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Abstract: This paper investigates the differences in timelines involved in Lean Six Sigma (LSS) project
deployment in a regulated industry versus in an unregulated one. Two case studies utilising Lean Six
Sigma methods—in order to compare the transfer of manual manufacturing lines within a medical
device and electronics manufacturing site—are discussed and utilised. This research aims to show the
effects of regulatory procedures on LSS project implementation and timelines. This study particularly
highlights how a regulatory environment can be a barrier, or bottleneck, to project management,
continuous improvement, and engineering changes in the MedTech or medical device manufacturing
industry. The results of this study represent an important first step towards a full understanding of
the influence of regulations on operations in medical devices and, by extension, on pharmaceutical
manufacturing industries on a global scale. The research limitations are that the data collected were
from two specific case study comparisons alone.

Keywords: continuous improvement; medical device; MedTech; Lean Six Sigma; ISO 13485;
21CFR 820; validation

1. Introduction

Medical device manufacturers play an important role in public health and the global
economy. Further, the manufacturing of medical devices is very tightly controlled by regu-
latory authorities [1]. The medical device industry is one of the most regulated industries;
it is regulated by laws that govern the safety and performance of devices across their life-
time, in their pre- and post-market lifecycle. Regulated manufacturing industries operate
under government laws and regulations, while unregulated manufacturing industries do
not operate under government rules and laws [2]. As a result, implementing continuous
improvement methods such as Lean Six Sigma (LSS) in regulated manufacturing industries
differs from unregulated manufacturing industries. One of the differences entails the
requirement for the validation and submission of the desired changes to authorities for
verification [3]. For instance, regulated industries, such as pharmaceuticals and medical
device manufacturers, operate under the U.S. Food and Drug Administration’s (FDA) or,
in Europe, the European Medicines Agency’s (EMA) regulations, guidelines, or legislation
as relevant [4]. Therefore, before any significant changes can be made in any organisation,
the FDA or EMA must approve it for the safety of the employees and customers [5]. In ad-
dition, regulated bodies control the level to which processes are validated; these controls
are not present in unregulated industries, allowing for relatively quick process changes.
As a result, implementing LSS in regulated manufacturing industries takes longer than in
unregulated industries as they need to contend with various validation activities, which
are not required to the same level in unregulated industries [3,6,7].

The cost of implementing LSS in regulated industries ranks higher than in unregu-
lated manufacturing industries, as the validation activities require significant resources [8].
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In addition, since the government or state bodies govern regulated manufacturing indus-
tries, implementing new changes involves numerous processes [9]. On the other hand,
in regard to unregulated manufacturing industries, the implementation of new opera-
tional strategies does not require evaluation from a notified body; thus, the expenses of
implementing a new change are significantly reduced [6,7,10].

The effective implementation rate of LSS in regulated industries is lower than in un-
regulated industries [11]. However, the emphasis is on “effective.” Moreover, the literature
can differ, but recent studies have shown that more than 95% of companies in Pharma and
Medtech have some type of Lean, Six sigma, or LSS program [6,7]. Due to the numerous
processes (i.e., regulatory) encountered before a change is implemented, the interval be-
tween implementing a new change is widened. On the other hand, a series of new changes
may be witnessed in unregulated manufacturing industries due to the fact that implement-
ing a new change does not go through a strict process. Unregulated industries rely on
the management, support teams, and operators to suggest new changes; therefore, many
changes may be suggested quickly [12]. There has been an increase in the recall of medical
devices from 2006 to 2010 [13] and from 2015 to 2019 [14]. These increases occur, ironically,
while regulatory bodies increase the regulatory burden on medical device manufacturers to
protect patients in response to recalls. Continuous improvement programs can face many
challenges in the medical device and pharmaceutical industries, which are highly regulated
in order to ensure patient and customer safety [6,15]. Due to the regulated nature of the
industries, manufacturing, and other, changes must be approved by regulatory authorities,
such as by the FDA and EMA, for example [15]. Indeed, one of many quality standards
for medical device quality management system (QMS) implementation does not focus on
continuous improvement as ISO 9001 [16] does; instead, in regard to ISO 13485, it is risk
focused [6,17]. Medical device companies are so focused on compliance—and for good
reason, as they wish to protect the patient and maintain their market authorisation—but
little time is, therefore, left to remove the sources of waste [18].

Process improvement teams can follow the standard DMAIC method and implement
change, or even test improvements, in a live manufacturing environment that is within an
unregulated industry [7]. In a regulated environment, the define, measure, and analyse
phases are critically important as there is only one opportunity to improve, and it must
be correct the first time as any error will result in a corrective and preventative action
report (CAPA) being raised [6]. The required time investment of the validation process
prevents process improvement in a regulated environment as the extra burden of regulation
consumes resources [6,7]. While it is clear that LSS has been proven to reduce cost and
increase quality in many industries [19], few published examples of the barriers found in
implementing LSS in a regulated industry are found in the literature [3].

The scope of this study is to compare an LSS project implementation in an electronics
company versus in a MedTech company—with the specific scope being focused on the time-
lines to implement. This study aims to evaluate the issues surrounding the implementation
of LSS in a regulated environment by utilising a practical example of an LSS project imple-
mentation. The aim is to ascertain where time is lost in project execution due to overcoming
or complying with regulations. A better understanding of LSS implementation issues in
regulated industries could help planning projects and perhaps mitigate against delays by
providing contingencies. A case study on implementing a LSS project in an Irish medical
device company manufacturing line will be utilised in order to ascertain the barriers and
enablers to LSS deployment in a regulated environment. The LSS implementation in a
medical device company will then be compared to implementing a similar LSS project in
an unregulated industry in order to ascertain the differences through a real-world example.

The research questions are:

1. What effect can a regulatory environment have on the implementation of a LSS project
as opposed to a similar project in a regulated environment?

2. What are the barriers to implementing Lean Six Sigma projects in regulated
environments?
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The remainder of the paper is as follows: Section 2 describes the literature, followed
by the research methodology in Section 3. Next, the results are explicated in Section 4,
followed by a discussion and consideration of the implications in Section 5. Finally, the
conclusion, limitations, and scope for future research are elucidated in Section 6.

2. Literature Review

In the European Union and globally, medical devices are stringently regulated by
laws that govern the safety and performance of the devices throughout their lifetime, both
pre- and post-market. Medical devices range from Band-Aids to sophisticated lifesaving
products, such as pacemakers and implantable pacemakers [20]. The classification of
medical devices dictates the level of the regulatory pre- and post-market requirements. The
higher classification of a device the higher the risk and, therefore, the more stringent the
regulatory controls required [3]. Within the U.S. regulatory system, for example, devices
classified as Class I are deemed low risk and are not subject to the most stringent regulatory
controls [20]. On the other hand, class II devices are in a higher class than Class I and thus
require more regulatory controls in order to ensure the device’s safety and effectiveness.
Lastly, Class III devices are usually the highest risk devices and are therefore subject to the
most stringent regulatory control and pre-marketing approvals, e.g., replacement heart
valves [21].

2.1. Manufacturers Embracing Lean Six Sigma

When different organisations implement LSS, it frequently appears that they have only
been added in unstructured design; further, a small number of tools are in their toolbox
via training [22]. The implementation does not always succeed as expected. LSS can
present challenges or be affected by specific challenges [6]. Studies suggest that regulated
industries lag behind other industries due to the regulatory burden [15,23]. The FDA has
also noticed the lack of innovative process improvement and has started its journey to
enable manufacturers to improve processes [24,25].

According to Pavlovic and Bozanic [15], manufacturing industries have utilised Lean
Six Sigma to mitigate production cost increases and improve productivity and quality
by reducing defects and variation. The concepts of Lean Six Sigma can be utilised in
regulated industries in order to mitigate the process of defect and loss. However, processes
are validated and can only be reviewed, changed, or updated with revalidation [26].
Change in the concept of fundamental regulation can allow improvement processes to run
smoothly [27].

The MedTech industry has complained that the FDA rules hinder them from success-
fully applying the improvement process for a long time [27,28]. The FDA found that a
predominant focus on compliance was a key one over and above quality and CI, with an
industry focus that was on meeting regulatory requirements (or “compliance”) rather than
adopting the best quality practices [29]. Low investment in automation and digitalisation
by the Medtech industry was not promoting continuous improvement in order to enable
better processes and more responsive learning [30]. It was stated that serious adverse
event reports, related to medical device use, had outpaced industry growth by 8% per
annum since 2001 [29]. From 2011 to 2018, the FDA launched the Case for Quality and
worked with the Device Innovation Consortium in order to trial the Capability Maturity
Model Integration (CMMI) system, commonly used in the U.S. government for software
development [31]. The CMMI promotes more focus on operational excellence rather than
over-emphasising compliance. The CMMI process allows for relaxation in the regulations
around the frequency of compliance audits and promotes more focus on process improve-
ment. An example of the literature reviews and barriers to LSS that have been identified
are outlined in Table 1.
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Table 1. Summary of the literature in relation to barriers to LSS methods as well as including literature
with a focus on LSS in Medtech.

Barriers to LSS Methods

(1) Lack of top management commitment and involvement

[3,4,6,7,18,32–40]

(2) Lack of training and education in LSS

(3) Poor project selection and prioritisation

(4) Lack of resources (financial and human)

(5) Weak alignment between LSS projects and organisational strategy

(6) Resistance to culture change

(7) Poor communication

(8) Lack of leadership and supportive leadership

(9) Lack of awareness of the benefits of LSS

(10) Selecting the wrong LSS tools

(11) Lack of understanding of the voice of the customer

(12) Regulatory environment

2.2. Barriers and Enablers for CI Methodologies

In two studies completed in 2021, which surveyed people working at various lev-
els and functions in the pharmaceutical and Medtech industries, it was found that 45%
perceived that a highly regulated environment was a barrier to continuous improvement.
The respondents cited that, in Medtech and Pharma industries, regulatory approvals and
submissions, fear of validation activity, and compliance versus quality culture were barriers
to continuous improvement. However, over 95% of those surveyed worked in organisations
with LSS programs and utilised continuous improvement tools [6,7]. This study shows
that, contrary to the previously cited literature, while LSS is being advocated, utilised, and
promoted in heavily regulated industries, there is also agreement that heavy regulations
are a barrier to implementation. Respondents cited the fear of extra validation activity
in both studies as a barrier to continuous improvement. A study by Byrne, McDermott,
and Noonan in 2021 highlighted a contextual example in a regulated industry LSS project
where the most appropriate corrective action to fix issues with breaking tablets was not
taken, as it would mean revalidation of the problematic process under study and, therefore,
incurring more time in order to obtain approval from the regulatory authorities [3].

2.3. Research Gap

While there has been much written about LSS application in automotive manufac-
turing, in particular, there is very little literature on LSS in the Medtech industry [6,7].
Studies have suggested that LSS is, when applied in highly regulated industries such as
Medtech, not as effectively applied as elsewhere [3,4,6,7]. In fact, LSS project actions and
selection are based upon, and prioritised, on the project’s impact on a company’s regulatory
compliance. However, despite the suggestion that regulated barriers deter effective CI and
LSS actions—there has been no study undertaken to particularly demonstrate how long
LSS projects can take in a regulated environment.

3. Methodology

A systematic literature review (SLR) was used to help answer the research question
in conjunction with a case study approach. The flow chart for the SLR methodology is,
as follows, in Figure 1. The flow chart outlines the five stages of the review as well as the
inclusion/exclusion criteria. Once the researchers had reduced and screened the articles
that they felt best matched the research themes, these articles were then grouped by themes
related to the barriers and delays that were faced when applying LSS in Medtech, Pharma,
and other regulated type environments.
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Due to this research project being conducted on the real-world application of a LSS
project, it was felt that the best approach to utilise was that of a ‘Case Study’ research
approach. A case study lends itself to observing and quantifying, using qualitative and
quantitative methods that require the researcher to fully engage with the research project,
thereby allowing a more comprehensive understanding of the investigated problems [41].

The case study approach is very applicable to this case when there is a scarce body of
knowledge on the subject [42], as there is in the case of the literature and practical examples
of LSS related to the Medical Device industry [43,44]. Furthermore, case study examples
further aid in understanding the dynamics present within the particular t context for the
purposes of a better understanding of the phenomenon [45].

In this instance—based on comparing similar type line implementations projects
utilising LSS, which had not been studied previously—the case study approach is most
suitable if the phenomenon under investigation is unique, critical, and revelatory [44,45].

In summary, this research was undertaken in two manufacturing organisations. One
manufacturing organisation acts as a medical device manufacturer, and the other is an
electronics manufacturer. The organisations involved started their LSS journeys within the
last 5–8 years. The organisations have requested to remain anonymous.

The case study data have been collected primarily due to two LSS black belt projects
completed by authors as mentioned above, one in an unregulated electronics manufacturer
and the other in a heavily regulated medical device manufacturer. Both projects were of
similar size and scope, as such they would be ideal to provide a real-world example of the
differences between LSS project timelines in a regulated versus unregulated environment.
While the methodological choices made in this study are sound, there is a margin of error in
any conclusion due to the lack of similar practical case study comparisons in implementing
LSS projects in regulated industries. However, the projects picked to compare are identical
in scope, size, and project goals (Table 2). In order to ensure the LSS projects picked for
comparison were as similar as possible, a number of attributes were used. First, customer
approval was a requirement. Both case study organisations needed to meet in order to
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compare the time involved in gaining approval. The size of the transfer was the second
attribute selected. The transfer size involved in moving from Thailand to Ireland in the
electronics industry was comparable to the time involved in gaining regulatory approval to
move from one manufacturing building or site to another; as such, the two case studies
were deemed comparable. Finally, both projects were line transfers, as such they are similar
in project type and scale. Regarding the project complexity, both projects were deemed
“copy exact” or, in other words, moving from A to B line transfers.

Table 2. Attributes of case study organisations listed in order to demonstrate similarities in projects
under review.

Case Study 1
Electronics Manufacturer

Case Study 2 Medical
Device Manufacturer

Customer approval of
change required YES YES

Size of transfer From Thailand to Ireland From one building to another

Regulatory submissions
involved in approving

the transfer
NO YES

Project type Line transfer Line transfer

Project complexity A “copy exact” process A “copy exact” process

4. Results

To provide evidence of the time delay caused by validation and other regulatory
requirements of a regulated industry, such as in a medical device manufacturer, the im-
provement of a medical device manufacturing line is compared to a manual assembly line
of relatively equal complexity in the electronics industry. While an exact copy would not be
possible, the chosen examples have a similar level of manual and automated tasks, as well
as types of steps. With some margin of error, the only difference between these two cases is
that one occurs under the rigour of tight regulation, while the other is only bound by more
simple quality management system regulations, such as ISO 9001.

4.1. Case Study 1—An Unregulated Industry Example of a Manual Assembly Line Project

In the first case study, where Lean Six Sigma was applied in an unregulated manual
assembly, the capability of the process was increased. The project involved moving the
manufacturing process for enterprise storage servers from a low-cost country, Thailand,
to a high-cost country, Ireland. As in any move from a low-cost to a high-cost country,
the challenge was to improve the process and adjust the processing costs to those of the
higher-cost country [46,47].

The product was produced by a contract manufacturer and required all changes to be
approved by the customer (i.e., the primary manufacturer) before implementation and to
ensure that quality controls compliant with ISO 9001 were also in place. In addition, all QMS
documents and procedures were updated, and an engineering build was completed to
prove the process.

There was no validation of the process change since the case study was conducted in
an unregulated environment. Transferring from Thailand to Ireland did not require consul-
tations with regulatory authorities as the manufactured products’ market authorisation
was not affected (this is because the product was not highly regulated).

They were incorporating the Lean Six Sigma DMAIC methods in an unregulated
environment, showing that, in this first case study, the process is straightforward and not
time-consuming. For example, it only took two weeks to define the problem. The following
measure phase took a further two weeks, while the analysis phase took three weeks. The
analysis phase determined layout review, process capability, and review of current process
times. The next improvement phase took eight weeks and involved line balancing, work
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instruction revisions, and layout improvements. The last phase is the control phase, where
failures were actioned via Pareto analysis, process capability was measured, and statistical
process control was implemented. After incorporating Lean Six Sigma methods in order to
improve and transition the unregulated manual assembly, a pre-project headcount of five
was maintained post-implementation. As a result, productivity and output increased by
twenty-five per cent. The Lean Six Sigma methodology ensured that the customer’s goals
were met while maintaining the project’s commercial success.

In summary, there was no requirement for validation and qualification, allowing the
project to be completed in under six months from team formation to ramping up to total
production in Ireland. Table 3 outlines the project phases, the LSS tools utilised for the
project’s duration, and any particular project delays.

Table 3. Unregulated electronics industry example.

Phase Tools Duration Delays

Define

Project Charter
Team Creation

Process Map/Value steam Mapping
Supplier, Inputs, Processes, Outputs,

and customer (SIPOC) document
Voice of the Customer

2 Weeks None

Measure

Process Map
Time Study

Spaghetti Diagram
Reject Pareto

Process Capability Analysis
Floor Plan

2 Weeks None

Analyse

Layout Review
Review Process Times

Line Balance Chart
A3 Problem Solving
Process Capability

Reject Pareto
Line Balance

3 Weeks None

Improve

Line Balance
Work Instruction Revision

Layout Improvement
Station 5S

Single Minute Exchange of Dies (SMED)

8 Weeks
Customer

Approval of
Equipment

Control
Failure Pareto

Process Capability
Statistical Process Control (SPC)

1 Week None

LSS was used in order to achieve the customer goal, while ensuring the project’s
commercial success by meeting a new demand with the same resources. In addition, lean
tools were used to improve the process, while Six Sigma was used to measure its capability
and track its progress through to completion.

4.2. Case Study 2—Regulated Manual Assembly

A Lean Six Sigma project at a medical device company contrasts with the previously
discussed project; further, this project took nine months to complete due to the addi-
tional time and resources required for the implementation, notably in the validation and
regulatory approval activities. The project required the relocation of a medical device man-
ufacturing line to a cleanroom in a nearby building. Due to the nature of the business, with
the medical device company being a contract manufacturer, no changes can be made to the
process without the customer’s written approval and standard validation activities being
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carried out [46]. The requirement for change approvals and other regulatory requirements
related to the change in manufacturing location is outlined in ISO 13485 [47]. Due to the
extended duration of the improvement phase and as the process was to be transferred to a
new building, a new line design was created. Technically the process transfer was to be a
“copy exact” transfer, but with the LSS methods used in order to identify line enhancements
and optimisation.

4.3. Key Project Stages

As changes are required in the process, the first step, in any change, is to detail how
the change will happen. A plan was drawn up, and as this was conducted at a contract
manufacturer, the plan must be sent to the customer for approval per legal and contractual
agreements. Under various regulatory jurisdictions, including Europe, the regulations
ensure robust quality agreements are executed with the contract manufacturers. Some of
the items in these quality agreements include a quality management system, availability
of records, validations, and change control [48]. To gain market authorisation in Europe,
manufacturers of medical devices must certify to ISO 13485:2015, which has requirements
in regard to the quality management system that is used by the device manufacturers [6].

The customer will then assess the changes with their notified body and their regulatory
department in order to see if they can be accepted, or if further testing or regulatory
approval is required. Regulatory approval was required as the process changed address
(i.e., moved to a different location). This approval was a simple submission required by the
regulator and took 60 days, including preparation and follow-up work. Part of this new
design required procuring new equipment (similar to the unregulated project). However,
this new equipment must undergo a validation process.

Under ISO 13485:2015, section 7.5.6 states that “the organisation shall validate any
processes for production and service provision where the resulting output cannot be or is
not verified by subsequent monitoring or measurement and, as a consequence, deficiencies
become apparent only after the product is in use or the service has been delivered” [49].
Similarly, the USA’s FDA requirements relating to validation are outlined in 21CFR Part
820 Section 820.75 subsection (a), which states:

“Where the results of a process cannot be fully verified by subsequent inspection and test,
the process shall be validated with a high degree of assurance and approved according
to established procedures. The validation activities and results, including the date and
signature of the individual(s) approving the validation and where appropriate the major
equipment validated, shall be documented” [50].

Even though the new equipment is identical to the current equipment, it must still go
through the equipment installation qualification (EIQ) and equipment operational qualifi-
cation (EOQ) processes. Installation qualification (I.Q.) verifies that an instrument—or unit
of equipment being qualified (as well as its sub-systems and any ancillary systems)—has
been installed and configured according to the manufacturer’s specifications or installation
checklist [43]. The EIQ is a process of detailing all relevant information about the equip-
ment and completing safety, quality, microbiological, and calibration checks in order to
ensure the equipment will not cause harm to the devices being produced or any devices
in the vicinity of the equipment. The EIQ, once complete, then needs to be approved by
all operations departments before the EOQ can begin. EIQ will generally take 25 working
days once the equipment is onsite from start to finish. This process subsequently took
40 working days.

The EOQ serves as the operational check and challenges everything in the EIQ to
ensure the equipment will function correctly over time. During this testing, the equipment
is typically used to produce devices that will be scrapped in order to ensure the equipment
performs as it should. Again, the EOQ must be approved by all operations departments
before proceeding, and this process typically takes five working days to complete.

While detailed and time-consuming, the validation process does not take up the bulk
of the time; rather, it is the paperwork associated with the validation. First, all process
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documentation must be updated as the process now contains new equipment in a new loca-
tion. To complete this task, all documentation was reviewed, and references to equipment
and their location were changed where necessary. This change included reviewing and
updating manufacturing procedures, as well as the device manufacturing record, and also
the master validation plan for the product. This process took 30 days as each document
must be approved by all departments and the customer, as well as be approved via the
internal document control processes. This left all documents ready for implementation;
however, the project was held up on the approval of the process qualification stage.

To ensure the change in equipment and location had no impact on the process, the
process qualification (P.Q.) must be repeated despite having been completed when the
initial process in the previous location had been set up. This required building batches of
devices using different batches of raw material and at different settings within the qualified
range throughout the process and ensuring as high a yield as possible. Additionally, the
validation engineers had to ensure that no defects escaped the process. In total, the P.Q.
stage took 20 days, including the time required to complete the adapted design of the P.Q.

By customer request and to ensure greater confidence in the process, the customer
requested additional key performance and monitoring metrics stay in place post move for
six weeks in order to ensure the process performance did not drop.

The breakdown of the tools used, duration of the phases, and the delays encountered
are outlined in Table 4.

Table 4. Regulated medical device industry example.

Phase Tools Duration Delays

Define

Project Charter
Team Creation

Process Map/Value
Stream Mapping

Supplier, Input, Processes,
Output, and Customer Diagram

Voice of the customer

2 Weeks None

Measure

Process Map
Time Study

Spaghetti Diagram
Reject Pareto

Process Capability
Floor Plan

3 Weeks None

Analyse

Layout Review
Review Process Times

Line Balance Chart
A3 Problem Solving

Process Capability Analysis
Reject Pareto
Line Balance

3 Weeks None

Improve

Line Balance
Work Instruction Revision

Layout Improvement
Station 5S

Single Minute Exchange of Dies
(SMED)

22 Weeks

Customer Approval
Equipment Validation

Process Validation
Calibration

Process Documentation
Approval

Control
Failure Pareto

Process Capability
Statistical Process Control (SPC)

6 Week
Extended Time Required to

Provide Data for
Statistical Analysis

Table 5 shows the time differences between the two projects, the most notable differ-
ence being the improvement phase. The validation activity was performed as part of the
improvement phase leading to a much extended improve phase of 22 weeks. It should be
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noted that the second case study example involved the transfer of product manufacturers
from one country to another (as in the first case study) and not a transfer of 0.1 KM to
a different building, where even more regulatory submissions and approval of changes
would have been involved. Even with the “local” and non-country transfer, the regulated
project took 20 weeks or 5 months longer, representing an increase of a 55% time difference.

Table 5. Differences between lines implementation in the regulated projects versus the unregulated
project.

LSS
DMAIC Step

Regulated Project
Time to Completion (Weeks)

Unregulated
Time to Completion (Weeks)

Define 2 2

Measure 3 2

Analyse 3 3

Improve 22 8

Control 6 1

Total 36 16

5. Discussion

Lean Six Sigma methodology contains some benefits in saving money, improving com-
petencies and performances, and achieving a better customer relationship, thus achieving
an almost perfect performance at business levels, including in the medical device indus-
try [51]. In addition, this method can be effectively used in an unregulated environment
without regulatory procedures, which would hinder its application.

Both case studies involved in this research are different, whereby the first case study
involves the application of Lean Six Sigma in an unregulated environment, and the second
case study applies Lean Six Sigma in a regulated environment. The results of the Lean
Six Sigma application in both cases studies are outlined in the results section, as well
as the specific regulatory milestones required for completing the project. The data for
the regulated environment project demonstrate that regulations were deemed a delay
in completing the project or perhaps a barrier in regard to a seamless transitioning of
changes [RQ1]. The LSS tools utilised in both projects were similar, but it should be noted
that the way in which the different tools can be applied may affect project deployment
success [36]. However, the case studies did demonstrate that an increased 55% time
difference, or 20 week difference, in the delivery of both projects is sizeable in terms of time,
resources, and cost effect on the customers.

These findings and evidence align with the many literature studies concerning the
impact of regulations on MedTech and pharmaceutical manufacturers [3,6,7].

Managerial Implications

This research aims to prove and show evidence that regulatory milestones have many
implications for LSS projects in Medtech organisations, as changes identified in such
organisations may affect manufacturers’ market authorisations and require regulatory sub-
missions and approvals to, thus, be avoided [6,7]. The case study has shown and explained,
in detail, the effect regulations and the validation process has on LSS implementation in
highly regulated industries, as well as the barriers encountered while implementing these
projects [RQ2]. These findings also demonstrate why compliance over quality may stifle
operational excellence in Medtech [29,31,40]. Validation typically accounts for 30–55% of
the total project budget in terms of time and cost and requires highly skilled engineers in
order to analyse the system, author and execute the test scripts, and, finally, document the
results per regulatory requirements [52].

Deploying a new approach in the first case study was easier due to the fact that the
project was in the electronics industry, eliminating cumbersome regulatory requirements
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that would otherwise lower the swiftness of the implementation of the improvements.
As seen from case study 1, we can deduce that the Lean Six Sigma method is more compati-
ble with the unregulated environment than the regulated environment [3,6,7].

The authors understand that this is the very first research that utilised examples of
manufacturing line setups in order to demonstrate how regulation impacts these envi-
ronments. As such, the research was limited in what it could derive from the published
literature in order to substantiate the results.

6. Conclusions

Lean Six Sigma is used to improve both unregulated and regulated companies’ per-
formance, as well as to reduce production and development costs. It also increases the
profit and improvement of customer satisfaction by the improving of productivity and
in keeping supply available. This study shows that the application of Lean Six Sigma
can be easily achieved in an unregulated environment, as can be seen in the first case
study. This is because there are no consultations and regulations to be followed, even
when changing from one country to another. For example, the organisation’s move from
Thailand to Ireland was accessible due to a lack of regulation. At the same time, in the
second case study, shifting production from one building to another will take much more
time due to the multiple consultations and regulations that must be adhered to. The only
way to improve regulated manufacturing processes is to develop a regulator-backed LSS
methodology for regulated industries. Integrated within this should be a streamlined
revalidation process for the affected implementation of process improvements, particularly
where the improvements increase yield and quality, thereby reducing the potential for
patient harm. Within the academic community, this study is one of the first studies demon-
strating the timeline differences between LSS projects within a regulated environment and
a non-regulated one. Moreover, it should aid further study, research, and understanding of
LSS in regulated environments.
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