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* Today we will discuss about
> which CN carries which type of fibers (functional component)
> main nuclei of each cranial nerve and supranuclear connections

> foramen /fissure of skull through which cranial nerves enter or leave the skull

* We will be discussing detailed course and distribution , functions and effect of
lesion of different CNs nerves in our upcoming classes .
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 To orient you people to the topic we will go through some of the points already
discussed in our previous classes on CNs then we will come to todays topic .

* We have already discussed
> number and names of different CNs
> functional components of CNs,
> development, orientation and positioning of different CN nuclei in brainstem
> connection of different CNs to brain and position on brain surface where
they enter or leave the brain .
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 There are 12 pairs of cranial nerves, which leave the brain and pass through
foramina and fissures in the skull.

* All the nerves are distributed in the head and neck, except cranial nerve X,
which also supplies structures in the thorax and abdomen.

* The cranial nerves are named as follows:
CN | Olfactory
CN Il Optic
CN Il Oculomotor
CN IV  Trochlear
CNV Trigeminal
CN VI Abducent
CN VIl Facial
CN VIl Vestibulocochlear
CN IX Glossopharyngeal
CN X  Vagus
CN Xl Accessory
CN Xl Hypoglossal
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Cell groups of the spinal cord and brainstem :
A. in the developing spinal cord, where motor cells are ventral and sensory
cells dorsal with autonomic cells in between;
B. in the brainstem (floor of the fourth ventricle) which resembles an
‘opened out’ spinal cord(opened from behind), with motor cells now lying
medially and sensory cells laterally with autonomic cells in between.

Neural crest
Migrating
ganglion cells w
Alar lamina Somatic Q
(afferent) Spemal somatic afferent (vestibulocochlear)
Sidkaii ?absu?;::inic‘j Sumat!r_: afferent (trigeminal)
limitans Q "u"lsceral and branchial afferent (including taste)
Basal lamina —— . "u"lst}eral motor (parasympathetic to cardiac and visceral
(efferent) Somatic muscle and glands)

Bram:h:aE motor (branchial arch muscles)

Somatic motor (orbit and tongue muscles)
) SPINAL CORD (B) BRAINSTEM
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Functional Components of Each Cranial Nerve

Component Function l Letter Symbols
Afferent Fibers _; Sensory

General somatic afferent _ General sensations __ GSA
S._pecial somatic afferent Hearing, balance, vision SSA
General visceral afferent Viscera GVA
‘Special visceral afferent _ Smell, taste _ SVA

Efferent Fibers

General somatic efferent ; Somatic striated muscles _ GSE

General visceral efferent ' Glands and smooth muscles | GVE
(parasympathetic innervation)

Special visceral efferent ' Branchial arch striated muscles SVE
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Sites of cranial nerve nuclei in the right half of the brainstem as seen
from the dorsal aspect.

\ Il indudlw
Edinger-Westphal

Mesencephalic of V

IV ﬁ (proprioception)
\ \ Motor of V

Main sensory of
V (touch)

VIl

Spinal of V (pain
/ and temperature)
7 —— Salivary (VIl and IX)

Nucleus ambiguus
(IX, X and XI)

—— Nucleus of tractus

solitarius
(VII, IX and X)
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CNs close to brains inferior surface

Olfactory

I/

Oculomotor
P
Trochlear

Mg

Abducens 4 3

Vestibulocochlear @\ SO\~ ~/4/ /&
A I*au i TN \'5' /47" Glossopha
| > IS0 &7 .

=
Hypoglossal == s

- [N

ryngeal

L
i

Medulla
oblongata

Cerebellum
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Corona radiata

Pulvinar of thalamus
Corona radiata
Lateral geniculate body

Superior brachium _
Superior colliculus Optic tract
Medial geniculate Optic chiasma
body Optic nerve

Inferior brachium Crus cerebri of midbrain

Inferior colliculus Oculomotor nerve
Superior cerebellar —n . e

peduncle Sl
Middle cerebellar— R e
peduncle ; >,
L {r‘ .

Trigeminal nerve

Medulla oblongata
Cerebellum
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Cerebral cortax

Lantiform nucieus

Stria medullans thalami
Internal capsule

Habenula Caudate nucleus

Pinsal Striae terminalis

Superior colliculus

Infarior colliculus

Trechlear nerve

Superior

cemnbellar pedunche Entrance into

cerabral aqueduct
Sulcus limitans
Medial eminence
Mididle
cerebollar peduncle Madian sulcus
Factal collicutus .
Fioor of fourth ventricie PR
Hypaglossal triangle
Cuneate tubercle Vagal triangle
Entrance into central canal
Gracile lubercle P Fosterior median sulcus

Central canal
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CRANIAL NERVE ORGANIZATION

* CNscan be
> entirely sensory - CN I, CN I, and CN VIII
> entirely motor -CN Ill, CN IV, CN VI, CN XI, CN XlI
> mixed with both motor and sensory components—CNV, CN VII, CN IX, CN X

* The cranial nerves have
> motor / sensory nuclei in the brain (part of CNS)

> nerve fibers emerging from or entering these nuclei leave brain surface and
pass through the skulls foramina and fissures to reach their effector or sensory
organs — they form part of PNS (peripheral nervous system) .

> nuclei of cranial nerves are further controlled by inputs coming from higher
centres of brain like cerebral cortex and diencephalon — these are the
supranuclear connections of CN nuclei .

www.FirstRanker.com



il i1 (A=l Rl-d Bl =) WLSLE Y Q]

Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Distribution of functional components in different cranial nerves

e Efferent fibers

>GSE - CNIIl,CNIV,CNVI,CNXI,CN Xl
>SVE - CNV,CNVII,CNIX, CN X, CN XI
>GVE - CNII,CNVII,CNIX,CNX

* Afferent fibers

> GVA - CNIX,CNX

> SVA - Olfaction(CN 1), taste (CN VII, CN IX, CN X)

> GSA - CNV,CNVII,CNIX,CNX

> SSA - CNIl(vision), CN VIl ( hearing and balance )
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We can study the fact in previous slide nerve wise

CN1 - SVA( olfaction)

CN 1l - SSA (vision)

CNIll - GSE, GVE

CNIV - GSE

CNV - SVE, GSA

CNVI - GSE

CN VIl - SVE, GVE, SVA, GSA

CN VIl - SSA

CNIX - SVE, GVE, GVA, SVA, GSA
CNX - SVE, GVE,GVA,SVA, GSA
CNXI - SVE, GSE

CN XIl - GSE

www.FirstRanker.com



il A 0B QRENCAT IS o F RN

Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Sites of cranial nerve nuclei in the right half of the brainstem as seen
from the dorsal aspect.

\ Il indudlw
Edinger-Westphal

Mesencephalic of V

IV ﬁ (proprioception)
\ \ Motor of V

Main sensory of
V (touch)

VIl

Spinal of V (pain
/ and temperature)
7 —— Salivary (VIl and IX)

Nucleus ambiguus
(IX, X and XI)

—— Nucleus of tractus

solitarius
(VII, IX and X)
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CN nuclei and their supranuclear connections
* Cranial Nerve Motor Nuclei
> Receive impulses from cerebral cortex through corticonuclear (corticobulbar)
fibers.

> These fibers originate from
< pyramidal cells in inferior part of precentral gyrus (area 4) and
< adjacent part of the postcentral gyrus.

> The corticonuclear fibers descend through corona radiata and

genu of internal capsule.

> They pass through midbrain just medial to corticospinal fibers in the basis
pedunculi and end by synapsing
< either directly with lower motor neurons within cranial nerve nuclei or
< indirectly through the internuncial neurons.

> The corticonuclear fibers thus constitute the first-order neuron of descending
pathway, the internuncial neuron constitutes the second order neuron, and
the lower motor neuron constitutes the third-order neuron.
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> Majority of corticonuclear fibers to motor cranial nerve nuclei cross the median

plane before reaching the nuclei.

> Bilateral connections are present for all cranial motor nuclei except for
< part of facial nucleus that supplies muscles of lower part of the face and
< a part of hypoglossal nucleus that supplies genioglossus muscle.

> The corticonuclear(corticobulbar) fibers and their cell bodies constitute Upper
motor neuron , while the motor nuclei and their axons entering the CNs
constitute Lower motor neuron .
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Corona radiata

Corpus callosum

Internal capsule
(anterior limb)

Frontal
pole

Occipital

Anterior commissure pole

ri
Optic tract /
Internal capsule (genu

Internal capsule
Pons (posterior limb)

Crus cerebri

www.FirstRanker.com



il SRR IE-AY AL iRl L SLE Y]]

l Firstranker's choice i )
www.FirstRanker.com www.FirstRanker.com

Gray matter of cerebral cortex Aenu.of corpus callosum

White matter of cerebrum Anterior horn of lateral ventricle

lluci
Septum pellucidum Head of caudate nucleus

Anterior column of forni

Internal capsule
(anterior limb)..__

Genu of internal capsule Claustrum

Third ventricle-——___ : el 1B o putamen—

Internal capsule : Vi iy N S Lentiform
(posterior limb) o nucleus
Lateral sulcus™ :

Insular cortex
Pineal bod External Cﬂpsme
Thalamus

~ Tail of caudate
nucleus

7= Choroid plexus

— i
™ Posterior harn
of lateral ventricle

Inferior colliculus="

Optic radiation

Vermis of cerebellun ; l‘-‘. -
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; Anterior nucleus of thalamus
Farnix

Corpus callosum
Cavity of lateral
ventricle

Stratum zonale
Caudate nucleus

Choroid plexus

Internal medullary

of lateral ventricle L) lamina
!".
. _ Dorsomedial
Cavity of third=—_ nucleus
ventricle :
4 . External medullary
lamina
F‘utamenf//r Lateral dorsal

nucleus of thalamus

Globus pallidus _
Ventral anterior nucleus

Internal capsul :
Region of midline nuclei
Mammillary body Interthalamic connection
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, -~ Superior colliculus

. _-—— Cerebral aqueduct

e —~Central gray matter

Mesencephalic nucleus
of trigeminal nerve
~—= Nucleus of oculomotor

Trigeminal lemniscu

Spinal Iemniscus..‘h

Medial lemniscus i R ' o
. : T ———— Medial longitudinal
emporopontine fasciculus
fibers E-"““'-
g * Reticular formation
— ~=- Red nucleus

‘___.,-«-""

~ Substantia nigra

Corticospinal and
corticonuclear fibers
“-- Decussation of

rubrospinal tracts

‘—H_.b
...___-_-“

= Qculomotor nerve

Frontopontine fibers
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Tectum

Tegmentum

Crus cerebri

Substantia nigra

Trochlear nerve

Inferior colliculus

- Cerebral aqueduct containing
cerebrospinal fluid

~___———Central gray matter
——= Mesencephalic nucleus
of trigeminal nerve
~— Lateral lemniscus
Nucleus of trochlear nerve
Trigeminal lemniscus

—--‘__\-_'—\_,_ : .
- Spinal lemniscus
e e sy
'-h:'-_#:-i-:-lé.._'*:-h- = Medial lemniscus
e Y e T
S Temporopontine
- fibers
Medial longitudinal
fasciculus
Region of reticular
formation

Corticospinal and

X

Frontopontine

Interpeduncular fossa
fibers

corticonuclear fibers
Decussation of superior
cerebellar peduncles
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Medial longitudinal fasciculus

Superior medullary velum

Reticular formation . Superior cerebellar peduncle

Cavity of fourth ventricle

Motor nucleus of
trigeminal nerve

Main sensory nucleus
of trigeminal nerve

Pontine nuclei

Middle cerebellar
,.-w‘"‘,—H peduncle

Sensory root of
trigeminal nerve

Spinal lemniscus Motor root of

. trigeminal nerve

Medial lemniscus Transverse pontine fibers

Trapezoid body Bundles of corticospinal and

corticonuclear fibers
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Cerebral cortex

Pretectal nucleus

Superior colliculus
Tectobulbar fibers

Cerebral aqueduct

Parasympalhetic nucleus
(Edinger-Wesliphal nucleus)
of oculomotor nerve

Main motor nucleus
of oculomotor nerve

[\ — Medial longitudinal
) ] fasciculus

Red nucleus
Substantia nigra

Preganglionic

parasympathetic
fibers
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Carebral cortex

Thalamus and
hypothalamic nuclel —

Descending
autonomic
pathway
Colliculus facialis
Sensory nucleus
(nucleus of tractus
solitarius)

MNucleus of
abducent nerve

Parasympathetic
superior salivatory
and lacrimal nuclei

Main motor nucleus

Facial nerve
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e Supranuclear connections of facial nerve nuclei

* Part of nucleus that supplies muscles of upper part of face
receives corticonuclear fibers from both cerebral hemispheres.

* Part of nucleus that supplies muscles of lower part of face
receives only corticonuclear fibers from opposite cerebral hemisphere.

* Clinical implication
supranuclear facial nerve palsy affects lower half of face on opposite side
i.e —damage to right supranuclear fibers will produce weakness in muscles of
lower half of face on left side and vice versa

nuclear or infranuclear palsy affects whole of face on affected side i.e. — right
infranuclear palsy will cause weakness of whole of face on right side not only
the lower part.
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Cerebral cortex

Fourth ventricle

MNucleus of
hypoglossal nerve

Medulla oblongata

Inferior olivary
nucleus

Hypoglossal
nerve

Motor fibers to
genioglossus muscle
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* |t receives corticonuclear fibers from both cerebral hemispheres.
However, the cells responsible for supplying the genioglossus muscle only
receive corticonuclear fibers from the opposite cerebral hemisphere.

e Effect similar to lesion of supranuclear fibers of facial nerve .
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Somatic motor and branchiomotor nuclei
> The somatic motor and branchiomotor nerve fibers of a cranial nerve are
the axons of nerve cells situated within the brain.
> These nerve cell groups form motor nuclei and innervate striated muscle.
> Each nerve cell with its processes is referred to as a lower motor neuron.
> Such a nerve cell is, therefore, equivalent to motor cells in anterior gray columns
of the spinal cord.

General visceral motor nuclei
> Axons of cells in these nuclei form cranial outflow of parasympathetic portion of
autonomic nervous system.
> They are
< Edinger Westphal nucleus of oculomotor nerve,
< Superior salivatory and lacrimal nuclei of facial nerve,
< Inferior salivatory nucleus of glossopharyngeal nerve, and
< Dorsal motor nucleus of the vagus.
> These nuclei receive numerous afferent fibers(supranuclear connections),
including descending pathways from the hypothalamus.
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CN sensory nuclei
> Sensory nuclei of cranial nerves include somatic and visceral afferent nuclei.
> The sensory or afferent parts of a cranial nerve are the axons of nerve cells
outside the brain and are situated in
< ganglia on the nerve trunks (equivalent to posterior root ganglion of a spinal
nerve) or may be situated in
< a sensory organ, such as the nose, eye, or ear.
These cells and their processes form the first-order neuron. The central
processes of these cells enter the brain and terminate by synapsing with cells
forming the sensory nuclei.
> Cells of sensory nuclei and their processes form the second-order neuron. Axons
from these nuclear cells now cross the midline and ascend to other sensory
nuclei, such as the thalamus, where they synapse.
> The nerve cells of these other sensory nuclei such as thalamus form the
third-order neuron and their axons terminate in the cerebral cortex.
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Openings in skull through which CNs pass
* Cribriform plate of ethmoid - CNI

* Optic canal - CNII

* Superior orbital fissure - CN1lI,CNIV, CN VI, CN V(Opthalmic division)
* Foramen rotundum - CNV ( Maxillary division)

* Foramen ovale - CN YV (Mandibular division)

* Internal auditory meatus - CNVII, CN VI

e Jugular foramen - CNIX,CNX,CNXI

* Hypoglossal canal - CNXIl
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Cribriform plate of athmoid

Dptic canal

Superior orbital fissure

Foramen rofundum

Foramen avale

Foramen lacerum,
sphenopalrosal fissure

Foramen spinosum

Carotid canal,
intermal apartuna

Infernal acoustic meatus

Jugular foramen

Hypoglossal canal

Foramen magnum
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THANK YOU
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