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Rebuilding bone from the inside out
By Annie Hayashi

KAPPA DELTA AWARD WINNERS DEVELOP

NOVEL BIODEGRADABLE POLYMERIC SCAFFOLDS

For more than a decade, Michael J.
Yaszemski, MD, PhD, and his co-
investigator Lichun Lu, PhD, have
focused on finding novel ways to
treat bone defects. Their efforts,
detailed in their paper
“Osteoinductive injectable degrad-
able polymeric scaffolds for
osseous defect repair,” earned them
the 2009 Kappa Delta Elizabeth
Winston Lanier Award.

Despite tremendous progress in
bone tissue engineering—including
advancements in autologous and
allogenous bone grafting—clinical
situations still exist in which
current techniques are not effec-
tive. Dr. Yaszemski’s research may
lead to new treatment options in
those situations, particularly for
contained trabecular bone defects
and segmental bone defects. 

“Combining polymeric, metal-
lurgic, and tissue engineering strate-
gies with growth and signaling
factors that encourage uncommitted
cells to become bone-forming cells
will, I believe, enable us to develop
additional therapies in our lifetime,”
said Dr. Yaszemski. 

Drs. Yaszemski and Lu have
successfully synthesized a series of
biodegradable polymers based on
polypropylene fumarate (PPF),
polycaprolactone fumarate
(PCLF), PPF/PCLF blends, and
PPF-co-PCLF copolymers.

“These materials can be manu-
factured in unlimited supply and
the flexibility in their design allows
the synthesis of a wide range of
polymers with varying mechanical,
biologic, degradation, and rheolog-
ical properties,” he said.

Exciting clinical news 
on the horizon 
Dr. Yaszemski’s musculoskeletal
bone and tissue engineering
program takes a systematic
approach to addressing the prob-
lems of both contained trabecular
and segmental bone defects. 

The strategy for treating
contained trabecular bone defects
includes “injectable formulations
of a polymeric scaffold. It may
contain cells and/or bioactive
molecules and can fill a defect 
of arbitrary shape through either
an open surgical approach or a
minimally invasive percutaneous
technique.

“The strategy for treating a
segmental skeletal defect includes
fitting a polymeric scaffold to the
defect either by preparing it preop-

eratively from a computed tomog-
raphy scan or magnetic resonance
imaging data and solid free-form
fabrication. 

“It can be molded to fit the
defect intraoperatively while the
polymer is cohesive, yet soft

enough to work into a desired
shape,” he explained.

Synthetic polymers: 
The building blocks
In addition developing synthetic
polymers, the investigators have
design criteria covering biocompat-
ibility, mechanical properties,
degradation, osteoconductivity,
osteoinductivity, sterilizability, and
handling characteristics.

To be biocompatible, the mate-
rials cannot be toxic to local or
systemic tissues during polymeriza-
tion, service life, or degradation. 

The mechanical properties—
compressive modulus and
strength—need to be equivalent to
that of the trabecular or cortical
bone being replaced.

The scaffold must provide
support to protect the tissue in its
early stages of healing while
“gradual load transfer to the
newly formed bone is needed later
in the regeneration process to
allow bone remodeling,” according
to Dr. Yaszemski (Fig. 1).

Scaffolds must also serve as suit-
able substrates where osteogenic
cells can proliferate, differentiate,
and secrete osteoid matrix.

“Growth factors released from
the scaffold further modulate
osteoblastic cell functions and
enhance bone formation,” he said.

Recently, the team developed
injectable materials that meet
many of these criteria. The mate-
rials need to be cured—either
chemically or through a light
source—to have the appropriate

Fig. 1  Histology of a longitudinal section through the scaffold implanted in a bone defect after
a 2-month period.

Reprinted with permission from Michael J. Yaszemski, MD, PhD, Osteoinductive injectable degradable polymeric scaffold for osseous
defect repair, Kappa Delta Award submission2009.

Michael J. Yaszemski, MD, PhD
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