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Introduction
Spinal cord injury (SCI) often results in partial or complete loss 

of motor, sensory, and autonomic function below the site of damage. 
Historically, treatment has focused on stabilization, rehabilitation, 
and prevention of secondary complications, with limited ability to 
restore lost neurological function. However, advances in neuroscience 
and biomedical engineering have introduced neuromodulation as a 
promising therapeutic strategy. Spinal cord injury neuromodulation 
involves targeted electrical or chemical stimulation of neural circuits 
to enhance functional recovery and improve quality of life [1-5].

Neuromodulation does not directly repair damaged spinal tissue; 
instead, it activates and reorganizes surviving neural pathways. By 
modulating the excitability of spinal networks, this approach aims 
to restore voluntary movement, improve sensory perception, and 
regulate autonomic functions such as bladder control.

Discussion
One of the most widely studied techniques in SCI neuromodulation 

is epidural electrical stimulation (EES). In this approach, an electrode 
array is surgically implanted over the dorsal surface of the spinal 
cord. Controlled electrical pulses stimulate neural circuits below the 
injury site, enabling residual pathways to transmit motor signals more 
effectively. Clinical studies have shown that some individuals with 
chronic SCI regain voluntary leg movements and improved standing 
ability when EES is combined with intensive rehabilitation.

Transcutaneous spinal cord stimulation (tSCS) offers a less 
invasive alternative. Surface electrodes placed on the skin deliver 
electrical currents that penetrate underlying spinal circuits. Although 
stimulation precision may be lower compared to implanted systems, 
tSCS reduces surgical risks and expands accessibility.

Neuromodulation also targets autonomic dysfunction. Electrical 

stimulation can improve cardiovascular regulation, bladder and 
bowel control, and sexual function—areas significantly impacted by 
SCI. Additionally, brain–computer interface (BCI) systems are being 
explored to create direct communication between the brain and spinal 
stimulators, allowing thought-driven movement restoration.

The mechanisms underlying neuromodulation involve enhancing 
synaptic plasticity and reactivating dormant neural circuits. Repeated 
stimulation paired with physical therapy promotes neuroplastic 
changes that strengthen functional connections. Personalized 
stimulation parameters are essential, as injury level, severity, and 
individual physiology vary widely.

Despite encouraging results, challenges remain. Surgical 
implantation carries risks, device durability must be ensured, and 
long-term effects require continued study. Ethical considerations and 
cost also influence widespread adoption.

Conclusion
Spinal cord injury neuromodulation represents a groundbreaking 

advancement in neurorehabilitation. By activating preserved neural 
pathways and promoting plasticity, targeted stimulation techniques 
offer renewed hope for functional recovery beyond traditional therapy. 
While technical, clinical, and economic challenges persist, ongoing 
research continues to refine safety and effectiveness. As innovation 
progresses, neuromodulation holds transformative potential to 
improve independence and quality of life for individuals living with 
spinal cord injuries.
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