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ABSTRACT: The role of angiogenesis during mechanically induced bone formation is incompletely under-
stood. The relationship between the mechanical environment, angiogenesis, and bone formation was deter-
mined in a rat distraction osteogenesis model. Disruption of either the mechanical environment or endothelial
cell proliferation blocked angiogenesis and bone formation. This study further defines the role of the me-
chanical environment and angiogenesis during distraction osteogenesis.

Introduction: Whereas successful fracture repair requires a coordinated and complex transcriptional program
that integrates mechanotransductive signaling, angiogenesis, and osteogenesis, the interdependence of these
processes is not fully understood. In this study, we use a system of bony regeneration known as mandibular
distraction osteogenesis (DO) in which a controlled mechanical stimulus promotes bone induction after an
osteotomy and gradual separation of the osteotomy edges to examine the relationship between the mechanical
environment, angiogenesis, and osteogenesis.
Materials and Methods: Adult Sprague-Dawley rats were treated with gradual distraction, gradual distraction
plus the angiogenic inhibitor TNP-470, or acute distraction (a model of failed bony regeneration). Animals
were killed at the end of distraction (day 13) or at the end of consolidation (day 41) and examined with �CT,
histology, and immunohistochemistry for angiogenesis and bone formation (n � 4 per time-point per group).
An additional group of animals (n � 6 per time-point per group) was processed for microarray analysis at days
5, 9, 13, 21, and 41.
Results and Conclusions: Either TNP-470 administration or disruption of the mechanical environment pre-
vented normal osteogenesis and resulted in a fibrous nonunion. Subsequent analysis of the regenerate showed
an absence of angiogenesis by gross histology and immunohistochemical localization of platelet endothelial
cell adhesion molecule in the groups that failed to heal. Microarray analysis revealed distinct patterns of
expression of genes associated with osteogenesis, angiogenesis, and hypoxia in each of the three groups. Our
findings confirm the interdependence of the mechanical environment, angiogenesis, and osteogenesis during
DO, and suggest that induction of proangiogenic genes and the proper mechanical environment are both
necessary to support new vasculature for bone induction in DO.
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INTRODUCTION

ANGIOGENESIS PLAYS A critical role in bone development
and postnatal fracture repair.(1–9) Despite abundant

evidence suggesting that angiogenesis and osteogenesis are
closely linked, the complex progression of transcriptional
signals that couple osteogenic and angiogenic processes af-
ter injury remains to be elucidated. Given the enormous
biomedical burden of skeletal injury, and the need to treat
congenital, posttraumatic, and postsurgical conditions in

which bone regeneration is unsuccessful, defining the role
of angiogenesis in osteogenesis and bone repair will likely
have important clinical implications.

Insights into postnatal osteogenesis and fracture healing
in particular have been gained using gene-targeted studies
to define the specific signaling molecules, matrix proteins,
growth factors, transcription factors, and other participants
in the repair program. In addition to long-bone fracture
models, the robust nature of bone induction in distraction
osteogenesis (DO) has made it an important system to
study the role of angiogenesis in bone regeneration.(10,11) A
unique and powerful form of endogenous bone tissue en-
gineering, DO relies on the application of controlled me-
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