob Health Annu Rev. 2020;1(5 SE-
Issue 5: Health Equity and Access):4. https:// journ als. mcmas ter. 
ca/ ghar/ artic le/ view/ 2317. Outlines the challenges and possibili-
ties of e-learning in surgical training low-resource settings, as 
described in the literature.

 34. Goldstein SD, Papandria D, Linden A, Azzie G, Borgstein E, Cal-
land JF, et al. A pilot comparison of standardized online surgical 
curricula for use in low- and middle-income countries. JAMA 
Surg. 2014;149(4):341–6.

 35. •Parker AS, Hill KA, Steffes BC, Mangaoang D, O’Flynn E, 
Bachheta N, et al. Design of a novel online, modular, flipped-
classroom surgical curriculum for east, central, and southern 
Africa. Ann Surg Open. 2022;3(1):e141. Makes the case for the 
design of specific surgical training e-learning material for a par-
ticular low-resource setting.

 36. Gajewski J, Cheelo M, Bijlmakers L, Kachimba J, Pittalis C, 
Brugha R. The contribution of non-physician clinicians to the 
provision of surgery in rural Zambia—a randomised controlled 
trial. Hum Resour Health. 2019;17(1):60.

 37. Evans CH, Schenarts KD. Evolving educational techniques in sur-
gical training. Surg Clin N Am. 2016;96(1):71–88. https:// www. 
scien cedir ect. com/ scien ce/ artic le/ pii/ S0039 61091 50016 19.

 38. Parker RK, Topazian HM, Parker AS, Mwachiro MM, Strain S, 
White RE, et al. Operative case volume minimums necessary for 
surgical training throughout rural Africa. World J Surg. 2020. 
https:// doi. org/ 10. 1007/ s00268- 020- 05609-9.

 39. Greensmith M, Cho J, Hargest R. Changes in surgical train-
ing opportunities in Britain and South Africa. Int J Surg. 
2016;25:76–81.

 40. Nickson CP, Cadogan MD. Free Open Access Medical educa-
tion (FOAM) for the emergency physician. Emerg Med Australas. 
2014;26(1):76–83. https:// doi. org/ 10. 1111/ 1742- 6723. 12191.

 41. Doyle DJ. Web-based education in anesthesiology: a critical over-
view. Curr Opin Anaesthesiol. 2008;21(6):766–71.

 42. AO Foundation. AO surgery reference. AO Foundation; 2023. 
https:// surge ryref erence. aofou ndati on. org/.

 43. Bullet Health. Orthobullets. Bullet Health; 2023. https:// www. 
ortho bulle ts. com/.

 44. DeckerMed. DeckerMed–COSECSA Partnership; 2020. https:// 
www. decke rip. com/ blog/ iowst4/ Decke rMed- COSEC SA- Partn 
ership/.

 45. Wise A. Elsevier statement on Research4Life. Lancet (Lond Engl). 
2011;377:377.

 46. Nicolosi F, Rossini Z, Zaed I, Kolias AG, Fornari M, Servadei F. 
Neurosurgical digital teaching in low-middle income countries: 

https://doi.org/10.1016/j.amjsurg.2017.07.028
https://doi.org/10.1016/j.amjsurg.2017.07.028
https://doi.org/10.1177/2042753018785180
https://doi.org/10.1177/2042753018785180
https://globalsurgicaltraining.challenges.org/
https://globalsurgicaltraining.challenges.org/all-safe
https://globalsurgicaltraining.challenges.org/all-safe
https://www.appropedia.org/Colostomy_in_Newborns
https://www.intuitive-foundation.org/self/
https://wellcomeleap.org/save/
https://wellcomeleap.org/save/
https://doi.org/10.1007/s00268-020-05613-z
https://doi.org/10.1007/s00268-020-05613-z
https://doi.org/10.1002/rcs.2067
https://doi.org/10.1002/rcs.2067
https://doi.org/10.1177/15533506221140506
https://doi.org/10.3389/frvir.2021.692641
https://doi.org/10.3389/frvir.2021.692641
https://www.edinburghsurgeryonline.com/programmes/msc-surgical-sciences
https://www.edinburghsurgeryonline.com/programmes/msc-surgical-sciences
https://doi.org/10.1162/105474698565686
https://doi.org/10.1162/105474698565686
https://doi.org/10.1007/s11701-021-01330-4
https://vsee.com/
https://www.vrims.net/
https://www.medtronic.com/covidien/en-us/products/digital-surgery/enterprise-solution.html
https://www.medtronic.com/covidien/en-us/products/digital-surgery/enterprise-solution.html
https://www.medtronic.com/covidien/en-us/products/digital-surgery/enterprise-solution.html
https://doi.org/10.1007/s10353-019-0569-x
https://doi.org/10.1308/rcsbull.TB2021.6
https://journals.mcmaster.ca/ghar/article/view/2317
https://journals.mcmaster.ca/ghar/article/view/2317
https://www.sciencedirect.com/science/article/pii/S0039610915001619
https://www.sciencedirect.com/science/article/pii/S0039610915001619
https://doi.org/10.1007/s00268-020-05609-9
https://doi.org/10.1111/1742-6723.12191
https://surgeryreference.aofoundation.org/
https://www.orthobullets.com/
https://www.orthobullets.com/
https://www.deckerip.com/blog/iowst4/DeckerMed-COSECSA-Partnership/
https://www.deckerip.com/blog/iowst4/DeckerMed-COSECSA-Partnership/
https://www.deckerip.com/blog/iowst4/DeckerMed-COSECSA-Partnership/


159Current Surgery Reports (2024) 12:151–159 

beyond the frontiers of traditional education. Neurosurg Focus. 
2018;45(4):E17.

 47. O’Flynn E, Erzingatsian K, Magee D. Operating together: 12 years 
of collaboration between RCSI and COSECSA. Dublin; 2019. 
https:// www. rcsi. com/ surge ry/ globa lsurg ery/ our- work/ cosec sa.

 48. Parker AS, Steffes BC, Hill K, Bachheta N, Mangaoang D, 
Mwachiro M, et al. An online, modular curriculum enhances sur-
gical education and improves learning outcomes in east, central, 
and southern Africa: a mixed-methods study. Ann Surg Open. 
2022;3(1). https:// journ als. lww. com/ aosop en/ Fullt ext/ 2022/ 
03000/ An_ Onlin e,_ Modul ar_ Curri culum_ Enhan ces_ Surgi cal. 
32. aspx.

 49. University of Cape Town. Developing world ENT. University of 
Cape Town; 2023. https:// health. uct. ac. za/ entdev.

 50. McGill University. Trauma and disaster team response course 
open program. McGill University; 2019. https:// mycou rses- store. 
mcgill. ca/ produ ct? catal og= Trauma- and- Disas ter- Team- Respo nse- 
Course- Open- Progr am.

 51. University of British Columbia. Essential surgical skills. Univer-
sity of British Columbia; 2023. https:// ubccpe. instr ucture. com/ 
cours es/ 2725/ pages/ welco me? module_ item_ id= 50925.

 52. ReSurge International. A localized global surgery curriculum 
across Africa. ReSurge International; 2022. https:// resur ge. org/ 
bridg ing- gaps- in- equity- and- access- a- local ized- resur ge- curri 
culum- in- east- centr al- and- south ern- africa/.

 53. Ameh EA. Realigning global health realities towards chil-
dren’s surgery: progress and possibilities. J Pediatr Surg. 
2023;58(6):1039–47. https:// www. scien cedir ect. com/ scien ce/ 
artic le/ pii/ S0022 34682 30012 64.

 54. OpenWHO. Catheter-associated urinary tract infections. Open-
WHO; 2023. https:// openw ho. org/ cours es/ IPC- CAUTI- EN.

 55. World Health Organization. Surgical and anaesthesia care. 
Geneva: WHO; 2023.

 56. United Nations Institute for Training and Research. SURGhub—
UN Global Surgery Learning Hub. United Nations Institute for 
Training and Research; 2023. https:// www. surgh ub. org/.

 57. Elibol S, Bozkurt A. Student dropout as a never-ending evergreen 
phenomenon of online distance education. Eur J Investig Health 
Psychol Educ. 2023;13(5):906–18.

 58. •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. https:// doi. org/ 10. 1186/ s12909- 
020- 02007-6. Summarises barriers and enablers to e-learning 
in health professions education, and in doing so, guides best 
practice.

 59. Cevik AA, Cakal ED, 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;11:1–2.

 60. 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):375–86.

 61. Chan TM, Bhalerao A, Thoma B, Trueger NS, Grock A. Think-
ing critically about appraising FOAM. AEM Educ Train. 
2019;3(4):398–402.

 62. Knopf JD, Kumar R, Barats M, Klimo PJ, Boop FA, Michael 
LM II, et al. Neurosurgical operative videos: an analysis of an 

increasingly popular educational resource. World Neurosurg. 
2020;144:e428–37.

 63. Evans FM, Krotinger AA, Lilaonitkul M, Khaled HF, Pereira GA, 
Staffa SJ, et al. Evaluation of open access websites for anesthesia 
education. Anesth Analg. 2022;135(6):1233–44.

 64. Zhang XY, Holbrook AM, Nguyen L, Lee J, Al Qahtani S, Gar-
cia MC, et al. Evaluation of online clinical pharmacology cur-
riculum resources for medical students. Br J Clin Pharmacol. 
2019;85(11):2599–604.

 65. 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):91–8. 
https:// doi. org/ 10. 1007/ s40037- 017- 0343-3.

 66. Wolbrink TA, Rubin L, Burns JP, Markovitz B. The top ten web-
sites in critical care medicine education today. J Intensive Care 
Med. 2018;34(1):3–16. https:// doi. org/ 10. 1177/ 08850 66618 
759287.

 67. Cameron B, Schofield S. E-learning in global surgery. In: Global 
surgery: the essentials. Cham: Springer; 2017.

 68. ••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. https:// mededu. jmir. org/ 2022/4/ e39946. Emer-
gency medicine has been a notable early adopter of the open-
access medical education model. This article describes the evolu-
tion and maturation of open-access emergency medical education, 
offering a glimpse into a potential future for other specialties.

 69. OPENPediatrics. OPENPediatrics; 2023. https:// www. openp ediat 
rics. org/.

 70. OpenCriticalCare. The OpenCriticalCare.org Project. OpenCriti-
calCare; 2023. https:// openc ritic alcare. org/.

 71. Thoma B, Chan T, Desouza N, Lin M. Implementing peer review 
at an emergency medicine blog: bridging the gap between educa-
tors and clinical experts. CJEM. 2015;17(2):188–91.

 72. Colmers-Gray IN, Krishnan K, Chan TM, Seth Trueger N, Pad-
dock M, Grock A, et al. The revised METRIQ score: a quality 
evaluation tool for online educational resources. AEM Educ Train. 
2019;3(4):387–92.

 73. Alyusuf RH, Prasad K, Abdel Satir AM, Abalkhail AA, Arora 
RK. Development and validation of a tool to evaluate the qual-
ity of medical education websites in pathology. J Pathol Inform. 
2013;4:29.

 74. 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.

 75. Bansal A. Expanding free open-access medical education. Front 
Med. 2021;8(December):1–3.

 76. Kirkpatrick DL. Evaluating training programs: the four levels, 1st 
ed. San Francisco: Berrett-Koehler; Emeryville: Publishers Group 
West (distributor); 1994, ©1994. https:// search. libra ry. wisc. edu/ 
catal og/ 99976 46223 02121.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.rcsi.com/surgery/globalsurgery/our-work/cosecsa
https://journals.lww.com/aosopen/Fulltext/2022/03000/An_Online,_Modular_Curriculum_Enhances_Surgical.32.aspx
https://journals.lww.com/aosopen/Fulltext/2022/03000/An_Online,_Modular_Curriculum_Enhances_Surgical.32.aspx
https://journals.lww.com/aosopen/Fulltext/2022/03000/An_Online,_Modular_Curriculum_Enhances_Surgical.32.aspx
https://health.uct.ac.za/entdev
https://mycourses-store.mcgill.ca/product?catalog=Trauma-and-Disaster-Team-Response-Course-Open-Program
https://mycourses-store.mcgill.ca/product?catalog=Trauma-and-Disaster-Team-Response-Course-Open-Program
https://mycourses-store.mcgill.ca/product?catalog=Trauma-and-Disaster-Team-Response-Course-Open-Program
https://ubccpe.instructure.com/courses/2725/pages/welcome?module_item_id=50925
https://ubccpe.instructure.com/courses/2725/pages/welcome?module_item_id=50925
https://resurge.org/bridging-gaps-in-equity-and-access-a-localized-resurge-curriculum-in-east-central-and-southern-africa/
https://resurge.org/bridging-gaps-in-equity-and-access-a-localized-resurge-curriculum-in-east-central-and-southern-africa/
https://resurge.org/bridging-gaps-in-equity-and-access-a-localized-resurge-curriculum-in-east-central-and-southern-africa/
https://www.sciencedirect.com/science/article/pii/S0022346823001264
https://www.sciencedirect.com/science/article/pii/S0022346823001264
https://openwho.org/courses/IPC-CAUTI-EN
https://www.surghub.org/
https://doi.org/10.1186/s12909-020-02007-6
https://doi.org/10.1186/s12909-020-02007-6
https://doi.org/10.1007/s40037-017-0343-3
https://doi.org/10.1177/0885066618759287
https://doi.org/10.1177/0885066618759287
https://mededu.jmir.org/2022/4/e39946
https://www.openpediatrics.org/
https://www.openpediatrics.org/
https://opencriticalcare.org/
https://search.library.wisc.edu/catalog/999764622302121
https://search.library.wisc.edu/catalog/999764622302121

	E-learning Supporting Surgical Training in Low-Resource Settings
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Technology in Surgical Training
	Didactic Resources and Training Tools
	Cognitive, Interactive E-learning
	Mechanical Simulation
	Immersive Simulation
	Communication and Telepresence
	Integrating Technology into Training

	LRS Trainees Have Different Needs
	Different Content Needs for a Different Context
	Different Role for Surgeons
	Different Cadres of Surgical Provider
	Different Role for E-learning

	Open-Access HRS Resources
	LRS-Specific Content
	Challenges for LRS Surgical E-learning
	Getting Online
	Findability
	Quality
	Incompleteness and Repetition
	Appropriateness and Integration
	Sustainability

	The Future of E-learning in LRSs
	Improve Findability
	Ensure Quality
	Close Gap Between Content, Trainees, and Training Programmes
	Build for Sustainability

	Conclusion
	References




