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Purposes of This Presentation

Â To provide a broad overview of the field of pain research

Ã Acute and chronic pain.

Ã The complexity of the pain experience.

Â To review emerging knowledge

Ã How we hurt

Ã Types of pain: Somatic, neuropathic, functional disorders

Ã The influence of life stress on pain

Â To review approaches to pain measurement, 

emphasizing potential objective tools.

Ã Brain imaging

Ã Facial expression

Ã Psychophysiology
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Pain: An Aspect of Consciousness

Â Pain, by current definitional standards, does not exist 

apart from consciousness.

Ã ñAn unpleasant sensory and emotional experience 

associated with actual or potential tissue damage, or 

described in terms of such damageò 

Â International Association for the Study of Pain, 1979

Â Nociception is non-conscious neural activity or 

ñtraffic.ò

Â The purpose of anesthesia is to render the surgical 

patient unconscious and thereby prevent pain.
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Acute and Chronic Pain

Â Acute pain is pain associated with tissue injury. It 

resolves with healing.

Ã A beneficial biological function.

Ã Self-limiting.

Â Chronic pain is any painful condition persisting for three 

or more months (persists beyond tissue healing).

Ã Serves no biological function; provides no benefit.

Ã May stems from chronic disease or injury to nervous structures.

Ã Commonly exists in the absence of a detectable or adequate 

cause.

Ã Has a deleterious impact on quality of life.
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What Could Be an Objective Measure?

Â Functional brain imaging of pain-related processes that 

immediately precede consciousness.

Â Other psychophysiological measures of brain or 

peripheral nervous system activity.

Â Behaviors, including facial expression.

Ã How can we distinguish malingering from true pain?
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Pain and Nociception:
A Critical Distinction

Â Pain: Subjective awareness of tissue injury.

Ã Occurs in the brain and requires consciousness.

Ã An issue of psychological well-being.

Â Nociception: Unconscious detection of tissue injury and 

transmission of injury signals to the brain.

Ã Occurs in the body, is not conscious.

Ã An issue of physiological well-being.

Â The physiological impact of persisting nociception has 

major psychological and physical health consequences.
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Pain: What Makes Us Hurt?

Â Nociceptor:  A nerve 

ending that detects 

tissue damage and 

initiates a message.

Â A nociceptor does not 

habituate over time.

Â It sensitizes with 

chemical irritation.

Â It changes its own 

tissue environment by 

releasing peptides.
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Impact of Nociception:
Peripheral Nervous System

Â Peripheral and central sensitization occurs, making 

minor, harmless stimuli exquisitely painful.

Ã Molecular mechanisms determine how nerves function.

Ã Nerve endings fire more readily and relay pathways amplify the 

injury signals.

Ã Allodynia: Pain from stimuli that are not normally painful. ñTouch-

evoed pain.ò



The University of Utah

Inflammation

Â Injury produces inflammation

Â Features of Inflammation

Ã Redness

Ã Heat

Ã Swelling (edema)

Ã Pain

Ã Loss of function

Â Inflammation

Ã Protects against infection

Ã Fosters tissue repair

Ã Sensitizes nerves and increases pain

Ã Chronic inflammation is destructive



The University of Utah

Nociception and Central Transmission:
Evidence from Neurophysiology

Â Nociception activates:

Ã Spinothalamic pathways 
that generate perception

Ã Spinohypothalamic 
pathways that produce 
hormonal responses

Ã Spinoreticular pathways 
that cause autonomic 
responses

Â Injury signals drive both 
emotional structures 
and sensory structures
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Nociception and Brain:
Evidence from Functional Brain Imaging

Â Brain structures responding 
include:
Ã Somatosensory cortex, 

thalamus

Ã Anterior cingulate, prefrontal 
cortices

Ã Insula

Ã Lenticular nucleus, 
cerebellum

Ã Multiple limbic structures (the 
emotional brain)
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Prefrontal Cortex & 

Amygdala: Balancing 

Emotion and Responsibility

Â Amygdala is an integrating, coordinating center for 
defensive reactions. 

Â Medial orbitofrontal circuit has the strongest connection 
to amygdala. 

Â fMRI subjects viewing frightening faces showed 
bilateral amygdala activation, but putting a label on the 
faces increased right prefrontal activity and decreased 
amygdalar activity. 
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Nociception and Brain:
Descending Influences

Â The human descending tract 
contains almost a million 
fibers, but the asce ndingtract 
contains only a few thousand. 

Â Brain processing of injury 
information activates reflexes, 
hormone responses, and 
immune responses.

What goes up must come down.
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What Is Emotion?

Â James, Lange (19th century):  
feelings are a reflection of a change 
in the state of the body. 

Â Damasio (2003): An emotion is a 
brain process that we perceive as a 
feeling:

Ã 1) an external stimulus activates certain 
regions of the brain

Ã 2) those regions cause a emotional 
processing

Â this induces a change in the state of the 
body

Ã 3) the "mind" perceives that change of state 
as a feeling. 
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Emotion and Cognition

Â Cognition:  memory, attention, reasoning, problem 

solving, coping, planning, meaning making.

Â In humans, emotion and cognition are inseparable.

Â We interpret physical arousal.

Â Our thought processes including memories elicit physical 

arousal and emotion.
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The Self: Cartesian Heritage

Â Descartesôñghost in the 

machine.ò

Â Separation of mind and 

body.

Â Clockwork mechanics.

Â Descartes: ñIn order to improve 

the mind, we ought less to learn 

than to contemplate.òRené Descartes (1596-1650)

Tombstone: Bene qui latuit, bene vixit

He who hid well lived well.
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Cartesian Dualism: Mind and Body

Â ñThe doctrine I hold is: first, that states of 

consciousness éare utterly different from nervous 

states; second, that the two things occur together ï

that for every mental state there is a correlative 

nervous state; third, that, although things occur in 

parallelism, there is no interference of one with the 

other. ñ 

Ã J. Hughlings Jackson, 1884, p.706
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Dennettôs Cartesian Theater
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Stress

Â The bodyôs response to a threat or strong demand 

from the environment.

Â Necessary for adaptation and survival.

Â Involves arousal, readiness for fight or flight.

Â Can generate emotional states.
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The Stress Response:
HPA Axis

Miller et al., 2002



The University of Utah

Other Stress Processes

Â The autonomic nervous system causes the heart to beat 
faster and harder, raises blood pressure.

Â Blood moves from internal organs to muscles.

Â One experiences this as a racing or pounding heart, 
sweaty palms, rapid breathing, and a subjective state of 
threat and hypervigilance, with a readiness to flee or 
fight.

Â Creates a system-wide predisposition for inflammation.  
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Chronic Stress

Â Stress response should be self-limiting

Â It may persist if the stressor persists or if a cascade 
of multiple stressors besets the person 

Â Stressor constellations exist and can include 
combinations of accident, illness, personal loss, and 
social problems such as vocational or family crisis

Â Persisting stress can dysregulate normal biological 
rhythms, and promote pro-inflammatory conditions, 
thus contributing to chronic inflammatory
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Impact of Nociception:
Immune System

Â Immunity:  the ability to resist 

damage from micro-

organisms, toxins, tumors.

Â Immune system is a sentient 
organ:

Ã Detects what the nervous 
system cannot. Blalock, 2005

Â Acute stress enhances the 

immune system while 

chronic stress suppresses it. 
McEwen, 2000
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Life Stressors
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Nociception as a Stressor

Â Persisting injury signals are a stressor that triggers 

physiological responses.

Â When this persists beyond injury or when there are 

chronic degenerative changes, the signaling serves no 

beneficial purpose.

Â Fosters dysregulation of biological rhythms, systems.

Â Disables normal functions, behaviors.

Â Causes depression.

Ã Pro-inflammatory cytokines



The University of Utah

Pain: A Complex Phenomenon

Â Injury signaling, 

negative 

emotion/cognition, and 

stress are inter-

dependent.

Â These three feed one 

another and it is difficult 

for the patient, a care 

provider, or a 

researcher to 

disentangle them.
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The ñFunctional Pain Disordersò

Â Examples:  Fibromyalgia, irritable bowel syndrome, 

temporomandibular disorder, chronic fatigue syndrome, 

interstitial cystitis

Â These are multi-symptom disorders that include pain.

Ã Sleep problems, cognitive problems, disability

Ã Highly co-morbid

Â No identifiable causes.

Â These patients suffer more than other sick people with 

pain.
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Neuropathic Pain: A Family of Chronic 

Pain Conditions

Â Chronic pains caused by damage to the peripheral or 

central nervous system.

Â The pain is relentless, serves no useful purpose, and 

can seem to indicate bodily injury where there is none.

Â Examples:  post-herpetic neuralgia (shingles), peripheral 

neuropathy in diabetics, central (post-stroke) pain, spinal 

cord injury, CRPS, phantom limb pain.

Â These pains are hard or impossible to control.
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Phantom Limb Pain
Why Does What You Donôt Have Hurt?

Phantom limb pain occurs 

in 50 ï80% of amputees. 

Its most common 

descriptions are variants of 

cramping, burning/tingling, 

shocking, shooting,  and 

stabbing

ÅOne can have pain without 
having nociception.
ÅThe brain generates pain all 
by itself.


