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The role of nervous system

Cortex —— Potential input

Sensor

ANTICIPATION

> Integration

Input Output

REGULATION

Potential output —— Cortex

Effector
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Receptors/sensors

for the duration of a stimulus.

* Energy convertor stimulus Stimulus

— Signal reception l
— Signal transformation

Receptor

* Receptor potential
— Generator potential

e Action potential )

Receptor
potential

i1

sensory & &
neuron Action potentials
in sensory neuron Time —>
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Receptor/generator and action potential

Action
Receptor potential potential

- S
LR ++++++++++|++++++++++

Node of
Ranvier
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Receptors/sensors

for the duration of a stimulus.

* Energy convertor Stimulus ) Stimulus
— Signal reception l

— Signal transformation

Receptor

* Receptor potential
— Generator potential

e Action potential ( )

Receptor
potential

in sensory neuron Time >

 Non adequate stimulus

 Adequate stimulus sonsoy A—__ HH ‘ ‘ ‘
neuron () Action potentials LEALRE
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Receptors/sensors

* Energy convertor stimulus Stimulus

— Signal reception
— Signal transformation

/ N\echr?\o cep‘°“s
v Thet oreﬁﬁp’“ﬁs

* Receptor potentia
— Generator potentia

e Action potential

 Adequate stimulus

sensory
neuron

 Non adequate stimulus

http://www.slideshare
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Receptor
potential

Action potentials
in sensory neuron

.net/Csilla

for the duration of a stimulus.
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Receptors/sensors

w“ for the duration of a stimulus.

* Energy convertor 0‘

— Signal reception ,b“‘,es

— Signal transformatis “x\ . {\\le o)

Qe ™ et

* Receptor poi Ba da\'\w - Q\\‘(\e‘e.

— Generator pt N\O' a{\o(\’
* Action potentia \‘003\\1
* Adequate stimul HH ‘ ‘ ‘
e Non adeq uate sti ‘ ' insc;ir?s?o‘:;)t::ttliraolﬁ Time — >

8 Somatosensitivity-pain

http://www.slideshare.net/CsillaEgri/presentations



Receptors/sensors

w“ for the duration of a stimulus.

Energy convertor 0‘ 5"\
— Signal reception .b“‘,es
— Signal transforma '\c a"(_“ 1:}\.\,‘:a‘\:\\le\(\a:a
S N ?

Receptor po\ 33 QdaK\K\I “\‘\(\e(e
— Generator pt W\O a{\o(\ -

: i \ NS
Action potentis \’oca\\l a“{\\_a‘-‘\l \)(X\”-

UGN

Adequate stimul o -0
Non adequate sti \(\‘e(\ T i sensory neuron
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Receptors/sensors G\uS
* Ener ‘ 5‘:\“\
gy convertor o
— Signal reception .b“‘es
— Signal transforma e~ a‘_‘x\ \.\‘a{\\le Q
as\" v W 2
* Receptor po\ B da\'\w “\‘\(\e(
— Generator pt N\O' a{\o(\ -
* Action potentic \‘003\\1 a“{\\_a‘:‘\le \)(X\”-
M N
* Adequate stimul 2.6'\‘ q ,\'\0. —

 Non adequate sti
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Intensity coding

Stimulus Stimulus

Amplitude of receptor
potential is transtucted
into the frequency of AP

Receptor
potential

Axon of
sensory

neuron Action potentials

in sensory neuron

for the duration of a stimulus.
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Intensity coding

* |Inthe other words: an
increased intensity is
associated with increase in
frequency of AP

* A high-intensity stimulus may
also activate more receptors

12 Somatosensitivity-pain

A Action Potentials of Summing Channel

No Stimulus, SR < 10 PPS

—

Medium Intense Positive-going Stimulus

1.

High Intensity Positive-going Stimulus

Time )
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Intensity coding

30 - .

Mo
=
l
»

e Relation between receptor and
action potential is logarithmic

=

T fid 1.2 1.3 1.4

Amplitude of receptor potential

Action potential frequency
o
]

—h
=

Stimulus intensity Stimulus intensity
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Qualitative information

* The law of specific nerve
energies:

The nature of perception is
defined by the pathway over
which the sensory
information is carried

* Labeled line coding define
the information about
quality

14 Somatosensitivity-pain

Sensation Cell Receptor Stimuli
body Type
9 N
, . P Innocuous
TOUCh 4 fechano (Mouslthreshold) mechanical
\J forces
TRPA1 -
Noxious
_)‘C TRPV1 stimuli
Pain Polymodal TRPV2  (strong mechanical
A forces, H*, K¥,
\J MS Endogenous &
(High threshold) Exogenous Chemicals,
AS'CS Noxious Heat & Cold )
3 TRPV
Temp. - Warm <+ 3
Z2TRPV4 Moderate
temperature
changes
—>., ( Warming & Cooling )
C
Temp. < Cold TRPM8
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Labeled line coding

Receptive field

Nerve stimulation
mimics receptor
stimulation

15 Somatosensitivity-pain

\\\\“ae')
Qualitative information \ e
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Receptive fields

e Various size and overaly

* Small receptive field —

high resolution

e Spatial resolving power

increased by lateral
inhibition

16 Somatosensitivity-pain
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Lateral inhibition

Ay Stimulus A, Stimulus
i Receplors
Skin— /\
Receptors

HH HHHH HH

MNeurons in
relay nucleus * ? ﬁﬁg;traar:gcuus

HH HHH HHH HH

B, Stimulus B,

Meurons in
relay nucleus

Frequency

Fregquency

Relay neurons

Spatial distribution
of excitation

Stimulus

Receplors

AN

Relay neurons

A —

Spatial distribution
of excitation and inhibition
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Receptor adaptation

The decline of receptor
responses in spite of
stimulus presence

e Tonic receptors — slow
adaptation — presence of
stimulus, position

* Phasic receptors — rapid
adaptation — change of stimulus

18 Somatosensitivity-pain

Receptor

Axon of
sensory
neuron

(a) Tonic receptors are slowly (b) Phasic receptors rapidly adapt to a
adapting receptors that respond constant stimulus and turn off.
for the duration of a stimulus.

Stimulus Stimulus

l

Receptor
potential

] |

Action potentials

in sensory neuron Time —» Time ——
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Receptors

e General

— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

e Special

— Part of sensory organs

19 Somatosensitivity-pain
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e General

— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

e Special

— Part of sensory organs
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_Stimulus
: T~ Free nerve AN (Jm
Simple ' endings J«y} bl p
« “\§) Receptor ~
Complex Nerve ending i cell 4?/
. ; Synapse
~ Unmyelinated | f
General axon _Sensory
5 Myelinated | afferent
. . I
— Superficial — somatosensors — aton | ™
— Deep — viscerosensors Cell body I
o r— Cell body
— Muscles, tendons, joints — Cell body -~}
: 0.5-2.0 12-30 }\
pl"OpFIOCGptOFS / misec m/sec .4
Special N
~ /\\}-

— Part of sensory organs A S
are neurons with
free nerve endings.
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(b) Complex neural receptors
have nerve endings enclosed
In connective tissue capsules.

(c) Most special senses receptors are cells
that release neurotransmitter onto sensory
neurons, Initiating an action potential,
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Somato/viscero/ proprio

i Stimulus
* Somatosensitivity i

7=~ Free nerve

— Pain N endings l,(/?’»;;:

— Temperature Nerve ending 1

— Touch ~ Unmyelinated

axon

. ey \ N Myelinated
* Viscerosensitivity \  axon

— Pain /}‘\f@ Cell body I3 Cell bodv

/0.5-2.0 12-30
. . m/sec m/sec .+

* Proprioception r;

— Position }\

AN
(a) Simple receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.

— Movement
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Somato/viscero/ proprio

Somatosensitivity

— Pain
— Temperature
— Touch

Viscerosensitivit

— Pain

Proprioception
— Position
— Movement
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/- Cell body
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~__Stimulus
“ Free nerve AN
endings /l(/y il

e\
Nerve ending "+~

Unmyelinated i
axon

Myelinated
axon

5-2.0 12-30

/ m/sec m/sec ¢

/5}}%

(a) ﬂmpi' receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed

free nerve endings.

In connective tissue capsules.
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Evolutionary point of view

 The signals indicating potential
damage are the most important and
the corresponding systems evolved
early
— Pain
— Temperature

* The touch signals have adaptive value
and evolved later

24 Somatosensitivity-pain

__Stimulus

)

oalll Free nerve lx,’ R
endings W Bl
Nerve ending “+**

Unmyelinated

‘\ axon
Myelinated
axon
@ Cell body )
£+ Cell bodv
* 0 5-2.0 12-30
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rl
(a) Simple receptors (b) Complex neural receptors
are neurons with have nerve ODOMQS enclosed
froe nerve endings. In connective tissue capsules.
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Evolutionary point of view

25 Somatosensitivity-pain

N __ Stimulus

L . ‘,~~‘ } /
% ‘T;:‘: - Free nerve WA
.--*\ .
endings A/X "]

Nerve ending" 4

~ Unmyelinated
axon

/- Cell body

S 0.5-2.0 12-30
/ m/sec m/sec ¢

A

(a) Simple receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Evolutionary point of view

* The structure of the receptor, nerve
fibers and pathways reflects the

evolution

26 Somatosensitivity-pain
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(a) Slmpiﬁ receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Axons
from skin

Axons
from
muscles

Diameter
(um)

Speed
(m/sec)

Sensory
receptors

Nerve fibres

Ap

Aa

13-20

80-120

Proprioceptors
of skeletal muscle

=

6-12

35-75

Mechanoreceptors
of skin

Ad

5-30

Pain,
temperature

0.2-1.5

0.5-2

Temperature,
pain, itch
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Nociceptors

Free nerve endings responding to high-intensiti stimuli

Stimulus
— Mechanical
v’ High pressure
v’ Sharp object
— Thermal
v Above aprox. 45°C
v’ Low treshold — variable
— Chemical
v pH
v’ Mediators of inflammation and so on
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Thermoreceptors

* Free nerve endings receptive to thermal stimuli

* TRP (transient receptor potential) channels

* Polymodal receptor (chemoreception, thermoreception)
* Present also in many cells (including neurons, keratinocytes, mechanoreceptros)
0 10 20 30 40 50 60

i’" L ————

horseradlsh ‘ }#’I ‘
A

garlic w i

TRPA1 TRPM8 TRPV4 TRPV3 TRPV1 TRPV2

® Ankyrin binding repeat
B TRP box
@ PDZ binding

http://www.slideshare.net/CsillaEgri/presentations
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Thermoreceptors

Perceived temperature is determined by relative activity of
cold and warm receptors

Freezing Cold Cool Indiffer- Warm Hot Burning
cold ent hot

w—
(@]
J

7% Warmth
¥ yreceptors

| |
| |
'
H Heat-pain
1
| |

Impulses per second

1 'l I 1 I i 1 || 1 1
5 10 15 20 25 30 35 40 45 50 55 60
Temperature (°C)

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Thermoreceptors

 Mostly phasic response

B Dynamic temperature

Cold
fiber
©
9
o
— r
o |
c
= | |
Y
2 | l
()]
© | |
0 | |
< | Warm
: fiber
|
|
|
t
| |
I |
I |
| |
g | |
2 | I
©
[b]
o
e
)
|_

Time
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The receptors of the skin

« Simple versus complex

epidermis

AL V.
(2437
N Y
fl'ee W \ o Y /[ ate

nerve endings —. \ s Meissner
(pain, heat, cold) = ' corpuscles

-

39y

ST (slow vibration, texture)
e ,LX" ;/
\Y Y
Merkel N7
disks
ine Pacini
(sustain =d touch, Pacinian
pressyrg ) (rapid vibration)

Krause

end bulbs )
(rapid.yibration)
> Ruffini
g’ endings
root hair plexus pressu re)

(movement of
hairs)
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The receptors of the skin
N N T

<
MR

Meissner’'s Merkel Pacinian Ruffini
corpuscle cells corpuscle endings

B Location

recsoive | ) m m m
M

C Intensity and time course

Neural
spike train !!!!! |

Stimulus / |
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The receptors

of the skin

Receptor Type Sensation Signals Adaptation
Meissner Encapsulated . ) ) - L )
corpuscle & layered Touch: Flutter & Movement Frequency/Velocity & Direction Rapid
et Encapsul_ated Touch: Vibration Frequency: 100-300 Hz Rapid
corpuscle & layered
R Encapsulated Touch: Skin Stretch Direction & Force Slow
corpuscle collagen
Hair follicle Unencapsulated Touch: Movement D"-e':t'[_m & Rapid
Welocity
Merkel SPEC'E_'I'EEd Touch, Pressure, Form Location & Magnitude Slow
complex epithelial cell
UEE “EWE Unencapsulated Pain, Touch, or Temperature Tissue dan_‘uager, Contact, or . [_:'EPE'_"dS Dr_'_.
Ending Temperature change information carried

34  Somatosensitivity-pain
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Viscerosensitivity

* An information from visceral and cardiovascular system

Linked to the autonomic nervous system

35 Somatosensitivity-pain




Proprioception

* Information from
— Muscles
— Tendons
— Joints

* Important for
— Precise coordination of movements
— Overload protection

36 Somatosensitivity-pain
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Somatosensory pathways

* Three systems

* (Archispinothalamic)
— Interconnection of adjacent segments (tr. Spinospinalis)

e Paleospinothalamic
— tr. Spinoreticularis, tr. Spinotectalis...

* Neospinothalamic
— tr. Spinothalamicus

e Dorsal column system
— tr. Spinobulbaris

37 Somatosensitivity-pain
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Somatosensory pathways

* Three systems

* (Archispinothalamic)
— Interconnection of adjacer

* Paleospipn~*

=
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Somatosensory pathways

e Paleospinothalamic
— Low resolution — dull, diffuse pain (,,slow pain®)

* Neospinothalamic
— High resolution — sharp, localized pain (,fast pain“), temperature
— Low resolution — touch

e Dorsal column system
— High resolution — fine touch

39 Somatosensitivity-pain
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Somatosensory pathways

e Paleospinothalamic
— Low resolution — dull, diffuse pain (,,slow pain®)

* Neospinothalamic
— High resolution — sharp, localized pain (,fast pain“), temperature
— Low resolution — touch

e Dorsal column system
— High resolution — fine touch

MU N
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Paleospinothalamic system

* Tr. Spinoreticularis, spinotectalis...
* Evolved before neocortex
* The primary connection to the subcortical structures

41 Somatosensitivity-pain
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Paleospinothalamic system

* Tr. Spinoreticularis, spinotectalis...
* Evolved before neocortex
* The primary connection to the subcortical structures

* Basic defensive reactions and reflexes - vegetative response,
reflex locomotion - opto-acoustic reflexes etc.

42 Somatosensitivity-pain




Paleospinothalamic system \\/)//
22L5

* Tr. Spinoreticularis, spinotectalis... \
* Evolved before neocortex ['I/_,c :j
* The primary connection to the subcortical structures [ f
* Basic defensive reactions and reflexes - vegetative response, \“ - ;:\’f

reflex locomotion - opto-acoustic reflexes etc. =

« Secondarily connected to cortex (after its evolution; tr. Spino- L- l
reticulo-thalamicus), but this system has a small resolutions — iy
dull diffuse pain - -~

* This tract is not designed for ,such a powerful processor as ‘% -

neocortex” |>‘ 4

* Approximately half of the fibers cross the midline e—

43 Somatosensitivity-pain



Neospinothalamic system

* Tr. Spinothalamicus
* Younger structure primarily connected to neocortex
« ,High capacity/resolution”

44 Somatosensitivity-pain




Neospinothalamic system

* Tr. Spinothalamicus

* Younger structure primarily connected to neocortex

« ,High capacity/resolution”

e Detail information about pain stimuli (sharp, localized pain)
* Information about temperature

* Crude touch sensation

45 Somatosensitivity-pain




Neospinothalamic system

* Tr. Spinothalamicus

* Younger structure primarily connected to neocortex

« ,High capacity/resolution”

e Detail information about pain stimuli (sharp, localized pain)
* Information about temperature

* Crude touch sensation

* The fibers cross midline at the level of entry segment }

46 Somatosensitivity-pain




Dorsal column system

* Tr. Spinobulbaris
 The youngest system
* High capacity

47 Somatosensitivity-pain




Dorsal column system

* Tr. Spinobulbaris

* The youngest system
* High capacity

* Tactile sensation

* Vibration

48 Somatosensitivity-pain




Dorsal column system

* Tr. Spinobulbaris

* The youngest system

* High capacity

* Tactile sensation

* Vibration

* Fine motor control

e Better object recognition
* Adaptive value

* The fibers cross midline at the level of medulla oblongata

49 Somatosensitivity-pain




Dorsal column system

* Tr. Spinobulbaris

* The youngest system

* High capacity

* Tactile sensation

* Vibration

* Fine motor control

e Better object recognition
* Adaptive value

* The fibers cross midline at the level of medulla oblongata
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Dermatoms

Trigeminal
" Terve
2 branches

* Somatotopic organization
somatosensitve nerves

Cervical | Thoracic | Lumbar

T2 T6 T10
T4 | T8 \T12)L1[S1S2

= Thoracic

= Lumbar

A S1

Copyright © 2008, 2004, 1998, 1993, 1988, 1983 by Mosby, Inc., sn sffiiste of Elsevier Inc.

= Sagral

http://www.slideshare.net/CsillaEgri/presentations
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i i = Posterior paracentral lobule ©2000 UTHSCH
Trigeminal system P

1 3 2= {"
Opthalmic A o
. ‘ Ventral posteromedial
. v | ' S
Semilunar —— nucleus & Intralaminar

ganglion

nuclei

Postcentral gyrus

 Spinal TS

— Pain, temperature

Medial lemniscus

Crus cerebri
Substantia nigra

Main sensory
trigeminal nucleus

http://neuroscience.uth.tmc.edu

. Trigeminal
* Main sensory TS P ganglion
: : leminiscus Ganglia of
— TOUCh, pl"OprOCEptIOH cranial nerves 7, 9, 10
Spinothalamic ”; | Spinal trigeminal
tract tract and nucleus

nucleus

ak
Spinal — Spinal trigeminal tract
trigeminal ———

E3
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Somatosensory pathways

Table T
The Sensory Modalities Represented by the Somatosensory Systems
. . Sub-Sub Somatosensory Pathwa Somatosensory Pathwa
Modality Sub Modality Modality {B:}d?; Y {Facg Y
sharp cutting pain Neospinothalamic
Pain dull burning pain Paleospinothalamic
deep ar_:hlng pain Alchlsp_lnothalam_lc Spinal Trigeminal
warm,/hot Palepspinothalamic
Temperature - -
cool/cold Neospinothalamic
itch/tickle & crude touch Paleospinothalamic
touch
Touch discriminative touch pressure
flutter
vibration
muscle length
Position: Static Forces muscle tension Tr. spinobulbaris Main Sensory Trigeminal
joint pressure
[Proprioception| muscle length
Movement: Dynamic muscle tension
Forces joint pressure
joint angle

53 Somatosensitivity-pain
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Thalamus and neocortex

e Almost all the afferent
information gated in the
thalamus

e Olfaction is an exception

* Bilateral connections
between neocortex and
thalamus

54 Somatosensitivity-pain
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Neocortex :

Pastcentral
Posteennral sulous

Skin (ragidhy
A020UNG receptors|

Deep tissue bressure
and jont position
Skin icompiex touch)

Skin Islowly & rapicly
adapting receptars|

* Somatotopic
organization

Deep tissua Imuscle
S1Rich recaptors)

To areas

51l o Cortex

From thalsmus

e % To bise! ganglia, bean
v

* Cortical
magnification

stem, and spinal corgd

| To theamus
e o

. Thalamus
, Receptor
Msissners [
oopusde T
http://www.slideshare.net/drpsdeb/presentations http://www.shadmehrlab.org/Courses/physfound_files/wang_5.pdf
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Pain

Distressing feeling associated with real or
potential tissue damage

Sensor x psychological component PAIN ASSESSMENT TOOL
Physiological pain (nociceptor activation) 0 1 2 3 4 5 6 7 8 910
-0 1T 151

Pathological pain (not mediated by noCICEPtOrs)| (o pun  aia  Moderate  Severe  Very Severe WorstPain

Acute (up to émonths) — , activiting” O o 0

Chronic (more than 6 months) — , devating®”

https://www.cheatography.com/uploads/davidpol_1460561912_Pain_Scale__Arvin61r58.png

==
m e

56 Somatosensitivity-pain

=



Descendent pathways
modulating pain

* Somatosemcoric cortex
 Hypotalamus
* Periaquaeductal gray

* Nuclei raphe

57 Somatosensitivity-pain

Cerebrum

Yentral posterior nuclear
complex of thalamus

e

Rostral
medulla

Fain and temperature
afferent fiber

e, "
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Pain modulation on the spinal level

Gate control theory of pain

N [ et Y S N
® N
| | fiber

,-*J_r‘--\

)

Inhlbltnry Projection

interneuron @ neuron

T P
T ‘ ‘C fiber

"‘u[}«ﬁ;q

5 S S S
{ Pl |f.b,er
Inhll::vll:r.mrz..r Projection
interneuron g * neuron

1,

} Cflber

https://en.wikipedia.org/wiki/Gate_control_theo
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Referred pain

Sk

which pain
is perceived

Intestine:
site of
injury

Anterolateral
column axon

http://www.slideshare.net/drpsdeb/presentations
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Phantom limb pain
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