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Abstract 

Parkinson's disease (PD) is characterized by deteriorating motor function, bradykinesia, rigidity, 
tremor, and freezing. Available treatments have not always been effective in fully alleviating these 
symptoms. This review proposes a revolutionary solution in the present case: the possible way ahead 
through integration of brain-computer interfaces (BCIs), soft robotics, and neuroadaptive control 
systems to assist motor function in PD, for a future not only technology to the body but also to extend 
the brain. 

We reviewed the literature available including papers that discussed BCI modalities (EEG, EMG, 
invasive implants), commercially available systems, and soft robotic exosuits. We examined their real-
time responsiveness, neuroplastic integration potential, and feasibility in assisting freezing episodes, 
gait instability, and tremor. Motion prediction algorithms, tactile feedback systems, and AI-augmented 
learning platforms were also analyzed and conceptual mockups for wearable assistive prototypes were 
created to illustrate the therapeutic applications. 

Key findings indicate the feasibility of using non-invasive EEG-based BCIs to detect motor function 
with increasing accuracy. EMG-controlled prosthetic limbs have shown a promise in enhancing stride 
length and stability in preliminary trials. Integration of these AI models has shown to improve 
adaptation to an individual’s movement patterns. Conceptual designs suggest a potential for a portable, 
tremor-dampening wearable device utilizing gyroscopic feedback and predictive control loops. 

Neuroprosthetic systems are a revolution in the treatment of PD, one by which depleting motor 
function can be bypassed by cognitive translation and external prosthetic enhancement. In spite of the 
difficulty of biocompatibility, latency, and availability, these developments will redefine ‘treating’ 
Parkinson’s disease. They will bring about not just movement, but empowerment, to a future where 
the line between humans and machines grows thinner and hope grows stronger.  

Keywords: Brain-computer interface, Parkinson’s disease, neuroprosthetics, soft robotics, motion 
prediction 
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Introduction 

Parkinsonism refers to a collective name for numerous neurological disorders with a range of motor 
dysfunctions. These include resting tremor, muscle stiffness, bradykinesia (slowing of voluntary 
movement), and postural instability, which together impact the execution of daily activities in a person. 
Parkinson's Disease (PD) is the most prevalent and, affects millions of individuals worldwide. PD is a 
neurodegenerative disorder and results from the progressive loss of dopaminergic neurons of the 
substantia nigra pars compacta, a critical component of the midbrain that regulates movement through 
the nigrostriatal pathway. This neuronal depletion leads to an extensive reduction in the concentration 
of dopamine in the striatum and disrupts the delicate balance of excitatory and inhibitory input 
required for synchronized motor activity. 

The clinical symptoms of Parkinsonism greatly compromise quality of life, with increased physical 
dependency, social withdrawal, and emotional distress. The psychological burden of living with a 
chronic disabling illness tends to exacerbate symptoms such as anxiety and depression, further 
diminishing overall well-being. 

Conventional treatment methods to Parkinsonism are mainly founded on pharmacological therapy and 
surgery. Levodopa, the metabolic precursor of dopamine, remains the gold standard treatment and is 
typically combined with peripheral decarboxylase inhibitors to increase central bioavailability. 
Additional pharmacologic treatments include dopamine agonists, monoamine oxidase-B inhibitors, and 
COMT inhibitors, which attempt to augment dopamine activity or mimic its action. In individuals with 
advanced disease in whom medication no longer provides sufficient symptomatic benefit, deep brain 
stimulation (DBS) of nuclei such as the subthalamic nucleus or globus pallidus internus can be 
employed to modulate the aberrant firing patterns of neurons. 

However, these interventions are not suitable for all patients. A vast majority of the Parkinsonian 
population is elderly and frequently encumbered by comorbidities, i.e., cardiovascular disease, diabetes 
mellitus, and cognitive dysfunction, which escalate the risk status of invasive intervention. 
Additionally, the psychological toll of brain surgery, i.e., anxiety and fear, may act as a deterrent with 
adverse implications on treatment adherence and patient outcomes. 

In light of these limitations, there is a strong demand for non-invasive, patient-friendly treatment 
options that not only target the motor impairment but also the emotional state of the victims. This 
paper presents a novel neuroprosthetic approach that combines a soft robotic exosuit with a non-
invasive, electroencephalography (EEG)-based brain-computer interface (BCI). The hybrid system 
aims to restore voluntary motor function by interpreting the user's neural intent and mapping it onto 
assistive motion via the exosuit. 

The EEG-based BCI captures the cortical activity of motor planning and intention, usually from the 
sensorimotor cortex, and decodes it into real-time control of the exosuit, rendering thought-controlled 



 

 

Junior Researchers/ახალგაზრდა მკვლევარები ტ. 3  N 2, 2025 91 

mobility assistance. Unlike invasive neural implants, the approach circumvents surgical risks, thereby 
being more safe for multimorbid and older patients. The soft robotic design also offers comfort, 
flexibility, and wearability, promoting user compliance and long-term acceptance during activities of 
daily living. 

Besides physical support, this paradigm shift in treatment philosophy enhances emotional resilience, 
as patients are empowered by regained autonomy and the potential for environmental control by their 
cognitive faculties. In so doing, it attends to both the functional impairments and the psychological 
dimensions of Parkinsonism, offering a global, human-centered approach to neurorehabilitation. 

Background 

1. Parkinsonism and Its Clinical Challenges 

Parkinsonism covers a broad spectrum of parkinsonian disorders that are beyond idiopathic Parkinson’s 
Disease. These include drug-induced parkinsonism, vascular parkinsonism, and atypical variants such 
as multiple system atrophy and progressive supranuclear palsy. They share common symptoms of 
motor dysfunction but may have different etiologies and progressions. 

The main clinical problem with this disease is its progressive course. As dopaminergic neurons continue 
to degenerate, the patient will find it increasingly difficult to fend for himself. Initially, drugs can 
restore some form of balance, but after some time, they lose their effectiveness while side effects often 
set in, such as dyskinesias (involuntary movements). Also, surgically, DBS remains an option, but it 
holds surgical risk and is very costly. 

2. Exosuits: Aiding the Body 

Exosuits are very light wearable robotic systems that can aid or enhance human movement. In contrast 
to a rigid exoskeleton, exosuits are mostly made up of soft, flexible materials that go around the body 
and assist the natural movement patterns. In rehabilitation medicine, exosuits are proving potential 
benefits to patients suffering from stroke, spinal cord injury, and age-related mobility impairments. 
However, most of the present generation of exosuits, with a few exceptions, are either manually 
operated, or they operate on pre-programmed gait cycles and thus cannot really respond to the user's 
intent. 

3. Brain-Computer Interfaces: Reading the Mind 

BCIs interface the human brain and external devices to enable users to control prosthetic limbs, cursors, 
or even wheelchairs using neural signals. Invasive BCIs involve implanting electrodes directly into the 
cortex, allowing high signal resolution but at the cost of brain surgery and risks. Non-invasive BCIs, 
most frequently using EEG, are safer but noisier and have compromised spatial resolution. However, 
advances in signal processing and machine learning have significantly improved their real-time 
performance. 
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Proposed Model 

Our proposed system is a synthesis of two maturing technologies: soft exosuits and EEG-based BCIs. 
The system architecture includes: 

 EEG Cap: Non-invasive electrodes placed on the scalp, particularly over motor cortex regions 
(e.g., C3, Cz, C4). 

 Signal Acquisition and Processing Unit: Translates EEG signals into machine-readable 
commands using AI/ML-based pattern recognition. 

 Soft Exosuit: Designed to support joints such as knees, ankles, or elbows. It includes actuators, 
sensors, and soft robotics that work in tandem with user intention. 

Workflow: 

1. The user intends to move (e.g., walk or reach). 

2. The motor intention is captured via EEG. 

3. The BCI interprets the signal using a trained ML model. 

4. The exosuit activates, aiding the movement. 

This device offers a closed-loop control system with real-time feedback, allowing intuitive and 
personalized movement assistance. 

Why Non-Invasive Matters 

Our emphasis on non-invasiveness is deeply rooted in patient-centered care. During our presentation, 
this aspect resonated with the audience and judges alike. For elderly patients, surgery is not only risky 
but also psychologically daunting. Comorbidities such as hypertension, diabetes, or anticoagulant 
therapy further increase surgical risks. Furthermore, the idea of brain surgery often invokes fear and 
resistance among older adults. 

By leveraging non-invasive EEG-based BCIs, we eliminate these concerns. The system is external, 
wearable, and can be used in outpatient or home settings. It also allows for iterative adjustments, unlike 
permanent surgical implants. In the long run, the cost of such a system could be significantly lower 
than surgical interventions, thereby making it accessible to a broader population. 

Discussion 

The intersection of neuroscience, robotics, and artificial intelligence creates the new opportunities 
with rehabilitative medicine. While brain-controlled exosuits may sound like science fiction, each 
individual part of the proposed system itself has been realized by proven technologies. EEG-based BCIs 
have already been used for a wide range of applications, from advanced prosthetic limbs to 
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communication systems for patients with locked-in syndrome. And the very same exosuit is slowly 
fading out of the realm of science fiction, having been trialed and even deployed in the real world, for 
gait training and post-stroke rehabilitation. 

Several developments worthy of note have demonstrated the feasibility of building the mechanical 
portion of our proposal: powered exoskeletons from ReWalk and soft robotic exosuits from Harvard. 
Nevertheless, it has already been shown how robotic wearables can genuinely improve the mobility of 
a subject and return autonomy to patients with impaired lower limbs. 

In this case, it is the integration within such a system of non-invasive EEG control that introduces new 
challenges and novel complexity. EEG signals are highly vulnerable to artifacts, especially noise from 
muscle activity, i.e., EMG contamination; or interference from an electromagnetic environment; or 
even tiny changes in electrode placement. This variability calls for advanced noise-cancellation 
algorithms and machine learning models that can adapt real-time to this vagary of signal. Because of 
the inter-subject variability, BCI training needs to be individualized, as no two patients will produce 
identical brainwave patterns in response to motor intention. 

Expected Results and Future Work 

Anticipated outcomes from a functioning prototype include: 

 Enhanced gait stability and movement coordination. 

 Reduction in fall incidence among Parkinsonian patients. 

 Increased sense of independence and quality of life. 

 High compliance rates and low rejection due to non-invasiveness. 
 

Future directions will involve rigorous clinical validation. Initially, trials will begin with healthy 
individuals to optimize device control and feedback systems. Following this, small patient cohorts will 
be tested to assess usability, comfort, and motor improvement. 

Simultaneously, machine learning models will be trained on individual EEG patterns to support 
personalized control. Long-term development will focus on: 

 Miniaturization of components for comfort and aesthetics. 

 Wireless signal processing and control modules. 

 Smartphone applications for real-time feedback and remote monitoring. 

 Cloud-based platforms for data logging and therapist coordination. 
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This research aims to pave the way for a market-ready device that bridges cutting-edge science 
with real-world usability, embodying the principle that medicine must evolve not only to cure but 
also to care. 

Conclusion 

The integration of non-invasive Brain-Computer Interfaces with soft robotic exosuits is not only an 
engineering innovation, but a human solution to an acute clinical problem. Parkinsonian motor 
impairment robs patients of autonomy and dignity, two qualities difficult to recover once lost. In 
proposing a system that avoids the risks of surgery, naturally responds to the intention of the user, and 
adapts to their personal neural patterns, we would see a world where technology is a part of the self 
and not a foreign instrument. 

Our method is consistent with the fundamental principles of contemporary medicine: safety, 
effectiveness, and patient-centeredness. It defies the idea that sophisticated care should be invasive or 
threatening. Rather, it promotes a paradigm where rehabilitation can be empowering, even elegant, by 
intelligence, not invasion. 

Success will depend on cross-disciplinary collaboration among neuroscience, biomedical engineering, 
computer science, and clinical rehabilitation. But the reward is tantalizing: bringing movement, self-
control, and hope to individuals too often left on the sidelines by diagnosis. It is not a technological 
goal, it is an ethical imperative. Through this book, we aim not only to improve movement but also to 
envision what high-tech, empathetic care can look like in the era of aging populations and rising 
chronic disease. 

They will be as common in the future as hearing aids and canes once were, discreet, tailored, and 
transformative. And along the way, they will also remind us that even in the face of neurodegeneration, 
the human spirit, and its capacity to adapt, remains unconquered. 
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Figures & Illustrations: 

Figure 1: EEG-controlled exosuit concept sketch

 

Figure 2: Data flow diagram: EEG signal to movement

 
 

Figure 3: Prototype full-body exosuit 
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Figure 4: Tremor Dampening exosuite prototype design 

 



 

 

Junior Researchers/ახალგაზრდა მკვლევარები ტ. 3  N 2, 2025 98 

 

Disclosure: 

Acknowledgement 

The author gratefully acknowledges the invaluable contributions of Sonia Shah and Zainab Hashmi of 
Tbilisi State Medical University whose collaboration, research insights, and critical feedback 
significantly shaped the development of this work. 

Ethical Approval 

Ethical Approval was not required for this study 

Declaration of patient consent 

Patient’s consent was not required as there are no patients in this study. 

Financial support and sponsorship 

Nil. 

Conflicts of Interest 

There are no conflicts of interest. 


