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This chapter presents an innovative approach of using Surface Plasmon Resonance (SPR) 
Imaging to better understand bone mineral formation (including process kinetics). The state 
of the art in the field, the sensor design, sensitivity and functioning principle, the analysis 
methods and the advantages over the classical methods used up to date are presented. 
The last years have brought significant progress in the field of biomaterials for bone 
regeneration including the in vivo induction of bone-mineral (hydroxyapatite)  formation in 
the aim of biomimetism. However, despite good indications and well documented 
observation of natural mineralization, the mechanism of inducing in vivo biomineralization 
is far of being managed. In hard tissues, the mineral phase coexists with the organic matrix. 
Cells are strongly responsible for complex phenomena converging to a cascade of 
physiologically events leading to mineral formation. Most of the mechanisms researched to 
in vitro induce hydroxyapatite on biomaterials are based on reductionist theories. 
Biomineralization occurs in three main stages: nucleation, crystals growth and cessation of 
mineral formation. 
This chapter is especially dedicated to a deeper understanding of nucleation occurrence as 
the most powerful tool of hydroxyapatite formation. The approach is based on a complete 
disregard to cells involvement in the phenomenon. Nucleation of solid substrates rather 
than that of particles in solution is generally more effective due to the clusters forming the 
“crytical nuclei”.  Mineral formation will be induced using polyamidoamines dendrimers 
(PAMAM) as spherulitic nano-clusters immobilized on the sensor surface. The surface of the 
sensor will contain spots with chemically linked PAMAM with different ending-
functionalities. The nucleation is expected to start through the affinity of the dendrimers 
towards the Ca2+ ions when the sensor surface will be under a continuous flow of synthetic 
body fluids that mimic the physiological plasma (the flow is 2ml/min, as in the bone tissue, 
at 36.5°C). Above a low threshold, the ions capturing should be detectable through SPR 
Imaging allowing comparative and simultaneous time driven observing of the nucleation on 
the different chemically functionalized spherulitic nanoclusters. The technique is 
particularly amenable to an in vitro study with a higher sensitivity compared with the 
classical tools. The information provided by these sensors is estimated of high importance in 
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the biomineralization nucleation occurence, contributing to the better understanding and 
control of hydroxyapatite induction using different synthetic bone regeneration materials.   
 
 
1. Introduction (Helvetica, 10 pt, bold)     
¶(6pt) 

Bone regeneration due to trauma and pathology, bone degeneration in aging population as 
well as osteporosis ellicit a societal need for new performant regenerative products. 
Although a wide range of biomaterials have been researched and applied for hard tissue 
repair and regeneration, there is still a high competition and challenge in improving their 
performances for in vivo applications. 
To create high-quality orthopaedic implants, several approaches have been proposed; 
among them the self-biomineralizing scaffolds are intensively researched. Despite intensive 
studies and an impressive number of investigated structures, no optimum formulation has 
been yet set-up. This is why high-performing methods of controlling the biomineralization 
induction are still needed and researched. In this context, a deeper and broader 
understanding of the mineralization phenomenon induced on/inside different materials 
would be extremely useful. 
The present chapter is aimed as the first attempt of investigation of biomaterials-induced 
biomineralization through the label-free Surface Plasmon Resonance Imaging (SPRi). 
 
1.1. Biomineralization  inductive materials 
One of the most exciting and researched class of biomaterials for bone repair and 
regeneration is represented by polymer materials supporting or even better, enhancing 
mineral phase formation (Kamei et al., 1997; Shin et al., 2003; Stancu et al., 2004). The main 
advantage of these materials over classical bone fillers consists in their in situ transformation 
in polymer-hydroxyapatite composites, similar to natural bone. The advantages of the so-
formed composites are evident when compared to synthetic composites prepared prior to 
implantation; the most important is that the hydroxyapatite is generated inside the bone 
tissue enhancing the further osteointegration of the implant. The mineralization of either 
natural or synthetic matrix is an extremely complex phenomenon. To date, there is no 
consensus over the nucleation processes responsible for materials’ calcification (calcification 
is synonym with biomineralization when referring to bone mineral phase formation). All the 
hypotheses and the mechanisms researched have lead to a very important common 
conclusion: the sine-qua-non condition for biomineralization to occur is the presence of 
calcium and phosphate ions in the surrounding liquid environment. Calcium cations are 
provided by cells and physiological fluids while phosphate anions are generated through 
phosphoesters and phosphoproteins hydrolysis as well as from the body fluids (Whyte et 
al., 1995). Mineralization to occur needs nucleation to be induced by a perturbation like the 
ions’ capturing by special molecules/species. 
Based on the observation that natural phosphate-containing proteins are actively involved 
in naturally occurring mineralization and due to their calcium affinity, phosphate-
containing polymers have been studied with respect to hydroxyapatite formation in 
physiological fluids (Stancu et al., 2004; Swart et al., 1976). The literature also presents the 
carboxylic functionalities from bone proteins (e.g. bone sialoprotein) and from some 
polymers as responsible for hydroxyapatite formation (Hunter et al., 2001; Filmon et al., 
2002; Ganns et al., 1999).  
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Fig. 1. Design of the NH2-ended PAMAM sensors. Schematic view for PAMAM-g2 
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…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
………………………………………………………………………………………………. 
 

Fig.3. Schematic view of the surfaces of the sensors coated with amino-terminal PAMAM; 
the morphology/topography of the sensor’s surface depends on the generation of the 
dendrimer  
 
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
………………………………………………………………………………………………. 
 

Fig. 5. Mineralization - occurrence and detection. Schematic view of: left - the evolution of 
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the phenomenon with the formation of mineral clusters on the sensor’s surface and right - 
the associated SPRi images as detected at PAMAM-coated gold SPR angle: A-minimum 
reflectivity at PAMAM-coated gold SPR angle; B – bright area due to nucleation; C – 
expanded bright spots due to mineral growth 
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
………………………………………………………………………………………………. 
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
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