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QUISTION

What Is the master gland?
located.............. ?
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Contents

= Spinal cord
= Spinal cord injury: case history
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https://youtu.be/9e9EZs3r7q8

‘ Objectives

= To understand the meaning of:

m PNS

= Spinal nerves and Dermatomes

= Nerve plexuses and important nerves emerge from them
= cranial nerves

= To distinguish each C.N. on the brain and to know the
main function of each nerve
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Spinal Cord
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Protective Structures

= Vertebral column

= Meninges:
o Dura mater
o Arachnoid mater
o Pla mater
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' Gross Anatomy of the Spinal Cord
Posterior

SPINAL CORD: / median sulcus

Gray matter - : Central canal

Anterior
median fissur

White matter
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\ o’ | " )| SPINAL

Spinal nerve ——= | ?/IENINGES:
Pia mater
(inner)
Arachnoid
mater
(middle)

Subarachnoid

space

Subdural Dura mater

space (outer)

(a) Anterior view and transverse section through spinal cord
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‘ Gross Anatomy of the Spinal Cord

Transverse
plane
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foramen Anterior (ventral)
ramus of

Body of spinal nerve
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Dissection Shawn Miller,

Vertebral artery
Photograph Mark Nielsen

in transverse
foramen

ANTERIOR
(b) Transverse section of the spinal cord within a cervical vertebra
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External Anatomy of the Spinal Cord

= The length of the adult spinal cord Is 42—45
cm.

= Ilts maximum diameter is about 1.5 cm In the
lower cervical region.

= Cervical enlargement
= Lumbar enlargement
= Conus medullaris

= Filum terminale
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Clinical Connection

Epidural anesthesia
Lumbar puncture
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Internal Anatomy of the Spinal Cord

+ In a cross section the following parts will can be seen:
= Anterior median fissure
= Posterior median sulcus
= Gray commissure
= Central canal
= Anterior (ventral) white commissure
= Horns
o Anterior (ventral) gray horns
o Posterior (dorsal) gray horns
o Lateral gray horns
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Internal Anatomy of the Spinal Cord

= Columns
o Anterior (ventral) white columns
o Posterior (dorsal) white columns
o Lateral white columns
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‘ Internal Anatomy of the Spinal Cord:
The Organization of Gray Matter and
White Matter

Posterior (dorsal)
root of spinal nerve

Posterior (dorsal) Posterior rootlets

root ganglion

Spinal nerve /\—/

Lateral white column \
Anterior (ventral) root \L

of spinal nerve

Central canal

Anterior gray horn ——-——/LL‘—L—

Anterior white commissure ——
Anterior white column ¥ ‘

Anterior median fissure

Posterior gray horn

Posterior median sulcus

Posterior white column

Gray commissure

Axon of sensory neuron

Lateral gray horn

Cell body of
sensory neuron

Cell body of motor neuron

Nerve impulses
for sensations

Nerve impulses to
effector tissues
(muscles and glands)

Anterior rootlets
Axon of motor neuron

(a) Transverse section of lumbar spinal cord
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‘ Internal Anatomy of the Spinal Cord:
The Organization of Gray Matter and
White Matter

Posterior median
sulcus

Posterior white column

Posterior gray horn

Lateral white column
Gray commissure
Central canal
Anterior gray horn

Anterior white column

Anterior median
fissure

Courtesy Michael Ross, University of Florida

(B 5x

(b) Transverse section of lumbar spinal cord

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.



Peripheral nervous system

(PNS)
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PNS

+» PNS Includes:
0 Spinal Nerves

31 pairs of nerves that emerge from
vertebral foramina

o Cranial Nerves

- 12 pairs of nerves that pass through cranial
foramina

- numbered from I-XI|

m *Nerve: a bundle of 100s to 1000s of axons and the connective
tissue that covers them together
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‘ Spinal Nerves

= Spinal nerves and the nerves that branch
from them are part of the peripheral nervous
system (PNS).

= They connect the CNS to sensory receptors,
muscles, and glands in all parts of the body.
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External
Anatomy of
the Spinal
Cord and
the Spinal
Nerves

CERVICAL PLEXUS (C1-C5):

Lesser occipital nerve
Great auricular
Ansa cervicalis

Supraclavicular nerve
Phrenic nerve

\

Transverse cervical nerve

BRACHIAL PLEXUS (C5-T1): § 2
Musculocutaneous nerve

Axillary nerve

Median nerve ;’////,; =

Radial nerve/
Ulnar nerve

Intercostal

oz

Z

Z

.

=
7 =

(thoracic) nerves

Subcostal nerve
(intercostal nerve 12)
Second lumbar vertebra

LUMBAR PLEXUS (L1-
lliohypogastric nerve

L4):

llioinguinal nerve
Genitofemoral nerve
Lateral femoral

cutaneous nerve

Femoral nerve
Obturator nerve

SACRAL PLEXUS (L4—S4);/‘};;<m
Superior gluteal newe////\ﬁ.‘ /e
Inferior gluteal nerve N8

e~

i

Medulla oblongata
- Atlas (first cervical vertebra)
CERVICAL NERVES (8 pairs)

Cervical enlargement

First thoracic vertebra

THORACIC NERVES (12 pairs)

Lumbar enlargement

First lumbar vertebra

Conus medullaris

LUMBAR NERVES (5 pairs)

Q‘\\ :
e

SH's,
{ =

Cauda equina

llium of hip bone

Sacrum

SACRAL NERVES (5 pairs)

Sciatic nerve: O COCCYGEAL NERVES (1 pair)
Common fibular ‘ | .
nerve XA y Filum terminale
Tibial nerve e

Posterior cutaneous

nerve of thigh
Pudendal nerve

(a) Posterior view of entire spinal cord and portions of spinal nerves
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‘ Organization and Connective Tissue
Coverings of a Spinal Nerve

EPINEURIUM around
entire nerve

Fascicle

PERINEURIUM
around each
fascicle

Myelin

sheath
Blood vessels

ENDONEURIUM around Axon

each axon

(a) Transverse section showing the coverings of a spinal nerve
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Organization ot Spinal Nerves

= Rootlets

= Anterior (ventral) roots

= Posterior (dorsal) roots

= Posterior (dorsal) root ganglion
= Spinal nerve trunk
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Branches of the Spinal Nerves

= Posterior (dorsal) ramus
= Anterior (ventral) ramus
= Meningeal branch

= Rami communicantes

o Rami (singular = ramus)
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Branches of a Typical Spinal Nerve

View POSTERIOR

— Transverse
plane

POSTERIOR (DORSAL)
RAMUS

ANTERIOR (VENTRAL)
RAMUS

MENINGEAL BRANCH

Spinal cord

Posterior (dorsal) root

Posterior (dorsal) root ganglion

Anterior (ventral) root
RAMI COMMUNICANTES

sympathetic trunk

ANTERIOR

(a) Superior view
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Plexuses

= Axons from the anterior rami of spinal nerves,
except for thoracic nerves T2—-T12, form
networks on both left and right sides of the
body. Each network is called a plexus.

= The principal plexuses are the cervical
plexus, brachial plexus, lumbar plexus, and
sacral plexus.

= A smaller coccygeal plexus is also present.
= Groups of nerves emerge from the plexuses.
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‘ Cervical Plexus in Anterior View

Hypoglossal (XII)
nerve

C1

Segmental branch

Cervical plexus projected to surface To brachial plexus

C5

I:I Roots of cervical plexus
(anterior rami of C1 to C4)

- Phrenic Bl Nerves

(a) Origin of cervical plexus
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Brachial Plexus in Anterior View

Musculocutaneous VA \ : ‘
: Cc8
Axillary — P A\e g J
& y \

Median:
Lateral head ’4/
Brachial plexus projected to surface  Medial head

T2
Radial — Long thoracic
Media] head [ ] Roots
Ulnar: [ ] Trunks

[ ] Anterior division
[ Posterior division

(a) Origin of brachial plexus [ cords
MNEMONIC for subunits of the brachial plexus: - Branches
Risk Takers Don't Cautiously Behave.
Roots, Trunks, Divisions, Cords, Branches
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Brachial Plexus in Anterior View

Dorsal scapular
Superior trunk
Nerve to subclavius

C5

Cé6

Vagus (X)
Phrenic

Cc7

Middle trunk
C8

T1

Inferior trunk
Posterior cord
Medial cord

Lateral pectoral

Suprascapular
Medial pectoral
Upper subscapular

Lateral cord

Musculocutaneous

Axillary Long thoracic
Radial Lower subscapular
Median

Ulnar

Thoracodorsal

Dissection Richard Homer;

(b) Anterior view of brachial plexus  Photograph Mark Nielsen
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‘ Brachial Plexus in
Anterior View

Medial cord
Musculocutaneous
nerve

Radial nerve
Median nerve

Deep branch
of radial nerve

Superficial
branch of
radial nerve

Median nerve Ulnar nerwve

Radial nerve

\ , \
(c) Distribution of nerves from brachial plexus
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‘ Lumbar Plexus in Anterior View

From T12 —f/
-

Lumbar plexus projected to surface
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L2

L3

L4

Femoral

Lumbosacral
trunk

(a) Origin of lumbar plexus [ ] Roots
|:| Anterior division
- Posterior division

Obturator
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‘ Lumbar Plexus in Anterior View

.

Hip bone ] \\\
Sacrum ’% )
\9 !
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i
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Anterior view Posterior view

(b) Distribution of nerves from lumbar plexus

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.



Sacral and Coccygeal Plexuses in
Anterior View

I
Lumbosacral ——— L5

trunk 1S

| S2

/‘ Tibial

Common —__ [

fibular

Sciatic )\'

~ Coccygeal
plexus

Sacral and coccygeal plexuses projected to surface

[ ] Roots

[ ] Anterior division
coccygeal plexuses [l Posterior division

(a) Origin of sacral and
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‘ Sacral Plexuses:
Sciatic nerve

4

\

Ante

\ NERVE
‘ x——- ‘ Fibula

N M |
. TIBIAL NERVE ——sg |

H"" FIBULAR

SCIATIC
NERVE

COMMON ————— (y( |

]

Tibia

NERVE

MEDIAL

rior view
(b) Distribution of nerves from the sacral and coccygeal plexuses

DEEP FIBULAR ——
SUPERFICIAL — 7
FIBULAR NERVE// |
TIBIAL NERVE

PLANTAR NERVE

LATERAL
PLANTAR NERVE

Posterior view
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Sciatic Nerve

To avoid sciatic nerve injury the site of I.m injection
should be.....
In the .....

Sciatic

Dissection Shawn Miller,
Photograph Mark Nielsen

(c) Posterior view of sacral plexus in right gluteal region
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Dermatomes versus Cutaneous Fields

= Each spinal nerve contains sensory neurons that
serve a specific, predictable segment of the

nody.

= Dermatomes are the areas of the skin that

orovides sensory input to the CNS via one pair

of spinal nerves.

= Knowing which spinal cord segments supply
each dermatome makes it possible to locate
damaged regions of the spinal cord.

= The nerve supply in adjacent dermatomes
overlaps somewhat.
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Trigeminal (V) ——

 Distribution of
Dermatomes and
Cutaneous Fields

Anterior view Posterior view
(a) Distribution of dermatomes
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Clinical Connection

= Shingles:

Shingles is caused by the varicella-zoster virus — the
same virus that causes chickenpox
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Reflexes and Reflex Arcs

= Reflexes:
o Spinal reflex
o Cranial reflex
0 Somatic reflex
o Autonomic (visceral) reflex
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Reflex and Reflex Arc

= Components of a reflex arc
0 Sensory receptor
0 Sensory neuron
o Integrating center
o Motor neuron
o Effector
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Reflexes

Interactions Animation

m Spinal Somatic Reflexes

You must be connected to the internet to run this animation.
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http://www.wiley.com/college/interactions/Regulation/content/Regulation/nerve5a/frameset2.htm

Patellar Retlex Showing Components

To brain

of a Reflex Arc

o Stretching stimulates
SENSORY RECEPTOR

(muscle spindle)

SENSORY
NEURON
excited

EFFECTOR
(same muscle)
contracts and MOTOR
relieves the NEURON

stretching excited

Inhibitory

© Within INTEGRATING
interneuron

CENTER (spinal cord),
sensory neuron activates

motor neuron

Antagonistic 3

muscles relax
*—— Motor neuron to

antagonistic muscles
is inhibited

*

‘0

-
““
P
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CRANIAL NERVES
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Cranial Nerves

= Cranial Nerves

= 12 pairs of nerves that pass through cranial
foramina (hence the name)

= They are part of PNS

= Numbered In order as they arise from Ant. to
Post. aspect of the brain

= | Is more ant. than |l > |l ...etc
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Cranial Nerve 1

= Olfactory (I) nerve
o Olfactory bulbs
o Olfactory tracts
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Cranial Nerves I and 11

Cerebrum

Olfactory bulb

Olfactory tract —

Dissection Shawn Miller, Photograph Mark Nielsen

(a) Inferior aspect of brain
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Olfactory (I) Nerve

d Entirely sensory

] Conduct the sense of smell

‘(r)fl:;mory /l’) <32 ‘bodﬁzclory Olfactory bulb
o o factory bu
Olfactory axons extend through e R
ihri ' N b =
cribriform plate of ethmoid & e OIS =~
‘ “T—Q—;‘L Dendrite % F e 1

gather in olfactory bulbs where
they synapse

Axons of second neurons pass
through olfactory tracts to
temporal lobe

POSTERIOR
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‘ LLocation of Cranial Nerves I and 11

= Optic (I1) nerve
o Optic chiasm
o Optic tracts
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Optic (IT) Nerve

Special sensory
JConduct the sense of vision

Axons extend from sensory
receptors in the retina to form
the optic nerve, then pass
through optic foramen

Retina

ANTERIOR

sl 1
) AOPTIC (Il) NERVE ;= /5 i\ Y
f = we— {  Evepall { B

Optic chiasm \&/

Optic nerves from both sides ey \
crossover posterior to the orbit (TR BT
to form optic chiasma NS

POSTERIOR
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Optic (I1)
nerve

Optic
tract

Dissection Shawn Miller,
Photograph Mark Nielsen
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Oculomotor (II1), Trochlear (IV), and
Abducens (VI) Netves

Superior  Medial muscle
branch rectus

muscle

Levator palpebrae
superioris muscle

Preganglionic

parasympathetic Upper eyelid

Lateral rectus
muscle (cut)

Short ciliary
nerves (carry
postganglionic
parasympathetic
neurons)

Inferior oblique
muscle

sl Ciliary  rectus

ganglion muscle

Superior oblique

. ; muscle
Midbrain

Pons

Posterior
Inferior surface of brain

Lateral rectus
muscle
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Oculomotor (I1I)

Mixed

Divides into sup. & Inf. branches before it pass
through superior orbital fissure to the orbit

Supply extrinsic muscles of the eye except:
Superior obligue (SO) & lateral rectus (LR)
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Muscles of The Orbit

/ muscles:
sLevator palpebrae superioris

=4 rectl muscles
aSup. & Inf. obliques

prouayds fo burn yaip
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Trochlear (IV)

Motor
The smallest C.N.

Pass through superior orbital fissure to supply:
Superior Oblique muscle
(SO4)

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.



Abducens (VI)

Motor

Pass through superior orbital fissure
supply: Lateral Rectus muscle (LR6)

Abduction of the eye
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Oculomotor (II1), Trochlear (IV), and
Abducens (VI) Netves

Superior  Medial muscle
branch rectus

muscle

Levator palpebrae
superioris muscle

Preganglionic

parasympathetic Upper eyelid

Lateral rectus
muscle (cut)

Short ciliary
nerves (carry
postganglionic
parasympathetic
neurons)

Inferior oblique
muscle

sl Ciliary  rectus

ganglion muscle

Superior oblique

. ; muscle
Midbrain

Pons

Posterior
Inferior surface of brain

Lateral rectus
muscle

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.



Trigeminal (V) Nerve

d Mixed nerve:
= Sensory: face & teeth

= Motor: muscles of
mastication

d The largest of C.N.

d 3 divisions:
= Ophthalmic

= maxillary

= mandibular

Ophthalmic branch - W

Anterior

’A’7 Maxillary branch | '
¥ Y
4 J a f/
\ ¥ . “‘ | ) ) i -
- | 1“. s i = v
/ ¢ * Q@ | ) /' J
[ / LW\ / Mandibular branch
] %\ LY
A
&4 \ !
§ ay,

TRIGEMINAL o Trigeminal N
(V) NERVE Posterior ganglion

Inferior surface of brain
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Trigeminal (V) Nerve

O Ophthalmic Nerve (V1)

« Entirely sensory branch:

« Forehead, ant. 2 scalp,
upper eyelid, & bridge of
the nose

« Pass to orbit through:
superior orbital fissure

A. Anterior view B. Lateral View (Cervical plexus)
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Maxillary Nerve (V2) OF Trigeminal

A. Anterior view B. Lateral View (Cervical plexus)

d Sensory branch:
 skin over maxilla, upper teeth, & palate

 Pass through foramen rotundum
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'Mandibular Nerve (V3) OF Trigeminal

A. Anterior view B. Lateral View (Cervical plexus)

| L ot s & Wi

Sensory: skin over the mandible & cheeks ant . & sup. to the auricle
(temporal)

Tongue ant. 2/3 &
Motor: muscles of mastication

Pass through foramen ovale as a main trunk

gJoCc OQ
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Clinical Connection

= Trigeminal neuralgia

Trigeminal (V)
nerve

Dissection Shawn Miller,
Photograph Mark Nielsen
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TFacial (VIT) Nerve

Mixed Somatic:

-special sensory: taste from "
ant. 2/3 of tongue Al /
-motor: muscles of facial
expressioné& stapedius

Pons

Autonomic: (parasympathetic \

secretomotor) rostenOn | gangion
- Iacrlmal gland Inferior surface of brain EAI‘E%'OE Vi)
- sublingual & submandibular

S a.l i Va ry g I a n d S Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Salivary
glands
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‘ Vestibulocochlear (VIII) Nerve

ANTERIOR
Vestibular ganglion

Semicircular canal

Vestibular branch . .
Vestibule (contains

Cochlear branch &
S~ VESTIBULO- VN

COCHLEAR
(VIlly NERVE

Cochlea
(contains spiral organ)

POSTERIOR

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

Mainly sensory
Conduct the sense of hearing (auditory)

Concerned with hearing &

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.



‘ Glossopharyngeal (IX) Nerve

ANTERIOR

Tongue

Carotid body

GLOSSOPHARYNGEAL Carotid sinus

POSTERIOR (IX) NERVE

Inferior surface of brain

Mixed Copyright © 2014 John Wiley & Sons, inc All ights reserved

Mixed Somatic:

- post. 1/3 of the tongue (general & special taste)
- stylopharyngeus muscle

Autonomic:

- secretomotor to parotid gland
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‘ Vagus (X) Nerve

sinus

Carotid
body

Aortic
bodies

Glossopharyngeal (IX)

Mlxed nerve
Mainly parasympathetic to Ao
thorax & abdominal viscera !

Lungs

e
‘"“ Liverand \
Extends widely into Thorax \;\ 1 g”;ﬁ;;.‘.’on bt
& abdomen T ) ) pecr PO
(hence the name) VaGUS (0 ) Pancreas
NERVE (behind

Posterior
Pancreas

Small - s / / Large

< %) stomach)
Inferior surface of brain F , ‘

intestine intestine
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Accessory (XI) Nerve

ANTERIOR
AY :
/I‘ ) 1 -
.' s ' ;
Medull B\Vg
e (N
Spinal L AL IS
cord N )
Mainly motor TPOSTERION () NERVE " " Stemocieiomaso
Inferior surface of brain Trapezius
*Has 2 origins: muscle
ights reserved.

- cranial: brain stem - splnal splnal cord
*- Cranial: muscles of pharynx, larynx & soft palate

- Spinal: sternocleidomastoid m. & Trapezius
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‘ Hypoglossal (XII) Nerve

ANTERIOR

HYPOGLOSSAL
(XIl) NERVE ‘

Medulla

oblongata
POSTERIOR

Inferior surface of brain

M a.i n Iy m Oto r : Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
Supply tongue muscles

Tongue innervation
Sensory: V, VI, IX
Motor: XI|
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‘ Cranial Nerves I and 11

Cranial nerves with autonomic divisions: 1973
Cranial nerves that move the eye ball SO4+ LR6
3

Cerebrum
CRANIAL NERVES:
OLFACTORY (I) BULB
OPTIC (ll) NERVE
OCULOMOTOR (Ill) NERVE
TROCHLEAR (IV) NERVE
TRIGEMINAL (V) NERVE
ABDUCENS (VI) NERVE
FACIAL (VIlI) NERVE

VESTIBULOCOCHLEAR (VIII)
NERVE

GLOSSOPHARYNGEAL (IX)
NERVE

VAGUS (X) NERVE
ACCESSORY (XI) NERVE
HYPOGLOSSAL (XIl) NERVE

Pyramids
Decussation of pyramids

Olfactory bulb
Olfactory tract
Optic chiasm
Optic tract

Ophthalmic nerve
Maxillary nerve
Midbrain
Mandibular nerve

Pons

Medulla
oblongata

Cerebellum
Spinal cord

Dissection Shawn Miller, Photograph Mark Nielsen

(a) Inferior aspect of brain
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