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PLAN OF THE LECTURE

Meninges of the spinal cord — structure, topography, functions.
The cranial meninges — derivatives, structure, functions.

The cerebro-spinal fluid — content, production, functional role.
Age specific features of the meninges.

Examination of the meninges in a living person.

Innervation of the pachymeninx.

General data on development of the meninges.
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GENERAL DATA

o The components of the central
nervous system are covered by
three coats.

®
1. Dura mater z
o

2. Arachnoid mater >
° Q

3. Pia mater 2
0,

\ﬂ
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o Dura mater — pachymeninx. S
c

S

o Arachnoidea and pia mater - S

leptomeninx.
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Cerebral Cortex (Brain) /’




SHORT INTRODUCTION INTO HISTORY

Herophilos (335-280 b.c.) described the brain meninges
and their derivatives: vascular network and venous
sinuses of the dura mater with confluence of the
sinuses, named after him (torcular Herophili).

Claudius Galenus (131-192) described the vena magna

cerebri and sinus rectus, both named after him. @Ji
Humphrey Ridley (1653-1708), an Englishman 8
anatomist studied the meninges of the brain, venous o
sinuses, and arachnoid mater. The venous ring located on g
the ventral surface of the brain around the Turkish saddle &
bears his name. ‘9
The Italian anatomist Antonio Pacchioni (1665-1726) o
studied the topography of the cerebral meninges. The lg
tentorium cerebelli was named after him, as well as the =SB N
arachnoid granulations discovered in 1705. o o

The meninges of the brain were studied as well by <J. F.
Meckel (1724-1774), H. Luschka (1820-1875) and others.




Until 17th century it was considered that the brain is covered only by
dura mater and pia mater.

Gerardus Blasius (1626-1692) was the first to describe the arachnoid
mater (AM) in 1664.

One year later Humphrey Ridley (1653—1708) described this
membrane, as a separate layer investing various cerebral vessels and
intracranial nerves, and he was the first to describe the concept of the
subarachnoid cistern.

In 1699 Frederick Ruysch (1638-1731) described the cobweb-like
appearance of the AM.

The arachnoid membrane was noted by Govert Bidloo (1649-1713),
John Bohn (1640-1718), Raymond Vieussens (1635-1715).

The first detailed study of the AM was provided by Xavier Bichat
(1771-1802) in 1802. He was the second to describe the concept of the
subarachnoid cistern.

The CSF was discovered by Emanuel Swedenborg (1688—-1772)
between 1741 and 1744.

In 1822 Francois Magendie (1783—-1855) gave the first description of
the subarachnoid space.

[Li J. Arachnoid membrane: the first and probably the last piece of the roadmap. Surg Radiol Anat. 2015;37(2):127-138.
doi:10.1007/s00276-014-1361-z].
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THE DURA MATER OF THE SPINAL CORD

o Dura mater of the spinal
cord 1s a fibrous coat,

that covers outside the o
spinal cord. 8
o
o It extends from the g
| foramen magnum up to -
the second sacral §
vertebrae (S2). ';

o Its fixation is assured by

sacro-dural ligament
(Trolard).




THE DURA MATER OF THE SPINAL CORD

iy T ‘ /ﬂf&r o On the external surface of the
oo R 0 SRR RN T dura mater of the spinal cord
';?.?,Z,Zchno.d\ B Pia (DMSC) there are orifices, through
space 2 mater which pass the blood vessels and

nerves.

3 P05 T .}_‘__’_ Anterior
Spinal p ;" o & 'l”“‘l o ©
nerve "\ /R N e ) S 8 o The internal surface is smooth >
PR o 0 PR NS and shiny and it comes in contact @
Arachnoid R AN with the arachnoid mater. )
mater rP(:)Os,tterior g
o
. o The DMSC forms the spinal nerves 5
sheaths. A
Subarachnoid space — Subdural space E
. L8N Dura mater o The sheaths are connected to the §
AEOCIIPI) TR = Aﬁ'-;’ edges of the intervertebral foramina o
' ~i= = and continue into the periosteum. S
o

o Between the outlet orifices of the
spinal nerves to the internal surface
of the dura mater are located
denticulate ligaments.




THE MORPHO-FUNCTIONAL STRUCTURE OF THE DMSC

Spinal Dura
cord : e ‘ mater
Denlicm-?ﬁ??f.’-f’tf'b*» : /
ligament \ pes O I .
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Arachnoid &
mater Posterior
= root
"t,"\
WL
Vertebral
foramen o
...........
Lurmbar
vertebra

Krabach

The DMSC consists of
collagenous fibers:

longitudinal
circular

radial

The collagenous fibers
are adapted to the basic
movements of the spinal
cord.
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THE DURA MATER OF THE SPINAL CORD

Epidural space

(contains fat) Between the inner

surface of the vertebral
canal and the outer

O

Pia mater
Arachnoid -Spinal meninges
Dura mater

Subdural space

Subarachnoid

space
f
s surface of the dura
mater spinalis is located
Dorsal root o
ganglion the epidural space.
Body o The epidural space

of vertebra . .
contains fat tissue and

the internal vertebral
Pia mater

. venous plexus.
Subarachnoid space | — Subdural space =
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ARACHNOID MATER

o The arachnoid mater 1s the middle
coat of the spinal meninges.

o From Greek "Arachne" means

spider. o

. >

o The arachnoid mater has an 3

. . o

appearance of a fine spider web. >

. K Q)

o The delicate arachnoid layer g

surrounds the spinal cord and 1t 1s s

. 0

attached to the inner surface of the )

dura mater. <

IE\ri'\TA;?:gEMENT! ,/ . . N
| o It 1s devoid of blood vessels. S

§ | SPINAL DURA
MATER

INTERNAL FILUM 1
TERMINALE OF: -
PIA MATER 4 t B EXTERNAL FILUM
BRTERMINALE OF
S2 oy 2 PIAMATER
~y . A




PIA MATER SPINALIS

Posterior median sulcus

Gray commissure
Posterior (dorsal) horn | Gray

Anterior (ventral) horn | matter (o)
Lateral horn

Posterior funiculus
White Anterior funiculus
columns

Lateral funiculus

Dorsal root

(A
ganglion C e
Spinal nerve ﬁ’?/ :

i a Central canal 1
Dorsal root = § = = Anterior median fissure
- > | T - .
Ventral root e & /8 Vo ; .:D 2.
' WE—= 3 Pia mater
Arachnoid
Dura mater
3.
(b)
Copynght © 2004 Pearson Education, Inc,, publishing
o
o

Pia mater spinalis is a thin
connective tissue coat, that
contains blood vessels.

Layers of the pia mater:
Internal layer — intima pialis,
consists of elastic and reticular
fibers, and it follows the relief of
the spinal cord.

External layer — stratum epipiale,
consists of a network of collagenous
fibers, that continue with
subarachnoid trabeculae.

Cranially the pia mater of the SC
continues with the same coat of the
brain.

Caudally it becomes thin and at t
level of the filum terminale it
disappears.
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PIA MATER SPINALIS

Spinal Dura

cord : mater
Denticulate R At o =
ligament \' ‘
Subarachnoid R T Pia
: ) e mater
space e
§ R
AR
R R Anterior
S N \
RECRL ST root
ﬁd."n R i
. P\ g
00 QR
§¥ .
&g
N0
e
S
S
Posterior
oy root
J :
R ; \
e o \;'
B B
Vertebral O
foramen o 4 g
o‘: 4
&y R Ry
i R e Lumbar
S v vertebra

Krabach

From the external layer of the pia
mater spinalis arise denticulate
ligaments.

The ligaments pass along the
spinal cord between the spinal
nerves, from the C1 until L1.

The denticulate ligaments divide
patially the subarachnoid space
into anterior and posterior
parts.

Subarachnoid septum Dorsal nerve root

Dura mater Pia mater

Arachnoid

Spinal nerve

Ligamentum

denticulatum Ventral nerve

root
Subarachnoid Subdural space

space
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SPACES OF THE SPINAL CORD MENINGES

Epidural space is located between the inner
surface of the vertebral canal and the outer
surface of the dura mater spinalis (it contains
the internal vertebral venous plexus and fat
tissue).

Subdural space — between the dura mater
and the arachnoid mater.

Subarachnoid space — between the
arachnoidea and pia mater (it is filled with

CSF).

Below the spinal cord the subarachnoid space
enlarges to form the lumbo-sacral cistern,
that inside is covered by aerachnoidea
spinalis.

Note: The epidural space is present only
between the meninges of the spinal cord.

Epidural space
(contains fat)

Pia mater
Arachnoid
Subdural space Duramater [~ Spinal meninges
(spinal
dural sheath
Subarachnoid )

space
Bone of
vertebra

Dorsal root
ganglion

Body
of vertebra

(@

Posterior root

Pasterior root ganglion.
g g‘ Lo
Spinal nerve.
=
Subarachnoid space
——_ Arachnoid

a Anterior view

‘Source: Mescher AL: Jungueira's Basic Histology: Text and Atles,
12th Edition: hitp:/ v, accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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DURA MATER OF THE BRAIN

A Pia mater )
Intracranial venous structure

Skull  (superior sagittal sinus)

Inner meningeal layer of dura mater (@) Dura mater Of the brain
Dura mater Quter periosteal layer of dura mater . . .

(DMB) 1s a continuation of the
similar coat of the spinal cord.

o This coat differs from that of
the spinal cord and consists of
two layers:

Arachnoid mater

1. External - endoosteal
2. Internal — meningeal

Dural partition (falx cerebri)
© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

Sul o The external layer covers
the inner surface of the bones
of the skull and continues

Meningeal layer of dura mater
B

Periosteal layer of dura mater

Foramen magnum

y

) (== . : .
Y TSl vt space within their periosteum.

Vertebra Cl

Spinalduramater , o The internal layer covers
‘

the brain and forms a

| protective coat for it. .
© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

© Angela Babuci, Chisinau_2020




STRUCTURE OF THE DURA MATER OF THE BRAIN

o External surface is rough,
contains blood vessels and
connective tissue fibers and 1t
comes 1n contact with the
bones of the skull.

o External surface i1s smooth,
shiny and lined with
mesothelium.

Glossopharyngeal nerve [IX]
Vagus nerve [X]

Hypoglossal nerve [XiI]

(© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

© Angela Babuci, Chisinau_2020




Hair
‘ “ Skin
dh= Hair follicle
‘. Mw [ Skull bone
’?’s\@ | . ,Dura mater
' Arachnoid
mater

Connective
tissue

White matter

Cerebral cortex of brain

Dura mater 1s
connected to the bony
protrusions and
edges of anatomical
structures of the
inner surface of the
skull, such as
sutures, foramen
magnum, inclined
processes of the
sphenoid bone, etc.

entorium  Stnus  Grea
cerebelli cerebral vein XI
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STRUCTURAL PECULIARITIES OF THE DURA
MATER OF THE BRAIN

o  Dura mater of the brain
gDMB) structurallﬁf/[
SC.

iffers from the D
o) S]gl)\?[cific features of the
DMB:

. Tt comes in contact with o
the bones of the skull and 2
there 1s no 1\e/zlpBldural space o
between D and bones @
of the skull. Z

0O

2. From the inner surface of Z
the DMB arise some 3
processes, that divide the
cav1tf7 of the skull into S
small compartments. S

By 1ts duplicature the
DMB forn

B forms venous
sinuses. .




DERIVATIVES OF THE DURA MATER OF THE BRAIN

The processes of the DMB are lined with mesothelium and consist of

connective tissue and elastic fibers.

Tentorium cerebelli

Tentorial notch e Falx cerebri

Falx cerebelli

Infundibulum

Tentorium cerebelli

Diaphragma sellag
© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

Processes of the dura mater:

o Falx cerebri
o Falx cerebelli
o Tentorium cerebelli

o Diaphragma sellae
(sellar diaphragm).
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COLLAGENQUS FIBERS OF THE
DURA MATER OF THE BRAIN

1. They are arranged on the way of the traction forces.
2. At the level of the processes they form thick and strong bundles.

5. The fibers cross each other in different directions and continue
into the endoosteal layer of the dura mater.

4. Functionally they increase the power of the resistance pillars of

the skull.

5. They participate in formation of the walls of the venous sinuses,
Increasing their resistance and prevent their collapse.

Inferior sagittal sinus

Superior sagittal sinus. Sigmoid sinus

Superior petrosal sinus

. o T oo
Straight sinus  /ZZE R SS_—
'''''
Confluence of sinuses 3
—— Basilar sinus

y
Great cerebral vein —r - "y

H W Sphenoparietal sinus

\ - - —vp Intercavernous sinus

- Ophthalmic vein
RS P
Right transverse sinus Mo S A o
- — N\
Sigmoid sinus

Superior petrosal sinus

~

Inferior petrosal sinus
Cavernous sinus  Pterygoid plexus of veins
© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

Tentorium cerebelli

Tentorial notch Falx cerebri

Falx cerebelli

Infundibulum

Tentorium cerebelli

Diaphragma sellae
© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com
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SINUSES OF THE DURA MATER

sinus longitudinal
superior ., .

q ...... e Cpnﬂuem
sinuum

sinus longitudinal-
inferior [f

1 sigmoid

A s vena jugulari
inleni'ég

The Dura Mater and Dural Sinuses

Superior
sagittal sinus

‘;_.?"”‘" > Falx cerebri
Straight 51
sinus [\; P~
Crista galli of the __!_ \
ethmoid bone B N
o 2TV
Pituitary gland —
( "’ﬂ‘ =

“;", Tentorium
li| Cerebelli

| _Falx cerebelli

(a) Midsagittal view

The sinuses of the dura
mater, are venous canals,
which assure the venous
drainage of the brain into

the internal jugular veins.

Structural peculiarities of
the sinuses:

Their walls are formed by
duplicature of the dura
mater.

They do not have valves.

The sinuses communicate
with each other.
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CCLASSIFICATION OF THE DURA MATER VENOUS SINUSES

According to their location the sinuses are divided into:
Sinuses of the vault of the skull
Sinuses of the base o the skull

Sinuses of the vault of the skull

Superior sagittal sinus ©

Inferior sagittal sinus §

Straight sinus, sinus rectus S

Transverse sinus o

. oy

Sinuses of the base of the skull S

Sphenoparietal sinus o

. =3

Cavernous sinus o)

. sinus longitudinal a

Intercavernous sinus Superior ™~ v
.. : : |

Transverse occipital sinus (basilar) A\ contuel

. . Slnllll“lN

Superior petrosal sinus )

Inferior petrosal sinus sms longituial-— -

Petro-occipital sinus (inconstant)

Posterior occipital sinus (inconstant) ~ \%  ( A\ VT - £

Sigmoid sinus

e vena jugulari
‘ interni




THE ARACHNOID MATER OF THE BRAIN

o The arachnoidea of the brain 1s a thin coat devoid of blood vessels.

o It consists of collagenous and elastic fibers and of flattened
elongated cells rich in nerve endings.

o The arachnoidea covers the brain outside without entering the
fissures and grooves of the brain hemispheres.

a) its internal surface 1s lined with a row of flat cells, located on ©

the basal membrane. z

b) its external surface comes in contact with the dura mater and ¢

1t 1s separated from it by subdural space. w

Oura matec bone e o
W‘-’me-\ dore mer ="

Arachnowd mater .




PIA MATER OF THE BRAIN

o Pia mater covers the
brain mater outside.

1. Its external

surface faces the g

subarachnoid space, ¢

and the arachnoid -

trabeculae are &

connected to it. i

=)

%.

s _ 2. Its internal <

= ~% = . surface follows the §

o M A relief of the brain.

o o //ﬁ ——_—
{eaca piali spafiu perivenular

PETfOTafiile -t
tecii gliale

N




STRUCTURE OF THE PIA MATER

Scalp:

Skin

Subcutaneous

Connective tissue

Galea

Aponeurotic

Loose areolar

connective tissue

Pericranium (periosteum)
Dura mater:

Periosteal layer :

Meningeal layer Pia n;ater
7 Arachnoid

< N mater
) _ Dura

mater

Superior
sagittal  Arachnoid
sinus granulations

Bridging vein

Cerebral artery
Meninges:
Skull

Epidural
space

Subdural
space

Cerebral
cortex

Subarachnoid

space Perivascular ~ Falx cerebri (dura)  Arachnoid trabeculae
space

© 2002 Sinaver Associates, Inc

o

The pia mater consists of a
basement membrane, on
which are located thin
connective tissue fibers
and a row of mesothelial
cells.

The mesothelial cells are
connected to each other by
means of permeable
junctions, which facilitate
the exchange of the
macromolecules between
the CSF and brain mater.
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THE PIA MATER

a) It 1s rich in blood vessels, that assure the vascularisation of the
brain.
0) It forms vascular plexuses of the ventricles of the brain.

Cavum septi pellucidi

Lamina septi pellucidi

Corpus callosum~ .
orpus ¢ Caput nuclel caudati

Spangdrotics Cornu anterius
Toxxoxmuue ventriculf lateralis ~ S
Bewl roa0BM

o ;'.G‘ Ry { ¥ — Lamina s foramen interventriculare
S ‘\.~ ! 33 A externa
Diploé ——""v' ~ “!Q‘\ N L A p .

Al b ok

chorioideus
I

Granulationes
arachnoideales

~Coru inferius

Lamina
ventriculi lateralis

interna
Dura mater _ __
Lacuna

Granulationes N
lateralis

arachnoideales —.

Sinus sagittalis
superior —

~Dura mater Hippocampus — 42

Arachnoidea Gyrus dentatus
Pia mater
B~ - Cavum

| subarachnoideale fippocampus

ge— Cerebrum
6Onbuwan

Arachnoidea b yasaena)

Falx cerebri
major

\Cornu posterius ventriculi lateralis

. / "

Spleniun?
corporis callosi ;
Forceps major

Suleus calearinus
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SPECIFIC FEATURES
OF THE PIA MATER

It enters the grooves and fissures of sec.
the brain.

Participates in formation of the
choroid plexus together with blood
vessels.

It delimits the perivascular and
pericellular Virchow-Robin space.

The Virchow-Robin space is an

’ ] https://www.google.com/search?q=robin+virchow+space&rlz=1C1CHZL _
1mmun010glca1 Space between a blOOd enMD725MD733&source=Inms&tbm=isch&sa=X&ved=0ahUKEwivnv-

3 t4rHZAhXBWxQKHe5rDtYQ_AUICigB&biw=1920&bih=949 #i =v0ZPJU
vessel (artery/vein, but not S oo, HeESTDHYQAUICIgBOM ! mgre=v
capillaries), and the pia mater that
can be expanded by leukocytes. Artery

The space 1s formed when pia mater
dive deep into the brain together with
large vessels.

Virchow Robin

Virchow-Robin space is extremely s
small and it can usually only be seen %
on MRI image.

Wy
-
| ]
)
)
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SUBARACHNOID SPACE

o The subarachnoid space
forms between the
arachnoidea and pia

@)

mater. z

3

S

o In some places the o

subarachnoid space p

enlarges, and forms >

subarachnoid 2

cisterna cisterna venei c ls te rns * lg
supracaloasi cerebrale magna 8

cisterna lamei...
terminale

cisterna supraselari.~\ .

cisterna interpedunculari*”

[~ N o]
=87
'§a
o'g
(o]
o
a
S
o,
o
2
o




10.

THE SUBARACHNOID CISTERNS

Posterior cerebellomedulary

cistern; Cisterna magna Sbsin Septum pellucidum

space Choroid plexus
Lateral cerebellomedulary g, il
cistern; sl

. D
Cistern of lateral cerebral  vanice S N
. 3

Opti
fossa (of Sylvius) Optic~ %
Chiasmatic cistern SersiralAquaduc o
. . O
Interpeduncular cistern SRteE S
Cisterna ambiens, Ambient = Q
. Chiasmatic cistern Y
cistern Eidera s sk Posterior cerebello- 5’
medullary cistern g
Pericallosal CiSteI'n Pontocerebellar cistern ll\)
Spinal subarachnoid space 8
Pontocerebellar cistern S

Cisterna of lamina terminalis

Quadrigeminal cistern,
Cistern of great cerebral vein

https://abcradiology.blogspot.com/2012/01/brain-ventricular-system.html?m=0




GRANULATIONS OF THE ARACHNOIDEA

Diploic Emissary Venous Superior sagittal Venous Dura
vein vein sinus m

o The arachnoidea form some
protrusions named arachnoid
granulations (Pacchionian
granulations).

= O They protrude into the venous

granulations

— sinuses and lacunae of the dura
mater.

© Angela Babuci, Chisinau_2020




CONTENT OF THE CEREBRO-SPINAL FLUID
(CSF)

o

Choroid plexus
of third
ventricle

Interventricular

foramen
Third ventricle

Mesencephalic
aqueduct

Fourth ventricle

Choroid plexus .

of fourth
ventricle

Blood-filled
dural sinus

Cerebral vein

Pia mater

. Subarachnoid
space

Arachnoid
mater

Dura mater

Central canal of
spinal cord

Filum terminale

Pia mater

Subarachnoid
space

Arachnoid
mater

Dura mater

CSF is a transparent, colorless
fluid, that forms from the blood
plasma.

Its electrolyte levels, glucose levels,
and pH are very similar to those in
the blood plasma, but they differ
quantitatively.

The water, Na, HCO3, and
creatinine have almost similar
concentration in both fluids.

Content of glucose, proteins, urea,
uric acid K, Ca u pH their content
in the CSP 1s lower, than in the
blood plasma.

The Mg and chlorine compounds
have a higher concentration in th
CSF, than in the blood plasma.
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THE CEREBRO-SPINAL FLUID

¢ ventricle

; aqueduct

oLt Fourth ventricle

Arachnoid villi

Blood-filled
dural sinus

Choroid plexus
of third

Cerebral vein

Interventricular
foramen

Pia mater

Third ventricle Subarachnoid

Mesencephalic space
Arachnoid
mater

Dura mater

Choroid plexus —
of fourth &
ventricle

Central canal of

spinal cord Pia mater

Subarachnoid
space

Filum terminale
Arachnoid

mater

Dura mater

o

Under the normal conditions

the CSF contains from 1 to 5

blood formative elements in 1
mm? (usually lymphocytes).

Total amount of CSF in an
adult 1s about 140 ml.

About 0,35 ml/min of CSF 1is
produced.

During 24 hours is f)roduced
about 400 to 500 ml of CSF.

Every 6 hours the CSF is
renewed.

blood.

The CSF should not contain .

‘longeg ejabuy ©
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ORIGIN OF THE CSF

o About 60-70% of the total

amount of the CSF 1s o
produced by the choroid 3
plexuses of the ventricles of 2
the brain. &

5

o The remaining 30-40% of %
CSF 1s of extraplexual ¥
origin. S




THE MECHANISM OF CSF SECRETION

o Some components of the

Cerebrospinal Fluid (CSF) - Choroid plexus CSF pass from the blood (2
. | ) plasma by diffusion 3

Y- Bl method (water). >

Ependymal éy‘: -; 2 ,:\ivﬂ%/ %
cells g ) 3 )&?_7/7 5
Capillary S | . . ~
] = f;f’g:;g;‘oid o By active mechanisms, ;;
7 plexus )
Csledt ,, from the blood plasma 5
are transported the most |

= . o

”//// 2///\1&\\ amount of 1ons. o

Wastes and Cavity of CSF forms as a filtrate
unnecessary ventricle containing glucose, oxygen,
solutes absorbed vitamins, and ions

(Na', CI?, Mg?', etc.)




THE COMPARTMENTS OF THE CNS
CONTAINING CSF

o Internal spaces - the
ventricular compartment.

>

o External spaces — 3

subarachnoid compartment.

...... ... © Both spaces communicate at >
cisterna~” " magna the level of the fourth z
ventricle of the brain. 'g

o

............. cisterna
lombari




CIRCULATION OF THE CSF

Forni
Interthalamic OnLK

adhesion

Suprapineal
recess

| Pinel eces o From the lateral ventricle
Interventricular A AR e . .
foramen A lateral ventricle . D, Fineal body (through the 1nterve ntrlcular

Cerebral

) e\ e, orifices the fluid enters the ®
coeeom ™= S L s * third ventricle. >
Q [ ] [ ) LD

o From the third ventricle o
o through the aqueduct of the g
nfundibular recess . . . O
" brain it passes into the fourth 5
ventricle. O

o From the fourth ventricle 3

Lateral recess. e

endsgflzﬁﬁsﬁ‘r’t‘iﬁ thI‘OU.gh the 1ateI'al and I::)

N | ogan porure median appertures the CSF 1s g

o

transported into the

subarachnoid space and then
https://www.google.com/search?source=univ&tbm=isch&q=subarachnoi ]-t 1S dralned ll’ltO the sinuses
\c:I-\l'-f:"SAEﬁ(/rjl's381(fJaK_HﬁgggeBd;kéas%géEBﬁJgTg:lgénbiw=1366&bih=608#imgrc=Xju Of the dura mater. .

rSxgNdtuapM&imgdii=Gsd-gCy9kp_bzZM




From the cerebello-
medullary cistern the

. = - CSF runs into two
cisterna " T magna . .
bazala directions:

ossn SASIETIEL 1. Towards the

subarachnoid space of the
spinal cord.

Superior Sagittal Sinus

Cerebrum Arachnoid Villi [granulations)
A

‘longeg ejebuy QO

Choroid Plexus of 48 AN Subarachnoid

gl & 5. Towards the

| subarachnoid space of the
brain and then into the
venous sinuses.
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FACTORS THAT INFLUENCE
THE CIRCULATION OF THE CSF

A A o

Pulsation of the arteries
Breathing

Physical effort

Pressure

Cough

buy @
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DRAINAGE OF THE CSF

o  Secretion and drainage of

Superior anastomotic v.  Superior sagittal sinus the CSF Occurs
o  The total amount of fluid1s @
>
constant. 2
&
lwy)
. o
o Its drainage occurs: S
2) by means of venous way; 9
v,
b by secondary ways. o
II\)
o
N
o




THE VENQUS WAY OF DRAINAGE

1. Reabsoption of the CSF.

Arachnoid granulations Superior sagittal sinus 2. ThI'Ough the gI'aIllﬂatiOl’lS Of ©

Cerebral antery Cerebral vein the arachnoide a. §

5 S Extemal table %

Dura mater Diploe }—Skun o
Internal table . Q

. 3. CSF 1s transported by the =3
achnoid mater . o,
e bt neurothelial cells, that -
Subarachnoid space diSCharge it intO the venous g

blood. 3

II\)

o

N

o

(© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com




SECONDARY WAYS OF DRAINAGE OF THE CSF

Spinal Dura
(or0) o R T O e mater
Denticulate 3 =
ligament \ % !
Subarachnoid > 2 Pia
space mater
Anterior
root
Spinal
nerve
Arachnoid v
mater Posterior
= root
ol
B
& B
Vertebral v
foramen .-

e Lumbar
vertebra

Krabach

Olfactory bulb - Olfactory nerves 1]

Optic Nerve [II]
Ophthalmic nerve [V4]
Maxillary nerve [Vz]

Oculomotor nerve [ill]

Mandibular nerve [V3]
Abducent nerve [VI] Trigeminal ganglion

Trochlear nerve [IV] i e
acial nerve

Vestibulocochlear nerve [Vill]

Glossopharyngeal nerve [IX]
Vagus nerve [X]

Trigeminal nerve [V}

Accessory nerve [XI] Hypoglossal nerve [XiI]

© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

o Reabsoption of the CSF along the

nervous sheath of the spinal and
cranial nerves.

Reabsoption at the level of the
cortex capillaries.

Reabsoption at the level of the
ventricular ependyma.

‘Ipngeg eebuy @

Subcutaneous
Connective tissue
Galea
Aponeurotic
Loose areolar
connective tissue
Pericranium (periosteum)
Dura mater:
Periosteal layer
Meningeal layer

Superior
sagittal Arachnoid
sinus granulations

020z Nneuisiyd

Bridging vein

Cerebral artery

Meninges:

Skull Pia mater

Epidural
space

Subdural
space
Subarachnoid

space Perivascular Falx cerebri (dura)  Arachnoid trabeculae
space

Cerebral /
cortex

© 2002 Sinauer Associates, Inc




ROLE OF THE CSF

MECHANICAL FUNCTION

buy ©

BIOLOGICAL FUNCTION

EXCRETORY FUNCTION
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MECHANICAL FUNCTION OF THE CSF

The brain being bathed by CSF “in situ” weight about 50 gr,
instead of real weight 1400 gr.

Fixation of the brain is assured by the blood vessels, nerves
and trabeculae of the subarachnoid space.

The CSF protects the brain.

It has an amortization role and protects the brain of arterial
pulsation.

buy ©
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BIOLOGICAL FUNCTION

Trophyc function;

Immunological function;

CSF secrets neurohormones and neuromodullators;
CSF maintains the homeostasis.

buy @
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EXCRETORY FUNCTION

Through the CSF are removed the:
Products of brain catabolism: CO2, holin;
Immunoglobulins and albumins;
Some drugs such as antibiotics and sulphanialamides;
Cells elements, which accidently enter the CSF.

buy O
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BLOOD SUPPLY OF THE BRAIN

Circulus arteriosus Willis and Zacharcenko ]

‘B ®
: : >
Anterlor cerebral artery, ’ Anterior communicating 35
postcommunicating part, artery «Q
segment A2 ) : 0}
’ r Internal carotid artery Q
Anterior cerebral artery, p 3 Y oy
precommunicating part, - ’ / Middle cerebral artery. %.
segment Al — ’ sphenoidal part, c
- 7 : segment M1 o.
Posterior cerebral artery. oSN - 4 Middle cerebral artery, ')
postcommunicating part, . : - insular part, =
segment P2 — segment M2 7
¥ =
Posterior cerebral artery, B Posterior communicating Q
precommunicating part, artery cC
segment P1 |
Anterior choroidal N
artery o
N
Lateral occipital artery, o
segment P3 Pontine arteries
Anterior inferior Superior cerebellar artery
cercbellar artery
Basilar artery
Posterior inferior
cerebellar artery Medial occipital artery,
segment P4
Vertebral artery Anterior spinal artery




BARRIERS

-  Blood — Brain barrier

©®

>

o

- Blood — CSF barrier §
O

. . o

o Brain — blood barrier o
|C

S

S




b)

THE BLOOD—-BRAIN BARRIER

The blood—brain barrier, or
haematoencephalic barrier forms along the
capillaries of the brain on the external surface
of which are placed the astrocyte foot
processes.

The wall of the capillaries consists of a
basement membrane lined with endothelial
cells.

Peculiarities of the endothelial cells:

there are tight junctions around the
capillaries with an extremely high electrical
resistivity.

presence of big amount of mitochondria,
without pinocytosis vesicles (a relative lack
of transcytotic vesicular transport).

the endothelial cells actively transport
across the barrier metabolic products such
as glucose with specific proteins, insulin,

amino acids, oxygen, and anaesthetic drugs
(lipid soluble).

uuuuuuuuuuuu

=
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Cerebrospinal fluid

https://www.google.com/search?q=astrocyte+fo
ses&rlz=1C1CHZL_enMD725MD733&tbm=isch&tb
rce=univ&sa=X&ved=0ahUKEwiXgeae6bHZAhWSr
EAYcQsSAQIOW&biw=19208&bih=900#imgdii=NbQOyGXvy-
2ufM:&imgrc=QhTPzwR_maQRAM:




THE BLOOD-BRAIN BARRIER

The blood-brain barrier (BBB) is a highly
selective permeability barrier.

It separates the circulating blood from the brain
extracellular fluid.

The blood-brain barrier allows the passage of
water, some gases and lipid-soluble molecules by
passive diffusion.

It assures the selective transport of molecules such
as glucose and amino acids that are crucial to
neural function.

The HEB may prevent the entry of lipophilic,
potential neurotoxins.

A small number of regions in the brain, including

Small
molecules

SN

Large

molecules 7

Blood-brain
barrier

@
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the circumventricular organs, do not have a blood—- - -+ - ~ ol =2
brain barrier. - ® ® - Lr:t.zzz,@
: . S . D o i \ ’*l*’ s
Proteins circulating in the blood enter most tissues /H / ,"“‘;*, n% L o
1 o~
CO, ®0% N - bbb \‘ ok ot d e ;:"\,\

of the body except those of the brain, spinal cord, or
peripheral nerves.

Astrocytes

GLUT1

3
El
g
3
2

L

ﬁ\

~METi—>

v
5

« MCT4 = J GLUT3 J )

O Glucose ‘
O Fructose



METHODS OF EXAMINATION
OF THE SPINAL CORD AND CRANIAL MENINGES

Lumbar puncture.
Puncture of the cerebello-medullary cistern

Ventriculography with contrast medium (radioactive
sodium).

Secretion into the subarachnoid space of colloidal
fluid that contains radioactive gold.

Pneumoencephalography.
CT and MRI.

buy O
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LUMBAR PUNCTURE

o Between the L3
and L4 vertebrae.

buy @
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Cerebrospinal fluid

Spinal needle-




PUNCTURE
OF THE CEREBELLO-MEDULLARY CISTERN

buy @

2
" ‘h[“\\\ \\\ )

Ny \

Between the occipital bone and edges of the posterior arch of the at.
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[
{
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INNERVATION OF THE DMB

Opthalmic division of
trigeminal nerve [V,]
> (Falx cerebri)

Cervical nerves

Opthalmic division of
trigeminal nerve [V4]
(Tentorium cerebelli)

Mandibular division of
trigeminal nerve [Vy) Opthalmic division of

Maxillary division of trigeminal nerve V]

trigeminal nerve [Vy]

© Elsevier Ltd. Drake et al: Gray's Anatomy for Students www.studentconsult.com

o Sensory innervation is assured
by the meningeal branches of
the:

1. Trigeminal nerve;

2. Vagus nerve,
3. First spinal nerve.

o B. Z. Perlin's research

proved that the hypoglossal
nerve, the accessory and
especially the superior
cervical spinal nerves as well
supply sensory branches to
the dura mater of the brain.

o B. Z. Perlin —was the Head of

the Human Anatomy
Department (1959-1987).

‘Ipngeg eebuy @
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DEVELOPMENT OF THE MENINGES

The dura mater develops from the
mesenchyma, which surrounds the primary
nervous tube.

The arachnoidea and pia mater are of

ectodermal origin and develop from the neural
crest.

buy @
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AGE PECULIARITIES OF THE DURA MATER

Connection of the dura mater with bones of the skull
depends on age and it 1s stronger 1n children and in
old people.

In old people increases the number of the arachnoid
granulations from 200-300 to 400-600 and their
hypertrophy occurs.

buy @
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CONDUCTING PATHWAYS

What is a conducting pathway?

buy @
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CONDUCTING PATHWAYS

The white mater of the Central Nervous System (CNS) is represented by nerve
fibers, that are grouped into three main systems:

- Association fibres,
« Commissural fibres,
« Prajection fibres.

o Conducting pathways:
- Represent nerve fibers, that convey similar nervous impulse;
- Connect functionally similar regions of grey mater within the CNS;

- Have a specific location within the white matter of the brain and spinal cord.

Commissural

fibers (corpus
- callosum)

ion fibers

Commissural fibers f"e“riaéh
Association
Basal nuclei fibers
Caudate
Putamien Corona radiata
3 s o Globus Forni
Projection fibers == %7 e pallidus “"”‘l
i ' = - . o nternal
~——— Corona radiata Thalamus y capsule
—— Gray matter
Third
whiries White matter
Projection
Pons fibers
Decussation
Medulla oblongata of pyramids

(a)
Figure 12.10a

https://www.google.com/search?q=commissural+fibers&source=Inms&tbm=isch&sa=X&ved=2ahUKEwja5tHgktvnAhWIT8AKHdXHBCoQ AUOAXoECA
WQAWRDbiw=1920&bih=969#imgrc=-JCnKj ien4bJM&imgdii=0S0XuhQOC800oWM
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ASSOCIATION FIBRES

o Association fibres, neurofibrae associationes — connect different cortical areas within
the same hemispheres.

- Short — connect adjacent gyri (intralobar tracts).

1. Intracortical fibres —arcuate fibres, fibrae arcuatae cerebri.
2 Extracortical fibres.
. Long - connect remotely located areas of the cortex within the same hemisphere ®
(interlobar tracts). >
1. Superior longitudinal fasciculus, fasciculus longitudinalis superior; L(é;
2 Inferior longitudinal fasciculus, fasciculus longitudinalis inferior; g
3 Uncinate fasciculus, fasciculus uncinatus; 2
4 Cingulum, cingulum. \S-
o At the level of the spinal cord the association fibres connect the neurons of different S—
segments of the spinal cord and those fibres surround the grey mater of the spinal cord )
as anterior, lateral and posterior proper fasciculsi. §
1. Short — connect the neighbouring 2-3 adjacent segments of the spinal cord. o
2 Long — connect remotely located segments of the spinal cord. §

Septomarginal fasciculus
Fusciculus gracilis..__ H Comma fascicuins
Goll.] s ! osterior proper fasciculus
Fascienlus ouneatas
(Burdach) s

A\ Lissauer's fasciculus

Lateral proper
Jascicubus..

https://www.google.com/search?g=fascicu
prii+spinal+cord&source=Inms&tbm=isch&
&ved=2ahUKEwieg9iumNvnAhVIecAKHcKQD

AUOAXOECASQAWRDbiw=1920&bih=920#imgrc=
CbaHZSebInmKMM

inotectal
uncioatiss

/ * Anterior cerebrospinal fasciculus
N, ‘Sulcomarginal fasciculus
“ Anterior proper faselculus

=
Anterio inothalamic’
e Ectouius



https://www.google.com/search?q=fasciculi+proprii+spinal+cord&source=lnms&tbm=isch&sa=X&ved=2ahUKEwieq9iumNvnAhVIecAKHcKQDSsQ_AUoAXoECAsQAw&biw=1920&bih=920#imgrc=CbaHZSebInmKMM

COMMISSURAL FIBRES

Commissural fibres, neurofibrae commissurales — connect the grey mater of similar
structures of the right and left hemispheres in order to coordinate their function.

Corpus callosum fibres, fibrae corporis callosi — radiatio corporis callosi: forceps
frontalis major et forceps occipitalis minor.

Hippocampal commissure, commissura hippocampi,

Anterior commissure, commissura anterior. ©
>
>
«Q
o
Q
lwy)
Q
O
C
0,
0
=)
v,
3

Body of Q

corpus callosum f < |C
A N

A N

{ o

‘7 / \ 1

\ \ | / Anterior \/ I

LS inferior
AL )| commissure /,)J temporal gyrus

Amygdala

https://www.google.com/search?q=commissura+cerebri+anterior&tbm=isch&source=iu&ictx=1&fir=fppnomIA0omosM%
253A%252C 2ttsVqzg3RKHM%252C &vet=1&usg=AI4 -
kSW5CeZjI9hKIDeOk7ifdZLTMoEXA&sa=X&ved=2ahUKEwjztMWHI9vnAhWeSEEAHaxoBVvIQ9QEWC30ECAYQGg#imgrc=nv
VvbZaATzgpIM&imgdii=4KtSdDgtPyg2WM



https://www.google.com/search?q=commissura+cerebri+anterior&tbm=isch&source=iu&ictx=1&fir=fppnomIA0omosM:,_2ttsVqzg3RKHM,_&vet=1&usg=AI4_-kSW5CeZjJ9hKJDeOk7ifdZLTMoEXA&sa=X&ved=2ahUKEwjztMWHl9vnAhWeSEEAHaxoBvIQ9QEwC3oECAYQGg#imgrc=nvVvbZaATzgpIM&imgdii=4KtSdDqtPyq2WM

PROJECTION FIBRES

Prajection fibres, neurofibrae projectiones — connect the lower
segments of the CNS with the upper segments: (e.g. the nuclei of
the brain stem with the basal ganglia and cortex, and in opposite
direction — the cortex with the lower segments and nuclei of the
brain stem and those of the spinal cord).

Projection fibres — conduct the impulse from the external
environment towards the brain cortex, where the analysis occur,
or in an opposite direction.

Ascending pathways —afferent (sensory) pathways, conduct
the impulses from the periphery towards the brain cortex:
exteroceptive, proprioceptive, and interoceptive pathways.

Descending pathways — efferent (motor) pathways — conduct
the impulses from the brain cortex towards the subcortical
centers and lower structures.

https://www.google.com/search?g=fasciculi+proprii+spinal+cord&source=Inms&tbm=isch&sa=X&ved=2ahUKEwieg9iumNvnAhVIecAKHcKQD

SsQ AUOAXOECAsQAwWbiw=1920&bih=920#imgrc=CbaHZSebInmKMM
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THE LATERAL SPINOTHALAMIC TRACT
sense of temperature (posterior part) and
pain (anterior part))

1 — neuronwm | (ganglion spinale);

2 — neuwronwm Il (nuclei proprii
cornus posterioris medullae spinalis);

3 — neuronum Il (thalamus); ©
>

. . . 3

4 — commissura grisea anterior; Q
)

5 —tractus spinothalamicus o
lateralis; g
. (@)

6 — gyrus postcentralis; ;
7 — cutis, terminationes nervorum. 2
2

Q

lC

N

o

N

o




THE ANTERIOR SPINOTHALAMIC TRACT
(sense of touch and pressure)

1 — neuwronuwm | (ganglion spinale)

(ascending fibers);

2 — neuronum |l (substantia gelatinosa, Rolandi)
— crossing up to 2-3 segments superiorly);

3 — neuwronum Il (nucleus gracilis (Goll) et

nucleus cuneatus (Burdach); ©
4 —tractus spinothalamicus anterior; >
5 —tractus bulbothalamicus; ?
6 — neuronum W (thalamus); ;’J
7 — decussatio lemniscorum,; ]
8 —commissura alba; 5
9 — gyrus postcentralis; A
10 - cutis, terminationes nervorum. =
)

Q

lC

N

o

N

o
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THE PROPRIOCEPTIVE SENSIBILITY
OF CORTICAL ORIENTATION -

Is conducted through the bulbothalamic tract. The
proprioceptive sensibility is named musculoarticular
sense, or deep sensation.

1 - neuwronwm | (ganglion spinale);

2 — neuronum Il [nucleus gracilis (Goll) (C,,
S.-S,, Ls-L,, Thy,-Th, ) et nucleus cuneatus
(Burdach) (Th, = Th,, C4-C,)] —the most medial

position have the axons of the neurons that (:2
transmit the impulses from the lower a
segments of the body. s
3 — neuronum I (thalamus); o

4 — decussatio lemnisci medialis; =)

5 — gyrus postcentralis; L.

6 —fibrae arcuatae externae anteriores — Q
pass to the opposite side within the posterior 7}
cerebellar peduncles ending in the cortex of §
the vermis. N
7 — fibrae arcuatae externae posteriores — S

o

pass within the posterior cerebellar

peduncles, ending in the cortex of the vermis

of the same side.

of the locomotor apparatus, controls the ’
muscular tonus, spatial position of the body |

8 — proprioreceptores.
It conducts the arthro-myo-kinetic impulse
motion and at rest, coordinates the conscious
voluntary movements.




TRACTUS SPINOCEREBELARIS
POSTERIOR, Flechsig

1 — neuronum | (ganglion spinale);

2 — neuronuwm IV (nucleus thoracicus,
Clarke-Stilling (Cg = L,);

©

3 —tractus spinocerebellaris >
posterior, Flechsig (4) 3
Q

4 — cortex cerebelli [vermis S
oy

(paleocerebellum)i; =
5 — nucleus dentatus; PR

6 — proprioreceptores; >.

| 7 — pedunculi cerebellares 2
. . c
inferiores. lB
Balance — coordination of involuntary movements, N

control muscle tonus, muscle tendon tension, the
possibility of highly differentiated movements.




TRACTUS SPINOCEREBELARIS
ANTERIOR, Gowers

1 — neuronum | (ganglion spinale);
2 — neuronwm ¥ (nucleus
intermediocentralis, bexmepes);

3 —commissura alba; @E
3

4 — cortex cerebelli [vermis cerebelli 8§

Q

(paleocerebellum)i; @
. oy

5 — proprioreceptores; 5

6 — tractus spinocerebellaris anterior
(Gowers); =
2

7 —velum medullare superius; =
8 — pedunculi cerebellares N
superiores. o




TRACTUS CORTICOSPINALIS ET
TRACTUS CORTICONUCLEARIS

Initiates and coordinates precise and highly differentiated
movements.

Motor impulses from the precentral gyrus (5" layer of the brain
cortex, Betz cells), run to the motor nuclei of the cranial nerves
and to the motor nuclei of the anterior horns of the spinal cord.

G,-___ | ~?\ > oI, IV Unilateral damage to the fibers of the pyramidal pathways leads ©
{

) to paralysis of the muscles of the opposite side of the body.. §
D
" V, VL, VIO 1 - neuronum I (neurocytus )
! i - - . w
d . > % pyramidalis magnus, Betz); %
E ! 9]
2 — neuronum II (motor nuclei of the -
III, 1V, V, VI, VII, IX, X, XI, XII); S
7}
-}
3 - neuronum II (motor nuclei of the 2
anterior horn of the spinal cord); lB
N
4 - tractus corticonuclearis; °
5 - tractus corticospinalis;

6 - tractus corticospinalis anterior
(20%);

7 - tractus corticospinalis lateralis
(80%);

8 - decussatio pyramidum;

9 — commissura alba.




EXTRAPYRAMIDAL PATHWAYS

Automatic and semi-voluntary movements,

p muscle tonus, postural tonus
' Conducting pathways - tractus rubrospinalis, nigrospinalis,
reticulospinalis, tectospinalis, vestibulospinalis,
olivespinalis — autonomous pathways that control muscular
tonus; do not pass through the pyramids of the medulla oblongata

1 — neuronum I (nucleus ruber);

2 — neuronwm II (nuclei motorii
cornus anterioris medullae spinalis);

3 —tractus rubrospinalis;

4 — decussatio tegmenti ventralis
(Forel);

5 — corpus striatum, thalamus,
corpus subthalamicum Luys, nuclei
formationis reticularis, substantia nigra,
claustrum, etc

Coordination of higher unconscious reflexes,
provide automatic involuntary movements (running, .

jumping, supports muscle tonus).
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