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➤ Growth factors (bone morphogenetic protein, transforming growth factor-beta, fibroblast growth factor, platelet-
derived growth factor, and insulin-like growth factor) are proteins secreted by cells that act on the appropriate tar-
get cell or cells to carry out a specific action.

➤ Because growth factors are expressed during different phases of fracture-healing, it has been thought that they
may serve as potential therapeutic agents to enhance bone repair.

➤ The selection of an appropriate carrier or delivery system for a particular growth factor is essential in order to in-
duce a specific biologic effect.

➤ There are a number of potential clinical applications for growth factors in the enhancement of bone repair,
including acceleration of fracture-healing, treatment of established nonunions, enhancement of primary spinal
fusion or treatment of established pseudarthrosis of the spine, and as one element of a comprehensive tissue-
engineering strategy that could include gene therapy to treat large bone-loss problems.

Growth factors are proteins that serve as signaling agents for
cells. They function as part of a vast cellular communications
network that influences such critical functions as cell division,
matrix synthesis, and tissue differentiation. The results of ex-
perimental studies have established that growth factors play
an important role in bone and cartilage formation, fracture-
healing, and the repair of other musculoskeletal tissues. Re-
cently, with the advent of recombinant proteins, there has been
considerable interest in the use of growth factors as therapeutic
agents in the treatment of skeletal injuries. As growth factors
become available as therapeutic agents, it is essential that or-
thopaedic surgeons understand their biological characteristics
and clinical potential. The purpose of this review is to define
the mechanisms of action, functions, and potential clinical ap-
plications of a variety of growth factors that may be used clini-
cally to treat problems associated with the repair of bone.

Growth Factors: General Concepts
Growth factors are proteins secreted by cells that act on the
appropriate target cell or cells to carry out a specific action.
Three types of action are possible: (1) autocrine, in which the
growth factor influences the cell of its origin or other cells
identical in phenotype to that cell (e.g., a growth factor pro-
duced by an osteoblast influences the activity of another os-

teoblast), (2) paracrine, in which the growth factor influences
an adjacent or neighboring cell that is different in phenotype
from its cell of origin (e.g., a growth factor produced by an os-
teoblast stimulates differentiation of an undifferentiated cell),
and (3) endocrine, in which the growth factor influences a cell
that is different in phenotype from its cell of origin and
located at a remote anatomical site (e.g., a growth factor pro-
duced by neural tissue in the central nervous system stimu-
lates osteoblast activity). Thus, a growth factor may have
effects on multiple cell types and may induce an array of cellu-
lar functions in a variety of tissues1,2.

Once a growth factor binds to a target cell receptor, it in-
duces an intracellular signal transduction system that ultimately
reaches the nucleus and produces a biological response. The
binding of a growth factor to its receptor is known as a ligand-
receptor interaction. These interactions are very specific and
can range from simple, with a specific growth factor (ligand)
binding to a single cellular receptor, to complex, with one or
more ligands binding to one or more receptors in order to pro-
duce a ligand-receptor effect. Moreover, there is a redundancy
in this biological system such that several forms of the same
growth factor may bind to a single receptor or different growth
factor receptors may be activated by a single ligand2,3.

Once the ligand-receptor interaction is established, the
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