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The Nervous System 2

e A network of billions of nerve cells linked
together in a highly organized fashion to form
the rapid control center of the body.



Basic Functions of the Nervous System coeo
. 000
1. Sensation oo
Monitors changes/events

occurring in and outside the
body. Such changes are
known as stimuli and the cells
that monitor them are
receptors.

. u
2. Integration =4
1

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))



Nervous Tissue o0

000
e  Highly cellular oo
S 2 cell types
Neurons
Functional, signal conducting cells
Do not divide
Long lived

High metabolic activity
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.



n n u n ‘..
Functional Classification of Neurons cece
it
Central process (axon)
Ganglion
Spinal cord
Cell (central nervous system)

Sensory neuron body ‘

Dendrites

.

Peripheral
process (axon)

Afferent transmission

Association
neuron

Receptors  peripheral nervous system ("Mterneuron)

Efferent transmission

Motor neuron
To effectors
(muscles and glands)



e White matter: aggregations of myelinated'
and unmyelinated axons of many neurons

e Gray matter: contains neuronal cell
bodies, dendrites, unmyelinated axons,
axon terminals, and neuroglia

*Nerves: Bundles of processes
in the PNS

*Tracts: Bundles of processes
in the CNS (No Connective
tissue)

=Ganglion: cluster of nerve cell
bodies in PNS

*Nucleus: cluster of nerve cell
bodies in CNS (surrounded by
white matter)

> If not surrounded (Cortex)



Endoneurium

Perineurium

A bundle of processes in the PNS
IS a nerve. Eolmurin. §

Within a nerve, each axon is \ |
surrounded by an endoneurium 4
Groups of fibers are bound AL
together into bundles (fascicles) by == :
a perineurium N

All the fascicles of a nerve are
enclosed by a epineurium



Organization of the
Nervous System

e Anatomical divisions:

1. Gentral Nervous System =————p

The brain + the spinal cord
The center of integration and control

2. Peripheral Nervous System

The nervous system outside of the
brain and spinal cord
Consists of:

31 Spinal nerves

Carry info to and from the spinal
cord

12 Cranial nerves
Carry info to and from the brain

Cerebrum

Spinal
cord

Vertebral
column



Brain ceeo
» Forebrain: b
(Prosencephalon) it

e Cerebrum:
(Telencephalon)

* Diencephalon

e Thalamus

CEREEBRUM

e Hypothalamus

DIEMCEPHALCM:
Thalamus

e Epithalamus

Hypothalamus

e Subthalamus

S : __ ceawstem
« Midbrain: e — el : .

(Mesencephalon) _‘ Msdula oblongaa
» Hindbrain: —_— y

(Rhombencephalon)

* Pons

e Medulla oblingata
e Cerebellum



Peripheral Nervous System ;

e Responsible for communication between the
CNS and the rest of the body.

e Can be divided into:

Sensory Division
Afferent division
= Conducts impulses from receptors to the CNS
Informs the CNS of the state of the body interior and exterior
= Sensory nerve fibers can be somatic (from skin, skeletal muscles
or joints) or visceral (from organs within the body cavity)

Motor Division

Efferent division
= Conducts impulses from CNS to effectors (muscles/glands)
Motor nerve fibers



Peripheral Nervous System 3t

e Somatic nervous system

1) Sensory neurons: (somatic sensory neurons)

convey information to the CNS from sensory receptors in the
skin, skeletal muscles, and joints, and from the receptors for the
special senses.

2) Motor neurons: (somatic motor neurons)
VOLUNTARY

conduct impulses from the CNS to skeletal muscles



Peripheral Nervous System

e Autonomic nervous system

1) Sensory neurons: Autonomic (visceral) sensory neurons

convey information to the CNS from autonomic sensory receptors,
located primarily in the visceral organs (smooth muscle organs in
the thorax, abdomen,and pelvis)

2) Motor neurons: Autonomic motor neurons

INVOLUNTARY (generally)
Conducts impulses from the CNS to smooth muscle, cardiac

muscle, and glands.






Upper motor neurons in
primary motor cortex

Somatic motor nuclei
of brain stem |

Skeletal muscle “k‘

Lower
motor

neurons

Somatic motor nuclei
of spinal cord

brain stem or spinal cord. The axon of the lower-motor
neuron has direct control over skeletal muscle fibers.
Stimulation of the lower- motor neuron always has an
excitatory effect on the skeletal muscle fibers.

.-_." 3 ﬁ"
In the somatic nervous system (SNS), an upper motor
neuron in the CNS controls a lower-motor neuron in the




Visceral motor nuclei
in hypothalamus

In the autonomic nervous system (ANS), the axon of a
preganglionic neuron in the CNS controls ganglionic
neurons in the periphery. Stimulation of the ganglionic
neurons may lead to excitation or inhibition of the
visceral effector innervated

Ganglionic
neurons

- Wrﬁ“ >
AR

Preganglionic neuron

\/

—

Autonomic nuclei in
brain stem

Autonomlc nuclei
in spinal cord



= Axon of 1%t (preganglionic) neuron leaves CNS to
synapse with the 2% (ganglionic) neuron

= Axon of 2" (postganglionic) neuron extends to
the organ it serves

Diagram contrasts somatic (lower) and autonomic:

Preganglionic neurcn

Ganglionic j(
Wi ceibody) | /1 autonomic
this dorsal. Freganglionic axon W | '/f

Smooth

Y N'\-\.\_‘_

root ganglion et

(3 '. gy ;rﬂl ” y ]_ or glands
478 ¥ - in visceral
: by P" | Postganglionic organ (e.g.
n '
| A j Autonomic — H2¥G intestine)
= R ===y ___ganglion

jv K -‘:.___.L -.--:..;_.__._-_:'-" ""\-._'\_-:;_:....
: — __________::f.__r__ 5 'H-...:;_\-__._,\__::__- Somatlc
i \\— Ventral root .
Somatic motor neuron —
e Skeletal
muscle
(spinal cord)

Note: the autonomic ganglion is motor



Sensory ganglion

Central process (axon)

Ganglion
Spinal cord
Cell (central nervous system)
body
Sensory neuron
Dendrites i
y—;‘ Peripheral
process (axon)
Afferent transmission Assosiatian A
neuron -~

(interneuron)

Receptors  peripheral nervous system

Efferent transmission

Motor neuron
To effectors

(muscles and glands)

Ganglion cells in dorsal root ganglia do not receive synapses

17



External anatomy of
Spinal Cord

Runs through the vertebral canal

Extends from foramen magnum to
second lumbar vertebra

Regions

Cervical (8)
Thoracic (12)
Lumbar (5)
Sacral (5)

e Coccygeal (1)

Gives rise to (31) pairs of spinal
nerves

e All are mixed nerves
Not uniform in diameter

e Cervical enlargement: supplies
upper limbs

e Lumbar enlargement: supplies
lower limbs

CERVICAL PLEXUS (C1-C5):

Medulla cblongata

Lesser occipital nerve Ll C1 ]
Great auricular b :?.z,, E“;c_é‘"““_—————______ )
., x« 5 4 E. Atlas (first cervical vertebra)
Transverse cervical nerve —_— 4/ h% a3 CERVICAL NERVES (8 pairs)
Supraclavicular nerve h—_____________u {4 Ry C4
Phrenic nerve ! '; " £ N0 Cenvical enlargement
- | R%0 C6
BRACHIAL PLEXUS (C5-T1): ¢ ; 5 C7
Musculocutaneous nerve —=——— z 4 3 | ] B
Axillary nerve : .L; T
Median nerve/ Y." o 1o
Radial nerve///
Ulnar nerve . fLE
/ ¥ VT4
4 7 4
v P 15
7 THORACIC NERVES (12 pairs)
éf : //,/" ' T6
7
g ’,7’, s F 17
/f/’. s
£/ /;/’/, =518
Intercostal £T9
(thoracic) nR / / 5 Lumbar enlargement

Subcostal nerve
(intercostal nerve 12)

,\/ / /
4
LUMBAR PLEXUS (L1-L4): ‘f

lliohypogastric nerve ——______________ /"f
llioinguinal nerve 7

Genitofemoral nerve —————'_'_'_“h_—/ [

Lateral femoral
cutaneous nerve

Femoral nerve

N T10

First lumbar vertebra

Conus medullaris

LUMBAR NERVES (5 pairs)

Cauda equina

llium of hip bone

o f-u‘ R o Sacrum
SACRAL PLEXUS (H_SVZ:\*‘:: v /f:r:r 4 i A\l (=2
Superior gluteal newe/%? 7 e |\ & = SACRALNERVES (5 pairs)
Inferior gluteal nerve g ,_;,_:.; o) \h'@ g ;
g P AL N '
Sciatic nerve: /,//r) _\E_ L\ ‘%55 P ?f
Common fibular /4l 4 ?i ~ COCCYGEAL NERVES (1 pair)
fene - & T Filum terminale
Tibial nerve / e
Posterior cutaneous

nerve of thigh
Pudendal nerve



External anatomy of
Spinal Cord

Flattened slightly anteriorly
and posteriorly

length of the adult spinal
cord ranges from 42 to 45 cm

Conus medullaris- tapered
inferior end (conical
structure)

— Ends between L1 and L2

Cauda equina - origin of
spinal nerves extending
inferiorly from conus
medullaris.

CERVICAL PLEXUS (C1-Cs):

Medulla oblongata

W Atlas (first cervical vertebra)

CERVICAL NERVES (8 pairs)

Cervical enlargement

Lesser occipital nerve L=
Great auricular /) —w -
Ansa cervicalis ,j .*-
Transverse cervical nerve 4 A4 -
Supraclavicular nerve —_— B & Aj &R’ C4
Phrenic nerve l A ESRCS
BRACHIAL PLEXUS (C5-T1): g 1 e S?
Musculocutaneous nerve —=———— = 7 g > G8
Axillary nerve 2 % e ’% e Il
Median nrve —i i 7 ,qj \\ 2
Radial newe/ ’/ g ‘} k&
Ulnar nerve — Tj‘/J 4o T3
F/ _“"(. il

First thoracic vertebra

Intercostal y
(thoracic) nR

THORACIC NERVES (12 pairs)

Lumbar enlargement

“/
Subcostal nerve it J if

First lumbar vertebra

Conus medullaris

(intercostal nerve 12) "'7 f

LUMBAR PLEXUS (L1-L4):

lliohypogastric nerve ——______________
llioinguinal nerve

LUMBAR NERVES (5 pairs)

Genitofemoral nerve

Lateral femoral
cutaneous nerve

Femoral nerve

Cauda equina

llium of hip bone

Sacrum

Superior gluteal nervi
Inferior gluteal nerve

Sciatic nerve:
Common fibular

SACRAL NERVES (5 pairs)

nerve

COCCYGEAL NERVES (1 pair)

Tibial nerve

Posterior cutaneous
nerve of thigh

Pudendal nerve

Filum terminale



Meninges

e Connective tissue membranes

Q

Dura mater:

Outermost layer; continuous with
epineurium of the spinal nerves

Dense irregular connective tissue

from the level of the foramen magnum
to S2

Closed caudal end is anchored to the
coccyx by the filum terminale
externum

Arachnoid mater:

Thin web arrangement of delicate
collagen and some elastic fibers.

Adheres to the inner surface of the
dura mater

Medulla

Cerebellum =
Skull

<D
Cerebellomedullary o , .
cistern |-

T1 vertebra

y 7 N
T \d Q T~T1 nerve
Dura mater ;

Subarachnoid space
Pia mater

N CB"’ — Arachnoid mater
P ——

&Epidurai

[—
space

Conus
medullaris L1 vertebra
—— L1 nerve
Filum _
terminale -
internum Cauda equina
Level of L4 vertebra
spinal tap iy
Lumbar Wy
cistern i\ @
[ | \' S1 vertebra
v/
/ S1 nerve
Filum
terminale \
. Coccygeal nerve
externum h’\\ S Y9

Coccecyx



Meninges

e (Connective tissue membranes
e Pia mater:
o Bound tightly to surface

a Thin transparent connective tissue
layer that adheres to the surface o
the spinal cord and brain

o Forms the filum terminale
Q anchors spinal cord to coccyx

o Forms the denticulate ligaments
that attach the spinal cord to the
arachnoid mater and inner surface
of the dura mater

SPINAL CORD:

Gray matter
White matter

Spinal nerve

Cantral canal

Anterior
median fissure

7 SPINAL

MENINGES:

—— Pia mater

Denticulate
ligament

Subarachnoid

(inner)

Arachnoid

space

Subdural

mater
(middle)

space

Dura mater
(outer)



Spaces

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

* Anesthestics
injected here

* Fat-fill
— Subdural space: serous
fluid

— Subarachnoid: between
pia and arachnoid

 Filled with CSF

e Lumbar puncture
e supracristal line
e L3-14

Cerebellum

Medulla
Skull
™ %ﬁ
= C1 nerve
Cerebellomedullary o ' A C1 vertebis
cistern c{) 1O
Yol 1 [
A E )
P O
&2 a [ C7 vertebra
&= ~ G—/ C8 nerve

’~ @—T‘I vertebra
Q T~T1 nerve

Dura mater

Subarachnoid space

Pia mater—f,

S & Arachnoid mater

Epidural
space

L1 vertebra
.\ —— L1 nerve

Cauda equina

Conus
medullaris O

Filum
terminale
internum

4
Level of ‘ i"}’ G—Ltl vertebra
ot /_.--

spinal tap

Lumbar
cistern

Filum

terminale A c
occygeal nerve
externum [ Yo

Cocceyx




Spinal cord segment

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

_—MNERVES

. . . Fai FUNCTIONS
e The roots increase in length as you go p— 2 s g Clama
downwar.d. ] Cervical Division ’ E‘ : mw&%mﬁ
e Every spinal nerve emerges from the spinal I Wik and o

column through the intervertebral foramen

Hand and finger

under its corresponding vertebra it
e first 7 cervical nerves pass above their Thordc Divkion
corresponding vertebracgmms :
Spinous spinal cord et L
process segment e
C7 C8
13 T5
Ejaculation (T11-L2)
and hip metion 1L2)
19 T12
T10 11-2 LIV R ——
T11 L3-4 Footmotion (L451)
f and knee flexion (LS)
T12 L5 ¥ (@
L1 S1-end 4 SO e - T
)\



Herniated Disc/ ruptured disc/ slipped disc

protrusion (leakage) of the gelatinous nucleus
pulposus through the anulus fibrosus of IV disc

Posterolateral direction:

Thinner annulus fibrosus

95% in L4/L5 or L5/S1

Vertebral 5l
body | AlFfEEN

Intervertebral Anulus

disc fibrosis
Vertebral
body i\
— Epiphysis
POSTERIOR
B Spinous process
of vertebra
Spinal cord b ,/—\ \;
"": (J/ . Spinal nerve

f'j B S \
1 - P Herniation

Nucleus pulposus

R Annulus fibrosus
.

~—

ANTERIOR

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

Superior view



Trigeminal (V) ————
nerve

Anterior view

Posterior view

omatic
Sensory

nerve
(GSA)

somatic
motor

nerve
(GSE)

\ spinal
nerve

skin
(dermatome

muscle

(myotome)



Common lumbar disc problems

Percentage | Motor weakness Sensory Reflex affected
changes

L3-L4 3-10% Knee extension
(Quadriceps femoris

L4-L5 L5 40-45% Big toe dorsifelxion
(EHL) and TA

L5-S1 S1 45-50% Foot planter flextion

(Gastrocnemius)

Anteriomedial
leg (saphenous)

Knee jerk

Big toe,
anteriolateral
leg (Common P)

Hamstring jerk

Lateral border
of foot (sural)

Ankle jerk

Important

myotomes

of lower

Iimb Sublalar Inwersion and

Eversion
UTest L5: by {C) Anterior View
asking the e W
patient to stand
on his heels
OTest S1: by :
asking the patient ~ Pisntarfidon
tp stand on his wum ann
tiptoes
(&) Arberior View (D) Medial View {B) Lateral View



LUMBAR SPINE CERVICAL SPINE

in cervical spine, different than
e Iumbarspme

3 Eepld
L 'O C6/7 Foraminal Disc

i :n.‘..-r ——
.- C6/7 Central Disc

C8 and above Pedicle / Nerve Root
MISMATCH




. . oo Articular branch Spinal Grengors
Major symptoms of disc herniation rostrior s

* Low back pain: radiating to
the gluteal region, the back
of the thigh and back of the
leg

e spinal nerve gives a
meningeal branch bring
sensation from the dura
matter

e Dura matter is sensitive to
stretch

e Pain is diffused due to
overlapping dermatomes

e Straight Leg Raise Test (SLR)




JMRI is
commonly
used to aid in
making the
diagnosis of a
herniated disc

Vertebral Body i

Normal Digk —F

29



Cross Section of Spinal Cord

e Anterior median fissure:
. . Posterior (dorsal)
wide groove on the Anterior aspec root of spinal nerve

e posterior median sulcus: Posterior (dorsal)

: root ganglion \ Posterior rooflets
Narrow groove on the posterior - “/// wan g
Spinal nerve - y o= osterior gray hom

aspect N B 4 "
ke \——— Posterior median sulcus
* Gray matter: neuron cell o W 4

bodies, dendrites, axons N / Posterior white column

o ) Anterior (ventral) rooth________ f

— Divided into horns of spinal nerve . '-,;j Gray commissure

. Central canal -

- PosterIOr (dorsal) hOrn — horn,’—’rm“(‘-—r/l‘ Axon of sensory neuron
(cell body of sensory N | TG

Anterior white commissure Lateral gray hom

- Anterior (ventral) horn

Anterior white column Cell body of
(cell body of motor N to . sensory neuron
Anterior median fissure
skeletal M)
-Lateral horn Cell body of motor neuron
Il bodv of N Anterior rootlets K\HNewe impulsas
(ce ody o motor to for sensations

cardiac M, smooth M), Axonof mofor neuron Narve impulses to
effector tissues

g land S) (a) Transverse section of thoracic spinal cord (muscles and glands)



Posterior intermediate septum

Cross Section of Spinal Cord

Posterior median sulcus Dura mater
Posterior median septum /

Posterior intermediate sulcus;j : Posterolateral sulcus

Posterolateral tract Arachnoid mater

Posterior

FETNEe r\ funiculus
’— A Posterolateral
I’ | ?" tract
1l ” ’“\la
funiculus Denticulate
ligament

Fasciculus proprius

Pia mater

Anterior

| %y, funiculus Subarachnoid
Anterior white commissure | space
Anterior median fissure Anterolateral sulcus




Posterior column:
Gracile fasciculus

Central canal Cuneate fasciculus

N

Lateral corticospinal

o Posterior

spinocerebellar tract

Rubrospinal tract Anterior
spinocerebellar tract
Lateral reficulospinal
fract Latera
spinothalamic tract
Vestibulospinal Spinal nerve
fract
Anterior
Medial spinothalamic tract
reficulospinal tract

Tectspial rac Anterior median fissure lSensoq,' (ascending) racts

Anterior l Motor (descanding) tracts
corticospinal
fract



Read Only Meizsner's

(1 Mechanoreceptors

+* Meissner’s corpuscle

» Respond to touch, pressure
and low frequency vibration
(low frequency)

» rapidly adapting ]
*** Merkel’s disc (Tactile Disc)

» Discriminative touch
» Slowly adapting

¢ End organ of Ruffini
» sensitive to skin stretch
» Slowly adapting

+¢* Pacinian corpuscles

» Vibrations (high frequency)
» rapidly adapting

corpuscle

Facinian
corpuscle

Merkeals disc

Free narve
ending

. i B
| .
'L.Ll Nk it

o

Adaptation of receptors occurs when a receptor is
»Rapidly adapting: signals fade away after stimulus  continuously stimulated. Many receptors become less

exposure sensitive with continued stimuli. Rapidly adapting
»>Slow adaptation: signals is transmitted as long as  receptors are best at detecting rapidly changing
the stimulus is present signals, while slowly adapting receptors are capable of

detecting a long, continuous signal



Read Only
J Thermoreceptors

** Free nerve endings
s Detect change in temperature
** TRP channels

(I Nociceptors

** Free nerve endings

+* Detect damage (pain receptors)
s Multimodal

Meissner’s Merkeal’s disc
corpuscle

Pacinian Freae nervee
corpuscle ending

i P A 1 L € e Y
#igy'h I

-\ ~

20 NS, 35[;:,&:__ .JI"'.F.’ x,”j~]-"“-'"§

ﬁl_-l__."/.)ll s \

Adaptation of receptors occurs when a receptor is
continuously stimulated. Many receptors become less
sensitive with continued stimuli. Rapidly adapting
receptors are best at detecting rapidly changing signals,
while slowly adapting receptors are capable of
detecting a long, continuous signal



ELECTROPHYSIOLOGIC

CLASSIFICATION DF

CLASMFICATION OF AFFERENT FIBERS DMLY FIEBER DIAMETER CONDUCTION

PERIPHERAL NERVES (CLASS /'GROUP) () VELOCITY (m/s) RECEFTOR SUFPPLIED

Sensory Fiber Type

A la and Ik I3=20) BO-120 Primary musch: spindles, Galgi tendon organ

Afi 1 =17 15-7T5 ﬁm_'nr:'hr:,' sl e epancles, skin mechanoreceptors

ity i [-5 5-30 Skin mechanoreceptors, thenmal meceptors, amd
MR P s

i v 0.2-1.3 0.5-2 Skir mechanoreceptors, thermal receptors, and
naCiCepLors

Motor Flber Type .

Ao MNSA 12-20 72-120 Extrafusal skeletal musde fibers

Ay MSA 18 12-48 [mtratusal muscle fibers

K MSA 1-3 fi-18 Pregamglicmic automemic fibers

C BSA .2-2 [h3-2 Postganglionic sucanomibc Bhers

35



(JReceptive field Read Only

» Every receptor receives sensation
from a certain area of the skin,
(receptive field)

(-

* The greater the density of
receptors, the smaller the
receptive fields of individual
afferent fibers

 The smaller the receptive field the
greater is the acuity or the
discriminative touch Postedion o e

ganglion cell

C
Receptors

1 \

|a) Many primary sensory (b) When fewer neurons

yeurons converging onto converge, secondary receptive 3 e e e e e e
1 single secondary neuron fields are much smaller. The
reates a very large receptive two stimuli activate separate
ield. The two stimuli will pathways and are perceived
Je perceived as a single as distinct stimuli.

Joint because both stimuli

Ccmpass with points
separated by 20 mm

Peceptve fiekd
on skin surlace

‘all within the same receptive
ield. S il ™
” - '\-\.x
----- Pr— .-.\-\\.
e !
Primary
sensory ©
neurons
& S Lo A
P T of ahavent neuren
al alesani neurons
Secondary
sensory
neurons
One signal goes Two signals go to the brain

to the brain



Labelled line theory Read Only

[ individual receptors preferentially transduce information
about an adequate stimulus

M individual primary afferent fibres carry information from a
single type of receptor

e Conclusion:

e pathways carrying sensory information centrally are therefore
also specific, forming a "labelled line" regarding a particular
stimulus

> Note: The adequate stimulus is the amount and type of energy
required to stimulate a specific sensory organ

] Sensation:
» Modality
» Locality
> Intensity



Posterior White Column-Medial
Lemniscal Pathway

® Modality: Discriminative Touch
Sensation (include Vibration)
and Conscious Proprioception
® Receptor: Most receptors
except free nerve endings

®|st Neuron: Dorsal Root
Ganglion

® 2nd Neuron: Dorsal Column
Nuclei (Nucleus Gracilis and
Cuneatus)

---Internal Arcuate Fiber -
Lemniscal Decussation
---Medial Lemniscus

®3rd Neuron: Thalamus (VPL)
Internal Capsule ----- Corona
Radiata

® Termination: Primary
Somesthetic Area (S |)

T
5 oo cerebral
- "Ly cortex

farabrain

e

midbrain

cunaate
nucleus

decussation
primary
afferent
neurcan

receptors

W
fasciculus
gracilis



Posterior White Column-Medial Lemniscal Pathway

Fasciculus gracilis }
i Posterior
) : H/iFasclculus cuneatus columns
Dorsal root — | ‘ iy,
Dorsal root — | ‘
ganglion
- Posterior spinocerebellar tract
\ ;. | Anterior spinocerebellar tract
L 9 i £ P
Ventral root o ¥ ; y
T ' i \\— Lateral spinothalamic tract

SO — Anterior spinothalamic tract

Discriminative touch, vibratory sense, and conscious muscle-joint sense
*Posterior Column tract consists of:

*Fasciculus gracilis

*Transmits information coming from areas inferior to T6

*Fasciculus cuneatus

*Transmits information coming from areas superior to T6



Figure 15.1 Anatomical Principles for the Organization of the Sensory Tracts and Lower—Motor Neurons in the
Spinal Cord :
MEDIAL sl | ATERAL

Leg Hip Trunk Arm

Sensory fibers
carrying fine
touch, pressure,
and vibration

Sensory fibers
carrying pain
and temperature

Sensory fibers
carrying crude
touch

Trunk Shoulder Arm Forearm Hand
® 2012 Pearson Education, Inc.



Discriminative Touch Spinal Pathway

Fasciculus gracilis

BRAIN p1edial

lemniscus
to thalamus

Spinal Cord

midline (dorsal view)

A ? W Medial

Cuneate Nuc.

Fasciculus gracilisJ > Fasciculus cuneatus —

Pelvic limb neuron Thoracic limb neuron




Posterior Columns ‘

£
_// 'Widbrain :
4

a4
{ </
p— Y 1/
a | 1 ]

Nucleus gracilis

nucleus cuneatus Medial lemniscus

Medulla oblongata

Fasciculus cuneatus
fasciculus gracilis

Fine-touch, vibration, pressure, and proprioception
se : : .aht side of bod l



ELECTROPHYSIOLOGIC

CLASSIFICATION DF

CLASMFICATION OF AFFERENT FIBERS DMLY FIEBER DIAMETER CONDUCTION

PERIPHERAL NERVES (CLASS /'GROUP) () VELOCITY (m/s) RECEFTOR SUFPPLIED

Sensory Fiber Type

A la and Ik I3=20) BO-120 Primary musch: spindles, Galgi tendon organ

Afi 1 =17 15-7T5 ﬁm_'nr:'hr:,' sl e epancles, skin mechanoreceptors

ity i [-5 5-30 Skin mechanoreceptors, thenmal meceptors, amd
MR P s

i v 0.2-1.3 0.5-2 Skir mechanoreceptors, thermal receptors, and
naCiCepLors

Motor Flber Type .

Ao MNSA 12-20 72-120 Extrafusal skeletal musde fibers

Ay MSA 18 12-48 [mtratusal muscle fibers

K MSA 1-3 fi-18 Pregamglicmic automemic fibers

C BSA .2-2 [h3-2 Postganglionic sucanomibc Bhers

43



Frontal plane through
postcentral gyrus




el ——

Primary Somatosensory (Sl) Corte)t

Central sulcus

 Axons from third-order f 7

thalamic neurons
terminate in the primary
somatosensory
(Sl)cortex |

[ subdivided into four
distinct areas; from I
anterior to posterior, these
are Brodmann areas 3a,
3b, 1, and 2

Postcentral sulcus
Postcentral gyrus
Central sulcus
Precentral gyrus

> Area 3a: muscle spindle afferents (mainly)
> Area 2: Golgi tendon organs, and joint afferents (mainly).

> Areas 3b and 1: They receive cutaneous afferents from receptors such as
Meissner corpuscles and Merkel cells). also receive input from cutaneous
receptors that transmit pain and temperature



Lateral inhibition _

Activity in second-
order neurons

 The receptor at iy
. Second- — oc

the site of most ~ orer 3t

. X, Y, 25
ntense Inhibitory Inhibitory 2 23

interneurons interneurons

O O,
v C>/ﬁ A\éj y % W &
Second-order neurons

stimulation 1s
activated to the
greatest extent.
Surrounding e acrons
receptors are also =0, s A

Afferent —

stimulated but to  newens

(first- X Y Z

a lesser degree o

 The most -
intensely Aferent nsurons
activated receptor \
Pathway halts Location of stimulus
transmission of
impulses in the

Frequency of
action potentials

© 2011 Pearson Education, Inc.

less intensely  This process facilitates the localization of the
stimulated site of stimulation
pathways through

lateral inhibition Read Only 46



lateral spinothalamic tract

Modality: pain and temperature
Receptors: free nerve endings
18t Neuron: Dorsal root ganglia

2"d Neuron: the posterior gray
column (substantia gelatinosa)
The axons of 2"d order neurons
cross obliquely to the opposite
side in the anterior gray and
white commissures , ascending
in the contralateral white column
as the lateral spinothalamic tract

34 Neuron: Thalamus (VPL)

Radiata

Termination: Primary
Somesthetic Area (S |) and
Widespread Cortical Region

Lateral spinothalamic \ | | | ||."
Internal Capsule ----- Corona tract

Pain and temperature
sensations from right side of

Ventral
nuclei in s
thalamus )| >

A Midbrain |
'|"\'-_ | 7|
LS J//‘ NG g |




Substantia gelatinosa

Rexed Iam i nae Posteromarginal nu. ; -. Lamina |

Nucleus proprius

Dorsal nu. >/ Lamina I
\ Lamma }( \ j Lamina Il
Lamina IV

— Lamina V
-~ Lamina VI
Lamina VI

Lamina 1 relay
information related to
pain and temperature Intermediomedial nu.

Lamina 2: relay Intermediolateral nu.

information related to B <
pain and temperature R /‘ ®
Dorsomedial . j

(pain modulation) nucleus
Ventrolateral nu. \“\\ q | /Q/

Lamina 3 and 4: nucleus —__{_ Ventromedial nu.

Accessory nu. Pheshis nii Darkly shaded areas

propriUS; these laminae in this region form

Lamina IX

have many |nterneu fons Fig. 5.2. Subdivisions of the grey matter of the spinal cord. The left half of the figure shows the cell
groups usually described. The right half shows the newer concept of laminae.

Retrodorsolateral nu.

‘/ Lamlnaxi
Vil [

Lamina 5: relay information related to pain and temperature

Lamina 6: presents only at the cervical and lumbar enlargements and
receives proprioception

Lamina 7: Intermedio-lateral nucleus, contains preganglionic fibers of
sympathetic (T1 -L2). Intermedio-medial nucleus ,all over the spinal cord,
receive visceral pain. Dorsal nucleus of Clark’s presents at (C8 — L2 or T1-
L4) , relay center for unconscious proprioception



lateral spinothalamic tract
o ® 0 g—Dormal o Columng of Goll & Buidach
gangion | (Posterior columns)

— = : C fiber
s ' ﬂ ik Zona lerminalis -
Efaml,., ‘\.\ 3 ,J ] /_ [Track of Lissauer) A3 Roar
-1 s l|I ._.-lf'_,.o— _I‘ 3
! l':lll I'lI ¥ :'.II ;
i A 'y _:':"'.-: o -'-..I'r Latgral ."I{: I Marginal zone
f R o e - 9.
4 lﬂurha:-l thaeg S s e - -'*/k'- et :
At | | R el =L Muclous proprius
P 4 ubrospina e

ot tract

CE L Tl
¥ --'.—".\\'\\ . l“"' Darsal '

" )
VI Base of dorsal hoen

N o= [ Spinocenobellar

< bract =
Wianitral B
e SPINOTHALAMIC TRACT
corticospinal trect
A B
.\-'-'l--\. |-L:'\-I-;-'- : -|J-‘- i |J.:.l| . 5
" o Py <. Al

® Lamina 1+ 5: the spinothalamic tract ascend which transmit pain,
temperature and touch. (A delta fibers)

® Lamina 1+ 2: the spinothalamic tract ascend (C fibers).



Cerabral cortex

Posterolateral tract of Lissauer

* |ocated between the
posterior white
column and the lateral S
white column

Ventral
posterolateral
nucleus of
thalamus

Liasaugr'a tract

Lateral spinothalamic
tract in spinal lemniscus

Posterolateral
tract of
Lissaver

Lateral spinothalamic
tract in contralateral white
column of spinal cord

Pain and
: temperature



Other Terminations of the
Lateral Spinothalamic Tract

e Reticular formation:
(majority of the slow pain

: C e . thalamus
fibers) individual becomes :
aware of the pain
e Cingulate gyrus:
interpretation of the
emotional aspect of pain
* Insular gyrus: concerned reticular
formation

with the interpretation of
pain stimuli from the e
internal organs of the body
and brings about an

autonomic response —~




Pain classifications slow and fast

Read Only
Fast Pain Slow Pain
Sharp, pricking Dull, burning
(AJ) fiber (C) fiber
Short latency Slower onset
Well localized Diffuse
Short duration Long duration
Less emotional Emotional, autonomic response
Mostly from superficial structures Superficial & deep structures
Spinothalamic Spinoreticular
laminal & V lamina I & 11

VPL nucleus VPL & intraluminar nucleus



Pain According to origin

J
J

>

Cutaneous: skin

Deep somatic: muscles , bones , joints

& ligaments , dull diffuse
Intermittent claudication: muscle

Read Only

pain which occurs during exercise
classically in the calf muscles due to

peripheral artery disease (blood supply

is not enough to remove the
metabolites esp. lactic acid)

Visceral: poorly localized &
transmitted via C fibers

» Chemoreceptors, baroreceptors,
osmoreceptors, and stretch
receptors

» Sensitive to ischemia, stretching,
and chemical damage

» Often referred

vV U

YV VYV

Cuases of visceral pain

Distention of bladder and abdominal
viscera

Ischemia

Spasm: leads to blood vessels
compressions and accumulation of
metabolites.

Chemical damage :HCI from
perforated ulcer



Referred pain mechanism
convergence theory

d Referred pain is
presumed to occur
because the information
from multiple nociceptor
afferents converges
onto individual
spinothalamic tract
neurons

O The brain therefore
interprets the
information coming from
visceral receptors as
having arisen from
receptors on the body
surface, since this is
where nociceptive
stimuli originate more
frequently

Viscera (heart)

O e

urinary bladder

To thalamus

!
/

gallbladder



Pastcentral gyrus
Chest

S
&

%

Superior cervical ganglion

Cervical cardiac nerves

Insula
Lateral sulcus Middle cervical
: Ventral posterclateral ganglion
e nucleus

operculum

Inferior cervical
( ganglion

) \( / 7
” \@ ¥ ) N7 A i

T1 spinal segment

Dermatomes

it T

Anterolateral
system (ALS)

T5 spinal segment TS5 ganglion r



Postarsar

Posterior oo Pum-gangll-unlc To smoath
oot ganghion muscla and
. glands of
s and

body wall

Sympathetic trunik
A
Spinal segment T1-L2 To supeariar
cearvicsal gangliun
f’éri
Carvical Pastganglionic
gﬂ.nglmn awon in carvical
nere
Syrnpathetic trunk
exbending rostral
H —teT1 /.
M ?
— Symmpathetic trunk
Spinal segments: ;l'tl'_ﬂé"d'”!;l caudal
T1-T4 (to cervical) T =
TE-L2 (to lower chain) Ll
— Posiganglionic
Girery ramus mnﬁ Iﬁbar
or sacral narve
Lower lumbar or
sacral ganglion
To sympathetic chain
ganglia caudal by
B
L
X -
N =1 L7
nglionic Cardiac
awons to tharacic rarve
VESCRTA
R
Freveriebral Splanchnic
ganglion naerve 0
SN N
b c Sympathetic
branches forming
_;' splanchnic marwe
i
axons o adrenal

rmeciulla
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Pain Control in the Central Nervous System

The Gating Theory
o
P
i
III
+ 4
C fibre i ,/
- =
+ ) Inhibitory interneurone
Ap fibre .

e At the site where the pain fiber enters the central nervous system, inhibition
could occur by means of connector neurons excited by large, myelinated
afferent fibers carrying information of nonpainful touch and pressure

57



Pain Control in the Central Nervous System

Descending control of pain

Somatosensory and
associalion corices

e Spinoreticular fibers stimulates Foern
periaqueductal gray (PAG)

Limbic system

* Exitatory neurons of PAG
projects to Nucleus raphe

Thalamic nuglei

magnus (NRM) 0
* (NRM) neurons produces —
serotonin which activates Periaqueducal gy s
inhibitory neurons that —— ﬁﬁ
secretes enkephalins and the NP (Gor o pimayaferen
endorphins (morphinelike (ascending Secoin Entptein |
. . . | - " Glutamate
actions) in substantia Media . ; () Subsiance P
ucleus raphe magnus Bradykinin
gelatinosa Serotonin || Others
Norepinephring
F‘ain-inhihila:'gruacliin
. dorsolateral funiculus
- Locus cc.)erUIel.js (In POHS), " Spinothalamic tract projection neuron
thought to directly inhibit B
substantia gelatinosa neurons . . et

Pain stimuli entering
dorsal hom via C and AR
primary afferant neurgns
58



Anterior spinothalamic tract
® Modality: crude touch and
pressure

® Receptors: free nerve endings
® 1{st Neuron: Dorsal root ganglia

® 2nd Neuron: the posterior gray

column (nucleus proprius)
The axons of 2"d order neurons
cross obliquely to the opposite
side in the anterior gray and
white commissures , ascending
in the contralateral white
column as the Anterior
spinothalamic tract

® 3rd Neuron: Thalamus (VPL)
Internal Capsule ----- Corona =
Radiata | }

Termination: Primary
Somesthetic Area (S I)




Spinotectal Tract

e ascendinthe
anterolateral white
column lying close to
the lateral T
spinothalamic tract

* Terminate: superior
colliculus

Spinoreticular tract
passing to reticular

 Provides afferent
information for

spinovisual reflexes Vi e et

Spinoreticular tract in A
|lateral white column
of spinal cord

Spinotectal tract in
anterolateral white column
of spinal cord

Afferent information for
spinovisual reflexes

From cutaneous and
proprioceptive organs
Afferent information

that infuences consclousness

Spino-olivary tract in
anterolateral white column

In Medulla: ant spinothalamic tract «seirsicor
spinotectal + lateral spinothalamic = spinal
leminiscus |



Posterior spinocerebellar

* muscle and joint sensation

* 15t order neuron axons terminate
at the base of post gray column
(nucleus dorsalis or Clarks nucleus)
* the axons of 2" order neurons
enter posterolateral part of the
lateral white matter

on the same side

 ascend as the posterior
spinocerebellar tract to medulla
oblongata

*Terminates in cerebellar cortex
(through inferior cerebellar
peduncle)

> note: axons of lower lumbar and
sacral spinal nerves ascend in the
posterior white column until they
reach L3 or L4 segments where
they synapse with nucleus dorsalis

Cerebellum

Anterior spinocerebellar
tract in lateral whitea
column of spinal cord

Superior
cerebellar peduncle

Inferior
cerebellar peduncle

Posterior spinocerebellar
tract in posterolaterala
white column of spinal cord

hy .\ .: L 5 ' :
L .’)\\\ Posterior

spinocerebellar
tract

Nucleus dorsalis

g (Clarke column)

' Uneonscious muscle
joint sense



Substantia gelatinosa

Rexed Iam i nae Posteromarginal nu. ; -. Lamina |

Nucleus proprius

Dorsal nu. >/ Lamina I
\ Lamma }( \ j Lamina Il
Lamina IV

— Lamina V
-~ Lamina VI
Lamina VI

Lamina 1 relay
information related to
pain and temperature Intermediomedial nu.

Lamina 2: relay Intermediolateral nu.

information related to B <
pain and temperature R /‘ ®
Dorsomedial . j

(pain modulation) nucleus
Ventrolateral nu. \“\\ q | /Q/

Lamina 3 and 4: nucleus —__{_ Ventromedial nu.

Accessory nu. Pheshis nii Darkly shaded areas

propriUS; these laminae in this region form

Lamina IX

have many |nterneu fons Fig. 5.2. Subdivisions of the grey matter of the spinal cord. The left half of the figure shows the cell
groups usually described. The right half shows the newer concept of laminae.

Retrodorsolateral nu.

‘/ Lamlnaxi
Vil [

Lamina 5: relay information related to pain and temperature

Lamina 6: presents only at the cervical and lumbar enlargements and
receives proprioception

Lamina 7: Intermedio-lateral nucleus, contains preganglionic fibers of
sympathetic (T1 -L2). Intermedio-medial nucleus ,all over the spinal cord,
receive visceral pain. Dorsal nucleus of Clark’s presents at (C8 — L2 or T1-
L4) , relay center for unconscious proprioception



Anterior spinocerebellar
tract

* muscle and joint sensation

15t order neuron axons terminate at
the base of post gray column
(nucleus dorsalis)

* the majority of axons of 2" order
neurons cross to opposite side and
ascend as

anterior spinocerebellar tract in the
contralateral white column

» the minority of axons ascend as
anterior spinocerebellar tract in the
lateral white column Of the same
side

» ascend as anterior spinocerebellar
tract to medulla oblongata and pons
*Terminates in cerebellar cortex
(through superior cerebellar
peduncle)

» the fibers that crossed over in
spinal cord cross back within
cerebellum

Cerebellum

Anterior spinocerebellar
tract in lateral whitea
column of spinal cord

joint sense

Superior
cerebellar peduncle

Inferior
cerebellar peduncle

Posterior spinocerebellar
tract in posterolaterala
white column of spinal cord

Posterior
spinocerebellar
tract

MNucleus dorsalis
(Clarke column)

' Uneonscious muscle



Spinocerebellar Tracts

Cerebellum

Medulla \w

oblongata u

‘N ar
b

Anterior spinocerebellar tract

_ Posterior spinocerebellar tract
Spmal i

cord

Proprioceptive input from Golgi tendon
organs,
muscle spindles, and joint capsules




Motor tracts

 There are two major
descending tracts

> Pyramidal tracts
(Corticospinal ) :
Conscious control of
skeletal muscles

> Extrapyramidal:
Subconscious
regulation of balance,
muscle tone, eye,
hand, and upper limb

Upper motor
neurons.

position:
% Vestibulospinal
tracts Lower motor neurons.
< Reticulospinal tracts 2
** Rubrospinal tracts
.

L)

» Tectospinal tracts

L)

Extrapyramidal tracts arise in the brainstem, but are
under the influence of the cerebral cortex



= _Substantia gelatinosa :

Rexed Iam I nae Posteromarginal nu. Nucleus proprius Lamina |

® Lamina 8: motor ' o
) terneurons Dorsal nu. Lamina |
in ,

. Lamina Ill
Commissural nucleus _

P . Intermediomedial nu. Lap’una v
Lamina 9: ventral horn, Intermediolateral nu. ¥
LMN, divided into nuclei: Retrodorsolateral nu. o !

> Ventromedial: all Dorsolateral nu. _ -
segements (extensors of ' Dorsomedial

nucleus
Vertebral CO|Oumn) Ventrolateral nu.” S N\ N ol
ntromedial nu. _

> Dorsomedial: (T1-L2) E— Phrenic nu. s ke e
: Lamina IX
Inte rCO_StaIS and Fig. 5.2. Subdivisions of the grey matter of the spinal cord. The left half of the figure shows the cell
abdom”’]al mUSC|eS groups usually described. The right half shows the newer concept of laminae.

> Ventrolateral: C5-C8
(arm) L2-S2 (thigh)

> Dorsolateral: C5-C8 (Forearm), L3-S3 (Leg)

> Reterodorsolateral: C8-T1 (Hand), S1-S2 (foot)

» Central: Phrenic nerve (C3-C5)

o

Lamina X: Surrounds the central canal — the grey commissure



Figure 15.1 Anatomical Principles for the Organization of the Sensory Tracts and Lower—Motor Neurons in the

s MEDIAL wsd | ATERAL

O Motor neurons of
anterior horn

> Medial group: (All
segments)

> Lateral group: only
enlargements

Sensory fibers
carrying fine
touch, pressure,
and vibration

Sensory fibers
carrying pain
and temperature

_/\§ Flexors

y 3 Extensors
Sensory fibers | :

carrying crude
touch

Trunk Shoulder Arm Forearm Hand

@ 2012 Pearson Education, Inc.



Brain stemn  GAmsten

Thalamus
 Stalk like in shape

* Connects spinal cord

. Cerebellm
forebrain

Parts: idai

1. Medulla oblongata

2. Pons oy ———
3. Midbrain :

Medula oblongata L
+— 5pinal corg



Olfactory tract
Anterior perforated substance

Infundibulum (pituitary stalk)
Optic chiasm

Mammillary bodies

Optic tract ——— Temporal lobe (cut surface)

Tuber cinereum ﬂ
1%

Cerebral crus

Oculomotor nerve (111)
Trochlear nerve (IV)
Trigeminal nerve (V)

Lateral geniculate body Abducent nerve (V)
Facial nerve (V1) and

Posterior perforated substance intermediate nerve

Vestibulocochlear nerve (VI
Pons vill)

Flocculus of cerebellum

Middle cerebellar peduncle Choroid plexus of 4th
ventricle

Olive
Glossopharyngeal nerve (1X)

Pyramid Vagus nerve (X)

Ventral roots of 1st spinal nerve (C1) Hypagiaseal nane (X1}

Accessory nerve (XI)
Decussation of pyramids



Motor tracts

O Both pyramidal tracts and
extrapyramidal both starts from
cortex:

> Area 4
> Area 6
» Area 312
“ Pyramidal: mainly from area 4

“ Extrapyramidal: mainly from
area 6

 area 6

> Premotor area: uses external
cues

» Suplemantary motor area:
uses internal cues

Area b

Area 4

Primary molor Posterior
cortex (M1) parietal
cortex

Supplementary
motor
corlex
(SMA)

Premotor Corfox
{PMA)

Area 6



Lateral corticospinal tract

» The upper motor neurons of
these tracts originate in the
precentral gyrus of the
cerebral cortex

» In midbrain:middle three-
fifths of the basis pedunculi
of the midbrain

» In medulla oblongata:
pyramids

» Most of the fibers (85
percent) cross over
(decussate) to the opposite
side in the pyramidal
decussation, where they
continue to descend in the
lateral funiculus of the spinal
cord as the lateral
corticospinal tract (LCST).

Midbrain

Pons

Lower

medulla
oblongata

Thoracic

part of
spinal cord

Alpha motor
neurons

neurons

Corona radiata

Pasterior limb of -
internal capsule

Corticospinal tract
in middle three-fifths
of basis pedunculi

Cerebral cortex

Homunculus of
motor area of
cerebral cortex

of midbrain

Corticospinal tract

in pyramid of
meduilla oblongata

f Site of
dacussation
of pyramids
Anterior corticospinal
tract in anterior white

rticospinal
column of spinal cord el oy

tract in lateral white
column of spinal cord

Gamma motor



» The tract descends all the
way of spinal cord with
fibers continually leaving
it in order to synapse on
interneurons in the
anterior gray horn. ( Some
even synapse directly on
alpha and gamma motor
neurons)

» Those corticospinal fibers
which do not decussate in
the medulla continue
descending on the same
(ipsilateral) side of the
cord and become the
anterior corticospinal tract
(ACST).

Cerebral cortex

Midbrain

Homunculus of
motor area of
cerebral cortex

Pons

Corona radiata

Upper Posterior limb of -~y
part of internal capsule
medulla
omngam co“lmplnal tract
in middle three-fifths
of basis pedunculi

of midbrain

Corticospinal tract

Lower in pyramid of { Site of o
pest of medulla oblongata decuss :I’"
medulla : - of pyramids
oblongata Anterior corticospinal
tract in anterior white Lateral 0o inal
190 TRk yten o] tract in lateral white
column of spinal cord
Thoracic A ) ;
part of gy '
spinal cord Gamma motor

neurons
Alpha motor

naurons



_~ Cerebral cortex

Midbrain

mortor area of
cerebral cortex

Pons

Corona radiata
Upper Posterior limb of -
part of internal capsule
medulla =Y

Corticospinal tracts -
in middle three-fifths
of basis pedunculi

of midbrain

oblongata

Corticospinal tract

Lower in pyramid of
n py
part of 4 medulla oblongata
medulla \ . . s
oblongata oo Anterior corticospinal
o . . :
X tract in anterior white
II column of spinal cord
Thoracic =T
part of

spinal cord & Gamma motor
-

oL neurons

Alpha motor —==—=

neurons

Corticospinal tracts.

Homunculus of

corticospinal tract

for fine skilled movements

- decussation
of pyramids

- Lareral corticospinal
tract in lateral white -
column of spinal cord



_—~ Cerebral cortex

Lateral corticospinal tract descends
the full length of the spinal cord

LCST fibers synapse with alpha
and gamma nuclei of the

> Cervical region (55%) (great
effect on the upper limb)

» Thoracic 20%
> Lumbar and Sacral 25%

The lateral corticospinal tract
synapses mainly by interneurons
In lamine IV, V, VI, VII, VIl

Exception: 3% originate from the
fifth layer of area 4 (giant cells of v

betz) synapse directly. (Accurate o
movements)

Midbrain

Homunculus of
motor area of
cerebral cortex

internal capsule

~ Corticospinal tracts -
in middle three-fifths
of basis pedunculi

of midbrain

Corticospinal tract
in pyramid of ——
medulla oblongata

of pyramids
Anterior corticospinal =~
tract in anterior white

- Lateral corticospinal
column of spinal cord

tract in lateral white
column of spinal cord

Thoracic
part of

spinal cord Gamma motor

— X ,/ neurons
Alpha motor —=—==—==

neurons

Corticospinal tracts.



Motor cortex

Internal capsule

Anterior corticospinal tract (ACST)—

Pyramidal decussation

Lateral corticospinal tract {LCST)

The anterior corticospinal
tract

acts on the proximal
muscles of upper limb
(shoulder muscle) of the
ipsilateral and contralateral
sides

Fibers leave the tract at
various levels to cross over
in the anterior white
commissure to synapse on
interneurons in the anterior
gray horn.




The Corticoneuclear Tract (fibers)

» This tract is composed of fibers
originating in the precentral gyrus of
the lower quarter of the motor cortex.
»The descending fibers terminate in
the motor nuclei of cranial nerves lll
and |V in the midbrain; V, VI. and VIl in
the pons; and IX, X, XI, and Xll in the
medulla.

» The corticobulbar fibers from one v, oo

side of the brain project to the motor
nuclei on both sides of the brainstem
(bilateral input)

The corticoneuclear input is bilateral Except :
1- Part of 7t" ( which supplies LOWER facial muscles)
2- Part of 12t (which supplies genioglossus muscle)

h““ Midbrain
h‘-—..._

T Medulla ablongata

Pons



The Subconscious Motor Tracts

*Consists of four tracts involved in monitoring the subconscious motor
control

*Vestibulospinal tracts

*Tectospinal tracts

*Reticulospinal tracts

*Rubrospinal tracts

Extrapyramidal tracts arise in the brainstem, but are under the influence of the
cerebral cortex
These motor pathways are complex and multisynaptic, and regulate:
« Axial muscles that maintain balance and posture

« Muscles controlling coarse movements of the proximal portions of
limbs

« Head, neck, and eye movement



Rubrospinal tract
Red nucleus

— In the midbrain at the
level of superior
colliculus

— Recieves afferent
fibers from cerebral
cortex and the
cerebellum

Crossed (at the level of
the nucleus)

Lateral white column
Function:

facilitate the activity of
flexors and inhibit the
activity of extensors

Cerebral cortex

e e e m— o — —

Red nucleus
Midbrain

R Globose-emboliform-rubral
b pathway
 — Deep cerebellar nuclei

Rubrospinal tract in lateral
white column of spinal cord

Lower motor
neuron



Rubrospinal tract

rubrospinal tract is very close to the lateral
corticospinal tract in the spinal cord. They
form the lateral motor system

synapses with alpha and gamma through
interneurons

Excitatory to flexors and inhibitory to
extensors

supply the distal flexors muscles mainly with
little effect on the proximal muscles

( facilitate the activity of flexor muscles )

Meculla

Superior colliculus

Periagueductal grey

& Madial lamniscus

Red nucleus
Substantia nigra

Crus cerebri

Ventral tegmental
decussation

Medial lemniscus

Middie carabellar

oA ypedunclo
= =

Fig. 517 Rubrospinal fract,

Mucleus gracilis

Mugleus cunealus

Medial lemniscus

Pyramid



Pontine reticulospinal tract

From pons:

axons of RF neurons
descend uncrossed into
the spinal cord

Anterior white column

medial reticulospinal tract "™
(MRST)

tonically active

normally under inhibition

from cortex
Daep.cerebellar

Function: Reticular formation <= A ¥ nuclei
activate the axial and
proximal limb extensors U ——

Medulla oblongata

Pontine reticulospinal

Medullary reticulospinal
tract




Medullary reticulospinal
tracts

* From medulla

e axons of RF neurons \
Red nucleus \ _
descend crossed and o _ > @
uncrossed into the spinal =
cord
e Lateral white column

e Lateral reticulospinal tract
| & — Deep cerebellar
(LRST) Reticular formation = : ) nuclei
* NOT tonically active ‘ '

 normally under
stimulation Medulla oblongata

Cerebellum

*  Function:

Inhibit the axial and
. . Medullary reticulospinal
proximal limb extensors tract




Vestibulospinal Tract

* \Vestibular nuclei

— in the pons and medulla
beneath the floor of 4t
ventricle

— Recieves afferent fibers
from the inner ear throu
the vestibular nerve and
from the cerebellum

Deep cerebellar
nucleus

* Uncrossed
 Anterior white column

*  Function:
Lateral vestibular

facilitate the activity of e
extensor muscles and inhib

the activity of flexor muscles
association with the

maintenance of balance

Vestibular nerve

Vestibulospinal tracl in anterior
white column of spinal cord

Lower motor
neuron




Fourth ventricle

Vestibulospinal tract

* nerve cells in vestibular nucleus (in
the pons and medulla oblongata

— received afferents from inner ear
and cerebellum

Meadial veshbular

nucleus
Lataral vestbular

nuclzus

Mucleus gracgilis

Mucleus cunaatus

e axons descend uncrossed
— through medulla and through the
length of spinal cord

Medial larmniscus

Pyramid

Cervical cord

e synapse with neuron in the anterior gray
column of the spinal cord

( balance by facilitate the activity of the ks
extensor muscles )

Fig. 5.15 Veslibulospinal tracts.



Motor and descending (efferent) —t Sensory and ascending
pathways (red) o R (afferent) pathways

(hlue)

Pyramidal tracts
- Lateral corticospinzl tract . Dorsal Column Medial
- Anterior corticospinal tract Lemniscus System
: Gracile fasciculus
Cuneate fasciculus
_ | - _
Extrapyramidal Tracts Spinocerebellar Tracts

- Rubrospinal tract Posterior spinocerelellar fract

I\
|\

A

- Reticulospinal tracts
- Dlivospinal tract

[ Anterior spinocerebellar tract

(LA
\
\‘x

- A M
- Vestibulospinal tract '-h i Anterolateral System
% | Lateral spinathalamic tract
'*\ T_— - Anterior spinothalamic fract

spino-olivary fibers



Reticulospinal tracts

Has also descending
autonomic fibers
providing a pathway
by which the
hypothalamus can
control the
sympathetic and
sacral
parasympathetic
outflow.

Most of these fibers
are derived from the
lateral reticulospinal
tract

Cerebral cortex

— o —— e —— ——

Red nucleus

Deep cerebellar
Reticular formation e=——] nuclei
Cerebellum
Medulla oblongata
AN | Ponﬂna reticulospinal
Medullary reticulospinal 4 ‘; Tﬂ
tl‘!'.'.‘l e |
(ML
(L=<
s ; Lower motor

neuron




Tectospinal tract

* nerve cells in superior
colliculus of the midbrain

e Crossed

« The tract descends in the
anterior white column
close to Anterior median |
fissure = @3
* Majority of fibers terminate
in the anterior gray column
of upper cervical segments of
spinal cord

Superior
colliculus

Midbrain

Tectospinal tract in anterior
white column of spinal cord

( responsible for reflex
movement of

head & neck in response to
visual stimuli )

Lower motor
neuren




The motor pathways are classified into

1 Medial Motor system: axial & proximal muscles. Medial Motor
system include:

» Anterior corticospinal tract.
» Extrapyramidal pathway in general

J Lateral Motor system: distal muscles mainly, lateral Motor system
include

» lateral corticospinal tract

» Rubrospinal tract distal muscles mainly (and proximal).



COMPARISON BETWEEN UMN AND LMN

_ Upper motor neuron lesions(UMN) Lower motor neuron lesion(LIVIN)

Bulk of muscles

Tone of muscles

Power of muscles

Reflexes

Fasciculation
Babinski sign
clasp-knife reaction

Clonus

UMN starts from motor cortex to the
cranial nerve nuclei in brain and
anterior horn cells in spinal cord

No wasting

Tone increases (Hypertonia)

Paralysis affects movements of group
of muscles
Spastic/ clasp knife

Exaggerated. (Hyperreflexia)

Absent
Present
Present

Present

LMN is the motor pathway from
anterior horn cell(or Cranial nerve
nucleus)via peripheral nerve to the
motor end plate

Wasting of the affected muscles
(atrophy)
Tone decreases (Hypotonia)

Individual muscles is paralyzed
Flaccid ( flaccid paralysis)

diminished or absent. (Hyporeflexia)

Present
Absent
Absent
Absent

hypertonia and hyperreflexia, is the result of an increase in gamma motor neurons activity



Motor tracts

 There are two major
descending tracts

> Pyramidal tracts
(Corticospinal ) :
Conscious control of
skeletal muscles

> Extrapyramidal:
Subconscious
regulation of balance,
muscle tone, eye,
hand, and upper limb

Upper motor
neurons.

position:
% Vestibulospinal
tracts Lower motor neurons.
< Reticulospinal tracts 2
** Rubrospinal tracts
.

L)

» Tectospinal tracts

L)

Extrapyramidal tracts arise in the brainstem, but are
under the influence of the cerebral cortex



Read Only

Muscle spindles are
sensory receptors within the
belly of a muscle that
primarily detect changes in
the length of this muscle.

Each muscle spindle consists of an
encapsulated cluster of small striated
muscle fibers ("intrafusal muscle
fibers") with somewhat unusual
structure (e.g., nuclei may be
concentrated in a cluster near the
middle of the fiber's length).

[fferent
Brve
bers

O The skeletal muscle is composed of:
»Extrafusal fibers (99%): innervated

by alpha motor neurons.

> Intrafusal fibers (1%): innervated by
gamma motor neurons. depend on

the muscle spindle receptors

Tendon

—— Capsule

Intrafusal
muscle
fibers

Muscle spindle

— Stretch
receptor

Extrafusal
muscle
fiber

Golgi tendon
organ

[




la fiber

Posterior root ———
ganglion Golgi tendon organ
Posterior horn

(laminae I-VI)

_ Skeletal muscle
Intermediate zone

(lamina VIl) ; :
Descending fibers

Muscle
spindle

Gamma
motor fiber

A4— Motor
end plate
“m'f;:;'_::;;“ﬂl nf';{r:: ~ Alpha motor fiber +— lendon

O Activating alpha motor neurons

» Directly through supraspinal centers: Descending motor pathways (UMN)
» Indirectly through Muscle spindles

> Stretch reflex: skeletal muscles are shorter than the distance
between its origin and insertion

» Gamma loop

Read Only



Read Only Posterior root ———

ganglion

la fiber
,/—

Golgi tendon organ
Posterior horn
(laminae I-VI)

_ Skeletal muscle
Intermediate zone

(lamina VIl) , :
Descending fibers

Muscle

/ spindle
Gamma
motor fiber
A Motor
"I end plate
Anterior horn H"', Tendon

< .
(laminae VIII-X) Alpha motor fiber

Gamma fibers activate the muscle fibers indirectly, while alpha fibers do it
directly.

Alpha fibers give faster but short contraction

Gamma fibers give slow but long contraction.

For fast contraction: stimulate alpha.

For muscle tone: stimulate gamma.

For continuous contraction and a certain movement: stimulate both.



VvV

VvV v Qv vy [l

Read Only

Capsule
. lear b
Intrafusal fibers iber i‘r’/”/

Nuclear Bag |
Fibers: supplied

—

by dynamic Nuclear 1 T T70|dddD:

Gamma chain tlber \\[‘ Kuw

Oynamic gamma fiber

Nuclear chain Group I}
fibers: supplied alferent fiber
by Statlc Primary muscle

Gamma spindle type la

-la aflarant fiber

"
Siatlc gamma flbear

Group ll
alleron! Nbear

Secondary muscle
spindle type Il

s> Both Nuclear bag and chain Don’t contain sarcomeres

Primary afferent: type la,
Around both nuclear bag and chain fibers
Rapidly adapting

Dynamic stretch reflex: e.g jerk (Knee, ankle quadriceps)

Secondary afferent: type |l

Found only in nuclear chain fibers.

Slowly adapting

Static stretch reflex. Important for muscle tone




ELECTROPHYSIOLOGIC

CLASSIFICATION DF

CLASMFICATION OF AFFERENT FIBERS DMLY FIEBER DIAMETER CONDUCTION

PERIPHERAL NERVES (CLASS /'GROUP) () VELOCITY (m/s) RECEFTOR SUFPPLIED

Sensory Fiber Type

A la and Ik I3=20) BO-120 Primary musch: spindles, Galgi tendon organ

Afi 1 =17 15-7T5 ﬁm_'nr:'hr:,' sl e epancles, skin mechanoreceptors

ity i [-5 5-30 Skin mechanoreceptors, thenmal meceptors, amd
MR P s

i v 0.2-1.3 0.5-2 Skir mechanoreceptors, thermal receptors, and
naCiCepLors

Motor Flber Type .

Ao MNSA 12-20 72-120 Extrafusal skeletal musde fibers

Ay MSA 18 12-48 [mtratusal muscle fibers

K MSA 1-3 fi-18 Pregamglicmic automemic fibers

C BSA .2-2 [h3-2 Postganglionic sucanomibc Bhers

94



Clasp knife reaction
e Overactivity of the pointine excitatory system ( spasticity)
¢ Initial resistance: Exaggerated stretch reflex

e Sudden release: After applying pressure, the tension in the
muscle will increase and will be enough to activate the Golgi
tendon organs which will cause the relaxation

~2)
F.: f -



Tendon reflex

Polysynaptic reflex

arc
I f - I !n:ﬂbitory - Ta};rm}f— TP
interneuron g
law of reciproca R - N |
iInnervation (muscle attached @ sensory %S
NEURON

relaxesand  ceeseeeean,, excited

relieves excess™  |ncreased tensiofs.., = _# =

tension  * stimulates = Tttea. et S

SENSORY
. RECEPTOR (tendgs

Excitatory

@ within INTEGRATING _
interneuron

CENTER (spinal cord),
sensory neuron activates
inhibitory interneuron

Antagornijstic
contract Motor neuron to
antagonistic
muscles is excited

Tendon organs
monitor tension




(A} Normal plantar response (B} Extensor plantar response
(Babinski sign)

Toes /
|.‘.|-: AT o i

(flexion) Fanning

of toes

When the corticospinal tracts are nonfunctional, the influence of the other descending
tracts on the toes becomes apparent, and a kind of withdrawal reflex takes place in
response to stimulation of the sole, with the great toe being dorsally flexed and the other
toes fanning out.



Decorticate rigidity

Decerebrate rigidity

Tentorial

Tentorium
cerebelli

98



Decerebrate posture

Cerebral cortex

|

(o)
Red nucleus Vestibular nucleus

Vestibulospinal
tract
0]
Flexors
A
(0)
Extensors
predominate

Decorticate posture

Cerebral cortex

«>

(o)
Red nucleus Vestibular nucleus

Rubrospinal
tract
A
" ©
A xtensors
©

Flexors predominate
(upper limb)

99



Fig 629 Tesfing for arile cloaus.

Rhythmic contractions and relaxation of muscles when they are subjected to
sudden sustained stretch

100




COMPARISON BETWEEN UMN AND LMN

_ Upper motor neuron lesions(UMN) Lower motor neuron lesion(LIVIN)

Bulk of muscles

Tone of muscles

Power of muscles

Reflexes

Fasciculation
Babinski sign
clasp-knife reaction

Clonus

UMN starts from motor cortex to the
cranial nerve nuclei in brain and
anterior horn cells in spinal cord

No wasting

Tone increases (Hypertonia)

Paralysis affects movements of group
of muscles
Spastic/ clasp knife

Exaggerated. (Hyperreflexia)

Absent
Present
Present

Present

LMN is the motor pathway from
anterior horn cell(or Cranial nerve
nucleus)via peripheral nerve to the
motor end plate

Wasting of the affected muscles
(atrophy)
Tone decreases (Hypotonia)

Individual muscles is paralyzed
Flaccid ( flaccid paralysis)

diminished or absent. (Hyporeflexia)

Present
Absent
Absent
Absent

hypertonia and hyperreflexia, is the result of an increase in gamma motor neurons activity



Clinical significance of lamination of the ascending tracts

e Any external pressure exerted on the spinal cord in the region of the
spinothalamic tracts will first experience a loss of pain and temperature
sensations in the sacral dermatome of the body

* |f pressure increases the other higher segmental dermatomes will be
affected

“+*Remember that in the spinothalamic tracts the cervical to sacral segments are

located medial to lateral

* Intramedullary tumor: affect the #,,.-Fasc:iculus gracilis
cervical fibers (Medial) + Fasciculus

cuneztus
« Extramedullary tumor would
affect lower limb fibers (lateral).

O Sacral sparing: Occur at
intramedullary tumor

Lateral
corticospinal

tract

Spinothalamic
tract



Clinical application
destruction of LSTT
e |oss of

— pain and thermal sensation
— on the contralateral side

— below the level of the lesion

patient will not
recognize hot and cold

'i._

5
|
[
LATERAL SPINOTHALAMIC
TRACT



Clinical application —_—
destruction of CANEATLE
fasciculus gracilia and cuneatus

* Joss of muscle joint sense, f
position sense, vibration sense f
and tactile discrimination i

lll /
T

e on the same side
* below the level of the lesion

.

DORSAL COLUMNS

(extremely rare to have a lesion of the spinal cord to
be localized as to affect one sensory tract only )



Syringomyelia

Cavitation of the central regions of the spinal cord
Damage fibers crossing in the anterior white commissure in both directions
Bilateral loss of pain and thermal sensations

When it is located at the C4 to C5 levels of the spinal cord sensory losses in
the configuration of a cape draped over the shoulders and extending down
to nipple level

. Loss Of e aend

eI b L rE




Syringomyelia

e If tit extends into the
anterior horn results it will
cause:

e bilateral sensory loss

e weakness of the
corresponding
extremity

e extension of the syrinx
into one anterior horn

. . Position of
results in an ipsilateral anterior white
weakness of the upper commissure
extremity

o !f both anterior horns are o sasrion
involved, the weakness is and anterior horns

bilateral .
Syrinx

Displaced posterior
column fibers



Brown-Séquard Syndrome

Functional hemisection of the
spinal cord results in:

« damage to the lateral
corticospinal tract, ALS,
posterior columns

Example: A lesion on the right at
C4 to C5 will result in:

» muscle weakness or paralysis
(hemiparesis, hemiplegia) on
the right side

> loss of pain and thermal
sensations on the left side

> loss of proprioception,
vibratory sense, and
discriminative touch on the
right

Sensory

Motor cortex
cortex

Tha!amlc

nuclei /l/
—Posterior column
v nuclei
Pyramidal e ——
decussation D
ALS

St
horn

e —

Anterolateral
system (ALS) / —
Anterior /L {r\

Lateral
corticospinal
tract

"~ Posterior

Posterior horn columns
}///Anterior white \J\/
/ commissure
Posterior root PRG

ganglion (PRG)



Brown-Séquard Syndrome Area of
cord damage

e Contralateral loss
of nociceptive and
thermal sensations
over the body below
the level of the

lesion

e Ipsilateral loss of
discriminative Loss of pain,
tactile, vibratory, o temperature,
and position sense | and light touch

over the body below on opposite side

the level of the

]

Loss of motor function

lesion and vibration, position,
e Ipsilateral paralysis and deep touch

of the leg or leg and sensation on same

arm, depending on side as the cord

the level of the damage

hemisection



Arterial Blood Supply

* Brainis supplied by
pairs of internal
carotid artery and
vertebral artery.

A. Internal
Carotid Artery-
enters skull

via Carotid Canal
And Foramen
Lacerum

 The four arteries lie
within the
subarachnoid space

* Their branches
anastomose on the
inferior surface of
the brain to form the
circle of Willis

B. Vertebral
artery-
enters skull
via Foramen
Magnum



A Anterior communicating

Cerebral arterial circle

Posterior
communicating

Anterior cerebral
Middle cerebral

Ophthalmic

Posterior cerebral

Right internal
carotid Left internal
carotid

Right common
carotid

Left vertebral
Right vertebral

Right subclavian Left subclavian

Left common

Brachiocephalic
carotid

Aortic arch



CIRCLE OF WILLIS

= Anterior Cerebral
Artery

Internal Carotid

Artery
==

Middle Cerebral

Circle Anterior Artery
of4 Communicaling
Willis Artery

\ Posterior

Communicating

Artery
P \\
Posterior
Basilar Cerebral
Artery Artery

y

Posterior Inferior
Cerebellar Artery

Vertebral B

Artery

WALTEE (EANE




Blood supply of spinal c

Longitudinal arteries:

— One anterior spinal artery: arise

from the vertebral arteries (in
anterior median fissure)

— Two posterior spinal arteries: arise

from the posterior inferior
cerebellar artery (in the
posterolateral sulcus)

Anterior spinal artery

Vertebral artery
Subclavian artery

’ Y Radicular artery

Great vertebral
radicular artery
(artery of Adamkiewicz)

Lumbar /,
radicular [,

Posterior spinal arteries

Anterior spinal artery Sulcal arteries

Artery of Adamkiewicz
Radicular anterior artery
Radicular posterior artery
Spinal branch

[‘ Dorsal branch
=% Vertebral branch
Posterior intercostal artery

—

o e

Vertebra T9

Aorta



Blood supply of
spinal cord

* segmental spinal arteries, arise from:

Vertebral arteries

Deep cervical arteries in the neck
Posterior intercostal arteries in the thorax
lumbar arteries in the abdomen

* Branches:

Anterior radicular arteries
Posterior radicular arteries
Segmental medullary arteries

* Artery of Adamkiewicz

usually on the left side,

reinforces the arterial supply to the lower
portion of the spinal cord

From Left posterior intercostal artery at the
level of the 9th to 12th intercostal artery,
which branches from the aorta, and supplies
the lower two thirds of the spinal cord

Anastomose with anterior spinal artery

Anteror spenal artery

Segmeanisl mechullary
Y i



Blood supply of
spinal cord

segmental spinal arteries,
arise from:
— Vertebral arteries

— Deep cervical arteries in the
neck

— Posterior intercostal arteries
in the thorax

— |umbar arteries in the
abdomen

Branches :

— Anterior radicular arteries
— Posterior radicular arteries
— Segmental medullary arteries

Artery of Adamkiewicz

Antanar fadicuiar ey

Segmental spinal artery Paostarior radkcular arteny Poatenor spinal arienss

Postenior radicutar asteny

Segmental
medullany atary

Liaft postarior
ntarcostal artery

Right posteios
IMEReostal antary Segmantal spiral artsry



e Two pairs of veins on eac|

Posterior spinal vein

side
One midline channel

parallels the anterior AT
median fissure

One midline channel passes
along the posterior median
S u I C u S Extradufal fat

Dura mater

Internal vertebral plexus

Drain into an extensive internal vertebral plexus in the extradural (epidural) space of the
vertebral canal

Then drains into segmentally arranged vessels that connect with major systemic veins

e Azygos system in the thorax.

e Theinternal vertebral plexus

e Intracranial veins



Blood supply of spinal cord

Posterior columns

Posterior spinal artery

Terminal branches

of the spinal Lateral
medullary arteries corticospinal tract
join to form arterial

vasocorona. Posterior spinal

: I rt
The posterior megullary arery

spinal arteries

and arterial Arterial
vasocorona : The vasocorona
posterior columns Anterolateral

and peripheral Siatem

parts of the lateral
and anterior funiculi Anterior spinal %

The anterior meduliary artery
spinal artery: Most

of the gray matter

and the adjacent

parts of the white Anterior spinal artery (ASA)
matter

Central branch of ASA



Blood supply of spinal cord

Posterior inferior cerebellar artery

Vertebral artery

) Posterior spinal artery.
Anterior spinal artery (ASA)

Posterior radicular and
spinal medullary arteries

(2
Arterial [ Central (sulcal) V
vasocorona artery

ASA Anterior radicular and
spinal medullary arteries

Segmental artery

Subclavian artery

Basilar artery



Blood supply of spinal cord

Posterior columns

Posterior spinal artery

Terminal branches

of the spinal Lateral
medullary arteries corticospinal tract
join to form arterial

vasocorona. Posterior spinal

: I rt
The posterior megullary arery

spinal arteries

and arterial Arterial
vasocorona : The vasocorona
posterior columns Anterolateral

and peripheral Siatem

parts of the lateral
and anterior funiculi Anterior spinal %

The anterior meduliary artery
spinal artery: Most

of the gray matter

and the adjacent

parts of the white Anterior spinal artery (ASA)
matter

Central branch of ASA



Central Cord Syndrome

may result from
hyperextension of the
neck

Occludes blood supply
to the cord via the
anterior spinal artery

bilateral weakness of
the extremities (more
so of the upper than of
the lower)

pain and thermal
sensation loss, and
bladder dysfunction

& Arm Trunk

e Leg and thigh

Anterior

Precentral gyrus £ Foot Paracentral
ayrus

Corticospinal tract

Corona radiata

Internal capsule
in coronal plane

Py \ Corticonuclear fibers
Corllcosplnai fibers

/>Crus cerebri

Corticonuclear
fibers

.41} +—Facial nucleus

L Anterolateral system

Basilar artery \ = /
. /—Basilar pons
Posterior cerebral artery f Sharp

-
Corticospinal fibers

V

Posterior communicating artery \

~

N[ ( ] )
(}_/\\‘ : "_-_"ﬁ_— Medial lemniscus
(53
G \ —— Pyramid
B

/THypogFossal nucleus

Hypoglossal
nucleus

Medial
lemniscus
R f___,,_.—

Pyramidal (motor) decussation

Hypoglossal—e=~
nucleus : Anter: i
Pyramid Anterior mn.co;;n'z; Lateral corticospinal tract
spinal tract

artery \— Cervical cord

Posterior
spinal artery

Arterial
vasocorona

Lateral A&
—corticospinal — s
tract :
\— Lumbar cord

’ifj__ )

Anterolateral
system

Anterior spinal artery



Posterior columns

. Posterior spinal artery
Compromise of

blood fl_ow in :[he Lateral
posterior spinal corticospinal tract
artery results in:

Ipsilateral Posterior spinal

\ medullary arte
reduction or loss Y Y
of discriminative,

positional, and Arterial

vibratory tactile vasocorona
sensations at and Anterolateral

below the system
segmental level of

the injury Anterior spinal %

medullary artery

Central branch of ASA

Anterior spinal artery (ASA)




