
Fig. 1: Pictures of our MEA taken a) 

during implantation and b) by a CT 

scanner few months after implantation. 
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E introduce a skin-like multi-electrode array for chronic in-vivo epidural electrical stimulation of the spinal cord. This 

neuroprosthesis is the first reported implantable electrode array using conductive PDMS as a material for the design of 

stretchable conductive leads. This all-elastomeric technology provides high compliance to the implant, thus allowing the 

array to act as a second skin in close contact with the spinal cord. We also report preliminary results on the heuristic value of 

this novel technology to restore locomotion in rats with complete spinal cord injury.  

 

There is growing evidence that electrical spinal cord stimulation may contribute to improving motor execution and 
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affecting descending control systems. Epidural electrical stimulation (EES) applied on the dorsal aspect of the spinal cord 

facilitates motor execution through the recruitment of afferent fibers that activates segmental reflex circuits and propriospinal 

neuronal networks [1]. Accordingly, EES applied at specific locations over the lumbosacral spinal cord engages specific 

subsets of neuronal circuits, thus leading to distinct patterns of limb movements [2]. These results open the intriguing 

possibility to design multi-site EES strategies to enable a finer control of locomotion than currently possible with existing 

stimulation paradigms. However, no systematic studies on the potential benefit of multi-site EES have been conducted so far, 

largely because of the lack of interfaces for simultaneously delivering stimulation at multiple spinal cord locations in freely 

behaving subjects. Here, we present a novel neuroprosthetic multi-electrode array (MEA) for multi-site EES in vivo. 

Our MEAs have been designed to be implanted epidurally (see Fig. 1) or subdurally. The MEA acts as a second 

biocompatible skin that bends and moves with the spinal cord. For chronic applications involving rehabilitation, MEAs have 

to survive large mechanical stresses caused by the relative movements between the spine and the vertebrae, as well as the 

contraction of powerful trunk muscles. We developed and optimized stretchable conductive leads that can survive such high 

mechanical stress. Polydimethylsiloxane (PDMS) was chosen as substrate material because of its mechanical properties 

similar to that of the dura mater. Thus it is possible to produce a second-skin that does not harm the underlying cord and roots 

on which stretchable leads can be integrated. Stretchable tracks of silver-filled PDMS 

(Ag-PDMS) were screen-printed on this PDMS substrate and insulated by a second layer 

of PDMS. Electrodes of 350 µm were made by exposing the Ag-PDMS and coating it 

with Pt or Pt-Ir. The MEA was connected to an external stimulator via medical fine wires 

and connector.  

Preliminary testing in rats with chronically implanted MEA over lumbosacral 

segments showed no sign of inflammation and preserved implant integrity several 

months after surgery. As early as 1 week after a complete spinal cord transection, EES 

applied at the various electrodes of the MEA encouraged specific patterns of locomotion 

on the treadmill in paralyzed rats. Using our novel MEA, we will develop advanced 

multi-site EES to enable the control of versatile leg movements, and to improve the 

functional outcomes of neurorehabilitative training. 
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