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Two point discrimination: one of somatosensation 

modalities. it’s the ability to discern between two nearby 

stimuli touching the skin as two distant points on smaller 

distance. 

For instance: if you placed two stimuli 

distant from each other by (x) on your 

back, it will activate the same 1st order 

neuron (lower density of receptors, 

larger receptive field), so you will feel 

them as one stimulus. However, if you 

put them on your hand, it will activate 

two discrete 1st order neurons (higher 

density of receptors, smaller receptive 

fields), so you will feel these as two 

stimuli. 

➢ This means you have better two point discrimination on your hand 

compared to your back, so you have better resolution on your hand 

compared to your back. 
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What leads to better sensory resolution? 

1) Small Receptive Field. . 

If each neuron has small receptive field, this will lead to having higher 

number of receptors in one particular area (higher density of receptors), 

which leads to better resolution and accuracy of the sensation. 

➢ Clarification: This is similar to the concept of pixels in television and 

mobile phones. The smaller the area of each pixel leads to having 

higher number of pixels in one area which leads to better screen resolution. 

2) Pathway Arrangement. 

Regardless of the number of receptors, how the pathway is arranged will also 

affect resolution, depending on the processing pathway.  

Examples:  

1. Convergence will give less resolution compared to a linear pathway with the 

same density of receptors. 

2. The presence of lateral inhibition in a linear pathway leads to better 

resolution. 

3) Cortical Representation. 

To give a particular area better resolution, it has 

to occupy more space in the cortex. This is due 

to the fact that the more processing power 

needed, the larger the area is represented in the 

cortex. This goes hand in hand with the higher 

the number of neurons and receptors which 

acquire more processing whichs leads to better resolution for sensation. 

That’s why when you look at the somatotopic organization of the somatosensory 

system and compare it to each part of the body, you will find that the distribution 

is not equivalent to primary somatosensory cortex. For instance: 

1. The hand, despite of its smaller receptive area, has a larger represented cortical 

area than that of the trunk. 

2. The face cortical represented area is almost 2 times larger than that of the body 

Recall: The 

greater the 

density of 

receptors the 

smaller the 

receptive field the 

better 

discrimination in 

sensory inputs. 
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Clinical Correlation 

Referred pain: is when the pain from a 

visceral organ is referred to a part of the 

body or part of the skin. 

Radiating pain: is the pain due to a source 

in a part of the body that radiates to be 

felt as pain in other areas around it, next 

to it or even sometimes, a little bit farther. 

Example: if you have pain in the thumb on C6. Nevertheless, you will feel the pain 

radiated to C5 on the other hand or the rest of the fingers (C7, C8) . 

Mechanisms of Radiating Pain: 

1) Lissauer's tract.  

It's a collection of white fiber bundles that 

ascends one or two segments and forms a local 

tract behind the tip of dorsal horn (lamina 1). 

Before the spinal nerve enters the gray matter, 

some of its axons will bifurcate to one or two 

levels up or to one or two levels below.  

Example: if there is a pain in C6 it will activate C6 and one or 

two levels up (C5,C4) or C6 and  one or two levels below 

(C7,C8). 

2) Central regulation. 

We have central regulation from the cortex and subcortical level which regulates 

the pathway by multiple mechanisms such as inhibition (responsible of 

adaptation of the sensation) and activation (cortex activates the pathway to be 

more accurate and transmits more stimuli that we could not detect before and on 

a lower threshold.  

Example: an interesting presentation of central regulation is how when there is a 

pain in C5, the CNS activates C5 and sometimes one or two levels above or below, 

which leads to the feeling of radiating pain. 

This is different from ALS 

012 pattern, as this occurs 

before the fibers synapse in 

the gray matter. 
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3) Activation of a nerve passing by the source of pain. (most common clinically) 

Due to an inflammation, infection to a nerve or vertebral disc herniation that  

compresses the nerve → in this situation the nerve bundle will start releasing 

action potentials. Remember that most peripheral nerves cover more than one 

dermatome. One popular example is the pain due to an infection, disc herniation 

or trauma to the sciatic nerve. This pain will be felt as a pain radiating to the 

whole lower limb (because the sciatic nerve supplies the lower limb). 

Pain Pathways 

(A) Tracts that reach the cortex. 

1. Anterolateral tract. 

First order neuron will carry pain sensation 

from the periphery → synapses with the 

posterior horn of the gray matter(mainly 

lamina 1,2,5)→ the second order neuron 

ascends in the anterolateral tract to the 

thalamus and eventually, cortex. 

➢ Even though ALS is the most 

important and essential pathway but 

it's not the only pathway of pain, 

there are other pathways as follows. 

 

2. Spinocervicothalamic tract. 

This tract is a four neuronal pathway. 

It’s found in all mammals, but it’s 

considered less important for humans 

than other mammals like cats and rats.  

First order neuron carries pain sensation and synapses with lamina (5,6,7) and 

sometimes (8)→ the second order neuron in the gray matter will ascend 

upwards until it reaches a nucleus at the level of C1,C2 called Cervical Nucleus 

→third order neuron will ascend to VPL nucleus of the thalamus → fourth 

order neuron will go to primary somatosensory cortex.  
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(B) Tracts that do not go to the cortex directly. 

These tracts carry pain and stop at the 

subcortical level. However, they may then 

ascend to also reach the cortex. In this 

situation, it will not give information about 

pain. Instead, due to the multi processing 

that occurred at the subcortical level, the 

cortex will receive information that were 

processed and produced by the subcortex 

which may not be related to pain. 

➢ Further Clarification: Emotions 

produced from pain due to multi-

processing at the subcortical level, 

will go to the emotional cortex not 

the somatosensory cortex. So even if they reach the cortex, they will not go 

to the somatosensory cortex. Instead, they will go to other subcortical 

(primitive cortical parts) such as the limbic lobe or a cortex other than the 

somatosensory cortex. 

Examples: 

1. Pathways that stop at the level of hypothalamus. 

2. Pathways that stop at the level of reticular formation in subcortex but may 

continue ascending to reach the cortex. 

 

Points to Remember 

1- There are multiple pathways for pain. 

2- Any sensation, the most important part of it will go to the cortex but there are  

some minor pathways that may stop at the subcortical level. 

3- Do not worry about the details of these subcortical pathways as we will talk 

more about them when we mention descending control of pain during 

neurotransmitters topic. 
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Clinical Correlation (continued) 

1. Phantom limb  

If you amputate (cut) a patient’s arm, he will still feel sensation and pain even 

though his limb is amputated. 

➢ This pain can be spontaneous or elicited by another stimulus such as 

touching other parts of the body.                                                                    14:40                                 

This sensation is explained by 3 mechanisms: 

1) A trigger that activates axons passing nearby the surgical area. 

It happens during the first month after the surgery (recent amputation). Due to 

the presence of a wound healing process or even an infection that may have 

reached the area, it will lead to the activation of the nearby axons.  

Even though the receptors were removed with the amputated arm, the axons 

that are passing nearby the surgical area are still capable of being stimulated to 

generate action potentials due to the healing process as a trigger in this case. 

These action potentials will be eventually felt as pain. 

➢ Recall the labelled line theory: activation to the receptor or any point in 

the pathway will lead to the same sensation. 

2) Sensitization. 

Pain will stop after 2-3 weeks when axons and first order neurons die and 

degenerate. However, the patient will eventually experience recurrence of that 

pain, why? 

The second order neurons in the gray matter of spinal cord will still release 

baseline firing of action potentials. So, they still release action potentials to the 

CNS, and the CNS will understand it as there is a hand and the pain is coming from 

it, and to make things worse, because the information is not reaching the cortex 

(only the baseline firing is reaching the cortex) the cortex will start wondering  

whether these neurons are alive or not, which leads to sensitization→ they start 

sending higher frequency (higher than baseline firing) so pain we be felt. 
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3) Cortical Rearrangement (the most common mechanism). 

CNS has the ability of plasticity (changing shapes, connections or even functions 

of some areas). Infact, The highest plasticity is present in the cortex . 

In the primary somatosensory cortex, there is an area that receives the sensation 

of the hand. However, after the amputation, this area is no longer receiving 

sensation. 

The cortex is very important and we can't just leave an empty area in it. For that 

reason, rearrangement between cortical parts will occur in a way that utilizes the 

area that’s not used anymore due to the amputation. The easiest way of 

rearrangement is by giving the empty area of 

the amputated limb to the nearby cortex of 

the similar function. 

So if amputation was done to a hand or foot, 

the rest of the arm and face will take over this 

area’s representation on the cortex. so if 

someone touches the patient’s face, he will 

feel sensation on this part of the cortex that 

originally belonged to the amputated arm.  

If that particular area of the cortex represents the face now, why does the 

patient still complain of a sensation in his amputated hand? 

The idea here is that this 

rearrangement happens 

only at the level of primary 

somatosensory cortex. 

Infact, when primary 

sensory cortex receives the 

signal, it will be translated  

as a face sensation. 

However, when the signal is 

processed and sent to other 

areas of the cortex, it will be understood as a hand not face sensation. That's why 

when the patient feels air on his face it will have some sensations on the 

amputated hand. 
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The main theraby of phantom limb was by 

giving the patients cortical acting drugs like 

antipsychotic antidepressants. However this 

method came out with little success. 

 The best treatment of choice nowadays is 

behavioral therapy by trying to remind patients 

about their amputated limbs in order to prevent 

the cortical rearrangement. So, the face will not 

take over the amputated arm’s area on the 

somatosensory cortex and this will decrease the 

phantom limb sensation very efficiently. 

2. Deafferentation pain.                                                     21:16 

It’s the pain that results due to a laceration, cut or damage to the spinal nerve or 

the posterior sensory root of the spinal nerve, which leads to loss of sensation of 

its associated dermatome or the particular area of the body. 

For instance, if deafferentation happened to C5, this means that the patient will 

not feel sensation in areas supplied by C5. However, the problem that most 

patients complain about is not the loss of sensation but the continuous annoying 

chronic pain that is felt. Why is there a pain sensation? 

When the patient lost the spinal nerve, the gray matter is not receiving anymore 

stimuli from C5 which leads to central sensitization to the gray matter neurons. 

This will eventually lead to the release of action potentials in which the patient 

feels as continuous pain. 

Normally before the injury to C5, it was receiving pain stimuli and PCML 

modalities (which causes lateral inhibition to ALS pathway, pain pathway in this 

case, as we took in pain gate theory). 

That’s why when deafferentation of the gray matter neurons occurs, it will not 

only give these pain neurons the chance to freely transmit signsals but it will also 

lead to loss of the inhibitory signals they were receiving from PCML pathway, 

which will lead to transmission of severe chronic continuous pain. 
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The pain experienced by the patient cannot be relieved by painkillers like NSAIDS 

as they target peripheral receptors and the problem here is related to central 

receptors. That’s why treatment of choice is central acting drugs such as 

morphines. However, they have alot of side effects as they are given in high 

doses. Moreover, adaptation might also occur so we can't control them well. 

When central acting drugs cannot be controlled, you may introduce 

surgical treatment by many ways: 

(a) Posterior Root Entry Zone Procedure 

Normally Pain comes from lamina (1,2,5) 

more in (1,2) and higher in lamina (1). 

Lamina (1,2) are easier to be reached 

because they are exactly below the 

posterior root, the surgeon inserts an 

electrode in the spinal root to lamina 

(1,2). Then, thermal heat or high 

electrical current is passed through in 

order to burn the neurons in that 

particular area → the neurons will die 

→ no more pain. 

Positive Aspects: 

1) Easy access. This is because the access is directly within the root(nerve) so the 

surgeon can easily identify where to start and where to work. 

2) Success rate of around 70%. 

Negative Downsize: 

30% failure after a major surgery in the spinal cord and possible nerve damage 

which is considered a bad figure. (high recurrence rate). This failure is due to the 

fact that even though lamina 1 and 2 were burned,  lamina (5) is still active and 

can transmit pain sensation. 

                                                                                                                                                                                28:55 
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(b) Anterolateral Cordotomy. 

lesioning, sectioning, or other disruption of the lateral spinothalamic tract (LST), which is located 

in the anterolateral quadrant of the spinal cord. 

Example: A patient has laceration on C6,C7,C8 and has pain in his right hand. 

Recall from previous sheets that C6 fibers will form the anterolateral tract on C4 

on the left side (two levels). The surgeon damages the anterolateral tract in C4 or 

C3 (to be safe) to cut all the fiber bundles.  

Positive Aspects: 

High Success rate (more than 90%) 

Adverse or unwanted outcomes: 

1) Instead of having loss of sensation in his hand 

only, the patient will lose pain and ALS modalities 

in all levels below the surgical damage. (Unlike the 

Posterior root entry zone procedure) 

2) Access and determining the location is hard. 

3) Potential damage to other areas.  

Usually it's hard to make thermal heat or electrical damage so it's done by 

infusing a neurotoxic material.  

Mechanism: Insertion by a needle → infusion of the neurotoxic material in the 

area → fiber bundles will die. 

However, if there wasn’t good enough accuracy during the insertion of the needle 

or the rate of infusion wasn't precise, the neurotoxic material may damage other 

areas. Infact, the first area that might be affected is the anterior horn of gray 

matter where the motor neurons are, which could lead to motor weakness. 

4) Recurrence rate of around 10%. 

That’s due to the presence of other pathways like spinocervical which reaches the 

cortex though the thalamic nuclei and gives continuous conscious sensational 

pain. 
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3. Thalamic syndrome  

 Refered to pain after having a stroke in the thalamus.  For instance, if the 

ventroposteriolateral nucleus (VPL) is damaged, the patient will lose the 

somatosensory sensation in the contralateral side of his body. However, in 

addition to the thalamus, sensory pathways also go to different areas in the 

subcortex and these areas may cause severe, chronic and uncontrolled pain 

sensation that most patients complain about.  

Further illustration of the mechanism: 

▪ The cortical neurons are still alive and due to their baseline firing of action 

potentials, they will send it to other areas of the cortex. 

▪ Other pathways of pain are still active and they send the stimuli to the 

cortex not through the thalamus. Moreover, because the thalamus is 

damaged, the control on these pathways will be less, rendering them to be 

more active. 

In this syndrome, the use of central acting painkillers have no effect, because 

the initiation of pain works on a higher level than the target of these drugs.  

The treatment of choice for these patients is deep brain stimulation  by inserting 

an elctrode in some central areas of the brain followed by continuous activation 

of them by electrical impulses to decrease the pain. 

Terms Associated With PCML Modalities 

1- Stocking-Glove Sensory Loss. 

Normally PCML sensations are transmitted through big and heavy myelinated 

axons. Therefore, anything that might affect the myelination has a big possibility 

to damage the PCML modalities before other pathways. 

We also have alot of peripheral neuropathies that affect myelination like 

diabetes. Diabetes affects the long myelinated axons before the short or 

unmyelinated ones. That's why we will lose PCML modalities in the long ones, 

therefore the main loss of sensation will be in the distal part of the limbs. 

(hand,feet).  

                                                                                                                                                                                 36:09 
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So the patient will come with decreased sensation in his hand and feet, it’s like he 

is wearing stockings and gloves, which explains the name of the disease Stocking-

glove sensory loss 

2- Tabes Dorsalis (progressive locomotor ataxia). 

This disease is caused by infection with Treponema pallidum and is associated 

with neurosyphilis. This spirochaete targets the fibers of the posterior columns 

leading to its degeneration. The patient has ataxia (related to the lack of sensory 

input, clinically referred to as sensory ataxia), loss of muscle stretch (tendon) 

reflexes, and proprioceptive losses from the extremities (PCML loss symptoms). 

➢ In sensory ataxia, the patient may also have a wide-based stance and may 

place the feet to the floor with force in an effort to create the missing 

proprioceptive input. 

Test Your Understanding  

In each of the following case studies, a cross section has been taken from a 

patient whom had bleeding or a stroke that caused a deficit in the marked area. 

What sensations do you expect to be lost from the patient?  

Note: Usually, the structures in case study 2,3 and 4 are damaged together 

(syndrome) because they share a territory of the same blood supply, but since 

we haven’t taken all structures in anatomy yet, I have marked the parts that we 

have taken up to now. 

 

 

The medial lemniscus is damaged on the left side. 

Therefore, the patient will lose two point 

discrimination, vibration and propriosensation 

(PCML modalities) on the right side in all parts of 

the body (upper and lower limbs). 

cross section of the upper 

third of medulla 

Left Right 

Case Study (1) 
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The medial leminiscus is damaged on the right 

side.  

Therefore, the patient will lose two point 

discrimination, vibration and propriosensation 

(PCML modalities) on the left side in all parts of 

the body (upper and lower limbs). 

 

 

 

According to somatotropic 

organization at this level, tract of  

lower limb fibers are only affected, 

with sparring of upper limb fibers. 

Therefore, the patient will lose two 

point discrimination, vibration and 

propriosensation (PCML modalities) 

on the left side in lower limb only. 

 

 

 

The patient will lose pain, temperature and crude 

touch (ALS modalities) from the face on the right 

side and pain, temperature and crude touch (ALS 

modalities) from all parts of the body (upper and 

lower limbs) on the left side. 

Right Left 

Right 

Right 

Left 

Left 

Case Study (2) 

Case Study (3) 

Case Study (4) 


