Sensory Systenms Anatomy

*Vision

*Hearing
*Balance

*Taste 2 ? 2
*Smell JEN
*Touch ']
*Pain
*Proprioception
*Interoception

MU Dr. Azzat Al-Redonan



Sensory receptors

Vision Light
Taste Chemical
Smell

Hearing Mechanical
Touch

Internal

— Baroreceptors - blood pressure
— Osmoreceptors - osmolarity
— Chemoreceptors — chemical concentration
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Lacrimal Canaliculi Obstruction
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Strabismus (Misalignment of eyeballs)

A. Esotropia B. Exotropia

C. Hypertropia D. Hypotropia
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(a) Pupil block leads to angle closure

anterior chamber

" cornea

fluid exits here

conjunctiva

Posterior chamber

Iris

Aqueous humour
Pupil block
Anterior chamber —]

Lens

/ﬂuid forms\here

Development of Glaucoma
Healthy Eye Glaucoma

Flow of aqueous humour 1. Drainage canal 2. Increased pressure
through the drainage canal. blocked; build up damages blood vessels
of fluid. and optic nerve.
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Cataract

Clear Lens Cloudy'tens




Myopia and Hyperopia

Refraction Errors

Correction with a plus lens
allows light to once again focus _
on the retina.
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Fundoscopy
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macular degeneration

Normal Retina



Normal Retina
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Visual Pathway
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pupil

Nerve Pathway & Muscles
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Outer Ear Middle Ear Inner Ear

Semi-circular canals
Vestibular nerve Facial nerve

Cochlear nerve

Cochlea

Eustachian tube







Superior auricular a.

Perforating branches
the auricular branch

Middle auricular a. of posterior auricular a.

Inferior auricular a.

Posterior auricular a.

Temporoparietal fascia

Auricularis
anterior m.

Temporoparietalis m.

Auricularis
superior m.

Auricularis
posterior m.




» 3 S »"f !! o i
Grade Il Microtia Grade Illl Microtia Grade IV Microtia

Cauliflower Ear

Preauricular Fistula




Temporal bone, tympanic part

Middle ear

_ Malleus
Incus
cerumen
glands Stapes
External | Bony part =
auditory { Cartilagi- T .
canal | nous part ympanic
membrane

middle ear
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View Through the Otoscope

Mormal Perforated
Eardrum Eardrum

Michael Saunders FRCS






Superior ligament of malleus Superior ligament of incus

Epitympanic recess

Lateral ligament of malleus Posterior ligament

Incudomallear joint
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Supenidr igament of malieus
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Middle Ear Walls
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; L EN Endolymphatic sac Anterior membranous » Temporal bone, petrous part,
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duct
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Labyrinthine artery

Anterior vestibular artery

Common cochlear artery ———

Posterior cochlear artery

Vestibulocochlear artery

- - -







wall of the
bony labyrinth

membrana tectoria

Vestibular
duct

(perilymph)

Cochlearduct
(endolymph)

Tympanicduct
(perilymph)






Coehlear duct Scala vestibuli
Coohlear duct
y Cochlear duct,
axternal surface vestibular surface**
Stria vasoularis Tectorial membrane
Spiral organ®,
ma‘m‘ Inner spiral sulcus
Spiral prominence Vestibular lip
Outer spiral sulous Osseous spiral lamina
Banal crest (Branch to cochlear nerve)
Cochlear duet, Spiral ganglion of cochlea
tympanic surface £ ey
Basal lamina

Spiral limbus

Tympanic lip
Scala tympani




Auditory Pathway

- e




Vestibular Pathway

To superior colliculus and
relay to cerebral cortex

Red nucleus
N Il
NIV

Semicircular Vestibular
canals e ganglion

Vestibular J l
: ! Vestibular

i\ dﬁi’ ?’L nucleus

’4[ cerebellum
. "i

Vestibule

Cochlear N X = \
branch N | ,
Vestibulocochlear L
nerve (VIII) “
Y
Vestibulospinal

tracts



Taste Buds Types & localization

Epithelium Epithelium Taste bud

Apex of tongue
Fungiform papilla Dorsal surface of tongue Foliate papilla



Taste Buds

< c Connective
Epiglottis tissue

Gustatory
Hairs

Taste fibers
of cranial

Palatine tonsil ik

Lingual tonsil

Basal Gustatory Taste ssz:trﬁf:s
epithelial epithelial pore egithelium

cells cells

of tongue

Fungiform Papillae

Taste bud



Gustatory Pathway

Thalamic
nucleus
(ventral
—Pons posterior
medial
nucleus)
Solitary nucleus
in medulia oblongata
Facial
nerve (VII)
Vagus
Glosso- {nerve X)

pharyngeal
nerve (IX)




Taste Sensation:

. Sweet

. Bitter

. Sour

. Salty

. Umami

. Water (Even though some still don’t agree)

. Toxic ? (It could be grouped under extreme bitterness)
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ANKYLOGLOSSIA

Coating Fungal Infection
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Olfaction
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Olfactory Pathway

‘i“l“i

4A'/A‘lh

mmmn szx

Al
@ eptor cell g To contralateral ¢
"( g—— ./ via the anterior
\| f/ /

'

Oifactory neuroepithebum
Puiform corte

Amygdaloid oorrple ~—
Entorhinal cortex ppocampu R




Example of Anatomical related disorder

interfering with olfaction quality:
Nasal Polyp

Common locations and appearance Enlargement (hypertrophy)
of nasal polyps of the nasal turbinates

Antrochoanal polyp

(from maxillary sinus) /40 & Turbinates of Turbinates of

nasal passages Sl nasal paSsag"es

' 1 Soft palate

(from ethmoud sinus) ——
and uvula |



Paln: Evolutionary mechanism initiating neurophysiologic process

toward stimuli disturbing haemostasis (damage) = Protection
a) Repulsion away from harmful triggers
b) Awareness of harmful sources

*When a stimuli is NOT sensed = SIELNT HARM
e.g. Diabetic foot (Delayed awareness of bleeding and infection during stepping injuries)

Pain types MNociceptive Meuropathic
Definition Pain caused by physiological Pain caused by lesion or dysfunction of
activation of pain receptors the somatosensory system, especially
the nociceptive pathway
hMechanism Matural physiological transduction  Ectopic impulse generation, among others
Localization Local + referred pain Confined to innervation territory of

Quality of symptoms

Treatment

Ordinary painful sensation
(good verbal descriptors)

Good response

the lesioned nervous structure

Mew strange sensations
(poor verbal descriptors)

Poor-moderate response



Allodynia |
st
= 3N

Severity of pain experienced

Classification of pain t

<€ > € >

Harmless Potentially harmful zone
Based on etiology ¥ Strength of the painful stimulus

|
pain
A

Peripheral neuropathic
pain

/

Central neuropathic pain




Pain
Nociceptors

» Nociceptors are special receptors that respond only
to noxious stimuli and generate nerve impulses
which the brain interprets as “pain”

» Free nerve endings
» Tissue damage

*in BT
ox ’ i e
ERRY T

Free nerve endings




Nociceptors

- Free nerve endings that respond to intense stimuli
- Types:
Mechanieal
= Strong pressure, sharp objects
Thermal
® Burning heat (>45°C)
“ Noxious cold (variable)
Chemieal
* pH extremes
* Environmental irritants
® Internal neuroactive substances
Polymodal

- Sensations mediated by AS fibers (sharp, intense pain) and C fibers
(persistent, dull pain).




Pain Pathways:

A) From Body (Left)
B) From Face (Right)

@) : ®

Cerebrum

Ventral posterior
medial nucleus
of thalamus

Ventral posterior

Midbrain Midbrain
lateral nucleus of
the thalamus
) X Trigemino-
Spinothalamic thalamic tract
tract
Mid-pons
Pain and
temperature
information
from face
Middle
medulla
trigeminal tract
{afferent axons)
Caudal Caudal
medulla medulla
Spinal
Anterolateral :;:‘:‘“5 of ;
rstem i AZRIMIA
5 o
Genisa information from
upper body
spinal cord {excluding the face)
Pain and
temperature
information from
oA lower body

spinal cord



15t Respond — Spinal Arch Reflex

*Immediate & fast before signal had reached the brain = repulse from pain stimuli without thinking!

Peripheral Central
nervous nervous
system system

—~f T T
1 Sensory
receptor

in skin

Interneuron

Dorsal Root

2 Afferent
pathway

g

S

A\

Stimulus =

|

Biceps s 4 Efferent Ventral root
(flexor) pathway
contracts Triceps 3 Integrating
(extensor) center
‘ rolaxes
5 Effector
organs

Response



2"d Respond — Cortical modulation

*Delayed & speed varies = Thinking of how to deal with the situation
*Repetitive or Long term stimulation lead to adaptability
*Establish memory = a. Influence future responses b. Mechanism in psychological Trauma

Somatosensory Cortex
Prefrontal Cortex

Insular Cortex

Thalamus

Anterior Cingulate Co j'

Amygdala




Coetaneous Pain Source = Dermatomes

7~ B, DERMATOMES

PERIPHERAL NERVES

Medial antobrachial

Posterior lumbar

Musculocutaneous
Posterior antebrachial

flicinguinal

Uinar

Radial
Median
Lumboinguinal

Posterior sacral

Lateral femoral
Anenor femoral

Obturator

Postarior femoral

Comman paroneal

Saphenous

Superficial peroneal

Facial Dermatomes
Anterior ¢, Lateral

Pl

Dermatomes of the Hand
Dorsal Surface

Palmar Surface

Musculocutaneous
nerve
Musculocutancous
nerve

Medial |
antebrachial
cutaneous nerve



Headache???
*Source: Vessels, Meanings, Surrounding tissues

*NOT the Brain itself




Common Headache Causes

A headache is defined as a pain in the head that is located above or around the eyes or ears, al the back of the head or
in the upper area of the neck. Headaches have many causes, including;

Muscles around the eyes
that become strained dus
10 pOOr VISION Or overwork.

Blood vessels that
become constricted
or are dilated

Sinuses that are
swollen or congested
due 1o allergies, colds
or infection.

Muscles n the neck and
head that are tight or
tense due to stress




Refereed Pain

Visceral pain perceived on a distal dermatome

*Brain misinterpret signal due to common segmental innervations.
*Useful in understanding patients subjective pain complain.

*Multiple hypothesized mechanisms — subject of research

Viscera (heart)



Refereed Pain




Sites Where Pharmaceutical Pain Blockers Exert their Mechanism Of Action

Opioids
Alpha, agonists

Ascending modulation
input

Dorsal root
ganglion

tract

Local anesthetics

Peripheral _
nerve

Local anesthestics
Anti-inflammatory

Peripheral nociceptors



Interoception — Baroreceptors

Coordinating
center

Y
Afferent ,n_ff Efferent

pathways | NJ' » )fv pathways
IS U"W -

Medulla
Effector
= =

Detector
e & \
Baroteceptors] =
A Heart Vessels
Bradycardia and
£ vasodilation

\_ t Mean arterial counteract
| pressure increased mean




Interoception — Barororeflex arch

N Carotid Sinus
| Baroreceptors

Sympathetic
cardiac nerve

"I
Sympathetic chain



Interoception — Baroreceptors--«-

Common carotid
arery

Flight subclavian
arery

Acetic arch




Interoception — Chemoreceptors

Higher brain centers
(cerebral cortex—voluntary
control over breathing)

Other receptors (e.g., pain)
and emotional stimuli acting
through the hypothalamus

I+

Respiratory centers
(medulla and pons)

Peripheral

chemoreceptors +’ \
0,4, CO,t, H™¢ | !
Stretch receptors
+ in lungs — l
Central f =
chemoreceptors
CO,t, H'Y -

V] R i | \
b/'i n:;.;:mg joints |



Interoception — Chemoreceptors

CN IX ‘f

parasympathetic

‘, l * Caroti%fbg:\?tl:)tz el

CN IX parasympathetic
nerve and ganglion cell

Glomus cell
(chemoreceptor
cell monitors
Og, CO9, pH)

Sympathetic nerve
(from superior

cervical ganglion)

External carotid artery
and vascular rami

Inferior

_ Thin tunica media

Thick tunica adventitia
(baroreceptor nerve endings
monitor arterial blood pressure)

~ Carotid sinus

~ Internal carotid artery

Actual size
of carotid body
(3 mm wide x 6 mm high)



Interoception — Chemoreceptors

CENTRAL
CHEMORECEPTORS

Brain tissue




Interoception — Osmoreceptors

Hypothalamic
neuron

Posterior pituitary H

Blood vessel

Vasoconstrlctlon\ /

Increased blood volume
Increased blood pressure

Increased
reabsorption
of water




Interoception — Osmoreceptors

Supraoptic nucleus Neurosecretory
(cells secrete oxytocin) cells

" ';-
) 4
D 3%
= 5
o
o

(cells secrete ADH)

Inflow
of blood

it (A

' { " Axon terminals
..:‘ | (release hormones
. .'  to capillaries)
‘:,.; .. ‘( '
\ "f;: L '1.\ /)i Capillary bed

&Y ——Posterior
pituitary

Infundibulum

Anterior
pituitary

Vein

Outflow
of blood

Paraventricular nucleus

Hypothalmic nuclei



Interoceptlon Osmoreceptors

Tubule

Capsule

Granular renin
producing cells

Afferent arteriole Efferent arteriole

Distal tubule



Type Of Cutaneous Receptors

Free Nerve Endings

Are the branching tips of sensory
neurons; are unprotected and
nonspecific; can respond to tactile,
pain, and temperature stimuli

Sensory
nerve

Root Hair Plexus

Monitor distortions and
movements across the body
surface; adapt rapidly
Hair shaft

Root hair
plexus

Tactile Discs and Merkel Cells

Tactile discs: fine touch and pressure

receptors; are extremely sensitive

tonic receptors with very small

receptive fields. Merkel cells:

unusually large epithelial cells Merkel cells
in the stratum basale of

the skin Tactile disc

The types of receptors in the skin

Sensory nerves

Capsule
Dendrites

Tactile
corpuscle

_*—— Dermis
Afferent fiber

Provide sensations of fine touch and
ol A

P and quency
also called Meissner corpuscles

’ Lamellated Corpuscles
A Are sensitive to dee ssure,
4 o ibrating stimuli; are fast g
by fluid receptors

Dendrite

Are sensitive to pressure and
distortion of the deep dermis




Posterior spino-

cerebellar tract
Anterior spino-
cerebellar tract
Medial
lemniscus Cuneocerebellar
\ Iibers
R Nucleus gracilis
Second neuron —li g
Nucleus cuneatus
Lateral spino-
thalamic tract Accessory nucleus cuneatus
Posterior spino- ———
cerebellar tract WA Unconscious
Anterior spino-
cerebellar tract

Anterior spino-
thalamic tract

Second neuron

\\\ — £ Spinal ganglion (perikaryon |cell body]
N & of the first afferent neuron)
=

Alpha mator neuran



Somatosensory Map

Homunculus

rf Lower lp
\\“t\} Tecth, gums, 8nd AW

"“

Lateral o
%

Medial
>







