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Patofyziologie bolesti

ZL 2022 — 14.4.2022
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Definice bolesti

— Je neprijemny senzoricky a emocni zazitek spojeny s aktualnim

nebo potencialnim postizenim tkane.
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Souhrn patofyziologie bolesti.
Zkratky: CB, cannabinoid; COX, cyclooxygenase; NMDA, N-
Methyl-D-aspartate._] Pain Res. 2011; 4: 279-286.
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3176144/

Akutni bolest

— Je normalni predikovatelna fyziologicka odpoved na nepfiznivy chemicky,
teplotni nebo mechanicky stimulus. Vznika jako nasledek aktivace
nociceptoru v misté tkanového poskozeni.

— Obvykle doprovazi chirurgické procesy, trauma, postizeni tkané a zanétlivy
proces ve tkani.

— Hraje vitalni roli, protoze upozornuje na poskozeni a potrebu reakce na ne.

— Trva dny az tydny.

— Akutni bolest aktivuje sympatikus. Muze vést k hypertenzi, tachykardii,
ovlivnéni dychani, neklidu, grimasam ve tvari, zmene chovani, zblednuti a
dilataci zornic.

— Neadekvatné lIé€ena muze prechazet do chronické bolesti.
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Chronicka bolest

—Bolest trvajici 3 a vice mésicu, se Spatnou odpovédi na
lecbu.

—Nemoc sama o sobe

— Fyzikalni, environmentalni a psychologickeé pricinne
faktory.

—Prudka a dlouhodoba redukce kvality zivota.

— Chronicka bolest se nelepsi, Casto slozita interdisciplinarni
léCba — centra IéCby bolesti
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Chronicka bolest

— Chronic pain is defined as pain lasting beyond normal tissue healing time, generally taken to
be 12 weeks. It contributes to disability, anxiety, depression, sleep disturbances, poor quality
of life, and healthcare costs.

— Chronic pain has a weighted mean prevalence in adults of 20%.

— For many years, the treatment choice for chronic pain included recommendations for rest and
Inactivity. However, exercise may have specific benefits in reducing the severity of chronic
pain, as well as more general benefits associated with improved overall physical and mental
health, and physical functioning.

— Physical activity and exercise programmes are increasingly being promoted and offered in
various healthcare systems, and for a variety of chronic pain conditions. It is therefore
Important at this stage to establish the efficacy and safety of these programmes, and
furthermore to address the critical factors that determine their success or failure.
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Terminologie bolesti

= Hyperalgézie: zvySena odpoved na stimulus, ktery je normalne bolestivy

= Hypoalgézie: snizena odpoved na impuls, ktery je normalné bolestivy

= Analgézie: nepritomnost bolesti v odpovedi na stimulaci, ktera je normalnée
bolestiva.

= Hyperestezie: zvysena citlivost na stimulaci

= Hypestézie: snizena citlivost na stimulaci

= Dyzestézie: nepfijemné abnormalni vnimani senzitivnich podnéta,
spontanni nebo evokované

= Alodynie: bolest, ktery vznika jako nasledek stimulu, ktery normalné
nenavozuje bolest (napr. svéetlo).
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Bolest

— Bolest, teplo, chlad
— Bolestivé vjemy jsou vnimani pomoci volnych nervovych zakonceni v epidermis. Registraci tepla, popt. chladu
zajist'uji Krauseho téliska. Siln¢ chladové ¢i tepelné podnéty mohou mit ale Casto charakter bolesti.
— Hlavni drahou bolesti je tractus spinothalamicus, dale tractus spinoreticularis.
— Spinothalamické draha prenasi signal tzv. rychlé slozky bolesti, jako je naptiklad pichnuti o Spendlik ¢i fiznuti
nozem
1. neuron — bunka ganglion spinale. Axony téchto bun¢k vsak kon¢i hned v misSe v zadnim rohu, kde se nachazi
2. neuron — nucleus proprius. Thned poté se vlakna zKk¥izi a kontralateraln¢ stoupaji michou a kmenem
« 3. neuron — predevsim nucleus ventralis posterolateralis thalamu

— V kiife kon¢i tato draha také v primarni senzitivni oblasti.

8  Prof. Anna Vasku

= =
m &
O =

[—



— Spinoretikularni draha prenasi tzv. pomalou slozku bolesti, jako je
napr. chronicka bolest pri vnitrnich onemocnénich. Ta je mnohem
méne konkrétni a nelze snadno lokalizovat.

1. neuron — bunka ganglion spinale
« 2. neuron — Seda hmota zadniho misniho rohu (presné jadro je
nejisté). Draha se pak kfizi pouze castecne.

— VlIdkna konci v retikularni formaci mozkového kmene.
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gyrus postcentralis - primarni senzitivni kiira- BA 3, 1, 2

sekundarni senzitivni kiira, BA 5, 7

senzitivita hlava, krk
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nucleus ventralis posteromedialis (VPM)

N. TRIGEMINUS
CHUTOVE NERVY (VII, IX, X)

DRAHA ZADNICH PROVAZCU
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Typy aferentnich nervovych viaken
vedoucich bolest

1. AP jsou myelinizovana v pruméru 6-12 ym, rychlost vedeni 30-50 m/as.
Neuropaticka bolest a alodynie

2. AD jsou malo myelinizovana, prumér 2-5 um, rychlost vedeni 2—-25 m/s. Prah
stimulace je vysoky; jsou aktivovana nociceptivnimi stimuly, pfenaseji bolest
rychleji nez nemyelinizovana C vlakna a iniciuji reflexni odpovéd.

3. Cvlakna: nemyelinizovana, vysoky prah, prumér 0,2-1,5 um, rychlost vedeni
<2 m/s. Aktivovana nociceptivnimi stimuly, pfenaseji pocit bolesti z periferie
do centra. Jejich stimulace vede k opozdené percepci bolesti.
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Nociceptive pain
No nesvous system lesion or inflammation

Stimulus-dependent pain
Evoked by high-intensity {noxious) stimuli
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Physiological stimuli:
mechanical (pinprick),

thermal (noxious heat or cold),
chemical injury

Peripheral amplification ‘

Clinically relevant stimuliz .

Clinically relevant stimuli:
abnormal mechanical
forces (osteparthritis),
organ injury (angina,
tschemic claudication)
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tissue trauma, surgery, joint inflammation
as in rheumatoid artheitis

4 hlavni typy:
nociceptivni(a),
zanetliva (b),
dysfunkcni (c),
neuropaticka (d).
(Image adapted
from Griffin & Woolf
2007)

Michael Costigan, et
al. Annu Rev
Neurosci.
2009;32:1-32.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2768555/

4 ) ¥

Dysfunctional pain [ /. \

No known structural nervous system keslon or active peripheral inflammation “‘

Spontaneous and stimulus-dependent pain

Sensory amplification -
Evoked by low- and high-intensity
Present with lack of stimulus
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nerve trauma, toxic and

metabolic neurcpathies,
Herpes zoster, AIDS
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a Injured primary sensory neurons

Peripheral and central ampitfication mediated by: ... triggered by:

Changes in transmitter synthesis and signaling
Increased membrane excitability
Peripheral and central axon growth

b Intact primary sensory neurons

Loss of penpheral neuratrophic factors

Spontanecus and receptor-mediated activity

Retrograde signaling

Signals from immune cells and densrvated Schwann cells

" Site of axonal injury

Spinal cord

Peripheral amplification and spontaneous activity mediated by: wiggered by:

Alter
Change inion channel threshold and kinetics
Collateral axon growth

C Second order sensory neurons

Central amplification mediated by

Homao- and heterosynaptic facilitation
Disinhibition

Altered synaptic connectivity
Changes in central nodiceptive circuits

ed expression and trafficking of receptors and lon channels Newotrophic factors

Signals from immune cells and denervated Schwann cells

.. triggered by signals from:

Injured and uninjured primary afferents
Descending pathways from bramnstemn nuclei
Peripheral immune cells, microgha, and astrocytes

Souhrn hlavnich
mechanismu, které
vyvolavaji periferni a
centralni neuropatickou
bolest, jejich lokalizace a
faktory vedouci k jejich
aktivaci. (Image adapted
from Griffin & Woolf 2007)




Neuropaticka bolest

— Neuropathic pain may be classified as peripheral or central according to the place where it
originates and is divided into episodic and continuous disorders based on symptoms.

— The episodic neuropathic pain presents as periods of total remission of symptoms whereas
the continuous neuropathic pain is an ongoing unremitting pain condition.

— The true prevalence of neuropathic pain is not known. It has been estimated that 1-1.5% of
the general population is affected. The pain that results from spinal cord, brain stem, or
thalamic/cortical damage is less common than peripheral neuropathic pain (PNP).

— Central neuropathic pain (CNP) has been reported in 28% of multiple sclerosis patients, 75%
of patients with syringomyelia, 60-70% of patients with spinal cord injury, and 8% of stroke
patients.

— Trigeminal neuralgia, atypical odontalgia (phantom tooth pain), burning mouth syndrome,
traumatic neuropathies, post-herpetic neuralgias and complex regional pain syndrome are
the neuropathic pain conditions in the orofacial region that can be encountered in pain and
dental clinics.
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Patofyziologie neuropaticke bolesti

— Priciny (ischémie, radiace, zanét, trauma, infekce, expozice neurotoxinu v
PNS) vede k poskozeni PNS. Demyelinizace nebo axotomie (deaferentace
pri zavazneém poskozeni) jsou cestami k tomuto poskozeni. Mechanismy
poskozeni v orofacialni oblasti: ektopicke impulsy z poSkozenych aferentnich
nervovych vlaken

— Axonalni poskozeni iniciuje ektopickou aktivitu v aferentnich vlaknech
Sirokého i malého prurezu a v bunéénych télech senzorickych ganglii av
terminalnich vlaknech nociceptoru. V pfipadé axotomie se muze vyvinout
neurom, ktery muze zpusobit ektopickou poruchu naboje. Neurom je masa
nervove tkané spolu s proliferujicimi Schwannovymi bunkami.
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Patofyziologie neuropaticke bolesti

Abnormailni spoje se mohou objevit mezi dvéma nebo vice demyelinizovanymi nebo
nemyelinizovanymi axony poskozeného nervu. Centralni proniknuti A-beta aferentnich viaken
do povrchovéjSich vrstev zadniho rohu misniho muze vytvofit synaptické kontakty s

nociceptory. Po poSkozeni nervu muze dojit k dlouhodobym alteracim v genové expresi se
zmenami v iontovych kanalech, neutransmiterech a neurotrofinech.

— Aktivace sympatického nervstva
Poskozeni nervu muze vést k pronikani sympatickych axonu do ganglia zadnich provazcu, kde
vytvareji ,koSik“ kolem bunéénych tél sensorickych neuronu a mohou tak vytvorit

mechanismus, ktery vede k sympaticke aktivite v senzorickych vlaknech. Tento mechanismus
dosud nebyl prokazan v oblasti trigeminu.
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Pain

— The head and neck regions are the most common sites of the human body to
be involved in chronic pain conditions.

— Acute, chronic, and recurrent painful conditions are not rare in the orofacial
region.

— In dental practice, pain originating from the teeth and the periodontium, is the
most common pain which occurs frequently.

==
m e

19 Prof. Anna Vasku

=



20 Prof. Anna VaskU

injury / strain

disuse
depression
disability

avoidance
hypervigilance
muscle reactivity

fear of pain
movement / reinjury

catastrophizing

PAIN

recovery

confrontation

no fear

Cognitive-behavioural model
of pain related fear

Chiropr Osteopat. 2005; 13:
6.



Zmeny v segmentalni inhibicni kontrole

— Poskozeni perifernich nervu muze vést k redukci inhibicni kontroly
prostrednictvim interneuronu.

— Sirdi vlakna inhibuji mensi vlakna. Pokud se tato rovnovaha
hrouti, rozviji se bolest.

— Po poskozeni nervu sirsi vilakna uvolnuji mnoho excitacnich

aminokyselin, coz muze vést k destrukci inhibiCnich interneuronu.
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Centralni senzitizace

— Zvysené impulzy po poSkozeni periferniho nervu mohou zpusobit
senzitizaci neuronu v trigeminalnim senzorickém jadru v
mozkovem kmeni.

— K centralni senzitizaci muze vést také snizeni sestupné inhibicni
kontroly

— Centralni senzitizace muze vést k hyperalgézii, spontanni bolesti,
nebo alodynii.

— Pri rozvoji neuropaticke bolesti hraje roli také neuronalni plasticita-
roli hraje vice nez jeden mechanismus a tyto mechanismy se
mohou menit v Case.
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Klinicka charakteristika neuropaticke

bolest]

— Epizodickeé neuropatie: pocit ostry, rezani, vystrelu

— Kontinualni neuropatie: pocit paleni

— Bolest mohou provazet senzoricke deficity: parestezie
(abnormalni, ne vzdy nutné jen neprijemnée pocty), dysestezie
abnormalni a neprijemné vjemy jako paleni, stipani nebo bodani),
anestezie (celkova ztrata citeni)

— Projevy bolesti se mohou projevit s odstupem dnu az meésicu

— Je pritomna aktivace sympatiku.
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Incidence of neuropathic pain after dental
treatments

— The terms atypical facial pain, atypical facial neuralgia, atypical odontalgia,
dental causalgia, neuropathic orofacial pain, and phantom tooth pain have
been used to infer posttraumatic painful peripheral neuropathy in the orofacial
region.

— Dental procedures have the potential to cause nerve damage as another type
of trauma. Deficits can be transient or permanent depends on the injury.

— The trigeminal nerve displays a different reaction to injury than other nerves.
In proportion to the number of procedures performed, the prevalence of
peripheral painful neuropathies are rare after dental treatments.
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Chronic regional pain syndrome (CRPS)

—Is a neuropathic pain condition in which edema, abnormal skin

blood flow, sud

umotor activity accompanied with pain are seen

very rarely in the head and neck region.

— In conclusion, neuropathic pain is an abnormal condition of the
nervous system which can affect the orofacial region in addition to
other parts of the body. It has a very complex pathophysiology and

can be Initiated

by dental treatments such as third molar or implant

surgery, endoc

25 Prof. Anna Vasku

ontic treatments and dental injections.
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Podminky po rozvoj neuropaticke bolesti

— Removal of the third mandibular molar, dental injections, implant treatments, and endodontic
treatments are the most common procedures in dentistry that may cause neuropathic
conditions.

— After extraction of the third molars due to pericoronitis, periodontal problems, caries, and\or
surgeries required for the removal of cysts or tumors may cause injury of the inferior alveolar
nerve (IAN), lingual nerve (LN), mylohyoid and buccal nerve.

— It is reported that 3.6% of third molar extractions caused temporary deficits and up to 8%
caused permanent deficits in the 1AN.

— The incidence of LN injuries during third molar removal ranges from 0.2% to 22% temporarily
and up to 2% permanently. Several risk factors regarding damage during third molar
operations to the IAN and LN have been reported. A close relationship between roots of the
third molar and mandibular canal, depth of impaction, surgical techniques such as retraction
of lingual flap and surgical experience, use of neurotoxic materials in surgery, and age of the
patient can be counted as such factors.
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Podminky po rozvoj neuropaticke bolesti

— Since there is a detachment of the mucoperiostal flap and removal of bone in the implant
surgery, IAN, LN, and mental nerve can be effected and sensation can be altered.

— The incidence of IAN injuries after dental implantation vary from 0-40% which is the same as
other oral surgeries.1-8% of these cases may result in permanent sensory dysfunction. Still,
the incidence of persistent pain is not known. IAN can be damaged due to over
Instrumentation during root canal treatment of the mandibular molar teeth, pressure in the
IAN canal from endodontic point or sealant, and the neurotoxic effect of the medication used
In the root canal. After root canal therapy persistent pain was reported in 3-13% of cases
whilst endodontic surgery ends with painful phantom tooth in 2% to 3% of cases.

— Supraperiostal or proximal local anesthesia may result in injuries due to direct trauma to the
nerve during infiltration of anesthetic solution from the needle, hematoma formation or
neurotoxicity from local anesthetic solution to IAN, LN and maxillary nerves.
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Zub

— The structure of the tooth is comprised of densely vascularized and
Innervated tooth pulp covered by two layers of hard tissue—the dentin and
enamel. The dentin and enamel are distinguished by their microstructure and
mineral content.

— The outermost enamel layer is the hardest tissue in the body, with minerals
forming 97% of its weight.

— The dentin layer lies between the tooth pulp and the enamel layer and has an
Intermediate hardness with a mineral content slightly higher than that of bone,
providing resilience to the enamel. The most notable property of dentin is its
microstructure. Dentin is made of thousands of microtubules—dentinal
tubules—filled with dentin tubular fluid.
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Odontalgia/Odontitis

Apical Peripheral
Sensitization Sensitization

Central Psychological

Sensitivity Inflammation , . Sensitization Disorder
from Occlusion from Infection

Dental Pulpal

Hydrodynamic Theory Neuroplasticity Odontoblasts

Aminoshariae A, Kulild JC. Current Concepts of Dentinal Hypersensitivity. J Endod. 2021
Nov;47(11):1696-1702.
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Aminoshariae A, Kulild JC. Current Concepts of Dentinal Hypersen5|t|v:ty J Endod. 2021

Nov;47(11):1696-1702.
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Odontoblasty

Odontoblasts and fibroblasts act as a mechanosensory system introducing a new role for odontoblasts as sensory cells. These
authors reported that odontoblasts and fibroblasts play a possible role in mediating cold responses in human teeth. The
architecture of dentin and the presence of odontoblasts allow for the transfer of sensory stimulation to the underlying dental
pulp complex. Odontoblasts are multisensory cells that express multifunctional ion channels or thermosensitive transient
receptor potential ion channels (TRP vanilloid type [TRPV]. 1, TRPV2, TRPV3, TRPV4, TRPM3, calcium-activated potassium, and
TREK-1).

TRP channels are unique cellular sensors, and, among the TRP family, transient receptor potential cation channel, subfamily A,
member 1 (TRPA1) and TRPV4 play a pivotal role in hyperalgesia. TRP channels comprise a group of nonselective calcium-
permeable cationic channels that respond to stimuli (eg, cold sensitivity). Odontoblastlike cells in the presence of inflammatory
mediators like tumor necrosis factor alpha enhanced TRPA1 and TRPV4 responses.

Dentinal sensitivity can occur as a result of osmotic changes that induce movement of dentinal fluid, which in turn excite TRP
channels on odontoblasts and nerve fibers. Various ion channels such as voltage-sensitive sodium, mechanosensitive potassium,
and calcium channels have been reported to be expressed in the odontoblasts, which may play an important role in transduction.
Human odontoblasts are capable of generating sensory transduction through sodium channels.

The cross talk between odontoblasts and axons may take place by the release of mediators. About 10% of the dental pulp
afferent neurons express TRPV1, which was up-regulated by caries and caries by-products. These results suggest that
odontoblasts and dental afferent neurons are involved in the transduction of dentinal pain (viz dalSi obrazek).

31 Prof. Anna Vaska Aminoshariae A, Kulild JC. Current Concepts of Dentinal Hypersensitivity. J Endod. 2021 Nov;47(11):1696- R/n'
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https://www.sciencedirect.com/topics/medicine-and-dentistry/sensory-stimulation
https://www.sciencedirect.com/topics/medicine-and-dentistry/trpv2
https://www.sciencedirect.com/topics/medicine-and-dentistry/trpv3
https://www.sciencedirect.com/topics/medicine-and-dentistry/trpv4
https://www.sciencedirect.com/topics/medicine-and-dentistry/trpm3
https://www.sciencedirect.com/topics/medicine-and-dentistry/tumor-necrosis-factor
https://www.sciencedirect.com/topics/medicine-and-dentistry/osmosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/dentinal-fluid
https://www.sciencedirect.com/topics/medicine-and-dentistry/calcium-channel

Algoneurony?

— The tooth is a unique sensory system that senses external stimuli predominantly as nociception. Most
of the nerves innervating tooth pulp have been presumed to be nociceptors since most axons in tooth
pulp are unmyelinated or small fibers that are myelinated.

— However, this belief was challenged by multiple observations that pulpal nerves possess physical and
chemical properties of large myelinated AP fibers. Due to these paradoxical findings, a new concept of
“algoneurons” was introduced.

— Nociceptory nereaguji z definice na aferentace s nizkym prahem.

— Za normalnich podminek jsou Ad- a C-vlakna algoneurony s vysokym prahem. AB nociceptory mohou
také byt algoneurony s vysokym prahem.

— Periferni senzitizace by mohla zpusobit, Ze se normalni nociceptory s vysokym prahem stanou
algoneurony s nizkym prahem? V pfipadé centralni senzitizace se A-vlakna LTMs mohou stat
nizkoprahovymi mechano-algoneurony. Mnohé intradentalni A-vlakny LTMs jsou patrné konstitutivhé
nizkoprahovymi algoneurony.
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21889261

Odontoblasty

— Jsou dlouhodobé prezivajici postmitotickeé bunky specializované na tvorbu
dentinu.

— Funguji zrejme i jako nociceptory a obranné bunky pro zubni pulpu.

— Regenerace odontoblastl z kmenovych bunék dentalni pulpy (DPSC) se
uskutecCnuje, kdyz jsou odontoblasty poskozeny.

— Odontoblasty skladuji kalciovou matrix pro tvorbu dentinu a vytvareji
jednovrstevnou plochu na vnitfnim povrchu dentinu zubni pulpy. Kazdy
odontoblast vytvaFi vybézek, ktery pronika do dentalnich tubulu.
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Anatomical features of the dental pain sensory

system. Odontoblasts comprise the outermost

cell layer of dental pulp tissue, which is

F stimuli - Heat/Cold advantageous to odontoblasts playing the role

' - Nocherics | of a sensory transducer. Some nerve endings of
=Chernical X dental primary afferents (DPAS) spread into the

. dentinal tubule. This structural nature
establishes a distinctive sensory mechanism for

the tooth.

' ==

TG(DPA) Neuron
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Struktura zubu ma za nasledek unikatni zpusob nocicepce

— Dentinova hypersenzitivita- podporena nocicepce zpusobena nepfilis velkymi
mechanickymi, chemickymi a termalnimi stimuly bez zanéetu v pulpé nebo
poskozeni nervu v prilehlé tkani.

— Hydrodynamicka teorie- |externi podnéty zpusobuji pohyb dentinové tubularni
tekutiny, coz excituje nervova vlakna v pulpe a vede k iniciaci bolesti. Tento
moment, zda se, vysvetluje hypersenzitivitu pulpy na chladove podnety.

— Pulzatilni bolest u pacientu s chronickou pulpitidou se vysvétluje zvySenym
hydrostatickym tlakem v dusledku otoku pulpy v omezeném prostoru.

— Jak pulzatilni bolest, tak dentalni hypersenzitivita prfedpokladaji existenci
mechanosenzitivniho receptoru jako klicovée molekuly.
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Zub a teplotni zmeny

— The tooth is exposed to drastic temperature changes of the oral cavity. Although the harsh thermal
conditions from food consumption hardly induce tooth pain under normal circumstances because of the
excellent thermal insulating of the enamel tissue, mild temperature changes can induce intense pain
with exposed dentin or pulpal inflammation. For example, noxious cold induces sharp and transient pain
while noxious heat induces dull and lasting pain. To elucidate the molecular mechanisms associated
with temperature-driven tooth pain, the expression and physiology of molecular thermosensor
candidates, such as the transient receptor potential (TRP) channel superfamily, have been investigated.
A large variety of temperature receptors that may play critical roles in the transduction of tooth pain are
expressed in dental primary afferent nerves and odontoblasts.

— In addition, voltage-gated and ligand-gated ion channels take important roles in tooth pain. Not only are
various types of voltage-gated ion channels expressed in the trigeminal sensory nerve on common
nerve cells, but they are also expressed in odontoblast cells. Previous studies have indicated that small
molecules, such as adenosine 5'-triphosphate (ATP), and their ionotropic receptors, the P2X family,
play an important role in the sensory system for tooth pain.
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Thermosensitive 1on channels in the
dental sensory system. External heat
or cold stimuli cause activation of
thermosensitive ion channels in dental
primary afferent (DPA) nerve ending
or odontoblast cells, therefore dental
pain transduces from thermal stimuli.

TG(DPA) Neuron
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Thermo-Sensing lon Channels in the
Trigeminal Nerve

— TRPV1 is a polymodal receptor activated by high temperatures over 43 °C or
irritant chemicals including capsaicin and proton. TRPV1 is believed to play a
central role in nociception because it is primarily expressed in small- to
medium-peptidergic nociceptive neurons, and its activation is modulated by
various inflammatory and nerve-damage-inducing mediators.

— TRPV2 is an ion channel homolog to TRPV1 with a higher threshold (>52 °C).

TRPV2 is different from TRPV1 in that it does not respond to capsaicin nor
acid and is preferentially expressed in medium- to large-sized myelinated
neurons.
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Thermo-Sensing lon Channels in the
Trigeminal Nerve

— The expression of TRPV4 and TRPM3 was observed in
retrogradely labeled dental afferent neurons. Because TRPV4
activates at innocuously warm temperature between 27 and 35 °C,
it Is believed to play a role in the maintenance of body
temperature, rather than in nociception.

— On the other hand, TRPV3, or long TRPMS3 as previously known,
was recently discovered to have an activation threshold of 40 °C
and became a prominent candidate of noxious heat detector
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Thermo-Sensing lon Channels in the
Trigeminal Nerve

— Since cold stimuli induce tooth pain more frequently than hot, cold-
sensitive TRP channels might play a role in the transduction of

tooth pain.
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lontove termosenzitivni kanaly
v odontoblastech

— Odontoblasty deponuiji kalciovou matrix na vnejsim povrchu pulpy
a vytvareji vrstvu dentinu. Vzhledem k teto anatomické lokalizaci
se predpoklada potencialni sekundarni role odontoblastu jako
ucCastniku senzorického systému.

— TRPV1-4 a TRPMS8 na lidskych odontoblastech byly identifikovany
mnoha metodami, ale s kontraverznimi vysledky

— Odontoblasty patrné exprimuji termosenzitivhi TRP kanaly se
schopnosti detekovat vysokou a nizkou teplotu.
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Mechanosenzitivni kanaly u bolesti zubu

— Je obtizné vysvétlit bolest zubu striktné transdukci vysokych nebo nizkych teplot termo-TRP
kanaly. Transdukce tepla nemuze vysvétlit nahlou a intenzivni bolest zubu navozenou stimuly
jako proud vzduchu, vodni sprej, sladkosti, nebo naopak pulzujici bolest Casto popisovanou u
pacientu s chronickou pulpitidou.

— Z klinickych studii vyplyva, Zze pohyb dentinové tubularni tekutiny v dusledku teplotni zmény
muze vyvolat nahlou intenzivni bolest pfi aplikaci proudu vzduchu ¢€i vodni spreje.

— Nahlou intenzivni bolest muze také vyvolat mikropohyb odlomenych zubnich ¢asti béhem
zvykani. Struktura zubu muaze byt mechanicky deformovana v disledku zmén teploty.
Pulzujici bolest u chronické pulpitidy vznika v dusledku zvySujiciho se hydrostatického tlaku v
zanicené a oteklé tkani pulpy, umisténé ve tvrdeé strukture dentinu.

— VSechny tyto mechanismy jsou povazovany za molekularni prenasece mechanickych sil
nebo napeti do dentalniho senzorického systému a jsou aktivovany mechanickou stimulaci
od pohybu dentalni tekutiny po deformaci mikrostruktury.
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TG(DPA) Neuron

Mechanosensitive ion channels in the
dental sensory system. According to the
hydrodynamic theory of dental
nociception, movement of the dentine
tubular fluid generated by external
stimuli, such as thermal or mechanical
stress, activates mechanosensitive ion
channels in odontoblasts or dental
primary afferent (DPA) nerve ending
extend into the dentinal tubule. Thus,
mechanosensitive ion channels are
regarded as major players in dental
nociception. These ion channels can also
be activated with directly applied
mechanical stress.
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Other types of 1on channels such as ligand
gated ion channels and voltage gated ion
channels expressed in the dental sensory
system. ATP molecules released by
adjacent odontoblast or fibroblast cells in
pulp by external stimuli and they induce
activation of purinergic receptors in
odontoblasts or DPA neurons. Various
types of voltage gated ion channels are also
expressed In dental pain sensory cells but
their functions are not clearly revealed.

TG(DPA) Neuron
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Bolest zubu

— Patients typically associate dental care with pain.

—Pain has both physiological and psychological
components.

— Endodontic post-treatment pain continues to be a
significant problem facing the dental profession.

— For patients presenting with preoperative pain, most will
continue to experience pain after root canal treatment,
with pain levels ranging from mild to severe.
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Bolest zubu

— Vysoce determinuje kvalitu zivota pacienta.

— Bolest zubu vznika jinymi mechanismy nez jiné typy bolesti, protoze se jedna
0 oblast s unikatnimi neurochemickymi vlastnostmi a anatomickou strukturu s
denzni inervaci a vaskularizaci pod tvrdou tkani.

— Patofyziologie bolesti zubu zahrnuje komplexni interakci iontovych kanald.
Jesté zustava mnoho neznamych mechanismu a otazek (how
mechanosensitive ion channels involved in tooth pain are molecular
identified, whether odontoblasts function as primary sensory cells, and, if so,
how they provide signals to underlying nerves).
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Dékuji vdm za pozornost
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