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In this lecture we are going to talk about dermatomes, visceral sensation and 

pain disorders. 

Sorry for any mistakes though I tried my best to include and clarify every single 

information.   

Dermatomes 

 The sensory neurons enter the spinal cord through the spinal nerves (mixed), 

and every spinal nerve innervates a special part of the body. 

Dermatomes: a map that is formed by skin areas and associated spinal nerves 

that innervate them. 

Dermatomes are important for clinical defects such as in case of herniated disk 

that affects a certain spinal nerve resulting in symptoms related to the 

innervated areas. 

*Examples of important dermatomesform slides: 

Doctor said “Unfortunately these 

dermatomes are for saving” 

1. Shoulder (C5-C6) 

2. Hand (C6-C8): 6= thumb the, 7= index 

finger, 8= small finger 

3. Nipple (T4) 

4. Umbilicus (T10) 

5. Inguinal region (T12-L1) 

6. knee (L3, L4) 

7. The big toe (L4-L5) 

8. Small toe (S1) 

9. The genitalia and anus (S4 and S5) 

10. Feet: L4, L5, S1 

visceral sensation 

receptors in visceral organs are the same as somatosensory receptors, so they 

send the same somatosensory information to the cortex such as pain. 

Let’s suppose that we have a visceral organ (X), when it’s stimulated, the 

informations sent to cortex through spinal nerves firstly then enters the spinal 

cord. In this example the stimulus from that organ is transported through C8, so 

any pain in this organ will be transmitted through C8 that also innervates the 

small finger causing its pain. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Important examples of referred pain 

1-heart is referred to shoulder and the left arm.(angina pectoris) 

2-gallbladder is referred to areas on front and back sides of the body.(scapular 

region). 

*The pain receptors in the skin and other tissues (visceral organs) are all free 

nerve endings .  

*Three types of stimuli excite pain 

receptors (Mechanical ,thermal 

,and Chemical) 

Referred pain: visceral pain causes 

pain in the same dermatome 

innervated by the same spinal 

nerve. 

Radiating pain: pain started in area 

then spreads to other areas. 

Causes of the radiating pain: 

-the most common cause is 

compression and irritation of the nerve 

The meaning of the paragraph above :when visceral organ is damaged, pain signal from it goes to 

certain segment of the spinal cord (for example :T10),Same spinal segment which is (T10) receives 

pain signal from certain area of the skin (which is in our example the Umbilicus),That’s because  

BOTH 1) pain fibers from certain visceral organ and 2) pain fibers from certain area of the skin 

synapse in same segment of the spinal cord ;On the same second order neuron. 

We conclude : First order neuron comes from certain visceral organ + first order neuron comes from 

certain area of the skin =Will synapse to the same second order neuron ,so eventually one 

signal wil transmit to  the cortex ,now the cortex will confuse ;Does the pain from the visceral 

organ? or from certain area of the skin? ,now the cortex decides that the pian is from the skin even 

though it was from visceral organ (in all cases cortex always decides the pain is from the skin ),so 

feeling of the pain will be at the skin (that’s what we called it DERMATOMES which are detect 

REFERRED PAIN). 

NOTE: Because pain signals will reach different spinal segments ; visceral organ could refer pain to 

more than one dermatome. 

**the doctor did not clarify the mechanism of referred pain as in paragraph above so you can feel 

free to skip but I advise you to read it ,to help you in better understanding. 

 



that causes nerve stimulation and action potential generation. The information 

will be interpreted by the cortex as pain in the innervated area by the 

stimulated nerve. This happens mainly in nerves that enter the spinal cord 

at different levels=(they have more than one dermatome), sciatic 

nerve is an example. It innervates the back and the lower limb, so if there is any 

stimulation to it, the pain starts in the back for example then“radiates” to the 

legs. This condition called (sciatica). 

-the second important cause is that when the nerve enters the spinal cord, it 

exits in different laminae. For example, laminae 1 and 2 connects the segment 

with one segment below and one segment above, so if C4 is highly activated, it 

activates C3 and C5 too. 

 

 

 

 

 

 

The third cause of radiating pain :Sensitization from CNS to the whole area 

included more than one area around but this is the least common cause and 

the least effect of radiating .(doctor said we will not go in details ,just remember 

this ). 

So far, we finished talking about dermatomes and the related topics. Now, we 

are going to discuss pain disorders: 

1-Phantom pain: in this case the patient feels that his limb is still there (usually 

with pain sensation) after being cut. 

The cause of this phenomenon is the following: 

Cutting of the limb means loss of the receptors of that limb, but their axons are 

still intact. So, any inflammation or irritation (or any form of sensation) in the 

surrounding area generates action potential in these axons that will be 

transmitted to the cortex an interpreted as pain of the cut limb! 

The pain lasts for 2 weeks to two months. After 

that, axons either degenerate or stop sending 

action 

To illustrate : From the main causes of radiating  pain are that {The pain Ascends and Descends to include( 2 ) 

adjacent segments ; one segment above and one segment below especially in lamina number( 1) .That is 

because ALS which is responsible for pain sensation when enters certain segment it gives fibers one segment 

above and one segment below ;So strong activation of pain receptors will cause sensitization in the adjacent 

areas and pain radiating to them . 

*note: the doctor said that it may 2 segments above and 2 segments below ,but for studying purposes consider 

it 1 segment above and 1 segment below. 



 potentials to the cortex. 

The pain may last longer since the 2nd order neuron (it’s activated in normal 

cases by the 1st order neuron) in the posterior horn laminae of the spinal cord is 

intact andit has a baseline firing resulting in Action potential generation every 

certain period of time transmitted to cortex an interpreted as pain. 

Phantom pain can be as a result of inactivated axons sensitization by feedback 

stimulation from the upper nervous system. (desensitization may also occur to 

continuously activated axons). 

Finally, cortex plasticity may cause phantom pain phenomenon. Cortex 

plasticity is the cortex ability to reuse unused areas by the same type of 

sensation. 

Let’s take an example for further clarification. When the patient loses his hand, 

this means loss of its primary sensory cortex. After that, the face primary sensory 

cortex will occupy it, so any face sensation will be sent to this area in addition to 

the original face primary associated cortex. But when this area is activated the 

secondary and associated areas will understand this information as it’s sent from 

the hand! 

This event mainly happens in primary areas, to a less extent in secondary 

areas.Association cortex (and to a less extent the secondary cortex) has no role 

here since it’s still active even if the sensation is lost. 

 

*phantom limb can result from one or more of these mentioned aetiologies. 

However, cortex plasticity may mask them if it persists. 

*if cortex plasticity happens in the secondary cortex, it causes hypersensitivity of 

the related sensation rather than phantom limb. 

 

 

 

 

 

 

 

 

We conclude phantom limb occurs due to 3 mechanisms:  

1) lost of the receptors and may part of axons but the rest of axons are exist and may transmit action potential 

especially at the site of amputation because of inflammation and healing which cause misbalance of electrolytes 

resulting in transmission of action potential to the cortex and this action potential will be translated as sensation 

from the amputated arm even though it does not exist. 

2) activity of the pain 2nd order neurons even though 1st order neurons are cut down because of( base line firing 

of 2nd order neurons). 

3) cortex plasticity /Rearrangement. 



2-Deafferentation pain: in this case the patient loses the posterior root(lose 

sensory ) or the spinal nerve (loss of connection between the spinal nerve and 

the spinal cord) that leads to loss of sensation and motor function because 

spinal nerve is mixed. However, the baseline firing of the 2nd order neurons 

causes severe(deafferentation) pain to those patients leading to chronic use of 

high doses of antipain medications (analgesics).  

The main rule here:even though we lost first order neurons ,second order neurons 

still function/active  because of their base line firing . causing (severe continuous 

pain which is the most common problem for those patients) 

Treatment: there are 2 procedures to do : 

1)-posterior root entry zone procedure: surgical 

damage of laminae 1 and 2 by an electrode entrance 

followed by high electrical current. The aim of this 

method is to stop the firing rate or the 2nd order neurons. 

*this procedure has 2 problems : 

1)Not all  pain 2nd order neurons found in lamina 1and 2 

( the site of procedure),there are pain 2nd order neurons 

found in lamina 5 ,if they are activated the pain will return (meaning relapsing is 

high). 

2) any defect in the area/way of entry or the amplitude of heat causes 

excessive damage to the adjacent areas (especially PCML pathway). 

(note :post. column which has PCML pathway fibers lies close to the site of entry 

which is post. root). 

This method can be used in advanced cases of herniated disk. 

 

2-anterolateral cordectomy: in this procedure we cut the ALS tract by chemicals  

 

that cause fibres death resulting in contralateral pain sensation since the tracts  

 

in ALS are ascend after decussation or crossing the spinal cord, we always 

  

ascend 2-3 levels superior to the damaged segments (for a 

 

C5-C7 damage or laceration, we destroy the segment at C3 level). 

 

So, there will be loss of pain and thermal sensation (sensations of ALS 

 



modalities in general) in all segments below this segment. 

 It’s done when there is thinning in the area of electrode entry or when other  

laminae are involved in pain sensation such as lamina 5 that cannot be  

reached by the electrode unless wedamage the whole posterior horn. In  

addition, it can be done to cancer patients who suffer from severe chronic pain  

that cannot be eliminated by medications. 

If we used a low dose of chemicals, it will not end in the desired result and we 

 can repeat it. But very high dose of these chemicals may damage the  

adjacent anterior horn of the spinal cord that is responsible for motor activity  

(weakness or paralysis). 

3-Talamic syndrome: thalamus stroke leads to loss of thalamus sensation. For 

example, if the ventroposterior nucleus is affected, the patient will lose the 

sensation in the contralateral side of his body. However, in addition to thalamus, 

sensory pathways also go to different areas in the subcortex, and these areas 

may cause severe pain sensation.(in this lecture we will not go through details). 

The doctor discussed These syndromes briefly :”he said”: 

Cape syndrome :loss of ALS modalities usually on hemi shoulder and hand due 

to syringomyelia which happen in spinal cord and more common in cervical 

region. 

Stocking- gloves syndrome: loss of sensation from hands or feets usually not 

because problem in spinal cord but due to peripheral neuropathy as diabetic 

neuropathy. 

*different lesions to different areas of the spinal cord will cause different 

symptoms. The most common one : 

Brown sequared syndrome: it will be discussed with dr. Mohammad alsalem.  

 

The End 

“Don’t judge every day by the harvest you reap but by the seeds you plant”<3 

 


