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NoT coMPUTE

CFD is a powerful tool during  
product development. But it isn’t 
without its pitfalls.

Welcome  
 

Welcome to the latest edition of Insight, which explores the 
topic of how to design and manufacture better medical devices 
- and as we are asking patients with little or no training to use 
increasingly sophisticated devices, ‘better’ is as much about 
usability as about science or engineering. 

All parents know that delivering medicine to children presents 
its own unique challenges, especially injections. Patient 
anxiety around injections (adult and child) is a major obstacle 
to improved adherence and so we consider how the body 
perceives and processes pain, drawing on some fascinating 
insights from nature which could help improve needle design 
and pain reduction. 

As creative types, we relish challenges and so find the 
concept of ‘wicked’ problem solving using ‘design thinking’ 
methodologies particular interesting. And where would 
engineers be without acronyms? Read on to find out why CT 
scanning is now a key engineering tool, the potential pitfalls 
of CFD, and why QbD is so important for pharmaceutical 
companies. 

Finally, to quote pioneering computer scientist Grace Murray 
Hopper, the most dangerous phrase a data processing manager 
can use is: ‘We’ve always done it that way’. To design better 
products we also need to challenge accepted norms, and 
so we question current regulatory test methods for inhalers 
(established 50 years ago) and ask whether better knowledge 
can produce better design. 
 
 
 
 

daN FlIcoS,  CEO

FINdINg bad gUyS  
aNd ProdUcT dEFEcTS

Superman used his x-ray vision for 
the good of mankind. Engineers and 
designers can use theirs to make 
great devices.
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Quality by Design (QbD) may be a fairly 
recent mantra in pharmaceuticals but 
its principles have been a practised 
reality in other industries for decades. 
It’s a similar story for Process Analytical 
Technology (PAT), which (albeit with one 
or more different names or acronyms) 
has also been a fact of life for a very 
long time in other sectors. For drug 
delivery device development many of 
the fundamentals of ‘Six Sigma’, such 
as capable design and manufacturing 
process control, are more or less directly 
transferable from good practice in 
other safety-critical or highly-regulated 
industry sectors. 

In 1986 Motorola introduced the concept 
of Six Sigma as a means of standardising 
and then reducing defects in electronics 
manufacture. Six Sigma didn’t just pop 
up out of the blue; the statistical science 
behind it has evolved and enjoyed 
various eureka! moments over the past 
four centuries. The work of Leibnitz, 
DeMoivre, Laplace and Gauss in the 

eighteenth and nineteenth centuries, 
and Shewhart and Deming in the last 
century, established the statistical 
principles that scientists, engineers 
and economists now take for granted to 
explain or predict chance outcomes and 
probabilities of their occurrence.

The philosophy behind Six Sigma 
shows that it is possible to statistically 
control any process as long as you 
know what your target outcome is 
and understand what you are able to 
measure. Unfortunately, there is often 
a mismatch between what a process 
can achieve on a consistent basis and 
what the design requirements demand. 
This applies in virtually any industry, 
whether you are making precision 
instruments, pills, potions or pickled 
onions! Unless the product originator 
(designer, engineer, scientist and so 
on) shares an understanding of the 
production processes with those who 
control them (toolmaker, machinist, 
process engineer, manufacturing 

chemist …) and vice versa, consistency 
of quality and acceptable yields will 
never be guaranteed. 

At its simplest level, process capability 
compares output — assuming an in-
control process — with specification 
limits. For example, a centred process 
with a capability (Cpk) of one translates 
into a yield of 99.73%. This sounds 
great until you realise it means there 
will be 2,700 parts per million which fall 
outside of the specification. However 
a process with a Cpk of two gives a 
yield of 99.9999998%, or just two non-
conforming parts per billion.

A drug delivery device design has to 
be ‘capable’ before it is industrialised 
for manufacture. Yet even the 
most experienced engineers can 
sometimes be falsely convinced by the 
performance of a single prototype and 
believe that exactly the same reliability 
can be replicated in production when 
this is very rarely the case. 

Pills, potions 
and production 

processes
BY  aNdy Fry & brENNaN MIlES 
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THE CHALLENGE OF HIGH VOLUME MANUFACTURE

Designing drug delivery devices for 
manufacture can be challenging 
especially considering that production 
volumes can be very high; for example, 
GSK have manufactured nearly one 
billion Accuhaler/Diskus dry powder 
inhaler devices since product launch in 
1995, roughly 50 million units per year. 
Each device that leaves the production 
line must work first time, every time, 
highlighting the fact that design 
and production capability is not just 
important, it is absolutely essential. 

Functionality, quality and 
manufacturability have to be 
‘designed in’ to such essential high 
volume products, not ‘added later’. 
This demands that the design is 
informed by a good understanding 
of the production processes, which 
must include early dialogue with 
the manufacturer. A balance is 
essential between the theoretical 
understanding (the use of design tools 
such as mathematical modelling for 
example) and practical understanding 
of production processes and control 
techniques. Specifying a design that 
demands excessively tight tolerances 
from a manufacturing process is 
usually a bad idea; if the design for 
a new injector pen or inhaler is so 
complex that it can only be produced 
by Rolex, the cost of goods is going to 
be a problem! The obvious deduction 
is to engineer capable device designs, 
which meet all performance, safety 
and cost objectives, with components 
designed to achieve agreed and 
rational Cpk indices in manufacture. 

Ultimately, if the aim is for a 
‘near zero’ defect level, it must be 
acknowledged that it is unrealistic 
to set up in production, build a 
million units and then see how many 
fail in order to validate the design. 
A thorough, statistically based 
predictive approach, grounded 
on a sound understanding of the 
product performance limits and of 
the production processes involved, 
renders this sort of ‘suck it and see’ 
method obsolete. 

For the pharmaceutical industry, 
acceptability based on testing 
completed batches may have been 
adequate when profit margins were 
high, formulations relatively simple and 
regulatory requirements less onerous. 
This simply won’t do today, especially 
where biologics and complex products 
are concerned. Process Analytical 
Technology (PAT) represents a major 
departure from the traditional approach 
of testing the quality of the finished 
product (‘Is this batch of white powder 
OK? Does it meet the specification 
limits? Yes = good, No = bad). 

Henry Ford is quoted as saying: “An 
engineer can do for a nickel what 
any damn fool can do for a dollar”. 
It is worth observing that a family 
saloon car comprises around 30,000 
parts down to nut and bolt level, yet 
we take car reliability, exemplified 
by 100,000 mile or seven year 
warranties, for granted. The only way 
car manufacturers can do this is by 
adopting designs based on a sound 
understanding of the production 
processes required to hit capability 
targets. If this approach works for a 
volume manufactured product with 
30,000 parts, it should also apply to a 
drug delivery device with just a handful 
of components. 

Theoretical mathematical modelling 
techniques, such as statistically-
based tolerance analyses, are powerful 
tools to help direct engineering 
design. A realistic tolerance model 
should start with the identification 
of the performance objectives of 
the ‘critical-to-function’ and safety 
interactions. These should then be 
translated into critical dimensions 
(on the 2D component drawings) 
with tolerance limits grounded in 
a realistic representation of the 
intended production process. For 
injection moulded plastic components, 
standards such as DIN 16742 
provide a good starting point for the 
identification of achievable tolerance 
limits. For complex, multi-dimensional 
assemblies, a deterministic arithmetic 
method of finding the variance 
may well be unfeasible. In such 

“
AN ENGINEER 
CAN DO FOR A 
NICKEL WHAT 

ANY DAMN FOOL 
CAN DO FOR  

A DOLLAR

”
HENry Ford
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cases, a ‘Monte Carlo’ simulation, 
using a random sampling-based 
computational algorithm, has proved 
useful for tolerance investigations 
when complex trigonometry or other 
calculations render a deterministic 
arithmetic method of establishing 
variance unfeasible. This is generally 
the case when it is not possible 
to describe a function using one-
dimensional tolerance stacks.

AVOIDING DESIGN PARALYSIS 

Having stated the importance of 
effort up-front to ensure that a 
design is suitable and capable for 
industrialisation, it should also be 
emphasised that too much analysis, 
too early, risks ‘design paralysis’. As 
the design development progresses, 
the emphasis on manufacturing 
considerations and capability 
should be increased. Early activities 
may include consideration of the 
component construction for tooling, 

material options and identifying 
the critical design interactions, 
eventually leading on to more detailed 
considerations such as tolerance 
analysis modelling and component 
detailing to accommodate specific 
production processes. 

Even with all of the analysis in place, 
analytical models cannot provide 
definitive proof of design validity. 
Characteristics such as component 
flexing or friction can be difficult 
to predict precisely and moulding 
tolerances do not allow for warping  
in the components. Therefore 
empirical test methods must also be 
used to determine whether the design 
can be verified.

In pharmaceutical development, PAT 
shifts the concept of product quality 
to a more dynamic approach than has 
been ‘traditional’. As variability in input 
materials, personnel, manufacturing 
equipment and conditions will 

always be present, monitoring and 
compensating for such variability to 
maintain predictable and acceptable 
output is therefore required. PAT 
requires the definition of the Material 
Attributes (MA) and Critical Process 
Parameters (CPP) which affect the 
Critical Quality Attributes (CQA), and 
this finds parallels in other industrial 
sectors. The metrics and attributes 
to be monitored and controlled 
are different from those key to the 
production of drug delivery devices, 
however the principles are very similar. 

LEARNING LESSONS FROM FOOD AND BREWING

Interestingly, the food and brewing 
sectors have been dealing with 
similar process requirements and 
constraints to those faced by pharma 
for a long time — and these sectors 
have generally embraced capability in 
manufacture and key aspects of Six 
Sigma philosophy. The food sector has 
sometimes been regarded as the ‘poor 

“ 
 

THE FOOD AND BREWING SECTORS 
HAVE BEEN DEALING WITH SIMILAR 

PROCESS REQUIREMENTS AND 
CONSTRAINTS TO THOSE FACED 
BY PHARMA FOR A LONG TIME.

”
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relation’ by pharma, yet a great many 
of the issues faced by food and pharma 
are the same. One of the big differences 
is financial; food margins tend not 
to allow the wholesale discarding of 
non-conforming batches, so process 
control methods, together with an 
understanding of CPP, CQA and Cpk, 
have (for most successful organisations 
in the food sector) been essential to a 
profitable business. 

Some aspects of implementing QbD, 
PAT and the overall principles of 
‘capable manufacture’ are pretty 
challenging, especially if the objective is 
the production of high molecular weight 
proteins or complex dosage forms. But it 
has to be said that the pharma industry 
has previously got away with what 
were, in effect, large scale laboratory 
setups, rather than ‘modern’ production 
techniques because it was acceptable 
to rely solely upon batch release testing, 
with the probability that some complete 
batches will be rejected. 

Change happens slowly in pharma, in part 
because the industry is highly regulated 
(with different regulatory expectations 
in different territories), but also because 
historically, profit margins were large 
and lessons from outside the sector 
were absorbed very slowly, if at all. 

Nevertheless, it appears that all of us 
involved in the pharma sector are arriving 
at an accommodation or understanding 
of the same fundamental principles 
(some a bit earlier than others). It’s fair to 
say we are all beginning to speak dialects 
of a common language, and starting to 
think in terms of Cpk, CPP, CQA, MA, 
PAT and QbD, generally understanding 
not only what those in other areas are 
talking about but also why, whether they 
are from clinical, formulation, device 
development, manufacturing, fill/finish 
or wherever.

So, if we are all converging on the same 
standards, could this be a good time to 
step outside a bit more often and see 

what else the smart folks are doing in 
other industries? And also to see where 
else in our own sector these outside 
principles are not yet appreciated? OK, 
this may not provide easy solutions 
to all aspects of pharma, but if these 
principles could help sort out some of 
the more controllable problems — and 
thus free up intellect, resources and 
capital to focus on more difficult issues 
truly unique to the sector — surely that 
can only be a good thing?
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Around 50 years ago 
the Sabin vaccine 
was introduced in 
the UK to tackle 
polio, at the time 
a much-feared 
disease which 
killed hundreds of 
children every year 
in the UK alone 
and left thousands 
paralysed. Named 
after its discoverer, 
US medical-
researcher Albert 
Sabin, what made 
this vaccine 
different was its 
delivery method 
— drops of polio 
medicine on a cube 
of sugar, a more 
palatable alternative 
for its mostly young 
recipients than the 
more commonplace 
injection. 
 
 

It is human nature to want to avoid 
injections when we can; 10% of the 
overall population is reported to have 
a needle phobia1 and in children they 
spark a particularly negative response. 
In fact, as many parents will testify, 
whether the mode of delivery is 
injection, tablet, syrup, liquid or other, 
giving simple, accurate and safe doses 
of medicine to sick children is often far 
from child’s play.

SWEETENING THE BITTER PILL

We have come a long way from 
the unregulated days of the early 
1900s and medicines such as 
‘Victor’s Infant’s Relief’. Marketed 
for the treatment of colic in children 
and containing an alarming list of 
ingredients, including cannabis and 
chloroform, it no doubt tasted as bad 
as it looked. However, despite current 
leaps and bounds in pharmaceutical 
medicine, children frequently refuse 
to take medication, either because 
they hate the taste, are feeling too 
belligerent or frightened, or are too 
unwell to cooperate. 

Prescribing paediatric versions of 
drug formulations largely only tested 
in adult patients is something of a 
minefield as it is not always clear 
what constitutes an acceptable dose 
of the same medicine for a neonate, 
toddler or adolescent. Children are not 
simply ‘scaled-down adults’. There 
are physiological differences such as 
slower GI, but faster intramuscular 
absorption. Kidney function is not as 
mature in the very young, who also 
have a more permeable blood-brain 
barrier, less fat and a larger liver-
to-body weight ratio. The common 
side effects of drugs are also not 
always predictably similar to those 
of adult patients. In the light of these 
differences, what constitutes an 
appropriate ‘child-sized’ medicine?

Getting the formula right is naturally 
a vital step, but once again, the 
combination of medicine and children 
is not always straightforward. For 
example, children are more sensitive 
or prone to allergic reaction to the 

excipients in a drug, added to increase 
shelf life, stabilise and improve the 
take-up of a medicine, or to enhance 
its texture, colour and taste. 

A key stumbling block to administering 
medicine orally to children is ‘taste’, 
with over 90% of paediatricians 
reporting that a drug’s taste and 
palatability were the biggest barriers 
to completing treatment2. Drugs are 
by their nature bitter or unpleasantly 
metallic tasting, with children’s taste 
buds generally more bitter sensitive 
than those of adults. Bitterness is 
thought to have evolved as a natural 
deterrent against eating poisonous 
plants so evolution has programmed 
children to avoid bitter medicine. 
Adding sugars, salt, acids, and other 
substances to medicines to mask the 
bitterness is not always successful as 
the bitter taste can be caused by more 
than one compound in the medicine, 
each compound stimulating a different 
taste receptor3. Added to this, bitter 
tastes tend to linger long after the 
sweetness has gone. 
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Ways to mask bitter tastes are the 
subject of on-going research, such 
as that being jointly undertaken 
by the University of Bradford and 
Changzhou, China3, which is looking to 
develop technologies to make liquid 
formulations of children’s medicines 
more palatable. Researchers are 
looking at medicines such as the 
anti-inflammatory ibuprofen which 
in some formulations has a very 
strong aftertaste, and the traditional 
herbal medicine Shuang Huang Lian, 
used to treat flu and cold symptoms 
and renowned for its ghastly taste. 
Investigations focused on two methods 
for rendering a medicine ‘tasteless’: 
adding a ‘barrier’ to the medicine to 
prevent the molecules of the bitter 
compounds interacting with taste 
receptors; or using ‘neutralising’ 
compound molecules which bind 
to taste receptors, instead of the 
medicine, and prevent the underlying 
bitter taste being detected. Both 
approaches need to ensure the active 
medical ingredient remains potent and 
still able to be absorbed as normal by 
the body.

TRIED AND TESTED REMEDIES?

As for adults, the guiding principle in 
paediatric pharmaceutical medicine is 
‘balancing the benefits to the risks4. 
The heterogeneity of the paediatric 
group, ranging from new-born babies 
to adolescents, means there is no ‘one-
size-fits-all’, and influencing factors 
can include the ability to swallow, 
treatment setting (hospital or home, 
developed or developing countries), 
dosing consistency, and whether 
the dosage form comes in a suitably 
paediatric dose-size. 

In an ideal world, a single solid dose 
form exists which either can be 
swallowed whole, chewed, crushed and 
taken with food or dissolved in liquid 
such as juice. In practice, factors such 
as the ability to produce stable versions 
in liquid solution form, potential 
irritation of the GI tract, and the need to 
provide an accurate titration mean that 
a range of administration routes need 
to be considered.

 
Buzzy®	in	Action	

DEVICES DESIGNED TO HELP  
THE MEDICINE GO DOWN

A number of devices have been 
developed, or are in development, to 
make the task of giving medicines to 
children easier. One example, which 
tackles the thorny issue of receiving 
injections, is Buzzy®. Invented by 
paediatrician Amy Baxter, Buzzy 
is a reusable tool which works by 
‘distracting’ the body’s nerves from 
the sharp pain of an injection needle. 
Attached close to the injection site, the 
brightly coloured device applies the 
Gate Control Theory technique — i.e. 
using a combination of vibration and 
coldness to dull or eliminate the sharp 
pain of the needle. Sending sensations 
other than pain down the same nerve 
pathway causes the brain to lessen or 
shut out the nerves which transmit pain. 
Phil Canner writes more about this in 
the context of hypodermic needle design 
on page 16 while Ben Wicks talks about 
the causes of pain on page 26.

A study of 81 children aged between 
4 and 18 years looked at the effect 
of using Buzzy on pain levels and 
anxiety when receiving a venal 
injection, compared with standard 
treatment (mainly a coolant spray). 
The group using Buzzy reported 
significantly lower pain levels while 
signs of distress in the group of 
children not using Buzzy were more 
common5.

Most children who are old enough 
to choose prefer to take a medicine 
orally rather than have an injection. 
Unfortunately, many drugs, especially 
biologics (made from large proteins), 
cannot be produced in tablet-form 
and would anyway break down in 
the stomach before they could be 
absorbed. Researchers at MIT and the 
Massachusetts General Hospital have 
come up with a pot ential solution, an 
ingenious drug capsule coated with 
micro-needles which when swallowed 
can inject drugs directly into the lining 
of the stomach. When the capsule 
reaches the stomach, the PH-sensitive 
outer coating of the capsule is 
dissolved by the stomach acids and 

MOST CHILDREN 
WHO ARE OLD 
ENOUGH TO 
CHOOSE PREFER 
TO TAKE A 
MEDICINE ORALLY
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enzymes and the payload drug can be 
released through the micro-needles of 
the capsule6. 

More conventional is the inspiration 
behind company Dose Sipping (DS) 
Technology’s XStraw, a specially 
modified drinking-straw which arrives 
pre-filled with medicinal pellets of 
exactly the right dosage, ready for 
use. Deployed with a child’s favourite 
drink, the XStraw contains a control 
filter which moves upwards whilst the 
patient is drinking, ensuring that the 
complete dose of medicine is taken and 
that there are no spills or losses7. 

What if the issue is the delivery of 
vital medicine to very young patients, 
in places with very basic healthcare 
resources? More than seven million 
children under five years die each year 
in low-income countries mainly, from 
preventable conditions such as HIV, 
malaria and malnutrition. A significant 
number of these child-deaths are 
among babies in their first 28 days 
of life8. Drug delivery is difficult in 
developing countries; there is a lack 
of access to essential medicine in the 
right formulation, while medicines 
in liquid form are expensive and 
cumbersome to transport, require 
cold storage and have limited shelf 
life. Added stabilising ingredients and 
other excipients can be harmful to their 
young recipients, and soluble tablets 
or powders require a clean source of 
water — not guaranteed in some parts 
of the world — and a sterile means of 
administering the solution.

 
JustMilk’s	Nipple	Shield	Delivery	System	

Not-for-profit organisation JustMilk 
has come up with a simple yet novel 
solution — the Nipple Shield Delivery 
System (NSDS)9. 

Constructed from low-cost silicone, 
the NSDS incorporates a rapidly 
dispersible tablet. With the NSDS in 
place, a mother is able to breastfeed 
in the normal way, and as milk passes 
through the shield, medicine or 
nutrients are picked up and passed 
to the infant. Avoiding aversion to 
breastfeeding by a child due to the 
introduction of unpleasant tasting 
medicine is one challenge that needs to 
be overcome. However, this accessible 
and low-cost device ensures reliable 
medicine delivery in the most basic of 
healthcare settings. 

ARE WE THERE YET?

Although paediatric pharmaceutical 
medicine has come a long way, it 
remains a rapidly developing field and 
there are still many areas in which 
knowledge of the impact of medicines 
in children is limited. While we are not 
completely in the dark, there is more to 
learn about the potential side effects, 
safe excipients, or what constitutes 
a reliable ‘child-sized’ dose in a new 
drug. 

More research and innovation is 
also needed to tackle issues such 
as better-tasting medicine, re-
formulation into child-friendly 
dose formats which do not require 
preparation before use, and medicine 
tailored to the target age group.

As more innovative drug delivery 
devices enter the market, it is worth 
bearing in mind that providing support 
to parents, caregivers and healthcare 
professionals who need to give 
medicines to children does not always 
require complex, high-value solutions. 
As XStraw, Buzzy and other devices 
show, sometimes, the best ideas are 
elegantly simple.
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The origin of ‘design thinking’ — a 
methodology used to tackle complex 
challenges and help develop 
innovative products, systems and 
services — goes back over 40 years, 
although it came to prominence in 
the early 90s when it evolved and was 
adopted by numerous practitioners, 
academics and consultants. Creative 
organisations, like us, employ it as a 
common methodology but how is it 
different from other ways of thinking?

In essence, ‘design thinking’ is ‘thinking 
like a designer’ — tackling problems 
as a designer would, by constantly 
questioning, prototyping and evolving. 
The best description of design thinking 
that I have found comes from the 
Stanford University Institute of Design, 
otherwise known as ‘d.school’. If you 
are new to the topic, the d.school 
released a webinar which is a good 
place to start (see the end of the article 
for further information).

In this article I’m going to share my 
experiences of design thinking and 
use some examples of how we’ve used 
the methodology to solve the complex 
people-centric challenges we face 
in medical device development. I’m 
also going to refer to some of the key 
points that Stanford make in the above 
mentioned webinar.

So why and when is it useful to 
think like a designer? According to 
d.school lecturer Dr Mark Schar: 
“Design thinking is particularly useful 
as a process that spans domains of 
thinking, experience or expertise —  
it works best at the edges and helps 
people frame problems and helps find 
solutions as a result of that.”

We often face problems that require 
the coming together of different minds 
in order to find a solution. Complex 
problems often evolve as you learn more 
about them, or mutate due to our fast 
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changing environment and the solutions 
and technology that we develop. When 
these problems involve people they are 
often called ‘wicked’ problems.

Design thinking puts a greater 
emphasis on understanding and 
framing a problem before rushing 
into ‘ideation’ (concept generation) 
and encourages us to learn through 
trial and error by building and testing 
prototypes. It encourages us not to  
be precious of our early ideas but to 
use these ideas to further explore  
the problem and better understand  
its requirements.

The process described in Figure 1 
probably meshes fairly well with most 
of your NPD programmes, but you’ll 
have noticed that two out of the five 
process phases come before ideation. 
Design thinking encourages a thorough 
understanding and definition of a 
problem before rushing into finding 

solutions, and with a specific focus on 
understanding the needs of the people 
who will be affected by it. 

For example, in a recent project we 
were given a clear brief to design a 
best-in-class product encompassing 
new features which would place it 
ahead of the competition. A great deal 
of money had been spent on market 
research, a specification had been 
drawn up and apart from the fact that 
timescales were tight, everything 
seemed straightforward — until we 
started talking to people. 

We interviewed a cross section of the 
stakeholders who would be involved 
in manufacturing, marketing, selling, 
servicing, installing and using the 
product. It soon became clear that 
there was a much bigger and different 
challenge than was first proposed. 
The original specification had been 
developed to meet the needs of the 

“It encourages us not 
to be precious of our 
early ideas but to 
use these ideas to 
further explore the 
problem and better 
understand its 
requirements.”
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people marketing the product — and 
had created many new challenges for 
those manufacturing and servicing 
it; the needs of those installing the 
product hadn’t been addressed and 
the experience for end users was 
still far from optimal from either 
a usability or cost perspective, 
detracting from what was, on the 
surface, a sound commercial solution. 
We needed to rethink the proposition 
to unlock its commercial potential, 
which involved a lot of emphasis on 
understanding and observing the 
different stakeholders.

Undertaking design research with real 
people — shadowing them in their 
environment and undertaking some 
quick and dirty technical tests in our 
workshops helped us to uncover a 
whole range of new challenges. We 
visualised these using storyboards, 
candid photographs and proof-of-
principle rigs to encourage our client to 

take a fresh look at what was actually 
needed to achieve commercial success.

It’s important to note that the people 
involved in this research and discovery 
process weren’t just designers but 
also engineers and human factors 
specialists, and a cross section 
of stakeholders from our client’s 
organisation including customers and 
end users. This range helped us to 
see the problem from different angles 
and to talk the language of the various 
stakeholders involved. The more mind-
sets you can throw at a problem at the 
outset the better chance you’ve got of 
understanding it.

This type of research helps us define 
a problem in a richer way and once 
we’ve agreed a number of priority 
design challenges we can happily start 
developing concepts that help the 
various stakeholders visualise what 
could be created. It’s only at this point 

“Designers…are 
forever bound to 
treat as real that 
which exists only in 
an imagined future 
and have to specify 
ways in which the 
foreseen thing can 
be made to exist.”
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that you really start to understand the 
problem. People can find it hard to 
imagine something that doesn’t exist 
and so base their responses to your 
questions on the reality of what they 
already know (their mental model of 
a situation or built environment, or 
the last similar product that they’ve 
experienced). So design thinking places 
great emphasis on building a future 
scenario to help communicate it more 
clearly. This is where we learn the most 
and encounter the eureka moment 
when people say “Now I see! It’s 
changed my viewpoint,” or “Of course 
it might work in theory but have you 
thought about…?”

So design thinking is more about 
problem finding than problem solving, 
encouraging us to use the bandwidth 
of many different minds. Once we 
feel we’ve defined a problem as well 
as we can we start with ideation. 
We use a variety of creative thinking 
techniques to arrive at the widest range 
of solutions — we want to become 
children again, where nothing is a bad 
idea and where creativity runs wild. It 
is important to use a diverse group of 
people and creative techniques so we 
can tackle the challenge from every 
angle possible (divergent thinking) 
before assessing ideas and reducing 
theses to a manageable range that 
can be developed and prototyped 
(convergent thinking). It is important to 
refer back to the challenges identified in 
the definition phase to understand why 
certain ideas should be taken forward. It 
takes time and money to prototype and 
test so you need to remind yourself what 
you are trying to achieve.

Okay, so designers research a topic 
before trying to come up with a solution 
— so what’s unique about that? I guess 
it’s the next bit that sets design thinking 
apart from other methodologies.

Rather than trying to ‘solve your way 
forward’ by breaking a challenge down 
into smaller problems that can be 
overcome by hitting them with enough 
equations, we ‘build our way forward’ 
by creating solutions that help us delve 
deeper into the problem. This helps 

us gain enough information to reach 
the next layer of the challenge, as by 
modelling and prototyping we can 
better visualise solutions so that more 
can be learnt about them.
John Chris Jones, author of the 
1970s book Design Methods, said: 
“Designers…are forever bound to treat 
as real that which exists only in an 
imagined future and have to specify 
ways in which the foreseen thing can 
be made to exist.”

“…forever bound to treat as 
real that which exists only in an 
imagined future…” — I see design 
thinking as a vision-focused 
methodology where we imagine what 
could be and create solutions to help 
us move towards it. We try to avoid 
asking questions such as: ‘Can we 
reduce the operating force?’, instead 
focusing on the end user experience 
by asking: ‘How can we improve the 
experience for people with limited 
dexterity?’. The different mindset helps 
us imagine the user interacting with 
our product, thereby opening up a 
greater variety of potential solutions. 

Design thinking encourages us to ‘fail 
early and fail often’. We shouldn’t 
expect our early ideas to work as 
the main purpose of early models is 
to better understand the problem. 
This was the case in a recent project 
where we were asked to improve the 
experience of interactions with drug 
packaging. Early concepts tested were 
broken into the individual concept 
elements that we needed to learn 
more about — to explore how someone 
would open the pack, for example, how 
they would transfer its contents and 
how the size of the pack would impact 
on a user’s daily life. 

We built simple prototypes and 
created storyboards to test the 
elements of possible solutions with 
real people to better understand the 
problem. Then we iterated, gradually 
combining the elements together into 
more complete solutions, looping back 
and forth until we were satisfied that 
not only had we thoroughly understood 
the problem but that we had also 

arrived at the best solution. We had 
literally built our way forward.

I’ve talked about understanding and 
defining, the importance of having a 
broad team of different mind-sets and 
the way we prototype and test with real 
people and iterate the ideas until we 
understand and address the problem. 
I guess the only thing left to suggest 
some further reading.

You’ll find loads of videos and articles 
on the web together with interesting 
techniques for encouraging collaboration 
and creating an environment that 
supports design thinking. I recommend 
watching the following:

Design & Thinking a 74 minute 
documentary that explores ‘design 
thinking’ http://te-am.co/1FJTVPg

Design Thinking and the Art  
of Innovation a webinar from Stanford’s 
d.school http://te-am.co/1BQ8BVv	

I encourage you to watch these videos 
and to explore more about the topic and 
try out some of the techniques in your 
NPD programmes and enjoy a different 
way of approaching your challenges.

—> pg@team-consulting.com 	
	 As	Director	of	Design,	Paul	is		
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	 is	involved	in	all	stages	of	product		
	 development	from	front	end		
	 innovation	to	detailed	design		
	 for	manufacture.
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Hypodermic needles come in a 
dizzying array of options in terms 
of sizes and point styles, but 
fundamentally not much has changed 
since they really hit the scene over 
a century ago. Many of us are lucky 
enough not to require too many 
injections in our lifetime, but for 
some the pain of being stabbed with 
a needle is a daily misery, making 
compliance with injected therapies 
a real challenge. Understanding the 
mechanics of how needles actually 
penetrate the skin can help us create 
less painful needles and, as ever, 
nature can provide some inspiration. 
But to really reduce pain, we may need 
to look beyond the needle…

Sir Christopher Wren: possibly the 
most highly acclaimed British architect 
in history, genius behind some of 
London’s most iconic buildings, and 
fan of getting his dog drunk in new and 
interesting ways. 

While taking part in medical 
experiments at Wadham College, 
Oxford, in 1659, Sir Christopher wanted 
to know if drugs usually administered 
orally would have the same effect 
when administered intravenously. His 
method: inject wine and ale into a dog’s 
veins and measure its intoxication, 
occasionally mixing things up a little 
and injecting opium1. His injection 
apparatus of choice consisted of an 

THE 
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animal bladder acting as the syringe 
and a goose quill acting as the needle, 
and he is now widely accredited with 
the first successful injection of a 
substance into the bloodstream.

However, Wren’s was not the first 
hypodermic needle. In the 11th 
Century, the Iraqi physician Ammar 
bin Ali Mawsili described removing 
soft cataracts using a thin, hollow 
metal tube. In doing so he invented 
the process of removing cataracts by 
suction, a technique still used today. 

Swiftly following Wren’s experiments, 
others experimented with injecting 
substances into humans, but their efforts 
were usually ineffective or fatal. Injection 
was not picked up again in earnest until 
the 19th Century when drugs that were 
effective in small doses, such as opiates 
and strychnine, were developed.

In the 1850s, the Scottish Doctor 
Alexander Wood developed a syringe 
with a hollow needle fine enough to 
pierce skin (Charles Gabriel Pravaz 
is also credited with independently 
inventing a hypodermic needle at 
the same time). Wood’s primary 
interest was the delivery of localised 
anaesthesia, and as well as developing 
the syringe as we recognise it today, 
he and his wife may also have invented 
injected morphine addiction, the 
unfortunate Mrs Wood becoming the 
first ever recorded case of accidental 
injected opiate overdose.

By the late 1800s hypodermic 
syringes were widely available, 
although injections were rare. It was 
insulin, discovered in 1921 and had 
to be injected into the bloodstream, 
that really created the market for 
hypodermic needles. The modern 
needle hasn’t changed substantially 
since, although there is now a wide 
range of sizes and tip designs to 
suit every application. As well as a 
wide variety of needle diameters and 
lengths, there are numerous needle tip 
styles, such as single or multi-bevel 
facet, reverse bevel, spoon point, pencil 
point, diamond point, trocar, and then 
the ‘non-coring’ designs such as the 

Huber point needle. 
But of chief concern to most of us 
getting an injection, apart from 
obligatory sterility and cleanliness, 
is: “how much is this going to hurt”? 
And for some, the pain associated 
with being pierced by a needle is 
a daily trauma, whether they are 
injecting themselves, or a dependent 
such as an understandably unwilling, 
uncooperative and distressed child.

One route to ridding us of needle pain is 
to remove the requirement for a needle 
entirely and use a different delivery 
mechanism such as pulmonary, oral 
or nasal delivery. However, for many 
drugs the alternate routes of 
administration are not an option and 
(of course) getting rid of the needle 
doesn’t necessarily remove the pain — 
needle-free injections are not known 
for being gentle.

So, assuming we are stuck with the 
needle, how can we reduce the pain? 
It has been shown that lower insertion 
forces reduce the likelihood of pain2,3, 
so that would be a good place to start. 

UNDERSTANDING NEEDLE FORCE

The force on a needle consists of three 
elements — the puncture force (the force 
required to initially puncture the skin), 
the cutting force acting on the tip of 
the needle, and the friction force acting 
on the shaft of the needle. After the 
puncture event, as the needle is inserted, 
both the cutting and friction forces are 
in play, and when the needle is retracted 
only the frictional force is felt.

As the needle is pushed into the skin, 
the skin initially moves with the tip of 
the needle without being penetrated. 
The further the skin is depressed the 
higher the force it exerts back on the 
needle tip, until that force is high 
enough for the needle to puncture 
the skin (the puncture force). The 
puncturing can be described by 
fracture-mechanics, with a crack 
being formed in the skin, and the 
shape of that crack has been shown to 
depend upon the shape of the tip of the 
needle4. For example, a sharp bevel or 

SIR CHRISTOPHER  
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conical needle forms a planar crack, a 
diamond tip forms a star-shaped crack, 
and a blunt or very large bevel angle tip 
forms a ring crack (like a hole-punch).

The tip insertion phase follows, when 
the crack in the skin is enlarged, the 
sharp edges of the tip wedging the cut 
open. The crack can grow gradually, 
following a stable ‘cutting’ mode, or can 
be sudden and unstable — a ‘rupture’, 
depending on the type of tissue and its 
properties and how much tension has 
been built up. As the tip goes deeper 
and wedges the tissue open wider, the 
force to push the needle in increases.

After the tip is fully inserted, we are 
into the third phase as the shaft enters 
the skin. The needle tip continues 
cutting as it moves deeper but no 
longer widening the hole, so the force 
required to cut remains constant. 
However, as more needle is inserted 
the friction between the tissue and the 
shaft increases (as there is more shaft-
tissue contact).

But how does the design of the 
needle effect these forces? In his 
comprehensive literature analysis of 
studies investigating needle-tissue 
interaction, D.J. van Gerwen noted 
that, although many studies do 
present insertion force data, dedicated 
experiments with true relevance and 
with statistically powerful results are 
actually thin on the ground5. But there 
are some good indications as to what is 
going on and what factors might affect 
the insertion force.

Two design factors clearly have an 
effect: the shape of the tip (multi-
faceted bevel tips with shallow bevel 
angles exhibit the lowest insertion 
forces), and the diameter of the needle 
(smaller results in less force).

This would indicate that for minimal 
pain, the tip design must be right and 
the needle as small as possible. The 
prevalence of very fine insulin needles, 
and the vast research efforts dedicated 
to microneedles and microneedle 
arrays (fine, short, and reported to be 
practically painless) are testament to 
this approach.

However, not everything can be 
delivered with a tiny needle. Rapid 
delivery of large volumes requires large 
needles, and intramuscular delivery 
requires needles of sufficient length, 
strength and therefore size. 
 
ENTER THE PORCUPINE…

But there may still be room in needle 
development for pain reduction, other 
than just making the needles smaller. 
And like all great engineering clichés, we 
can look to nature for inspiration…

It has long been known that porcupine 
quills are difficult to get out once they 
have been put in. But what researchers 
at Harvard and MIT discovered in 
2012 was that the quills of the North 
American porcupine go in much more 
easily than they should6. The reason 
for this is that, unlike their African 
cousins, hedgehogs or echidnas, 
which all have smooth quills, North 
American porcupines have microscopic 
backward-facing barbs running along 
their quills. The researchers found 
that the barbed quills required 54% 
less penetration force than equivalent 
barbless quills, and 60% less work 
to penetrate muscle tissue than the 
equivalent sized hypodermic needle. 
They also found that the barbed quills 
caused less tissue damage than 
barbless quills. Taking things one step 
further, the researchers fabricated 
a prototype hypodermic needle with 
microscopic barbs, and found that it 
had a penetration force 80% less than 
a barbless equivalent.

Their explanation for this effect was 
that the barbs acted in the same way 
as the serrations on a knife, providing 
stress concentrations near the barbs 
which cause the tissue to fail locally, 

AS AUTO-INjECTORS 
AND PEN-INjECTORS 
BECOME MORE 
PREVALENT, AND WITH 
THE POTENTIAL CONTROL 
OFFERED BY THE 
ELECTRO-MECHANICAL 
INjECTOR, WE MAY BE 
ABLE TO SEIzE SOME 
OPPORTUNITIES FOR 
PAIN REDUCTION.
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thereby reducing the need to deform 
the entire circumference of tissue 
surrounding the quill, and consequently 
reducing the penetration force. This 
would align well with previous studies 
that found that the increased number of 
cutting edges found on a multi-facetted 
bevelled hypodermic needle reduced the 
penetration force when compared to a 
single-facet bevelled needle.

Reduced penetration force and 
reduced tissue damage should mean 
a less painful insertion. There is, 
unfortunately, a downside. As one 
might expect, the force to pull out the 
barbed quills was about four times 
higher than for a barbless quill. There 
could be uses for this in medical 
applications where tissue adhesion is 
desirable, such as in a drug-delivery 
patch featuring an array of needles 
that you want to keep in place, or in 
a cannula which, once in, you don’t 
want easily moved. However, for a 
standard injection you would want to 
be able to remove the needle as easily 
as possible. The researchers found 
that it was the flexibility of the barbs 
on the quills of the porcupine that 
provided the majority of the grip — as 
the quill was pulled out, the barbs 
would flex outward, thus increasing 
the apparent diameter, increasing 
frictional resistance and promoting 
tissue interlocking. However, their 
polyurethane quill mimics had barbs 
that could not flex, and in tests in skin 
they found the pull-out force for the 
mimic was almost a third of that for 
a natural quill. Unfortunately, this 
would still make the pull-out force 
significantly higher than for a standard 
hypodermic needle.
 

 

IMPROVED NEEDLE CONTROL  
FOR PAIN REDUCTION

But if we can’t reduce the pain by 
redesigning the needle, there may be 
another approach: control the way we 
insert the needle. As auto-injectors and 
pen-injectors become more prevalent, 
and with the potential control offered 
by the electro-mechanical injector, 
we may be able to seize some 
opportunities for pain reduction.

One method is the oscillating needle. 
Actuated Medical’s GentleSharp 
blood sampling system provides low 
frequency axial ‘micro-oscillations’ 
to the needle tip, achieving peak 
velocities of greater than 200mm/s. It 
is based on research that has indicated 
that vibrating needles during insertion 
leads to reductions in the puncture 
and friction forces (and subsequently 
pain), due in part to the viscoelastic 
properties of tissue. The GentleSharp 
system has been designed for use 
with animals, and they claim a force 
reduction into cadaver rat-tails of up 
to 72.6% and significant reduction in 
stress and behavioural response in a 
rat model. 

As well as the oscillating needle 
creating a lower insertion force, 
GentleSharp also describe the 
potential anesthetising effect of 
vibrations as explained by the highly 
influential Gate Control Theory, an 
effect that other device manufacturers 
are also keen to exploit. First proposed 
in 1965 by Melzack and Wall, this 
theory asserts that a non-painful 
stimulation applied simultaneously 
to a painful stimulation can prevent 
the pain signal from travelling to the 
central nervous system. In other words 
the non-painful input closes the gate 
to the painful input. 

The DentalVibe and VibraJect devices, 
both intended for dental use, are based 
on the Gate Control Theory. Designed 
for use when administering injections 
in the mouth, the DentalVibe’s soft 
prongs vibrate while held next to the 
injection site just prior to (and during)  
the injection, the vibrations ‘blocking’  

VIBRATING NEEDLES 
DURING INSERTION 
LEADS TO REDUCTIONS 
IN THE PUNCTURE AND 
FRICTION FORCES 
(AND SUBSEQUENTLY 
PAIN), DUE IN PART 
TO THE VISCOELASTIC 
PROPERTIES OF TISSUE. 
THE GENTLESHARP 
SYSTEM HAS BEEN 
DESIGNED FOR USE 
WITH ANIMALS, AND 
THEY CLAIM A FORCE 
REDUCTION INTO 
CADAVER RAT-TAILS OF 
UP TO 72.6%
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the pain signals. The distributors 
claim that ‘most patients feel nothing’. 
The VibraJect is a vibrating device 
which attaches directly to the dental 
syringe, sending its vibrations down 
the needle. The ‘Painless Vibrating 
Retractor’ from Practicon, also for use 
by dentists, is designed to work in the 
same way. 

The effectiveness of vibrating 
injection devices for pain reduction 
has been disputed7. However, a study 
presented at the Anesthesiology™ 
2014 annual meeting found that the 
perception of pain was significantly 
reduced when a specific amount of 
pressure and vibration was applied 
prior to a simulated needle stick, and 
that the application of heat also had 
a small but insignificant benefit8. The 
authors of the study explain that the 
pain-reduction effect is likely due 
to distraction as well as the Gate 
Control Theory.

Another route to reducing the needle 
insertion force, and so reduce the 
pain, may be for an injection device to 
actively rotate the needle. In tests with 
animal tissues, rotating the needle 
as it is inserted appears to reduce 
the required insertion force4. Pulling 
it out is a different story: there is a 
phenomenon in acupuncture called 
‘needle grasp’, where it feels like the 
needle has been gripped by the skin. 
A study found that, in human skin, 
rotating the acupuncture needle before 
pulling it out could actually increase 
the pull-out force by up to 150%9. So, 
any device that rotates the needle on 
the way in should probably keep it still 
on the way out.

We are probably limited as to how 
much we can reduce the pain of 
injection by looking at the needle 
alone, but as devices that control 
how the needle is inserted become 
more common, and particularly with 
electro-mechanical devices, there 
could be opportunities to transform 
how we feel about injections. Until 
then, distract yourself from your 
injection by thinking about drunken 
dogs and bald porcupines.
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ANOTHER ROUTE TO 
REDUCING THE NEEDLE 
INSERTION FORCE, 
AND SO REDUCE THE 
PAIN, MAY BE FOR AN 
INjECTION DEVICE 
TO ACTIVELY ROTATE 
THE NEEDLE. IN TESTS 
WITH ANIMAL TISSUES, 
ROTATING THE NEEDLE  
AS IT IS INSERTED 
APPEARS TO REDUCE  
THE REQUIRED  
INSERTION FORCE4.
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unchanged for 50 years.
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Perhaps the first question should be 
“Why do we test inhalers at all?” The 
aim of regulators such as the FDA 
is to protect patients who receive 
medication — including respiratory 
therapies. Before conducting a Phase 1 
clinical study, the applicant must 
demonstrate that their candidate 
drug product produces results in	vitro 
that meet the target specification and 
with acceptable consistency. This, 
combined with satisfactory toxicology 
data, means in principle that a Phase 1 
clinical study can be conducted. The 
primary aim of the	in	vitro evaluation 
prior to the clinical study is to ensure 
that the subjects receive a dose that 
is in line with expectations and, most 
importantly, safe.

With simple drug forms such, 
as tablets, this is reasonably 
straightforward. A number of tablets 
are dissolved, and each sample 
assayed for active drug content to 
determine the quantity that a patient 
can receive as a dose. Inhalers, on the 
other hand, are more complicated. 
Most dry powder inhalers (DPIs) have a 
delivered dose that is dependent upon 
the level of inspiratory effort provided 
by the user. If one user inhales more 
forcefully than another they will receive 
a higher dose and as a result, the 
challenge of defining the most suitable 
in	vitro test point for an inhaler has 
plagued the industry for decades.

current practices 

The FDA recommends testing at three 
flowrates, the ‘reference labelled 
flowrate’ and ±50% of this rate1. If  
a DPI has a reference flowrate of  
60 litres per minute (L/min), then 
the other recommended test points 
are 30 and 90 L/min. There is some 
historic reasoning behind these test 
flowrates. In the 1960s Fisons was 

developing the first commercially 
successful DPI — the Spinhaler® — 
and the scientists working on what 
was then an entirely novel product 
were also having to develop their 
testing methodologies as there were 
no standards or practices available to 
follow for dry powder inhaled therapies. 
There was also no information available 
about the likely flowrates that could 
be achieved through the Spinhaler, so 
the team conducted a clinical study 
of asthmatics and found that most 
could achieve a flowrate of 1 L/s for 
just half a second — i.e. only 500 ml of 
air2. As a result, 60 L/min became the 
standard DPI testing flowrate for many 
years after, although just half a litre of 
inhaled volume soon became four litres 
— mainly to ensure that sufficient 
chase air followed the drug aerosol 
through the test apparatus.

The state of the art particle sizing 
apparatus at the time was the 
Andersen Cascade Impactor (ACI). 
Originally developed in 1956, 
this inertial impactor had been 
designed “for the specific purpose of 
determining the size distribution of 
viable airborne particles”3. Whilst the 
development team at Fisons worked 
on its own liquid multi-stage impinger, 
based upon May’s 1966 design, others 
working in this rapidly progressing 
field continued to improve the ACI 
whilst developing early DPIs:

1965  
Preseparator added to remove 
considerable quantities of larger 
particles (the lactose carrier fraction)

1966
Collecting petri dishes replaced  
with stainless steel impaction plates 
 
1970
MkI version now eight-stages  
(instead of six) 
 
1977
MkII version with modified top  
two stages.

As the ACI was developed for 
monitoring airborne particulates in the 
field (literally) it was designed to run 
at a single flowrate — 1 ACFM (actual 
cubic feet per minute.) The ‘actual’ 
term simply means that it must be a 
true volumetric measurement (as the 
cut-points of the various stages within 
any impactor depend upon their air 
jet velocities) directly related to the 
true volumetric flowrate. One ACFM 
is equal to 28.3 L/min, which is fine 
for testing pressurised metered dose 
inhalers (pMDIs), as these devices are 
intended to be used with a ‘gentle’ 
inhalation, and are in no way reliant 
upon the inspiratory effort required 
to create a fine particle aerosol. Early 
DPIs, on the other hand, generally had 
low airflow resistance; they were easy 
to inhale through, and 28.3 L/min didn’t 
produce a realistic pressure drop 
across such devices which led to the 
development of additional stage sets 
that enabled the ACI to run at 60 and 
90 L/min. So, perhaps unsurprisingly, 
28.3, 60 and 90 L/min became the 
standard test flowrates for all DPIs, 
irrespective of their resistance or the 
target patient group.

The FDA 
recommends testing 
at three flowrates, 
the ‘reference 
labelled flowrate’ 
and ±50% of  
this rate.
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Figure 1: Pressure-flow curves of 
healthy children and adults, with 
inhalers superimposed.
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Figure 2: Mean pressure-flow curve 
of target patient group, showing ±2 
standard deviations.
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what actually happens?

If the inspiratory flow characteristics 
of people inhaling through different 
airflow resistances are analysed, 
pressure-flow curves can be plotted 
as shown in Figure 14. This shows the 
peak flowrate achieved when inhaling 
through nine different resistances, 
plotted against the peak inspiratory 
mouth pressure. Each DPI will have 
a pressure-flow curve that depends 
upon its airflow resistance, and the 
intersections with the pressure-flow 
curves of a particular patient group 
is indicative of the likely operating 
points in practice. For example, healthy 
children (under nine and a half years 
old) will, on average, achieve a pressure 
drop of approximately 6 kPa across the 
high-resistance HandiHaler, producing 
a flowrate of almost 40 L/min.

As you can see from Figure 1, two of 
the 30, 60 and 90 L/min legacy test 
flowrates fall short of even healthy 
paediatric data, and only the 90 L/min 
test flowrate falls into the expected 
region between children and adults. For 
the HandiHaler, these test flowrates 
have even less relevance, with children 
and adults achieving pressure drops 
between 6 and 8.5 kPa. Whilst a 
flowrate of 30 L/min through the 
HandiHaler has a reasonable pressure 
drop of ~4 kPa, 60 and 90 L/min 
 have pressure drops of 16 and 36 kPa 
 respectively — very unlikely to be 
achieved by a human in practice!

a better method

If the goal of	in	vitro studies is to 
gauge how a product is likely to 
perform in	vivo, a first step might be 
to characterise the inspiratory flow 
profiles of the target patient group. 
Constructing the mean pressure-
flow curve, together with ±2 standard 
deviations, will produce three reference 
curves that include at least 95% of 
the sample population (assuming 
a normally distributed dataset). 
Superimposing the pressure-flow curve 
of the DPI then determines the three 
test flowrates. In Figure 2 opposite  
 (a hypothetical example), the three test 

pressure drops would be 5, 6.5 and 
7.5 kPa, corresponding to flowrates of 
~95, 110 and 120 L/min through the DPI.

Of course this would just be a first 
step. A second step might be to 
evaluate ramp-up rates as a function 
of pressure drop, for example, and 
interpolate these data to predict likely 
operating ramp-up rates depending 
upon device resistance. A third step 
would be to look at the range of inhaled 
volumes for the target patient group. 
With these three key parameters — 
Peak Inspiratory Flowrate (PIFR), peak 
ramp-up rate, and inhaled volume — 
it’s possible to create three reference 
inspiratory flow profiles based on 
typical patient use, representing 
‘normal’, ‘weak’ and ‘strong’ inhalations.

Whilst the primary purpose of 
collecting in	vitro data for marketed 
products is to ensure that they meet 
specification and offer acceptable 
consistency in performance, perhaps 
the flowrates used in testing don’t 
matter as product data is only used for 
comparative purposes. However, such 
a mismatch between the flowrates 
achieved in actual use and the 
qualifying test flowrates simply means 
that any variations observed in the 
laboratory are very unlikely to reflect 
real use. So then we have to return 
to the original question — why do we 
test inhalers at all? It’s not just about 
proving but also about ensuring that 
we’re designing optimised inhalers. If 
we continue to adhere to these historic 
practices, are we missing out on an 
opportunity to innovate?

Regulators need to take a fresh look 
at inhaler testing methods. Swinging 
plus or minus 50% around the sixties 
was a sensible starting point — recent 
research indicates that we can now do 
something much more meaningful.
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Understanding pain 
at a cellular and 
molecular level 
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A smiling nurse calls  
out my name, ushers  
me into a small side 
room and invites me 
to take a seat on a 
reddy-brown, vinyl 
covered chair. I’m 
not anxious.

As she checks my date of birth and 
vaccination notes, my mind starts 
pondering whether the blood-like chair 
colour is coincidental and whether or 
not she’ll say “small scratch coming 
up”. I almost smile when I hear those 
exact words, wince ever so slightly, and 
the prefilled syringe is in the sharps bin 
before I’ve even started to roll down my 
left sleeve.  
 
One millilitre of saline containing 20 
micrograms of recombinant Hepatitis B 
surface antigen is now diffusing into the 
muscle tissue in my left shoulder. In truth, 
it hardly hurt at all. The 23 gauge needle 
was very sharp, the amount of liquid was 
small, and I was mostly thinking about 
whether or not she’d say “small scratch”.  

Pain is something we’re all familiar with 
but why does it hurt when we receive 
an injection, stub a toe, or hit a thumb? 
What is actually going on inside my 
thumb that allows it to recognise when 
it’s being burnt, stabbed, dipped in 
icy cold water or hit by a poorly aimed 
hammer? How do the cells in my thumb 
recognise so many noxious stimuli and 
how does the message get to my brain, 
telling me I must take my hand away 
from the fire, drop the ice cube or pay 
someone else to put up my shelves?

cell signals

The scientific term for detecting pain 
at the cellular level is ‘nociception’; 
strictly speaking, it doesn’t become 
pain until a message arrives in a 
conscious part of my brain which I can 
recognise as being pain — but let’s 
not go there just yet. When a cell in 
my thumb starts to get hot, squashed 
or stretched then special signalling 
molecules on the cell’s surface pass 
a message to the inside of the cell 
saying that damage is occurring. The 
nature of the damage can be various. 
My Hep B vaccination hurt because the 
needle tore some cells in my shoulder 
apart and stretched others nearby as 
it was being pushed in. As the vaccine 
was being injected it caused more 
stretching and tearing of cells in the 
vicinity to make space for the 1ml of 
saline. The saline was pretty cold which 
upset the cells and if the injection had 
been formulated in water rather than 
saline then those cells would also 
receive osmotic stress. 

The damaged and stressed cells pass 
a message to nearby nerve cells which 
in-turn pass the message all the way 
to my spine. From here the signal is 
sent up the spinal cord and into the 
lower part of my brain. It all seems 
fairly straightforward. However, what’s 
slightly counterintuitive about the 
nervous system is that it doesn’t pass 
messages along verbatim. My spinal 
cord actually adjusts the signals that 
it relays, depending on what other 
messages are passing up or down the 
line at the same time1. This seems 
completely crazy in our computer 
enabled society where I expect the USB 
cable connecting my keyboard to my 
computer to always send a letter ‘S’ if 
I press the letter ‘S’. If the USB cable 
decided to change each ‘S’ to an ‘F’ 
just because the space bar was being 
pressed occasionally, then I’d 
get really piffed oss. But strangely 
this is exactly the sort of thing that 
goes on in your spinal column; it isn’t 
just a cable passing on messages, it’s 
actually doing some signal processing 
on the messages before they get to 
the main part of your brain. It’s more 

helpful to think of your spinal cord as 
an extension of your brain than simply 
a cable connecting your extremities. 

We can demonstrate this phenomenon 
scientifically via a process called 
peripheral nerve stimulation. Imagine 
we prick 1,000 people with a sharp 
needle and ask them how much it hurt 
on a scale of one to ten. We then repeat 
the exercise with new participants, yet 
this time we use something like the 
end of a plastic hairbrush to gently 
press the skin around the needle prick. 
On the second occasion we will get 
a significantly lower spread of pain 
scores. Bizarre, but genuine2. The 
reason it hurts less is because the 
nerves are sending messages about 
the hairbrush sensation at the same 
time as the message about the needle 
hurting. In over-simplistic terms — the 
pain signal is masked by all the signals 
about the tips of the hairbrush. 

Measuring pain

This brings us onto the interesting 
question about how meaningful it 
is to measure pain. Pain scores are 
widely used in clinical trials, such 
as our example above, and they can 
be meaningful, but only if you have 
a sufficiently large population size. 
The problem with pain is that it’s 
by definition an entirely subjective 
sensation. Research strongly suggests 
that my Hepatitis B jab would have hurt 
more if I’d been anxious about it and if 
I wasn’t distracted by thinking about 
if the nurse would say “small scratch” 
or not3. Just as we can’t use the USB 
cable as an analogy for the nervous 
system, neither can we consider the 
brain to be like a computer processor 
which feels pain in direct proportion to 
the amount of incoming pain signals 
it receives. It would be far easier to 
understand, measure and study pain 
if this was the case. However pain is 
such an important and potentially 
debilitating part of our physiology that 
it’s safeguarded by multiple layers 
of processing which ensures that 
the transduction, transmission and 
interpretation of pain is finely tuned 
and carefully regulated. 
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The upshot of all this complexity is 
that any attempt to quantify pain with 
a numerical value is about as useful 
as trying to describe the light you see 
with your eyes on a scale of one to ten. 
Think about it … does a dull overcast 
day score the same as the setting sun 
on a clear evening? Will your score be 
different if you’ve just been inside a 
dark room for the last hour? Will your 
mood effect your judgement? Are 
green light traffic lights as bright as 
red ones? You get the point. Pain is a 
tremendously subjective and multi-
layered sensation which is impacted 
by a host of factors such as feelings, 
past experiences, hormones, genetics, 
epigenetics, environmental factors, 
physiology and psychology. It is often 
helpful to attribute a numerical score 
to pain but only if you remain mindful 
of the deeply complex biology and 
neuropsychology which sits between 
the input and the output. 

reducing pain

OK, so we now appreciate how pain 
is detected, we understand that the 
signals are processed on their way to 
the brain and we recognise that the 
brain is a complex thing which will feel 
the pain in different ways depending 
on just about everything. But can we 
use any of this knowledge to reduce 
the pain of important parenteral 
therapies such as my Hep B shot? 
After all, we all want to improve the 
experience of our patients, since 
we’re aware it’s often linked to their 
compliance and outcomes. 

The answer is unequivocally ‘Yes’ and in 
at least two ways; firstly at a cellular and 
secondly at a neuropsychological level. 

At the cellular level, we can try to 
minimise the physical and chemical 
damage which is inflicted during 
injection. We can use our knowledge 
about the cellular damage and signal 
transduction processes to directly 
improve both formulations and delivery 
systems to minimise nociception. 
For example, we could warm the 
liquid, reduce osmotic shock, balance 
the pH, minimise trauma from the 

needle (during insertion, injection 
and retraction) and reduce the local 
hydrostatic pressure. These subtle 
improvements to the user experience 
haven’t received much attention 
from pharma R&D over the last few 
decades as the focus has been almost 
exclusively on efficacy and obtaining 
regulatory approval. However, as 
generic competition increases and 
consumers have greater choice we 
shouldn’t be surprised to see some 
forward-looking pharma companies 
considering these patient-experiential 
issues during the early stages of drug 
formulation and device development. 

Secondly, we can try to positively 
influence the patient at a 
neuropsychological level. This might 
involve more indirect approaches to 
improve the patient’s mood, reduce 
their anxiety or to achieve effects 
such as peripheral nerve stimulation. 
There is unequivocal evidence to 
substantiate the validity of these type 
of influences on reducing perceived 
pain4. Unfortunately, this isn’t a realm 
which feels comfortable to most of 
us — we’re all much happier talking 
about molecules, tolerances, statistics 
and ISO standards. The idea of putting 
pictures of cute kittens on a drug vial or 
making a soft and fluffy needle-shield 
probably makes you shudder — it may 
well give your Head of Regulatory Affairs 
a nervous breakdown. However, just 
because it isn’t familiar doesn’t mean 
that it’s an area which we should ignore.

My Hep B injection did hurt me a little, 
as will every one of the 16 billion or 
so injections given this year. Whilst 
the pain of each injection isn’t a 
big deal, there’s a big opportunity 
to improve compliance, health and 
wellbeing if minor improvements can 
be made to reduce the pain. Even 
these modest changes will require 
intelligent decision making, foresight 
and open minded creativity from 
leaders within the pharma and device 
industry. The rewards, however, could 
be both improved health for patients 
and also protection of market share 
and differentiation in an increasingly 
competitive marketplace. 
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X-ray vision has been a fascination 
for me ever since I first watched the 
original 1978 Superman film.
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Not only 
Superman  
has x-ray vision

X-ray vision has been a fascination 
for me ever since I first watched the 
original 1978 Superman film.

He could look through solid brick 
walls and peer into hidden crannies 
to find the bad guys, but alas, 
even Superman’s vision had some 
limitations, most notably when Lois 
Lane challenged him to look through 
her dress and confirm the colour of 
her underwear when unfortunately his 
vision was blocked by a lead plant pot. 

I know there are a few scientific 
‘suspicions’ regarding Superman’s 
Kryptonian X-ray vision. For example, it 
is fairly well known that X-ray radiation 
is dangerous, causing the generation 
of free radicals that play havoc with 
cell DNA and lead to the formation of 
cancerous cells. Whilst Superman’s 
eyes beamed out his X-rays, the naïve 
population of Metropolis were probably 
developing an assortment of curious 
tumours and growths. The other issue 
is that X-ray images cannot show real 

colour. Some systems, such as those 
used in airports, show a contrived 
colour broadly based on the density or 
chemical composition of the object, but 
no matter how much effort Superman 
spent trying to ogle Lois’s knickers he 
would (probably) have seen them as 
grey. However, who am I to question the 
powers of Superman? 

More recently, therefore, my curiosity 
in X-ray technology has become a little 
less fictional and a bit more practical. 
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In the 1970s, Ct evolved 
from ConventIonal 
X-ray teChnology 
thanks to the 
Independent efforts of 
sIr godfrey hounsfIeld 
and allan CormaCk.

X-ray slicesAbout ten years ago I read an article 
on 3D Computed Tomography (CT) 
Scanning, specifically how designers 
and engineers were using it for 
industrial research and metrology 
(measurement). 

In the 1970s, CT evolved from 
conventional X-ray technology 
thanks to the independent efforts 
of Sir Godfrey Hounsfield and Allan 
Cormack. CT or CAT (Computed Axial 
Tomography) scanning for medical 
analysis is a well-known process for 
creating detailed views of internal 
organs, large blood vessels and bones, 
but its use in other sectors outside of 
the hospital is relatively recent. 

In 1895, the first X-ray image (or 
radiograph) showing the internal bones 
of a hand, was published. A few months 
later, Major John Hall-Edwards was the 
first person to use X-rays under clinical 
conditions to observe a needle stuck into 
the hand of his associate. Unfortunately 
for Hall-Edwards, ten years later he 
had his left arm amputated because 
of severe radiation burns caused by 
unprotected self-experimentation but 
despite this, the field of radiology had 
been recognised and happily, the risks 
are now well understood.

X-ray slices

X-ray imaging is the attenuation of 
X-rays as they pass through a material; 
the varying densities of different 
materials or organs determine the 
amount of X-ray that reaches the 
detector giving a contrast between the 
denser structures such as bone and 
less dense surroundings such as air 
and soft tissue. During conventional 
medical imaging, the projected X-rays 
interact with a detection device (X-ray 
film or other image receptor) to provide 
a 2D image of the tissues within 
the body. CT scanning works on the 
principle of taking lots of X-ray ‘slices’ 
rotating around the object (or patient) 
and using software to process them 
into a 3D volume rendering. 

There are many potential uses for CT 
scanning in industrial analysis such 
as measurement reporting, comparing 
real parts to 3D CAD, inspection of 
hidden features, defect analysis and 
reverse engineering (to name a few). 
The application of CT scanning for 
industrial metrology has only really 
become accessible in the last 15 years 
as computing power and scanning 
speeds have increased and the costs 
have decreased. Companies such as 

Carl Zeiss GmbH and Nikon (which 
are perhaps better known for their 
photographic lenses) have invested 
heavily in the development of industrial 
CT scanners making the technology 
more available for engineers. 

CT scanning of components and 
assemblies for metrology can provide 
good accuracy and a high degree of 
repeatability. A typical resolution of 
~10µm (0.01mm) is normal, which 
compares reasonably well to most 
standard touch probe, or coordinate 
measurement machine (CMM), methods. 

Such measurement repeatability is 
achieved largely because there is little 
user or machine error (as specific 
measurements are made digitally in 
the software post-scan), and because 
a single CT scan shows all part 
surfaces, eliminating the need to run 
multiple metrology programs and jigs 
for opposing features as with CMM 
methods. The physical fixture is usually 
a simple block of cheap polystyrene, 
a material of a lower density than 
the object and therefore invisible to 
scan. Scanning speed is not generally 
an issue as individual scans can be 
performed in a matter of a few minutes. 
One drawback however, is that only a 

CAT sCAnning for 
mediCAl AnAlysis is A 
well-known proCess 
for CreATing deTAiled 
views of inTernAl 
orgAns, lArge blood 
vessels And bones.
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A digital record of production

single component (or object) can be 
placed in the scanner, which means 
that multiple scans are needed to 
measure more than one component. 

The capability for comparing real parts 
to the starting 3D CAD has been a 
particularly useful asset in the process 
validation stages to check components 
for possible surface deviations and 
tooling errors that may have been 
missed by CMM or visual inspections. 
To generate a CAD comparison, a 3D 
scan of a real component is overlaid 
with the native 3D CAD and any 
deviations between the two geometries 
are shown chromatically by a surface 
colour map clearly highlighting errors. 
I have worked on many projects with 
large medical device manufacturers 
who, for the most part, have been 
largely sceptical of CT scan technology 
in their sector. However, in recent years 
they have been so impressed with its 
advantages that several companies 
have purchased their own CT scanners 
and incorporated scan metrology into 
their production procedures. This 
acceptance of the technology by device 
manufacturers is a good indication 
of the potential for future production 
inspection methods. 

A digital record of production

A CT scan of a component is an excellent 
digital record of the production process 
at any given time. It can be stored 
without any risk of deterioration (unlike 
plastic components that degrade 
over time) and used later to check 
equivalence with future production 
runs, or if the tooling is dismantled for 
maintenance or repair. 

CT scanning can also help engineers 
verify that the design intent for the 
device has been met. Just as medical 
imaging is used to see inside the 
body, industrial CT scanning can 
be used to see inside devices and 
observe the individual components in 
their functioning location, as well as 
enabling measurements to be taken 
of previously hidden features. Scans 
can also show very high levels of 
detail such as minor voids and cracks 

within the actual structure of a part. 
The same scanned data-set can be 
used to perform a defect analysis, for 
example the software can generate 
a report on the porosity and size of 
air inclusions within a component’s 
composition. CT scanning enables a 
detailed and non-destructive analysis 
to be performed very quickly. A CT scan 
from a contract service typically costs 
between £100 – £300 depending on 
the level of information required, which 
is very reasonable when you consider 
the time and effort needed to perform 
alternative methods, such as ‘potting’ 
products in resin and physically cutting 
them up. There are, however, some 
current limitations to the CT process: 

• It is not always possible to get 
a good image if the assembly 
contains materials with very 
different densities such as metals 
and plastics. Typically, a scan of 
mixed materials will contain some 
blurring or streaking around the 
denser materials where the X-rays 
have slowed. 

• Scanners have limitations on the 
maximum size of the sample; 
typically, as the available size 
increases the resolution decreases.  

• Scans are like a photograph, not 
a video — they are a snap-shot 
in time and cannot record the 
function of a mechanism.  

• File size can be large, in the 
gigabyte range for a full step-
through scan of a device. 

Despite these limitations, CT scan 
technology has proven itself to be 
very useful in all stages of the 
development process. The ability 
to actually see through product 
assemblies and discover what goes 
on when the ‘light goes out’ has really 
enhanced our analytical understanding 
of how and why a product functions 
(or not). The fact that a component or 
device can be analysed without the 
need for expensive fixtures or any 
physical contact from a CMM probe 
is very appealing. 

I encourage our project teams to 
make the most of CT scan metrology 
to support both the development 
phases of a project and to help with 
the industrialisation of a product. As 
the technology develops, I’m convinced 
that CT scanners will become smaller, 
faster and more accurate, and I 
predict their eventual inclusion on 
high-speed production lines to deliver 
100% inspection of all critical-to-life 
products. There is a real possibility that 
CT scanning may eventually replace the 
need for destructive testing, assumptive 
sampling regimens or conventional 
CMM metrology for certain applications.

And just in case you are still wondering, 
Lois Lane’s underwear was pink. 
Superman caught a sly glimpse when she 
stepped out from behind the plant pot.
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One of my roles is to make sure our 
clients know more about our skills in 
this area, and so for my first Insight 
article I’ve decided to write about the 
pitfalls of using CFD…

Neglecting verification
All math models, CFD simulations 
included, are approximations of the 
real world and it is important to accept 
that there will always be some level of 
error associated with CFD results. But 
that doesn’t mean the results can’t 
be useful. We just need to verify the 
predictions with some carefully  
planned experiments before we can 
assess and confirm their usefulness.

Verification of CFD is essential for  
checking it is providing a sufficiently 
accurate approximation of the real 
world to inform design decisions. 
Without this, CFD is just a bunch of 
complicated maths solved over many 
hours by high-powered computers 
that happens to be meaningless as an 
engineering tool.

Despite this, the temptation to rely on 
CFD without verification can remain 
strong. After all, isn’t a key advantage 
of CFD supposed to be that it can 
take the place of experimental testing 
and thereby save valuable time and 
resources? Well yes, the number of 
prototypes and tests can be reduced 
using CFD, but testing shouldn’t be 
neglected all together. Take the example 
of the 2010 Virgin Racing F1 Team, 
who took the ambitious but ultimately 
flawed decision to design their F1 
car using solely CFD. Considerable 
time and money was inevitably saved 
by avoiding verification with wind 
tunnel testing, but unfortunately the 

I recently joined 
Team to head up 
our in-house CFD 
(computational 
fluid dynamics) 
capabilities and 
develop our expertise 
in engineering 
simulation. CFD is 
a powerful tool for 
simulating fluid 
flows and related 
physics in a virtual 
environment and can 
be of great benefit to 
the development of 
medical devices. But 
creating effective CFD 
simulations can be a 
challenging business.

“Essentially,  
all models are 
wrong, but some 
are useful.” 1

George Box

Error: CFD does 
not compute BY STUarT abErcroMbIE
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performance of the final product spoke 
for itself. Two seasons completed and 
zero points scored.

Simulation and physical testing 
inherently complement each other and 
so shouldn’t be viewed as competition. 
The insight gained from CFD can 
maximise the reward from testing by 
helping to explain prototype performance 
and by identifying key parameters for 
the effective design of experiments. 
The results from testing can then 
maximise the reward from CFD by 
verifying the simulation approach and 
exposing inaccuracies. By applying the 
right combination of both techniques, a 
seriously streamlined process for device 
development can be achieved. 

Desperately seeking complexity 
Fluid dynamics are inherently 
complex, as will be familiar to  
anyone who has marvelled at the 
curling and twisting of smoke  
rising from a campfire, or wondered at 
the structures created by milk mixing 

in a morning coffee (it can’t  
just be me?). But attempting to 
capture all of these details using 
CFD can quickly cause a simulation 
to become overly burdened by 
complexity. Computational time 
suddenly extends into weeks, 
simulation robustness falls off a 
cliff and the use of CFD becomes an 
impractical encumbrance.

The tight budgets and times scales  
in medical device development  
demand lean and flexible simulations, 
and it isa skill of the CFD engineer  
to make pertinent assumptions  
and approximations that limit 
simulation complexity.

This approach is especially relevant 
in the use of CFD for DPI (dry powder 
inhaler) development. The finer details 
of the physics of powder aerosolisation 
and deagglomeration within DPIs is 
still not fully understood, and CFD 
that attempts to simulate all of the 
processes involved remains in the realm 

of academic research. Employing such  
a simulation during device development  
slows the process, takes weeks to churn 
out heaps of data that is already out
of date before it is calculated and is 
generally not recommended.

A simpler simulation, such as the flow of 
air through an important section of the 
concept geometry, is the starting point 
to quickly gain a good understanding 

“Be  
parsimonious;  
start small  
and add.” 2 

Michael Pidd
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of device characteristics. This enables 
fast investigation of large-scale design 
changes and efficient guidance towards 
a solid baseline design for the device. 
Simulation complexity can then be 
added in a step-wise fashion if required 
for accuracy when fine-tuning the 
design and optimising performance. 
This may involve extending the airflow 
simulation to the complete device, for 
example, or tracking discrete dose 
particles as they travel through the 
device and then simulating the delivery 
of a complete powder bolus — but only 
if this extra complexity adds value.

Of course, leveraging the latest in 
computing power can increase the 
levels of CFD complexity that are 
practical during a project. Processor 
speeds may be reaching a plateau, 
but we can now turn to parallel 
computing for increased performance. 
Most commercial CFD codes include 
sophisticated algorithms to efficiently 
divide a simulation up across multiple 
processors, and a relatively small 
investment in high-spec hardware can 
yield high rewards in CFD effectiveness.

Treating CFD as a Black Box
Commercial CFD software has come 
a long way since it first appeared in 
the early 1980s, and development 
continues at a beguiling pace. Much of 
this work concerns the commendable 
improvement of CFD accessibility for 
the engineering community through 
automated processes and enhanced 
user interfaces. But with this comes a 
dangerous tendency to treat CFD as a 
black box; define the inputs, press the 
big green “default settings” button and 
accept the automated results.

This incurs a significant risk of falling 
foul of the ‘garbage in- garbage out’ 
scenario common in computer science. 
This problem is exacerbated with CFD 
because solving the relevant fluid 
dynamics equations is often non-
trivial, and so there is no guarantee 
the software will achieve a valid set of 
solutions. Even with a perfect set of 
non-garbage inputs to the black box 
you can still end up with garbage out.
With little experience of CFD or fluid 

mechanics it is possible to produce 
results with CFD software that appear 
convincing but have little resemblance 
to reality, which can be very misleading 
for the project team. The ultimate goal 
of CFD software — to consistently 
produce meaningful results from fully 
automated processes — remains 
something for the future.

CFD is most definitely not an iPhone 
(it is supplied with an extensive set of 
user manuals) and it is important to 
take time to understand the processes 
under the hood of CFD software and 
how these can affect results. This, 
coupled with a sound knowledge 
of fluid mechanics, is essential 
for appropriate interpretation of 
simulation predictions.

Curing rather than preventing
In the world of healthcare we know 
that prevention is better than cure, 
but when it comes to the use of 
CFD for device development this is 
sometimes forgotten. It is true that 
CFD can be a very powerful tool for 
diagnosing and curing problems with 
device functionality, but it is even 
more effective when used to prevent 
problems arising in the first place. A 
recent study of engineering simulation 
strategies employed across a range of 
industries found a very clear conclusion 
that “using simulation to gain better 

insight into product behaviour from the 
very beginning of the design process is 
a key differentiator of success”4. 

This success is partly due to the ever-
increasing cost of design changes 
as a device progresses through 
development. Using CFD to help 
predict and prevent problems in the 

initial concept stages may appear 
unnecessary if prototypes are 
performing well, but it is far more cost 
effective than attempting to fix design 
problems discovered when at high 
volume manufacture.

But implementing simulation early 
isn’t just about reducing costs, it is 
more about achieving better devices 
through improved understanding. A 
device can be thoroughly tested and 
proved to work consistently, but if there 
are gaps in our understanding of how 
the device works then there is always 
a risk that it is not optimised and that 
problems may be encountered further 
down the line. Simulating early helps 
mitigate this risk, and the resulting 
improved understanding can inspire 
innovative new routes for development 
at a point when taking new routes 
is still possible. CFD left late in the 
development process is often seriously 
compromised in its ability to benefit 
device performance. 

“CFD is not yet sufficiently 
predictive and automated to be 
used in critical/relevant engineering 
decisions by the non-expert user.”3 
NASA
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Thinking you can survive without it
Scepticism towards CFD is 
sometimes present in medical device 
development, possibly resulting from 
the pitfalls I’ve been discussing. It 
can be healthy to treat results with 
a critical eye, and this helps prevent 
mistakes, but if it causes simulation to 
be discarded altogether this can be a 
bigger mistake still. 

Engineers often take inspiration from 
nature, and inspiration for simulation 
can be found in the theory of evolution. 
The ability to simulate is believed to 
play a significant role in evolution by 
natural selection, as noted by biologist 
Richard Dawkins:

“[Organisms] that can simulate 
the future are one jump ahead of 
[organisms] who can only learn on 
the basis of overt trial and error. The 
trouble with overt trial is that it takes 
time and energy. The trouble with 
overt error is that it is often fatal.”5

This sums up the benefits of 
simulation succinctly. It can achieve a 
competitive advantage by saving time 
and resources and by providing the 
knowledge to develop superior devices 
with lower risks of failure. If we’re only 
interested in developing the very best 
medical devices we can, then we need 
to make full use of simulation tools 
when appropriate.

Widespread acceptance of the  
benefits of engineering simulation  
for device development is reflected  
in the fact that the FDA recently 
published guidelines for including 
computational studies in medical 
device submissions6. This is a welcomed 
and comprehensive document that 
clearly describes the components 
of a successful study to ensure it 
contributes valid scientific evidence; a 
check-list for simulation effectiveness. 
CFD has firmly established itself in the 
device developer’s toolbox. However, as  
I’ve highlighted, merely ‘doing some CFD’ 

  
isn’t enough. If this valuable tool isn’t 
used correctly it can have significant 
consequences for device success.
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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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