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"A third of the nati sting us more than
we pay as a nation on car cancer,"”

Chronic pain costs the US up to $635 billion each year in medical
treatment and lost productivity. The 2010 Patient Protection and Affordable
Care Act required the Department of Health and Human Services (HHS) to
enlist the IOM in examining pain as a public health problem.

/

% Institute of medicine USA 2011 report on pain
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Chronic pain: Consequences UK




An update

ol

[Orofaaal pain




Understanding pain

< Mair
Galens
Abou A

% Descartes (1596-1650) whao ated
that pain was experienced in the brain,
rather than in the heart as was the
accepted Aristotelian doctrine



Pain is complex

Figure 2. The concept of the neuromatrix theory for pain
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at is pain?

Su b_jective S2lalszhilel gl | -with physical and psychological effects

-dependant upon

Iale halelEE R {2 ole) =l | -age / gender / experience / personality / anxiety
-settings / trust in clinician / fatigue

-Black line 10cm long?

Measure - questionnaires to assess disability
-physical / mental

\_
7
\§
7
Organic and or
psychological cause
\_
;
\_
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HOW DO WE FEEL THE
"OUCH"?

T



alh Process

Bio psycho social Model

Nociception

Social / cultural

Age, gender, race,
peer support, familia
expectation

Sensation

Behaviour

N\Z

Suffering
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NOCICEPTION-

lammation
ion potential
oropagation of
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ociception

Tissue damage

>—::
Chemical and electrical events

Pain recognition
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- Nociception

Peripheral events




Injury chemizl, physical, thermal,
radiation andchemical

Inflammatory soup
TRPAL TRPV1

Cell membrane ‘ rachidnnu.“ II
phospholipids
{acid

Lipid -y

s 5-LO inhibitors

Oxygenation Oxidation
Phospholipase A 5-lipo oxyzenase

Cox-1 inhibitor

Aspirin /[ lbuprofen  Cyclo oxegenase Cox-2 inhibitors Leukotrienss

] & N TB4 - T
S Prostaglandins gy 2 / "lf :::r:hiturs
Gastric Mucosal Barrier Pain, inflammagion Inflammation
Renal function Fever Cytochines it
Thromboxane A Prostacyclin TNF alphs Ay oboracton
Platelet ageregation Plateletinhibition  ILbeta TNF Cell infittration
- - : a onists
Vasoconstriction Vasodilatation ntag Anaphylactoid synd
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Ific pain receptors

Na+ Na+ Na+ Na+
Na+ Na+ Na+ Na+

0:0 Tra closed
+t++++++++ GEDEED +++++++++
INGF

< Receptor
! TRPV1, I P

»» lon Channels
Na, Ca, K

 Anatomy

degeneration

7T spontaneous
activity

Inactivated Activated
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3

Control
-

immunoreactive fibres

Control
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ipheral Acute

ammatory pain
ey ]

Cell damage

- Trauma mechanica

[Cytokine release

- Attract immune cells

-Nerve activation via receptors via

[Neural depolarisation (PNS)

- Action potential

-Signals primary, secondary, tertiary (CNS)
- Cortical activation ‘sensing
- Reaction (motor and sensory

More cytokine release NEUROINFLAMMATION

If process prolonged = changes in nervous system

Chronic non inflammatory pain
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ociception central events




_ Thalamus
A beta | Midbrain

Receptor Skl

7

Primary sensory nerve

A delta ' Ascending Pain Pathw ?s
Descend glnhlbttory othwoys e
e A Delta and C fibres C

é N

Secondary sensory nerve

e Lamina I DRG

é N

Tertiary sensory nerve

\ 7

* Specific areas of the brain

\

* Thalamus

* Anterior cingulate cortex
*S1 /52

* Insula

* Brainstem
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Noxious stimulus
What events unfold in the sensory system?

- Peripheral nervous » Clinical symptoms
system PNS - Psychological factors

- Inflammation . Environmental
- Receptors factors

- Axons (primary / - Reaction is
secondary / Emotional and
tertiary [cortex]) Physical

. neurotransmission

wnigaiag (-

Wnigaia9

o
[{F5)]
o

ueaqplin
|EpNES

e|npapy —
|E43S0Y ®

- Central nervous
system CNS

10
|EEJ!I:|§ @’

- Pain pathways
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euro inflammation
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euroanatomy

Pain related area

Spinal cord C1-S!
C1-8/T1-12/L1-5
distal root ganglion

Ventral horn = motor
Dorsal horn = sensory

Specific areas of the brain

B
Brainstem
. Demand Behavior
Cranial nerve charay ’

Thalamus
Hypothalamus —
Cere be | | um Belief/ experience
. expectancy
Forebrain
| . Gate
Anterior cingulate cortex control
S1 and S2

Limbic system —-memory

Basal ganglia-movement S
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Anatomy revisited Sensory cortex V

) —Lower lip .
%8 1 —Teeth, gums, and jaw

— Tongue

“‘\\\ Pharynx

\:ntraAa bdominal

D
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Main effect of TME pain, right tooth, cluster corrected a <0.05
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ntral pain activity

Brain stem

N

Cranial nerve
60 -
Thalamus 591
S8 '
Hypothalamus S p—
i
Cerebellum Lol :
54
Forebrain B
Cortex-sensation ]

Pre-surgery Post-surgery
MVISIT

Limbic system -memory
Basal ganglia-movement
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Behaviour

History
Stress
Anxiety

Culture

Ethnicity
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ctive emotional areas of B

Pain Inputs into
Sensory Regions

Pain Inputs into
Emotional and
ognitive Regions

e
Emotional/Affective

Anterior Cingulate
POSTERIOR CINGULATE
Orbitofrontal Cortex

MEDIAL PREFRONTAL CORTEX
ANTERIOR INSULA

Accumbens

Hippocampus

Thalamus

Amygdala

CAUDATE

Prefrontal Cortex

Temporal Lobe
Parietal Cortex

Empathy
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Perception of pain
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Perception of pain

David Bec ’ i Priest ‘Pain is good’
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-
Suffering




Catastrophising

Sullivan M et al. Perceived Injustice is Associated with Heightened Pain Behavior and Disability in
Individuals with Whiplash Injuries. Psychol. Inj. and Law DOI 10.1007/s12207-009-9055-2

35 www.kcl.ac.uk



Anxiety stress and pain

Psychological factors driving pain

sullivan MJ et al. Catastrophizing and perceived injustice: risk factors for the transition to
Aronicity after whiplash injury. Spine (Phila Pa 1976). 2011 Dec 1;36(25 Suppl):S244-9
;92(12):2041-56. Review

V, et al Depression, somatization and anxiety in female patients with
andibular disorders (TMD). Coll Antropol. 2010 Dec;34(4):1415-9

jucation o
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Social

lliness
behaviour
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pain

Relationship between preoperative expectations, satisfaction,
and functional outcomes In patients undergoing lumbar and
cervical spine surgery: a multicenter study. Soroceanu A,
Ching A, Abdu W, McGuire K. Spine (Phila Pa 1976). 2012

. Jan 15;37(2):E103-8 e
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acute pain

Nociceptive pain Pain
Autonomic response
Withdrawal reflex
Nociceptor
Sensory neuron

loxious stimuli —, }——’—» ’ — Adaptive, high-threshold pain

eat Early warning system (protective)

old (o)
itense mechanical force
hemical irritants

Spinal cord

nfl ry pai
mRIRloR AN Spontaneous pain

Pain hypersensitivity
Inflammation—-

eripheral  Macrophage {&%

flammation Mast cell &» , '
ositive Neutrophil € — Adaptive, low-threshold pain

ymptoms  Granulocyte (&) Tenderness promotes
: repair (protective)
Tissue damage » \

Ophthalmic
branch

Maxillary
branch

Mandibular
branch
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Pain: Acute
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Why does the acute pain
patient present?

»» |Infections

“*Odontogenic > dry socket > AHGS > ANUG > Sialadenitis >
sinusitus > otitis media > septic arthritis> STDs

< Trauma

“*Post surgical (acute and chronic-nerve injury)
“TMJ -/dislocation / Subluxation -open/closed locking
“»Dental or bone fractures

Inflammatory -

“»TMJ pain = Temporomandibular dysfunction (TMD) =
Arthromyalgia/Dysfunction/ Arthritides

ucosal lesions Aphthous ulceration, Vesiculo bullous

www.kcl.ac.uk



Normal Sensation l

=

Low-Threshold Mechanoceptor

\LNiciceptor

Low-Threshold Mechanoceptor
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A Nociceptive pain Pain
Autonomic response
: Withdrawal reflex
Nociceptor
sensory neuron

Noxious stimuli —— _+ % - = — Adaptive, high-threshold pain
Heat Early warning system (protective)
Cold

Intense mechanical force

Chemical irritants

Spinal cord

nfl i
B ammatony pain Spontaneous pain

Pain hypersensmwty
Inflammation——

Peripheral Macrophage ’

inflammation Mast cell <ia» ) .
Positive Neutrophil &9 — Adaptive, low-threshold pain
symptoms Granulocyte @ Tenderness promotes
repair (protective)
Tlssue damage ——

Spontaneocus pain
Pain hypersensitivity

Peripheral
nerve damage

Neuropathic pain —— > ---- -1“;:——>

Neural lesion
Positive and negative o ;
symptoms Injury
— Stroke

Abnormal
N Pe. low-threshold pain
e state of nervous system

Spontaneouc .
-y e sENSitivity

Normal peripheral
tissue and nerves

: o

Dysfunctional pain ——
No neural lesion

o inflammation

hOsitive symptoms

Abnormal
central processing

A Nociceptive pain

Pain caused by an

non inflammatory
response to a
noxious stimulus
=Tissue damage

B Inflammatory pain

C Pathological pain
Neuropathic pain
Pain initiated or
caused by a primary
lesion or disease in
the PNS or CNS =
nerve damage

D Dysfunctional pain
REMEMBER it may
be possible to have
coincident
combinations of A, B
and or C types of
pain
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| Central Sensitization l

Primary hyperalgesia ==,
/’ ML Hyperalgesia

’ Low-Threshold Mechanoceptor
S : o
}_ﬁm‘ @

Low-Threshold Mechanoceptor
~ e -
e
-

Allodynia

Secondary
hyperalgesia

Hyperalgesia

Mormal pain
response

Pain intensity

s— Allodynia

Stimulus intensity
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Chronic Pain
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vy does pain become chron

LAt Sl - Increased sensitivity of CNS to peripheral
becoming chronic stimulus

- Interaction between PNS and CNS results

Neuroplasticity .
permanent changes in system

Y4

Memory of pain - Somatosensory cortex changes

Y4

Genetic predisposition
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yheral and c;entral interacti
euromatrix’

Functional measures
A. Brain areas functionally related to pain processing.

B Affectve
{1) Early ldentification
W Cognitive
-, - v (2) Recogrition & Immedate Reacton

N BN ] {3) Evaluation & Sustained Behaviore

B. Example of functional MRI response to painful stimulation.
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H+
Heat

Noxious
cold

Pressure
Chemicals

Tactile =3

Emotional,
aversive

) S tl@n%%f — 3, Sensory,

discriminative

~J
Latera
thalamus
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tract spinothalamic
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ganglion
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Spinal cord
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Brain activity
affective vs neurophysiological

Sensory-Modulation Experiment Affect-Modulation Experiment

18l >90% affective
<10% sensory




Structural Brain Imaging: A
Window into Chronic Pain.

Arne May. The Neuroscientist 17(2) 209-220:2011
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ctural Brain Changes: Cause o

equence of Chronic Pain?

» Nume
altoget
and stru
2008)

»  Gray matter cha
the main difference i
controls may recede when the pc

er 2000),
is list (May

ee studies is that
ween pain patients and
is cured

> The impact of pain killers and other medications on morphometric
findings is simply not known.

»  Chronic nociceptive input leads to intra cortical remodelling

> We need to improve our understanding of experience-dependent
changes in cortical plasticity as this will have vast clinical implications

., for the treatment of chronic pain. wwkelacuk
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0SS gray matter

Itis | matter)

seenin 2 In this
region i
posttraumati thic facial pain

midt-Wilcke et al
Vloseret al 2006).

(Schmidt-Wilcke €
2006), and chronic p

Gray matter volume reduction reflects chronic pain in trigeminal
neuralgia.Obermann M, Rodriguez-Raecke R, Naegel S, Holle D, Mueller D, Yoon
MS, Theysohn N, Blex S, Diener HC, Katsarava Z

Structural Brain Anomalies and Chronic Pain: A Quantitative Meta-Analysis

of Gray Matter Volume. Smallwood RF, Laird AR, Ramage AE, Parkinson AL,
Lewis J, Clauw DJ, Williams DA, Schmidt-Wilcke T, Farrell MJ, Eickhoff SB, Robin
DA. J Pain. 2013 May 16.
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Gray Matter Decrease in Chronic Pain m 6%

0 9% m 23%

Cingulate cortex, n=19
Insular cortex, n = 10 m7%
Temporal lobe; n=10

Frontal cortex; n=9

Prefrontal Cortex; n=8
Thalamus/basal ganglia;n=8 m10%
Motor cortex; n=6

Brainstem;n=7

DLPFC;n=5

m12%

E OO NDODODB@ D@

m10%

o11%

Figure 3. Gray matter decrease in 30 studies including a total of 839 patients. Compared with controls, 30 areas in the brain have
been identified (increase and decrease of gray matter). Most areas are only cited by one or two studies. Only the brain areas being cited
by at least five independent manuscripts are displayed (n corresponds to number of studies citing this brain area), and the percentages
correspond to these nine structures. The most prominent findings are decreases in the cingulate cortex, the insular cortex, the
temporal lobe, the frontal cortex, and the prefrontal cortex. DLPFC = dorsolateral prefrontal cortex.
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<+ Reduction gray + white &
matter TMD | R

Right CN V
Coss money

White matter brain and trigeminal nerve |
abnormalities in temporomandibular disorder
Massieh Moayedi. PAIN Vol 153,7,2012,146 . :

1477 TMD duration (years)

% Gray matter reduction
in TN MD RD % MD RD }

Gray matter volume reduction reflects chronic pain in trigeminal neuralgia.
Obermann M, Rodriguez-Raecke R, Naegel S, Holle D, Mueller D, Yoon
MS, Theysohn N, Blex S, Diener HC, Katsarava Z.Neuroimage. 2013 Jul
%;74:352-8. doi: 10.1016 wwwkolac.uk
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Neurother. 2

aladaptive plasticity,
1emory for pain

Flor H. om limb

Phantom i anges along the

neuraxis
of the affected limb

Mechanisms underlying these maladaptive plastic changes are
related to a loss of GABAergic inhibition, glutamate-mediated
long-term potentiation-like changes and structural alterations
such as axonal sprouting

Changes in the cortical rep

Behavioral interventions, stimulation, feedback and
pharmacological interventions that are designed to reverse these
maladaptive memory traces
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bo effect

Verbally-induced expectations
Cued and Contextual Conditioning
Social Learning

dorsal horn

Nociceptive input
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perceptio
All six ha
Two lost one-t
Most suffered fractures or bone infections

Some have been scalded by boiling liquids or steam
Others burned from sitting on radiators

gene polymorphism resulting in Nav
1.7 sodium channel deficiency
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Genetics of pain

R
Tole

“It does app
redheads have a
different pain threshold anc
require less anaesthetic to
block out certain pains,”

)
0‘0

% Muopoid receptor

L)
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andidate genes so far
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TRPV1 (Kim et al. 2006
IL1 (Solovieva et al., 2004)

IL6 (Noponen-Hielta et al., 2005)
SCN9A (Cox et al., 2006)

e

o

e

o

e

o

e

o

www.kcl.ac.uk



e future of pain genetic

LqalelgeN = FeIEIREET T o (e.g. ,customised” medication) with side effect
and patient care reduction, risk management

Y4

Cost of genetic analyses
will decrease

\
4 ; :
More information on
biological functions of
genes and proteins
>

[ileiericae s dekisatalinin e ® (imaging genomics, proteomics, QST)
work * Epigenetics will receive increased attention

&
-

Increasing numbers of
papers on pain genetics

&
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New conditions-novel research
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Editorial

Painful Posttraumatic Trigeminal Neuropathy:
A Recently Recognized Entity

n unusual event recently occurred in the field

of chronic orofacial pain. A new entity has

been established through a few research pa-
pers and meetings of experts. Different specialists
have known for some time that surgery and other
traumatic events may injure the trigeminal nerve and
provoke symptoms. Nerve damage may occur during
Caldwell-Luc intervention, orthognathic mandibular
advancement surgery, extrusion of root canal filling
materials, implant surgery, and various traumatic
events such as facial fractures and therapeutic radia-
tion; third molar removal is the most frequent cause.!
Several branches of the mandibular or maxillary
division of the trigeminal nerve could be involved,
such as the infraorbital nerve, the superior alveolar
nerves, and most frequently the lingual and inferior

indicated that the 20 cases of PPTTN found among
245 cases of chronic orofacial pain tended to clus-
ter.” This was in line with a recent study performed
on 328 patients with chronic orofacial pain that
indicated that over 12% of the cases were PPTTN.?
These two studies pointed to a much larger preva-
lence than what was previously suspected, even if
these samples were far from being representative
of the general population since they came from ter-
tiary care centers. The contribution of the differ-
ent specialties to the incidence of PPTTN has been
recently detailed.>*1?

2. Description of diagnostic criteria for PPTTN: This

has much improved due to recently performed
studies. Quantitative sensory testing associated
with electrophysiological exploration have better

www.kcl.ac.uk
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Neuropathic Pain yup of the International
Association for the Study of Pain (NeuPSIG) as "pain arising as
direct consequence of a lesion or disease affecting the
somatosensory system,"” and a grading system of "definite,"

"probable,” and "possible” neuropathic pain has been
introduced

www.kcl.ac.uk
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)SIG guidelines on neuropathic pain assessment.

.031.

Clinical as ‘
QST -Measure ated by A-beta
fibers can be used ptomatic trigeminal
neuralgia from classical trigeminal neuralgia. Measurement of
laser-evoked potentials is useful for assessing function of the A-
delta fiber pathways in patients with neuropathic pain

No MRI
Biopsy if small fibre neuropathy suspected

validated neuropathic pain quality measures and assessment of
sleep, mood, functional capacity and quality of life are
recommended www.kcl.ac.uk



Presentation of

frequent
peripheral nerve
neuralgia

*

L)

» Maier C et al. Quantitative sensory testing in the German Research
Network on Neuropathic Pain (DFNS): somatosensory abnormalities in
1236 patients with different neuropathic pain syndromes. Pain. 2010
Sep;150(3):439-50

71 www.kcl.ac.uk
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http://www.ncbi.nlm.nih.gov/pubmed/20627413

Mechanism NePain

Molecular changes in nociceptive neurons

Adjacent uninjured neurons

Hyperactivity in nociceptors
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RS
CRPS

Complex regional pain syndrome (CRPS), formerly known as Sudeck’s
dystrophy and causalgia, is a disabling and distressing pain syndrome.

CRPS may develop following fractures, limb trauma, or lesions of the
peripheral or central nervous system.

The clinical picture comprises a characteristic clinical triad of symptoms
including autonomic (disturbances of skin temperature, color, presence
of sweating abnormalities), sensory (pain and hyperalgesia), and motor
(paresis, tremor, dystonia) disturbances.

diagnosis is mainly based on clinical signs. A very recent study sh
atients exhibited a gray matter decrease in the right insula, rig

edial prefrontal cortex, and right nucleus accumbens (Ge




CRPS of the Trigeminal system?

Complex regional pain syndrome following trigeminal
nerve injury: report of 2 cases. Khan J, Heir G,
Benoliel R, Eliav E. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2013 Jul;116(1):123.

www.kcl.ac.uk



omplex Regional Pain Syndrome
Reflex Sympathetic Dystrophy

the initial injury, if any.

L)

L)

» The cause of complex regional pain syndrome isn’t clearly
understood. Treatment for complex regional pain syndrome is
most effective when started early. In such cases, improvement
and even remission are possible. Neurostimulation Therapy
represents a great advancement in the treatment of CRPS

www.kcl.ac.uk



Peripheral Central Genetics
pain
pathway

receptors
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Research WOrk OngOIng
Trigeminal pain: an update

s Neurope
Post Trau

Peripheral and central ps

Trigeminal autonomic cephalgias

Genetics, Peripheral and central

Trigeminal neuralgia Genetics, Peripheral and

central

Burning Mouth cenetics, Peripheral and central
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Unravelling toothache
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Aethod Tissue sampling

Enamel

Dentine puh. Dentine
complex Pulp




ociceptors In denta
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Burning Mouth Syndrome
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Arterial spin labeling (cASL)
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Measuring pain centre activity in the brain
In man after third molar surgery
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¢ Cluster headaches, SUNCT and SUNA
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Clinical, imaging and
genetic characterisation
of Cluster headache
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