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Pain Conditions Overlap
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Chronic Overlapping Pain Conditions (COPCs)

Osteoarthritis?



From the OPPERA Study. Idiopathic pain conditions (IPCs) related to TMD. The four
related conditions were: headache, low back pain, widespread pain and IBS.
*OR = odds ratio for TMD in people with 1, 2, 3 or 4 IPCs relative to people with no IPCs



Slade, et al, under review



Central Sensitization
…an amplification of neural signaling within the CNS that 
elicits pain hypersensitivity…



Clinical Signs of Central Sensitization

• Pain mediated by low threshold Aß fibers

• Spread of pain sensitivity to areas with no demonstrable pathology

• Aftersensations

• Enhanced temporal summation

• Maintenance of pain by low frequency stimuli that normally do not 
evoke any ongoing pain

Woolf (2011) Pain 152: S2-S15



Risk Factors Common to
Chronic Overlapping Pain Conditions

• Female Sex*
• Widespread Pain Sensitivity
• Psychological Factors*
• Somatic Symptom Burden*
• Familial/Genetic Factors*

* Previously associated with pain sensitivity



Proportion of Females and Males by 
Number of Pain Conditions
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Pain Conditions included: temporomandibular disorder, irritable bowel syndrome, headache, low back pain, fibromyalgia

Unpublished data from OPPERA Study



Family History of COPCs in Cases and Controls
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Psychological Factors Associated with 
Idiopathic Pain Conditions (IPCs) 

1 vs 0
IPCs

2 vs 0
IPCs

3 vs 0
IPCs

4 vs 0
IPCs

5 vs 0
IPCs

Psych. measure contrast acccording to IPC overlap:

Health measure z-score difference
0 1 2 3

TMD HA IBS LBP FM
Univariate association of psych. measure and IPC:

Standardized odds ratio
1 2 3 4

Psych measure 

Linear relationship 
between number of 

IPCs and Psych 
measure z-score:  
b (s.e) [P-value] 

SCL90R-Som 0.46 (0.04) [<0.01] 

PILL 0.39 (0.04) [<0.01] 

SCL90R-Dep 0.32 (0.05) [<0.01] 

PSS 0.28 (0.04) [<0.01] 

Trait Anxiety 0.28 (0.04) [<0.01] 

PTSD 0.26 (0.04) [<0.01] 

LES-Negative 0.24 (0.05) [<0.01] 

POMS-NA 0.23 (0.04) [<0.01] 

CSQ-Catastroph 0.21 (0.05) [<0.01] 

POMS-PA(r) 0.16 (0.04) [<0.01] 

CSQ-Distance 0.14 (0.06) [0.02] 

CSQ-Distract 0.09 (0.04) [0.03] 

CSQ-Praying 0.08 (0.03) [0.01] 

CSQ-Coping 0.02 (0.05) [0.63] 

CSQ-Ignore 0.00 (0.05) [0.92] 

 

Fillingim, et al, under review



Chronic Pain 
Assessment
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Approaches in Mechanism-Based Pain Assessment 

Fillingim, et al, 2016 J Pain 9 (Suppl 2): T10-T20



Evidence for Central Sensitization in COPCs

•Pain distribution and qualities

•QST findings

•Neuroimaging



Number of Pain Conditions and Painful Body Sites for 
Different Index Pain Conditions
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Pain Sites Endorsed by Individuals with Different Pain Conditions
Ohrbach, et al, under review
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Pressure Pain Thresholds (PPT) for TMD Cases vs. Controls

PPTs are significantly lower for chronic TMJD cases than pain-free controls  in 
both cranial and extra-cranial body sites.  (Mean +/- SEM; all p<0.001)
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Variable OA High Pain* 
(n=155)

OA Low Pain* 
(n=129)

Controls  
(n=119)

Demographic Variables
Age (Years) 55.4 (7.1) 58.4 (7.9) 57.4 (8.0)
Sex (% Female) 65.3 64.8 63.9
Race (% White)ǂ 27.3 39.2 70.6

Clinical Variables
GCPS-Characteristic Pain (0-100) 67.7 (14.1) 30.6 (12.7) 10.2 (16.8)
GCPS-Disability (0-100) 59.7 (24.5) 24.6 (21.7) 2.1 (7.0)
WOMAC-Pain (0-20) 9.8 (4.1) 4.5 (2.8) 0.6 (1.7)
WOMAC-Physical Function (0-) 31.8 (13.7) 13.9 (10.2) 1.8 (4.8)
SPPB Total Score 9.2 (2.1) 10.5 (1.5) 10.9 (1.4)
CES-D Scores 11.8 (8.3) 7.6 (6.4) 6.5 (6.7)

* High vs. low OA pain based on median split of GCPS-Characteristic Pain Score (median=50)
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Punctate Mechanical Pain for OA Patients and Controls 
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Temporal Summation of Heat Pain (Arm) for OA Patients and Controls 
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Sample Characteristics
NP (n=32) non-NP (n=152)

Age* 54.6 (7.0) 58.6 (7.7)

Sex (%F) 62.5 63.8
Race (% white)* 31.3 51.3

BMI (% obese)* 63.3 55

# Pain Sites 4.7 (2.7) 3.9 (2.2)
Pain Duration
< 3 Years 43.7 47.8
> 3 Years 56.3 62.2



Short Form McGill Pain Questionnaire-2
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All p’s < 0.01, adjusting for study site, age, race, education, and BMI



Movement Evoked Pain
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All p’s < 0.01, adjusting for study site, age, race, education, and BMI. SPPB=Short Physical Performance Battery



Temporal Summation of Heat Pain
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Temporal Summation of Mechanical Pain
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Laboratory Pain Measures Associated with Multiple 
Idiopathic Pain Conditions (IPCs)  

1 vs 0
IPCs

2 vs 0
IPCs

3 vs 0
IPCs

4 vs 0
IPCs

5 vs 0
IPCs

Health measure contrast acccording to IPC overlap:

Health measure z-score difference
-0.5 0 0.5 1.0 1.5

TMD HA IBS LBP FM
Univariate association of health measure and IPC:

Standardized odds ratio
1 2 3 4

QST 

Linear relationship 
between number of 

IPCs and QST 
measure z-score:  
b (s.e) [P-value] 

PPT-Temp(r) 0.22 (0.04) [<0.01] 

MCP-Thresh(r) 0.18 (0.03) [<0.01] 

PPT-Trap(r) 0.15 (0.04) [<0.01] 

HP-Max48 0.15 (0.04) [<0.01] 

MCP-15After 0.14 (0.04) [<0.01] 

MCP-Single 0.13 (0.04) [<0.01] 

HP-15After48 0.13 (0.07) [0.06] 

PPT-AntTib(r) 0.13 (0.04) [<0.01] 

HP-Thresh(r) 0.12 (0.05) [0.02] 

HP-AUC48 0.12 (0.05) [0.01] 

MCP-10stim 0.10 (0.04) [0.02] 

HP-Single48 0.09 (0.05) [0.09] 

HP-Tol(r) 0.04 (0.04) [0.31] 

HP-TS48 0.03 (0.07) [0.64] 

MCP-TS 0.01 (0.05) [0.91] 
 

Greenspan, et al, under review





Is “Central Sensitization” a Predictor or 
Consequence of COPCs?



Standardized Hazard Ratios for TMD Incidence Related to QST Measures

Greenspan, et al 2013 J Pain

Significant (but weak) Predictors 
of TMD Onset include:
- Cranial PPTs
- Mechanical aftersensation
- Suprathreshold heat ratings
- Heat temporal summation & 

aftersensation
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Group 3 had greater risk of 
developing persistent knee 
pain over two-year follow-up. 
OR=1.98 (1.07-3.68)

QST Profiles Predict Development of Persistent Knee Pain (PKP)

Carlesso, et al. 2019 Arth Rheum 71: 542-549



Inconsistent Findings Regarding Brain Structure and Pain Sensitivity





Significant increases in gray matter 
volume were observed after TKA in: 
bilateral amygdala, contralateral 
hippocampus, and contralateral PAG. 

In contrast, gray matter volume was 
significantly smaller in bilateral S1 at 
POSTOP compared with PREOP.



Changes in QST Responses Pre to Post-Op
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High Psychological 
Distress

High State of Pain 
Amplification 
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ENVIRONMENTAL
CONTRIBUTIONS

Physical  environment
• e.g. trauma, infection

Social environment
•e.g. life stressors

Culture
• e.g. health beliefs

Demographics

Maixner, et al, 2016 J Pain 17 (Suppl): T93-107

Etiology of Chronic Overlapping Pain Conditions (COPCs)



Conclusions

• COPCs exhibit multiple signs of central sensitization

• Increased # pain conditions associated with greater sensitization

• Sensitization may represent both risk factor and consequence

• Overlapping measures related to sensitization need to be reconciled
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