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-:-i' e- ri ding in a car. In this instance, the vestibular 
�~ �:�i�o �c �e�p�t�i�v�e� systems signal movement, but the 

:5!em signals relative stability. 
-=-- \·t'stibular apparatus provides partially redun­
�~ �"�-�! �:�m �a�t �i�o�n�,� allowing for the possibility of intra­

- . De conflict. Space motion sickness is thought to 
-...3" by intralabyrinthine conflict. About 50% of 

.:o:::nle astronauts experience motion sickness dur­
ini ti al 24 to 72 hours of orbital flight. It is cur­

::.ought that space motion sickness is due to a 
�-�"�"�'�-�.�~ �{�'�C� in "otolith-tilt translation."27 The otoliths nor­

�~ �c�t�i�o �n� in the context of a gravitational field, so 
...i.. =.y moment the total force acting on the otoliths is 
�-�-�~ �~� sum of the force due to gravity and that due to 

c-<:<1eration of the head. The cenlral nervous sys-
�~ �:�s� li near acceleration to be mainly related to tilt, 

�~� :.i,ear acceleration due to gravity is usually much 
=a.il that due to acceleration of the head. When 

-....lSide earth's gravitational field, like astronauts in 
�~ �e �.� the only source of otolith stimulation is linear 
-.::on of the head. In susceptible individuals, the 
:::-:?rYous system continues to interpret linear accel­
�~� being primarily related to tilt , which is now 
_"':!.ll sing the motion sickness syndrome.27.28 

--_C1ures that appear to be essential for the produc-
- ;::::)O[ion sickness are (1) intact labyrinth and cen-
�~�b�u �l �a�r� connections, (2) cerebellar nodulus and 

:2.3.[ coordinate labyrinthine stimuli, (3) the 
�~�-�= �e�p�t�i �\�" �e� trigger zone located in the area postrema, 

- :::'c medullary vomiting center.29 Why some peo­
=.AI :-e prone to motion sickness than others is not 

�.�:�>�~�y� understood. 

_ we have described some of the problems posed 
a:::::.liations of the vestibular sensory apparatus and 
�~ �n�t �s� of physics. In normal individuals, these 

.:-an be satisfactorily resolved by relying on 
�_�.�.�.�.�,�~�=�~� of sensory input and central signal process­

-=d.it ion to these intrinsic problems, there are 
- ;: :-oblems related to ongoing changes in sensory 

""_ central processing capabilities, and motor Ollt­
r-:-:-els. Because being able to see while one's head 

: 211d avoiding falls are so important to survival, 
.,. f acility of the vestibular system must be 

- .1S an in tegral part of its physiology; for this rea­
'V.Jr fi nal topic. 

-=-:iyc plasticity for peripheral vestibular lesions 
::h elsewhere in this volume. Suffice it to say 
:-;;:pair is amazingly competent, even enabling 

the vestibular system to adapt to peculiar sensory situa­
tions requiring a reversal of the VOR.30 Adjustments of 
internal models and weighting of sensory inputs (e.g., 
Kalman gain) are probably at least as important as read­
justment of reflexes, because internal models provide 
many imponant features that reflexes cannot provide 
(such as functioning in the absence of sensory input). 

Although mosl people are capable of abstract 
thought and can generalize from one context to another, 
there is a high degree of context dependency to the repair 
of peripheral vestibular lesions. In other words, adapta­
tions learned with in one sensory context may not work 
within another. For example, a patient who can stabilize 
gaze on a target with the head upright may not be able to 
do so when making the same head movements from a 
supine posture. Experimentally, in the cat, VOR gain 
adaptations can be produced that depend on the orienta­
tion of the head.3] Similarly, when the VOR of cats 
is trained with the use of head movements of low fre­
quency, no training effect is seen at high frequencies.32 

Another type of context dependency relates to the 
VSRs and has to do with the difference in reference 
frames between the head and body. Because the head can 
move on the body, information about how the head is 
moving may be rotated with respect to the body. For 
example, consider the situation in which the head is 
turned 90 degrees to the right. In this situation, the coro­
nal plane of the head is aligned with the sagiual plane of 
the body, and motor synergies intended to prevent a fall 
for a given vestibular input must also be rotated by 90 
degrees. For example, patients with vestibular impair­
ment who undergo gait training in which all procedures 
are pert'ormed only in a particular head posture (such as 
upright) may show little improvement in natural situa­
tions in which the head assumes other postures, such as 
looking down at the feet. Little is understood about the 
physiology of context dependency. 

Repair of central lesions is much more limited than 
that available for peripheral lesions; this is the "Ach illes' 
heel" of the vestibular apparatus. Symptoms due to cen­
tral lesions last much longer than symptoms due to 
peripheral vestibular problems. The reason for this vul­
nerability is not difficult to understand. To use a com­
monplace analogy, if your television breaks down you 
can take it to the repair shop and get it fixed. If, however, 
your television is broken and the repair shop is out of 
business, you have a much bigger problem. The cerebel­
lum fulfills the role of the repair shop for the vestibular 
system. \Vhen there are cerebellar lesions or lesions in 
the path\vays to and from the cerebellum, symptoms of 
vestibular dysfunction can be profound and permanent. 
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Clinicians use this reasoning when they attempt to sepa­
rate per ipheral from central vestibular lesions. A sponta­
neous nystagmus that persis ts over several weeks is 
genera lly due to a central lesion; a peripheral nystagmus 
can be repaired by an intact brainstem and cerebellum . 

Summary 
The vestibular system is an old and sophi st icated human 
control system. Accurate processing of sensory input 
about rapid head and postural motion is difficult as well 
as critical to survival. Not surprisingly, the body llses 
mullipie, partially redundant sensory inputs and motor 
outputs in combinat ion with central sta l'e esti mators and 
competenr central repair. The system as a whole can with­
stand and adapt to major amounts of periphcral vestibular 
dysfunction. The weakness of the vestibu lar systcm is a 
relative inabil ity to repair central vestibular dysfunction. 
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