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Cranial Nerves [Motor and Sensory Distribution]

Schema rigeminal nerve (V) —Sensory- face,
Ophthalmic sinuses, teeth

Oculomotor nerve (1)
Ciliary muscle, sphincter of pupil and all
extemal eye muscles except the
supenor oblique and | ral rectus

hiotor- muscles
of mastication

Olfactory nerve (1)

Facial nerve [(VII)
huscles of face

Optic nerve (1)

Nervus intermedius
hotor- submandibular,
sublingual, lacnmal
glands; Sensory- anmtenor
273 of tongue, soft palate

Trochlear nerve [IV)
Supenor oblique muscle

- | ' : =
: ' - vestibulocochlear (Vi) 7
Lateral rectus muscle : |

abducens (Vi)
- —
, f Cochlear ""‘#:;;t-ibular’

Glossopharyngesal
nerve [1X)

Sensory- posternor 13
of tongue, tonsil,
pharynx, middle ear;
Motor- stylopharyngeus,
upper pharyngeal
muscles, parotid gland

= Efferent fibers
—— Afferent fibers

Sccessory nerve [(X1)
Stemocleidomastoid,
trapezius muscles

Hypoglossal nerve (XI11)
Tongue muscles

Strap muscles 7 &

by ansa - —
hotor- heart, lungs, palate, pharynx, larynx, .
trachea, bronchi, Gl tract; Sensory- heart, lungs, VAGLES Tre: L 5]
trachea, bronchi, larynx, pharynx, Gl tract,



Introduction to Cranial Nerve

= There are 12 pairs of cranial nerves which
emerge from the brain itself. The first two
olfactory and optic nerves are derived
from the forebrain, whereas the remainder
originate along the brain stem. These carry
both efferent (motor) and afferent
(sensory) fibres between the brain and the
structures of the head and neck. In
contrast to spinal nerves, cranial
nerves exit through the cranium and are
coated in a derivative of cranial meninges.



The cranial nerves are:
CN | - Olfactory Nerve
CN Il - Optic Nerve
CN Ill - Oculomotor Nerve
CN IV - Trochlear Nerve
CN YV - Trigeminal Nerve
CN VI - Abducens Nerve
CN VIl - Facial Nerve
CN VIl - Vestibulocochlear Nerve
CN IX - Glossopharyngeal Nerve
CN X - Vagus Nerve
CN Xl - Accessory Nerve
CN XII - Hypoglossal Nerve
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Classification of the Cranial Nerves

It is possible to describe a cranial nerve in terms of its function and
embryological origin, inifially cranial nerves can be subdivided into being

either:

Motor (efferent)

Sensory (afferent)

And from there further categorization can occur.
Motor (efferent) Cranial nerves

-Somatic motor (general somatic efferent)

(1, 1V, VI, XlI)

These cranial nerves are so called because they innervate muscles derived
from the occipital somites, such as the extra ocular and extrinsic fongue

muscles.



-Branchial motor (special visceral efferent)

(W, VI, 1%, X, XI1)

These are described as branchial because they
specifically innervate muscles which are derived
from the branchial arches during development

(muscles of mastication, larynx, facial expression,
pharynx and middle ear)

- Parasympatheic (general visceral efferent)
(VI 1, X))

These nuclei do not innervate striated muscle like
the branchial and somatic, they instead provide
preganglionic parasympathetic fibers to innervate
glands, smooth muscle and cardiac muscle within
the head, heart, lungs and digestive tract above the
splenic flexure.



Sensory (afferent) cranial nerves

-Visceral sensory

special visceral afferent- (VI, IX, X)
general visceral afferent- (X, X)
The name is related to the fact that it detects sensation from visceral organs.

They are divided into special visceral, referring to the rostral portion of the nucleus which
conftributes 1o the special sensation of taste. Whilst the general visceral portion is named as
such due to this caudal portion receiving general sensory impulses such as cardiac, respiratory

- General somatic sensory (general somatic afferent)
(V, VII, IX, X)

These nuclei detect general sensation, such as touch, pain, vibration from the face, sinuses
and meninges

- Special somatic sensory (special somatic)
(VIII)

This carries information from the special sensation of hearing and balance.



obligue muscle leading to depression and intorsion (inwar ation

4) CN IV (Trochlear nerve) Somatic motor - Control of the sIrior
of the upper pole) of the eye.

5) CN V (Trigeminal nerve) - General somatic sensory - Sensation of
touch, pain, proprioception and temperature for the face, mouth,
nasal passages, anterior 2/3s of the tongue and part of the
meninges (supratentorial dura mater).

Branchial motor - It also innervates the muscles of mastication

(masseter, temporalis, lateral pterygoid, medial pterygoid) and
tensor tympani.

6) CN VI (Abducens nerve) - Somatic motor - Conftrols the lateral
rectus, leading to abduction of the eye.



CN VI (Facial nerve)

Branchial motor - Innervates the muscles of facial expression as well as the st
digastric muscle.

Parasympathetic - Stimulates the lacrimal, sublingual, submandibular and other salivary
glands (except paroftid).

s and

Special visceral sensory - Senses taste on the anterior 2/3 of the fongue.

CN VIl (Vestibulocochlear nerve)
Special somatic sensory - Controls the sensation of hearing and balance

CN IX (Glossopharyngeal Nerve)
Branchial motor - innervates the stylopharyngeus
Parasympathetic - stimulates the parotid gland

General somatic sensory - detects sensation from the middle ear, near the External
acoustic meatus (EAM), pharynx and posterior 1/3 of the fongue.

Special visceral sensory - sensation of faste on the posterior 1/3 of the tongue.
General visceral sensory - innervates chemo and baroreceptors on the carotid bodies.



CN X (Vagus nerve)

Branchial motor - Innervates the muscles of the pharynx and larynx for swallowing peech.

Parasympathetic - innervation of the heart, lungs and digestive tract down to the C

flexure.

General somatic sensory - provides general sensation to the pharynx, meninges (posterior
fossa) and a small region .

Special visceral sensory - faste from the epiglottis and pharynx
General visceral sensory - chemo and baroreceptors of the aortic arch

CN Xl (Spinal Accessory nerve)
Branchial motor - innervation of the sternocleidomastoid and upper part of trapezius muscle

CN XII (Hypoglossal nerve)
Somatic motor - The intrinsic muscles of the tongue
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The cranial nerves originate from pairs of nuclei (motor or sensory) within the brainstem, where like in the spinal

cord, the motor nuclei are located ventrally whilst sensory nuclei are found dorsally along the brainstem. 3 motor
and 3 sensory columns run the length of the brainstem.

Motor nuclei
Edinger—Westphal nucleus (GVE: N 111)

Oculomotor nucleus (GSE: TN I11I)

T rochlear nucleus (GSE: NN 1V)

Trigeminal motor nucleus (SVE: CN V)
Supecrior salivatory nucileus (GVE: CON VIID
Facial nucleus (SVE: CN VID)
Abducens nucleus (GSE: CTN VI

Inferior salivatory nucleus (GQGVE: €N IX)
Nucleus ambiguus (SVE: CON IX, X)

Hypoglossal nucleus (GSE: N X1
DPDorsal motor nucleus Oof CIN X (GVE: CIN X))

Spinal accessory nucleus (SVE: CON XI1)

[ Faasympathetic column — GVE

IR RRRRRRRRRR AR RN l‘l I NRRRRRR RN RN

WANARA R R RRRRARR
r

Sensory nuclei

Trigeminal nuclei (GSA: CN V., VIIL IX, X):

Mesencephalic nucleus of CN WV
CThief sensory nucilecus of CIN WV
Spinal trigeminal nucleus

Vestibular nuclei (SSA: CN VIID

Dorsal and ventral cochlear nuclei
(SSA:- CIN VIILID

Nucleus solitarius, rostral portion
(SVA: CN VIIL IX, X)

Nucleus solitarius, caudal portion
(GVA: CN IX, X))



Hypoglossal
canak




CN I

Oltactory receptor neurones are found in the roof of the nl
cavity, the nasal septum and medial wall of superior nasal concha.
These ciliated neurones are stimulated by aerosolised odour
molecules dissolved in the surrounding mucus. On either side of the
nasal septum, these receptor neurones pass through the cribriform
olate of the ethmoid bone by forming 20 olfactory nerves to reach
the oltactory bulb found on the orbital surface of the frontal

obe, within the anterior cranial fossa.

These olfactory nerves synapse onto mitral and tufted cells at the
glomerulus of the olfactory bulb, which form the oltactory tract.
These tracts form the anterior olfactory nucleus along its route,
which can then form medial and lateral striae.



The lateral stria projects to the primorry;l
olfactory cortex, formed of the pirifor
cortex and periamygdaloid cortex which is
found near the medial tip of the temporal
obe. From here connections to the
amygdala (involved in emotional olfaction)
and entorhinal cortex (memory aspect of
olfaction) exist.

The medial stria projects through the anterior
commissure to the conftralateral oltactory
bullb and cortex.
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Clinical Correlation - Anosmia

Usually patients with unilateral anosmia are unaware of their condition due to

contralateral nostril compensating. This is why each nostril must be tested indi ly.

An important sign of bilateral anosmia is a loss of taste, due to the importance of olfaction
to the sensation of flavour.

Differential diagnosis of Anosmia:

Head trauma - These can damage the olfactory nerves as they pass through the cribriform
plate.

Viruses - damage the olfactory neuroepithelium
Obstruction

Parkinson's/Alzheimer's - this is believed 1o be due to afrophy of the anterior olfactory
nucleus.



Intfracranial lesions such as meningi'a,
metastases, meningifis or sarcoidos
when manifested on the frontal lobe

cause anosmia. This is impor
frontal lobe lesions are usual

ant, as

y difficult to

detect and may produce no sympiom

other than anosmia.

Temporal lobe epilepsy sometimes
manifests with olfactory hallucinations,
due to irmtation of the lateral olfactory

areaq.



CNII

Embryologically CNIlis derived from the diencephalon, so is formed of oligod
rather than schwann cells, hence CNIl is considered a tract of the CNS not a
unique in that it is covered with meninges.

CNIl begins where the unmyelinated axons of the retinal ganglion cells pierce the sclera
and form the optic disc.

ytes
*CNIlis

These nerves enter the middle cranial fossa, by exiting the optic canal posteromedially
where the optic chiasm is formed. Here decussation occurs, whereby the nasal (medial)
fibres of the retina cross to join the uncrossed temporal (lateral) fibres to form the optic
tract.

Most of these fibres terminate in the lateral geniculate body of the thalamus, whereby the
axons pass through two seperate loops (Baum & Meyer) to enter the occipital cortex, the
part of the cerebral hemisphere involved in visual processing.

Some fibres enter the pre-tectal nucleus, through the brachium of the superior colliculus,
and act as the afferent limb of the pupillary light reflex and control eye movements.

Some ofther fibres enter the suprachiasmatic nucleus controlling circadian rhythmns.



Temporal (T) Nasal (N)

G =

Retina

Optic nerve (CN I1)

Optic chiasm

Right optic tract

Lateral geniculate body
(diencephalon)




Clinical Correlation of CNII

Multiple sclerosis, which normally spares the PNS, affects the optic nerve, due fact it
is a CNS fract rather than a PNS nerve. This results in optic neuritis, leading to | isual
acuity/peripheral vision. Toxic substances such as alcohol or other inflammatory disorders
may also precipitate this condition.

Visual field defects can occur due to different lesions that occur along the length of the
visual pathway. These lesions can obstruct the transfer of refinal information along the
pathway and lead 1o a loss of a portion of the respective visual field that it was
transmitting. This can commonly occur due to berry aneurysms or pituitary gland tumors.

Quite commonly during a transient ischemic attack, occlusion of the retinal artery can
occur by an emboli from a carotid stenosis which causes loss of vision in one eye for a brief
period of time. This is a warning sign for impending retinal or cerebral infarcts.



CN Il

CNIIl leaves the midbrain between the posterior cerebral and superior cereb
and pierces the sellar diaphragm over the hypophysis. Subsequently upon pi
cavernous sinus, it enters the superior orbital fissure.

rteries
the

CNIl then forms two divisions:
Superior division - innervates the superior rectus and levator palpebrae superioris.
Inferior division - innervates the inferior and medial rectus and inferior oblique.

Within the inferior division the ciliary ganglion is formed from parasympathetic fibres; these
form short ciliary nerves to innervate the ciliary body and sphincter pupillae. This pre-
ganglionic parasympathetic branch is derived from the Edinger-Westphall nucleus, and
serves as the efferent (motor) limb of the pupillary light reflex.



Oculomotor nerve (CN Ill)
Trochlear nerve (CN IV)

Abducent nerve (CN Vi)

Supericr oblique

Levator palpebrae

Inferior (ventral) view
1 Superioris

Supenior dwvision

Inferior division
Superior orbital fissure

Trochlear nerve (CN IV)

Oculomotor nerve (CN III)
Abducent nerve (CN V1)

Cavemous snus
Optic nerve (CN II)

Oculomotor nerve (CN lll){ Superior reclus

Medial rectus

inferior oblique

Ciiary ganglion ="} . Q, :
Inferior orbital fissure:
Lateral view Lateral rectus

' Short ciliary nerves
Inferior rectus



Clinical Correlation of CNIII

Due to the close proximity of CNIIl with the superior cerebellar, posterior cere d
posterior communicating artery, any aneurysms here can lead to CNIII palsy. ver due
to the more medial and superficial aspects of CNIIl carrying the parasympathetics, these
are more likely fo be compressed.

Fractures of the cavernous sinus and a herniating uncus can also lead to CNIIl palsy.

Any loss of CNIlIl manifests with dilated pupils due to loss of parasympathetic constriction
and absence of pupillary light reflex will be observed as the efferent limb is carried by
CNIIl. Ptosis may occur due to loss of levator palpebrae superioris. The eye will turn down
and out due to overaction of CN IV and VI.



. )
Ipsilateral ptosis

-Superior palpebrae sup!

Restricted upward gaze Restricted downward gaze
-Superior rectus -Inferior rectus

Normal lateral gaze Restricted medial gaze
-Abducencs nerve is intact -Medial rectus




CN IV !
CN IV is unigue In that it is the only cranial ve
to arise from the dorsal brain stem. It loops
around the brainstem and passes anteriorly
within the subarachnoid space. It, like CNIII,
passes between the superior cerebellar and
posterior cerebral arteries, and pierces the dura
at the tentorium cerebelli and enfers the
cavernous sinus. After it does this, it passes
through the superior orbital fissure intfo the orbital
fissure to innervate the superior obligue.
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CLINICAL CORRELATION l
Due to ifs crossed method of exiting the brainste IV IS

susceptible to cerebellar tumour compression.

Due to CNIV being thin and having such a long
Infracranial course it is easily damaged by the shear injury

of head trauma.

Symptoms manifest as vertical diplopia, which worsens
when the patient looks down and medially, due to the
superior obliqgue normally depressing the pupil and
causing intorsion. However the inferior oblique Is
unopposed in causing extorsion due to CN IV paralysis,
which can also cause the eye to drift upward.



CN VI

Jpon leaving the brainstem at the
oontfomedullary junction of the pons, these fibres
fravel within the subarachnoid space between
the pons and clivus straddling the basilar artery.
UJpon exiting the dura, CNVI| enters Dorello's canal,
where it runs between the skull and dura. It makes
a sharp bend as it passes over the petrous
temporal bone fip to enter the cavernous sinus.

Through this it enters the superior orbital fissure to
Innervate the lateral rectus.




parasympathetic nucleus
of the I1Id pair

m. levator palpebrae superior III , :
: motor nuclei of the IIId pair
m. rectus superior III
nucleus of the IVd pair

m. sphincter pupillae : > _m. obliquus superior IV

. nucleus of the VId pair

m. rectus medialis I11 "

m. rectus inferior III

m. obliquus inferior III e (

SINUS cavernosus

fissura orbitalis superior



CLINICAL CORRELATION OF CN VI

Due to its long vertical course, CNVI is foel oy
raised intracranial pressures which act downward
especilally as it bends over the crest of the petrous
tip of the temporal bone. Therefore CNVI palsy Is
an important sign of hydrocephalus, brain
tumours, basilar artery aneurysm and infracranial
esions. Diabetes may cause this due to
microvascular complications.

_esions lead to horizontal dipolpia, which causes
Improper abduction of the eye, and unopposed
constant adduction.




CN Vi

CN Vlll leaves at the pontomedullary junction, lateral to the facial nerve. Upo rsing
the subarachnoid space it enters the internal acoustic meatus alongside the faCidl nerve
and labyrinthine artery, where it travels within the auditory canal of the petrous temporal
bone. Within this it splits into the vestibular nerve and the cochlear nerve.

Vestibular nerve - formed of the vestibular ganglion. This nerve attaches to the utricle and
saccule and cristae of the ampullae, thereby sensing movement.

Cochlear nerve - formed of the spiral ganglion. This extends around the cochlea to sense
hearing.



Cochlear division-
Hearing

From organ to Corti in
cochlea

Hair cells to cell bodies
in spiral ganglion (in
modiolus)

To 2 cochlear nuclei
(ventral & dorsal)

Vestibular division —
Balance

From semicircular
canals, utricle & saccule
Cell bodies in vestibular
ganglion in outer part of
internal acoustic meatus
To 4 vestibular nuclei
(medial, lateral, superior,
inferior)

Vestibulo-Cochlear Nerve

CN Vil

Semicircular
canals

Vestibular

ganglia

Vestibule

Cochlea
(containing
spiral ganglion)

Internal acoustic
meatus

Vestibular nerve
Cochlear nerve

Vestibulocochlear nerve (VIil)

Copyright © 2001 Benjamin Cummings, an imprnt of Addison Weslay Longman, Inc.



Clinical Correlation of CNVIII
Due 1o the close relationship of the vestibular nerv!d
cochlear nerve, lesions of one usually affect the o ,
leading to both finnitus, vertigo and impaired hearing.
Infact usually the cause of vertigo after head tfrauma is a
peripheral vestibular nerve lesion.

There are two forms of hearing |oss:

Conductive hearing loss - CNVIIl is working but bone
conduction of sound is iImpaired, due to the external
auditory canal/middle ear not fransmitting soundwaves.

Sensorineural hearing loss - physical ear structures are
preserved, however there is damage to the cochlea or
neurone that is iImpairing hearing.




Acoustic neuromas are the mos!
common tumors of this region A
grow within the auditory canal on the
surrounding schwann cells of CNVIII.
This tumor can lead to loss of hearing
and commonly disequilibrium and
finnitus. This can eventually affect CN
V, leading to facial pain and sensory
loss and CNVII damage causing
facial weakness.




CN IX

Also called "a poor man's facial nerve”, it is very similar to CNVII.

Upon leaving the ventrolateral medulla below CNVIII, it traverses the subarachnoid space
to exit via the jugular foramen.

Upon exiting, it forms two sensory ganglions, where afferent general sensation, touch and
pain of the tongue, pharynx and middle ear are relayed, alongside taste.

The only muscle it innervates is the stylopharyngeus, and so it follows its course eventually
reaching the tongue. It passes further inferiorly to convey inputs to the baro and
chemoreceptors in the carotid body.

Parasympathetic fibres leave via the tympanic nerve 1o join the lesser petrosal to synapse
with the otic ganglion (associated with CNV3), innervating the parotid gland.



Lesser petrosal nerve e
—&——Trigeminal ganglion

Mandibular nerve (CN Vi)

Tympanic plexus in
middie ear

Masicid cells Otic ganglion

Tympanic nerve (CN IX)

Auriculotempcoral Parotid gland and duct

Gilossopharyngeal nerve (CN V)

nerve (CN IX)
10 parotid gland
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Lesser petrosal nerve Nerve to pharyngotympanic tube
Tympanic nerve

Glossopharyngeal
nerve (CN IX) traversing
jugular foramen with
internal jugular vein

Nearve to postancor wall
of pharyngeal plexus
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Infersor pharyngeal
constrnictor
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Motor: Hypoglossal (Xil), except

Palatoglossus: Pharyngeal branmnch
of Vagsus (X)

Posterior 1/

Sensory and Taste:
Glossopharyngeal (1X)

Sensory: Lingual branch o

from Trigemmnal (V)

T aste: Chorda tympani
branmnch of Facial (Vil),
carried by
Imngual bramnch

Anterior 23



CLINICAL CORRELATION OF CN IX

Usually isolated lesions of CNIX are fairly uncommon. However when they occ teis
absent on the posterior 1/3 of the tongue, alongside an absence of the gag as the
afferent limb is derived from CNIX). However, due to roughly 25% of the population having
an absent gag reflex, this is usually not alone a diagnostic marker.

Due to the fact that CNIX, X and XI all exit via the jugular foramen, it is common for
tumours, infection or trauma to involve these adjacent cranial nerves. Infact fumours in this
region cause "jugular foramen syndrome" leading to cranial nerve pailsies.

Glossopharyngeal neuralgia is very similar to trigeminal neuralgia, but limited to the throat
and ear and worsens during eating by sensory stimulation, usually initiated by swallowing.



CN X

The vagus nerve is named after the latin for wanderer, due to it having the longest course
and extensive distribution.

CNX leaves as several rootlets below CNIX on the ventrolateral medulla, crossing the

subarachnoid space and exiting the cranium through the jugular foramen between CN IX
and XI.

Upon exiting, CNX forms 2 ganglions:

the superior ganglion of vagus nerve- synapses with CNIX and the superior cervical
ganglion. It is responsible for general sensation.

the inferior ganglion of the vagus nerve- responsible for taste and chemoreceptors from
aortfic arch.



As It descends CNX supplies all pharyn

}
laryngeal and upper oesophageal muts.
CNX continues inferiorly within the carotid
sheath; from here it extends info the thorakx,
supplying parasympathetic sensation to the
heart, lungs and bronchi.

Upon reaching the eosophageal hiatus, it
passes through with the eocsophagus entering
the abdomen. From here it innervates the
oesophagus, stomach and intestines up to
the colic flexure.
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Dorsal motor
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Superior vagal
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Soft palate

Pharyngeal nerve
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Superior laryngeal nerve
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Clinical Correlation of CN X

Isolated lesions are very uncommon, however CNX damage to the pharynge
can lead to dysphagia, and aphonia can develop due to paralysis of the lary
muscles.

ches

The recurrent laryngeal nerve (CNX branch) commonly occurs with surgery of the neck.
thyroid surgery and carotid endarterectomy, or cardiac surgery due 1o the recurrent
laryngeal looping around the arch of aorta on the left side. Aortic aneurysms and apical
lung cancers can also damage the recurrent laryngeal. Damage to the recurrent laryngeal
leads to loss of voice and inspiratory stridor.

An abnormal gravelly voice is common in Parkinson's disease due to interference of basal
ganglia dysfunction with arficulation.

Usually dysphagia and dysarthria occur together and can be caused by infarcts,
cerebellar/brainstem lesions and alcohol. Commonly any dysphagia can lead to aspiration
pneumonia due to impaired swallowing in an individual, and is frequently a cause of
death.



CN XI

This cranial nerve does not arise from the brainstem, rather from C1-5.

These rootlets leave the spinal accessory nucleus between the dorsal and ventral nerve
roots and ascend through the foramen magnum. Upon entering the cranium it exits the
cranium via the jugular foramen by descending alongside the internal carotid artery. It
eventually supplies the sternocleidomastoid (SCM) and the upper portion of the trapezius
muscle. As it is leaving the cranium, some rooflet fibres from the nucleus ambiguus in the
medulla join CNXI briefly before leaving immediately and rejoining CNX to form the
recurrent laryngeal nerve. It is mentioned within literafture that there are cranial
conftributions from the medulla, these fibers however do not connect with the spinal
component and only fravel with CNXI for a few cm, so functionally these fibers can be
assumed still part of CNX.



CN Xl - SPINAL ACCESSORY
NERVE

ORIGIN: Medulla he b\ \y\
INNERVATION: R \ ‘
Sternocleidomastoid & ~ N S— s

trapezius muscles
FUNCTION: Motor
function
Sternocleidomastoid &
trapezius

DYSFUNCTION: Muscle
weakness.




CLINICAL CORRELLATION OF CNXI

lesions of CNXI| cause ipsilateral weakness of the s!lder
shrug due to trapezius damage and a weakness of the
head furning away from the lesion, this is due to the left
SCM turning the head right (and vice versa).

Due 1o a tendency of other neck muscles to compensate

for the SCM, it is essential to palpate the SCM 1o detect its
confraction.

Due to its very superficial course through the cervical
region, it is very commonly damaged in surgery, especially
lymph node biopsies, infernal jugular vein cannulation and
carotid endarterectomy.



CN XII

Arising from several rootlets from the v
medulla It leaves the cranium via the

e'ral
hypoglossal canal.

Jpon leaving the hypoglossal canal, it is
joined by branches of the cervical plexus
which use CNXIl to reach the hyoid muscles.

Jpon reaching the angle of the mandible it
travels anteriorly to innervate all intrinsic and
extrinsic muscles of the fongue (except the
palatoglossus).




The Hypoglossal Nerves - Xl

- Runs inferior to the tongue
- Innervates the tongue Mmuscles

Medulla ocblongata

Intrinsic muscles
of the tongue

Hypoglossal
canal

Hypoglossal
nerve (X))

Extrinsic muscles
of the tongue



CLINICAL CORRELATION OF CNXII

Upper motor neurones that control fongue mo
decussate within the corficobulbar tracts before
arriving at the hypoglossal nuclel. This means lesions of
the primary motor cortex/internal capsule cause
contralateral weakness of the tongue, whereas lesions
of the hypoglossal nucleil cause ipsilateral weakness of
the tongue.

Tongue weakness causes the tongue upon protrusion
to deviate towards the weak side due to overactive
compensatory action of the other hypoglossal nerve.
CNXIl damage also causes tongue muscles to
atrophy.

ent




SENSORY ORGANS




Chemical Senses: Smell

* The olfactory cortex of
N - the brain is tied to the

emotional part of the
- .- 77 brain, thus many smells
@ o with trigger memories

and emotions

'| , 'w«- * The receptors are quickly
- = triggered, butalso

{b) Enlarged view of OACIOrY FOCEpLlons

S—— quickly adapt to smells



Cells of the Olfactory Membrane

Olfactory receptors

— bipolar neurons with cilia or
olfactory hairs

Supporting cells

— columnar epithelium
Basal cells = stem cells
— replace receptors monthly

Olfactory glands

— produce mucus

Both epithelium & glands
mnervated cranial nerve VI
(facial nerve)

Oifactory + |

epthelium

=Y \ Olfactory bulb
== neuron

ZEN
|

D

e —‘\— Cribriform plate

, \:§‘
\ T, s
\ Olfactory (1) nerve

Oilfactory gland

AL \v_“L —

Developing

l
/ N" olfactory
,’ { J ! J receptor cell
‘ \ -'—J— Oilfactory receptor
| 1 ( d\\ cell
‘r" | '__L,__- Supporting cell
Dendrite

\
Jo5 ) \ \\ — Connective tissue
/'/ Y ; G

" I8
| " ./’ ‘ ,»k“ J.‘Ql.a wﬁnwi Olfactory hair
e

—+—— QOdorant molecule



Nn. olfactorii Regio
Bulbus Tractus olfactorius  olfactoria

Olfactorius / Concha nasalis

supcnor ‘ "4

i

'y

Concha nasalis inferior
Concha nasalis media -

nasi




The lateral stria projects to the primary olfactory cortex,
formed of the piriform cortex and periamygdaloid cortex
which is found near the medial tip of the temporal lobe.
From here connections to the uncus, amygdala (involved
In emotional olfaction) and parahypocampal gyrus (ll!
neurons).

The medial stria penetrate through the anterior
perforated substance to the contralateral olfactory bulb
and cortex (lll neurons).

The intermedial stria penetrate through the anterior
perforated substance, projects through the anterior
commissure to the subcallous region then reach gyrus
dentatus, fasciolaris, uncus.




Medial srriae:
ro secondary olfacrory area

\ : E
!’
Olfacrory bulb \ !
\ 7 —
g I Injury above the trigone:
1 7 Unilateral anosmia
Olfacrory rtract > 3 i
| A > |
Olfacrory trigone e a2 s P "‘ -<
LA 7 N
251 FEI
” > s ~ Injury below the trigone:
g ~ - -~ J i S
» ,ﬁ—f\ - No anosmia
P Ll
[To primary ]{ Lareral striae ,’ \\
olfactory area Anterior striae "4 N .




The organ of vision
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The organ of vision.
The accessory visual apparatus.

* 1- two eyelids: skin, orbicularis oculi muscle, tarsus
(tarsal glands), conjunctiva (palpebral and ocular parts,
superior and inferior fornices).

* 2-the lachrymal apparatus: lachrymal glands, lachrymal
streams, lachrymal lake, lachrymal canaliculi, lachrymal
sac, nasolachrimal duct.

* 3- the motor apparatus: four recti mm., two oblique
mm., mm. levator palpebral superiorioris.



Anatomy ot id

/—Omital maigh

R Sthum orbitale

L Upperarsus

J%i

Lateral palpebral -~.....,..-~“ —— Medial palpebral
s ¢ e SO e R i it LR ; i

lgament (M.PL

of eye

Lacrimal sa

Lower tarsus



M. levator palpebrae superioris
N. supraorbitalis

Glandula lacrimalis L& e T T
(pars palpebralis) ok | Tendo m. obliqui

3; supcerioris
Septum orbitale

roxKaszaHa 9acrTu4dHO )
( ) N. supratrochlearis

Tarsus superior

N. infratrochlearis
Lig. palpebrale laterale

Lig. palpebrale
mediale
Raphe palplaetbrale
crale
Saccus lacrimalis

Tarsus inferior

Corpus adiposus orbitae

pDr et

epean.

Aaza M. obligquus inferior






Sclera

Upper eyelid

_— Bulbar conjunctiva

\ A R “ \;'a:\)\!, \
% \,:..‘ ‘t-' \" W\
O\ §__—Palpebral conjunctiva

|\

i- ) - R ‘.
T ut
L 2\ k

Ciliary bod

Cornea

Anterior chamber

Schlemm canal - Bulbar conjunctiva

Palpebral conjunctiva

~~ Lower eyelid



Lacrirmal
=slamnnd

Neibomrmianm

Upper sland

TOrmMix

Tear film

Cormea

Bulbar Limbus
conjunctiva

Lower
TOrmNix

Tarsal

conjunNnctiva




. Suspensory ligament Suspensory Sepfum orbiale

ligament

Periorbita

Lacrimal
sac

M. rectus sup

Medial Lateral
check check Vagina bulbi=Te
ligament ligament Bulbus
T Conjunctiva
Periorbita
Fascial sheath
, Corpus adiposum
. : Fascial sheath 7 orbitae
Medial rectus” 4 N .
muscle Septum orbitale =2 > M. rectus inf.
Lateral rectus - ==
muscle T\

Spatium intervaginale



/ TROCHLEA SUPERIOR OBLIQUE
SUPERIOR RECTUS

ANNULUS OF ZINN
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MEDIAL RECTUS
INFERIOR OBLIQUE ™ INFERIOR RECTUS

Medial rectus Inferior oblique



V. ophthalmica superior N. lacrimalis N. frontalis N. trochlearis M. rectus superior

Fissura orbitalis : ¢ _ SR R
superiorS= B : _ == = M. levator palpebrae

*e

_——superioris

N. oculomotorius

2 ; | & (r. superior)
N. nasociliaris S : 4 Ton TN

2= | : _—A. ophthalmica
& b A M. obliquus
bl — A7 & superior
M. rectus lateralis '

-‘7
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.ﬁ‘..* e - ——N. opticus

M. rectus medialis

N. abducens t
N. oculomotorius

(r. inferior)

V. ophthalmica
Fissura orbitalis inferior
inferior

M. rectus inferior

M. obliquus inferior




Oculomotor
nucleus

== N/

o V//
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Superior oblique
(CN IV)

Superior rectus

Trochlear

CEN 1) /‘ nucleus
_’ Abducens

) nucleus

Lateral rectus

(CN VI) Medial rectus

(CN 111)

e
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Inferior oblique
(CN 11D

Inferior rectus
(CN I




Edinger-Westphal Vas
nucleus (CN 1) 3

GSE component
of TN 1

Red nucleus
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Substantia
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Crus cerebri

Ciliary o
muscle Ciliary
ganglion

Superior
oblique

Superior
rectus

Cornea
Lateral
rectus

Pupillary
contrictor muscles
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oblique

Inferior
rectus




The coats of the eyebal

1.The fibrous coat (the sclera,
cornea)

2.The vascular coat (the choroid
ciliary body, the iris).
3.The retina.

e



Organ of vision:
The coats of the eyeball

* Three coats:

1 - fibrous coat: sclera, limbus cornea, cornea.

e 2 —vascular coat: chorioidea, corpus ciliare: (m.ciliaris, ciliary
ring, ciliary processes and folds), iris: (mm.sphincter and
dilator pupilla).

* 3 —nervous coat (retina):optic and blind parts.

The refracting media or inner nucleus of the eye: vitreous
body, lens, fluid (agueous humour).




Eveball
Fiber=s of ciliary zonule “ -
rsuspensory ligament of lens Cross Section Len=s capsule

Lan= Anteror chamber

Comea

Sinus veno=u=s =cleras (Schlemm’s canal Po=terior chamber

Scleral spur _ Arternor chamber angle
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nRectus muscle

O3 =aermata
Optic Cwisuall

part of retina witreous body
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Episcleral =pace= ] )
Lamina cnbrmo=a of =clara

Fowea centrali= in macula lutaez Optic nerve 1)
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Anterior and Posterior Chambers of Eve

FHote: for clamty only =ingle plane ot zonular tibers Schwalbe'=s line
shown; actually fibers sumound entire circumference of Dezscemet's membrane
Trabeculas and =pace=s of Fontana Endothelium (mesothelium) Coames

Sinus wenosus of =clera (Schlemm’s canal)

Aoteror chamber angle Scleral spur

Pectinate ligament
Greater artenal circle of id=s Brterior chamber

Irn= fold=

Anteror ciliary wei

Conjunctiva - e = et : NN - . -
- . IF A e e Le==ear artenal
. B circle of ifs

Sclarma

Len=
Ciliary Lens
o ] nucleu=s
hdzridional Circular PpPrHocess
fibaers of fiber=s
ciliary of Fibers of ciliary Lo :
Ciliary mu=cle ciliary zonule (suspensary n= cap=ule
i ligament of l=n= . -
reting Ciliary muscle 9 2 Sphincter muscle of pupil
Suprachorcidal Pigment epithelium ndial retina’
space Cilizary body Dilator mu=scle of pupil



The refracting media of the eye l

_The vitreous body
_The lens

_The chambers of the eye (they
are filled with aqueous humor)



Intrimsic Arteries and Veins of Eve
Honzontal Section

Anteror chamber
C riinor (le==ar) artenal circle of in=s
ame3
\H\ R higjor (greater) artedal cinzle of ins
Schl ' | ; - B
whismm = cana Iri= e Ciliary bodyw
#ﬂ;—,. _ e, O R N . Blood we=s=sels of ciliary body
= _____..i-‘__ ~ ——— — o :-":-:-.

R Conjunctiva and conjunctival vessel=

Ora semata

Anteror ciliarmy artery and weain
Arteror chamber angle

—onudlar fiber=s
Po=sterior chamber

—— hu=cular artery and wein

wtreous chamber Etrinsic eyve muscle

Long posteror ciliary artery
Fetina

Choraid

Waartico=e wein

Episcleral artery and wein

Central retinal artery and Fetinal artery and wein

Optic nerve (11— Long posteror ciliary artery

Short posteror ciliary arterie=



Lens and Supporting Stractures

BEquator of lens

Honzontal Section -
Arteror chamber _.--“'::--'-" i e R e
.-'"-.J J l.:-‘:l- ..d-""-;-d_“d_
Iri= R
Posteror chamber B g Capsule of lens
~ ]
|
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Ciliary process .
————— S —:— — —<—fwis of lens
|
= —} — |
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Postequatornal zonular fiI:-I-arE
BEquatorial zonular fibers
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Lens and Supporting Structures

Uptic part of retina Orbiculus of ciliary body lined Zonular fibers
by ciliary part of reting

Ora semata

Lens

Ciliarny processes

Zonular fibers fanning out and
blending into lens capsule

Iagnitied to ultratncroscopic scale (sermschematic)



[ Visual Pathwawv]

Cernmtal darkker cincl=
repres=ents macualar zons

Optic Nerve

Light=r =hade= repres=ent
monocular field=

Owedapping wisual
Each quadrant a different colar

Projection an Projection on
l=ft retina Aght r=tina
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Projection on ight dor=al

Projection aon left daor=sal
Iateral geniculate nucleu=

Iateral geniculate nucleus
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Lens and Supporting Structures
Section m Frontal Plane

Note: See plate 85C for magnification of this

wiwvmculus (pars plana) of
ciliary body lined by
ciliary part of retina

Sclera | X LA ' f - . \ Ora semrata

Choroid Ciliary processes

Zonular fibers

Optic part of retina

Bulb of eye: antenior segment viewed from behind



THE ORGAN OF HEARING AND GRAVITATION.

THE EXTERNAL EAR : 1 - the auvuricle (ear).

2 - the external auditory meatus (“S”-shaped- cartilaginous and
bony parts). The tympanic membrane—
skin, fibrous tissue, mucous. Umbo, tensed and flaccid paris .

THE MIDDLE EAR : 1 - the tympanic cavity (6 walls, 3 openings,
3 auditory ossicles: malleus-hammer, incus-anvil, stapes-
stirrup). 2 - the auditory tube (bony and cartilaginous parts).

THE INTERNAL EAR : 1 - the bony labyrinth (the vestibule, 3
semicircular canals, cochlea). 2 - the
membranous labyrinth (vestibule -utricle,saccule; 3 semicircular
ducts, cochlear duct).




Helix

A pex auriculae Crura anthelicis

Fossa triangularis
Crus helicis

Tuberculum

auriculae
Incisura anterior
(auris)
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Tragus
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conchae externus
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Sulcus auriculae e
posterior 1L 2 S



Recessus membranae
tvmpani superior

P Meatus Canalis semicircularis posterior
Zf(lt'esgf&': g;f;rsnsg:nicus Canalis semicircularis anterior
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External Ear
Right Tympanmic Membrane

Pars flaccida

Aotenor mallear fold

Postenor mallear fold

Long crus of incus Lateral process of malleus

hEnubrium of malleus

Pars tensa
Umbo

Cone of light

Viewed through speculum




Tyvimpanic Cavity
Viewed from Extermal Acoustic NMeatus

Long crus of incus

Stapes in oval (vestibular) window

Chorda tympani nerve

Tendon of stapedius muscle

Lateral process
of malleus

4
3
.

Tendon of tensor
tympani muscle

T .

.

hEnubrnum of malleus

Fossa of round (cochlear) window Promontory

Tympanic Membrane Removed
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Articulatio incudomallearis

Crus breve

Corpus incudis

Caput mallei—
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THE ORGAN OF HEARING AND.
GRAVITATION

3. The internal ear

-bony labyrinth ( the vestibule,
the cochlea, the semicircular
canals)

-membranous labyrinth




Right Osseous Labyrinth - Dissected
Nembranous Labyrmth Removed

Aoatenor (supenor) semicircular canal

Lateral semicircular canal

Postenor semicircular canal

Intemal opening of vestibular
aqueduct (for endolymphatic duct

Round (cochlear) window

Bliptical recess of vestibule\
Cochlear recess of vestibula

e

Helicotrema

Sphencal recess of

Scala westibuli

Osseous spiral lamina

Scala tympani

Note perforations
for nerve fibers

Hamulus



Hamulus laminae spiralis

Lamina modioli\ |
Helicotrema

Lamina spiralis
055ea

Tractus spiralis
foraminosus

Tractus Spnrahs L
foraminosus =<

Cupula cochleae\

8 Scala vestibuli
Cochlea B )

Lamina spiralis
W

i 7 Scala tympani

7
Modiolus



Hamulus laminae spiralis

Helicotrema
Modiolus
Canalis longitudinalis

; modioli
\ Scala vestibuli

Canalis spipali_s
modioli

Scala tympani
Scala vestibuli . N
[Lamina spiralis
ossea

Canalis spiralis
cochleae

Scala tympani

i ¢ g Canalis spiralis modioli
Tractus spiralis

foraminosus Meatus acusticus internus



2 Ampulia membranacea anterior
Ductus endolymphaticus Ductus semicircularnis anterior {(4acrM4Y9HO BCKPbLIT)

Utricuius Canalis semicircularis anterior
Spatium perilvmphaticum |

Ductus cochlearnis

Ampulla membranacea lateralis
Spatium perilvmphaticum

Saccus endolymphaticus

Fy > '

-
.
—

2|

. --Q‘:_‘:

e
-

L4
‘ — Al P
MERR A TN

" U an
v iy

Cecum =
cupulare
Scala vestibulh

Scala tympani

Sacculus

Ductus :
¢ semicircularis
Vestibulum c posterior
) analis semicirculans
Ductus reuniens Ampulla \ posterior
Canaliculus cochleae (conepsxaiumm membranacea Canalis semicirculans lateralis
ductus perilymphaticus) postenor
Maoembrana tympani secundaria

Ductus semicircularis lateralis
(sBCckpbIiTa) Crus membranaceus commune
Ductus utriculosaccularis Cecum vestibulare

Dura mater encephali



Right Membranous Labyvrinth with Nerves

Superor division of westibular nerve Posteromedial View

(from utricle and anternor and Iateral Anteror (superor)
semicircular duct

Anteror membranous ampulla

Cochlear duct

Wiz stibul
(ba=al tum) turaEr

ganglion

Lateral membanous ampulla

Cochlear
nernse
Common membanous duct

wistibulocochlear

nerve Ol Lateral

samicincular

Saccule
wiEstibular

nersre Endolymphatic duct

Postenor
membranous ampulla

Inferdor division of westibular nerve

from =accule and postenor ampulla ) ..
C P P 2 Po=tenor semicincular duct



8-th(VIIl) pair - the auditory
(vestibulocochlear) nerve.

The vestibular nerve: receptors-

sensory cells of the
utricle,saccule (receptors of
static equilibrium) and of the
semicircular canals (receptors
of dynamic equilibrium).

| n. — gang.vestibulare
Il n. -nuclei vestibulares

lll n.-opposite lateral thalamic
nuclel. Cortex of
the temporal and parietal
lobes.

The cochlear nerve: receptors-acoustic
cells of the Corti organ on the walls
of the membranous cochlear duct

| n.- ganglia spirales
Il n.-nucleus dorsalis and ventralis of the
pons

lll n.- opposite inferior colliculus of the
midbrain and medial geniculate body.

Cortex of the superior temporal gyrus.



Vestibulocochleary Nerve

Spial ganghon ot cochlea
westibular nerve Gregter petro=al nerve
Geniculate ganglion of facial nerve

Cochle=ar nerve
Facial canal

hotor root of facial nerve
and nervus intermmeaediua Twmpanic cawity
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Chorda twmpani neree
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(Cross =ection)
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Incu=
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semicincular duct

LRAcle

Ampulla of postenor
semicircular duct

Saccule
Supenor division of vestibular nerve

Infernor divizion of wve=stibular nerve
Westibular ganglion
Intemal acoustic meatus=s
wentral cochlear nucleus
Dor=sal cochlear nucl=u=s

hi=dial we=tibular nucleus=s
Caudal (infernor) vestibular nucleu=
Inferior cerebellar peduncle (o cersbhellum)

Afferent Hbexrs=




Scala vestibuli

N. facialis

\  Paries vestibularis ductus
cochlearis (membrana
vestibularis)

Paries externus ductus
cochlearis

_—Paries tympanicus
ductus cochlearis
(membrana spiralis)

N. ampullaris posterior
et lateralis

Area yestibularis
superior

Modiolus

Lamina spiralis ossea

Ductus cochlearis

Organum spiral

Scala tympani

Ganglion sp.irale
cochleae

Area cochleae |

_’ N. utriculus

N. utriculoampullaris

Tractus spiralis . saccularis

foraminosus

N. cochlearis Area vestibularis inferior

Foramen singulare

N. intermedius _— : :
< N. ampullaris posterior

N. facialis Ganglion vestibulare
N. vestibularis



Taste (gustatory) pathway

1. Receptors Taste buds on tongue, lips, palatal arch
and soft palate. Each “bud” contains several cell types
in microvilli (taste hairs) that project through taste
pore.

Gustatory receptor cells communicate with cranial
nerve axon endings to transmit sensation to brain.

Cranial Nerves of taste

Anterior 2/3 tongue: chorda tympani—> Facial nerve
Posterior 1/3 tongue: Glossopharyngeal nerve
Most posterior part of the tongue: Vagus nerve



Gustatory Pathway from Taste Buds

Taste information reaches the
cerebral cortex

Gustatory cortex

Primarily through the facial | ¥ @ &
(VII) and glossopharyngeal ‘
(IX) nerves ) G I Dot muciess
Some taste information R
through the vagus nerve (X)
) ) ———Solitary nucleus

Sensory neurons synapse 1n V4 ©  in medulla oblongata
the medulla e (Vi

I.ocated in the solitary Glosso-

nucleus phiaryngeat

nerve (I1X)
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