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50.5: Scheme to illustrate the main features of the spinothalamic tracts
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50.4: Scheme to show the main features of the posterior column—medial lemniscus pathway



Somatosensory cortex
Prefrontal cortex
Anterior cingulate gyms

Somatosensory cortex Anterior insular cortex
(Brodmann's areas 3, 1, and 2) Striatum, 511
~ F
A A
VPL nucleus VPL, VP, intralaminar
of the thalamus nuclei of the thalamus
~ F
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and cuneatus tract
~ .
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Kinesthetic sense Temperature
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F 3 F |
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Figure 10.13 e Somatosensory information to consciousness, VP, ventral
posterior inferior; VPL ventral posterior lateral.
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Proprioceptive unconscious sense pathway :

ssPosterior spinocerebellar tract
ssAnterior spinocerebellar tract
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50.6: Scheme to illustrate the main features of spinocerebellar pathways




Proprioceptive unconscious sense pathway :

ssSpinocuneatocerebellar tract (neck & upper limb & upper part of trunk)
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50.6: Scheme to illustrate the main features of spinocerebellar pathways




Proprioceptive unconscious sense pathway :

ssSpinoolivocerebellar tract ( neck & trunk & limbs)
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Somatic : superficial ( external & middle ear)
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Somatic : deep (mastication muscles)

Mesencephalic part
of sensory nucleus
of trigeminal nerve

With fibers of
mandibular nerve

not obvious
pathway




Somatic : deep (fascial & external eye muscles)

with fiber of 3 & 4
& 6 & 7 nerves

Mesencephalic part
of sensory nucleus
of trigeminal nerve

thalamus
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Olfactory pathway:

olfactory hair

15t order neuron = Olfactory mucosa

In roof & sup. 1/3 lateral & medial wall of nasal
cavity

Olfactory nerve = 20 nerve in each side
Cribriform plate

Olfactory bulb / mitral cells = 2 order neuron
Olfactory tract

» lateral olfactory stria

Prepiriform cortex + preamygdaloid (primary
olfactory cortex)

/ enthorhinal area (second olfactory cortex in
parahypocampus)

» Medial olfactory stria
Ant. Commissure / olfactory structure of the other

side

Note: this pathway directly transfer to cortex

the "piriform lobe" has been
described as consisting of the
cortical amygdala, uncus, and
anterior parahippocampal gyrus

Granule cells
Olfactory
bulb
Mitral cells
Recument collateral ' I Anterior
olfactory
nuclews
Medial olfactory
stria
Lateral
olfactory

stria

> i
/ Anterior commissure

{anterior part)

Figure 19.4 » The offactory bulb, anteror olfactory nucleus, and olfactory
tract, and its division Into the medial and lateral olfactory striae.
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Olfactory reflex:

From olfactory center
To Midbrain
By MLF
Terminate in Nucleus of cranial nerve in
brain stem / spinal cord




Olfactory disorder

Anosmia =
bilateral (allergic) /
unilateral :

»Ant. Cranial fracture
» Cribriform plate trauma

> Tumor of frontal lobe

Anosmia

» Ant. Cranial cavity meningioma
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Cone / rod cells = 15t order neuron
Bipolar cells = 2" order neuron
Ganglion cells = 3™ order neuron

Lat. Geniculate body = 4" order neuron

Edinger—Westphal

nucleus

Meyer's loop

Lateral geniculate

nucleus

.7\@;“ fields

Cornea
Lens

Retina

Optic nerve

Ciliary ganglion

Optic tract

Temporal lobe
portion of optic
radiation

—— Qptic radiation
(thalamocortical
projection)




Photoreceptors
(rods and cones)

Y

Bipolar cells
(first order neurons)

v

Ganglion cells
(second order neurons)

l unmyelinated axons collect at

Optic disc
(axons pierce sclera in lamina cribrosa)

Y
Axons become myelinated

l myelinated axons form

Optic nerve
(a tract of the diencephalon, but not
embedded within the brain)

v

Optic nerves from the right and left sides

l Join to form

Optic chiasma
(partial decussation)

!

¥

Optic tract ——> Hypothalamus

Superior colliculus <€— (curves around the

and pretectal area
(midbrain)

¥ which has an
important function in
circadian rhythms

cerebral peduncle) (day-night) and the

reproductive cycle

Y

Lateral geniculate nucleus
(a thalamic relay station for vision, where
most retinal ganglion cell axons terminate)

Y

Geniculocalcarine tract

(optic radiations, thalamocortical projections)

y join the

Internal capsule

L

Retrolenticular portion

y

Sublenticular portion

Y

Y

Y

Cuneate gyrus

Optic tract ——> Hypothalamus

Primary visual cortex

(striate cortex, Brodmann's area 17)

Lingual gyrus

Y

Secondary visual cortex

(Brodmann's areas 18 and 19)

Y

Tertiary visual cortex

including middle temporal area




[_uiam | Pupillary light reflex pathway

Y

Photoreceptors
(rods and cones)

Y

Bipolar cells | Shield
(first order neurons) =

A 4

Ganglion cells
(second order neurons)

| Short
{ their axons collect to form the ciliary nerve

| Optic nerve l

Y

Optic nerve

Optic chiasma
(partial decussation of ganglion cell axons)

Ciliary ganglion Optic chiasma

h 4

Optic tract
(bilaterally)

Y

Pretectal nuclei (midbrain)
(bilaterally)

Optic tract

Y

Edinger—Westphal nucleus |
(bilaterally)

v preganglionic parasympathetic fibers

Exit midbrain with
oculomotor nerve

J terminate and synapse in ipsilateral

I Ciliary ganglion |

¥ postganglionic parasympathetic fibers

i Lateral geniculate
| Short ciliary nerves | nucleus

v Superior brachium
| Sphincter pupillae muscle |

Edinger—Westphal nucleus Posterior

commissure
Pretectal area

NA contraction

I Pupillary constriction (miosis) |




From pretectal nucleus
1In midbrain
by MLF
Terminate in Nucleus of cranial nerve
in brain stem / spinal cord

Body visual reflex




Convergence accommodation reflex

Visual input
v
Conve rgence Normal visual pathway
. (retina to primary visual cortex, Brodmann's area 17)
Accommodation

Pupillary constriction

ciliary
nerve

v

Visual association cortex
(Brodmann's area 19)
(reflex is initiated here)

(bilaterally) & corticotectal tract (afferent limb of reflex)

[

CN I +

¥

Sphincter pupillae muscle

Ciliary muscle

v

\\ Ciliary ganglion f/' L

- L, Pupillary constriction
™ (miosis)

Thickening of lens
(accommodation)

rectus

Lateral Superior colliculus and/or pretectal area
geniculat
nucleus {
Perlia's nucleus of oculomotor nuclear complex
Edinger-Westphal nucleus and medial rectus subnucleus
Primary (of oculomotor nuclear complex)
isual .. . . .
::,s::x preganglionic parasympathetic fibers § all fibers join the
Oculomotor nerve
motoneuron fibers
(efferent limb of reflex)
) ¥
Visual Cili li Medial rectus muscle
association Hary gangfion (adducts eye) —> Convergence
Cortey postganglionic parasympathetic fibers |,
gf,f.':ﬂ“‘" Short ciliary nerves




Faclal nerve:
efferent limb
of reflex arc

(motor)

Corneal blink reflex

Facial motor
nucleus

Main
sensory
nucleus @
of CNV

CN V ganglion
gang ~

First order @

neurons ...’

Orbicularis
oculi

nucleus

Spinal
NV

'.,.r ----- ,{

CNV ganglion
—® | First order

... neurons

CN V ophthalmic:
afferent limb of

reflex arc (sensory)

Corneal stimulation

h 4

Peripheral processes (containing receptors)

Y

Trigeminal ganglion
(pseudounipolar neurons)

A 4

Central processes

v v

Spinal trigeminal tract Main sensory nucleus of the trigeminal

(second order neurons)

Y

Spinal trigeminal nucleus
(second order neurons)

Integrator

y

Facial motor nucleus
(bilaterally)

.I, motoneurons (third order neurons)

Facial nerve

Y
Orbicularis oculi muscle

Y
Blinking




Hypothalamus

Ophthalmic  Superior  Miiller's muscle
artery orbital of eyelid

fissure

Pupillary dilation reflex

Midbrain ]
NV — |
Pons Long and short
ciliary nerve
Hh’Pﬂlhﬂ'aﬂ“’sﬁt‘;"ﬂ — Internal carotid To dilater of pupil
" d
Hypothalamus o o
I Medulla Superior cervical & - Facial vessels
i ganglion
Ciliospinal center Spinal cord (11)—{
(intermediolateral cell column at (C8) T1-2 levels of spinal cord) iliospinal center artery  Facial sweat
— . (in lateral hom) glands
,l, preganglionic sympathetic fibers Sympathetic trunk
Sympathetic trunk

!

Superior cervical ganglion ‘

l postganglionic sympathetic fibers

Internal carotid perivascular plexus
Long and short ciliary branches
(trigeminal nerve)

——
’

Pupillary dilation (mydriasis) ]




Right

Visual pathway disorder:

Tumor in cerebrum / hypophysis / meninges

Cerebral vessels trauma = aneurysm of internal carotid artery
MS = destroy myelin sheath of optic nerve

(note = myelin sheath of optic nerve synthesis by
oligodenderocyte Whereas the other myelin sheath of CN
synthesis by Schwann cell)

artery

Carabaliurm

Multiple sclerosis

Degenerative disease that N
attacks the central :
nervous system NEUIOBES

Right
wartahral
artary

How MS attacks :ei'lti“g

* White blood cells y
attack neurons

= Affect fatty tissues (myelin)
around the nerve fibres in
brain, spinal cord

Nerve fibres
: Transmit nerve
; I signals throughout
brain, body

Al
Destroyed or
= Nerve signalsare damaged myelin

| } ‘slowed or blocked, !eaves multiple scarring
‘ / causes MS called sclerosis

Sources: Harvard/NMSA/MayoClinic 210110 AFP

Demyelination

| cerebellar

artary

JANE DOE

Cerebral Aneurysm







Sound waves -
Auditory pathway

y transmitted via the

Auricle (pinna) and
external auditory meatus (canal)

rtothe

T -

Basilar membrane (which supports

Tympanic membrane (eardrum)
causing it to vibrate the organ of Corti) to oscillate

A

v Vibrations transmitted via the ¢ stimulating the
Malleus -
(which is attached to the tympanic membrane) . Hair Temptor c'_!"s .
which convert mechanical energy into electrical energy
o v stimulating the
(which articulates with the malleus and stapes) Peripheral processes (dendrites) of the bipolar (first order) neurons
whose cell bodies are housed in the cochlear (spiral) ganglion
Stapes v /mpulses are transmitted to the

Central processes (axons) of the bipolar (first order) neurons
which form the root of the cochlear nerve

causing it to oscillate

vy oscillating footplate attaches to the

lv axons leave the inner ear via the

Membrane of the oval window

; causing it to oscillate and in turn agitate the Internal auditory meatus (canal)

Y
Perilymph of the scala vestibuli » Helicotrema ¢
r— n (at apex of cochlea) to enter the
/ ftate t : -
y A B e L into the Posterior cranial fossa

Vestibular (Reissner's membrane) ,l,
then pierce the brainstem at the

which begins to oscillate Perilymph of the

scala tympani
Pontomedullary angle
of the brainstem

v generating waves in the
y

Endolymph of the scala media
(cochlear duct) Round window ; ;
w fo terminate in the
y endolymph waves cause the 4 Cochlear nuclei
Basilar membrane (which supports Protrudes towards the
the organ of Corti) to oscillate middle ear cavity




Figure 17.6 @ The principal ascending awditory
pathways emerging from the anteroventral cochlear nudeus.
{Modified from Burt, AM (1993) Texthook of Neuroanatomy.
WB Saunders, Philadelphia; fig. 12.16.)

— Lateral lemnisous




Primary auditory cortex = sup. Temporal gyrus
Secondary auditory cortex

Corpus callosum

Primary auditory cortex w i ——_.\P\
o i —==N

/;s(

Auditory radiation

Medial geniculate
nucleus

Brachium of
inferior colliculus

Inferior colliculus

Lateral lemniscus

Dorsal nucleus of
lateral lemniscus

Ventral nucleus of
lateral lemniscus

Intermediate acoustic stria

Dorsal cochlear
nucleus

Dorsal acoustic stria Posteroventral cochlear nucleus

Figure 17.7 @ The principal ascending auditory
pathways emerging from the posteroventral and
dorsal cochlear nuclei. (Modified from Burt, AM (1993)
Textbook of Neuroanatomy. WB Saunders,
Philadelphia; fig. 12.17.)



From cochlear N. / inf. Colliculus

To cranial & spinal nerve
By (tectospinal / tectoneuclear)

Auditory reflex







Equilibrium pathway:

Spinocerebellar tract
Vestibular nerve

Hair cells in semicircular duct / saccule &
utricle (bipolar neuron)

Vestibular ganglion (1t order neuron)
Axon = vestibular nerve

Vestibular nucleus (2" order neuron)

Vestibular area of
cerebral cortex

Ventral posterior

\h Thalamus
lateral nucleus
Yoo
1 ]
1 ]
1 [}

Vestibulothalamic tracts —— ' — - Ofculomotor nucleus
s of CN I
o AN
Midbrain 1 Ae
| Trochlear nucleus

Abducens nucleus of CN IV

of CN VI in pons

— Vestibular ganglion

Juxtarestitorm boay

Vestibular nuclei Cochlea

Medial longitudinal
fasciculus

Lateral

vestibulospinal
tract




4 pathway:

1./ Inf. Cerebellar peduncle
/Nucleus of cerebellum
(fastigil= 3™ order neuron)

2. Vestibulospinal tract =
control of body movement in
response of equilibrium
stimulus

3. /MLF:

Ascending tract: cranial nerve

3/4/6 = coordination of eye

movement to head movement

Descending tract : cervical

segment of spinal cord = control

of head & upper limb movement
in Response to equilibrium
stimulus

4. «Thalamus nucleus / parietal

lobe = awareness of person

situation

Vestibular area of
cerebral cortex !

Ventral posterior

lateral nucleus %’

Vestibulothalamic tracts Y =
-

. —_—
Midbrain E .;1 pre
Abducens nucleus |
of CN VI in pons _ ™ 1 <&

1'
|
1
]
]
i
Oy
i 4
Juxtarestiform body
Vestibular nuclei B(
Medial longitudinal !
fasciculus \

— Thalamus

.- Qculomotor nucleus
of CN Il

| Trochlear nucleus
of CN IV

— Vestibular ganglion

Cochlea

Lateral
vestibulospinal
tract







Telencephalon
(neocortex)

Diencephalon {

L

| Parietal operculum and
“| parainsular cortex

Internal capsule (posterior limb)

VPM of thalamus |

A

—» Hypothalamus

(—’ 3

Parabrachial
nucleus

Cross midline / ascend by medial lemniscuses (ML)

Medulla {

Solitary tract ———<—|

—>» Amygdala

Central tegmental tract

Solitary nucleus

Geniculate ganglion

Chorda tympani

Taste buds -CN Vil
(anterior 2/3 of tongue)

Petrosal ganglion

Taste buds

(posterior 1/3 of tongue) | CN IX

Nodose ganglion | Inf. Ganglion of Vagus nerve

Taste buds _
(epiglottis) CNX




\Y4

Descending / efferent tracts
\Y4 \Y4

from pyramid gﬁ of cerebral corte§'4

transfer from pyramids of medulla

V ¥

\ \/ \/



Pyramidal pathways: head &
neck

Corticonuclear tract / corticobulbar
tract

» . Upper motor neuron:

Cerebral cortex

Internal capsule

Brain stem

Cross midline

> Lower motor neuron:
Cranial nerve nucleus
3/4/5/6/7/9/10/11/12

Function:
Start & control of voluntary
movement of head and neck

Corticonuclear tract

Primary motor cortex
Secondary motor cortex

Somatosensory cortex
(somatosensory neuron fibers)

(upper motoneuron fibers)
[

¥
Corona radiata

Y

Posterior limb of the internal capsule
(near its genu)
(anterior to the corticospinal fibers)

Y

Posterior limb of the internal capsule
(in its posterior half or third)
(anterior to the corticospinal fibers)

upper motoneuron upper motoneuron
fibers fibers
Y Y
Cranial nerve Brainstem
motor nuclei reticular formation

here synapse with , here synapse with

Lower motoneurons

Interneurons

and interneurons

synapse with

Voluntary movement
of cranial muscles

Cranial nerve
motor nuclei,

lower motoneurons

Y

Voluntary movement
of cranial muscles

somatosensory
neuron fibers

Y

Sensory relay
nuclei

y here synapse with

Second order
Sensory neurons

Reflex activity




Corticonuclear tract (facial nucleus)

Motor cortex

Upper facial muscles
Lower facial muscles <&

l

Facial nerve (CNVII)”

Facial nucleus

\

Motor cortex

Pons

>— Cerebellum

Medulla



