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❖ Motor descending tracts 

The upper motor neuron starts form the cortex, but 

from which areas of the cortex?! In general, we have 

two areas: Figure5-8 

- Primary motor cortex: anterior to central 

sulcus we have frontal lobe, the first area of 

frontal lobe is precentral gyrus, this is the 

anatomical name, but the functional name is 

primary motor cortex (Area #4) 

- Premotor cortex 
Area #6

- supplementary cortex 
 

 

 

o In case of spinal nerves, the upper motor neuron descends down to the 

anterior horn of spinal cord (corticospinal fibers), then it will synapse 

indirectly through interneuron with the lower motor neuron. 

o In case of cranial nerves, the upper motor neuron descends down to the 

nucleus in brain stem (corticonuclear or corticobulbar), then it will synapse 

with the lower motor neuron. We have nucleus for every motor cranial nerve 

like oculomotor, trochlear, fascial etc.… 

 
-We have two important motor tracts: 

✓ Pyramidal tracts: 

We call it pyramidal because the fibers descend from cortex to internal 

capsule to midbrain to pons and when they reach the anterior aspect of 

medulla, they pass through the pyramids of the medulla oblongata. 

Figure 5-8 
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When we say pyramidal tracts, this means corticospinal (anterior &lateral) 

and corticonuclear fibers, although corticonuclear fibers don’t reach the 

pyramid anatomically, but functionally we considered them with pyramidal 

tracts. 

 Function: conscious control of skeletal muscles movement. 

 

 
‘From Wikipedia: The pyramidal tracts include both the corticobulbar tract and 

the corticospinal tract. These are aggregations of efferent nerve fibers from the 

upper motor neurons that travel from the cerebral cortex and terminate either in 

the brainstem (corticobulbar) or spinal cord (corticospinal) and are involved in the 

control of motor functions of the body” 

 
 

✓ Extrapyramidal tracts: 

1- Vestibulospinal tract: Vestibular nucleus in brain stem receives 

sensory information through the vestibular nerve (part of vestibulocochlear 

nerve, which is the 8th cranial nerve) about balance and orientation of the head 

from the inner ear. The nuclei relay motor commands through 

vestibulospinal tract. 

 
2- Reticulospinal tract: It starts from reticular formation which is found in 

the core of brain stem. 

 
3- Rubrospinal tract: Rubro means red, so it starts from red nucleus which 

is found on superior aspect of midbrain down to anterior horn system. 

 
4- Tectospinal tracts: It starts from tectum which is found in midbrain 

down to anterior horn system. 

 
This naming is somehow misleading because it indicates that these tracts 

starts from structures in brain stem down, but in reality, these tracts are 

under direct control from the cortex. If we want to name precisely, we put 

cortico- before the previous names. 

 Function: subconscious control of skeletal muscle movement, 

Neither smooth muscle nor glands. What do we mean by this? Fine 

tuning and modification of skeletal muscle on subconscious level. 
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❖ Rexed laminae 

-Dorsal horn from lamina 1 to 7 is 

sensory. 

-Ventral horn is motor and it's made 

from lamina 8 and 9, but mainly 

lamina 9 because it contains cell 

bodies of lower motor neurons while 

lamina 8 contains motor interneurons 

- Lamina 9 is divided into nuclei: 

Figure 5-9 

✓ Ventromedial: found in all 

segments (extensors of vertebral column). 

✓ Dorsomedial: from T1 to L2 (intercostals and abdominal muscles) 

✓ Ventrolateral: from C5 to C8 (arm) and from L2 to S2 (thigh). For example, 

C5 deltoid, C6 biceps and C7 triceps. 

✓ Dorsolateral: from C5 to C8 (forearm) and from L3 to S3 (leg) 

✓ Retrodorsolateral: C8-T1 (small muscles of the hand) responsible for the 

sophisticated movements of the hand like writing and drawing. S1-S2 (foot). 

✓ Central: phrenic nerve (C3-C5) motor innervation of diaphragm. 

 
o General rule: medial motor system (nuclei which are located 

medially in ventral horn in all segments generally) is responsible for 

proximal muscles which are related to posture (walking, running, 

sitting), while lateral motor system (nuclei which are located laterally 

in cervical and lumbar enlargements only) is responsible for distal 

muscles (skilled movements like writing, drawing, etc...). Figure 5-10 

Pyramidal tracts: mainly area #4 (primary motor cortex), not only area #4 but mainly. 

Extrapyramidal tracts: area #6 (premotor and supplementary areas). 

Figure 5-9 
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When there is a lesion in upper motor 

neuron, we call it upper motor neuron 

lesion while in lower motor neuron; we 

call it lower motor neuron lesion. 

Anybody will say that the net effect of two 

lesions is paralysis, but this is not the 

case!! Actually, sometimes we will see 

that symptoms of the upper lesions are 

hyperreflexia and rigidity, while in the 

lower lesions are hyporeflexia and 

flaccidity, completely the opposite!! But 

why? 

In order to understand this, we must discuss the histology of skeletal muscle. 

Figure 5-11 

-The skeletal muscle is composed of: 

✓ Extrafusal fibers (99%): which are the 

regular fibers we took before. 

Innervated by alpha motor neuron (big 

cell body in lamina 9 and large 

diameter, so higher velocity). 

✓ Intrafusal fibers (1%): they are 

encapsulated and fusiform (spindle) in 

shape. Innervated by gamma motor 

neuron, smaller cell body, smaller 

diameter, so lower velocity. 

-In order to contract the muscle, you must 

activate it through lower motor neuron. But 

how to activate the lower motor neuron?! We 

have two ways: 

✓ 1st way: through upper motor neuron 

indirectly through interneuron. 

✓ 2nd way: through stretch reflex, there are sensory fibers in intrafusal muscle 

fibers (muscle spindle), and these sensory fibers pass through dorsal root 

then they activate alpha motor neuron directly without interneuron 

(monosynaptic). 

Figure 5-10 

Figure 5-11 
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Figure 5-12 

 
 

But, how to activate muscle spindle?! 

Figure 5-12 

1- Muscle spindle is sensitive to stretch which means that when the length 

of the muscle increases it gets activated then it will synapse directly with the 

lower motor neuron that goes to the same muscle then the muscle will 

contract. Why we have such reflex? To preserve muscle tone. 

Muscle tone indicates that the muscle is always in partial state of contraction 

because all muscles are shorter than the distance between origin and 

insertion. Muscle tone mainly preserves posture, for example: when you 

stand up, the partial state of contraction of antigravity muscles like extensors 

of lower limbs preserves your posture. 

 
 

2- Gamma loop: Descending 

tracts activate alpha motor 

neuron and gamma motor 

neuron which supply muscle 

spindle at the same time. Why? 

If we want to understand well, 

Muscle spindles: are sensory receptors within the belly of a muscle that 

primarily detect changes in the length of this muscle. 

We call the part of the muscle which is innervated by one axon motor unit, the number of 

motor units increase in muscles of skilled movement. For example: muscles of the hand and 

eye. 



 

 

we must have a closer look at muscle spindle. Figure 5-13 

-We have two types of intrafusal fibers: 

• Nuclear bag: the nuclei converge in the center like a bag. 

• Nuclear chain: the nuclei converge in the center like a chain. 

In both of them, the sarcomeres are located in the periphery while the central area 

is free of sarcomeres. When they get activated through gamma, the tips will 

contract while the central area (which has sensory fibers) will 

stretch→ activation of muscle spindle → activation of alpha motor neuron→ 

contraction of extrafusal fibers. This happens in case of sustained contraction. 

 Gamma fibers activate the muscle fibers indirectly, while alpha fibers do it 

directly. 

 
 

When we look at muscle spindle, we will find two types of afferent fibers: 

❖ Primary afferent fibers: take sensation from both nuclear bag and chain, 

type 1a fibers according to the old classification, Aα according to the newest 

one. They have large diameter and high velocity (rapidly adapting) and is 

responsible for dynamic stretch reflex which happens in jerks. When you hit 

a tendon with hammer, the primary afferent will get activated then the reflex 

will result. Hint: type 1b is found in golgi tendon organ. 

❖ Secondary afferent fibers: take sensation from nuclear chain only, type 2 

fibers (Aβ). They have smaller diameter and lower velocity (slowly 

adapting) and is responsible for static stretch reflex which is important in 

muscle tone. You want the tone to be sustained, so whenever you have a 

signal you will have a response. In this way we preserve the tone. 

 Regulation of α motor neuron: 

Figure 5-14 

α motor neuron tend to be over active, so there must be away to inhibit it. α motor 

neuron give a collateral fiber which goes to Renshaw cells in lamina 7. These cells 

are inhibitory cells which go back to α motor and secrete glycine which inhibit the 

neuron. 

 Strychnine poisoning: 
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o It is a drug which was used to treat sexual dysfunction, but 

now it is considered a poison. 

o It inhibits Renshaw cells and prevents them from secreting glycine 

o α motor neuron will cause excessive firing 
(contractions and convulsions) 

 
 

 
 

Note: the doctor said that ‘SNELL - NEUROANATOMY ‘is the recommended text 

book, for those who face problems during studying Anatomy. This sheet is written 

according to section 2 and everything in the slide#6 is mentioned here. 

 

To start with: 
 

The pyramidal tracts are made of: the corticospinal tract (the lateral and the 

anterior=ventral) and the corticonuclear=corticobulbar (despite it does not look 

pyramidal, but it is functionally, a part of the pyramidal tracts). 

 

 

while the extrapyramidal tracts apparently start from the brain stem as their name 

implies (reticulospinal, tectospinal …), but actually they are under the control of the 

cortex (to be more precise, they should be named as corticoreticulospinal, 

corticotectospinal ,…). 

 

Recall: since both the pyramidal and the extrapyramidal tracts are under the control of 

the cortex, they are responsible for motor pathways, so mainly these cortex regions 

belong to the frontal lobe which is anterior to the central sulcus. The first area directly 

after the central sulcus is area number 4, which is named primary motor cortex 

“functionally “or pre-central gyrus “anatomically “. Then area number 6 - the 

association motor area - which is divided into: supplementary motor area (medially) 

and premotor area (laterally). 

 

Figure 5-14 



 

 

• The pyramidal pathway arises from Area 6, part of sensory cortex 

area and MAINLY Area 4. 

• While the extra pyramidal pathway arises MAINLY from Area 6. 

 

• The pyramidal tracts supply the muscles of the limbs and face, 

while extrapyramidal tracts supply the axial and proximal muscles. 

Area number 4 is mainly responsible for simple movement, executes skilled movement 

and controls the pyramidal tracts. 

 

Area number 6 is mainly responsible for subconscious control of skeletal motor 

movement (coordination). 

 

Note: area 4 can do simple movements by its own, or execute the area 6-planned 

movements = skilled movement. 
 

 

 
 

 

 

 

 
 

 

Now, to differentiate between the supplementary motor area and the premotor area, 

read the following experiments: 

 

Experiment 1: 
 

Three light bulbs accompanied by their levers, a monkey is trained to click the lever 

when pointing to the bulb of the corresponding lever like the green bulb is 1, so when 

the monkey see the green bulb will press on lever number 1. The monkey undergoes a 

surgery, damaging pre-motor area in its brain. After this surgery, the monkey isn’t 

capable to turn the lights on anymore, despite the fact that it can see and move. In fact, 

the monkey couldn’t integrate and interpret the visual data into motor output. 

 

 

 



 

 

Experiment 2: 
 

The monkey is not trained to recognize the lever of each light, rather it should click 

the levers in a specific sequence, for example : lever 1 then 3 then 2 , thus this way the 

monkey should depend on its memory , after damaging the supplementary motor area in 

its brain ( keep in mind there is no loss in memory ) , the monkey couldn't do the 

training as well, since it couldn't integrate the memory into motor output . 

 

Conclusion: the difference between them, is that the supplementary motor area uses 

internal cues and an example on them is memory, while the premotor area uses 

external cues and an example on them is vision. 

 

 

1- Pyramidal pathway: 
 

A- Corticospinal tracts: 
 

Note: the number of motor units is the reason why the presentation of a specific area in 

the cortex is big or small, for e.g.: the hand has large presentation in the cortex, due to 

high number of motor units. 

 

 Let’s start: (refer to picture below): 
 

The corticospinal fibers originate from area number 4 in the cortex, they are 

scattered at first – called corona radiata –, then they collect together in the internal 

capsule (a common place for strokes), which is surrounded by nuclei; the thalamus 

medially and the lentiform nucleus laterally. 

 

After that, they descend to the brainstem; the first area to face is the midbrain. In the 

center of the midbrain is the cerebral aqueduct, which connects the third ventricle 

superiorly with the fourth ventricle inferiorly. The anterior of the cerebral aqueduct is 

called Tegmentum and the most anterior part of it is called the crus cerebri or basis 

pedunculi of the midbrain. The corticospinal fibers occupy the middle three fifths of the 

basis pedunculi of the midbrain. 

 

After that, they will descend to the pons, the anterior area of the pons is the basilar 

part of pons which contains scattered pontine nuclei, so the corticospinal fibers 

cannot continue their way straight forward they have to pass in between the nuclei. 

 

Keep in mind, that there are fibers coming from the cerebrum Ponto cerebellum 

fibers passing horizontally and forming what is called the middle cerebellar peduncle 

which is connect the Pons with cerebellum, so there is an area of intersection between 



 

 

these fibers and the corticospinal fibers. 

 

In the medulla oblongata, the scattered fibers reunite to form the pyramid so that we 

called these tracts pyramidal pathway (the anterior aspect of medulla oblongata). At the 

lower part of medulla, 85-90% of the fibers will cross the midline to the opposite side; 

this is called pyramidal motor decussation (تصالب). 

 

The fibers that undergoing the decussation are called lateral corticospinal tracts. While 

the other 10-15% are called the anterior/ventral corticospinal tracts (ipsilateral). 
 

 

 
 

 

 

Keep in mind that before the lower point of the medulla, the fibers were ipsilateral. 

 

The majority (not all of them) of the anterior corticospinal tracts cross the midline 

as the lateral, but at the level of spinal cord. In other words, the majority of fibers 

decussate, but the difference is at which level they do so, this is the first anatomical 

difference between them. 

 

The second difference is functional, the lateral corticospinal tracts’ main effect is on 

the lateral part of the anterior horn that controls the distal muscles, that are responsible 

for fine/skilled movements. on the other hand, the anterior corticospinal 

tracts’ main effect is on the medial part of the anterior horn, which is responsible for 

the axial and proximal muscles’ movements, such as posture, walking and running. 

 

➢ lateral corticospinal tract fibers synapse with alpha and gamma nuclei of 

the: 
 
1- 55% of the LCSTs end at the level of the cervical segments, which are responsible for 

the very fine movements (the upper limb can do fine movements and is more used than 

the lower limb, that’s why the larger portion of the fibers end at the cervical level). 

 

2- 20% of the fibers end at the level of thoracic segments. 

 

3-22 % of the fibers end at the lumbosacral segments (which are responsible for the 

lower limb). 

 

Remember: the enlargement areas are the brachial plexus (C5-T1) which is responsible 

of the movement of the upper limb -, and the lumber plexus (L1-L4), so the majority of 

the LCST will end in cervical region which is responsible for complex movement more 

than the thoracic and lumbosacral movements. 

 



 

 

The lateral corticospinal tract has a proximal effect but mostly distal effect. It facilitates 

(excites) mostly the distal flexor muscles (that what makes us hold things in our 

hands,write,draw…). While the ventral tract has axial and proximal muscle effects. 

 

General principle: the upper neuron cannot control the lower neuron directly, it usually 

requires an interneuron, yet there are some exceptions. 

 

In the corticospinal tracts, since there are interneurons, the neuron cannot descend 

directly to lamina 9, it should end before lamina 9 a bit, then the interneuron gets into 

lamina 9 eventually, the corticospinal neuron can pass through lamina 4th ,5th ,6th ,7th 

,8th. 

The lamina 8 is sensible and is present in the anterior horn, so they are considered motor 

neurons. 

 

As we mentioned at the beginning there are some fibers in Pyramidal pathway originate 

from sensory cortex area (3,1,2), these fibers will synapse in 4th, 5th, 6th and 7th 

laminae. 

 

NOTE: laminae 4,5and 6 in the dorsal horn are sensory. 

 

➢ Why does the corticospinal tract synapse into sensory neurons? 
 

To block certain sensations. For example: blocking a tract that transports pain. 

 

❖ Which means that the lateral corticospinal tract is a motor pathway, but there is 

a part of that pathway that prevents certain types of sensations to reach into the 

brain (it blocks them). 

 

When your hand touches something hot you will move it away and in a random way 

(for example: moving your hand upward and downward continuously), this 

movement is done by the activation of the corticospinal pathway. And by this 

movement there will be blocking of the sensory neurons by impulses that block the 

pain sensation and prevent it from going upwards. 

The neocortex (a more complicated part of the cortex) is made of six layers, the upper 

four layers are input to the cortex and the lower two are output from the cortex. layer 

number five in specific, has large bulk of cells called giant cells of petz (3%), that don’t 

require interneurons, and they are responsible for very fine movements of the small 

muscles for accuracy. ( For example: stimulating the first and the second lumbricals in 

the hand without stimulating the third and the fourth). 



 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

B-Corticonuclear tracts: 
 

Originate from the cortex areas of head and neck in general, at the lateral side of the 

precentral gyrus of the lower quarter of the motor cortex. 

 

These fibers will descend (same story as the previous tracts) until they reach the 

brainstem. 

 

• keep in mind that the foot is the closest to the midline (paracentral lobule). 

 

• we said that 10 out of the 12 cranial nerves emerge from the brainstem, while the 

olfactory and the optic don’t emerge from the brainstem. Many of the cranial 

nerves that emerge from the brainstem have motor components, e.g. Oculomotor 

III , facial VII , trigeminal V , vagus X , accessory XI , etc . There is a motor 

nucleus for each nerve. 

 

So that’s why it is called corticonuclear. The nuclei has the lower motor fibers, as if 

you’re saying that the nuclei of the cranial nerves are the anterior horn of the cranial 

nerves. 

 

*Note: The origin of Cranial nerves III and IV in the midbrain / V, VI. and VII in the 

pons / and IX, X, XI, and XII in the medulla. 

 

There is a pair of nerves for each cranial nerve; right and left. Each one of them, 

whether it is right or left, obtains motor fibers bilaterally from the cortex. so the motor 

nucleus on the right takes motor fibers from the left and right side of the cortex, and 

vice versa for the nucleus on the left (general principle), yet there are some exceptions 

(IMPOTANT) : 

 

1- Part of facial nerve: Lower facial muscles (motor nucleus of the facial nerve). 

 

• Each nucleus has a map of presentation (specific area in the nucleus for a specific 

area of innervation in the body). 

 

In this case, the lower part of the face is the exception, its fibers are from the opposite 

side of the cortex (resembles the spinal cord system). 

 

2- Part of Hypoglossal nerve (muscles of the tongue): the fibers responsible for the 

genioglossus muscle is the exception only. 
 

 

 



 

 

Conclusion: the fibers responsible for the genioglossus muscle and the lower part of the 

face are the exceptions. 

 

2- Extrapyramidal pathway: 

A-Rubrospinal tracts:(Refer to pictures below) 

 

Starts from the red nucleus present in the midbrain superiorly at the level of the 

superior colliculus, behind the substantia Nigra which is posterior to the basis peduncle. 

 

The red nucleus obtains its fibers from the cerebral cortex and the cerebellar cortex. 

From the red nucleus, fibers descend down to the anterior horn, these fibers crossed 

immediately, approximately at the same level of the nucleus, these fibers that 

decussate descend in the lateral white column, so they are closer to the lateral aspect of 

the spinal cord. 

 

Function: they facilitate flexors movement and inhibit extensors movement of the distal 

flexor muscles precisely, and have a little effect on the proximal muscles. 

 

* Skilled movements are usually flexion. 

 

The lateral corticospinal tracts (pyramidal) and the rubrospinal tracts 

(extrapyramidal) together form the LATERAL MOTOR SYSTEM. 
 

Note: extrapyramidal tracts are responsible for tuning, while the pyramidal tracts are 

responsible for movements. 

 

The role of the cortex on the rubrospinal fibers is inhibitory, because it is highly 

active, these tracts are considered the cortex in animals since they lack actual cortex, 

and they are very important in human children in crawling, since the cortex requires 

about 1-1 ½ years to be well-developed. 

 

But still we didn’t answer our question, which is why in sometimes upper 

motor neuron lesions have completely opposite symptoms of that in 

lower motor neuron lesions?! 

The answer precisely is not in this sheet :P, it will be discussed in sheet #7 

but briefly, pyramidal tracts tend to be excitatory and extrapyramidal tend 

to be inhibitory, so when we cut pyramidal only (which is very very rare) 

the result will be hypotonia, but when we cut both of them (in most of 

times) the result will be hypertonia. Because when you cut the inhibitory, 

gamma loop tends to be overactive! 
 


