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Defining Pain: A Clinical Perspective

Pain is an unpleasant sensory and emotional experience associated with actual or
actual or potential tissue damage, or described in terms of such damage

International Association for the Study of Pain (IASP), 1979

This definition recognizes pain as both a sensory phenomenon and an emotional experience, highlighting its complex
nature that extends beyond simple nociception. Pain serves critical biological functions as a protective mechanism.

Danger Signal Damage Localization Protective Function

Alerts the organism to harmful Identifies the specific anatomical Prevents further damage through
stlmul.l requiring immediate site of tissue injury or threat Wlthqlrawgl reflexes and behavior
attention modification

O Clinical Note: Not all pain has clear biological utility. Psychogenic pain and phantom limb pain represent

conditions where pain persists without identifiable tissue damage or protective value, illustrating the complexity
of pain perception.
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Classification by Duration: Acute Pain

Acute Pain: The Body's Alarm System

Acute pain is a protective mechanism that alerts the individual to a condition
or experience that is immediately harmful to the body. It typically has a
sudden onset and serves as a critical warning signal that demands attention
and action.

Physiological Responses

The autonomic nervous system produces a cascade of measurable
changes during acute pain:

e Cardiovascular: Increased heart rate, elevated blood pressure
e Respiratory: Increased respiratory rate and depth

e Metabolic: Elevated blood glucose levels

Gastrointestinal: Increased gastric acid secretion, decreased gastric
motility

e Vascular: Decreased blood flow to viscera, kidneys, and skin
» Observable signs: Pallor or flushing, dilated pupils, occasional nhausea

Psychological and Behavioral Responses
Acute pain triggers immediate emotional and cognitive reactions:

o Fear of the source and implications of pain

e Anxiety about diagnosis and outcomes —

e General sense of unpleasantness or unease that motivates help-seeking behavior

These responses are adaptive, driving individuals to seek medical attention and avoid further injury.
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Classification by Duration: Chronic Pain
Chronic Pain: When Protection Becomes Pathology

Chronic pain is defined as persistent or intermittent pain lasting at least six months. Unlike acute pain, chronic pain often lacks clear

protective value and can become a disease state in itself. The cause is frequently unknown or multifactorial, and it often develops
insidiously over time. .
Initial Phase 1

Pain develops gradually, often without clear triggering
event. Patients may remain hopeful about resolution.

2 Adaptation Period

Intermittent pain produces acute-like physiological
responses, but persistent pain allows for physiological

Psychological Changes 3 adaptation—vital signs normalize despite ongoing pain.

Sense of hopelessness and helplessness emerges.

Depression commonly develops as pain persists without relief. . )
4 Behavioral Adaptation

Patients minimize pain-related behaviors, experience sleep
disorders, become preoccupied with pain, and may
paradoxically deny its severity.

Key Psychological and Behavioral Changes

e Depression: Most common comorbidity e Behavioral minimization: Reduced pain-related expressions

o Sleep disorders: Disrupted sleep-wake cycles e Pain denial tendency: Downplaying severity to others
e Pain preoccupation: Constant focus on symptoms
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Pain Threshold and Pain Tolerance

Understanding the distinction between pain threshold and tolerance is essential for clinical pain assessment
and management. These two concepts represent different aspects of pain perception and response.

Pain Threshold

Definition: The point at which a stimulus is first
perceived as painful.

Characteristics: Relatively consistent across healthy
individuals and stable within the same person over
time. This consistency makes it a reliable reference
point for pain assessment.

Perceptual Dominance: Intense pain at one anatomical
location may increase the pain threshold at another
location—a phenomenon clinically relevant in
polytrauma patients.

~\

Pain Tolerance

Definition: The duration of time or intensity of pain an
individual will endure before initiating overt pain
responses or seeking intervention.

Characteristics: Highly variable among individuals and
within the same person over time. Unlike pain
threshold, tolerance is significantly influenced by
psychological, cultural, and contextual factors.

Clinical Influences:

Cultural prescriptions and expectations
Learned role behaviors

Current physical and mental health status

Previous pain experiences

J
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Factors Influencing Pain Tolerance

Factors That Decrease Pain Tolerance Factors That Increase Pain Tolerance
Pain tolerance is generally reduced under conditions that Certain interventions and states can enhance an
compromise physical or psychological reserves: individual's capacity to endure pain:
Physical Factors Pharmacological
1 Repeated exposure to pain, fatigue, sleep

deprivation Alcohol consumption, analgesic medications

Emotional States )
2 Physical Comfort

Anger, anxiety, boredom, apprehension L
Warmth, comfortable positioning

Demographic Variables

3 Elderly individuals typically show decreased Psychological

tolerance; gender differences exist with women Hypnosis, distraction, strong beliefs or faith, cognitive
showing greater tolerance reframing

O Clinical Pearl: Pain tolerance varies dramatically both among individuals and within the same individual over time.
Understanding these modifying factors allows clinicians to implement multimodal pain management strategies that
address both physiological and psychological components of the pain experience.
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Age and Perception of Pain

Age significantly influences both pain perception and expression. Children and elderly patients often experience or
communicate pain differently than adults, requiring modified assessment approaches and clinical considerations.

Neonatal Period (0-2 days) Adolescence (15-18 years)

Reduced sensitivity to pain or limited ability to Lower pain threshold compared to adults;
verbalize pain experience heightened pain sensitivity during this
developmental period

1 2 3 4

Infancy (3-12 months) Advanced Age (65+ years)

Full behavioral response to pain becomes Pain threshold tends to increase with aging
apparent with crying, facial expressions, and
body movements

Physiological Basis of Age-Related Changes

The increased pain threshold observed in elderly patients likely results from multiple age-related physiological changes:

o Peripheral neuropathies: Decreased nerve conduction velocity and reduced density of pain receptors
 Dermal changes: Alterations in skin thickness and structure affecting sensory transmission
e Central processing changes: Modified pain modulation in the aging nervous system

O Clinical Implication: Higher pain thresholds in the elderly do not mean reduced pain experiences. These patients may underreport

pain, leading to inadequate treatment. Systematic pain assessment using age-appropriate tools is essential across all age
groups.
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Classification by Origin

Pain can be classified gccording to its anatomical origin, which has
Important implications for diagnosis, treatment, and prognosis.

P g
Understanding whether pain Originates from peripheral or central
structures guides clinical manage t strategies.

Peripheral Pain

Nociceptive Pain Sources

 Muscles, tendons, ligaments

e Bones and joints

e Visceral organs

e Skin and subcutaneous tissues

Common Causes

Trauma, inflammation, infection, ischemia, mechanical stress
Neurogenic Pain

Peripheral nerve trauma or compression leading to direct nerve injury and
neuropathic pain syndromes

T

Central Pain

CNS Origin

e Brain origin — vessels, meninges...
e Spinal cord

e Central pain pathways

Common Causes

Stroke (post-stroke pain syndrome,
Spinal cord injury

Multiple sclerosis

Epilepsy

Traumatic brain injury
Characteristics

Often chronic, difficult to treat, may not respond to conventional analgesics
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Classification by Localization: Somatic vs. Visceral Pain

The localization of pain—whether it arises from somatic or visceral structures—profoundly affects its clinical presentation, patient
experience, and diagnostic approach. These two pain types differ in transmission pathways, quality, and associated symptoms.

Characteristic

Localization

Primary Causes

Neural Transmission

Pain Quality

Associated Symptoms

Clinical Significance

Somatic Pain

Superficial (skin, mucous membranes) or deep
(muscles, bones, joints, connective tissues)

Mechanical trauma, thermal injury, chemical
irritation, inflammation

Somatic afferent nerve fibers (A-delta and C
fibers) with direct sensory pathways

Sharp, well-localized, easily described by
patients with precise anatomical location

Usually isolated; autonomic symptoms are rare

Visceral Pain

Internal organs (heart, lungs, liver, intestines,
kidneys, etc.)

Inflammation, ischemia, distension, traction,
compression of organs

Sympathetic afferent nerve fibers with more
diffuse, poorly localized pathways

Dull, aching, diffuse, poorly localized; often
described as deep or cramping

Frequently accompanied by nausea, vomiting,
sweating, pallor, changes in blood pressure
and heart rate

Understanding these distinctions is critical for differential diagnosis. Somatic pain typically points to specific structural
lesions, while visceral pain's diffuse nature and autonomic accompaniments often require broader diagnostic
consideration. Visceral pain may also refer to somatic structures, complicating localization—for example, cardiac
ischemia referring to the left arm or jaw.
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Pain Classification and Physiology
Physiology

Understanding pain mechanisms is fundamental to clinical practice.
Pain can be systematically classified based on its underlying
pathophysiology, which guides both diagnosis and therapeutic
approaches. This presentation explores the neurobiological basis of
pain perception, from tissue injury to central nervous system
processing.

Clinical Application

* Diagnosis and
targeted therapeutic
strategies

Pathophysiology

Classification by ,
nociceptive,

neuropathic, and

nociplastic pain Core Concept

* Understanding pain
/ mechanisms
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Classification of Pain

Pain is broadly categorized into two fundamental types based on its origin and underlying mechanisms. This
classification system provides a framework for understanding different pain presentations in clinical practice.

Somatogenic Pain

Pain with an identifiable physical cause, localized in
body tissue. This category includes:

Nociceptive pain: Direct tissue damage or inflammation
Neuropathic pain: Nerve injury or dysfunction

These pain types have clear pathophysiological
mechanisms that can be targeted therapeutically.

Psychogenic Pain

Pain without identifiable physical pathology, where
central nervous system processing of sensory
information is altered or disturbed.

The absence of tissue damage doesn't diminish the
patient's experience—these patients require
comprehensive evaluation and multidisciplinary
management approaches.
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Nociception: The Pain Pathway

Key Components

Noxa refers to the noxious
factor that initiates the pain
response—any stimulus capable
of causing tissue damage.

Nociceptors are specialized
polymodal pain receptors
consisting of free nerve endings
distributed throughout body
tissues. These receptors
respond to multiple stimulus

types.

Stimulus Categories

e Mechanical factors:
Pressure, stretch, tearing

e Thermal factors: Extreme
heat or cold

e Chemical factors:
Inflammatory mediators
(bradykinin, histamine,
prostaglandins), pH changes
(acidosis), ion concentration
shifts (Ca?**, K*)
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Nociceptor Activation Mechanisms

The precise mechanisms triggering nociceptor depolarization through
chemical, mechanical, or thermal stimuli remain incompletely
understood. However, the cascade of events following tissue
damage is well characterized.

Tissue Damage

1 Cellular injury releases inflammatory mediators: cytokines,
prostaglandins, leukotrienes, and endothelins into the
extracellular space.

lon Shifts

2 Increased extracellular K* concentration causes membrane
depolarization of nociceptors, initiating action potentials.

Inflammation

3 Released intracellular enzymes amplify the inflammatory
response, perpetuating pain signaling and tissue
sensitization.
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Pain Mediators and Their Effects

Multiple biochemical mediators are released during tissue injury, each contributing distinct effects on primary afferent
nerve fibers. Understanding these mediators is essential for rational analgesic therapy.

Mediator Source Effect on Afferent Fibers
Potassium (K*) Damaged cells Direct activation
Serotonin Thrombocytes (platelets) Direct activation
Bradykinin Plasma kininogen Direct activation
Histamine Mast cells Direct activation
Prostaglandins Damaged cells Sensitization
Leukotrienes Damaged cells Sensitization

Substance P Primary afferent fibers Sensitization

Note: Activation directly triggers pain signals, while sensitization lowers the threshold for subsequent pain responses.
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BOX 16-1 STIMULI THAT ACTIVATE

NOCICEPTORS

Inflammatory Mediators
(Excitatory)

Bradykinin

Leukotrienes

Prostaglandins

Serotonin

Substance P

Interleukins

Tumor necrosis factor-alpha
Nitric oxide

ATP

Neurokinins

Calcitonin gene—related peptide

Excitatory Transmitters
Glutamate (fast pain)

NMDA

AMPA

Tachykinins

Neurokinin A

Neurokinin B

Substance P

Other receptors

Calcitonin gene—related peptides
Somatostatins

Bombesins

Cholecystokinins

Inhibitory Transmitters
Gamma-aminobutyric acid (GABA)
Glycine
Descending pain modulators
Norepinephrine—a,-receptors
Serotonin (S-hydroxytryptamine)
Opioids (p, 8, k receptors)
Endorphins | Released from
Enkephalins PAG and NEM
Dynorphins and other areas
of the brain
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Sensitization and Hyperalgesia

Pain mediators persist throughout the duration of noxious stimulation,
causing depolarization through activation, sensitization, or
inflammation. Kallikrein stands out as one of the most potent
activators in this cascade.

Decreased Pain Threshold Increased Pain Response
Normally non-painful stimuli Painful stimuli produce
become painful (allodynia). exaggerated pain responses.
Light touch or gentle This protective mechanism
pressure may trigger occurs during acute injury—
significant discomfort. the "fight injury" response.

Hyperalgesia

When peripheral tissues are injured, surrounding tissue develops
increased sensitivity. This spreading sensitization extends
beyond the initial injury zone.
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Primary vs. Secondary Hyperalgesia

Types of Hyperalgesia

Primary hyperalgesia occurs directly at the site of tissue damage. The injured
tissue itself becomes hypersensitive due to local mediator release and
nociceptor activation.

Secondary hyperalgesia develops in surrounding, undamaged tissue. This
spreading sensitization reflects central nervous system amplification of pain
signals rather than peripheral tissue damage.

Neural Processing

Nociceptive fibers establish connections with three main groups of dorsal horn
neurons:

1. Projection neurons: Transmit sensory information to higher brain centers
2. Local excitatory interneurons: Relay signals to projection neurons

3. Inhibitory neurons: Modulate and regulate transmission to higher centers

Platypus venom produces severe, long-
lasting hyperalgesia resistant to conventional
analgesics—an extreme example of pain

sensitization. '
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Referred Pain and Head's Zones

Visceral pain demonstrates a fascinating phenomenon where internal organ pathology manifests as pain in specific skin
areas. This occurs because visceral and somatic sensory neurons converge on the same dorsal horn neurons in the
spinal cord.

Head's Zones Irradiated Pain

Visceral pain projects to specific skin areas Pain from diseased organs "radiates" or refers to
(dermatomes) corresponding to the same spinal nerve distant body surfaces. Classic examples include
segment that innervates the affected organ. These cardiac pain referring to the left arm and shoulder, or
predictable patterns aid in clinical diagnosis. gallbladder pain referring to the right scapula.

Recognizing referred pain patterns is crucial for accurate diagnosis—visceral pathology may present with minimal
symptoms at the organ site while producing significant pain in referred areas.
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Clinical Application: Referred Pain Patterns

This anatomical diagram maps common referred pain patterns for various internal organs. Understanding these patterns
enables clinicians to correlate patient complaints with potential visceral pathology, guiding differential diagnosis and

appropriate investigation.

Clinical Pearl: Always consider visceral pathology when patients present with unexplained somatic pain in
characteristic referred pain distributions, even in the absence of obvious organ symptoms.
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Pain Pathways and Nociception

A comprehensive overview of neural mechanisms underlying pain
perception and transmission in the human nervous system
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Understanding Pain: A Clinical
Overview

Pain is a complex sensory and emotional experience that serves as a
critical warning system for the body. The perception of pain involves
sophisticated neural pathways that transmit, modulate, and interpret
potentially harmful stimuli. This presentation explores the
fundamental mechanisms of nociception—the neural process of
encoding and processing noxious stimuli—and examines how pain
signals travel from peripheral tissues through the spinal cord to
higher brain centers.

Understanding these pathways is essential for healthcare
professionals to develop effective pain management strategies and
appreciate the multidimensional nature of pain experience. From the
initial detection of tissue damage to the conscious perception of pain,
each step involves specialized neural structures and neurotransmitter
systems working in concert.
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Nociception: Afferent Fiber Types

The nervous system employs two distinct types of peripheral nerve fibers to transmit pain signals from the site of injury
to the central nervous system. These fibers differ significantly in their structure, conduction velocity, and the quality of
pain they convey.

A-delta Fibers C-Fibers

Structure: Thicker diameter, myelinated axons Structure: Thinner diameter, unmyelinated axons
Speed: Fast conduction (5-30 m/s) — transmits "first pain" | Speed: Slow conduction (0.5-2 m/s) — transmits "second pain"
Stimuli: Primarily mechanical and thermal stimuli Stimuli: Primarily chemical stimuli, also mechanical and thermal

Pain Quality: Sharp, well-localized, immediate pain sensation Pain Quality: Deep, dull, diffuse, lingering pain sensation

J

This dual-fiber system explains why we often experience pain in two phases: the immediate sharp sensation followed by
a prolonged aching discomfort.
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Pain Ascending Pathways

Once nociceptive signals enter the spinal cord, they ascend through four major pathways, each serving distinct
functions in pain processing, localization, and behavioral responses. These pathways project to different brain regions,

contributing to the multidimensional experience of pain.

01

02

Spinothalamic Pathway

Transmits nociceptive information to the ventral
posterolateral nucleus of the thalamus, which then projects
to the somatosensory cortex. This pathway is crucial for
localizing pain and determining its intensity, allowing you to
pinpoint exactly where the injury occurred.

03

Spinoreticular Pathway

Ascends bilaterally through the spinal cord to the reticular
formation and thalamus. This pathway integrates pain with
emotional responses and memory formation, explaining
why painful experiences can be vividly remembered and
emotionally charged.

04

Spinomesencephalic Pathway

Projects to the midbrain and connects with the limbic
system. This pathway is responsible for the activation of
the autonomic nervous system during pain (increased
heart rate, sweating) and influences behavioral responses
such as avoidance and protective reflexes.

Spinohypothalamic Pathway

Terminates in the hypothalamus and processes
nociceptive information from specialized regions including
the lips, skin, reproductive organs, gastrointestinal tract,
intracranial blood vessels, tongue, and cornea. This
pathway links pain to autonomic and endocrine responses.
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Spinal Cord Pain Transmission

This cross-sectional view of the spinal cord illustrates how nociceptive information enters through the dorsal horn and is
processed before ascending to higher brain centers. The dorsal horn contains multiple laminae, each with specialized
neurons that modulate pain signals.

Key features include the substantia gelatinosa (lamina 1l), where significant pain modulation occurs through the gate
control mechanism, and the projection neurons in laminae | and V that send signals to the brain via the ascending
pathways. Understanding this spinal organization is critical for comprehending how interventions like spinal anesthesia
or epidural analgesia can effectively block pain transmission.
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Comparative Fiber Anatomy
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Myelinated A-delta Fiber Unmyelinated C-Fiber
The myelin sheath (visible as the thick outer layer) enables rapid The absence of myelin means slower, continuous conduction
saltatory conduction, allowing quick transmission of acute pain along the entire axon length. This results in the delayed,
signals. This structural feature is why you feel immediate sharp persistent aching sensation that follows the initial sharp pain of
pain when you touch something hot. injury.

These microscopic differences in fiber structure have profound clinical implications. Local anesthetics preferentially block smaller
unmyelinated fibers first, which is why pain sensation disappears before touch or pressure during regional anesthesia.
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Nociception: Complete Pathway
Pathway Overview

This comprehensive diagram illustrates the entire pain pathway from
peripheral nociceptor activation through spinal cord transmission to
cortical processing. The journey begins with tissue damage activating
nociceptors in the periphery, which generate action potentials that
travel along afferent fibers to the dorsal horn of the spinal cord.

At the spinal level, these signals undergo modulation before being
relayed through the ascending pathways to the thalamus, which acts
as a relay station. From the thalamus, pain information projects to
multiple cortical regions including the somatosensory cortex
(sensory-discriminative aspects), anterior cingulate cortex (affective-
emotional components), and prefrontal cortex (cognitive evaluation).

[J Video Resource: For a detailed animated explanation of these
pathways, visit: https://www.youtube.com/watch?v=fUKIlpuz2VTs
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Video Resource: For a detailed animated explanation of these
pathways, visit: https://www.youtube.com/watch?v=fUKIpuz2VTs
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Video Resource: For a detailed animated explanation of these
pathways, visit: https://www.youtube.com/watch?v=fUKIpuz2VTs
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Clinical Integration: From
Mechanism to Management

Understanding pain pathways provides the foundation for rational
therapeutic approaches. Pharmacological interventions target
specific points along these pathways: NSAIDs reduce peripheral
sensitization, local anesthetics block nerve conduction, opioids act on
spinal and supraspinal receptors, and antidepressants enhance
descending inhibition.

Non-pharmacological approaches also leverage this knowledge.
Physical therapy may reduce peripheral nociceptor activation,
cognitive-behavioral therapy engages cortical modulation systems,
and techniques like transcutaneous electrical nerve stimulation
(TENS) activate inhibitory mechanisms at the spinal level.

Recognizing pain as a complex, multidimensional experience
involving sensory, emotional, and cognitive components—rather than
a simple stimulus-response phenomenon—is essential for providing
comprehensive, patient-centered pain management in clinical
practice.

L Further Study: Complete your understanding with this video resource:
https://www.youtube.com/watch?v=fUKlpuz2VTs
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https://www.youtube.com/watch?v=5c8maFAhqlc
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Pain

Video Reference

https://www.youtube.com/watch?v=5c8maFAhqglc

This visual demonstrates the complex neural circuitry involved in pain signal transmission. The diagram illustrates how

pain signals travel from peripheral nociceptors through the spinal cord to higher brain centers, where they are
processed and interpreted as the conscious experience of pain.
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https://www.youtube.com/watch?v=fUKlpuz2VTs
F -
‘ Pain transmission occurs through specialized neural pathways that

carry nociceptive information from the periphery to the central
nervous system. The process involves multiple synaptic connections
and modulation points where pain signals can be amplified or
diminished based on various physiological and psychological factors.
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Nociceptive Pathways

" DECENDING, PATHW \ Video Reference
fellaGueovaal MIDGRATN | https://www.youtube.com/watch?v=5c8maFAhqlc
GrRAY martTER, . '}
Y| (\ Nociceptors are specialized sensory receptors that detect
| potentially harmful stimuli. When activated, these
PONS [e— receptors initiate electrical signals that propagate along
e nerve fibers toward the spinal cord and brain.
L
The pathway involves both fast-conducting myelinated A-
NU(,L’(;\:EN(CQPHG a MEOUUA | delta fibers, responsible for sharp, localized pain, and
— — slower unmyelinated C-fibers, which convey dull, diffuse,
] - 1rd Uo0en, . .
SHY /NG veunon ) NCUTON burning sensations.
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Central Pain Modulation Systems

The nervous system possesses sophisticated endogenous
mechanisms to modulate pain perception. Descending pathways from
the brain can inhibit or facilitate pain transmission at the spinal cord
level, providing a biological basis for phenomena like stress-induced
analgesia or the placebo effect.

Key structures in this descending modulation include the
periaqueductal gray (PAG) in the midbrain and the rostral
ventromedial medulla (RVM). These regions release
neurotransmitters like serotonin, norepinephrine, and endogenous
opioids that can significantly reduce pain signaling. This system
explains how psychological factors, attention, and emotional state
can profoundly influence pain perception—a critical consideration in
clinical pain management.

[J) Additional Learning: Watch the video explanation at:
https://www.youtube.com/watch?v=fUKlpuz2VTs
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Descending Analgesic System

Video Reference

https://www.youtube.com/watch?v=5c8maFAhqglc

The descending analgesic system represents the brain's endogenous
pain control mechanism. This sophisticated network originates in
higher brain centers and projects downward to the spinal cord, where
it can inhibit incoming pain signals before they reach conscious
awareness.

Key structures include the periaqueductal gray matter, rostral
ventromedial medulla, and the locus coeruleus. These regions
release neurotransmitters like endorphins, enkephalins, and serotonin
that suppress nociceptive transmission at the spinal level, providing
natural pain relief.
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Neurophysiological Principles of Pain Origin and Duration

Duration
01 02 03
Pain Modulation Theory Spinal Cord Modulation Gate Control Theory

Pain intensity is modulated by the ratio Neurons in the spinal cord that receive
between nociceptor activity and other input from nociceptive fibers can be
afferent sensory inputs. The variability modulated by simultaneous activity in

in pain responses across individuals non-nociceptive afferent fibers. This
demonstrates the existence of interaction forms the basis for pain
sophisticated modulatory systems control mechanisms.

within the nervous system.

The primary site of action involves
cells of the substantia gelatinosa
Rolandi and Lissauer's tract. The
posterior horns of the spinal cord
contain both unmyelinated C-fibers
and myelinated non-nociceptive Aa
and AP fibers, along with projection

and inhibitory neurons.
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Gate Control Mechanism Details

Inhibitory Interneuron
Function

Inhibitory interneurons maintain
spontaneous activity that
suppresses baseline activity of
projection neurons. This creates a
"gate" that can be opened or

closed based on incoming signals.

Dual Fiber Activation

Projection neurons receive direct
activation from both myelinated
and unmyelinated pain fibers.
However, myelinated fibers
simultaneously activate inhibitory
neurons, while unmyelinated
fibers inhibit their activity.

Gate Opening and Closing

When the "gate" opens, there is
increased transfer of pain inputs
and heightened pain perception.
The central nervous system can
actively control gate opening and
closing through descending
efferent fibers.

The interaction between voluntary, mechanical, and sensory systems determines each individual's unique response to
painful stimuli. Clinical practice has repeatedly validated the gate control theory, though earlier theories—including
specificity of skin stimuli and polymodal sensor concepts—provided foundational understanding.
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The Gate Control Theory

Proposed by Melzack and Wall in 1965, the gate control theory
revolutionized our understanding of pain modulation. This model
suggests that non-nociceptive input can suppress pain signals at the
spinal cord level, effectively "closing the gate" to pain transmission.

Large-diameter A-beta fibers carrying touch and pressure
information can inhibit transmission of pain signals carried by smaller
A-delta and C fibers. This explains why rubbing an injury provides
relief and forms the basis for transcutaneous electrical nerve
stimulation (TENS) therapy. Descending inhibitory pathways from the
brain can also close the gate, explaining psychological influences on
pain perception.
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Anatomical Organization

This anatomical diagram reveals the intricate organization of pain-
processing structures within the spinal cord. The dorsal horn

contains multiple layers (laminae) where different types of sensory
information converge and interact.

The substantia gelatinosa, located in laminae Il and lll, serves as a
critical inte(?ration zone where pain signals can be amplified or
suppressed based on concurrent sensory input and descending
modulatory influences from the brain.
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Svynaptic Integration in Pain
Pathways

= Mi % Synaptic Transmission
fiber

At the synaptic level, pain transmission
Inhibitory Projection involves complex neurochemical
interneuron @ neuron . . o .
Interactions. Multiple neurotransmitters
C fiber and neuromodulators—including
glutamate, substance P, GABA, and

glycine—regulate signal transmission
between neurons.

Excitatory and inhibitory inputs
converge at projection neurons,
determining whether pain signals will
ascend to higher brain centers. This
synaptic integration provides multiple
opportunities for therapeutic
intervention in chronic pain conditions.
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Gate Control Theory: Complete Framework

Video Reference
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Clinical Applications

The gate control theory revolutionized pain management
by explaining why non-painful stimuli can reduce pain
perception. This principle underlies treatments like
transcutaneous electrical nerve stimulation (TENS),
massage therapy, and tactile stimulation.

By activating large-diameter sensory fibers through gentle
touch or vibration, clinicians can effectively "close the
gate" and reduce pain transmission, providing relief
without pharmacological intervention.
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Pain Pathways and Classification
Classification

Understanding pain mechanisms is fundamental to clinical practice.
This presentation explores the diverse classifications of pain, from
acute nociceptive signals to complex chronic pain syndromes. We'll
examine the neurological pathways, clinical presentations, and
therapeutic approaches that define modern pain management.
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Anatomy of Pain Transmission

Pain perception involves a sophisticated network of neural structures.
Nociceptive signals travel from peripheral receptors through the
dorsal horn of the spinal cord, ascending via spinothalamic and
spinoreticular tracts to higher brain centers. The thalamus serves as a
critical relay station, directing sensory information to the
somatosensory cortex for localization and intensity processing.

Modulation occurs at multiple levels through descending pathways
from the periaqueductal gray and rostral ventromedial medulla. These
pathways release endogenous opioids and other neurotransmitters
that can either amplify or dampen pain signals, explaining individual
variations in pain perception and the effectiveness of different
treatment modalities.
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Classification by Pain Type

Causalgia

Characterized by dull, irradiating,
burning pain resulting from nerve
damage, typically following
trauma. Also known as complex
regional pain syndrome type ll, it
involves sympathetic nervous
system dysfunction and requires
multimodal treatment approaches.

Nociceptive Pain

Direct stimulation of peripheral
nociceptors by tissue damage or
inflammation. This is the "normal"
pain response serving a protective
function, typically responding well
to standard analgesics and
resolving with tissue healing.

Neuralgia

Pain without direct stimulation of
pain receptors, caused by
changes in neurological structure
(such as altered ion channel
function) rather than receptor
excitation. Examples include
trigeminal neuralgia and
postherpetic neuralgia.

Neuropathic Pain

Results from damage or disease
affecting the somatosensory
nervous system at any level.
Characterized by burning,
shooting, or electric-shock
sensations, often accompanied by
allodynia and hyperalgesia.
Requires specific pharmacological
agents like gabapentinoids or
tricyclic antidepressants.

Radicular Pain

Results from irritation of spinal
nerve roots, commonly due to disc
herniation, spinal stenosis, or
foraminal narrowing. Presents as
sharp, shooting pain following a
dermatomal distribution pattern
down the affected limb.

Phantom Limb Pain

Perceived pain in amputated body
parts, affecting 60-80% of
amputees. Results from cortical
reorganization and continued
neural activity in deafferented
pathways. Treatment involves
mirror therapy, virtual reality, and
targeted medication.

-~ =
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Phantom Limb Pain and Mirror Therapy

Mirror Therapy Technique

Phantom limb pain represents a unique challenge in
pain management, demonstrating the brain's
remarkable plasticity and its role in pain perception.

Mirror therapy uses visual feedback to "trick" the brain into
perceiving movement in the phantom limb. By reflecting the
Intact limb's movements, patients can reduce pain intensity by
resolving the conflict between motor commands and sensory
feedback. This non-invasive technique shows efficacy rates of
50-80% when combined with conventional therapy.

[J Clinical Resource: Video demonstration available at youtube.com/watch?v=6Vkb2iz5Ue0

Made with GAMMNA


https://gamma.app/?utm_source=made-with-gamma

Additional Pain Classifications

Psychogenic Pain

Pain caused, increased, or prolonged by mental, emotional, or
behavioral factors without proportionate physical findings. This
doesn't mean the pain isn't real—it reflects the complex
interplay between psychological state and pain perception.
Treatment requires integrated psychological and medical
approaches.

Primary Headache Disorders
4

Thalamic (Central) Pain

Results from lesions affecting the thalamus, often following
stroke or trauma. Characterized by severe, persistent pain that
may be accompanied by dysesthesias. The thalamus's role in
sensory processing makes these lesions particularly
debilitating, with limited treatment options available.

Cluster Headache

Unilateral headache of extreme intensity, often described as the most severe pain
known to medicine. Duration ranges from 15 minutes to 3 hours, with rapid onset
and no preliminary warning signs characteristic of migraine. Associated with
autonomic symptoms including lacrimation, rhinorrhea, and Horner's syndrome.

2

Migraine

Recurrent headache disorder characterized by moderate to severe throbbing pain,
typically unilateral. Often preceded by aura (visual, sensory, or speech
disturbances) and accompanied by photophobia, phonophobia, and nausea.
Involves neurovascular dysfunction and cortical spreading depression.
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Acute vs. Chronic Pain Comparison

Understanding the distinction between acute and chronic pain is essential for appropriate diagnosis and treatment
planning. These two pain types differ fundamentally in their etiology, characteristics, and clinical significance.

Characteristic Acute Pain Chronic Pain

Course Sudden incident, clearly defined Long-term, often without clear endpoint

Cause External injury or trauma (noxa) Internal disease, unknown etiology, or failed long-term therapy

Onset Sudden and identifiable Sudden or gradual, may persist beyond expected healing time

Duration Short-term (days to weeks) Months to years, persisting beyond 3-6 months

Localization Well-localized and specific Poorly localized, may be diffuse or widespread

Clinical Significance Protective warning signal, important Lost protective function, becomes pathological condition itself
diagnostic information

Temporal Pattern Usually decreases with healing May increase or fluctuate over time despite treatment

Prognosis Expected to resolve with treatment Often persists, requiring long-term management strategies

Chronic pain represents a fundamental shift from symptom to disease entity, requiring comprehensive biopsychosocial
treatment approaches rather than simple analgesic interventions.
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Chronic Pain: A Growing Clinical Challenge

| Ak 5o
Increasing Prevalence Quality of Life Impact Defining Characteristic
The number of patients suffering Well-documented negative effects Pain persisting beyond the
from chronic pain continues to rise on physical, psychological, and expected healing time of acute
globally, representing a significant social functioning across all patient disease or injury, typically
public health burden. populations. exceeding 3-6 months duration.

Pathophysiological Distinctions

Chronic pain often lacks direct relationship to the initial tissue damage or disease process. Instead, it reflects secondary
neuroplastic changes including central sensitization, altered pain processing, and maladaptive neural reorganization.
The psychological mechanisms underlying chronic pain differ fundamentally from acute pain, involving fear-avoidance
behaviors, catastrophizing, and learned pain responses.

Unlike acute pain, which serves a protective biological function, chronic pain becomes a pathological condition requiring
multidisciplinary intervention addressing physical, psychological, and social dimensions simultaneously.

Made with GAMMNA



https://gamma.app/?utm_source=made-with-gamma

Chronic Pain: Conditions and Epidemiology

‘ Chronic pain becomes an urgent concern as it encompasses not just physical discomfort, but a complex interplay of physical and
psychosocial changes that profoundly affect patients' lives.

Common Chronic Pain Conditions

7 i &L

Musculoskeletal Disorders Spinal Pain Syndromes Headache Disorders

Osteoarthritis and rheumatoid arthritis Chronic back pain, neck pain, and arm pain  Chronic daily headache, transformed
represent major sources of chronic pain, are among the most prevalent conditions, migraine, and medication overuse headache
involving progressive joint degeneration and often resulting from degenerative changes, significantly impact quality of life and work
inflammatory processes. poor ergonomics, or previous injuries. productivity.

Myofascial Pain Post-Amputation Pain

Myofascial pain syndromes involving trigger Phantom limb pain and residual limb pain

points and referred pain patterns, often affect the majority of amputees, requiring

complicating other chronic pain conditions.  specialized management approaches.

Epidemiological Impact

50% 50%
Adult Population Cancer Patients
Up to half of all adults report suffering from one or more Approximately half of oncology patients experience significant pain
chronic pain conditions at any given time requiring specialized pain management

Strong chronic pain shows higher incidence in older age categories, reflecting cumulative effects of ,
degenerative changes, comorbidities, and age-related alterations in pain pro€essing mechanisms.



https://gamma.app/?utm_source=made-with-gamma

Chronic Pain: Consequences and Assessment
Multidimensional Consequences

Physical Impacts Occupational Effects Psychosocial Burden

Chronic pain profoundly affects millions Work-related troubles frequently arise, Dependency on family members, social
of lives through immobility, muscle including reduced productivity, isolation, frustration, anxiety, and
atrophy, immunosuppression, increased absenteeism, and complete work depression commonly develop. The
disease susceptibility, sleep disability. Many patients face job loss chronic nature of pain erodes
disturbances, and decreased appetite. and resulting financial strain, psychological resilience and social
These physical changes create a compounding the burden of their connections, requiring integrated mental
cascade of additional health problems. condition. health support.

Pain Assessment Challenges

Measuring pain intensity presents unique challenges due to its subjective nature and multidimensional character. No
objective biomarker exists, requiring reliance on patient self-report and behavioral observations.

oo L &

Visual Analog Scale (VAS) Numeric Rating Scale (NRS) Multidimensional Tools

A 10cm line where patients mark their pain  Patients rate pain from 0-10, providing Comprehensive instruments like the McGill
level from "no pain" to "worst imaginable simple quantification for tracking changes Pain Questionnaire assess sensory,

pain" over time affective, and evaluative dimensions

Effective chronic pain management requires regular assessment using validated tools, consideration of functional
impact beyond intensity alone, and individualized treatment plans addressing the biopsychosocial complexity of each

patient's experience.
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Headache: Clinical Overview

Headache represents one of the most common pain complaints
encountered in clinical practice. Understanding the distinction
between primary and secondary causes is essential for accurate
diagnosis and appropriate management. This review will guide you
through the anatomical basis of headache pain and the key clinical

presentations you'll encounter.
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Classification and Pain-Sensitive Structures

Primary vs. Secondary Headaches

Headache classification divides into two major
categories. Primary (functional) headaches include
migraine, cluster headache, and tension-type headache—
these occur without underlying structural pathology.
Secondary (organic) headaches result from identifiable
causes including meningitis, intracranial tumors, abnormal
intracranial pressure (both hypo- and hypertension),
vascular disorders, toxic substance exposure, and pain
transmitted from cervical spine disorders, structures of
the splanchnocranium, ear, or larynx.

Pain-Sensitive Structures

Understanding which cranial structures are sensitive to
pain is fundamental to headache diagnosis. These
structures are divided into two anatomical categories:

e Extracranial structures—skin, muscles, periosteum,
blood vessels, and sensory organs

e [ntracranial structures—meninges, dural vessels, and
select cranial nerves

Notably, brain parenchyma itself lacks pain receptors,
explaining why intracranial lesions may remain
asymptomatic until they affect pain-sensitive structures.
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Extracranial Sources of Headache

Sinusitis Headache

The entrances to paranasal
sinuses are richly innervated. Pain
occurs when nasal mucosa
surrounding sinus ostia becomes
irritated or inflamed, typically
producing facial pressure and
tenderness that worsens with head
movement or bending forward.

Otitis Media Pain

The tympanic cavity represents an
extremely sensitive anatomical
area. Irritation or inflammation of
middle ear structures causes
intense, often throbbing pain due
to the high density of nociceptors
in this region.

Tension-Type Headache

The most common headache type,
affecting both genders equally and
occurring at any age. Pain is
typically constant and described
as a tight band around the head.
Duration varies from minutes to
years. Some patients report
photophobia and phonophobia.

Tension-type headache is usually bilateral, though unilateral presentation can occur. The pathogenesis remains
incompletely understood, though the prevailing theory involves contraction of neck and head muscles triggered by

psychogenic stress. This muscle contraction leads to localized hypoxia, extracellular potassium shifts, and relative
calcium depletion—all contributing to pain generation.
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Additional Extracranial Pain Sources

— e — —0 —— 0 —

Cervical Spine and Vertebrogenic Dental Causes Ocular and Orbital Structures
Vertebrogenic Pain

Toothache represents another The conjunctiva responds to both
Disorders of the cervical spine can significant pain source. Common mechanical and chemical stimuli.
cause referred headache pain. Muscle etiologies include dental caries, pulpitis Extraocular muscles and meninges
contraction in cervical musculature (inflammation of dental pulp), tooth covering the optic nerve can generate
leads to tissue hypoxia, potassium fractures, periodontal abscess, and pain. The globe itself is highly sensitive
efflux into extracellular fluid, and other odontogenic infections that can to changes in intraocular pressure, as
relative decreases in calcium refer pain to surrounding structures. seen in acute angle-closure glaucoma.

concentration—all contributing to
nociceptor activation.

— e 6

Vascular and Muscular Elements Periosteal Structures

Arteries, muscles, and other mesodermal structures contribute The periosteum is richly innervated and highly sensitive to

to headache pathogenesis. Muscle contraction is the primary pain. Inflammation, trauma, or other pathology affecting
mechanism, though vascular dilation and inflammation also periosteal tissues can produce significant localized head pain
play important roles in certain headache subtypes. with characteristic tenderness to palpation.
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Headaches Anatomical Pain Pathways

Sinus: Cluster: @ Tension:  Migraine:
painis pain is pain is pain, nausea :
usually behind  in and like a band = and visual gggreor:;aa ?gmi%atrga thways of
theat‘(g/e(f)\read | c?r:guende S&fﬁfandg dt]anigcii g;e head pain is essential for clinical
y yP diagnosis. The trigeminal nerve

-

cheekbones

classic form (. anial nerve V) provides the

SO primary sensory innervation to
facial and cranial structures,
while the upper cervical nerves
(C1-C3) innervate posterior
scalp regions. Convergence of
these pathways in the
trigeminocervical complex
explains referred pain patterns
commonly seen in headache
disorders.
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Intracranial Headache: Migraine

Migraine is characterized by recurrent attacks of predominantly
unilateral headache, often accompanied by nausea, vomiting,
photophobia, and phonophobia. The pain typically lasts several hours
to days and may alternate sides between attacks or involve the entire
head. Some patients experience an aura before the headache—visual
disturbances such as scintillating scotomas, zigzag lines (fortification
spectra), or visual field defects.

Epidemiology

e Affects 15-30% of women and 3-13% of men
e 70% of patients develop symptoms before age 30
o Approximately 5% of prepubertal children affected (equal gender distribution)

Pathophysiology

Migraine pathogenesis involves both central nervous system and craniovascular dysfunction. CNS manifestations—including visual
symptoms, hemiparesis, aphasia, and unilateral sensory deficits—result from cortical spreading depression. The headache phase
relates to innervation of the craniovascular system, particularly subarachnoid branches of the trigeminal nerve. Afferent fibers release
neurotransmitters (substance P, neurokinin A, and calcitonin gene-related peptide) onto vessel walls, promoting neurogenic

inflammation. Serotonin and bradykinin also play modulatory roles in pain generation.
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Cluster Headache: Clinical Features

— Demographics and Timing

Predominantly affects men (4-5:1 male-to-female ratio) with
typical onset between ages 20-30. Patients characteristically
report cyclical pain patterns occurring during the same periods
each year, hence the term "cluster."”

— Pain Characteristics

Pain presentation is stereotypical: strictly unilateral, localized to
the orbital region, and spreading to suboccipital areas or
shoulders. Onset is sudden with rapid progression to maximum
intensity. The severe, excruciating nature often causes patients
to pace or rock during attacks.

— Attack Duration and Frequency

Individual seizures last 10-120 minutes with abrupt cessation
and no residual pain. Attacks occur in "clusters"—typically 2-3
times daily for weeks to months, followed by remission periods
that may last months to years.
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Cluster Headache: Associated Symptoms

10%

Nausea and Vomiting Horner's Syndrome
Gastrointestinal symptoms accompany attacks in Miosis and ptosis on the affected side develop in about
approximately one-quarter to one-third of patients one-tenth of cluster headache patients

Autonomic Features

Cluster headache is distinguished by prominent ipsilateral autonomic symptoms that occur during attacks. Common
manifestations include lacrimation (tearing), rhinorrhea (nasal discharge), and conjunctival injection (redness).
Approximately 10% of patients exhibit unilateral photophobia restricted to the affected side. Some patients develop
partial Horner's syndrome with miosis and eyelid ptosis on the symptomatic side.

The etiology of cluster headache remains incompletely understood, though hypothalamic involvement is strongly
suspected based on the circadian and circannual patterns of attacks. Current research suggests dysfunction of the
posterior hypothalamus and its connections to the trigeminovascular system.
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Understanding Itch: Mechanisms
and Clinical Significance

Pruritus, or itching, represents a complex sensory
phenomenon that remains incompletely understood at the
receptor level. Current evidence suggests that specialized
peripheral receptors responsible for itch sensation are likely
free nerve endings of non-myelinated C fibers, though their
precise characterization continues to evolve in neuroscience
research.
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Itching: A Distinct Sensory Modality

Definition and Characteristics Pruritogenic Mediators

ltching (pruritus) is an uncomfortable sensation that provokes Peripheral mechanisms:
the urge to scratch. It can originate from stimulation of skin or
mucosa, but may also arise through central mechanisms in the
nervous system's transmission pathways.

e Direct mediators: histamine, acetylcholine, serotonin

e Indirect inducers: neuropeptides, cytokines,
proteases (via histamine release)

Previously considered a subtype of pain, itching is now

recognized as a distinct sensory category with unique

properties: ) . o _ e Opioid receptor agonists in the CNS trigger
e Does not transform into pain at high intensity centrally-mediated pruritus

Central mechanisms:

e Elicits a different motor reflex (scratching vs. withdrawal)
o Central opioids suppress pain but paradoxically induce itching

Understanding pruritus mechanisms is clinically relevant as many systemic diseases, medications, and neurological
conditions can manifest with itching as a primary symptom. The neuroanatomical pathways for itch remain an active
area of research.
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Neurophysiology of Itch and Its Modulation

Gate Control Mechanism

The act of scratching provides relief through a fascinating
neurological mechanism. When we scratch, we activate
touch, pressure, and pain stimuli that effectively compete
with and diminish the itch sensation at the spinal cord
level. This demonstrates the gate control theory of
sensory modulation, where one sensory input can inhibit
another.

This physiological response explains why scratching
provides temporary relief, though it may perpetuate the
itch-scratch cycle in chronic conditions.
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Clinical Manifestations of Pruritus

Dermatological Conditions Hepatic Disorders

Pruritus is a hallmark symptom of Chronic itching frequently occurs
numerous skin diseases, most in primary biliary cirrhosis and
notably atopic eczema (atopic other cholestatic liver diseases.
dermatitis), urticaria (hives), and The accumulation of bile salts and
insect bites. These conditions other pruritogenic substances in
trigger itch through various the skin contributes to this
inflammatory mediators including debilitating symptom, significantly
histamine, cytokines, and impacting quality of life.

neuropeptides.

GLX

Renal Failure

Patients with advanced kidney
disease commonly experience
uremic pruritus. This systemic itch
is thought to result from
accumulation of endogenous
opioids and other metabolic
byproducts that the failing kidneys
cannot adequately clear from the
bloodstream.

The presence of pruritus without obvious skin lesions should prompt investigation for underlying systemic disease,

making it an important diagnostic clue in clinical practice.
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Pain in the Oral Cavity: Diagnhostic Considerations

4 SN

Primary Dental Etiologies

Dental caries (cavities)
Cracked or fractured tooth
Exposed tooth root
Periodontal (gum) disease
Failed dental implants

Defining Orofacial Pain

"Toothache" refers to pain localized around a tooth, multiple teeth,
or the jaws. This common complaint can range from chronic, dull
discomfort to acute, excruciating pain that significantly impairs

function and quality of life.

Non-Dental Causes

e Temporomandibular joint disorders
e Masticatory muscle spasms

e Oral cancers

e Implant complications

Pain characteristics vary widely and may be aggravated by specific triggers including chewing, temperature extremes
(hot or cold), and sweet foods. Understanding these pain patterns is essential for accurate diagnosis.
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Referred Pain: Beyond the Oral Cavity

[J Clinical Pearl: Not all orofacial pain originates from dental structures. A thorough differential diagnosis must
consider systemic and regional pathology.

— Cardiac Origins — Otologic Disorders
Angina pectoris and myocardial infarction can Both inner and external ear infections can refer pain
present with referred pain to the jaw, particularly the to the temporomandibular region and surrounding
left mandible. This represents a potentially life- structures due to shared neural pathways,
threatening condition requiring immediate particularly through the auriculotemporal nerve.
recognition and intervention.

— Sinus Pathology — Neurological Conditions
Maxillary sinusitis commonly produces pain in the Neuralgias and other neuropathic pain syndromes,
upper teeth and jaw due to anatomical proximity and particularly trigeminal neuralgia, can manifest as
shared innervation. Inflammation and pressure within severe orofacial pain without any identifiable dental
the sinus cavity can mimic dental pain. pathology.

Made with GAMMNA
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Differential Diagnosis: Dental-Related Pain Patterns

Temperature Sensitivity Prolonged Temperature Post-Treatment Sensitivity
Without Recent Dental Work Sensitivity Characteristics: New sensitivity
WQFgcteristics: Transient sharp Characteristics: Lingering pain after following dental procedures

pain to hot or cold stimuli thermal stimulus removal Possible causes: Transient pulp
Possible causes: Loose filling, Possible causes: Irreversible pulpitis  inflammation (reversible pulpitis) is
dental caries, enamel fracture, or from deep decay, significant crack common after restorative work. The
minimal gum recession exposing or fracture, advanced periodontal pulp tissue inside the tooth

dentinal tubules and root surfaces. disease, or traumatic injury. This becomes temporarily hypersensitive
These conditions allow thermal suggests permanent pulp damage but typically resolves within days to
stimuli to reach the sensitive pulp requiring endodontic intervention. weeks.

tissue.

Made with GAMMNA
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Additional Orofacial Pain Syndromes

W

A

Post-Treatment Discomfort

Dull ache and biting sensitivity after recent dental work
indicates inflammatory response in the periodontal
ligament, typically resolving spontaneously.

W

Sharp Biting Pain

Acute pain when biting suggests structural compromise: loose
filling, active decay, cracked tooth, cuspal fracture, or vertical root
fracture requiring immediate evaluation.

54

Abscess Formation

Constant, severe pain with pressure sensitivity, gum
swelling, and tenderness indicates periapical or periodontal
abscess—a dental emergency requiring prompt treatment.

2

Sinus-Related Pain

Dull ache in upper teeth and jaw may indicate maxillary
sinusitis rather than dental pathology. Bruxism (teeth
grinding) can produce similar symptoms.

U

Trigeminal Neuralgia

Sharp, jabbing pain triggered by touching specific areas or
talking suggests trigeminal neuralgia—a neuropathic
condition requiring neurological management.

TMJ Dysfunction

Clicking, popping sounds with painful jaw movement
indicate temporomandibular joint disorder, requiring
specialized evaluation and treatment approaches.

Accurate diagnosis requires careful history-taking, thorough examination, and often imaging studies. Chronic head,
neck, or ear pain may originate from pulp-damaged teeth but demands comprehensive evaluation to exclude other

dental or medical etiologies.

Made with GAMMNA
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Definition

Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or
described in terms of such damage

(IASP — The International Association for the Study of Pain, 1979)

- damage (danger) signal
- indication and localization of damage
- prevention of more serious damage

Pain in orofacial region - oral cavity (teeth, gingiva, oral
mucosa), face, jaw bone, temporomandibular joint



Orofacial Pain Pathway

Orofacial pain pathways includes primary afferent neurons, trigeminal
ganglion, brainstem nociceptive neurons, and higher brain function
regulating orofacial nociception.

s A

Nociceptors in the orofacial region 3 order neuron 50 PN

S . . . oflen {-“. : .
15t order neurons in the trigeminal nerve asaaie T b2

nd . . . .
2" order neurons in the trigeminal nucleus caudalis located o P [ |
in the brainstem o Asconcing | | Descending

. . pegia '
39 order neurons in the thalamus via the ventral N
trigeminothalamic tract .
l“ Ol'del' sl Trigeminal nucleus
The descending pathway sends signals to the trigeminal -l
nucleus caudalis — serotonin, norepinephrine and opioid J" \
e Ws _:'"g: N

peptides are produced - this process leads to pain reduction

C-hb



Classification of orofacial pain

_ Acute orofacial pain Chronic orofacial pain

Duration Onset Sustained, persistent >3 months in
humans

Cause Inflammation or injury of tissue Inflammation, nerve damage

Physiologic  Increased blood pressure, Adaptation behaviors or psychological

response tachycardia via sympathetic responses such as depression and
response anxiety

Examplesin  Dental pain: pulpitis Neuropathic pain: trigeminal

the orofacial Mucogingival pain neuralgia, peripheral trigeminal nerve

area injury, postherpetic neuralgia

Chronic inflammatory pain: chronic
pulpitis and apical lesions,
temporomandibular disorder pain
Neurovascular pain: migraines,
tension-type headaches



Nociceptive orofacial

Inflammatory

Classification of orofacial pain

Neuropathic pain

Causes and
mechanism of
pain pathway

Stimulation

Example

pain

Noxious stimulation at the
peripheral nerve and
transmitted by normal

components of the
sensory trigeminal nerve

Response to noxious
stimulus

E.g. response to hot drink

orofacial pain

Strong noxious stimulus

causes lesions in the tissue

leading to local
inflammation responses
and increased
inflammatory mediators

Response to noxious
stimulus

Pulp necrosis
Temporomandibular joint
inflammation

Caused by nerve damage or
injury and increased peripheral
sensitization, structure change
by increased sodium activation,
calcium activity of nerves
leading to ectopic discharges,
and glia cell activation

Response to non-noxious and
noxious stimulation
Spontaneous pain without
stimulation occurred in
damaged nerves

Peripheral trigeminal nerve
injury - facial trauma accident or
trigeminal neuralgia



Pain in oral cavity

"Toothache" is pain typically around a tooth, teeth or jaws.

Causes

— dental problems - dental cavity, a cracked or fractured tooth, an
exposed tooth root, or gum disease.

— diseases of the jaw joint (femporomandibular joint)
— spasms of the muscles

— cancers

— teeth implants

The severity of a foothache can range from chronic and mild
to sharp and excruciating. It can be a dull ache or intense.

The pain may be aggravated by chewing or by foods and
qutl.olids whl)Z:h ar'eg%old or ho’rY sweet. 7 Y



Sometimes, pain in oral cavity may be caused by a

problem not originating from a tooth or the jaw at all.

Pain around the teeth and the jaws can be symptoms

of diseases of the heart (angina pectoris, myocardal
infarction)

ears (inner or external ear infections)
sinuses (sinusitis)
neuralgias and other nerve ailments

Heart pain can radiate
to the jaw and teeth

FADAM.



Some problems that cause oral pain

Sensitivity to hot or cold foods without recent dental work.
* loose filling,

* decay,

 fracture in the tooth,

« minimal gum recession which exposes small areas of the root surface.

Prolonged sensitivity to hot or cold foods without recent dental work.
* pulp irreversibly damaged by deep decay,

* crack/fracture,

 periodontal disease or trauma.

Sensitivity to hot or cold foods after recent dental treatment.

* inflammation of the pulp, inside the tooth, causing temporary
sensitivity.




Some problems that cause oral pain

Dull ache near a tooth and/or biting sensitivity after recent dental
treatment

* inflammation

Sharp pain when biting down on food
* loose filling

decay

cracked or split tooth

cuspal fracture

vertical root fracture

Constant and severe pain with pressure, swelling of the gum, and
sensitivity to touch

 absces

A tooth hurts after taping on it with finger from the side.
* inflammation of periodontal ligament



Some problems that cause oral pain

Dull ache and pressure in upper teeth and jaw
* sinus problems (sinusitis)
* grinding of teeth (bruxism)

Chronic pain in head, neck, or ear

* sometimes pulp-damaged feeth cause pain in other parts of the head
and neck, but other dental or medical problems may be responsible.

Touching a specific spot in or near mouth triggers a sharp, jabbing pain
lasting a few seconds. Sometimes talking may also cause this to
occur.

* trigeminal neuralgia

Clicking or pop is heard when opening mouth. Opening/closing of mouth
may be painful

* temporomandibular dysfunction



Pain in the head and neck region

* is multifactorial

e origin from:
— muscles
— herves
— vessels
— joints
— viscera

* odontogenic vs. non-odontogenic  semomuiomsce

pain

https://www.futurelearn.com/info/courses/cancer-fundamentals-
introduction-to-basic-and-clinical-oncology/0/steps/413977

Supraorbital nerve Frontalis muscle

Supratrochlear nerve Orbicularis oculi muscle

Procerus muscle Zygomatic branch of facial nerve

> A Temporal branches of facial nerv
Levator labii superioris muscle amporai branches of facial nerve

Superficial temporal vessels and nerve

Levator anguli oris muscle Parotid gland and duct

Zygomaticus major muscle Facial nerve:
Buccal branch
Orbicularis oris muscle Mandibular branch
Depressor anguli oris muscle Facial artery
— Facial vein
Depressor labii inferioris muscle )
Great auricular nerve

Mentalis muscle
Hyoid bone

External jugular vein

Lesser occipital nerve
Spinal accessory nerve
Levator scapulae muscle
Transverse cervical nerve
Supraclavicular nerves

Thyrohyoid muscle
Omohyoid muscle

Thyroid cartilage Middl le
iddle scalene musc
Thyroid gland |
' Brachial plexus
Sternothyroid muscle

Trapezius muscle

Sternocleidomastoid muscle;
Clavicular head
Sternal head

Anterior scalene muscle
Omohyoid muscle



Pain in the head and neck region -
classification

Migraine

¢ H ea d Pa i n : Basal occipital (IS)

CO0-1 (I1S)

— Primary headaches: Migraine, o

Vertex

Tension-type, Cluster Migraine

Basal occipital (IS)

— Secondary headaches: Vascular, =
. . . . Parieto-temporal
infectious, traumatic, neoplastic, or e

Basal occipital (I1S)

metabolic causes "

Migraine

Upper trapezius (TP)

¢ N ec k Pa i n : Sternocleidomastoid (TP)

Suboccipital (TP)

Splenius cervicis (TP)

— Mechanical, Neurological,

Basal occipital (IS) ’
C1-2(I1S)

Inflammatory, Vascular, Traumatic, Shouider S
. C5-7 (ZA)
Neoplastic, or Referred. oises

https://www.sciencedirect.com/science/article/pii/S1521694224000020

High occipital
Migraine
Low occipital
C0-C1 (IS)
GON C2-3 (ZA)
C0-4 (1S)

Basal occipital (1S)
Migraine

Upper trapezius (TP)
GON

Suboccipital

C3-C4 (ZA)
C0-5(IS)
Upper trapezius (TP)

Sternocleidomastoid (TP)
Basal occipital (IS)
GON

Cervical

C4-5 (ZA)

CO0-5(18)

Upper trapezius (TP)
Sternocleidomastoid (TP)
Migraine



Pain in the head and neck
region - etiology

* Primary Headache

— Migraine: Activation of the
trigeminovascular system.

— Tension-type: Pericranial muscle
contraction and stress.

— Cluster headache: Hypothalamic
dysfunction and trigeminal-
autonomic activation.

https://orofacialpain.org.uk/educ
ation/trigeminal-nerve/

Thalamus '
Midbrain )8
Pons

Medulla

Spinalc

QUT Trigeminal Nerve root-V ganglion
Mesencephalic V nucdleus =proprioception

IN Trigeminal (V) Lemniscus-to VPM N
thalamus - S1 and S2

Motor V nucleus =masticatory muscles

Spinal V nucleus subdivided vertically-

Oralis / interpolaris / caudalis {Pain+ temperature



Pain in the head and
neck region - etiology

* Secondary Headache

— Vascular: Carotid dissection,
intracranial hemorrhage,
hypertension.

— Infectious: Sinusitis, meningitis,
encephalitis.

— Structural: Tumors, raised
intracranial pressure.

— Drug/Toxin: Caffeine withdrawal,
nitroglycerin, CO exposure.

https://link.springer.com/chapter/10.1007
/978-3-030-57931-9 9
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Alar branch of
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concha artery concha ethmoidal artery /- §*:

AR

Anterior
ethmoidal

artery Sphenopalatine

o artery

/ / 1
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Posterior lateral
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Greater Inferior Terminal part of
palatine concha greater palatine
artery artery

Septal branch
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ethmoidal artery
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anastomosis (prone

to “nosebleeds”)
\

Septal branch
from nasal artery
from superior
labial artery

Ethmoidal cells

Right frontal sinus

Superciliary arch

Left frontal sinus
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nasal cartilage

Accessory of
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cartilage

Mobile part
of nasal
septum

Wall of optic
canal (foramen)

Pituitary gland

Recess in anterior
clinoid process

Fuliness over
internal carotid
artery

Roof of pterygoid
canal

Sphenoidal sinus

Maxillary sinus



Anatomical relation of suboccipital muscles to atlas (C1)
and axis (C2) and occipital nerve. Upper (C1-C2) cervical

EtIOlOgyZ NECk Pa | N instability can cause the suboccipital muscles to contract

causing migraine headaches or occipital neuralgia.

(Posterior)

* Mechanical: Spondylosis, disc
degeneration, myofascial pain

* Neurological: Cervical
radiculopathy, occipital neuralgia

https://caring
medical.com/
prolotherapy-
news/occipita
l-neuralgia/

The location and relation between the suboccipital muscles to the C1 vertebra — the
Atlas, and the C2 vertebra — the Axis and the path of the occipital nerve are
illustrated. Upper cervical spine instability at C1-C2 can cause pressure on the base
of the spine resulting in the contraction and spasm of the suboccipital muscle. This
can cause headaches, migraines, and occipital neuralgia.
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Etiology: Neck Pain (Inflammatory,

Sterno
mastoid

Accessory
nerve

Trapezius

Vascular, Traumatic)

R

Great auricular
nerve

Transverse
cervical nerve

Supraclavicular
nerves

Pherinic nerve

Brachial plexus

Deltoid

Sternobyoid M. mr/c\

! yrobyoid Muscle
Sternothyroid Muscle.._

—__Posterior Scalene

Muscle

Phrenic Nerve—
g ¢ dmohyoid Muscle
(Inferior Belly)

f Middle Scalene
/ Muscle

Sternocleidomastoid |
Muscle Anterior Scalene
Muscle

* Inflammatory: Rheumatoid arthritis,
polymyalgia rheumatica.

* Vascular: Vertebral artery dissection,
subarachnoid hemorrhage.

* Traumatic: Whiplash, fractures, muscle
strain.



Etiology: Anterior Neck Pain

* Infectious: Pharyngitis,
sialadenitis, deep neck infections
(Ludwig’s angina).

Parotid gland

* Neoplastic: Thyroid or salivary
gland tumors

Submandibular glands

* Referred: From cardiac or
esophageal sources

Thyroid gland

https://www.jarrodhomer.co.uk/about-head-
and-neck-cancer/#ilLightbox[gallery _image 1]/0



Referred Head and Neck
Pain

* Mechanism: Convergence of
visceral and somatic afferents

e Common sources: Cardiac, sinus,
TMJ, gastrointestinal, and cervical
spine

 Example: Myocardial ischemia -
jaw or neck pain

e, _ Somatosensory T
7, Physiotutors COI’tEX s -

Nucleus sp[n_alIS Pars oralis se— 1

‘ -
y"” \
n. trigemini
A 4
Pars interpolaris 3 | 1
| ¥ pest ||
I
Pars caudalis T s
\ \\
. \
= , \
~ \
\

Upper Cervical
Spine

So when the afferent nociceptive stimulus from the neck, travels to
the second-order neuron in the dorsal horn at segment C1/C2 and
finally reaches the somatosensory cortex, this part of the brain then
has to figure out the origin of the stimulus. In this case, the brain
makes a projection error and decides that the nociceptive stimulus
must be coming from the area with the higher nociceptive afferent
innervation, which is the face rather than the poorly innervated
upper cervical area. In other words, the brain projects pain into the
fronto-orbital area of the head.



Pathogenesis of Pain

* Peripheral mechanisms: i .
— Activation of nociceptors = i
inflammatory mediator release » J ;7; EE::?;?QCUS
* Central sensitization: o o
— Persistent stimulation = e U Il.'—ﬁgﬁiﬁﬂl
hyperexcitability in trigeminal ke Ll = Mook
nucleus. i .
» Convergence theory: N ;STT. -
— Shared inputs of CN V and cervical e ,b‘ SSe
nerves (C1-C3). 2 = |
https://www.sciencedirect.com/topics/agricultural-and- ".-._-_:_::._\ / SRR SN

biological-sciences/pain-pathway

From lower limb



Headache Subtypes

Migraine: Neurogenic inflammation, CGRP release

Tension-type: Myofascial trigger points, stress

Cluster: Hypothalamic activation, autonomic outflow

Cervicogenic: Secondary to cervical joint or muscle dysfunction

Type

Migraine

Tension

Cluster

Cervicogenic

Characteristics

Pulsatile, unilateral

Bilateral, dull

Levere, orbital

Occipital, neck-origin

Associated Features

Mausea, photophobia, aura

Mild photophobia

Lacrimation, nasal congestion

Triggered by movement



Symptomatology: Neck
Pain

Mechanical: Dull ache, worsens
with motion.

Radiculopathy: Sharp, radiating
pain to arm or jaw

Inflammatory: Morning stiffness,
systemic symptoms

Vascular: Sudden, severe, with
neurologic deficits

Neoplastic: Progressive, constant,
nocturnal.

https://www.orthobullets.com/spine/2030/cervical-radiculopathy
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Trigeminal neuralgia

Trigeminal neuralgia

Trigeminal nerve and the brain

N Ophthalmic
~~ 'branch (V,)

Maxillary
branch (V,)

Mandibular
branch (V,)

r
kd

Cleveland
Clinic
©2024

Pain areas

https://my.clevelandclinic.org/health/disea

ses/15671-trigeminal-neuralgia-tn
https://en.wikipedia.org/wiki/Trigeminal _

neuralgia
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Trigeminal pain

v long-term pain disorder that affects

trigeninal nerve CLIENT PAT“OLOGV

v’ responsible for transfer of pain, touch and REPORT
temperature TRIGEMINAL NEURALGIA aka TIC POULOUREUX

TRIGEMINAL (5™ CRANIAL NERVE)

Lo SENSORY INFO to SKIN & MUCOQUS
MEMBRANES of the FACE

> MOTOR [NFO for MUSCLES of MASTICATION
* PAIN TRIGGERED by: "

v’ it is type of neuropathic pain

v caused by lesion or disease of
somatosensory NS

v" Two types:

. - CHEWING
v’ typical (paroxysmal) € | 87 L BRUSHING TEETH
v’ atypical (with continous pain) ‘. ‘C 2::\2/‘:45
v' Cause: ~
v"unknown S:E"‘&‘letlv

v' some theories exist:

v' primary - pressure of enlarged or
lenghtened blood vessel (usually a. cerebri
superior) on part of n. trigeminus root

v can demage myelin of n. trigeminus

v' results to erratic and hyperactive functioning
of the nerve

v' triggers attack of crucial pain after slightest
stimulation of innervated regions



Trigeminal pain

v’ Secondary

v’ aneurysm

SYMPTOM

* SUDDEN, EXCRUCIATING, SHARP PAIN
Ls UNILATERAL % INVOLVES LOWER FACE

v’ arteriovenous
malformation

v’ tumor PATHOLOGY > OCCURS in PAROXYSMAL ATTACKS
¥ arachnoid cyst ~ s REGUR AFTER ok min
v" meningioma ~ as often as 100x/day
v’ trauma... A
v" multiple sclerosis (3-4% of = ’

MS)
v' damage to spinal

trigeminal  complex
v' postherpetic neuralgia

v’ idiopathic

v" no apparent structural
cause




Trigeminal pain

v' Symptoms:
v usually paroxysmal attacks

v' last from few seconds to
several minutes or hours

v' 4-10 attacks daily
like stabbing electric shocks

<

v burning, sharp, pressing,
crushing, exploding or shooting

v can migrate to other branches

<

unilateral

v’ triggers:

v touch
blow of wind
chewing
spontaneously
eating
talking

N N X X X

shaving

BACKGROUND

* DEBILITATING NERVE PAIN DISORDER AFFECTING
FIFTH CRANIAL NERVE (TRIGEMINAL NERVE)

CAVSES TREATMENT
CLASSIC : g::s:;azevme
* VASCULAR COMPRESSION of NERVE G
SECONDARY ~ GAMMA KNIFE

~ PERCUTANEOUS BALLOON COMPRESSION
~ PERCUTANEOUS GLYCEROL RHIZOTOMY
~ PERCUTANEOUS STEREOTACTIC RHIZOTOMY

% NON-VASCULAR COMPRESSION, like
TUMOR or CYST

SIGNS & SYMPTOMS
* SPONTANEOUS EXTREME PAIN, EXACERBATED
with TOUCHING or MOVING TONGUE, LIPS, & FACE

~ INTENSE, SHARP, STABBING & SHOOTING, like
LIGHTNING BOLT or ELECTRIC SHOCK

~ PAROXYSMAL, ACCOMPANIED by REDNESS & 7
WARMTH, LASTS SECONDS, & IS INTERMITTENT (4 4

~ Between EPISODES: PAIN-FREE PERIODS or DULL,
CONSTANT PAIN LASTING 1-2min

~ AUTONOMIC SYMPTOMS: LACRIMATION,
CONJUNCTIVAL INJECTION, EXCESSIVE
SALIVATION, & RHINORRHEA

~ TYPICALLY ONE SIDE of FACE .
~ PAIN MAY WORSEN with MILD TACTILE STIMUL!

DIAGNOSIS
* PHYSICAL EXAM
* PATIENT INTERVIEW

) * IMAGING to RULE OUT OTHER
) DIAGNOSES

v’ Atypical trigeminal neuralgia

v'continual pain

v'less serious as typical type
v’ over 50% of the time
v'burning, prickling

https://www.osmosis.org/answers/trigeminal-neuralgia
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