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The Nervous System

e A network of billions of nerve cells linked
together in a highly organized fashion to form
the rapid control center of the body.
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Basic Functions of the Nervous System -
o0
0
1. Sensation / cslws) :‘\
Monitors changes/events occurring a7 3 |
in and outside the body (critical for =la -
all organisms, as it is essential for
survival) .Such changes are known 7l Y 3
g ' i e ——

as stimuli and the cells that monitor S,
them are receptors.

v' Sensory signals are transmitted from the periphery toward the central nervous
system via specialized structures known as receptors.

v Receptors detect both external and internal stimuli.

* Internal receptors, such as baroreceptors located in blood vessels, monitor
physiological parameters like blood pressure and relay this information to the
CNS. Following transmission, sensory input is integrated to generate
appropriate responses; for example, an increase in blood pressure can elicit
vasodilation.

« Somatic sensations encompass modalities such as touch, pressure, and vision,
whereas autonomic sensations originate from internal organs, these sensations
do not necessarily reach the level of conscious perception.

o Somatic pressure refers to stimuli applied to the body’s surface,
such as touch or mechanical force on the skin.
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Basic Functions of the Nervous System

2. Integration

The parallel processing and interpretation of sensory
information to determine the appropriate response

3. Reaction

Motor output.

The activation of muscles or glands (typically via the
release of neurotransmitters (NTs))

v' Motor responses are initiated by signals transmitted from the central nervous
system (CNS) to the periphery, these structures that respond to these signals
are called effectors.

v’ Effectorsinclude skeletal muscles, which contract, and glands, which secrete
their products.

v' Somatic motor pathways control voluntary, conscious movements of skeletal
muscles, whereas autonomic motor pathways regulate the activity of cardiac
muscle, smooth muscle, and glands.
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Highly cellular
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connective tissue, muscle tissue, and nervous tissue.

2 cell types
Neurons

Functional, signal conducting cells which is essential
for controlling bodily functions.

Do not divide v' Aneuron is an individual nerve cell, distinct from a nerve,
. which is a bundle of axons surrounded by connective tissue.
Long lived v" A neuron consists of a cell body, dendrites, and an axon,

some axons may extend up to one meter in length.

High metabolic activity

. . NEURON
Electrically excitable

Neuroglia : =

Support, nourish, and protect neurons
Divide

Smaller cells but they greatly outnumber neurons by
about 5 to 50

6 types of supporting cells: (4 are found in the CNS,
and 2 are found in the PNS. nex: side..



Neuroglia

Cell Type

Location

Main Functions

Oligodendrocytes

CNS

* Make the myelin sheath around
axons

Astrocytes (star-shaped cells)

CNS

e Help in forming the blood-brain
barrier . Astrocytes wrap their
processes around capillaries in the
CNS, providing structural
support and protecting nervous
tissue by regulating the entry of
substances from the blood.

e Act as a buffer for excess
neurotransmitters

Ependymal Cells

CNS

 Line the ventricles (hollow space
in the brain)

* Line the central canal of the
spinal cord

Microglia

CNS

e Immune cells of the nervous
system (originate from
monocytes)

Schwann Cells

PNS

* Form myelin sheath in the
peripheral nervous system

Stellate Cells

PNS

* Provide support outside the CNS

v/ Monocytes are bone marrow-derived cells that circulate in the bloodstream. After entering tissues, they
differentiate into resident macrophages. These cells are called Langerhans cells in the skin, Kupffer cells in the
liver, and microglia in the central nervous system (CNS).




e White matter: aggregations of myelinated and

unmyelinated axons of many neurons (there’s no 7
neuronal cell bodies) /‘ :
. . Nuclei :
o Gray matter: contains neuronal cell bodies, ‘\W
dendrites, unmyelinated axons, axon terminals, 7

and neuroglia White matter 4/y 5/ K J
Gray matter / |

=Nerves: Bundles of processes in the PNS Cross-sectional view of the brain.
(surrounded by connective tissue) and doesn’t !

contain cells bodies, For example, the median
nerve in the cubital fossa consists of numerous
axonal processes; upon sectioning, only these
processes are observed, not neuronal cell bodies.

White matter

Gray matter

=Tracts: Bundles of processes in the CNS
(NO Connective tiSSLle) Cross-sectional view of the spinal cord.

v Neuronal processes include dendrites
and axons. Both are cellular

=Ganglion: cluster of nerve cell bodies in

PNS such as pterygopalatine ganglion. extensions; however, they differin
function.
. _ v" Dendrites conduct signals toward the
=Nucleus: cluster of nerve cell bodies in cell body, whereas the axon conducts

signals away from the cell body.

CNS (surrounded by white matter)

» If not surrounded (Cortex)




f— Axon

5‘ Myelin sheath
Endoneurium '
e A bundle of processes in the PNS o
. Perineurium
IS a nerve. |
e Within a nerve, each axon is Epineurium
surrounded by an endoneurium \ i

e Groups of fibers are bound
together into bundles (fascicles) by
a perineurium

e All the fascicles of a nerve are

enclosed by a epineurium Blood

vessels

Note: The central nervous system does not contain
connective tissue. Instead, its supportive and structural
functions are provided by neuroglial cells.

< ""'i' : |
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Organization of the
Nervous System

e Anatomical divisions:

1. Central Nervous System
The brain + the spinal cord

ﬁ

= The center of integration and control

2. Peripheral Nervous System

The nervous system outside of the

brain and spinal cord

Consists of:

= 31 pairs of Spinal nerves

sl 422, AT ey 02 s e Ly s o ol

Cerebrum

Vertebral
column

v' spinal nerves are identified by a letter

Carry info to and from the spinal

cord

and a number corresponding to their
region and order along the spinal
cord. For example, C5 refers to the
fifth cervical spinal nerve.

12 pairs of Cranial nerves
F Carry info to and from the brain v Although there are 33 vertebrae in the

Olfactory, Optic, Oculomotor, Trochlear, Trigeminal,

Abducens, Facial, Vestibulocochlear, Glossopharyngeal,

Vagus, Accessory, and Hypoglossal

vertebral column, there are only 31
pairs of spinal neruves, because not
every vertebra corresponds to a
spinal nerve, particularly in the sacral
and coccygeal regions



Brain

2000

2000
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Forebrain: (Prosencephalon)

Cerebrum: (Telencephalon) located
peri’p h’era’u’g CEREBRUM

Diencephalon located centrally and serves
as a central control region of the body

BRAIN STEM:

Thalamus CEREBELLUM T e
Pons

Hypothalamus
Ep|tha|amus -~ Medulla oblongata
Subthalamus e
Midbrain: > During development, the nervous system arises

from the neural tube, with a cephalic (cranial) end
(Mesencephalon) developing into the brain and a caudal end

developing into th inal cord.
Hindbrain: (Rhombencephalon) eveloping tnto the spinat cor

Brainstem

« Pons e — » Thebrainstem, comprising the medulla
. f@g/ st oblongata, pons, and midbrain, is grouped
o Medulla oblingata ST s together because of their similar structural and

some functional characteristics, for example it
contains ascending and descending tracts and
houses the nuclei of ten cranial nerves, which are
embedded within its structure.

e Cerebellum

 Also it contains vital centers in the brainstem
controlling breathing and heart rate.



External anatomy of Spinal Cord

e Runsthrough the vertebral canal

- protected in the vertebral canal: a bony canal
formed by vertebaral foramina arragnged above
each other

eExtends from foramen magnum to second

lumbar vertebra (between L1 and L2, beneath L2
spinal cord can't be found)

e Regions (31 segments), each region is named
after its corresponding nerve that emerge from
a specific intervertebral foramen -not its truly
level-:

eCervical (8) - despite that cervical vertebrae are 7
e Thoracic (12)
e Lumbar (5)
e Sacral (5)
e Coccygeal (1)
e Givesriseto (31) pairs of spinal nerves

e All are mixed nerves

e Sacral and coccygeal nerves' roots are
longer

Posterior

Lamina
Transverse
process l

Superior
articular
process
and

Spinous
process

Vertebral
arch

Vertebral
\ foramen
: Body

(centrum)

Medulla oblongata

Wy ———— Atlas (first cervical vertebra)

CERVICAL NERVES (8 pairs)

facet
Pedicle \
Anterior
CERVICAL PLEXUS (C1-C5): 4
Lesser occipital nerve = U= C1
Great auricular \ /4‘/’@’ E Sron
Ansa \,/7,«”{ Z {1
Trans neve —— 2/ B % =
Supraclavicular nerve — B § g C4
Phrenic neve ————— Gl W4 | SN 05
=% %006
BRACHIAL PLEXUS (C5-T1): = ¢

Cervical enlargement

First thoracic vertebra

THORACIC NERVES (12 pairs)

Lumbar enlargement

Subcostal nerve
(intercostal nerve 12)

LUMBAR PLEXUS (L1-L4):
lliohypogastric nerve — 0 & "'/';"
el ;

First lumbar vertebra
Conus i

ane 7 /8 LUMBAR NERVES (5 pairs)
Genitofemoral nerve J 4
Lateral femoral ———————————/| Cauda equina
cutaneous nerve J -
WA il )
Femoralneve —— £~ = W | A 7| —— lium of hip bone
Oburatornene ————== - i iGN OE S
Ny # 78\ &l
A 1 "j’u“l‘ \ —— Sacrum
SACRALPLEXUS(M—SV/ DI 1N &
e 2 \é 5 () ,5@ SACRAL NERVES (5 pairs)
e 2 R
Sciatic nerve: > / 1 ‘(g _/.ss Al ! i’
Common fibular \,," —— COCCYGEAL NERVES (1 pair)
i Ny Filum terminale

Posterior cutaneous




External anatomy of Spinal Cord

Not uniform in diameter, proportioned to

the function:

e Cervical enlargement especially
the lower segments of the cervical
region (C5 - C8) : supplies upper
limbs (brachial plexus)

e Lumbar enlargement: supplies

lower limbs

Flattened slightly anteriorly and
posteriorly

length of the adult spinal cord ranges
from 42 to 45 cm (upper 2/3)

Conus medullaris - tapered inferior
end (conical structure)

— Ends between L1 and L2

Cauda equina (horse tail
appearance) - origin of spinal
nerves extending inferiorly from
conus medullaris (lower 1/3).

CERVICAL PLEXUS (C1-C5):

Medulla oblongata
w  — Atlas (first cervical vertebra)

CERVICAL NERVES (8 pairs)

Cervical enlargement

First thoracic vertebra

THORACIC NERVES (12 pairs)

Lesser occipital nerve 3 =
Great auricular \ /b= E =702 |
Ansa cervicalis Aot E\
N |t = 3
Transverse cervicalnerve ————— 7 il N
Supraclavicular nerve —_— B l”"f A7) C4
Phrenic nerve ) ‘4/_‘// % E gg
BRACHIAL PLEXUS (C5-T1): LA 7
Musculocutaneous nerve —=——— 4" £ 2l | g
Axillary nerve P s = ",i E‘ T
Median nerve - A ;:Zﬁ N
: /// T5 "y T2
Radial nerve// ) 7 \) E
Ulnar nerve Y —:/,/i x 9
Y //’ /,/'/ 'j‘ \ v T4
‘ = - J/i , 5 15
G /|| AL
; ’,./// 7 /_.v_':/, B\
//,’/, 7 7 P - o N \
W7 = INE=5T8
Intercostal // 4 // ==l S5 TO
(thoracic) nR /& R R
ol S R
i o4 / = e = T10
1 7 = % R
17 A Y !
MY ST ST
( / y i 8"

Subcostal nerve

Lumbar enlargement

First [ vertebra
Conus medullaris

(intercostal nerve 12)

LUMBAR PLEXUS (L1-L4):
Iliohypogastric nerve
Ilioinguinal nerve
Genitofemoral nerve

7y 1
J 4 /4 i {lf
"____—-—-———"—'-/ ¢ 1L NS G
{ y 0 ) AL

LUMBAR NERVES (5 pairs)

Lateral femoral 7
cutaneous nerve /

Femoral nerve

. j“‘ i\
SACRAL PLEXUS(LMM\« H‘l "f;‘ 9
Superior gluteal nerv E'LV ’

e/

= Cauda equina I

[lium of hip bone

Sacrum

SACRAL NERVES (5 pairs)

nerve

¢ ez, i
. N
Inferior gluteal nerve = /7’2‘, _;,’}!‘ ‘
» <N
Sciatic nerve: WAL, \CANass
Common fibular /48 e

COCCYGEAL NERVES (1 pair)

Tibial nerve / \ N ?'I
Posterior cutaneous \
nerve of thigh

Pudendal nerve

Filum terminale



Meninges....

e Connective tissue membranes

®
Q

Dura mater:

Outermost layer (in the inner surface
of the bones); continuous with
epineurium of the spinal nerves

Dense irregular connective tissue

from the level of the foramen magnum to
S2 vertebra, in order it forms a dural sac.

Closed caudal end is anchored to the

coccyx by the filum terminale externum,
which contribute to the stability of the
spinal cord.

Arachnoid mater:

Thin web arrangement of delicate
collagen and some elastic fibers.

Adheres to the inner surface of the
dura mater, there is no true space.
Imagine that it lines the dural sac, ends at
level of S2.

Cerebellum %
Medulla
Skull
\

- I8 ——C1 nerve
Ol |
Cerebellomedullary @ . _/_ e -
cistern || [ .
NHIO
O
|- %’\_“/C7 vertebra
/N S C8 nerve
/)~ @.f\—T1 vertebra
/‘) : ’/ ~T1 nerve
Dura mater " S\
I / ;" Subarachnoid space
{ N—
Pia mater—{ 4 \ =

j |

=
“{}C—=—— Arachnoid mater
‘ S

| A—=__—"Epidural

LI\ space
|\ \D o
Conus s
medullaris \ L1 vertebra
—— L1 nerve
Filum D
terminale -
internum > = Cauda equina
Level of @— L4 vertebra
spinal tap —————
Lumbar ‘ Q
cistern T
O S1 vertebra
™S——8S1 nerve
Filum
terminale \
|
et \'\\ ._—Coccygeal nerve

Cocceyx



White matter Central canal

Posterior
l SPINAL CORD: ~ / i
IVIen I nges Gray matter 8 =_

Anterior
median fissure

Connective tissue membranes
Pia mater: D
o Bound tightly to surface

a Thintransparent connective
tissue layer that adheres to the Deniit

ligament
surface of the spinal cord and
brain, it even lines the sulci.

~ SPINAL
MENINGES:

Pia mater

(inner)

Arachnoid
mater
(middle)

0o Forms the filum terminale
internum, which also contribute to Suberachnoid

the stability of the spinal cord. e

0 Filum terminale = Filum terminale
internium + filum terminale
externum

Q anchors spinal cord to coccyx
o Forms the denticulate ligaments
- mainly in the sub-arachidonic
space - that attach the spinal
cord to the arachnoid mater and
inner surface of the dura mater

Dura mater
(outer)

Subdural
space




Spaces

— Epidural: space between the dura mater
and the wall of the vertebral canal.

* Anesthestics injected here
(commonly used for labor
pain).

* Fat-fill: energy reservoir and cushing

effect.

— Subdural space: normally little amount of

serous fluid (potential space)

— Subarachnoid: between pia and arachnoid
* Filled with CSF (cushing effect, thermo-

regulation, ... )

* Lumbar puncture (diagnostic

advantage)

* supracristal line, as a landmark

e |3-L4 vertebra (in this level the dural
sac still can be found, but not the
spinal cord, which prevent injuring

the spinal cord)

Cerebellum
T Medulla
Skull
X
N - / C1 nerve
Cerebellomedullary 3

-
SN
cistern M| ‘ C1 vertebra

C7 vertebra

e
@—ﬁ vertebra

A
Z
Cﬁ 2 # C8 nerve
N
” -] T1 nerve

Dura mater

== Subarachnoid space

Pia mater

- N{E—=— Arachnoid mater

)
—— Epidural

space

A \\= ﬁ L1 vertebra
‘ D —— L1 nerve
terminale
internum ' | |- Cauda equina

Level of ﬁ»‘ L4 vertebra
VS

spinal tap v /
»

Conus
medullaris

Filum

Lumbar

cistern @
O S1 vertebra
O S1 nerve
Filum ‘
:eexrtr:r'rr:ﬂg \-—\\ __—Coccygeal nerve

Coccyx



Spinal cord segment

The segments of the spinal cord are not in line
with the corresponded vertebrae and the
difference increases as we go downward.

The roots increase in length as you go

downward.

Every spinal nerve emerges from the spinal
column through the intervertebral foramen
under its corresponding vertebra

first 7 cervical nerves pass above their

corresponding vertebrae.

Spinous spinal cord
process segment

C7 C8

T3 T5

T9 T12
T10 L1-2
T11 L3-4
T12 L5

L1 Sl-end

Because there are 8
cervical spinal
segments but only 7

cervical vertebrae, the

first seven nerves exit
above their
corresponding
vertebrae, and C8
exits below C7.

e S WS

Breathing (C1-4) and
head and neck movement (C2)

ale

& l &
£/ L

Thoracic Division

—

Heart rate (C4-6)
and shoulder movement (C5)

Wrist and elbow
movement (C6-7)

Hand and finger
movement (C7-T1)

Sympathetic tone (T1-12)
(including temperature regulation)
and trunk stabilty (T2-12)

Penile erection (52-S4)
and bowel and bladder activity ($2-53)



Herniated Disc/ ruptured disc/ slipped disc

- Normally the Intervertebral discs:

a. The annulus fibrosis (peripherally):
compose of fibrocartilage which contains
collagen making it stronger, increasing its
ability to bears tensile forces and weight, as
70% of the body weight is focused on the
vertebral column.

b. Nucleus pulposus (centrally): Gelatinous
(more water)

- protrusion (leakage) of the gelatinous
nucleus pulposus through the anulus
fibrosus of IV disc causes herniation,
performing pressure on the nerve that
emerges from the corresponding foramen,
therefore pain, numbness, and sometimes
paralysis.

- Posterolateral direction: Thinner

annulus fibrosus (most common)

- 95% in L4/L5 or L5/S1, but it can

happenin any IV disc - even in the cervical
IV discs -.

Vertebral
body

Anulus

Intervertebral ;
fibrosis

disc

Vertebral

body !
— EPIPhYSIS mm—
POSTERIOR
) Spinous process
]
r,‘ of vertebra
Spinal cord — 7 \/‘_\\ 9
— ‘ —= Spinal nerve
\\:\’. Z i
y Herniation
Nucleus pulposus
\_\ Annulus fibrosus
-_—

ANTERIOR Superior view
Copyright © John Wiley & Sons, Inc.

ons, Inc. All rights reserved.
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