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CHAPTER 13

The Spinal Cord and Spinal Nerves
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\ Introduction

The purpose of the chapter is to:

1. ldentify and describe the anatomical features
of the spinal cord and spinal nerves

2. Discuss the functions of the spinal cord and
spinal nerves and understand how they help
maintain homeostasis in the body

3. Understand spinal reflex arcs

\ Functions of the Spinal Cord

1. Process reflexes
2. Integrate EPSPs and IPSPs

3. Conduct sensory impulses to the brain
and motor impulses to effectors
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| Protection of the Spina Cord

The spinal cord is protected by:
= Bone (vertebrae) (E@

= Connective
tissue
(meninges) 8
= Fluid : G A > e
(cerebrospinal S o
fluid)

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

\ Meninges

The meninges are composed of three layers

1. Dura mater ot

2. Arachnoid mater

3. Pia mater

DENTICULATE =
LIGAMENT

ARACHNOID
MATER

(middie)

‘SUBARACHNOID,
SPACE

DURAMATER
SUBDURAL
SPACE (outer)
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\ External Anatomy of the Spinal Cord

‘CERVICAL PLEXUS (C1-CS)

. Medua oblongata

[ Atas (fst corvical vertebra)
L —— CERVICAL NERVES (8 pairs)
— Cervical enlargement

The spinal cord
begins as an
extension of

@3 3898 28 92

the medulla e
oblongata at Z

First lumbar vertobra

the level of the
foramen
magnum and
terminates at
the level of L2

"Conus medullaris

L
Cauda equina

—— tium of hip bone

'SACRAL NERVES (5 pairs)

M5 © GOCCYGEAL NERVES (1 pain)
o &

——— Filum terminale

Poster
nerve of thigh
Pudendal nerve
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\ Internal Anatomy of the Spinal Cord

Posterior (dorsal)

Posterior (dorsal) oot of spinal nerve
oot ganglion Posterior rootlets
Spinal nerve s

R = Posterior gray horn
Lateral white column .

Lateral gray hom

Posterior median sulcus
’_;_” Posterior white column
Central canal

Anterior (ventral) root
of spinal nerve
Anterior gray hon

Axon of sensory neuron
Gray &l

Cell body of interneuron
Cell body of autonomic
motor neuron

Cell body of

sensory neuron

Nerve impulses

o,/ forsensations
— \\\\}/\> Nerve impulses to

Axon of intemneuron
Anterior white commlsm/\j;/
Anterior white column —
Cell body of somatic
motor neuron

Anterior median fissure

Anterior rootlets
cardiac muscle,
smooth muscle,
and glands

Axons of motor neurons
(a) Transverse section of lumbar spinal cord  Nerve impulses to
skeletal muscles
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| Internal Anatomy of the Spinal Cord

Posterior median
sulcus

Posterior white column
Posterior gray horn
Lateral white column
Gray commissure
Lateral gray horn
Central canal

Anterior gray horn

Anterior white column

Courtesy ichael Ross,

Anterior median
University o Florida fissure

Sensory and Motor Processing

Sensory  Motor Sensory
(ascencing) (descencing)  (ascending)
ract ract tract

The internal
anatomy of the it oo

Spinal nerve
Lateral gray horn

spinal cord

Anterior (ventral) ——

Spinal nerve

allows sensory e
and motor
information to

be processed

in an organized

way

L Posterlr (dorsal)
oot of spinal nerve
Posterior gray hom

— Intemeuron
Autonomic motor neuron
Sensory nauron

Sensory receptors
in the skin

> Autonomic motor neuron

Cardiac muscle, smooth muscle, and glands
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\ Spinal Nerves

= Spinal nerves connect the CNS to sensory
receptors, muscles, and glands and are
part of the peripheral nervous system

= 31 pairs of spinal nerves

= Anterior and posterior roots attach a spinal
nerve to a segment of the spinal cord
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Connective Tissue Covering of Spina
Nerves

Axon
ENDONEURIUM

Blood vessels

N
@D 1000x

(a) Transverse section showing the coverings of a spinal nerve (b) Transverse section of several nerve fascicles

Branches of a Spinal Nerve

Shortly after passing through its
intervertebral foramen a spinal nerve divides
into several branches known as rami

POSTERIOR

RA
ANTERIOR (VENTRAL)
RAMU

MENINGEAL BRANCH ————— <7




Cervical Plexus

of ansa

cervicalis
Cervical plexus projected
to surface

Inferior root of
ansa cervicalis

Supraclavicular
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Brachial Plexus

Brachial plexus projected to surface
Radial

Medial head
Ulnar

Medial cutaneous nerve of
rearm

Medial cutaneous nerve of arm

MNEMONIC for subunits of the brachial plexus:
Risk Takers Don't Cautiously Behave.
Roots, Trunks, Divisions, Cords, Branches

Lateral pectoral

Musculocutansous

Axillary ——————=

Median /
Lateral head /<

Medial head ,é/

From C4
Dorsal scapular
) ¥ cs
Suprascapular

Nerve to sunclavuus\w‘/w A
- To phve;y
= e

c6

Long thoracic
Medial pectoral

Upper subscapular
Thoracodorsal

Lower subseapular [~ poots

(a) Origin of brachial plexus [ Trunks

] Anterior division
[ Posterior division
[ Cords

I Branches

Brachia Plexus
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Nerve to subclavius.
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Uinar nerve.

Humorus
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Digital branch
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\ Lumbar Plexus

From T12
L
lliohypogastric
> L2
llioinguinal — 8
Genitofemoral
Lateral
cutaneous nerve € L4
of thigh
: 7
. Femoral // b L5
Lumbar plexus projected to surface . f
Accessory obturator —__

(present in only about
10% of population)

/‘ frunk
Obturator

(a) Origin of lumbar plexus [ Roots

[ Anterior division
[ Posterior division
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Lumbosacral

\ Lumbar Plexus

FromT12 ————————

liohypogastric nerve

lcinguinal nerve

Genitofemoral nerve. Nerveio Superior gluteal
piriformis
Lateral cutaneous
nerve of thigh

Coccygeal | inferiorgluteal
Obturator nerve nerve nerve
Perforating
cutaneous
nerve

Nerve to quadratus
femoris and inferior
gemellus

Femoral
nerve Nerve to obturator
internus and superior

Pudendal
Terva gemellus

Sciaic nerve Posterior cutaneous

nerve of thigh

Anterior view Posterior view
(0) Distribution of nerves from lumbar plexus
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\ Sacral Plexus

L4 contribution to
femoral nerve

—

Superior
gluteal
Inferior
gluteal J -
Nerve «o’/
piriformis
Tibial
Gommon \I “!\  Coccygeal
fibular | Dlaxos
)\1 Anococcygeal
Sciatic nerve
al
Sacral and coccygeal plexuses Nerve to quadratus femoris v
projected to surface g Perforating cutaneous

and inferior gemellus Postarior
Nerve to obturator internus ! cutaneous nerve
and superior gemellus of thigh

[ Roots
Anterior division
(a) Origin of sacral and =
coomyaeat proiees I Posteror division
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\ Sacral Plexus =wem— 8

Lateral cutaneous
nerve of thigh foror glutoal
Obturator
nerve. 0 quadratus

I
fii L et nere — Ll
| Commonfiouiar
l ve

Fibula 1)
e —
T e LI

|| fouarnene |
| | \— Tibial nerve ——'

Modial

plantar nerve
DI ateral —

| plantar nerve

Anterior view Post

(o) Distrbution of nerves from the sacral and
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i

Dermatomes —

Certain segments of
the skin is supplied by
spinal nerves that carry
somatic sensory nerve
impulses to the brain d
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Spinal Cord Physiology

How does information travel in the spinal
cord?

= White matter tracts conduct nerve impulses to and
from the brain

= Gray matter receives and integrates incoming and
outgoing information to perform spinal reflexes
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\ Sensory and Motor Tracts

Posterior column:
Gracile fasciculus
Cuneate fasciculus

Central canal

Posterior
spinocerebellar tract
Anterior
spinocerebellar tract

Lateral corticospinal

Rubrospinal tract

/ / N
Lateral reticulospinal - o
tract y { \ (
y — g

Vestibulospinal —C -

= Spinal nerve

> Spinothalamic tract
o

Medial
reticulospinal tract

Tastospinal ract TAnlenm median fissure [ Sensory (ascending) tracts

M Motor (descending) tracts
corticospinal

tract
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\ Reflexes and Reflex Arcs

A reflex is a fast, predictable, automatic
response to changes in the environment
= Reflexes help maintain homeostasis

= The spinal cord serves as the integrating center
for spinal reflexes

Integration takes place in the gray matter of the spinal
cord
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\ Reflexes

Interactions Animation:

= Reflexes

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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\ General Components of a Reflex Arc

@ SENSORY NEURON @ SENSORY RECEPTOR
(axon conducts impulses from  (responds to a stimulus

; by producing a generator
receptor to integrating center) o Faceptor potentian

Interneuron

© INTEGRATING CENTER
(one or more regions within CNS

that relay impulses from sensory to
MOTOR NEURON © EFFECTOR
MGIGF ReLTons) o (axon conducts impulses from (muscle or gland that
integrating center to effector) responds to motor
impulses)
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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Reflex Arcs. Vocabulary Terms

= |psilateral

= Contralateral

= Monosynaptic

= Polysynaptic

= Reciprocal innervation
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Stretch Reflex

Controls muscle length by causing muscle
contraction
o

Stretching simulates
'SENSORY RECEPTOR @ SENSORY
) NEURON

g
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\ Tendon Reflex

Controls muscle tension by causing muscle
relaxation

© eFrecTOR (@ MOTOR NEURON interneuron
(muscle atiached  inhibited
o samo tendon) sensony.
|.... o

reased ten
stimulales SENSORY’
EPTOR (tendon

nerve

© winn NTEGRATING escitony
'CENTER (spinal cord).  interneuron
Sorsay o achtes
bt ckonan

Antagonistic:
wscles St
antagonistic

contract
muscles s excted
A -
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| Flexor (Withdrawal) Reflex

Moves a limb
to avoid injury
or pain

Ascending
ntermeuron

Intemeuron

©crrecrons
(flexor muscles) Descending
o e inemouon
Vi g
© wini InTEGRATIVG CENTER
{epinlcor) sensory neuron
NeUron catos nemaurons insoveral
(- excied <pinal cord segments
© Stepping on tacksimultes SENSORY RECEPTOR
N, (denarias of pain-sensitve nouron)

W oy

erved

Copyright

\ Crossed-Extensor Reflex

Maintains
balance

nscondng | @ moToR

mamauron NEURON
f rlemeurens | e @ errecrons
\ ~ (extensor muscles)

T Desconng ¥
contract and with- ‘m\emeumns
Y | L. @ wvoror
7o | of A
=

© Winin INTEGRATING CENTER |
(spinal cord), sensory neuron |
Iinterneu
@ scnsony Al seerl nemeurons

NEURON
excited R\

@ stepping on a tack

niract, and extend

slimulates SENSORY
3 ., RECEPTOR (dendries of < >
Withdrawal of right leg Pt sertive.neun)n Extension of left leg
(flexor reflex) rightioot (crossed oxtensor rflex)
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\ Clinical Connection

Reflexes are often used for diagnosing
disorders of the nervous system and
locating injured tissue

= If areflex is absent or abnormal, the damage may

be somewhere along a particular conduction
pathway
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Homeostatic | mbalances

Damage that results from traumatic injuries
depends on

= Degree of spinal cord section
or
= Degree of compression of the segments involved
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End of Chapter 13
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