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Pokus o objektivni
(= psychofyzikalni) popis bolesti



Reakce (R) je funkce intenzity stimulu (S), R=f(S), pfiklad: hmat

100 | .. a3
ijo 90 |- c o s . ... ., - ':.-:::.-:. 42,0
3 . - L : . . -....o...:.. :.z | 1’9
g 80 . . * Y . . :o:'- .. * .
"(3 . . . .... o.. - a.. .':. - . 1 1’8
£ 7op ce Ll . s 11,7
£ A . 11,6
g 60_ :. .: L] R . .: ” L] . ] 1,5 [an

. * . : L] . — [@))

T 50 . 14 2
= - se’® - [} L] . ] 1,3
= . .
S w0 o . - 112
8 . 111
- o . - .
o 30 .:. L 1 1,0
L |
— ] 09

20 ¢ . . '
o . | | | | | | | | | | | | | | | | | | |

10 _." 2 3 4 5 6,7 8 9101112131415161,71,819 2,0 21

’ log S
| | | |

| | | | | |
10 20 30 40 50 60 70 80 90 100
S (% maximalniho podnétu)

Obr. 5-5. Vztah mezi intenzitou dotykoveého podnétu (S) a frekvenci akénich potencialll v senzorickych nervovych
vlaknech (R). TeCky znazorfuji jednotlivé hodnoty u kocek; jsou vyneseny do souradnic linedrnich (vlevo) a logaritmickych
(vpravo). Rovnice vyjadiuje vypocitany exponencialni vztah mezi R a S. (Reprodukovano se souhlasem z WERNER, G.,
MOUNTCASTLE, VB. Neural activity in mechanoreceptive cutaneous afferents. Stimulus-response relations, Weber
functions, and information transmission. J Neurophysiol, 1965, 28, 359.)



Design pokusu vedouciho
ke konstrukci Scovillovy
stupnice palivosti papricek

/Wilbur Lincoln Scoville/ americky farmaceut/
/1865 — 1942/



Scovilluv zebri¢ek papricek priklady
3 000 000-6 000 000  Pepfovy sprej

2 000 000 Trinidad Moruga Scorpion

1 850 000 Chocolate 7-Pot

1 600 000 Dorset Naga

1450 000 Trinidad Scorpion Butch Taylor

1200 000 Naga Viper, Trinidad 7 Pot Jonah

1200 000 Satan's Strain Trinidad Scorpion Moruga
1100 000 Naga Morich, Infinity Chilli

1 050 000 Bhut Jolokia

850 000 Trinidad 7 Pot CARDI Strain

350 000 — 580 000 Red Savina Habanero
100 000 — 350 000 Habanero

50 000 — 100 000 PapriCka Birds Eye, Piri Piri
30 000 — 50 000 Tabasco papriCka

5000 - 23 000 Serrano

5000 -10000 Chipotle

2 500 -8 000 Jalapeno, Tabasco omacka
1 000-2 000 Poblano

100 — 500 Pimento



Scovillovy jednotky palivosti ucinna latka
(Scoville heat units)

16,000,000,000 Resiniferatoxin
5,300,000,000 Tinyatoxin

16,000,000 Capsaicin

15,000,000 Dihydrocapsaicin

9,200,000 Nonivamide

9,100,000 Nordihydrocapsaicin
8,600,000 Homocapsaicin

160,000 Shogaol (dehydr. zazv. olej)
100,000 Piperine (peprovy alkaloid)
60,000 Gingerol (zazvorovy olej)

16,000 Capsiate



Psychofyzika = popis zavislosti subjektivni
odpoveédi na velikosti fyzikalni, ¢i chemickeé
stimulace

R - (response) subjektivni intenzita
S - (stimulus) fyzikalni intenzita

Priklady:
Palivost papriCek: S... koncentrace aktivni latky,
nebo susiny, R... palivost

Bolest: S... intenzita poskozeni (spise nez intenzita
ale s odpovedi koresponduje typologie bolesti),
R... bolest

Stejnymi daty muzeme prokladat ruzné krivky
(pfimka = linearni zavislost, logaritmus Ci mocninné
funkce, atd.)



Comparing Fechner’s Law with Stevens’ Power Law

Sensory Magnitude
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Psychofyzikalni zakony

R - (response) subjektivni intensita
S - (stimulus) fyzikalni intenzita

S, — prahova intenzita stimulu

A — konstanta umeérnosti

N - exponent

Webertlv — Fechneruv
(logaritmicky) zakon

R = Alog(S/S§,

Stevensuv
(mocninny) zakon

R=A(S-S,)"

/~30

Exponenty ve Stevensove
(mocninném) zakoneé

Table 18-1. Representative exponents of
power functions relating psychophysical
magnitude to stimulus magnitude on prothetic

continua*®
Continuum | Exponent | Stimulus conditions
Loudness 0.60 Binaural
Loudness 0.54 Monaural
Brightness 0.33 5% target—dark-
adapted eye
Brightness 0.50 Point source—dark-
adapted eye
Lightness 1.20 Reflectance of gray
papers
Smell 0.55 Coffee odor
Smell 0.60 Heptane
Taste 0.80 Saccharine
Taste 1.30 Sucrose
Taste 1.30 Salt
Temperature 1.00 Cold—on arm
Temperature 1.60 Warmth—on arm
Vibration 0.95 60 Hz—on finger
Vibration 0.60 250 Hz—on finger
Duration 1.10 White-noise stimulus
Repetition rate 1.00 Light, sound, touch,
and shocks
Finger span 1.30 Thickness of wood
~ blocks
Pressure on palm 1.10 Static force on skin
Heaviness 1.45 Lifted weights
Force of hand- Precision hand dyna-
grip 1.70 mometer
Autophonic level 1.10 Sound pressure of
vocalization
Electric shock 3.50 60 Hz, through
fingers

*From Stevens.”™*



... dalsi moznosti objektivniho
vysetreni smyslu, v€etné hmatu a
bolesti...
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Objektivni metoda: Evokované potencialy
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PFiklad: evokované (vyvolané) potencialy

z riznych ¢asti sluchové drahy
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Evokované potencialy — sluchové (jako priklad)
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Objektivni Audiometrie:

Brainstem/ Cortical Evoked Response Audiometry BERA (CERA, C2),
Auditory Brainstem Response (ABR)
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Somatosenzorické EP(SEP) - stimulace mechanicka

nebo elektricka

- délka stimulu 2 - 300 ms, frekvence opakovani
vetsinou do 3 Hz

- snima se z ruznych mist v zavislosti na tom, kterou
cast tela mame v planu stimulovat

- bézny prubéh (pozitivni a negativni viny na EEG)

P1 N1 P2 N2 P3 N3

16 ms 20 ms 28 ms 33 ms 43 ms 50 ms

nejCastejsi vyuziti:

- pri operacich: patere - neustala kontrola mozku a
michy - mapovani oblasti CNS k odpovidajicim
castem tela

- zpozdeni signalu pri roztrousene skléroze

13



Pouze experimentalni je
mapovani bolesti zobrazovanim
funkCni magnetickou rezonanci,
fMRI; rozliSeni nebolestivého a
bolestiveho podnetu u hmatu

Jsou to zajimaveé a trochu idealizované teorie,
v praxi je objektivni vySetfovani smyslu urCeno
jen pro velmi specializovana pracoviste

Jak je to tedy s diagnostikou a s bojem
proti bolesti v praktické mediciné?...
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Biologicky a farmakologicky
pristup k bolesti
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— A. Peripheral Mechanisms of Pain

Injury

Pathogen

y

Leukotrienes

¥y ¥
Sensitization

2> Inflammation <«

N T

Histamine

Necrosis

N\

Vasodilation,

N

J’ PGE; —|—>yascular permeability 4

\

Edema formation

Y

Tissue pressure ¢

e

l ey

Blood clotting
\ — Proteins
Bradykinin Serotonin

>

> Ischemia

\

Nociceptors

L carP.SP < NN\

Non-noxious
stimuli

Noxious
stimuli

Hyper-
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> Pain

CGRP (Calcitonin-gene related peptide), SP (Peptide substance)
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Poskozeni tkaneé vetsinou vyvola bolestivou senzaci
Bolest:

1 je varovny signal, varuje pred poskozenim tkane

2 muze napomoci diagnostice a lokalizaci patologii

3 muze byt patologicka, obtézuje

Césti bolesti
Algothymicka slozka je emocionalni doprovod bolesti
Algognosticka slozka rika, kde a ,co" a jak nas boli

Je vice druhu bolesti, které jiz nemaiji ucel varovani,
postradaji hodnotu signalu, neurologicke vysetreni
byva v norme, to jsou ...neuralgie

Psychofyzikalné: - neni vztah mezi intenzitou podnétu a intenzitou viemu

-je plynuly pfechod mezi riznym typy hmatové a bolestivé stimulace

simrani, ostry dotek, teplo, chlad

svédeéni, pichnuti, opareni, omrznuti

co svédi, musi se Skrabat (?), ... [Fenistil — antihistaminikum, antipruriginosum] 17



Bolest je modifikovana

predchozi zkusenosti
sugesci
emocemi, specialne strachem

soucasnou aktivaci dalsich smyslovych
vstupu

zamerenim pozornosti
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Bolest
vyvola
aktivaci

piijem
dal3i vedeni
a vypracovani

poskozujiciho
signalu

« sympatického nervstva
vazokonstrikce, hypertenze, tachykardie,
poceni, zblednuti, husi kuize, mydriaza

« parasympatiku

hypotenze, bradykardie, nausea/ zvraceni
« motorickou odpoved

e a alteraci vedomi

senzoricko-
diskriminacni
komponenta

afektivni -
(emocionalni) P
Komponenta

vegetativni
(autonomni)

projevy bolesti
(psychomotorické
komponenta komponenty)

motoricka T
komponenta -



Typy bolesti, fenomenologie

Akutni bolest
-je vyvolana identifikovatelnymi podnéty
-je kratkodoba

-prestava, kdyz je zhojeno poraneni tkani,
které ji zpusobilo
Patofyziologicka klasifikace bolesti
Nociceptorova (nociceptivni) ~vetSinou se neopakuje
-Periferni neurogenni (neuropaticka) ~ Chronicka bolest

«Centralni neurogenni -trva déle nez 6 mésicu

*Bolest dysautonomni —z dysfunkce  _xixiny nemusi byt vzdy identifikovatelné

sympatiku

y. P -intenzita bolesti je vzdy vysSsSi nez
*Visceralni odpovida intenzité stimulace
*Psychogenni

-zpusobuje velké télesné i dusevni utrpeni

-zhorSuje kvalitu zivota 20



. Mechanoreceptors
Skin tactile sensibilities (epidermis and dermis)

Eroandus t andgs Mechanorecepce —

Merkel’s discs

Spray endings | re Ce pto rOVé

Ruffini’'s endings ,

Encapsulated endings

Meissner’s corpuscles O rg a n y

Krause’s corpuscles ,

Hair end-organs d I h ®
(Deep tissue sensibilities, Free nerve endings, Expanded tip ( O u y Sez n a I I I
endings, Spray endings, Ruffini’s endings, Encapsulated endings)

Pacinian corpuscles
Plus a few other variants

Muscle endings
Muscle spindles
Golgi tendon receptors

Hearing
Sound-receptors-ofcochlea
Eauilibei

Vestibularreceptors
Arterial-pressure

0 : i si I

Il. Thermoreceptors
Cold

Cold receptors
Warmth

Warm receptors

lll. Nociceptors 21
Pain
Free nerve endings



Ctyfi hlavni hmatové modality

Areas of innervation
(left, nerve roots [dermatomes));
nght, cutaneous nerves)
Vater-Pacini
corpuscles

Free nerve endings
(pressure) (pain, temperature)
Meissner's
corpuscles

Arrector m.

g
Deep sensation o Pain,
(proprioception) Vibration Touch, pressure temperature
1 hluboké Citi, 2 vibraéni Citi, 3 dotek,vzdalenost dvou bod, 4 bolest, teplo
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Krizeni o Sl
somatosensorlckych o -
misnich drah IS [

schematicky

Thalamus

Medial E
lemniscus 1 3
/ | Medulla 5
Dorsal \ Sofal i
column E St E
nuclei | ;
I I

| Lateral !

Dorsal E spinothalamic |
column ! tract |
| :
Dorsal ~ {5; Dorsal — | """‘:
root axon . root axon -
(AB) : (A3, C) -

Midline Midline
Touch, vibration, two-point Pain, temperature,

discrimination, proprioception some touch



— D. Hemiplegia

Right half of spinal cord
severed between L1 and L2

'x
\ Tracts of

Motor _
the posterior

tracts |
- funiculus

Tracts of
. | the antero-
g /" lateral funiculus

~
4

L™

™

Ipsilateral | >, Contralateral

Loss of tactile |

sensation
| Loss of
Motor | nociception and
paralysis | temperature

sensation

I

Disociace dvou
hmatovych modalit
pri jednostranné
poruse michy

Céast hmatovych drah se
Krizi v prislusnem
misnim segmentu a
druha cast dohromady
na urovni prodlouzene
michy

To je podklad
Brown-Sequardova
syndromu 24



Typy viaken vedoucich bolest

C-fibres — without myelin sheets, action potentials are
convected slowly, fibres convect deep, nonaccurate localized,
diffuse pain

Ad-fibres — with thin myelin sheet, fibres mediate
fast conduction of sharp, accurate localized pain

Aa/AB-fibres — large myelinated. Fibres do not
convect nociceptive stimuli, they mediate tactile stimuli

Afferent fibres enter dorsal spinal roots. In this region exist
excitatory and inhibitory interneurons. Inhibitory interneurons gate
the passage of information into thalamus and cortex.

25



Nociceptory, bolestive receptory = dedikovaneé

receptory, iontové kanaly a volna nervova zakonceni

They are sensitive on the pH changes (pH in
acute abscess, phlegmona reaches 5,8 = pain, pH in chronic
abscess is normal, without pain)

Nociceptors register the ratio K*:Ca?*
(treshold for pain is lower in the lower Ca?* level in ECV)

evoking inflammation are (permeability of vessel wall, oedema)
histamin, bradykinin, serotonin

direct influence of free-nerve endings:
potassium, histamin, bradykinin, serotonin

sensitisation of nociceptors:
prostaglandins, esp. PgE,, interleukin-1,
interleukin-6, cyclooxygenases (COX-1, 'COX- -2)

From activated free nerve endings P-substance is released.

It influences vessel wall (vasodilation, permeability of vessel
wall, oedema) and mast cells (release of histamin after degranulation). 2



Podnéty vyvolavajici bolest
-chemicke

-endogenni mediatory zanetu
(bradykinin, prostaglandiny, serotonin,
histamin, K+, H+, [I-1)

-exogenni latky (kapsaicin, formalin)
-tepelné
-poskozujici teplota nad 42°C

-mechanickeé

27



Co se deje pri bolestivé cApsA\,C
stimulaci

e aktivuji se tetrodotoxin rezistentni (TTX-R) kanaly

e uvoliuje se z poskozenych bunék ATP a pUsobi
jako mediator bolesti. Receptory ATP jsou
purlnove receptory (PZX)

e aktivuji se vaniloidove receptory (VR,) . receptory
pro kapsaicin, které se aktivuji i pfi poskozujici
teploté nad 42°C a pH < 6.5

e aktivuji se ASIC kanaly - acid sensing ion

channels, kterée se uplatnuji zejména pri poklesu

pH < 6.5

e upreguluji se postsynaptické receptory pro
excitacni transmitery - glutamat (NMDA) a
substance P (NK,)

28



Vaniloidove receptory a bolest

Ptaci versus savci...
(Versus hmyz...)

Konzumace palivych papricek vede ke
zvyseni prahu pro bolest

Naplasti s capsaicinem se pouzivaji k uleve
od bolesti u kofrenovych syndromu u
prislusnych misnich segmentu

29



Vratkova teorie bolesti — misni Uroven
Gate control theory

CENTRAL

CONTROL *l

GATE CONTROL SYSTEM

[AalB] —K,
BT =+ ACTION
z v SYSTE

s

pomala

rychla

Substantia gelatinosa
Il. a lll. Rexedova zéna
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Opioidni systém
nigrostriatalni a mezolimbicky
dopaminergni
= ovlivnéni motoriky a systému odmeény
hypotalamo-hypofyzarni
= modulace hormonalni sekrece
ascendentni a descendentni drahy
= modulace bolesti

= ascendentni — micha, talamus

= descendentni — periakvedultalni Seda
hmota (periaquaeductal grey), rafealni
jadra

31



Endogenni opioidy

B-endorfin (31 aminokyselin) -
Endomorfin (4 aminokyseliny) - u
L eu-enkefalin (5 aminokyselin) - &
Met-enkefalin (5 aminokyselin) - &
Dynorfin (A 1-8, B 1-17) - x
nociceptin/ orfanin

amidy a estery mastnych
kyselin

anandamid
palmitoyl-etanolamid PEA
Receptory CB1 a CB2
CB1 v PAG a RVM

nocistatin _
senzoricky neuron
presynapticke receptory CB2 ve strukturach
= inhibice uvolhovani neurotransmiterd  imunitniho systému
= U Ca? FAAH — hydroldza amid& MK
postsynapticke receptory uplatriuji se také ve vnitfnim
= 11 K* vodivost — hyperpolarizace uchu a ve sluchové draze

membrany
32



Typy bolesti, fenomenologie lokalizace




Headovy zony, Prenesena bolest

Diaphragm
(C4)

Heart
Oesophagus — (T3 and T4)

TdandT5) |

Liver and ___‘L./-!SIGFHHCH (T8)

gantﬂadder.“l~

(T8-T11)

Small intestine

(T10)

Colon (T )




— B. Referred Pain

# B

In-

;'f! V)Q)
farction | %\ =7

:"-‘ ; ;

3 Phantom paiﬁ

A
Converging
neurons
xX'Tr
of P

Pain sensation

Contusion

2
Projected pain

Prenesena a
patologicka bolest

Dalsi patologicke
,senzace”

bolesti hlavy,
neuralgia n. trigemini,

migréna (bude zminena
u syndromu jako
zachvatovite

onemocneni),...
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PREFRONTALNI

= Lokalizace
vedeni bolesti
v ramcl drah

CNS

MOZKOVA KURA

THALAMUS

YPLAYPAi=¥

PODKOROVE STRUKTURY
(VARCLOY MOST,
PRODUOUZENA MICHA)

TRACTUS
SPRNOTHALAMICLS
VINTROLATERALSS

PATERNI MicHA
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Priblizna lokalizace senzorickych, afektivnich

a kognitivnich slozek bolesti

_POCIT POCIT
NEPRIJEMNOSTI BOLESTI

POCIT
OHROZENI

AUTONOMNI A
NEUROENDOKRINNI
REAKCE




— C. Pain Relief

Cooling,
PGE synthesis
inhibitor

Perception
Suffering
5
Anesthesia, lamus
alcohol
Central
Morphine L grey matter
Raphe
Electroacupuncture, 3 + nuclei
transcutaneous Associated
nerve stimulation autonomic
Morphine reaction, motor
Cooling, PREPGIING
Na" channel blocker <l>— Anterior
column
<i>——+— Inhibitory
pain tract

6

Trans-
ection

Moznosti

boje proti bolesti
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Dekuji
Vam za pozornost

-Toto je v jakékoliv formé
(PDF, PPT, PPTX atd.)
neoficialni vyukovy material

- pro interni potrebu

- nesirit

- pro dotazy kontaktujte:
Petr.Marsalek@LF1.CUNI.CZ

/50 39



