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THESIS SUMMARY 

 

The growth plate cartilage, which is located at the ends of children’s long bones, is 

responsible for longitudinal growth of the skeleton. However, due to its cartilaginous 

composition and its location, the growth plate is commonly injured, mostly through 

fractures. An undesirable outcome to growth plate fracture is the bony repair of the injured 

cartilage at the fractured area. Consequently, children often incur skeletal angular 

deformities and growth arrest. Current corrective surgical treatments for these outcomes are 

highly invasive, and therapeutic interventions are not possible as little is known about the 

mechanisms and pathways that lead to bone bridge formation.  

 

Using a rat model, previous studies have shown sequential inflammatory, fibrogenic, 

osteogenic and bone maturation responses involved in the bony repair of the injured growth 

plate. However, structural changes in the growth plate, at both the injury site and at the non-

injured area, have not been closely examined previously, and little is known about the 

molecular mechanisms underlying the bony repair. Therefore, this PhD study, using a rat 

tibial growth plate injury model, aimed to examine the effects of growth plate injury on the 

structure and composition of the injured growth plate in a longitudinal study using micro-CT 

and histology. Microarray analysis of the injury site only, collected using laser capture 

microdissection was used to identify potential cellular and molecular mechanisms involved 

in bone bridge formation. In addition, Real Time RT-PCR on adjacent uninjured growth 

plate was used to examine potential cellular/molecular changes at the uninjured area and on 

whole growth plate scrapes to examine the potential involvement of Wnt signalling in bone 

bridge formation.  



   

v 

Micro-CT analysis revealed a significant increase in bone material within the injury site 

(when compared to normal) at 14 and 60 days post-injury, where 12% and 40% of the injury 

site was replaced by bone, respectively. Interestingly, although there were no changes in 

growth plate thickness between injured and normal rats at either day 14 or 60, at day 60, 

many small bone tethers formed at the adjacent growth plate outside the injury site but none 

were found in normal aged-matched control rats. Histological studies revealed dereased 

proliferation but increased apoptosis of chondrocytes at the adjacent growth plate cartilage, 

and RT-PCR analysis revealed differential expression of apoptosis-regulatory genes Bcl-2 

and FasL (compared to normal), confirming the increase in apoptosis in the adjacent 

uninjured growth plate. Down-regulation of Sox-9 and IGF-1 on days 7 and 14 suggests that 

growth plate injury may slow down the rate of longitudinal growth by decreasing 

chondrocyte proliferation and/or differentiaiton soon after injury. Lastly, bone matrix protein 

osteocalcin was increased on day 60, suggesting degeneration and bone formation at the 

adjacent uninjured area.  

 

Microarray analysis identified changes in several key BMP and Wnt signalling components 

across the time-course of bone bridge formation, including BMP-2, BMP-6, BMP-7, 

chordin, chordin-like 2, and Id-1, and -catenin, Csnk2a1, SFRP-1 and SFRP-4, 

respectively, in early stages of bone bridge formation (day 4 and day 8). Osteocalcin 

expression was also prominent at day 8, supportive of osteoblast development and bone 

formation. During later stages (day 14), active bone formation and remodelling was 

prominent and was largely regulated by the BMP signalling pathway (increased BMP-1 and 

BMP-6 but decreased inhibitor chordin), as well as by Traf6, Fgfr1, osteopontin, Mmp9 and 
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Wnt signalling, where several genes were up and down-regulated. Expression levels of Wnt 

signalling inhibitors (SFRP-1, SFRP-4 and Wisp1) were increased at days 8 and 14 and may 

be negatively regulating bone formation during the osteogenic phases of the repair of the 

growth plate injury site. Findings were also suggestive of an overall increase in the canonical 

Wnt signalling pathway at days 4 and14, supported by increased expression of -catenin and 

drecreased expression of Wnt inhibitors, and decreased expression of Fzd1 and Fzd2 and 

increased Lef1 expression, respectively. Overall, this study found a complex balance 

between the canonical and non-canonical Wnt pathways as well as an association with BMP 

signalling over the time-course of bone bridge formation.  

 

Lastly, Real-Time PCR on Wnt signalling components revealed significant changes in gene 

expression of Wnt genes, receptors and inhibitors, but were inconclusive as the method of 

tissue isolation was not specific enough to represent true changes in gene expression.  
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