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Executive summary 

Innovation plays a crucial role in sustaining economic growth. However, governments are 

continuously confronted with rising problems such as energy shortage, limited available investments, 

increasing international competition, and high-level unemployment, which limits governments to raise 

public spending in R&D to promote innovation. Therefore, policies to improve the framework 

conditions relevant for innovation are becoming more important. Policymakers have started to shift 

their focus towards improving their regulatory frameworks as a possible policy instrument (Blind et 

al., 2004) to facilitate innovation development and achieve the ultimate goal of economic growth.  

Although regulation, innovation, and competitiveness in global markets have been discussed for 

several decades, little progress has been made to understand the effect of regulation on the ability of 

industries to innovate (Blind, 2012). To fill this gap, the current study aims to discover under what 

circumstances the interaction between regulatory intervention and innovation stimulates or, in 

contrast, constraints innovation. 

This study focuses on medical device industry, which is highly innovative but also highly regulated. In 

this industry, there are rising concerns that the overly strict and outdated regulatory framework 

hampers innovation, and delays state of the art technology becoming available for patients. 

Considering the economic, social and technological challenges in the medical device industry, and a 

lack of studies on innovation in this industry, an in-depth understanding of the medical device 

regulation and its influence is valuable for governments and policymakers, as well as to firms and 

other stakeholders.  

Theory 

Prevailing views in the academic literature on the impact of regulation on innovation indicate that 

regulatory influence is the tradeoff between the regulatory burden and the incentive effect associated 

with regulation. The relationship between regulation and innovation is complex, multi-dimensional, 

ambiguous and dynamic (BERR, 2008). On the basis of findings in diverse industries, the literature 

suggests five dimensions influence firms’ decisions to innovate: stringency, uncertainty, compliance 

cost, timing, and flexibility. In this thesis, I will refer to these as “regulatory dimensions”. 

Methodology 

The current study follows a qualitative approach, including five distinct cases to gain an in-depth 

understanding of the impact of regulation. Selected cases cover diverse types of medical device 

products. Within each case, two interviews were conducted to collect views from the respondents. To 

increase the reliability and validity of the present study, several different tactics introduced by Yin 

(1989) are followed.  

Results and discussion 

The current study examines each regulation dimension and its effect on innovation. Out of the five 

regulation dimensions, stringency, uncertainty, and cost have direct impacts on the decisions of 

innovation activities. Timing and flexibility do not have direct impacts on company’s decision but 

have influence via other three dimensions. During the interviews, correlations between different 

regulation dimensions were also noticed. Each regulation dimension not only has a (direct or indirect) 

influence on innovation but also has the impact on other aspects.  Two sets of dimensions were found 

to connect with each other closely: “flexibility-uncertainty” and “stringency-uncertainty-cost”. Besides 
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the influence of regulation itself, interview data reveals three additional external factors that influence 

innovation: policy objective, institutional pressure, and learning.  

Policy implications 

Realizing the twofold effect of regulation, governments and policymakers can explore the possibilities 

to minimize the negative consequences and maximize the benefits to provide a facilitating regulatory 

framework. To ensure the overall effect, the present study suggests several approaches improve the 

regulatory framework conditions. To minimize the negative influence, governments can work on 

examining whether the regulation stringency is too excessive to comply. To maximize the benefits, the 

governments can consider setup flexible organizational structures and provide diverse communication 

channels to facilitate the communication with firms. Next to that, the findings of the current study also 

suggest to consider and evaluate the collateral effect between regulation dimensions to ensure the 

overall effect when governments change existing regulation.   
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1 Introduction  

Innovation plays a crucial role in sustaining economic growth. However, governments are 

continuously confronted with rising problems such as energy shortage, limited available investments, 

increasing international competition, and high-level unemployment, which limits governments to raise 

public spending in R&D to promote innovation. Therefore, policies to improve the framework 

conditions relevant for innovation are becoming more important. Policymakers have started to shift 

their focus towards improving their regulatory frameworks as a possible policy instrument (Blind et 

al., 2004) to facilitate innovation development and achieve the ultimate goal of economic growth.  

Although regulation, innovation, and competitiveness in global markets have been discussed for 

several decades, little progress has been made to understand the effect of regulation on the ability of 

industries to innovate (Blind, 2012).  

Regulation is a generic term which covers the entire spectrum of regulatory instruments. Based on the 

objectives, regulations have been distinguished into economic, social and institutional regulation 

(OECD, 1997). In the context of interaction with innovation, each type of regulation represents a 

particular approach of the government's intervention. However, regulation is not the only factor having 

an influence on innovation. The evolution in innovation is also highly connected to all elements in the 

entire innovation system, such as national economies, general institutional set-up, industry structure, etc. 

The dynamic nature of innovation and complexity of regulation bring difficulties to the study of the 

given subject. Empirical studies have concluded that the relationship between regulation and innovation 

is incredibly complex and dynamic (BERR, 2008; Rothwell, 1980). Depending on the type of regulation, 

type of technology, and industry characteristics, the impact of regulation varies. Several studies have 

attempted to gain further understanding of how regulation influences innovation activities. However, 

these studies focus either on the impact of regulation across multiple different industries, which neglect 

the importance of industry and technology characteristics in the relationship between regulation and 

innovation; or only focus on a single dimension within regulation instead of covering all elements of 

regulation. To overcome the limitations of the existing empirical studies and gain systematic in-depth 

understanding, the current study attempts to assess the effects of regulation on innovation focused on 

one single industry, and taking into account the multiple dimensions within regulation. 

The current study chooses the medical device industry to conduct the analysis. This industry is one of 

the fastest growing areas (MedTech Europe, 2015). In recent years, medical technology is the field in 

which the most patent applications are filed. On the other hand, the medical device industry is also a 

highly regulated industry. Most countries require that the regulatory body approves the product before 

entering the market. Therefore, the regulation plays a crucial role affecting the decisions in firms. The 

combination of the highly regulated and highly innovative characteristics brings more opportunities for 

research to explore the interactions between innovation and regulation.  

Meanwhile, governments are confronted with rising concerns about whether the existing regulatory 

framework is still adapted to the growth of the medical device industry. There are mainly two types of 

concerns. First, industry worries that the over-strict regulatory requirements and inefficient regulatory 

processes will hamper innovation and economic growth. Based on a survey of more than 4400 industry 

professionals, along with the ongoing challenges of filling the product pipeline and funding those efforts, 

the ever-changing regulatory environment is cited as the biggest challenge for the senior management 

of medical device companies (Emergo, 2016). There is even fear that medical device industry might 

follow the trajectory of the pharmaceutical industry, which is hampered, to some degree, by strict drug 

regulation. Another concern is related to the consequence to the entire healthcare system. It is well 
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known that medical technology plays a major role in ensuring health in individuals suffering from a 

wide range of conditions. Industry and health care providers are concerned about whether the increasing 

approval time and cost eventually will have a negative impact on patients; whether the existing 

regulatory framework is optimized to ensure patients will have early access to the most innovative 

technologies. Considering the economic, social and technological challenges in the medical device 

industry, and a lack of studies on innovation in this industry, an in-depth understanding of the medical 

device regulation and its influence is valuable for governments and policymakers, as well as to firms 

and other stakeholders. The current study attempts to fill this gap and discover under what circumstances 

the interaction between regulatory intervention and innovation stimulates/constraints innovation in the 

medical device industry.  

This thesis aims to investigate the role of regulation in shaping innovation and affecting the decisions 

of innovation activities in the medical device industry. To achieve this goal, following topic and 

research questions are formulated. 

Topic: Impact of regulation on innovation, comparison of EU and US medical device regulation 

 Research Question 1: What are prevailing views in the academic literature on the impact of 

regulation on innovation, both in general as well as specifically in the area of medical devices 

or other sectors with comparable characteristics? 

 Research Question 2: In what way, does regulation influence the innovation activities in the 

medical device industry? 

Research Question 1is answered by a literature review, where an initial search in Web of Science is 

complemented with a snowball approach to identify relevant contributions. Research Question 2 is 

answered following a case study approach and based on interviews with multiple medical device 

companies.  

Table 1 includes a structured overview of this report and content of each chapter. 

Tabel 1: Report structure  

Chapter Content 

1. Introduction Background introduction; scientific and practical 

relevance; introduction of research question 

2. Literature review Prevailing views in the existing literature on the 

impact of regulation on innovation  

3. The medical device industry Characteristics of the medical device industry 

4. Regulation overview and comparison Regulatory framework of EU and US and their 

similarities and differences 

5. Research method Research approach and case selection criteria 

6. Results and analysis Analysis of each regulation dimension, 

connections within regulation and other 

influencing factors. 

7. Discussion Theoretic and policy implications; limitations 

and suggestions for future research; conclusions 
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2 Literature review 

2.1 Background 

Regulation is a set of formal and informal rules that govern the behavior of private individuals, 

business, and public organizations to maintain all activities in society to be carried out under a legal 

and sustainable framework.   It is used by governments to influence choices, decisions, and 

preferences in a way which helps deliver economic, social and environmental objectives that are in the 

public interest (BERR, 2008). Regulation is a generic term which covers the entire spectrum of 

regulatory instruments. Based on the objectives, regulations have been distinguished into economic, 

social and institutional regulation (OECD, 1997). The economic regulation aims to avoid market 

failures generated by the behavior of individual players within the markets. The institutional regulation 

is rather a generic framework of conditions based either on liability law or the definition of intellectual 

property rights. The social regulation aims to reduce or prevent negative externalities. Such 

externalities are most prominent in the environmental context, and about consumer safety. The focus 

of this study is the social regulation. 

For each type of regulations, several different types of policies can be employed to achieve the given 

objectives. Command and control policy is one of the approaches which is usually used in social 

regulation to prevent negative impact on the society. The essence of command and control policy is 

the exercise of influence by imposing standards backed by criminal sanctions (Baldwin, 2012).   The 

governments rely on command and control measures considering the system is well-developed and 

reflects considerable operational experience and its assurance to government intervention in 

environmental and health matters (Stewart, 1981). However, this type of regulatory strategy also has 

its weaknesses. One of the major concerns is that the command and control regulation may produce 

unnecessarily complicated and inflexible rules which lead to over-regulation, legalism, delay intrusion 

on managerial freedoms, and the strangling of competition and enterprise. It is also difficult for the 

regulation to set appropriate standards and level of required information because the informational 

demands are severe (Baldwin, 2012). Even though, the command and control regulation still seems to 

be the most effective approach to achieve the given objectives of social regulation. 

The current study focuses on the medical device industry. Medical devices are used to ensure health in 

individuals suffering from a wide range of conditions. Therefore, most of the countries have set strict 

regulatory requirements to ensure the safe use of the products. The medical device industry is also a 

highly innovated and fast growing industry. Nowadays, governments are confronted with rising 

concerns about whether the existing regulatory framework is still adapted to the growth of the medical 

device industry. Realizing the weakness of the command and control policy and the rising economic 

constraints, policymakers have shifted their focus towards reforming the regulatory framework to 

facilitate innovation development and achieve the ultimate goal of economic growth. There is an 

urgent need to have a systematic understanding of the impact of regulation in the industry. Such 

understanding could provide a reference to government or regulatory authorities when reform of the 

country’s regulatory framework becomes necessary.   

In this chapter, the prevailing views in the academic literature on the impact of regulation on 

innovation, both in general as well as specifically in the area of medical devices or other sectors with 

comparable characteristics, are discussed. First, the conventional economic approach for evaluating 

regulatory impact is examined. Compare to the conventional economic evaluation, the theory of 

National Innovation System (NIS) gives different insights into how regulation interacts with 
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innovation. Several studies attempted to build conceptual models to capture the relationship between 

regulation and innovation. This chapter highlights the patterns found in these studies. Additionally, the 

empirical studies identified five different dimensions within the regulations. The definition of each 

dimension and their influences on innovation are included in Chapter 2.4.  

2.2 Conventional economic analysis 

Regulation, defined by its nature, imposes certain rules on private sector and constraints certain 

actions which lead to negative externalities. Orientated by the conventional economics, the studies 

about regulation impact focus upon concepts such as resource scarcity, allocation, and exchange. To 

summarize these studies, the regulatory constraint influences innovation on the enterprise level in two 

different ways. On one hand, regulatory rules are associated with certain cost. The most obvious cost 

of regulation is that productive resources are used for compliance rather than to product output (Craft, 

2006). Hence, the total available resource for innovation is reduced due to the allocation of the 

resource to fulfill regulatory requirements. The reduced resource has an adverse impact on innovation 

output.  On the other hand, regulation may potentially stimulate innovation by providing larger 

expected profits. The larger expected profits could be either associated with a higher level of 

production output or come from the regulation’s effects on the potential entry of the products. 

Figure 1: An economic model of technological change 

 

Source: Crafts (2006) 

Followed the economic theory, Craft (2006) built up a model (Figure 1) to capture the impact of 

regulation on technology progress. In this model, the x-axis indicates the technological growth rate 

and the y-axis indicate capital intensity. The downward-sloping line captures the relationship between 

technological progress and capital intensity in the Solow model for a given saving or tax rate. 

Regulation, similar to a tax, could shift the Solow line downwards, thereby reduce the rate of 

technological progress. The upward-sloping line depicts a positive correlation between technological 

progress and capital intensity derived from the stimulus to innovative effort provided by the larger 

expected profits associated with a higher level of output per worker (Craft, 2006). The effect of 

regulation could alter the expected return to innovation and would move the Schumpeter line. Further 

on, by reviewing evidence of regulation effects in various OECD countries, Craft concluded that 

whether the regulation influence is negative or positive, depends on the extent of the compliance cost 



12 
 

and the incentive effect. Regulation is likely to have its most important effects through changing the 

incentives to investment and innovation (Craft 2006). 

As introduced at the beginning of this chapter, there are several different types of regulations. Within 

each type of regulation, there are also various strategies can be employed. Blind (2012) adapted the 

theoretical framework from the endogenous growth approach developed by Carlin and Soskice (2006) 

and empirically applied by Craft (2006) to analyze the influence of different types of regulation on 

innovation. The evidence was collected from panel data for the period between 1998 and 2004 in 21 

OECD countries. Blind (2012) concluded that the impact of different types of regulation on innovation 

presents a rather heterogeneous picture both regarding the area of regulation, the time horizon of the 

impacts and the time period addressed. Different types of regulations generate various impacts and 

even a single type of regulation can influence innovation in various ways. For social regulations, the 

impact on innovation mainly depends on the effects on return. The net effect is ambivalent and slightly 

positive to innovation by comparing the compliance cost imposed on innovation and incentives to 

innovation associated with increased acceptance of new products among consumers and innovation 

diffusion.  

However the economic concepts reflect important phenomena in the real world, they only bring 

forward some aspects of the economic system and have been challenged by its theoretical limitations, 

especially in the post-war period. First, due to the fact that technology cannot be dealt with in isolation 

from the rest of the economic and social system, and there is a lack of appropriate indicators for 

analysis, it is difficult to distinguish and measure the effects of regulation with other factors in the 

innovation ecosystem. Partly due to this limitation, in the medical device and pharmaceutical 

industries, there are few systematical studies to compare the cost of innovation against the benefit of 

regulation to study the net effect of medical device regulation on innovation. Second, innovation is 

only considered under a static context. The conventional economic theory seems to have difficulties to 

explain non-steady economic trends in the long run (Boyer, 1987). The theory has a lot of problems in 

analyzing same technological trajectory in a different period. Given those limitations, economists and 

social scientists were looking for a better explanation of the interaction of innovation and its 

surrounding environment. 

2.3 Regulation impact  

2.3.1 National Innovation System theory and interactive learning 

To overcome the limitations of the economic theory, Lundvall (2010) has developed the theoretical 

framework of National Innovation System (NIS) that demonstrates an alternative and supplementary 

approach to understand innovation. One of the starting points of NIS is that innovation is a ubiquitous 

phenomenon, instead of a rare and exogenous event. It is a progressive and cumulative process. 

Innovation may be regarded as a new use of pre-existing possibilities and components.  However, the 

cumulative process based on pre-existing possibilities could generate different outcomes. Sometimes, 

an innovation might be a small technical change to existing technology; sometimes, an innovation 

might be a radical change which makes a substantial change to the knowledge structure and society. 

NIS puts innovation and interactive learning at the center of analysis and tries to understand why a 

certain technology trajectory develops in a particular direction and at a certain rate. The theory 

believes that the interactions between innovation and its surrounding environment influence the 

evolution of innovation. Within the national system, several elements are identified as central to the 

interactive learning process, such as the internal organization of firms, inter-firm relationships, the role 

of the public sector, institutional set-up of the financial sector and R&D intensity and R&D 
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organization. The current study focuses on the connections between innovation and the public sector, 

specifically the regulatory intervention from the governments.  

Based on the cases covering a broad scale of industries, the empirical studies (BERR, 2008; Rothwell, 

1980) attempted to gain insights about the role of regulation in influencing innovation. The findings of 

the empirical studies indicate that the relationship between regulation and innovation is complex, 

multi-dimensional, ambiguous and dynamic (BERR, 2008). BERR report (2008) developed a 

conceptual model to map the relationship between regulation and innovation (Figure 2). In this model, 

regulatory intervention, via stock of government interventions and other productivity drivers, affect 

both the supply-side and demand side of the innovation system. The outcomes of the innovation 

system also provide inputs back to the regulatory intervention. The connections between them build 

feedback loops. Changes to one element could feedback to other elements within the system and 

trigger considerable changes.  

Figure 2: Schematic of the regulation-innovation relationship 

 

Source: BERR report, 2008 

Multiple factors were discovered in these studies determine the influence of regulation, including the 

type of regulation, industry characteristics, and the type of technology used in the industry. The impact 

of regulation varies between different sectors. In some cases, the regulation was perceived as a barrier 

to innovation, such as in the US automobile industry and construction-related innovations; whereas, 

regulation stimulates innovation, such as in the case of EPA regulation. Gregersen (Lundvall, Chapter 

7, 2010) described the role of the public sector in creating, maintaining and developing modern 

national systems of innovation was comparable to the one played by a pacer in a bicycle race. As 

optimal pacing in a bicycle race requires a mutual understanding between the racing cyclist and the 

pacer, optimal pacing leading to an upgrading of national systems of innovation requires a mutual 

understanding between the public and private participants in interactive learning and searching 

processes.  

Besides the above-mentioned factors which have the influence on the interaction between regulation 

and innovation, the interaction is influenced by the policy objectives of the governments as well. As 

shown in the model, the relationship between regulation and innovation starts with the definition of the 
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policy objectives and proceeds with the decision of regulatory intervention. Changes in the innovation 

ecosystem may, in turn, affect policy outcomes. Such outcomes might lead to the need for more policy 

interventions if policy problem persists (Pelkmans, 2014). This influence reflects another important 

element in the theory of NIS which presumes the existence of nation states. The specific cultural, 

economic and institutional setup of the nation support and maintain the learning processes within the 

national border.   

As a conclusion, interactive learning is fundamental to the process of innovation.  Interactive learning 

together with the economic and institutional structure form the framework and sometimes result in 

innovations. Within the framework, the relationship between regulation and innovation is a 

complicated, multi-dimensional, ambiguous and dynamic. The interactions vary between different 

types of regulations, different sectors or technologies.  

2.3.2 Sectoral Innovation System_ Regulation-innovation model 

As a supplement to the theory of National Innovation System which has its focus on national 

boundaries and on non-firms organizations and institutions (Malerba,2002),  the concept of sectoral 

system of innovation is a set of new and established products for specific uses and the set of agents 

carrying out market and non-market interactions for the creation, production and sale of those 

products.  The agents composing the sectoral system are organizations (e.g. users and producers) and 

non-firm organizations (e.g. universities, government agencies, or technical associations). Agents 

within the sectoral system interact through the process of communication, exchange, cooperation, 

competition, and command. In sum, the essential elements of a sectoral system include products, 

agents, knowledge and learning process, mechanisms of interactions both within firms and outside 

companies, processes of competition, etc. Within the sectoral system, the interactions between agents 

are shaped by institutions (rules and regulations). 

Figure 3: Regulatory intervention model 

 

Source: Ashford, 1985 

Based on the empirical study from three of the most studied industries, the chemical, pharmaceutical, 

and automobile, Ashford (1985) introduced a model (Figure 3) to demonstrate the impact of regulation 

on innovation in the field of environment, health and safety regulation. In this model, the solid line and 

arrows are drawn from the regulation stimulus to the stage of the development or production process 

where the stimulus is perceived. The dotted lines illustrate how, once the stimulus is perceived, it may 
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lead to other consequential impacts in the innovation process. As shown in the model, the direct 

impact of regulation crosses over the entire cycle of innovation, which includes resource allocation for 

the innovation process, the innovation process itself, production and the sales/use of final products.  

Regulation could negatively affect the available resources for innovation due to associated compliance 

cost; regulatory requirements could set up a certain technical boundary for product innovation and 

limit certain products entering the market. It is also necessary to recognize the stimulus effect of 

regulation. Steg (2001) conducted a survey involving about 150 firms among the best innovators in the 

European medical device industry. One of the findings of this study was that the primary advantages 

associated with regulation are to ensure product quality and safety for products entering markets. The 

CE Mark brings positive reputation to the product quality and helps it gain confidence among 

customer.  In general, although regulation imposes certain compliance cost to the innovation activities, 

there are usually compensating benefits elsewhere. Look at the overall performance of medical device 

companies, Reed, etc. (2008) evaluated the impact of different regulatory scenarios on the financial 

viability of the medical device companies.  The result of the study confirms that under the current 

regulatory scenario, medical device industry operates financially attractive.  

A sectoral system undergoes the processes of change and transformation through the co-evolution of 

its various elements (Malerba, 2002). New technology breakthroughs or product improvements, in 

general, are based on the learning of firms in a previous time. The learning consists of both the 

technical knowledge and the understanding of the surrounding environment. Over time, the 

interactions between elements may change. Therefore, the regulation impact perceived by a firm may 

differ. Steg (2001) conducted a survey involving about 150 companies among the best innovators in 

the European medical device industry. The empirical results demonstrated, in a transition period of 

regulatory environment change, firms expect adverse consequences. However, in the long term, the 

regulatory framework for European medical device has positive effects on the industry. Grabowski 

and Vernon (1990) also observed a similar pattern in their study of the pharmaceutical industry in the 

US. The return to pharmaceutical R&D fell significantly during the 1960s and early 1970s. This lower 

profits on new drugs introductions can be traced to various factors, including more stringent health and 

safety regulations. However, during the 1980s, incorporate with several significant structures 

occurring in the pharmaceutical industry, such as higher real drug prices and generic competition, the 

author observed higher returns than in earlier periods. 

In summary, the influence of regulation crosses over the entire cycle of innovation. Regulation adds 

cost to firms and causes an often unwelcome diversion of technical and management resources away 

from business innovation (Rothwell, 1980);  regulation might limit the number of innovations which 

may enter the market; regulatory approval may postpone the time a product can enter the market and 

negatively influence the expected rate of return.  But regulation could also create opportunities for 

firms to improve the production process and stimulate creativity; regulation may change the expected 

profitability by providing a guarantee of product quality.  

2.4 Regulation dimensions 

In the sections above, the prevailing views in the academic literature on the impact of regulation were 

examined. Additionally, the role of regulation in specific sectors, such as pharmaceutical and 

automobile industry, was specifically studied as well. However, those studies only considered the 

overall effect of regulation but did not look into the design of regulation itself. To be able to 

understand under which conditions regulation could create an environment to promote innovation, the 

existing studies about different dimensions within the regulations and their effects are studied. 
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Historically, the innovation-regulation relationship is little understood, and convincing data are scarce. 

The medical device industry is also an industry which is seldom studied. The literature study extends 

the scope to cover pharmaceutical and car industry as well. The regulations in these industries share 

the same policy objective that is to protect consumer safety and use similar command and control 

strategy to implement that goal. Environment regulation, which shares same policy purpose and 

regulation strategy, is also considered in the literature study. 

Based on the empirical analysis (Ashford, 1985; BERR, 2008; Stewart, 1976),  five important 

dimensions within the regulation are defined. Stringency, uncertainty, compliance cost, timing, and 

flexibility are identified as most influential characteristics of regulation. Among these characteristics, 

regulatory stringency is recognized as the most important factor influencing technological innovation.  

The definition of each dimension and their potential impact on innovation will be discussed in detail 

hereunder.  

Considering the scope of the current study is about the impact of regulation on a firm-level, the 

analysis will also mainly focus on the regulatory intervention at each firm. Although regulation 

indirectly influences every single firm’s innovation activities via its impact on the structure of industry 

and competitiveness of the industry environment, those effects are not studied in this thesis.  

2.4.1 Stringency 

Stringency relates to how difficult and costly it is for firms to comply with new regulatory 

requirements using existing ideas, technologies, processes and business models. It relates to the 

technical constraints required by the regulation. The technical constraints are either imposed by the 

standards which are uniformly applied to an entire category of product or process or through “hand-

tailored” individual determinations (screening). The regulations in the medical device industry use 

both tools to define the requirements. Requirements contained in screening criteria or standards 

impose direct constraints on firm’s conduct, foreclosing certain forms of market innovation. 

According to Ashford (1985), stringency is the most important factor, influencing technological 

innovation.   

In the academic world, there are controversial discussions about whether the technical stringency of 

regulatory constraints or prompts innovation. The conventional wisdom considers that regulations, by 

imposing certain requirements on product development and diffusion, limit the opportunities of 

innovation product entering the market. When the regulatory requirements are too excessive. Firms 

may not be able to comply with the requirements and drop off potential ideas and opportunities due to 

the risk of not meeting the regulatory requirement. The regulatory requirement could also divert 

innovation direction from radical to incremental innovation considering the technical difficulties firms 

need to confront. Therefore, stringency is considered as a barrier to the innovation. Controversially, 

some studies held a different opinion about the role of regulation and argued that strict regulations can 

foster innovation by posting mandatory requirements. Among those studies, one of the important 

studies is the Porter Hypothesis which is based on the study of environmental regulations. Porter 

(1990) argued that stringent standards embedded in the regulation for product performance, safety, and 

environmental impact can create pressures for firms to innovate, improving quality and upgrading 

technologies (Porter, 1990). More stringent but properly designed environmental regulations can 

“trigger” innovation that may partially or more than fully offset the costs of complying with them. 

Atkinson and Garner (1987) studied the impact of the regulatory regimes implemented in the 1960s 

and 1970s in the US automobile industry. Car regulation requirements include strict emissions 

standards, fuel consumption standards, and safety standards. Those standards setup higher boundary 
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for cars entering the market. By that time, some car manufacturers were not able to meet the 

requirements and stop production. Atkinson and Garner also argued that stringent regulatory standards 

brought the American auto industry more in line with customer demand for lighter, more fuel-efficient 

automobiles, helping it competed with already-efficient Japanese vehicles.  Car regulations enforced 

the industry to innovate new technology to fulfill the environmental requirements in the short-term, 

but also allows US automakers to retain market share over the long run as the regulations became 

integrated into the global market. 

Other examples from the drug and medical device industries also confirmed the foster effect of 

regulation stringency. Strict regulatory requirements indirect influenced the return on investment in 

innovation by providing guarantee to the product quality. In a study conducted in the drug industry, 

Katz (2008) argued that rather than a burden, regulatory review of new drugs may be an efficient 

mechanism for assuring the quality of medicines. Drug regulation provided the quality assurance 

necessary to persuade consumers to purchase drugs and so to increase the expected returns from 

innovation. In this sense, the regulatory framework is not solely a burden imposed on the industry; it 

also provides a valuable service to the industry. Katz also found that drug regulation’s discouraging 

effect affects low-quality drugs more than it affects high-quality drugs, which then face less intense 

competition in the marketplace. In the medical device industry, Grennan (2015) built a model to 

capture the tradeoff between the risk and access involved in regulating market entry of products with 

uncertain quality and used data collected from the market of coronary stents to verify that. Grennan 

argued that although higher standards on information provided to regulatory authorities lead to a time-

consuming process and could delay the product entry to the market, higher standards had the potential 

to alter market outcomes fundamentally. When a product just entered the market, there were some 

uncertainties from the users about the quality of the product. There is normally a learning process for 

the users to accept the product.  Higher regulatory standards could enforce this learning process before 

the product enters the market and so speed up the learning process after the product has entered the 

market. The knowledge associated with regulatory requirements could potentially lead to less 

uncertainty of the product quality in the market and higher acceptance of the product from the end 

user.  

2.4.2 Uncertainty 

Uncertainty concerning the risk involved in the regulatory requirements. Firms’ preliminary 

investment in a new product might be lost entirely if the project subsequently fails to meet regulatory 

requirements (Stewart, 1981). Firms may perceive uncertainty of regulation in different forms. Firms 

may be uncertain about the length of the approval process before the product reaches the market; the 

firm may be uncertain whether the new technology or product will comply with the pre-existing 

requirements.  

The uncertainty associated with regulatory delay can have a negatively impact on the return on 

investment of a new technology or product. Makower (2010) quantitatively measured how long 

medical device firms need to spend until their product is approved in the US and EU respectively. The 

comparison of U.S. and EU approval lead time indicated that firms needed to spend much more time 

to obtain product approval in the US than EU. The difference in time is correlated with the 

classification of the products. The difference is bigger for higher risk products. Stern (2017) estimated 

that the cost of a delay of seven months is upward of 7 percent of the total R&D costs associated with 

bringing a new high-risk medical device to market. These studies have been cited several times by the 

industry to indicate that the lengthy approval process in the US imposes a higher burden on firms and 

demotivates innovation.  
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Uncertainty is an unavoidable characteristic of regulations. The public sector, by its nature, tends to 

maintain a certain stability in the regulatory framework. Even governments actively follow the latest 

change in the industry, in most of the cases, regulations are still behind technological development. 

Firms may concern about whether the innovative technology will comply with the pre-existing 

regulation. In the end, the uncertainties of the existing regulatory framework could shift innovation 

into different directions. Bernhard (2012), used regulatory review time as an indication of the different 

level of uncertainty, investigated how variation in regulatory stringency affected innovation entry and 

a firms’ decision between radical and incremental innovation. In this study, Bernhard built a model to 

quantitatively evaluate the effect of regulatory review time on a companies’ decision about entering 

unexplored segments and their investment choice between radical and incremental innovations in the 

high-risk medical device market.   

Stern (2017) distinguished uncertainty into technical uncertainty and uncertainty about the content and 

format of information. Technological uncertainty refers to the situation that the regulator has a lack of 

technical or scientific understanding of a particular type of product and its use in the human body, 

especially for innovative products.  Content and format uncertainty occurs in the absence of clear 

guidelines for the protocols for evaluating a new product. To explore how the regulatory approval 

process affects innovation incentives in medical technologies, Stern reviewed data across three 

decades and concluded that first entrants in medical device markets experience a substantial 

disadvantage in the regulatory approval process. In contrast to technological uncertainty, uncertainty 

about content and format appears to play a large role in explaining regulatory approval time. The 

regulator’s familiarity with the primary technology used in a new medical device is not the main 

determinant of the length of the regulatory approval process. The benefits of being the first entrant to 

the market might be overweighted by the disadvantages created by the regulatory delay. This 

phenomenon is more influential for small firms, and businesses may be less willing to enter new 

markets because of the regulatory uncertainty and associated additional cost of doing so.   

2.4.3 Compliance cost 

Compliance cost refers to the cost for demonstrating compliance with regulation before entering the 

market. Regulation enforces this cost and results in firms needing to divert resource expenditures to 

meet regulatory requirements (Stewart, 1981). The diverted investment reduces the available resource 

for innovation activities within the firm. When firms having limited budget or the compliance cost is 

very high, there might be insufficient supply to finance the innovation activities, and companies might 

stop the project. Compliance cost consists of testing costs and other expenditures for developing and 

manufacturing products likely to pass the regulatory requirements. The cost of conformity is related to 

the stringent level of regulation. Grabowski and Vernon (1977) observed that, in the pharmaceutical 

industry, increased regulation is a major factor underlying the higher costs of drug innovation in the 

US.  The increased cost of drug innovation under more stringent regulatory framework have operated 

as a barrier to competition through new product introduction.  

The evaluation of the 1962 Drug amendments by Peltzman (1973) is one of the important studies 

regarding the influence of regulation. The 1962 amendments are a landmark of the modern consumer 

movement because, since the 1962 Drug Amendments, the US Food and Drug Administration started 

to require the premarketing approval of all new drugs. Peltzman (1973) concluded that the compliance 

costs associated with the introduction of drug regulation are shown to have engendered a marked 

reduction in drug innovation. Although there were several studies criticize this conclusion, most of 

them did not deny that the FDA pharmaceutical regulation is perceived as a barrier to innovation and 

has altered the direction and rate of drug innovation. FDA regulation is widely regarded as an obstacle 

in the pharmaceutical industry. However, the interventional effect has been shown to be extremely 
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heterogeneous, notably across different sizes of firms and different regions (Thomas, 1990). Empirical 

data from the pharmaceutical firms demonstrate that, even under the same regulatory framework, the 

impact can be different. Smaller drug firms failed to benefit from the regulation. Their productivity 

was sharply reduced after the new regulation was implemented; larger US pharmaceutical firms were 

not suffered from the FDA regulation but benefited from it because of the reduced competition.  

For the medical device industry, a study organized by Makower (2010) tried to analysis the cost to 

medical device companies. In this study, survey data were collected from about 200 US medical 

device businesses and used to calculate the total average expenditure to navigate each medical device 

development stage.  The survey data revealed that the average total cost for bringing a 510(k) (lower 

classification products) from concept to clearance was approximate $31 million, with $24 million 

spent on FDA dependent and related activities. For a higher classification product, the average cost 

from concept to approval was $94 million, with$75 million spends on stages linked to the FDA. The 

US medical device industry complaints that unpredictable, inefficient, and expensive regulatory 

processes are jeopardizing America’s leadership position in med tech innovation (Makower, 2010).  

2.4.4 Timing 

Timing relates to the amount of time that a regulation gives to the firms for compliance with the new 

regulatory requirements or standards (Stewart, 1976). As indicated in the previous chapter, changes in 

the innovation ecosystem may, in turn, affect policy outcomes. Such outcomes might lead to the need 

for more policy interventions if policy problem persists (Pelkmans, 2014). Modification of the existing 

regulation would be expected. To achieve a particular outcome, a regulator can implement the 

modifications in two ways. One option is to gradually change the regulatory requirement over time, 

which typically manifests as “moving target” phenomenon. The second option is to increase the 

regulatory requirement all at once (Figure 4), known as “Disruptive Regulation”. 

Figure 4: Moving target and Disruptive regulation 

 

Source: Gerard and Lave, 2005 

Timing is a double-edged sword. Too little time granted to firms might require companies to switch 

technology in the short-term. Firms may perceive the limited transition time as a risk for getting final 

product approval from the authorities. Companies may also need to spend extra resource for new 

changes. The perceived risk and increased compliance cost discourage innovation. On the other hand, 

too little time may also foster innovation, especially in the case of social innovation. The nature of 

firms is looking for a maximizing margin by introducing new product or technology to the market.  

Social performance, such as clean air, conventionally was not considered by firms. Firms, by their 

nature, will not go beyond the regulatory requirements because there will be no reward. Too much 
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time granted to firms might crystallize innovation efforts due to the lack of pressure to meet the 

requirements.   

Gerard and Lave (2005) examined the effect of disruptive performance standards in the automobile 

industry. Although the regulation succeeded in promoting innovation of auto converter technology to 

limit hydrocarbon and carbon monoxide emissions, the success was mixed and quite costly for the 

automobile industry.  Gerard and Lave also found that both industry R&D intensity and patenting 

dropped sharply associated with the introduction of the standard. Gerard and Lave advised that longer 

phase-in of the technology would have saved companies considerable expense, which indicates that 

perhaps moving-target-style regulations would have been more efficient. Therefore, the length of time 

granted to the firms for new regulatory requirements depends on the correct analysis of the technical 

potential of the industry. 

2.4.5 Flexibility 

All regulations, to have any impact, must specify the desired outcome. However, regulation may vary 

in the extent to which they define exactly how firms must behave to achieve these results. One of the 

measures of flexibility pertains to the specificity of the regulation.  Regulation could use either 

specification standards or performance standards to define the desired outcome of the product. 

Performance-based standards are intended to provide more flexibility for firms to choose between 

different alternatives and still meet the regulation requirements. But performance standards may 

discourage innovation as well considering the trade-off between greater flexibility and increased 

uncertainty. Sometimes, small and medium-sized firms prefer prescriptive guidelines as they offer 

greater certainty. 

Gann, etc. (2010) studied whether the shift from perspective to performance-based regulation has 

improved the environment for technical innovation in energy efficient housing in Britain. A growing 

body of literature claims that, in general, performance standards allow freedom to firms to innovate 

while perspective standards stifle creativity.  The study, however, could not draw the same conclusion. 

Instead, the analysis indicated that different mechanisms, either perspective or performance-based, 

have been developed for achieving the regulatory process because no single mechanism was available 

by which all objectives could be addressed. The appropriate form of a standard depends both on the 

sector and on the goal to be achieved. Performance standards may be an appropriate manner of 

encouraging systemic technological change.   

2.5 Conclusion of the literature review 

In this chapter, the prevailing views in the academic literature on the impact of regulation on 

innovation, both in general as well as specifically in the area of medical devices or other sectors with 

comparable characteristics, are discussed.  

Studies of regulation impact orientated by conventional economic theory indicated that regulations 

mainly influence innovation in two different ways. First, regulation enforces costs to firms. The most 

obvious cost of regulation is that productive resources are used for compliance rather than to product 

output (Craft, 2006). Second, regulation influences the expected returns to the innovative effort by its 

effects on potential entry. The net effect of the regulation is a tradeoff of between compliance cost and 

the incentive effect associated with regulation (Craft, 1985). However, studies based on economic 

theory has certain limitations. First, in the field of economics, the theory puts its analytical focus upon 

concepts such as scarcity, allocation, and exchange, in a static context. These studies have difficulties 

in analyzing same technological trajectory in different periods, or to explain non-steady economic 
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trends in the long run (Boyer, 1987). Second, innovation cannot be dealt isolated from the rest of the 

economic and social system. The effects of regulation cannot be clearly distinguished with the effects 

of other factors in the system.  

Given those limitations, Lundvall has developed the theoretical framework of National Innovation 

System. National Innovation System puts innovation and interactive learning in the center of the 

analysis. Interactive learning is fundamental to the process of innovation.  The interactions are 

between innovation and all other elements in the system. Interactive learning together with the 

economic and institutional structure form the framework and sometimes result in innovations. The 

relationship between regulation and innovation is a complicated, multi-dimensional, ambiguous and 

dynamic (BERR, 2008). Multiple factors could influence the impact of regulations, such as the type of 

regulation and characteristics of innovation. Even a similar type of regulation can have different 

effects. It is hard to generalize a particular pattern in which regulation influences the innovation 

activities in a firm.  

Focus in the field of chemical, pharmaceutical, and automobile industries, Ashford introduced a model 

to demonstrate the relationship between regulation and innovation. The impact of regulation is diverse 

and crosses over the entire product lifecycle, from product generation to sales. Regulations add cost to  

firms and cause an often unwelcome diversion of technical and management resources away from 

business innovation (Rothwell, 1980); regulations might limit the number of innovations which may 

enter the market by setting up certain technical boundaries; regulatory approvals may postpone a 

product entering the market and negatively influence the expected rate of return. However, it is also 

necessary to recognize the stimulus effect of regulations. The regulatory requirements could stimulate 

or enforce innovation; regulations could create opportunities for firms to improve the production 

process and encourage creativity; regulations may also change the expected profitability by providing 

a guarantee of product quality.  

The empirical studies based on economics and the theory of national innovation system reveal the 

complexity of the study of regulation. To gain deeper insights of regulation, several characteristics of 

regulation and their effects on the medical device, drug, and automobiles industries were reviewed. 

Stringency, uncertainty, compliance cost, timing, and flexibility are identified as most influential 

characteristics of regulation. Among these characteristics, regulatory stringency is recognized as the 

most important factor influencing technological innovation.  Table 2 consists the definition of these 

five regulation dimensions and summarizes the results of the empirical studies.  

The current study focuses on the medical device industry. The medical device industry is an industry 

which is seldom studied. The innovation-regulation relationship is little understood, and convincing 

data are scarce. Limited existing studies may have examined the influence of a single regulation 

dimension. But there are few studies that systematically exam the effects of all dimensions. Another 

limitation of the existing studies is that most of the studies were conducted right after the regulation 

was significantly revised. Considering the interactive learning within the innovation ecosystem, the 

impact of regulation observed in this period could be different after the regulation has been 

implemented and stabilized. Whether the patterns and conclusions draw from these studies are still 

valid in long- term becomes a question.  

Complementary to existing studies, this thesis tries to discover how regulation shapes the environment 

for innovation in a specific field of the medical device industry. The current study covers all of the 

regulation dimensions and examines the effect of each individual dimension, but also the overall effect 

of regulation. To achieve this goal, the effects of the regulations from EU and US are compared to 



22 
 

gain insights into the way that regulation influences innovation. The result of this study provides a 

reference to the governments which are struggling with keeping the balance between encouraging 

innovations and protecting patient safety.  
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Table 2: Regulation dimensions and their impacts on innovation 

Regulation 

dimensions 

Definition Impact (in theory) Empirical studies 

Stringency A regulation’s stringency is the degree of change 

required for compliance (Stewart, 2010). It 

relates to how difficult and costly it is for firms 

to comply with new regulatory requirements 

using existing ideas, technologies, processes and 

business models. 

 

Technical requirements limit sets 

barrier for product entering the 

market. 

Stringent standards foster 

innovation by implying strict 

standards. 

Atkinson and Garner (1987) studied the impact of the regulatory 

regimes implemented in the 1960s and 1970s in the US 

automobile industry (car industry). 

Stringent standards grant quality 

certificate to product which could 

have positive impact on return on 

investment. 

In the drug industry, Katz (2008) argued that regulatory review 

of new drugs may be an effective mechanism for assuring the 

quality of medicines (drug industry). 

Grennan (2015) argued that higher standards have the potential 

to alter market outcomes fundamentally (medical device 

industry). 

 

Uncertainty  The risk associated with regulation could be 

either technical or administrative (Ashford, 

1985). 

Technological uncertainty refers to the situation 

that the regulator has a lack of technological or 

scientific understanding of a particular type of 

product and its use in the human body. 

Administrative uncertainty occurs in the absence 

of clear guidelines for the protocols for 

evaluating a new product (Stern, 2017). 

 

Uncertainty is associated with 

regulatory approval delay. Delay 

could negatively impact on the 

return on investment, or even shift 

the direction of innovation. 

Makower (2010) indicated that the lengthy US regulatory 

approval imposes a higher burden on the industry and 

demotivate innovation (medical device). 

Bernhard (2012) built a model to quantitatively evaluate the 

effect of regulatory review time on a firms’ decision about 

entering unexplored segments and their investment choice 

between radical and incremental innovations in the high-risk 

medical device market.   

The firm may be uncertain 

whether new technology or 

product will comply with the pre-

existing regulation. 

Stern concluded that first entrants in medical device markets 

experience a substantial disadvantage in the regulatory approval 

process due to the uncertainty.  In contrast to technological 

uncertainty, administrative uncertainty appears to play a large 

role. 

Compliance 

cost 

Compliance cost refers to the cost used for 

demonstrating compliance with regulation before 

entering the market (Stewart, 1981). 

Divert available resource for 

innovation (Stewart, 1981). 

Grabowski and Vernon (1977) observed that, in the 

pharmaceutical industry, increased regulation is a major factor 

underlying the higher costs and risks of drug innovation in the 

US (drug).   

Peltzman (1973) concluded that the compliance costs associated 

with the introduction of drug regulation are shown to have 

engendered a marked reduction in drug innovation (drug).  
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Regulation 

dimensions 

Definition Impact (in theory) Empirical studies 

Timing Timing relates to the amount of time that a 

regulation gives to the firms for compliance with 

the new regulatory requirements or standards 

(Stewart, 1976).  

Too little transition time brings 

extra risk to firms and demotivate 

innovation activities. 

Gerard and Lave (2005) found that both industry R&D intensity 

and patenting dropped sharply associated with the introduction 

of the standard. Gerard and Lave advised that longer phase-in of 

the technology would have saved the company considerable 

expense, which indicates that perhaps moving-target-style 

regulations would have been more efficient.  

Too little transition time pressures 

firms to innovate. 

Gerard and Lave (2005) examined the effect of disruptive 

performance standards in the automobile industry. The 

regulation is succeeded in promoting innovation of auto 

converter technology to limit the hydrocarbon and carbon 

monoxide emission.   

Flexibility Regulation may vary in the extent to which they 

specify exactly how businesses must behave to 

achieve these outcomes (BERR report).  

EU, essential requirement; US, product specific 

guidance (define based on the difference 

between two regulations) to set requirement on 

the performance or effectiveness of the product. 

Flexibility allows firms the 

freedom to innovate. 

Gann, etc. (2010) studied whether the more flexibility has 

improved the environment for technical innovation in energy 

efficient housing in Britain.  The study, however, could not 

draw this conclusion based on the cases (regulations for 

housing).  

 

Flexibility may discourage 

innovation due to the 

corresponding increased 

uncertainty, especially for small 

firms. 

Overall 

impact 

There is a tradeoff between different regulation 

dimensions (Stewart, 1976). The overall effect of 

regulation depends on the tradeoff among 

various dimensions. 

Although regulation imposes 

certain compliance cost to the 

innovation activities, there are also 

usually compensating benefits 

elsewhere.  

Reed, etc. (2008) developed a model to evaluate the impact of 

different regulatory scenarios on the financial viability of 

medical device companies.  The result of the study confirms that 

under the current regulatory scenario, medical device industry 

operates financially attractive.  
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3 The medical device industry 

3.1 Industry Overview  

The medical device industry is a highly diversified industry that produces a range of products designed 

to diagnose and treat patients in healthcare systems worldwide. Products in the medical device 

industry range from simple tongue depressors and bandage to complex programmable pacemakers and 

sophisticated imaging systems. There are more than 500,000 medical technologies currently available. 

Medical technology is used to ensure health in individuals suffering from a wide range of conditions. 

It extends life and brings healthy life years, reduces symptoms and prevents disease progression, thus 

playing an essential role in healthcare (MedTech Europe, 2015). Heart attack treatment is a compelling 

example of the benefits of new technology. Treatment of heart attack has changed to include the use of 

bypass surgery, clot-dissolving drugs, angioplasty, angioplasty with stents and long-term drug 

therapies that reduce the chance of additional heart attacks. In the US, from 1980 to 2000, new 

diagnostic and treatment paradigms also helped drive an increase in life expectancy of more than three 

years, a 16% decrease in annual mortality rates, and a 25% decline in disability rates for the elderly. 

Together with other segments of the larger health care sector, medical technology companies have 

contributed to dramatic improvements in health. 

Besides the contribution to the healthcare system, the medical device industry also fulfills important 

economic objectives. Based on manufacturer prices, the European medical technology market is 

estimated to make up 31% of the world market. It is the second largest medical technology market 

after the US (± 40%) (MedTech Europe, 2015). EU and the US are not only two large consumers of 

medical device products but also world leading producers. Europe has a positive medical technology 

trade balance of 15.5 billion Euro. In the US, the medical technology field is among a limited number 

of industries in which the US maintains a trade surplus. In 2007, the total US medical technology trade 

surplus was estimated at $5.4 billion. The medical technology industry also contributes to the 

economy by providing job positions. The European medical technology industry employs more than 

575,000 people. In the US, based on the data from 2006, the industry directly employed more than 

357,000 individuals and indirectly accounted for another 1.6 million jobs (Makower, 2010). The 

figures mentioned above show that the medical technology industry has an essential role in the 

European and US economies. 

On the other hand, medical technology is also characterized by a constant flow of innovations, which 

are the result of a high level of research and development within the industry. Over the last decade, the 

number of the European Patent Office (EPO) filings in the area of medical technology has doubled, 

while pharma and biotech patent applications have been relatively stagnant (MedTech Europe, 2015). 

In 2014, more than 11,000 patent applications were filed with EPO in the field of medical technology, 

equivalent to 7% of the total number of applications and more than any other sector in Europe. In 

comparison, around 5,300 applications were filed in the pharmaceutical field and 5,900 in the area of 

biotechnology.   

3.2 Highly regulated industry  

Medical device products are being used on patients to treat or diagnose disease. Safety and 

effectiveness of the products are essential for patients and the healthcare system. Therefore, medical 

devices products are regulated by the governments under strict requirements to ensure their safe use. 

Firms are usually required to demonstrate that their products fulfill the technical and administrative 
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requirements of the regulations. In the US, the Medical Device Amendments of 1976 gave the FDA 

primary authority to regulate medical devices and required the FDA to obtain “reasonable assurance of 

safety and effectiveness” before marketing (Medical Device Amendments, 1976). Since then, the 

regulation has been updated several times to include additional requirements covering the entire 

lifecycle of medical devices. The regulation uses classification system as the basis for the market 

authorization procedures. The product is classified, based on its risk, into three classes. Moderate risk 

devices need to pass through the premarket notification review pathway, and high-risk devices go 

through a premarket approval review which typically requires clinical studies. In the EU, rules relating 

to the safety and performance of medical devices were harmonized in the 1990s. A governmental body 

(Competent Authority) oversees device approvals in each EU country, such as the Medicines and 

Healthcare Products Regulatory Agency in the United Kingdom. As in the US, devices are categorized 

by risk into different classes. The approval for relatively complex and higher risk products is handled 

by Notified Bodies which are designated by Competent Authorities of each EU country. The FDA and 

European regulatory authorities both have a solid track record of ensuring the overall safety and 

effectiveness of the devices that are made available within their jurisdictions (Makower, 2010).  

In the medical device industry, regulatory approval is a precondition for products to enter the market. 

Therefore, the regulation, by its nature, imposes certain costs on the device companies. With the 

support from Advanced Medical Technology Association, Makower (2010) conducted a survey of 

more than 200 US medical device firms to estimate the cost of fulfilling the regulatory requirements. 

The survey data revealed that companies need to spend a substantial amount of investment in 

obtaining approval from the regulatory bodies. The average total costs to bring a product from concept 

to approval/clearance are approximate $31 million to $94 million depending on the approval type. The 

regulation is often seen as a burden for innovation in the medical device industry.  

3.3 Challenges  

In the US, the FDA has been criticized for requiring too much clinical data and its increased approval 

time, which impose an unnecessary regulatory burden to firms when bringing the innovative products 

to the market.  Compared to the regulatory framework in EU, firms experience significant differences 

in effort and time spent for obtaining product approval, especially when higher risk and cutting-edge 

technologies are involved. The industry is concerned that the current US regulatory framework 

hampers innovation and the US may lose its leading position in innovation. Next to that, due to FDA’s 

increased regulatory requirements and approval time, some innovative products are first approved in 

EU and are available for the patients in EU rather than the US. Some products are not even able to 

enter the US market. The FDA is also criticized for not being able to fulfill its mission of keeping the 

right balance between protecting patients and ensuring life-saving innovations get to the market.  

In the EU, regulatory bodies are confronted with different challenges. Following the scandal of 

defective breast implants produced by the French PIP company and Metal-on-Metal hip implants, 

huge social and political pressure had been created on the existing EU regulatory framework. In 

January 2012, the US Center for Devices and Radiological Health (CDRH) Director, Jeffery Shuren 

remarked on a conference call that the EMA’s device approval standards were in effect treating 

European patients like “guinea pigs”, causing an immediate furor.  In response to the political and 

social pressure, the European Parliament issued a nonbinding call to the European Commission (EC) 

to create solutions to prevent such events. In response, the EC called for open public consultation on a 

recast of the existing Medical Device Directive (MDD) and led a push to replace the current MDD 

with more formalized device regulations. 
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As mentioned before, the medical device industry is a highly innovative industry. The technology used 

in medical device product is changing rapidly. However, medical device regulation already has more 

than 35 years’ history in the US and 20 years history in the EU. Both EU and the US governments are 

confronted with similar challenges to keep regulatory requirements being developed in parallel with 

technological development. Whether the current regulatory requirement is still suitable for newly 

emerging innovation is a question for the governments and regulatory bodies. 

Under all of the economic, social and technological challenges, it is crucial to have a comprehensive 

and objective understanding of the interactions between regulatory intervention and innovation 

activities. The knowledge could guide research and policymakers to appropriately assess the 

performance of the current regulatory framework and provide a reference when updating existing 

regulation becomes necessary.  
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4 Regulation overview and comparison 

The current study aims to examine the role of regulation in shaping innovation by comparing the 

effects of EU and US medical device regulations. The understanding of this particular type of 

regulation is essential for conducting the analysis. This chapter outlines the history and framework of 

the regulations from both regions. The similarities and differences between the regulations are also 

discussed in this chapter.  

4.1 European Union medical device regulation 

4.1.1 Medical device regulation development in the European Union 

Within the European Union, where harmonization of legal requirements or administrative regulations 

is necessary, the European Commission develops regulations, which after acceptance by the European 

Council, are called Council Directives or simply directives. In 1985 a European Council Resolution on 

a new approach to technical harmonization and standards proposed a radical change in regulating 

technological aspects of industrial products. The new approach involves the development of 

legislation specifying only the essential requirements that are general and mandatory. Products must 

meet these requirements to be placed on the European market. The three European Standards 

Organizations, CEN (European Committee for Standardization), CENELEC (European Committee for 

Electrotechnical Standardization) and ETSI (European Telecommunications Standards 

Institute) enable these requirements to be fulfilled through the path of harmonized European 

Standards. If industries follow harmonized standards, they benefit from a presumption of conformity 

to the essential requirements set in the directives. 

 

Since the 1990s, to achieve the intention of harmonization of the laws related to medical devices, the 

European Commission passed a set of three directives that regulate the sale of medical devices within 

the European Economic Area. The Directives were put to use to ensure the manufacturer to legally place 

a medical device in the European market with the condition that the requirements of the Directive have 

to be met. There are three directives for medical devices: 

• the Active Implantable Medical Device (AIMD) Directive - 90/385/EEC 

• the Medical Device Directive (MDD) - 93/42/EEC 

• the In Vitro Diagnostic Device Directive (IVD) - 98/79/EC. 

 

Existing directives were amended in 2007 via Directive 2007/47/EC to align the legislative elements 

governing both directives. The directives were scheduled to be updated again in 2012. However, in late 

2012, following the scandal of defective breast implants produced by the French PIP Company and 

Metal-on-Metal hip implants, huge social and political pressure had been put on the existing EU 

regulatory framework.  In response to the political and social pressure, the European Parliament issued 

a nonbinding call to the European Commission to create solutions to prevent such events. European 

Commission proposed revised directives on medical devices and in-vitro diagnostic medical devices and 

led to pushing to replace the existing regulation with more formalized device regulations. The aim of 

the revisions was to ensure: a consistently high-level of health and safety protection for EU citizens 

using these products; the free and fair trade of the products throughout the EU; that EU legislation is 

adapted to the significant technological and scientific progress in this sector over the last 20 years. 

Revisions included the extending of the scope for legislation; better supervision of independent 

assessment bodies; clear rights for manufacturers/distributors; and stronger requirements for medical 

evidence (European Commission). In June 2016, The European Council and the European Parliament 
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have reached the agreement of draft texts of the new Medical Device and in vitro Diagnostic Regulation 

after years of negotiation. Following a legal-linguistic review, the Council and Parliament could adopt 

the two draft regulations by the end of 2016, according to the European Council.  

 

4.1.2 Approval pathway in the Europe Union 

In the EU, a governmental body (Competent Authority) oversees device approval in each European 

Economic Area country, such as the Medicines and Healthcare Products Regulatory Agency in the 

United Kingdom. Each nation within the European Economic Area has its own Competent Authority 

that monitors products compliance with regulatory requirements for medical devices within its 

country. Each Competent Authority certifies one or more Notified Bodies within that country to 

conduct a third-party assessment.   

 

Medical devices are organized into four classes according to their risk (I, IIa, IIb, and III), where I 

correspond to the lowest risk and III to the highest. The level of risk depends upon the duration of use, 

the degree of invasiveness, whether the device is implantable, and whether it contains a substance 

active in its own right. (Directive, 1993). Medical devices of all risk classes have to demonstrate their 

compliance with the essential requirements as defined in the Directives before putting into the market. 

The regulatory pathway to obtain approval and the level of required evidence depend on the classes of 

the product. For most low-risk devices, the manufacturer is allowed to affix a CE mark and to register 

the product with a national Competent Authority. The National Competent Authorities will check 

through their audit and inspection program to ensure that the manufacturer has complied with all the 

requirements. Any manufacturer wishes to obtain approval to market a new device to a medium- or 

high-risk group (above Class I) must undergo a ‘conformity assessment procedure’. The manufacturer 

must demonstrate safety and compliance with the legal requirements contained in the Directives. 

Notified Bodies handle the approval for those products. The manufacturers apply the CE marking after 

Notified Body’s review.  

4.2 US medical device regulation overview  

4.2.1 Medical device regulation development in the US 

The pre-market regulation of medical devices by the U.S. Food and Drug Administration (FDA) is a 

relatively recent phenomenon compared to the US drug approval regulation. In 1976, Congress 

enacted the Medical Device Amendments to the Federal Food, Drug, and Cosmetic Act partly as a 

response to growing concerns over the safety and effectiveness of medical devices. The Amendments 

gave the FDA oversight authority for the first time to regulate the clearance and approval of medical 

devices prior to marketing (Sorenson, 2014). Since 1976, additional laws have, over time, mandated 

the reporting of adverse reactions to medical devices, post-market monitoring of implants and other 

devices that pose a serious health risk, recall of dangerous medical devices, and the certification and 

annual inspection of mammography facilities.  

 

The Medical Device User Fee and Stabilization Act (MDUFSA) of 2005 are the latest major medical 

device law to be enacted. The MDUFSA amends the user-fee system created by the original Medical 

Device User Fee and Modernization Act of 2002, which allows the FDA to charge a fee for medical 

device product reviews. The agency uses these funds to hire staff and develop better systems to 

support efficient and timely product reviews, to enact needed regulatory reforms, and to ensure that 

reprocessed devices are as safe and effective as the original devices. In 2012, The Food and Drug 

Administration Safety and Innovation Act (FDASIA), signed into law. All the provisions of FDASIA 

begin immediately. These partly change the way the FDA approves clinical trials, providing a new de 
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novo pathway for risk-based classification of devices, expanding the FDA's post-market surveillance 

capabilities, shorting timelines for scheduling appeals meeting and issuing decisions, and changing the 

process for reclassification of devices. The aim of the recent legislations is to bring safe and effective 

devices to the public sooner. 

 

In the US, the current regulatory approval framework was established about 40 years ago. In these 40 

years, the technology has changed dramatically, and devices have evolved and become more complex. 

Whether current regulatory framework is suitable to assure safety and effectiveness while promoting 

innovation has been challenged by the industry and patient organization. On July 29, 2011, the 

Institute of Medicine released an FDA-commissioned report on the 510(k) clearance process. The 

report concluded that it was impossible for 510(k) clearance to assure safety and effectiveness, 

because it assesses neither, instead of establishing only “substantial equivalence” to an existing device. 

There were also several highly known product issues, such as ReGen Menaflex, led to allegations that 

the 510(k) process fails to protect patients. On the other hand, on July 20, 2011, the U.S, House 

Energy, and Commerce Subcommittee on Oversight and Investigations held a hearing entitled 

“Medical Device Regulation: Impact on American Patients, Innovation, and Jobs.” The 

subcommittee’s chairman Congressman Cliff Stearns argued that FDA regulation of medical device is 

too burdensome, stifles innovation, and drives device manufacturers overseas.  

 

4.2.2 Approval pathway in the US 

The FDA, primarily through the Center for Devices and Radiological Health (CDRH), is responsible 

for assuring that medical devices are safe and effective in the US. For most of the devices, there are 

two premarket device review pathways in the US: the “pre-market approval”, often referred as PMA 

and the “premarket notification,” often referred as “510(k)”. The approval for 510(k) clearance is 

based on the proposed medical device which is “substantial equivalence” to a currently marketed 

medical device.  Therefore, 510(k) process is faster, less stringent and less expensive compared to 

PMA.  

 

Similar to EU, medical devices are regulated based on a classification system that evaluates the risk 

posed by the products and the level of control needed to assure safety adequately. There are three 

classes as defined in the regulation. Class I devices are low-risk devices, for which safety and 

effectiveness are well established and can be assured by adherence to a set of guidelines or “general 

controls”. Most of the Class I products are exempted from any pre-market review. In rare 

circumstances, some Class I devices also require premarket clearance by FDA through the 510(k) 

process. Class II devices are moderate-risk devices, where general controls are not sufficient to ensure 

their safety and effectiveness. Class II devices are subject to “special controls” in addition to general 

controls. Special controls may include performance standards, FDA guidance documents, special 

labeling requirements, etc. Most Class II devices are subject to premarket review and clearance by 

FDA via 510(k) process. Class III devices are those that support or sustain human life, are of 

substantial importance in preventing impairment of human health or present a potential, unreasonable 

risk of illness or injury.  Devices that have a new intended use or employ a unique, new technology 

that is not substantially equivalent to a legally marketed predicate device are also categorized as Class 

III. Class III devices are subject to the most rigorous controls including general controls, any relevant 

special controls and in most cases, premarket approval, which requires the submission of evidence to 

establish reasonable assurance of the device’s safety and effectiveness. FDA approves most Class III 

devices via the PMA process. Under this process, the conduct of a randomized controlled trial is 

normally involved.  
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4.3 Comparison between EU and US regulatory framework 

Several existing studies have compared the medical devices regulations between the EU and US, such 

as van Drongelen (2015), Makower (2010), Sorenson (2014) and Fraser (2011).  Based on the 

summaries of those studies, this Chapter highlights the similarities and differences between two 

regulations.  

4.3.1 Similarities 

The market authorization procedures between the US and EU legislative framework have similar basic 

concepts. The regulations use classification system as the basis for the market authorization 

procedures. The product is classified, based on its risk, into different classes. In both systems, the 

perceived risk of a device determines the effort to obtain market approval.  

 

Both systems accept using the harmonized technical standards to demonstrate compliance with the 

regulation. In Europe, the manufacturer may refer to relevant technical standards such as those from 

the European Committee for Standardization (CEN) and the European Committee for Electrotechnical 

Standardization (CENELEC) when demonstrating compliance with essential requirements as required 

by the directives. In most instances, these standards mirror the standards from the International 

Organization for Standardization (ISO) and the International Electrotechnical Commission (IEC) 

(Fraser, 2011). In a similar way to Europe, the US FDA believes that conformance with recognized 

consensus standards can support a reasonable assurance of safety and effectiveness for many relevant 

aspects of medical devices. IEC and ISO standards usually are recognized by FDA.  

 

4.3.2 Differences 

Although governments of Europe and US have spent tremendous efforts to harmonize the medical 

device regulations, significant differences still exist between the regulations. One of the fundamental 

reasons is that FDA is given the mandate to provide the oversight of public health. And the medical 

device regulation in the US was established to promote and protect public health.  However, the EU 

regulation is part of a framework for commerce, which originated as a means of streamlining trade and 

coordinating manufacturing, safety, and environmental standards within the European Union. This 

fundamental difference between EU and US medical device regulation directly leads to the gap in the 

evidence needed for approval. The most controversial debate is focused on the requirement of clinical 

data during the review process. In the US, review of most of Class III or innovative device might 

require clinical data from the clinical study, which is a lengthy and costly process. However, in 

Europe, the clinical data may be a critical evaluation of the relevant scientific literature currently 

available relating to another device which already complies with the essential requirements and for 

which there are data. In most cases, the submission of robust clinical data is limited, and often the 

evidence submitted is from laboratory testing, literature reviews, or small clinical trials. For example, 

a device for left atrial appendage exclusion for prevention of stroke in atrial fibrillation received a CE 

mark in 2009 on the basis of pilot data but was rejected by the FDA on the basis of safety concerns, 

including procedural complications and high rates of stroke, emerging from a 700-patient study 

conducted as part of a PMA (Gollaher, 2011). 

 

The difference in required evidence between EU and the US systems also significantly affects the 

length of approval. Makower (2010) tried to quantitatively measure how long medical device firms 

need to spend until the product is approved in the US and EU respectively. Based on the data 

collected, the comparison of the lead time indicates that firms need to spend much more time in the 

US to obtain product approval.  
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5 Research method 

The current study follows a qualitative approach and uses multiple case studies to gain an in-depth 

understanding of the impact of regulation. Within each case, interviews were conducted to collect 

qualitative data for further analysis. In the end, ten interviews were successfully conducted. This chapter 

describes the rationale behind the selected research approach and criteria for cases and interviewees 

selection. To be able to analyze the interview data, codes were developed to identify each type of 

phenomena. The method of establishing the code and the final codebook are also included in this chapter.  

5.1 Research approach 

The objective of the current study is to investigate the role of regulation in shaping innovation and 

affecting the decisions of innovation activities, by distinguishing different dimensions in the regulation 

and the effects these aspects have on innovation activities. Specifically, answer the question of how 

does regulation influence the innovation activities in the medical device industry. In general, case 

studies are the preferred option when “How” or “Why” questions are being posed (Yin, 1989). 

Choosing case studies as research method also considers the limitations of previous empirical studies 

that follow a quantitative approach. Based on conventional economic theory, previous studies 

(DiMasi, 1991; Carlin and Soskice, 2006; Craft, 2006; Blind 2012) tried to analyze whether the 

change in firm’s financial outcome correlates to the increase or decrease of regulation in different 

sectors. Although those studies have observed certain patterns between changing regulation and trends 

in innovation capabilities, it is still difficult to draw a conclusion on the mechanisms behind the 

relationship. This limitation is due to the fact that regulation is not the only factor that has influences 

on firm’s financial outcome and decisions for innovation activities. A case study approach thereby is a 

more appropriate method to distinguish the effect of regulation from other factors in the innovation 

system. 

The current study collects qualitative data via interviews from multiple cases. Each case represents a 

medical device company, which delivers a particular type of medical device product. There are two 

interviews conducted within each company. The interviews attempt to understand the impact of 

regulation on each company’s innovation activities, by comparing the effects of EU and US regulatory 

framework in detail. The comparison of different effects of EU and US regulation is considering that 

most of the controversy is focused on whether stricter requirements in the US regulation have 

hampered the innovation in the US market. After the interviews, the qualitative data were coded and 

analyzed to see whether certain patterns exist and replicates in different empirical contexts.  

The current study chooses the approach to compare the effects of regulations from different regions. 

This is different with some existing studies (Reed, 2008; Steg, 2001; Vernon, 1990), which tried to 

explore the influence of regulation by analyzing firms’ innovation capabilities before and after the 

introduction of a particular regulation. Considering the direction of innovation and the rate of 

evolution are partially determined by government regulations, but also by the structure of industry, 

society and the marketplace (Rothwell, 1980), the comparison between different periods might not be 

able to distinguish the effect of regulation with other changes in the innovation system. The current 

study conducts its comparison at the same period, which can avoid this limitation from previous 

studies.  
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5.2 Case selection and interviewee selection 

The current study selects multiple medical device companies as cases to perform the interviews. Two 

criteria were considered during the selection process. First, the firms involved in the interviews shall 

have commercial activities in both EU and US market and have experience with regulations from both 

regions. This is because the interviews intend to answer the research question by comparing the 

differences between these two regions in relation to innovation. Second, it is important to select firms 

who deliver middle or high-risk products to the market. The firms shall be also active on innovation 

and develop state of the art products. Previous studies indicated that there is a correlation between the 

impact of regulation and risk and technological sophistication associated with the product (Hauptman 

and Roberts, 1987). Firms often experience significant differences in obtaining approval of higher risk 

and cutting edge technologies between EU and US regulations. Such cases can help to discover 

valuable information for analysis. After selecting and confirming, five companies are included in this 

study. Businesses and their background information are listed below.  

1. High-risk radiation therapy products, Finland (labeled as Class III in the rest of the thesis).  

The business develops cutting-edge technology, and complex products that provide Magnetic 

Resonance (MR) guided therapy solutions such as MR-Linac, MR-High Intensity Focused 

Ultrasound, MR interoperable neuro surgery Operation Theater, and new MR-based 

applications. The company recently focuses more and more on the treatment of cancer and 

other oncology solutions. The business has products launched in both EU and US. Some of the 

products were withdrawn from US submission due to regulatory reasons. 

The business has more than 20 years’ experience in research and development and currently 

has about 130 employees.  

 

2. First in the market, innovative technology to replace traditional technology, The Netherlands 

(labeled as DPS in the rest of the thesis).  

The company delivers digital pathology solutions, which enables pathologists to read tissue 

slides digitally to make diagnoses, rather than looking directly at a tissue sample mounted on a 

glass slide under a conventional light microscope. The product not only increases efficiencies 

and collaboration between pathologists but also opens an entirely new dimension towards 

computational pathology, which aims to improve accuracies and ultimately enhance patient 

care. The product obtained CE approval in 2014. Just recently, the product is the first and 

currently only one in the U.S. to receive clearance for primary diagnostic use. Since it is new 

technology, there was no clear guidance available from any regulatory authorities. 

The organization originated from a research organization and then developed into a business 

of over 200 people. 

 

3. A start-up organization, which delivers product to replace traditional measurement in the 

hospital, The Netherlands (labeled as IVD in the rest of the thesis). 

 

The organization offers an in-vitro diagnostic device (reagents and instruments). The device is 

intended to detect a particular type of infection in the patient, is replacing the conventional 

approach of having the blood sample tested in the lab. The test results are close to the patient 

in less than ten minutes, as compared with the one hour needed for laboratory testing. The 

advantage of being close to the patient is it allows the physician to decide far faster on the 

appropriate treatment pathway, and it supports ruling out a possible heart attack in three hours. 
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The firm recently has their first product CE marked in the April/May 2016. The organization 

is working on obtaining FDA approval in the coming years. 

The organization leads the Lab2Go project, which is the European Union funded multicenter 

Research and Development project (project nr. 621035) conducted at six hospitals in the 

European Union bringing together a pan-European consortium of leading companies, 

universities, hospitals and healthcare suppliers. Currently, there are about 100 employees 

within the company.  

 

4. Diagnostic imaging products, The Netherlands (labeled as MR in the rest of the thesis).  

The organization is developing and delivering Magnetic Resonance systems into the global 

market.  The business of the organization is around one Billion euro in Equipment, 400 

million euros in Service. The group is focused on delivering highly innovative products and 

features into the market.  “Multi-Transmit” technology was the pioneer in the industry and 

first brought into the market in 2010. In most of the market, the products from the 

organization share about 21% of the market share. The growing of the business (7%) is higher 

than the average growth of the market (3-4%).  

The organization located in Best, The Netherlands. Currently, there are 550 research and 

development employees globally with several locations in The Netherlands, USA, China, and 

India.  

 

5. Diagnostic imaging products, US (labeled as CT in the rest of the thesis). 

The organization is dedicated to developing various Computed Tomography (CT) products. 

Recently research and development activities focused on delivering CT imaging in meaningful 

ways that were never thought possible. The organization is extending the product portfolio 

into products advancing patient care with innovations in CT product design, radiation dose 

management, image quality and advanced clinical applications. Products from the company 

have been in the market for more than 30 years. 

The organization located in Cleveland, USA. Currently, there are more than 400 research and 

development employees. The company also has research and development activities in India, 

China, and Israel.   

5.3 Interviewee selection and interview protocol 

The interviews conducted in the current study followed a semi-structured manner. Within each case, 

two participants were selected and interviewed to understand how regulation influences the innovation 

activities in their firms. All interviews follow the pre-defined protocol. The protocol is included in 

Annex I of this thesis. The design of the protocol is based on the literature study regarding the 

influence of regulation and each regulation dimension. Prior to each interview, the protocol was 

provided to the interviewee to get familiar with the subjects. During the interviews, respondents were 

guided through all questions and encouraged to give examples. Interviewees were also encouraged to 

share any other relevant information. Interviews were recorded, at the end, the transcript of the 

interview was sent back to the interviewees to confirm the content.  

Nevertheless, using interviews as data collection method has certain limitations. The interview 

provides only indirect information filtered through the views of interviewees. Opinions of the 

interviewee may only represent certain aspects due to the interests of the respondent (Creswell, 2009).  

The opinion might also be biased. To minimize the influence of the limitation, there are two 
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interviewees selected for each case. And respondents were asked to provide concrete examples during 

the interviews. The respondent selection process considers following criteria: 

 Respondents participated in the business decision for product development and regulatory 

application. 

 To gain a total picture and avoid biased opinion, interviewees are from different functions 

within each firm. For example, one interviewee is with a development background, and 

another is with the marketing background.  

 Considering the thesis analyzes the regulation impact by comparing EU and US regulation, 

interviewee shall have experience with both US and EU regulation.  

 Interviews were conducted in English. The interviewees shall be able to communicate in 

English as well.   

In the end, there are ten respondents participating in this study. Function and general introduction of 

each interviewee are provided in Annex II.  

5.4 Data analysis and codebook 

In a qualitative research study, developing codes is a major step before analyzing the data. Codes are 

used to identify issues. For the current study, codes are used to identify each regulatory dimension and 

its corresponding influence on innovation. The identified codes help distinguish the impact of each 

regulation dimension and draw a conclusion if a certain pattern exists within a given dimension. 

Hennink (2011) distinguishes two types of codes, deductive and inductive. Deductive codes originate 

from the researcher and are derived from literature study. Inductive codes come directly from the data 

and are developed from reading the data and the issues raised by participants. To develop the final set 

of codes, I follow both deductive and inductive approaches. Deductive codes were first identified 

based on the literature study concerning different dimensions within regulation. Those codes were 

already used to structure the interview and design the interview questions. Then, deductive codes were 

used to label corresponding fragments in the interview transcript. Last, after reading the fragments of 

the transcript, inductive codes were developed to identify different types of influence within each 

regulatory dimension. Those inductive codes are added as sub-codes to each corresponding deductive 

code. The final codes consist of both deductive and inductive parts. Additionally, if there were new 

issues found, other inductive codes were added to the final codebook. Table 3 below is the final set of 

codes and their definitions. 

Tabel 3: Codebook 

Code Sub-code Definition 

Stringency Stringency_limit Strict regulatory requirements hamper innovation 

activities 

Stringency_positive Strict regulatory requirements prompt innovation 

activities 

Uncertainty Uncertainty_delay Innovation activities are hampered by uncertainty 

caused by unknown approval time 

Uncertainty_requirement Innovation activities are hampered by uncertain 

requirements from the regulatory body 

Uncertainty-knowledge Geographic distance increase the perceived 

uncertainty. 

Timing - Innovation activities are hampered by transition 

time due to regulation change 
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Code Sub-code Definition 

Cost - High compliance cost hampers innovation activities  

Flexibility Flexibility_structure Innovation activities are influenced by flexible 

organizational framework of regulatory body 

Flexibility_requirement Flexible regulatory requirement influences 

innovation activities 

Policy objective - The influence of regulation’s objective 

Institutional 

pressure 

- The influence originated from the institutional 

pressure given to the authority 

Learning - The influence of regulatory body’s learning process 

Overall effect Flexibility-Uncertainty 

 

Flexibility’s influence on uncertainty 

Uncertainty-Cost Uncertainty increase cost 

Stringency-uncertainty-

Cost 

Stringency increase cost 

Overall negative Aggregated negative impact of regulation 

Overall positive Aggregated positive impact of regulation 

 

5.5 Validity 

Following the tactics introduced by Yin (1989), the current study uses several different approaches to 

increase the quality of the research.   

Reliability 

The present study conducts ten interviews to collect qualitative data regarding the regulation influence 

in various cases. To minimize the errors and biases in the study and make sure all relevant subjects are 

covered during interviews, the detailed protocol is defined to instruct the interview steps. The design 

of the protocol is based on existing literature study regarding the influence of regulation and each 

regulation dimension.  

Before the first interview, two test interviews were carried out to make sure the interview questions are 

clear and understandable to the participants. The official interviews were recorded after confirmation 

with respondents. The recording is also transferred into the transcript and send back to the 

interviewees to confirm on the content. 

Internal and external validity 

The current study consists of five cases. Within each case, there are two interviewees participating in 

the study. Data collected from different participants within the same case is firstly cross-checked with 

each other to compare whether similar patterns exist. After that, patterns concluded from each case are 

compared to learn whether they are replicated between cases. If the particular pattern does not 

replicate between cases, further analysis is conducted to understand the potential cause for that and 

whether it is necessary to conduct further investigation.   

Construct validity 

Firstly, to establish correct operational measures, the design of the interview protocol is based on 

existing literature review regarding different regulation dimensions and their impact on innovation. In 

addition to that, different data sources (Makower, 2010; PWC, 2010; PWC, 2011) contain the results 
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of surveys and interviews are used to validate the findings found from the interviews of the current 

study.  
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6 Analysis and results 

As discussed in Chapter 5, all interview data collected from the cases were coded, compared and 

analyzed to learn the interaction between regulation and innovation activities. In this chapter, the 

findings from the interviews are presented in detail.  Chapter 6.1 describes the findings regarding the 

impact of each regulation dimension. During the interviews, it is also noticed that there are 

correlations between different regulation dimensions. For example, regulatory stringency is usually 

closely connected with the cost of product approval; higher flexibility often leads to increased 

uncertainty during the process. Chapter 6.1 also contains the discussion about those correlations. 

Besides the influence from each regulation dimension, three external factors were also found to have 

the influence on the implementation of the regulation. These factors are “policy objective”, 

“institutional pressure”, and “learning”. The effect of these factors is discussed in chapter 6.2. In the 

end, the overall effect of regulation is discussed in chapter 6.3. All the representative quotes for each 

code are provided in Annex III to give an overview of what has been found during the interviews.  

6.1 Different regulation dimensions 

6.1.1 Stringency 

Regulation stringency relates to the technical constraints required by the regulation. As indicated by 

some interviewees, the US and EU medical device regulations have a similar approach to grant market 

access approval to products. Both regulations require products to be safe and effective. The stringency 

regarding the safety aspect of the product is not different in the EU and US. Both regulations 

recognize the same set of international standards as criteria for product safety. However, the 

stringency regarding the effectiveness is much difference between two regions and has a different 

effect on firm’s decision for innovation. In general, regulatory stringency is much higher in the US. 

Firms need to collect more evidence to obtain FDA approval, which requires a substantial amount of 

additional resource, time and investment. The extra effort negatively influences the firm’s decision to 

commercialize product into the market. The impact varies from delaying approval in the US to 

withdrawing the product submission entirely. The effect is heavier for radical innovations or higher 

risk products. For products or technologies which are already existing in the market, the effect is 

relatively moderate.  

 “We are not the only one to decide differently on US and EU market. If you look at another company. 

They also have the same product and went for FDA approval. In the end, they withdraw the 510k 

because, in their letter, they say FDA expect the point of care device to show equivalent to lab testing, 

plus other things they want to see. So, FDA did have additional requirements on some of IVD 

manufacturers. Those companies who cannot accomplish the study and satisfy the requirement, they 

just have to stop.”—IVD, RA 

Unlike the findings from studies conducted in other industries (Atkinson and Garner, 1987), the 

current study does not discover the effect that stringent standards foster innovation development in the 

medical device industry. Rather than driving force for innovation, most of the interviewees agreed that 

the stricter regulatory requirements trigger firms to spend more investment to improve the 

performance and quality of the products. In the end, regulatory approval is seen as a guarantee for the 

product quality, which increases the competitiveness of the product in the marketplace.  
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“What FDA does, or does stimulate, is the quality. You cannot put something which is not well 

designed and tested in the market. I do think FDA put pressure on the quality of the product, 

absolutely. “—DPS, CTO 

The credibility of FDA approval is not only recognized in the US market but also worldwide. Because 

FDA’s requirements to ensure safety and efficacy have instilled confidence in the products worldwide. 

In many cases, interviewees mention that they often refer to the FDA approval in their commercial 

material to gain confidence from the market.  

“By having this kind of statement can avoid some silly questions. But also out of US, if you go India, 

Middle East, some Asian countries, FDA approval is a kind of representative that this product is 

ok. …..A product having FDA approval is a kind of quality certificate or guarantee that is ok.  So, 

even when the US market is not that attractive, it is also good to have this approval because that also 

helps another market.”—Class III, Product Director 

6.1.2 Uncertainty 

Uncertainty refers to the risk perceived during the regulatory approval process.  Most of the 

interviewees indicated that, in the EU, they recognized different risk when applying for product 

approval from regulatory bodies in the EU and US. Two factors mainly cause uncertainty. In some 

cases, interviewees were concerned about whether their test results meet FDA’s clinical study 

requirements. The uncertainty caused by either regulatory requirement or approval delay has a similar 

limiting effect on firm’s decision regarding innovation. In most of the cases, the results are combined. 

For the uncertainty associated with a regulatory requirement, concerns about whether the product 

could fulfill the regulatory requirements, especially when clinical study involved, can influence firm’s 

decision on the scope of the submission. Similar to that, the concerns regarding unpredictable approval 

time also negatively affect company’s decision. In the worst-case, the firm had to withdraw 

submission to FDA due to unpredictable clinical study time and effort.  

“The clinical uncertainty, in our case, is more critical. We do not know can we succeed in the trail. 

Even you complete the trail and go to the Panel; Panel can still say this is not sufficient. And it simply 

takes too long. Eventually, we had to withdraw the FDA submission of xxx (product name). —Class 

III, Product Director  

Although firms were concerned about both regulatory requirements and approval time, the delay on 

approval time is more critical to the firm’s decision. This is because regulatory approval directly 

determines when the product can enter the marketplace, and determine the return on investment for 

businesses.  

“But I would say the biggest risk is timing; you just do not know when you will get that.”—DPS, CTO 

Two interviewees shared their experience regarding perceived uncertainty which seems caused by the 

geographic distance. These two respondents are located in the EU and US respectively. They indicated 

that they had more confidence and fewer uncertainties about the regulation from the country where 

they are located. And this uncertainty also influenced their firms’ product introduction strategy.  

“In our experience in the A project and B project, there is a significant difference in the uncertainty. 

However, it might be not due to the FDA regulation itself, but due to our level of knowledge about 

regulation, and how to work with the regulatory framework.”—Class III, RA (located in EU) 

“I have been working for two US companies. The company tends to obtain FDA clearance or 

approval first before going to EU. I am not sure is that because of the establishment is in the USA? Or 
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some other reasons. It might be related to the confidence of the regulatory professionals within the 

company. They are more confident with which regulation.”—CT, RA (located in the US) 

However, after confirming with other interviewees, similar opinion is not found in other cases. One 

interviewee even disagrees with the statement. Due to the time constraint and limited numbers of cases 

involved in the current study, it is not feasible to investigate whether distance could cause uncertainty 

and influence firms’ decision on innovation.  

6.1.3 Compliance Cost 

Compliance cost comes from demonstrating compliance with regulation before a product enters the 

market. As indicated by the interviewees, FDA approval costs more budget than EU approval, due to 

FDA’s stricter requirements on product effectiveness. To fulfill the regulatory requirements on 

effectiveness, sometimes, firms need to collect additional clinical data to meet FDA’s expectation, 

which leads to the substantial amount of additional investment to obtain approval.  

“The cost we spend for US submission is absolutely higher than EU.”- Class III, Product Director 

 “If we do a truly statistic significant study, we need to invest another a few million euros. This 

domain is not worth that investment.”—DPS, CTO 

During the interviews, one interviewee mentioned that uncertainty of approval time could also cause 

additional cost to obtain FDA approval. Unfortunately, this connection is only mentioned by one 

interviewee in the current study. However, an external report (Makower, 2010) based on the survey of 

about 200 medical device companies confirms this finding. The report calculated the amount of time 

(in months), and monthly expenditure on obtaining product approval in the US. According to the 

survey data, every additional month working through the submission process itself costs more than 

$520,000 and $740,000 per month, depending on the risk classification of the product.   

“Every month later, that is a million.”—DPS, CTO 

Higher cost has an impact on the decision of firms to continue the project and eventually bring the 

product to the market. Interviewees reflect that, due to the higher cost, firms decide either remove 

features from submission or withdraw the submission to FDA completely. The decision was 

determined by the tradeoff between the cost and expected return on the investment.  

 “For example, in the discussion of my previous project, we had the discussion about what is the 

benefit of making certain clinical claims, and compare to the cost, whether it is worth to do so.”— 

MR, Project Leader 

Some of the interviewees also raised their concerns about the higher cost associated with stricter 

requirements from the FDA and its influence on small-medium size companies’ (SME) strategy. One 

interviewee, based on his experience from the industry, mentioned that: 

“And if you think in the medical device area, there are a lot of small-medium size companies where 

innovation is happening, they just cannot afford this kind of cost at the beginning. They first need to 

have a robust product which generates revenue in EU to be able to finance the trail in the US.”—

Class III, Product Director 

A similar concern was also raised in an external report (PWC, 2011). In this report, executives of four 

SMEs shared their experience with the regulatory approval process. The interviews indicated that, due 

to the higher compliance cost for obtaining FDA approval, firms had to seek or obtain European 
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approval first to generate sales overseas that could help fund their U.S. regulatory efforts.  

Alternatively, some companies reported (Makower, 2010) that they set up operations overseas and 

develop strategies that do not rely on the US market, despite the fact that it remains the world’s largest 

and most commercially lucrative device market.  

6.1.4 Timing 

Regarding the transition time given by the regulation, most of the interviewees indicated that they did 

not experience much difference between EU and US regulation. If there are new regulatory 

requirements or standards put into effect, regulatory authorities in EU and the US usually are 

harmonized in the transition period given to the industry.  In general, firms do not react to those 

changes proactively and tend to implement the changes at the last moment. This is mainly because the 

new requirements often require significant design change on the existing products, which would cost 

firm extra resource and delay the current on-going projects.  

“If you have a transition period of 3 years, typically, the company will start the urgency in the last 

year.”—DPS, RA 

Although too little time might discourage innovation and determine an unsustainable increase of 

compliance burdens, empirical study of the Clean Air Act (BERR, 2008) suggests that time pressure 

force firms implementing new technologies to be in compliance with new regulatory requirements. 

Due to the fact that EU and US regulation do not differ much in the transition period for implementing 

new requirements, the double-edged effect of timing can not be verified in the current study. 

Some of the interviewees give advice on how the regulatory authorities could roll out the new 

requirements to achieve the optimal effect. The determination of transition timing is based on the 

understanding of existing technology and how much effort industry required to switch their 

technology. The communication between industry and authorities can facilitate the understanding. One 

interviewee indicates that his firm has benefited from the early involvement in standard or regulation 

development, which smooth the transition period. 

“It is very important for the industry to collaborate with the standard committee to roll out the new 

standards. It is also important for the standard committee to understand the impact of the standard to 

product development.”—CT, RA 

6.1.5 Flexibility 

All regulations, to have any impact, must specify the desired outcome. However, regulation may vary 

in the extent to which it defines how business must behave to achieve these outcomes (BERR, 2008). 

In the field of medical device industry, different approaches are provided between EU and US 

regulatory framework. In the EU, all medical devices must fulfill the essential requirements set out in 

the Directives. Companies define how the essential requirements shall be fulfilled.  While in the US, 

the FDA has published specific guidance to set a condition for the performance or effectiveness of the 

product for each type of product or technology. During the interviews, interviewees were asked to 

compare the flexibilities provided by those two approaches and their influences on companies’ 

innovation activities. Feedback from respondents indicated that different approaches have different 

effects on innovation. EU regulation provides firms more freedom to define how their products meet 

the essential requirements outlined in the regulation. On the contrary, US regulation grants too little 

flexibility which limits the innovation. This is especially for radical change, which may not fit into 

existing regulatory framework. 
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“It may limit R&D to a certain frame because you need to meet certain requirements. Some 

requirements may not even be relevant if the technology truly breaks through.” –CT, RA 

However, the impact of a flexible regulatory framework seems to be double-edged. Some interviewees 

raised their concerns about the more flexible approach. They worried that the more flexible regulatory 

requirements reduce the transparency of regulation, therefore, increase the perceived uncertainty 

during the product approval process and delay the approval.  

“EU regulation seems a bit vague. The essential requirement, sometimes, can be challenging to 

interpret. It's hard to decide what is exactly necessary. Personally, I prefer the US framework because 

it is more clear and easier to follow. Particularly for high-risk products, you know what is exactly 

expected. It is easier to follow to obtain the approval.” –CT, RA 

Another concern raised by the interviewees relates to the capability of the flexible framework in the 

EU. One was concerned about whether the more flexible regulation approach is capable of ensuring 

product safety. That interviewee stated: 

“Companies, without doubts, prefer the European way. It is cheaper; it is less risk. You can put worse 

products on the market. “—DPS, CTO 

Similar concerns raised by authorities in the US. In 2012, the FDA published a report examining 12 

high-risk devices that were approved in the EU and later found to be dangerous or ineffective (FDA, 

2012). As indicated by the FDA, most of these devices were ultimate withdrawn from the EU market, 

but only after thousands of patients were harmed, which challenges the capability of the EU 

framework for ensuring product safety.   

Besides the flexibility related to the extent to which regulation specifies how businesses must behave 

to achieve the outcome, interviews from the current study also suggest another type of flexibility, 

which originates from the organizational structure of the regulatory bodies. As indicated by 

interviewees, in the US, the FDA is the only centralized organization to oversee all device 

applications. However, in the EU, medical device approval is highly decentralized with significant 

reliance on Member State appointed Notified Body and frequent inspection of manufacturers. Each 

Member State has at least one Notified Body. With the decentralized structure, firms have more 

flexibility to approach the Notified Body and discuss submission related matters. The efficient 

communication helps to bring more clarification on the expectation of regulatory body and reduce the 

uncertainty relates to both technical requirements and approval time. As compared by one of the 

interviewees: 

“In Europe, the Notified Body is very close and easy to approach. You can easily contact them and 

setup meetings with them if you have questions. With FDA, the threshold is a bit higher to 

communicate with them and arrange a meeting. Usually, with the Notified Body, we have one or two 

persons we meet. With FDA, for example in our recent call with FDA wrt our product, we have 4-5 

people from our side joining the meeting, but FDA had 10 or more people. Some of them are at the 

very high-level position. Given the time (1 hour) we have with FDA, and they have ten senior 

individuals on the given subject or topic, the discussion is much more formal and less efficient.”—

Class III, RA 

6.1.6 Connections between different regulation dimensions 

When analyzing the interview script, it appeared that there are several regulation dimensions and their 

effects on innovation were often mentioned together by interviewees. Some of them have already been 



43 

 

discussed in the corresponding sections above, such as that the higher compliance cost is often 

connected with either increased uncertainty or greater regulation stringency. This phenomenon 

suggests that regulation dimensions are not isolated from each other, and there are connections 

between different regulation dimensions as well. These relationships are highlighted below.  

Flexibility-Uncertainty 

Flexibility is meant to provide a flexible regulatory environment for firms and promote innovation 

activities. However, flexibility can increase the perceived uncertainty to companies. 

“You have more freedom in EU, but freedom is also doubts. FDA is clearer with the expectation.”—

MR, Project Leader 

Stringency-Uncertainty-Cost 

Stringency, uncertainty, and cost are highly connected with each other and have a collective effect on 

innovation. Stricter regulatory requirements often cost firms more resource and investment; stricter 

regulatory requirements also lead to higher uncertainty, especially about the approval time; higher 

uncertainty is also closely connected with compliance cost. When the requirement is too difficult to 

meet, normally it involves very high cost, such as in the case of length and complex clinical study 

involved. The collective effect can change firm’s decision and even lead them to withdraw the product 

application.  

“The PMA approval for xxx (product name) is withdrawn because the standard for the clinical study 

is too high, we are not able to enroll so many patients. The study needs to enroll about 200 patients, 

costs us another millions euro and might take about 40 years to finish the study.”—Class III, Product 

Director 

“Every month later, that is million.”-- DPS, CTO 

6.2 External factors 

Next to the influence from each regulation dimension, during the interviews, respondents indicated 

that there are also some other elements altering the interpretation and implementation of regulation 

and indirectly have an influence on innovation activities within firms.  These influences are not from 

regulation itself but originated from the external environment where regulatory authorities are located. 

After analyzing the interview data, the influences are categorized into three external factors: policy 

objective, institutional pressure and learning effect. Those attributes have overall effects on regulation, 

rather than on a single regulation dimension. This chapter discusses the effect of each of the attributes 

in detail.   

6.2.1 Policy objective 

As already discussed in the comparison of EU and US regulation in Chapter 4, both regulations 

implement different approaches regarding the effectiveness of the medical device. Several 

interviewees concluded that this difference is originated from the different policy objectives of the 

regulatory authorities.  In the US, FDA regulation requires medical device products shall bring 

benefits towards the patient, or at least, are as effective as what is already available for the patient. 

However, in Europe, bringing benefits to the patients comparing to the existing method is not under 

the objective of EU medical device regulation. The majority of devices only need to demonstrate their 

safety and performance as stated by the manufacturer themselves, not that they directly benefit patients 
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(Sorenson, 2014). Consequently, the EU regulation does not require the effectiveness of the product to 

be equivalent to another product which is already on the market. As one of the interviewees indicated: 

“Another thing is FDA very much look at the effectiveness of devices. So, they look at does that work?  

Does that really have benefits to the patients? Where in EU, they tend to look at the performance of 

the device.  Does the device do like the manufacturer says?”—DPS, RA 

Because of the different approach on effectiveness, to obtain US approval, firms are often required to 

submit more evidence to demonstrate the equivalence of efficacy between presenting product and 

another existing product in the market. The direct impact is at regulation stringency. Indirectly, due to 

the additional evidence required for submission, compliance cost becomes higher and the uncertainty 

regarding the delivered evidence and approval time is also higher.  

6.2.2 Institutional pressure 

During the interviews, when being asked to compare the difference between EU and US regulations, 

several interviewees refer to “culture difference” describing the differences. 

“It may be a bit culture different compared to the US. I feel the European way is based on trust. For 

FDA regulation, it is law and more powerful. And they try to find whether you have done something 

wrong, which is different with EU. I think the process and intention might be the same, but a starting 

point and mindset are different.”—MR, Project Leader 

However, “culture” is a vague term. The experience of an interviewee suggests that “culture 

difference” might be related to the different level of institutional pressure given to the regulatory 

authorities.  

“In the past, the blame was more at physicians. Now, it moves to the manufacturer. I have the feeling 

that manufacturer is easy to reach out. There are few manufacturers, but a huge amount of physicians. 

For FDA, it is easy to control.”—IVD, Product Director 

Due to the “culture difference”, the FDA seems to be more conservative when approving the product. 

The direct influence is at the level of evidence firms need to submit for obtaining approval. One 

interviewee shared his impression about FDA’s stricter requirements. In his case, FDA attempt to 

request more evidence from the firm to be at safe side.  

“On one hand, they know the experiment was done; the clinical trial were not significant enough to be 

truly convincing. On the other hand, they want to have the trial big enough, and then they feel 

safer.”—DPS, CTO 

This finding is also reflected in an external study conducted within the industry. In the survey of  50 

life sciences companies (including 19 companies developing a medical device or diagnostic products), 

a third party consultant organization (PWC, 2010) found that 58 percent of the respondents agreed that 

politics has too much influence on the approval process of the FDA. The high institutional pressure 

brings more weights on the FDA than its counterpart in the Europe, and the agency is more 

conservative and controlling when approving products.  In this study, several industry executives were 

also interviewed regarding their experience with US regulation. One of the interviewees stated: 

“The United States has a very ugly regulatory environment right now. The US should rethink this 

whole paternalistic, zero-risk attitude because that regulatory environment makes it safe to do 

incremental change but very difficult to do dramatic, revolutionary change.”- ThromboVision, CEO 

(PWC, 2011) 
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Although feedback provided in the current study only focuses on the political environment of the US, 

the recently published Medical Device Regulation in the EU reflects similar effect originating from the 

political and social attentions. Two high-profile medical device incidents concerning the fraudulent 

production of the PIP silicone breast implants and Metal-on-Metal hip implants highlighted 

weaknesses in the legal system in place at the time and damaged the confidence of patients, consumers 

and healthcare professionals in the safety of medical devices. This led to pushing to replace the 

former, less restrictive EU Medical Device Directive.  

6.2.3 Learning effect 

Learning is one of the fundamental concepts in the theory of National Innovation System. In the 

current study, the learning within governments is found to have an influence on the interaction 

between regulation and innovation. Governments continuously learn from the industry about new 

concepts and ideas, but also oversee all adverse events happened related to patient safety in the entire 

society. Based on the acquired information, the government makes changes to the existing regulation 

or adjust the way of implementing the regulation accordingly. Sometimes, more effort is required from 

firms to demonstrate product safety and effectiveness. In some cases, the additional effort is too high 

to afford; firms have to withdraw the submission. Two cases within the current study give examples of 

how the learning of government influence the regulation requirements.  In one case, compared to the 

competitor delivering a similar product, the firm experienced unexpected difficulties to obtain 

approval from the authority, and eventually have to withdraw the submission.  

 “Our competitor got approval with single arm study, 100 patients, and the end point is subjective, etc.  

For us, there is a time gap of 8 years. They ask randomized controlled trial, against placebo, evidence.  

FDA says the other approval was from 8 years ago. We learned that in the meantime. You see FDA is 

simply asking higher level evidence. “—Class III, Product Director 

In some cases, learning on the government side about innovation also helps to simplify the regulatory 

requirements. One of the interviewees shared his experience and stated:  

“For one of the standards we need to follow, for example, IEC60601-1-2 4th edition, FDA has an 

earlier deadline to implement the standard, mainly consider the feedback collected from the industry 

over the years. The Newer standard is not necessarily stricter than existing one. The industry has been 

giving feedback about the more stringent requirements in this standard are not necessary anymore.  

And the 4th edition lowers that down than existing one.”—CT, RA 

And sometimes, government learning about new concepts in the industry could have effects on 

tailoring the direction of innovation.  

“FDA recently gives attention to some new subjects as well. For example, the new interoperability 

and cyber security requirements are two hot topics to address new concerns. These additional 

requirements make the company think different dimension of products. In some sense, it stimulates 

innovation. However, I do not see EU regulation has caught up in those two things I just 

mentioned”—CT, RA 

Unfortunately, the feedback obtained during the interviews is only focused on the US regulation and 

authority. Interviewees involved in the current study did not indicate they have experienced a similar 

situation from European regulatory bodies.  
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6.3 Overall effects   

In chapter 6.1 and 6.2, the effect of each regulation dimension, interactions between dimensions and 

the influence of external factors were discussed. The interaction between regulation and innovation is 

complex and multi-dimensional. Different regulation dimensions influence innovation in different 

ways; the effect of a single regulation dimension can also be double-sided. The aggregate effect of 

regulation is a tradeoff between all of those aspects.  

Most of the interviewees agreed that there are significant differences between EU and US medical 

device regulation. Among all the elements, cost and regulatory stringency are the most influential 

factors. In general, US regulation requires more effort from the firms for obtaining approval from the 

FDA. Some of the interviewees have strong negative opinions about the FDA regulation in promoting 

innovation. Strict regulatory requirements and required clinical studies cause most of the negative 

impressions about US regulation.  

 “I am not positive about FDA. They are blocking innovation.”—DPS, CTO 

 Many interviewees also shared their concerns about the impact of US regulation on small-medium 

size or startup companies. They mentioned that small-medium size or startup companies might not be 

able to afford the cost caused by FDA approval. The EU framework seems to be relatively easier for 

them, and the European market seems to be more attractive for this type of business. Unfortunately, 

the current study does not include representatives from startup businesses. The feedback collected 

during the interviews are indirectly from respondents’ private network within the industry.  

“And if you think in the medical device area, there are a lot of small-medium size companies where 

innovation is happening, they simply cannot afford this kind of cost.”—Class III, Product Director 

 Most of the interviewees did not consider regulation as a driving factor for innovation. None of the 

interviewees agreed that regulation promotes innovation activities. Instead, regulation is well 

recognized as a facilitator for innovation and ensuring product safety and quality than EU regulation. 

One interviewee compared medical device products with consumer products and stated: 

“However, I am not sure whether that has an impact on the outcome of health care. Because, to meet 

the commercial needs, the company may put much more stuff on the market. But, all of that stuff may 

not create much value to the patient if that is too easy to be approved. If you think of the consumer 

marketplace, there are many things useless, but the company still make a huge profit from that. If that 

takes place in the healthcare system that would be horrible.”—Class III, RA 

Besides product safety, FDA regulation puts more emphasis on product effectiveness and the benefits 

provided to the patients. Therefore, regulatory approval is seen as a “certificate” which can help 

increase the commercial value and sale of the product.  

“I think the clearance adds value to the product. Everyone knows this is a highly regulated industry; 

the clearance could show that you have gone through the process. It is a kind of stamp. It is also a 

benchmarking about who is doing more to show competitiveness in the market. It is a bit like the 

image of a patent. I have seen in the Chinese newspaper that local company promotes that they have 

the first FDA cleared product. FDA and the clearance have a certain reputation. 510(k) gives extra 

value to the product.”- MR, Project Leader 
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7 Discussion 

On the basis of literature study, five different regulation dimensions are distinguished. This in-depth 

case study attempts to exam the role of regulation in influencing the innovation activities specifically 

focused on the impact of each individual dimension. Besides the influence from each regulation 

dimension, interview data also reveals the connections between different dimensions. Those 

connections are found to have influences on the implementation of the regulation as well. This chapter 

discusses the highlights of these findings and how literature and empirical studies connect with them. 

Furthermore, the findings of the current study can provide references and advice to government and 

regulatory body when facing challenges and the need to reform existing regulatory framework. Those 

suggestions are included in Chapter 7.2. The last part of the chapter covers the limitations of the 

current study and suggestions for further researches. 

7.1   Theoretical implications 

In summary, the theoretical implications of the present study are as follows: 

1. The study has extended the conceptual understanding of the regulation impact on innovation 

by distinguishing different regulation dimensions.  

2. The study confirms the concerns from the industry. The negative effect of regulation is heavier 

for firms who deliver radical innovation or higher risk products.  

3. The study highlights the connections between each regulation dimension. 

4. The study validates the concept of National Innovation System. The national border and 

interactive learning influence innovation activities.  

Figure 5 below capture the findings of the current study regarding the relationship between innovation 

and regulation.  

Figure 5: Regulation-Innovation relationship 
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7.1.1 Regulation dimensions 

Extending on the empirical studies, the current study concentrates in one single industry and 

investigates the impact of each individual regulation dimension. Regulatory stringency, uncertainty, 

and cost are the most influential factors determining the innovation decisions within firms. Stricter 

regulation requirements lead to higher compliance cost and delayed approval time, which negatively 

influences firm’s decision on innovation activities. Based on the results of the current study, the 

adverse effect is heavier for companies who deliver higher risk or highly innovative products.  

However, the effects of the regulation are two-folded. Regulation stringency also plays a most 

influential role in providing benefits to medical device businesses. Considering safety is a crucial 

aspect in the given industry context, strict regulatory requirements can ensure product safety before it 

enters the market. Therefore, the approval under more stringent regulatory environment is seen as a 

guarantee of product quality, which enhances the reputation and competitiveness of the product.  

Out of the five regulation dimensions, stringency, uncertainty, and cost have direct impacts on the 

decisions of innovation activities. Firms are mainly concerned about the higher cost and longer 

approval time resulting from those three dimensions. Timing and flexibility do not have direct impacts 

on a company’s decision, but having influence via other three dimensions. A more flexible regulatory 

framework, provided by regulatory requirements and the regulatory body’s organizational structure, 

creates an environment to facilitate communication between authority and firms and offers certain 

freedom to the innovation process. 

Each regulation dimension not only has its influence on innovation but also impacts on other aspects.  

The current study discovers the connections between different dimensions. As captured in Figure 5, 

two sets of dimensions are found to be highly connected. They are “flexibility-uncertainty” and 

“stringency-uncertainty-cost”. Higher uncertainty and stricter regulatory requirement usually cause 

higher compliance cost. The more flexible regulatory framework can increase the uncertainty 

regarding interpretation of the requirement.   

In sum, the current study has extended the conceptual understanding of the regulation impact on 

innovation by distinguishing different regulation dimensions. The impact of each regulation dimension 

is multidimensional and complex. Additionally, the connections between regulation dimensions and 

their influence on the implementation of the regulation were also found during the analysis. This 

finding provides new insights into the study of regulation. This study concentrates on the medical 

device industry, which enriches the limited available studies in the given industry. 

7.1.2   External factors 

Besides the influence from each regulation dimension, the current study discovers three other factors, 

policy objectives, institutional pressure, and learning, also affect the interaction between regulation 

and innovation. These factors are not related to the design of regulation itself but embedded in the 

national context where regulation and innovation interact. These factors almost have the impacts on all 

dimensions within regulation. 

As previously compared in Chapter 4, the medical device regulations in EU and US were created to 

fulfill different policy objectives of the governments. In the US, the authority was given the mandate 

to provide the oversight of public health; while, in Europe, the regulation was originally part of a 

framework for commerce to streamline trade and coordinating manufacturing, safety, and 

environmental standards within the European Union. Consequently, different approaches were 

selected by governments, especially regarding the effectiveness of the medical device products, to 
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fulfill their given objectives. The different objective directly influences the stringency, uncertainty, 

and cost. Companies might define different strategies in the various countries.  

Different level of institutional pressure present in a nation also influences the interaction between 

regulation and innovation. Van de Donk and Snellen (1989) defined this institutional pressure as 

political rationality that may influence the actions and decisions of public administrations. Political 

rationality means essentially that the ruling group will act in such a way that it will remain in power. 

This also means that problems emerge in the society, “the problems of the collectivity” (Van de Donk 

and Snellen, 1989, p. 10). The solutions suggested by the ruling group will be sought in the direction 

which the ruling group finds most desirable, but also within limits dictated by the integrity of society.  

As indicated by some of the interviewees, in the US, the FDA seems to be often blamed when device 

related adverse events happen to patients. Under such pressure, the FDA is more careful and 

conservative than its counterpart in the EU and tends to require more evidence before granting product 

approval. Especially when cutting edge technology is involved, the institutional pressure given to the 

authority can hamper innovation becoming available in the market.  

Innovation, by its nature, is an ongoing process of learning. Firms and their innovation activities are 

continuously evolving, and the interactions with regulation and external environment are dynamic as 

well. Meanwhile, regulatory bodies also simultaneously absorb new insights from the industry and the 

entire innovation ecosystem. The effect of the learning process is found to be another important factor 

altering the effect of regulation on innovation. When regulatory body and firms share the same 

understanding about technology change or newly emerged innovation, the regulations facilitate the 

development of innovation. However, when the learnings at both sides are not at the same pace or 

different insights are gained about the new technologies, opposite effect accrues. In the worst-case, as 

indicated by interviewees, regulation becomes a barrier to innovation.    

The effects of three external factors validate the concept of National Innovation System. The dynamic 

interactions between regulation and innovation reflect the important element in the theory regarding 

interactive learning. Different policy objectives and institutional pressures are given to the 

governments represent the existence of national border and its influence on innovation system.  

7.2 Policies implications 

Besides the contribution to the theoretical understanding of the connection between regulation and 

innovation, the results of the current study also provide suggestions into the practical context.  

Medical device regulation aims to provide safe and effective products into the market. It is 

unavoidable that the medical device regulation, by its nature and the given objective, constraints 

innovation activities to a certain extent. However, under certain circumstance, regulatory requirements 

can also bring benefits to the firms. Realizing this twofold effect, governments and policymakers can 

invest in the possibilities to minimize the negative consequences and maximize the benefits to provide 

a facilitating regulatory framework and ensure the overall effect.  

To minimize the negative influence, governments can work on examining whether the regulation 

stringency is too excessive to comply.  Findings of the current study indicate that stringency and 

uncertainty caused by a clinical study can impose a substantial burden on the firms. It is advised to 

investigate whether length and cost clinical studies are necessary for obtaining approval, or whether 

the existing clinical evidence can be accepted by the authorities to minimize the effort. To maximize 

the benefits, the government can consider setup flexible organizational structures and provide diverse 
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communication channels to facilitate the interactions with firms. Efficient communication channel 

could reduce the perceived uncertainty during the approval process, especially for small and start-up 

business who often lack investment and experience.  However, when governments change regulation, 

the collateral effect on other regulation dimensions should be considered and evaluated to ensure the 

overall effect. 

During the analysis, the national border and the institutional setup within the border were found to 

have influences on the implementation of the regulation. Nowadays, several international 

organizations are attempting to harmonize the regulatory framework and requirements from different 

countries to reduce the unnecessary burden to firms.  To a certain extent, it indeed simplifies the 

complexity. But it is not advisable to adopt regulations from other regions without considering each 

country’s particular political, economic context and the innovation level of the domestic industry. Any 

lessons learned cannot be isolated from its surroundings. For firms, when expanding the business into 

the global market, the understanding of target region’s country context may help the understanding of 

the regulatory environment as well.  

“Learning” effect can have its influence on the interactions with firms. To be able to facilitate 

innovation activities, the government shall actively follow the trends in the industry to avoid 

“outdated” requirements hampering the industry. On the other side, firms shall also keep tracking and 

communicating with the regulatory body to gain new insights and ensure smooth approval process.  

 7.3 Limitations  

Due to the time constraint of the master thesis, five cases are selected for the current study. Although 

the selection of cases has considered the results of the literature study and covers diverse types of 

medical device companies, the number of involved cases is still limited and gives certain limitations to 

the study, especially when interesting findings raised during the interviews. First, five cases cannot 

represent all types of businesses in the medical device industry. This was a limitation when some 

participants raised their concerns about the regulatory impact to the startup business. The concerns 

regarding the regulatory impact on start-up businesses are not directly from start-up companies, but 

learned from interviewees’ acquaintance within the industry. The concerns suggest a more influential 

role in regulation in a particular type of companies, which could enhance the understanding of the 

influence of regulation, especially considering the important role of startup companies in innovation 

and economic growth.  Second, the limited number of cases limited the opportunities to verify the 

pattern regarding the influence of distance on regulation. One participant, located in EU, indicated that 

the perceived uncertainty about the US regulation might be caused by the geographic distance; vice 

versa, another person, who is located in the US, shared a similar opinion about the regulation in 

Europe. This finding suggests another influential factor related to the geographic distance. But, the 

pattern was not replicated within the selected cases. Some participants even disagree with the 

statement when the similar question was asked. Considering the given timeframe, it was also not 

feasible to extend the case numbers and enlarge the coverage of cases to further investigate the 

findings. The limited number of cases becomes a limitation of the current study.  

The findings of the current study mainly rely on semi-structured interviews.  Most of the findings are 

cross checked over interviewees and cases to be able to generalize the conclusion. Two external 

reports (PWC, 2011; Makower, 2010) are being referred to validate the results. But reports based on 

different sources are still limited due to the availability of studies in the medical device industry.  To 

improve the validity, various types of external resource are recommended to consider in the future 

research, such as survey covering more respondents.   
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7.4 Suggestions for further study  

One of the limitations of the current study is that there are limited numbers of cases involved. Those 

cases cannot represent all types of business and also give limitations when interesting findings only 

raised during interviews. Further studies can consider either include more cases, or follow a combined 

approach integrating case studies with a survey covering a large number of participants and various 

types of businesses.  

The current study discovered that the learning process within regulatory authorities can change the 

perception of innovation and consequently alter the relationship between regulation and innovation. It 

would be worth to compare the influence of regulation over a certain period of time to verify the effect 

of learning. It is suggested to carry out a follow-up study on the involved cases and investigate 

whether existing patterns will change over time. In April of 2017, final versions of the new Europe’s 

Medical Device Regulations and In Vitro Diagnostic Regulations have been published. The new rules 

introduce significant changes to the current regulatory framework and are expected to have major 

influences on firms. The publication of the new medical device regulation also gives an excellent 

opportunity for researchers to explore how firms react to the new regulation, what are short-term and 

long-term impacts of the new regulation. 

The comparison between EU and US regulation did not indicate much difference regarding “Timing”. 

Therefore, the insights gained from the current study regarding the transition period given by 

regulation and its impact are relatively limited. To better understand the effect of “Timing” on 

innovation, future research can consider selecting regulations from other regions that have significant 

differences in a transition period when implementing new requirements.  

7.5 Conclusion 

The goal of this thesis is to examine the role of regulation in shaping innovation and affecting the 

decisions of innovation activities. In particularly, answer the research question: are there different 

impact between EU and US regulations in the medical device industry? To answer this question, a 

qualitative approach with multiple case studies were followed to gain an in-depth understanding of the 

impact of regulation. Within each case, interviews were performed to collect opinions from the 

responses. In the end, there are ten interviews conducted. The analysis based on all interview data 

suggests following main conclusions:  

1. The current study has extended the conceptual understanding of the regulation impact on 

innovation by distinguishing different regulation dimensions.  

2. The analysis confirms the concerns from the industry. The negative effect of regulation is 

heavier for firms who deliver radical innovation or higher risk products.  

3. The current study highlights the connections between each regulation dimension. 

4. The current study validates the concept of National Innovation System. In addition to the 

influence of regulation itself, the national border and interactive learning also impact the 

interaction between regulation and innovation activities.  

Those findings answer the research question by providing in-depth analysis of the impact of 

regulation. The results also suggest the connections between regulation dimensions which were not 

found in existing literature reviews. In the end, considering the findings and limitations of the current 

study, a follow-up study on the involved cases is suggested to examine whether existing patterns will 

be changed and what causes those changes.  
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Annex I: Interview Protocol 

Note: The gray highlighted text is meant for investigator only. 

Date: 

Place: 

Interviewee: 

Introduction: 

- Introduce myself and explain the goal of this research and what is the purpose of this 

interview:  

The thesis aims to gain insight into the impact of regulation on firm’s innovation activities in 

medical device industry. Regulation consists of several different attributes. Existing studies 

usually only focus on the impact of regulation of single attribute. Current study intends to gain 

deeper insight into the impact of each regulation attribute and the overall effect of medical 

device regulation.  

 

- Logistics (audio recording interview, anonymous): 

Ask whether the interviewee is ok with the interview being recorded and whether they agree 

with the way how they will be referred to in the final report. Explain that the transcript of the 

interview will be sent to the interviewee in order to check whether everything has been written 

down correctly. Finally, ask whether the interviewee is interested in receiving the final report.   

Interview questions: 

- Background of respondent 

Could you introduce your company and its medical device activities? What is your own role in 

your company? To what degree are you involved in decision-making concerning new 

products/technologies?  

 

- I understand that you have experience both in the EU and US market. What are, in your 

experience, the main similarities and differences between the current EU and the US 

regulatory environment for medical devices? The design of regulation, not the effect of 

regulation.  

 

- Stringency: How do technical stringency of two regulatory environments impact innovation? 

With Stringency, I mean the technical constraint required by the regulation, either imposed by 

standards or through individual determinations. Definition introduction, experience 

difference? Experience different influence? Any example: drop off feature, changing 

innovation direction? Positive influence, such as environmental regulation.  

 

- Uncertainty: How does uncertainty of two regulatory environments impact innovation? With 

uncertainty, I mean the risk associated with regulation, could be either technical or 

administrative.   
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Technological uncertainty refers to the situation that regulator is lack of technological or 

scientific understanding of a specific type of product and its use in the human body, especially 

for novel product 

Administrative uncertainty occurs in the absence of clear guidelines for the protocols for 

evaluating a new product. Definition introduction, experience difference? The difference 

about technical? Or administration? Experience different influence? Any example: due to risk, 

drop off feature, changing innovation direction? Positive influence? Causing delay? 

 

- Cost: How do these two regulatory environments impact costs? With costs, I mean cost used 

for demonstrating compliance with regulation before entering the market. Possible other 

costs? 

 

- I would like to ask you about timing: With timing I mean the amount of time that a regulation 

gives to the companies for compliance with the new regulatory requirements or standards. Did 

you experience differences in the reaction times to EU vs US regulation? What impact do you 

feel it had on your innovations? How a company reacts on shorter transition time/longer 

transition time? Which one is preferred? 

 

- Flexibility: How do flexibility of two regulatory environments impact innovation? With 

flexibility, I mean, to what extent, regulation specify how firms must behave in order to 

achieve the desired outcome.  Such as, for the performance/effectiveness of medical device 

product, European device regulation specifies the essential requirements products must meet 

in order to be placed on the market; In the US, normally there are several specific guidance 

defined for each type of product. ? How a company reacts on a different approach? Which one 

is preferred? And why? 

 

- For the different stages of the product lifecycle (idea generation, development decision, 

research, product development, compliance tests, product introduction, product end of life), 

can you please indicate the importance of the regulation decisions (on a scale of 1 to 10). How 

does that relate to different departments?   

 

 

- Overall, did you experience differences in how these two regulatory environments provide 

incentives for innovation? With incentives for innovation I mean, for instance, in the car 

industry, strong emission rules are believed to have fueled innovation for electric cars. Other 

incentives? Why do many medical device companies mention their product is FDA approved 

or CE approved? 

 

Medical device regulation strives at a balance between promoting innovation and availability 

on the one hand, and product safety on the other. To what degree do you believe that the two 

regulatory regimes have found a good balance? 

 

Wrapping up:  

- Is there any relevant information that I have missed? Are there other people I should talk to? 

(recommend new interviewee)  

- Thank the interviewee for his/her time. Send back script back to the interviewee. 
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Annex II: List of interviewees 

Case Function Description Location Interview 

method 

1 Regulatory Affairs 

Manager (RA) 

 

Leading the regulatory team in submissions to 

countries. Member of the management team. 

Vantaa, 

Finland 

Via Skype 

Product Director 

 

Product owner for about 10 years. Have gone 

through the regulatory approval in Europe and 

FDA.  

Vantaa, 

Finland 

Via Skype 

2 Regulatory Affairs 

Manager (RA) 

 

Being responsible for identifying regulatory 

requirements, especially related to validation and 

market clearances. Provide feedback to 

development projects. Contact Notified Body, 

regulatory agencies to align the expectations and 

requirements.  

Eindhoven, 

Nederland 

Face to 

face 

interview 

Chief Technology 

Officer (CTO) 

 

In charge of the technology roadmap and 

technology choices going to the product line and 

IP choice. Lead the architecture team.  

Eindhoven, 

Nederland 

Face to 

face 

interview 

3 Regulatory Affairs 

Engineer (RA) 

 

Obtain product approval globally. Eindhoven, 

Nederland 

Face to 

face 

interview 

Director, Product 

Management 

( Product Director) 

 

Manager for quality and regulatory. Member of 

the management team. Hold final responsibility 

for product compliance with regulations. 

Eindhoven, 

Nederland 

Face to 

face 

interview 

4 Regulatory Affairs 

Engineer (RA) 

 

Obtain product approval globally. Best, 

Nederland 

Face to 

face 

interview 

Project Manager 

 

Organize R&D projects to introduce a new 

product or product modifications into the 

market. 

Best, 

Nederlands 

Face to 

face 

interview 

5 Regulatory Affairs 

Engineer (RA) 

 

Responsible for global product registration and 

obtaining and maintaining licenses of medical 

device products. 

Cleveland, 

US 

Via Skype 

Senior Director, 

Quality 

Transformation 

 

Having direct oversight of all improvement 

streams focused on product and overall program 

Management. 

Andover, 

US 

Via Skype 

 

 

 

 

 

 

 

 

 



59 

 

Annex III: Analysis result 

Category Codes Case Impact per case Pattern 

matches 

within the 

case? 

Findings 

Regulation 

dimensions 

Stringency_limit Class 

III 

“cannot do that”; 

“withdraw 

submission” 

Yes Stricter 

requirements 

negatively 

influence 

company’s 

decision. The 

impact is 

correlated to the 

innovativeness or 

risk level of the 

products. The 

negative 

influence is 

mainly caused by 

additional 

resource required 

for the clinical 

study. 

DPS “extra work”;  

“drop off features” 

Yes 

IVD “additional 

requirement”; 

“ decide different 

on US and EU” 

One 

interviewee 

MR “too much data”; 

“limit us” 

Yes 

CT “additional effort”; 

“potential to 

remove feature” 

One 

interviewee 

Stringency_positive Class 

III 

“quality 

certificate” 

Yes Stricter 

regulatory 

requirements 

provide a certain 

guarantee for the 

product quality 

which increases 

the 

competitiveness 

of the product in 

the marketplace. 

DPS “stimulate quality” Yes 

IVD Not mentioned  

MR “indirectly 

influence 

direction”; 

“product 

reputation” 

Yes 

CT “better 

specification” 

One 

interviewee 

Uncertainty_delay Class 

III 

“decide whether to 

continue” 

One 

interviewee 

A major concern 

is regarding 

when the product 

can enter the 

market. Delay is 

related to the 

cost.  

DPS “the biggest risk” Yes 

IVD “costly process” Yes 

MR “cost effort” Yes 

CT Not mentioned  

Uncertainty_requirement Class 

III 

“withdraw 

submission”; 

“clinical study” 

One 

interviewee 

Uncertainty 

about 

requirements can 

have an influence 

on firm’s 

decision, but not 

a major concern. 

Uncertainty 

about clinical 

study becomes 

critical.  

DPS “unsure of how to 

react on that” 

Yes 

IVD “cannot manage”; 

“clinical study” 

Yes 

MR “limit scope of 

product” 

Yes 

CT Not mentioned  

Uncertainty_knowledge Class 

III 

“lack of 

knowledge”; 

“withdraw 

submission” 

One 

interviewee 

Firms may be a 

lack of 

knowledge or 

experience due to 

geographic 

distance with the 
DPS “do not think so”  

IVD Not mentioned  
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MR Not mentioned  authority. Lack 

of knowledge 

influences firm’s 

decision. 

CT “more familiar 

with the US” 

One 

interviewee 

Compliance cost Class 

III 

“stop the 

submission” 

One 

interviewee 

Higher cost has 

an impact on the 

decision of firms.  

 
DPS “cost can be 

decision breaker” 

One 

interviewee 

IVD “hampers us 

entering the US 

market” 

Yes 

MR “cost is considered 

as reason to stop” 

Yes 

CT Not mentioned  

Timing Class 

III 

“at last moment” Yes Not much 

difference 

between EU and 

US. The 

company tends to 

prefer longer 

transition period. 

DPS “no difference” Yes 

IVD “no difference” Yes 

MR “intend to 

implement at last 

moment” 

One 

interviewee 

CT “prefer longer 

transition period” 

One 

interviewee 

Flexibility_structure Class 

III 

“less efficient 

communication”; 

“hampers 

innovation” 

Yes More flexible 

regulatory 

organization 

structure 

facilitates 

communication 

with authority.  

DPS Not mentioned  

IVD “easy to approach 

for discussion” 

Yes 

MR Not mentioned  

CT Not mentioned  

Flexibility_requirement Class 

III 

Not mentioned  More flexible 

regulatory 

requirements 

provide more 

freedom or 

choices for firms. 

DPS “run into trouble” 

“prefer more 

flexibility” 

Yes 

IVD “golden rule to 

launch in EU first” 

Yes 

MR Not mentioned  

CT “hinder 

development” 

Yes 

Influencing 

attributes 

Policy objective Class 

III 

“efficacy”; “higher 

level evidence” 

Yes The policy 

objective of the 

regulation has an 

influence on 

stringency, 

uncertainty and 

cost. 

DPS “problems to deal 

with uncertainty”; 

“cost is too high” 

“benefits towards 

patients” 

Yes 

IVD “higher standard”; 

“equivalent to 

existing method” 

Yes 

MR Not mentioned  

CT Not mentioned  

Institutional pressure Class 

III 

“big difference in 

the uncertainty”; 

“how much space” 

Yes Different 

institutional setup 

influences the 

perceived DPS “more formal 

standpoint”;  

Yes 
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“dive into detail, 

the difference 

come” 

uncertainty and 

stringency. 

IVD “in their mind and 

head”;  “more than 

written in the 

regulation” 

Yes 

MR “more strict”;  

“trust” 

Yes 

CT “uncertainty”; 

“approachable” 

Yes 

Learning Class 

III 

“requirement is 

dynamic” 

One 

interviewee 

Learning on the 

technology has 

influence on 

stringency and 

uncertainty. 

DPS “stricter for the 

next generation” 

One 

interviewee 

IVD “not satisfied with 

existing available 

testing”;  “large 

size clinical study” 

yes 

MR Not mentioned  

CT Not mentioned  

Overall effects Flexibility-Uncertainty 

 

Class 

III 

Not mentioned  Flexibility causes 

uncertainty. 

DPS Connected Yes 

IVD Connected Yes 

MR Connected Yes 

CT Connected Yes 

Stringency_Uncertainty-

Cost 

Class 

III 

Connected Yes Stringency raises 

uncertainty; 

uncertainty 

(delay) raises 

cost. 

DPS Connected Yes 

IVD Connected Yes 

MR Connected Yes 

CT Connected Yes 

Stringency-Cost Class 

III 

Connected Yes More strict 

regulatory 

requirements 

require more 

resource and 

budget. 

DPS Connected Yes 

IVD Connected Yes 

MR Connected Yes 

CT Connected Yes 

Overall negative Class 

III 

“first in EU”; 

“hamper small 

business” 

Yes Too strict 

regulation 

hampers 

innovation, 

especially for 

small business. 

DPS “blocking 

innovation” 

One 

interviewee 

IVD “issue for small 

company”; “lack 

of resource” 

Yes 

MR “not positive” Yes 

CT Not mentioned  

Overall positive Class 

III 

“valuable product” One 

interviewee 

Regulation 

ensures product 

quality and adds 

value to the 

product. 

DPS “prevent bad 

product in the 

market” 

Yes 

IVD “fair place” Yes 

MR “add value to 

product” 

Yes 



62 

 

CT “new dimension 

stimulates 

innovation” 

Yes 

 

 


