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Cardiovascular diseases remain one of the main causes of mortality in the world. 

According to the World Health Organization, it is heart and vascular pathologies that 

cause the largest number of deaths among all non-communicable diseases every year. 

In connection with the aging of the population, the spread of a sedentary lifestyle, stress 

factors, obesity and diabetes, the problem of early detection of cardiac pathologies is 

becoming particularly urgent [1]. Traditional diagnostic methods, despite their high 

informativeness, mostly allow assessing the patient's condition only during the 

examination. This significantly complicates the detection of short-term or hidden heart 

rhythm disturbances, which can occur only under certain conditions. That is why 

modern medicine is actively developing areas of continuous monitoring of 

physiological indicators using wearable intelligent devices. 

One of the most promising areas is the use of neuroheadsets, which combine the 

capabilities of electroencephalography, modern sensor technologies, artificial 

intelligence and wireless means of information transmission. Such devices open up 

fundamentally new opportunities for a comprehensive analysis of the relationship 

between the activity of the central nervous system and the functioning of the 

cardiovascular system [2]. The use of neuroheadsets allows not only to monitor the 

electrical activity of the brain, but also to simultaneously control heart rate, heart rate 

variability, level of physical activity, stress indicators, blood oxygen saturation and 

other physiological parameters. A comprehensive analysis of such data creates the 

prerequisites for a more accurate prediction of the development of cardiac diseases. 

Neuroheadset is a compact wearable electronic device that records the 

bioelectrical activity of the brain using electroencephalographic sensors. Modern 

models are equipped with dry or semi-dry electrodes, which greatly simplifies their use 

in everyday life. Unlike classic medical electroencephalographs, which require special 

patient training and the use of contact gel, modern neuroheadsets can be used almost 

anywhere without the help of medical personnel. This significantly expands the scope 

of their practical use. 

Most modern models are equipped with high-speed wireless interfaces Bluetooth or 

Wi-Fi, which provides real-time data transmission to smartphones, tablets or cloud 

services. Additionally, devices may contain accelerometers, gyroscopes, 

photoplethysmographic sensors, body temperature sensors, skin conductivity meters and 
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other biometric modules. The combination of a large number of information sources 

allows you to create a comprehensive digital profile of the functional state of a person . 

It is known that the activity of the cardiovascular system is closely related to the 

functioning of the central and autonomic nervous systems. The heart rhythm is 

regulated by a complex interaction of the sympathetic and parasympathetic divisions 

of the autonomic nervous system. Violations of this balance often accompany the 

development of arterial hypertension, coronary heart disease, heart failure, atrial 

fibrillation and other pathological conditions. That is why the analysis of 

electroencephalographic signals can provide additional information about the 

mechanisms of development of cardiac diseases. 

Researchers pay special attention to studying the relationship between the spectral 

characteristics of electroencephalographic signals and heart rate variability indicators. 

Heart rate variability is one of the most important biomarkers of the functional state of 

the autonomic nervous system and is widely used in modern cardiology. A decrease in 

variability indicates a violation of the body's adaptation mechanisms and is associated 

with an increased risk of developing cardiovascular diseases. Simultaneous analysis of 

electroencephalographic indicators allows us to establish what changes in the activity 

of the central nervous system precede the occurrence of heart rhythm disturbances. 

In addition to assessing heart rate variability, modern studies are actively 

analyzing the correlation between the activity of individual electroencephalographic 

rhythms — alpha, beta, theta, and delta waves — and the functional state of the 

cardiovascular system. It has been established that changes in the spectral power of 

these rhythms may be associated with the level of psychoemotional stress, chronic 

stress, anxiety, and autonomic disorders. These factors often act as triggers for the 

occurrence of arrhythmias or other cardiac pathologies. Therefore, a comprehensive 

analysis of electroencephalographic and cardiological indicators provides a more 

complete picture of the state of the body. 

One of the main advantages of using neuro-headsets is the possibility of long-term 

continuous monitoring of physiological parameters in natural conditions of human life. 

Traditional electrocardiographic studies, even with the use of daily Holter monitoring, 

mostly record only the electrical activity of the heart. At the same time, there is 

practically no information about the state of the central nervous system, which is 

directly involved in the regulation of cardiac activity. Neuro-headsets allow 

simultaneous registration of electroencephalographic signals, cardiac activity 

parameters, motor activity indicators and physiological reactions of the body to 

external stimuli. Such a comprehensive approach significantly expands the diagnostic 

capabilities of modern cardiology and allows assessing the functional state of the body 

in dynamics. 

Of particular value is the fact that continuous monitoring allows you to detect 

episodic heart rhythm disturbances that do not appear during a short-term medical 

examination. Many forms of arrhythmias occur only in certain situations: during 

physical exertion, strong emotional stress, sleep or changes in body position. That is 

why long-term observation provides a more complete clinical picture and increases the 

likelihood  of  timely  establishment  of  the  correct  diagnosis.  In  addition,  the 
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accumulation of large amounts of physiological data creates the basis for 

individualizing treatment and assessing the effectiveness of the prescribed therapy. 

Artificial intelligence technologies play an important role in modern diagnostic 

systems. The amount of information generated during multi-hour or multi-day 

monitoring is so large that its full analysis is practically impossible without the use of 

automated processing methods. To solve this problem, machine learning algorithms, 

deep learning methods, artificial neural networks, ensemble models, decision trees and 

other modern intelligent technologies are used [3]. Their use allows you to 

automatically find complex hidden patterns between the parameters of 

electroencephalography and cardiac activity, which are difficult to detect using 

traditional statistical methods. 

Machine learning systems can be trained on tens of thousands of biomedical 

signal records, which provides high accuracy in classifying various pathological 

conditions. After training, the model is able to analyze new records in real time, 

automatically determining the probability of certain cardiovascular diseases. This 

approach significantly reduces the time for processing information, increases the 

objectivity of diagnostic conclusions and reduces the influence of the human factor. 

Researchers pay special attention to predicting the development of arrhythmias. 

By simultaneously analyzing heart rate variability, spectral characteristics of 

electroencephalographic signals, the level of physical activity, and the patient's 

psychoemotional state, artificial intelligence algorithms can identify early signs of the 

development of a pathological process even before clinical symptoms appear. This 

opens up fundamentally new opportunities for preventive medicine. 

In recent years, the use of deep learning models has been actively developing. In 

particular, convolutional neural networks are effectively used for automatic analysis of 

electroencephalographic and electrocardiographic signals, recurrent neural networks 

are used for time series prediction, and transformer architectures demonstrate high 

efficiency in the analysis of long-term biomedical records. The combination of these 

models allows to significantly increase the reliability of early detection of pathological 

changes in the cardiovascular system. 

An important direction is the assessment of a person's psycho-emotional state. It 

is known that prolonged stress, depressive states, increased anxiety and chronic 

psycho-emotional overstrain negatively affect the activity of the cardiovascular 

system. Under the influence of stress factors, the sympathetic nervous system is 

activated, the secretion of catecholamines increases, blood pressure and heart rate 

increase. Long-term preservation of such a state significantly increases the risk of 

developing coronary heart disease, arterial hypertension, myocardial infarction and 

other cardiovascular pathologies [1]. 

Neuro-headsets allow to assess the level of cognitive load, the degree of 

concentration of attention, emotional stress, fatigue and other characteristics of the 

functional state of the central nervous system. The combination of these data with 

indicators of cardiac activity creates the possibility of forming personalized 

recommendations regarding the work and rest regime, physical activity, psychological 

rehabilitation and prevention of cardiovascular diseases. Such an approach corresponds to 
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the concept of personalized medicine, which involves individual selection of preventive 

and therapeutic measures depending on the characteristics of a particular patient. 

The integration of neuro-headsets with mobile applications and cloud information 

platforms provides a fundamentally new level of medical surveillance organization. 

Data can be automatically transmitted to specialized servers, where their accumulation, 

long-term storage, statistical analysis and construction of predictive models are 

performed. The doctor gets the opportunity to remotely monitor the patient's condition, 

view monitoring results almost in real time and promptly respond to the appearance of 

dangerous deviations. 

The integration of neuro-headsets with modern wearable cardiological devices 

opens up significant prospects. If earlier electroencephalography, electrocardiography 

and other methods of functional diagnostics were used separately, today the concept of 

multi-sensor monitoring systems is being formed. Such systems combine 

electroencephalographic sensors, electrocardiographic sensors, 

photoplethysmographic modules, blood oxygen saturation sensors, body temperature, 

blood pressure, respiratory rate and physical activity. The simultaneous use of 

information from different sources allows you to get a much more complete picture of 

the functional state of the body than the analysis of individual indicators. 

Particularly important is the possibility of combining information about the 

activity of the brain and the cardiovascular system. For example, an increase in the 

level of psychoemotional stress, which is recorded by changes in 

electroencephalographic signals, may be accompanied by an increase in heart rate, 

changes in heart rate variability, increased blood pressure and changes in peripheral 

circulation. A comprehensive analysis of such changes allows us to establish cause-

and-effect relationships between the functioning of the nervous and cardiovascular 

systems, which significantly increases the reliability of diagnostic conclusions. 

A separate direction of development is the use of human digital twins 

technologies. In this case, the results obtained from the neuro-headset and other sensors 

are used to form a mathematical model of a specific patient. Such a model is constantly 

updated in accordance with current physiological indicators and allows you to predict 

possible changes in health. The use of digital twins opens up the possibility of modeling 

various treatment scenarios, assessing the effectiveness of drug therapy and predicting 

the risk of cardiovascular complications. 

The use of neuro-headsets in telemedicine systems is becoming increasingly 

important. Modern information and communication technologies provide the 

transmission of large volumes of biomedical data via the Internet with minimal delays. 

This allows for continuous remote monitoring of patients regardless of their location. 

This approach is especially relevant for residents of remote settlements, the elderly, 

patients after myocardial infarction or cardiac surgery, as well as people at high risk of 

cardiovascular complications. 

In telemedicine systems, measurement results are automatically transmitted to a 

medical center, where they are pre-processed, analyzed, and compared with the 

patient's individual normative indicators. In case of detection of dangerous changes, 

the software can automatically generate a message to the doctor or the patient himself. 
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Such a mechanism allows to significantly reduce the response time to the development 

of acute pathological conditions and increase the efficiency of medical care. 

Cloud technologies play an important role in the functioning of such systems. The 

use of cloud platforms provides centralized storage of large amounts of biomedical 

data, their backup, quick access to information and the possibility of collaboration 

between doctors of different specialties. In addition, the accumulated data can be used 

to train new artificial intelligence models, which ensures constant improvement of 

automatic diagnostic algorithms. 

Modern biomedical signal analysis algorithms increasingly use multimodal machine 

learning methods. Unlike traditional approaches that analyze only one type of signal, 

multimodal models simultaneously process electroencephalographic recordings, 

electrocardiograms, photoplethysmographic signals, physical activity data, sleep quality 

indicators, and other physiological parameters. This allows for more accurate predictive 

models and significantly reduces the number of false positives and false negatives. 

In recent years, generative artificial intelligence models have gained significant 

development, which can be used to restore noisy biomedical signals, generate 

additional training samples, and increase the robustness of classification algorithms. 

The use of such models allows to improve the quality of electroencephalographic signal 

analysis even in the presence of motion artifacts or electromagnetic interference, which 

is an important advantage during long-term monitoring. 

Another promising direction is the application of explainable artificial 

intelligence technologies . Artificial Intelligence , XAI ). One of the main problems of 

modern deep neural networks is the lack of transparency in the decision-making 

process. XAI methods allow us to determine which characteristics of 

electroencephalographic or cardiological signals were the basis for forming a specific 

diagnostic conclusion. This increases the confidence of doctors in automated decision-

support systems and facilitates their clinical implementation. 

At the same time, the widespread use of neuro-headsets is associated with the need 

to ensure a high level of cybersecurity and protection of personal medical data. Biomedical 

information belongs to the category of confidential data, therefore, during its transmission 

and storage, it is necessary to use modern cryptographic protection methods, multi-factor 

authentication mechanisms, digital certificates and access control systems. Compliance 

with international information security standards is a prerequisite for the widespread 

implementation of intelligent monitoring systems in practical medicine. 

Studies conducted in recent years demonstrate that the use of complex analysis of 

electroencephalographic and cardiological indicators allows to increase the accuracy 

of early detection of cardiovascular diseases, improve the prediction of the 

development of complications and ensure more effective control of the course of 

chronic pathologies. That is why neuro-headsets are gradually moving from the 

category of experimental devices to practical tools of digital medicine and personalized 

cardiology. Therefore , the use neuroheadset for diagnosing cardiological diseases 

there are promising direction development modern medical Informatics . The 

combination of electroencephalography capabilities, wearable sensor technologies, and 

artificial intelligence allows for the creation of new intelligent systems for early 
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diagnosis of cardiovascular diseases [2, 3]. Further development of such technologies 

will contribute to increasing the effectiveness of prevention, treatment, and monitoring 

of patients with cardiac pathologies. 
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ЕФЕКТИВНІСТЬ КОЛАГЕНОВИХ ГУБОК ДЛЯ 

ЗБЕРЕЖЕННЯ ОБ'ЄМУ АЛЬВЕОЛЯРНОГО 

ВІДРОСТКА ПІСЛЯ ЕКСТРАКЦІЇ ЗУБА 

Демчук Назар 

асистент 

Кафедра стоматології 

Луганський державний медичний університет, Україна 

Анотація. Після екстракції зуба відбувається значна кісткова резорбція 

альвеолярного відростка, що в подальшому ускладнює протезування та 

імплантацію. Метою дослідження є аналіз ефективності колагенових губок як 

біоматеріалу для збереження кісткового об'єму альвеолярного відростка після 

видалення зуба. Було проведено огляд сучасної літератури з використанням 

систематичного огляду та мета-аналізу, клінічного випадку та оглядової статті. 

Встановлено, що колагенові губки зменшують кісткову резорбцію 

горизонтальних та вертикальних розмірів альвеолярного відростка, сприяють 

формуванню нової кісткової тканини та мають сприятливий профіль 

біосумісності. З'ясовано, що застосування колагенових губок як самостійного 

матеріалу без додаткових бар'єрних мембран може зменшити тривалість та 

вартість хірургічного втручання. Отримані результати свідчать про 

перспективність колагенових губок у протоколах збереження альвеолярного 

відростка. 

Ключові слова: альвеолярний відросток, збереження альвеолярного 

відростка, колагенова губка, кісткова регенерація, видалення зуба. 
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