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‘ Overview

oo

= The nervous system is the system that controls the various

functions of the body by the means of electrical impulses.
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Fig.1: Divisions of the nervous system.
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The Central Nervous System (CNS)

1.

Telencephalon
! (cerebral hemisphere)

Diencephalon

Formed of the brain and spinal cord

Formed of millions of nerve cells
(neurons) and supportlng cells (glla‘“w”

Well protected within the skull and ™

vertebral column.
. C_.__S}’bi ,9zdi

Functions: LS PN\ sy
Initiates ‘motor commands (movement and
secretions). At cldalt

Receives and perceives sensory information.
(2ud\It 2N Y s\l ) =en i)

Responsible for our emotions, personality,
behavior, memory and others.
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Fig.2: The central nervous system. 3




The Peripheral Nervous System (PNS)

= Formed of the peripheral nerves (cranial and spinal), the
ganglia, and the sensory receptors.

S e Ha2 3t A 2logs 3;:!
= The nerves may be sensory (carry information to CNS) or

motor (carry orders from the CNS) —  c5 oy goro

= Ganglia are collection of neurons outside the central nervous
system. ar

= Sensory receptors are parts of neurons or specialized
structures that can detect changes in the internal or external
environment. The skin, for example, contains several types
of receptors that detect pain, touch and heat.
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Functionally, the PNS can be divided into:

Somatic part: connected to skin, muscles, joints and the
special senses. We are fully conscious of this part. Our
voluntary movements and our sensation of pain and touch
are controlled by this part.

Autonomic Nervous System: this part usually operates
without conscious control, as it controls all of our
Involuntary actions, like our heart rate, respiratory rate and
blood pressure.

Enteric part: controls the secretions and movements of the
various parts of the digestive system unconsciously.




Histology Of The Nervous System

= The nervous tissue is formed of two types of cells:
1. The nerve cell — Neurons
2. Supporting cells —Neuroglia or Glia cells

= In the nervous tissue, there Is a very small amount of
extracellular matrix found around the blood vessels.

= The space between the cells is filled with neuropil which is
formed of the processes of both neurons and glia cells and
some fluid.




Neurons

_NS. Dokl za)
= Functional unit of nervous system.
= Have capacity to produce action potentials.
L

= Cell body: Py - e
- v s R .

- Single nucleus with prominent nucleolus  , =

o Nissl bodies formed of rough endoplasmic reticulum & free
=\ [1bosomes for protein synthesis.

=0 Neurofilaments give cell shape and support
= Cell processes = dendrites & axons .

\ =)
MUJ—’_ -

- ~

P MEGS, oVl P \g S Y Amest| W

= Mature neurons cannot divide. A damaged neuron cannot be
repaired and is replaced by fibrous tissue.
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Fig.3: The neuron and its parts.
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Dendrites

Mostly multipl

Usually short

Taper as they extend away
from cell body | ‘- o

mefec N\ \® ':;.}'»J\(,_c.
By e

Branch profusely

Not covered by a myelin
sheath

Conduct impulse towards
cell body

P

AXON = nerye Libe
A Single branch

Usually the longest branch and is
called nerve fiber

Has a fixed diameter < >»=oo=-

Tl e o a3

= No branches near cell body
= Collateral branches along course
= Terminal branches

Some are covered by a myelin
sheath

Conducts impulse away from cell
body




‘ Glia cells

L_ocation Cell Function

 Part of blood-brain barrier

Astrocytes * Provide nutrients for neurons
« Form scar tissue after injury
CNS Oligodendrocytes | Form myelin sheath =" 7

Microglia cells Defense (by phagocytosis) ... v

Ependymal cells | Line cavities <s\sh weJ

Schwann cells

(Neurolemmocytes) Form myelin sheath

PNS

Satellite cells Support neurons in dorsal root

ganglia Poshi=

10



Myelination

» The process by which a nerve fiber (axon) is surrounded by multiple

layer of Cell membrane {myelin sheatfl)

Myelin sheath

~— Neurolemmocyte
nucleus

Neurolemmocyte

-~ -
\\ nucleus

Unmyelmaledx<{ C
axon

Neurolemmocyte —= l

PNS

Done by
Schwann cells

CNS

Done by
oligodendrocyte

The entire cell
wraps around
the axon

The process of the
cell wraps around
the axon

Unmyelinated
axons are also
surrounded by
cell membrane
of Schwann cell

Unmyelinated

fibers are not

surrounded by
anything

Oligodendrocytes % .




Histology of a nerve

» Nerve: a group of bundles of nerve fibers and their covering

connective tissue layers.

» The whole nerve is
surrounded by the
epineurium.

» Each @umele is surrounded
by the perineurium, which
forms a blood-nerve barrier.

» Each nerve fiber (axon) is
surrounded by myelin sheath
and an areolar connective
tissue endoneurium.

bt o8 e Gz Mk o
a 5(Q“P of bv‘l/loueg OQ W€(U€
£\'\9€r5
N e @veva’g
—Axoq _omnedk:
— Myelin sheath Yissue (agelf
Endoneurium Fascicle — &
— ,% ~_ Blood
i vessels
Epineurium

Fig.4: Peripheral nerve and its covering layers.
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1)
2)
3)
4)

The Central Nervous System -

The Brain

The Dbrain is the part of the nervous system present within the skull.
It’s covered by protective layers called the meninges.

The brain is formed of:
The Cerebrum H / |
The Diencephalon \

The Cerebellum |
The Brainstem K”A |

Cerebral
hemisphere

Diencephalon

Cerebellum

Brain stem

e Midbrain

e Pons

* Medulla oblongata

Fig.5: Parts of the brain.
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‘ Ventricular system

» Within the different parts of the brain, there are several cavities

lined by ependymal cells and filled with cerebrospinal fluid.
N QA_?{TJ' 1y &{L@

Lateral ventricles

Interventricular foramen
Third ventricle
Cerebral aqueduct

Fourth ventricle

Central canal

(lateral view) (anterior view)

u\b@ 571’#& P\ane> Qf(oﬂlra& Q\m\e>

Fig.6: Ventricles of the brain.
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Cranial meninges

Dura mater: the hard outermost layer. Separated from the skull
bones by the epidural space. The venous sinuses of the brain are
located within the dura mater, =~ 2=~ =

2l g
Arachnoid mater : the thin middle layer. Separated from the dura
by the subdural space. Beneath the arachnoid, we have the large

subarachnoid space.
Pia mater: thin innermost layer. Directly covers the brain.

NMeninges

Dura Mater

Arachnoid

Pia Mater

Fig.7: The cranial meninges. 15
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SCALP
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SKULL

Epidural space

Dura mater

Subdural space

Arachnoid mater
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The Cerebrospinal Fluid (CSF)

= Clear fluid.

= Circulates through cavities in the brain (ventricles) and
the spinal cord (central _canal) and also In the
subarachnoid space. @®

= Functions:
= Aol i<

1. Absorbs shock and protects the brain and the spinal
cord.

2. Helps transport @utrients/and wastes between the blood
and the nervous tissue.

17



The Blood-Brain Barrier

= This include a number of structures that control the passage of
substances from blood to the nervous tissue to protect it
against harmful agents.

= It’s formed of:
1) Endothelium of capillaries

o) Pericytes: cells present
around the capillaries
beneath its basal lamina

3)  Basal lamina
2y Processes of astrocytes

Fig.8: The blood-brain barrier. |

18



Th e Cereb rum «— = Fig.9: The Cerebrum (lateral view).

Frontal lobe

PHI

Effj\j"();v\
= All motor commands issue Parietal lobe
from the cerebrum. All ;
sensations are perceived <7 [
here. In addition, this part

-

IS responsible for
A
‘\;;9\7 emOtlonS b@hB.VlOr and Temporal lobe
()31, SNy
memOl'y szﬂ - Occipital lobe
= The cerebrum is the Iargest part of the brain. It’s formed of two

OP)AU ax)

parts (called hemispheres) each of which is formed of four lobes:
frontal lobe, parietal lobe, temporal lobe, and occipital lobe.

- dew), G oot BEA AL

o It's characterized b the presence of fissures called %ulm and
}Srotrusmns called 1g.11). The cavity within it is the lateral
ventricle. LIV

ZIAN]

(G239 9
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= The outer layer of the cerebrum is called the cerebral cortex. It’s
formed mainly of the body of of nétirons and therefore it’s called the

gray matter. Deep to it, we have the white matter, formed
mainly of nerve fibers. = )\ ns

= In the spinal cord, the arrangement is reversed. « >y d’f;'f—%
Y

Frontal plane

through brain /

__— Transverse m -
. plane \ ‘ 7S,
_ through 3 ‘
spinal | [
\ cord | :
\\‘ | 3 e~ N X
‘ Gray matter A / ~ >
White matter

\/\ e~ ¢ I _

(a) Transverse section of spinal cord (b) Frontal section of brain

Fig.10: The arrangement of the gray and white
matter in the cerebrum and spinal cord. 20




I * - i - bip /Bi?” ®Precentral sulcus
Fig.11*: Important Sulci and Gyri: | ik Ge

Precentral gyrus — main

: vl P s o
Superior molor area
Middle Central sulcus (green)
Inferior

Postcentral gyrus —

Frontal : — main sensory area
gyri : Postcentral sulcus

S /

A\
VENC R U

N\

/ Prefrontal \

2’\\ D
—— >_/....

4 | Occipital\\
/ lobe -
’ ; % vision

emotion and NI
ehaviy J ~
MOtor speech (Broca’s) \ SU_PCI'IOI' Temporal
area = Operculalj + Latal }\;I;dd.le :
\ Triangular gyri siileus €r10r .

\_/



The Diencephalon | =&

= This part of the brain is located on the medial aspect of the
cerebrum. The cavity here is the 3" ventricle.

= It’s formed of the:
st

1. Thalamus

\&-U <=3

2. Hypothalamus
3. Epithalamus

__| Fig.12: The location and parts
of the diencephalon.




Part Main Function

Thalamus Relay station for most sensation
1. Controls hormone secretions of all
endocrine glands in the body
Hypothalamus

2. Control body temperature
3. Control eating and drinking

%50 ¢Pineal gland of
the epithalamus

Secrete melatonin hormone which
regulates diurnal (day-night) cycles

23



The Cerebellum

Second largest part of the brain.

The central constricted area Is
the vermis. On each side of the
vermis, we have the expanded
cerebellar hemispheres.

The cerebellum is located
Inferior to the occipital lobe
and posterior to the brainstem.
It’s separated from the
brainstem by the 4t ventricle.

The function of the cerebellum
IS the coordination
movement and
maintaining of balance.

the

of

ANTERIOR

ANTERIOR
LOBE

POSTERIOR
(MIDDLE)
LOBE

A VERMIS

POSTERIOR

4t yentricle

White A
Mmatter

Fig.13: The cerebellum.
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The Brainstem Al £

v The part of the brain that connects the diencephalon with the spinal cord.

v Formed of 3 parts:
Midbrain (MB)
Pons — connect several parts

of the CNS together.
Contains respiratory centers.

Medulla oblongata

v The brainstem contains several
Important control centers and the
attachment of several cranial
nerves.

~ Also iIn the brainstem is the
Reticular Formation which is
related to consciousness and |
muscle tone. = |

S Yl 355 *

Cerebral aqueduct

Fig.14: Location and parts
of the brainstem. o5




The Midbrain

Cerebral
aqueduct

Fig.15: Section through the midbrain.

vy N Ao o'
Mesencephalic nucleus — contains
pseudounipolar neurons that carry
sensations from the face. The ‘only
place in the CNS with such neurons; all
other pseudounipolar neurons are

located in peripheral ganglia.

Substantia nigra — neurons here
release Dopmaine and is involved in
muscular activity. Lesion in this area is
associated with Parkinson’s disease.

o3 et pemyl YN

o R\
I
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The Medulla Oblongata

Contains important control centers:

Cardiovascular center « 4! ac, o (!

Respiratory center — (2 s\

Anteriorly, near the midline, are the pyramids
which are formed by the descending motor
tracts (group of nerve fibers in the CNS).

At a certain point in the medulla, the majority
of the fibers in these tracts will cross to the
opposite side forming the decussation of the

pyramid.

This Is why each half of the brain controls the

opposite side of the body.

89\“93

Fig.16: The medulla oblongata.
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The Central Nervous

System -
The Spinal Cord

A grayish-white cylindrical structure.

Starts at the foramen magnum and ends at
lower border of L1 in adults. In children, it
ends at L3.

Protected by the vertebral column and the
three layers of meninges.

The pia matter will continue after the
termination of the spinal cord as a thin
thread called the filum terminale.

Eight cervical
segments

Twelve
thoracic
segments

Five lumbar
segments

Five sacral | |
segments | \g

One coccygeal
segment

Fig.17: The spinal cord.

Posterior
median sulcus

|! Cervical enlargement
|

Lumbar enlargement (L1-S3)

Conus medullaris

[ ——Filum terminale

28



External features of the spinal cord

= It has two enlargements: cervical and lumbar. The
cervical enlargement is the origin of the cervical and
brachial plexuses. The lumbar enlargement is the origin
of the lumbar and sacral plexuses.

= The terminal part of the spinal cord is cone shaped and i ‘7
called the Conus medullaris. > :"‘A**-,\
1

4

|

i

v;' \ -
L |

Fig.18: The conus
medullaris.
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= The spinal cord Is divided into segments: 8 Cervical, 12
Thoracic, 5 Lumbar, 5 Sacral and 1 Coccygeal. From each
segment arises a pair of spinal nerves. Thus, we have a total of

31 pairs of spinal nerves.

= The nerves pass laterally to exit
the vertebral column. The spinal I

cord is shorter than the spine.< o ., o1

Therefore the lower nerves must =3

pass down for a distance before
exiting. These will fiorm a
structure like a wisp of f hair ¢
around the filum terminale
called the Cauda Equina.

Fig.19: The cauda equina.

Spinal cord

Filum terminale

2o\ Cauda equina

&
S5
‘@,"

{ ‘ la‘
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Internal features of the spinal cord

White
matter

Spinal
nerve
Aulo nomec_

_Domal (posterior) column
— Ventral (anterior) column
B —

Lateral column

Dorsal root 43
Dorsal root / ,,.' =
ganglion \ S

— Central canal

Posterior hom—

Gray
Lateral horn —matier

Anterior hom | |

Jp ol eV gomw\vb i \\)\0 §
EE)/ m pedhel,  Ventral ,
root i ) _ UJQ)
Aﬂ}e{wé o &1)0) Rootlets 4 Ve o | ‘
SRR AM}oﬂamrc jDog{Q,g) 9)
\entyek - . - j
_ov | FIg.20*: Cross section through the spinal cord showing
R S g important internal features.
posteyior

/‘Q



The Peripheral Nervous stem -
The Cranial Nerves

Cranial Nerve Main Functions
% c dou)
1| I —Olfactory % | Olfaction (Smelling) Lo Y e
> | Il —Optic «yen! Vision & b

s | 11— Oculomotor < TS %7 i oves Gl
Supplies extrinsic muscles of eye
' | IV = Trochlear

Trigeminal 1. Carries sensation from face — e
> V= 2. Supplies muscles of mastication e

¢ | VI —Abducent | Supplies extrinsic muscles of eye
4,3 o

I S

P—

- Z;_,/\‘a._u\ S\ke o
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Cranial Nerve Main Functions

1. Supplies muscles of @:lal = Uey
! |
. expression =2 Ge At
2 e} VI — Facial P Lo
2. Carries taste sensations from — <P,/
anterio of tongue i b o
<ex)l | VIII - Vestibulocochlear | Hearing and equilibrium — & |
(\ESAWY Uy /',__A)\s
oo} SRR (VA1) ¥ 1. Supplies{some muscles |
wa IX - Glossopharyngeal |2. Carries taste sensation from
posterior 1/3 of tongue
p wy {w' 1. Supplies various muscles
. \5 X —Vagus § £ | 2. Carries various sensation
1\ !
I 2! doh e 3. Supplies internal organs s
Walas
D Supplies the sternocleidomastoid and 9
—ax)' | XI — ACCessory v -« | )l Rl
SRy Y 75 trapezius muscles ;... =T
\)“:'“4 a 1 bl 1:' ’ ‘
Supplies all muscles of the tongue <\ < \s
ey | X1 = Hypoglossal PP J “1 L)
e ) oS (except palatoglossus) v
(S \Y‘i STz, = vy

s\
~
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Fig.21: The cranial
nerves.

| Trochlear

Olfactory

P Oculomotor

Trigeminal

Abducent

Facial

Vestibulocochlear

Hypoglossal

Glossopharyngeal

Accessory

L "\ .D.\_‘\»"\ -

Aoy P r b
{h - 2 \
» :‘ .“. \' i N
— " B N =
B 5y - .. - . . )
L4 1) A A N\ e
-'—. . - /
: ¢ ) J
s ' ' ‘ ’ 4 p
ANV 1
: ‘ =
5 3 |}
L= o m ' \ ‘ ." :
NIV E crr — N , . A |

Vagus
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The Peripheral Nervous System -

The Spinal Nerves

= 31 pairs of mixed nerves (sensory and motor): Cervical (C1-C8),
<<~ thoracic (T1-T12), lumbar (L1-L5), sacral (S1- 85) and coccygeal’(%ﬁ’

= A spinal nerve gives off two main branches: anterlor ranftis and postelo r=
ramus. Anterior rami of spinal nerves are usually arranged in groups

called plexuses. colledhion of e s e plest s

Plexus Main Branches

égm'é &(ﬂgm& [ Cervical \3\o\==y1  Phrenic
i
¢ . : :
¢ Brachial Axillary, Musculocutaneous, Radial, Median,
Ulnar
% Lumbar Obturator, Femoral
i ( .
{4 i I
o0 L | Sacral Sciatic (Largest nerve in the body)
Sy - v s b gw%_Jr(? e S 35
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 The autonomic nervous system (ANS) is part of
the peripheral nervous system. It operates
unconsmously to_ control mvoluntary muscles
" (cardiac and smooth) and glands. It’s formed of
two  divisions: The  Sympathetic and
Parasympathetic.

d The ANS is formed of Preganglionic and
Postganglionic fibers. The preganglionic fibers
arise from autonomic centers in the CNS and
pass through cranial and spinal nerves to

autonomic ganglia outside the CNS. The s
postganglionic fibers arise from the autonomic ik
ganglia to supply the involuntary muscles and
glands. g

d The autonomic centers are controlled by the | Fig.22: The two-neuron
Hypothalamus. electonins pathway of the ANS.
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The Sympathetic (Thoracolumbar) Division

LT e v e e

d The gray / matter of the T1-L2 segments of the spinal
cord pBssess & lateralshorn in which are located the
cell bodies of the sympathetic preganglionic
neurons. N

1 The myelinated axons of these neurons leave the
spinal cord through the anteriorsreot of the spinal
nerves.

 They pass through the white ramus to enter the
sympathetic trunk.
= Sympathetic trunk is a ehain of ganglia located on

each side of the vertebral column.
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O In the sympathetic trunk, the preganglionic neuron may either:
1. Synapse with the postganglionic neurons in the ganglia at
the same level on the same side. In this case, the
unmyelinated postganglionic fibers exit the drunk through
the gray ramus to re-enter the spinal nerves where they #‘ >
pass to supply the smooth muscles of blood vessels, sweat

3 phawl s\@ s o >3l
vt glands, and the arrector pili muscles of the SKin. - s e
o= 2. Pass up/down in the sympathetic trunk to synapse ™ With
Jyfai ™2 postganglionic neurons at a different level to supply skin.

d‘é Some postganglionic fibers will supply various organs in
% the head, chest, abdomen and pelvis. Aot lees
3. Leave the trunk without Syn mpswlg Here  preganglionic
o fibers will formuihe Séb"fanchnlc nerves and they will
r> ‘4\ eyjﬁenﬁtﬂy{gﬁljy synapse with postg&nﬁglﬁpmc ,[‘j”m”f;_'sﬂ thg%
2”preaortic ganglla (celiac, superior MESENtEric, inferior meswe
mesenteric and renal). The postganglinic fibers will then
¥a pass to supply the viscera, > e

N
od N .
0 )’5 Qoxv ‘/39)_ w9 g fehvdso v v 38




Preganglionic neurone
in lateral hom

e...

Sympathetic
chain

Grey ramus

communicans

—_

Spinal nerve

‘-..-.-.

Ventral root of
spinal nerve

..

White ramus
communicans

Sympathetic
ganglion

Postganglionic
neurone

To coeliac and
mesenteric ganglia

()

e Preganglionic neurone
——— Postganglionic neurone

-4

Fig.23: The pathway of the sympathetic neurons.
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The sympathetic splanchnic nerves are the greater, lesser,
least (lowest), and lumbar splanchnic nerves.

Some preganglionic fibers will pass, without synapsing, in
the sympathetic chain, the greater splanchnic nerves, and
the celiac ganglia to end in the Adrenal Medulla where
they stimulate the release of hormones.

A single sympathetic preganglionic fiber has many axon
collaterals and may synapse with 20 or more postganglionic
neurons. The postganglionic axons typically terminate in
several visceral effectors.

Therefore the effects of sympathetic stimulation are more
widespread than the effects of parasympathetic stimulation.

40



The Parasympathetic Division — gpphde wsetost

= Also called Craniosacral |division. o

o> 1€

N Preganglionic neurons paSS through g |
oW Y
dW

The cranial nerves Til, Vi, X and X~ >7%° 2

Ocvomd \'m QMML

Sacral spinal nerves S2-S4 (form the Pelvic Splanchnic
nerves) ore bro > 5160

= Parasympathetic ganglia: terminal ganglia (close to or

within effector organs). e g\w ijv; w;’”f
g o — P

= A preganglionic neuron wusually synapses with 4-5
postganglionic neurons all of which supply a single

visceral effector. So theleffect is limite

41



General and S_peciaT

Sensations

42



‘General and Special Senses

General Senses

= Include:
o Somatic sensations

(tactlle thermal, pain,
O”l and proprioceptive —>
sense of position) from

body and joints

2 Visceral sensations from

g 2 ... the organs.

o Scattered throughout the

body.
= Simple structures.

Special Senses
Include
2 Smell
o Taste
2 Vision

o Hearing and equilibrium.

Concentrated in specific
locations in the head.

Anatomically distinct
structures. v o e

Complex neural pathway.

—
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‘ The General Sensory Structures

=0 Nociceptor ‘\}5; A9 );L(U
ryyl (pain receptor) 4 L
= ool o
— Type | cutaneous )G
Epidermis mechanoreceptor o 52
= (Merkel disc)
Corpuscle of touch
(Meissner corpuscle)
Dermis

All serve
= for tactile
sensations

Type |l cutaneous
mechanoreceptor
(Ruffini corpuscle)

Hair root plexus

Lamellated (pacinian)
corpuscle

—

Subcutaneous layer —

Fig.24: Structures of General [
Sensations in the skin. 1




W L s Ul 2=
= The olfactory epithelium is located in the roof of the nasal cavity.

= The olfactory epithelium is

formed of:

Olfactory  receptors -
bipolar neurons with cilia
called olfactory hairs.

Supporting cells- provide
support and nourishment.

S vhee o3 2b—

Lamina propria -

in nasal cavity

LA 1/
Cribriform plate-| [ 7

OMfactory epithelium-{ |

Projection neuron

Ofactorytract| =~
"1

Olfactory bulb

Cribriform
foramen

Axon of olfactory
receptor cell

=OQlfactory gland

— Basal cell
— Supporting cell

Olfactory
receptor cell

Dendrite
Olfactory hairs

3. Basal

cells-

replace

olfactory receptors.

Fig.25: Olfactory epithelium.

l 70dor molecules

Olfactory glands produce a secretion that helps in moistening the

surface of the epithelium

bl e 2
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Special Senses — Gustation = Taste

Sol 2,
= Gustation is performed by specialized structures called Taste
Buds that are mainly present in the papillae of the tongue. U

bl (B
= Taste buds are e

structures formed of: —
- Gustatory hair
1. Gustatory cells- Each one 4. 1/ me
squamous / ] :

poull Gf e
has a gustatory hair (a _eoteium

Gustatory
receptor cell

long - microvillus) that =™ rwi/al) -
projects  through  an [ Basal cell
opening in the bud called _ S 9——— sensory neurons
the taste pore. e Fig.26: Taste bud.

2. Supporting cells- provide support and nourishment.
3. Basal cells- replace the other cells.
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‘ Special Senses — Vision

= Vision is the function of the eye.
= The eyeball is located in the orbital cavity of the skull.
= Accessory structures of the eye include:

1. Theeyelids . sl

2. The lacrimal apparatus —> =<==*

Q‘%Jﬁ/l
= . - IFJ
- = My ey ‘S—xﬂ) he e.s =

3. The extrinsic muscles of the eye —

= The two eyelids (palpebrae) Mprotect eye from light, (“shade
eye during sleep, and ©®)spread tear.

= The space between the eyelids that exposes the eyeball is called
the palpebral fissure. < ¢! & g G o</

= The levator palpebrae superioris muscle raises the upper eyelid.
e ol oy Gz 21y e ]
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‘ The Lacrimal Apparatus

Lacrimal gland

FLOW OF TEARS

Lacrimal gland

:

Lacrimal duct

Lower eyelid
(palpebra)

Upper eyelid Lacrimal ducts
(palpebra)
Superior lacrimal canal ¢
Lacrimal puncta Superior or inferior
Lacrimal sac lacrimal ca_n_a_l
Inferior lacrimal canal ¢
Nasolacrimal duct .

Lacrimal sac
Inferior nasal concha
Nasal cavity ¢

Nasolacrimal duct

v

Nasal cavity

Fig.27*. Components of the lacrimal apparatus.
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Extrinsic Fye Muscles

C?/J’?M SRR
= Six extrinsic eye muscles control movements of each eyeball.
They are called extrinsic because they originate outside the
eyeball in the bony orbit and insert on the outer surface of the
sclera. These muscles are supplied by cranial nerve 111, 1V, and
VI. 31
’

A Trochlea Superior.abligus 8 Levator palpebras superiorns

Superior rectus

Medial

Suparior ablique -

Medial rectus
Superior rectus

Lateral rectus

Inferor obbgue

Lateral rectus
inferior rectus

Fig.28: Extrinsic muscles of the eye. (A) superior view. (B) lateral view.
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The Wall of the eyeball

Fibrous
“ layer

Cornea
Outer —>

Sclera —

" Neural layer
Inner (retina)

Neural part

EPigmented part

Fi19.29: The wall of the eyeball. »

Vascular layer
(uvea)

Iris

Ciliary body

— Choroid

\

Middle
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1. ‘Fibrous tunic (layer)
a) Sclera “white” of the eye
— The larger posterior part.
— Astrong fibrous layer.
—  Functions:
1. Protect the eye.
2. Help maintain shape of the eye.
3. Site of attachment of extrinsic eye muscles.

b) Cornea -5 Qf‘”')')lsifg\ ) Olﬂ"//l\)uﬁu‘f_ JyQ}JZ_:_‘ 4 r;\}-;).’f-‘/'\ , o}_ﬁdld)‘l‘ =5
: : P,
—  The smaller anterior part. Located in front of the iris.
— Transparent.

— Function: it allows light to enter the eye and it’s the major
refractory structure in the eye.
@Sﬁagf,wf s @)
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Vascular tunic

Choroid &> s e
The large posterTc)r part. It’s highly vascular layer with
numerous melanin-producing melanocytes. ;v ;67 1y, a5-s
Functions: Msupply nutrients to the retina, “’melanin pigment
absorbs any stray lights, thus, making the image sharp.

. oot
Ciliary body

The middle part of thg¢ vascular tunic.]

Located just posterior to the junction of the cornea and sclera.

Has numerous protrusions called the ciliary processess. These
produce the agueous humor. From them extend the zonular
fibers (suspensory ligaments) that are attached to the lens.

The ciliary muscle is a smooth muscle within the ciliary
body. It’s responsible forrchanging the shape of the lens. ~

~

prse € oz B
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Sagittal plane ANTERIOR e

Anterior cavity: Cornea
Anterior chamber
Posterior chamber

/ Iris

Scleral venous sinus

Anterior ciliary vein

Bulbar \/ ; /

conjunctiva

Sclera

f Vitreous chamber

POSTERIOR

Fig.30: The ciliary body and the iris.
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a/ 25

. radial _dilator pupillae
ﬂ;;%‘ muscle. These muscles

/_, J’_"DJ[‘

The |I’IS — Gaul w3 ol
The anterior colored portion of the vascular tunic. . o=z 52 "sA

The opening in the middle of the iris is called the pupil.
Through this pupil light can pass to the lens.

The II’IS Contal NS the Pupil constricts as Pupil Pupil dilates as
. - circular muscles of iris radial muscles of iris
CIrcu I ar Sph | nCte r contract (sympathetic)

pupillae muscle and the -

change the diameter of
the pupil regulating the
amount of light passing
throughit.

Bright light Normal light Dim light
Anterior views

Fig.31*: The muscles of the iris. Note the effect
of the two divisions of the ANS on them.
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The Retina "%y |
Located in the posterior 2/3 of the
eyeball

Formed of two layers:

a) An outer Pigmented layer
which contains melanin that
absorbs any stray light

Fig.32: The retina.

b) An inner Neural layer formed
of several types of cells
Including the photoreceptors

Axons from the neural layer will

come together to form the Optic
nerve (CNII)  cen '
WJ_)N < JJV‘Lr Q‘ Y@J >




The Photoreceptors
of the retina — Rods

and Cones

Fig.33: The rods and cones.

External plexiform—
layer. Synapses
with bipolar cells.

Metabolic region.
Protein and
phospholipid
synthesis plus
ATP production.

Photosensitive region.—
Generation of the
receptor potential.

“{H:Couter limiting

laye

Inner
segment

Mitochondria

56



Cones
Cone-shaped

Feature
Outer segment

Rods
Rod-shaped

Continuous with the cell
membrane

Membranous discs

Stacked on each other
and separated from
the cell membrane

Contains the nucleus,

Contains the nucleus,

el

mitochondria, Golgi and Inner segment mitochondria, Golgi
polyribosomes and polyribosomes
Modified cilium 2 segments Modified cilium
connected by
Less Sensitivity to light More
. e . %)
Color vision Specialized in Dark vision _ .
Mostly in the center | Location in Retina Mostl_y o e
—— periphery

-

T
) \3/—— ~/§
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Macula lutea is in the exact center of the posterior portion
of the retina, at the visual axis of the eye.

Fovea centralis a small depression in the center of the
macula lutea, contains only cones. Thus, any image falling
on this spot will have a high resolution. — - =>*

P l
Central &Y jjj o
retinal

Optic disc is the area ooy cantal
- - - ~ retina
INn the retina at which
the optic nerve eXits opictneve -
the eyeball. This area
has no cones or rods

and, therefore, it’s

-\ |
called the blind spot.— ' s T i
o T e ‘
Dagt S 0 FE S5 Choroid )

Fig.34: The optic disc and nerve.

Pigmented / Neural layer
layer of retina  of retina 58



The Interior of the eyeball

o=

= Llens > N
Transparent structure.
Lacks blood vessels.
Divides the eyeball into two cavities: anterior and posterior.
= Anterior cavity o S
Between the cornea and the lens.
Contains aqueous humor which helps provide nutrients for the lens
Ny 0D ceS5es T
and Cornea. ) AR e
Further divided into:
. Anterior chamber: between cornea and iri/#''~ ob>css s
2. Posterior chamber: between iris and lens
= Posterior cavity paw!
] (aw")/
Posterior to the lens. Loyl pl

Filled with the gelatinous vitreous humor which maintains the shape
of the eye. 59




Glaucoma o ' w.r

» The aqueous humor is a fluid present Inside a closed space (the
anterior cavity); therefor, a pressure is formed in this space called
‘the Intraocular pressure’.

» The aqueous humor Is produced by the ciliary processes and
circulates in the posterior chamber. After passing through the
puplil, it enters and circulates in the anterior chamber. In the angle
between the iris and the cornea, there are several channels through
which this humor passes to enter the systemic venous circulation.

» There is a balance between the rate of production and removal of
the aqueous humor. Any problem that leads to accumulation of
this humor will lead to increased intraocular pressure; and this is a
serious condition known as ‘Glaucoma’.
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Sagittal plane

/ Cornea

Anterior cavity: Cornea \<
,/
Anterior chamber ~ f
Posterior chamber \

Scleral venous sinus

Anterior ciliary vein

ANTERIOR e

Bulbar

conjunctiva

Sclera

Iris

Lens

orR Vitreouschamber

: muscle

Ciliary body

POSTERIOR

Fig.35: The cavities and chambers of the eye.
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‘ Special Senses — Hearing

- Hearing (and equilibrium) is the
function of the ear.
* The ear is formed of 3 parts:

1. The external ear, which collects
sound waves and channels them
inward.

2. The middle ear, which conveys

so_und vibrations to the oval e
window.
_ _ _ [ Middle ear
3. The internal (inner) ear, which
Internal ear

houses the receptors for hearing
and equilibrium.

Fig.36: The three parts

of the ear.
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The External Ear

3 Je=el
Formed of the auricle, the external auditory canal and the tympanic

membrane (eardrum).

0.)"5\1)\0

The eardrum is a
thin semitransparent
partition  between
the external and
middle ears. It’s
“Tonvex towards the
middle ear. To it is
attached the malleus
bone. It transmits
sound to the middle

ear.

g B\ES VN SLICTRW IS
The auricle (pinna) of the ear iIs formed of elastic cartilage covered
by skin. Its shape allows it to act as an antenna. The external

auditory canal conveys sounds from the aurlcle to the eardrum.

Auricle {'

External = AT\

audltorx/elnal )&

3 gfj |

Tympanic membrane -
ot rvwd\}

Incus

/‘ canals

Semicircular

Branches of
vestibulocochlear

245 gl
Cochlea

Stapes and footplate
el

eyl A

Fig.37: The external ear.

val window

>
R K LS TN
/

Round window

Auditory
(eustachian) tube
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The Middle Ear

» A small, air-filled, epithelium-lined cavity in the petrous part
of the temporal bone. o e

» It contains 3 very small bones (ear ossicles): the malleus,

Incus, and stapes. These bones articulate with each other by
synovial joints. Spnovaly G 0t ! Lo 2 g

»  The stapes fits into an opening called the oval windows. Below
this is another opening called the round window which is

closed by a membrane called thé{_sec/on@r_yMj

membrane. w j)bakes e

1 membe-

» Tensor tympanl muscle Increases tension in the eardrum. The
e ﬁvg stapedius muscle (the smallest skeletal muscle in the body)

(AR}

S Kdampens vibrations of the stapes. These skeletal muscles

protect the inner ear from loud noises. _
u&\%o\f cheumel, VO)M/ Ol s

» The audltory tube connects the middle ear with the pharynx.,~" (-
This helps equalize air-pressure around the eardrum.
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Superior ligament Posterior ligament of incus

of malleus

Malleus

v Stapes in oval window
(fenestra vestibuli)

Lateral ligament
of malleus

Anterior ligament
of malleus (cut)

- _;3
LATERAL ’
Tympanic membrane | . 144 ‘ >
External auditory canal

Middle ear

Stapedius muscle

/ Facial (VIl) nerve

- Round window

(fenestra cochlea)

r Tensor tympani
muscle

MEDIAL

Auditory tube

Fig.38: The middle ear.
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The Inner Ear (The Labyrinth)  z-\'s"

>
>

V VY

&9\55&_)\ é\lf\JWbb/\ﬁ

Formed of the vestibule, cochlea and semicircular canals.

These structures are bony cavities that lie within the
petrous part of the temporal bone. Inside them is another
set of membranous structures that have the same shape (the
membranous labyrinth).

Between the bony and membranous labyrinths, we have a
fluid called perilymph. Inside the membranous labyrinth,

we have another fluid called endolymph.

&
4 ol Jfffo

The vestibule is thé central portion of the bony labyrinth.

There are three semicircular canals. The membranous
semicircular ducts are present inside the canals. <
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Semicircular
canals
containing
semicircular
ducts

Cochlear duct
Basilar membrane

Secondary tympanic
membrane in round window

Scala tympani

Saccule

Utricle WPO C

MEDIAL

/b‘ﬂj“é/a)r

Scala vestibuli
/ Cochlea
N4 ———1 Scala tympani
- Cochlear duct
| Scala vestibuli

Fig.39: Parts of the inner ear.

Transmission of
sound waves from
scala vestibuli to
scala tympani by
way of helicotrema
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» The cochlea

= A snail-shaped structure.
It spirals for almost 3 turns.
= Formed of 3 channels:

a) The cochlear duct — continuation of the membranous
labyrinth.

b) The scala vestibuli — opens at the oval window.
c) The scala tympani — opens at the round window.

= The scala vestibuli and scala tympani are completely

uwW separated from each other by the cochlear duct until they

f‘fiﬁ)} reach the apex ,of the cochlea where they’ll meet at the
helicotrema.

22

= The spiral organ (of Corti) lies within the cochlea and
spirals with it. It contains hair cells that are responsible for
the sensation of sound.

s ol
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Malleus Incus Stapes vibrating Helicotrema Cochlea
in oval window

/

Sound waves

\

7

6 : R Perilymph

Scala

tympani
Scala
vestibuli
Basilar
membrane

External audito

canal Spiral organ

(organ of Corti)
Tectorial membrane

Vestibular membrane

& Cochlear duct

Tympanic (contains endolymph)

membrane
Secondary tympanic
membrane vibrating

in round window Middle ear  Auditory tube

Fig.40: How sound is transmitted in the ear. 69




