Vision,
Accommodation &
the light pathways
and effects of
lesions



Objectives:

% Describe visual acuity & depth perception.

% Contrast photopic and scotopic vision

% To know visual pathway and field of vision

% Describe the process of accommodation reflex and its
pathway, contrasting the refraction of light by the lens in
near vision and in far vision

% Identify and describe pupillary light reflex, its pathway and
relate these to clinical situations as argyll Robertson pupil

% identify the lateral geniculate body and visual cortex
functions
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Color index:

% Important.

% Girls slide only.
% Boys slide only.
% Dr's note.

Editing File

< Extra information.



https://docs.google.com/presentation/d/1lvCC1XpoBIjZQINosklHd5WHhw1eii9ZthLuQ0ih9Qc/edit
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VISUAL ACUITY

4 Degree to which details of objects are perceived.

% Itis usually defined in terms of the shortest distance by which two
lines can be separated and still be seen as 2 lines

% 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
which is approximately 1.5 micrometers

% Visual acuity measure by Snellen chart
4 Normal acuity =(d/D) = (6/6).

d distance of Patient / D distance of normal person
% A person of 6/12 has less vision than normal vision
which mean you see 6 meter apart what the normal person able to see it 12 meter apart

% Visual threshold Is minimal amount of light that elicit sensation of light
( excitement to see the object L Jexis (uall jins dlgud 45 ¢ pindneS )

¥owe e ™

fovea has the maximum acuity for the following
reasons:

1- it has cones rather than rods

2- cons in fovea are small in diameter so they're
packed

3- fovea represents a large area in the primary
visual cortex (area17)

4- cons has 1 to 1 representation meaning that
each con synapse with one bipolar neuron and
each bipolar neuron synapse with 1 ganglion cell

-----

5- the fibers around cons are pushed aside in
fovea so that the light goes directly to the cons
s / 6 meter

—————————————————————————— less than 6 meter cause accommodation

3

Duplicity Theory of Vision

Q.Differentiate 2 kinds of vision under Different conditions

' Y
SCOTOPIC VISION (night vision, dimlight vision) PHOTOPIC VISION (bright light vision)

% served by Rods % served by Cones

% low visual acuity = no colours or details —— < high visual acuity = colours & details

% great sensitivity to light = low visual ' % low sensitivity to light = needs high
threshold L Osshiow e sl visual threshold to be stimulated
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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 ?) ... Because there are no photoreceptor only way for optic nerve to pass through
% Passing through the Blind Spot they leave the eye, constituting the Optic Nerve
Left visua Right visual
field - = === field
ﬁasafrenné
: <——— Optical lens
Temporal Temporal Eye
retina retina
OPTIC NERVE ” 1 |
l OPTIC CHIASMA H 2 |
3 OPTIC TRACT

Lateral geniculate body in the thalamus ll-

Optic radiation || 5 |

Visual cortex
Visual association Visual center: area ( 18-19)
(Broadmann area 17)

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

eye movement
;0= A5 (colliculus superior Jl «xis) pretectal nucleus olée ¢S bayl midbrain 1)
5py b ye S ¢ sl IS 5l Gy 6 sal) a Ran 38 ST ant (Ll o 5555 e i ¢ ol OIS 1Y (55 e pudall s Gaual ) (el 55 (reflex light pupillary)

a Some axons of ganglion cells from optic chiasma pass directly to hypothalamus for circadian rhythm

(light-dark cycle) directly to hypothalamus z s &Gl ¢ sl
rhythm circadian ¢e 4155
DAl aal g Jalll Al Llas

Some axons from lateral geniculate body in thalamus to superior colliculus in midbrain to control rapid
directional movements of the two eyes colliculus superior 153 midbrain 1

and accomodation. R & its miosis component Uil oo U
accommodation reflex and miosis of pupil




VISUAL Pathway

% Optic nerve fibers from the medial ( nasal ) side of retinae decussate Optic Chiasma

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

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

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

%  Therefore, alesion in optic tract will cause loss of vision from the ipsilateral nasal field of

vision + contralateral temporal field of vision .
There are two vision fields 1-temporal 2-nasal, the temporal visual field is represented on the nasal hemiretina while the nasal visual
field is represented on the temporal hemiretina.
the nasal hemiretina (temporal visual field) decussate in the optic chiasm -> a lesion here can cause loss of the temporal visual field
called bitemporal hemianopia (tubal vision), the temporal hemiretina (nasal visual field) doesn't decussate so a lesion in the optic tract
can cause problems with both fields called homonymous hemianopia

hemiretina J) cavs Gl s o sall 4d sy (A Crsa A s
Lateral geniculate body

Optic tract
Optic radiation Optic chiasm
.| Optic nerve nasal fieldof |  @.
Left eye vision . . s

’ Nasal part _ulé 4ie allas N
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! % Dr.Faten important Note:

pituitary gland JStis ialk ¢35 chiasm & Jba o cub
.Because the pituitary gland located beneath the chiasm
> So pituitary tumor for example will cause injury for optic chiasm > cause injury to nasal fibers
outer (lateral) part of each field xS/ fcilis 1, de s field s cuba
(Pts loss half of each eye) /

VISUAL PATHWAY & FIELD . .0,

% The nasal fibers (medial) cross to opposite side at optic chiasma
% The temporal fibers (lateral) do not cross [

% Nasal fibers conveys temporal field (outer)of vision [

% Temporal fibers conveys nasal field ( inner)of vision

OPTIC TRACT :
< The left optic tract corresponds to the right % of the visual field
< The right optic tract corresponds to the left % of the visual field




Accommodation

Modification of the refractive power of the eye

(curvature of the lens)

the goal: clearing the vision view of a nearby object
by increasing the curvature of the lens

+ Ciliary muscle has two separate sets of smooth muscle fibers
longitudinal fibers and circular fibers

% 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 up to 12 diopter

% The ciliary muscle of accommodation is Controlled by Parasympathetic
Nerves transmitted to the eye through Oculomotor nerve

Distance Vision Accommodation

focusdlq&uy_ﬁﬂ\?wlyjﬁjﬂlqﬁw?)@&ué&
"Retina” gsaall LgilSa (8 (S gill amy S ol W il o] 5 a5

Ciliary Muscle Relaxed Ciliary Muscle Contracts
Suspensory Ligaments Under

: NO Tensi S Li t
Tension ension on Suspensory Ligaments

Lens is Flattened Lens becomes Round (more convex)

Focus on Near Objects
both circular & longitudinal cilliary muscles
contract to pull cilliary

Focus on Distant Objects

when both of these contract ciliary muscle will move inward and forward

Ciliary muscles—| Ciliary muscles——

relaxed contracted Ciliary muscle become
thickened, <yl 3
Lens flattened | Lens rounded when the two ciliary come

close to each

other the two suspensory
ligament relax lead to
curvature of the lens

Zonulas pulled tig

Slack or Slacken or LAX all of them mean relaxation of suspensory ligament

zonulas = Suspensory Ligaments




Accommodation Cont...

At rest (looking at far objects):-
% Ciliary muscles are relaxed + taut (tense) ligaments + flat lens

looking at near objects:- [

% from near (close) objects parallel rays focus behind retina
(if ciliary muscles remain relaxed) Cause blurred vision
% Solution is to increase curvature & refractive power of lens
by accomodation to bring focus on retina.

Dioptric power of the eye:

Cornea: 40-45D [
Lens: 15-20D

Accomoda‘tion +1 2 D [the lens is more important than cornea for accommodation because it will increase the dioptric power

Near response

. il Lali cmedial side g cpiall JS cu g b SRS Ll
convergence of both visual COnVergence A Ul SoHS ] 3 s mlS sl 4g) s

= 2 corresponding point of the image on same focus for both eye cuai (lis :z
axXis. WHY H Sl il focusd) Ggms Cplad) g

pupil constriction. Why? protection from excess light

Accomodation. Wh‘l? To increase the refractive power and bring the focus on
the retina

Accommodation reflex:- Girls slide only.

% Focusing at near object by increased anterior surface curvature of lens by
ciliary muscles contraction — slack = relaxed ligaments & increased anterior
surface curvature of lens . why? to add 12D 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.

e ol L ghan g & gl 0 sy cle ) 4d 5 gy | SIS LA .
Test Sanson purklnje Image accommodation J! &)Humd}s}mjuud\ \ 1‘C0mea|mage
2-anterior surface of the lens
3-posterior surface of the lens



Near Point

Nearest point to eye at which object can brought into focus on retina
by ACCOMODATION i e 5 S i i e

10 years — 9 cm s Chie 1000 S sV o 03 O saling Gl LS Ll
60 years — 80 -100 cm, due to hardness of lens & loss of accommodation

pI'ES bvopia Ciliary muscle become hard

1-
2- loss of lens eIa‘-:’ti(:it\/ dr.faten : weakness not loss

Hardness of lens, CAN NOT increase the convexity; cannot
increase the dioptric power

3- near point recede

retinad 1,5 focusd) cu 8 s 5 Y «Saa V1 ad 3

loss of accommodation & focus behind retina w]

Range of accommodation (diopters)
o o

ol LS ) 5 S il e i Y ansi 1 .
-correction by biconvex lens o P
10 20 30- 40 50 60 70
To decrease the focal distance by increase the convexitiy of lens Ageinyears

Accommodation Pathway cis sie oniy

Light on eye
Retina
Optic nerve
Optic chiasma Prtci Wospn Citary
region  nucleus ganglion
Optic tract

lateral geniculate body in thalamus

to superior colliculus in midbrain
Dr.faten: the center of accommodation is superior colliculus

LK

ganglion

| | {'J /,LSuperiorcervical
oculomotor nerve nucleus = parasympathetic e [

Ciliary ganglion to oculomotor Nerve

to bilateral ciliary muscle contraction (accommodation. R)

contraction of iris (sphincter pupillae) circular muscles for
miosis of near response




Pupilary light reflex ...

R
*

Light fall on one eye pupil — constriction of this pupil (direct pupillary reflex) and the other
pupil indirect or consensual (.~ alas), when eve (left) is subject to bright light, a direct
light reflex occurs (constriction of the pupil) as well as a Consensual (indirect) reflex of the
other * Right” pupil.

both eyes respond to the light why?
because 1- the afferent fibers will decussate 2- the efferent (nucleus of edinger westphal) is to both eyes

Pathway of Pupilary light reflex (indirect):- eirissiideenyy

Afferent pathway
(~ A (~ ) 4 A
Light on eye o Retina —> Optic nerve
\ y, \ y, \ y,
( Pass through superior ) r N r * N
colliculus to end in . . .
-« Optic tract — Optic chiasma
pretectal nucleus (center
\ of pupilary light refelex) D . J L y
Efferent pathway ¢
( ) ( ) ( )
Both oculomotor nerve Supply both eyes by

——  Bothciliary ganglia |
oculomotor nerves

y

(Short ciliary nerve
Miosis in both eyes  j««—— oculomotor nerves to
constrictor pupillae) )

nuclei (EWN)

\. J

%  Conversely, in darkness, the reflex becomes inhibited, which results in dilation of the pupil.

The pupil constricts in response to:

«  The accomodation Reflex Its center: superior colliculus
< The |ight reflex. ts center: pretectal nuclus

Argyll Robertson pupils (Neurosyphilis) .-

< Pupils constrict in response: to accomodation reflex ,but not to the light reflex

< In syphilis tabes dorsalis which destroy pretectal nucleus only, away from superior colliculus & fibers
of accomodation.
% light.Ris lost but accomodation R remains can be seen in SLE and DM?2 as well

EREERRERRE | 9



Direct reflex on right & Consensual reflex on left

Girls slide only

but the light reflex for both eyes sas 5 cpal & guall | glaa

direct light reflex

consensual light o
reflex (girlga reaction)

left eye 1

constrictor
pupillae (right eye)

. constrictor
optic nerve

pupillae (left eye)

4 Key
glug—’iersory
I—Motor
(left short ciliary nerve) (RS.CN) =

optic chiasma

ciliary ganglion ciliary ganglion

optic tract

To visual cortex “

PATHWAYS OF THE LIGHT REACTION

pretectal nucleus

Edinger Westphal nucleus (llI)

Edinger Westphal nucleus (l11)

Occulomotor nerve Occulomotor nerve

The light enter on pretectal nucleus and superior colliculus

There is ganglia for motor nerve nuclei and there’s ciliary ganglia for motor nerve fiber

then will give occulomotor nerve for both eyes

then will be miosis in the eyes muscles so direct pupillary light reflex for the eye which see
' the light, indierct to the other eye will occur )

I
1
1
1
1
1
1
1
1
1

Three types of retinal ganglion cells and their respective fields

boys doctor said its for your knowledge

W cells: 40% with small diameter, sensitive or detecting directional
movement in the field of vision, and they are probably important for
much of our rod vision under dark. S rods J gl op Jui

X Cells: 55% has a medium size diameter Transmission
of the Visual Image and Color Vision
/ OV e A gl a4t Huldl e} 2l LY JiS) cones JI pad

Y Cells: 5% only with large diameter to Transmit
Instantaneous & rapid Changes in the Visual Image,
either rapid movement or rapid change in light intensity

_/
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Lateral geniculate body LGB (i thamus)

Left LGB (similar to left optic tract) has all layers receive from RIGHT 1/2 of visual field.

%  Right LGB (similar to right optic tract) has all layers receive from LEFT 1/2 of visual field.
X LGB has 6 layers.

]
1
I %wSe A8 optic nerve tract U L Jie
1
1

Function of LGB: \ Fo o vl o

actsasarelay (synapse s s» Jeu =) station for visual information from optic tract to cortex

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

cortex. (" security 4l " G U8 Jax (e 3aay 5 e 8 Oadle Joa 5 (S Al 2acls visual pathway J) o Lusic< visual impulses JI ol il )

It has point to point transmission with high degree of spatial fidelity (A8x JlSall naa3),
(one synapse e (a3 a3 fiber JS &) point to point « ;vu\{

color vision & detect shapes & texture
is consider some sourse of processing of color vision, shapes, texture oS3, Sl Jaxile J3

It receives gating control signals from two major sources:

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

- Reticular area 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

1 The magnOCEIIU|ar pathwa\/ (primary cerebral cortex Ji e s2 4= e signals J 2L 9

- from layers 1 and 2 which have large cells and are called magnocellular, carries N 2
signals for detection of movement,depth, and flicker. |

- These receive their input almost entirely from the large type M retinal ganglion cells.

- a rapidly conducting pathway to the visual cortex.but, this system is colour blind,
which project to magnocellular layer of LGB, and they are high sensitive to low contrast
stimuli and to rapid movement visual signals.

" optic”” \ " nucleus

tracts Dorsal
2  The parvocellular pathway
- From layers 3,4,5,6 which have small cells and are called parvocellular, carries
signals for color vision, texture, shape, and fine detail. 6
5

- These neurons receive their input almost entirely from the type P retinal Ventral
ganglion cells that transmit colour and convey accurate point-to- point spatial
information.

Magnocellular Parvocellular
- moderate velocity of conduction s s (e Sl sladll U5, rather than at high pathway pathway
velocity.

- cells which project to parvocellular layer of LGB, conducting signal of fine details

& colors Primary visual cortex

(area 17)

D 11



Cortical Visual areas:

o

% Primary (area 17)  (iaas 21) signals 34 dasie s 2
- ' | 5 s8\alE oy 5
% Secondary association area, (areas 18, 19) neg;‘;‘;grg;rZefaﬁ;;\ é%ﬁfﬁa lobe

visual cortex

The Primary Visual Cortex Has Six Major Layers of cells arranged
vertically each act as a separate unit for processing of informations

The fovea have large area of representation (s 3_:S 4xS Clial neuron i’ |,
5 e o5 0= W55 Y visual acuity is responsible for the highest S —
degree of visual acuity, so it has larger representation in the primary 7, _—

£ P S visual cortex

visual cortex than the most peripheral portions of the retina.

¢ fovead) Ja2 is macula < siSa

Fovea is the center of macula

Lo gl 8 18 il 5 <LelS 5 jaal) DUy Sl
focusd\a\j.;j&J)_;Aj\ﬁ; ,

_____________________________

Primary visual cortex ( area 17)

% On medial aspect of each occipital lobe
<> Its neurons arranged in the form of columns forming 6 distinct layers
%  Fovea has broad presentation
%  Perceive sensation of vision (movement + shapes + stereoscopic J<!l 2=l vision +
brightness) & has blobs for color detection
Perception of visible objects without knowing the meaning of these objects
Effect of removing the primary visual cortex removal of the primary visual cortex
causes loss of conscious vision, ( bliNdNeSS) ceudl 5 il s (Sas duleall I 431 s 13
%  Effect of Removing the Primary Visual Cortex:
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 but still they will respond to light reflex even with blindness

________________________________________________________

g fovea J dihie
|
1

0, R
L X X4

Association visual cortex (area 18&19) (secondary visual areas ):

% located mainly anterior “lateral, inferior, and superior to the primary visual cortex extend
to parietal & temporal lobes

function:-

% Interpretation of visual stimuli

«  dealing with complex perception of patterns & forms & responsible for object recognition

%  The fixation mechanism that causes the eyes to lockd«s!s <25l ) fixition e sl subject
(=« on the object of attention is controlled by secondary visual center 7/ le 4akiall o3a Liag 4l
Jxas blindness 28w meaning < s (i (s be G <89l iy

% we said before this areas are extended to the parietal and temporal lobes why? this areas

have memory so to explain and understand the photo you need to back to your experience
and join the photo you see to your memory e.g this is Sara, mouse , book and so on .

D | 12



Visual projection to area 17 LBG 0n S

They will synapse in the visual cortex

<

L)

»  Color Blobs are in the Visual Cortex. Interspersed among the primary visual
columns & among the columns of the secondary visual areas clusters of cells
responsible for color detection

)

J

L)

»  Simple cells detect color contrast details, bars of light, lines , borders and edges

L)

% Complex cells detect Line Orientation When a Line Is Displaced Laterally or
Vertically in the Visual Field ( linear movements of a stimulus )

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 .

() R =5 R Upper peripheral
g=> N quadrant of retina

4 gl Lgtia 33 5illd A 5 e periphery as GSWY | shaaYe
cagiiadh g (88 () s trauma or tumor s eas
i A AS gtia 3 ) gill 5 haa HLS Y oSLa) 5l fovead! (uSa

1 1
| | Upper
1 1
| i
1 1
1 1
D Lhdla g S %88 ) W trauma b ) |
1 1
| I
1 1
1 1
\ 1

quadrant
of macula

Lower
quadrant
of macula
Lower peripheral

N . quadrant of retina

Macular sparing J) s 13a olia j8 M s oK)

Girls slide only

Retinotopic Organization & Processing of visual information

ganglion fibers (axon) ox el
to the LBG nucleus

Primary Visual association cortex
Lateral Geniculate visual (area 18and 19)
Nucl cortex parietal & temporal
ucleus (area 17) lobes
; ; Magnocellular :
*M-type Retinal ganglion cells Lagvers o Vi —_— Motion
Vi

Conscious color

Color — . .
SN Retinal ganglion cells Parvocellular blobs W
¥p Layers 3 to 6 y
Forms

Inter-blob —— :
S Stereopsis
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Determination of Distance of an Object from the Eye
-"depth perception”

A person normally perceives distance by three major means :

-the sizes of the images of known objects on the retina

the phenomenon of moving parallax:

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 ke when urinside a car and ur

trying to see treas or any thing beside the road

Ay padiaghs Uise (e yadiag Laadad (3 pal) JS 800ae b jladl che ) o Liala g (3 ylall 8 e L) | 5L
13 5 ) 5323 A a3 s move rapidly across the retina s st 4tasiy g 4t o885 Cu 8l jall) ol 6
Remain almost completely stationary L& sia s AN Wi e e duSaio g8 5 J sha sl alua¥) (S

' the phenomenon of stereopsis or Binocular : o s s i sl

The perception of depth and 3-dimensional structure obtained on the basis
of visual information deriving from two eyes by individuals with normally

developed binocular vision

Object of known
\ distance and size
1. Size of image 2

14



MCQ & SAQ:

Q1: minimal amount of light that elicit
sensation of light, is definition of .... ?
A. Visual acuity

B.Dioptric power

C. Visual threshold

D. Accommodation

Q3: Which processes is required for
accommodation of near vision

A. Lens is Flattened

B. Ciliary Muscle Relaxed

C. Increase anterior curvature of the lens
D. Dilation of Pupil

Q5: Small cells carries signals for color
vision , texture , shape and fine detail:
A.magnocellular

B.parvocellular

CXcells

DY cells

Q2: the medial ( nasal ) side of retinae
decussatein....?

A. Optic tract

B. Lateral geniculate body

C. Optic radiation

D. Optic Chiasma

Q4: Dealing with complex perception of patterns &

object recognition is the function of :
A. Primary visual cortex (area 17)

B. Area 19

C. Area 18

D.BandC

Q6:Is more important in our rod vision
under dark :

A. W cells

B. X cells

C.Y cells

D. none of above

1- Enumerate the three action involve in Near response

2- what is the two kinds of vision and what it is served by ?

3-What are the visual projection in Area 17 and their function?

4- the pupil constricts in response to what ?

sunQuUOQ@<
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