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Significantly improved glass ceramics

New teeth:
Highly rigid — and ready for immediate use

The demands placed on a dental prosthesis are high: it should look natural,
endure accidental biting on cherry pits — and if possible, the patient should be
able to remain in the dentist's chair while the dental prosthesis is individually
milled and inserted. Dr. Bernhard Durschang and Dr. J6rn Probst of the Fraun-
hofer Institute for Silicate Research I1SC have developed such a dental prosthesis
and have been awarded the Fraunhofer "Human-Centered Technology" prize.

The tooth is badly damaged and must be repaired. Dentists use a variety of materials,
including glass ceramics. They look most natural, and the dentist can also finish a glass-
ceramic prosthesis directly in the practice. To do this, the dentist first records the situa-
tion of the teeth in the patient's mouth using a pencil camera, software calculates the
individual CAD data, and a milling machine cuts the crown automatically and precisely
via CAM. The blank is then hardened at a temperature of at least 800 degrees Celsius,
which is a time-consuming work step. In addition, the color of the dental crown
changes as it is being heated up. It is therefore possible that the dental bridge does not
perfectly match the color of the rest of teeth: Then it has to be modified with a veneer.

The glass ceramics were considered to have reached their maximum potential

Dentists and patients alike want a product that can be individually adapted at such a
pace that the patient can wait for it in the dentist's chair — this is also referred to as
chairside treatment. In addition, the dental prosthesis should be as strong as possible in
order to be able to withstand the strain in the long term. With current glass ceramics,
further improvements were no longer possible and considered to have reached their
maximum potential.

However, Dr. Bernhard Durschang and Dr. Jorn Probst from the Fraunhofer Institute for
Silicate Research ISC in Wirzburg have now developed exactly such a dental prosthesis,
together with the companies VITA Zahnfabrik H. Rauter GmbH & Co. KG and
DeguDent GmbH. For their achievement, the two Fraunhofer researchers were
awarded the Fraunhofer Prize "Human-Centered Technology". " At more than 500
MPa, our glass ceramic is much stronger and more robust than conventional glass ce-
ramics, which only reach around 350 MPa," says Probst, who has been responsible for
the health application area at the Fraunhofer ISC since 2002. "In addition, post-curing
in the furnace is no longer necessary. And: glass ceramics in all different color nuances
with their enamel-like translucency have an excellent visual appearance. The prosthesis
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Thinking outside of the box led to the desired results

Yet, how did the researchers manage to elicit so many improvements from a material
that is considered to have reached its full potential? Glass ceramics consist of an amor-
phous glassy phase and a crystalline portion. So far, researchers have tried to push the
proportion of the crystalline phase as high as possible — after all, it was the crystalline
phase that provided the strength. However, the two scientists at the Fraunhofer ISC
broke with conventional wisdom. "Instead, we have turned to the properties of the
glass phase — and thus achieved something amazing," explains Durschang, who has
been developing glasses and glass ceramics at the Fraunhofer ISC since 1996. "Adding
various metal oxides to the amorphous portion increases its strength. Thus the amor-
phous portion of the unpleasant residual glass that one wants to get rid of is trans-
formed into a useful portion that even increases the overall strength.”

The project extended far beyond the actual material development. The two partner
companies received everything from a single source: from the initial solution idea to the
CE-certified production plant. In the meantime, this new type of glass ceramic is al-
ready in use by many dentists. The annual revenue of these glass ceramics at the two
partner companies is already in the double-digit million range — annual growth rates of
around 20 percent are expected in the coming years.
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Silicate Research ISC:
Bernhard Durschang (left)
and Dr. Jorn Probst.
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Fraunhofer ISC solution,
glass ceramics were
considered to have reached
their maximum potential.
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The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activities are conducted by 72 institutes and
research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of more than 26,600, who work with an annual
research budget totaling 2.6 billion euros. Of this sum, 2.2 billion euros is generated through contract research. Around 70 percent of the
Fraunhofer-Gesellschaft's contract research revenue is derived from contracts with industry and from publicly financed research projects.
International collaborations with excellent research partners and innovative companies around the world ensure direct access to regions of the
greatest importance to present and future scientific progress and economic development.
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