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ABSTRACT

Here two real case studies of design and development with different grades of com-
plexity are presented. A medical instrument prototype of a pneumatic retraction and
holding system for surgical procedures and an electromedical device for non-invasive
glucose measuring developed both from a TRL 4 to reach a TRL 7. The products were
designed in the frame time of six months and fifteen months, respectively. The medi-
cal instrument was developed using a conventional Lean project and engineering
design approach. Meanwhile, the electromedical device was created using Lean pro-
ject management alongside a human-centred design and person-oriented innovation
approaches.
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INTRODUCTION

From the project management point of view, the development of medical
devices is a task that requires the application of processes, skills, methods,
knowledge, and experience from many expertise disciplines. These produ-
cts need to reach the European Union and the USA standards (Privitera,
Evans, and Southee 2017), which force the developers to gather together a
team of designers, engineers, scientists, manufacturing, regulatory, medical,
legal, and business specialists. Even though the contribution of each one of
the interdisciplinary team members through the project towards a common
goal is equally important, the experience and literature are showing us that
the user is not always placed in the same priority level (Shaheen et al. 2021;
van der Peijl et al. 2012). However, awareness of the role of the human-
centred design approach is rising (Adams 2018; Hegde 2013; “Medical
Device Innovation Initiative White Paper | FDA” n.d.; Story 2012; “Design
Control Guidance For Medical Device Manufacturers | FDA” n.d.; “IEC/TR
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62366-2:2016 Medical Devices — Part 2: Guidance on The ...” n.d.; “ISO -
ISO 14971:2019 - Medical Devices — Application of Risk Management to
Medical Devices” n.d.; “ANSI/AAMI HE75:2009 (R2018) - Human Factors
Engineering - Design of Medical Devices” n.d.) despite it still often having to
overcome project managers’ and engineers’ acceptance.

Regulatory entities enforce more strict regulations to unify user-centred
design methodologies applicable to medical device products. Subsequently,
the industry adapts its project management tactics and methods to improve
its products and services while staying competitive and reducing the risk of
harm. M. Roma et al. (Roma and de Vilhena Garcia 2020) reported that
medical devices with a no-fault-found report often presented hidden design
flaws once submitted to a usability test. Other authors support this state-
ment by writing about non-fatal adverse clinical incidents involving patient
loss of function or requiring increased patient care levels relating to medi-
cation and medical devices (Mitchell, Williamson, and Molesworth 2015;
Flewwelling et al. 2014). Some papers also report user-oriented design flaws
related to specific products, such as a Patient-controlled analgesia pump (Lin,
Vicente, and Doyle 2001). Therefore, it is worth considering the desirabi-
lity of early-phase implementation of human factors plans in the product life
cycle.

Most of the precedent works collect standard known human factor meth-
odologies and success cases besides previous efforts from regulatory entities
to unify usability assessment which are mainly focused in mitigate or reduce
risks. At the same time all the evidence of non-fatal adverse effects linked
to design flaws related to usability, one can notice that probably from the
medical devices project management point of view, the human factors plan
was not sufficiently and effectively addressed. Therefore, outlining valuable
guidelines about when to implement the standard known human factor meth-
odologies through the project management process of medical devices to gain
the most helpful design inputs are essential to succeed in the development
process. As well as trying to evaluate the impact of an avoided failure.

PROJECT MANAGEMENT AND MEDICAL DEVICE PATH

Any product development goes through four project phases regardless of
its complexity from a general perspective. These phases are concept, deve-
lopment, manufacture and distribution (Gilman, Brewer, and Kroll 2009).
Inside those phases many tasks need to be executed to achieve the desired
outcomes. Usually, the length and implied technical development goal defi-
nes the overall complexity of the product and the regulatory requirements.
Figure 1 shows the sequence of the four mentioned phases placed in order of
priority. The distribution phase is splinted normally into two subphases in a
medical device product development process. First is the so-called pre-market
step, where the product needs to undergo a clinical validation phase. Second,
the market release or distribution so that the product can be reliably produ-
ced in the quantities planned for in the sales forecast. Last, the development
phase, to clarify, should instead be appointed as the “detailed design” phase.
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Figure 1: Simplest phases of product development (Gilman, Brewer, and Kroll 2009).
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Figure 2: Processes in parallel with the most straightforward phases of development
overlapped (“The Design Process of Medical Devices at DevicelLab | Part 4” n.d.; “5
Top Annual Plan Medical Device Design and Development Process Improvements -
StarFish Medical” n.d.).

The development process of any medical device requires a very tight col-
laboration between up to six development tracks. In Figure 2, we can see an
elegant reformulation of the road map created by considering the road map
presented in 2020 (“The Design Process of Medical Devices at DeviceLab |
Part 4” n.d.) and the road map shown in 2014 (“5 Top Annual Plan Medical
Device Design and Development Process Improvements - StarFish Medical”
n.d.) by two different medical device design and development companies.
On the road map of Figure 2, one can see the six interdisciplinary tracks
that work together in the medical product development process. Over the
road map drawn in dished line, four boxes are locking the tracks in Figure 1
presented development phases.

Consequently, it can be seen that companies that are successful in develo-
ping medical devices are not only those that fulfil the regulatory requirements
demanded by regulatory entities. Instead, those companies which embody a
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user-centred culture in their project management place the human factors
and usability plan in the early stages. Therefore, gathering as much as
possible design inputs in the concept phase and implementing user-centred
strategies are essential, at least partially, from the concept phase through
the development process. Unlike other tracks of the development process
of medical devices, the HF&U (Human Factors and Usability) track does
not strictly require implementation through the entire development phase.
Instead, it can be implemented at the beginning and the end for final vali-
dation, as shown in Figure 2 and the regulatory entities guidelines point out
(Mount-Campbell et al. 2017). Moreover, the HF&U plan can be identified
as another support tool for the product development track of the medical
device.

THE HUMAN FACTORS LEAN APPROACHES

Lean manufacturing is well known for its seeking to eliminate any activity
that does not add value to the process. In other words, lean manufacturing
is about getting rid of the so-called waste and keeping the things needed to
achieve the fixed goal. The role of human factors, even though it is still to
be defined, is led to become the tool to seek out, among others, the design
flaws of medical products and ensure safety performance while maintaining
functionality (Adams 2018; Hegde 2013). At the same time, lean methods
are more likely to be seen as a traditional value of human factors engineering
based on fundamental respect to people (Vukadinovic et al. 2019). Citing
the well-known mantra of Lean concept “develop people, and then build
products”, which in essence, it aligns with the human factors’ pursuit of maxi-
mising safety by keeping the expected or enhanced performance of a product
(van der Peijl et al. 2012).

According to these well-documented synergies between human factor-lean
approaches, from the applied point of view, the constant improvement of a
product from the proof-of-concept phase through the detailed development
can only be achieved if it is almost constantly revised and backed up with
testing. The quick testing using rapid prototyping methods, such as 3D prin-
ting, setting and artefact simulations, and discussions with users and experts
are essential mechanisms to revise the usability through the process. Ideally,
these principles are also demanded by regulatory entities (“Design Control
Guidance For Medical Device Manufacturers | FDA” n.d.). Nonetheless, the
putting into practice presented by the regulatory entities following a water-
fall model might not be very convenient to apply. Therefore, in Figure 3, one
can see a common ground-based project development path proposed in the
concept phase.

Although more research is needed, estimating and defining the design
inputs at the concept phase, as shown in Figure 3, parallel to the conce-
ptual development and prototyping, has a positive impact. The concept
behind the illustrated diagram in Figure 3 is to start as soon as possible an
iterative process where the usability is continuously revised before a final
proof-of-concept prototype is developed.
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Figure 3: Human factors-lean approach.

CASE STUDY

To show a first introduction of the process development approach follo-
wed in the concept phase presented in Figure 3, two real case studies of the
design and development of medical devices with different grades of comple-
xity are presented. A medical instrument prototype of a pneumatic retraction
and holding system for surgical procedures and an electromedical device for
non-invasive glucose measuring developed both from a TRL 4 to reach a
TRL 7. The products were designed in the frame time of six months and
fifteen months, respectively. The medical instrument was developed using a
conventional Lean project and engineering design approach. Meanwhile, the
electromedical device was created using Lean project management alongside
a human-centred design and person-oriented innovation approaches.

The pneumatic retraction and holding system aimed to design and develop
a modified version of an already existing technology by focusing on enh-
ancing the movement range and reducing the overall length of the device.
The pneumatic device consisted of three articulated segments with a typi-
cally looked ball joint at its end. By pressing one button on the handle, where
the quick-lock instrument holder was located, the pneumatic device unlocks
and can be moved to the desired position while the button is pressed. Once
in the chosen place, the user had to release the finger from the button, and
the device stayed static. As the only two design specifications were to reduce
dimensions and increase the movement range of the ball articulation slightly,
no further human factors engineering was implemented.

Subsequently, a proof-of-concept prototype was developed that fulfilled
the given specification known by the time. Next, an Alpha prototype was
manufactured with close to a pre-series finish. Due to usability issues, the
Alpha prototype was submitted to a usability analysis performed by an expert
and a user environment study. The resulting human factors experts’ tests and
research concluded with several ergonomic flaws in the handle design rela-
ted to the dimensions of the activation mechanism. At the same time, the user
environment study presented a fundamental design specification that the cli-
ent and engineer team had unknown through the entire project related to
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the peak load capacity. Therefore, as insufficient attention was given to defi-
ning the user and user environment in the concept phase, a no-fault-found
proof-of-concept prototype presented hidden design flaws once submitted to
a usability test.

In the second case, an electromedical device was designed and developed
following the project management presented in Figure 3 through the entire
concept phase. To begin with, the product was analysed in three steps using
three different approaches—first, a qualitative analysis using a netnography
innovation study through the PERSONA technique. Second, a risk analysis
was done in a focus group of experts. Last, a qualitative study was done
through a survey aimed at diabetes type I and II and healthcare professionals
regarding the acceptance of a non-invasive measurement solution and some
performance-related questions to assess user preferences.

According to the preliminary risk analysis and the users’ specifications, a
concept development, prototyping, and revision iteration started. The three
slightly different concepts were immediately subjected to usability tests. In
the end, one idea stood out due to usability advantages. This concept made
it through the proof-of-concept prototype stage and was further developed
through the detailed design development phase. Lastly, it passed all formative
and summative tests on the first attempt.

CONCLUSION

An adequately argued description of how the constant improvement from
the proof-of-concept phase through the detailed development can only be
achieved if it is almost constantly revised and backed up with testing. The
quick testing, in this case, was done through rapid prototyping methods,
such as 3D printing, setting and artefact simulations, and discussions with
users and experts as an essential mechanism to revise the usability of a medi-
cal device through the development process. At the same time, the value of
integrating human factors & usability engineering in the concept phase and
a common ground project development path that the presented work fol-
lows in the concept phase were shown and implemented in a case study. The
outcome seemed promising.

On top of that, strong evidence supported by regulatory entities, adverse
effects publication on medical devices with usability flaws and medical device
designers and developers points out that the human factors and usability plan
are more efficient to be implemented in early stages. However, further work
will consider examining the other three phases of the project and assessing
when and how each development track can be more effectively implemented.
Furthermore, further work will focus on assisting the impact of accomplish-
ing the goals of each development track in its corresponding project phase
versus not performing it.
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