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Introduction 
Neuromonitoring (NM) during surgical procedures is 
an area of active research interest, as damage to 
nervous tissue could result in impaired muscle 
function. In image-guided, mini-invasive, robotic 
cochlear implantation surgery (RCI), a direct access 
tunnel to the cochlea is drilled that passes at 
submillimeter distances to the facial nerve. NM for 
this application has been investigated and the nerve 
could be reliably detected at these distances using 
a multi-electrode probe [1], however the need to 
interrupt drilling to allow for NM adds minutes and 
complexity to the surgical procedure. There is 
therefore a need to drill and monitor nerve proximity 
in tandem. The aim of this project was to 
investigated a coatings-based approach to drill 
integrated NM. 

Materials and Methods 
A drill-coating setup was implemented in a 
magnetron sputtering system (fig.1) that allowed for 
two levels of substrate rotation, as required to coat 
the complex 3-d geometry of drill bits. Coating 
recipes for insulator and conductor materials were 
determined using hysteresis experiments (fig.2, top), 
and a set of coated drill bits were produced (fig.2, 
bottom). Functional properties were evaluated using 
an in-bone wear test, electrochemical impedance 
spectroscopy (EIS), and optical and electron 
imaging. 

 
Fig. 1 Magnetron sputtering setup used to coat the drill bits 
(schematic modified from [2]) 

 

Results 
Coating recipes were successfully determined and 
imaging showed that we could produce distinct 
conducting and insulating surfaces (also seen in 
fig.2, bottom). Visual evidence of extensive arc-
induced damage was confirmed by the inability of 
coating layers to prevent electrical cross-talk 
between conductive layers, so the EIS results were 
largely inconclusive in determining coating damage 
due to in-bone drilling. 

 
Fig. 2, top, hysteresis curve showing the change in voltage 
with increasing and decreasing the flow of nitrogen to the 
chamber; bottom, coated drill bits produced after the 
successful determination of the coating recipe. 

Discussion 
Although functional properties could not be tested 
from the coated drills, the coating setup we 
implemented in this thesis was successful in 
producing distinct conductor and insulator surfaces, 
and in so doing, has shown concept feasibility. 

References 
[1] Anso J., et al. A Neuromonitoring Approach to 
Facial Nerve Preservation During Image-guided 
Robotic Cochlear Implantation. Otology and Neur-
otology 2016; 37: 89–98.  
[2] Diserens M, et al. Improving the properties of 
titanium nitride by incorporation of silicon. Surface 
and Coatings Technology 1998; 108-109: 241–246. 

Acknowledgements 
I thank both Empa and ARTORG for giving me the 
opportunity to work on this project. 

 


