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CENTRAL AND PERIPHERAL NERVOUS SYSTEMS

The nervous system is divided
into two main parts, for purposes
of description:

Forebrain={ |\

Brachial plexus..__ p =~ . Prrenic nerve

Midbrain—
- Coeredellum

*» The central nervous system oy [T
(CNS), which consists of the W | -_
M M v Inar nerve ) _,.-;"" Sacrel plaas
brain and spinal cord T LY U

. a~—Obwrator nerve

! | _— Lumbar plexus

¢ The peripheral nervous system o= | ———
(PNS), which consists of the
cranial and spinal nerves and
their associated ganglia. o
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CENTRAL AND PERIPHERAL NERVOUS SYSTEMS ’

v In the CNS, the brain and spinal Scalp
. SRR Skull bone
cord are the main centers where — Dura mater
correlation and integration of I
nervous information occur. SR - Subarachnaid
v" Both the brain and spinal cord are T B
covered with a system of e W Pia mater
. Y. ) Y ) HONGT Brain (cerebrum)
membranes (meninges) and are
. o R Cerebrospinal fluid
suspended in cerebrospinal fluid {008 2N e
(CSF). . it ~ S P d Aratchnoid | Slenkiges
= . \ mater
v Meninges are further protected by TN B IV ouea mater

the bones of the skull and the i\ Subarachnoid
09 & space of brain
vertebral column
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CENTRAL AND PERIPHERAL NERVOUS SYSTEMS !

The CNS is composed of large numbers of neurons, which are excitable
nerve cells, and their processes known as axons or nerve fibers. Neurons
are supported by specialized tissue called neuroglia.| <7 i
%* The CNS interior is organized into gray and o =28

white matter.

% Gray matter, which is gray in color, consists
of nerve cells embedded in neuroglia.

“* White matter consists of nerve fibers
embedded in neuroglia and is white in color
because of the presence of lipid material in

nerve fiber myelin sheaths
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CENTRAL AND PERIPHERAL NERVOUS SYSTEMS

In the PNS, the cranial and spinal nerves, which consist of bundles of nerve
fibers (or axons), conduct information to and from the CNS.

Although the nerves are
surrounded by fibrous sheaths
as they run to different parts of
the body, they are relatively
unprotected and are commonly
damaged by trauma.
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(The autonomic nervous system (ANS)

is the part of the nervous system that Parssympatiolc  SRE Symathotic
innervates the body’s involuntary - " & S GRENG) @ :):t |
structures, such as the heart, smooth | =g Ay e
muscle, and glands. % "'ﬂ ‘ | ‘“ g
v :
onstricts nens ¥\ Dilates
4 It is distributed throughout the CNS e s o ar
and PNS and is divided into two parts, | s = |+ g(:z",
Conversion
v THE SYMPATHETIC I
v THE PARASYMPATHETIC | | ""
both containing afferent and efferent o sympatnte | convasion

nerve fibers.



Autonomic Nervous System

The activities of the sympathetic part of the ANS prepare the body for an
emergency, whereas those of the parasympathetic part are aimed at
conserving and restoring energy.

Homeostasis is a dynamic balance
between the autonomic branches.

Rest-and-digest: Fight-or-flight:
Parasympathetic Sympathetic activity
activity dominates. dominates.
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MAJOR DIVISIONS OF THE CENTRAL NERVOUS SYSTEM

Spinal Cord Dr. Aiman Qais Afar

The spinal cord is situated within the vertebral canal of

the vertebral column and is surrounded by three
men ingeS: White matter

- -Gray matter
Ventral root \// ‘ ‘
Dorsal root /; {53 Spinal nerve
Piamater — g N, ooeRon
® The dura mater, Arachnoid mater —“ .2'. / . t
e #=-Q Dura mater

* The arachnoid mater, and @Y & 2)

* The pia mater.

cord in the subarachnoid space.

| ENCEPHALON ', |

[
/

SPINAL
CORD

Cervical

Thoracic

Lumbar

Sacral-coccyge

Cauda
equina

Filum
terminale

Further protection is provided by the CSF, which surrounds the spinal
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Spinal Cord Sunday 1 March 2026 9 Dr. Aiman Qais Afar

The spinal cord is roughly cylindrical and begins superiorly at the foramen magnum in
the skull, where it is continuous with the medulla oblongata of the brain.

The Spinal Cord

It terminates inferiorly in

the lumbar region. Dura and

arachnoid v . 3 ks .
mater - I-Thoracic | el
) ¥\ || spinal nerves C 1l e
Below, the spinal cord

tapers off into the conus | Lumbar '- =2
enlargement 0/\ ) W | moracic

medullaris, from the apex | =5hus F | <ol nerves
of which; medullaris )

Cauda | FLumbar . ‘

iz na A1l - | spinal nerves O ||
the filum terminale (a ) N | A ~ i ; ls-;ir:\lgfrrlerves

prolongation of the pia
mater) descends to attach
to the back of the coccyx




Spinal Cord Sunday 1 March 2026 Dr. Aiman Qais Afar 10

Along the entire length of the spinal cord, 31 pairs of spinal nerves are
attached by the anterior or motor roots and the posterior or sensory roots.

Copyright © The McGraw-Hill Companies, Inc. Parmission required for reproduction or display
Posterior horn Dorsal root  Dorsal root ganglion

—Thoracic
nerves

Lumbar
nerves

nerves
S5
Co—~Coccygeal nerve

** Each root is attached to the cord by a series of rootlets, which extend the
whole length of the corresponding segment of the cord.

Anterior horn Ventral root

Superior view

“* Each posterior nerve root possesses a posterior root ganglion, the cells of
which give rise to peripheral and central nerve fibers.



Spinal Cord Structure | sunday?Marchz2026
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v" The spinal cord is composed of an inner core of gray matter, which is
surrounded by an outer covering of white matter.

v' The gray matter is seen on
cross section as an H-shaped
pillar with anterior and
posterior gray columns, or
horns, united by a thin gray
commissure containing the
small central canal.

The Spinal Cord: structure

Mainly axons and
myelin sheath (lipid,
White

horn

Mainly nerve| Grey
cell bodies| matter

Ventral
horn

Ventral (front

) Dorsal or relay neurone

Dorsal

neuron

ensory

neuron

Mixed
peripheral
nerve

v The white matter, for purposes of description, is divided into anterior,
lateral, and posterior white columns



The brain lies in the cranial cavity and is continuous with
the spinal cord through the foramen magnum. It is

surrounded by the dura mater, the arachnoid mater, and
the pia mater.

v’ These three meninges are
continuous with the
corresponding meninges

P //
of the spinal cord. MA\H e
/ mmm1

v The CSF surrounds the

brain in the subarachnoid
space.

PIAMATER
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The brain is conventionally divided into three major divisions: the hindbrain,
the midbrain, and the forebrain in ascending order from the spinal cord

dThe brainstem (a collective term for the medulla oblongata, pons, and
midbrain) is what remains after the cerebral hemispheres and cerebellum

are I’emOVEd. Cerebral

cortex

Forebrain
(cerebrum)

Cerebrum
Forebrain { Thalamus

Hypothalamus

Pituitary gland

Midbrain
Pons

Hindbrain Hindbrain

oblongata
(cerebellum) v

Cerebellum

Medulla
oblongata

Spinal cord
Fig A: Different Parts of Brain




Medulla Oblongata “

The medulla oblongata is conical in shape and connects the pons superiorly
to the spinal cord inferiorly.

It contains many collections of neurons, called nuclei, and serves as a conduit
for ascending and descending nerve fibers.
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** The pons is situated on the anterior surface of the cerebellum, inferior to
the midbrain and superior to the medulla oblongata.

“* The pons, or bridge, derives its name from the large number of transverse
fibers on its anterior aspect connecting the two cerebellar hemispheres.

It also contains many nuclei and s
ascending and descending nerve
fibers.

Midbrain
Pons

Medulla L% Hindbrain
(cerebellum)

oblongata

Spinal cord
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“* The cerebellum lies within the posterior
cranial fossa of the skull posterior to the ,
pons and the medulla oblongata. — N e i mater

(arbor vitae)

Mesencephalic
aqueduct

¢ It consists of two laterally placed

Fourth ventricle

hemispheres connected by a median pons
portion, the vermis.

Medulla oblongata
Gray matter

a) Midsagittal section
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“* It is connected to the midbrain by the superior cerebellar peduncles,

s to the pons by the middle cerebellar peduncles, and

¢ to the medulla by the inferior cerebellar peduncles

“* The peduncles are composed of large bundles of nerve fibers connecting the
cerebellum to the remainder of the nervous system.

: Posterior view of the Brainstem
TS Anterior:iobe with part of the Cerebellum removed

'
; b Cerebellar cortex
% / E Arbor

vitae Superior " \
’ Cerebellar t

Peduncle +

Cerebellar —

peduncles & Posterior

- querior lobe 3 &

B M'dd.le Choroid Cerebellar \;; V >,

« Inferior p'exus of @ Peduncle N , :
Medulla Flocculonodular fourth

?tt’))longata lobe ventricle inferior \ \ (

Cerebellar

Peduncle

Figure 12, Posterior Lobe
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*»* The surface layer of each cerebellar hemisphere is called the cortex and is
composed of gray matter.

** The cerebellar cortex is thrown into folds, or folia, separated by closely set
transverse fissures.

“* Certain masses of gray matter are found in the interior of the cerebellum,
embedded in the white matter; the largest of these is known as the
dentate nucleus

= Primary
Cerebellar cortex S — R fissure

Flocculonodular
lobe

Posterolateral \
fissure \

Medulla
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“* The medulla oblongata, the pons, and the cerebellum surround a cavity
filled with CSF, called the fourth ventricle.

¢ This is connected superiorly to the third ventricle by the cerebral aqueduct;
inferiorly, it is continuous with the central canal of the spinal cord.

¢ It communicates with the

Superior sagittal

subarachnoid space | Archnoid ranation
through three openings in A e o
. y » ~— e\ Meningeal dura mater

the inferior part of the roof. | ™™

Right lateral ventricle

Interventricular
foramen

“* Through these openings,
the CSF within the CNS can
enter the subarachnoid
space. A \ W\ (E—"

Lateral aperture ' Median aperture
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“* The midbrain is the narrow part of the brain that connects the forebrain to
the hindbrain

“* The narrow cavity of the midbrain is the cerebral aqueduct, which connects
the third and fourth ventricles.

“* The midbrain contains many nuclei and bundles of ascending and
descending nerve fibers.

Lateral ventricle
(beneath overlying cortex)




The forebrain comprises the diencephalon (between brain), which is the
central part of the forebrain, and the cerebrum.
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¢ The diencephalon is almost completely hidden from the surface of the brain.
¢ It consists of a dorsal thalamus and a ventral hypothalamus

“*The thalamus is a large, egg-shaped mass of gray matter that lies on either
side of the third ventricle.

Diencephalon

Right thalamus Left thalamus

Cerebellum

Hypothalamus

hypothalamus ,- . A
pituitarygland
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¢ The anterior end of the thalamus forms the posterior boundary of the
interventricular foramen, the opening between the third and lateral

ventricles.
¢ The hypothalamus forms the lower part of the lateral wall and floor of the

third ventricle.

Ventricles of the Brain

Posterior

Lateral % — ¢ " Cerebral aqueduct

Aperture — ¢ L > connects 3™ and 4th V
apertures of L TARNN Fourth ventricle
4%V lead to a0
subarachnoid space " ||

Central canal
of spinal cord

(a) Anterior view (b) Left lateral view
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“* The cerebrum, the largest part of the brain, consists of two cerebral hemispheres,
which are connected by a mass of white matter called the corpus callosum

“* Each hemisphere extends from the frontal to the occipital bones in the skull, superior
to the anterior and middle cranial fossae; posteriorly, the cerebrum lies above the
tentorium cerebelli

“* The hemispheres are separated by a deep cleft, the longitudinal fissure, into which
projects the falx cerebri

Falx cerebri

Falx cerebelli

Tentorium
cerebelli
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“* The surface layer of each hemisphere, the cortex, is composed of gray

matter.
“*The cerebral cortex is thrown into folds (gyri) separated by fissures, or sulci
“* This arrangement greatly increases the surface area of the cortex.

Central Postcentral
sulcus gyrus

“* A number of the large sulciare |™ LS. - .
conveniently used to subdivide L) 14 A0 Vo 2 L AN E | et
the surface of each hemisphere | (| Y IF o (4
into lobes, which are named <1 i _
from the bones of the cranium | " /0 A el
they lie under. SN \“\* -

Temporal . Occipital
lobe lobe
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“* Within the hemisphere is a central core of white matter containing several large
masses of gray matter, the basal nuclei or ganglia.

“* A fan-shaped collection of nerve fibers, the corona radiata, passes in the white matter
to and from the cerebral cortex to the brainstem.

% The corona radiata converges on the basal nuclei and passes between them as the
internal capsule

Internal Lentiform nucleus

capsule

-4 | - Anterior limb of internal capsule

\\\\\\ i

runa radlata
Genu of internal capsule

radiation

l !iorlzontal Section of Cerebral Hemispheres :




Cerebrum

v’ The tailed nucleus
situated on the medial
side of the internal
capsule is the caudate
nucleus and

v" the lens-shaped nucleus
on the lateral side of the
internal capsule is the
lentiform nucleus.

v" Within each cerebral
hemisphere is a cavity
called the lateral
ventricle

Dr. Aiman Qais Afar

Corona radi Body of caudate nucleus

Internal capsule

Frontopontine fibers

‘l
Head of caudate |
nucleus__ |

Lentiform nucleus

Putamen

Globus pallidus

Crus cerebri
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Parietopontine fibers
Thalamus

’ Temporopontine
. _.fibers

Figure 1-13 Diagram showing the
relationship between the lentiform
nucleus, the caudate nucleus, the

Amygdaloid nucleus  thalamus, and the internal capsule, as
seen from the left lateral side.
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“* The lateral ventricles communicate with the third ventricle through the
interventricular foramina.

Ventricles of the Brain

Anterior horn 2
Posterior

Interventricular
Foramen - conng

Cerebral aqueduct

connects 3™ and 4th V
Fourth ventricle

apertures of
4%V lead to
subarachnoid space

Central canal
of spinal cord

(a) Anterior view (b) Left lateral view




MAJOR DIVISIONS OF THE PERIPHERAL NERVOUS SYSTEM

The PNS comprises the cranial and spinal nerves and their

associated ganglia.

Cranial and Spinal Nerves

The cranial and spinal nerves are made up
of bundles of nerve fibers supported by
connective tissue.

The 12 pairs of cranial nerves leave the

brain and pass through foramina in the
skull..
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The 31 pairs of spinal nerves leave the spinal cord and pass through intervertebral
foramina in the vertebral column.

The spinal nerves are associated
. . . 7R — Cervical
with regions of the spinal cord: 77 G nerves
8 cervical, &
12 thoracic,
5 lumbar, AR
. & —Thoracic
5 sacral, and TN nerves
1 coccygeal. AD

Note that there are 8 cervical Cauda equina—-2= 74 s
. umbar
nerves yet only 7 cervical A nerves
vertebrae and that there is 1 y/407[FST
| but | g7 Sacral
coccygeal nerve but 4 coccygea S ies
vertebrae | B

Co—-Coccygeal nerve
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¢ Each spinal nerve is connected to the spinal cord by two roots: the anterior root and

the posterior root
“* The anterior root consists of bundles of nerve fibers carrying nerve impulses away

from the CNS—efferent fibers.
“* Those that go to skeletal muscles and cause them to contract are motor fibers.
“* Their cells of origin lie in the anterior gray horn of the spinal cord

Spinal Nerves

Sensory axon Copyright © The McGraw-Hill Companies, Inc. Parmission required for reproduction or display

and cell body
Dorsal root Dorsal root Posterior horn Dorsal root  Dorsal root ganglion

ganglion
\" \l f \ Sensory neur
S S

el >

7\
= 'f\']
»
p

motor
neuron

N A . : S
\ 7- ~ ) ! \’r L 2 ) oy Y S— :
Ventral M, Sy Sk Interneuron /4 —
Axon pf root - g‘ ‘3{\
oS iR [ i S '
A\ “ r - i -

Neuromuscular Autonomic ne

junction /
Somatic moto

CoeeT TR eeTE N Anterior horn Ventral root

skin (e.g., free nerve
endings of sensory Superior view
neuron)




Cranial and Spinal Nerves

“* The posterior root consists of bundles of afferent fibers that carry nervous
impulses to the CNS.

Interneuron Dorsal Root Dorsal Root Ganglion
° Gray Horn
*» Because these fibers convey Whnec(,,uf,,ﬂ i
° o o k \\ Ul ]
information about sensations i ‘W,

. PV R

. - - = / \-
‘ - Somatic Motor Neuron
Sensory Neuron

Spinal Cord

of touch, pain, temperature,
and vibration, they are called
sensory fibers.

Ventral Root

B
N

«» The cell bodies of these nerve VN
fibers are situated in a swelling N
on the posterior root called the

posterior root ganglion

“-\\ - %
“ %, % \
s S \
NS \\ "
\_A \ h
O\

Skeletal Muscle
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Cranial and Spinal Nerves

¢ The spinal nerve roots pass from the spinal cord to the level of their respective
intervertebral foramina, where they unite to form a spinal nerve

< Here, the motor and sensory fibers mix Spinal Nes';‘::: -
together; thus, a spinal nerve comprises both and cell body
motor and sensory fibers

Dorsal root Dorsal root
ganglion N

3
Posterior median sulcus

Gray commissure
Posterior funiculus Posterior (d 1) horn .
Whi Anterior funiculus Anterior (ventral) horn

columns
Lateral funiculus Lateral horn

Dorsal root
ganglion

Spinal nerve
Dorsal root

Ventral root
e neuron

Neuromuscular
junction

Dura mater

Sensory receptors in
skin (e.g., free nerve
endings of sensory
neuron)
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Cranial and Spinal Nerves

Because of the disproportionate growth in length of
the vertebral column during development,
compared with that of the spinal cord, the length of
the roots increases progressively from above
downward. Dura and
arachnoid

matér L\ FThoracic
- | spinal nerves

0 NNV s W N -

-
—

o 0 ~N O VN o w N

| FLumbar
| | spinal nerves

Cauda
equina
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Cranial and Spinal Nerves

4 In the upper cervical region, the | seinaicos ——»
spinal nerve roots are short and | oracic vertebrae
run almost horizontally, S

U but the roots of the lumbar and
sacral nerves below the level of
the termination of the cord
(lower border of the first lumbar
vertebra in the adult) form a
vertical leash of nerves around sreneriebree s
the filum terminale A a .

S2

F
£
3
g
3
@
2
@

83

U Together, these lower nerve j 4
’ s5
roots are called the cauda equina || coceysest vertebrae 5 -

1 Coccygeal Nerve

2 Termination of —JF7
dural sac ([

© www.apparelyzed.com

External filum
terminale of
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Cranial and Spinal Nerves

After emerging from the intervertebral foramen, each spinal nerve immediately divides
into a large anterior ramus and a smaller posterior ramus, each containing both motor

and sensory fibers.

Posterior horn Interneuron Posterior rootiet

¢ The posterior ramus passes Posteor  ganglon i
posteriorly around the vertebral N : ' ' : T
column to supply the muscles and ) |
skin of the back. AntacoeHom

Ly
Anterior

rootlets

¢ The anterior ramus continues
anteriorly to supply the muscles
and skin over the anterolateral .
body wall and all the muscles and : Skces musce
skin of the limbs. Somatic fibers

w— (General sensory
— Somatic motor

Sympathetic
ganglion
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Cranial and Spinal Nerves 1 - Plexus

Dnteﬂor
The anterior rami join one another at the root of Dosteor
the limbs to form complicated nerve plexuses. Py

[ Roots

The cervical and brachial plexuses are found at the
root of the upper limbs, and the lumbar and sacral
plexuses are found at the root of the lower limbs.

— Lumbar plexus
Inguinal nerve

Genitofemoral nerve

e +— Sacral plexus

Lateral femoral
cutaneous nerve

Femoral nerve

Inguinal ligament

Sciatic nerve

Obturator nerve

FIGURE 46-38 The ventral rami of L1-5 and S1-4 form the lumbosacral plexus, which provides innervation to the Dr. Aim an Qais Afar S unday 1 M arch 2 02 6 3 7

lower extremities.



Cranial and Spinal Nerves o pan aaie AT 38
Ganglia

Ganglia can be divided into sensory ganglia of spinal nerves (posterior root ganglia)
and cranial nerves and autonomic ganglia. Slkeliuanca

. norve (CN IX) ‘\
Sensory ganglla Vagus nerve (CN X) . \ . ~ Intemal carotd anery

O |

Sensory ganglia are fusiform swellings on i o e o pghendt
the posterior root of each spinal nerve : M
just proximal to the root’s junction with a "% | NJR\ N\ | {inferior gangion ot

. o i glossopharyngoal nerve
corresponding anterior root. P

Imermal jJuguiar vein /
. Supenor ganghon of :

They e.1re referred to as posterior root VAo e QT —
ganglla. Infarior gangon of' :

-~ Pharyngeal nerve

Similar ganglia found along the course of
cranial nerves V, VII, VIII, IX, and X are the & |\ temal laryngeal nerve
sensory ganglia of these nerves. ~ Extornal laryngoa! narve




Cranial and Spinal Nerves

Autonomic ganglia, which are often irregular in shape, are situated along the course of

Dr. Aiman Qais Afar
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efferent nerve fibers of the ANS. They are found in the paravertebral sympathetic
chains around the roots of the great visceral arteries in the abdomen and close to, or

embedded within, the walls of various viscera r
Parasympathetic
I
Cranial outflow o
Copyright © McGraw-Hill Education, Permission required for reproduction or dispiay. S i 4 (GVE nu Cl ci Of { - -
Pl brainstem)
Posterior (dorsal) root Sympathetic chain of ! Postganglionic_
Anterior (ventral) root paravertebral ganglia paras::r:pathctlc
. ) ibres
Rami communicantes Sympathetic ganglion
i
Vertebral body r : Sympathetic .g
)' ganglia o
ot <o < e
g / =
Thoracolumbar 2
outflow (T1to L2 {| = . < g
spinal segments) ( B
. - < =
f s
\ L Postganglionic £
sympathetic fibre|
Sacral outflow
(S2,53 and S4 { @——‘ <
spinal segments) Parasympathetic
ganglion
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