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Partea |: Neurostiinte somatosenzoriale.
Codificarea informatiilor senzoriale



Sisteme senzoriale

Codificarea unui stimul:
* Modalitate

* Locatie

* Intensitate

* Sincronizare

A Modality

Receptors

B Location
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Meissner's
corpuscle

C Intensity and time course
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Stimulus

Merkel
cells

Pacinian Ruffini
corpuscle endings



Sisteme senzoriale

Transductia stimulului

» Potentialul de actiune al receptorului: amplitudinea si durata sunt
legate de intensitatea stimulului si de evolutia temporala

» Specializate morfologic: specificitatea receptorului
» Patru clase: mecanica, chimica, termica sau electromagnetica



Sisteme si modalitati senzoriale

Sensory system  Modality

Visual Vision
Auditory Hearing
Vestibular Balance

Somatosensory  Somatic senses:
Touch
Proprioception
Temperature sense

Pain

Itch
Gustatory Taste
Olfactory Smell

Stimulus energy

Receptor class’

Light
Sound
Gravity

Pressure

Displacement

Thermal

Chemical, thermal,
or mechanical

Chemical
Chemical

Chemical

Photoreceptor
Mechanoreceptor

Mechanoreceptor

Mechanoreceptor
Mechanoreceptor
Thermoreceptor
Chemoreceptor,
thermoreceptor, or
mechanoreceptor
Chemoreceptor

Chemoreceptor

Chemoreceptor

Receptor cell types’

Rods, cones
Hair cells (cochlea)

Hair cells (vestibular la

Dorsal root ganglion n
Cutaneous mechanorec
Muscle and joint receptors
Cold and warm receptor
Polymodal, thermal, and
mechanical nociceptors

Chemical nociceptor
Taste buds

Olfactory sensory neurons




TRANSDUCTIE: Receptorii senzoriali transforma stimulul din mediu Intr-un semnal electric
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Receptori Senzoriali

* Nu sunt omogeni 100

* Filtru pentru o gama restrdnsa

de energie: “latime de banda” 5
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Distributia spatiala a neuronilor senzoriali activati

* Localizarea locului stimulului pe corp sau a sursei
in spatiu

* Discriminarea dimensiunii si formei obiectului
* Rezolutie detaliata fina

= CAMP RECEPTIV



Fiecare receptor are un camp receptiv

» Locatie
> Marime
» Forma
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A 400 receptors B 3,600 receptors

Dimensiunea
campului
receptiv
determina
rezolutia
perceptiei
senzoriale

C 14,400 receptors




Intensitatea stimulului

» Pragul senzorial pentru o modalitate este limitat de sensibilitatea
receptorilor

» Pragurile sunt modificate de factori psihologici si farmacologici
» Codificata de frecventa potentialelor de actiune in nervii senzoriali



Pragul senzorial
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Codificarea magnitudinii stimulului

A Neural code of stimulus magnitude
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Adaptarea receptorilor

Rapidly adapting receptor

[

Stimulus

Slowly adapting receptor




Morfologia si adaptarea receptorilor

Corpuscul Pacini
e adaptarea rapida a

mecanoreceptorului pentru o

presiune constanta
e adaptarea lenta a

mecanoreceptorului pentru
vibratii (presiune vibratorie)

Pacinian corpuscle .
P —— Connective tissue
., o laminae
A

A Steady pressure

Action L
potentials |
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B 110 Hz vibration
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Organizarea retelelor senzoriale
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Pertubarea detectiel complexe a caracteristicilor

Ipsilateral hand

Contralateral hand

WHY?

Unilateral injection of muscimol (GABA antagonist) into area 2.



Lateral Inhibition

C Lateral inhibition




Inhibitia Imbunatateste contrastul




S1 (3a,3b)

Lemniscul \

Medial Nerv Optic

Brachium
Collicului inferior
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thalamic reticular nucleus (ReT)
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: /= Submodality-specific microchannels

Sensory modality (somatosensory, visual, auditory)



Functia de Triaj (Gating) a Thalamusului: Firing in modurile Tonic Vs Burst




PERCEPTIA
SOMATO-SENZORIALA



Ganglionul radacinii dorsale

» Informatii somatosenzoriale
din trunchi si membre

* Transductia stimulului

* Transmiterea informatiilor
generate de stimul, codificate




Receptor Types

Receptor type

Cutaneous and subcutaneous mechanoreceptors

Meissner’s corpuscle
Merkel disk receptor
Pacinian corpuscle?
Ruffini ending
Hair-tylotrich, hair-guard
Hair-down

Field

Thermal receptors
Cool receptors
Warm receptors
Heat nociceptors
Cold nociceptors

Nociceptors
Mechanical
Thermal-mechanical
Thermal-mechanical
Polymodal

Muscle and skeletal mechanoreceptors
Muscle spindle primary
Muscle spindle secondary
Golgi tendon organ
Joint capsule mechanoreceptors
Stretch-sensitive free endings

Fiber group’

Ao,
Ao,
Aa,B
Aa,B
Aa,
Ad

Ao, B

Ad
C
Ad
C

Ad
Ad
C
C

Aa
AB
Aa
AB
Ad

Fiber name'’

SAI
PC
SAIl
G1,G2

11
v
I
1A%

I
1M1
IV

la
I
Ib
II
111

Modality

Touch
Stroking, fluttering
Pressure, texture
Vibration
Skin stretch
Stroking, fluttering
Light stroking
Skin stretch

Temperature
Skin cooling (25°C)
Skin warming (41°C)
Hot temperatures (>45°C)
Cold temperatures (<5°C)

Pain
Sharp, pricking pain
Burning pain
Freezing pain
Slow, burning pain

Limb proprioception
Muscle length and speed
Muscle stretch
Muscle contraction
Joint angle
Excess stretch or force



Mecanoreceptor!
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Bare nerve
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Un corpuscul Pacinian este format din straturi concentrice de
celule de tesut conjunctiv plat si fibre de colagen. Straturile
sunt separate unele de altele de fluid. O singura terminatie
nervoasa senzoriala trece prin centrul acestei structuri,
stimulata de presiunea vibratorie.
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Corpusculi Meissner

Meissner's Corpuscle

T~Meissner's Corpuscle =~

- Skin(Fin




Corpusculi
Meissner

Structura globulara
plina de lichid care
cuprinde un teanc de
celule epiteliale
aplatizate. Terminalul
nervos senzorial este
vizibil intre straturi.




Terminatii Ruffini

Conneclive tissue sheath

Lerminal ramifications
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Discurile Merkel

O mica celula epiteliala care inconjoara terminalul
nervos cuprinde o structura rigida care transmite
tensiunea de comprimare de la piele la capatul
nervos, evocand un raspuns sustinut, care se
adapteaza lent. Adesea se gaseste in grupuri din
centrul crestei papilare.



Receptor

size (mm)

Meissner
corpuscle
(RA-])

Merkel
disk 2-3
(SA-))

Ruffini
organs
(SA-I)

15-25

Pacinian
corpuscle
(PC or RA-II)

Large

Receptive field

Adaptation

Moderately rapid

e N—

Slow

-/ N—

Slow

—/ \N—

Very rapid

et

-/ N—

Stimulus

Minimal
skin
motion

Points,
corners,
edges,
curvatures

Skin
stretch

Minimal
skin
motion
Vibratory
stimuli

Function

Feedback signal
for grip control

Perception of

form and texture
Contact recognition
of gaps and grids

Perception of
hand shape and
finger position

Transmission
of vibration of
objects held by
the hand



Campuri receptive

A Slowly adapting B Rapidly adapting C Receptive field
mechanoreceptors mechanoreceptors architecture

Superficial
layers

Meissner’s corpuscles

Deep
layers

i

Ruffini endings Pacinian corpuscles




PC (Pacinian)

TN
S s e e

1)

ni

R SR SR A
X WSSO

torilor

eissner's)

la MmecCanorecep

’

Distribut



Discriminarea Intre doua puncte

(Two-Point Discrimination)

e Distanta minima

la care doi stimuli
sunt rezolvati

(perceputi) ca
distincti.

— Thigh—

Sole —
S Hallux —e—




Perceptia vibratiilor

Human detection Meissner's
threshold corpuscle

oo} \ \

Action potential

Skin indentaton

Amount of skin indentation (um)
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Frequency (Hz)



Forma si dimensiunea obiectelor
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Receptive
field

extura

Braille dot
patterns
on drum

SA
(Merkel)

RA
(Meissner's)

PC
(Pacinian)

Dot spacing 1.3
tmm}



Average finng rate

Receptori termici

A Static temperature B Dynamic temperature
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CLASSIFICATION OF THE CUTANEOUS MECHANICAL, INNOCUOUS THERMAL, AND NOCICEPTIVE
RECEPTORS USING SMALL-DIAMETER FIBERS AND OF THEIR ADEQUATE STIMULI

RECEPTOR

Cutaneous mechanoreceptors

Group Adelta highthreshold mechanoreceptors
Group C highthreshold mechanorecepfors

Cutaneous thermoreceptors
Cold thermorecepiors

Warm thermorecepiors

Cutaneous nociceptors
Mechanonociceptors
Group A-della mechanonociceptors
Group C mechanonociceptors
Thermonociceptors
Adelta heat thermonociceptors
A-delta, C cold thermonociceptors
Chemonaciceptors [C)

Polymedal nociceptors (C)

ADEQUATE STIMULUS

Nondiscriminative tactile stimuli
Rub, tap, stretch, squeeze, pinch

Rub, tap, strefch, squeeze, pinch

Innocuous warm and cold thermal stimuli
Transient reduction in temperature

Transient increase in temperature

Mechanical, thermal, and/or chemical stimuli

Mechanical tissue damage

Mechanical tissue damage

Noxious heat and tissue damage
Noxious cold and tissue damage
Insect venom, bradykinin, histamine

Noxious heat/cold, tissue damage, algesic chemicals



CONDUCTION VELOCITY GROUPS

TYPE GROUP DIAMETER VELOCITY FUNCTION
(mm) (m/s)
SENSORY AXONS
lo & Ib Aa 12-22 72-132 motor afferent: annulospiral, Gelgi tendon
organ
i AB 5-12 30-72 motor afferent: flower spray

sensory afferent: touch, pressure, hair, joint,
vibratory receptors

Il Ad 2-5 12-30 sensory afferent: hair, free nerve endings [fast
pain, temperature}
B 1-3 3-15 sympathetic
v C 0.3-1.3 0.6-2.3 sympathetic, sensory afferent: slow pain,

temperature, mechanoreceptors
MOTOR AXONS

o 3.5-8.5 50-100 o-motor neurons
2.5-6.5 10-40 ‘vmotor neurons



Area innervated by
trigemingl nerve

|
| Area innervated by
trigeminal nerve




Dorsal gnteror
Ingular cortax

Ventral postenc: 'ateal
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Thalamus

Midbrain
Pans
Modutla
[ —— Gracie
e Cunaate nuclous
Medy Spisal try !
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Sengory decussancn
Doesal root
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Primary somatosensory
cortex (area 3b)

Ventroposterior
v complex
of the thalamus

Dorsal column nuclei Medial lemniscus
Gracile

nucleus

Cuneate

' nucleus

Dorsal columns 1




Area 3a —> Motorcortex

T

Contralateral
ipsilateral External thalamus (VPS)
cerebellum cuneate I
nucleus Cuneate Gracile _
N\ nucleus nucleus P Medial
| lemniscus
?\)!w ) /
?"/’ ¢
i

Nuclear  Nuclear U— —~_
chain bag N\ C
Dorsolateral funiculus o Dorsal columns
Dorsal spinocerebellar tract /
IS
Clarke D\
D

nucleus

Laminae |l
and vV

|
Muscle RS
spindle o Motoneurons

and interneurons




Cortexul

somatosenzorial

A The somatosensory cortex

Y

Lateral £
suleus \\4‘___,,

C Postcentral gyrus {S-1)

i ‘
A o

Posterior
parietal

B Coronal section

1 = Thalamus

Internal
capsule

Postcentral sulcus

Central sulcus

Thalamus



Somatosensory Cortex

Credits: Spencer Sutton; “The Original Homunculus Co.”



Harta
corticala a
suprafetel
corpului

Area 3b



Inregistrarile neurofiziologice clarificd harta somatotopica

Micro-
electrodes

Receptive field
of cell b

Receptive field
of cell a

Recordings from cell a Recordings from cell b
Forearm E R ER | |
stimulated | | | | | | 1
Wirist |V T | |
stimulated S S | |




Campurireceptive in Cortexul somatosenzorial primar

Cortical recording sites

Receptive fields

Area 1

Area 3b Area 2 Area b



O rga n iza rea A Sagittal section of monkey S-1 cortex

columnara a ‘@3\ 2

cortexului 7
somatosenzorial

. B Expanded view of cortical histology C Schematic Cortical cirouig
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Postcentral
Postcentral sulcus

Skin (rapidly

Central sulcus adapting receptors)

Deep tissue (pressure
and joint position)
Skin {complex touch)

Skin {slowly and rapidly
adapting receptors)

Deep tissue (muscle
stretch receptors})

To areas
+1and 2
S-l cortex

From thalamus

To hasal ganglia, brain
stem, and spinal cord

To thalamus

Thalamus

Meissner's | /
corpuscle /8



Modulele
functionale
elementare ale
cortexului:
Coloanele
Neuronale

Labelling cu 14C 2-
dezoxiglucoza

Coloanele verticale sunt
etichetate de la Stratul Il la
Stratul V.

(Tn special stratul IV)

Central

SUICUS

Area 4

(motor cortex)

Area 1

i

4

[

[ntracareial

Area b



Discriminarea intre doua puncte

A One-point stimulus B Two-point stimulus

No lateral
inhibition

Lateral
inhibition

Neuronal activity

Neuronal activity




A Orientation-sensitive neuron

Neuronii din zonele
corticale superioare
au proprietati
complexe de
detectare a
caracteristicilor

11 1
1L I




O singura experienta - integrarea
mai multor modalitati senzoriale in
acelasi timp

“The touch” by Abraham Bosse; Credit: Lauros / Giraudon
Copyright: Copyright (C) Bridgeman Art Library




