Capability Statement

Biomedical and
biomaterial devices
The University of Wollongong (UOW) has an
international reputation for the strength of our
biomedical research and capacity to develop
biomaterial devices resulting from our longstanding excellence in materials research.
This work ranges from developing synthetic biosystems such
as structures for nerve regeneration, bionic muscles and
3D-printed structures for islet cells, to developing devices
like the Axcelda Pen, which allows surgeons to design
customised implants on-site while conducting surgical
procedures for cartilage regeneration.
UOW’s Innovation Campus is home to the Australian
Institute for Innovative Materials (AIIM), which houses two
of the University’s leading research institutes – the Institute
for Superconducting and Electronic Materials (ISEM) and
the Intelligent Polymer Research Institute (IPRI). IPRI is the
lead node of the Australian Research Council (ARC) Centre
of Excellence for Electromaterials Science (ACES) and the
Australian National Fabrication Facility (ANFF) - Materials Node.
ACES is committed to expanding knowledge of materials
to create the next generation of “smart devices” to provide
new health and energy solutions. The Centre’s strength is its
expertise in end-to-end biofabrication solutions, with skills in
forming printable bio-inks, stem cell biology and customised
printing which assists researchers to develop concepts into
actual products.
ACES, IPRI and ISEM collaborate with other researchers,
particularly from the School of Chemistry, the School of
Medicine and the Illawarra Health and Medical Research
Institute (IHMRI) on biomedical and biomaterial projects.
These collaborations have given rise to the development
of localised controlled delivery of drugs to treat pancreatic
cancer. In other work, 3D printing has been used to create a
benchtop airway model to better understand sleep apnoea.
The IPRI/ACES group has a strong bionics program closely
connected with St Vincent’s Hospital Melbourne, which
provides access to surgeons and other clinicians. Researchers
and clinicians are focusing on the use of novel electromaterials
and advanced manufacturing techniques to build devices
for biomedical applications such as nerve regeneration and
regrowth, bone regeneration, implantable devices, artificial
(bionic) muscles and epilepsy detection and control.
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Prototyping and device development facilities at AIIM
allow researchers to design and build prototypes, taking
their ideas from concepts to products that are closer to
commercialisation. The facility is the first in Australia to
bridge the gap between research breakthroughs and
prototyping.
From 3D printing to green power to robotics, UOW’s School
of Mechanical, Materials, Mechatronic and Biomedical
Engineering offers a unique mix of study areas, including
postgraduate industry training and continuing professional
development.
INTELLIGENT POLYMER RESEARCH INSTITUTE

IPRI is the lead node of the Australian Research Council (ARC)
Centre of Excellence for Electromaterials Science (ACES)
and is recognised as a world leader in the development of
intelligent materials and nanotechnology, including expertise
in the electrochemistry of organic conductors in applications
such as artificial muscles, wearable and implantable energy
sources, and biomedical applications.
Researchers are collaborating on projects from developing
3D-printed body parts to building robotic systems that have
the high dexterity found in humans (soft robotics).
3D printing technology researchers at IPRI are developing
biomedical devices that replicate organs and other body
parts, while also designing and manufacturing machines to
make them. Meantime, ink-jet printing, 3D extrusion printing
and wet-spinning methods are being adapted to produce
biomaterials.
UOW and our partners at St Vincent’s Hospital Melbourne
have worked together to create the Axcelda Pen – a handheld 3D printer - which allows surgeons to repair damaged
and diseased bone material by delivering live cells, within
a specialised bio-ink formulation, directly to the site of the
injury to accelerate regeneration of bone and cartilage.
This printing approach is also being used in the iFix system,
which incorporates 3D printing to repair corneal ulcerations.
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The ACES team has built a customised multi-materials
biofabrication 3D printer as well as the required bioinks to
support this project which aims to regenerate cartilage for
use in reconstructive ear surgery.
Biofabrication – a process of regrowing human tissue using
3D printing techniques – enables health professionals to offer
patients improved, personalised treatments for nerves and
tissue damaged by disease or injury. Potential applications
range from treatment for spinal cord damage, to helping
repair tissue after a mastectomy.
The ACES team, in conjunction with Royal Adelaide Hospital,
has demonstrated a breakthrough in 3D bioprinting insulinproducing islet cells to treat type 1 diabetes. Central to this
work are the cutting-edge biomedical printing device, 3D
PICT, and customised bioink formulation both designed and
built by ACES researchers, which help to fabricate 3D isletcontaining structures with a unique shell layer that can be
delivered into the body in a way that protects and maintains
the viability of the cells.
Researchers at ACES are also teaming up with worldrenowned burns specialist Professor Fiona Wood and
researchers from Curtin University to develop technology
to treat skin wounds. Partnering with industry partner
Inventia Life Science, researchers are developing a 3D
bioprinting platform protoype for bioprinting skin tissue. The
Wollongong team is responsible for developing the bioinks
for the projects - materials that work to regenerate the skin,
rather than simply repair it. The technique - which could one
day replace skin grafting - would use the patient’s own stem
cells in a bioink that would be inserted into a specialised 3D
bioprinter and applied to the wound.
UOW is also partnering in a new ARC Training Centre in
Additive Biomanufacturing that will help position Australia
as a world leader in 3D bioprinting for medical applications.
A Graduate Certificate in Biofabrication online course is also
currently offered. In 2014, UOW launched the world’s first
Masters degree in medical treatments based on printing
and regrowing human tissue, in partnership with three other
world-leading biofabrication research institutes.
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FAST-TRACKING BIOPRINTING SOLUTIONS

IPRI has also launched another entity that is focusing on
research commercialisation - the Translational Research
Initiative for Cellular Engineering & Printing (TRICEP). Drawing
on expertise and facilities available at ACES and the Australian
National Fabrication Facility (ANFF) Materials Node, TRICEP
is connecting research and industry to fast-track bioprinting
solutions to combat significant clinical challenges.
TRICEP offers SMEs, research institutions and industry the
opportunity to partner with leading researchers to develop
and commercialise 3D printing technologies for use in the
medical industry. The ability to arrange living cells in 3D
advanced material structures enables researchers to tackle
significant challenges including cartilage regeneration,
corneal regeneration, 3D printed ears, and 3D printed
structures for islet cell transplantation.
3D-PRINTED MEDICAL FACE SHIELDS

UOW researchers are producing 3D-printed face shields
in collaboration with two local 3D printing companies.
Researchers from ACES, TRICEP, and UOW Makerspace have
combined forces to provide local protective gear solutions
during the global COVID-19 pandemic.
The group is working closely with the Illawarra Shoalhaven
Local Health District to determine what can be produced
using local 3D printing capabilities, as well as refining designs
and producing prototypes for final testing at Wollongong
Hospital.
EXPANDING BIOMEDICAL TIES

In 2019, UOW expanded our biomedical ties with India,
signing a strategic collaboration with Andhra Pradesh
Medtech Zone (AMTZ), bringing our expertise in 3D
bioprinting techniques to India’s first integrated medical
devices manufacturing zone.
AMTZ was created to provide a one-stop solution covering
common scientific, manufacturing and commercial facilities
for medical device manufacturers and innovators. Several
research and training initiatives primarily focusing on 3D
biofabrication will be established under the MoU.
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UOW is also partnering with an Ear, Nose and Throat
(ENT) surgeon from Royal Prince Alfred Hospital in Sydney
to design a 3D printer named 3D Alek that can treat
microtia, a congenital deformity where the external ear is
underdeveloped.

One of the key collaborative research initiatives being
pursued by AMTZ and UOW is a project to develop a scanand-printing package to produce 3D-printed ears. The
project will be coupled with innovative programs to support
widespread deployment of the technology in both India and
Australia.
Latest advances at ACES include customised 3D bioprinters
such as the 3D Genii, which prints prosthetic ears. The 3D
Genii can print implantable, flexible, customised prosthetic
ears that match the colour and anatomy of the patient.
The patient’s ear is scanned using smart phone software,
and the file is uploaded for printing. The customised printer
is capable of high precision 3D printing of silicon rubber into
complex shapes, such as those found in an ear.

ISEM is a world-leading research institute dedicated to
developing new and innovative technologies to generate,
transport and store energy and improve the efficiency of
electronic devices. The institute ranks among the leading
research groups globally in the fields of superconducting
materials and lithium-ion battery research. Its research
program is working on new materials and technologies for
applications including medical equipment and biomedical
applications.
ISEM researchers are pioneering the development of
advanced nanoceramics for a number of health protection
applications including: free radical scavengers for
neurodegenerative diseases and radiation protection;
smart theranostic nanoparticles for highly selective cancer
therapies based on induction of controlled oxidative stress
in malignant cells; and next-generation highly efficient
multifunctional inorganic UV filters for sunscreens optimised
for Australian conditions, which provide simultaneous strong
UV filtering and biological protection from reactive oxygen
species.
Researchers at the ISEM are part of a multi-disciplinary team
to design and develop “smart liposomes” based on magnetic
nanoparticles, to be used for targeted drug delivery in cancer
treatment. The ISEM, in collaboration with UOW’s Centre for
Medical Radiation Physics (CMRP), is also developing novel
types of radiosensitisers, based on heavy-element ceramic
nanoparticles, for advanced radiation therapies.

UOW’s Global Challenges Program is a strategic research
initiative bringing together researchers from a variety of
disciplines to investigate local and global problems, alongside
industry, government and community.
Global Challenges sponsors interdisciplinary research and
several new biomedical products have emerged from
this research. The projects involve diverse research teams
providing a holistic approach to the design and evaluation of
new products. Examples of these include:
– The next-generation condom that addresses barriers to use
in developing countries. The condom, made of new tough
hydrogel materials, was one of the winners of the 2018 NSW
Medical Devices Funds.
– A vibration-free driver’s seat for heavy vehicles that
improves physical and cognitive wellbeing.
– Smart fabric wearable technologies for an ageing
population, allowing the transmission of health monitoring
data from the individual.
– Active compression garments for the treatment of
conditions such as lymphoedema.
BIOMECHANICS RESEARCH LABORATORY

UOW’s Biomechanics Research Laboratory is developing
innovative strategies, based on rigorous applied
biomechanics research, to decrease injury potential and
optimise the quality of life for individuals of all ages.
Responsive clothing is the new frontier of sports and health
technology, with UOW researchers leading the way in
solutions that prevent injury and improve comfort. This has
led to the development of the Intelligent Knee Sleeve, the
Bionic Bra and the Lymph Sleeve.
These are three examples of cutting-edge “wearable
technologies” developed via collaborations among
biomechanics researchers, material scientists, chemists,
mechatronic engineers, clinicians, patients and industry.

TRICEP is connecting
research and industry
to fast-track bioprinting
solutions to combat
significant clinical
challenges.
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