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vewntrieular system ano CSF clreulation

tf tunor ocourved in 3vd ventricle or a congenital anomalies happened the result is occlusion of both monro and cause acute

hydrocephalus we need to treat the patient by a surgery — VP shunt ventriculoperitoneum to decrease the the pressure and drain the CSF
We put 2 VP shunts on the right and Left

(TA = is a conmection between right and Left thalamus

2 Foremen of lushka + foreman of magendi (in post. aspect of
4th ventricle) drain the CSF to the subarachwoid space

CSF is a fluid looks Like the plasma because it comes from arterial blood and produced
by choroidal plexus and cireulated in ventricular system and subarachnotd space

Choroidal plexus Ls supplied by ant. and post. choroidal arteries
ano PICA — supplies 4th ventricle

tn chovoidal plexus there is type of glial cells called epindymal cells works to filtrate the arterial blood and
secretion and produce the CSF in all the ventricular system but mainly in lateral and _4th ventricle

(f any tumor cause pressure on cerebral agueduct it will cause obstructive (won communicating)
or internal hydrocephalus if we wanna do a VP shunt we do it in one of the Lateral ventricles

There is absorption process for CSF every day = times: we produce 500 ml
each day anod we have 150 ml = 75 ml in brain + 75 ml in spinal cord
The reason why it must change every day = times cause there is cellular waste must goes to venous blood

The absorption of CSF is achieved by arachnoid villi and granulation take the CSF and drain it
from subarachnotd space to the dural sinuses and dural cerebral veins

Rt. lateral ventricle

Le. nterventrioular
foreman of monro
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Cerebral agueduct

Sylvius

Two foreman of Lushka

To subarachnoid space

Ccentral spinal canal

if a fermale overweight patient came with headache we diagnose thew psewdotanmor cerebri after normal Ct and MRI = 10% of these people has the wrong diagnosis

we should do exclusion for all organic causes, we should do MRV magnetic resonance venography — staining of dual venous sinuses to know if there is any
thrombosis in intradural sinuses so that IVP + CSF pressures increased cause theve is no drainage and the treatment Ls anticoagulant not diuretics

Functions of CSF is support and protection against trawma, take place of Lymph, protection against
infections, regulation of tntrocralelal pressure, remove of cellular waste, and nourishment of CNS

CSF appear Like the clear water normal saline if turbid it means it contain WeCs and may has septic meningitis

(f we take a sample of CSF we take just 3 ml
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The pressure of the CSF s 100-120 mm of water

Rate of production 0.3- 0.4 ml so if we are doing Lumber puncture we set the patient in flat position for
some time to increase the production of the CSF and prevent the decrease that is caused by the sample
itself cause if the patient has intracranial hypotension he will face post Lumber puncture headache

Rt. lateral ventricle

Lt. nterventricular
foreman of monro

2rd ventricle (-
cells in the sample 0-5 WBCs (Lgmphocgte) and 2-3 weu.’crophiLs ts mormal

Sylvius

No RBCs in the sample and if there = it may be trawmatic from LP or subarachnoid hemorrhage
The technicque is used that we take = samples and Look to the appearance if the same color it may be hewmorrhage but
Lf it has beew diluted and the sample s start to be clear it may be trawmatic
The 2nd way to differentiate is after the labs done we ask, for centrifugation for the sample if subarachnoid
hemorrhage so its old bleeding and have beew destructed and the color of the sample stay xanthochromic if
traumatic after the centrifugation it will sedifimintate the blood in the sample and the blood appear as a red point

To subarachnoid space

The glucose in CSF Ls #0% of serum

(n bacterial meningitis — decrease glucose level in CSF

Total protein in CSF = 15-45 S Lnerease in cases like GBS (quillain-Barvé
sywdrome) multiple sclerosis and malignancy as a result of demyelinated process the
myelin is a lipoprotein so it will increase protein in CSF

GBs is crave disorder where body immune system damage the nerves without kinowing the cause

Hydrocephalus Ls distention of ventricular system either as a vesult of papilloma in chorotdal plexus
over secretion of CSF or obstruction in the drainage or failure of the absorption by villi and granulation

To differs between acute or chronic hyodrocephalus

if subarachnoid space is opew it is chronic
If subarachnotd obliterated and closed it is acute

Papilledema

Papilloedema refers to the swelling of both optic dises in Your eyes due to increased intracranial pressure
(tntracranial hgper’cews'ww)

- nterthalamic adhesion (TA

Cerebral agqueduct

Two foreman of Lushka
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Anatomy of the Spinal Cord (SC)

Shape: compressed cylindrical column.

Number of neurons in human SC: about 13,500,000
Length of human SC: about 45 cm (male); 42 cm
(female).

Weight of human SC: about 35g and comprises 2% of
the weight of the adult brain.

Diameter: about 1 cm.win 2 enargements cervical and tumber

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

Spinal cord is extracrainial part of CNS




Location of the Spinal Cord

CNS — Brain and spinal cord

column *“Spinal Canal”. S =y

Beginning: the SC 1s continuous with the medulla oblongata at the

spinomedullary junction which begin from the foramen magnum
At the base of the skull

downward.sc is a continuation of MO (medulla oblongata )

A plane defined by three structures:

Spinomedullary junction is known by

@ The foramen MAaZNUIN At the base of the skull

lllllll
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@ The vyramidal decussation Posteriorly

At the lIower part of it

@ The emergence of the first cervical nerve anterior rootlets.
Exit of ant. rootlet of C1

Lies within the subarachnoid space.
Like a tail
The subarachnoid space extends caudally to the level of the

Ends at level of S2 — sacral vertebrae 2

second sacral vertebra.
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Termination of the Spinal Cord

 obig,fts spinal canald\sl gho caudally i,y cuiflol §%ic-. sl eisil 2
| @YisY\ soyolaée vertebral column d\an il diysiy spinal cord iy

=== Spinal canal — vertebral column
=== Spinal cord

e At the third month of

m (mtrautermenie: the SC fills the el i ¢
whole spinal canal.

e A 1t ends at the level of

We do 1 of L4-L5

L3 vertebra.

o In th t: 1t ends at the level

We do LP at

of lower border of the L1vertebra.

The spinal canal increased in length while the spinal cord is still constant
N om ity 081 oy if) sy ail ol > ol vertebral column

Clinically it is very important to differentiate cuz if we wanna do LP
we should know where the spinal cord ends to avoid it's injury




Function of the Spinal Cord

1. Conduction function: from and to the brain:

fferent to the CNS.

a. Ascending tracts: conduct'sensory impulses

Example — lateral spinothalamic tract for pain and temp. sensation

from the SC%o the brai.

Efferent from the .CNS

b. Descending tracts: conduct motor impulses

Example — lateral corticospinal tract for somatic motor

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

Specific for SC has no relation to the brain even if it’s dead it may work and be preserved
Example: knee jerk reflex

integrative area for all spinal reflexes.

Through interneurons found between ant. and post. horn The impulse transmits from post. to ant. horn like synaps
cells it's function is integrative center or reflex center contact and the relay is by interneurons in SC




Meninges of the Spinal Cord

- SC
=== Pig mater
=== Arachnoid mater

=== Dura mater

The spinal cord 1s covered by 3 membranes (meninges),

Subarachnoid space
rrrrrrrrrr

from inside to outside they are: % sssssssssss -

1. Pia Mater.

Ends with SC at lower border of L1

R Subarachnoid space between arachnoid and pia — contain
blood vessels and spinal nerve roots
2 [ ] AraChnOld Mater. While in brain — cranial root

Ends at S2 Contain B.Vs Contain CSF

Subdural space between arachnoid and dura — contains

3 ° D u r a m ate r. semiliquid fluid lubrication for the movement

Ends at S2

Between dura mater and the bony vertebrae there is epidural space that contain
Semiliquid fat and venous plexus




The Pia Mater

Closely adherent .

So ends in adult at the level of lower border
of Ll and in children at the level of L3

Ends at the level of SC termination (lower border of

the first lumbar vertebra in adult).

FOI’IIl the dentICUIate llgaments.lts function to anchoring the spinal cord

angular shaped exte
F mf reman magnu mt th l 1 le
21 pairs of denticulate ligaments all along the length of the SC

It continues as the filum terminale which attached

tO the baCk Of COCCYX . For fixation of spinal cord




The Arachnoid Mater

Located between pia mater and dura mater

» The mner surface of the dura matter.
> It ends at the level of the second sacral vertebra.S2

In any age

The Dura Mater

> It ends at the level of the second sacral Vean%REgae.SZ
> It 1s attached to:For fixation

= Margins of foramen magnum.

= Intervertebral foramina.

=Bodies of the 2" and 3" cervical vertebrae.




Meningeal Spaces Of Spinal Cord

Epidural Space: 1t is a potential space located between
the dura matter and vertebral periosteum. It contains
semiliquid fat and internal vertebral venous plexus.
Subdural Space: 1t 1s located between the dura matter
and arachnoid matter. Contains thin film of serous
fluid.
Subarachnoid Space: it is located between the
arachnoid and pia matter. Is a wide space contains:

* CSFE.

* Spinal blood vessels.

* Roots of spinal nerves.




Anatomy of the Spinal Cord

- If bleeding happened it called extradural hematoma

- Epidural space Pia mater
(contains fat) Arachnoid
Dura mater [~ Spinal meninges
Subdural space (spinal
) dural sheath)
Subarachnoid =

If bleeding happened here it is not hematoma it "
is hemorrhage cuz it is circulated blood ’I Bone of
1 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 (ventral) horn | matter
columns

Lateral funiculus o
Dorsal root /
ganglion
Spinal nerve N

Central canal
Dorsal root - .
~77 Anterior median fissure

Ventral root

- Pia mater

"‘; i Arachnoid

N

Dura mater




External Structure of the Spinal Cord

Cross section

* Anterior median fissure: the anterior spinal artery 1s found

superficially. >__5 Divide the SC to 2 parts Rt. and Lt.

* Posterior median sulcus.
* 2 Anterior lateral sulcus: from which the anterior rootlets
2 .Rtandlt CIMEIgeE.
* 2 Posterior lateral sulcus: into which the posterior rootlets
enter.

 ([Posterior intermediate sulcus:; in some arcasof SC  Starts at T6 and above

v Found between the posterior lateral and posterior median

sulci but only above T6 level. rorpropriocepion and ne touch

v’ Separates the Gracile fasciculus from the Cuneate

For lower part of the body For upper part of the body
Found in the whole length of the spinal cord Starts at T6

fasciculus.
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Po smr md 'nJl sukus We can cor:ﬁrm t?at this segment. of SC is above T6
Posterior intermed iate sukus

Dorsal rootlets
— | / Dorsal root

Central canal

/

J— \ Ant\er'nr med ian ﬁssm IWpLicty (CXL)
1 mm Anteriolateral sulcus




The Spinal Cord Segments

Each segment contains gray internally and white
externally matter (¢\aws ale)

There are 31 segments:

8 — Cervical segments.

Cervical —»7 vertebrae

12 — Thoracic (dorsal).

5 — Lumbar segments.

5 — Sacral segments.

1 — Coccygeal segments.

CERVICAL NERVES

Head and Netck
Diaphram

Deltoids, Biceps
CH Wrist Extenders
c? 3 S Triceps
Cs e e Hand

-

—

C1
C2
C3
C+
LS

T e SN
12 ——§ “y*THORACIC NERVES

T3
: ‘_\

T4
Chest Muscles

T6 > 5

T? = e:\/

TS V.

T9

T8 = Abdominal
T rMuscles

T12

8 —m8m =

LUMBAR NERVES

L3 . SSSETORA Leg Muscles

SACRAL NERVES

Bowel, Bladder

Sexual Function




Epiconus: 1t 1s the L4, 5 and S1, 2
segments of the SC.

C Conus medularis: the lower end of

Its importance is it has sacral part of parasympathetic nervous system

the SC. It 1s the S3, 4, 5 segments of

L]
As a result to the end of the SC at the level of L1 and there is roots of spinal nerves after that level
from L2-3-4-8 S1-2 so it will descends and make a collection of root called caudal equine and it
has no relation to SC and its apa‘rt of peripheral nervous system

e Cauda equina:

Nerve roots

It 1s located below the lower

border of the first lumbar

vertebra, the spinal canal 1s filled
L2 —»S2

by the collection of ' lumbo-sacral
roots which descends 1n this

space to their corresponding

intervertebral canal.




Enlargement of the Spinal Cord

Spinal card diameter is lcm

| It face a load in outlet of brachial and lumbosacral plexuses so we have 2 enlargements
| So in these areas the diameter exceeds lcm

[ J
1. Cervical enlargement.
Segments of C4-5-6-7-8 — T1
Origin of brachial plexus which innervate the upper limb

2. Lumbar enlargement.

Segments of L1-2-3-4 — S1-2
7 Origin of lumbusacral plexus which innervate the lower limb
—

Clinical scenario
What differs If we cut (damaged) the conus

medularis part or the lumbar sacral plexus

The 1st is responsible for parasympathetic for sacral so if lost the patient can't
control defecation and micturation
The 2nd is responsible for movement and motor function for lower limb.




rcg(Cervical Enlargement of the Spinal Cord

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

nerves that supply the upper limbs.




rmcgl.Umbar Enlargement of the Spinal Cord

Itis the 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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Relationship between the Spinal Cord
Segment and the Vertebra

SC is shorter than vertebral column so the segment will be before the same number of vertebra
And the size of the vertebrae differs the cervical is small while lower thoracic is larger to sustain the load

Spinal Cord

1 [From C, - C, segments Opposite C, - C,

2 |From C; - Cq segments Subtract 1
3 |From T, - T, segments Subtract 2
4 [From T, - L, segments Subtract 3

5 |L;-L, segments Opposite T,

6 |L. and all sacral segments | Opposite L,

It we start with segment we subtract
While if we start with vertebra we add




oo Relation of Spinal Nerve Roots to Vertebrae

C1 —CT7 above the vertebra
C8 — between C7 and T1
T1 to the end — below the vertebra

Base of skull 15t cervical nerve

Cervical enlargement

P Cervical nerves
P Thoracic nerves
Bl Lumbar nerves

Lumbar enlargement

Conus medullans
@emination of spinal cord)

= Cauda equina
Intemal filum termminale of pia mate

Temination of dural s3¢

Extemal filum terminale of dura mat o s3

\-_ sS4
N OLCoccygeaI nerve

Cocoyx

Bl Sacral and coccygeal nerves




Internal Structure of the Spinal Cord

| % A transverse section of the SC is
formed of:
* White matter (outer or
peripheral).
SRR e - concu @ Graly matter (inner or central).
H shape
* Central canal (1 mm in
diameter): is present in gray

matter.

In Brain outer is gray while inner is white

LCST 5 latead wrtospral tack
IETT 2 ukead s i

Ves T verttl ool deck




The|Gray Matter|of the Spinal Cord

* Structure: 1t consist of nerve cells.
* Shape: the grey matter resembles the letter “H” divided into:
1. Anterior horns (right and left): Consist oi.
cells.
2. Posterior horns (right and left): Consist of

-cells.

mmsentomc1ca+1sanaveow 3, LAteral horns (right and left): In the thoraco-

lumbar segments “T1-L2”. They contain
EYPAIREHS nerve cells.
#4 Central canal: The central canal contains C.S.F.
Yot 5, (Gray commissure: anterior and posterior gray
commissure.




Posterior gray  Postenor Central  Postencor




@The Posterior (Dorsal) Horn Cells

LCST o Laterad Gricospnal +nck
LGTTZMMI § Mc dch
V.CS T ventral ovr\io&rm\l ek

- Between the dorsal horn & posterolateral sulcus there
is the dorsolateral tract of Lissauer’s.
- The posterior horn cells receives and processes sensory

input and consist of following sensory nuclei:




The Posterior (Dorsal) Horn Cells

1. Substantia gelatinosa of Rolandi:

 Found at all cord levels.

'2nd order neuron

*"For pain & temperature sensations.

2. The main sensory nucleus or nucleus Proprius:

 Found at all cord levels.

2nd order neuron

* "For.crude “light” touch sensation.

Poor localized touch
Like clothes
While fine touch (good localized touch) sensation




3. Clarck’s nucleus or posterior thoracic nucleus:

* Found at the medial side of the Cs-L2 segments
of the spinal cord.

D.S.T.T

e (Carries unconscious proprioception to dorsal

spinocerebellar tract —{inferior cerebellar
peduncle.

4. Scattered nuclei:

* Found at the L.3-S2 segments of the spinal cord.

. . . . V.S.I.T
e (arries unconscious proprioception to ventral

spinocerebellar tract — superior cerebellar
peduncle.




The Gray Matter of the Spinal Cord

‘e

Dorsal—"'-"- iy
Rl \ Substantia gelatin(
DOI’SO‘StG('B' tract of Pain andotferﬁgle?gtgire
Lissauer's
Dorsal horn Main sensory
Cruglej?!)%gﬁ

For anterior
spinocerebeliar |

Grey
commissure

nt. 6ray commissary

Ventrolateral grd
of A.H.Cs.

Dorsolateral group

Central canal
of A.H.Cs.

Contain CSF

entral group of A.H.Cs

Ventral hom Medial group of A.H.Cs.




The Gray Matter of the GHOEAEIS SC

Dorsal horn

nucleus
scious proprioception

Lateral horn

nerve cells

j. = : \ Lateral horn cells
o e Lt . 'IZLZ and contains parasympathetic
= Dorsomedial group
of A.H.Cs.

Ventromedial group
of A.H.Cs.

Ventral horn




or extremities, trunk, abdominal muscles (diaphragm),
special muscles (trapezius and sternocleidomastoid)

@The Anterioi mentral) Horn Cells

The anterior horn cells contain the following nuclei:

A. Medial group:
- LieS in the WhOle SC.But mainly at tho thoracic level.

- In the thoracic segments, divided into ventromedial and

dorsomedial groups.

o9 bg) cung L) e oy ol ventro +dorsal ol

- They supply muscles of the trunk:

B. Lateral grouﬂgﬂy(ventrolateral & dorsolateral):

For upper and lower extfemities ound in cervical and lumbosacral
enlargements and make the brachial plexus and lumbosacral plexus

- Present in lower cervical, lumbar and upper 2 sacral
C5-6-7-8 +T1 L1 —S2

region.

- They supply upper and lower limb muscles.

Extremities




C. Central group:
1. Spinal accessory nucleus:
- Lies 1n the upper cervical region “Ci - Ce”.
- Their axons form the spinal accessory nerve.
- Innervates thesternocleidomastoid and trapezius.special muscles
2. Phrenic nucleus:
C3-C4 mainly
- Extends from Cs to Ce.
- Their axons form the phrenic nerve.
- Innervate the diaphragm Avrdominal muscles
D. Sacral parasympathetic nuclei: Parasympathetic for defecation
In ant. Horn cells cuz it is empty in relation to somatic motor neuron and micturation sphincter control
- Extends from Sz to Sa.
- Gives rise to preganglionic parasympathetic fibers that

innervate the pelvic viscera via the pelvic splanchnic nerves




The Gray Matter of the Cervical SC

Sensory =

Dorsal—"""- iy
[RE! Substantia gelatint
Dorsolateral tract of of Rolandi
Lissauer's
Dorsal horn Main sensory
nucleus

For anterior
spinocerebeliar |

Grey
commissure

\Ventrolateral gro
of A.H.Cs.

Dorsolateral group

Central canal
of A.H.Cs.

Vlotor = ant.

entral group of A.H.Cs
For diaphragm and trapezius
Vent-gl'oup of A.H.Cs. and sternocleidorﬂ




@ The Lateral Horns

Recelves viscerosensory input.

Found between the posterior and anterior horns of “T'-
I.2” segments of the spinal cord.

Contains the intermediolateral nuclei “preganglionic
symp athetic neurons”’. And the relay is done in the sympathetic ganglia

At “T1—T2 or Cs-T2” level located the Ciliospinal

center of Budge (sympathetic innervation of the

eye) Responsible for pupil regulation Cive long ciliary nerve
[ ]




The Gray Matter of the Thoracic SC

N_\
Dorsal horn / -

Clarke’s nucleus

Lateral horn cells

Lateral horn

Dorsomedial group
of A.H.Cs.

Ventromedial group
of A.H.Cs.

Ventral horn




Neurons of the Gray Matter

Revision

A. Sensory neurons: in the posterior horns.
B. Motor neurons: in the anterior horns.
- Alpha motor neurons: give rise to large type A alpha
(Aa) motor nerve fibers for stimulation the muscle fibers.
- Gamma motor neuron: transmit impulses through much
smaller type A gamma (Ay) motor nerve fibers for control
muscle tone.
rasmaccosices C, INterneurons “Intermediate”: 99% e
- In the intermediate areas between the ventral and dorsal
horns.

- Function: integrative functions of the SC (reflexes center).




The White Matter|of the Spinal Cord

* The white matter surround the gray matter and contains
ascending and descending tracts.

* It is divided into three column (fasciculus) of SC on
each side: ciear in the diagram@

1. Anterior column (AC): lying between the anterior
median fissure & the attachment of anterior spinal root
“anterolateral sulcus™.

2. Posterior column (PC): lying between the posterior
median fissure & the attachment of dorsal spinal root
“posterolateral sulcus”.

melagest 3. Lateral column (LC): lying between attachment of

anterior and posterior spinal roots.




D90 0090\l 1001 S J ¥l s S 47 81 am s Bdgiig Ll 9,35 on oSl segment of spinal cord daawd
if there is lateral horn cells — T1-L2

Dorsal (Posterior) hom Dorsal Is there is post. intermediate sulcus — above T6 starts with cuneate
, column
Intermediate zone PC A

Ventral

(anterior)

horn Dorsal root
(sensory)
Dorsal root

ganglion

Sensory
neuron

Spinal
nerve

Motor neuron

T
Ventral Lateral Ventral root
column column (motor)

AC LC




Structure of White Mater

The white mater contains 3 types of nerve fibers (tract):
1. Ascending tracts of the SC:

Afferent to the Bra Sensory

Carrying sensory impulses from the SC to the brain:
e.g/ Lateral Spinothalamic Tract For pain ana temperature sensation

Ventral spinothalamic tract for crude touch

2. Descending tracts of the SC:

Efferent from the Brain Motor

Carrying motor impulses from the brain to the SC:
Ventral corticospinal tract motor for proximal muscle

éa}tg?l C Ortlc O SJ[) lnal TraCt Located more posterior

So if post. part éf spinal cord is injured it may affect the motor

3 ° AS SOCiative tracts :Connect adjacent segments of spinal cord and it is short
Containing short ascending & descending fibers

which coordinate the function of the different

regions of spinal cord.




Also the tracts are divided into:
1. Short Tracts:
- They begins and end in the spinal cord.
- They are found close to the gray matter.
- They areassociative in function.
Type 3
2. Long Tracts:
- Ascending tI'aCtS.If starts from SC Sensory Afferent Spinothalamic tract

- D eSC endln g tractS.itendsinSC  Motor Efferent ~ Corticospinal tract




Blood Supply of the Spinal Cord

From the vertebral arteries

1. Anterior (ventral) spinal artery.suppties anterolateral 2/3 ot sc

2. Posterior spinal arteries (right and left)> g5 '~

3. Radicular arteries.

Segmental

X If occlusion of ant. spinal artery happened it cause anterior spinal cord syndrome

x While if the occlusion happened in one of the origin the affected organ is medial part MO

And it will cause medial medullary syndrome — has triad symptom:-
Ipsilateral tongue deviation due to damage of hypoglossal nucleus
Contralateral hemiplegia due to damage of corticospinal tract above decussation (crossing)
Contralateral loss of proprioceptican and fine touch due to damage of medial lemniscus




Blood Supply of the Spinal Cord

(] Arise from the:

A. Vertebral Arteries: a branch of the subclavian

The longest artery in the body starts from vertebral
arteries to L1 vertebra = the end of spinal cord
Pass through anteromedial fissure

artery. Gives rise to the:anterior spinal artery and

Responsible fer anterior and lateral
(horn cells and column)

. . Start from yertebral astries and mgay arise from PICA
may give rise to thesposterior spinal artery.

esponsible for posterior (horn cells and colum)
Responsible for gracile and caunate tracts

B. Segmental “Radicular or Medullary” Arteries.




Arteries of Brain
Inferior View

Aoterior communicating artery

Mdial orbitofrontal artery

Aoternior cerebral artery

) Recument artery (of Heubner)
Intemal carotid

Circle of Willis (broken line)

Middle cerebral artery Posterior communicating artery

Lateral orbitofrontal artery Posterior cerebral artery

Fecending frontal

(candelabra) artery Supenor cerebellar artery

hizdial and Iateral Pontine artenes

lenticulostnate artenies

Aoternior choroidal artery
Basilar artery
Intemal acoustic
(abyrninthine)

“ertebral artery

Aaotenor infenor ,

cerebellar artery Aoterior spinal artery

Postenor infenor

cerebellar artery
Postenor spinal artery




Posterior spinal artery

Peripheral

Central

Anterior spinal artery




A. Vertebral Arteries
1. Anterior Spinal Arteryoo.s

Formed 1nside the cranial cavity by the union of right
& left anterior spinal arteries arising from the right
and left vertebral arteries.

It descends infront of the anterior median fissure of the
spinal cord.

Supplies the anterior two-third of the spinal cord
(anterior and lateral columns, anterior and lateral
horn cells).

Supplies the pyramid, medial lemniscus, and
hypoglossal nucleus in the medulla

The anterior spinal artery 1s the longest artery in the
body.




2. Posterior Spinal Arteriesreu

Two posterior spinal arteries (Right & Left).

Each artery arises inside the cranial cavity from
vertebral artery and may be arises from PICA.
Supply posterior one third of the spinal cord (Posterior
horns and posterior columns).

Supply the Gracile and Cuneate nuclei in the

medulla.







Posterior spinal
artery territory

Posterior spinal arteries

Ventral

Anterior spinal
artery territory

Spinal
arterial
plexus

Anterior
spinal
artery




The anterior branch anatomies with anterior spinal artery
The posterior branch anatomies with posterior spinal artery at the same side

- B. Segmental Arteries

Supplies the roots—p Anterior and posterior

 Arise from the aorta, vertebral arteries, and common

Post
Ant.
Post.

iliac arteries as medullary arteries “Radicular =
arteries”, which anastomose with the anterior and
posterior spinal arteries.

* One large “great” radicular artery (artery of
Adamkiewicz). Its origin varies from T12 to L4, and 1t

usually arises on the left side.




Posterior inferior
cerebellar artery (PICA)

Basilar artery

Rz T Posterior spinal arteries
nterior spinal artery
Cervical radicular artery

Right vertebral artery

Anterior spinal artery
Left vertebral artery
Posterior spinal arteries

Aorta | X
B l > :
' 7‘} Spinal arterial plexus

Thoracic radicular artery

Great radicular artery of
Adamkiewicz

Ascending sacral artery




Arteries of Spinal Cord - Intrinsic Distribution

Right postenor spinal artery.

Peripheral branches from pial plexus

Sulcal (central) branches
to right side of spinal cord

Sulcal (central) branches
to left side of spinal cord

Right anterior radicular artery: Left posterior spinal artery

Zone supplied by penetrating
branches from pial plexus

Pial artenal plexus

Zone supplied by central branches
Zone supplied by both

central branches and

branches from pial plexus

Right postenor radicular artery

Aoternior spinal artery
Left postenor radicular artery

Left antenor radicular artery




Venous Drainage |of the Spinal Cord

“*Venous blood passes from spinal veins within the
subarachnoid space to the epldurglerglyternal venous
plexus before draining into:

* Intracranial veins.

e Cervical veins.

e Thoracic veins.

Intercostal veins.

Abdominal veins.




Afferent to the brain — sensory

I. Ascending Tracts

All of the somatic ascending tract pass into 3 order neurons

Ist order neuron — located in ganglia (post.) cause it is sensory
2nd order nearon — located either in post. horn of SC or in MO medulla oblongata
3rd order neuron — located in thalamus

* 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.

Proprioception and fine touch — Gracile(lower) Cuneate(upper)

Pain and temperature — Lissaurer’s tract + lateral spinothalamic tract
Crude touch —Anterior (ventral) spinothalamic tract




Ascending Tracts of the Spinal Cord

. Gracile tract (PC): for proprioception & fine touch from

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

. Lissaurer’s tract: for pain and temperature sensation, lies

between the tip of the posterior horn & p‘cl)vﬁer%(%r tlateral
ith post. Rou

sulcus.

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

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

Scattered nuclei

peduncle.




7.
3.

Less important

9.

Lateral spinothalamic tract (LC): for pain and

temperature pathway.

Ventral spinothalamic tract (AC): for crude touch.

Spinotectal 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.




Fasciculus gracilis

Fasciculus cuneatus

Posterolateral tract

of Lissauer
Posterior
%g!rs\a?cefebellar tract\ N
Spinospinal tract \f
Anterior )
%Iiltt}glcerebellar tract A x

Lat. spinothalamic tract

Spinotectal tract

VentralAnterior spinothalamic tract
Medial longitudinal fasciculus

Descending tracts

Fasciculus septomarginalis

Fasiculus interfascicularis

4 / Lat. corticospinal tract

\ 4 /Rubrosplnal tract
Spinospinal tract
\
J \ Medullary

reticulospinal tract
\ \Vestibulosplnal tract
\ Pontine reticulospinal tract
Tectospinal tract

Anterior corticospinal tract




Ascending tracts Descending tracts

Fasciculus gracilis

Medial longitudinal fasciculus
DORSAL COLUMNS
Fasciculus cuneatus Lissauer's fracl
Lateral corticospinal
tract
Dorsal
spinocerabellar Rubrospinal tract
lracl
Fasciculus Pontine
proprius reliculospinal
tract
Ventral
spinocerebellar Medullary
tract reticulospinal tract

Lateral
vestibulospinal
tract

%

Spinothalamic tract Tectospinal tract
& Spinoreticular tract
1am Somy 1 Ventral corticospinal

fract




@ Anterolateral System

Responsible for pain, temperature, and cr touch sensation
i ezalung das) J& 01,9 ousil 928 qusioy ol o-

1. Lateral spinothalamic tract:
* Mediates pain, and temperature sensations.
* Receives input from free nerve endings and thermal
receptors.
* Recerves mput from A-delta and C fibers.

2. Anterior spinothalamic tract:

nondiscriminative touch

e (Concerned with crude touch sensat1onof e body not the head

Clothes sensation Poor localized touch ™™e"eadiselated to trigeminal nerve and ganglion

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




Lateral Spinothalamic Tract
‘~0f Pain and Temperature Sensations”

Ist order neuron — dorsal spinal ganglion
2nd order neuron — substantia gelatinosa of rolandi in SC
3rd order neuron — ventral posterolateral nucleus of thalamus (VPL)

Pain stimulus in the hand [~ Stimulation of free nerve endings for pain _P It will transmit the signals to the 1st order neuron
The pain receptors in the hand It is"posterior root ganglion that responsible four this dermatome
The ganglion:
Has dendrite — peripheral nerves sensory fibers the relay happened in the ganglion ~. Then the signal reach substantia gelatinosa of rolandi
Has axon through the post. root through lissauer’s tract — that transmit the signals to the VvV 2nd order at the same level

2nd order season

Then through anterior commissure the axon of the 2nd order cross or decussate to the other side Then through the axon of 3rd order neuron = post. Limb of internal capsule
and go through an axon to the 2nd order called lateral spinothalamic tract and pass at lateral part of reaching the post central gyrus
medulla (So is lateral medulla is damaged by PICA syndrome the result is contralateral loss of pain —B If the signal from foot — upper part

and temperature) then pass through the pons then reachs VPL of thalamus = 3rd order neuron of If from the hands — middle part

pain and temperature sensation

Lower %ﬁ.‘o."ti.‘.'.:l:g',a::m.) Each segment do the crossing step at the
o same segment and join two segments about
and then joins the lateral spinothelamic tract

Called radiations

Axons of neurons
in postenar b of
ntemal capsule

Compus n

Thalamus

Internad capsule

der neuron n
vermiral posterciaterad
nucleus (VPL)

If any of the (nerve or roots ganglion or post. horn cells) are damaged — the result
sensation loss is ipsilateral and the same level = same dermatome
If the tract is damaged — all the sensation is lost below the level (cause it is white
matter (tract) while gray matter at the level ) and contralateral

Medial lemrescus
Red nucleus

Crus cerebri

Medial lemrescus

In lateral medullary syndrome if the tract is damaged
lost of pain and temperature contralateral

Laterad
spinothalamic

Aot an order Damaged of white matter = damage of tract so symptoms below the level.

Damaged of gray matter = damage of roots ganglions and nerves —
symptoms at the level.

-of& r neuron in
spinad ganglion -
Post. root of spinal ganglion

Lissauer’s tract

Free narve >, Dendrites
endings R

-D'dcr neuron Antenor while commessure

Substantia gelatinosa of rolandi
Found in post. Horn cells




e LLateral Spinothalamic Tract
“Pathway of Pain and Temperature Sensations”

1. The first order neuron:
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 skirﬁ.\%ell body (ganglion)

* The medial branch (Axon): enters the spinal cord,

Post. spinal root

forming Lissauer’s tract and make synapse with second

nters it to order neuron

order neurons in the pgsterior horn cells “Substantia

Xon o st order

Gelatinosa of Rolandi”.




Dorsal horn

Intermediate gray |

Ventral horn

'r"

Dorsolateral fasciculus
(of Lissauer)

Posteromarginal n.
Substantia gelatinosa
Proper sensory n.

Dorsal n. (of Clarke)

Ventral white
commissure




Lateral Spinothalamic Tract

Each segment decussate at the same level and ascends to

2. The second neuron: join 2-3 segments and goes to the contralateral side and

join the lateral spinothalamic tract
Is the cells of Substantia Gelatinosa of Rolandi and its axon. This
axon crosses to the opposite side cross the midline in the ventral
white commissure, usually within two to three segments above the
level of entry of the perigl}};cnrgaflzrlfgggerrs and ascends in the lateral
column of the SC as the lateral spinothalamic tract — medulla
oblongata — the pons — the mid brain — to relay the sensory

impulse at the VPL nucleus of thalamus.

3rd order neuron

3. The third order neuron:
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) in the upper

Foot and leg — superior

2/3™ of the postcentral gyrus of the parietal 10be. sera anaamms - miaae

Faces — lower, facial sensation is by trigeminal




Axms of neurons
ntemal capsule
Third-order neuron in

ventral posieroiaieral
nucleus (VPL)

First-order neuron in
=pinal ganglicn




The anterclateral tract tlerminates in the VFL of
the thalamus. From the thalamus, fibers project
through the imtermnal capsule and corona radiata
to terminate in the primary somalosenscry
cortax (postcantral gyrus),

In the pons and midorain, the anterolateral tract
lias lateral to the medial lmniscus,

In the rostral medulla, the anterclateral tract Fos
batween the infarior clivary nuclkus and tha
rucleus of the spinal tract of the tigaminal narve

-

Anterolateral tract in the caugal medulla.

Axonrs entor the spinal cord from the spinal
ganrglia, travel up or down 1-2 sagmants in
Lssauer tract, and then synapse in the postenar
horn

Axons of secondary neurons cross the midiine in
the amerior while commissure and ascend as
the amerolateral tract in the spinal cord.
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Anterior Spinothalamic Tract
“Pathway of Crude Touch Sensation”

Looks like the lateral pathway
The 2nd order here is main sensory nucleus also in posterior horncely

The difference is in pain and temperature pathway — lateral column through L.S.T.T
While crude touch pathway — ventral (anterior) column through A.S.T.T

e Has the same pathway as lateral spinothalamic tract

Not sybstantia gelatinosa of rolandi

but the second order neuron 1s main sensory nucleus
in posterior horn cells.
® The axons crosses to the opposite side through the

Not lateral

white ventral commissure and ascends 1n the ventral
column of the spinal cord as the Ventral
Spinothalamic Tract.axon of the 2nd order neuron

¢ Found in the VPL nucleus of the thalamus.

In Brain stem and in lateral medulla they get close to

each other and joined and called spinal lemniscus
Anterior

N.B. The(spinal lemniscus= lateral spinothalamic tract + ventral

spinothalamic tract [nPICA syndrome and the spiral lemniscus is damaged it will
affect pain temperature and crude touch in the contralateral side




Lesions of the Anterolateral System

In case of Syringomyelia Before decussation

* Lesions to the posterior horn cells: Ipsilateral at the
Fibgzirr;(eewleensftgfcioss of pain and temperature, and
nondiscrg}&giggcthive forms of touch sensations.

* Lesions to the anterolateral spinothalamic tract:
Contralateral loss of pain and temperature, and
nondiscriminative forms of touch sensations below the level
of lesion.

* Lesions thalamus and postcentral gyrus: Contralateral

loss of pain and temperature, and nondiscriminative forms

of touch sensations.




.Posterior Column Medial Lemniscus System

Responsible for proprioception and fine touch and deep sensation for joint

* The posterior column-medial lemniscus system carries
general somatic afferent (general sensory) information
about discriminative “Fine” touch, pressure,
vibration and conscious proprioception.

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

* Transmitted through the fast-conducting large-diameter

fibers (A-Beta fibers).




@afisgay of Posterior Column Medial Lemniscus

Ist order neuron — posterior dorsal spinal root ganglion

2nd order neuron ﬁgnd nuclei
3rd order neuron — posterolateral nucleus of thalamus (VPL

System
of deep sensation fine touch and proprioception

is responsible for signals from lower half =
is responsible for signals from upper half

Ascends in the peripheral nerves and

It has been reach the 1st order neuron — post. Root ganglion, and

Stimulation of sensation of joint receptors P transmit the signal to the post. Root ganglion E take the signal directly to the post. Column and do not enter the

and the relay is achieved gray matter so in case of syrengomyleia (affect gray matter) — so
the proprioception is intact has no relation to gray matter

The signal transmits through Gracile tract medial for lower half of the body or

Cuneate tract lateral for upper half of the body and arise at the ipsilateral side Ascends until it reach the thalamus and goes to
without decussation crossing until it reach medulla oblongata and the decussation [N, ventral posterolateral nucleus of thalamus VPL
happened and the tract become more medial and the common tract called medial b Some sources confirm it is posteromedial

lemniscus and ascends to brain stem

Postcentral gyrus
corex f——— Lower limb area
——— Trunk area

— Upper imb area
Head area
Face area

— Ventral posterolateral
nucieus of thalamus

Lentiform nucleus — . 3rd order neuron
s
Midbrain
- Medial lemniscus
;
.
Trigeminal nerve ———————————————— Pons

Mmus@,_u W
x Cracile and Cuneate

st ———————— ;

(neuron

Spinal trigeminal nucleus
Imernal arcuate fiders

Decussation of
Cuneate tasciculus —____ - medial lemniscus

T o Gracie fasciculus
Spinal gangion cell ——_____ >, —r
b e~ Cuneate tasciculus

Pacinian

corpuscie Cervical cord

/
g | Co——Gacie fasciculus

Meissner

corpuscie —_ -
— e

Lumbosacral cord

If Gracile tract is damaged the loss of proprioception and
fine touch is in the ipsilateral lower half of the body

If Cuneate tract is damaged — the loss of proprioception and
fine touch is in the ipsilateral upper half of the body

If both Gracile and Cuneate tracts is damaged — the loss of proprioception
and fine touch is in the ipsilateral below the level of the lesion

If medial lemniscas is damaged — the loss of proprioception and
fine touch is in the contralateral side below the level of the lesion

Before nucleus -and‘ any damage is affect the ipsilateral side

From medial lemniscus to the cortex any damage is affect the contralateral side



v RGEIRNAY of Posterior Column Medial Lemniscus
System

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
are receptors of the tendon).

* The medial branch (Axon): enters the SC and ascends
directly in the Gracile and Cuneate tracts “Fasciculus™
within the posterior column at the same side to relay in the

Gracile and Cuneate nuclei of the medulla.




Pathway of Deep Sensation

2. The second neuron:

* 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 1n 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 medal lemniscus terminates in the VPL of
[ine thalamus. From the thalamus, ficers project
through the intarnal capsule and corana radiata
1o terminate in the primary somatosensory
cortex (posicentral gyrus)

As the medaal lemniscus continues 1o ascend
through the rostral pons and midbrain, it moves
laterally and becomes maore vartical,

In the caudal pons, the medial lemniscus
flattans harizontally

In the rostral madulla, the fibers travel as the
medial lemniscus adjacent to the midine

They torminate in nuclus graciis and nuclous
cuneatus. From these nuciel, axens of secondary
neurens crees the miding as intermal arcuate
floers and form the medial lemnscus,

Axons enter the spinal cord from the spinal
gangiia and pass direclly to ipsiiateral posterior
column.

Caudal fivers (up lo and including TE) enter
fasciculus graciks (medial) and rostral fibers
{above TE) enter fasciculus cuneatus to ascend

——y e
lemniscus
Nuclous
cuneatus
Internal arcuate
Spinal fibers
ina .
Peosterior columns;
ganglion tasciculus cuneatus and

fasciculus gracilis
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Thalamus Head area

indernal capeule ' Ventral posterolateral

Lentiform nucleus

Trigeminal nerve

Medial lemniscus

Spinal trigeminal nucleus

Decussation of
Cuneate fasciculus medial lemniscus

Gracie fasciculus

Spinal gangion cell

Cuneate fasciculus
Pacinian
corpuscie Cervical cord




== Pain and temperature sensation with crude touch
Propriaception and deep sensation with fine touch

Somatosensory cortex
-

» Cerebrum

Somato-
sensory

cortex \

Ventral posterior
nuclear complex
of thalamus

— Midbrain
; \\ - <
Medial leminiscus
Mechanosensory M
afferent fiber Medulla
\;osterior root :
anglion cells
> \ Spinothalamic tract
Rechtor Spinal cord
endings

Pain and temperature
afferent fiber




Midb:rain

Pons

Medulla

B /
Discriminative touch, f
vibration, proprioceplion  w

\ |
Pain and temperature —*—’
\\ /‘,"

N/

Spinal ganglion Lissauer |
prsigang tract Midline

White matter

Spinal cord

Gray matter




Lamination of the Gracile and Cuneate Tracts

4

L)

»  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).

4

»  Cuneate Tract: lies more laterally and received

L)

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

\/

<  From medial to lateral side: sacral nerve fibers — lumbar

nerve fibers — thoracic nerve fibers — cervical nerve fibers.

Sod Albye sl fibers il %3»"'9*‘“‘9»9‘\9“@0\“ So the upper part of the body more lateral
\ifay lateral cilpil Jo fibersdlwa While medial part is more medial




Lesions of the Posterior Column Medial Lemniscus System

* Lesions to the posterior columns: Ipsilateral loss of

Below the level

discriminative touch, pressure, vibration and conscious
proprioception “Sensitive Ataxia”.
* Lesions to the medial lemniscus, thalamus and

Cortex

postcentral gyrus: Contralateral loss of discriminative
Below the level

touch, pressure, vibration and conscious proprioception

“Sensitive Ataxia”. l Conscious proprioception is donef4

/# Next: unconscious proprioception.




\(D+@ carries the unconscious proprioception from lower limbf{@ éarries the unconscious proprioception from @ppenlimb

) Spinocerebellar Tracts

orsal
1. lPOStel‘iOl‘ Spinocel‘eb EIIar traCt JUncrossed — Goes to inf. Cerebellar peduncle

e Transmits unconscious proprioceptive 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.

* Anuncrossed tract.

Ps. The proprioception is related to fine touch not crude touch

Ventral

2. Anterior spinocerebellar tract:poubie crossing - goes to sup. Cerebella peduncle
e Transmits unconscious proprioceptive 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 crossed tract.Double crossing

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




Uncrossed — so any damage at any site it will cause ipsilateral ataxia

1. Posterior Spinocerebellar Tract

For unconscious proprioception and fine touch for lower part of the body

“Flechsig’s Tract”

a. First-order neurons:
Same as conscious

* Found in the posterior spinal root ganglia.
* Project in the posterior thoracic nucleus “Clarck’s
nucleus”.

b. Second-order neurons:

Differs from conscious

* Found in the posterior thoracic nucleus “Clarck’s
nucleus” of (C8-L3).

 (Give rise to axons that ascend in the lateral funiculus
and reach the cerebellum via the inferior cerebellar

Pass lateral and because it is more posterior it

p edUHCIe ip Silateralo takes the name — post. Spinoerebellar tract

Even that it is located in the lateral
column but more posteriorly




Inferior
corabellar
peduncle

Posterior Spinocerebellar Tract

o-Got 2nd Oé('ier neuron
~3019i teny, arke
on nucleu

Spinal
gang'ion

L3

LS

In the rostral medulla posterior spino-
cerebellar fibers trave! through the
inferior cerebellar peduncie to the
ipsilateral cerabellum, mainly to the
anterior lobe and the vermis.

Fibers then travel in the posterior
spino- cerebellar tract through the

spinal cord and brainstem.

p—

Proprioceplive information from muscle
spindles and Galgi tendon organs (la,
b, and |l fbers) and lrom skin enlers
the spinal cord. Fibers travel in the
fasciculus gracilis unt? they reach L3
where they synapse in the Clarke
nucleus. The Clarke nucleus extends
from L3 to C8.




2. Anterior Soplnocerebellar Tract

For unconscious proprioCeption and fine touch for lower part of the body

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.

b. Second-order neurons:
* Found 1n the splﬁﬁidebrgﬁfﬁler cells of anterior horns (L1—

Scattered nuclei
S2).
. . Rt. —dit: . . .

* Give rise to axons that'decussate)in the anterior white
commissure and ascend lateral to the lateral
spinothalamic tract in the lateral column sut more anterior

* Give rise to axons that enter the cerebellum via the

coa i cassesnsanien sa SUPETior cerebellar peduncle contralateral. They then
ter the 1st crossing
cross the midline again and project the anterior lobe and

et ey © cerebellum = after - At the level of midbrain = superior cerebellar peduncle another decussation
the 2nd crossing — ipsilateral atax1averm18 Lt. SRt

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




Superior cerebeliar peduncie Anterior Spinocerebellar Tract

In the pons, the anterior spinccerebelar fibers
enter the cerebellum via the superior cerebeliar
peduncle. They then cross the midline again and
preject to the antenor lobe and vermis of the
cerebellum, Having crossed the midline twice, the
pons fibers terminate on the cerebellar hemisphere
Ipsilateral to the origin of the stimulus,

Anterior spinocerabeliar tract

rostral meduta

Proprioceptive information from la and Ib fibers and
' , flexor reflex afferents as well as information from
\ cutansous receptors enter the spinal cord and

— ‘ g~ synapse on spinal border cells located in the
anterolateral border of the antenor hom. These
spinal border cels also recaive information from
descending motor tracts.

Spinal caudal medulla

Fibers then cross the midline and travel as the
anterior spinocerebellar tract,




Similar to post. Spinocerebellar tract = uncrossed

3. Cuneocerebellar Tract

For unconsciousproprioception and fine touch for@ppes part of the body

a. First-order neurons:
* Found in the posterior spinal root ganglia “C2 to T7”.
* Project their axons via the Cuneate tract to the medulla,

In dorsal column

where they synapse 1n the accessory cuneate nucleus

(similar to Posterior thoracic nucleus “Clarck’s

99
nl,lCleus ) Pass through spinal cord without relay station
It relay in medulla oblongata

b. Second-order neurons:
* Located in the azé%goslesraef'l;ncuneate nucleus of the
medulla.
» (1ve rise to axons that project ipsilaterally to the

cerebellum via the inferior cerebellar peduncle.

Like posterior




Inferior
cerevelar
peduncia

1

Cuneocerebellar Tract

a |
Cuneocerebellar fibers onginate n the
ACCASSOrY cuneate nuceus In the rostral
medulla and then travel through the ICP
to the ipsfataral carebalum, manly 1o the

antenor lobe, verm:s and intermediale
zone.

r .

1a, Ib, and |l fbers as well as fbers from
skin recoptors entar the spinal cord above
C3 and travel with the fasaioulus cuneatus

1o the rosiral medulla.




A5 iasd 5098 o
Efferent from the brain — Motor

Descending Tracts of the Spinal Cord

Indirect = crossed

. Lateral corticospinal (LC): crossed pyramidal tract.
. Rubrospinal tract (LC): an extrapyramidal tract.

. Lateral reticulospinal tract (L.C): an extrapyramidal

tract.

. Hypothalamospinal tract (LC): the fibers arise from

the hypothalamus & end 1n autonomic cells in the

So if damaged in PICA syndrome
cause ipsilateral Horner syndrome

lateral horns.

. Olivospinal tract (LC): an extrapyramidal tract.




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

median fissure.

Responsible for respiratory muscles and gives ant. horn cells that responsible for chest
muscles bilateral innervation so in hemiplegic patient the respiration is intact

G. 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 (L.C): for equilibrium arises from
vestibular nucler & ends in the A.H.Cs.




Ascending tracts Descending tracts

Fasciculus gracilis Fasciculus septomarginalis

Fasciculus cuneatus Fasiculus interfascicularis

Posterolateral tract

(of Lissauer)
\? il Lat. corticospinal tract
Posterior /
spinocerebellar tract—_£ N
Vo)
Rubrospinal tract
Spinospinal tract — / f —
Spinospinal tract
Anterior )
spinocerebellar tract A X . : —/ Medullary

reticulospinal tract

Tectospinal tract
Anterior spinothalamic tract

Lat. spinothalamic tract \ \Ves"bmosp'"al tract
Pontine reticulospinal tract
Spinotectal tract

Medial longitudinal fasciculus Anterior corticospinal tract




he Pyramidal Tract

» The pyramidal tract is a bundle of motor nerve fibers.
» It begins in the cerebral cortex and ends in:
a. Anterior horn cells of the spinal cord
(corticospinal tract).
b. Motor nuclei of the cranial nerves in the brain

stem (corticonuclear or corticobulbar tract).

Any stroke in brain — the

> The pyramidal tract COnSiStS Of: hemiplegia is in the contralateral

Arise from upper 2/3 precentral gyrus area 4 While any ;ifama}gse iI}ISC — the
and descends to lower part of medulla gg 99y cross motor effect is Ipsilateral

1. Corticospinal tracts (lateral & Veritial

L]
onsi. ower For respiratory muscles
and upper limb

wuseas 2, Corticonuclear or corticobulbar tracts (Lateral &

0 From lower part of precentral gyrus and
Medlal) . goes to motor nuclei in brain stem




The @PP&HMotor Neuron System
(Corticospinal Tract)

In upper motor neuron lesion hypertonia plasticity hyperreflexia and paralysis

If damage above decussation the effect will be contralateral while if below
decussation the effect will be ipsilateral

Function:
1. Initiation and control of voluntary motor activity.
2. Inhibition of muscles tone.

3. Inhibition of deep reflexes.




The@@@HMotor Neuron System

(Spinomuscular Fibers)

If lower motor neuron lesion hypotonia and hyporeflexia

Upperllade

Function:
1. Stimulation of voluntary motor at the level of the same
side.
2. §5:[pie11'1t}>}11i}=aglia9tirclity0f muscles tone at the level of the same
side.

3. Stimulation of deep reflexes at the level of the

same side.




Pathway of corticospinal tract

A. The Lateral Corticospinal Tract Ends at sz segment
B. The Anterior Corticospinal Tract Ends at midthoracic level

Responsible for respiratory muscle

Fibers come from upper part of the central gyrus

Then pass through post. Limb of the internal capsule — then ~. At the lower part of MO the decussation happened and goes to the

midbrain — pons — medulla oblongata - lateral column as A — lateral corticospinal tract

Each segment it gives fibers to the ant. horn cells — then
give anterior root — then spinal nerve — supplies muscle

.notor neuron lesion

So if the anterior root or anterior horn cells or spinal nerve is
damaged — the result effect is ipsilateral at the same level

While if the upper motor neuron is damaged —
the result effect is contralateral below the level

If stroke (damage of cerebral hemisphere) happened — contralateral hemiplegia
If just lateral column and the cut just for lateral corticospinal tract — ipsilateral below the level of lesion

.notor neuron lesion s da ¢l Je Sl oy tract dylesion dle s

oiesanllo kil dinesd) Sive o segments of SC gl o ilw\gag dgb

w docussation
midal decussation




Pathway of corticospinal tract

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

\/

** From Betz cells in motor area 4 ( in the upper 2/3

In layer 5 in the cortex
In internal pyramidal layer

precentral gyrus of frontal lobe) — descends 1n the

Motor

corona radiata — pass 1n the posterior limb of the

internal capsule — descends 1n midbrain, pons and

medulla oblongata|

L X 2

*¢ In the medulla the pyramidal fibers collect to form

the pyramid — pyramidal dicussation.
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Lower motor neurons ant. horn cells, root,

> In the lower medulla: Any damage of corticospinal tract above decussations —

cause hemiplegia in contralateral side = upper motor neuron

a. 85 - 90% of fibers decussate to descends — in the lateral

column of the opposite side of the spinal cord (indirect
or lateral crossed corticospinal tract). The tract
gradually diminishes in size and ends about the level of
S3 or S4 segment of the SC. For regulation of
voluntary movement.

b. 10 - 15% of fibers descend directly — in the anterior

Uncrossed

column of the same side (direct or anterior corticospinal

tract) then gives fibers for AHCs at the segmental level in

or chest muscles

e both side. They descend in the spinal cord until they

disappear in the midthoracic region.

For respiratory (chest) muscle — no need after that

Anterior corticospinal tract give anterior The result — chest muscles take from both cerebral hemisphere

horn cells for both sides for chest muscles  And this explain the absence of respiratory failure in hemiplegic patient
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The Corticospinal Tract

Above decussation Rt responsible for Lt and vice verse
Below decussation Rt responsible for Rt and so on

» The motor area of one side of cerebral hemisphere is
responsible for movement of the muscles of the opposite

/2 of the body (mainly the limbs).

Uncrossed

» Anterior or direct corticospinal tract end 1in both

AHC:s to supply the trunk and respiratory muscles.
» The muscles of respiration are received fibers from both
cerebral hemispheres. This explain the absence of

respiratory paralysis in hemiplegic person.




The@@@HMotor Neuron System

(Spinomuscular Fibers)

If lower motor neuron lesion hypotonia and hyporeflexia

Upperllade
The symptoms at the level of the same side

While upper motor neuron below the level — if above
decussation contralateral if below decussation ipsilateral

Function:
1. Stimulation of voluntary motor at the level of the same
side.
2. §5:[pie11'1t}>}11i}=aglia9tirclity0f muscles tone at the level of the same
side.

3. Stimulation of deep reflexes at the level of the

same side.




Pathway of the Lower Motor Neuron System

(Spinomuscular fibers)

From AHCs of the spinal cord
— fibers exit from the spinal

- cord as the anterior roots of
the same side — peripheral
nerves — motor end plate —

voluntary muscles.

If damaged the symptoms at the same level
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'Descending Autonomic Tract
“Hypothalamospinal Tract”

Has relation fo Sympatietie rervous systeras if damaged it will cause Homer syndrome
Project to sympathetic (T1-L2) and parasympathetic
(S2—S4) centers 1n the spinal cord.

Innervate the ciliospinal center (T1-T2), a pupillary
center.

Found 1n the posterior quadrant of the lateral column.
Interruption of this hypothalamospinal tract:

results in Horner syndrome.
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Horner’s Syndrome

»Horner’s Syndrome:

. Dropping gyelid . . | os
Partial ptosis “paralysis of the Miiller's muscle”.

MIO SIS . Constricted pupil
Enophthalmus.

AnhYdrO S1S. Absence of lacrimal and sweat in face

» Causes:

Brain lesion: (massive 1schemic stroke, brain stem
lesion).

- . Affect the gray matter .
Cervical cord lesion: (syringomyelia and cervical
spinal cord tumor),

Neck pathology: (Pancost tumor, cervical rib, neck
surgery)

In medulla oblongata » Lateral medullary syndrome or PICA syndrome




Horner’s Syndrome




Classification of the Motor Neuron Lesion

I. According to the location of the lesion:
Corticospinal tract corticobulber tract

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

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

Ant. horn cells spinal nerv
motor nuclei in br

I1. According to the aifected limbs:
1. Monoplegia (Rt. UL or LL, Lt. UL or LL): paralysis of one
limb.
2. Hemiplegia (Rt. or Lt. sided): paralysis of one side of the body.
3. Paraplegia: paralysis of both limbs.29% lower
4. Triplegia: paralysis of three limbs (one upper and two lower
limbs).
5. Quadriplegia (tetraplegia): paralysis of four limbs.same onset
6. Bilateral hemiplegia.itterent onset




Lower Motor Neuron lesions (LMNL)

Result from damage to motor neurons of the anterior
horns or motor neurons of the cranial nerve nuclei.
Result from interruption of the final common
pathway connecting the neuron via its axon with the

muscle fibers 1t innervates (the motor unit).




Signs of the Lower Motor Neuron lesions (LMNL)

1. Flaccid paralysis.typotonia

2 . Muscle atrophy (hyp OtI'Ophy Ant. horn cells responsible for

» nourishment of muscles

3. Muscle hypotonia.
4. Areflexia of deep tendon and superficial reflexes.

5. Muscle fasciculations (visible muscle twitches).

6. Muscle fibrillations (on electromyography).




Diseases of Lower Motor Neuron lesions

. Anterior horn cells lesion: spinal muscular atrophy,
. dabld L. Affect gray matter .

poliomyelitis, and syringomyelia.

. Peripheral nerve lesion: mononeuropathy,

polyneuropathy.

. Motor end plate lesion: myasthenia.

. Muscle disease: myopathy.




Upper Motor Neuron lesions (UMNL)

Lesions of the corticospinal and corticobulbar tracts
“Pyramidal tract lesions”.

May occur at all levels of the neuroaxis from the cerebral
cortex to the spinal cord.

When the lesion above the pyramidal decussation, the motor
deficit present below the lesion, on the contralateral side.
When the lesion below the pyramidal decussation, the motor

deficit present below the lesion, on the 1psilateral side.




Signs of the Upper Motor Neuron lesions (UMNL)

1. Spastic paralysis.

2. Hyperreflexia of deep tendon reflexes.

3. Clonus: rhythmic contractions of muscles in response to
sudden, passive movements (patellar, or ankle clonus).

4. Loss of superficial (abdominal and cremasteric) reflexes.

Rigidity type  kog wheel for Parkinson disease

5. Muscle hypertonia “Clasp-knife spasticity”’: when a joint
1s moved briskly, resistance occurs initially and then fades.

6. Babinski sign: plantar reflex response that is extensor

Lat. To medial

(dorsiflexion of big toe).




Diseases of Upper Motor Neuron lesions

. CVA.
. Multiple sclerosis.
Brain and spinal cord tumors.

. Inflammatory: encephalitis, transverse myelitis.

UI-IAE»Nr—t

. Traumatic: head trauma, subdural hematoma, spinal cord

trauma.

@)\

. Congenital: cerebral palsy, hereditary spastic paraplegia.
7. Degenerative: vertebral spondylosis and myelopathy.

8. Motor neuron disease.




