INTERNAL STRUCTURE
OF THE BRAIN STEM
Dr AMAL ALBTOOSH
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REBELLAR
PEDUNCLE

MEDULLA
OBLONGATA




CAUDAL (closed) MEDULLA

s Crossed by the Central Canal.

“ Motor Decussation®.

s Spinal Nucleus of Trigeminal (Trigeminal
sensory nucleus)*:

> Itis alarg sensory nucleus.

> It is the brain stem continuation of the
ubsfanfia Gelatinosa of spinal cord.

""""




TRIGEMINAL SENSORY NUCLEUS & TRACT

The Nucleus Extends :

» Through the whole length of
the brain stem and into upper
segments of spinal cord.

> It lies in all levels of M.O,
medial to the spinal tract of
the trigeminal.

> Its tract present in all levels of
M.O. is formed of descending
fibers that terminate in the
trigeminal nucleus.




UDAL (closed) MEDULLA

Fasciculus gracilis

Fasciculus cuneatus

Nucleus gracilis

| f
Nuckeus cuneatus Spinal tract of tngeminal

Nucleus of spinal
tract of tngeminal

Central grey

Spinocerebelar tracts
Decussation of pyramids




Posterior
funiculus
(fosciculus
gracilis)

Lateral
funiculus

Anterior

Ventral

gelatinous
substance

Nuclqus
proprius

lateral motor /

neurons

medial motor
neurons




Ventral Trigemimothalamic Tract

Spinal
Trigeminal

[ Spinal
S SLBRNY Qe Trigeminal
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PYRAMIDAL DECUSSATION

Fourth ventricle ¢ ’ f i S M Ofor

i Decussation.

HYPOGLOSSAL

S i Vages pfoers  Formed by pyramidal
o — SIS i fibers, (75-907%) cross
— ’ : Xneree fo the opposite side

(X11) nerve PYRAMIDS

 They descend in the
lateral white column
of the spinal cord as
the lateral
cortlicospinal tract.

e The uncrossed fibers
el form the ventral
cortlicospinal tract.

DECUSSATION —

OF PYRAMIDS Decuss- = crossing

Spinal nerve C1

Spinal cord

Dect n
of the pyramids




Gracile fasciculus
Dorsal white — Central canal

funiculus
Cuneate

fasciculus Lateral CST

Dorsolateral *
tract of &=
Lissauer

Dorsal gray horn

. Intermediate zone
=" of gray matter

funiculus

— " e R @
Ventral white ——— Tezle Ventral gray horn
funiculus

Ventral CST

Both of these originated in the same side of the cortex. Which side?




MID MEDULLA

Traversed by Central Canal.

» Larger size Gracile & Cuneate nuclei.

» Axons of Gracile & Cuneate nuclei form the internal
arcuate fibers; Sensory Decussation.

Pyramids are prominent ventirally.

Nucleus gracilis

Fasciculus gracilis

Fasciculus cuneatus

Nucleus cuneatus]

Trigeminal sensory ___
nucleus

Spinal tract of the _|

trigeminal

Internal arcuate
fibres

Spinocerebellar
fibres

Pyramid -

Medial lemniscus

Decussation of internal
arcuate fibres




The Dorsal Column/Medial Lemniscus System
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B SENSORY DECUSSATION

Nucleus gracilis

e Formed by the crossed
internal arcuate fibers

* Medial Leminiscus:

— Composed of the
ascending internal
arcuate fibers after
their crossing.

— Lies adjacent to the
middle line ventral

_ lo the central canal

= — Terminates in

thalamus.

Fasciculus gracilis

Fasciculus cuneatus

Nucleus cuneatus

Trigeminal sensory ___
nucleus

Spinal tract of the _|
trigeminal

nternal arcuate
fibres

Spinocerebellar
fibres

Pyramid

Medial lemniscus

Decussation of internal _
arcuate fibres

Medial




ROSTRAL (open) MEDULLA

— e wsa = The pyramid is clear, with
’ ,/ A e — medial lemniscus on either
of the vagus / : \\ Reticular formation SideS of middle Iine dorsql
/ S to the pyramid

O Inferior Olivary Nucleus:

— A convoluted mass of
gray matter. lies
posterolateral to the
pyramids & lateral to the
medial leminiscus.

— @7\ e ON the ventral aspect :
nucleus }' ‘ / Mmeqallsmlmur

Hypoglossal
nucleus




Medial longitudinal fasciculus
Hypoglossal nucleus Inferior medullary velum
Dorsal vagal nucleus Cavity of fourth ventricle
Medjal vestibular nucleus
éerior cochlear nucleus
Inferior vestibular
nucleus

Inferior cerebellar
peduncle

Nucleus of tractus
solitarius

Reticular formation

Spinal tract and
nucleus of

trigeminal nerve Anterior cochlea

nucleus
Nucleus ambiguus

Vagus nerve

Anterior
spinocerebellar tract
Lateral

spinothalamic tract

Y, Dorsal accessory
olivary nucleus

Inferior

Tectospinal tract olivary nucleus

Medial lemniscus
Olive

Medial accessory
olivary nucleus

Hypoglossal nerve

Anterior median fissure  Arcuate nuclei Pyramid

lts dorsal surface forms:

— Lower part of the floor of
the 4 ventricle.

e The Inferior Cerebellar
Peduncle is connecting
M.O. with cerebellum.

 (dorsal and ventral) to the
Inferior cerebellar peduncle
lie the Cochlear nuclei




ROSTRAL (open) MEDULLA

Inferior medullary velum
‘ Hypoglossal nucleus(

Dorsal vagal nucleu$ AW

Medial {-£]
longitudinal fasciculus

Cavity of fourth ventricle
Medial vestibular nucleus
Lateral vestibular nuclet

Posterior
cochlear nucleus
Inferior cerebella
peduncle

Reticular

formation Spinal tract and

nucleus of

Nucleus ambiguus trigeminal nerve

’ ”
Anterior

spinocerebellar tract

Lateral
spinothalamic tract

Anterior cochlear
nucleus

Tectospinal tract
Inferior
olivary nucleus

Medial lemniscus

Pyramid

Arcuate nuclei

Beneath the floor of 4ih
ventricle lie :

v

v

1. Hypoglossal
Nucleus.

2. Dorsal Nucleus of
Vagus lateral to the
hypoglossal nucleus.
3. Medial longitudinal
fasciculus, it is
important association
tract, lies close to the
midline,
venfromedial to the
hypoglossal nucleus.



ROSTRAL (open) MEDULLA |4. Vestibular nuclei complex

Inferior medullary velum Cavity of foyrth ventricle 5. NUCIeUS AmbigUUS.' (mOfOf'

Hypoglossal nucleus | Medial vestibular nucleus

Dorsal vagal nucleus N Lateral vestibular nucle n UCIe US) : ’ies dors a’ fO OIivary

Posterior

A LY S wneance: NUCIEUS gives motor fibers

=

Medial
longitudinal fasciculus

Inferior cerebella

eance  lOong glossopharyngeal N. &
Spinal tract and Vagus N.

nucleus of
trigeminal nerve .
6. Solitary nucleus (sensory
weioconcar MUCIEUS) ¢ lies ventrolateral to
nucleus
dorsal nucleus of vagus.
Inferior

aevnces 7. Tectospinal tract : between
Arcuate nuclei feCfum Of midbrain and SPina’
e T e cord (involved in head movements during

Hypoglossal nucleus Inferior medullary velum

i i e o visual and auditory tracking).

Posterior cochlear nucleus
Inferior vestibular
nucleus

Inferior cerebellar
peduncle

Reticular
formation

llucleus ambiguus

Anterior
spinocerebellar tract

Lateral
spinothalamic tract

Tectospinal tract
Medial lemniscus

Pyramid

Nucleus of tractus
solitarius

Reticular formation

Spinal tract and

nucleus of
trigeminal nerve Anterior cochlea
nucleus

%
7 Vagus nerve
@y f’

Nucleus ambiguus

Anterior
spinocerebellar tract Dorsal accessory
Lateral olivary nucleus

spinothalamic tract "
Inferior

Tectospinal tract olivary nucleus

Medial accessory
olivary nucleus

Medial lemniscus
Olive
Hypoglossal nerve

Anterior median fissure  Arcuate nuclei Pyramid



CAUDAL PART OF THE PONS

Divided into an anterior part (Basis Pontis) & a posterior part (Tegmentum)

by the Trapezoid Body (consists of acoustic fibres from cochlear nuclei to ascend
into midbrain as lateral lemniscus and terminate in inferior colliculus).

The ventral portion : is marked by numerous fransversely oriented fascicles
of pontocerebellar fibres that originate from scattered cell groups, the
pontine nuclei, and that pass to the contralateral side of the cerebellum
through the massive middle cerebellar peduncle.

Cavity of fourth ventricle

7 30t : i |
Medial longitudinal fasciculus POl Ty D

Superior cerebellar peduncle
Facial colliculus

Vestibular nuclei

Inferior cerebellar peduncle
Reticular formation

Middle cerebellar
Nucleus of peduncle
abducent nerve \
Spinal tract and

nucleus of
trigeminal nerve

Motor nucleus
of facial nerve

Medial lemniscus

N
Transverse pontine fibers

Facial nerve

Abducent nerve

.

Pontine nuclei

Bundles of corticospinal and

. 7
[ Trapezoid body | orticonuclear fibers

Groove for basilar artery




CAUDAL PART OF THE PONS

1. Pontine Nuclei:

Cavity of fourth ventricle

Medial longitudinal fasciculus
Superior cerebellar peduncle

— Are small masses of
s o i nerve cells, receive
P et cortlico pontine
S v fibers. Their axons
form the fransverse
ponfocerebellar

fibers which pass to
the contralateral
side of the
cerebellum through
Middle Cerebellar
peduncles.

2. Bundles of
corticospinal &
corticonuclear fibres
(Pyramidal fibres)




CAUDAL PART OF THE PONS

Cavity of fourth ventricle

Medial longitudinal fasciculus

S”"e"°'r"""“"a“’S:‘::Lcerebe"arpedunde 3. The ascending fibres of the
medial lemniscus
merorcerspelar e @ DECOME separated from

(( ; e the pyramid and displaced

Middle cerebellar

| Nucleus of — (] peduncle d OrS O | | 2 .
abducent nerve \

newa - || @ The Medial Lemniscus
v = rotates 90 degrees and lies
b ] almost horizontally.

Pkl norve ; \\\ 4. It contains spinal fract &
ey Bundles of corticospinal and n U C I e U s Of Trig e m i n q I ¢

Trapezoid body corticonuclear fibers

Groove for bas"éf ?ffefy Pontine nuclei 5. Deep Origin Of Crania’
ik & nerve nuclei :

m Abducent
nucleus

m Facial motor
nucleus

Facial colliculus

Transverse pontine fibers

nnnnnn

! i
- cord
rrrrrrr \.;4 /_
sensory 2
neuron

~ " (Medial Lemniscus)




AT THE LEVEL OF THE TRIGEMINAL NERVE

Medial longitudinal fasciculus :
Superior medullary velum

Reticular formation Superior cerebellar peduncle

Cavity of fourth ventricle

Spinal lemniscus

Medial lemniscus Transverse pontine fibers

Trapezoid body Bundles of corticospinal and

corticonuclear fibers

Transverse section through the pons at the level of the trigeminal

\

= Motor nucleus of the

trigeminal nerve: Lies in
the lateral part of the floor of
the 4™ ventricle.

= Main sensory nucleus

of the trigeminal nerve:
Reaches its maximum

extent in the pons and it lies
lateral to the motor nucleus.

= Superior cerebellar
peduncles form the

lateral boundary of the 4t
. ventricle @@ |




ROSTRAL PONS

Medial longitudinal fasciculus ,
: ISupenor medullary velum

Superior cerebellar peduncle o S u p e r i o r M e d u I I ar y

Cavity of fourth ventricle

Motor nucleus of ve’u m :

trigeminal nerve
Main sensory nucleus

of trigeminal nerve f— Passes befween fhe fwo
Pontine nuclei peduncles & forms fhe
roof of the 4th ventricle.

e Medial longitudinal
o fasciculus:

et — Lies close to the midline
corticonuclear fibers beneafh fhe f’oor Of fhe

4th yventricle.

Reticular formation

Middle cerebellar
peduncle

Sensory root of
trigeminal nerve

Spinal lemniscus

Medial lemniscus

Trapezoid body




MIDBRAIN

Periaqueductal grey
Superior colliculus ° o o °
,. /1\ It is divided into :
/ Oculomotor nucleus o d
» adorsal part (Tectum)
) (o
v Medial lemniscus a n d

Red nucleus

<+ a ventral part

N D
P '1’
{ { Q 0 el (Tegmentum) at the level
; Ay Cortcospinaland | Crvs of the cerebral aqueduct.
\\ corticobulbar fibres

% S Fronlopontine ftres % The cerebral aqueduct is
surrounded by a pear
shaped periaqueductal
(central) gray matter.

*» The most ventral part of
the tegmentum is the
massive fibrous mass
(Crus Cerebri).

Substantia nigra

o,




INFERIOR COLLICULUS Level

Inferior colleculus is a large
nucleus of gray matter that
lies beneath a
corresponding surface
elevation.

e |tis part of the auditory
pathway.

e |t receives fibers from the
lateral lemniscus.

e |is efferent fibers pass to
the thalamus




rochlear nerve
Inferior colliculus

Cerebral aqueduct containing

cerebrospinal fluid

Central gray matter
Mesencephalic nucleus

Tectum

of trigeminal nerve

Tegmentum = Lateral lemniscus
rigeminal lemniscus

\
naI lemniscus

Medial lemniscus

Temporopontine

Crus cerebri fibers

I Medial longitudinal

formation
Corticospinal and
: orticonuclear fibers
lrontopontme Decussation of superior
fibers cerebellar peduncles

Interpeduncular fossa

Substantia nigra

\

fasciculus 2
Region of reticular °

INFERIOR COLLICULUS Level

1.

Trochlear nucleus:

— lies in the central gray
matter close to the
median plane just
posterior to the medial
longitudinal bundile.

— The fibers of the trochlear
nerve decussate in the
superior medullary
velum.

Decussation of the
superior cerebellar
peduncles in the mid
line.




pamm |
_INFERIOR COLLICULUS Level

/
v 4 Qb b,
L

3. Substantia nigré :

Occupies the most
ventral part of the
tegmentum.

It consists of
pigmented, melanin
containing neurones.

It projects to the basal
ganglia. Its
degeneration is
associated with
Parkinson’s disease.




ASCENDING LEMINISCI

Trochlear nerve

Inferior colliculus o Comp os e d Of:

Cerebral aqueduct containing
cerebrospinal fluid

Central gray matter - Media’ ’emniSCUS.

Mesencephalic nucleus
of trigeminal nerve

R 4 ¢V T — Spinal (Lateral & anterior

Tectum

of trochlear nerve

Jais —[renwemees]  SPinothalamic tracts)

. .
— Trigeminal (Lateral &

;Egglrgoropontine m ed"al) .
Meqial longitudinal .
e e — Lateral lemniscus.

formation

Corticospinal and

= corticonuclear fibers
Interpeduncular fossa ~ Frontopontine Decussation of superior
fibers cerebellar peduncles

Crus cerebri

Substantia nigra




Periaqueductal grey

Superior colliculus

Oculomotor nucleus

Medial lemniscus
Red nucleus

= Temporopontine -
) fibres

Corticospinal and Crus
corticobulbar fibres cerebr

Frontopontine fibres J

J S

CRUS CEREBRI

It is a massive mass veniral to
the substantia nigra.

It consists entirely of
descending cortical efferent
fibers (Frontopontine,
Corticospinal & corticobulbar
and Temporopontine Fibres)
to the motor cranial nerve
nuclei and to anterior horn
cells.

Involved in the coordination
of movement.

Present in both levels of
colliculi.




|IOR" COLLICULYUS,
- —level- - — — -

eracuecuctal ey % A large nucleus of gray
matter that lies beneath

{L —Stpatr otk corresponding elevation.
; cremotar e < It forms part of the visual

o reflexes.
et  Its efferent fibers go to
poporire the anterior horn cells &
M} to cranial nuclei 3, 4, 6,
. 7&11).
N— » It is responsible for the

reflex movements of the
eyes, head and neck in
response to visual
stimuli, as in following a
moving object or
altering the direction of
the gaze.




IOR"COLLICULUS—,
- —Level- - - = -

1. Oculomotor nucleus:

v’ Situated in the central
qgray matter close to
e T the median plane.

Central gray matter

. )
e o The fibers of the
Nucleus of oculomotor

oculmotor nerve

Medial longitudinal
fasciculus

passes anteriorly
through the red
Docussatonct nucleus to emerge on

the medial side of the
Crus cerebiri.

Trigeminal lemniscus

Spinal lemniscus

Medial lemniscus

Temporopontine
fibers

Corticospinal and
orticonuclear fibers



Superior colliculus

Cerebral aqueduct

e 2. Red nucleus :

Mesencephalic nucleus
of trigeminal nerve

Nucleus of oculomotor @ A rou nded mCISS Of grqy mqtter

nerve

Medial longitudinal -l-ha-l- Iies in the Cen.l.rql porﬁon Of

fasciculus

Reticular formation ih e teg m e nII.U m .
Red nucleus

sosaniaric®  |FS red coloration is due to its
o VAscularity and the presence of

Oculomotor nerve an iron containing pigment in
the cytoplasm of its neurons.

e [ltisinvolved in motor control.

Trigeminal lemniscus

Spinal lemniscus

Medial lemniscus

Temporopontine
fibers

Corticospinal and
orticonuclear fibers




Superior colliculus
Cerebral aqueduct

Central gray matter
Mesencephalic nucleus
of trigeminal nerve
Nucleus of oculomotor
nerve

Trigeminal lemniscus

Spinal lemniscus

Medial lemniscus \Q\
Temporopontine

fibers

Medial longitudinal
fasciculus

Reticular formatior

Red nucleus

; Substantia nigra
Corticospinal and
orticonuclear fibers .
Decussation of

‘ rubrospinal tracts
Oculomotor nerve

Superior medullary velum

Medial lonaitudinal fasciculus

Reticular formation_ Superior cerebellar peduncle

Cavity of fourth ventricle

Motor nucleus of

trigeminal nerve
Main sensory nucleus
of trigeminal nerve

Pontine nuclei

Middle cerebellar
peduncie

Sensory root of
trigeminal nerve

Spinal lemniscus’ Motor root of
trigeminal nerve

Transverse pontine fibers

Medial lemniscus’

Trapezoid body Bundles of corticospinal and

corticonuclear fibers
Transverse section through the pons at the level of the trigeminal
A |
Medial longitudinal fasciculus
Hypoglossal nucleus Inferior medullary velum
Dorsal vagal nucleus Cavity of fourth ventricle
Medial vestibular nucleus

Nucleus of tractus
us

Reticular formation — nucleus
Spinal tract and

nucleus of
trigeminal nerve

peduncle

nucleus
Nucleus ambiguus

Anterior
spinocerebellar tract
Lateral

spinothalamic tract
Inferior

Tectospinal tract olivary nucleus

Medial accessory
olivary nucleus

Medial lemniscus

Olive’
Hypoglossal nerve
Anterior median fissure Arcuate nuclei Pyramid

Posterior cochlear nucleus
Inferior vestibular

Inferior cerebellar

Anterior cochlea

Vagus nerve

Dorsal accessory
olivary nucleus

'RETICULAR FORMATION |

> Itis a complex matrix of
nerve fibers & smali
groups of nerve cells
that extends throughout
the brain stem.

> It has a number of
important functions i.e.
Respiratory and Cardio-
vascular centers are
located in the medullary
and caudal pontine
reticular formation.




Raphe Nuclei:

v" Midline reticular nuclei.
v' They are serotonergic.

v Its ascending fibers to the
cerebral cortex are involved
in the mechanisms of sleep.

v' Iits descending fibers to the

spinal cord are_involved in el N———
the modulation of Pain. \ 5
L C I ° Basal / \\\ 7 Fh\} /L\\? Thalamus
ocus Ceruleus: NEJH T

ganglia

> Pigmented neurons that lie in %‘ Q -

the tegmentum of the caudal Locus 6\% l
midbrain & rostral pons

coeruleus
> Itis the main noradrenergic Carsbellum
cell group of the brain.

> Helps in arousal and sleep-
wake cycles.

Raphe

nucloi

Cranial
nerves

Spinal cord
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