5
Somatosensitivity,
viscerosensititvity, proprioception
and pain |



The role of nervous system

ANTICIPATION

Cortex —— Potential input Potential output —— Cortex

> Integration

Sensor Input Output Effector

REGULATION




Receptors/sensors

* Energy convertor
— Signal reception
— Signal transformation

* Receptor potential
— Generator potential

e Action potential

Receptor

Axon of
sensory
neuron

Stimulus Stimulus

|

Receptor
potential

~_

Action potentials
in sensory neuron
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Receptor/generator and action potential

Action
Receptor potential potential

+ oo
LR ++++++++++|++++++++++

Node of
Ranvier
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Receptors/sensors

Energy convertor
— Signal reception
— Signal transformation

Receptor potential

— Generator potential

Action potential

Adequate stimulus
Non adequate stimulus

Stimulus Stimulus

|

Receptor

Receptor
potential

|

neuron Action potentials

in sensory neuron Time >

i ) LI | | |
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Receptors/sensors

Energy convertor
— Signal reception
— Signal transformation

Receptor potential

— Generator potential

Action potential

Adequate stimulus
Non adequate stimulus

Mechanoreceptors
Thermoreceptors
Chemoreceptors
Fotoreceptors

Receptor

Axon of
sensory
neuron

Stimulus

|

|

Stimulus

Receptor
potential

Action potentials
in sensory neuron
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Receptors/sensors
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Receptors/sensors
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Receptors/sensors
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Intensity coding

Stimulus Stimulus

|

 Amplitude of receptor Hacarior
potential is transtucted
into the frequency of AP

Receptor
potential

Axon of
sensory

neuron Action potentials
in sensory neuron Time ——>

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

10



Intensity coding

In hte other words: an
increased intensity is
associated with
increase in frequency
of AP

A high-intensity
stimulus may also
activate more
receptors

A Action Potentials of Summing Channel

Mo Stimulus, SR <10 PPS

EEI

—

Medium Intense Positive-going Stimulus

.

High Intensity Positive-going Stimulus

Time }.

http://neuronresearc h.net/neuron /files/neura Icode.htm
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Intensity coding

Relation between receptor and action potential is logarithmic

30 - .

P
=
1
]

=

1.1 1 e 1.3 1.4

Amplitude of receptor potential

b
=

Action potential frequency
o

Stimulus intensity Stimulus intensity

http://slideplayer.cz/slide/3217923/



Qualitative information

° The |aw Of Specific Sensation Cell Receptor Stimuli
. body Type
nerve energies:

JC
The nature of Touch M°°ha"°\j MS, v r':e::rfa"n?‘c’il
orces
perception is defined

TRPA1

Noxious
by the pathway over B - _/\;ITRPW {oxio
. Pain 4 Polymodal TRPV2 ( Strong mechanical
which the sensory oo

A

information is carried \*4.33"6?2“ " Noxious Heat & Cold)
* Labeled line coding Temp. Warm STRPV3

. . . o Moderate
define the information PUTREYS temperaure
. changes

about quallty —)__C ( Warming & Cooling )

Temp. —} Cold TRPMS8
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Qualitative information

A SOMATOSENSORY

Labeled line coding

Genitals

Receptive field

] l. % _III
Nerve stimulation PLVAT I— )

Midline

. . f:, '/ A o)
mimics receptor I e
stimulation
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Receptive fields

Various size and overlay

Small receptive field —
high resolution

Spatial resolving power
increased by lateral
inhibition

I\ :
| ' Skin suriace ,'[J]‘.
'. "o i

™
\_ \f
55, l.""-.II,-"'-
Bl
| | -
%

FLrers —

Jppear -\é:_:l\r'.-;r'-—
arm Al Upper lip=
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Y
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HallLy e—t—
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Lateral inhibition

Ay Stimulus Ay Stimulus

L Receplors

Skin— /\

z
Receptors 5
=
IIII ””” Illl € |Relay neurons
R
Neurons in Spgnmncgus A
relay nucleus ? ? firing rate
|||I ”I”I ”””llll Spatial distribution
of excitation
B, Stimulus B, Stimulus
Receplors
Skin— .y /\
D
Receplors 555_
@ |Relay neurons
S

Neurons in
relay nucleus

" —

Spatial distribution
of excitation and inhibition
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Receptor adaptation

 The decline of receptor responses in spite of stimulus presence

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

e Phacir rerentarc — ranid adantatinn — chanoe nf ctimiiliic
(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

|

Receptor

Receptor

potential
sghsony / : - 1 I i
neuron Action potentials
in sensory neuron Time —» Time ——— >
\

http://www.slideshare.net/CsillaEgri/presentations 17



Receptors

General

— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

Special

— Part of sensory organs



Receptors

General
— Superficial — somatosensors
— Deep — viscerosensors

— Muscles, tendons, joints —
proprioceptors

Special
— Part of sensory organs

Mechanoreceptors
Termoreceptors
Chemoreceptors
Photoreceptors



Receptors

Simple
CO m p I ex - Stimulus —
e - - : . o -\-_\-\--"Il- Il
\[7= Free nerve AN fj_[h
General Y endings ’{(.,. s ’ﬁﬁ-
. Receptor - (@
. . Nerve ending e
— Superficial — somatosensor g cell a;ynapse
— Deep — viscerosensors Unmyelinated '
L. axon . Sensory
— Muscles, tendons, joints — \ Myslinated afferent
proprioceptors 1 " axon
W Cell
. )\9 ell body N3 Cell body
Special Cell body
- |
0.5-2.0 12-30 ) -
— Part of sensory organs / misec misec

f

[

Mechanoreceptors }
Termoreceptors A) a’\ﬂ\

I o o Wt
Chemoreceptors iree nerve endings.
Photoreceptors

(b) Complex neural receptors
have nerve endings enclosed
in connective tissue capsules.

[c) Most special senses recepltors are cells
ihat release neurciransmitier onto sensory
neurcns, initiating an action potential.

http://www.slideshare.net/CsillaEgri/presentations 20



Somato/viscero/ proprio sensitivity

Somatosemsitivity
— Pain

— Temperature

— Touch
Viscerosensitivity
— Pain
Proprioception

— Position

— Movement

___Stimulus
_— v
7= Free nerve 7N
o endings ity “
Nerve Endin;_:| - =
Unmyelinated
axon
\ . .
‘-\‘ Y Myelinated
t__ axon
> Cell bod
f-M d +— Cell bodv
."rlr
/ 0.5-2.0 12-30
/ misec m/sec
[
A “- 1%
.f“ﬁ .t:‘ |
(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Somato/viscero/ proprio sensitivity

* Somatosemsitivity
— Pain
— Temperature
— Touch

* Viscerosensitivity
— Pain

* Proprioception
— Position
— Movement

The majority of
information does not reach
cousciousnes

_I—l_h‘

__Stimulus

i
e

e
e

T£= Free nerve A0
endings i B
Nerve ending -~

Unmyelinated

axon
\ " Myelinated
| axon
Cell bod )
y I3 Cell bodv
12-30
ml/sec -

F

z‘f,{ﬁ\

{a) Simple receplors [b] Complex neural receplors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Somato/viscero/ proprio sensitivity

* Somatosemsitivity

— Pain .
Evolutionary

— Tempera . .
point of view

— Touch
* Viscerosensitivity
— Pain
* Proprioception
— Position
— Movement

The majority of
information does not reach
cousciousnes

s

a— ot
[ f=~ Free
_I—l_h‘

nerve

L} l1-1 |:,.
" ||'1 H'f
endings ;_{,J 1

Nerve ending -~

Unmyelinated

axon

q
AND

are neurons with
free nerve endings.

Cell body

12-30
m/sec -

Myelinated
axon

N3 Cell bodv

[b) Complex néural réceptors |
have nerve endings enclosed
in connective lissue capsules.
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The signals indicating potential
damage are the most important and
the corresponding systems evolved

Evolutionary point of view

early

Pain
Temperature

___Stimulus
_— v
\[#=— Free nerve AN
T endings ity il
Nerve Endin;_:| -
Unmyelinated
axon
\\ " Myelinated
1 | axon
> Cell bod X
}\3 J '+ Cell bodv
f
S
/ 0.5-2.0 12-30
/ misec misec
i
ﬂ A D
(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue 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

___Stimulus
_— '
7= Free nerve AN
o endings ity “
Nerve Endin;_:| - =
Unmyelinated
axon
\ ‘ .
‘-\‘ Y Myelinated
‘-__ axon
> Cell bod
f-M d Cell bodv
."rlr
/ 0.5-2.0 12-30
/ misec m/sec
[
A “- %
.f“ﬁ .t:‘ |
(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Evolutionary point of view

. __Stimulus
_,--""_F'_ -
e A
' — T,
Tt__ Free nerve faga
endings I ,J *;'*
Nerve Endlng - 4

Unmyelinated
axon

Myelinated
axon

Cell |
ell body N3 cell bodv

0.5-2.0 12-30
misec m/sec

AN

(a) Simple receptors {b) Complex neural receptors |

are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Evolutionary point of view

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

___Stimulus
.--""' - - _I'
' Tﬁ:; Free nerve .f N
N endings f,-
Nerve Endlng -

Unmyelinated

axon
\ " Myelinated
{ axon
Cell bod )
y (3 Cell bodv
12-30
ml/sec
A) A
(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Free nerve endindgs

Non-specialized nerve
endings

Polymodal

— Nociception

— Termoreception

— Mechanoreception

A delta fibres
C fibres

__Stimulus

i
i
e

——

I L ]

\[#=— Free nerve {7

T endings Jikt il
Nerve Endin;_:| - &2

Unmyelinated

axon
\\ " Myelinated
\ . axon
> Cell bod X
}\3 J '+ Cell bodv
/
/ J
/ 0.5-2.0 12-30
/ misec misec
i
ﬂ A D
(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Axons
from skin

Axons
from
muscles

Diameter
(nm)

Speed

(m/sec)

Sensory
receptors

Nerve fibres

Aot

Group |

13-20

80-120

Propricceptors
of skeletal muscle

Al

6-12

35=-75

Mechanoreceptors
of skin

Ad

5-30

Pain,
tem pemture
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0.2-15

0.5=-2

Temperature,
pain, itch
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Nociceptors

* Free nerve endings responding to high-intensiti stimuli

e Stimulus
— Mechanical
v High pressure
v’ Sharp object
— Thermal
v Above aprox. 45°C
v’ Low treshold — variable

— Chemical
\/pH
v’ Mediators of inflammation and so on

30



Thermoreceptors
Free nerve endings receptive to thermal stimuli

TRP (transient receptor potential) channels

Each subtype of TRP channel receptive to sensitive to a

certain temperature and chemical substance
0 10 20 30 40 50 60

| e ————
C{F::I\j\?jﬂ y’

camphor

horser dsh ’ ’
-y &, ¥ ¥
li .
e e e
TRPA1 TRPM8 TRPV4 TRPV3 TRPV1 TRPV2

*  Ankyrin binding repeat
B TRP box
@ PDZ binding
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Thermoreceptors

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

Freezing Coldl lcoo! Indiffer- e IElot Burning

cold ent hot

10+ .25 Warmth

e ’
wreceptors

& 8- A
(] " ]
% I} 1

6 1 :
) Cold-pain 2! | Heat-pain
o
o 44" '
O 1
w0
a2 2-
£ . '

. 1

5

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

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

B Dynamic temperature

Cold
fiber
£ | |
Mostly phasic response g i i
g : | Warm
: fiber
| L
YA
| |
| |
| |
2 | |
3
kG

Time
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The receptors of the skin

Simple versus complex

corpuscles

| ¢ (slow vibration, texture)
- n II 'II
disks y AR W
. .-":-_r-l - Pacini
(sustam d touch, CONEY § R
press ) 11 E‘ (rapid vibration)
i = -]
K e <
end bullis ‘\1’4_){1 v
rapid.yibration -2 ;
(rap % ) L] ‘%- Ruffini
% S e endings
= aCret (deep
root hair plexus ressure
(movement of hairs) P )
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The receptors of the skin

Receptors

B Location

Receptive
field

<\

<

Meissner's
corpuscle

8

C Intensity and time course

Neural
spike train

Stimulus

<

<D

<

-l

Merkel
cells

g

Pacinian
corpuscle
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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

http://neuroscience.uth.tmc.edu/s2/chapter02.html
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