Could you summarize your take-home
points of the paper?
The standard of care for alveolar cleft
repair—secondary alveolar bone
grafting—remains limited by
considerations such as donor-site
morbidity and resorption. Our group
investigated a potential alternative to this
clinical challenge by integrating two novel
bone tissue engineering applications in a
translational rabbit alveolar cleft model: (1)
a 3D printed beta tricalcium phosphate (BTCP) scaffold that is both durable enough
to remain in place as healing occurs in
vivo, but with an architectural framework
that optimizes vascular ingrowth, bone
healing and absorption kinetics (2) coating
our scaffolds with a novel osteogenic
agent (Dipyridamole) to locally deliver a
cellular signal that accelerates early bone
healing. Scaffolds were created using CTbased imaging, computer aided design
(CAD) and 3D-printing in order to
precisely fill an anatomic bony defect. The
3D printed scaffold was used to compare
the osteogenesis and side effects of
Dipyridamole and rhBMP-2, the most
investigated bone regenerative agent. We
demonstrate that Dipyridamole-coasted BTCP scaffolds heal bone as well as
rhBMP-2 coated scaffolds do at t=8 weeks
without the adverse effects of rhBMP-2
that have been reported by us and others--namely premature suture fusion.
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What were the challenges and
how did you overcome them in
this project?
Figuring out a way to test the
mechanical properties of newly
formed bone at the alveolus was
difficult. Many of our previous
translational models involved
assessing osseointegration of
biomaterials at sites such as sheep
spine, so the dimensions are very
different. We also couldn’t use a
traditional long bone type of test
such as 3 or 4 point bending
because of the nature of the alveolar
defect. Fortunately, nano-indentation
allowed us to assess elastic modulus
and hardness properties directly at
sites of new bone regeneration with
an excellent degree of precision.

In your paper, you've
compared the results of
rhBMP-2 and Dipyridamole.
Are there any other bone
regenerative agents we
should look out for in future
research?

Are there any concerns
for increased bleeding
rates by using a
compound that has
anti-platelet properties
during a surgical
procedure?

Our group focuses on two of
the three main principles of
tissue engineering: scaffolds
and bioactive agents that alter
cellular mechanisms to drive
regeneration. The third
principle is stem cells—
osteoprogenitor cells are
definitely well studied and are
certainly a therapeutic to keep
an eye on.

Fortunately, the
application of
Dipyridamole on to our
scaffolds involves crosslinking, so delivery of the
molecule really is
localized. We haven’t
seen any bleedingrelated sequelae in our
experimental models.

I noticed that you had three experimental groups: 1) nothing; 2)
scaffold with rhBMP-2; and 3) scaffold with dipyridamole. Have
you previously looked at just the placement of the scaffold,
and if so, does it have any effect on bone regeneration?
We have! In skeletally mature animal models, we’ve investigated
scaffold-only experimental groups at the mandible and radius. The
scaffolds were still able to regenerate bone at critical-sized defects
because of their geometric design. Essentially, the shapes and
dimensions of scaffold pores actually matter and will influence how
well bone can osseoconduct, or travel through a biomaterial. They
just don’t do so as quickly as Dipyridamole-coated scaffolds.

The mechanism you are proposing is that scaffolds with dipyridamole stimulate
endogenous bone regeneration. In this study, you surgically created a defect in
the alveolar bone of wild type rabbits, and you had a robust regenerative
response with your novel treatment. How do you anticipate your dipyridamole
scaffold performing in animals that have a primary alveolar bone defect, as in
humans? Are there genetic animal models with alveolar defects that you can
apply this in, where they may have a more limited regenerative bone potential?
Great question. The big principle that we’ve seen time and time again in our
experiments is “form determines function.” Since alveolar clefts are an embryologic
challenge rather than a systemic bony one, theoretically the replacement of a defect
with vascularized tissue nearby shouldn’t be an issue—but of course we’ll have to
see. Genetic models tend to be more prevalent in murine populations and it’s hard to
say that findings from such small models are really “translatable.”

How do you think your findings can
contribute to plastic surgery or medicine in
general?
Pediatric bone tissue engineering will be part
of the future armamentarium of the
craniofacial surgeon. However, in order to
implement these constructs into a clinical
setting, robust osteogenesis, favorable
degradation kinetics and safety to the growth
centers of the face need to be demonstrated.
Our paper reports these findings.

Your pre-clinical results are very
promising. When do you think we can
expect clinical studies and eventual
availability of this technology?
Thank you! I think clinical work is on the
horizon, but we aren’t there yet. The
group feels strongly about making sure
that this device and delivery mechanism
are safe and effective in both short- and
long-term settings. The next immediate
steps will involve longer end points,
confirmation of normal craniofacial
growth in a growing animal model
through the time of facial maturity,
implementation of this construct into
larger translational models, and in vitro
studies on human stem cells.

The application of your technology for cleft patients could be
a major advance for our specialty. Have you considered any
other applications for this or similar technologies?
Absolutely. Our group’s initial bone tissue engineering work was
actually funded to investigate the regeneration of long bone
defects at the upper extremity for wounded warriors. It’s funny how
craniofacial history tends to repeat itself, because I remember
reading how distraction osteogenesis for the mandible stemmed
from Illizarov’s work on long bone defect/lengthening. Although
this research is in the field of pediatric craniofacial bone tissue
engineering, it is certainly translatable to the spine or any other
bone of the body. The potential applications are quite broad.

How did you first become involved in this type of
research?
As a medical student in NYC, I was interested in how
innovation was happening in plastic and reconstructive
surgery. At the same time, NYU had just put together an
interdisciplinary research group, bringing together
expertise from craniofacial surgery, oral & maxillofacial
surgery, dentistry, large translational animal models,
engineering, and of course basic science. When presented
with the opportunity to participate, I couldn’t refuse. A big
part of the surgery/science process that I loved was the
mentorship I received. Getting to work with people you
respect and admire on a daily basis shows you how
dedicated surgeon-scientists are to the advancement of
the field, which in turns makes you excited about trying to
be a part of it all.
How do you plan on incorporating clinical and bench
research in your training? (e.g. do you hope to run a
lab, serve as the principal investigator for clinical trials,
etc.)
I aspire to lead a research group—whether that means as
a collaborator on basic science initiatives or pushing the
actual translation of findings to clinical trials is something
I’m not as sure about just yet.
What are your next steps?
Learning how to become a plastic and reconstructive
surgeon! One of the many things I’m really excited about at
Johns Hopkins/University of Maryland is the opportunity to
conduct research for a full year after the PGY-2 year. I’m
excited about this infrastructure and how it will empower
my aspiration to be a surgeon-scientist.

