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The Sensory System

The various sensations in the body include: L/‘ Fone
P peosepBon T decpsensotion , vesigy) sensetion’) » Joulla fengort e

1. Somatic sensation: from the skin and deep tissues (e.g.

muscles, joints and bones), conducted to CNS jhrou%h the
e Somalic «— feach Yo Yo spiml cor 4 he ! Pe-&

somatic nerves. fosk- fook gangion <

2. Special senses: reaching the CNS/through specialized cranial
agoie /fnerves; > feeth o $in S\ cord By speciative Crapie) nweEo\hc*"a

gomact™ oPi®,
.. Pusodioy
m;z:“\_ a. Sense of the vision. — gecial somectic &
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b. Sense of the hearing ‘and equilibrium.
c. Sense of the _s_n_q_qll. sfecial vesciml Cchemital Sentatio’\
d. Sense of the tg_i_teZg glosso frrgen’s Ascin  vag -
3. Visceral sensation: including all sensations from the mternal

o . .
visdera and reaching the CNS through the autoRomic nerves.
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4. ng_;gi_c sensations: e.g. hunger, thirst and sexual sensations.
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Sensory Functional Modalities

General Somatic Afferent (GSA): somatic sensory "atferent”

——

fibers arise from neurons in sensory ganglia and are found in all

the spinal nerves, and conduct general sensations from the surface of

(£
the body through the dorsafroots to the spinal cord| E Bafs S il
Special Somatic Afferent (SSA): afferent nerves of the speaal

senses, (fibers include the optic nerve and the vestibulocochlear
vesio~ and heav.
nerve). E a ? m Vejj s g ,F‘bm e W refnal 3(85{"\)
General Visceral Afferent (GVA): conduct sensory impulses
(usually pain or reflex sensations) from the internal organs, glands,
and blood vessels to the central nervous syste_‘ng el srrell
Special Visceral Afferent fibers (SVA{fv afferent fiber that develop
in association with the gastrointestinal tract. They carry the special
senses of smell (olfaction) and taste (gustation). The cranial nerves
containing SVA fibers are the olfactory nerve (I), the facial nerve

(VII), the glossopharyngeal nerve (IX), and the vagus nerve (X).



Special Sensations

o Special Senses: reaching the CNS through

specialized cranial nerves:

1.
V.
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I. Sense of the Smell

SUA
* Functional Modality: mediates the spe@isceral

afferent modality of smell via the olfactory|nerve.

Butd 35\ oo le W pioa

* The axons of theolfactory nerves are unmyelinated C

fibers and are among the smallest and slowest in the

emp———

nervous system.

* Olfactory epithelium is also innervated by |trigeminal

nerve, which detects noxious or painful stimuli, such

as

W

ammonia.
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* Projects to the thalamus “Dorsomedial Nucleus”,

JsNs OS5 hypothalamus, amygdaloid body, and hippocampal
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ThW Nerve (CN I)

, Qs  Cunial  fefuc
0 Olfactory Nerve: (Latin for "to
y ( \ﬁé(m Plerve ‘):e' et
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0 Function: Special visceral
afferent nerve (smell).

0 (Qlfactory tractlocated in the ‘

anterior cranial fossa and

——

attached to the inferior surfgtce

————

of the frontal lobe.




The Sense of Smell

imfo(-jqn"—
The smell sensation is a special sense, which is

important:

-

ro_o

|. It determines the flavors of food (together with

taste, touch and thermal sense).
_— T D Sa\ivation . due Yo Smel

2. It essential for gastrointestinal functions.

/-3. [t 1s necessary f@angerous liquids or

substance.
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Properties of Olfactory Receptors

1. |Sensitivity? the olfactory receptors are

chemoreceptors.

2. | Discrimination of odorantsi the olfactory system can

L. {:,; losoo edor e
discriminate about’ 10,000 odor sclor inpenity

3.| Discrimination of odorants intensitﬂ

4. |Adaptation:|the olfactory receptors and smell center
Sl b T

are adapt rabidly with continuous exposure to an

Vo oo Jatgue K gk chancls —> bde polarizartion—? YdisImg
odorant. o impice —» adlapltion
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Nasal Epithelium

Stratified squamous (ciliated).

Transitional cuboidal/
columnar (non-ciliated). Lurenol

Goblet cell trachea Cilia
Pseudostratified columnar T
(ciliated). B |

Pseudostratified
columnar epithelia

Olfactory Epithelium

o Postero-superior nasal
cavity.

> Medial- nasal septum. :

o Lateral- superior turbinate.

> Total area 2.5¢cm’ Seorucus g
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Olfactory Epithelium

Three components: Epithelium, basement
membrane, lamina propria.
n{,IV\'}

Col_Nt!
(1 a“%ddﬂ-" ﬂC/N- .SM(JPJ'\’“"- cel\.
peS° 4 one aren

/
* Olfactory receptor cells are o one dentik e
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Lain SuP. raga)  caviy .
neurons. ans, i 4. i) w wonZE e
* Bowman’s glands “Nasal glands™.

layer ===)=

—— N\

Supporting ‘ ’ii
» Olfactory ensheathing cells ) G
* Sustentacular cells “Supportive Cells”. ?éL:e:éI{’;,’
* Basal cells. Basal

* Microvillar cells ”another class of
supporting cells”.

Replacement of receptor cellg{about 60 daisjb.

e o ucal cavitp




Olfactory Receptor Neurons

® Bipolar smell receptor neurons.

Odorant ActiveNa'/  Cal'gated  Na'/Ca®*
mobc'u!e\ Ca’ channel  Cl'channel  exchanger
‘ Receptor Active adenylate 2@ \ ;
‘ )mtem cyclase Ng? /‘
ir

!




Cribriform Plate
olf. gy W0 pern )y b £

‘@ Part of the ethmoid bone

: . A v\
- ® Fila olfactoria e“z 3
,./\/_""'\—-—— ‘
,«J?,Qé\/_,e S o\ 8rsem

oMactsr @M\)p(unmyelin'ated axons) pass

\Y through perforations in

inFhe any.
caninl  fos % Crlbl’lfOI’m plate.

® Pass from nasal cavity to

-_——

the anterior cranial fossa
T S

floor.




Olfactory Bulb — ©

e o 2l aes reare

Layer I- Olfactory neuron % "< O\E"ﬂ?"f”?‘?’“\"

layer “ONL” -

Layer II- Glomerular layer i \/;‘
“GL” +he czmo%dﬁ pifalell e

Layer III- External plexiform

Olfactory sensory neurons

EPL

layer ”EPL”
Layer I'V- Mitral cell layer —
“MCL Znd, ovdes sewdn < X 2 T e

Layer V- Internal plexiform
layer ICA”

Layer VI- Granule cell layer
C‘GCL’?



Odorant-Binding Proteins
* These receptors are protrude through the membrane of

nasal cavity.

They bind to the odorants forming a complex, which

generate the receptor potential.
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Stimulation of the Olfactory Cells

 The odorant substance, first diffuse in the mucus

membrane and binds with a receptor protein.

»  Such binding will activa@‘Guanine

nucleotide-binding proteins” With activation of

( ad‘glylcyclasaand phospholipase — which finally
oFen

open man)&Na-l-' channels )» Na+ entry will generate

receptor action potential in the receptor cells (partial
depolarization).  » ¥nesry of Al atlepleions S

——— : & o ! 5/;_} s\ e 5
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e Pathway of Smell Sensation

. First Neuron: Bipolar cellsX25 million

chemoreceptors on each side) in the olfactory mucous

membranes of th¢ (superior nasal cavity 3 fibers of

consist of about 20 small filaments on

each side) — the cribriform plate of the ethmoid bone

—> olfactory bulb where they relay

L/g a\umem\ CSjanJ 3

in the mitral and tufted cells.
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2. Second Neuron:

*The olfactory nerve fibers synapse with the dendrites of the
mitral and tufted cells (second order neuron) of olfactory bulb

called gifactory glonieriili — olfactory tract > passes along the
olfactery-groove. Yo Jempass| ok

*The olfactory tract — gives rise to the medial and lateral
fac striae gire fiber Jo and commisgyre

*Some fibers project collaterals dlrectlz via lateral olfactory
Conmeed ¥ Y/ £ hemisphere: Cerebrl
striae and anterior commlssL\grlmﬂ'X ffactor cortex
—_— (Pire derPoE \ub_
*Ends 1n the uncus, parahlppocampal subcallosal paraterminal
gyri and amygdaloid body in temgogg! lobe (parts of the limbic

system).

< Note: Unilateral lesion oémporal lobe)does not cause

@’ as the sense of smell is bllggggg ly represented.
l ! sense. off smell D us

V5 Enaterq).
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Nerves of Nasal Cavity

Lateral intemal nasal branch  Lwat€ral Nasal Wall
of antenor ethmoidal nerve

Olfactory bulb Superior postenior Iateral
Cribriform plate nasal branches from
of ethmoid bone pterygopalatine ganglion

VBXliary nerve

Olfactory tract

\
49
Extemal nasal s
branch of antenor

ethmoidal nerve

Nerve (\Mdian) of
W‘ m,,
Pharyngeal branch

of pterygopalatine
aanglion

Nasopalatine nerve|
passing to septum
(out)
ferior posterior |ateral
sal branch from

ater palatine nerve

Greater palatine nerves

Lesser palatine nerves




To contralateral side
via the anterior
commissure

Oifactory neuroepithefum

Pinform corte

Amygdaloid complex




Projections of the
olfactory bulb

Olfactory bulb

(Its principal cells are
called mitral cells)

Orbital surface
of frontal lobe
(Receives afferents from

Olfactory tract the primary olfactory areas)

Lateral
“Medial olfactory
olfactory stria
stria”
Anterior
perforated
substance Cut surface where
tip of temporal lobe
Optic tract —— has been removed
(cut, and
chiasma
removed)

Amygdala
(Its corticomedial nuclei)

Entorhinal area
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Clinical Correlation
Lesion of the Smell Pathway

Lacdwte L Bkl Pase + heprtomy
Cepidura, subclum?) <

- Jamsv in At cranial Pssa :1 e 78 J
= Ne COanjc(wQ l: 57 °I-Fa(.+:'t_‘7 8“’""‘

1. Unilateral hyposmia or anosmia.
'\.\’
oeuot,lo C?W""""O\OJ'

2. Bilateral hyposmia or anosmia.

3. Parosmia (Smell hallucination)

c——Aistharse N2 A2 TP

po srust2U 4 Cacosmiq (bad smell in chronic sinusitis)

Q)AJ Sl

5. Olfactory agnosia
as {7



Causes of Unilateral Anosmia

@f 5\'\‘!‘ ‘\Y\\S\'\fj
0 Traumatic: skull base fracture
0 Inflammatory: basal meningitis, abscess.

L n EY Mnin«bﬂ\‘,
feve ¢ hesalating-

1 yeoplastic:
£ » - Olfactory groove meningioma —

—— L \adteral \iy
pster-Kennedy sysdrome’) <o
vio)

|. Ipsilateral anosmia: due to
aftect e smell Pedhway Chrach - bulL)

Avest pressure on olfactory pathway.

2. Ipsilateral optic nerve atrophy:

% 1§ Hhe meningion-—)

due to direct pressure on thi optic oF (gl T
C | veson WS Wiel | e o hgh cleprec o Taster
nerve. esent patiresdema
3. (Contralateral papilleodema: g e o) see th. papiliescen
. . ] indke Side ot \esion oluete
due to increase intracranial Phe Atrofhy oo appear in

T [ ( Side-
tenSiOIl. d\ﬂ(,""-’ 1 Jurme §y2 e - 1‘1(9 dhe . ™

e~



Causes of Bilateral Anosmia

ENT causes: common cold, atrophic rhinitis.

Heredofamilial, &'~

Hysterical.l gehejenic Joss < smen

Ve 1 : Wie S
Excessive Smoking) . pictine \esol B g Wie ey

Use of cocaine | doxins 3o 4he Qigslor smell reupior \eadl 4o
p—{-/o/l’y In his ﬂ—




Causes of Parosmia (Smell Hallucination)

P\M

and Olfactory Agnosia

* Temporal epilepsy.
> Syace
» Temporal lobe SOL.

wmbd lesyo-
o

*| Intracranial aneurysm/and

AVM.

(Ds |Psychogenic| es Schisophmnia
A\



. - Gustatory System




I1. The Sense of Taste
“Gustatory System”

* The taste stimuli are detected by|taste receptors within

the tongue, palate, epiglottis and pharynx.

e

* Functional Modality: mediates the special visceral

afferent modality of taste Via the facial,

glossopharyngeal and vagus nerves.
. Mediatef %ustation, which, like @ 1S a chemical

SCNSE.




The Sense of Taste

“Grustatory System”

Types of taste sensation:
=

1.A wsensation: the tip “apex” of the tongue 1s the area
most sensitive to sweet stimuli.

2.A£it,ter sensation: 1s produced by alkaloids. The back of the
Lodrud - coftee . . .
tongue 1is the area most sensitive to bitter stimuli.

3.A %f sensation: the anterior half of each side of the tongue
lntera\s arntedior -

1s the area most sensitive to salty stimuli.
W\?
4.A so%‘ sensation: 1s produced by acids. The posterior half of
[aYemt / POGJ'GY(BY
each side of the tongue 1s the area most sensitive to sour

stimuli.
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The Taste Buds

*» Taste Receptors: taste cells (receptors) are located

hes Yo —60 tapde 12
within‘taste budsywhich are located within tongue

papillae (Tongue Papillae — Taste Buds — Taste
Yo—bo
Cells or Receptors).

< (Distribution of taste buds} taste buds are located on

the tongue papillae, hard and soft palate, epiglottis and
pharynx.




The Structure of Taste Buds

Each taste bud is consists of taste cells and numerous

supporting cells:

Taste pore.

Taste microvilli.

Taste (receptors) cells: each taste bud 1s consists

7 T gered o Juste afferent Siders
0f(40-60)taste cells Ly S

: .9,k
Supportive cells. =




Papilla on tongue
with tastebuds on
lateral borders

Sensory nerve fibers



Anatomy of Taste Buds

Suppo

Microvilli Pore

S | =
> -—
S
=
> = 6
Q . A,
2
- ——
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3= s
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The Sense of Taste

¢/Specialization of taste buds:
% Each taste bud usually respond to onl

____@) f the

four taste stimuli, when the taste substance 1s in

low concentratioq.

% Atlhigh concentration, must buds respond t,

or more of the four taste stimuli.

v/Regeneration of taste buds:

Each taste cell has a life cycle of onl@




The/Tongue Papillae

There ar@ (three contain taste buds and
one contains mechanical receptors):

|I. Fungiform papillae: located in th2/3rd of the
T tongue. Each papillae has 8 — 10 taste buds.
2. Circumvallate papillae: located in the(;&@r part of

:f/ the tongue. Each papillae has approximately 20Q raste
. buds.

L 3. Foliate papillae: located on the(laterab border of the
tongue anterior to the circumvallate papillae. Has

numerous taste buds. .
4. CT iliform papillae (Mechanical): are not taste structures.
T

hey may play a role in breaking up food particles)
MNdeliof 4o Ha CifCun~a e -




Palatine tonsil

Lingual tonsil

Foliate
papillae

Circumvallate
papillae

Filiform
papillae

Fungiform

EaEillae

42



The Anterior Two-thirds of the Tongue
»- o {f@%@ s -

*Has fungiform papillae.

,°Detects@nsensations.

. -@c\‘q\ nerve
[s innervated bchorda tympani).
I -fo{ Laste S€nlation.

The Posterior One-third of the Tongue
P g \era) S icle

*Hag circumvallate and foliate papillae.

*Detects sour and bitter sensations.

p—

. \'\V\ﬁw\\ Rranth. Coflerem
*[s innervated bglossopharyngeal).
° . . . icma) lqm«oe,‘,\/u Recl,
The epiglottis are innervated b@ SRS ey g5

R vap., nelwe -



INNERVATION
MOTOR SENSORY
Palz:éogé%ssus \ o E'::CZ e
CN 10 S

’tuonophargngeal
v, lll e

%! SENSORY & TASTE
TO POSTERIOR 1/3RD

CN9
All other Lingual nerve
SENSORY TO
mosc.e‘ ANTERICONRS2/3RD
HYPOGLOSSAL
NERVE Chorda Tympani
CN 12 TASTE TO

ANTERIOR 2/3RD
y CN7

44



Mechanism of Stimulation of Taste Receptor

I. Sweet-tasting substances: by opening of Na+

channels and closing of K+ channels.

2. Bitter-tasting substance: by increasing intracellular
A Ca++ levels, which leads to the release of synaptic
transmitter and activation of the taste nerve fiber.

3. Salty-tasting substance: by opening of Na+

channels.

4. ‘Sour-tasting substance: by increasing intracellular

;e HF 10n concentration, which blocks K+ channels.
S—— e Sam—



Pathway of Taste Sensation

* The Taste Receptors: aé chemoreceEt@ (taste

buds) 1n the papillae.

The taste buds contaiti 40-60 receptor cells and
numerous supportive cells.
Innervated by taste sensory fibers of CN VII, CN

IX, and CN X.
note <= PLAdE

—
e



Je= and: 2/7

First Neuron cells in the sensor)}f ganglia (Geniculate
Yo Qe 2

ganglion 1nfer10r ganglion “Petrosal ganglion” of
@and inferior ganglion ‘“Nodose ganglion” @—»

The central process o\fgéthese ganglia enter the medulla

oblongata to the rostral part of Solitary nucleus.

g dentvi e oYt 183 order memmai~ O© norels ¥ ampan;
Clranches Jﬂ— csania\ N @ \'mhw\\
Z) ntermal Nacympenl:

erve: receive taste sensation from the anterior

2/3 of the tongue.

ossopharyngealNerve: receive taste sensation from

the posterior 1/3 of the tongue.

|

ot M s F orele

@rve: receive taste sensation from the egiglottis.
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>nd) ovdes runn
2. Second Neuron (Solitary Nucleus):

® of the rostral part solitary nucleus ascend in the

A s NT= .
ipsilateral central tegmental tract to end in thucleus

of thalamus.

rabrachial/nucleus of the pons: receives taste input from

the salitary nucleus and projects taste input to the

th and amygdaloid body.

2sd ordes rears-

3. Third Neuron @Nucleus of Thalamus):

® Fibers run in the sensory radiation which passes in the

posterior limb of the internal capsule and projects to the
gustatory cortex of the parietal and frontal operculum (area
43) and iffSular corfex)




Facial nerve (Vi)

Trigeminal ganglon

Glossopharyngeal
neorve (IX)

Vagus nerve (X)

Superior laryngeal nerve

50
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Talencaphalon
{neocortex)

N Parnetal operculum and

parainsular cortax

Intemal capsuils (post. imb)

I Tast= buds

{ant. two-thirds of tongus)

—CN VI

[— Peatrosal ganglion

Tast=s buds

{(post. cne-third of tongue)

—CN IX

— Nodose ganglion

Taste buds (epigiottis)

and palate

—CN X




Taste Innervation

CN Branch Ganglion Foramen

Anterior 2/3 VII Chorda Geniculate Internal
tongue tympani (via acoustic

~ Tingual) meatus

Soft palate VII Geniculate/ Internal
ot acoustic

meatus

Posterior 1/3 IX  Lingual-tonsill Petrosal Jugular

tongue ar branch foramen
——
Epiglottis X Laryngeal Nodose Jugular

branch foramen




Clinical Correlation

\os> o faste Sensakpe
* §geusia7 gustatory anesthesia or lack of sense of taste.
* Most frequently associated with peripheral lesions of

sy \ateral ) rzresteble céa»\aa.(_ :

facial nerve (Bell’s palsy and disease of the middle ear)

due to chorda tympani nerve lesion.
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