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Abstract

Purpose – The main objective of this study is to investigate what are the critical success factors that exist for
continuous improvement (CI) methodology deployment in the Irish medical technology (MedTech) industry.
The research will, in particular, seek to establish if the highly regulated nature of the global MedTech industry
is an additional critical failure factor (CFF) for the deployment of CI methodology. The study involves the
analysis of the benefits, challenges, CFFs and tools most utilised for the application to the deployment of CI
methodologies in the Irish medical device (MD) industry.
Design/methodology/approach – A quantitative survey was utilised in this study. The main participants
were made up of senior quality professionals working in operational excellence, quality consultants, quality
directors, quality engineers, quality managers and quality supervisors working in both manufacturing and
service sectors from IrishMD companies. A total of 94 participants from the IrishMedTech industry responded
to the survey.
Findings – The main finding of this study is that 42% of participants perceived that a highly regulated
environment was a CFF to CI, whilst 79% of respondents utilised Lean Six Sigma in their organisations, and
productivity and financial factors were found to be the highest reasons for CI deployment amongst the Irish
MedTech industry. The top CFFs highlighted for CI in regulated industries were fear of extra validation
activity, compliance versus quality culture and a regulatory culture of being “safe”. Another relevant finding
presented in this paper is that just over 48% of participants felt that CI tools are very strongly integrated into
the industries qualitymanagement systems (QMSs) such as the corrective and preventative action system, non-
conformance and audit systems.
Research limitations/implications –All data collected in the survey came from professionals working for
Irish indigenous andmultinational MedTech companies. It is important to highlight that n5 94 is a low sample
size, which is enough for a preliminary survey but reinforcing the limitation in terms of generalisation of the
results. A further study on awider European and global scale aswell as a comparisonwith the highly regulated
pharma industry would be informative.
Originality/value –The authors understand that this is the very first research focussed on the CFFs for CI in
the MedTech/MD manufacturing industry with a specific focus on the highly regulated nature of the industry
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as a potential CFF. The results of this study represent an important first step towards a full understanding of
the applicability and use of CI in the medical-device-manufacturing industries on a global scale.

Keywords Continuous improvement, Medical device, In vitro diagnostics, Ireland, MedTech, Lean six sigma

Paper type Research paper

1. Introduction
The MedTech sector in Ireland is recognised as one of the five global emerging hubs. The
sector employs more than 40,000 people in Ireland and is the second-largest per capita
employer of medical and technology professionals in Europe. As many as nine of the world’s
top-ten MedTech companies have a base in Ireland (Irish Medtech Association, 2020). MDs
are also a major contributor to the European Union (EU) economy, which has more than
32,000 MedTech companies employing more than 730,000 people in high-quality jobs
(Medtech Europe, 2021). The two biggest MD markets in the world are the USA at 43% and
the EU at 27%, making up 70% of the world market for medical (Medtech Europe, 2021). The
manufacturing of MDs is strictly controlled by authorities, and manufacturers must conform
to the regulatory requirements of the region in which a MD is being marketed for use
(Granlund et al., 2020). The MD industry is one of the most regulated industries by laws that
govern the safety and performance of devices across their lifetime, pre- and post-market
lifecycle. Some of the challenges in a regulated industry are as follows: keeping track of rules,
managing regulatory documentation, formats, need for an evolving information governance
and designing a plan for meeting the various regulatory aspects (Iannarelli and
O’Shaughnessy, 2014). CI is defined as “a learned and stable pattern of collective activity
through which the organisation systematically generates and modifies its operating routines
in pursuit of improved effectiveness” (Zollo and Winter, 2002). CI has been used very widely
in various organisations; however, its application in respect to regulated industries has not
been studied to date in any great depth (Brown et al., 2008; Moore, 2016). Studies on CI in
MedTech have acknowledged and discussed that the regulatory nature of the industry can be
an obstacle to CI (Nicholas, 2019; Moore, 2016; Brown et al., 2008; Byrne et al., 2021; Bayon
et al., 2016; Granlund et al., 2020). Furthermore, although organisations have widely
implemented CI, sustaining the momentum of CI activities have been a challenge (Mauri et al.,
2010; Zollo and Winter, 2002). However, there has not been a specific study that investigates
as to whether the regulated industry of the MD industry has been a CFF for CI deployment
and culture. Thus, there is a need for a study analyses the applicability of CI activities in a
regulated industry setup. This research contributes by investigating the critical success
factors (CSFs) and CFFs for deploying CI methodology in the Irish MedTech sector. Further,
the study also investigates if the highly regulated nature of the sector is an additional barrier
to CI deployment. This research will explore the extent of the use of CI methods such as Lean,
Six Sigma and Lean Six Sigma within the industry and the type of CI tools utilised. The
authors are asking the following research questions:

RQ1. What are the CFFs for CI in the Irish MedTech industry?

RQ2. What are the most utilised CI tools?

RQ3. Does the highly regulated nature of the MedTech industry pose a barrier or CFF to
CI deployment and culture?

Thus, the research will present the CFFs for CI within the Irish MedTech industry as well as
exploring if the regulatory nature of the industry is a specific CFF.

The remainder of the paper is as follows: Section 2 describes the literature, followed by
research methodology in Section 3. The results are explicated in Section 4 followed by
discussion and implications in Section 5. The conclusion, limitations and scope for future
research are elucidated in Section 6.
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2. Literature review
2.1 Medical device industry
In order to understandwhy theMD industry in particular is a focus for the study the nature of
the device industry in terms of its product diversity and the regulatory oversight is outlined
below. The MD industry is one of the most regulated industries in the world. In the EU and
globally, medical technologies are tightly regulated by laws that govern the safety and
performance of devices across their lifetime, pre- and post-market life cycle. MDs range from
simple Band-Aids and disposable gloves to sophisticated lifesaving products such as
pacemakers and implantable facial prostheses (CDRH, 2020a). Classification of MDs
(estimated to be more than 500,000 types on the market) drives many pre- and post-market
requirements. The higher the classification of a device, the higher the risk and therefore the
greater the regulatory controls required. In the USA, for example, Class I devices are deemed
to be low risk and are, therefore, subject to the least regulatory controls, e.g. dental floss is
classified as a Class I device (CDRH, 2020a). Class II devices are higher-risk devices than Class
I and require greater regulatory controls to provide reasonable assurance of the device’s
safety and effectiveness, e.g. poweredwheelchairs. Class III devices are generally the highest-
risk devices and are, therefore, subject to the highest level of regulatory control and
pre-marketing approvals, e.g. replacement heart valves (CDRH, 2020a).

Due to the highly regulated nature of the MD industry, any changes which may affect
product functionality and safety may involve submissions or notifications to regulatory
bodies, as these changes may impact product safety or compliance to their quality
management system (QMS). The changesmay be such that they affect the product’s intended
use, risk profile, intended user base or clinical performance. Not only do these submissions
have to be very detailed and laid out according to regulatory procedures, but the approvals
process for these changes can also take time, can be costly, can take up resources and take an
inordinate time to get approved (Zaki et al., 2019) as well as stifling innovation and CI within
the industry. Regulatory hurdles are a well-recognised bottleneck in time and cost for MD
manufacturers (Bayon et al., 2016). The availability of regulatory authorities personnel and
notified body (NB) services and resources can also be seen as a critical bottleneck in order to
ensure that continuous maintenance activities can be performed in a timely manner and that
submissions can be reviewed – but this service level is not often available (Granlund
et al., 2020).

2.2 Time taken for regulatory submissions
Analysis of the time taken for approval of regulatory submissions by Stanford University
found that the time for approval of new Class II type devices in the USA and in Europe can
take from 10 months to 31 months by the Food and Drug Administration (FDA) and up to
7 months by the EU. New Class 3 devices’ approvals can take from 54months in the USA and
up to 11months in Europe. The length of time taken for regulatory submission reviews can be
costly for companies trying to get products onto themarket (Makower et al., 2010). Within the
area of MDs, the MD quality standards, such as ISO 13485, de-emphasise CI when compared
with the general ISO 9001 standards, suggesting that CI can be problematic in the context of
regulatory processes (Brown et al., 2008). The standard, by removing the emphasis from CI
and customer satisfaction, places it instead on meeting regulatory requirements, risk
management and maintaining effective and validated changes (Nicholas, 2019). An example
of this fear of regulatory submissions is in a study by Byrne, McDermott and Noonan in 2021.
They highlighted an example from a pharma industry case studywhere themost appropriate
corrective action to fix issues with breaking tablets was not taken as it would require a
regulatory submission, revalidation of the process and take time to get approval by the
regulatory authorities (Byrne et al., 2021). Many of the regulations and QMS requirements of
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MD manufacturers have requirements to manufacture under controlled environments,
validate products and processes and monitor field performance via post-market surveillance
(PMS) systems, to name but a few.With all of the aforementioned interactionswith regulatory
authorities and procedures, justification of changes, updating of documentation, increased
tests and data collection involved, there is a concern that a regulatory environment is stifling
CI and innovation (Vetalice, 2010; Iyede et al., 2018).

2.3 Specific critical failure factors (CFFs) of CI in MedTech industry
In 2010, the FDA commissioned a report on “Understanding the barriers to medical device
quality” in recognition that there was a compliance culture within the MedTech industry
rather than a quality-improvement culture (CDRH, 2010). This report was commissioned
because recalls and adverse event reports were rising (Keyes, 2019). It was stated that serious
adverse event reports related to MD use had outpaced industry growth by 8% per annum
since 2001 (CDRH, 2010). The FDA did a full analysis in 2010–2011 and found that many
factors drove the behaviours which lead to this. A predominant focus on compliance was a
key one over and above quality and CI, with an industry focus that was onmeeting regulatory
requirements (or “compliance”) rather than adopting the best quality practices. There was
also overall low investment in automation and digital technologies, which did not promote CI
to enable better processes andmore responsive learning and action (Speer, 2018). In respect of
compliance vs quality culture, the FDA launched the Voluntary Manufacturing and Product
Quality Pilot Programme in 2018 to counteract this culture (CDRH, 2020b). Participants were
offered reduced surveillance audits and faster submission turnaround times in exchange for
their participation in a pilot with the Medical Device Innovation Consortium (MDIC) of an
operational maturity model which promoted manufacturers’ implementation of critical-to-
quality practices during device design and production (MDIC, 2021).

Regulatory changes and updates increase the pressure on manufacturers to remain
compliant. Recent changes to the International Standards Organisation QMS standard for
MDs ISO 13485: 2016, which had not been updated in more than a decade since 2003, put
pressure onmanufacturers to ensure their QMS is compliant. Also, in order to increase control
over manufacturing and ensure safe and effective devices, the EuropeanMedTech sector will
transition from being regulated under the currentMDs directives to two new regulations. The
MD sector is regulated byDirectives 93/42/EC and 90/385/EEC (EuropeanMedicinesAgency,
2018). From 26May 2021, the newRegulation 2017/745/EU has fully applied (EUR-Lex, 2021).
This increased, more stringent regulation-replacing pre-existing directives will cause more
regulatory workload for MedTech manufacturers (Emergo, 2020).

2.4 Regulatory reporting challenges
In order to obtain medical device regulations (MDR) authorisation for Class III and
implantable devices, MedTech companies will be required to present a NB with a large
volume of clinical data that supports the clinical performance of their products (Mare�sov�a
et al., 2020). MedTech manufacturers will also be required to increase reporting of PMS
performance utilising the European Medical Devices Database (EUDAMED) (TUVSUD,
2021). This will result in extra resources and regulatory reporting within the industry. There
is increased scrutiny and oversight within the newMDR for NBs and a requirement for them
to be designated to audit to the newEUMDR.ManyNBs are no longer available to certifyMD
manufacturers and have not applied for MDR designation. Only 22 NBs were designated to
audit under MDR as of August 2021 (NANDO, 2021). This reduced number of available and
designated NBs will put pressure on MedTech manufacturers in keeping their compliance
status up to date.

Sales of MDs in China, India and Brazil are growing, and over the next 40 years, the
combined economies of these countries could eclipse theG6 countries: theUSA,Canada, theUK,
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Germany, France and Japan (Brown et al., 2008). The evolving marketing and regulatory
requirements of both national and regional bodies necessitate constant monitoring of each
market situation (Anast, 2001). The challenges associated with selling products in these and
other emergingmarkets includemultiple regulations that companies are obliged to complywith
(Bergsland et al., 2014; Emergo, 2020). These regulations often bring with them the challenge of
multiple regulatory inspections. Regulatory authorities, competent authorities and NBs
regularly inspect MD companies to ensure compliance with regulations and standards. For
example, in Ireland, Irish manufacturers could be subject to multiple audits a year by different
regulatory authorities from countries into which they export products. For example, Australia
(TGA (the Australian Therapeutic Goods Association)), Brazil (ANVISA (Brazils Agência
Nacional de Vigilância Sanit�aria)), Health Canada (Canada), US (FDA) and Japanese (MHLW
(JapaneseMinistry of Health, Labour andWelfare)), to name but a fewmay visit for an audit, as
well as audits being conducted from various NBs who are authorised to assess the companies
QMS onbehalf of the relevant regulatory authorities. This increases pressure onmanufacturers
who must be “audit-ready”, and resources can be taken up in audit readiness and in audit
participation. Thus, a focus may be more on compliance than improvement.

2.5 Continuous improvement
CI is a valuable strategy for an organisation to improve productivity and quality, enhance
products and services and attain a competitive advantage. There are not many studies
addressing the use of CI methods in regulated industries like MD manufacturing or
pharmaceutical production, but the use of CI is increasing (Nicholas, 2019; Moore, 2016;
Brown et al., 2008). Brown et al. (2008) found in a study that the use of strategies and tools
associated with quality and CI in theMDs sector is lower than those reported elsewhere. Prior
research has provided extensive reviews of the CSFs for Lean Six Sigma (LSS) and alike
improvement programmes. There are several critical success factors for the deployment and
implementation of LSS, such as leadership alignment, proper selection of people and projects,
training, motivation, accountability, information technology, marketing and supply chain
management (Sony et al., 2020). Barclay et al. (2021) found that the larger number of
employees trained in an organisation then the greater the success of the Lean programme and
the greater the culture towards Lean. Other research has revealed that success factors for the
implementation of CI or LSS projects are contingent on the context or industry in which such
LSS projects are implemented. Lameijer et al. (2021) have discussed that when looking at the
research on service-industry-specific idiosyncratic factors for CI deployment there it is found
that within healthcare, factors such as the incentives stemming from laws and regulations
should be accounted for when implementing LSS. These idiosyncrasies or contingencies
depended on the industry type are CSFs which must be integrated and considered when
deploying CI methods (Chiarini and Bracci, 2013).

CI methods such as LSS provide the methods, tools and techniques for CI. CI methodology
is an effective leadership development tool as it prepares leaders for their role in managing CI
and change (Antony et al., 2017).

Successful implementation of CI is carried out using several process improvement tools
(fishbone, flowcharting, check sheets, Pareto charts, control charts, value stream mapping,
quick changeover, waste analysis and scatter diagrams) and other statistical tools (McAdam
and Donegan, 2003; Zu et al., 2008).

2.5.1 CI deployment and culture. Within CI deployment, organisational culture is an
important critical success factor that must be considered. An innovation culture as part of
organisational culture has been shown to be an important part of the success of a CI initiative
(Terziovski, 2002). During a CI implementation, there is a need to understand and address the
organisational culture, as these implementations are likely to impact on the core issue of
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culture, as well as the strategy and structure of the business (McLean et al., 2017). For
instance, a culture may exist where a lack of empowerment is evident, and employees at the
lower levels are not encouraged to participate and problems solve (Pinedo-Cuenca et al., 2012).
One effective way to do that is by focussing on solving real problems inside your own
organisation and showing people the successes (Chandrasekaran and Toussaint, 2019). Kaye
and Anderson (1999) put forward that working culture within an organisation encouraged CI
and is influenced by open communications, spreading the word and raising staff awareness
and understanding and training people in quality concepts.

In summary, the use and deployment of CI method within the MedTech industry has not
been widely studied. This study aims to ascertain if there are contingencies in terms of the
CSFs and CFs for MedTech CI deployment.

3. Methodology
The main objective of this study is to investigate what are the critical success factors and
CFFs that exist for CI methodology deployment in the Irish MedTech industry, and hence,
quantitative research based on an online survey was chosen as a methodological approach
(Babbie, 2020; Creswell and Clark, 2017). The surveymethodwas one of the most appropriate
methods for this type of study, as it allows the collection of a huge amount of information
from respondents in a short time (Couper andMiller, 2008). The advantages of online surveys
include speed and reach, ease, cost, flexibility and automation (Ball, 2019). Besides, survey
provides a cross-sectional and deductive approach that can be used to generate quantitative
and objective outputs (Masood and Sonntag, 2020). Thus, authors wanted to investigate CSFs
and CFFs; thus, a survey will help glean this information.

3.1 Instrument design
The survey instrument developed for this study was divided into two sections. The first part
was to acquire general information about the respondents and their organisations. A specific
question was asked, “Do you feel that a regulatory compliance or regulated environment/
culture stifles continuous improvement programs in your organisation?” to which the
respondent could answer yes or no. If they answered yes, they were then asked to tick various
options (whilst the “no” respondents were directed to move on to another question) as to why
they felt regulated environments could be a CFF to CI. The second section was devoted to
eliciting information about various aspects of the integration and use and types of CI tools
within the organisation and within its QMS.

3.2 Data collection
The authors utilised an online survey for data collection targeted at MedTech professionals
working in quality, regulatory, research and development (R&D), PMS, engineering, CI, and
other functions throughout the MedTech industry in Ireland. The Dillman approach was
utilised in this survey research, which is designed to increase survey response rates (Dillman
et al., 2009) allowed for increased contact with potential participants who were quality
professionals (Stokes et al., 2019). Quality professionals were contacted via LinkedIn to
participate in this study through emails and the LinkedIn personal messaging system
(McDermott et al., 2021; Sony et al., 2020). A pilot study was conducted during the survey
development process to ensure the design and approach was appropriate. The online survey
protocol was first piloted (Boynton and Greenhalgh, 2004) with ten experts. These experts
who participated in the online survey protocol pilot were academicswho have publishedmore
than five articles on CI and CI professionals who have more than ten years of experience in
implementing CI in their organisations. The purpose of piloting the surveywas to validate the
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instrument and ensure that the questions aligned with the research questions set by the
researchers (Couper andMiller, 2008). The comments and feedback from the pilot study were
subsequently used to review the survey questions andmake the questions more readable and
relevant to the research.

The revised online survey link was sent out to over 300 MedTech professionals who are
working in their respective organisations in various roles that support the MD product
realisation life cycle such as quality, engineering, regulatory, supply chain, market vigilance,
product development and other functions. Distributing to a wide variety of functional
professionals will enable the authors to glean knowledge from a high calibre of experts from
the survey participants, who are responsible for various aspects of the product life cycle in
their respective MedTech organisations.

3.3 Sample characteristics
A total of 94 valid responses were collated over 12 weeks, yielding a response rate of 31.33%.
Easterby-Smith et al. (2012) argue that a 20% survey response rate is widely considered to be
sufficient. The number of years of experience of the survey respondents was given in
Figure 1. The respondents were also asked about their length of experience within the
MedTech industry, and 75% of respondents had over two years of experience. The reliability
of the surveywasmeasured using Cronbach’s alpha coefficient whichwas found to be 0.8348.
Cronbach’s alpha is a popular method to measure reliability, in quantifying the reliability of a
score to summarise the information of several items in questionnaires (Christmann and Van
Aelst, 2006).

4. Key findings
The respondents were asked basic questions about their location and industry type – all
respondents were working in the MedTech industry in either MD manufacturing or In vitro
diagnostic manufacturing andwere based in Ireland. The analysis plan is detailed in Figure 2
given below.

As shown in Table 1, the respondents came from a broad range of functional areas within
their organisations. These functional areas were all functions associated with the MedTech
total product life cycle (TPLC) from R&D and Design Assurance (DA) right through to
Manufacturing into Shipping, Logistics and PMS functions. The majority of respondents

Figure 1.
Years of experience of
respondents in
working in the
MedTech industry
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worked directly with the manufacturing floor. The manufacturing respondents came from
support areas such as operations quality, manufacturing engineering or were based on the
production line as supervisors or operators.

Respondents were also asked what type of quality standard or system they were certified
to or in compliance with within their organisations, and the results are outlined in Table 2.
They were given options such as ISO 9001:2015, ISO 13485:2016 and USA FDA 21 code of
Federal Regulations (CFR) part 820. Some organisations may have been certified to be in
compliance with all three of the aforementioned certifications or could be certified or in
compliance with two or just one.

Of respondents, 51% stated they were certified to ISO 9001: 2015. It was expected that the
majoritywould have ISO 9001:2015 certification, as the ISO 9001:2015 certification is themost

•Analysis of  quality standard 
or system they were cer fied 

to or in compliance in 
Medtech organisa ons

•Analysis of  CI 
methodologies being u lised 
in the Medtech organisa ons

•Analysis of Internal drivers 
of CI in The Irish Medical 

Device industry by focus area

•Analysis of Integra on of CI  
processes into various 
systems and func ons

•Analysis of Benefits of CI in 
the Irish Medical Device 

Industry

•Analysis of CFF’s of CI in the 
Irish Medical Industry

•Analysis of most used CI 
tools in Irish Medtech

•Analysis of Regulatory 
Compliance or a regulated 
environment/culture s fle 
con nuous improvement 

programs in your 
organiza on

Analysis of Reasons for CI 
CFF's in regulated 

environments

Functional areas of respondents %

Operations quality 17
Manufacturing/Process engineering 15
Production/Operations 12
Regulatory 10
Quality systems 9
R&D/Design 6
Complaints/Post-market surveillance 4
Supplier quality 4
Technical writer 4
Continuous improvement 3
Project management 3
Validation 3
Warehouse/Shipping 2
QC lab role 3
Logistics 2
HR 1
Supply chain 1

Figure 2.
Analysis plan

Table 1.
Functional areas of

respondents
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widely utilised standard for a QMS. However, ISO 9001:2015 is not required to support MD
regulatory approval in any country globally. ISO 13485: 2016 is the mandated harmonised
QMS standard by the European regulatory authorities. Other regulators have a system in
place for “recognition” or “harmonisation” to underline the special status of the standard
(Linders, 2020). The standard is utilised, integrated, endorsed or proposed as guidance within
other global countries regulatory systems such as Canada, Japan, Australia, Malaysia,
Singapore, Saudi Arabia, to name but a few. Although not yet implemented, the US FDA has
issued a proposed rule to harmonise their US Quality System Regulations for MD
manufacturers (21 CFR Part 820) with ISO 13485 and make ISO 13485 mandatory (Schmitt,
2020). In total, 89% of respondents were certified to ISO 13485: 2016. As the survey
participating companies could not manufacture in Ireland or in Europe without ISO
13485:2016, it is expected that the percentage utilising ISO 13485:2016 should be higher than
89% and that some respondents were simply unaware of the standard.

Many of the organisations in this study are authorised to ship and distribute products into
the USA as the main export market outside of Europe. Under FDA regulations, MD
manufacturers must meet the requirements of 21 CFR Part 820 and are audited to ensure
compliance with the requirements by the FDA. Of the respondents, 66% within this study
confirmed that they were in compliance with the requirements of the United States FDA
under 21 CFR Part 820.

In relation to types of CI methodologies utilised within the Irish MedTech industry,
respondents were asked to answer the question, “Which CI methodologies are you utilising
within the organisation in which you work?”The percentages of the types of CI methodologies
utilised are shown in Figure 3. Of respondents, 79% indicated that they utilised LSS, with
10% utilising Lean only and 5% using Six Sigma only. In total, 6% stated that none of the
aforementioned CI methods are utilised in their organisations, but it is suggested that

Quality system %

ISO 9001:2015 51
ISO 13485:2016 89
21 CFR 820 66
Don’t know 3

Lean, 10%

Six Sigma, 5%

Lean Six Sigma,
79%

None of these, 
6%

Lean Six Sigma Lean Six Sigma None of these

Table 2.
Type of QMS/QSR
utilised by the IrishMD
Industry

Figure 3.
Percentage of the types
of CI methodologies
being used in MedTech
organisations
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perhaps these respondents are in functions that may not use CI methods regularly or at all or
may not have CI methods integrated into their roles.

The respondents were next asked, “what are the internal drivers of CI in their organisations
in terms of Productivity, Customer/patient focus, Quality, Regulatory and Safety drivers”.
There were asked to distinguish between these drivers in terms of whether they were high
drivers, drivers, moderate drivers, low drivers and not a driver whatsoever of CI.

Productivity was seen as a high driver at 70% and a driver at 24% – there was an
overwhelming consensus that a Productivity focus drives CI in MedTech. It was surprising
that Productivity and not Quality or Customer/patient focus, which came in at 49 and 51%,
respectively, was a higher driver of CI. In fact, Finance was seen as a higher driver of CI at
57% (a high driver) and 31% (a driver) compared to Quality (49% high driver and 37%
driver) or Customer/patient focus category (51% high driver and 22% driver). A Regulatory
compliance focus was seen as the lowest-ranked area in the high driver of CI methodology
category at 26% but was the highest-rank driver in the “driver” category at 39%. This was a
surprising finding given the fact that the industry is so highly regulated in order to provide
safe products which are vital inpatient treatments and could result in life or death situations.
The results are outlined in Table 3.

The respondents were asked how integrated they felt that CI methodology was in certain
subsystem areas of their QMS and within other department functions and systems.
Respondents indicated that CI tools were “Very Integrated” into the following areas in order of
ranking: (1) corrective and preventive action system (CAPA) (59%), (2) non-conformance
event system (NCE) (50%), (3) audit system (internal and external) (48%), (4) customer
complaints investigation/PMS system (34%), (5) supplier corrective action report system
(SCAR) (32%), (6) design assurance (DA) systems (28%) and (7) the management review
process (26%). The results are outlined in Figure 4. Customer complaints and supplier
performance data can provide an important source of data and failure modes for feedback
and input to CI programmes and be utilised to drive better product design assurance and
functionality improvements. The results indicate that complaints data, supplier performance
data and design assurance data are not utilised in CI programmes, as the respondents ranked
these areas at only 34, 32 and 28%, respectively, in considering CI practice in these areas to be
very integrated.

As all regulatory authorities require manufacturers to show evidence of some type of
corrective and preventative action or improvement system within their QMS, it is not
surprising that CI tools are considered very integrated (59%) into the Irish manufacturers
QMS. The FDA specifically calls out CAPA requirements in their quality system
requirements (QSR) 21 CFR Part 820 Subpart J Corrective and Preventative Section
820.100 – Clause 8: Measure, Analysis and Improvement in ISO 13485: 2016 requires
documentation of improvement efforts (ISO 13485:2016). The purpose of the corrective and
preventive action subsystem is to collect information, analyse information, identify and

High driver Driver Moderate driver Low driver
Does not

drive a CI focus whatsoever

Customer/
Patient focus

51% 22% 20% 6% 0%

Productivity 70% 24% 3% 0% 2%
Quality 49% 37% 12% 1% 1%
Regulatory 26% 39% 18% 13% 4%
Financial 57% 31% 10% 1% 1%
Safety 46% 31% 18% 5% 0%

Table 3.
Internal drivers of CI in
the Irish MD industry

by focus area
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investigate product and quality problems and take appropriate and effective corrective and
preventive action to prevent their recurrence (CDRH, 2020a).

Within any organisation, leadership plays an important role in strategy and, in particular,
within CI deployment and adoption (Antony et al., 2018; N€aslund, 2013). Only 26% of
respondents felt that CI was integrated into their management review processes and
reviewed regularly and supported by their senior management teams. This lacking
management support may explain why respondents felt that CI is so poorly integrated into
other parts of the quality systems and support functions.

In terms of the benefits of CI to their organisations, the respondents ranked the following
in order of preference (1) improved product quality, (2) improved productivity, (3) improved
standardisation of processes/procedures, (4) reduced defect rates in processes and (5)
achieved greater cost savings. Enhanced customer/patient satisfaction, improved
communication between functions, improved employee satisfaction and increased
understanding of patient wants/customer needs were in the lower-four rankings.
Increasing understanding of the patient/customer wants and needs was ranked the lowest
of all of the CI benefits. The view that CI customer/patient satisfaction and understanding of
customer needs was not a driver of CI aligns with published findings. The FDA’s findings in
their 2010 report and Stanford’s university 2010 report of a focus on compliance rather than
quality and the FDA’s effect on MD innovation via approval delays indicate that it is not
surprising that CI benefits to customers/patients were not obvious within companies (CDRH,
2010; Makower et al., 2010) (see Table 4).

The top CFFs to CI was seen as (1) poor communication about CI from seniormanagement,
(2) lack of training and education, (3) resistance to culture change, (4) lack of resources
(financial, technical, human etc.) and (5) lack of awareness of the need for LSS and its benefits.
The senior management and leadership role features as a recurring theme in the
questionnaire responses in terms of poor communication about CI from senior
management (ranked #1), and the fact that only 26% of respondents felt that CI reviews
were strongly integrated into the management review processes and systems. As support for
CI and training comes from leadership support and direction, as does enabling of CI culture, it
is not surprising that lack of training and education and resistance to culture change is the
2nd and 3rd ranked CFFs after poor communication about CI from senior management.
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A lack of resources can also be attributed to a lack of support from leadership as well as an
already heavy compliance workload (see Figure 5).

The respondents were next asked, “Which of the following tools have you utilised in your
current organisation as part of CI initiatives or are you aware of as being utilised (please tick all
that applies to your organisation)?” The authors provided the respondents with a long list of
Lean and Six Sigma tools from which to choose and aid in answering. The top-five tools
utilised according to the respondents were (1) 5 Whys, (2) C&E, (3) Brainstorming, (4) 5S and
(5) process mapping in order of ranking. The least utilised or recognised tool was Hoshin
Kanri. As Hoshin Kanri is a strategic Lean management tool, it is not surprising to see it
ranked as least utilised. Lack of leadership and management support for CI seems to be a
theme throughout the research and suggests that a CI culture is not embedded fully enough
with the management team to deploy Hoshin Kanri. Hoshin Kanri is an important Lean tool
for linking CI to strategy and aligning of a CI programme with strategy is an important
organisational readiness factor for CI implementation (Antony, 2014; Rodgers and Antony,
2019). A unanimous 100% of respondents (94) stated they had utilised 5 Whys or were

Benefits of CI No. of responses

Improved product quality 86
Improved productivity 73
Improved standardisation of processes/procedures 60
Reduced defect rate in processes 59
Achieved greater cost savings 59
Improved customer/patient safety 44
Improved speed/timeliness 41
Increased employee engagement 38
Ensures compliance 36
Enhanced staff efficiency 31
Enhanced customer/patient satisfaction 23
Improved communication between the departments 17
Improved employee satisfaction and morale 10
Increased understanding of customer/patient wants/needs 9

Table 4.
The benefits of CI in the

Irish MD industry

Figure 5.
CFFs of CI in the Irish

medical industry
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familiar with it. Nearly half of the tools were recognised or utilised by over 50% of
respondents suggesting that they are familiar with the tools, that they have been trained in
the use of the tools or that the tools are utilisedwithin their organisations. This correlateswith
the finding in the survey that 94% of respondents use CI methodologies within their
organisations (Lean, Lean Systems and Six Sigma) (see Figure 6).

The respondents were next asked, “Do you feel that a Regulatory Compliance or regulated
environment/culture stifles continuous improvement programs in your organisation?” with an
option to answer “Yes” or “No”. Whilst more respondents answered “No” (56%) to the
previous question and stated that regulatory compliance or regulated environments did not
stifle CI in their organisation, there was still a sizeable “Yes” vote (44%). The fact that there
was not an overwhelming majority of “No” answers suggests that there is some weight in the
argument that a highly regulated environment can be a CFF to CI. This correlates with the
FDA’s findings in their 2010 report that there was a culture of compliance over quality (Speer,
2018) (see Figure 7).

The “Yes” respondents were asked to answer another question to ascertain why they felt
that a regulated environment was a CFF to CI. Issues raised from the literature review
research were used to identify some CFFs to include in this question. The “Yes” respondents
(44%) to this question had specifically indicated that they felt there were CFFs to CI in highly
regulated environments. So the “strongly agree” and “agree” answers to the reasons for CFFs
to CI themes within this question were very high, with the “disagree” and “strongly disagree”
answers to some of the optionswere zero or very low. The top-six reasons highlighted in order
of the “strongly agree” rankings by those who felt there were CFFs specific to CI in regulated
industries were as follows: (1) fear of extra validation activity; (2) a compliance vs quality
culture (closing issues/investigations within deadlines to the detriment of investigation); (3) a
regulatory culture within the organisation of being “safe”; (4) overdependence on a CI owner
to drive the programme; (5) CI changes seen as potentially affecting compliance to regulations
and (6) a fear of extra regulatory submission workload.

Of the respondents, 39% strongly agreed and 34% agreed that fear of extra validation
activity is a CFF for CI. Validation requirements can be taken as an opportunity to increase
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process understanding, ensure that processes are operated under optimum conditions,
improve quality and reduce costs; they can be seen as time consuming and using resources.
This often produces a mindset that simply aspires to have all the relevant documentation
completed as soon as possible (Dixon et al., 2006). Any CI programs could potentially lead to
product or process changes that require costly, time-consuming and bureaucratic
revalidation activities.

“A fear of extra submission workload” as a CFF to CI whilst only having a low “strongly
agree” vote at 16%had a 36% “agree” vote that it was a CFF factor for CI. The “CAPA system
seen as unwanted extra work” having a low “strongly agree” vote of 11% had the highest
“agree” vote as a CFF to CI at 39%.

Heavy external audit schedules by NBs, external regulatory agencies and competent
authorities can result in resources being occupied with audit preparedness and audit
compliance rather than quality improvement implementation. However, a heavy external
audit schedule as a CFF to CI had a very low “strongly agree” vote of 7% as opposed to other
barriers offered but had a high 25% of “agree” votes. This contradicts findings by the FDA
that audit preparedness is affecting CI in organisations. The FDA is offering reduced
surveillance audits as one of the benefits to manufacturers who wish to participate in their
Voluntary Manufacturing and Product Quality Programme (CDRH, 2020b).

The recently approved Medical Device Single Audit Programme (MDSAP) is providing
some relief from audit preparation and burden. The MDSAP allows an MDSAP-recognised
auditing organisation to conduct a single regulatory audit of a MD manufacturer that
satisfies the relevant requirements of the regulatory authorities participating in the
programme (FDA, 2017).

The CFFs of “Compliance v’s Quality” (closing issues/investigations within deadlines) had
a strongly agree percentage of 27% and an agree vote of 27%, whilst a regulatory culture of
being “safe” had a 20% strongly agree vote and a 20%agree with vote. Essentially, these two
CFFs are symptomatic of an overall compliance focus and align with the FDA’s findings of
compliance vs quality culture and also with the CFF of not wanting to raise a CAPA as it was

NO, 56%

YES, 44%

Figure 7.
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seen as extra work. Another CFF identified to CI was that “CI was seen as a Quality
department initiative” with a vote of 16% strongly agree and 10% agree. As the CAPA
system is controlled and managed by the quality systems department in MedTech
organisations and CI was identified as being very strongly integrated into the CAPA system
above any other subsystem in this study, this finding is not a surprise. CI is seen more as the
responsibility of the quality function.

“CAPAwas seen as unwanted extrawork”whilst not in the top five “strongly agree”CFFs
to CI had an agree vote of 39% that it was a CFF to CI. The FDA, in association with the
industry, have recognised that manufacturers are raising and documenting CAPAs for the
sake of compliance activity and causing extra workload and not necessarily fostering CI or
necessarily solving patient or user safety issues. Medtronic, a global MD manufacturer,
stated that they spend “about US$150m on CAPA” – based on “the number of CAPAs that are
written and the amount of time it takes to address a CAPA” (Schmitt, 2019). The FDA is
recasting CAPA as part of its “Case for Quality” programme to move the CAPA focus from
compliance to risk-based CI (MDIC, 2021) (see Table 5).

5. Discussion and implications
It is evident that CI methodologies are integrated into Irish MedTech organisations, with CI
methods being utilised and deployed in 94% of manufacturers. The top-five tools utilised for
CI according to the respondents were (1) 5 Whys, (2) C&E, (3) Brainstorming, (4) 5S and (5)
process mapping in order of ranking. However, these tools are very basic and non-statistical
and suggest a lack of embracing and understanding of CI tools and techniques within the
industry. The fact that Hoshin Kanri was the least utilised or recognised tool as cited by
respondents in the industry suggests that management could be doing more to align CI with
their organisational strategy.

However, despite MedTech’s industry regulatory authorities endeavouring to drive a
patient/user-product safety focus, productivity and financial factors were seen to be the

Reasons for CI barriers in regulated
environments

Strongly
agree Agree

Neither agree
nor disagree Disagree Strongly disagree

Fear of extra validation activity 39% 34% 11% 7% 0%
Compliance vs quality (closing issues/
investigations within deadlines)

27% 27% 9% 7% 0%

Regulatory culture of being “safe” 20% 20% 18% 9% 0%
Overdependence on a continuous
improvement owner/department to
drive program

20% 14% 25% 9% 0%

Changes seen as potentially affecting
compliance to regulations

18% 32% 11% 11% 0%

Fear of extra regulatory submission
workload

16% 36% 9% 11% 0%

CI seen as a quality department.
initiative

16% 11% 16% 16% 7%

Lack of training 11% 34% 16% 11% 0%
CAPA seen as unwanted extra work 11% 39% 11% 7% 0%
Regulatory department do not see
benefits

9% 25% 14% 7% 18%

Lack of management support 7% 25% 25% 11% 2%
Heavy external audit schedule limits
time for CI

7% 25% 11% 2% 0%

Table 5.
Reasons for CI CFFs in
regulated
environments

TQM
34,7
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main drivers of CI in Irish MedTech. In terms of the benefits of CI to their organisations,
the respondents ranked the following in order of preference (1) improved product quality,
(2) improved productivity, (3) improved standardisation of processes/procedures,
(4) reduced defect rates in processes and (5) achieved greater cost savings. Within
Irish MedTech, CI was seen as least integrated into the complaints/PMS, design process
and management review process. This may be explained by the lack of focus on CI
within ISO 13485:2016 but customer focus and voice of the customer is an important part
of any organisations success irrespective of the standards they certify to (Gunasekaran
et al., 2006; Zrymiak, 2017).

Manville et al. (2012) put forward CSFs for the implementation of CI methods such as LSS
to be: senior management commitment, support and enthusiasm; linking LSS to business
strategy; linking LSS to the customer; understanding the tools and techniques; project
selection and prioritisation and training and education. The findings of this research aligned
somewhat with the top CFFs to CI were seen as (1) poor communication about CI from senior
management, (2) lack of training and education, (3) resistance to culture change, (4) lack of
resources (financial, technical, human etc.) and (5) lack of awareness of the need for LSS and
its benefits. Of the respondents, 56% stated that regulatory compliance or regulated
environments did not stifle CI in their organisation, but there was still a sizeable 44% who
strongly agreed that it did. The top-six reasons highlighted in order of the “strongly agree”
rankings by those who felt there were CFFs to CI in regulated industries were as follows: (1)
fear of extra validation activity, (2) a compliance vs quality culture (closing issues/
investigations within deadlines to the detriment of investigation), (3) a regulatory culture
within the organisation of being “safe”, (4) overdependence on a CI owner to drive the
programme, (5) CI changes seen as potentially affecting compliance to regulations and (6) a
fear of extra regulatory submission workload.

Leadership’s involvement or lack thereof in CI was a recurring theme where poor
communication, lack of resources was seen as top CFFs to CI. A culture of regulatory
compliance vs a culture of CI and quality was indicated as a barrier to CI in Irish MedTech.
Fear of extra validation activity and CAPA projects (which are basically quality
improvement projects utilising CI methods) being deemed extra work coupled with a
culture of being “safe” in terms of ensuring continuing regulatory compliance all contribute to
CI deployment being not as successful in regulated industries as in other industries.

CI can only be driven from within a company; but within regulated industries, there are
more external CFFs to CI deployment and culture driven by regulations. The regulatory
authorities globally are making progress in order to reduce the regulatory burden on
manufacturers. From a strategic regulatory point of view, regulatory authorities working
with the International Medical Device Regulators Forum (IMDRF) are trying to harmonise
regulatory requirements globally and reduce manufacturers having to conform to different
regulatory requirements in different jurisdictions. The IMDRF-instigated MDSAP has
already started to reduce the number of regulatory audits on manufacturers by those
countries participating in the program. As a partner within the MDSAP program, the FDA
has announced it will transition (was expected in 2021) from its existing QSR to ISO
13485:2016 instead of 21 CFR part 820 going forward (Schmitt, 2020). This will save global
MedTech manufacturers from having to meet the requirements of both if they export into the
USA. This should reduce resources that are engaged in ensuring compliance to both.

Having just one QMS to conform to will mean that ISO 13485:2016 is the only standard for
a QMS in MDmanufacturing globally. Whilst ISO 13485:2016 does not focus on CI within its
clauses, the FDA, for example, is trying to drive CI, operational excellence, reduced audit
surveillance, expedited change submission review times and reduced CAPA workload
through its highly successful “Case for Quality” initiative. Conversely, the EU, whilst acting
as an observer of MDSAPwithin the IMDRF have not very adopted it. The EU is introducing
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the new MDR, which will drive increasing regulatory reporting, documentation, testing,
clinical trial data, PMS tracking and a reduced number of NBs to support its implementation.
This new EU legislation may not improve the perceived and actual regulatory barriers to CI
within Irish MedTech organisations.

In terms of the implications of this study, this work is very important for CI professionals
in the Irish and global MedTech industry but in particular for senior management and
leadership teams. Aside from the main findings on the CFFs to CI in MedTech, there is some
strong evidence that a regulate environment can be a further CFF to CI. Senior management
teams should use this research to analyse their own organisations and assess the culture of
regulatory compliance vs quality. Within the academic community, this study is one of the
first focussing on the barriers to CI within a regulated environment and should aid further
study, research and understanding of CI in regulated environments.

6. Conclusion, limitations and directions for further research
This research shares several managerial implications for CI programmes and for the MD
industry in general. Regulatory compliance is seen as a partial CFF to CI in Irish MedTech
organisations. There have not been many studies demonstrating CI deployment in the
MedTech industry, and this study demonstrates that there are factors associate with a
highlight regulated environment that can affect CI deployment and culture. This study
particularly highlights aspects of a regulatory environment that managers must take into
accountwhen deploying CIwhich previous studies have not captured. It is also one of the first
quantitative studies studying the CSFs and CFFs of deploying CI in the Medtech industry.
The CFFs in relation to regulatory environments can be studied by seniormanagement teams
and focussed on to improve organisational readiness for CI programmes and help determine
CSFs for deployment.

Finally, this study has some limitations that must be noted. First, the study was carried
out within the Irish MedTech industry. The authors plan to expand the study to other global
countries. The pharmaceutical industry is perhaps more highly regulated than the MD
industry, and it will be interesting to carry out comparative studies.

The response rate could possibly limit the generalisability of the findings and the
robustness of the conclusions. It is worth testing and comparing the validity of the
results in companies operating in different countries worldwide. The authors are keen
to investigate and learn about the perceived differences in the findings of the study
within different countries and regulatory jurisdictions. In particular, the authors
would like to conduct the study after the new European MDR and in-vitro diagnostic
regulation have been in place for a period of time to assess the impact of the new
regulations on workload in the industry. Also, the efforts by the FDA to incorporate
an operational excellence focus into its regulatory oversight will potentially improve
the focus on CI across the industry.

Finally, the authors are planning to pursuemore in-depth exploratory research in the form
of semi-structured interviews or focus groups involving a number of leading quality
practitioners in the field to obtain further insights into the topic of interest.

References

Anast, D.G. (2001), “Marketing and regulatory requirements in some emerging medical device
Markets1”, Journal of Medical Marketing, SAGE Publications, Vol. 2 No. 1, pp. 13-17.

Antony, J. (2014), “Readiness factors for the Lean Six Sigma journey in the higher education sector”,
International Journal of Productivity and Performance Management, Emerald Group
Publishing, Vol. 63 No. 2, pp. 257-264.

TQM
34,7

34



Antony, J., Snee, R. and Hoerl, R. (2017), “Lean Six Sigma: yesterday, today and tomorrow”,
International Journal of Quality and Reliability Management, Emerald Publishing, Vol. 34 No. 7,
pp. 1073-1093.

Antony, J., Gupta, S., Sunder, M., V. and Gijo, E.V. (2018), “Ten commandments of lean six sigma: a
practitioners’ perspective”, International Journal of Productivity and Performance Management,
Emerald Publishing, Vol. 67 No. 6, pp. 1033-1044.

Babbie, E.R. (2020), The Practice of Social Research, 15th ed., Cengage Learning, CA.

Ball, H.L. (2019), “Conducting online surveys”, Journal of Human Lactation, SAGE Publication, Vol. 35
No. 3, pp. 413-417.

Barclay, R.C., Cudney, E.A., Shetty, S. and Antony, J. (2021), “Determining critical success factors for
lean implementation”, Total Quality Management and Business Excellence, Routledge, pp. 1-15.

Bayon, Y., Bohner, M., Eglin, D., Procter, P., Richards, R.G., Weber, J. and Zeugolis, D.I. (2016),
“Innovating in the medical device industry - challenges and opportunities ESB 2015
translational research symposium”, Journal of Materials Science, Materials in Medicine,
Vol. 27 No. 9, p. 144.

Bergsland, J., Elle, O.J. and Fosse, E. (2014), “Barriers to medical device innovation”, Medical Devices,
Vol. 7, pp. 205-209.

Boynton, P.M. and Greenhalgh, T. (2004), “Selecting, designing, and developing your questionnaire”,
British Medical Journal, British Medical Journal Publishing Group, Vol. 328 No. 7451,
pp. 1312-1315.

Brown, A., Eatock, J., Dixon, D., Meenan, B.J. and Anderson, J. (2008), “Quality and continuous
improvement in medical device manufacturing”, The TQM Journal, Emerald Group Publishing,
Vol. 20 No. 6, pp. 541-555.

Byrne, B., McDermott, O. and Noonan, J. (2021), “Applying lean six sigma methodology to a
pharmaceutical manufacturing facility: a case study”, Processes, Vol. 9 No. 3, doi: 10.3390/
pr9030550.

CDRH (2010), Understanding Barriers to Medical Device Quality, FDA, available at: https://www.fda.
gov/about-fda/cdrh-reports/understanding-barriers-medical-device-quality (accessed 30
June 2021).

CDRH (2020a), Classify Your Medical Device, FDA, available at: https://www.fda.gov/medical-devices/
overview-device-regulation/classify-your-medical-device (accessed 15 August 2021).

CDRH (2020b), Case for Quality, FDA, available at: https://www.fda.gov/medical-devices/quality-and-
compliance-medical-devices/case-quality (accessed 15 August 2021).

Chandrasekaran, A. and Toussaint, J.S. (2019), “Creating a culture of continuous improvement”,
Harvard Business Review, Vol. 5 No. 24, available at: https://hbr.org/2019/05/creating-a-culture-
of-continuous-improvement (accessed 11 September 2021).

Chiarini, A. and Bracci, E. (2013), “Implementing Lean Six Sigma in healthcare: issues from Italy”,
Public Money and Management, Vol. 33 No. 5, pp. 361-368, in this issue.

Christmann, A. and Van Aelst, S. (2006), “Robust estimation of Cronbach’s alpha”, Journal of
Multivariate Analysis, Vol. 97 No. 7, pp. 1660-1674.

Couper, M.P. and Miller, P.V. (2008), “Web survey methods: introduction”, Public Opinion Quarterly,
Oxford University Press, Vol. 72 No. 5, pp. 831-835.

Creswell, J.W. and Clark, V.L.P. (2017), Designing and Conducting Mixed Methods Research, 3rd ed.,
Sage Publications, Thousand Oaks.

Dillman, D.A., Smyth, J.D. and Christian, L.M. (2009), Internet, Mail and Mixed-Mode Surveys: The
Tailored Design Method, John Wiley & Sons, Hoboken, NJ.

Dixon, D., Eatock, J., Meenan, B.J. and Morgan, M. (2006), “Application of design of experiment (DOE)
techniques to process validation in medical device manufacture”, Journal of Validation
Technology, Advanstar Communications, Vol. 12 No. 2, pp. 92-100.

CSFs of the
Irish MedTech

industry

35

https://doi.org/10.3390/pr9030550
https://doi.org/10.3390/pr9030550
https://www.fda.gov/about-fda/cdrh-reports/understanding-barriers-medical-device-quality
https://www.fda.gov/about-fda/cdrh-reports/understanding-barriers-medical-device-quality
https://www.fda.gov/medical-devices/overview-device-regulation/classify-your-medical-device
https://www.fda.gov/medical-devices/overview-device-regulation/classify-your-medical-device
https://www.fda.gov/medical-devices/quality-and-compliance-medical-devices/case-quality
https://www.fda.gov/medical-devices/quality-and-compliance-medical-devices/case-quality
https://hbr.org/2019/05/creating-a-culture-of-continuous-improvement
https://hbr.org/2019/05/creating-a-culture-of-continuous-improvement


Easterby-Smith, M., Thorpe, R. and Jackson, P.R. (2012), Management Research, Sage, London.

Emergo (2020), 2020 Outlook for the Medical Device Industry, Emergo, available at: https://www.
emergobyul.com/resources/2020-outlook-medical-device-industry (accessed 15 August 2021).

EUR-Lex (2021), “EUR-Lex - 32017R0745 - EN - EUR-Lex”, available at: https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri5uriserv%3AOJ.L_.2017.117.01.0001.01.ENG (accessed 15 August 2021).

European Medicines Agency (2018), Medical Devices, European Medicines Agency, available at: https://
www.ema.europa.eu/en/human-regulatory/overview/medical-devices (accessed 15 August 2021).

FDA (2017), “IMDRF MDSAP companion document”, FDA.Org, available at: https://www.fda.gov/
files/medical%20devices/published/MDSAP-AU-G0002.1.004–Companion-Document.pdf.

Granlund, T., Mikkonen, T. and Stirbu, V. (2020), “On medical device software CE compliance and
conformity assessment”, Presented at the 2020 IEEE International Conference on Software
Architecture Companion, (ICSA-C), pp. 185-191.

Gunasekaran, N., Arunachalam, V.P. and Kumar, A.V.S. (2006), “Web-enabled integration of the voice-
of-customer for continuous improvement and product development”, International Journal of
Services and Operations Management, Inderscience Publishers, Vol. 2 No. 1, pp. 78-94.

Iannarelli, J.G. and O’Shaughnessy, M. (2014), “The threats of today and tomorrow”, Information
Governance and Security, 1st ed., Butterworth-Heinemann, pp. 13-27.

Irish Medtech Association (2020), “Irish Medtech association - IBEC”, available at: https://www.ibec.ie:
443/en/Connect and Learn/Industries/Life Sciences and Healthcare/Irish Medtech Association
(accessed 30 June 2021).

Iyede, R., Fallon, E.F. and Donnellan, P. (2018), “An exploration of the extent of lean six sigma
implementation in the west of Ireland”, International Journal of Lean Six Sigma, Emerald
Publishing, Vol. 9 No. 3, pp. 444-462.

Kaye, M. and Anderson, R. (1999), “Continuous improvement: the ten essential criteria”, International
Journal of Quality and Reliability Management, MCB UP, Vol. 16 No. 5, pp. 485-509.

Keyes, G. (2019), “Should the FDA modernize its thinking on validation? - ProQuest”, Software Quality
Professional, Vol. 21 No. 3, pp. 34-36.

Lameijer, B., Pereira, W. and Antony, J. (2021), “The implementation of Lean Six Sigma for operational
excellence in digital emerging technology companies”, Journal of Manufacturing Technology
Management, Vol. 32 No. 9, pp. 260-284.

Linders, P.W.J. (2020), “Setting standards: ISO 13485: challenges in achieving high-level structure
compliance”, Biomedical Instrumentation and Technology, Vol. 54 No. 1, pp. 68-70.

Makower, J., Meer, A. and Denend, L. (2010), “FDA impact on US medical technology innovation”,
available at: http://www.medtecheurope.org.

Manville, G., Greatbanks, R., Krishnasamy, R. and Parker, D.W. (2012), “Critical success factors for Lean
Six Sigma programmes: a view from middle management”, in Antony, J. (Ed.), International
Journal of Quality and Reliability Management, Vol. 29, Emerald Group Publishing, No. 1, pp. 7-20.

Mare�sov�a, P., Peter, L., Honegr, J., Re�zn�y, L., Penhaker, M., August�ynek, M., Mohelsk�a, H., Kl�ımov�a, B.
and Ku�ca, K. (2020), “Complexity stage model of the medical device development based on
economic evaluation—MedDee”, Sustainability, Multidisciplinary Digital Publishing Institute,
Vol. 12 No. 5, p. 1755.

Masood, T. and Sonntag, P. (2020), “Industry 4.0: adoption challenges and benefits for SMEs”,
Computers in Industry, Elsevier, Vol. 121, p. 103261.

Mauri, F., Garetti, M. and Gandelli, A. (2010), “A structured approach to process improvement in
manufacturing systems”, Production Planning and Control, Taylor & Francis, Vol. 21 No. 7,
pp. 695-717.

McAdam, R. and Donegan, S. (2003), “A comparative analysis of trilateral and concurrent business
improvement methodologies in the high technology sector”, International Journal of
Manufacturing Technology and Management, Inderscience Publishers, Vol. 5 No. 3, pp. 210-231.

TQM
34,7

36

https://www.emergobyul.com/resources/2020-outlook-medical-device-industry
https://www.emergobyul.com/resources/2020-outlook-medical-device-industry
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv%3AOJ.L_.2017.117.01.0001.01.ENG
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv%3AOJ.L_.2017.117.01.0001.01.ENG
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv%3AOJ.L_.2017.117.01.0001.01.ENG
https://www.ema.europa.eu/en/human-regulatory/overview/medical-devices
https://www.ema.europa.eu/en/human-regulatory/overview/medical-devices
https://www.fda.gov/files/medical%20devices/published/MDSAP-AU-G0002.1.004--Companion-Document.pdf
https://www.fda.gov/files/medical%20devices/published/MDSAP-AU-G0002.1.004--Companion-Document.pdf
https://www.ibec.ie:443/en/Connect%20and%20Learn/Industries/Life%20Sciences%20and%20Healthcare/Irish%20Medtech%20Association
https://www.ibec.ie:443/en/Connect%20and%20Learn/Industries/Life%20Sciences%20and%20Healthcare/Irish%20Medtech%20Association
http://www.medtecheurope.org


McDermott, O., Antony, J. and Douglas, J. (2021), “Exploring the use of operational excellence
methodologies in the era of COVID-19: perspectives from leading academics and practitioners”,
TQM Journal, Emerald Pub Group, Vol. 33 No. 8, pp. 1647-1665.

McLean, R.S., Antony, J. and Dahlgaard, J.J. (2017), “Failure of Continuous Improvement initiatives in
manufacturing environments: a systematic review of the evidence”, Total Quality Management
and Business Excellence, Routledge, Vol. 28 Nos 3-4, pp. 219-237.

MDIC (2021), Case for Quality j Medical Device Quality and Patient Safety, MDIC, available at: https://
mdic.org/program/case-for-quality/ (accessed 15 August 2021).

Medtech Europe (2021), MedTech Europe’s Facts and Figures 2021, MedTech Europe, available at:
https://www.medtecheurope.org/resource-library/medtech-europes-facts-and-figures-2021/
(accessed 30 June 2021).

Moore, S. (2016), “Next generation medical device manufacture; A strategic assessment”, Journal of
Enterprise Excellence, Vol. 1 No. 1, available at: http://www.thumperandchara.com/journals.html
(accessed 11 September 2021).

N€aslund, D. (2013), “Lean and six sigma – critical success factors revisited”, in Mi Dahlgaard Park, S.
(Ed.), International Journal of Quality and Service Sciences, Vol. 5, Emerald Group Publishing,
No. 1, pp. 86-100.

NANDO (2021), “Europa - European commission - growth - regulatory policy - NANDO”, available at:
https://ec.europa.eu/growth/tools-databases/nando/index.cfm?fuseaction5directive.
notifiedbody&dir_id534 (accessed 15 August 2021).

Nicholas, J. (2019), “Line balancing manual assembly processes using a Kaizen blitz approach in a
highly regulated industry”, Vol. 2 No. 1, p. 5, available at: http://www.aidangerardosullivan.
com/journals-vol.2.html (accessed 11 September 2021).

Pinedo-Cuenca, R., Gonzalez Olalla, P. and Setijono, D. (2012), “Linking Six Sigma’s critical success/
hindering factors and organizational change (development): a framework and a pilot study”, in
Setijono, D. (Ed.), International Journal of Lean Six Sigma, Emerald Group Publishing, Vol. 3
No. 4, pp. 284-298.

Rodgers, B. and Antony, J. (2019), “Lean and Six Sigma practices in the public sector: a review”,
International Journal of Quality and Reliability Management, Emerald Publishing, Vol. 36 No. 3,
pp. 437-455.

Schmitt, S. (2019), “How a team led by medtronic quality experts plans to stand up to ‘A monster
called CAPA’ – and make it ‘cool’”, Medtech Insight, available at: https://medtech.
pharmaintelligence.informa.com/MT124933/How-A-Team-Led-By-Medtronic-Quality-Experts-
Plans-To-Stand-Up-To-A-Monster-Called-CAPA–And-Make-It-Cool (accessed 15 August 2021).

Schmitt, S. (2020), “FDA official confirms 2021 for release of draft QSR, asks for ‘inclusive comment
spectrum’”, Medtech Insight, available at: https://medtech.pharmaintelligence.informa.com/
MT143085/FDA-Official-Confirms-2021-For-Release-Of-Draft-QSR-Asks-For-Inclusive-
Comment-Spectrum (accessed 16 August 2021).

Sony, M., Antony, J. and Douglas, J.A. (2020a), “Essential ingredients for the implementation of
Quality 4.0: a narrative review of literature and future directions for research”, The TQM
Journal, Emerald Publishing, doi: 10.1108/TQM-12-2019-0275.

Sony, M., Antony, J. and Naik, S. (2020b), “How do organizations implement an effective LSS
initiative? A qualitative study”, Benchmarking: An International Journal, Emerald Publishing,
Vol. 27 No. 5, pp. 1657-1681.

Speer, J. (2018), “FDA case for quality program: what, why and how?”, Greenlightguru.Com, available
at: https://www.greenlight.guru/blog/fda-case-for-quality-program-what-why-and-how
(accessed 13 August 2021).

Stokes, Y., Vandyk, A., Squires, J., Jacob, J.-D. and Gifford, W. (2019), “Using Facebook and LinkedIn
to recruit nurses for an online survey”, Western Journal of Nursing Research, SAGE
Publications, Vol. 41 No. 1, pp. 96-110.

CSFs of the
Irish MedTech

industry

37

https://mdic.org/program/case-for-quality/
https://mdic.org/program/case-for-quality/
https://www.medtecheurope.org/resource-library/medtech-europes-facts-and-figures-2021/
http://www.thumperandchara.com/journals.html
https://ec.europa.eu/growth/tools-databases/nando/index.cfm?fuseaction=directive.notifiedbody&dir_id=34
https://ec.europa.eu/growth/tools-databases/nando/index.cfm?fuseaction=directive.notifiedbody&dir_id=34
https://ec.europa.eu/growth/tools-databases/nando/index.cfm?fuseaction=directive.notifiedbody&dir_id=34
https://ec.europa.eu/growth/tools-databases/nando/index.cfm?fuseaction=directive.notifiedbody&dir_id=34
http://www.aidangerardosullivan.com/journals-vol.2.html
http://www.aidangerardosullivan.com/journals-vol.2.html
https://medtech.pharmaintelligence.informa.com/MT124933/How-A-Team-Led-By-Medtronic-Quality-Experts-Plans-To-Stand-Up-To-A-Monster-Called-CAPA--And-Make-It-Cool
https://medtech.pharmaintelligence.informa.com/MT124933/How-A-Team-Led-By-Medtronic-Quality-Experts-Plans-To-Stand-Up-To-A-Monster-Called-CAPA--And-Make-It-Cool
https://medtech.pharmaintelligence.informa.com/MT124933/How-A-Team-Led-By-Medtronic-Quality-Experts-Plans-To-Stand-Up-To-A-Monster-Called-CAPA--And-Make-It-Cool
https://medtech.pharmaintelligence.informa.com/MT143085/FDA-Official-Confirms-2021-For-Release-Of-Draft-QSR-Asks-For-Inclusive-Comment-Spectrum
https://medtech.pharmaintelligence.informa.com/MT143085/FDA-Official-Confirms-2021-For-Release-Of-Draft-QSR-Asks-For-Inclusive-Comment-Spectrum
https://medtech.pharmaintelligence.informa.com/MT143085/FDA-Official-Confirms-2021-For-Release-Of-Draft-QSR-Asks-For-Inclusive-Comment-Spectrum
https://doi.org/10.1108/TQM-12-2019-0275
https://www.greenlight.guru/blog/fda-case-for-quality-program-what-why-and-how


Terziovski, M. (2002), “Achieving performance excellence through an integrated strategy of radical
innovation and continuous improvement”, Measuring Business Excellence, MCB UP, Vol. 6
No. 2, pp. 5-14.

TUVSUD (2021), “Medical device regulation (MDR)”, www.Tuvsud.Com, available at: https://www.
tuvsud.com/en/industries/healthcare-and-medical-devices/medical-devices-and-ivd/medical-
device-market-approval-and-certification/medical-device-regulation (accessed 15 August 2021).

Vetalice, J.A. (2010), “Review of study results: FDA impact on US Medical technology innovation -
BONEZONE”, Bonezonepub.Com, available at: https://bonezonepub.com/2010/12/31/review-of-
study-results-fda-impact-on-us-medical-technology-innovation/ (accessed 30 June 2021).

Zaki, M., Pardo, J. and Carracedo, G. (2019), “A review of international medical device regulations:
contact lenses and lens care solutions”, Contact Lens and Anterior Eye, Vol. 42 No. 2,
pp. 136-146.

Zollo, M. and Winter, S. (2002), “Deliberate learning and the evolution of dynamic capabilities”,
Organization Science, Vol. 13 No. 3, pp. 339-351.

Zrymiak, D. (2017), “Achieving customer experience excellence through a quality management system -
ProQuest”, The Quality Management Journal, Vol. 24 No. 1, p. 46, available at: http://www.proquest.
com/openview/d5e3411abea8a588b1098182ecb172c5/1?cbl=31933&pq-origsite=gscholar (accessed
16 August 2021).

Zu, X., Fredendall, L.D. and Douglas, T.J. (2008), “The evolving theory of quality management: the role
of Six Sigma”, Journal of Operations Management, Vol. 26 No. 5, pp. 630-650.

Appendix
Survey questions

(1) How many years of experience have you within the MedTech industry?

(2) What functional area do you work in?

(3) What type of quality standard or system is your organisation certified to or in compliance with?

(4) Which CI methodologies are you utilising within the organisation in which you work?

(5) What are the internal drivers of CI in your organisation in terms of productivity, customer/
patient focus, quality, regulatory and safety drivers?

(6) What are the benefits of CI in your organisation?

(7) Which of the following tools have you utilised in your current organisation as part of CI
initiatives or are you aware of as being utilised (please tick all that applies to your organisation)?

(8) Do you feel that a regulatory environment is a CFF for CI?

(9) Which of the following factors do you feel contributes to regulatory environment being a CFF
for CI?
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