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Abstract: Biomedical engineering (BME) education is critical to the growth of engineering-driven healthcare entrepreneurs and the 
enhancement of health systems globally. This study examines the evolution of BME education research over the past 20 years, with 
a focus on Sub-Saharan Africa (SSA), using a mixed-methods approach that includes bibliometric analysis and a systematic literature 
review. Between 2000 and 2025, there were almost 370,000 BME-related publications indexed in PubMed alone. Bibliometric data 
indicates a large global growth, mostly because of advances in artificial intelligence and digital health. However, compared to major 
producers like the US and China, SSA is notably underrepresented, and African contributions account for a very small percentage of 
overall output. These differences are further contextualized by the systematic review of literature that is indexed in PubMed, Web of 
Science, and Scopus. Important findings include chronic financing constraints, restricted growth of specialized sub-disciplines, poor 
infrastructure, and inconsistent research productivity across SSA nations. SSA suffers structural obstacles that limit academic progress 
and technical advancement, in contrast to technologically advanced regions that are distinguished by robust research capability, 
innovation ecosystems, and sophisticated medical device development. The study emphasizes the critical need for improved policy 
frameworks, long-term funding, the growth of research capacity, and the updating of BME teaching and learning methodologies. By 
filling these gaps, stakeholders will be able to promote long-term sectoral growth and inclusive innovation, which will ultimately align 
clinical practice, technological advancement, and societal demands in SSA and other low- and middle-income settings. 
Keywords: biomedical engineering education, bibliometric analysis, Sub-Saharan Africa, healthcare technology innovation, smart 
prostheses

Introduction
Global Evolution of Biomedical Engineering
The concept of Biomedical Engineering (BME) had its roots in the early attempts to use tools and scientific expertise in 
medicine, but it was formally established in the middle of the last century, when the development of electronics, materials 
science and computing changed the nature of healthcare.1–5 The need of prostheses, monitoring systems and life-support 
technologies, generated after World War II, stimulated the emergence of specialized university courses and professional 
associations. Medical imaging (CT, MRI, PET), implantation devices, tissue engineering, and medical robotics were 
medical breakthroughs in subsequent decades.6–20

Medicine Genomics, nanotechnology, digital health, artificial intelligence, and additive manufacturing have trans
formed BME in the twenty-first century.21–32 The 3D-printed implants, smart prosthetics, organ-on-chip, and AI-driven 
diagnostics are some of the innovations that indicate a transition to data-driven, individualized, and minimally invasive 
care.33,34 The world has now turned to BME to modernize health care, especially in the process of meeting the needs of 
the ageing populations, chronic diseases and the need to produce technologies that are accessible and cost effective.35,36 
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Although the field is solidly established in high-income nations, the establishment of the field is still lopsided in low- and 
middle-income (LMI) countries, including Sub-Saharan Africa (SSA), wherein program structures, research ecosystems, 
and regulatory frameworks continue to develop.33–36

Importance of BME for Healthcare Innovation in SSA
BME has a lot of potential in making healthcare systems stronger in SSA by having a locally relevant innovation.37,38 

The area experiences high burdens of infectious diseases, maternal and child health issues, trauma and there is an 
alarmingly rising prevalence of non-communicable diseases.39–41 Solutions that are engineered like point-of-care 
diagnostics, portable imaging systems, telemedicine systems, solar-powered medical devices, and affordable prosthetics 
can enhance service delivery in resource-constrained settings.42

On top of that leading to the development of devices, BME has a role to play in clinical engineering capacity, such as 
installation, maintenance, and lifecycle management of medical equipment, in which many facilities have found 
a challenge with non-functional infrastructure.43–45 Remote monitoring and early disease detection are also provided 
by digital health, AI-diagnostics, and mobile technologies.46–49

Further development is, however, curtailed by disjointed training platforms, inadequate laboratory facilities, unreli
able regulatory frameworks, ineffective university-industry networks, and inadequate commercialization services.50–55 

Nevertheless, with these limitations, there is an increasing interest in digital health, local production, innovation centre, 
and biotechnology policies, so BME might be not only a contributor to health care provision but also to the workforce 
and economic diversification.56–68

Scope of Biomedical Engineering
BME is multidisciplinary by nature, which combines engineering, physical sciences, computing, and life sciences to 
tackle the problem of diagnosing, treating, and rehabilitating. Bioinstrumentation, biomaterials, biomechanics, medical 
imaging, clinical engineering, bioinformatics, systems physiology, telehealth and regulatory science are the core 
subfields.69–74

Biomedical engineers work in various hospitals, research centre, medical device companies and pharmaceutical 
groups around the world. It is a research intensive and translational field that involves high levels of cooperation among 
academia, clinical setup, and industries to develop innovations on laboratories into clinical solutions.75–77

Biomedical engineers are also in demand in SSA as the healthcare systems attempt to enhance performance, 
diagnostic capacity, and therapeutic outcomes of equipment used. Nonetheless, the educational system and research 
performance differ greatly in countries. Figure 1 below presents the key issues in BME.78–86 This number demonstrates 

Figure 1 BME Subject Area.
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the BME multidisciplinary nature by showing the essence and emerging sub-fields, including bioinstrumentation, 
biomaterials, biomechanics, tissue engineering, medical imaging, and digital health.87–91 It helps identify the purpose 
of the study as it gives background on the thematic areas that are evaluated throughout the bibliometric and systematic 
review of BME education and research in Sub-Saharan Africa.92,93

Conceptual Framework and Research Gap
The development of BME in SSA can be understood through the interaction of three interconnected dimensions:

● Healthcare demand: high disease burdens requiring affordable and context-sensitive technologies.94–98

● Technological innovation: development of reliable, cost-effective devices and digital solutions.99–102

● Capacity-building systems: education, research infrastructure, regulation, and industry partnerships.103–105

The successful incorporation of these dimensions is what can and will decide whether BME can positively empower health 
systems. Conceptual discourses on BME in Africa are growing, however there are still big gaps in the empirical evidence.106–108 

Published research tends to concentrate on the isolated technology or the prototype, and little assessment has been performed 
with regards to long-term clinical implications, sustainability, or even commercialization prospects.109–112 Moreover, little 
research has been done in terms of systematic evidence mapping productivity of research, thematic development, institutional 
contribution, and network of collaborations throughout SSA. In comparison to other LMIC regions of the world, including 
elements of South Asia and Latin America, where bibliometric measures and other organized innovation systems are more well- 
developed, SSA does not feature any in-depth mapping research that examines not only the educational systems, but also the 
research output in BME. The BME growth in SSA is hampered by inadequate infrastructure, lack of funds and uneven research 
capacity, despite the increasing interest. There are also distinct differences in program allocation, research partnerships, and fit to 
local healthcare priorities in SSA.112–118 Such lack of organized evidence inhibits strategic investment, harmonization of 
curricula and alignment of regional policies and it was found necessary to map out BME education and research in the 
region.119,120

Rationale for Bibliometric and Systematic Assessment
Although BME education has expanded across SSA during the last 20 years, curricula vary widely in terms of structure, 
specialization, and alignment with national health priorities.121–123 Although many institutions concentrate on the 
foundations of engineering, they do not offer advanced laboratory access, organized clinical experience, or expertise 
in high-impact sectors such as medical imaging, biomaterials, or digital health. The substantial variations in national 
policy and regulatory frameworks have an impact on medical device approval processes and professional 
certification.124,125 By identifying structural gaps, understudied topics, and chances for curricular reform and strategic 
investment, mapping goes beyond descriptive statistics. A combined bibliometric and systematic approach provides an 
evidence-based means of evaluating:

● Research productivity trends and growth patterns126–135

● Thematic focus areas and emerging technologies136–138

● Institutional and regional research distribution136–139

● Collaboration networks and interdisciplinarity136–139

● Alignment between research output and regional healthcare priorities136–139

Scope and Objectives of the Review
This research aims to map biomedical engineering research and education in Sub-Saharan Africa using a combination of 
bibliometric and systematic analytics. This study adds systematic evidence to support long-term healthcare innovation 
planning in SSA, research prioritization, capacity-building tactics, and curriculum creation by offering a thorough 
regional assessment.
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It aims to:

● Quantify the growth and distribution of BME research across SSA.
● Identify dominant and emerging research themes and technologies.
● Analyze institutional productivity and collaboration networks.
● Examine alignment between educational programs, research output, and regional healthcare needs.
● Emphasize strategic paths for policy development, innovative ecosystems, and BME capacity enhancement.

Methodology of the Bibliometric Assessment
Databases and Search Strategy
Three key databases Scopus, Web of Science (WoS Core Collection) and PubMed were used to carry out a structured 
bibliometric analysis of Biomedical Engineering (BME) research in Sub-Saharan Africa (SSA). The reason behind the 
selection of these databases is that they are widely covered in terms of peer-reviewed engineering, medical and 
interdisciplinary research.

The search method was a combination of controlled vocabulary and free-text terms with Boolean operators (AND, 
OR). The main disciplinary terms were:

Bioengineering OR Biomedical Engineering OR Medical Engineering OR Healthcare Technology or Clinical 
Engineering or Tissue Engineering. These were joined with geographical identifiers such as: Sub-Saharan Africa OR 
country names of the SSA countries.

The search was narrowed down to 2000 to 2025 because of the modern trends. To ensure inclusion of peer-reviewed 
journal articles, review papers, conference proceedings, and book chapters only were considered. News articles, letters, 
commentary articles and editorials were omitted. The original dataset had 154, 981 records before the screening and 
refinement.

Inclusion-Exclusion Criteria
To ensure relevance and geographic specificity, studies were included if they:

● Focused on BME subfields (eg., medical devices, biomaterials, clinical engineering, health technologies, biomedical 
education).

● Had at least one author affiliated with an SSA institution or explicitly addressed healthcare or technological 
challenges within SSA.

● Were published in English within the defined study period.

Studies were excluded if they:

● Lacked an engineering component (purely biological or clinical without technological integration),
● Were non-research publications (editorials, letters, commentaries),
● Contained incomplete bibliographic data,
● Were not indexed in the selected databases.

This screening ensured a geographically and thematically focused dataset representative of BME research and educa
tional trends in SSA.

Bibliometric Indicators and Analytical Tools
This study adds organized evidence to support long-term healthcare innovation planning in SSA, research prioritization, 
capacity-building tactics, and curriculum creation by offering a thorough regional assessment.
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Performance Indicators:
I. Annual publication growth trends
II. Total publications and institutional productivity
III. Country contributions
IV. Total citations, average citations per paper
V. h-index
Science Mapping Indicators:
I. Co-authorship networks (institutional and international collaboration)
II. Co-citation networks
III. Keyword co-occurrence analysis
IV. Thematic clustering and evolution
V. Burst detection to identify emerging research frontiers
Three specialized tools were used:
I. CiteSpace for identifying citation bursts, intellectual turning points, and research frontiers.
II. Bibliometrix (R package) for quantitative performance analysis and thematic evolution.
III. VOSviewer for visualizing co-authorship, co-citation, and keyword networks.

Integration of Bibliometric and Systematic Review Approaches
As the bibliometric analysis gives a quantitative measure of the trends of publications, citation impact, collaboration 
networks and thematic development, the systematic review element offers the qualitative insight and contextual inter
pretation. Namely, evidence regarding the structure of the curriculum, policy frameworks, implementation issues, 
regulatory contexts, and innovation systems are systematically reviewed in SSA. In contrast to bibliometric techniques 
where trends and research interests are discovered, the systematic review analyzes the material, applicability and 
usefulness of chosen studies. It is the combination of these two approaches that thus make it possible to evaluate 
more thoroughly- a structural mapping of the scientific production and a contextual evaluation of the developmental 
processes of education and healthcare innovation possibilities in the area.

Limitations
There are a few methodological issues with this study. First, research published in local or non-indexed African 
publications may be underrepresented because the bibliometric study was limited to Scopus, Web of Science, and 
PubMed. Second, there may have been linguistic prejudice because only English-language publications were considered. 
Third, older publications and internationally collaborative work may be favoured by bibliometric metrics like citation 
counts and h-index, undervaluing new or regionally focused research.

Additionally, keyword-based search strategies may not capture all relevant interdisciplinary studies, particularly those 
not explicitly labelled under “biomedical engineering.” Variations in institutional naming conventions and incomplete 
metadata may also influence affiliation-based analysis. While the systematic review provides qualitative insights, 
interpretation of thematic content may involve some degree of subjectivity despite the use of predefined inclusion 
criteria. These limitations should be considered when interpreting the findings and their implications for regional policy 
and strategic planning.

Research Output Trends in BME in SSA
Annual Publication Trends
Web of Science, Scopus, and PubMed was searched thoroughly for papers from 2000 to 2025 using the key phrases 
“BME” and its synonyms in SSA. For analysis, bibliometric data such as titles, authors, journals, abstracts, and 
references were exported in CSV and RIS formats. Beaudry and Mouton140 agree that over the past 20 years, BME 
research in SSA has continuously increased, according to annual publication patterns. Due to limited institutional 
capability, inadequate research funding, and emerging BME programs, early contributions were restricted. 
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Nonetheless, the creation of postgraduate programs, research teams, and BME departments progressively increased 
academic production. Multidisciplinary research in digital health, point-of-care diagnostics, biomaterials, and custom 
medical device creation has been a major driver of recent growth. Increased international cooperation, better funding, and 
improved research infrastructure have all contributed to this expansion. The increasing publishing trends show a growing 
regional commitment to using BME to address local healthcare issues as well as a developing research ecosystem.

Contribution by Different Categories for BME Globally
A search on Scopus for “BME practiced worldwide” turned 131,771 publications, illustrating the interdisciplinary and 
rapidly growing subject of BME. Figures 2–8, which display the distribution of these publications by year, authorship, 
sources, countries, document types, subject areas, and funding sponsors, provide a comprehensive picture of worldwide 
research activity. The high citation counts of these works attest to their important contributions to scientific advancement, 
influence on healthcare policy, and support of sustainability and global health goals. Citation performance demonstrates 
the applicability and significance of BME developments as a measure of the calibre and significance of research.141 This 
strong scholarly engagement, which has attracted continued interest from scholars, decision-makers, and commercial 
stakeholders, further demonstrates the field’s global relevance.

Figure 2 Document by year for BME.

Figure 3 Distribution of Documents by Authors in Global BME Practice.
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Figure 4 Document per year per source.

Figure 5 Document by Countries.

Figure 6 Document by type.
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The annual publishing trends in BME research show notable shifts over time from Figure 2. The steady rise in output 
between 2000 and 2007 demonstrates the early development of modern BME and the increasing recognition of its 
significance in healthcare innovation, particularly in biomaterials, medical devices, and diagnostic technologies. The 
COVID-19 pandemic caused disruptions to international collaboration, laboratory access, and research funding, which 

Figure 7 Document by subject Area.
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Figure 8 Document by funding sponsors.
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led to a sharp decline in publication output after 2019.142 Despite this setback, BME research recovered and peaked in 
2025. As seen by recent growth, the industry has swiftly adopted cutting-edge technology such as artificial intelligence 
(AI), machine learning (ML), artificial neural networks (ANNs), and data-driven healthcare solutions.

Figure 4 shows that the number of authors per document rarely surpasses 200, regardless of the substantial volume of 
publications overall. This pattern reflects the highly technical and specialized nature of BME research, where dogged 
proficiency is imperative, in contrast to several other scientific disciplines with big, concerted teams. Despite the 
moderate team size, these specialist teams’ high research productivity contributes to large production.

Geographically, the United States leads the globe in BME research production, closely followed by China, thanks to 
its well-established departments, robust research infrastructure, and steady financing. Growing investments in healthcare 
technology and technical education are making India a major contributor. Nonetheless, BME research production remains 
low in Argentina, Brazil, and African countries, highlighting the urgent need for funding, capacity building, and the 
establishment of specialized BME programs. Supporting local research ecosystems would allow for context-specific 
solutions to regional healthcare problems in addition to improving global fairness.143

As seen in Figure 6, the most prominent documents in this field of study are “conference papers,” “articles,” and 
“book chapters.”

The study of prosthesis design, biomaterials, medical devices, and implant technologies, which rely on a solid 
engineering basis and collaboration with the computer science endeavour, is visible in a large portion of literature on 
BME, which is applicable to the field of engineering, such as chemical engineering, materials science, and general 
engineering (Figure 7). The highly multidisciplinary nature of BME, in which the different disciplinary perceptions come 
together to promote healthcare innovation, is further illuminated by the input of non-engineering disciplines, including 
life sciences, medicine, physics, and social sciences.

Funding patterns according to which most of financial aid is provided by China and the United States (Figure 8) 
indicate the importance of regular investment in the further development of high-impact biomedical research. Advanced 
infrastructure, interdisciplinary cooperation, and research continuity are made possible by strong funding.144 BME is 
a convergent field that integrates knowledge, methods, and resources from other disciplines to address complex 
healthcare concerns, as further demonstrated by the multidisciplinary linkages shown in Figure 9. Figure 9 displays 

Figure 9 Co-occurrence of keywords linked to BME.
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the co-occurrence of terms because of the search. The keywords’ co-occurrence suggests that this specific research issue 
is broad and spans multiple fields, especially given its significance to the continent and the entire world.

Contribution by Different Categories for BME in SSA (Scopus)
SSA’s BME research output shows notable geographical differences as well as new areas of interest.145 With South 
Africa, Nigeria, Kenya, Uganda, and Zambia producing most publications, productivity is concentrated in a small 
number of nations (Figure 10). Due to its robust institutions, specialized laboratories, well-developed research infra
structure, steady funding for science, technology, and health research, and deep integration into international research 
networks all of which improve output and international visibility South Africa leads by a significant margin.

BME research in SSA is concentrated in a few important countries, with South Africa, Nigeria, and Kenya generating 
most publications, due to growing universities, increasing postgraduate enrolment in engineering programs, and more 
donor-supported activities, this aligns with the findings of Agbeyangi & Lukose.146 The examples of the emerging 
contributors are Ethiopia, Tanzania, Cameroon, and Chad, which illustrate the results of regional efforts, capacity- 
building initiatives, and more readily available access to foreign investment (Figure 10). Even with such developments 
total regional cooperation remains low as compared to world leaders such as the US and the UK, highlighting continued 
problems with finance, laboratory facilities, skilled workforce, and industry-academia engagement. To enhance cross- 
border collaboration, research facilities, and training, regional plans need to be synchronized.

The outcome of research is highly influenced by funding. Tropical Health and Education Trust (THET) are the most 
common sponsors (Figure 11) with regular investment in health research and health capacity building. The United States 

Figure 10 Document by Country.
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and the United Kingdom continue to be the most leading sources of funding globally and they offer access to state of the 
art facilities, interdisciplinary skills as well as international networks that elevate the level, scope and publicity of 
research. Personal researcher leadership, as indicated by Pecchia (Figures 12 and 13) highlights the significance of 
ongoing academic participation, although institutional affiliation has less predictive value of influencing research, 
demonstrating BME research as having a network basis. BME study in the region is greatly multidisciplinary. 
Engineering dominates the fields particularly in energy systems, medical devices, biomaterials, and prosthetics. 
Healthcare innovation, workforce development, policymaking, and technology management are supported by intersec
tions with life sciences, medicine, and computer science. In line with worldwide trends in diagnostics and intelligent 
healthcare devices, thematic and chronological analyses (Figures 14–16) show a growing integration of emerging 
technologies, such as artificial intelligence, machine learning, and data-driven medical solutions. International partner
ships have greatly improved research quality, exposure, and methodological rigor, especially with the US, UK, Australia, 
and India (Figures 17–24).

Education remains a key component of the BME ecology. Links between biomedical education, BME programs, and 
tissue engineering training encourage long-term growth in research, innovation, and healthcare application throughout 
SSA.147

Figure 12 Document by Authors.

Figure 13 Document by funding.
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Figure 14 BME in SSA.

Figure 15 Document by year.

Figure 16 Document by type.
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Figure 17 Document by country.

Figure 18 Document by affiliation.

Figure 19 Document by funding sponsor.
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Web of Science Account of BME Document by Different Categories
Upon initially searching the Web of Science (WOS) database with the term “BME,” 34,899 entries were found. The 
search results of WOS are narrowly matched as the search strategy is focused, whereas Scopus uses synonyms and other 
related words automatically. The search was then furthered to 477,725 records of the WOS Core Collection to be able to 
cover more relevant keywords and phrases. This expanded dataset reflects the complexity and the variety of BME which 
incorporates biotechnology, biomaterials, medical devices, bioinformatics, clinical engineering, and healthcare systems. 
The results show the importance of paying close attention to the specificity versus breadth of bibliometric searches: 
although larger queries are needed to fully capture research activity in a rapidly emerging and interdisciplinary field, 
narrower searches increase accuracy (Figure 25).

BME in Africa
Only two papers were discovered when the keyword “BME” was only typed in the Web of Science Core Collection, 
demonstrating the database’s dependence on exact search terms rather than assumed subject expansion. A more thorough 

Figure 20 Document by subject area.

Figure 21 Document by Author.
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dataset with 182,304 records was generated by inserting extra applicable keywords. This large upsurge highlights the 
value of cautiously choosing and merging keywords in bibliometric analyses. It also exhibits the scope and cross 
disciplinary nature of BME research, which embraces a wide range of subjects and may be understated by overly limited 
or unstructured search strategies.

Figure 22 BME Education in Africa Based on Scopus Data.

Figure 23 BME Education in SSA Based on Scopus Data.
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Figure 24 Link among education, BME and other subdivisions.

Figure 25 BME search.
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There are very different citation patterns in the BME literature due to a small number of works with disproportionately high 
citations (Figure 26). The direction of research and regional health goals have been impacted by these widely referenced articles, 
which are frequently on basic subjects like BME, biotechnology, and policy-relevant studies on healthcare, capacity building, 
and innovation in SSA.148 As theoretical frameworks, methodological guidelines, or empirical evidence that other researchers 
commonly utilize, their citation intensity demonstrates their intellectual importance. High citation counts also show how 
important this research is to politicians, medical professionals, and other stakeholders looking for evidence-based solutions for 
urgent biomedical and public health issues. Using terms like “health technology education,” “Africa,” “Sub-Saharan Africa,” 
and “medical engineering,” an extensive bibliometric search centred on BME education yielded 396,054 documents from the 
Web of Science Core Collection (Figure 27). The vast expansion of biomedical and health technology education in SSA is 
reflected in this wide and multidisciplinary body of work, which covers engineering, medical sciences, pedagogy, policy, and 
capacity building. To adequately capture the range of scholarly output in biological education and training, these findings 
emphasize the significance of well-crafted keyword combinations. Only 20,000 of the 131,623 papers that were obtained from 
Scopus could be exported in RIS format for additional analysis because of Scopus export restrictions. Figure 28 displays 
bibliometric maps and visualizations of these entries created by VOSviewer. The organization and focus of the area are revealed 
by these visualizations, which highlight the relationships, structure, and thematic distribution of research in BME education.

Results of Bibliometric Data Extraction and Network Visualization
The PubMed search on the topic BME in the period between 2000 and 2025 returned 370,601 results, which proves that 
it is a multidisciplinary sphere. The automatic addition of relevant terms in PubMed allowed a huge amount of data, 
however, it can be exported in a 10,000 filler. The data were organized by Zotero and were exported in the RIS file to be 
analyzed by bibliometrics, and the four targeted subject areas were worldwide BME, BME in Africa, BME education in 
Africa, and BME education in SSA. A network and co-occurrence analysis with VOSviewer show thematic groups, 
relationships and intellectual organizations (Figures 29–32) stronger conceptual or citation relationships are also marked 
by physical proximity.

The search only found two articles as the SSA was used, but when Africa was searched in general, 2,333 articles were 
found; 435 records were found in BME education in Africa, and 102 in SSA. This paucity underscores such long- 
standing problems as bad funding, ragged institutional structures, lack of postgraduate training, and indexing of regional 

Figure 26 Source title Citation and average citation per year.

Advances in Medical Education and Practice 2026:17                                                                         https://doi.org/10.2147/AMEP.S591352                                                                                                                                                                                                                                                                                                                                                                                                      17

Dirisu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



research. The low visibility of work in the regions negatively affects evidence-based policymaking, contributing to the 
need to be more dependent on foreign technologies and prevent the translation of biological progress into healthcare.143

The findings confirm that shared policy actions are immediately needed to expand research capacity, standardize 
BME education, and foster regional and global cooperation. The strategic investments to enhance the competitiveness of 
industries and free movement of labour should encompass specialized finance, centres of excellence equipped with state- 
of-the art laboratories and prototyping units, regulatory support, and standardized education.149 Making more visible, 

Figure 27 BME in Africa with added keywords.

Figure 28 BME education and added keywords.
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more productive and creative research can be done by fostering international and intra-African partnerships via co- 
supervised postgraduate research, mobility, and joint funding. Scholars, business, and health care institutions should work 
together to transform research into locally produced medical innovations, reduce dependency on imported goods, and 

Figure 29 BME globally.

Figure 30 BME in Africa.
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enhance healthcare delivery. Such actions are essential for establishing sustainable innovation ecosystems and presenting 
SSA as an active participant in international BME research.

Thematic Research Areas in BME Within the SSA Region
A broad but uneven distribution of research interests influenced by regional healthcare demands and infrastructure 
constraints is revealed by a thematic analysis of BME research in SSA. Biomedical signal and image processing, medical 
equipment, biomaterials and prostheses, healthcare systems, and clinical engineering are some of the leading fields. The 
pressing need for resource-sensitive, context-appropriate healthcare solutions is the main driving force behind these 
sectors. New research directions are rapidly being influenced by emerging technologies like machine learning, artificial 
intelligence, and data-driven healthcare. Despite being less organized, digital health, telemedicine, and mobile health 
have grown quickly, reflecting issues with workforce, access, and geography.

Disability and post-trauma care are addressed under resource restrictions through research in assistive technology and 
rehabilitation engineering, such as inexpensive prostheses and orthotic devices. However, high-tech fields such as 
bioinformatics, tissue engineering, robotics, and smart prosthetics remain ignored due to poor financing, insufficient 
lab facilities, and dearth of crossdisciplinary partnership. There is also a dearth of research on policy and education, with 
professional practice, accreditation, and curriculum creation. This suggests a mismatch between academic training, 
industry demands, and healthcare priorities. There are still plenty of chances to go into high-impact, technology-intensive 
fields even with the heavy focus on applied, problem-driven innovation. To close theme gaps, promote BME research and 

Figure 31 BME Education in Africa Based on PubMed Data.
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education, and enhance healthcare outcomes in the area, targeted funding, capacity building, and supporting policies are 
crucial (Figure 33).

The distribution and connections of BME research in SSA are highlighted in the thematic map, which also identifies 
gaps and strengths. Biomaterials and prosthetics, biomedical signal and image processing, medical devices, healthcare 
systems, and clinical engineering are examples of prominent clusters that concentrate on applied and need-driven 
research. AI, machine learning, digital health, telemedicine, and mobile health technologies are gradually being 
integrated into emerging clusters.150 On the other hand, policy and educational research including professional practice, 
curriculum development, and BME training is hardly represented, and advanced subjects like robotics, bioinformatics, 
tissue engineering, and intelligent prosthetic systems are still developing.

Accessibility, affordability, and contextual fit are given top priority in medical device and assistive technology 
research, which focuses on low-cost diagnostic, rehabilitative, prosthetic, and orthotic solutions. These inventions are 
loosely connected to intelligent, AI-enabled systems, even though they serve local needs relating to trauma, handicap, 
and resource constraints. The creation of prosthetics and medical devices is aided by biomaterials research, but tissue 
engineering and regenerative therapies are underrepresented because of multidisciplinary, budgetary, and infrastructure 
limitations. Additive manufacturing, biofabrication, and regenerative technologies present opportunities to grow these 
fields.

Cost-effective diagnostic tools and signal processing for radiology, cardiology, and point-of-care applications are the main 
topics of bioinstrumentation and imaging research. Nevertheless, there are still few links to multimodal imaging, wearable 
sensors, and AI-based picture analysis. Similar to this, biomechanics and rehabilitation engineering deal with low-cost 
rehabilitation devices, musculoskeletal modeling, and gait analysis; nevertheless, robotics-assisted therapy, predictive 
modeling, and AI-based motion tracking are understudied. With a focus on data-driven healthcare, remote monitoring, and 
decision support systems, BME and IT research prioritizes telemedicine, digital health, and AI-enabled care. Implementation 

Figure 32 BME education in SSA.
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is hampered by inadequate infrastructure, a lack of finance, and skills vacuum despite growing expansion. Wearable sensors, 
nanomedicine, lab-on-a-chip technologies, smart implants, and nanoscale drug delivery systems are examples of high-impact 
but underrepresented fields. These developments have the potential to revolutionize healthcare delivery, remote monitoring, 
and tailored medication, but they also call for skill development, interdisciplinary cooperation, and strategic investment. With 
significant opportunities in high-tech, data-driven, and transdisciplinary research sectors that might satisfy regional healthcare 
needs, the theme analysis reveals a highly applied, problem-driven, but unevenly developed BME environment in SSA.151

Figure 33 Thematic Research Areas in BME.
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BME Education and Curriculum Landscape
Overview of BME Academic Programs in SSA
The experience of SSA over the last 20 years suggests that there has been a consistent increase in the number of BME 
courses in the region that may be attributed to the growing awareness of the importance of the field in enhancing 
healthcare and advancing local innovation.152,153 Undergraduate courses in BME or other related programs such as 
medical or clinical engineering are now offered as well as advanced courses such as master and doctoral courses focusing 
on medical devices, biomaterials and health care technology management. The diverse nature of the industry makes it 
extremely important that programs specifically identify potential career paths and areas of concentration in which the 
graduate can work. Nevertheless, many programs are hampered by the lack of finance, and this results in a lack of 
experience in staff, lack of laboratory equipment and a lack of curriculum.

Other formal BME education programs have been instituted in several countries such as South Africa, Nigeria, 
Kenya, and Ghana. Such courses usually blend basic engineering knowledge with biological and medical sciences. 
Working with clinical facilities, laboratory activity and practical and project-based learning are often mentioned. 
Nevertheless, these developments do not mean that there are no significant disparities between schools in duration of 
programs, curriculum content, certification procedures, and research incorporation, which points out variations in 
funding, academic capability, and resource. Lack of proper funding of research and innovation, outdated infrastructure, 
ineffective collaboration between industries and universities, and unskilled employees further hinder development.

Some of the emerging technologies that tend to be underrepresented in the curriculum are wearable technology, 
digital health platforms, and AI-enabled systems. This would graduate graduates ill equipped to take up the latest BME 
jobs. However, there is some local effort at developing a qualified manpower that can generate low-cost prosthetics, 
rehabilitation equipment, and a long-lasting medical machinery. To add capacity to BME, improve graduate skills and 
promote locally relevant innovation in health care, it would be required to strengthen educational programs by adding 
funding, developing international partnerships, training the faculty and revising curricula.

Figure 34 shows the geographic distribution and development of BME programs in SSA, providing crucial informa
tion about the current state of education in the area. BME initiatives are concentrated in a small number of countries, 
particularly South Africa, Ghana, Nigeria, and Kenya. The most well-established programs, which often offer both 
undergraduate and graduate degrees, are found in these countries. Due to the higher investments in infrastructures and 
research capacities as well as faculty availability, these countries are regional centre of education in BME. Nonetheless, 
the majority of other SSA countries (marked with light grey) have limited or no official BME programs.

Figure 34 Distribution of BME academic programs in SSA.
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Inequality in access to specialized engineering training exists globally, which is a sign of more severe issues including 
lack of funding, shortage of skilled workforce, and the lack of institutional readiness to undertake BME curriculum. The 
expansion of the program is region-based; the transition of the program to master and doctoral degree programs is 
expressed by darker orange and red colours. The absence of post-graduate education funding also limits the opportunities 
to conduct research, advance knowledge, and become innovative.

In Southern and West Africa BME education is common compared to Central and some parts of East Africa because 
of the prospects of economic development, government policies, financing of higher education and foreign academic 
engagement. The map emphasizes the need to allocate funds to specific areas, to work together as a region, and to 
develop capacity to spread knowledge of BME education across SSA. It also outlines the prospects of initiating or 
expanding projects in developing countries, which may be critical in solving the problems faced by the region in terms of 
healthcare and the advancement of medical equipment, prostheses, diagnostics, and healthcare technologies. In general, 
the graph shows the existence of both systematic gaps and significant potential of development and fair promotion of 
BME education across the region.

Curriculum Structure and Comparison with Global Benchmarks
Most BME programs in SSA employ integrated curricula that incorporate foundational engineering sciences with 
biological and medical training. Essential subjects typically include mathematics, physics, programming, circuits, 
mechanics, materials science, anatomy, physiology, and preliminary BME topics. Many programs also comprise 
industrial training or capstone projects to offer partial practical experience.

Compared with globally benchmarked curricula affiliated with ABET, EUR-ACE, and foremost BME programs in 
North America, Europe, and Asia, considerable variations persist. International programs combine biology and engineer
ing design beforehand, offer massive laboratory and prototyping experiences, highlight clinical immersion, and uphold 
strong industry engagement. Contrariwise, many SSA programs remain centred on traditional engineering content, with 
limited biomedical laboratory access, medical device prototyping, and structured clinical exposure.

Globally accredited curricula progressively accentuate crossdisciplinarity and evolving areas such as biomedical 
imaging, biomaterials, biomechanics and rehabilitation engineering, tissue engineering, bioinstrumentation, artificial 
intelligence in healthcare, digital health, regulatory science, and medical device standards. While some SSA programs 
comprise elements of these topics often as electives their depth, consistency, and specialization are constrained, and 
advanced tracks or modular curricular flexibility are mainly lacking.

Affiliation with frameworks for quality assurance and accreditation is another significant difference. Outcome-based 
education with clearly specified graduate traits, such as problem-solving, ethical responsibility, teamwork, communica
tion, and lifelong learning, is commonly used in internationally certified programs. Despite the emergence of outcome- 
based approaches in SSA, their implementation is still inconsistent because of resource constraints and differences in 
country accrediting systems.

Despite these shortcomings, SSA BME initiatives demonstrate high contextual significance by emphasizing locally 
appropriate healthcare solutions, such as appropriate medical devices and technologies for contexts with low resources. 
This problem-driven approach gives SSA programs a strategic opportunity to establish a distinctive international 
reputation and supports the global precedent for socially responsive engineering education. Graduate competency, 
mobility, and global effectiveness would increase if the remaining obstacles were addressed through curriculum 
modernization, faculty development, international alliances, and cooperation with global benchmarks. A comparison of 
ABET-aligned programs with standard SSA BME curriculum is provided in Table 1.

Significant shortcomings persist even though the majority of SSA BME programs are affiliated with ABET-accredited 
core engineering science courses. These have been insufficiency of exposure to new biomedical technology, laboratory 
and prototyping facilities, inconsistency in the certification process, inadequacy of outcome-based education implemen
tation, and clinical integration. Simultaneously, the focus on the locally related, resource-adjusted healthcare solutions 
constitutes another strength of SSA programs. This contextual advantage may be exploited to enhance the quality and 
impact of programs with targeted curriculum modernization, capacity building and closer association with international 
standards of accreditation. Table 2 is framed from a policy and accreditation viewpoint to guide funding agencies, 
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Table 1 Comparative Table Contrasting Typical BME and Curricula in SSA with ABET-Aligned BME Curricula

Curriculum Dimension Typical SSA BME Curricula ABET-Aligned/Global Benchmark Curricula

Curriculum Framework Largely content-based, derived from traditional engineering 
programs with added biomedical courses

Outcome-based education (OBE) with clearly defined student 
learning outcomes and competencies

Foundational Sciences Strong emphasis on mathematics, physics, mechanics, circuits, 
and materials science

Similar strong foundation, but integrated early with biological and 
medical sciences

Biological & Medical Sciences Anatomy and physiology often introduced later and sometimes 
taught theoretically

Early and continuous integration of biology, physiology, and 
pathophysiology with engineering concepts

Laboratory Infrastructure Limited or shared laboratories; constrained access to biomedical 
instrumentation

Well-equipped, dedicated BME labs (biomaterials, 
bioinstrumentation, imaging, biomechanics)

Design & Capstone Projects Final-year project common; design constraints often limited by 
facilities

Multi-year design spine with structured capstone projects 
emphasizing real-world and clinical needs

Clinical Exposure Minimal or informal clinical interaction; limited hospital 
immersion

Structured clinical immersion, hospital rotations, and clinician-led 
problem identification

Emerging Technologies Selective or elective coverage (AI in healthcare, imaging, tissue 
engineering)

Core integration of emerging areas such as AI, digital health, 
biomaterials, and medical imaging

Industry Engagement Industrial training included but not always biomedical-specific Strong industry partnerships, internships, co-ops, and guest 
lectures from practitioners

Regulatory & Ethics Training Basic engineering ethics; limited focus on medical device 
regulations

Dedicated coursework on ethics, FDA/CE regulations, standards, 
and patient safety

Interdisciplinary Learning Limited collaboration with medical and life science faculties Strong interdisciplinary teamwork involving engineers, clinicians, 
and life scientists

Accreditation & QA National accreditation bodies; limited alignment with 
international standards

ABET-accredited with continuous assessment and improvement 
cycles

Graduate Competencies Emphasis on technical knowledge and problem-solving Balanced development of technical skills, communication, 
teamwork, ethics, and lifelong learning

Contextual Relevance Strong focus on low-cost, locally appropriate healthcare 
solutions

Increasing emphasis on global health, entrepreneurship, and 
translational research

Global Mobility Limited international recognition of qualifications High international recognition and graduate mobility

Table 2 Policy-Oriented and Accreditation Focused to Funding Support

Policy-Relevant Dimension Current Status in 
Typical SSA BME 
Programs

ABET-Aligned/Global 
Standard

Implications for Policy, Accreditation & Funding

Curriculum Philosophy Content-driven, 
discipline-based structure

Outcome-Based Education (OBE) 
with measurable competencies

Accreditation bodies should mandate OBE adoption; 
funding needed for curriculum redesign and assessment 
systems

Integration of Biology & Engineering Often sequential and 
theoretical

Early, continuous, and integrated Policy reforms needed to encourage interdisciplinary 
curriculum frameworks and joint faculty appointments

Laboratory & Teaching Infrastructure Limited, outdated, or 
shared facilities

Dedicated, modern BME 
laboratories

Capital investment required; funding agencies can 
prioritize lab infrastructure grants

Design & Innovation Training Single final-year project Multi-year design spine linked to 
clinical needs

Accreditation standards should require structured design 
progression and innovation outcomes

Clinical Exposure & Hospital Linkages Minimal, informal, or 
absent

Formal clinical immersion and 
hospital-based learning

Policies should incentivize university–teaching hospital 
partnerships

(Continued)
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accrediting bodies, and policymakers. Rather than serving only as an academic comparison, it detects important gaps, 
systemic risks, and important intervention areas needed to improve BME education in SSA and advance alignment with 
global standards.

Policymakers should prioritize consistent national and regional BME education strategies that support healthcare 
requests with industrial development, while consolidating university–hospital–industry collaboration through focused 
policy and funding mechanisms. Developing BME programs beyond current regional hubs is vital. Accreditation bodies 
should increasingly support national standards with international outcome-based frameworks such as ABET, highlighting 
noticeable proficiencies in design, clinical relevance, ethics, and regulatory alertness, and sustaining continuous devel
opment through external benchmarking.

Funding agencies and development partners should intentionally finance faculty development, postgraduate training, 
laboratory and prototyping infrastructure, and curriculum modernization that incorporates promising technologies and 
digital health. Support for pilot centres of excellence is crucial to serve as regional hubs for BME education, research, 
and innovation. While SSA BME programs show strong contextual significance, operational misalignment with global 
accreditation standards continues. Workforce preparedness, healthcare innovation, and technology independence would 
all be significantly improved by focused investment in outcome-based curriculum, infrastructure, faculty capacity, and 
clinical integration. To support accreditation evaluations, policy creation, and funding justification, Table 3 connects SSA 
BME curricula to ABET Student Outcomes (1–7).

For accreditation organizations in SSA, ABET Student Outcomes (1–7) offer a useful benchmarking framework to 
direct phased alignment, especially in enhancing design capability, clinical relevance, and continuous improvement. By 
incorporating outcome-based education into national engineering standards and providing incentives for university- 
hospital collaboration to foster the development of design, teamwork, and experimental abilities, policymakers can 
facilitate this process. The support of laboratory infrastructure, faculty training, and international collaborations that 
promote design, experimentation, ethics, and lifelong learning should be highlighted by funding agencies. By resolving 

Table 2 (Continued). 

Policy-Relevant Dimension Current Status in 
Typical SSA BME 
Programs

ABET-Aligned/Global 
Standard

Implications for Policy, Accreditation & Funding

Emerging Technologies Elective or fragmented 
coverage

Core curriculum components (AI, 
imaging, biomaterials, digital 
health)

Targeted funding needed for curriculum modernization 
and faculty upskilling

Industry & Entrepreneurship Limited biomedical 
industry engagement

Strong industry partnerships, 
startups, and tech transfer

Governments and donors should support industry-linked 
training and innovation hubs

Regulatory Science & Standards Basic ethics coverage; 
limited device regulation 
training

Dedicated courses on FDA/CE, 
ISO standards, patient safety

Accreditation frameworks should require regulatory 
competency for BME graduates

Faculty Capacity Shortage of specialized 
BME faculty

Multidisciplinary faculty with 
clinical and industry experience

Funding agencies should support staff development, 
postdoctoral training, and exchange programs

Quality Assurance & Accreditation National accreditation; 
uneven standards

Continuous improvement cycles 
under ABET or equivalent

Regional harmonization of accreditation standards is 
needed to enhance graduate mobility

Research & Postgraduate Training Limited MSc/PhD 
pathways

Strong research-led postgraduate 
pipelines

Strategic funding needed to develop doctoral training and 
research infrastructure

Graduate Employability Skills mismatch with 
biomedical sector

Industry-ready graduates with 
transferable skills

Curriculum reform directly linked to workforce and 
health-sector needs

Equity & Regional Coverage Concentration in few 
countries

Broad, balanced global 
distribution

Policy interventions needed to expand programs into 
underserved regions

Societal & Health Impact Strong focus on local 
health challenges

Increasing emphasis on 
translational and global health 
impact

SSA programs can leverage this strength for targeted 
funding and global relevance
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Table 3 Mapping of SSA BME Curricula with ABET Student Outcomes

ABET Student Outcome ABET Expectation Typical Status in SSA BME 
Programs

Identified Gap Policy/Accreditation/Funding 
Priority

(1) Problem Solving 
Apply engineering, science, and mathematics to identify and solve 
complex engineering problems

Strong analytical and 
integrative problem-solving 
skills

Strong grounding in mathematics 
and engineering fundamentals

Limited integration of biology and clinical 
constraints in problem formulation

Curriculum reform to integrate medical 
case-based problem solving

(2) Engineering Design 
Apply engineering design to produce solutions considering health, 
safety, global, cultural, social, and economic factors

Context-aware, user-centred 
design

Capstone projects present but 
often resource-constrained

Lack of multi-year design experience and 
clinical input

Funding for design studios, prototyping 
labs, and hospital-linked projects

(3) Communication 
Communicate effectively with diverse audiences

Technical and non-technical 
communication competence

Emphasis on technical reporting Limited training in clinical, regulatory, and 
stakeholder communication

Accreditation standards to require 
structured communication assessment

(4) Ethics & Professional Responsibility 
Recognize ethical responsibilities and make informed judgments

Ethical reasoning in health- 
related engineering contexts

Basic engineering ethics taught Insufficient focus on patient safety, data 
ethics, and medical regulations

Introduce dedicated biomedical ethics 
and regulatory science modules

(5) Teamwork 
Function effectively on a team providing leadership and 
collaboration

Multidisciplinary teamwork 
skills

Group projects exist but are often 
discipline-specific

Limited collaboration with medical and life 
science students

Policy support for interdisciplinary 
teaching and joint projects

(6) Experimentation & Data Analysis 
Develop and conduct experiments; analyze and interpret data

Hands-on experimental 
competence

Limited access to specialized 
biomedical labs

Insufficient experimental depth and 
modern instrumentation

Capital investment in teaching labs and 
faculty training

(7) Lifelong Learning 
Acquire and apply new knowledge using appropriate learning 
strategies

Adaptability to evolving 
technologies

Theoretical exposure to new 
topics

Weak emphasis on self-directed learning 
and emerging tools

Curriculum redesign to include project- 
based and inquiry-driven learning
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the long-standing gaps in design thinking, experimental expertise, moral accountability, and flexibility, the systematic 
compatibility with ABET objectives would promote graduate employment and accreditation readiness.

Most BME programs in SSA are accepted at the national level but not very in line with the international systems such 
as ABET, EUR-ACE, or the Washington Accord. These programs are yet to be formally accredited on different levels. 
External audit and internal quality assurance are not always effectively conducted to gauge laboratory capacity, clinical 
integration, and research participation. Some of the significant gaps in accreditation are poor laboratory and clinical 
infrastructure, insufficient interdisciplinary faculty, weak implementation of outcome-based education, limited exposure 
to international ethical and regulatory standards as well as weakly institutionalized processes of continuous improvement. 
Competency-based evaluation, focused investments in faculty and infrastructure, improved clinical relationships, regio
nal accreditation cooperation, and methodical tracking of student outcomes, employability, and research performance can 
all help close these disparities. To create globally competitive graduates, ensure the safety of medical technology 
developed in a specific area and region, focus financial resources, and build regional facilities of excellence in sustainable 
BME education and innovation in SSA, accreditation and quality assurance is required.154

Accreditation Status and Quality Assurance
The national level approval of BME programs in SSA is primarily done through engineering councils or higher education 
organizations and the programs are being at varying levels of formal accreditation.155,156 Even though national accred
itation ensures that academic standards at the lowest level are met, it often fails to align with international models that put 
greater emphasis on outcome-based learning, competency assessment, and constant enhancement like ABET, EUR-ACE, 
or Washington Accord. The number of institutions that want to get partial international recognition has been limited 
depending on the level of funds, level of regulations and development of programs.155–157

Even though they are in place, there is not always the use of internal quality assurance procedures such as program 
committees, curriculum reviews, and student feedback. In external audits of agencies conducted by the national agencies, 
laboratory capacity, clinical integration, research capabilities, and interdisciplinary collaboration is not always adequately 
evaluated. Some of the key drawbacks include limited practice training, absence of interdisciplinary faculty, absence of 
exposure to global ethical and regulatory standards, and insufficient adoption of outcome-based education in accordance 
with ABET student outcomes. Such inadequacies restrict the employability, global comparability and mobility of 
graduates. Besides being in accordance with global standards, the possibilities of improving accreditation are specialized 
investment in clinical and laboratory centre, faculty, and clinical collaboration. Applicability of the programs and 
transparency could be enhanced through establishment of quantifiable student outcomes, competency-based assessment, 
strict monitoring of graduate performance and research publications. Regional cooperation and global alliances are also 
useful in the process of benchmarking resources sharing and quality alignment. Enhanced accreditation and quality 
assurance are the key to improving graduate competency, ensuring the safety of medical technology developed locally, 
developing regional centres of excellence, and enhancing the competitiveness of SSA on the global BME market.158,159

Industry–Academia Linkage in Curriculum Development
For SSA BME programs to address changing healthcare requirements, developing technology, and labour demands, 
strong industry-academia ties are crucial.160 There are not many partnerships now, and most of the courses are still 
academic and provide little exposure to biomedical problems, clinical procedures, or device development. As a result, 
graduates are technically capable but unprepared for positions driven by the industry. By recognizing new skills, 
technological trends, and regulatory requirements, industry advisory committees can provide guidance for curriculum 
design. Structured internships, co-ops, and capstone projects with hospitals, research facilities, and biomedical corpora
tions are ways to obtain real-world experience. To promote applied interdisciplinary learning, teachers and industry 
professionals can collaborate in workshops to jointly build modules in digital health, medical imaging, regulatory 
compliance, and biomedical data analytics.

These partnerships facilitate the transfer of knowledge: industry gains from competent graduates and research results, 
while universities gain access to industrial knowledge and equipment. These collaborations can be further strengthened 
by supportive policies, such as targeted funding, tax breaks, and acknowledgment of industry mentorship. Graduates who 
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participate in these partnerships gain useful skills, regulatory knowledge, and creative abilities that are in line with both 
local healthcare requirements and international norms, supporting the development of a sustainable biomedical technol
ogy ecosystem in SSA.160,161

Identified Gaps in Research, Training and Infrastructure
Research Output Gaps vs Health Priorities in the SSA Region
Although BME research in SSA is expanding, it is still insufficient to address important healthcare issues. Bibliometric 
analyses reveal deficits in addressing infectious illnesses, maternity and child health, low-cost diagnostics, assistive 
technology, and healthcare delivery in locations with limited resources, despite an increase in publications on biomater
ials, medical devices, and digital health.162,163 Context-relevant research is hampered by structural constraints in clinical 
and laboratory infrastructure, a lack of professors, and insufficient financing.

There is a gap between findings and workable remedies since many initiatives place more emphasis on international 
cooperation or academic measures than on local health needs. Translation into workable prototypes and inventions is 
further hampered by poor industry-academia collaborations and little technology transfer. The emphasis on postgraduate 
and doctoral programs in a small number of institutions also hinders long-term innovation. To increase societal impact, 
advance SDG, and strengthen sustainable healthcare systems throughout SSA, strategic investments in applied research 
infrastructure, capacity building, industry engagement, and technology transfer are essential, as is alignment with 
national and regional health priorities.164

Skills and Curriculum Gaps
Although basic curricula in SSA BME programs have improved, deficiencies in skills and curriculum design continue to 
hinder graduate preparation for regional and international biological responsibilities.165,166 While integration of biologi
cal sciences, clinical practice, and multidisciplinary problem-solving is frequently minimal, many schools emphasize 
classic engineering courses like mathematics, physics, mechanics, and materials science. As a result, graduates possess 
excellent analytical abilities but lack practical experience in clinical procedures, patient care, medical device develop
ment, and laboratory experimentation.

Wearable sensors, digital health platforms, medical imaging, telemedicine, regenerative medicine, and AI-driven 
solutions are examples of emerging healthcare technology that are not always integrated. Some schools provide electives, 
but they sometimes do not cover enough ground, leaving graduates unprepared for cutting-edge biological advancements. 
Gaps in lifelong learning, design thinking, regulatory compliance, ethical reasoning, and interdisciplinary teamwork are 
caused by inconsistent use of outcome-based frameworks that are in line with international standards (such as ABET 
Student Outcomes).

Employability is further hampered by limited clinical experience, business collaborations, and entrepreneurial 
training. SSA BME graduates will be equipped with the technical, clinical, and creative skills necessary to address 
local healthcare issues and make a global impact through the integration of contemporary technologies, organized lab and 
clinical skills, and clear outcome-based objectives, as well as faculty development and industry collaboration.167

Limited Laboratory, Prototyping and Testing Facilities
Inadequate, well-equipped testing, prototyping, and laboratory facilities are a key obstacle in SSA BME education.168 

The infrastructure for biomaterials, bioinstrumentation, biomechanics, medical imaging, and tissue engineering is limited 
in most institutions, which limits students’ ability to develop practical skills and engage in hands-on learning. Students’ 
ability to convert ideas like wearable sensors, medical devices, or diagnostic tools into workable solutions is hampered by 
outdated or shared facilities, which further limit experimentation, prototype creation, and exposure to contemporary 
biomedical technologies.

The lack of clinical trial sites and hospital-based laboratories further limits experiential learning in patient safety, 
device usability, regulatory compliance, and clinical processes. These deficiencies lower research productivity, graduation 
quality, and industry and healthcare workforce preparedness. Strategic investments in cutting-edge lab and prototyping 
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technology, academic capacity building, and solid industry collaborations are all necessary to close these gaps. Increased 
access to contemporary facilities would encourage creativity, improve hands-on learning, and strengthen the calibre, 
applicability, and competitiveness of SSA BME programs throughout the region.169

Underfunding and Low Commercialization Capacity
The lack of funding and commercialization opportunities for BME programs in SSA has a detrimental impact on research 
output and teaching quality. Insufficient funding makes it difficult to set up labs, buy cutting-edge equipment, and hire 
and train staff, which limits opportunities for hands-on learning in device testing, design, and evaluation. The transfor
mation of research findings and prototypes into useful medical equipment, diagnostics, or healthcare solutions is further 
restricted by inadequate channels for technology transfer, intellectual property management, and industry participation, 
leaving many inventions limited to academic settings.170 Governments and development partners must make targeted 
investments in infrastructure, funds for research, and human resources to address these issues. Research may be 
transformed into commercially viable products more quickly by establishing innovation hubs, fortifying university- 
industry ties, and setting up efficient technology transfer offices.170 These measures would boost local healthcare 
systems, expand access to capital and commercialization opportunities, improve graduate employability, promote 
contextually applicable medical innovations, and increase the practical impact of BME programs across SSA.

Regulatory and Policy Limitations
Regulations and guidelines have a big impact on what can be taught and learned in biology, medicine, and BME. 
Students’ comprehension of compliance, safety, and ethical obligations is hampered by SSA’s disjointed, inconsistent, or 
poorly implemented policies on medical device development, clinical testing, and technology approval. The integration 
of biomedical, medical, and engineering skills is further hampered by inadequate institutional support for curriculum 
creation, funding, and university-industry collaboration. Many governments and academic institutions fail to match their 
programs with business demands or public health concerns, which leads to fragmented curriculum, unequal funding for 
research, and a lack of incentives for innovation or technology transfer.170,171 Regional variations in licensing, quality 
assurance, and approval procedures hinder the implementation of global best practices, including as outcome-based 
education and hospital-based experiential learning, as well as collaboration, benchmarking, and workforce mobility. 
Clear, enforced standards for medical equipment, focused funding for research and innovation, and universal accrediting 
processes for biomedical and medical programs are all necessary to close these disparities. Governments, academic 
institutions, and industry associates must work mutually to expand omission, update curricula, and further joint 
innovation. Patient safety, biomedical innovation, educational quality, and program alignment with national healthcare 
regulations and international standards will all advance with better regulatory and policy frameworks.172

Opportunities for Growth and Strategic Development
Strengthening Regional Centres of Excellence
Strategic local hubs can significantly enhance BME education, research, and innovation in SSA by pooling expertise, 
resources, and facilities at key institutions.173 These hubs reduce the unequal distribution of BME programs in the area 
by acting as hubs for state-of-the-art training, interdisciplinary collaboration, and excellent research. By pooling their 
resources, they provide access to state-of-the-art labs, clinical cooperation areas, and prototype facilities that could be 
challenging for individual universities to maintain. Targeted investments in graduate programs, lab equipment, technol
ogy transfer, faculty development, and scholarships are crucial for optimum impact. Hubs can foster business-academia 
collaboration, offer training tailored to regional healthcare needs, and encourage innovation in medical equipment and 
digital health.

Additionally, they facilitate curriculum harmonization, cross-institutional collaboration, and benchmarking interna
tional standards to enhance the quality, applicability, and global competitiveness of BME education. By promoting 
research networks, student mobility, and shared infrastructure, local hubs can address educational gaps, boost capacity, 
and accelerate the translation of results into practical healthcare solutions throughout SSA.173,174
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Curriculum Modernization Towards Industry-Ready Skills
To give graduates integrated knowledge and practical abilities for contemporary healthcare, SSA’s BME curricula must 
be upgraded. Conventional schools emphasize engineering, math, and the fundamental sciences, but they often provide 
students with minimal exposure to clinical practice, the living sciences, and cutting-edge technologies, making them 
theoretically strong but practically unprepared.175,176 Modern courses should address topics including digital health, 
biomedical imaging, tissue engineering, medical device development, regulatory compliance, and entrepreneurship. 
Outcome-based learning ensures measurable abilities in moral decision-making, teamwork, communication, and project 
management. Practical experience that links theory to real-world application is provided by clinical rotations, internships, 
capstone projects, and industrial collaborations. Program relevance is increased and creativity is fostered through 
ongoing curriculum modifications that consider technological advancements, regulatory changes, and changing health
care demands in conjunction with partnerships with hospitals, research institutes, and enterprises.176,177 In addition to 
producing graduates who are technically proficient, adaptable, and capable of managing local and international healthcare 
issues, these reforms help the region establish a sustainable biomedical technology ecosystem.

Leveraging Additive Manufacturing, AI, and Low-Cost Medical Device Innovation
SSA is still plagued by health problems, including a lack of medical supplies, a dependence on expensive foreign 
technologies, and a lack of capability for local production. BME schools may reduce these gaps by integrating affordable 
medical device design, artificial intelligence, and 3D printing into research, teaching, and prototyping. 3D printing 
reduces dependency on imports by enabling the rapid and local production of lab equipment, surgical models, prosthetics, 
and diagnostic instruments.178 AI enables improved diagnosis, predictive care, individualized treatment planning, and 
remote patient monitoring, especially in areas with limited resources. Students gain the practical skills required to 
develop safe, affordable, and context-appropriate medical solutions by incorporating these technologies into their 
curriculum. Collaboration with businesses, governmental organizations, and healthcare facilities enhances innovation, 
usability, and compliance even more. In general, AI, 3D printing, and low-cost device development into SSA BME 
programs enhances worker readiness, healthcare delivery, and local innovation capacity.

Funding, Partnerships and Collaborative Research Networks
Sufficient funding, collaboration, and active research networks are necessary for BME to progress in SSA.179 Financial 
constraints continue to limit investments in labs, modern technology, teacher development, graduate training, and student 
experiential learning. Governments, development partners, and businesses must provide focused support in order to 
enhance infrastructure, promote applied research, and transform results into practical healthcare solutions.180 Internships, 
clinical experience, prototype possibilities, and research alignment with national health priorities are made possible by 
strategic partnerships between universities, hospitals, businesses, and governmental organizations. Cooperative local and 
international research networks enhance knowledge sharing, interdisciplinary projects, and the development of technol
ogies such as digital health solutions, low-cost medical equipment, and 3D-printed healthcare items. SSA BME programs 
may promote innovation, make research a reality, and provide graduates with the skills necessary to solve regional and 
global health issues by combining funding, cooperation, and coordinated research activities.

Public–Private Partnership Opportunities
By using corresponding means and knowledge, governments, academic institutions, and businesses can launch planned 
partnerships that could greatly progress BME in SSA. Industry contributes technological know-how, regulatory expertise, 
and innovative talent; however, governments and universities frequently face challenges related to funding, laboratory 
infrastructure, faculty development, and clinical training opportunities.181 Judiciously thought-out partnerships can fund 
internships, laboratory and prototyping resources, and curriculum development, giving students real-world, employable 
proficiencies. These group efforts also encourage invention and practical research in fields like digital health, 3D printing, 
and reasonable medical products that meet regional prerequisites. Technology transfer and commercialization are 
expedited by industry input, which assures that research and educational programs are aligned with healthcare primacies 
and market anticipations. Besides supporting skill development and augmenting resource usage, regional cooperation 
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through shared centre of excellence, standard rules, and cross-border deals speeds up the training of competent 
biomedical engineers. These partnerships can increase the calibre, pertinency, and social effect of BME education and 
research through the region by fusing government, academic, and business undertakings.182,183

Expanding BME Entrepreneurship and Commercialization Pathways
BME programs in SSA must incorporate entrepreneurship and technology transfer market into their curricula to convert 
research into practical healthcare results.184 These days, many programs place more importance on academic achieve
ment than financial literacy, which curbs students’ capability to start and manage medical technology businesses. 
Through training in financial acquirement, intellectual property supervision, regulatory compliance, and business 
expansion, graduates gain needed entrepreneurial capacities. Creating technology transfer offices in enterprises can 
help with commercialization by safeguarding inventions, boosting the creation of start-ups, and linking researchers with 
investors. Additionally, government-industry partnerships and business incubators provide firsthand medical businesses 
coaching, start-ups capital, and regulatory assistance.185–187 The local biomedical industry can profit from policies like 
tax exceptions, financial inducements, and furthered product endorsement measures. Consolidating these commercializa
tion avenues inspires the making of sensibly priced, locally made medical apparatus, minimizes dependence on imports, 
reassures regional innovation, and creates employment and economic development.

Policy Recommendations
National and Regional Policy Directions
Coherent national and regional policies are the future of BME in SSA education and innovation. To promote the 
collaboration between industry and universities, national governments need to establish BME programs that would 
not violate the needs of healthcare on the region and international standards. To translate research into practical 
solutions there must be policies that promote entrepreneurship like tax exemptions and financial incentive on the start- 
ups in BME. Several methods to facilitate cross-border cooperation, mutual resource sharing, and dissemination of 
information at a regional level can be developed: establishing innovation centre, coordinated investments in research 
and prototyping centers and unified educational standards. Such schemes aid multidisciplinary partnership, make 
certain free mobility of workforce, and step up commercialization of medical inventions. Leverage investment and 
policy will enhance health outcomes, spur innovation in technology in the long term, and build the BME workforce in 
the region.

Standardization and Harmonization of BME Curricula
The curricula of BME in SSA should be harmonized to allow the graduates to be able to work, move, and get education. 
The current diversity of curricula is explained by the availability of various institutional resources, the level of financing, 
and regulations in the country, and it is rather difficult to follow the international standards such as ABET. The integrated 
courses must include fundamental engineering, biological sciences, clinical experience, new technology and outcome- 
based training. Standardization also guarantees that graduates get skills required in business and medical care as well as 
easing credit transfer, dual degrees, and local study options. To achieve this, governments, universities, businesses and 
certification organizations need to join efforts of formulating learning objectives, creating assessment tools and pooling 
resources. Implementing standardized curricula can improve the level of labour preparedness, quality control, and 
innovation capability through SSA BME programs.

Strategies for Sustainable Funding
Funding Sustainable funding is essential to the development and influence of BME education, research, and innovation in 
SSA. Financial shortage decreases graduates’ readiness and innovation in healthcare by hindering investments in 
laboratories, prototype centres, personnel increase, curriculum development, and practical student training. The national 
and regional policies are to aim at a diverse range of sources of funds, such as corporate sponsorship, state grants, 
international assistance, and philanthropic donation. Professional training, short courses, consulting, patent 
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commercialization, and incubators are also sources of money for the universities. Open financial administration enables 
money to be invested in such essential sectors as labs, research, and clinical associations. Through the fusion of domestic, 
corporate, and international resources, SSA BME efforts can offer sustainable funding, facilitate research and teaching, 
and create long-term innovation ecosystems that can meet the healthcare requirements of the region.

Regulatory Frameworks for Medical Devices Produced Locally
Strong regulatory frameworks are necessary for locally produced medical devices in SSA to be safe, efficient, and 
profitable The current constraints, which are occasionally inadequate, fragmented, or applied inconsistently, limit clinical 
testing, commercialization, and technological transfer. In accordance with international standards (ISO, WHO, FDA/CE), 
governments should establish comprehensive, locally adaptable frameworks for device design, testing, certification, and 
post-market monitoring. Harmonized regional legislation can enhance cross-border cooperation, production scale, and 
market access. Graduates of BME programs are ensured to be ethically pure, compliant, and capable of fostering 
innovation by including regulatory training. Improved healthcare access, local biomedical advancements, startup finan
cing, and the creation of sustainable medical technology bionetwork are all preceded by supported regulatory 
frameworks.

Conclusion
The bibliometric and systematic analysis reveals that South Africa, Nigeria, Kenya, and Ghana lead BME program 
development and research output in SSA, despite collective contributions still falling short of global trends. Even though 
research is growing but geographically focused, there are gaps in addressing pressing regional health issues such 
infectious diseases, pregnancy and child health, and readily accessible diagnostics. Emerging areas of influence include 
3D printing, AI-enabled healthcare solutions, and inexpensive medical equipment.

Short-term recommendations include strategic investments in clinical and laboratory infrastructure, faculty develop
ment, outcome-driven courses, and strengthening industry-academia partnerships to boost research productivity, innova
tion, and local relevance.

Long-term recommendations include the creation of standardized accreditation, integrated curricula, regional centers 
of excellence, sustainable financing sources, and public-private partnerships to promote translational research, graduate 
mobility, and quality assurance. This work provides the first thorough bibliometric and systematic mapping of BME in 
SSA to guide curriculum development, research priorities, and policy initiatives. Ultimately, by enhancing healthcare 
service delivery, creating a skilled BME workforce, and strengthening the biomedical innovation ecosystem, these 
projects can enable regional self-sufficiency in medical technology and capacity-building for sustainable healthcare.
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