
An Electronic Prosthesis Mimicking the Dynamic Vestibular
Function

Andrei M. Shkela

aUniversity of California - Irvine, Department of Mechanical and Aerospace Engineering, 4208
Engineering Gateway, Irvine, CA, USA 92697

ABSTRACT

This paper reports our progress toward development of a unilateral vestibular prosthesis. The sensing element of
the prosthesis is a custom designed one-axis MEMS gyroscope. Similarly to the natural semicircular canal, the
microscopic gyroscope senses angular motion of the head and generates voltages proportional to the corresponding
angular accelerations. Then, voltages are sent to the pulse generating unit where angular motion is translated into
voltage pulses. The voltage pulses are converted into current pulses and are delivered through specially designed
electrodes, conditioned to stimulate the corresponding vestibular nerve branch. Our preliminary experimental
evaluations of the prosthesis on a rate table indicate that the device’s output matches the average firing rate
of vestibular neurons to those in animal models reported in the literature. The proposed design is scalable;
the sensing unit, pulse generator, and the current source can be potentially implemented on a single chip using
integrated MEMS technology.
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1. INTRODUCTION

Sensory prostheses to artificially replace lost sensory function for a number of sensory systems are currently
under investigation. For example, cochlear implants use electrical stimulation to restore hearing and provide
some relief for patients suffering profound sensorineural hearing loss.1 Using similar principles, a vestibular
prosthesis could provide head orientation information to the nervous system for patients suffering from peripheral
vestibular disorders.

The vestibular organ of the inner ear is the major anatomical system to sense motion. The primary function
of the vestibular system is to provide information to the brain about the body’s motion and orientation. It
measures six quantities concerning the spatial orientation including 3-axes angular acceleration and 3-axes linear
acceleration. Diminished balance ability, often seen in older adults, poses a serious health risk due to the increased
likelihood of the falling.

Several approaches can be considered for improvement of balance sensation and postural control. Appropriate
drugs could relief some of the symptoms. Non-invasive exercise has relatively low risk and may also lead to
improvement of the vestibular function. If the natural tactile sensitivity and balance control cannot be improved
using non-invasive methods, prosthesis might be an alternative way to restore balance function. In balance
related prosthetics, sensors such as gyroscopes and accelerometers can sense the motion and provide patients
with information about body’s orientation. Such a device could be used as a temporary aid during recovery from
ablative inner-ear surgery and as a permanent prosthesis for those elderly prone to falls.2

At least two categories of vestibular prosthesis might be considered. One approach is to provide the head
movement information to the nervous system directly by electrically stimulating the vestibular neural pathways
related to spatial orientation. Another approach is to provide the information via sensory substitution through
other sensory systems (e.g., tactile, visual, auditory, etc.).3

This work falls in the first category. Our goal is to develop an implantable, vestibular neural prosthesis using
electrical stimulation. It offers potential opportunity to restore seriously diminished vestibular systems. The

Further author information: (Send correspondence to Prof. Andrei Shkel)
Andrei Shkel: E-mail: ashkel@uci.edu, Telephone: 1 949 824 3843

Smart Structures and Materials 2006: Sensors and Smart Structures Technologies for Civil,
Mechanical, and Aerospace Systems, edited by Masayoshi Tomizuka, et al., Proc. of SPIE Vol. 6174,

617414, (2006) · 0277-786X/06/$15 · doi: 10.1117/12.659293

Proc. of SPIE Vol. 6174  617414-1




