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Abstract. This article explores the application of neurofeedback in treating cognitive 

disorders associated with multiple sclerosis (MS). Neurofeedback, a method of biofeedback that 

uses real-time brain activity display to train self-regulation of brain function, shows promise in 

improving cognitive functions in patients with MS. This article reviews the current state of 

research on neurofeedback and its potential benefits for individuals suffering from cognitive 

impairments related to MS. Research findings demonstrate significant improvements in memory, 

attention, and executive functions among MS patients undergoing neurofeedback therapy. 

Moreover, neurofeedback has been associated with enhancements in quality of life and emotional 

well-being, providing a comprehensive therapeutic approach for MS patients. 

Keywords: neurofeedback, multiple sclerosis, cognitive disorders, brain activity, cognitive 

functions. 

 

Introduction. Multiple sclerosis (MS) is a chronic disease of the central nervous system 

characterized by inflammation, demyelination, and neuron loss [1]. Cognitive impairments are a 

common symptom of MS, affecting memory, attention, executive functions, and information 

processing speed [2]. These impairments significantly impact the quality of life and daily activities 

of patients. Neurofeedback has emerged as a potential therapeutic approach to enhance cognitive 

functions in patients with MS. 

According to the National Multiple Sclerosis Society, approximately 50% of MS patients 

experience some form of cognitive impairment during the course of the disease. This can range 

from mild memory problems to more severe cognitive deficits that hinder daily functioning. The 

pathophysiology of MS involves immune-mediated attacks on the central nervous system, leading 

to the formation of lesions and brain atrophy, which are thought to contribute to cognitive decline 

[3].  

Recent advancements in neuroimaging techniques have allowed for a better understanding 

of the neural correlates of cognitive impairment in MS. Functional MRI studies have shown that 

neurofeedback can induce changes in brain activity patterns, potentially compensating for 

damaged neural networks and improving cognitive performance [4]. 

The Role of Neurofeedback in Treating Cognitive Disorders in Multiple Sclerosis 

Neurofeedback is a technique that involves using electronic devices to monitor and provide 

feedback on brain activity, allowing patients to learn to regulate their brain function [5]. By 

training patients to modify their brain activity, neurofeedback aims to improve cognitive and 

behavioral functions. Neurofeedback operates on the principle of operant conditioning, where 

individuals learn to change their brainwave patterns through reinforcement. This process can help 

in enhancing brain plasticity and promoting self-regulation. Various neurofeedback protocols 

target specific brainwave frequencies associated with different cognitive states, thus offering a 

tailored approach to cognitive rehabilitation in MS [6]. 

Cognitive Impairments in Multiple Sclerosis 
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      MS is often accompanied by cognitive impairments, such as memory loss, attention 

difficulties, and executive dysfunction [7]. These cognitive deficits may result from white matter 

damage and cortical atrophy, which are common in patients with MS [8].  In addition to these 

impairments, MS patients often face challenges with information processing speed and verbal 

fluency. Studies have shown that the extent of cognitive impairment in MS can correlate with the 

location and severity of brain lesions observed in MRI scans. For example, lesions in the frontal 

lobe are commonly associated with problems in executive function and working memory [9]. 

Understanding the specific cognitive deficits in MS is crucial for developing effective 

neurofeedback interventions. 

Mechanisms of Neurofeedback 

Neurofeedback operates by providing real-time feedback to patients about their brain 

activity, typically through visual or auditory signals. Patients learn to alter their brainwave patterns 

to achieve desired mental states. The process typically involves the following steps: 

1. Assessment: Initial assessment of brain activity using electroencephalography (EEG). 

2. Training: Patients engage in tasks designed to modulate their brain activity. 

3. Feedback: Immediate feedback helps patients understand and control their brainwaves. 

4. Reinforcement: Repeated sessions reinforce desired brain activity patterns [10]. 

For instance, a patient may be asked to play a simple computer game where their 

brainwaves control the game’s progress. Positive brainwave patterns result in rewards or 

progression in the game, reinforcing those patterns. Over time, patients learn to produce these 

brainwaves even without feedback, resulting in improved cognitive function and symptom 

management [11]. 

Neurofeedback Protocols for MS 

Different neurofeedback protocols target specific brainwave frequencies associated with 

various cognitive functions. Commonly used protocols in MS treatment include: 

-Theta/Beta Training: Aims to increase beta waves (associated with active thinking and 

focus) and decrease theta waves (linked to drowsiness and inattentiveness). 

-Alpha/Theta Training: Focuses on enhancing alpha waves (related to relaxation and 

meditation) while reducing theta waves. 

- SMR Training: Enhances sensorimotor rhythm (SMR) waves, which are associated with 

physical and mental relaxation [12]. 

Additionally, new protocols are being developed that incorporate gamma wave training to 

enhance cognitive functions such as memory consolidation and information processing speed. 

Each protocol is selected based on the individual patient's cognitive profile and specific deficits, 

making neurofeedback a highly personalized treatment approach [13]. 

Efficacy of Neurofeedback in Cognitive Disorders 

Several studies have shown positive outcomes of neurofeedback in treating cognitive 

disorders in MS patients. These studies report improvements in memory, attention, and executive 

functions. For instance, a study by Surmeli and Ertem found significant cognitive enhancements 

in MS patients undergoing neurofeedback training [14]. Another study by Becerra et al. reported 

improved information processing speed and working memory in MS patients after neurofeedback 

sessions [15]. In a randomized controlled trial, patients who received neurofeedback training 

showed greater improvements in cognitive flexibility and attention compared to those who 

underwent traditional cognitive rehabilitation therapies. These results suggest that neurofeedback 
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      may offer unique benefits by directly targeting and modifying brain activity patterns associated 

with cognitive functions [16].]. 

Neurofeedback and Quality of Life in MS 

Beyond cognitive improvements, neurofeedback has been shown to positively impact the 

overall quality of life in MS patients. Enhanced cognitive functions contribute to better daily 

functioning, increased independence, and improved emotional well-being [17]. Patients often 

report feeling more in control of their symptoms and experiencing reduced levels of stress and 

anxiety. A longitudinal study tracking MS patients over a year found that those who received 

regular neurofeedback sessions reported higher satisfaction with their quality of life, fewer 

depressive symptoms, and lower fatigue levels compared to a control group. This highlights the 

potential of neurofeedback not only as a cognitive intervention but also as a holistic approach to 

managing the broader impacts of MS on patient well-being [18]. 

Practical Considerations and Challenges 

While neurofeedback holds promise, its application in clinical settings requires careful 

consideration of several factors: 

1. Accessibility: Availability of trained practitioners and equipment can be limited, 

especially in rural or underserved areas. 

2. Cost: Neurofeedback therapy can be expensive, and not all insurance plans cover it. 

3. Consistency: Regular and consistent sessions are crucial for achieving and maintaining 

benefits, which can be challenging for some patients [19]. 

4. Standardization: There is a need for standardized protocols and guidelines to ensure the 

quality and efficacy of neurofeedback treatments across different clinical settings. Variability in 

training approaches and equipment can lead to inconsistent outcomes [20]. 

5. Patient Motivation: Success with neurofeedback requires active participation and 

motivation from patients. Ensuring patient engagement and adherence to the therapy regimen is 

critical for optimal results [21]. 

Future Directions 

Future research should focus on large-scale clinical trials to further validate the efficacy of 

neurofeedback in treating cognitive disorders in MS. Additionally, exploring the integration of 

neurofeedback with other therapeutic approaches, such as cognitive rehabilitation and 

pharmacotherapy, could provide more comprehensive treatment options. Emerging technologies, 

such as virtual reality and mobile neurofeedback devices, offer new avenues for delivering 

neurofeedback training in more engaging and accessible ways. Research into these technologies 

could expand the reach of neurofeedback and make it a more viable option for a larger number of 

MS patients [22]. Furthermore, investigating the long-term effects of neurofeedback and 

identifying the optimal training duration and frequency will be essential for establishing robust 

treatment protocols [23]. 

Conclusion. Neurofeedback represents a promising non-invasive therapeutic approach for 

managing cognitive impairments in MS patients. By leveraging real-time feedback to modulate 

brain activity, neurofeedback can enhance cognitive functions and improve quality of life. 

Ongoing research and development will be essential to optimize neurofeedback protocols and 

ensure broader accessibility for MS patients. The integration of neurofeedback into standard MS 

treatment regimens could revolutionize the way cognitive impairments are managed, offering 

patients a more active role in their treatment and potentially slowing the progression of cognitive 
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      decline. As the field continues to evolve, collaboration between researchers, clinicians, and 

patients will be key to unlocking the full potential of neurofeedback therapy [24]. 
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