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Unraveling the corticospinal tract of motor control and function.
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Introduction

Nestled deep within the intricate matrix of the human brain
lays a neural pathway of unparalleled importance in motor
control and coordination: the corticospinal tract. This neural
superhighway serves as the primary conduit for transmitting
motor commands from the cerebral cortex to the spinal
cord, orchestrating the finely tuned movements that define
human behavior. In this extensive exploration, we embark
on a journey through the corticospinal tract, Unraveling its
anatomy, function, and clinical significance in health and
disease [1].

The corticospinal tract originates from the primary motor
cortex (M1), a region of the cerebral cortex located in the
precentral gyrus of the frontal lobe. Within M1, pyramidal
neurons, also known as Betz cells, give rise to long axonal
projections that descend through the white matter of the brain,
forming the corticospinal tract. These axons converge at the
internal capsule, a dense bundle of nerve fibres that serves as a
major conduit for communication between the cerebral cortex
and subcortical structures [2].

As the corticospinal tract descends through the brainstem, it
undergoes a series of anatomical transformations, with fibre’s
crossing from one side of the brain to the opposite side in a
region known as the medullary pyramids—a phenomenon
known as decussation. The majority of corticospinal fibres
cross over at this point, forming the lateral corticospinal tract,
which descends through the spinal cord's lateral column. A
smaller subset of fibres remains uncrossed and descends
ipsilateral, forming the ventral corticospinal tract [3].

The corticospinal tract serves as the principal pathway for
conveying voluntary motor commands from the cerebral
cortex to the spinal cord, facilitating precise and coordinated
movements of the limbs and trunk. As motor commands travel
along the corticospinal tract, they undergo intricate processing
and modulation, shaping the activity of spinal motor neurons
and interneurons that control muscle contraction and
movement [4].

The corticospinal tract enables the execution of precise,
dexterous movements, such as grasping objects, writing, and
playing musical instruments, by providing direct input to
spinal motor neurons that innervate hand and finger muscles.
In addition to fine motor control, the corticospinal tract
contributes to the execution of skilled movements, including

locomotion, balance, and posture, by modulating the activity
of spinal interneurons and coordinating muscle synergies [5].

The corticospinal tract plays a central role in initiating
voluntary movements and executing complex motor tasks,
integrating inputs from sensory, cognitive, and motor areas
of the brain to generate purposeful actions in response to
environmental cues and internal goals. Disruptions in the
corticospinal tract can lead to a spectrum of motor deficits and
neurological disorders, collectively known as corticospinal
tract syndromes [6].

Ischemic or haemorrhagic strokes affecting the cerebral cortex,
internal capsule, or brainstem can lead to corticospinal tract
damage and result in contralateral hemiparesis or hemiplegia,
characterized by weakness or paralysis on one side of the
body. Severe head trauma or traumatic brain injury can cause
axonal injury or shearing forces that damage corticospinal
fibres, resulting in motor impairments and spasticity [7].

Neurodegenerative disorders such as Amyotrophic Lateral
Sclerosis (ALS), Multiple Sclerosis (MS), and Primary Lateral
Sclerosis (PLS) can affect the corticospinal tract, leading to
progressive weakness, spasticity, and loss of motor function.
Congenital malformations or developmental abnormalities
affecting the corticospinal tract can lead to motor delays,
spastic cerebral palsy, and other neurodevelopmental disorders

[8].

Treatment strategies for corticospinal tract disorders focus
on addressing underlying causes, managing symptoms, and
optimizing functional outcomes through rehabilitation and
physical therapy. Medications such as muscle relaxants,
spasticity-reducing drugs, and neuroprotective agents may be
prescribed to alleviate symptoms and improve motor function.

Rehabilitation programs tailored to individual needs can help
improve strength, coordination, and mobility, facilitating
recovery and adaptation to motor deficits. Mobility aids,
orthoses, and assistive technologies such as wheelchairs,
walkers, and adaptive devices can enhance independence and
quality of life for individuals with corticospinal tract disorders

[9].

Emerging approaches such as constraint-induced movement
therapy (CIMT), robot-assisted therapy, and non-invasive
brain stimulation techniques hold promise for promoting
neural plasticity and motor recovery in corticospinal tract
injury and neurodegenerative diseases.
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The corticospinal tract stands as a testament to the exquisite
precision and complexity of the human nervous system,
orchestrating the symphony of movement that defines human
behavior and interaction with the world. From its origins in
the cerebral cortex to its far-reaching projections in the spinal
cord, the corticospinal tract embodies the epitome of motor
control and function. As our understanding of corticospinal
tract anatomy, function, and disorders continues to deepen,
so too will our ability to unravel the mysteries of motor
control and develop innovative therapies for neurological
rehabilitation and treatment [10].
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