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Professor Leon Shaw with a graduate student in his lab at the Institute of
Materials Science. Photo by Peter Morenus

(PhysOrg.com) -- UConn engineering researchers are developing a new
family of implant materials.

His work in the red-hot area of nanotechnology has sparked three NSF-
funded research awards for Leon Shaw, a professor in the Department of
Chemical, Materials, & Biomolecular Engineering.

Of the three, one marries nano-materials with biomedical engineering.
Together with Yong Wang, an assistant professor of chemical, materials,
and biomolecular engineering, Shaw will work on developing a
titanium/hydroxyapatite orthopedic implant designed to improve implant
longevity and reduce the need for revision surgery, thus reducing long-
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term health care costs and patient stress.

Over 10 million Americans currently carry at least one major implanted
medical device in their bodies. Due to their excellent corrosion
resistance, superior strength, and biocompatibility, titanium and stainless
steel alloys are the principal materials used in most medical implants.
Despite their advantages, these alloys also carry major disadvantages: in
many cases, their life expectancy is shorter than those of their wearers,
prompting additional replacement implant surgeries.

In addition, titanium and steel alloys are unlikely to have the stability or
fit of the original tissue, leading to rejection of the implant. While
currently available implants may alleviate pain and allow patients to live
active lives, there are often complications getting bone to attach to the
metal devices. Small gaps between natural bone and the implant can
expand over time, requiring additional surgery to replace the implant.
Researchers are increasingly turning to nanotechnology for solutions.

To overcome the problems associated with metallic implants, many
research organizations and commercial companies have tried to develop
orthopedic implants that have a bioactive surface to promote cellular
adhesion and bony in-growth. Efforts have been made to create a stable
fit that more closely resembles the original tissue, thus eliminating the
need for additional surgery to repair the damage or gaps.

The two most widely used methods involve the application of either
hydroxyapatite or porous titanium coatings to implant surfaces. The
problem is that titanium is not bioactive, whereas hydroxyapatite
coatings could delaminate during use. With this in mind, Shaw and
Wang have geared their project toward the development of a new family
of functionally graded, porous implant materials with a hierarchy of
engineered microstructures. This new family of orthopedic implants will
address the issues by applying either hydroxyapatite or porous titanium
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coatings and will be fabricated through a novel solid freeform
fabrication method developed in Shaw’s laboratory. This type of
orthopedic implants is the first of its kind to pair a titanium-rich core
and a hydroxyapatite-rich surface with a controlled level of micro- and
macro-porosity never produced previously.

Shaw’s other NSF grants are also collaborative efforts. Shaw will be
teaming with Kennametal Inc., a global leader in hard metal technology.
This project is aimed at the development of innovative manufacturing
methods that can produce novel materials with superior mechanical
properties derived from nanocrystalline powder. The collaboration will
ensure that the research is relevant to the hard metal industry and that the
results will be disseminated to end users.

The third research project is in collaboration with Mahmoud Zawrah, a
researcher from the National Research Center in Cairo, Egypt. Together,
they are looking at the processing and fabrication of nano-Si3N4 and
SiC composites using the waste material silica fume as the starting
material. If successful, this project will lead to advancements in the
production of large quantities of high purity nano-composite powders
and sintered (or densified) Si3N4/SiC components from silica fume in a
reproducible, precise, and economical fashion.
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