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Sedare dolorem
divinum opus est

Bozansko je delo ublaziti bol
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Survey of chronic pain in Europe: Prevalence, impact on daily

life, and treatment
Harald Breivik a,*,1, Beverly Collett b, Vittorio Ventafridda ¢, Rob Cohen d,
Derek Gallacher d

\_ European Journal of Pain 10 (2006) 287-333

e SURVEY ON CHRONIC PAIN 2017 I
DIAGNOSIS, TREATMENT AND IMPACT OF PAIN

PAINALLIANCE EUROPE
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Fragrantni rezultati ukazuju na devastirajuéi uticaj HRONICNOG

BOLA
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+100 MIL.
PATIENTS 34%

suffer from OF THEM
chronic pain

e qualify the pain as severe

Ukupna cena posledica hroni¢nog bola se procenjuje na
oko 300 milijardi €
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Bol — Siroko rasprostranjen problem

— Pogada skoro 1 od 5 odraslih Sirom evrope = 19% (75 miliona ljudi)
* Prevalenca najveca u Norveskoj, Poljskoj, Holandiji i Italiji (>1 na 4)

* Prevalenca najmanja u Spaniji, ali jo§ uvek vec¢a od 1 na deset (11%)

— Jedna trecina svih evropskih porodica je pogodena hroni¢nim bolom

1 out of 5 Europeans
suffers from chronic pain
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— U proseku zive sa hroni¢nim bolom oko 7

Pacijenti su prinudeni da codina
2ive S bolom — Petina pati od bola vise od 20 godina

Duzina bola koju su prijavili ispitanici
(n=4,839)

6 Months 1to<2 10 to <15 15 to <20 20 Years
to <1 Year NCES Years Years or More
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Gd e Ih tO bO||? — Najcesci uzrok hronic¢nog bola je arthritis / osteoarthritis (34%)
— Najcesca lokacija je lumbalni bol

Arthritis/osteoarthritis
Herniated/deteriorating discs
Traumatic injury

Rheumatoid arthritis

Migraine headaches
Fracture/deterioration of spine
Nerve Damage

Cartilage Damage

Whiplash

Surgery
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Hronicni bol je podmukao

—Preko 40% pacijenata koji imaju HB prijavljuju osecaj
nemoci, nemogucnost da misle ili funkcionisu normalno.

—1 od 6 kaze da je “bol tako tezak da bi Zeleo da umre”.
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| moze razoriti (opustositi) zivot !

— HB ima nesporni uticaj na svakodnevni zivot
— Npr: podizanje, napor, spavanje i rad
— Jedna Cetvrtina (26%) misli da njihov bol ima uticaja na posao
(zaposlenje)
— 15 radnih dana/god se gubi na bol
— 1 od 5 prijavljuje
* Gubitak posla(19%)
* |lida mu je dijagnostikovana depresija kao posledica bola (21%)
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* 15.4% psihijatrijskih bolesti u opstoj populaciji.

* 51-58% Ucestalost psihijatrijskih bolesti kod pacijenata sa HB.

e 4X ¢eSce.

* Preko 80% PTSD ptc imaju HB kao komorbiditet.
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Upotreba lekova

Not Treating  Treating Lapsed

Never Taken

Currently Taking
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Upotreba lekova

—NSAIL (44%) su najcesce korisceni lekovi

— Drugi Cesto korisceni lekovi su slabi opioidi
(23%) i paracetamol (18%)
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lzvestaj o klasama lekova koji se koriste u le¢enju bola

3% 3% 2% 2% 1% 1%
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Alternativna Terapija

Adelay) [eaisAyd
alnjoundnay
SWeald/JUsWuIO
asloIax3
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Adesay) uonexejoy
spooy [e1oadsaiqg
sddns pequaH

Source: Q28. What other methods, remedies or treatments, apart from medications have you ever tried to relieve your pain for the
medical condition or illness we have been discussing?
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Ne znam
[PERCENTAGE]
Veoma jak
S RBIJA Jak [PERCENTAGE]

* IstraZivanje intenziteta i
incidence bola.

Uticaj bola na svakodnevne
aktivnosti.

PotrosSnja analgetika u Srbiji
2013.

[PERCENTAGE]

Umeren
[PERCENTAGE]
Nisam imao bol
[PERCENTAGE]
Slab
[PERCENTAGE]

AKAV BOL STE IMALI TOKOM
PRETHODNE 4 SEDMICE ?

Veoma slab
[PERCENTAGE]
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Kako je bol uticao navase dnevne aktivnosti tokom protekle
4 sedmice (ukljuCujuéi | ku¢ne I van kuéne aktivnosti)?

SRBIJA

m Notatall mLittle = Moderatelly ®mAlot = Very much
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Kancerski bol

Izvesta) E. Z.
9 miliona novih pacijenata svake godine

Bol je prisutan na pocetku bolesti kod
30-40% pacijenata

na kraju zivota kod

60-80% obolelih

Bez obzira na lecenje, ovi pacijenti se zale na:
Umeren do jak bol: 40-50%
Veoma jak bol:  25-30%
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Ledenje bola kod starijih pacijenata sa karcinomom
-Dnevni bol 25-40% pacijenata
-Bez terapije: 26%0
-Morfijum 1 drugi opioidi: 26%0

- 13% pct. > 85 dobija terapiju
vs 38% pct. 65-74 god.

Bermabsi R st al, JAMA 1583
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Sta je sa le¢enjem bola danas?

— Dve trecine onih sa bolom je uvek “spremno da proba
novo lecenje”

— Ali su skoro svi “zabrinuti zbog mogucih sporednih
efekata lekova za bol”
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Sa bolom se srecu razliciti klinicari, ali retko
specijalisti za bol

* Najcesce
— Lekar opste prakse
— Reumatolog
— Ortoped
— Neurolog
— Neurohirurg
— Anesteziolog

e Samo 23% pacijenata se srecCe sa “specijalistom za bol”
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BOL U LEDJIMA
(OpsSta praksa)
| | | |
Fizik. Kiropraktika Neurolog Amb za BOL

Splnalnl Anesteziolog Fizik : _

Hirurg 1ZIK. Inj. | | Medikam. | | TENS | | Akup..

Reumatolog

Neurohirurg

Alternativha med.
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How many doctors respondents report seeing Reasons why respondents see more than one doctor
(based on respondents seeing more than one doctor)
(n= 4780) (n= 2696)

Sewen or more

% Previous doctor said (s)he could do no more

for the pain

Friend/relatiowe recommended

Previous doctor unable to control pain

Not satisfied with treatment

Went to pain specialist

Primary doctor referred

Went to specialist for medical condition

Primary doctor is general/family doctor

* T T Y Y T T Y d T 1

0 10 20 30 40 50 60 70 80 90 100
% respondents

Fig. 11. The number of different doctors the chronic pain patients see and why they see more than one doctor. Answers to structured interview
questions: “How many different doctors (including your current doctor) have treated you for your pain? and “Please tell me your reasons for seeing
more than one doctor for pain treatment.”
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Neadekvatnost u LeCenju Hronicnog Bola

Procenat pacijenata sa hroniénim bolom koji prijavljuju

neadekvatnu kontrolu bola u 16 zemalja

Adequacy of pain control from prescription pain UK 37 Number of respondents:
medication based on total respondents currently taking
a prescription pain medicine Ireland 29 UK = 283
(n = 2450) 4 Ireland = 272
frAnGe 6 France = 297
Germany = 294
29
Caimery Italy = 275
Italy 41 Spain = 294
Pain medication Poland = 288
adequate Spain 33 Sweden = 252
36% Norway = 298
Poland 49 Denmark = 267
Finland = 300
Sweden 45 Netherlands = 274
Belgium = 298
Norway 43 Austria = 293
Switzerland = 299
Denmark 61 Israel = 308
Pain medication inadequate at times 3
64% Finland 27
Netherlands 56
Belgium 61 Percentage of total population
reporting inadequate pain control
Austria 31 (n = 4627) = 40%
Switzerland 54
Israel 40
10 20 30 40 50 60 70 80 90 100

 Breivik et al., EJP 2006;10:287-333.

% respondents
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Bol: definicija

,Bol je sve ono sto bolesnik kaze da boli”.

R.Twycross & A. Wilcock, 2002.
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Pain is a more terrible lord of
mankind than even death itself.

— Albert § chwedzer, —
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DEFINICIJA BOLA

bol je subjektivni osecaj koji je tesko definisati

The International Association for the Study of Pain (ISAP)

“BOL je neprijatno senzorno ili emocionalno iskustvo udruzeno sa
aktuelnim ili potencijalnim tkivnim oStecenjem, ili opisano terminima takvog
oStecenja".
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Definicija bola

- - Bol je kompleksni, neprijatni fenomen sastavijen od senzornog iskustva koje ukljucuje
vreme, prostor, intenzitet, emocije, kogniciju (saznanje), i motivaciju

- - Bol je neprijatno emocionalno iskustvo poreklom iz realnog ili potencijalnog tkivnog
ostecenja
- - Bol je neprijatan fenomen koji je jedinstveno iskustvo svake individue; ne moze se

adekvatno definisati, identifikovati ili meriti od strane posmatraca



Co-funded by the
Erasmus+ Programme
of the European Union

H E I M I Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP

HIGHER EDUCATION PAIN MEDICINE PROJECT

DEFINICIJA BOLA

Jedino jasno @

SONVIAISKONMSINISINIO

Nastaje u telu
(u vecini slucajeva)
[]

To je ono sto nam pacijent saopsti

STETNOST — BOL - PATNJA
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« CAKISAMO NASTAJANJE MEDICINE SE MOZE VEZATI ZA
UKLANJANJE BOLA.

*  Principi lecenja i razumevanja bola reflektuju samo razumevanje bolesti

uopste i leGenje u datom momentu. Iceman of the Alps - “Utze

«  Teorije bola © Dldest,
— 3 ¥ X tania i ledeni preserved
Uti¢u na nacin procene, pracenja i leCenja bola, corse.
— Kao i na nivo prioriteta koji je ovom problemu dodeljivan u « 5300 y
years old.

prakticnom Zivotu.
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STAVOVI, VEROVANJA, PRAKSA

Treba da
boli

Prehistoric Medicine: myths and legends

Asclepius 15 the ood

af madicing and beding n
ancent Greek | love chic

ol Apcika and Coronis. s
mother was Kllad for being
unfarthiul to Apotio best the
unbom child was rescued from
her womnb. Asdepius mesns
"o cutopen ”

Daughters H'mei(\, .
{hygians) and P. }
heaing®)

Bol je odreden
fizickom lezijom
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Hippocrates
(c. 460 —c. 370 BC)

M“ME.J':‘“*M roowe

o S =Y

wrave

Saden/

Aelius Galen ili Claudius Galen
(129 — . 200/ . 216)


https://sh.wikipedia.org/wiki/129
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Renesansa
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1664 u spisu Treatise of Man, René Descartes teoretise da je telo sli¢éno masini, a bol je poremecaj koji putuje duz nerava dok ne
dosegne mozak.

René Descartes

(31 Mart 1596 — 11 Februar 1650)



https://en.wikipedia.org/w/index.php?title=Treatise_of_Man&action=edit&redlink=1
https://en.wikipedia.org/wiki/Ren%C3%A9_Descartes
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,Medical education still begins with the dissection of a cadaver,
just as the clinical case ends in the pathologist’s lab”


https://philpapers.org/s/Drew Leder
https://philpapers.org/s/Drew Leder
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* Teotlja specific¢nosti
* Teorija Iintenziteta

 Teorija nadmetanja
 Teorija uzorka
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Gate Control Theory

Ronald Melzack & Patrick Wall (1965)
Razliciti faktori u percepciji bola
Melzackova istrazivanja: “body-self
neuromatrix”

Kortikalni neuroplasticitet

Znacaj CNS & psiholoskih faktora

Small Fib!l":,
—»
- & & |
@ €
! r -+
— [
Large fihl‘-l"i‘
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Biomedikalni Model Bola

= Descending,
top down
modulation

= Ascending,
bottom up
information

Prier Attention/ Mood
expeariences expectation (anxiaty,
depression)

...[-——Nauruhamu::al

and structural
\ changes

Genetics

\.
Sensitization

{Peripheral
N\ and Central)
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KA
ONTOLOGIJI
BOLAI

BOLNIH
FENOMENA
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agexksaTHor npateher
rrnsHor omehemwa

e pasth epHITM HEH O EITT I H I
Haapasajima I[HCa

Knacwaun Son
Mamudec THO TRIBHO oiTehene; Owrre hetbem aKTHEMpan Cyuyasa one ko THHL
Eec HE[HIETMTHEBHE C(ACTEM M B ha
Bonca mlphhnn & M1 KO O ARk HA CTUMYAYC KOJH CTEIHYDE Minas
b A 7 B "
TEHBHNM omTeheme M AoBOM A0 ouTehena; Dpakrypa
MpotesTibmm Lt
£ ¢ Ty amsrisc
Canonrann Son
Bon YAPY&CH Ca cTHMYyaycoM JUT]LHB.LU(]E CHCTEMa 33 61.1'.11 nyrTeM c}}[‘ia}[t MEEOTHHC 61.‘.!
HCEAOBOWEHOT HHTCHAMTETA Ja M3a3onBc KOIHMTHBHNX McXaHMI aMa yoncl TEMBHOT 1 Tthtlha;
TEHBHO oTehee NPT TRNBHMM l‘LLITChI:]bCM; -
Bon ca nepude puon o ) Muodacipjanum bon;
rpaymos anu Ses - NOCAEANE j€ 4ecTO JACHOBAHO Ha
i

Teramona 1 na.uu&m,a;

Xposrasn Soa y neliama

Heypomarckm Son
(Bon e nepudepue Boa
rpaysc)

Boa;

Bea UPEOIHAT RN BOL AT M
JI‘.‘].'"J'l@t‘]."‘J—HH CTMMYyayoa;

J‘l}[iﬁ}lﬂt’ﬂ{"ih’ﬂ N Tl‘:li]bt Ht]."‘l.'l!i.'.l']-ﬂ.‘]
yapoka

Mo pesehen BowMmenTINBEN
CHCTEM

Heyponarck (Himp.

ACMMICIMHNIALN]E HEPBHHX
BAakaHa)

TpuremmuanHa Heypanruja:

Mocrxepneriuka,
Migjaberiuka neypannija

Txms o owreheie Sea
Bona

)'I.H‘.;I'tha.]tl-ﬂ.‘ YIpOEY)E 61.‘.:1. anm EH:_! 61.‘.:13.

Bonun dresomenn bea bona
Bonso nosamake W nopen HopMansor | MedTanHa crama Kao Hop. Masain bon;
KAMHMUKOr Dperaea; AHKCHOIHOCT YMECTO nepitdepaor
pe ' pitdep Cumynupare;
H Be b TRuBHOr olrrehena; :
ecknan bona u duankanuix agaka;
Bonsoe nonamame Hes . AHKCHOMHOCT
. WPl MHTEpIpe Talija
dona MMperepano donno nosamake; P pipe :
CEHIOPHOT CHIHam
NMoraphen cnomim moac TiHa| EMOU M OH THIEM MM KODHIT B HIM
CHCTEMMMA
Mammdec tHo TimHO owrmeheite Koje Cynpecitia cicTena 3a boa Crpec

Diasonomike yMaikeike bona
AApeHANMHOM;

Mnanebom nuAyKOBaHA
OIIMOMIHA aHATreanja;

[eHeTcka He CEHAMTURHOCT
3a fon




Co-funded by the
Erasmus+ Programme
of the European Union

H E I M I Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP

HIGHER EDUCATION PAIN MEDICINE PROJECT

Aristotle (384-322 BC) -

DeAnima- “Pain is a Freud -
quality of the soul.” psychosomatics.
T ¥

Renaissance —
Descartes dualistic.

Istorijski uticajl

Tokom vremena 1 kroz razliCite kulture, razumevanje 1
ekspresija bola reflektuje vazec¢i duh epohe.


http://www.library.ucla.edu/libraries/biomed/his/PainExhibit/boyfire.htm
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MODIFIKACIJA PARADIGME

Sigmund Freud
(6 May 1856 — 23
September 1939)
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Nastanak Psihosomatske
Medicine

© © ©

1956 —
Beecher-
soldiers &
civilians.

1965 - gate
control
theory -
Melzack &
Wall.

The health
belief model
(US Public
Health
Service, Late
50’s)

-/

\oluntary
control of
ANS (i.e.,
Biofeedback)
- Basmajian
(1963);
Miller
(1969).

1970,
George L.
Engel
explained
the link
between
chronic pain
and
psychiatric
illnesses
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Kulturalna promena nacina kako se bol dozivljava, procenjuje ileci

Input Output

Neuromatrix
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BOL
Ne samo symptom, ve¢ | iskustvo pacijenta

* Medikamenti
* Vezbanje
 Hirurgija

Y

» Zdravstvena

nega ’ . Kogqitivni_
. » Emocionalni
» Porodica « Bihejvioralni

* Posao__ * Pazmja
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SOCIAL PSYCHOLOGICAL
PAIN PAIN

SPIRITUAL PHYSICAL
PAIN PAIN
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...mi nismo svoji dok god priroda, pod pritiskom,
komanduje umu da pati sa telom.

Shakespeare, King Lear
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FENOMENOLOSKI ASPEKTI BOLA

Edmund Gustav Albrecht
Husserl (8 April 1859 — 27 April
1938)
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»LIVED BODY*

Jedinstvo tela, uma i sveta—
Merleau-Ponty:

“I am conscious of the
world through my body”
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PATIENT’S PERCEPTION OF
TOTAL PAIN

ﬂ Physical pain: Osteopathic lesion, deep tissue

or bone pain “tender”

Anxiety. emotional discomfort, angry,
depression

n Interpersonal interactions: Family strains, |

isolation

Nonacceptance of the caregivers: doubting of
their faith, sense of hopelessness




L Co-funded by the
W Erasmus+ Programme
of the European Union

H E I M I Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

* ,,To understand pain we need to understand the person 1n pain

to
work as much with as on our patients.

affirming acts that make possible for the
patient’s voice to be heard and to be valued.”
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Dobar lekar leci bolest; Veliki lekar leci pacijenta u bolesti. -Sir
William Osler, oko 1900
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BOLNO ISKUSTVO

Uobi¢ajena je interakeija tri hijerarhijska nivoa u nastanku kompleksne slike bola:

1. senzorno - diskriminativni

2. motivaciono - afektivni
3. kognitivno - evaluativni

1. Senzorno - diskriminativni sistem (lokalizacija, intenzitet, kvalitet, kao | vremenski | prostorni aspekti bola)

2. Motivaciono- afektivni sistem determiniSe individualno ponasanje (depresija, anksioznost)

3. Kognitivno - evaluativni sistem (razmisljanja koja se ti¢u uzroka i znacaja bola). Ona mogu blokirati ili
modulirati percepciju bola.
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PRAG BOLAUNOLERANCIJAINATBOL
PRAG BOLA JE TACKA NA KOJOJ'SE STIMULUS OSECA KAO BOL

Postoje znacajne varijacije medju ljudimaiili'kod jedne osobe u razlicitim situacijamai'vremenu

Perceptualna dominacija- jak bol'na jednom mestu u telu moze uticati na povecanje praga bola na

drugom mestu

e Tolerancija na bol je izrazena kao vreme trajanja ili intenzitet bola koji ce pojedinac
izdrzati pre zapocinjanja ociglednih bolnih odgovora.
Pod uticajem je — kulturoloskih faktora
- ocekivanja
- obrasca ponasanja
- fizickog i mentalnog zdravlja
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e Jolerancija na bol se generalno smanjuje:
- sa ponavljanim izlaganjem bolu,

- umorom, ljutnjom, dosadom, strahom,

- gubitkom sna

e Jolerancija na bol' se povecava:
konzumacijom alkohola;
lekovima, hipnozom,
grejanjem,

jakim uverenjimailiverom

Tolerancija na bol mnogo varira, kako medju ljudima tako'i kod jedne osobe

Smanjenje tolerancije je primeceno kod dece, adolescenata i'starih osoba
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GODINEIPERCEPCIJATBOLA

Deca i stare osobe dozivljavaju bol razlicito'od odraslih

Novorodjencad u prvih 1 do 2'dana zivoeta su manje osetljiviina bol (ili samo nemaju mogucnost da

verbalizuju bolno sikustvo).

Pun bihejvioralni'odgovor na bol'se javljaizmedju 31’12 meseci

Starija deca, izmedju 15 i 18 godina, imaju manji prag bola od odraslih

Prag bola ima tendenciju rasta sa starenjem

Ova promena je verovatno posledica perifernih neuropatija i promena u debljini’koze
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KLASIFIKACIJA BOLA
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Vrste bola

1. Somatogeni bol je bol koji'potice (obicno poznat) iz tela:
a/ nociceptivni bol — somatski, visceralni

b/ neuropatski bol

2. Psihogeni bol je bol bez poznatog fizickog uzroka, ali'je obrada senzitivnih informacija u
CNSuU poremecena

U ovom obliku'bola psiholoska evaluacija nudi'dokaze da je bol predominantno
posledica psiholoskih faktora
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KLASIFIKACIJA BOLA

 Patogeneza
— Neuropatski bol
— Nociceptivni bol

— Kombinovani (mesSani)
bol

 Duzina
— Akutni
— Hronicni

« Lokalizacija
— Abdominalni

 Etiologija
— Kancerski
— Vaskularni
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PATOFIZIOLOSKA KLASIFIKACIJA BOLA

***

& I

NOCICEPTIVNI NEUROPATSKI NEUROPLASTICNI

e mnogobrojni nau¢ni radovi prikazuju ovu podelu koja je znacdajna za
terapijski pristup - Steen Petersen Felix, Micchele Curatolo (2002)
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PATOFIZIOLOSKA KLASIFIKACIJA BOLA

e Klasifikacija bola:
(Neurologija za studente medicine, Vladimir Kosti¢, Beograd 2007)
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—  Akutni bol = Odgovara leziji; bol koji prestaje nakon
uspesne intervencije ili izleCenja

— Generalno je intenzitet srazmeran stimulusu
— Dobro lokalizovan

 Obicno nagli pocCetak i odnosi se na specificni problem
 Kraci od 6 meseci
* Trajanje korelira sa uzrokom i obic¢no je predvidivo

e Uzrokuje predvidiv neuroloski odgovor uzrokovan
simpatickom stimulacijom (autonomna hiperaktivnost)

— Tahikardia, tahipnea, povecdanje perifernog krvnog protoka i
KP
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Hro""éni

boy

—  Hronicni bol = bol koji se produzava uprkos leCenju ili
zaleCenju i nema biolosku svrsishodnost

— Nije uvek vezan za specifi¢ni uzrok
—  Moze biti kontinuirani ili intermitentni

— HB je BOLEST
Duzi od 6 meseci
 Mala autonomna hiperaktivnost
«  Simptomi iritabilnosti, gubitak energije, slabost koncentracije
Mnogo faktora je ukljuceno u razvoj
«  Cesto je praéen sa simptomima
— Anksioznost

— Insomnia
— Depresija (naj¢esce)
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Py,
ene §eni

boy

KLASIFIKACIJA BO

Preneseni bol

— Bol koji potiCe iz jednog dela tela, a
oseca se kao da je iz drugog dela

« Javlja se u dermatomima koji pripadaju istim
segmentima kicmene mozdine kao i oboleo
organ

— ObjasSnjava se teorijom konvergencije-projekcionom
teorijom
« Dvatipa aferentnih vlakana ulaze u isti segment KM i
konvergiraju u istu senzornu projekcionu celiju
 Mozak ne poznaje aktuelni uzrok i projektuje bol u somatsko
podrucje
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KLASIFIKACIJA BO

Neuropatski bol

. Bol injiciran ili uzrokovan primarnom lezijom ili disfunkcijom
nervnog sistema.

—  Obicno ima paledi, strujeci, zaredi ili kvalitet strujnog udara

— Uzrokuje nestabilnost ANS rezultujuc¢i u pogorsanju bola
sa emocionalnim ili fizikalnim stresom

— NajkarakteristiCnija odlika je alodinija

*  Bol uzrokovan nestetnim stimulusima (lagani dodir, dasak
vetra, itd.)

— Cestojejak
—  CNS lezija (centralni bol) ili PNS (periferni bol)
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Deo nervnog sistema odgovoran za percepciju bola moze se podeliti na:

1. Aferentne puteve

2. CNS

3. Eferentne puteve
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Viozakispoznaje osecajibola

o Jalamus; senzitivhi korteks:
Spoznaje
opisuje

lokalizuje

o Deloviitalamusa; mozdanog stableliretikularneformacije:

= jdentifikuju tupi, dugotrajni; i'difuznibol

e Retikularnafformacijanidimbickilsistems:

= kontrolisu' emocionalni‘ilafektivni'odgovor na bol
Kako su korteks, talamus i mozdano stablo u'brojnim
interkonekcijama sa hpotalamusom i autonommim nervnim
sistemom), percepcija’bola’je udruzena sa autonomnim

odgovorom

MEDIAL PAIN SYSTEMS LATERAL

Pain ’
localisation

Attention

Schema retrieval t
Emotion/Memory

Attention sqp_ervision
Motor inhibition

Response
selection

Anterior
cingulate

-

Frontal
_—

cortex

Thalamus

Localisation

Pain registration
Intensity coding
Brain stem v\\

a-delta *
c-fibres

Alerting/ 4
Sensory integration

Contralateral
spinothalamic
tract

Figure 1 Schematic diagram of some of the main anatomical components of the ‘pain
matrix’, and their possible functional significance. PAG = Periaqueductal grey matter.
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1. periferni nociceptivni aferentni neuron
aktiviran od strane Stetnih nadrazaja

2. centralni mehanizmi
stvaraju osecaj bola preko aferentnih signala

aferentni signali ~ |
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STIMULUS I ODGOVOR

Stimulus SPOLJASN]JI ILI UNUTRASN]JI TRIGER
Odgovor Interna reakcija na triger

Huges D, Bioinspiration &
Biomimetics 2015,

Merkel cell
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NOCICEPTIVNI BOL

MEHANIZAM FORMIRANJA OSECAJA BOLA

e sastoji se iz Cetiri procesa:

. TRANSDUKCUA
. TRANSMISLJA
MODULACUA

L W N

. PERCEPCLIA
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Nociceptori

® Nociceptori reaguju na stetne stimuluse Basic Anatomy of Nociception

8”‘@/776’4/

@ N a I a Z e S e u Brain Free Nerve Ending Skin

Nociceptor
AV AN )
o kOZI a ‘A Hair
. e 4’ for detail
]

® Misicima

e zglobovima o
e i nekim viscelarnim tkivima.

Copfright © Tony Ingram | bboyscience.com | H
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NOCICEPTIVNI BOL  TRANSDUKCLA

e Nociceptivna draz aktivira primarne aferentne neurone — NOCICEPTORE:

* slobodni zavrseci A-6: tanka mijelinizovana vlakna
 Cvlakana: tanka nemijelinizovana vlakna

e ovi nerviimaju senzorne zavrsetke u perifernim tkivima i aktiviraju se

razlicitim drazima: mehanickim, termickim i hemijskim
Cesare and Mc Naughton, 1997; Julius and Basbaum, 2001.

' - Aj-niDer

rostroventral medulla
periaqueductal gray
locus coeruleus

&— o/
W C-fiber
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Nociceptori

Ima puno varijacija u primarnim nociceptivnim neuronima:
® Vedcina su “nemi” (ne odgovaraju na standardne stimuluse, osim kada su prisutne inflamatorne substance)

® Neki su specificni za odredjenu vrstu stimulusa, npr:

- mehanicki
- termalni

@ Ali su vedina polimodalni (odgovaraju na brojne stimuluse)
® Brojivelicina receptivnog polja pokrivenog jednim vlaknom moze biti mala ili velika

Merkel receptors -
sense steady pressure e R Nociceptors
and texture Meissner's corpuscle Stratum comeur
- responds to flutter and _ ——— = e Signaling receptors
stroking movements. = == S — Stratur Celluds
= X F
Freenerve [ = }= %
== - Y v
il rreve
Ml rev3
Axons
F .
-
== &
Free nerve ending
of nociceptor

responds to

Free nerve ending
noxious stimuli.

of hair root senses

hair movement.
—=- Sensory nerves

carry signals tc

Pacinian corpuscle | |
spinal cord.

senses vibration.

¥ 2
Ruffini corpuscle /
responds to skin
stretch.
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NOCICEPTIVNI BOL

algogene supstance menjaju propustljivost membrane nociceptivnih
zavrSetaka za jone, membrana se depolarizuje i nastaje rec. potencijal

receptorski potencijal (prostorna i vremenska sumacija) - dostize pragovnu
vrednost i nastaje akcioni potencijal - nastaje signal bola



Co-funded by the
Erasmus+ Programme
of the European Union

H E I M I Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP

HIGHER EDUCATION PAIN MEDICINE PROJECT

Algogene supstance

® Substance oslobodjene u oSte¢enom tkivu:
e prostaglandini

bradkinin

serotonin

substanca P

histamin

protoni

NGF

Ove substance su prilika i izazov za razvoj novih analgetskih lekova
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NOCICEPTIVNI BOL

Somatosensorni/Bolni Ligandi

Stimulus Repretsentative
receptor
Inflamatorna supa TR o
Bradykinin | BK,
Serotonin | 5-HT,
Mast cell or ATP P2X3
neutrophil H* ASIC3/VR1
Lipids PGE,/CB1/VR1
Heat VR1/VRL-1
Pressure DEG/ENaC ?
DRG cell body /-

David Julius & Allan I. Basbaum NATURE | VOL 413, p.

© 2001 Macmillan Magazines Ltd

Spinal cord
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ALGOGENE (INFLAMATORNI MEDIJATORI) SUBSTANCE

Kinins:
* bradykinin (in blood)

« kallidin (in tissues) nociceptor activation
Serotonin

Histamine vasodilation, oedema, itching,
nociceptor sensitization
Prostaglandins _ o
i nociceptor sensitization
Leukotrienes
H* hyperalgesia

Cytokines nociceptor sensitization and
stimulations

Adenosine hyperalgesia
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RECEPTORI

* Neurotrofinski receptori
e Tirozin kinaza (trKA) receptor
* Tranzitorni receptorni potencijal (vanilloid) receptori
* TRPV 1 receptori
* TRPV 3 receptori
* Tahikininski receptori
e Adenozintrifosfatni receptori
* Opioidni receptori
e Kanabinoidni receptori
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POLIMODALNI NOCICEPTORI

» (vlakna (nemijelinizovani slobodni nervni zavrsetci)
* Reaguju na toplotuy, Stipanje (pinch) i hladnoc¢u (HPC receptori)
* Eksprimiraju TRPV1, TRPA1 i druge TRP receptore

* (Odgovaraju na iritantne hemijske materije Norous I’g"i{;‘
— Capsaicin (chili peppers): TRPV1 receptori WL - S | Bradykinin oo st
— Senf, beli luk, ren: TRPA1 receptor s W @ | (ngs‘a?em’m'
— Nizak pH (kiseline) bl ~_ ' W 4 ) re'rosmglfndms
— Endogeni peptidi: Bradykinin, NGF N (j:::;' id fé'r?t?al

[ CGRP
Glutamate
R

Substance P - @ "
! -

Nerve growth —

N\
~, Tryptase
and other
proteases

factors

Histamine
Neuropeptide Y ——
Opioids | e
Somatostatin TNF ’ IL-1p

Noradrenaline
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POLIMODALNI NOCICEPTORI EKSPRIMIRA]JU
BROJNE RECEPTORE

Peripheral terminal = Axonal
activation

e ? Heat

! l

Central terminal

Transmitter
release

s Glutamate
» Substance P

Action potentials

Noxicus = | ly == . Wy — Vo e« CGRP
and thermal >
stimuli o

Transducer Endogenous =====
L potential ligands

O

Keratinocyte o O

+ Peptide release * Presynaptic modulation

* Neurogenic
inflammation

Transduction

 Calcium influx
» Depolarization

Transmission
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INFLAMACIJA IZAZIVA BOL PUTEM INFLAMATORNIH
MEDIJATORA I PERIFERNE SENZITIZACIJE

Neurogenic
inflammation

Endothelial cells

oliol o[o/o/0o[e] 0

Tissue injury / Infection

;& ,. aHL”
— fMIFL™
S aureus

Inflammatory mediators

(o[o| @] ®]
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Lymphadenopathy
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NGF
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PGE2 1 GPCRs >
Histamine 3
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CXCLA1 Cytokine

receptors
IL-18 PKA

PKC
TNF-a _ TLRs ) CaMK
HMGB1 .
PREINTS E";’; 4
5,6-EET <: 5NK Neuronal excitabilityT
i - " riPheral
sensitization

H+

ATP

o ©
°c o ©

CGRP

Peripheral nerve terminal of
nociceptor neuron

Ji RR, Xu ZZ, Gao YJ. Emerging targets in neuroinflammation-driven chronic pain. Nat Rev Drug Discov. 2014; 13(7): 533-548.
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Dogadjanja koja nastaju stimulacijom ili povredom
perifernog nerva

¢ AMPA
e NMDA
fm: Wind-up/WDR neuron sensitization

(e SP CGRP NKA s VIP

mm Ca?* NO PKC PG Nat @, o, ‘o)
o cfos
Dynorphin

Neuropeptide Y
S— Galanin N

Cholecystokinin
¢ Growth factors —
€ Cell death "s———

¢ Dorsal horn sprouting/remodeling

| I
Ims  10ms 100ms Seconds  Minutes  Hours Days Weeks Months Years

Sneddon UE, Physiology, 33: 63-73,2018
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TERMO - TRANZITORNI RECEPTOR POTENCIJAL RECEPTORI ODGOVARAJU
NA SPECIFICNE TEMPERATURNE varijacije

© Ankyrin

domain
A o ﬂ ¢
Extracellular ’ '
side TRPA1 TRPV4 TRPV3 TRPV1 TRPV2
Pl NA) oo, o oo PoWat

A=A s 7 7 d =g S——
Cytoplasmic c e @ g @ C C C
N N N N

side N N

*
recentor | | |
temperature
range (°C) 0 10 20 30 40 50 60
TRPAT1 (<179) |

I X

A

TRPMS8 (around 8 -28¢9)

TRPV4 (5279)

TRPV3 (>310r 399)

Y

TRPV1 (>43°)

TRPV2 (>520)

Y

6 “Transient Receptor Potential channel” familija su voltaz zavisni i recipro¢no modulirani
temperaturom, 3 podgrupe od 6 “Transient Receptor Potential channel” su nadjene na celijama i
slobodnim nervnim aferentnim zavrsecima u koZi. TrpV1 je poznat kao “capsaicin receptor” ili
“vaniloid receptor 1",
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C-fiber

* Small diameter
* Slow conducting
* Unmyelinated

1. Proinflammitory peptides
Subst P
CGRP
Lamina I/l
* tissue inflammation
(NGF)

2. Specific enzymes/ Lectin 1B4
*chronic neuropathic pain
(GDNF)

Caterina, Cur Op in Neurobiology (9), 1999.
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* Medium diameter
* Fast conducting

* Lightly myelinated
* Polymodal

Type |
Long response latency
>50° C
Persistent pain
2. Type ll
Short response
43° C
Initial burn
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Primary Afferent C & AP Fibers

Millan, Progress in Neurobiology, 1999.
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Vrste receptora na senzornom neuronu

Mehanizam transdukcije Primer Celijski efekat
Ligand-zavisni kanali Capsaicin-heat Ekcitacija
H, SHT, ATP
Glutamate, GABA-A
G-protein zavisni GABA-B Inhibicija
Opiated, Adenosine transmitera &
Adrenoreceptors oslobadjanja peptida
NPY, 5HT

Tyrozin kinaza zavisni

Bradykinin(B2)
Histamine (H1)
Adrenoreceptors (a2)
PGE2

NGF (Trk A)

Bevan S. Textbook of Pain, 4th ed. Wall, Malzack, 1999.

Ekscitacija
i/ili

sensitizacija

Kontrola henske
ekspresije

Capsaicin/
Vanilloid

l),.

*  Purinergic (P2X)
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Fiziologija Bolne Percepcije!-3 Wozak

Descendentni Percepcija

Ascendentni
/ put

Kiémena
,0zdina

C-vlaKna | \

a-g viakna Dorzalni

a-0 vlakna rog
Kondukcija ~ Ganglion Tl\r/larésrrls!!a/
Periferni Dorzalnog odulactja
Nerv ? Korena
Transdukcija Povreda

1. Galer BS, Dworkin RH. A Clinical Guide to Neuropathic Pain. Minneapolis, MN: McGraw-Hill; 2000.
2. Irving GA, Wallace MS. Pain Management for the Practicing Physician. New York, NY: Churchill Livingstone; 1997.
3. Woolf CJ, et al. Ann Intern Med. 2004;140:441-451.
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Lloyd /Hunt

Diameter
(Hm)

Conduction
velocity

(m/sec)

Receptor/ ending

|-a

12-20

70-120

Muscle spindle
primary endings

I-b

12-20

70-120

Golgi Tendon organs

12-20

70-120

Muscle efferents
(extrafusal)

6-12+

30-70

Encapsulated
endings:Merkel

2-10

V.

10-50

Muscle efferents
(intrafusal)

1-6 (

5-30

A-0 specific &
polymodal; cold; hair;
visceral (+/-)

<3

ya

3-15

Preganglionic
autonomic

<1.5 Q

0.5-2.0

C-nociceptors; C-polymodal;
warmth, mechano;postganglioic
autonomic; enteric nerve fibers
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Classification of Nerve Fibres

Motor nerve fibres

Erlanger-Gasser| _ i i . ) i
Type o i Diameter Myelin Conduction velocity | Associated muscle fibers
Classification
ct A 13-20 pm |Yes |BD—1 20 m/s Extratusal muscle fibers
AT AV, 5-8 pm Yes |4—2r-'1 /s 1131 Intrafusal muscle fibers

Sensor nerve fibres

Erlanger-Gasser

Associated sensory receptors

e Ciameter Mye2lin| Conduction veloci
T¥p Classification ¥ vy
Ia Ao 13-20 pm  |Yes 80—120 missi4 Responsible for proprioception
=] A 13-20 pmm |Yes 80—120 mfs Golgi tendon organ
Secondary receptors of muscle spindle
] AR G-12 pm Yes az—T7s5 m's
All cutaneous mechanoreceptors
Free nerve endings of touch and pressure
1] (Aﬁ 1-5 pm Thin 3—30 mSs MNociceptors of neospinothalamic tract

Cold thermmoreceptors

—
C

D

0.2-1.5 pm

No

0.5-2.0 mfs

Nociceptors of paleospinothalamic tract
Warmth receptors

Erlanger-Gasser

=] Diameter Myelin Conduction velocit
TyP Classification Y ¥
preganglionic fibers |B 1-5 pm Yes 3—15 mfs
postganglionic fibers|C 0.2-1.5 pm |No 0.5-2.0 m/s
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Brzina sprovodljivosti: Ad i C vlakana

Ac f

* Ad (brzi bol), A
* C-vlakna (spori bol), y

S
AB C
Lf\.__ e
Time
First pain
Second pain

1. Julius D, Basbaum A, Nature 2001(413).
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A) 71 mA/mm?

FREE MAGNITUDE ESTIMATION (Log mm)

TIME (meec)

Adapted with permission from Cooper: BY, et al. Pain. 1986;24:103 and from Lee KH, et al. In: Fields HL, Dubner R, Cervero F eds.
Proceedings of the Fourth World Congress on Pain. New York, NY: Raven Press; 1985:204.
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’ / ' dorsolateral
\ — prefrontal cortex

NOCICEPTIVNI BOL /i, Sp

TRANSMISIJA £y
."“ ' 4 anterior
ST/ cingulate
A e cortex
89 " o | 5
* signal bola se prenosi od perifernih receptora do somato- . / il
senzorne kore neuronima |, Il i lll reda TS S
/. P pes
midbrain
* 0 N
medulla oblongata
A alpha fibres »
[ J
A delta and C fibres 1IN Vil
M\ | | ascending pathways
spinal cord G, 8 i‘3; i f

:
A Afival? ”‘[{
g oy f e MM b a8 b i feds
ek bl s b ) da bpim pedd
4 d idedailnc ity Lagehie et
-4 :

o
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NOCICEPTIVNI BOL

TRANSMISUA

e tela Celija spinalnih nociceptivnih
Intarneuron
aferentnih vlakana nalaze se u \

Marcaric - l’r-'a‘pn.llmtfr::'?‘i:?in
paravertebralnim ganglijama \ {offorent pathwoy)

Cpiate _Excitatory impulse
receptor | [afferent pathway)
\
* vlakna ulaze preko dorzalnih, zadnjih = \ Inrnauron

transmissian

korenova i zavrsavaju se u sivoj masi Siockad by
zadnjih rogova

endarphing Dorzol roct
ganglion

Pain
racaplars
Substantia

gelontinosa

FIG, 13-5. Descending pathway and endarphin vesponse. The biologe receptors of the enkephalme
and erdorphins are Jocared close 1o Xnown pamn redeprocs in the ascending and descending pain path

wavs.
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NOCICEPTIVNI BOL
TRANSMISIJA
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NOCICEPTIVNI BOL
TRANSMISIJA

e senzorni neuron | reda se zavrsava u zadnjim rogovima KM
koji su podeljeniji citoarhitektonski u slojeve ili lamine

e A-delta vlakna se zavrSavaju u l'i V lamini

e Cvlaknaulilllamini |

e Celije lamine Il zadnjih rogova ¢ine Zelatinoznu supstanciju
substantia gelatinosa — SG

Ap-viakna

Ad-viakna

C-vlakna
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TRANSMISIJA, MODULACIJA .‘
Afferent Sharp Burning
fibers pain pain Cool Itch?
(Nociceptivni

specifiCni neuroni)

WDR
(“Wide dynamic range”

neuroni)

Integration (Lamina V)

P Vi

Specificity (Lamina I)
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NOCICEPTIVNI BOL

e cCelije lamine Il zadnjih rogova
¢ine substantiju gelatinosu

e tosu kratki, inhibitorni
interneuroni koji se protezu u
laminu I, 11§ IV

e koji regulisu transmisiju na |
sinapsi nociceptivnog puta izmedu
primarnih aferentnih vlakanai
transmisionih neurona
spinotalamicnog trakta

h—

g r g Lissauer Tract

Dorsolateral
Funiculus

Marginal Zone

Substantia Gelatinosa

Nucleus Proprius

Siddal, Cousins. Neural Blockade in Clinical Anesthesia and Management of Pain, Third Ed.,1998.
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NOCICEPTIVNI BOL

teorija kontrole ulaza (vrata) nastala je 1965.g. autori Wall i Melzack

CENTRALNI KONTROLNI MEHANIZAM

sustina teorije je modulacija impulsa za bol na novou kicmene mozdine

sto podrazumeva ekscitaciju i inhibiciju bola " KOMFROLMAISTRN YRATA
| 1
ulaz impulsa za bol nalazi se u zadnjim rogovima KM : Y c; —
. . SISTEM [~
(sinapse senzornog neurona |l i Il reda) C_ <\/_ .
transmisija kroz sinapse zavisi od odnosa u kompeticiji — nadmetanju

izmedu tankih mijelinskih A-delta i nemijelinskih C—vlakana i debelih
mijelinskih A-beta vlakana
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Inhibitorni i Facilitatorni Mehanizam u Dorzalnom Rogu

transmiterske T cCelije se nalaze i u
V lamini i na njih deluju obe vrste
vlakana direktno i indirektno
preko inhibitornih interneurona u
SG, koji koc¢e transmisiju bola
kada se nadraze debela A-beta
vlakna kolaterlanim putem se
ekscitiraju inhibitorni interneuroni
i signal za bol se ne prenosi na
transmiterske T Celije - ulaz se
zatvara

kada se nadraze A-delta i C-vlakna
- ko¢e inhibitorne interneurone,
signal za bol se prenese na

A-DELTA

Neuronskitkrug urdorzalnemrogu.
SINAPSaPHMarmoeg aierentnog transmiterske T Celije, talamus i

koru — ulaz se otvara i nastaje

KA MOZGU osecaj bola

aksonali spinotalamickeg neurona
Uz intermedijarnirneuron
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NOCICEPTIVNI BOL
TRANSMISIJA

* U kicmenoj mozdini
dolazi do transmisije na
sekundarni neuron

« On nastavlja

e | kontralateralnom
| o stranom kiémene

o mozdine i dolazi u
| mozak preko
spinotalamicnog puta
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. r— Postcentral gyrus

NOCICEPTIVNI BOL

TRANSMISUJA

Mighrain

* U kiCmenoj mozdini dolazi do transmisije na sekundarni

neuron
. - NRT . Pon
«  On nastavlja kontralateralnom stranom kiémene mozdine i =
dolazi u mozak preko spinotalami¢nog puta RS g.-;:—’ ,
e senzorni neuron |l reda polazi iz zadnjih rogova KM kao 0‘%

neospinotalamicni filogenetski mladi - prenosi akutni bol
e  paleospinotalamicni trakt - prenosi hronic¢ni bol
e vlakna neospinotalamicnog trakta se zavrSavaju manjim
delom u RF mozdanog stabla, ve¢im delom u talamusu Substantia gelafinoss

Neospinothalamic tract

Paleospinotholamic tract

e vlakna paleospinotalamicnog trakta veéim delom se
zavrSavaju u RF mozdanog stabla, krovu srednjeg mozga i 5
periakveduktalnoj sivoj masi, a manjim delom u talamusu 7

Fain receptars

e  oba trakta ¢ine deo anteriornog i lateralnog spino- Dersal ress
. v ganglian
talamic¢nog puta

FIG. 13-3. Spmal cord and CNS pathway. Stmuls are transnuatted
fromy’ pain receproes through sensory nerves into the darsal rooc gan-
glias The impalse enters the spinal cond, forms a symapse, crosses the
cord, and rsex to the spinothalamic trace.
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HEPMP Periferni | centralni putevi bola

Ascedentni trakt Descedentni trakt

Korteks

Medjumozak

Most (Pons)

Produzena mozdina

Spinal Cord
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NOCICEPTIVNI BOL

DESCENDENTNA INHIBITORNA KONTROLA BOLA

% Opioidi )
2
Opioidi
l\".’ :DLF
5HT Enkefalin Noradrenalin
Nociceptivai
aferentni neuron
Opioidi

. descendentni kontrolni sistem sa prikazanim glavnim mestima delovanja opoida na
transmisiju bola (Fields and Basbaum, 1994)
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NOCICEPTIVNI BOL

DESCENDENTNA INHIBITORNA KONTROLA BOLA

e na kontrolu transmisije utiCe paznja, emocije, memorija, iskustvo,
raspolozenje, sugestija, hipnoza, kulturoloski faktori, etnicka pripadnost

e smanjenjem centralnih impulsa — otvara se ulaz vrata za bol

e modulacija bola zavisi od odnosa perifernih (aferentnih) i centralnih
eferentnih impulsa koji dolaze u gate-kontrolni sistem
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—» DIRECT

DESCENDING INHIBITION

GABA

ﬂ-EF'.HJ_

s, | SN

BONF|. 4. & @ El

ROXIOLS
STIMULUS

DYN/K

~-> womeer | DESCENDING FACILITATION

E":’-—'—. ACH/ Hil: fMusc

GLU f HHDA

E'E ‘5? GLU / NMDA & AMPA
E'?‘E CCK, |

L= 2

PAIN

&

Milan MJ, Progress in Neurobiology 66, 2002.
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NOCICEPTIVNI BOL

MODULACIJA

* sastoji se u kontroli impulsa za bol na njihovom putu do somatosenzorne
kore

 modulacija obuhvata:

* Perifernu senzitizaciju — . endorphins,
* Centralnu senzitizaciju - neurokinins,

. - prostaglandins,
e Teoriju kontrole ulaza prostagianding

- biogenic amines,
 Endogene medijatore _ — - GABA,

- neurotensin,

- cannabinoids,

- purines,

- and many others.
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Primarna hiperalgezija

MODULACUA

C Nociceptori

SP

-
../Q:

Vazodilatacija

==
Stimulacija
Fields et al 1998
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Periferna Senzitizacija

Tkivno oStecenje Inflamacija Simpaticki zavrsetci

Senzitizacijska ‘SUPA’
H joni Histamin Purini
Noradrenalin K jon Citokini
Bradikinin Prostaglandini NGF
Leukotrieni 5-HT Neuropeptidi

Woolf, Chong. Anesth. Analgesia (77), 1993.
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Tri glavne elektrofizioloske karakteristike na celularnom nivou:

» Stimulus izaziva odgovor koji se ogleda u vec¢em broju izazvanih akcionih potencijala — HYPERALGEZIJA

* Receptivno polje obuhvata i prethodno neaktivne deloveu okidanju potencijala — SEKUNDARNA HYPERALGESIA
e Pojavljuje se i novi odgovor na Abeta vlaknima - ALLIDYNIA

CENTRALNA SENZITIZACIJA

Area with flare
_ Site for primary
hyperalgesia

(From sensitization of
primary afferents
A

.. Site of application

Area with allodynia

to stroking (secondary
“hyperalgesia)

(From central
sensitization

Irritable focus
(central sensitization)

Skin T =

Area with hyperalgesia
to pinprick (seconda
hyperalgesia)

(From central sensitization%
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CENTRALNA SENZITIZACIJA

- ” : , . , . Centralna Senzitizacija: “wind up”
1. "Wind-up” — progresivno povecanje broja akcionih

t T I ( d I i t i 1] C N S 1 ) A. No stimulus B. Low intensity stimulus C. High intensity stimulus
otencijala (modadel senzitizacije na nivou \ —
p J J input

2. Heterosinapticka facilitacija — progresivno
povecanje neuronske ekscitabilnosti dovodi do

poveéanja odgovora na druge inpute, narocito A- “ “ i
beta vlakna. — ‘

Activation Pain and auto-sensitization O

i' Heat _) e

| External .

| - Mechanical voltage gated sodium channels

| Stimuli Chemical ) o

‘ generator potentials action potentials i

' Modulation Peripheral Sensitization |

(heterosensitization)

SNS/PN3

External stimulus

Heat - ¢ )
Sensitizing stimulus

PGE2  Bradykinin -
EP BK

Modification
bs ——
0.9 g 2 ST (o) e P
=.= .________. i epidermis

increased gene expression /\_/-\/ .
A B —— Expression in A fibers of " dermis
C-fiber markers S |
VRI1 o C-ﬁber loss |

Abnormal sensitivity Phenotype Switch Denervation
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a Immediate central sensitization

Nociceptive
afferent,

central BONF

terminal / O

(®)

Inhibitory
interneuron

N

Dorsal ,
horn
neuron Nucleus

Nociceptive
afferent

receptor / RNA polymerase Il
/ DREAM

IL-1

Cox2

. Transcription
factor

RNA
= >

MEHANIZAM CENTRALNE SENZITIZACIJE e (RN

‘PKA

Erk1/2

{ p38
JNK

—p

M

Nociceptive afferent

Pain
"l"l"""""" transmission

Aktivacija NMDA receptora i poveéanje ® v O
intracelularnog Ca ucestvuje u trigerovanju i G
odrzavanju neuronske senzitizacije u DR =SS Erckatory:

Sprouting after
nerve injury

Znacajna je uloga ekscitatornih
aminokiselina i tahikinina u procesu
senzitizacije u DK.

?

= P:’".)(:?(':

Transkripcija gena i spori transport
neurotrofina

d Loss of inhibition

Tranzitorna, funkcionalna redukcija GABA i O

Glicinske inhibitorne interneuronske
Cij:)(bé)z«

aktivnosti pojacava procese u DK | doprinosi
Alodiniji i Hiperalgeziji
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MEHANIZAM CENTRALNE SENZITIZACIJE

Central Sensitisation Primary _
afferent Fresynaptically
= increased transmitter release
SP L
. glutamate

© © ©  BDNF

—

mG LLI R - NMDA

NK1 .
AMPA

"'i'J:Hn.t
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CENTRAL SENSITISATIZATION - PAIN MATRIX

* Increased responsiveness of the spinal cord
after prolonged, intense nociceptive input.

* This includes the dorsal horn neurons,
interneurons, and ventral horn neurons.

* The thalamus, cortex, and other brain areas
also develop relevant changes.

* As a consequence of the central sensitization,
low intensity or normal input of stimuli can
produce an inappropriately greater response

The pain matrix mainly consists of the thalamus (Th), the amygdala
(Amyg), the insula cortex (Insula), the supplementary motor area (SMA),
the posterior parietal cortex (PPC), the prefrontal cortex (PFC), the
cingulate cortex (ACC), the periaqueductal grey (PAG), the basal ganglia
and cerebellar cortex and the primary (S1) and secondary (S2) sensory
cortex.



