
Spinal cord - repetition



Ascending tracts

• tractus spino-bulbo-thalamo-corticalis

= posterior fascicle tract = lemniscal system = 
fasciculus gracilis + cuneatus
– propriception, fine skin sensitivity, discrimination 

feeling, push, pressure, vibration

• tractus spinothalamicus ant.+lat. = anterolateral 
system
– Fast pain, warm + cold, rough skin sensitivity

• tractus spinoreticularis
– Slow pain

• tractus spinocerebellares

• ant.+post.

• And other……



Descending tracts

• tractus corticospinalis = pyramidal tract

– Principal motor tract 

– 1st neuron – cortex (Betz pyramidal cell)

– 2nd neuron – alfa-moto neuron → spinal nerve

• Extrapyramidal trycts

– tr. reticulospinalis – gamma moto-neurons

– tr. vestibulospinalis – postural muscles

– tr. rubrospinalis (rudimentary)

– other 



BRAIN STEM



Brain stem – function

• conveys all ascending and descending
tracts

• Reticular formation (RF)

vitally important reflex centers

– heart activity, breathing, vasomotorics, 
consciousness

• Nuclei of cranial nerves n. III–XII



truncus encephali

• medulla oblongata = oblongate

• pons (Varoli) = pons

• mesencephalon = mid brain

Cavities of brain stem

• ventriculus quartus = 4th ventricle
– fossa rhomboidea = base of 4th ventricle

• aqueductus mesencephali (Sylvii) = Sylvian
canal / aqueduct

Brain stem (Truncus encephali)



Mesencephalon

Pons

Medulla oblongata

Medulla spinalis





Medulla oblongata = Myelencephalon = Bulbus 

medullae spinalis = Oblongate

• cranial continuation of spinal cord

ventral side:

• pyramis

– fibers of tractus corticospinalis (pyramid motor tract)

– decussatio pyramidum (crossing of 80% of fibers)

• oliva

– complexus olivaris inferior (3 input nuclei to cerebellum)

– ventrally: n. XII exits in sulcus preolivaris

– dorsally: n.IX, X, XI exit in sulcus retroolivaris

• tuberculum trigeminale (Rolandi)

– ncl. + tractus spinalis n.V. (sensory for n.IX, X, XI)



Medulla oblongata = Myelencephalon = Bulbus 

medullae spinalis = Oblongate

• cranial continuation of spinal cord

ventral side:

• pyramis

– fibers of tractus corticospinalis (pyramid motor tract)

– decussatio pyramidum (crossing of 80% of fibers)

• oliva

– complexus olivaris inferior (3 input nuclei to cerebellum)

– ventrally: n. XII exits in sulcus preolivaris
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• tuberculum trigeminale (Rolandi)

– ncl. + tractus spinalis n.V. (sensory for n.IX, X, XI)





Medulla oblongata = Myelencephalon = 

Bulbus medullae spinalis = Oblongate

dorsal side:

• tuberculum gracile + cuneatum
tractus bulbo-spinalis (fasciculus gracilis Golli + cuneatus

Burdachi) → ncl. gracilis + cuneatus → fibrae arcuatae
internae → decussatio lemnisci medialis → lemniscus
medialis

• pedunculi cerebellares inferiores

continuation of funiculus lateralis medullae spinalis + ncl. 
cuneatus accessorius → fibrae arcuatae externeae
posteriores

→ corpus restiforme

→ corpus juxtarestiforme

→ carry tracts to cerebellum





Oblongate – internal structure and nuclei

• complexus olivaris inferior (3 nuclei)

• ncl. gracilis, cuneatus, cuneatus accessorius

• nuclei of cranial nerves

– n. V, IX, X, XI, XII

• nuclei of RF 

– nuclei reticulares, ncll. raphes

• ncl. arcuati – connected as ncll. pontis



Oblongate – internal structure and tracts

• tr. corticospinalis (ventrally)

• tr. spinocerebellaris ant., post., rostralis

• tr. spino-bulbaris → lemniscus medialis

• tr. spinothalamicus ant.+lat. → lemniscus spinalis

• tr. spinoreticularis → RF

• fasciculus longitudinalis medialis + posterior

• extrapyramidal tracts

– tr. reticulospinalis, vestibulospinalis, tectospinalis, 

rubrospinalis, interstitiospinalis

– tr. raphespinalis, caerulospinalis



















Syndroma medullare laterale 

Wallenbergi
lesion of a. cerebelli posterior inferior

• dysphagia + dysarthria ipsilateralis (ncl. ambiguus)

• analgesia + thermoanaesthesia capitis ipsilateralis
(ncl. + tractus spinalis n. V)

• vertigo, nausea, vomitus, nystagmus (ncll. 
vestibulares)

• ipsilateral syndroma Claude Bernard-Horner
(descending sympatetic fibers)

• ipsilateral lesion of cerebellum

• analgesia + thermoanaesthesia contralateralis
corporis (tractus spinothalamicus – lemniscus
spinalis)





Syndroma medullare mediale

Dejerine

lesion of a. vertebralis

• paresis contralateralis (tractus pyramidalis)

• contralateral lesion of fine touch and 

proprioception (lemniscus medialis – tr. 

bulbothalamocorticalis)

• hemiglossoplegia ipsilateralis (n. XII)



Clinical syndromes of 

caudal half of 

oblongate

A. Hemiplegia alternans inf.

B. Avelis syndrom

C. Jackson syndrom

D. Tapia syndrom

1. tractus pyramidalis

2. n. hypoglossus

3. spinothalamic tract

4. nucleus ambiguus



Hemiglossoplegia



PONS



Pons = Pons Varoli

located only ventrally

dorsally – bottom of 4th ventricle covered by 
cerebellum

sulcus bulbopontinus
– exit of n. VI

• sulcus basilaris (nonpaired a. basilaris)

• pedunculi cerebellares medii (= brachia pontis)
– tracts from ncll. pontis into cerebellum

• linea trigeminofacialis Henlei
– between exits of n.V and n. VII, separates pons and 

cerebellum

• angulus pontocerebellaris
– exit of n. VII and n. VIII + apertura lateralis v. quarti



Pons = Pons Varoli

located only ventrally

dorsally – bottom of 4th ventricle covered by 
cerebellum

sulcus bulbopontinus
– exit of n. VI

• sulcus basilaris (nonpaired a. basilaris)

• pedunculi cerebellares medii (= brachia pontis)
– tracts from ncll. pontis into cerebellum

• linea trigeminofacialis Henlei
– between exits of n.V / VII, separates pons and 

cerebellum

• angulus pontocerebellaris
– exit of n. VII and n. VIII + apertura lateralis v. quarti



Pons – internal structure and parts

• pars basilaris pontis (= pars anterior; ventralis)

– evolutionary younger

– ventral part at skull base

– nuclei pontis + descending tracts (fibrae pontis)

• tegmentum pontis (= pars posterior; dorsalis)

– evolutionary older

– dorsal part at the base of the 4th ventricle

– nuclei of cranial nerves

– RF

– ascending tracts (lemnisci)

– old tracts (fasciculus longitudinalis medialis + posterior)



• ncll. pontis
– synapsing of tract from cortex to cerebellum (tr. cortico-

ponto-cerebellaris)

• ncl. olivaris superior
– connected to auditory pathway

– recognition of sound source position

• nuclei c.t.)
– connected to auditory pathway

– corpus trapezoideum = decussation of auditory pathway

• ncll. parabrachiales
– part of limbic system

– respiration, pain, taste, CTA, serotonin

• nuclei of cranial nerves
– n. V, VI, VII, VIII

Pons – internal structure and nuclei





Ncll. tractus solitarii

• viscerosensory nuclus of lateral mixed system

• every afferent information from visceral organs (+taste)

• center for autonomic nervous system (elementary
autonomic reflexes)
– deals with intake and processing of nutrients

– salivatory reflex, secretion of gastric or pancreatic fluids

• more complex reactions requiring integration of larger
amount of elementary autonomic reflexes or coordination of
autonomic+endocrine+somatic systems
– vomitus, swallowing, coughing, breathing, orgasm, threat of

freezing or overheating

– regulated by RF and more importantly from hypothalamus

• analogy in spinal cord = ncl. intermediomedialis
– automatic defecation, micturia, erection



pars basilaris

• fibrae pontis longitudinales

– fribrae corticospinales → pyramis

– fibrae corticopontinae → ncll. pontis →

• fibrae pontis transversae (= fibrae

pontocerebellares) → pedunculi

cerebellares medii → cerebellum

Pons – internal structure and tracts



tegmentum

• lemniscus medialis

• tr. spinothalamicus → lemniscus spinalis

• tr. spinocerebellaris ant.

• tr. spinoreticularis → RF

• fasciculus longitudinalis medialis + posterior

• extrapyramidal tracts

– tr. reticulospinalis, tectospinalis, rubrospinalis, 

caerulospinalis, interstitiospinalis

Pons – internal structure and tracts



Ventriculus quartus = 4th ventricle

• floor: fossa rhomboidea

• roof (= tegmen)
– velum medullare superius

– fastigium

– velum medullare inferius

– apertura mediana v.q. (= foramen Magendiei) – nonpaired

– obex (caudally)

• tela choroidea ventriculi quarti
– plexus choroideus ventriculi quarti

• recessus lateralis
– apertura lateralis v.q. (= foramen Luschkae) – paired

– Bochdalek‘s flower basket (fruticulus) as a protrusion of plexus 
choroideus into subarachnoideal space

• aqueductus mesencephali Sylvii – into 3rd ventricle





















Locked-in syndrom

• awake (concious) patient

• full quadruplegia + palsy of cranial nerves down from
n.V level

• lesion of pars basilaris pontis = closure of a. 
basilaris

• sometimes preserved proprioception and 
somatosensory infirmation from body

• "the closest thing to being buried alive". 

• "maladie de l'emmuré vivant", "Eingeschlossensein„, 
Cerebromedullospinal Disconnection, De-Efferented
State, Pseudocoma, ventral pontine syndrome



Locked – in syndrom



Persistent vegetative state 

Locked-out syndrom

• patient non reacting to sensory impulses

• realizes neither surrounding nor self

• preserved cycle of sleep and wake

• respiration without help of respiratory devices

• vast cortical injury or fibers connecting cortex

with thalamus

• bilateral thalamic lesion

• „coma vigile, apalic syndrom, chronic vegetative

state, permanent vegetative tate (PVS)“



Persistent vegetative state

„locked-out“ 



Peripheral „Bell“ palsy

Central palsy

n. VII



Strabismus convergens – n. VI



A. Millard-Gubler Syndrom

B. Raymond Syndrom

C. Foville Syndrom

D. Raymond-Cestan Syndrom

E. Marie-Poix Syndrom

1. tractus pyramidalis

2. fasciculus longitudinalis med.

3. lemniscus medialis

4. tractus spinothalamicus

5. nucleus motorius n.V

6. nucleus principalis n.V

7. tractus spinalis n. V

8. pedunculus cerebellaris medius

Clinical syndrome 

of pons



MID BRAIN



Mesencephalon

Pons

Medulla oblongata

Medulla spinalis



Mesencephalon



Mesencephalon = Mid brain

• rostral part of brain stem (2 cm)

ventral side:

• fossa interpeduncularis
– exit of n. III

– substantia perforata posterior
• nonpaired cribriform plate for aa. centrales

– cisterna interpeduncularis

• crura cerebri
– descending motor tracts (tractus pyramidalis)

• fibrae corticospinales

• fibrae corticonucleares

• fibrae corticopontinae (frontopontinae + occipito,-temporo,-
parietopontinae)

• fibrae corticoreticulares





• rostral part of brain stem (2 cm)

dorsal side:

lamina quadrigemina = lamina tecti

• colliculi superiores
– collaterals from visual pathway

• colliculi inferiores
– nuclei of auditory pathwya

• laterally extend as brachium colliculi
superioris et inferioris

• exit of n. IV
– nerve crosses already inside midbrain (decussatio

fibrarum nervorum trochlearium)

• cisterna quadrigeminalis

Mesencephalon = Midbrain









Midbrain – internal composition

3 parts on section: tectum, tegmentum, pedunculus

• tectum mesencephali (tectal plate)
= dorsal thin plate with two pairs of tubercles (colliculi)

aqueductus mesencephali Sylvii – arbitrary border

• tegmentum mesencephali (= „pars posterior
pedunculi cerebri“)

= ventral most of midbrain

– nuclei, some descending and all ascending tracts

• pedunculus cerebri (= „crus cerebri; pars anterior
s. basalis pedunculi cerebri“)
– contains exclusively descending tracts



PEDUNCULUS

TECTUM

TEGMETUM

glandula pinealis

pag

Mesencephalon – transsection

aqueductus mesencephali Sylvii



PEDUNCULUS



Mid brain

Tectum

lamina tecti = lamina quadrigemina

colliculus superior

• evolutionary older structures of visual system

• its function does not correspond with vision

• retinotopic parcellation

• importance for processing of fast targeted

movements

• receives collaterales of 3rd-order neuron of visual

pathway (from optic tract)

• contain 7 layers (laminae)



Midbrain

Tectum

colliculus superior

• brachium colliculi superioris – connection to 

corpus geniculatum laterale (part of metathalamus) 

• AF: visual pathway, spinal cord, cerebral cortex

– superficial layers receive collaterals from visual pathway

• EF: 
– deep layers connected to crossed tractus tectospinalis –

synchronization of head and eyeball movements with

visual inputs

– tractus tectointerstitialis → ncl. Cajali + Darkschewitzi –

acommodation and convergence

– tractus tectonuclearis → extraocular muscles



Midbrain – dorsal side



Midbrain

Tectum

lamina tecti = lamina quadrigemina

colliculus inferior

• nucleus of auditory pathway (3rd-order 

neuron)

– 3 subnuclei

• laminar tonotopic organization

• brachium colliculi inferioris

– continuation of auditory pathway into corpus 

geniculatum mediale (part of metathalamus), 

which is its 4th-order neuron



Diencephalon

Pretectum

Area pretectalis

ncll. pretectales

• 4 nuclei, serves for pupillary (light) reflex

• AF: from optic tract

• EF: 

– into nucleus n. III accessorius (area preganglionaris) 

Edingeri-Westphali → then as parasympathetic pathway

to m. sphincter pupillae → miosis

– into RF → centrum ciliospinale Budgei (segments C8-

T1) → truncus sympathicus → ganglion cervicale

superius (synapse) → then as sympathetic pathway to 

m. dilatator pupillae → mydriasis



motor nucleus at the level of colliculus superior

• pars magnocellularis (in human and apes rudimentary)

→ tractus rubrospinalis (crossing at decussatio
tegmentalis anterior) – somatotopically in whole spinal
cord → activation of flexors

• pars parvocellularis
→ fibrae rubroolivares = uncrossed tracts running in the
middle of tegmentum within tractus tegmentalis centralis

– part of Papez‘s cerebellar control circuit: cerebellum →
NR → oliva → cerebellum

• AF: from cortex and cerebellum

• EF: into oliva and cerebellum, into RF, into thalamus

Midbrain

Tegmentum – nuclei

Nucleus ruber (red nucleus)







• motor nucleus connected with basan nuclei

• pars compacta (A9)

– produces dopamin

– enables correct function of striatum

– intrinsic basal ganglion

– in case of lack of dopamin → Parkinson‘s syndrome

• pars reticularis

– output basal ganglion (GABA)

– (evolutionary belongs to subthalamus)

Midbrain

Tegmentum – nuclei

Substantia nigra Soemmeringi



Midbrain

Tegmentum

nuclei of cranial nerves

• ncl. n. III – at the level of colliculus superior

• ncl. n. III accessorius (par preganglionica) 

Edingeri-Westphali

– visceromotor (parasympathetic) nucleus for miosis

and accomodation

• ncl. n. IV – at the level of colliculus inferior

• ncl. mesencephalicus n. V

– proprioceptive nonmigrated ganglion for eyeball and 

masticatory muscles





• substantia grisea centralis

= periaqueductal grey (PAG)
– by means of somatic and autonomic reactions deals with

stress and pain

• ncl. interstitialis Cajali + ncl. ellipticus
Darkschewitzi***
– origin of fasciculus longitudinalis medialis by crossing

within commissura posterior

– vertical eyeball movements

• ncll. tegmentales ventrales*** = area ventralis
tegmentalis Tsai (A10)
– part of RF, chemical nucleus

– produces dopamin for cortex and limbic system
(mesocrtical and mesolimbic tract)

• ncl. interpeduncularis
– nucleus of limbic system

Midbrain

Tegmentum – other nuclei



Substantia grisea centralis

(PAG)



Ncll. tegmentales ventrales

= area ventralis tegmentalis Tsai (A10)



Midbrain

Tegmentum

tracts

• lemniscus
– medialis, spinalis, trigeminalis, lateralis

– ascending tracts

• tractus tegmentalis centralis

• fasciculus longitudinalis medialis

• fasciculus longitudinalis posterior Schützi

• decussatio tegmentalis posterior (= dorsalis)
– crossing of tractus tectospinalis

• decussatio tegmentalis anterior (= ventralis)
– crossing of tractus rubrospinalis



brachia conjunctiva

• after entering tegmentum they run in caudal
continuation of nucleus ruber

• nn section at the level of colliculus inferior
apparent as its white caudal continuation

• obsolete term „nucleus albus“
– it is white matter !

• decussatio pedunculorum cerebellarium
superiorum

= full crossing close to nucleus ruber

– tractus dentato-thalamo-corticalis

Mid brain

Tegmentum 

Pedunculi cerebellares superiores



only descending tracts

• tractus pyramidalis (20%)
– fibrae corticospinales (to alfa-motoneurons in spinal

cord)

– fibrae corticonucleares (to nuclei of cranial nerves)

• fibrae corticopontinae (80%)
from cortex to nuclei pontis et arcuati, where

synapsed to tractus pontocerebellaris

– fibrae frontopontinae Arnoldi

– fibrae occipito,-temporo,-parietopontinae Türcki

• fibrae corticoreticulares

• fibrae corticoolivares

Mesencephalon = Mid brain

Pedunculus



PEDUNCULUS



Unconsciousness and posture failure

Decortication

lesion of brainstem rostrally to ncl. ruber

• desinhibition of tractus rubrospinalis

• desinhibition of tractus vestibulospinalis



Unconsciousness and posture failure

Decerebration

lesion of stem caudally to ncl. ruber

e.g. bleeding/ischemia of pons = locked-in 

syndrome



syndroma 

Parinaudi

sup.



Weber syndromHemiplegia alternans
superior

Tractus pyramidalis

• contralateral hemiparesis

N. III

• ipsilateral ophthalmoplegia

• strabismus divergens

• mydriasis

• ptosis

• accommodation loss

• extinct pupillary (light) 
reflex



Benedict syndrom

lemnicus medialis

• contralateral hemianesthesia

nucleus ruber

• contralateral unvoluntary limb movements

Tumors close to aqueduct

• hydrocephalus internus



Argyll-Robertson syndrome

• pupilla: thin, not round, often not equally
wide (anisocoria)

• convergence reaction: preserved

• reaction to light (photoreaction): extinct

• typical for syphillis

• lesion of dorsal mesencephalon

Douglas Argyll-Robertson [Argajl] (1837–
1909) – Scottish physician



Argyll-

Robertson 

syndrome

normal

light

convergence



Parinaud syndrom

= dorsal mesencephalic syndrome

• palsy of looking up
– supranuclear lesion

– present reaction for „dolls head back eyes follow“, 
active look up is not possible x look down yes

• nystagmus
– convergent-retractive: in attempt to look up the

eyeballs retracts

• retraction of eyelid (Collier sign)

• conjugated look down („sign of setting sun“)

• often bilateral oedema of discus (papilla) nervi 
optici

• cause: pinealoma, multiple sclerosis



Clinical syndromes in 

upper mid brain

A. Weber syndrom

B. Foix syndrom

C. Benedikt syndrom

D. Claude syndrom

E. Parinaud syndrom

1. tractus pyramidalis

2. pedunculus cerebellaris sup.

3. nucleus ruber

4. lemniscus medialis

5. colliculus superior

6. aqueductus mesencephali

7. fasciculus longitudinalis med.

8. nucleus n. III



Injury

• compression of n.III and n.IV

• incisura tentorii (tentorial notch)

• herniation of part of temporal lobe in brain 

oedema



Further information

http://www1.indstate.edu/thcme/anderson/ne

urotext/neurotx1.html


