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ABSTRACT 

The mechanisms of guided bone regeneration (GBR) and bone healing with calcium phosphate 

(CaP) bone substitutes are not fully understood. The major aim of this thesis was to determine 

the relationship between the bone formation in bone defects and the cellular distribution and 

activities in association with CaP materials and/or with GBR membrane. The objectives were, 

firstly, to examine if the different CaP substitutes induce different cellular and molecular 

activities, and, secondly, to investigate the mechanisms of GBR with focus on the role of the 

barrier membrane in the bone healing process. A series of studies were performed in a rat 

trabecular bone defect model using a set of molecular (e.g. qPCR) and morphological (e.g. 

histology & histomorphometry) techniques. 

Deproteinized bovine bone (DBB) and octa-CaP (TetraB) granules promoted bone regeneration 

and restitution of the defect. DBB was osteoconductive and elicited low resorption activity. 

TetraB induced early osteogenic and osteoclastic activities, resulting in greater bone formation 

than DBB. Strontium (Sr) doping of the CaP granules reduced the expression of osteoclastic 

resorption genes in comparison to hydroxyapatite (HA). Applying a collagen-based membrane 

on the defect promoted higher bone formation at all time periods. This was in parallel with 

upregulation of genes denoting cell recruitment and coupled bone formation and resorption (i.e. 

remodeling). The membrane was found to accumulate cells that expressed and released different 

pro-osteogenic growth factors (e.g. BMP-2). When the defect was simultaneously treated with 

the membrane and bone substitutes (DBB, HA, SrHA), more bone and an inhibitory effect of Sr 

on osteoclasts was demonstrated in the SrHA treated defect. 

In conclusion, different calcium phosphate bone substitutes induce specific molecular cascades 

involved in the different processes of bone healing, including early inflammation, bone 

formation and remodeling. This promotes bone regeneration and defect restitution in comparison 

with the sham defect. Strontium incorporation in a synthetic CaP substitute reduces the 

osteoclastic resorptive activities, and promotes bone formation. Furthermore, the present results 

provide cellular and molecular evidence in vivo suggesting a novel role for the membrane during 

GBR, by acting as a bioactive compartment rather than as a passive barrier. The results provide 

new opportunities for the design of a new generation of materials to enhance bone regeneration. 
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