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Abstract

Background: Sub-Saharan Africa (SSA) continues to grapple with severe healthcare disparities, including high disease burdens,
insufficient medical personnel,

and fragmented infrastructures. Although modern technologies promise transformative potential, high costs and mismatched
solutions often limit their viability in low-resource environments.

Objective: This study addresses how “affordable health technology” can serve as a catalyst for improving access, reducing
costs, and enhancing care quality in SSA.

Methods: Employing a narrative literature review, we synthesized insights from academic publications, policy documents,
technical reports, and illustrative

case studies. We examined on technology-driven interventions across telemedicine, mobile health, supply-chain optimization,
micro-insurance platforms, health-related e-learning, electronic medical records, 3D printing, and medical automation. We also
identified common themes in successful and failed interventions to formulate a set of core requirements for truly affordable
solutions.

Results: Our findings reveal that while telemedicine and mobile health tools can significantly extend care to remote
communities, their success hinges on robust infrastructure, supportive policies, and sustainable funding. Micro-insurance
initiatives effectively reduce financial barriers but demand broad stakeholder collaboration. E-learning and 3D printing have
proven valuable for capacity-building and cost-effective customization. In addition, the paper presents a comprehensive
definition of “Affordable Health Technology” proposing essential requirements for designing, developing, and deploying such
interventions: affordability, accessibility, scalability, sustainability, and deep market understanding. Finally, it reflects on lessons
from both successful and failed interventions across SSA, offering crucial insights into how impactful, affordable health
technology solutions can be designed and sustained in resource-constrained environments.

Conclusions: This review highlights the strong promise of affordable user-centered health technologies to improve healthcare
delivery in SSA. Key enablers

include a deep understanding of the market, scalable design, innovative distribution, robust local engagement, commitment
beyond profit, and strategic task sharing. By embedding these principles into policy and practice, governments and innovators
can foster affordable and impactful healthcare solutions throughout the region.
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Affordable Health Technology in
Sub-Saharan
Africa:LessonsandOpportunitiesforS
ustainable Healthcare Delivery

Abstract

Background:Sub-Saharan Africa (SSA) continues to grapple with
severehealthcaredisparities,includinghighdiseaseburdens,insufficientmedicalper-
sonnel,andfragmentedinfrastructures.Althoughmoderntechnologiespromise
transformative potential, high costs and mismatched solutions often limit theirviability
in  low-resource environments. This study addresses how “affordable
healthtechnology”canserveasacatalystforimprovingaccess,reducingcosts, and enhancing care
quality in SSA.
Methodology:Employinganarrativeliteraturereview,wesynthesizedinsightsfrom academic
publications, policy documents, technical reports, and illus- trative case studies. We

examined on technology-driven interventions across
telemedicine,mobilehealth,supply-chainoptimization,micro-insuranceplat- forms, health-
related e-learning, electronic medical records, 3D printing,

andmedicalautomation.Wealsoidentifiedcommonthemesinsuccessfulandfailedinterventi
ons to formulate a set of core requirements for truly affordable
solutions.Results:Ourfindingsrevealthatwhiletelemedicineandmobilehealthtoolscansignific
antlyextendcaretoremotecommunities,theirsuccesshingesonrobustinfrastructure,
supportive policies, and sustainable funding. Micro-
insuranceinitiativeseffectivelyreducefinancialbarriersbutdemandbroadstakeholdercol-
laboration. E-learning and 3D printing have proven valuable for capacity-buildingandcost-
effectivecustomization.Inaddition,thepaperpresentsacomprehensive
definitionof“AffordableHealthTechnology”proposingessentialrequirementsfor  designing,
developing, and deploying such interventions: affordability, accessibil-
ity,scalability,sustainability,anddeepmarketunderstanding.Finally,itreflects on lessons
from both successful and failed interventions across SSA, offering cru-
cialinsightsintohowimpactful,affordablehealthtechnologysolutionscanbe
designedandsustainedinresource-constrainedenvironments.
Conclusion:Thisreviewhighlightsthestrongpromiseofaffordableuser-
centeredhealthtechnologiestoimprovehealthcaredeliveryinSSA.Keyenablersincludeadeep
understandingofthemarket,scalabledesign,innovativedistri-

bution, robustlocalengagement, commitmentbeyondprofit,andstrategictasksharing.Byembeddi
ngtheseprinciplesintopolicyandpractice,governmentsandinnovators can foster
affordable and impactful healthcare solutions throughoutthe region.

Keywords:affordable health technology, Sub-Saharan Africa, innovative healthtechnology,
health technology
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1 Introduction
1.1 HealthcareChallengesinSSA

Sub-SaharanAfrica(SSA)continuestoshoulderadisproportionateburdenofglobal disease,
partly due to its unique environmental and socio-political landscape [1]. Reports
indicate that the region accounts for about a quarter of the world’s disease
burden,but has accessto only a smallfraction of the globalhealthcare workforce[2]
[3]
[4].Keyindicatorssuchaslifeexpectancyremainsignificantlylowerthanglobal averages,
and childhood immunization rates lag far behind high-income regions [5]
[6]. Thissituationisexacerbatedbysevereshortagesofhealthcareprovidersandfacilities. Acc
ordingtotheWorldHealthOrganization(WHO),thenumberofhealthcarework-
ersinSS Afallsshortofrecommendedminimums,necessitatingmorethanal40%incre
aseinthecurrentworkforcetomeetessentialservicecoverage[ 7][8].Moreover,
thisshortageisfurtherexacerbatedbyaworkforceconcentrationinurbanareas,leav-
ingruralregions severelyunderserved. Thisisindeed avery seriousproblemfor the
populationasthemajorityofthepeopleintheregionlivescatteredinvastruralareasthatareunreachab
leandinaccessiblebyhealthcareworkerswithtraditionalmethods.Asoftheperiodbetwe
en2014and2021,SSAcontinuedtohaveasignificantly
lowerdensityofhealthcareworkerscomparedtomoredevelopedregions.Thedata
indicatesthatthereareonly2.3medicaldoctorsand12.6nursingandmidwif
ery
personnelper10,000populationinSSA.Instarkcontrast,Europeboastsahigherd
ensitywith39.4doctorsper10,000population,andNorthAmericahas152nursing

andmidwiferypersonnelper10,000population[9].

Anotherpressingconcernisthepersistent“braindrain”whereSS A-trainedhealth-
careprofessionals emigratetoothercontinents inpursuit
ofbetteropportunities[ 10].Inaddition,theregionstruggleswithinadequateinfrastructureandli
mitedfinancialresourcesforequippinghospitals[11].Inflationinmedicaldevicecosts,comb
inedwithweak governance and, in some cases, conflict or natural disasters, directly
threatens thefunctionalityofentirehealthsystems[ 12]. Theresultisahealthcareenvironment that
is both  fragmented and underresourced. @ These economic  pressures,
alongsidemismanagementofresources,conflicts,andnaturaldisasters,threatentocollapset
healready depleted healthcare system.

The average life expectancy at birth in SSA is 61 years, more than 10 years
lower thantheglobalaverage,and18yearslowerthantheaverageintheEuropeandNorth-
ernAmericaregion[ 13].Immunizationcoverage,accesstocleanwaterandsanitation,health
careexpenditure,andthedensityofhealthcareworkersrelativetothepopula-
tionareallcrucialmetricsthatunderscorethepressingneedforimprovement. Asof recent
data, the overall full vaccination coverage across 25 SSA countries was found to be
around 56.5%, with significant disparities ranging from as low as 24% in some
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countriestoashighas93%inotherslikeRwanda[ 14]. Theglobalvaccinecoverageis about 83%
[15].

InSS A, healthexpenditurevariesbutisgenerallylowerincomparisontodevelopednatio
ns averaging at 4.92% of the GDP [16]. Given that their respective GDP is low, the
expenditure will also be very low. In contrast, developed countries,
particularlythosewithintheOrganisationforEconomicCo-
operationandDevelopment(OECD),
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havehigherhealthcareexpendituresrelativetotheirGDP.TheUnitedState
swas at the higher end, spending 16.8% of its GDP on health care,
followed by Germanyat 11.7%. Other high-income countries
like France, Canada, Japan, and the United Kingdom also
spent more than 10% of their GDP on health care [17].

1.2 Conceptualizing“AffordableHealthTechnology”

With regard to the aforementioned health indicators, it is evident that the SSA is
facing significant challenges. These challenges highlight the importance of develop-
ingacohesiveandwell-plannedstrategyforsystemicimprovement. Addressingthese involves
increasing  health funding, improving health worker recruitment and train-
ing,andenhancinghealthservicedelivery. Theneedforasignificantoverhaulofthe
healthcaresystemisclear. Traditional approacheshavenotadequatelyaddressedthegrowingdema
ndsandrisingcosts.Technology-enabledinterventionscouldplayacru-cial role in this
transformation, enabling wider access to preventive and treatment measures, and
contributing to lower disease burden and mortality rates. Taking all this into
account, at the launch of the global initiative on digital health, the WHO Director-
Generaldeclared“Thefutureofhealthisdigital”,advocatingforintegratednationalsystems
overstandaloneproductsandemphasizingqualitytechnicalsupport [18].

TheWHOdefinesHealthTechnologyasthe“applicationoforganizedknowledge
andskillsintheformofdevices,medicines,vaccines,procedures,andsystemsdevel-
opedtosolveahealthproblemandimprovequalityoflives”[ 19]. However,aclearandoperati
onaldefinitionofwhatconstitutesanaffordablehealthtechnologyislacking.
Theconceptoffrugalinnovationisoftentracedbacktothe“appropriatetechnology”’movement
[20], which advocated for technologies suited to low-income countries specif-
ically,thosethatarelabor-intensive,simpletooperateandrepair,andproducegoodstargeting ~ low-
income consumers[21]. However, this viewpoint falls short of recognizingthe broad
potential of affordable health technologies. As a result, a more integrated and
comprehensive definition of affordable health technology is needed.

1.3 WhyAffordabilityMatters?

Affordability is crucial because it determines who can access and benefit from tech-
nologicaladvances.Whilerecentdecadeshavewitnessedincredibleleapsinmedical
technology, many of these innovations such as sophisticated imaging machines and
robotic surgical systems are largely out of reach for the majority of healthcare facili-
tiesandpatientsinSSA[22][23]. Althoughsometechnologiescantheoreticallyreducecosts
if they replace more expensive processes, the overall trend is that
advancedmedicaldevelopmentsincreasehealthcareexpendituresforlow-
resourcenations[24] [25].

Moreover, focusing on the price tag of a device or app alone is insufficient; even
nominally“frugal”or“low-cost”devicesmightfailiftheyrequireexpensiveconsum-  ables,
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have short lifespans, or lack sufficient training and support frameworks.
Theothercomplicatedrealityisthatpurchasingorreceivingdonatedhigh-
techequipmentwithoutastrategyforlocalmaintenance,electricityreliability,o
rskilledoperators
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frequentlyleadstoidleorprematurelybrokendevices[26][27][28]. Asaresult,the  broader
concept of affordability must integrate not only cost per unit but also main-
tenanceobligations,distributionlogistics,user-friendliness,andculturalacceptance[29].

On average, new medical technologies tend to enhance the quality of care by
improvinghealthoutcomes,thoughthisisnotuniversallytrueforalltechnologiesinevery
context. Many new technologies prove to be ineffective or redundant, not improv-
inghealthoutcomessignificantly[30].Distinguishingbetweeneffectiveandineffective
technologiesduringtheirintroductionisacomplexchallenge.Furthermore,whilecer-
taintechnologiescanreducecostsbyreplacingmoreexpensivealternativesoraverting
costlyhealthissues,theoverallimpactofnewtechnologiesisanincreaseinhealthcare costs
[31]. The healthcare sector’s incentives and regulations often lead to inappropri-ate
diffusion of technology, with both underutilization of -effective, cost-efficient
optionsandoveruseofineffectiveorcost-inefficientones[30].

Additionally, there is a strong public demand for the latest and best medical
technologies,andhealthcareprovidersgenerallystrivetomeetthisdemand, further
drivingtheadoptionanddiffusionofnewmedicaltechnologies.Unfortunately,fewof =~ thesehigh-
techandexpensivemedicalinnovationshavethepotentialtosignificantly reduce costs and increase
access to  healthcare to the general public in  SSA.  Because
asignificantsegmentofthepopulationresidesinremoteareasfarfromurbancenters equipped with the
infrastructure to support advanced medical devices and
becausethereremainsashortageofqualifiedspecialiststooperatesuchtechnologyeffectivel
y,alternativesolutionsarecrucial. Thisunderscorestheneedforaccessibleandafford-
ablehealthtechnology.Affordablehealthtechnologywillalsoassistthesenationsto be
self-reliance in health care delivery.

1.4 TheNeedforSelf-reliance

Historically,SSAcountrieshavereliedheavilyonforeignaidandmultilateraldonors  to  fund
healthcare. For example, Ethiopia, once the largest recipient of USAID in SSA, is thrust into
crisis  when a sudden freeze on US  assistance  halted  vital
fooda n d healthcareprogramsthatservedmillions[ 32]. Thisendangeredcriticaleffortstocombat
malaria,HI'V,andmalnutrition.Nearly 16millionEthiopiansreliedonUSAID,andthousand
sofhealthworkersalongwithNGOsprovidingsexualviolencesupport
andrefugeeaidhavebeenforcedtodiscontinueservices,exacerbatinganalreadydirehumanitarian
situation and derailing long-termdevelopment plans such as Ethiopia’sHealth Sector
Transformation Plan II.
Recognizingthevolatileglobalpoliticsandeconomy,manyarenowreevaluatingthisreli
ance,exploringacombinationofSouth-Southpartnershipsandpublic-private
venturesthatcouldfostergreaterlocalresilience[33][34][35][36]. Thisreassessmentmay
lead to a greater focus on South-South collaborations and public-private part-
nerships. Improving healthcare in SSA is crucial, and there is a growing recognition
ofthisneedamonginvestorsandentrepreneurs| 37]. Governmentsaretryingtoshift
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fromrelyingsolelyonforeignaidtousingtechnologyandmarketknowledgetoinno-
vate[ 38]. Varioustypesofliteratureproposediversemethodsandapproachesinthe creation of
technology-based innovation to address healthcare challenges in SSA.
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A central pillar of this self-reliance is the development of affordable health tech-
nologies that address SSA’s unique conditions. Efforts must address a wide spectrum
ofsocial,economic,andinfrastructuralchallenges.Healthoutcomescannotbeenhanced
bythehealthsectoralone,givenhowdeeplyissueslikeeducation,sanitation,andeco-
nomicdevelopmentintertwinewithpublichealth[ 39][40]. AreportfromtheAfrican Development
Bank Group indicated that over the coming 50 years, a more com-
prehensiveapproachtoenhancinghealthisanticipated,focusingonbothpreventive
andcurativemeasures[41]. Ashifttowardmorecollaborativeapproacheshasthere- fore
gained traction, emphasizing the need for strong linkages between
governmentinstitutions, private investors, local communities, and non-governmental
organizations(NGOs).

1.5 ScopeofthePaperandResearchQuestions

The goal of this paper is to highlight several healthcare challenges and the potential
impact of health technology innovation. Underpinning the importance of affordable
health technology, we have been researching this domain in close partnership with
collaborators from the Global South. The insights presented in this paper are
drawnfromthecollectiveexperienceoftheauthors,investigationofexistingreportsofhealth
technologycompaniesactiveinSS A, casestudiesonwhichwehaveworkeddirectly,
andacomprehensiveexaminationoftheacademicandpolicyliterature.Byblendingempirical
evidence with practical lessons from real-world interventions, we aim to
offerabalancedperspectiveonaffordablehealthtechnology’schallengesandopportunitiesi
n SSA. It also proposes a comprehensive definition of affordable health technology,
distinguishingitfrommere“low-cost”solutions,andclarifiestheelementsthatmust be in place
to make these technologies both practical and sustainable. The paperalso proposes
theoretical constructs that can guide practical
explorations of
w h a t constitutesa‘good’digitalhealthsolutionandlistscoreenablersofsuccess.Thepaper

also details the common causes of failures.
Summarized,inthispaper,weanswerthefollowingthreeresearchquestions:

¢ RQ1:Whatisaffordablehealthtechnology,andhowcanitbecometrulyimpactful,
particularly in SSA countries?

¢ RQ2:Whatarethecorerequirementsforthedesign,developmental,implementa-

tion,andoperationofaffordablehealthtechnologies?
¢ RQ3: Whatdoesa‘good’ solutionlooklike,andwhy dosomesolutionsfail?

1.6 OutlineofthePaper

The rest of this paper is organized into four key sections. Section2(Related Works)
presents a synthesis of existing literature and relevant conceptual frameworks
thatunderpin affordable health solutions in resource-limited contexts. It covers key
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theoriessuchasconvergentinnovation,frugalinnovation,stakeholderengagement,anduser-
centereddesignapproachesthatpreviousscholarsandpractitionershaveappliedin
SSAsettings.Section3(Methodology)detailsthenarrativereviewdesign,describingtheselection
ofrelevantsources,screeningprocedures,dataextraction,andsynthesis.
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Section4(ResultsandDiscussion)consolidatesthecorefindingsfromthereviewedlit-
erature and illustrative case studies, focusing on technical themes and affordable
healthtechnologyinSSA.Itinterpretstheseresultsinabroadercontext,andhighlightsthe
challenges and solutions critical to advancing these interventions. It also provides
acomprehensivedefinitionofaffordablehealthtechnologyandkeyrequirementsforthedesi
gn, development, and deployment of such technologies. Finally, Section5(Con-
clusion)underscoresthepaper’smaininsights,emphasizinghowimpactful,affordable
health technology innovations can be designed and sustained in resource-constrained
environments.

2 RelatedWorks

2.1 FoundationalPerspectivesonAffordableHealt
hTechnology

Affordabletechnologicalinterventionsfacesignificanthurdles.Clifford[ 42 ]Jexplores why, despite
rapid advancements, many healthcare technologies fail to benefit low- resource communities.
He emphasizes that true affordability hinges on more than just lower costs; solutions must also
suit local infrastructure, cultural norms, train- ingneeds,andbusinessmodelsthatallowlong-
termsustainability.Inparticular,he
highlightscomprehensiveneedsassessmentstoensurethatinterventionsmatchgen- ~ uine  user
requirements rather than assumptions, as well as thoughtful supply-chain design so devices are
propetly maintained and consumables remain accessible.
Keyinsightsincludetheimportanceofuser-centereddesign,open-
sourceapproaches,andcrowdsourced diagnostics to reduce bias and expand reach.
Clifford also addresses
dataownershipandprivacy,notingthatinteroperabilityandtransparentgovernance
overpatientdataarecriticalforscalingsolutionseffectively. Throughout,hecritiques ~ “plague  of
pilots” or short-term projects that lack sustainable revenue models, urg-
ingashifttowardecosystem-
basedplanningwheretechnologyisintroducedalongsidebusinessincentives,maintenancepl
ans,andcommunityengagement. Thisapproach fosters an environment in which healthcare
technologies can truly empower health workers, meet patient needs, and remain operable

well after initial external fundingphases.
Dubeetal.[43]haveintroducedatermcalledconvergentinnovation(CI)asa

meta-innovationthatmergestechnologicalandsocialinnovationforsustainablepros-
perityandaffordableuniversalhealthcare. Theyclaimthatbyfosteringcollaborationandbridgingsil
oedefforts,Cldeliversscalable,resilientsolutionsthatsimultaneouslyaddress  economic
growth and human development.

The paper by Moleka et al. [44] highlights how frugal innovation prioritizing
affordability, simplicity, and resourcefulness can tackle Africa’s unique constraints
andempowermarginalizedcommunities.Itexploresfoundationalframeworks(e.g., Jugaad,
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Bottom of the Pyramid, Reverse Innovation), and examines key enablers such as policy
support and collaborative ecosystems. Ultimately, it underscores the
transformativepotentialoffrugalinnovationindrivinginclusivegrowth,sustainable
development, and alignment with global goals across the continent.
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Segarra-On" aetal.[45]investigatehowstakeholderengagementdrivesinnovation
outputsinthehealthcareindustry,withaspecialfocusonco-creationbetweenhealth-
carefirmsandtheirsurroundingecosystem.Keyinsightsincludetheneedforcloser
collaboration with end users, suppliers, competitors, and institutional partners, as well
as the importance of clearly aligning organizational objectives toward innova- tion.
Ultimately, their results show that while stakeholder engagement does foster
innovative activity, its real impact is mediated by a well-defined strategic focus
oninnovation. Thishighlightsthemanagerialrelevanceofnurturinguserinputandsoci-etal
co-creation as a powerful route to developing more effective and wide-reaching
innovations in healthcare.

Bekele et al. [46] developed a healthcare software platform in rural
Ethiopia,following user-centered design methods tailored to low-resource, culturally
diverse  set-tings.Theirprocessinvolvediterativeprototypes,frequentuserfeedback,andon-site
evaluations to ensure the platform’s relevance, particularly for semi-literate health-care workers
with  limited connectivity. They incorporated simple icons, robust
offlinefunctionality,andacommunity-orientedrolloutthatincludedtrainingandplansfor
long-termupkeep.Thecasestudyunderscoreshowcloseengagementwithlocalend  users,
coupled with an iterative design process, can yield more sustainable and cul- turally
appropriate healthcare solutions in developing countries. Designing for local
contextsalsoreducestheriskofproductsbecomingunderutilized[47][48].

Chakravarty[49]exploreshowsmallandmediummanufacturingfirmsinSouthAfrica
developmedicaldevicessuitedforresource-
constrainedenvironments,typicallydominated by Western multinationals. Using case
studies of six firms, the author
appliesanadaptedglobalhealthframework(the“4A”lensof Availability, Accessibil-
ity, Appropriateness,and A ffordability)toidentifywhatmakesthesedevices“frugal.”  While some
products specifically target low-resource healthcare settings (e.g., sim-pler,Jlow-
costdesignsmeetinglocalneeds),othershaveuniversalappealyetstilllowercosts  through
lean R&D and manufacturing. These firms tackle institutional
voids(unavailablelocaltestinglabs,highimportcosts)byleveraginginternaldesigncapabil
ities,forgingmultiplecollaborations(oftenwithuniversitiesorglobalnonprofits),andadopt
ing wvertical integration (in-house testing, parts fabrication) to reduce
relianceonunderdevelopedservices.Despitechallengingregulatoryprocessesandcompeti
tionfrom imports, success is driven by strong engineering, strategic local
partnerships,andsometimesdifferentialpricingorcross-subsidizationforpublic-
sectorbuyers.Thestudy underscores the role of government and international NGOs
in scaling these
“frugal”innovations,suggestingthatsupportinglocal SMEsinemergingmarketscanhelp fill
healthcare gaps worldwide. Success also hinges on financial models that reduceout-of-
pocket costs for end-users, especially given that many SSA populations havelimited
disposable income [50] [44] [49]. This strategy can include subscription modelsthat
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mitigate catastrophic health spending [51] [52].
ConsideringthefactthatthepeopleinSSAarescarcelypopulatedandlivein

vastareas,designers,developers,andbusinessesmustemphasizetheimportanceof
innovative distribution strategies to reach remote and hard-to-access areas. Tradi-
tionaldistributionmethodsoftendon’tworkfortheseregions[ 53]. Localsupplychain
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integration can reduce both logistics costs and service disruptions, supporting more
reliable access to products and spare parts [54].
Engaginglocalcommunitiesinthedesign,production,anddistributionprocesses ~ of  health
technologies is essential. This ensures cultural relevance and fosters local entrepreneurship [55].
The paper [56] highlights the crucial role of strong, system-
aticcommunityengagementinimprovinghealthequityandinformingpolicy-making.
Anotherveryimportantelementhereisstrongtrainingandsupervision,whichensuresthat
technologies are appropriately operated and fosters trust in new systems [57].

PolakandWarwick’sbook“TheBusinessSolutionto
Poverty”[58]chal-

len ges traditionalnotionsofaidanddevelopment,advocatingforamarket-
driven,
entrepreneurialapproachtouplifttheworld’spoorest,highlightingtheintertwined
natureofprofitabilityandpositivesocialimpact. Thebookdiscussesthepotential of
thebottomoftheeconomicpyramid;amarketofapproximatelythreebillionpeople
wholiveonlessthan$2.50aday.Ratherthanviewingthisdemographicasmerelyagroupinne
edofaid,theyseethemasavastuntappedmarket.Ifbusinessescancreateproductsandservice
stailoredtotheneedsandconstraintsoftheseindividuals,theycan achieve significant
profitability while simultaneously improving the quality of life for millions. For many
years, the medical sector in these regions has been
dependentondirectaidanddonations,whichfailedtobringtherequiredimpact,henc
ethereshouldbeabusinessendtoit. However,theethosshouldbeprofitwithapurpose[59].T
askSharing/
TaskShifting(TSTS)inhealthcareinvolvesdelegatingroutine
activitieslikediseasescreeningtonon-experts. Thisstrategyrequireseasy-to-usetech-
nologies to ensure safe and accurate operations without expert supervision.
BecauseSub-

SaharanA frica’spopulationskewstowardyoungeragegroups,thereisasubstan-tial pool
of young adults who can be rapidly trained to handle routine clinical tasks.
Advancesinartificialintelligenceandmachinelearningcanfurtherautomatemany of
these tasks such as screening; thus allowing scarce, highly skilled clinicians to con-
centrateonmorecomplexandcriticalresponsibilities[60].ThestudyinKenya[61]
concludesthatwell-structuredtasksharingandtaskshiftingcanexpandhealthcare

accessandstrengthenhealthsystemsinresource-limitedsettings.

Scalinguphealthinitiativesrequiresnotonlyexpandingproveninterventionsbutalsoensuringa
supportivepolicyenvironmentateverylevelofthehealthsystem[62].Successful scale-up
demands deliberate attention to the full policy landscape from macro-
levelstrategiesandbudgetstofacility-levelguidelinesandtrainingsoproven health
interventions become routine, high-quality services accessible to all.
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2.2 GapAnalysis

ExistingresearchonaffordablehealthtechnologyinSS Ahasaddressedtopicslikeuser-
centereddesign,stakeholderengagement,andfrugalinnovation.Clifford,forinstance,high
lightstheimportanceofsustainabilityandlocalownership,whileothersdiscuss
convergentinnovationorfrugaldesign. However,severalgapsremain:

e Fragmented Coverage of the Technology Landscape: Most studies
concentrate ona single domain—telemedicine, supply chain, or e-

learning—without synthesizing a
broadarrayofinterventionsintoaunifiedconceptof“affordablehealthtechnol
ogy”.

https://preprints.jmir.org/preprint/85326 [unpublished, non-peer-reviewed preprint]
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¢ InsufficientConsolidationofLessonsfromBothSuccessesandFailures:Manya
nal-yses describe best-practice interventions or case studies where
solutions scaled effectively. Yet relatively few systematically address
how and why certain initia- tives fail. This hampers the ability of
practitioners and policymakers to
anticipatepitfallssuchasmisaligneddesignchoices,insufficientinfrastructur
e,orstakeholder disengagement.

e NarroworlncompleteDefinitionsof‘Affordability’:While“frugalinnovation”has

been extensively discussed, much of the literature tends to reduce affordability tocost-

saving  measures  orsimpler  technology. = Few  incorporate  broader,
comprehensivecriterialikesustainability,deepmarketunderstanding,andcommunityen
gagementin a single operational framework. Hence, there is limited guidance on
how

bestt o embedlocalcultural,infrastructural,andgovernancefactorsintheproductlife
cycle to ensure sustained affordability.

¢ LackofaRoadmaptoScale:Existingliteratureprovidesbroadrecommendationsfor

scale-up(e.g.,seekingpolicysupport),butlittledetailonlinkingdesignprinciplesto

operational expansion, such as supply chain innovations and continuous financing.

¢ LimitedCross-ComparisonsofCompaniesandResearchProjects:Muchofthepub-

lished literature looks at a single intervention or a short list of them. Studies that

comprehensivelycompareawidearrayofinitiativesfromtelehealthto3Dprintingtodigitalins
urancearerelativelyscarce.Thislackofcross-
initiativeanalysisreducesourabilitytopinpointuniversalsuccessfactorsorrecurringchalle
ngesrelevantto multiple domains.

2.3 Contribution

The present paper addresses these gaps by conducting a narrative literature review that

https://preprints.jmir.org/preprint/85326

weaves together a broader ecosystem of health-technology interventions. We
analyze commercialized solutions (e.g., Waspito, Zipline, mPharma), research-level
innovations (e.g., Al-based medical automation), and instructive failures or partial-
failures, identifying shared success factors as well as recurrent stumbling blocks.
Crucially, we propose a comprehensive, operational definition of “affordable health
technology” that goes beyond low cost, incorporating affordability, accessibility,
scalability,sustainability,anddeepmarketunderstandingasinterdependentdesign
requisites. Byintegratinginsightsfrommultipledomains,multipleinitiatives,multi- ple countries,
and spotlighting practical exemplars, our paper seeks to offer a more
holisticroadmapforinnovators,policymakers,anddonorsaimingtodeployorscale
impactful health solutions in SSA.

In doing so, we not only expand on prior conceptual frameworks (e.g.,
frugalinnovation, convergent innovation) but also showcase how task sharing,
commitmentbeyond profit, and innovative distribution combine to overcome
structural barriers. Thisextensivecross-
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pollinationofsuccessandfailurestoriesbasedontangiblecase studies,
marksadistinctivecontribution,fillingarecognized gap intheliteratureby
deliveringanintegrated,context-sensitivevantageondesigningandoperationalizing ~  affordable
health technologies across the SSA.
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3 Methodology

The principal methodology employed in this paper is a narrative literature review
[63],aqualitativeapproachthatsynthesizesevidenceandperspectivesfromdiverse
sourcestopresentacoherent,contextualizedunderstandingoftheresearchtopic.In  this case,
the broad focus on healthcare challenges in SSA and the role of affordablehealth
technology necessitated a flexible and iterative method, allowing for an
inclusiveexplorationofacademicpublications,policydocuments,andorganizationalreport
s.
Anarrativeliteraturereviewdiffersfromastrictlysystematicreviewinthatitdoes

notnecessarilyfollowatightlyprescribedprotocolforarticleselectionandappraisal

[63]
[64].Instead,itaimstoprovidedepthofcontextualinsight,especiallyusefulwheninvestigati
ng a multi-faceted issue such as the intersection of resource constraints, pub-
lichealthindicators,andtechnologicalinnovationacrossgeographicallyandsocially
diverseregionslikeSSA.Thisapproach,therefore,facilitatedtheintegrationoffind-
ingsfromvariousdisciplines,includingpublichealth,healtheconomics,andtechnologydevel
opment.

3.1 RationalefortheChosenMethod

GiventhescopeandcomplexityofhealthcarechallengesinSS A,anarrativereviewwasdeem
edmostsuitableforrevealingthelayered,interdependentfactorsatplay. Anar-rowly scoped
systematic review might risk overlooking important contextual insights,while a meta-
analysis would likely be hindered by heterogeneous study designs and data metrics.
In contrast, a narrative approach facilitated a broad exploration of
theliteratureencompassingepidemiologicaltrends,casestudiesofstart-
upinterventions,reviews of government-led health programs, and emerging
theoretical frameworks around affordable health technology. This method thereby
allows the paper to offer
bothacomprehensiveoverviewofexistingknowledgeandaconceptualsynthesisthat ~ points ~ to
critical gaps and future research directions.

By adopting a narrative literature review, this paper aspires to spark a
morenuancedunderstandingofhowaffordability,accessibility,scalability,andsustainabil-
ity can collectively bolster healthcare delivery in SSA. It integrates rich
contextualperspectives that could inform researchers, practitioners, and policymakers
aiming todeveloporscaleaffordablehealthsolutionsinresource-limitedenvironments.

3.2 SearchStrategyandSourcesofinformation

The initial stage of the review involved conducting targeted searches across major
academic databases, including PubMed, Scopus, and Web of Science, as well as
regional databases such as African Journals Online. Broad search terms were com-
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binedwithregion-specifickeywordstocaptureliteraturerelevanttoSSA.Forinstance, key
terms included “Sub-Saharan Africa”, “affordable health technology”, “health-
carechallenges”, “frugalhealthtechnology”,“Low-costmedicaldevices”, Healthcare - innovations
for low-resource settings”, “Cost-effective healthcare solutions”,“Point- of-care diagnostics”,
“Affordable  healthcare  delivery models”, “Health technologyassessmentinlow-
incomecountries”,“Sustainablehealthcaretechnologies”,“Health-
caretechnologyfordevelopingregions”“Taskshiftingandtasksharingforhealthcare
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affordability”,“ Automationand Alforhealthcareaffordability”,“Digital Healthcare”
and“healthtechnologyinnovationinAfrica”. Thisapproachensuredcoverageofboth global
frameworks and context-specific interventions.

Toenrichthedataset,grayliteraturewasalsoincluded. Thisencompassedofficial reportsfromor
ganizationsliketheWHO,theWorldBank,andregionalgovernmentalor non-
governmental bodies. Conference proceedings, policy briefs, company
websites,andonlinetechnicalreportswereexaminedfordetailedaccountsofhealthcareinter-
ventions. Given the evolving nature of health technology, these non-peer-reviewed
materialsoftencontainedup-to-datedataandcasestudiesthathadnotyetappeared in academic
journals.

3.3 InclusionandE xclusionCriteria

Inthenarrativereviewprocess,inclusionandexclusioncriteriawereappliedflexibly, guided by the
paper’s central aims. Publications were included if they meet one or more of the following
criteria:

e DiscusseshealthcarechallengesorhealthtechnologyinterventionsinSSA.

e Presentstechnicalinformationaboutacurrentlyfunctiona
Ilhealthtechnology product in SSA.

e Providesananalysisorsubstantialdescriptionoftechnology-drivensolutions(e.g.,
telemedicine, mobile health, drug verification, electronic health records, supply-
chaininnovations,3Dprinting,micro-insurance,Alandautomation,ore-learning).

o Offersinsightsintofrugalinnovation,affordability,sustainability,orscalabilityof
healthtechnologies.

e Describes about the barriers and challenges for failures or partial failures
of proposedinterventions.

Papers focusing solely on high-income settings or lacking clarity regarding cost
and scale-up potential were excluded unless they presented conceptual frameworks
ortheoreticalmodelsrelevanttoresource-constrainedcontexts.Studiespublishedin languages other
than English were excluded.

From an initial exploration from all 49 Sub-Saharan African countries [65], we
identified 69 health technology companies and selected 19 initiatives (17 successful
and?2failedinitiatives),and8research-levelinitiativeswerefitourcriteriaforfurther analysis.
Throughout this review, we consulted and summarized about 120 sources, including websites,
reports, and peer-reviewed publications.

3.4 DataExtractionandSynthesis

A qualitative data extraction process was carried out. The authors initially screened
titles and abstracts to verify their relevance, followed by a full-text review of the
selectedpapers.Duringthefull-textreview,keypointswererecordedinanoverview
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tableunderthefollowingcategoriestorespondtotheoverarchingresearchquestions posed in this
study:
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e Healthcare indicators in SSA: These references primarily focus on the
health sta- tus of populations in SSA, including maternal and child
health, disease burden, mortality rates, health workforce gaps, and
overall system capacity.

e Typesoftechnologyinnovations:Thesereferencesdocumentoranalyzetechnical
solutions grouped into nine domains: telemedicine, digital health records, mobile
health(mHealth),supplychain,digitalhealthinsurance,e-learningplatforms,3D printing,
drug verification system, and medical automation.

e Implementationfactors:Thesesourcesdelveintotraining,infrast
ructure, poli-

cy/
regulatoryframeworks,governance,andotherconditionsthatfacilitateorhindertheuptak
eofhealthtechnologiesinSSA.Severaldiscusstherolesofstakeholders, local ownership,

and user-centered design processes.
o Affordabilityandfundingmodels:Referenceshereemphasizecreatingcost-
effective

solutions that maintain essential functionality. Approaches like public-private part-
nerships, donor-based or market-based mechanisms, and cost-containment
strategiesthat seek to make health technologies viable for low-income populations
in SSA.

e Outcomesandlessonslearned:Thesereferencesevaluatereal-
worldinterventions,

reporting on effectiveness, barriers, facilitators, and sustainability. Some papers
highlightpartial oroutrightfailures(e.g.,donatedequipmentfallingintodisrepai, =~ EHR  or
telemedicine pilots discontinued post-funding).

Drawing from these categories, a narrative synthesis was then developed. This
process involved iteratively grouping similar findings, reconciling or explaining
any contradictory results, and identifying overarching patterns. The flexible nature
of a narrative review allowed for new themes (such as task shifting, local

entrepreneur-
ship,orlocalgovernmentregulatorysupport)toemergeorganicallyduringsynthesis,ensuri
ngthatthecomplexinterplaybetweentechnologies,economicconstraints,and healthcare

infrastructures in SSA was adequately captured.

3.5 Validation

Tostrengthenthereliabilityofthefindings,theauthorsundertookinformaltriangu-
lationbycomparingdatafrompeer-
reviewedresearchwithgreyliteraturesourcesandexpertcommentariesasmuchaspossible.
Wherepossible,multiplereferenceswere used to validate specific data points such as
the measured impact of a telemedicine pilot or the reported success rates of micro-
insurance platforms.
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3.6 EthicalConsiderations

Sincethisstudydidnotinvolvedirecthumansubjectsresearch,nofor
malethi- cal approval was required. Nonetheless, the authors
adhered to scholarly standards
by accuratelycitingallsourcesofinformationandavoidingunwarrantedgeneraliza-

tions. Whendetailingprogramoutcomes,particularcarewastakentorepresenteach ~ intervention’s
context, geographical, economic, and cultural, so as not to overstate transferability across
different SSA settings.
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3.7 PositionalityStatement

Inwritingthispaper,theauthorsacknowledgetheimportanceofpositionality:thewayin
which personal values, backgrounds, and professional affiliations shape inquiry,
datainterpretation,andconclusions[66].OneoftheauthorsisoriginallyfromSS Acountryan
d has maintained close, ongoing collaborations with local healthcare institutions,
offering a grounded perspective on the societal and infrastructural realities of low-
resourcesettings. TheotherauthorisbasedinaninstitutioninEuropewithastrongresearchfoc
usonaffordablehealthinnovation. Whilethisdualvantagepointenrichesthe ~ study by
combining insider understanding with outsider academic rigor, it
alsonecessitatesreflexivitytopreventinadvertentlyreproducingassumptionsthatmaynot
reflectlocalcontexts[67][68]. Throughouttheresearchprocess,theauthorsremained
attentivetohowtheirdistinctpositionalitiescouldshapetheframingofissuesandtheemphas
isoncertaininterventionsoverothers.Byregularlyrevisitinganddiscussing  these potential
biases, the team aimed to maintain integrity and inclusivity in both the methods and the
conclusions of this paper.

4 ResultsandDiscussion

Thissectionintegratesourfindingsonhowaffordablehealthtechnologyistransform-
inghealthcareinSS Awithabroaderdiscussionofwhatconstitutes“affordability”inthesecont
exts.Itbeginsbyhighlightingspecificinterventions,fromtelemedicineplat-
formsandmHealthservicestomicro-insurancemodelsandsupply-chaininnovationsthat
have measurably improved care access and quality. We then examine the defi-
nitionandcorerequirementsofaffordablehealthtechnology;reflectingonhowthese
solutionsalignwithsuchcriteriainpractice. Indoingso,weaddressourkeyresearchquestions. Thisse
ctionalsooffersbothdata-driveninsightsintoongoingsuccessesandcritical lessons on
challenges that must be overcome for long-term impact.

4.1 ExamplesofSuccessesandFailures

4.1.1 SuccessStoriesfromCommerciallyAvailablelnitiat
ivesinSSA

Technologyhasemergedasoneofthemostpromisingwaystotacklestru
ctural deficienciesinSS A’shealthcaresector. Technology-enabledhealthcareservicescan
befoundinmultipleforms. Thisapproach,knownastechnology-enabledhealthcare
services,encompassestheenhancementofhospitals,pharmacies,andlaboratoriesthroughth
eapplicationofadvancedtechnology. Avarietyofhealthtechnologysolu-
tionshaveemergedacrossSSAtotacklepressingchallengessuchaslimitedhealthcareresourc
es,diseaseburdens,andgeographicbarriers.Eachsuccessstoryillustrates
howlocalengagement,thoughtfuldesign,andcontext-
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specificdeliverymodelscandramatically improve access to services, reduce costs,
and enhance patient outcomes.Table1highlights 17 companies and initiatives currently
operational in SSA, eachfocusingon a particular challenge within the region’s healthcare
landscape and employ-ingdistincttechnological models. Thevariety ofapproaches
rangingfromtelehealthanddigitalhealthrecordstosupply-chainoptimizationandmicro-
insuranceshowcases

https://preprints.jmir.org/preprint/85326 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

https://preprints.jmir.org/preprint/85326

how technology can target specific system gaps such as specialized-care
shortages,logistical bottlenecks, or unaffordable healthcare costs. Many of these
solutions
thriveonpartnershipswithgovernments,NGOs,ortelecomproviders,underscoringthevalue
oflocalownershipandpolicysupport. Theyalsoemphasizeuser-centeredorcontext-
awaredesign,asseenintelemedicineande-
learningplatformsthataccountforlimitedbandwidth or digital literacy.
SeveralventureslikemPharmaandM-TIB Aexemplifyhowcreativefundingmod-
els,includingmicro-insuranceandsubscriptionoptions,reduceout-of-pocketcostsforlow-
income users. Despite these gains, connectivity shortfalls, staffing and training
gaps, and complex regulatory environments persist as obstacles. The range of suc-
cesses,however,suggeststhatwell-tailoredinterventions,robustinfrastructure,and sustained
stakeholder engagement can promote affordability and scalability. Thus,
readerscanlearnthatalthoughnosinglesolutionappliesuniversally,multiplebusi- ness and
technical innovations coupled with collaboration and regulatory backing can
effectively mitigate healthcare disparities and optimize service delivery in
SSA’sresource-
constrainedsettings. Theirsuccessfactors,challenges,andkeylessonslearnedare  explored
further in Section4.2.

4.1.2 SuccessStoriesfrominitiativesatResearchLevelinSSA

Table2presents 8 research-level successes all in the domain of “medical automation”,
atermencompassinganyAl-drivenoralgorithm-
basedsystemsthatreducerelianceonspecializedpersonnel fortaskslikescreeningandmonitorin
g.Eachshowcasedinitia-
tiveseekstoautomateaparticularclinicalordiagnosticprocessrangingfromlow-
costVRsolutionsforglaucomatomachinelearningsoftwarethatdetectsrheumaticheart
diseasefromaudiosignals.Byremovingtime-intensiveworkloadsfromlimitedspe-

cialists, theseautomationtoolsenablemid-levelhealthworkersorcommunityhealth  workers to
conduct initial assessments and identify atrisk patients whocan then
bequicklyreferredtospecializedcare. Theinitiativesuniformlyhighlighttheimportanceofit
erativedesign,wherelocaluserfeedbackandaccuracyvalidationwerecriticalfor
buildingtrustandensuringthatthesoftware’soutputswereclinicallyreliable. Addi-

tionally, theyillustratetheneedforpartnershipswithlocalhospitals,regulators,and  donors to
fund technology  updates, integrate  with  existing  workflows, and
facilitatetraining. Eventhoughmostexamplesremaininpilotorproof-of-
conceptphases,they underscorethebroadervalueofdeployingsimplified,Al-
enabledplatformsforroutinediagnoses in underserved areas.From this, we can learn
that automated diagnostics when carefully adapted, validated, and supported locally
have strong potential to
scaleup,expandhealthcarereach,andalleviatetheregion’schronicworkforceshort-

ages. Thereportedchallengesandlessonslearnedfromtheseresearchinitiativesare  analyzed
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in further in Section4.2.

4.1.3 Failure(orPartialFailures)Stories

While some “failure” or “partial failure” cases did not originate from a specific
com- pany, they represent widely documented challenges in SSA healthcare
technologydeployments.Table3summarizescasesofcompleteorpartialfailures.Obtainin
gcon- cretedataonfailedinitiativesisdifficult,asthesecasesarerarelypublicized. However,

https://preprints.jmir.org/preprint/85326 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Asmareet a

TablellllustrativeSuccessStories:CommerciallyAvailableProductsinSSA

No.  Company/ Country BriefDescription Domain
Initiative

1 EIZSI]IE%V;ME! Nigeria Telehealth

5 Waspito Adigitalhealthplatformfocusingonpreventivecarea

ndchronicdiseasemanagementusingonlinehealthris
[711[72] K
assessments Telehealth
CameroonApp-based telehealth that
3 Rocket connectshealthcare providers with patients,
Health[73] offering teleconsultations, prescriptions, and lab
[741[75] links

4 GhanaTele UgandaO p e r a t e s licensedteleconsultation,labsamplecoll Telehealth
medicine ec-tion, and medication delivery, integrated with
[76] [77] licensedpharmacy
[78] Ghana Telemedicinetoimprovehealthcaredelivery,espe-

5 mPharma ciallyforwomenandchildreninremotecommuni-ties—

[79] usedineducatinghealthworkers,diagnosing,and Telehealth
offering care
. Ghana Providesprescriptiondruginventorymanagement,e-

6 Helium record integration, and better access to
Health[80] affordablemedicines
(81] Nigeria Offers EHR, hospital management software,and

7 Baobab telemedicine integration, streamlining billing and
HealthTrus patient data Digital
t[ 82] Malawi Specializes in  low-cost digital tools for Health
(831 patientrecords, workflow optimization, and disease Records

8  TotoHealth tracking in under-resourced clinics Digital
[84] [85] Health
[86] . | Records

9 Medstore Kenya Uses mobile (SMS/voice) to educate parentsand Digital
[871[88] expectantmothersonmaternity,childhealth,andim Health

munization Records
EthiopiaA n onlinemarketplacethatdigitally connectshealth-
careproviderswithsuppliersofmedicaldevicesand
equipment mHealth
Supply
Chain

10 Zipline[89 Rwanda Usesdronesforrapiddeliveryofbloodproducts,vac- Supply
1 ,Ghana cines,andmedicationstoremotehospitalsandclinics Chain
[90]

11 Health[e]F  Multi-SSAD e | i v e r s offine-friendlye-leamingmodulesforhealth HealthE -
oundation professionalsandcommunityworkersinEthiopia, learning
[911[92] Rwanda, Uganda, etc.

12  Prothea Kenya 3D-prints affordable custom prosthetic 3DPrint-
[93] limbs,reducingcostfrom™$3500t0$1400, ;

withfasterturnaround(24hours) ing
Nigeria By leveraging technology and partnering with
13 Casava rep- Digitallnsura

Casava[94

1 utablehealthcareproviders,Casavastreamlinesthei nce

nsuranceprocess,offeringaffordableandaccessibleh
ealthinsurancesolutions
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15

16

17
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Turaco[95]Multi-SSAAfrica-
focusedinsurtechdedicatedtomakinginsur-
ance simple, affordable, and accessible for low-
income communities, covering needs such as
health, life, andpersonal accident

M-PESA Kenya Mobilemoneyplatform(M-PESA)+micro-

+M-TIBA insurance(M-TIBA)thathelpslow-

[96] incomepopulationsinsure and save for healthcare costs

[97]

[981]

NucleusIS Nigeria Digitallyautomatesprocessesbetweeninsurers,hos-

[99] ,Ghana pitals, and enrollees, boosting efficiency and
insurancecoverage

[100]

[101][102]

Sproxil Multi-SSA Fights counterfeit drugs via scratch-off labels

[103] andfreeSMSverificationcodesforauthenticitychecks

Digitallnsuranc
e

Digitallnsuranc
e

Digitallnsuranc
e

DrugVeri-
fication
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Table2lllustrativeSuccessStories:ResearchLevellnitiativesinSSA

No. Company/Initia-  Country BriefDescription
tive

1 GlaucomaEasy L .
Screener (GES) EthiopiaA smartphone+VR headset solution for low-

[104] costvisual field screening, validated with 85-
2 RHDScreening 90%diagnos-tic accuracy
via EthiopiaA u t o M a t e d RheumaticHeartDiseasescreening
PCG+ML[105] usingmachine learning on phonocardiogram data,
3 CADATB enablingnon-expert usage
Multi-SSAAl -powered chest X-ray
analysis for TB
[106] screenin g, improvingrapiddetectioninke
[1071] nya,Tanzania,Zam-bia, Nigeria
4 EyeArtAlSys- South Al-driven retinal imaging that detects
tem [108] Africa diabeticretinopathy automatically, often deployed
[109] in primarycare settings
Uganda Smartphone-basedmicroscopy+Altodetectmalaria

parasites, reducing lab tech workload and

> Malaria Phone  Sudan improvingdiagnostic speed

Microscopy[110]
[111][112]
6 CardioPad [113] Cameroon  Tablet-
basedECGcapturingand interpretation
devicefor rural communities,integrated
withurbancardiologists remotely

7 POC South Automated portable machines for
Africa HIVscreening/viralload,requiringminimaluserinputan
Analyzers gtlanjrti)tl;an%r_eal—tlme decisions
for HIV Kenya, 9

basedsymptomcheckersforcommunity healthworkers,s

[114] ;Jgand tandardizinginitialassessmentandreferrals

[115]
8 Digital Triage
Tools[116]

[117]
[118]

weidentifiedafewexamples:thedonationofhigh-endmedicalequipmentthatdidnot
accountforlocalinfrastructure,maintenance,ortraining;aTanzania-
basedelectronichealthrecordinitiativethatdidnotsucceed;andtelemedicinekiosksthatfellshortof
theirpotentialinmultipleSS Acountries. Wethenexaminedtheprimarycontributorsto
failure in these settings and the lessons learned.

4.2 ChallengesandSuccessFactors

From the detailed analysis of the companies and initiatives mentioned in the three
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Tables1,2, and3, certain patterns emerged that underpin success and challenges.
Table4presentsamatrixthatindicateswhichsolutionsfallundereachsuccessfactororchallengesthe
me,followedbyanoverviewofcommonthemes,bothchallengesandsuccessfactors. Thisall
owsaquicklookatwheresolutionssharesimilarhurdlesand which enablers drive their success.
By grouping the solutions under these common
themes, itbecomesclearerhoweachinterventionsharescertainstruggles(e.g.,con-
nectivity and training) and benefits from certain strengths (e.g., local partnerships,
and user-friendly design).

This subsection synthesizes the key themes from the successes and setbacks out-
lined in the tables above, offering a closer look at the elements that either
facilitateorconstrainimpactful,affordablehealthtechnologyinSS A.Weidentifiedsevenm
ain
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Table3F a i | u r e Stories(orPartial Failures)inSSA

No. Company/ Country BriefDescription Domain
Initiative

1 Donated Multi-SSA High-enddevices(e.g.,MRI,CTscanners)delivered Equipment
orShipped tofacilitieslackingstablepower,parts,orskilledstaff; Donation
Advanced quicklybecamenonfunctional
Equipment
[119][120]

2 EHRPilot Tanzania InitiallypromisingEHRsystemstalledpost-funding Digital
[121] duetolowlocalstakeholderbuy-in,poortraining, Health

uncleardatamaintenancestrategy Records

3 Telemedicine Multi-SSA Complexkioskinterfacesunsuitedforcommunity Telehealth
Kiosks[122] healthworkers;sporadicconnectivity,unclearopera-
[123][124] tionalmodelledtodisuse

challenges (A1-A7) and six main success factors (B1-B6). Although each interven-
tion is unique, the patterns discussed here highlight shared experiences, enabling a
more nuanced understanding of how technology projects can thrive—or falter—in
resource-constrained environments.

TabledThematicMatrix:SuccessFactorsorChallenges

A'Challengesl B.Success Factors?®

No.Solution Al A2 A3 A4 A5 A6 A7 Bl B2 B3 B4 B5 B

6
1.WellNewMe v v v v v v
2.Waspito v v v v v v
3.RocketHealth v v v v v
4.GhanaTeleM v v v v v v v
5.mPharma v v v v v v
6.HeliumHealth v v v v v v v
7.BaobabHealth v v v v v v v
8.Totohealth v v v v v v
9.Medstore v v v v v v
10.Zipline v v v v ooV
11.Health[e]Fou v v v v v v
12.Prothea v v v v v v v
13.Casava v v v v v
14.Turaco v v v v v v
15. M-TIBA v v v v v v v v
16.NucleuslS v v v v v v
17.Sproxil v v v v v v
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421 Challenges

Al

A2

A3

Unreliable Connectivity & Power: In many SSA regions, power
outages and
suboptimalinternetcoveragefrequentlydisruptelectronicsystemsandham
perreal-
timedataexchange.Telemedicineapps(e.g.,Waspito)requirestableintern
et
forvideoconsultations,butfaceperiodicconnectiondropoutsinruralCamer
oon.Likewise, any cloud-based solution such as Helium Health’'s EHR
needs both adequate internet and a backup power supply. Without
such reliability, even well-designed platforms fail to deliver consistent
services.

Staffing & Training Gaps: Constraints on staff availability and skills
can under-
mineaproject’ssuccess.Somesolutionsdemandspecializedinstallationor
usagesteps that local personnel may find overwhelming without
robust support. For instance, Baobab Health Trust’s digital tools in
Malawi thrived only after a sus- tained training regimen for clinic
workers who were unfamiliar with electronic
recordkeeping.Wheretrainingremainssuperficialorone-
off,projectsrevertto paper-based methods.

High Infrastructure Requirements: Certain interventions rely on
sophisticated equipment or distribution hubs, incurring significant
capital outlay and main- tenance costs. Zipline, for example, gains
prominence by leveraging drones forblood product delivery but needs
dedicated launch facilities, capable drones, and

1A.Challenges

1.

Unreliable Connectivity & Power: Frequent internet outages, limited bandwidth, or unstable
electric- ity hinder implementation and real-time data usage.

. Staffing & Training Gaps Inadequate onboarding or continuous training can lead to user

resistanceand underutilization.

. High Infrastructure Requirements Advanced equipment (drones, 3D printers) and distribution hubs

(Zipline drone launch sites) often entail substantial upfront or maintenance costs.

. Multi-Stakeholder Coordination Aligning incentives among government, donors, clinicians, pharma-

cists, and patients can be complex, slowing adoption or raising costs.

. Payment&AffordabilityBarriersManyuninsuredorlow-incomeuserscan’taffordevensmallfees

withoutcreativefinancingmodelsorsubsidies.

. OlderDemographic/

LocalResistancetoDigitalToolsTechnologyskepticismandlowerdigit
al literacy, especially among older adults, can limit adoption.

. Specialized Partnerships Required Some solutions (Sproxil, Prothea) need ongoing collaboration

with pharma or local tech teams, creating reliance on external or specialized partners.

2B.SuccessFactors

1.

LocalOwnership&Partnershipsinvolvementofgovernments,telecoms,
NGOs,localclinics,or community leaders ensures stronger buy-in
and easier scaling.

. TechnologyasanEnabler,NottheGoalSolutionsthattackleaconcretelocalneed(

ratherthan introducing tech for tech’s sake) show higher uptake and
better outcomes.
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3. Scalability & Training Telemedicine, EHR, or micro-insurance platforms thrive when staff and end-
users receive thorough, ongoing training and support.

4. Affordability Beyond Upfront Cost Effective models minimize maintenance, supply-chain
overheadand usage fees, ensuring continued
aff ordability over time.

5. Regulatory/PolicySupportGovernmentendorsement,regulatoryclarity,orpolicyincentiveshave
proven critical for full-scale launches (Zipline drones, M-TIBA).

6. Context Adaptation& User-Friendliness Seamless interfaces, local-language support, offline
modes,and simplified sign-up processes help solutions reach more
users.
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aspecializedoperationsteam. Whiletheserviceoffersimmensevalue, theinitial infrastructure can be
daunting if not properly planned with reliable funding.

A.4 Multi-StakeholderCoordination:Manysolutionsparticularlyinsupplychainor
micro-
insurancenecessitatealignmentamonggovernmentbodies,privateclin-
ics, donors, telecom operators, and more. mPharma’s inventory
system had to
buildtrustwithpharmacies,distributors,andhospitaladministrators.Conflict
- ing incentives or bureaucratic hurdles slow down expansions; thus,
structured communication channels and clear contractual obligations
become critical.

A.5 Payment&AffordabilityBarriers:Incontextswhereout-of-
pocketexpensesdom-inate, even modest fees can dissuade patients.
Micro-insurance platforms like M-
TIBAhelpmitigatethisbutrelyonlargeenrollmentstoremainsolvent.When buy-in
lags (due to skepticism or limited disposable incomes), the scheme can
struggle financially. This barrier often merges with other challenges like local
resistance to digital payments.

A.6 Resistance to Digital Tools: Innovative technologies sometimes face
pushbackfrom older patients or less tech-savvy populations. Whether
it's teleconsultationsor e-wallet-based insurance, a subset of potential
users might distrust
digitalchannels.RocketHealthinUgandaworkedaroundthisbyrunningawar
enesscam-paigns and simplifying enrollment, yet older demographics
demanded phone-based(rather than app-based) consultations.

A.7 SpecializedPartnershipsRequired:Certainsolutionshingeoncontinuousco
llab-
orationwithasinglemanufacturerorspecializedvendor,forinstance,Sproxi
I's drug verification system depends on pharmaceutical partners
willing to adopt unique scratch-codes. If that partner withdraws or
encounters regulatory pres- sures, the service’s entire model may be
jeopardized.

4.2.2 SuccessFactors

B.1 Local Ownership & Partnerships: Deep engagement with government
entities,
NGOs,andlocalbusinessesfostersasenseofsharedresponsibilityreducingt
helikelihoodofpilotabandonment.Ghana’snationalbackingoftelemedicin
eexpan-sions, for instance, allowed for widespread policy support,
streamlined funding channels, and stronger local staff morale.

B.2 Technology as an Enabler, Not the Goal : Effective solutions pinpoint
a real,
localizedissue,forexample,maternalmortalityinremoteclinics,thenbuildthe
simplestormostappropriatetecharoundit.Zipline’sdronedeliveriesstandout:
their impetus was timely access to blood and medicine, not to showcase
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drone
technology.Byprioritizingthatcoreneed, Zipline’smodelresonateswithhealth
workers and local leadership, gaining faster acceptance.

B.3 Scalability & Training: Sustained impact usually requires robust
training and user support over time. Baobab Health Trust trains clinic
workers
repeatedly,ensuringnewhiresalsogainthenecessaryskills.Similarly,Heliu
mHealth’sEHRrolloutincludesongoinghelp-
deskservicesandrefreshersessions.Thisinvestmentin  human resources
boosts user confidence and fosters long-term system uptake.
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B.4 AffordabilityBeyondUpfrontCost:Truecost-
effectivenessisn’tjustaboutalowstickerprice.mPharma,forexample,lowers
overalldrugexpensesthroughcentral-
izedinventorymanagement,passingsavingsontobothpharmaciesand
patients.lts model relies on controlling recurrent costs, stock-out
risks, and overheads.
Thissynergykeepshealthcaremoreconsistentlyaffordable,acriticalelementto
sustaining patient trust.

B.5 Regulatory/Policy Support: Government endorsement especially in
licensing, datagovernance, or expedited approvals can make or break
a project. Rwanda’s embrace of drone-based logistics exemplifies
how official buy-in helps mitigatebureaucratic delays, fosters public
awareness, and arranges necessary infrastruc-ture or airspace
approvals. Without such policy green lights, even well-funded
innovations often stall.

B.6 Context Adaptation & User-Friendliness: Adapting interfaces and
workflows tothe local environment ensures faster adoption. Sproxil’'s
scratch-code
verificationsystemcanbeusedonbasicphoneswithnoneedfordataplans.T
hismethodis
simpleenoughthatmillionsofordinarycitizenscanverifydrugsquickly,fillingacritic
al gap in counterfeit medication control. When combined with multi-
lingualsupport, these solutions can reach diverse populations more
effectively.

By highlighting these specific challenges and success factors, the paper underscores the

practical lessons obtain from both successful and failed initiatives. The main
information is that scaling affordable health technology in SSA demands more than
just innovative code or flashy hardware. Rather, it requires a calibrated approach
that addresses infrastructure, culture, local ownership, and sustainable funding, all
orchestrated around real, pressing needs.

4.2.3 LessonsfromFailedInitiatives

ThehistoryofinternationalhealthinterventionsinSS Aalsocontainsnumerouscau- tionary tales. One

recairent  problem is  the donation or  shipment of  sophisticated
diagnosticequipment,suchashigh-
endMRIorCTscanners,tofacilitieslackingthebasicstorunthem(stableelectricity,specializ
edtechnicians,orfundsformaintenance contracts).
Table5presentsaconciseoverviewofthecommonthemes(challengesormissed
opportunities as presented in Section4.2.1) behind the partial or failed interven-
tions,withanat-a-
glancematrixshowingwhichsolutionsexperiencedeachtheme.Byidentifyingwhichtheme
scausedthestallsorfailures, futureinterventionscanproac-tively address core issues, namely,
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ensuring feasible infrastructure, continuous training,meaningful stakeholder buy-in,
robust funding, and technology that truly fits local
needs.Belowisanextendeddiscussionofwhatwecanlearnfromeachrowandhow the listed
themes intersect.

e DonatedorShippedAdvancedEquipment:High-
endimagingdeviceslikeMRlor CT scanners were delivered to rural or
underserviced facilities without ensuring
stableelectricity,asupplyofconsumables,orstafftrainedtooperateandmaintain
them.Overtime,thesemachinesbecameidleorprematurelybrokedown, wasti

ng
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resources and eroding community trust. The shortfall emphasizes the importance of
infrastructure alignment and ongoing maintenance planning.

e EHRPilotinTanzania(StalledPilot):Initiallypromising,thiselectroniche
alth

recordsystemlostmomentumwhenexternalpilotfundingended.Localstaffwho never fully
adopted or took ownership went back to paper-based methods. Con-
tributingfactorsincludedinsufficienttraining, thelackofalong-termplanfordata ~ storage, and
difficulties gaining buy-in from frontline clinicians.
¢ TelemedicineKiosks: Inseveral SSAcountries, kiosk-styletelemedicine stations were
introduced to provide remote consultations. While conceptually beneficial, connec-
tivityissues,overlycomplicateduserinterfacesforcommunityhealthworkers,and a lack of an
operational funding model led these kiosks to fall into disuse. Local trust waned as repeated
outages or error messages plagued early adopters.

Itisnotenoughtosecureaninitialpilotgrantordonation;onemustensuregenuine local ownership
and an adaptable, context-appropriate model. By referencing these partial or complete
failures, future innovators can proactively mitigate such pitfalls,ensuringthatwell-
intentionedeffortsdonotunintentionallywasteresourcesorunder-mine  confidence in
digital health solutions. Taking this into account, the following
sectionpresentswhyaffordabilityisimportantanditalsopresentsanewdefinitionof affordable health
technology with requirements in designing one.

Table5C o n c i s e OverviewofCommonThemesBehindPartialorfailedInterventions

A.Challenges?

No.Initiative 1) 2) 3) 4) 5) 6) 7)
DonationofHigh-End s v v v
ImagingEquipment
EHRPilotinTanzania v v v v
3.TelemedicineKiosks v v v v

4.3 DefiningAffordableHealthTechnology

Section4.1lhighlighted how technology is increasingly being leveraged to
improvehealthcare access, affordability, and quality across SSA, a trend mirroring the
broaderpush for innovative, tech-driven solutions in the continent’s healthcare
sector. Yet,
implementingthesedigitalhealthinitiativesremainschallenging. Wefirststartwith a proper
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definition of affordable health technology.

Asperourinvestigation,aclearandoperationaldefinitionofwhatconstitutesan
affordablehealthtechnologyislacking. Merelyconsideringlow-costasanaffordable technique
is insufficient to determine the value and affordability of a given health technology.
Therefore, in this section, we present the first more comprehensive and practical
definition of affordable health technology:
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AffordableHealthTechnologyisanintegratedsetofcost-effective,accessible,sus-
tainable,scalable,andcontext-appropriatetechnologicalsolutionsdesignedtoimprove
healthcaredeliveryandoutcomesinresource-constrainedsettingswithoutimposing
undue burdens on individuals, communities, or health systems.

A truly affordable health technology must combine multiple characteristics. It
shouldbecost-effectivebyprovidingcomparableorbetterhealthoutcomesatlower
overallcostthanconventionalsolutions;itmustbeaccessibletopeopleinremoteor
underservedcommunities; itmustbesustainable,takingintoaccountenvironmental - impacts and
long-term usage patterns; and it should be readily scalable to benefitwider populations
without  exponentially  increasing  costs.  This expansive concept
canincorporatedigitalplatforms,devices,andsystemsorcombinationsthatareintegral
indeliveringmedical careandmanaginghealtheconomically. Thisholisticapproach
todefiningaffordabilityismorelikelytoproducesolutionsthatcanthriveintheoften ~ rugged  and
diverse contexts found across SSA.

4.4 CoreRequirementsforDesigningAffordableHealt
hinnovation

DrawingonthesuccessesandchallengesoutlinedinTables4and5andtheirrelateddiscussions,
sixfundamentalrequirementsemergeformedicaltechnologiestobebotheffectiveandtrulya
ffordableinSSA.Below,eachrequirementisdescribedwithsome examples from the results section:

1. Deep Understanding of the Market: Developers must conduct
immersive field-
workandpartnercloselywithlocalstakeholderstoensuretechnologiesfitdail
yrealities.Forexample,BaobabHealthTrustspentsignificanttimeundersta
ndingMalawi’sruralclinicworkflowsandofflineneedsbeforeimplementinglo
w-cost
digitaltoolsfordiseasetracking.Similarly, WaspitoinCameroontargeteduser-
friendly mobile interfaces after recognizing spotty internet access and
limitedsmartphone familiarity among patients and providers. Such
ground-level insightensures solutions are not just technologically
sound but also culturally and infrastructurally appropriate.

2. AffordabilityandScalability: Theproductmustremainbothlow-
costinoperationandreadilyexpandableacrossregions.mPharmaachievesthisb
yprovidingcen-
tralizedinventorymanagementtopharmaciesandhospitals,reducingmedi
cationprices without losing quality, and easily replicating the model
in new locations. Likewise, M-TIBA harnesses existing mobile money
networks to deliver micro- insuranceatscale;minimaloverheadandpay-
as-you-gooptionslowerfinancial
barriersforendusers.Theseexamplesshowhowcontrollingrecurrentexpenses(e.
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g.,maintenance,consumables)andtappinglargermarketshelpmakesoluti
onssimultaneously economical and scalable.

. Innovation in Distribution: Because large segments of SSA

populations live inremoteorhard-to-
reachareas,distributingproductsorserviceseffectivelycanbea major
obstacle. Zipline exemplifies a creative response by using drones to
deliverblood products and medications to rural hospitals, drastically
cutting transport
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time. ThesuccessofZiplinehingesonintegratingwitheachcountry’sregulatory
frameworkandplacingdronehubsstrategically. Thisapproachunderscoresthatwell-
chosendistributionmethods,whetherdrones,mobileapps,ore-marketplaceslike
Medstore, are vital to bridging geography-based disparities in care.

4. LocalEngagement:Gainingcommunitytrustandinvolvinglocalactorsatever
ystagefostersmeaningfuladoption.RocketHealthpartnerswithUgandanh
ealth-
carestaffforteleconsultationsandinvestsintrainingbothlicensedpharmacists
andhome-
visitlabtechnicians.Byembeddingtechnologyinestablishedcommu-
nitypractices, theservicegarnersacceptanceandsmoothday-to-
dayoperations.LocalstewardshiphassimilarlyprovenessentialfortheAl-
basedRHDScreeningviaPCG,whereEthiopiancommunityhealthworkersa
cceptthetoolbecauseof ongoing training and collaboration with local
cardiologists.

5. Commitment Beyond Profit: While financial sustainability is crucial,
solutionsmustalsoserveagenuinesocialpurpose.Sproxil,forinstance,add
ressescounter-feit drug risks without imposing hefty fees on end
users; basic scratch-and-text mechanisms are virtually free for
patients. Meanwhile, Turaco focuses on cost-
effectiveinsurancepoliciesthattrulyprotectthelow-
incomesegment,ratherthanjust maximizing returns. Embedding social
impact objectives into the business model helps maintain affordable
pricing, attract community trust, and enable long-term viability.

6. TaskSharing/
TaskShifting:Designersanddevelopersshouldprioritizeautomat-ing
routine, repetitive tasks in a way that allows staff with minimal
training to
operatethetechnologysafely.Forinstance, CAD4TBappliesAltochestX-
rays,lettingnursesorcommunityhealthworkersscreenforTBwithminimals
pecialist oversight.Inresource-
limitedsettings,wherehighlyskilledmedicalprofessionals
arescarce,thesetoolsfreeupexpertstofocusonmorecomplexandcriticalin
ter- ventions.Buildingmedicaltechnologiesthatenablenon-
specialiststoconfidentlyperformbasicscreeningordatacollectionsignificantly
expandsservicecapacity,thusensuringmorepeoplereceivetimelycarewhile
specializedclinicianshandleadvanced procedures.

4.5 Limitationsofthepaper

While the narrative literature review method provided in-depth contextual under-
standing, it is not without limitations. First, it relies heavily on the availability of
existing literature, which is very low in SSA. This is mainly evident in the list of
fail- ure ( or partial failure) section where very few publications or reports were
found. Second, the absence of a rigid systematic screening may introduce selection
bias, as studieswithlessprominentpublicationvenuesorthosefocusingonnegativeresults
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couldbeunderrepresented. Third,thereisariskofsubjectivityinthethematicgroup-
ingandinterpretationofresults. Tomitigatetheselimitations,theauthorsmaintaineddetaile
drecordsofsearchstrategiesandactivelysoughtoutgrayliteraturetocapture a more holistic view of
healthcare interventions in SSA.
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5 Conclusion

SS A continuestobearadisproportionatediseaseburden,withshortagesofqualifiedworkersan
dunder-resourcedinfrastructureintensifyingtheregion’shealthcarechal-lenges.
However, targeted, “affordable” health technologies demonstrate that major strides
can be made; mPharma slashes medication costs, M-TIBA broadens finan-
cialprotection,Ziplineswiftlydeliverscriticalsupplies,andtelemedicineexpansions reduce
mortality in remote communities.

Thethreeresearchquestionshavethusbeenanswered:

1. RQ1 asks “What is affordable health technology, and how can it

become truly impactful?” This paper presentes that an affordable
health technology must becost-
effective,sustainable,accessible,scalable,andcontext-
appropriate,deliver-
inghealthimprovementswithoutimposingunduefinancialburdensonindivid
ualsor health systems. Merely labeling something as “low-cost” is
insufficient; it
mustalsoincludemaintenance,support,anddistributionstrategiessuitablef
or
localconstraints.ThetrueimpactofhealthtechnologyinSSAdependsonuser
- centered design (to ensure acceptance), a strong local ecosystem
(government, telecoms, NGOs, etc.), and continued alignment with
resource realities. This
includesusingsimpler,morerobustequipment,buildingtelemedicinesolutions
that can run on basic connectivity, or micro-insurance models that offer low
premiums but real coverage for the uninsured.

. RQ2 explores “What core requirements must be met to design and

implement an affordable solution?” Based on common themes and
the paper’s evidence, sixessentialelementsemerged:
(1)DeepMarketUnderstanding:Designers/de- velopers should conduct
immersive fieldwork to grasp local needs, cultural dynamics, and logistical
hurdles, (2) Affordability and Scalability: Solutions
mustkeepongoingcosts(maintenance,consumables)lowandoffermodular
or tiered pricing for broader reach, (3) Innovation in Distribution:
Whether it's drones (Zipline) or a cloud-based system (Helium Health),
distribution must overcome vast distances and remote settings, (4)
Local Engagement: Project buy-
infromcommunityhealthworkers,localbusinesses,orgovernmentfosters
trust, adoption, and smooth scale-up, (5) Commitment Beyond Profit:
Impact-driven businesses ensure sustainability in low-income markets—
frugal
innovationandmicro-insurancehighlightthis.and(6)TaskSharing/TaskShif
ting:Simplifytechnology usage so that mid-level cadres (CHWs or
nurses) can perform tasks normally handled by specialists.
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3. RQ3focuseson“Whatdoesagoodsolutionlooklike,andwhydosomefail?”The
following points summarize the distinguishing traits: “Good” solutions should
align with local context (infrastructure, workforce skills, patient habits), pro-
vide tangible cost-savings or improved service for end-users, feature long-term
maintenance/IT support and continuous training, showcase co-creation: early
involvementoflocalstakeholders,andintegratewellwithexisting systems(tele-
coms,clinicworkflows). TheCommonCausesoffailurewereinfrastructuregaps,lack
oflocalownership,insufficienttraining,andnobusinessmodel,i.eifthe
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solutionispurelygrant-funded,itoftenhaltsuponprojectcompletionand Tech- nology
mismatch where solutions are too advanced (MRI in remote clinic) or misaligned
(complex kiosk interfaces for CHWS).

Takentogether,thesefindingshighlightthepotentialfortechnology-driventransfor-
mationsinSSA’shealthcarelandscape,providedsolutionsarerootedinlocalrealities and follow the
key enablers laid out above. By systematically addressing infras- tructure gaps,co-
creatingwithend-users,andensuringsustainablefinancialmodels,
futureinterventionscanpromotelastingimpactandhelpclosepersistenthealthcare  disparities
across the region.
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