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Abstract
Low-cost healthcare innovations which are designed for economic reasons, popularly called Frugal Innovations’ (FI), are all about ‘doing more and better with less for more people’. FIs have a long history in several areas of global health care, however they struggle to be discovered and recognised because they are unlikely to have undergone rigorous scientific evaluation, patent filing or acceptance and the subsequent commercial crossover. Knowledge about many unpublished but successful FIs therefore tend to survive as medical folklore or by word of mouth communications. Scientifically unambiguous, unequivocal and transparent ‘structured’ reporting in any paper is indispensable for critical appraisal of its true worth by reviewers, editors and readers. We perceive a need for similar structured and standardised reporting of FIs and propose guidelines for standardised reporting of FIs called STRONG-FI: STandardised Reporting Of Novel Grassroots Frugal Innovation which includes a 30 point checklist.  STRONG-FI encompasses the whole process of FI from ideation, to development, to its possible usage and diffusion. It also invites discussion of the motivation for its development and barriers for its implementation; internal and external validation; standards, sustainability and safety. The framework incorporates all three constructs of FI: affordability, adaptability and accessibility. Effective reporting of such affordable solutions can assist in lowering global healthcare costs while improving access and quality. 
Key Words – Frugal Innovation; Evidence based medicine; healthcare; reverse innovation



Low-cost healthcare innovations which are designed for economic reasons, popularly called Frugal Innovations’ (FI), are all about ‘doing more and better with less for more people’.[1] Often synonymous with ‘work-arounds’ or ‘good-enough’ innovation, what FIs lack in sophistication or complexity they make up for in affordability, without scrimping on safety or effectiveness. Some good examples of FIs include the low-cost ECG machine GE MAC 400, Kangaroo Care, the Ponsetti treatment for congenital club foot and mosquito net mesh used for hernia repair; each of which has a demonstrable evidence base for clinical effectiveness at extremely low cost.[2-5] The philosophy of frugal innovation originates from grassroots, resource-constrained milieus, where most abundant of all-natural resources — human ingenuity — is used to optimize limited resources to solve problems.[6] Any FI must result in substantial (at least one-third) cost reduction without compromising on its core functions and optimum performance level.[7] Some FIs, although designed in the developing world, have been found useful for the developed world too and are labeled as ‘reverse innovation’ (RI), although this term is considered to be pejorative by some.[8, 9]

Innovation, although central to the development of medical science, is a complex process and its definition continues to be debated.[10] Its complexities are further reflected in challenges in its evaluation and reporting even though frameworks such as IDEAL (Idea, Development, Exploration, Assessment and Long-term monitoring), a widely accepted benchmark, are available.[11] In a recent systematic review the measurement and reporting of surgical innovations continues to be inconsistent, and there is a need for standardization and guidance.[12] FIs’ reporting is made even more complex for two reasons 1) that they are work-arounds and unconventional solutions for reducing the complexity and cost of an idea, oftentimes unpatented, not commercialized, without financial backing, or simple changes in practice or technique, and therefore tend to remain under the radar, or outside of typical evaluations or as part of research programs. 2) that they tend to originate from the developing world, doing more with less where the need is greatest to maximize resource use, and where there are well documented challenges with regards conducting, and then more specifically publishing, research or evaluation.[13-15] Combined, reporting of FIs, if and when it happens, therefore remains rather invisible to the mainstream medical community.

Such barriers mean that knowledge about many unpublished but successful FIs therefore tend to survive as medical folklore or by word-of-mouth communications. Lacking a structured template, FIs, are therefore frequently reported as informal communications which may not be well organized and are sometimes anecdotal. FIs have a long history in several areas of global health care and the last couple of decades have seen their publications increase in numbers [16, 17] however, challenges with lack of command over the English language and structured scientific writing prevent their entitled scientific evaluation and recognition by reviewers, editors and readers.  A formal checklist enumerating a standardized reporting format will go a long way in overcoming these hurdles. 

Scientifically unambiguous, unequivocal and transparent ‘structured’ reporting in any paper is indispensable for critical appraisal of its true worth by reviewers, editors and readers. Such an assessment is a prerequisite for peer review and subsequent peer acceptance, the very foundation of science. The IMRAD (Introduction, Methods, Results and Discussion) structure has been traditionally used to provide the necessary scaffolding to scientific papers; so reviewers and readers can understand why the research was done, how it was done, what was found and the reasons for conclusions drawn. Poorly reported research seriously undermines the usability of reported findings. Reporting guidelines and checklists tackle the problems of poor reporting by improving the clarity, completeness and transparency of scientific publications by providing resources and education relating to the reporting of health research. [18-20] Most journals acknowledge their usefulness and impact by endorsing their use in the ‘instruction to authors’.

We perceived a need for similar guidelines for standardised reporting of FIs because reporting of an innovation differs materially to the reporting of research. FI per se is both a solution and a process, and its many aspects are not commonly considered in normal research reporting. Additionally, understanding its effectiveness may require synthesis of a number of different types of research studies. We propose guidelines for standardised reporting of FIs called STRONG-FI: STandardised Reporting Of Novel Grassroots Frugal Innovation which includes a 30 point checklist (Table 1). STRONG-FI encompasses the whole process of FI from ideation, to development, to its possible usage and diffusion. It also invites discussion of the motivation for its development and barriers for its implementation; internal and external validation; standards, sustainability and safety. The framework incorporates all three constructs of FI: affordability, adaptability and accessibility. [17] Table 1 shows how it can integrate with IMRAD structure when reporting any FI.

IMRAD Section: Title, abstract and key words

The term FI should be inserted into the Title, abstract and key words for electronic indexing, search and retrieval.

IMRAD Section: Introduction

This must highlight the reason behind the need for the new solution/ innovation. Although the reason for FI is often economical it is necessary to mention what drove the pursuit of a new solution, what was the perceived clinical and economic need and what was the existing or incumbent technology employed. In this section, the authors should describe the inventive step and how different the FI is to the next closest technology.

IMRAD Section: Methods

The most important part is what is new and the detailed reporting of what was changed in the new innovation to reduce the cost while it continued to meet the requirement. For example, in the case of a new technology, mention must be made whether the newly developed innovation includes locally sourced or off the shelf technology; or whether it was repurposed from another usage; or re-usable/ sustainable parts were substituted in place of consumables; or a modular bricolage design was used or was any feature enhancement done to an existing model. Core characteristics of the FI must be emphasized, e.g. sustainability, simplification, ruggedization, repurposing, reusing, rapidity or any recombination of different characteristics. [21] This needs to be related to how the FI reduced cost, or how it became more affordable to the health system. The savings should be described as compared to what was previously being used as this will strengthen the argument in its favor. Clear economic benefit is fundamental to FIs, even if a meticulously done calculation of the cost-benefit analysis is not available. Details of how the innovation was implemented/ trialed must be included. The unique selling proposition of a successful FI is its scalable diffusion, reachability and delivery across similar circumstances. Its scalability is a measure of its acceptability so its integration into work practices and description of support required, if any, for its use and training. This can be graded as simple (straightforward, predictable, few components), complicated (multiple interacting components or issues), or complex (dynamic, unpredictable, not easily disaggregated into constituent components).[22]

IMRAD Section: Results

Internal validation of any FI must incorporate assessment of its quality by comparing clinical outcomes with existing alternatives. The extent of economic benefit must be mentioned along with a cost-benefit ratio if available. The uniqueness of any intellectual property can be appraised by its feasibility for a design rights/ trademark/ copyright/ patent. Even if the innovation has not been patented or regulatory approval granted, validation may be described through government support for the innovation, for example through funding. The sustainability of the innovation needs to be rated to assess its long-term impact and consideration of any reported adverse events, as well as anticipated and unintended events should be described.

IMRAD Section: Discussion

Discussion must begin with a summary of how the FI actually worked and should include implications for workflow, work practices, resourcing, and training. The solution’s economical and other benefits must be highlighted. A few words about the journey of innovators may be inspirational for readers and should be included. Safety, limitations, technical or social barriers and constraints for its widespread use has to be discussed for any new idea and its implementation in health services. Many FIs may result in bonus/fringe benefits like new lessons were learned and this knowledge capital can be successfully applied to other problems. And finally, FI’s likely possibility of scaling internationally needs to be appraised and mentioned. Prospects of meeting any unmet need, compatibility with infrastructure and regulation and receptivity in the developed world can be mentioned in this assessment. [23]

STRONG-FI has been developed on the basis of the relevant literature and our clinical experience. It can be seen as a preliminary checklist, a Beta version which is being published for wider testing and evaluation by all stakeholders in this field including innovators, peer reviewers, editors and readers. Most guidelines are evolving documents and undergo revisions and extensions, as and when needed. Similarly, this version may require further assessment and refinement, for example through a Delphi technique. [24] Final evaluation of its utility will be through its widespread use by authors and whether journals start to incorporate it into their guidelines. FIs are much more than solutions to somebody else’s public health problems; and a properly written scientific paper about a FI with the help of the ‘STRONG-FI’ template, can be a tremendous source of new ideas, knowledge and wisdom for everyone in global health. Effective reporting of such affordable solutions can assist in lowering global healthcare costs while improving access and quality.


Much needed scientific writing skills among authors of developing countries can play an important role in dissemination of information about FIs. [25, 26] The STRONG-FI template permits the communication of knowledge and expertise from developing world authors to communities of practice typically less receptive to this, and by using standardised frameworks, will signal rigor and objectivity.  Of course, the template does not guarantee this receptivity and it will invite dialogue around attitudes towards frugal innovation in general and biases against developing world research. It also may be too prescriptive in that for some innovations there might not yet be sufficient detail to provide in some sections e.g. effectiveness, scaling etc., and so early stage innovations may fail to be reported, despite their potential benefit. Furthermore, the template does not explicitly require an author to consider which of the widely documented frugal innovation competencies (e.g. sustainability, simplicity, ruggedization, repurposing, lightweight) can be attributed to the innovation and so there may be instances where submissions lead to disagreements over whether an innovation is or is not frugal.  These are not mere semantics as this field is constantly evolving, and authors would do well to draw on the frugal innovation literature in the discussion of their innovation.  

Conclusions

The STROBE statement with its checklist was developed so the authors could scientifically report such observational studies with clarity and quality; this assists the reviewers, editors and readers in their critical appraisal. [15] ‘STRONG-FI’ is not a ‘stand-alone’ tool but it can be seen as an addendum that fills this gap in the reporting of FIs; and compliments the IMRAD and STROBE structures. 



















	IMRAD
	Criteria
	Recommendation
	Rationale

	Title, abstract and key words
	Highlight the term FI
	1. 1. Include the term low-cost/ frugal innovation in title, abstract and key words
	Indexed articles will be searchable in a variety of databases and systematic reviews through the inclusion of the FI term in title and abstract

	Introduction
	Identifying the need/ problem
	2. What is the clinical and economic reason behind the need for new solution/ innovation?
3. What is the current best practice or incumbent technology?
4. What is new? What is the inventive step?
	All innovation must solve a problem that has not been solved by current best practice or incumbent technology.  By specifying what this problem is readers may appreciate that contexts share similar challenges and will be able to evaluate applicability to their own contexts.  Indicate the inventive step to make explicit what is new, what is different to current practice.  Most ‘innovation’ is merely an incremental change on previous practice or technology so detail whether this is a difference in design, in material, in technique, in know-how or in application or if a more radical modification was utilized. 
 

	Methods
	How was the innovation developed
	5. How the cost was reduced?
6. How does it meet the clinical need?
7. How	has	this	innovation	been implemented/ trialed?
	Innovation is a verb as well as a noun and so a description of the process through which the FI was developed will help the reader understand how FI is achieved. The stages of design, development, trialing and failing and experimentation need to be described with an ambition to ensure this is reproducible in other contexts. It is necessary to understand how the FI fits in to the local health unit, service or system.  Readers will need to understand its performance in a wider sense as this will determine its potential for scaling into other contexts. 

	
	Local spread of innovation
	8. How does it improve access to care?
9. How scalable is this across other similar contexts? (simple/ complicated/ complex)
	

	Results
	Internal validation
	10. Effectiveness/Quality(comparison with existing alternatives)
11. Is it low-cost/ lower-cost?  By what margin?
12. Cost-benefit ratio (if available)
	The FI should be performing as well if not better than the incumbent technology or practice or at least only marginally less well for a far improved cost differential. Detail should be provided demonstrating outputs, outcomes and impact compared to the next closest alternative.  Comprehensive, detailed and authoritative comparison may provide useful insights in the absence of controlled trials. Costs should include running costs, sunk costs, capital costs as well as human resources.  Transparent description of adverse events or anticipated risks will add to the reader’s appreciation of the innovation and how it works. Locating the innovation within the appropriate regulatory frameworks is important to help the reader understand it potential for commercialization, scaling, and use within their own contexts. 

	
	Complications/adverse events
	13. Anticipated
14. Unanticipated
	

	
	Standard of Innovation
	15. Uniqueness of intellectual property (Design rights, trademark, copyright, patent)
	

	Discussion
	Summarise how the FI actually worked
	16. Implications for workflow, work practices, resourcing, training
	Criticality is important as it provides a balanced assessment of the FI without resorting to evangelism or self-promotion.  Innovation solves problems and creates new ones.  A good discussion will provide a balanced appraisal of the overall benefit of the FI, in the round, as a clinical and an economical solution.  The clinical benefit may be small, but the financial saving large, and understanding how this benefitted the wider system will be important for the reader. This is not merely about its effectiveness but its impact on workflow, resources and communication and how savings in one part of the system may have benefitted care elsewhere. Make a recommendation – is this FI for local use only, or does it have potential to scale in to other contexts, including in high-income settings.

	
	Journey of innovators
	17. 17. Was backing, financial or other, secured and how?
	

	
	Benefits
	18. As a clinical solution
19. As an economical solution
	

	
	Safety
	20. Compatible with ethics/ regulations
21. Any	limitations/	Inconsistency/ Imprecision
	

	
	Bonus/ fringe benefits
	22. Lessons learned?
23. Knowledge capital applied to other problems?
	

	
	Barriers to its widespread use
	24. Technical?
25. Social?
26. Logistics?
	

	
	Likely  possibility  of  Global diffusion
	27. Can it cross-over to HIC for an unmet need?
28. Compatible with HIC’s infrastructure?
29. Compatible with HIC’s regulations?
30. Can it be used widely in HIC?
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