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A Guiding Principle

Common chronic pain conditions – like TMD – present as a 
kaleidoscope  of phenotypes that are temporally dynamic and 

result from GxE interactions
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Hazard Ratio (C1 vs C3) for First-Onset TMD

N = 2,731 TMD-free 
individuals; 260 onset 
cases

Bair and Coworkers

HR =2.8; CI (2-3.9), p , 0.0001 



TMD Clinical Characteristics Based on Cluster Assignment

Clinical Variable
A

Means  (n=85)
PS 

Means (n=529)
GS 

Means (n=400)
Overall P-

Value

Duration of Facial Pain (months) 6.08 7.15 6.84 0.3318

Current Facial Pain (0-100) 15.63 18.42 29.46 <0.0001

Facial Pain Intensity  2 wks (0-100) 45.67 52.41 61.53 <0.0001

% Waking Day with Pain 35.41 32.63 48.31 <0.0001

Pain Intensity 2 wks (0-20) 5.74 6.12 8.98 <0.0001

Pain Unpleasantness 2 wks (0-20) 5.14 5.54 8.07 <0.0001

Facial Pain Interference 2 wks (0-100) 12.50 19.80 30.92 <0.0001

SF12v2 Physical Functioning Scale (0-100) 91.07 89.30 73.24 <0.0001

No. Orofacial sites tender to palpation (0-38) 15.61 21.61 25.32 <0.0001

SF12v2 Mental Health Scale (0-100) 76.47 68.31 43.44 <0.0001

No. body sites tender to palpation (0-14) 4.16 5.53 7.08 <0.0001

Chronic pain in areas other than the face (%) 32.18 42.17 64.19 <0.0001

Count of 20 comorbid conditions 1.14 1.91 4.25 <0.0001

Bold Black = A different from PS;  Bold Red = PS different from GS Bair E, et al  Pain. 2016 Jun;157(6):1266-78.



Proportions of TMD Cases and Controls 
in Each Cluster

Bair E, et al  Pain. 2016 Jun;157(6):1266-78.



Clusters and Comorbid Pain Conditions

Irritable Bowl Syndrome

Chronic Headache

Vulvodynia

Chronic Low Back Pain



OPPERA Omic Studies 

• Inflammatory cytokines (e.g., MCP1, IL1b, IL1ra, IL8)  are increased and the 
transcriptional factor TGFβ1 is decreased TMD patients1

• Pathway analyses via DRG eQTL and GWAS findings reveal T&B cell signaling, Human 
Leukocyte Antigen (HLA)  and SMAD1 alterations in TMD patients.2-4

1 Slade, G. D. et al. Pain 152, 2802-2812 (2011); 2 Smith, S. B. et al. Pain 160, 579-591, (2019); 3 Parisien, M. et al.. Cell Reports 19, 1940-1952, 2017); 4 Slade, G. D. et al. Pain 154, 2335-2343, (2013)



Ongoing Immunophenotyping

• GS cluster is elevated (p<0.05) relative to A cluster for: 
– HLA-DR+ Helper T Lymphocytes
– Activated Helper T Lymphocytes
– CD25 MFI on Transitional monocytes
– CD25+ Transitional monocytes
– HLA-DR MFI on Nonclassical monocytes



1. It is a misnomer and no longer appropriate to regard TMD solely as a localized orofacial pain 
condition.

2. It is pointless to envisage a single cause, nor even to expect that any one cause might be 
necessary or sufficient to explain TMD. For the majority of people with chronic TMD, the 
condition is a multisystem disorder with overlapping co-morbidity.

OPPERA I – Lessons Learned

Summary of findings from the OPPERA prospective cohort study of incidence of first-onset temporomandibular disorder: implications and future directions 
Slade et al.,  J Pain 2013; 14: T116-24



Target Discovery 



A few putative targets identified (reverse translation)  or confirmed 
(forward translation) by human genetic studies

• COMT/ β2
– Completed POC 
– NCEs under development 

• Novel opioid receptor splice variants (eg. OPRM1/OPRM1-β2)
– NCE under development

• EGFR and associated downstream pathways
• Nicotinic receptors
• α2δ2 calcium channel subunit
• CA8
• KCNS1
• CGH1
• SCN9A/Nav1.7
• P2X7 receptor
• 5HT2a





Future Directions 



Pain Management/Pain Research Module
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 Secure cloud system
 HIPAA compliant
 Customizable & 

scalable
 Core Phenotypes:
 Medical
 Pain
 Symptoms
 Coping
 Stress
 Sleep
 Risk factors
 Satisfaction

 Biologics
 LabVantage LIMS
 PEDIGENE linkage
 Reports and Analyses
 EPIC DataMart linkage

Center for 
Translational Pain 

Medicine



Barriers to Discovery and 
Development

• Preclinical  animal and human models
– a need for models that capture the complexities and 

pathophysiology of human pain conditions

• Poor understanding of the human pathophysiologies
that underlie  persistent pain conditions
– a need for conceptual models that capture the complexities and 

heterogeneity of human pain conditions
– a need for “big data”:  cellular, animal, human
– a need for bioinformatics tools
– mechanisms to foster collaboration
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