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Nervous System ()

> Histology of nervous tissue

» Development of the nervous system
» Spinal cord

» Spinal nerves



--- Histology of nervous tissue

Divisions of the nervous system

Brain

Spinal
cord

i|> CNS

* Central Nervous System

* brain and spinal cord

* Peripheral Nervous System

 cranial and spinal nerves that contain both
sensory and motor fibers

e connects sensory receptors to CNS and CNS
to muscles & glands ...



Nervous System (I) --- Histology of nervous tissue

Sensory (afferent)
division
Somatic sensory Visceral sensory

General: Touch,
pain, pressure,
vibration,
temperature, and
proprioception in
skin, body wall,
and limbs

Special: Hearing,
equilibrium and
vision

General: Stretch,

pain, temperature,
chemical changes,
and irritation in
viscera; nausea
and hunger

Special: Taste and
smell

td

Motor (efferent)
division

Somatic motor
(Voluntary motor)

General: Motor

innervation of all
skeletal muscles

B

i
|

|

Visceral motor
(Involuntary motor)

General: Motor
innervation of

' smooth muscle,

cardiac muscle,
and glands;

| equivalent to
| autonomic nervous

. system (ANS)

—

i
|
l



Nervous System (l) --- Histology of nervous tissue

Subdivisions of the PNS

® Somatic nervous system (SNS) & fHZK 2475
" from cutaneous and special sensory receptors to CNS
" motor neurons to skeletal muscle tissue

® Autonomic nervous systems (ANS) B £ H&K 2.4
" sensory neurons from visceral organs to CNS
" motor neurons to smooth & cardiac muscle and glands
= sympathetic division
= parasympathetic division
® Enteric nervous system (ENS) f5HX 2.4t

" involuntary sensory & motor neurons control Gl tract
" neurons function independently of ANS & CNS




Histology of the Nervous System

l. Nervous tissue proper #¢ g 2 &

Neurons in CNS and PNS
Neurogliain CNS

Schwann cells,
satellite cells # 4% %@
In PNS (peripheral glia)

in shape from cuboidal
to columnar; many are
ciliated.

cell = spinal cord; form cere
assist in its circulatior

PERIPHERAL NERVOUS SYSTEM

Type

Appearance Function

Neurolemmocytes
(Schwann Cells)

Satellite cells

Flattened cells arranged
around PNS axons.

Neurolemmocyte
(Schwann cell)
Myelin

sheath

Axon

Flattened cells arranged e

around the cell bodies of
neurons in ganglia (col-
lections of neuronal cell
bodies in the PNS).

Neuron cell body
of a ganglion cell

Each cell produces p:
around a single axon

Support neurons in Pl

Table 16.1 Neuroglia .

CENTRAL NERVOUS SYSTEM

Type - Appearance
Astrocytes - Star-shaped cells Astrocyte Process

with many processes. of astrocyte

Process
of neuron

Blood
vessel

Oligodendrocytes  Smaller than astrocytes,
with fewer processes;
round or oval cell body.

Oligodendrocyte S

Microglia Small cells with few ! /> o
processes. :
Microbes, » | = Microglial
cellular debrV ,»\( cell
Phagocytic t

vesicle

—— Cilia
Ependymal
cell

Ependymal cells Epithelial cells arranged
in a single layer; range
in shape from cuboidal
to columnar; many are
ciliated.

PERIPHERAL NERVOUS SYSTEM



Neurons

Classification by numbers of cytoplasmic processes:

1. unipolar: embryonic neurons ¥ -

2. bipolar: in retina, olfactory epithelium, etc. #&

3. pseudounipolar: cranial and spinal ganglia = ¥ &

4. multipolar: most common, in brain, spinal cord, autonomic ganglia 7 &

Dendrites

Trigger zone

Dendrite
Axon
Cell body
Trigger zone Cell body
Trigger zone
Axon
Axon
Axon Axon .. (Axon
terminal

5= terminal

e JAOV NN

pseudounipolar

ia) Multipolar neurcn ib) Bipolar neurcn {c) Unipolar neurcn

terminal

2 Addiscn Wasley Longman. Inc.



Cell body (perikaryon)
rough ER

(Nissl bodies or basophil
substance)

\:‘s % |4

Cytoplasmic processes:
a. dendrites #%

usually shorter than axons,
several processes per cell
contain microtubules,
filaments, mitochondria,
rough ER, ribosomes

b. axon #%

only one per cell, axon
hillock: origin of axon
lacks Nissl substance,
contain microtubules,
fillaments, mitochondria,
SER

Axon collateral

Neurofibral node
(node of Ranvier)

Myelin sheath of Initial

neurolemmocyte
segment
Neurolemma (Schwanncell) "\, o

=— Nucleus
Nucleolus

; o -

AT N o
of neurolemmocyte Mitachondron 5 NSNS o S
(Schwann cell) Neurofibril > WA ->< ==
Y . o . -... D
il __—— Nucleus of &7,,,,7 \.. \ Neurofibril
5 neurolemmocyte <=2 / R\ INL KT
(Schwann cell) 0/ ( N Cytoplasm
71 Myelin sheath .-/—/\ Ny V )1\4 . §
Cytoplasm of & S o IHIN
neurclemmocyte J :

(Schwann cell)

(a) Parts of a motor neuron
Neurolemma of

neurolemmocyte
L neurolemmoc =] (Schwaiin cell)

Schwann cal Neurofibral node
(node of Ranvier)
i Axon:

Axoplasm
Axolemma

(b) Sections through a
myelinated fiber

Cytoplasm of
neurolemmocyte
(Schwann cell)

Axon terminal
Synaptic end bulb—
2 Addisen Wesley Longman, inc.



cytoplasmic processes:
a. dendrites #%

usually shorter than axons,
several processes per cell
contain microtubules, filaments,
mitochondria, rough ER,
ribosomes

b. axon #%

only one per cell, axon hillock:
origin of axon

lacks rER, contain microtubules,
filaments, mitochondria, sER

Dendrites

Dendrites

(a) Granule cell

Axon
terminal

INN
b

(b) Purkinje cell



VIEW IN B

Granule cell (axonal parallel fibers) 3
vs. Purkinje cell (dendrite tree) Purkinie

cell

Parallel Purkinje Purkinje
k Axon of
/f’lbof de{\dme t I\tt cell uz:nn

Parallel Granule Mossy
fibers cells fiber

Climbing
fiber

r. o 50 U 3 Granule ==~ |
- b NS g LW, cell

8.163 Photograph of an intracellularly labelled Purkinje cell of rat cer-
ebellum. The plexus of Purkinje cell axon collaterals (axcol) is located in the
superficial granular layer. ax = axon, axcol = axon collaterals, G = granular
layer, M = molecular layer, p = pia mater. (Courtesy of Dr TJ H Ruigrok.)

7’
Glomerulus

VIEEWINB Parallel

: * fibers  Purkinije cell
of o dendrite

C
- VIEWINA

2= N

b sar CITERL T A s Purkini
. s ’ i ; = urkinje
Purkinie cell layer (o} %8 LI A Ee . REASY oA cell l
.\, < SQHe A ¢ . : 1 2 s ; o &/
Granular layer “X\/a%é RS e SR

O [

ST 77 /et

cells

White matter \\\




v Axonal Terminals:
e Swollen tips called synaptic end

bulbs contain vesicles filled with
neurotransmitters

Presynaptic neuron
erve impul

Presynaptic axon

' Impulse
Neurofilament on axon
Axon terminal

Synaptic end bulb

Microtubule

Mitochondrion Synaptic vesicles

Synaptic

. 43
. vesicles Synaptic cleft Q
(F;resynaptlc Vesicle releasing
ensity neurotransmitter

s
Neurotransmltter : .Na

Neurotran
cleft receptor

2 9§
Ligand-gated ' K.&w
channel closed

Postsynaptic neuron

'Ligand-gated
channel open

Postsynaptic "mnhﬁ
dendrite Postsynaptic © Nerve impulse
density

(c) Synapse between neurons
Copyright © John Wiley & Sons, Inc. All rights reserved.



Functional Classification of Neurons

Pseudounipolar Neuron

Cell body
Central process

Peripheral
process (axon)

Sensory neuron

pinal nerve
Afferent transmission

b
Efferent transmission X

I Motor neuron

RV are
o~ e na Ty »
\J ‘l:
L/
R
d
3

Receptive
endings

Spinal cord
(central nervous system)

To effectors
(muscles and glands)



Neuroglial Cells

Half of the volume of the CNS
Smaller cells than neurons
= 50 X more numerous

Cells can divide
o Rapid mitosis in tumor formation (gliomas 1822 4 i &)

= 4 cell types in CNS

- 1. astrocytes (astroglia): Z4A A ke
- 2. oligodendrocytes B2 4 fiE

- 3. microglia B 4 e

4. ependymal cells ZEEEARIE

= 2 cell types in PNS

o Schwann cells ZFREECAHAE and satellite cells &2 1@



CNS -
Neuro g l1a Zd f.‘“ B g» ‘m e CENTRAL NERVOUS SYSTEM

Table 16.1 Neuroglia .

Type - Appearance
non-nervous elements, protectlve, A
. e Astrocytes Star-shaped cells Astrocyte Process
Suppo rtive , N utritive with many processes. of astrocyte

of neuron

\ :‘ Z Process
1. astrocytes (astroglia): % ;& im% o

2. oligodendrocytes % &R jm% |
3. microglia #&*% jwm e |
4. epen dym al cells z %" %= 4m e Oligodendrocytes Smalle? than astrocytes,  gjigodendrocyte < R

with fewer processes;
round or oval cell body.

Blood
vessel

subpial brain surface
foot process

basement _L_ fi “\
membrane Neuron

Microglia Small cells with few
processes.
Microbes, —— *-— Microglial
cellular debris cell
/)t A}\\(\

Phagocytic \?
vesicle

Ependymal cells Epithelial cells arranged  {//{//(;|/(} [}/ —— Cilia

in a single layer; range
in shape from cuboidal
to columnar; many are
ciliated.

Ependymal
cell

ventricle PERIPHERAL NERVOUS SYSTEM



Major cell types in nervous tissue

Cells of o = 5 (N 4 ‘ |

pia mater C o= &K —=l ——= @5 Protoplasmic
' astrocyte

Oligodendrocyte

Node of Ranvier
Microglial cell

Myelin sheath

Axon

Neuron Oligodendrocyte
) ’ 3

Blood capillary .

Fibrous

astrocytes

Protoplasmic
astrocyte

Microglial cell

Ependymal
cell

Microvillus

Cilia

Ventricle

Copyright © John Wiley & Sons, Inc. All rights reserved.



astrocytes (astroglia): halie | g
5’ ;l’k .3\!1 Eé foot process basement
- . pia membrane
1. protoplasmic astrocytes
(in gray matter) & :“PJ%'H:
2. fi_brous_ astrocytes B perivascular
(in white matter) & s+ “f°°fpf°°°ss

myelin

processes form perivascular feet o
ek pericapillary
(foot plates) Fx ¢ A 4F macrophage
capillary -

oligodendrocyte

BBB: Brain-Blood Barrier

‘microglial |

el neurone

microglial

ventricle




oligodendrocytes
(oligodendroglia) % #f

R Jm e

form myelin sheath in
CNS.medium-sized, rounded,
regularly shaped dense
nucleus \_ Y,

Central nervous o Peripheral nervous
system (CNS) system (PNS)

Oligodendrocytes:
— {4l ZRAXONS

Nucleus

% l Schwann
j cells

Schwann Cells: 74 2 A N ™
e 5 / / e ) ) “?’(J -
%@%EHH@% 1’}%AXO n 7/1 | /\, ’ - Node of Ranvier / '(QG\

| ‘ 3 ’@ Node of Ranvier
Oligodendrocytes E\ 4 | (

’ Nucleus




Microglia #"% ¥ mve
macrophage of CNS

small size, small irregularly
shaped deeply staining nucleus

ependymal cells

3 E Wwie

lining ventricles, aqueduct and
central canal

Microglial cell

Astrocyte

Blood-brain barrier

Normal state Irradiation




2 types of neuroglia cells in the PNS

Satellite Cells & £ 4HAE

* Flat cells surrounding neuronal
cell bodies in peripheral ganglia

Neuron cell body

* Support neurons in the PNS : .
in a ganglion

ganglia

Schwann Cells x4

» Cells encircling PNS axons

Schwann cell

Myelin

= Each cell produces part of the sheath

myelin sheath surrounding an
axon in the PNS

Axon




PNS nerve fibers : myelinated nerve fibers: myelin sheath

formed by Schwann cell
node of Ranvier (no myelin sheath %£i}')

Neuron cell body
in a ganglion

Satellite cell

Schwann cell

Myelin sheath

Axon

Schwann cell:
Nucleus
Cytoplasm
e Schwann cell:
Neurolemma Cytoplasm
Myelin N
eurolemma
sheath
Nucleus
Myelinated !
axon - Unmyelinated
= axons
) 5000x 2700x
(c) Transverse section of myelinated axon (d) Transverse section of unmyelinated axons

Dennis Kunkel/Phototake Martin Rotker/Phototake

17-20



AXON COvenng CNS, Oligodendrocytes: —{E&HHIE ZHAxons

PNS, Schwann Cells: 2 {E4HfE%—&Axon

Node of Ranvier




Multiple Sclerosis (MS) 7 % |45 * &

Autoimmune disorder causing destruction of myelin sheaths in CNS

* sheaths becomes scars or L
plagues Neuron cell bodies

v

* 1/2 million people in the
United States

e appears between ages 20 and
40

* females twice as often as
males

Spinal cord

e Symptoms include muscular
weakness, abnormal
sensations or double vision Myalin disrupon

* Remissions & relapses result in
progressive, cumulative loss of v
fU nction MS affected axon

Normal axon with
myelin sheath

Copyright © John Wiley & Sons, Inc. All rights reserved.



Peripheral Nervous System (PNS) Nerves (nerve trunks) in PNS
ensheathment (irregular c.t.):

epineurium A f& & b i

perineurium A & § %

endoneurium #! & p s

™,

\/ Spinal nerve

EPINEURIUM around
entire nerve

Fascicle

PERINEURIUM around
individual fascicle

~ T
28T

) S} (;T" 5 . T —
gi? 0 N h , Axon

ENDONEURIUM around —— & @

individual axon

Blood vessels

Transverse sections showing the coverings of a spinal nerve
2 Addison Wesley Longman, Inc.



Epineurium

1
Endoneurium

Blood
vessels

Perineurium

AXxons

Fascicle




Repair within the PNS

= Axons & dendrites may be repaired if

Neuron cell body remains intact

Schwann cells remain active and form a tube i Mo il - o

YL,

Scar tissue does not form too rapidly

NATE
. "0
= Chromatolysis /& 754 dl

24-48 hours after injury, Nissl bodies break up
into fine granular masses

o 4 g (b) Chromatolysis




Repair within the PNS
= By 3-5 days,

o Wallerian degeneration occurs

(breakdown of axon & myelin
sheath distal to injury)

o retrograde degeneration occurs
back one node

(c) Wallerian degeneration

= Within several months, —
. eratl
regeneration occurs tube

o neurilemma on each side of injury w
repairs tube (schwann cell mitosis) L R e

o axonal buds grow down the tube
to reconnect (1.5 mm per day)

(d) Regeneration



Repair within the PNS

Chromatolysis

— Sprouts
degenerating

Severed

axon
sprouting Axon o l
fegenarating L Chromatolysis
' no longer
present
/' Effector Target <
denervated reinnervated
A B C D E

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



Development of nervous system

= Neural plate, neural groove, and neural tube
= Neural crest
= Brain formation

Neural plate border Neural plate
D 4 '.—\
I l D Neural plate
s — - Neural folds
1 Epidermis N V.
, Neural groove
Convergence ——/—> 6\
Neural fold Cut edge of amnion
Neural groove Neural tube
1 ls _L Yolk sac wall
Epidermis

Neural groove

Neural folds

Neural plate
Neural crest —=<>_&

Neural tube



Development of the CNS
Neural plate, neural groove, & neural tube

HEAD END

‘. r
% % L Neural plate

Neural folds
Neural groove

"= Begins in the 3rd week

o ectoderm forms thickening (neural plate)
= plate folds inward to form neural groove
o edges of folds join to form neural tube

(A) Normal
development

Neural tube

Neural plate
3 : ] Neural groove
Presumptive epidermis

Cut edge of amnion

E-cadherin N-cadherin

TAIL END

Neural groove
closes




Neural crest tH&XIE

Ectoderm P a0, Sensory neurons
L L L T . % 55\ from neural crest
; by %P 58 | usaaesel N
Q D 203 L e
9 Qs 293 - = Alar plate:
Neural interneurons
crest = 15
form F SR S “ - Basal plate:
Neural whito PP R0 o mo?gr pn{:usons
tube Do/ RS Qm e
. ventral intemeurons)

Neurcblasts 1€

Neuroepithelial celis Neurcepithelial cells

Neuroepithelial cells Central cavity

Neural crest tissue forms: —m hondrocyte
v Spinal & cranial nerves \ el srst cutures
v Dorsal root & cranial ¥ T[] = ﬁg%‘ % gheteet
nerve ganglia § ol T
v Sympathetic ganglia i 0 93, %
v Adrenal gland medulla =", ag & romenen
° o 30
v Pigment cells §§ 88 - ﬁx;% —

after Nishibatake, Kirby and Van Mierop, 1987



Neural crest derivatives

a | Cranial neural crestl b  Cranial migration: C Main NC contributions:
w© 8 Craniofacial skeleton
‘c | Cranial ganglia
ne.Y,aa?ac',est T Teeth (odontoblasts)
O} Thyroid cells
- ® 1 Enteric ganglia
o1 Smooth muscle cells
> 1 Cardiac septa
Trunk Trunk migration:
neural crest Ventral Dorsolateral x| Dorsal root ganglia
S§ Sympathetic ganglia
=1 Adrenal medulla
: ‘©f Enteric ganglia
Sacral S Sympathetic ganglia
neural crest | @

Spinal & cranial nerves
Dorsal root ganglia
Sympathetic ganglia
Adrenal gland medulla
Pigment cells

NN N NN



Development of the CNS: Brain formation

= By end of 4th week, 3 anterior enlargements occur
. Prosencephalon E‘-ﬁﬂg —— PROSENCEPHALON

L (FOREBRAIN)
o Mesencephalon Hf N

//

)% {(—— MESENCEPHALON
= Rhombencephalon Z[ (1£f&) ! & L“ﬂg%iﬁ'zéngALON
| (HINDBRAIN)

|

PROSENCEPHALON Frontal section
(FOREBRAIN)

MESENCEPHALON

(MIDBRAIN)

RHOMBENCEPHALON =
(HINDBRAIN) \é -

Developing eye
Developingear ———
(

l/ ; ~ -
B A ’..L-m Pharyngeal arches

<
- —— Developing heart

Lateral view of right side

Spinal cord

(a) Three-four week embryo showing primary brain vesicles



Development of the CNS

(a) Neural
tube

Anterior
(rostral)

o~
|
{

Posterior
(caudal)

(b) Primary brain vesicles

(c) Secondary brain vesicles

(d) Adult brain
structures

(e) Adult neural
canal regions

Prosencephalon
(forebrain)

Mesencephalon
(midbrain)

Rhombencephalon
(hindbrain)

basal ganglia)

Mesencephalon

Cerebrum: Cerebral
hemispheres (cortex,

Brain stem: midbrain

Lateral ventricles

| Third ventricle

Cerebral agueduct

Metencephalon

Myelencephalon

Brain stem: pons

Brain stem: medulla
oblongata '

Fourth ventricle

Spinal cord

Central canal




» Neural tube defects

= associated with low levels of folic acid (B vitamins)
o spina bifida (% +1.4 4]) is failure to close of vertebrae (1/1000)
= anencephaly (i "% 35) is absence of skull & cerebral hemispheres

Tissue
surrounding
developing
spmal
Spina
biida

21 days 22 days

Spina Bifida (Open Defect)

a®

a1 1 b i)

Anencephaly (& #&# %)
Normal Anencephaly

NO Brain Formation

/f@/

Anencephaly



Spinal cord

= Functions of the spinal cord

= Structures protecting the spinal cord
= Morphology of the spinal cord

= Tracts of the spinal cord

= Spinal reflexes



Structures protecting spinal cord

Pia mater
Arachnoid

Dura mater [~ Spinal meninges
(spinal
dural sheath)

Epidural space
(contains fat)

Subdural space

Subarachnoid
space
Bone of
vertebra

Dorsal root
ganglion

Body
of vertebra

Spinal cord is protected by the vertebral column,
meninges, cerebrospinal fluid, and vertebral ligaments.



Meninges
Dura mater /& "

Pia-arachnoid
K V- bk P

Arachnoid mater
30

Sub-arachnoid space:

=2 L e
% B (CSF)

Pia mater # %

Spinal cord —
Spinal nerve72 :
" SPINAL
o MENINGES:
/ = o < Pia mater
| (inner)
Arachnoid

(middle)

Dura mater
(outer)

Denticulate
ligament

Subarachnoid:

space ? \{
e ‘ 23

Subdural
space

(a) Diagram of sections through spinal cord
© Addison Wesley Longman, Inc.



Morphology of the spinal cord

Transverse plane

Spinous process of
vertebra

Dura mater and
arachnoid mater

_ Spinal cord
Subarachnoid space

Pia mater

Posterior (dorsal) root

Epidural space
of spinal nerve

n Superior articular
\'& facet of vertebra
-.'.\ .
4\ ;_.‘; Posterior (dorsal)
sl ramus of spinal nerve

Denticulate ligament

Anterior (ventral) root
of spinal nerve

Spinal nerve

Transverse foramen Anterior (ventral)

ramus of spinal nerve

Body of vertebra Vertebral artery in

transverse foramen

ANTERIOR



— Cervical nerves (8 pairs)

Spinal Cord # ¥

Cervical enlargement

In vertebral canal ¥ & &
From foramen magnum #: # < 3* to
L2 (vertebra) % = "4 > 42 to 45 cm

First thoraébvgtebra

CerVICal enlargement:% * g/,‘,‘ %K' —— Thoracic nerves (12 pairs)
Brachial plexusk&*#! & #. :
&
/
i

Lumbar enlargement

Lumbar enlargement &% < K%:
Lumbar plexus® &4 5 & ;
Sacral plexus g 4 & &

First lumbar vertebra
Conus medullaris

|

|
— Lumbar nerves|(5 pairs)
A

Cauda\‘equina

In adultends at L 2
In newborn ends at L 4

/DN :
—r—— Illium
A

46

f
[

Growth of spinal cord stops at age 5

‘ i
: ‘ 1 Sacrum
2S2, / \ .
f 7— Sacralnerves (5\pairs)
o~ / J

Coccygeal nerves (




Caudal End of Spinal Cord

SUPERIOR

Conus medullaris

Dura mater
and arachnoid

Conus medullaris

Filum terminale

 Conus medullaris

78 B
Posterior (dorsal)

rami of spinal nerves ~ ® end of Spinal cord

* cone-shaped end of spinal
Cauda equina cord

* Filum terminale %%4%

* thread-like extension of
pia mater

Sacrum * stabilizes spinal cord in
canal

sueus maimus ® Caudae equinae (horse’s
r'?cia?c(te coccygeal tall) /%%

e dorsal & ventral roots of
lowest spinal nerves



Spinal tap or
Lumbar Puncture

R Z R

* Technique

* long needle into
subarachnoid space

e safe from L3 to L5

* Purpose
>sampling CSF  ISABER

»injection of antibiotics,

anesthetics or
chemotherapy

»measurement of CSF pressure

Spinal cord

Conus medullaris

Cauda equina

Skin — - - — Dura mater and arachnoid mater

) CSF in subarachnoid space
Spinous process

Needle

Copyright © John Wiley & Sons, Inc. All rights reserved.
N
/.
T\z m S,
| (}%\
oY-L

Lg —te

Ligamentum
flavum

Lumbar
puncture

disc ligament
Dura mater —==

and arach-
noid
Cauda
equina in
subarachnoid
space



Spinal cord

Dorsal (posterior) Ventral (anterior)
Spinal cord 3 Spinal nerve C
segment C, et !

e

\E

3@
Spinal cord
segment T, Y Spinal nerve Cg
Spinous = Spinal nerve T,
process T,
Spinal cord ]
segment T V“'ﬁ

-Spinal nerve T

Spinal cord
segment L,

@ Spinal nerve L,
S \ —
i‘,"»

. Spinal nerve S,
\“ ’,g?'
5

Cervical
Y ™

Spinal segment :
\ area of cord
' from which each
~ pair of spinal
nerves arises

"‘f‘r‘\\

(Segment C1) (Segment C8)

Thoracic

Gray Matter
(H or butterfly)
% & Neurons and

neuroglia
Lumbar
White Matterv
bundles of
myelinated
axons
Sacral

(Segment S3)



Internal Anatomy of the Spinal Cord

Dorsal median sulcus
Gray commissure
Dorsal (posterior) horn
Ventral (anterior) horn

re
Dorsal (posterior) funiculus

Gray
matter

White —— Ventral (anterior) funiculus

lum
coumns Lateral horn

Lateral funiculus

Dorsal root
ganglion
S —
Spinal nerve
Central canal
Dorsal root
Z— Ventral median fissure

Ventral root

Pia mater
Ventral rootlets

Arachnoid

Dura mater



Internal anatomy of the spinal cord

Gray Matter (H or butterfly) % & : Neurons and neuroglia

Anterior (ventral) horn= & . Motor neurons for skeletal muscles

Lateral horn ] & : Motor neurons for smooth muscle, cardiac muscle, or a
gland (Autonomic nervous system)

Posterior (dorsal) hornts %

White Mattere & : bundles of myelinated axons

Anterior (ventral) white columns # 41.(%)

Posterior (dorsal) white columns s (%)

Lateral white column #]41.(%)

Posterior median sulcus v (a) Diagram of a cross section of the thoracic spinal cord
Central cana ' '

Fasciculus gracilis Posterior median s

Fasciculus cuneatus

Lateral corticospinal . J

tract » f ]
Rubrospinal 2 DN
tract \‘

: Posterior gray horr
Medial reticulospinal

tract

Lateral

reticulospinal tract Central canal

Gray’'commissure

Vestibulospinal
tract

Anterior gray horn

Anterior median fissure

: Anterior median fis:
Tectospinal

Anterior corticospinal tract
tract 3

Cross section

ANTERIOR

P> Based on its name, what is the orig

1 in, destination, and position i
of the anterior corticospinal tract? Is i Sl L

this
a sensory or a motor tract? (b) Photograph of a cross section of the



Organization of gray matter of the Spinal Cord

= Somatic sensory feEEE (SS)
= Visceral sensory g E&(VS)

= Visceral motorfigfffzEE] (VM)
= Somatic motor faE &} (SM)

Posterior median
sulcus

Posterior white column

Posterior gray horn

Lateral white column
Gray commissure
Central canal

Anterior gray horn

Anterior white column

Dorsal root
(sensory)

Dorsal root
ganglion

Somatic sensory neuron

Visceral sensory
neuron \

Visceral motor

neuron f -_— N
Somatic motor neuron .

Spinal nerve Ventral root (motor) Ventral horn
(motor neurons)




Tracts of the spinal cord

* Function of tracts
o highway for sensory & motor information
o sensory tracts ascend (to brain)
o motor tracts descend (to body)

= Naming of tracts
o indicates position & direction of signal
= example : anterior spinothalamic tract B % fis Fr & 1

= impulses travel from spinal cord towards brain
(thalamus ELH&)

= found in anterior part of spinal cord

o~



Sensory (ascending) Tractsg £ 4 &£

Anterior spinothalamic tract= % %4 ¢ /= Crude touch and deep
pressure

Lateral spinothalamic tract ] % 4% /£ Pain and temperature

Fasciculus gracilisi& & and Fasciculus cuneatus £ &
proprioception, discriminative touch, two-point discrimination,
pressure, and vibrations

Posterior
spinocerebellar tract

& Anterior
\ spinocerebellar tract
Lateral
spinothalamic tract
Spinal nerve

Anterior
spinothalamic tract

Lateral corticospinai
tract

Rubrospinal tract

Medial reticulospinal
tract

Lateral reticulospinal
tract

Vestibulospinal A T
tract 4 Tectospinal Anterior median fissure - Sensory (ascending) tracts

tract
Anterior corticospinal tract _ Motor (descending) tracts



Sensory (ascending) Tracts
BEA SIS (A¥HaR DER)

Anterior spinothalamic tract
ELIOK - Y i
Crude touch and deep pressure

Lateral spinothalamic tract
IR g - Aok
Pain and temperature

Primary somatosensory
area of cerebral cortex

LEFT SIDE
OF BODY
Thalamus
THIRD-ORDER
NEURON
WA SECOND-
3 ORDER
/d% NEURON
' |
RIGHT SIDE
OF BODY Posterior
gray horn
Lateral
FIRST-ORDER 7 spinothalamic
NEURON ’ h%\ tract
. ' ~ Spinal nerve
Receptors for pain, Spinal cord Aqterior .
cold, warmth, crude ‘Srzgothalamw

touch, pressure,
tickle, or itch

© Addizon Wesley Longman, Inc.



Tracts of the Spinal cord
| U

Dorsal
spinocerebellar
tract (axons of
second-order
neurons)

Medial lemniscus tract
(axons of second-order neurons)

Nucleus cuneatus

I Medulla oblongata I

Fasciculus cuneatus
(axon of first-order sensory neuron)

Joint stretch
- receptor
(S (proprioceptor)

Cervical spinal cord

Axon of
first-order
neuron

Fasciculus gracilis
(axon of first-order sensory neuron)

Lumbar spinal cord

Touch

spindle receptor

(proprioceptor)

Spinocerebellar pathway Dorsal column pathway

Proprioception

Nucleus gracilis( 7+ 2 % L2 R )

Touch, pressure ...

Lateral
e spinothalamic

tract (axons of
‘ ' e second-order

neurons)
T Pain receptors

Axons of first-order
neurons

Temperature
receptors

Spinothalamic pathway

Pain, temperature



Fasciculus gracilis & &
Fasciculus cuneatus¥e &
proprioception, discriminative
touch, two-point discrimination,
and vibrations

|

Somatosensory
cortex
(postcentral

gyrus)

Third-order
neuron

Thalamus

F, H«C
AnSad )
y ; Medial
lemniscus
Second-order
neuron
Nucleus y Nucleus
gracilis \ cuneatus
\ £ @ >
\ ]i.zli a /it@i X )
N
Fasciculus
First-order gracilis
neuron : — Posterior
Fasciculus white

stereognosis, proprioception, .
weight discrimination, and vibration

(a) Somatosensory cortex in right cerebral hemisphere SPINAL CORD



Motor (descending) Tracts
Fip T

Direct (pyramidal) pathways4i %8 i /=
(voluntary movements)

Lateral corticospinal tractip] & & # &<
Anterior corticospinal tracts £ & # #£/%
Corticobulbar tract £ & 2 g /3

Indirect pathways: (Head and neck
automatic movements)

Posterior median sulcus
Central canal

Fasciculus gracilis
Fasciculus cuneatus

Lateral corticospinal
tract

Rubrospinal
tract

Medial reticulospinal
tract

Lateral
reticulospinal tract

Vestibulospinal
tract

Anterior median fissure

Tectospinal

Anterior corticospinal tract
tract ’ ;

Cross section

P> Based on its name, what is the

i origin, destination, and position i
of the anterior corticospinal tract s e

? Is this a sensory or a motor tract?

o
Face ande /2

A
o/ s _5 A e (o)
(%§ E ’ .f‘o“ga\\o\ﬂ\(\

(b) Motor cortex in right cerebral hemisphere



Primary motor area of cerebral cortex

Direct (pyramidal) pathways44 ¥ i &

precise, voluntary movements RIGHT SIDE 0
OF BODY / ¢

LEFT SIDE
OF BODY

Lateral corticospinal tract ] & 5 # %2/
Anterior corticospinal tractsr £ & # #&£/%
Corticobulbar tract A 5 2f #g i3

Internal
capsule

Cerebral
peduncle

UPPER
MOTOR
NEURONS

Lateral corticospinal
tract

Rubrospinal tract

Decussation
(crossing)
in medulla

Medial reticulospinal

tract
Anterior

_ y corticospinal
Lateral reticulospinal tract
tract
LOWER
MOTOR

NEURONS

Tectospinal Anterior meg To skeletal
tract ' Spinal Cord muscles
Iongman. Inc.

Vestibulospinal
tract

Anterior corticospinal tract




Laicial COrucospinal tract

Indirect pathways: Head and neck automatic

movements: programming automatic movements, posture &
muscle tone, equilibrium & coordination of visual reflexes

Rubospinal tract iz +% % %%
Tectospinal tract = & ("8 2 ) % /5
Vestibulospinal tracts = &4 %/

Lateral corticospinai
tract

Rubrospinal tract

Corticobulbar tract

Midbrain of brain stem

Sndirect Pathways
RACT AND LOCATION !

Medial reticulospinal
tract

Medial
reticulospinal

Rubrospinal
tract

Lateral reticulospinal
tract

Vestibulospinal
tract

Vestibulospinal

ectospinal
tract _
eticulospinal tract

Anterior corti¢ct Tectospinal tract




Indirect pathways:

(Head and neck automatic
movements)

Rubospinal tract = % % #5/%
Tectospinal tract = &4 % 54T

Vestibulospinal tracts= =4 #2/5




Spinal reflexes

= Automatic response to change in environment

* |Integration center for spinal reflexes is gray
matter of spinal cord

= Examples

o somatic reflexes result in skeletal muscle contraction

o autonomic (visceral) reflexes involve smooth & cardiac
muscle and glands.

= heart rate, respiration, digestion, urination, etc.

= Note: cranial reflexes involve cranial nerves
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Spinal reflexes: Reflex Arc

components of

reflex arc

>

YV V V V

receptor

sensory neuron
integrating center
motor neuron
effector

Stimulus at distal
end of neuron

@ Receptor

Skin

@ Sensory neuron Spinal cord

(in cross-section)

White
matter
Gray

_ Mmatter

(@ Integration center
(Interneuron)

@ Motor neuron

(&) Effector



Spinal cord

lllustration of the Stretch Reflex

€ stretching stimulates € SENSORY NEURON To brain
SENSORY RECEPTOR excited

muscle spindle
( spindle) 6 EFFECTOR

(same muscle)
contracts and o MSJI?gN
relieves the excited
— \stretching

Y

N ) ) T T

Antagonistic % € within Inhibitory
muscles relax * W INTEGRATING interneuron
: R CENTER (spinal

.+~ Motor neuron to cord), sensory
" antagonistic neuron activates
3 muscles is motor neuron

inhibited




Clinical Considerations : Checking a patient’s
reflexes may help to detect disorders/injury

Plantar flexion reflex —

* normal response is curling
under the toes

Toes

anning of
other toes

18 months is called
Babinski sign (upward
fanning of toes due to
incomplete myelinationin |
Chlld) Normal plantar response

. Extensor plantar response
B .. .+ Babinski sign
@:{g?&’éy;{:g‘;"‘-"‘ti"ts\;‘.;;‘i‘gé"fl-‘.’»h:ﬂ:'.v_t;_&': e \‘7‘/'“"-',_.# B

oot
.



Spinal nerves

= Name and number of the spinal nerve
= Branching of the spinal nerve
= Nerve plexuses

= Cervical plexus F# £ &

= Brachial plexus &F# & &

= Lumbar plexus &4 & 3F

= Sacral plexus gE# &%



Name and number of the spinal nerve

Cervical plexus-_ //:': :i e
= 31 Pairs of spinal nerves Srachil plxus | -
= Named & numbered by the oo

. .. enlargement

cord level of their origin

= 8 pairs of cervical nerves (C1 to C8) o T -:[?:::/a;sic

= 12 pairs of thoracic nerves (T1to T12) \ 0 s \ -

= 5 pairs of lumbar nerves (L1 to L5) . L/

o 5 pairs of sacral nerves (S1 to S5) eriergement

= 1 pair of coccygeal nerves F

. Lumbar plexus — Lumbar

= Mixed sensory & motor e

nerves

Sacral plexus — Sacral

_ o

Cauda equina e

ng(r)\:e




Spinal nerve

* Spinal nerves begin as roots

* Dorsal or posterior root is incoming sensory fibers
* dorsal root ganglion (swelling) = cell bodies of sensory nerves

 \Ventral or anterior root is outgoing motor fibers

Posterior (dorsal)
root of spinal nerve

Posterior (dorsal)

root ganglion Posterior rootlets

Spinal nerve

Posterior gray horn

Lateral white column — Posterior median sulcus

Anterior (ventral) root Posterior white column

of spinal nerve
Central canal

Axon of sensory neuron

Anterior gray horn
Anterior white commissure

Lateral gray horn

Anterior white column Cell body of
sensory neuron

Cell body of motor neuron

Anterior median fissure

Nerve impulses
for sensations

Nerve impulses to
effector tissues
(muscles and glands)

Anterior rootlets
Axon of motor neuron

(a) Transverse section of thoracic spinal cord



Branching of the spinal nerve

= Spinal nerves branch into dorsal & ventral rami

= dorsal rami supply skin
& muscles of back

o ventral rami form
plexus supply
anterior trunk &
limbs

= meningeal branches
supply meninges,
vertebrae & BV

=

ey
.
|

—
A

Dorsal ramus

NN
2 - \ Ventral ramus
~\ A Intercostal nerve

\

Spinal nerve
Rami communicantes

Dorsal root ganglion

Ventral root- Sympathetic trunk
ganglion

L Dorsal root

Thoracic cavity

Lateral cutaneous
Anterior cutaneous

Sternum



Nerve plexuses &K

* Joining of ventral rami of spinal nerves to form
nerve networks or plexuses

= Found in neck, arm, low back & sacral regions

= Cervical plexus S s
= Brachial plexus EHskss
= Lumbar plexus fEtHEEE
= Sacral plexus EHIEE
= No plexus in thoracic region
o jntercostal nerves innervate intercostal spaces
o T7to T12 also supply abdominal wall




Cervical plexus

= \entral rami of
spinal nerves
(C1 to C5)

= Supplies parts of
head, neck &
shoulders

* Phrenic nerve fg#H&
(C3-C5) keeps
diaphragm alive

= Damage to cord

above C3 causes
respiratory arrest

Segmental
branches

Hypoglossal
nerve (XII)

\ Ventral
Lesser occipital e ST rami:
nerve NN

Greater auricular
nerve

Transverse cervical
nerve

Ansa cervicalis /

Accessory nerve (XI)—\/\I,

Phrenic nerve y /,

Supraclavicular
nerves -



Phrenic Nerve g%

Cervical roots
Right phrenic Left phrenic
nerve nerve

Left lung Right lung

Diaphragm

Hypoglossal
(XI1) nerve

Lesser
occipital f;

4 ,
A - Fbmthial plexus
/

Great
auricular

Transverse
cervical
Superior root of

ansa cervicalis

o~

C5
Inferior root ==
of ansa cervicali /
Supraclavicular ] s

I
Phrenic

[ ] Roots (anterior rami)

I Nerves

Origin of cervical plexus



Left phrenic nerves

Supreme intercostal artery

Ganglion
Sympathetic
Trunk
Subclavian artery
and vein
Vein
Artery ¢ Intercostal
Nerve

Common carotid

rt
artery Thoracic duct

Internal thoracic
artery

Subclavian artery
Esophagus
Left brachiocephalic vein Left superior intercostal vein

Arch of aorta

Left phrenic nerve

. . Y
Pericardial sac agus nerve

Three rami
communicantes

Accessory
hemiazygos vein

Mediastinal pleura
(cut edge)

Left pulmonary artery
Ligamentum arteriosum

Costal pleura

(cut edge) Thoracic aortic plexus
Bronchus
anterior Inferior pulmonary

Yoo posterior

Hemiazygos vein

Two rami
communicantes

Esophagus Greater splanchnic

Sympathetic trunk
nerve 66

(B) Left lateral view Fatpad Aorta



Brachial plexus

Musculocutaneous
nerve

Axillary nerve

Branches of axillary
nerve

Radial nerve
Ulnar nerve (cut)

Median nerve (cut)

Ventral rami from C5to T1
Supplies shoulder & upper limb

Dorsal scapular

From
C4
Nerveto  Superior
subclavius trunk ) C5

Suprascapular

Lateral pectoral

(a)

To phrenic
Lateral cord nerve
Key: \ C7
\:]= Anterior division r
(- Postair cvison Musculocutaneous
Middle trunk
Axillary
Deep radial nerve Late_ral head ‘I C8
Superficial branch Median
of radial nerve Radial \
Medial head T
Ulnar “’L%%a' Inferior trunk
T2
Medial ) Medial
[ ] Roots (anterior rami) 23::%%%’23' pectoral Long thoracic
[ Trunks L — Upper subscapular
[ Anterior divisions cutaneous Thoracodorsal
[ Posterior divisions Lower subscapular

Origin of brachial plexus



Brachial P |lexus: Passes superior to 1st rib & under clavicle

> Axillary nerve: deltoid &
teres m.

> Musculocutaneous nerve:
elbow flexors
Clavicle -

> Radial nerve: shoulder,
elbow extensors &

extensor muscles of hand Posterior'cord
Medial cord

Axillary nerve —

Lateral cord

Anatomy of Brachial Plexis

Musculocutaneous
nerve

Radial nerve -

Median nerve




Brachial plexus&F4¢ & &

Median nerve i+ ¢ # % C5-T1.:

Flexors of forearm; skin of lateral 2/3 of palm of hand
Ulnar nerve & # & C8- T1:

muscles of the hand; skin of little finger and 1/2 ring finger
Musculocutaneous nerve #+4& # & C5-C7:

Biceps brachii & brachialis muscles

Dorsal scapular

From
C4
Nerve Superior
. to subclavius trunk ) cs
Suprascapular - ) C6
Lateral pectoral
Location Lateral cord ) C7 ¢
Musculotaneous |
Axillary
Lateral head ) ‘ cs8
|:/|edian i Ny \ \ Z
Radial + e
Medial head u j T
Ulnar —
Medial cord ) To
| Medial pectoral
Roots : Medial antebrachial
cutaneous Long thoracic
Trunks




Clavicle -
Lateral cord)

Brachial plexus&#4 & & Postair con

Medial cord

. . L Axillary nerve Scapula
Median nerve i+ ¢ # % C5-T1.: e
Flexors of forearm; skin of lateral 2/3 of _—

palm Of hand Radial nerve

Median nerve —
Ulnar nerve < 5\2’ “i‘_ C8_ Tl — Ulnar nerve
muscles of the hand; skin of little finger Humerus
and 1/2 ring finger

Radius

Musculocutaneous nerve #vg ¢ & C5-  Despomron
C7 Superficial —
Biceps brachii & brachialis muscles el nerve

Ulnar nerve ——

Median nerve

Radial nerve

Superficial branch
of ulnar nerve

Jigital
sranch of Digital branch

of ulnar nerve




Intercostal nerves

T1-T11 » B4 5

T12 Subcostal nerve

Cranial —[

nerve V

(a) Anterior view (b) Posterior view

CERVICAL PLEXUS (C1-C5):

BRACHIAL PLEXUS (C5-T1):

Intercostal r
(thoracic) nerves |

Medulla oblongata

Lesser occipital nerve
Ansa cervicalis
Transverse cervical nerve
Supraclavicular nerve
Phrenic nerve

Atlas (first cervical vertebra)

CERVICAL NERVES (8 pairs)

Cervical enlargement

Musculocutaneous nerve First thoracic vertebra

Axillary nerve
Median nerve
Radial nerve
Ulnar nerve

VES (12 pairs)

?\

. Lumbar enlargement

Subcostal nerve
(intercostal nerve 12)

First lumbar vertebra
Conus medullaris

LUMBAR PLEXUS (L1-L4):

lliohypogastric nerve
llioinguinal nerve
Genitofemoral nerve
Lateral femoral

LUMBAR NERVES (5 pairs)

Cauda equina

cutaneous nerve llium
Femoral nerve
Obturator nerve
Sacrum
SACRAL PLEXUS (L4-S4):
Superior gluteal nerve SACRAL NERVES (5 pairs)

Inferior gluteal nerve

Sciatic nerve:

Common peroneal
nerve

Tibial nerve

COCCYGEAL NERVES (1 pair)
Filum terminale

Posterior femoral
cutaneous nerve

Pudendal nerve




Lumbar plexus FEfHEX

L1

Ilohypogas% A .
llioinguinal

L3

> Ventral ramiof L1- L4

» Supplies abdominal
wall, external genitals

& anterior/medial
thigh

Genitofemoral

Lateral femoral
cutaneous

L4

Femoral L5

Lumbosacral

Obturator trunk

Roots Anterior Posterior
(a) Origin of lumbar plexus :] (anterior rami) ‘:] divisions divisions

= |njury to femoral nerve (L2-L4) causes inability to extend leg
& loss of sensation in thigh

" |njury to obturator nerve (L2-L4) causes paralysis of thigh
adductors



= Supplies buttocks, perineum & part of lower limb

Sacral plexus EHK e

Ventral rami of L4-L5 & S1-S4
Anterior to the sacrum

Lumbosacral

Inferior gluteal

Nerve to piriformis

Tibial

Common
peroneal

Sciatic ———"">\’

|:] Roots (anterior rami) Nerve to quadratus femoris
PN and inferior gemellus
:] Anterior divisions

B Posterior divisi Nerve to obturator internus Posterior femoral
osterior divisions and superior gemellus cutaneous

Origin of sacral plexus

L4

L5

St
S2

S3

S4



Sciatic Nerve Branches

= Sciatic nerve = L4 to S3 supplies
post thigh

Adductors Hamstrings

Posterior compartment of thigh
(flexes leg and extends thigh)
Innervated by tibial portion of
sciatic nerve

/;
‘K_\ i = /

» Behind the knee
>

» Common Peroneal (Fibular) nerve

eI

Superior
gluteal

Inferior
gluteal

Sciatic

Posterior
femoral
cutaneous

Common
fibular

Tibial

Sural

Deep
fibular

Superficial
fibular

Plantar
branches
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Sciatic Nerve

- EE#RASHCRSENE :
L4, L5, S1, 52, S3 TR EHA (spinal cord) HEFEHE R B
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Dermatomes g &

Cervical nerve‘ (8 pairs)

Cervical enlargément

bar vertebra
edullaris

lllium

Sacrum

geal nerves ('

e e s WY

Cranial

(a) Anterior view

(b) Posterior view



Herpesvirus varicella-zoster

Dorsal root ganglion

¥ ke B
Initial infection with the
virus, usually during

¢ childhood, causes
. chickenpox. The virus

then moves to a dorsal
root ganglion, where it
remains latent

" indefinitely

Later, usually in adulthood, immune system
depression or stress can trigger a reactivation
of the virus, causing shingles.

- |
.\\_ ‘cp' *
-

Common sites of shingles




