
Anatomy, 
Phys iol ogy, a nd 

Pha r ma col ogy of  
Pa in



1.

Int r oduct ion



Pain

✘ Pain is not one way transmission of from the periphery to the brain
✘ Surgery causes multiple changes to the structure and function pain 

pathways that magnify pain transmission
✘ Many patients have pre- existing disease of their pain pathways
✘ Understanding diseases of the pain pathways is crucial for treating 

pain



Pain

✘ Over 50% of surgical patients report poor post- operative pain 
control
○ Dela ys wound hea ling, prolongs hospit a l st a ys, increa sed 

complica t ions, increa sed cost s, increa ses risk of chronic post -
surgica l pa in

✘ Chronic post - surgica l pa in a ccount s for over 50% of chronic pa in
○ Chronic pa in is more preva lent  tha n a ll forms of ca ncer 

combined
✘ Long t erm opioid use a ft er surgery is t he most  common surgica l 

complica t ion
○ 1:10- 1:15



2.

Ana t omy & Phys iol ogy



Pain

✘ Is an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage.
○ Tra nsmission

■ Periphera l nerves (1st order neurons)
■ Spine (2nd order neurons)

○ Percept ion
■ Bra in (3rd order neurons)

● Pa in Psychology
○ Opt imism vs pessimism
○ Self- effica cy vs ca ta st rophizing
○ Ha ppiness vs depression, a nger, a nd fea r
○ Act ive coping vs pa ssive a voida nce



Peripheral Nervous System

✘ A Beta
○ Touch a nd pressure
○ Interneuron

✘ A Delt a
○ First / Fa st  Pa in response

✘ C
○ Slow/ long pa in response
○ Mecha no/ therma l/ chemo responsive
○ 15% silent  respond only to infla mma t ion



Central Nervous System

✘ Peripheral nerves synapse with the spinal nerves at the Rexed
Lamina of the spinal cord

✘ Each peripheral nerve ascends and descends to synapse at the 
RexedLamina of 4- 5 dermatomes



Central Nervous System

✘ RexedLamina I
○ A Delt a  a nd C fibers
○ Nocicept ive specific cells

✘ Rexed La mina  V
○ A Beta , A Delt a , a nd C fibers
○ Wide Dyna mic Ra nge neurons

✘ Others
○ II,III,IV,VI





CNS Ascending Tracts

✘ Spino- Thalamic Tract
○ Prima ry Ascending Tra ct

■ Spino- ret icula r, spino-
mesencepha lic, spino-
pa ra bra chia l

✘ Tha la mus
○ Soma tosensory Cortex
○ Limbic System
○ Prefronta l Cortex



CNS Descending Tracts (DNIC)

✘ Diffuse Noxious Inhibitory 
Control

✘ Periaqueductal Gray
○ Endorphins, dynorphins, 

enkepha lins
✘ Rost ra l Vent ra lmedia l Medulla , 

Locus Cereulus
■ Norepinephrine, 

Serotonin, Descending 
pa in pa thwa ys



DNIC

✘ A Beta
○ Interneuron relea se GABA, Glycine
○ Inhibit s periphera l a nd spina l neurons

✘ Peria queducta l Gra y
○ Relea ses endorphins, dynorphins, enkepha lins
○ Act iva t es rost ra l vent ra lmedia l medulla , locus ceurulus

■ Serotonin, norepinephrine
■ Descending pa in pa thwa ys



Excitatory Neurotransmitters

✘ Glutamate
○ Prima ry neurot ra nsmit t er
○ AMPA/ Na , NMDA/ Ca , 

Ka ina te/ Na  & Ca , 8 mGluR
✘ Substa nce P

○ NK1
✘ Microglia l Cells

○ Periphera l nerve injury 
ca uses relea se 
infla mma tory media tors



Inhibitory Neurotransmitters

✘ GABA
○ GABA A & B receptor 
○ Pre & Post  syna pt ic

✘ Glycine
○ St rych receptors
○ Pre & Post  Syna pt ic



Inhibitory Neurotransmitters

✘ Norepinephrine
○ Alpha  2 receptor
○ Pre & Post  Syna pt ic

✘ Serotonin
○ 5HT2 receptor
○ Post - syna pt ic



Inhibitory Neurotransmitters

✘ Endorphin, dynorphin, 
enkephalin
○ Mu, Ka ppa , Delt a
○ Pre & Post  Syna pt ic
○ Inhibit  Ca  & K ion cha nnels



Inhibitory Neurotransmitters

✘ Endocannbinoids
○ Ana nda mide & 2AG
○ CB1 & CB2 receptors
○ Inhibit  microglia  relea se of 

infla mma tory media tors



3.

Pa t hophys iol ogy



Acute Surgical Pain

✘ Pathophysiologic process
○ Pa in without  st imula t ion
○ Hypera lgesia

✘ Cha nges to funct ion a nd st ructure of the nerves 
○ Periphera l sensit iza t ion
○ Cent ra l sensit iza t ion
○ Infla mma t ion induced cent ra l sensit iza t ion 
○ Allodynia



Peripheral Sensitization
(pr ima r y Hyper a l ges ia )

✘ Tissue damage causes release of inflammatory and immune 
mediators 

✘ Sensitizing soup
○ Bra dykinin, Substa nce P, Hist a mine, Leukot rienes, Int erleukins, 

et c



Peripheral Sensitization
(pr ima r y Hyper a l ges ia )

✘ C Fibers
○ Act iva t ion of silent  fibers
○ High threshold become low threshold
○ Produce st ronger st imulus with sa me st imula t ion
○ Cont inue firing a ft er st imula t ion ha s stopped
○ Lose mecha no/ thermos/ chemo specificity
○ Nerve memory

■ Repea t  exposure within 21 da ys lea ds to more severe 
cha nges

■ Ca n lea d to perma nent  cha nges in nerve funct ion







Inflammation Induced Central Sensitization

✘ Peripheral Nerve Injury activates microglial cells
✘ Microglia release inflammatory mediators that bind to receptors on 

spinal nerve fibers causing sensitization
✘ Can be blocked through CB receptors on microglia and COX 2 

inhibitors that prevent inflammatory mediators from binding to 
receptors on spinal nerve fibers



Central Sensitization
(Seconda r y Hyper a l ges ia )

✘ Wind Up
○ Periphera lly sensit ized C fibers relea se excess gluta ma te into 

syna pt ic cleft
○ Mg plug blocking Ca  cha nnel is lost
○ Body crea tes more AMPA receptors
○ Sta rt s in minutes







Allodynia

✘ Inactivation of the interneuron
✘ A Beta fibers lose inhibitory effect
✘ Touch and pressure becomes painful





Chronic Post - Sur gica l  Pa in



Chronic Post - Sur gica l  Pa in

✘ Pain after the healing is complete
○ 3- 6 months

✘ 40% of chronic pa in pa t ient s
✘ No relia ble wa y to Predict

○ Poorly cont rolled pa in first  48 hours
○ Ca use or effect?

✘ Type of surgery
○ Sternotomy
○ Thora cotomy
○ Brea st
○ Amputa t ion



Chronic Post - Sur gica l  Pa in

✘ Prevention
○ Mixed result s

■ No silver bullet
■ Combina t ion thera py

● Regiona l/ neura xia l a nesthet ic
● Ant i- infla mma tories
● Cent ra l a nta gonist s
● Avoida nce opioids
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