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Introduction 
Large cartilage defects resulting from osteoarthritis, 
trauma and surgical excision are common clinical 
problems. Surgical efforts to repair cartilage defects have 
focused on delivering cells or engineered cartilage 
implants into the lesions. Basic fibroblast growth factor 
(FGF) is a potent mitogen for chondrocytes and can elicit 
a repair response at the site of injury. In this study, we 
used a rat critical size xiphoid cartilage defect model to 
access the ability of FGF isoform incorporated scaffolds 
to repair cartilage defect. 
Methods 
Demineralized bone scaffolds were prepared from human 
cancellous bone tissue and punched into disks (3 mm X 
1.5 mm). Cartilage particles (CP) were prepared from 
human femur cartilage by freezer-milling process, and 
heat-inactivated cartilage particles (ICP) were obtained 
after incubating CP at 100°C for 24hrs. Three different 
concentrations (20, 200 and 2000 μg/ml) of modified FGF 
isoform were loaded with or without CP or ICP into the 
scaffolds to prepare different cartilage substitutes. A 3mm 
critical-size cartilage defect model was created by 
punching a cylindrical, full-thickness defect in the center 
of the nude rat xiphoid [1]. Eight different types of 
cartilage substitutes were then transplanted into 3mm 
xiphoid defects. Empty defects served as controls. 28 days 
after surgery, the xiphoids were harvested and subjected 
to evaluation using EPIC-µCT, X-ray, and safranin O/fast 
green staining. Data were analyzed by one-way ANOVA 
and Tukey post-hoc testing to determine the statistical 
significance at p< 0.05. 
Results 
As shown in Fig 1, empty scaffolds (group II) and 
scaffolds loaded with CP (group IV) or ICP (group VIII) 
filled the defect sites but did not result in neo-cartilage 
formation. Incorporation of the modified FGF isoform 
(2000 μg/ml) into the scaffolds significantly promoted the 
synthesis of neo-cartilage (P<0.05 group III vs. group I). 
Active cartilage particles plus different concentrations 
(20, 200 and 2000 μg/ml) of FGF isoform (group V, VI 
and VII, respectively) induced not only dose-dependent 
increases in the formation of neo-cartilage, but also 
homogenous distribution throughout the defects in 
comparison to scaffold loaded with only the FGF (group 
III). These effects were less pronounced when the heat-
inactive cartilage particles were used instead (group IX 
P<0.05 vs. group VII).  
Discussion and Conclusions 
Cartilage substitutes differentially integrated with native 
tissue and healed the defects. The modified FGF isoform 
increased synthesis of neo-cartilage in a dose-dependent 
manner. Homogeneous formation of neo-cartilage through 

the defect area was achieved by using cartilage particle 
loaded scaffolds, which might be due to the even 
distribution of FGF in the scaffolds in the presence of 
cartilage particles. In conclusion, the xyphoid defect 
model was used successfully to assess chondrogenesis by 
different implant formulations. Cartilage particles and 
FGF isoform promoted in vivo cartilage regeneration in 
this model.  

 
Fig. 1 Repair of xiphoid defect by different cartilage 
substitutes 28-days after surgery. In EPIC-microCT 
image, the blue and green areas represented areas are rich 
in proteoglycan while in safranin O/fast green stained 
sections, the areas of high proteoglycan content were 
colored in red. 
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