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Accommodation & Pupillary Light Reflex

Objectives:

|. Describe different components of the eye and function of each and understand the eye protection

media.
2. Describe the refraction of light as it passes through the eye to the retina, identifying the refractive

media of the eye.
3. Describe the refractive error that account for myopia, hypermetropia, presbyopia and astigmatism

and their correction by eye glasses or contact lenses.
4. Know layers of retina, blind spot, and fovea centralis-explain the differing light sensitivities of the

fovea, peripheral retina and optic disk.



Visual Acuity

» Definition:

o The degree to which the details and contours of objects are perceived, it is usually defined in terms
of the shortest distance by which two lines can be separated and still be seen as 2 lines.

ONLY IN FEMALES’ SLIDES

o person can normally distinguish two separate points if their centers lie up to 2 micrometers apart on the retina, which is

slightly greater than the width of a foveal cone.

» Visual threshold:

Is minimal amount of light that elicit sensation of light.

» Snellen’s chart: :Ekvv;
- Normal acuity = = (d/D) e
- d= distance of Patient / D= distance of normal person = oo

- A person of has less vision than normal vision (d/D Patient/normal) V
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Duplicity theory of vision

» Two kinds of vision under different conditions:

Photopic vision Scotopic vision
bright light vision night vision, dim light vision
Served by cones Served by rods
High visual acuity = colors & details Low visual acuity = no colors or details
Low sensitivity to light = needs high visual threshold Great sensitivity to light = low visual threshold

to be stimulated



Visual Pathway

»  Visual Pathway: Pathway from Retina to the Visual Centers in the Brain.

»  Photoreceptors: Rods and Cones synapse on Bipolar Cells, which in turn, synapse on Ganglion

Cells.

»  Axons of Ganglion Cells constitute the Optic Nerve.These axons converge at the Optic disc,

which is also called Blind Spot.

»  Why? Passing through the Blind Spot - they leave the eye, constituting the Optic Nerve.

|. Optic nerve

2. Optic
chiasma

3. Optic tract

4.Lateral
geniculate body
(nucleus)

5.0Optic
radiation

6.Visual cortex
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LEFT SIDE | RIGHT SIDE

(optic radiation)

LEFT CEREBRAL RIGHT CEREBRAL
HEMISPHERE HEMISPHERE



Cont.

|. Optic nerve fibers from the medial (nasal) side of retinae decussate in
the Optic Chiasma.

2. Therefore an Optic Chiasma lesion (e.g. Pituitary Tumor) will cause
vision loss from the both lateral halves of the Field of Vision.

3. Optic nerve fibers from the lateral (temporal) parts of the retinae do
not decussate.

4. Therefore, each optic tract carries fibers from both the temporal side
of the ipsilateral retina + nasal side of the contralateral retina.

5. Therefore, a lesion in optic tract will cause loss of vision from the
ipsilateral nasal field of vision + contralateral temporal field of vision.
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Binocular

Superior visual
visual field
field

Inferior
visual
field

Left visual =/ Right visual

field field



Visual Pathway

Cones and rods

Bipolar cells

Visual cortex
(broadmann area 17)
in occipital cortex

Optic radiation

Ganglion cells

7

Axons of cells from

geniculocalcarine
tract

\

Optic nerve
(axons of
ganglion cells)
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7

\.

Lateral geniculate
body in thalamus

Optic chiasma

Optic tract




2.

3.

Cont.

Some ganglion cells axons pass from optic tract to pretectal region of midbrain for

pupillary reflexes & eye movement.

Some axons of ganglion cells from optic chiasma pass directly to hypothalamus for
circadian rhythm (light-dark cycle) that synchronize various physiologic changes of the

body with night and day.

Some axons from lateral geniculate body in thalamus to superior colliculus in midbrain
for accommodation. R & its miosis component & to control rapid directional movements

of the two eyes.

Visual

cortex

Optic radiation

Lateral geniculate body

Optic tract
Optic chiasm

Optic nerve

Left eye
Superior
colliculus

Right eye
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Point of fixation
(eyes are focusing
on a close object)

Monocular field
Binocular field
Macular field

Lens

Retina
~Macula lutea

Optic nerve

Optic chiasma

Optic tract

Superior

colliculus -Lateral

(visual geniculate nucleus
reflexes)

Optic radiation

___— Occipital lobe
of cerebrum
(visual cortex)
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Visual Pathway and Field

»  The nasal fibers (medial) cross to opposite side.
»  The temporal fibers (lateral) do not cross.

» Nasal fibers conveys temporal field (outer) of vision. \ /
» Temporal fibers conveys nasal field ( inner) of vision. \ v,

» Optic tract includes:

- Lateral fibers of the same side (nasal field (inner) of vision).
- Medial fibers of the opposite side i.e. temporal field of other eye (outer).

—

» Left optic tract: [
Conveys lateral (temporal) fibers of the left eye + medial (nasal fibers) of the right eye = right half |
of visual field of left eye & right half of visual field of right eye, both form right half of visual field

!

Optic nerve

Crossed fibers
Uncrossed fibers

Optic chiasma

Optic tract
Commissure of Gudden

\

Pulvinar
Lateral geniculate body
Superior colliculus

e Medial geniculate body

of both eyes.

\

Nucleus of oculomotor nerve

» N.B:

- The left optic tract corresponds to the right /2 of the visual field.

- The right optic tract corresponds to the left /2 of the visual field.

Cortex of occipital lobes

Nucleus of trochlear nerve

Nucleus of abducent nerve
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Accommodation (focusing)

Nearly parallel rays 20 FT) OR MORE
i j N OBJECTIS6 M {
from distant object XVH;E:‘ Fl}aon TJHEVIEWER,THE LIGHT RAYS

REFLECTED FROM THE OBJECT ARE NEARLY
A PARALLEL TO ONE ANOTHER

S
e e

THE LENS MUST BEND THESE PARALLEL RAYS
Lens JUST ENOUGH TO BE FOCUSED ON THE
CENTRAL FOVEA,WHERE VISION IS SHARPEST.

BECAUSE LIGHT RAYS THAT ARE REFLECTED
FROM OBJECTS CLOSERTHAN 6 M (20 FT) ARE
g‘l\\;gRGENT RATHERTHAN PARALLEL, THE

MUST BE REFRACTED MORE IF THEY ARE
TO BE FOCUSED ON THE RETINA.

. Divergent rays
. from close object

THIS ADDITIONAL REFRACT

ION IS
ACCOMPLISHED THROUGH A PROCESS
CALLED ACCOMMODATION




Guyton corner

» Mechanism of Accommodation comen_ Weidons

fibers

“focusing”

In children, the refractive power of the lens of the
eye can be increased voluntarily from 20 diopters to Suspensary
about 34 diopters; this in an “accommodation" of o Scomipmesl | Cooer
14 diopters. To do this, the shape of the lens is e .
changed from that of a moderately convex lens to
that of a very convex lens. The mechanism is as
follows. In a young person, the lens is composed of
a strong elastic capsule filled with viscous, Lens
proteinaceous, but transparent fluid. When the lens

iS in a relaxed state with no tension on its capsule,

it assumes an almost spherical shape, owing mainly
to the elastic retraction of the lens capsule.
-However,-as shown-in-Figure 49-10,-about- 70

>suspensory ligaments attach radially around the

Ciliary muscle

Suspensory
ligaments

Figure 49-10

Mechanism of accommodation (focusing).



» Mechanism of Accommodation
“focusing”

However, also located at the lateral attachments of the
lens ligaments to the eyeball is the ciliary muscle, which
itself has two separate sets of smooth muscle fibers—
meridional fibers and circular fibers. The meridional
fibers extend from the peripheral ends of the
suspensory ligaments to the corneoscleral junction.
When these muscle fibers contract, the peripheral
insertions of the lens ligaments are pulled medially
toward the edges of the cornea, thereby releasing the
ligaments’ tension on the lens. The circular fibers are
arranged circularly all the way around the ligament
attachments so that when they contract, a sphincter like
action occurs, decreasinﬁ the diameter of the circle of
ligament attachments; this also allows the ligaments to
pull less on the lens capsule. Thus, contraction of either

ligaments to the lens capsule, and the lens assumes

— B R TS B S A-AI‘A-‘-A—I AI‘A-‘A I:IIA ‘-IA—L Ac — IA—IIAA-A I‘ AAAAAAA

Sﬁéﬁf-smeet-h-musde-ﬁbersin-theeiliar -muscle-relaxes---

g

Cornea Meridional
S~ fibers

Suspensory
ligaments

Choroid Sclerocoreal Circular

junction fibers

Ciliary muscle

Suspensory

Lens ligaments

Figure 49-10

Mechanism of accommodation (focusing).
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Accommodation

» Is an active process for modification of the refractive power of the eye to "
inger-Westphal

view a nearby object by increasing the curvature of lens. s sl G5E compant

of CN Il

»  Ciliary muscle has two separate sets of smooth muscle fibers
(longitudinal fibers and circular fibers). Substanti

nigra

Crus cerebri

»  Contraction of either set in the ciliary muscle relaxes the ligaments to

the lens capsule, and the lens assumes a more spherical shape, because of the

natural elasticity of the lens capsule& and increase its refractive power. Gilay

muscle Cl|lary
ganglion

Superior
oblique

Superior
rectus

Gorriod Medial

Lateral
rectus

»  The ciliary muscle of accommodation is controlled by
parasympathetic nerves transmitted to the eye through oculomotor
nerve.

Pupillary
contrictor muscle

Inferior
oblique

Inferior
rectus



Accommodation

Modification of the refractive power of the eye (curvature of the

lens) to view a nearby object.

Goal: Clear vision of a nearby object.

O

Lens changes

“accommodation

Changes in the pupil

O

The near response <

Convergence of the eyes

O
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0 , Far object focused on the
Ciliary muscles Contraction .
retina
A
Relaxation of the Decrease dioptric power of
suspensory ligament the eye
A
Lens more convex Lens less convex (flat)
A
Increase dioptric power of contraction of the
the eye suspensory ligament

A

Near object focused on the
retina




Pathway of accommodation

Light on eye

s

\

contraction of iris muscles
for miosis of near response

\

retina

J

f

bilateral ciliary muscle
contraction

( accommodation. R)

.

~\

optic nerve
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optic chiasma

J

ciliary ganglion to
oculomotor nerve

EWN

4 D
optic tract

§ J

(~ D

lateral geniculate
body in thalamus &
to superior
colliculus in midbrain

. J




Cont.
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» Accommodation is the focusing of light in the retina.We focus by changing the shape of the lens.

Near vision

Far vision
“At rest”

* From near (close) objects parallel rays
focus behind retina (if ciliary muscles
remain relaxed) = blurred vision.

» Solution is to increase curvature &
refractive power of lens by

accommodation to bring focus on retina.

Ciliary muscles are relaxed + taut (tense)
ligaments + flat lens.

Ciliary muscle contracted

Suspensory ligaments
Light from a

near object

(a) Near vision (accommodation)

Ciliary muscle relaxed

Light from a
distant object

(b) Distance vision
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Accommodation:

Ciliary muscle contracts reduced tension
on suspensory ligaments lens becomes
round

Focus on near objects.

Distant vision:

Ciliary muscle relaxed suspensory
ligaments under tension lens is flattened
focus on distant objects.
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Cont.

Ciliary muscles Ciliary muscles.
r
relaxed Ciliary muscle contracted
//[! /\\\\\\JJII("#//,/\\\\
Lens flattened Cornea Lens 7 ::S_ Lens rounded
Zonulas /“\/(’fr/mnlm
Zonulas pulled tig \\\_ Zonulas slacken
When the ciliary muscles are The elastic lens is attached to the Vr\gllee:sézihcem: gr{sggﬂsglr?i;:;gr::lt ;t
relaxed, the zonalus pulls tight and circular ciliary muscles by the and the elastic lens returns to a more
keeps the lens flattened for distant zonalus which is made of inelastic rounded shape suitable for near

vision. fibers. .
vision.
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SYMPATHETIC PARASYMPATHETIC
STIMULATION STIMULATION

RELAXED CONTRACTED
CILIARY CILIARY
MUSCLE

MUSCLE

IRIS
io RNE — T §““’W////

Relaxed Contracted

If the gaze is directed at a near object, the ciliary muscle

the lens is held under tension by the lens ligaments.
contracts.

This decreases the distance between the edges of the
ciliary body and relaxes the lens ligaments,

So that the lens springs into a more

Convex shape.

Because the lens substance is malleable and the lens
capsule has considerable elasticity, the lens is pulled into
a flattened shape.




ONLY IN MALES’ SLIDES

Image focusing

» Lens accommodation:

Parallel . /

Fully relaxed
(unaccommodated)

light rays _ — E
from Focal Distance C—
distant

] ~— FOCUS POINT ONTHE
li ght _> RETINA
source

Focal Distance

Fully accommodated

20



Accommodation to near objects

>
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The problem of bringing diverging rays from close objects to a focus on the retina can be solved by increasing the curvature

or refractive power of the lens. That is accommodation.

7~

The ciliary muscle contracts

N

The tension on the suspensory ligaments
decreases.

The lens becomes more globular in shape

Accommodation occurs to a closer object being
viewed

21

Divergent rays
from close object
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Vision and accommodation

. . o 1 1 4
» Diopter (D): Dioptre (s) = Focallength (o) |
k] 2 —
wn ,
o !
5
Cornea ° 10 .
C 4 N
9o N
Lens - : .
Accommodation g | \?\
4
X
. . [\
» Amplitude of Accommodation: s
®
The additional diopters added by increasing the convexity of the Lens. g’ 4 ;
» Near point: G 3 ;
The nearest point to the eye where an object can be seen clearly.
» Presbyopia: 0 — . : " o
Loss of lens elasticity in old age = loss of accommodation. 1020 Ageoin ye:ros B0 o Y

22



Near vision

ONLY IN FEMALES’ SLIDES

» looking at a close object (near response):
- convergence of both visual axis

- pupil constriction Amplitude of

Age (yrs) Near point (cm) Accommodation

- Accommodation

» Near point:

- Nearest point to eye at which object can brought
into focus on retina by accommodation.

- At = , due to hardness of lens &
loss of accommodation.

23



Presbyopia
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»  With age, the lens grows larger and thicker and becomes » Presbyopia: (triade):
far less elastic. . . .
loss of accommodation & focus behind retina.

» The lens can no longer become as spherical as at a loss of lens elasticity.
younger age.

near point recede.

»  This results in loss of accommodation due to the decrease
in the degree to which the curvature of the lens can be
increased.

Correction by biconvex lens.

» Lens is hardened and cannot

FOCUS POINT
BEYOND THE

become more spherical to RETINA

refract light from the — T

I
closer object. \M/IMAGE APPEARS
BLURRED

24



Argyll robertson pupil (neuro-syphilis)
»  Normally, the pupil constricts in response to: the accommodation Reflex & the light reflex.

» In neuro-syphilis, it constrict in response to: accommodation reflex but not to the light reflex.

» In syphilis tabes dorsalis which destroy pretectal nucleus:
of accommodation.

in alcoholism, encephalitis.

25
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Light R is lost & accommodation R remains because lesion is in pretectal nucleus only, away from superior colliculus & fibers

damage of transmission of visual signals from the retinas to the edinger-westphal nucleus, blocking the pupillary reflexes as
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Accommodation reflex

»  Focusing at near object: increased anterior surface curvature of lens by ciliary muscles contraction, slack = relaxed ligaments &
increased anterior surface curvature of lens. In order to add to refractive power of lens.

»  both circular & longitudinal cilliary muscles contract to pull cilliary muscle forwards & inwards = cilliary muscles edges come
close to each other to increase anterior surface curvature of lens.

» Test= sanson purkinje image.

P

When the ciliarv muscles are
relaxed the lens i1s flat and distant
objects are focussed onto the retina

When the ciliary muscles are contracted.
the lens becomes more round and a close
object 1s focussed onto the retina

The lens is flattened for distant objects The lens is rounded for near objects

26
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The accommodation reflex

» Afferent:

) i Lateral i
Retina Optic thlc Optic tract geniculate Visual
nerve chiasma body cortex

» Efferent:

Oculomotor parasympathetic Ciliary ganglion Ciliary muscle Circular
nucleus y pupillary muscle

27




Neuroanatomy corner

When the eyes are directed from a
distant to a near object, contraction
of the medial recti brings about
convergence of the ocular axes; the
lens thickens to increase its
refractive power by contraction of
the ciliary muscle; and the pupils
constrict to restrict the light waves
to the thickest central part of the
lens.

28

The afferent impulses travel through the
optic nerve, the optic chiasma, the optic
tract, the lateral geniculate body, and
the optic radiation to the visual cortex.
The visual cortex is connected to the
eye field of the frontal cortex . from
here, cortical fibers descend through
the internal capsule to the oculomotor
nuclei in the midbrain.The oculomotor
nerve travels to the medial recti
muscles. Some of the descending
cortical fibers synapse with the
parasympathetic nuclei (edinger-
westphal nuclei) of the third cranial
nerve on both sides.

Here, the fibers synapse, and the
parasympathetic nerves travel through
the third cranial nerve to the ciliary
ganglion in the orbit. Finally,
postganglionic parasympathetic fibers
pass through the short ciliary nerves
to the ciliary muscle and the
constrictor pupillae muscle of the iris.



Pupillary light reflex
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»  When an eye (Left) is subject to bright light, a direct light » Light on one eye pupil = constriction of this pupil direct &
reflex occurs constriction of the pupil as well as a the other pupil indirect or consensual.
consensual indirect reflex of the other (Right) pupil.

»  Both pupils constrict.
»  Quantity of light changes fold.

29
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Pathway of Consensual Pupillary Light Reflex (Indirect)

(

Light on eye

~

short ciliary nerve to
constrictor pupillae

miosis in both eyes

30

supply both eyes by
oculomotor nerves

( R

optic nerve

( ™
retina
. y,
( )

rConversely in darkness?
the reflex becomes
inhibited which results
in dilation of

both ciliary ganglia

L the pupil. )

4 )
optic chiasma

\ J

4 )

both oculomotor
nerve nuclei (EVWN)

(

optic tract

pass through
superior colliculus
to end in pretectal

Edinger-
Pretectal Westphal Ciliary
region nucleus ganglion
NI <&
( —-
Pons —— Carotid plexus
Superior cervical
sympathetic
ganglion
Cervical
sympathetic
trunk
—_—

Upper thoracic segments

of spinal cord



Cont.
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Light
] To iris
To. Iris ) (consensual
(direct reaction) reaction)
— Optic nerve
Key

. — Oculomotor nerve
Blue—Sensory

Red—Motor

- Optic tract

To visual cortex “

31
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9

4 Action potentials
from right eye reach
both right and left
pretectal nuclei.

Pretectal
nucleus

Oculomotor
nerves (Ill

Ciliary
ganglia
The pretectal

nuclei stimulate
both sides of the
Eddinger-Westphal
nucleus even
though the light was
perceived only in
the right eye.

@ Lightis shinedon ~ (
right eye only. .~

@The right and left sides
of the Eddinger-Westphal
nuclei generate action
potentials through the

right and left oculomotor

/ nerves, causing both pupils
Vi to constrict.



Pupilloconstrictor
muscle in the iris

Retinal
ganglion cell

9 — Ciliary

ganglia

Edinger-Westphal

MLF
o nucleus

ivary pretectal
nucleus
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Light
v
Left eye Direct light reflex Consensual light reflex
Constrictor pupillae (Left eye) Constrictor pupillae (Right eye)
v
Opticnerve
(Left short ciliary nerve) (RS.C.N)
v
Optic chiasma Ciliary ganglion Ciliary ganglion
A A
v
Optictract
v
Pretectal nucleus l
v
Edinger Westphal nucleus (Ill) Edinger Westphal nucleus (Ill)
Occulomotor nerve Occulomotor nerve



Guyton corner

When light is shone into the eyes, the pupils constrict, a reaction called the

pupillary light reflex. The neuronal pathway for this reflex is demonstrated Edinger
by the upper two black traces in Figure 51—11.When light impinges on the F’rrsé?g;al Westpha g(a?g;gn
retina, a few of the resulting impulses pass from the optic nerves to the L@ > | >
o NI

pretectal nuclei. A e
r /:;__—/L

From here, secondary impulses pass to the Edinger-Westphal nucleus and, finally, back \
through parasympathetic nerves to constrict the sphincter of the iris. Conversely, in Pons
darkness, the reflex becomes inhibited, which results in dilation of the pupil. The
function of the light reflex is to help the eye adapt extremely rapidly to changing light
conditions. The limits of pupillary diameter are about 1.5 millimeters on the small side
and 8 millimeters on the large side.

~— Carotid plexus

Superior cervical
sympathetic
ganglion

~—— Cervical
sympathetic
trunk
Therefore, because light brightness on the retina increases with the square ‘
. . . . Upper thoracic segments
of pupillary diameter, the range of light and dark adaptation that can be PP ¥ spind cord
brought about by the pupillary reflex is about 30 to |—that is, up to as Fiure 511
much as 30 times change in the amount of light entering the eye.
Autonomic innervation of the eye, showing also the reflex arc of

the light reflex. (Modified from Ranson SW, Clark SL: Anatomy of
the Nervous System: Its Development and Function, 10th ed.
Philadelphia: WB Saunders, 1959.)

33



ONLY IN FEMALES’ SLIDES

Autonomic control of accommodation and
pupillary aperture
» Parasympathetic: » Sympathetic:

Parasympathetic preganglionic fibers in the Edinger-

. - . The sympathetic innervation of the eye originates in
Westphal nucleus  to third nerve to the ciliary ganglion.

lateral horn cells of the first thoracic segment of the
spinal cord, to sympathetic chain to the superior cervical

Then preganglionic fibers synapse with postganglionic ganglion, synapse with postganglionic neurons.

parasympathetic neurons, which send in ciliary nerves

into the eyeball to:

sympathetic fibers spread along the surfaces of the carotid
artery, to innervate the radial fibers of the iris (which open

the pupil).

I.  the ciliary muscle that controls focusing of the eye lens.

2. the sphincter pupillae of the iris that constricts the
pupil.

34



>

Lateral geniculate body (LGB)

ONLY IN FEMALES’ SLIDES

Lateral geniculate body LGB (6 layers):

Left LGB (similar to left optic tract) has all layers receive from
RIGHT Y2 of visual field.

Right LGB (similar to right optic tract) has all layers receive
from LEFT '2 of visual field.

35

» Function of LGB:

I. Acts as a relay station for visual information from optic tract
to cortex.

2. Acts as gate controls signal transmission to visual cortex i.e.
control how much signals reach visual cortex.

: 3. It has point to point ONLY IN FEMALES’ SLIDES
| transmission with high degree of (spatial fidelity).
|
|

I. Color vision & detect shapes & texture.

»  N.B: It receives gating control signals from two major sources:

I. Corticofugal fibers returning in a backward direction from the
primary visual cortex to the lateral geniculate nucleus.

2. Reticular areas of the mesencephalon. Both of these are
inhibitory and, when stimulated, can turn off transmission
through selected portions of the dorsal lateral geniculate
nucleus.



LGB pathways to visual cortex

» The magnocellular pathway:

- From layers | and 2 which have large cells and are called magnocellular., Carries signals
for detection of movement, depth, and flicker.

- This magnocellular system provides a rapidly conducting pathway to the visual cortex.
However, this system is color blind, transmitting only black and white information.
(only in female)

» The parvocellular pathway:

- From layers which have small cells and are called parvocellular, carries signals
for color vision, texture, shape, and fine detail.

- moderate velocity of conduction. (only in female)

36

Lateral geniculate
. nucleus

— Dorsal

™~ Optic ~
tracts

Ventral

Parvocellular
pathway

Magnocellular
pathway

Primary visual cortex
(area 17)



Visual cortex

» Cortical Visual areas:

Primary (area | /)

Secondary association area, (areas &, | %)

» Primary Visual area (Area 17) :

- On medial aspect of each occipital lobe.

- lts neurons arranged in the form of columns forming ©
distinct layers.

- Fovea has broad presentation.

ONLY IN MALES’ SLIDES

Temporal lobe

Pulvinar nucleus

Lateral geniculate
nucleus

Superior colliculus

Optic radiation
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Cont.

» Role of Area |7: Perception of visible objects without knowing the meaning of these
objects.

» Secondary Visual Processing: Association Areas (18 &19): "

In parietal & temporal lobes.

Interpretation of visual stimuli. Color
“blobs”

Dealing with complex perception of patterns & forms & responsible for object recognition.

» Retinotopic Organization & Processing of visual information: v \é
Retinal Lateral Primary Visual Association Cortex /f K\ \
Ganglion G eniculate Visual Cortex (areas 18, 19, Parietal VI
Cells Nucieus (Area 17) and Temporal lobes)
Magnocellular . LGN LGN
M-Type Layers — ] i — Motion (magnocellular) ~ (parvocellular)
1,2
Wi = . :
Color i Conma-ollli Collor & R?twal R?lt)l(rlal
Parvocellular Blobs sual Aculty gangiion ganglion
Layers Vi
3.4.5&%6 IB':?J; Form & Stereopsis Fast, Black and White  Very Accurate, Color

38
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Three types of retinal ganglion cells and their

respective fields

» W cells:

sensitive or detecting directional movement in

the field of vision, and they are probably
important for much of our rod vision under
dark.

» X Cells:

Transmission of the Visual Image and Color
Vision.

» Y Cells:

to Transmit Instantaneous & rapid Changes in
the Visual Image , either rapid movement or
rapid change in light intensity.

39

In primates a different classification is used:

which project to parvocellular layer of LGB, conducting
signal of fine details & colors.

which project to magnocellular layer of LGB, and they
are high sensitive to low contrast stimuli and to rapid
movement visual signals.
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Visual Cortex

»  The primary visual cortex has six major layers of cells arranged verticallymeach
act as a separate functional unit for processing of information.

»  The fovea is responsible for the highest degree of visual acuity, so it has larger
representation in the primary visual cortex than the most peripheral portions of
the retina.

Secondary
visual areas

Calcarine fissure

»  Signals from the retinal fovea transmits its signals terminate near the occipital
pole, whereas signals fro the more peripheral retina terminate in concentric h
circles anterior to the pole on the medial occipital lobe.

Primary
visual cortex

90° 60° 20° Macula

Motor cortex Somatosensory area |
Form,

B 3-D position,
motion

»  The upper portion of the retina is represented superiorly and the lower
portion inferiorly.

Primary
visual

Secondary
cortex

visual
cortex

Visual
detail,
color
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Cont.

|. Primary visual cortex (braodmann area |7):

Perceive sensation of vision (movement + shapes + stereoscopic vision + brightness) & has blobs for color detection.

2. Association visual cortex (area 18 &19) (secondary visual areas ):
Located mainly anterior to the primary visual cortex Function:

- The fixation mechanism that causes the eyes to “lock” on the object of attention is controlled by secondary visual center.

- When this fixation area is destroyed bilaterally, causes difficulty keeping its eyes directed toward a given fixation point.

- Removal of the primary visual cortex causes loss of conscious vision (blindness).

»  but patient react subconsciously to changes in light intensity, to movement in the visual scene.These reactions include turning
the eyes, turning the head, and avoidance. This vision is believed to be sub served by neuronal pathways that pass from the optic

tracts mainly into the superior colliculi
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Cont.

» Color blobs: are in the visual cortex. Interspersed among the primary visual columns &
among the columns of the secondary visual areas.

i
»  Column-like areas called color blobs. Clusters of cells responsible for color detection. -
(@)
. . . . vV ® N _NLA Color
»  Simple cells detect color contrast details, bars of light, lines, borders and edges. ) @ “blobs’
(cB) =
»  Complex cells detect line orientation when a line is displaced laterally or vertically in the
visual field ( linear movements of a stimulus).
vi
LGN LGN
(magnocellular) (parvocellular)
A A

Retinal Retinal
IIYII IIXII
ganglion ganglion

Fast, Black and White  Very Accurate, Color
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» Macular sparing: loss of peripheral vision with intact macular vision.

» because the macular representation is separate from that of the peripheral fields and is very large relative to that of the
peripheral fields.

Upper peripheral
quadrant of retina

Upper
quadrant
of macula

Occipital lobe Lower

quadrant
of macula

Lower peripheral
quadrant of retina

Temporal lobe

Cerebellum



Determination of distance of an object from the eye

“depth perception”

» A person normally perceives distance by three major means:

when the person moves his head to one side or the other, the images of close-by objects move rapidly across the
retinas, while the images of distant objects remain almost completely stationary.

This binocular parallax (or stereopsis) that gives a person
with two eyes far Greater ability to judge distances.

Only in female
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Doctors’ notes

» Internal carotid compresses the temporal side of optic chiasm on both sides will result in bi-nasal heminopia.
» In accommodation, the changes in the pupil is for the sake of decreasing receptive field.

» Accommodation will increase the anterior curvature of the lens only and not posterior. WHY? Because of
semisolidness of the vitreous humor.
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