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Why	  is	  this	  important?	  

•  Chronic	  pain	  is	  common	  +	  costly	  
•  It’s	  hard	  +	  stressful	  to	  treat	  
•  There	  are	  increasing	  harms	  from	  opioids	  
•  The	  neurobiology	  of	  pain	  +	  the	  
biopsychosocial	  spiritual	  model	  applied	  to	  
pain	  suggest	  an	  interdisciplinary	  approach	  

•  It	  is	  challenging	  to	  talk	  with	  pa6ents	  about	  
causes/treatment	  of	  chronic	  pain	  



Chronic	  pain	  is	  common	  +	  costly	  

•  Affects	  ~100	  million	  adults	  
•  Reduces	  quality	  of	  life	  
•  Affects	  different	  groups	  disparately	  
•  Costs	  $560-‐635	  billion	  annually	  

IOM.	  	  Relieving	  Pain	  in	  America:	  	  A	  Blueprint	  for	  Transforming	  Preven6on,	  Care,	  Educa6on,	  and	  Research.	  	  Washington,	  DC:	  	  The	  Na6onal	  Academies	  Press.	  	  June	  2011.	  



Chronic	  pain	  is	  hard	  +	  stressful	  to	  treat	  

•  Na6onal	  survey	  of	  HCH	  clinicians	  in	  2010	  (n=101)	  
•  Results	  showed	  clinicians:	  
–  Lacked	  resources	  for	  op6mal	  pain	  management	  
–  Lacked	  access	  to	  non-‐pharmacologic	  pain	  
interven6ons	  

– Were	  uncomfortable	  prescribing	  opioids,	  especially	  if	  
substance	  use	  disorders	  

–  Found	  successful	  pain	  management	  gra6fying	  

	  
Elder	  N,	  et	  al.	  	  Pain	  Management	  Survey	  of	  Heath	  Care	  for	  the	  Homeless	  Clinicians:	  	  Summary	  of	  Results.	  	  Nashville,	  TN:	  	  Health	  Care	  for	  the	  Homeless	  

Clinicians’	  Network,	  Na6onal	  Health	  Care	  for	  the	  Homeless	  Council,	  Inc.	  	  2011.	  



There	  are	  increasing	  harms	  from	  opioids	  
Rates*	  of	  opioid	  pain	  reliever	  (OPR)	  overdose	  death,	  OPR	  treatment	  
admissions,	  +	  kilograms	  of	  OPR	  sold	  -‐-‐-‐	  United	  States,	  1999-‐-‐2010	  

*Age-‐adjusted	  rates	  per	  100,000	  popula6on	  for	  OPR	  deaths,	  crude	  rates	  per	  10,000	  popula6on	  for	  OPR	  abuse	  treatment	  
admissions,	  	  +	  crude	  rates	  per	  10,000	  popula6on	  for	  kilograms	  of	  OPR	  sold.	  
Paulozzi	  LJ,	  et	  al.	  	  Overdoses	  of	  Prescrip6on	  Opioid	  Pain	  Relievers	  –	  United	  States,	  1999-‐2008.	  	  
	  MMWR	  60.43	  	  (2010):87-‐92.	  



There	  are	  increasing	  harms	  from	  opioids	  

•  Mortality	  study	  among	  Boston	  Health	  Care	  for	  
the	  Homeless	  Program	  pa6ents	  seen	  2003-‐2008	  

•  Leading	  cause	  of	  death:	  	  drug	  overdose	  (17%)	  
– Opioids	  implicated	  in	  81%	  -‐	  of	  these:	  

•  Heroin	  in	  13%	  
•  Opioid	  analgesics	  in	  31%	  
•  Other/unspecified	  narco6cs	  in	  60%	  

–  Increased	  3	  fold	  from	  1993-‐1998	  
	  
	  
Baggem	  TP,	  et	  al.	  	  Mortality	  Among	  Homeless	  Adults	  in	  Boston.	  	  JAMA	  Intern	  Med.	  	  Published	  Online:	  	  January	  14,	  2013.	  	  doi:10.1001/jamainternmed.2013.1604	  



Pain	  Defini6ons	  

•  Pain:	  	  An	  unpleasant	  sensory	  +	  emo6onal	  
experience	  associated	  with	  actual	  or	  poten6al	  
6ssue	  damage,	  or	  described	  in	  terms	  of	  such	  
damage	  

•  Chronic	  Pain:	  	  Pain	  that	  persists	  beyond	  
normal	  6ssue	  healing	  6me,	  which	  is	  presumed	  
to	  be	  3	  months	  

	  
(Interna6onal	  Associa6on	  for	  the	  Study	  of	  Pain)	  



Pain	  Defini6ons	  

•  Acute	  pain	  usually	  reflects	  an	  injury	  or	  illness	  
+	  serves	  to	  alert	  us	  to	  protect	  ourselves	  or	  
change	  our	  behavior	  to	  remove	  the	  threat	  or	  
allow	  healing	  

•  Chronic	  pain	  does	  not	  generally	  serve	  this	  
purpose	  



Neurobiology	  

•  Nervous	  system	  (NS)	  
•  Peripheral/central	  NS	  
•  Voluntary/involuntary	  
NS	  

•  Sympathe6c/
parasympathe6c	  NS	  

hmp://www.rugusavay.com/func6ons-‐and-‐parts-‐of-‐nervous-‐system/	  



Neurobiology	  

•  Neuron	  
•  Sensory,	  motor,	  
interneuron	  

•  Neurotransmimers,	  
neuromodulators	  

hmp://users.tamuk.edu/kpab02/Biology/
AnimalPhysiology/B3408%20Systems/BIOL
%203408%20Chapter%2011%20Neurons.htm	  



Neurobiology	  
•  Nocicep6on	  

–  Neural	  processes	  for	  sensing	  +	  
processing	  noxious	  s6muli	  

•  Nociceptor	  
•  C	  fiber,	  A-‐delta	  fiber	  

nerves	  
•  Spinal	  cord	  
•  Neuromodula6on	  
•  Brain	  
•  Pain	  Percep6on	  

–  Awareness	  of	  pain,	  ac6va6on	  
of	  memory	  +	  associa6ons	  when	  
pain	  present	  –	  occurs	  in	  brain	  

hmp://medical-‐dic6onary.thefreedic6onary.com/nocicep6on	  



Neurobiology	  -‐	  Neuromodula6on	  

•  “Amazing	  Pain	  Story:”	  	  
soldiers	  in	  the	  field	  do	  not	  
always	  feel	  pain	  from	  
significant	  war	  wounds	  

•  Inhibitory	  spinal	  neurons	  
•  Inhibitory	  descending	  

pathways	  

•  Gate	  Control	  Theory	  

hmp://www.amazon.com/Photographic-‐control-‐Science-‐
Photo-‐Library/dp/images/B008ZBIV2K	  



•  “Nocicep6on	  is	  neither	  sufficient	  nor	  
necessary	  to	  cause	  pain”	  



Neurobiology	  -‐	  Neuromodula6on	  

•  Descending	  inhibitory	  
pathways	  affect	  
ascending	  pain	  pathways	  
–  periaqueductal	  gray	  (PAG)	  
in	  midbrain	  

–  rostroventral	  medulla	  
(RVM)	  

–  dorsolateral	  funiculus	  (DLF)	  
•  Controlled	  by	  prefrontal,	  

anterior	  cingulate,	  insular	  
cor6ces	  

•  Main	  inhibitors	  
–  Endorphins	  (produced	  in	  

hypothalamus,	  PAG,	  spinal	  cord,	  
PNS)	  

–  Serotonin	  (produced	  in	  PAG,	  
RVM,	  spinal	  cord)	  

–  Norepinephrine	  (appears	  to	  
work	  at	  spinal	  cord	  level)	  

–  GABA	  (appears	  to	  work	  at	  RVM,	  
spinal	  cord	  level)	  

•  Also	  can	  be	  facilita6ve	  



Neurobiology	  -‐	  Modula6on	  

•  Cogni6ve	  modula6on	  
–  Amen6on	  (DLPFC/ACC)	  
–  Expecta6ons	  (DLPFC/	  
VLPFC)	  

–  Reappraisal	  (coping	  
resources,	  perceived	  
control)	  (VLPFC)	  

•  Example:	  	  placebo	  
effect	  

Figure	  3.	  Possible	  neural	  pathways	  of	  cogni6ve	  pain	  modula6on.	  	  ACC,	  
anterior	  cingulate	  cortex;	  DLPFC,	  dorsolateral	  prefrontal	  cortex;	  PAG,	  
periaqueductual	  gray;	  SI,	  primary	  somatosensory	  cortex;	  SII,	  secondary	  
somatosensory	  cortex;	  VLPFC,	  ventrolateral	  prefrontal	  cortex.	  

Wiech	  K	  et	  al.	  	  Neurocogni6ve	  aspects	  of	  pain	  
percep6on.	  	  Trends	  Cogn	  Sci	  12.8	  (2008):306-‐313.	  



Neurobiology	  

•  Neuropathic	  pain	  
–  Injury	  or	  disease	  (toxin,	  infec6on,	  inflamma6on)	  to	  
sensory	  system,	  peripherally	  or	  centrally	  

–  Symptoms:	  	  burning,	  shoo6ng,	  stabbing,	  piercing,	  
electric	  shock	  -‐	  spontaneous	  pain,	  allodynia	  (pain	  
from	  s6mulus	  not	  normally	  painful),	  hyperalgesia	  
(exaggerated	  response	  to	  painful	  s6mulus)	  

–  Pain	  may	  spread	  to	  neighboring	  nerve	  distribu6on	  or	  
other	  side	  of	  body	  

–  Sensi6za6on	  of	  nocicep6ve	  neurons	  (both	  primary/
secondary	  order)	  occurs	  



Neurobiology	  

•  Peripheral	  sensi6za6on	  -‐	  hyperalgesia	  
– Decreased	  threshold,	  increased	  responsiveness	  of	  
nociceptors	  when	  exposed	  to	  inflammatory	  
mediators/damaged	  6ssue	  

– Mechanism:	  	  changes	  in	  receptors,	  ion	  channels,	  
proteins,	  in	  nociceptor	  

– Restricted	  to	  site	  of	  injury	  
– Generally	  requires	  ongoing	  peripheral	  pathology	  



Neurobiology	  
•  Central	  Sensi6za6on	  

–  “Abnormal	  state	  of	  responsiveness	  or	  increased	  gain	  of	  the	  
nocicep6ve	  system”	  

–  Triggered	  by	  nocicep6ve	  inputs;	  centrally	  mediated	  
–  Shiw	  from	  high	  threshold	  nocicep6on	  to	  low	  threshold	  pain	  

hypersensi6vity	  
–  Not	  coupled	  with	  presence,	  intensity,	  dura6on	  of	  peripheral	  s6muli	  
–  Increased	  sensi6vity	  persists	  awer	  peripheral	  cause	  resolved	  
–  Development/increases	  in	  spontaneous	  ac6vity,	  reduc6on	  in	  

threshold	  for	  ac6va6on,	  increased	  response	  to	  suprathreshold	  
s6mula6on,	  enlargement	  of	  recep6ve	  fields	  

–  Secondary	  pain	  hypersensi6vity	  (unaffected	  6ssue)	  by	  changing	  
response	  to	  normal	  inputs	  

–  Target	  for	  treatment:	  	  central	  nervous	  system	  

Latremoliere	  A	  +	  Woolf	  CJ.	  	  Central	  Sensi6za6on:	  	  A	  Generator	  of	  Pain	  Hypersensi6vity	  by	  Central	  Neural	  Plas6city.	  	  J	  Pain	  
10.9	  (2009):895-‐926.	  



Neurobiology	  –	  Sensi6za6on	  

hmp://www.sciencedirect.com/science/ar6cle/pii/S1526590009006099	  



Neurobiology	  

•  Stress/endocrine/	  system	  
–  Pain	  considered	  a	  threat,	  body	  engages	  mechanisms	  to	  
restore	  homeostasis	  

– Major	  consequence	  of	  homeosta6c	  imbalance	  is	  stress	  
–  Stressors	  ac6vate	  autonomic	  NS	  (epinephrine	  release)	  +	  
hypothalamus/pituitary/adrenal	  axis	  (cor6sol	  release	  –	  
glucose/metabolism	  increase	  to	  restore	  homeostasis)	  

–  If	  prolonged,	  can	  affect	  muscles	  (atrophy),	  6ssues	  
(growth/repair),	  immune	  system	  (suppression),	  brain	  
(changes	  in	  hippocampus)	  –	  can	  lead	  to	  condi6ons	  for	  
development/maintenance	  of	  chronic	  pain	  syndromes	  



•  “Amazing	  Pain	  Story:”	  	  
Many	  people	  who	  lose	  
a	  limb	  experience	  a	  
phantom	  limb;	  some	  
have	  chronic	  pain	  in	  the	  
phantom	  limb.	  

Melzack	  R.	  	  Evolu6on	  of	  the	  Neuromatrix	  Theory	  of	  Pain.	  	  Pain	  Prac6ce	  5.2	  (2005):85-‐94.	  



Neuromatrix	  



Neuromatrix	  
•  Central	  anatomical	  “substrate”	  of	  the	  body-‐self	  
•  Widespread	  network	  of	  neurons,	  with	  loops	  between	  thalamus/cortex,	  

cortex/limbic	  system	  
•  Gene6cally	  determined,	  modified	  by	  sensory	  inputs	  
•  Loops	  diverge/converge	  –	  parallel	  processing,	  interac6ons	  of	  outputs	  

of	  processing	  –	  in	  characteris6c	  pamerns:	  	  neurosignature	  
•  Neurosignature	  pamerns	  diverge	  

–  Sen6ent	  neural	  hub:	  converts	  flow	  of	  neurosignatures	  into	  
awareness	  

–  Ac6on	  neuromatrix:	  	  ac6va6on	  provides	  pamern	  of	  movements	  
•  “widespread	  network	  of	  neurons	  which	  generates	  pamerns,	  processes	  

informa6on	  that	  flows	  through	  it,	  +	  ul6mately	  produces	  the	  pamern	  
that	  is	  felt	  as	  a	  whole	  body”	  



Neuromatrix	  Theory	  of	  Pain	  

•  “pain	  is	  a	  mul6dimensional	  experience	  
produced	  by	  characteris6c	  “neurosignature”	  
pamerns	  of	  nerve	  impulses	  generated	  by…
[the]	  neuromatrix”	  

•  “neurosignature	  pamerns	  may	  be	  triggered	  by	  
sensory	  inputs,	  but	  they	  may	  also	  be	  
generated	  independently	  of	  them”	  	  

Melzack	  R.	  	  Evolu6on	  of	  the	  Neuromatrix	  Theory	  of	  Pain.	  	  Pain	  Prac6ce	  5.2	  (2005):85-‐94.	  



Neuromatrix	  Theory	  of	  Pain	  



•  “Nocicep6on	  is	  neither	  sufficient	  nor	  
necessary	  to	  cause	  pain”	  



Neurobiology	  –	  what	  this	  all	  means	  
•  Pain	  is	  a	  product	  of	  the	  brain	  
•  Pain	  does	  not	  necessarily	  represent	  a	  threat	  
•  The	  amount	  of	  pain	  does	  not	  necessarily	  relate	  to	  the	  
amount	  of	  6ssue	  damage	  

•  When	  pain	  persists,	  the	  nervous	  system	  becomes	  more	  
sensi6ve	  +	  excitable	  

•  When	  pain	  persists,	  the	  brain	  (including	  thoughts	  +	  
feelings)	  +	  response	  systems	  (e.g.,	  stress)	  become	  
more	  involved	  +	  can	  contribute	  to	  (or	  reduce)	  the	  pain	  

•  Nocicep6on	  contributes	  less	  over	  6me	  to	  pain	  
percep6on	  



Biopsychosocial	  Spiritual	  Model	  of	  
Pain	  

•  Pain	  (like	  other	  illnesses)	  is	  the	  result	  of	  the	  
ongoing	  interac6on	  of	  physiological,	  
psychological,	  social,	  +	  spiritual	  factors,	  all	  of	  
which	  affect	  +	  may	  worsen	  symptoms,	  
func6on,	  +	  disability	  

•  Pain	  a	  unique	  experience	  for	  each	  individual	  
•  Pain	  treatment	  calls	  for	  interdisciplinary	  
approach	  

Gatchel	  RJ	  et	  al.	  	  The	  Biopsychosocial	  Approach	  to	  Chronic	  Pain:	  	  Scien6fic	  Advances	  +	  Future	  Direc6ons.	  	  
Psychological	  Bulle6n	  133.4	  (2007):581-‐624.	  



Biopsychosocial	  Spiritual	  Model	  of	  
Pain	  

hmp://www.sciencedirect.com/science/ar6cle/pii/S1524904211001299	  



Treatment	  

•  Pain	  has	  mul6ple	  components	  
•  Op6mal	  treatment	  will	  reflect	  this	  
•  No	  clear	  data	  on	  which	  combina6ons	  are	  best	  
– Weigh	  harms/benefits	  
– Consider	  co-‐exis6ng	  condi6ons	  (e.g.,	  mental	  
illness/substance	  abuse)	  

– Consider	  other	  poten6al	  benefits	  of	  non-‐
pharmacologic	  treatments	  (e.g.,	  improved	  self	  
efficacy,	  physical	  fitness)	  



Brain and CNS Basic Principles 
	  

•  Inhibition and stimulation 
•  Homeostasis: generally if something effects 
the system there is a reaction that tries to put the 
system back in balance 
•  Short term stress responses 
•  Long term neuroplasticity 
•  Allostasis 
– Excessive inhibition and excessive stimulation may 

be difficult for the system to balance and unexpected 
negative effects can occur 



Brain and CNS Basic Principles 
	  

•  The thinking Part of the brain is connected to 
everything else fortunately not directly 
•  the emotional part of the brain is connected to 
everything else fortunately not directly 
•  Memory is connected to everything else 
fortunately not directly 
– Habit is a closely related phenomenon 



Focus	  topics	  
•  Topical	  therapy	  

–  Local	  anesthe6cs	  
–  Capsaicin	  

•  Opioids	  
•  TCA’s	  and	  SNRI’s	  
•  AED’s	  
•  Cannabinoids	  
•  Transcranial	  and	  deep	  brain	  

s6mula6on	  
•  Physical	  Ac6vity	  /	  Exercise	  
•  Acupuncture	  
•  Psychotherapy	  

•  Pain	  educa6on	  
•  Mindfulness	  
•  Placebo	  
•  Nocebo	  
•  Depression	  treatment	  
•  Pain	  and	  Pleasure	  
•  Chemical	  and	  other	  

dependency	  
•  Traumas	  and	  Losses	  
•  Spiritual	  Approaches	  



Local	  Anesthe6c:	  	  
	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Na+	  channels	  
neurotransmimers	  



Topical	  Anesthe6c	  
e.g.	  lidocaine	  patch	  

•  Patches	  or	  gels	  effec6ve	  for	  some	  neuropathic	  
pain	  

•  May	  be	  effec6ve	  for	  deeper	  (e.g.	  joint	  pain,	  
low	  back	  pain)	  

•  Could	  relief	  of	  pain	  this	  way	  lead	  to	  longer	  
term	  relief	  by	  decreasing	  central	  sensi6za6on	  
and	  helpful	  neuroplas6city?	  



Topical	  therapy:	  	  
Capsaicin	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Substance	  P	  
•  TRPV1	  
channels	  
(endovanilloids,	  
nonselec6ve	  ca6on	  &	  
various	  physical	  and	  
chemical	  s6mula6on)	  

neurotransmimers	  



Capsaicin	  

•  8%	  patch	  provides	  long	  term	  effect	  by	  
“defunc6onaliza6on”	  of	  nociceptor	  fibres.	  

•  Repeated	  applica6ons	  of	  lower	  concentra6on	  
Capsaicin	  has	  same	  effect	  

•  This	  is	  interes6ng	  example	  of	  using	  peripheral	  
neuroplas6city	  for	  therapeu6c	  effect	  	  



opioids	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Beta-Endorphin – 
mu receptors 

•  Enkephalins – delta 
receptors 

•  Dynorphins – 
kappa receptors	  	  

•  Extensive	  interac6on	  
with	  dopamine,	  
serotonergic,	  and	  endo-‐
cannabinoid	  systems	  in	  
the	  CNS	  

•  Extensive	  interac6on	  
with	  the	  immune	  system	  
and	  neuro-‐endocrine	  
stress	  response	  in	  the	  
periphery	  

neurotransmimers	  



opioids	  
•  Analgesic	  effect	  of	  opioids	  much	  more	  complex	  than	  simply	  

causing	  a	  stop	  sign	  for	  pain	  impulses	  in	  the	  brain	  
–  Effects	  are	  modulated	  by	  placebo	  and	  nocebo	  effects	  –	  that	  is	  
cogni6ve	  systems	  

•  Effec6ve	  opioid	  analgesics	  that	  just	  work	  at	  a	  peripheral	  
level	  would	  be	  very	  desirable	  if	  they	  can	  be	  developed	  

•  Effec6ve	  combina6on	  medica6ons	  that	  use	  cannabinoid	  
and	  opioid	  ac6vity	  at	  levels	  not	  causing	  adverse	  effects	  
would	  be	  very	  desirable	  if	  they	  can	  be	  developed	  

•  Opioid	  Induced	  Hyperalgesia	  



TCA’s	  and	  SNRI’s	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  NA	  
•  5HT	  
•  adenosine	  
•  Na+	  channels	  
•  Ca++	  channels	  
•  Complex	  interac6on	  

with	  endogenous	  
opioid	  systems	  

neurotransmimers	  



TCA’s	  and	  SNRI’s	  
•  Any	  effec6ve	  an6-‐depressant	  (medica6on	  or	  
psychotherapy)	  is	  likely	  to	  be	  very	  effec6ve	  for	  
pain	  in	  a	  depressed	  pain	  pa6ent	  

•  Strong	  Placebo	  component	  
•  Difficult	  Adverse	  effects	  profile	  
•  Start	  Low	  Go	  Slow	  
•  Drug-‐drug	  interac6ons	  caused	  by	  Cyp	  2D6	  
inhibi6on	  
–  Failure	  to	  metabolize	  codeine	  
–  Risk	  with	  tramadol	  (risk	  of	  serotonin	  syndrome)	  



AED’s	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Na+	  channels	  
(VGSCs	  /	  Nav)	  

•  Ca++	  channel	  
(α2-δ Ligands 
Gabapentin and 
Pregabalin)	  	  

•  Glutamate	  and	  
NMDA	  

•  GABA	  and	  
Glycine	  

neurotransmimers	  



AED’s	  

•  Gabapen6n,	  Pregabalin,	  Topiramate,	  
Lamotragine,	  Carbamazapine,	  Oxcarbazepine,	  
others	  
– Some	  are	  FDA	  approved	  for	  some	  pain	  indica6ons	  
others	  are	  not.	  

– Evidence	  is	  mixed	  
– When	  using	  watch	  out	  for	  adverse	  effects,	  drug	  
interac6ons,	  	  and	  establish	  endpoints	  for	  
effec6veness	  



Cannabinoids	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Anandamide	  
•  Other	  endocannabinoids	  
•  Extensive	  interac6on	  with	  

opioid	  systems	  	  and	  with	  
acetylcholine, 
noradrenaline, 
dopamine, 5-
hydroxytryptamine, γ-
aminobutyric acid, 
glutamate, D-aspartate 
and cholecystokinin 

neurotransmimers	  



Cannabis	  

•  Very	  strong	  theore6cal	  reasons	  to	  think	  
cannabinoids	  would	  be	  beneficial	  for	  pain	  

•  Very	  ac6ve	  area	  for	  pharmaceu6cal	  
development	  

•  Pros	  and	  cons	  of	  medical	  marijuana	  for	  pain	  
are	  complex	  



Transcranial	  and	  Deep	  Brain	  
S6mula6on	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Sensorimotor	  
cortex,	  ACC	  

•  PAG,	  thalamus	  

Neuro-‐anatomy	  



Brain	  Techniques	  

•  Non-‐invasive	  transcranial	  magne6c	  and	  
transcranial	  direct	  current	  

•  Invasive	  deep	  brain	  s6mula6on	  
•  Stay	  tuned	  for	  more…	  



Physical	  Ac6vity	  /	  Exercise	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Opioid	  
pep6des	  

•  DA	  
•  NA	  
•  Many	  others	  

neurotransmimers	  



Physical	  Ac6vity	  

•  “any	  body	  movement	  that	  works…muscles	  +	  
requires	  more	  energy	  than	  res6ng”	  (NHLBI)	  

•  Some	  evidence	  to	  support	  benefits	  of:	  
– Aerobic	  exercise	  
– Anaerobic/strengthening	  exercise	  
– Stretching/flexibility	  (yoga,	  pilates,	  Tai	  Chi)	  

•  These	  also	  affect	  mind-‐body	  awareness	  

Sullivan	  AB	  et	  al.	  	  The	  Role	  of	  Exercise	  +	  Types	  of	  Exercise	  in	  the	  Rehabilita6on	  of	  Chronic	  Pain:	  	  Specific	  +	  Nonspecific	  	  
Benefits.	  	  Curr	  Pain	  Headache	  Rep	  16	  (2012):153-‐161.	  



Physical	  Ac6vity	  

•  Exercise	  ac6vates	  endogenous	  analgesia	  (release	  of	  
opioids	  from	  pituitary/hypothalamus),	  increases	  
supraspinal	  nocicep6ve	  inhibitory	  mechanisms	  via	  
norepinephrine	  +	  opioids	  (via	  hypothalamus/
periadueductal	  grey)	  

•  May	  also	  increase	  body	  awareness	  (distract	  amen6on	  
from	  pain)	  

•  Other	  possible	  benefits:	  	  decondi6oning	  may	  worsen	  
pain;	  exercise	  may	  improve	  other	  aspects	  of	  health	  

•  May	  have	  effects	  through	  an6-‐depressant	  effect	  and	  
general	  cogni6ve	  effects	  of	  ac6va6on	  



Physical	  Ac6vity	  

•  In	  some	  types	  of	  chronic	  pain,	  analgesia/
inhibi6on	  do	  not	  occur	  
– Tailor	  recommenda6ons	  
– Focus	  on	  preven6ng	  flares	  

Dysfunc6onal	  Endogenous	  Analgesia	  During	  Exercise	  in	  Pa6ents	  with	  Chronic	  Pain:	  	  To	  Exercise	  or	  Not	  to	  Exercise?	  	  
Pain	  Physician	  15	  (2012):EW205-‐ES213.	  



Acupuncture	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory ? 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  ?	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  
?	  

•  Opioid	  
pep6des	  

•  CCK-‐8	  
•  5-‐HT	  
•  NA	  
•  Glutamate	  
•  GABA	  
•  SP	  
•  adenosine	  

neurotransmimers	  



Acupuncture	  

Zhao,	  Z.-‐Q.	  (2008).	  Neural	  mechanism	  underlying	  acupuncture	  analgesia.	  Progress	  in	  Neurobiology,	  85(4),	  355–375.	  doi:10.1016/j.pneurobio.2008.05.004	  



Psychotherapy	  
	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Opioid	  
pep6des	  

•  Many	  others	  

neurotransmimers	  



Psychotherapy	  

•  Decreasing	  Catastrophizing	  Thinking	  
•  Focus	  of	  amen6on	  
•  Re-‐appraisal	  changes	  pain	  experience	  
– Of	  experience	  of	  pain	  
– Of	  meaning	  of	  pain	  

•  Empathy	  reduces	  pain	  
•  Thoughts,	  emo6ons,	  and	  behaviors	  are	  all	  
amenable	  to	  treatment	  



Cogni6ve,	  Affec6ve,	  and	  Behavioral	  
Pain	  Coping	  Strategies	  

•  “Ac6ve”	  strategies	  ac6vate	  opioid	  pep6des	  and	  other	  
systems	  and	  inhibit	  pain	  mechanisms	  
–  Distrac6on,	  Reappraisal,	  certain	  types	  of	  medita6on	  and	  
religious	  prac6ce,	  relaxa6on	  strategies	  

•  Passive	  strategies	  that	  reinforce	  sense	  of	  helplessness	  
suppress	  opioid	  pep6de	  func6on	  and	  facilitate	  pain	  
mechanisms	  
–  Catastrophizing	  –	  rumina6on,	  pessimism,	  	  

•  CBT,	  guided	  imagery,	  hypnosis	  	  –	  fair	  to	  good	  evidence,	  
behavioral	  therapy	  –	  evidence	  against	  effec6veness,	  
pschodynamic,	  interpersonal,	  DBT	  –	  inadequate	  evidence	  

•  Sugges6on	  of	  long	  term	  benefit	  with	  posi6ve	  
neuroplas6city	  



Pain	  Educa6on	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

neurotransmimers	  



Pain	  Educa6on	  

•  Presumed	  to	  work	  through:	  
– Cogni6ve	  re-‐appraisal	  processes	  
– Addressing	  catastrophizing	  
–  Increasing	  movement	  



Educa6on	  
•  Neuroscience	  educa6on	  has	  posi6ve	  effects	  on	  pain,	  

func6on/disability,	  catastrophiza6on	  
•  May	  affect	  movement,	  exercise,	  ability	  to	  tolerate	  

discomfort	  
•  Cogni6ve-‐based	  educa6on:	  

–  Neurobiology/physiology	  of	  pain,	  pain	  processing	  of	  nervous	  system	  
–  How	  modula6on,	  sensi6za6on,	  brain	  processing	  interpret	  informa6on	  from	  6ssues,	  

affect	  pain	  experience	  
–  Pain	  experience	  determined	  by	  nervous	  system	  processing	  of	  injury	  including	  

psychosocial	  aspects	  
–  Pain	  not	  always	  a	  true	  representa6on	  of	  status	  of	  6ssues	  

•  Combining	  educa6on	  with	  movement	  can	  increase	  physical	  
capacity,	  reduce	  pain,	  improve	  quality	  of	  life	  

Louw	  A	  et	  al.	  	  The	  Effect	  of	  Neuroscience	  Educa6on	  on	  Pain,	  Disability,	  Anxiety,	  +	  Stress	  in	  Chronic	  Musculoskeletal	  Pain.	  	  
Arch	  Phys	  Med	  Rehabil	  92	  (2011):2041-‐2056.	  



Mindfulness	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  ACC	  via	  PAG	  
Neuro-‐anatomy	  



Mindfulness	  

•  Focused	  Amen6on	  (FA)	  and	  Open	  Appraisal	  
(OA)	  medita6on	  may	  have	  different	  effects	  

•  Differences	  in	  experienced	  meditators	  and	  
newly	  trained	  



Placebo	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  DLPFC	  via	  ACC	  
•  Opioid	  systems	  
•  Endocannabinoid	  

systems	  
•  Dopamine	  

systems	  

Neuro-‐anatomy	  /
neurotransmimers	  



Placebo	  

•  Words	  and	  rituals,	  symbols	  and	  meanings	  
•  Always	  related	  to	  the	  treatment	  context	  
•  Acts	  in	  thinking	  parts	  of	  brain	  
•  Closely	  related	  to	  reward	  systems	  
•  Pa6ents	  with	  Alzheimer's	  disease	  and	  possibly	  
other	  condi6ons	  affec6ng	  pfc	  have	  less	  placebo	  
response	  

•  It	  is	  appropriate	  to	  do	  whatever	  is	  possible	  to	  
poten6ate	  placebo	  effects	  



Nocebo	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  Thalamus,	  
Insula,	  PFC,	  
ACC	  

•  CCK-‐1,	  CCK-‐2	  

Neuro-‐anatomy	  /
neurotransmimers	  



Nocebo	  

•  Based	  on	  expecta6ons,	  past	  experience,	  	  
•  Disclosure	  of	  adverse	  effects	  may	  cause	  harm	  
to	  some	  pa6ents	  and	  new	  ethical	  paradigms	  
may	  need	  to	  be	  developed	  



Depression	  Treatment	  	  and	  Pain	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  5HT	  
•  NA	  
•  DA	  

neurotransmimers	  



Depression	  Treatment	  	  and	  Pain	  

•  Pain	  and	  depression	  frequently	  co-‐occur	  and	  
outcomes	  are	  worse	  

•  Depression	  may	  be	  more	  amenable	  to	  
treatment	  than	  pain	  



Pain	  and	  Pleasure	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  DA	  
•  EC	  
•  OP	  

neurotransmimers	  



Pain	  and	  Pleasure	  

•  Overlapping	  systems	  anatomically	  and	  
neurotransmimers	  

•  Brain	  needs	  to	  decide	  between	  compe6ng	  
pleasant	  and	  aversive	  events	  

•  Always	  modulated	  by	  meaning	  and	  context	  



Chemical	  (and	  other)	  Dependence	  and	  
Pain	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

•  OP	  
•  DA	  
•  EC	  

neurotransmimers	  



Chemical	  (and	  other)	  Dependence	  and	  Pain	  

Thurman,	  J.,	  Koob,	  G.	  F.,	  &	  Gutstein,	  H.	  B.	  (2010).	  Opioids,	  Pain,	  the	  Brain,	  and	  Hyperka6feia:	  A	  
Framework	  for	  the	  Ra6onal	  Use	  of	  Opioids	  for	  Pain.	  Pain	  Medicine,	  11(7),	  1092–1098.	  doi:10.1111/j.
1526-‐4637.2010.00881.x	  



Traumas	  and	  Losses	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

neurotransmimers	  



Traumas	  and	  Losses	  

•  Shared	  vulnerabili6es,	  Mutual	  maintenance,	  
Fear-‐Avoidance,	  Triple	  Vulnerability	  

•  Par6al	  overlap	  in	  stress	  processing	  and	  pain	  
modula6on	  areas	  of	  the	  brain	  
– ACC	  

•  Considering	  prevalence	  of	  PTSD	  and	  co-‐
morbid	  pain	  needs	  much	  more	  research	  



Spiritual	  Approaches	  

•  Nerve endings 
•  Nerve fibers 
•  Spine and 
brain stem 
•  Thinking 
systems of brain 
•  Emotional 
systems of brain 
•  Memory 
•  ??? 

•  Inhibi6on	  
•  Facilita6on	  
•  Restore	  
homeostasis	  

•  Decrease	  
stress	  

•  Increase	  
neuroplas6city	  

neurotransmimers	  



Prayer	  

•  One	  of	  the	  most	  common	  pain	  management	  
strategies	  globally	  

•  Prayer	  is	  a	  complex	  of	  ac6vi6es	  not	  easily	  
reducible	  or	  studied	  

•  Prayer	  when	  studied	  for	  pain	  management	  
has	  had	  mixed	  results	  

•  Some	  forms	  of	  prayer	  ac6vate	  or	  deac6vate	  
brain	  ac6vity	  in	  areas	  related	  to	  pain	  
modula6on	  



Medita6on	  and	  Contempla6on	  

•  Religious	  medita6on	  and	  contempla6on	  adds	  
principle	  of	  “meaning”	  to	  similar	  secular	  
ac6vi6es	  

•  In	  limited	  studies	  meaningfulness	  had	  added	  
benefit	  on	  pain	  coping	  
– Fmri	  studies	  of	  devout	  Catholics	  contempla6ng	  
BVM	  

– Various	  medita6on	  studies	  



Communica6ng	  with	  Pa6ents	  

Butler	  D	  et	  al.	  	  Explain	  Pain.	  	  Noigroup	  Publica6ons,	  Adelaide,	  Australia,	  2012.	  



Communica6ng	  –	  What’s	  Going	  On	  
•  “When	  pain	  persists,	  the	  danger	  alarm	  system	  
becomes	  more	  sensi6ve.”	  

•  “The	  danger	  messenger	  neurone	  becomes	  more	  
excitable.”	  

•  “The	  brain	  starts	  ac6va6ng	  neurones	  that	  release	  
excitatory	  chemicals.”	  

•  “Response	  systems	  become	  more	  involved	  +	  start	  
contribu6ng	  to	  the	  problem.”	  

•  “Thoughts	  +	  beliefs	  become	  more	  involved	  +	  start	  
contribu6ng	  to	  the	  problem.”	  

•  “Danger	  sensors	  in	  the	  6ssues	  contribute	  less	  +	  less	  to	  
the	  danger	  message	  arriving	  at	  the	  brain.”	  



Communica6ng	  –	  What	  To	  Do	  

•  “Modern	  management	  models	  incorporate	  the	  current	  
scien6fic	  knowledge	  +	  do	  not	  focus	  solely	  on	  6ssues.”	  

•  “These	  models	  recognise	  the	  importance	  of	  alarm	  
system	  sensi6vity,	  fears,	  a~tudes	  +	  beliefs	  in	  a	  chronic	  
pain	  state.”	  

•  “How	  you	  understand	  +	  cope	  with	  pain	  affects	  your	  
pain	  as	  well	  as	  your	  life.”	  

•  “Many	  people	  with	  persistent	  pain	  relate	  to	  the	  ‘pain	  is	  
your	  guide’	  or	  ‘boom-‐bust’	  cycles….	  [T]hese	  cycles	  are	  
not	  helpful	  +	  lead	  to	  dras6c	  limita6on	  of	  ac6vity	  +	  
meaning	  in	  life.”	  



Communica6ng	  –	  What	  To	  Do	  
•  “Educa6on	  +	  understanding	  are	  cri6cal	  for	  you	  to	  
overcome	  pain	  +	  return	  to	  life.”	  

•  “A	  key	  is	  to	  understand	  why	  your	  hurts	  won’t	  
harm	  you	  +	  that	  your	  nervous	  system	  now	  uses	  
pain	  to	  protect	  at	  all	  costs,	  not	  to	  inform	  you	  
about	  damage.”	  

•  “Purposefully	  seek	  out	  ac6vi6es	  that	  produce	  
danger-‐reducing	  chemicals.”	  

•  “By	  mastering	  your	  situa6on	  +	  then	  planning	  
your	  return	  to	  normal	  life,	  you	  will	  be	  able	  to	  do	  
so.	  	  The	  research	  shows	  that	  it	  can	  work.”	  



Thank	  You	  to	  All	  My	  Colleagues	  at	  
Tom	  Waddell	  Health	  Center	  and	  Our	  

Many	  Partners	  
	  

Thank	  You	  to	  My	  Pa6ents	  Who	  I	  
Learn	  From	  Every	  Day	  



Next	  Steps	  

•  Based	  on	  this	  talk,	  think	  about	  1	  thing	  you	  can	  
do	  when	  you	  return	  to	  work	  to	  improve	  your	  
care	  of	  pa6ents	  with	  chronic	  pain.	  

•  Share	  with	  someone	  si~ng	  near	  you.	  


