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Functional Systems
In the CNS

. Afferent (sensory) pathways:

general sensation — superficial and deep (proprloceptlve)
interoceptive sensation
special sensations — vision and hearing
Efferent (motor) pathways:
pyramidal system
extrapyramidal system
Meninges and cerebrospinal fluid
Blood supply of the spinal cord and the brain



Sensory (afferent) systems
Motor (efferent) systems
Limbic system

Reticular system

Central transmitter systems:
cholinergic system
monoaminergic system
amino acid transmitters
peptidergic system

central neuroendocrine system
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Sensory (afferent) pathways

Sensory (afferent) systems:

»~ Gyrus posiceniralis
-

: : el
general (somatic) sensations: A
o =y,
.. . . ./
superficial (exteroceptive) — skin i
. paln and temperature - = Fibrae ihalamoparietales
« vibration, touch and pressure 8B [
* stereognosia
deep (proprioceptive)
* joints and tendons Decussat lamnscarum <~
interoceptive (visceroceptive) S I i v g
- l - Tractus spinoclivaris

« organs and blood vessels
special sensations:

visual system

VeStI bu IOCOCh Iear SyStem R --l-.;:;l.'lguqn sensorum < 4 s

!
NEm Snaks MNudleus cantralis *

gustatory system

olfactory system

;
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Mechanoreception system

posterior column-medial lemniscus pathway

ra N 7
1 H 1 . Sensory cortex z ] >
(lemniscus medialis): [g)@ % r
touch, pressure and stereognosia ' (\
)

i

O\
neuron — ganglion spinale i e §y: y/:} $
‘ <= {

Thalamus

HH / )‘ ’ﬂ:ﬁ \ \\/
neuron — nucl. gracilis et cuneatus e ||| SRV
neuron — nucleus ventralis posterolateralis thalami o

ecend neuron

gyrus postcentralis (upper ?/5)

Posterior spino-
cerebellar tract

low touch and pressure

Anterlor spino-

cerebellar tract
Medial

lemniscus

tractus spinothalamicus anterior (ventralis)

trigeminal lemniscus

Cuneocerebellar
fibers
Nucleus gracilis

Lateral spino-
thalamic tract

\‘ Accessory nucleus cuneatus
(lemniscus trigeminalis): o\ ‘ W f’r7[/ Lol
. Anterior spino- 4— ! i
orofacial touch and pressure '

Nucleus cuneatus

cerebellar tract \

Anterior spino-

. . . thalamic tract | /d I
neuron — ganglion trigeminale |1

{ ==
. . . . . Second neuron S ‘ :\f\‘, Vo
neuron — nucl. pontinus (sensorius principalis) , )\x
neuron — nucleus ventralis posteromedialis thalami \ j} XL spnal ganlon perkayon by
. {"31. = of the first afferent neuron
us postcentralis (lower 1/;)

i i r i Alpha motor neuron
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Pain and temperature system

Ascending nociceptive pathways
(anterolateral system):
pain (nociception) and temperature
neuron — ganglion spinale
neuron — spinal laminae , andV tractus
spinothalamicus lateralis lemniscus medialis

Telencephalon

Thalamus,
ventral postere
lateral nucleus

Internal
capsule

neuron — nucleus ventralis posterolateralis thalami
gyrus postcentralis (middle and upper 1/5), rostral part
of gyrus cinguli, insular cortex (limbic system) e
Spinal pain system: e s
lateral pain system — “rapid pain” o I \ée;m', .
(“neospinothalamic system”) rAl
. . . | f o
tractus spinothalamicus lateralis il ol
medial pain system — “slow pain” i |
(“paleospinoreticulothalamic system”) s Il oo ——
tractus. spinoretif:ularis et.trac.:tus spir.10tectalis !";:J/_,_;':’.-;___‘L_’_% \'
tractus spinotectalis  colliculi superiores e | A

$pinal cord

Dorsolateral system: laminae and V, andV
' nucleus cervicalis lateralis ! thaamic put

tractus spinocervicalis
tractus spinomesencephalicus ract
substantia grisea centralis

/M

Neospino- h Il

’.-’ 7 /
thalamic part /)
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Pain and temperature system

9
Lu:e.n'sul .'r ‘k‘

tractus spinalis n. trigemini’ ._
neuron — nucl. spinalis n. trigeminég‘ e &

lemniscus trigeminalis \';7 .

neuron —

Trigeminal
ganglion

/ Ophthalmic nerve (CN V)

nucleus ventralis posteromedialis thalami )

Madllary nerve (CN V)

trigeminal nerve

Mandibular nerve
{CNVy)

. Oral part (A)
gyrus postcentralis | { A
Spinal nucleus of intespolar part ()

Caudal part (C)

(lower /)
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Proprioceptive pathways

from the lower limb to the cerebral cortex:
posterior column-medial lemniscus pathway,

neuron — ganglion spinale &

neuron — nucleus thoracicus (Clarke-Stilling)
neuron — nucleus Z in the medulla
V neuron — thalamus cerebral cortex

from the trunk to the cerebellum:

tractus spinocerebellaris posterior
neuron — ganglion spinale

neuron — nucleus thoracicus (Clarke-Stilling)

tractus spinocerebellaris posterior (Flechsig)
cortex cerebelli

tractus spinocerebellaris anterior

neuron — nucleus thoracicus (Clarke-Stilling) |
tractus spinocerebellaris anterior (Gowers)
rostral part of cortex cerebelli

tractus bulbocerebellaris — from the upper limb
neuron — ganglion spinale

neuron — nucleus cuneatus accessorius
tractus cuneocerebellaris  cortex cerebelli

Tiefensensibilitit;

—— Pedunculus cerebellaris suparior

T Vermis cereballi
™ Pedunculus cerabellaris inferior
.~ Traclus spinocerebellaris posterior
s
- Tractus spinocerebellaris anterior
-

» Nucleus theracicus
- posterior

" Ganglion sensorium
narvi spinalis

Abb. 605 Leitung der unbewussten

Ubersicht,
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Proprioceptive pathways

Mechanorezeption und Propriozeption im Kopfbereich |

proprioceptive pathways of the head:

neuron —
nucleus mesencephalicus n. trigemini
tractus mesencephalicus n. trigemini
nucleus motorius n. trigemini

44— Thalamus
(VPN)

neu rOn - Lemniscus —

trigeminalis —l

= Nucleus
mesencephalicus
n. trigemini

'\
Nucleus

motorius - rer ,

n. trigermini

nucleus ventralis posteromedialis

gyrus postcentralis (Masseterreiex ‘-.

(Blinzelreflex,
Korneairefiex)

Lemniscus
medialis |
_ | '\'Ude}'f‘ : Radix motoria
principalis n. trigemini;
cuneatus . trigemini 1. zur Kaumuskulatus
und gracilis I
2. zum M. mylohyo-
Nucleos icleus und
spinalis 2. vorderen
2 RGLLT. Substantia M- trigemini Digastrikusbauch
" E gelatinasa

allgemein somatoafferent = Tiefensensibilitss
allgemein somatoatferent — Beriithrung

_ speziell viszeroefferent — Motorik
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o Ascending interoceptive pathways

Sensitivity from body’s viscera (organs) —

predominantly nociceptive, common way

with the pain and temperature pathway: == s g

conventional visceroceptive pathway:
neuron — ganglion spinale

neuron — subst. intermedia medialis
tractus spinothalamicus lateralis

neuron — nucleus ventralis
posterolateralis thalami
somatosensory cortical areas

accessory visceroceptive pathway:
neuron — nervus vagus
neuron — nucleus tractus solitarii

| neuron - nucleus ventralis posterolateralis
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e Motor (efferent) pathways

Pyramidal motor system — two neuron system:

tractus corticospinalis (pyramidalis)

tractus corticonuclearis .

(corticonuclear system) o

————— — & —— (Tractus rubrothalamicus)

— = — (Tractus cerebellorubralis)

—— Cerebellum, Nucleus dentatus

(i 9 o
Extrapyramidal motor system . 8\
(basal ganglia system) q—ee v
— multineuronal and polysynaptic =~ e \

Tractus bulboreticulospinalis ete.

Oculomotor system:

frontal eye area m i
(area 8, parts of 6 and 9 areas) -

prefrontal cortex m

Prof. Dr. Nikolai Lazarov
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Pyramidal motor system

corticospinal (pyramidal) tract — 1 million fibers: &=

controls all of our voluntary movements

spastic cerebral palsy

1/, of the fibers from gyrus precentralis (“motor strip”)

nuoieus

and lobulus paracentralis (Brodmann’s area 4)

Lenticular nucleus \\

Internal capsule

1/, from the premotor areas (areas 6 and 8) e ce s

Corticomesencephalic
tract
Corticonuclear tract

1/, from somatosensory cortex (areas 3, 1 and 2)

Cor ine tract
Cerebral peduncle

posterior limb of internal capsule
crus cerebri  fibrae pontis longitudinales

pyramidal decussation — 85% decussate

lateral (crossed) corticospinal tract
to the contralateral side in the medulla oblongata

anterior corticospinal tract 15% uncrossed
to the ipsilateral side in the medulla oblongata

Prof. Dr. Nikolai Lazarov 11



Lateral and anterior corticospinal tracts

eg Trunk A Motor cortex
(precentral gyrus)

Corticospinal tract

Ant. limb of : : 35— Pyramidal cells

internal capsule Association

cortex

Claustrum - X Fibers to lower extremity
External capsule : 7 Fibers to trunk

Plannin

Fibers to upper extremity .

Globus pa_allidm Post. limb of intemal capsule  ------------- e e e e e et s e S e

Genu of internal capsule Carticospinal tract

MIDBRAIN Temporopontine tract
Crus cerebri
Oculomotor (lll) nerve Frontopontine tract Cerebellar Basal
hemispheres ganglia
Medullary
pyramid PONS
Longitudinal fibers in
Lateral basl?a r portion of sx;ns cortex Programming
corticospinal Abducens nen )
tract 2 <)
mepuwta /Ao AWML T SHE
M1 ——.—f—i“ :

Pyramid ' s .

Hypoglossal nerve Y .

corticospinal MEDULLA ) :
tract Pyramidal decussation Eosiitin

Lateral corticospinal tract

Anterior corticospinal tract
(crossed-axons of neuron 1) (uncrossed-axons of neuron 1) ’A
cs Cerebellar —=
To motor endings % intermediary & 4
in MM. of forearm == e i L‘f ) -'-"_——_f Pyramidal
Uncrossed and hand %‘ . N & Py
lateral ' [

T4

Internuncial cell-neuron |1 Feedback
Ventral root fiber

. /

corticospinal To motor endings
"ac? . in intercostal and

segmental back ==
MM. L4

S -
To motor endings in g{ Anterior horn cell-neuron Il PR :

gluteus medius and = To sacral segments of cord : ] Control
tibialis anterior MM. %—"‘ seg information
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Pyramidal motor system
corticonuclear (corticobulbar) tract:

from the lower Y/, of gyrus precentralis

CORTICOSPINAL, CORTICOBLILEAR ARD

CORTICOPONTINE TRACTS
genu of internal capsule
crus cerebri el L) =
peduncle------ 1 n tcrggticupuntine
pars ventralis pedunculi cerebri =™ &S
E:m’cticuspinal ==qf - _
corticonuclear axons innervate T s
. . . cord :Y
cranial motor nuclei bilaterally e
they directly innervate the nuclei for cranial nerves
V, VII, Xl and XIlI
indirectly innervate nuclei for nerves Ill, IV and VI
via interneurons " e Al

;
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Extrapyramidal motor pathways

Feedback multineuronal and polysynaptic circuits through “subcortical nuclei”:
striopallidal system £
substantia nigra
subthalamic nucleus
cerebellum

Pathways to peripheral motoneurons:

cortico-rubro-spinal tract — extremities:
tractus frontorubralis  nucleus ruber
tractus rubrospinalis
cerebello-rubro-spinal tract: T
cerebellar cortex  deep cerebellar nuclei
tractus cerebellorubralis  nucleus ruber
tractus rubrospinalis
cortico-reticulo-spinal tract:
fibrae corticoreticulares  nuclei reticulares
fibrae reticulospinales — medial and lateral parts
cerebello-reticulo-spinal tract:
cerebellar cortex  nucleus dentatus
tractus cerebelloreticularis  nuclei reticulares
tractus reticulospinalis
cerebello-vestibulo-spinal tract:
flocculo-nodular cerebellar cortex  nucleus fastigii
tractus cerebellovestibularis  nucleus vestibularis lateralis

Prof. Dr. Nikolai Lazarov 14



. Basal ganglia pathways

Closed reverberating circuits
of the basal ganglia:
striatum is the main acceptor
pallidum is the main effector

Prof. Dr. Nikolai Lazarov 15



Meningeal coverings of the spinal cord

ﬁ
three meninges:

spinal dura mater
epidural and subdural spaces

arachnoid mater

subarachnoid space
cerebrospinal fluid (liquor)

pia mater (leptomeninges)

perivascular spaces
spinal blood vessels

;
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Meninges of the brain
D E—

- protective tissue

Dura mater (Pachimeninx),
dura mater encephali

Leptomeninx
(Lepto- from the root meaning thin in Greek):

Arachnoid mater,
arachnoidea mater encephali

Pia mater,
pia mater encephali

;
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Cerebral dura mater structures

ﬁ
sickle-shaped falx cerebri

tentorium cerebelli

falx cerebelli

diaphragma sellae

cavum trigeminale (Meckeli)

;
Prof. Dr. Nikolai Lazarov dura mater (Latin "hard mother" ) 18



Cranial dural venous sinuses
ﬁ

superior sagittal sinus
Inferior sagittal sinus
transverse sinuses

sigmoid sinuses
confluence of the sinuses

occipital sinus

straight sinus (Sinus rectus)
petrosquamous sinus
superior petrosal sinuses
Inferior petrosal sinuses

cavernous sinuses
Intercavernous sinuses,
anterior and posterior

;
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Arachnoid mater
Arachnoid granulations (or arachnoid villi) — in the sinuses
Pacchioni's granulations or pacchionian bodies

Antonio Pacchioni (1665-1726)
spiderweb-like layer (hence the name)

subarachnoid space filled with cerebrospinal fluid

;
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Arachnoid mater
]

subarachnoid cisterns:

cisterna cerebellomedullaris

posterior et lateralis
cisterna pontocerebellaris
cisterna ambiens

cisterna trigeminalis
cisterna cruralis

cisterna interpeduncularis
cisterna carotidis

cisterna chiasmatis

cisterna fossae lateralis cerebri

;
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Cerebrospinal fluid

ﬁ
liguor cerebrospinalis - secreted by the choroid plexuses (- 50-70%)
Into the ventricles and in the subarachnoid space

clear, colorless liquid

slightly alkaline

specific gravity ~1.007

similarly to blood plasma:
Inorganic salts

traces of proteins
glucose

serves to:

support and cushion
the CNS against trauma

remove waste products
of neuronal metabolism

;
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Pia mater

very thin membrane, Latin "tender mother"
neural crest derivative

vascular membrane — nourishing the brain:
superficial epipial layer — sheet of flat cells

iInner membranous layer — fibrous tissue,
intima pia

;
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Arterial blood supply of the spinal cord

longitudinal trunk (a. vertebralis):
unpaired a. spinalis anterior
aa. spinales posteriores

segmental supply: radicular arteries
a. cervicalis ascendens
a. cervicalis profunda
a. vertebralis

aa. intercostales
posteriores

aa. lumbales

;
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Intrinsic blood vessels

Venous drainage — 6 channels:
anterior longitudinal trunks
posterior longitudinal trunks
iInternal vertebral venous plexuses

;
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Blood supply of the brain

.ﬁ
Vertebrobasilar system:

aa. vertebrales a. basilaris

Carotid system:
a. carotis interna

Communication:
circulus arteriosus cerebri

;
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Arterial blood supply

ﬁ
Vertebrobasilar system

vertebral artery:
posterior inferior cerebellar artery
basilar artery:
anterior inferior cerebellar artery
superior cerebellar artery

labyrinthine artery
(internal auditive artery)

pontine arteries
posterior cerebral artery

Prof. Dr. Nikolai Lazarov 27



Arterial blood supply
Carotid system

Internal carotid artery
(cerebral part):

anterior cerebral artery
anterior communicating artery

middle cerebral artery
“a. haemorrhagica” (of Charcot)

;
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Circulus arteriosus cerebri  (circle of Willis)
ﬁ

Thomas Willis
(1621-1675)

Heptagon of Willis:
anterior communicating artery

anterior cerebral arteries
posterior communicating arteries

posterior cerebral arteries
;
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Venous drainage of the brain
superficial cerebral veins: C—

vV. superficiales cerebri
Into dural venous sinuses

deep cerebral veins:

vv. profundi cerebri _
V. magna cerebri (Galeni)

communication:
VV. emissariae
vv. diploicae

cerebellar veins
V. magna cerebri

brainstem veins:

medulla oblongata
sinus occipitalis, sinus petrosus
inferior, v. jugularis interna

poNns  sinus petrosus superior,
sinus transversus

_ midbrain v magna cerebri
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