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The Eye lli
Central Neurophysiology of Vision
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bipolar cells provides lateral inhibition (a much lesser distance than H. cells). : w" 3 [RUVENY

Visual fields

Temporal and nasal fields

Left visual field Right visual field

»the nasal fibers in the eye (retina) receives
from the temporal visual field of the eye

Temporal - Temporal

» the temporal fibers in the eye (retina) LeRt eye PN Nasal_(# Right oy

fibers
receives from the nasal visual field of the eye Optic nerve Y Temporal fibers

Optic chiasma -

Optic tract

-unequal

-nasal field is restricted by nose.
Lateral -=---
Light rays from temporal part of visual field R
— ipsilateral nasal half of retina

o ———— Superior colliculus

Optic radiation

Light rays from nasal part of visual field
— ipsilateral temporal half of retina

Upper and lower fields Vieus cortex =~
-upper— restricted by eyelid & orbital margin,
-lower —restricted by cheek

Visual Pathways to the Brain

Lateral geniculate body

»The fibers that arise in the temporal half _——_
of the retina do not cross the midline. so Optic radiation Optic chiasm

( Optic nerve

that their information is sent to the visual . \ A A e
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cortex of the same side. \\7
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»The fibers that arise in the nasal half of the Rl Y Supen’or‘
retina cross in the optic chiasm, and the : \geas
information they send reaches the opposite
visual cortex.
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optic nerve.
axons of ganglion cells of the retina.
optic chiasm.

all fibers from the nasal halves of the retina cross to the opposite side and join fibers from the
opposite temporal retina to form the optic tracks.

@ synapse in the dorsal lateral geniculate nucleus (LGN).

@ from LGN — geniculocalcarine fibers to primary visual cortex by way of the optic
radiation (geniculocalcarine tract).

@ visual cortex in calcarine fissure in medial occipital lobe.

Optic tract Projections to Subcortical Regions

@ suprachiasmatic nucleus of the hypothalamus.
. control of circadian rhythms

@ pretectal nuclei.
pupillary light reflex.
accommodation of the lens.

@ superior colliculus
rapid directional movement of both eyes.

@ ventral lateral geniculate
control of bodies behavioral functions

Lateral Geniculate Nucleus (LLGN)

Half of the fibers in each optic tract are derived from one
eye, and half from the other eye.

Signals from the two eyes are kept apart in the LGN.

Layers 2, 3, and 5 receive input from lateral half of
ipsilateral eye

Layers 1,4, and 6 receive input from medial half of
contralateral eye




Binocular zone of
right hemiretina

magnocellular layers ky parvocellular layers

eLayers 1-2 = @ Layers 3-6
Large neurons v ) ® Small-medium neurons
Input from M retinal ganglion cells \ eInput from P type ganglion cells
Rapid conduction e ®Moderate conduction
Blak & white vision o Color vision
Magnocellular pathway N @ Parvocellular pathway
poor point-to-point transmission because TR Q\oor @ Accurate point-to-point transmission
of limited number of M cells & wide

dendritic spread in retina.

Ventral

Magnocellular A Parvocellular
pathway pathway
(M channel) (P channel)

Primary visual cortex
(area 17)

» Two principle functions.
@ receives visual information from retina and sends it to primary visual cortex for
processing.

primary visual cortex I retina J) (e <IN G Joa g dals oo 1)

‘ “gate control” of information to primary visual cortex.

visual cortex ) cadi Al &l HLEY) 4y aSaty el gl Jia

‘LGN receives inhibitory inputs from

1. corticofugal fibers from primary visual cortex.
2. reticular areas of the midbrain.

@ inhibitory inputs control the visual input that is allowed to pass to the cortex.
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@Arcal7 Ll 05

@ large representation in visual cortex for the
macula (region for highest visual acuity) near
occipital pole. _ ,
@ upper portion of retina is represented superiorly T
@ lower portion is represented inferiorly.

@ receives the primary visual inputs —
perception of visual impulses.

@ main function of the primary visual cortex is
“perception of visual impulses.”

Calcarine fissure

»_pay 284 4 (Occipital lobed! :\slcun) = aldll e mb = A A padid (i Ll
occipital lobed! 43525 5« visual informationd! processing Jesd (Al Adkaie o g8 )

@ 6 layers/several million vertical
columns

@ geniculocalcarine fibers terminate
mainly in layer 1V- subdivisions.

@ signals from M ganglion cells
—IVca— cortical & deeper levels.

@ signals from P cells —layer IVa &
IVcR— cortical & deeper levels.

. LGN
@ cortical surface & deeper levels— PO NN O IO

further processing 1 ‘
Retinal Retinal
e o

@ signals to layers 1, 11, and 111 eventually ganglion ganglion

transmit 5igna|5 for Short diStances Fast, Black and White  Very Accurate, Color
laterally in the cortex.

.signals to layers V and VI excite neurons that transmit signals much greater distances.
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@ images on the two retinas are not exactly the same

@ the closer the object, the greater the disparity

@ Signals from 2 eyes remain separated from each other when they
arrive in layer IV

@ 1ayer 1V deciphers whether the respective areas of 2 visual
images from 2 eyes are matching each other ’in-register” —fused
@ i not matching —directional gaze of separate eyes are adjusted
to obtain matching images

@ Strabismus/diplopia/Squint/cross-eye

@ Iack of fusion of eyes in one or more of the visual coordinates:
horizontal, vertical, or rotational, types of strabismus

1. horizontu’

2. vertical

3. torsional

4, Combina_

RS DR () sSam cn B e o (MU L IS5 ) 6 A Gl e DL Adliaa b ) g b gulily (e JS
layer IV A das S agin visual imagesdh Juadiy) sy
¢ bl Gl ae Blday el (e Dl sl 131 ) i 5 (pinall (e Dila slae Jiis Jayer [V JI A

are they in register ?
Cre JS B geay Hu€ CA3EA) iay not register (piitaia pe CilS
Gilaie  gea Cpiaall i Lo 4l gazedu aSaihy b cdliaal) Jascaty
Strabismus/diplopia/Squint/cross-eye Js=  lUe juar Gaill maileg dolealls JIA L jla 1)

.BrOdmann,S area 18 Ll (U Motor cortex ~ Somatosensory area |
@ Surrounds Primary Visual Cortex

@ Analysis of secondary signals —interpretation of
visual impulses

@ signals representin form, 3D & motion
—transmitted into superior portions of occipital and
posterior portions of parietal lobe.

@ signals for visual detail (recognizing letters,
texture and & color=deciphering from all this
information what the object is and what it means)
—anteroventral portion of occipital & ventral
portion of posterior temporal
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b 13 ol aa i g HiS) aliade Sl glaa ety secondary visual cortex J oalaib o) sall (S 5 1

Concerned with the movement of eyes

Superior  Superior
rectus oblique

=

v Superior and inferior
obliques rotate the
eyes

Lateral 2 . Medial
rectus ) rectus

Medial and lateral
recti move eyes side
to side

Inferior Inferior N. IV

rectus oblique
Medial longitudinal —<¢ D

Superior and inferio fasciculus
recti move eyes up

N. VI
and down

Movement Primary muscle | Secondary muscle

Superior oblique

1. Abduction Lateral rectus . .
Inferior oblique

Superior rectus

2. Adduction Medial rectus .
Inferior rectus

3. Elevation Superior rectus Inferior oblique

4. Depression Inferior rectus Superior oblique

5. Extorsion Inferior oblique Inferior rectus

6. Intorsion Superior oblique  Superior rectus
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1.Conjugate movement —both eyeballs move in same direction-medial rectus of one eye and
lateral rectus of the other eye. ALY iy Cpnaal) &yt

2. Disjugate Movement—both eyeballs move in opposite direction-
convergence and divergence. Ly (e Adline Cilalath uiel) & o

3. Convergence — movement of both eyeballs towards nose <Y s (il 4S s
» Simultaneous contraction of medial rectus and simultaneous

relaxation of lateral rectus of both eyes

» Accomodation

4. Pursuit Movement— when eyeballs follow a moving object.

5. Saccadic/ optokinetic Movement
Saccadic movement is the quick jerky movement of both eyeballs when the fixation of eyes
(gaze) is shifted from one object to another object.

« fixation movements of the eyes
controlled by two
neuronal mechanisms, voluntary and %
involuntary. | .
« voluntary fixation movements ey
“unlocking’:
allows person to move eyes voluntarily to
find an object
controlled by an area in the premotor
cortex (frontal lobes).

visual cortex
- Occipitotectal and

I occipitocollicular tracts
Frontotectal tract W - Pretectal nuck
S\t Pretectal nuclei

ot (3R] O iy gead I U laa ] 3K N ]
[ 3 | ) e Y — Oculomotor nucleus
.ooda) sl D e, T B\ ) .
. . . _— = \\ - rochlear nucleus
voluntary fixation movements— e 13 ——

- N. IV e N\ \;'t Abducens nucleus
unlocking Vg

NV e _// N\~ Vestibular nuclei

- -
I Medial longitudinal 1ascnculus—-l—4;\~e';\.
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fixation movements

« involuntary fixation

*mechanism causes eyes to “lock” on object of attention found with the voluntary fixation
mechanism.

A0 59 agin 553 e Cliag g aaad ) clia Ul Ml
adle okl adde )1 -
involuntary fixationw (e 134

-sthree types of continuous but almost imperceptible movements:
> Continuous tremor—30 -80 cycles/sec caused by successive contractions of
the motor units in the ocular muscles;
~slow drift
~sudden flicking movements
«controlled by secondary visual areas of the occipital cortex.
eresults from negative feedback mechanism controlled at the level of the superior colliculus
that prevents objects of attention from leaving the foveal portion of the retina.

THANK YOU AND GOOD LUCK
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