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INTRODUCTION: Atherosclerosis is a 

cardiovascular disease that can be treated by 

angioplasty and stent implantation. Cobalt-

chromium alloys, such as L605, showed 

appropriate mechanical properties and 

cytocompatibility for stent fabrication1,2. However, 

the release of metallic ions of different species (Ni, 

Cr, Co, etc.), in contact with the vessel tissue, can 

affect the operation outcome. Surface modification 

is a method to tune the material properties and to 

make it suitable for the final application. In the 

present work, plasma oxygen ion immersion 

implantation (PIII) was applied to modify the 

surface properties3-5. The effect of implantation 

parameters on the material were studied, assessing 

its surface microstructure, chemical composition, 

wettability and biological response of the modified 

surface. 

METHODS: A 0.4 mm-thick L605 foil was 

cleaned and electropolishing (EP). The 

electropolished samples were subjected to a 

procedure of oxygen plasma immersion ion 

implantation (O PIII), to modify the surface oxide. 

Two plasma parameters were varied in this study, 

that is the exposure time (time) of the substrates to 

plasma, respectively 30, 60 and 120 min., and the 

application of a range of substrate biases, that is 1, 

5 and 10 kV (Ubias, negative values). After 

implantation, the modified surfaces were studied 

by X-ray photoelectron spectroscopy (XPS), 

transmission electron microscopy (TEM), contact 

angle (CA). Direct and indirect cell tests with 

human umbilical vein endothelial cells (HUVECs) 

were used to characterize the plasma modified 

surfaces. 

RESULTS: Fig. 1a and 1b show TEM 

micrographs of a reference (EP) sample and of a 

plasma modified sample by PIII, respectively. 

Layer 1 and 2 in fig. 1a are a Pt coating deposited 

during the cross-section preparation, while layer 3 

is the substrate. In fig 1b, is composed of 4 main 

parts; part 1 and 2 are platinum layers, part 3 is an 

oxidized layer (~20 nm), and part 4 is the substrate. 

Increasing Ubias resulted in increasing the thickness 

of the implanted layer. Static contact angle values 

showed a general decrease in surface 

hydrophilicity after PIII (30˚ for EP and 85 to 90˚ 

for PIII). XPS highlighted that after the 

implantation process, the amount of O and Co 

increased to ~55-60 at. % and ~6-8 at. %, 

respectively. The XPS high-resolution analyses 

evidenced that the most important peak of EP-O1s 

was the one related to hydroxides: this could 

explain the low contact angle for EP samples. 

Also, after PIII, the most relevant peak was related 

to the presence of metal-bound oxygen, while the 

hydroxide related peak was less relevant compared 

to the EP condition, causing a higher contact angle 

of implanted samples (>80˚). Also, Co in a metallic 

state was found in EP samples, while there was no 

evidence of its presence in PIII sample. Finally, 

both the EP and PIII modified surfaces showed an 

appropriate biological performance after HUVEC 

direct and indirect tests 

 
Fig. 1: TEM results of an EP and a -10 kV PIII  

DISCUSSION & CONCLUSIONS: Oxygen PIII 

process modified the chemical composition and 

microstructure of the surface on the nanometric 

scale, causing change of surface physical 

properties such as its wettability. The oxidized 

surface layer was found to be rich mainly in Co 

and O. Increasing the applied Ubia increased the 

thickness of the O-rich layer, without affecting the 

already excellent behavior for in vitro cell tests. 
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