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Abstract 

Our previous studies concern the somatotopy of the spinal cord, the oculomotor and trigeminal complexes, the facial nuclei, thus in 

this review we extend the  study to the somatotopy of the nuclei of the origin of the sensory pathways (medial lemniscus, anterolateral 

system or spinal lemniscus), the origin and course of the motor  pathways (corticospinal an corticobulbar tracts) The study shows 

that lesions of sensory and motor tracts induce clinical aspects related to the level at which the lesion occurs. The knowledge of the 

origin and pathways is important to understand some neurological clinical and surgical aspects.  

Kew Words: somatotopy; medial lemniscus; anterolateral system or spinal lemniscus; corticospinal tract; corticobulbar tract 

Introduction 

The knowledge of somatotopic location of the sensory and motor pathways 

is important for both neurological medical clinics and neurological surgery. 
It is useful and important to analyze both origin and the course of the sensory 

pathway (medial lemniscus and anterolateral system) since lesions of these 

sensory tracts induce different clinical effects and also lesions of the 

voluntary motor pathway (the pyramidal system) induce different motor 

consequence in relation to the level at which the lesion occurs. The pathway 
motor, pyramidal tract, has the main motor function, also, plays a sensory 

function modulating the transmission of stimuli from the spinal cord and, 

also, both pyramidal subsystem corticobulbar and corticospinal tracts  

modulate the processing and integration of the ascending somatosensory 

information generated by the movement itself.    

Medial Lemniscus   

The medial lemniscus origins by three nuclei: gracile, cuneate, external 

cuneate that typically form the dorsal column nuclei.  

Nucleus gracilis and nucleus cuneatus 

The nucleus gracilis and the nucleus cuneatus are two sensory nuclei of the 

brainstem located in the medulla oblongata postero-medially and postero-

laterally respectively; the nucleus gracilis is capped dorsally and laterally by 

fibers of the fasciculus gracilis. These two nuclei form the two tubercles  
gracilis and cuneatus on the dorsal surface of the medulla oblongata,  

The nuclei gracilis and cuneatus contain the second-order neurons which 

synapse with the fibers of the fasciculus gracilis or tract of Goll and 

fasciculus cuneatus or tract di Burdach which run medially and laterally 

respectively in the ipsilateral dorsal column of the spinal cord and are 
constituted of the fibers originating from the cell bodies, primary or first-

order, located in the dorsal root ganglion and progressively increasing at 

higher levels their number.  

The gracile fasciculus carries sensory input from level of the T6 vertebra 

and from the vertebrae caudal to it; the gracile fasciculus ascends and ends 
in the gracile nucleus which forms the gracile tubercle of dorsal surface of 

the medulla oblongata. 

The cuneate fasciculus carries information from level T6 and from the 

rostral vertebrae to it: the cuneate fasciculus ascends and ends in the cuneate 
nucleus in the medulla oblongata which forms the cuneate tubercle. At 
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levels the caudal part of the olivary complex the entire gracile fasciculus and 
most of cuneate fasciculus have replaced by their respective nuclei.  

The gracile and cuneate nuclei (1) convey the information from the 

peripheral receptors and the discriminative touch and conscious 

proprioceptive information. Both nuclei have two regions: the superior 

regions with a reticular organization with multipolar small and large neurons 
which receive fibers originated from neurons of the gray matter of the spinal 

cord of all levels; the inferior regions constituted of clusters of the large 

neurons with short and branching dendrites.   

In both nuclei the disposition of the afferent fibers is in relation to level of 

the origin of the dorsal spinal roots, so, the lower limbs are represented 
medially, the trunk anteriorly and the digits of the hand posteriorly and, 

further, in relation to the modality so, the inferior sectors respond to 

cutaneous low threshold stimuli, while the reticular sectors superior respond 

to stimuli that innervate the other receptors cutaneous and proprioceptive, 

articulate and muscular stimuli.  

Gracile nucleus 

Gracile nucleus is distinct in three regions:  

1) Region reticular (region rostral to the obex) with a loose organization 

of cells; 

2) Region “cell nest” (region caudal to the obex) with cell clusters; 

3) Region caudal region with scattered cells.  

The fibers of the gracile fascicle originate in dorsal root ganglion from the 

vertebra T6 and below vertebrae, run medially in the dorsal column of spinal 

cord and project somatotopically to the gracile nucleus. 

1) roots of the lumbar enlargement project to irregular shaped areas in the 
central core of the nucleus,  

2) lower thoracic and upper lumbar roots project in the serial fashion to 

narrow, oblique laminae lateral to the core region, 

3) sacral and coccygeal dorsal roots project in serial fashion to crescent-
shaped laminae in dorsomedial parts of the nucleus. 

According to Hand (2) in cat the lumbosacral dorsal root fibers exhibit a 

somatotopic lamination chiefly in the “chest nest” region, while terminations  

in the reticular region are diffuse with intersegmental overlaop.  

Cuneate nucleus 

Cuneate nucleus (CN) firstly appears at mid-levels of the decussation of 

pyramids, has a cylinder-shaped structure that lies bilaterally in the 

brainstem and extends nearly 4mm in the rostrocaudal direction and extends  

to the rostral pole of the area postrema. The forelimb is represented along 

the rostrocaudal extent. 

The dorsal areas of cuneate nucleus have round cells clusters and receive 

the afferent fibers from the distal parts of the body; 

the basal areas of cuneate nucleus have triangular and multipolar cells and 

receive afferent fibers primarily from the proximal parts of the limb and 

trunk. 

In the monkey (3) the cuneate nucleus receives: 1) root fibers from C1-T1 

terminating in both exclusive and overlapping zones; 2) root fibers from C5-

C8 terminating in a central core region about which other dorsal root fibers 

terminate in oblique serial laminae; 3) rostral root fibers (C1-C4) terminating 

in ventrolateral regions; 4) caudal dorsal root fibers (T1-T7) terminating in 
dorsomedial regions (4). The cuneate nucleus is subdivided in four zones: 

intermediate or main zone containing a “pars rotunda” and a “pars 

triangularis” situated more laterally. The pars rotunda is constituted of the 

elongated neurons disposed longitudinally which receive the afferents from 

the upper limb with a somatotopic distribution; 

reticular superior pole and reticular inferior pole which receive modulatory 
facilitating or inhibiting fibers from the sensitive cerebral cortex and the 

reticular formation with a diffuse distribution. 

The cuneate nucleus in monkey (5) receives the terminations from each digit 

formed an elongated column that was densely labelled in the central pars 

rotunda and sparsely labelled in both the rostral and caudal reticular poles. 
In particular the digits 1-5 were represented, in order from lateral to medial, 

within the “pars rotunda”. Inputs from the digit tips terminated ventral to 

inputs from the proximal digits. The afferents from the dorsal skin of the 

digits terminated in an even more dorsal position, while the most dorsal 

portion of pars rotunda is related to the glabrous and dorsal hand. Fibers 
from the thumb or digit 1 project lateral (and ventral) to those from digit 2, 

and projections from digit 3 are medial to those from 2. Each digital 

projection field is closely adjacent to that from the adjacent digit. Few fibers 

extend to the rostral CN. Projection fields of homologous digits are quite 

symmetrical on the two sides. The digit representations are topographically 
organized with the distal digit surface represented laterally and the proximal 

digit surface represented medially. The digit and palmar pads are also 

represented by barrelettes located on the medial side of the cuneate nucleus. 

In contrast, the dorsal digit surfaces are represented dorsally and the dorsal 

hand is represented directly beneath the cuneate fasciculus, in a region 
devoid of barrelettes. The forelimb representation is bordered on the medial 

side by representation of trunk and hindlimb, and on the lateral side by 

representation of shoulder, ear, and head. Recently the human cuneate 

nucleus (Cu) (6) has been subdivided in discrete subregions by 

neurochemical and histological features of sensory nuclei, so, a plexiform 
network of intense SP immunoreactivity is showed in the territory of the 

human Cu nucleus and cuneate fascicle. The SP- immunoreactive areas begin 

to appear at the level of the caudal reticular pole of the main Cu, continue 

rostrally, placed along the dorsal border of the main Cu evidencing their 
implication in the neurotransmission of protopathic stimuli, including pain, 

The accessory cuneate nucleus or external cuneate nucleus (ECN) is 

lateral to the cuneatus nucleus and is constituted of large neurons (likely the 

nucleus thoracicus posterior of the spinal cord). The accessory nucleus 

receives the lateral fibers of the fascicle cuneatus conveying proprioceptive 
information of the upper limb that enter the spinal cord at cervical 

myelomeres. The axons of the accessory cuneate nucleus form the posterior 

external arcuate fibers which go to the spinocerebellum via ipsilateral 

cerebellar inferior peduncle. 

The external cuneate nucleus ECN (7) in cat contains neurons (99,2%) 
organized in a somatotopic manner. Thus, the neurons of the distal 

occipitoscapularis muscles, (OOC), project to medial parts and neurons of 

the proximal the biventer cervicis muscle (BIV) project to more lateral parts 

of the nucleus. Forty-three of the 143 neurons in the ECN (30.1%) were 

activated antidromically to electrical stimulation of the ipsilateral inferior 
peduncle and anterior lobules IV and V of the cerebellum. In the thalamus 

the responses from nuchal muscle afferent fibers were recorded in a very 

narrow region of nucleus ventralis posterolateralis (VPL) which is situated 

dorsolaterally to the forelimb muscle afferent (deep radial nerve) projection 

area. In the cortex the evoked potentials from these nerve stimulations were 
observed in the anterior suprasylvian gyrus, areas 2 or 5, which we regarded 

as a transitional area between the second somatosensory and association 

areas, and the postcruciate dimple (PCD) or area 3a.  

The external cuneate nucleus ECN in rat (8) receives proprioceptive inputs 

from forelimb and neck muscles and projects terminals in the ventromedial 
part of the VPL (VPLvm), but not in the rostrodorsal shell of the VPL of 

thalamus. Thus, these findings indicate that proprioception from 

forelimb/neck muscle spindles and jaw-closing muscle spindles (JCMSs) is 

somatotopically transmitted to the ventromedial floor of the ventrobasal 

thalamic complex, but not rosrodorsal shell. 

Medial Lemniscus (Bulbothalamic Tract) 

Medial lemniscus or bulbothalamic tract is a nerve tract which conveys 

sensory information related to discriminative touch and conscious 

https://www.sciencedirect.com/topics/neuroscience/area-postrema
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proprioception from the body to cerebral cortex, begins in the two nuclei 
cuneate and gracile and ends in the ventral posterolateral nucleus of the 

thalamus. 

Medial lemniscus or bulbothalamic tract consists of the axons or fibers of 

the neurons of the gracile and cuneatus nuclei which synapse with the fibers 

of the gracile and cuneate fasciculi located in the posterior funiculus or 
column of spinal cord (Fig. 1A) where the gracile fasciculus runs medially 

along the entire length of the spinal cord and contains the fibers conveying 

from ascending fibers from the sacral, lumbar and lower six thoracic spinal 

nerves and the cuneate fasciculus runs laterally and only in the upper thoracic 

and cervical segments of the spinal cord and contains ascending fibers from 
the upper six thoracic and all the cervical nerves (9, 10). 

The gracile fasciculus in the posterior or dorsal column of the spinal cord 

consists of fibers originated from S5 to T5 and organized in medio-lateral 

direction: Sacral fibers from approximately the S5 fifth sacral level (S); 

Lumbar fibers conveying input from lower extremity (L); Thoracic fibers 
conveying input from trunk approximately the fifth thoracic level (T). 

The cuneate fasciculus in the posterior or dorsal column of the spinal cord 

consists of fibers originated from above T6-C1 and organized 

somatotopically in medio-lateral direction: fibers conveying from upper 

extremity; fibers conveying input from neck; fibers from approximately the 
second cervical level. 

The medial lemniscus or bulbothalamic tract originates in the medulla 
oblongata and consists of the axons of the neurons of the gracile and 

cuneatus nuclei that go anteriorly, cross the midline and form the medial 

lemniscus running contralaterally from which they originate (Fig. 1B). 

The medial lemniscus in the medulla oblongata, in relation to the spinal 

cord, undergoes an anticlockwise rotation so that the fibers have a dorso-
ventral direction: the lumbar fibers are located more ventrally; the thoracic 

and upper arm fibers are in the intermediate zone; the cervical fibers are 

located more dorsally (Fig. 1C). 

The medial lemniscus in the pons undergoes by a clockwise rotation, so that 

its fibers present a medio-lateral direction: the lumbar fibers convey input 
from lower extremity are located more laterally; the thoracic and upper arm 

fibers are in the intermediate zone; the cervical fibers are located more 

medially (Fig. 1D). 

The medial lemniscus in the mesencephalon still rotates clockwise for 15°, 

so the medial lemniscus is located posteriorly to the substantia nigra and has 
oblique orientation: dorsal-anterior and latero-medial direction “LTA”. L: 

lumbar fibers conveying input from lower extremity are more dorsally and 

laterally; T: thoracic fibers conveying input from trunk are intermediate; A: 

arm fibers conveying from upper extremity are more ventrally or anteriorly 

and medially, located dorsally and laterally to red nucleus (Fig. 1E). 

 
Figure 1: Medial lemniscus (ML): origin in spinal cord and course in braistem. A. Spinal cord. Somatotopy of lateral cuneate fasciculus (CF) with cervical 

fibers (C) and medial gracile fasciculus (GF)) with lateral-medial fibers: Trunk (T), Lumbar (L), Sacral (S) B. Caudal Medulla oblongata. Somatotopy of 

cuneate and gracile nuclei and origin of the medial lemniscus (ML) with somatotopy of the fibers: Cervical (C), Trunk (T), Lumbar (L), Sacral (S), in 

posteroanterior direction. C. Rostral Medulla oblongata. Somatotopy of the medial lemniscus (ML) with somatotopy of the fibers: Cervical (C), Trunk (T), 
Lumbar (L), Sacral (S), in posteroanterior direction. D. Pons. Somatotopy of the medial lemniscus (ML) with somatotopy of the fibers: Cervical (C), Trunk 

(T), Lumbar (L), Sacral (S), in mediolateral direction. E. Mesencephalon. Somatotopy of the medial lemniscus (ML) with somatotopy of the fibers: Cervical 

(C), Trunk (T), Lumbar (L), Sacral, in mediolateral and anteroposterior direction.   

ALS: Anterolateral System. CC: Crus cerebri. CN: Cuneate nucleus. GN: Gracile nucleus. HN: Hypoglossal nerve. ICP: Inferior cerebellar peduncle. ION: 
Inferior olivary nucleus. MCP: Middle cerebellar peduncle. ML: Medial lemniscus. ON: Oculomotor nerve. P: Pons. p: Pyramid. RB: Restiform body. RN: 

Red nucleus. SN: Substantia nigra. From BURT (10) modified. 
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The somatotopy of the medial lemniscus in brainstem is showed in tab 1. 

Direction Spinal cord Medulla 

oblongata 

Pons Mesencephalon 

MEDIOLATERAL 

 

 

Lumbar T6 

Trunk  

Arm  

Neck 
LTAN 

 Arm 

Trunk 

Lumbar  

ATL 

 

DORSOVENTRAL 

 

 
 

 

 Arm Neck 

Trunk 

Lumbar 
A 

T 

L 

  

DORSOVENTRAL & 

LATEROMEDIAL 

 

 

   Lumbar, Trunk, Arm  

L 

T 

A 

Table 1: Somatotopy of the medial lemniscus in brainstem. 

Medial lemniscus contains fibers of an aberrant pyramidal tract and ends in the thalamus. 

The thalamus is a diencephalic structure that is subdivided into groups of nuclei (Fig. 2). 

 
 

Figure 2: Groups of thalamic nuclei. The Ventral Posterior Lateral nucleus (VPL) (arrow) receives the sensory fibers. 

1. Anterior group with the ventral anterior, anteromedial, anterodorsal 

nuclei that receive fibers from the mammillary nuclei, basal forebrain and 

brainstem and project fibers to the anterior limbic cortex of the cingulate 

gyrus and parahippocampal gyrus (which includes the medial pre- and 
parasubicular entorhinal cortex). 

2. Medial group with the dorsomedial or mediodorsal nucleus subdivided in 

two partes: 

2a. Magnocellular or anteromedial pars which receives olfactory fibers 

from piriform cortex, fibers from ventral pallidum, amygdaloid complex and 
projects the efferent fibers to anterior and medial prefrontal cortex.    

2b. Parvocellular or posterolateral pars which has reciprocal connections  

with the prefrontal dorsolateral and dorsomedial cortex, anterior cingulate 

cortex, nonprimary motor area and posterior parietal cortex. 

3. Lateral group subdivided in two subgroups: lateral and ventral. 

3a. The lateral subgroup is subdivided in three partes: lateral-dorsal, lateral-

posterior, pulvinar. 

3b. The ventral subgroup is subdivided in three partes: ventral-anterior; 

ventral-lateral, ventral-posterior. 

3b-p1. The ventral subgroup, pars ventral-anterior, ulteriorly, is 

distinguished in two parts: magnocellular pars which receives the fibers 
from the substantia nigra and sends fibers to frontal eye fields or area 8 

Brodmann; main pars which receives fibers from the pallidus internus and 

sends efferent fibers to intralaminar nuclei and diffuse areas of the frontal 

lobe and anterior parietal cortex or area 6 Brodmann. 

3b-p2. The ventral subgroup, pars ventral-lateral is distinguished in two 
parts: pars oralis which receives fibers from the ipsilateral pallidus internus 

and sends efferent fibers to the supplementary motor cortex and premotor 

lateral cortex; pars caudalis which receives afferent fibers from contralateral 

cerebellar nuclei, the spinothalamic tract and, also, the vestibular nuclei. The 

pars caudalis projects afferent fibers to primary motor cortex, in particular 
the its medial pars projects to area 4 in region of the head, while its lateral 

pars projects to the cortical area of the leg. The pars caudalis presents same 

somatotopy than the ventral-posterior nucleus. Both the two partes receive 

efferent fibers from cortical prefrontal areas.        
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3b-p3. The ventral subgroup, pars ventral-posterior receives the sensory 
tracts and is subdivided in the lateral pars (VPL) which receives the medial 

lemniscus or bulbothalamic tract and medial pars (VPM) which receives the 

trigeminothalamic tract.   

The ventral posterior nucleus (VP) presents a large single, systematic 

representation of the body surface which occupies most or all of the ventral-
posterior nucleus. The representation of the regions varied in extent 

according to magnification factor and position in the map, the magnification 

of various skin surfaces was variable so some skin surfaces especially the 

tips of the digits occupied relatively portions of the nucleus, while other skin 

surfaces such as the trunk active little tissue. 

The ventro-posterolateral nucleus (10) (Figure. 3A) has the representation 

of the both trunk and extremities. Particularly on the lamina superior of the 

nucleus are represented, in medio-lateral direction, skull, ear, neck, shoulder, 

upper limb where its ventral part is located medially and its dorsal part  

laterally, thorax, dorsal trunk, lower limb where its ventral part is located 
medially and its dorsal part is located laterally, the glutei are medially. 

The hand representation (Figure. 3B) is in ventral-anterior pars of the 
ventro-posterolateral nucleus with the digits 1-5 [1-5] in medio-lateral 

direction and dorsoventrally from the proximal to distal on each digit. 

The representation of digit 1, typically, is less extensive than digit 2 and not 

cover the entire medial wall of the subnucleus. The representations of the 

digit tips occupy a large band of tissue that extends from the base of the 
nucleus to form its rostral wall. Thus, digit tips are found dorsorostrally as 

well as ventrally in VPL. Middle and proximal phalanges are represented 

more dorsocaudally in the nucleus. The representation of the palmar pad 

forms most of the dorsocaudal cap of subnucleus A, with ulnar pads laterally 

next to ulnar digits. The representations of the dorsum and wrist in 
subnucleus A form a junction dorsally with the part of subnucleus that is 

devoted to forearm. The dorsal hairy surfaces of the digits occupy little tissue 

and are found in part caudoventrally and in part rostrodorsally near the 

representations of the glabrous distal phalanges. 

The “foot” representation in subnucleus is much like the representation of 
the hand with any differences that the disclike representations of the digits  

of the foot are rotated slightly so that the rostral portion of each disc is medial 

to the caudal portion (Figure. 3C). 

 

 

Figure 3. Thalamus. A. Somatotopy of the medial lemniscus and anterolateral system in ventral posterolateral nucleus (VPL) in which trunk fibers terminate 

and posteromedial nucleus (VPM) in which face fibers terminate. B. Somatotopy of foot in VPL. C. Somatotopy of hand in VPL. 

H: Hand. F: Foot. T: Tail. Tr: Trunk. AA: Anterior arm. PA: Posterior arm. VPM (Ventral posteromedial). FA: Face. D: Digitus 1,2,3,4,5. From: Burt (10) 

modified.    

The thalamic ventral posterolateral nucleus consists of the neurons which 

synapse with the fibers of the medial lemniscus and are organized 
somatotopically, as in the mesencephalon, in direction laterally to medially, 

L (Lumbar) T (Trunk) A (Arm) (Hainer). These neurons of nucleus project 

to cerebral somatosensory cortex by thalamocortical fibers (Figure. 4A).                                     

The thalamic ventro-posteromedial nucleusVPM consists of the neurons 
which synapse with the fibers of the trigeminothalamic tract and has the 

representation of the face: the superior labrum is its lateral part; in the part 

inferior and medial of this lateral part are the teeth, more precisely the teeth 

of upper jaw are superior and those of the inferior jaw are inferior. In the 

medial part of the postero-medial nucleus in medial-lateral direction is 
represented the inferior labrum, the angle of the jaw and the mentum. These 

neurons of thalamic nucleus project to the cerebral cortex by thalamocortical 

fibers.  

The Thalamus gives rise to thalamocortical fibers that run in the internal 

capsule (Figure. 4B), the lamina of white substantia that is located between 

the thalamus medially and striatum laterally and is subdivided in the anterior 

limb, genu, and posterior limb.  

The sensitive thalamocortical fibers of both medial lemniscus and 

spinothalamic tracts run in posterior third of the posterior limb and arrive to 

primary somatosensory cortex. The orientation is inverted in direction 

laterally-medially LTA (Figure. 4A) and the fibers L project to posterior 

paracentral gyrus in the medial surface of the cerebral hemisphere, the fibers 
T project to postcentral gyrus medially and fibers A project to postcentral 

gyrus laterally.  
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Figure. 4 A. Medial Lemniscus in Thalamus (T) in ventroposterolateral nucleus (VPL) with the thalamocortical fibers of the lower limb posteriorly, fibers  

of trunk in intermediate position and fibers of upper limb anteriorly. All fibers terminate in the somatosensory cortex. B. Medial lemniscus in Internal 
capsule (IC). The thalamocortical fibers with disposition in antero-posterior (ATL) and medial-lateral (ATL) direction. A: Upper extremity regions. T: 

Thoracic regions. L: Lower extremity regions. PU: Putamen. PA: Globus pallidus.  

Medial lemniscus: Clinical aspects (10). 

Lesion of the unilateral medial lemniscus in the medulla oblongata causes 

deficit or loss of deep sensation (pressure, joint and vibratory sensitivity), 
reduced discriminative sensitivity of the contralateral hemisome, if the lesion 

is rostral at the decussation of the lemnisci. The lesion in the pons is bilateral 

because the two medial lemnisci are very close to each other. Concomitant 

symptoms are: paralysis or peripheral paresis of the ipsilateral tongue. 

If the lesion extends ventrally, it affects the pyramidal bundles and therefore 
there is hemiplagia on the side opposite to those of the hypoglossal lesion 

and therefore there is paresis of one or both upper limbs and much less of the 

lower limbs. Lesions of the midbrain can cause paresis due to concomitant 

oculomotor nerve.  

Anterolateral System  

The Anterolateral System (ALS) is a composite bundle constituted of the 

afferent fibers that originate in the spinal cord and end in: reticular  

formation by spinoreticular fibers, mesencephalon by spinotectal fibers 

ending to deep layers of the superior colliculus and by spino-periaqueductal 

fibers ending to the periaqueductal grey, hypothalamus by 
spinohypothalamic fibers, thalamus by spinothalamic fibers ending in the 

lateroventral posterior nuclei of the dorsal thalamus. 

The ALS includes also the spino-olivary tract projecting to the accessory 

olivary nuclei.  

The spinothalamic tracts (1) originate in the spinal cord and are constituted 
of fibers or neurites of the second-order neurons, present somatotopy and 

convey information about temperature and pain, touch non discriminative, 

baresthesia to the thalamus. Studies (11) on human cervical spinal cord 

evidenced that in the high cervical spinal cord, spinothalamic fibers 

mediating sharp pain for the arms are located ventromedial to fibers for the 
legs, and these fibers are spatially distinct from fibers that mediate heat pain.  

We consider the somatotopy of the two anterior and lateral spinothalamic 

tracts which are two distinct fascicles, though recent physiological studies 

indicate that they are to consider a “single morphofunctional system”. 

The anterior spinothalamic tract is located in the anterior funiculus of the 
spinal cord but proceeding rostrally in the neuromeres in the anterolateral 

position. At the lumbar level, this tract is located anterolaterally to the 

reticulospinal tract, posteroanterolaterally to the vestibulospinal tract and 

laterally to the anterior or direct corticospinal tract; at the cervical level, 

however, it is located medial to the anterior spinocerebellar tract, superior to 

the spino-olivar tract, inferior to the rubrospinal tract and lateral to the lateral 

reticulospinal tract. 

The anterior spinothalamic tract in the spinal cord (9) is constituted of 
fibers somatotopically arranged in the two directions:  

lateromedial direction, so fibers originating from the most caudal segments  

are situated laterally and fibers originating from more rostral segments are 

situated more medially.  

Anteroposterior direction so the superficial (ventral) fibers are originated 
from the sacral segments, the deeper (dorsal) from cervical segments.  

The anterior spinothalamic tract, in relation to its functionality, presents the 

somatotopy in medial-lateral direction: the pressure-sensitive fibers are 

medial; the non-discriminative or crude touch fibers are lateral.  

The pathway of the anterior spinothalamic tract is similar to that of the 
lateral spinothalamic tract. Its fibers originate in the posterior horn of 

spinal cord from a second-degree neuron located lateral to the central canal 

that synapte with the central process of the first-degree neuron located in the 

spinal ganglion. The axons of the second-degree neurons through the 

anterior white commissure pass contralaterally, form the contralateral 
anterior spinothalamic tract and end in the ventral posterolateral nucleus of 

the thalamus (Fig. 5A). 

Spinothalamic tracts are made up of the axons of neurons located in the 

spinal laminae that play different roles. 

Spinal lamina I neurons receive and transmit afferents that affect pain and 
temperature, with small receptive fields, are of the high-threshold type or to 

a lesser extent wide dynamic range. 

Spinal laminae IV-VII are mostly wide dynamic range, partly high threshold 

and small part low threshold. They carry cutaneous or non-painful pain 

stimuli.  

Spinal laminae VII-VIII have a wide receptive field, are mostly high 

threshold, minor to wide dynamic range and small part low threshold. 

The fibers of the bundle ascend; thus, the bundle enlarges through the entire 

spinal cordand brainstem terminating in the thalamic ventral posterolateral 

and the lateral central intralaminar nuclei. From here, third-degree neurons 
are distributed, after passing through the internal capsule, to the primary 

somatosensory cortex, respecting a somatotopism.  

The Anterior spinothalamic tract in brainstem: medulla oblongata, pons 

mesencephalon.  
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Anterior spinothalamic tract in the medulla oblongata is located 
dorsolaterally to the inferior olivary nucleus, at level through the upper pons 

and midbrain, it becomes closely associated with the medial lemniscus. At 

medullary levels some fibers or collateral project into brainstem reticular 

formation, some terminate about cells of the lateral reticular nucleus of the 

medulla, a cerebellar relay nucleus. The anterior spinothalamic tract 
contains some fibers originating from neurons of the gracilis nucleus that 

send their axons into the medial lemniscus together with the gracilis  

fasciculus and the cuneate, then at the level of the medulla oblongata or bulb 

and pons, these fibers rejoin the anterior spinothalamic tract, detaching from 

the medial lemniscus and ascend with the former. The anterior 
spinothalamic tract in medulla oblongata maintains the same latero-medial 

direction order (SLTA) than the spinal cord, so fibers originating from the 

most caudal segments are situated laterally and fibers originating from more 
rostral segments are situated more medially. (Figure. 5B, C). 

In the pons the ALS is located posteriorly and laterally to medial lemniscus  

and its somatotopic order of fibers maintains the lateromedial direction 

(LTA), as in medulla oblongata, so fibers originating from the most caudal 

segments are situated laterally and fibers originating from more rostral 
segments are situated more medially (Figure. 5D). 

In the mesencephalon the ALS is located posteriorly and laterally to medial 

lemniscus and anteriorly to the spinotectal tract. The fibers of ALS are in 

anteroposterior direction: L: Lower extremity regions, T: Thoracic regions, 

A: Upper extremity regions tract (Figure. 5E). 

 

 

Figure 5: Somatotopy of Anterolateral system (ALS) in spinal cord and in braistem. A. Spinal cord. Somatotopy of Anterolateral System (ALS) with: 

Cervical fibers (C), Trunk (T), Lumbar fibers (L), Sacral fibers (S). B. Caudal Medulla oblongata. Somatotopy of Anterolateral System (ALS) with fibers, 
in latero-medial direction, of the regions: Sacral r. (S), Lower extremity r. (L), Thoracic r. (T), Upper extremity r. (A). C. Rostral medulla oblongata. 

Somatotopy of Anterolateral System (ALS) with fibers, in latero-medial direction, of the regions:  Sacral r. (S), Lower extremity r. (L), Thoracic r. (T), Upper 

extremity r. (A), D. Pons. Somatotopy of Anterolateral System (ALS) with fibers, in in latero-medial direction of the regions: Sacral r. (S), Lower extremity 

r. (L), Thoracic r. (T), Upper extremity r. (A). E. Mesencephalon. Somatotopy of the Anterolateral System (ALS) with fibers, in antero-posterior direction, 

of the regions: Cervical r. (C) Trunk r. (T), Lumbar r. (L), Sacral r. (S).  

ALS: Anterolateral System. CC: Crus cerebri. CF: Cuneate fasciculus. CN: Cuneate nucleus. GF: Gracile fasciculus. GN: Gracile nucleus. HN: Hypoglossal 

nerve. ICP: Inferior cerebellar peduncle. ION: Inferior olivary nucleus. MCP: Middle cerebellar peduncle. ML: Medial Lemniscus. ON: Oculomotor nerve. 

P: Pons. p: Pyramid. RB: Restiform body. RN: Red nucleus. SN: Substantia nigra. From BURT (10) modified. 

In the thalamus the ALS terminates in the ventroposterolateral nucleus (VPL) that in mammals is somatotopically organized where the forelimb areas more 

medial than the hindlimbs (Figure. 6). 

 

Figure 6: Spinothalamic tract in thalamic ventroposterolateral nucleus (VPL) with the thalamocortical fibers of the lower limb are posteriorly, fibers of 

trunk are intermediate and fibers of upper limb are anteriorly. All fibers terminate in the somatosensory cortex. PU: Putamen. PA: Globus pallidus. 
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Besides the VPL nucleus can be divided into subregions that receive different 
sensory modalities with varying receptive field sizes; for example, in the rat,  

the rostral ventroposterior lateral (VPL) nucleus receives mainly 

proprioceptive information with large cutaneous receptive fields on distal 

limb segments, the middle portion of the VPL is mostly cutaneous with small 

receptive fields, while the caudal VPL mainly receives cutaneous inputs with 
large receptive fields. Also, AA found the somatotopic locations for hand 

and leg of the spinothalamic pathway (STP) at the VPL nucleus and these 

somatotopies were arranged in the anteroposterior direction  [12].  

In the internal capsule (Figure. 7A) the thalamocortical fibers originating 

from the thalamic ventroposterolateral nucleus run in its posterior limb with 
fibers that are in order in direction antero-posterioly (ATL) and from medial-

laterally (ATL): Upper extremity regions (A), T: Thoracic regions (T), 
Lower extremity regions (L). and terminate in the primary somatosensory 

cerebral cortex. The thalamocortical fibers running in internal capsule end in 

cerebral cortex. 

In the cerebral cortex (Figure. 7B. the thalamocortical fibers end in the 

somatosensory areas which present a distorted representation, homunculus, 
of the human body with each part extended, not in relation to its bodily 

extension, but in relation to its sensitivity or motility. Thus, the areas that are 

finely controlled, such as the digits, have larger portions of the 

somatosensory cortex, whereas areas that are coarsely controlled, such as the 

trunk, have smaller portions. 

 

Figure 7: Somatotopy of the thalamocortical fibers. A. Internal Capsule (IC) The thalamocortical fibers are in antero-posterior (ATL) and in medial-

lateral (ATL) direction. A: Upper extremity regions. T: Thoracic regions. L: Lower extremity regions. B. Cerebral Hemisphere. The thalamocortical fibers  

terminate in postcentral parietal gyrus distributing from the lateral surface to the medial surface in sequence: face, upper extremity, trunk, inferior extremity. 

F: Face. UE: Upper extremity. T: Trunk. L: Leg. F: Foot. 

The cerebral cortex (10) presents three somatosensory areas: primary S-I; secondary S-II, retroinsular area. (Figure. 8). 

 

Figure. 8: Cerebral cortex. Somatotopy of the cerebral somatosensory area: Central sulcus or Sulcus of Rolando and Postcentral Gyrus with the 

somatosensory areas: 3a, 3b, 1, 2. The Somatosensory Areas are showed in extension and in mediolateral direction M-L. M: Medial. L: Lateral, FO: Foot, 

T: Trunk, H: Hand, F: Facies. From BURT (10) modified. 

The primary somatosensory area [13] is located in the postcentral gyrus of 

the parietal lobe and includes four distinct representations of the body: 3a, 

in the depth of the central scissure, 3b more extended for most part of the 

posterior wall of the central scissure, 1 that is located in crest of the central 
scissure, 2 that is the more caudal of the area S-I.  

Each somatotopic map extends in medial-lateral direction and is organized 

according to the scheme similar to the classic homunculus of Penfield and 

Rasmussen: the foot and lower limb are located medially and are followed 

by the trunk, upper limb, hand and face. as you move laterally and 

downwards on the surface of the postcentral gyrus in the anterior parietal 

cortex.  

The S-I, area 3a is situated in the depth of the central scissure or sulcus of 

Rolando, receives fibers originating from VPS and conveying information 
from the neuromuscular spindles and deep of frontal cortex. The area 3a 

projects reciprocally with area 2 and S-II, has connections with motor and 

premotor areas of the adjacent frontal gyri.  

The S-I, area 3b is called the S-I area proper; it is inseparable for tactile 

discrimination and appreciation of forms receiving information from 
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cutaneous mechanoreceptors and is reciprocally connected with areas 1,2 
and S-II. 

The S-I, area 1 receives information from both cutaneous  

mechanoreceptor’s trough neurons of the VP nucleus and is reciprocally 

connected with areas S-I 2-3b and S-II. 

The S-I,area 2 receives information from both cutaneous and deep 
receptors, neuromuscular spindle by neurons of the VPS nucleus and 

projections from the cortical areas 3b and 1.   

Spinothalamic lateral tract 

The lateral spinothalamic tract [1, 13] is located in the lateral funiculus of 

the spinal cord, medially to the anterior spinocerebellar bundle, inferiorly to 
the lateral corticospinal bundle. The tract originates from secondary neurons 

located of the spinal posterior cord at the base in laminae I, IV-VIIII, 

predominantly in laminae VI or VII. These secondary neurons synapse with 

the central process of the primary or protoneurons located in the spinal 

ganglion and send axons in the same neuromere or ascend some neuromeres  
and decussate across the anterior white commissure and then ascending from 

neuromere to neuromere accumulate to form the contralateral lateral 

spinothalamic tract. 

The lateral spinothalamic tract or paleospinothalamic tract conveys pain 

and thermal sense; it originates from neurons of spinal laminae VI, VII, VIII 
of Rexed, its fibers cross to the opposite side within one segment and have a 

somatotopic lamination the most lateral and posterior fibers represent the 

lowest portion (sacral) of the body, whereas the more medial and anterior 

fibers are related to the upper extremity and neck (cervical).  

In C8, also, there is also lamination of the sensory modalities; so, the fibers 
concerned with the heat pain (thermal sense) are located posteriorly, while 

the fibers associated with the sharp pain are located more anteriorly and in 

both the fibers from hand are medially while the fibers from foot are laterally.     

In the brainstem the two anterior and lateral spinothalamic tracts are 
separate: 

The spinotalamic anterior tract goes together the lemniscus medial or 

bulbo-thalamic tract, (neospinotalamic tract) without interruption to 

thalamic levels. 

The spinothalamic lateral tract continues into the spinal lemniscus 
comprising also the spinothalamic and spinotectal tracts.   

in both medulla oblongata and the pons, the somatotopy is same and some 

fibers of the bundle, at the level of the medulla and pons, synapte in the 

reticular formation. 

in the mesencefalon the fibers the lemniscus spinal conveying the thermal 
and pain sense from lower arm extend dorsally, while the fibers from the 

trunk and upper arm are ventrally.  

in the thalamus the anterior and lateral spinothalamic tracts project to the 

ventral-posterolateral thalamic nucleus and to the central intralaminar 

nucleus; these thalamic nuclei give rise to the thalamocortical fibers that 
terminate by distributing in the primary somatosensory cortex respecting the 

somatotopic organization already described for the dorsal columns.  

The anterolateral system, also, includes the spinoreticular and 

mesencephalic fibers.  

The ascending spinoreticular fibers originate from neurons located in all 
neuromeres of the spinal cord in laminae V, VII and VIII and constitute a 

bundle placed in the context of the spinothalamic tract with which it runs. 

The bundle ascends into the bulb, where it receives axons from the lateral 

reticular nucleus and the nucleus of the spinal tract of the trigeminal nerve, 

and at the same time some synapte fibers in the reticular formation. It goes 
further up into the pons, where some endings still synapse in the reticular 

formation and receives ascending fibers from the same formation; the same 

thing happens in the midbrain where the bundle receives fibers of neurons of 

the mesencephalic tegmentum. Thus, most of the fibers of the ascending 

spinoreticular bundle are distributed to the hypothalamus and to the 
intralaminar nuclei of the thalamus. It does not seem to have somatotopic 

organization and seems to be involved in the transmission of pain stimuli,  

but also in skin and deep sensitivity.  

The spinomesencephalic fibers originate in neurons located in laminae I and 

IV-VIII (V is the one that gives rise to most of the fibers) in the spinal cord 
and form bundles that project to the midbrain contralaterally. Among these 

bundles, the most important are the spinotectal bundle that runs together with 

the lateral spinothalamic bundle, the fibers that terminate in the 

periaqueductal gray matter of the midbrain, fibers that lead to the 

parabrachial nucleus, the pretectal nuclei and the Darkschewitsch nucleus  
located anterior to the oculomotor nucleus. Most neurons carry pain 

information. 

Clinical aspects of the spinothalamic tracts 

The spinothalamic tract is an anterolateral pathway located on the same side 

of the body, so an injury on this side of the body will cause a deficit of 
everything that is controlled below the point of injury with loss of pain and 

temperature sensations on a contralateral side of the body about two levels  

below the injury. Such lesions occur in bone marrow or Brown-Sequard 

syndrome, syringomyelia in which the anterior white commissure is 

obliterated due to cavitation in the central spinal cord, and acute cervical 
spinal cord syndrome. 

The spinothalamic tract can also be compromised due to vascular problems: 

an example is the anterior spinal artery infarction syndrome in which there 

is pain and loss of temperature bilaterally below the level of the lesion, while 

the vibratory and proprioceptive senses are preserved due to the sparing of 
the posterior spine.  Injury of the anterolateral fascicle (10) causes loss of 

pain and thermal sensitivity, while tactile sensitivity is preserved, but really 

this sensitivity is also altered since the spinothalamic tracts contain also 

tactile fibers. 

Pyramidal System  

The knowledge of the somatotopy of the pyramidal system, pathway of the 

voluntary movement, is important in clinical implications for neurosurgery 

and neurology. 

The pyramidal system is the major or main or preeminent voluntary motor 
pathway that controls voluntary movements in humans and encloses the 

corticospinal and corticobulbar tracts which originate in the cerebral motor 

primary area and terminate in the spinal cord and brainstem respectively.  

The somatotopic location of the corticospinal tract is studied along its course 

from the cerebral cortex to the spinal cord. 

The corticospinal tract (CST) is constituted of the efferent fibers originated 

from the internal pyramidal cell layer or layer V of the primary motor cortex 

that is the precentral gyrus in the posterior part of the frontal lobe of the 

cerebrum, but some fibers of both corticobulbar and corticospinal tracts 

come from the pre-motor area and supplementary areas. These efferent 
fibers form the corona radiata and pass in the internal capsule. 

The CST in the corona radiata (CR) is located posteriorly and, also, the CST 

for the hand descended through about one quarter (medio-lateral direction) 

and two-thirds (antero-posterior direction) at the CR (14). Studies (15) on 

the CR of a normal human brain by diffusion tensor tractography suggest 
that the anatomical location and somatotopic organization for the upper 

extremity are found anterolaterally to the lower extremity and the distances  

between the upper and lower extremities become decreased as the CST 

descends from the upper to the lower CR level. 

The internal capsule (IC) (Fig. 9) consists of descending and ascending 
fibers tracts. It is generally thought that the two main descending fibers 

tracts, the corticobulbar tract and the corticospinal tract (CST), descend 

separately through the genu (16) and through the anterior third of the 

posterior limb of the internal capsule (PLIC) [17; 18].  
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Figure 9: Corticospinal tract in Internal capsule. 

The internal capsule in anteroposterior direction is subdivided: anterior limb, 

genu, posterior limb. Anterior limb presents: 1. Anterior thalamic radiation; 

2. Frontopontine fibers. Genu presents: 3 Corticobulbar tracts. Posterior limb 

presents: 4a Corticospinal tract to upper limb, 4b Corticospinal tract to trunk, 

4c Corticospinal tract to lower. 5: Thalamoparietal fibers. 6 Temporopontine 
fibers. AR: Auditory Radiation. CL: Claustrum. CN: Caudate Nucleus. OR: 

Optic Radiation.  P: Pallidum. PU: Putamen. SF: Sylvian fissure. Th: 

Thalamus.  

Studies [19] by diffusion-tensor MR tractography found that the CSTs lie in 

a compact area in one part of the PLIC; if the PLIC is divided into four equal 

quarters from anterior to posterior, the CST was shown to be in the third 

quarter. CSTs, 17 of 20 were organized somatotopically, with hand fibers 

anterolateral to foot fibers, not anteromedial as is currently believed. In three 
of 20, hand and foot fibers were intermixed. The AA confirm some recent 

results that the CST is located more posteriorly, but not in the anterior third 

as it was thought classically.  

Studies [20] in the patients with an infarction in internal capsule showed that 

the hand fibers are located laterally to foot fibers in the short axis of the 

posterior limb of the internal capsule (PLIC) and the face fibers are located 

in the premedial part of the PLIC. The motor subtracts in cat [21] are aligned 

along the long axis of the PLIC in anteroposterior orientation. The tongue 
pathways were located anteromedial to the face; the face, anteromedial to the 

hand; and the hand variably, anterior to the foot.  

In Cerebral Peduncle (CP) the corticospinal tract (CST) (Fig. 10) is located 
in the middle to lateral portion. between the corticobulbar tract medially and 

the cortico-temporo-pontine or tract of Turk laterally. Studies in human brain 

[22, 23] using DTT (diffusion tensor imaging) with FSL tools (Functional 

MR Imaging of the Brain Software Library) observed that the CST showed 

transverse orientation in the middle to lateral portion of the CP, and that hand 
fibers are located medially respect to foot fibers that are located laterally. 

Therefore, AA concluded that in CP the somatotopic arrangement for the 

hand and leg shows medio-lateral orientation. 

 

Figure. 10. Crus of cerebral peduncle. Somatotopy of the corticospinal (CST) and corticobulbar (CBT) tracts . The cerebral peduncle in medial-lateral 

direction: Frontopontine fibers, Facies, Upper limb, Trunk, Lower limb, Parietospinal fibers, Parietopontine fibers, Occipitopontine fibers. Temporopontine 

fibers,  
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AQ: Aqueduct of Sylvius. C: Colliculus. F: Facies. FP: Frontopontine fibers. LL: Lower Limb. ON: Oculomotor Nucleus. OP: Occipitopontine fibers. PGS: 
Periaquaeductal gray substance. PP: Parietopontine fibers. PS: Parietospinal fibers. SN: Substantia nigra. RN: Red Nucleus. TP: Temporopontine fibers. T: 

Trunk. UL: Upper Limb.  

In the Pons the corticospinal tract (CST) [24] is located in the center of the 

pontine basis, which is surrounded by transpontine fibers. AA discovered 

that fibers for arm motor function were located antero-medially, while those 
for leg motor function were located more postero-laterally at the pons in 17 

stroke patients with brainstem lesions. Levi and Schwalb [25] using DTT in 

normal human brains observed that the location of regard the somatotopies  

for the hand and leg and they found that “hand somatotopy” descended 

through the ventro-medial portion of the pontine basis and that “leg  
somatotopy” was located dorso-laterally to the “hand somatotopy” of the 

CST. 

Recent studies [26] conclude that a topographical arm/ leg distribution of the 

CST is lost as the CST fibers descend through the pons. The combination of 

tract-tracing studies and in vivo (MRI) tract localization studies provides 
strong evidence that the CST is somatotopically organized within the 

cerebral cortex, as well as the internal capsule within the cerebral peduncle 

CP to some extent; however, there is no such organization of human CST 

fibers caudal to the pons or at the level of the medullary pyramid and spinal 

cord. 

In the Medullary Pyramid (MP) the corticospinal tract (CST) from pons 

passes in the pyramids of medulla oblongata, it exits the pyramids in 

consecutive packages and approximately some fibers (90%) cross over or 

decussate the medulla oblongata’s anterior median fissure as pyramidal 

decussation or motor decussation and proceed down the spinal cord on the 
contralateral area at the pyramids most caudal end. 

Fibers decussed (90%) migrate in spinal cord down the lateral corticospinal 

tract, whereas fibers not decussate (10%), remain ipsilateral and migrate 

down the anterior corticospinal tract. The decussated fibers of the lateral 

corticospinal tract induce motion on the part of the body that is contralateral 

to the hemisphere from which they arose; the not-decussed fibers (10%) of 
the anterior corticospinal tract keep going down into the ipsilateral spinal 

cord and the majority of the axons decussate in the spinal cord right before 

synapsing with lower motor nerve cells. 

Investigations [27] on the somatotopic arrangement of the CST at the MP in 

30 human normal brains by normalized DTT evidenced that the hand 
somatotopy of the CST was located in the medial portion of the MP; in 

contrast, the leg somatotopy occupied the lateral portion of the medullary 

pyramid. 

In spinal cord, the literature data report the historical concepts of the CST 

with a laminar and somatotopic organization: arm medially, trunk 
intermediate, leg laterally (Figure. 11A). The current literature data by tract-

tracing and in vivo MRI studies, selective ablations CTS, evolutionary 

assessment of the tract in mammals and neuropathological examinations of 

patients after incomplete cervical spinal cord injury involving the CST and 

prominent arm and hand dysfunction accumulate evidence that there is no 
somatotopic organization of the corticospinal tract within the spinal cord in 

humans (Figure. 11B) [26]. This concept was supported by studies [25] on 

macaque monkey demonstrating the presence of many intermingling of 

fibers originating from primary motor cortex arm/hand, shoulder and leg 

areas and also no significant difference in their distribution across different 

subsectors of the pyramidal tract or lateral corticospinal tract. 

 

Figure 11. Spinal cord: Lateral corticospinal tract (LCT). A. Lateral corticospinal tract composed of laminar fibers that innerate in medial-lateral direction: 

arms, thorax, leg. From Gray’s modified. B. Lateral corticospinal tract composed of nonsegregated dispersed fibers that innervate the muscles of hand (H), 

arm (A), thorax (T) and leg (L). CF: Fasciculus cuneatus. SG: Substantia grisea. C1, C8, T1, L1, S1, S5: Spinal Segments. From: Levi and Schwab [25] 

modified. 

Furthermore, AA found that fibers from the primary somatosensory cortex  

arm area completely overlap those from the leg area and both these outputs 

overlap those from posterior parietal sensorimotor areas, was demonstrated 

an intermingling with corticospinal outputs derived from premotor and 

supplementary motor arm areas and, also, was evidenced that no somatotopy 
for corticospinal projections from rostral and caudal cingulate motor areas 

and from somatosensory areas of the parietal cortex. 

Clinical studies [26] show that in some spinal injury is greater deficit in upper 
that lower limb movement and this condition can be due to the complex 

organization of corticospinal tract and to a greater relative influence of the 

corticospinal tract on upper versus lower limb movements, the former best 

characterized by skilled hand and digit movements. 

 

The corticospinal tract (CST) predominantly presents contralateral 
projections, though anatomical studies mapping CST connectivity in 

mammals provided evidence of ipsilateral CST (iCST) projections that 

descend in the lateral or ventral funiculi of the spinal cord of cats and 

monkeys or that are components of re-crossed contralateral fibers [28] 

(Figure. 12 o 19).  
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Figure. 12. Corticospinal (CST) projections into spinal interneurons. A. Most of CST fibers (full line) cross at the caudal medulla and descend through 
dorsolateral column. B. A smaller component of crossed CST fibers (full line) descends in the ventral column. C. Ipsilateral CST uncrossed fibers (dotted 

line) at the level of caudal medulla and descend through ipsilateral anterior and dorsolateral columns. D. Some crossed CST (full line) projections may re-

cross the midline and descend ipsilaterally different spinal levels. E. Ipsilateral axonal innervation from crossed (full line) CST fibers through axonal 

collaterals that re-cross the midline and innervate the opposite spinal hemichord. From: Alawieh modified. 

These iCST projections are sometimes referred to as “latent” projections  
since they not contribute to motor function in the presence of intact 

contralateral projections, but probably their role in cortical motor control 

may arise after a lesion to the crossed CST projections. In fact, unilateral 

lesions of the CST are associated with significant motor recovery which may 

suggest the existence or emergence of iCST projections in mammalian 
models and also in human patients. A potential role of iCST in recovery from 

injury would provide a rational for targeting these fibers to modulate the 

recovery process [29]. 

Besides, an aberrant pyramidal tract was observed; it originates from the 

primary motor cortex and the supplementary motor area, descends through 
the corona radiata, passes through the posterior limb of the internal capsule 

and in the medial lemniscus pathway from the midbrain to the pons, thus 

enters into the pyramidal tract area at the pontomedullary junction. Yeo and 

Jang [30] reported that a patient 21-year-old man with right hemiparesis due 

to a traumatic intracerebral hemorrhage in the left corona radiata had 
recovered the motor functions of the right extremities by this aberrant 

pyramidal tract. 

Corticobulbar Tract 

Corticobulbar tract supplies upper motor neuron innervation to the cranial 

nerves supplying head and face.  

The corticobulbar tract starts in the lateral part of the precentral gyrus; 

from here, the corticobulbar fibers pass from lateral pars to medial pars of 

the corona radiata, pass in the genu of the internal capsule, medial part of the 

cerebral, basal part of the pons, and then to the medullary pyramid. The 
corticobulbar fibers peduncle synapse with motoneurons of the nuclei of the 

cranial nerves III, IV, V, VI, VII IX, X, XI, XII. 

In the internal capsule that consists of descending and ascending fibers 

tracts, the descends through the genu separately from the corticospinal tract 

which descends through the anterior third of the posterior limb. The face 
fibers are located in the anteromedial part of the posterior limb of the internal 

capsule. 

In the mesencephalon the corticobulbar tract passes in the cerebral peduncle 

and is located the fronto-pontine fibers medially and the corticospinal tract 

laterally. 

In the pons the corticobulbar tract innervates the motor facial nucleus, Terao 

and coll. [31] hypothesized that the corticobulbar tract descends at 

ventromedial lower pons near the corticospinal tract, mainly at level of the 
upper medulla, where the fibers then cross and ascend in the dorsolateral 

medulla to synapse in the contralateral facial nucleus. Kanbayashi and Sonoo 

[32] found that the corticobulbar tract descends with the corticospinal tract 

at least to the middle portion of the medulla, and then ascends to the facial 

nucleus through the medial and ventral areas of the dorsolateral medulla after 
decussation.  

In the medulla oblongata the corticobulbar tract innervates the motor nuclei 

of the glossopharyngeal and vagal nerves. 

The corticobulbar tract provides input to the nuclei innervating muscles of 

the face.  

The corticobulbar tract carries upper motor neuron input to motor nuclei of 

trigeminal, facial, glossopharyngeal, vagus, accessory, and hypoglossal 

nerves. The trigeminal motor nucleus supplies the muscles of mastication, 

The facial nerve supplies the muscles of facial expression. The 

glossopharyngeal and vagus nerves innervate the muscles of the pharynx, 
and larynx, The accessory nerve innervates the sternocleidomastoid, and 

trapezius muscles. The hypoglossal nerve innervates the contralateral tongue 

muscles (both intrinsic and extrinsic), except for the palatoglossus muscle. 

The corticobulbar tract indirectly affects muscles of eyes supplied by third, 

fourth, and sixth cranial nerve through the medial longitudinal fasciculus and 
the paramedian part of the pontine formation. 

The corticobulbar tract contains also fibers that end in the sensory nuclei of 

the brainstem including gracile nucleus, cuneate nucleus, solitary nucleus, 

and all trigeminal nuclei [32]. 

The corticobulbar tract innervates cranial motor nuclei bilaterally with the 

exception of the lower facial nuclei (which innervates facial muscles below 

the eyes) and the genioglossus muscle, which are innervated only unilaterally 

by the contralateral cortex. Among those nuclei that are bilaterally innervated 

a slightly stronger connection contralaterally than ipsilaterally is observed.  

Jang and Kwak [34] report that an aberrant pyramidal tract (APT) was 

found in 17,9% and it descends through the medial lemniscus at the midbrain 

and pons level and then rejoined the pyramidal tract (PT) at the upper 

medulla. It is suggested that the APT could contribute to motor recovery 

following brain injury.  

Also, Kwon and coll. [35] report that several characteristics of the APT 

described  in comparison with the pyramidal tract (PT) in 93 normal subjects: 

https://en.wikipedia.org/wiki/Gracile_nucleus
https://en.wikipedia.org/wiki/Cuneate_nucleus
https://en.wikipedia.org/wiki/Solitary_nucleus
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the PTs always originated from the primary sensori-motor cortex, SM1: 
anterior boundary: precentral sulcus; posterior boundary: postcentral sulcus; 

medial boundary: midline; lateral boundary: lateral sulcus) while 26.5% of 

the APTs originated from the primary somatosensory cortex (anterior 

boundary: central sulcus; posterior boundary: postcentral sulcus; medial 

boundary; midline; lateral boundary: lateral sulcus) without a primary motor 
cortex (anterior boundary: precentral sulcus; posterior boundary: central 

sulcus; medial boundary: midline; lateral boundary: lateral sulcus) origin, 

APT descends along the known pathway of the PT to the posterior limb of 

the internal capsule, then descend through the medial lemniscus from the 

midbrain to the pons. The APT was separated from the PT at the upper 
midbrain level, the APT rejoined with the PT at the upper medulla level. 

These Authors concluded that the APT can be described as having less origin 

from the primary motor cortex, less directionality, and fewer neural fibers 

than the PT. 

Clinical aspects  

Lesions of pyramidal system  

The injury on the pyramidal system can cause the pyramidal syndrome [36] 

with the damage to the neural pathways that control voluntary muscle 

movements and with loss of ability to perform coordinated movements, this 
condition can only occur in bulbar pyramids in which the pyramidal bundle 

has an isolated course. For pyramidal syndrome the "Babinski sign" may be 

significant by stimulating the sole of the foot with a pointed object that 

causes plantar flexion of the big toe and often also plantar flexion and 

adduction of the other toes, so if after stimulation there is dorsiflexion of the 
big toe or inverted plantar reflex is indicative of a pathological state.   

Damage to the corticospinal tract will present similarly to upper motor lesion 

syndrome with symptoms such as spasticity, clonus, hyperreflexia, and 

Babinski sign. Primary symptoms of pyramidal tract injury is muscle 

weakness or paralysis (80%) on one side of the body that can manifest as 
difficulty in moving the arms, legs, or face on one side, and may also lead to 

a loss of coordination and balance. A common symptom is spasticity (65%) 

which is characterized by muscle stiffness and involuntary muscle 

contractions and consequently muscle cramps, pain, and difficulty in 

performing everyday tasks. Also, pyramidal tract injury can lead to sensory 
disturbances, such as numbness, tingling, or heightened sensitivity in the 

affected areas and still a cognitive and emotional symptom (40%) including 

difficulties with concentration, memory, and emotional regulation. 

 

 

Lesion of pyramidal system in: Deficit in musculature of:  

Gyrus prefrontal (Internal face). Contralateral lower limb.  

Gyrus prefrontal (External face) Contralateral upper limb.  

Internal capsule Contralateral body including the head  

Cerebral peduncle Contralateral body and contralateral half head   

Pons Contralateral body and ipsilateral half head 

Medulla oblongata: cranial to the decussation of the pyramids Contralateral side 

Medulla oblongata caudal to the decussation of the pyramids Ipsilateral side.  

Spinal cord: bilateral caudal decussation pyramids  Bilateral deficit of the body excluded head and both lower limbs  

Spinal cord unilateral (right/left) caudal decussation pyramids Ipsilateral deficits of the lower limb. 

Table 2: . 

Injures to the corticospinal tract cause different damages in relation to 
the level at which the injury occurs (Tab. 2). 

CST lesions (10) at the level of the brainstem between the red nucleus in the 

mesencephalon and the vestibular nuclei in the medulla oblongata there is 

decerebration rigidity as an exaggeration of the muscle tone and postural 

responses to sensory stimuli due to the absence of the superior controls. 
Noxious stimuli applied to the trunk and head cause extension of the axial 

muscles and extremities. Stimuli applied to the distal parts of the limbs cause 

exaggerated retraction of the flexors as much the cross-extensor reflexes. If 

the unilateral, the effects are ipsilateral; if the lesion is low, involving the 

lateral vestibular nuclei, the exaggerated hypertonia is eliminated as the 
vestibulospinal tract exerts an excitatory influence on the lower motor 

neurons, especially those innervating the extensor and antigravity muscles.  

It is important to note that the severity and combination of symptoms can 

vary widely among individuals with pyramidal tract injury, depending on the 

location and extent of the damage. Some individuals may experience mild 
symptoms that only minimally impact their daily lives, while others may face 

more significant challenges in mobility, communication, and overall 

functioning. Lesion of the corticobulbar tract involved the lesions of the 

nuclei of cranial nerves.   

Lesions of the oculomotor nuclei III, IV, VI [37] that control the ocular 
movements. The oculomotor (III) and trochlear (IV) nuclei control the 

vertical eye movements: a lesion unilaterally affecting the third-nerve 

nucleus results in an ipsilateral third-nerve paralysis and a contralateral 

upgaze paralysis because of the decussation of the superior rectus  

motoneurons, at the level of the third-nerve nuclei.  

Nuclear lesions of third nerve [38] may cause isolated weakness of one of 

the muscles innervated by the oculomotor nerve, except the superior rectus  

muscle by its crossed innervation, the levator palpebrae superioris by a single 

caudal subnucleus innervating the levator muscles bilaterally, the pupillary 
constrictors (visceral nuclei are spread throughout the oculomotor nucleus), 

and the medial rectus muscle (three separate subnuclei). Thus, isolated 

unilateral palsies of the inferior rectus muscle have been associated with 

lesions of the inferior rectus subnucleus. 

Trochlear nucleus  

Lesion of the trochlear nerve (IV) [39] leads to ocular skew deviation and 

consequent diplopia. Subsequently, the brain ‘learns’ to compensate for the 

skew deviation by contralateral head tilt. The lesion is evidenced by the 

Bielschowsky test [40]. 

Abducens nucleus 

Lesion of the abducens nucleus (VI) [41] produce paresis with an isolated 

ipsilateral abduction deficit and, however, because of the intranuclear 

connections, produce a conjugate gaze palsy toward the side of the lesion 

rather than just an ipsilateral abduction weakness that would occur from 

isolated damage to the abducens nerve.  Lesions of the abducens nuclei 
bilaterally eliminate the horizontal conjugate gaze. Lesions of the abducens 

nucleus (VI) result in complete ipsilateral eye movement paralysis, and 

lesions damaging the Medial Longitudinal Fasciculus MLF result in 

internuclear ophthalmoplegia, whereas an association of these two lesions 

leads to the "one-and-a-half" syndrome. 

Trigeminal motor nucleus 

Lesions of the trigeminal motor nucleus V that is situated in the upper pons, 

inferior to the lateral part of the floor of the fourth ventricle. and 

contains motoneurons innervating the muscles originated  by the first 

branchial arch: muscles of mastication (temporalis, masseter and 
pterygoids), muscles  tensor tympani, tensor veli palatini, mylohyoid, and 

anterior belly of the digastric. The lesions of the trigeminal motor nucleus  

https://www.sciencedirect.com/topics/neuroscience/diplopia
https://en.wikipedia.org/wiki/Motor_neurons
https://en.wikipedia.org/wiki/First_branchial_arch
https://en.wikipedia.org/wiki/First_branchial_arch
https://en.wikipedia.org/wiki/Mastication
https://en.wikipedia.org/wiki/Tensor_tympani
https://en.wikipedia.org/wiki/Tensor_veli_palatini
https://en.wikipedia.org/wiki/Mylohyoid_muscle
https://en.wikipedia.org/wiki/Digastric
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that forms the efferent pathway of the jaw-jerk reflex, thus a lesion involving 
the trigeminal motor nucleus would cause ipsilateral hemiparesis since the 

axons involved in this reflex do not decussate. 

Facial nucleus 

The upper motor neuron of the facial nerve VII [42] is located in the primary 

motor cortex of the frontallobe and its axons descend ipsilaterally as the 
corticobulbar tract via the genu of the internal capsule and reach the facial 

nucleus situated in the caudal portion of the ventrolateral pontine 

tegmentum, The neurons of facial nucleus originate axons that take an 

unusual course, traveling dorsally and looping around the abducens nucleus, 

where they form the facial colliculus at the base of the fourth ventricle, they 
travel along the ventral pons, medially to the spinal trigeminal nucleus, and 

emerge from the bulbo-pontine sulcus. It was demonstrated that the facial 

motor nucleus has a dorsal and ventral region: the neurons in the dorsal 

region innervate the muscles of the upper face and the neurons in the ventral 

region innervate the muscles of the lower face. 

The motor root carries somatic motor fibers to facial expression muscles, 

stapedius, digastric posterior belly, and stylohyoid. 

Facial paralysis (10) is weakening (paresis) or total paralysis of some or all 

of the muscles of mimic expression. Unilateral lesion is ipsilateral flaccid 

paralysis with disappearance of wrinkles and normal folds of the face giving 
a smooth and expressionless appearance, inability to close one eye, drooping 

of the corner of the mouth with loss of burrs.   

Supranuclear palsy of the facial area spares the upper muscles (above the 

level of the eyelid rim) of mimic expression since the fibers of the 

corticobulbar tract that innervate the upper muscles are direct and crossed, 
while the fibers that innervate the lower muscles are only crossed, then the 

lesions of the corticobulbar tract produce contralateral paralysis of the lower 

muscles of mimic expression and spare the upper muscles: then patients can 

close both eyes and wrinkle both eyebrows and no muscle atrophy is 
observed. 

Nuclear or Infranuclear Lesion 

Lesions that involve the facial motor nucleus or the infranuclear portion of 

the facial nerve result in complete paralysis of all the facial muscles on the 

ipsilateral side. The patient presents with mouth droop, flattening of the 
nasolabial fold, inability to close eye, and smoothing of the brow on the 

damaged side. 

Nucleus ambiguous 

The nucleus ambiguus [43] has a rostral portion located posterior to the 

inferior olivary nucleus and contains second order motor cell nuclei that give 
rise to motor fibers of the glossopharyngeal nerve innervating the 

stylopharyngeus muscle. The nucleus ambiguus has a caudal part that give 

rise to fibers motor innervating the muscles of the pharynx and larynx. In 

addition, the nucleus ambiguus gives efferent fibers to the cranial part of 

accessory nerve (XI). 

The nucleus ambiguus is involved in the motor functions of swallowing and 

speech. It gives rise to the efferent motor fibers of the vagus nerve (X) that 

innervate the muscles of the soft palate, larynx, pharynx, as well as the 

stylopharyngeus muscles and pharyngeal constrictor muscles of the 

glossopharyngeal nerve (IX). The muscles controlled by the nucleus  
ambiguus initiate the mechanism of swallowing and phonation.  

The unilateral lesion of vagus nerve causes the permanent hoarse voice 

because of paralysis of the laryngeal intrinsic muscles, dysphagia for sagging 

of the soft palate ipsilaterally and deviation of the uvula moving away from 

the lesion since the activity of the contralateral muscles is intact. The lesion 
of the recurrent laryngeal nerve causes the hoarse voice, even if there is no 

involvement of the pharynx. 

Unilateral lesions of the nucleus ambiguus may lead to dysphagia and 
hoarseness, and these characteristics are classic in lateral medullary 

syndrome (Wallenberg syndrome). 

Bilateral lesions of the nucleus ambiguus completely paralyze the larynx, 

and the inability to move vocal cords during inspiration can cause death. 

Bilateral lesions are rare and most often seen in severe amyotrophic lateral 
sclerosis (ALS). 

Accessory nucleus XI  

The accessory nucleus (XI) innervates the sternocleidomastoideus and 

trapezius muscles. 

Lesions of the upper motoneurons (10) induce paresis of the contralateral 
trapezius and sternocleidomastoid muscles because the descending 

corticospinal fibers cross in the decussation of the pyramids at the lower 

portion of the medulla oblongata before reaching the spinal nucleus of the 

accessory nerve. No atrophy of the muscles because the lower motor neurons 

of the spinal nucleus of the accessory nerve are intact. 

Lesions of the inferior motoneuron induce paralysis or flaccid paresis and 

successive atrophy of the innervated muscles. Unilateral lesion induces  

asthenia of the sternocleidomastoid muscle. Lesion of entire accessory nerve 

or of its ramus to trapezius muscle induces paresis of the trapezius muscle, 

causes lowering of the shoulder and inability to lift the shoulder. 

Hypoglossal nucleus XII 

Supranuclear lesions (10) to the hypoglossal nucleus (XII) occur at the 

cerebral cortex, the corticobulbar tract of the internal capsule, cerebral 

peduncle or the pons. Supranuclear lesions cause the tongue to protrude 

away from the nerve because of predominant neural crossing for upper motor 
neurons, but these lesions do not tend to cause atrophy but can lead to an 

uncoordinated tongue with slow but spastic tongue movements. Lesions of 

the upper motoneuron produce contralateral paralysis of the tongue 

muscles as the descending corticobulbar fibers decussate to the nucleus of 
the hypoglossal nerve but without no muscle atrophy since the inferior 

motoneurons are intact.   

The unilateral lesions are not typically a serious problem for patients, as the 

remaining hypoglossal nerve partly compensates any impediments.  

The bilateral lesions can cause profound difficulty with speech and 
swallowing, as the patient cannot protrude the tongue for these necessary 

functions. 

Conclusion 

The study shows the origin of the sensory pathways (medial lemniscus, 
anterolateral system or spinal lemniscus), the origin and course of the motor 

pathways (corticospinal and corticobulbar tracts) and evidences that lesions 

of sensory and motor tracts induce clinical aspects related to the level at 

which the lesion occurs. 
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