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lecture 2:spinal cord and somatic sensations

Sensations and perception:
Sensation :is awareness of sensory stimuli in brain

Integration
Sensory neuron center
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Sensory receptors are specialized structures or modified nerve endings at the
peripheral termination of afferent fibers

FUNCTIONS OF THE SENSORY RECEPTORS
(1) They act as detectors and transducers : They detect energy
changes in both the external and intemal environments and transform such

So the receptors are excitable structures ((responding  changes nlo action potentials i.c. nerve impulses),

to change in surrounding environment )) (2) They inform the CNS about changes occurring inside and
outside the body : The nerve impulses generated at the receplors are

glands contractions (b (& cuaiud muscle & i (ransmitted 1o the CNS via afferent neurans where they give rise to various
Gk (8 cualul nerves § secretions (b G cuadad  sensations and initiate appropriate reflex actions that maintain homeostasis.

action potential  Accordingly, the CNS becomes almost useless without receptors.,
-classification of receptors (depend on the stimulus type)
1-mechanoreceptors
(pressure, stretch)
2-thermoreceptors
(warm,cold)
3-pain receptors

((extreme mechanic pain, extreme thermal stimulation, chemical stimulation e.g: peptic
ulcer))

4-chemoreceptors

((chemical ,taste,smell))
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Corpuscles which are sensory receptors in
the skin

Excitability of the sensory receptors :

This is the property of responding to stimuli by generating action
potentials. [t has been studied in certain mechanoreceptors called Pacinian
corpuscles. Each corpuscle consists of a sensory nerve ending surrounded
by multiple concentric lamellac of connective tissue, and the terminal part of
the nerve ending is unmyelinated while its remaining part is myelinated, and
the first node of Ranvier is present inside the corpuscle (ligure 1),

When the corpuscle is not stimulated, the sensory nerve ending is in the
polarized state (with a resting membrane potential about -70 mV). However,
if"it 1s stimulated (by applying pressure), the unmyelinated part is partially
depolarized due to increased Na' influx secondary to Na* channel activ-
ation. This state of partial depolarization of the sensory nerve ending is
called the receptor or generator potential, and its magnitude is propor-
tionate to the intensity of the stimulus (a, b, ¢ and d in figure 1).

The receptor potential is passively conducted to the first node of”
Ranvier (by local circuits of current flow) causing its depolarization, and if
this reaches the firing level, it initiates an action potential (¢ in figure 1) that
is propagated along the afferent nerve to the nervous system,

The threshold receptor potential that discharges an action potential is
about 10 mV, and il its magnitude rises above that level (depending on the
intensity of the stimulus), the frequency of discharge increases propor-
tionately (figure 2).
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Figure 2 : Relation between the receptor potential (RIP) & action potentials
(APs). As the (RP) rises above threshold, the frequency of (APS) increasces.
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This is the property of responding to stimuli by generating action Voltage-gated channels
potentials. It has been studied in certain mechanoreceptors called Pacinian
corpascles. Lach corpuscle consists of a sensory nerve ending surrounded
by multiple concentric lamellac of connective tissue, and the terminal part of
the nerve ending is wnmyelinated while its remaining part is myelinated, and
the first node of Ranvier is present inside the corpuscle (figure 1),
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Adaptation of the sensory receptors :
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Coding of sensory information :
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as a sensory pathwayds Js<asey pressure sensation &by Pacinian corpuscles a
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(recruitment of the receptors ,frequency of impulses )

stimulating receptors = %3 ¢ stimulation 415 s# light or deep pressure s Ja Al
e stimulation 43 cns J Jas ¢ 2

4 intensity 4 CNS J < ¢ weber-Fechner principle «a intensity <a3) slg
weber-Fechner principle ? (& s qub

Weber-Fechner principle
This is a logarithmic function which states that: the
perceived sensation is proportional to log intensity
of the stimulus.
R=logSx K
R: perceived sensation .
S: stimulus intensity.
K :constant.
This means that 100 fold increase in stimulus intensity, will
increase the perceived sensation by 2 times, 1000 fold
increase will increase sensation by 3 times and so forth.
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CODING OF SENSORY INFORMATION

I'his is the ability of the nervous system to discriminate (or identity) the
modality (= type), locality and intensity of various sensations, although all
sensations are transmitted from the receptors to the higher centres in the
same form (i.e. as action potentials).

(1) MODALITY DISCRIMINATION

I'he various sensory pathways are discrete (i.e. separate from each other),
and the modality of a certain sensation is discriminated at the specific brain
area where its pathway terminates. This agrees with Muller's law.
Muller's law of specific nerve energies

This law states that stimudation of a certain sensory pathway no matter
how or where produces the sensation to whicl its receptors are specialized
Such effect is also called the labeled line principle i.c. cach sensory pathway
(fronr the receptors till the termination at the higher centres) is labeled for a
specific sensation (so stimulation of the retinal receptors whether by light or
mechanically by pressure always produces a light sensation, page 1).

(2) LOCALITY DISCRIMINATION

The discrimination of the locality of a certain sensation also depends on
the specific pathway of that s ion. When this pathway is stimulated
anywhere along its course, the evoked sensation is projected to (i.c. referred
10) the location of its receptors. This cffect is called * law of projection ",
and it is evident in patients whose limbs are amputated, who may feel severe
pain in the phantom limb (i.e. the non-existing limb) due to irrvitation of the
sensory nerves at the site of amputation.

(3) INTENSITY DISCRIMINATION

The discrimination of the intensity of a certain sensation depends on the
number ol activated receptors and their frequency of discharge as well as
on the srate of nerve centres (if they are depressed c.g. due to O lack or
hypoglycemia, the sensations become dull and their intensity is decreased).

Sensations

: P The various sensations in the body include (1) Somatic sensations
Somatic Organic , : . g s by
(from the skin and deep tissues e.g. muscles, joints and bones) (2) Visceral
1 sensations (3) Special sensations (vision, hearing, smell, taste and equilib-
l’ ‘ rium) (4) Organie sensations (e.g. hunger, thirst and sexual sensations).

Mechano Thermo
I

v v

Tactile Position senses

‘ Mechano. S.
|

v +

Tactile sensation Position senses

1.Touch 1.Static
2. Stereognosis 2.Kinetic
Pressure

3
4. Vibration sense
5. Itch & tickling

|
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1- Touch

pain sensations Jadl AiSew AN AlSu ey MWia (e s bl (o) (uall (Saa
L ol (e gd A il g

Jaa ik Le s crude sensation ¢sly without vision gwelll (S 2aad 43) Fine sensation
non-localized without vision ¢&sS9 gwalll (lSa
Led g La 3 (e 02l 2Y) (uadad jlae ¥ g like Aaidl) (e adbay ae Ul g el Sa Stereogonosis
familiar learning s i fine touch e kid sy ¥ sensation 9 W4ilss A9
sensation

There are 2 types of touch (tactile) sensation :
[v] Crude touch : This is a pearly-localized gross tactile sensation
= Receprars @ Froe serve emdimgs amd hase oo organs

1 fevent werves @ dalelia morve fitwes

= Contral parteruy 3 Ventral spanothalamic tract (pagpe 221 and aho partly m
the gracile and Cuncase tracts (pagpe 24)
» Testimg : iy sarolomg the shm laghtly wtth o pdov v of oot

5] Fine touch : This kel tactile localization and discrimisation,
stercognosis amd the sonse aof testure of material (so¢ below)
« Revepoors 1 VMovondr™s corpuncios and Markels dinks
Uferemt merves 1 030000 morve Sibees
- Central pathway : The gracile and cuncase tracts (page 24)

O/ e (pma Bala ua) (A i texture (A

2 A= sensation <usw 88 weber compass W 4 Ue 4.8 tactile localization Ye s

Bas g Ahally JLa Lwalll 4d) (sl g efferent nerve ol athy 7 5 sensory unit ol points

Js Al 2 different points s 41 Gudis sensation ¢« tactile discrimination Leix
(bl jla (ualll 43) (sl g WS U pathway Jb JeSia sensory unit

Receptive field
on skin surface

: g
W\/\H |

Two points felt one point felt

2-pressure

This sensation is perceived mainly by the Pacinian corpuscles and
Ruffini's endings in the skin (for light pressure) and subcutancous tissues
(for deep pressure). 1t is tested by asking the subject to differentiate between
various weights without lifting them (by placing them in his hand while it is
supported on a table). Like touch, there are 2 types of pressure sensation
fine (which is transmitted by the gracile and cuncate tracts) and crude
(which is also transmitted by the ventral spinothalamic tract).
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3-sense of vibration

loss of vibration 4kass diabetes ¢ ol ¥ pan olie ddaa oSk o AU ) A4S pd Sia (5
sensation

This is the sense of buzzing (or thrill) that is felt when the base of a
vibrating tuning fork is placed on the skin. During testing, it is better to
place the tuning fork on a bony prominence ¢.g. the lower end of the radius
bone or one of the malleoli, because bone magnifies the sense of vibration.
It is produced as a result of rhythmic pressure stimuli (which is interpreted
as vibration) that stimulate 2 types of rapidly adapting mechanorecepiors
(2) Meissner's corpuscles, which respond to vibrations up to 80 Hertz (b)
Pacinian corpuscles, which respond to vibrations up to 800 Hertz,

Vibration is closely related to proprioception. Both are transmitted by the
gracile and cuneate tracts, and both arc impaired if these tracts degenerate
e.g2. i cases of pernicious anemia, tabes dorsalis and diabetes mellitus.

4- Itch /tickling

removal of the _was lie safe s insect bite ) itchings 483 ¢ ATickling
irritating

Tickle is a pleasurable sensation (ofien causing laugh) that results from
mild tactile stimulation of the skin, while itch is an annoying sensation that
results from skin irritation by moving tactile stimuli (¢.2. a crawling flea).
« Receptors : Rapidly-adapting free nerve endings,
« Afferent nerves : Unmyclinated type C nerve fibres,
« Central pathway : Ventral spinothalamic tract,
Itch often initiates the scratch reflex which helps removal of the stimulus,
and also initiates pain signals which help suppression of this sensation.

5-static

orientation of il ay) e A8l g ) AS jae A e duaska Ul g il g ol ay Sense of position
different of the body)

This is the conscious perception of the position of different parts of the

body with respect to each other. It is tested by placing one of the patient's
limbs, toes or fingers in an unusual position (with his eves closed), and ask-
ing him to place the corresponding part in the other side at a similar position
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b-Kinetic
(rialy S g A ) Ay g )y (S S gy (g

This is the sensation of movement of joints, 1t is tested by moving one
of the patient’s fingers or toes passively (i.e. by the examiner) while his eves
are closed, and asking him to determine the start and end of the movement,
as well as its rate and direction.

** Both types of proprioception are frequently called Kinesthetic sensa-
tions (although only the dynamic type is kinetic),

nerve £ ¢ J 4LV receptor J specific sensation & (Sams aga 5 iSal) csa Jgaall
sensation J«s: & fiber

Sensations carried by dorsal column

Sensation Receptor Afferent fiber

Fine touch M & M Ap

Stereognosis mixture AP

Pressure Pacinian & spray AP

Vibration S. Pacinian & Me. AP

Pacinian

Position S. R&S Ao

|
SCIENTIFIC TEAM - (oala]) (30 530




by sensory pathway JSA (s cortex J«<asx
spinal cord (s ¢35 aJ¥ cortex Jasi (lds
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L ¢ s<h L sensory unit ¢sa Us
overlap 0sS (Saa g sensory nerves
H Jag £, AS) sensation Jba L (ngy

1 W Bu9all 5 S8 spinal cord

I o

The sensory unit and the receptive field

The sensory unit consists of a single afferent nerve and all its peripheral
branches whle the receptive field is the arca supplied by a certain unit. There
is a considerable overlap of the receptive fields of ncighbouring sensory
units. This is evident in the skin in which cach spinal nerve innervates a def-
inite arca called a dermatome (figure 5) and these show marked overlapping

The sensory system ascending tracts :
Us cortex J's ascending tracts J spinal cord (s sy s 45
2 pathways :
1-dorsal column
Somatic sensory Pathways mechanical sensations g Jelaiiy sl b
4 + with high decussation (S L lemeniscal system 4sawiag

crossing of the midline (= decussation
Spinothalamic (( g o ))

2-spinothalamic
anterolateral system 4tawia
anterior and lateral columns ¥ olis

e M G T all

Somatosensory cortex

Internal capsul€,

Thalamus Ventroposterior
Ventroposterior

nuclei

Reticular,
,?,?gf‘g:' calmi Medial formation and

lemniscus  penaqueductal
Gracile grey

Cuneate

tigh Lateral {pal )
" eral 2eo-
\’ decussation ‘spinothalamic
tract

Anterior (nec-)
spinothalamic
tract

Low
decussation

Lemniscal system Anterolateral system
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1-first order

central 46 4¢ga 9 peripheral 4gad awdiv axon alaw cell body 43 Ewas psedounipolar ¢ss

2-second order

43) &uas decussion uxas a ¥ first neuron by synapse ¢ 844 second neuron Jaiiud La Jgh S
Juedd) o 293 5a b receptor (» o s Gxadl cortex 4 J# daia b 3 Qe midline g

3-third order

. e usal) g

8L sasm thalamus Waxs ((© Lsisdl)) thalamus g synapse Jass a ¥ 8 L) ddua gi s S g

sensation JS e Jle cortex A

Each sensory pathway consists of (1) The afferent nerves which have
their cell bodies in the dorsal root ganglia and terminate ar the various
laminae of the dorsal horn of the gray matter (figure 12 a) (2) Second order
neurons that start at the dorsal horns and form bundles called the ascending
tracts, which terminate at subcortical centres. Some sensations require third
order neurons that transmit signals to centres in the cerebral cortex. Depend-
ing on position in the spinal cord, there are 2 systems of the ascending tracts
called the anterolateral and the dorsal column (or lemniscal) systems.

neurons —

Each pathway cell body in a
consists of three sensory ganglion
populations of

First-order,

Unipolar, with its

Ilts axon

= decussates.

= ends in the
thalamus.

Second-

order

and Third-

order. Cell body in

= thalamus. Axon

ends in cortex.

. aMA] ST 7 agle i La B Sl ClaMay Cd g 4 (i e JAIKH

© ((somatosensory receptor)) :3 sataall JS adly ja gaml (a4 gadsh dd

https://mega.nz/folder/LgBlyKCA#CJZx31S CCub58X 7iE 5q/file/b6JWYAQS
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