
Liz Sheffield looks at the biology behind 
extraordinary recent developments in 
transplants, synthetic organs and bionic 
limbs

The past few months have been full of exciting 
biomedical breakthroughs. In the summer, for 
example, surgeons in Spain gave a man two new 

legs from a human donor. While this 50-surgeon, 13-
hour process was taking place, biomedical scientists 
in University College London were using three-
dimensional scans to make a mould of the windpipe of 
a geology student. This young man had an inoperable 
throat cancer that was obstructing his breathing. 
They used a synthetic polymer to make a replacement 
windpipe with millions of tiny holes, which was then 
sent to Sweden. There it was ‘seeded’ with stem cells 
from the student, and put into a bioreactor to allow the 
stem cells to snuggle into the holes, take up residence, 
and start to grow. The custom-made windpipe was then 
transplanted into the patient. During September, a 
patient who suffered a stroke when she was 17 years old 
took her first ‘natural’ steps since the stroke paralysed 
her legs, thanks to a Lower-extremity Powered Exo-
Skeleton (LOPES). 

Using biology to bring hope
What these pioneering events have in common is that 
they bring hope to people whose lives are shattered 

by accidents or disease, using knowledge of biology to 
maximise the chances of success: 
•	 The leg transplants were only possible because we 

understand the risk of transplant rejection, and can 
use suppressants to prevent the immune system of 
the recipient’s body from attacking the donor legs. 

•	 We know that severed blood vessels can be joined 
and blood flow re-established. 

•	 We know that nerves can be joined and that the 
nerve cells can start to grow again — several patients 
who have received upper limb transplants can now 
operate their new limbs with remarkable dexterity, 
with their brains controlling what were once 
someone else’s hands.

New parts 
for old
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Tamara Mena, who is paralysed from the waist 
down with a complete T2 spinal cord injury, 
is a ‘test pilot’ for Berkeley Bionics eLEGS 
exoskeleton
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Custom-made windpipes?
What made the windpipe transplant so exciting was 
that the recipient will not need to take immune-system-
suppressing drugs for the rest of his life, because he 
was receiving his own cells. Previous transplants of 
windpipes had used tracheas from donors, seeded with 
patients’ own cells. Now that the artificial scaffold 
has been perfected, the scientists responsible say that 
custom-made new windpipes could be made to order 
within a week.

Learning the right moves
Petra, the stroke victim, used to be the fastest runner in 
her class. After years of physiotherapy she has regained 
some use of her legs, but was unable to ‘remember’ how 
to use them to walk properly. What LOPES does is to 
take signals from the person wearing the device while 
they are walking. It senses when the patient is doing 
something wrong, compares it with its records of correct 
gait, and then exerts a force to help the wearer do it 
right. The feedback loop created means that suddenly 
the body remembers how to carry out the right moves. 
It is hoped that this will allow patients like Petra to one 
day walk naturally, unaided.

Using an exoskeleton is by no means a new idea — 
our ancestors the arthropods that first crawled out of 
the sea got there first — but humans building them 
is pretty new. They can now allow us to regain lost 
function and even carry far heavier weights than our 
skeletons could possibly bear (check out the HULC 
movie in the weblinks).

Questions
1 It took 50 surgeons and 13 hours to graft 

on the legs for the amputee in Spain. He 
will need weeks of intensive medical and 
physiotherapy intervention, and years of close 
medical care and medication. Is this huge 
investment of resources justifiable in the face 
of the disease and suffering of others around 
the world? Would your answer be the same 
or different if he had been your brother?

2 The LOPES represents a coming together 
of electrical and mechanical engineering, 
programming and biological science. Which  
A-level subjects make the best mix for 
someone interested in going into bionics?

Weblinks to follow up
Double leg transplant

Telegraph article: http://tinyurl.com/6fqp2bk 

Article in the International Business Times:  
http://tinyurl.com/63k6xaq 

New Scientist article: http://tinyurl.com/6xe7uht 

Bionic: windpipes

Telegraph article: http://tinyurl.com/6zsqnjf 

Bionic: LOPES and HULC

Video of Petra from the BBC:  
http://tinyurl.com/5vw7l6y 

Video of powered HULC exoskeleton from Lockheed 
Martin: http://tinyurl.com/dfvvkr 

Video of rehabilitation exoskeleton eLEGS from 
Berkeley Bionics: http://tinyurl.com/69kepys 

Exoskeletons are used by the military to 
enhance strength and increase endurance

e-review
October 2011

Find out more about our full  
range of magazines and online  
archives of back issues at  
www.philipallan.co.uk/magazines 

Did you like 
this article?

Tell us what 
you think

LO
CK

H
EE

D
 M

A
RT

IN

http://www.telegraph.co.uk/health/healthnews/8631307/Worlds-first-double-leg-transplant.html
http://tv.ibtimes.com/spanish-surgeons-perform-first-double-leg-transplant/1224.html
http://tv.ibtimes.com/spanish-surgeons-perform-first-double-leg-transplant/1224.html
http://www.newscientist.com/article/dn20681-worlds-first-double-leg-transplant-performed-in-spain.html
http://tinyurl.com/6zsqnjf
http://tinyurl.com/5vw7l6y
http://tinyurl.com/dfvvkr
http://tinyurl.com/69kepys
www.philipallan.co.uk/magazines
mailto:magazines%40philipallan.co.uk?subject=Biological%20Sciences%20e-review

