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Continued advancements in functional neural stimulation in the upper extremity have created 

opportunities for a new generation of prosthesis that provides improved control of the hand through the 

use of artificial touch sensation. Providing feedback to the wearer through electrical stimulation aids in 

embodiment of the prosthesis, minimizes phantom limb pain, and improved functional performance and 

user confidence of the device [1-4]. The system, composed of implanted peripheral nerve cuff electrodes, 

also relies on connection to an external stimulator requiring percutaneous leads to cross through the 

dermis.  

 

Lead failure exterior to the body by chemical and/or mechanical mechanisms is rare.  When failures do 

occur, characterization of the leads and respective subcomponents is important for understanding root 

cause and to help inform possible routes of mitigation. In this work, small discolored sections of 

percutaneous lead were removed from regions outside the skin and evaluated with non-destructive and 

destructive microscopy and microanalysis techniques. Digital optical microscopy (OM) and X-ray 

microscopy (XRM) were used to characterize the full specimen (i.e. internal 316LVM wires and outer 

perfluoroalkoxy (PFA) insulation) capturing discoloration and regions of failure without disturbing the 

delicate internal wires. In the 22 lead specimens that were sectioned, 45 regions of discoloration were 

identified in addition to two defects in the PFA insulation. Scanning electron microscopy (SEM) and 

chemical analyses using energy dispersive X-ray spectroscopy (EDS) and time-of-flight secondary ion 

mass spectrometry (ToF SIMS) characterized the regions after the outer insulation was removed. 

Chemical analyses of these regions showed the presence of contaminants (Na, K, Cl, and Ca) and areas 

exhibiting local depletion of Fe, Cr, and Ni as well as increases in C, S, and O. Discoloration was co-

located with regions displaying pitting corrosion, Figure 1.  

 

Environmental studies were performed to identify potential causation. Leads were evaluated using a dye 

technique to determine if solution could wick into the lead body between the wires and insulation if a 

defect were present. Environmental specimens were prepared with and without defects in the insulation 

to evaluate the effects of solutions on the leads. Year-long submersion in phosphate-buffered saline at 

body temperature and wet-dry cycling of non-implanted leads of the same material and construction were 

performed in solutions common to normal hygiene routines (i.e. water, isopropanol, hydrogen peroxide, 

Neosporin, antibacterial soaps, and non-antibacterial soaps). Advanced imaging and microanalysis 

techniques were also used to characterize the environmental specimens. Evidence of pitting corrosion was 

observed in leads exposed to soaps that contained Cl as part of the active ingredient which was common 

with the antibacterial formulas, Figure 1.  
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Figure 1. 316LVM lead body from the subject (left) and from the antibacterial test (right) imaged with 

XRM and showing clear evidence of pitting corrosion in the regions that were co-located with optically 

observed areas of discoloration. 
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