




 vestibuloocular reflex (VOR),which stabilizes gaze (eye position in space).

 the vestibulocolic reflex or to lower spinal motor neurons

 to generate the vestibulospinal reflexes. These reflexes stabilize posture and 

facilitate gait

 Proprioceptors in the neck mediate a cervicoocular reflex that can augment 

the deficient VOR

 Postural information may be supplied by gravity receptors in the major blood 

vessels and abdominal viscera



 smooth pursuit is a type of reflexive eye movement that helps to stabilize images on the retina

 The stimulus for this reflex is the difference between the velocity of the visual target and the 

velocity of the eye, which is called retinal slip velocity.

 Smooth visual pursuit functions best for low-frequency and slow head movements.

 the vestibular system is essential forg aze stabilization during high-frequency, high-velocity, and 

highacceleration head movements.









 Semicircular canals primarily sense rotational acceleration of the head. The 

utricle and saccule primarily sense linear acceleration in horizontal and 

vertical (superoinferior) directions

 head accelerates in the plane of a semicircular canal,inertia causes the 

endolymph in the canal to lag behind the motion of the membranous canal, 

much as coffee in a mug initially remains in place as the mug is rotated 

about.

 Stereocilia within a bundle are linked to one another by protein strands called 

tip links that span from the side of a taller stereocilium to the tip of its 

shorter neighbor in the array.



 deflected in the open or “on” direction, which is toward the tallest stereocilium,cations—which 

include potassium ions from the potassiumrich endolymph—rush in through the gates, and the 

membrane potential of the hair cell becomes more positive









PRINCIPLE 3: STIMULATION

OF A SEMICIRCULAR CANAL

PRODUCES EYE MOVEMENTS IN

THE PLANE OF THAT CANAL

 Ewald’s first law.

 The left anterior canal is roughly coplanar with the right posterior canalin

the left anterior–right posterior (LARP) plane

 When the head is upright, the horizontal canal (or lateral canal [LC]) is tilted 

approximately 20 degrees upward from the horizontal plane at its anterior 

end.

 The vertical canals are oriented in planes roughly 45 degrees from the 

midsagittal plane. The right anterior canal (AC) and left posterior canal (PC) 

lie in the same plane, the right anterior–left posterior plane

 as the push-pull arrangement of the canals.









PRINCIPLE 4: A SEMICIRCULAR CANAL

NORMALLY IS EXCITED BY HEAD

ROTATION ABOUT THE AXIS OF THAT

CANAL BRINGING THE FOREHEAD

TOWARD THE IPSILATERAL SIDE

 In the horizontal canal, the taller ends of the bundles point toward the 

utricle.

 Flow of endolymph (relative to the head) toward the ampullaampullopetal

flow (from Latin petere, “to seek”) therefore excites the horizontal canal 

afferents

 The vertical canals, however, have the opposite pattern of hair cell 

polarization

 The taller ends of the bundles point away from the utricle, so that flow away 

from the ampulla (ampullofugal)excites their afferents

 the left posterior canal, whose ampulla is at its posterior en



PRINCIPLE 5: ANY STIMULUS THAT

EXCITES A SEMICIRCULAR CANAL’S

AFFERENTS WILL BE INTERPRETED

AS EXCITATORY ROTATION IN

THE PLANE OF THAT CANAL

 rapid resetting movements occur that take the eyes back toward their neutral 

positions in the orbits.

 The quick resetting movements, similar to saccades, are quick phases of 

nystagmus,and the vestibular-driven slower movements are slow phases.

 Unfortunately, convention dictates that nystagmus direction is described 

according to the direction of the quick phases



 Posterior Canal Benign Paroxysmal Positional Vertigo

 the left PC, excitatory rotation consists of rollingthe head toward the left 

while bringing the nose up.

 To keep the eyes stable in space, the VOR generates slow phases that move 

the eyes down and roll them clockwise (with respect to the patient’s head). 

 The quick phases are opposite; they beat upward and counterclockwise with 

respect to the patient’s head





Nystagmus During Caloric Testing

 That endolymph becomes lighter (by heating) or heavier (by cooling) than the 

endolymph in the rest of the labyrinth.

 endolymph in the lateral part of the canal made lighter by warming rises 

toward the ampulla.

 the slow phases of nystagmus,are in the horizontal canal plane and toward 

the contralateral side.

 The mnemonic COWS—cold opposite,warm same—can be used to recall the 

direction of the beating of the nystagmus

 A major advantage is a truly unilateral stimulus.



PRINCIPLE 6: HIGH ACCELERATION HEAD ROTATION IN THE EXCITATORY

DIRECTION OF A CANAL ELICITS A GREATER RESPONSE THAN THE

SAME ROTATION IN THE INHIBITORY DIRECTION

 Ewald’s second law, indicates an excitation-inhibition asymmetry



PRINCIPLE 7: THE RESPONSE TO

SIMULTANEOUS CANAL STIMULI IS

APPROXIMATELY THE SUM OF THE

RESPONSES TO EACH STIMULUS ALONE



PRINCIPLE 8: NYSTAGMUS AS A RESULT OF DYSFUNCTION OF 

SEMICIRCULAR CANALS HAS A FIXED AXIS AND DIRECTION 

WITH RESPECT TO THE HEAD

 direction-fixed nystagmus

 This principle helps to distinguish nystagmus from a peripheral vestibular 

disorder from nystagmus as a result of a central disorder.

 It is important to note that the magnitude of the nystagmus is not fixed 

depending on gaze



PRINCIPLE 9: BRAINSTEM CIRCUITRY BOOSTS LOW-FREQUENCY 

VESTIBULOOCULAR REFLEX PERFORMANCE THROUGH VELOCITY STORAGE 

AND NEURAL INTEGRATION;FAILURE OF THESE MECHANISMS SUGGESTS 

CENTRAL PATHOLOGY

 indirect pathway” through the brainstem circuits also must account for the 

poor performance of the vestibular end organs at low frequencies

 velocity storage and velocity-to-position integration.

 Postrotatory nystagmus, post–head-shaking nystagmus, and Alexander’s law

 cardinal signs that differentiates peripheral from central causes of nystagmus

 Velocity Storage. For head rotations at frequencies below approximately 0.1 

Hz

 Velocity rotation, the cupula initially deflects but then returns back to its 

resting position, with a time constant of approximately 13 seconds. Thus 

nystagmus in response to a constant-velocity rotation would be expected to 

disappear after approximately 30 seconds



 pontine reticular formation (PPRF)



 Head-Shake Nystagmus :rotates the subject’s head horizontally at 1 to 2 Hz 

for 10 to 20 cycles of rotation 

 As a result, when the head stops rotating, the nystagmus is as would be 

expected for continued rotation toward the intact side:

 caloric testing measures the function of an isolated semicircular canal at 

relatively low frequency

 the HTT uses rapid, brief rotations with frequency content in the range of 3

 to 5 Hz.

 By providing information about the function of thelabyrinth at 1 to 2 Hz, the 

head-shaking test may provide information not available from the other two 

tests.





PRINCIPLE 10: THE UTRICLE SENSES BOTH HEAD TILT AND 

TRANSLATION,BUT LOSS OF UNILATERAL UTRICULAR FUNCTION IS 

NTERPRETED BY THE BRAIN AS A HEAD TILT TOWARD THE OPPOSITE SIDE




