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Abstract: Pain is one of the most common reasons patients come to a hospital, yet despite being so 

common, its underlying anatomy and physiology are often poorly understood even by junior clinicians. 

This narrative review tries to bring together the basic anatomical and physiological steps of pain 

transmission — from the peripheral nociceptor to the cerebral cortex — and connect each step to a 

clinical situation where that piece of anatomy becomes important. The review covers nociceptor 

classification, the ascending anterolateral system, dorsal horn processing, thalamocortical relay, 

descending modulatory circuits, and the neurochemical basis of pain control. Clinical correlations such 

as referred pain, phantom limb pain, central sensitization, and neuropathic pain syndromes are 

discussed at each relevant stage rather than as an afterthought, since this is how pain anatomy is 

actually used at the bedside. The aim is to fill a small gap that most standard textbooks leave open — a 

single, anatomy-first narrative that links structure directly to symptom. 
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I. INTRODUCTION 

Pain is defined by the International Association for the Study of Pain as an unpleasant sensory and emotional 

experience associated with, or resembling that associated with, actual or potential tissue damage. This definition itself 

tells us something important — pain is not a pure sensory event like touch or vibration. It has a sensory-discriminative 

component (where, how much, what kind) and an affective-motivational component (how unpleasant, how distressing). 

Anatomically, this dual nature is reflected in the fact that pain signals do not travel along a single tract to a single 

destination. Instead, they are distributed across several parallel pathways that terminate in different parts of the brain — 

some concerned with localizing the stimulus, others with the emotional suffering attached to it. 

For a medical student, pain pathway anatomy is usually taught as a dry list of tracts and nuclei. But in clinical practice, 

almost every pain syndrome a doctor sees can be explained by a defect, an exaggeration, or a reorganization 

somewhere along this pathway. A patient with a herniated disc, a diabetic with burning feet, a person who lost a limb 

and still feels it hurting, a heart attack patient who feels pain in the left arm instead of the chest — all of these are 

anatomy lessons in disguise. This review tries to teach the anatomy in the order the signal actually travels, while 

pausing at each station to ask "what goes wrong here, and what does that look like in a patient." 

 

II. CLASSIFICATION OF PAIN 

Before going into anatomy, it helps to classify pain into three broad physiological categories, because the pathway 

involved differs slightly for each: 

Nociceptive pain — pain arising from activation of nociceptors by an actual or threatened noxious stimulus, with an 

intact nervous system. This is further split into somatic (skin, muscle, bone, joint) and visceral (internal organs) pain. 

Inflammatory pain — a subtype of nociceptive pain where chemical mediators released during tissue injury sensitize 

nociceptors, lowering their threshold (this is why an inflamed area hurts even with light touch). 
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Neuropathic pain — pain caused by a lesion or disease of the somatosensory nervous system itself, where the p

is the problem rather than the stimulus. Diabetic neuropathy and post

Keeping this classification in mind makes the later clinical sections much easier to follow, because most pain 

syndromes are essentially "nociceptive pain pathway working normally" versus "the pathway itself has gone wrong."

 

III. THE FIRST STATION:

3.1 What is a Nociceptor 

A nociceptor is a free nerve ending that responds preferentially to a noxious stimulus, or to a stimulus t

become noxious if prolonged. Unlike encapsulated receptors such as Pacinian corpuscles, nociceptors are bare nerve 

terminals, which explains why they are present in almost every tissue, including skin, periosteum, joint capsules, and 

the walls of blood vessels — but notably, they are largely absent from the brain parenchyma itself, which is why brain 

tissue can be cut during surgery without the patient feeling local pain (the pain that does occur is from the meninges 

and blood vessels, not the brain substance).

 

3.2 The Two Main Fibre Types 

Two types of primary afferent fibres carry nociceptive information from the periphery toward the spinal cord:

Aδ fibres — thinly myelinated, medium conduction velocity (roughly 5

well-localized "first pain" you feel immediately after a pinprick or a cut.

C fibres — unmyelinated, slow conduction velocity (less than 2 m/s). These carry the dull, burning, poorly localized 

"second pain" that follows a second or two late

This two-fibre system explains the classic clinical phenomenon of "double pain" 

sharp jab first, then a duller throbbing ache that takes over and lasts longer. The reason the two sensations are se

in time is purely a matter of conduction velocity along two anatomically distinct fibre populations.

 

3.3 Sensitization 

When tissue is damaged, mediators such as bradykinin, prostaglandins, histamine, and substance P are released locally 

— sometimes called the "inflammatory soup." These substances lower the threshold of nociceptors, a phenomenon 

called peripheral sensitization, and it explains why an inflamed joint hurts on light palpation when a normal joint would 

not (allodynia), and why a sunburned patch of skin feels disproportionately painful to mild warmth (primary 

hyperalgesia). 

Figure 1. Cross-sectional anatomical diagram of human skin depicting peripheral nociceptive activation and tissue 

damage, showing the action of inflammatory mediators (bradykinin, prostaglandins, histamine) causing sensitization of 
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pain caused by a lesion or disease of the somatosensory nervous system itself, where the p

is the problem rather than the stimulus. Diabetic neuropathy and post-herpetic neuralgia are classic examples.

Keeping this classification in mind makes the later clinical sections much easier to follow, because most pain 

"nociceptive pain pathway working normally" versus "the pathway itself has gone wrong."

. THE FIRST STATION: NOCICEPTORS 

A nociceptor is a free nerve ending that responds preferentially to a noxious stimulus, or to a stimulus t

become noxious if prolonged. Unlike encapsulated receptors such as Pacinian corpuscles, nociceptors are bare nerve 

terminals, which explains why they are present in almost every tissue, including skin, periosteum, joint capsules, and 

but notably, they are largely absent from the brain parenchyma itself, which is why brain 

tissue can be cut during surgery without the patient feeling local pain (the pain that does occur is from the meninges 

in substance). 

Two types of primary afferent fibres carry nociceptive information from the periphery toward the spinal cord:

thinly myelinated, medium conduction velocity (roughly 5–30 m/s). These are responsible

localized "first pain" you feel immediately after a pinprick or a cut. 

unmyelinated, slow conduction velocity (less than 2 m/s). These carry the dull, burning, poorly localized 

second pain" that follows a second or two later, and which lingers. 

fibre system explains the classic clinical phenomenon of "double pain" — when you stub your toe, you feel a 

sharp jab first, then a duller throbbing ache that takes over and lasts longer. The reason the two sensations are se

in time is purely a matter of conduction velocity along two anatomically distinct fibre populations. 

When tissue is damaged, mediators such as bradykinin, prostaglandins, histamine, and substance P are released locally 

es called the "inflammatory soup." These substances lower the threshold of nociceptors, a phenomenon 

called peripheral sensitization, and it explains why an inflamed joint hurts on light palpation when a normal joint would 

ned patch of skin feels disproportionately painful to mild warmth (primary 

sectional anatomical diagram of human skin depicting peripheral nociceptive activation and tissue 

g the action of inflammatory mediators (bradykinin, prostaglandins, histamine) causing sensitization of 
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pain caused by a lesion or disease of the somatosensory nervous system itself, where the pathway 

herpetic neuralgia are classic examples. 

Keeping this classification in mind makes the later clinical sections much easier to follow, because most pain 

"nociceptive pain pathway working normally" versus "the pathway itself has gone wrong." 

A nociceptor is a free nerve ending that responds preferentially to a noxious stimulus, or to a stimulus that would 

become noxious if prolonged. Unlike encapsulated receptors such as Pacinian corpuscles, nociceptors are bare nerve 

terminals, which explains why they are present in almost every tissue, including skin, periosteum, joint capsules, and 

but notably, they are largely absent from the brain parenchyma itself, which is why brain 

tissue can be cut during surgery without the patient feeling local pain (the pain that does occur is from the meninges 

Two types of primary afferent fibres carry nociceptive information from the periphery toward the spinal cord: 

30 m/s). These are responsible for the sharp, 

unmyelinated, slow conduction velocity (less than 2 m/s). These carry the dull, burning, poorly localized 

when you stub your toe, you feel a 

sharp jab first, then a duller throbbing ache that takes over and lasts longer. The reason the two sensations are separable 

When tissue is damaged, mediators such as bradykinin, prostaglandins, histamine, and substance P are released locally 

es called the "inflammatory soup." These substances lower the threshold of nociceptors, a phenomenon 

called peripheral sensitization, and it explains why an inflamed joint hurts on light palpation when a normal joint would 

ned patch of skin feels disproportionately painful to mild warmth (primary 

 
sectional anatomical diagram of human skin depicting peripheral nociceptive activation and tissue 
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free nerve endings branching into A-delta and C fibres. 

author's direction) 

 

IV. FROM PERIPHERY TO SPINAL CORD: 

The cell bodies of these primary afferent neurons sit in the dorsal root ganglion 

meaning one single process leaves the cell body and splits into a peripheral 

branch (entering the spinal cord through the dorsal root).

Once inside the spinal cord, these fibres terminate in the dorsal horn, which is 

laminae. For pain transmission, the most important laminae are:

Lamina I (marginal zone) — receives mainly Aδ and C fibre input; many of its neurons are nociceptive

project directly to higher centres. 

Lamina II (substantia gelatinosa) — almost entirely composed of small interneurons, very important for local 

modulation of incoming pain signals (this is the anatomical seat of the "gate" we will discuss later).

Lamina V — receives convergent input from both 

called "wide dynamic range" neurons, and their convergence is the anatomical basis of referred pain, discussed below.

Glutamate is the principal fast excitatory neurotransmitter released by pr

substance P and other neuropeptides act as slower co

— this is part of the reason a strong injury produces pain that outlasts the stimulus itself

 

4.1 Clinical Correlation: Referred Pain 

Because Lamina V neurons receive convergent input from both skin and visceral afferents that happen to enter the cord 

at the same spinal segment, the brain sometimes "misattributes" visceral pain to the correspon

This is exactly why a patient having a myocardial infarction classically complains of pain radiating to the left arm and 

jaw — cardiac afferents and the T1–T4/C8 somatic dermatomes converge on the same dorsal horn neurons, and the 

brain, which is more used to interpreting somatic input, "reads" the visceral signal as if it came from the skin and arm. 

Similarly, gallbladder pain refers to the right shoulder tip via the phrenic nerve and diaphragmatic irritation, and renal 

colic refers along the T11–L1 dermatome toward the groin.

Figure 2. Clinical infographic map showing common patterns of visceral referred pain, including cardiac pain referred 

to the left arm and jaw, biliary pain to the 

generated using generative AI tools under the author's direction)
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delta and C fibres.  (Illustration generated using generative AI tools under the 

ERY TO SPINAL CORD: THE DORSAL ROOT GANGLION AND DORSAL HORN

The cell bodies of these primary afferent neurons sit in the dorsal root ganglion — they are pseudounipolar neurons, 

meaning one single process leaves the cell body and splits into a peripheral branch (going to the tissue) and a central 

branch (entering the spinal cord through the dorsal root). 

Once inside the spinal cord, these fibres terminate in the dorsal horn, which is anatomically organized into ten Rexed 

laminae. For pain transmission, the most important laminae are: 

receives mainly Aδ and C fibre input; many of its neurons are nociceptive

almost entirely composed of small interneurons, very important for local 

modulation of incoming pain signals (this is the anatomical seat of the "gate" we will discuss later). 

receives convergent input from both nociceptive (Aδ, C) and non-nociceptive (Aβ) fibres. These are 

called "wide dynamic range" neurons, and their convergence is the anatomical basis of referred pain, discussed below.

Glutamate is the principal fast excitatory neurotransmitter released by primary afferents at this first synapse, while 

substance P and other neuropeptides act as slower co-transmitters that prolong and intensify the postsynaptic response 

this is part of the reason a strong injury produces pain that outlasts the stimulus itself. 

 

Because Lamina V neurons receive convergent input from both skin and visceral afferents that happen to enter the cord 

at the same spinal segment, the brain sometimes "misattributes" visceral pain to the corresponding somatic dermatome. 

This is exactly why a patient having a myocardial infarction classically complains of pain radiating to the left arm and 

T4/C8 somatic dermatomes converge on the same dorsal horn neurons, and the 

rain, which is more used to interpreting somatic input, "reads" the visceral signal as if it came from the skin and arm. 

Similarly, gallbladder pain refers to the right shoulder tip via the phrenic nerve and diaphragmatic irritation, and renal 

L1 dermatome toward the groin. 

Clinical infographic map showing common patterns of visceral referred pain, including cardiac pain referred 

to the left arm and jaw, biliary pain to the right shoulder, and renal colic extending toward the groin. 

generated using generative AI tools under the author's direction) 
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(Illustration generated using generative AI tools under the 

LION AND DORSAL HORN 

they are pseudounipolar neurons, 

branch (going to the tissue) and a central 

anatomically organized into ten Rexed 

receives mainly Aδ and C fibre input; many of its neurons are nociceptive-specific and 

almost entirely composed of small interneurons, very important for local 

 

nociceptive (Aβ) fibres. These are 

called "wide dynamic range" neurons, and their convergence is the anatomical basis of referred pain, discussed below. 

imary afferents at this first synapse, while 

transmitters that prolong and intensify the postsynaptic response 

Because Lamina V neurons receive convergent input from both skin and visceral afferents that happen to enter the cord 

ding somatic dermatome. 

This is exactly why a patient having a myocardial infarction classically complains of pain radiating to the left arm and 

T4/C8 somatic dermatomes converge on the same dorsal horn neurons, and the 

rain, which is more used to interpreting somatic input, "reads" the visceral signal as if it came from the skin and arm. 

Similarly, gallbladder pain refers to the right shoulder tip via the phrenic nerve and diaphragmatic irritation, and renal 

 
Clinical infographic map showing common patterns of visceral referred pain, including cardiac pain referred 

right shoulder, and renal colic extending toward the groin. (Illustration 
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V. THE ASCENDING PATH

After the first synapse in the dorsal horn, second

anterior white commissure and ascend in the anterolateral white column. Collectively this group of tracts is called the 

anterolateral system, and it is the principal carrier of pain and temperatu

main tracts that, although often taught as one, actually serve different purposes:

 

5.1 Spinothalamic Tract (Neospinothalamic)

This is the phylogenetically newer, more direct pathway. It projects mainly to

of the thalamus and is responsible for the sensory

and roughly how intense it is. This tract is somatotopically organized, much like the dorsal 

pathway for touch, which is why a lesion here produces well

 

5.2 Spinoreticular Tract (Paleospinothalamic)

This tract synapses in the reticular formation of the brainstem before reaching the thalamus (specif

intralaminar thalamic nuclei). It is phylogenetically older and is more concerned with arousal, autonomic responses to 

pain (increased heart rate, sweating), and the affective

precise localization. 

 

5.3 Spinomesencephalic Tract 

This pathway projects to the periaqueductal grey (PAG) and superior colliculus in the midbrain. Its connection to the 

PAG is particularly important because, as 

descending pain-control system — meaning this ascending tract directly feeds into the machinery that will later 

modulate it. 

A fourth, smaller pathway worth mentioning is the spino

hypothalamus and is thought to mediate the neuroendocrine and autonomic responses that accompany severe pain or 

injury (the "fight or flight" hormonal surge seen after major trauma).

Figure 3. Neuroanatomical pathways of the ascending anterolateral system, illustrating the decussation and trajectories 

of the spinothalamic (blue), spinoreticular (green), and spinomesencephalic (orange) tracts from the spinal cord to the 

brain. (Illustration generated using generative AI tools under the author's direction)
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. THE ASCENDING PATHWAYS: THE ANTEROLATERAL SYSTEM

After the first synapse in the dorsal horn, second-order neurons cross to the opposite side of the spinal cord through the 

anterior white commissure and ascend in the anterolateral white column. Collectively this group of tracts is called the 

anterolateral system, and it is the principal carrier of pain and temperature information to the brain. It consists of three 

main tracts that, although often taught as one, actually serve different purposes: 

5.1 Spinothalamic Tract (Neospinothalamic) 

This is the phylogenetically newer, more direct pathway. It projects mainly to the ventral posterolateral (VPL) nucleus 

of the thalamus and is responsible for the sensory-discriminative aspect of pain — telling you exactly where the pain is 

and roughly how intense it is. This tract is somatotopically organized, much like the dorsal column

pathway for touch, which is why a lesion here produces well-localized sensory loss. 

5.2 Spinoreticular Tract (Paleospinothalamic) 

This tract synapses in the reticular formation of the brainstem before reaching the thalamus (specifically the medial and 

intralaminar thalamic nuclei). It is phylogenetically older and is more concerned with arousal, autonomic responses to 

pain (increased heart rate, sweating), and the affective-motivational ("how unpleasant") quality of pain rather tha

This pathway projects to the periaqueductal grey (PAG) and superior colliculus in the midbrain. Its connection to the 

PAG is particularly important because, as we will see in Section 7, the PAG is the starting point of the brain's own 

meaning this ascending tract directly feeds into the machinery that will later 

A fourth, smaller pathway worth mentioning is the spinohypothalamic tract, which projects directly to the 

hypothalamus and is thought to mediate the neuroendocrine and autonomic responses that accompany severe pain or 

injury (the "fight or flight" hormonal surge seen after major trauma). 

Neuroanatomical pathways of the ascending anterolateral system, illustrating the decussation and trajectories 

of the spinothalamic (blue), spinoreticular (green), and spinomesencephalic (orange) tracts from the spinal cord to the 

(Illustration generated using generative AI tools under the author's direction) 
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of the spinothalamic (blue), spinoreticular (green), and spinomesencephalic (orange) tracts from the spinal cord to the 
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VI. THE THALAMUS: THE RELAY AND DISTRIBUTION CENTRE 

The thalamus is often called the "gateway to consciousness" for sensory information, and pain is no exception. The 

lateral thalamic nuclei (especially VPL) relay the discriminative aspects of pain to the primary somatosensory cortex 

(S1) in the postcentral gyrus, preserving a somatotopic map similar to the sensory homunculus used for touch. 

The medial and intralaminar thalamic nuclei, by contrast, project diffusely to the anterior cingulate cortex, insula, and 

prefrontal cortex — areas associated with the emotional suffering and motivational-avoidance aspect of pain rather than 

its precise location. This dual thalamic projection is the anatomical reason pain has "two faces" — a sensory face (S1, 

"it hurts here, this much") and an emotional face (cingulate/insula, "I am suffering, I want this to stop"). 

 

6.1 Clinical Correlation: Thalamic Pain Syndrome 

A lesion of the VPL nucleus, classically due to a small lacunar infarct (Dejerine-Roussy syndrome), can produce a 

peculiar contralateral pain that develops weeks after the initial stroke — burning, often without any external stimulus, 

and frequently resistant to standard analgesics. This is a good example of central neuropathic pain, where the lesion is 

in the relay station itself rather than in the periphery, and conventional NSAIDs or opioids often work poorly because 

the "damage" is not at a nociceptor at all. 

 

VII. DESCENDING MODULATORY PATHWAYS 

One of the more elegant features of pain anatomy is that the brain does not just passively receive pain signals — it 

actively controls how much of that signal gets through, via descending pathways that originate in the brain and travel 

back down to the same dorsal horn where the story began. 

 

7.1 The PAG–RVM Pathway 

The periaqueductal grey matter (PAG) in the midbrain receives input from the cortex, hypothalamus, and the 

spinomesencephalic tract described earlier. It projects to the rostral ventromedial medulla (RVM), which in turn sends 

serotonergic and other fibres down the dorsolateral funiculus of the spinal cord to synapse on interneurons in the dorsal 

horn, particularly Lamina II. Activation of this PAG–RVM axis produces powerful analgesia — this is the anatomical 

basis for why electrical stimulation of the PAG, or microinjection of opioids into it, can produce pain relief comparable 

to morphine, and it is also the target of the body's own endogenous opioid system (enkephalins, endorphins) during 

stress-induced analgesia (the phenomenon where a soldier injured in battle may not feel pain until much later). 

 

7.2 The Gate Control Theory 

Proposed originally by Melzack and Wall in 1965, the gate control theory remains the conceptual backbone for 

understanding pain modulation at the spinal level, even though the model has been refined considerably since. The 

essential idea is that the substantia gelatinosa (Lamina II) acts as a "gate" controlling how much nociceptive input from 

Aδ and C fibres is allowed to activate the projection neurons that carry the signal upward. Importantly, large-diameter 

Aβ fibres (carrying touch and vibration) also synapse here and excite inhibitory interneurons, effectively "closing the 

gate" on pain transmission. 

This is the anatomical reason that rubbing an area you've just hit reduces the pain — you are recruiting Aβ fibres to 

inhibit the same dorsal horn circuit that the Aδ/C fibres are trying to use. It is also the working principle behind 

transcutaneous electrical nerve stimulation (TENS), a device that electrically stimulates large myelinated afferents to 

"close the gate" for patients with chronic pain. 
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Figure 4. Schematic neural circuit diagram of the Ga

highlighting the inhibitory modulation of nociceptive signals by large

from the brainstem (PAG-RVM). (Illustration generated using generative AI tools u

 

7.3 Neurochemistry of Descending Control

The two principal neurotransmitter systems involved in descending inhibition are:

Serotonergic pathway— from the RVM (specifically the nucleus raphe magnus), acting on 5

dorsal horn. 

Noradrenergic pathway — from the locus coeruleus and other pontine nuclei, acting on alpha

Both pathways converge on the same dorsal horn interneurons that the gate control circuit uses, which is precisely why 

drugs that boost serotonin and noradrenaline (such as tricyclic antidepressants and SNRIs like duloxetine) are effective 

first-line agents for neuropathic pain even though they are not classical "painkillers" 

descending inhibitory system rather than by blocking peripheral nociceptors.

 

VIII. CENTRAL SENSITIZATION: WHEN THE PATHWA

Central sensitization refers to an increase in the excitability of central nociceptive 

begin to produce an exaggerated response. Anatomically and physiologically, repeated C

of intracellular calcium in dorsal horn neurons through NMDA receptor activation, a phenomenon sometimes c

"windup." Over time this can lead to long

fields, and recruitment of previously non-nociceptive Aβ input into the pain pathway.

Clinically, central sensitization is the explan

light brushing of the skin), secondary hyperalgesia (pain sensitivity spreading beyond the original site of injury), and 

the chronicity seen in conditions such as fibromyalgia and c

have healed completely but the nervous system continues to "play the alarm" inappropriately.

 

IX. NEUROPATHIC PAIN: A DIFFERENT ANATOMIC

It is worth separating neuropathic pain anatomically from the nociceptive pain discussed so far, because the lesion is in 

the wiring itself rather than at the receptor end. Causes include diabetic peripheral neuropathy, post

(after damage to the dorsal root ganglion by varice

trigeminal nerve root, classically by a tortuous superior cerebellar artery), and nerve injury after trauma or surgery.
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Schematic neural circuit diagram of the Gate Control Theory of pain within the spinal dorsal horn, 

highlighting the inhibitory modulation of nociceptive signals by large-diameter A-beta fibres and descending pathways 

(Illustration generated using generative AI tools under the author's direction)

7.3 Neurochemistry of Descending Control 

The two principal neurotransmitter systems involved in descending inhibition are: 

from the RVM (specifically the nucleus raphe magnus), acting on 5-HT receptors 

from the locus coeruleus and other pontine nuclei, acting on alpha-2 adrenergic receptors.

Both pathways converge on the same dorsal horn interneurons that the gate control circuit uses, which is precisely why 

rugs that boost serotonin and noradrenaline (such as tricyclic antidepressants and SNRIs like duloxetine) are effective 

line agents for neuropathic pain even though they are not classical "painkillers" — they work by amplifying the 

ory system rather than by blocking peripheral nociceptors. 

ION: WHEN THE PATHWAY ITSELF BECOMES THE

Central sensitization refers to an increase in the excitability of central nociceptive neurons, such that normal inputs 

begin to produce an exaggerated response. Anatomically and physiologically, repeated C-fibre input causes a build

of intracellular calcium in dorsal horn neurons through NMDA receptor activation, a phenomenon sometimes c

"windup." Over time this can lead to long-term potentiation-like changes in the dorsal horn, expansion of receptive 

nociceptive Aβ input into the pain pathway. 

Clinically, central sensitization is the explanation behind allodynia (pain from a normally non-painful stimulus, such as 

light brushing of the skin), secondary hyperalgesia (pain sensitivity spreading beyond the original site of injury), and 

the chronicity seen in conditions such as fibromyalgia and chronic low back pain, where the original tissue injury may 

have healed completely but the nervous system continues to "play the alarm" inappropriately. 

A DIFFERENT ANATOMICAL PROBLEM ALTOGETHE

anatomically from the nociceptive pain discussed so far, because the lesion is in 

the wiring itself rather than at the receptor end. Causes include diabetic peripheral neuropathy, post

(after damage to the dorsal root ganglion by varicella-zoster reactivation), trigeminal neuralgia (compression of the 

trigeminal nerve root, classically by a tortuous superior cerebellar artery), and nerve injury after trauma or surgery.
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painful stimulus, such as 

light brushing of the skin), secondary hyperalgesia (pain sensitivity spreading beyond the original site of injury), and 

hronic low back pain, where the original tissue injury may 

AL PROBLEM ALTOGETHER 

anatomically from the nociceptive pain discussed so far, because the lesion is in 

the wiring itself rather than at the receptor end. Causes include diabetic peripheral neuropathy, post-herpetic neuralgia 

zoster reactivation), trigeminal neuralgia (compression of the 

trigeminal nerve root, classically by a tortuous superior cerebellar artery), and nerve injury after trauma or surgery. 
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The shared anatomical theme is ectopic impulse generation 

injury or even at the dorsal root ganglion, independent of any actual peripheral stimulus, often due to upregulation of 

sodium channels at the damaged segment. This is why neuropathic pain is frequently described by patients as burning, 

shooting, or electric-shock-like, and why it can occur even in a numb area 

alarm. 

 

X. PHANTOM LIMB PAIN:

Phantom limb pain deserves special mention because it elegantly demonstrates how the entire pathway, from periphery 

to cortex, can be disturbed without any actual peripheral input at all. After amputation, the somatosensory cortical a

that used to represent the missing limb does not simply go silent 

representations (for example, the face area expanding into the territory once occupied by the hand, since they lie 

adjacent on the cortical homunculus). This cortical remapping is thought to contribute to the sensation that the missing 

limb is still present, and sometimes painfully so.

At the same time, the cut peripheral nerve can form a neuroma at the stump, generating ectopic spontaneous 

that ascends through the very same anterolateral pathways described above, reinforcing a "memory" of pain that was 

present at or before the time of amputation (so

work by providing visual feedback that helps "convince" the reorganized cortex that the limb is present and moving 

normally, indirectly resetting some of the maladaptive plasticity.

Figure 5. Cortical reorganization and neuroplasticity 

demonstrating the expansion of the face representation into the deafferented hand territory (cortical remapping).

(Illustration generated using generative AI tools under the author's direction)

 

XI. PHARMACOLOGICAL CO

Although this review is primarily anatomical, it is worth briefly mapping common analgesic drug classes onto the 

specific anatomical site they act on, since this is often the most clinically useful way to
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shared anatomical theme is ectopic impulse generation — damaged axons begin to fire spontaneously at the site of 

injury or even at the dorsal root ganglion, independent of any actual peripheral stimulus, often due to upregulation of 

damaged segment. This is why neuropathic pain is frequently described by patients as burning, 

like, and why it can occur even in a numb area — the nerve is generating its own false 

. PHANTOM LIMB PAIN: A WINDOW INTO CENTRAL REORGANIZATION

Phantom limb pain deserves special mention because it elegantly demonstrates how the entire pathway, from periphery 

to cortex, can be disturbed without any actual peripheral input at all. After amputation, the somatosensory cortical a

that used to represent the missing limb does not simply go silent — it is gradually invaded by adjacent cortical 

representations (for example, the face area expanding into the territory once occupied by the hand, since they lie 

homunculus). This cortical remapping is thought to contribute to the sensation that the missing 

limb is still present, and sometimes painfully so. 

At the same time, the cut peripheral nerve can form a neuroma at the stump, generating ectopic spontaneous 

that ascends through the very same anterolateral pathways described above, reinforcing a "memory" of pain that was 

present at or before the time of amputation (so-called pain memory). Treatment approaches such as mirror therapy 

isual feedback that helps "convince" the reorganized cortex that the limb is present and moving 

normally, indirectly resetting some of the maladaptive plasticity. 

Cortical reorganization and neuroplasticity in the somatosensory cortex following upper limb amputation, 

demonstrating the expansion of the face representation into the deafferented hand territory (cortical remapping).

(Illustration generated using generative AI tools under the author's direction) 

. PHARMACOLOGICAL CORRELATIONS ALONG THE PATHWAY

Although this review is primarily anatomical, it is worth briefly mapping common analgesic drug classes onto the 

specific anatomical site they act on, since this is often the most clinically useful way to remember the pathway:
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damaged axons begin to fire spontaneously at the site of 

injury or even at the dorsal root ganglion, independent of any actual peripheral stimulus, often due to upregulation of 

damaged segment. This is why neuropathic pain is frequently described by patients as burning, 

the nerve is generating its own false 

NTRAL REORGANIZATION 

Phantom limb pain deserves special mention because it elegantly demonstrates how the entire pathway, from periphery 

to cortex, can be disturbed without any actual peripheral input at all. After amputation, the somatosensory cortical area 

it is gradually invaded by adjacent cortical 

representations (for example, the face area expanding into the territory once occupied by the hand, since they lie 

homunculus). This cortical remapping is thought to contribute to the sensation that the missing 

At the same time, the cut peripheral nerve can form a neuroma at the stump, generating ectopic spontaneous activity 

that ascends through the very same anterolateral pathways described above, reinforcing a "memory" of pain that was 

called pain memory). Treatment approaches such as mirror therapy 

isual feedback that helps "convince" the reorganized cortex that the limb is present and moving 

 
in the somatosensory cortex following upper limb amputation, 

demonstrating the expansion of the face representation into the deafferented hand territory (cortical remapping). 

PATHWAY 

Although this review is primarily anatomical, it is worth briefly mapping common analgesic drug classes onto the 

remember the pathway: 
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NSAIDs — act peripherally by inhibiting cyclo-oxygenase, reducing prostaglandin-mediated sensitization of 

nociceptors. 

Local anaesthetics — block voltage-gated sodium channels along the peripheral nerve or at the dorsal root, preventing 

conduction altogether. 

Opioids — act at multiple levels: peripherally on sensitized nociceptors, at the dorsal horn (presynaptically reducing 

neurotransmitter release, postsynaptically hyperpolarizing projection neurons), and supraspinally by activating the 

PAG–RVM descending inhibitory system. 

Gabapentinoids — bind to the alpha-2-delta subunit of voltage-gated calcium channels, reducing excitatory 

neurotransmitter release at the dorsal horn, particularly useful in neuropathic pain where ectopic firing is the problem. 

Tricyclic antidepressants/SNRIs — enhance descending serotonergic and noradrenergic inhibition, as discussed in 

Section 7.3. 

This pharmacological mapping is often the fastest way for a student to "lock in" the anatomy, because each drug class 

is essentially a clinical proof that the anatomical step it targets is real and functionally important. 

 

XII. CONCLUSION 

Pain pathway anatomy is frequently taught as an isolated list of tracts to memorize for an exam, but in reality it is one 

of the best examples in the body of how structure directly predicts symptoms. From the moment a nociceptor is 

activated in the skin to the moment the cortex registers "this hurts," the signal passes through several anatomically 

distinct checkpoints — the dorsal horn laminae, the anterolateral tracts, the thalamic nuclei, and finally a return 

descending circuit that modulates the entire process. Every major pain syndrome seen clinically — referred pain, 

central post-stroke pain, phantom limb pain, neuropathic pain, central sensitization — can be traced back to a specific 

point of failure or reorganization somewhere along this pathway. Understanding the anatomy this way, station by 

station, rather than as a disconnected list of tract names, is what ultimately allows a clinician to reason out why a 

particular pain presents the way it does, and why a particular drug class is chosen to treat it. 
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