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INTRODUCTION 
Major descending neural pathway in the human brain 
is corticospinal (CST) or pyramidal tract.(1-3) Beside  

 
being the major motor pathway for cortical control of 
voluntary distal movements especially fine motor 
movements of hand (1, 4, 5), the CST fibers with 

ABSTRACT 
Purpose: Microsurgical anatomy of the corticospinal tract, its functional role and crucial points in 
differential diagnosis were evaluated. There is no consensus about its differences and cerebral origin of 
the corticospinal tract. Tractography and cadaver dissection can help to investigate the characteristics of 
the corticospinal tract. Also, amyotrophic lateral sclerosis is hard to diagnose as it has common symptoms 
and signs with other disorders.  

Methods: Three formalin-fixed human brains (six sides) were dissected by the Klingler technique in a 
stepwise manner from the lateral to medial and superior to inferior under 6x–40x magnification using a 
surgical microscope. All stages of the dissection were photographed using three-dimensional method. 
Lastly, we present a patient with the sign of drop foot who underwent electromyographical and radiological 
examination, diagnosed as atypic amyotrophic lateral sclerosis. 

Results: The connections of the corticospinal tract, in particular the travel in the in trajectories of stepwise 
in manner cerebral origin. We demonstrated a case report with anatomic correlation to define the damage 
of corticospinal tract in variable levels. Crucial landmarks, connections, eloquent brain areas that related 
to the corticospinal tract were emphasized. 

Conclusion: So that pointing the importance of such disorders to keep in mind as not to move forward 
with incorrect operation decision. Trajectory of one of the largest desending pathway, corticospinal tract 
and the relationship with different diagnosis should be considered.  
Keywords: Amyotrophic lateral sclerosis, corticospinal tract, differential diagnosis, foot drop 
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different cortical origins have different function, fibers 
amount and recovery mechanism (6, 7). Differences 
in function and fibers amount of CST due to cortical 
origin and the course of CST have reported by many 
previous studies using animal brains (8-12). Lately 
improvement in magnetic resonance imaging (MRI) 
examination techniques like diffusion tensor imaging 
(DTI) have opened new avenues of research and 
have allowed non-invasively mapping this tract in 
humans because DTI allows to isolate the CST from 
adjacent structures (13-20). However, review articles 
from cadaveric anatomical dissection viewpoint are 
lacking. The word of Amyotrophic lateral sclerosis 
(ALS) originates from; ‘’A’’ as a negative meaning, 
‘’myo’’ as muscle, ‘’trophic’’ as related to nutrition, due 
to effected lateral side of the spinal cord and 
‘’sclerosis’’ for the hardness (21). ALS is the mostly 
seen neuromuscular disorder with the incidence of 
1/100.000 and prevalence of 4-5/100.000. This 
disorder is mostly sporadic which is seen between the 
4th and 5th decades of life with the male dominancy. 
Hereditary factors do not have any effect in the 90 % 
of patients (22). 
In current study, we attempted to define 
characteristics of CST by correlating anatomical fiber 
microdissection and DTI of these fibers. Also, we 
would like to take attention what to do and thinking 
about neuromuscular disorders in such patients 
administered with foot drop that is mostly seen in 
lumbar disc herniation. 
 
MATERIALS AND METHODS 
Three formalin-fixed human brains (6 sides) were 
dissected using the fiber dissection technique that 
was first described by Klingler (23). The specimens 
were frozen for 15 days at -15 °C according to 
Klingler’s technique and waited in 70% alcohol 
solution between the dissection sessions. The 
freezing process facilitates the dissection of the fiber 
tracts. Next, the dissection was performed from 
lateral to medial, anterior to posterior under x6 to x40 
magnifications provided by a Zeiss Surgical 
Microscope (Carl Zeiss AG, Germany). After removal 
of the arachnoid mater and vascular structures, the 
hemispheres were dissected in a stepwise systematic 
manner, from lateral to medial. Carefully examination 
of the anatomy of the CST, the topographic location 
of the related fiber tracts were investigated in detail. 
Two and three-dimensional anatomic and surgical 
pictures were obtained and processed by Canon EOS 
550 digital camera (Canon, Tokyo, Japan). 

RESULTS 
Anatomic dissection 
The dissection was performed from lateral to medial 
and anterior to posterior. The sulco-gyral anatomy of 
each specimen was carefully dissected and special 
attention was given to the CST and its connections. 
After removing the cortical grey matter around the 
origins of the CST, we continued to the deep sulcus 
area and the subcortex was posed as a thinner layer. 
The CST is a descending large tract of the central 
nervous system and plays a critical role in 
movements. These fibers lie in extension that starts 
at the level of corona radiata to the internal capsule 
and cerebral peduncle. Also, they travel in the pons 
to reach the medulla oblongata (24, 25) (Figure 1A, 
B, C). Defining the CST in the pons with dissection 
starting in the midbrain is a challenging (Figure 1D, 
E), but when dissected from below at the medullary 
pyramid, it could be followed into the middle third of 
the cerebral peduncle. In the pons, the coursing of the 
CST stays anteromedial and CST can be exposed 
after removal the superficial transpontine fibers 
(Figure 1D). The part of the corticobulbar tract that 
travels dorsal to the CST, it connects with the related 
cranial nerve nuclei. The corticopontine fibers end at 
the pontine nuclei that are scattered anterior and 
posterior to the corticospinal and corticobulbar tracts 
(25). The CST is related to the LMN and UMN in the 
central nervous system. The main part of CST is 
formed by Primary motor area, the premotor area, 
and the supplementary motor area of the frontal lobe. 
Primary sensory area, the parietal operculum and the 
parietal cortex are known as the other areas. 
Projections of CST through the centrum semiovale 
show predictable characteristic and has a straight 
coursing through the cortex of the brain (Figure 1A, 
B, C).  The CST then enters the midbrain through the 
cerebral peduncle, where it occupies the middle third 
of the crus cerebri (Figure 1D, E). The CST therefore 
can be defined as a bundle of axons; the main cells 
from which they stem reside in the cerebral cortex. 
These neurones are named as UMN when they 
descend from the cortex, or from the brainstem, to 
synapse on neurones within the brainstem or spinal 
cord. This is in contrast to neurones from the 
brainstem or spinal cord that originates from the 
anterior horn lamina IX, known as LMN. These 
neurones connections directly on muscle fibres 
groups (motor units), and provide extra input from 
UMN’ s to other neurones. 
 



J Basic Clin Health Sci 2021; 2: 65-72                                                    Karadag A et al Importance of Different Characteristic of the Corticospinal Tract 

 67 

Case description 
Fifty-five year-old female patient administered with 15 
days of weakness on the left foot. She was smoking 
30 years/1 package and had chronic bronchitis in her 
anamnesis. Neurological examination was normal in 
upper extremity. Lower extremity examination 
showed a muscle strength of right plantar flexion and 
dorsiflexion as 4/5, left foot plantar and dorsiflexion as 
1/5, left knee and hip flexion as 4/5. Laboratory 
findings were normal. Lumbar MRI showed a 
degenerated disc on L4-L5 and mild lumbar stenosis 
at the level of L3-L4 and L5-S1. MRI showed the disc 
herniation in T2 weighted sagittal image (Figure 2A) 
and level L1-L2 disc herniation which compressions 
of the disc to the right structures in T2 weighted axial 
image (Figure 2B), and level L4-L5 disc herniation 
which compressions of the disc to the right structures 
in T2 weighted axial image (Figure 2C). 
Neurological examination and radiographic images 
are compared, we found nothing related to the patient 
foot drop. We planned electromyography (EMG). 
EMG supported the ALS diagnosis a with detection 

chronic neurogenic findings with active denervation 
discharges related to anterior horn upper neuron 
damage. We transferred the patient to neurology 
department for ALS treatment. After 
electrophysiological examination we focused on the 
intracranial pathologies and investigated the damage 
location of the CST according to the symptoms of the 
patient DTI showed the trajectory of the CST in 
sagittal and coronal MRI (Figure 2D, E). 
 
DISCUSSION 
CST is the major descending neural pathway in the 
human brain and studies have suggested that it is 
unique to mammals (1-4). It is associated with fine 
motor skills of distal extremities, particularly the 
activities of hand (1, 4, 5). Various cortical origins for 
CSTs are primary motor cortex, secondary motor 
area and parietal cortex (7, 26, 27). CSTs with 
different cortical origins have different function, fiber 
amount and recovery mechanism (6, 7). Differences 
in function and fibers amount of CST due to cortical 
origin have been reported by many previous studies  

 
 
 
Figure 1. Lateral view of the left hemisphere. Fiber dissection around the primary motor and the central sulcus, subcortical deep white 
matter fibers and brain stem. The primary motor and sensory regions around the central sulcus. Subcortical deep white matter fibers. 
The pre-and postcentral gyri form the central lobe. After removal the cerebral cortex including the gray matter and adjacent short 
association fibers exposed the long association fibers (A). Putamen, GP, ILF, IFOF and UF are exposed. Corona radiata is located 
just above the putamen and formed by the internal and external capsules (B). The claustrocortical fibers lie between the 
supplementary motor area and posterior parietal lobe (C). Lateral view of the brainstem. Removal the left superior cerebellar peduncle 
and dentate nucleus provides an exposure for the medial surface of the superior cerebellar peduncle and dentate nucleus in the right 
lateral wall of the fourth ventricle. The lateral wall of the superior half of the fourth ventricle is formed by superior cerebellar peduncle 
(D). Anterior view of the brainstem. The CST is observed at the right and left of the midline after removal the all the superficial 
transpontine fibers (E). 
Abbreviations: AC, anterior commissure; CS, central sulcus; CST, corticospinal tract; GP, globus pallidus; IFOF, inferior fronto-
occipital fascicle; ILF, inferior longitudinal fascicle; UF, uncinate fascicle 
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using animal brains (8-12). On the other hand, DTI 
allows visualisation of this tract in humans in-vivo 
(28).  
After originating from the cortex, CST then come 
together as compact bundles to travel through the 
internal capsule and cerebral peduncles (29, 30). 
Internal capsule is important heterogenous 
connectivity system. In series of papers, CST has 
been localised in the posterior part of the posterior 
limb of the internal capsule (13, 29, 31-33). Integrity 
of inferior internal capsule genu is important for fine 
hand motor function(34). DTI study on 33 healthy 
subjects suggests CST become more compact and 
occupying smaller area within pons while passing 
through pons as it descends (35). While traveling 
downward the majority of CST axons decussate to 
the contralateral side forming the pyramidal 
decussation within medulla; this have critical 
importance as it means one side of body is controlled 
by contralateral side of brain (1, 2, 5, 18, 36, 37).  

 
 
These crossed lateral fibers occupy approximately 
90% of total CST. The remaining percentage is made 
up from uncrossed lateral and (uncrossed) ventral 
fibers (38, 39). Existence of uncrossed lateral CST is 
controversial and size of it varies in every individual 
(40). In one study researchers was able to find 
uncrossed lateral CST in only six of sixty human 
brains (41).  While extending caudally; crossed lateral 
fibers reach till sacral segment but anterior fibers 
reach only to the upper thoracic cord and rarely 
descends below the thoracic spinal cord (1, 2, 5, 18, 
36, 37).  The exact functional roles of these three 
separate CSTs are unknown but still we can assume 
they have distinct functional property according to 
previous studies: lateral CST is mandatory for hand 
movements and distal muscles are controlled mainly 
by this tract whereas proximal muscles are controlled 
by anterior CST and other neural tracts like cortico-
reticulospinal tract (1, 5, 42-46). 

 
 
Figure 2. A, L 1-2 and L 4-5 intervertebral disc protrusions in sagittal plane of lumbar magnetic resonance imaging (A). L1-L2 level 
axial plane MRI (B). L4-L5 level axial plane MRI (C). Trajectory and termination of the CST on DTI (D, E). 
Abbreviations: CST, corticospinal tract; DTI, diffusion tensor imaging; L, lumbar; MRI, magnetic resonance imaging. 
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Non-CST descending motor pathways, 
extrapyramidal system includes reticulospinal, 
vestibulospinal, rubrospinal and tectospinal tracts (5, 
38, 47, 48). The cortico-reticulospinal and 
vestibulospinal tracts are involved in postural control 
due to axial muscle innervation (48). Tectospinal tract 
originates from superior colliculus and as a reflex 
orients head and eyes towards the sound or visual 
stimuli (49).  Vertebrates that use hands or pectoral 
fins for locomotion have well developed rubrospinal 
tract. However, in humans it was regressed as a 
consequence of taking up by CST (50-52). 
Clinically, the corticospinal tract is important in 
ischemic infarcts, rehabilitation, and various 
neurodegenerative disorders like motor neuron 
disease which represents wide spectrum expanding 
group of disorders including ALS (53, 54). These 
progressive diseases characterized by the combined 
degeneration of lower motor neuron (LMN) and upper 
motor neuron (UMN); and despite extensive ongoing 
studies, the diagnosis still remains clinical one. 
Proving UMN-CST involvement, thus to be able to 
differentiate motor neuron disease from other 
illnesses with similar clinic, is very challenging. Lately 
MRI examination techniques like DTI have allowed 
non-invasively mapping this tract in humans with the 
ability to isolate the CST from adjacent structures (13-
20, 24). However, review articles of cadaveric fiber 
dissection of CST, are lacking. 
ALS is a disorder related to UMN and LMN 
denervation, showing signs and symptoms related to 
motor neuron and corticospinal neuron involvement. 
Fatal complications include respiratory depression, 
bronchopneumonia and asphyxia. Survival of 
patients, who have ALS type of faster progression, is 
approximately three to five years (55). Even if there 
are benign prototypes of ALS, are mostly fatal and 
differential diagnose is the most important point for 
the treatment. As it is stated before, it has nonspecific 
signs and symptoms with asymmetric progression 
causing it hard to diagnose. EMG and excessive 
reduction of cerebrospinal fluid proteins (cystatin C, 
transthyretin and neuroendocrine protein 7B2 
carboxyl terminal part) has an important role in 
diagnose (56, 57). When we review the literature for 
the pathogenesis of ALS, there are multiple factors 
causing this syndrome. Excitotoxicity, oxidative 
stress, disturbed neurotropism and cytoskeletal 
anomalies are the five main topics about causes of 
ALS in the literature (55, 58, 59). Excitotoxicity is due 
to partial glutamate dehydrogenase insufficiency as 

we seen in the literature. Autoimmunity pathogenesis 
is related with the Cu/Zn superoxide dismutase gene 
(SOD1) mutation causing oxidative stress ending up 
with ALS. ALS pathogenesis is also related with 
heavy metals such as lead, copper, arsenic, 
aluminum and some viruses (polio and coxsackie 
virus) (55, 58-62). The CST fibers primary motor 
cortex, the secondary motor area, and the 
somatosensory cortex, have a special way in the 
internal capsule and the middle portion of the cerebral 
peduncle. These fibers bundle occurs the pyramidal 
tract on the ventral surface of the medulla oblongata 
after decussate of pontine nuclei between medulla 
oblongata and spinal cord (63). Therefore, CST fibers 
are related with arm and leg motor control. Motor 
deficit of lower extremity may be seen related with 
motor neuron disease. For this reason, if there is a 
mismatch between mechanic vertebral reasons and 
characteristic of motor deficit, the amyotrophic lateral 
sclerosis should be considered as a possible 
diagnosis. The cellular loss and damage are usually 
related only with pyramidal cortex in amyotrophic 
lateral sclerosis. In addition, MRI and DTI combined 
imaging can be used for detecting the axonal 
degeneration of corticospinal tract (64, 65). In this 
case who has foot drop, we first thought of the lumbar 
disc herniation.  Whereas, EMG findings of fibrillation, 
positive sharp waves with the fluctuating potential 
findings leads our diagnose as ALS. We stated how 
hard to diagnose ALS as it has nonspecific symptoms 
at first stages, just like in our patients atypic drop foot 
sign due to disorder, and as they are related with 
more than one pathogenesis. 
 
CONCLUSION 
In this study we attempted to define characteristics of 
CST by using both anatomical fiber microdissection 
and DTI of these fibers. Variable eloquent brain areas 
are the origins of the CST. CST has many 
connections with neurones synapse on LMNs to 
effect motor movements. These LMNs are essential 
for our maintenance and ambulation. We thought that 
the drop foot is caused from the CST fibers damage 
with ALS. The most important point is to examine the 
patient carefully with the right steps to reach the 
correct diagnose.  
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