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Abstract 
  
Lesions of the vestibular organ lead to complaints of unstable vision, dizziness and imbalance.  Such lesions are also 
accompanied by abnormalities on vestibular function testing: specifically the vestibulo-ocular reflex (VOR) is altered, 
usually resulting in abnormal ENG caloric responses and abnormal results with rotary chair testing. 
  
Posturography measurements and measurements of static and dynamic balance functionally are often altered.  The VOR 
is a vision-stabilizing reflex.  In it, signals from the vestibular apparatus drive movements of the eyes to keep the visual 
world stable as the head moves.  We know that small lesions of the vestibular apparatus lead to changes in the VOR. 
Specifically, the gain of the VOR (defined as the magnitude of the eye velocity output divided by the head velocity 
stimulus) may be altered.  There is a neural mechanism that adapts to changes in VOR gain.  Small defects in VOR gain, 
such as when a new spectacle prescription is worn are rapidly corrected.  However, with large changes in VOR gain, such 
as when the vestibular apparatus input from one ear is surgically removed, the adaptive mechanism appears to fail.  Such 
patients usually have chronically low VOR gains and persistent sensations of vertigo and imbalance.  
 
There are two theoretic possibilities: the lesion could have ablated the adaptive mechanism as the VOR was disrupted, or 
the adaptive mechanism may have been overwhelmed by the magnitude of the lesion.  The latter appears to be the case. 
We have tested patients with persistently altered VOR gains and have found that it is possible to slightly alter these gain 
values temporarily with a new method of adaptation, utilizing Virtual Reality.  We have developed an immersive interactive 
computer graphics environment designed for visual-vestibular interaction research.  A subject wears a head-mounted 
display that provides a wide image and blocks the view of the outside world.  As the subject moves, a head position and 
orientation tracker measures the position of the head.  The computer rendering system then shifts the scene to 
correspond to the new point of view.  In the graphics environment the magnitude of visual scene movement relative to 
head movement and rate of optic flow is under software control.   
 
Our protocol for adaptation uses the computer control and uses the observation that small-required changes in VOR gain 
are rapidly adapted to.  Thus if a subject had a VOR gain of 0.4, we demagnified the scene to 0.44, thus requiring an 
adaptation of 10% instead of 250% 30 minutes of exposure increased to successively larger increments in this paradigm 
produced significant VOR gain changes at 0.32 and 0.64 Hz measured by rotary chair, and at 0.5 and 1.00 Hz using 
VORTEQ measures immediately after the exposure.  In the work proposed here, we will test subjects after repeated 
exposures to successive increments in required VOR gain and determine if we can induce a persistent VOR gain change 
and a reduction of symptoms. 
  
Introduction 
  
Stabilization of an object’s image on the retina of the eye during active or passive head motion is necessary to avoid 
"slippage" of the image, giving rise to the perception of oscillopsia or impaired visual acuity.  This stabilization of the 
image is a function of the VOR. It can be hypothesized that a "learning" process occurs during development of this system 
from birth, in which frequencies of head motions are responded to by both concentric and eccentric eye motions controlled 
by Cranial nerves III, IV & VI.  This learned process can be termed the visual-vestibular interaction (VVI).  Any outside 
negative influences to this interaction will cause a perception of dizziness, and further, a development of imbalance if the 
efferent motor preprogramming (also a "learned" process) is also affected.  Simply stated, "the motor output doesn’t 
match the expected predetermined plan.”   
 
 As with most central neural processes, there exists a surplus of ability to learn such processes  Only a part of the 
system’s capacity is utilized, the remainder being unused, and in reserve with compensatory capabilities.  When the 
system is functioning normally, there is a baseline firing rate of the peripheral vestibular apparatus being processed 
centrally.  There is then an efferent motor response via the postural stabilizing system.  If the visual-vestibular interaction 
is not functioning normally, the compensatory mechanisms are called upon to act to stabilize the person’s vision and 
equilibrium posturally.  If the system continues to function abnormally for an extended period of time, the abnormal 
becomes the norm for the person, and a new learning mechanism begins.  If the person has limited compensatory 
capabilities, the vision remains unstable while the head is in motion (oscillopsia), and the person’s balance is impaired.  



 
The difference between the amounts of afferent input between the two sides determines the extent of the symptoms and 
functional performance loss.  This can be related as well to a change in VOR gain.  Therapeutic treatments for gaze 
stabilization and postural control can be helpful in most cases. Medications which act centrally may be beneficial as well, 
as they act to narrow the difference between the afferent inputs by the two sides.  However, the secondary actions of 
these medications may prohibit their use, and they may also lengthen the compensatory recovery time.  Therefore, the 
modality of Virtual Reality in incremental sessions of exposure may be beneficial in modifying VOR function and lessening 
the use of suppressive medications. 
  
Research Protocol 
  
The research protocol is being carried out at the University of California, San Diego with Dr. Erik Viirre as the Principal 
Investigator.  The project is being funded by the National Institute of Deafness and Communication Disorders in Project 
#RO3DC03507.  A similar protocol is being conducted at Balance Centers of America in Wilmette, IL and Merrillville, IN 
with Jim Buskirk as the Principal Investigator and Dr. Viirre as co-investigator.  Data is also being collected in San Diego, 
CA under the direction of Dr. Erik Viirre and at the Naval Medical Center at San Diego (NMCSD) in the Department of 
Otolaryngology.   
 
While in the research protocol, no additional "traditional" forms of vestibular therapies are performed.  After completing an 
informed consent, two questionnaires are completed: the Jacobson Dizziness Inventory and the Activities-specific 
Balance Confidence (ABC) Scale.  In IL and IN, a measure of the person’s VOR gain is obtained, using VORTEQ testing 
at 0.5 and 1.0 Hz frequencies.  These are done with active and passive head motions.  In addition, a measure of the 
person’s dynamic visual acuity is taken, using the Dynamic Visual Acuity Test (DVAT) from Micromedical Technologies.  
A measure of the person’s posture is also taken with the Neurocom Equitest and SMART BalanceMaster equipment, both 
with and without utilizing the "head tilt" protocol.  
 
In San Diego, the VOR gain value is measured using the System 2000 rotational chair. Then, the Virtual Reality (VR) 
protocol is instituted, either to raise or lower the gain value.  The VR protocol takes place over 5 successive days, with 30-
minute sessions each day.  At 10-minute intervals, the person’s symptoms are measured at 0-3 severity to avoid the 
phenomenon of "simulator sickness". In San Diego, daily VOR gain values are taken, while in IL and IN the gain values 
are obtained every other day if able, and at minimum, at the end of the fifth day’s VR session.  For some subjects, daily 
measures are taken in IN and IL, while in San Diego, only every other measures are taken for comparison.  Since 
subjects with VOR gain values higher than normal usually have more severe symptoms, smaller successive increments of 
VR magnifications are utilized than for the subjects who have lower than normal gain values.  Magnification rates are 
changed by 10% when lowering gain values, while a 15% change is used when attempting to raise gain values. The two 
questionnaires are repeated at the end of the fifth session.  Follow-up questionnaires are completed one week after the 
last session, and again one month later. For those subjects who can return, VOR gain values, dynamic visual acuity 
scores, and balance and posturography scores are repeated at one week and one month following the last VR session. 
  
Results 
  
A pilot study of 6 subjects was conducted prior to instituting the full research protocol.  Five of the six subjects were able 
to avoid usage of any suppressive medications.  Four of the six subjects reported decreased symptoms of dizziness and 
imbalance, with improved performance functionally.  One reported no change and one reported increased symptoms and 
asked not to continue with the protocol after the second session.  That subject was thought to have an unstable lesion, 
and was returned to the Otolaryngologist for further management.  The VOR gain values were improved, and when 
analyzed, were found to be statistically significant.  At the time of this writing, efforts are being made to analyze 100 
subjects at each facility for data collection.  This will lead to further investigation of this tool as a viable method of aiding in 
the rehabilitation of people with complaints of dizziness and imbalance with measured abnormal VOR gain values, 
abnormal dynamic visual acuity scores, and abnormal measures of posture and equilibrium. 
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