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BALANCE PROSTHESIS

Patent No. 6,546,291 B2, Issued April 8, 2003

Over 90 million Americans will seek medical attention for dizziness, a malfunction of the inner
ear, at least once in their lifetime. Relying on the low weight and excellent performance available
in Draper Microelectromechanical System (MEMS) inertial instruments, we developed and
successfully tested a prototype vestibular prosthesis. Balance-impaired patients who were unable
to stand unaided stood with the prosthesis. Multiple-axes tilt modules are now being tested at
three sites.

The inner ear vestibular organs, which detect linear and angular accelerations, vision, and
proprioception (forces sensed by ankles or finger touch) are the sensors that work with the brain
to effect balance. If one of these inputs is lost, the body can usually compensate after an adjustment
period of days or weeks; thus, a vestibular prosthesis would be useful for people recovering from
inner ablative surgery and for those with temporary dizziness. The elderly, in whom multiple sensor
functions are often impaired and for whom falling is a leading cause of injury and death, would
benefit.

The patent describes a vestibular prosthesis that consists of MEMS inertial instruments, a computer,
and a stimulator. Usually mounted to the torso, the instruments detect the subject’s angular rate
and acceleration plus gravity. The digital processor separates gravity from acceleration by spectral
content and combines the accelerometer and gyroscope signals so that modestly performing
instruments can perform the balance function with suitable accuracy. Much of the patent deals
with these unique algorithms.

There are several means to convey the vertical information to the patient. The patient’s inner ear
nerves can be stimulated by electrical impulses, much in the manner of a cochlear implant. Thus
far, our testing has employed invasive, externally-worn vibrators that are located circumferentially
about the torso. The prosthesis can also be used with other navigational sources, such as GPS, to
further assist in position location and orientation.
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