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Connecting spinal cord to cerebrum and cerebellum.

Suprasegmental region of CNS.
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Physiological roles:
= Regulation of breathing
= Reqgulation of cardiovascular system
= Reqgulation of gastro-intestinal system
= Regulation of movements
= Regulation of body balance

= Regulaation of eyes movements




Ventral or basal part = motor pathways

Middle part or = sensory pathways,
reticular formation, cranial nerve nuclei

Dorsal part or —
only in midbrain;
visual and auditory system




= Long descending motor pathways:
= Corticospinal
= Corticobulbar
= Corticopontine
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oculomotor nuckal

= Cranial nerves nuclei ‘ ',f.

= rgra

= Reticular formation

path of
COUOMOloT nerve

= Big extrapyramidal motor nuclei (nucl. ruber
and substantia nigra)

= Special monoaminergic tegmental nuclei
(nucl. raphe, VTA, locus coeruleus)
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= Sensory: lemniscus medialis, tractus
spinothalamicus and trigeminothalamicus

= Extrapyramidal

= Non-specific ascendent pathways
(serotoninergic, noradrenergic and cholinergic)

""*‘-%_
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= 5o nuclei
Paramedial area —raphe + reticul. nuclei |
Medial area -
Lateral area

= Physiological roles:
Modulation of sensory transmission to the cortex
Regulation of motor activity
Autonomic regulation
Sleep and wakefulness cycle
Modulation of emotional behaviour
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nucleus cuneiformis + subcuneiformis

nucleus raphe dorsalis

nucleus tegmentalis pedunculopontinus, pars compacta

nucleus parabrachialis lateralis

nucleus centralis superior

nucleus reticularis pontis oralis

nucleus parabrachialis medialis
nucleus raphe pontis

nucleus reticularis tegmenti pontis

nucleus reticularis pontis caudalis

nucleus raphe magnus

nucleus gigantocellularis

nucleus raphe obscurus

obex

nucleus medullae oblongatae centralis

B medijana skupina jezgara
" (= nuclei raphes)

I medijaina skupina jezgara
(= formatio reticularis medialis)

lateralna skupina jezgara 14
(= formatio reticularis lateralis)



= Reticular nuclei of the pons — excitation of the
antigravity muscles

= Medullary reticular nuclei — inhibition of the
antigravity muscles

‘ antagonistic action




Rostral third = open medulla

Caudal 2/3 = closed medulla

Dorsal surface of tegmentum = bottom of IV.
ventricle

Lissauer’s zone = tractus spinalis n. trigemini

Pyramids = corticospinal tract; decussation
Olives = inferior olivary nucl.
Nucl. gracilis and cuneatus
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= Major fiber tracts
= Internal nuclei P

Lateral medullary
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= Tegmentum = extrapyramidal motor and
sensory pathways (lemniscus medialis, tractus
spinothalamicus*, spinotectalis,
spinoreticularis* and spinocerebellaris) and RF

= FLM (connecting vestibul. nuclei and lower
motor neurons)

* lemniscus spinalis
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motor

sensory

Nucleus gracilis Medial longitutinal

fasciculus

Spinal tract (CN V)

Tractus corticospinalis Sl v (GNY)
Tractus tectospinalis o -
Tractus rubrospinalis . st

Tractus reticulospinalis lat. and med. i

Pyramid Decussation of
medial lemniscus

Fasciculus longitudinalis medialis
= Descending part (medial vestibulospinal tract)

Ascending part (from medial, lateral, and superior vestibular nuclei to pons and
midbrain; information about head position to cranial nerves)

Lemniscus medialis

Tractus spinalis n. trigemini — somatosensory information from the head
(Neuron Il)

Tractus spinothalamicus
Tractus spinocerebellaris
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Reticular formation

Nucl. gracilis and cuneatus

Inferior olivary nuclei (spino-olivary and rubro-olivary fibers; to cerebellum)
Nucl. spinalis n. trigemini (pain and temperature from head)

Cochlear nuclei (n.VIII) Michuusgrasl Mecia longitra

Nucleus cuneatus fasciculus

Vestibular nuclei (n.VIII) e 4oy

Spinal tract {CN V)

Spinal nucleus (CN V)

Hypoglossal nucl. (n.XIlI) SR

Nucl. ambiguus (n.IX & X)
Nucl. tractus solitarii (n.IX & X)
Dorsal motor vagal nucl. (n.X)

Fibers of CN X
Reticular
formation Nucleus ambiguus
¥ Posterior

Spinothalamic / spinocerebellar tract

b Anterior

inocerebellar tract
Inferior olivary
nucleus

Pyramid Decussation of
medial lemniscus
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Level of pyramidal decussation

Level of medial lemniscus decussation
(+accessory cuneate nucl. — external arcuate fibers
—cuneocerebellar tract — inferior cerebellar
neduncle: unconscious proprioception from upper
imbs)

Rostral half of medulla — cranial nerve nuclei
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General somatic efferent neurons (GSE)

Special visceral efferent neurons (SVE)
General visceral efferent neurons (GVE)
General visceral afferent neurons (GVA)
Special visceral afferent neurons (SVA)
General sensory afferent neurons (GSA)

Special sensory afferent neurons (SSA)

Fourth ventricle

Sulecus limitans

Vestibular nuclei (SSA)

Solitary nucleus (SVA, GVA)

Inferior cerebellar
- peduncle

_— Spinal trigeminal
tract and nucleus (GSA)

—

Vagus nerve
(SVA, GVA, GVE, SVE)

MNucleus ambiguus

Inferior olivary
nucleus
Pyramid Hypoglossal
nemrve (GSE)



GSE - hypoglossal nucl.
SVE - nucl. ambiguus (IX, X)
GVE — parasympathetic (dorsal motor vagal nucl., nucl. salivatorius inferior)

GVA —solitary nucl. (IX, X) — cardiovascular and respiratory reflexes

SVA — gustatory portion of the solitary nucl. (taste)

GSA - spinal nucl. of trigeminal nerve

SSA —vestibular and cochlear nuclei

Fourth ventricle

Sulcus limitans Vestibular nuclei (SSA)

Solitary nucleus (SVA, GVA)

Inferior cerabellar
- peduncle

___— Spinal trigeminal
tract and nucleus (GSA)

Vagus nerve
(SVA, GVA, GVE, SVE)

Nucleus ambiguus

Inferor olivary
nucleus

Pyramid Hypoglossal
nerve (GSE)



GSE - SVE - GVE - GVA & SVA — GSA — SSA
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Hypoglossal nucleus

GVE Dorsal motor nucleus
of CN X

GVA & SVA Solitary nucleus

Fourth ventricle

Medial vestibular
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Medial longitudinal
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Inferior vestibular SSA

nucleus

Tectospinal tract

Reticular formation

SVE Nucleus ambiguus

Medial lemniscus
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Inferior cerebellar
peduncle

Spinal nucleus and
tract of CN V

GSA

Lateral spinothalamic
tract

Inferior olivary nucleus
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Lateral medullary syndrome (Wallenberg'’s)

= Contralateral body and ipsilateral face loss of pain and
temperature (spinothalamic and spinal trigeminal tract), loss of
gag reflex, hoarseness, difficulty with speech and swallowing
(nucl. ambiguus)

= Horner’s syndrome = loss of sympathetic functions
Medial medullary syndrome (Dejerine’s)

= Pyramid, medial lemniscus and root fibers of n. XI

Dorsal medullary syndrome

= Inf. cerebellar peduncle (ataxia), vestibular nuclei (nystagmus,

vomiting, vertigo)
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= Fasciculi longitudinales

corticospinal
corticobulbar (corticonuclear) == interneurons of RF
corticopontine

= Transverse pontine fibers (pontocerebellar)

= Nuclei pontis (deep) =

Pyramidal \\
decussation \
B)

Ventral root C1 —



= Fibers:
fasciculus longitudinalis medialis
lemniscus medialis
spinothalamic and trigeminothalamic pathways
lemniscus lateralis (auditory pathway)
extrapyramidal pathways
tractus rubrospinalis

tractus tectospinalis

Clisterna
cerebellomedullaris
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= Nuclei pontis:
RF (including raphe nuclei),

auditory relay structures: corpus trapeziodeum,
superior olivary nucleus (from cochlear nuclei)

nucleus locus coerulei,

cranial nerves nuclei (V, VI, VI, superior and lateral
vestibular nuclei)
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= The locked-in syndrome

large infarct of the basilar pons — corticobulbar
and corticospinal tracts

communication by blinking and moving eyes
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= Tectum (corpora quadrigemina)
= Tegmentum
= Basis (crus cerebri)
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= Colliculi inferiores (auditory relay component; fibers of
lemniscus lateralis from cochlear, sup.olivary nucl., and
trapeziod body; to CGM - brachium of the inf. colliculus)

= Colliculi superiores (inputs from retina; projects to cervical
spinal cord via tectospinal tract)

MidBr 1

MidBr 3
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PAG (enkephalin-modulation of pain; regulation of autonomic, affective
and emotional functions)

Cranial nerves nuclei (lll,IV+MLF)
L&M lemniscus, spinothalamic, trigeminothalamic pathways
RF (including raphe — somatomotor, autonomic and visceral requlation)
Decussation of the superior cerebellar peduncle
Substantia nigra

Nucleus ruber (rostral half, motor functions)
VTA — dopaminergic mezocortical system




= Pretectal area
(pupillary light reflex)

optic

\
nerve pretectal area

= Posterior commissure (pretectal area -
coodination of eyes’ movements)

= Thalamic structures (pulvinar, medial and
lateral geniculate nuclei)
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— sensory fibres Oltactory (1) Intermediate Glossopharyngeal (1X)
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Fossa inter- Crus
peduncularis

N.oculo-

motorius (Ill) cerebri

Pons

N. trigeminus,
Radix motoria

N. trige- I\
minus (V) T

N.abducens
(Vi)

N. facialis
(VI

N.inter-
medius

N. vestibulo- Oliva
cochlearis (VIII)
N. glosso- p .
yramis
pharyngeus (IX) medullae
X oblongatae,
N.vagus (X) 3 Pyramis bulbi

N. h | \‘
. ossus /
i (X1 K Fissura mediana
anterior

N. accessorius

X1 €1

Decussatio
a pyramidum

Colliculus Gl. Brachium colliculi Brachium colliculi
superior pinealis superioris inferioris
Colliculus
inferior ‘
Velum medul-
lare superius
N. trochlearis
Pedunculus
cerebellaris N. trige-
superior minus
Fossa Eminentia
rhomboidea medialis
Pedunculus Pedunculus
cerebellaris i cerebellaris
inferior 5 medius
Area Colliculus
vestibularis facialis
Striae Trigonum
medullares n. hypoglossi
Taenia Trigonum
cinerea n.vagi
Tuberculum
cuneatum
Tuberculum
gracile
b

Crus Brachium colliculi
inferioris

cerebri

Colliculus superior
Pons Colliculus inferior

N. trige- N. trochlearis

minus,
Radix Pedunculus
motoria cerebellaris
superior
N. trige-
minus, Pedunculus
Radix cerebellaris
sensoria medius
N. vestibulo- Pedunculus
cochlearis cerebellaris
inferior
N. facialis
Apertura
N.abducens lateralis
N.intermedius N.vagus
N.glosso- N.acces-
pharyngeus QLS

N. hypoglossus
Oliva

C1(N. spinalis,
Radix ventralis)

Sulcus
posterolateralis

Sulcus
c anterolateralis
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= Genereal somatic efferents (GSE):
« CNIIL IV, VI X

= skeletal muscles derived from somites
= Special visceral efferents (SVE):

= CNV, VII, IX, X, XI

= skeletal muscles derived from branchial arches
= General visceral efferents (GVE = autonomic):

= CNIIL VI 1X, X

= smooth muscles and glands
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Precentral gyrus
(area 4%*)

Capsulainterna Brainstem

Tractus
corticobulbaris

Neuron |

(upper
motoneuron)

Neuron Il
(lower
motoneuron)

Cranial nerves’
nuclei

n. 11, 1V, V, VI, VI,
IX, X, XI, XII
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General somatic afferents (GSA)

= CNV, VI, IX, X

= sensations of pain, temp, touch, pressure
Special sensory afferents (SSA)

= CNII, VI

= From highly specialized somatic receptors
Special visceral afferents (SVA)

= CN I (olfaction), CN VI, IX, X (taste) — chemoreceptors
General visceral afferents (GVA)

= CN IX'and X (visceral pain, chemoreception, general
unpleasent feelings)
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mesencephalon

pons
(metencephalon)

medulla oblongata
(myelencephalon)

medulla spinalis,
pars cervicalis

lamina lamina
alaris basalis

sulcus
limitans

0
OIV

\
Q
O‘"ag

Xl

SSA GSA SVA+GVA

GSE SVE GVE
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tractus
mesencephalicus n. V

nucleus

mesencephalicus n.V

n. trigeminus

nucleus sensorius
principalis n. V

nucleus spinalis n. V

nuclei vestibulares
n. VI
nuclei cochleares

tractus spinalis n. V

nucleus spinalis n. V

nucleus solitarius

nucleus n. Il

nucleus n. IV

nucleus motorius n. V

——nucleus n. VI

nucleus n. VII
nuclei salivatorii

nucleus n. Xl
nucleus dorsalis n. X
nucleus ambiguus

nucleus radicis spinalis n. XI
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= SVA (receptors are chemoreceptors)

= Enters the brain through the cribriform plate
and supplies the olfactory bulb
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= SSA \< L

= Conveys visual signals to the CNS
= Enters the brain at the level of the preoptic

region of the diencephalon

4t



= GSE — extraocular eye muscles

= GVE — parasympathetic inervation of the pupillary
and ciliary muscles

Suprrior obligue muscle
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Motor nucleus:

situated in the mesencephalon (level of the
superior colliculus) — fossa interpeduncularis —
the orbit

Superior, medial, and inferior rectus musles,
inferior oblique and levator palpebrae superior
muscle

= Bilateral corticobulbar inervation
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Westphal — Edinger nucleus

Most of the fibers: ciliary ganglion (m. constrictor
pupillae?)

Some fibers pass through ciliary ganglion and
synapse in episcleral ganglion — ciliary muscle
(accomodation)

* M. dilatator pupillae — sympathetic fibers from superior cervical gangl.
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= GSE
= M. obliquus superior — moves eye downward
while in medial position

Olfactor y

superior ablique muscle

s

Oculomotor \
i Trochlear \\\ / / Trigeminal
- Abducen \ \ v \
" / N ./ - Facal
- “ ’J \ /
| Vestibulocochlear _% %
o e . ‘:“\\ ' /// al. pharyngeal
- ;| e _,f/ 3
e Hypogossal Bl | DTN /
Jllr r ™ \"\‘ ’/ Vagus
Trochlear Cran aIAcceSSOy ,\ J/ ///,
nNern'eg N
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SVE (muscles of mastication;
upper motoneuron = bilateral inputs from the
cortex; lower motoneuron lesions — difficulties
in chewing and biting responses)

GSA (somatosensory inputs from the anterior
2/3 of the head)
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= GSA from the anterior 2/3 of the head
= Three principal divisions:

Ophtalmic

Maxillary

Mandibular

HERWE




Neuron Il

Neuron |

Ganglion
Skin receptors semilunare
Gasseri

Trigeminal
nerve

Ventral trigeminothal.tract

Internal capsule

Tractus spinalisn.V.

VPM of the
thalamus

Postcentral gyrus
(area 3,1,2)

Neuron Il
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[}

Ganglion

{J

Main sensory nucl. Of
n.V. (pons)

v Ventral

trigeminothal.

A tract

Postcentral VPM of the
Internal capsule
gyrus (area 3,1,2) thalamus

Neuron Il

Skin receptors semilunare
Gasseri

Dorsal
trigeminothal.
tract
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= Muscle spindles in masticatory muscles and
temporomandibular joint — via mandibular
branch

= Neuron | = mesencephlic nuceus




Trigeminal neuralgia (tic douloureux)

= Often localized to a portion of one side of the
face (associated with a specific branch)

= Unknown etiology (irritation of the trigeminal
nerve by inflammation, tumor, or vascular
lesion)

= Therapy? Surgery?
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= GSE
= M. rectus lateralis — moves eye laterally
= Clinical disorder: medial strabismus

Lateral rectus
muscle -_____—\\\\\\\;\;- -
4

-~
Superior

orbital

fissure /
Abducens

nerve (Vl)
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= Motor components:

SVE (muscles derived from the second branchial arch)

GVE (parasympathetic: salivation, lacrimation, nasal
cavity mucosal secretion)

= Sensory components:

GSA (somesthetic impulses from the back of the ear
and external auditroy meatus)

SVA (taste)
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= SVE

Muscles of facial expression, auricular, posterior
belly of digastric, styloyoid, platysma and
stapedius muscle

= GVE - parasympathetic inervation

from the superior salivatory nucl. to the
submandibular (submandibular and sublingual
glands) and pterygopalatine ganlion (lacrimal,
nasal and palatine glands)
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= SVA —taste from the anterior 2/3 of the
tongue — geniculate ganglion —solitary nucl. —
thalamic VPM nucl.

= GSA - back of the ear and external auditory
meatus — geniculate ganglion — spinal tract of
the trigeminal nucl.

Pain and temp, pressure, tactile stimuli
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= Upper part of the face = bilateral inervation
= Lower part of the face = contralateral inervation

A. Facial nerve lesion
(Bell's palsy)

T

Mucleus of facial
nerve feranial
nere Wi —

Lesion in
facial nerve

Facial nerve

B. Supranuclear lesion

1
Supranuclear

lesion
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Passible symptoms
of Bell's Palsy

Droopy eyalid,
dry eye, or
excesswe tears

twitching, or
weakness

mouth, drg.f mouth,
impaired taste
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= SSA
= Auditory and vestibular signals for the CNS
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= Motor components:

= SVE (muscles derived from the branchial arches)
= GVE (salivation)

= Sensory components:

= GSA (somesthetic impulses from the back of the
ear)

= GVA (changes of the blood pressure)
= SVA (taste and blood oxygen level)



= SVE —from the nucl. ambiguus

M. stylopharyngeus — speech and swallowing

= GVE —from the inferior salivatory nucl. to the
otic ganglion
Parasympathetic inervation of the parotid gland -
salivaton



= GVA —baroreceptors in carotid sinus —
inferior (petrosal) ganglion — solitary nucl.
Carotid sinus baroreflex
= GSA —tympanic membrane and skin of the
external ear, posterior third of the tongue,
eustachian tube, tonsil and upper part of the
pharynx —superior ganglion — spinal
trigeminal nucl.
Pain and temp, pressure, tactile stimuli



= SVA

Respiratory functions: chemoreceptors (PaO2,
PaCO2, pH of the blood) in the carotid body —
inferior ganglion — solitary nucleus, RF

Carotid body chemoreflex

Taste functions: taste buds in posterior third of

the tongue — inferior ganglion — solitary nucl. —
VPM thalamic nucl.



= Motor components:

SVE (muscles derived from the branchial arches)
GVE (body viscera)

= Sensory components:
GSA (somesthetic impulses from the back of the ear)
GVA (changes of the blood pressure)
SVA (taste and blood oxygen level)



= SVE —from the nucl. ambiguus
Muscles of the pharynx and larynx —role in speech

= GVE - from the dorsal motor nucl.

Parasympathetic inervation of the body viscera to
left colic flexure

Bronchoconstriction, speeding up of peristalsis,
cardiac cycle slowing, increases in bronchi,
stomach, pancreas and intestines’ secretion
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= GVA —body viscera and aortic arch —inferior
(nodose) ganglion — solitary nucl.

Unconscious (baroreceptors in aortic arch, part of
baroreceptor reflex) and conscious (thirst, hunger)
sensory inputs from the viscera

= GSA - back of the ear and external auditory
canal — superior (jugular) ganglion — spinal
trigeminal nucl.
Pain and temp, pressure, tactile stimuli



= SVA

Respiratory functions: chemoreceptors (PaO2,
PaCOz2, pH of the blood) in the aortic body —
inferior ganglion —reticular formation

Taste functions: taste buds in epiglottis and
posterior pharynx wall —inferior ganglion —
solitary nucl. —VPM thalamic nucl.
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= SVE/GSE

= Ventral horn cells of first 5-
6 cervical segments

= M. trapezius and
sternocleidomastoideus

= Contralateral turning and
lifting of the head

= Supranuclear paralysis =
contralateral




Hypoglossal nerve

B GSE \:‘\;\I/ 2 Lingual branch fo tongue

\\  af trigeminal musches

| nerve _,---'_
‘wfj

= Control of the shape and ,;Er;-_* N
position of the tongue 03 €63

= Extrinsic (styloglossus, hyoglossus, ﬂf.ﬁgﬂ"’ | "'H
genioglossus) and intrinsic muscles
SUmsa
of the tongue cervicalis

1o infrahyoid
musches

To ganiohypoid
muscle

= Damage —protruded tongue
deviates to the side of the
lesion

= Contralateral inervation!
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Nerve Brainstem
Vv :
location

Westphal-Edingerova

N. oculomotorius
N. facialis

N. glossopharyngeus

N. vagus

Nucl. salivatorius sup.

Nucl. salivatorius inf.

Nucl. dorsalis n. vagi

Ciliary

Submandibulary
Pterygopalatine

Oticum

At visceral organs

Mesencephalon
Pons

M. oblongata

M. oblongata
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= |[ntegration of information from
spinocerebellar pathways, vestibular nuclei
and cortex (via pons and cerebellar peduncles)

= Cortex, white matter, deep nuclei

= Two hemispheres + vermis

= Main neurotransmitter: GABA
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= Attached to the brainstem by:

afferent

efferent

Inferior cerebellar peduncle —fibers from spinal cord and
lower brainstem regions

Middle cerebellar peduncle — cortex — pons — cortex
cerebelli

Superior cerebellar peduncle —to nucl. ruber and VLN of
thalamus
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= Folia; no gyri and sulci

= 3 layers of the cells:

Purkinje cells layer
Molecular layer
Granule cell layer
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= Nucleus fastigii (=nucl.medialis) — to RF and vestibular neurons
= Nucleus globosus

= Nucleus emboliformis
= Nucleus dentatus (=nucl.lateralis) —to VLN of thalamus

} = nucl.interpositus —to nucl. ruber
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Cerebriler hemephere

u g

Fons
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Hemispere Vermis

i ey

Anterior Lobe

Primary Fissure

Haorizontal Fissure

Posterior Fissure

\\A Flocoulus
Flocculonodular {

Lobe

Modulus

Anatomical name Filogenetic name Functional name

Lobus anterior Paleocerebellum Spinocerebellum

Pontocerebellum /

Lobus posterior Neocerebellum
Cerebrocerebellum

Lobus flocculonodularis Archicerebellum vestibulocerebellum



Brain stem Spinocerebellum

© 00T Thosmadn Fagher | dustaion
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= Loss of balance

= Tremors

= Lack of coordination of muscles
= Reduced muscle tone

L Cerebellum

Cerebellum helps provide
smooth, coordinated
body movement

FADAM.
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