This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution
and sharing with colleagues.
Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.
In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information
regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:
http://www.elsevier.com/copyright

Author's personal copy
Journal of Controlled Release 134 (2009) 157

Contents lists available at ScienceDirect

Journal of Controlled Release
j o u r n a l h o m e p a g e : w w w. e l s e v i e r. c o m / l o c a t e / j c o n r e l

Cover Story

Non-invasive monitoring of BMP-2 retention and bone formation

Over the past decades, the role of growth factors in bone
regeneration has gained increasing interest. Many growth factors
involved in the natural process of bone healing have been identiﬁed.
Advances in recombinant DNA technology have enabled large scale
production of such growth factors for research and therapeutic
applications. Despite their promising effects on the regeneration
process, administration of growth factors in orthopedic applications
remains complicated by their short biological half-lives and rapid local
clearance. To overcome these problems, controlled delivery systems
have been utilized to maximize growth factor-based bone regeneration. Although many vehicles for growth factor delivery are currently
under development and appear promising, optimization of their
pharmacokinetic and biological actions is still a big challenge. A
particular hurdle to overcome is the discrepancy found between in
vitro and in vivo release proﬁles. A proﬁle identiﬁed in vitro as
optimally reﬂecting endogenous concentrations during spontaneous
healing may not have the same favorable kinetics in vivo and thus
become inefﬁcient at stimulating bone formation. In the absence of in
vitro–in vivo correlations, optimization of drug release proﬁles from
the delivery vehicles requires in vivo monitoring of both growth factor
release and its subsequent effect on bone formation.
In the study by Kempen et al. in this issue [1], nuclear medicine and
radiological techniques were explored for non-invasive monitoring of
drug release and bone formation at ectopic and orthotopic locations.
Single photon emission computed tomography (SPECT) and a scintillation probe setup were used to determine local retention proﬁles of the
radiolabeled osteoinductive protein BMP-2. Micro-computed tomography (μCT) was used for monitoring bone formation in the delivery
vehicle. Sequential use of two nuclear medicine techniques was able to
provide detailed release proﬁles that correlate well bone formation.
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There were no signiﬁcant differences between the non-invasive and ex
vivo analysis of isotope activity and localization after 8 weeks of follow
up. At the same time, non-invasive μCT imaging showed the onset and
extent of the bone formation at both locations over time.
From a perspective of controlled drug delivery and bone regeneration, the non-invasive sequential measurements provided detailed
proﬁles of the growth factor release as well as bone formation in a
limited number of animals. This combination of non-invasive techniques
over a prolonged period of time will provide essential information on
the roles of growth factors during bone regeneration and the
optimization of drug delivery vehicles enhancing regeneration. One of
the main strengths of the approach taken by Kempen et al. is that it can
easily establish in vitro–in vivo correlations for various drugs making the
development of new delivery systems easier and more efﬁcient.
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