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Aims & Objectives

To enlighten the attendees of;

ÅUsing a stratification approach to orofacial pain 

ÅMRI arterial spin labelling identification of central pain 

pathways, connectivity and downward modulation in 

orofacial pain

ÅAn update on the use novel interventions for orofacial 

pain including stimulation



Why is Trigeminal pain unique?

ÅPrimordial brain - survival instincts

Å Constant unavoidable activity

ÅC2,3 and vagal interaction (autonomic 
input)

Å Underpins daily pleasure in health
ïEating

ïDrinking

ïSpeaking

ïSmiling

ïSexual interaction

Å Bilateral cortical representation of pain

ÅThus any threat or actual harm to the Vth 
nerve region comprises a massive threat 
to your very existence

All patients are physiologically wired to 
run from the dentist!

The dermatomal distribution of C2 

and C3 (Adapted from Foester O. 

The dermatomes in man 

[Schorstein Lecture, London, 

1932]. Brain 1933;56:I-39.)



Definitions of pain
Dentine 

sensitivity

Pulpitis 

reversible 

+irreversible

Periapical

periodontitis

Trigeminal 

neuropathic pain 
PTN, CPSP, 2y TN, 

BMS, PDAP/ PHN

Fibromyalgia

PIFP

Myofacial TMD

J Clin Invest. 2010 Nov 1; 120(11): 3742ï3744. What is this thing called pain? Clifford J. Woolf

Healthy acute pain

Nociceptive 
healthy feeling pain ópainô

Inflammatory pain 
healthy short lived after insult

Chronic pain =
disease of neuromatrix

Neuropathic pain
Associated with nerve lesion

Dysfunctional or centralised  pain
Unknown cause



Pain diagnosis

ñDiagnosisis a system of more or less accurate

guessing, in which the end point achieved is a name.

These names assume the importance of specific

entities, whereas they are for the most part no more

than insecure and therefore temporary conceptions.ò

BUT é..The same diagnosis on different patients

requires different interventions and may not necessarily

have the same pathophysiology

How can we address this?

With P4 medicine or precision medicine

Thomas Lewis FRS

1885-1941







Fundamental concept 

ÅAll patients with apparently the same disorder are not identical

ÅUse multiple approach to evaluate those differences

ïPhysiological differences

ïCliical differences

ïOMIC differences

ïGenetic and epigenetic differences

ÅUse unbiased, discovery approaches (clustering /machine / 

enhanced learning techniques)

ÅLikely will develop new disease classifications and systems 

medicine



The 4 ps

ÅPredictive

ÅPreventive

ÅPersonalise

ÅParticipatory

Pack AI, Ann Thoracic Soc 13: 1456, 2016

Lim DC et al Respirology 22:849, 2017



The 4 Pôs

ÅPredictive 

ïHealthy get baseline data phenotype, exercise, diet, sleep genome 

sequence (WGS) epigenetics all OMICs

ÅPreventive 

ïTest improvement therapies on predictive clusters

ÅPersonalise

ïOutcome cluster specific

ÅParticipatory 

ïuse of apps, social media, new mobiles, blue tooth capabilities in 

intervention tools

Pack AI, Ann Thoracic Soc 13: 1456, 2016

Lim DC et al Respirology 22:849, 2017



Stratification 



Stratification of orofacial pain patients?

Data store

analysis

Electronic
Medical record

Sensory Profile
Pain quality, QST

Clinical
disease or lesion, 

neurological deficits, 

family history

Molecular 

Profile OMICs
Genome, proteome, 

metabolome

Physiological
Electrophysiology

Functional imaging

Outcomes: More accurate diagnosis, prognosis and treatment choice 

678 patients to date
Prof David Bennett

Psychology/

medical 

Co-morbidities



Stratification of orofacial pain patients?

Data store

analysis

Electronic
Medical record

Outcomes: More accurate diagnosis, prognosis and treatment choice 

678 patients to date
Prof David Bennett

Sensory Profile
Pain quality, Qual and 

Quant sensory testing

Clinical
disease or lesion, 

neurological deficits, 

family history

Molecular 

Profile OMICs
Genome, proteome, 

metabolome

Physiological
Electrophysiology

Functional imaging

Psychological 

medical /

Co-morbidities

Big Data
Machine learning and 

Ai to improve diagnosis 

and clustering for 

treatment



Implications of identifying pain

ÅWe can now institute screening for

neuropathic pain (such as DN4 or

PainDETECT).

Å Better prevention measures in the field.

Å Validated diagnostic tests and appropriate

therapy for neuropathic pain.



Structured Pain history 

SOCRATES
ÅSite - Where is the pain? Or the maximal site of the pain.

ÅOnset ïWhen/ How did the pain start? 

ïWas it sudden or gradual?

ïPhysical or emotional? 

ïProgressive or regressive?

ÅCharacter - What is the pain like? An ache? Stabbing? Burning? Throbbing?

ÅRadiation - Does the pain radiate anywhere? (See also Radiation.)

ÅAssociations - Any other signs or symptoms associated with the pain?

ÅTime course - Does the pain follow any pattern?

ÅExacerbating/Relieving factors - Does anything change the pain?

ÅSeverity - How bad is the pain?



Agreed National core data set for OFP patients

Prof Justin Durham

Prof Joanna Zakrzewska



Classification OFP



Autonomic

Neurovascular

Primary & Secondary 
Headaches

Trigeminal Autonomic 
Cephalalgias (TACs)

Giant cell arteritis

Secondary

Neuropathic

Causes MS DM 

Trigeminal neuralgia 
(IX,VII)

PPTTN = PDAP II)

Primary

Neuropathic

Neuropathic dental 
pain (PDAP1)

TN idiopathic

Burning Mouth

TMDs

Dysfunctional

Arthritides

Myofacial

Referred pain

Heart

Cervical

Lung

CANCER

Dysfunctional 
pain

Associated 
multiple pain 

conditions 

LBP IBS FM

Inflammatory pain

Toothache

Abscess

TMD arthritides, 
Trauma, 

Sialadenitis, 
Sinusitis, mucosal 

disease

Nociceptive 
pain

Dentine 
sensitivity

Pains of the trigeminal system
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A small percentage of IANI patients (4%) received a combination of therapies involving CBT, surgery, medication and 5% lidocaine patches

Response to treatment variable 
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Pain quality, Qual and 
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Stratifying patients: looking at multiple factors
(D Bennett & G Baskozos)

Painful diabetic neuropathy



Axis 2 and orofacial pain



Risk factors predictive of CPSP

Psychosocial

ÅCognitive
ï Fear of surgery and anxiety

ï Fear of pain

ÅPersonality disorder
ï increased preoperative anxiety 

ï Introverted personality 

ï Catastrophizing

ï Poor coping skills

ï Hypervigilance state  

ÅPsychological vulnerability ïpain related fear

ÅSocial support

ÅSolicitous responding  
ï Empathetic spouse encouraging negative behaviour

ï Munchausen

Katz J, Seltzer Z. Transition from acute to chronic 

postsurgical pain: risk factors and protective factors. 

Expert Rev Neurother. 2009 May;9(5):723-44. doi: 

10.1586/ern.09.20. Review.



Axis 2 Assessment of preceding and injury related 

psychological problems

Å All patients: 
ï EQ-5D

ï GAD7 generalised anxiety disorder

ï PHQ9 Patient Health Questionnaire

ï PHQ 15 MULTIDIMENSIONAL SCALE OF 
PERCEIVED SOCIAL SUPPORT 

ï GCPS

ï SF-MPQ-2 Short-form McGill Pain Questionnaire-2

ï PAIN DETECT PAIN QUESTIONNAIRE Ne pain

ï BPI Facial pain

ï CPSI (sleep)

ï ES-R (abuse)

Å Dash board with red flags suicidal thoughts/ 
depression, anxiety and somatic disorders

Å OLD
ï PHQ9 Patient Health Questionnaire

ï PHQ 15 MULTIDIMENSIONAL SCALE OF 
PERCEIVED SOCIAL SUPPORT 

ï GCPS

ï CPAQ-8  Chronic Pain Acceptance Questionnaire

ï SF-MPQ-2 Short-form McGill Pain Questionnaire-2

ï PAIN DETECT PAIN QUESTIONNAIRE Ne pain

ï PCS catastrophizing scale

ï PSEQ Pain Self-Efficacy Questionnaire

Severe Anxiety

Probable Major 

depression

Somatic disorder

PTSD

Likely NP



Psychological burden of orofacial pain (n=600)
Dr Aalia Karamat PhD unpublished
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Smith JG, Karamat A, Renton T 

Invited paper Journal of Oral Pathology & Medicine Sept 2019
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ÅSize neuropathic area

ÅSubjective function

ÅThermal

ÅMechanosensory LT, Sharp Blunt

ÅAllodynia

ÅHyperalgesia 

ÅHyperpathia 

ÅSpontaneous or elicited?

Renton T, Thexton A, SJ Crean, Hankins M. Simplifying assessment of recovery of the lingual nerve from injury. BDJ 2006 10:569-573 Renton T, 

Thexton A, Mcgurk M. New method for the objective evaluation of injury to the lingual nerve after operation on third molars.Br J Oral Maxillofac

Surg. 2005 Jun;43(3):238-45. Renton T, Thexton A, Mcgurk M. Objective evaluation of iatrogenic lingual nerve injuries using the jaw-opening 

reflex. Br J Oral Maxillofac Surg. 2005 Jun;43(3):232-8

Sensory testing



Quantitative sensory testing: 
Patterns of sensory dysfunction

Valet et al., Brain 2018, Baron et al., Pain  2017 and 

Vollert et al., Pain. 2017
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Descending pain modulation 

West et al., Neuroscience 2015

Off-Cell

Opioids

Noradrenaline

5HTR 1/7

On-Cell

5HTR 2/3

PAG



fMRI provides insight to descending pain modulation in 
painful diabetic neuropathy (I Tracey and A Segerdahl )

Correlation between vlPAG

and regions in red
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Segerdahl et al (2018) Brain 

Pain

In

Neuropathy

Study



Å Post wisdom teeth surgery = 

inflammatory pain

Å Where does paracetamol and 

ibuprofen work centrally?

Å Evaluating central modulation of pain using post 

wisdom teeth surgery pain and Orofacial 

neuropathic pain

Å LA block interrupting ongoing pain

Å QST assessing MA and CA

Using magnetic resonance arterial spin labelling we 
can evaluate central pain response in patients?

Dr Nadine Khawaja, 

Dr Matt Howard IoPPN CNS



Arterial spin labelling



Application of Arterial spin labelling to central post 

surgical trigeminal pain

Multivariate decoding of cerebral blood flow measures in a clinical model of onȤgoing postsurgical painJ O'muircheartaigh, A Marquand, DJ 

Hodkinson, K Krause, N Khawaja, ...Human brain mapping 36 (2), 633-642

Cerebral analgesic response to nonsteroidal anti-inflammatory drug ibuprofenDJ Hodkinson, N Khawaja, O O'daly, MA Thacker, FO Zelaya, ...

Pain 156 (7), 1301-131. Quantifying the testïretest reliability of cerebral blood flow measurements in a clinical model of on-going post-surgical pain: 

A study using pseudo-continuous arterial spin éDJ Hodkinson, K Krause, N Khawaja, TF Renton, JP Huggins, W Vennart, ...

NeuroImage: Clinical 3, 301-310. Beyond patient reported pain: perfusion magnetic resonance imaging demonstrates reproducible cerebral 

representation of ongoing post-surgical painMA Howard, K Krause, N Khawaja, N Massat, F Zelaya, G Schumann, ...

PloS one 6 (2), e17096



Application of Arterial spin labelling to central post 

surgical trigeminal pain
Synergism of paracetamol and Ibuprofen



Loss of brain connectivity 

in patients with burning 

mouth syndrome
Dr Kiran Beneng, Dr Matt Howard 

IoPPN CNS

Application of Arterial spin labelling to central post 

surgical trigeminal pain

Burning mouth syndrome



Application of Arterial spin labelling to trigeminal pain

Cluster headache



Application arterial spin labelling applied to assess 

pain modulation


