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The Posterolateral Tract of Lissauer is a small but important pathway in the spinal cord, 
located between the posterior white column and the lateral white column. 

Function: It is primarily involved in transmitting sensory information, particularly pain, 
temperature, and crude touch. This tract acts as a short relay station for sensory fibers from 
the dorsal root ganglia (DRG) before synapsing with neurons in the dorsal horn of the spinal 
cord. 

How Does It Work? When the skin or tissues detect a painful stimulus or a temperature 
change, sensory signals travel through primary sensory fibers into the spinal cord then These 
signals pass through the Lissauer Tract, where they may ascend or descend a few spinal levels 
before synapsing with neurons in the dorsal horn and Once processed in the dorsal horn, the 
signals are transmitted through the lateral spinothalamic tract to the brain, where pain or 
temperature is perceived. 

Why Is It Important? It allows sensory signals to spread across multiple spinal levels, 
enhancing the body's response to pain and It plays a role in pain modulation, where certain 
fibers can regulate and reduce the intensity of pain signals also This tract is an essential 
component of the spinal cord sensory processing system, contributing to reflex responses and 
perception of pain. 

The image is a schematic diagram illustrating the neural pathway 
for pain and temperature sensation from the spinal cord to the 
cerebral cortex. The pathway begins in the spinal cord, where 
sensory nerve fibers enter through the dorsal roots. These fibers, 
carrying pain and temperature signals, enter the gray matter of 
the spinal cord.  These fibers then cross to the opposite side of 
the spinal cord, forming the lateral spinothalamic tract. Before 
crossing, these fibers pass through a small region in the spinal 
cord called Lissauer's tract. This tract is a collection of nerve 
fibers running longitudinally along the spinal cord, allowing for 
short-distance transmission of sensory signals before they cross 
and ascend to the brain.  The lateral spinothalamic tract then ascends through the 
brainstem to the thalamus, where sensory signals are processed. Finally, signals 
are sent from the thalamus to the cerebral cortex, where pain and temperature are 
perceived. The diagram also shows other parts of the brain, such as the internal 
capsule and corona radiata.  Lissauer's tract is specifically highlighted as a crucial 
component in the initial processing and distribution of pain and temperature signals 
within the spinal cord before they ascend to higher brain centers.



The Lateral Spinothalamic Tract is responsible for transmitting pain and temperature 
sensations to the brain. While most of its fibers terminate in the thalamus, some fibers end in 
other regions that help process pain in different ways: 

1- Reticular Formation: Found in the brainstem, extending through the midbrain, pons, and 
medulla; Receives most of the slow pain fibers, which are responsible for deep, dull, and 
poorly localized pain and Plays a major role in pain awareness, helping the individual 
recognize the presence of pain; Influences alertness and arousal, making the body more 
responsive to pain stimuli. 

2- Cingulate Gyrus: Part of the Limbic System, which controls emotions, memory, and 
behavior; Interprets the emotional aspect of pain, making it more than just a physical 
sensation and Connects pain to personal experience, leading to feelings of suffering, distress, 
or discomfort also Influences emotional reactions such as crying, anxiety, or stress in response 
to pain. 

3- Insular Gyrus: Deep within the cerebral cortex, near the temporal lobe; Processes pain 
from internal organs, such as the stomach, intestines, or heart and Regulates autonomic 
responses to pain, including: Increased heart rate during severe pain and Sweating or nausea 
triggered by intense discomfort also Helps integrate pain perception with bodily reactions, 
making it a key part of the autonomic pain response. 

Why Are These Terminations Important? Each of these regions plays a specialized role in pain 
processing: The Reticular Formation ensures that the person is aware of the pain and adjusts 
their level of alertness while The Cingulate Gyrus gives pain an emotional component, 
affecting mood and behavior and The Insular Gyrus handles internal pain signals and 
controls involuntary bodily responses to pain; Together, these pathways ensure that pain is not 
just a sensory experience but also an emotional and physiological one, shaping how we react 
and respond to painful stimuli in the future. 

The image is a schematic diagram illustrating pain pathways 
in the brain, focusing on the other terminations of the Lateral 
Spinothalamic Tract after reaching the thalamus. Instead of 
solely terminating in the somatosensory cortex, as is the case 
with fast pain pathways, the lateral spinothalamic tract sends 
signals to other brain regions that play a role in deeper pain 
processing.

Thalamus: serves as a major relay station for sensory 
information, including pain. Signals from the lateral 
spinothalamic tract arrive here and are then relayed to other 
brain areas.

Reticular Formation: This receives the majority of slow pain 
fibers. Its function here is to make the individual generally aware of the presence of 
pain, without precise localization or intensity. It contributes to arousal and attention 
to pain.



Cingulate Gyrus: Involved in the interpretation of the emotional aspect of pain.  This 
means it determines how the individual feels about the pain—whether it is 
annoying, distressing, or frightening. It contributes to the emotional response to 
pain.

Insular Gyrus: Involved in the interpretation of pain stimuli from the internal organs 
of the body. This means it contributes to the perception of visceral pain. It also 
elicits an autonomic response, such as sweating or increased heart rate, in 
response to pain.

The image is showing two main classifications of pain: 
fast pain and slow pain. Each classification details the 
characteristics of pain in terms of sensation type, 
duration, location, and associated emotions, as well as 
the neural pathways responsible for its transmission 
in the nervous system.

Fast Pain:Description: Sharp, pricking - Nerve Fibers: 
Aδ fibers - Duration: Short - Location: Well-localized - 
Emotion: Less emotional - Anatomical Location: 
Mostly originates from superficial structures - Neural 
Pathway: Spinothalamic tract, lamina I & V, VPL nucleus.

Slow Pain: Description: Dull, burning - Nerve Fibers: C fibers - Duration: Long - 
Location: Diffuse - Emotion: Emotional, accompanied by autonomic response - 
Anatomical Location: Originates from superficial & deep structures - Neural 
Pathway: Spinoreticular tract, lamina I & II, VPL & intralaminar nuclei.

In short, Fast pain is sharp and localized, while slow pain is dull, persistent, and 
diffuse. This distinction is important in understanding pain mechanisms and 
treatment.

Pain can be classified based on where it originates in the body, as different tissues produce 
different pain sensations. 

1- Cutaneous Pain: Origin from Skin; Characteristics:Sharp and well-localized, meaning the 
person can easily pinpoint the pain and Caused by superficial injuries such as cuts, burns, or 
infections and Transmitted by A-delta fibers, which conduct pain signals quickly, leading to 
sharp and immediate pain. 

2- Deep Somatic Pain: Origin from Muscles, bones, joints, and ligaments; Characteristics: 
Dull and diffuse, meaning it is not as precisely localized as cutaneous pain and Results from 
deep injuries, fractures, muscle strains, or joint inflammation and Transmitted via slow C 
fibers, making it a persistent, poorly localized pain. 



Intermittent Claudication: A type of muscle pain that occurs during exercise, mainly in 
the calf muscles; Caused by Peripheral Artery Disease (PAD), where insufficient blood 
flow prevents the removal of metabolic byproducts, especially lactic acid This leads to 
pain that subsides with rest, as blood circulation improves. 

3- Visceral Pain: Origin from Internal organs (e.g., stomach, intestines, heart, bladder); 
Characteristics: Poorly localized, meaning it is hard to pinpoint its exact location and 
Transmitted via slow C fibers, making it a deep, dull, and long-lasting pain and Often 
referred to another area of the body (Referred Pain) and Caused by organ stretching, 
ischemia, or inflammation; Sensory Receptors Involved in Visceral Pain: Chemoreceptors 
Detect chemical imbalances or inflammation, Baroreceptors Respond to changes in blood 
pressure, Osmoreceptors Detect changes in fluid concentration and Stretch Receptors 
Respond to organ expansion, such as bladder or intestinal distention While Causes of Visceral 
Pain are: Distention of the Bladder or Abdominal Organs, Overfilling of the bladder or 
excessive stretching of the stomach triggers pain signals and Ischemia (Reduced Blood Flow), 
Lack of oxygen leads to the accumulation of acidic metabolic byproducts (e.g., lactic acid), 
causing pain and Spasm, Muscle spasms in visceral organs compress blood vessels, leading to 
reduced circulation and the buildup of painful metabolites and Chemical Damage, E.g., 
Hydrochloric acid (HCl) leakage from a perforated ulcer, irritating internal tissues and 
causing severe pain. 

Conclusion: Pain is not a single experience but varies based on its origin and the pathways 
involved. Cutaneous pain is sharp and localized, deep somatic pain is dull and diffuse, while 
visceral pain is poorly localized and often referred. Understanding these differences helps in 
diagnosing pain sources and providing effective treatment. 

Referred Pain is a phenomenon where pain is felt in a different location than its actual source. 
This means a person may experience pain in a superficial area of the body, while the real 
cause of pain is from a deep internal organ (Visceral Organ). 

Why Does Referred Pain Occur? The Convergence Theory explains this phenomenon based 
on how sensory signals are processed in the nervous system. 

1. Neuronal Convergence: Pain signals are transmitted by afferent nociceptors from: Visceral 
organs (e.g., heart, kidneys, stomach) and Somatic structures (e.g., skin, muscles, joints) These 
sensory fibers converge onto the same neurons in the Spinothalamic Tract within the spinal 
cord. 

2. Signal Interpretation by the Brain: Since cutaneous (skin) pain is more common than 
visceral pain, the brain is wired to assume that incoming pain signals originate from the skin 
rather than an internal organ As a result, the pain is misinterpreted as coming from a more 
superficial part of the body instead of the actual internal source. 

Why Does This Misinterpretation Happen? The brain relies on past experiences to interpret 
pain Since most pain signals processed by the brain come from the skin, it automatically 
assumes that the pain originates from cutaneous structures rather than internal organs This 
leads to the perception of pain in an area distant from its true source. 

Examples of Referred Pain: 



1. Angina Pectoris (Heart Pain): When the heart experiences oxygen 
deprivation (ischemia), pain is often felt in the left arm, jaw, or 
shoulder, rather than in the chest. 

2. Renal Colic (Kidney Stones): Kidney stones cause pain in the 
lower back or groin instead of directly in the kidney. 

3. Cholecystitis (Gallbladder Inflammation): refers pain to the right 
shoulder. 

4. Perforated Peptic Ulcer: A perforated ulcer in the stomach can 
cause pain in the shoulder, due to irritation of the diaphragm by 
leaked stomach acid. 

Conclusion: Referred pain occurs because sensory signals from visceral organs and somatic 
structures share common neural pathways in the spinal cord. The brain misinterprets these 
signals as coming from the skin rather than the actual affected organ. Understanding this 
mechanism helps in diagnosing internal organ diseases based on pain location. 

The image illustrates the mechanism of pain sensation 
from the skin and internal organs (viscera) and its 
transmission to the thalamus in the brain. The image 
shows different neural pathways that transmit pain 
signals from various sources to the central nervous 
system.

Firstly: Pain sensation from the skin: nerve signals 
originating from pain receptors in the skin, These signals 
travel through peripheral nerves to the spinal cord, In the 
spinal cord, these signals connect with neurons in the 
gray matter Then, the signals are transmitted via 
ascending neural pathways (Spinothalamic tract) to the 
thalamus in the brain, The thalamus is a major relay station for redirecting pain 
signals to other areas of the brain, such as the cerebral cortex, where the sensation 
of pain is processed and perceived.

Secondly: Pain sensation from internal organs (viscera): nerve signals originating 
from pain receptors in internal organs, such as the heart, esophagus, gallbladder, 
stomach, kidneys, and urinary bladder, These signals also travel through peripheral 
nerves to the spinal cord, These signals connect with neurons in the gray matter of 
the spinal cord The signals are transmitted via ascending neural pathways to the 
thalamus; Visceral pain signals may be transmitted through different neural 
pathways than cutaneous pain pathways, which sometimes explains the difficulty in 
precisely locating visceral pain. Visceral pain is often diffuse and poorly localized.



The image shows illustrations of internal organs in the body from the front and 
back, making it easier to understand the location of these organs and their 
connection to the neural pathways of pain and illustrates the mechanism of 
transmitting pain signals from the skin and internal organs to the brain, focusing on 
the role of the spinal cord and thalamus in this process. The image also highlights 
the potential differences in the nature of pain in terms of location and spread 
between cutaneous and visceral pain.

This image illustrates the neural pathways involved in 
referred pain from the heart to different parts of the 
body. It shows how pain signals originating from the 
heart are transmitted via the sympathetic nervous 
system to the central nervous system (CNS), leading to 
the perception of pain in areas such as the left arm 
and chest rather than the heart itself, Key 
Components of the Image: 

1. Heart (Pain Source): Sends pain signals through the 
thoracic cardiac nerves and cervical cardiac nerves 
These nerves transmit pain signals to the sympathetic 
ganglia, including: Superior cervical ganglion, Middle cervical ganglion and Inferior cervical 
ganglion. 

2. Afferent Nerve Fibers: The pain signals travel via sympathetic ganglia to the dorsal root 
ganglia (DRG) at T1-T5 spinal levels These afferent fibers converge with somatic afferent 
fibers from the skin and muscles of the same dermatomes (T1-T5). 

3. Central Nervous System: The pain signals are transmitted through the Anterolateral 
System (ALS) to the thalamus and then to the postcentral gyrus (somatosensory cortex); The 
insula and cingulate gyrus process the emotional perception of pain. 

# Mechanism of Referred Pain from the Heart: The heart experiences ischemia (lack of 
oxygen) then Pain signals travel via sympathetic afferent fibers to the spinal cord These fibers 
converge with somatic afferent fibers from the arm and chest at the same spinal levels (T1-
T5); The brain misinterprets the pain as originating from the left arm and chest instead of the 
heart. 

Why Does a Patient with Angina Feel Pain in the Left Arm and Chest? Because the nerves 
carrying pain signals from the heart share the same neural pathways with the nerves from the 
skin and muscles in T1-T5 dermatomes; The brain mistakenly attributes the pain to the skin 
and muscles instead of the heart. 

Summary: This image provides a neuroanatomical explanation of referred pain from the 
heart by showing how visceral pain signals converge with somatic pain pathways in the spinal 
cord, leading to the misinterpretation of pain location by the brain. 



This image illustrates the sympathetic nervous system 
pathways and how signals travel from the spinal cord to 
target organs. It is divided into three major sections: (A) 
Sympathetic Pathway via the Sympathetic Chain, (B) 
Postganglionic Fibers to Thoracic Organs and (C) 
Preganglionic Fibers to Abdominal Organs and Adrenal 
Medulla 

(A) Sympathetic Pathway via the Sympathetic Chain: 
Preganglionic fibers originate in the lateral horn of the spinal 
cord (T1-L2) They exit through the anterior root of the spinal 
nerve and pass through the white ramus communicans into 
the sympathetic chain ganglion then They can either: 
Synapse and return via the gray ramus communicans to the 
spinal nerve, reaching smooth muscles and glands or Travel 
up or down the sympathetic chain to different ganglia or 
Bypass the chain and continue as splanchnic nerves to 
prevertebral ganglia. 

(B) Postganglionic Fibers to Thoracic Organs: Postganglionic 
fibers from the sympathetic chain form cardiac nerves that 
innervate the heart and lungs These nerves increase heart 
rate and bronchodilation during the fight or flight response. 

(C) Preganglionic Fibers to Abdominal Organs and Adrenal Medulla: Some preganglionic 
fibers bypass the sympathetic chain and travel via splanchnic nerves to prevertebral ganglia, 
which control abdominal organs Other fibers go directly to the adrenal medulla, stimulating 
the release of adrenaline and noradrenaline into the bloodstream. 

Summary:The sympathetic nervous system (T1-L2) has three main pathways: 

1. Through the sympathetic chain to limbs and skin. 

2. To thoracic organs (heart and lungs). 

3. To abdominal organs and the adrenal medulla via splanchnic nerves. 

The adrenal medulla acts as a direct extension of the sympathetic system, rapidly releasing 
adrenaline. 

What is the Gating Theory? The Gate Control Theory of Pain suggests that pain signals are 
not directly transmitted to the brain but are modulated at the spinal cord level, There are two 
main types of nerve fibers involved in pain modulation: 

1. C Fibers: Unmyelinated (slow conduction), Carry slow, dull pain signals (e.g., burning or 
aching pain) Directly activate pain-transmitting neurons that send signals to the brain. 

2. A ß Fibers: Myelinated (fast conduction) Carry non-painful touch and pressure signals, 
Activate inhibitory interneurons, which suppress pain signals. 



Understanding the Diagram 

 C Fibers (Upper Pathway): Directly 
excite the pain-transmitting neurons, 
allowing pain signals to reach the brain, 
Inhibit the inhibitory interneuron, 
which allows pain to be felt more 
intensely. 

Aß Fibers (Lower Pathway): Activate 
the inhibitory interneuron, which reduces the activity of C fibers This blocks or reduces pain 
signals before they reach the brain, resulting in pain relief. 

# Real-Life Applications of the Gating Theory: 

1. Rubbing the Skin After an Injury: Stimulates Aß fibers, which inhibit pain transmission 
from C fibers. 

2. Transcutaneous Electrical Nerve Stimulation (TENS): Uses mild electrical currents to 
activate Aß   fibers, reducing pain perception. 

3. Massage, Heat, and Cold Therapy: Stimulate Aß fibers, which diminish pain signals 
reaching the brain. 

Summary: The Gate Control Theory explains how pain signals are modulated at the spinal 
cord level before reaching the brain; Activating Aß fibers (responsible for touch and pressure) 
can inhibit pain signals carried by C fibers; This principle is applied in various pain 
management techniques such as massage, electrical stimulation (TENS), and heat/cold 
therapy. 

Carrying pain is part of the growth journey, every difficult 
experience you go through is only a temporary stop on your way to 
success. Don't make your pain a way to get the attention of others or 

ask for pity, but make it a motivation for patience and strength. 
People come and go, and what you lose today may God compensate 
you for what is better tomorrow. Focus on your main goal, and be 
believe that the coming days hold you more beautiful opportunities, 

do not waste your time attaching to the past, but make each 
experience a lesson that strengthens you and pushes you forward. 



 

A patient walked into a neurosurgery clinic and said to 
the doctor, 

Doctor, I have a problem. Every time I try to think of 
something, I feel like I lose my focus! 

The doctor smiled and replied: Dont worry, it seems like 
youre experiencing brain scatter but luckily, we are experts 

in refocusing. 


