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INTRODUCTION

Undergoing an amputation is a life-changing experience, and 
we are continually inspired by the many people we work with 
who have suffered catastrophic injuries or medical conditions 
that resulted in amputation. 

In 2017 we co-hosted the Back to the Future Rehabilitation 
Conference and it is part of our ongoing commitment to raise 
awareness of the challenges faced by amputees. Within this 
e-book we will share some of our insights and explore the 
topic of disability amongst amputees. 

Prosthesis technologies have progressed rapidly in recent 
years, and there are many hi-tech prosthetic limbs now 
available - so we want to answer the question: can we end 
amputee disability in 2018?

As well as speaking to Potter Rees Dolan’s specialists on the 
topic, we interviewed a number of prominent figures in the 
industry, and we asked the public for their views - all of which 
are included within this e-book. 
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AN INTRODUCTION TO AMPUTATION

Most commonly, an amputation refers to the 
surgical removal of a part of the body such as an 
arm or leg but, sometimes, body parts such as the 
nose or fingers can be amputated. 

Some of the most common reasons for amputation 
are: 

Trauma - amputation may be necessary to save a patient’s 
life after a serious accident, where keeping the limb would be 
dangerous to their health.

Medical illness - limbs are sometimes amputated after a 
person sustains an illness that directly affects their limb. For 
instance, deep vein thrombosis (DVT) can cut off the blood 
supply to your leg, resulting in an amputation. 

Preventative measures - amputations can be carried out to 
prevent serious medical conditions. For example, women at 
risk of breast cancer sometimes consider a mastectomy to 
reduce their chances of developing the condition.

Congenital disorder - infants born with malformed limbs may 
undergo amputations to prevent problems later on in life. 

Chapter 1: An introduction to amputation

Grades of amputation
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AN INTRODUCTION TO AMPUTATION

Amputee disability

The challenges that come with losing a limb are much further 
reaching than the restricted, or complete lack of, use of that 
particular limb. 

New amputees are forced to consider changing huge aspects 
of their life, be it related to work or home, which can have a 
negative emotional impact on them. 

They may not be able to travel as freely, partake in their 
hobbies or independently carry out small daily tasks - leading 
them to sometimes be classed as disabled. 
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THE EVOLUTION OF PROSTHESIS

Chapter 2: The evolution of prosthesis

Throughout the centuries, prosthesis have been 
used to restore function in missing limbs, digits 
or other body parts. They have been used since 
since Ancient Egyptian times, but have evolved 
significantly to what they are capable of today.

Having been developed from basic wooden toes 
and legs to mechanical metal hands, prosthetics 
can now be sophisticated pieces of technology that 
have the ability to process instructions directly 
from your mind. 

A brief history of prosthetics

Prosthesis have been in existence for millenia. Amongst some 
of the first examples of the technology are wooden toes found 
in the ruins of Ancient Egypt. 

These prosthetics were attached to the wearer’s feet using a 
simple leather strap to offer balance to the user when they 
walked, as well as enhance the appearance of the foot.

As to be expected of the era, prosthetics of this kind were only 
accessible to the rich and wealthy. They also only offered a 
limited amount of functionality compared to the prosthetics 
we use today.

Centuries later, Götz von Berlichingen - a German knight 
and poet - was reported to be the first person in history to 
own and use a metal prosthetic arm. Made from iron, the 
prosthetic arm helped him carry out his day-to-day activities.

Prosthetic toe found in Ancient Egypt
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THE EVOLUTION OF PROSTHESIS

Before the 20th century, prosthetics went through 
a number of other notable innovations to offer 
additional functionality: 
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MODERN PROSTHESIS

At the end of World War II, research and 
development of prosthetics improved significantly, 
largely because of the number of people who lost 
limbs during the conflict. Since then, prosthetics 
and the technologies behind their development 
have advanced rapidly to shape the cutting-edge 
prosthesis that are now available.

3D printing

Some researchers believe that 3D printing has the potential to 
further transform the prosthesis industry. 

Prosthetic limbs are expensive to build and require months 
of designing and manufacturing, but with 3D printing it may 
possible to print prosthetic limbs in as little as a day. 3D 
printed limbs are also comparatively cheap - it only costs 
approximately £2,000 to print a prosthetic limb - and they are 
deeply customisable to suit the patient.

However, the topic continues to divide opinion. Dr Kianoush 
Nazarpour, reader in biomedical engineering at Newcastle 
University says: “It’s unfortunately just hype and will never 
become mainstream. Until we can 3D print neural cells, so that 
the body doesn’t identify them as a foreign body, this method 
won’t solve the problem.”

‘Bionic’ limbs are amongst some of the most advanced 
pieces of prosthetic technology available today. Combining 
electronics, biotechnology, hydraulics and computing, they 
utilise technology from multiple disciplines to create life-
changing tools for people who have undergone amputation.

Myoelectric limbs are the most common ‘bionic’ prosthetics 
used in the field today. They are best for upper-limb 
amputees, offering them significant benefits. 

In the past, upper-body prosthetics were body-powered using 
a combination of cables and body movements to control 
the prosthetic limb, which was physically tiring and can feel 
unnatural for the wearer. Instead, myoelectric limbs are 
custom made and powered using a battery and electronics to 
control movement. 

They are attached to the patient’s limb using suction 
technology to ensure a comfortable fit, and use sensors to 
detect the slightest muscle, nerve and electrical activity. This 
activity is sent to the surface of the skin where it is amplified 
and sent to microprocessors, which use the information to 
control the movements of the artificial limb. 

Chapter 3: Modern prosthesis

Bionic limb, credit: Ottobock
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BODY AUGMENTATION AND TRANSHUMANISM

At the end of World War II, research and 
development of prosthetics improved significantly, 
largely because of the number of people who lost 
limbs during the conflict. Since then, prosthetics 
and the technologies behind their development 
have advanced rapidly to shape the cutting-edge 
prosthesis that are now available.

For instance, with specially designed prosthetics, it could be 
possible to be stronger and faster than others. The result is an 
iteration of Homo sapiens enhanced or augmented, but still 
human.

This concept is called ‘transhumanism’ and it has a significant 
following around the world. Coined by Max More, the CEO of 
Alcor Life Extension Foundation in 1990, transhumanism on 
paper is an attractive concept. With the right technology, who 
wouldn’t want to be faster, stronger and effectively functioning 
beyond the limitations of their own bodies? In some cases, 
by removing frail biological limbs and replacing them with 
sturdier, more capable prosthetic limbs.

Chapter 4: Body augmentation and transhumanism
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BODY AUGMENTATION AND TRANSHUMANISM

Transhumanism raises numerous ethical concerns. On the one 
hand, it makes sense to take advantage of technologies our 
society creates in order to improve humanity and make people 
stronger, faster and smarter. But facilitating these changes 
as a society opens interesting ethical questions. Depending 
on how far they take it, would people cease to be human? A 
person enhanced with technology would have key parts of 
their body replaced with technology that is, by definition, not 
natural.

As alluded to in science fiction literature and in video games 
such as Deus Ex, would augmented humans be discriminated 
against? Would transhumanism cause segregation between 
non-augmented humans? Or would it create a two-tiered 
society where only the rich and powerful gain access to the 
technology to augment themselves, leaving the poor behind?

These are challenging questions that nobody has an answer 
to just yet, Dr Kianoush Nazarpour, reader in biomedical 
engineering at Newcastle University, thinks this is all a long way 
off yet. 

Ethical considerations
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BARRIERS TO ENDING AMPUTEE DISABILITY

It is widely agreed by medical professionals, 
amputees and biomedical engineers alike, that 
adopting hi-tech prosthesis can help to improve 
the quality of life for amputees and those born 
without limbs, making them much less restricted 
by their disability. 

But despite the rapid advancements being made to prosthetic 
technology, amputees face a multitude of challenges to secure 
and effectively operate hi-tech prosthesis. 

Balancing funding

A lack of financial support is one of the biggest barriers 
blocking the large-scale adoption of hi-tech prosthesis, due 
to the significant cost associated with designing, testing and 
producing state-of-the-art limbs. 

A basic prosthetic limb can cost as little as £50, with leading 
hi-tech prosthesis costing more than £80,000. In the UK, 
prosthetic limbs available through the NHS cost on average  
£2,500. Although better technology is available, given the 
current budget constraints, there is a question of ethics posed 
in order to balance the cost of hi-tech prosthesis with the 
number of people who will benefit. 

Double amputee and filmmaker, James Young, has a different 
view on the matter. He says: “A larger outlay on providing 
appropriate, functionally-advanced arms could reduce the 
financial burden on the NHS and government over the latter 
decades of an amputee’s life - but due to annual budgets 
and four-year elections, it’s hard for anyone in political or 
administrative positions to try and spend more in the short 
term to improve the total expenditure.”

Chapter 5: Barriers to ending amputee disability
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BARRIERS TO ENDING AMPUTEE DISABILITY

Physical and psychological barriers

Coming to terms with losing a limb can be a problem in itself, 
without considering the physical and psychological challenges 
involved with learning how to operate a hi-tech prosthetic limb 
in order to live as independently as a person did before their 
amputation. 

Regardless of the impressive advancements that have been 
made, for most people, state-of-the-art prosthetic devices 
are neither attainable, nor well suited to day-to-day life. For 
example, some myoelectric devices are not waterproof or 
durable enough to withstand daily use. This is a global issue, 
as documented by PBS that cite an American farmer who 
researchers gave a $100,000 myoelectric arm, but he kept it in 
a cupboard because he could not carry out his work using it. 

Issues with regulation

There is an ongoing ‘chicken and egg’ issue with new 
technologies becoming regulated that has created a barrier 
in new, more advanced limbs being made available. Speaking 
about the work his department carries out at Newcastle 
University, Dr Nazarpour, says: “If I have a device that I need to 
test, I cannot do so because it isn’t clinically approved. In order 
to gain approval, I need to run a range of clinical tests but I 
can’t because I don’t have the necessary permission - so it’s a 
self-perpetuating problem.” 

James added: “What’s incredibly sad about the position 
amputees are in, is that the quality of life of many people 
is patched up with the minimum amount of technology. 
People are not going out because of socket pain, losing 
friends from being difficult to get around and are unable 
to be as productive in work all because the medical 
technology available through the NHS has left us behind. The 
microprocessor-controlled knee (that enables people to be 
more active, stops them from falling over, helps them recover 
from stumbles and allows them to walk more naturally) was 
released in 1997 - but only recently was it allowed funding 
through the NHS.”  
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BARRIERS TO ENDING AMPUTEE DISABILITY

Scientific development

Despite the advancements that have been made within the 
prosthetics industry, around 20% of new limbs are still rejected 
by users according to the Institution of Mechanical Engineers. 
Conventional amputations see doctors sever muscles, which 
usually help people control their limbs - leading many patients 
to reject replacement limbs. 

Although extensive experiments have been carried out, 
scientists and prosthetists do not fully understand the 
complexity of the brain and what capacity it has to learn how 
to operate an unnatural limb. There are lots of questions 
that need to be answered before developments can progress 
further. 

From a different perspective, James believes that the pace of 
scientific development is a significant barrier. He says: “Issues 
around prosthetic adoption can be mirrored in the commercial 
technology industry, like with mobile phones. For example, 
if I wanted to buy a new hand - do I get the iPhone X hand or 
the Google Pixel hand? Do I really want to spend an inordinate 
amount of money on a bionic limb, which I’ll have to live with 
for the next 50 years? What if there is another coming out next 
year that hasn’t been announced? What if five years from now 
there’s a new control system that comes out but my hand isn’t 
compatible with it?”

Breaking barriers

There is no doubt that prosthetic technology has significantly 
advanced - and it cannot be ignored that hi-tech prosthesis 
offer users significant benefits - however, there are significant 
barriers that prevent us from ending amputee disability with 
the technologies available today. 

It will require in-depth research, innovative thinking and 
cooperation from a wide range of parties to make hi-tech 
prosthesis more accessible and effective so that we can move 
closer to ending amputee disability.
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PUBLIC PERCEPTION OF AMPUTEE DISABILITY

Through our work with amputees, we have 
developed a very detailed understanding of 
different prosthetic technologies and the benefits 
and issues associated with them; but one of the 
key focuses of this e-book was to understand the 
public’s thoughts on the matter.

We ran a survey to gauge those thoughts, and thanks to 
the hundreds of people who participated, we gleaned some 
incredibly interesting insights. 

Respondents shared their views on the cost and benefits of 
prosthetic development as well as when they did or did not 
consider an prosthetic user to be disabled. Here, we have 
compiled the key themes to share the public perception of 
amputee disability. 

Benefits outweighing costs

We asked the public whether they thought the benefits of 
different prosthesis outweighed their cost to the NHS. We 
included a range of prosthetic limbs, from a basic-level hook 
hand  mechanism that can cost between £7,000 and £10,000 - 
to a state-of-the-art bionic arm costing more than £70,000. 

On average, 83% of respondents believed that the benefits of 
these different prosthetics outweighed the costs. They said 
that the improvement to the amputee’s quality of life and the 
increased level of independence that they offered was greater 
than the cost to the NHS. One respondent said: “My son wears 
a prosthetic eye and I know that looking more ‘normal’ has 
contributed to his mental wellbeing, so I think the same would 
be the case with this prosthetic.”

The remaining 17% of respondents who did not think that 
the benefits outweighed the costs cited reasons such as 
the basic look and functionality of some of the prosthetics. 
Another respondent said: “Advancements in technology 
mean that better prosthesis should be available, even though 
more expensive they would allow an amputee to be more 
independent. These prosthesis look cumbersome.”

Despite the majority of people agreeing that the costs are 
justified overall, respondents were less likely to think the 
benefits of more expensive prosthesis outweighed the cost, 
despite them being much more advanced. For example, 91% 
of respondents said the benefits of the hook hand prosthetic 
outweighed the £7,000 - £10,000 cost, but only 68% of 
respondents said the same for the +£70,000 bionic arm. 

Chapter 6: Public perception of amputee disability

Hook hand prosthesis Bionic arm
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PUBLIC PERCEPTION OF AMPUTEE DISABILITY

Ending amputee disability

Prosthesis development has soared in recent years, helping to 
improving the independence of many amputees and enabling 
them to live a fuller life - but it seems that we are still a while 
away from ending amputee disability. 

We asked the public whether they considered someone 
using different prosthesis as disabled, and 74% said ‘yes’. 
Additionally, 70% of respondents said that they would class 
someone using the most advanced prosthetic arm as disabled, 
which was only an 8% decrease on the number of people 
who deemed someone using the most basic prosthetic to be 
disabled. 

Despite this, 44% of respondents still thought that an amputee 
athlete wearing a prosthetic blade would beat an able bodied 
athlete in a 200m race, assuming both had an identical level of 
cardiovascular fitness.

On top of this, only 16% of respondents said they thought 
we could end amputee disability with the technology that 
is currently available via the NHS; another 35% said that we 
cannot, and the majority (49%) said they were unsure.

Barriers holding us back

Although there have been many advancements to prosthetic 
technology, amputees face a number of challenges to secure 
and effectively operate modern prosthesis. 

We previously spoke to some experts about these barriers 
and, within our survey, we asked the public what they thought 
was holding us back from ending amputee disability. Across 
all respondents, the three biggest barriers to ending amputee 
disability were: 

The fourth biggest barrier overall was ‘technology not being 
advanced enough’ - but interestingly, when we looked at how 
people of different genders responded to this question, this 
barrier was actually ranked as the third biggest by men, and 
fifth by women. Instead, women ranked ‘issues with user 
adaptation/adoption’ as the fourth biggest barrier.
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ENDING AMPUTEE DISABILITY - THE EXPERT OPINION

Senior Solicitor Richard Edwards is experienced in 
dealing with personal injury claims for people who 
have suffered amputation injuries. As well as his 
work at Potter Rees Dolan, he is Group Secretary of 
Amputees and Carers Support in Liverpool (ACSIL).

We spoke to Richard to get his views on the themes we’ve 
discussed throughout our prosthesis series, and conclude 
whether we can end amputee disability in 2018. 

Significant barriers

Of all the barriers limiting us ending amputee disability, 
Richard thinks that poor rehabilitation provision is currently 
the biggest barrier, unlike the public in our recent survey, who 
ranked it third.

Instead of focusing on ‘ending’ amputee disability, which he 
considers to be a laudable but unrealistic aim, he believes that 
going forward, efforts should be centred on ensuring that the 
rehabilitation services provided through the NHS are properly 
resourced and that every amputee has local access to these 
services. This way the impact of the disability can at least be 
minimised.

Chapter 7: Ending amputee disability - the expert opinion
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ENDING AMPUTEE DISABILITY - THE EXPERT OPINION

Future advancements

Richard agrees with double amputee and filmmaker, James 
Young, that prosthetics will never surpass human ability, in the 
sense that man-made limbs will not be able to heal themselves 
like human bones. Expanding on this, he said: “Whilst the best 
prosthetics around are very advanced pieces of equipment, 
there are limitations and they will never achieve the same 
degree of function as a normal limb. It’s not realistic to expect 
prosthesis to entirely replicate the loss of a limb, rather they 
are designed to minimise the effect of amputation.” 

That said, Richard is positive about the future development of 
prosthetics and how they will help to minimise the effect of 
amputation: “There are lots of exciting developments in the 
research phase. Regarding upper limb prosthetic technology, 
developers are looking at models that give sensory feedback 
to mimic the effect of touch and there are others that use 
camera technology to enable automatic gripping, so that 
functional use of the prosthesis becomes more natural. These 
are all, however, in the early stages of development and it will 
be sometime before they become commercially available.”

A new focus

Despite the rapid advancement of prosthetic technology in 
recent years, our research shows that given the scale and 
significance of the barriers - such as a lack of NHS funding and 
the prioritisation of treatment for other illnesses or conditions 
- we are not in a position to end amputee disability in 2018. 

The focus of continued work should still be to break down 
these barriers, but with the aim of continually minimising the 
negative and boosting the positive impact on prosthetic users, 
instead of eradicating amputee disability completely. 
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