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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

Pain

ATz

CENTRAL
SENSITIZATION

1N

Increased

PERIPHERAL |
ACTIVITY

Decreased
threshold to i
pen;i_phelljal Expansion of Spontaneous
stimuli

Nerve Damage Receptive field activity



HEPMP

HIGHER EDUCATION PAIN MEDICINE PROJECT

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

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

NOCICEPTIVNI BOL

TRANSMISUA

e vlaknasenzornog neurona lll reda polaze iz talamusa u
sastavu talamokortikalnog snopa zavrsavaju se u
primarnom somatosenzornom polju
(postcentralna vijuga i zadnja treéina paracentralnog reznja)

e deo vlakana se zavrsava u sekundarnom somatosenzornom
polju (operkularni deo parijetalnog reznja)
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NOCICEPTIVNI BOL
PERCEPCIA

e svesna spoznaja bola
e deSava se samo ako bolni impulsi stignu do talamokortikalnog nivoa

e precizna uloga talamusa i kortikalnih senzornih podrucja nije u potpunosti
razjasnjena

CEREBRAL CORTEX




H E P M P Co-funded by the

Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP WS Erasmus+ Programme
of the European Union

HIGHER EDUCATION PAIN MEDICINE PROJECT

E RIRAINTIEST PErceIves tne; sensation orpain

e The thalamus, sensitive cortex::

perceiving ~
describing ofipain =
localizing B

o Partsiofithalamus; brainstemiandireticularformation:

- jdentify dull’longer-lasting, and diffuse pain

s [hereticulariformationiand limbicsystem:

- control the emotionalland affective response to pain
Because the cortex, thalamus and brainstem are interconnected
with the hypothalamus and autonomic nervous system, perception

of pain is associated with/an autonomic response




HIGHER EDUCATION PAIN MEDICINE PROJECT

MEDIAL PAIN SYSTEMS LATERAL
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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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erentianailgesicisystem

Its role: - inhibition of afferent painsignals

IViechanisms:
= pain afferents on their way up'to CNS'send branches to
periagueductal gray (PAG) - gray matter surrounding the cerebral

agueductin the midbrain, and" stimulates the neurons there—

= activation of: efferent (descendent) anti-nociceptive pathways

- from there the impulses are transmitted through the spinal'cord to

the dorsal horn

= there thay inhibit or:block transmission of:nociceptive signalsiat

the level of dorsal horn
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Enk — enkefalinergic

PAG — paraaqueductal gray

EAA — excitatory amino acids

RVM - rostral ventro-medial medulla

Noxious
Stimulus

PITUITARY-
ADRENAL

/ AXIS
Intense
Inescapable Noxious
shock Stimulus

Descendent antinociceptive systém
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Antinociceptive

placebo effect
(Zubieta J-Ket al.,2005)
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Neuropathicipain (NP

® |t occurs as a result of injury to or dysfunction of:ithe
nervous system itself, peripheral or. central. The nerve injury
may beinduced by pathology in'surrounding tissue.

Characteristics of NP =it may mimic guality of;somatic pain
—jtmay have characteristicof,,disesthetics
painie:gruncomtortable; unfamiliar’sensation
such as burning, shock=like, tingling
= may belassociated withirefferedpain;allodynia;

hyperalgesia, hyperpathia

e Hyperpathia —exaggerated pain responses following a stimulus
often with aftersensations and intense emotional
reaction
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common causes of neuropathic pain include:

- Hereditary disorders - Traumatic nerve damage

- Metabolic disorders, - Toxic nerve damage

- Nerve ischemia, - Infection of nerve tissue

- Nerve compression, - Immune mediated nerve tissue damage

Example of some diseases leading to NP development

, Amputation, Back, and Leg, and Hip problems,
. mellitus,

syndrome, ) (Herpes zoster), Spine

surgery
What are the symptoms of neuropathic pain?

a) Stimulus indipendent pain
b) Stimulus evoked pain
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Neuropathic pain — subtypes (according a primary location
of sustaining mechanism)

a) Predominating peripheral generator:
e.g. compression or entrapment neuropathies, plexopathies,
radiculopathies, polyneuropathies

b) Predominating central generator:
e.g. spinal cord injury,post-stroke pain

s Deaferentation pain - form of neuropathic pain: a term implying that
sensory deficit in the painful area is a prominent

feature (anesthesiajdolorosa)

e Phantom pain- pain localizer into non-existing organ (tissue)
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e Hypersensitivity — increased sensitivity of the system involved
in the pain processing

e Hyperalgesia — increased the pain sensitivity to noxious stimuli

® Allodynia - phenomenon characterised by painful sensations

provoked by non-noxious stimuli, (e.g. touch),
transmitted by fast- conducting nerve fibres

IVIiechanism: Ghanges of the response characterstics of:
second - erderspinalineurens, so that nermally.
Inactive or weak synaptic contact mediating
non-noxius stimuliracquire the capability to
activate a neuron that normally’ responds only.

to/impulses signaling pain




HIGH MEDIC

ER EDUCATION PAIN

PAIN SENSATION

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

100

804

604

404

0

allodynia

20. \ p

INNOCUOUS

HYPERALGESIA

-
-
‘0

’;'Injury <«—/ Normal

)
!

—

|
!
1
!
|
|
I
I
I U
|
'
I
I
|
!
J
|

nOXIoUS
STIMULUS INTENSITY

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




HEPMP

HIGHER EDUCATION PAIN MEDICINE PROJECT

NORMAL

SKIN — @_.d

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

pt!
A [ axon reflex (anthigrormc)
¥ , B allogyrsa (Orthoaromuc)
Secondary ¥

.. Hyperaiges:a __JDRR



Co-funded by the

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

HIGHER EDUCATION PAIN MEDICINE PROJECT * 4 * .
of the European Union

of neuropathic pain

1) Neurophysiologic and neuroanatomic changes
that may occur in peripherally generated
neuropathic pain

Neural axon

a) Abnormal nerve morphology
— grow multiple nerve sprouts,

— some of these sprouts may form neuromas

e Nerve sprouts and neuromas can generate

spontaneuos activity
e Areas of spontaneuos activity (Tsensitivity)

are associated with a change in Na* receptors
concentration

— at sites of demyelination

— are more sensitive to physical stimuli

(manifested as tenderness)
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b) Development atypical connections between nerve sprouts or
demyelinated axons in the region of nerve damage

— permitting ,,cross—talk™ between
somatic or sympathetic efferents
and nociceptors

c) Anterograde and retrograde
transport of coumpounds —»
— stimulation of nerve cell
body to production of specific
genes
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Peripheralineuralgias attertraumalor’surgery.
® [umbosacral and cervical rhizotomy,
® peripheral neuralgia

® |Viost peripheral neuralgias are the result of:trauma or.
surgery. Such a conditions does not necessary occur'as

a result of damaging a major. nerve trunk but may be
caused by aniincisioninvolving only: small'nerve branches

(incisional'pain)

Viechanism: the painis due to neuroma formation in the

scar tissue (?)
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Deaterentationpainifollowing spinal cordinjury

® |ncidence of;severe pain due to spinal cord and cauda equina
lesions ranges from 35 to 92'% of patients

This pain is ascribed to 3 causes:

1. mechanically induced pain/(fracture bones,

myofascial pain)

2. radicularpaini{compression of:nerve root)

3. central pain (deaferentation mechanism)
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Psychogenic pain — mechanism

e Dysfunction of central mechanisms responsible for
processing of sensoric afferent informations

- releasing of mediators decreasing pain threshold

- prolonged muscle contraction due to psychogenic
stress

- incresed activity of SNS — decreasing pain threhold

- inhibition of activity of descending antinociceptive
R
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Acute Pain

We can distinguish two types of acute pain:
1. Somatic
2. Visceral
— referred

Somatic pain is superficial coming from the skin or close to
the surface of the body.

\/isceral'pain refers to painiin internal organs, the abdomen,
or.chest:

Referred pain is pain that is present in an area removed or.

distant from its point of:origin. The area of referred pain

is supplied by the nerves from the same spinal segment

as the actual'site of pain
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Different types of:chronic somatic pain

IS Nervousisystemintact
1. nociceptive pain

2. nociceptive - neuroegenic pain
(nerve trunk pain)

[IF Permanents functionalland/ormorphologicallabnormalities

of:the nervous system (preganglionic, spinal - supraspinal)
1. neurogenic pain
2. neuropathicpain

3. deafferentation pain
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TThe most common chronic pain

1. Persistent low back pain

— result of poor muscle tone, inactivity,
muscle strain, sudden vigorous exercise

2. Chronic pain associated with cancer:
3. Neuralgias

47 IViyoetascialipainsyndromes

5. Hemiagnosia

6. Phantomilimbipain
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Nelralgias - resulis from damages of peripheral naryes

a) Causalgia - severe burning pain appearing 1 to 2 weeks after
the nerve injury associated with discoloration and
changes in the texture of the skin in the affected
area.

b) Reflex sympathetic dystrophies - occur after peripheral

nerve injury andiis characterised by continuous
severe burning pain. Vasomotor changes are
present (vasodilatation—> vasoconstriction—> cool

cyanotic and edematous extremities).

VIyofascial pain syndromes - second most common cause
of chronic pain.

These conditions include: myositis, fibrositis, myalgia,
muscle strain, injury to the muscle and fascia

The pain is a result of muscle spasm, tenderness
and stiffness

Co-funded by the
Erasmus+ Programme
of the European Union
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—is a loss of;ability to identify the sorce of pain on one side
(the affected side) of the body. Application of painful stimuli
to the affected side thus produces anxiety, moaning, agitation
and distress but no attempt to withdrawal from or push aside
the offending stimulus. Emotional and autonomic responses

to the pain my be intensified.

e Hemiagnosia is associated with stroke that produces
paralysisiand hypersensitivity to painful stimulilin'the

affected side

Phantom limb pain - is pain that an individual feels in
amputated limb
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e [VIuscle pain - a part of somatic deep pain,

(MP) - jtis common in rheumathology and sporits
medicine
- is rather. diffuse and difficult to locate

o [VIPis not a prominent feature of the serious progressive diseases
affecting muscle, e.g. the muscular dystrophies, denervation,

or metabolic myopathies, but it is a feature of rhabdomyolysis

e [Muscles are relatively insensitive to pain when elicited by needle
prick or knife cut, but overlying fascia is very sensitive to pain.

Events, processes which may lead to muscular. pain are:
e metabolic events:
simetabolic depletion (VAP muscularicontracture)
s accumulationioff unwanted metabolities(K% bradykinin)
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Pathophysiology ofvisceralipain

e Visceral pain:
Iypes - angina pectoris, myocardial infarction, acute
pancreatitis, cephalic pain, prostatic pain,

nephrilolythiatic pain

e Receptors: unmyelinated C - fibres

e For human pathophysiology the kinds of:stimuli'apt to
induce painin the viscera are important.
It is well-known that the stimulilikely'to’ induce cutaneous
pain are not algogenic in the viscera. This explains why in
the past the viscera were considered to be insensitive

to pain




H E P M P L Co-funded by the
Strengthening Capacities for Higher Education of Pain Medicine in Western Balkan countries - HEPMP WS Erasmus+ Programme

HIGHER EDUCATION PAIN MEDICINE PROJECT

of the European Union

Agdeguatesstimulioninaucingivisceralpaing:

1. abnormal distention and contraction of the hollow

viscera muscle walls

2. rapid stretching of the capsule of such solid visceral
organs as are the liver, spleen, pancreas...

3. abrupt anoxemia of visceral muscles

4. formation and accumulation of pain - producing

substances
5. direct action of chemical stimuli (oesophagus, stomach)
6. traction or. compression of ligaments and vessels
/. inflammatory processes

8. hecrosis of some structures (myocardium, pancreas)
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a) itis dull; deep, notwell'defined;, and differently described by the patients

B)IsemetimesitisidifficulFtodocaterthisityperoipaintvecalseNts tends
toNrradiate

)it s often accompanied by a sense of:malaise

o) NN AUCES SHHONE Al toNOMICEHEXIPHENGMENS

- diffuse sweating, vasomotor: responses, changes of arterial pressure and
heart rate, and an intense psychic alarm reaction -"angor animi*—e.g. in
angina Pectoris)
e). when organ capsules or other structures, e.g. myocardium are

involved, however, the pain is usually:wellllocalizediand described as sharp
, stubbing, or thobbing

e |here are many Visceral sensation that are unpleasant but below
the level of pain, e.g. feeling of disagreeable fullness or acidity of the
stomach or undefined and unpleasant thoracic or abdominal

sensation. IIhese visceral Sensation may. precede the onset of visceral
pPain

Co-funded by the
Erasmus+ Programme
of the European Union
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Refered pain = when an algegenic process affecting a Viscus recurs

frequently or becomes more intense and prolonged, the location

becomes more exact and the painfull'sensation is progressively feltin

more superficial struftures

® Refered pain' may be accompanied by allodynia‘and cutaneous
and muscular hyperalgesia

Mechanismsinvolvedinireferedipainicreation:

a) convergence of impulses from viscera and from the skin
in the CNS:

® SENSORY IMpPUISES from the Viscera create an irritable focus in the
segment at whichithey enterrthe spinal cord. Afferent impulses from the
skin entering the same segment are thereby facilitated, giving rise to true
cUtaneous pain:

b) senzitization of neurons in dorsal horn
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® Painful visceral afferent impulses activate anterior horn
motor cells to produce rigidity of; the muscle (viscero-motor.

reflexes)

® A similar. activation of anterolateralautonomic cells induces
pyloerection, vasoconstriction, and other sympathetic

phenomena

Tlhese mechanisms, which'in moedern terms can be defined
as PosItivVe'sympathetic and motorfeedbackiloops; are
fundamental'in reffered: pain

® |t is clear that painful stimulation of visceral structures
evokes a visceromuscular. reflex, so that some muscles

contract and become a new source of;pain
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® |t has been observed that the local anesthetic block of the
sympathetic ganglia led to the disappearance, or at least to a

marked/decrease, of reffered pain, allodynia, hyperalgesia.

® |n some conditions, reffered somatic pain is long-lasting,

increases progressively, and is accompanied by dystrophy

of somatic structures.

Possible mechanisms:

- onset of self-maintaining vicious circle impulses:

PErpheralitissue —  afferent fibers 1

T central NER/EUS SyStem

Peripheral tissue < somatic and sympathetic efferent fibres
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FIG. 13-6. Sites of referred pain. A, Front. B, Back. (From Phipps, Long, & Waods, 1987)
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to) distinguish the true cause of pain because such kind of pain may be

related to cervicall 6steoarthroesis, esophagealihernia, cholecystitis, IVII;
other pathologic processes. It is diffcult to: ascertain whether this painiis
due to a simple addition of impulses from different sources in the CNS or

to somatovisceral'and viscerosomatic reflexes mechanisms.

e [t has been demonstrated that the mNeEMoONIC PRECESS s facilitated it
the experience to be retained is repeated many times or IS accompanied by,

pleasant or unpleasant EmMotions.

Pain is, at least in part, a learned experience - e.g. during the first renal

colic, true somatic pain followed visceral pain after a variable interval.
NI subsequent episedes ofirenal’ colic pain, somatic pain’ developed promptly,

and Was not preceded by trie visceral pain:

Thisis probably due to the activation off mMNEMONIC traces.
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® Chest painis only alate and/inconstant marker of episodes of

transient Ml in\vasospastic angina (30/%), in stable angina (50 %)

® \Mechanisms of:SMI

a) Lack of the pain'is, in part, related to the duration and severity
of MI. Episodes shorter. than 3 min, and those accompanied by
a modestimpairment of left ventricle (T in end-diastolic pressure
inferior to 6:mm Hg) are always painless.

Longer and more severe episodes are acccompanied by chest
painin some instances but not in others.

b) Pacients with predominantly SIMIlappear. to have a generalized

defective perception of pain (Tthreshold and tolerance).

Mechanism: | level of circulating 3-endorphin(?)
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DistUurbancesiin pain percepuon ana nocicepuon

Most of the disturbances are congenital

a) Congenital analgesia - nociceptive stimuli are not processed

and/orintegratediata’level of:brain:
Patient does not feel a pain

b) Congenital sensoric neuropathy - nociceptive stimuli are not

transmitted by peripheral
nerves or. by spinal afferent
tracts.

Acquired disturbances in pain perception and nociception

They may occur at syringomyely, disturbances of parietal lobe of:

brain, in patients suffering from neuropathy
(e.g. chronic diabetes mellitus)
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after spinal cord injury

A INTACT B SCI/CHRONIC PAIN

3’ amplify +
generate
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Neural axon Neural axon injury
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Pain perception

* This occurs at different levels
—thalamus is an important centre of
pain perception

* lesions of thalamus produces severe
type of pain known as ‘thalamic pain’

— Sensory cortex is necessary for the
localisation of pain

— Other areas are also important

* reticular formation, limbic areas,

hypothalamus and other subcortical
areas
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HDElEEFTl\:E INPUT
-I.‘E
A" NOCICEPTIVE (S, S-2, PPC?, IC?)
AROUSAL, SENSATIONS
AUTONOMIC AND
SOMATOMOTOR ¢
ACTIVATION  ....._

(RF, HYP, SMA, ® bERCEIVED INTRUSION OR
AMYG) THREAT (PPC, IC)

v

IMMEDIATE PAIN UNPLEASANTNESS
/ (ACC)

SECOND ORDER APPRAISALS (PFC) —jpp SECONDARY PAIN AFFECT
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(" : v’
e PAIN Matrix S

Thalamus
Premator cortex

Sansornmotor cortex




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

HHHHHHHHHHH

IIIIIIIIIIIIIIIIIIIIIII

Co-funded by the

x Erasmus+ Programme

of the European Union

“Pain Matrix”

Anterior cingulate cortex (ACC)
Insular cortex (IC)

Thalamus

Sensorimotor cortex (SSI, SSli)
Cerebellum
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Petrovic P, et al. Science 2002:295:1737-1740.
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Final pain perception
depends on activity
of the

“*Ascending
pain impulse
transmitting

tracts

“*Descending
pain modulatory
(inhibitory) tracts
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NOCICEPTIONS LEADS TO PAIN. HOW MUCH
PAIN IS EXPERIENCED DEPENDS ON:

CONTEXT
Pain beliefs
( Expectation )
Placebo g
Pain
Experience

COGNITIVE SET CHEMICAL &
( Hypervigilance ) STRUCTURE

Attention
Distraction

Catastrophizing dopaminergic)

Neurodegeneration
Metabolic (e.g. opioidergic,
Maladaptive plasticity

”s _Aéorc

INJURY Nocicep nociceptive
Peripheral & Central) Modulati 5
Sensitisation \ —
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MULTI DIMENZIONALNI KONCEPT BOLA

ence. (IASP Taxonomy 2012) The individual experi-

ence and manifestation of pain is influenced by a

complex series of interactions involving sensory, .

pathophvysiological, affective, socio-cultural, beha- Brien TO, E]P 2017, 21: 3-19.
vioural and cognitive elements (Fig. 1; Dalal and

Bruera 2012).
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— Lecenje bola je
podcenjeno

— Bol je 5Y vitalni znak

— ,,Bol* je pitanje ljudskih
prava
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Prvi korak - edukacija:

— Edukacija zdravstvenih radnika,

— Pacijenata,

— Podizanje svesti opSte populacije (druStva) o znacaju problema
bola i njegovom obimu, kroz kampanje borbe protiv bola.
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SOl ARE PLANNING FOR A YEAR, SOW RIC =
IF YOU ARE PLANNING FOR A
DECADE, PLANT TREES; IF YOU
ARE PLANNING FOR A LIFETIME,

EDUCATE PEOPLE.”
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ODLIKE HRONICNOG BOLNOG SINDROMA

 UPORAN bol u trajanju duzem od 6 MESECI
 Znacajna PROMENA ponasanja

e Znacajna RESTRIKCIJA dnevnih aktivnostri
 PRETERANA upotreba lekova ili Ceste posete lekaru
 Bezjasnog odnosa sa organskim poremecdajem

e Razliciti pokusaji leCenja (lekovi..., operacije)
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