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Introduction: Electrodeposition (ELD) is an effective 
way to coat titanium substrates with calcium phosphate 
(CaP). However, the use of ELD on a complex 3D 
titanium scaffold (Ti-scaffold) has not been explored 
fully yet. The aim of this study was to develop a 
perfusion ELD system to coat rapid prototyped (RP) 
Ti-scaffolds with CaP in a controlled and reproducible 
way. The perfusion concept is incorporated to ensure 
effective and homogenous CaP deposition within the 
scaffold.  
 

Materials and Methods:  
(a) Scaffolds. 3D Ti6Al4V open porous scaffolds 
fabricated by Selective Laser Melting (Ø 6 mm, h 3 mm, 
with a 2 mm central hole and a pore size of 1 mm) were 
cleaned, oxidised in 5M NaOH, dried at 37 oC and kept 
in desiccators prior to use.  
(b) Perfusion electrodeposition of CaP. A perfusion  
electrodeposition system (P-ELD) was developed to 
deposit CaP on the RP Ti-scaffolds (cathode) using a 
platinum ring as anode (Fig. 1). A supersaturated 
calcium phosphate (SCP) solution was perfused through 
the coating chamber at a variable flow rate. Both 
electrodes were connected to a D.C. power supply. 
 

 
Figure 1: Schematic Perfusion Electrodeposition System (P-ELD). 

 
(c) Full factorial (24) design analysis of P-ELD 
parameters on amount of CaP deposition. 
• Current density (I)  = 20 & 40 mA/cm2 

• Process temperature (T)  = 37 & 55 oC 

• Deposition time (t)  = 60 & 180 min 

• Flow rate (f)   = 2 & 10 ml/min 

 (d) Optimisation. The parameter I and t were optimised 
by: (i) varying I at constant t (12 hr) and (ii) varying t at 
constant I (3 mA/cm2). 
(e) Coating characterisation. The coating morphology, 
distribution, thickness, crystalinity and Ca/P ratio was 
characterised by scanning electron microscopy (SEM), 
X-ray diffraction (XRD) and electron probe micro- 
analysis (EPMA) on polished cross-sections of coated 
Ti-scaffolds. The biocompatibility of coated Ti-scaffolds 
was evaluated by live-dead staining and SEM-analysis of 

human periosteum derived cells (HPDCs) seeded 
scaffolds (100,000 cells/scaffold) after 7 days of culture.  
 

Results and Discussion: Deposition time (t) and the 
interaction with flow rate (f) significantly influenced 
coating deposition (p=0.001 & p=0.019). Longer t, 
higher T and f resulted in increased CaP deposition. 
Current densities of 20 & 40 mA/cm2 were too high and 
caused excessive bubble formation which disrupted 
uniform deposition. 50 oC and 10 ml/min were selected 
for subsequent experiments. SEM analysis showed that 
P-ELD for t > 6 hr at I (2 to 10 mA/cm2) resulted in full 
Ti-scaffold coverage, up to a thickness of 40µm for a t of 
12 hr At high magnification, nanoscaled structures and 
cracks were observed on most of the coatings which had 
a Ca/P ratio of 1.41. P-ELD at 5 mA/cm2 for 6 hr 
produced cauli flower-like crystal structure of 28 μm 
thick and a Ca/P ratio of 1.45. Homogenous coating 
distribution was obtained in 3 dimensions, and the 
coating thickness increased with I and t. XRD analysis 
indicated that the CaP coatings were carbonated 
synthetic hydroxyapatite. Live-dead staining of HPDCs 
cultured on coated Ti-scaffolds for 7 days showed high 
cell viability and biocompatibility, and SEM showed 
HPDCs with a fibroblastic phenotype interacting with 
the CaP coating. The coating obtained at 5 mA/cm2 for 6 
hr was relatively intact compared to other coatings which 
partly dissolved after 7 days (figure 2). 
 

 
Figure 2:  SEM-EDAX analysis showed homogenous distribution of 
CaP coating with cauli flower-like crystal structures on Ti-scaffold 
after P-ELD at 5 mA/cm2 for 6 hr. High cell viability and 
biocompatibility were shown by live-dead staining and cell-CaP 
coating interactions by SEM. 
 

Conclusion: It was shown that integrating perfusion into 
ELD technology is beneficial to coat 3D open porous Ti 
structures with CaP. Perfusion electrodeposition 
(P-ELD) allowed the use of controllable deposition 
parameters and resulted in reproducible carbonated 
synthetic hydroxyapatite-like CaP coatings showing 
biocompatible behaviour after 7 days of human 
periosteal cell culture.  


