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Meeting the future’s 
great expectations

Profound challenges confront Australian 
manufacturing. The high Australian dollar, 
the strength of the resources boom and the 
continuing fallout from the global financial 
crisis have all had an impact, but perhaps 
most significant is the intense global and 
regional competition felt as Asia, and 
China in particular, invests billions of 
dollars in research and development.

In order to compete globally, Australia 
has no option but to take a collaborative 
approach. Individually, research 
institutions and industry are simply not 
able to meet such huge challenges. 

We cannot do this alone. We need to 
foster more and deeper partnerships. The 
research, innovation and industry sectors 
must come together in alliances that 
develop new products and services, create 
markets and access global supply chains. 
We must do this to unleash potential in 
businesses no matter how large or small.

By combining our ingenuity, our creativity 
and our knowledge we will be able to 
capitalise on opportunities as they arise, and 
gain that critical edge necessary to draw 
the world’s spotlight to our endeavours. 

The Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) and Monash 
University are working together to develop a 
world-class innovation precinct designed to 
enhance Australian manufacturing, promoting 
it – and protecting it – into the future.

The Australian Manufacturing and Materials 
Precinct, in Melbourne’s east, will harness 
the two organisations’ complementary 
strengths as it focuses on advanced materials 
and clean manufacturing technologies.

One example of the potential is the 
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A century of memories
History-changing wartime events, 

from the Battle of Gettysburg to 
the D-Day landings and the Fall of 
Saigon, generate memories not only in 
those on the frontline, but also in the 
communities from which they came. 

For Australians, World War I  
and the Gallipoli campaign in 
particular are powerful influences 
on the understanding of our history 
and our national identity. As the 
centenary of World War I approaches, 
Monash University has launched 
a project designed to capture and 
preserve memories of those years.

Professor Bruce Scates, from 
Monash University’s National Centre 
for Australian Studies, is leading 
the project. It will gather 100 stories 
– one for each year since the war 
began in 1914 – from Australian 
communities large and small. The 
experiences of women and Indigenous 
Australians, two groups often 
overlooked in conventional military 
history, will be a particular focus. 

collaboration underway to use 
3-D printing to manufacture a 
jet engine from titanium. This 
process avoids stress fractures 
and manufacturing errors, saves 
energy and avoids waste. It also 
shows what we can do and it gives 
us confidence that, together, we can 
build the factories of the future.

Both institutions recognise that 
expertise in materials science 
and engineering is vital to 
developing innovative solutions in 
manufacturing. Researchers and 
developers at the precinct will 
benefit from the extraordinary 
concentration of high-end 
infrastructure already close at 
hand, including the Australian 
Synchrotron and the Melbourne 
Centre for Nanofabrication.

Such resources, combined 
with Monash University’s research 
strengths and CSIRO’s ability to 
translate ideas  
into practical  
applications,  
mean that the  
possibilities  
are virtually  
unlimited.

 dr Megan Clark 
Chief	exeCutive,	

CSiRO

Monash has invited returned 
services groups and the wider 
community to contribute their stories. 

For more information, visit the 100 Stories project 

website (http://artsonline.monash.edu.au/anzac 

-remembered/100-stories-project).

Leading the way, sustainably 
research centres, industry and community 
organisations to develop practical approaches. 
the monash program is supported in australia 
by the harold mitchell foundation, the  
national australia bank and the australian 
government. monash vice-Chancellor and 
President Professor ed byrne says the 
appointment is a tribute to the work done at the 

monash sustainability Institute.

monash university has confirmed its position  
as a sustainability global leader, with the united 
nations appointing monash to head a sustainable 
development solutions network hub in australia 
and the asian region. It is only the second 
university to take up such a position. With the 
aim of ending extreme poverty, increasing social 
inclusion and sustaining  
the planet, the role  
involves mobilising  

large prey – the symphysis  

is a small proportion of the jaw length.   

The study is the first of its kind to investigate 

the mechanics that underlie the link between 

the shape of the lower jaw and diet. The 

researchers will now move on to the next 

question: just how does a long, narrow chin 

benefit fish-eating crocodiles and dolphins?

consuming large prey.  

The researchers, led by dr Colin McHenry  

and Phd student Chris Walmsley, generated  

3-D images that showed the lower jaws of short-

snouted crocodiles were less likely to break 

under large loads than long, narrow jaws.

Dr McHenry said a jaw’s strength could 

accurately be predicted by measuring the length 

of the region where the two halves of the jaw join, 

called the mandibular symphysis. In killer whales, 

alligators and saltwater crocodiles – all keen on  

The longer the snout on a crocodile, the less likely 

it is to be to tucking into a large lunch. Although 

long-nosed crocodiles, such as Australia’s 

freshwater crocodiles, are well known to favour 

fish or small prey, leaving bigger victims to 

short-snouted cousins such as the menacing 

saltwater crocodile, it has not been clear why. 

Researchers at Monash University’s School of 

Biomedical sciences used computer technology to 

subject the jaws of seven crocodile species to the 

biting, shaking and twisting loads involved in  

more snout, less clout

3



Professor Ian smith, 

Pro Vice-Chancellor 

(research and research 

Infrastructure) at Monash 

University with a 3-D 

printer, which builds up 

successive layers of alloy 

granules that are fused 

into position by a robotic 

laser arm.
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the next industrial revolution is 
well underway at a new research 

precinct that draws together advanced 
manufacturing technologies with the 

potential to change our world.
Photo: Paul jones
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Words  Brad Collis

a three-dimensional rampart of titanium 
sand rises, mesmerisingly, like a grey beach 
sculpture on a rotating plinth. the fine grains 
of alloy are being placed and fused by a laser 
beam flashing from a dancing robotic arm.

the structure steadily forms inside 
an enclosed cubicle. It is an engine, 
destined to power a jet aircraft. but unlike 
all preceding technology, this is a single 
piece of metal, its structure built up by 
successive layers of alloy granules being 
fused into position by the robotic arm as 
it responds to its digital instructions.

this is 3-d printing, or ‘additive 
manufacturing’, and this laboratory-like 
workspace is a prime example of a factory 
of the future – a factory in which the 
machine and the operator, not to mention 
the initial designers and engineers, could 
be on opposite sides of the planet, linked 
by the increasingly ubiquitous ‘cloud’.

for Professor Ian smith, Pro vice-
Chancellor (research and research 
Infrastructure) at monash university, 
this is a demonstration of the third 
industrial revolution that is heralding new 
manufacturing economies for countries 
with the research capacity to conceive 
and create new technologies, and the 
means to bring them to reality.

for countries such as australia, which 
have lost their traditional manufacturing 
industries to low-labour-cost economies, this 
revolution is about jumping ahead, exploiting 
the most advanced science to redefine what 
manufacturing means and what it can deliver.

additive manufacturing, Professor 
smith notes, provides an ability not only 
to make this jet engine more efficiently, 
but also to totally redesign it, because 
current designs are dictated by current 
manufacturing techniques and capabilities. 
“additive manufacturing opens the door 
to new designs – so many traditional 
design constraints will disappear.”

facilitating this revolution in australia is 
an alliance that brings together some of the 
country’s most advanced science bodies 
to create a globally competitive research 
capability with a stated objective of pushing 
out the frontiers of manufacturing technology.

the australian manufacturing and 
materials Precinct, located in the melbourne 
suburb of Clayton, was formalised in 
late 2012 and brings a single global 
“shopfront” to an extraordinary suite of 
high-performing neighbours – a top-100 
university, the Commonwealth scientific 
and Industrial research organisation 
(CsIro), the australian synchrotron, the 
monash biomedical Imaging research 
centre, the monash medical Centre and 
the melbourne Centre for nanofabrication 
(a cooperative formed by CsIro, monash 
and five other victorian universities). 

Professor smith manages monash 

university’s relationship with the 
other precinct partners. he says the 
unfolding research collaboration is a 
pragmatic response to the intensely 
competitive pursuit, internationally, of 
new technologies and new industries.

“the technologies needed to drive 
tomorrow’s economies are not going to come 
from any one organisation … so basically 
it was time to become more strategic in 
the way we offer our research capabilities 
to both australian and international 
industries,” Professor smith says.

this is echoed by the director of the 
australian synchrotron, Professor andrew 
Peele, who sees the precinct as formalising 
relationships that had already started 
to form naturally, particularly between 
CsIro, monash and the synchrotron.

he sees the synchrotron, because 
of its application across just about 
every field of science, as the hub of 
the collaboration embodied by the 
precinct. “It’s the synchrotron that gives 
researchers and manufacturers the 
means to undertake the science that 
makes manufacturing cutting edge.” 

dr Calum drummond, CsIro group 

executive for manufacturing, materials 
and minerals, says the precinct pulls 
together not only specialist technical 
services, such as the synchrotron, but also 
complementary approaches to research.

“CsIro’s strength, for example, is its 
fundamental and applied research that has 
a translational and commercialisation focus. 
the precinct allows this to be married to 
monash university’s fundamental research 
that also encompasses education and 
training. so the research and innovation 
becomes imbued with both industry and 
education and training components.”

another impetus was the rejuvenation of 
australia’s science and Industry endowment 
fund by a large injection of funds from 
CsIro, based on income from the global 
licensing of its wireless local area network 
(lan) technology – one of australia’s most 
prominent global inventions. here, the 

the technologies needed to 
drive tomorrow’s economies 
are not going to come from 
any one organisation.
– Professor Ian smith
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Additive manufacturing
One of the first major projects to be undertaken by the  

Monash Centre for Additive Manufacture, with support from the 

Commonwealth scientific and Industrial research organisation 

(CSIRO) and Deakin University, is the 3-D printing of a jet 

engine for the European manufacturer Microturbo. The main 

engine body is still being designed, although the printing of 

smaller components has started. Traditional manufacturing 

of something such as an engine would either start with a 

large block of titanium, nickel or aluminium, which would 

be cut, bored and shaped by lathes, or be assembled 

from components that had been cast from molten metal.

“With 3-D printing you are starting off with an alloy 

powder and it is essentially sprayed and simultaneously 

fused by lasers and gradually built up as a single unit,” 

says Professor Ian Smith, Pro Vice-Chancellor (Research 

and Research Infrastructure) at Monash University.

“It’s basically a robot arm that sprays and fuses a 

single 3-D structure. The resultant component is very 

strong, because there are no joins, and also very light, 

because only the precise amount of required metal 

is used. This also means manufacturing costs are 

much less because you don’t need all that power to 

smelt, melt, cast, lathe. And there is no wastage.”

Professor smith says additive manufacturing can 

also make the factory of the future virtual: a person 

with a highly sophisticated computer can develop 

and design, then push a button for the product to be 

synthesised or 3-D printed anywhere in the world.

Australian Synchrotron
A synchrotron is a large circular machine, the size of 

a sports oval, which accelerates electrons to near the 

speed of light. As the electrons are deflected through 

magnetic fields they create extremely bright light, which is 

channelled down beamlines to research workstations.

A synchrotron essentially acts as a powerful X-ray 

machine or microscope. X-rays are emitted as a beam and 

can be tuned to a single wavelength, making synchrotron-

based experiments highly accurate, more detailed, more 

specific and faster than conventional laboratory technology.

The synchrotron has, for example, become an essential 

tool for developing new drugs. Being able to determine 

detailed 3-D structures of proteins, either by themselves 

or interacting with potential drug molecules, speeds up the 

lengthy process of taking a drug from concept to clinical use.

A synchrotron can also act as a giant microscope that 

uses infra-red light or X-rays to map the micro distribution 

of metals in mineral ores, or the location of proteins, fats 

or toxins in animal cells. since the Australian synchrotron 

opened in 2007, its advanced capabilities have been 

used by more than 4000 biologists, medical scientists, 

chemists, materials scientists, forensic scientists, 

geochemists, physicists, engineers, art conservators, 

environmental scientists and agricultural scientists.

www.synchrotron.org.au

collaborative nature of the precinct was 
crucial: the endowment fund grants are 
primarily for supporting multidisciplinary 
and multi-institutional approaches to 
creating modern technologies.

factories of the future
“CsIro and monash both saw that 
an initiative built around advanced 
manufacturing – ‘factories of the 
future’ – was where we could play 
to the two organisations’ strengths,” 
Professor smith says.

“We looked at our relative capabilities 
in manufacturing technologies, and one 
area where there are clear synergies is in 
additive manufacturing [3-d printing] and 
skills in materials science and polymer 
chemistry.” (CsIro developed the plastic 
banknotes in use in almost 30 countries.)

“gone are the days when a country 
such as australia could make its fortune 
selling toasters. We need now to be 
working with advanced materials and 
components for the next generation of 
technologies in the aerospace, defence, 
marine and health industries.”

achieving this, however, needs a 
research capability that extends into the 
absolute frontiers of science, particularly 
in nanotechnology and materials imaging 
– something the precinct provides. Its 
occupants also already have significant 
international reach, working with companies 
such as boeing, airbus, bombardier, 
microturbo, siemens and leica.

but that is only part of the story that 
Professor smith intends to see unfold: 
“the challenge also is to look at some of 
the manufacturing processes among our 
smaller and mid-size industries in australia.”

new industries
Professor smith asks: “are there new ways 
in which we can increase efficiencies, are 
there ways we can make the final product 
superior, can we reduce energy costs, 
can we replace conventional smelting and 
casting with 3-d printing … and beyond 
this, can we actually create new industries 
using some of these technologies?”

he says an initial challenge for the 
precinct will be to develop an interface that 
allows industry to engage with it as a one-
stop shop for all the research capabilities that 
are either within the precinct or accessible 
via communication portals to other CsIro 
research sites or even other universities.

“how can we make it easier for a 
designer or engineer in, say, darwin, to be 
able to work with researchers in melbourne? 
Can they transmit large data sets, such as 
a Cad [computer-aided design] program 
that will allow something conceptualised 
in darwin to be built here? Can we build 
virtual prototypes … see how, or if, 
something works in a virtual environment 
before committing to manufacture?”

these questions are already  
partly answered by a new a$8 million  
graphics processing unit supercomputer 
shared between monash and the  
australian synchrotron.

the supercomputer is the nucleus of a 
network that allows the imaging community 
across the country to be ‘plugged in’ 
via a cloud computing interface that 
provides access to the synchrotron. 

“It is brilliant computing, but only 
because of the brilliant people who 
are constantly being challenged to 
work with larger and more complex 
data sets,” Professor smith says. 

the goal now is to encourage industry 
to work with these skills and technical 
resources. “If we can deliver superior 
products from our technologies, then 
industry will be more willing to partner 
us on bigger and bigger projects.

“this has a flow-on effect in attracting 
the best and brightest researchers, 
academics and students – people seeking an 
environment in which they can do really good 
and relevant science.”  

Laser facility officer John Shurvington working on a 

concept laser machine, part of the suite of new tools 

used in high-tech manufacturing.

Photo:  greg ford
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in science a call to action

Words  Brad Collis

In his own words, Professor frieder 
seible needs to “be where the action is”. It is 
why 30 years ago he moved from germany 
to California, then perceived as the place for 
young scientists and engineers who aspired 
to make their mark on a century already 
brimming with technological wonder.

In the intervening years Professor seible 
rose to international prominence as a structural 
engineer and bridge designer, advancing 
the scientific basis for designing structures 
to withstand earthquakes. he combined this 

he has clear ideas for the future of 
engineering and what this will mean for 
the way the next generation of engineers 
is educated. however, he also places this 
academic challenge within the matrix of 
an underlying shift in global influences – 
economic, technological and sociological.

“the world’s economic centre is shifting 
to the south-west Pacific, and while there 
are big players such as China, where I have 
close connections, australia is uniquely 
positioned. firstly, it is independent. It can 
and will do its own thing. secondly, it has 
tremendous natural resources, which will 
be a huge leg-up in coming years. and 
thirdly, it is where some really exciting 
research is all starting to come together 
… right here, right now, at monash.”

PROfESSOR fRIEDER 
SEIBLE IS On A MISSIOn 
TO TRAIn EngInEERS 
WHO ARE BOLD 
AnD TECHnICALLy 
AgILE, READy TO 
MEET TOMORROW’S 
CHALLEngES WITH THE 
EyES Of ARTISTS.

with a passion for teaching, and over the past 
12 years as dean of the jacobs school of 
engineering at the university of California, san 
diego (uCsd), he has been a leading figure in 
transforming engineering education to meet 
the accelerating pace of technological change.

“Change” is a state that Professor 
seible embraces with a passion: “I’m not 
a good person to preserve the status 
quo,” he says. “I need to be where 
the action is, in a global context.”

and that place of action, for Professor 
seible, is the asia-Pacific and – more 
specifically – melbourne, australia, 
where he has been appointed as an 
academic vice-President of monash 
university and dean of the faculties of 
engineering and Information technology.
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Professor 

Frieder seible: 

“In the past, 

you could 

train as an 

engineer in a 

certain field 

and stay there 

your whole 

career. Today, I 

cannot tell my 

students that 

what they are 

learning today 

will remain 

applicable 

tomorrow … 

so I need to 

teach students 

in a completely 

different way.”

Professor seible says that 20 years ago, 
the university of California was the “place 
you went when you wanted to do something 
new”. now monash has that distinction.

aside from shifts in the global economic 
paradigm, Professor seible’s move to 
melbourne in april was also influenced by 
changes already underway at the university 
– initiatives that match his belief that the 
most exciting and most influential research 
will increasingly be happening at the 
interface of academic disciplines – where 
engineering and other sciences meet.

as dean at uCsd, Professor seible 
allocated a fifth of the floor space in the 
five-storey engineering building to visual 
arts, so that engineers were working 
with designers and architects.

“It’s a different academic approach 
that leads to a different research approach, 
and this is what we will see at monash 
university’s new horizons facility, which 
will house researchers in renewable 
energy, materials science, biomedicine, 
computer modelling and so forth, and 
not just from the university but also 
from the Commonwealth scientific and 
Industrial research organisation.”

technology and society
an area of particular interest for Professor 
seible is where society and technology 
connect, especially in medical technology. 

a pioneer of biomedical engineering 
in the us, he says he is excited by 
the prospects for further advances at 
monash because of the university’s 
international presence already in both 
medical research and engineering. 

“We have already initiated the Institute 
for medical systems engineering, which 
we hope to embed into a clinical setting 
within the teaching hospital here.”

he regards the interlocking of 
engineering with medical research as 
crucial to making medical advancements 
more affordable and more functional 
in terms of advancing patient care.

“medical researchers and doctors 
ask for new technology to advance 
medicine, and engineers must be involved 
to find the most cost-effective way to 
deliver that technology,” he says.

at uCsd, Professor seible was 
instrumental in establishing the Institute 
of engineering in medicine, from which 
eight separate research centres have 
since emerged to work at the juncture 
between engineering and medicine. 

one of these has been at the forefront 
of an emerging, potentially groundbreaking 
advance, Wireless health. “the old model 
was: you would go to the doctor for your 
annual check-up and the doctor diagnosed 

one of the challenges for engineers today, Professor Frieder seible says, is that the rapid pace of invention  

is creating cycles, or waves, of innovation that are getting steeper and shorter in duration.

“Just think, as one example, of the changes to the way we collect data. A lot of people don’t even know 

what a tape is now, let alone how to read it. And I did my PhD on punch cards … try and explain that to today’s 

students. I used to have to take my stack of cards to the Lawrence Berkeley National Laboratory in the evenings 

to have the cards read overnight for me to get the results in the morning … just to find I’d punched one card 

incorrectly and have to do it all again and wait another day for the result. That is inconceivable today.”

This is an amusing anecdote to today’s students, but Professor Seible uses it to illustrate both the pace of 

change and the need for change management. “our current education paradigm is no longer sufficient,” he says, 

pointing to a widening gulf between the number of engineers graduating and the needs of global industry.

He says the challenge for engineering educators is to broaden the capabilities of new engineers so they can 

work more at the convergence of other academic disciplines and also as global citizens who can work anywhere. 

“The challenges and opportunities ahead are much more complex than even a generation ago.” 

you, but it’s just a snapshot in time and 
can involve a lot of expensive pathology or 
radiology. now we can put on a wristband 
– a bandaid – that takes a whole range 
of measurements, including vital signs 
and blood tests, and you can transmit 
the results via a mobile phone to your 
doctor who can then determine if face-to-
face consultation or even hospitalisation 
is required. and it can also be done 
continuously over a period of time to get a 
more reliable measure of your health status.”

Importantly, Professor seible says, the 
objective is not the technology, but more 
cost-effective and efficient health care by 
obtaining the best medical data for the 
individual, and in a way that minimises 
consultations or unnecessary hospital visits.

“It is a development that is going 
to have a huge impact on increasing 
the efficiency and reducing the cost 
of health care … and it has only 
happened because of that engineering–
medicine interface that we created.”

It is also about making sure technology 
works for, instead of governing, people. 
this is a philosophy that Professor seible 
intends to embed into the engineering faculty 
that he will oversee for the next five years. 

“too often we get caught up with  

the ‘new’ and become slaves to the  
technology,” he says.

Instead, Professor seible wants his 
engineering graduates to be thinkers, to 
apply their knowledge holistically and to 
have an appreciation for what he calls 
“leader-ism” – the mindset of being ready 
to lead in problem-solving at the interface 
between technology and society.

he says today’s rapid pace of  
innovation requires not only situational 
leadership from engineers but also a 
mindset that holds a person open to 
new ideas, new approaches and new 
developments and imbues them with an 
agility to work across academic disciplines.

“In the past, you could train as an 
engineer in a certain field and stay there 
your whole career. today, I cannot tell my 
students that what they are learning today 
will remain applicable tomorrow … so I 
need to teach students in a completely 
different way. I need to teach them how to 
think and how to be adaptable while still 
providing the engineering fundamentals.

“I am a bridge builder, philosophically, 
academically and physically, and  
engineering must be the bridge between  
the different scientific disciplines. that’s  
what it’s all about.” 

Historic waves of innovation
A historical overview shows how technological advancement is accelerating.
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vIdeo: see more at http://monash.edu/monashmag
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Words  dr Gio Braidotti

at their most ambitious, efforts to 
compensate for damaged or destroyed 
sensory organs have come to involve the 
invention, manufacture and implantation 
of bionic counterparts for eyes and ears. 
these connect the conscious mind and the 
vibrant, colourful, noisy external world – with 
life-changing consequences for recipients. 

once the stuff of science fiction, the 
bionic enterprise of today is built on a 
realisation that has transformed human 
innovation during the past decade: that no 
single discipline in science, engineering 
or medicine is up to the task. Instead, 
each specialist field has mastered some 
of the components needed to solve 
an overall problem, whether related to 
vision, hearing or any other among a 
spectrum of healthcare challenges. 

“biomedical engineering” is the term 
favoured for this multidisciplinary research by 
research strategist Professor abid khan, the 

Pro vice-Chancellor (global engagement) 
and acting Pro vice-Chancellor (Industry 
engagement and Commercialisation) 
at melbourne’s monash university.

he aims to convey a research style 
in which disciplinary boundaries are 
removed by allocating resources in a 
manner that integrates specialist skills and 
capabilities to achieve something much 
greater than the separate disciplines could 
achieve individually. for example, the 
bionic eye project at monash comprises 
a multidisciplinary team of more than 
20 people, integrating physiology, 
neurosurgery, electronic engineering, 
materials engineering and immunology. 

“It is a field that is burgeoning 
internationally, so it is a big space and 
it is high on a lot of the indices that 
track where research and investment is 
going globally,” Professor khan says. 

“the reason is quite simple. 
healthcare systems are struggling and 
delivering care is just getting harder.”

Professor khan says biomedical 
engineering offers solutions that go beyond 
improving any one medical intervention. 
rather, it creates new capabilities and 
functionality that improve how, where 
and by whom care is provided.

the goal is better therapies that are 
applicable to healthcare systems in a wide 
spectrum of socioeconomic circumstances. 

Professor khan says that for nations 
that opt to cultivate their biomedical 
engineering expertise, there is the added 
opportunity of pioneering the sophisticated 
manufacturing needed to make the new 
tools – therapeutic devices, implants, 
prosthetics, sensors, diagnostic machines, 
electronic circuits, communication 
systems, medical instruments and drug-
delivery systems using nanotechnology. 

“We are talking about a set of 
technologies with an incredible future. they 
are going to have dramatic socioeconomic 
effects because they can change how people 
interact with healthcare systems. healthy 
ageing is one aspect, so too the ability to 
better deal with chronic conditions or prevent 
treatable conditions from escalating.” 

Clever rather than costly 
Professor khan sees the world in terms of 
a healthcare spectrum. at one extreme – 
his so-called “left-hand side” – the scene 
is dominated by diseases and conditions 
that are preventable or treatable with early 
detection. an example is the cognitive 
damage caused by iron deficiency in infants, 
which is seen in developing countries.

biomedical engineering has shown 
it is possible to make low-cost, portable 
and easy-to-use diagnostic technology 
appropriate for people in such countries. 

a striking example is the work by 
Professor gil garnier and Professor Wei 

A lot of the innovation needed 
is in sensing and diagnostic 
technology.
– Professor Abid Khan

BIOnIC VISIOn, ORgAn REgEnERATIOn, MATERIALS THAT 
CAn MIMIC MUSCLE AnD DIAgnOSTIC TECHnOLOgIES WITH 
UnPRECEDEnTED CAPABILITIES ARE JUST SOME Of THE 
ADVAnCES MADE POSSIBLE By BIOMEDICAL EngInEERIng.  
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shen of the monash department of Chemical 
engineering. they have adapted paper 
and printing technology to turn strips of 
paper into a miniature diagnostic kit and 
pathology laboratory. a drop of blood 
causes a person’s blood type to appear in 
print. further developments should enable 
the detection of a variety of diseases and 
environmental toxins and pathogens. 

“on the spectrum’s left-hand side 
is innovation that improves healthcare 
participation rates, and that includes 
getting even basic health care into 
environments we couldn’t have gone 
into before,” Professor khan says. 

“a lot of the innovation needed is 
in sensing and diagnostic technology 
appropriate to the conditions affecting 
people or their environment.”

one goal is to engineer multiple 
diagnostic sensors that might be worn 
like wristwatches or integrated into mobile 
phones to monitor people’s health. 

data could be moved through the  
mobile phone network (with due 
consideration to security and privacy) 
because mobile phones are common 
even in africa and poor parts of asia. 
People, or their far-away clinic, could 
then be alerted to a developing problem, 
resulting in a more timely visit to a doctor.

to the right of Professor khan’s 
spectrum are high-income economies, 
where the need for innovation is less about 
broadening participation and more about 
dealing more efficiently with common 
but complex chronic conditions. 

a major aim here is to preserve 
enjoyment of life. examples include 
hip and knee replacements made from 
improved (biocompatible, lighter and 
stronger) materials, prosthetics with 
their own embedded biosensors, or 
simple but effective patches for heart 
muscles damaged by a heart attack. 

at the extreme end of that is the 
“ultra-high innovation space” dealing with 
conditions that have not been able to 
be treated, such as hard-to-reach brain 
tumours, spinal cord injuries or blindness.

Professor khan points to the Cochlear 
implant developed by the university of 
melbourne and its ongoing refinement 
as an example of the innovation possible 
in this high-end space of biomedical 
engineering. It highlights the vast set of 
disciplinary skills needed to make progress. 

emerging technologies at monash 
and the university of melbourne applied to 
projects on developing a bionic eye further 
demonstrate the greater effectiveness 
of a cross-disciplinary approach.

“you have material, chemical and 
electrical engineers, physicists and 

Regeneration materials 
Associate Professor John forsythe of the 

Monash University department of Materials 

Engineering works on materials for new therapies 

to regenerate damaged neural pathways. Clinical 

applications include treatments for spinal cord 

and brain injuries, or neurodegenerative diseases 

such as Parkinson’s and Huntington’s diseases. 

Associate Professor Forsythe is collaborating with 

leading neurologists and stem cell scientists. 

The new materials need to perform multiple 

functions inside the body and require sophisticated 

engineering to develop. They must be biocompatible, 

encourage cells to attach, and deliver medicines 

that promote regeneration and healing. 

“We are using concepts established in 

nanotechnology and applying them in the biological 

setting,” Associate Professor Forsythe says. “We 

need to get down to the nanoscale because the 

cells normally interact at this length scale.”

Pathology on paper 
Professor Gil Garnier and Professor Wei shen 

of the Monash University department of 

Chemical Engineering have created a blood 

test that spells out a patient’s blood type on 

strips of bioactive paper. It is part of a broader 

effort to use paper and printing technology 

to manufacture low-cost, self-administered 

diagnostic tools for a range of biomarkers 

such as for vitamin or mineral deficiencies. 

“With printing technology we can 

create diagnostic tools that are 1000 

to 10,000 times cheaper than current 

tests,” Professor Garnier says. 

“These new tests do not require 

expensive infrastructure like pathology labs. 

This means they can identify diseases early 

in their development, dramatically increasing 

the chances of successful treatment.”

the spreaD of the worlD’s healthcare neeDs

DEVELOPIng ECOnOMIES ADVAnCED ECOnOMIES
Greater participation New technologies

dIAGNosTICs

Correct diagnosis of mental illness is a worldwide issue, and it illustrates biomedical 

engineering’s diagnostic capabilities. A collaboration between Monash University engineer 

Brian Lithgow and psychiatrist Professor Jayashri Kulkarni has resulted in the EVestg® 

device. It measures the patterns of electrical activity in the brain’s vestibular (balance) 

system and helps doctors to fast-track the detection of mental and neurological illnesses. 

This includes conditions such as Parkinson’s disease, schizophrenia and depression. 

InSTRUMEnTATIOn

A new lung imaging method developed at Monash University draws on the expertise of Associate Professor 

Andreas fouras of the Monash Department of Mechanical and Aerospace Engineering. It currently requires 

X-ray beams from a synchrotron, but once translated to clinical practice this technology has the potential 

to provide specialists with information about motion, expansion and flow at every point within a lung.

PROSTHETICS and IMPLAnTS

Implanted prosthetics are entering the realm of bionic replacement organs. This includes a bionic eye 

under development by the Monash Vision group, a multidisciplinary team of more than 20 people. 

The bionic eye project involves engineering neural prosthetics. These are biocompatible electrodes 

that act as an implanted receiver, passing signals from external cameras directly to the visual cortex.

TISSUE REgEnERATIOn

Monash University materials engineer Associate Professor Qizhi Chen has pioneered a novel  

bioceramic-based scaffold for bone regeneration that incorporates signalling molecules and stem  

cells. Her goal is to develop the scaffolds for clinical applications. 

nAnOTHERAPEUTICS 

Unlike conventional drugs, nanoparticles can be engineered with such finesse that they can 

combine diagnostic and therapeutic functions (‘theranostics’). They are injectable, traceable with 

advanced imaging technology and can be activated on reaching a problem site such as a tumour. 

The Monash Institute of Pharmaceutical sciences and the biotechnology company  

starpharma Pty Ltd have demonstrated the potential to deliver medications to the lymphatic  

system using a new nano-sized drug delivery ‘vehicle’. Potential applications include the treatment  

of metastatic cancer, lymphoma, HIV and metastitial tuberculosis.

the depth of biomedical engineering capability available  
in and around the Clayton campus of Monash University

12 june 2013    Monash university
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chemists alongside medical people, 
biologists, sociologists and psychologists 
– all working together. they begin to share 
each other’s language and capabilities.”

Medicine’s new frontier
biomedical engineering’s ability to 
manipulate and design materials, circuits 
and devices at the micro and even atomic 
scale is changing the game for medicine. 

the micro and nano scales in 
particular are well suited to interface 
with human biology and with the vast, 
mostly untapped, reservoir of knowledge 
accrued by molecular biology, genetics 
and biochemistry in the past half-century.

Professor khan can cite numerous 
examples. there are nanoparticles that 
can be tracked and controlled from outside 
the body, which have been designed 
to seek out and destroy tumours. 

“once they reach their target area 
they are activated – optically, magnetically 
or chemically – to deliver a therapy,” 
Professor khan says. “these have already 
been trialled on some cancers.” 

there are new biocompatible polymeric 
materials being used as scaffolds that 
can nurture neuron or stem cell growth 
to regenerate damaged tissue or 
organs. these could potentially include 
the spinal cord, bone and muscle.

this research includes work on  
neural tissue engineering by associate 
Professor john forsythe of the monash  
faculty of engineering.

“biomedical engineering relies on many 
of the same tools as nanotechnology and a 
lot of those tools are in australia, such as at 
the melbourne Centre for nanofabrication, 
based at monash,” Professor khan says.

across the sweep of expertise 
needed, he says victoria in general and 
monash in particular are well placed. 

an advanced innovation and 
manufacturing district has sprung up 
around the Clayton campus that is 
perfectly suited to advance biomedical 
engineering (see pages 4 to 7).

for people in this field who come 
from outside australia, the situation is 
impressive, Professor khan says. “victoria 
has groups that are commensurate with 
the best in the world,” he says. “bring 
them together and you start getting a nice 
innovation chain emerging. then you have 
the pharmacology and manufacturing 
expertise that is also needed, along with 
excellence in running clinical trials. 

“so there is an opportunity there. What 
is lagging is some of the financial machinery 
and broader public–private coordination that 
weaves it all together so that we compete 
with the best innovators in the world.” 

you have 
material, 
chemical and 
electrical 
engineers, 
physicists 
and chemists 
alongside 
medical 
people, 
biologists, 
sociologists 
and 
psychologists 
– all working 
together. they 
begin to share 
each other’s 
language and 
capabilities.
– Professor Abid Khan
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Associate Professor John 

forsythe (left) and Professor  

Abid Khan.
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inflammation 
may be the 
body’s first line 
of defence, but 
if uncontrolled, 
it contributes 
to acute 
and chronic 
illnesses. a 
new class of 
hormones may 
help us take 
charge of the 
process. 

Words  dr Gio Braidotti
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biomedical researchers often resemble 
sleuths in a whodunnit thriller as they track 
through a jumble of molecules for the 
culprits responsible for causing disease. 

unlike many previous molecular 
discoveries, the work of Professor 
david de kretser does not hinge on one 
villainous molecule or mutation. Instead 
it is about the interplay of a medley of 
molecules recently found to control 
the body’s inflammatory response. 

Inflammation is one component 
of the immune system, launching into 
action immediately upon infection and 
injury. but as the first defence, it is far 
from subtle, and when left unchecked it 
delivers a brutal beating to the body. 

Professor de kretser’s discoveries 
are timely. Inflammation and the fibrotic 
diseases that arise from the resulting 
tissue scarring have become medicine’s 
modern scourge. every day they 
cause death and chronic ill health by 
diminishing the function of vital organs.

Professor de kretser can provide 
numerous examples. Inflammation associated 
with surviving a heart attack also leads to 
scarring of the heart muscle. In cystic fibrosis, 
an inherited disease from which patients die 
at an average age of 37, inflammation causes 
loss of lung function. Inflammation is also a 
key contributor to chronic conditions including 
asthma and inflammatory bowel diseases 
such as ulcerative colitis and Crohn’s disease.

to Professor de kretser, the technical 
challenge is one of control. a rapid, 
proportionate inflammation of infected, injured 
or diseased tissue is essential to healing. It 
saves lives. but too much inflammation can 
scar that tissue, weaken the patient and 
even cause death from sepsis (a systemic 
inflammatory response that can lead to shock).

unexpected breakthrough
In his laboratories at the monash Institute 
of medical research, which he established 
in 1991, Professor de kretser is targeting 
the main regulators of inflammation – 
appropriately named “activin” hormones 
– and their nemeses, the follistatins, 
which bind and neutralise them. 

Professor de kretser’s team, together 
with associates at Prince henry’s Institute, 
played critical roles in the discovery 
of these molecules in the 1980s. 

the researchers have since explored 
the biological activities of the activins and 
follistatins through a series of groundbreaking 
experiments – their work continuing 
even during the five years Professor de 
kretser served as governor of victoria.

the result is a new class of diagnostic 
tools and treatment options that are 
ready for clinical trials in people. 

Clinical opportunities
•  Liver damage and wasting: Monash University studies have noted that activin 

causes scarring of the liver and that follistatin decreases the scarring. 

•  septicaemia: In a German study, patients in long-term intensive care with 

the highest levels of activin A were the least likely to survive. 

•  Cancer: A Us study found evidence that blocking activin action could increase 

survival times in cancer patients, although it did not change tumour growth. 

•  Heart failure: A Norwegian study showed that activin is expressed in heart muscle cells where 

it stimulates molecules involved in myocardial remodelling following a heart attack. If this 

inflammatory response goes too far, it results in tissue damage and permanent scarring.

given that Professor de kretser was not 
working on inflammation at all when he made 
the crucial molecular discoveries, he says 
the monash university research highlights 
the power of science to uncover previously 
unimagined aspects of the natural world.

“It has been a fascinating journey, 
from studying reproduction – particularly 
male infertility – to the field of inflammation 
and tissue repair,” he says. “It is an 
example that you never know where 
research will take you, and I use this to 
highlight the value of basic research.”

Professor de kretser’s journey began 
with the team’s discovery of inhibin in 1984. 
this is the hormone produced by ovaries 
and testes to prevent overproduction of 
eggs and sperm. It is made up of two 
distinct protein chains – an alpha and 
a beta sub-unit – linked together.

the beta sub-unit subsequently proved 
interesting in its own right. mammals are 
capable of producing three versions – a, b 
and C types. When these pair up among 
themselves the result is a novel class of 
hormones – the activins. they have the 
opposite effect to inhibin in reproduction, 
promoting hormonal stimulation of the gonads.

activin’s vital role in inflammation 
became apparent when rigorously 
designed experiments produced 
three extraordinary findings. 

first, the researchers discovered a 
never-before-seen molecule that binds 
and neutralises activin. It was isolated 
in 1987 and they named it follistatin. 

second, the researchers found that 
both activin and follistatin are produced 
in many other tissues besides testes and 
ovaries, indicating additional biological 
roles besides regulating reproduction.

third, blood levels of activins and 
follistatins were found to rise rapidly 
following treatments that inflame tissue. 

“that’s when we decided to look more 
broadly in the area of inflammation.” 

In the past decade, Professor de 
kretser has mapped out the role that 
activin plays in inflammation and disease, 
with the findings supported by studies 
from overseas research groups. 

today it is known, for instance, that 
activin a levels are elevated in the synovial 

fluid in rheumatoid arthritis, in inflammatory 
bowel disease, in congestive heart failure 
and in pulmonary hypertension.

levels of activin a in the body 
increase in the first hour after the 
onset of an infection, such as might 
occur when you eat a bad prawn. 

“our work suggests that it is activin that 
is the master controller of the inflammatory 
cascade,” Professor de kretser says.

It is such a powerful regulator of 
inflammation that laboratory studies have 
established an association between 
too-high activin levels and death from 
sepsis. studies with colleagues in 
germany of patients with septicaemia 
showed a similar association between 
high activin levels and fatal outcomes.

“high levels of activin kill you,” Professor 
de kretser says. “this is an important 
molecule that drives inflammation, but when 
out of control the outcomes are bad.”

ongoing trials
the good news is the body also produces 
follistatin, which can bind and neutralise 
activin – and so follistatin emerges as 
a potential therapy that would allow 
doctors to control activin levels and 
prevent runaway inflammation.

“follistatin could potentially save 
lives,” Professor de kretser says. “I’ve 
told people in the laboratory that if I’m 
in intensive care with septicaemia, I am 
happy to take laboratory-grade follistatin.”

a company called Paranta biosciences 
has been established to take follistatin 
through to clinical trials, which are 
scheduled to start early in 2014. In 
the first application, follistatin will be 
trialled in cystic fibrosis patients.

given the range of potential applications, 
the only limit to future work is the ability to 
raise venture capital to fund ongoing trials.

“It would be nice to keep these 
discoveries within australia and to 
have a manufacturing industry based 
around biochemical discoveries,” 
Professor de kretser says. 

“the opportunities are there for australia to 
capitalise on research discoveries, but one of 
the hardest things about working in australia is 
the limited amount of venture capital.”  

Professor 

david de 

Kretser is an 

endocrinologist 

and was also 

Governor of 

Victoria for five 

years, from 

2006 to 2011. 

He did not lose 

touch with 

his research 

interests during 

his term of 

office and he 

is probably the 

only governor 

to write a 

successful 

National Health 

and Medical 

research 

Council grant 

application.
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Words  Catherine Norwood

stretching for up to three kilometres, iron 
ore trains wind through Western australia’s 
hot Pilbara region hauling a massive 24,000 
tonnes at a time. the trains and their loads 
are huge – yet the contact between each 
wheel and the rail is barely the size of a five 
cent piece, a mere centimetre in diameter.

such a massive weight and such a 
small contact area creates huge stresses 
and wear on both the wheel and rail with 
direct consequences for performance 
and safety. It is where engineering and rail 
technology are tested to the limit, says ravi 
ravitharan, director of the Institute of railway 
technology (Irt) at monash university.

the consequences of a materials or 

design failure can be tragic if a derailment 
involves a passenger train, such as the 
hatfield derailment north of london in 2000, 
in which four people were killed and 70 
injured with huge financial ramifications.

for more than 40 years Irt has been 
driving the science involved in understanding 
what happens in such accidents and 
preventing recurrences; developing 
innovations to reduce wheel–rail stresses and 
improve rail network safety. Crucial to this 
work have been innovations to improve the 
contact conditions when wheel meets rail.

born as a research division of the 
australian mining company bhP billiton in 
the 1970s, Irt has been an independent 

business unit and applied research centre 
at monash university since 2000.

among its 90 or so global customers 
are the three largest mining companies in 
australia: bhP billiton, rio tinto and the 
fortescue metals group. these companies 
have their own private rail systems in Western 
australia (an area more than three times the 
size of texas). the institute also works for 
the world’s largest iron ore producer, vale, 
and the operators of the world’s most-used 
passenger system, hong kong’s mass transit 
railway (mtr) Corporation, to optimise their 
rail networks. other clients include mass transit 
and high speed service providers in taiwan, the 
united arab emirates, malaysia and singapore.

new rail
technology
keeps
trains

TRAInS HAVE BEEn 
RUnnIng On STEEL 
RAILS SInCE THE 1850s, 
BUT THE SCIEnCE 
BEHInD BOTH SAfETy 
AnD PERfORMAnCE IS 
COnSTAnTLy EVOLVIng.
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smart technology
mr ravitharan says the wheel–rail 
interface is the foundation of any rail 
operation: “get this wrong at your peril.”

the institute’s modified and optimised 
wheel and rail profiles are helping railways 
around the world to get it right without 
having to spend a fortune on wheel and 
rail maintenance and renewal. among 
those to implement new rail and wheel 
profiles developed by the institute are 
rio tinto and the mtr Corporation.

rio tinto’s superintendent of asset 
management michael Courtney says the 
design changes suggested by the monash 
team make it easier for the trains to steer 
correctly along the track and this also reduces 
damage. In the past four years the company 
has rolled out a reshaping program, grinding 
rails to match a new design provided by Irt. 
the result has been a drop in defects and 
broken rails along its 1200-kilometre network.

the mtr Corporation has been 
working with Irt since 1989, when it asked 
researchers to investigate the cause of 
“shelling” of mtr rails. shelling is a form 
of rolling-contact fatigue damage that 
occurs when small subsurface cracks in 
the rail propagate through to the surface, 
causing pieces of the rail to peel off, 
leaving cavities in the rail surface.

this type of damage was identified as a 
contributing factor in the hatfield derailment 
in the uk, although mtr Corporation’s 
general manager of rolling stock (previously 
general manager of infrastructure) 
richard keefe says what happened in 
the uk was an extreme example. “no 
railway wants to see that happen. safety 
is always paramount. this is why mtr 
engaged monash to identify the causes 
of the subsurface cracking in our lines.”

mr keefe says researchers discovered 
the shelling was being caused by a slight 
mismatch of mtr Corporation’s wheel 
and rail profiles. “so they designed for 
us an optimised profile to make the 
wheels and rails match, to reduce the 
stresses on the rail and eliminate these 
potentially catastrophic defects.”

the modifications have significantly 
reduced the development of rail flaws, 
halved related maintenance costs, 
and tripled the lifespan of existing 
rails. they have also reduced wear on 
wheels and lowered operating noise, 
such as squealing on the curves.

Breaking point
despite the crucial interrelationship of wheel 
and rail, mr ravitharan says, operationally and 
politically, the wheel–rail interface continues 
to be the demarcation point at which rail 
systems are often separated. this makes the 

overall system more vulnerable to mismatched 
priorities and potential breakdowns.

When rail systems are fully or partially 
privatised after government ownership, 
as in several countries including the 
uk, sweden and parts of australia, the 
rolling stock (the trains) often goes to one 
operator and the infrastructure to another. 
mr ravitharan says this can be a major 
problem because the wheels and rails 
need to be managed in concert, which 
is inherently more difficult when they 
are owned and operated separately.

In australia there are also several different 
rail operators in each state and territory, and 
Irt has been involved in a major project 
to help identify profiles for the different 
types of rails and wheels used across the 
various systems to improve safety and 
reduce wear. the institute is behind about 
90 per cent of the wheel and rail profiles 
now used in australia’s passenger and 
freight networks, including the big private 
networks owned by mining companies.

mr ravitharan says mining companies 
are strong supporters of research to 
improve the smooth operation of their 
trains, increase operational reliability and 
reduce unnecessary maintenance. 

revised wheel and rail profiles have 
been a specific outcome of this research, 
to help offset the difficulty of scheduling 
frequent inspections in remote regions. 
In many instances this requires running a 
dedicated track geometry car on the lines 
to identify misalignment and poor geometry 
that can increase the risk of derailment.

mr Courtney says one of the issues with 
a dedicated track geometry car for rio tinto 
is that its rail network is running at capacity, 
and the inspection vehicle takes up a track 
slot that would otherwise be allocated to 
a revenue-earning ore train. to overcome 
this issue he has championed another Irt 
innovation: the instrumented ore car.

monash first trialled monitoring 
equipment fitted to a standard ore car at 
bhP billiton Ire ore as part of an operational 
train in 2002. It now has retrofitted 70 
standard ore cars around the world with 
instrumentation. these instrumented cars 
are linked via gsm and satellite networks 
to the institute offices at monash, providing 
continuous, near-real-time track monitoring 
without interrupting production. 

mr ravitharan says fitting the equipment 
to a standard operational car means the 
dynamics of the trains’ performance on the 
tracks can be assessed as they are running. 
Potential problems can be identified in as little 
as 20 minutes, via satellite, although it takes 
longer to receive a full data download from 
the trains, which is generally done once the 
trains reach strong communication locations. 

from this point, the likely problem can be 
identified and speed restrictions can be put in 
place within a few hours, until an inspection 
and repairs are made. mr Courtney says the 
new monitoring system has actually seen an 
increase in the number of speed restrictions 
applied because more data is now being 
collected more often. “It leads to a safer track 
because you don’t have trains running at full 
speed over defects,” he says. “the challenge 
for us now is to plan our maintenance to 
reduce and, if possible, eliminate the speed 
restrictions in our system using the technology 
developed by monash.” 

tale of two rail networks:
MTr Corporation, Hong Kong

Mass transit heavy rail system

Length of rail: 174.7 kilometres

Average load: 4.9 million passengers daily

Annual load: 1.77 billion passengers

rio Tinto, Western Australia

Iron ore heavy haul rail system

Length of rail: 1200 kilometres

Average load: 24,000 tonnes per train

Annual load: 230 million tonnes

the weakest link
The weakest points in railway tracks are the welds that join 

the rails. Even if the rails are made of high strength materials, 

if the connecting welds are poor quality, the rails can break at 

these points, with catastrophic consequences. The history of 

rail breaks tends to show a pattern of poor welding practices. 

An imperfect weld creates misalignment resulting in 

peaks and dips. These tiny bumps in the rail can increase 

the impact loads by two to three times the static weight of 

the wheels as the train traverses the bumps. On a 240-car 

iron ore train, with a 20-tonne load per wheel, an increased 

impact wheel load of 40 to 60 tonnes will hit the rail 960 times. 

The Institute of railway Technology qualifies rail-welding 

procedures as part of the support it provides for some of 

its customers. It also audits the skills of welders and helps 

to develop welding specifications, which have led to the 

development of Australian standards for rail welding.

ravi 

ravitharan, 

director of 

the Institute 

of railway 

Technology, 

Monash 

University.

Photo: james braund

the trains and their loads are huge – yet the contact 
between each wheel and the rail is barely the size of a 
five cent piece, a mere centimetre in diameter.
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one-chilD policy 
raises multiple issues

soaking it up
a material that has an exceptional capacity to store gas – and needs 

only light to release it – could transform carbon-capture technology 
and dramatically reduce emissions from coal power stations.

monash university and Commonwealth scientific and Industrial 
research organisation (CsIro) scientists have created a powerful and 
cost-effective new tool that as well as capturing and storing carbon 
dioxide can also release it. the researchers use a metal organic 
framework, a new class of material that has a very large internal 
surface area. this means it can store a huge quantity of gas. 

the researchers have discovered a metal organic framework that is 
also photosensitive. because it needs only light similar to concentrated 
sunlight to release the stored carbon, it avoids the expense and 
inefficiency associated with current methods of carbon capture. 

a paper on the study was published in the journal angewandte 
Chemie. lead author richelle lyndon, a Phd student, said 
the technology, known as dynamic photo-switching, was 
accomplished using light-sensitive azobenzene molecules. 

3-D printing extends  
a hand to science

The potential for 3-D printer technology 
to make lifelike organs for anatomy studies 
has been demonstrated with the creation of a 
polymer hand, complete with coloured tendons, 
muscles, arteries, nerves, skin and bone.

Professor Paul McMenamin, director of 
the Centre for Human Anatomy Education 
at the Monash University School of 
Biomedical Sciences, created the 3-D 
hand with help from colleague Dr Colin 
McHenry and Michelle Quayle, a research 
assistant in Dr McHenry’s laboratory. 

They used CT scans from a dissected 
cadaver to give a 3-D printer the data it 
needed to build the model in successive 
layers of polymer powder, precisely fused 
into position by a laser. Bones have previously 
been printed in 3-D, but the team took the 
idea considerably further by including all 
the elements, from tendons to tissue.

Such models cannot entirely replace real 
specimens, but they go a long way towards 
counteracting the difficulties involved in using 
cadavers. They are likely to be especially 
welcome in hospitals and universities in 
remote areas or developing countries. 

And if a hand can be 
produced, so can other parts. 
Cheap and quick to make, 
easy to obtain and maintain, 
free of legal or ethical 
requirements, and durable, 
artificial body parts such 
as this may revolutionise 
anatomy teaching.

3-D 
printing, also 

known as “additive 
manufacturing”, creates 

a three-dimensional object 
from a virtual blueprint 

designed with computer-
aided design 

software.

The one-child policy 

that China introduced in 

1979 has prevented an 

estimated 400 million 

births. But its effects 

go beyond population 

control. recent Monash 

University research 

shows that individuals 

who are only children as 

a result of the policy are 

less trusting (and less 

trustworthy), more risk-

averse, less competitive, 

more pessimistic and 

less conscientious than 

similar individuals born 

just before the policy.

Using a series of 

economic games to 

test responses, and 

working collaboratively 

with researchers from 

other institutions, 

Professor Lisa Cameron 

and Professor Lata 

Gangadharan from 

Monash assessed 

behavioural indicators 

such as trust and 

risk-taking in more 

than 400 subjects in 

China. They found 

that even a great deal 

of contact with social 

peers was not enough 

to offset the effects of 

being an only child. 

The research, 

published in the journal 

science, showed that 

children born in China 

under the policy lacked 

characteristics that are 

important for economic 

and social success. 

For example, their 

disinclination to take on 

risky ventures, such as 

self-employment, could 

have implications for 

the country’s level of 

entrepreneurial activity. 

The Chinese 

Government is 

reportedly considering 

whether to relax the 

one-child policy, and 

these findings are 

expected to prove 

relevant to those 

deliberations.
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associate Professor 
bradley ladewig of the 
monash department of 
Chemical engineering 
described it as a step-
change in carbon 
capture and an exciting 
development in 
emissions-reduction 
technologies. 

the researchers 
will next turn their 
attention to making 
the material efficient 
enough to use 
in an industrial 
environment.

worlD watch on 
bioDiversity

biodiversity loss diminishes 
ecosystems and the services 
they provide to humanity. yet – in 
contrast to climate change, which is 
monitored by the Intergovernmental 
Panel on Climate Change – 
no coordinated global system 
exists to measure and report on 
biodiversity change or loss. 

an international team of 30 
researchers, led by henrique 
miguel Pereira from the Centre 
for environmental biology at the 
university of lisbon, intends to 
change this. In an article published 
in the journal science, the team 
proposes a global biodiversity 
monitoring system based on 
a set of essential variables.

by determining the best ways 
to report accurately and usefully on 
biodiversity loss, the researchers 
hope to improve the information 
that feeds into biodiversity policy 
and to stimulate investment in the 
measurement of global change.

Co-author associate Professor 
melodie mcgeoch of monash 
university’s school of biological 
sciences says that although 
biodiversity loss has continued 
at an alarming rate over the past 
20 years, there are critical gaps in 
the scientific knowledge about it. 
moreover, the effect of biodiversity 
change on human wellbeing and 
survival is likely to increase as human 
populations expand, raising demand 
for water and other resources at 
the same time as native habitat is 
being consumed by development.

Wake-up call
Insufficient sleep, whatever its cause, impairs human 

alertness. Reduced alertness creates a social problem 
that has now been recognised by the Australian 
Government with the establishment of a Cooperative 
Research Centre for Alertness, Safety and Productivity. 

The unprecedented collaboration between industry, 
government and university sectors will build on Australia’s 
strengths in sleep and alertness research by bringing 
together expert knowledge and state-of-the-art technology.

Monash University is a key partner, and Professor 
Shantha Wilson Rajaratnam from the School of Psychology 
and Psychiatry will lead the research program at 
Monash. National and international experts will be 
drawn from disciplines including molecular biology, 
biophysical modelling, cognitive neuroscience, 
engineering, occupational health and transport safety.

The centre will develop and deploy techniques 
for shift scheduling and workplace design, alertness 
assessment devices, programs for better sleep health, 
and strategies to reduce fatigue. All will be directed 
at improving alertness and performance, with a goal 
of fewer injuries, more efficient workplaces and 
improved quality of life in our 24-hour society.

The centre will receive A$14.5 million in government 
funding over seven years, and an additional A$60 million in 
funding and in-kind contributions from consortium partners.

online shopping: 
the human factor
studies of online auctions show how human behaviour affects an 

item’s eventual sale price. In the past, says Dr yongfu He, a lecturer in 

marketing in the Monash University faculty of Business and Economics, 

economic and mathematical models were used to predict consumer 

behaviour. But such models oversimplify the motivations for human 

behaviour and assume bidders are coolly driven by price alone. 

“In reality, if people get carried away in the competitive bidding 

process, they don’t really care if it’s a few dollars more,” Dr He says. 

Her research in the Monash Behavioural research Laboratory shows that 

two influential elements of online auctions are a reference price, such as a “Buy 

It now” price, and jump bidding, the strategy of bidding in dramatic increments 

to shock competitors out of contention. 

A reference price means people 

are more likely to bid higher, she 

has found. And jump bidding 

gives buyers clues about 

how much others value an 

item and encourages them 

to stay in the race. 

The best strategy? Keep your 

cards close, dr He says, and bid 

once at the last possible moment. 

 –  Karin derkley

80–90% of Co2 emissions into the atmosphere from conventional  
power stations could be reduced through the development 

of advanced carbon capture and storage technology. 
An estimate from the Intergovernmental Panel on Climate Change

assoCIate Professor  
melodIe mCgeoCh

Monash university    june 2013 19



may save a lifetime of pain

vast trials of intensive care treatments conducted 
across multiple hospital sites, often in different 

countries, are the only way to ensure doctors are giving 
seriously ill patients the best chance of a normal life. 

Photos: Paul jones

“there is an 
enormous logistical, 

structural, biological, 
physiological and 
clinical challenge 

to doing these 
studies. however, 
the alternative is 

therapeutic anarchy.”
– Professor rinaldo Bellomo
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Words  Alexandra roginski

Paramedics at the scene of an accident 
have become front-line assistants in research 
that measures whether immediate and 
prolonged cooling of an accident victim 
with major head trauma can minimise 
the risk of lasting brain damage.

these paramedics, employed by 
participating ambulance services in 
australia, new zealand and france, are 
part of a landmark study that extends 
intensive care research to the accident 
scene and will include 500 patients. 

a common therapy for heart attack 
patients thought to be at risk of brain 
damage, cooling has previously been trialled 
on a smaller scale as a treatment for brain 
trauma, with the cooling slowing inflammation 
and potential tissue death. but the director 
of monash university’s australian and new 

Risks versus benefits
While the hormone erythropoietin (EPO) has most recently 

been in the news for its use in sport, it has a long and 

important history in medicine. A major study is testing 

EPO’s use in intensive care for patients with traumatic brain 

injuries. Studies have shown that brain cells benefit from 

EPO administration, but Professor Rinaldo Bellomo – 

co-director of the Australian and New Zealand Intensive 

Care research Centre – says it is unclear whether the 

benefits of EPO exceed the risks in a clinical setting. 

“EPO is a very complex molecule with lots of 

effects not only on brain cells but also on coagulation, 

the risk of clotting in your veins, the kidneys, red 

cell production by the bone marrow, platelet release 

by the bone marrow,” Professor Bellomo says. 

An EPO trial of 606 patients is underway in 

multiple intensive care units across Australia and New 

Zealand, Finland, France, Ireland and saudi Arabia. 

“Until you have done a multi-centre, randomised, 

double-blind, placebo-control trial, you never know 

where the balance of the risks and benefits really lies.” 

zealand Intensive Care research Centre 
(anzIC-rC), which is coordinating the trial, 
says data from these earlier trials suggests 
it was often administered inadequately. 

“by carefully looking at the previous data, 
we could see that a lot of complications 
were occurring due to withdrawing the 
treatment too quickly and too early,” 
Professor jamie Cooper explains. 

“the natural history of a brain injury is 
very similar to the natural history of a bruise. 
day two, day three, the bruise comes up. 
day four, day five, the bruise goes down. 
everyone has been running cooling for 
24 hours, or just a day and a half.” 

the findings from this trial, which will 
begin emerging when the patients are  
re-evaluated six months down the track, 
could prove invaluable from both a personal 
and community perspective: in australia, 
with its population of only 23 million people, 

“We think that when 
you take a piece of 
bone away to reduce 
the pressure, that 
swelling process 
stretches the tree of 
nerves within the brain 
that aren’t designed to 
stretch at all.”  
– Professor Jamie Cooper
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the lifetime cost of care resulting from the 
new cases of traumatic brain injury that 
occur each year is more than a$1 billion. 

this dramatic study is part of a range 
of intensive care topics being researched 
at anzIC-rC, which comprises about 25 
researchers in the monash school of Public 
health and Preventive medicine, based at 
the alfred hospital in melbourne. the team 
is also currently conducting the largest 
ever clinical trial of blood transfusion and 
is measuring the effects of erythropoietin 
(ePo) as a therapy for brain-injured patients.

since the establishment of anzIC-rC  
in 2006, its researchers and clinicians 
have developed rare expertise in what is 
a notoriously difficult discipline in which 
to conduct clinical trials, especially 
when it comes to neurotrauma. 

Professor Cooper explains that to 
garner sufficient patients, such trials are 
often run across many sites, requiring 
coordinators to operate within a framework 
of multiple languages, medical systems 
and ethics approval processes. 

An unexpected truth
blinding is an important component of 
most clinical trials that ensures the health 
practitioner does not know whether 
they are administering the therapy or 
a placebo. however, this is impossible 
when the procedure is physically evident, 
as is the case with cold fluid, wraps 
or surgery. the trial must therefore be 
designed to counteract human bias.

the tasks of randomising the patients 
(deciding who gets the therapy) and 
managing the ensuing reams of data require 
specialist data and biostatistics teams 
and often custom-designed software. 

In the brain cooling study, randomisation 
is determined through a simple box 
of envelopes located in participating 
ambulances. once the paramedics have 
decided if a patient is eligible for the study 
(a decision made as part of standard 
rapid-assessment procedures at the 
accident scene), they select an envelope. 
Information inside instructs them whether 
to administer a saline drip chilled to four 
degrees Celsius, or standard recovery fluid. 

later, in the emergency department, a 
“cooled” patient is scanned for major internal 
bleeding (cooling hinders coagulation) or 
pregnancy. If either condition is detected, 
the patient is withdrawn from the trial. 
otherwise, the chilled saline is replaced 
with cold wraps applied around the legs 
and body, and the cooling continues 
throughout the stay in intensive care.

such research might be written 
off as too vast, time consuming and 
expensive were it not for the track 

record of the anzIC-rC, explains its co-
director, Professor rinaldo bellomo. 

“to do a trial such as this – from the 
moment of conception, to the evolution of 
design, to getting funding, to creating the 
structure, to appointing a project manager, 
to the ethics permission, to beginning 
the execution, to the data analysis, to the 
presentation – is about a seven or eight-
year undertaking,” Professor bellomo says. 

the need for such an undertaking is 
evident from the outcomes of a recent 
anzIC-rC trial into decompressive 
craniectomy – a procedure that involves 
the removal of part of the skull at the 
forehead to reduce the pressure caused 
by a swollen brain pushing against bone. 

Craniectomies used to be widely 
conducted on patients with diffuse brain 
injury (in which a shake-up or blow to the 
brain causes many minor lesions). With 
the brain swelling out through the cavity, 
the pressure was reduced by as much as 
half, and these patients generally spent 
less time on mechanical ventilation and in 
the intensive care unit. after six to eight 
weeks, the portion of skull was reinserted. 

but in 2011, another story was told by 
the findings from a randomised trial that was 
led by anzIC-rC researchers, conducted 
in australia, new zealand and saudi arabia, 
and published in The New england Journal 
of Medicine. the team found that at six 
months after the procedure the patients 
who received a craniectomy were far worse 
off than patients in the control group, 
who had been treated with large doses 
of barbiturates. on a scale known as the 
glasgow outcome score, which rates brain 
function from one (dead) to eight (fully abled), 
craniectomy patients were more likely to 
end up as “two”, a highly dependent state.

Professor Cooper, who led the study, 
explains the suspected cause of the damage: 
“We think that when you take a piece of bone 
away to reduce the pressure, that swelling 
process stretches the tree of nerves within 
the brain that aren’t designed to stretch 
at all.” the concept had been previously 
discussed in relation to animals, but it was 
never thought to be an issue for humans. 

as a result, higher doses of barbiturates 
are now being used in many hospitals to treat 
diffuse brain injury, and the use of craniectomy 
for these patients has been drastically revised. 

for Professor bellomo, the trial is an 
example of how in intensive care the short-
term benefits from interventions such 
as craniectomies can “seduce” doctors 
into assuming an overall success. 

“there is an enormous logistical, 
structural, biological, physiological and clinical 
challenge to doing these studies. however, 
the alternative is therapeutic anarchy.” 

traumatic brain injury
•  In Australia, about one in five people 

with moderate traumatic brain 

injury (TBI) and more than one in 

three with severe TBI will die.

•  Lifetime costs resulting from each 

new case in Australia are A$2.5 million  

for moderate TBI and A$4.8 million  

for severe TBI.  

•  In the US, about 1.7 million people 

sustain a brain injury each year. 

•  About half a million people in the UK 

aged between 17 and 74 are living 

with disabilities because of TBI. 

sourCes: aCCess eConomICs rePort 
CommIssIoned by the vICtorIan 
neurotrauma InItIatIve, Centers for 
dIsease Control and PreventIon, and 
headWay braIn Injury assoCIatIon

Blood trial a fresh perspective
It has been a common belief among doctors for decades: 

patients who receive transfusions of fresher blood do 

better than those who receive blood that is further 

along in the legally stipulated shelf life for blood (42 

days in Australia and the US and 35 days in the UK). 

Through a microscope, blood can be seen 

changing after its extraction from the body. Within 

one or two weeks of donation, the red cells get 

stiffer and do not exchange oxygen as well. 

The biggest blood transfusion clinical trial ever 

conducted is testing the hypothesis that patients who 

receive fresh blood have a better chance of survival. 

With 5000 patients to be recruited at sites in Australia, 

New Zealand, Finland and Ireland, the trial is coordinated 

by the Centre of Research Excellence for Patient Blood 

Management in Critical Illness and Trauma, which was 

established in 2012 after receiving A$2.5 million from 

Australia’s national Health and Medical Research Council. 

The centre is part of Monash University’s Australian and 

new Zealand Intensive Care Research Centre (AnZIC-RC). 

The financial and logistical implications of the results  

could be enormous, explains Professor Jamie Cooper,  

who heads both centres. 

Blood is a precious resource, especially with an ageing 

population and a shrinking proportion of young potential 

donors. Hospital transfusion units will always select the 

oldest blood first in the interest of minimising the amount 

of blood that is discarded because it is out of date. 

If the theory bears out, blood services around the 

world may have to find ways of keeping blood fresh 

longer. To this end, the University of Queensland is 

partnering with ANZIC-rC to study the use in patients 

of frozen blood and blood products, already used by 

the military and for patients with rare blood groups. 

“I think the hypothesis is likely to be true, but how 

big a difference is the key thing,” Professor Cooper 

says. “If it’s a tiny difference, it won’t be worth the cost 

involved in changing the practice. If it’s a significant 

difference, then we will have to change the practice 

internationally. We’ll have to use less blood, we’ll have 

to use fresher blood, we’ll have to use frozen blood.” 
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great expectations in a material worlD
THE EXTRAORDInARy PROPERTIES Of VERSATILE nEW MATERIALS ARE  
OPEnIng UP A nEW WORLD AT THE fROnTIER Of nAnOTECHnOLOgy.

Words  Brad Collis

Professor michael fuhrer grins with the adventure 
of it all: “What if we dope graphene with extra electrons 
… create a whole new material to resemble a high-
temperature superconductor, but at room temperature?”

It is a bold idea. a new superconductor material, 
made essentially from something as basic as carbon, 
but transformed into a material that could usher 
in the next generation of power storage, vehicle 
propulsion and even magnetic levitation devices.

this is Professor fuhrer’s world, at the frontier of 
nanotechnology where the increasing ability to work with 
atoms and electrons is fabricating new materials whose 
only limit, at least at the beginning, is human imagination.

Professor fuhrer, formerly associate director of the 
maryland nanoCenter and director of the Center for 
nanophysics and advanced materials in the us, is a 
new materials pioneer. he has just accepted a five-year 
australian laureate fellowship to undertake research at 
monash university in melbourne, having applied for the 
fellowship because it would allow him to do “creative, 
high-risk nanoscience at the forefront of discovery”. 

his primary interest is in new electrically conductive 
materials – graphene, molybdenum disulfide and 
bismuth selenide – that could become a replacement 
for silicon for more advanced, versatile electronics.

graphene, in particular, exemplifies that this is 
frontier science. It is a lattice-like layer just one carbon 
atom thick and was isolated (from graphite) as an 
actual two-dimensional material in 2004 by Professor 
andre geim and Professor konstantin novoselov 
at the university of manchester – a feat for which 
they received the 2010 nobel Prize in Physics.

Professor fuhrer says graphene would be an 
effective conductor of electrical current while sitting 
on the surface of just about any other material: glass, 
plastic or even a flexible material such as cloth.

“this is very different to conventional semiconductor 
material where you start with a wafer of single crystal 
silicon and everything is done on top of that wafer. 

Materials creation
While graphene has proved to 

be the material that wins Nobel 

prizes, Professor Michael 

Fuhrer has similar expectations 

of discovery for molybdenum 

disulfide and bismuth selenide. 

They each comprise several 

layers of atoms, so are not 

strictly two-dimensional like 

graphene, but behave as if they 

are and could be combined 

with graphene. Graphene is 

always conductive so it cannot 

be used as a semiconductor. 

But molybdenum disulfide’s 

conductivity can be turned 

off. For Professor Fuhrer, this 

offers the potential to create 

other new materials that 

combine these properties.

Bismuth selenide is a 

semiconductor material 

featuring an insulating inner 

layer sandwiched by outer 

layers with conductive 

metallic properties. 

“It’s a new class 

of insulator, but with a 

surface layer that can 

also conduct current.”

Professor Fuhrer says 

the task ahead is to keep 

testing ways in which these 

novel materials and electrical 

properties can be exploited.

“What are they 

good for … that’s the 

fundamental question we 

now intend to answer.”

A semiconductor is a 
material that can be made to 
control an electrical current.  
semiconductor-based 
electronic components include 
transistors, solar cells, diodes 
including the light-emitting 
diode (lEd), photo-diodes  
and computer circuitry. 

this has limitations. silicon is not flexible, and while 
opaque in visible light, in infra-red light – the spectrum 
in which many sensors work – silicon becomes 
transparent. the light just passes through. so you can 
see opportunities if we can make an electronic device 
from graphene – a material that doesn’t care what it’s 
sitting on and also reacts with light at all frequencies.”

science is only starting to understand such materials: 
“With the fellowship, I want to build new research 
capability; see how their properties change when, for 
example with graphene, we add other atoms willing to 
donate electrons to increase electron interactivity.”

because graphene electrons also behave as if they 
have no mass – like light – they travel at a constant speed 
no matter how much energy is applied. “the electrons in 
graphene can absorb energy from light of any frequency. 
It also allows energy from light to be retained in the 
electrons rather than dissipated as heat, making it an 
extraordinarily good conductor, and at room temperature.”

Professor fuhrer sees early potential for graphene  
in new ultra-sensitive light sensors in fields such as  
astronomy or chemistry. 

for example, the current technology for analysing 
chemicals in a substance is infra-red spectroscopy. “this 
requires complex machinery that is cold and slow. graphene, 
on the other hand, could potentially work very fast and at 
room temperature, and therefore allow a more compact and 
less expensive device.”  
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perfect 
match
for global 
learning

Words  Alexandra roginski

If the deep relationship forged between two rising 
institutions on different sides of the planet foreshadows 
the global, technologically connected future of research 
and education, then Professor andrew Coats is both 
midwife and prophet. a joint appointee of monash 
university in australia and the university of Warwick 
in the uk, he is in charge of laying the foundations 
for a powerful new type of education alliance. 

Professor Coats – research cardiologist, former 
Ceo of a major research park in the uk and now joint 
academic vice-President and director of the monash 
Warwick alliance – alternates between the two universities, 
spending no longer than a few weeks at a time at each. 
the melbourne native’s ease with slipping between 
countries and cultures is indicative of the kinds of graduates 
expected to emerge from the alliance he is bringing to life. 

they are intended to be cosmopolitan, ambitious 
individuals shaped by an arrangement that goes far 
beyond the current models of overseas campuses or 
connections between universities for the purposes 
of exchange programs and think tanks. 

Conceived by vice-Chancellors Professor ed byrne 
of monash and Professor nigel thrift of Warwick, 
the alliance will jointly deliver bespoke courses, 
share educational technologies and resources, and 
offer joint professorships for research stars. 

“both monash and Warwick are what I characterise as 
impatient adolescent universities,” Professor Coats says. 

“they’re both approximately 50 years old. they’re both 
ranked well in their respective countries, but they want to 
push into the top echelon. both universities felt that if they 
did a really good job they’d continue to creep up the tables, 
but it would be slow – to break into the top three would 
take a generation. so the only way to do it was a game-
changing technological breakthrough – doing the business 
of higher education and research in a different way.” 

there is no comparable relationship in higher 
education but Professor Coats draws parallels to the 
international airline alliances in the corporate sphere. 

“everyone knows oneworld and the star alliance, 
where the airlines are strong in their home base but 
want the experience for customers to be seamless.”

research and education are central to the alliance, 
and their first expression is in the 24 joint professorships. 
they will start with six in the areas of polymers and green 
chemistry, disciplines at the forefront of addressing the 
global challenge of environmental sustainability. these joint 
professors will spend a minimum of 20 per cent of their 
time at their non-home campus and, in the case of science, 
will be expected to run laboratories in both countries.

“they’d also be expected to have Phd students in 
both, but inevitably there would have to be a good support 
network so the student has immediate and reliable access 
to the supervisor wherever he or she is – good It and 
teleconferencing facilities,” Professor Coats says.

“In some cases it might work for the joint professor to 
do regular trips. In others it might be solid chunks of three 
or four months in each university. but the absolute intent is 
that they are full academic members of both communities.” 

other disciplines in which the universities share 
strong research and teaching interests will be similarly 
supported. “It’s too early to say which these are, and the 
academic communities are rising to the opportunities, 
with proposals as diverse as linguistics, holocaust and 
genocide studies, systems biology, nanotechnology and 
development studies.” the last is a discipline bolstered 
by australia’s proximity to south-east asia and the 
connections of both universities to southern africa. 

new connections for future knowledge
Professor Coats understands the changing climate in which 
universities are expected to thrive. he has held senior 
university appointments at the university of sydney (where 

Monash University
•  founded in 1958 and based in the  

south-east of Melbourne, Australia 

•  63,000 students enrolled in 2012

•  Ten faculties, eight campuses (including one in Malaysia 

and one in South Africa), a centre in Italy, a joint graduate 

school in China, and a joint research school in India

WITH HIS EyES 
On THE fUTURE, 
PROfESSOR 
AnDREW COATS 
Is BrINGING 
TOgETHER TWO 
“IMPATIEnT 
ADOLESCEnT 
UnIVERSITIES” 
fROM OPPOSITE 
SIDES Of THE 
WorLd  To 
CREATE A nEW 
gLOBAL MODEL 
fOR HIgHER 
EDUCATIOn AnD 
RESEARCH.

University of Warwick
•  founded in 1965 and based in Coventry, UK

•  About 23,400 students

•  Four faculties, two campuses, a program in 

South Africa, and a site in Venice 

vIdeo: see more at http://monash.edu/monashmag
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he was dean of medicine and deputy vice-Chancellor), 
Imperial College london, the university of east anglia, 
the Charité medical school at humboldt university of 
berlin, and the Chinese university of hong kong. 

“universities today have to make sure they are running 
the gamut of business processes. they need to have 
quality improvement. they need to have financial, human 
resource and environmental sustainability,” he says.

In both australia and the uk, non-competitive 
government funding now makes up as little as 15 per cent  
of university income. 

for research, this means finding additional income 
streams, and Professor Coats says the combination of 
australian and uk networks multiplies the opportunities 
for commercial income. “It’s like launching particles into 
a void; only when they intersect with each other do 
you get an explosion of activity. you need to get more 
particles in the mix, more opportunities for scientists 
to intersect with the commercial world, patent officers 
and individuals with commercialisation experience.” 

delivering solutions
While at Imperial College london in the 1990s, Professor 
Coats researched the systemic underpinnings of cachexia, 
the condition of weight and muscle loss in patients suffering 
from serious illnesses such as heart disease and cancer. 

Patents he lodged in 1998 and 1999 in relation to this 
condition have just led to the completion of stage-two clinical 
trials for therapeutic answers – an example of the long and 

delicate process of commercialisation. as a fellow of the 
australian Institute of Company directors and a member 
of london’s Institute of directors, Professor Coats says a 
strong business case is essential – which includes ensuring 
that hundreds of millions of dollars are available to get the 
innovation through the pipeline. “the best scientific programs 
in the world won’t deliver solutions for society unless you’ve 
understood the process for how to actually implement them.” 

experience in management also means Professor 
Coats is conscious of ironing out the logistical challenges 
that could hobble the alliance. “It’s breaking down 
the real technical hurdles of employing someone in 
two countries with two tax systems, two residencies, 
two ways of addressing superannuation. I’ve very 
much been the test case for this,” he says. 

rather than establishing a large staff to service 
the alliance, Professor Coats is supported by a small 
team who then plug into existing services – so that 
administrators too must be creative in the solutions 
they devise with their international counterparts. 

In stewarding the overlap between the universities, 
Professor Coats is conscious of the potential for the 
partnership’s growth, particularly with vibrant universities 
from parts of the globe where monash and Warwick 
have less reach, such as the americas and north asia. 

“do you make the systems work for just two universities, 
or do you do it in such a way that if a third or fourth university 
were to join in a few years, the administrative processes are 
lined up? you want to design something fit for expansion.” 

 
It’s like 

launching particles 
into a void; only when 

they intersect with 
each other do you get an 

explosion of activity.

– Professor Andrew Coats
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Dr Nathan Grills
rhodes scholar 2002 

a rhodes scholarship transformed 
dr nathan grills’ ambitions “from 
wanting to be an excellent general 
practitioner to treat needy patients 
to wanting to work in global public 
health to change the health of 
entire communities and countries”.

“so rather than treating one 
patient with a tobacco-related 
illness, I am helping India to bring 
about some policy changes in 
tobacco control. this will affect 
1.2 billion people in a country 
where 1.2 million people die from 
tobacco annually,” he says.

at oxford, dr grills gained 
a master of science in global 
health and a Phd in global 
health, researching the role of 
faith-based health programs 
responding to hIv in India. he was 
employed by the World health 
organization to develop guidelines 
on working with such programs. 

dr grills, now a national health 
and medical research Council 
postdoctoral fellow with the nossal 
Institute for global health at the 
university of melbourne, completed 
his public health physician training 
in australia, recently studying 
for a doctor of Public health at 
monash university. he divides his 
time between australia and India, 
focusing on disability awareness, 
non-communicable diseases and 
health training. In India he works 
with the emmanuel hospital 
association Charity, the Public 
health foundation of India and the 
uttarakhand Cluster, a network of 47 
community health programs serving 
more than three million people.

Dr Geraldine 
Buckingham
rhodes scholar 2003 
geraldine buckingham was 
a medical doctor intending to 
specialise in gastroenterology 
when she was awarded a 
rhodes scholarship that steered 
her onto a new course. 

“I became very interested 
in how health systems operate 
and the impact they have on 
patients and doctors,” says dr 
buckingham of her motivation for 
undertaking a master of Philosophy 
in comparative social policies. 

the experience at oxford, 
during which she focused on 
public policy around medical 
litigation, fuelled her interest in 
fields beyond health care. “I met 
lots of great people, from different 
professional backgrounds, and 
decided I wanted to try a few 
other things. I thought I would 
return to medicine ultimately, but 
it hasn’t played out that way.” 

today she works in financial 
services as a partner in the global 
management consulting firm 
mckinsey & Company in new york, 
specialising in asset management. 

although her career path is far 
from the one she first considered 
as a medical graduate, dr 
buckingham sees parallels in the 
essential skills for both fields. 

“Consulting is about clients 
with problems that need 
diagnosis and treatment. In 
many ways the problem-solving 
abilities I learnt as a doctor 
have been directly applied.”

Dr Lucas Bluff
rhodes scholar 2004 
ecologist dr lucas bluff is 
responsible for a project in 
victoria’s gippsland region that 
looks at the impact of planned 
burn on native flora and fauna. 
Called ‘hawkeye’, it is one of many 
programs aimed at shaping the 
future of ecological monitoring 
and fire management in victoria, 
currently a hot political issue. 

“on a good day I’ll be out in the 
bush collecting data – for example, 
surveying birds or identifying 
hollow trees,” dr bluff says. 

at oxford, he undertook a Phd in 
behavioural ecology, which took him 
to new Caledonia for 18 months of 
fieldwork researching a native crow 
and its unlikely use of “tools” – in 
the form of twigs – for fishing beetle 
larvae out of wood. the experience 
taught him how to develop research 
methods for approaching new 
ecological questions: in new 
Caledonia, that meant attaching 
video units to birds in order to 
capture live footage of foraging. 

ultimately, dr bluff was 
drawn back to australia by 
its ecological complexity. “In 
australia we have a lot of species 
– dozens of vertebrate species, 
let alone plants and invertebrates 
– that require timely research 
and conservation efforts if we 
hope to retain them indefinitely. 
that’s what speaks to me.” 

Dr Farnaz Sabet
rhodes scholar 2005 
dr farnaz sabet was working in a 
tanzanian hospital when she realised 
that little energy was being spent 
trying to prevent the simple health 
problems she was dealing with or to 
fix their root causes. deciding that 
she wanted to look more closely at 
the social determinants of health 
so that she could better help her 
patients, dr sabet applied for a 
rhodes scholarship. It allowed her 
to study global health science at 
oxford, with a focus on mental 
health in the developing world.

meeting people at oxford who 
were passionate about the world 
and their work was a highlight, 
but dr sabet was also alerted to 
“the dangers of those who have 
never suffered producing policy for 
those who have always suffered”.

now a general practitioner and 
public health advocate, dr sabet 
plans to settle in the middle east 
or north africa this year, with a 
goal of developing a network of 
primary healthcare clinics. she 
will bring with her experience 
gained while working in zambia, 
south africa, egypt and samoa, 
as well as remote australian 
Indigenous communities in roles 
that included clinical work and 
providing policy advice. her goal 
through it all is to ensure that the 
disadvantaged are given a voice. 

rhoDes to Discovery
EIgHT MOnASH UnIVERSITy gRADUATES HAVE BEEn SELECTED AS RHODES SCHOLARS 
SInCE 2002. LInDA VERgnAnI LOOKS AT THE IMPACT THE SCHOLARSHIP HAS HAD On THE 
CAREERS AnD LIVES Of fIVE MEDICAL DOCTORS, An ECOLOgIST, An AEROSPACE EngInEER 
CUM JAZZ MUSICIAn, AnD A COMPUTER AnD MECHATROnICS EXPERT.
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Dr Anthea Lindquist
rhodes scholar 2009 
In 2011, dr anthea lindquist was 
part of a relay team of female 
rhodes scholars who swam the 
english Channel to raise money 
for survivors of acid attacks in 
Pakistan. “I never gained feeling in 
my toes between my two swimming 
legs,” dr lindquist recalls of an 
endeavour that characterises 
both her determination and 
her drive to help others. 

at oxford she undertook a 
Phd in public health, researching 
socioeconomic influences on 
the outcomes of severe illness 
among mothers during pregnancy 
and childbirth, and postnatally. 
It built on an interest in women’s 
health that she had formed 
during placements in Indigenous 
communities in australia’s northern 
territory while still a medical 
student at monash university. 

“I believe very strongly that 
all australian medical graduates 
have a responsibility to contribute 
towards Indigenous health, 
in any way possible, at any 
stage in their training or career. 
It is the glaring injustice in 
australian society,” she says. 

now training in obstetrics 
and gynaecology at the monash 
medical Centre in melbourne, dr 
lindquist reflects that the rhodes 
scholarship exposed her to issues 
in public health, policy planning 
and development that she would 
not have otherwise encountered. 

although her Phd thesis has 
been submitted, dr lindquist 
plans to continue the research, 
“looking at experiences of 
maternity care and social 
predictors of adverse outcomes 
among australian women”.

Dr evelyn Chan
rhodes scholar 2010 
dr evelyn Chan envisages a 
medical career in which she 
does not just treat patients but 
scrutinises the systems and 
social structures that all too often 
determine their health prospects. 

as the older sister to a brother 
with autism, from an early age 
dr Chan developed a firsthand 
appreciation of the holistic 
approach inherent in paediatrics, 
the clinical discipline in which 
she intends to specialise. “I find 
it very rewarding being able 
to work with families to make 
tangible and hopefully long-lasting 
differences in their ability to cope 
positively with their situation.” 

dr Chan is completing a master 
of science in Public health by 
research at oxford, looking at how 
different degrees of prematurity at 
birth affect health and education 
in the long term. she says the aim 
is to gain a better understanding 
of what impact prematurity has 
on cognitive development, to 
assist in clinical decision-making 
at delivery and also to “identify 
children at higher risk of poor 
educational achievement to enable 
access to earlier intervention”. 

this is dr Chan’s second 
rhodes master’s degree. In 
preparing for a career that 
combines clinical work with a 
broader view of health care, 
she first completed a master of 
science in medical anthropology. 
“It challenged my ideas of culture, 
science and biomedicine and gave 
me better tools to understand how 
different health practitioners and 
patients act and interact in a very 
complex and globalised world.” 

in a lot of ways, 
studying public 
policy is a natural 
extension of 
debating – going 
deeper on all the 
issues that i had 
enjoyed debating 
about so much.
– Victor finkel

Rhodes’ 110-year 
leadership legacy 
Former Us president Bill Clinton 

and Australian prime minister Bob 

Hawke; nobel laureates Sir John 

Eccles, Lord Howard florey and A. 

Michael spence; feminist author 

Naomi Wolf; and Pulitzer Prize-

winner Siddhartha Mukherjee are 

among notable rhodes scholars. 

Established through the will 

of colonial mining magnate Cecil 

Rhodes in 1903, the Rhodes 

scholarships are intended to 

develop outstanding leaders. Each 

year, 83 scholars from about 20 

countries take up the scholarships 

at the University of oxford. 

The annual intake of scholars, 

chosen on the basis of “exceptional 

intellect, character, leadership and 

commitment to service”, includes 

nine graduates from Australia. 

The scholarships aim to provide 

“transformative opportunities”. 

According to the rhodes website, 

“over 7000 rhodes scholars have 

gone on to serve at the forefront 

of government, the professions, 

commerce, the arts, education, 

research and other domains”. 

www.rhodeshouse.ox.ac.uk

Victor Finkel
rhodes scholar 2011 
victor finkel, the 2011 World 
university debating Champion, 
applied for a rhodes scholarship 
because oxford’s new master 
of Public Policy degree 
seemed a logical next step.

“In a lot of ways, studying 
public policy is a natural extension 
of debating – going deeper on 
all the issues that I had enjoyed 
debating about so much,” he says.  

as part of the degree, mr finkel 
will undertake a summer placement 
with the national Planning 
Commission of south africa, which 
is producing a 2030 development 
plan for the country. he intends 
to return to oxford to complete 
a second master’s program in 
development economics.

In the meantime, mr finkel 
– who already has degrees in 
aerospace engineering and jazz 
performance – is playing trumpet 
semi-professionally and “having 
a blast” singing with the oxford 
alternotives, an a cappella choir. 

“I think I’m lucky that a 
scholarship such as the rhodes 
exists,” he says. “I’ve spent my 
time split between so many 
different things and the rhodes 
is able to take pretty much 
everything into account.” 

Geoffrey Pascoe
rhodes scholar 2012 
When he begins his doctorate with 
the mobile robotics group (mrg) 
at oxford later this year, geoffrey 
Pascoe will research ways for 
self-drive cars to learn from their 
surroundings and their “experience”, 
to increase road safety.

after completing a bachelor 
of Computer science and a 
combined bachelor of mechatronic 
engineering and science at 
monash university, mr Pascoe 
has taken up an interim role as a 
software engineer at facebook 
in California. he was attracted 
to oxford by its world-class 
research reputation and history. 

“the mrg’s research is 
essentially a combination of 
machine learning and robotics 
applied to large real-world 
problems,” mr Pascoe says. he 
hopes to “drive a revolution in self-
transportation”. 
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voices from 
our time
Words  Alexandra roginski

monash university’s Professor alistair thomson envisages 
instances in the distant future when historians studying our 
time will immerse themselves in a unique collection of recorded 
interviews with australians born between 1930 and 1989. 

he pictures the intervening years dropping away as each 
participant tells a life story – about their origins, the people they loved 
and lost, their faith and the events that changed their world. 

Professor thomson leads the australian generations oral history 
Project, a snapshot of australian society that will culminate in 300 
interviews being archived at the national library of australia. the project 
comprises 50 participants born in each decade from the 1930s to the 
1980s. unlike oral history projects structured around a set subject or 
questions, it gives interviewees the freedom to weave their own narrative. 

the project team is a partnership between monash, la trobe 
university in melbourne, the national library and the australian 

broadcasting Corporation (abC) radio national and includes 
historians such as Professor thomson, as well as a sociologist, oral 
history interviewers, a radio producer and a curator. the 1500 hours 
of interviews are scheduled to be completed by the end of 2013. 

“We wanted to explore the different experiences, for example, of being 
a parent in the 1940s or the 1970s or in the 2000s,” Professor thomson 
says. as well as spanning a range of ages, the number of interview 
subjects has also been selected to reflect the proportions of australians 
living in each state, and across metropolitan, regional and rural areas. 

each audio file will be accompanied by a timed summary so that 
the collection can later be searched for particular areas of interest. 
the interviews will form the basis for an abC radio series, and many 
will be available online through the national library website.

the interviews also support the particular research interests of 
participating academics, which in Professor thomson’s case is fatherhood.

“If you look at anyone who was a father in the 1940s, they almost  
certainly weren’t allowed at their child’s birth. and they almost certainly  
wouldn’t have had paternity leave,” he says. 

 “at some point in the past 30 years there’s been a transformation 
in attitude, and it would be really interesting to look at the guys who are 
caught up in a period of change, and contrast it with young men who have 
grown up thinking that fathers should play an active parenting role.” 

a home for 
exileD memories
THE STORy Of THE VIETnAM WAR HAS BEEn TOLD 
EXHAUSTIVELy … OR HAS IT? A MELBOURnE HISTORIAn 
POInTS TO A LARgE BODy Of PERSOnAL EXPERIEnCE 
THAT Is MIssING.

Words  Catherine Norwood

they fought for, but eventually lost, their 
country. the personal cost was immense: 
dispossession, exile and – almost as 
traumatic although less obvious – the pain 
of having seemingly been erased from 
history. What happened to those south 
vietnamese men and women who fought 
for the republic of vietnam armed forces? 

the stories of the victorious communist 
forces from north vietnam have been 
told extensively, as have those of the 
defeated forces of the us and its allies. 
but the people on whose behalf the allies 
fought, the south vietnamese, have been 
denied a voice or storytelling platform 
with which to record their histories.

monash university historian associate 
Professor nathalie nguyen says the 
importance of these untold stories ripples 
beyond vietnam, with the exodus of more 
than two million people from the country after 
the war. the influx of vietnamese refugees 
changed the face of australian society. 

associate Professor nguyen, who arrived 
in australia in 1975 with her parents and 
three siblings, estimates that of 200,000 

IllustratIons: sonIa kretsChmar
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current vietnamese-australian residents, 
15,000 to 30,000 were combatants during 
the vietnam War. she has embarked 
on a project to interview up to 40 south 
vietnamese veterans, whose stories will 
be preserved as part of the oral history 
collection of the national library of australia. 

australia, one of six countries that 
provided troops to support south vietnam in 
its bid to remain separate from the communist 
north, now offers a measure of support and 
recognition for these combatants. since 1981, 
vietnamese veterans have taken part in annual 
commemorative activities on anzac day. but 
in vietnam itself, there has been a systematic 
erasure of the history of the republic of 
vietnam’s 20-year battle for survival.

south vietnamese war cemeteries and 
memorials have been razed. more than 
a million government workers, including 
members of the armed forces and teachers, 
were interned in “re-education camps”, 
sometimes for more than a decade. another 
million were sent to regional economic zones 
to perform hard labour. those who remained 
in vietnam were often denied medical 
assistance and employment; for many years 
their children could not go to school.

“the north is trying to erase the 
political memory of the south, but those 
memories remain in the people who took 
part, in the memories of family members 
still in vietnam, and among those who 
fled to countries such as australia and the 
us,” associate Professor nguyen says. 

“I can still remember the day that I saw my first broccoli because I’d 

never seen it before. That was still while [we] were living in sydney. There 

are quite a lot of Italian people around in the shire. And seeing that 

broccoli was like, ‘That cauliflower’s not very ripe’… It’s those moments 

when you suddenly realise that the world is bigger than you know.”

“now in the late 1980s, mind you, the whole AIDS crisis exploded on the scene ... 

we had the fear of God in us, so to speak, in terms of not doing unsafe things ... 

There was a lot of awareness in young gay men that there was a lot of fear, you felt 

like you were walking a bit of a razor’s edge, and if you slipped it’d all be over ... It’s 

a weird, weird moment in time, moment in history, when sex was all about risk.”

“We were all from relatively affluent families, so we could afford to mess around for 

a few years; there wasn’t the compulsion to get out and bring money into the family 

straight away, so it was a time of alternative living ... I, at the time, was a denim 

wonder. I had denim clogs, denim trousers, denim waistcoat, denim cap, denim 

shirt and denim shoulder bag ... I permed my hair and wore a dress with holes 

in it, and cowboy boots, and hitchhiked to see my grandmother in said attire.”

– Excerpts from interviews conducted by nicole Curby, PhD student with  

the Australian generations Oral History Project 

(http://artsonline.monash.edu.au/australian-generations).

those memories 
remain in the people 
who took part, in the 
memories of family 
members still in 
vietnam, and among 
those who fled to 
countries such as 
Australia and the us.
– Associate Professor Nathalie Nguyen

of great hardship for south vietnamese 
veterans both during and after the war. 

associate Professor nguyen says the 
sense of pride in having done something  
for their country has remained strong  
for these people despite major disabling 
injuries, imprisonment in brutal re-education 
camps, ongoing discrimination following the 
war and the desperate flight by some to a 
new country. 

associate Professor nguyen is based at 
the national Centre for australian studies 
in the school of journalism, australian and 
Indigenous studies at monash. her project 
is supported by the australian research 
Council future fellowships scheme, the 
national library, the national museum of 
australia and the australian vietnamese 
Women’s association. she hopes the oral 
histories will also become a resource for 
vietnamese historians and may eventually 
challenge the official narratives.

given the passing years, the project 
has a sense of urgency. “many of the 
veterans have lived hard lives and are not 
in good health; many have already died.”

associate Professor nguyen began 
collecting the stories of vietnamese refugees in 
australia eight years ago. she focused mostly 
on women’s stories, which were published 
in her books voyage of hope and Memory is 
another Country. the latter included the stories 
of four south vietnamese ex-servicewomen. 
gathering the stories of south vietnamese 
ex-servicemen is an extension of this. 

“these veterans are like ghosts. they 
exist, but there is no recognition of them or 
the role they played … the only place they 
can record their stories is in the diaspora.”

the individual histories will be 
recorded during the next two years, but 
associate Professor nguyen’s scoping 
work – which included 16 pre-project 
interviews, including three with veterans 
still living in vietnam – has revealed lives 

When we “come of age”
the word “generations” in the project title reflects the diverse ages of 
participants, but Professor thomson says it is often misused to generalise 
the personality traits or attitudes of people born at certain times – such as the 
sometimes-maligned gen y. his research indicates that we are shaped more 
by factors such as gender, class, race or location than by our year of birth. 

In the case of one group with individual memories that do correlate 
with collective experience – the baby boomers – he says the affinity 
is shaped not by birth in the post-World War II demographic bulge, 
but by their coming of age during the late 1960s and early 1970s. 

he includes this particular landmark period on a short list of 
generationally influential 20th-century events, such as the 1930s depression 
and World War II. In a few decades we may also pinpoint 11 september 2001 
“as not only a flashbulb moment that we all saw on the television as profound 
and shocking, but also one that profoundly shaped the world thereafter”. 

regardless of the generational frameworks applied to the 300 interviewees, 
Professor thomson says the intimacy that unfolds over five hours is bound to 
move listeners. “People are surprised by what they remember, by what they tell.

“all of us have jagged edges in our lives, and if you’re encouraging people 
to be honest and talk about things that really matter, they’re going to talk 
about the loss of children, violence in their childhoods, or dreams that failed. 
one of the things you learn as an interviewer is that tears aren’t a problem. 
they’re probably crying because they haven’t told that story before.” 
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the spinal blueprint 
of a tiny tropical 
fish may offer new 
ways to treat spinal 
cord injuries. 

Center. over three years the sobering 
aftermath of spinal cord injury revealed 
itself in the medical complications her 
patients faced – phantom pains in legs 
that no longer functioned, osteoporosis, 
infections and ulcers – all leading to a 
future of repeated readmission to hospital. 
most of her patients were young victims 
of military training or car accidents. 

“It’s a terrible condition. unlike with 
head trauma, where people often don’t 
quite understand their condition, people 
with spinal cord injuries understand very 
well,” says dr goldshmit, now a research 
scientist at monash university’s australian 
regenerative medicine Institute (armI).

overwhelmed by what she observed 
each day at the hospital, the physiotherapist 
embarked on a research career to seek 
answers at a molecular level that could 
revolutionise treatment. after completing 
a master’s degree in tel aviv, she travelled 
to melbourne for her Phd studies. 

today, dr goldshmit works to uncover 
possibilities for spinal regeneration. 

her research models are zebrafish, tiny 
tropical freshwater fish with transparent 
bodies, which allow scientists to observe 
developmental changes. zebrafish also 
possess an enviable ability to regenerate 
their spinal cords, a polar opposite to the 
finality of human spinal cord damage. 

“some drugs can improve human 
head trauma condition, for example, 
because the brain is more plastic. 
but the spinal cord is completely rigid 
from this point of view and does not 
respond in the same way,” she says. 

In 2012, dr goldshmit was the 
lead author on a paper in The Journal 
of Neuroscience that shed light on a 
protein involved in the zebrafish’s spinal 
regeneration, a family of molecules known 
as fibroblast growth factors (fgfs). 

also working on the project was 
armI’s deputy director Professor 
Peter Currie, whose research usually 
focuses on the capacity of zebrafish to 
regenerate their own muscles – an ability 
he hopes could be applied to humans 
with muscular dystrophy. he is also 
captivated by spinal cord regeneration.

“my theory, perhaps naively, was 
that it was easier to build a new motor 
car when you already have a blueprint 
for it,” says Professor Currie, who began 
collaborating with dr goldshmit in 2008. 

“It just seemed as if it might be easier to 
solve the mystery of spinal cord repair if you 
could work from the example of an animal that 
already did it, rather than work on trying to 
make it happen in an animal without this ability.”

the powerful partnership between the 
two researchers – one with an extensive 

Words  Liz Porter 

as a young physiotherapist in the 
1990s helping people, often her own age, 
grapple with the reality of spinal cord injury, 
yona goldshmit became increasingly 
determined to find better treatments for 
a condition that is currently irreversible. 

at the time, she was working in the 
head trauma and spinal injury unit of 
Israel’s loewenstein hospital rehabilitation 
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knowledge of zebrafish, the other with 
laboratory and clinical experience of spinal 
injuries – was further bolstered by armI’s 
location at the monash Clayton campus. 

In 2008, construction had just begun 
less than 100 metres away from armI 
on fishCore, a a$3.8 million facility that 
is now the largest zebrafish facility in the 
southern hemisphere. It has the capacity 
to house 200,000 fish in more than 
7000 tanks. by 2012 it held 120,000.

scar tissue
dr goldshmit knew exactly where she 
needed to begin: with the scar that formed 
after a spinal injury and how that process 
differed between zebrafish and humans. 

When our spinal cords are injured, the 
immune system causes glia (specialised 
worker cells of the nervous system) to 
proliferate, creating a glial scar that seals 
the wound and prevents bleeding into the 
spinal cord. however, this scar tissue also 
acts as a physical and chemical barrier that 
prevents axons (nerve fibres) from growing 
through the injury site. the result is paralysis.

her research has revealed how in 
zebrafish fgfs control the behaviour of glia, 
so that these animals do not form bulky 
glial scars around the injury site. Instead, 
zebrafish glia form into an entirely different 
shape, sometimes described as a “bridge”, 
which spans the injury site while allowing 
axons to penetrate into it. Professor Currie 
likes to think of the glia as binding together 
into the equivalent of tram tracks along 
which the axons can move, enabling rather 
than blocking the process of regeneration.

the fgfs explain the difference in the way 
that humans and zebrafish respond to spinal 
injury. fgfs are also present in mammals, so 
the question is how these molecules could be 
used to aid spinal tissue repair in humans. 

towards regeneration
In unrelated research published in 
2008, a taiwanese research group 
used fgfs in human clinical trials 
and measured patient progress by 
assessing changes in ability to move.

“these scientists could only use 
chronically injured patients, who were 
still classified as C5 [complete paralysis 
of body and legs but full head and neck 
movement] two years on and who had 
nothing to lose,” dr goldshmit says. “With 
these patients, the doctors opened the 
spinal cord, removed scar tissue and then 
put fgf, in biological glue, into the injury 
site.” a few months later, the functioning and 
sensory ability of patients had improved.

but this experimental treatment gave 
no hint of the potential for using fgfs to 
treat a spinal injury as soon as it occurred, 

A life-changing injury
•  Spinal cord injury is generally caused by a sudden blow to the spine, with bone and tissue fragments 

then tearing into the cord. Traffic accidents and falls are the most common causes. 

•  Males aged between 15 and 24 are most frequently affected. 

•  The tear can be total or partial. 

•  The level of sensation and muscular control remaining after injury varies between patients. 

•  Health complications of spinal cord injury include bladder and bowel dysfunction, 

phantom pains, osteoporosis, muscle spasms and pressure sores. 

•  Good emergency treatment improves the prognosis, along with rehabilitation and physiotherapy, 

but it is not currently possible to re-fuse the spinal cord in a way that restores movement.  

sourCes: natIonal InstItutes of health, better health Channel, australIan InstItute of health and Welfare,  
sPInal Cord InjurIes australIa

rather than in chronic patients. this is now 
dr goldshmit’s primary research goal. 

In laboratory research, she has found 
that fgfs dramatically influence mammalian 
glia cells to proliferate and gain the ability of 
progenitor cells (cells in the early stages of 
development) that may support the injured 
spine. fgf treatment increases neuronal cell 
survival, reducing inflammation and making 
the glia less aggressive in forming scars. 
movement in the joints also improves. 

It is an exciting prospect, although one 
still some time away from human trials. 

“It will have to go into the spinal 
cord tissue,” dr goldshmit says. “but 
will it be via something that releases it 
slowly or via injection? If the molecule 
breaks down after 24 hours, we would 
have to deliver it again and again.”

dr goldshmit says that in an area as 
fragile as the spinal cord “there are still a lot 
of unknowns”.  
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life-saving aiD 
for the miDwife’s kit

A nEW APPROACH fOR COnTROLLIng 
HAEMORRHAgIng DURIng CHILDBIRTH COULD 

SAVE THE LIVES Of THOUSAnDS Of MOTHERS In 
DEVELOPIng COUnTRIES. 

Words  Bianca Nogrady

death during childbirth as a consequence of unchecked 
postpartum haemorrhage is still a frighteningly real 
risk for many women, even though it can be readily 
prevented by an injection of the hormone oxytocin. 

the tragedy is that this life-saving measure, which stems 
excessive blood loss, is largely confined to developed countries 
because oxytocin must be kept in cold storage and injected 
by trained medical staff using sterile syringes. Consequently, 
most of the 120,000 to 150,000 mothers reported to die 
each year from bleeding after delivery are in poor, remote 
communities that lack the necessary facilities and expertise.

to improve the outlook for women in these poorer 
communities, monash university researchers led by dr 
michelle mcIntosh are developing an inhalable formulation 
of oxytocin. stable at room temperature and resistant to 
degradation by heat or humidity, it will be administered through 
a simple inhaler that can be used with minimal training.

many women in the developing world give birth at home and 
have no access to medical services. the nearest hospital may 
be hours or even days away, and there is no guarantee it will be 
adequately staffed, or have an oxytocin supply that has been 
stored correctly and clean syringes with which to inject the drug.

making an oxytocin inhaler a standard part of every 
midwife’s bag, or including one in a safe birthing kit 
given to all expectant mothers, could be the difference 
between life and death for hundreds of thousands 
of women, who would be able to use the inhaler 
immediately after birth to prevent haemorrhage. 

Education revolution
as well as engineering the oxytocin powder, the monash 
team wants to ensure women will be happy using the inhaler.

“some of our biggest challenges are going to be 
around the fact that women in developing countries 
are not necessarily as familiar with inhaled delivery 
as we are,” says dr mcIntosh, a senior lecturer at the 
monash Institute of Pharmaceutical sciences.

there is a cultural perception, particularly 
in the developing world, that an injection is 
“strong medicine”. Inhalers are a rare sight. 

“are they going to think that this medicine is 
not real, or not trust the medicine because it’s a 
different way of delivering it?” dr mcIntosh asks.

to answer that question, the team has talked 
to healthcare workers, midwives and women in 
rural areas in India and uganda. the feedback has 
been encouraging, she says, with responses such 
as: “If you teach us how to use it, we’ll use it.” 

“they’re not worried about the device, it just 
needs to be simple,” dr mcIntosh says.

the team is seeking funding for stage-one clinical 
trials, to be conducted in australia. further clinical 
trials will examine use of the inhaler by the intended 
users – women in rural areas of countries such as India, 
uganda and Papua new guinea. the project has already 
received funding and recognition from the World health 
organization, the bill and melinda gates foundation and 
the international partnership saving lives at birth.

“sometimes it feels like we’ve got to work faster,” dr 
mcIntosh says. “there’s a lot of pressure but there’s also  
the opportunity to be involved in something that makes  
a difference.” 

Inhaler Courtesy of dose one. WWW.dose-one.Com. us Patent numbers us7832399, us8360057. Photo: Paul jones     

Some of our biggest challenges are going to be around the fact that women in 
developing countries are not necessarily as familiar with inhaled delivery as we are.

– dr Michelle McIntosh

The Inhaled Oxytocin Project team undertake fieldwork in Africa.
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While clinicians worldwide are now using less oxygen, and 
a lower amount of air overall, the researchers are exploring 
whether this level can be reduced further. “We want to establish 
the optimal level of oxygen to avoid organ damage,” Professor 
harding says. “somewhere there is a happy medium.” 

long-term effects
In 2012 the team’s work was recognised among 
the top 10 projects funded by australia’s national 
health and medical research Council for 2012. the 
accolade marks a long association between Professor 
harding and australia’s peak medical research body, 
which has supported his work for three decades.

Professor harding’s interests within this field are wide. 
other projects are investigating the impact of moderate 
alcohol consumption during pregnancy, the protective effects 
of antioxidants, the role of stem cells in treating lung and 
brain injuries, and the influence of intra-uterine infection.

such infection is present in 60 to 80 per cent  
of pregnancies that result in preterm birth, and can  
affect multiple foetal organs.

“the lungs and brain are the major organs 
affected,” Professor harding says. “nerve fibres in the 
brain are damaged due to hypoxia [lack of oxygen] 
and inflammation. long-term effects range from 
minimal intellectual impairment to cerebral palsy. 

“It was traditionally thought foetal brain injury occurred 
during delivery but new research suggests 40 to 80 per cent 
of cases are actually prenatal, most likely set up by infection.”

to counter this, the monash team has demonstrated 
in preclinical trials that early high-dose treatments 
of erythropoietin (rhePo) – a glycoprotein hormone 
that controls red blood cell production – to the 
mother can protect the placenta and foetal liver, 
and prevent abnormal brain development.

seeing his findings put into practice in order to give 
preterm babies a far greater chance of going on to enjoy 
healthy lives gives Professor harding immense satisfaction. 

“It is the highlight of my career,” he says. 

Professor richard Harding: “High levels of oxygen and mechanical 

ventilation increase the risk of poor lung function later in life.”

Words  Melissa Branagh-McConachy

In developed countries, babies born after only 24 
weeks’ gestation have a chance of surviving. although 
medical advances have reduced some of the risk in their 
difficult start to life, these infants tend to be confronted 
by recurring complications – from chronic lung disease 
to neurocognitive problems and vision impairment.

at monash university, researchers led by developmental 
physiologist Professor richard harding are refining clinical 
practices to improve the longer-term health prospects of 
premature babies, especially for those born before 30 weeks.

In particular, his research group is refining how 
respiratory technologies for preterm infants are applied 
– during resuscitation, and later during the mechanical 
ventilation necessary to help them to continue breathing. 

Professor harding says this concentration on postnatal 
care follows a recognition by researchers and doctors 
that science, for the moment, cannot do any more to 
reduce the number of premature births. “many millions of 
dollars have been spent in this area but the incidence still 
remains at eight to 12 per cent of all births,” he says.

already the group’s findings on the lung damage that can 
be caused by the administration of too much oxygen after birth 
have led hospitals around the world to administer lower levels 
that are sufficient for the crucial role of ventilation but that 
do not cause organ damage. this research was conducted 
with clinicians at the royal Women’s hospital in melbourne. 

“high levels of oxygen and mechanical ventilation increase 
the risk of poor lung function later in life,” Professor harding says.

the lungs of premature babies are deficient in surfactant, the 
substance necessary for the elasticity that allows lungs to safely 
expand and contract. Without surfactant, the lungs become 
inflamed from expansion (leading to scarring and collagen 
build-up, and hindering their development), so it is crucial that 
they are only pushed out to the minimum amount necessary. 

Professor harding’s team has also shown the benefits  
of applying technologies that prevent the lungs 
from fully collapsing between breaths. 

science 
refines 
the breath 
of life

Photos: CarolIne Pankert

HELPIng 
PREMATURE 

BABIES SURVIVE 
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unnatural 
selection

Words  Alexandra roginski

genetic science has presented us with one 
of the most complex ethical dilemmas of our 
time: what kinds of people should be born. 

discussion hinges largely on a technology known 
as pre-implantation genetic diagnosis (Pgd), which 
enables doctors to screen a couple’s embryos to ensure 
the child has not inherited the genetic predisposition 
for a serious hereditary disorder such as cystic fibrosis 
and tay–sachs disease or traits such as deafness. 

Pgd is a routine part of in-vitro fertilisation 
(Ivf) when one or both parents lives with a genetic 
disorder or carries its telltale gene, explains 
bioethicist associate Professor robert sparrow.

most people would consider the ability to 
screen out embryos with such genes an unqualified 
good. but Pgd has passionate detractors. 

“some people with disabilities have objected to Pgd 
as sending a social message that it would be better if 
people like them didn’t exist,” says associate Professor 

sparrow, who is based in the school of Philosophical, 
historical and International studies at monash university.

While he believes that parents should have the choice 
to use Pgd to prevent the birth of children with serious 
genetic disorders, he considers the technology’s practical 
implications to be riddled with thorny questions.

among them: is it right for a society to promote 
screening against particular qualities? 

or, if we are to invert the scenario, what about the 
possibility of two parents with a disability using Pgd to 
deliberately select a child with that disability? this possibility 
was foregrounded by the 2002 case of a deaf lesbian couple 
in the us, who spoke out publicly about their choice of 
a fifth-generation deaf sperm donor, a decision aimed at 
ensuring that their two children would share their way of life. 

In 2010, associate Professor sparrow was awarded 
a future fellowship by the australian research 
Council to address some of the key questions arising 
from the Pgd debate. by the project’s completion 
in 2015, he intends to have developed an ethical 
framework for good policy on Pgd that accounts for 
the many and varied attitudes of a pluralist society. 

the project builds on his earlier work applying a 
“disability critique” to the politics of the Cochlear implant, 
an australian invention that helps profoundly deaf 
people to hear. although it is an aid rather than a genetic 
technology, the implant similarly divides opinion.

“deaf critics have identified the Cochlear implant as 
removing future members of their community. because there is 
a language involved, deafness isn’t simply a deficit. there are 
situations where it’s an advantage to be deaf. there’s also a 
history of transmission of cultural values among deaf people.” 

Conceptions of value
at the heart of associate Professor sparrow’s research 
are ideas from political philosophy, beginning with 
difficult questions about the nature of freedom. 

If one accepts that an able-bodied child in a society 
geared towards able-bodied people has more options 
than a child with a disability, then there would appear to 
be a moral imperative for parents to use Pgd to screen 
out disability. “but if you think that the question is not 
simply about being more free but about having valuable 
or meaningful life options, then it’s much harder to make 
these decisions about genetic selection,” he says.

“you have to then ask which of these children would 
have more opportunities to do those things that are 
valuable. and that question about value is contested 
in multicultural societies. If this technology were widely 
used, different cultures may make different decisions 
about the sorts of genes they value in children.”

a simple question that he says brings home  
the complexity of arguments is whether it is better  
to have a boy or a girl. 

on one hand, women around the world generally have 
better life expectancy than men, and they also have the 
ability to bear children – which could be considered as 
providing them with greater opportunities. “of course, you 
might point out that expected welfare at birth probably 
looks better for male children because of sexism.”

moreover, associate Professor sparrow notes that 
views on personal freedoms are often incompatible 
with philosophies for what is good for society. for 
example, a market-based approach to society would 
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technology 
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 – Associate Professor  

robert sparrow
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Silences and Secrets: 
the Australian 
experience of 
the Weintraubs 
Syncopators
Kay dreyfus

The Weintraubs syncopators, a 

band of mainly Jewish musicians, 

were international musical 

celebrities of the 1930s. When 

the German Third reich forced 

them into exile, they spent four 

years travelling across Europe, 

Russia and the far East before 

arriving in Sydney in 1937. 

some musicians decided to 

stay, which brought them into 

conflict with the aggressively 

protectionist Musicians’ Union 

of Australia. A high-end sydney 

nightclub employed them, but 

World War II meant their status 

changed. Now enemy aliens 

rather than celebrities, they were 

denounced for alleged espionage 

activities in russia and three were 

interned. The band broke up.

In this fascinating recounting of 

the experience of the Weintraubs 

syncopators, dr Kay dreyfus, 

an Adjunct Research fellow in 

the school of Philosophical, 

Historical and International 

studies at Monash University, 

pieces together the complex 

forces at work in this story of 

migration at a time of insecurity, 

fear and dramatic conflict. 

www.publishing.monash.edu

Rhythm and Meaning 
in Shakespeare’s Verse 
Peter Groves

How did the Bard intend his 

work to be read? Prominent 

shakespeare scholar dr Peter 

Groves takes on that question, 

exploring the rhythmical 

organisation of Shakespeare’s 

verse and how it creates and 

reinforces meaning both in the 

theatre and in the reader’s mind. 

He argues that Shakespeare’s 

pentameter metrical form is 

a supple instrument through 

which he communicates 

valuable cues to performance. 

dr Groves teaches 

poetry, shakespeare and 

other Renaissance English 

literature in the school of 

English, Communications and 

Performance studies at Monash 

University. shakespearean 

actors and anyone who wants to 

enhance their understanding of 

Shakespeare’s work will find his 

book of great value and interest.

www.publishing.monash.edu

test tube Revolution: 
the early History  
of IVF
John Leeton

The world’s first clinical IVf 

program was established at 

Monash University in 1971 by 

Professor John Leeton, and he 

was its clinical director until 1984. 

Monash IVf achieved Australia’s 

first IVf baby in 1980. Professor 

Leeton’s other achievements 

include the establishment of 

Australia's first comprehensive 

family planning clinic, and a role 

in achieving the world’s first IVf 

pregnancy, the world’s first donor-

egg pregnancy and the first IVf 

surrogate birth in Australia. 

In Test Tube revolution, 

Professor Leeton tells the story 

of the early days of IVf, his friend 

and fellow IVf pioneer Emeritus 

Professor Carl Wood, and the 

struggle of the research teams 

in Australia and the UK who 

were behind this momentous 

medical development. 

www.publishing.monash.edu

deem individuals with disabilities to be a 
financial burden, but to force parents to 
use Pgd would be totalitarian. a different 
approach might determine that society 
as a whole benefits from contact with 
diverse people – including those with 
disabilities – by promoting tolerance and 
compassion, but nobody would argue 
for a lottery system that designates a 
proportion of parents for conceiving 
and raising children with disabilities. 

Brave new future
the ethics of Pgd extend far beyond its 
current use for screening against disease. 
some pro-enhancement philosophers 
argue that, as we learn more about 
genetics, the technology should be 
promoted as a way to create the best child 
possible. this could include screening 
out supposed character traits such as the 
highly contentious notion of criminality.

associate Professor sparrow does not 
consider this to be a realistic possibility, 
partly because of our crude grasp of human 
genetics, and partly because Ivf only 
provides a small number of embryos, meaning 
that there are only a few combinations of 
characteristics to choose among. “We don’t 
really understand longevity or intelligence in 
order to be able to improve them genetically.”

however, he is concerned that 
debates about human enhancement risk 
reinvigorating social darwinism, defining 
social strata by genetic make-up rather than 
by the disparities in education, health and 
social services that determine opportunity. 
such debates can flow through to policy, 
he says: “so when it comes to making 
funding choices between medical science 
and childcare, the former is chosen because 
it is seen as determining success.” 

discussions about “better” children 
also raise the spectre of eugenics, a 
scientific movement to improve the genetic 
composition of a human population, most 
famously associated with nazi germany. 

associate Professor sparrow says 
his work seeks to “place a limit on the 
ambitions of eugenics”. there is a distinct 
boundary, he says, between parents 
having the freedom to screen for a child 
without a dna marker for a disability and 
screening in the interest of enhancement. 

“one of the things that most interests me 
is selection on the basis of skin colour, for 
example, in the context of racism, where you 
might actually get a real difference in your 
child’s welfare. If you’re a mixed race couple 
and chose to have a light-skinned child, that 
child may actually have better life prospects 
as a result of being able to avoid institutional 
racism. I have a strong intuition that this would 
be a racist, immoral use of this technology.” 
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