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Introduction: In the maxillofacial surgery metals like titanium are used to combine a good 
mechanical stability with biocompatibility. Under normal bone conditions titanium with the help of 
structural surface modifications leads to good osseointegration. For osteoporotic bone, additional 
influencing factors are an imbalance in bone metabolism and in treated cases the (hormone) therapy 
applied to counteract it. Components of the tissue specific extracellular matrix linked or adsorbed to 
biomaterial surfaces show a high potential to control cell response and bone healing around 
implants and increase overall implant stability. 

Bone formation inside titanium screws covered with coatings from collagen type I containing (a) 
chondroitin sulphate (CS) or (b) a hyaluronic acid derivative modified with sulfate groups 
(sHya6.1) was investigated in an ovariectomised (OVX) rat model with synchrotron 
microcomputed tomography (SRµCT). 

Materials and Methods: Titanium screws with a diameter of 1.6 mm and an eroded cylindrical 
cavity of 1 mm perpendicular to the screws length axis were coated either with collagen/chondroitin 
sulphate (CS) or collagen/sulfated hyaluronic acid derivative sHya6.1. Uncoated titanium (cp-Ti) 
screws were used as reference implants. 

To investigate bone formation around the implants, mature ovariectomised (OVX) and sham wistar 
rats were used as the animal model. Four weeks after ovariectomy/sham the screws were placed in 
drilled cylindrical defects with a diameter of about 2 mm near the tibia condyle. During the healing 
time of 4 weeks the rats were separated in groups with phytoestrogen-reduced food for the 
sham/OVX rats and phytoestrogen-rich food for OVX rats. After the animal experiment the tibiae 
with the titanium screws were extracted and fixed in formalin. At the synchrotron beamline 
W2/DORIS operated by the HZG the samples were evaluated with SRµCT using a photon energy 
of 55 keV. For the three-dimensional image evaluation Volume Graphics VGStudio MAX 1.2 and 
SCANCO Medical analysis and visualisation software were used. 

Results and Discussion: At least 3 implants with surrounding bone per implant surface and healing 
condition were investigated with high resolution SRµCT. The reconstructions of the SRµCT 
radiographs show an excellent spatial visualisation of mineralised bone in the screw threads as well 
as inside the cylindrical cavity (Fig. 1A). Between sham and OVX groups different amounts of 
newly formed bone inside the screw gaps and the eroded cavity were visible. Areas of three-
dimensional bone contact to the implant surface could be visualised using IPL© scripting modules 
of the SCANCO analysis software (Fig. 1B). The healing behaviour of different surface modified 
implants were quantified for the cases (i) healthy, (ii) osteoporotic, and (iii) osteoporotic plus 
phytooestrogen treatment. To investigate the osseointegration potential of the used implant 
functionalisations the mineralised bone inside the eroded cavity of the titanium screws was 
investigated. Therefore the relation between newly formed bone volume (BV) to the total cavity 
volume (TV) was quantified for all SRµCT-data. The results in Figure 2 show different amounts of 
bone formation in relation to the implant modifications and healing conditions. For all samples the 
mean amount of bone inside the cavity was between 10% - 20% with an increased variety for the 
SHAM animals compared to the osteoporotic groups. 



Conclusions / Summary:  

In the pytooestrogene-rich OVX group the implant modification seems to play a more dominant 
role to the bone growth, whereas in the untreated OVX group the relation of the implant 
functionalisation and the inter-animal variation to the bone formation appear to be similar. The 
results are still under investigation and will be faced to a three-dimensional quantification of bone 
growth inside the screw threats and to a histological analysis. 

Figure 1: 3D visualisation of titanium screw osseointegration from SRμCT-data using Volume Graphics 
VGStudio MAX 1.2 software (A). Separation of spatial information for mineralised bone contact (red) to the 

screw surface using SCANCO Medical μCT-evaluation software (B). 

 

Figure 2: Image analysis of bone volume (BV) inside the eroded cavity in relation to the total cavity volume 
(TV) for different implant surface modifications (A-C) and healing conditions (Ref: SHAM, Phyto-: OVX / 

phytooestrogen-reduced food, Phyto+: OVX / phytooestrogen-rich food) using SCANCO Medical 
evaluation software. 
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