Lecture

The Spinal Cord & Its Tracts

Dr. Eyad M. Hussein

Ph.D. of Neurology Ll
Consultant & Head of Neurology Department,
Nasser Hospital




o9 ] Jlaall o sl
sl 26 ea b

e

oy

'8



/
/

\

Anatomy of the Spinal Cord (SC)

o e nihe verteloral Sarel)
Shape: compressed cylindrical column.

Number of neurons in human SC: about 13,500,000

Length of human SC: about 45 cm(imale)y 42 cm

Weight of human SC: about 35g and comprises 2% of

: " ) \
the weight of the adult brain. ¥ Wigh e le

Diameter: about 1 cm.

e ——

Location: It 1s located in the spinal (vertebral) canal.

wlo ‘H/L( MO C dowv  cosed cant e e &'Q
Mo~




/ Location of the Spinal Cord

\
\ « The spinal cord (SC) 1s an extracranial part of the |
central nervous system enclosed inside the vertebral —u - =

column “Spinal Canal”.

J eginning. the SC 1s continuous with the medulla oblongata at the
Spi edullary junction which begin from the foramen magnum

downward.
e A plane defined by three structures: il o
- v' The foramen magnum. -t | tract
)\J;‘ el - . . ot PZ)”’“”“G&LW chmni
cpivml o Mo | v The pyramidal decussation. & araclme:
cared

v The emergence of the first cervical nerve anterior rootlets

——

‘o Lies within the[suBarac]m be lpw aveClnadd 2edfa.

e The subarachnoid space extends caudally to the level of the

second sacral vertebra. setsine = (oeidmny Pres "'t ;439“
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e At the third month of

intrauterine li@ the SC fills the @l i A\
~— 4 —. “t,& 7/ / ix ! ‘/"- :

whole spinal canal.

AT birthx it ends at the level of
‘m \mmbe, PanClan il

L3 vertebra. R )\ s (Y ol v
S injuy gee=

e {In the adull: it ends at the level EBrold &S
Cord ¢ @IEEG:

r@ border of the L1vertebra. L8R Spinal Cord
—— ,l LA End

21 L34




/ Function of the Spinal Cord
\ \
>
1. Conduction function: from and to the brain:
a. Ascending tracts: conduct sensory impulses
from the SC to the brain.
. Descending tracts: conduct motor impulses

from the brain to SC.

2. Reflexes center: the gray matter of the SC 1s the

integrative area for all spinal reflexes. —




/ Meninges of the Spinal Cord

/
\
\

- The spinal cord is covered by 3 membranes (meninges),
| e —————~

from 1nside to outside they are:
C "oz o4lo
= & 1. Pia Mater. —

T ' “2. Arachnoid Mater.—

3. Dura mater. ‘,/,_3 a2 luper _(ofbwk VAL
Lo uters Jard SW -

)7\_(,{3{14«’ srd  one ek K‘C@




/- The Pia Mater

\
|« Closely adherent . o oy
- Ends at the level of SC termiZa'tion (lower border of

the first lumbar vertebra in adult).

- Form the denticulate ligaments.
——

P —m T —

« [t continues as the filum terminale which attached

L9 E”( CLV\@( %qq)fo(’\‘ +M
SC,

to the back of coccyx .



/ The Arachnoid Mater
\ 1 \,“M,:)cj\,k et b.

\‘ » The inner surface of the dura matter.

 » Itends at the level of the second sacral vertebra.

The Dura Mater >
}

wick ,ov\‘\ef-
- » It ends at the level of the se%_(l sacral vertebra.

> It1s attached to:
iMMmen magnum.

- Intervertebral foramina.

=Bodies of the 2™ and 3™ cervical vertebrae.
nes v -)\ J22 memb. C}; lc(-acr Jlerd € £ix -}\N—& a»?‘.)%
L O L A




/- Meningeal Spaces Of Spinal Cord

semi \\'Cﬁtd CEet)

1. Epidural Space: it 1s a potential space located between
r@M“(‘j (mél)‘fp p P P

eprcart the dura matter and vertebral periosteum. It contains

ode 9 semiliquid fat and internal vertebral venous plexus.

Y\CIV"‘\\QW

2. Subdural Space: 1t 1s located between the dura matter

Pad

, d o E: and arachnoid matter. Contains thin film of serous

X —E———

a{aaww 3 ﬂu1d o Lighdation. o
__11_1_)_2_1_1;@14‘@1)1’11 Space: it 1s located between the
\afae'“ arachnoid and pia matter. Is a wide space contains:
* CSF. lumber frchtys of S Gpe o
)\Z/Lj 'k &)Tlal blood Ve§sels.L’ et
o ABCH >

opats * Roots of spinal nerves.
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Anatomy of the Spinal Cord

(Epidurabspace

{contains fat)

Pia mater
Arachnoid

Dura mater [~ Spinal meninges
(spinal

C Subdural space

Bone of
vertebra

Dorsal root
ganglion

Body
of vertebra




Anatomy of the Spinal Cord

Posterior median sulcus
) . Gray commissure
Posterior funiculus Posterior (dorsal) hom | Gray
White —{ Anterior funiculus Anterior (ventral) horn | matter

columns

Lateral homn

Lateral funiculus
Dorsal root
ganglion -
Spinal nerve : ; S )
- : Central canal

Dorsal root #— Anterior median fissure
Ventral root ”

Pk ~ Pia mater

-' ! — Arachnoid

Bt

Dura mater



/ External Structure of the Spinal Cord

Anterior median fissure: the anterior spinal artery is found
superficially.
Posterior median sulcus.

Anterior lateral sulcus: from which the anterior rootlets

emerge. l/aex\'ﬁ- d’e c\n'\' Yook
* Posterior lateral sulcus: into which the posterior rootlets
enter. L"%"* post 7oey '
» Posterior intermediate sulcus® 3{:3liu C;&w
‘/ V’C‘l'}\
S #2 < v Found between the posterior lateral and posterior median
dw(ab\ G-Sccﬂ
4+ sulci but only above T6 }eve
/P, P T L\ [rtcat LA\
e NG .#~ v Separates the Gracile fasc1culus from the Cuneate
AN
S0 fasciculus. Rt -

Carte /| & ~Sx Os- mi-"l'hl(ac_;._'-;’ &N WS N Sa

/—"‘/



Dorsal rootlets P“mrym sulrus Posterior intermed 3ate sukcus

. /‘“""‘ 7 .; /Doml reot

-~

Central canal

/

\ mm&h (cut)

P— \ Ante.mr median fssure

1 mm Anteriolateral sulous
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The Spinal Cord Segments rgr

2ant j“f{m_ﬂ Z;ﬂ ‘_j 56)\#’\\ (V.8

There are 31 segments:
Cervical segments.

12 — Thoracic (dorsal).

5 — Lumbar segments.

5 — Sacral segments.

@ Coccygeal segments.

CERYICAL NERVES

Head and Neck
Diaphram

g; Deltoids, Biceps
L Wrist Extenders

A Triceps
Cs """J.:“; Hand
T1

T2 ——— .P THORACIC NERVES
T3
T4
TS

,s ,\s
17 /
TS
TO
T18

Chest Muscles

Abdominal

Muscies
Tz

LUMBAR NERVES

L3 . ST Leg Muscles

SACRAL NERVES

Bowel, Bladder

Sexual Function




oS ) Jels
K Epiconus: 1t is the L4, 5/and S1, 2
segments of the SC

K Conus medularls the lower end of

oA
fus the SC. It is thegments of

| the SC. S SC 3 tilongf e
'+ Cauda equina(_’ AR g e

Co\lupw..

o Jti1s located below the lower
Y SC ¢n @
border of the first lumbar «— |

vertebra, the splnal canal 1s filled

| beloud L TpM
by the collection of lumbo -sacra

A WM roots which descends in this space

to their corresponding £\ (o Gruck equive. \egbv.

intervertebral canal. > lowser st rewn- \esio



Enlargement of the Spinal Cord

diamete / cr{ S s\

ce-=1v] L bsac\nial /\LX-«_\,’&
. 3o UL
1. Cervical enlargement.

o} \
il Q\M Sle S\ 220 Ae
b{ac,\,\’\'-*? #J 202 s né_
W
A - QAU Vv
sttt

2. Lumbar enlargement.
Lo Lo So  lambr Sacrlp




Cervical Enlargement of the Spinal Cord

J It 1s the C5, 6, 7, 8 and D1
segments of the SC, corresponding
to the region from which the
gbrachial plexus arises — give spinal

nerves that supply the upper limbs.




Lumbar Enlargement of the Spinal Cord

] It1sthe L1, 2, 3,4, 5 and
S1, 2 segments of the SC,
corresponding to the region
from which the lumbar and
sacral plexuses arises —
give spinal nerves that

supply the lower limbs.
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/ Relationshi between the Spinal Cord

Vertebra

1 [From C, - C, segments Opposite(C, - C4>

2 |From C; - C, segments Subtract 1 <+~
RN ] oy evon ¢ N —nipple = ‘\’g Sesyreny v

3 |FromT, - T, segments — Subtract 2 <= ~

\esiovwe 2.0 T3 ¥ o2y {=um\o\\0~\—v T\o gt’amw\

4 |From T, - L, segments Subtract 3 ™~ g

5 |L; - L, segments Olz_)posite(i )

6 @nd all sacral segments Opposite@




Relation of Spinal Nerve Roots to Vertebrae

Base of skull 1st cervical nerve

Cervical enlargement

i Cervical nerves

P Thoracic nerves

B Lumbar nerves

Bl Sacral and coceygeal nerves

Lumbar enlargement

Conus medullans
Qemmination of spinal cord)

L3 g Cauda equina b

L= Sacrum

Intemal filum terminale of pia mate

Termmination of dural sac

External filum terminale of dura mate o s3

\__ sS4
% OLCoccygeal nerve

Cocoyx




/ﬁ Internal Structure of the Spinal Cord
| o

(\: * A transverse section of the SC is
a

formed of:

°@ite _matterfouter or

[ m—

peripheral).

B Shals
* (Gray mattet(inner or central).

'@ ] mm in
& T (

—>'wnclosedd MO

n JW‘@:::, diameter)) is present in_gray
"

matter. ofen: and Ll by SC.

it e © Ywmer segntal Gl syl




/ The Gray Matter of the Spinal Cord

\ | » Structure: 1t consist of nerve cells.
. Shape: the grey matter resembles the lette@@ivided into
. cytoarchitectural areas called Rexed Laminae and formed of:
1. 2Anterior horns (right and left): Consist of motor
cells.
2. ~Posterior horns (right and left): Consist of
sensory cells.
3. Lateral horns (right and left): In the thoraco-
lumbar segments T1-Lo”) They contain
sympathetic nerve cells.

4. Central canal\T.he central canal contains C.S.F.
—_— T~ in -H\_Wlldd.lt B(Q c,»mm&u_a.
5. Gray commissure: anterior and posterior gray

commissure.






/ The L%nnr (Dorsal) Horn Cells

| | = Sigpal )) &~ C\tssauer dogral edem) deek e
\ — pos) o} —s Gotd Avc. Cehe A-Arack)

\ [ 4outln. Sens 0\-\»"\0»\ D

- Between the dorsal horn & posterolateral sulcus there
1s the dorsolateral tract of Lissauer’s.

- The posterior horn cells receives and processes sensory
——

iput and consist of followinm




Y

3. Clarck’s nucleus or posterior thoracic nucleus:
i

* Found at the medial side of the| Cs-1.2|segments
of the spinal cord.

L wee (imb
e (arries unconscious proprioception to dorsal

ik Wi D MO
spinocerebellar tract — inferior cerebellar

pedung!e @ ’AP,-’_/SYl mdo‘.l-. ceneb. pedvrel Uy

4. Scattered nuclei:

* Found at the L3-Sz [segments of the spinal cord.

* Carries unconscious proprioception to ventral

e —

spinocerebellar tract — superior cerebellar
peduncle. bind (354 G e




/ The Posterior (Dorsal) Horn Cells
\ ,
\ 1. Substantia gelatinosa of Rolandi:

 Found at all cord levels.

* For pain & temperature sensations.

2. The main sensory nucleus or nucleus Proprius:

 Found at all cord levels.

. Forémée)“light” touch sensation.
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The Gray Matter of the Spinal Cord

Dorsal™ == _
root £ : :
Substantia gelatint
Dorsolateral tract of of Rolandi
Lissauer's
Dorsal horn Main sensory
nucleus

For anterior
spinocerebellar

Grey
commissure

Ventrolateral gra
of A.H.Cs.

Dorsolateral group

Central canal
of A.H.Cs.

entral group of A.H.Cs
Medial group of A.H.Cs.



The Gray Matter of the Thoracic SC

\

arke's nucleus

Lateral horn cells

Lateral horn

l Dorsomedial group
of AH.Cs.

Ventromedial group
of AH.Cs.

Ventral horn




/ The Anterior (Ventral) Horn Cells
| | |o metor
o

\ The anterior horn cells contain the following nuclei:

| ‘ A. Medial group:

- Lies 1n the|wholg SC.
- In the thoracic segments, divided into yentromedial and
= —]

dorsomedial groups.
{\O__.-—————/a SHoUp tnwlm’

- They supply muscles of the trunk. mJ qlodomer,.

A,w veriiral Yamw Vad dolSq | ramuy
- B. Lateral group (ventrolateral & dorsolateral):

- Present in lower cervical,|lumbar and|upper 2 sacral

region.
rotor
- They supply upper and lower limb muscles.



C. Central group:

| : e
\ _— 1. Spinal accessory nucleus: ciL/ce
\ - Lies in the upper cervical region fCi - Ce”| 4 inanteric henm

e |).

o ] - Their axons form the spe.

- Innervates the sternocleidomastoid and trapezius.

2..Phrenic nucleus:

= hiah \enrc 'Jn’qQ45C
- Extends from|[C3 to Cs] “*/ * %Eqbow cg/cvlg
- Their axons form the phrenic nerve. (cael Fo reip: Fatiurs
e——— ﬂM meJ MC.CJ/IG V‘l;Cl\l
- Innervate the diaphragm. veatlerom
D S I heti lei t.:};z,‘/l;(il)\ s A L,
| acral par asympathetic nuclei: Linp g S L=
- Extends from\S2 to Ss 3(‘3’”%”1
.

- Gives rise to preganglionic parasympathetic fibers that

innervate the pelvic viscera via the pelvic splanchnic nerves
S /M
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The Gray Matter of the Cervical SC

Dorsal"—';': . - -
oot = 4
e Substantia gelatin(
Dorsolateral tract of \ / of Rolandi
Lissauer's : /
Main sensory

Dorsal horn

Grey
commissure

nucleus
For anterior
q spinocerebellar |
Ventrolateral gra

of A.H.Cs.
Dorsolateral group
of A.H. Cs

. Ty entral group of A.H.Cs

Medial group )f A.H.Cs. N Cervicy| |
atpes

in dhsecic \ewel

Central canal




/- * The Lateral Horns
o L2 Bonde sl ol wil oy Pt

(2 - Wwen /b 7 sf ==

L SSNAN / i

* Receives viscerosensory input.
* Found between the posterior and anterior horns of ‘@
@ segments of the spinal cord.

* Contains the intermediolateral nuclei “preganglionic
B relay in &) mpatimtic.

sympathetic neurons”.
o At “Ti—T2 or Cs-T2” level located the Ciliospinal

center of Budge (sympathetic innervation of the

eye).



The Gray Matter of the Thoracic SC

\

Clarke's nucleus

Lateral horn cells

Lateral horn

l Dorsomedial group
of AH.Cs.

Ventromedial group
of AH.Cs.

Ventral horn




/ Neurons of the Gray Matter

/
/

\ \
D ] A. Sensory neurons: in the posterior horns. - a’

' B. Motor neurons: in the anterior horns. Cf4®<y™( )
| —_— S ——— Som . —m H‘\CJ’\ |

- Alpha motor neurons: give rise to large type A alghz}‘r _
M- Ccon (T

(Aa) motor nerve fibers for stimulation the muscle fibers.

M

- Gamma motor neuron: transmit impulses through much

smaller type A gamma (Avy) motor nerve fibers for control
fgwhd& .

musc

C. Interneurons “Intermediate”:
e —

- In the intermediate areas between the ventral and dorsal

horns.

- Function: 4ntegrative fun@of the SC (feflexes center),
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The White Matter of the Spinal Cord

\ ' TheWwhife matter surround the gray mattenand contains

B ascending and descending tracts.

| » It is divided into three column (fasciculus) of SC on

each side:

1.

3. .
é/ag;k. enter ‘here 1y Lad. CorHG S

oSS
Wi

\;t_v‘)((%\

Anterior column (AC): lying between the anterior

) revt |
median fissure & the attachment of anteefigr sgpmal root

e S

“anterolateral sulcus”.

020(&'0\ . .
Posterior column (PC): lying between the posterior

. Q’S ‘,yﬂ-(/
median fissure & the attachment of dorsal spinal root

R C sense

“posterolateral sulcus”.

Lateral column (LC): lying between attachment of 2+

anterior and posterior spinal roots. sract and leet- Sﬂ%ﬁlﬁ\wf‘
— °_)




. —s Pe s sl Sz)wd"""""’ K e
Dorsal (posterlor) horn P Dorsal o 1O . lad- Sfive %\"'j:p‘ 2
e column - ~—

— lucwi"e:/ NN &as% [l 0

Intermediate zone

09“\

Ventral lalesm! legisn

(anterior) CS

horn N\, Dorsal root
(sensory)
Dorsal root

ganglion

Sensory
neuron

Spinal
nerve

Motor neuron

v
Ventral Lateral Ventral root
column column (motor)



/ Structure of White Mater

- The white mater contains 3 types of nerve fibers (tract):

P l@acts of the SC:

Carrying sensory impulses from the SC to the brain:

eﬁja)"y e.g. Lateral Spinothalamic Tract. Ve
Q\d\CA—\" tracts of the SC:

Carrying motor impulses from the brain to the SC:
¢.g. Corticospinal Tract.

3cAssociative tracts:
Containing short ascending & descending fibers
which coordinate the function of the different

regions of spinal cord. 7—/9“\ by &lasociorion P> —
- Tk



\
\

\\ Also the tracts are divided into:

1. S L_t Tracts:
- They begins and end 1n the spinal cord.

- They are found close to the gray matter.
- They are associative in function.
2. Long Tracts: gejechs- Nlers
- Ascending tracts.
- Descending tracts.




I. Ascending Tracts
\a Sensof‘%,

C ewvrioas QWCOC'\QM\M/ A\, - )

Represent functional pathways that convey sensory
information from the periphery to higher levels.

Usually consist of a chain of three order neurons.

The first-order neuron 1s always in the spinal

ganglion. , ..., -_

© g Yook qangven CHOY orcler Nema "\

@ Se'wu\l sy Subgiom'a VY C Lnd ordes rnewhe \
@ Ywlwmes 7 orde reann)



/' @g Tracts of the Spinal Cord

\ |
A | 1. Gracile tract (PC): for proprioception & fing touch from

| lower half of the body.
' 2. Cuneate tract (PC): for proprioception & fine touch from
upper half of the body.

3. Lissaurer’s tract: for pain and temperature sensation, lies
between the tip of the posterior horn & posterior lateral

.

sulcus.

4. Dorsal spinocerebellar tract (LC): carries proprioceptive
fibers from Clarck’s nuclei to the inferior cerebellar
peduncle.

5. Ventral spinocerebellar tract (LC): carries proprioceptive
fibers from spinal border cells to the superior cerebellar
peduncle.



[ VAN / i 4

. Lateral spinothalamic tract (LC): for(pain and

temperature pathway.

: VGWC tract (AC): for crude touch.

. SWI tract (LC): arises from the posterior horn

& ends 1n the superior colliculus (spinovisual reflexes).

. Spino-olivary tract (LC): carries proprioceptive,

impulses to accessory olivary nuclei in the medulla.



Ascending tracts Descending tracts

Fasciculus gracilis Fasciculus septomarginalis

Fasciculus cuneatus Fasiculus interfascicularis

Posterolateral tract

({of UssauerD\, =
2

“ / Lat. corticospinal tract

Posterior
spinocerebellar tract\x *
WA, ¢ i
| Rubrospinal tract
Spinospinal tract ”\f - -
| | =) Spinospinal tract
et @ |
terior / | Y
spinocerebellar trac A x 7 Medullary

reticulospinal tract

Pontine reticulospinal tract

Vestibulospinal tract

at. spinothalamic trac

Spinotectal fract

o
CAnterior spinothalamic trach)
Medial longitudinal fasciculus Anterior corticospinal tract

Tectospinal tract




Ascending tracts
Fasciculus gracilis

DORSAL COLUMNS

Fasoiculus cuneatus

Dorsal
spinocerabellar
Iract

Fasciculus

proprius

Ventral
spinocerehellar
tract

Spinothalamic tract
& Spinoreticufar fract
I am Somy 111

Descending tracts
Medial longiludinal fasciculus

Lissauer's tract

Lateral corticaspinal
fract

Rubrospinal tract

Pontine

reticulospinal
fract

Medullary
reticulospinal tract

Lataral

vestibulospinal
tract

Tectospinal tract

Ventral conticospinal

[ract
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A. Anterolateral System
\)qn‘kfio \afrem ) Syime e lum e Aract.

l.splnothalamlc tract:

* Mediates pain, and temperature sensations.
* Receives input from free nerve endings and thermal

e E——
receptors

* Recerves input fronjA-delta and C fibers.

’plnothalamlcsggﬁg s

e (Concerned with crude touch sensation.
'_—_—?

* Recetves input from free nerve endings and from
Merkel tactile receptors.



Lateral Spinothalamic Tract
“Pathway of Pain and Temperature Sensations”

| 1. The first order neuron:
Found in the posterior root spinal ganglion at all levels.

The process divided into:
* The lateral branch (Dendrite): goes peripherally

forming the afferent sensory nerve (the ends of this nerve
e

<el\ bod
are receptors of th./_\’ do e ) oy
* The medial branch (Axon) enters the spinal cord,
forming Lissauer’s tract and make synapse with second

order neurons 1n the posterior horn cells “Substantia

Gelatinosa of Rolandi”.



fis} arder newron T posk spinal Al dentite sy fam & Yo cll By o Jich onhr neuron.

- Polar, gseudesunipoler sy spinal reet
ook g g
‘i{‘p\“ i;:r‘. 2 — .
: AT vew'(e =—
oy «— LETT aeicross ;"'.d'ﬁ’mk Conm\iu.
L Ne 4,#1,,‘.“/ \ 5 wppEr 2 &p fl_gj—,- Lq-kn‘r\ Uﬂl"ﬁ
. . 5
Midbai- — VA A Iy —=2 S T/ P Dorsolateral fasciculu
| / syt
Posteromarginal n. 2l
Cbstantia gelatindsD) e nww.
Dorsal horn Proper sensory n.
Intermediate gray Dorsal n. (of Clarke)
Ventral horn Ventral white

commissure




d'g ’L,M b/de, NEV I n

AT Lateral Spinothalamic Tract
,’/L;%E g8 2L C(bﬁ g/k & Y S Side Jf —=¢ d»v'e'jz_'/a:.} S'eamc nt I
N R~ WA ) e, Covnnmsur
\ n:l, | 2. The second neuron{:\ eoi\. ;;m ce\\
/ Is the cells of Substantia Gelatinosa of R Land its axon. This

NS

Mdlrnin axon crosses to the opposite side cross the midline in the ventral
b white commissure, usually within two to three segments above the
el Jevel of entry of the peripheral fibers and ascends in the lateral
column of the SC as the@ateral spinothaﬁicmwmedulla
oblongata — the pons — the mid brain — to relay the sensory
impulse at the VPL nucleus of thalamus. 2.2( ordes ntua.

3. The third order neuron: 4ha\we L/ hta\ oy -
Starts in the cells of the ventral posterolateral nucleus (VPL)
and intralaminar nuclei of the thalamus, its axon ascends to pass
through the posterior limb of the internal capsule conducting the

impulse to the cortical@Somatic sensory area (1, 2, 3) n the upper

2/3™ of the postcentral gyrus of the parietal lobe.
20 Ok P



-5 e . .
‘9\”5‘4‘) o‘&— Vel — foss )'l- Sens- 0 Janay s\,,cﬂ'“ o 'g:m.)
E o foo+ /I‘ o ' {postcentra -
POH- Shal o

Corpus callosum

Axons of neuwrons
in postedor imb of
ntemal capsule

' -~ "’ Third-ceder neuron in
wvertral
nucleus (VPL)}

bss o sengation in°”os(\-$\‘cb~
. Paen A -
. klj \
d"ss"'ab‘” &




The anterolateral tract lerminates in the VFL of
the thalamus. From e thalamus, fiders project
through 1he mornal capsule and corona radiala

lo terminate in the primary scrmalosenscry
cortax {pastcandral gyrusy,

) ABHNY W I Begi
i P A 2! . »
Si);@.ms TN

In the pons and midorain, the anlerolateral tract
las 'ateral 1o the megial lemniscus.

In the rostral medula, the anterciatery tract Bos
batwoen the nferor alivary nuclkeus and the
rucleus of the spanal tract af 1he tigeminal nerve

» Anterolataral ract in the caugal medulla,

Axors enter the spinal cord from the spinal
garglia, trave! up or down 1-2 segmants in
Lissaver tract, and then synagse in the postenar
rom

AXONE Of secondary Neurons ¢rass the mdine in
the amedior while commissure and ascend as
the amerciatoral tract in the spinal cord.

—

oY
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Anterior Spinothalamic Tract
“Pathway of (;I_'\ll(l_e\];()ll_ch Sensation”
0ol VN Rl G D\ 2P 5

e Has the same pathway as lateral spinothalamic tract

1€ A0\,

but the second order neuron 1s main sensory nucleus

in posterior horn cells.

SG"& JSU'.’_Q

® The axons crosses to the opposite side through the

white ventral commissure and ascends 1n the ventral

column of the spinal cord as the Ventral | —,

Spinothalamic Tract.

)‘ =
\e( -

¢ Found in the VPL nucleus of the thalamus.

"n %ﬁ(‘lh S;?M

N.B. The spinal lemniscus= lateral
.

spinothalamic tract H ventral

spinothalamic trac%‘ les s

P\~ CC,*J;'\ Seurg Tries



Lesions of the Anterolateral System

Lesions to th@horn cells: Ipsilateral at the

same level loss of pain and temperature, and
4 (/\/_V\
cyng e

nondiscriminative forms of touch sensations.

Lesions to theanterolaterabspinothalamic tract:

C w of pain and temperature, and
nondiscriminative forms of touch sensations below the level

of lesion.

Lesion@ amtraﬁyrus: Contralateral

\_/.____——-—-v

loss of pain and temperature, and nondiscriminative forms

of touch sensations.



/' B. Posterior Column Medial Lemniscus System
; /,f—'\nc Yo e, (F(aeeoc{folt' -

Ceo ncjous’)

\ i . T : .
S * The posterior column-medial lemnls@ system carries

general somatic afferent (general sensory) information

about discriminative “Fine” touch, pressure,
2‘/’“/054‘45 us), S
vibration and clous proprioception.

* Receives input from Pacinian and Meissner’s
corpuscles, joint receptors, muscle spindles, and Golgi
tendon organs.

* Transmitted through the fast-conducting large-diameter

fiber's (A-Beta fibers).



/ Pathway of Posterior Column Medial Lemniscus

| : System
\ | o Mhesvana ( ¥ﬁw soint , Yendow - eic
1. The first order neuron: fay madper N (25 Fhe o

' Found 1n the posterior root spinal ganglion at all levels.

The process divided into:

* The lateral branch (Dendrite): goes peripherally
forming the afferent sensory nerve (the ends of this nerve
are receptors of the tendon).

* The medial branch (Axon): enters the SC and ascends

T—
directly in the Gracile and Cuneate tracts “Fasciculus™

within the posterior column at the same side to relay in the

meeliul \adesal CuLl) T ——
T.Lvd Gracile and Cuneate uclei of th@
any ’("m'?‘

Py MO
785 A ¢\

0035'\“) e 2y VL Qv N o Wt uso % .._\
L.; medlial | emasscus -
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Pathway of Deep Sensation

2. The second neuron:

e Is the cells of the Gracile and Cuneate nuclei in the
medulla— give rise to axons, internal arcuate fibers that
decussate to the opposite side of the medulla oblongata
ascends as Medial Lemniscus through — the pons — the
mid brain — to relay in the “PLV” nucleus of thalamus.

3. The third order neuron:

Starts in the cells of the posterolateral ventral nucleus
(PLV) nucleus of the thalamus, 1ts axon ascends to pass
through the posterior limb of the internal capsule conducting
the impulse to the cortical somatic sensory area (1, 2, 3) in the

upper 2/3™ of the postcentral gyrus of the parietal lobe.



The medaal lemrescus terminates in $he VPL of

e thalamus. From the thatamus, ficers project

1 through the intarnal capsule and corona radiata

10 terminale In the primary somatosensory
cortex (posleentea gynus)

As the medaal lemniscus continues 1o ascond

through the rostral pons and midbrain, it moves
ateraly and bocomes mare vartical,

in the caudal pons, ®io medial lermniscus
flattans harizontaly

in the rostral medulla. the fisers travel as the
medal Bmniscus adjacent to the mudine

They torminata in nuckaus gracks ard nuoleus

cuneatus. From Mese nuciel, axens of secondary
NeUrens croEs the miding as intermnal arcuate

fioers and ‘ot the medial lemniacus,

(@

Axons enter the spinal cord from the spinal
gangia and pass direclly 'o ipsiateral posterior
column.

Caudal finers (up 1o ang ncluding T6) enler
fascicuius graciks (modial) and rostral fbers
{above T6) enter fascieulus cuneatus to ascend

oA






Somatosensory cortex
—

oy - Cerebrum
- — .
Somato- - {,\
39':0'7 _ 'Ventral posterior
conex . . nuclear complex
N | '\ K of thalamus
) . Midbrain
\‘_ s ‘ -
Medial leminiscus
Mechanosensory N
afferent fiber ?-.\ —— Medulla
Posterior root et '
nglion cells \
- -‘\ \¢~ Spinothalamic tract
endings

Pain and temperature
afferent fiber
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Posterior column medial |
lemniscus system : Anterolateral system
o~ | c. >/

fract Midline




Lamination of the Gracile and Cuneate Tracts

N fine Jouch f LL / pr fecip .
% The|Gracile Tract: lies more medially and received

impulses from the lower part of the body (the lower limbs

and lower half of the trunk).
UL Fine Youctn | §6 @c@io
¢ |Cuneate|Tract: lies more laterally and received |

impulses from the upper part of the body (the upper limbs
and upper half of the trunk).

ideySacralnerve fibers — lumbar
——— e —
nerve fibers oracic)nerve fibers — cervical nerve fibers.

e ——————




/ Lesions of the Posterior Column Medial Lemniscus System

\

\

* Lesions to tlm Ipsilateral loss of

discriminative touch , pressure, vibration and conscious
it ) shiv\ sk [R1z dediony W 72 5 6t cain
pewv £/ y
oprloceptlon Sensmve Ataxia”.

: |
o

* Lesions to the medial lemniscus, thalamus and

postcentral gyrus: @ntralate@ss of discriminative

touch, pressure, vibration and conscious proprioception

(44 4 * .9
Sensitive Ataxia™. |8

domeg A @ sprl b \edb@;m:“ \@i’@
S8l A\~ MK 2



/ C. Spinocerebellar Tracts

| 1. Posterior spinocerebellar tract:
\ | e  Transmits unconscious grogrioceptive information to the

\_ cerebellum.

* Receives mput from muscle spindles, Golgi tendon organs, and
pressure receptors.

*  Carries unconscious proprioceptive information from ipsilateral
lower extremity and trunk.

e  Anfuncrossed tract.

2. Anterior spinocerebellar tract:
*  Transmits Wtive information to the
cerebellum.
* Carries proprioception from the lower limb to the cerebellum .
* Receives mput from muscle spindles, Golgi tendon organs, and

pressure receptors. - A
e » Acrossed fract. | " Sp™
1—s |12 D o ' -
&C_Gft—be,\wm C\e — ) [dowdh WY S —Sf;):: S,-Z()Jrom N

3. Cuneocerebellar tract:
*  The upper-extremity equivalent of the posterior spinocerebellar
tract.



/ 1. Posterior Spinocerebellar Tract

|

o “Flechsig’s Tract”
\ a. First-order neurons:
- * Found in the posterior spinal root ganglia. c8-L3
* Project in the posterior thoracic nucleus “Clarck’s 7
huclens”, " 4 @Ol pin iy
b. Second-order neurons:
* Found in the posterior thoracic nucleus “Clarck’s

nucleus” of (C8-L3).5gment AOCI Iy

* Guve rise to axons that ascend in the lateral funiculus

and reach the cerebellum via the inferior cerebellartz

peduncl Jhen do Cendeltan.

Lesion: Ipsilateral lower limb discoordination “Ataxia™ The patient has
difficulty performing the heel-to-shin test.




|
g
1

Inferior
carsbellar

{
[ =
:
|
,’
Postarior
spinocereb
tract
i
C L3
L5

i Con Yiown P0Pect o)

In the rost-al medulla posterior spino-
cerebellar fibers trave! through the
inferior carabellar peduncie to the
ipsilateral cerabsallum, mainly to the
anterior lcbe and the vermis.

Fibers then travel In the posterior
spinc- cerebellar tract through the

spinal cord and brainstem.

P
Prepriocentive information frorm muscle
spindles and Gelgi tendon organs (1a,
1B, and |l Foers) and from skin enlers
the spinal cord. Fibars trave! in the
fasciculus gracilis unts they reach L3
wheare they synapse in the Clarke
nucleus. The Clarke nucleus extends
from L3 to C8.




/ 2. Anterior Spinocerebellar Tract

/
/

\\ - a. First-order neurons:

\

—

\‘ * Found in the posterior spinal root ganglia.
* Project in the posterior horn cells and make synapse

with the spinal border cells. L'- S=

Lo2inel s1des nenm-
b. Second-order neurons:

* Found in the spinal border cells of anterior horns (L1—

52). Mo eossve CRA —%

e Give rise to axons that decussate in the anterior whit

@me and ascend lateral to the lateral
spinothalamic tract in the lateral column.

» Give rise to axons that enter the ¢erebellua via the
superior cerebellar peduncle contralateral. They then
CcWMMior lobe and
vermis. \ —o &2

Lesion: Contralateral lower limb discoordination “Ataxia”. The patient has
abres 133 Cres gip—a <L

difficulty performing the heel-to-shin test. s Goth 2, Lo




67 spns

caudal medulla.

gangkion
3’
Lateral
corticospinal
tract

| £ suporior cerebetar peduncie Anterior Spinocerebellar Tract

In the pons, the anterior spinccerebelar fivers
enter the corebellum via the superior carebesar
peduncle. They then cress the midiine agan and
project to the antenor lcbe and vermis of the
cerebellum, Having crassed the midline twice, the
fibars terminate on the cerebellar hemisphere
Ipsilateral to the orlgin of the stimulus,

Anterior spinccerabeliar tract

Proprioceptive information from la and Ib fibers and
fiexor reflex aflerents as well as information from
cutansous receplors enter the spinal cord and
synapsa on spinal border cells lccated in the
anterclateral porder of the anterior hom. These
apinal border cets also recelve informaticn from
aascending motor tracts.

Flbers then cross the midine and travel as the
anterior spinocerebellar tract,




/‘ 3. Cwmmbﬂ&lr Tract

\> oY VY AYY J/}/M”/Jsm'(\w’l-‘/ s
M a. First-order neurons: (- order penm~ @

| * Found in th¢ posterior spinal root ganglia>C2 to T7”.

= O : : :
£ & 22 Project their axons via the Cuneate tract to the medulla,

lJp 7 6&@ I~ ) in MWD el ordec penn
] where they synapse 1n the accessory cuneate nucleus
ﬂOeJ cl .. . . Jo “U.L u«\g:-uiom Popes--
% (similar to Posterior thoracic nucleus “Clarck’s
nucleus™).

: b. Second-order neurons:
* Located in the accessory cuneate nucleus of the

medulla.

* (G1ve rise to axons that proj ec@psilaterallﬂto the

cerebellum via the nferior cerebellar peduncle




Cuneocerebellar Tract

a
Cunsacersbellar fibers orgirate i the
ACCRES0TY CUneate nucieus in the rostral
medulla &nd then travel theough the ICP
to the ipsdatarai cargboium, manly o the
anlenor obe, verms and intermeoiale
zone.

'

13, Ib, and Il *hers a3 well a5 thers from
s%in roceptors ontar the spinal cord above
C4 and ravel with the fascioulus cuneatus
Lm the rosirl medulla.

—
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Descending Tracts of the Spinal Cord

! AY Lateral corticospinal (LC): crossed pyramidal tract.

| B. Rubraspinal tract (LC): an extrapyramidal tract.

C. Lateral reticulospinal tract (LC): an extrapyramidal

R ——

tract.

pd Hypothalamospinal tract (L.C): the fibers arise from

peA in

tthjpotham end 1n autonomic cells 1n the

lateral horns.

E. Olivospinal tract (LC): an extrapyramidal tract.
™



~ F. Sulcomarginal tract (AC): 1s very close to anterior

\
\\

median fissure.

A
N\
e

| GX? Anterior corticospinal tract (AC): contains uncrossed

corticospinal fibers.

H. Medial reticulospinal tract (AC): an extrapyramidal

tract.

I. Tectospinal tract (AC): arises from the superior
colliculus of midbrain & the fibers end in the A.H.Cs.

(spinovisual reflexes ).

J. Vestibulospinal tract (LC): for equilibrium arises from
vestibular nuclei & ends 1n the A.H.Cs.



Ascending tracts Descending tracts

Fasciculus gracilis Fasciculus septomarginalis

Fasciculus cuneatus Fasiculus interfascicularis

Posterolateral tract

(of Lissauer) A ’ D
\¢ | | J Lat. corticospinal tract
Posterior ‘ | \ /
spinocerebellar tract\_ , * ' |
. | | f
Rubrospinal tract
Spinospinal tract \f " - =
| Spinospinal tract
Anterior / | ‘
spinocerebellar tract A X T Medull ary

¥ X reticulospinal tract
\ \ Vestibulospinal tract
‘ \ Pontine reticulospinal tract

Tectospinal tract

Lat. spinothalamic fract

Spinotectal tract |

Anterior spinothalamic tract
Medial longitudinal fasciculus Anterior corticospinal tract



Y, J_—-M o Sg'),qul \)6/3 \vn?o\ descendd \'V\j —\T{c‘Q& :

laye (A :
L,L:A‘ (ot X M\, The“]zyram}_d,al TraCt
o A ,
Wwe™ | » The pyramidal tract is a bundle of motor nerve fibers.

\ > It begins in the cerebral cortex and ends in:
: &
i ® a. Anterior horn cells of the spinal cord

oX w’) " /’.C{/V'{V begin atthe oiRen aneh e at e
La{o\“ . 9 {corticospinal tract). MHC ob-Insc.
,?O( MW‘“Y“S‘ ————
125

b. Motor nuclei of ﬂt“he cranial I/berves in the brain
ok oy TERRA s UM
L0 stem (corticonuclear or corticobulbar tract).

Yegim akx Yo et aml enol  arbi morst weclei of buain S

» The pyramidal tract consists of: 5 ot cnisasl
“eer 23 e Lo MQ\&M*
1. Corticospinal tracts ; ;95 entral, <o
. lower \J2 .
2. Co ar or corticobulbar tracts (Latiral &
e
otor N Moo ml T
Y yu\e 1o ’e . 1 \eadeval 4_ A emd ¢ Mo =< loc 1t CerX
/iﬁvn-ld/ N-”g' ocmhge(/if}t’%l)l;ﬂ um '\«-\u«lt—-'—/‘aégi%- Mjﬂ”ﬁk“”
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The Upper Motor Neuron System
(Corticospinal Tract)

J(jw’f’)'
e = QT
ion: Y b Ieh)
Function: Qbow $iin Y

8 ) damds leecd) +© faalysy) S below A — }7\:

CYrossy ng

1. Initiation and control of voluntary motor activity.

UMY
2. Inhibition of muscles tone. olw7gg A DMN —xuscle
hy pec tene & Spa)HU M-
oy .. . atler Hhe Shock & end.
3. Inhibition of deep reflexes. \%ai
damag—s Wpel YeRrexio o e decp spavic snge P O

.)»«.y\o[ar ’e ﬁ/{}(eJ .

5\%*’0 ‘f‘rL %/\A/\)_—D mustle hjpe( ~}‘mrq ) .S[AJ%’CI\-U, /lqrn\‘js\'s/ hafe()ﬂ:(\(x\'qg{: c\ee,o -k}ebm
set lexes
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" sldamage oL CST s\ puin or ¢ TUMMD

i A. The Lateral Corticospinal Tract
B. The Anterior Corticospinal Tract

d | Bemivi- 090 © 5 ogian, Pymmida)  arer B cesriey 8T

< FromBetz cell§ in motor ( in th& upper 2/3

precentral gyrus of frontal lobe) — descends in the

internal capsule — descends in nfidbrain,pong and
smedulla oblongata

* In the medulla the pyramidal fibers collect to form

| . :  incemflete 35y of Y dileg
the pyramid — pyramidal dicussation.—sewwee s so o

; SC
(oo / amedie Win ) s ( LMp) e\ side of 255

\aderql co |
(,c"‘fy\{"\ — ) /\,ij LAV N O(Sc

/ from ARG ot muscle Ribery = LMw.

\
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Brainstem

Antennomferior View

Optic chiasm Olfactory tract

Infundibulum (pituitary stalk)
Tuber cineraum

Aotenor perforated substance

Optic tract Mamillary bodies

o Temporal lobe (cut surface)
Oculomotor nerve (I
Trochlear nerve (IV)

Postenor perforated substance

Cerebral peduncle

Trigeminal nerve (W)
#bducens nerve (V)

Lateral geniculate body

Facial nerve (V1) and

Pons nervus intermedius

‘Westibulocochlear nerve (VI

viddle cerebellar peduncle

Flocculus of cerebellum

; Choroid plexus of 4th ventricls
Olive
Glossopharyngeal nerve (1X)
Pyramid ‘Vagus nerve (X)

“entral roots of 1st spinal nerve (C

Hypoglossal nerve (XII)

.i‘ov.V‘-V"'* :

Pyramidal decussation Fecessory nerve (X1)

A%




/ An the lower medulla; ol B av/rv

@,})\._c,w(._r«{ﬁw M\ haffen Witemplere tnsnr\aﬁ’c\ﬂ

\ o a. 85 -90% of fibers decussate to descends — 1n the<]aterafl E
-

\ column of th@@ of the spinal cord (indirect

or lateral crossed corticospinal tract). The tract

| A
' gradually diminishes 1n size and ends about the level of

X
% et 0= S3 or S4 segme
)‘:}_[::4; —e——— UL, LL Nl A.\,\_\c_p .f."')agu o ol L\/s—%w+ d"f,/bd)—

esT o VOoluntary movement. ., )

@

oy e 4@!1"/% e

. 10 - 159% of fibers descend directly — 1n the anterior
— e WA\ /s Acnsseed .

column of the same side (direct or anterior corticospinal

tract) then gives fibers for at the segmental level in

‘*’ o ——-—ﬂ‘-_ . . .
both side. They descend in the spinal cord until they
eval.- Ihoracic S¢ level )\ \sbe)

N Oy Segment N yental )i pe 1o %
ol il g BHC T30 el

e Vg VW »% aid

disappear in the midthoracic region.
el ) s 33— —

. V\g(\ . t N~
w&@'m\,sb"“ w&-bm\wm}‘o" o

@1 \nderal | anerueio- _
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thigh and trunk

leg and foot V \‘

k__‘:'?

hand and fingers

..

face and
tongue

10% goes down
the anterior CST

Anterior
corticospinal
tract

ateral
corticospinal
tract

Lateral
corticospinal
tract

90 %
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< pP9/7 The Corticospinal Tract

- »The motor arca of one side of cerebral hemisphere is

responsible for movement of the muscles of tk@

72 of the body (mainly the limbs).

»Anterior or direct corticospinal tract end 1n both

LL
AHCs to supply the trur{lg and respiratory muscles.

»The muscles of respiration are received fibers from@
cerebral hemispheres. This%xglain@ of

@@@Wral}fis in hemiplegic person.

% in the UMNL — sdmf;’vﬂ.s Jor below Ine levelet Jesyon.
——
lee

qbvve c;lJ-"'?\‘? qu Cro1 33y
cL g v 18




/- The Lower Motor Neuron System

| (Spinomuscular Fibers) g ifnnucko-
\ _ % @bw%“- moyo?’ nacléous U“‘L C,(/\j oo Fha mv s le =5 |Cv€k-v£ %’ O Nu

\ ~
(ook-rf «y — 4w\kgww> V- apper o CTMA o>

J M\:j hr‘u)\. o Shalho- o— an’
M. )
& Phrammpenl A @ sl s Wb A s e L ma
J =

: ° pC A cea meny —» Co 1ol — 4
| Function: * "’ ’ =L

1. Stimulation of voluntary motor at the level of the same
T————
side.
,
2. Stimulation of muscles tone at the level of the same

eF €5 o sYimalgke A M dorerd g 4 deHeid -
side.
===

3. Stimulation of deep reflexes at the level of the

C-@\u\cx&;’ﬂ W higpe dovia s hyporefiexa y U LpW N\ LoD b e
same side.
P
¥ dirsp b LIV = P gy oploms. o Yho vt A P damage aibhe Same sicde
f/%\“- w?o.}ew-)’—}hb 6?%—3'
FC‘%\. z Jo U2

e ‘J n’ e . q"‘h‘ )‘f,:;_ z"/
P 2y o2 fux deWC ) d— S & ™y



Pathway of the Lower Motor Neuron System

(Spinomuscular fibers)

M\uc“\q( ( '\E A5
Jia bf WY
& l

peg in:
From of the spinal cord

— fibers exit from the spinal

cord as the(@of

the same side — peripheral

firevs A v/
nerves — motor'end plate —
L /zurd muSe” Jurkhe

voluntary muscles. sketesl .

N'-

— damoge in LMN ‘)'kﬁ?)mfhw.x appear intth
Sam_lewe! and treSeme S




motor neurons

white matter
grey matter

lateral
corticospinal

o tract
N\

senso
root il

direction
of sensory
signal

ganglion

spinal
nerve



C. Descending Autonomic Tract

\— “Hypothalamospinal Tract”
b —

| * Project «@ (T1-L2) and parasympathetlc
v &_

(S2—S4) centers 1n the spinal cord.
. T 3 yrpriaie
* Innervate the| ciliospinal center (T1-T2), a pupﬂlary

D
C¢C® Ty = \L)

center.
P

Found 1n the posterior quadrant 1 column.

* Interruption of this hypothalamospinal tract:

results 1 er syndrome-

ﬁbc.a'm at Y Vg e Hhnlwnas  Yhen desend i +l~.\-\-u\?t+_43rm st ..
W Pere iyR celusi L‘__,h{m&airon[\-;TT 4 Sle )

‘;{a..f Sy s., /0»\( a¥l. \)-«..y/ b




Ophthalmic artery ' Hypothalamus
Superior tarsal Superior : 3

muscle orbital
fissure

\

Cavernous
= .
1 sinus ’J

-

A= 4| Midbrair
‘ 6—Y vz r < CNV : \
Q/ v v Pons

cahary nerve Middle ear
To dilator ) Hypothalamospinal
of pupil Internal carotid artery s
Vessels of face Medulla
| Superior
Sweat glands . gy cervical ganglion Spinal cord (T1)
of face (U

l\_-.'

~ External
cartotid artery

-"
7
ce

| ( i ] e .l’\,
! \ .i\\ -"— ,‘}\. & \' ; '
(@ . _ iliospinal center

(in lateral horn)
Sympathetic trunk

{
(U




Horner’s Syndrome

2 ° aou X ! m
"*l/"“'g resc i, S9 mprthatic £\ver doesnt relay ot P lonl) o], G2-TisTe & ascval otout yeboy ‘T‘ Sc')h —
sj\w,,-ﬂw&k | aph Wy M sup. wosio - 30.;12,1.2: Fhene e gaﬁaqp'j\(m'\g $'ber fotmivry Plexw apwnd TCA Ahen Yo "J‘—\ 'j
)th):" | myalll'q.si-\ P s.\'o‘oy e Adiler fq,o.'\la:j muscle

> | »Horner’s Syndrome:

p. Q\h'\n

Ao
* Partial ptosis “paralysis of the Mﬁller@ﬁg@cle”.

L SSNAN

* Miosis.
* Enophthalmus.
* Anhydrosis.

» Causes:
* «“Brain lesion: (massive ischemic stroke, brain stem
lesion). .&J(.m-w Uty LUTN| @"S/&}-‘)

» .~Cervical cord lesion: and cervical

: G R St~
spinal cord tumor),

* ““Neck pathology: (Pancost tumor, cervical rib, neck




Horner’s Syndrome




Classification of the Motor Neuron Lesion

| 1. According to the | | of the lesion:

1. Upper motor neuron lesion (spastic or central paralysis).

2. Lower motor neuron lesion (flaccid or peripheral paralysis).

I1. According to the af bs:
1. Monoplegia (Rt. UL or LL, Lt. UL or LL): paralysis of one
limb.

IN 2 »=2. Hemiplegia (Rt. or Lt. sided): paralysis of one side of the body.

3. Paraplegia: paralysis of both limbs.

¢+ o-4. Triplegia: paralysis of threg Limbs (one upper and two lower
limbs).

e
e ol
bt o 5. Quadrifglegia (tetraplegia): paralysis of four limbs.
6. Bilateral hemiplegia.

R) ifl onset




Lower Motor Neuron lesions (LMNL)

*  Result from damage to motor neurons of the

oy Rran Sden. oY Cvavi | 5093»%‘ N i

horns or motor neurons of the cranial nerve nuclei. rwn»-

L

Result from interruption of the final common

LA N

"M JCW I.\/wa\g«lw !

SgmpPtems ok Yhe \ere\ O Y Sopm

\

pathway connecting the neuron via its axon with the

muscle fibers it innervates (the motor unit).



Signs of the Lower Motor Neuron lesions (LMNL)

mast\e haf"’""“\-“ L/’ OP‘:-’

1. Flacc/id paralysis.

VARG re gponsib for pdribie A enasce $iloen-

2. Muscle atrophy (hypotrophy).

3. Muscle hypotonia.

haptﬂ‘n(.&": .
4. Areflexia of deep tendon and superficial reflexes.
7 spenyenss Comrackion Jf muscle greore C in medor neuna ol kene)

o om0 - Muscle fasciculations (visible muscle twitches).
RGO

“%27€ 6. Muscle fibrillations (on €lectromyography).

s B S o




L SSNAN

Diseases of Lower Motor Neuron lesions

. Anterior horn cells lesion: spinal muscular atrophy,

poliomyelitis

At 4

. Peripheral nerve lesion: mononeuropathy,

————

and|syringomyelia,

polyneuropathy.

. Muscle disease:

. Motor end plate lesion: | myasthenia.|or potilesim

2ey diseate {revesable

myopathyl .y mwear doskrephy..
<

\ A'\S‘aw C" in»\uef'a} 8/0-4/ a‘£ nﬂyo(q&h}.

~ s 8 B v\b’q
é\,ﬁ) Qs Sy W 9{'



Upper Motor Neuron lesions (UMNL)

abont c,{.:ss'mi cj,n/-krm ~cL iphoms e offesite Sida~
/ PQ,\O o 7 » Il *‘“7

Lesions of the corticéspinal and corticobulbar tracts

“Pyramidal tract lesions”.

May occur at all levels of the neuroaxis from the cerebral

cortex to the spinal cord.

€ 15) he pyramidal decussation, the motor
e py »

deficit present below the lesion, on the contralateral side.
.ﬂ

When the lesie pyramidal decussation, the motor

deficit present below the lesion, on the ipsilateral side.
N




Signs of the Upper Motor Neuron lesions (UMNL)

\ 1. Spastic paralysis.

2. Hyperretflexia of deep tendon reflexes.

Sever hyped /m{'e)(iq. ) .
3. Clonus: rhythmic contractions of muscles in response to

A »
Sadden Stvech A qeelld Aonlon=D Ao rwttitn.

' Va . WVI !
v e seber MR T den, passive moveménts (patellar, or ankle clonus).
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rhommu Crndraehien Ve muy fl\e.

4, ss of superficial (abdominal and cremasteric) reflexes.

wee e 21 s 5. Muscle hypertonia “Clasp-knife spasticity”: when a joint

Aurte E;:\r'»f racla| \&Sl';h\/\ Ls Ja 2 : woymduckion walle
? 5 . . sfasicidy. Cu{u,v:\ enkension 1 LL/. gk.x\.:.\-f.q\, . L gorke
t?;‘j:%?w. - 1s moved briskly, resistance occurs 1nitially and then fades.
in pavkinien £
Coe wh \ . . . .
s 6. Babinski sign: plantar reflex response that 1s extensor

flepiov o4 UL L
Shovtein Gnle walk

sk promer” (dorsiflexion of big toe).
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. Inflammatory: encephalitis, transverse myelitis.

Diseases of Upper Motor Neuron lesions

® CVA. Cerebrovaswlar accidant -

. Multiple sclerosis.

. Brain and spinal cord tumors.

. Traumatic: head trauma, subdural hematoma, spinal cord
= ———em

v il L= L

trauma.

. Congenital: cerebral palsy, hereditary spastic paraplegia.
7.
8.

ks Pulge, in cervical Segmnt —» S A FEv  Tuma)

Degenerative: vertebral spondylosis and myelopathy.
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Motor neuron disease.
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Differential between the UMNL & LMNL

1. Location of lesion

0
From area 4 until AHCs

0
From AHCs until muscles

2. Location of paralysis

Below the level of lesion:
Contralateral (above
decussation) and 1psilateral
(below decussation)

Ipsilateral at the level of lesion

3. Paralysis

Spastic or central

Flaccid or peripheral

I. MUSCLES

1. State of the muscles

Wasting occurs very late due to
disuse

Wasting occurs early
(hypotrophy)

2. Muscle tone

Hypertonia (spasticity)

Hypotonia (flaccidity)

3. Muscle fasciculation Absent May be present in the irritative
(spontaneous contraction lesions of AHCs
of muscles group).
II. REFLEXES
1. Deep reflexes Hyperreflexia Hyporeflexia or areflexia
2. Clonus (Rhythmical series | May be present Absent

of contraction in response to
sudden stretch of muscle
tendon).

3. Pathological reflexes
(Babinski reflex)

+ve (dorsiflexion of big toe +
fanning of other toes

Absent

4. Superficial reflexes

Lot if the Tesion is above
segmental supply of the reflex

Lost if lesion involve the
segmental supply of the reflex







/ Complete Spinal Cord Lesion
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\ » Complete loss g lPorolysls following Splnol Cord Injury
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Spinal Shock

Definition: Immediately loss of all SC functions,
e

: : : e Fo i :

including the spinal reflexes after sudden transection of

the SC ParFial Ty
. &efﬁﬂd on Sever iB Q‘:P %’\’\L W\\_]\t/j p_— E 2rre severe "é/[_,dr
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Mechanism: Due to sudden withdrawal of suErasEmal
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3.
4.

Manifestation of the Spinal Shock

Quadriplegia or paraplegia (depending on the level of the

lesion)

Loss of spinal reflex activity below the level of lesion:

* Loss of deep and superficial reflexes.

* Loss of muscle tone with flaccidity of the paralyzed
muscles

* [oss of erection, urination and defecation reflexes

Loss of all sensation below the level of lesion.

Vasodilatation and hypotension below the level of lesion.



Complication of the Spinal Shock

and pulmonary embolism.

@E}?ﬂ@n (specially 1n cases of high-level spinal cord

lesion).

Muscle wasting.
iyl

Bed sores due to ischemia of the areas are compressed
against bed.

Urine tract infection due to urine retention and stasis.
uTl

Segsis.@
Decrease of the body temperature due to reduction of the

metabolic rate after loss of the muscle tone.



\ :

¢ Incomplete Spinal Cord Lesion
(Partial Transection)

If any form of sensation, motor power 1s preserved
below the level of the lesion, spinal cord lesion 1s
considered incomplete:

SC I\ Chedeor ¢ O Sed)

»Brown Sequard syndrome (hemicord@

JUsE) e

» Anterior cord lesion>— °
» Central cord 1€s101) gy ez

» [Posterior cord lesiom.
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Brown-Sequard Syndrome

Hemisection Lesion of the Spinal Cord

| pYems o e Same. syde
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N G RAKC..

AL At the level of : jhar o PHC ek Hholenl . doimmbune emshash

. Ipsilateral zone of cutaneous anesthesia in the

S~———

segment of the lesion (due to damage of afferent

fibers that entered the cord & have not

yet crossed ).

————

2. Ipsilateral lgyver motor neuron paralysis in the

segment of the lesion(_ due to damage of the

CAHCS).

lower motor neuron in t



Brown-Sequard Syndrome

| m‘_H_ i _6____C: dﬂmﬂﬂr —-TC
| 1 . e tio Sphmt draed amey T
B. Below the level of lesion: e 77 ™7 conwpmies 2mor= =

‘\ -, ventnl ST-Tdmme » CL
; > Ipsilateral loss of proprioception & fine touch below the level

of the lesion (due to damage of the dorsal column — cuneate

o} cress Yhe K&

and Gracile Tract).

»(psilateral upper motor neuron paralysis below the level of the

lesion( due to damage of the lateral column — corticospinal
CAoss ;ra in Mo O Y crmsing in SC g2 b e ———

tract ).

direct  cwSsi_in o SC
» Contralateral loss of pain, temperature and crude touch

sensations below the level of lesion (due to damage of lateral

and ventral spinothalamic tract, which has decussated).



Dorsal Fasciculus gracilis

eri
(p::;‘m:r) Fasciculus

cuneatus

Lateral
corticospinal
tract

Lateral
spinothalamic
tract
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5. Loss of pain and’
temperature
sensation

Sensory horn
Gracile, cuneate
AHCs

Crossed pyramid

y 1.Anesthesia at site of lesion

4 2.L0ss of proprioception and
fine touch.
3.Spastic paresis

. Ipsilateral anesthesia in the segment of lesion.
. Ipsilateral loss of proprioception below lesion.
. Ipsilateral LMN Lesion in the segment of the lesion.

. Ipsilateral UMN Lesion below the lesion.
Lateral spinothalamic tract -

Contralateral loss of pain & temperature below the
lesion

lo3s of pain
and temperature

losg of
propriocenfion

dorsal column

lateral
corticospinal
fract

spnothalamic

temperature fract



Fasciculus gracilis
Sensory (fine touch,
proprioception)
from ipsilateral
lower limb,

—

T

|

Fasciculus cuneatus
Sensory (fine touch,
proprioception)

from ipsilateral upper
limb,

Spinocerebellar tract
Proprioception from
limbs to cerebellum.

Lateral corticospinal
tract

Motor to ipsilateral
ventral hom (mostly limb
musculature).

Anterolateral system

musculature).

Pain and temperature
Anterior corticospinal tract from contralateral
Motor to ipsi- and contralateral side of the body.

ventral horn (mostly axial

Hemisection (Brown-Séquard syndrome)

Fasciculus gracilis
Fasciculus cuneatus Lateral
A : Tl | corticospinal
P o tract
,\ S | iy
i T.‘e/ft Anterolateral
3 Lesion at C5 system
<) (spinothalamic
Dl tract)

[ Loss of motor, position, vibration,
proprioception
|| Loss of pain and temperature




Anterior Spinal Cord Syndrome

\

. : i
1 usually associated with a flexion injury

..o gl : :
and occlusion in the anterior spinal
—_—

\> @f the anterior part of the SC,

Levei
of injury

artery territory. el
ry I'y i \adera \ a++Ha level g boe s

> Loss of motor function at lesion and

—_—

ecreased superficial sensation,

. . . A Cmde dout A,
including pain and loss of temperature

Loss of movement, pain

~ sensation below the level of lesion. rd puraie
» Dysfunction of sphincter tone. Stilable o feel position,
4 vibration, and touch

> Deep and fine sensation is preserv@

pE )\/. Ve ,'/'6
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Dorsal Fasciculus gracilis
(posterior) R,
column

Lateral
corticospinal
tract

Lateral
spinothalamic
tract




Posterior Spinal Cord Syndrome

s oA gropioefrion /Bin ok
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/C/VOIL-IW\L:"

» Lesion of the posterior part of the SC, usually

associated with cervical hyperextension injuries,
tabes dorsalis (syphilis- tertiary stage), ischemia in
the posterior spinal artery territory.

> ngn, fine touch, and difficulty 1n
coordinating movement.

OIS gostin e lak- OO se0r |_CST /) Qfcen Iy

> V@lj@b\lehwqalgsg and bladder dysfunction

: : : belows Ham fett o4 esi
» Pain, temperature sensation ntac
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Dorsal Fasciculus gracilis
(posterior)
column

Lateral
corticospinal
tract

Lateral
spinothalamic
tract




/ The Central Spinal Cord Syndrome

\ ex| © i medullay tume-
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\ » Often is associated with a cervical
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= W
region injury in -@' of

the SC and(syringomyelia:

» Leading to greater weakness in the
upper limbs than in the lower limbs
and jacket or half jacket loss of;

Superficial sensation (at the level
L My pMo—

o-Loss of movement

e 071 and sensation
po bt o | ",\-,,fﬂ?

' . R ol ARV
» Sparing of deep sensation. & ™7 Incomplete loss
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Dorsal Fasciculus gracilis

(p:osit:rml:r) Fasciculus

cuneatus

Lateral
corticospinal
tract

Lateral
spinothalamic
tract
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Level
of injury

Loss of movement
and sensation

Iincomplete loss




Conus Medullaris Syndrome

Sleo| and urime i GW\inanee  Of2 pZ. L')S/; e C\a_;'/\ =

"+ The lesion involves segments@
* Results in destruction of thelsacral parasympathetic

)(\W\V\Lc\ed' / S 2 (),\:5]
nucle1: bladder, fecal incontinence, and impotence.

. . . damage
* Perianogenital sensory loss in dermatomes S3—S5

= ~

saddle anesthesia).

 Absence of motor deficits in the lower limbs.




Epiconus Syndrome

Involves the segments

Results 1n sphincter dysfunction.

UM p/
Loss motor and sensation below the level of lesion.

;C“—?Wf

Associated with absent achilles tendon rgﬂex.



_<Cauda Equina Syndrome
5(\\/\’\ L}A/N_

Classically involves spinal roots L2 - S5 below the lower
end of the spinal cord.

May result from lumbo-sacral intervertebral disk
herniation.

Produces neurologic deficits similar to those seen in
conus or epiconus lesions but presented radicular type
loss of sensation.

Results 1n signs that frequently predominate on one side
or asymmetrical presentation.

Commonly results in severe spontaneous radicular pain

(pain that radiates along a dermatome).
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Poliomyelitis and progressive spinal muscular atrophy.
Multiple sclerosis.

Posterior column disease (Tabes dorsalis).

Amyotrophic lateral sclerosis.

Hemisection of the spinal cord (Brown—Séquard syndrome).
Anterior cord syndrome.

Subacute combined degeneration (vitamin B12 neuropathy).
Syringomyelia.

Charcot—Marie—Tooth disease (hereditary motor—sensory
neuropathy type 1).

Posterior cord syndrome.
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