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Summary. The process of fracture healing has been 
described in detail in many histological studies. Recent 
work has focused on the mechanisms by which growth 
and differentiation factors regulate the fracture healing 
process. Rapid progress in skeletal cellular and 
molecular biology has led to the identification of many 
signaling molecules associated with the formation of 
skeletal tissues, including members of the transforming 
growth factor-0 (TGF-B) superfamily and the insulin-like 
growth factor (IGF) family. Increasing evidence 
indicates that they are critical regulators of cellular 
proliferation, differentiation, extracellular matrix 
biosynthesis and mineralization. Limb lengthening 
procedure (distraction osteogenesis) is a relevant model 
to investigate the in vivo correlation between mechanical 
stimulation and biological responses as the callus is 
stretched by a proper rate and rhythm of mechanical 
strain. This model also provides additional insights into 
the molecular and cellular events during bone fracture 
repair. TGF-B1 was significantly increased in both the 
distracted callus and the fracture callus. The increased 
level of TGF-Bl, together with a low concentration of 
calcium and an enhanced level of collagen synthesis, 
was maintained in the distracted callus as long as 
mechanical strain was applied. Less mineralization is 
also associated with a low level of osteocalcin 
production. These observations provide further insights 
into the molecular basis for the cellular events during 
distraction osteogenesis. 
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Introduction 

It is common knowledge that bone tissue has a 
substantial capacity for regeneration and repair in 
response to injury. Bone healing is in some way very 
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similar to the healing of soft tissues as they both require 
the cellular regulation of chemotaxis, proliferation, 
differentiation, extracellular matrix synthesis and 
formation of new tissue at the site of injury. In contrast 
to the frequent scar formation during soft tissue healing, 
bone heals by regeneration of the normal osseous 
anatomy without formation of scar tissue. The cellular 
events associated with the repair of bone injury involve, 
in addition to proliferation of progenitor cells and the 
influx of inflammatory cells also found in soft tissue 
wounds, the formation of bone by means of intra- 
membranous and endochondral ossification. Cells 
participating in this process include platelets, monocytes, 
mesenchymal cells, fibroblasts, endothelial cells, 
chondrocytes, osteoblasts, and osteoclasts (Erlebacher et 
al., 1995). Among these types of cells, osteoblasts play a 
critical role in this process, because they are responsible 
for the synthesis and mineralization of the bone matrix 
(Rodan and Noda, 1991; Aubin et al., 1992; Gehron 
Robey et al., 1992; Rodan, 1992). 

Limb lengthening procedures (distraction osteo- 
genesis) consist mainly of an osteotomy of the shortened 
bone and a subsequent daily distraction of the newly 
formed callus leading to new bone formation. The 
clinical importance of the treatment is to fill large bone 
defects caused by infection, accidental injury, tumor 
resection, or congenital deformation, and to retain the 
original bone length. With adequate blood supply, rigid 
fixation, and proper rate and rhythm of distraction, a 
large amount of new bone rapidly develops within the 
distraction gap. This biological phenomenon appears to 
contradict the dogma that a fracture subjected to 
stretching forces may become a risk for a nonunion. 
However, a large number of studies have shown that 
bone formation activity is markedly increased during 
distraction osteogenesis (Monticelli et al., 1981; Alho et 
al., 1982; Paley, 1988; Ilizarov, 1989; Aronson, 1991; 
Peltonen et al., 1992). This increased activity has been 
attributed to the "tensioning" stimulatory effect on blood 
flow and bone forming cells, which results in rapid 
regeneration, bone formation and consolidation. To 
further understand this phenomenon, it is of importance, 
using modern tools of molecular biology, to analyze the 


















