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Somatosensory Amplification

On June 19 (which was- highly uncharacteristically-
more than a month before this presentation), I searched
“Somatosensory Amplification” & “Pain” on PubMed.

The search returned exactly 41 results, half of which
were only marginally relevant. I had assumed
(apparently incorrectly) that “Somatosensory
Amplification” was a fairly commonly-used term 1n our
field. In comparison, a search for “Pain Modulation”
returned over 2,000 results, and “Central Sensitization™
& “Pain” got almost 2,500.



In the late 1970’s, Art Barsky and others
(many of them in Psychiatry), began writing
regularly about “amplification”, somatization,
and hypochondriasis. For example: “Patients
who amplify bodily sensations.” Barsky Al.
Ann Intern Med, 1979. Later, the term
somatosensory amplification was introduced
and defined as: “the tendency to experience
somatic sensations as intense, noxious, and
disturbing”. Amplification included both
lower-level (sensory) and higher-level
(cognitive-emotional) processes. In the ‘80s
and ‘90s a Somatosensory Amplification
Scale was developed and validated:
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Somatosensory amplification — An old construct from a new perspective™

Ferenc Koteles™, Michael Witthoft”

Table 1

Items of the Somatosensory Amplification Scale and their associations with intero- and
exteroception (i.e. perception of stimuli from within the body or from the environment,

respectively).

Items Interoception Exteroception

1. When someone else coughs, it makes me Yes (secondary)  Yes
cough too

2. I can't stand smoke, smog, or pollutants in Yes (secondary)  Yes
the air

3. I find I'm often aware of various things Yes
happening in my body

4. When I bruise myself, it stays noticeable for = Yes (secondary)  Yes
a long time

5. Sudden loud noises really disturb me Yes

6. I can sometimes hear my pulse or my Yes
heartbeat throbbing in my ear

7. I hate to be too hot or too cold Yes

8.I'm quick to sense the hunger contractionsin  Yes
my stomach

9. Even something minor, like an insect bite or ~ Yes (secondary)  yes

a splinter, really bothers me
10. I have a low tolerance for pain

Yes




Table 2
Empirical studies investigating the association between SSA and various characteristics of
pathological conditions.

Clinical condition Association with References
SSA

1. Pain related
Myo-fascial pain (diagnosis and acute presence Positive [78]
of symptoms)

2

Rheumatoid arthritis (severity of symptoms Positive [79] . o, . .

and medication side effects phenomena need to be explained. Sensitization basically represents
Aspects of chronic pain (diagnosis and Positive [80-82] . . .

location) an acquired characteristic (SS4 does not), SSIA@IS0/CHCOMpPASSEs!
Pain with sexual intercourse in women Positive [83]

(presence of pain)
Non cardiac chest pain (diagnosis) Positive [37,84,85]
Aspects of headache (frequency) and migraine  Positive [86,87]
Migraine (diagnosis, disability, frequency) Positive [88]
Back pain (incidence in children) Positive [86]
Chronic low back pain (disability) Positive [89]
Fibromyalgia (diagnosis) Positive [90]
Aspects of laboratory induced pain (quality, Positive [29,91,92]

intensity)
Non cardiac chest pain (diagnosis) Null [93]
Headache (incidence in boys) Null [86]
VEC?:::;;’;:;":;?&T L ::fn';ts with IBS Null 381 modern health cyberchondriasis
Vulvodynia (diagnosis) Null [94] ” worries i
Laboratory induced pain in chronic pain Null [19] Cognitive side effect

patients (threshold, tolerance) level expectations
Chronic pain (diagnosis) Negative [61] idiopathic health

2. Not pain related environmental

anxiety

Functional dyspepsia (diagnosis) Positive [95,96] intolerances
Infections of the upper respiratory tract Positive [11,97]
(perceived severity symptoms)
Asthma and dispnoe (accuracy of symptom Positive [76,77,98]
reporting, perceived severity of symptoms)
Joint hypermobility syndrome (diagnosis) Positive [99,100]
Visual discomfort (severity) Positive [101] Motivational- somatosensory
Chronic fatigue (severity - longitudinal) Null [102] > . .
Dyspnea after asthma therapy (severity) Null [103] ansetions] bevel ampllﬁcatlon

Chemotherapy induced nausea (severity) Null [104,105]




Comprehensive Review

Patient phenotyping in clinical trials of chronic pain
treatments: IMMPACT recommendations
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In order to give you the option of not
even listening to the rest of the talk but
still absorbing the take-home message,

my answer is going to be that we can
measure these components separately,

but they all inter-relate with one another
and share neurobiological substrates.
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Multivariable Modeling of Phenotypic Risk Factors for First-Onset
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Table 3. Putative TMD Risk Factors With the

Largest Importance Scores

ImrorTANCE
Score

100.0
929
90.7
80.6

Variasie

Count of 20 comorbid conditions
Count of 6 nonspecific orofacial symptoms
Study site

:pp T102-T115
irect.com

TMD: The OPPERA Prospective Cohort Study

Eric Bair,*-'* Richard Ohrbach,” Roger B. Fillingim,' Joel D. Greenspan,“ Ronald Dubner, ¥
Luda Diatchenko, *'**'" Erika Helgeson,* Charles Knott,* William Maixner, *'%

and Gary D. Slade*- /99

Table 1. Lasso Regression Coefficients

Sranparoizep
Vamase HR HR
Somatization (SCLS0R) 1.180
Count of 20 comorbid conditions 1.123
Count of 6 nonspecific orofacial symptoms 1.071
Global sleep score (PSQI) 1.069
Study site (Florida) 1.035 1.057
No. of palpation sites with pain (right temporalis) 1.029
Bodily pain (SF-12v2) 975
Smoking history (never) 984 991
Lifetime U.S. residence (less than all my life) 985 967
Average diastolic BP (orthostatic challenge) 1.013
No. of painful anatomic locations during 1.009
protrusion
No. of palpation sites with pain (left temporalis) 1.008
Negative impact of life events (LES) 1.005
General health (SF-12v2) 996
Count of 10 IBS symptoms 1.003
No. of palpation sites with pain (left TM joint) 1.003

Bodily pain (SF-12v2)

Oral parafunction sum score (OBC) 66.0

Could not open mouth wide in the last month 54.1

Age 51.6

No. of palpation sites with pain (right masseter) 50.0

Marital status 44.7

Somatic symptom reporting (PILL 424

General health (SF-12v2) 318

Ever had orthodontic procedures 293

Race 25.1

OPPERA is widely No. of palpation sites with pain (left masseter) 230

. HRV: total power (lorword Stroop) 19.1

considered one of the No. of painful anatomic locations during protrusion 163

. Average mean arterial pressure (pain-affect Stroop) 16.2

premler (e‘g" thousands No. of different types of headaches in the last year 16.1

Of Sllbj ects detailed Average mean arterial pressure (clorword Stroop) 15.8

. ’ Pain with TMJ noises in the past month 15.4

phenotyping, careful Sleep latency (PSQ) 127

Average heart rate—ECG (pain-affect Stroop) 126

long-term fOllOW'up) Lifetime U.S. residence 124

3 Count of 10 IBS symptoms 119

pros.pectlve. COhOl‘t Functional limitation in jaw opening (JFLS) 11.5

studies of risk factors Self-rated general health 1.1

Could not open mouth wide prior to 1 month ago 108

for the development of a .y 1ceai pover (pain-affect stroop) 108

g g /L0 No. of painful anatomic locations during right lateral 106
chronic pain condition e

Catastrophizing—magnification (PCS) 104




symptoms. Other importan actors were
preexisting bodily pain, heightened somatic awareness,
and greater extent of pain in response to examiners’
palpation of the head, neck, and body.”

§ g . “Partial dependence plots
g 2 for the PILL, etc. The plots
5 s depict the estimated TMD
?2 g o incidence rate that would
B ,' be observed at several

‘g g | ;-,"'." values of the variable after
= S .4 averaging over the values
W P 2 of all other variables in the

81° e s LR model.”
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Psychological Factors Associated With Development of TMD: The
OPPERA Prospective Cohort Study

Roger B. Fillingim,* Richard Ohrbach,’ Joel D. Greenspan,* Charles Knott,*
Luda Diatchenko,%-**-1f Ronald Dubner, Eric Bair, - Cristina Baraian, * Nicole Mack, *
Gary D. Slade, 5599 and William Maixner/-%-11f

which individuals experience 54 common

physical symptoms and sensations on a 5-
category scale (“never or almost never” to
“more than once every week”).”

Variable N Percentage endorsed (%)
I. Acne or pimples on the face 590 70.7
2. Headaches 572 68.6
3. Upset stomach 501 60.1
4. Eyes watering 487 60.6
5. ltchy eyes or skin 484 58
6. Back pain 458 54.9
7. Heartburn or gas 454 54.4
8. Sore muscles 447 53.6
9. Insomnia or difficulty sleeping 438 524
9. Stiff or sore muscles 438 524

10. Running nose 433 51.9

Note. The PILL was scored as a total sum of complaints endorsed as present. Shown in the
Table are the frequencies for common complaints endorsed as present.



Sensitization

Hyperalgesiz _Normal
Pain
Response

Allodynia .
Hyperalgesia —

heightened sense of
pain to noxious stimuli
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Allodynia — pain
resulting from normally
painless stimuli
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Aasvang et al.,
2010,
Anesthesiology

itivity

pain symptoms.

Probability of chronic pain 6 months after surgery
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Pain
pathways

Anterior
cingulate

cortex
Cortex

o Hypo-
) thalamus

-pain-inhibitory processes

Nucleus
cuneiformis
o ‘ Periaqueductal
Midbrain gr2y These endogenous pain
modulation processes are
[ known to operate at various
/Dorsolateral levels Of the CNS
pontine 0
Medulla y tegmentum -Brain
- Rostral ventro- _Splnal cord
medial medulla
Play a determinant role in
Spinal Abor C shaping the subjective
d “nociceptive” 1 1
o ot experience of pain
-Experimental pain
= Descending -Clinical pain
= Ascending




* In humans, the most common methods for assessing
endogenous pain modulation are:

Conditioned pain modulation Temporal summation (TS) of
(CPM) /DNIC paradigms pain paradigms
Pain-inhibition Pain-facilitation
* CPM represents one form of * TS refers to the increased perception
endogenous pain inhibition of pain with repetitive noxious stimuli
* I.Drocess.by .W.hiCh one noxious * Temporal summation of pain suggests
stimulus nhibits or reduces the the involvement of central
perception of a 2nd noxious stimulus sensitization
\4

Pain-inhibition (CPM) & Pain-facilitation (TS)

* Assessed using two distinct psychophysical procedures
* Subserved by distinct neurophysiologic/biologic mechanisms
* Potentially out of balance in many chronic pain conditions




PAIN

Pain facilitation and pain inhibition during
conditioned pain modulation in fibromyalgia and in
healthy controls

Stéphane Potvin®®, Serge Marchand®
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Figure 1. Individual paininhibition or pain facilitation occurring during the condition pain modulation paradigm in healthy controls (A) and patients with fioromyalgia (B).

CPM is studied as a pathophysiologic contributor to chronic pain, as a
trait-like predictor of outcomes, as an outcome of treatment, as a
mechanism that underpins treatment effects, and more . . .



- Daily pain severity

CPM - Reduced physical function

Conditioned Pain Modulation, the DNIC-like Phenomenon

} CPM = (VAS Post — VAS Pre) - Post—opemtive pam

2 .
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Fibromyalgia Healthy Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weigh! 1V, Random, 95% CI 1V, Random, 95% CI
H H H H 1.1.1 Mechanical
Defective Endogenous Pain Modulation in () R o : ew n 2 aw s ompma 1
. ; . . Coppieters et al (2015) (shoulder) 333333 121 133838 222222 22 3.0% 113 [0.48, 1.78] -
- - Hilgenberg-Sydney et al (2016) (cervical) 6.22 256 20 211 139 20 28% 1.96[1.19, 2.72) —_
F | b ro mya l g 1a: A M eta A na I ys IS Of Te m p ora I S umm at on Hilgenberg-Sydney et al (2016) (extratrigeminal) 472 302 20 153 142 20 2.9% 1.32[0.63, 2,02 —_
.. . . . Hilgenberg-Sydney et al (2016) (trigeminal) 59 236 20 207 173 20 2.8% 1.81[1.07, 2.56) —_
Kiauenberg et al (2008) (leftfoot) 355631 0258 35 2208 167494 25 31% 121065, 1.78] -
and Conditioned Pain Modulation Parad 1igms Klauenberg et al (2008) (eft hand) 3155 165196 35 187499 157761 25 34%  0.78[0.25131] -
Klauenberg et al (2008) (right foot) 366438 164816 35 21727 180302 25 31%  0.86(032140) -~
i g Klauenberg et al (2008) (right hand) 295121 155955 35 179473 165196 25 34%  0.71[0.18,1.24] —
’ i * ici i *.71, T2 ¢ i P * Meeus et al (2013) (finger) 258 217 19 1.83 273 18 3.0% 0.30 [-0.35, 0.95) 2
Anthony. Terrence O Brlen, Alicia Deitos, Yolanda Trinanes Pego,* Felipe Fregni, et e b B 258 21t 1% . T ax o I
an d Maria Teresa Carri | | o_de_ | a-Pefna* .8 Staud et al (2003) (right hand) (IS 3) 3146788991 12.46930412 12 10.91743119 11.04885814 24  2.7% 1.74 (0.93, 2.56] —_
Staud et al (2003) (right hand) (ISI 5) 26.97247706  12.3362944 12 13.48623853 14.14302833 24 2.8% 0.97 [0.24, 1.70) —_
Fibromyalgia Healthy Std. Mean Difference Std. Mean Difference  Staud et al (2005) (Both hands #2) 3310486088 247012543 14 39.2468436 201280714 10 23%  -258(-3.72,-145] _ &
Subtotal (95% CI) 318 208 407%  0.77[0.34,1.9]
Study or Sub. rou Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI Heterogeneity: Tau? = 0.55; Chit = 77.66, df = 13 (P < 0.00001); " = 83%
2.1.1 Mechanical Test for overall effect: Z = 3.50 (P = 0.0005)
Coppieters et al (2015) (finger) -0.12  1.256 21 1 1.656 22 6.1% -0.75[-1.37,-0.13] - 142 Thermal heat
Coppieters et al (2015) (shoulder) 0.833 1.833 21 0 2095 22 6.1% 0.41[-0.19, 1.02] ~ Potvin et al (2012) left forearm) 48 %9 72 149 20 39 329 -0.37[:0.76,0.02) -
Hilgenberg-Sydney et al (2016) (cervical) 075 4856 20 1.75 3.304 20 6.0% -0.24 [-0.86, 0.39] -T | Price etal (2002) (hand) 3.55299 053762 15 167884 067601 14 23% 3.00 [1.89, 4.10] —_—
Hilgenberg-Sydney et al (2016) (extratrigeminal) ~ 0.75 4462 20 15 2513 20 6.1% -0.20 [-0.82, 0.42] -1 i ::": S a: gz:; ::ax: t::: g; 3‘;‘;:: :g-g:ggf :: 2;-23“5:: g:gg: g: iiﬁ :‘1’: {gg- :;2 -

" . " - ud et al al 3 X .S 3 ot B .80, 1. =
Hilgenberg-Sydney et al (2016) (trigeminal) 05 5132 20 1426 20 6.0% -0.31-0.93,0.31] —' " Staud et al (2001) (hand) (IS 4) 2818098 2510315 59 40219 2358343 65  3.3% 0,99 [0.61, 1.36] -
Kosek et al (1997) (right thigh) (kPa) 11.8 2478 10 114.8 37.522 10  31% -3.10 [-4.49, -1.72] I — Staud et al (2001) (hand) (ISI 5) 1873006 1553209 50 6.39504 77665 65 3.3% 1.01[0.64, 1.39] =
Meeus et al (2013) (finger) 005 139 19 047 14 18 59% -0.36 [-1.02, 0.29] —t Staud et al (2003) (right hand) 3207709924 19.93872087 11 3297709924 19.93872087 11 27%  0.00(-0.84,0.84] =T

oL Staud et al (2005) (Both hands #1) 3322335025 257398449 14 30.64467005 201325198 10 23%  -2.63[-3.77,-1.48) —_—
Meeus et al (3013) (shoulder) 079 136 19 058 097 18 5'9:5 0.17 [-0.47, 0.82] Staud et al (2007) (feet) (0.08 Hz) 3802083 634213 26 37.24164 608371 23 34%  0.12[0.44,068] B
Subtotal (95% CI) 150 150 453%  -0.38[-0.83,0.08] < Staud et al (2007) (feet) (0.17 Hz) 3880002 529905 26 39.9688 819074 23 3.1%  -0.17[0.73,0.39] -
Heterogeneity: Tau? = 0.30; Chi? = 25.19, df = 7 (P = 0.0007); I> = 72% Staud et al (2007) (hands) (0.08 Hz) 3121622 659952 26 3851351 835765 23 30%  -0.96[-1.56,-0.37] -
i - Staud et al (2007) (hands) (0.17 Hz) 31.21622 6.30663 26 40.94595 8.35765 23 3.0% -1.30 [-1.93, -0.68] e
Test for overall effect: Z = 1.63 (P = 0.10) Staud el al (2008) (hands) (35°C) 1404255 1143407 14 106383 844657 19 29%  0.34[-036,1.03] T
Staud et al (2008) (hands) (38°C) 183226 1131514 14 19.38925 1282441 19  29%  -0.09(-0.78,0.61] -

2.1.2 Thermal heat Staud et al (2008) (hands) (40°C) 20.45431 1010859 14 19.74321 7.01251 19 2.9% 0.08[-0.61, 0.77] -T-

o y i v —ps Staud et al (2014) (hand) (46°C) 65 3030264 38 07 3029785 33  32% 0.24[-0.23, 0.70] -
Caumo et al (2016) 0474 2683, 19) 2850 284 d4: 15.0% 0.88[-1.61,-0.16] Staud et al (2014) (hand) (44°C) 58 2806439 38 54 2278464 33 32%  -0.02[-0.48,045) +
Chalaye et al (2013) (left forearm) 5.7 25 22 188 41 25  45% -3.74[-4.71, -2.76] ” Staud et al (2014) (hand) (48°C) 126 2768754 38 37 3100097 33 32%  0.30[0.17,0.77) -
Kosek et al (1997) (right thigh) (°C) 07 1273 10 1 0843 10 49%  -0.26[-1.14,062] - . Subtotal (95% CI) 608 582 539%  0.49[0.22,060] >
Normand et al (2011) (left forearm) -3 497 29 209 344 40 67%  -0.57[-1.06,-0.08] - Hetarageney T = 066; CH = 15340, 1 =47 (P < 000001 = 01%
Paul-Savoie et al (2012) (left forearm) 09 493 50 29 262 39 69%  -0.68[-1.11,-0.25) - | Tostloroveral eflect:2=0.92 (P = 036)
Potvin et al (2009) (left forearm) 57 43 37 251 357 36 6.8% -0.49 [-0.95, -0.02] ™ 1.1.3 Electrical
Potvin et al (2010) (left forearm) 2 463 48 199 328 50 7.0%  -0.44[-0.85,-0.04] -~ " Lim otal (2016) (right handtrapozium?) 131361 041451 18 086330 027634 21 29% 1.27 (058, 1.97) —
Potvin et al (2016) (left forearm) 55 246 71 141 192 96 74%  -0.40[0.71,-009] - Hkeasat: Nl sopkcaii * SR SRS -
Staud et al (2003) (right hand) 4.237 27.944 11 0.424 21.891 1" 5.1% 0.15 [-0.69, 0.98] - Test for overall effect: Z = 3.58 (P = 0.0003)
Subtotal (95% CI) 297 321 547%  -0.73[-1.16,-0.30] * s cou

. o s P _ ha 1.4 Col
Heterogeneity: Tau? = 0.33; Chi* = 46.51, df = 8 (P < 0.00001); I = 83% Price et al (2002) (hand) 456075934 079054 15 274794 064379 14 25% 2.44(1.44,3.43] -
Test for overall effect: Z = 3.36 (P = 0.0008) Subtotal (95% CI) 15 14 2.5% 2.44[1.44, 3.43] -
. Heterogeneity: Not applicable

Total (95% CI) 447 471 100.0%  -0.57[-0.88, -0.26] . Testfor overal effct: 2= 461 (P < 0.00001)
Heterogeneity: Tau? = 0.31; Chi? = 76.24, df = 16 (P < 0.00001); I = 79% j‘ 2 73 + Total (95% CI) 959 915 1000%  0.51[0.21,0.81] *
Test for overall effect: Z = 3.61 (P = 0.0003) " Heterogeneity: Tau? = 0.68; Chi* = 295.20, df = 33 (P < 0.00001); I* = 89% 3 3 £ T
Test for subaroup differences: Chiz = 1.25, df = 1 (P = 0.26), I = 20.2% Favors [CPMin healthy) Favors [CF et oroveral fec: 2= .35 (= 0.000e) Favors 7S in Hoalthy]Favors [TS in FM]

Test for subaroup differences: Chi? = 20.38, df = 3 (P = 0.0001), I* = 85.3%
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CPM as a function of opioid use
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Endogenous Pain Modulation Profiles Among ™ |
Individuals With Chronic Pain: Relation to Opioid Use -
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Figure 3. Association between conditioned pain modulation and temporal summation as a function of individuals’ opioid status.
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vulnerability factor

catastrophize

Pronun_c)iation: /ke tastrefarz/

(also catastrophise)

VERB

[NO OBJECT] -

View or present a situation as considerably ‘
worse than it actually is: traumatic experiences

can predispose peopW
rddictionaries.com
v ——




Patients often exhibit symptom combinations/clusters



Catastrophizing
Lowest tertile
Middle tertile
Highest tertile

American Joumal of Epidemiology Vol. 156, No. 11
m@ Copyright @ 2002 by the Johns Hopkins Bloomberg School of Public Health Printed in USA.
All rights reserved

DOI: 10.1093/aja/kwf136

Back Pain

H. Susan J. Picavet!, Johan W. S. Vlaeyen?, and Jan S. A. G. Schouten'3

Pain Catastrophizing and Kinesiophobia: Predictors of Chronic Low Back Pain

Current low back Low back pain Severe low back

Chronic low back  Low back pain with

pain (n = 132) limitation (n = 31) pain (n = 39) pain (n = 69) disability (n = 31)
No low back pain at baseline (n = 1,160)
373 1§ 1§ 1§ 1§ 1§
380 09 06,15 07 03,18 1.0 04,25 1.3 07,25 1.9 07,59
345 1.2 08,19 14 086, 3.7 22 1.0,5.0 21 11,39 3.1 11,87

Replicated by Linton, 2005
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The importance of catastrophizing for successful
pharmacological treatment of peripheral

neuropathic pain Cory Toth

Shauna Brady
Melinda Hatfield

Table 3 Medication interventions provided to patients

Number of patients Injtial medication medication Discontinuations
receiving specific medication d dose daily a®g
Amitryptyline 25 (40%) 52 mg 37.3+12.7 My 14/25 (56%)
Nortryptyline 10 (16%) %113 mg 55.7+13.3 mg 5/10 (50%)
Gabapentin 17 (27%) 667.04 123 mg 1.562.7£147.8 mg 7117 (41%)
Pregabalin 10 (16%) 1205242 3 mg 363.3£788 mg Q (40%)
A B
2 -
1] 40 .
£ 0. o
g2e & 304
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>3 -2 | gg 204 19.8+1.1
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0 10 24 30 40 No discontinuation Discontinuation

Catastrophizing Score



Pain (e.g., Impaired Pain Modulation,
Widespread Pain, Side Effects, Etc.)
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The relationship between catastrophizing and
altered pain sensitivity in patients with chronic
low-back pain

Samantha M. Meints®*, Ishtiag Mawla®, Vitaly Napadow®®°, Jian Kong®®, Jessica Gerber®, Suk-Tak Chan®,
Ajay D. Wasan®, Ted J. Kaptchuk®, Christina McDonnell?, Junie Carriere?, Bruce Rosen®, Randy L. Gollub®®,
Robert R. Edwards®

Independent t tests for QST Outcomes.
Outcome
Two-point discrimination—finger

Two-point discrimination—back

P40 pressure

CLBP 165.69 64.66
Point Estimate LL95% ClI UL95%Cl
Total -39.09 -66.22 -11.97
Direct -30.05 -58.17 -1.94
Indirect -9.04 -17.81 251
Catastrophizing
¢ =-30.05*
CLBP > P40 Pressure
c=-39.09**
CLBP > P40 Pressure
Figure 2. The mediating effect of catastrophizing in the relationship between back pain and P40 cuff inflation pressure. *P < 0.05; **P < 0.01. Tt 8‘23' Estimate ;Lf:"’ d ;‘;:5% c
Direct 051 0.06 096
Indirect 0.09 0.01 0.23
P40 Pressure
¢=051°*
Catastrophizing > Pain at Visit
c=0.60**
Catastrophizing > Pain at visit

Figure 4. The mediating effect of pain sensitization (as measured by P40 cuff inflation pressure) in the relationship between catastrophizing pain rating at time of
visit controlling for opioid use and depression. *P < 0.05; **P < 0.01.



Patients with chronic MSK pain,
categorized as high catastrophizers
(n=76) or low catastrophizers
(n=69). Temporal summation
assessed using a series of 10 stimuli
administered with punctate probes.

The Journal of Pain, Vol 8, No 1 (January), 2007: pp 2-10
Available online at ciencedirect.com
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Sex and Pain-Related Psychological Variables Are Associated
With Thermal Pain Sensitivity for Patients With Chronic Low
Back Pain

Steven Z. George, * Virgil T. Wittmer, Roger B. Fillingim,* and Michael E. Robinson®

Pain-related Catastrophizing in Healthy Women Is
Associated With Greater Temporal Summation of and
Reduced Habituation to Thermal Pain

Robert R. Edwards, PhD* Michael T. Smith, PhD,* Gregory Stonerock, BA,
and Jennifer A. Haythornthwaite, PhD*

(Clin J Pain 2006:;22:730-737)

0-100 Pain Intensity Rating

(ANEsTHEsIoLoGgY 2014; 121:1292-301)
Distraction Analgesia in Chronic Pain Patients

The Impact of Catastrophizing

Kristin L. Schreiber, M.D., Ph.D., Claudia Campbell, Ph.D., Marc O. Martel, Ph.D.,
Seth Greenbaum, B.A., Ajay D. Wasan, M.D., M.Sc., David Borsook, M.D., Ph.D.,|
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(J Clin Gastroenterol 2019:53:399-408)

Conditioned Pain Modulation (CPM) is Reduced in Irritable
Bowel Syndrome

A Systematic Review and Meta-Analysis of CPM and the Role
of Psychological Factors

Anna Marcuzzii PhD*1} Rosemary J. Chakiath, PhD,*7}
Philip J. Siddall PhD,t§ John E. Kellow, PhD,f|| Julia M. Hush, PhDq|

Michael P. Jones, PhD,# Daniel S.J. Costa PhD,*7}
and Paul J. Wrigley, PhD*7 }

“In addition, reduced CPM responses were
Lo e significantly correlated with higher anxiety,
stress, and pain catastrophizing (r=0.38).”

“It 1s noteworthy that Piche and colleagues
showed that group differences in CPM
responses were no longer significant when
psychological factors were accounted for in
the analysis. PCS was however found to
independently predict CPM effect and
mediate increased pain-related anxiety
occurring during CPM.”
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Catastrophizing and Opioid-
Induced CPM impairment?

Changes in Pain Sensitivity and Pain Modulation
During Oral Opioid Treatment: The Impact of
Negative Affect

R.R. Edwards, PhD,* A.J. Dolman, BS,*

E. Michna, MD, JD, MPH,* J.N. Katz, MD, MS,!
S.S. Nedeljkovic, MD,* D. Janfaza, MD,*

Z. Isaac, MD,* M.O. Martel, PhD,*

R.N. Jamison, PhD,S and A.D. Wasan, MD, MSc"

6-month study of oral opioid

treatment in patients with chronic
radicular LBP.

Patients high in NA and
catastrophizing (elevated scores on
the HADS, PCS etc) report less
opioid analgesia AND show

decrements in CPM during treatment.

CPM (% Increase in threshold during

conditioning)
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An Experimental Approach to Examining Psychological
Contributions to Multisite Musculoskeletal Pain

Nils Georg Niederstrasser,™ P. Maxwell Slepian,' Tsipora I\/Iankovslgy-Arnold,i
Christian Lariviere,” Johan W. Vlaeyen,* and Michael J. L. Sullivan*

1160 The Journal of Pain Psychology of Multisite Pain
Clinical Orthopaedics 59
Clin Orthop Relat Res (2015) 473:3894-3902 and Related Research’ o

DOI 10.1007/s11999-015-4575-4 ‘A Publication of The Association of Bane and Jint Surgeons®

| CLINICAL RESEARCH

Is There an Association Between Whole-body Pain With
Osteoarthritis-related Knee Pain, Pain Catastrophizing,
and Mental Health?

Amish J. Dave MD, Faith Selzer PhD, Elena Losina PhD,

Kristina M. Klara BS, Jamie E. Collins PhD, Ilana Usiskin BS,

Philip Band PhD, David F. Dalury MD, Richard Iorio MD,
Kirk Kindsfater MD, Jeffrey N. Katz MD, MSc

Catastrophizing Is Associated with Clinical Examination
Findings, Activity Interference, and Health Care Use
Among Patients with Temporomandibular Disorders

J OROFAC PAIN 2005;19:291-300

Differing Psychologically Derived Clusters in People With
Chronic Low Back Pain are Associated With Different
Multidimensional Profiles

Martin Rabey, M .Manip.Th., Anne Smith, PhD, Darren Beales, PhD,
Helen Slater, PhD, and Peter O’Sullivan, PhD

(Clin J Pain 2016;32:1015-1027)

catastrophizers catastrophizers

Figure 1. Percentage of high and low catastrophizers reporting pain after DOMS induction. Percentages are summed for the front
and back of the body drawing.
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Influence of opioid-related side effects on
disability, mood, and opioid misuse risk among
patients with chronic pain in primary care

Robert N. Jamison®*, Kathleen Dorado®, Anna Mei®, Robert R. Edwards?, Marc O. Martel”

Follow-up questionnaires comparison scores between those reporting many medication-related side effects (n = 84) and those reporting
few medication-related side effects at 6 months (n = 88).

Variable All patients (N = 172) High side effects (n = 84) Low side effects (n = 88) P
Interference*
Routine daily 6.7 + 2.6 73+24 6.1+26 t=31t
Social 6.5+ 3.0 72 +26 59+32 t=29t
Outdoor/rec. 70+ 28 73 +26 6.6 +29 NS
Sleep 6.2 + 3.1 6.9 =26 57+ 34 t=29t
Appetite 44+ 33 49 + 33 39+32 t=21%
Work 6.8+ 3.0 78 +24 59+ 31 t=478§
Mood 6.2+ 2.7 69 + 25 55+28 t= 36§
HADS anxiety 9.3+ 45 10.1 £ 4.1 8.5+47 t=23t
HADS depression 93+42 104 = 34 8.2+47 t= 3.4t
HADS total 185+ 77 204 6.5 16.7 + 8.3 t=3.1%
PCS 231+ 136 276 +=13.3 186 £ 125 t=44§
PDI 439 + 16.0 49.3 +10.6 385+ 186 t= 44§

COMM 10.1 £ 82 129 £ 9.2 75*+6.2 t=43§
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presurgical anxiety and acute postsurgical pain after hysterectomy

ab,cd

Patricia R. Pinto . Teresa McIntyre ¢, Armando Almeida™%* Vera Aratijo-Soares %'

The mediating role of pain catastrophizing in the relationship between

PAIN" 153 (2012) 218-226

A consecutive sample of 203 women was assessed before and 48
hours after hysterectomy. Younger age, pre-surgical pain (OR =
2.50, p <.05), pain due to other causes (OR =4.39, p =.001), and
pain catastrophizing (OR = 3.37, p =.001) emerged as the main
predictors of pain severity in multivariate logistic regression.

P-value for pre-surgical anxiety I_F,E,-Ir1 Catastrophizing \

without catastrophizing in the a 7 b
model= .001. P> .3 once .

catastrophizing is added (full —— Post-surgical
mediation). Anxiety N Pain
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Prediction of Pain and Opioid Utilization in the
Perioperative Period in Patients Undergoing
Primary Knee Arthroplasty: Psychophysical and
Psychosocial Factors

Christopher R. Abrecht, MD,* Marise Cornelius,
BS,t Albert Wu, MD," Robert N. Jamison, PhD,t
David Janfaza, MD," Richard D. Urman, MD, MBA,*
Claudia Campbell, PhD,* Michael Smith, PhD,*
Jennifer Haythornthwaite, PhD,* Robert R.
Edwards, PhD," and Kristin L. Schreiber, MD, PhD*

Table 2 Predictors of average pain scores from PODO-2: results of linear regression

Variable

Univariate Linear

Pearson .
Regression

Multiple Linear Regression

Correlation
R Adj R? P

Block Model
Beta AdjR® P

Block 1:
Demographic

Block 2: Previous
pain

Block 3:
Psychosocial

Block 4:

Psychophysical

Block 5: Surgical,
anesthetic

Age

Female gender

BMI

Average pain (BPI)

Widespread Pain
Index

Catastrophizing
(PCS)

Somatization (BSI)

Sleep hours

Anxiety

Depression

Trapezius pressure
pain threshold

Patella pressure pain
threshold

Conditioned pain
modulation

Temporal summation
of pain

Painful after-
sensations

Number of previous
knee surgeries

Number of nonortho-
pedic surgeries

Tourniquet time

Surgical time

Anesthetic type

Intraop opioid

-0.274
0.220
0.199

0.067
0.041
0.032

0.002
0.014
0.026

0.444 0.190 <0.001
0.297 0.088 0.001
0.287 0.074 0.002
0.209 0.036 0.020
—0.300 0.082 0.001
0.102 0.002 0.266
0.081 —0.002 0.376
0.038 0.008 0.676
—0.040 —0.008 0.685
0.015 —0.010 0.888
0.342 0.109 <0.001
0.199 0.031 0.035
0.272 0.067 0.002
—0.003 —0.008 0.970
0.098 0.002 0.098
0.040 —0.006 0.659
0.048 0.004 0.217
0.194 0.030 0.030

—0.028
0.588
0.043

0.163

0.126 0.116  0.234 0.007
0.009 0.880
—0.001 0.965 0.245 0.232
0.080 0.265
—0.097 0.388

0.344  <0.001
0.027  0.001
0.210 0.006  0.386 0.023
0.001  0.795

BMI = body mass index; BPI = Brief Pain Inventory; BSI = Brief Symptoms Inventory; PCS = Pain Catastrophizing Scale; POD

= postoperative day.




Table 4. Putative TMD Risk Factors With the
Largest Importance Scores (by Domain)
IMPORTANCE
Domain VARIABLE Score  Rank
Autonomic HRV: total power (color-word 19.1 15
Stroop)
Average mean arterial pressure 16.2 17
(pain-affect Stroop)
Average mean arterial pressure 15.8 19
(color-word Stroop)
Average heart rate—ECG (pain- 12.6 22
affect Stroop)
HRV: total power (pain-affect 10.8 28
Stroop)
Clinical Count of nonspecific orofacial 92.9 2
symptoms
Oral parafunction sum score (OBC) 66.0 5
Could not open mouth wide in the 54.1 6
last month
N No. of palpation sites with pain 50.0 8
Qo 8 7] (right masseter)
o] . Ever had orthodontic procedures 293 12
o L Demographic Age 51.6 7
8 ° e e Marital status 44.7 9
c 8 .. PR Race 25.1 13
g s A T Lifetime U.S. residence 124 23
‘O IR Satisfaction with financial situation 5.5 58
< et T . Health status  Count of 20 comorbid conditions 100.0 1
- & el e Bodily pain (SF-12v2) 806 4
S 27 A General health (SF-12v2) 318 M
© I oo No. of different types of headaches 16.1 18
.g L L in the last year
7 PP S Sleep latency (PSQI) 127 21
A 8 Trtrees P Pain sensitivity Pressure pain threshold (masseter) 5.8 53
© R L Heat pain ratings of 10 stimuli: area 42 62
.. et Lt under curve (48°C)
Trreeett Pressure pain threshold (trapezius) 3.7 66
P Thermal pain single stimulus rating 3.6 67
= (46°C)
J ' ' J Thermal pain single stimulus rating 35 68
50 100 150 200 (48°C)
Psychosocial ~ Somatic symptom reporting (PILL) 42.4 10
PILL Global Score Catastrophizing—magnification 10.4 30
(PCS)
EPQ Lie scale 9.9 31
Figqre 4. Partial dependgnce plots fonf sellected psychosocial variableg, which show the estimateq TMD incidencg rate for. se.veral Anxiety (SCL-90-R) 9.7 32
possible values of each variable after adjusting for all other OPPERA variables. See Supplementary Figure 7 for a version of this figure Mood—clearheaded/confused 6.5 26

with the y-axes redrawn to show additional detail. -
(POMS-Bi)



As the biopsychosocial model of pain
would lead you to expect, there 1s quite
a bit of overlap between seemingly-
different mechanisms/risk

factors/contributors to the experience
of chronic pain



Biopsychosocial model of pain

Biological-
nociception, tissue
damage and illness

Social-
cultural influences, f PSychological- Gatchel, et al. The biopsychosocial

social support, pain beliefs, approach to chronic pain. 2007.
socio-economic | emotional response, F¥ Pevelialoaieal Sullstn, 1934)

status memories
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Brain glial activation in fibromyalgia — A multi-site positron emission [ ®) |
tomography investigation kg

Daniel S. Albrecht™', Anton Forsberg™, Angelica Sandstrém®?, Courtney Bergan®,

Diana Kadetoff>®*, Ekaterina Protsenko®, Jon Lampa’, Yvonne C. Lee®",

Caroline Olgart Hoglund', Ciprian Catana®, Simon Cervenka®, Oluwaseun Akeju’,

Mats Lekander®®¥, George Cohen', Christer Halldin®, Norman Taylor, Minhae Kim',

Jacob M. Hooker', Robert R. Edwards™, Vitaly Napadow™™, Eva Kosek®®**?, Marco L. Loggia™"?
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Fig. 2. Voxelwise group differences in [''CIPBR28 SUVR A. Surface projection maps displaying areas with significantly elevated [''C]PBR28 SUVR in FM patients
compared to controls (FM — n = 31; HC — n = 27), in voxelwise analyses (KI + MGH sample). B: average + standard deviation SUVR extracted from several of the
clusters identified as statistically significant in the voxelwise SUVR analysis. Data from individual research sites (MGH or KI) are displayed separately, and the
number above each ROI pairing corresponds to the effect size (Cohen’s d) of PET signal differences between FM patients and controls for each site. These data show
that overall SUVR group differences, while larger for the KI dataset, are elevated in FM patients compared to controls in both datasets when evaluated independently.
PMCC - posterior middle cingulate cortex, aMCC - anterior middle cingulate cortex. All data have been adjusted for genotype and injected dose.




Molecular Psychiatry
https://doiorg/10.1038/541380-019-0433-1
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The neuroinflammatory component of negative affect in patients
with chronic pain

D. S. Albrecht' - M. Kim (@' - O. Akeju® - A. Torrado-Carvajal ' - R. R. Edwards” - Y. Zhang? - C. Bergan' -
E. Protsenko' - A. Kucyi'# - A. D. Wasan® - J. M. Hooker' - V. Napadow"* - M. L. Loggia'

25 patients with chronic pain and

277 healthy control subjects scanned

with PET using the second-
generation TSPO ligand
[11C]PBR28. PET signal was
positively associated with BDI
scores 1n patients, and significantly
elevated in patients with mild-to-
moderate depression compared
with controls, in anterior middle
and pregenual anterior cingulate
cortices (aMCC, pgACC).

Fig. 2 Voxelwise |"'C)

PBR2S signal is associated with
depressive symptoms and
clevated in patients with mild-
to-moderate depression.

a Results from the voxelwise
analysis showing clusters where
['CIPBR28 SUVR is
significantly positively
associated with BDL b For
visualization purposes, average
SUVR from the aMCC and
pgACC clusers m pancl (a) are

plotted against BDI, both
adjusted for TSPO
polymorphism. ¢ Results from
the ANCOVA analysis
comparing average aMCC and
pgACC SUVR between cLBP
patients with little-to-no
depression, mild-to-modemte
depression, and controls. P-
values represent results from
post-hoc Dunnett’s tests
comparing both patient
subgroups against to controls.
All values have been adjusted
for age, injected dose, and TSPO
polymorphism

Very strong

correlations
with BDI
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The various elements of Somatosensory
Amplification (e.g, somatization,
sensitization, pain facilitation, diminished
inhibition, hypervigilance, anxiety,
negative mood, catastrophizing, etc.) all
appear to inter-relate with one another and
perhaps have common neurobiological
substrates
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Conclusions

SA has not been well-defined, and the term 1s not widely used.

It shares space with other more-commonly used terms for constructs that
have proven to be important predictors of pain outcomes (somatization,
sensitization, catastrophizing, etc.).

These constructs are all inter-related. For example, catastrophizing 1s
assoclated with amplified TS and diminished CPM . . .

It seems a good bet that these various related/overlapping constructs
share neurobiological substrates (e.g., hyper-connectivity between the
salience network and sensory networks, elevated indices of microglial
activation, etc.).

It 1s probable that different elements of SA predict different outcomes.

Should we be measuring and analyzing these things separately (e.g.,
PILL + PCS + STAI + QST + fMRI + PET ++++++++)?
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