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Introduction 

Medical devices are regulated by government agencies and the FDA has a major role in the 

safety and effectiveness of the medical devices introduced in the market. This is so because the 

design complexity also risks the challenge of ensuring that new testing methods are employed to 

regulate medical devices to the set FDA standards. Risk-based testing is thus proving to be a 

significant concept in this regard as it provides a systematic strategy to prevent all types of risks 

in the entire life cycle of a product. The focus of this paper is to review different testing 

methodologies using risk approaches commonly practised in the medical device industry to 

address the requirements of the FDA. Risk-based testing not only helps to simplify the procedure 

of meeting the requirements of legislation but also aims at a more rational use of resources and 

enhanced decisions on creating and maintaining medical devices. To compile this research on 

risk-based testing about FDA standards for medical devices, the current literature and practices 

in the field have been reviewed. 

Literature review 

Risk Management Frameworks 

Vroonhoven, (2020),The concepts of risk-based testing in medical devices originate from the risk 

management frameworks. The most famous and acknowledged by the FDA is the ISO 14971 

standard which offers a complete guideline on risk management at all phases of the product's 

life-cycle. Some research has addressed the integration of this standard in the testing of medical 

devices. For instance, showed that using the principles of ISO 14971 results in optimization of 

testing activities. Based on this, Ray, (2021) introduced a refined risk estimation model 

extending the pretended equipment by software components given the complexity of current 

healthcare technology devices. 
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Figure 1: Risk Management  

(Source: Ray, 2021) 

Software Validation Approaches 

Gadde et al., (2020) states that software validation techniques have attracted a lot of attention 

mainly due to the role of software in medical devices. The FDA's regulation General Principle of 

Software Validation states that risk-based methods should be used in testing. Gadde et al., (2020) 

have proposed a technique for tracing instances of software requirements to risk potential, which 

would help streamline tests. Ozadali, (2022) proposed a risk-based test case prioritization 

technique compliant with FDA regulations which, based on the prioritization of test case 

execution order, has a better ratio of defect detection in risky software parts. 

Quality System Integration 

Sharma and Luthra (2023), identifiedtrend about the implementation of risk-based testing on 

quality management systems. In the USA, manufacturers handling FDA-regulated products are 

required by the Quality System Regulation (21 CFR Part 820) to implement quality systems 

which include risk management (Davar, 2024). In their study, Sharma and Luthra (2023) 

established that incorporating risk-based testing into existing quality management frameworks 

would enhance and extend an organisation's overall compliance management strategies. To 

support this research, Kaliaev and Malikova (2020) showed examples of how risk-based testing 

methodologies can improve various quality assurance activities to meet the FDA's requirements. 
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Figure 2: FDA Classification 

(Source: Davar, 2024) 
Thus, some obstacles have not been solved yet and are connected with risk-based testing 

methodologies. While comparing with other medical devices, Muehlematter et al. (2021) 

discussed the challenge of risk estimation and its categorization by priority. Further, Peter et al., 

(2020) pointed out that the innovation in healthcare technology in the development of medical 

devices is too fast to accompany the testing methodologies hence calling for more flexible risk 

assessment frameworks. 

Thus, the identified literature suggests an increase in the knowledge related to a risk-based 

testing methodology that complies with the requirements of the FDA for medical devices. 

Although advances have been made in frameworks, S/W validation methods, and integration of 

quality systems, further research is still required due to the evolving questions and advancements 

in the medical device industry. 

Methods 

Research Method 

This research adopts a systematic literature review approach for the examination of 

methodologies for risk-based testing for FDA compliance in the field of medical devices. The 

systematic process guarantees that the existing literature, best practices in industries, and policies 

related to the particular field have been considered and reviewed non-subjectively. This review is 

oriented to peer-reviewed articles highlighting the major developments in medical device 

technology and regulation. 

Data Collection 

This study, followed an initial set of words, such as ''risk-based testing,''''medical devices,''''FDA 

compliance,'' and ''software validation,'' while searching the most significant academic databases 

like PubMed, IEEE Xplore, and ScienceDirect. Finally, the official and governmental websites 

were examined regarding the FDA regulations and guidelines. Following an initial prescreening 

of the documents, subsequent documents were subject to further analysis. 
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Data Analysis 

The time frame selected was preceded by the thematic analysis of the documents that 

characterised the role and trends in risk-based testing methodologies. When analyzing content, 

the steps followed were coding the document content, allocating codes to broader themes, and 

lastly, synthesizing results. Emphasis was made on those methodologies that focused more on 

real-life issues involving FDA compliance. The study also incorporated a qualitative comparison 

of various methodologies, which aimed to identify the respective advantages and disadvantages 

of each regarding different categories of medical devices. 

 
Figure 3: Thematic Analysis 

(Source: Davar, 2024) 

Result 

There were several main findings from the systematic review of the literature on methodologies 

for risk-based test approaches for medical devices for compliance with the FDA. A clear 

inclination toward the application of risk management principles at the strategic levels of 

medical devices throughout their design, development, production, and later, post-market usage 

evaluation has been observed (Hubbard, 2020). Taking into consideration risk-related strategies 

adopted by the various companies the organizations had testified to efficient testing processes 

and better success rates in FDA applications. One of the insights revealed that the risk evaluation 

methods are differentiated using software, which demonstrates the growing complexity and 

integration of software in the latest medical devices (Albahri et al., 2023). These technical skills 

clearly showed the enhanced capability to detect severe risks that surfaced during the 

experiments of traditional testing. For instance, research indicated that credibility-based software 

testing could identify between 20 and 30 percent of the most critical issues at an early stage of 

software development and therefore prevent expensive and time-consuming mitigation at the 

final stages while having negative ramifications for compliance (Gadde et al., 2020). 

The review also pointed to future focuses such as the integration of risk-based testing with 

organizational quality management systems. The integration has meant the compliance strategies 

are now more rounded and manufacturers are in a better position to deal with quality and 

regulatory compliance (Khinvasara et al., 2023). Organizations that adopted this integrated 

approach detected the overall compliance cost that was 25% lower on average and the time to 

market for the new devices, which was 40% less compared to the time that had to be spent before 

implementing the given approach. 
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Figure 4: Comprehensive Risk Management 

(Source: Cooper, 2023) 
Nevertheless, the findings also revealed that there were still difficulties in the domain. Risk 

assessment normalization across the various types of devices is however still a challenge today 

given that different types of devices need different assessment methods (Miclăuş et al., 2020). 

Moreover, another question that follows is the ability to keep up with the fast pace, at which new 

technologies emerge, for the existing methods of risk assessment. The review revealed that 

around 60 per cent of manufacturers are slow to bother with their risk assessment processes due 

to the rate of innovation of their products (Cooper, 2023). 

Notably, analyzing the literature research revealed the increasing number of research focusing on 

the application of artificial intelligence and machine learning to improve the effectiveness of 

risk-based testing (Kaliaev and Malikova, 2020). Another set of pioneers in the application of 

artificial intelligence noted the possibility of enhancing the mentioned approach and raising the 

accuracy of risk predictions by 40% while shortening or total risk examination time. These 

conclusions highlight the changes in the approach of risk-based testing within the framework of 

the medical device industry and its relevance to FDA requirements. At the same time, it is 

important to specify the results indicating further research and development for long-term 

challenges, opportunities and trends or for specific fields, which are to be improved and 

developed. 
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Figure 5: Machine Learning in Healthcare 

(Source: Habehh and Gohel, 2021) 

Discussion 

This paper confirms that while there is considerable progress on various risk-based testing 

strategies used to attain FDA compliance in medical devices, there are still several gaps that 

remain in the field. The incorporation of risk management principles at various stages of a 

device's life cycle is a notable development in risk management suggesting that more 

organizations are embracing holistic evaluation of risk (MacNeill et al., 2021). It also helps in the 

overall enhancement of product quality as well as patients' safety beyond the static concept of 

compliance with regulatory requirements.New software-specific risk assessment methodologies 

are also worth mentioning because the complexity of software in medical devices is continuously 

rising. It is incredibly important for both regulators and manufacturers because these techniques 

provide high effectiveness in discovering important vulnerabilities at the stage of product 

development. It indicates that the method could be useful in minimizing the instances of late- 

phase changes that are expensive, and enhance the process of regulatory approval (van 

Vroonhoven, J., 2020). 

This risk-based testing integrated with the quality management system reflects a better trend of 

compliance management. This integration addresses a long-standing challenge in the industry: 

the topic of quality and regulatory compliance which are usually treated in isolation from each 

other Ray, (2021). It also revealed overall compliance savings in cost and time to market as the 

advantage of using this kind of integrated approach.However, the constant issues involving the 

failure to establish the standard procedure for the risk assessment of the devices with different 

types and constant failure to catch up with emerging advancements have also remained 

significant problems Ozadali, (2022). These issues therefore call for continued research and 

innovation in methods of risk assessment. The utilization of AI and/or machine learning in 

furthering the possibility of risk-based testing is an area of great potential in the future, but it also 

brings up new questions of how such methods would be validated and accepted by regulators. 

Future Directions 

Future development of risk-based testing for FDA compliance in medical devices must consider 

the challenges present in current approaches. Further research should focus on enhancing the 

flexibility of the methods used to generate risk assessments and thereby respond to fast 



Venudhar Rao Hajari/Afr.J.Bio.Sc.6(Si4)(2024) Page 3956 of 12 
 

technological changes (Davar, 2024). Opening up new opportunities in terms of risk forecast 

precision while improving the algorithms' speed may be considered a valuable line of work that 

requires further investigation. Furthermore, it is vital to advance toward the convergence of the 

risk assessment model for multiple types of devices, but at the same time, provide certain 

freedoms for the assessment of devices individually (Muehlematter et al., 2021). Although 

medical devices are less connected as compared to other devices, exploring ways to expand the 

methods of cybersecurity risk assessment as part of risk-based testing will be crucial in such a 

context. Lastly, how industrial partners, academia, and relevant regulatory agencies can work 

together to provide majority, agreed-upon standards and guidelines for practice in emerging 

technologies will be critical in shaping a future-proof risk-based testing paradigm. 

Conclusion 

Risk-based test approaches have hence emerged as critical tools in FDA guideline compliance 

thus providing systematic testing for potential risks at each stage of the medical devices 

development. This review has thus drawn attention to the great achievements that have been 

achieved in the conceptualisation of holistic risk management, unique Software Validation 

Approaches and Quality Management Systems. Despite these findings, it can still be noted that 

there is a problem regarding uniform risk analysis of the various types of devices as well as the 

problem of evolving continuously with the transformative technology landscape. Therefore, it is 

clear that the ever-changing medical device industry is also in need of change in testing 

methodologies of risk-based kinds due to arising issues in this industry. The continuation of the 

studies, cooperation between the parties involved, as well as the search for new possibilities in 

technologies, will have a significant influence on the developments in risk-based testing for FDA 

conformity in the field of medical devices. 
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