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Purpose: Although the chitosan membrane has been 
widely studied as GBR membrane, it need to satisfy 
several properties such as bioactivity and rigidity for 
effective tissue regeneration. In this study, silica xerogel 
was hybridized with chitosan by sol-gel method in order 
to make a bioactive and strong membrane [1]. Moreover, 
bone morphogenic protein (BMP) was introduced to 
enhance the function for GBR. Many studies showed that 
the BMP can stimulate bone growth and accelerate the 
bone healing process [2]. Therefore, this study was 
aimed to examine the effect of the hybridization of 
chitosan and silica xerogel on the protein adsorption and 
to evaluate the biological properties of the hybrid 
membrane containing BMP for guided bone 
regeneration. 
Method: The silica xerogel synthesized by sol-gel 
process and chitosan solution dissolved in 2 wt % acetic 
acid were mixed with 3:7 volume ratios (30% silica 
xerogel-70% chitosan) [1]. This chitosan-xerogel hybrid 
mixture was poured into methanol solution to obtain fine 
hybrid fibers. The as-prepared fiber slurry was filtered 
into membrane form. The membranes were dried using a 
freeze-dryer and warm-pressed at 40°C. Produced 
membranes were immersed in a solution containing 20 
㎍/ml bone morphogenic protein (BMP). In vitro and in 
vivo tests were performed to investigate the effect of the 
BMP. The in vivo bone regeneration around the 
membranes was assessed using a rat calvarial defect 
model [3].  
Results and Discussion: The ALP activity of the cells 
on membrane is shown in Fig. 1. The cells on both pure 
chitosan membranes (with and without BMP) showed a 
similar level of ALP activity after culturing for 7 days. In 
contrast, the differentiation of the hybrid membrane was 
influenced by the BMP treatment. The highest ALP 
activity value was obtained for the hybrid membrane 
containing BMP, and this value was more than twice the 
ALP activity value of the pure chitosan. These results 
suggest that the hybrid membrane react more friendly to 
protein than the pure chitosan membrane. The optical 
micrographs of the rat calvaria tissue responses to the 
membranes after 2 weeks are shown in Fig. 2. The arrows 
indicate the edges of the bone defects. No significant 
inflammatory reaction was observed and the bony 
defects were partially healed by the formation of new 
bone (NB) either the hybrid membrane with BMP or 
without BMP. The histomorphometric analysis, shown in 
Fig. 3, indicated a significant difference in the new bone 
formation rate between the hybrid membrane with BMP 
(78 %) and hybrid membrane without BMP (49 %). The 
hybrid membrane with BMP showed significantly higher 
rate of new bone regeneration than the hybrid membrane 
without BMP. Hence, it can be concluded that the hybrid 
membranes can be used for efficient guided bone 
regeneration through the synergy effect of their own 
characteristics and BMP. 
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Figure 1. Proliferation and differentiation of cells on the 
membrane assessed by in vitro cell test The error bars 
represent the standard error deviations. (*p< 0.001, n=3). 
 

 
Figure 2. Optical micrographs of the rat bone tissue 
responses 3 weeks after the implantation of the hybrid 
membranes. 
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Figure 3. Bone regeneration rate in a defect for the 
membranes implanted during a period of 2 weeks. A 
statistically significant difference was observed by 
ANOVA (p < 0.01 for n = 15). 

Conclusions: The chitosan-silica xerogel hybrid 
membrane with BMP was prepared at room temperature 
using a sol-gel process and its potential use as a guided 
bone regeneration (GBR) membrane was examined. The 
hybrid membrane had a family of BMP. Moreover, the 
hybrid membrane with BMP has the rapid healing ability 
than the hybrid membrane without BMP.  
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