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foreword



“Knowledge: a powerful driver for 
the regional economy”

Especially in this day and age, 
when the Corona virus is on top 
of everybody’s mind, “health” 
and “a healthy lifestyle” are 
important themes. The Province of 
Limburg is proud that the cross-
border project called Printing 
Personalized Orthopedic implantS 
(PRosPERoS) is bearing fruit.

It’s because of the regional 
economic value that the Province 
of Limburg supports this project. 
Within the Euregion Flanders 
– the Netherlands is a unique 
concentration of Life Science 
know-how and Life Science activity. 
The organizations in this area have 
their own unique expertise, it is 
therefore obvious that strategic 
bundling of these capacities and 
competences can lead to strong 
cooperation. They seized this 
opportunity together.

PRosPERoS is a project that 
emphasizes ‘healthy living’ and 
‘freedom in movement’. The 
consortium focuses on implants in 
two joints in the body, namely the 
hip and back. New materials are 
developed that can break down 
in the body and will lead to new 
concepts for active orthopedic 
implants.
 

Foreword of the deputy

This project specializes in the field 
of Regenerative Medicine, one of 
the spearheads of the Brightlands 
Maastricht Health Campus. 
On the Brightlands Maastricht 
Health Campus, scientists, 
driven entrepreneurs and smart 
students work together, not 
limited by scientific, geographical 
or organizational boundaries. 
Together they will challenge to find 
healthy, innovative and sustainable 
solutions for current, but also 
future, societal challenges and 
share knowledge across borders.

It’s great that the newly developed 
implants are actually applied in 
the clinic. In cooperation with 
the companies, these are also 
marketed and as such, this project 
leads directly to valorization and 
therefore fits seamlessly with 
the goals of the mission-driven 
economic policy of the Province of 
Limburg.

Great things happen when 
knowledge crosses borders.

I would like to express my thanks 
to the initiator,

Maastricht, November 2020
dr. Joost van den Akker LLM
 
Deputy of Economy, Education and 
Sport, Province of Limburg
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As the responsible researcher 
for the Interreg Prosperos 
project, it is my pleasure 
to introduce this booklet 
about our Interreg Flanders-
Netherlands PRosPERoS project 
2016-2020.

The PRosPERoS (Printing 
PERsonalized orthopaedic 
implantS) aimed to develop 
personalized bioactive implants for 
functional recovery with a focus on 
musculoskeletal problems. 

In a multidisciplinary and 
international consortium with 14 
academic and industry partners 
in Belgium, Germany and the 
Netherlands, we have started to 
bring the usage of 3D printed 
implants further towards clinical 
practice. 

The project had 3 main goals:

1.  Apply current generation 3D 
printed implants in clinical patients

2.  Optimizing current generation 

3D printed implants with coatings 

or surface area modifications 

that promote bone integration or 

reduce the risk of infection, and 

testing these in in vivo models

3.  Developing a prototype of a 

bioresorbable implant

As a secondary goal, we wanted 
to gain a better understanding 
in optimizing the workflow of 
personalized design 3D printed 
implants from both a mechanical 
and a biological perspective.

This booklet provides insight how 
much progress has been made 
on the different project objectives 
with overviews, specific project 
results, and personal experiences 
of the researchers and partners 
involved.

Preamble by the project leader

01

We are grateful for the funding 
from Interreg Flanders- the 
Netherlands, the co-funding from 
the Provinces of Flemish Brabant 
(B) and Limburg (NL) and the 
Ministry of Economic Affairs (NL).

Maastricht, December 2020
Dr. Chris Arts
 
Associate professor Translational 
Biomaterials, Maastricht University 
Medical Center & Eindhoven 
University of Technology TU/e



Positioning statement

Major step towards the bone implant of the future
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With the Prosperos project, an 
acronym for Printing patient 
specific orthopedic implants, 
we strive to develop smart 
implants that last longer, have an 
optimal fit, stimulate faster and 
better bone ingrowth and have 
antimicrobial properties.

The ultimate goal is to apply 
the knowledge gained within 
Prosperos to develop a fully 
resorbable implant. This means 
that the function of an implant 
can be slowly taken over by the 
body again until the implant is no 
longer needed and finally is fully 
resorbed. The ultimate promise of 
the smart implant is that the body 
can repair itself and eventually 
take over the function of the 
implant completely again. 

Prosperos in brief



1.
motivation

The importance of vitality in 
the participation society
Happily, we’re getting older, but 
are we also getting old happy and 
healthy? The average age of our 
population is increasing and this 
has far-reaching consequences 
for our society. For instance, the 
retirement age goes up and we 
are encouraged to continue living 
independently until old age. For 
this reason, staying vital is more 
important than ever. The COVID 
pandemic underlines once again 
how vulnerable we are as a society 
and how crucial it is that everyone, 
but certainly the elderly, is self-
reliant and stays mobile.

Age takes its toll
With prosperity rising, in addition 
to our age, so does our average 
weight. Aging, overweight and 
limited exercise are major causes 
of (severe) joint wear.
 

Exercising is healthy
Vital aging is an increasingly 
important social value. Healthy 
food and sufficient exercise are 
important pillars to realize this. 
Well-functioning joints are a 
prerequisite. When joints are
severely worn and/or damaged, in 
many cases the only solution is a 
(partial) joint replacement by an 
implant.

1.1 Vitality; a societal challenge
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Shorter rehabilitation time
Apart from the psychological and 
social importance of a vital society, 
the economic consequences 
of long-term disability are very 
great. Absenteeism is costly for 
society, which benefits from fit 
people. It should be prevented 
that employees fall out due to 
pain when moving. When surgery 
to have a worn or damaged joint 
replaced proves inevitable, we 
strive for the rehabilitation time 
to be as short and effective as 
possible: The faster one can move 
pain-free again.

Fewer re-operations
But that’s not the only benefit of 
a short rehabilitation period. One 
of the biggest challenges in our 
country are the ever-increasing 
costs of our healthcare system. 
The number of joint operations in 
the Netherlands is considerable 
and is increasing year after year. 
The number of hip surgeries, for 
example, was 23,350 in 2010. 
Now 10 years later, there are 
already 10,000 more! Part of 

the explanation behind this 
high number of surgeries is the 
excessive number of necessary re-
operations due to implant failure. 
Reducing the need for this number 
of re-operations significantly 
reduces healthcare costs.

Infections are often a cause 
of these re-operations. Most 
infections occur during surgery. So 
if we were to succeed in reducing 
the operating time, in addition 
to saving costs, the number of 
infections and therefore re-
operations would be reduced. 
A double beneficial effect in 
healthcare costs.

Therefore, it is important to strive 
for:  
1. As few operations as possible

2. The shortest possible time per 

operation

1.2 The economic importance behind vitality  
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The current generation 
implants is not good enough
You probably hear it regularly: 
It didn’t go well when placing an 
implant. Too often something goes 
wrong. This is the harsh reality 
that every orthopedic or trauma 
surgeon faces when treating his/
her patients with osteoarthritis or 
bone defects.

Short service life due to wear 
and tear
The implants used have an 
average lifespan of 15-20 years. 
After that time, the implant 
should be replaced. After their 
joint replacement surgery with 
an implant, patients want to 
stay active, something that is 
also advised by doctors. This 
causes the load on the bone and 
implant to change. The bone will 
respond to this changed load and, 
depending on the age and state of 
health of the patient, will remodel. 
In some places, the bone volume 
will increase and in other places 
decrease, in such a way that often 
the implant will not integrate 
optimally. 

The moderate fit of the current 
implants is ultimately too often the 
cause of implant failure.

Foreign to the body
Implants are made of foreign 
materials. Although the materials 
are generally well tolerated, there 
are concerns around the release 
of small metal particles as a result 
of wear. These metal particles can 
accumulate in tissue and lead to 
toxic effects and inflammatory 
reactions.

Infection of the implant
Infection is another important 
problem. Infected implants do not 
integrate properly with the body, 
causing the implant to eventually 
loosen and then fail. 

1.3 Research project



The treatment of an infected implant 
is difficult, takes a long time and 
is accompanied by high costs. 
Before the infection is diagnosed, 
bacteria have had time to grow in 
large colonies, both in the bone 
and on the implant. The colonies 
generally form dense, slimy layers 
called biofilms. Due to their 
chemical structure, these biofilms 
are difficult to remove or penetrate 
with antibiotics. Some bacteria 
then survive and, after antibiotic 
treatment has stopped, the infection 
resurfaces, with eventual implant 
failure as an undesirable result.

Recovery surgery after implant 
failure
If an implant fails, it must be 
replaced again in a procedure 
called a revision surgery. During 
this operation, the old implant 
is removed and a new implant is 

placed. Removing an implant is a 
destructive process, often requiring 
relatively large amounts of bone 
to be cut away to remove the old 
implant. As more tissue is removed, 
the new implant needs to fill even 
larger defects and requires more 
extensive fixation in the body, to 
the point where it is no longer 
possible to replace the implant and 
the patient will remain permanently 
disabled.

On the photo series below, you 
can clearly see how in case of wear 
and tear the implant fails =>  more 
biological fixation is needed.

A. Catastrophic wear 
of polyethylene (PE) 
hip cup 8 years after 
primary total hip 
replacement
B. Revision surgery 
with placement of 
new implant.
C. Due to the 
loosening of the hip 
cup, a new revision 
surgery was carried 
out
D. Status after 
revision surgery 
after 9 years.
. 
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Shortcomings of the 
current generation of 
implants

 } The implants are not patient-
specific, so the fit is not optimal 

 } Bone does not always attach 
optimally to an implant 

 } Implants have a limited life span 
an eventually wear out

 } Replacing an implant is difficult 

 } Metal is foreign material and 
can lead to local inflammatory 
reactions 

 } Implants are susceptible to 
infection 

What exactly is a joint?
The hip and spine are the joints 
that were within the scope of the 
Prosperos project. Here we give 
a brief explanation of these two 
joints.

The hip  
The hip is a ball and socket 
joint. In a joint, two bones come 
together. At the hip, these are 
the upper leg and pelvis. At 
the hip, the socket is formed 
by the pelvis. The ball is in 
fact the head of the upper leg/
femur. A healthy hip joint has 
a nice smooth joint surface. 
The cartilage allows the head 
of the femur to rotate easily in 
the socket. A firm joint capsule 
around the head and the bowl 
holds the bone pieces together. 
The muscles and tendons that 
surround this allow you to move.

The spine
The spine consists of 24 
vertebrae that protect the spinal 
cord and important organs and 
provide the trunk stability. The 
lower part of the spine is called 
the lumbar spine. This part of 
the spine is often the location 
of back pain. Low back pain can 
be caused by spinal overload 
or pinching. There’s pressure 
on the nerves. This is usually 
the result of torn or bulging 
intervertebral discs.



2.
ambition

The shortcomings in the current 
implants were a thorn in the side 
of Dr. Chris Arts and his team. 
With the current state of the 
art, surely steps were possible 
to be taken towards better 
implant solutions. The awarding 
of the Prosperos project gave 
him the opportunity to research 
exactly this. In the project, a 
large consortium with knowledge 
intensive partners was brought 
together with the ambition:

 } Prosperos makes a significant 
contribution to vital aging

 } Prosperos develops smart 
implants that allow us to stay 
active at old age

 } Prosperos improves the quality 
of life of the aging society

 } Prosperos makes a major 
contribution to the strengthening 
of society, economy and 
(regenerative) medicine

Within Prosperos, three 
technologies were key from the 
start:
 
 1.  Imaging, like CT scans. With 
the high quality of today’s scans, 
advanced models provide insight 
into the variation in joints in 
various groups of patients

 2.   The emergence of 3D 
printing in a (bio)medical setting, 
making it possible to produce 
implants with a unique fit and 
finally 

 3.  The extensive knowledge and 
integration of this knowledge 
of imaging, modeling and (bio)
materials and their application in 
Orthopedics

2.1 Ambition Prosperos
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The unique possibilities 
of 3D printing 
techniques in medicine 
at Xilloc   
 
Three-dimensional (3D) 
printing, also called “additive 
layering/manufacturing”, 
is the collective name for 
techniques that can be used 
to create three-dimensional 
objects. The primal form of 
3D printing has been around 
for more than 25 years, but 
the technology is still in 
development and the use 
has increased sharply in 
recent years. It’s becoming 
cheaper, with better quality 
and higher accessibility. 

3D printing is part of 
what is being called the 
4th  industrial revolution. 
Although the technology 
is still in development, the 
possible applications are 
widespread. This includes 
(bio)medical applications. 
In combination with other 
innovative techniques, such 
as organ-on-a-chip, tissue 
engineering, synthetic biology 
and stem cell technology, 3D 
printing has strong potential 
in improving medical care, 
using so-called regenerative 
medicine. The technology 
also contributes to the 3Rs 
Replacement, Reduction 
and Refinement of animal 
experiments.

3D-printer in action at Xilloc
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Prosperos’ ultimate end goal 
is to achieve biodegradable 
and 3D-printable implants that 
stimulate bone growth and 
prevent bacterial attachment and 
growth.

“Think about the enormous 
benefits of the results of this 
unique project: The patient 
is helped better, because 
the new implant optimally 
matches his or her body, he/she 
recovers faster and with fewer 
complications and the implant 
lasts longer, if not for life. From 
a health care perspective, it 
means a better result with fewer 
surgeries and less aftercare. The 
quality of healthcare improves 
and is also accompanied by a 
reduction in healthcare costs 
for society. So, everyone wins” 

according to Dr Chris Arts, 
ultimately responsible for the 
Prosperos collaboration project, 
on behalf of Maastricht UMC.

Due to the phased approach in 
development, Prosperos offers 
patients the prospect of functional 
recovery through the development 
of personalized bioactive bone 
implants well before the end goal 
is achieved.. 
 
These new implants offer the 
following improvements compared 
to the current generation of 
implants:

Optimal fit
To ensure a better fit, Prosperos 
focuses on 3D printable implants. 
By scanning the damaged joint at 
high resolution, we can perfectly 
reconstruct the original shape of 
the joint. The implants are then 
printed exactly to size of the bone 
(defect).

2.2 Prosperos’ promise to the clinic

Image of 
an implant 
developed 
by 
consortium 
partner 
4Web 



Although these 3D-printed 
implants are still relatively 
expensive, the time saved during 
the operation and a faster 
rehabilitation process after 
surgery more than compensates 
for the extra implant costs.

With 3D printing, we can do more 
than just make an implant that fits 
the patient perfectly. It gives us 
the opportunity to make implants 
‘smarter’.

Stimulate bone growth
Thanks to the developed and then 
optimized open metal structure of 
printed implants, bone can easily 
grow into the implant. Faster bone 
ingrowth creates better implant 
fixation in the bone. As a result, 
the patient not only recovers 
faster, but patients also enjoy their 
implants for longer. Unlike today’s 
bone implants that have a limited 
lifespan of 15 to 20 years, the 
‘smart’ implants are expected to 
last much longer, even more than 
30 years.

Instant functional recovery
3D printing gives us the 
opportunity to adjust the 
mechanical properties of the 
implant, since the porous 

structure no longer behaves 
like the bulk material. Instead, 
the implant can be stiffened in 
certain areas and weakened in 
others, thus much better meeting 
differences in local mechanical 
load. 

With this, this new generation 
of 3D-printed porous implants 
has a much greater mechanical 
resemblance to bones than the 
solid implants that are now being 
placed. The body will therefore 
also be used to the new element 
much faster. This can significantly 
shorten rehabilitation time after 
surgery. 

Preventing infections
The porous structure also creates 
a much larger surface area and 
thus offers an increased potential 
as a drug reservoir. Special anti-
microbial coatings that have also 
been developed in this project 
then enable infection prevention.

3.
project 

approach



The development of new, patient-
specific orthopedic implants is 
a particularly complex puzzle. It 
requires broad multidisciplinary 
knowledge and understanding 
of things like metallurgy, 3D 
printing technology, computer 
modelling, mechanics and dynamics, 
orthopedics, biology, regenerative 
medicine, animal models and clinical 
trials.

In order to realize the high 
ambitions of the Prosperos project, 
a broad and interdisciplinary 
consortium with scientists, clinicians 
and industry partners, was needed. 
Additionally, it was also crucial to 
work closely together, because 
a broad technology portfolio 
was being worked on at various 
stages of development (TRL’s) in 
parallel in many different areas. 
The consortium also had a strong 
determination to achieve full-fledged 
smart implants in the shortest 
possible time due to the social 
importance. A well-thought-out 
project approach was crucial.

Prof. Dr. Lodewijk van Rhijn, head of 
the Department of Orthopedics at 
Maastricht UMC+:

“The Prosperos project shows in 
an innovative way how we can 
convert fundamental research 
into biomaterials and cell 
growth into clinical applications 
for the patient” 

All components that are scientifically 
innovative (such as infection 
treatment through coating, gel and 
the use of bone growth stimulating 
elements) can thus follow the 
same clinical indication path at a 
later stage. The experience gained 
with the first clinical pilots is then 
optimally used to implement the 
follow-up processes of clinical 
solutions.

3.1 A state-of-the-art project approach
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In-Silico Research
It was clear to the researchers in 
Prosperos that silico modeling 
should become an integral part of 
the project. Not only to design and 
optimize the implants, but also to 
quickly gain a better understand-
ing of all mechanical and biological 
aspects, such as bone deposits 
and immune system response.

In silico – in vitro – in 
vivo

In vitro, in vivo and in silico 
are the three types of 
experimental models used 
in biological and mechanical 
science laboratories. The 
main difference between 
in vitro and in vivo is 
that in vitro refers to the 
experimental procedures 
carried out outside a living 
organism, while in vivo 
refers to the experimental 
procedures carried out 
within a living organism. 

Finally, in silico refers to the 
experiments carried out 
on the computer. In vivo 
experiments are carried 
out under physiological 
conditions, while in vitro 
experiments are carried out 
under controlled laboratory 
conditions. Both in vitro 
and in vivo experiments are 
carried out according to 
strict laws and regulations.



4.
Cooperation

Intensive cooperation
The organization of the right 
infrastructure, in particular the 
creation of an interdisciplinary 
working environment, was 
essential. In order to achieve 
effective research, intensive 
cooperation between the 
academics and the industry 
partners was required. Through 
cooperation between fundamental 
research on the one hand and 
applied research on the other, 
practical problems and pitfalls 
in developing a technology were 
identified at an early stage.
In this context, the close 
cooperation between the clinicians 
of the University Medical Centers, 
the researchers of the Universities 
and the product developers at the 
companies was very valuable.

Translational project
In order for a clinical application 
to succeed, it is of the utmost 
importance that the product 
meets the needs of the patient 
and clinician, and that clinicians 
are willing to use the newly 
developed product. From this 
perspective, Prosperos, as a 
translational project within 
regenerative medicine, has been 
an important step forward towards 
the concrete application of 3D 
printing technology in hospitals.

4.1 Collaborative project partners
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Regenerative medicine 
stimulates the body to heal 
itself. It is a promising field 
of research, but requires 
structural interdisciplinary 
cooperation between 
academic departments 
and industrial partners.



In addition to the lead partner 
Maastricht University, 3 additional 
universities participate in the 
consortium (Katholieke Universiteit 
Leuven, and Uniklinik RWTH 
Aachen), 2 university medical 
centres (Maastricht UMC+ and 
UMC Utrecht) and six industry 
partners (LayerWise NV, Medanex 
Clinic BVBA, 2Move Implants BV, 
Xilloc Medical BV, 4WEB EU. B.V. 
and Antleron BVBA).. 

Cooperation between  
industry partners
This is always a challenge in a 
consortium, including Prosperos. 
Claus from 4WEB about this topic: 

‘You really want nothing more than 
to work together fully transparent in 
such a beautiful project. But as an 
SME in the explosively developing 
market of 3D printing, hardly any 
time and money is available for 
patent applications. So, unique 
knowledge is your main business 
asset. No wonder you have to be 
reluctant in sharing your unique 
knowledge as an SME.’ 

Claus indicates that it was 
therefore a particularly smart 
move to apply a strict subdivision 
into clinical indication subdomains 
by industry partner. For 4WEB, this 
was the spine.

4.2 Broad, multi-disciplinary consortium
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Cooperation between  
academy and industry
‘From the viewpoint of SMEs, there 
is a difference in perspective. While 
the academic partners are logically 
focused on fundamental research, 
the industry partners are mainly 
interested in applied research. How 
can we optimize our implants and/or 
techniques to sell them and/or make 
them ready for sale faster? asks 
Claus of 4WEB. 

’Both recognize that they need each 
other. It is precisely through gaining 
fundamental insights and setting 
up new workflows, that unique 
new knowledge is built up for all 
partners. As an SME partner, it’s 
tenuous to last until then, but if you 
can, your advantage will also be 
greater’.

Professor Liesbet Geris of KU 
Leuven acknowledges this 
difference:

‘Prosperos’ ambition is translational 
research, but you can’t ignore 
fundamental research. The level 
in Prosperos was so high that it 
was challenging for PhD students. 
As KU Leuven, we have focused on 
computer simulation models (in 
silico). When sufficient data points 
are introduced, our model will lead 
to accelerated implementation 
of smart implants because better 
mechanical stability has been 
demonstrated. Developing and filling 
the model takes time. You notice 
that one industry partner has more 
patience in this than the other.’



Erik Boelen of Xilloc indicates: 

“Prosperos has enabled us to 
gain a better understanding 
of the design and 3D printing 
production process of lattice 
structures. Designing so-called 
compliant lattice structures 
(grids that follow the object’s 
surface) has proven to be quite 
a challenge. It should be kept 
in mind that these must be 
produced with Selective Laser 
Melting (SLM) to avoid needing 
additional support structures 
in the grid. This way the grid 
becomes self-supporting. 
With the knowledge and 
experience we have gained in 
the Prosperos project, we have 
developed some promising 
concepts and we even produced 
some great implants for various 
patients who are now very 
happy with them.”

Claus specifically mentions the 
research he set up together 
with MUMC. “4WEB shared their 
knowledge of strength models in 
porous implants with MUMC, who in 
turn conducted a series of scientific 
tests to measure the degree of bone 
ingrowth.”

Liesbet Geris is satisfied with the 
developed simulation model, but 
sees another major result. ‘‘The 
project approach in Prosperos 
has created a new blueprint for 
translational research. This not only 
gives a flying start to a possible 
follow-up project to Prosperos, 
but can also be applied to other 
research projects in the new field of 
regenerative medicine.”

Jan Schrooten of Antleron fully 
agrees: ‘‘The joint learning process 
has caused the complex path 
of medical innovation from lab 
to patient to be completed with 
maximum efficiency.”

4.3 Collaborative results 
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My research focused on the 
development of multifunctional 
implants that have both 
antibacterial and bone-forming 
properties. 

For this I manufactured titanium 
implants by 3D-printing and then 
applied a surface treatment. 
In this way we have been able 
to develop so-called bioactive 
implants. Bio-activity has been 
demonstrated in the laboratory 
and there these implants show 
promising results.

I am particularly proud that the 
implants we have developed 
are both antibacterial and 
bone-forming, as this was the 
ultimate challenge before we 
started. When these implants are 
completely developed, they will 
ultimately contribute to improved 
patient care. Furthermore, 
thanks to my research, there is 
now more knowledge about the 
manufacturing of bioactive bone 
implants. This knowledge can be 
used in the future to develop even 
better implants.

For me personally, working in 
such a broad multidisciplinary 
team was new, and therefore, 
very challenging. In the project 
I worked mainly and intensively 
with the UMC Utrecht. The 
collaboration with orthopedics 
and medical microbiology made it 
possible to test the bio-activity of 
our implants. I would have liked 
to have worked more with other 
partners who have worked on 
Prosperos, outside my own field of 
work.

In addition, I have learned to 
present my research both at 
international scientific conferences 
and in lectures for non-scientists.

The absolute highlight for me 
personally was giving a lecture at 
the University of the Netherlands.  
In my opinion, it is important that 
there will be a follow-up to the 
Prosperos project. In this way, the 
knowledge gained can be used to 
develop a clinical prototype.

Personal story
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Ingmar van Hengel } TU Delft



5.
activities,  

insights and 
results

In vivo degradable metals
 Developed }  Printing implants in 
3 degradable metals: Magnesium, 
iron and zinc
 Tested }  Degradation properties 
degradable metals in vitro
 Tested }  Mechanical properties 
degradable materials before and 
after degradation
 Tested }  In vitro toxicity metals 
and degradation products of 
metals

Implant optimization
 Developed }  Design workflow for 
patient-specific implants including 
microstructure.
 Developed }  Numerically 
validated optimized Titanium 
patient specific implant for 
acetabulum reconstruction study 
in clinical patients
 Developed}  Numerically validated 
optimized Titanium patient specific 
implant for spine fusion model in 
sheep
 Developed }  Optimized Titanium 
Patient Specific Implant for Spinal 
Fusion Study in Clinical Patients

 Developed }  Degradation model 
including the use of coatings
 Developed }  Design of validated 
optimized degradable patient 
specific implant

Surface modification
 Developed }  A surface coating 
with strong antibacterial action
 Developed }  A gel from which 
antibacterial agents diffuse that 
ensures a system of slow release
 Developed }  A combined release 
system that can fight both 
bacterial infections and stimulate 
bone growth
 Tested }  Biological evaluation of 
bone regenerating coatings and 
gels
 Tested }  Biological evaluation of 
antimicrobial coatings and gels

5.1 Results at a glance
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Preclinical evaluation
 Developed }  Bioreactor for 
testing degradable material
 Developed }  Bioreactor for 
testing antimicrobial technology
 Developed }  Concept bioreactor 
for testing bone ingrowth 
combined with antimicrobial 
technology
 Tested }  Antimicrobial gel 
technology in combination with 
porous titanium in rat model
 Tested }  Antimicrobial coating 
technology in combination with 
porous titanium in rat model
 Tested }  Feasibility study follow 
spine bone fusion in sheep model
 Tested }  Infection control around 
metal implant in osteomyelitis 
rabbit animal model
 Tested }  Antimicrobial gel and 
bone regeneration technology in 
combination with porous titanium 
in rat model
 Tested }  Effectiveness 
antimicrobial coating and bone 
ingrowth around metal implant in 
rabbit animal model

Clinical evaluation
 Developed }  Patient specific 
design of hip bowl prostheses
 Tested }  Mechanical evaluation of 
a new hip bowl prosthesis concept
 Developed }  Design of evaluation 
prototype vertebral fusion 
prosthesis
 Developed }  Approval for 
placement of vertebral fusion 
prosthesis in humans
 Implemented }  Placement 
of patient-specific dysplasia 
prosthesis in clinical patients 
(dogs)
 Implemented }  Placement of 2 
patient specific spinal implants
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In the project, an innovative 
workflow was developed to 
reconstruct the acetabulum, based 
on statistical shape modelling 
(see explanation on the right). 
At first glance, it seems logical 
to design the hip implant based 
on the mirror image of the other 
hip of the patient. But if one of 
the hips is damaged and needs 
to be replaced, the other hip is 
also affected in most cases, which 
often makes it impossible to 
design an implant in this way. In 
addition, there are often subtle, 
but important differences between 
left and right.

The scientists built an advanced 
model based on hip CT scans of 
150 healthy subjects. From this 
an ‘average shape’ of the hip was 
calculated. From this ‘average 
shape’ the patient’s anatomy can 
be digitally reconstructed, on the 
basis of which the new implant is 
then developed. This implant is 
constructed in such a way that it 
fits exactly on the remaining bone; 
a patient-specific implant.

It is important that sufficient 
scans are available because with 
a large sample the reliability 
of the dataset increases. 
Similarities between the patient 
characteristics (gender, age, etc.) 
allow a good reconstruction of the 
hip in a new patient to be made.

5.2 A new method for acetabulum 
reconstruction

Statistical  
shape modelling
Statistical shape 
modelling (SSM) is a 
technique for analyzing 
variation of shape. A 
set of sample shapes 
is collected and an 
analysis is performed 
to determine the main 
shape variations. This 
data can be used 
to reconstruct an 
incomplete model into a 
complete model.



Wolff’s law

Julius Wolff was a German 
anatomist and surgeon 
(1836-1902). Wolff 
described the ability of 
our skeleton to adapt to 
the way of loading. 

He found that bone tissue 
contains special cells 
that are sensitive to the 
mechanical forces that act 
on the bone. Where the 
loading on a bone is very 
high, the bone begins to 
create more bone mass. 
But the other way around 
is also true; where there 
is (too) little pressure on 
the bone, bone tissue is 
broken down.

We can see this in 
athletes, e.g. tennis 
players, where the 
dominant stroke arm 
increases in bone mass 
or in astronauts, where 
bone mass has decreased 
after a space trip, due to 
lack of loading from the 
temporary weightlessness.
. 

Workflow statistical  
shape modelling 

 Step 1 }  
Patient data

 Step 2 } 
Derive 3D 

geometry from 
the bone

 Step 3 }  
Digitally 

reconstruct the 
bone defect

 Step 4 }   
Composing the 
joint computer 

model

 Step 5 } 
Optimize implant 

design

 Step 6 } 
Printing optimized 

implant

Implant optimization in an 
acetabulum

The first image of a standard titanium 
implant shows that relatively many 
blue areas occur in the simulation, 
indicating a low load.

In a theoretical implant made of HDPE 
(a plastic), the load on the bone is 
much better distributed (a lot of red, 
little blue areas).

In the last image the optimized 
3D-printed implant, which leads to 
much less blue and more red areas. 
The implant loads the acetabulum 
more evenly and as a result will have a 
longer lifespan.
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Once an implant is added to bone, 
the load on the bone changes. 
Some parts of the implant will 
exert a high load on the bone, 
while others will be shielded by 
the implant, also called stress 
shielding.

Bone is a living material that adapts 
to the degree of loading. New bone 
will be formed in places with high 
loads and removed in places with 
little to no load, as described by 
Wolff’s law (see explanation on 
the right). This results in bone loss 
in areas shielded by the implant, 
which may cause the implant to 
loosen and wear out faster.

By extensively simulating the 
mechanical forces exerted on the 
bone by the implant, the scientists 
succeeded in optimizing the 
implant design in such a way as 
to prevent loss of bone and even 
stimulate the production of new 
bone. 3D printing is the only way to 
produce these implants.

5.3 Better implant fit



Spinal fusion surgery, the fusion of 
2 or more vertebrae, is carried out 
to relieve problems with the spine, 
in the case of a deformity, such as 
scoliosis, improve stability in the 
back or reduce back pain. During 
this operation, the intervertebral 
disc is removed and an implant is 
placed between the two vertebrae. 
To promote fusion, the implant 
is filled with bone. Usually, the 
bone from the patient’s own 
pelvic ridge is used. There are 
several problems with the current 
clinical treatment. Sometimes the 
vertebrae do not reach fusion 
and the donor bone is absorbed. 
And since donor bone is removed 
in another place in the body, 
complications can also develop in 
this place. Prosperos solved this.

Project partner 4WEB Medical 
has developed a new generation 
of implants, which do not require 
donor bone. In order to better 
predict the behavior of these 
implants in the body, a new model 
of the spine has been built, partly 
based on work done in a previous 
European FP7 project, MySpine. 
This model simulates the forces 
that work on an implant. The 
resulting stresses in the implant 
can be calculated and the implant 
can be optimized to promote bone 
growth.

5.4 A well thought-out implant design for 
the spine
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A personalized titanium implant 
has also been developed within 
Prosperos for the treatment of hip 
dysplasia, a common condition 
in humans and purebred dogs, in 
which the femur head can slip out 
of the acetabulum. Optimization 
of this implant was done by 
simulating the range of motion 
of the upper leg and the extra 
coverage of the femur head by the 
implant.

Animal tests have been carried out 
to validate the optimized implant. 
The aim was to demonstrate 
effectiveness and safety of the 
implant in a living organism. After 
a recovery period of three months, 
all animals had a normal walking 
pattern, which demonstrated the 
effectiveness of the implant. After 
six months, no cartilage damage 
could be observed, which shows 
that the implant is safe.
 

A clinical trial is currently 
underway, with 20 dogs being 
treated with these implants. 
Although this test is officially out of 
Prosperos’ scope, if successful, the 
implants can also be approved for 
use in human patients!

5.5 Designing implants for a specific 
application



Reconstructing major bone 
defects remains one of the 
most challenging aspects 
with revision total hip 
replacements. 

Often these reconstructions break 
down shortly after the operation. 
This is caused, among other 
things, by the lack of adequate 
bone ingrowth, a load on the bone 
that deviates from the normal 
situation and stress shielding. In 
an attempt to make hip revisions 
last longer, a new acetabulum 
with a deformable layer has been 
examined. The deformable layer of 
this new hip implant is deformable 
during insertion, giving it the 
ability to fully fill the defect in the 
acetabulum. This should reduce 
stress shielding and stimulate 
bone ingrowth.

Based on CT scans, five hip cups 
with a deformable layer have been 
designed and 3D printed. All five 
cups were placed in synthetic 
hips, after which again CT scans 
were made. These scans actually 
showed a deformation of the 
porous layer when inserted.

An overview of the design choices. (A) 
The 6 different types of deformable structures. (B)

Three structures have been chosen to be processed in 
the deformable implants (C-D).

5.6 3D-printed deformable implants

The hip cups were then tested 
by means of a simulated walking 
load. No cup showed any sign of 
mechanical failure. The cups also 
demonstrated the same level of 
fixation during the test cycles as 
other uncemented cups. Although 
not yet ready for use in patients, this 
is a promising concept. In this case, 
3D printing is used to make generic 
implants that are shaped exactly 
to the patient’s anatomy during 
implantation, leaving a personalized 
implant in the patient.
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Representation of graph showing how the implant 
behaves under pressure. TU Delft



Although the shape and material 
of the implant determine the 
mechanical behavior, the surface 
of the implant is what is ultimately 
in contact with the body. This 
surface can be treated in different 
ways to optimize the interaction 
between the implant and the 
body. A modified surface can 
improve bone growth, inhibit 
bacterial adhesion or be used as 
a reservoir for drugs, for example 
bone growth- stimulating or 
antimicrobial compounds.

Most of the surface treatments 
currently available had two 
main limitations. First, they 
usually offered only a single 
functionality (either improved 
bone regeneration or antimicrobial 
behavior). Secondly, the rate of 
drug delivery is not even, with a 
strong initial peak followed by 
longer sustained low release.

Layer-by-layer coating
The project examined various 
surface treatments, which contain 
both antimicrobials and bone 
growth stimulating compounds. 
In this way, we have succeeded 
in improving the bone tissue 
regeneration performance of 
the implants while reducing the 
risk of implant-related infections. 
This layer-by-layer coating is 
made up of layers of different 
substances and ensures a gradual 
and effective release of both an 
antibiotic (in this case vancomycin) 
and bone growth-stimulating 
proteins (in this case BMP-2).

5.7 Reduce risk of infection and stimulate 
bone regeneration
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PEO treatment
By applying a high current to a 
titanium implant, immersed in a 
conductive bath containing metal 
nanoparticles, the oxide layer of 
the metal grows. At the same time, 
the metal nanoparticles are 

incorporated in the growing oxide 
layer. The metal nanoparticles that 
have been tested include silver, 
which has an antimicrobial effect, 
and strontium, which has a bone 
growth stimulating effect.

Impression of the effect of PEO treatment



The process of bringing newly 
developed materials to the patient 
is costly and takes a long time. 
This is caused by the need to first 
test new developments extensively 
in the lab (in vitro), then in animals 
and ultimately in humans (in vivo).

In this project, the development of 
new bioreactors has been started, 
which simulate a more in human 
environment in vitro. The goal is 
to better predict how implants will 
eventually behave in the body.

A first proof-of-principle has 
been provided for bone tissue. 
In the bioreactor it is possible 
to create a tissue that behaves 
much more like real bone. Bone 
tissue grows in small chambers in 
3 dimensions, where a constant 
flow of liquid provides nutrients 
and removes waste. This fluid flow 
also causes mechanical stress on 
the tissue, which is essential for 
the development of healthy bone 
tissue.

In addition, these bioreactors offer 
the possibility to pre-grow tissue 
on implants, a process called 
biofunctionalization, which after 
placement in the body should be 
able to improve and speed up the 
healing process. The bioreactor 
concept will need to be further 
developed in a follow-up project, 
before application as a high-
throughput screening model and/
or biofunctionalization reactor can 
be validated.

5.8 Bioreactor
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5.9 Preclinical research into implant 
functioning and scanning techniques

An international preclinical project 
has been set up and implemented 
within the Prosperos project. 
The new implants produced by 
4WEB have been tested and 
compared with the standard 
polymer implants currently used 
in the clinic in a sheep model. 
The operations were carried out 
at project partner Medanex by 
a specialist from the Maastricht 
University Medical Centre. In this 
way, all expertise and possibilities 
from the consortium could be 
optimally exploited.

After undergoing the operation, 
transport took place so that 
PET-CT scans were made of the 
implants. With this innovative 
technique, we have tested to 
what extent these scans can be 
used in humans to monitor bone 
growth within a patient over time. 

By first doing this in a preclinical 
model, we have gained many new 
insights into the creation and 
interpretation of these types of 
scans.

In addition, through mechanical 
tests and microscopic analyses, 
we were able to thoroughly look 
at the bone growth around the 
new implants. These tests showed 
that the newly produced implants 
can indeed have a positive effect 
on bone healing. For the future, 
clinical research will have to be 
carried out to measure the actual 
effects of these new implants in 
the human clinic.
 

 



In a previous European project 
(MySpine), patient-specific 
computer models were developed 
from a database of patients 
suffering from lower back 
pain. These models have been 
further developed in the current 
Prosperos project to simulate the 
possible surgical procedure.

Based on these computer 
simulations, we can analyze 
per patient what the influence 
of the operation will be on the 
moveability of the lower back. 
These simulations also predict the 
forces the implant will experience 
during daily movements of the 
back.

Within the Prosperos project, we 
investigated what these forces 
at the interface of implant and 
new bone look like. Through the 
patient-specific models, we first 
looked at how these forces differ 
between the patients.
 

In addition, we compared the 
found forces on the implant with 
values that are desirable from a 
biological and mechanical point 
of view for optimal healing and 
stability of the operated back.
 
 

5.10 5.10 Patient-specific lower back 
computer models for calculating implants

Example display of test result from 
the computer model.
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Cage with 
stress areas

Top view cage with stress areas

The influence of manual 
operations, such as the use 
of the implant, are also varied 
and researched in current 
computer models. In the future, 
these models can be used to 
determine the correct implant 
prior to a possible operation. 

By incorporating and evaluating 
patient-specific properties in 
the model, an implant can be 
calculated in advance. For further 
optimization of the operation, 
the final implant design can be 
determined by the computer 
models and its output.



5.11 First clinical results achieved!

Successful 
treatments

During the project, two 
patients were treated using 
technology developed 
within the project. These 
operations could be 
performed under hospital 
exemption, as they were 
a last resort for these 
patients. Both procedures 
have been successfully 
completed, demonstrating 
the potential of the 
technology for patients.
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Cooperation 
veterinary clinic

The orthopedics 
department of the UMC 
Utrecht works closely 
with the veterinary clinic. 
During the project, several 
animals were treated with 
personalized 3D-printed 
implants. Two dogs were 
given a skull implant and 
a hornbill was given a new 
horn, a part of its beak.



In the body, oxidation processes 
are used to remove foreign 
objects. The degradation of metal 
is such an oxidation process. In 
theory, this allows for a degradable 
implant. Although all metals can 
oxidize, the rate at which this 
happens varies enormously. In 
general, the nobler a metal is, the 
slower the oxidation will occur. 
An important factor in this is the 
permeability of the metal oxide. 
In the case of titanium, a base 
metal that oxidizes quickly, the 
titanium oxide formed on the 
surface is impervious to oxygen. 
This prevents the underlying metal 
from being further broken down.

Although degradable biomaterials 
are not new, they certainly are 
in the context of orthopedic 
implants. Due to the mechanical 
requirements placed on 
orthopedic implants over time, 

only metals are actually suitable 
for manufacture. Several metal 
candidates have been selected 
that produce an oxygen-
permeable oxide, in this case 
magnesium, zinc and iron. The 
production of implants of these 
materials is possible with 3D 
printing, although this must be 
done in an atmosphere without 
oxygen, otherwise the metal 
powders will ignite during printing.

All the materials tested were found 
to be degradable, with different 
oxidation rates. Zinc proved to 
be the most promising candidate 
for degradable orthopedic 
implants. Zinc and zinc oxide are 
well tolerated by human bone 
cells, the mechanical properties 
fall within the requirements for 
orthopedic implants, and the rate 
of degradation is relatively low.

5.12 Towards fully degradable implants
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Saber Amin Yavari works as a 
researcher at UMC Utrecht. Saber 
shares with us his experiences during 
Prosperos.
 
Together with my colleagues, 
we developed different 
multifunctional coating systems. 
These coatings aim to prevent 
implant infection after placement. 
Furthermore, we would like 
to see coatings that stimulate 
bone regeneration of 3D-printed 
implants. I am satisfied with our 
progress and am convinced that 
our work package has made 
an important contribution to 
the ambitions set out within 
Prosperos. Conversely, I also see 
that Prosperos has had a positive 
impact on the level of knowledge 
within our organization.

Prosperos has enabled us as UMC 
Utrecht to set up new research 
lines in the field of implant-related 
infection, which currently supports 
research within other universities 

in different aspects. In Prosperos, 
for example, I worked closely with 
Professor Zadpoor’s group on TU 
Delft. Other than that, I’ve met a 
lot of interesting people.
 
I want to work more closely 
with colleagues in Maastricht 
and Leuven in the near future. 
Personally, I am sorry that the 
industry partners have not 
cooperated more intensively with 
our research. This could probably 
have been even more worked out 
benificially for both of us.

I have experienced project 
management from the Prosperos 
organization as very good and 
efficient.
The cooperation was at such 
a high content level that some 
partners sometimes seemed to 
find it difficult to keep up. For 
me personally, Prosperos’ multi-
disciplinary nature has given me 
the opportunity to develop myself 
enormously.

Personal story 
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I’ve learned from microbiologists, 
immunologists, biologists and 
orthopedic surgeons. This is 
essential to further develop a 
multidisciplinary field such as 
biomaterials. I would like to 
develop myself further in this.

Academically Prosperos has 
brought a lot to me. We have 
published no less than 7 research 
and review papers in different 
peer-reviewed journals, which 
have been often downloaded 
and cited during last years. This 
does indicate how academically 
relevant Prosperos is. For me, the 
next step now is the translation 
of our scientific findings into 
clinical practice which is one of 
my big ambitions right now. I 
hope there will be a sequel in the 
form of Prosperos II. Based on all 
the insights from Prosperos I, we 
could further focus on pre-clinical 
and clinical trials, which are used 
for the benefit of the patient and 
society.
 

Saber Amin Yavari } UMC Utrecht



6.
communication

In an ambitious interdisciplinary 
consortium, both internal and 
external communication is of 
great importance for effective 
cooperation and dissemination 
of results. Within Prosperos this 
was already recognized in advance 
and a communication strategy was 
devised and integrated during the 
design phase of the project.

In order to continuously 
monitor communication, a 
communication manager was 
appointed. During the project 
kick-off, a communication session 
was organized with all project 
partners in which the values of 
the consortium were discussed in 
detail. A common project vision 
was developed, supported by all 
partners, allowing disruptions 
and ambiguities to be kept to a 
minimum. The outcome of the 
session was recorded in a project 
positioning strategy.
 

In addition, a consortium meeting 
was organized twice a year, in 
which, in addition to the scientific 
progress, communication was 
invariably an item on agenda. 
Prosperos has pursued active 
communication. For example, 
investments have been made in 
a recognizable identity by the 
development of a logo with a 
matching corporate identity.

6.1 Professional communication 
approach 
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An important lesson 
that can be learned as a 
result of this project is 
that the professional and 
structural organization of 
communication provides 
a lot of added value in 
working from a shared 
vision, cooperation 
and dissemination of 
project results. The 
proper organization 
of communication 
management significantly 
increases the effectiveness 
of the project budget 
utilization.  



A professional interactive project 
website has been developed, both 
in Dutch and in English language, 
on which I  a lot of information 
could be found for interested 
parties:  
www.prosperosinterreg.eu  

This website will remain active 
in the foreseeable future. In 
addition to information about 
the background of the project, 
our project website also contains 
all relevant updates, such as the 
latest news, the posters during 
conferences and all scientific 
publications published directly by 
Prosperos consortium members 
during the project.

In total, more than 80,000 visitors 
visited the website. Most visitors 
we attracted came of course from 
our own Eurregio region, namely 
Belgium and the Netherlands, but 
we also received regular visits 
from the United States and other 
countries.

Prosperos was also active on 
Twitter under the appropriate 
name @smartimplant. Here the 
relevant news about Prosperos 
and its partners was shared with 
the outside world. Prosperos is 
followed by 70 loyal followers 
and spread over 150 tweets in 
Prosperos’ own network and 
beyond. It was chosen that the 
work package leaders shared 
relevant news facts on Linkedin 
under their own name.

6.2 Online presence
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First tweet from Prosperos  
@smartimplant



Prosperos developed 
communication tools to present 
the project at conferences, 
seminars, workshops, open days 
and lectures.

In addition to the striking 
Prosperos exhibition stand, we 
have also issued banners, posters 
and stickers to highlight the 
Prosperos project and its results 
(inter) nationally. 

During (inter)national conferences, 
our researchers presented their 
work to a broad, interested group 
of professionals using their own 
exhibition posters.

These posters were an excellent 
guide during pitches to listeners. 
An overview of these posters can 
be found at: 

prosperosinterreg.eu/posters/

6.3 Activation and dissemination
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A nice insight into the Prosperos 
project can be found via the links 
/ QR codes below. In this video (in 
Dutch), produced by the Province 
of Limburg, project leader 
Chris Arts and project manager 
Raymond Bevers clearly explained 
the added value of Prosperos 
for the Limburg region and far 
beyond.

https://vimeo.com/
472664434/
0d2c8a0703

6.4 Project video



Prosperos’ scientific relevance 
is also reflected in the list of 
publications by Prosperos 
researchers in leading scientific 
journals 

Functionality-packed additively 
manufactured porous titanium implants 
07-06-2020 / Elsevier / I.A.J.van Hengel, 
F.S.A.Gelderman, S.Athanasiadis, M.Minneboo, 
H.Weinans, A.C.Fluit, B.C.J.van der Eerden, 
L.E.Fratila-Apachitei, I.Apachitei, A.A.Zadpoor

Biofunctionalization of selective laser 
melted porous titanium using silver and 
zinc nanoparticles to prevent infections by 
antibiotic-resistant bacteria 04-03-2020 / 
Acta Biomaterialia / I.A.J.van Hengel, N.E.Putra, 
M.W.A.M.Tierolf, M.Minneboo, A.C.Fluit, 
L.E.Fratila-Apachitei, I.Apachitei, A.A.Zadpoor

Additively manufactured functionally 
graded biodegradable porous zinc 21-
02-2020 / Biomaterials Science / Y. Li, P. 
Pavanram, J. Zhou, K. Lietaert, F. S. L. Bobbert, 
Yusuke Kubo, M. A. Leeflang, H. Jahr, A. A. 
Zadpoor

Self-defending additively manufactured 
bone implants bearing silver and copper 
nanoparticles 21-02-2020 / Journal of 
Materials Chemistry B / I. A. J. van Hengel, M. 
W. A. M. Tierolf, V. P. M. Valerio, M. Minneboo 
A. C. Fluit, L. E. Fratila-Apachitei, I. Apachitei 
and A. A. Zadpoor

Mechanical performance of auxetic 
meta-biomaterials 30-01-2020 / Elsevier 
/ lH.M.A.Kolken; K.Lietaert: T.van der Sloten: 
B.Pouran; A.Meynen; G.Van Loock; H.Weinans; 
L.Scheys; A.A.Zadpoora

Substrate curvature as a cue to 
guide spatiotemporal cell and tissue 
organization 06-01-2020 / Elsevier / Sebastien 
J.P.Callens Rafael J.C. Uyttendaele Lidy E. 
Fratila-Apachitei Amir A. Zadpoor

3D Printing of Large Areas of Highly 
Ordered Submicron Patterns for 
Modulating Cell Behavior 03-12-2019 / ACS 
Applied Materials & Interfaces / M. Nouri-
Goushki*M. J. MirzaaliL. AngeloniD. FanM. 
MinnebooM. K. GhatkesarU. StauferL. E. Fratila-
ApachiteiA. A. Zadpoor

Additively manufactured biodegradable 
porous zinc 19-10-2019 / Elsevier / Y.Li 
P.Pavanram J.Zhou K.Lietaert P.Taheri 
W.Li H.San M.A.Leeflang J.M.C.Mol H.Jahr 
A.A.Zadpoor

Challenges in the design and regulatory 
approval of 3D-printed surgical implants: 
a two-case series 23-07-2019 / Lancet Digital 
Health 2019 / Koen Willemsen, Razmara Nizak, 
Herke Jan Noordmans, René M Castelein, 
Harrie Weinans, Moyo C Kruyt

A Novel Treatment for Anterior Shoulder 
Instability 17-07-2019 / THE JOURNAL OF 
BONE &JOINT SURGERY / Koen Willemsen, MD, 
Thomas D. Berendes, MD, Timon Geurkink, 
MD, Ronald L.A.W. Bleys, PhD, MD, Marius A. 
Leeflang, MSc, Harrie Weinans, PhD, Ren´e M. 
Castelein, PhD, MD, Rob G.H.H. Nelissen, PhD, 
MD, and Bart C.H. van der Wal, PhD, MD

Simultaneous Delivery of Multiple 
Antibacterial Agents from Additively 
Manufactured Porous Biomaterials to 
Fully Eradicate Planktonic and Adherent 
Staphylococcus aureus S. Bakhshandeh, Z. 
Gorgin Karaji, K. Lietaert, A.C. Fluit, C.H.E. Boel, 
H.C. Vogely, T. Vermonden, W.E. Hennink, H. 
Weinans, A.A. Zadpoor, S. Amin Yavari, , ACS 
Applied Materials & Interfaces 9(31) (2017) 
25691-25699.

6.5 Scientific publications
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Similarities for the Human Shoulder and 
Hip Joint Berendes TD, Geurkink T, Willemsen 
K, Weinans H, Castelein RM. Labral (pathologic); 
Open Access J Ortho. 2018;1:101.

Implementation of a semiautomatic 
method to design patient-specific 
instruments for corrective osteotomy of 
the radius Caiti G, Dobbe JGG, Loenen ACY, 
Beerens M, Strackee SD, Strijkers GJ, Streekstra 
GJ.. Int J Comput Assist Radiol Surg. 2019 
May;14(5):829-840.

Non-auxetic mechanical metamaterials. de 
Jonge, C. P., Kolken, H., & Zadpoor, A. A. (2019). 
Materials, 12(4), 635.

Bactericidal coating to prevent early and 
delayed implant-related infections, Journal 
of Controlled Release 326 (2020) 38-52.
F. Jahanmard, M. Croes, M. Castilho, A. Majed, 
M.J. Steenbergen, K. Lietaert, H.C. Vogely, 
B.C.H. van der Wal, D.A.C. Stapels, J. Malda, T. 
Vermonden, S. Amin Yavari, 

Selective laser melting porous metallic 
implants with immobilized silver 
nanoparticles kill and prevent biofilm 
formation by methicillin-resistant 
Staphylococcus aureus, Biomaterials 140 
(2017) 1-15.I. A.J. van Hengel, M. Riool, L.E. 
Fratila-Apachitei, J. Witte-Bouma, E. Farrell, A.A. 
Zadpoor, S.A.J. Zaat, I. Apachitei, 

Self-defending additively manufactured 
bone implants bearing silver and copper 
nanoparticles, J Mater Chem B 8 (2020) 
1589-1602.I.A.J. van Hengel, M. Tierolf, V.P.M. 
Valerio, M. Minneboo, A.C. Fluit, L.E. Fratila-
Apachitei, I. Apachitei, A.A. Zadpoor, 

Biofunctionalization of selective laser 
melted porous titanium using silver and 
zinc nanoparticles to prevent infections by 
antibiotic-resistant bacteria, Acta Biomater 
107 (2020) 325-337I.A.J. van Hengel, N.E. Putra, 
M. Tierolf, M. Minneboo, A.C. Fluit, L.E. Fratila-
Apachitei, I. Apachitei, A.A. Zadpoor,.

A multi-scale modelling framework 
combining musculoskeletal rigid-body 
simulations with adaptive finite element 
analyses, to evaluate the impact of 
femoral geometry on hip joint contact 
forces and femoral bone growth. PLoS One. 
2020 Jul 23;15(7) Kainz H, Killen BA, Wesseling 
M, Perez-Boerema F, Pitto L, Garcia Aznar JM, 
Shefelbine S, Jonkers I. 

Additively manufactured space-filling 
meta-implants. (ready for submission, 
waiting for patent) Kolken, H. M. A., de Jonge, 
C. P., van der Sloten, T., Fontecha Garcia, 
A., Pouran, B., Willemsen, K., Weinans, H., 
Zadpoor, A. A. (2020). 

Fatigue performance of auxetic meta-
biomaterials. (writing in progress) Kolken, 
H. M. A., Fontecha Garcia, A., Du Plessis, A., 
Rans, C., Mirzaali, M. J., Zadpoor, A. A., 

Mechanical performance of auxetic meta-
biomaterials. Journal Of The Mechanical 
Behavior Of Biomedical Materials, Art.No. 
103658. doi: 10.1016/j.jmbbm.2020.103658 
Open Access  Kolken, H., Lietaert, K., van der 
Sloten, T., Behdad, P., Meynen, A., Van Loock, 
G., Weinans, H., Scheys, L., Zadpoor, A.A. with 
Kolken, H. (corresp. author) (2020). 

Peptide Enhanced Bone Graft Substitute 
Presents Improved Short-Term Increase 
in Bone Volume and Construct Stiffness 
Compared to Iliac Crest Autologous 
Bone in an Ovine Lumbar Interbody 
Fusion Model. Global Spine J. 2021 Jan 
7:2192568220979839. Loenen ACY, Connor J, 
Johnson S, Davis K, Hannigan N, Barnes T, Arts 
JJ, van Rietbergen B. 

Misaligned spinal rods can induce high 
internal forces consistent with those 
observed to cause screw pullout and disc 
degeneration. Spine J. 2021 Mar;21(3):528-
537Loenen ACY, Noriega DC, Ruiz Wills C, 
Noailly J, Nunley PD, Kirchner R, Ito K, van 
Rietbergen B. 

Data on a rat infection model to assess 
porous titanium implant coatings, Data 
in Brief 21 (2018) 1642-1648.M. Croes, H. de 
Visser, B.P. Meij, K. Lietart, B.C.H. van der Wal, 
H.C. Vogely, A.C. Fluit, C.H.E. Boel, J. Alblas, H. 
Weinans, S. Amin Yavari, 

Antibacterial and immunogenic 
behavior of silver coatings on additively 
manufactured porous titanium, Acta 
Biomaterialia 81 (2018) 315-327.M. Croes, S. 
Bakhshandeh, I.A.J. van Hengel, K. Lietaert, 
K.P.M. van Kessel, B. Pouran, B.C.H. van der 
Wal, H.C. Vogely, W. Van Hecke, A.C. Fluit, C.H.E. 
Boel, J. Alblas, A.A. Zadpoor, H. Weinans, S. 
Amin Yavari, 



Accurate reconstructions of pelvic defects 
and discontinuities using statistical 
shape models. Computer Methods In 
Biomechanics And Biomedical Engineering 
doi: 10.1080/10255842.2020.1784404 Meynen, 
A., Matthews, H., Nauwelaers, N., Claes, P., 
Mulier, M., Scheys, L. with Meynen, A. (corresp. 
author) (2020). 

Layer by layer coating for bio-
functionalization of additively 
manufactured meta-biomaterials Additive 
Manufacturing 32 (2020) 100991.S. Amin 
Yavari, M. Croes, B. Akhavan, F. Jahanmard, 
C.C. Eigenhuis, S. Dadbakhsh, H.C. Vogely, M.M. 
Bilek, A.C. Fluit, C.H.E. Boel, B.C.H. van der Wal, 
T. Vermonden, H. Weinans, A.A. Zadpoor, 

Electrophoretic deposition: a versatile tool 
against biomaterial associated infections 
Journal of Materials Chemistry B 6(8) (2018) 
1128-1148.S. Bakhshandeh, S. Amin Yavari, 

Determination of pre-arthropathy 
scapular anatomy with a statistical 
shape model – Part I: Rotator Cuff Tear 
arthropathy. Journal Of Schoulder and Elbow 
Surgery. (In-press)Verhaegen, F., Meynen, A., 
Matthews, H., Claes, P., Debeer, P., Scheys, L. 
with Verhaegen, F. (joint first author), Meynen, 
A. (joint first author). 

A Novel Treatment for Anterior Shoulder 
Instability: A Biomechanical Comparison 
Between a Patient-Specific Implant and 
the Latarjet Procedure; The Journal of bone 
and joint surgery. American volume. 2019 Jul 
17;101(14):e68.Willemsen K, Berendes TD, 
Geurkink T, Bleys RL, Leeflang MA, Weinans H, 
Castelein RM, Nelissen RG, van der Wal BC. 

Long-term outcomes of the hip shelf 
arthroplasty in adolescents and adults 
with residual hip dysplasia: a systematic 
review; Acta Orthopaedica. 2020 Apr 1:1-7.
Willemsen K, Doelman CJ, Sam AS, Seevinck PR, 
Sakkers RJ, Weinans H, van Der Wal BC.    

Challenges in the design and regulatory 
approval of 3D-printed surgical implants: 
a two-case series; The Lancet, Digital Health. 
2019 Aug 1;1(4):e163-71.Willemsen K, Nizak R, 
Noordmans HJ, Castelein RM, Weinans H, Kruyt 
MC. 

Additively manufactured biodegradable 
porous iron. Acta Biomaterialia 77, 380-393 
(2018) Y. Li, H. Jahr, K. Lietaert, P. Pavanram, A. 
Yilmaz, L.I. Fockaert, M.A. Leeflang, B. Pouran, 
Y. Gonzalez-Garcia, H. Weinans, J.M.C. Mol, J. 
Zhou, A.A. Zadpoor. 

Additively manufactured functionally 
graded biodegradable porous iron. Acta 
Biomaterialia 96, 646-661 (2019) Y. Li, H. Jahr, 
P. Pavanram, F.S.L Bobbert, U. Puggi, X-Y. 
Zhang, B. Pouran, M.A. Leeflang, H. Weinans, J. 
Zhou, A.A. Zadpoor. 

Biodegradation affected fatigue behavior 
of additively manufactured porous 
magnesium. Additive Manufacturing 28, 
299-311 (2019) Y. Li, H. Jahr, X-Y. Zhang, M.A. 
Leeflang, W. Li, B. Pouran, F.D. Tichelaar, H. 
Weinans, J. Zhou, A.A. Zadpoor. 

Additively manufactured biodegradable 
porous magnesium. Acta Biomaterialia. 67, 
378-392 (2018) (Acta Student Award)Y. Li, J. 
Zhou, P. Pavanram, M.A. Leeflang, L.I. Fockaert, 
B. Pouran, N. Tümer, K.-U. Schröder, J.M.C. Mol, 
H. Weinans, H. Jahr, A.A. Zadpoor. 

Corrosion fatigue behavior of additively 
manufactured porous iron. Corrosion 
Science 156, 106-116 (2019)Y. Li, K. Lietaert, 
W. Li, X-Y. Zhang, M.A. Leeflang, J. Zhou, A.A. 
Zadpoor. 

Additively manufactured biodegradable 
porous zinc. Acta Biomaterialia 101, 609-623 
(2020) Y. Li, P. Pavanram, J. Zhou, K. Lietaert, P. 
Taheri, W. Li, H. San, M.A. Leeflang, J.M.C. Mol, 
H. Jahr, A.A. Zadpoor. 

Corrosion fatigue behavior of additively 
manufactured biodegradable porous zinc. 
Acta Biomaterialia 106, 439-449 (2020)Y. Li, 
W. Li, F.S.L Bobbert, K. Lietaert, J-H Dong, M.A. 
Leeflang, J. Zhou, A.A. Zadpoor. 

Multifunctional Silk Coating on Additively 
Manufactured Porous Titanium to 
Prevent Implant-Associated Infection and 
Stimulate Bone Regeneration, Biomedical 
materials (Bristol, England)  (2020).Z. Gorgin 
Karaji, F. Jahanmard, A.H. Mirzaei, B. van der 
Wal, S. Amin Yavari, 
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The following scientific articles are 
still being worked on and their 
publication is in preparation.

3D-printed deformable titanium as a 
solution for implants used in acetabular 
defect repair; a proof of concept  Koen 
Willemsen, Joëll Magré, Amir A. Zadpoor, Peter 
Seevinck, Bart C.H. van der Wal, Charles Vogely, 
Peter Mercelis, Harrie Weinans. 

3D-printed saw guides for lower arm 
osteotomy, a comparison between a 
synthetic and conventional CT-based 
method; Koen Willemsen, Mirte H. M. Ketel, 
Franck Zijlstra, Mateusz Florkow, Ruurd 
Kuijpers, Bart C. H. van der Wal, Harrie 
Weinans, Peter R. Seevinck, Ralph J. B. Sakkers. 

Long-term outcomes of the Chiari 
osteotomy in adolescents and adults 
with residual hip dysplasia: a systematic 
review; Koen Willemsen, Said Sadiqi, Menco 
Niemeyer, Peter Seevinck, Ralph Sakkers, 
Harrie Weinans, Bart van der Wal. 

Lessons learned from linking canine and 
human hip dysplasia; Koen Willemsen, 
Michelle Möring, Marianna Tryfonidou, Ralph 
Sakkers, Harrie Weinans, Björn Meij, Bart C.H. 
van der Wal. 

Measuring morphometric parameters 
of the hip joint: a comparison between 
conventional and synthetic computed 
tomography; M.C. Florkow, K. Willemsen, F. 
Zijlstra, W. Foppen, B.C.H. van der Wal, J.R.N 
van der Voort van Zyp, M.A. Viergever, R.M. 
Castelein, H. Weinans, M. van Stralen, R.J.B. 
Sakkers, P.R. Seevinck. 

3D printed joint-preserving implants for 
the treatment of hip dysplasia: a proof-
of-concept;  Koen Willemsen, Marianna 
Tryfonidou, Ralph Sakkers, René M. Castelein, 
Martijn Beukers, Amir A. Zadpoor, Peter 
Seevinck, Harrie Weinans, Shared last author: 
Björn Meij & Bart C.H. van der Wal. 

Early bone ingrowth and segmental 
stability of a trussed titanium cage versus 
a polyether ether ketone cage in an ovine 
lumbar interbody fusion model. Arjan C.Y. 
Loenen, Marloes J. M. Peters, Raymond T.J. 
Bevers, Claus Schaffrath, Els van Haver, Vincent 
M. J. I. Cuijpers, Timo Rademakers, Bert van 
Rietbergen, Paul C. Willems, Jacobus J. Arts. 



Within Prosperos my main 
research focus was on newly 
designed, 3D printed, titanium 
implants for lower back surgery. 
The research consisted of a 
combination of fundamental and 
preclinical research. 

With the help of computer models of 
the lower back, we have calculated 
which forces will be applied on 
the implants in realistic situations. 
We can then use this fundamental 
information to further change and 
optimize the design of the implant.

During optimization, we try 
to ensure that the forces that 
the implant experiences are 
mechanically and biologically 
desirable for the surrounding bone 
tissue. In parallel, I compared the 
new implants with the current 
standards in a preclinical animal 
model in order to test the 
functionality of the new implants in 
a living organism. The bone growth 
in the new implants has been 

thoroughly analyzed and compared 
to the current clinical standards. 
This showed that these new implants 
can indeed be more beneficial.

The lower back implants we have 
examined are made and supplied by 
industry partner 4WEB. We carried 
out the preclinical models, including 
associated surgs, in collaboration 
with industry partner Medanex. This 
resulted in a dynamic and excellent 
cooperation between industry 
partners and the academic institute. 
Given the (pre)clinical phase of the 
study, we also had a lot of input 
and contact with the orthopedic 
surgeons involved, so that the 
clinical aspects were constantly 
included in our research.

Personal story 
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It was still a bit of a search at the 
beginning of the project because 
there were many partners involved, 
each with their own knowledge and 
interests. But by careful assessment 
of each other’s capabilities and 
making clear agreements, it 
turned out that a lot was possible 
within this multidisciplinary team. 
I personally would like to see a 
follow-up to Prosperos, possibly 
with a slightly smaller consortium 
in which academy and industry can 
work together even more closely, to 
further quantify the actual clinical 
functionality and impact of our new 
implants and further accelerate the 
realization of personalized implants. 
In my opinion, the role of infection 
prevention is also a relevant pillar 
that should certainly be taken 
into account in the follow-up 
developments.

Arjan Loenen } Maastrict UMC+



7.
Acknowledgement   

and epilogue

On April 29th 2015, the Province 
of Limburg (NL), together with 
the Province of Flemish Brabant, 
signed a letter of intent, in which 
they express the ambition to work 
closely together in the field of 
regenerative medicine.

Innovation is a central theme in 
the Interreg program strategy to 
meet the challenges in the border 
region. The Prosperos consortium 
contributes to two key innovation 
pillars in the Interreg program:

1A. Stimulating industrial research 
and experimental development 
by expanding the research 
infrastructure at private and public 
knowledge institutions and by 
establishing connections between 
knowledge institutions.

1B. Innovation of products / 
services / applications / processes, 
in the form of industrial research 
and experimental development in 
cooperation between companies 
and between companies and 
Research & Innovation Centers 
and knowledge institutions.

7.1 Funding from the EU-regio
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Fortunately, facilitating the 
establishment of international 
cooperation in the field of 
regenerative medicine was also 
recognized by our grant providers 
as an important opportunity to 
stimulate the vitality of and in the 
region. 

The Prosperos project stimulates 
economic development in the 
region and beyond, through 
innovation and knowledge sharing. 
With Prosperos, the following four 
objectives have been fulfilled in 
the south of the Netherlands and 
Flanders (the Interreg region) and 
beyond: 

1. Better patient care; by 
developing new orthopedic 
implants that improve and 
accelerate patient recovery

2. Advanced research in the field 
of patient-specific 3D printed 
implants, anti-inflammatory and 
bone growth-stimulating coatings 
and new absorbable biomedical 
materials

3. Valorization and employment: 
the newly developed implants 
will be used in the clinic and will 
be marketed together with the 
companies concerned

4. New educational opportunities: 
several students have received a 
PhD during the project and the 
new developments will also offer 
room for students from other 
programs to learn about new 
patient-specific technology
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7.2 Retrospect from Interreg

In my work at the time as Interreg 
project advisor, I came across 
a wide variety of projects, from 
chemical innovation to labor 
market development and the 
like. However, a project aimed at 
a new generation of 3D-printed 
bone implants was new to me. 
Since its inception, the project has 
caught the attention of me and my 
colleagues, because this project 
is a prime example of the Interreg 
and European funding goal:  

high-end and tangible 
innovation with a clear 
impact on society, carried 
out by a skilled international 
consortium!

The goal was clear from the start: 
to connect scientific knowledge 
with the market. Easier said than 
done, but in the end the project 
team managed to bring together 

experts from different fields 
at the participating knowledge 
institutions and the business 
community. My compliments!

Although Maastricht was the 
central location for the project, 
we also had some good meetings 
at other locations, such as in 
Delft, where I could see a new 
metal adjusting its shape after 
it was kept in warm water. Or in 
Leuven, where I learned about 
patient rehabilitation using sensor 
technology.

Although the ultimate goal, to 
actually apply the new implants 
in the clinic, ultimately failed due 
to the COVID-19 pandemic, I am 
convinced that you will achieve 
that goal in the end. Perhaps in a 
follow-up project...?
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Thank you for these 
experiences and the insights 
and enthusiasm with which 
you have always carried out 
and explained the project. 
The consortium has what 
it takes to deliver on the 
promise of better care. Keep 
it up!

I wish you all the best of luck with 
your future efforts,

Nermin Dizdarevic

Senior Policy Advisor Economic 
Affairs, Province of Limburg



PRosPERoS’ ambition was 
expressly focused on translational 
research. That means it was not 
purely fundamental academic 
research

The aim here is to achieve 
concrete application in the 
hospital and to help patients 
with a new generation of 
smart implants including all 
the benefits that this entails. 

In order to achieve the 
implementation of such smart 
implants, in addition to the 
preclinical studies, a more 
fundamental theoretical study 
is a prerequisite. It sometimes 
happens that the clinicians 
want to move forward faster 
than the speed that engineers 
or the technology can achieve 
in development. Within 
Prosperos, this was a balancing 
act that required good project 
management and internal 
communication.

Due to the high complexity, we 
have not achieved all the pre-
appointed objectives, but we 
have developed a successful way 
of working together between 
academia and industry. 

Ultimately, these types of 
translational projects are the 
projects that can make a big 
difference, because so much 
is learned from each other.

As a responsible researcher, I 
am very proud of what we have 
achieved as a team in the past 
four years with the Interreg 
Flanders – the Netherlands 
Prosperos project. The project 
was challenging due to its size 
and complex parts, ranging from 
the fundamental side (low TRL) 
to close to implementation in the 
clinic (high TRL).

7.3 Epilogue

I am convinced that working 
with a multidisciplinary group of 
experienced researchers who 
are specialists in their field has 
been a reason for the fruitful 
collaboration. As a result, the 
research was of a high level from 
the beginning and we made real 
progress in a relatively short 
period of time.

A look to the future
Especially within Interreg projects, 
where relatively short distances 
promote cooperation for both 
academic and industrial partners, 
translational projects contribute a 
lot to social relevance.

Setting up the right 
infrastructure and providing 
insight into the right 
innovation pipeline is
crucial, and that does not 
stop after four years.

The blueprint developed with the 
consortium has the advantage 
that we can quickly take big steps 
in the event of a follow-up. The 
research design is more widely 
applicable than exclusively to 
implants and can serve as a guide 
for all kinds of projects in the field 
of regeneration.

In the future, a follow-up does 
not have to be limited to (hard) 
materials, but can also be used, 
for example, in the development of 
soft tissue applications. Setting up 
the process using the Prosperos 
method can be a catalyst for 
accelerated research in various 
relevant areas.

If we press on now, we can take 
the final step that will allow the 
newly developed generation of 
smart implants to be widely used 
in hospitals.
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There are still many opportunities 
within Prosperos. The insights 
and know-how obtained are 
also begging for application to 
materials other than metals (e.g. in 
calcium phosphate) and/or other 
applications (e.g. dental).

In fact, we are now ready to really 
step into clinical translation. 
Broader than the clinical 
indications originally appointed, 
a Prosperos II project proposal is 
actively being worked on. 

On behalf of the entire 
consortium, I would like to 
thank our funding partners 
for the trust placed in us and 
for enabling this successful 
project!

Maastricht, December 2020
Dr. Chris Arts
 
Associate professor Translational 
Biomaterials, Maastricht University 
Medical Centre & Eindhoven
University of Technology




