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Introduction: Various techniques have been used to 
deposit calcium phosphate (CaP) on titanium (Ti) to 
make it osteoconductive and ideally osteoinductive. 
Among these, electrodeposition (ELD) appears to be an 
economical and simple coating process that potentially 
can be used to coat complex 3D structure. However, the 
use of ELD on Ti-scaffolds has not been explored fully 
yet. The aim of this study is 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 coating within the scaffold.  
 
Materials and Methods:  

(a) Scaffolds. 3D Ti6Al4V porous scaffolds (Ø 6 mm, 
H 3 mm) with a 2 mm central hole and a pore size of 1 
mm (Fig. 1a&b), were fabricated by Selective Laser 
Melting (SLM). They were cleaned, oxidised in 5M 
NaOH, dried at 37 oC and kept in desiccators prior to use.  

(b) Perfusion Electrodeposition of CaP. A perfusion 
system was developed to deposit CaP on the RP 
Ti-scaffolds (cathode) using a platinum ring as anode 
(Fig. 1c). A supersaturated calcium phosphate (SCP) 
solution (pH 7.0, 50 oC) was perfused through the 
coating chamber at 10 ml/min. Both electrodes were 
connected to a D.C. power supply.  

 
Figure 1: Typical RP Ti-scaffold (a) top & (b) side view, 
and (c) perfusion ELD system. 
 

(c) Experimental design. A full factorial analysis 
(FFA) at two levels was performed to study the effect of 
current density (I = 20 & 40 mA/cm2), fluid flow (f = 2 & 
10 ml/min), deposition time (t = 1 & 3 h) and process 
temperature (T = 37 & 55 oC). The 4 parameters were 
optimised by applying constant current density vs 
variable deposition times and vice versa. Dry net weights 
of coated Ti-scaffolds were measured and the coatings 
were assessed qualitatively by SEM-EDAX. The coating 
crystallinity was measured by XRD. 

(d) Biocompatibility test. Various CaP coated 
Ti-scaffolds (3, 5 & 10 mA/cm2 at 6 h, and 3, 5 mA/cm2 
at 3 h) were autoclaved, and drop seeded with human 
periosteum derived cells (HPDCs) at 100,000 
cells/scaffold. Cells-seeded scaffolds were left in an 
incubator for 2 hours before adding medium, and were 
subsequently cultured for 7 days. The cells viability was 
assessed by live-dead staining. 

Results and Discussion: FFA showed that t and the t-f 
interaction significantly influence the coating efficiency 
(∝ = 0.05). The amount of coating increased 
proportionately with t, T and f whereas the effect of I is 
limited. According to Faraday’s Law, long t permits 
more current flow, thus causing higher deposition. The 
I-values used in this analysis did not allow homogenous 
deposition. High T increased ions kinetics and high f 
refreshed the electrolytic compartment with more ions 
for deposition. This analysis allowed fixing two 
parameters: f = 10 ml/min and T = 50 oC (to avoid SCP 
turbidity), for subsequent experiments. 
These initial observations prompted optimisation of I 
values (i.e. 2-10 mA/cm2) at constant t (i.e. 12 hours) and 
of t (i.e. 1-12 hours) at constant I (i.e. 3 mA/cm2). SEM 
micrographs showed improved coating distribution with 
increased I at constant t, and CaP deposition increased 
when t was prolonged to 12 hours. Quantitative 
characterisation will be performed by measuring the 
coating thickness and dissolution behaviour to optimise I 
and t values. EDAX analysis showed the presence of Ca, 
P and O within the coating. Morphologically, most of the 
coating showed a submicron-scale porous mesh-like 
structure. Interestingly cauliflower like crystal plates (5 
μm in length) were observed on coatings deposited at 5 
mA/cm2 for 6 h (Fig. 2a - c). XRD analysis showed that 
most of the coatings were a mixture of OCP and HA. The 
live-dead staining of the seeded HPDCs showed 
comparable viable cells between the uncoated (Fig. 2d – 
g) and coated (Fig. h – k) scaffolds, and presented 
homogenous cells distribution and growth within the 
scaffold after 7 days of culture 

 
Figure 2: (a,b) SEM micrographs of coated Ti-scaffold 
& (c) EDAX spectra. (d – k) Photographs of live-dead 
staining of HPDCs at 7 days culture.  
 
Conclusions: We have developed a perfusion ELD 
system that essentially allows controllable and 
reproducible CaP deposition on 3D RP Ti-scaffolds. The 
coated scaffolds were biocompatible and hold potentially 
osteoconductive and osteoinductive properties. 


