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NEW ERA IN THE TREATMENT OF CHRONIC HEART FAILURE
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Abstract. Heart failure is one of the most urgent problems of medicine, because the number of patients suffering 

from this pathology continues to grow steadily. The arsenal of drugs for the treatment of chronic heart failure has 
been replenished with new samples that have demonstrated significant effectiveness in improving the course and 
prognosis of patients in this cohort. However, the search for other promising drugs continues.

The aim of our work is to summarize existing scientific data on the effect of sodium-glucose cotransporter-2 
inhibitors, vericiguat, omecamtiv mecarbil on the clinical course and prognosis in patients with chronic heart failure, 
as well as the analysis of current clinical studies aimed at evaluating hemodynamic effects, tolerability and safety of 
experimental drugs in patients with chronic heart failure.

The positive effects of sodium-glucose cotransporter-2 inhibitors have led to their inclusion in European 
guidelines for treating patients with chronic heart failure, regardless of left ventricular ejection fraction.

Vericiguat is recommended for patients with NYHA class II-IV chronic heart failure and reduced left ventricular 
ejection fraction who have decompensated heart failure within the past 3 months despite receiving optimal chronic 
heart failure therapy.

Omecamtiv mecarbil has been considered a promising drug for the treatment of heart failure due to its ability to 
reduce the primary composite endpoint compared to placebo for many years. However, in 2023, the US Food and 
Drug Administration refused to approve omecamtiv mecarbil for the treatment of adult heart failure patients with 
reduced left ventricular ejection fraction, citing insufficient evidence of the drug’s effectiveness.

Development of new drugs for patients with chronic heart failure opens up new opportunities to improve the 
quality of life and prognosis of patients. Ongoing clinical trials of experimental drugs give hope for breakthrough 
results.
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In modern dentistry, one of the problems that needs to be urgently addressed is the determination and evalua-
tion of masticatory efficiency, in particular, a reliable assessment of masticatory pressure at the time of occlusion. 
Occlusion is a system of integrated structures that ensure the interconnection of tooth contacts, which is based on 
the morphological and functional state of the maxillary joint and the neuromuscular system in general. The purpose 
of our study is to analyse the existing data on methods for determining and evaluating chewing efficiency, in par-
ticular, bite force and chewing pressure in people of different ages and genders. We conducted a systematic review 
and analysis of the literature with a depth of 10 years based on PubMed, Google Scholar, ScienceDirect, Scopus, 
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Connection of the publication with planned 
research works.

The work was performed within the framework of 
the planned research work of National Pirogov Memori-
al Medical University, Vinnytsya on the topic: «Somato-
viscerometric features of the human body in different 
periods of ontogenesis», state registration number 
0121U113772.

Introduction.
In modern prosthetic dentistry, one of the problems 

that requires urgent solution is a reliable assessment of 
masticatory pressure at the time of occlusion. Occlusion 
is a system of integrated structures that ensure the 
interconnection of tooth contacts, which is based on 
the morphological and functional state of the maxillary 
joint and the neuromuscular system as a whole, since 
it is responsible for the chewing function associated 
with opening and closing the mouth [1]. The solution 
to this problem is of undeniable practical importance 
for improving the functioning of implants or dentures, 
as well as for monitoring the condition of patients with 
dental injuries after treatment, and for assessing the 
morphological and functional state of the dentoalveolar 
system in people with bruxism. Scientists emphasize 
the importance of assessing the human bite from the 
standpoint of practical interest in such fields as human 
anatomy and physiology, dietetics and pharmacology 
[2]. Thus, the scientific interest in determining the 
chewing pressure is due to the relationship between 
the amount of chewing pressure and the correct bite 
and anatomical position of the teeth. The bite force is 
the force generated by the masticatory muscles at the 
moment of occlusion. This indicator serves as a basis for 
assessing the effectiveness of various dental procedures, 
including orthopedic and orthodontic treatment; or 
for determining the impact of such deformities of the 
masticatory system as malocclusion [3].

In most modern studies, to evaluate the 
effectiveness of the masticatory system, the bite force, 
masticatory pressure, masticatory efficiency, and 
bioelectrical activity of the masticatory muscles are 
determined using a variety of devices that differ in their 
operating principles and design. However, according 
to some researchers, most devices are not able to 
record all the necessary efforts and satisfy the tasks 
[4]. In addition, the literature we have studied lacks a 
systematic approach to comparing different devices for 
determining indicators of masticatory function, taking 
into account the age and gender characteristics of the 
subjects.

The aim of the study. 
To analyse the existing literature on methods of 

determining and evaluating chewing efficiency, in 

particular: bite force and chewing pressure in people of 
different ages and sexes.

Main part.
In writing this paper, we used analytical and synthetic 

research methods, the scientific basis of which was the 
use of deduction and induction. The search for literature 
sources over the past 10 years was based on databases: 
PubMed, Google Scholar, ScienceDirect, Scopus, Web 
of Science, UpToDate. Combinations of the following 
keywords were used to search for information: Dental 
prescale, prescale film, masticatory performance, 
occlusal contact, mastication, pressure, which were 
further processed. When reading the full text of the 
articles, we focused on a detailed analysis of 30 sources 
that met the conditions of the literature search.

Our literature search has raised a number of issues 
that require detailed study. Firstly, modern methods of 
determining chewing pressure and bite force. 

Bite force has been studied using various 
measurement methods. The first experimental study 
of the chewing force was performed by Borelli, it 
dates back to 1681, it was the world’s first use of 
gnathodynamometry in dentistry, but in this experiment, 
not only the masticatory muscles but also the cervical 
muscles participated in holding the load. Later, Black 
and Thiessenbaum proposed a different structure of 
the gnathodynamometer, which is closer to the modern 
one in terms of mechanism and structure. A digital 
gnathodynamometer consists of a forked bite plate 
and a plastic housing. The use of a high-precision strain 
gauge and electronic circuitry makes it possible to obtain 
accurate pressure readings [5]. Gnathodynamometry, as 
a method of measuring chewing pressure, has certain 
disadvantages. After all, it measures only vertical 
chewing pressure, not horizontal pressure, which does 
not allow us to fully assess the effectiveness of chewing.

When using electromyography, we can determine 
the electrical activity of the masticatory muscles during 
chewing, but this method does not take into account 
the condition of the teeth, periodontium, the presence 
of structures in the oral cavity, which directly affects 
chewing efficiency [6].

Studies have been conducted in which muscle 
sedation was performed with appropriate drugs to 
determine their effect on bite force and how this would 
affect chewing efficiency [7].

Load cells use electrical resistance to detect 
pressure. Some publications report the use of these 
devices to measure the maximum bite force of a person. 
The range of forces ranging from 50 to 800 N inclusive 
was found [8].

A wide range of results on bite force is associated 
with several factors such as body mass index, gender, 

Web of science, UpToDate databases. Solving the problem of determining and evaluating chewing efficiency is of 
direct practical importance for orthopedic and orthodontic treatment, and scientific and practical interest in solving 
this problem is observed in such fields as human anatomy and physiology, nutrition and pharmacology. Bite force 
and chewing pressure are studied using various measurement methods: gnathodynamometry; electromyography; 
muscle sedation with appropriate drugs to determine chewing efficiency; use of strain gauges to determine electrical 
resistance, fibre optic Bragg gratings, piezoelectric pressure transducers; occlusiography. However, according to the 
results of our literature analysis, we found that there is no structured approach to comparing different methods for 
determining indicators of chewing function, taking into account the age and gender characteristics of the subjects.  

Key words: chewing efficiency, chewing pressure, bite force, methods of determination.
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muscle strength, age and changes associated with it, 
craniometric variability, periodontal condition and 
psycho-emotional stress, constitutional characteristics, 
etc. [9, 10, 11].

Recently, fiber-optic Bragg gratings have been used, 
which are widely used in biomechanics and biomedicine. 
They have a number of advantages over piezoelectric or 
other solid-state sensors. Optical fiber Bragg gratings 
are tiny in size and light in weight  – a typical grating is 
3mm long and has a fiber diameter of 250µm (125µm 
without the sheath) [9]. This fiber is non-conductive and 
resistant to electrical and radio frequency interference. 
Bragg’s fiber is more resistant to temperature and 
pressure fluctuations, and has the flexibility and ability 
to adapt to complex shapes. Optical fiber polymers can 
be used in instruments that require sterilization. They 
are also resistant to corrosion [12, 13, 14].

In some cases, piezoelectric transducers have been 
used, using quartz or other crystalline materials as 
the main material in the mechanism, because due to 
their structure, crystals are able to create charges on 
their surface [15], which are proportional to the rate 
of change of force. However, it is known that certain 
piezoelectric devices provide unreliable readings [16].

Pressure transmitters consist of a cavity that is 
filled with gas or liquids. When a force is applied to the 
contents of the cavity, the pressure inside increases, and 
this pressure can be transferred to a pressure gauge for 
measurement. Depending on the type, they are divided 
into pneumatic (with a gas medium) or hydraulic (with 
a liquid medium). Such a device was developed by S. 
Braun. The device consists of a fiber-reinforced sterilised 
rubber tube connected to a pressure sensor (PX-300 
1KGV) [4, 17, 18].

It is worth mentioning the T Scan system, which is 
an occlusal analysis system developed by Tekscan for 
performing occlusiograms. The system processes the 
data and displays the sequence of occlusal contacts 
along with relative force data in real-time. The main 
advantage of the T-scan is a thin sensor, thanks to which 
we can assess the bite force and the area of occlusal 
contacts in the intercuspal position [19]. The system has 
been criticized because sometimes the readings were 
erroneous and a narrow range of occlusal force was 
reported [14, 20].

Secondly, there is the problem of determining 
and evaluating masticatory pressure and masticatory 
efficiency, taking into account the factor of sexual 
dimorphism and age heterogeneity in dentistry [21]. 
Our attention was drawn to the study by H. Edmonds 
and H. Glowacka [22], which searched for review and 
experimental studies to determine the bite force in 
people of different ages and genders, as well as to 
study various means of measuring the maximum bite 
force. The importance of the average value of chewing 
pressure depending on gender, age (dentition), ethnicity, 
place and side of the bite, as well as the devices used 
to measure bite force was emphasized. It was noted 
that the individuality of the bite force in different types 
of dentition varied from 246.22 N (220.47; 274.98) 
to 311.72 N (255.99; 379.59) and 489.35 N (399.86; 
598.87), respectively. The results of this systematic 
review provided valid and useful baseline reference 
values for maximum pressure force, which is important 
for clinicians and researchers.

As bite force is essentially the ability of the jaw 
musculature to apply maximum force to the lower 
teeth against the upper teeth under certain positive 
conditions, the determination of maximum voluntary 
or forced bite forces and their variance, respectively, 
is an important criterion for assessing a healthy or 
abnormal mouth. Determination of occlusion and 
the forces applied to the dentoalveolar system during 
occlusion in dentition pathology further contributes to 
the quantification of various clinical complications in 
patients [23].

The determination of masticatory pressure using 
various types of devices helps to diagnose pathologies 
such as malocclusion, caries, temporomandibular joint 
or muscle disorders, and early tooth loss in a timely 
manner [24].

According to the literature search [25], various 
parameters are used for clinical assessment of 
masticatory efficiency, including masticatory force and 
determination of the maximum bite force. However, 
chewing performance and electromyographic activity 
cannot be determined in quantitative and numerical 
parameters, unlike maximum bite force. Literature 
data [18] link the maximum bite force and its impact 
on health, including in children of different ages. 
However, there is uncertainty regarding the calibrated 
values of maximum bite force in children of different 
ages. This may be due to the presence of different sites 
and units, or multiple devices, used to assess chewing 
force. In addition, the absence of baseline criteria for 
primary, mixed and permanent dentitions necessitates 
a quantitative assessment of the average level of bite 
force [26].

Sex differences in certain age groups and differences 
between age groups of different sexes were analyzed, 
and the relationship between chewing ability and 
factors such as sex, age and individual oral functions 
was identified. The criteria used for the study were 
oral functions, the number of functional teeth and 
anthropometric measurements. The study found that 
the development of masticatory function had gender-
specific characteristics, with male children, adolescents 
and adults showing higher masticatory performance 
than girls and women. It was determined that the 
chewing performance of the subjects was significantly 
related to the number of functional teeth, maximum 
occlusal force and tongue pressure [22].

In addition, age – and gender-specific features of 
maximum tongue pressure, maximum occlusal force, 
motor function of the tongue and lips, as well as the 
relationship between parameters in children of different 
ages and young adults were identified. The authors point 
out a clear increase in oral functions with age in male 
subjects and a significant decrease in maximum tongue 
pressure in girls and women. This gives them reason to 
believe that with increasing age groups, the maximum 
occlusal force, maximum tongue pressure, and tongue 
and lip motility increase in males [27].

Scientists also pay attention to the ontogenetic 
features of the human masticatory apparatus, 
characterized by an increase in such indicators as 
chewing efficiency and bite force during growth and 
development. To date, there are known force criteria 
for molar and incisor bites in humans, [28] but there is 
insufficient data on determining bite force for all types 
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of teeth or age-related features of bite force potential. 
Various bite force models can be used to predict the 
bite force at different points of the bite in the adult 
population, such as the limited leverage model [29].

However, R. Godinho et al. [30] checked the literature 
available to us almost no data whether the limited 
leverage model can accurately predict the bite force 
potential of children and adolescents. They compared 
theoretically obtained bite force data with experimental 
results in an ontogenetic context. It was tested whether 
the parameters of maximum bite force increase along 
the dentition during ontogeny, whether it is possible to 
estimate the bite force model using the limited leverage 
model matching patterns, and whether concomitant 
changes in the leverage of the adductor muscle would 
be associated with a decrease or increase in bite force 
along the dentition and throughout ontogeny [30]. Their 
results indicate that the maximum bite forces increase 
during ontogeny and changes occur along the dentition, 
especially in the posterior parts of the dentition. This 
confirms the importance of the limited lever model for 
predicting bite force parameters in different conditions 
[22].

Thus, in our opinion, standard basic parameters of 
bite force are needed to diagnose dentition anomalies 
depending on age and gender, location and side of the 
teeth, type of equipment and ethnicity. And this, in turn, 

is necessary for compiling the definition of chewing 
pressure in children of different ages and the use of 
appropriate devices.

Conclusions. 
Despite the contradictory results regarding the 

use of different methods for determining masticatory 
function, most data indicate the importance of this 
problem for orthopedic and orthodontic treatment. The 
effectiveness of the chewing function is determined by 
the values of chewing pressure and bite force. In the 
literature we studied, there is no systematic approach 
to comparing different devices for determining the 
indicators of chewing function, taking into account 
the age and gender characteristics of the subjects. 
Therefore, there is an urgent need to determine the 
appropriate parameters of chewing efficiency for the 
diagnosis of dentition anomalies, depending on the 
location and side of the teeth, type of equipment and 
research methods, age, gender and ethnicity of the 
subjects.

Prospects for further research.
In the future, additional data are needed to 

determine the chewing efficiency based on the study 
of chewing pressure in practically healthy individuals of 
different sexes of a certain period of ontogeny belonging 
to a separate ethno-territorial region of Ukraine. 
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ОСНОВНІ МЕТОДОЛОГІЧНІ АСПЕКТИ ВИЗНАЧЕННЯ ЖУВАЛЬНОЇ ЕФЕКТИВНОСТІ
Іванов Р. О., Зверхановський О. А., Сарафинюк Л. А., Андрощук О. В., Татаріна О. В.
Резюме. У даній роботі представлено огляд наукової літератури, що стосується проблеми визначення та 

оцінки жувальної ефективності з використанням різноманітнітних пристроїв і методів та врахуванням факто-
ру статевого диморфізму та вікової неоднорідності в стоматології. 

Метою нашої роботи є проаналізувати існуючі дані щодо методів визначення та оцінки жувальної ефек-
тивності, зокрема: сили прикусу та жувального тиску в осіб різного віку та статі. Нами було проведено систе-
матичний огляд та аналіз літератури глибиною 10 років на основі баз PubMed, Google Scholar, ScienceDirect, 
Scopus, Web of science, UpToDate. Під час пошуку інформації було застосовано комбінації таких ключових слів: 
Dental prescale, prescale film, masticatory performance, occlusal contact, mastication, pressure, які в подальшо-
му були опрацьовані. Вирішення проблеми визначення та оцінка жувальної ефективності має безпосереднє 
практичне значення для ортопедичного й ортодонтичного лікування, а науково-практичний інтерес до вирі-
шення даної проблеми спостерігається у таких галузях, як анатомія та фізіологія людини, дієтологія та фарма-
кологія. Сила прикусу та жувальний тиск вивчають за допомогою різних методів вимірювання: гнатодинамо-
метрії; електроміографії; седації м’язів відповідними препаратами для визначення жувальної ефективності; 
використання тензодатчиків для визначення електричного опору, оптоволоконних брегговських решіток, 
п’єзоелектричних перетворювачів тиску; оклюзіографія. Але за результатами проведеного нами літератур-
ного аналізу була встановлена відсутність структурованого підходу до порівняння різних методів для визна-
чення показників жувальної функції. Крім того, потрібні стандартні базові параметри жувальної ефективності 
для діагностики аномалій зубного ряду в залежності від віку та статі, місця та боку розташування зубів, виду 
апаратури та етнічних особливостей.

Ключові слова: жувальна ефективність, жувальний тиск, сила прикусу, методи визначення.

MAIN METHODOLOGICAL ASPECTS OF DETERMINING THE CHEWING EFFICIENCY
Ivanov R. O., Zverkhanovskyi O. A., Sarafiniuk L. A., Androshchuk O. V., Tatarina O. V.
Abstract. This paper presents a review of the scientific literature on the problem of determining and evaluating 

masticatory efficiency using various devices and methods and taking into account the factor of sexual dimorphism 
and age heterogeneity in dentistry. 

The purpose of our work is to analyze the existing data on methods for determining and assessing chewing efficiency, 
in particular, bite force and chewing pressure in people of different ages and genders. We conducted a systematic 
review and analysis of the literature with a depth of 10 years based on PubMed, Google Scholar, ScienceDirect, 
Scopus, Web of Science, UpToDate databases. Combinations of the following keywords were used to search for 
information: Dental prescale, prescale film, masticatory performance, occlusal contact, mastication, pressure, which 
were further processed. The solution of the problem of determining and evaluating masticatory efficiency is of 
direct practical importance for orthopedic and orthodontic treatment, and scientific and practical interest in solving 
this problem is observed in such fields as human anatomy and physiology, nutrition and pharmacology. Bite force 
and chewing pressure are studied using various measurement methods: gnathodynamometry; electromyography; 
muscle sedation with appropriate drugs to determine chewing efficiency; use of strain gauges to determine electrical 
resistance, fibre optic Bragg gratings, piezoelectric pressure transducers; occlusion. However, the results of our 
literature analysis revealed the absence of a structured approach to comparing different methods for determining 
indicators of masticatory function. In addition, standard basic parameters of chewing efficiency are needed to 
diagnose dentition anomalies depending on age and gender, location and side of the teeth, type of equipment and 
ethnicity.

Key words: chewing efficiency, chewing pressure, bite force, methods of determination.
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Introduction.
Esports is the industry of competitive video games 

that involves not only players but also coaches, man-
agers, and other related professionals in this hybrid 
sport. At different performance levels, esports is de-
fined as a type of competitive activity in which gamers 
use their physical and mental abilities to compete in 
various games in a virtual electronic environment [1]. 
The primary motivation of an esportsman in his profes-
sional activity is to defeat his opponent [2, 3, 4].

Millions of people around the world play esports 
every day. Zimmer R.T., Haupt S., and Heidenreich H., 
in their studies, emphasise that esports are character-

ised by a high potential for stress, so in terms of physi-
cal and psycho-emotional stress, it is sometimes con-
sidered equivalent to traditional sports [5].

The problem of morphological and functional 
changes in the circulatory system in the conditions 
of high-performance sports is covered in the modern 
scientific literature in depth. At the same time, the 
issue of the influence of esports on changes in the pa-
rameters of the functioning of executive organs and 
mechanisms of regulation of the cardiovascular system 
has not yet become the subject of active scientific re-
search. The existing lack of knowledge on this issue is 
caused by insufficient scientific studies, which urgently 
calls for new fundamental works on the study of the 
peculiarities of reactive and adaptive changes in the 
circulatory system in professional gamers.

The aim of the study. 
To analyse modern data from the scientific litera-

ture to systematise information on the peculiarities of 

The issue of the impact of eSports on the parameters of the circulatory system is very relevant due to the fact that 
in the modern world, eSports has become not only a popular form of entertainment but also an important element 
of digital culture. The growing popularity of this sport has led to an increase in the time that esports players spend 
behind computer screens, which raises concerns among biological and medical professionals about the impact of 
video games on physical health parameters. In this context, it is important to investigate the physiological aspects 
of esports and the possible consequences of its effect on circulatory parameters, given the lack of scientific research 
in this area. The review is devoted to the analysis of possible impacts on central haemodynamics parameters during 
and after esports training.

The study aims to analyse modern scientific literature data to systematise information on the peculiarities of the 
impact of esports on the parameters of the circulatory system.

The rapid development of esports worldwide has led to discussions about the feasibility of medical examination 
of esports athletes, as is the case before competitions in traditional sports. It is worth noting that circadian rhythm 
and sleep disorders, unhealthy diets, and other specifics of the players' lifestyle contribute to developing diseases, 
including those of the circulatory system. Prolonged stay in a forced monotonous posture under conditions of hypo-
kinesia and physical inactivity, exposure to stress factors, etc., lead to adverse changes in the functioning of the heart 
and blood vessels.

The sedentary lifestyle of esportsmen can lead to negative health consequences, including a high risk of cardio-
vascular disease. The limited research in this area determines the need for further scientific studies of the impact of 
esports on the parameters of central and peripheral haemodynamics. 

Key words: eSports, circulatory system, haemodynamics, heart, blood vessels, stress.


