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Fraunhofer at MEDICA and COMPAMED 2023

Bioactive composite supports healing of broken bones

A broken bone failing to heal represents an enormous burden for patients,
which also often leads to further additional surgeries being required. Fraunho-
fer researchers have worked alongside partners to develop a composite mate-
rial to be used in the treatment of such non-union cases. The resulting implant
(termed scaffold) is designed to significantly improve treatment success rates
and speed up the healing process. The material is made up of a combination of
a biodegradable polymer and bioactive glass and can serve as a main and sup-
porting structure. Its aim is to inhibit the growth of bacteria at the wound site
and support the growth of new bone structures. This innovative medical engi-
neering is the result of the SCABAEGO joint research project, funded by the
German Federal Ministry of Education and Research (BMBF). Fraunhofer IFAM
will present an initial demonstrator at the joint Fraunhofer booth at the COM-
PAMED medical engineering trade fair in Disseldorf, Germany (Hall 8a, Booth
G10).

Around 800,000 broken bones are treated in German hospitals each year. For approxi-
mately 10 percent of these cases, post-treatment complications occur due to the bone
not healing correctly, resulting in painful pseudoarthrosis that makes it impossible to
place weight on the bone. For patients, this often means a prolonged stay in hospital
with follow-up surgery and long-term treatment, while for clinics, it involves providing
time-consuming and expensive therapy.

In order to prevent this from happening, the Fraunhofer Institute for Manufacturing
Technology and Advanced Materials IFAM in Bremen has now provided a solution both
elegant and effective through the SCABAEGO (Scaffold Bioactive Glass-Enhanced Oste-
ogenesis) joint research project. The project’s aim is to test the working hypothesis that
using bioactive materials in operations supports the healing process and reduces the
risk of infection. The institute’s partners for this project are the Department of Trauma
and Reconstructive Surgery at the Heidelberg University Hospital as well as BellaSeno, a
company specializing in medical engineering based in Leipzig.

The Fraunhofer IFAM researchers have developed a composite material from the biode-
gradable polymer polycaprolactone (PCL) and bioactive glass. This composite is then
used to 3D print customized main and supporting structures for bone fracture sites,
called scaffolds. Prior to this, the structure of the damaged bone is mapped using com-
puter tomography (CT). The custom-fit structure replaces the missing part of the bone.
It is then filled with bone marrow taken from the iliac crest or from larger long bones.
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This ensures that the biological bone replacement material (autologous bone craft,
ABG) is stably contained and the fracture site heals safely.

Bioactive composite material transforms into bones

The innovative medical product provides even more advantages. “The bioactive glass in
the scaffold raises the pH of its surroundings to alkaline. The next thing we want to in-
vestigate is the expected result of this, which is inhibiting bacteria growth,” explains
Dr. Kai Borcherding, head of the Medical Technology and Life Sciences business unit at
Fraunhofer IFAM. The researchers expect this to significantly reduce the risk of postop-
erative infection.

The bioactive glass also supports the growth of new bone at the fracture site. Because
it is in contact with bodily fluids, the glass turns into hydroxylapatite, which is a chemi-
cal compound derived primarily from calcium phosphate and a substance very similar to
bone. “With bioactive glass, we can tackle the problems that clinics face — we can in-
hibit bacterial growth and provide effective support for bone healing. After six to seven
years, the scaffold will be fully biodegraded and converted into bone,” says PD Dr. To-
bias GroBner, trauma surgeon and head of experimental trauma surgery at Heidelberg
University Hospital.

Bioactive glass is already used for treating bone defects. What's new is combining it
with PCL on an industrial scale. The Fraunhofer researchers have succeeded in binding
glass and PCL to create a composite material that can be used directly in additive man-
ufacturing. The main result of this is that customized 3D scaffolds can be produced. It
is simple and quick to produce the composite material on an industrial scale. “The PCL
polymer is mixed with the glass granulate and a solvent before undergoing multiple
processing steps. At the end, the solvent is removed through drying, and the residual
composite is finely ground,” explains Borcherding.

Customizable bone support structure

Project partner BellaSeno “prints” the scaffold from this material using a 3D printer.
“We use 3D printing so that we can create each scaffold individually to fit the fracture
site for each patient,” says Dr. Mohit Chhaya, managing director of BellaSeno and pro-
ject coordinator. Prior to this, a CT scan of the damaged bone is taken. A 3D virtual im-
age of the bone can then be produced. Using this data, the 3D printer builds a scaffold
that perfectly fits the bone. “Every patient receives a unique, tailor-made scaffold. This
avoids the time-consuming mechanical fitting and tailoring in the operating theater,”
says GroBner.

New concept for easy healing

Going above and beyond previous procedures, the innovative composite material
should forge significant progress in treatment. The contemporary technique involves
covering the fracture site with a bone cement in an initial operation. The human body
perceives this cement as a foreign substance and protects itself with a periosteum
(bone membrane). This is known as Masquelet’s induced membrane technique. The
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process can take up to two months. After this period, the patient must undergo sur-
gery again. This time, the surgeon cuts open the periosteum, removes the cement, fills
the space with autologous bone and reseals the periosteum. Until now, there have
been few options for safely anchoring soft callus and thereby healing fractures without
disturbance. When used with a plate or nail, the scaffold provides the soft callus with
the required structure until the bone has healed.

The SCABAEGO project research team are already investigating the concept in vitro
and in vivo with preclinical tests, working alongside Heidelberg University Hospital.
While these are ongoing, the recipe for the composite is being optimized. The propor-
tion of bioactive glass in the scaffold can range between 10 and 30 percent. “We are
experimenting with the mixture proportions so that we can leverage the biologically
positive characteristics of glass as much as possible while maintaining the core strength
of the scaffold,” says Borcherding.

Fraunhofer IFAM will be at the joint Fraunhofer-Gesellschaft booth at the COMPAMED
medical engineering trade fair in Dusseldorf, Germany (Hall 8a, Booth G10) presenting
an initial 3D-printed demonstrator.

Picture 1: The SCABAEGO
project scaffold can be cus-
tomized to fit any size of
long bone. With the help of
a CT scan of the bone, the
scaffold can be tailor-made
using 3D printing.
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Picture 2: From PCL (left) to RESEARCH NEWS
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bioactive glass (center).
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Picture 3: At the pilot plant,
a 3D printer builds the scaf-
fold from the composite ma-
terial.
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The Fraunhofer-Gesellschaft, based in Germany, is the world's leading applied research organization. By prioritizing key technologies for the
future and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in
innovative developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft
currently operates 76 institutes and research units throughout Germany. Around 30,800 employees, predominantly scientists and engineers, work
with an annual research budget of roughly €3.0 billion, €2.6 billion of which is designated as contract research.



