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[narodu je posebna paZnja poklanjana
psiholoskoj pripremi na bol, koja je
eksplicitno izrazena u pesmi Stari Vujadin:

"0 sinovi, moji sokolovi,
Onde cCe nas biti i muciti,
Prebijati i noge i ruke,

I vaditi nase oci Carne.

O sinovi moji sokolovi,

Ne budite srca udovicka,
No budite srca junackoga.”
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dacnja trpljenja bola najbolje je opisana u

pesmi Mali Radojica:
"LoZe njemu vatru na prsima. MAM PAAUMLA e —
Al’ je Rade srca junackoga, |
Ni’ se mice, ni’ pomice Rade. | 5
Uvatise zmiju prisojkinju,

Pa turaju Radu u njedarca,
Al’ je Rade srca junackoga,
Ni’ se mice, ni’ se od nje plasi.
I uzese dvadeset klinaca,
Udaraju pod noktove Radu,

I tu junak tvrda srca bio,
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“La Fontaine de Bakhtchisaral” Karl Pavlovitch Brullov (1799-1852)
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e Affects 20% of European citizens

e Disrupts the lives of millions of European citizens and their fam- CHRONIC PA]N
iies

e More common in women lN EU ROPE

* More common with increasing age

o Negative impact on quality of life, physical and psychological
well-peing

e Major economic cost:

O Indirect (inability to work] f
AL

¢
fl
XY

o
|ASP

B

O Direct (treatment-related costs)
* (rossly under-recognised and under-treated
e Major public health concern

* Access to comprehensive pain assessment and management is
a basic human right

e (Coordinated and collaborative approach is urgently required,

particularly in patients whose pain does not respond to stan-
dard therapeutic interventions oo chwonie pain managoment | T of appropriate opiold
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Common Causes of Pain

= Low back pain and arthritis account for half of all musculoskeletal disease
diagnoses'

= Low back pain is most commonly reported type of pain?
—Leading cause of disability among Americans <45 years of age?3
—>26 million adults experience frequent back pain2
—~15% of Americans experience back pain lasting >2 weeks'

= Arthritis and chronic joint problems affect ~70 million individuals’
—~18 million affected by osteoarthritis

—~2 million suffer from rheumatoid arthritis 1. Emons MF. Manag Care. 2003;12(8 suppl):2-7.
2.  Pain facts and figures. American Pain Foundation Web site.
hitp://iwww.painfoundation.org/print.asp ?file=Newsroom/PainFacts.htm.
Accessed September 12, 2007.
Pai S et al. Orthop Clin North Am. 2004,35:1-5
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Congenltal insensitivity to pain

« Some people are born without a sense of pain.

« Some people may feel pain but lack the
affective response accompanying pain.

 This may lead to multiple traumas and injuries
and even to early death.
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Genetic polymorphisms result in altered nociception

Genetics may explain 70% of variability in experiencing pain

SCNYA Gene: Nav1.7

“No pain” “Man on Fire Syndrome”
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What is pain?

Definitions

Pain is the psychical adjunct to an imperative
protective reflex.

= Sherrington CS Cutaneous sensations. In Schafer EA (ed): Textbook of Physiology.
London, Pentland, 1900

 Sherrington CS The Integrative Action of the Nervous System. New Haven, Yale
University Press, 1906

Sir Charles Scott Sherrington
1857-1952
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Aversive sensation 2624

Intensity ranges from unpleasant to horrible
Various classes of pain

— pricking, stabbing, pinching (mechanical )

— burning, freezing (thermal)

— aching, stinging, soreness (chemical )

— visceral (mechanical, chemical )

Emotional component (pain tolerance)

Protective function
— Warn of injury that should be avoided or treated
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THE BIOMEDICAL MODEL OF PAIN

 Pain as a sensory
event reflecting
underlying disease
or tissue damage.
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What is pain?

Definitions

An unpleasant sensory and emotional experience
associated with actual or potential tissue damage.

International Association for the Study of Pain
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DECREASED
FUNCTION PSYCHOLOGICAL

THE PAIN
AND
ATROPHY CYCLE

RESTRIC‘& ’

NGE OF MUSCLE
GUARDING
MOTION

MUSCLE

WEAKNESS
PAIN
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ULTl DIMENSIO ONCEPT OF PAIN

ence. (IASP Taxonomy 2012) The individual experi-
ence and manifestation of pain is influenced by a 'KA2-CBHE-IP (2017 — 3109 / 001 — 001)
complex series of interactions inwvolwving sensory, B ) - ol

Brien TO, EJP 2017; 21: 3-19.

pathophysiological, affective, sodo-cultural, beha- o ) - L
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ACUTE PAIN TURNS TO CHRONIC

11— DG Al

Begins suddenly and is Last from 6-12 weeks. More difficult to treat.
usually sharp. Serves as Usually improves with Can persist for months
wamning of disease or injury. nonsurgical treatment. or years. May cause
Generally disappears when depression, anxiety,
underlying cause is treated. and sleep problems.
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STIMULUS AND RESPONSE

Stimulus An external environmental trigger
Response An internal reaction to the stimulus

Merkel cell

Dermis

)
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Nociceptors

e peripheral receptors sensitive to painful mechanical
and chemical stimuli, extreme heat or cold

* free nerve endings with small receptive fields
 specific for pain

* do not adapt to repeated stimulation as do low-
threshold mechano/thermoreceptors

* are capable of differentiating between innocuous and
noxious stimuli

* can be sensitized by tissue injury
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PAIN RECEPTORS - FREE NERVE
ENDINGS

Merkel receptors
sense steady pressure

i .
and texture. Meissner's corpuscle

responds to flutter and
stroking movements.

Free nerve

Free nerve ending
cof nociceptor
responds to
noxious stimuli.

Free nerve ending
of hair root senses
hair movement.

Sensory nerves
carry signals tc

inian corpuscle =
Pacin 2 spinal cord.

senses vibration.

. \{';::J 3 "_ =
Ruffini corpuscle
responds to skin

stretch.

3
—
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Nociceptors

= Stratum corneum v
i T Signaling receptors

Epidermal free A Stratum Cellular
nerve endings ) granulosum
K & V' S, X4 P2x
T Y eov
)
< » v
Stratum spinosum -' ITRP\“
— Ml rPv3
' LI} TrPv4
"/ y
Axonal
‘\Stratum basalis $. P2X3
) ... P2Y2
Basement
___ membrane | & TRPV1
P
MrgD+,

non-peptidergic

. 'ﬁq\
¥ 7 NS
P Peptidergic fibers \ (©) 2011 Johns Hopkins Neurosurg

= K L All rights reserved. lan Suk
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Classification of Nerve Fibres

Motor nerve fibres

|Er|anger-Gasser ) i i ) ) i
TYP - ] Diameter| Myelin| Conduction velocity Associated muscle fibers
| Classification
c !Aq 13-20 pm [Yes 80—20 m/s Extratfusal muscle fibers
W !A'u,.f 5-8 pm Yes 4—24 mys 23] Intrafusal muscle fibers

Sensor nerve fibres

Erlanger-Gassear

e Ciameter |Myelin| Conduction veloci Associated sensory receptors
TP Classification ¥ v Y P
Ia 13-20 um  |Yes 80—120 misl4l Responsible for proprioception
=] 13-20 pm  [Yes 80—120 ms Golgi tendon organ

Secondary receptors of muscle spindle

G-12 pm Yes 33I—T5S mMSs
All cutaneous mechanoreceptors

Free nerve endings of fouch and pressure
|||< (@] 1-5 um Thin 3—30 mss MNocicepiors of neospinothalamic tract
Cold thermoreceptors

U}}b
B |2~

MNocicepiors of paleospinothalamic tract

0215 pum (No 0.5-2.0 mJfs
Warmih recepiors

z
7\

0\
\/

Erlanger-Gasser ) ] ; )
Type - ) Diameter |Myelin | Conduction velocity
Classification
preganglionic fibers B 1-5 pm Yes 3—15 m/s
postganglionic fibers|C 0.2-1.5 pm |No 0.5-2.0 m/s
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Receptors

* Neurotrophin receptors

* tyrosine kinase (trKA) receptor

* transient receptor potential (vanilloid) receptors
* TRPV | receptors
* TRPV3 receptors

e Tachykinin receptors

* Purinergic receptors

e Adenosine triphosphate receptors
» Opioid receptors

e Cannabinoid receptors
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NOCICEPTORS

Injured axon TRKA, GFR-o-1

Axon
membrane

Neuregulin ®) O
ERBB2 °O @)

NGF. GDNF o O

. Neurotrophic
Schwann cell . factors, prostaglandins and
membrane cytokines including IL-1, IL-6, IL-8,
IL-10, TNF, LIF and TGF-

Schwann cell

~ Khodorova A, Zhal(}g Y, Nicol G, Strichartz G. Physiol Res. 2018; 67 (Supplementum 1): $215-S225. o
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HERMO TRANSIENT RECEPTOR POTENTIAL RECEPTORS
RESPOND TO SPECIFIC TEMPERATURE RANGES

© Ankyrin
i domain
A ‘9 ;
iy m
Extracellular
side TRPA1 TRPM8 TRPV4 TRPV3 TRPV1 TRPV2
oo ) oo L o0, o oo
T ~ ~7 7 7 —
. N N N N
side N N %
Receptor | ‘ | | | |
temperature
range (°C) 0 10 20 30 40 50 60
- TRPAT (<17°) |
P TRPMS (around 8 -28°) |
B | TRPVA4 (>27°)
l TRPV3 (>310r 39°)
l TRPV1 (>43¢)
| TRPV2 (>52°)

Six Transient Receptor Potential channel family are voltage sensitive and
reciprocally modulated by temperature, Three family of six Transient Receptor
Potential channel are found on cells and free nervous afferent endings in the
skin. TrpV1, also known as the capsaicin receptor and the vanilloid receptor
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NOCICEPTIONS LEADS TO PAIN. HOW MUCH
PAIN IS EXPERIENCED DEPENDS ON:

CONTEXT
Pain beliefs
( Expectation )
Placebo g
Pain
Experience

CHEMICAL &

COGNITIVE SET
HRfesciialinr STRUCTURE
Attention .
. : Neurodegeneration
Distraction : & s
= Metabolic (e.g. opioidergic
Catastrophizing ~ = .
Bl dopaminergic)
Maladaptive plasticity

p"yw'-v,<

»

— Ny -
Nociceptive

INJURY

e ) Modulatlon

_ AS or C
nociceptive
Peripheral & Central T

Sensitisation A
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X TRANSMISSION

It consists of four processes:

Brainstem

ract

> 2. TRANSMISSION

- gelatnosa

\\ ons 1. TRANSDUCTION

- \ - R
Y
: : n/.

>

\\ ::ng‘é. MODULAT]ON

&

<=/ 4. PERCEPTION

Neuroplastic changes
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Transduaction

The five senses convert physical energy from the world into mneural enn-—
ergy. which is sent o the Dr=inma

Sense Sensory Inpust Conversion inNnto Newasral Energy
Wisionm Light reflected from surface s, -

Ffor exammipilse from =a lear't,

Provide s the eyves with -‘

iNnformation about the shhapce,
color, anmnd positions of objects.

(Scoco Figures 4 4 for a more dotailod wviow)

S

Aauadition Vibratiomns (from a guwuaitar ——

(hearimng) string, perhaps) caus= g""' X
CcChanmnges in =2ir pressure - - 3 .
thaat move through
sSpace 1o the listonoer™s
sars,

(Scoe Figure <2 27 for &a more doaotailad wicwer )

Towuch Pressure of a surface against
e skin sigrmnals its
shap e, texture, and
tTemperature,

(Soo Figure 4 320 for a smore Gotailed wview. )

Taste and Molecules

Srmell dispparsed in
Thhe air or
dissolved in
saliva
revea=l the
icdentity of
substance s
Thr»=al we sy
oOr rmaay ot
woant o e at.

(Scoce FAgures 2 21 syl 4 3=
for mmore detaibilad viewsrs_ )
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POLYMODAL NOCICEPTORS

C fibers (unmyelinated free nerve endings)

* Respond to heat, pinch and cold (HPC receptors)
 Express TRPV1, TRPA1 and other TRP receptors

* Respond to irritant chemicals
— Capsaicin (chili peppers): TRPV1 receptors
— Mustard oil, garlic, horseradish: TRPA1 receptor

— Low pH (acids) -

cold ligands

Excitatory
Bradykinin amino acids
(NMDA, AMPA,

kainate)

3 v Prostaglandins
O Aot
(sp ) =3 ction
ow \ potential

P SP \ Sensory :
] CGRP | nerve =
> Glulamaty ending

— Endogenous peptides: Bradykinin, NGF Canieion I

— Environmental irritants and pollutants .55

stimuli

pH (ASICs)

Substance P

- -
b /-/ Tryptase
@ and other
proteases

Nerve growth
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POLYMODAL NOCICEPTORS EXPRESS
MULTIPLE RECEPTORS

Peripheral terminal » Axonal Central terminal
activation
e ? Heat

_ l

Transmitter
release

s Glutamate
s Substance P
= CGRP

Action potentials

Noxious
and thermal >
stimuli

|

Transducer Endogenous ===--
- potential ligands

O
Keratinocyte <. Peptide r?lease » Presynaptic modulation
" inflamesation - Depolarization
Transduction Transmission
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NFLAMMATION EVOKE PAIN VIA INFLAMMATORY

MEDIATORS AND PERIPHERAL SENSITIZATION

Neurogenic
inflammation

Endothelial cells

0

Tissue injury / Infection

A &

o ® O e
@ e ®

SP, CGRP

— aHL"
— ML

S. aureus

Inflammatory mediators

DDDDDDDDoDnKKn

"This PT’O]@Ct has beenjunded with supportjrom the buropean Commussion. Lhis publlcatzon reﬂects the views only Of the author, and the Commission cannot

(o] o]e[ee[e[e]e]e]e[e] e

cCL2
CCLS
cXcCL1

CGRP

Cytokine
receptors

RTK
eo®e °og NGF Ca?*, cAMP
e o Bradykinin
ce y
o g > - PGEZ2 1 GPCRs >
s p Histamine 4%

z S > B U
o - TNF-a TLRs =T
=3 CaMK
-.oo i = s
= - MAPKs
& - ERK J
SRR [} 4-HNE <:l p38 . .
@ SﬁéETEET INK Neuronal excntab:lutyT
..o .. o Peripheral
X ? — P Ha — sensitization
i o
Neutrophils ATP
Peripheral nerve terminal of
nociceptor neuron
Lymphadenopathy - ® T le®

Ji RR, Xu ZZ, Gao YJ. Emerging targets inspeurdikfiammuationsiicivemglitonicipain.NafoRew RnugoRisoosi 20147.13(7): 533-548.




Co-funded by the
H E P M P - Erasmus+ Programme
of the European Union
ﬁ HIGHER EDUCATION PAIN MEDICINE PROJECT
Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP

ALGOGEN]C (INFLAMMATORY MEDIATORS) SUBSTANCESI

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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EVENTS FOLLOWING PERIPHERAL NERVE
INJURY OR STIMULATION
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* Potential mechanisms implicated in central sensitization:

—NMDA receptor activation
—Altered gene expression in dorsal horn neurons1

—Decreased inhibition2

—Microglial activation3
—Thalamic and somatosensory cortex changes4

1. Mannion RJ, Woolf CJ: Clin J Pain.2000;16(3):S151-5153.
2. Ossipov MH, et al. Ann NY Acad Sci.2000;909:12-24.

3. Wieseler-Frank J, et al. Neurosignals.2005;14:166-174.

4. Guilbaud G, et al. Exp Brain Res.1992;92:227-245.
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* The primary hyperalgesia has specific B
mechanisms very complex and include: Western Balkan countries ~ HEPMP

* 1.Direct stimulation of nociceptive primary

CNS lesion or disease: | +
affe rents b\/ Stroke, spinal cord injury,
multiple sclerosis | B
2. Antidromic activation of nociceptive A U
primary afferents further enhance the activity *

of the nociceptors by a positive feedback
mechanism and elicit vascular effects.

Central amplification

* 3. Synergistic actions and sensitization of
nociceptors by the engagement of intracellular

transduction  systems.  Previously“silent” %o

nociceptors are recruited by this mechanism.
* 4. Modulatory events interactions amongst

Neuroimmune
interactions

in the periphery
and the CNS

Peripheral
i . lificati
primary afferents, glial cells, CHAEES A
immunocompetent cells, sympathetic PNS lesion or disease:
term | na | s etc nerve trauma, toxic and
, .

metabolic neuropathies,
Herpes zoster, AIDS

e 5. Altered phenotype of primary afferents.
Increase in primary afferent levels of sP,CGRP, '~3109/001-001
nitric OXide and glutamate and Other Changes e views only of the author, and the Commission cannot
, :

1 contained therein"




Three general electrophysiological characteristics at - B g S

of the European Union
the cellular level:
alkan countries - HEPMP

* A stimulus provokes a response with greater
number of generated action potentials
(hyperalgesia).

e Receptive fields expand previously ineffective in
eliciting firing (area of secondary hyperalgesia).

e There is also appearance of novel responses to
APB fibers (allodynia).

CENTRAL SENSITISATIZATION

Area with flare
. Site for primary (From sensitization of
hyperalgesia primary af’ferents

.. Site of application

Area with allodynia
to stroking (secondary
“hyperalgesia)

(From central
sensitization

Irritable foéus

Area with hyperalgesia
to pinprick (seconda
hyperalgesia)

Skin

Project number: (From central sensitization%
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CENTRAL SENSITISATIZATION

1. Progressive increase in the number of the

action potentials generated by dorsal horn cells. i "
This phenomenon is called wind-up and Voot D‘;srt::mgr:
constitutes model of pain sensitization at the CNS g

Neuron
level.
: e gt
2. Heterosynaptic facilitation \
Progressive increase in neuronal excitability leads h
to an increased responsiveness to other inputs,
specifically AB fibers. Presynaptic \
Primary Afferen PKC
There is role of excitatory Amino Acids and Tema)
tachykinins in the sensitization of dorsal horn w3 '”‘éao%?ﬂg:af

neurons.

Activation of NMDA receptors and increases in \
intracellular Ca++ level play role in triggering and O
maintaining neuronal sensitization in the dorsal N

horns.

NMDA receptor antagonists (ketamine) potentiate ;,,
the analgesic effect of opioids and may play a role in

s publication reflects the views only of the author, and the Commission cannot
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MECHANISM OF CENTRAL SENSITISATIZATION

a Immediate central sensitization
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Another way is associated with the relatively
slower transport of chemical substances called
neurotrophins.

* Transient, functional reduction of the tonic
GABA-ergic and glycinergic inhibitory
interneuronal activity can accentuate
processes of dorsal horn sensitization,
contributing to the allodynia and hyperalgesia

C Changes in synaptic connectivity
d Loss of inhibition

Nociceptive afferent

’ un|||1_|1|||||||
— © ®

Non-nociceptive afferent

(AB-fiber)
&D@(D@% Ekoltatory 53
interneuron

Sprouting after
nerve injury
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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.

Insula

* 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 Project number: 585927-EPP-1-2017-1-RS-EPPKA2-CBHE-JP (2017 — 3109 / 001 — 001)
L]
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I lS THIS ALL THE WAY THAT WE SAYING ?

Sensory-discriminative aspects of pain perception are
often thought to be independently and specifically
represented in S1 and S2, constituting the so-called
“LATERAL PAIN SYSTEM” or “SOMATOSENSORY NODE",
while affective aspects of pain perception would be
represented in medial brain structures such as the
ACC, constituting the “MEDIAL PAIN SYSTEM" or
“AFFECTIVE NODE". Long-term elevated neurons for
pain transmission can create a MEMORIZED PAINFUL
MATRIX, or a neuronal lowered subacute, as the basis
for the emergence of a chronic neuropathic pain.

Pr0]ect number: 585927-EPP-1-2017-1-RS-EPPKA2-CBHE-JP (2017 — 3109 / 001 —001)
Neuroimage. 2018 May 15;172:562-574
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" Cortical reorganization =
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NEUROINFLAMMATION IN THE SPINAL CORD DRIVES CHRONIC
PAIN VIA NEURON-GLIAL INTERACTIONS AND CENTRAL
SENSITIZATION
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INJURY SYMPTOMS

. Spontaneous
Tissue Damage Hyperalgesia Allodynia
PERIPHERAL | CENTRAL
ACTIVITY SENSITIZATION
threshold to Increased
peripheral Expansion of Spontaneous

timuli .
Nerve Damage stimufl Receptive field activity
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/7 |F YOU ARE PLANNING FOR A YEAR, SOW RICE;
IF YOU ARE PLANNING FOR A
DECADE, PLANT TREES; IF YOU
ARE PLANNING FOR A LIFETIME,

EDUCATE PEOPLE.”




Co-funded by the
H E P M P Erasmus+ Programme
of the European Union

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP

',,Of pain you could wish only one thmg that it
should stop. Nothing in the world was so bad as

physical pain. In the face of pain there are no
heroes...”

George Orvell (1903-1950)
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