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Lesson 2:

Building Blocks of 
Nociception and Pain
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Why is pain important?
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What caused this guy to 
experience pain?
• Behavior: Touching a hot stove
• Molecular: Detection of harmful heat
• Cellular: Transmission of signal
• Spinal Circuits: Failure to inhibit

sensory signal
• Neural Activity: Brain regions detect 

& integrate sensory input with emotion

Pain is defined by multiple perspectives 
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Nociception can be mediated by 

MANY physiological events in the 

peripheral nervous system (PNS)

and central nervous system (CNS).  

Pain is mediated only by the brain.

Building Blocks of Nociception

Spinal
Cord

Brain

Sensory
Neurons
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• Peripheral sensory nerve fiber
(free nerve ending)

• In spinal cord
(nucleus gracilis or nucleus cuneatus)

• In ventral posterolateral

nucleus of thalamus

Spinal
Cord

Brain

Sensory
Neurons

Spinal
Cord

Brain

Sensory
Neurons

Three neurons lie between the skin and brain
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These 3 neurons

and the distinct rules

that determine their 

functions may ALL

impact pain perception.
Spinal
Cord

Brain

Sensory
Neurons

Three neurons lie between the skin and brain
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Different types of pain, different mechanisms
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Nociceptive pain consists of…

Mechanical Pain

Thermal diode

Thermal Pain

Heat Immersion

Cold Immersion

Punctate Pressure (Pinprick)

Pressure algometry

Visceral Pain

Hollow Organ
Distension

Chemical Pain Ischemic Pain

Capsaicin
Tourniquet

Somatic Pain

Tonic Pain

Distension Pain

Dynamic brush
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Somatic versus visceral nociception

Primary sensory 
neurons terminating
in the spinal cord:

Somatic: 90%
Visceral: 7-10%

(Gebhart & Bielefeldt, 2016)
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Digestion)Related Urinary1Tract)Related Menstruation)Related

Note:
• Functional pain often involves visceral structures and therefore may overlap with visceral pain.

• Visceral pain related to body functions provides evidence regarding which hollow organs underlie pain.

• “Functional pain” has been applied more broadly to conditions like fibromyalgia, osteoarthritis, etc.

Functional pain
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Neuropathic Pain = Pain caused by a lesion or disease of the somatosensory
nervous system.

• As of 2011, REQUIRES evidence of diagnosable neurological lesion/disease, where:  
• Lesion = abnormality or changes clearly caused by trauma
• Disease = lesions with known mechanisms (e.g., diabetic neuropathy, stroke, etc.)
• Somatosensory = pertaining to sensations experienced as part of/within the body, including

cutaneous, muscle, bone, and visceral tissue. 

• Categorized as either central or peripheral neuropathic pain (may co-present)

• 3 factors can over-ride the requirement for evidence of lesion/disease:

2. A medical history that strongly supports neuropathic etiology; and/or

1. Hallmark symptoms that are specific to a known neuropathic pain diagnosis;

3.    Informed clinical judgment.

Neuropathic Pain (IASP, 2017)

Rationale:  Previously “neuropathic” was used interchangeably with “idiopathic” and was used
by many as a “wastebasket” diagnosis, which deprived the term of its original meaning.
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Different types of pain, different mechanisms

Neuropathic

Inflammatory

Nociceptive

Functional

Therefore:
• Groups of symptoms are evaluated, 

with pain history, to identify potential 
mechanisms.

• Cause(s) of pain onset may not be 
the cause(s) of its persistent maintenance.

• New episodes of acute pain can 
exacerbate existing persistent pain. 

Acute Pain Persistent Pain

• Acute pain isn’t ONE type of pain

• Persistent pain isn’t ONE type of pain
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Hypothetical combinations of mechanisms

Dominant: Neuropathic Pain  Contributor: occasional Inflammatory Pain
A 48 yo woman with spontaneous (unprovoked) burning pain in left foot,
And light mechanical pressure provokes shock-like pain that radiates up afflicted leg.

Dominant: Nociceptive Pain       Contributor: Neuropathic Pain
A 60 yo man with normal pain sensation except for previous location of nerve injury, including
sensory disturbances with normal touch or chemical stimulation. Lasts years after nerve injury.

“Pure” Nociceptive Pain
Pain experienced only with application of acute noxious mechanical,
thermal, and/or chemical stimulation. Expected in healthy individuals.

Dominant: Functional Pain       Contributors: flares of Inflammation
(normal cutaneous sensitivity)

A 35 yo woman with regular digestion-related pain, gluten-related inflammation,
And occasional electric shock-like neuropathic pain when IBS becomes intense.
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Acute and persistent (chronic) pain come in many flavors:
• “Nociceptive” pain, Inflammatory pain, Functional pain, and Neuropathic pain

• Patients with persistent pain may have any combination of these.

Nociceptors found in somatic vs. visceral tissue exhibit distinct functional profiles
• The perceived location, relationship with stimuli onset/offset, and subjective quality of pain may

point to the tissue(s) of origin

• Important for differentiating referred pain and complex pain presentations

Allodynia and hyperalgesia are important symptoms that we will explore in depth.

Complex persistent pain may include gain and loss of sensation(s) that vary over time.

Major concepts to take with you…
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Pain is a sensory AND affective experience
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Different pains, different emotional responses



The best source for thorough, clinically-oriented definitions of pain-related terms
is the International Association for the Study of Pain (IASP) Taxonomy 

https://www.iasp-pain.org/Taxonomy?navItemNumber=576

These terms are continuously being refined as new research emerges,
so even experts will debate some of the details of these definitions.



Allodynia = Pain caused by a stimulus that does not normally provoke pain.

• Involves altered quality of sensation: (“There is thus a loss of specificity of a sensory modality.”)

Hyperalgesia = Increased pain with a stimulus that normally provokes pain.

• May be evoked by different types of suprathreshold somatosensory stimulation of various tissues
(as defined by pre-injury pain thresholds).

Both terms:
• Can refer to mechanical (punctate pressure, pinprick) or thermal (warm, cool) stimulation.
• Defined in relation to clinical stimuli. 
• It is assumed that application of same stimulus to contralateral body site serves as a “control.”

IASP
Taxonomy
(IASP, 2017)

Rationale:    No reference values for stimulus intensity are provided when defining allodynia and 
hyperalgesia. Pain thresholds can vary across time, and noxious stimulation may or may not induce 
actual tissue damage. 



Nociceptors in Different Tissues for Different Threats

Nociceptors respond to potential threats
found inside and outside of the body. 
However, distinct types of tissue are 
exposed to unique threats from injury, 
overuse, etc.

Therefore one must take care to not 
generalize findings from nociceptors found 
in one type of tissue to nociceptors in other
tissues.

e.g., the combinations of inflammatory 
mediators involved in cutaneous injuries are 
not all found in visceral tissue. 



Stimulus-Response Relationship

• Stimulus Mode:
-innocuous
-noxious

• Response Mode:
-not painful
-painful

STIMULUS

RE
SP
O
N
SE

(IASP, 2017)



Allodynia:  Stimulus-Response Relationship

Allodynia Response Mode:

not painful è PAINFUL

STIMULUS

RE
SP
O
N
SE

Allodynia Stimulus Mode:

innocuous è NOXIOUS

(IASP, 2017)



hyperalgesia
RE
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STIMULUS

Hyperalgesia
Response Mode:

painful è PAINFUL

Hyperalgesia 
Stimulus Mode:

noxious è NOXIOUS

(slope of line)

(IASP, 2017)Hyperalgesia:  Stimulus-Response Relationship



Allodynia

HyperalgesiaHypoalgesia

LOSS OF FUNCTION                          GAIN OF FUNCTION
(Negative Symptoms)                                                    (Positive Symptoms)



• Allodynia
- Painful sensations with normally non-painful stimuli

Types of Mechanical Allodynia:
Static Mechanical Allodynia

- Gentle tactile stimuli evoke pain
Dynamic Mechanical Allodynia

- Moving tactile stimuli evoke pain
Deep Somatic Mechanical Allodynia

- Non-painful pressure evokes deep pain

Heat Allodynia
- Non-painful heat evokes pain
Cold Allodynia
- Non-painful cold evokes pain

• Hyperalgesia
- Enhanced pain sensation with normally painful stimuli

Mechanical Hyperalgesia
- Increased pain with pinprick stimuli

Temporal Summation (Pinprick)
- Increased pain with repeated pinpricks

Heat Hyperalgesia
- Increased pain with painful heat stimuli

Pain
Threshold

LOSS OF FUNCTION                                                                         GAIN OF FUNCTION
(Negative Symptoms)                                                                                                          (Positive Symptoms)

Sensitivity
Spectrum

• Hypoesthesia
- Reduced sensation with non-painful stimuli

Pallohypoesthesia
- Reduced sensation to vibration

Thermohypoesthesia
- Reduced sensation to vibration

• Hypoalgesia
- Reduced sensation with non-painful stimuli

Detection
Threshold

Sensory
Abnormalities

• Superficial Spontaneous Pain
- Ongoing, painful cutaneous sensations (e.g., burning pain)

• Paroxysmal Pain
- Brief periods of shooting, electric shock-like pain

• Paresthesia
- Ongoing, non-painful changes in sensation

Dysesthesia
- Unpleasant paresthesia



Fibromyalgia

C.M. was diagnosed with fibromyalgia, marked by 
extreme fatigue and diffuse body pain. Reported 
stabbing pain in hip joints and pain in left shoulder, 
left arm/elbow, and right skull. Pain began 5 years 
ago during a period of high work stress, and she 
believes her “burnout” contributed to pain onset. Pain 
does not decrease, regardless of treatment efforts. 

She struggles during your interview, as she has 
difficulty concentrating and expressing complete 
thoughts. Her expression is vacant during the entire 
interview.



Neuropathic Pain = Pain caused by a lesion or disease of the somatosensory
nervous system.

• As of 2011, REQUIRES evidence of diagnosable neurological lesion/disease, where:  
• Lesion = abnormality or changes clearly caused by trauma
• Disease = lesions with known mechanisms (e.g., diabetic neuropathy, stroke, etc.)
• Somatosensory = pertaining to sensations experienced as part of/within the body, including

cutaneous, muscle, bone, and visceral tissue. 

IASP
Taxonomy

Rationale:  Previously “neuropathic” was used interchangeably with “idiopathic” and was used
by many as a “wastebasket” diagnosis, which deprived the term of its original meaning.

• Categorized as either central or peripheral neuropathic pain (may co-present)

(IASP, 2017)

• 3 factors can over-ride the requirement for evidence of lesion/disease:

2. A medical history that strongly supports neuropathic etiology; and/or

1. Hallmark symptoms that are specific to a known neuropathic pain diagnosis;

3.    Informed clinical judgment.



Sensory Loss
Phenotype

Irritable Nociceptor
Phenotype

Mechanical Hypersensitivity
Phenotype

Accounts for:

• Numbness and 
“pins and needles”
sensations

Accounts for:

• Spontaneous 
(unprovoked) pain

• Heat hyperalgesia

Accounts for:

• Mechanical allodynia and hyperalgesia,
including dynamic mechanical allodynia

Neuropathic Pain is Further Categorized into Phenotypes (Price & Gold, 2017)

More than one phenotype is usually present:



Neuropathic Pain Case Example

Complex Regional Pain Syndrome

Kalicki et al., 2015

P.C. presents with excruciating left foot pain. Even light touch to her
skin generates radiating electric shock-like pain up her leg, to her
lower back. Her swollen foot has a blue, shiny appearance and she
can’t flex her ankle without intense pain. The thick, wiry hair on her
toes grows as rapidly as her long toenails. As she speaks to you
about her symptoms, she never looks at her leg.

She has come in to the clinic for a lidocaine block so that she can
tolerate to have her toenails clipped because they have been catching
on her bedsheets at night.



S.L. presents with post-traumatic trigeminal neuralgia
following a motor vehicle accident in 2015. Plates and
screws were inserted into her mandible because the 
impact shattered her jaw; upon removal an ongoing 
infection formed in the bone that has not responded to 
antibiotic treatment. After 7 surgeries, she plans to have 
the rest of her teeth removed to save the “headache” 
of future infections. Tingling, pulsating pain radiates from 
her numb lower lip to her left ear. Transdermal fentanyl 
keeps her pain at a steady 6/10. Failed other interventions.         

She expresses resentment at her previous doctors who suggested her pain was 
“all in her head.” She continues to experience symptoms of post-traumatic stress disorder 
from the accident.

Self-Portrait with Trigeminal Neuralgia Pain
(Tara Shuey)

Neuropathic Pain Case Example

Trigeminal Neuralgia



Major Concepts to Take With You:

Acute and persistent (chronic) pain come in many flavors:
• “Nociceptive” pain, Inflammatory pain, Functional pain, and Neuropathic pain

• Patients with persistent pain may have any combination of these.

Nociceptors found in somatic vs. visceral tissue exhibit distinct functional profiles
• The perceived location, relationship with stimuli onset/offset, and subjective quality of pain may

point to the tissue(s) of origin

• Important for differentiating referred pain and complex pain presentations

Allodynia and hyperalgesia are important symptoms that we will explore in depth.

Complex persistent pain may include gain and loss of sensation(s) that vary over time.


