Brainstem:

Medulla oblongata and pons
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. Overview of the brainstem — subdivisions

. Embryonic development of the brainstem

. Medulla oblongata — external features
nternal structure of the medulla oblongata
. Pons — external anatomy

. Internal structure of the pons

. Fourth ventricle. Reticular formation




General organization

VENTRAL VIEW BRAINSTEM

= 3 subdivisions:

v medulla oblongata

v’ pons

v" midbrain

10 cranial nerves attached

(with the exception of nn. | and I1)

v" motor and sensor
innervation: face&neck

. p at hway fo r : Cranial nerves associated with brainstem levels
v" all fiber tracts passing up and down

= 3 laminae: tectum, tegmentum, basis wiwm e
= neurological functions: ; .

Incorrect

T3¢ line

v" survival ) St econ ot N
» breathing Bl Midbrain
» digestion
» heart rate b Cut ecgee of tracts h\
Cranial U S leading tocerebol’ll.up-_n,_»“

» blood pressure

—+—Medulla

v arousal Brain stem controls: oblongaty. .+~
: « breathing :
> being awake and alert » heartbeat
_ « articulate speech E \—#——.\ —Spinal cord
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Embryologic development

(d) Adult brain
structures

- E m b ryo n i C O ri g i n : (b) Primary brain vesicles | (c) Secondary brain vesicles
\/ mesence p h al on= m I d b r al N S| Telencephalon f:ﬁ%ﬂk?fﬁgﬁx,

Prosencephalon
(forebrain)

® Diencephalon

v'rhombencephalon:

» metencephalon =
ponsé&cerebellum

» myelencephalon =
medulla oblongata

Mesencephalon
(midbrain)

Mesencephalon

Rhombencephalon ‘ Metencephalon |B

(hindbrain)

Myelencephalon |B

Spinal cord

{5
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@ Medulla oblongata — external features

synonyms: bulbus, myelencephalon

shape — pyramidal or conical

size:
v 3 cm longitudinally
v' 2 cm transversally
v' 1.25 cm anteroposteriorly

2 parts:
v lower, closed part
v’ upper, open part

Thalamus (cut surface)
Lateral geniculate body

Pulvinars of thalami Optic tract

Pineal body Medial geniculate body

Superior colliculi Bracfn’a o:fsupe!iol i
and inferior col

Hiculi

Inferior colliculi
erior collicyl Cerebral crus

Trochlear nenve (IV)

0 Pon:
Superior medullany velum A Tigeminal neve (V)
~ Middle
Rhoml::;dvieo:'sﬁa;: { / ' : Vestibulocochlear nerve (VI
Glossopharyngeal (1X) ! ‘@‘ - Facial nerve (V1)
and vagus (X) nerves - !

Inferior cerebellar peduncle
Cuneate tubercle

Gracile tubercle

Dorsal roots of
1st spinal nenve (C1)

fu nCtionS: cst.. Regulaio Centers in the Brainstem
v' relay station of motor tracts
v’ contains respiratory, Urinary Bladder Control g\?
vasomotor and cardiac centers rreumeEie BN Qi Hypothalamus
v' controls reflex activities such as z: .owl“;‘:z"""\"? @ ) Ptultary Gland
coughing, gagging, swallowing and vomiting i T “Vomiting Center

Swallowing Center

Medulla

Respiratory Center \,]
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@ Medulla oblongata — anterior aspect

= anterior median fissure i,y
= pyramid = pyramidal decussation G gereb

= olive
= anterolateral sulcus = hypoglossal nerve (XII)
= retroolivar sulcus = nn. IX, X and XI

Pedunculus cerebellaris A e S5 e S
medius N e o SR

Pons
radix
N. g
m radix
motori
= opharyng,
Pedunculus cerebellaris inlnlor/\L —

N. abducens ~~ 4

Oliva

Fissurs mediana anterior

A B = Pyramidal
N. hypoglossus 4 \, ' ‘ . g Y ‘ decussatjon

Anterior &
lateral sulcus
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@ Medulla oblongata —

posterior aspect

»= posterior median sulcus

= caudal, closed part — obex:
v" gracile fascicle = gracile tubercle

v’ cuneate fascicle = cuneate tubercle
v' posterior intermediate sulcus

v' posterolateral sulcus

v tuberculum cmereum

Pedunculus cerebellaris inferior —~

™~ Apertura lateralis
ventriculi quarti

i Area vestibularis

Sulcus medianus ~

t ) §

Velum medullare inferius -~ \ ,

Stria medullaris ventriculi quarti ~

~
™ Fovea inferior
Trigonum nervi hypoglossi e

”
Trigonum nervi vagi -

(R
/

el
Area postrema - tr
P4
e
4

Obex 7

™ Tuberculum cuneatum

N Funiculus lateralis
\ Medullag oblongatae

N Tuberculum gracile

7/
e
Sulcus posterolateralis -
Fd

s
Sulcus intermedius posterior <

Sulcus medianus 7

N Fasciculus cuneatus

\ Fasciculus gracilis

Tela choroidea

Lamina Pulvinar

quadrigemina of third ventricle
Medial / .-)‘
ggg;::ulate / ] })} ) Epiphysis
Lateral ) Vo Superior medullary
geniculate el
body !

Superior
cerebellar
peduncle

Middle
cerebellar
peduncle
Inferior
cerebellar
peduncle

\
N \
Medullary striae &
of fourth ventricle ’\
[/

colliculus

~ Vestibular area

Tubercle of cuneate
nucleus

Hypoglossus triangle \ i 7
\ Tubercle
Vagus triangle 4  of gracilis
: H nucleus
Y
Obex : é Area
Tuber cinereum ? postrema
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@ Medulla oblongata — posterior aspect

cranial, open part — rhnomboid fossa:

v" medullary striae of fourth ventricle < obex gencyiate

sulcus limitans
hypoglossus triangle
vagus triangle
area postrema

DN N N NN

Pedunculus cerebellaris inferior —~
Sukus medianus <~

Stria medullaris ventriculi quarti ~~

-
f -~ ~
Velum medullare inferius \ N e

4.”'( \‘

Trigonum nervi hypoglossi <

~
™ Tuberculum cuneatum

N Funiculus lateralis
meduliae oblongatae

4
/7
Sulcus posterolaterals N Tuberculum gracile

rd
Sulcus intermedius posterior 7
Sulcus medianus ~

\ Fasciculus cuneatus

\ Fasciculus gracilis

vestibular area, acoustic tubercle = pons
v" inferior cerebellar peduncle = cerebellum

™~ Apertura lateralis
ventriculi guarti

~
™ Area vestibularis

Tela choroidea
of third ventricle

Lamina Pulvinar
quadrigemina
Medial /

Epiphysis

Al
Y
Lateral ]
geniculate

?* Superior medullary
velum

Superior
cerebellar
peduncle

Middle
cerebellar
peduncle

Inferior

cerebellar
peduncle

; Rhomboid
\ 4 \fossa

Facial
colliculus

\\
Medullary striae ~ Vestibular area

of fourth ventricle '

Hypoglossus triangle \

f X Z ',
& A\
SN : ig\- \; /7—»‘ /4-’
</
\~ \ | /ﬁ Ve

Tubercle of cuneate
nucleus

Y
' Tubercle
Vagus triangle 7 of gracilis
. H nucleus
Obex . é/ Area
Tuber cinereum , ? postrema
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@ Medulla oblongata — internal structure

= white and grey matter
= olive:

v" inferior olivary nuclear complex
= posterior column nuclei:

v nucleus gracilis

v" nucleus cuneatus

v" internal arcuate fibers = sensory
decussation = medial lemniscus
= bulbothalamic tract

Fasciculus

v external arcuate fibers gracilis

3rd neuron

Medial -
lemniscus

2nd neuron

> posterior = cuneocerebellar tract sl Hauron
> anterior = bulbocerebellar tract ; . Rl

\ ’ Formatio reticularis

\
\ \ ’ Nucleus tractus spinalls
n. trigemiai
\ \ & :
S - L us

Nocleus olivaris
Nucleus olivaris accessorius

B ~ medlalls
T - ) ‘b x § "o —Nucleas olivaris
spinocerebe - P | 3 .,.,‘
, g =~N. v

N. vagus

Posture sense, vibration,
pressure, discrimination, tactile sense

reticular nuclei:
v raphe nuclei, pallidus, obscurus & magnus — SERergic (B1-B3)
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@ Grey matter: nuclel of the cranial nerves

= glossopharyngeal nerve (iX): Sottary ckus
v" inferior salivatory nucleus
v nucleus ambiguus (IX, X, XI) 34 ;
v" solitary tract nucleus (VII, IX, X) |

= vagus nerve (X): —
v" dorsal motor nucleus of the vagus

Dorsal nucleus of vagus Hypoglossal nucleus
e

= accessorius nerve (XI) P

Solitary fosciculus and
nucleus o4 ~

= hypoglossal nerve (XIl): e £,
v" hypoglossal nucleus N o SE1 L -

Ofivocerebellor fibers

= trigeminal nerve (V): smspasamon— N
v" spinal trigeminal nucleus

-]

- < B e Y
Nucleus salivatorius superior —— = X \ﬁ\ ,T’

Autonomic: Dorsal motor nucleus of vajus

(mesencephalon = B nudieus)

— Jestibular complex 8
Lat. Reticular

Somatic: 12
(pons = 6)
(mesencephalon = 3+ 4)

Dorsal accessory olivary
nucleus

Inferior olivary nucleus
al aceassary alivary nuclane

'}
Pyromid /‘ ‘
N. vestibulocochiearis [Vill] =~

N. glossopharyngeus [1X] -._" "
N.vagus [X] —=== .

‘.;-‘f-"!'

Nucleus salivatorius inferior — R
G Nucleus vestibularis superior
Loz ™ Nucleus vestibularis lateralis | Nuclei ypoglossus [XII] <~
% N.h { -
Nucleus ambiguus s N 4 ™ Nucleus vastibularis inferior vestibulares n =)

-

Nucleus dorsalis nervi vagi i \ 3

Nuclaus nervi hypoglossi A

P 4
Nucleus nervi accassoril ~

& S iller \ \
4 : 3 k) - --
\
_ = N. accessorius [X/]. Radices spinales
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~ White matter:
ascending and descending tracts

= descending (corticobulbar) tracts:
v' corticospinal tract = pyramidal decussation
v" reticulospinal tract

= ascending tracts:
v cuneocerebellar tract .,
v' anterior and posterior spinocerebellar tracts Pyramide dscussation — W3
v' anterior and lateral spinothalamic tracts Adiaror cordcoepinel vect
v' spinotectal tract 1

= mixed tracts: |

v" dorsal longitudinal fasciculus:
» descending hypothalamic axons
» ascending visceral sensory axons

Dorsal nucleus of vogus

Lateral corticospinal

UOrsal moror nuc. n. X
/ GSE cell column
/ GVE & SVE cell columns

/
% GVA & SVA cell columns
—>— SSA & GSA cell columns
/\r—x Vestibulor_nuclei
\ SSA

Choroid plexus
IZ Ventricle

Hypoglossal nucleus

Mediol vestibulor nucleus Inferior vestibular nucleus

Vestibulor nuclei

Inferior ﬁ-,‘_-
Mediol I

Solitory fosciculus ond 887
nucleus

Accessory cuneate nucleus

Nucleus spinol tract of

Inferior cerebella, trigeminal nerve
peduncle 7 Spinal trigeminal Ir,gc!
Spinal troct of  BiF " Vogus nerve Inferior and nucleus, GSA
trigeminal nerve™ - cerebellor v
Nucleus ombiguus agus nerve
Medial lengitudinal e peduncle yogus nerve

fosciculus Lateral reticular nucleus

2 l'
4
. ) : = Solitary fosciculus /s NG
Olivocerebellor fibers e Dorsal accessory olivary ond nucleus /" W ¥ SVE
nucleus
lossol X P i
Hypoglossol nerve - ,b& 3 ;:\-‘ " i farkar clivory, ndolets Nucleus Sulcus limitans
/ ombiguus
Arcuote nucleus

Medial cccessory olivary nucleus

i Inferior olivary ——Hypoglossal nerve
Medial lemniscus Pyramid 3 i | : nuclear complex GSE

ol iy Arcuote nucleus
_ Pyromid
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Pons — external features

basal pons:
v shape — "knob-like"
v’ size: 2 cm long
v composition — transverse fibers

dorsal pons:
v" covered by cerebellum
v upper half of fourth ventricle

middle cerebellar peduncle

functions:

v’ relay station from medulla to
higher cortical structures

v' assists in the control of movements
v" control of sleep and arousal
v’ contains respiratory center and

> regulates respiration .
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(1543-1575)

S Autonomic respiratory centers
L

- I 4 . 1
. Pneumotaxic Apneustic
center center

Fourth
ventricle

Reticular
formation



Pons — anterior aspect

= sulcus basilaris = basilar artery Mty body

u medlan emlnence = Crus cerebri
corticospinal fibers, ‘pyramidal tract’ Ca

= middle cerebellar peduncle
= trigeminal nerve exit

Pedunculus cerebellaris A&

medius N

Pons .
radix - <
N. uig BN V"‘
radi : 3
T toria //F vill
\» ,-"/I
NVIE—2 X
) X
P o opharyng,
Pedunculus cerebellaris inlerior~ } - X
(i 8 "
N. abducens <~ § -
Oliva Olive
Pyramid
I mediana anteri accessotius .
Pyramidal
N. hypoglossus decussation
- Anterior

lateral sulcus
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Pons — dorsal view and tectum

Tectum

N@B: tectum is Latin for roof,
tegmentum for covering

= tectum = superior MU
medullary velum ﬁ
= tegmentum = dorsal '
part of the pons
v" median sulcus Nieduls
v" medial eminence
v" sulcus limitans
v facial colliculus
v" superior fovea

v locus coeruleus
"the blue spot”

v vestibular area
v auditory tubercle
v’ striae medullares
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Pontine basis: fiber bundles

composition:
v" longitudinal and transverse fibers
v nuclear masses — pontine nuclei

» descending longitudinal bundles:
v' corticopontine fibers
v' corticonuclear fibers
v' corticospinal fibers
= ascending longitudinal bundles:
v'anterior spinocerebellar tract
v olivocerebellar tract AN A4 [ roes
= transverse pontine fibers Mo eaine | i/ ract
v pontocerebellar fibers s T i W7 J
= cortico-ponto-cerebellar tract ' LA 'H":
= cerebello-rubral tract e //
Massrcsphalo nucleus of@ ——
ﬂgerr\'::ra; ﬂ£ ///////‘/
S:fdﬁ:?l:emr K\T‘\“\’\f . / ; ,> Olivogeell;:;
£ F < e Dentate nucleus / J Nucleus Oftract
1 ucleus Inferior olive s::?r?aelr?:gg:
P Central tegmental Anterior
X spinocerebellar
cerebellor fibers | tract

Lateral

\ Posterior

spinocerebellar

R
_ ' lemniscus tract

Prof. Dr. Nikolai Lazarov
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Pontine basis: nuclel pontis

pontine nuclei — ~20 million neurons:
v’ excitatory glutamatergic neurons
v" inhibitory GABAergic (5%) neurons

—pontine tegmentum

noradrenergic nuclei — in - g==
upper pontine tegmentum: ;-

v" nucleus coeruleus (A6)

v' parabrachial nuclei,
lateral and medial

Nodulus

Choroid plexus

Dentate nucleus

Oral pontine reticular formation
Superior

Inferior
‘""""‘:r;::""“""""" Superior cerebellor peduncle cerebellor A vestibular nucleus
peduncle A
Central M AY Central
tegmentol tract nen?fp';“c fraes Abducens ,}f‘g VIR 4 o - q T AN ,;”;5' tegmental troct
ot nucleus ﬁ‘;‘!{\’ \ BT SR o G P f,{;ﬁ;’»‘ﬁr"
wolovs T Principal sensory . B R e el e Xeg Fh I 7] Spinet nuctess
nucleus of V Medial N e 4o LN S A ond tract of
longitudinal : R trigeminal nerve
Leteral y. Middle cerebellar tescicvion : . "'-'é i )
lemniscus peduncle o W Superior
Facial e 3 5297 olivary nucleus
nucleus / i
Reticulotegmental
nucleus iddh = "
Mndpd';ucntcrle.belsur Olivary peduncle

fl’-
59’ Trigeminol nerve

root

Facial nerve Pontine nucleus

Pontine nuclei Tropezoid body
Tropezoid body ond nuclei Abducens nerve

;

Prof. Dr. Nikolai Lazarov 15

Medial lemniscus



Pontine tegmentum :
motor cranial nerve triad

- aligemein somato-efferente Kerne (ASE) allgemein und speziell viszero-afferente Kerne (A/SVA)

= motor nuclei: e
v’ trigeminal motor nucleus (V) T | [l
v abducens nucleus (VI) /‘\
v facial nucleus (VI1) \

= Internal loop of facial nerve

Facial colliculus

Sulcus medianus ———— i e ey e V)

A== VL IX, X

\;: " D= VI, IX, X

R
N Mo VL X, X
| v, VI X, X, XI

Medzal longit-
udinal fasciculus

Descending Pyramid of
cortical fibres medulla oblongata
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Pontine tegmentum:
sensory cranial nerve nuclel

= trigeminal nuclei (V): e
v/ main sensory (pontine) nucleus

v" mesencephalic trigeminal nucleus - N In
: . | MIDBRAIN ";Z“, | oD S —
. . . | mesencephalic nucleus ¥
v spinal trigeminal nucleus ™ ——
] trigeminal ganglion/ !‘ \‘ley\ . :.‘:;;“:A—“—_-_“ 2
- COChIear nUCIeI (VI I I) :‘f'igEminaI nerve'/ «"r; i‘,:‘ main sensory rli‘lucleus e sabaiorias beror ==~ P
v" ventral cochlear nucleus I P et | e

v" dorsal cochlear nucleus

= vestibular nuclei (VIII):
v’ superior vestibular nucleus (Bechterew) ="

MGB

. . . Four
v inferior vestibular nucleus (Roller) vestouer
Two
cochiear
nuclel

Positions of VIl
nerve nuckel In
relation to the
fourth ventricle
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v medial vestibular nucleus (Schwalbe)

ledial -+

v lateral vestibular nucleus (Deiters)
= posterior spinocerebellar tract




Pontine tegmentum: pathways

= descending tracts: [ [————— O
v" corticospinal tract sigemeinvszero-eferente Kere (AVE) aigomein somatc-arente Koo (ASA)
v rUbrOSpin al traCt speziell viszero-efierente Kerne (SVE) - speziell somato-afferente Keme (SSA)
v' tectospinal tract S Rl

= ascending tracts: |
v' medial lemniscus y O TRt
v’ spinotectal tract Ve \ e\
v anterior spinocerebellar tract \

= pontine reticular formation: own -3

. E el
v" nuclei reticularis pontis (raphe nuclei) S LV X

Orol pontine reticular formation l Medial longitudinal fasciculus

> ——— VI, IX, X
e

\‘\‘-————— I, 1X, X
e V, VI, IX, X, XI

Anterlor spinocerebellar

B Superior cerebellar peduncle

Central
tegmental tract “"Ghuphzellc fract
Motor
ucleus ¥ ""woawxrv
nucleus of
Loteral N, Middle cerebellor
lemniscus peduncle
Reticulotegmentol
nucleus

root

Pontine nuclei

.,.- ~ ,.. . 9 7 4 N
Q " ) Pl s .
N e ; < e ) S
_ Tropezoid body ond nuclei
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Fourth ventricle

embryonic origin — rhombencephalon

formation — tentorial space between:
v dorsal pons & upper medulla oblongata
v' cerebellum ARIOHR

lateral boundaries: midbrain

v’ caudal part:
» gracile&cuneate tubercles
» fasciculus cuneatus
» inferior cerebellar peduncle
v' cranial part:
» superior cerebellar peduncle Gl

roof (dorsal wall): >

v" cranial portion:
> superior cerebellar peduncle
» superior medullary velum

v' caudal portion: } fastigium
» inferior medullary velum
» tela choroidea = choroid plexuses Meddl

ventral floor — rhomboid fossa

communication openings:
v" median aperture (of Magendie) = central
v lateral apertures (of Luschka) canal
v" cerebral aqueduct (of Sylvius) = liird ventricle

Central canal

<
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Reticular formation — terminology

i

oF.

. X
SEa) R,

NB: reticulum means netlike structure

Why isthereticular formation Becausetheir fibersindeed
areticular formation? build a net.

;
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@ Reticular formation — general considerations

Prof. Dr. Nikolai Lazarov

Extensive collater alization

of the axon of

areticular neuron

Widespread distribution of reticular axgns

Diencephalic
nuclei Neuron

Nucleiin the
brainstem

Ical neurons of thereticular formation

F b\
Modulla] A2

oblongata

Pons N

IR e
Occipital 3 B Frontal
lobe i lobe

Accumbens
nucleus
Amygdala Septal and
diagonal
. band nuclei

21



Reticular formation — nuclel

Median column of reticular nuclei — raphe nuclei (serotonergic): Pedncakportne st raphe

tegmental nucleus nucleus

v nucleus raphes obscurus et pallidus in medulla

v" nucleus raphes magnus in pons o peton e

v" nucleus raphes centralis superior and e
v nucleus raphes dorsalis in midbrain

Nucleus of

rx

B —

. G\ abducent nerve
& Facial

nudeus

Medial column:

v medullary gigantocellular (magnocellular) nucleus
pontine gigantocellular nucleus
nucleus tegmenti pontis
nucleus pontis caudalis
nucleus pontis oralis
nucleus cuneiformis
v" nucleus subcuneiformis il

Lateral column — parvocellular:
v" nucleus pontis centralis
v" nuclei parabrachiales

v nucleus tegmentalis
pedunculopontinus

Pneumataxic
region

Nucleus raphes
magnus

Nucleus raphes
Nucleus obscurus

ambiguus

SN N X X
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Reticular formation — functions

= controls ~25 specific behaviors: Reticular Activating System (RAS)
ot Ty e i s determines the level of alertness
‘/ Sleep fo;;z«;ﬁia?:ng
v walking N
v’ eating f s  $udly
;‘I ‘-Ji ‘L{
. . . Trigeminal motor s !
v" urination&defecation ~ = ¢ nuceus | —
v sexual activity e e Midorain— G

i : Fackl . P
= additional functions: D™ el
ebergn Exercise (4

‘/ arousal Dorsal vagal

. nucleus
v’ attention Wiforpirac |

. orientation in space Nucleus o
v" cardiac reflexes e pogosalracs

for vasomotor Area
v" motor functions o .
Nugleus Nuclea_r region Reticular Activating

v regula‘tes awareness ambiguus - for expiration System

inspiration

v" relays nerve signals to the cerebral cortex

= one of the phylogenetically oldest portions of the brain = -
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E Thank you. ..

FOUR BASIC FooD GROUPS
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