


Brain Stem:
-Reminder: Hindbrain consists of Medulla, Pons, and Cerebellum.

-Brain stem consists of: Brain Stem
1. Medulla oblongata (most inferior, just

superior to the spinal cord)

2. Pons

Thalamus

Cerebellum
3. Midbrain (most superior)
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Midbrain — \lﬂ\
The fourth ventricle is the cavity of the N 1

hindbrain. It has: Pons ———
a) Floor related to the pons and medulla Medulla oblongata ——-

<——— Spinal cord
oblongata.

b) Roof related to the cerebellum

Anterior View

The brain stem is a passage for the ascending (e.g. —
DCMLT & ALST) and descending tracts (e.g. LCST). iy SR

-

MIDBRAIN

Origins of Cranial nerves (except CN1 & CN2):
The midbrain gives rise to CN3 & CN4 g
The mid-pontine area of the pons gives rise to CN5

Mammilla i\ 4
bodies - eNaY N5
N\y——— 7—‘\«/” ;
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CN12~ CN10
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The pontomedullary junction of the pons gives rise —=t| e

to CN6, CN7, CN8 T =

The medulla oblongata gives rise to CN9, CN10, et g jl

CN11, CN12 =

Unlike the spinal nerves, cranial nerves do not have dorsal, ventral, or lateral horns.
Instead, the brainstem has nuclei that are either sensory, motor, or PARASYMPATHETIC
nuclei. (brainstem does not have sympathetic nuclei).

The brainstem also has vital centers in reticular formation in the core. (controls basic
functions such as cardiovascular and respiratory functions).

The trochlear nerve (CN4) is the only nerve that arises from the posterior aspect of the
brainstem (midbrain)

The hypoglossal nerve is the only nerve that arises from the groove found between the
olive and the pyramid (anterolateral groove). Whereas the glossopharyngeal (CN9),
Vagus (CN10), and Accessory (CN11) all arise from the groove between the inferior
cerebellar peduncle and the olive (posterolateral groove).
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Olfactory tract
= —Anterior perforated substance

Infundibulum (pituitary stalk)

Anterior view / \- ! /

Optic ¢ hld*m%

Optic tr.m/

Mammillary bodies
——— Temporal lobe (cut surface)

Oculomotor nerve (IIl)
Tuber cinereum
Trochlear nerve (IV)

Cerebral crus B Trigeminal nerve (V)
&

Lateral geniculate body Abducent nerve (V1)

Facial nerve (VII) and

Posterior perforated substance intermediate nerve

Vestibulocochlear nerve (VIII)
Pons

Middle cerebellar pedunc Io/

Olive

Flocculus of cerebellum

Choroid plexus of 4th
ventricle

Glossopharyngeal nerve (IX)

Pyramid Vagus nerve (X)

= /pog orve
Ventral roots of 1st spinal nerve (C1) Hypoglossal nerve (XIl)

K Accessory nerve (XI)
Decussation of pyramids ~- | 2

Pons is a bridge connect the cerebrum and cerebellum (it is not a bridge a between
medulla oblongata and midbrain).

In the following figure you can see the 2 pyramids found in medulla oblongata
separated by the anterior median fissure.

The olive is found on either side of pyramid. Deep to the olive we can find the olivary
nuclear complex. Olive has a motor function.

To study the brainstem, it will be divided into 8 sections (4 in medulla, 2 in pons, 2 in
midbrain).

Medulla oblongata is divided into 4 levels/sections (inferior to superior):
1. Level of decussation of pyramids (most inferior) (motor decussation) (closed
medulla)

2. Level of decussation of lemnisci (sensory decussation) (closed medulla)
3. Level of olives (opened medulla)

4. Level Just Inferior to the Pons (There is a little difference between 3 and 4 so they
can be considered as one section)
Before we go in details, keep in mind that the 4th ventricle is the cavity of the hindbrain.

It is bounded anteriorly by pons and medulla oblongata, and posteriorly by cerebellum.
Its tent-like cavity with floor (rhomboid shaped) related to pons and upper part of
medulla and roof.

The medulla oblongata is divided into 2 halves: Lower half is called closed medulla
because it has a small cavity called central canal (the same as the central canal of the

2|Page




spinal cord) and upper half is called opened medulla because it has a large cavity called
4th ventricle.

Posterior median sulcus

Look at the top left of the
figure. A is the level of the

Fasciculus gracilis
/ Nucleus gracilis
Fasciculus cuneatus
>/ Nucleus cuneatus

Spinal tract of trigeminal
\/nerve

Spinal nucleus

of trigeminal nerve

B is the level of the sensory Lateral corticospinal tract / Spinal root of accessory
. nerve
decussation (2" level of the

pyramidal decussation (most
inferior level of the medulla

oblongata)

Posterior spinocerebellar Medial longitudinal fasciculus]
medulla oblongata) tract
between them is the level of Lateral spinothalamic tract )
the closed medulla (the section Anterior spinocerebellar & Medial accessory olivary nucleus
. . tract
flgure on the rlght) Central canal Decussation of pyramids
Pyramid

Anterior median fissure

Above level B is the opened
medulla. (between the level of sensory decussation and the level of the olives & just
inferior to the pons).

Now that we understand the difference between the opened and closed medulla, let us
jump into more details.

1. Level of decussation of pyramids (refer to the figure above for this level)
The cavity of the section at this level will be the central canal (closed medulla).

Anterior to the central canal, there is primary pyramidal decussation which is for the
fibers in the pyramid in descending tract, called lateral corticospinal fibers. Section was
named according to it.

Posterior to the central canal, there is the nucleus gracilis (medially) and nucleus
cuneatus (laterally) and their fasciculi posterior to them. This is where the synapse of
the 1%t order neurons and 2" order neurons of the posterior column-medial lemniscal
pathway occurs. The fasciculi are found toward outside (white matter) and the nuclei
(gray matter) are found inside the section as in the figure.

Lateral to the nucleus cuneatus (posterolateral to the central canal), there is the spinal
nucleus of trigeminal nerve.

We have stated previously that the trigeminal nerve (CN5) arises from the mid-pontine
area of the pons. So why is there a nucleus for it in the medulla oblongata?
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The trigeminal nerve is a mixed nerve containing mainly sensory fibers, as well as some
motor fibers. Thus, the trigeminal nerve has 3 sensory nuclei and 1 motor nucleus.

The spinal nucleus of trigeminal nerve is one of the sensory nuclei of the trigeminal
nerve. It is responsible for pain, temperature, and crude touch sensation (similar to ALST
but for the head and neck area only).

The spinal part of the name of these nuclei is due to its longitudinal arrangement which
extends from the upper cervical segments (from substantia gelatinosa), up to the level
of the mid-pontine area (where it’s replaced by the principle -Main- nucleus).

Other cranial nerves, such as the Vagus, Glossopharyngeal, and the Facial nerve can
relay some sensation to the spinal nucleus of trigeminal nerve. However, the majority of
sensations to this nucleus is from the trigeminal nerve.

Notice that the trigeminal originates

Mesencephalic nucleus
of trigeminal nerve

mainly from the pons.

Ophthalmic division

Oculomotor nucleus. Maxillary division

Trochlear nucleus

The sensory nuclei of the trigeminal

Mandibular division
nerve are:

Trigeminal ganglion

(a) Mesencephalic nucleus of \
. . . . . N =< .ch‘.sory root of
trigeminal nerve (in midbrain) o @ / e s

= Main sensory nucleus
Superior

(b) Principle/main sensory nucleus (in IO . e
Inferior salivatory nucleus Dorsal cochlear nucleus
pons) Nucleus ambiguus of Spinal nucleus of g -
glossopharyngeal, vagus, and - nucieus of ingeminal nerve
(c) Spinal nucleus of trigeminal nerve m;ﬁjjf;:ggfv':;;A/ I
; : /\/ ‘d/ Nucleus of tractus solitarius
. . Hypoglossal nucleus
These nuclei are cell bodies of 2" 'u/\

order neurons whereas the 1*t order — iy
neurons are coming from the

trigeminal nerve (cell bodies in the trigeminal ganglion which is like the dorsal root
ganglia).

Finally, the anterolateral white column (lateral ST + Ant & Post spinocerebellar tracts)
remain unchanged in this level.
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2. Level of decussation of lemnisci (sensory decussation)
The cavity in this section is the central

Fasciculus gracilis

Ca nal (closed medu"a)o Central canal Nucleus gracilis
Fasciculus cuneatus
v Nucleus cuneatus

Ante rior tO the Ce ntral Ca nal, We find Hypoglossal nucleus \\‘)7 tF5 / Internal arcuate fibers
5 - Spinal tract of

t h e Ie m nisca I d ecu ssation * Medial longitudinal fasciculus \ Mégsc:;:;:ims
t ‘¥ k of trigeminal nerve
s \
Once the 1 Order neU ronS Syna pse Posterior spinocerebellar A \\}} Q " Spinal root of
With the nUCIeus grac”is and R i / A L >3 2 ln!en‘or olwz\ryynuclous

. Lateral spinothalamic tract
cuneatus, 2" order neurons arise and > ‘

Anterior spinocerebellar tract 7 Hypoglossal nerve

cross the midline anterior to the

Pyramid
Decussation of medial lemnisci y

central canal. These fibers are known ®©
as the internal arcuate fibers. This crossing occurs between the central canal (posterior)
and the pyramid (anterior). (remember that the corticospinal tract fibers in the pyramid
are still uncrossed. They cross at the level of pyramidal decussation).

Lemnsisci are formed by internal arcuate fibers.
Spinal nucleus of trigeminal nerve can be seen posterolaterally to the central canal.

Anterolateral system remains unchanged at this level as well. But it starts to form spinal
lemniscus with spinotectal tract.

= rior m sulcus
Posterior median sulcus Fasciculus gracilis

/ Nucleus gracilis
Fasciculus cuneatus
>/ Nucleus cuneatus

Spinal tract of tngeminal
\/ nerve

Spinal nucleus

of trigeminal nerve

7 Spinal root of accessory

Lateral corticospinal tract

A, p) nerve
»
Posterior spinocerebellar X Medial longitudinal fasciculus
tract bl
4
Lateral spinothalamic tract %
505
Medial accessory olivary nucleus

Anterior spinocerebeliar
tract

Nacusaation af nuramidea

Nanteal ~amal
Fasciculus gracilis

Central canal Nucleus gracilis
Fasciculus cuneatus
| [ V Nucleus cuneatus
Hypoglossal nucleus \ > Internal arcuate fibers H
Y 2 . S bt Comparison
\ M}{#’:gemmm nerve
k Spinal nucleus between the

of trigeminal nerve
\
N O, .
Posterior spinocerebellar - \\}\"/(// @« Spinal root of fl rst tWO
tract < SRR X3 accessory nerve
< / m 2
> [S =

Inferior olivary nucleus I I .
Z evels:
Lateral spinothalamic tract
Anterior spinocerebellar tract e Hypoglossal nerve

Pyramid

Medial longitudinal fasciculus

Decussation of medial lemnisci
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3. Level of olives (opened

medulla)
Inferior part of 4" ventricle visible.

The inferior olivary nucleus, which is
responsible for the olive bulge next to the

pyramid, is now visible.

As you can see in the figure, the part of the (ot

fourth ventricle which is near the
brainstem is the floor (anterior) that is made up by the
medulla oblongata and pons, and the part which is away
from the brainstem is the roof (posterior) and is made up by the cerebellum.
(the 4t ventricle is tent-shaped)

The most anterior structure, which is also near the midline, is the pyramid (right & left)

On the posterolateral corners, you can find the inferior cerebellar peduncle. Which
connects the medulla oblongata with the cerebellum. The posterior spinocerebellar
tract passes through the inferior cerebellar peduncle.

Check in the figure midline structures which include: (Refer to figure)
1. Medial lemniscus, which is the most anterior of those midline structures
(posterior to the pyramid) (Remember it is above the level of sensory decussation
and that it carries sensation from the contra-lateral part of the body)

2. Tectospinal tract, behind medial lemniscus (Remember it is for visual reflexes).
3. Medial longitudinal fasciculus located behind tectospinal tract. (most posterior)
Note: all these structures are made of white matter

Medial longitudinal fasciculus: (Remember fasciculus mean circular arrangement of
fibers) is made up of white matter. It connects the motor nuclei of oculomotor (CN3),
trochlear (CN4), and abducent (CN6) nerves. It also connects the sensory nuclei of
vestibular nerve (CN8), and even the upper cervical segments (which are responsible of
the muscles of the neck).

They are responsible for movement of the eyeball and maintenance of balance.

The sensation associated with the vestibular nuclei is related to the sense of balance (it
detects your relation to gravity).
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The medial longitudinal fasciculus connects the nerves responsible of eyeball movement
with the vestibular nuclei in order to coordinate the movement of eyeball while moving
the head in different directions.

Humans have bi-ocular vision, meaning that the eyeballs are synchronized with each
other so they cannot look at opposite directions. Contraction of lateral rectus muscle in
one eyeball will cause the relaxation of the medial rectus in the same eye. And by
default, cause medial rectus muscle contraction to occur on the other eyeball and
relaxation of the lateral rectus in it. Therefore, your eyeballs cannot look in opposite
directions normally.

Medial longitudinal fasciculus
Hypoglossal nucieus \ Inferior medullary velum
Dorsal vagal nucleus

Cavity of lourth ventricle
Medial vestibular nucleus

@/-A Posterior cochlear nucleus

Inferior vestbular

nucleus
Inferior cerebellar

peduncie

Nucleus of tractus
sotarus

Heticular formation

Spinal tract and
nucleus of =
rigeminal nerve Anterior cochlear

nucleus
Nucleus ambiguus

Vagus nerve

Anteriot
spnocerebeliar tract
Latoral

spnothalamic tract

Dorsal accessory
olivary nucieus

Inferior

iI TCC[OSpIﬁ(ll tract olvary nucleus

Meodial lemniscus

Olive
Lot S

Medial accessory
olivary nucleus

Hypoglossal nerve

Anterior median fissure Arcuate nuclol Pyramid

Spinal nucleus of trigeminal nerve can be seen laterally (extends up to the level of the
mid-pontine area).

Regarding the inferior olivary nucleus, it is responsible for the prominence of the olive.
It contains gray matter and resembles a crumbled bag in its appearance. The opening of
this bag is located medially. It has communication with the spinal cord, cerebellum and
cortex. Its function is mainly related to the voluntary skeletal muscle movement.

Fibers that reach cerebellum are divided into 2 types: (will be discussed in more details later in the course)
1. Mossy fibers: like spinocerebellar tract.
2. Climbing fibers: From olive to cerebellum, for coordination of skeletal muscle
movement.
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There are more than one olivary nucleus. There is the dorsal olivary nucleus, medial
olivary nucleus, and the inferior olivary nucleus (most important & largest). Collectively,
they are known as the olivary nuclear complex.

The area beneath the floor of the fourth ventricle is known as the Central gray matter.

Notice the nuclei in the central gray matter: (from medial to lateral)

a) Hypoglossal nuclei, its nerve exits through a groove between the pyramid and the
olive, can be found deep in the floor of the 4" ventricle.

The hypoglossal nucleus is motor. (most medial/closest to midline)

b) Dorsal vagal nucleus (parasympathetic nucleus of vagus nerve) exits through a
groove between the olive and the inferior cerebellar peduncle.

c) Nucleus of tractus solitarius (solitary nucleus) which is a sensory nucleus. It
mainly receives taste and visceral sensations. It is connected to the facial nerve
and glossopharyngeal nerve, which supplies the anterior 2/3 of the tongue and
the posterior 1/3 of the tongue, respectively. It is also connected to the vagus
nerve, because there are taste buds found on the epiglottis.

d) Medial and inferior vestibular nuclei of the CN8 (most lateral)

Nucleus ambiguus
Found deep within the reticular

formation. It is a motor nucleus
for 3 cranial nerves which are
the glossopharyngeal (CN9),
vagus (CN10), and the accessory
(CN11) nerves.

The nucleus ambiguus is

elongated within the brainstem.
It gives rise to the motor fibers of the
glossopharyngeal, vagus, and accessory
(cranial) nerves supplying striated muscle
of the larynx and pharynx and soft palate.

Notice in the figure the
elongated nucleus ambiguus and
the elongated solitary nucleus.
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Trochlear nucleus
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\
Facial nucleus
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Superior /
salivatory nucleus {///

Inferior salivatory nucleus «
Nucleus ambiguus of
glossopharyngeal, vagus, and
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Hypoglossal nucleus

Anterior gray horn of spinal cord
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Mesencephalic nucleus
of trigeminal nerve

Ophthalmic division

Maxillary division

d o Mandibular division
“'-

U}’

=

Trigeminal ganglion

Sensory root of
trigeminal nerve

/ \ Main sensory nucleus
/

) of trige e
A of trigeminal nerve
Dorsal cochlear nucleus

\
\ '

Spinal nucleus of trigeminal nerve

Dorsal nucleus of vagus
'QLNUCICM of tractus solitarius
oy Substantia gelatinosa




4. Level just inferior to the pons

No major changes compared to the last level (level of olives).
The lateral vestibular nucleus replaces the inferior vestibular nucleus.

Cochlear nuclei become visible on the anterior (ventral) and posterior (dorsal) surfaces
of the inferior cerebellar peduncle.

Inferior medullary velum Cavity of fourth ventricle

Medial vestibular nucleus
Lateral vestibular nucleus

Posterior
cochlear nucieus

Inferior cerebellar
peduncle
Reticutar
A ! ot nuclous of
Nucleus ambiguus L L

tngeminal nerve

Anterior cochlear
nucleus

spinothalamic tract
Tectospinal tract

Inferior

olivary nucleus

Medial lemniscus Pyramid

Arcuate nuciel

Good luck :3
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