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In this study, we investigated the effect of silicone-coating of individual wires on the 
deployment force of a non-vascular stent. As a new strategy, we utilized an electrospinning 
technique to selectively coat the wires of the stent, not including the spaces between the 
intersecting stent wires. We characterized the stent coating and wires with various 
characterization techniques. The tensile properties of the silicone film at different drying 
temperatures were measured and catheter deployment test was carried out. Fully silicone 
film-encapsulated Nitinolwires were obtained after drying at 150 and 200oC. The silicone-
coated stent showed lower deployment force compared to the bare stent. This is attributed 
to the smoother surface provided by the silicone coating. Furthermore, the coating 
enhances the bending ability of the stent. The facile coating technique could provide 
improve catheter stent deployment as well as improve the biocompatibility of the stent. 
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1. Introduction 
 
A non-vascular stent is a man-made wire mesh biomedical implant scaffold that is used to 

open up obstructed non-vascular passageways such as esophagus, bile duct, etc, in a human 
body[1]. It is usually inserted via a catheter. The stent is crimped and inserted into a small-
diameter catheter, and it is then deployed into the targeted area in the body through expansion of 
the crimped stent. There are many issues associated with the use of stent such as migration of stent, 
positioning difficulties, fracture of stent, and restenosis[2]. The easy insertion and deployment of 
stent is also an important issue. A stent with rough surfaces would make it difficult for easy 
deployment due to friction between the stent wire and the inner wall of the catheter. However, if 
the surface of the stent is too smooth, though it would make the insertion and deployment easier, it 
has a tendency for stent migration to occur due to lower attachment surface area for the 
surrounding tissues[3]. Thus, an optimum roughness is required for ease in insertion and 
deployment, as well as for preventing stent migration. Several studies have utilized surface 
modification techniques to smoothen the surfaces of stent. In our previous studies, we utilized 
laser and magnetic polishing[4] to improve the surface finish of stent. Improved surface finish and 
consequently better stent deployment was obtained for the magnetically-polished stent. 

 
Another way of improving the surface finish is by coating the stent with a polymeric 
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matrix. It could be done by completely covering the whole stent or by just coating the individual 
wires. Some studies have covered the stent with polyurethane or silicone films by dip-coating or 
by electrospinning methods[5]. Though, stents are successfully covered, there is still an issue of 
possible migration of the cover from the stent due to not-fully attached cover on stents during 
insertion, deployment, or after-deployment. Another issue is the durability of the cover when 
exposed to constant pressure inside the body. In the present study, our approach is to just cover the 
individual wire of the stent with silicone film to induce smoother surface. This approach is also an 
initial step for possible inclusion of drugs in the coating for targeted-drug delivery applications. 
Though dip-coating technique is the usual method of coating, we utilized electrospinning 
technique in this study. In dip-coating, usually the inter-wire spaces are also covered with film, 
thus covering the whole stent. Electrospinning is a versatile way of producing ultrafine fibers onto 
a targeted substrate by the application of high voltage electric fields. We utilized silicone material 
as it is one of the most common polymers used as cover for stents[6]. However, electrospinning of 
silicone to produce nanofibers is a difficult task, thus we only utilized electrospinning to produce 
liquid droplets/films directly on the wires of the stent, and subjected the coated stent to 
heating/curing at different temperatures. We expected that silicone can fully cover the whole wire 
and attached strongly to the wires. The thin film-like silicone coating on stent wire can make the 
surface smooth and could add flexibility and strength to the whole stent mesh. 

The objective of the present study was to investigate the effect of silicone coating of 
individual wires of a titanium-nickel (TiNi or Nitinol) stent on the deployment force of the stent. 
We utilized an electrospinning technique as our coating method using a laboratory-made 
automatedelectrospinning system. Ourmain goal was to reduce the frictional coefficient at the stent 
interface by producing a uniform surface roughness of TiNi stents by means of silicone film 
coating.  

 
2. Experimental 
 
Electrospinning was carried out using the electrospinning system (Fig. 1a) used in our 

previous study[7]. Silicone solution (17 wt%) was prepared by dissolving silicone mixture (Nusil 
Silicone Technology) in acetone/ xylene (1:1) solvent by magnetic stirring. The silicone solution 
was electrospun for 1 h at 20 kV for a tip-to-collector distance of 70 mm and a feed rate of 
80μl/min. Nitinol stents (from MITech., Korea, length = 8 cm; inner diameter = 10 mm) were used 
directly as collector, placed on a rotating mandrel.After electrospinning, the coated stent was 
heated at either 150 or 200oC in an oven. Then, characterization and tests followed. 

 The morphological properties and thickness of coating were observed using scanning 
electron microscopy (SEM, Hitachi X-650, Japan). Energy dispersive spectroscopy (EDS) was 
utilized to check the elemental composition of the samples. The tensile properties of the silicone 
films only (without the stent) were obtained using an Instron Bench-type Tensile Tester (LR5K 
Plus, Lloyd Instruments, 100 N loadlimit). We used a dog-bone specimen based from ASTM 
D882-10. The specimens were fixed on a paper frame by taping both ends of the specimen. The 
crosshead speed was 10 mm/min and 5-10 specimens were tested for each sample. The thickness 
of the specimens were measured using a digital microcaliper (Mitutoyo Absolute, Mitutoyo Corp., 
Japan) with an accuracy of ±0.5 μm by getting the average value of at least 3 
measurements.Deployment (push-out) tests were carried out using a bench-type tensile test 
machine (1000 N load cell, LRX Plus, Lloyd Instruments) at a crosshead speed of 50 mm/min. 
The catheter had an inner diameter of 2.38 mm and a length of 1800 mm. 
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