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FIGURE 3.4 Transverse sections of midbrain. (A) At the level of superior colliculi. (B) At the level of inferior
colliculi. In this and following diagrams, the corticospinal tract (CST) and dorsal column-medial lemniscal (DCML)
pathway connected to the left cerebral hemisphere are highlighted. PAG, periagueductal grey matter.

Reticular formation

Substantia nigra

Decussation of
superior cerebellar
peduncles

Fourth ventricle

Reticular.
formation

Pons

FIGURE 2.5 Transverse sections of pons. (A) Upper pons. (B) Lower pons. SCP, MCP, ICP, superior, middle,
inferior cerebellar peduncles, respectively; CST, corticospinal tract; DCML, dorsal column-medial lemniscal
pathway.
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nucleus B
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il FIGURE 3.6 Transverse sections of medulla oblongata. (A) Level of inferior olivary nucleus (ION}. {B) Level of
Reagks sensory decussation. (C) Level of motor decussation. CST, corticospinal tract; ICP, inferior cerebellar peduncle;
j DCML, dorsal column—medial lemniscal pathway.
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Reticular formation

To diencephalon and telencephalon
/ Interpeduncular nucleus

Substantia nigra

Median (raphe) RF
Ventral tegmental
Paramedian RF nucleus

Lateral RF Raphe nuclei

Locus ceruleus

Central reticular nucleus

Magnus raphe nucleus

® Dopamine

#* Acetylcholine
© Serotonin

A Norepinephrine

4 Epinephrine
A To spinal cord B
FIGURE 24.1 Reticular formation (RF). (A) Subdivisions. (B) Aminergic and cholinergic cell groups.
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Reticular formation

TABLE 24.1 Aminergic neurons of the

reticular formation

Transmitter Location

Dopamine Tegmentum of midbrain (substantia nigra, ventral
tegmentum)

Epinephrine Medulla

Histamine Diencephalon

Norepinephrine  Midbrain, pons, medulla {locus ceruleus)

Serotonin Raphe nuclei of midbrain, pons, medulla

Fornix

RAPHE NUCLEI

Midbrain Ventral tegmental
Pons nuclei

Hippocampus
Medulla oblongata

Raphespinal projection

FIGURE 24.2 Serotonergic projections from the brainstem midline FIGURE 24.3 Dopaminergic projections from the midbrain.
(raphe).

Substantia nigra

Plane of Figure 24.4

Locus ceruleus

To spinal cord

FIGURE 24.5 Noradrenergic projections from the pons and medulla
oblongata.



Reticular formation

Fornix

TABLE 24.2 Elements of the reticular

formation and their perceived functions

Element

Function

Aminergic neurons

Ascending arousal system
(AAS)

Central reticular nucleus of
medulla oblongata

Lateral medullary nucleus

Magnocellular nuclei
Medial parabrachial nucleus

Pontine locomotor centre
Pontine micturition centre
Premotor cranial nerve nuclei
Salivatory nuclei

Sleeping and waking, attention and mood,
sensory modulation, blood pressure control
Arousal

Vital centres (circulation, respiration)

Conveys somatic and visceral information to
the cerebellum

Posture, locomotion

Patterns of respiration during the waking
state

Pattern generation

Bladder control

Patterned cranial nerve activities

Salivary secretion, lacrimation

Midbrain Ventral tegmental

Pons nuclei

Hippocampus
Medulla oblongata

Raphespinal projection Substantia nigra

FIGURE 24.2 Serotonergic projections from the brainstem midline
(raphe).

Plane of Figure 24.4

Locus ceruleus

To spinal cord

FIGURE 24.5 Noradrenergic projections from the pons and medulla

oblongata.

FIGURE 24.3 Dopaminergic projections from the midbrain.



Nuclel of cranial nerves

Accessory oculomotor

Substantia nigra (Edinger-Westphal) nucleus

Oculomotor nucleus

Red nucleus
Trochlear nucleus
Oculomotor nerve (CN 111)

Cerebral aqueduct

Mesencephalic nucleus

: | Trochlear nerve (CN 1V)
of trigeminal nerve

Trigeminal Abducens nucleus
nerve (CN V)
and ganglion

(gasserian) Genu of facial nerve

Principal
sensory nucleus of
trigeminal nerve

Facial nucleus

Vestibular nuclei

Motor nucleus of

trigeminal nerve . .
Anterior and posterior

cochlear nuclei
Facial nerve (CN VII) ——%3

Superior and
inferior salivatory

Vestibulocochlear nerve (CN VIII) fiscles

Abducens nerve (CN VI) Nuclei of solitary tract

Glossopharyngeal nerve (CN 1X) Posterior (dorsal) nucleus

of vagus nerve (CN X)

Median aperture (foramen

Hypoglossal nerve (CN XII)
of Magendie)

Vagus nerve (CN X) Nucleus of hypoglossal nerve

Nucleus ambiguus

Accessory nerve (CN XI) Accessory nucleus

Inferior olivary complex Central canal

I Efferent fibers JI""
Spinal tract and spinal 3
nucleus of trigeminal nerve W—Aferent fibers 4# 2

[ Mixed fibers CW

Oculomotor nerve (CN [11)

. 1 Red nucleus
Superior colliculus

Oculomotor nucleus

Accessory oculomotor
(Edinger-Westphal) nucleus

Lateral geniculate body

Mesencephalic nucleus Trochlear nucleus

of trigeminal nerve
Trochlear nerve (CN 1V)
Principal

sensory nucleus of
trigeminal nerve

Motor nucleus of
trigeminal nerve

Trigeminal nerve
(CN V) and ganglion
(semilunar)

Trigeminal
nerve (CN V)
and ganglion
Facial nerve (CN VII)
and geniculate
ganglion -Abducens nucleus
Vestibulocochlear .
nerve (CN VIII) Facial nucleus
Geniculate ganglion
of facial nerve

Superior
and inferior
salivatory
nuclei

Anterior

I
Posterior J' ¥,

Cochlear
nuclei

Vestibular ! . )
nuclei \ : ¢ = i K Glosso-

b \ 3 pharyngeal
nerve (CN IX)

Glossopharyngeal
nerve (CN IX)
Vagus nerve (CN X)

Vagus nerve (CN X) Accessory nerve (CN XI)

Spinal tract and spinal
nucleus of trigeminal nerve

Nucleus ambiguus

Dorsal nucleus

Nuclei of solitary tract of vagus nerve (CN X)

Nucleus of hypoglossal nerve

Accessory nucleus
I Efferent fibers

g
I Afferent fibers .
e Mixed fibers




Cranial nerves

| Offactory nerve (CN1)
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Cranial nerves
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DIGITAL
Anatamage‘

*| - Olfactory nerve

Il - Optic nerve

*[ll - Oculomotor nerve

IV - Trochlear nerve

*V - Trigeminal nerve

VI - Abducens nerve

VIl - Facial nerve

VIl - Vestibulocochlear nerve
IX - Glossopharyngeal nerve
X - Vagus nerve

*XI - Accessory nerve

XIl - Hypoglossal nerve



Cranial nerve

Posterior phantom view Oculomotor nerve (111}

Red nucleus

Superior colliculus

Oculomotor nucleus

Lateral geniculate bod (EdingerWestphal) nucleus

Mesencephalic nucleus \
of trigeminal nerve

Trochlear nerve (IV)
Principal
sensory nucleus of

e ) Motor nucleus of
trigeminal neve

trigeminal nerve

Trigeminal nave

Trigeminal
{V) and ganglion ——et

nerve (V)

and ganglion
Facial narve (VI
and geniculate
ganglion Abducent nucleus

Vestibulocochlear o . - . Facial nucleus

nerve (VIII)
(Geniculumi
of facial
nerve
! = Superior
: Anterior: - S | | & . and inferior
“ochlear \i L g . salivatory
wiclei Posterior nuclei
Vestibular
nuclei Glosso-
pharyngeal
nerve (IX)
Clossn‘)h.vyngv.ﬂ
nerve (I1X)
Vagus nerve (X)
Vagus nerve (X) Accessory nerve (XI)*
Spinal tract and spinal Nucleus ambiguus
nucleus of trigeminal nerve
Posterior (dorsal) nucleus
Solitary tract nucleus of vagus nerve (X)
Dorsal vagal nucleus Hypoglassal nucleus
Spinal nucleus
mm—— Eiferent fibers of accessory nerve e
mmm—Afferent fibers ‘:F br/'

e Mixed fibers

AccessoTrochlear nucleusry oculomotor

Purely sensory nerves: |, Il, and VIII
Purely motor nerves: lll, IV, VI, Xl, and
XII

Mixed nerves: V, VI, IX, and X



Cranial nerve nuclei

nucleo oculomotore accessorio ~~._  «
(di Edinger-Westphal) 3

~ nucleo mesencefalico

~ nucleo pontino (sensitivo principale)
nucleo motore del ~—— & del trigemino
triggmino L

nucleo dell'abducente \

nucieo motore del -——X'—“'“ e
facciale T

™ nucleo cocleare dorsale

™ nuclei vestibolari (1, sur);

nucieo ambiguo ~~ m, mediale; |, lat.; ¢, in

nucleo motore dorsale del vago ) ' .
~ nucleo spinale del trigemino

M ” .
nucleo solitario

/
nucleo accessorio spinale *

ll, IV — mesencephalon
V, VI, VII — pons

VI, IX, X, X, XIl — medulla
oblongata



Cranial nerve

Posterior phantom view

Lateral geniculate b

Mesencephalic nucleus
of trigeminal nerve

Principal
sensary nucleus of
trigeminal nave

Trigeminal nave

Superior colliculus

dy

Spinal tract and spinal
igeminal r

nucleus of tr

— Eiferent fibers
s Afferent fibers
Mixed fibers

geminal nerve

Solitary tract nucleus

Dorsal vagal nucleus

Abducent

Trochlear nerve

Motor nucle
trigeminal ne

AccessoTrochlear nucleusry oculomotor
(EdingerWestphal) nucleu

s
» (IV)

35 of
ve

Trigeminal
nerve (V)

and ganglion

nucleus

Facial nucleus

* Motor nuclei:

-- Medial column (CN motor nuclei for lll; 1V; VI; and

XIl)

-- Lateral column (CN motor nuclei for V, VII, IX, X,

XI)

* Preganglionic parasympathetic nuclei:

--Edinger-Westphal nucleus (CN Ill)

-- The dorsal (motor) vagal nucleus (CN

X)

-- The superior (CN VII) salivatory nucleus

-- The inferior (CN IX) salivatory nucleus

* Secondary sensory nuclei

-- the main sensory and descending nuclei of CN V,

-- the vestibular nuclei and cochlear nuclei (CN

VI,

-- the nucleus solitarius (CNs VII, IX, and X)

* The superior colliculus and the lateral geniculate
body receive secondary sensory axonal
projections from the optic tract;

» The inferior colliculus receives input from the
cochlear nuclei and other accessory auditory



Cranial nerves: schematic distribution

11l Oculomotor
Motor to medial, inferior, and superior recti,
inferior oblique, and levator palpebrae

Motor fibers i\uperioris' " | Bl V Trigeminal

Sensory fibers “m“o"."c to'clliary muscle v Trqc car Sensory to face, sinuses, teeth, general sensation to anterior 2/3
and pupillary constrictor muscle Superior oblique of oral cavity, tongue

via the ciliary ganglion Y

Motor to muscles of mastication

VI Abducens
Lateral rectus

Nervus intermedius

Autonomic — submaxillary, sublingual, lacrimal glands
via the pterygopalatine and submandibular ganglia
Sensory — taste to anterior 2/3 of tongue, soft palate

4
VII Facial v
Muscles of facial &
expression,
stapedius

VIII Vestibulocochlear

Cochlear ﬁij,‘;gj

Vestibular

IX Glossopharyngeal

Sensory — taste to posterior 1/; of tongue, general
sensation to tonsil, pharynx, middle ear

Motor — stylopharyngeus, pharyngeal musculature
Autonomic — to parotid gland via otic ganglion

NS

X1 : , X Vagus

Motor — to pharynx, larynx

Autonomic — to heart, lungs, bronchi, Gl tract via
intramural ganglia

Sensory — heart, lungs, bronchi, trachea, larynx, pharynx,
Gl tract, external ear

Strap muscles AL ; 23 : 3 ﬁﬂj{{;
Sternocleidomastoid, & b

X1l Hypoglossal

Tongue muscles Accessory

trapezius (upper 2/3)



Cranial nerves
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Olfactory nerve ()




Olfactory nerve ()

Olfactory epithelium -> Olfactory nerve -> Olfactory
bulb -> Olfactory tract->
Olfactory cortex, parahippocampal gyrus; cingulate
gyrus; olfactory trigone




Olfactory nerve (l) disorders

Olfactory disorders are classified into:

QUALITATIVE:
*Parosmia: distortion of olfactory perception.
«Cacosmia: perception of unpleasant odors.

QUANTITATIVE:
*Hyposmia / Anosmia: reduced or absent perception of odors.
*Hyperosmia: increased perception of odors.



Optic nerve (ll)




Optic nerve (ll)

Ciliary body

Section through retina

Retinal Layers Cells

Nerve fiber layer Inner limiting membrane

Choroid

Axons at surface of retina passing via
optic nerve, chiasm, and tract to lateral
geniculate body

Ganglion cell layer

Inner plexiform layer

Ganglion cell
Inner nuclear layer Miiller cell (supporting glial cell)
Bipolar cell

Amacrine cell

Outer plexiform layer
Horizontal cell

Rod

_ Optic nerve Cone

Outer nuclear layer
Pigment cells of choroid

Photoreceptor layer

Pigment epithelium

4 w
= 3 ZJomN ACRAIG—0

Central darker circle
represents macular zone

Overlapping

Lightest shades represent
visual fields

monocular fields

Each quadrant
a different color

Projection on
left retina

Projection on
right retina




Optic nerve (ll)

Section through retina

Retinal Layers Cells
A B e AS —:\
Choroid Nerve fiber layer e e ———— X Inner limiting membrane (Optic nerve)
& ?

Prechiasmatic

Axons at surface of retina passing via
optic nerve, chiasm, and tract to lateral
geniculate body

i 111 §
Ganglion cell layer Chiasm

Postchiasmatic

(Optic tract
Optic radiations

Inner plexiform layer

Ganglion cell

Inner nuclear layer Miiller cell (supporting glial cell)

Occipital cortex)

Bipolar cell Key
. Amacrine cell Uncrossed
Outer plexiform layer Horizontal ell (gemporal)
cod fibers
Outer nuclear layer Cone Crossed
Pigment cells of choroid ————(nasal)
Ciliary body fioers

Photoreceptor layer

Pigment epithelium

- o ‘. {JOHN A.CRA'ﬁ_/AD

Optic pathway
(superior view)



Visual pathway

Central darker circle
represents macular zone

Overlapping

Lightest shades represent
visual fields

monocular fields

Each quadrant
a different color

Projection on

Projection on
left retina

right retina

Projection on left

Projection on right
dorsal lateral

dorsal lateral

: eniculate nucleus Meyer's Meyer's eniculate nucleus :
IpslllateraL 8 oo loop 8 _IP5|Iateral
| fe——— = S
k--»5 }/ 5 «—
i/~ p —\
I y/ \
F--—>3 4N 33—
/12 £ < »2 151 / 1 ; \\
A eSS —- \
[ 4 /\\ — A \
( & 1 \ /l
. Contralateral Contralateral —

Projection on left

L= Projection on right
occipital o occipital
lobe < " lobe

Calcarine / \. ’
fissure ff N - ~—

). Perkins
MS, MFA



Visual pathway

Central darker circle
represents macular zone

Overlapping

Lightest shades represent
visual fields

monocular fields

Each quadrant
a different color

Projection on

Projection on
left retina

right retina

Projection on left
dorsal lateral
geniculate nucleus

Projection on right
dorsal lateral

Ipsilateral geniculate nucleus Ipsilateral
)

: y /6""\*
k--»5
V—~
1

-3
|17

A T—] )
[ //\ S

\
\
. Contralateral

Projection on left
occipital N
lobe "

Calcarine / \. ’
fissure ff N - ~—

Projection on right
occipital
. lobe

J. Perkins
MS, MFA

To visual cortex
From visual cortex

Optic radiation v

Optic tract
Suprachiasmatic

nucleus \

Pulvinar

Pretectum

Brachium of

Optic chiasm superior colliculus
Optic (1) Superior colliculus
nerve

Accessory optic
- tract
Lateral geniculate body

(dorsal and ventral lateral Brachium

geniculate nuclei) of ir)ferior
Nucleus of transpeduncular tract colliculus
Cerebral peduncle” < ‘ Inferior

colliculus
Transpeduncular tract

Nucleus of
accessory
optic tract

Nucleus reticularis tegmenti pontis
Pons

To thalamus Superior

: erior
colliculus Superio

cerebellar
peduncle

Middle
cerebellar
peduncle

Mesencephalic
reticular formation

Oculomotor nucleus .
Inferior

cerebellar
peduncle

Medial pontine {

reticular formation” : .
\ Inferior olive

Pons+
N

Reticular formation

Medulla




Visual pathway

Central darker circle
represents macular zone

Overlapping

Lightest shades represent
visual fields

monocular fields

Each quadrant
a different color

Projection on

Projection on
left retina

right retina

Projection on left

Projection on right
dorsal lateral

dorsal lateral

: eniculate nucleus Meyer's Meyer's eniculate nucleus :
IpslllateraL 8 oo loop 8 _IP5|Iateral
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Isual system lesions

Visual fields

Visual system lesions Q ‘

Ipsilateral optic nerve
lesion

(D

Chiasm lesion
(bitemporal hemianopia)

¢

Optic tract lesion
(left homonymous hemianopia)

loop Optic |00p
N \ \ /

Ugets s> Meyer s loop (partial)
(superior quadrantanopia)

LAY

Optic radiations (partial)
(inferior quadrantanopia)

e C

Gl Optlc radiations (complete)
(left homonymous hemianopia)

OO

Overlapping
visual fields

1 Unllateral vision loss: lesion of optic nerve OCC_'P"a| Io_b'j‘ lesion

2. Congruous visual field loss of both eyes: sparing occipital pole
posterior to optic chiasm (macular sparing .

3. Incongruous visual field loss of both eyes: homonymous hemlanopla JOHNA. CRAH_/AD
lesion at or near optic chiasm



Extraocular Nerves (lll, IV, and VI)

( Levator palpebrae

superioris muscle , .
P Superior oblique muscle{TrochIear (IV) nerve

Superior rectus muscle

Oculomotor (I1I) nerve <

Medial rectus muscle Lateral rectus muscle { Abducens (VI) nerve

Inferior rectus muscle —

\ Inferior oblique muscle



Extraocular Nerves (lll, 1V, and VI

Supratrochlear nerve Medial branch Superior View

istaral Branch }of supraorbital nerve

Medial rectus muscle
Levator palpebrae superioris muscle
Superior oblique muscle
Superior rectus muscle
Nasociliary nerve

Eyeball

Lacrimal gland

Cribriform plate of ethmoid bone

Supraorbital nerve

Common annular tendon Lacrimal nerve

Optic (Il) nerve Lateral rectus muscle

Optic chiasm Frontal nerve

Ophthalmic nerve

Pituitary stalk (infundibulum) Maxillary nerve

Oculomotor (Ill) nerve

Mandibular nerve
Trochlear (IV) nerve

Abducens (VI) nerve

Tentorial (meningeal) branch

; Lesser petrosal nerve
of ophthalmic nerve

Greater petrosal nerve % I\TJ&“}:
.8/

Trigeminal ganglion

Tentorium cerebelli

Meningeal branch of maxillary nerve

Meningeal branch (nervus spinosus) of mandibular nerve

A. Superior view with extraocular muscles partially cut away

Supratrochlear nerve (cut)
Medial and lateral

branches of
supraorbital nerve (cut)

Infratrochlear nerve

Anterior ethmoidal nerve

Long ciliary nerves

Optic () nerve

Posterior ethmoidal nerve
Nasociliary nerve

Ophthalmic nerve

Trochlear (V) nerve (cut)
Oculomotor (Ill) nerve

Abducens (VI) nerve

Levator palpebrae superioris muscle (cut)

Superior rectus muscle (cut)
Lacrimal nerve (cut)
Short ciliary nerves

Branch of oculomotor nerve to inferior oblique muscle
Ciliary ganglion

Motor (parasympathetic) root from oculomotor nerve
Sympathetic root from internal carotid plexus

Sensory root from nasociliary nerve

Branches to medial and inferior rectus muscles
Abducens (VI) nerve (to lateral rectus muscle)

Inferior division of oculomotor nerve

Superior division of oculomotor nerve



Extraocular Nerves (lll, 1V, and VI

Short ciliary nerves
Long ciliary nerve
Optic (Il) nerve
Superior oblique muscle Ciliary ganglion

Edinger-Westphal nucleus
(autonomic) Oculomotor (I1l) nerve

Oculomotor nucleus

Sensory root of ciliary ganglion
Sympathetic root of ciliary ganglion
Superior division of oculomotor nerve

Superior rectus muscle Trochlear nucleus

Abducens nucleus

Levator
palpebrae Frontal nerve ) - —_—
superioris Lacrimal nerve Superior and inferior colliculi
muscle Nasociliary nerve

Ophthalmic nerve
Superior
tarsal muscle

(involuntary)

Sphincter
pupillae
muscle

Dilator
pupillae
muscle

Abducens (VI) nerve
Trochlear (IV) nerve

Ciliary muscle
Oculomotor (1l1) nerve

Pterygopalatine ganglion

Inferior division of
oculomotor nerve

Inferior oblique muscle Internal carotid artery and plexus

: Medial rectus muscle Mandibular nerve
Infraorbital nerve Maxill
Inferior rectus muscle axillary nerve
Zygomatic nerve . . ) Lateral rectus muscle and abducens nerve
Motor (parasympathetic) root of ciliary ganglion (turned back)

Cavernous plexus

Common annular tendon P



Oculomotor nerve (Il

Short ciliary nerves 4 —
Long ciliary nerve E mger—Westp al nucleus
& y (autonomic) Oculomotor (Ill) nerve

Optic (Il) nerve
; : " 1 Oculomotor nucleus
Superior oblique muscle Ciliary ganglion \

Sensory root of ciliary ganglion
Sympathetic root of ciliary ganglion
Superior division of oculomotor nerve

Superior rectus muscle Trochlear nucleus

Abducens nucleus

Levator
palpebrae Frontal nerve ) - —_—
superioris Lacrimal nerve Superior and inferior colliculi
muscle Nasociliary nerve

Ophthalmic nerve
Superior
tarsal muscle

(involuntary)

Sphincter
pupillae
muscle

Dilator
pupillae
muscle

Abducens (VI) nerve

Trochlear (IV) nerve

Ciliary muscle Pterygopalatine ganglion

|' Oculomotor (111) nerve

Inferior division of

Inferior oblique muscle oculomotor nerve

Internal carotid artery and plexus

: Medial rectus muscle Mandibular nerve
Infraorbital nerve Maxill
Inferior rectus muscle axillary nerve
Zygomatic nerve . . ) Lateral rectus muscle and abducens nerve
Motor (parasympathetic) root of ciliary ganglion (turned back)

Cavernous plexus

Common annular tendon P



Oculomotor nerve (lll) disorders

External strabismus (exotropia)

Mydriasis

Eyelid ptosis

Limitation of upward gaze, elevation, depression, and adduction of the eye
(diplopia)

Pupillary paralysis

Cowr

m




Trochlear nerve (IV

Short ciliary nerves )
Long ciliary nerve Edinger-Westphal nucleus

y (autonomic) Oculomotor (11l) nerve
Optic (Il) nerve
Oculomotor nucleus

Superior oblique muscle Ciliary ganglion \
St s Sensory root of ciliary ganglion
Sympathetic root of ciliary ganglion \ '{rochlear nucleus
Superior division of oculomotor nerve Abducens nucleus
Levator :
palpebrae tontal nerve ; d inferi liculi
o loils T — Superior and inferior colliculi
muscle Nasociliary nerve
Ophthalmic nerve
Superior
tarsal muscle

(involuntary)

Sphincter
pupillae
muscle

Dilator

pupillae
muscle

Abducens (VI) nerve

: A}
Pterygopalatine ganglion }\ Ticiehlcar AV} ek ie

Ciliary muscle

* Oculomotor (11l) nerve

Inferior division of .
Internal carotid artery and plexus

Inferior oblique muscle oculomotor nerve

: Medial rectus muscle Mandibular nerve
Infraorbital nerve Maxill
Inferior rectus muscle axillary nerve
Zygomatic nerve . . ) Lateral rectus muscle and abducens nerve
Motor (parasympathetic) root of ciliary ganglion (turned back)

Cavernous plexus

Common annular tendon P



Trochlear nerve (V) disorder

A. Vertical diplopia A




Abd

ucens nerve (Vl)

Short ciliary nerves

Long ciliary nerve
Optic (Il) nerve

Superior oblique muscle

Superior rectus muscle

Levator
palpebrae
superioris
muscle

Superior
tarsal muscle
(involuntary)

Sphincter
pupillae
muscle

Dilator

pupillae
muscle

Ciliary muscle
Inferior oblique muscle

Infraorbital nerve

Zygomatic nerve

Edinger-Westphal nucleus

(autonomic)
Sensory root of ciliary ganglion

Sympathetic root of ciliary ganglion \ \ '!'rochlear nucleus

Oculomotor (I1l) nerve

o : Oculomotor nucleus
Ciliary ganglion

Superior division of oculomotor nerve \ \\ Abdiicens niticlaiis
\

Frontal nerve
P —— Superior and inferior colliculi

Nasociliary nerve
Ophthalmic nerve

Nie

-

| \  Abducens (VI) nerve

Mrochlear (IV) nerve
Oculomotor (Ill) nerve
Internal carotid artery and plexus

Pterygopalatine ganglion

Inferior division of
oculomotor nerve

Medial rectus muscle Mandibular nerve

Inferior rectus muscle Maxillary nerve

Lateral rectus muscle and abducens nerve

Motor (parasympathetic) root of ciliary ganglion (turned back)

Cavernous plexus

Common annular tendon



Abducens nerve (VI) disorder

A. Limitation of abduction of the eye
(horizontal diplopia)




Trigeminal nerve (V)

\ Ophthalmic

nerve
Ethmoid

nerve
(nose)

nerves
(cornea)

Infe\rior alveolar
nerve (teeth)

Mixed nerve:

- Motor component (masticatory
muscles)

- Sensory component (facial skin,
conjunctiva, buccal and nasal
mucosa)



Trigeminal nerve (V

Motor fibers
Sensory fibers Ophthalmic nerve Trigeminal (V) nerve and
..... Proprioceptive fibers Tentorial (meningeal) branch trigeminal (semilunar) ganglion
""" Parasympathetic fibers Nasociliary nerve Motor nucleus of trigeminal nerve
----- Sympathetic fers Sensory root of ciliary ganglion Mesencephalic nucleus of trigeminal nerve
Lacrimal nerve (proprioception)
Frontal nerve Principal sensory nucleus of
Ciliary ganglion trigeminal nerve (discriminatory sensation)
Posterior ethmoidal nerve - o—ou Spinal tract and spinal
Long ciliary nerve N nucleus of trigeminal nerve
7 2 » ain and temperature
Short ciliary nerves \'\\ P perature)
Supratrochlear nerve y N
Supraorbital nerve (medial / \
and lateral branches) PP% \ ]
Anterior ethmoidal nerve |
Infratrochlear nerve f 1L
External nasal and internal nasal > B
(medial and lateral rami) branches N A
of anterior ethmoidal nerve W \ i (
Maxillary nerve - . A \
Meningeal branch ) 7 ——l

Zygomaticotemporal nerve "
Zygomaticofacial nerve - RS )
Zygomatic nerve 4 s 7 / :
Infraorbital nerve | f( g
Ganglionic branches and ~—/ A 4 2
pterygopalatine ganglion y> A
Superior alveolar branches > // i} y
(anterior, middle, posterior) ,/ Y \ / J,-‘ |
of infraorbital nerve v, %82 oy |
Nasal branches (postero- o /i
superior lateral, nasopalatine ()
and posterosuperior medial) . o A 1
Nerve of pterygoid canal J B L
Pharyngeal branch \ T4
Palatine nerves; major - ’
(anterior), minor / = o o
(middle and posterior) .
Deep temporal nerves (anterior,
middle, and posterior) to
temporalis muscle
Lateral pterygoid and
masseteric nerves
Buccal nerve
Mental nerve

Tensor veli palatini and
medial pterygoid nerves

Inferior dental plexus (inferior
dental and gingival nerves)

Lingual nerve Submandibular
ganglion

Facial (VII) nerve

Chorda tympani

Superficial temporal
branches

Articular and
auricular branches

Auriculotemporal nerve
Parotid branches
Meningeal (nervus spinosus) branch

Lesser petrosal nerve
(from glossopharyngeal nerve)

Tensor tympani nerve
Otic ganglion
Inferior alveolar nerve

Mylohyoid nerve (to mylohyoid and
anterior belly of digastric muscles) 4 [\T

Mandibular nerve

V1. ophthalmic—sensory innervation;

V2: maxillary—sensory innervation;

V3: mandibular—sensory innervation and
motor innervation of the masticatory
muscles and tensor tympani muscles.



Trigeminal nerve (V)

A. Peripheral distribution
B. Central distribution

+ - --Maxillary division
Third cervical segment --

==+ Mandibular division



Trigeminal nerve (V

Motor fibers
Sensory fibers Ophthalmic nerve Trigeminal (V) nerve and
..... Proprioceptive fibers Tentorial (meningeal) branch trigeminal (semilunar) ganglion
""" Parasympathetic fibers Nasociliary nerve Motor nucleus of trigeminal nerve
----- Sympathetic fers Sensory root of ciliary ganglion Mesencephalic nucleus of trigeminal nerve
Lacrimal nerve (proprioception)
Frontal nerve Principal sensory nucleus of
Ciliary ganglion trigeminal nerve (discriminatory sensation)
Posterior ethmoidal nerve - o—ou Spinal tract and spinal
Long ciliary nerve N nucleus of trigeminal nerve
7 2 » ain and temperature
Short ciliary nerves \'\\ P perature)
Supratrochlear nerve y N
Supraorbital nerve (medial / \
and lateral branches) PP% \ ]
Anterior ethmoidal nerve |
Infratrochlear nerve f 1L
External nasal and internal nasal > B
(medial and lateral rami) branches N A
of anterior ethmoidal nerve W \ i (
Maxillary nerve - . A \
Meningeal branch ) 7 ——l

Zygomaticotemporal nerve "
Zygomaticofacial nerve - RS )
Zygomatic nerve 4 s 7 / :
Infraorbital nerve | f( g
Ganglionic branches and ~—/ A 4 2
pterygopalatine ganglion y> A
Superior alveolar branches > // i} y
(anterior, middle, posterior) ,/ Y \ / J,-‘ |
of infraorbital nerve v, %82 oy |
Nasal branches (postero- o /i
superior lateral, nasopalatine ()
and posterosuperior medial) . o A 1
Nerve of pterygoid canal J B L
Pharyngeal branch \ T4
Palatine nerves; major - ’
(anterior), minor / = o o
(middle and posterior) .
Deep temporal nerves (anterior,
middle, and posterior) to
temporalis muscle
Lateral pterygoid and
masseteric nerves
Buccal nerve
Mental nerve

Tensor veli palatini and
medial pterygoid nerves

Inferior dental plexus (inferior
dental and gingival nerves)

Lingual nerve Submandibular
ganglion

Facial (VII) nerve

Chorda tympani

Superficial temporal
branches

Articular and
auricular branches

Auriculotemporal nerve
Parotid branches
Meningeal (nervus spinosus) branch

Lesser petrosal nerve
(from glossopharyngeal nerve)

Tensor tympani nerve
Otic ganglion
Inferior alveolar nerve

Mylohyoid nerve (to mylohyoid and
anterior belly of digastric muscles) 4 [\T

Mandibular nerve

V1. ophthalmic—sensory innervation;

V2: maxillary—sensory innervation;

V3: mandibular—sensory innervation and
motor innervation of the masticatory
muscles and tensor tympani muscles.



Trigeminal nerve (V) disorder

Trigeminal disorders are classified into:

- Hypofunction:

loss of facial sensation or weakness in chewing
- Hyperfunction:

severe facial pain (i.e. trigeminal neuralgia)



Facial nerve (VII

Motor fibers Greater petrosal nerve Carotid plexus (on internal carotid artery)
Sensory fibers Deep petrosal nerve Geniculate ganglion
----------- Parasympathetic fibers Facial (VII) nerve
B Lesser petrosal nerve
----- Sympathetic fibers

Nerve of pterygoid canal
Otic ganglion
Pterygopalatine ganglion

Facial muscles

Occipitofrontalis muscle (frontal belly)

Orbicularis oculi muscle
7
Corrugator supercilii muscle / 7
Zygomaticus major muscle N/

Zygomaticus minor muscle

Depressor supercilii muscle / \L

Procerus muscle $

Levator labii superioris muscle ; 3

Levator labii superioris 4 &N

Motor root of facial nerve
Internal acoustic meatus
Nervus intermedius (of facial nerve)
Motor nucleus of facial nerve

Superior salivatory nucleus

- Nucleus of the solitary tract

< \ &
alaeque nasi muscle 5/ \

Levator anguli oris muscle DYt BNz
Nasalis muscle N

Depressor septi muscle

Orbicularis oris muscle £ y

Depressor labii inferioris muscle

Mentalis muscle 7,

Transversus menti muscle

Risorius muscle R\ \

Buccinator muscle JA\

Sublingual gland
Platysma

Submandibular gland
Submandibular ganglion

Lingual nerve

Chorda tympani

-
)
f~

N = @
78\ /
7| & Z
/ Occipitofrontalis muscle
A (occipital belly)
" 3
3 g
4 Occipital branch of
/) i\ § posterior auricular nerve

Branches to auricular muscles

Posterior auricular nerve
Nerve to stapedius muscle
Stylomastoid foramen
Tympanic plexus
Tympanic nerve
Glossopharyngeal (IX) nerve

Posterior belly of digastric muscle

Stylohyoid muscle

4

Caroticotympanic nerve

Motor component, for facial expression
Sensory component, for taste from
anterior two-thirds of the tongue
Parasympathetic component, for lacrimal
and salivary glands



Motor fibers Greater petrosal nerve Carotid plexus (on internal carotid artery)
Sensory fibers Deep petrosal nerve Geniculate ganglion

Parasympa-thetlc fibers Lesserpetivaa) Agve Facial (VII) nerve 4

Sympathetic fibers . Motor root of facial nerve

Nerve of pterygoid canal ,
Internal acoustic meatus
Otic ganglion
Pterygopalatine ganglion

Facial muscles

Nervus intermedius (of facial nerve)

Occipitofrontalis muscle (frontal belly)

Orbicularis oculi muscle

,/’ 2
Corrugator supercilii muscle Wi
Zygomaticus major muscle ; /’// 7 1
Zygomaticus minor muscle ). /,//

Depressor supercilii muscle

—-'

o

- 3

Procerus muscle AN o
o

g

Levator labii superioris muscle 2

Levator labii superioris

Motor nucleus of facial nerve

Superior salivatory nucleus

Nucleus of the solitary tract

™

y \2
4 iy \ °c§.
alaeque nasi muscle ; N ~\ Y2
% % K% N

Levator anguli oris muscle = : ‘

Nasalis muscle ) —~ L

LIl .

) iC bra,
Depressor septi muscle =, r

cal

Orbicularis oris muscle - / V
' AP | A
Depressor labii inferioris muscle 3 P ; £ ,/
gl - £ Y
AN y ‘ /
4\ DR\ S /
Mentalis muscle T/ >
Transversus menti muscle

Risorius muscle A |
W

Buccinator muscle N

Sublingual gland y
Platysma
Submandibular gland
Submandibular ganglion
Lingual nerve

M
Chorda tympani Caroticotympanic nerve 3

Z i
'\ A
/'/ L )
b Occipitofrontalis muscle
(occipital belly)
>
> Occipital branch of
W 4 posterior auricular nerve
Branches to auricular muscles
Posterior auricular nerve
Nerve to stapedius muscle
Stylomastoid foramen
Tympanic plexus
Tympanic nerve
Glossopharyngeal (IX) nerve
Posterior belly of digastric muscle
Stylohyoid muscle

o7

Parotid gland

Posterior auricular nerve

Main trunk of facial nerve emerging
from stylomastoid foramen

Nerve to posterior belly of digastric
muscle and to stylohyoid muscle

Temporal branches

Zygomatic branches

Parotid duct

Buccal branches



Facial nerve (VIl) disorders




Vestibulocochlear nerve (VIll)

Greater petrosal nerve

Spiea gatiglion of dochies Geniculate ganglion of facial nerve

Cochlear part of vestibulocochlear nerve

Facial canal

Motor root of facial nerve
and nervus intermedius

Head of malleus

Tympanic cavity

Vestibulocochlear (VIII) nerve Incus

Medulla oblongata Chorda tympani

Ampulla of superior
semicircular duct

Ampulla of lateral
semicircular duct

Utricle

Ampulla of posterior
semicircular duct

Saccule

. Internal acoustic meatus Superior division| ot vestibular part of

vestibulocochlear nerve

Medial Inferior division
. . J Inferior . .
Vestibular nuclei . Ventral Vestibular ganglion
Superior Cochlear nuclei
Dorsal

Lateral Vestibular part of vestibulocochlear nerve

Inferior cerebellar peduncle (to cerebellum) % Tc;{;dg
/



Auditory pathways

1. Ipsilateral auditory (cochlear) nerve: traverses the subarachnoid
space together with the vestibular nerve and close to facial nerve,
and it enters the brainstem at the pontomedullary junction. Its
neuronal bodies are in the spiral ganglion.

Ipsilateral cochlear nucleus

Superior olivary complex (the majority of fibers decussate to the
contralateral superior olivary complex)

Contralateral and ipsilateral lateral lemniscus nuclei
Contralateral and ipsilateral inferior colliculus

Contralateral and ipsilateral medial geniculate nuclei
Contralateral and ipsilateral transverse temporal gyrus (auditory
region)

w N

N o o bk

Some neurons ascend directly from the cochlear nucleus to the
contralateral medial geniculate body.




Vestibulocochlear nerve (VIIl) disorders

Disorders of the vestibulocochlear nerve can be divided into:

1) Hearing alterations
*Hearing loss (hypoacusis):
« Conductive hearing loss
« Sensorineural hearing loss
» Neural (retrocochlear) hearing loss
*Hyperacusis / increased auditory phenomena:
* Auditory hallucinations
« Tinnitus (ringing in the ears), etc.

2) Vestibular component alterations

*Vertigo: a true vertigo consists of an illusion of movement of one’s body or head in space (subjective
vertigo), or of movement of the surrounding environment relative to the body (objective vertigo)
*Nystagmus: involuntary, rhythmic, conjugate eye movements consisting of a slow phase (deviation of the
eyeball away from the central position) and a fast phase (return of the eyeball to the primary gaze
position). By convention, nystagmus is named according to the direction of the fast phase.



Glossopharyngeal nerve (1X)

—— Sensory fibers Tympanic nerve
Tympanic cavity and plexus
Stylomastoid foramen
Caroticotympanic nerve
Greater petrosal nerve
Deep petrosal nerve
Lesser petrosal nerve

Nerve of pterygoid canal
Pterygopalatine ganglion J \.( E

Mandibular nerve L S
ot - \44_1(\
tic ganglion g

. =
Auriculotemporal nerve g

Geniculate ganglion of facial nerve
—— Motor fibers

....... Parasympathetic
bers

Inferior salivatory nucleus

Solitary tract nucleus

Spinal tract and descending (spinal)
nucleus of trigeminal (V) nerve

Parotid gland

Tubal branch of tympanic plexus Nucleus ambiguus

Auditory (eustachian) tube

! h 1 (IX
and pharyngeal opening e AN

Jugular foramen

Stylopharyngeus muscle and nerve - .
fylophanyng Communication to auricular branch of vagus nerve

Pharyngeal plexus

p - - —
! ) (e o
' B
oy By
/4

Superior and inferior ganglia of glossopharyngeal nerve

Communication to facial nerve
Superior cervical sympathetic ganglion

Vagus (X) nerve

Pharyngeal branch of vagus nerve

tract nucleus; Sympathetic trunk
~general sensation to 4
descending (spinal)®”
leus of trigeminal V) 4
e (g eive

)

Carotid sinus branch of glossopharyngeal nerve

Internal carotid artery

Carotid body

Carotid sinus
i
;{e pf e

Pharyngeal, tonsillar, and lingual Common carotid artery

. Perkins
branches of glossopharyngeal nerve J. Perkins



Glossopharyngeal nerve (1X) disorder

Disorders of the glossopharyngeal nerve:

 Difficulty in swallowing
« Hemi-anesthesia of the posterior one-third of the tongue, pharynx, and palate
« Ageusia (loss of taste) of the posterior one-third of the tongue (in lesions of the nerve trunk)

« Absence of the pharyngeal reflex

[1 Curtain sign: the patient is asked to produce the vowel sound “a”; the pharyngeal constrictor moves
toward the healthy side



Vagus nerve (X)

Vagus (X) Nerve

Glossopharyngeal (IX) nerve Dorsal (motor)
nucleus of CN X
Meningeal branch of vagus nerve
Solitary tract nucleus
Auricular branch of vagus nerve
Spinal tract and spinal
nucleus of trigeminal
nerve

Auditory (eustachian) tube
Levator veli palatini muscle

Salpingopharyngeus muscle Nucleus ambiguus

(voluntary motor)

Palatoglossus

v; Cranial root
Palatopharyngeus of accessory nerve

Superior constrictor Vagus (X) nerve

muscle of pharynx
Jugular foramen

Stylopharyngeus muscle Superior ganglion of vagus nerve

Middle constrictor muscle of pharynx Inferior ganglion of vagus nerve
Pharyngeal branch of vagus nerve (motor to muscles

Inferior constrictor muscle of pharynx of pharynx and palate; sensory to lower pharynx)

Vagal branch to carotid sinus branch

Cricothyroid muscle of glossopharyngeal nerve

Trachea

Esophagus Pharyngeal plexus
5 Internal branch (sensory)
Right recurrent External branch (motor to cricothyroid muscle)

laryngeal nerve

Motor fibers Superior laryngeal nerve
— Afferent fibers Superior cervical cardiac branch of vagus nerve
------ Parasympathetic fibers

Inferior cervical cardiac branch of vagus nerve

Thoracic cardiac branch of vagus nerve
Heart

Left recurrent laryngeal nerve (motor to muscles
of larynx except cricothyroid; parasympathetic,
motor, and sensory to upper esophagus and trachea)

Hepatic branch of anterior
vagal trunk (in lesser omentum)

Celiac branches (from anterior
and posterior vagal trunks
to celiac plexus) Pulmonary plexus

Cardiac plexus

Pyloric branch

from hepatic plexus Esophageal plexus

Anterior vagal trunk

" Gastric branches of anterior vagal trunk
Liver

Vagal branches (parasympathetic
motor, secretomotor and sensory
fibers) accompany superior
mesenteric artery and its branches
to small intestine, cecum, appendix,
and colon, often as far as left colic

- \ (splenic) flexure yﬁ;f"
. /s,
| 2%

Gallbladder and bile ducts
Pancreas

Duodenum

Ascending colon

Cecum

Small intestine
Appendix



Vagus nerve (X) disorders

Disorders of the vagus nerve :

[0 If bilateral, incompatible with life.

(1 If unilateral:
*Pharyngo-laryngo-palatal hemiplegia
*Dysphagia

*Dysphonia

*Dysarthria

*Absence of the pharyngeal reflex
Alterations in autonomic function



Accessory nerve (XI)

Nucleus ambiguus

Vagus (X) nerve

Spinal root of
accessory nerve

Foramen magnum

Cranial root of accessory nerve
(joins vagus nerve to supply
muscles of larynx — except
cricothyroid — via recurrent
laryngeal nerve)

Motor fibers

Proprioceptive fibers % [Jﬂig);

Jugular foramen

Superior ganglion of vagus nerve
Accessory (XI) nerve

Internal branch of accessory nerve
Inferior ganglion of vagus nerve
1st spinal nerve (C1)

2nd spinal nerve (C2)

External branch of accessory nerve
(to sternocleidomastoid and trapezius muscles)

Sternocleidomastoid muscle

3rd spinal nerve (C3)

4th spinal nerve (C4)

Trapezius muscle



Accessory nerve (XI) disorders

Lesions cause:
*Difficulty turning the head
*Shoulder droop”



Hypoglossal nerve (XII)

Styloglossus muscle ~ Meningeal branch Hypoglossal nucleus

Intrinsic musculature of tongue

A
r N .
Inferior Transverse  Superior ;3
longitudinal and vertical  longitudinal

Hypoglossal (XII) nerve
(in hypoglossal canal)

Occipital condyle
Inferior ganglion of vagus nerve

Ventral rami of C1, C2, and C3
forming cervical plexus

Superior cervical sympathetic
trunk ganglion

Superior root (descendens
hypoglossi) of ansa cervicalis

Genioglossus muscle Internal carotid artery

Geniohyoid muscle

Inferior root (descendens

Hyoglossus muscle hypoglossi) of ansa cervicalis

Thyrohyoid muscle
Ansa cervicalis (ansa hypoglossi)

Omohyoid muscle (superior belly)
Internal jugular vein

Sternothyroid muscle

3/ Sternohyoid muscle

Omohyoid muscle (inferior belly)



Hypoglossal nerve (XIl) disorders

Hypoglossal Nerve (CN-XT1)

A lesion causes:

« Tongue deviation toward the side of
the lesion

« Dysarthria

« Difficulty in swallowing







Sensory organs

= organs consisting of groups of interrelated sensory cells that detect and transduce a specific type of
physical stimulus.

Senses:
“Classical 5” Other perception abilities - non-human
ight - Electrical and magnetic fields
Hearin perception
mell - Air moisture perception
Taste - Polarized light perception



Sight

Eye structure

posterior
segment

anterior
segment

vitreous
body

<

aqueus
humor

-

Optic nerve

Optic papilla or optic disk
(blind spot)

Choroid
Retina

\oculomotor muscles

insertion points

. Lens Cilary body
posterior
chamber Iris
anterior
chamber




Retinal structure

Light

Ganglion cell —

Amacrine cell

To optic nerve ———

4

L

Bipolar cell —

Horizontal cell —

Rod
Cone —

—
=

—

p—

-

p—

J

|\

— Inner plexiform layer §

L Outer plexiform layer 4

- Nerve fiber layer 8

- Ganglion cell layer 7/

- Inner nuclear layer 5

- Outer nuclear layer 3

- Photoreceptor 2
outer segment

direction of

_Pigment epithelium

Bruch's membrane

- Choroid

8 layers

)

information



Retinal structure

Photoceptors:
Rods:

- scotopic vision (dim light)
- retinal sensitivity
- 1 type of rodopsin

Cones:

- photopic vision (bright light)

- visual acuity and color vision

- 3types of photopsins (blue,
green, red)

Ganglion cell —

Amacrine cell
Bipolar cell —

Horizontal cell —

-

Light

To optic nerve ———

[

L

Rod

Cone —

—
=

—

p—

-

p—

J

|\

- Nerve fiber layer 8

- Ganglion cell layer 7/

— Inner plexiform layer §

- Inner nuclear layer 5

L Outer plexiform layer 4

- Outer nuclear layer 3

- Photoreceptor 2
outer segment

_Pigment epithelium

Bruch's membrane

- Choroid




ROD CELL

LIGHT

SODIUM IONS

G a8 MM

RHODOPSIN \
TRANSDUCIN  ARRESTIN  PHOSPHODIESTERASE CGMP
S GLUTAMATE (BROKEN DOWN CoMP)
lack of glutamate tonic rhodopsin = opsin (G protein coupled receptor) + when light is absorbed, a double

release = light detection retinal (vitamin A derived ch romophU bond changes conformation



Retinal structure

First level of sensory integration = edge
detection:

- ON-center retinal ganglion
cells fire when a receptor
detects light while being
surrounded by receptors
detecting dark

- OFF-center retinal ganglion
cells work the opposite way

Light

Ganglion cell —

Amacrine cell

To optic nerve ———

[

L

Bipolar cell —

Horizontal cell —

Rod
Cone —

—
=

—

p—

-

p—

J

|\

- Nerve fiber layer 8

- Ganglion cell layer 7/

— Inner plexiform layer §

- Inner nuclear layer 5

L Outer plexiform layer 4

- Outer nuclear layer 3

- Photoreceptor 2
outer segment

_Pigment epithelium

Bruch's membrane

- Choroid




Visual pathways

1. Retina

Optic nerve (2nd pair of
cranial nerves)

Optic chiasm

Lateral geniculate nucleus
Optic radiations

Visual area in the occipital
cortex

7. Supplementary visual areas

N

oo bk o

bold =where synapses occur

right eye
temporal + nasalretina

chiasm

optic
radiations

Lateral
geniculate
nucleus

right
hemisphere

left
hemisphere

visual area - occipital cortex

nasal + temporalretina



Superior brachinm Loteral genteulale body
' Medial geniculate body

Inferior brachivm |
Plvinay
Pineal body

Qptide Lroet

Superior colticuli:
QP ]

Inferior collivuli

Frenulum veli
Troehlenr nerve

Lateral lemniscus
Superior peduncle
Middle pedu : Trigeminal nerve
Jthomboid fosse
Acowstie nerve
Faeial nerve

Aecesgory nerve

Lateral geniculate nucleus (LGN) (/body /complex): even
structure in the ventral thalamus. 6 layers of neurons
alternating with optic fibers. Receives from the optic tract,
the reticular activating system, and the primary visual
cortex (feedback). Projects to thalamus and to the superior
colliculus.

Quadrigeminal plate (/tectal plate): located dorsally in the


https://en.wikipedia.org/wiki/Thalamus

Sugperior brachivm _ Lateral geniculate body

Inferior brachivm " .H edial genteulate body

Pulvinar
Pineal body

Qptide Lroet

Superior collioull "'
QP |

Inferior collivuli

Frewulum veli
Troclklemr nerve
FLateral lemniscus
Superior peduncle
Middle pedunde— - Trigeminal nerve
Ithemboid Jyossx

Aporustie nerpe
Jpeial nerpe

Aecezzory nerve

Lateral geniculate nucleus (LGN) (/body /complex): even
structure in the ventral thalamus. 6 layers of neurons
alternating with optic fibers. Receives from the optic tract,
the reticular activating system, and the primary visual
cortex (feedback). Projects to thalamus and to the superior
colliculus.

Quadrigeminal plate (/tectal plate): located dorsally in the
midbrain. General function = mapping body-centered space
and directing behavioral responses.


https://en.wikipedia.org/wiki/Thalamus

Superior brachinm Laoteral g.fm‘mmie badar
' Medial geniculate body

Inferior brachivm |
Plvinay
Pineal body

Qptide Lroet

Superior colticuli:
QP ]

Inferior collivuli

Frewulum veli
Troclklemr nerve
FLateral lemniscus
Superior peduncle
Middle pedunde— - Trigeminal nerve
Ithemboid Jyossx

Aporustie nerpe
Jpeial nerpe

Aecesgory nerve

Lateral geniculate nucleus (LGN) (/body /complex): even
structure in the ventral thalamus. 6 layers of neurons
alternating with optic fibers. Receives from the optic tract,
the reticular activating system, and the primary visual
cortex (feedback). Projects to thalamus and to the superior
colliculus.

Quadrigeminal plate (/tectal plate): located dorsally in the
midbrain. General function = mapping body-centered space
and directing behavioral responses.

Supertior colliculi: superficial layers receive direct retinal
input. Deeper layers respond to multiple sensory modalities
and is involved in saccadic eye movements, head turns,
arm-reaching movement, attention shifting, pupillary reflex.
Maintains topographic maps of space in retinotopic
coordinates. Dysfunction are associated with
parkinsonisms and autism spectrum conditions.


https://en.wikipedia.org/wiki/Thalamus
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Action potentials
from right eye reach
both right and left
pretectal nuclei.

Pupillary reflex Pretectal
nucleus

Oculomotor
nerves (lll)

Ciliary
ganglia
The pretectal

nuclei stimulate
both sides of the
Eddinger—Westphal
nucleus even
though the light was

perceived only in

(4) The right and left sides the fighteye.
of the Eddinger—Westphal

nuclei generate action
potentials through the

right and left oculomotor
nerves, causing both pupils
to constrict.

@ Light is shined on
right eye only.




Defects in visual pathways

field of view (both eyes)



left eye field of view right eye field of view

right eye

nasal x/-/tempora[

retina retina




left eye right eye



Right eye blindness
or right optic nerve deficit
‘ X)) right eye : E
‘ /_ nasal + temporal retina
\/I/ optic
chiasm
optic
tract
r v, GN

left eye
temporal + nasalretina

optic

radiations lateral

genlculate

nucleus)
left right
hemisphere A ¥ 4 hemisphere

visual area - occipital cortex
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akv.’
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right eye




left eye
temporal + nasalretina

right eye Bitemporal (heteronymous)
nasal + temporal retina hemianopia

RS - -
~

optic
chiasm

optic
radiations (lateral
geniculate
nucleus)
left right
hemisphere A ¥ 4 hemisphere
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Visual areas - occipital cortex

Primary visual cortex or striate cortex, from the incoming myelinated tract
(Brodmann area 17): arranged in alternating columns, each contiguous with the
onereceiving input from the contralateral eye > modules in hierarchical
connection = visual information are progressively transformed into a range of
elementary properties: contour, direction of motion, size, orientation.

Bilateral cortical damage > Anton syndrome.

7 //’ ]/1
o \/ - - 7
7 7 7
49‘ 7 7 7 /
7 574 A /
|
4 I’ ’ /
Right Lett Right Left ; ;/"
\ ] ‘ 4 Orientation columns

Ocular dominance columns



Visual areas - occipital cortex

Visual association cortex (/peristriate /extrastriate cortex) (Brodmann
areas 18 and 19):

Receives mainly from area 17, plus some direct thalamic projections.

Function = feature extraction (geometric shapes, color, stereopsis, facial
recognition, other complex representations).

Most functionally advanced visual association modules, operating in
parallel:

- Where pathway
- What pathway




Visual areas - occipital cortex

Premotor

‘Where?’ pathway: cortex

Frontal
Posterior eye field

parietal lobe

- Dorsal.

- Responsive to movement and involved in spatial sense.

- Projects to posterior parietal cortex (area 7) 2 increases
firing rate in frontal eye field and premotor cortex, enabling
covert attention (movementis not directly produced, but it
will be more precise and ready).

- When items of special interest appear in the field of view,
information is also sent to the dorsolateral prefrontal cortex
(DLPFC), a decision-making area for approach vs withdrawal |
behaviors, which in turn activates the anterior cingulate 17

gyrus.

18

Dorsolateral
prefrontal
cortex

Movement detection area



Visual areas - occipital cortex

Anterior cingulate SMA
gyrus

‘What?’ pathway:

- Medial and ventral, mainly within the fusiform gyrus part of the
occipitotemporal gyrus.

- Responsible for 3 kinds of general visual identification: shapes
(including letters), human faces, colors (except black and white).
Lesions > achromatopsia, prosopagnosia.

- Integration of further nonsensory cognitive and behavioural variables:

- threatening sights cause amygdala activation;

- during visual searching, the frontal lobe activate memory
stores within the visual association areas, so that the relevant \
memories are held online during the search (if we don’t pay
attention, frontal cortex is less active, and we look but we

' i !
don’t see objects); Orbitofronta

cortex
- attention and expectation circuits interact with earlier steps
of visual processing, allowing stabilization and interpretation i Amygdala
of the visual scene and attributing a meaning. Colours

Faces

Forms



Hearing

Ear structure

semicircular canals
vestibule

}vestibular apparatus

]

Resssnor’s L et
. el )) . (g};m}’\s’,&g? Organ of Cortl
. vestibulocochlear nerv S e ) NN gra

al‘window
round window

tympanic membrane

auditory ossicles Mechanical vibrations from the middle ear are

- external auditory canal

auricle
- N

transmitted by middle ear ossicles (malleus,
incus and stapes) > oval window of the inner

. outer ear . middle ear - inner ear ear

tragus eustachian tube

lobule




Hearing

Internal ear structure

Cochlea: snail-shaped organ located in the inner ear that
converts sound into nerve impulses.

Tonotopy: high-pitched sounds atthe base, low-pitched
sounds at the apex.

Divided in 3 chambers: scala vestibuli (perilymph), scala
media (endolymph), scala tympani (perilymph).

Scala vestibuli

Reissner’s
membrane

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
”
-

Scala media

Hair cells
Organ of Corti

Scala tympani

Scala media contains organ of Corti

v

Tectorial
membrane

Inner

Basilar
membrane

“cell

$ Phplaﬁg.e':al;. .
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Receptors: inner hair cells

Endolymph moves - basilar membrane resonance + outer
hair cells amplification > stereocilia of inner hair cells bend
> tip links stretch - cation channels open > potassium ions
enter the cells > depolarization - electrical signal.

f\f‘!‘nﬂ ABAI MRS

Aﬁbﬁnﬁﬁ
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Upper tip-link
density

Tip link ~_)
Lower tip-link
density

Cuticular

plate i'

-— Stereocilia

|
\
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Receptors: inner hair cells

Negative
movement

First level of signal elaboration: amplification of new .l
signal and “cancellation” of constant sounds. [

. _ . Paositive , Channels
- Fast adaptation: Ca2+ ions enter a stereocilium deflection close
-

> bind on/near the channel > channel closure >
increased tension in the tip link > bundle is
pulled in the opposite direction.

A\

- Slow adaptation: elevated tension during bundle

: T ; : Positive Negative
dlsplaceme.r?t > myosm. 1c protein slides down iaraos et
the stereocilium = tension decreases = channels — -

9 . . . ]
close = decline in transduction current. Riliais
elament / Channels
releases ! close

- SRR,



https://en.wikipedia.org/wiki/Tip_link

Auditory pathways

1. Ipsilateral auditory (cochlear) nerve: traverses the subarachnoid space
together with the vestibular nerve and close to facial nerve, and it enters the
brainstem at the pontomedullary junction. Its neuronal bodies are in the spiral Midbeain
ganglion.

Ipsilateral cochlear nucleus

Superior olivary complex (the majority of fibers decussate to the contralateral
superior olivary complex) Midbrain
Contralateral and ipsilateral lateral lemniscus nuclei

Contralateral and ipsilateral inferior colliculus

Contralateral and ipsilateral medial geniculate nuclei

Contralateral and ipsilateral transverse temporal gyrus (auditory region)

w N

NS oA~

Pons

Some neurons ascend directly from the cochlear nucleus to the contralateral medial
geniculate body.

Pons




Superior brachium Lateral gendeulate body

Inferior brachivm " .H edial genteulate body

Plvinay
Pineal body

Qptide Lroet

Superior colliculi : ¥
Inferior collivuli

Frenulum veli
Troehlenr nerve

Lateral lemniscus
Superior peduncle

. T'rineminal nerve

Meddle pedunde—
Jthomboid fosse

Aeorstie nerve

Facial nerpe

Clowa

Ly
Tk

wingend and pagus nerves

Aecesgory nerve

Inferior colliculi: part of the quadrigeminal plate.
Functions: auditory inputs localization, integration
with other sensory modalities, auditory reflexes
control (e.g. startle response, head and eye
movements). Project to thalamus.

Bilateral lesions > deafness; unilateral lesions >
inability to localize sounds. E.g. tumors,
hydrocephalus.

Medial geniculate nucleus (MGN) (/body): final
subcortical relay station in the auditory pathway.
Located in the caudalthalamus. Receives from the
inferior colliculus, projects to the primary auditory
cortex.



Auditory cortex

Primary auditory cortex

Curves over and down into the other side of the Sylvian fissure. = | ee—p_ -

Primary (A1 /core), secondary (A2 /belt) and tertiary (A3 /parabelt) areas. ' ¥ L

- Attenuation: specialized neurons at multiple levels of the auditory
pathway respond optimally to sounds within defined intensity T
ranges, permitting discrimination between louder and softer _ade }
,,

environmental stimuli. /

- Most of the auditory pathway is binaural > spatial location is ' )N
encoded within the superior olivary complex through comparison of ) Vo \ . /
auditory input delays from right vs left sides of the head. : [\

- Tonotopy - frequency is perceived as pitch. s —4

- Combination-sensitive units = subset of auditory neurons that ( y \|/\ BA41 fA42 )
respond selectively to specific acoustic elements. Present at all - ' N
levels of the auditory pathway, contribute to the detection of salient )i SN
auditory cues. E o "%al® ¢ ; )

| ) " g f ‘ Y
N/ v."'\’ / d \ §



Auditory evoked potentials ¢ . . . ... . .

Brainstem Thalamo-cortical Sensory association areas
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Spatial orientation and balance

Superior semicircular canal

Vestibulocochlear nerve
Posterior semicircular canal
Lateral semicircular canal

Superior semicircular duct
Perilymphatic space Utricle
Posterior semicircular Vestibular ganglion
duct Ampulla Cochlear nerve

Lateral semicircular
duct

| Saccule Cochlear duct
Crista Maculae




Receptors = hair cells. They have a single long kinocilium and approximately 100 stereocilia. Their continuous discharge is modulated by
depolarization (cilia towards kinocilium) or hyperpolarization (cilia away from kinocilium).

- Static labyrinth (head positioning): hair cells’ cilia are embedded in the otolithic membrane containing otoconia
(protein-bound calcium carbonate crystals) in 2 maculas, in utricle and saccule. They move when gravity

displaces the otoconia.

- Kinetic or dynamic labyrinth (head movement): hair cells’ cilia are embedded in the cupulae in 3 cristae, located
in the ampulla of each one of the semicircular ducts (/canals). They move when the endolymph displaces the

cupula (= sail) during angular accelerations.

Striola
Otoconia
Kinocilium
Stereocilia
Nerve \[8
ending—1%W

Ribbon svnanse Hair cell Subportina cells

_/

Perilymph
(moves with

Cupula head)

Kinocilia
Hair cell

Inertial displacement

of endolymph
Vestibular nerve fibers

entering crista

5 vestibular
organs



Vestibular pathways

Information from the 5 vestibular
organs travels through the bipolar cells
that constitute the vestibular part of
the vestibulocochlear nerve.
Neuronal bodies = in the vestibular
(Scarpa) ganglion.

The nerve passes in the internal ~
acoustic meatus, cross the
subarachnoid space and synapse in
the ipsilateral vestibular nucleus.

Vestibular nuclei are two-way
connected with the flocculonodular

Vestibular
lobe of the cerebellum. —— nerve
S
Vestibular =
nuclel

Vestibulospinal



Vestibular/
cochlear nucleus

Solitary nucleus
Spinal nucleus of V

Hindbrain (rhombencephalon) >
Afferent cell columns:

GSA, general somatic afferent;
GVA, general visceral afferent;
SSA, special somatic afferent;
SVA, special visceral afferent.
Efferent cell columns:

GSE, general somatic efferent;
GVE, general visceral efferent;
SVE, special visceral efferent.

Dorsal nucleus of X Xl nucleus

Ve

Nucleus ambiguus



Vestibular pathways

Afferents from the static labyrinth reach the lateral
vestibular nucleus

> lateral vestibulospinal tract in the medulla oblongata
descends in the ipsilateral ventral funiculus of the spinal
cord 2 increases muscle tone in the lower extremity
antigravity extensors. Functions = standing, walking, fall
landing, balance.




Vestibular pathways

Afferents from the static labyrinth reach the lateral
vestibular nucleus

> lateral vestibulospinal tract in the medulla oblongata
descends in the ipsilateral ventral funiculus of the spinal
cord 2 increases muscle tone in the lower extremity
antigravity extensors. Functions = standing, walking, fall
landing, balance.

Afferents from kinetic labyrinth reach medial and superior
vestibular nuclei, key component of vestibulo-ocular
reflexes (compensatory movements of the eyes in response
to movement of the head). Functions = gaze stability. If
dysfunctions > nystagmus.

Lateral rectus

=

L
_.-'I y
L’J Medial rectus

++ |
/

Lateral semicircular
canal




Vestibular pathways

Afferents from the static labyrinth reach the lateral
vestibular nucleus

> lateral vestibulospinal tract in the medulla oblongata
descends in the ipsilateral ventral funiculus of the spinal
cord 2 increases muscle tone in the lower extremity
antigravity extensors. Functions = standing, walking, fall
landing, balance.

Afferents from kinetic labyrinth reach medial and superior
vestibular nuclei, key component of vestibulo-ocular
reflexes (compensatory movements of the eyes in response
to movement of the head). Functions = gaze stability. If
dysfunctions > nystagmus.

Information from both the labyrinths (medial and inferior
vestibular nuclei) enter the medial vestibulospinal tract,
involved in head-righting reflexes (keep the head and the
gaze horizontal when the body is tilted).

Lateral rectus

===

5

J /&Mmial rectus

Lateral semicircular
canal
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Parietoinsular vestibular cortex

Parietal cortex

Second-order neurons from the
vestibular nuclei project to the ventral
posterior nucleus of the ipsilateral
thalamus - to parietoinsularvestibular
cortex (PIVC) and adjacent regions.

The PIVC is not a primary vestibular
sensory area, as it is multisensory
(visual, tactile, vestibular).

Superior
temporal gyrus

Long gyri  Short gyri
I |
l

Insula




Olfactory tract

Smell (olfaction)

e Olfactory epithelium: in the superior nasal cavity.
Olfactory sensory neurons have cilia that
selectively bind odorant molecules.

e Olfactory nerve (CN |): axons of the olfactory
sensory neurons, unmyelinated, pass through the
cribriform plate.

e Olfactory bulb: synapse point, input is processed
in olfactory glomeruli.

e Olfactory tract: bundle of axons from the
mitral/tufted cells (second-order neurons).



Lateral olfactory tract

Main pathway. Conveys odor information to the primary olfactory cortex, located on the ventral surface of the frontal and temporal lobes
and composed of uncus, piriform cortex, entorhinal cortex, and amygdala.

Orbital frontal
cortex

Medial olfactory
sina

Olfactory sulcus
Gyrus rectus

Olfactory bulb

— Olfactory tract

Lateral olfactory Orbitofrontal
stria olfactory area
Rhinal sulcus Pernform and
namygdaloid
Anterior perforated Egnex r)cg:mary
ubstance dlhmorv Pe
su olfactory cortex) gAss JF
Amygdala " "
(seen through E:rlt?;: w0 ' el
cortex) Orbital Cortex
Pé’arrs;nppocampal — Perirhinal
ay cortex '
Collateral sulcus /P -
Inferior temporal Parahippocampal st
sulcus cortex O] fm
Occipitotemporal C()l' lex

(fusiform gyrus)

J .

Olfactory
Peduncle

Olfactory
Bulb




Medial olfactory tract

. Projects to the limbic system and contralateral bulb via the anterior commissure.
3 Mediates emotional, memory, and autonomic responses to olfactory stimuli.

Supracallosal striae

Parahippocampal gyrus



Taste

Gustatory pathway:

Receptors: taste budsin tongue, pharynx, epiglottis. 4 types of papillae on the tongue:
circumvallate, fungiform, foliate and filiform; except the latter all have taste buds.
Cranial nerves:
o  facial nerve (VII) - chorda tympani and greater petrosal nerves - from anterior 2/3 of tongue
o  glossopharyngeal nerve (IX) - lingual branch - from posterior 1/3 of tongue
o vagus nerve (X) - internal laryngeal branch - from epiglottis and pharynx
All fibers converge at the nucleus of the solitary tract (NTS) in medulla.
Secondary neurons project to thalamus (VPM nucleus).
Primary gustatory cortex (insula and frontal operculum).
Higher centers (e.g. orbitofrontal cortex) integrate taste with smell > perception of flavor.

Dysfunctions: ageusia, hypogeusia, dysgeusia.
Potential causes: nerve damage, iatrogenic cause (drugs, radiations), zinc deficiency, infections,
neurodegenerative diseases (Parkinson’s, Alzheimer’s).
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Facial nerve (Vil)

Trigeminal ganglion

Glossopharyngeal
nerve (I1X)

Vagus nerve (X)
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Free nerve endings Hair

Touch and nociception

Epidermis
Sweat pore : Merkel cell-
A neurite complex
——— Dermis
Epidermis A Sebaceous gland
\ \A
Meissner's RV LN ‘ _ [ Follicular endings |
corpuscle Sy TR i My K ! ey T
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, Cutaneous nerve
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utaneous nerve
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Receptor Adaptation Receptive field Main function
Merkel cells (/discs) Slow Small Form, edges, texture
> high spatial
resolution
Meissner Rapid Small Light touch, flutter, low-frequency vibration (10-50
corpuscles Hz). Important for grip control
- Ruffini endings Slow Large Skin stretch, hand shape, finger position. Important
for proprioception and object manipulation.
Pacinian corpuscles | Rapid Large High-frequency vibration (150-300 Hz). Extremely
i sensitive to minute mechanical changes.
Hair follicle Rapid Small Hair movement - direction of motion.
receptors
C-tactile afferents Slow Variable Affective touch

~




Nociceptors

= free nerve endings, notencapsulated structures.

1. Mechanical nociceptors
. Activated by strong mechanical forces (pinching, cutting, crushing).
o Typically A-delta fibers (fast, sharp pain).
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o Respond to extreme temperatures: above ~43°C and below ~5°C
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3. Polymodal nociceptors
o The most common type.
o Respond to mechanical, thermal, and chemical stimuli (e.g.: bradykinin, prostaglandins, histamine, ATP, acid (H+), capsaicin)
o Typically C fibers (slow, dull, burning pain).
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o Normally unresponsive to mechanical stimuli.
3 Become active during inflammation, contributing to hypersensitivity.
. Mostly C fibers.



Nociceptors

= free nerve endings, notencapsulated structures.

1. Mechanical nociceptors
. Activated by strong mechanical forces (pinching, cutting, crushing).
o Typically A-delta fibers (fast, sharp pain).

2. Thermal nociceptors
o Respond to extreme temperatures: above ~43°C and below ~5°C
o Usually A-delta fibers (fast, sharp, well-localized pain).

3. Polymodal nociceptors
o The most common type.
o Respond to mechanical, thermal, and chemical stimuli (e.g.: bradykinin, prostaglandins, histamine, ATP, acid (H+), capsaicin)
o Typically C fibers (slow, dull, burning pain).

4. Silent (or “sleeping”) nociceptors
o Normally unresponsive to mechanical stimuli.
3 Become active during inflammation, contributing to hypersensitivity.
. Mostly C fibers.

E.g.: mutations in Nav1.7 (sodium channel) can cause congenital insensitivity to pain or extreme pain disorders.



Somatosensory pathway

Thalamus

VPL
Touch:

VPM
Body: dorsal column > medial lemniscus
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Somatosensory pathway

Pain:

Body: dorsal horn - spinothalamic tract

Thalam\Lﬂs > somatosensory cortex

Face: trigeminal nerve > trigeminerfn ucleus

Somatic sensory
cortex

Thalamus Tertiary
afferent
neurons

Primary afferent

neuron Midbrain

J Spinal

& lemniscus
& 5 @ Pons
N
% e
Secondary

From face afferent

neurons

Primary afferent Medulla

neuron oblongata

q ASTT

fp—————LSTT

Cervical cord

From upper limb

1

From lower limb
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Cranial nerves seen so far

| - olfactory VI - facial (chorda tympani)

Il - optic VIII - vestibulocochlear /statoacoustic
Il - oculomotor IX - glossopharyngeal (Lingual branch)
IV - trochlear X - vagus (internal laryngeal branch)

V - trigeminal Xl - accessory

VI - abducens XIl - hypoglossal



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58: Sensory organs
	Slide 59: Sight
	Slide 60: Retinal structure
	Slide 61: Retinal structure
	Slide 62
	Slide 63: Retinal structure
	Slide 64: Visual pathways
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69: Defects in visual pathways
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79: Visual areas - occipital cortex
	Slide 80: Visual areas - occipital cortex
	Slide 81: Visual areas - occipital cortex
	Slide 82: Visual areas - occipital cortex
	Slide 83: Hearing
	Slide 84: Hearing
	Slide 85: Receptors: inner hair cells
	Slide 86: Receptors: inner hair cells
	Slide 87: Auditory pathways
	Slide 88
	Slide 89: Auditory cortex
	Slide 90: Auditory evoked potentials
	Slide 91
	Slide 92
	Slide 93: Vestibular pathways
	Slide 94
	Slide 95: Vestibular pathways
	Slide 96: Vestibular pathways
	Slide 97: Vestibular pathways
	Slide 98
	Slide 99: Parietoinsular vestibular cortex
	Slide 100: Smell (olfaction)
	Slide 101: Lateral olfactory tract
	Slide 102: Medial olfactory tract
	Slide 103: Taste
	Slide 104
	Slide 105
	Slide 106: Touch and nociception
	Slide 107
	Slide 108: Nociceptors
	Slide 109: Nociceptors
	Slide 110: Nociceptors
	Slide 111: Nociceptors
	Slide 112: Nociceptors
	Slide 113: Somatosensory pathway
	Slide 114: Somatosensory pathway
	Slide 115: Cranial nerves seen so far

