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Somatosensory nervous system

Introduction

The Somatosensory Nervous System (SNS) is the part of your nervous system responsible for 
conveying all the physical sensations from your body to your brain. Think of it as your body's 
personal data network for physical feelings.

Core Function
The main job of the SNS is to take sensory information from the periphery (the outside of your 
body and its structures) and send it inward to the central nervous system (CNS), which includes 
the brain and spinal cord. Once the information reaches the CNS, it is processed so you become 
consciously aware of the feeling—whether it's the pressure of a shirt, the warmth of a mug, or a 
sharp pain.

Organization into Two Main Highways
The information doesn't all travel on one simple path; it is organized into distinct pathways, like 
major highways, that handle different types of sensations:

1. Dorsal Column–Medial Lemniscal (DCML) System: This pathway handles sensations 
that require very fine detail and precision, mainly touch (like light pressure and vibration) 
and proprioception (your sense of where your body parts are in space). 

2. Anterolateral (Spinothalamic) System: This pathway handles the more crude but vital 
sensations of pain and temperature. 

Somatosensory Receptors and Sensation Types

This section details the specialized nerve endings, or receptors, that are responsible for detecting 
different kinds of stimuli from the world and your own body. These receptors are the body's initial 
sensors, converting physical energy (like pressure or heat) into electrical signals (nerve impulses) 
that the nervous system can understand.

A. Cutaneous Mechanoreceptors (Touch)
These receptors are located in the skin (cutaneous) and respond to mechanical forces like pressure, 
stretching, and vibration. They are categorized based on two main characteristics: their location 
(superficial or deep) and their adaptation rate (how they respond to a constant stimulus).

Receptor Location Adaptation Function (What it Senses)
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B. Proprioception and Reflexes
Proprioception is your subconscious sense of body position and movement. It's crucial for 
coordinated movement and maintaining balance.

Muscle Spindles (Sense Muscle Length)

• Structure: Encapsulated structures found within the muscle belly. They contain specialized 
muscle fibers called intrafusal muscle fibers wrapped by primary sensory nerve fibers 
(Group Ia afferent fibers).

• Function: They sense muscle length and the rate of change in length (how fast the muscle 
is stretching).

• Stretch Reflex: When a muscle is rapidly stretched (e.g., a hammer hits the patellar tendon), 
the muscle spindle is activated. It sends an excitatory signal back to the spinal cord, which 
directly causes the stretched muscle to contract and resist the stretch. 
 

Golgi Tendon Organs (GTOs) (Sense Muscle Tension)

• Location: Specialized mechanoreceptors located at the junction between muscle fibers and 
tendons.

• Function: They sense the tension/force developed in the muscle, not its length. They are 
supplied by Group Ib afferent fibers.

• Golgi Tendon Reflex: When muscle contraction generates excessive tension, the GTOs are 
activated. They send signals to the spinal cord which, through inhibitory interneurons, cause 
the same muscle to relax (autogenic inhibition), preventing potential damage from over-
contraction. 
 

C. Thermoreceptors and Nociceptors (Temperature and Pain)

Merkel Cells(A\beta SA1-
LTMR)

Superficial 
layers 
(epidermis/
dermis 
border)

Slowly Adapting (SA1): Fire 
continuously during sustained 
pressure

Senses sustained pressure and 
allows for the detection of fine 
details and shapes (e.g., recognizing 
texture or feeling a sharp edge).

Meissner Corpuscles(A\beta 
RA1-LTMR)

Superficial 
layers 
(dermis)

Rapidly Adapting (RA1): 
Fire only at the start and end 
of a stimulus

Senses light touch, low-frequency 
vibration, and the feeling of 
something moving across the skin 
(e.g., detecting a bug crawling on 
you).

Ruffini Endings(A\beta SA2-
LTMR)

Deep layers
Slowly Adapting (SA2): Fire 
continuously during skin 
stretch

Senses skin stretch, helping to 
monitor the shape of objects held 
and joint position.

Pacinian Corpuscles(A\beta 
RA2-LTMR) Deep layers

Rapidly Adapting (RA2): 
Fire only at the start and end 
of a stimulus, but quickly

Senses high-frequency vibration 
and deep pressure (e.g., detecting 
the vibration from a tool being 
used).
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These receptors are responsible for detecting temperature and pain and often use smaller-diameter 
nerve fibers (A$\delta$ and C-fibers).

Thermoreceptors

• Warm Receptors: Sense warmth in a moderate range (38∘C−43∘C) and are typically C-
fibers.

• Cold Receptors: Sense cool temperatures (<32∘C but above 14∘C) and are A\delta or non-
peptidergic C-fibers. 

Nociceptors (Pain Receptors)

Nociceptors respond to stimuli that are damaging or potentially damaging to tissue.

• Polymodal Nociceptors (CMH): These are mostly C-fibers and respond to multiple types 
of stimuli: intense mechanical, chemical, and noxious heat. They are involved in slower, 
often dull, aching pain.

• A\delta-fiber Receptors: These fibers are myelinated, meaning they transmit signals faster 
than C-fibers. They respond to intense mechanical or thermal stimuli and are involved in the 
sensation of first pain (sharp, immediate pain).

• Molecular Basis (TRP Channels): Many of these receptors rely on specific ion channels 
called Transient Receptor Potential (TRP) channels.

◦ TRPV1: Activated by noxious heat (>43∘C), low pH (H+), and the chemical 
capsaicin (found in chili peppers).

◦ TRPM8: Activated by cool temperatures and menthol. 
 

Somatosensory Ascending Pathways (The Sensory 
"Highways")

Once a sensory receptor detects a stimulus (like touch or pain), the information must travel up the 
spinal cord, through the brainstem, and into the brain's cerebral cortex for conscious perception. 
This journey occurs primarily along two major, distinct tracts or "highways."

A. Dorsal Column–Medial Lemniscal (DCML) System
This system is built for speed and precision. It is the pathway for highly-localized sensations like 
fine touch(discriminating between two close points), vibration, and proprioception (knowing 
where your limbs are).

Feature Details and Pathway

Nerve 
Fibers

Uses very large-diameter, heavily myelinated A\beta fibers. Myelin allows for fast signal conduction 
50 meters per second 

Pathway 
Structure This pathway uses a sequence of three neurons.

Page  of 3 9



B. Anterolateral (Spinothalamic) System
This system is the primary pathway for pain and temperature information. It uses thinner, slower 
fibers, which is why pain signals are often perceived a little later than a sharp touch.

C. Cortical Mapping: The Somatosensory Homunculus
Once the sensory signals reach the brain, they arrive at the Primary Somatosensory Cortex (S-I), 
located in the postcentral gyrus of the parietal lobe.

• The Map: The body is represented on this cortex in a mapped form known as the 
somatosensory homunculus. Each body part corresponds to a specific region of the cortex.

• Distorted Representation: Crucially, the size of a body part on this map does not reflect its 
actual physical size, but its sensory acuity (how sensitive it is).

• Key Areas: Areas with high tactile sensitivity, such as the hands, lips, and tongue, occupy 
a disproportionately large area of the cortex. This large representation allows for highly 
precise sensation in these vital areas. Conversely, the back and legs appear much smaller.

Pain Mechanisms and Sensitization

This section dives into the complex world of pain, from specific types of pain to the way the 
nervous system can change (sensitization) to make pain more intense or long-lasting.

A. Referred Pain

1st Order 
Neuron

The sensory neuron enters the spinal cord (from the spinal ganglion). Its axon ascends up the spinal 
cord on the same side (ipsilaterally) within the dorsal columns (Fasciculus Gracilis for lower body, 
Fasciculus Cuneatus for upper body).

2nd Order 
Neuron

The first neuron synapses in the medulla (in the brainstem) on the gracile and cuneate nuclei. The 
second neuron's axon crosses over (decussates) to the opposite side of the brainstem and ascends to 
the thalamus via the medial lemniscus.

3rd Order 
Neuron

The second neuron synapses in the thalamus (specifically the ventral posterior lateral nucleus. The third 
neuron projects up to the Primary Somatosensory Cortex (SI) in the parietal lobe.

Clinical 
Relevance Damage to this pathway results in deficits in fine touch, vibration sense, and proprioception.

Feature Details and Pathway

Nerve Fibers Uses smaller diameter and less-myelinated fibers: A/delta and C-fibers.

Pathway 
Structure This pathway also uses a sequence of primarily three neurons.

1st Order 
Neuron

The sensory neuron enters the spinal cord (from the dorsal root ganglion). It immediately synapses with 
the second neuron in the dorsal horn of the spinal cord.

2nd Order 
Neuron

The second neuron's axon immediately crosses over (decussates) to the opposite side of the spinal 
cord (in the anterior white commissure) and ascends toward the brainstem within the spinothalamic 
tract (part of the anterolateral system).

3rd Order 
Neuron

Like the DCML, the second neuron synapses in the thalamus (ventral posterior lateral nucleus). The 
third neuron projects up to the Primary Somatosensory Cortex (SI).

Clinical 
Relevance

Damage to this pathway often causes loss of pain and temperature sensation, typically on the opposite 
side of the body below the level of the lesion in the spinal cord19.
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Referred pain is a phenomenon where pain originating from an internal organ (visceral pain) is 
felt in a different location on the body's surface (somatic area).

• Definition: Pain perceived at a location different from the site of its origin, typically in a 
region supplied by the same or adjacent spinal cord segments as the actual source of pain.

• Mechanism (Convergence-Projection): This happens because the sensory nerve fibers 
(nociceptors) coming from the internal organ and the sensory fibers coming from a patch of 
skin/muscle (somatic area) often converge and synapse onto the same second-order 
neurons in the dorsal horn of the spinal cord. The brain, being more accustomed to 
receiving signals from the skin, misinterprets the incoming signal as originating from the 
body surface rather than the internal organ. For example, heart pain (a heart attack) is often 
"referred" to the left arm or chest wall.

B. Definitions of Sensory Disturbances

Precise terminology is used to describe how a person experiences sensation, especially when it is 
abnormal or related to pain.

C. Mechanisms of Chronic Pain

Chronic pain is often caused by fundamental changes in the way the nervous system processes 
signals, a process called sensitization.

1. Peripheral Sensitization
This occurs at the level of the peripheral nerve endings (nociceptors) following injury or 
inflammation.

• Mechanism: The primary sensory neurons become hyperexcitable (more easily activated). 
This can be due to changes in the expression and function of proteins like sodium channels 
(Nav channels), which are responsible for generating nerve impulses. For example, in 
diabetic conditions, the levels of certain Nav channel proteins (like Nav 1.3) can increase, 
contributing to nerve hyperexcitability and spontaneous firing.

Term Simple Definition Explanation

Analgesia Absence of pain. No pain in response to a stimulus that would normally be 
painful.

Anaesthesia Loss of sensitivity. Complete loss of feeling or sensitivity to stimulation.

Hypoesthesia Decreased 
sensitivity.

Diminished sensitivity to stimulation, excluding the special 
senses.

Allodynia Pain from non-
painful stimuli.

Pain caused by a stimulus that does not normally provoke 
pain (e.g., pain from light touch).

Hyperalgesia Increased pain 
response. Increased pain from a stimulus that normally provokes pain.

Paresthesia Abnormal 
sensation.

An abnormal sensation (like "pins and needles") that is not 
unpleasant.

Dysesthesia
Unpleasant 
abnormal 
sensation.

An abnormal sensation, whether spontaneous or evoked, that is 
unpleasant.
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2. Central Sensitization
This is a key mechanism in many chronic pain conditions, occurring in the Central Nervous 
System (CNS), particularly in the dorsal horn of the spinal cord and in the brain.

• Definition: It is an increased responsiveness of nociceptive neurons in the central nervous 
system to their normal or subthreshold (too weak) afferent input.

• Mechanism: Pain neurons in the spinal cord become "turned up" and fire more easily and 
intensely in response to incoming signals. This can involve changes in synapses 
(connections) and the activation of non-neuronal cells called microglia in the spinal cord, 
which release factors that promote hyperexcitation.

• Clinical Relevance: Central sensitization-like phenomena are considered the leading 
mechanisms in many chronic pain conditions that don't have clear ongoing tissue damage, 
such as Fibromyalgia, Low back pain, Temporo-mandibular disorder, and Irritable 
bowel syndrome. 

D. The Different Types of Pain (Clinical Classification)
Pain is classified based on what is causing it: tissue damage, nerve damage, or altered processing.

1. Nociceptive Pain: Pain that arises from actual or threatened damage to non-neural tissue 
(like a sprain, burn, or cut) and is due to the activation of healthy nociceptors.

2. Neuropathic Pain: Pain caused by a lesion or disease of the somatosensory nervous 
system itself (the nerve is damaged). Examples include pain from diabetic neuropathy or a 
trapped nerve (radiculopathy).

3. Nociplastic Pain: Pain that arises from altered nociception (pain processing) despite no 
clear evidence of ongoing tissue damage or a clear lesion/disease of the somatosensory 
system. This is pain driven by changes in the central pain mechanisms (central 
sensitization). 

Note: A patient can often have a combination of nociceptive and nociplastic pain.

 
Investigation Methods for the Somatosensory System
To diagnose conditions that affect sensation, like nerve damage or spinal cord injury, doctors use a 
variety of specialized tests to evaluate the different sensory pathways.

A. Nerve Conduction Study (NCS)

The NCS measures how well electrical signals travel along the large-diameter, heavily myelinated 
nerve fibers (A\beta fibers), which are primarily part of the Dorsal Column–Medial Lemniscal 
(DCML) system.

• Procedure: Electrodes are used to stimulate a peripheral nerve (like in the wrist or ankle) 
and record the resulting electrical response a short distance away.
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• What it Measures: It assesses the   (strength) and conduction velocity (speed) of the 
signal.

• Clinical Use: A reduced signal amplitude or a slowed conduction velocity can indicate 
Peripheral Neuropathy(damage to the peripheral nerves). For example, the diagrams show 
a normal response compared to a reduced and slowed response in a peripheral neuropathy 
patient.

B. Somatosensory Evoked Potentials (SSEPs)

SSEPs specifically test the integrity of the entire Dorsal Column–Medial Lemniscal (DCML) 
pathway from the limb all the way up to the brain's cortex.

• Procedure: A peripheral nerve (commonly the median, ulnar, or tibial nerve) is electrically 
stimulated. Electrodes placed over the spinal cord and scalp record the resulting electrical 
responses as the signal travels up to the brain.

• What it Measures: It measures the time it takes for the signal to reach different points 
(latency) and the size of the electrical waves (amplitude).

• Clinical Use: SSEPs are used to detect neural injury, diagnose demyelinating diseases (like 
multiple sclerosis), and assess prognosis in cases of coma or brain injury.

C. Nociceptive Evoked Potentials (LEPs/CHEPs)

These tests specifically activate the smaller, slower fibers responsible for pain and temperature—the 
Anterolateral (Spinothalamic) System.

• Laser-Evoked Potentials (LEPs): Use a focused CO2  or Nd:YAP laser beam to create a 
very brief, mild thermal pulse on the skin. The heat pulse only activates the superficial pain 
and temperature nerve endings.

• Contact Heat-Evoked Potentials (CHEPs): Use a specialized thermal probe (thermode) 
that quickly heats up to a painful temperature to activate nociceptors.

• What it Measures: Both tests record the resulting electrical waves in the brain (specifically 
the N2 and P2 waves). A reduced or delayed response indicates a problem in the pain/
temperature pathway.

• Clinical Use: They are used to investigate conditions affecting the small sensory nerve 
fibers, which are not captured by traditional NCS. The brain responses (LEP/CHEP 
generators) are localized to areas like the insula and cingulate cortex, which are part of the 
pain processing network. 
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D. Skin Biopsy

A skin biopsy is a simple procedure used to check the structural integrity of the small sensory nerve 
fibers in the skin.

• Procedure: A small piece of skin is taken (biopsied).

• What it Measures: The tissue is stained to count the density of the nerve endings that cross 
the dermal-epidermal junction. This is called Intraepidermal Nerve Fibre Density 
(IENFD).

• Clinical Use: A reduction in IENFD is a diagnostic sign of Small Fibre Neuropathy 
(damage specifically to the A\delta and C-fibers). Interestingly, the slides show that nerve 
fiber density may not always differ between patients with painful vs. painless neuropathy, 
suggesting that pain is complex and not always just about fiber loss. 
 

6. Clinical Diagnosis & Case Examples

This final part of the presentation uses clinical concepts and real-world examples to show how 
somatosensory problems are diagnosed based on the pattern and location of sensory loss.

A. Sensory Deficit Patterns (Dermatomes)

Clinical diagnosis of sensory deficits often relies on understanding dermatomes, which are the 
specific areas of skin supplied by a single spinal nerve root.

• A specific sensory deficit pattern can help pinpoint the exact level of the nerve root or spinal 
cord segment that is damaged.

• The images you provided show characteristic sensory deficit distributions (highlighted in 
red/brown) that correspond to different types of nerve damage:

◦ Polyneuropathy: Sensory loss in a "glove and stocking" distribution (hands and 
feet), often seen in conditions like diabetic neuropathy.

◦ Radiculopathy (e.g., L3 or L5): Sensory loss along the specific band of skin 
(dermatome) supplied by that compressed or damaged spinal nerve root.

◦ Mononeuropathy (e.g., Peroneal): Sensory loss along the specific area supplied by 
a single damaged peripheral nerve. 
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Peroneal mononeuropathy

L3- radiculopathy

L5- radiculopathy

Brachial plexopathy Polyneuropathy Amiotrophy

Myelopathy PHNSaphenous mononeuropathy

Musculoskeletal pain



B. Interpreting Spinal Cord Lesions

The location of a lesion within the spinal cord determines the pattern of sensory loss on the body, 
based on the anatomy of the two main pathways:

C. Case Examples

The presentation includes brief patient cases to demonstrate the link between clinical findings, 
imaging, and sensory deficits:

1. Case 1 (Man, 47 years): Presents with a pure thermal-pain sensory deficit in a band-like 
pattern across the torso. This clinical presentation strongly suggests a lesion affecting the 
fibers that cross the midline for the Anterolateral (Spinothalamic) tract within the center 
of the spinal cord (e.g., a condition like syringomyelia).

2. Case 2 (Woman, 27 years): Presents with paraesthesia and tactile deficit (loss of touch) 
in the lower face/jaw area. This deficit in fine touch/proprioception suggests a problem with 
the large-fiber pathway (DCML equivalent for the head), likely an issue with the nerve 
supplying that area, such as a dental-related injury to the alveolar nerve seen in the 
radiograph.

3. Case 3 (Man, 74 years): This complex case involves multiple sensory and motor deficits 
following cancer treatment. The final diagnosis points to:

◦ Generalized sensory neuropathy (damage to sensory nerves).

◦ A localized nerve compression or damage (mononeuropathy) affecting the L5/S1 
roots and sciatic nerve due to a sacral lesion seen on the MRI. The specific pattern of 
weakness (foot/toe dorsiflexion) and sensory losspoints directly to the distribution 
of the damaged peroneal nerve.

These cases illustrate that linking the patient's symptoms (e.g., type of pain, quality of deficit) to a 
known anatomical distribution (dermatome, nerve field, or tract) and confirming with imaging is 
key to the clinical diagnosis of somatosensory disorders.

Type of Lesion
Affected 
Pathway

Symptoms/Sensory 
Loss Pattern

Central Cord 
Lesion (e.g., 
Syringomyeli
a)

Affects the center, 
where 
Anterolateral 
(Spinothalamic) 
fibers cross.

Pure thermal-pain sensory deficit (loss of pain/temperature), 
typically spanning a band across the chest or back, because the 
crossing fibers for that segment are damaged. Touch and 
proprioception are spared.

Dorsal Column 
Lesion

Affects the 
DCML 
fibers.

Paraesthesia (pins and needles) and tactile deficit (loss of fine 
touch/proprioception) below the level of the lesion.

Hemi-section of 
the Spinal Cord 
(Brown-Séquard 
Syndrome)

Affects both 
ascending 
tracts, but at 
different 
points.

Ipsilateral (same side as the lesion): Loss of touch and 
proprioception (DCML pathway) below the lesion. 
Contralateral (opposite side of the lesion): Loss of pain and 
temperature (Anterolateral pathway) below the lesion.
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