ELECTROOCULOGRAPHY

* Method of assesment of the eye movements employing the
measurement of potential difference between cornea and retina

* This potential generates an electric dipole oriented in parallel with
the optical axis of the eye

* The main goal of eye movements: to maintain and stabilize the object
of interest at the point of sharpest vision (yellow spot)



Type of eye movements

* Sustaining (miniature) — as fixation - Looking into our eyes do not stray far away in
space, but they are automatically fixed on a point in space (its visual field)

. Sg1_ooth pursuit movements - assist the macular stabilization of the observed
object

» Saccadic movements — assist the transfering the view to a new object

e Nystagmus — rhythmic eye-bulb movements, 2 components: slow deviation to one
side and fast twitch to the opposite side (slow is vestibular, fast from brainstem
structures)

* Vestibulo-ocular reflex — stabilization of the retinal image during sudden, non-
uniform movements of the head

* Optokinetic nystagmus — reﬁular eye movement stabilizing the view during slights
movement of the head or when the object changes its position with respect to
motionless head



Eye Movement

Function of Eye Type of Eye Movement

Movement

"Holding" (slow)
*Smooth Pursuit
*Optokinetic Nystagmus
(slow phase)
*Vestibular Nystagmus

«Convergence
*Divergence
Accommodative Vergence

"Catching" (fast)

*Saccades
*Optokinetic Nystagmus
(quick phase)
"Sustaining”
(miniature) *Microsaccades *Tremor
*Drift

voluntary eye movement; involuntary eye movement




The Vestibular

e The vestibulo-ocular and optokinetic reflexes are the earliest eye

movements to appear phylogenetically

e The vestibulo-ocular reflex (VOR) stabilizes retinal images during
head motion by counter-rotating the eyes at the same speed as the

head but in the opposite direction



Characteristics of the VOR

Right Peak head velocity — Head
- —- Eye
Velocity
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*The VOR stabilizes retinal images during brief head movements by
counter-rotating the eyes at the same speed as the head but in the

eopposite direction



Summary of Central Control of Pursuit
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LGN = lateral geniculate nucleus; V1 = striate cortex; V2, V3 = extrastriate cortex; MT =middle
temporal visual area; MST = medial superior temporal visual area; FEFsem = pursuit subregion
of the frontal eye field; SEF = supplemental eye field; LIP = lateral intraparietal area; NOT =
nucleus of the optic tract; DLPN = dorsclateral pontine nuclei; MVN = medial vestibular nucleus;
LHC = left horizontal canal; NPH = nucleus prepositus hypoglossi; MLF = medial longitudinal
fasciculus; 1, IV, VI = third, fourth, sixth nerve nucleus; MR, LR = medial and lateral rectus;
area in blue = common pathway shared by horizental VOR and smooth pursuit




VERTIGO and NYSTAGMUS

* Vertigo (dizzines)— subjective loss of stability in space, rotation of
surrounding space or rotation of body in space

e - connected with objective symptoms — disturbances of equilibrium
and nystagmus — by stimulation of the labyrinths

e semicircular canals are stimulated by:
e post-rotational

 Caloric (application of external auditorial tube either with cold=27 C or
warm=47 C water)

e Galvanic (stimulation with electric current)



nystagmus

* rhythmic eye-bulb movements, 2 components: slow deviation to one
side and fast twitch to the opposite side

* (slow is vestibular, fast from brainstem structures)

* Nystagmus at rest — vestibular system is affected by some
pathological proces or cerebellum



Vestibular System: Structure
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Vestibular System: Structure
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Semicircular canals: structure

Semicircular
canals
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1 each semicircular canal

contains an ampulla

-1 Contains hair cells
embedded in sensory
epithelium called crista
ampullaris

o Cilia of hair cells
project into gelatinous
cap called cupula




Semicircular canals:
function

-1 Specialized for responding to rotational
acceleration of the head

= Head rotation results in intertial
movement of endolymph in opposite
direction

= Bends cupula which bends hair cells

1 Same mechanical/electrical
coupling as in auditory hair cells

B&B Figure 13-18
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Semicircular canals: sensory transduction

Steriocilia maintain directionality on both sides of the head

Bending towards kinocilium = opens mechanically gated cation
channels =2 K* influx = depolarization

Bending away from kinocilium = closes channels that are open during

resting state = hyperpolarization
T
\

Hyperpolarization
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discharge impulse impulse

frequency frequency

Excitation Inhibition B&L Figure 8-26




Semicircular canals: sensory transduction
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Vestibular Pathways

Vestibular area in
cerebral cortex
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* Nuclei integrate information from vestibular, visual, and somatic receptors and send collaterals to
e 1.cerebellum

* Sends corrective adjustments to motor cortex: maintenance of balance and posture



Vestibular Pathways

— Vestibular area in
cerebral cortex

Ventral posterior
nucleus in thalamus

Vestibular branch of i Oaulomotnr-herw
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* Z.nuclel ot cranial nerves

* Control coupled movements of the eyes, maintain focus and visual field
* 3.nuclei of accessory nerves
* Control head movement and assist with equilibrium




Vestibular Pathways

4 Vestibular area in
cerebral cortex
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4.ventral posterior nucleus of thalamus and vestibular area in cerebral cortex (part
of primary somatosensory cortex)

* Conscious awareness of the position and movement of head




Vestibular Reflexes

Vestibulospinal Reflexes

 Senses falling/tipping
* contracts limb muscles for postural support

Vestibulocollic Reflexes

 acts on the neck musculature to stabilize the head if body
moves

Vestibulo-ocular Reflexes

* stabilizes visual image during head movement

* causes eyes to move simultaneously in the opposite direction
and in equal magnitude to head movement



Summary of Central Control of
Saccades

Frontal Lobe Parietal Lobe
{Volitional & visually guided saccades) {Visually guided saccades)
FEFsac (a) - PEF{g)
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in the brainstem

FEFsac {(a) = saccade subregion of fontal eye field

SEF (b} = supplementary eye field

DLPC = dorsclateral prefrontal cortex

PEF (¢} = parietal eye field

LIP = lateral intraparietal area

SNpr (e} = substantia nigra pars reficulata

cNRTP (g) = caudal nucleus reficularis tegmenti pontis

PPRF {ji = paramedian pentine reticular formation

filLF (k) = rostral interstitial nucleus of the medial Dashed lines ropresent structures that
Izngitudinal fasciculus are norrmally covered by the cerebral eortex

Redrawn from Leigh RJ, Zee DS. The leurology of Eye Movements. 3rd ed. Hew York: Oxford University Press; 1999, With permission of
Oxford University Press.

= Activation of the frontal eye field (FEFsac) and superior colliculus (SC) on one side generates contralateral horizontal saccades.

= Simultaneous activation of FEFsac on both sides or 5C on both sides generates vertical and torsional saccades.



