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Scoring with technology
‘Close to perfection’, the World Cup in 2018 finally had simple
technology to help deliver better decisions. For the first time FIFA
used video assistant referee (VAR). FIFA claims 99.3 percent of
‘match-changing’ plays were called correctly. Fewer mistakes were
made (although there were still some dodgy penalties allowed!)
This simple technology has been used to make better decisions in
the ‘world’s game’, but what technologies (old or new) have been
used in medical devices? Laureline Mahe and Stella Wooder look at
how the power of a coloured dot can be used in all different kinds of
devices. Rachel Myers and Ben Wicks explore how the established
technology of ultrasound is being used in novel ways. Alex Driver
explores how to incorporate using new technologies as powerful
tools in device design.
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How we roll
An inclusive way to
think about design

By Stephen Augustyn

Door handles and light switches have a
lot in common. These everyday objects
were all improved from their ancestors
with the user at heart. Designing
universal products offers advantages
for all users, not only for users with
disabilities. Now, step back in time and
picture door handles as door knobs and
flat light switches as old ‘flip’ switches.
Imagine what it would be like to open
doors or put the light on without your
hands… it wouldn’t be easy for anyone,
whether you have a hand disability or
your hands are full of grocery bags. Fast
forward to today and we can all use both
these objects with our elbows. ≥
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Designers and engineers have a wealth
of resources to draw upon for advice,
including the diverse and vibrant disabled
community. The history of how this
improved understanding came about is
fascinating as it marks how the disabled
community found its voice. If you have
never listened to the 99% Invisible
podcast (https://99percentinvisible.
org/episode/curb-cuts/) I would urge
you to do so. It’s a fascinating and very
well-designed podcast focussing on the
impact that design has on society and
vice versa. They released a programme
in May of 2018 that began with the
discovery of a custom-designed powered
wheelchair at the Smithsonian Museum
in Washington DC. The wheelchair had
a worn blue leather seat, a large Velcro
chest strap and a headlight to help
the user find their way at night time.
The wheelchair was the property of Ed
Roberts, a post-polio quadriplegic who
was dependent on a respirator to breathe.
Paralysed from the neck down, Roberts
was the first severely disabled student
to enter the University of California
at Berkley1 earning an MA in Political
Science in 1966. Ed Roberts is also
regarded as the father of the independent
living movement.

“But it wasn’t just the
wheelchair users who
benefitted – all those who
‘roll’ found a benefit. Parents
with pushchairs, children
on scooters, delivery drivers
with wheeled trollies; they
all found advantage in the
curb cuts.”

One of the key elements of the narrative
that 99% Invisible reported was the
role that people with disability had in
defining their own destiny and human
rights – something that they demanded
for their own dignity rather than
gratefully received from a patronising
telethon host. I still shudder when I hear
the term ‘God’s mistakes’ used by Jerry
Lewis to describe those with disabilities,
and the podcast does an outstanding job
of capturing the frustration that led the
disabled community to insist their voice
was heard.
One of the monuments to this struggle
was the creation of ‘curb cuts’, the
discreet little ramps that drop the height
of the pavement (sidewalk) down to the
level of the road and allow wheelchair
users to get around so much more
easily. Without these simple features,
wheelchair users were compelled to
travel with an assistant, ask strangers
for help or desperately search for

8

driveways they could negotiate on
wheels. The simple addition of gently
sloping ramps at intersections made a
huge difference to the independence of
wheelchair users.
But it wasn’t just the wheelchair
users who benefitted – all those who
‘roll’ found a benefit. Parents with
pushchairs, children on scooters,
delivery drivers with wheeled trollies;
they all found advantage in the curb
cuts. This is why it is better to think in
terms of universal or inclusive design
– rather than design for the disabled.
Products, services and the built
environment should be accessible to the
largest number of people - regardless of
any physical impairment they have.
Another practical upshot of the work
of the disability rights activists was
the American’s with Disabilities Act –
the ADA. This act of congress requires
American companies to implement
practical measures that give those with
disabilities equal access to products
and services. Attempts to water down
this legislation or offer loop-holes have
been met with angry responses from
disability rights activists. The 99%
Invisible discussion cites the example
of paraplegic disability rights activists
pulling themselves up the steps of the
legislature building with their own hands
to make their point – it’s hard to argue
against accessible design in the face of
such inequity.
The European Union still lags some
way behind the USA when it comes to
enshrining the rights of the disabled.
The rights of disabled users are
protected under UK law by the Equalities
Act (2010) which superseded the
Disability Discrimination Act (2005), but
even this legislation only really focuses
on access to employment rights and
access to services. There is little direct
provision that focuses on how to make
products more accessible. So, what
should you do if you’re a designer, an
engineer or a member of a standards
body and you want to make products
better and more accessible? ≥
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“Making products more
accessible isn’t just the
right thing to do morally;
it makes products better
for everyone.”

This is the position that my colleague
(and Team’s founder) Andy Fry and I
found ourselves in during our work
for ISO. Andy and I both represent the
interests of BSI as part of Technical
Committee 84 (TC84) charged with
developing standards for needle-based
injectors. Back in 2013 Andy and I
joined a number of our colleagues from
international organisations across
Europe, Asia and the USA to try and
determine guidelines to help visually
impaired users. A lot of the work on the
11608 series of standards has been
developed from insulin injectors and this
work was driven by the high incidence
of visual impairment that people with
diabetes suffer with.
One of the things that the committee
had done right from the beginning
was to involve a blind person with
diabetes, Tom Tobin, who could explain
to us the challenges that blind people
face and how they cope. (I remember
one particular moment where Tom
demonstrated the speech-only interface
for the iPhone to help visually impaired
users access their phone. He then
had to help several sighted committee
members change their phones back

as they were struggling to navigate the
blank screen). In addition to users and
industry experts we also benefitted from
the insight shared by a subject matter
expert (SME), Ann Williams PhD,
a researcher who has done extensive
work with visually impaired insulin users.
Tom and Ann were able to explain to the
group the different coping strategies
that visually impaired users employed,
the kind of assistive technologies
available and the biggest frustrations
they experienced. Ann explained to us
the different ways vision loss can affect
insulin users and how their visual acuity
can vary with their health, even within
a very short space of time. Tom gave us
valuable insight into the different ways
users with no vision at all cope with their
regimen. Tom explained how important
tactile and good quality audio feedback
becomes when using devices and how
blind users rely on the distinctive smell
of insulin to confirm that their pens are
properly primed. Tom also illustrated
examples of what he considered to be
effective designs and showed how blind
users improvise around tasks designed
with sighted people in mind.

11608–7 and visual impairment
The most common form of visual impairment in diabetics is diabetic
retinopathy, where the blood vessels in the retina are damaged2. A
research paper for the Royal National Institute for the Blind (RNIB) found
that 54.6% of Type 1 diabetics and 30.0% of Type 2 diabetics suffered
from vision loss associated with diabetic retinopathy3. The degree of
visual impairment can vary wildly and only 5% of those people registered
as ‘legally blind’ have no functional vision. An added complication with
diabetes is that the degree of visual impairment can vary from one day
to the next as blood sugar control and general health fluctuates. Some
device manufacturers have recognised the particular needs of these
individuals with the BBI Healthcare Clever Chek glucose meter (which
features large distinct controls and has a talking interface) and the
Axis-D pen developed by Team for Haselmeier4 have features to make the
pens more accessible to users with limited vision.

The resulting standards guidance was
far more relevant thanks to the input of
these two SMEs. The group was chaired
by Robert Nesbitt (of Abbvie) who was
later awarded and ISO Excellence Award
for his work chairing this committee and
ensuring that the standard was written
with input from research experts and
individuals with visual impairment.
All of which brings me back to my starting
point - making products more universal
isn’t just the right thing to do morally;
it makes products better for everyone.
Just as the way that the curb cuts
helped pushchair owners and wheelchair
users alike, tactile pavements help
visually impaired walkers and prevent
smartphone zombies walking into traffic.
Presenting information in multiple
persistent ways helps all users - not just
those deficient in one or other sense.
In the next article, Kay Sinclair and I
explore some of the resources available
to product designers and describe some
of the approaches that can be employed
to make your designs more inclusive.
ENDS

The principles of universal design
“During the drafting of the 11608-7 standard, my own research led me to the work
of the Center for Universal Design at North Carolina State University in the USA
and the seven principles of universal design that they developed there. According
to the centre, the principles “may be applied to evaluate existing designs, guide
the design process and educate both designers and consumers about the
characteristics of more usable products and environments.”5
References

Equitable use
The design is useful and marketable to
people with diverse abilities.
Flexibility in use
The design accommodates a wide range
of individual preferences and abilities.
Low physical effort
The design can be used efficiently
and comfortably and with a
minimum of fatigue.
10

Tolerance for error
The design minimizes hazards and the
adverse consequences of accidental or
unintended actions.

Perceptible information
The design communicates necessary
information effectively to the user,
regardless of ambient conditions or the
user’s sensory abilities.

Simple and intuitive use
Use of the design is easy to understand,
regardless of the user’s experience,
knowledge, language skills, or current
concentration level.

Size and space for approach and use
Appropriate size and space is provided
for approach, reach, manipulation,
and use regardless of user’s body size,
posture, or mobility.

1. https://www.smithsonianmag.com/smithsonianinstitution/ed-roberts-wheelchair-records-storyobstacles-overcome-180954531/
2. https://www.diabetes.co.uk/diabetes-complications/
diabetes-and-visual-impairment.html
3. https://www.rnib.org.uk/who-we-are-knowledge-andresearch-hub-research-reports-prevention-sight-loss/
dr-prevalence
4. https://www.team-consulting.com/work/variable-doseinjection-device/
5. https://projects.ncsu.edu/design/cud/pubs_p/docs/
poster.pdf
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Tools for
inclusive design
By Stephen Augustyn
and Kay Sinclair

We saw in the previous article how
adopting an inclusive approach to
design reaps benefits for the broader
population, but there are other reasons
why designers should be giving this
matter more urgent thought. For
example, the UK population is growing
at speed (currently 65.6 million) and is
projected to continue growing, reaching
over 74 million by 2039. In parallel to this
growth, Britain has already entered the
age of the aged with 18% aged 65 and
over and 2.4% aged 85 and over. Globally
today almost 1 in 10 people are over 60
years old and that is set to rise to 1 in 5
by 2050. This means that people aged
over 60 will outnumber children aged
0-14 by 20501. With this aging population
comes the burden of the diseases of old
age and multiple comorbidities including
loss of vision, reduced strength, reduced
dexterity and other challenges. So, even
if you’re not currently designing for users
with reduced capabilities, there is every
chance you soon will be.
So – what’s the best way to practice
inclusive design and what resources are
available to help a designer create an
inclusive product?
There are many different legislations
and standards, however the differences
between legislation (regulations that
MUST be complied with) and standards
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(which describe best practice) are quite
fundamental and always a good place to
start. In terms of legislation there isn’t
a great deal of regulation on inclusive
design in Europe or the USA that you
are required to comply with. The key
legislation in the USA is the ADA, or
American’s with Disabilities Act but this
legislation is intended to cover access to
services and facilities and doesn’t really
help to define what inclusive design
looks like when applied to a product.
Likewise, the Equalities Act in the UK is
mainly focussed on services and access
to the built environment. However, the
UK is signed up to the UN Convention
on Rights for Persons with Disabilities
and Article 4 of the convention states
research and promotion of the design
of goods services and equipment to be
accessible to persons with disabilities2.
All well and good, but not that helpful.
Switching to standards, there is a
greater wealth of information to draw
upon. ISO IEC Guide 71:2014 is an ISO
design guidance document intended to
help technical committees write better
standards to produce more accessible
designs. IEC 71 contains many
recommendations and challenges to
the writers of such standards and some
very useful guidance on procedures,
including the importance of getting input
from your target population.

However, IEC 71 contains no real
examples of what inclusive design looks
like. For this information the designer or
engineer requires CEN ISO 22411:2008,
which provides ergonomics data and
guidelines for the application of IEC
Guide 71. ISO 22411 provides a wealth
of information on matters as diverse as
how to present information in multiple
forms (to ensure deaf or blind users
aren’t compromised), how to combine
colours effectively, acoustic design and
sensitivity to vibration.
In recent years there has also been an
increasing focus on good human factors
design, especially in the area of medical
devices. IEC 62366:2007 and AAMI/ANSI
HE75:2009 are the two main standards
outlining good practice to follow. A lot
of work has been done to harmonise
the processes outlined within these
standards and now they are at their
foundation aligned and reflect simply
good design. These should now help the
process of inclusive design. ≥

“Even if you’re not currently
designing for users with reduced
capabilities, there is every chance
you soon will be.”
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Three main stages:
1. Preliminary analysis
Defining user profiles, use scenarios
and use environments. This not only
provides essential understanding to
help direct and evaluate potential
design iterations, these three
elements are part of both the FDA
and IEC 62366 documentation
requirements.
2. User interface design / evaluation
This is an iterative process between
concept creation and formative
evaluation. Formative evaluations
are usability tests and assessments
conducted early and throughout
the design process. They are
an essential part of the design
process and enable the designer to
understand the motivations of the
user and potential opportunities
for user error, both of which are
essential to the development of a
safe and effective device.
3. Simulated use testing (validation)
Summative or validation testing of
a device with representative users
performing a set of use scenarios
provides the main body of evidence
of safe and effective use for both IEC
62366 and the FDA human factors
pre-market evaluations.
The key difference with inclusive
design is that you may have a
broader user profile to explore
and you need to be cognisant that
every design decision you make
has the opportunity to include
or exclude potential users. This
sounds more daunting than it is.
At its basic level it is about clearly
understanding your users, in
particular their motivations and
capabilities and regularly returning
to this understanding to guide and
evaluate your evolving design.
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The challenging part can be fully
understanding the capability challenges
of your potential users and in parallel
defining the level of inclusion that
is appropriate and realistic for your
product. Capability loss is a spectrum
and not a linear one at that. There are
many aspects to understand, take visual
capability loss for example - ageing
and various eye conditions cause the
function of the eye to deteriorate, which
can result in blurry vision, reduced
contrast sensitivity, and loss of vision at
the centre or the periphery of our vision.
Therefore, where do we go to understand
which aspects of capability loss may
affect your potential user base?
There are two fundamental sources
of information – desk-based research
and user studies. Both sources are
valid and extremely useful at different
points throughout the design and
development process.
There are several types of desk-based
research, which are predominantly
utilised within the preliminary analysis
stages of a programme.
Capability data – this can help define
the size of a feature or the force required
to interact with that feature. Good
sources of this type of data are BSI
ergonomic data, DTI strength guidelines3
for ageing populations, etc.
Knowledge databases – these provide
an understanding of the difficulties and
challenges users face, either through
subjective experiences from actual users
or reported known use errors that occur
with like devices e.g. research forums
and blogs or adverse events databases
like MAUDE.
Use case risk assessments – a
fundamental tool to thoroughly explore
and identify areas of potential use error.
A PCA (perception, cognition, action) risk
assessment approach can be especially
useful as part of an inclusive design
approach as it helps those doing the
assessment to really focus on what
capability demands are put on the user
for a given task.

As outlined in IEC 62366 and the FDA
guidance, testing with users throughout
the development is essential and should
be done as much as time and budget
allows. This user interaction aids the
whole development process from
helping define the user profiles and use
scenarios within the preliminary analysis
stage, through design evaluation and
iteration all the way to final validation.
You will always learn something from
every touch point with users, and this is
especially true when trying to achieve
an inclusive design. This is the best way
to really understand and appreciate
the challenges users may face. More
importantly though it will help you
understand more about potential coping
strategies a user may adopt and where
their motivations lie, to help you make
those inevitable design trade-offs. For
example, convenience and safety are
often at odds with each other.
User research is often seen as expensive
and time consuming and it can be, but
it doesn’t have to be. Informal, ‘quick
and dirty’ formatives are possible. Going
along to a support group or the reception
area of a clinic where you can target
multiple people within your user profile
can just take an hour or two and cost
no more than the price of some good
snacks! Obviously, permissions and
consents are required, but this is not
unsurmountable. Telephone interviews
with health care professionals (HCPs),
with or without the ability to share visual
information can help answer some
questions that a designer or engineer
simply doesn’t have the knowledge
or experience to definitively answer.
However, it isn’t always possible to
gather user feedback at the point in
time when you need it. In which case
simulation tools may be another valuable
option. Many moons ago Kay was
involved in the infancy and definition of
the University of Cambridge inclusive
design toolkit. The aim of this toolkit
is to help designers and marketeers to
understand the challenges faced by
users with capability loss in the form of
many examples and exercises, a design
process to follow aligned with 62366 and
the FDA guidance, as well as simulation
tools. The simulation tools within this
toolkit include:

Online simulation software tools –
these consist of vision and hearing
impairment simulators that enable you
to apply simulated vision impairment to
images of your own designs or to listen
to audio from your design with simulated
hearing impairment.
Physical simulation tools – there are
simulation gloves to demonstrate how
limitations in hand movement can affect
product use, such as limitations caused
by conditions like arthritis. There are
simulation glasses to provide insight into
the effects of various types of vision loss
on product use. Therefore, these devices
can help designers experience firsthand what it is like to use their device
concepts with their users’ type and level
of capability loss.
The other very helpful tools that an
inclusive design toolkit provides are
exclusion calculators. These are
resources to help you estimate the
proportion of the British population who
would be unable to use your product
or service because of the demands
it places on your users’ capabilities.
The main exclusion calculator involves
estimating demands on a range of
capabilities, including vision, thinking
and dexterity. This tool obviously has its
limitations – primarily as it is based on
data from 1997 and on UK population
data only, however this remains the best
capability data available. As mentioned
one of the key differences with an
inclusive process is being cognisant that
every design decision has the ability to
include or exclude potential users. This
tool helps you understand the impact of
those design choices and enables you
to define the level of inclusion that is
appropriate and realistic for your product,
by helping you quantify accessibility and
therefore prioritise improvements.

Oxo Good Grips range of kitchenware.
Originally founded by Sam Farber to
help his wife who had mild arthritis
and was frustrated with the unwieldy
potato peeler she owned. The resulting
rubberised black-handled peeler has
become an iconic design, winning many
awards. However, on the shelf it was
packaged in a standard heat-sealed
blister pack, which is unopenable
without a tool and even then, many
people with arthritis still struggle. This
highlights how important it is to look
at the whole system and to keep the
inclusive design mindset at the heart of
all design decisions to prevent excluding
a potential user or making them struggle
unnecessarily. Designs that are inclusive
are imperative for those with capability
loss, essential for the growing ageing
population and fundamentally better
for everyone now as we all experience
scenarios of short-term capability loss.
Designing inclusively is simply good
design and there is no excuse, there are
many tools out there to help designers
realise a more inclusive world.
ENDS

References

One last thing to say on being thoughtful
and sensitive to the impact your design
choices have on including or excluding
potential users – ensure you keep this
mindset across all aspects of your
product; i.e. the device, the instructions,
the packaging, accessories, the online
support or app, etc. One of the most
commonly used examples to promote
the value of inclusive design is the

1. National Population Projections: 2016-based
statistical bulletin. https://www.ons.gov.uk/
peoplepopulationandcommunity/populationandmigration/
populationprojections/bulletins/
2. https://www.ohchr.org/EN/HRBodies/CRPD/Pages/
ConventionRightsPersonsWithDisabilities.aspx#4
https://www.ons.gov.uk/peoplepopulationandcommunity
http://www.helpage.org/resources/ageing-data/globalageing-statistics
3. http://webarchive.nationalarchives.gov.uk/+/http:/www.
dti.gov.uk/files/file21830.pdf
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Beautiful boxes

I doubt it’s ever occurred to you, but
you’d probably imagine that sitting
inside a Challenger 2 main battle tank in
peacetime is probably a safe place to be.
I wish that were true.
It is 60 tonnes of exotic armour but it is
far from safe, and how I learned that,
taught me a lesson about design that is
still important to me now.
I was a young human factors specialist;
I don’t recall how it happened, but I
was asked to help with the seating
arrangements for the commander’s and
gunner’s positions as the Challenger
2 was being designed. This was a
workplace far from my experience so,
just as I would on any project, I asked
for the opportunity to familiarise myself
with the workplace, and to empathise
with the people working there. I was invited
to Bovington Camp, and allowed onto the
training area in a Challenger tank.
Of course I had to wear the military
fatigues, carry representative supplies
and wear a helmet and respirator –
typical for a period on active duty.
Wearing the respirator was a tough
one: it restricted your vision and
your breathing, and it had an odour
suggestive of a recent curry. Dutifully I
put all this on and descended into the
vehicle. I sat rather apprehensively in the
gunner’s position and we set off.

By Martin Bontoft
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Imagine this, I am about a metre down in
the vehicle, basically sat in a basket that
hangs from the turret and rotates within
the belly of the tank. To my right is the
gun’s breech – 3 tonnes of shiny, gyrostabilised metal – moving up and down
as we traverse the rough ground. Beyond
that are the legs of the commander, who
is sitting in his high position with his
head just out of the open hatch. And out
of the open hatch, I see a little patch of
blue sky that tumbles about and I realise
just how fast we’re moving over this
rough ground.

“Our box, our design,
becomes everything.
We forget that what we’re
working on fits into an
ecology of other things.”
It’s too much for me, and I start to feel
nauseous. I gulp air and try to relax. But
we’re going faster now, the engine noise
is deafening, we’re crashing through the
landscape and slewing round corners.
It’s no good, I’m going to throw up. I reach
for the respirator, and of course it won’t
come off because of my helmet. I pull my
helmet off and suddenly the vehicle slows.
As the engine noise reduces, another
noise takes its place; I become aware of
some choice military-strength swearing
from my commander, whose angry spittle
rains down on me. Once I’ve filtered the
swearing and extracted the meaning, it
turns out he’s explaining that taking off
your helmet inside a tank is not a good
idea. In fact, it’s a really stupid idea.
He draws my attention to what’s around
me, all the various subsystems of the
tank – radio, intercoms, range finding
and such like – all fixed to the turret
walls in nice, neat boxes. Each of these
metal boxes has hard, right-angled
corners that now look menacing, inches
from my unprotected head. I get it, and I
get my helmet on quickly.
We have an eventful ride over the tank
proving ground and I learn lots about
the environment, tasks and people. On
the way home, I reflect on everything
and realise something about the way
we design stuff. Whatever we design,
no matter how big and complex it is, it is
only ever part of an even bigger system.
But to us, as we design, that part we
are responsible for becomes our focus,

becomes everything. We want to do a
good job, which means putting a nice
‘box’ around it, to protect it and finish it
off. And unless we get the chance to see it
in its final location, we never get to realise
what our box might mean (for a hapless,
nauseous ergonomist, for example).
It seems to me we do this with most
things. Our box, our design, becomes
everything. We forget that what we’re
working on fits into an ecology of
other things. It’s natural... what we’re
designing, we have some influence over.
We can do nothing about everything
else, and so the tendency is to forget
it. The reality we create for our end
users is sometimes fractured, complex,
dissonant... but our box is beautiful.
It is often this way with medical
devices. I’ve been to the homes of
patients and seen the array of devices
dictated by their therapy. Each device
different in how you load the drug
and use it to get maximum benefit,
sometimes significantly so. No apparent
consideration of the ecology of devices
and therapies. Each device is beautiful,
the designers did a great job but I still
worry about the user and their experience.
Occasionally, we get the chance to
optimise the end users’ experience.
To tweak the design and acknowledge
whatever else the patient has to use in
the management of their disease. I like
to think our best work is done when we
do that; but it doesn’t happen on every
project. Let me take it a step further: I
wonder whether all of us can imagine
compromising a design slightly in order
that we fully acknowledge the ecology
of devices and therapies. That surely is
foreseeable, and wouldn’t it be a great
test of our user-centeredness? And
it might avoid the next generation of
ergonomists getting rained on by irate
tank commanders.
ENDS
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Quantum dots
A new dimension
in diagnostics

By Laureline Mahe
and Stella Wooder

Prevention is better than cure, or so
the saying goes. It is then no surprise
that investment in medical diagnostics
continues to grow apace. Research,
innovation and development of better
detection methods ultimately leads to
simpler resolution, reduced trauma for
the patient and faster and more costeffective treatment. These goals have
been driving giant leaps in diagnostic
development and one of the most
fascinating ‘emergent’ (emergent within
diagnostics. Quantum dots have been
exploited commercially for over 20 years)
diagnostic tools is the quantum dot (or
QD for short).
QDs are so called because they are
miniscule specks of matter – so small
that they are in effect concentrated
into a single point (hence ‘dot’). Another
way of looking at it, is to think of a QD as
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being zero-dimensional, an object with
no measurable width, length or height.
Another alias for QDs is ‘artificial atoms’
– while they are miniscule, they are not
always single atom-sized. They are in
fact groups of atoms at the nanoscale
(typically man-made crystal structures
that range from 2nm to 10nm in diameter
– that’s between 2 to 10 billionths of
a meter!) QDs are nanoscale semiconductors, made from materials such
as silicon, cadmium selenide, cadmium
sulphide, or indium arsenide, ingredients
used extensively in electronic circuits.
What makes QDs special - and frankly,
a bit quirky - is that they obey the
quantum mechanical principle of
‘quantum confinement’, but in their
own unique way. What does this mean
and why it is significant?

School-level science tells us that if you
give an atom energy, you can ‘excite’ it;
i.e. you can boost an electron inside it to
a higher energy level. When the electron
returns to a lower level, the atom ‘gives
back’ that excitation energy. It emits a
photon of light of a slightly lower energy
(and longer wavelength) than the atom
originally absorbed during excitation.
Atoms emit different colours of light.
Since wavelength and frequency
determine colour, different atoms
emit different colours. Another factor
determining atoms’ colour is the way
their energy levels are arranged. The
energy levels in atoms have set values;
they are said to be quantised. ≥
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Hepatitis B virus genome

Other virus X genome

Probes wih QD barcodes

CODE: 1-1-2

CODE: 1-1-2

‘A fine line’
A pregnancy test works by
detecting hCG, the ‘pregnancy
hormone’ in blood or urine.
This hormone is produced by
the placenta and is a perfect
biomarker. In a pregnancy test,
a special reagent is used which
reacts and binds to hCG.

Figure 1: Fluorescence images of quantum dots suspensions (image taken from: Kosaka,
Nobuyuki et al., 2010)

QDs are similar in terms of their
quantised energy level behaviour. But,
curiously, a QD of a specific material
(such as silicon) is capable of producing
a different colour depending on its size
(Figure 1). This ‘tunable’ light emission
means that in general, a small-sized
QD emits blue light, whereas a large
QD generates red light. Different sized
QDs can produce a veritable rainbow of
spectral colours (Figure 2: quantum dots’
size vs colour).

In a home-use device, as urine
and testing dye move across a
pregnancy test reagent field,
hCG is captured along with the
dye to produce a qualitative
diagnosis, specifically a clearly
visible ‘fine line’.

Quantum dots’ size vs colour

Antibodies, the body’s built-in defence
mechanism, have a useful ability to bind
to antigens, substances which trigger an
immune response in the body. Adding a
chemical probe or label to an antibody,
which emits light, or fluoresces (known
as a fluorophore), makes it easy to detect
what is happening, i.e. what biomarker is
present and how much of it there is.

BLUE LIGHT
QUANTUM DOTS

FLUORESCENCE

Size-dependent colour

450

500

550

600

650

WAVELENGTH (NM)

Figure 2: The spectral range of colours emitted by QDs of different sizes. Image courtesy of:
Jeff Yurek, Nanosys Inc, Milpitas, CA.
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Now you see me…
Medical diagnostics – the art and
science of finding the cause of
someone’s symptoms – relies on finding
a ‘culprit’, for example, biomarkers in a
small volume of human tissue or fluid
(such as blood or urine). This chemical
finger-print signals the presence of a
specific medical condition. Immunoassays are a class of tests typically used
in point-of-care diagnostics to not only
identify the specific biomarker, but to
find out how much of it is present in the
diagnostic sample. The ‘immuno’ prefix
relates to the use of antibodies during
assay. A well-known example of such a
test is home pregnancy tests (see text
box: ‘A fine line’).

Organic dyes (like fluorescein or
rhodamine), or fluorescent proteins (GFP
or RFP, for example) are widely used as
light-emitting probes or labels. But QDs
are also fluorophores and are muscling
in on the diagnostics scene. A quick look
on the web tells you that fluorescent
organic dyes are available which cover
a wide range of required colours or
wavelengths, so replacing them with QD
labels may seem unnecessary. However,
the introduction of QDs could make a
huge difference in diagnostics because
test sensitivity, accuracy and specificity
are improved, without the need for
change or additional complexity in the
existing detection equipment. When it
comes to QDs versus organic dyes, here
is how they perform:

CODE: 1-2-1

By using 3 probes all labelled wih different QD
barcodes, false positives like virus X can be avoided
CODE: 2-1-1

Figure 3: Using QD to improve disgnostics techniques

Brightness •
QDs are typically an order of magnitude
brighter than their organic molecule
counterparts. This is partly because
QDs have a larger capacity for absorbing
light (scientifically speaking, they have
a larger molar absorption coefficient)
and the ratio of photons produced per
photon received (known as fluorescent
quantum yield) is high in the visible range
and infra-red. Organic dyes, on the other
hand, have a smaller molar absorption
coefficient and high quantum yield in
the visible range only. The brightness of
organic fluorophores depends on their
size, rigidity and covalent structure
(strong chemical bonds holding the
atoms together in a distinctive shape),
making them more susceptible to lose
their energy in way that do not produce
light (i.e. non-radiative). Increased
brightness is particularly useful for
in vivo diagnostics, where brighter
emissions could compensate for
processes where light is lost on its way
to the detector such as light scattering,
absorption and autofluorescence in
biological tissues.
Sharpness •
The emission peaks (i.e. the coloured
spectrum emitted by the QDs) produced
by QDs are sharp and narrow, with little

overlap (they don’t emit at the same
wavelengths) between the peaks of
multiple QDs excited simultaneously
(i.e. their emissions are very distinct
from each other); this means they are
clearer and easier to spot. Thus it’s easy
to measure the light emitted by different
QDs emitting light simultaneously,
because their emission spectra can
be separated out very easily. On the
other hand, the spectra of light emitted
by organic dies are broader (e.g. two
different dyes can emit lots of light of
different colours) and can overlap (e.g.
two different dyes can emit light of the
same colour and with similar intensities)
in a significant manner. This means that
it might be trickier to distinguish (or filter
one spectrum out using an optical filter
and clever mathematics) two emission
signals from one another.
Optical stability •
A phenomenon called photobleaching,
a chemical reaction between the
fluorophore and its immediate
environment, occurs in most organic
molecule fluorophore materials. Over
time the fluorophore will degrade, until
it loses its ability to fluoresce. Quantum
dots are inorganic and therefore much less
susceptible to this photobleaching effect;
a great advantage for in vivo diagnostics.

Excitation •
In order to emit light, QD dots need
to absorb an incident (or excitation)
light. The absorbance spectrum of
QDs is broad, increasing towards lower
wavelengths (the blue hues), and is very
similar for all quantum dots. What this
means is, first, there is a large choice
of incident lights in the lower part of
the spectrum that can be used as they
will have sufficient energy to excite
a QD dot. Secondly, as all QDs have
similar absorption spectra (they overlap
in the lower end of their absorption
spectra with intensities that are not
too dissimilar), one excitation light can
be used to excite multiple quantum
dots (often chosen in the UV range).
In contrast, organic dyes have narrow
emission spectra, which leaves little
choice to which wavelength should be
used (i.e. on a simplistic scale, only one
type of incident light will trigger a light
emission from a particular organic dye).
Also, the absorption spectra of organic
dyes generally do not overlap enough
so one excited be used to excite several
simultaneously. ≥
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There are several advantages to
multiplexing in assays. In complicated
medical conditions an accurate diagnosis
may not be possible based on detection
of a single analyte only. Multiplexing
may unlock the development of rapid
and low-cost diagnostic platforms.
This is particularly useful for point-ofcare devices. In a same sample, it is in
theory possible to detect simultaneously
multiple analytes labelled with QD of
different sizes using a single excitation
light-source. An example of this
profiling approach was used to validate
a diagnostic barcode technology (See
Figure 3) in which multiple regions of
the Hepatitis B virus genome (different
parts of the genome that have different
physical characteristics) were targeted
simultaneously, improving the assay
sensitivity significantly from 54.9–66.7%
to 80.4–90.5%. By encapsulating QDs
of various sizes (varies the emitted
wavelength) and quantities (varies the
intensity of the emitted light) in a single

label, it is possible to produce many more
distinctive labels (tens of thousands)
than by using single QD labels only (these
will only emit one particular color rather
than a combination of colours).
Other examples of the benefits of using
QDs include DNA sequencing and cancer
diagnostics and treatment (see text box:
QD in the surgeon’s toolbox).
… Now you don’t?
QDs show great promise for diagnostics
applications. The scientific literature
has prolific examples of the benefits of
QDs in diagnostics. The obvious question
is: why don’t we see more diagnostic or
more general medical applications using
QDs? One reason might be that, as with
any new technology, there may be some
reluctance to use it for applications
where organic dyes are well established
and well-characterised. Organic dyes are
also comparatively cheap. Other possible
hurdles include:

Functionalisation
A QD’s surface chemistry depends
on the synthesis process used.
The reproducibility of the surface
chemistry may be difficult to
control or ensure its consistency.

QD materials
There is a risk is that heavy
metals contained in many
QDs – such as cadnium
and selenium could leak on
illumination or oxidation. QDs
containing these materials
would require coating to
meet biocompatibility
requirements.

Imagine for a moment that you’re a surgeon about to operate on a
patient’s breast tumour. Ideally, you’d like to be able to accurately identify
the cancerous tissue ‘in real-time’, that is, during the procedure, but
current methods don’t quite allow that.
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QDs migrate slowly and can fluoresce for many hours; allowing for a
more accurate and prolonged delineation of the tumour. Also, QDs can be
tuned to emit light at a desired wavelength to see through body tissue,
for example using infra-red wavelength to see through fat tissue.

Body clearance
The size of a quantum dot is
of the order of 6nm - 60nm
in diameter (hydrodynamic),
compared to that of an organic
dye of about 0.5nm diameter.
This leads to the systemic risk
of the kidneys not being able
to get rid of QDs.

Hurdle #2

QD in the surgeon’s toolbox

Firstly, you need to inject a fluorophore, for example, an organic dye such
as methylene blue, into the target area in order to light up the cancerous
cells. Here, we’re relying on a property of the fluorophore to penetrate
cancerous tissue more deeply than healthy tissue. Unfortunately, the
dyes rapidly migrate to the surrounding tissue. This means all you have
to drive your steady hand, is an image taken right after the injection.
To be on the safe side, you will need to cut a larger margin around the
malignant area, which you’ll examine afterwards to make sure it’s clear
of any cancer cells (margins can be as big as 2mm).

Toxicity

Due to the newness of their
application in diagnostics, there
is – to date – limited data on the
reproducability of QD synthesis.

Surface
chemistry

“The development of QDs
is not based on a few big
and bold discoveries or
inventions. Rather it is a
painstakingly slow journey
of gradual development; at
result of which will be some
truly revolutionary products
and applications”

Hurdle #1

Labelling
There are no established protocols
for labelling biomolecules with
quantum dots. Little information
exists on the effect of labeling on
QD properties.
Several biomolecules (such as
antibodies) are typically attached
to a single quantum dot, which
makes the orientation of these
biomolecules difficult and can
affect the way an assay works.

Limited data on reproducibility,
characteriation, comparatibility,
batch-to-batch variation
in comparison to organic
dyes, which are very wellcharacterised, produced on a
large scale and reproducability
/ consistency is validated.

Hurdle #3

Manufacturing
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“There is great potential for the
tiny QD to make a huge difference
in medical diagnostics.”

Little things mean a lot
So, what now for QD-based technology?
The answer is, despite the great progress
being made, there is still some way to
go before commercial QD technology
is ubiquitous. However, there are
encouraging examples, such as life
sciences company Thermofisher’s
Qdot® product (www.thermofisher.com).
By coupling the Qdot® nanocrystals
with other substances, such as specific
proteins and small molecules, the ability
of the QD to bind to the desired targets
is significantly improved. Together, with
the unique performance of QDs, a class
of ‘super-biomarkers’ are created which
are able to outperform conventional dyebased biomarker technology.
A lot of research continues in quantum
dot-based biosensors for rapid point-ofcare detection (and monitoring) of a wide
variety of clinical conditions, without
the need to resort to laboratory-based
testing. One great example is connected
real-time diagnostics company, Ellume’s
(www.ellumehealth.com) novel class
of biomarker based on hundreds of
QDs which is used as an ultra-bright
fluorescent tag in their GP surgery
and home-based products to assist in
the diagnosis of influenza, chlamydia
and other conditions. When bound
with detector antibodies, substantial
improvements in performance are
delivered, when compared to existing
detectors (Ellume website).
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These examples of how QD technology
are finding a new level in diagnostics –
albeit in small steps – are encouraging.
The development of QDs is, to quote
the editor of leading nanotechnology
website nanowerk.com, Michael Berger:
“not based on a few big and bold
discoveries or inventions. Rather it is a
painstakingly slow journey of gradual
development; at result of which will be
some truly revolutionary products and
applications”. Whenever it happens,
there is great potential for the tiny QD
to make a huge difference in medical
diagnostics.
ENDS
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More than
just baby pics

Although ultrasound is more accessible,
the image resolution which can be
achieved has generally been considered
inferior to that of modalities such as CT
and MRI. However this perceived gap in
imaging quality is becoming increasingly
small. Over the last half century,
ultrasound technology has evolved hugely:
gone are the barely decipherable prenatal
scans, to be replaced with real-time three
dimensional videos which can show a baby
wriggle and kick. Before looking at how
these developments have been made and
what the future may hold for ultrasound
it is first important to understand the
fundamentals of the technology.
Despite being best known for imaging
babies, ultrasound is used to image
almost every part of the body, although
it isn’t good at seeing through air or
bone. By harnessing the Doppler effect
ultrasound can be used to measure and
visualise blood flow. This is particularly
useful in cardiovascular medicine, for
example the flow of blood through the
heart valves can be imaged to determine
if the valves in the heart are correctly
opening and closing and blood is flowing
through the heart as expected.

The future of ultrasound
in medical devices

By Rachel Myers
and Ben Wicks
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Ultrasound only became widely
available in hospitals in the 1970s and
yet within 50 years it has become an
essential healthcare tool. The usual
perception of ultrasound is that it’s a
cheap, safe and easy-to-use technology.
A standard ultrasound system costs
between $20,000 to $75,000 with the
most expensive systems costing around
$200,000. This is a bargain in comparison
to MRIs or CT scanners which can cost
in the millions. Furthermore, ultrasound
is highly portable unlike CT and MRI
systems which are expensive to install
and need dedicated facilities.

tool. By reducing the frequency and
increasing the pressure waves an area of
tissue where the ultrasound is focused
can be heated. The heating effect is used in
cancer treatment as a non-invasive way to
destroy tumours in the body. This is also
used in physiotherapy applications.
If the pressure is further increased a
phenomenon called cavitation occurs.
This effect is the result of a tiny vapour
bubbles forming inside the tissues
and then collapsing. If the negative
pressure phase of the ultrasound cycle
is sufficiently low, it will cause the liquid
to instantaneously vaporise into a tiny
bubble of steam. The bubble expands
in the negative pressure phase of the
ultrasound wave but as the positive
pressure peak of the wave arrives the
bubble suddenly implodes. This results
in localised shockwaves and extremely
high temperatures. Lithotripsy uses this
powerful effect to non-invasively break
apart kidney stones.

When ultrasound gets agro
Before we look at how this wonderfully
safe imaging technology has improved
over recent years we should pause and
briefly consider how ultrasound can also
be used more aggressively.

How ultrasound imaging has improved
Many decades of ultrasound research
and development have greatly reduced
cost, reduced size and enhanced image
quality. Improvements in computing have
also played a major part in improving
ultrasound systems. Yet the fundamental
design of ultrasound transducers hasn’t
changed significantly over this time and
the price of transducers remains limited by
the cost of producing piezoelectric crystals.

A small amount of energy is inevitably
lost in the process of sending ultrasound
waves into the body and this absorbed
energy is turned into heat. In the case
of ultrasound imaging the transducer
power and frequencies used mean that
there is negligible heating within the
body. However if the power and frequency
settings are changed this extremely safe
technology can become a destructive

This might be about to change with
advances in microelectromechanical
systems (MEMS) enabling the production
of capacitive micromachined ultrasonic
transducers (CMUT) to replace
piezoelectric crystals. Instead of a whole
crystal expanding and contracting, a
silicon membrane on a capacitor is
deflected like a drum to produce an
ultrasound wave. Capacitors are used

in almost any circuit board and, as a
result, have greatly benefitted from the
advances in electronics over the years.
This should mean that large numbers of
CMUTs can be fabricated inexpensively,
which opens up the potential of complex
two-dimensional arrays. Additionally, it is
possible to build the transducers on the
same silicon wafer as the electronic drive
circuits, thereby reducing size and cost,
potentially making ultrasound low cost
and small enough to find a host of new
uses within healthcare. ≥

The physics behind it
Piezoelectric crystals are a type of
material that responds to an alternating
current by expanding and contracting.
If the frequency is between 20 Hz and
20,000 Hz it will produce a pressure
wave that can be heard by humans
but above 20,000 Hz it will no longer
be detectable by ear and is labelled
ultrasound. To image within the body
an array of piezoelectric crystals is
manufactured into a transducer. This is
placed in direct contact with the skin
and a series of ultrasound waves are
projected into the body. Different organs
and tissues within the body have slightly
different acoustic properties and, as a
result, when the ultrasound reaches the
boundaries between them, some of the
ultrasound is reflected, while the rest is
transmitted or absorbed. When these
reflected pulses bounce back and hit the
transducer it causes the piezoelectric
crystals to expand and contract (albeit
ever so slightly) which in turn causes the
crystals to emit a very small electrical
signal. The signals are amplified,
analysed and the time taken for these
reflections to be received across each of
the crystals can then be interpreted to
create an image.
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“A tool which detects the presence of
underlying structures would be valuable
navigational aid to the surgeon.”

Future developments and their
potential uses
As ultrasound systems gain resolution,
become cheaper and smaller they
are finding a growing number of uses
within healthcare. We’ll finally look at
some of the emerging applications
where ultrasound could bring about
transformative changes to healthcare.
Some of these applications will be
enabled by incremental improvements
while others will only come about through
step changes in ultrasound technology,
such as capacitive micromachined
ultrasonic transducers (CMUTs).
Intra-operative visualisation
There has long been an interest in
giving surgeons ‘smart tools’ which can
identify different tissues and structures
within the body. Several optical and
spectroscopic techniques have been
evaluated and demonstrated in the
academic world, although none have yet
made it onto the market. Miniaturised
ultrasound probes could potentially
be incorporated into surgical tools
facilitating visualisation of structures
within the surgical site during surgery.
A tool which detects the presence of
underlying structures would be valuable
navigational aid to the surgeon.
This isn’t beyond the realm of possibility
since the size of an ultrasound array is
only limited by the desired wavelength
of the ultrasound. And if the array is only
imaging relatively shallow tissues (e.g.
a few centimetres) then the transducer
might only measure a few millimetres,
small enough to be mounted onto
surgical tools or other interventional
devices. The vision is that the surgeon
will be able to check what type of tissues
they’re touching before cutting, this
could help locate tumours or avoid other
structures such as nerves or blood vessels.
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Point-of-care devices
Most ultrasound systems are currently
quite large and require significant
training to both acquire good images and
to interpret them. This limits how and
where ultrasound can be applied, but
technology is gradually reducing costs,
reducing physical size and reducing the
skill required of the operator. All of which
could enable ultrasound systems to
become a routine diagnostic tool at the
point-of-care.
There would be huge healthcare benefits
in making ultrasound an accessible and
easy-to-use diagnostic tool, within the
hospital and pre-hospital setting. For
example, paramedics could differentiate
ischaemic from haemorrhagic stroke in
the ambulance or accurately assess the
severity of myocardial infarction before
the patient even reaches the cath lab.
Handheld point-of-care devices are
beginning to reach the market. For
example, the VScan, developed by GE
Healthcare, is a compact unit with a
hand-held piezoelectric transducer. It
allows doctors to perform cardiac and
abdominal examinations on patients
within the emergency room. A study in
2015 (Andersen, 2015) showed that
the VScan significantly altered the
primary diagnosis of 6.5% of ER patients
and provided additional diagnostic
information for a further 24% of patients.
In 2018 Butterfly iQ announced the
planned launch of a portable ultrasound
device using CMUTs costing less than
$2,000 which could be operate at
multiple frequencies. At such a price,
hospitals would no longer be limited by
just a few devices in a hospital. Instead
physicians could use it on any patients
coming in through the door to improve
diagnosis and treatment decisions. The
range of frequencies would mean the

“There would be huge
healthcare benefits in making
ultrasound an accessible and
easy-to-use diagnostic tool.”
Butterfly iQ could be used to image many
different organs and tissues.
As hardware prices continue to fall
there is likely to be a greater need to
deskill image of interpretation at the
point-of-care. This may in fact become
the greatest bottleneck. Advances in
computing may reduce this bottleneck
but progress is unlikely to be fast and we
will not see software making diagnoses
for the foreseeable future.
The biggest challenge isn’t the
technology itself, in fact the domain of
machine learning or artificial intelligence
(AI) is moving very quickly and is currently
in vogue within the tech community.
Machine learning has already been
used to identify regions of interest
in an ultrasound image and identify
abnormalities (Huang, Zhang, & Li,
2018). By far the biggest challenge for
automated analysis of medical images is
the regulatory pathway. Notified bodies
and regulators such as the FDA require
the bar very high in terms of rigour and
verification of any medical software. If
software is going to be relied upon to
interpret an ultrasound image and offer
any kind of advice or make a diagnosis,
then it will require an astonishingly high
level of verification.
The idea that the software could employ
machine learning and get better over
time sounds nice but is a minefield
from a regulatory perspective. How do
you verify software which is constantly
learning and evolving?

Conclusions
Over the last few decades we have
witnessed astonishing progress in
the consumer technology – from
smartphones to drones – we now take
for granted technology which was
unimaginable 30 years ago. Ultrasound
has benefited from such advances and
it will become an increasingly powerful
healthcare tool, but we have to be
realistic and accept that the evolution
of ultrasound won’t be able to keep pace
with the world of consumer electronics.
The regulatory environment for medical
devices will probably have the greatest
influence on how and where ultrasound
can be applied in the next few decades.
Let’s hope that intellectual hunger of
experts in the fields of physics, materials
and ultrasound can be matched by the
skill, creativity and perseverance of
our regulators as they seek to balance
the risks of new technologies with the
benefits they can bring to mankind.
ENDS
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PARTNERS IN
EVOLUTION
Challenges and changes
for parenteral drug delivery
By John Burke

As new drugs are developed and
therapies are shifted from hospital
to home, it’s tempting to think that
existing delivery devices will be able
to cope. As device developers, we
must not lose track of the industry’s
constant changes and advances.
Following are a few key trends to
consider when designing devices for
our evolving industry.

PROBLEM CHILD
Drug development, particularly clinical
programmes, tend to focus on adult
patients – and it’s easy to see why.
The challenges and potential risks
associated with evaluating new drugs in
paediatric patients are numerous.
The result is that many drugs prescribed
to children have only been tested in
adults. The FDA estimates that before
it introduced a dedicated paediatric
programme, only about 20% of approved
drugs were labelled for paediatric use. ≥
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“DELIVERING MEDICINE TO A CHILD IS TRICKY
ENOUGH, BUT THE ADDITIONAL CHALLENGE OF
ACCURATE METERING AND DELIVERY AT SMALL
VOLUMES NEED TO BE CONSIDERED.”

To address the situation, both the FDA
and EMA have encouraged research
and development through incentives
and legislation. The Pediatric Research
Equity Act enables the FDA to require
paediatric studies. Whereas the
Best Pharmaceuticals for Children
Act includes a paediatric exclusivity
provision which provides companies
with an additional six months of
marketing exclusivity if they conduct
studies in children. This has proven
an effective financial incentive, with
increasing numbers of pharmaceutical
companies agreeing to test their drugs
in paediatric patients.
Delivering medicine to a child is tricky
enough, but the additional challenge
of accurate metering and delivery
at small volumes should not be
underestimated. This is something we
have faced on a number of projects at
Team. A typical anti-TNF therapy (such
as etanercept, used to treat a range of
chronic conditions in adults) requires
a 1mL dose, and is a relatively easy
starting point; whereas a more specialist
application like an intravitreal injection
(such as Eylea or Lucentis), might require
an adult dose in the region of 50µL –
a more challenging proposition. It’s
perfectly feasible that without a change
to the formulation, this could translate
into a paediatric dose of 10µL or less.
From a device perspective and usability,
this poses significant challenges:
• the relative size and position of the
air bubble in relation to the delivered
dose can lead to inconsistent dosing
or, in extreme cases, no dose being
delivered at all;
• the residual volume contained within
the hub or needle can exceed that of
the delivered dose;
• even experienced HCPs can struggle
to set such a small dose accurately
and exhibit unexpected behaviour and
use errors.
While it’s great to see pharma clients
undertaking clinical studies to establish
the safety and efficacy of their drugs for
all age ranges, available devices may not
adequately address the technical and
use-related risks involved. The challenge
of accurately metering and delivering
these small doses is something often
underestimated.
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LARGE IS
GETTING LARGER

drawing out and delivering drugs
with a pump, or squeezing it out by
compressing a flexible primary pack.

The first generation of wearable injectors
could deliver up to 3mL. With new
therapies on offer, it’s now common
to see enquiries for doses of 10, 20, or
30mL. As with auto-injectors, a host of
new delivery devices and technologies
are appearing in response to these
demands. Larger doses require different
methods of injection.

Several companies are developing
innovative products in this area,
notably Sensile Medical with its range
of pump-based devices. Another is
Enable Injections and its development
of compact on-body devices ranging
between 5 to 50mL. In parallel, Quantex
Arc has focused on developing a range
of cost-effective, single-use pumps that
can form the foundation of a custom
device development rather than an offthe-shelf device. The potential

The alternatives to pushing the drug out
with a spring or motor drive include

improvement in user experience
enabled by these new delivery
technologies is significant, but careful
due diligence and technical evaluation
is essential to determine their
suitability for a given application.
We have seen instances with certain
devices where large protein molecules
have been adversely impacted, resulting
in reduced efficacy by the shear stress
applied during the pumping process;
but the same molecules have been
unaffected in other technologies.

THE INCREASING
RANGE AND CAPABILITY
OF AUTO-INJECTORS
Gone are the days when auto-injectors
were limited to a 1mL BD Hypak syringe.
Over the past decade there has been a
marked shift in what is perceived to be
acceptable for the user. We are seeing
an increasing number of programmes
focused on 2mL or more of drug delivered
into subcutaneous tissue.
There have been pulls from pharmacos
with formulations that were not stable
within a 1mL limit, or increased efficacy
enabled through the delivery of a larger
overall volume. Similarly, this has been
enabled by larger volume, handheld autoinjectors and safety syringe products
from SHL Group, Ypsomed, Bespak,
Nemera and BD; coupled with the
supply of ready-to-fill 2.25mL syringes.
It appears that there may be room to
expand further, as SHL Group have just
introduced a 3mL cartridge-based autoinjector, ‘Maggie’ onto the market.
How much is too much?
At the moment there are very few autoinjectors over 1mL that have made it to
market. Concerns remain over the impact
of injecting larger volumes into sensitive
subcutaneous tissue. Is the increased
discomfort and pain experienced by
users acceptable? ≥
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FILL AT POINT-OF-CARE
Some of the technologies available
have the ability to automate filling at
the point-of-care, traditionally seen as
a negative from a user perspective. This
presents some interesting benefits
and opportunities:
What’s in it for the pharmacos?
• biologics and other sensitive drugs
can be stored in standard glass primary
containers (vials, cartridges and
syringes) with established stability data.
Pharmacos may be able to leverage
existing stability data to further reduce
development risk and time to market;
• a wider range of materials could now be
used to hold the drug within the device
for the relatively short injection time.
This provides designers and engineers
with greater flexibility over the design
and layout of the components. This could
then lead to compact, space-efficient
devices that are better suited to being
worn on the body;
• packaging the drug and device
separately mitigates some of the risks
associated with recall, as the two can
be treated separately. If a component
within the device falls out of specification
then this can potentially be recalled
independently of the drug.
What’s in it for the end user?
The challenge is in making a fill at pointof-care system as simple and easy to use
as a pre-filled device. The benefits need
to outweigh the additional steps required
from the end user and the potential for
error. Progress has been made and some
of the latest devices have sought to
simplify and automate the filling process,
which goes a long way to addressing
these issues. Enable Injections has
designed a user-filled syringe system for
“optimum patient ease of use”, and we
may see more of these systems in future.
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PLATFORM
PRODUCTS ARE WELL
ESTABLISHED BUT HAVE
DRAWBACKS…
The availability and quality of
platform auto-injectors has increased
dramatically over the last five years. A
wide range of products is available from
established suppliers such as SHL and
Ypsomed, with newer offerings designed
around novel technologies from the
likes of Bespak and Oval. It’s easy to see
why these devices are so popular with
pharma clients; putting your drug into a
proven device goes a long way towards
mitigating development risk, and can
significantly reduce time to clinic and
eventual commercial launch.
These companies have benefitted from
knowledge and insights from existing
marketed products, and have made
efforts to continually improve their
products and address known use issues.
In addition, the technical capability of the
devices available has broadened, with
products now available that allow for indevice reconstitution and variable dosing.
First across the line
While there is a lot to be said for licencing
a platform device for a new blockbuster
drug or biosimilar, there are some
potential downsides. Device suppliers
are keen to licence their device to as
many potential partners as possible.
Exclusivity deals are sometimes possible
around a specific disease or therapeutic
area, but can be prohibitively expensive.
The year 2015 saw the race to see
which PCSK9 (Proprotein Convertase
Subtilisin Kexin Type 9) would be first to
market – Amgen or Sanofi-Regeneron.
Amgen won out with Repatha, and
Sanofi-Regeneron’s Praluent followed
a few months later. Surprisingly, these
competing drugs were initially launched
in the same device: SHL Group’s DAI
auto-injector. The opportunity to
differentiate these competing therapies
through device design or user experience
improvements wasn’t possible in the race
to launch.

Running the race again
The above situation is likely to be
repeated with several blockbuster drugs
reaching the end of their patent life and
numerous biosimilars preparing to enter
the market, often in unmodified platform
devices. There is reason to be positive
though, as most of the devices offer
scope to customise or tailor the design
to the specific needs of end users, either
with changes to the design of external
casework or through the addition of clipon shells.

TREND TOWARDS
A SINGLE UNIFIED
SEQUENCE OF USE…

Differentiation doesn’t have to be limited
to incremental improvements to the
design or usability of a device. As part
of their life cycle management, Amgen
launched their market-leading white
cell boosting Neulasta in a custom
version of the OmniPod device, ‘OnPro’. In
doing so, they not only raised the bar for
biosimilars in development, but offered
clear benefits to users: following a strong
dose of chemotherapy, users are able
stay home, where previously they would
visit their doctor the following day to
receive the injection.

There are several variations on the
theme. Caps can twist off or pull off, the
needle is either pushed in manually by
the user or automatically as the device is
actuated. This trend towards a common
interface is equivalent to the evolution of
‘dial-a-dose’ insulin pens. The diabetes
market is filled with devices from
multiple vendors, all with the same core
‘dial-up, dial-down’ interface. Rather than
challenging the fundamental interaction,
technical effort is focused on refining
and improving the end user experience.
Sometimes these may be almost
imperceptible, such as tuning the sound
and feel of the dose-increment clicks.
They may be more obvious improvements
like integrating a spring mechanism
to automatically deliver the drug by
pressing a button (as found in Novo
Nordisk’s FlexTouch), that maintains
the same ‘dial-up, dial-down, push to
deliver’ interaction, while automatically
delivering the drug with the simple press
of a button.

Over the last few years there has been
a clear convergence towards a single,
simple sequence of use. Most devices
we see in development have a two-step
sequence of use: the user removes a cap,
and pushes the front end against the
injection site to actuate.

Giving the right feedback despite the
convergence on a common interface, and
the learnings from previous generation
products, opportunities still exist to
improve both the usability and user
experience of these devices. Accurate
and helpful feedback both during and
at the end of injection is a known issue,
and unfortunately many devices provide
the user with potentially misleading
feedback; clicks or haptic feedback
prior to the end of delivery could easily
confuse the user.

THE ELEPHANT
IN THE ROOM
Any article looking at trends in drug
delivery would be remiss not to
acknowledge the potential impact
connected devices may have. The topic
warrants an entire article of its own,
but it’s worth considering a few initial
thoughts here.
It’s likely that the high cost of drugs
and patient non-compliance, coupled
with the increase in payment by results
deals between healthcare providers and
pharma companies, will accelerate the
drive towards the monitoring of both
patient compliance and clinical outcomes.

SUMMARY
There are exciting and interesting
trends emerging. Therapies once only
feasible within a clinical setting are
now being self-administered at home,
enabled by innovations in delivery
technologies. Established platforms
are being refined and continually
improved. Patient preferences for
devices can now be a market reality while
remaining commercially viable. Careful
consideration of the device in conjunction
with the therapy is essential to ensure
potential pitfalls are avoided and the
device is an enabler rather than
a barrier to market success.
ENDS

For us as device developers the key
challenge lies in delivering a tangible
benefit to the end user. Navigating
the evolving regulatory landscape and
implementing appropriate sensing and
data security measures is essential but
secondary if the product or service isn’t
accepted by end users.
There are good examples of companies
getting this balance right in the
respiratory and diabetes space; One
Drop and Propeller Health are enabling
healthcare providers to monitor progress
and adherence and gain a greater insight
into the condition and effectiveness
of the therapy while offering the end
user a simpler, better experience. It will
be interesting to see how this sort of
approach could be applied to single-use
disposable devices such as those typically
used for self-injection in a manner that
enhances the user experience.
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Virtual reality (VR) and augmented
reality (AR)
Virtual reality (VR) and augmented
reality (AR) have experienced something
of a resurgence of late, partly due to the
reduced costs of the hardware involved
and partly because of the increased
availability of AR apps for smart devices.
For example, last year IKEA launched an
app which allows users to superimpose
digital models of their products into their
home at scale using the camera and
screen of their smart device. This is an
incredibly useful tool for visualising how
something will look in context before
making a purchase.

New tools
How can these new
technologies be used

By Alex Driver
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Getting products to market
in our regulated industry
can take what feels like a
lifetime. While working on
these long-term projects it’s
important to keep abreast
of new technology that can
aid designers, engineers
and researchers . I’ve pulled
together four examples of
developments that have
captured our interest recently
– some that we’ve seen at
conferences and some that
we’ve had the chance to trial
on client projects.

The same technology is now being used
by designers to support the product
development process by dropping virtual
3D models into real environments or by
superimposing elements of a design
onto physical prototypes to help assess
interaction in context.
During a presentation at the recent IDSA
Medical Design Conference in Boston
a demonstration was given centred on
a physical model of an infusion stand
with a digitally superimposed console
computer. Rather than using a mobile
device, the design team made use of an

AR Headset to create a more immersive
experience and free up the designer
to use their hands to interact with the
model. I was struck by how easy it would
be to explore multiple concepts when
compared with traditional physical
model-making techniques, and how this
system could be used to evaluate ideas
in context (say at a hospital).
Personally I don’t see great utility for
headsets at the current time when
compared with mobile devices for
making use of AR – the technology is
still too cumbersome both physically
and in terms of the process required to
deploy a model to the headset. I think the
potential for this tool isn’t just limited
to large scale product – it’s also useful
on smaller products where an element
of a user interface needs to be tested in
context. For example it might be possible
to superimpose a number of concepts
for buttons and flags onto a single block
model of an auto-injector. Crucially
hybrid prototypes like this could be
used to explore the timing aspect of
user interfaces without the need to reengineer a mechanism each time (e.g.
an end-of-dose indicator).

Additive manufacturing – carbon 3D1
Back in the barn at Team, we’ve made
use of 3D printing technology for many
years to quickly produce prototype
parts. However the parts often require
lots of finishing and can have poor
material properties between the build
layers. For many the Holy Grail of
additive manufacturing is to create a
part straight from CAD with perfect
properties without the need for any
post-processing. We may be some
way away from achieving that goal, but
we’re beginning to see some interesting
innovations which point in that direction.
Carbon 3D for example do not see
their printers as design tools, but as
manufacturing equipment designed to
plug the perceived gap between injection
moulding and short-run machining.
Their technology creates parts with
excellent mechanical properties thanks
to their unique process of light-curing
resin through the thickness of the
material. They also offer elastic and
reinforced materials, plus the ability to
combine them in a single component
(thereby mimicking co-moulding).
Currently however, post processing
remains an issue and limits applications to
parts produced in the 100s and low 1000s.
Whilst this technology may not be
appropriate to the high volumes
associated with many drug-delivery
devices, one could imagine that lower
volume applications such as surgical
equipment could benefit from additive
manufacturing technologies soon but at
the moment the success of this process
is still yet to be proven. ≥
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Tools for data capture and analysis
I was intrigued by another IDSA
conference presentation on new
methods of advanced data capture
used to optimise the human factors
performance of medical devices. The
methods in question made use of
advances in sensor technology and
data analysis to provide detailed and
nuanced feedback on device use. The
presenter contrasted this with current
HFE research methods (including
questionnaire and interview) which
have remained unchanged for
100 years.
The testing methodologies being
explored include 3D spatial tracking,
high-performance eye-tracking,
micro-facial expression analysis,
EEG (electroencephalography) and
cognitive workload analysis. Together,
the presenter hoped, these and other
techniques would form the basis of
a “modern neuroscience-based HFE
testing platform”.
3D spatial tracking involves the
instrumentation of candidate devices
to record motion at the sub-millimetre
level. It was demonstrated how this
technology could be used to track the
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micro-motion of a needle tip beneath a
patient’s skin and we saw how device
configuration and injection site yielded
very different results.
Eye-tracking is a technology we have
experience of using on a recent project
here at Team; using a pair of glasses
with an integrated camera, we were
able to record a ‘participants’-eye-view’
during a series of formative studies
centred on the use of a medical device
and associated instruction manual (IFU).
Combined with traditional interview–
style data capture methods, analysis
of the footage allowed us to better
determine the root cause of use errors.
‘Heat maps’ of participants’ eye position
on the IFU also allowed us to assess
whether they had viewed critical content.
Micro-facial expression analysis involves
videoing participants during the use
of a medical device and then using an
algorithm to track the relative distance
between various landmarks on the face.
The aim is to quantify the non-verbal
expression of emotions during device use.
Whilst these techniques have the
potential to provide unique insights into
usability issues, the presenter did not
shy away from some of the challenges

they present – most notably the
expertise required to understand and
interpret the data. I think the key to their
successful use is having a very clear idea
of what you want to know and interfering
as little as possible with normal device
use. One startling image showed a
participant self-injecting with a device
trailing wires back to a computer whilst
being filmed which I would argue is
unlikely to elicit natural behaviour.
Both talks demonstrated how the
barrier for entry to some of these new
tools and techniques is dropping due to
reduced costs of hardware, increased
processing power of smart devices and
developments in data handling and
analysis. What’s less clear at this stage
is whether these new ways of working
are actually better, and whether they’ll
result in better products. The key will
undoubtedly be to understand when the
use of these tools is appropriate.

“Micro-facial expression
analysis involves videoing
participants during the use
of a medical device and
then using an algorithm to
track the relative distance
between various landmarks
on the face.”

AI
Looking further ahead – I’ve been
reading recently about the role that
automation and Artificial Intelligence
(AI) might play in the workplace of the
future. The automation of ‘dull, dirty
and dangerous’ tasks has been moving
apace for several decades but it’s
becoming apparent to those of us who
feel safe in ‘highly skilled’ roles that the
robots will soon be coming after our
jobs too. Advances in UI and machine
learning are leading to creation of
increasingly sophisticated algorithms
that can diagnose an illness, decide
whether to extend a loan, identify a legal
president or optimise the design of a
mechanical component.
MIT researchers working in conjunction
with Columbia University have recently
unveiled a tool that works in conjunction
with CAD drafting software to generate
product designs based on optimisation
for different metrics. They claim the tool
will make it easier and more efficient
for designers and engineers to explore
the many compromises that come with
designing new products.
As an example they have demonstrated
how the tool can be used to generate
alternatives geometries for the humble
spanner based on optimisation for mass,
stress and force/torque. It’s easy to see
from the visualisations produced by
the software that the familiar spanner
design represents the best trade-off
between all three.
Whilst I can see the benefit of using
such a tool for balancing functional
requirements, more intangible user
requirements may be much more difficult
for an algorithm to consider…for now.
ENDS

Footnotes
1.

https://www.carbon3d.com/
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In our Ickleton barns, we’ve
got over 120 permanent
staff working on medical
devices. Our project
management group has
reached 15 in total, with the
addition of Tracey Jacob in
August. Brian Daly has been
with Team for many years but
he’s now part of our device
testing group of seven.

By Kester Page
and Tom Etheridge

On the following page you
will see many familiar
people. Turn the page to
spy with your little eyes our
Team Wallys or Waldos!
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How many of our 19 familiar faces can you find?
Need a hint?
Gerri's hair gives her away - it's bright pink!
Andy Fry is armed with his brief case.
Vicky's topping up her caffeine levels.
Now find the rest!
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We are recognised globally as experts in
the design and development of medical
devices. That’s all we do and we are proud
of this focus. It enables us to deliver real
insight and expertise to our clients.
Commercially successful products need
to be safe, easy to use and ultimately
make people better. Our clients like
our approach, which combines design,
human factors, science and engineering
from inspiration right through to
industrialisation.
Everybody at Team is driven by the same
desire, to make things better by working
in collaboration with clients and each
other. Whether ‘things’ means people or
the products we work on, we apply the
same commitment to do the best and be
the best that we can.
This focus and desire is a powerful
combination and one that highlights why
our clients trust us over and over again.
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