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ABSTRACT

Pain management is a critical area of research in the development of assistive aug-
mentative technologies (AAT), brain-​computer interfaces (BCIs), exoskeletons, and 
soft robotics. AAT offer promising solutions for individuals suffering from chronic 
pain or mobility impairments. BCIs facilitate direct communication between the 
brain and external devices, potentially bypassing damaged neural pathways and 
relieving pain. Exoskeletons and soft robotics can enhance physical rehabilitation 
by providing support and reducing the strain on muscles and joints, alleviating pain 
during movement. Additionally, these technologies can be integrated with advanced 
sensors and artificial intelligence to monitor and adapt to the user's pain levels in 
real-​time, offering personalized and dynamic pain management strategies. AAT holds 
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the potential to significantly improve the quality of life for individuals experiencing 
pain, enabling them to regain independence and functionality.

INTRODUCTION

Pain is a multifaceted experience shaped by the dynamic interplay of genetic pre-
dispositions, epigenetic modifications, and environmental factors. Pain mechanisms 
encompass nociception and a range of biological processes that contribute to the 
perception of pain, including inflammatory and neuropathic pathways. Investigat-
ing the brain's capacity to respond to injury or pain may inform the development 
of targeted interventions, including assistive technologies. Neuroplasticity plays a 
critical role in pain management by enabling the formation of new neural connec-
tions in response to injury, which is essential for neurorehabilitation. Sensorimotor 
adaptation refers to the brain's ability to adjust motor commands based on sensory 
feedback, thereby enhancing coordination and movement efficiency.

NEUROPLASTICITY AND PAIN PROCESSING

Both neuroplasticity and sensorimotor adaptation are essential for designing 
effective rehabilitation strategies for neurological and neurodegenerative conditions. 
Recent advancements in pain biomarkers -​ including imaging (MRI, PET), molecular 
assays (e.g., cytokines, proteomics), sensory tests, and neurophysiological methods 
-​ have significant implications for Assistive Augmentation Technologies (AAT), 
Brain-​Computer Interfaces, Exoskeletons, and Soft Robotics.

Brain-​computer interfaces (BCIs) may help alleviate phantom limb pain by en-
abling patients to modulate brain activity or operate prosthetic devices. Likewise, 
robotic exoskeletons with integrated biofeedback systems are increasingly used to 
manage chronic musculoskeletal pain. The National Science Foundation (NSF) and 
the National Institute of Health (NIH) have significantly promoted computational 
modelling in neurorehabilitation. Neurorehabilitation reflects a synergistic integra-
tion of engineering, biotechnology, and clinical practice. NSF-​DARE aims to foster 
multidisciplinary collaborations, particularly in pain management for individuals 
undergoing assistive augmentative rehabilitation (Valero-​Cuevas et al., 2024). Ad-
vanced neuromodulation devices like spinal cord stimulators are being refined using 
sophisticated engineering principles to target and modulate pain signals precisely.

Chronic pain leads to neuroplastic alterations in the anterior cingulate cortex, 
insula, prefrontal cortex, and somatosensory cortices, resulting in decreased gray 
matter and connectivity changes. The central executive, default mode, and salience 
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