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With this book we’d like to introduce to you 
a young and ambitious research institute 
for biomedical technology and technical 
medicine: MIRA.
Find out what we reach for and what we’ve 
accomplished so far. Meet our researchers 
and see what moves them. Read about how 
science works when it mingles with  
an entrepreneurial spirit: through talent, 
co-operation, inspiration, hard work and 
also coincidence sometimes. And most of 
all: get to know how patients profit from 
all of this. By better, less burdensome and 
affordable treatments and faster cure. 
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This publication introduces you to a 
young and ambitious research institute 
for biomedical technology and technical 
medicine: MIRA. Discover what MIRA 
aims for and what it has accomplished so 
far. Meet some of MIRA’s researchers and 
find out what motivates them. Read about 
how science works when it mingles with 
an entrepreneurial spirit: through talent, 
cooperation, inspiration, hard work and 
even on occasions by chance. And most 
importantly: learn how patients profit from 
all of this, because our research provides 
better, less burdensome and affordable 
treatments and, ultimately, faster cure.

in·sight

www.utwente.nl/mira



in·sight



002 MIRA in·sight  |   chapter 01  |  Table of contents 003

3.1  page 040 

RIcheR IMAges foR betteR tReAtMent 

3.2   page 042 

DIAgnosIs of bReAst cAnceR wIth 

sounD AnD lIght ReseARch

3.3   page 044  

‘ouR lAb Is the woRlD leADeR’  

Five questions for Michelle Heijblom

3.4  page 045 

MeAsuRIng the success of  

technology

3.5  page 047 

In puRsuIt of cIRculAtIng  

tuMouR cells

3.6  page 049 

conveRtIng cleveR IDeAs Into clInIcAl 

ApplIcAtIons  

Five questions for Leon Terstappen

3.7  page 050 

hIgh-tech heAlth fARM

3.8  page 052 

the IMpoRtAnce of tIny bubbles

3.9  page 054 

‘I love It when I see A spARk In  

theIR eyes’ from the schedule of  

Vinod Subramaniam

3.10   page 060 

A cosMopolItAn cAReeR  

4.1  page 062 

on the Move AgAIn 

4.2  page 064 

 ReMote cARe vIA youR unDeRweAR 

4.3  page 066  

‘I Don’t wAnt to woRk In A vAcuuM’  

Five questions for Miriam  

Vollenbroek -Hutten

4.4  page 067 

RobotIc systeM foR pRostAte cAnceR 

DIAgnosIs

4.5  page 068  

fRoM spAce RobotIcs to pRostAte  

InteRventIons 

Four questions for Sarthak Misra

4.6  page 070  

opeRAtIon Robot neeDs just A sIngle 

IncIsIon

4.7  page 072 

RehAbIlItAtIon Robot gets pARAlyseD 

pAtIent wAlkIng AgAIn 

4.8  page 076 

‘Deep InsIghts RequIRe long  

conteMplAtIon’ extract from the 

schedule of Michel van Putten

4.9  page 080 

A nAvIgAtIon systeM foR suRgeons

4.10  page 083  

‘no-one Is In thIs to get RIch’  

Five questions for Marjolein van  

der Krogt

4.11  page 084 

 peR slycke, peteR veltInk AnD Xsens 

5.1  page 086 

tRAInIng toMoRRow’s heAlth  

pRofessIonAls 

5.2  page 088 

eDucAtIon At MIRA

5.3  page 090 

 ‘we hAve the neRve to tAke RIsks’ 

extract from the schedule of Heleen 

Miedema 

5.4  page 094 
‘suDDenly you fInD you cAn sAve lIves’ 

Four questions for Jarich Spliethoff 

5.5  page 095 

   ‘My ReseARch Is All About two 

woRlDs MeetIng’ Five questions for  

Ana Barradas 

 

  [  table of contents ]

01 02 03 04 05 06

INTRODUCINg MIRa TISSUe RegeNeRaTION IMagINg & DIagNOSTICS NeURal & MOTOR SySTeMS
eDUCaTION aT MIRa aND 
UNIveRSITy Of TweNTe

TheRe’S MORe TO MIRa  
ThaN MeeTS The eye! 

2.1   page 016 
 helpIng the boDy RepAIR Itself

2.2   page 018 
 how to help pAtIents wIth DIAbetes 

type I?

2.3   page 020  

‘you Mustn’t lose heARt when A 

gReAt IDeA just Refuses to woRk’,  

Four questions for Aart van Apeldoorn 

and Mijke Buitinga

2.4   page 022 
heAlIng plAsteRs 

2.5    page 024 
tARgeteD DelIveRy of MeDIcInes

2.6    page 026 
‘It’s the IntensIty thAt MAkes It  

so Much fun’  

extracts from the schedules of two 

entrepreneurial professors 

2.7    page 034 
weARAble kIDney 

2.8   page 035 
plAyIng wIth Molecules

2.9    page 038 

beRnke pApenbuRg AnD MAteRIoMIcs 

6.1  page 096 

 At MIRA... 

... we reach for the sky 

... we make the most of our chances 

... we look on the bright side of life  

... we practice what we preach 

... we make pragmatic use of spirituality 

... we believe in the multi-talented  

... the world is our oyster 

... we start young 

... age is irrelevant 

... we like to keep fit 

... science is music 

... we have a life outside the lab too

6.2      page 102 

woulD you lIke to joIn us?

6.3  page 104 

 contAct AnD cReDIts

1.1      page 006 

MIRA’s MIssIon

1.2       page 007 

MAkIng suRe technology ReAches  

the MARket

1.3      page 008 

fIllIng the gAp

1.4      page 010 

‘MIRA Is gRowIng fAst!’  

from the schedule of  

Martijn Kuit



005004 MIRA in·sight  |   chapter 01  |  Introducing MIRA

 dna of  
a young 
institute 

  [  chapter 01 ]

01IntroducIng MIrA



06 MIRA in·sight  |   chapter 01  |  introduction006 MIRA in·sight  |   chapter 01  |  Introducing MIRA 007

1.1 1.2

In an era where technology is 
increasingly becoming a catalyst 
for innovation in healthcare, MIRA 
combines fundamental and applied 
research with clinical practice.  
MIRA encourages entrepreneurship 
and industrial collaboration so that 
its new technologies reach patients 
sooner and at an affordable price. 
MIRA’s research will lead to new 
techniques to repair damaged tissue 
such as bone and cartilage. It enables 
doctors to make more effective 
diagnoses with the aid of improved 
imaging techniques, it helps to 
create drugs that are targeted in 
their effects, and it offers patient-
focused solutions in rehabilitation 
technology. MIRA is also training 
a new generation of healthcare 
professionals and providing them 
with a unique focus. 
Through close collaboration with 
hospitals, industry and government 
agencies MIRA aims to safeguard a 
leading position in Europe. 

making sure 
the technology 

reaches  
the market

MIrA’S  
MISSIon

 w e need companies to deliver 
technologies to patients 
at a favourable price. 

MIRA therefore tries to encourage 
entrepreneurship in various ways:
 create awareness
 scout and screen inventions
 assess market potential
  support spin-off company/business 
development
 negotiate licence agreements
 mentor licence performance 

MIRA’s entrepreneurial professors 
serve as role models. They ensure 
that researchers and students are 

aware of technologies with a high 
potential and know what needs to 
be done to commercialise these. The 
Programme Office of MIRA regularly 
talks with all researchers in its quest 
for pearls with business potential. 
If a patentable discovery is made 
then various options can be pursued. 
MIRA can try to sell the patent to 
a large company. Alternatively, 
the researcher can set up a limited 
company around the patent together 
with MIRA. In that case MIRA 
supports the researcher to make this 
business a success.

Biomedical technology and technical 
medicine research at Twente 
has already led to the founding 
of dozens of companies. MIRA 
wants to accelerate this trend. Its 
ambition is to spin off at least four 
companies per year and to have 
three companies that employ at least 
15 people by 2014. 



  [  fig. a  ]  MIrA’S reSeArch pIpelIne

Proof-of-concept testing (with animal models and small 

groups of patients) achieves early evaluation and selection 

of promising novel treatments during fundamental and 

applied research

Requirements from clinical practice 

(ergonomics, safety, hygiene, cost etc.) are 

important specifications for the development 

of novel treatments

Medical, (basic) technical and biological 

researchers inspire each other, leading 

to ideas for entirely new treatments 

bIologIcAl DIscIplInes

bAsIc  

technIcAl 

DIscIplInes

MeDIcAl DIscIplInes

funDAMentAl ReseARch ApplIeD ReseARch clInIcAl ReseARch clInIcAl pRActIce
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 In 2009, the institutes for 
biomedical technology and 
technical medicine at the 

University of Twente decided to join 
forces to form MIRA. The aim was, 
and is, to to fill the gap between 
fundamental research by biomedical 
technologists on the one hand and 
clinical applications from technical 
medics on the other. MIRA unites 
all the links in the chain: from 
fundamental concepts to innovative 
treatments that help patients to 
recover better. 
MIRA has three research 
orientations: Tissue Regeneration, 
Imaging & Diagnostics, and 
Neural & Motor Systems. Each 
research orientation has its own 
full professorships to safeguard 
the value of the research. Two 
clinical professors are also attached 

to each research orientation. They 
work for one or two days per week 
at MIRA and spend the rest of the 
week working as medical specialists 
in a hospital. This puts them in 
an ideal position to formulate 
clinical research questions and 
to point out the needs in medical 
practice. The patients’ welfare, 
during treatment and in health, is 
always the primary objective. The 
entrepreneurial professorships 
give MIRA a unique position in 
Europe. These professorships are 
filled by people with an academic 
background who have proven ability 
by successfully marketing a certain 
medical technology. Their specific 
skills, experience and network are 
vital for ensuring that new technology 
really does end up benefiting patients. 
Because that’s MIRA’s ultimate goal.  

filling  
the gap

1.3
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  [  interview ]

‘ MIRA is  
growing fast!’

 [  intro  ] aS MaNagINg DIReCTOR Of MIRa, MaRTIjN KUIT 
IS SCIeNTIfIC DIReCTOR CleMeNS vaN BlITTeRSwIjK’S 
RIghT haND MaN. he wORKS haRD ON RealISINg 
aMBITIOUS plaNS fOR MIRa’S gROwTh aND 
SUCCeSSfUlly COMBINeS ThIS wITh hIS faMIly lIfe.

  [  extract from the schedule of... ]

MArtIjn KuIt

1.4
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whO IS MaRTIjN KUIT?
Martijn Kuit [1975] was 

appointed as the managing 

director of the fledging 

MIRA institute in May 2009. He was 

previously the director of the Centre for 

Entrepreneurship at Delft University of 

Technology as well as managing director of 

the research programme Next Generation 

Infrastructures at the same university. Up 

until 2002, Martijn was involved in research. 

He gained his doctorate with a thesis about 

strategic behaviour and regulatory styles in 

the energy sector. Martijn lives in Boekelo, 

just outside Enschede, with his wife and 

two sons.

6.30 Get up, check emails 
and bring the kids to school 
‘My kids love it here. We used to 
live in the Randstad; due to a lack 
of space the playground was on 
the school’s roof. Now we’re in the 
middle of the woods. The school is 
in the woods, the after-school care 
centre is in the woods and when we 
step out of our front door we’re in 
the woods in no time as well. The 
children play a lot outside and really 
enjoy that. There’s also plenty to do 

in the city of Enschede. When I first 
came here I thought it might be a bit 
quiet, as Enschede is in a rural area. 
However, the city has recently grown 
and changed a lot; now there are 
loads of trendy neighbourhoods.’

9.00 Consultation  
with venture capitalist  
about start-up
‘Tom Schwarz helps me with setting 
up entrepreneurial activities. The 
fantastic technology developed here 

must reach the patients and not sit 
collecting dust in the cellars of the 
University of Twente. But we don’t 
want to be technology pushers. 
That’s why we do everything possible 
to encourage entrepreneurship or 
to market our discoveries in other 
ways. For example, we’re currently 
holding meetings with researchers 
who are busy with a start-up. They’ve 
asked us to transfer the patent to 
them and they would also like the 
university to become a shareholder 

in the new limited company. In 
principle, we’re interested in that 
option. Finding capital and reaching 
agreements about who has the rights 
to what when the product becomes 
profitable in the future, is of course 
a complicated process. Tom advises 
us about the so-called capitalisation 
table.’

10.00 Interview with 
science journalist 
‘MIRA is appearing in the news more 
often, with new discoveries or with 
“political” successes from the institute. 
This interview has been requested 
because we’re involved in four of 
the eight centres that the Dutch 
science funding body NWO recently 
appointed as centres of research 
excellence with respect to innovative 
medical devices. For us this means 
growth as well as the recognition 
that we’re on the right track as an 
institute. The initiatives chosen by 
the Netherlands Organisation for 
Scientific Research (NWO), fit in 
seamlessly with the research we’re 
doing here.’

11.00 First meeting with 
new colleague Christian 
Beckmann
‘MIRA is growing fast! Over the next 
few years we’ll appoint some 150 
new people. Christian is one of them. 
We’ve spent the past few months 
carefully thinking about the scientific 
focus we want to give to our new 
professorships. We’ve looked at how 
we can interconnect these and make 
sure they relate well to the consortia 
in which we’re a partner, such as 
the Centre for Medical Imaging 
and LEO. Now we’re looking for 
candidates. Christian is somebody 
who we’re very happy to have found. 

He has previously worked at both the 
University of Oxford and Imperial 
College in London. He’s impressed 
by what we’re doing here and has 
decided to join us. It’s nice to see 
that our visibility is increasing 
and that talent from abroad is 
now following what we do. That 
says something about the growing 
strength of our institute.’ 

13.00 Lunch meeting with 
Joris Laarman, artist
‘We eat in our institute’s restaurant, 
which is usually full of noisy 
students. Joris is an artist who we’ve 
already worked with on several 
occasions [see also page 098]. He’s 
just back from New York, where 
he exhibited his Half Life, a lamp 
of living cells. Biochemistry meets 
interior design! Such ventures are 
also possible at MIRA. We’re a young 
institute with a lot of young people; 
we work hard and a lot is expected 

Centre for  
Medical Imaging

The Centre for Medical Imaging 

(CMI) will provide new technologies 

to make even better images of the 

body than is currently possible by 

using MRI scans, CT scans, X-rays or 

ultrasound. We do that by combining 

signals such as light and sound and by 

developing innovative contrast media. 

In CMI, MIRA is collaborating with the 

University Medical Centre Groningen 

and with the German electronics  

giant Siemens. CMI is spread over 

two physical locations: from 2012 

onwards the technological aspects 

will be worked on out at a refurbished 

buil ding next to MIRA, while the  

technologies will be applied to  

patients at the hospital in Groningen.

  [  who is... ]

  CoNTINUED oN NEXT PAGE
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from you. But that doesn’t mean 
being serious all the time. Fun is also 
a part of our DNA. That can take 
the form of humorous projects with 
artists, an original competition or 
quite simply a fantastic party with 
good food, great music, dancing and 

a decent drink. The management 
team reflects that pleasure; it 
struck me from the moment I came 
here. There’s a clear business and 
professional ethos but that goes hand 
in hand with a certain ease. Here, 
you’re allowed to sit with your feet up 
on the table and I really like that!’ 

14.30 Meeting with architect 
about the new location for the 
Centre for Medical Imaging
‘In 2012, the Centre for Medical 
Imaging will move to a building 
right next door to MIRA. The old 
chemical technology building will be 
completely stripped and refurbished 
for this purpose. Researchers will 
soon share that building with 
patients who will benefit from the 
most advanced equipment. The 
patients will then of course need 
to be separated from the people 
working on the equipment. And we’ll 
need to keep sensitive equipment 
well away from lifts and cars as these 

can cause disruptions. I need to 
discuss these requirements with the 
architect.’

16.00 Meeting about 
the inaugural International 
Federation of Biomedical 
Institutes conference
‘The work we do at MIRA takes 
pla ce in an international context 
as a matter of course. People from 
all four corners of the globe work 
here, English is our medium of 
communication, and we only publish 
in international journals. We want 
to collaborate more closely with 
other European institutes. So we’re 
examining the option of setting up a 
federation of biomedical institutes. 
This has many advantages, For 
example, working together makes 
it easier for us to benefit from 
European grants. The University 

LEo is a broad consortium that works on 

intelligent service robots for a variety of 

purposes, including medical applications. 

Besides MIRA, partners include regional 

high-tech companies and ontwikkelings-

maatschappij oost-NV.

Robotics is the emerging technology in 

healthcare fields such as surgery and reha-

bilitation. It offers new and improved surgi-

cal procedures, better training results and 

enhanced comfort and safety for patients. 

After many years of fundamental research 

and clinical trials, robotic technology 

will mature to enter the operating the-

atre and clinic for routine applications. 

After exploratory missions to Japan 

and to Boston, Baltimore and Chicago, 

the initiative is starting to gain a more 

definite shape. From 2012 onwards, 

LEo will be housed next to the Centre 

for Medical Imaging. our ambition is to 

turn the east of The Netherlands into a 

leading player in robotics for healthcare 

and medicine. 

 ‘There’s a clear 
professional 
ethos, but that 
goes hand in 
hand with a 
certain ease’

do things is up to you. If you want to 
work for half the night so that you 
can play with your children in the 
sandpit in the afternoon, then, in 
principle, that’s fine with us.’

19.30 Reading the 
newspapers
‘I read the papers for myself, and  
for MIRA of course. We want to 
make connections with what’s 
happening, also locally. The High 
Tech Health Farm is a superb 
example of that [see page 050].’ 

20.30 Jogging
‘I go jogging for 30 to 45 minutes 
twice a week in the woods close to 

home, come rain or shine. I always 
feel really good afterwards.’

21.30 Reading a book
‘Now I’m reading Zoete Mond [Sweet 
Mouth] by Thomas Rosenboom. 
It’s a novel that’s set in the 1960s 
and describes the rivalry between 
a vet and a village prankster. I read 
literature but also enjoy a popular 
American thriller once in a while. 
But I leave management books 
untouched these days. I read enough 
of those during my studies and my 
PhD research. Now I develop my 
management skills by simply getting 
on with the job. That’s how you learn 
the most.’ 

The Dutch science funding body  

Netherlands organisation for Scientific 

Research (NWo) has made about 200 

million euro available for collaborations 

between universities, industry and medical 

institutes that wish to develop healthcare 

by means of technological innovations. 

In 2010, eight national partnerships were 

selected, the so-called centres of research 

excellence. MIRA is involved in no less 

than half of these happy few: in two cases 

as the official technical scientific leader and 

in two others as a partner. 

MIRA is the official technical scientific 

leader for the Centre for Medical Imaging 

[see page 012] and the Centre for Care 

Technology Research, a partnership 

that includes the University of Twente, 

Maastricht University and TNo, which 

will develop technology for an improved 

diagnosis, monitoring and treatment of 

patients outside the hospital. MIRA is a 

partner in NeuroControl, a consortium 

that works on improved rehabilitation 

techniques, and in SPRINT, which will 

develop smart prostheses to allow patients 

to move more easily.

  CoNTINUED FRoM PAGE 013

‘We don’t want 
to be technology 
pushers.’

The High Tech Health Farm [see page 050].

LEO, centre for Service Robotics

Centres of  
Research Excellence

of Twente is an entrepreneurial 
university in every respect. I have 
considerable freedom, and we’re 
going to set up a lot of new things. 
That’s exciting.’ 

17.00 Off home, cook, eat 
and take the kids to bed
‘I really value being with my children 
in the evening and eating with 
them. From nine to five I’m at the 

institute and outside those hours 
I’m at home. However, this doesn’t 
mean that I never work then. Early 
in the morning, late in the evening 
or sometimes even in the middle 
of the night, I’m often behind my 
computer. The same is true for many 
parents at MIRA. We’re flexible as 
an employer: we’re very clear about 
what we expect from you, how you 
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  [  chapter 02 ]

TISSUE REGENERATION

  helping 
 the body  
 to repair
 itself

02
 [  intro  ]  The Tissue RegeneRaTion 
ReseaRch pRogRamme develops 
Technologies ThaT ResToRe The 
funcTion of diseased and damaged 
oRgans and Tissues: biologisTs, 
chemisTs, nanoTechnologisTs 
and engineeRs all woRk TogeTheR. 
wiTh This appRoach, miRa hopes 
To Realise pRacTically applicable 
scienTific bReakThRoughs and  
Thus speed up paTienT RecoveRy.
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 Diabetes is a serious metabolic 
disorder. In people with 
type I diabetes, the pancreas 

produces too little insulin. The 
insulin producing beta-cells residing 
in the so-called islets of Langerhans 
in this organ are damaged or 
destroyed by the patient’s own 
immune system by this disease. The 
body needs insulin to be able to store 
sugar from the blood after meals.  
The special groups of cells are not 
only responsible for the production 
of insulin but also detect how much 
sugar is in the blood, and whether 
more or less insulin is needed to 
maintain proper sugar levels.

IneffIcIent     There are two ways 
of treating patients with type I 
diabetes. First, they can inject 
themselves with insulin several times 
a day or they can use an automatic 
insulin pump. However, the side 
effects of this diabetes can be quite 
harmful on the long term. Chronic 
diabetes leads to blindness, kidney 
failure and impaired blood supply 
to limbs, potentially leading to 

amputation. For patients who have 
severe difficulties in maintaining 
their sugar levels, an alternative is 
a transplant of islets of Langerhans 
from deceased donors. The first 
form of treatment is fairly stressful, 
while the second is still very 
inefficient: around 80% of donor 
cells are lost during or shortly after 
transplantation. Consequently, cells 
from three donors are needed  
to help one diabetes patient. But 
there is still a major shortage of 
donors. So until a way is found to 
culture new islets of Langerhans, 
scientists are seeking a more efficient 
method to introduce donor cells into 
the patient’s body.

MIcRowells All In A Row     MIRA 
researchers are working on a 
very advanced method. They 
have designed scaffolds made of 
a special polymer which contain 
tiny wells. These wells or shallow 
compartments are arranged in neat 
rows, in which cells can be grown. 
The wells are just a few hundred 
microns wide. They are used to 

protect the islets of Langerhans, 
whilst still allowing them to live in 
an optimum environment. The cells 
are ultimately transplanted into the 
patient’s body, scaffold and all. This 
doesn’t necessarily have to be near 
the pancreas; for example, it can be 
under the skin, in a muscle or in the 
abdominal wall. In any case, the cells 
need to end up in a location with a 
good blood supply. Then they can 
release their insulin into the blood, 
and obtain oxygen and nutrients 
themselves. 

 [  intro  ]  gRowing a new oRgan and implanTing iT inTo a paTienT is sTill in The 
Realms of The impossible. buT The Tissue RegeneRaTion gRoup is woRking haRd 
on an impoRTanT inTeRmediaTe sTep. The ReseaRcheRs aRe making scaffolds on 
which insulin-pRoducing cells aRe gRown. These scaffolds can be implanTed 
inTo people wiTh Type i diabeTes.

In the case of diabetes the 
pancreas produces too little 
insulin, which is needed for 
the storage of sugar from food. 
The patient then needs to 
inject insulin several times per 
day. However, an alternative 
is being worked on. 

[ fig. a ]  CULTURING ISLETS OF LANGERHANS

Transplantation of donor islets 
of Langerhans is an alternative. 
However, that is not yet efficient: 
about 80% of the cells are lost 
during transplantation.

‘Scaffolds’ are being worked on: 
a protective bedding in which 
the islets can grow.

Islets of Langerhans in the 
pancreas are responsible for 
regulating the blood sugar level 
and the production of insulin. 
In type 1 diabetes patients, the 
islets are damaged. 

Islets of 
Langerhans

scaffold

hydrogel 
with growth 
factors

islets secrete 
insulin into 
the blood

islets absorb oxygen 
and nutrients from 
the blood dimensions: several hundred micrometres

CULTURING

cultured 
islet

pancreas

The entire scaffold is transplanted 
into the body, not necessarily in 
the pancreas but always near a 
blood vessel.

blood vessel

scaffold

PoRous MAts     The researchers are  
currently refining the scaffolds by 
researching the effectiveness of dif -
ferent materials and designs. Both 
these factors affect the survival of 
cells in the wells, and hence their  
functioning. And because this prin-
ciple is still so new, the researchers 
have to discover what works best 
through trial and error. The first step 
is to test various ways of making a 
scaffold out of the polymer material. 
For example, by compressing mats 
of thin polymer fibres in pre-formed 

moulds. This produces a porous film 
containing the microwells. Because 
the material is porous, oxygen and 
glucose can reach the cells easily. 
The degree of porosity determines 
not only how well these substances 
can pass through the material, but 
also how sturdy it is. The MIRA re-
searchers plan to study the effect of 
all these variables in greater depth. 

conDuctIng tRIAls     The next step 
is to determine the right living 
environment for the cells. For 

example, should growth factors be 
added to the support material to en-
sure that the blood flow in the islets 
gets going as quickly as possible? And 
where is the ideal spot in the body to 
implant the scaffold? To answer that 
second question, the researchers are 
first of all conducting trials in animals. 
Human trials are still some way off. But 
the principle works; the researchers are 
already convinced of that. 

 HOw TO HElp pATIENTS 
wITH DIAbETES TypE I?

   next page: four questions for aart 

van apeldoorn and mijke buitinga

donor cells are grown in tiny  

protective wells, so they can  

be safely transplanted.

 2.2 
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 1Why is this research important?
BuItIngA: ‘Diabetes is a common 

illness, and a serious one. There’s no 
satisfactory treatment yet. Patients 
have to inject insulin throughout 
their lives, which is stressful and 
doesn’t work well for everyone. 
And transplants are still not very 
efficient.’
VAn APelDooRn: ‘Our research is 
focused directly on helping patients. 
The aim is quite clear. We’re dealing 
with a condition where an organ is 
no longer functioning properly, and 
we need a solution. The research is 
extremely application-oriented.’

 2 Have you found your niche in 
this department, and in this 

research?
VAn APelDooRn: ‘Absolutely. I can 
put all of my creativity into it. The 

subject itself is fairly new, but we can 
apply a variety of existing knowledge 
about cell growth and support 
materials to the making of artificial 
organs. That’s really challenging.’
BuItIngA: ‘Plus the fact that you’re 
combining several different scientific 
disciplines. You’re working on 
a technical solution to a clinical 
problem. One minute you’re sitting 
at the computer thinking about the 
design of a scaffold, and the next 
minute you’re in the lab testing 
whether it’ll actually work in a living 
animal. I would never want to do just 
one thing or the other.’

 3 What do you enjoy most about 
this research?

VAn APelDooRn: ‘Its interdisciplinary 
nature. I sometimes joke that we 
try to steal as much as possible 

from other groups. An awful lot of 
research within MIRA is relevant to 
what we’re doing. So we’re always 
asking ourselves: is anyone working 
on interesting techniques? Can we 
incorporate them into our research 
line? It’s this talking to other 
experts, and trying to solve problems 
together, that makes this work so 
much fun.’

 4 Do things sometimes go wrong?
BuItIngA lAughs: ‘Of course, a 

lot of things go wrong. Especially on 
the practical side. Progress is very 
slow in this sort of research. It’s 
sometimes really depressing when 
you’ve thought of a good idea that 
refuses to work. You’ve got to be able 
to cope with that. But as long as you 
keep focused on your goal, you’ll stay 
motivated.’  

aaRT van apeldooRn is woRking on a Range of pRojecTs To design an alTeRnaTive sTRaTegy foR 
The TRansplanTaTion of isleTs of langeRhans. one of Them is mijke buiTinga’s phd pRojecT.

‘ You mustn’t lose heart 
when a great idea just 
refuses to work’

AART vAN ApElDOORN AND MIjkE bUITINGA

 2.3 
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HEAlING plASTERS
Worn cartilage in a joint causes patients 

a lot of pain. Weight-bearing or bending is 

difficult and sometimes almost impossible. 

unfortunately, at the moment there is no 

curative treatment. the only option is pain 

control. marcel karperien’s department is 

working on a solution to this common  

complaint: a gel that is injected into the 

joint. there it hardens to form a protective 

layer over the damaged cartilage. the gel 

binds to the cartilage and is biodegradable. 

the intention is that it will be replaced in 

time by the body’s own cartilage. initial 

trials are due to start shortly. not in humans 

as yet, but in horses, which also commonly 

suffer from wear and tear of the joints. 

this image, made with an electron  

microscope, shows how the healing plaster 

cavities capture cartilage cells, which are 

stimulated to form a matrix. this cartilage 

matrix is shown by the blue colour in the 

less enhanced image. 

 2.4 
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 w hen you take an aspirin 
for a headache, the active 
ingredient enters the 

bloodstream via the stomach and 
the intestines. It goes not only to the 
head, but to the entire body. And the 
same is true of all medicines, whether 
adminis tered in pill form or as an 
injection. This is far from ideal. It’s 
wasteful and can also be unhealthy: 
the medicine can cause damage if it 
ends up at the wrong place.
‘It would be ideal’, says Professor 
Johan Engbersen, ‘if you could get 
the medicine delivered exclusively to 
exactly the right place like some sort 
of parcel. That sounds simple, but is 
in fact so difficult that we’ll probably 
never succeed entirely.’ But Engbersen 
and his colleagues, not only at MIRA 
but also elsewhere in the world, have 
already made good progress.  
Engbersen: ‘We use a whole arsenal 
of chemistry and physics to devise a 
specific solution for every challenge.’ 

PAssIVe oR ActIVe     One approach to 
deliver a medicine to the right spot, 
Engbersen explains, is by using a 
passive mechanism. For example, 
solid tumours are well-supplied with 
blood vessels. And just like the  
tumour, these blood vessels grow 
very quickly. As a result, they’re  
not entirely perfect: they leak. ‘By 

ma king particles loaded with medi-
cine (nanomedicines) so small that 
they can only leave the bloodstream 
via such leaks’, says Engbersen, 
‘means they end up just near the  
tumour cells.’ However, Engbersen  
and his collea gues are working 
mainly on active mechanisms:  
systems in which par ticles are 
designed to adhere selecti vely to the 
right cells. For example, the particle 
has a specially designed chemical  
group at its surface that binds 
specifically to a receptor on a cancer 
cell. ‘We really do work like a postal 
service’, says the professor. ‘First we 
carefully parcel up the vulnerable 
cargo, then we stick the right address 
on it, and finally we make sure that 
the parcel can also be opened again 
once it has arrived at its destination.’
In some cases these parcels contain a 
medicine, but in others they contain 
genetic material. For example, a 
section of DNA can take over the role 
of a defective section in the target 
cell. This is a form of gene therapy, 
a technology which is hardly used 
yet because it is fraught with snags. 
‘Gene therapy as it has developed so 
far uses a virus to introduce the  
DNA into the target cell’, explains 
Engbersen. However, this has a 
number of disadvantages, such as 
adverse immune reactions,  which 

strongly hamper further clinical 
development. ‘We’re investigating 
whether you can design a synthetic 
carrier instead. With the polymers we 
are using you can vary the structure, 
and hence the effectiveness, more 
easily. And you can make sure that 
the material is fully biodegradable 
and therefore has no toxic effects.’ 

clothes lIne     Parcels like these can 
be composed of polymer chains that 
are fold up to a sort of ball in which 
the genetic material is packaged, but 
not necessarily: they can also take 
the form of a tangled ball. ‘We are 
also designing a sort of clothes line 
on which you can hang all sorts of 
stuff ’, says Engbersen, ‘and which 
folds itself up to various extents. The  
kind of chemical groups that you 
hang on that line determines, for 
example, whether the parcel is water-
soluble or oily. The choice depends 
on the application.’ Moreover, the 
links chosen for the clothes line 
determine how and when the line 
breaks up and releases its cargo, and 
how easily the pieces of clothes line 
can be cleared up in the body again. 
The choice of clothes-pegs can also 
help to determine the effect of the 
medicine. ‘Imagine a substance that 
kills cells, which you want to use 
against a tumour’, says Engbersen. 

‘You want the substance to do its 
work only in the tumour, and not 
elsewhere in the body. Therefore 
we design the chemotherapeutic 
delivery system in such a way that 
the substance is not active while it’s 
still attached to the clothes line. By 
attaching it to the clothes line with 
a connection that can only be cut by 
an enzyme that is common in cancer 
cells, but not healthy cells, it is then 
possible to activate the medicine 
only in the tumour cells.’ 

enDless PossIBIlItIes     Engbersen 
enthuses about a number of other 
tricks that the parcels can be equipped 
with, such as miniscule gold rods 
that can be heated up from outside 
the body using a targeted beam of 
infrared light. This heating causes the 
package to break down, or to attach 
itself somewhere. Or you can put mag-
netic particles in the parcels, and then 
assemble them at a specific place in 
the body with the aid of a magnet.
The possibilities are endless. Virtu-

ally every wish-list can be translated 
into material properties. But the 
difficulty lies in actually applying the 
discoveries into clinical practice. The 
journey from idea to application is a 
long one. ‘First you have to describe 
your discovery in miniscule detail, 
because you’re often dealing with 
very complex particles. And then you 
have to go through the whole process 
of cell experiments in the laboratory, 
animal experiments and clinical  
trials. It’s a lengthy business.’ 

Medicines or genetic 
material delivered to 
exactly the right spot in 
the body, like addressed 
postal packages.

[ fig. a ] TARGETED MEDICINES

The design of the particles is 
such that they preferentially bind 
to the right cell. For example, 
they can have a chemical group 
that preferably attaches to a 
cancer cell. 

The researchers design a sort 
of ‘clothes line’ that you can 
hang particles on. The design 
of the clothes line ensures 
that the links release the 
particles in a phased manner. 
That way the particles can do 
their job only when they 
reach the right spot.

The delivered particle 
finds its way to the 
cell that absorbs it.

The particle releases its contents. For example, a 
piece of DNA that activates the cell to to produce 
a therapeutic protein, or in the case of cancer 
cells a cytotoxic compound that kills the cell. 

cell

particle

particle

link

polymer that works 
like a ‘clothes line’

[ 01 ] [ 02 ]

HOW DOES IT WORK?

cancer cell

The packages are smaller 
than a ten-thousandth of 
a millimetre and contain 
polymer strands in which, 
or on which, medicines 
are attached.

particle

cell
nucleus

TARGETED DElIvERy  
Of MEDIcINES
deliveRing medicines To exacTly The RighT place in The body: ThaT’s The challenge which miRa 
ReseaRcheRs have seT Themselves. They’Re designing a bRoad Range of smaRT Technologies 
To Realise ThaT goal, Ranging fRom ingenious ‘cloThes lines’ To liTTle bubbles ThaT sTick To  
a specific siTe.
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‘it’s the  
intensity 

that makes 
it so much 

fun’
 [  intro  ] Two enTRepReneuRial pRofessoRs explain 
why They each have one fooT in indusTRy and The 
oTheR in academia.

  [  extracts from the schedules of... ]

clEMENS vAN blITTERSwIjk  
AND jOOST DE bRUIjN
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who aRe clemens van bliTTeRswijk 
(lefT) and joosT de bRuijn (RighT)?
Clemens van blitterswijk (1957) is 

mira’s scientific director and the leader 

of the tissue regeneration track.  

He is also involved in numerous 

start-ups. joost de bruijn (1966) is the 

founder and director of progentix, a 

bilthoven-based company associated 

with the university of twente. He is also 

a professor at queen mary, university of 

london. both lead international lives and 

work in both industry and academia:  

van blitterswijk at the university of 

twente, and de bruijn at queen mary, 

university of london.

  [  who are... ]

7:00 Leave the house
‘I live in Friesland, not awfully 
convenient when you work in 
Twente, and have to be in Bilthoven 
a lot as well. But it’s just such a nice 
place to live… I stay over in Twente 
and I work at home one day a week, 
which cuts down the travelling. But I 
often put my time in the car to good 
use. This morning, for example, I 
had a telephone conversation with 
a colleague about MIRA’s new 
Materiomics research line.’

9:00 At MIRA: recordings 
for television science 
programme Labyrinth
‘The programme is doing a series on 
the theme of “making”. This episode 
was about making medical devices. 
I’m happy to contribute. Not just for 

are vitally important for MIRA’s 
international character. Very fruitful 
for both parties.’

15:30 Consultation with the 
dean of the faculty
‘We hold these discussions on a 
regular basis, to look at how we 
can strengthen the teaching. That’s 
one of the things I’d miss if I only 
worked in industry: being involved 
in teaching. It’s always inspiring to 
think about how you can best guide 
young people.’

 17:00 Telephone conver  sa tion 
with a colleague in New York
‘It’s a substantive discussion invol ving 
an exchange of ideas. But we’re also 
looking at whether he might be able 
to come over and reinforce MIRA’s 
ranks.’

the reputation of our institute but 
also because I think we owe that 
to the public. Our work is largely 
funded by tax revenues, so you 
really should take the trouble to 
explain what you do and why.’

11:00 Consultation on  
Pre-Seed Grant
‘Life Sciences Pre-Seed Grant, 
which I chair, awards grants of up 
to a quarter of a million euro to 
new businesses to start up their 
research line. It’s a Netherlands 
Genomics Initiative and the 
Netherlands Organisation for 
Scientific Research project. 
I think this sort of work is 
enormously important. It’s how 
innovation really gets off the 
ground.’

13:00 Discussion with 
a promising prospective 
professor
‘We’re looking for a new clinical 
professor, and this is a very serious 
candidate. In this meeting we’re 
discussing how he would fill in the 
details of the post.’

14:00 Discussion with  
a Canadian colleague
‘This colleague will be spending a 
year here as a visiting professor. 
He is on a sabbatical from his own 
university. Exchanges like these 

clEMENS vAN blITTERSwIjk

From chance  
discovery to  
million-dollar deal
progentix has its origins in the larger 

company isotis. in the late 1990s, 

isotis was working on growing bone 

with the aid of stem cells and special 

support materials. Clemens van 

blitterswijk and joost de bruijn, who 

knew each other from their work on 

biomaterials at leiden university, 

were both working at isotis. in 2002, 

however, van blitterswijk elected 

to take up a professorship at the 

university of twente, partly financed 

by isotis. ‘i had to choose: carry on in 

business or go back to academia’, he 

says. ‘as a Ceo i would have to give up 

research, whereas in twente i can now 

do both. i research and teach, but i’m 

also involved in numerous start-ups and 

new businesses, such as progentix, 

where i’m on the management board.’

progentix was set up in 2004 by de 

bruijn, after leaving isotis. ‘i was 

fascinated by the possibility of growing 

bone without stem cells or growth 

factors’, he says. ‘just a support material 

that stimulates bone growth: it was a 

chance discovery that seemed too good 

to be true. but it really worked.’

the large american company, nuvasive, 

showed an interest almost immediately. 

nuvasive is a listed company specialised 

in innovative techniques for surgery on 

the vertebrae. ‘You need a partnership 

like that’, says de bruijn. ‘We could never 

invest enough ourselves to embark on 

the long journey to clinical practice.’ in 

2009, after six months of negotiations, 

the two companies entered into a 

partnership. under that partnership 

nuvasive invested 80 million dollars and 

in so doing acquired a share in progentix.

‘It’s always 
inspiring to think 
about how you can 
best guide young 
people.’

  Continued on next page
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jOOST DE bRUIjN

9:00 Discuss schedule with 
secretary
‘And then half an hour answering 
business emails and signing a pile of 
documents.’

9:30 Interview with a 
journalist about Progentix
‘Our technology has been in the 
news a lot lately. A number of 
articles have already appeared in 
the national newspapers. Recently, 
some highly promising results of 
our technology were published in 

the renowned American journal 
PNAS (Proceedings of the National 
Academy of Sciences). We’ve 
received a lot of responses, from 
colleagues, but also from journalists.’

10:30 Meeting with the 
Progentix Supervisory Board
‘These are very important meetings 
for us. We discuss the progress 
made, both technological and 
commercial. The meeting is also 
attended by representatives of 
NuVasive, the American company  

we have entered into partnership 
with. They’re shareholders in our 
business, so we are accountable to 
them. But these meetings always 
yield useful insights as well.’

14:00 Prepare for a 
lecture on ‘industry and future 
perspectives’
‘Once every two weeks I fly over 
to London for the day to give a 
lecture to students. This time I’m 

Is it possible to combine being 
both a professor and an 
entrepreneur?

VAn BlItteRswIjk: ‘It’s mainly a lot of 
hard work. You work around the 
clock. In the evening you’re often 
still meeting with US investors, 
for example, and in the morning 
you’re all set again for a discus-
sion in the lab.’ 

De BRuIjn: ‘But the skills are not 
so different. In both jobs you 
have to achieve good results, sell 
them, be financially responsible 
and attract and motivate good 
people.’ 

VAn BlItteRswIjk: ‘That does mean 
that you can’t be a professor 
who’s just at the university. You 
have a quite different schedule: 
everything goes on at the same 
time.’ 
 
De BRuIjn: ‘It’s that intensity that 
makes it so much fun. The 
early days of Progentix were 
incredibly busy, for example. 
But then it’s even better when it 
works. After that we really had 
to kick the habit.’ 

VAn BlItteRswIjk: ‘The two jobs 
often complement each other. 
And that’s only to your benefit 
when it comes to things like 
applying for government 
funding, for example. You’re not 
in your department so much, but 
your double role does produce 
more in terms of collaboration 
and financing.’

Is such a partnership between 
a company and a university 
department common? 

VAn BlItteRswIjk (lAughs): ‘Our depart-
ment in Twente has one spin-off a 
year on average. You mustn’t forget: 
a lab can think up great ideas, but 
that’s still a far cry from a useful 
product on the market. For that 
you need investments and long test 
periods. You can only do that with 
the help of a company. But large, 
existing companies are often very 
rigid and suffer from “not invented 
here” syndrome: they’re only inte-
rested in their own discoveries. 
In that case spin-offs are the 
ideal solution: the link between a 
scientific discovery and a patented 
invention that actually makes it onto 
the market.’ 

De BRuIjn: ‘Spin-offs are much 
more dynamic. It’s not easy for a 
large company to develop a new 
technology. It always has to make 
a profit, keep shareholders happy, 
so it doesn’t want to take on too 
much risk. And a large company 
is less stable. As soon as a new 
director arrives, its course can 
change completely. Small ones often 
concentrate on one technology that 
they believe in heart and soul. And 
they have a very tight-knit team.’ 

VAn BlItteRswIjk: ‘A spin-off is very 
much like a university department 
in fact. With 40 people, you 
still have a very strong sense of 
belonging to a group: this is what 
we stand for and this is what we 
want to achieve.’

Entrepreneur and professor
18:00 In the car back to 
Friesland
‘On the way I have another telephone 
conversation with one of my PhD 
students about his research. He’s 
now at the stage of writing his 
thesis.’

20:00 Go for a run
‘On days like these I don’t get home 
until 8 pm. I then like to go for a 
run in the evenings, although I’ve 
not got round to it much recently. I 
really should start to make time for 
it again. My ambition was to run the 
marathon in under three hours, but I 
haven’t managed that so far.’

21:00 A quick check on the 
horses
‘My wife and daughter have a 
number of Icelandic horses. In fact, 
we have a sort of small stud farm at 
home. I get involved with that a bit 
from time to time. It’s great to focus 
on something completely different 
from work for a while.’ 

  Continued from page 029

  Continued on next page
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A blend of 
cultures

preparing a lecture about stem cells, 
tissue engineering and regenerative 
medicine. It’s a lot of fun to do; 
the lecture is always attended by 
some highly enthusiastic students 
who ask lots of questions. On these 
days I also have meetings with PhD 
students and colleagues. Yes, I really 
do feel part of that department, even 
though I’m only there a couple of 
times a month. It used to be more 
often, but it’s getting increasingly 
difficult to combine with Progentix. 
But at the moment I don’t want to 
give it up altogether; I find teaching 
much too enjoyable and inspiring 
for that. Even though these are long 
days: I leave the house at 5am and 
get back at 11pm.’

16:00 Dealing with 
the commercial aspects of 
Progentix 
‘I’m still closely involved in the 
company’s financial and staffing 
matters, but also in the technology.  
I think that’s important. Talking with 
people, listening to what’s going on. 
There are 22 of us now, and we’re 
still expanding.’

17:00 Checking and signing 
potential business partner’s 
term sheet
‘Apart from Progentix, we’re also 
working on other start-ups. For 
one of them, we’re in talks with 
a major commercial party that’s 
interested in an exclusive licence 
on our technology. The term sheet 
containing the terms and conditions 
of our agreement has been negotiated 
and we’re flying abroad next week to 
discuss the draft contract.’

18:00 Back home; go for  
a run
‘I always try to set aside time for 
running. I’m training for the New 
York marathon, although I’ve just put 
myself out of the running due to a 
calf injury. It’s great to clear my head 
of everything during a run. Especially 
when it’s busy at work. I find it 
easy to leave work behind. Some 
people need a week to wind down on 
holiday. Not me.’

  Continued from page 031

a simple fracture usually heals by itself. 

but sometimes the bone is too badly 

damaged, or too much is missing. after 

a serious accident, for example, or after 

a tumour has been removed from the 

bone. in such cases, doctors need to give 

the bone a helping hand. for example, 

they take a piece of bone from some-

where else in the body, often the pelvis. 

this has its drawbacks: it creates a hole 

and the surgery is often accompanied 

by a lot of pain. an alternative is to use 

a piece of bone from a donor, or a pros-

thesis made of metal. but these “dead” 

materials will never really become part 

of the bone, and there’s always a risk of 

infection or rejection. 

progentix, a company associated with 

the university of twente, is bringing 

a new alternative onto the market: a 

powder containing synthetic calcium 

phosphate. by chance, progentix direc-

tor joost de bruijn and his colleagues 

discovered that this material promotes 

bone growth by attracting stem cells and 

certain proteins. in time the synthetic 

material dissolves by itself, leaving just 

the body’s own bone. 

exactly how it works is not clear yet. 

but the fact is, it does work. progentix 

has now further refined the material 

through trial and error: composition, 

grain size and porosity have now been 

optimised to promote maximum bone 

growth. the researchers have success-

fully tested their discovery on animals, 

and initial trials on humans are highly 

promising. the bone heals neatly and 

grows only where intended. the results 

are as good as those of autologous 

bone transplants, but without the 

unpleasant side effects. 

the material is easy and cheap to pro-

duce. it is expected to make its market 

debut shortly and accelerate the devel-

opment of bone surgery worldwide. a 

more user-friendly variant is already in 

the pipeline, in the form of a paste that 

is easier for the surgeon to insert.

21:30 Telephone conference 
with NuVasive colleagues in  
the US
‘Often I can’t avoid having to do 
some work at home, answering 
emails, reviewing scientific articles, 
etc. In view of the time difference 
with the West coast of the US, there 
are often conference calls with 
our NuVasive colleagues as well. 
Sometimes you really do have to 
talk live. Luckily it’s not too much 
trouble in my case. I don’t have 
any children and my partner is also 
closely involved in Progentix as a 
consultant, so she knows what it’s 
like. In fact, sometimes she takes 
part in these conversations herself.’ 

‘It’s great to  
clear my head  
of everything 
during a run’

new bone has grown (red) 

on progentix granules (grey) 

implanted in an animal bone 

with a defect.

MIRA’s employees work a lot across 
borders, both literally and through 
their contacts in Twente.

VAn BlItteRswIjk: ‘MIRA aims for a 
cosmopolitan character. Why is that  
important? For a commercial rea son, 
first of all. It’s essential to have a large 
international network. Invigorating 
ideas and chances for collaboration 
often come from other countries. In-
sti tutes with staff from other coun tries 
get that for free. Those contacts will 
benefit you throughout your career.’

De BRuIjn: ‘And it also creates a special 
atmosphere. You develop bonds 
quicker. Foreign staff don’t know 
anyone else, so they’re keen to 
socialise with their colleagues.’

VAn BlItteRswIjk: ‘It’s wonderful to see 
how quickly foreigners feel at home 
here. Within a year you see Chinese 
and Indian staff eating Dutch-style 
sandwiches for lunch. The labs are 
very friendly. And that benefits the 
quality of the work.’

De BRuIjn: ‘And there’s also a practical 
reason why there are so many 
foreigners here. Good PhD students 
are very hard to find.’

VAn BlItteRswIjk: ‘There are 17 million 
people in the Netherlands, and seven 
billion in the rest of the world. So 
it’s logical that there’s more talent 
abroad than here. And all that debate 
in society about foreigners and 
integration… none of that comes into 
play in the lab.’ 
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Playing with  
molecules

 [  intro  ]  RepaiRing a fRacTuRe wiTh a scRew ThaT laTeR disappeaRs by iTself. 
deliveRing medicines To pRecisely The RighT place in The body wiTh The aid 
of Tiny, biodegRadable capsules. oR making a blood vessel fRom a maTeRial 
which is Replaced in Time by The body’s own cells. all of This is possible wiTh 
biodegRadable polymeRs.

 w e don’t usually think 
about it, but our kidneys 
play a vital role in our 

bodies. They filter dangerous toxins 
from our blood and produce various 
important hormones. If your 
kidneys don’t function properly, 
this has a major impact on your 
life. Once a kidney has deteriorated 
beyond a certain point then there 
are only two options: receive a 
donor kidney, or regularly have the 
blood cleaned outside the body in 
a treatment called dialysis. Dialysis 
patients have to visit a clinic or 
hospital three to four times a week 
and spend several hours hooked 
up to a large dialysis machine that 
cleans the blood.

QuAlIty of lIfe     In the Netherlands, 
around 40,000 people suffer from 
kidney damage. Some 13,000 
patients have end-stage kidney 
disease (kidney failure) 6,000 of 
those are on dialysis treatment 
and 7,000 have received a donor 
transplant. Despite the high costs of 
dialysis treatment, which amount 
to over 75,000 euro per patient per 
year, it only has limited success. The 
mortality of these patients remains 
excessively high, whereas their 
quality of life is generally low.

At hoMe     Due to a shortage of donor 
organs, the waiting time for a donor 
kidney is currently about four years. 
Scientists are therefore exploring 
alternatives for improving patients’ 
lives. One option is to improve the 
current dialysis treatment. Dialysis 
equipment is being made smaller, 
portable and more patient-friendly. 
This allows people to perform the 
treatment at home, for instance 
while they are sleeping. 
Scientists at MIRA are participating 
in the consortium funded by the 
Dutch Kidney Foundation, which 
aims to develop a wearable kidney: 
a small dialysis device that can be 
easily carried by the patient. The 
challenge is to make this device 
small enough to be wearable, yet 
effective in cleansing the blood, safe, 
and easy to use.

MIxeD MAtRIx MeMBRAnes     
Dimitris Stamatialis and his 
colleagues in the Membrane 
Technology group are working on 
a crucial element of the wearable 
kidney: the membrane, a so-called 
mixed matrix membrane (MMM). 
This is a filter that selectively 
removes toxins from blood. This 
novel filter is prepared by putting 
small porous particles into a polymer 

sponge. When this filter is placed in 
contact with blood, the blood cells 
cannot enter the sponge due to their 
size, whereas the smaller toxins pass 
through and are selectively captured 
by the porous particles. 

wEARAblE kIDNEy
membRane scienTisTs aT miRa aRe designing aRTificial kidneys ThaT will gReaTly impRove 
The lives of kidney paTienTs. These aRTificial filTeRing uniTs aRe moRe effecTive in 
cleansing blood and smalleR and easieR To use Than The cuRRenT Technology.  
miRa’s goal is To use These novel aRTificial kidneys in poRTable and/oR weaRable devices.

BoDy fADeR

on behalf of the dutch kidney foundation, 

mira scientists are helping to develop 

a small device which is light and small 

enough to carry around comfortably, yet 

purifies the blood effectively.

to engineer bone, a scaffold prepared from a 

rigid biodegradable polymer is used. the very 

small size and the exact features of the structure 

– prepared by stereolithography – are evident 

from the comparison with a match. 

  Continued on next page
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 P
olymer chemistry is like 
playing with Lego. You 
use molecules as building 
bricks and put them 
together to make long 

chains. By choosing the molecules 
carefully, you can give the polymeric 
material the exact properties you 
require. For example, you can 
vary its strength, its stiffness, the 
extent to which it attracts water, its 
biodegradability and the ease with 
which it can be moulded into the 
right shape.

This is what Dirk Grijpma and his 
colleagues from the Biomaterials 
Science and Technology group 
are working on. ‘We make a range 
of plastics which the body can 
break down itself in the long run’, 
says Grijpma. ‘Our materials are 
compatible with the body’s own cells, 
and are designed in such a way that 
they get cells to do exactly what we 
want. For example, growing and 
forming tissue in a certain shape. For 
this process we need to design both 
the material and its shape.’

IMPlAnts     Grijpma cites the 
example of implants that promote 
bone growth. These provide a 
solution when a bone is missing 
following a serious trauma or the 
removal of a tumour. Surgeons 
sometimes transplant a piece of the 
patient’s own bone from a different 
part of the body, but this has various 
drawbacks. It creates a wound 
somewhere else, and the piece of 
bone is often not the right shape. 
And with a non-biodegradable 
material, such as metal, there’s 
always a risk of infection. ‘Those 
drawbacks don’t apply to our 
alternative: a prosthesis made of a 

around for a while’, says Grijpma, 
‘but so far only using resins that 
are not biodegradable. Ours are. 
What’s more, we can now build 
these structures in the presence of 
living cells using hydrogel materials.’ 
These cells are mixed with the 
liquid resin. When this hardens, 
they end up in and on the three-
dimensional structure, where they 
can still perform their function. 
The technique makes it possible to 
design an ideal structure for cells. 
For example, a porous structure 
which allows the efficient supply 
of nutrients and removal of waste 
substances. And you can make 
sure that a material has the best 
mechanical properties combined 
with high porosity.

The group has now developed a 
whole series of biodegradable resins 
with a range of properties: from 
glassy and hard to rubbery and 
elastic, and from soft materials with 
hydrogel-like properties to ceramic-
containing materials that promote 
bone growth. ‘The possibilities are 
endless’, says Grijpma, ‘especially 
in combination with the computer-
controlled structure design. For 
example, where a tumour has been 
removed from a jawbone, you can 
take a CT scan of the site and then 
design a prosthesis that fits exactly.’

new chAllenges     The next 
challenge is to grow different types 
of cell together on a scaffold. This 
will ultimately make it possible to 
produce complicated tissues, such 
as liver tissue or bone containing 
blood vessels. And then there are 
also the systems for delivering 
substances, such as medicines, to 
exactly the right place in the body. 
This can be done, for example, by 
packaging the medicine in tiny 
capsules made of a biodegradable 

polymer. Such particles are small 
enough to be injected into the 
bloodstream. ‘Antibiotics can also be 
packaged in this way’, says Grijpma, 
‘as equally growth factors which 
ensure that cells develop into a 
specific cell type. The latter is useful 
if you want to culture a certain tissue 
from stem cells.’ 
Antibiotics and growth factors 
can also be incorporated in a 
biodegradable bone screw. ‘You 
can kill two birds with one stone’, 
says Grijpma. ‘You can fix a fracture 
with a strong material that in time 
disappears, while at the same time 
you release antibiotics and growth 
factors aimed at specific targets.’
Does the group have any other 
plans? ‘Yes of course, there are 
many more possibilities’, says the 
researcher. ‘There’s an enormous 
demand in the medical world for 
new materials: better, stronger, 
more flexible, better geared to the 

Bringing an anti- 
adhesion agent on  
to the market

‘by chance, we made an interesting  

discovery’, says dirk grijpma. ‘When  

sterilising a certain polymer with gamma 

radiation we found that the radiation makes 

the material not only more flexible but also 

elastic. it becomes a sort of biodegradable 

rubber. this appealed to us immediately: 

nothing like it existed as yet.’ the depart-

ment applied for a patent and sought  

funding to do something with the idea.

‘but bringing a product onto the market 

ourselves is not our priority of course’, 

says grijpma. ‘so we set up a company 

called medisse, which makes materials 

that prevent adhesions after surgery.' 

almost all operations, around 80 to 90%, 

result in an adhesion somewhere in 

the area affected: scar formation binds 

together tissues that should remain sepa-

rate. this sometimes necessitates further 

surgery. ‘so there is an enormous market 

for a product that prevents adhesions’, 

says grijpma. ‘medisse makes a thin film 

of biodegradable material that is placed 

between the organs during surgery. after 

two weeks the risk of adhesions has 

passed and the material is reabsorbed.’

the first investors have now come 

forward and the product is currently being 

tested by an external party. once it has 

been approved as ‘safe’, grijpma believes 

that clinical experiments will soon follow. 

‘i have every confidence in it.’

biodegradable polymer mixed with a 
material that promotes bone growth’, 
says Grijpma. ‘You make a scaffold 
on which autologous cells grow and 
form tissue. The scaffold is gradually  
resorbed by the body, ultimately 
leaving just the patient’s own bone.’

seeDIng cells     Bone tissue is not 
the only thing you can grow on a 
scaffold: blood vessels are another 
possibility. ‘It would be great if after 
a heart attack, you could replace the 
blocked blood vessel with a vessel 
made from the body’s own cells’, 
says Grijpma. ‘We’re working hard 
on that at present. We make small 
porous tubes of a bio degradable 
polymer and “seed” it with cells. 
Under the right growth conditions 
in a bioreactor, these cells start to 
spread, proliferate and perform 
the desired function.’ Application 
in humans is not on the immediate 
horizon, but trials in animals to date 
have proved very promising. The 
researchers have already managed to 
replace a section of the aorta in mice. 
According to Grijpma: ‘The material 
appeared to be strong enough to be 
sutured, and there were no leaks. 
We’re now working hard to make 
experiments on humans possible.’

new ResIn technIQue     Another 
development that Grijpma is 
proud of is a new technique for 
building three-dimensional polymer 
structures with considerable 
accuracy: stereolithography. This 
technique uses a resin which hardens 
under the influence of light. In such 
a resin, a beam of light can build up 
– layer by layer – a solid structure 
that precisely matches the structure 
designed by the researchers on the 
computer. ‘The technique has been 

microscopic image shows how bone cells  

grow on the scaffold.  

function. The challenge is to devise 
materials that are demonstrably 
bet ter. And then to convince the 
regulatory authorities and doctors
of that.’ 

a tubular scaffold prepared from a flexible 

polymer (left) next to a pig blood vessel (right). 

as the implanted scaffold grows its own cells, 

the polymer base dissolves.  
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1999-2004: 
Degree in chemical 
technology at the 
University of Twente

What do you do if medicine is too 

‘medical’ for you, but physics and 

chemistry by themselves are too 

technical? then you go for a combination. 

in any case, that was the strategy 

adopted by bernke papenburg. Courses 

in biomedical technology or technical 

medicine didn’t exist at the time, so she 

went for chemical technology.

‘Above all, I didn’t want to go into 
research. I was afraid that it would 
be too theoretical. It was only when I 
was about to graduate that I became 
fascinated by research. You devise a 
specific theory, think about how you can 
test it, and then go and do it. It’s much 
more applied than I thought.’   

2010-present: 
Project leader 
Materiomics, MIRA

together with her colleagues, 

papenburg designs chips with nearly 

4,400 compartments, each of which 

is just a few hundred microns wide. 

the compartments vary in shape and 

structure. stem cells are seeded into 

them. using the chip, the researchers 

can investigate how the nature of each 

compartment influences the growth of 

the stem cells and their development 

into specialised cells, such as fat cells or 

bone cells.

‘Using our chips you can study a huge 
number of different variables quickly and 
efficiently. With that information, our 
ultimate goal is not just to control cell 
growth but also, for example, to reduce 
the risk of clotting and infection with 
various medical implants.’ 

2004-2009: 
Graduation research 
project and then  
PhD research at  
the Membrane  
Tech no logy Group, in 
colla bo ration with the 
Tissue Regeneration 
Department

papenburg studied scaffolds as supports 

on which cells can be grown. the whole 

scaffold can subsequently be introduced 

into the body, where the cells then 

start to perform their natural function. 

to replace a vein, for example. she 

developed this principle further during 

her own phd research.

‘It was tremendously exciting research. 
We had found a broadly applicable 
method that can change the surface of 
a scaffold, exerting a strong influence 

on the cells growing on it. I was keen 
to develop it further as a PhD student. 
And fortunately, I could. This was a 
fascinating time as well. Especially 
thanks to the collaboration with other 
disciplines and the freedom I had to fill 
in the details of my own research.’ 

    

2009-2010: 
Postdoc position 
at Tufts University 
in Medford, greater 
Boston area, MA, US

papenburg had the opportunity to do 

postdoctoral research in boston, where 

she worked on biomedical implants 

made of natural silk. but after a year 

she returned to the netherlands, mainly 

because her boyfriend lives here.

‘The University of Twente had  
contacted me. Did I want to help set 
up the Materiomics start-up? It was 
a unique opportunity for me. But I’m 
glad I had that year in Boston first. 
It was very inspiring to do research 
outside Europe for a change. You see 
how people from other cultures tackle 
things. For example, Americans work 
far more on short-term goals. They just 
go for it, with no ifs and buts.’

    

bERNkE pApENbURG
AND MATERIOMIcS 

1999 2005 20102009

beRnke papenbuRg is The pRojecT leadeR of The maTeRiomics 
sTaRT-up. maTeRiomics ReseaRcheRs woRk on how The 
pRopeRTies of maTeRials – such as sTRucTuRe and suRface –  
influence biological pRocesses. foR example, They scReen 
maTeRials foR use as suppoRTs foR cell gRowTh. oR They woRk 
on suRfaces which can Reduce The vulneRabiliTy of medical 
implanTs To infecTion. maTeRiomics is cuRRenTly sTill paRT of 
The univeRsiTy, buT duRing 2011 iT will become an independenT 
pRivaTe company.

 2.9

a high-magnification picture of a chip where each 

of the nearly 4,400 small compartments contains 

structures with different shapes, dimensions and/

or spacing.
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 [  intro  ]  The ImagIng and 
dIagnosTIcs programme TrIes 
To pIcTure and undersTand 
The processes In cells and 
organIsms. ITs new meThods 
for ulTrasensITIve dIagnosTIcs 
are exTremely clear and 
precIse. also, ImagIng The body 
wIThouT operaTIng or InjecTIng 
a conTrasT fluId sIgnIfIcanTly 
reduces The burden for The 
paTIenT. our ulTImaTe aIm Is To 
creaTe TechnIques ThaT enable 
physIcIans To offer TheIr paTIenTs 
a TreaTmenT ThaT Is more focused, 
causes less dIscomforT and 
provIdes a fasTer cure.

ImagIng & dIagnostIcs

richer 
images  
for better  
treatment



042 MIRA in·sight  |   chapter 03  |  Imaging & Diagnostics 043

 Breast cancer is the most 
common form of cancer in 
women; one in nine women 

develops it at some time in her life. 
Every year some 13,000 women in 
The Netherlands are diagnosed with 
the disease and around 3,000 die 
from it. To detect breast cancer at an 
early stage, women between the ages 
of 50 and 75 are invited to attend 
breast screening every two years. 
This is traditionally done using 
X-rays. The breast is clamped firmly 
between two plates: an unpleasant 
and even painful experience. The 
method is far from foolproof: doctors 
sometimes fail to spot tumours and 
sometimes they refer women who 
don’t have cancer, causing them 
needless worry. And X-rays aren’t 
without risk. Some groups of women, 
for example women who have 
already had breast cancer or have a 
hereditary variant in the family, are 
screened every year, sometimes from 

as early an age 30. In such cases, 
total lifetime radiation exposure can 
really mount up.

LIght And sound     MIRA researchers 
are working on an alternative 
method of breast cancer screening: 
a brand-new technology. It uses not 
X-rays but laser light. Laser light is 
absorbed well by haemoglobin, the 
protein in the blood that transports 

oxygen. Where the blood flow is 
greater, more light is absorbed. 
And it just so happens that a 
characteristic of malignant tissue is 
an increased blood supply. Indeed, 
various new blood vessels grow in 
and around the tumour to supply the 
fast-growing tissue with oxygen and 
nutrients. This increased vascular 
growth can be detected using laser 
light. When the blood absorbs the 

 [  intro  ] breasT cancer screenIng needs To be Improved. so say mIra 
researchers who are workIng hard To develop an enTIrely new meThod of 
screenIng. noT based on x-rays, buT usIng a combInaTIon of lIghT and sound. 
ThIs meThod Is more accuraTe and also more pleasanT and safer for The paTIenT.

Haemoglobin in 
the blood absorbs 
laser light, which 
causes the tissue 
to heat up and 
expand slightly.

Laser light can be used 
for the detection of 
cancer tissue as an 
alternative to painful 
mammography.

[ fig. b ] USING LIGHT AND SOUND TO DETECT BREAST CANCER

Patient lies on stomach 
on the examination table. 

Laser sends light 
through the breast.

Breast protrudes 
through the opening.

window for 
laser light

The detector is 
connected to a 
computer.

ultrasound 
detector

laser

The computer 
converts the 
information into 
a 3D image. 

ultrasound 
detector

Blood vessels grow around 
malignant tissue to provide 
it with oxygen and nutrients. 
The new technique makes 
use of these blood vessels 
to detect cancer tissue.

The expansion 
produces a 
miniscule sound 
wave that is picked 
up by the ultrasound 
detector. 

sound wavesound wave

tumour 
tissuetumour

tissue
blood 
vessels

window

HOW DOES IT WORK?

THE SCAN

[ 01 ]

[ 01 ] [ 02 ]

[ 02 ]

[ 03 ] [ 04 ] [ 05 ]

light, it becomes a tiny bit warmer. 
As a result, it expands a little locally. 
This causes a miniscule pressure 
wave in the tissue: like a sound wave. 
It can be measured using special 
equipment, giving you a three-
dimensional image of the tumour.

CoLLABoRAtIon     The MIRA 
researchers are currently working on 
a second, improved version of their 
invention. The technology is not 
yet on the market; experts believe 
that will take a few more years. 

They are working closely with 
medical specialists and with the 
breast clinic at Medisch Spectrum 
Twente to find out exactly what 
demands are placed on screening 
technology in practice. In 2006, a 
study was launched to test the first 
version of the apparatus, making 
MIRA one of the front runners in 
the world.

ExtREME pRECIsIon     In theory, 
this method can be used to detect 
tumours only a few millimetres 

in size. This makes it considerably 
more accurate than traditional X-ray 
screening, in which small tumours 
are often overshadowed by other 
tissue. And the smaller the tumour 
when it is detected, the better. In 
future, the light and sound method 
may also be suitable for detecting 
other forms of cancer. 

laser

scattering medium

ultrasound detector

   next page: five questions for  

Michelle heijbloM 

dIagnosIs of breast  
cancer wIth sound and 
lIght research

[  fig. a  ]

3.2
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 1How did you end up in technical medicine? ‘I’ve always 
found medicine interesting, but I also had a passion 

for maths and physics as well. Technical medicine seemed 
an ideal combination to me. I never really saw myself 
as a doctor in a hospital, but would rather be involved 
in the development of new equipment. So I came to do 
the technical medicine course here in Twente. Due to a 
combination of luck and specific interest, I was then able 
to start a PhD project in the department.’

 2 So it wasn’t because you don’t like dealing with 
patients? ‘Of course not!’ (laughs) ‘In this research we 

also work a lot with patients. It’s that variety that I enjoy 
so much. You’re dealing with people, but also with the 
technology.’

 3 Has this decision brought you what you wanted? ‘I 
found it hard to picture in advance exactly what the 

discipline entails. I was part of the first batch of students 
on the technical medical course, and didn’t really have 
a career profile in mind. But if you just do what you’re 
interested in, it’ll always turn out right in the end. And yes, 
if given the chance I would make the same decision again.’

 4 Are there also some things you dread when you come 
to work in the morning? ‘Just the general things that 

every PhD student faces: Will I get my project done in 
time? What if my results are disappointing? When will 
we finally get such and such a piece of equipment going 
again?’

 5 You were one of the very best students in your year; 
why didn’t you go to work at a top foreign university, 

such as Harvard or MIT? ‘I’d come from the other side of 
the country, and it had taken me long enough to get used 
to living in Twente.’ (laughs) ‘What’s still most important 
to me is to do what I enjoy. This job is just what I was 
looking for, and I feel at home here. Our lab is the world 
leader. Why would I go anywhere else? Perhaps it’s better 
for your career to have foreign experience as well, but I’m 
not really concerned about that.’ 

 ‘Our lab is the world leader’
mIchelle heIjblom was an ouTsTandIng sTudenT and could Take her pIck of career opTIons.  
she opTed for phd research In TwenTe.

developIng a smarT Technology Is one ThIng. buT geTTIng IT onTo The 
markeT Is a compleTely dIfferenT ball game. many InvenTIons, however 
brIllIanT, never geT furTher Than The TesT phase. mIra’s healTh Technology 
and servIces research deparTmenT led by professor maarTen Ijzerman, Is 
TryIng To do someThIng abouT ThIs. IT was for InsTance consulTed by phIlIps 
concernIng ITs Technology for malarIa dIagnosIs.

Measuring  
the success of 

technology
  continued on next page

mIchelle heIjblom
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 t ake a newly developed 
technique for breast cancer 
examination: photoacoustics. 

A sort of echo based on light; the 
technique dispenses with the need 
for harmful X-rays. The Health 
Technology and Services Research 
(HTSR) department is attempting 
to answer two questions regarding 
this new technique. First, is it really 
as good as the current technique? Is 
it more expensive and, if so, is it so 
much better that we’re prepared to 
pay extra for it? And second, how do 
you make sure that it can be used in 
practice?

Getting a new technique used in 
practice is far from simple. It’s 
not just a matter of replacing the 
existing apparatus; the doctors and 
analysts also need to be trained in 
using the new equipment. And who’s 
going to pay for this transition? 
So besides the technical aspects 
this research also has medical and 
socio-scientific elements. What are 
the consequences of introducing a 
new technology? Does it improve 
healthcare? Or just make it more 
expensive? And is that worth paying 
for?

ConsuLtAnCy     The HTSR group 
certainly doesn’t work on the basis 

of scientific curiosity alone. ‘It’s 
important that our work is useful 
to society’, says IJzerman. ‘We use 
our knowledge to give advice, for 
example advising the government 
on whether a population study 
into intestinal cancer is a good 
idea. And we advise businesses 
on the right way to introduce a 
technology. Sometimes we do that 
as a department, but we’ve also set 
up a separate consultancy business 
especially for this purpose.’

IJzerman cites another example. 
Malaria is a huge problem in many 
developing countries. People often 
live far away from a hospital. 
So when they fall ill it’s not easy 
for them to find out if they have 
malaria. Therefore they often fail 
to get the right medicines, or they 
don’t get them on time. Philips is 
currently developing technology 
which allows malaria diagnoses 
to be made without complicated 
hospital apparatus. People can do 
it themselves, or have it done in a 
local health centre. An invention 
like this makes healthcare more 
accessible. If people no longer need 
to go to hospital for a diagnosis, 
they can obtain medicines sooner. 
This could prevent many deaths. 
Philips has approached HTSR for 

advice. According to IJzerman, 
‘We’re currently trying to answer 
a number of questions. Which of 
the various possible technologies 
is the most promising? How big is 
the risk of people making mistakes 
when using it? What are the costs? 
What are the consequences of 
earlier diagnosis: how many deaths 
can you prevent? How much does it 
save you in costs? And of course: is 
it a smart approach to the problem, 
or would you do better to invest in 
more health centres?’

suppoRt In thE dEsIgn phAsE     This 
type of research isn’t new. It’s 
also being done in other places in 
The Netherlands and elsewhere 
in the world. ‘What is new’, says 
IJzerman, ‘is that at HTSR, we’re 
also looking at techniques that 
are not yet fully developed. We 
can support businesses in making 
decisions as early as in the design 
phase.’

And ARE BusInEssEs IntEREstEd? 
‘Of course. It’s becoming ever 
clearer that success is not just 
about scientific excellence. The real 
challenges are often in an entirely 
different area. You can’t let every 
technology loose on society just like 
that.’ 

047

 [  intro  ]  leon TersTappen has developed a Technology for deTecTIng Tumour 
cells In The bloodsTream. ThIs surprIsIngly sImple InvenTIon IdenTIfIes The 
Type of Tumour cells Involved and reveals If a TreaTmenT Is workIng. an aId 
lIke ThIs Is much needed In The medIcal world.

cIrculatIng  
tumour cells

 doctors today can detect and 
treat cancer much more 
effectively than they could, say, 

ten years ago. But it’s still hard to 
check if a given treatment is working. 
Wait-and-see is the motto. It takes 
months, and many sessions of 
chemotherapy, before doctors dare 
to conclude that the treatment isn’t 
working. Such a conclusion is drawn 
when scans show that tumours are 
still present. But then it’s sometimes 
too late to change strategy. In any 
case, much unnecessary suffering 

has already taken place. Sometimes 
it’s just easier on the patient to 
discontinue the chemotherapy if it 
isn’t helping.

CIRCuLAtIng CELLs     Leon 
Terstappen, a medical biophysicist 
at the University of Twente, and 
his colleagues have found a way to 
establish far earlier if a treatment 
is working. He has developed a 
technology that doctors can use to 
detect individual tumour cells in the 
blood. These ‘circulating’ tumour 

cells are a sign that the cancer is 
spreading or ‘metastasising’. If cells 
are still found after one round of 
chemotherapy, that’s not a good sign. 
Then you may as well discontinue 
the treatment. 

LoCk And kEy     The technology, 
named CellSearch, uses the fact that 
tumour cells are an entirely different 
cell type than blood cells. Every cell 
type has specific projections on the 

  continued on next page

  continued froM page 045

In pursuIt of 

philips’ invention of a new  

technology for the diagnosis of  

malaria made the dutch national 

news. philips asked Mira to  

evaluate the technology and  

its usability.
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blood cell

tumour cell

[ fig. a ] TRACKING DOWN MIGRATING TUMOUR CELLS 

[ 01 ]

[ 02 ]

[ 03 ]

[ 04 ]

[ 05 ]

microscope

magnet

tumour 
cells

magnet

blood

The particles can be 
removed from the blood 
with a magnet.  

Tumour cells present in 
the blood will adhere to 
the antibodies.  

Once special stains have
been added, the tumour 
cells can be detected and 
counted under the micros-
cope. This information is 
used to select a treatment.  

Antibodies are fitted in 
conjugated magnetic particles.

They are then added to 
a blood sample.

Migrating tumour cells in the 
blood are a sign that cancer 
is spreading. The number 
of such cells indicates the 
aggressiveness and type 
of cancer. Doctors can use 
this information to select 
a treatment.

Tumour cells are entirely 
different from blood cells. 
They have characteristic 
projections on the cell wall. 

blood 
circulation

magnetised 
antibodies

The CellSearch technique 
makes use of specially 
designed particles (antibodies) 
that specifically bind to the 
projections of cancer cells.

 1Are you pleased with the prize? ‘Outside applied medicine, 
few people will have heard of it.’ (laughs) ‘But within our 

discipline it’s a very valuable award. So yes, I’m very pleased with 
it. No, there’s no financial reward attached. It’s purely the honour. 
Perhaps I should mention it on my CV.’

 2 Does this prize open new doors for you, and for CellSearch? 
‘I think so. This is something very specific that I can show to 

investors. In 2008, Johnson&Johnson took over the company 
that I’d set up to launch CellSearch. But I’m still involved as a 
consultant. And until the technology is fully developed, new 
investment will be needed.’

 3 But why did you go back to academia after setting up your 
own company? ‘Science is important, and I’m passionate 

about it. And where can you do science better than at a university? 
Moreover, I’ve now gone through the whole journey from idea to 
execution once. So I’ve been there, done that. Now I’m much more 
interested in tackling new projects and guiding young people.’

 4 As a professor, do you still draw on your experience in 
industry? ‘I try to teach my students about everything that’s 

involved in bringing a new technology onto the market. What 
challenges do you meet? How do you apply for a patent? How 
much money do you need? Many students haven’t the faintest 
idea that it can easily take hundreds of millions of euro, 
especially in the clinical test phase.’

 5 So purely fundamental research is not for you? 
‘No, or I wouldn’t be here. At MIRA we convert 

smart ideas into clinical applications. In that 
respect, I’ve found my niche.’ 

outside of the cell which are typical 
of that cell type. CellSearch uses 
specially developed particles that 
specifically adhere to the projections 
of tumour cells. These particles are 
antibodies: proteins which adhere 
only to certain other particles via 
the lock-and-key principle. The 
CellSearch antibodies are fitted 
with small magnetic particles so 
they can be ‘fished out’ from the 
blood again using a magnet. If 
tumour cells were present in the 
blood, some of them will have stuck 
to the antibodies. After a special 
staining, they can then be detected 
and counted under the microscope. 

The number of tumour cells in the 
blood is a measure of the cancer’s 
aggressiveness. The tumour cells 
also reveal what type of cancer it is. 
Based on this information, doctors 
can infer which treatment has the 
best chance of success.

REtICEnt     CellSearch is already 
on the market but, especially in 
Europe, is used mainly in a research 
context. The medical world is still 
hesitant: first, it wants to see more 
research results showing how the 
technology can best be applied, 
and that it is indeed worthwhile. In 
addition, doctors are very reticent 
when it comes to discontinuing 

treatment. They don’t want to run the 
risk of missing a chance of a cure, even 
a very small one. 

AvoIdIng suffERIng And Costs      
For the time being, the American 
Food and Drug Administration has 
only approved CellSearch for the 
monitoring of patients with metas-
tasised breast, prostate and colorectal 
cancer. But in the near future other 
forms of cancer will also be added, and 
the technology will probably find its 
way into European practice as well. 
The health insurers will probably be 
the ones to tip the balance: CellSearch 
can avoid not only a lot of suffering, 
but also a lot of costs. 

Converting clever ideas into 
clinical applications

leon terstappen

cellsearch, a Technology ThaT docTors can use To 
deTecT Tumour cells In The blood, won an amerIcan 
prIze lasT year: The prIx gallIen, a presTIgIous prIze 
for The besT scIenTIfIc InvenTIon To have made IT as 
a successful Technology. cellsearch was developed 
under The dIrecTIon of leon TersTappen.

  continued froM page 047
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 p atient-specific care, close to home, 

supported by state-of-the-art techno-

logies. this is the essence of the high-tech 

health farm being developed by Mira and 

provincie overijssel, which will form a link 

between home and hospital. a range of 

new technologies will have a place there, 

for both diagnosis and treatment.  

for example, a new method for preventing 

the breakdown of cartilage in the knee  

[see page 22/23]. or a quick, safe breast  

examination by means of light and sound 

[see page 42]. the farm doesn’t exist yet. 

over the next few years a team composed 

of Mira, Medisch spectrum twente, 

isala Klinieken Zwolle, Zorg groep twente, 

Meander Ziekenhuis amersfoort and the 

university medical centres of utrecht and 

nijmegen will work out where and how it 

can best be built. 

3.7

hIgh-tech health farm

welcome to the healthcare of the future.
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 I
magine a typical foetal ultra-
sound scan in the hospital. You 
can see all sorts of tissue, bone 
and cartilage, but it’s hard to see 
the blood flowing in the organs. 

This is because blood doesn’t reflect 
ultrasound that well. In medical 
diagnosis, however, the blood flow 
is often the subject of interest. In the 
case of a heart attack, for example,  
you want to know where the blood  
flow is disrupted. And when looking  
for a tumour, you want to know 
where there’s increased blood supply, 
as that is a sign of malignancy. 

Tiny bubbles can help to make that 
blood flow visible. That’s because the 
ultrasound waves cause the bubbles 
to vibrate. The bubble vibrations 
produce a characteristic echo which 
can be measured with the handheld 
probe. A single microbubble reflects 
ultrasound a billion times better 
than a red blood cell. But if you 
sim ply inject these bubbles into 
the bloodstream, they’d dissolve 
immediately because they’re so 
small. So researchers coat the 
micro bubbles with a monolayer 
of phospholipids. That’s the same 
substance as our cell mem branes 
are made of. The precise ap-
plication determines the choice of 
material for the coating. For ima-
ging applications you want a thin 

and flexible skin; for drug delivery 
applications it needs to be thick and 
firm.

dELIvERIng MEdICInEs     Yes, another 
application for tiny bubbles is as 
carriers for drugs. Using ultrasound 
at the right frequency, you can 
burst them open at precisely the 
right location, near a tumour site 
where you want to deliver the drug. 
Or you can design them to adhere 
specifically to cancer cells. The 
bubbles have a receptor on their 
coating that precisely matches an 
abnormal protein molecule on the 
outside of a cancer cell. They can 
then deliver their cargo with utmost 
precision. That’s far more beneficial 
than the typical chemotherapy 
administered today, which works 
throughout the whole body, killing 
both tumour and healthy cells alike.

supERCAMERA     MIRA’s Physics 
of Fluids team has one of the 
most advanced pieces of research 
apparatus ever built: a camera which 
can take 25 million images per 
second to closely examine how tiny 
bubbles vibrate or burst. This camera 
was developed at the University of 
Twente and is the only one of its 
kind. Everything that researchers see 
with the camera is new to science.
Many of these tiny bubble 

technologies are already applied in 
clinical practice. New technologies 
are tested extensively to investigate 
whether the principle works and if 
it is safe. However, clinical tests are 
not the prime focus of the Physics 
of Fluids researchers. Their main 
aim is to understand the underlying 
physical mechanisms. What exactly 
happens to these tiny bubbles? 
How do they behave under different 
conditions? How can you boost the 
contrast, or direct the local injection 
of drugs? Only when more is known 
about these physical processes will 
researchers be able to refine even 
more of these exciting new medical 
applications.  

the Importance of tIny bubbles
bubbles are more useful Than you ThInk. They have numerous applIcaTIons In The medIcal 
world. for example, you can use Them To clean rooT canals In denTIsTry or To Increase The 
conTrasT of ImagIng TechnologIes. you can also use Them To delIver drugs To exacTly The 
rIghT place In The body. ThIs Is whaT researchers In mIra’s physIcs of fluIds deparTmenT are 
workIng on.

tiny bubbles sent into the blood 

stream can help to make blood flow 

visible because of their ability to 

reflect ultrasound much better than 

blood itself.

3.8
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‘ I love it 
when I see 
a spark in 
their eyes’
 [  intro  ] vInod subramanIam Is fascInaTed by The ‘puzzlIng 
parkInson proTeIn’ (alpha-synuclein ) and enjoys workIng 
wITh young people.

  [  extract from the schedule of... ]

VInod subramanIam

3.9
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who Is  
vInod subramanIam?

vinod subramaniam (1967) is a 

biophysicist who was born in india, but 

who has spent his entire adult life in 

other parts of the world. after obtaining 

a Masters and phd degree in the us, he 

worked in germany and england for some 

time before coming to twente in 2004. at 

Mira, he leads the imaging & diagnostics 

group. his own research focuses on 

the biophysics of protein aggregation in 

parkinson’s disease. subramaniam lives in 

enschede together with his wife sowmya 

and their daughter Mira.

  [  who is... ]
08:00 Dropping off my 
daughter at daycare      
‘I have a two-and-a-half year-old 
daughter called Mira. In fact, our 
MIRA institute was named after her 
– although I had little or nothing 
to do with that. The anecdote is 
that at the time, Clemens van 
Blitterswijk, the scientific director, 
was mulling over the name of the 
institute. He saw a picture of my 
newly born daughter, and liked the 
look of wonder in her eyes. Mira is 
short for “mirabilis”, which means 
“wonderful” in Latin.’ He felt that 

described the spirit of the institute. 
As they say, the rest is history.’

9:00 Meeting with the  
research group      
‘On Monday mornings, we usually 
get together with the entire research 
group to discuss science and listen to 
infor mal presentations. When people 
explain their line of reasoning to 
their colleagues, they’re challenged 
to think about why they do certain 
things in a certain way. That’s really 
enriching. You become far more 
critical towards your own approach. 

And others may come up with 
solutions to your problems from 
unexpected angles.’ 

11:00 Walking around and 
drinking coffee with colleagues     
‘What happens in the corridors 
is incredibly important. This is a 
small university where you always 
meet people who are working on 

interesting projects. There’s a highly 
collaborative atmosphere. You start 
talking about your research and the 
other person says: “Hey, perhaps you 
want to try this or that experiment.” 
You start out with a particular 
idea and end up with something 
completely different. That’s how the 
best scientific ideas are born.’

11:30 Brief meeting with our 
new communications officer     
‘I spend a lot of time meeting with 
people, and these meetings are 
not always about science. I find 
it rewarding to contribute my 
knowledge and expertise to the 
university. But I have to keep the 
balance in mind. Sometimes I need 
to step back and return to the core 
business of doing actual science.’ 

13:00 Meeting with a PhD 
student     
‘I like teaching. I’m a professor, 
and teaching is what I do a lot 

of the time. I’m in this business 
because I like working with young 
people. I love it when I see a spark 
in their eyes: “Hey, I’ve got it now!” 
Unfortunately I barely have any time 
now to do experiments myself, but 
I often visit my students in the lab. 
When I see what they are doing, I 
say: “Wow, can you really do that? 
Try doing this or that for a change. 
Or perhaps run this experiment, 
or turn that knob.” It is fantastic to 
see that they can use your advice to 
improve their research.’ 

14:00 Attending an 
undergraduate diploma 
ceremony      
‘In itself these ceremonies are 
perhaps not the most exciting events. 
However, I find it important to show 
up in my penguin suit together with 
my fellow professors and make a 
true show out of it. You want to 
contribute to these kids’ memories of 
the experience. It’s such a dramatic 
event, also for their parents. The toga 
is not the handiest garment, but I 
quite like it, because it lends a sort of 
formality and style to the academic 
world. I can see the value of it.’

16:00 Meeting with a 
Masters student      
‘These meetings are much more 

basic than meetings with PhD 
students. In this meeting we discuss, 
for instance, how to formulate a 
decent hypothesis, how to set up 

 ‘Mira is short 
for “mirabilis”, 
which means 
“wonderful”  
in Latin.’

  continued on next page

Hoofdstuk 3
P. 45 De foto van 
de patiënt met 
elektroden op 
het hoofd past 
hier inhoudelijk 
helemaal niet. Er 
is in de tekst geen 
enkele verwijzing 
naar. Wat mij 
betreft kan hij dus 
weg, of ergens 
anders.
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a smart experiment, and how to 
present the results.’

17:00 Meeting with a 
postdoc who is working on a 
grant proposal      
‘This meeting is again entirely 
different. The postdoc and I commu-
nicate on a much more equal level. I 
try helping him with the experience 
that I have when it comes to applying 
for funding. We discuss different 
ways of formulating the proposal, 
and weigh the various options.’ 

18:00 Telephone conference 
with a colleague in the US      
‘Sometimes I get a call from 

I have a Twents 
dictionary on my 
night table

colleagues who are working on 
a certain research question, and 
who are interested in experiments 

that we do. They wonder if they 
can apply our experiments to 
their work. I always try to help 
them as much as I can. We’re all 
working on the same fundamental 
problems. We all just want to find 
out what is really going on with 
these proteins.’ 

18:30 Cooking dinner      
‘I love cooking. Dutch, Indian, 
Chinese, anything. My wife and 
I like to invite people over for 
dinner parties. Nowadays we 
don’t do that as much as we used 
to, unfortunately. But I still enjoy 
making our daily dinners.’

20:00 Tying up some  
loose ends      
‘In the evenings I usually have a 
couple of hours of work left to do. 
Different things: answering emails, 
grading papers, reviewing articles. 
I work 50 or 60 hours a week, if  
not more. Is that absolutely 
necessary? No, perhaps not. But I 
like it.’

22:30 Reading a book       
‘I read voraciously. All kinds of 
things: novels, autobiographies, 
other non-fiction like Freefall by 
Joseph Stiglitz, about the collapse 
of the financial markets. But I also 
like Harry Potter. And I have a 
Twents dictionary on my night table. 
This whole notion of dialects is 
fascinating.’ 

neurological diseases like parkinson’s 

and alzheimer’s result from ‘abnormal’ 

proteins that build up in the brain. ‘ab-

normal’, in this case means that the pro-

teins are folded incorrectly. and since 

their function is intimately connected 

with their structure, this misfolding can 

have major consequences. 

AggREgAtIng pRotEIns     ‘normally, 

the body has a mechanism at its 

disposal that recognises such misfolded 

proteins, and then gets rid of them’, 

says vinod subramaniam. ‘in parkinson 

and alzheimer patients, however, this 

mechanism does not work properly. We 

still don’t quite know why that is.’

in patients with neurological diseases, 

these misfolded proteins start to 

aggregate. they form stiff, thread-like 

structures of about ten nanometres in 

diameter. these will then further clump 

together to form larger structures called 

plaques. ‘the fundamental question 

that puzzles me as a biophysicist’, says 

subramaniam, ‘is: what are the forces 

that cause these proteins to aggregate? 

is it happening because this correcting 

mechanism is failing? or is it the other 

way around: is the mechanism failing 

because these proteins aggregate? are 

these aggregates a symptom  

or a cause of the disease? in fact  

we still don’t know.’

fIRst stEps     another question that 

subramaniam is trying to answer is 

what triggers the very first aggrega-

tion steps: two protein molecules that 

stick together, and then stick to other 

molecules. ‘the focus in this kind of 

research has always been on the end 

stage’, explains subramaniam, ‘in other 

words, on the large protein aggregates. 

but what if the real toxicity lies in the 

initial stages? What if the molecule 

pairs or small aggregates are toxic, and 

the formation of larger aggregates is 

actually a defence mechanism, pushing 

the proteins towards the more harm-

less stages? if that is true, all efforts 

to break down the larger aggregates 

through medication are counterproduc-

tive. this kind of basic information is 

therefore absolutely vital.’

ChAMELEon     ‘More than 4,000 papers 

have been written about apha-synuclein’, 

subramaniam concludes, ‘but nobody 

actually knows what it does. We all 

have it in our brains in the “normal” 

form, but we don’t know its function. 

Yet it must have evolved for a reason. 

the parkinson research is pretty fasci-

nating. and great fun. although i am 

under no illusion that we will solve the 

problem any time soon. the thing is that 

there’s still a vast amount of informa-

tion to be gathered and knowledge to 

be learned for the next 20 years. Yes, of 

course that’s frustrating. We still have 

no idea about this protein. it’s like a 

chameleon: it constantly changes shape 

and structure. but that’s what makes it 

so fascinating. every day i wake up and 

i say: “ha, that’s a puzzle that i still need 

to solve”.’

Clusters of proteins in the brain

Neurological diseases like 
Parkinson's and Alzheimer's 
are characterised by 
‘abnormal’ protein clusters 
in the brain. The main 
question in this research 
project is: “What causes 
these clusters?”

[ fig. a ] ABNORMAL CLUSTERS OF PROTEIN IN THE BRAIN

ARE PLAQUES THE CAUSE OR 

SYMPTOMS OF DISEASE?

 WHAT CAUSES THE FIRST 

AGGREGATION STEPS?

THE ABNORMAL BUILDING OF CLUSTERS

protein 
molecule

misfolded 
protein 
molecule

more 
molecules
stick together

two molecules 
stick together

formation of 
clumps called 
‘amyloid plaques’

formation of 
‘fibrillar’ 
structures

A mutation in 
the protein? Interactions 

with other 
proteins? Metal 

ions?

Cause: 
Plaques cause the 
cellular recycling 
machinery for mis-
folded proteins to fail.

Symptoms: 
Plaques are reflections of 
underlying disturbances of 
the recycling machinery or 
other cellular processes.

[ 01 ]

[ 01 ] [ 02 ]

[ 02 ] [ 03 ] [ 04 ] [ 05 ] [ 06 ]

Research questions

  continued froM page 057
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1967-1985: 
Childhood in India

vinod subramaniam was born in Madras. 

he grew up and went to school in new 

delhi.

‘My childhood was happy, absolutely. 
New Delhi is a huge city, teeming with 
life and humanity. Chaotic at times, but 
the sights, sounds, and smells are like 
nothing else I’ve ever experienced.’ 

2002-2004: 
Pharmaceutical 
company Astra-Zeneca, 
Loughborough, United 
Kingdom

by that time, subramaniam had met 

his wife and got married. his wife also 

comes from india but had lived in the us. 

she liked the idea of living in europe but 

preferred an english-speaking country.

‘It was good for me to see the other 
side of the coin. Ninety percent of the 
students I teach end up in industry. See-
ing things from an industrial perspective 
has helped me as a scientist. And my 
students can only benefit from knowing 
what industry wants.’

2004-present: 
Professor at the 
University of Twente

While working in england, subramaniam 

was approached by university of twente: 

they were recruiting a professor of bio-

physical engineering.

‘But I liked my job in England, and I’d only 
just got started. So I said no. But a few 
months later they came back and said: 
we really want to speak with you. Several 
months passed and they persisted, and 
in the end I said yes. Twente has a world 
class package of knowledge and infra-
structure. Top-notch people.’ 

1985-1989: 
Cornell University, 
Ithaca, New York, US:  
College of Engineering

subramaniam obtained a scholarship to 

go to cornell university. 

‘I went there to study computer science. 
It was the eighties, and everybody 
wanted to be a computer scientist. But 
as soon as I did my first programming 
class, I said: “No way! This ain’t for me.” 
Instead I studied electrical engineering 
with a focus on lasers and optics. I was 
fascinated by all those upcoming laser 
technologies.’

1989-1996: 
University of 
Michigan, Ann Arbor: 
PhD research

Yet the more he submerged himself in 

the advanced spectroscopy of semicon-

ductors, the less subramaniam seemed 

to like it.

‘I soon realised that semiconductor 
physics didn’t really interest me. But my 
supervisor was a really great guy: a fan-
tastic physicist and a remarkable human 
being. I wanted to keep working for him. 
Luckily, he also had another lab, where 
he used laser technology to study protein 
folding. So I asked him if I could work 
there, and he said yes. I loved the stuff.’

1996-2002: 
 
Max Planck Institute 
for Biophysical 
Chemistry, Göttingen, 
Germany

after gaining his phd, subramaniam had 

plenty of options in the us. however, he 

chose to move to germany instead. 

‘They do top-level research over there, 
fantastic. I thought I’d stay there for a 
year or two and then return to the US. 
But I stayed for six years. It was one of 
the best periods of my life.’

the cosmopolItan career  
of VInod subramanIam

1967 1985 1989 1996 2002 2004

vinod subramaniam
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 getting  
on the 
move  
 again

Neural & Motor SySteMS 04
  [  chapter 04 ]

 [  intro  ]  The Neural & MoTor 
SySTeMS reSearch Track exaMiNeS 
The iNTerplay beTweeN braiN, 
NerveS, MuScleS aNd The SkeleToN. 
The work haS a firM ScieNTific baSiS, 
buT iS driveN by Specific queSTioNS 
froM healThcare. our pioNeeriNg 
reSearch focuSeS oN reSToriNg 
fuNcTioN To The Neural aNd MoTor 
SySTeMS. curreNT TopicS iNclude 
helpiNg paTieNTS To rehabiliTaTe 
wiTh The aid of roboTS, SelecTive 
elecTroSTiMulaTioN, aNd iNNovaTive 
body proSTheSeS.

063



 [  intro  ]  The populaTioN iS ageiNg aNd So The NuMber of caSeS of chroNic diSeaSe iS iNcreaSiNg. 
To STop The healThcare SySTeM becoMiNg overburdeNed iN The loNg TerM, reSearcherS aT Mira 
are deviSiNg TechNiqueS for SupporTiNg paTieNTS aT hoMe.

reMote care via  
your uNderwear

 U
sing modern sensor and 
computer technology to 
monitor patients recovering 
from an illness or accident 

seems straightforward enough. You 
give them a device they can use to 
report their own blood pressure and 
heart rate and that keeps an eye on 
what they’re getting up to each day. 
The device sends all of the data to 
a computer. If the computer notes 
any abnormalities or discovers that 
the patient is failing to comply with 
the treatment prescribed, it sends a 
warning to both patient and doctor. 
The doctor can then intervene 
quickly or the patient can get a fully-
automated rap on the knuckles. 

TURnIng The pRocess on ITs heAd     
Yet it’s not quite that simple in 
practice. As many as three-quarters 
of ‘telemedicine’ applications fail and 
never reach a large group of patients. 
This might be because most of these 
programmes are developed too much 
from the perspective of technology. 
Researchers at MIRA are therefore 
attempting to turn the development 
process on its head: first go and see 
what the user needs. And then devise 
technology to fit. Patients and their 
care providers can therefore indicate 

although it’s an enormous advance for 
doctors to be able to monitor people 
24 hours a day instead of just during a 
consultation, it drives patients crazy if 
they’re given feedback too often. So the 
results should be discussed regularly, 
but not excessively. 

The hUMAn ToUch Is sTIll IMpoRTAnT     
What is the ultimate aim? A care robot 
that analyses the incoming data in a 
fully automated manner and then, 
independently, sends instructions, 
advice, reprimands or indeed 
compliments to the patient, who is 
sitting at home by himself? Intelligent 
decision support is very important but 
fully controlled by technology is not  
what Miriam Vollenbroek-Hutten 
believes in. ‘The human role will 
always be important. Research 
shows that patients need trusted 
relationships with others in order to 
persevere.’ For that very reason the 
MIRA researchers plan to launch 
virtual group training courses in the 
near future, teaching patients to use 
the technology to contact and support 
each other. This seems to be the ideal 
way to outsource care and also make it 
more fun for the patient. 

problems are also eligible. The 
home monitoring of such patients is 
often done by means of a Body Area 
Network (BAN). This consists of a 
sensor system and a Personal Digital 
Assistant (PDA), a device around 
the size of a mobile phone. From the 
world of sport, people are familiar 
with special sensor bands placed 
around the chest, which measure 
heart rate and respiration or even 
record ECGs. The researchers in 
Twente have also developed tops 
and underwear which incorporate 
activity sensors. As a result, the 
technology is almost invisible 
but nevertheless ensures that a 

supervising healthcare provider 
can tell at a distance whether a 
rehabilitating patient is keeping 
to his prescribed programme of 
activities. And with very little effort 
from the patient.

AvoIdIng RevolvIng dooR pATIenTs     
Isn’t it hard to teach older people 
how to work with such complicated 
computer-controlled programmes? 
‘Nonsense’, says researcher Miriam 
Vollenbroek-Hutten. ‘You just have 
to make it easy: big letters, not too 
many buttons. I always say: if it’s no 
more complicated than using a cash 
point or the remote control, then 
anyone can handle it.’ The devices 
record everything. Are patients 
spreading their prescribed exercises 
properly throughout the day? Or 
are they crumpling in a heap after 
over-exerting themselves in the 
morning – a common phenomenon? 
By keeping a close eye on this sort 
of thing, individualised support and 
efficient follow-up care is possible. 
This stops you getting ‘revolving 
door’ patients. 
On balance, it saves on costs. 
Which is important, because 
healthcare is at risk of becoming 
unaffordable. This is partly due 
to the increasing number of older 
people and chronically ill. The ageing 
population, moreover, means that 
there are fewer and fewer staff to do 
all the work in healthcare facilities. If 
the current trends continue, around 
25 percent of the working population 
will have to work in healthcare by 
2025. Which is of course impossible. 
Thinking up clever applications 
which reduce the pressure on 
hospitals and staff is therefore a 
research field with huge (market) 
potential for MIRA.

  next page: Five questions For MiriaM  

vollenbroek-Hutten
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how a programme should function. 
And they can test the prototype first. 
Only then do you end up with an 
application that patients will actually 
use.

InvIsIble Technology     The experts 
in information, communications 
and biomedical technology who are 
collaborating in the MIRA research 
focus mainly on rehabilitation 
patients. The majority of these are 
older patients who have difficulty 
in moving, and patients with 
cancer, respiratory conditions or 
chronic pain. But patients who are 
obese or suffering from psychiatric 

less pAIn dUe To MUscle RelAxATIon      
MIRA was recently involved in a 
highly successful trial with chronic 
pain patients. The patients were 
given a device that measured, among 
other things, how much strain they 
put on their muscles. The Twente 
researchers monitored the patients 
continuously and consulted them 
extensively about how satisfied 
they were with the device. With the 
measurement results obtained, the 
healthcare providers then went back 
to the patients. They could show them 
precisely whether they had relaxed 
their muscles enough. The result? 
Within a few weeks, the pain patients 
were not only much more aware of 
what they were doing with their  
muscles, but they also had significant-
ly less pain. The success of the trial 
can’t just be put down to effective 
technical gadgets. An important aim 
of the Twente telemonitoring project 
is of course to develop high-quality 
measuring equipment. Contact points 
and sensors shouldn’t break down if a 
patient starts to sweat, and techni-
cal aids should be easy to operate. 
But good coaching for rehabilitating 
patients is at least as important. The 
researchers discovered that people 
need help with integrating their 
exercises into their daily lives. And 

4.2

the body area network consists of a sensor system and a personal electronic device.

Home monitoring of patients is done by 

means of a body area network.



 1Isn’t it difficult being at the University of Twente 
amongst all those techies? ‘Interacting with ‘techies’ 

is of course vital for developing innovations. My role 
is to bridge the gap between care and technology. 
I’ve learned to speak the techie language well and I’m 
learning more every day. Every so often, though, I have 
to admit that I’m not a techie myself. But luckily the 
culture here is so open that you can just say if things are 
getting a bit too complicated.’

 2Do you enjoy the work? ‘Yes, my work is my hobby 
as well. It’s very invigorating on the one hand, and 

is a new challenge every time. On the other hand, I’m 
working to develop very practical applications. I’m 
doing something for society. That’s very important to 
me. I don’t want to work in a vacuum, I want to stay 
in contact with the people who are actually involved in 
healthcare.’

  3And if it doesn’t work as you want then where  
do you channel your frustration? ‘Then I look for  

a different way of doing it. There’s always more than  
one road that leads to Rome. I’m an optimist by nature. 
For me, the glass is half full rather than half empty.’

 4 Do you like it in Twente? ‘I’m a born and bred 
‘Tukker’, so I feel right at home here. I wouldn’t want 

to be without the peace and space you find here.’ 

 5What do you hope to achieve at MIRA? ‘I want us to 
achieve an international top position in telemedicine. 

The combination of information technology and 
biomedical technology that we have in house is fairly 
unique in the world. We can use that to create a profile 
for ourselves. We certainly don’t need to confine our 
ambitions to The Netherlands.’ 
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 ‘I don’t want to work in a vacuum’
parT-TiMe profeSSor MiriaM volleNbroek-huTTeN workS for Mira iN developiNg TeleMediciNe 
applicaTioNS. aS a SpecialiST iN The bioMedical healTh ScieNceS, She alSo workS oN 
rehabiliTaTioN TechNology for roeSSiNgh reSearch aNd developMeNT iN eNSchede. 
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 c
urrently it’s quite a hassle for 
a doctor to remove a small 
piece of tissue (‘biopsy’) from 
the prostate, if a tumour is 

suspected. An MRI scan is used to 
determine where exactly the tissue 
sample must be taken from. The 
doctor then has to insert a needle 
through tissue and muscles in 
search of suspected cells. Difficult, 
because when a sample is being 
taken the prostate can suddenly 
move, causing the needle to miss 
its target. Therefore, in practice the 
doctor pricks three or four times to 
make sure the job’s done. Painful for 
the patient, but also far from ideal 
for the doctor who has to keep on 
walking in and out of the MRI room. 
And if the sampling goes wrong, the 
analyst will receive healthy-looking 

prostate cells even though cancer 
cells might have been right next to 
them. Therefore, a doctor can never 
be absolutely certain if a reassuring 
diagnosis is right. 

google MAps     Performing the 
intervention inside the MRI scanner 
would be far easier. Then the 
doctor could see in real time if he 
has reached the target. That’s not 
possible, however, as the doctor 
cannot work in the MRI scanner’s 
strong magnetic field. And using 
a robot system to obtain a piece 
of tissue from the prostate is also 
easier said than done: the strong 
magnets in the MRI room would 
still form an obstacle. That might 
all change in the future though. 
Because in the five-year project 

Minimally Invasive Robotics In 
An MRI Environment (MIRIAM), 
MIRA is working on a solution to 
the problem. A multidisciplinary 
team, which includes Radboud 
University Nijmegen Medical Centre 
and commercial partners, is building 
an advanced robotic system from 
non-magnetic materials. The system 
receives continuous feedback from 
the MRI scanner about where the 
needle is. If the needle deviates from 
the predetermined route, the robot 
can bring it back on course. 
The MIRIAM project team is also 
developing models to predict the 
movements in the organ tissue. The 
researchers describe it as ‘a sort of 
Google Maps for the body’. This give 

Robotic system  
for prostate cancer  
diagnosis
 [  intro  ] every day couNTleSS MeN have TiSSue SaMpleS reMoved froM Their 
proSTaTe for biopSy TeSTS. aN iNTerveNTioN ThaT iS paiNful for The paTieNT 
aNd challeNgiNg for The docTor. a roboTic SySTeM ThaT caN work uNder The 
guidaNce of aN Mri ScaNNer caN provide a SoluTioN.

  continued on next page 

MiriaM volleNbroek-HutteN

4.3 4.4
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 1What exactly did you do in space research? ‘In the 
International Space Station Program, Canada is 

leading the construction and operation of the Space 
Station robotics. For example, Canada built the robot arm 
for the space shuttle. As a dynamics and control analyst 
I looked at what sort of movements a robot must make 
to transfer a payload safely from the space shuttle to the 
space station. The payloads are sometimes the size of a 
bus. I also developed emergency scenarios in the event 
something goes wrong. This work involved working 
closely with mission planners at NASA in Houston.’ 

 2 Isn’t the switch from space to the prostate a ‘giant 
leap’? ‘No. Of course modelling tissues is different 

from working in aerospace engineering. And the ultimate 
objective – improved patient care – is also different. But 
the fundamental engineering principles for robotics are 
the same. In both cases you develop techniques to move 
robots in safety critical environments. My background in 
aerospace engineering is a big advantage in the work I'm 
doing now.’

 3 What attracted you to Enschede, after gaining your 
PhD at the world-famous Johns Hopkins University 

in Baltimore? ‘MIRA was simply the best choice for 
me. I valued how I could set up my own line of research 
here and the funding I could receive for this. On top of 
that, I already had various contacts with researchers at 
Twente and also other Dutch universities, such as Delft, 
Nijmegen and Utrecht. And on a more personal note, 
my wife is Dutch. She didn’t object to returning to The 
Netherlands. We live in Zwolle, which is a very different 
environment for me – compared to living in Montreal or 
Baltimore, but that’s simply a matter of adjustment.’ 

 4 Is research your mission or merely a stepping stone 
to a spin-off company? ‘I enjoy the freedom that an 

academic environment offers and I’ve got no plans to 
leave it. Of course it would be great if my research led to 
a spin-off. But my work with students, fellow researchers 
and colleagues isn’t something I’d give up lightly. I’m now 
an assistant professor and that position gives me plenty 
of opportunities to develop myself.’ 

From space  
robotics to 

prostate  
interventions

SarThak MiSra STarTed hiS career iN Space 
reSearch. The caNadiaN Made The SwiTch 
froM The JohNS hopkiNS uNiverSiTy iN 
balTiMore To The coNTrol eNgiNeeriNg group 
of Mira, where he leadS The MiriaM proJecT.

the doctor step-by-step information 
about the route the needle must take 
to reach its target. The computer 
model also helps to accurately 
predetermine where the needle can 
best be inserted. 

TesTs on cAdAveRs     With MIRIAM, 
the researchers want to develop a 
surgical technique that minimises 
the inconvenience of a prostate 
intervention. No less than one-
in-six men in the Western world 
experience prostate cancer at some 
point in their lives. In Europe alone 
this translates to more than 300,000 
new cases a year. For the time being, 
the researchers are concentrating 
on prostate cancer. However, in 
the future this technique could be 
used to investigate liver ablations or 
breast biopsies as well.

 The greatest challenge is getting 
the different systems to faultlessly 
communicate with each other. Yet 
the project team is confident that 
in five years time they’ll have a 
prototype ready to undergo tests on 
cadavers.  

  continued FroM page 67

SartHak MiSra
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4.6	 Medical	Robotics
	 BEELDVERHAAL;	bron:	Ivo	Broeders	 	 	 	 	
	 	 2
	 110	woorden,	

operatioN robot 
NeedS juSt  

a SiNgle iNciSioN
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 ‘K eyhole operations’ are a welcome 

outcome for patients because they are 

not left with a large scar but three or four 

small incisions. single incision operations 

are even less demanding as only a single 

small entry point to the body is made. ro-

bots play a valuable role in supporting the 

surgeon during such challenging operations. 

For example, they can work very precisely, 

never suffer from shaking hands and never 

experience backache when operating from 

an inconvenient angle. Mira is working 

on the ‘teleFlex’ robot in close collabora-

tion with surgeon and clinical professor ivo 

broeders.

using this robot the doctor can operate 

a flexible tube from his cockpit chair with 

the aid of a computer and joysticks. this 

tube is equipped with a camera and various 

work channels. these allow the surgeon 

to observe the body and perform small 

interventions. 

4.6

below surgeon ivo broeders 

working in a present day 

operating room. to the right a 

future surgeon at work with the 

help of a robot.
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 [  intro  ] iN The fuTure, people recoveriNg froM 
parTial paralySiS afTer a STroke will geT help wiTh 
walkiNg froM a roboT. The coMpuTer-coNTrolled 
lopeS MachiNe developed by Mira liTerally giveS 
TheM a biT of a leg-up. iT’S uNique iN The world. 

073

gets  
paralysed 

patient  
walking  

again

reHabilitatioN robot 

  continued on next page 

 l aced into the LOPES (Lower 
extremity Powered ExoSkeleton), 
the patient looks like a sort of 

Robocop from the well-known film 
by Paul Verhoeven. A frame wraps 
around the pelvis, the legs are laced 
into two huge bundles of mechanics. 
Taking heavy mechanical steps, the 

4.7

 



074 MIRA in·sight  |   chapter 04  |  Neural & Motor Systems 075

walking because his knee doesn’t 
bend enough as he swings his leg 
forward, this is unerringly recorded 
by the sensors. After analysing the 
data, the computer issues a tailor-
made recommendation as to how 
the movement can best be adjusted. 
The protective ‘exoskeleton’ prevents 
injuries from to the over-stretching 
of joints and muscles. 

RoboT ReplAces physIoTheRApIsT     
The intention is that the constant 
corrections will lead to changes in 
the brain. Because, in fact, it’s mainly 
the brain that the LOPES robot is 
training. In people who’ve had a 
stroke or a brain haemorrhage, the 
problem lies not in the muscles but 
in the control of the muscles. As a 
result of getting patients to walk 
on a treadmill and adjusting their 
movements at the same time via 
sensory information, the brain adapts. 
The outcome is that patients gain 
more control over the way they walk. 

The LOPES robot is doing the same 
thing that physiotherapists do at 
present. A patient who’s unable 
to walk as the result of a stroke, 
partial spinal cord lesion or serious 
orthopaedic surgery usually receives 
training from two physiotherapists. 
One provides support and gives 
instructions while the other helps the 
patient to take steps on the treadmill. 
But this is hard physical work for the 
physiotherapists and takes up a lot of 
their time. As a result, it’s becoming 
increasingly difficult to continue 
these types of therapy under the 
continued pressure on healthcare. 
In The Netherlands alone, there are 
forty thousand cases of stroke or 
cerebral haemorrhage every year. 
In a large proportion of these cases, 
patients are left with partial paralysis 
of the legs. The idea behind LOPES 

is to get the robot to do the heavy 
physiotherapy work, thus relieving the 
care providers of a substantial burden.

sensATIon of fReedoM     Rehabilita-
tion robots are already on the 
market, one producer being the 
Swiss company Lokomat. ‘But those 
machines’ range of movement is 
much smaller than that of LOPES’, 
says Van Asseldonk. ‘In our machine 
people don’t need to move along set 
lines, thanks to special mechanical 
additions and advanced control of 
the robot. The sensation of freedom 
that the patient gets in the LOPES 
makes our technology unique.’ To 
achieve this, mechanical engineers 
build complicated frame structures  
which are designed using a virtual 
centre of rotation at the point where 
the patient’s pelvis is located. These 
ensure that patients barely notice 
that they are being supported from 
behind, but nevertheless don’t fall 
over. 

new pRoToType     Before LOPES 
makes its debut in rehabilitation 
clinics, however, there’s still a 
lot of research and development 
to be done on the gait robot. In 
collaboration with Het Roessingh 

rehabilitation centre in Enschede, the 
Sint Maartenskliniek in Nijmegen 
and technology firms MOOG and 
Demcon, MIRA researchers are 
currently pulling out all the stops 
to improve the control systems. 
The machine also needs to be more 
compact, more user-friendly and 
lighter. One option in this respect is 
to alter how the forces are transferred 
from the motors to the legs. The aim 
is to have a second, completely new 
LOPES prototype within 18 months.
The research at MIRA also focuses 
on the precise learning mechanisms 
of people receiving gait training in 
the machine. We know that patients 
who are unable to walk, or walk 
normally, as the result of a stroke 
immediately try to counterbalance 
this by adopting different gait 
patterns. The question for the 
researchers is whether they should 
encourage this effort or curb it. Does 
every patient find his own alternative 
gait strategy, or is it better to 
encourage gait patterns found to be 
ideal for the average walker?

MIndwAlKeR     MIRA has been 
given a grant to investigate whether 
rehabilitation in the LOPES robot 
is quicker when combined with 

a technique that increases the 
excitability of areas of the brain. Van 
Asseldonk: ‘We attach electrodes 
to the patient’s head, near the 
command centre in the brain. Our 
aim is to stimulate that centre while 
the patient is training in LOPES.’ 
Short magnetic pulses are sent out 
from a coil of copper wire on top of 
the patient’s head, generating tiny 
currents in the brain. These pulses 
stimulate the areas of the brain 
responsible for walking movements. 

scIence fIcTIon     Couldn’t the 
patient’s brain ultimately control 
the robot legs? Van Asseldonk: 
‘That would be great, and that’s why 
we’re investigating that possibility 
now. If this so-called Mindwalker 
works, then in the future patients 
will be able to send commands 
to the robot legs using a specially 
developed helmet. And, in a manner 
of speaking, take their exoskeleton 
to the supermarket.’ It sounds like 
science fiction. Van Asseldonk: ‘Yes 
it does, and that’s what makes our 
discipline so exciting. Combining 
fundamental research with robot 
technology to help patients with 
serious motor problems. What more 
could you want?’  

the rehabilitation robot stabilises the patient while 

stimulating her to make the right moves.

patient walks on a treadmill, while 
suspended in a safety harness and 
controlled by brake cables connected 
to the robot motors. ‘The patient 
feels stabilised, but the machine 
doesn’t take over completely. The 
rehabilitation robot is intended as a 
support, not a replacement’, explains 
researcher Edwin van Asseldonk 
in the laboratory which is home to 
the LOPES machine. ‘If your tennis 
coach holds your racket constantly 
when you’re hitting the ball, you 
won’t learn to play tennis. The same 
applies to a person who has to learn 
to walk again.’ From his place at the 
computer, movement scientist Van 
Asseldonk can make the patient do 
what he wants. Take big steps, bend 
or swing the legs out better? A piece 
of cake, a couple of mouse clicks and 
the patient’s movements have been 
adjusted. But Van Asseldonk only 
does that if it is really necessary.

Red And blUe lIne     The computer 
screen displays two lines: one blue, 
one red. The blue line is the patient’s 
current gait, while the red represents 
the way an able-bodied person 
walks. The aim of practising with the 
rehabilitation robot is to bring the 
two lines closer and closer together. 
The machine has sensors at the 
pelvis, hip and knee joints which 
monitor the patient’s movements 
closely. The sensors send their 
information to the computer. Based 
on this data, the researchers can 
compute each movement separately. 
For each individual patient, they 
can also determine how movements 
should normally be performed 
and how they are restricted. For 
example, if a patient has trouble 

  continued FroM page 72
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‘ deep insights  
require long 
contemplation’

  [  extract from the schedule of... ]

 [  intro  ] Michel vaN puTTeN iS a reSearcher,  
profeSSor, docTor aNd phySiciST. he regardS Mira’S 
high aMbiTioNS aS aN iNTellecTual challeNge. 

MicHel vaN putteN

4.8
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  [  who is... ]

7.00 Getting up
‘Always hard. I have a coffee with 
my girlfriend and try to get going. 
I like to go on until very late in the 
evening. I wish I could get by on four 
hours’ sleep, like Napoleon, because 
there’s such a lot of fun stuff to do. 
But I need my seven hours.’

8.00 Meeting with Edwin 
van Asseldonk
‘Edwin is keen to start using a 
technique that sends a small direct 
current through the brain from a 
band placed around the patient’s 
head. Administering those few 
milliamperes in certain areas of the 
brain might help in rehabilitating 
patients after a stroke. Effects have 
already been measured, on muscle 
control for example, but the results 
in patients are still modest. For 
measurements in patients, the 
medical ethics committee must give 
its consent of course. That’s what 
we’re talking about.’ 

9.30 Patient consultations 
‘Consultations are still important 
to me. My core business is clinical 
neurophysiology – measuring 
and interpreting signals and 
(increasingly) ‘adjusting’ functions 

using signals. But we’re developing 
that technology for people made of 
flesh and blood. Which is why it’s 
good to keep seeing patients as well.
On the other hand, it’s not easy to 
do eminent science with a pager in 
your pocket. Because you can be torn 
away from your contemplations at 
any time. Deep insights require a lot 
of time and energy, long brooding. 
Einstein said: “I’m not cleverer than 
other people, I just think about 
things for longer.” There’s a grain of 
truth in that.
Today I have to tell a patient that he’s 
probably suffering from one of the 
most serious neurological conditions 
there are: ALS. It’s an incurable 
disease in which the patient becomes 
progressively paralysed. Usually, you 
die of it within a few years. Of course, 
I don’t enjoy having to tell someone 
this, but it’s part of the job. Still, an 
odd contrast if the next patient is 
suffering from a sore leg due to a 
hernia.’ 

11.00 Meeting with Tom 
Schwarz, venture capitalist 
(Twente Technology Fund)
‘Tom is someone who looks at 
whether new developments can 
potentially lead to a spin-off. And 
whether it’s attractive to put venture 
capital into them. I want to set up a 
Centre for Clinical Neurosciences, 
in addition to the Centre for Medical 
Imaging. I’m interested mainly in the 
brain, especially epilepsy, how you 
can diagnose the disease and how it 
comes about. Epilepsy is common 
and there’s still much to discover 
about the networks within the brain 
that result in the disease. In the 
Centre for Clinical Neurosciences, 
we hope to be able to work with new 
techniques and make progress as a 
result. By combining the expertise 
and technical facilities jointly built up 
by MIRA and University of Twente, 
we can make real breakthroughs. I’m 
convinced of that. Shoot for the stars 
and you’ll reach the moon.’

13.00 With Chin (PhD student) 
to the hospital’s stroke unit 
‘Chin is investigating if activity occurs 
in the brain when a person merely 

19.00 Playing the piano
‘I’ve been playing since I was 11 
and having lessons since I was 16. 
I play a couple of times a week. I’m 
no great talent, but I like practising 
and I practise hard. At the moment 
I’m doing Grieg’s Lyrische Stücke 
and Gerschwin’s Preludes. In the 
holidays I can spend three hours a 
day at the grand piano, in my music 
room. But when it’s as busy as now, 
it sometimes gets forgotten. It’s a 

real shame, because you soon notice 
it in your playing; playing the piano 
requires motor skills that you have to 
practise almost continuously.’ 
 
20.00 Giving a 
presentation to neurologists 
from the region
‘Once a month there’s a scientific 

presentation for current and future 
neurologists in the region. Usually 
we have a speaker from somewhere 
else, but the speaker dropped out this 
time. So I’m giving a presentation 
myself about EEG monitoring in the 
intensive care unit.’

23.00 Home to my 
computers 
‘A quick pop upstairs to look at my 
algorithms. I’m a reasonably good 
programmer. I normally have two 
desktops rattling away day and 
night. I get them to “look” at brain 
signals. They’re currently comparing 
EEG patterns in patients under 
anaesthetic with measurements from 
the same patients in a waking state. 
It’s exciting. You’re trying to identify 
the characteristic differences in the 
interactions of neural networks in 
the brain between a person who’s 
awake and a person who isn’t.’ 

at Mira, Michel van putten is developing 

a system that automatically analyses the 

graphic reproduction of measured brain 

waves (eegs). this makes it much easier 

to diagnose brain conditions. this means 

that in critical situations in the operating 

theatre or intensive care, a neurologist no 

longer needs to be continuously present 

to monitor brain activity. a machine can 

(to some extent) take over that task. 

Automatic brain 
monitoring

who iS Michel vaN 
puTTeN?
Michel van putten (1963) 

has been professor of 

clinical neurophysiology at the university 

of twente since december 2009. He is 

also head of the clinical neurophysiology 

department at Medisch spectrum twente. 

van putten studied technical physics in 

delft and did his phd in measurements 

using advanced flow meters. He had 

previously completed a degree in 

medicine as well, specialising in neurology 

and clinical neurophysiology. Measuring 

and analysing measurements are in van 

putten’s blood: his father has a laboratory 

at home where he develops new 

techniques for gas measurements, among 

other things.

looks at a movement. Studies in  
monkeys point to this. The main 
thing we want to know is whether 
it can help someone who’s been 
left paralysed by a stroke. We’re 
therefore looking at EEGs from 
stroke patients. Apart from the 
stroke unit, I also visit the intensive 
care unit a lot, to see patients with 
brain injury due to an accident or 
severe epilepsy, or because they’ve 
been resuscitated. As neurologists, 
we play an important role in deciding 
whether or not to continue treatment 
as we try to predict the extent to 
which the brain will recover.’ 

14.30 Guest lecture on 
epilepsy
‘I really enjoy doing this, especially 
the challenge of having contact with 
the audience. The nicest compliment 
I ever had was from the father of a 
student: “My daughter says: it’s like 
cabaret, what Van Putten does.” It’s 
true, of course, that your lecture 
needs an element of theatre if you 
want to keep an audience captivated.’

17.30 Meeting with  Marleen 
Cloostermans  
(PhD student)
‘The topic is a study of patients fol-
lowing resuscitation in our intensive 
care unit. We’re also going to discuss 
the algorithms she’s developed, 
which give us a real-time under-
standing of the functioning of the 
brain, and the scientific article she’s 
written about these. Writing things 
up is not only important because 
it enables you to show colleagues 
elsewhere what you’re working on. 
It also helps to bring structure to 
what you’ve done. The best thing, 
of course, is when it leads to other 
people picking it up elsewhere.’

‘In the holidays  
I may spend 
three hours a 
day at the grand 
piano, in my 
music room.’ one way of studying the condition of 

a person’s brain is to attach electrodes 

to his head and measure brain signals. 

using a computer, you can display the 

frequency of brain waves, whether they 

match on left and right, and whether 

they show regular patterns. van putten 

believes that such measurements are 

still under-used in intensive care units in 

the netherlands. consequently, we’re 

missing out on information about the 

condition of the brain. using computer 

algorithms, van putten attempts to  

convert the patterns in which brain sig-

nals are reproduced as symbols that are 

easier to ‘read’. this allows you to develop 

a system that can be handled, in principle, 

by any healthcare provider instead of just 

a handful of brain specialists.

Brain signals  
should be measured 
more often
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A navigation 
system  
for surgeons
 [  intro  ] duriNg coMplex leg operaTioNS, SurgeoNS ofTeN decide where To 
recoNNecT MuScleS baSed purely oN iNTuiTioN aNd experieNce. wiTh varyiNg 
degreeS of SucceSS. Mira reSearcherS are developiNg a deTailed coMpuTer 
Model of The MuSculoSkeleTal SySTeM of aN iNdividual paTieNT. ThiS Model 
caN guide The SurgeoN uNerriNgly aNd iNcreaSeS The chaNceS of a SucceSSful 
operaTioN. 
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A dataset for surgeons that 
provides a detailed picture of 
the musculoskeletal system 
of the leg. The TLEM system 
helps the surgeon to prepare 
for the operation.

[ fig. a ] SURGEON’S NAVIGATION SYSTEM

The TLEM basic model 
on which the muscle 
line of action and 
attachment points 
can be seen.

The TLEM patient-
specific model. 
The surgeon practises 
by performing a test 
operation on the 
computer.

X-ray image of the 
damage in the patient. 
This information is 
entered into the 
TLEM system.

The surgeon enters the information 
obtained from the X-ray or MRI scan 
into the computer. Then the system 
issues a patient-specific advice 
about how the operation can best 
be performed. 

[ 01 ] [ 02 ] [ 03 ]

screen with X-ray 
and TLEM model 
as reference

Source image
TLEM model:

AnyBody Technology

TLEM navigation system

[ 04 ]
During the operation, the surgeon works with 
the navigation system that registers the 
position of bones with the aid of cameras. 
Then the surgeon can see on the screen if 
the operation is being performed accurately. 

HOW DOES IT WORK?

 A computer animation shows 
the contours of a leg with 
a pattern of brightly-

coloured lines. The animation 
shows precisely how the forces are 
distributed between the muscles. 
With split-second accuracy, you 
can determine how the forces must 
have changed during a movement. 
And with considerable accuracy you 
can calculate how much power a 
muscle must deliver for the patient 
to move as efficiently as possible. 
This is important because it shows 
which muscles the surgeon can cut 
in and which he must spare at all 
costs to ensure the patient will walk 
again after the operation. Crucial 
knowledge, especially during radical 
surgery in which the surgeon has to 
remove a large part of a muscle or 
bone due , for example, to a tumour. 
Muscles sometimes have to be re-
routed. The model can also be useful 
in treating a common congenital 
deformation of the hip joint. The 
head of the femur sometimes has to 
be relocated to enable a person to 
walk normally. The computer model 
can tell the surgeon exactly where it 
should be located in the pelvis.

dRUdgeRy     The basis of TLEM safe 
(Twente Lower Extremity Model) is 
a dataset compiled by dissecting the 
leg – the ‘lower extremity’ – of one 
person. All the muscles, tendons, 
insertions and bones were picked 
apart, measured in the smallest 
detail, and digitised. However, the 
resulting wealth of information 
cannot be applied to every patient 
on a one-for-one basis. Therefore 
a method has been devised for 
adapting the model to the individual 
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TleM sAfe

 the basis of tleM safe (twente lower extremity 

Model) is a dataset compiled by dissecting the 

leg – the ‘lower extremity’ – of one person.

4.9
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 1 What attracted you to the human movement 
sciences? ‘I’ve always played a lot of sports and 

was very interested in how people can achieve top 
performance. That’s one of the questions that human 
movement science seeks to answer.’

 2 Have you reached a top level in sport yourself, 
perhaps as a result of that? ‘No such luck, I’m an 

enthusiastic amateur racing cyclist and speed skater.’ 

 3 Can you get rich from your work? ‘If that’s what 
you want, you’d be better off doing something else. 

For me, that’s not what it’s about. But the idea is, of 
course, that you develop things there’s a demand 
for. And if that means I get a nice patent to my 
name one day then I might become rich after 
all.’ (laughs heartily)

 4 But why would a city girl come to 
the provinces? ‘Well I don’t live here. 

Enschede is definitely a nice place, and quick 
to get to, but for the time being I’m staying in 
Amsterdam. I also work at the VU University there 
three days a week. And my husband works in the 
Amsterdam area. The atmosphere in Enschede is quite 
different from Amsterdam. I’d miss life in the big city 
if I lived in Twente. But I’m really glad to be part of a 
very enthusiastic and active workgroup here.’ 

 5 What goals do you have in your work? 
‘Who knows, perhaps becoming a professor. But 

mainly, continuing to enjoy my work.’ 

‘No-one is in this to get rich’
huMaN MoveMeNT ScieNTiST MarJoleiN 
vaN der krogT haS beeN workiNg oN 
Mira’S TleMSafe proJecT SiNce March 
2010. The poST-doc froM aMSTerdaM iS a 
SpecialiST iN gaiT aNalySiS aNd ModelliNg 
aNd The effecTS of cerebral palSy. 

patient. This is done by mapping 
differences in muscle geometry 
and size using an MRI scan. 
Researchers translate these data 
into a three-dimensional computer 
model. Surgeons can use the model 
to prepare for their operations 
more effectively. And even practise 
virtually beforehand. This way it will 
be easier to predict whether a person 
will indeed be able to walk again after 
radical surgery. 

less RIsK of A wheelchAIR     Resear-
chers compare the computer naviga-
tion system that they are developing 
for surgeons to a TomTom: it tells 
the surgeon exactly where certain 
muscles should be moved to, just like 
a car being guided to its destination 
along a predetermined route. For 
example, if a surgeon wants to turn 
a muscle or section of bone through 
ten degrees during an operation, he 
can do so with extraordinary accu-
racy using the navigation system, 
assisted by cameras and markers 
which are attached to the bone.
Over the next four years, MIRA will 
work to refine the system further by 
means of laboratory tests. After that 
the model should be ready for the 
trial phase. The researchers from 
Twente are working closely with 
colleagues from Radboud University 
Nijmegen Medical Centre, Warsaw 
University of Technology and a 
number of specialist companies. It is 
expected that several hundred people 
a year in The Netherlands who need 
to undergo a serious leg operation 
will benefit from TLEMsafe in that 
their chances of ending up in a 
wheelchair will be reduced. 

  continued FroM page 081
MarjoleiN vaN der krogt

082 MIRA in·sight  |   chapter 04  |  Neural & Motor Systems

4.10



084 MIRA in·sight  |   chapter 04  |  Neural & Motor Systems 085

1998-1999 
First experiments  
with sensor shoes
veltink and slycke worked on a method 

to improve estimation of orientation and 

change of position during a movement. 

the advanced measuring equipment  

they developed for this can record body  

movements in 3d. 

slycKe: ‘ We had the idea of developing 

a speedometer for runners. We needed 

help to develop the sensors we wanted 

to use for this. We were lucky. one of the 

leading groups in this area, that of peter 

veltink, was at the university of twente.’ 

velTInK: ‘they came to me as young 

recently graduated physicists who were 

determined to set up a company. their 

‘runnersWatch’ was interesting, as it 

was more than just a step counter.’

2010 
Tenth anniversary  
of Xsens 

some 70 people now work for the com-

pany, which has opened a second office 

in los angeles and has agents  

all over the world. veltink has been  

honoured with the ‘partnership award’:  

a bronze gyroscope.

slycKe: ‘peter veltink has always been 

a source of inspiration, due to his clear 

vision. He provides a broad framework 

that we develop further in our products 

for measurements on people.’ 

velTInK: ‘i’m proud of course. six of my 

phds are working at xsens. We benefit 

enormously from the relationship. their 

elaboration of ideas continually yields 

new research questions.’  

2000 
Founding Xsens 
Technologies
Market interest became more serious. 

the company was set up with support 

from the university of twente’s top 

funds.

slycKe: ‘the real start’ 

velTInK: ‘the concept worked, with a 

gyroscope and acceleration sensors that 

formed the basis of the speedometer. 

they tested it here on the athletics track 

with this sensor on the shoe.’ 

2002 
Xsens falters 

Just before the sale of the invention, 

the intended client, a heart-rate meter 

manu facturer, pulled out. that was hardly 

surprising as it was the middle of the 

‘dot-com crisis’ when the internet bubble 

burst. after all the investments made, 

xsens was left with empty hands. 

slycKe: ‘at such a moment you need to 

be flexible as a company and find other 

opportunities. in that same year we sold 

the first 3d movement technology to 

completely different markets, such as 

stabilisation and navigation for unmanned 

underwater robots. the basis for a new 

product line had been laid.’ 

velTInK: ‘a disappointment, but not a 

failure.’ 

2005 
Key patent filed for 
new Xsens products

slycKe: ‘a milestone, although you still 

have to wait five years before a patent  

is actually granted. Meanwhile we also 

concluded three important license agree-

ments with the university of twente 

that formed the basis for the Forceshoe. 

that’s a shoe which measures the ground 

reaction forces and foot movements in 

order to create 3d images of the walking 

patterns and study balance of gait. it will 

be marketed in 2011.’ 

velTInK: ‘a working sensor system for 

measuring relative distances on the 

body did not yet exist. it’s therefore very 

important.the concept of a Forceshoe 

and, related, powersensing/powerglove 

has, in my view, high potential.’

 per Slycke, peter veltiNk  
aNd XSeNS

1998 2000 2002 2005 2010

hollywood filMS like ‘alice iN woNderlaNd’ aNd ‘iroN MaN 2’ 
uSed The Special SeNSor SuiTS froM xSeNS To Make perfecT 
aNiMaTioNS. The MoveMeNT MeaSureMeNT SySTeMS of The 
TweNTe coMpaNy are alSo uSed worldwide by The gaMiNg 
aNd roboT iNduSTry aNd by MoveMeNT ScieNTiSTS. xSeNS waS 
fouNded iN 2000 by Two forMer STudeNTS froM The uNiverSiTy 
of TweNTe: per Slycke aNd caSper peeTerS. righT froM The 
STarT Their Source of iNSpiraTioN waS profeSSor peTer 
velTiNk, who Now workS aT Mira.

peter veltinkper slycke

scene from the 3d animation film 

alice in Wonderland with actors crispin 

glover and Helena bonham carter. 

(photos disney Home entertainment)

los angeles, united states, italy, France,  

ireland, enschede, sweden, germany, bulgaria, 

Hungary, east turkey, Japan, china, korea  

and india.
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Education at MiRa and 
univERsity of twEntE 05
  [  chapter 05 ]

training  
 tomorrow’s   
 health  
 professionals



Technical medicine
PRogRAMMe: Bachelor’s and Master’s

LAnguAge of the degRee PRogRAMMe: Dutch 

duRAtIon: three years for a Bachelor’s, 

three years for a Master’s

PRIoR educAtIon: university preparatory 

education (VWO) with subject cluster 

nature & technology with biology, or 

nature and health with maths B and 

physics

StudentS ARe tRAIned to becoMe: health 

professionals who improve and mod

ernise patient diagnosis and treatment 

with the aid of technology

SPecIALISAtIonS: medical signalling, 

reconstructive medicine, robotics and 

imaging

gRAduAteS woRk In: academic institutes, 

hospitals, companies

Technical medicine is a young 
and growing science. Technology 
has brought about impressive 
improvements in medical 
diagnostics and treatment 
options. It’s not only increasing 
in importance but also in 
complexity. A new generation of 
trained professionals is therefore 
needed: experts who can apply 
this specific medical technology 
properly.

Education 
at MiRa
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Biomedical technology
PRogRAMMe: Bachelor’s and Master’s

LAnguAge of the degRee PRogRAMMe: English

duRAtIon: three years for a Bachelor’s, two 

years for a Master’s

PRIoR educAtIon: university preparatory edu

cation (VWO) with subject cluster nature 

and technology, or nature and health with 

maths B and physics

StudentS ARe tRAIned to becoMe: biomedical 

engineers, capable of designing and devel

oping new technology for the health sector

SPecIALISAtIonS:  human function technology 

and molecular, cellular and tissue engi

neering 

gRAduAteS woRk In: academic institutes,  

hospitals, companies and engineering firms

The biomedical technology degree 
program me trains students to 
become engineers capable of 
designing and developing new 
technology to benefit human health. 
They push back the frontiers of 
technical possibilities in prevention, 
treatment and care and they come 
up with solutions to improve 
people’s quality of life. Areas of 
application include body-friendly 
implants, tissue engineering, three-
dimensional imaging of organs and 
rehabilitation aids.

As A reseArch institute of the university of twente, MirA is 
A genuine AcAdeMic coMMunity in which reseArchers And 
students inspire eAch other. reseArch And teAching Are 
closely interconnected: reseArchers Are Also teAchers  
And supervise phd students working on their thesis or 
students doing their finAl project. 

5.2

 the University of Twente is an 
entrepreneurial university. 
Our students look beyond the 

boundaries of their own disciplines 
and across national borders as well. 
Teaching has both a multidisciplinary 
and international focus. 
MIRA is involved in two degree 
programmes at the Faculty of Science 
and Technology: technical medicine 
and biomedical technology.
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‘ we have 
the nerve 
to take 
risks’ 

  [  extract from the schedule of... ]

hElEEn MiEdEMa

 [  intro  ] heleen MiedeMA, progrAMMe director for 
bioMedicAl technology And technicAl Medicine, 
wAnts to Modernise educAtion And hAs A keen eye 
for developMents relevAnt to this. thAt’s why her 
schedule includes so MAny Meetings.

5.3
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who is heleen MiedeMA?
Heleen Miedema (1956) 

holds a Master’s in Edu

cational Psychology from 

Leiden University. She 

has held various positions in vocational 

education and since 1998 she has been 

developing teaching programmes at the 

Uni versity of Twente. According to her, 

you can only do this if you have a good 

understanding of the discipline you’re 

teaching in and the profession you’re 

training for. This means talking to people, 

listening carefully and inspiring people at 

the same time. Heleen lives in Enschede 

with her husband and has two grownup 

children.

  [  who is... ]

7.30 Breakfast 
‘I’m not really a morning person. I’m 
not grouchy, but I like a quiet start 
to the day. And with a daughter in 
Leiden and a son in England, I can 
have that. My husband leaves for 
work early, so I have plenty of time 
to myself.’ 

9.00 Meeting of MIRA 
management team
‘Research and education are inex-
tricably interlinked. Good scientists 
can explain the essence of their 
discipline to students and encourage 

them to develop their own ideas. And 
the converse is also true. A lecturer is 
inspired by his or her undergraduates 

and PhD students. The directors of 
MIRA believe it is vital to develop a 
clear line in research and to merge 
it with education. So, as the director 
for education I’m also a member 
of the MIRA management team. 
Today’s agenda includes how we can 
translate the entrepreneurial nature 
of scientific research to the teaching 
programme. The entrepreneurial 
professors have an important role to 
play in this respect.’

10.00 On to meeting of 
the biomedical technology 
curriculum committee
‘The University of Twente is an 
entrepreneurial university. That 
means we have the nerve to take 
risks. We don’t train people through 
pre-programmed instruction. We 
aim to develop professionals who 
take initiatives; so we shouldn’t 
teach them to imitate their lecturers. 
Instead of a dusty book, we present 
them with a real-life problem and 
information; they find the solution 
themselves. With this we challenge 

students to get the best out of 
themselves. We encourage them to 
come up with their own solutions and 
keep each other sharp. It’s important 
to recognise this attitude when 
designing new educational initia-
tives. The discipline of biomedical 
technology is constantly developing. 
So we regularly take a critical look at 
the teaching to see if the objectives 
are still being met. These are very 
stimulating meetings, where a lot of 
creative ideas are shared.’

11.00 Meeting with a team of 
educational researchers
‘Working in science is not just a job, 
it’s also an attitude. With technical 
medicine, we’ve devised and set up 
an entirely new degree programme. 
Now we want to check if we’ve made 
valid decisions. So we’ve made the 
teaching a subject of research. We’re 
not just exploring the question of 
what technical medicine students 
should think and learn; our interests 
are broader than that. How do people 
acquire skills? How do you teach 

people to think creatively? How 
do you teach them to position 
themselves? We do this with a 
team of cognitive psychologists 
and educationalists.’

12.00 Lunch with 
anniversary committee
‘An entrepreneurial university is 
characterised by the relationship 
it has with the society it serves. 
Re sear chers derive their questions 
from society, and provide it 

with ans wers. So for our 50th 
anniversary, we want to throw a 
party that includes our neighbours 
and shows people what we do. I’m 
keen to contribute to that.’

14.00 Meeting of the 
Board of Directors of Medisch 
Spectrum Twente
‘The Board of Directors of 
Medisch Spectrum Twente sent 
me an invitation. They want 
to modernise the training for 
anaesthesia assistants. They 
believe we can play a role in this 
with the Experimental Centre for 
Technical Medicine. We already 
contribute to the Bachelor’s and 
Master’s teaching. And in the 
future we’ll play a growing role 
in postgraduate teaching and in 
the professional development of 
various health professionals.’ 

15.00 Meeting with the 
secretaries of the biomedical 
technology and technical 
medicine degree programmes, 
Rita ter Weele and Danielle 
Heskamp
‘Being the programme director of two  
degree programmes is a challenge. 
It’s only possible with good support. 
I sometimes joke that they’re 
my guar dians. That’s putting it a 
bit strongly. But essentially they 
contribute to and monitor my 
schedule. As they know what I’m 
doing and, more importantly, under-
stand what the various meetings 
are about, they can be proactive 
and make sure that what we agree 
upon happens. This afternoon we’re 
discussing the schedule for the 
immediate future.’

17.00 Meeting of vocational 
service committee, Enschede 
Rotary 
‘I’m a member of the Rotary Club. 
I like the fact that it takes you 
outside your own little world. I’m on 
the vocational service committee. 
Vocational service lies at the heart of 
the club. What drives people in their 
work and what dilemmas can they be 
confronted with? We invite people 
to come and talk to us about this. 
It could be a lawyer who can get a 
rapist off on a technicality, although 
it conflicts with his own sense of 
justice. When you’re struggling 
with something in your own 
organisation, discussing the problem 
with outsiders can be a breath of 
fresh air. They can look at it from 
a different angle. My penchant for 
broadening horizons fits in well with 
my job. On a professional level I’m 
also constantly monitoring what’s 
going on in society. I’ve noticed that 

University College in Utrecht is very 
successful. That makes me wonder 
if it’s possible to create a University 
College for Engineering here.’ 

20.00 Housewarming party 
at Kim’s
‘My colleague Kim moved to an 
unusual house recently. A converted 
barn, in fact. We’re going to celebrate 
that. I experience the University of 
Twente as a collegial environment 
and a warm nest. A psychologist once 
told me that to be known, recognised 
and acknowledged as a person is 
important for your well being. This 
applies to everyone, both students 
and staff. I’m trying to create an 
organisation which puts that principle 
into practice and respects people’s 
individuality. I tell students and 
colleagues: “go on, surprise me”. 
You can be yourself, and if you work 
hard you’re also allowed to make 
mistakes. All you need is the guts to 
try something. Plodders don’t interest 
me very much.’ 

‘Good scientists 
encourage 
students to develop 
their own ideas.’ 

‘I experience 
the University 
as a collegial 
environment and 
a warm nest’
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 1What brought you to MIRA? ‘I wanted to take some 
classes at master’s level and combine this with 

experiencing a different lifestyle. I considered Norway and 
Sweden but the change in climate would have been too 
dramatic. Then a friend told me of these two interesting 
research groups in Twente: Polymer chemistry and 
Biomaterials and Tissue Regeneration.’

 2 And how do you like our Dutch lifestyle? ‘Everything 
here seems to flow far easier than in Portugal. Things 

are less rigid and bureaucratic. And people are more 
helpful, both in science and in private life. I fit well into this 
pragmatic, direct culture. Like most foreigners, it’s only the 
food and the weather I complain about.’

 3Was the educational programme also different?  
‘Very much so. I was used to seven or eight hours a day  

of lectures: just sitting back and listening. When I came 
here, it was two hours of that. The rest of the time, we were 
challenged to explore what we liked, talk to lecturers and 
develop our own thoughts.’

 4 Does that make you a better researcher? ‘Yes it does, 
provided the lecturers keep you on the right track. 

Nowadays, you can see a shift to more active forms of edu-
cation everywhere. Holland is a trailblazer in this respect.’

 5What do you want to do after this? ‘I’m torn between 
academic research and business. Science attracts me 

because it’s challenging and vibrant. Yet I’m also pulled to 
business because from an almost limitless range of scientific 
ideas it selects just a few that can change people’s lives.’ 

My research is 
all about two 
worlds meeting
AnA bArrAdAs cAMe to enschede froM portugAl 
in 2006 to study bioMedicAl engineering. After 
grAduAting she wAs Asked to continue As A  
phd student. she didn’t hAve to think twice!

ana baRRadas
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5.4 5.5

JaRich sPliEthoff

jArich spliethoff is set to grAduAte in 
technicAl Medicine. After five yeArs of 
study, lots of jobs on the side And four 
plAceMents, he’s AlMost reAdy to MAke the 
big leAp.

Suddenly  
you find you 
can save lives

 1How do you look back on your degree programme, 
now it’s almost finished? ‘Tech nical medicine is 

seen as a hard degree pro gram me within the University 
of Twente: six years, with a timetable of up to eight 
hours a day. But I’ve always really enjoyed it, so I didn’t 
mind working hard. The typical technical medicine 
student is energetic and enterprising; it’s no coincidence 
that I often meet fellow students on committees of 
student associations.’

 2During your placement, was it a shock to 
suddenly find yourself in a hospital, with real 

patients, some of whom seriously ill? ‘Yes, but mainly 
in a positive sense. During my degree, I’d mainly been 
concerned with solving  theoretical problems and 
doing sums. Suddenly, you realise you can use that to 
save people’s lives! That was a real eye-opener.’ 

 3Soon you’ll have graduated. What then? ‘I can see 
myself starting up my own business some day, once 

I’ve had a good idea. But first I want to get to know the 
medical world a bit better.’

 4How has that medical world welcomed you 
so far? ‘There’s a small group of doctors who 

still have to get used to our role. They sometimes 
make disparaging comments like: “So you’ve come 
to twiddle the knobs then?” But most doctors are 
surprised about what we can contribute and say that 
there’s an enormous demand for our know-how.’ 
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 ... the world is  
our oyster

At the last count, scientists from  

22 different countries worked at  

MIRA. They come from nations such  

as China, Russia, India, Canada,  

the United Kingdom, Portugal, Italy, 

France, Colombia, Turkey and Korea. 

We collaborate with a large number of 

foreign universities, sister institutes, 

research centres and companies. They 

include: Medtronic (Fridley, Minnesota), 

MIT (Massachusetts), Imperial College 

(London), University of Oxford, 

University of Chicago, University of 

Washington and Harvard University. 

Each year the Technical Medicine  

student group Paradoks makes a study 

trip to a far-off country. For example, 

they recently visited Tokyo.

 ...  we look on the bright 
side of life 

Science should also be sheer fun. That’s 

why MIRA scientists worked together 

with artist Joris Laarman in creating his 

incredible ‘living lamp’. The so-called 

Half Life is made out of living hamster 

cells, which give off a soft glow. They are 

cells from a Chinese hamster enriched 

with firefly genes. No hamsters were 

killed for this ‘science meets interior 

design’ project. The cells come from a 

tissue culture that has been kept alive 

since 1957. The lamp has been exhibited 

at several renowned museums and 

galleries, including some in New York.

 ...we start young
Our robotics professor Stefano 

Stramigioli built his first alarm when he 

was just five years old.

Of course he needed a few more years 

to build his first complete robot. By 

then he was 17. He got the robot to 

pour a glass of water for the graduation 

committee of the technical school he 

attended before university.

 

 ...we reach for the sky
Over the next few years we’ll expand from  

250 to 400 employees.

By 2015 we’ll have double the financial 

resources we had when we started in  

2009. MIRA aims for four spin-off 

companies per year. 

from
250 to
 400

 ... we practice  
what we preach

MIRA encourages the commercialisation 

of technology and sets a good example 

in this area. Our scientific director 

professor Clemens van Blitterswijk  

and professor of Medical Cell Biophysics 

Leon Terstappen together have more 

than 100 patents to their names!

 ... we make the most 
of our chances

Our project manager Jojanneke 

Schuiling-Jukes was the first in the 

world to develop bone tissue from 

mouse embryonic stem cells. It 

was a chance discovery and the 

breakthrough gave her instant fame. 

 ... we believe in  
the multi-talented 

Our Tissue Regeneration postdoc 

Lorenzo Moroni has won more than just 

the European Biomaterials and Tissue 

Engineering International Doctoral Award 

2007 for his PhD thesis. He is also the 

proud winner of the international ‘Voci e 
Silenzi 2003’ literature prize for his book 

entitled ‘Generazione Erasmus’ about his 

experiences as an Erasmus student.   CONTINUED ON NExT PAgE

 ... we make pragmatic  
use of spirituality

Our head of Imaging & Diagnostics 

professor Vinod Subramaniam spent two 

weeks in a monastery. The Indian-born 

scientist returned speaking fluent Dutch!

70+

6.1

 ...  age is irrelevant
Our Medical Director Peter Vooijs is  

well into his 70s and therefore our 

oldest member of staff. In his scarce 

leisure time he enjoys fixing up  

old boats. 

at MIRA...
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Jetse Scholma.

Assistant professor Jeroen Rouwkema collects 

spiders and reptiles. His collection includes  

two rattlesnakes and one hog-nosed snake.

 ...   we have a life  
outside the lab too

...science is music
Our Health Technology and Services Research 

Department likes to conclude its study days  

with a drum roll.

Assistant professor André Poot of the 

Biomaterials Science and Technology 

group restored a classic BMW car so 

well that a renowned car magazine 

featured him.Assistant professor Bert-Jan van 

Beijnum of the Biomedical Signals 

and Systems group runs a dog 

kennel together with his wife.

PhD student Hans van der Aa 

loves old houses and completely 

restored his 1902 home in just 

three years.

 ...  we like to keep fit
Some of our dedicated runners are 

assistant professor Control Engineering 

Sarthak Misra, postdoc Hugo Fernandes 

and (barefoot running!) PhD student and 

ironman Jetse Scholma. Scientific director 

Clemens van Blitterswijk is celebrated  

for his marathon running (goal: less than 

three hours). 

Martin Piest from Biomedical Chemistry 

combines his PhD research with the 

martial arts. He’s a Jiu Jitsu instructor with 

a second level Dan. Furthermore, he’s 

directed a 75-minute martial arts movie. 

PhD students Nathalie groen and Joyce 

Doorn from Tissue Regeneration are 

fanatical women footballers.

Physiology teacher and researcher 

Benno Lansdorp plays top level volleyball 

(including beach volleyball).

Associate professor 

Membrane Technology 

Dimitrios Stamatialis 

(besides cooking 

excellent greek food 

and being elected 

teacher of the year 

at the University of 

Twente in 2008) was  

a basketball top scorer 

in Athens.

at MIRA...

Sarthak Misra

Hugo Fernandes
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Would you like  
to join us?

MIRA is young and growing fast! 

We’re always on the lookout for  

talent. Can you help us to realise 

the following ambitions:

  excel academically

  provide top technology for 

patients

  create economic value to speed 

up the availability of innovations

And would you like to work in an 

inter national, vibrant, performance-

oriented atmosphere, with lots of 

hard work but also plenty of fun? 

Then please get in touch.
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