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Introduction

Chronic spinal cord injury (SCI) presents persistent
challenges for motor and sensory recovery due to
limited regenerative capacity of the injured spinal
cord. Functional impairments often extend beyond
the initial lesion, affecting posture, gait, and
autonomic regulation. Rehabilitation strategies
targeting chronic SCI aim to maximize the use of
spared neural circuits through repetitive, task-specific
training, and interventions.
Understanding the mechanisms of neural plasticity,
including synaptic strengthening, axonal sprouting,
and network reorganization, is critical for developing
therapies that optimize functional outcomes [1].

multimodal

Activity-dependent ~ plasticity =~ underlies  the
improvements observed in rehabilitative
interventions for SCI. Locomotor training, robotic-
assisted gait therapy, and functional electrical
stimulation promote synaptic potentiation and
reorganization of spinal and cortical motor networks.
These interventions facilitate voluntary movement by
recruiting  residual pathways and enhancing
communication between supraspinal centers and
spinal circuits. Evidence indicates that repeated
engagement of  motor strengthens
corticospinal connectivity and supports compensatory

circuits

adaptations, which are crucial for regaining
functional mobility [2].

Advancements in technology have provided
innovative tools to augment traditional rehabilitation.
Brain-computer interfaces (BCIs) allow patients to
control exoskeletons or stimulate paralyzed limbs via
neural signals, bridging the gap between cortical
intention and motor output. Coupled with
neuromodulation techniques, such as epidural
electrical stimulation (EES) or transcutaneous spinal
stimulation, these approaches enhance network
excitability and promote adaptive plasticity. Clinical
studies have demonstrated meaningful improvements
in voluntary movement and postural control in
patients with chronic SCI using these integrative
strategies [3].

Cognitive and motivational factors also influence
rehabilitation outcomes. Attention, goal-setting, and
active engagement during therapy sessions contribute
to synaptic reinforcement and cortical remapping.
Integrating cognitive-behavioral interventions with
physical rehabilitation can enhance neuroplastic
responses and improve adherence. Furthermore,
pharmacological modulation targeting inhibitory
pathways and neurotransmitter systems may support
synaptic potentiation and accelerate recovery.
Multidisciplinary approaches that combine physical,
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cognitive, technological, and pharmacological
interventions are therefore central to effective chronic
SCI rehabilitation [4].

Despite advances, challenges remain in standardizing
interventions, optimizing stimulation parameters, and
ensuring long-term efficacy. Individual variability in
injury level, extent, and comorbidities requires
personalized  rehabilitation plans. Ongoing
monitoring using neuroimaging and
electrophysiology can guide therapy adaptation and
track progress. Future research should focus on
integrating emerging neurotechnologies, refining
patient selection criteria, and evaluating functional
outcomes to improve the quality of life for patients
with chronic SCI [5].

Conclusion

Neural network plasticity is fundamental to
rehabilitation in chronic spinal cord injury. By
combining task-specific training, neuromodulation,
cognitive engagement, and technological
interventions, clinicians can enhance functional

recovery and quality of life. Personalized, multi-
modal rehabilitation strategies hold the greatest
potential for restoring mobility and independence in
individuals living with chronic SCI.
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