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Report: 
Introduction 
Several bioactive materials have been studied in the last decades for many applications in medicine. The term 
“bioactive” refers to their ability to bond to the living tissue and so most of them have been studied as 
materials for small bone substitutes, coatings for orthopaedic prostheses, maxillofacial surgery1,2.  Up today, 
the bioactive behaviour can be induced on a variety of materials, belonging to different classes: glasses, 
glass-ceramics, ceramics and in some cases also metals (after proper surface modifications)3. Our attention 
will be focused on bioactive glasses, which represent the first class of inorganic materials that showed the 
peculiar surface property of bonding to living bone. When a bioactive glass is soaked in a simulated body 
fluid, called SBF, mimicking the inorganic composition of human plasma, several surface reactions can 
occur, leading, by a complex mechanism including ion leaching, silica gel formation, Ca++ and PO4

3- 
diffusion, to the precipitation of hydroxy-carbonate apatite (HCA) with composition and structure close to 
the mineral phase of bone. The precipitation of these calcium phosphates on the surface of bioactive glasses 
has been extensively investigated4,5,6, but information on structural features of the HCA film, expecially in 
the early stages of the deposition, is of great interest. Bioglasses can be massive or porous to host drugs to be 
delivered after prosthesis insertion. We present here the characterization of different kinds of bioactive 
glasses and glass-ceramics (both massive and porous) for applications in orthopaedic and dental devices to 
shed some light on the mechanism of growth of i) SBA in porous SCK bioglass scaffold and ii) HCA on 
massive SCK bioglass slices.  
 
Experimental 
Two kinds of samples, that will be named from now on SCK and SCK(scaffold), were studied.  
SCK(scaffold) - The porous glass-ceramic SCK(scaffold)’s were obtained by mixing SCK powders with 
polyethylene particles and by uniaxially pressing the powders to obtain a compact of powders (named green). 
The green was then thermally treated to remove the organic phase and to sinter the inorganic one. The 
macroporous SCK(scaffold) -pores in the 100-500µm range- was then used as a substrate for the growth of a 



 

Figure 2: XRD patterns of SCK bioglasses 
soaked  in SBF for different periods of time 

crystalline mesoporous -pores of about 5 nm- SBA phase.7 Two samples, with different SBA ageing times, 
were prepared: 1) 24 h at room temperature and 48 h at 60°C (sample a); 2) 72 h at 60 °C (sample b). The 
SBA phase grown inside the macropores was studied by SAXS on the whole scaffold sample.  
SCK massive samples - The SCK samples are bioactive glasses obtained by melting the reagent grade 
precursors in a platinum crucible at 1500°C for 1 hour, with a molar composition of  50% SiO2 : 44% CaO 
6%: K2O. Slices of SCK (10 x 10 x 2 mm) were soaked in SBF for different periods of time (1 hour, 3 hours , 
15 hours, 1 day, 3 days, 7 days and 14 days) in order to study ex situ the different steps of formation of HCA 
on their surfaces, by GIWAXS measurements, at different X-ray incidence angles.  
 
Characterization of the SBA mesoporous material grown inside the SCK porous scaffolds 
The X-ray diffraction patterns of the SCK(scaffold)-SBA composite materials a and b are shown  in Figure 
1. They clearly indicate the presence of three peaks for sample a and four peaks for sample b, corresponding 
to d-spacings consistent with the presence of an hexagonal SBA material. Besides, these data suggest that the 
ageing at 60 °C for 72 h (sample b) is more efficient in obtaining the ordered SBA phase.  
 
Characterization of the Hydroxyhapatite grown on SCK 
massive bioglass slices 
Part of the GIWAXS data (with incident angle equal to 3 
degree) collected on the samples treated in SBA with 
different soaking times are shown in Figure 2 and indicate 
that the sharpness and the intensity of the HCA peaks 
increase proportionally to the soaking time of the glasses in 
SBF. In particular, after 15-days of immersion in SBF, a full 
HCA XRPD pattern is observed. It is worth noting that, for 
times smaller than 15 hours, only two broad bands, due to the 
studied bioglasses and to the formed silica gel, are observed, 
whereas the presence of a crystalline phase is present already 
after 15 hours. The analysis of the evolution of the HCA 
XRPD patterns to obtain the morphology and dimensions of 
HCA cristallites is under development. Besides, the XRPD 
data obtained measuring with different incidence angles (data 
not shown here for lack of space) can shed some light also on 
the variation of the the crystallite features passing from the 
surface to the bulk of the HCA film.  
 
 
Publication: A short communication regarding the 
SCK(scaffold)-SBA composite characterization has been 
submitted on January 2005 to Studies in Surface Science 
and Catalysis. A full paper reporting the structural analysis 
of HCA grown on the SCK massive samples is in 
preparation. 
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Figure 1: XRD patterns of as-synthesized 
materials named sample a and b. 


