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The mental state of the mentally ill is one of the most important factors in the treatment
of the patient by a medical professional. But aggression, high-pitched communication,
indifference of a doctor or health care worker can negatively affect the outcome of
treatment and recovery of a patient with mental and behavioral disorders. The problem
of modern medical deontology in Ukraine is the stigmatization of health workers to
patients with mental disorders, which lead to self-stigmatization of both patients and
their families. The purpose of the study is to enable the relatives of mentally ill people
undergoing long-term inpatient treatment, to determine the quality of medical services
in a psychoneurological hospital, to identify ethical and deontological shortcomings in
the doctor's relationship with relatives of mentally ill person, to determine the level of
self-stigmatization in relatives of the patient by medical staff. The analysis of domestic
and foreign scientific sources, bibliosemantic, analytical and statistical research
methods were used in the work. A questionnaire was conducted (using a specially
designed questionnaire) with elements of interviews of 92 respondents (relatives of
mentally ill patients who were treated at a psychoneurological hospital in Vinnytsia).
The results were processed using the licensed standardized package "Statistica 6.1".
The need to comply with state building codes for health care facilities in accordance
with European requirements has been proven. This will eliminate the feeling of
hopelessness during hospitalization in public psychoneurological hospitals, which
are a great trauma for relatives of patients. It has been shown that in order to prevent
stigmatization of relatives of patients in psychoneurological hospitals, it is necessary
to conduct trainings and interviews after training, which will determine the degree of
stigmatization and subsequent preventive measures. It is shown that for relatives of
mentally ill on the basis of psychoneurological hospitals it is necessary to equip rooms
for psychodiagnostics and further psychocorrection. Development of affordable
correctional programs for relatives of patients will reduce maladaptation and improve
life satisfaction.
Keywords: families of the mentally ill, questionnaires with elements of interviews, the
attitude of doctors to the relatives of the mentally ill, preventive measures for the
families of patients with mental and behavioral disorders.

Introduction
The rapid development of modern technologies in the
medical field significantly increases the effectiveness of
diagnosis and treatment of patients in European countries.
Unfortunately, in Ukraine, the constant, total underfunding
of the health care sector has led to the neglected material
and technical and sanitary and hygienic condition in public
health care facilities, namely: extortion of patients; obsolete
equipment, furniture and beds; bed linen from home;
personal hygiene products and medicines for patients'
© 2020 Medical centre "Gebrand", Poland

money; insufficient disinfectants, etc. The premises of the
health care facilities are in a terrible state of emergency
and need major repairs. There is a growing trend of nontransparent procurement and use of medicines. Work on
any preventive measures with the mentally ill has been
suspended and, worst of all, the violation of the rules of
professional ethics and the basics of deontological culture
of medical staff in communication with the mentally ill,
relatives of patients, attitude (stigmatization) of medical
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workers to patients, ie non-compliance Oaths of the doctor
of Ukraine, the text of which was approved by the Decree of
the President of Ukraine dated 15.06.1992 № 349, and
which consists of all graduates of medical institutions of
higher education of Ukraine [16].
The main international instruments governing patients'
rights in the field of medicine are the WIA Lisbon Declaration
on Patients' Rights (World International Association, 1981);
Declaration on Patient Rights Policy in Europe, 1994;
Council of Europe "Convention on Human Rights and
Biomedicine", 1996; The EU Charter of Fundamental
Rights, which in Article 6 declares the human right to safety
and access to health care and medical assistance in order
to achieve a high level of health care; WHO Patient Safety
Program (World Alliance for Patient Safety, 2004); The WHO
program for 2008-2009, which identified priority areas in
the fight for safe health care [11].
However, ethical and deontological issues, namely the
concept of "deontological culture", are ignored and do not
find a place in the hearts of medical staff who work with the
mentally ill and constantly communicate with their relatives
or guardians. Every medical professional should have a
basic understanding of the origins of medical deontology
in order not to indulge in immoral things with patients, and
especially with the mentally ill. Deontology is a science
that studies the rules and norms of the duty of a specialist
in the field of his professional activity. The term "deontology"
was introduced into scientific circulation at the beginning
of the nineteenth century by the English philosopher and
jurist Jeremiah Bentham (1748-1832), to define the science
of the professional duty of man [2, 10].
Summarizing the retrospective app roaches and
scientific statements of prominent scientists on the study
of medical ethics and deontology, we recommend
considering "deontological culture" as one of the most
important components of professional culture and
characterize it as a set of spiritual, intellectual and
intellectual, which will help determine the significance and
specificity of their professional activities [21].
Thus, the reflection of deontological requirements,
professional norms in the mind of a medical professional
will allow him to more fully and adequately perceive
professional reality, navigate in it, develop strategy and
tactics, goals and specific plans of professional activity,
and recognition and acceptance of these norms as basic
principles. professional duty will help him to form a proper
attitude to the chosen profession and professional activity
in general.
Under no circumstances should not patients' rights to
emergency, highly qualified medical care be fully violated
to all those who need it, regardless of age, social status,
religion or race; humane treatment of the patient, and
especially to patients with severe, incurable diseases or
mental disorders; observance of confidentiality and medical
secrecy as specified in the International Code of Medical
Ethics "Geneva Declaration" adopted in 1949 [23].
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Another problem of modern medical deontology in
Ukraine is the stigmatization of health workers to HIVinfected patients, tuberculosis patients, currently COVID19 patients, and especially to patients with mental disorders
and any mental health problems, which lead to selfstigmatization of both patients and their families, who are
left alone in solving this problem.
In the EU countries, various measures have been
introduced to stigmatize health workers in relation to
patients, and measures are constantly taken to prevent
and prevent such phenomena in society. The main
principles in treatment in the EU are "restoration of human
life", spiritual recovery of patients, reintegration into society
and a full life. Forms for overcoming the stigma of health
care workers in European countries are different, for
example: training, coaching, psychological consultations
with health care workers and relatives who care for relatives;
persons caring for patients (for money or free of charge),
etc. [12].
The Law of the Republic of Poland "On the Protection of
Mental Health" ("Ustawa o ochronie zdrowia
psychicznego"), which has been in force for 26 years
(adopted on 19.08.1994) defines the term "mental health
is the main personal good of a person, and protection the
rights of persons with mental disorders are the duty of the
state". This law regulates the rights of a psychiatric hospital
patient who has the right to appoint an ombudsman, whose
responsibilities include protecting the rights of patients with
mental disorders in matters related to admission,
treatment, conditions of stay and discharge from hospital,
as well as access to medical care. documentation with the
consent of the patient, guardian. Consultation, treatment
of such patients is free, comprehensive (medical, social,
legal) which is a great support for Polish citizens with
mental disorders and the prospect of their socialization.
The purpose of the study is to enable the relatives of
mentally ill people undergoing long-term inpatient
treatment, to determine the quality of medical services in a
psychoneurological hospital, to identify ethical and
deontological shortcomings in the doctor's relationship with
relatives of mentally ill, d etermine the level of selfstigmatization in relatives of the patient by medical staff.

Materials and methods
The analysis of domestic and foreign scientific sources,
bibliosemantic, analytical and statistical research methods
were used in the work.
92 respondents, relatives of the mentally ill, took part in
the survey with elements of the interview. Patients with
mental disorders were treated at the Vinnytsia Regional
Clinical Psychoneurological Hospital named after
Academician O. I. Yushchenko of the Vinnytsia Regional
Council, of which men - 29.3 % and women - 70.7 %, (under
the age of 20 - 3.3 %, from 21 to 30 years - 9.8 %, from 31
to 40 years - 17.4 %, from 41 to 50 years - 33.7 % and over
50 years - 35.9 %). Respondents with basic secondary
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education - 10.9 %, specialized secondary education 23.9 %, vocational education - 30.4 %, higher education 34.8 % took part in the survey with elements of interviews.
The survey was conducted using a specially designed
questionnaire: "Method of determining the quality of medical
care by relatives of a patient in a psychiatric hospital and
the relationship "doctor-relative"", recognized as an
innovation from 16.01.2020 and registered in the journal of
innovation proposals National Pirogov Memorial Medical
University, Vinnytsya for № 2 and "Method of determining
the personal opinion of the patient's relatives about the
payment of medical care in a psychiatric hospital" from
16.01.2020 and registered in the register of innovation
proposals of National Pirogov Memorial Medical University,
Vinnytsya for № 3.
The results of the questionnaire were processed using
the licensed standardized package "Statistica 6.1".

Fig. 1. The results of a survey of relatives of patients with mental
disorders to the question "Who sent your relative for treatment in
a psychiatric hospital?" (%).

Results
Conditions of patients' stay in psychiatric hospitals of
Ukraine encourage patients and their relatives to seek
medical help in psychiatric hospitals only in case of
exacerbated diseases (crisis conditions): deterioration of
health of the total number of respondents- 68.5 %; reregistration of disability group for mental disorders 21.7 %; the psychogenic load of family and household
nature - 8.7 % (Table 1).
According to the survey of relatives of inpatients, 32.6 %
of the total number of respondents applied to a psychiatric
hospital without a referral (37.0 % of them were male
relatives and 30.8 % were female relatives); according to
the direction of the psychoneurologist of the polyclinic 27.2 % (29.2 % of them are female relatives and 22.2 %
are male relatives); in the referral of a family doctor - 22.8 %
(of which 23.1 % - female relatives and 22.2 % - male
relatives); 10.0 % of the total number of respondents (of
whom 11.1 % were male relatives and 10.8 % were female
relatives) were referred by a psychoneurological
dispensary; an ambulance crew took 6.0 % of patients to a
psychoneurological hospital on call of relatives (7.4 % of
Table 1. The results of a survey of relatives of patients on the
reasons for seeking psychiatric care for hospitalization in a
psychoneurological hospital (%).
Reasons for treatment

health
worsening

re-registration
of the
disability
group for
mental
disorders

due to the
psychogenic
burden of
family and
domestic
nature

the
reason
is not
specified

Male
relatives

74.1

18.5

3.7

3.7

Female
relatives

66.2

23.1

10.7

0

Total of all
respondents

68.5

21.7

8.7

1.1

Relatives of
patients

№38, Page 5-11

Fig. 2. The results of a survey of relatives of patients on the
frequency of meetings with the attending physician (%).

them were male relatives and 6.2 % were female relatives)
(Fig. 1).
In the questionnaire to the question "How often do you
meet with your relative's doctor?", the following answers
were received from relatives of patients: every day when
visiting their sick relative they talked to a doctor - 8.7 % of
the total number of respondents (of which 7.4 % - male
relatives and 9.2 % - female relatives); twice a week talked
to a doctor - 32.6 % (of which 18.5 % - male relatives and
38.5 % - female relatives); once a week - 42.4 % (of which
55.6 % were male relatives and 36.9 % were female
relatives), talked to the doctor twice a month - 9.8 % (of
which 3.7 % - male relatives and 12.3 % - female relatives)
and only 6.5 % of the total number of respondents (of whom
14.8 % - male relatives and 3.1 % - female relatives) communicated once a month due to the fact that they visited
their sick relatives rarely because they get to hospital them
more than three hours (Fig. 2).
In the questionnaire "How often do you visit your sick
relative?", the following answers were received from
relatives of patients: every day they visited their sick relative
- 28.3 % of the total number of respondents (of which
29.6 % - male relatives and 27.7 % - relatives-women);
twice a week - 33.7 % (of which 29.6 % were male relatives
and 35.4 % were female relatives); once a week - 25.0 %
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Fig. 3. Results of the survey relatives of patients on the frequency
of visits patients in hospital (%).
Table 2. The results of a survey of relatives of patients in a
psychoneurological hospital to participate in rehabilitation programs,
provided that they were offered (%).
Names of rehabilitation programs for relatives of
the mentally ill

Male
relatives

Female
relatives

Educational program for relatives

85.2

76.9

Trainings on prevention of chronic fatigue
syndrome

81.5

56.9

Trainings on development of skills of
communication with sick relatives

66.7

50.7

Trainings on prevention of self-stigmatization

7.4

27.7

Trainings on development of skills of
communication with the doctor

7.4

3.1

(of which 25.9 % are male relatives and 24.6 % are female
relatives), visited their sick relatives twice a month - 6.5 %
(of which 3.7 % - male relatives and 7.7 % - female relatives)
and 6.5 % of the total number of respondents (of whom
11.2 % - male relatives and 4.6 % - female relatives) visited sick relatives once a month due to the fact that they
get to the hospital more than three hours (Fig. 3).
According to the results of our research, we established
the time spent by relatives waiting for a doctor to
communicate about a relative. Of the total number of
respondents - 68.5 % of relatives of patients waited up to
30 minutes; 29.3 % - from 30 minutes to one hour; 2.2 % from one hour to two hours, while the doctors of the
psychoneurological hospital are not urgent, emergency
doctors. But the generally accepted ethical principles in
the daily activities of a doctor are: trust, openness, the desire
to be useful to the patient, to be able to put himself in the
place of the patient, to look at the world through his eyes. All
the variety of approaches to the cooperation of the doctor
and the relative of the mentally ill should be manifested in
emotional support, understanding, respect and
compassion.
The doctor's respect for the patient's relative should be
manifested in his recognition as an individual. It is
necessary not only to write a long list of drugs, but also to
listen to the person, the main thing - to show that his words
are important to him, to recognize the significance of events
that bother the patient's relative because he has no one to
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share with the "burden" he carries all life. Therefore, we
also investigated how much time the doctor spent talking
to a relative of the patient: up to 10 minutes the doctor
talked about the patient from the total number of
respondents - 52.2 %; from 10 to 20 minutes - 42.4 % and
only - 5.4 % of doctors talked from 20 to 30 minutes, from
30 minutes and more - there were no such doctors.
According to the results of the survey, female relatives talked
to doctors for the longest time, from 10 to 20 minutes - 43.1
%, and among male relatives - 40.7 %; only female relatives
communicated from 20 to 30 minutes - 7.7 %.
In analyzing the questionnaires, we found that 54.3 %
of the total number of respondents agreed that they had
enough time to resolve all issues with the attending
physician about their relative, and 45.7 % of relatives did
not have enough time. Therefore, 32.6 % of relatives out of
the total number of respondents thought that the doctor did
not fully understand the patient's problem. Doctors must
honestly perform their professional duties and remember
the words of the Oath of the Doctor of Ukraine: "I do not cure
a disease, but a living person".
Research on the structure of difficulties that arise in
families with mental disorders and faced by the family - is
the financial cost of treatment in a psychoneurological
hospital for the purchase of products - 96.0 %, for drugs 85.3 %, for personal care hygiene - 81.3 % and on the way
to the hospital - 68.0 % of the total number of respondents.
Relatives who took part in any programs on psychocorrectional and psycho-educational measures accounted
for only 3.3 % of the total number of respondents, and the
remaining 96.7 % did not take or did not know about such
measures. W e proposed a list of programs in which they
would like to participate and get the following results
(Table 2).
According to the survey, it was found that 85.2 % of men
who care for their sick wives need communication, support,
participation in psycho-educational programs; 81.5 % of
men want to participate in programs for the prevention of
chronic fatigue syndrome; 66.7 % of men want to take part
in programs for communication and understanding with a
sick woman. Female relatives also most often choose such
programs (see Table 2). In addition, in contrast to men,
female relatives quite often (27.7 %) choose trainings on
prevention of self-stigmatization (see Table 2).

Discussion
According to the results of the monitoring of the
Ukrainian
Helsinki Union
in
three regional
psychoneurological hospitals (Mykolaiv, Poltava, Kherson)
and according to its analytical report on human rights in
2015, the lack of material and technical and sanitary
conditions of psychiatric facilities in Ukraine is practically
repeated: patient privacy - we are talking about noncompliance with the area per patient (6 m2), but after the
second stage of medical reform from April 1, 2020 in the
field of psychiatry, after reducing inpatient care for patients
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Fig. 4. View of Drevnica Psychiatric Hospital in Ząbki (Republic of
Poland).

today this rule is met, but the following shortcomings
remain: old furniture and bed linen; bathrooms and toilets
are located away from the wards; bath day once a week,
and only then patients receive clean linen; eating clearly on
schedule; telephone use is limited, etc. [9].
For comparison, the psychoneurological hospital in
Ząbki within the walls of former military barracks began
operating in 1903 at the initiative of doctor and public figure
Pelagia Poplawska, who received medical education in
Switzerland and founded the Warsaw Society of Medical
Care and Care for Mental and Nervous Diseases. In 2018,
a modern complex of new buildings (Pas Projekt Archi
Studio) was opened. The architects considered the needs
of patients as much as possible: music therapy rooms,
rehabilitation center, cafe, reading room, conference hall,
winter hall, etc. (Fig. 4).
After deinstitutionalization in European countries during
the reconstruction, construction of psychiatric health
facilities, the following interior elements are observed,
which take into account the average length of stay of
patients, features of diagnoses, severity of diseases, age
and degree of medical conditions, safety of patients and
medical staff, convenience and the comfort of using its
equipment, provide the conditions for patients to stay in a
"typical living environment" to return the patient to normal
life as soon as possible. Architects from European countries
work closely with hospital staff, patient groups, interior
designers and psychiatric hospital consultants [3, 6].
In Ukraine, after the reform in the field of health care, the
issue of the first diagnosis of patients with mental
disorders, the issuance of prescriptions for psychotropic
drugs, referral for inpatient treatment is entrusted to primary
care physicians. As a result of insufficient psychiatric
qualifications for a family doctor, there is a certain
professional complexity. Therefore, very often family doctors
turn to specialists (psychiatrists, neurologists of district or
regional medical institutions) for help on the above specific
issues.
Interpersonal relations between a doctor and a relative
of a patient with mental disorders should be based on the
principle of practical interaction and mutual assistance
№38, Page 5-11

because trust as a moral and psychological trait determines
the doctor's attitude to the patient. Trust is a necessary
component in treatment and an integral part of
communication between the doctor, the patient and his
relatives. It helps to improve relationships and helps to
achieve a successful therapeutic effect in the treatment
process, which accelerates the patient's recovery,
stimulates their interest in life and increases the emotional
state of relatives who are constantly with aggressive,
conflicted, unbalanced patients, long-term communication
with which emotionally devastates them. However, patients
with mental illness remember well the general aspects of
communication with the doctor, attitude to him, when
communicating patients assess the professionalism of
the doctor and the degree of trust in him [13, 15].
According to a survey of relatives of patients on the
frequency of visits to the doctor and a survey of relatives of
patients on the frequency of visits to their relatives in the
hospital, we observe self-stigmatization, which manifests
itself in "cornering" and "carrying the burden alone." This is
typical only for our country, which is considered to be a
country with a low level of quality of life.
The Human Development Index in Ukraine increased
from 0.705 to 0.750, but the growth rate of the consolidated
budget expenditures on health care to gross domestic
product compared to 1995/2015, the total amount of
expenditures decreased by 25.0 % (so in 2013 it was 12.2 %, in 2016-2017 - 4.2 % and in 2018 - 2.5 % of gross
domestic product) and therefore the quality of life of the
population of Ukraine is lower than the standards set by
the United Nations [4, 5, 7].
Today's stigmatization depends on the level of solidarity,
integration, and humanity of society. Characteristic features
of our society in relation to the mentally ill and their relatives
are the following:
• social contempt, mistrust, prejudice and fear, which
leads to self-stigmatization of relatives;
• dissatisfaction with their sick relatives, shame and
pain;
• lack of information about the course of the disease
and limited or complete lack of knowledge about how to
behave with a sick relative;
• hopelessness in hospitalization in state psychiatric
hospitals, which is a great trauma for their sick relatives
(life in a "cage" without hopes for the best and personal
unrealization);
• decreased self-esteem because long-term care of
their sick relatives [1].
In European countries, constant attention is paid to
stigmatization of patients with mental disorders, so such
patients find support not only from government agencies
(medical, social), but also from NGOs, various
denominations, community volunteers and more. The main
approaches to the mentally ill abroad use the following
principles: balanced care, treatment and rehabilitation,
which are the basis for a measured approach to health [17].
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According to Nie J. B. et al. [14] in China, with the
participation of 107 doctors and nurses, they examined
medical professionalism through interviews. The analysis
revealed distrust, escalation of conflicts, disputes between
patients and their relatives and doctors. The vicious circle
pointed not only to the crisis of the patient-physician
relationship, but also to the crisis of medicine as a
profession and institution, which seriously jeopardized the
basic principle of medical professionalism that
characterizes the traditional Chinese ideal of "medicine as
an art of mankind".
According to the results of recent studies, the possibility
of signs of somatic disease, anxiety and depression, as
well as predictors of emotional burnout was established
[8, 19, 22]. The study by Ruiz-Fern?ndez M. D. et al. [18]
showed a direct relationship between the degree and
severity of the disease in patients with mental disorders
on the percentage of somatic diseases in healthy
individuals who cared for these patients. Also, caregivers
of patients with mild Alzheimer's disease were found to
have 46.3 % of somatic diseases, and those who cared for
patients with moderate Alzheimer's disease had 61.9 % of
mental health disorders.
According to Skoda K. V. [20], women who cared for sick
relatives with mental illness at the Kharkiv Regional
Psychoneurological Dispensary from 2012 to 2016 were
found to have: depressive syndrome in 64.5 % of wives
and 74.0 % of mothers of mentally ill people; anxietydepressive syndrome in 80.1 % of wives and 70.8 % of
mothers of mentally ill; vegetative-somatic complaints in

37.3 % of wives and 48.1 % of mothers of mentally ill; signs
of anxiety-phobic syndrome in 21.7 % of wives and 11.0 %
of mothers of mentally ill.
Therefore, psychoneurological hospitals should not only
treat patients in crisis, but also conduct psycho-correctional
and psycho-educational activities for relatives of patients
with mental disorders due to the fact that medical
psychological centers for rehabilitation of relatives of
patients have not yet been established, but there are only
such centers for ATO/JFO soldiers in Ukraine.

Conclusions
1. State building codes "Health care facilities" must be
implemented in accordance with European requirements,
to avoid the feeling of hopelessness when hospitalized in
public psychoneurological hospitals, which are a great
trauma for patients and their relatives.
2. To prevent stigmatization of relatives of patients in
psychoneurological hospitals there is need to conduct their
training, post-training interviews to determine the degree
of stigmatization and subsequent preventive measures.
3. For relatives of the mentally ill on the basis of
psychoneurological hospitals it is necessary to equip
rooms for psychodiagnostics and further psychocorrection.
4. It is necessary to develop and implement educational
and psychological training in psychiatric hospitals, as well
as the development of affordable correctional programs
for relatives of the patient to reduce maladaptation and
improve life satisfaction.
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The condition of teeth in ancient populations living on the territory of Ukraine has been
little studied. The aim of the work is to study the dental status of the 15th century
Nogais, and to carry out a comparative analysis of the data obtained with the state of the
dento-jaw system of medieval populations that lived on the territory of modern Ukraine
in the 9th - early 15th centuries. The object of the study was 48 Nogai skeletons (main
group) and 118 representatives of medieval cultures (control group). The research
method was a method for analyzing the skeletal tissue of ancient people, developed by
the authors. The prevalence and intensity of caries, the prevalence of dento-jaw
anomalies, dental calculus and periodontal diseases were studied. Statistical analysis
was performed using the Pearson χ2 test. It was found that the prevalence of dental
caries in the main group is lower than in the control group (18.75 % and 37.28 %
respectively, p<0.05). It was also found that this indicator significantly differed in men of
both groups (p<0.05), while in women it did not differ (p>0.1). It was found that in the
main group, compared with the control group, the frequency of primary adentia was
higher (16.67 % and 6.68 % respectively, p<0.05), but the prevalence of anomalies in
the position of individual teeth and occlusion was lower (4.17 % and 21.18 % respectively,
p<0.05,). It was found that the prevalence of dental calculus in the main group is two
times higher than in the control group (89.50 % and 41.0 % respectively, p<0.0001).
Also, 15.0 % of Nogai men showed a decrease in the height of the alveolar process of
the jaws, which is characteristic of periodontitis; in women, such changes were not
found due to the low average age of survival. Thus, the 15th century Nogai population
had a lower prevalence of caries and dento-maxillary anomalies than the medieval
populations that lived on the territory of modern Ukraine in the 9th - early 15th centuries.
Keywords: Nogais of the 15th century, representatives of medieval cultures, prevalence
of caries, dental-maxillary anomalies, dental calculus, periodontal disease.

Introduction
More than 20 years have passed since the beginning of
our analysis of the bone remains of medieval residents who
lived on the territory of modern Ukraine. The emergence of
recent studies on the anthropology of the teeth of ancient
people living in different regions of the world [4-6, 15, 21]
contributes to an increase in the level of such analysis in
general. Unfortunately, the condition of teeth in ancient
populations living on the territory of Ukraine remains poorly
understood, as evidenced by a few works [1, 8, 13]. The territory
of modern Ukraine has been a migration zone for ancient
nomadic peoples for thousands of years. The attention of the
authors was attracted by the Nogais, who appeared in the
lower Dnipro region in the 15th century [17], whose dental
status had not been previously studied. Therefore, we continue
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a series of our studies devoted to the dental morbidity of
populations that lived at different historical times on the territory
of modern Ukraine [9, 10, 12, 23].
The aim of the work is to study the dental status of the 15th
century Nogai, and to carry out a comparative analysis of the
data obtained with the state of the dento-jaw system of
medieval populations that lived on the territory of modern
Ukraine in the 9th - early 15th centuries.

Materials and methods
The material for the study was 48 skeletons (20 - women,
28 - men) of 15th century Nogais from the territory of the
modern Zaporizhzhya region (main group) of varying degrees
of preservation [14], obtained as a result of excavations of
© 2020 Medical centre "Gebrand", Poland
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the archaeological expedition of Zaporizhzhya National
University in 2016-2019 and saved in its storerooms. MamaiGora is the largest burial ground in the Northern Black Sea
region, located near the village Velyka Znamenka of the
Kamensko-Dniprovskiy district of the Zaporizhzhya region
on the left bank of the modern Kakhovskiy reservoir. In
connection with the crumbling coastline, since 1988, the
expedition of the Zaporizhzhya National University has been
conducting security research here [16]. Since 2006,
complexes of the Nogai time have been studied in the
western section [17], and at the end of 2019, 185 burials
were excavated.
The study was carried out by the method of analyzing the
skeletal tissue of ancient people [11], developed by the authors
of this publication on the basis of the Laboratory of Historical
and Medical Anthropology of the Communal Institution "Center
for the Protection and Research of Archaeological
Monuments" of the Poltava Regional Council and the
Department of Pediatric Therapeutic Dentistry with the
Prevention of Dental Diseases of the Ukrainian Medical Dental
Academy. The main indicators of physical development
(muscle relief and changes in joints, including those of a
professional nature or those related to age) were investigated.
Sex and age were determined according to the schemes
generally accepted in forensic medicine and physical
anthropology [2], the height of individuals - according to M.
Trotter's formulas [18]. Described, first of all, the skeletons of
women, then men, noted changes in the skeleton. Individuals
are classified by age groups according to the periods of
development of the dento-jaw system: from 12 to 21 years
(permanent bite at the stage of formation), from 21 to 40 years
(permanent bite during its functional heyday) and from 40 to
60 years (aging period of permanent bite).
The pathology of the teeth and jaws was fully described
(almost a complete set of teeth was preserved for analysis),
as well as calculus. The teeth are numbered in accordance
with the classification proposed by the W orld Health
Organization [22]. The prevalence of caries was determined
by the frequency of occurrence of carious and lost teeth due
to caries in individuals, the intensity of caries was determined
by the sum of carious and lost teeth due to caries.
For a comparative analysis, previously studied bone
remains of medieval residents of the Poltava, Kyiv, Chernigiv,
Khmelnytsky, Sumy, Kharkiv, Kirovograd and Zaporizhzhia
regions (control group), which represented the old Russian
culture (IX-XIII centuries) and the period of the Golden Horde
(XIII - early XV century). There are 39 female skeletons, 79
male skeletons (118 in total) [12].
The Pearson χ2 test was used to explain the significant
differences between the group indicators. The results were
classified as statistically significant at p<0.05.

Results
In the main group, women during the formation of a
permanent bite are represented by 10 individuals; in the
period of the formed permanent bite - 3; during the aging
№38, Page 12-16

period of permanent occlusion - 7. The average height of the
female contingent is 159.0 cm. The average age is 20.5
years.
Men in the period of permanent bite formation are
represented by 3 individuals; in the period of the formed
permanent bite - 13; during the aging period of permanent
occlusion - 12. The average height of the male contingent is
165.5 cm. The average age is 40.0 years.
The prevalence of dental caries in women of the main
group was 30.0 %, the intensity of caries was 0.57 teeth.
Caries in women is presented during the formation of a
permanent bite in one woman with the loss of 16 and 27
teeth and destroyed by 1/2 26 tooth (Fig. 1); during the period
of stabilization of the permanent occlusion in one woman deep caries of 27 and 28 teeth. During the aging period of
permanent occlusion, caries was detected in three women:
in the first, the lifetime loss of 47 and 48 teeth (Fig. 2); in the
second, the loss of 18, 17, 28, 38, 41 and 48 teeth; in the
third - teeth 26, 27 and 28 are affected.
In women, three types of tartar were found in 95.0 % of
cases: 1) "thin line" - 10; 2) "overhanging lump" - 8; 3) mixed
form - 1.
Dental-jaw anomalies in Nogai women are presented:
1) primary adentia of wisdom teeth - 3 cases, lateral lower
incisors - 1 case; 2) diastema up to 5 mm - 1 case.
Also, a woman of 60-65 years old had a lifetime loss of
twenty-three teeth, the nature of which was not possible to
establish, since the remaining teeth were not carious and
there was no loss of the height of the alveolar process on

Fig. 1. Burial No. 323 (excavations in 2017), the skull of a young
woman 16-18 years old, body length - 148.0-150.0 cm. During her
lifetime, the 27th tooth was lost due to complications of caries. The
dental bed has not healed at the time of death. 26 tooth is destroyed
by complications of caries on 1/2 crown.
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revealed (15.0 %): 1) an individual of 50-55 years old with a
decrease in the height of the alveolar process and without
loss of teeth; 2) an individual 50-60 years old with the loss of
18, 24, 28, 38, 37, 47 and 48 teeth, as well as a decrease in
the height of the alveolar process along the entire length of
the dental arches; 3) an individual 60-65 years old with the
loss of fourteen teeth on both jaws with a decrease in the
height of the alveolar process.
In men, two cases of dental injuries were identified:
complete dislocation of 38, 37, 36 and 35 teeth in an individual
of 35-40 years old and complete dislocation of 47 and 48
teeth in an individual of 50-60 years old.
Also, a 50-60-year-old man was found to have an archer's
"symptom complex" based on specific patterns on his teeth,
indicating that he was biting a string of bow.
In Nogai men, two types of tartar were found in 85.71 %
of cases: 1) "fine line" - 13; 2) "overhanging lump" - 11; no
other forms of dental calculus were found.
Dental anomalies: 1) primary adentia of wisdom teeth 4 cases; 2) crowding of teeth in the frontal area of the upper
and lower jaw (individual 20-25 years old) - 1 case. One
individual (65-70 years old) was diagnosed with age-related
wear of the teeth, reaching a full section of the crowns,
provided that the teeth of a permanent bite are completely
preserved.
The data of a comparative analysis of caries indicators
in the 15th century Nogais and the population of Ukraine in
the 9th - early 15th centuries are presented in Table 1.
In general, the prevalence of caries in the control group
was higher than in the main group (χ2=4.18, df=1, p<0.05).
This indicator was significantly different in men of both periods
(χ2=4.37, df=1, p<0.05), while in women it was the same
(p>0.1). There was no difference in the prevalence of caries in
the sexual aspect both in the main (χ2=1.71, df=1, p>0.1) and
in the control group (χ2=2.14, df=1, p>0.1). The intensity of
caries in the main group was lower than in the control group
due to the same tendency in men, but it was not possible to
determine the significance of the differences due to the lack
of necessary data for the control group [9, 10, 12].

Fig. 2. Burial No. 309 (excavations in 2016), the lower jaw of a
woman of 50-55 years old, with a body length of 150.0-152.0 cm.
Intravital loss of 47 and 48 teeth, the holes of which are overgrown.
Tartar in the form of an "overhanging lump" on all preserved teeth.

both jaws. One woman evidently had a benign formation of
the lower jaw in the region of the anterior group of teeth on
the left. Teeth injuries, as well as changes in the jaw bones,
characteristic of periodontal diseases, were not revealed
in women.
The prevalence of caries in the male group was 14.0 %,
the intensity of caries was 0.32 teeth. In men, in many cases,
it is not possible to determine the cause of the loss of teeth,
since both trauma and periodontal disease could be factors.
Caries is precisely established only in men who died during
the aging of permanent occlusion: 1) an individual 45-50
years old - caries of the 37th tooth in the cervical region; 2)
an individual 50-60 years old - a cavity in the 37th tooth, and
38, 36, 46, 47 and 48 teeth are lost due to complications of
caries; 3) an individual 60-65 years old, complicated caries
of the 26th tooth with destruction up to 1/2 of the crown; 4) an
individual 70-75 years old, complicated caries of the 26th
tooth with destruction up to 1/2 of the crown.
In men, 3 cases of periodontal tissue diseases were

Table 1. The prevalence and intensity of caries among the population of Ukraine in the studied epochs (%).
Women
Archaeological culture

Men

Total

n

PC

CI

n

PC

CI

n

PC

CI

15th century Nogais

28

17.85

0.57

20

20.0

0.45

48

18.75

0.52

Old Russian culture and the period of
the Golden Horde

39

30.77

0.50

79

35.44

2.10

118

37.28

1.60

Notes: PC - prevalence of caries; CI - caries intensity; n - number of skeletons.

Table 2. The prevalence of dental-jaw anomalies among the population of Ukraine in the studied epochs (%).
Women
Archaeological culture

Men

Total

n

PA

APITB

n

PA

APITB

n

PA

APITB

15th century Nogais

28

14.28

3.57

20

20.0

5.0

48

16.67

4.17

Old Russian culture and the period of
the Golden Horde

39

7.69

12.82

79

6.32

25.31

118

6.78

21.18

Notes: PA - primary adentia; APITB - anomalies in the position of individual teeth and bite; n - number of skeletons.
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The data of a comparative analysis of dento-maxillary
anomalies in the 15th century Nogais and the population of
Ukraine in the 9th - early 15th centuries are presented in
Table 2. Primary adentia in the main group was found
significantly more often than in the control group (χ2=3.91,
df=1, p<0.05), and anomalies in the position of individual
teeth and occlusion are less common (χ 2=7.20, df=1,
p<0.01). There were no sex differences between Nogai men
and women in terms of dento-maxillary anomalies (p>0.5).
The prevalence of anomalies in the position of individual
teeth and occlusion was significantly higher in the control
group (χ2=4.28, df=1, p<0.05). Primary adentia was more
common in men of the main group than in the control group
with a probability close to significant (p=0.05), while in women
it did not differ (p>0.1).
In the control group, injuries were represented by traumatic
fractures of the crowns of teeth in 3 women and 4 men [10], in
the main group there were complete dislocations of teeth in 2
men. Noteworthy is the fact that in the control group tartar was
found in 41.0 % of cases [9], that is, 2 times less often
compared with the main group (89.5 %) (χ 2=43.1, df=1,
p<0.001).

Discussion
The short age of survival in women that we have
established is due to the fact that more than 50.0 % of them
did not live to be 20 years old. The average age of survival in
the main male group is associated with a significant number
of people over 20 years old. It was higher than that of medieval
European groups [20], however, most likely it depended on
a random selection of skeletons, and the final conclusion
about it can only be made after analyzing the skeletons of
the population of the entire burial ground.
The prevalence and intensity of caries among the Nogais
who lived on the territory of Ukraine in the 15th century was
lower than among individuals who lived on the territory of
Ukraine in the 9th - early 15th centuries. This difference can
be explained by the difference in diet, when the sedentary
Slavic population consumed mainly plant foods, and the
Nogais, who moved to the Lower Dnieper region at the end
of the 15th century from the Crimea [17] - the meat and dairy
food of nomads.
Sex differences within the studied populations were not
revealed, although it should be noted that the low prevalence
of caries in Nogai was achieved due to the low rate in men.
It is likely that it was men who were more nomadic and
consumed fewer carbohydrates, which contributed to a
decrease in dental caries.
Anomalies in the bite and individual teeth are the result
of the influence of genetic factors, somatic diseases that
affect the development of teeth and environmental factors,
including trauma, dental caries and food habits. Primary
adentia of third molars is a congenital abnormality and is

most common in comparison with adentia of other teeth;
the second place in the frequency of adentia belongs to the
upper lateral incisors [19], which was also observed in our
study. The significant difference in primary adentia that we
established between the Nogais and individuals of earlier
cultures proves that they represented genetically different
populations. The fact that the population belonging to the
Old Russian culture and archaeological culture of the
Golden Horde period had a higher prevalence of anomalies
in the position of individual teeth and bite than the Nogais
(p<0.05) can be explained by both genetic factors and the
influence of the nature of the diet and a higher incidence of
caries teeth. The same trend was observed in Nogai men
with a low prevalence of tooth caries and a nomadic lifestyle
with a meat and milk diet.
Tartar is the leading factor for the development of
periodontal diseases, however, the changes that are found
on the skeletal remains indicate a severe degree of their
manifestation - periodontitis, which occurs with resorption
of the alveolar bone. As in modern people, the frequency of
periodontal disease in ancient people depended on the
prevalence of dental calculus [7, 20]. In the Nogai population,
the average survival age for women was 20.5 years, and for
men, 40.0 years. It is generally known that the incidence of
periodontal disease increases with age. Therefore, with the
prevalence of tartar in 89.5 % of men, which did not differ
from that in women (95.0 %), 15.0 % of Nogai men had bone
changes in the alveolar process of the jaw. It should be
noted that tartar could have been removed during excavations
of the examined skeletons of the control group, where its
frequency was below 41.0 %. At the same time, the level of
accumulation of soft plaque on the teeth in the control group
was obviously higher, which led to a higher incidence of
caries compared to the main group.
The use of the obtained data is promising for the creation
of an atlas of dental diseases of ancient populations living
on the territory of Ukraine.

Conclusions
1. The prevalence of caries in the Nogai population of
the 15th century is lower than in the medieval populations
of the 9th - early 15th centuries living on the territory of
modern Ukraine. The decrease in the indicator is probably
caused by the nomadic way of life of Nogai men.
2. The prevalence of anomalies in the position of
individual teeth and bite in the Nogai population is also
lower than in the compared medieval populations, which
can be explained by both genetic factors and the influence
of a plant diet and a lower incidence of dental caries.
3. Against the background of the high prevalence of
dental calculus, periodontal diseases in Nog ai were
revealed only in men, which is explained by the lower
average age of survival in women.
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The technical difficulties of serial intravesical administration of drugs are a significant
problem in preclinical studies of the effectiveness of local chemotherapy for superficial
bladder cancer. The aim of the study was to develop and evaluate the effectiveness of
the method of serial intravesical administration of drugs in the experiment. The study
included 49 Wistar rats of both sexes. Five proposed methods of intravesical
administration of drugs were investigated: retrograde catheterization of the urinary
bladder under anesthesia, method of transcutaneous puncture of the urinary bladder in
rats, intraoperative puncture of the bladder, method of subcutaneous fixation of the
bladder for subsequent puncture in the experiment, method of serial intravesical
administration of drugs in female rats using special catheter. The obtained data were
processed using a package of statistical programs SPSS 20.0 for Windows. The
disadvantage of the first technique is its trauma - each insertion of the catheter is
accompanied by trauma of the urethral mucosa and associated pain. The manipulations
were failed because of edema of the urethral mucosa. The manipulation should be
performed under general anesthesia. The second technique also requires general
anesthesia. The aggressive cytostatic action of Doxorubicin prevented the closure of
the puncture hole and caused the development of complications. Sealing the bladder
with a collagen plate when performing the third technique prevents the release of the
drug into the abdominal cavity, however, the adhesion of the tissues of the surrounding
organs to the plate promotes the formation of an adhesive conglomerate and makes
further manipulations impossible. The withdrawal of the bladder from the abdominal
cavity during the implementation of the fourth technique, theoretically, should have
helped to avoid the complications observed during the third technique. However,
insufficiently reliable fixation of the urinary and adhesions in the area of the implanted
ring make this technique such that it does not correspond to the tasks set. The fifth
method was the only one proposed that met all the assigned tasks. This technique
made it possible to perform a series of 5 intravesical injections of Doxorubicin without
general anesthesia and without the development of postoperative complications from
the postoperative wound and abdominal cavity. The proposed method of serial
intravesical administration of drugs in female rats using a special catheter makes it
technically easy to perform serial intravesical administration of drugs without the use of
general anesthesia and without the development of complications from the postoperative
wound and abdominal cavity.
Keywords: non-muscle invasive bladder cancer; intravesical, experimental, rats.

Introduction
Due to the trend of constant increase in overall morbidity
and mortality, bladder cancer remains a pressing problem
in modern medicine in general and oncology in particular.
Bladder cancer is the fourth most common cancer in
the United States and Europe. In terms of mortality, this
pathology ranks seventh and eighth in the structure of
© 2020 Medical centre "Gebrand", Poland

mortality from oncopathology in the United States [14] and
Europe, respectively [5]. Tumors occur 3-4 times more often
in men than in women. In one of 26 men will develop bladder
cancer during their lifetime [14]. The overall five-year survival
rate in Europe is about 68 % [3].
The situation in Ukraine is not better. Thus, almost 5,000
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new cases of the disease and more than 2,000 deaths
from this pathology are registered annually [2].
Due to the constant improvement of diagnostic
algorithms, more and more newly diagnosed cases
(according to some data up to 75 %) are superficial bladder
cancer, when the tumor affects only the mucous membrane
or submucosal layer [1].
The standard of treatment for patients with superficial
bladder cancer is transurethral resection of the tumor [17].
Intravesical chemotherapy and immunotherapy are used
as adjuvant therapy after transurethral resection to prevent
the development of residual and recurrent neoplasms [13,
19].
The intravesical route of drug administration opens wide
opportunities for scientists and practitioners to develop new
and optimize existing treatments for non-invasive bladder
cancer [13, 19].
However, this problem requires, first of all, large-scale
preclinical studies. Just as most modern treatment
methods consist in the serial administration of drugs, then
changing the method of drug administration also requires
serial use. In experimental studies, due to technical
difficulties, a significant problem is the fulfillment of this
condition - the serial introduction of drugs into the bladder
without the development of complications associated with
its integrity.
The aim of the study was to develop and evaluate the
effectiveness of the method of serial intravesical
administration of drugs in the experiment.

Materials and methods
The experimental study was performed on the basis of
a research laboratory of preclinical study of pharmacological
substances of National Pirogov Memorial Medical University,
Vinnytsya.
All experiments were performed in accordance with the
"Regulations on the use of animals in biomedical
experiments" with the permission of the Bioethics
Committee.
The study included 49 W istar rats, both sexes (35
females and 14 males) under 1 year of age and weighing
120 to 220 g (186±17 g).
All experiments were performed with the calculation
that in this way in the future it will be necessary to administer
intravesically the drug of cytostatic action Doxorubicin at a
dose of 5 mg/kg body weight of the experimental animal in
a series of 5 injections with an interval between injections
of 7 days.
In order to ensure gastric emptying, the animals were
left for 12 hours without access to food, but with free access
to water, before the experiments. All experiments were
performed under conditionally sterile conditions under
intraperitoneal ketamine anesthesia at the rate of 0.22 ml
per 100 grams of body weight of the experimental animal.
In the process of developing a method of serial
intravesical administration of drugs in the experiment, we
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have consistently proposed a number of techniques.
The first proposed technique was retrograde
catheterization of the bladder under anesthesia. This
technique was performed on 14 rats (7 females and 7
males).
Catheterization was performed with a flexible catheter
caliber 21G (outer diameter - 0.8 mm, inner diameter 0.51 mm). The catheter was inserted retrogradely through
the outer opening of the urethra. In case of unsuccessful
catheterization, the attempt was repeated by inserting a
rigid conductor into the catheter. Upon reaching the bladder,
Doxorubicin was administered through a catheter. The
catheter was then removed. If technically possible, the
manipulation was performed 5 times with an interval of 7
days.
The second proposed method was a method of
transcutaneous puncture of the bladder in rats (Patent of
Ukraine for utility model № 138094 from 25.11.2019).
Clarification of the topography of the bladder and
determination of the point of its transcutaneous puncture,
7 female rats under anesthesia performed retrograde
catheterization of the bladder, its emptying and introduction
into its cavity 0.1 ml of 60 % iodine-containing X-ray contrast
agent Triombrast® (a solution of diatrizoic acid dihydrate
and N-methylglucamine). Next, rats underwent review
radiography in two projections. Based on the data obtained
by radiography, the point of transcutaneous puncture of the
bladder was determined.
Direct transcutaneous puncture of the bladder was
performed in 7 female rats as follows. Rats were
anesthetized and fixed in a horizontal position on the
operating table. Retrograde catheterization of the bladder
was performed and 1.0 ml of saline for filling was injected
into it. The main landmarks were determined by palpation:
right and left hip joints, left cranial ventral iliac spine. The
puncture site was defined as the point at the intersection of
the line connecting the right hip joint and the left cranial
ventral iliac spine and perpendicular to the line connecting
the hip joints at the point on the border of the first quarter of
this line on the right. At this point, a 30G needle (outer
diameter 0.3 mm) 13 mm long was inserted with a vacuum
in the syringe perpendicular to the plane of the anterior
abdominal wall until urine appeared in the syringe. The
appearance of fluid in the syringe indicated that the needle
was in the bladder cavity. Aspiration of fluid from the bladder
was performed, followed by administration of Doxorubicin.
The third proposed technique was intraoperative
puncture of the bladder, which was performed on 7 rats of
both sexes. To prevent leakage of the injected drug through
the puncture hole performed its sealing using the proposed
method of sealing the bladder after intraoperative puncture
(Patent of Ukraine for utility model № 138089 from
25.11.2019).
The manipulation was performed as follows. Under
general anesthesia, a lower-middle laparotomy was
performed in experimental rats. The body of the bladder
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was removed into the surgical wound. The point of
puncture of the bladder was determined. A 5x5 mm collagen
plate was moistened with blood from the surgical wound
and punctured in the center with a 30G needle (outer
diameter 0.3 mm) 13 mm long. Bladder puncture was
performed with urine aspiration and Doxorubicin and
0.1 ml of methylene blue solution injected into the bladder.
Methylene blue was administered for intraoperative control
of bladder tightness. After the puncture, the collagen plate
was pressed against the wall of the bladder with fingers,
which ensured their tight contact and adhesion of the plate
to the wall. The puncture needle was carefully removed
from the bladder cavity. Performed revision of the abdominal
cavity and washing it with an antiseptic solution. The
laparotomy wound was sutured tightly in layers.
The fourth proposed method was a method of
subcutaneous fixation of the bladder for the next puncture
in the experiment (Patent of Ukraine for utility model №
138093 from 25.11.2019), which was performed on 7 rats
of both sexes and was as follows.
Under general anesthesia, a lower-middle laparotomy
was performed in experimental rats. A plastic ring was fixed
in the lower part of the surgical wound with separate nodal
sutures so that the plane of the ring coincided with the
plane of the anterior abdominal wall. A pocket was formed
in the subcutaneous fat. The body of the emptied bladder
was passed through the ring and placed in the formed
pocket. Intraoperatively performed the first injection of the
drug with a needle caliber 30G (outer diameter 0.3 mm)
with a length of 13 mm with sealing the puncture hole
according to the method described above. Performed
revision of the abdominal cavity and washing it with an
antiseptic solution. The laparotomy wound was sutured
tightly in layers. Subsequent injections of the drug were
performed percutaneously without anesthesia, fixing the
rat in an upright position. To identify the bladder in the
postoperative period, it was observed when it is partially
filled with urine and will be palpable. To inject Doxorubicin
into the bladder, the highest point of the subcutaneous
bladder was determined by palpation and the bladder was
punctured at this point with a 30G needle (outer diameter
0.3 mm) 13 mm long.
The fifth proposed method was a method of serial
intravesical administration of drugs to female rats (Patent
of Ukraine for utility model № 138092 from 25.11.2019)
using a special catheter (Patent of Ukraine for utility model
№ 139761 from 27.01.2020).
The catheter is a flexible tube with a diameter of 2 Fr
(0.67 mm) and a length of 20 mm, at one end of which is a
balloon with a diameter of 6 Fr (2.0 mm), which does not
cover the lumen of the catheter.
Catheter insertion into the bladder and subsequent drug
administration were performed as follows. Under general
anesthesia, a lower-middle laparotomy was performed in
experimental rats. The body of the bladder was removed
into the surgical wound. A longitudinal cystotomy 3 mm
№38, Page 17-23

long was performed. Antegradely conducted the tubular
part of the catheter through the inner opening of the urethra
through the urethra to the outside. The bladder was sutured.
Performed revision of the abdominal cavity and washing it
with an antiseptic solution. The laparotomy wound was
sutured tightly in layers. To introduce liquid forms of drugs
into the bladder in the postoperative period with tweezers
fixed the tubular part of the catheter, which was located in
the outer opening of the urethra. The syringe needle was
inserted into the catheter hole and the drug was injected
into the bladder. The first administration of Doxorubicin was
performed on the 8th day after catheter placement, when
the integrity of the bladder wall was completely restored. In
the case of closing the lumen of the catheter with protein
and salt layers, its patency was restored by introducing
into its lumen a flexible or rigid conductor.
The obtained data were processed using the statistical
software package SPSS 20.0 for Windows.

Results
W hen performing the first proposed technique retrograde catheterization of the bladder under anesthesia
- we obtained the following data.
Due to the top ographic features of the urethra,
catheterization failed in all 7 male rats. The anatomical
curves of the urethra could not be passed either by a flexible
catheter or after the introduction of a rigid conductor into
the catheter.
When catheterizing the bladder in female rats, the first
and second injections of Doxorubicin were performed in
all 7 experimental animals. Flexible catheterization was
performed on 5 (71.4 %) animals at the first and 3 (42.9 %)
animals at the second administration of the drug, rigid
catheterization was performed at 2 (28.6 %) and 4 (57.1 %)
animals, respectively.
At the third injection, only 3 (42.9 %) animals were able
to instill the drug into the bladder using a catheter with a
rigid conductor. In other experimental animals, the
manipulation could not be performed due to swelling of
the urethral mucosa, which occurred due to previous
trauma and toxic effects of Doxorubicin on the injured
mucosa. The manipulation stopped after the appearance
of traces of blood from the outer opening of the urethra.
The fourth injection was performed with a rigid catheter
with significant technical difficulties in only 1 (14.3 %) rat.
Thus, during retrograde catheterization of the bladder
under anesthesia, a series of 5 intravesical injections of
the drug could not be performed by any of the experimental
rats.
The results of a typical contrast radiography of the
bladder in two projections, which was performed to clarify
its topography and determine the point of its
transcutaneous puncture are shown in Figure 1.
According to the results of X-ray examination, the
transcutaneous puncture site was defined as the point at
the intersection of the line connecting the right hip joint and
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A

B

Fig. 1. Contrast radiography of the bladder in two projections (A - direct projection, B - lateral projection).

the left cranial ventral iliac spine, and perpendicular to the
line connecting the hip joint at the point on the border of the
first quarter of this line on the right.
W hen performing a transcutaneous puncture, the
following results were obtained. During the first
administration of Doxorubicin, the puncture was successful
in the first attempt in 6 (85.7 %) rats. Another 1 (14.3 %) rat
needed 3 attempts to puncture the bladder. That is, the first
injection according to this method was performed on all
experimental rats.
During the week in 5 (71.4 %) rats developed similar
symptoms. Rats were lethargic, adynamic, partially refused
food, drank a lot of water, and touched the abdomen caused
aggression.
Two rats under anesthesia underwent laparotomy and
abdominal revision. The audit revealed perforation of the
anterior wall of the bladder and signs of urinary peritonitis.
Due to the development of peritonitis, it was decided to
discontinue the experiment.
During the study of the effectiveness of intraoperative
puncture of the bladder received the following data. During
the first administration of the drug, all manipulations were
performed without any technical difficulties. In no case was
leakage of the methylene blue solution from the puncture
hole observed. The postoperative period proceeded without
features, the phenomena of peritonitis were not observed
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at any animal. During the second administration of the drug
in all rats at the site of the first surgery, an adhesive process
of varying severity was observed. However, despite technical
difficulties, the second administration of the drug was
performed by all experimental rats. The third administration
of the drug was carried out with great technical difficulties
due to the pronounced adhesion process in the area of the
postoperative scar and in the lower part of the abdominal
cavity. Only 4 (57.1 %) rats were able to administer the drug
intraoperatively from the lower-middle laparotomy access.
In another 2 (28.6 %) rats, due to the impossibility to
complete the lower-middle laparotomy, a pararectal access
was performed, from which a bladder puncture was
performed. In 1 (14.3 %) rat, puncture was technically
impossible. During the fourth attempt to administer the
drug, all rats showed a pronounced adhesion process in
the lower part of the abdominal cavity with the involvement
of intestinal loops. It was not possible to identify the bladder
in the adhesion conglomerate.
In the study of the effectiveness of subcutaneous fixation
of the bladder for its next puncture, the following data were
obtained. Attempting a second injection in 2 (28.6 %) rats
failed to identify the bladder in the subcutaneous tissue. A
plastic ring implanted in the abdominal wall without signs
of a bladder passed through it was palpated. During a
revision laparotomy, it was found that in these rats, the
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bladder was completely in the abdominal cavity. In our
opinion, this is due to the lack of intraoperative fixation of it
in the subcutaneous tissue. Suture fixation of the bladder
was not performed to prevent further injury and subsequent
formation of perforations in its wall. In the remaining 5
(71.4 %) rats, the second administration of the drug was
performed without special features.
Attempts to administer the drug for the third time in 4
(57.1 %) rats showed accumulation of fluid in the
subcutaneous tissue. At puncture, this fluid was identified
as urine. Revision surgery revealed a perforation in the
bladder. The bladder was fixed in the subcutaneous tissue,
and the plastic ring implanted in the anterior abdominal
wall was almost completely obliterated.
Another 1 (14.3 %) rat, although identified in the
subcutaneous tissue, was constantly emptied, which made
puncture impossible. A revision laparotomy revealed that
the plastic ring was completely obliterated. Inside it were
soldered loops of the intestine. The adhesion process
disrupted the passage of urine through the left ureter,
resulting in visual hydronephrosis of the left kidney.
W hen analyzing the results of the technique using
intraoperative antegrade positioning of the catheter with
balloon, the following data were obtained.
Thus, there were no postoperative complications from
both the postoperative wound and the abdominal cavity.
Intravesical administration of Doxorubicin was performed
without any technical difficulties at all times of the study. No
case of self-removal of the catheter in rats was observed.
In the case of closing the lumen of the catheter with protein
and salt layers, its patency was restored by introducing
into its lumen a flexible or rigid conductor. In all cases,
patency was restored without much technical difficulty.

Discussion
Doxorubicin is a drug of the anthracycline series, which
has been used for more than 40 years as an antitumor
drug in various hematological and solid malignancies [12].
Although the use of this drug has shown quite good
results in the treatment of malignant tumors, its potential
cardiotoxicity, including life-threatening cardiomyopathy and
congestive heart failure, are side effects that should be
considered and prevented [7, 12, 16].
The mechanism of cardiotoxicity of Doxorubicin has not
been fully studied. A number of studies have shown that
oxidative stress, inflammation and apoptosis are
associated with the pathogenesis of this pathological
condition, with oxidative stress being the main mechanism.
Mitochondrial dysfunction and calcium overload of
cardiomyocytes are also important in the development of
toxic heart disease. Doxorubicin-induced changes in blood
biochemical parameters, such as fatty acid binding
proteins, brain natriuretic peptide, and cardiac superoxide
dismutase, also play a significant role in the pathogenesis
[4, 8, 15, 18].
Doxorubicin has been used for many years to treat
№38, Page 17-23

bladder cancer [9]. If systemic chemotherapy is warranted
to invade the muscle layer, superficial bladder cancer can
be successfully treated by instilling the drug into the bladder.
The histological structure of the epithelium due to strong
interc ellular connections almost completely prevents
reabsorption from the bladder [11]. That is, intravesical
administration of doxorubicin should prevent the toxic
effects of the drug on the heart.
However, to study the systemic and local effects of the
drug during its intravesical administration, it is necessary
to perform serial instillations. The literature describes
methods of drug administration into the bladder in rodents,
but none of these methods is adapted for serial use [6, 10].
However, in the scientific literature, we have not found a
technique that would be easily reproducible and meet the
basic requirement - the possibility of serial injection of drugs
into the bladder without the development of complications
associated with its integrity.
That is why we have consistently proposed five methods
that, in our opinion, could be used to achieve the purpose
of this study.
All experiments were performed with the calculation
that in this way in the future it will be necessary to administer
intravesically the drug of cytostatic action Doxorubicin in a
series of 5 injections with an interval between injections of
7 days. That is, the method had to take into account the
aggressive effect of the drug on the bladder wall and any
damage to it.
The first proposed technique was retrograde
catheterization of the bladder under anesthesia. The
disadvantage of this technique is its traumatism - each
catheter insertion is accompanied by trauma to the mucous
membrane of the urethra and associated pain. Therefore,
this technique was performed only under general
anesthesia. Although this technique is easy to perform, a
series of 5 intravesical injections of the drug could not be
performed by any of the experimental rats. The
manipulation was prevented by swelling of the urethral
mucosa, which occurred due to previous trauma and toxic
effects of Doxorubicin on the injured mucosa. In our opinion,
this technique can be used for serial intravesical
administration of less toxic drugs than Doxorubicin, when
the chemical effect on the mucous membrane of the urethra
will not cause significant edema. However, this hypothesis
requires further experimental research.
The second proposed technique was a method of
transcutaneous puncture of the bladder in rats. This
technique also requires the use of general anesthesia, as
to determine the point of transcutaneous puncture, it is
necessary to provide the rat with a horizontal position on its
back. In addition, the reflex movements of the experimental
animal in response to the pun cture can lead to
displacement of the main landmarks and damage to
internal organs. When performing this technique, as well
as the previous one, a series of 5 intravesical injections of
the drug could not be performed by any of the experimental
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rats. The aggressive cytostatic effect of Doxorubicin
prevented the closure of the puncture hole. As in the
previous case, this technique can be useful for studies of
less toxic drugs, and also requires appropriate research.
The third proposed technique was intraoperative
bladder puncture. Although, on the one hand, sealing the
bladder with a collagen plate after a puncture prevents the
drug from leaking into the abdominal cavity, the plate itself
is a place of adhesion of cells and tissues of the
surrounding o rgans and promotes the formation o f
adhesive conglomerate. Studies have shown that this
method can be used for a series of no more than 3
intravesical injections. However, the need for repeated
surgical interventions with significant trauma to the anterior
abdominal wall and internal organs required the
continuation of scientific research in this direction.
The fourth proposed technique was a method of
subcutaneous fixation of the bladder for the next puncture
in the experiment. Removal of the bladder from the
abdomen, in theory, should have helped to avoid the
formation of adhesive conglomerates, repeated surgery
and the use of anesthesia for each administration of the
drug. Fixation of the bladder in the subcutaneous tissue
occurred, as planned, at the site of closure of the puncture
opening of the bladder with a collagen plate. However, the
second puncture was performed at a distance from the
site of attachment of the collagen plate, which caused the
leakage of Doxorubicin with the formation of fistula and
urinary incontinence in the subcutaneous tissue. These
complications could be avoided if the collagen plate was
larger and covered and, accordingly, fixed the entire anterior
wall of the bladder. This technique may be useful in the
study of less toxic drugs than Doxorubicin, which also
requires further experimental studies.
The fifth proposed technique was a method of serial

intravesical administration of drugs to female rats using a
special catheter. This technique was the only one proposed,
which met all the objectives. Thus, a series of 5 intravesical
injections of Doxorubicin was performed. In this case,
postoperative complications from both the postoperative
wound and the abdominal cavity were absent in all cases.
Intravesical administration of Doxorubicin did not require
general anesthesia and was performed without any
technical difficulties at all times of the study. No case of
self-removal of the catheter in rats was observed. The only
disadvantage of this technique, in our opinion, was the
closure of the lumen of the catheter with protein and salt
layers. However, this complication was eliminated without
much technical difficulty. This technique can be used for
experimental study of the effectiveness of intravesical use
of chemotherapeutic drugs in superficial bladder cancer.
Further studies of the effectiveness of intravesical
administration of chemotherapeutic drugs, in particular
Doxorubicin, according to the proposed method for
superficial bladder cancer in rats.

Conclusions
1. The proposed method of serial intravesical
administration of drugs in female rats using a special
catheter is intraoperative antegrade injection into the
bladder and urethra of a catheter with a diameter of 2 Fr
and a length of 20 mm, at one end of which is a balloon
with a diameter of 6 Fr which does not block the lumen of
the catheter.
2. This technique, starting from 8 days after surgery,
allows technically easy to perform serial intravesical
injections of drugs without the use of general anesthesia
and without the development of complications from the
postoperative wound and abdominal cavity.
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Social-psychological adaptation is a process of active human adaptation to constantly
changing environmental conditions, using various social means, an important component
of a person's specific attitude to the world, the main function of which is to ensure a
stable and stable standard of living, an important component of development binding of
both typical and atypical socially, educational and professionally significant tasks,
formation of appropriate behavioral decisions. The purpose of the work is to establish
the features of social and psychological adaptation of girls and boys aged 15-17 during
their stay in the senior classes of a modern school. To determine the leading features
of social-psychological adaptation during the scientific work used a personal
questionnaire of Rogers and Diamond, the use of which involved the assessment of a
number of both nominal and integrated indicators of adaptation processes, namely
indicators of adaptation, self-acceptance, perception of others, internality, internality to
dominance. Analysis of the obtained results led to the use of descriptive statistics
procedures based on the use of a standard application package of multidimensional
statistical analysis "Statistica 6.1 for Windows" (licensed № AXX910A374605FA). The
results of the research show mainly the average level of expression of the leading
nominal indicators of social-psychological adaptation of pupils 15-17 years old, who
are in a modern school, and determine the features of the process of active adaptation
of girls and boys to environmental conditions, their socially significant attitude to the
world. from the standpoint of ensuring a stable and stable standard of living, the
peculiarities of behavioral decisions that contribute to this. These trends are confirmed
by the analysis of integrated indicators of the processes of social-psychological
adaptation of pupils, especially the characteristics of adaptability and maladaptation,
self-acceptance and acceptance of others, as well as emotional comfort and internality.
These results should be further taken into account both in diagnostic (development
and implementation of methods for comprehensive assessment of adaptive resources
of boys and girls) and preventive (development and implementation of effective health
technologies and measures of psychohygienic correction of existing changes in the
functional state of the body to create preventive educational environment in the
educational institution) context.
Keywords: girls, boys, education, modern school, social-psychological adaptation.

Introduction
According to the main provisions of the adaptationoriented approach, which occupies a leading place in the
conceptual structure of modern preventive medicine, the
main components of human life, especially a person who
is at the stage of social, educational and professionally
significant development, should be considered medical
and biological, socio-economic and socio-psychological
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components and, consequently, measures for the
formation of a healthy lifestyle of modern pupils and
students should be based on the principles of bringing the
level of health of girls and boys to the socially necessary
level; cultivation through the media, popular science
literature and social networks "fashion for health"; improving
the culture of health with the use of active methods of
© 2020 Medical centre "Gebrand", Poland
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influencing the body (professional and applied physical
training, psycho-hygienic correction, health training, etc.);
inclusion of various preventive programs both in the
structure of the educational process and in the structure of
extracurricular time taking into account individualtypological features of personality and the level of adaptive
capabilities of pupils, especially the level of
psychophysiological, mental and, above all, sociopsychological adaptation [4, 5, 12, 14, 26].
In this context, it should be noted that sociopsychological adaptation is: 1) the process of active human
adaptation to constantly changing environmental conditions,
using a variety of social means; 2) an essential component
of a person's specific attitude to the world around him, the
leading function of which is to ensure a persistent and
stable standard of living; 3) an important component of
solving both typical and completely atypical socially-,
educationally- and professionally-significant tasks, the
formation of appropriate behavioral decisions, etc. [5, 14,
23]. Moreover, the way of life of modern youth involves the
development of a specific system of thinking and behavior,
which determines the formation o f prerequisites for
maintaining and strengthening health, optimal normal
physical and mental development, creating conditions for
ensuring a high level of efficiency, etc. [3, 22, 24-27].
The purpose of the work is to establish the features of
social and psychological adaptation of girls and boys aged
15-17 during their stay in the senior classes of a modern
school.

Materials and methods
The research was conducted on the basis of secondary
schools in Vinnytsia, where 309 pupils aged 15 to 17,
including 163 girls and 151 boys, were supervised during
the period.
To determine the leading features of socio-psychological
adaptation, as well as related personality traits, during the
scientific work used a personal questionnaire of Rogers
and Diamond, the use of which involved the assessment of
a number of both nominal and integrated indicators of
adaptation processes, namely: indicators of adaptation, selfacceptance, acceptance of others, internality, the desire for
dominance [14, 23, 25, 27].
The analysis and prognostic evaluation of the obtained
results determined the application of descriptive statistics
procedures based on the use of the standard package of
multidimensional statistical analysis applications "Statistica
6.1 for Windows" (licensed № AXX910A374605FA).

Results
W hen studying the leading indicators of soc iopsychological adaptation, in particular, during the
assessment of adaptability indicators, which establish the
peculiarities of the level of adaptation to both normal and
completely unusual living conditions, it was found that girls
had a clear tendency to increase, making 131.2±4.3 points
№38, Page 24-29

at the age of 15 years, 141.4±2.6 points (7.8 %; p<0.05) at
the age of 16 years and 140.9±2.7 points (7.4 %; p>0.05) at
the age of 17 years (Table 1). At the same time, among
young men the indicators that were determined initially
increased from 127.4±3.4 points among 15-year-old pupils
to 134.9±4.2 points (5.9 %; p>0.05) among 16-year-old
schoolchildren, then decreasing to 128.6±4.8 points
(0.9 %; p>0.05) among 17-year-old pupils, ie actually to the
level of baseline values. Significant gender differences were
observed only among adolescents with measles at the
age of 17 years (p<0.05).
Studies have shown that the adaptive level of pupils to
accept themselves during the usual daily educational and
extracurricular activities and, consequently, the degree of
self-affirmation, the level of self-esteem and self-esteem
among girls had a tendency to increase by 4.5 % (p>0.05)
at the age of 16 years and by 8.4 % (p<0.05) at the age of 17
years. On the other hand, among young men the level of
the studied indicators also initially increased by 5.2 %
(p>0.05) in 16-year-old schoolchildren, decreasing further
to the lowest level in the dynamics of observations 42.80±1.87 points (2.4 %; p>0.05) in 17-year-old pupils.
Significant gender differences, as in the previous case,
were registered only among persons aged 17 years
(p<0.05).
Extremely stable during the period under review were
indicators of acceptance of others and the degree of
emotional comfort inherent for organism of pupils during
educational and extracurricular activities, which determine
the degree of assessment of others and their intentions in
communication, interaction and cooperation, level of
emotional-significant components of educationalsignificant comfort, etc. In the first case, among girls their
level ranged from 24.15±0.55 points among 17-year-olds
to 25.43±0.66 points among 16-year-old girls, among boys
- in the range from 21.94±1.04 points among 17-year-olds
to 23.98±0.91 points among 16-year-old pupils. In the
second case - in the range from 22.61±1.09 points among
15-year-olds to 25.01±0.74 points among 16-year-old
pupils, among boys - in the range from 23.35±0.87 points
among 15-year-olds to 24.48±0.92 points among 16-yearold pupils.
Significantly more significant changes took place in
terms of indicators of the degree of inner comfort of the
subjects, and, consequently, the level of their intrinsic
confidence in their intentions, decisions and next steps.
First of all, it applied to girls: at the age of 15 their value was
46.40±1.69 points, at the age of 16 it increased by 10.6 %
(p<0.05), at the age of 17 - by 17.0 % (p<0.001). At the
same time, among young men, the values of the studied
indicators first increased by 5.9 % (p>0.05) at the age of
16, then decreased by 4.7 % (p> 0.05) at the age of 17.
Gender differences were characteristic only of 17-year-old
schoolchildren (p<0.05).
Slightly smaller shifts were recorded in the definition of
indicators that characterized pupils' propensity to dominate
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Table 1. Indicators of the state of socio-psychological adaptation of pupils in the dynamics of learning according to the personal
questionnaire of Rogers and Diamond (scores).
Indicators
of
adaptation

Groups of pupils
Research
period
15 years old

Girls

Boys

pg-b

n

M±m

n

M±m

52

131.2±4.3

51

127.4±3.4

M±m

n

M±m

pg-b

15 years old

52

63.32±1.66

51

62.35±1.46

>0.05

53

141.4±2.6

50

134.9±4.2

>0.05

16 years old

53

64.86±1.35

50

65.98±1.50

>0.05

53

140.9±2.7

50

128.6±4.8

<0.05

17 years old

53

62.28±1.34

50

61.98±1.61

>0.05

Adaptation
<0.05

>0.05

p15-16

>0.05

>0.05

p16-17

>0.05

>0.05

p16-17

>0.05

>0.05

p15-17

>0.05

>0.05

p15-17

>0.05

>0.05

15 years old

52

45.59±1.53

51

43.84±1.35

>0.05

15 years old

52

77.44±1.79

51

75.86±1.65

>0.05

16 years old

53

47.66±1.15

50

46.10±1.60

>0.05

16 years old

53

76.71±1.79

50

78.38±1.58

>0.05

53

49.43±0.99

50

42.80±1.87

<0.01

17 years old 53 75.96±1.92 50 74.56±2.09
Selfacceptance p
>0.05
>0.05
15-16

>0.05

17 years old
p15-16

>0.05

>0.05

p16-17

>0.05

>0.05

p16-17

>0.05

>0.05

p15-17

<0.05

>0.05

p15-17

>0.05

>0.05

15 years old

52

24.25±0.96

51

23.13±0.88

>0.05

15 years old

52

66.98±1.92

51

66.00±1.60

>0.05

16 years old

53

25.43±0.66

50

23.98±0.91

>0.05

16 years old

53

68.84±1.53

50

69.30±2.01

>0.05

17 years old

53

24.15±0.55

50

21.94±1.04

>0.05

17 years old

53

65.24±1.61

50

61.76±2.13

>0.05

>0.05

p16-17

>0.05

p15-17

>0.05

>0.05

Acceptance
of others p
15-16

>0.05

>0.05

>0.05

p16-17

>0.05

<0.05

p15-17

>0.05

>0.05

15 years old

52

22.61±1.09

51

23.35±0.87

>0.05

16 years old

53

25.01±0.74

50

24.48±0.92

>0.05

17 years old

53

24.28±1.00

50

23.48±0.92

>0.05

p15-16

>0.05

>0.05

p16-17

>0.05

>0.05

p15-17

>0.05

Emotional
comfort

>0.05

>0.05

15 years old

52

61.55±2.47

51

62.60±2.40

>0.05

16 years old

53

61.75±1.97

50

65.70±2.32

>0.05

17 years old

53

58.64±2.46

50

62.58±2.28

>0.05

p15-16

>0.05

>0.05

p16-17

>0.05

>0.05

p15-17

>0.05

>0.05

15 years old

52

46.40±1.69

51

46.43±1.31

>0.05

15 years old

52

63.98±1.92

51

67.35±1.99

>0.05

16 years old

53

51.33±1.14

50

49.16±1.78

>0.05

16 years old

53

66.73±1.75

50

69.02±2.09

>0.05

53

54.28±1.27

50

48.60±1.82

<0.05

53

63.05±1.49

50

65.94±1.87

>0.05

>0.05

17 years old

17 years old
Internality

p15-16

<0.05

>0.05

p15-16

>0.05

>0.05

p16-17

>0.05

>0.05

p16-17

>0.05

>0.05

p15-17

<0.001

>0.05

p15-17

>0.05

>0.05

15 years old

52

9.38±0.55

51

9.23±0.59

>0.05

15 years old

52

52.75±2.44

51

51.15±2.25

16 years old

53

10.20±0.49

50

10.88±0.53

>0.05

16 years old

53

51.13±1.79

50

58.84±1.74

<0.01

17 years old

53

10.94±0.55

50

10.54±0.61

>0.05

The desire 17 years old 53 52.96±2.23 50 53.18±2.25
for
>0.05
<0.01
dominance p15-16

>0.05

Domination
p15-16

>0.05

<0.05

p16-17

>0.05

>0.05

p16-17

>0.05

<0.05

p15-17

<0.05

>0.05

p15-17

>0.05

>0.05

15 years old

52

15.30±0.68

51

14.92±0.78

>0.05

15 years old

52

29.63±0.93

51

28.64±0.91

>0.05

16 years old

53

14.28±0.66

50

14.32±0.67

>0.05

16 years old

53

32.16±0.92

50

29.32±1.09

<0.05

17 years old

53

14.92±0.70

50

13.70±0.74

>0.05

17 years old

53

32.09±0.58

50

29.70±1.07

<0.05

Escapism

Insincerity
p15-16

>0.05

>0.05

p15-16

>0.05

>0.05

p16-17

>0.05

>0.05

p16-17

>0.05

>0.05

p15-17

>0.05

>0.05

p15-17

<0.05

>0.05

their peers during daily learning and extracurricular activities
and, consequently, to try to establish their own position,
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Boys

n

16 years old

Acceptance
of others p
15-16

Inner
comfort

Girls

17 years old
p15-16

Emotional
comfort

Groups of pupils
Research
period

>0.05

Adaptability

Accepting
yourself

Indicators
of
adaptation

their own preferences over others, their own preferences
and so on. In general, their values were 9.38±0.55 points
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and 9.23±0.59 points among 15-year-old girls and boys,
10.20±0.49 points (8.7 %; p>0.05) and 10.88±0.53 (17.9
%; p<0.05) points among 16-year-olds girls and boys,
10.94±0.55 points (16.6 %; p<0.05) and 10.54±0.61 (14.2
%; p>0.05) points among 17-year-old girls and boys. No
significant sex-related differences were observed (p>0.05).
Sufficiently stable results were inherent in the
characteristics of escapism, ie the efforts of pupils to "move
away" from the consideration, analysis and expression of
their own problems. At the age of 15 years, their values
were 15.30±0.68 points and 14.92±0.78 points among 15year-old girls and boys, 14.28±0.66 points (6.7 %; p>0.05)
and 14.32±0.67 points (4.0 %; p>0.05) among 16-year-old
girls and boys, 14.92±0.70 points (2.5 %; p>0.05) and
13.70±0.74 points (8.2 %; p>0.05) among 17-year-old girls
and bo ys. Significant gender differences were not
registered in the studies (p>0.05).
The high level of sincerity of the answers of the studied
pupils was confirmed by the data on the assessment of
the degree of expression of these indicators among
representatives of different age groups, which fully
corresponded to the level of average values.

Discussion
Socio-psychological adaptation, associated with the
adaptive processes of psychological and social content in
their close combination, allows individuals to achieve a
high level of self-realization in harmony with the social
environment [5, 14, 23]. In this case, these manifestations
of adaptation are not identical, and sometimes even
contradict. Thus, the social environment can both facilitate
the process of adaptation and complicate it. However, the
psychological state can also facilitate the course of adaptive
reactions that occur, and complicate their course [1, 2, 810, 13, 18, 28, 29].
Thus, socio-psychological adaptation as a
phenomenon occurs in the case of interaction of two
systems - personality (first system) and social environment
(second system), and in a situation of changing the usual
social environment, and in case of need to change the way
of interaction with him. Moreover, the main criteria for
determining and subsequent assessment of the leading
components of socio-psychological are: sociocommunicative (development of communication skills of
girls and boys), emotional-volitional (psycho-emotional
state of pupils), co gnitive (development of cognitive
functions of pupils) and psychophysiological (level of
psychophysiological functions and personality traits of the
subjects) components [6, 7, 15-17, 19-21].
Therefore, the interpretation of integrative indicators,
which are calculated on the basis of specific statistical
transformations of the primary data obtained, is extremely
important for adequate interpretation of the results obtained
during testing [11, 12, 14].
One of the most important indicators in this regard
should be considered an integrated indicator of socio№38, Page 24-29

psychological adaptation, which is determined by
assessing the leading characteristics of adaptability and
maladaptation. It should be noted that we did not observe
any significant fluctuations in the studied indicators during
the age range under consideration. No significant sexrelated differences were observed over time (p>0.05).
Almost similar results were observed in the analysis of
integrated indicators of self-acceptance and acceptance
of others, as well as emotional comfort and internality,
which, firstly, confirmed the data obtained during the
determination of nominal indicators, and secondly, showed
a stable and small-scale nature of changes which took
place, thirdly, determined the highest level of sociopsychological adaptation regardless of gender, mainly
among adolescents aged 16 years.
Only in the case of assessment of integrated indicators,
which reflected the desire of pupils to dominate the pupils'
environment, trends of somewhat different content were
registered. In girls, during the observation period, the values
of the studied indicators were 52.75±2.44 points among
15-year-old pupils, slightly decreased to 51.13±1.79 points
(3.1 %; p>0.05) among 16-year-olds, increasing further to
52.96±2.23 points (0.4 %; p>0.05) among 17-year-olds.
Among young men aged 15 years, their values were
51.15±2.25 points, at the age of 16 years - increased
significantly to 58.84±1.74 points (15.0 %; p<0.01), at the
age of 17 years - amounted to 53.18±2.25 points (4.0 %;
p>0.05). Gender-related features were observed only
among 16-year-old adolescents (p>0.05).
These results should be further taken into account both
in diagnostic (development and implementation of methods
for comprehensive assessment of adaptive resources of
boys and girls) and preventive (development and
implementation of effective health technologies and
measures of psychohygienic correction of existing changes
in the functional state of the body to create preventive
educational environment in the educational institution)
context.

Conclusions
1. The results of research show mainly the average
level of expression of the leading nominal indicators of
socio-psychological adaptation of pupils aged 15-17, who
are in a modern school, and determine the peculiarities of
the process of active adaptation of girls and boys to
changing environment, their social-significant attitude to
the world from the standpoint of ensuring a stable and
stable standard of living, the peculiarities of behavioral
decisions that contribute to this, and so on.
2. These trends were confirmed by the analysis of
integrated indicators of the processes of sociopsychological adaptation of pupils, especially the
characteristics of adaptability and maladaptation, selfacceptance and acceptance of others, as well as emotional
comfort and internality.
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Arterial tourniquets are used in clinical practice for angioplasty and arthroplasty, and in
case of limb injuries, their use often occurs according to vital signs. After removing the
tourniquet and blood supply restoration to the limb arises a multifactorial lesion of tissues
both ischemic and distant from the site of ischemia. A number of publications have been
devoted to the study of morphological disorders in muscle tissue in acute ischemiareperfusion in the medical literature. However, the researches for effective means for drug
correction of these disorders still continues. The aim of the study was to explore peculiarities
of skeletal muscle remodeling of the hind limbs of rats, detected by polarization microscopy,
in acute ischemia-reperfusion, caused by the application of an arterial tourniquet, and in
the correction of reperfusion disorders by carbacetam. Microscopic examination of
histological sections of skeletal muscles of the hind limbs of 60 rats below the site of
application of the tourniquet under conditions of experimental acute ischemia-reperfusion
was performed. Acute ischemia for all animals was caused by application of SWAT rubber
bands on the hind limbs of animals, 5-6 mm in width, at the inguinal fold level within 2 hours
under thiopental anesthesia. A reperfusion was modeled by removing the tourniquet. Half of
the experimental animals in the reperfusion period for the purpose of correction
intraperitoneally was administered the nootropic drug 1-oxo-3.3.6-trimethyl-1.2.3.4tetrahydroindolo[2.3-c]quinoline (carbacetam) at a dose of 5 mg per kilogram of body
weight once a day during the entire reperfusion period. The histological specimens of the
skeletal muscles were stained with hematoxylin and eosin, and were examined with a light
microscope with polarization nozzle. Studies with using the polarization microscopy have
shown that in the early reperfusion period morphological criteria for skeletal muscle
remodeling expressed by deformation and anisotropy of muscle fibers, disappearance of
their transverse striation, cracks and ruptures of fibers, and in the most severe cases there
were signs of necrosis of the fibers with their fragmentation into separate lumps. Subject to
the correction of reperfusion disorders by carbacetam, there is a decrease in the degree of
damage and consistent acceleration of restoration of the skeletal muscles structure, which
was the most pronounced in groups of animals with reperfusion terms after 1 and 14 days.
Complex of features indicates, that at the tissue level the administration of carbacetam as
reduces the ischemic-reperfusion lesion of the muscular fibers, as also accelerates the
mechanisms of reparative rhabdomyohistogenesis. Thus, structural changes in the skeletal
muscles of the limb after two-hour ischemia and subsequent reperfusion increased in the
early reperfusion period and reached its peak after 1 day of reperfusion, and in the late
period of reperfusion their reverse development took place. With the correction of disorders
by carbacetam, the degree of damage was reduced and the recovery of the skeletal muscle
structure of the limb was accelerated.
Keywords: acute ischemia, reperfusion, skeletal muscles, polarization microscopy,
arterial tourniquet, carbacetam.

Introduction
The incidence of acute ischemia of the extremities is
140 cases per 1 million populations per year, which is 0.1 %
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of all patients with surgical profile, and is one of the most
common in urgent peripheral vascular surgery, with
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significant morbidity and mortality [1, 3, 22].
Acute ischemia of the extremities is one of the main
reasons for the deterioration of the quality of life of patients
and their early disability, especially in the context of an
increasing number of car accidents, natural disasters and
hostilities [7]. From 5.5 % to 14.6 % of cases of acute limb
ischemia lead to a decrease in the quality of life of the
patient or limb amputation [7]. The number of deaths ranges
from 9.7 % to 35 %, and in elderly patients reaches 42 % [3,
22]. Among survivors, 20 % are at risk of high amputation
[3]. Acute ischemia on the background of trauma, in particular
damage to the main vessels is from 6-8 % to 10 % of all
gunshot wounds in the structure of combat trauma [3]. In
67 % of cases, a tourniquet is applied in case of vascular
damage at the prehospital stage [4, 9, 13]. After removal of
the tourniquet and restoration of blood supply to the limb, a
multifactorial lesion of both primary ischemic and distant
from the site of ischemia tissue develops [6, 16], which is
called ischemic-reperfusion syndrome [10, 24].
A number of studies [8, 14, 23] have studied the
structural changes in the soft tissues of the extremities in
the development of this syndrome, but polarization
microscopy is rarely used to describe structural disorders
in skeletal muscle, which is a very informative method of
morphological examination of muscle tissue. Also requires
a comprehensive study of the effectiveness of nootropic
drugs for the correction of morphological disorders in
ischemia-reperfusion [11, 25]. An attempt was made to
determine the effectiveness of carbacetam in ischemicreperfusion injury of rat skeletal muscle by analyzing the
results of polarization microscopy of rat skeletal muscle.
The aim of the study was to investigate the features of
skeletal muscle remodeling of the hind limbs of rats
detected by polarization microscopy in acute ischemiareperfusion caused by the imposition of an arterial
tourniquet, and in the correction of reperfusion disorders
by carbacetam.

Materials and methods
Histological examination of the skeletal muscles of the
hind limbs of 60 rats under experimental acute ischemiareperfusion was performed. There were 8 intact animals
in the control group.
The experiment was conducted in the Central Research
Laboratory of I. Horbachevsky Ternopil National Medical
University of the Ministry of Health of Ukraine and consisted
in modeling ischemia by applying a SWAT rubber tourniquet
on the hind right limb of the animal, at the level of the inguinal
fold under thiopental-sodium narcosis (40 mg/kg of body
weight). The width of tissue compression was 5-6 mm.
Reperfusion was simulated by restoring blood circulation
in the previously ischemic limb after removal of the
tourniquet 2 hours after its application.
The animals were euthanized by decapitation under
thiopental-sodium anesthesia (500 mg/kg body weight
intraperitoneally), after which muscle tissue was collected.
№38, Page 30-35

The experiment was conducted in compliance with the
provisions of the Law of Ukraine № 3447 - IV of 21.02.06
"On protection of animals from cruel treatment" (2006),
"Rules for work with experimental animals", approved by
the Ministry of Health of Ukraine № 755 of 12.08.1997,
"European conventions on the protection of vertebrate
animals used for research and other scientific purposes"
(Strasbourg, 1986), Council of Europe Directive 2010/63
EU on animal experiments.
During the experiment, the experimental animals were
divided into three groups: the first experimental group rats with simulation of ischemic-reperfusion damage by
applying a tourniquet on the hind limb for 2 hours (30 rats);
the second experimental group - rats with simulation of
ischemic-reperfusion damage by applying a tourniquet on
the hind limb for 2 hours, which in the reperfusion period
intraperitoneally administered 1-oxo-3.3.6-trimethyl-1.2.3.4tetrahydroindolo [2.3-c] quinolones (carbacetam) at a dose
of 5 mg per kilogram of body weight once a day throughout
the perfusion period (30 rats); control group - intact animals
(8 rats).
Animals of the first and second experimental groups
were divided into 5 subgroups of the study, 6 animals in
each. The model of the early post-ischemic period in both
groups was represented by three subgroups of animals
with reperfusion changes at 1 and 2 hours and 1 day, and
the model of the late reperfusion period by two subgroups
of animals with post-ischemic changes at 7 and 14 days
after tourniquet removal.
Histological examination was performed at the
Department of Pathological Anatomy with a sectional course
and forensic medicine of I. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine.
Skeletal muscle sections below the 4-5 μm thickness of
the tourniquet, made on the MS-2 microtome, were stained
with hematoxylin and eosin according to conventional
methods [19].
Histological specimens were examined using a
MICROmedSEO SCAN laboratory microscope with a
polarizing nozzle and photographed using a Digital Camera
for Microscope Science Lab DCM 820. Evaluation of the
type and degree of ischemic damage to skeletal muscles
of the extremities in a polarization study was performed
according to the gradation described by Cellarius Yu. G.
with co-authors and Nepomnyashchikh L. M. [2, 17, 18].

Results
Analysis of histological preparations of skeletal muscle
of experimental animals of the control group revealed that
the muscles in the longitudinal sections are represented
by fibers that vary slightly in thickness. Sarcoplasm is
homogeneous, transverse striation on the longitudinal
sections is revealed in the form of straight and evenly
spaced strips (A-band), the nuclei of the myosymplast are
oriented with their axes along the muscle fibers (Fig. 1).
Examination of the skeletal muscles of the hind limbs
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Fig. 1. Normal muscle fiber structure, A and I bands are clearly
visualized. The femoral muscle of the rat limb. Control group.
Polarization microscopy. x400.

Fig. 2. Increased anisotropy of the A-band of the myofibrils of the
muscle fibers of the thigh. Reperfusion after 1 hour. Polarization
microscopy. x400.

Reperfusion lesion two hours after restoration of blood
supply in the limb was characterized mainly by the second
degree of myofibril damage, which was visualized (in
addition to the characteristic for the first degree of increased
anisotropy of A-band) and their balanced convergence
relative to each other (Fig. 3).
At the end of day 1 of the experiment, polarization
microscopy revealed areas of fusion of A-bands, which is
characteristic of III degree of muscle fiber damage, as well
as the phenomena of fragmentation and disaggregation
of myofibril, which corresponds to the most severe IV degree
of contractile type of myofibril damage. Numerous breaks
and cracks of fibers were noted. In some cases,
myocytolysis was also observed, in which the destruction
of myofibrils with the decay of necrotized muscle fibers on
the edge of the tubercle was detected (Fig. 4).
In the model of animals of late reperfusion lesion after
7 days there were signs of restoration of the structure of
myofibrils of muscle fibers, and in animals with reperfusion
after 14 days there were signs of regeneration of fibers
with small sarcosomes around the myofibrils. At the same
time, areas of both enhanced anisotropies of A-bands and
fibers with convergence of these disks, but without their
fusion into a continuous conglomerate, were detected. Such
changes corresponded to the I-II stages of contractual
remodeling of myofibrils (Fig. 5).
In the group of animals with correction, polarization
microscopy in the early reperfusion period, namely 1 and 2
hours after the restoration of blood supply to the ischemic
limb, revealed changes that are characteristic of the I-II
degree of muscle fiber damage. Similar changes were found
in a group of animals without corrective therapy. However,
type II contractile damage, characterized by convergence of
A-band and enhanced anisotropy of myofibrils, in rats with
correction was somewhat less common than in the group
of animals without correction (Fig. 6).

Fig. 3. Increased anisotropy and convergence of the A-band of
the myofibrils of the muscle fibers of the thigh. Reperfusion after 2
hours. Polarization microscopy. x100.

of animals by polarization microscopy 1 hour after removal
of the tourniquet revealed damage to the muscle fibers of
the femoral region, mainly I degree, which was manifested
by increased anisotropy of A-bands of myofibrils in some
areas (Fig. 2). Damage to myofibrils of second-degree
muscle fibers, which were expressed by the convergence
of A-band, was observed only in some places.
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Fig. 4. Muscle fibers of the femoral part of limb of the rat.
Reperfusion after 1 day. 1 - cracks and lack of transverse striation
of fibers; 2 - damage to the integrity of myofibrils and the
phenomenon of necrosis. Polarization microscopy. x400.
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Fig. 5. Preservation of transverse striation, increased anisotropy
with the convergence of the A-band of the myofibrils of the muscle
fibers of the femoral limb of the rat. Reperfusion after 14 days.
Polarization microscopy. x400.

Fig. 6. Convergence of A-discs and increased anisotropy of
myofibrils of muscle fibers of the thigh of the hind limb of rats.
Reperfusion after 2 hours in animals with correction. 1 - A-band; 2
- I-band. Polarization microscopy. x200.

Fig. 7. Muscle fibers of the thigh of the hind limb of the rat.
Reperfusion after 1 day in animals with correction. 1 - merger of
anisotropic disks; 2 - damage to the integrity of myofibrils.
Polarization microscopy. x200.
№38, Page 30-35

A polarization study of skeletal muscle performed 1 day
after restoration of blood supply in most animals with
correction showed fusion of anisotropic discs, as well as
damage to the integrity of myofibrils, which corresponds to
type III contractural remodeling, but without signs of
intracellular myocytolysis. We did not find any characteristic
signs of cat IV stage of myofibril damage in the femoral
segment of rats after 1 day of reperfusion (Fig. 7).
In addition, in animals with correction of the sign of
remodeling after 7 days of reperfusion approximately
corresponded to those in animals without the introduction
of carbacetam with reperfusion after 14 days. And in rats
with a period of reperfusion after 14 days, the phenomena
of regeneration and reduction of contractile disorders of
the femoral muscle fibers to the structure of myofibrils of
intact animals were detected. And only in some cases type
I myofibril damage with enhanced anisotropy without
noticeable convergence of A-band and with preserved
transverse striation was detected (Fig. 8).

Fig. 8. Restoration of normal muscle fiber structure. Muscle fibers
of the femoral limb of the rat. Reperfusion after 14 days in animals
with correction. Polarization microscopy. x400.

Discussion
To date, there are several mechanisms that can
neutralize or mitigate the effects of reperfusion injury [15]. A
special place among the groups of drugs used in the
treatment and prevention of ischemic disorders are
nootropics, their feature is that, in addition to nootropic,
mnemonic, c ognitive, metabolic, n europrotective,
antiplatelet, an tioxidant properties h ave an tioxidant
properties, as they smooth the phenomena of hypo- and
hyperperfusion in the post-ischemic period (during
reperfusion), improve microcirculation in tissues and do
not have pronounced side effects characteristic of
psychotropic and sedative drugs [5]. However, the study of
this group of drugs in order to find new biologically active
substances with a wide range of properties and to expand
the indications for their use continues.
The effectiveness of carbacetam has been repeatedly
described in the restoration of cognitive impairment,
including the restoration of research reactions and memory
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processes in experimental TBI, reduction of endogenous
intoxication and oxidative stress in polytrauma, reduction
of NO2 content and NOS synthesis and activity, and
increased catalase activity in the hippocampus of rats in
Alzheimer's disease [20, 21]. Studying its effect on
endogenous intoxication in the conditions of polytrauma, a
decrease in the level of endogenous intoxication,
manifested by normalization of serum MSM in 14-28 days,
was revealed, and on the basis of previous experiments it
was found that, in addition to nootropic properties,
protection of liver, heart and lung tissues and caused a
pronounced antioxidant effect in the tissues of internal
organs [12].
Polarization microsco py revealed morphological
changes in the skeletal muscles of the hind limbs of rats
below the site of arterial tourniquet in both carbacetamfree and ischemic-corrected animals, but the severity of
such changes was different in the compared groups.
Two-hour imposition of an arterial tourniquet on the hind
limb of rats developed ischemic-reperfusion remodeling
of skeletal muscles below the site of plait imposition, the
most pronounced disorders of which appeared 1 day after
restoration of blood supply to the limb and reached stage
IV with changes in contractile damage with a gradual
reduction of changes to stage I-II in animals after 14 days
of reperfusion.
Experimental ischemia and reperfusion are
characterized by progressive remodeling of muscle fibers,
mainly by contraceptive type, but in the group of animals
without correction, there were also isolated cases of
myocytolysis.
In the stages of postischemic perfusion, with the
correction of carbacetam, there was a consistent decrease
in the degree of damage and acceleration of the recovery
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The high prevalence of pathologies of the dental and tooth-jaw system both in Ukraine
and abroad requires scientists to search for new, fundamental discoveries, in particular,
to identify patterns of the relationship between cephalometric and odontometric indicators
within certain ethnic populations. The purpose of the study is to establish the features
of the correlations of computed tomography sizes of molars with cephalometric
parameters of practically healthy men in the southern region of Ukraine. 33 practically
healthy men of the first mature age, inhabitants of the southern region of Ukraine (from
Mykolayiv, Kherson, Odesa, Zaporizhia regions and the Autonomous Republic of Crimea)
underwent cephalometry and cone-beam computed tomography followed by odontometry
of molars. The correlations between odonto- and cephalometric parameters were
assessed in the license package "Statistica 6.1" using non-parametric Spearman
statistics. In almost healthy men of the southern region of Ukraine in the qualitative
analysis of multiple nature, mostly direct reliable and medium unreliable correlations,
found only between most sizes of molars on the lower jaw and the length and height of
the nose. Quantitative analysis revealed the most significant correlations between
computed tomography sizes of molars and face sizes (7.4 % on the upper jaw, most of
which are inverse, and 13.2 % on the lower jaw, almost evenly straight and inverse).
With the indicators of the skull, the relative majority of reliable, mostly inverse
correlations are observed with the height of the teeth, their crowns and the length of the
roots (on the upper jaw 11.4 %, on the lower jaw 5.4 %); and with indicators of the facial
skull - almost evenly with the height of the teeth, their crowns and the length of the roots
(on the upper jaw 6.4 %, on the lower jaw 14.6 %, in both cases mostly reverse) and with
vestibular-lingual and mesio-distal dimensions (on the upper jaw 8.7 %, mostly reverse,
on the lower jaw 11.8 %, mostly straight). The obtained results of correlation analysis
of computed tomography sizes of molars with cephalometric indicators and indices
confirm the population specificity of the features of the dental system and are necessary
for the correct construction of regression models.
Keywords: correlations, computed tomography, odontometry, cephalometry,
administrative-territorial regions of Ukraine.

Introduction
Significant scientific and technological progress that has
undergone the field of dentistry, has made it one of the most
developed both scientifically and technically. However,
pathology of the dental and tooth-jaw system still remains a
common group of diseases both in Ukraine and abroad. A
survey of children attending schools in New South Wales
(Australia) found that 5.14 % of people had dental disease,
namely: agenesis in 4.28 %, inclination in 0.6 % and the
presence of excess teeth in 0.28 % [8]. A survey conducted in
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India found the following data: 36.7% of patients had at least
one dental abnormality, among which the most common
were adentia 16.3 %, inclination 15.5 %, the presence of
excess teeth 1.2 % and microdontia in 1.0 % of subjects
[15]. Data from Thailand show slightly different figures - the
most common anomalies in this region are congenital
adentia (found in 34.38 %), followed by the presence of
excess teeth (20.31 %) and a slightly lower percentage of
people with inclination of teeth (9.38 %) [22]. The analysis
© 2020 Medical centre "Gebrand", Poland
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conducted in only one French hospital for the period 20032013 revealed that almost half of the patients seeking medical
help had at least one dental-maxillary pathology [3].
Given that the subjects in different parts of the world
have a fairly high frequency of detection of pathologies of
the dental and tooth-jaw system, it would be appropriate to
focus research efforts on creating algorithms that could be
used for the purpose of screening examination of persons
to identify predisposition to these pathologies, taking into
account various variables, namely: age, sex, ethnicity and
regional affiliation, which would have the ultimate goal to
ensure the full aesthetic function and operation of the dental
apparatus among persons at risk.
Given the results of studies by foreign authors from
around the world [9, 14, 20, 24], which identified and proved
the existence of links between cephalometric indicators
and odontometric indicators for the local population, and
more, the detection of sexual dimorphism, it is appropriate
application of anthropology in order to identify the
relationship between the size of the cerebral and facial
skull and certain indicators of the dental and maxillofacial
apparatus for the population of Ukraine, taking into account
their regional affiliation and gender.
That is why the purpose of our study is to establish the
features of the correlations of computed tomography size
of molars with cephalometric parameters of practically
healthy men in the southern region of Ukraine.

Materials and methods
The study selected 33 somatically healthy men,
residents of the southern region of Ukraine (from Mykolayiv,
Kherson, Odessa, Zaporizhia regions and the Autonomous
Republic of Crimea) with favorable, moderately favorable
and satisfactory ecological living conditions according to
research by the National Ecological Center of Ukraine (http:/
/superdom.ua/view/1454-ekologicheskaya-karta-ukrainygde-luchshe-zhit.html). All selected men un derwent
computed tomography using a Veraviewepocs-3D dental
cone-beam tomograph (Morita, Japan) and cephalometry.
Committee on Bioethics of National Pirogov Memorial

Medical University, Vinnytsya found that the study does not
contradict the basic bioethical norms of the Council of
Europe Convention on Human Rights and Biomedicine
(1977), the Declaration of Helsinki, and meet ethical and
moral requirements under the order of the Ministry of Health
of Ukraine № 281 from 01.11.2000.
Odontometric examination of the dental-jaw complex in
three projections was performed in the software shell i-Dixel
One Volume Viewer (Ver.1.5.0. J Morita Mfg. Cor.).
Measurements of the first and second molars (M) of the
right and left sides of the upper and lower jaws were
performed: height of the tooth and crown of the tooth, length
of the palatal medial and distal roots, vestibular-lingual and
mesio-distal dimensions of the crown and neck of the tooth
[23]. The study used digital notation of teeth: 16 - upper right
first M; 17 - upper right second M; 26 - upper left first M; 27 upper left second M; 36 - lower left first M; 37 - lower left
second M; 46 - lower right first M; 47 - lower right second M.
Cephalometric study was performed in accordance with
generally accepted recommendations and anatomical
guidelines and points [6]. It involved measuring the
parameters of the cerebral and facial parts of the head with
a large Martin compass and a soft centimeter tape.
The shape of the head was determined by the ratio of
the largest width of the head to the length of the head, and
according to the obtained value of the indicator was the
distribution of craniotypes [26]. The type of face was
calculated using the Garson index (the ratio of
morphological length of the face to the largest width of the
face), and according to the obtained value of the indicator
was the distribution of face types [19].
In the license package "Statistica 6.1" the correlations
between odonto- and cephalometric parameters were
estimated using non-parametric Spearman's statistics.

Results
Correlations between computed tomographic linear
dimensions of the upper and lower jaws M with
cephalometric parameters of the brain and facial skull of
practically healthy men of the first mature age, residents of

Table 1. Correlations of the sizes of M of an upper jaw with cephalometric indicators of a brain skull of men of the southern region of
Ukraine (n=6-33).
Cephalometric indicators

Sizes of M
DUG_GOP

DUGS_GOP

DUG_AUAU

G_OP

FMT_FMT

EY_EY

KRANIO

17HZ

-0.03

0.06

-0.14

0.18

0.01

-0.30

-0.31

17HKZ

0.03

0.11

0.13

0.09

-0.32

-0.25

-0.23

17HRZ1

0.09

0.17

0.10

0.24

-0.25

-0.24

-0.38

17HRZ2

0.10

0.28

-0.01

0.17

0.03

-0.28

-0.28

17HRZ3

-0.21

-0.20

-0.15

-0.25

0.16

-0.06

0.14

17VO_K

-0.15

-0.11

0.12

-0.03

-0.23

-0.13

-0.04

17VO_S

-0.05

-0.15

0.09

-0.09

-0.24

-0.06

-0.03

17MD_K

-0.12

-0.17

-0.01

-0.02

0.28

-0.20

-0.11
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Continuation of table 1.
Cephalometric indicators
Sizes of M
DUG_GOP

DUGS_GOP

DUG_AUAU

G_OP

FMT_FMT

EY_EY

KRANIO

17MD_S

-0.12

-0.16

-0.03

0.09

0.23

-0.26

-0.22

16HZ

-0.28

-0.07

-0.02

-0.33

0.13

-0.03

0.21

16HKZ

-0.14

0.18

-0.03

-0.17

0.06

-0.11

0.11

16HRZ1

-0.23

-0.20

0.00

-0.34

-0.05

-0.05

0.20

16HRZ2

-0.01

-0.05

-0.10

0.01

0.34

0.05

0.01

16HRZ3

-0.11

0.12

0.03

-0.20

-0.07

0.03

0.16

16VO_S

-0.04

0.00

-0.02

0.22

-0.11

-0.01

-0.19

16VO_K

-0.15

-0.07

-0.12

0.09

0.08

-0.11

-0.12

16MD_S

-0.21

-0.19

0.07

-0.01

-0.06

-0.17

-0.12

16MD_K

-0.18

-0.20

0.11

0.04

0.11

-0.24

-0.19

26HZ

-0.20

-0.02

0.03

-0.15

0.12

-0.05

0.05

26HKZ

-0.07

0.20

0.01

-0.07

0.09

-0.17

-0.04

26HRZ1

-0.41

-0.18

-0.07

-0.07

-0.12

-0.42

-0.25

26HRZ2

-0.17

-0.10

-0.05

-0.16

0.20

0.01

0.12

26HRZ3

-0.03

0.15

0.01

-0.15

-0.06

0.06

0.12

26VO_K

-0.15

-0.08

-0.12

0.08

-0.01

-0.02

-0.10

26VO_S

-0.13

-0.07

-0.06

0.17

0.03

-0.14

-0.20

26MD_K

-0.35

-0.22

0.04

0.01

-0.19

-0.37

-0.25

26MD_S

-0.30

-0.31

0.03

0.03

-0.08

-0.27

-0.20

27HZ

-0.09

0.05

-0.17

0.13

-0.03

-0.31

-0.27

27HKZ

-0.07

0.09

0.10

0.02

-0.41

-0.27

-0.19

27HRZ1

0.07

0.10

0.11

0.18

-0.35

-0.32

-0.38

27HRZ2

-0.03

0.14

0.00

0.19

0.12

-0.34

-0.34

27HRZ3

-0.29

-0.27

-0.16

-0.28

0.16

-0.10

0.13

27VO_K

-0.13

-0.13

0.06

0.06

-0.17

-0.23

-0.21

27VO_S

-0.10

-0.20

0.13

0.03

-0.30

-0.18

-0.19

27MD_K

-0.13

-0.20

-0.09

0.00

0.16

-0.15

-0.11

27MD_S

-0.17

-0.22

-0.13

0.01

0.11

-0.22

-0.16

Notes: here and in the following tables, bold and red highlighted reliable medium-strength direct correlations; bold and blue highlighted
significant medium-strength inverse correlations; underlining and green highlight inaccurate medium-strength inverse correlations;
DUG_GOP - the largest head circumference; DUGS_GOP - sagittal arch; DUG_AUAU - transverse arc; G_OP - the largest length of the
head; FMT_FMT - the smallest width of the head (frontal diameter); EU_EU - the largest width of the head (occipital diameter); KRANIO
- cranial index; HZ - tooth height; HKZ - height of the tooth crown; HRZ1 - length of the palatine root of the upper M; HRZ2 - length of the
dorsal proximal root of the upper M; HRZ3 - length of the vestibular distal root of the upper M; VO_K - vestibular-lingual size of the tooth
crown; VO_S - vestibular-lingual size of the neck of the tooth; MD_K - mesio-distal size of the tooth crown; MD_S - mesio-distal size of
the tooth neck.

Table 2. Correlations of the sizes of M of a lower jaw with cephalometric indicators of a brain skull of men of the southern region of
Ukraine (n=6-33).
Cephalometric indicators
Sizes of M
47HZ

38

DUG_GOP

DUGS_GOP

DUG_AUAU

G_OP

FMT_FMT

EY_EY

KRANIO

-0.04

0.15

0.15

-0.01

-0.19

-0.21

-0.11

47HKZ

-0.06

0.05

0.15

0.04

-0.28

-0.23

-0.21

47HRZ4

-0.07

0.06

0.17

0.14

-0.33

-0.14

-0.30

47HRZ5

0.00

0.21

0.13

-0.08

-0.04

-0.33

0.07
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Continuation of table 2.
Cephalometric indicators
Sizes of M

DUG_GOP

DUGS_GOP

DUG_AUAU

G_OP

FMT_FMT

EY_EY

KRANIO

47VO_K

-0.09

-0.07

0.07

-0.08

0.01

0.12

0.04

47VO_S

-0.18

-0.15

-0.02

-0.19

-0.01

-0.13

0.07

47MD_K

0.03

0.02

-0.03

0.02

-0.11

-0.15

-0.10

47MD_S

0.01

-0.04

-0.04

0.07

-0.17

-0.25

-0.20

46HZ

-0.27

0.04

-0.13

-0.14

-0.11

0.19

0.06

46HKZ

0.11

0.26

0.05

-0.04

0.01

0.08

-0.01

46HRZ4

-0.30

-0.12

-0.09

-0.10

-0.19

0.11

-0.06

46HRZ5

-0.38

-0.28

-0.13

-0.17

-0.24

0.02

0.04

46VO_K

-0.07

0.01

-0.19

-0.06

-0.12

0.00

-0.08

46VO_S

0.04

-0.06

0.05

-0.02

-0.08

-0.11

-0.09

46MD_K

-0.14

0.02

-0.18

-0.24

-0.20

-0.09

0.03

46MD_S

0.04

0.04

0.08

0.03

-0.01

-0.15

-0.09

36HZ

-0.18

0.12

-0.13

0.02

-0.06

0.11

-0.01

36HKZ

-0.06

0.17

-0.06

-0.03

-0.06

0.00

-0.05

36HRZ4

-0.20

-0.06

-0.03

0.05

-0.09

0.07

-0.09

36HRZ5

-0.28

-0.28

0.00

-0.15

-0.12

0.06

0.09

36VO_K

-0.03

-0.09

-0.12

-0.01

-0.01

0.07

-0.08

36VO_S

-0.15

-0.15

-0.14

-0.19

-0.11

0.00

0.04

36MD_K

-0.17

-0.03

-0.22

-0.24

-0.14

0.06

0.07

36MD_S

0.00

0.04

0.03

0.05

0.00

-0.10

-0.09

37HZ

-0.08

0.09

0.15

0.11

-0.25

-0.26

-0.24

37HKZ

-0.10

-0.04

0.12

0.09

-0.29

-0.11

-0.27

37HRZ4

-0.10

0.06

0.07

0.11

-0.27

-0.09

-0.25

37HRZ5

0.00

0.20

0.08

-0.06

-0.08

-0.35

0.02

37VO_K

-0.07

-0.05

0.09

-0.17

0.07

0.04

0.14

37VO_S

-0.13

-0.15

-0.05

-0.11

-0.03

-0.07

0.01

37MD_K

-0.06

-0.11

-0.01

-0.09

0.04

-0.11

0.04

37MD_S

0.06

-0.04

-0.02

0.00

-0.01

-0.18

-0.07

Notes: here and in the following tables, HRZ4 - the length of the near root of the lower M; HRZ5 - the length of the distal root of the lower M.

Table 3. Correlations of the sizes of M of an upper jaw with cephalometric indicators of a facial skull of men of the southern region of
Ukraine (n=6-33).
Cephalometric indicators
Sizes of M

ZY_ZY

ZM_ZM

TR_GN

TR_N

N_GN

N_PRN

N_SN

GO_GO

N_STO

17HZ

-0.15

-0.09

-0.14

0.03

0.02

0.22

0.21

-0.15

0.08

17HKZ

-0.32

-0.07

-0.06

0.19

0.01

0.15

0.13

0.06

0.08

17HRZ1

-0.30

-0.01

-0.19

0.00

0.08

0.16

0.18

0.04

0.08

17HRZ2

-0.15

-0.14

-0.11

0.21

-0.02

0.28

0.29

0.07

0.16

17HRZ3

0.16

-0.15

0.08

0.09

-0.10

-0.01

0.01

-0.23

-0.06

17VO_K

-0.04

-0.06

-0.11

-0.19

-0.20

-0.08

-0.10

-0.34

-0.18

17VO_S

-0.11

-0.05

-0.14

-0.16

-0.05

0.08

0.06

-0.13

-0.03

17MD_K

0.24

-0.09

0.13

0.20

-0.03

0.30

0.30

-0.14

0.00
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Continuation of table 3.
Cephalometric indicators
Sizes of M
17MD_S

ZY_ZY

ZM_ZM

TR_GN

TR_N

N_GN

N_PRN

N_SN

GO_GO

N_STO

0.22

-0.09

0.13

0.16

0.06

0.35

0.34

-0.14

0.13

16HZ

0.21

-0.38

-0.31

-0.01

-0.40

-0.02

0.02

-0.21

-0.02

16HKZ

0.10

-0.21

-0.06

0.29

0.05

0.18

0.19

-0.17

0.13

16HRZ1

-0.01

-0.19

-0.09

0.01

-0.08

-0.09

-0.04

0.06

0.02

16HRZ2

0.25

0.04

-0.22

-0.06

-0.37

-0.26

-0.28

-0.20

-0.19

16HRZ3

0.06

-0.36

-0.24

0.04

-0.33

0.03

0.09

-0.17

0.04

16VO_S

0.07

-0.15

-0.18

-0.16

-0.15

0.01

0.00

-0.38

-0.15

16VO_K

0.23

-0.18

0.03

0.03

0.03

0.26

0.26

-0.22

0.02

16MD_S

-0.06

-0.12

-0.22

-0.23

-0.06

0.02

0.05

-0.31

-0.16

16MD_K

0.10

0.01

-0.14

-0.20

-0.08

0.01

0.02

-0.25

-0.22

26HZ

0.11

-0.38

-0.32

0.01

-0.31

0.12

0.15

-0.17

0.05

26HKZ

0.03

-0.26

-0.05

0.31

0.07

0.28

0.29

0.03

0.23

26HRZ1

0.06

-0.45

-0.27

-0.06

-0.01

0.14

0.16

-0.11

0.15

26HRZ2

0.09

-0.04

0.00

0.22

-0.21

-0.14

-0.16

-0.08

-0.17

26HRZ3

0.03

-0.41

-0.27

-0.05

-0.16

0.18

0.24

-0.19

0.13

26VO_K

0.14

-0.24

-0.09

-0.08

-0.10

0.13

0.13

-0.30

-0.06

26VO_S

0.23

-0.19

0.01

0.02

0.01

0.25

0.25

-0.23

0.06

26MD_K

-0.13

-0.21

-0.32

-0.31

-0.02

0.09

0.08

-0.42

-0.17

26MD_S

-0.02

-0.09

-0.26

-0.37

0.05

0.07

0.05

-0.34

-0.15

27HZ

-0.07

-0.22

-0.17

0.04

-0.04

0.17

0.19

-0.24

0.12

27HKZ

-0.40

-0.16

-0.07

0.21

0.05

0.13

0.12

0.01

0.12

27HRZ1

-0.34

-0.11

-0.08

0.15

0.02

0.19

0.19

0.09

0.12

27HRZ2

0.02

-0.22

-0.12

0.22

-0.08

0.28

0.31

-0.19

0.25

27HRZ3

0.18

-0.23

0.01

0.05

-0.10

-0.05

-0.03

-0.28

-0.02

27VO_K

0.00

-0.12

-0.11

-0.25

-0.05

0.00

-0.02

-0.31

-0.09

27VO_S

-0.15

-0.03

-0.04

-0.02

-0.02

0.08

0.05

-0.08

-0.01

27MD_K

0.16

-0.16

-0.09

-0.04

-0.03

0.29

0.28

-0.18

0.06

27MD_S

0.12

-0.16

-0.07

-0.06

0.06

0.31

0.30

-0.20

0.11

Notes: here and in the following tables, by underlining and sand color are selected unreliable medium-strength direct correlations;
ZY_ZY - face width (distance between chin points); ZM_ZM - average width of the face; TR_GN - physiological length of the face; TR_N
- lobe height; N_GN - morphological length of the face; N_PRN - length of the nose; N_SN - height of the nose; GO_GO - width of the lower
jaw (width between the corners of the lower jaw); N_STO - height of the upper part of the face.

Table 4. Correlations of the sizes of M of a mandible with cephalometric indicators of a facial skull of men of the southern region of
Ukraine (n=6-33).
Cephalometric indicators
Sizes of M

40

ZY_ZY

ZM_ZM

TR_GN

TR_N

N_GN

N_PRN

N_SN

GO_GO

N_STO

47HZ

-0.29

-0.24

-0.35

-0.08

-0.04

0.30

0.34

-0.18

0.15

47HKZ

-0.35

-0.18

-0.24

0.00

0.10

0.38

0.40

-0.08

0.22

47HRZ4

-0.30

-0.20

-0.35

-0.05

-0.06

0.28

0.28

-0.18

0.16

47HRZ5

-0.22

-0.18

-0.33

-0.15

-0.20

-0.09

-0.04

-0.31

-0.02

47VO_K

0.15

-0.24

-0.21

-0.18

-0.09

0.28

0.30

-0.21

-0.04

47VO_S

0.04

-0.25

-0.14

-0.10

0.10

0.32

0.34

0.02

0.02
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Continuation of table 4.
Cephalometric indicators
Sizes of M
ZY_ZY

ZM_ZM

TR_GN

TR_N

N_GN

N_PRN

N_SN

GO_GO

N_STO

47MD_K

-0.09

-0.26

-0.09

-0.03

0.14

0.56

0.56

-0.10

0.27

47MD_S

-0.06

-0.35

-0.11

-0.02

0.09

0.51

0.51

-0.01

0.29

46HZ

0.06

-0.26

-0.02

0.20

0.06

0.16

0.18

-0.11

0.10

46HKZ

0.01

-0.09

0.03

0.32

0.24

0.29

0.31

0.23

0.14

46HRZ4

0.08

-0.26

0.12

0.22

0.28

0.31

0.32

0.01

0.20

-0.36

-0.49

-0.11

46HRZ5

-0.07

-0.14

-0.23

-0.37

-0.25

-0.36

46VO_K

0.21

-0.36

-0.14

-0.20

0.13

0.43

0.44

-0.19

0.13

46VO_S

0.05

-0.14

-0.02

-0.03

0.08

0.31

0.32

0.15

0.19

46MD_K

0.16

-0.39

-0.02

0.00

0.19

0.53

0.52

-0.14

0.08

46MD_S

0.01

-0.16

-0.12

0.02

0.10

0.33

0.34

0.11

-0.02

36HZ

0.02

-0.18

-0.02

0.17

0.15

0.16

0.17

-0.15

0.14

36HKZ

0.00

-0.24

-0.03

0.28

0.21

0.30

0.32

0.04

0.19

36HRZ4

0.00

-0.12

0.08

0.15

0.25

0.21

0.21

-0.04

0.18

36HRZ5

-0.11

0.05

-0.11

-0.36

-0.20

-0.42

-0.44

-0.36

-0.19

36VO_K

0.21

-0.19

-0.04

-0.08

-0.02

0.26

0.26

-0.07

-0.06

36VO_S

0.20

-0.32

-0.15

-0.19

0.16

0.35

0.36

-0.17

0.17

36MD_K

0.28

-0.45

-0.16

-0.08

0.12

0.49

0.48

-0.22

0.13

36MD_S

0.05

-0.26

-0.25

-0.06

-0.01

0.34

0.35

0.02

-0.01

37HZ

-0.28

-0.26

-0.42

-0.19

-0.02

0.27

0.30

-0.19

0.20

37HKZ

-0.24

-0.20

-0.36

-0.13

0.02

0.37

0.38

-0.14

0.28

37HRZ4

-0.20

-0.19

-0.31

-0.05

0.03

0.26

0.25

-0.26

0.22

37HRZ5

-0.27

-0.19

-0.29

-0.14

-0.12

-0.11

-0.06

-0.21

0.01

37VO_K

0.06

-0.17

-0.12

-0.13

0.01

0.26

0.28

-0.10

-0.09

37VO_S

0.05

-0.16

-0.08

-0.11

0.11

0.34

0.34

0.07

-0.03

37MD_K

-0.08

-0.23

-0.08

0.02

0.10

0.52

0.52

-0.04

0.07

37MD_S

-0.04

-0.22

-0.11

-0.04

0.17

0.55

0.54

0.07

0.14

Table 5. Correlations of the sizes of M of an upper jaw with cephalometric indicators of a facial skull of men of the southern region of
Ukraine (n=6-33).
Cephalometric indicators
Sizes of M
SN_PRN

AL_AL

CHI_CHI

EK_EK

MF_MF

N_I

PGO_GN

IGO_GN

IN_GARS

17HZ

0.13

0.02

-0.11

-0.21

-0.08

-0.06

0.04

-0.11

0.15

17HKZ

0.17

0.07

0.07

-0.14

0.11

0.17

-0.06

-0.20

0.29

17HRZ1

0.30

0.07

-0.05

-0.18

0.03

0.05

-0.10

-0.24

0.26

17HRZ2

0.14

-0.03

0.16

0.12

0.07

0.21

0.32

0.19

0.11

17HRZ3

-0.21

0.25

-0.24

-0.15

-0.09

-0.12

-0.04

-0.15

-0.12

17VO_K

-0.20

0.14

0.02

-0.32

-0.14

-0.21

-0.22

-0.20

-0.13

17VO_S

-0.10

0.08

0.13

-0.32

0.10

-0.10

-0.11

-0.18

-0.06

17MD_K

-0.08

0.16

0.24

-0.04

0.02

0.02

0.17

0.08

-0.23

17MD_S

0.03

0.08

0.26

0.02

0.11

0.09

0.18

0.12

-0.21

16HZ

-0.25

0.18

-0.02

-0.14

-0.28

-0.23

-0.04

-0.13

-0.13

16HKZ

0.00

-0.15

0.04

0.09

-0.08

0.05

0.01

-0.08

0.03

№38, Page 36-46

41

Correlations of linear sizes of molars with cephalometric indicators of practically healthy men of the southern...

Continuation of table 5.
Cephalometric indicators
Sizes of M
SN_PRN

AL_AL

CHI_CHI

EK_EK

MF_MF

N_I

PGO_GN

IGO_GN

IN_GARS

16HRZ1

-0.28

0.12

0.04

-0.16

-0.09

0.14

-0.05

-0.15

0.09

16HRZ2

-0.28

0.15

-0.01

0.19

-0.08

-0.23

0.15

0.14

-0.37

16HRZ3

-0.18

0.15

-0.06

-0.16

-0.09

-0.17

0.03

-0.03

0.00

16VO_S

-0.30

0.10

-0.05

-0.22

-0.01

-0.39

-0.12

-0.13

-0.12

16VO_K

-0.06

0.16

0.11

-0.15

0.08

-0.20

-0.12

-0.09

-0.08

16MD_S

-0.12

0.17

-0.04

-0.37

-0.06

-0.25

-0.04

-0.04

0.06

16MD_K

-0.20

0.21

0.15

-0.17

0.04

-0.09

0.10

0.13

-0.08

26HZ

-0.16

0.10

0.04

-0.14

-0.16

-0.27

-0.04

-0.15

-0.03

26HKZ

0.02

-0.09

0.23

0.14

0.18

0.06

0.11

-0.03

0.11

26HRZ1

0.09

0.04

0.14

-0.21

0.08

-0.03

-0.24

-0.32

0.18

26HRZ2

-0.15

-0.13

-0.18

0.10

-0.21

-0.08

0.09

0.00

-0.13

26HRZ3

-0.02

0.15

-0.08

-0.19

-0.03

-0.17

-0.03

-0.08

0.11

26VO_K

-0.25

0.07

-0.02

-0.24

-0.02

-0.38

-0.23

-0.22

-0.10

26VO_S

-0.04

0.20

0.14

-0.09

0.13

-0.15

-0.11

-0.07

-0.08

26MD_K

-0.01

0.06

-0.13

-0.42

-0.11

-0.29

-0.14

-0.15

0.14

26MD_S

-0.09

0.05

-0.06

-0.26

-0.03

-0.16

-0.09

0.00

0.13

27HZ

0.06

0.13

-0.11

-0.21

-0.03

-0.10

-0.03

-0.15

0.13

27HKZ

0.14

-0.07

0.00

-0.22

0.10

0.11

-0.13

-0.29

0.34

27HRZ1

0.30

0.14

0.04

-0.17

0.15

0.16

-0.06

-0.20

0.33

27HRZ2

0.22

0.06

0.05

0.12

0.00

0.07

0.17

0.02

-0.01

27HRZ3

-0.19

0.24

-0.28

-0.18

-0.09

-0.16

-0.13

-0.25

-0.09

27VO_K

-0.06

0.17

0.02

-0.37

-0.08

-0.22

-0.26

-0.30

-0.01

27VO_S

-0.01

0.01

0.18

-0.27

0.22

0.03

-0.09

-0.16

-0.03

27MD_K

-0.03

0.16

0.11

-0.17

0.04

-0.20

0.01

-0.04

-0.13

27MD_S

0.00

0.11

0.12

-0.18

0.11

-0.10

0.07

0.02

-0.08

Notes: here and in the following tables, SN_PRN - the depth of the nose; AL_AL - width of the base of the nose (distance between alar
points); CHI_CHI - width of the mouth; EK_EK - extraocular width (biorbital width); MF_MF - interosseous width (anterior interorbital
width); N_I - distance between the nasion and the interincisor point; RGO_GN - body length of the lower jaw on the right; LGO_GN - body
length of the lower jaw on the left; IN_GARS - Garson's morphological index.

Table 6. Correlations of the sizes of M of a mandible with cephalometric indicators of a facial skull of men of the southern region of
Ukraine (n=6-33).
Cephalometric indicators
Sizes of M
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SN_PRN

AL_AL

CHI_CHI

EK_EK

MF_MF

N_I

PGO_GN

IGO_GN

IN_GARS

47HZ

0.04

0.00

0.05

-0.26

-0.12

-0.07

-0.02

-0.12

0.23

47HKZ

0.18

-0.11

0.12

-0.18

-0.02

0.10

0.01

-0.07

0.31

47HRZ4

0.08

-0.02

0.23

-0.15

0.07

-0.05

0.03

-0.04

0.21

47HRZ5

-0.19

0.21

-0.21

-0.28

-0.27

-0.10

-0.08

-0.20

0.11

47VO_K

-0.18

0.17

-0.01

-0.16

-0.19

-0.29

-0.06

-0.10

-0.15

47VO_S

-0.01

-0.01

-0.02

-0.27

0.01

-0.07

-0.16

-0.22

0.08

47MD_K

0.15

-0.05

0.12

-0.24

-0.03

-0.02

-0.10

-0.11

0.15

47MD_S

0.17

0.04

0.14

-0.13

0.17

0.06

0.01

0.01

0.19

46HZ

-0.12

-0.30

0.00

-0.11

-0.06

-0.19

-0.05

-0.20

0.06
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Continuation of table 6.
Cephalometric indicators
Sizes of M

SN_PRN

AL_AL

CHI_CHI

EK_EK

MF_MF

N_I

PGO_GN

IGO_GN

IN_GARS

0.21

-0.04

0.14

0.11

0.20

0.07

-0.07

-0.23

0.08

46HRZ4

0.21

-0.24

0.11

-0.19

0.05

0.00

-0.19

-0.32

0.16

46HRZ5

-0.41

-0.08

-0.24

-0.26

-0.23

-0.26

-0.03

0.01

0.00

46VO_K

0.06

0.14

0.00

-0.17

-0.03

-0.14

-0.13

-0.12

0.01

46HKZ

46VO_S

0.13

0.30

0.09

0.00

0.22

0.08

-0.11

-0.14

0.01

46MD_K

0.21

0.00

0.06

-0.20

0.00

0.10

-0.07

-0.06

0.10

46MD_S

0.19

0.16

0.05

-0.15

0.12

-0.01

-0.16

-0.22

0.12

36HZ

0.00

-0.32

-0.08

-0.07

0.01

-0.26

-0.10

-0.19

0.12

36HKZ

0.17

-0.18

0.11

0.00

0.23

-0.01

-0.06

-0.17

0.15

36HRZ4

0.14

-0.34

-0.01

-0.10

0.05

-0.16

-0.22

-0.30

0.12

36HRZ5

-0.38

-0.04

-0.42

-0.21

-0.35

-0.25

-0.16

-0.16

0.03

36VO_K

-0.11

0.21

-0.02

-0.17

-0.03

-0.27

-0.17

-0.23

-0.17

36VO_S

0.12

0.20

-0.10

-0.15

-0.03

-0.09

-0.16

-0.18

0.05

36MD_K

0.15

-0.01

0.03

-0.10

-0.05

-0.14

-0.09

-0.08

-0.02

36MD_S

0.09

0.10

0.10

-0.16

0.11

-0.17

-0.06

-0.09

0.03

37HZ

0.13

0.02

-0.02

-0.23

-0.12

-0.10

-0.14

-0.23

0.26

37HKZ

0.19

-0.02

0.14

-0.11

0.02

0.00

-0.04

-0.07

0.20

37HRZ4

0.10

-0.17

0.10

-0.11

0.11

-0.21

-0.08

-0.13

0.18

37HRZ5

-0.13

0.18

-0.26

-0.33

-0.26

-0.08

-0.13

-0.30

0.20

37VO_K

-0.16

0.08

-0.09

-0.23

-0.26

-0.21

-0.10

-0.20

-0.07

37VO_S

-0.06

-0.04

-0.03

-0.25

-0.10

-0.02

-0.06

-0.14

0.04

37MD_K

0.15

-0.19

0.10

-0.30

-0.02

0.01

0.05

0.02

0.11

37MD_S

0.23

-0.01

0.19

-0.12

0.20

0.12

0.07

0.12

0.14

the southern administrative-territorial region of Ukraine are
presented in Tables 1-6.

Discussion
Orthodontics and anthropology have become
inseparable scientific fields since it became clear that
without maintaining the correct proportions of the face and
teeth, it is impossible to achieve a perfect, "Hollywood"
smile [7, 21]. In this context, the dental industry cannot
continue to develop separately, despite the cephalometric
guidelines and, most importantly, the identification of their
relationships with odontometric within different ethnic or
regional groups.
Clearly, there is no doubt that different ethnic groups
and nationalities have different c haracteristics of
cephalometric and odontometric indicators and different
characteristics of the relationships between them. Thus,
when comparing these indicators in women of Saudi Arabia
and Japan, it was found that the former have significantly
higher rates of gonial angle, facial angle, lower facial
height, more protruding incisors and nose, protruding chin
than the latter [1]. Also significant differences in the above
indicators were found when comparing the data of Syrian
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and Hungarian adolescents [2], residents of India and
Malaysia [10]. Vela E. and co-authors [25] found that there
are differences between US residents of European and
Mexican descent.
Boujoual I. and others [4, 5] surveyed 200 people in
Morocco, and after statistical processing of the data found
a strong correlation between the shape of the face and the
shape of the central incisor of the upper jaw.
It has been established that the thickness of the gums
is closely related to the index of the human face and the
angulation of the anterior part of the lower jaw [11].
Linjawi A. I. [12, 13] in the examination of 210 patients
aged 11-15 years and subsequent statistical data
processing found strong correlations between the state of
molar health and such indicators as sex, vertical growth
pattern and overbite, but no correlations with cephalometric
indicators. Similar data were also obtained by a group of
Indian researchers [16].
At the same time, significant correlations between
cephalometric parameters and odontometric parameters
have been found by Greek researchers [18]. Thus, in their
study, they found the following statistical relationship
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between the indicators of covariance of the lower first molar
and craniofacial complex in prepubertal and adult groups
of subjects (RV=14.05 %, p=0.0099 and RV=12.31 %,
p=0.0162, respectively).
As a result of the analysis of reliable and average
strength of unreliable correlations of computer-tomographic
sizes of M with cephalometric indicators and indices of
practically healthy men from the southern administrativeterritorial region of Ukraine multiple character of mostly
direct reliable (r = 0.35 - 0.56) and average strength of
unreliable (r = 0.30 - 0.34) correlations were found only
between most sizes of M on the lower jaw and the length
and height of the nose.
The quantitative analysis of reliable and average
strength of unreliable correlations of computer-tomographic
sizes of M with cephalometric indicators and indices of
practically healthy men of the southern administrativeterritorial region of Ukraine revealed the following
distribution of correlations:
between the upper M and indicators of a brain skull 21
correlations from 252 possible (8.3 %), from which, 0.4 %
of direct reliable average force, 3.2 % of return reliable
average force and 4.8 % of return unreliable average force;
among which - with the first M 9 correlations from 126
possible (0.8 % of direct reliable average force, 3.2 % of
reverse reliable average forc e and 3.2 % of reverse
unreliable average force); with the second M 12 correlations
out of 126 possible (3.2 % of reversible reliable medium
strength and 6.3 % of reverse unreliable medium strength);
with the height of the teeth, their crowns and the length of
the roots 16 correlations out of 140 possible (0.7 % of
direct reliable medium force, 4.3 % of inverse reliable
medium force and 6.4 % of inverse unreliable medium
force); with vestibular-lingual and mesio-distal dimensions
5 correlations out of 112 possible (1.8 % of reverse reliable
mean forces and 2.7 % of inverse unreliable middle forces);
between lower M and cranial skull indicators only 6
correlations out of 224 possible (2.7 %), of which, 0.9% of
reversible reliable mean force and 1.8 % of inverse
unreliable average force; among which - with the first M 2
correlations from 112 possible (0.9 % of reverse reliable
average force and 0.9 % of reverse unreliable average
force); with the second M 4 correlations from 112 possible
(0.9 % of return reliable average force and 2.7 % of return
unreliable average force); with the height of the teeth, their
crowns and the length of the roots 6 correlations out of 112
possible (1.8 % of reverse reliable medium strength and
3.6 % of inverse unreliable medium strength); with
vestibular-lingual and mesio-distal dimensions - reliable
or medium-strength un reliable correlations are not
established at all;
between the upper M and facial skull indicators 48
correlations out of 648 possible (7.4 %), of which, 0.2 %
direct reliable medium strength, 1.7 % direct unreliable
medium strength, 2.8 % reverse reliable medium strength
and 2.8 % reverse unreliable medium strength; among
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which - with the first M 26 correlations from 324 possible
(4.9 % of reverse reliable average force and 3.1% of reverse
unreliable average force); with the second M 22 correlations
from 324 possible (0.3 % of direct reliable average force,
3.4 % of direct unreliable average force, 0.6 % of reverse
reliable average force and 2.5 % of reverse unreliable
average force); with the height of the teeth, their crowns and
the length of the roots 23 correlations out of 360 possible
(1.7 % of direct unreliable medium strength, 2.5 % of inverse
reliable of medium strength and 2.2 % of inverse unreliable
medium strength); with vestibular-lingual and mesio-distal
dimensions 25 correlations out of 288 possible (0.3 % of
direct reliable medium forces, 1.7 % of direct unreliable
medium forces, 3.1 % of inverse reliable medium forces
and 3.5 % of inverse unreliable medium forces);
between lower M and facial skull ind icators 76
correlations out of 576 possible (13.2 %), of which, 3.6 %
direct reliable medium strength, 3.6 % direct unreliable
medium strength, 3.6 % inverse reliable medium strength
and 2.3 % inverse unreliable medium strength; among
which - with the first M 42 correlations from 288 possible
(3.1 % of direct reliable average force, 4.2 % of direct
unreliable average force, 5.2 % of reverse reliable average
force and 2.1 % of reverse unreliable average force); with
the second M 34 correlations from 288 possible (4.2 % of
direct reliable average force, 3.1 % of direct unreliable
average force, 2.1 % of reverse reliable average force and
2.4 % of reverse unreliable average force); with the height
of the teeth, their crowns and the length of the roots 42
correlations out of 288 possible (1.4 % of direct reliable
medium strength, 3.5 % of direct unreliable medium
strength, 5.9 % of inverse reliable medium strength and
3.8 % of inverse unreliable medium strength); with
vestibular-lingual and mesio-distal dimensions 34
correlations out of 288 possible (5.9 % of direct reliable
medium forces, 3.8 % of direct unreliable medium forces,
1.4 % of reverse reliable medium forces and 0.7 % of
inverse unreliable medium forces).
The obtained results of qualitative and quantitative
analysis of correlations of computer-tomographic sizes of
M with cephalometric indicators and indices of practically
healthy men from the southern administrative-territorial
region of Ukraine have many numerical differences from
the results received at the analysis of correlations of
computer-tomographic sizes of M with cephalometric
indicators and indices of practically healthy men from the
northern region of Ukraine [17].
Thus, our analysis of the correlations of computed
tomography dimensions of the M with cephalometric
indicators and indices confirms the population specificity
of the features of the dental-jaw system.

Conclusions
1. In practically healthy men of the southern region of
Ukraine the peculiarities of correlations of linear computed
tomographic sizes of M with cephalometric indicators of
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cerebral and facial skull are established. In the qualitative
analysis, the multiple nature of the correlations was found
only between the majority of the size of the M on the lower
jaw and the length and height of the nose (mostly direct
reliable and medium strength unreliable).
2. In quantitative analysis, the majority of reliable
correlations were found between the computed tomography
size of the M and the size of the face (7.4 % on the upper jaw,
most of which are inverse, and on the lower jaw - 13.2 %,
almost evenly direct and inverse); according with the
indicators of the skull - on the upper jaw 8.3 %, almost all of
which have the opposite character, and on the lower jaw

only 2.7 %, all have the opposite character.
3. It was found that with the indicators of the brain skull,
the relative majority of reliable correlations are observed
with the height of the teeth, their crowns and the length of
the roots (on the upper jaw 11.4 %, mostly reverse; on the
lower jaw 5.4 %, all reverse); and with the facial skull almost evenly with the height of the teeth, their crowns and
the length of the roots (on the upper jaw 6.4 %, mostly
reverse; on the lower jaw 14.6 %, mostly reverse) and with
vestibular-lingual and mesio-distal dimensions (on the
upper jaw 8.7 %, mostly reverse, on the lower jaw 11.8 %,
mostly straight).
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Adolescence is characterized by increased reactivity to stress factors, among the
sources of which the educational environment plays a significant role. The content of
education and educational process organization, as well as interpersonal relationships,
is the predominant stress factors of the educational environment. In the context of
education reform, new pedagogical projects are being introduced, in particular, on the
basis of meritocratic education, providing for the intensification of the educational
process. It may affect the state of the autonomic regulatory systems of students. The
purpose of the research is to study the activity level of autonomic regulatory systems
among students of secondary school, who are studying in meritocratic and traditional
gymnasium education systems. The study involved 60 students: 42 studied in
meritocratic system (19 in SG-1, 23 in SG-2), and 18 in traditional system (SG-3).
Heart rate variability (HRV) was used as a physiological marker of stress. ECG was
recorded during 5 minutes in a darkened room in a rest state with closed eyes in a
sitting position at the 5th, 6th and 7th grades. Intergroup comparisons of HRV parameters
were carried out according to the Mann-Whitney, Kruskell-Wallis, Dunnett criteria, and
the φ-criterion of the angular Fisher transformation. Differences were considered
significant at р<0.05. In the 6th grade, there was a tendency (0.05<р<0.07) to lower
values of Mean, SDNN, TR, ΔX, RMSSD, pNN50 among students in meritocratic system
compared to the traditional one. However, this trend reached the level of statistical
significance in the students of SG-1 compared to the control (SG-3). In meritocratic
education different student groups differed in the level of school stress in 6th and 7th
grades. Students in SG-1, compared to SG-2, characterized by lower values % HF,
HFn, pNN50 against the background of higher values of % LF, LFn, LF/HF, IC, CC1,
CC0. Thus, a higher level of school-based stress in conditions of meritocratic education
is determined not so much by the intensification of the educational process as by
social factors of the educational environment and/or individual typological traits of
students.
Keywords: autonomic and central nervous regulation, heart rate variability (HRV),
school-based stress, meritocratic education, adolescents.

Introduction
The period of study in primary school includes the
processes of self-identification of the individual against
the background of interconnected but heterochronous
changes in the biological, cognitive, emotional and social
functioning of the organism [14]. That is why adolescence
is considered a period of increased susceptibility to stress
[12, 33]. Sources of stress in adolescence can be various
factors, including the educational environment [11, 12, 18].
Stressful situations are common in the educational
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environment and affect students on a daily basis [25, 32].
In particular, in a study by Sripongwiwata S. et al. [32]
identified the following factors of school stress: the content
of educational material, methods of teaching and learning,
personal experiences related to learning, interpersonal
relationships with teachers and classmates, group social
factors. The leading factors of school stress are the content
of education and the organization of the educational
process, namely: a large amount of educational material;
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difficult to understand the content of education; too tight
training schedule; lack of time for repetition and consolidation
of educational material; too frequent control of knowledge;
final evaluation; unfair evaluation system; competitive
educational environment. As pupils move to higher levels in
the education system, they face higher academic
requirements and expectations. The need to meet these
expectations and academic requirements can also be a
source of stress in adolescence. Thus, it was shown that
among 11-year-old pupils the level of school stress was
stable, while school stress increased in 13- and 15-yearold pupils [18]. According to research by Krivolapchuk I. A.
[16], the highest psychophysiological "value" of intensive
intellectual activity is inherent in pupils at the beginning of
school and during puberty.
Previous research has shown that school stress can
interfere with pupils' academic performance [13], probably
due to the negative impact on memory processes [29, 36].
In addition, stress can prevent the integration of new
information into the existing knowledge structure, which can
complicate a deep multidisciplinary understanding of the
learning material. In addition, stress, changing the balance
between memory systems, can interfere with the creative
solution of complex and/or new problems, which, in turn,
can lead to underestimation of pupils' abilities and
underestimation of their self-esteem [37].
A study of school stress in more than 18 countries in
North America, the United Kingdom, Eastern Europe, the
Nordic countries, and Germany found a trend toward marked
increases in adolescent school stress between 1994 and
2010 [15].
These data are a good basis for monitoring the level of
school stress among Ukrainian pupils, as our education
system is currently undergoing significant reforms and
educational institutions are gaining considerable autonomy
in determining the content of education and the choice of
forms of educational process. In particular, in 2008 the allUkrainian pedagogical project "Intellect of Ukraine" was
launched on the basis of meritocratic education with the
use of educational models of acceleration, deepening,
enrichment and problematization [8]. As you can see, the
methodological basis of the project involves the
intensification of the educational process, which is a leading
factor in school stress.
Adolescents' adaptation to school stress and academic
load places increased demands on regulatory systems,
which are already stressful due to the puberty of pupils. Such
an imbalance between the load on the system and its
capabilities often causes the development of autonomic
dysfunction and mental disorders in adolescence [6, 9, 24].
In the study of stress among pupils' youth traditionally
use the assessment of the autonomic nervous system or
hypothalamic-pituitary-adrenal system [26]. In the current
study, we chose to assess the state of the autonomic
nervous system in terms of heart rate variability (HRV), as
HRV is considered a standard, reliable and non-invasive
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tool to provide a comprehensive, quantitative and qualitative
assessment of the autonomic nervous system [31]. In
addition, HRV parameters are recognized as a reliable and
sensitive marker of both physical and psychological stress
[2, 7, 35], in particular school stress [21, 30], or stress
resistance [4].
HRV at different stages of ontogenesis is considered as
a reliable biomarker of downward regulation of emotional,
cognitive and behavioral processes [10]. The optimal level
of HRV is related to health and the ability to self-regulate, as
well as the ability to adapt and resistance. Higher HRV at
rest is a sign of better management of emotions and stress,
higher executive productivity and better social functioning
[17, 27, 35].
High HRV indicates a healthy and adaptive autonomic
support system, while low HRV may be an early indicator of
abnormal functioning of the autonomic nervous system [5,
23]. High sympathetic modulation (LF, LF/HF), decreased
vagus activity (HF) are typical markers of stress [28] and
subjective perception of stress as stronger [26].
The aim of our study was to examine the level of tension
of autonomic regulatory systems as an objective marker of
school stress, among primary school pupils studying in
meritocratic and traditional high school education systems.

Materials and methods
The study involved 60 students, of whom 42 studied
according to the meritocratic system in two educational
groups (SG-1 (n=19) and SG-2 (n=23)), and 18 - according
to the traditional system (control group, SG-3). HRV
measurements in this group of students were performed
three times during the entire observation period: in the 5th,
6th and 7th grades.
5-minute electrocardiogram recording (II standard lead)
was performed in a darkened room in a state of quiet
wakefulness with closed eyes in a sitting position using the
hardware-software complex "BrainTest" (SPE "DX-system",
Kharkiv, Ukraine). Mathematical analysis of cardio signals
was performed using the module "Cardio Tension Test" of
the application package "NeuroResearcher® Innovation
Suite, V. 17.5" (LLC "Institute of Medical Informatics and
Telemedicine", Kharkiv, Ukraine).
The following groups of HRV indicators were analyzed
[1, 19]: statistical - mean cardiocycle duration (Mean), mode
(Mo), standard deviation (SDNN), variation scatter (ΔХ), mode
amplitude (AMo), coefficient of variation (СVr), percentage
pairs of cardio intervals with a duration difference of more
than 50 ms (pNN50); spectral - total power of the spectrum
(TP), absolute power of low-frequency (VLF), low-frequency
(LF) and high-frequency (HF) components of the spectrum,
the relative power of these components (respectively VLF
%, LF %, HF %), normalized power of these components
(LFn, НFn), sympathetic-vagal balance index (LF/НF),
centralization index (IC=(LF+VLF)/HF); autocorrelation - the
value of the correlation coefficient after the first shift (CC1),
the number of shifts of the autocorrelation function to reach
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the value of the correlation coefficient equal to 0 (CC0).
Based on a set of quantitative indicators of HRV, the
integrated indicator of regulatory systems activity (IARS) was
calculated [1].
The median and interquartile scatter were chosen as a
measure of the central trend and distribution, because the
analysis by the Shapiro-Wilk criterion for most of the studied
parameters refuted the hypothesis of compliance with the
law of normal distribution. To test the hypothesis of equality
of measures of the central trend in pairwise comparisons,
the Mann-W hitney test was used, and for multiple
comparisons, the nonparametric ANOVA by the KruskalW allis test followed by a posteriori comparison by the
Dunnett test. Nominal features were described as a
percentage, and their pairwise comparison was carried out
by the φ-criterion of Fisher's angular transformation.
Differences at p<0.05 were considered significant.
The study was conducted in accordance with the
bioethical norms of the Declaration of Helsinki (as amended
in 2013) after obtaining the written consent of parents and
oral consent of students and approved by the Bioethics
Commission of the Institute of Child and Adolescent Health
of the National Academy of Medical Sciences of Ukraine.

Results
It was found that during the period of study in 5th and 7th
grades the state of vegetative regulatory systems of pupils
studying according to the traditional and meritocratic system
of education is similar, which is indicated by the absence
of statistically significant differences in all studied
parameters of HRV. The typical structure of the HRV
spectrum in the state of relative rest in both groups is
represented by HF>LF>VLF, which indicates the prevalence
of the autonomous control circuit over the central one.
At the same time, during the period of study in the 6th

grade we observed a tendency (0.05<p<0.07) to a shorter
duration of the cardiocycle by 6.7 % (p=0.07), lower heart
rate variability by 14.6 % according to SDNN (p=0.06).) and
35.0 % according to the TP indicator (p=0.06) for pupils
studying according to the meritocratic system of education.
In these pupils, the tendency to decrease the total HRV
was observed against the background of the tendency to
weaken parasympathetic activity (lower values of ΔX (by
9.3 %, p=0.053), RMSSD (by 30.7 %, p=0.07), pNN50 (by
41.9 %, p=0.07)).
Based on the individual analysis of the activity of
regulatory systems of pupils studying in different education
systems, according to IARS, it was found that only a third of
primary school pupils have optimal activity of autonomic
regulatory systems (Fig. 1).
Note that statistically significant differences in the
distribution of pupils by activity levels of regulatory systems
depending on the education system we did not find. At the
same time, in the three-year interval of observation of primary
school pupils, the share of students with overstrain of
regulatory systems was 1.5-2 times (p>0.05) higher than
the meritocratic system of education compared to the
traditional one. This category of pupils is characterized by
a lack of adaptive-compensatory mechanisms that are
unable to provide an adequate response of the organism
to the influence of environmental factors. This is due to the
fact that excessive activation of regulatory systems does
not lead to an increase in functional reserves, as they have
already reached the upper limit.
However, it should be noted that if in the 5th grade the
share of pupils with depletion of regulatory systems was
almost the same (4.8 % for meritocratic training and 5.6 %
for traditional training, p>0.05), then later this category of
pupils disappeared during meritocratic training, while in
traditional education it almost doubled in the 6th grade and

Fig. 1. Distribution of primary school pupils who study according to meritocratic (I) and traditional (II) education systems, according to the
levels of activity of regulatory systems.
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Table 1. Differences in HRV indicators of SG-1 and SG-3 pupils.
Groups

Meritocratic training, SG-1 (n=19)
Median

Indexes
Mean, mc
АMO, %
∆Х, mc

Lower quartile

Upper quartile

Median

Lower quartile

Upper quartile

698.5

р=0.08

638.1

780.6

746.7

676.9

816.2

10.36

р=0.07

7.563

12.07

7.891

6.453

10.41

225.0

414.0

353.5

316.0

445.0

5.591

9.332

8.014

7.231

10.08

247.5*

СVr,%

Traditional education, SG-3 (n=18)

6.891

р=0.08

SDNN, mc

47.55*

35.28

86.33

62.36

47.45

76.18

RMSSD, mc

34.18*

30.35

53.21

62.14

44.65

79.75

pNN50, %

15.84*

9.534

32.66

42.17

26.08

52.54

TP, mc2

784.7*

444.8

2668

1635

798.0

2068

65.37

222.9

144.3

89.13

194.9

154.2

648.6

906.0

481.2

1327

VLF, mc
HF, mc

2

2

124.8

р=0.07

358.2*

Notes: * - probable (р<0.05) differences between SG-1 and SG-3 pupils.

returned to the initial level in the 7th grade. This category of
pupils is characterized by asthenia of regulatory
mechanisms and the appearance of specific morphofunctional signs of maladaptation.
Since the level of school stress is determined not only by
factors related to the content of educational material and
organization of the educational process, but also by factors
of interpersonal relationships and individual-typological
properties of pupils, we conducted a comparative analysis
of HRV parameters of pupils studying meritocratic system.
different training teams (comparison of SG-1 and SG-2),
followed by comparison with the control group (comparison
of SG-1 and SG-3, SG and SG-3).
Comparing the two classes that studied the meritocratic
system, we observed the following picture: in the 5th grade
there were no significant differences in the activity of
autonomic regulatory systems. In the 6th grade, pupils of
SG-1, compared with SG-2, tended to higher values of % LF
(45.5 %, p=0.054), LFn (44.0 %, p=0.07), LF/HF (by 79.9 %,
p=0.07) and lower values of HFn (by 19.9 %, p=0.07). This
indicates that students of SG-1 show a tendency to excessive
autonomic support of the heart in conditions of relative rest,
mainly due to the shift of autonomic balance towards
sympathicotonia against the background of reduced specific
activity of the vagus.
In the 7th grade, in pupils of SG-1, compared with SG-2,
there was not only a significantly lower specific activity of the
parasympathetic division of the ANS (HFn - by 31.5 % (p<0.05),
% HF - by 36.4 % (p<0.05), pHN50 - by 52.9 %, (p=0.054)),
but also the tendency to lower absolute activity (HF - by
44.7 %, p=0.07). Instead, the specific activity of the
sympathetic nervous system was significantly higher (% LF
- by 53.1 % (p<0.05), LFn - by 47.0 % (p<0.05)). As a result, in
SG-1 pupils, the sympathetic-vagal balance was significantly
shifted towards sympathicotonia (LF/HF was higher by
114.7 %, p<0.05), compared with SG-2. In addition, SG-1
pupils were characterized by a higher level of centralization

50

of heart rate control (IC higher by 73.9 %, p<0.05), which was
accompanied by the establishment of a close relationship
between autonomous and central control circuits (CC1 higher
by 20.6 %, CC0 higher by 200.0 %, p<0.05) and the transition
from the intra-systemic level of maintenance of autonomic
homeostasis to the intersystem level with the involvement of
higher vegetative centers of the hypothalamic-pituitary level
(% VLF higher by 35.0 %, p=0.07).
It is interesting to note that despite the differences in
some indicators of HRV between pupils of SG-1 and SG-2,
there was no significant change in the structure of the
distribution of the integrated indicator of the activity of
regulatory systems. This is due to the fact that the values of
IARS fell into the same functional class (mainly the voltage
of regulatory systems), despite the change in the value of
the indicator.
Comparing SG-2 and SG-3, we found significant
differences only among 7 th grade pupils in terms of CC0,
which was lower by 76.0 % among pupils of SG-2
(p<0.05). Also, SG-2 pupils had a tendency to lower values
of the centralization index (by 46.1 %, p=0.07) against
the background of a tendency to higher values of % HF
(by 34.3 %, p=0.08). This indicates a lower level of
relationship between the central and autonomic circuits
of heart rate regulation due to the tendency to lower
centralization of control and higher specific activity of the
vagus in pupils of SG-2 compared to the traditional
system of education.
At the same time, when comparing SG-1 and SG-3,
significant differences were found only in the 6th year of study,
which concerned many of the studied parameters of HRV
(Table 1).
It was found that SG-1 pupils, compared with SG-3, were
characterized by lower overall heart rate variability (SDNN by 16.0 % (p<0.05), TP - by 43.3 % (p<0.05)) against the
background of lower absolute activity of the parasympathetic
nervous system. systems (ΔХ - by 16.0 % (р<0.05), RMSSD
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- by 34.5% (р<0.05), pNN50 - by 55.5 % (р<0.05), HF - by
64.7 % (р<0.05), СVr - by 6.5 % (p=0.08)). At the same time,
there was a tendency to increase the sympathetic effects
on the heart (AMO higher by 29.6 %, p=0.07), which is
reflected in the tendency to a shorter duration of the
cardiocycle (by 6.8 %, p=0.08). At the same time, there was
a tendency to lower absolute activity of higher vegetative
centers (VLF - by 33.4 %, p=0.07). This is probably a sign of
an imbalance between the central and autonomous control
circuits.

Discussion
As far as we know, this is the first study that studied the
dynamics of the functional state of the autonomic regulatory
systems of pupils during their studies in primary school
with meritocratic education. The obtained results show that
the 6th year of study is a turning point in the formation of
mechanisms of vegetative regulation of pupils.
The presence of significant d ifferences in HRV
parameters among pupils studying under the meritocratic
system, compared to the traditional system, depended on
the teaching staff (comparison to SG-1 and SG-3, SG-2 and
SG-3) and the year of study. At the same time, the two training
groups that studied according to the meritocratic system
also differed in the state of vegetative regulatory systems
(comparison of SG-1 and SG-2). This suggests that the level
of school stress in meritocratic education is determined not
so much by the intensification of the educational process
due to the use of educational models of acceleration,
deepening, enrichment and problematization [8], as
interpersonal relationships in educational teams and/or
individual psychological characteristics of pupils.
This assumption is consistent with the literature that
adolescents are more responsive to social and industrial
stressors than children [12, 33]. During this period,
relationships with peers become increasingly important,
which means that social stressors that arise in the context
of peers can have a particularly strong impact [20].
No significant differences in the HRV indicators of SG2 and SG-3 pupils during grades 5-6 were observed, but in
grade 7 there was a significant weakening of the
relationship between the autonomous and central control
circuits against the background of declining centralization
of management and specific increase of vagal influences
in the conditions of relative rest at meritocratic education.
This is a sign of constant regulation at the intra-system
level and a marker of physiologically lower cost of
educational activities and higher adaptability among
students of SG-2.
Pupils SG-1, differed from SG-2 (6-7 class) and from
SG-3 (6 class) by lower overall heart rate variability. Low
variability can be an early indicator of abnormal ANS
functioning [5] and stress [23]. Lower HRV is seen as a
sign of limited ability to regulate emotional state, executive
productivity and social functioning [3, 17, 27, 35].
Compared with SG-2, in pupils of SG-1 observed
№38, Page 47-53

excessive autonomic support of cardiac activity due to
increased specific activity of the sympathetic nervous
system and higher autonomic centers. Compared with SG3, in SG-1 pupils observed a decrease in the absolute
activity of the parasympathetic nervous system with a shift
in autonomic balance toward sympathicotonia due to
activation of the hypothalamic-pituitary-adrenal system. This
type of autonomic support of cardiac activity may indicate
the depletion of intra-systemic mechanisms of
homeostasis under the influence of school stress. Thus,
in grades 6-7, SG-1 pupils were characterized by a higher
level of school stress compared to SG-2 and SG-3 pupils.
According to the literature in children and adolescents,
low vagus nerve tone at rest is associated with increased
emotional reactivity, poor attention and inhibitory control of
the prefrontal cortex, as well as a deficiency of many aspects
of emotion regulation [21, 27, 34].
SG-1 pupils were characterized by higher LF/HF values
against the background of lower HF values, compared with
SG-2, which is a sign of subjective perception of a stressful
situation (in our case, the learning process) as stronger
[26]. In addition, the literature suggests that peer problems,
anger, anxiety, and sadness were associated with lower
RMSSD and HF values, and anxiety and anger were
associated with higher LF/HF ratios [23]. Adolescents with
low vagus nerve tone are particularly prone to internalization
problems after exposure to stressors [20].
An increase in LF and LF/HF values with a concomitant
decrease in HF power, along with a significant decrease in
SDNN values observed in SG-1, indicates a weakening of
vagus tone [2] and is a physiological marker of stress [28]
and is classified as autonomic neurophysiological status,
which requires the attention of a specialist for proper and
adequate management of autonomic tone and counseling
to prevent autonomic dysfunction [2].

Conclusions
1. The 6 th year of study is a sensitive period in the
formation of autonomic regulatory systems, which
increases the body's sensitivity to the influence of
environmental factors. One third of primary school pupils
has optimal activity of autonomic regulatory systems.
2. Under the meritocratic system of education in 6th grade
there is a higher level of stress of the autonomic regulatory
systems, which is inversely proportional to the adaptive
potential of pupils. The higher "cost" of adapting to
meritocratic education in 6th grade compared to traditional
education requires the introduction of more thorough prenosological screening of pupils' health during this period
of study.
3. The level of school stress in meritocratic education
is determined not so much by the intensification of the
educational process, as interpersonal relationships in
educational teams and/or individual psychological
characteristics of pupils.

51

Prenosological screening of autonomic regulatory systems tension in secondary school students

References
[1] Baevsky, R. M., Ivanov G. G., CHireikin, L. V., Gavrilushkin, A. P.,
Dovgalevskii, P. Ia., Kukushkin, Yu. A., … & Semenov, A. V.
(2001). Анализ вариабельности сердечного ритма при
использовании различных электрокардиографических
систем (методические рекомендации) [Analysis of heart
rate variability using different electrocardiographic systems
(guidelines)]. Вестник аритмологии - Bulletin arrhythmology,
24, 65-87.
[2] Bagri, D. D. R., Gupta, D. A., Dube, D. A., & Gupta, D. R. K.
(2016). Assessment Of Examination Stress And HRV in
Adolescents: Assessment Of Examination Stress And HRV.
National Journal of Integrated Research in Medicine, 7(4),
1-7.
[3] Beauchaine, T. P. (2015). Future directions in emotion
dysregulation and youth psychopathology. Journal of Clinical
Child & Adolescent Psychology, 1, 1-22. doi: 10.1080/
15374416.2015.1038827
[4] Carnevali, L., Koenig, J., Sgoifo, A., & Ottaviani, C. (2018).
Autonomic and brain morphological predictors of stress
resilience. Frontiers in neuroscience, 12, 228. doi: 10.3389/
fnins.2018.00228
[5] Condon, E. M. (2018). Chronic Stress in Children and
Adolescents: A review of biomarkers for use in pediatric
research. Biological research for nursing, 20(5), 473-496.
doi: 10.1177/1099800418779214
[6] de la Torre-Luque, A., Fiol-Veny, A., Bornas, X., Balle, M., &
Llabres, J. (2017). Impaired cardiac profile in adolescents
with an increasing trajectory of anxiety when confronting an
acute stressor. European Child & Adolescent Psychiatry, 26,
1501-1510. doi: 10.1007/s00787-017-1009-8
[7] Fagan, S. E., Zhang, W., & Gao, Y. (2017). Social adversity and
antisocial behavior: mediating effects of autonomic nervous
system activity. Journal of Abnormal Child Psychology, 45,
1553-1564. doi: 10.1007/s10802-017-0262-0
[8] Gavrysh, I. V., & Tkachov, A. S. (2017). Теоретико-методологічні основи реалізації компетентнісно орієнтованої освіти обдарованих учнів у межах науково-педагогічного
проекту "інтелект України" [Theoretical and methodological
bases for the implementation of a competently oriented
education of gifted students within the framework of the
scientific and pedagogical project "Intellect of Ukraine"]. Педагогіка формування творчої особистості у вищій і загальноосвітній школах - Pedagogika formuvannya tvorchoyi
osobystosti u vyshchiy i zagalnoosvitniy shkolakh, 55, 133141.
[9] Gleichmann, D. C., Solis, I., & Stephen, J. M. (2020). Troubled
hearts: Association between heart rate variability and
depressive symptoms in healthy c hildren. Applied
psychophysiology and biofeedback, 45(4), 283-292. doi:
10.1007/s10484-020-09488-7
[10] Holzman, J. B., & Bridgett, D. J. (2017). Heart rate variability
indices as bio-markers of top-down self-regulatory
mechanisms: a meta-analytic review. Neurosci. Biobehav.
Rev, 74, 233-255. doi: 10.1016/j.neubiorev.2016.12.032
[11] Hussain, A., Kumar, A., & Husain, A. (2008). Academic stress
and adjustment among high school students. J. Indian Acad.
Appl. Psychol., 34(9), 70-73.
[12] Johnstone, J. M., Roake, C., & Oken, B. (2016). School-based
mindfulness intervention for stress reduction in adolescents:
Design and methodology of an open-label, parallel group,
randomized controlled trial. Contemporary clinical trials

52

communications, 4, 99-104. doi: 10.1016/j.conctc.2016.07.001
[13] Kaplan, D., Liu, R. X., & Kaplan, H. B. (2005). School related
stress in early adolescence and academic performance three
years later: the conditional influence of self expectations.
Social Psychology of Education, 8(1), 3-17.
[14] Kendall, P. C., & Peterman J. S. (2015). CBT for adolescents
with anxiety: mature yet still developing. Am. J. Psychiatry,
172(6), 519-530. doi: 10.1176/appi.ajp.2015.14081061
[15] Klinger, D. A., Freeman, J. G., Bilz, L., Liiv, K., Ramelow, D.,
Sebok, S. S., … & Rasmussen, M. (2015). Cross-national
trends in perceived school pressure by gender and age from
1994 to 2010. European Journal of Public Health, 25(2), 5156. doi: 10.1093/eurpub/ckv027
[16] Krivolapchuk, I. A. (2008). The psychophysiological cost of
intense information load in 5-to 14-year-old children and
adolescents. Hum Physiol, 34, 413-420. doi: 10.1134/
S036211970804004X
[17] Laborde, S., Mosley, E., & Mertgen, A. (2018). Vagal tank
theory: The three Rs of cardiac vagal control functioning resting, reactivity, and recovery. Frontiers in neuroscience,
12, 458. doi: 10.3389/fnins.2018.00458
[18] Löfstedt, P., Eriksson, C., Potrebny, T., Välimaa, R.,
Thorsteinsson, E. B., Due, P., … & Torsheim, T. (2019). Trends
in perceived school stress among adolescents in five Nordic
countries 2002-2014. Nordisk välfärdsforskning, 4(2), 101112. doi: 10.18261/issn.2464-4161-2019-02-07
[19] Malik, M. (1996). Heart rate variability. standards of
measurement, physiological interpretation, and clinical use.
Task force of the European Society of cardiology and the
North American Society of pacing and electrophysiology. Eur.
Heart
J.,
17,
354-381.
doi:
10.1093/
oxfordjournals.eurheartj.a014868
[20] McLaughlin, K. A., Rith-Najarian, L., Dirks, M. A., & Sheridan, M.
A. (2015). Low vagal tone magnifies the association between
psychosocial stress exposure and internalizing
psychopathology in adolescents. Journal of Clinical Child &
Adolescent Psychology, 44(2), 314-328. doi: 10.1080/
15374416.2013.843464
[21] Mendoza-Castejón, D., & Clemente-Suárez, V. J. (2020).
Psychophysiological stress markers and behavioural
differences between rural and city primary school students.
International Journal of Environmental Research and Public
Health, 17(9), 3157. doi: 10.3390/ijerph17093157
[22] Mezzacappa, E, Kindlon, D, & Earls, F. (1998). Executive and
motivational control of performance task behavior, and
autonomic heart-rate regulation in children: Physiologic
validation of two-factor solution inhibitory control. Journal of
Child Psychology and Psychiatry, 39, 525-531.
[23] Michels, N., Sioen, I., Clays, E., De Buyzere, M., Ahrens, W.,
Huybrechts, I., … & De Henauw, S. (2013). Children's heart
rate variability as stress indicator: association with reported
stress and cortisol. Biological psychology, 94(2), 433-440.
doi: 10.1016/j.biopsycho.2013.08.005
[24] Moksnes, U. K., Løhre, A., & Haugan, G. (2016). The Association
Between School Stress, Life Satisfaction and Depressive
Symptoms in Adolescents: Life Satisfaction as a Potential
Mediator. Soc Indic Re, 125, 339-357. doi: 10.1007/s11205014-0842-0
[25] Monteiro, N. M., Balogun, S. K., & Oratile, K. N. (2014). Managing
stress: the influence of gender, age and emotion regulation on
coping among university students in Botswana. International

ISSN 1861-031Х EISSN 2616-6208

Biomedical and Biosocial Anthropology

Redka I. V., Danуlenko H. M., Sotnikova-Meleshkina Zh. V., Mikhalchuk O. Ya.

Journal of Adolescence and Youth, 19(2), 153-173. doi:
10.1080/02673843.2014.908784
[26] Rotenberg, S., & McGrath, J. J. (2016). Inter-relation between
autonomic and HPA axis activity in children and adolescents.
Biological psychology, 117, 16-25. doi: 10.1016/
j.biopsycho.2016.01.015
[27] Sætren, S. S., Sütterlin, S., & Makransky, G. (2019). A multilevel
investigation of resiliency scales for children and adolescents:
The relationships between self-perceived emotion regulation,
vagally mediated heart rate variability, and personal factors
associated with resilience. Frontiers in psychology, 10, 438.
doi: 10.3389/fpsyg.2019.00438
[28] Sánchez-Hechavarria, M. E., Ghiya, S., & Saá-Munoz, N. A.
(2019). Introduction of application of gini coefficient to heart
rate variability spectrum for mental stress evaluation. Arquivos
brasileiros de cardiologia, 113(4), 725-733. doi: 10.5935/
abc.20190185
[29] Schwabe, L., & Wolf, O. T. (2010). Learning under stress
impairs memory formation. Neurobiology of learning and
memory, 93(2), 183-188. doi: 10.1016/j.nlm.2009.09.009
[30] Scrimin, S., Moscardino, U., & Mason, L. (2019). Effects of
psychophysiological reactivity to a school-related stressor
and temperament on early adolescents' academic
performance. The Journal of Early Adolescence, 39(6), 904931. doi: 10.1177/0272431618797008
[31] Sharma, V. K., Subramanian, S. K., & Rajendran, R. (2015).
Heart rate variability in adolescents - normative data stratified

№38, Page 47-53

by sex and physical activity. Journal of clinical and diagnostic
research: JCDR, 9(10), CC08-CC13. doi: 10.7860/JCDR/2015/
15373.6662
[32] Sripongwiwata, S., Bunterma, T., & Tangb, K. N. (2018). An
investigation of learning stressors among secondary school
students: A case study in northeast Thailand. Kasetsart
Journal of Social Sciences, 39(2), 197-206 doi: 10.1016/
j.kjss.2017.06.002
[33] Stroud, L. R, Foster, E., & Niaura, R. (2009). Stress response
and the adolescent transition: Performance versus peer
rejection stressors. Development and Psychopathology, 21,
47-68. doi: 10.1017/S0954579409000042
[34] Suess, P. E, Porges, S. W, & Blude, D. L. (1994). Cardiac vagal
tone and sustained attention in school-age children.
Psychophysiology, 31, 17-22. doi: 10.1111/j.14698986.1994.tb01020.x
[35] Thayer, J. F., Ahs, F., & Wager, T. D. (2012). A meta-analysis of
heart rate variability and neuroimaging studies: Implications
for heart rate variability as a marker of stress and health.
Neuroscience & Biobehavioral Reviews, 36, 747-756. doi:
10.1016/j.neubiorev.2011.11.009
[36] Tyng, C. M., Amin, H. U., & Malik, A. S. (2017). The influences
of emotion on learning and memory. Frontiers in psychology,
8, 1454. doi: 10.3389/fpsyg.2017.01454
[37] Vogel, S., & Schwabe, L. (2016). Learning and memory under
stress: implications for the classroom. npj Science Learn, 1,
16011. doi: 10.1038/npjscilearn.2016.11

53

DOI: 10.31393/bba38-2020-08

Biomedical and Biosocial Anthropology, №38, Pages 54-60
ISSN 1861-031Х eISSN 2616-6208

BIOMEDICAL AND BIOSOCIAL ANTHROPOLOGY
Official Journal of the International Academy
of Integrative Anthropology
journal homepage: http://bba-journal.com

The role of the brain natriuretic peptide gene polymorphism in the
diagnostic use of the biomarker in myocardial dysfunction in men,
residents of Podillya with comorbid essential hypertension and type
2 diabetes mellitus
Antoniuk Ya. O., Gumeniuk A. F., Sakovych O. O., Zhebel V. M.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

ARTICLE INFO
Received: 17 August, 2020
Accepted: 18 September, 2020
UDC: 616.12-008.331.1/.46:616.379008.64:577.17:616-07-037
CORRESPONDING AUTHOR
e-mail: yana.antoniyk@gmail.com
Antoniuk Ya. O.

There is a growing interest in the early detection of signs of myocardial dysfunction,
especially in comorbid patients for timely prevention of progression of disease, reducing
the risk of complications, improving their quality of life. The aim of the work was to
optimize the diagnosis of myocardial dysfunction in men, residents of Podillya, taking
into account the plasma concentration of brain natriuretic peptide (BNP) and
polymorphism of the corresponding gene under conditions of comorbidity of essential
hypertension (EH) with left ventricular hypertrophy (LVH) and type 2 diabetes mellitus
(T2D). We examined 211 men: 79 persons without the signs of cardiovascular diseases,
62 patients with EH 2 and chronic heart failure (CHF) 0-I functional classes (FC)
according to NYHA Classification and 70 - with EH 2 combined with T2D and CHF FC
I-II. The examination included the determination of plasma concentration of BNP, the
brain natriuretic peptide gene polymorphism (polymorphic locus T-381C), indices of
doppler-echocardiography. The mathematical processing was performed using the
standard statistical package Statistica 10. During the study, we calculated the primary
statistical indicators, identified differences between groups on statistical grounds,
made correlation and discriminant analysis. Diastolic dysfunction (DD) of the left
ventricle (LV) was diagnosed in 45.16 % of patients in the group with EH 2, and 90 % in
the group of comorbid patients. It was determined that men, residents of Podillya, with
presence and absence of T2D, have dominating T381C genotype of the BNP gene.
Lower plasma concentration of BNP that is peculiar for homozygous T381T genotype,
in comparison with carriers of allele C of BNP gene and the average values of this
biomarker in patients with DD may affect its informativeness in the diagnosis of
myocardial dysfunction and requires a lower level of diagnosis. Appropriate borderline
levels of BNP were determined for early diagnosis of DD in carriers of polymorphic
variants of the BNP gene in men, residents of Podillya, with comorbid course of EH 2
and T2D. It is recommended to determine the genotype of the corresponding gene
(polymorphic locus T-381C) and plasma level of BNP and focus on the calculated
borderline levels of BNP to optimize the diagnosis of myocardial dysfunction in comorbid
patients with EH 2 and T2D. For carriers of the T381T genotype it is >55.57 pg/ml, for
carriers of the C allele (heterozygous T381C and homozygous C381C) of the BNP gene
it is >69.13 pg/ml.
Keywords: essential hypertension, type 2 diabetes mellitus, diastolic dysfunction, the
brain natriuretic peptide gene polymorphism.

Introduction
In today's world, the W orld Health Organization has
identified the prevention and treatment of chronic noncommunicable diseases as a priority project of the second
decade of the XXI century, aimed at improving the quality of
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life of the world's population [12]. Due to the high increase in
prevalence, comorbid conditions need special attention,
including the combined course of essential hypertension
stage 2 (EH 2) and type 2 diabetes (T2D) [20]. Due to the
© 2020 Medical centre "Gebrand", Poland
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synergistic negative effect of hemodynamic stress inherent
in EH and metabolic d isorders inherent in T2D, this
association is the most unfavorable prognostic sign for the
development of congestive heart failure and cardiac death
[11].
It is generally accepted that the early preclinical
manifestation of heart disease in EH and T2D on the
background of LVH is the development of DD, which is
considered as a basis for further formation of CHF with
preserved ejection fraction [17], which is detected by
echocardiography. However, the method is expensive,
sometimes limited in use due to socio-economic and
anatomical factors, and concomitant pathology, including
T2D, is a complicating background in the study, which
causes difficulties in interpreting the data [13].
An additional tool for screening for subclinical ventricular
dysfunction may be the neurohormonal profile of patients.
In order to improve the individual strategy for the prevention
of CHF at the stage of reversible changes in the comorbid
course of EH and T2D, there is an urgent need to involve
additional effective diagnostic biomarkers of myocardial
dysfunction.
It is proved that a number of causes, in addition to LV
dysfunction, can cause wide variability of BNP values and
complicate clinical interpretation in comorbid patients:
hereditary, sex features and metabolic changes [4, 5]. The
latter requires clarification of the diagnostic significance of
the genetic component - allelic polymorphism of the BNP
gene (T-381C) in the analysis of plasma levels of the
biomarker to detect early signs of myocardial dysfunction
under the conditions of comorbidity of EH and T2D.
The aim of the study was to optimize the diagnosis of
myocardial dysfunction taking into account the plasma
concentration of BNP and polymorphism of the
corresponding gene under conditions of EH comorbidity
with LVH and T2D in men living in Podillya regoin.

Materials and methods
We examined 211 men aged 45 to 68 years (mean age
54.87±0.89 years) living in the Podillya region of Ukraine.
All individuals involved gave written informed consent to
participate in the study. Patients underwent a
comprehensive clinical-anamnestic, anthropometric and
laboratory-instrumental examination, based on which they
were diagnosed with EH, LV DD and CHF in accordance
with the recommendations of the European and Ukrainian
Association of Cardiologists for the diagnosis and
treatment of hypertension and CHF [26, 29, 33]. Verification
of the diagnosis of T2D was performed according to WHO
criteria and in accordance with the order of the Ministry of
Health of Ukraine dated 21.12.2012 № 1118 [8, 18].
Patients were divided into 3 groups, which are
representative by age. The control group included 79 men in
whom the results of objective and general clinical
examination revealed no pathological changes in the
circulatory system and endocrine system. The first main
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group included 62 people with EH 2 and CHF not higher
than FC I according to NYHA criteria. The second main group
included 70 men with EH 2 in combination with moderate
T2D. Among them, 58 (82.86 %) were diagnosed with CHF
at level I, and 12 (17.14 %) - at level II FC according to NYHA.
All patients had a preserved LV ejection fraction (EF). The
average duration of EH in the studied patients was 8.23±2.05
years, and T2D - 6.34±3.03 years, respectively. The course
of T2D in 61 people (87.14 %) is controlled.
Mandatory criteria for inclusion into the main groups:
verified diagnosis of EH 2 1-3 degrees, lack of history and
medical records of myocardial infarction, acute
cerebrovascular accident, as well as the presence of
symptoms, anamnestic indications for coronary heart
disease (CHD), the development of which preceded the
emergence of EH. 48 men of the 2nd main group had a
concomitant diagnosis of coronary heart disease in the
form of diffuse cardiosclerosis, which was established 14 years after the main diagnosis of EH 2.
Exclusion criteria: symptomatic nature of hypertension,
the presence of severe CHF (III-IV FC according to NYHA)
with reduced LV EF (<40 %), T1D, decompensation of T2D,
insulin therapy, diabetic nephropathy 4-5 years, chronic
kidney disease non-diabetic origin, liver failure, chronic
obstructive pulmonary disease and bronchial asthma,
acquired heart defects, tumors, diseases of the blood
system, concomitant inflammatory and endocrine
diseases, except T2D.
The concentration o f BNP in b lood p lasma was
determined by ELISA using a standard kit from "Peninsula
Laboratories Inc." (USA). The genomic DNA of the BNP
gene for the determination of alleles of the polymorphic
region (T-381C) was isolated by the phenol-chloroform
method using a kit for isolation of DNA/RNA from blood
serum (NPF "LiTech", Russia) in collaboration with the
Institute of Genetic and Immunological Basis of Pathology
and Pharmacogenetics of Ukrainian Medical Dental
Academy, Poltava (Head of Laboratory - Doctor of Medicine,
Professor Kaidashev I. P.). Echocardiography was
performed to determine the parameters of intracardiac
hemodynamics. The criterion of LV hypertrophy for men
was considered to be LV weight/height2.7>50g/m2.7
according to the recommendations of the European
Association of Cardiologists for the diagnosis and
treatment of hypertension (2018) [33]. Diastolic LV function
was assessed according to current guidelines using
pulsed Doppler echocardiography [14].
Statistical processing of the results of the study was
performed on a personal computer using the standard
statistical package Statistica 10. Calculated primary
statistics, identified differences between groups on
statistical grounds, performed correlation analysis.

Results
For the most part, the development of LV DD is the first
stage of CHF formation in patients with EH, but with
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Table 1. Types of disorders of diastolic heart function in patients from groups of comparison.
TBF by type of relaxation TBF by type of pseudo
normalization disorder DD II degree
DD I degree

Group

Normal transmitral
blood flow (TBF)

Indefinite TBF

Patients with EH 2 (n=62)

43.55% (n=27)
(1)

11.29% (n=7)
(2)

33.87% (n=22)
(3)

9.68% (n=6)
(4)

р2-1<0.05
р4-1<0.05

Patients with EH 2 and T2D (n=70)

-

10.00% (n=7)
(5)

68.57% (n=48)
(6)

21.43% (n=15)
(7)

р6-5<0.01
р7-6<0.01

-

р6-3<0.01

0,05<р 7-4<0.1

р

additional adverse effects on the myocardium of such a
comorbid disease as T2D, conditions are created for its
accelerated development [28], which was confirmed in the
study: LV DD in the group with EH 2 diagnosed in 43.55 %
of people (n=28), while in the group of comorbid patients in 90 % of people (n=63) (Table 1).
Plasma levels of BNP in men with LV DD in the isolated
course of EH was 82.00±4.01 pg/ml, while in comorbid
with diabetes 2 - 105.99±3.76 pg/ml (p<0.01). Spearman's
rank correlation method was used to identify correlations
between BNP co ncentration and hemodynamic
parameters characterizing myocardial diastolic function in
men with different EH 2 course (Table 2).
According to the obtained results, it was found that in
men with an isolated course of EH 2, the plasma level of
BNP significantly correlates directly with the values of E/A,
E/E' and vice versa - with the values of IVRT and DT. In
comorbid patients with T2D, a direct correlation was also
found between the level of BNP and the E/E' index, whereas
the correlation with the value of DT was inverse. The
presence of correlations between the above indicators may
indicate the possibility of using BNP as a marker for the
assessment of LV DD in patients with different EH courses.
Since it is known that the expression of such a biomarker
as BNP may depend on the genetic characteristics of patients,
requires clarification of the role of allelic polymorphism of
the BNP gene (locus T-381C) in the diagnostic process in
different variants of EH [10, 15]. In both main groups of
patients, as well as in the control group, the distribution of
polymorphic genotypes of the BNP gene corresponded to
the Hardy-W einberg equilibrium. No significant differences
in the distribution of genotype frequencies in the comparison
groups were found, the T381C variant of the BNP gene
dominated (p<0.05). Due to the small number of C381C
homozygotes, for greater accuracy of comparative analysis
in all comparison groups, it was decided to combine
individuals with T381C and C381C genotypes into one group
- carriers of the C allele of the BNP gene (Fig. 1).
In the first main group of patients with DD was found in
50.0 % (n=11) homozygotes T381T and 42.5 % (n=17)
carriers of the C allele, and in the second main group of
comorbid patients with T2D - in 100 % (n=24) and 84.78 %
(n=39), respectively. In order to assess the possible variation
of the plasma level of the biomarker in the carrier of
polymorphic variants of the BNP gene in individuals with
DD, a corresponding comparative analysis was performed
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in the comparison groups. In homozygotes of T381T of the
BNP gene, the plasma level of the biomarker corresponded
to 63.27±6.83 pg/ml in the isolated course of EH and
97.05±6.21 pg/ml in comorbid with T2D (p<0.01), while in
carriers of the C allele, respectively 94.12±1.50 pg/ml and
111.5±4.6 pg/ml (p<0.05).
In both study groups, the plasma levels of the biomarker
in the T381T homozygotes of the BNP gene were significantly
lower than in the C allele carriers (p<0.01). Thus, the lower
plasma concentration of BNP, which is characteristic of
homozygotes T381T, compared with carriers of the C allele
of the BNP gene and the average plasma level of the
biomarker in patients with DD in groups may affect its
informativeness in detecting myocardial dysfunction.
Table 2. Indicators of correlation of BNP plasma level and
hemodynamic parameters of myocardium in men with different
course of EH 2.
Indicator

Patients with EH 2
(n=62)

Patients with EH 2 and
T2D (n=70)

R

p

R

р

Е/А, с.u.

+0.25

<0.05

+0.21

<0.05

IVRT, ms

-0.29

<0.05

-0.15

>0.05

DT, ms

-0.36

<0.01

-0.20

<0.05

Е/Е'

+0.36

<0.01

+0.25

<0.05

Note: R - Spearman's correlation coefficient.

Fig. 1. Frequency of distribution of BNP alleles gene in comparison
groups among men, inhabitants of Podillya, (%). Note: * - the
difference is significant (p<0.05) when compared with the C allele
within the group.
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It should be noted that the limit level of BNP 35 pg/ml,
which is recommended to confirm the high probability of
CHF regardless of LV EF [32] showed insufficiently high
specificity (55.32 %) in comorbid patients with T2D, where
BNP levels are probably higher than in isolated cases of EH
course [2]. The identified features led to the calculation of
appropriate informative cut-off levels of BNP for the diagnosis
of LV DD in carriers of different polymorphic variants of the
BNP gene among patients with EH 2 and T2D. For this
purpose, we used the formula of Antamonov M. Yu. [22].
When determining the threshold level of the indicator, and
during the discriminant analysis, sensitivity, specificity,
infallibility, false-negative and false-positive responses were
established according to the proposed methods [35].
In the isolated course of EH, the threshold levels of
informativeness of the studied biomarker for men, residents
of Podillya, carriers of different genotypes of the BNP gene
were presented in previous studies by the Department of
Internal Medicine of the Medical Faculty № 2 National Pirogov
Memorial Medical University, Vinnytsya [23].
In the comorbid course of EH 2 and T2D in men, residents
of Podillya for carriers of genotype T381T threshold level of
informativeness BNP for the detection of LV DD is >55.57
pg/ml (sensitivity - 95.83 %, specificity - 97.87 %, infallibility 97.10 %, infallibility - 97.10 %, false negative response 4.17 %, false-positive response - 2.13 %), while for carriers
of the C allele (heterozygote T-381C and homozygote C381C)
it is >69.13 pg/ml (sensitivity - 89.13 %, specificity - 82.22 %,
infallibility - 85.71 %, false-negative response - 11.11 %,
false positive response - 17.7 8%).

Discussion
T2D has the highest additional negative impact on
short-term and long-term prognosis in patients with both
asymptomatic and clinically pronounced LV dysfunction.
That is why there is a growing interest in the early detection
of signs of myocardial dysfunction, especially in comorbid
patients with T2D in a timely manner to prevent disease
progression, reduce the risk of complications, improve their
quality of life. Since clinical and instrumental manifestations
of comorbid cardiovascular and metabolic pathology
complicate the diagnosis of early stages of CHF, in patients
with T2D list of examinations should rationally include the
definition of valid biomarkers, such as BNP [19, 32], which
was used in this study.
Although the main reason for the increase in the
production of BNP is considered to be the volume overload
of the heart cavities [31], the interpretation of the plasma
concentration of the biomarker takes into account factors
that can change its levels, among which sex [9, 27] and
heredity [7] plays some role. That is why only men living in
the Podillya region were involved in the formed group.
Currently, a promising approach is to further study the
determining role of the polymorphism of the BNP gene,
which participates in the coding of the corresponding
biomarker and to determine the need to take into account
№38, Page 54-60

these genetic features in the diagnostic process in EH,
including comorbid T2D.
Our data are consistent with the results of a study by
Takeishi et al., who examined 2,970 Japanese adults with
CHF and found that, regardless of sex, carriers of the 381C
allele of the BNP gene had a higher plasma biomarker
level, while the T381T genotype was associated with the
lowest in blood plasma [30].
Similar results were obtained by Costello-Boerrigter L. C.
in a mixed cohort of North Americans with EH. Inheritance of
BNP gene genotypes with the presence of the 381C allele
has been shown to be associated with high peptide
concentrations. The authors indicate that refined genotype
points may be useful in the diagnosis of asymptomatic LV
dysfunction, or in compensated chronic LV dysfunction when
some patients fall into the diagnostic gray area [10].
However, in a large, prospective EPIC-Norfolk study
(USA), on a mixed cohort of individuals, researchers did
not find a significant association between the rs198389
genotypes of the BNP gene and the risk of heart failure.
The mean follow-up time was 12.6 years. The results did
not differ significantly in the presence of EH, obesity and
coronary heart disease. According to the authors, a
possible explanation may be that the physiological
activation of the BNP system in conditions of enhanced
mechanical deformation of the heart may block small
genetically determined differences in the levels of BNP. In
addition, it is possible that a slight genetic influence on
certain subtypes of CHF syndrome associated with the
polymorphism of the gene may not affect the risk of
developing general heart failure [24].
However, according to Berezikova E. N. in practically
healthy individuals of the Russian population, carriers of
the genotype C381C gene BNP, the plasma level of NT-pro
BNP (inactive BNP precursor) was significantly higher than
in carriers of the genotype T381T. The T allele and the TT
genotype of the T-381C polymorphic locus of the BNP gene
were associated with a high risk of development, severity
and adverse course of CHF in patients with coronary heart
disease, and the C allele and the CC genotype proved to
be protective factors [3].
In the South Chinese population, it was also found that
the rs198389 polymorphism of the BNP locus may be an
additive additional genetic factor influencing the
progression of LV dysfunction in patients with coronary heart
disease and dyslipidemia [34].
Researchers from Iran have shown that the T-381C
polymorphism in the BNP gene affects the plasma level of
BNP, where the CC genotype and C allele are associated
with higher BNP levels in 70 cardiac patients. There was
no statistically significant difference in the distribution of
genotyping and frequency of alleles between groups of
patients with cardiovascular disease (acute coronary
syndrome, etc.) and a healthy control group [1].
There are isolated studies on the study of BNP gene
polymorphism in patients with cardiovascular disease in
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Ukraine. Pashkova Yu. P. and co-authors found that in the
control group, as well as in men with EH 2-3 and CHF
stage II A, residents of Podillya, the plasma concentration
of BNP is probably lower in homozygotes T381T gene BNP
than in carriers of the C allele associated with higher levels
of systolic blood pressure and diastolic blood pressure,
pronounced eccentric LVH, decreased LV EF. Researchers
suggest that the carrier of the T381T genotype of the BNP
gene is one of the pathogenetic factors in the development
of CHF [23]. It should be noted that patients with T2D were
not included in the study.
Foreign works on the role of BNP gene polymorphism
in patients with T2D is of great interest. Meirhaeghe A. and
co-authors analyzed the relationship between the risk of
developing T2D, plasma BNP concentration and T381C
polymorphism in the French population. Subjects with
genotype CC had lower plasma sugar concentrations,
which was associated with a lower risk of developing T2D
and higher plasma levels of BNP compared with carriers
of the T allele. According to the authors, these data together
indicate that relatively high BNP expression may protect
against T2D [17].
A promising cohort study of the European population
also analyzed the relationship between NT-proBNP levels
in the blood, taking into account the T381C polymorphism
of the corresponding gene and the risk of developing T2D.
The authors combined the results with existing metaanalysis data from 11 studies with control cases and
concluded potential the causal role of the BNP system in
the etiology of T2D [24].

These data suggest that the role of the BNP gene
polymorphism and possibly the associated plasma level
of the biomarker in the diagnosis of both DD and CHF in
various clinical situations remains debatable to this day. It
is considered expedient to continue research in this
direction, which can provide additional potential during the
use of BNP for diagnostic purposes in screening
examinations and in expert cases.

Conclusions
1. The diagnostic value of BNP in patients with EH and
comorbid T2D is higher taking into account the
polymorphism of the gene encoding the expression of this
biomarker. In order to improve diagnostic strategies for
assessing cardiovascular risk and predicting the
development of DD in comorbid patients with EH and T2D,
it is recommended to determine the genotype of the
corresponding gene (polymorphic locus T381C) together
with the plasma level of BNP.
2. In case of EH 2 in combination with T2D and carriers
of the T381T genotype, the threshold level of BNP is
>55.57 pg/ml (sensitivity - 95.83 %, specificity - 97.87 %,
infallibility - 97.10 %, false-negative response - 4.17 %,
false-positive response - 2.13 %) allows to detect LV DD,
while for carriers of the C allele (heterozygote T-381C and
homozygote C381C of the BNP gene) it is >69.13 pg/ml
(sensitivity - 89.13 %, specificity - 82.22 %, infallibility 85.71 %, false-negative response - 11.11 %, false positive
response - 17.78 %).
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Currently there are many experimental markers of diabetic nephropathy, but clinical
practice focuses mainly on the presence of albuminuria, which usually manifests itself
in both adults and children on average 5-7 years after the onset of diabetes. The aim of
the study was to study the general clinical and anthropometric parameters in patients
with type 1 diabetes mellitus (T1D) depending on the level of albumin in the urine. The
study included 78 men and 62 women aged 22 to 26 years with T1D. The control group
consisted of 8 healthy men and 13 healthy women of the same age. The level of
microalbuminuria was determined in all patients by enzyme-linked immunosorbent
assay. The assessment of general clinical (pulse, systolic, diastolic pressure) and
anthropometric (height, weight, body surface area, waist circumference, body mass
index) indicators was performed. Statistical processing of the obtained results was
performed in the license package "Statistica 5.5", using non-parametric evaluation
methods. It was found that angio-, retino- and neuropathy occurred in all patients with
T1D. Simultaneously with the increase in albuminuria, the percentage of patients with
deeper degrees of these complications increased. It was found that with increasing
levels of albumin in the urine in most cases increases the percentage of patients with
a correspondingly severe degree of these complications. Thus, in patients with T1D
men found: angiopathy of the III degree with normoalbuminuria - 12.5 %, with
microalbuminuria - 40.0 %, with proteinuria - 53.8 %; retinopathy of the II-III degree with
normoalbuminuria - 0 % and 7.5 %, with microalbuminuria - 4.0 % and 40.0 %, with
proteinuria - 100 % and 0 %; II-III degree neuropathy with normoalbuminuria - 65.0 %
and 0 %, with microalbuminuria - 92.0 % and 0 %, with proteinuria - 0 % and 92.3 %. In
patients with T1D women were found: angiopathy of the III degree with normoalbuminuria
- 29.0 %, with microalbuminuria - 13.0 %, with proteinuria - 62.5 %; retinopathy of the IIIII degree with normoalbuminuria - 3.2 % and 9.7 %, with microalbuminuria - 4.3 % and
26.1 %, with proteinuria - 87.5 % and 0 %; II-III degree neuropathy with normoalbuminuria
- 71.0 % and 0 %, with microalbuminuria - 91.3 % and 0 %, with proteinuria - 12.5 % and
75.0 %. In patients with T1D with normo-, microalbuminuria and proteinuria, the value
of systolic, diastolic blood pressure and pulse, in most cases, significantly higher than
in healthy subjects (respectively in men by 6.1-18.3 % - 3.6-20.3 % and 4.2-14.7 %; in
women - by 5.0-20.0 % - 9.1-22.8 % and 8.0-31.6 %). The value of these indicators
increased with the increase in the level of albumin in the urine (respectively in men by
11.4 % - 16.1 % and 10.1 %; in women -- by 13.3 % - 10.0 % and 21.8 %). Patients with
T1D had lower values of growth (respectively in men by 4.6-9.2 %; in women - 2.24.1 %), weight (only in men by 9.0-26.4 %) and body surface area (respectively in men
by 7.2-17.7 %, in women - 4.8 % only in the group of proteinuria). Body mass index in
sick men, compared with healthy, was significantly lower only in the group of proteinuria
(by 5.5 %); and in women it was higher in the groups of normo- and microalbuminuria
(by 10.6 % and 11.2 %). Patients with T1D women compared to healthy women had a
larger waist circumference (by 5.5-11.8 %), and in patients with T1D men - on the
contrary, this figure was lower in the group of microalbuminuria (by 4.0 %). Thus, the
differences in general clinical and anthropometric parameters between patients with
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T1D with different levels of albumin in the urine and the degree of complications from
the vascular and nervous system allow to assess the severity and compensation of the
disease, and comparison of these indicators with the control group possibilities of
disease development and peculiarities of the pathological process.
Keywords: type 1 diabetes mellitus, albuminuria, angiopathy, retinopathy, neuropathy,
general clinical indicators, anthropometric indicators.

Introduction
Currently, about 380 million people worldwide suffer
from diabetes and it is projected that by 2035 this figure
will double [8, 15, 16]. The important social significance of
this pathology is that it leads to early disability and mortality
due to the development of the following vascular
complications: retinopathy, diabetic nephropathy, diabetic
foot, gangrene of the lower extremities, myocardial
infarction, arterial hypertension, neuropathy, etc.
There are certain risk factors for the onset and
progression of complications of diabetes. These include:
nephropathy, the degree of compensation of carbohydrate
metabolism, genetic predisposition, hypertension. Clinical
and epidemiological studies have established the
relationship between certain hemodynamic, metabolic,
biochemical changes, duration of diabetes, severity and
development of microangiopathies. A number of studies
have described a graded relationship between albuminuria
and the risks of adverse effects on the cardiovascular
system and kidneys in patients with type 1 diabetes (T1D)
[5, 23].
It is well known that the consequence of persistent
hyperglycemia is damage to the walls of the capillaries of
the kidneys. Against the background of a gradual decrease
in the activity of renal corpuscles progressive deterioration
of the filtration capacity of the kidneys (chronic renal failure).
This pathology is noted in 20-40 % of patients with diabetes.
Quite often diabetic nephropathy develops after 10 years of
diabetes [9].
However, this damage can be in the early stages of
diabetes, and for a long time it can deepen without visible
signs and manifestations. Typical symptoms of intoxication,
such as icteric skin and eyeballs, develop in many patients
only in the late stages of the disease. If the result is
unfavorable, kidney function may stop. And the only way in
this case to improve the patient's condition is dialysis or
kidney transplantation [12].
Diabetic nephropathy can be detected in the early
stages by biochemical examination of urine. The degree of
albuminuria in this category of patients is used as an
important independent marker of diabetes damage, to
classify the severity of the disease, to determine when a
patient should be referred to a nephrologist, and as a guide
for choosing a treatment strategy. Since there is a genetic
component in the genesis of T1D, along with biochemical
indicators, anthropological methods are currently being
actively developed to identify risk groups for the development
of this disease and identify on their basis signs that
undoubtedly have diagnostic value [11, 14].
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The aim of the study was to study the general clinical
and anthropometric parameters in patients with T1D
depending on the level of albumin in the urine.

Materials and methods
The study included 78 men and 62 women aged 22 to
26 years, who have T1D and were patients of therapeutic
departments № 1 and № 2 of Vinnytsia Regional Highly
Specialized Endocrinology Center. The control group
consisted of 8 healthy men and 13 healthy women of the
same age.
All patients were tested for microalbuminuria by enzymelinked immunosorbent assay using spectrophotometry
(reagents from ORGenTec, Germany). Test principle: patient
samples combined with anti-human albumin peroxidase
conju gate are added to the wells of the microplate
containing purified human albumin. Unconnected
components were washed out. The enzyme substrate in
the presence of bound conjugate is hydrolyzed to form a
blue color. The reaction was stopped by the addition of
acid, resulting in the formation of a yellow color. The intensity
of this color is directly proportional to the concentration of
albumin. Regulatory values of microalbumin in the set of
reagents used - 0-25 μg/ml.
Diagnosis of vascular lesions of the lower extremities
was made on the basis of determining the pulsation of the
vessels of the lower extremities and the patient's subjective
complaints of pain in the legs while walking, intermittent
claudication, perishing cold in feet.
The condition of the vessels of the eye fundus was
assessed by an ophthalmologist after medical dilation of
the pupils by direct ophthalmoscopy. To diagnose diabetic
vascular lesions of the fundus, the classification of
E. Kohner, M. Porte (1992) was used, according to which
the following stages of diabetic retinopathy are
distinguished: Stage I - non-proliferative, Stage II - preproliferative, Stage III - proliferative.
Diabetic neuropathy was established by a neurologist
in patients with characteristic subjective sensations in the
form of numbness, paresthesia, seizures of the lower
extremities, pain in the legs at rest, as well as on the basis
of objective neurological examination data on pain, tactile,
vibration, temperature sensitivity or reduction/loss of tendon
reflexes.
Blood pressure was measured on the brachial artery
according to the Korotkov method twice with a five-minute
interval in a sitting position after a 30-minute rest. Average
indicators were registered. Blood pressure measurements
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were performed according to the recommendations of EHS
experts (2007). ECG recording was performed according
to the generally accepted method in 12 standard leads
using a diagnostic automated system.
Anthropometric research included the determination of
height, weight, body surface area, waist circumference and
calculation of body mass index (BMI) (the ratio of body weight
in kilograms to height in meters squared). Height was
determined using a height meter (accuracy - up to 0.01 m)
when the shoes were removed. Body weight was measured
using medical scales (accuracy - up to 0.5 kg) without outer
clothing in the morning. Waist circumference was measured
with a centimeter tape. Normal body weight is considered
at BMI 18.5-24.9 kg/m 2, excess at BMI 25.0-29.9 kg/m 2.
Grade I obesity was diagnosed at BMI 30-34.9 kg/m2, grade
II obesity at BMI 35.0-39.9 kg/m2.
Statistical data processing was performed in the license
package "Statistica 5.5" using non-parametric methods of
evaluation of the obtained results.

0 %, respectively); lower (p<0.05 and p=0.066) percentage
with I degree retinopathy in the group with proteinuria
compared with microalbuminuria and normoalbuminuria
(0 %, 36.0 % and 22.5 %, respectively); higher (p<0.001)
percentage with grade II retinopathy in the group with
proteinuria compared with n ormoalbuminuria and
microalbuminuria (100 %, 0 % and 4.0 %, respectively);
higher (p<0.01 and p<0.05) percentage with grade III
retinopathy in the group with microalbuminuria compared
with normoalbuminuria and proteinuria (40.0 %, 7.5 % and
0 %, respectively); in women - a higher (p<0.05) percentage
with no retinopathy in the group with normoalbuminuria
compared with proteinuria (54.8 % and 12.5 %,
respectively); lower (p=0.087 and p=0.070) percentage with

Results
Among patients with normoalbuminuria, a higher
(p=0.092) percentage of men with absence of angiopathy
and a lower (p=0.088) percentage with grade III angiopathy
were found compared to women (30.0 %, 12.9 % and
12.5 %, 29.0 % respectively). Among patients with
microalbuminuria, a higher (p<0.05) percentage of men with
grade III angiopathy was found compared to women
(40.0 % and 13.0 %, respectively). Significant or sex
differences in the percentage of patients with angiopathy
among patients with proteinuria have not been established
(Fig. 1).
When comparing the frequency of absence or presence
of angiopathy between men or women with different levels
of albumin in the urine, it was found (see Fig. 1): in men - a
higher (p<0.05) percentage with absence of angiopathy in
the group with normoalbuminuria compared with
microalbuminuria (respectively 30.0 % and 4.0 %); lower
(p<0.05 and p<0.01) percentage with grade III angiopathy
in the group with normoalbuminuria compared with
microalbuminuria and proteinuria (12.5 %, 40.0 % and
53.8 %, respectively); in women - a higher (p=0.086 and
p<0.01) percentage with grade III angiopathy in the group
with proteinuria compared with normoalbuminuria and
microalbuminuria (62.5 %, 29.0 % and 13.0 %, respectively)
(see Fig. 1).
Significant or sex differences in the percentage of
patients with retinopathy among patients with
normoalbuminuria, microalbuminuria or proteinuria have
not been established (Fig. 2).
When comparing the frequency of absence or presence
of retinopathy between men or women with different levels
of albumin in the urine, it was found (see Fig. 2): in men - a
higher (p<0.001, p=0.092) percentage with absence of
retinopathy in the group with normoalbuminuria compared
with microalbuminuria and proteinuria (70.0 %, 20.0 % and
№38, Page 61-68

Fig. 1. Percentage of patients with T1D with angiopathy depending
on the level of albumin in the urine (%). 1 - sick men with
normoalbuminuria; 2 - sick women with normoalbuminuria; 3 - sick
men with microalbuminuria; 4 - sick women with microalbuminuria;
5 - sick men with proteinuria; 6 - sick women with proteinuria; Row
1 - no angiopathy; Row 2 - angiopathy of the II degree; Row 3 angiopathy of the III degree.

Fig. 2. Percentage of patients with T1D with retinopathy depending
on the level of albumin in the urine (%). 1 - sick men with
normoalbuminuria; 2 - sick women with normoalbuminuria; 3 - sick
men with microalbuminuria; 4 - sick women with microalbuminuria;
5 - sick men with proteinuria; 6 - sick women with proteinuria; Row
1 - retinopathy is absent; Row 2 - retinopathy of the I degree; Row
3 - retinopathy of the II degree; Row 4 - retinopathy of the III
degree.
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Fig. 3. Percentage of patients with T1D with neuropathy depending
on the level of albumin in the urine (%). 1 - sick men with
normoalbuminuria; 2 - sick women with normoalbuminuria; 3 - sick
men with microalbuminuria; 4 - sick women with microalbuminuria;
5 - sick men with proteinuria; 6 - sick women with proteinuria; Row
1 - no neuropathy; Row 2 - neuropathy of the I degree; Row 3 neuropathy of the II degree; Row 4 - neuropathy of the III degree.

Fig. 4. Systolic blood pressure in men and women with T1D
depending on the level of albumin in the urine (mm Hg). Here and in
the following figures, 1 - healthy men; 2 - sick men with
normoalbuminuria; 3 - sick men with microalbuminuria; 4 - sick men
with proteinuria; 5 - healthy women; 6 - sick women with
normoalbuminuria; 7 - sick women with microalbuminuria; 8 - sick
women with proteinuria; Mean - average value; Mean±SE - average
value ± mean error; Mean±SD - mean value ± standard deviation.

first-degree retinopathy in the group with proteinuria
compared with microalbuminuria and normoalbuminuria
(0 %, 30.4 % and 32.3 %, respectively); higher (p<0.001)
percentage with grade II retinopathy in the group with
proteinuria compared with microalbuminuria and
normoalbuminuria (87.5 %, 4.3 % and 3.2 %, respectively)
(see Fig. 2).
Significant or sex differences in the percentage of
patients with neuropathy among patients with
normoalbuminuria, microalbuminuria or proteinuria have
not been established (Fig. 3).
When comparing the frequency of absence or presence
of neuropathy between men or women with different levels
of albumin in the urine found (see Fig. 3): in men - a higher
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(p=0.071) percentage with absence of neuropathy in the
group with normoalbuminuria compared with
microalbuminuria (respectively 12.5 % and 0 %); higher
(p<0.05 and p<0.001) percentage with II degree neuropathy
in the group with microalbuminuria compared with
normoalbuminuria and proteinuria (92.0 %, 65.0 % and
0 %, respectively), and higher (р<0.001) percentage of II
degree neuropathy in the group with normoalbuminuria
compared with proteinuria; higher (p<0.001) percentage
with grade III neuropathy in the group with proteinuria
compared with normoalbuminuria and microalbuminuria
(92.3 %, 0 % and 0 %, respectively); in women - a higher
(p=0.079) percentage with absence of neuropathy in the
group with normoalbuminuria compared with
microalbuminuria (12.9 % and 0 %, respectively); higher
(p=0.073 and p<0.001) percentage with II degree
neuropathy in the group with microalbuminuria compared
with normoalbuminuria and proteinuria (91.3 %, 71.0 %
and 12.5 %, respectively), and higher (р<0.01) percentage
of II degree neuropathy in the group with normoalbuminuria
compared with proteinuria; a higher (p<0.001) percentage
with grade III neuropathy in the group with proteinuria
compared with normoalbuminuria and microalbuminuria
(75.0 %, 0 %, and 0 %, respectively) (see Fig. 3).

Fig. 5. Diastolic blood pressure in men and women with T1D
depending on the level of albumin in the urine (mm Hg).

Fig. 6. Pulse in men and women with T1D depending on the level of
albumin in the urine (beats per minute).

ISSN 1861-031Х EISSN 2616-6208

Biomedical and Biosocial Anthropology

Kryvoviaz Yu. O.

Fig. 7. Growth (ht) in men and women with T1D depending on the
level of albumin in the urine (cm).

Fig. 8. Weight in men and women with T1D depending on the level
of albumin in the urine (kg).

The value of systolic blood pressure in healthy men
was lower (p<0.05-0.01) in comparison with sick men with
normo-, microalbuminuria and proteinuria. In sick men with
normoalbuminuria, this indicator is lower (p=0.060)
compared with men with proteinuria. In healthy women,
lower (p<0.01 and p=0.097) values of systolic blood
pressure were found in comparison with sick women with
proteinuria and normoalbuminuria. In patients with
proteinuria, this indicator is higher (p<0.05-0.01) compared
with women with normo- and microalbuminuria (Fig. 4).
No significant or trends in sexual differences in systolic
blood pressure between healthy men and women, and
among patients with normoalbuminuria, microalbuminuria,
or proteinuria have been identified (see Figure 4).
The value of diastolic blood pressure in healthy men
was lower (p<0.05-0.01) in comparison with sick men with
microalbuminuria and proteinuria. In patients' men with
normoalbuminuria, this indicator is lower (p<0.05-0.001)
compared with men with microalbuminuria and proteinuria,
and in men with microalbuminuria it is lower (p=0.069)
compared with men with proteinuria. Healthy women had
lower (p<0.05-0.01) values of diastolic blood pressure
compared with sick women with normo-, microalbuminuria
№38, Page 61-68

and proteinuria. In patients with proteinuria, this indicator
is higher (p<0.05-0.01) compared with women with normoand microalbuminuria (Fig. 5). Significant or sex differences
in diastolic blood pressure between healthy men and
women, and among patients with normoalbuminuria,
microalbuminuria, or proteinuria have not been established
(see Figure 5).
The heart rate was lower (p<0.01) in healthy men
compared to sick men with microalbuminuria and
proteinuria. In patients' men with normoalbuminuria, this
indicator is lower (p<0.05-0.01) compared with men with
microalbuminuria and proteinuria. Healthy women had
lower (p=0.078, p<0.01) heart rate values compared to sick
women with normo-, microalbuminuria and proteinuria.
Patients with normoalbuminuria had lower (p<0.05-0.01)
heart rate values compared with patients with
microalbuminuria and proteinuria. In addition, this indicator
is higher in women with proteinuria (p<0.05) compared to
women with microalbuminuria (Fig. 6). Among the sexual
differences of the pulse, higher (p<0.01) values of this
indicator were found only in women with proteinuria (see
Fig. 6).
Growth values were found higher (p<0.001) in healthy
men compared to sick men with normo-, microalbuminuria
and proteinuria. In patients' men with normoalbuminuria,
this indicator is higher (p<0.01-0.001) compared with men
with microalbuminuria and proteinuria. Healthy women had
higher (p<0.05) growth values compared to sick women
with normo-, microalbuminuria and proteinuria (Fig. 7). In
men of all studied groups, higher (p<0.05-0.001) values of
growth were found in comparison with women of similar
comparison groups (see Fig. 7).
Higher (p<0.05-0.001) weight values were found in
healthy men co mpared to sick men with normo-,
microalbuminuria and proteinuria. In patients' men with
normoalbuminuria, this indicator is higher (p<0.01-0.01)
compared with men with microalbuminuria and proteinuria
(Fig. 8). In healthy men, as well as in sick men with
normoalbuminuria and proteinuria, higher (p<0.001,
p=0.070) weight values were found in comparison with
women of similar comparison groups (see Fig. 8).
The value of body surface area in healthy men was
higher (p<0.01-0.001) in comparison with sick men with
normo-, microalbuminuria and proteinuria. In patients' men
with normoalbuminuria, this indicator is higher (p<0.010.001) compared with men with microalbuminuria and
proteinuria. Higher (p=0.096) values of body surface area
were found only in healthy women compared to sick women
with proteinuria (Fig. 9). In men of all studied groups, higher
(p<0.05-0.001) values of body surface area were found in
comparison with women of similar comparison groups
(see Fig. 9).
A higher (p<0.01) value of waist girth was found in healthy
men compared to sick men with microalbuminuria. In
patients' men with normoalbuminuria, this indicator is
higher (p<0.05-0.01) compared with men with
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men compared with sick men with proteinuria have been
established. In patients' men with normoalbuminuria, this
indicator is higher (p=0.086-0.097) compared with men
with proteinuria and microalbuminuria. In healthy women,
less (p=0.064, p<0.05) values of body mass index were
found in comparison with sick women with normo- and
microalbuminuria (Fig. 11). Only healthy men had higher
(p<0.001) body mass index values compared to women of
the same comparison group (see Fig. 11).

Discussion

Fig. 9. Body surface area (BSA) in men and women with T1D
depending on the level of albumin in the urine (m2).

Fig. 10. Waist circumference (WC) in men and women with T1D
depending on the level of albumin in the urine (cm).

Fig. 11. Body mass index (BMI) in men and women with T1D
depending on the level of albumin in the urine.

microalbuminuria and proteinuria. In healthy women, the
value of waist girth was lower (p<0.05-0.01, p=0.072)
compared to sick women with normo-, microalbuminuria
and proteinuria (Fig. 10). In men of all studied groups,
higher (p<0.05-0.001, p=0.056-0.060) values of waist
circumference were found in comparison with women of
similar comparison groups (see Fig. 10).
Higher (p<0.05) values of body mass index in healthy
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To date, there are a number of studies in the literature
that show that an increase in the level of albumin in the
urine of people with T1D refers them to a high risk of
complications from the nervous and cardiovascular
systems [10, 13, 26]. For example, the definition of
microalbuminuria has been proposed for use in the
stratification of risk in hypertension, which is reflected in
the international guidelines for hypertension [24].
There is a clear relationship between the degree of
glycemic compensation and the severity of T1D
complications such as angio-, retino- and neuropathy [4,
25]. According to our study, it was found that with increasing
levels of albumin in the urine in most cases increases the
percentage of patients with a correspondingly severe degree
of these complications (angiopathy of the 3rd degree in men
with normoalbuminuria - 12.5 %, with microalbuminuria 40.0 %, with proteinuria - 53.8 %; angiopathy of the 3rd degree
in women with normoalbuminuria - 29.0 %, with
microalbuminuria - 13.0 %, with proteinuria - 62.5 %;
retinopathy of the II-III degree in men with normoalbuminuria
- 0 % and 7.5 %, with microalbuminuria - 4.0 % and 40.0 %,
with proteinuria - 100 % and 0 %; retinopathy of the II-III
degree in women with normoalbuminuria - 3.2 % and 9.7 %,
with microalbuminuria - 4.3 % and 26.1 %, with proteinuria 87.5 % and 0 %; neuropathy of the II-III degree in men with
normoalbuminuria - 65.0 % and 0 %, with microalbuminuria
- 92.0 % and 0 %, with proteinuria - 0 % and 92.3 %;
neuropathy of the II-III degree in women with
normoalbuminuria - 71.0 % and 0 %, with microalbuminuria
- 91.3 % and 0 %, with proteinuria - 12.5 % and 75.0 %).
In patients with T1D, the development of hypertension,
mainly due to the progression of diabetic nephropathy, is
secondary. Secondary renal hypertension in T1D is caused
by increased activity of the tissue renin-angiotensin system.
The increase in systolic and diastolic pressure in this
category of patients is observed in 10-15 years after the
onset of the disease and converges with the diagnosis of
diabetic nephropathy. In addition, aggravated heredity of
hypertension plays a role in the development of diabetic
nephropathy and hypertension in patients with T1D. Thus,
some patients already have a predisposition to increase
systolic and diastolic blood pressure, which significantly
increases the risk of diabetic nephropathy. This is
evidenced by the fact that among the parents of patients
with T1D was recorded a higher prevalence of hypertension
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than in the general population [1, 17].
In our study in patients with normo-, microalbuminuria
and proteinuria, the value of systolic and diastolic blood
pressure was, in most cases, significantly higher than in
healthy subjects (respectively in men by 6.1-18.3 % and 3.620.3 %, in women - 5.0-20.0 % and 9.1-22.8 %) and
increased with increasing levels of albumin in the urine
(respectively in men by 11.4 % and 16.1 %, in women 13.3 % and 10.0 %).
Heart rhythm disorders in diabetes can occur against
the background of this disease or occur due to its
complications. Quite often in diabetes there is an
acceleration of the pulse (tachycardia), which is due to
damage to the parasympathetic nerves. Subsequently, the
pathological process captures the sympathetic parts of the
autonomic nervous system [2, 7]. In fact, when comparing
the heart rate between healthy individuals and patients with
T1D, we found its higher values in the latter (respectively, in
men by 4.2-14.7 %; in women - 8.0-31.6 %). With increasing
levels of albumin in the urine, the pulse tended to accelerate
(respectively, in men by 10.1 %; in women - 21.8 %).
It is known that the rate of growth and development is
constitutionally determined. It can be assumed that patients
with d iabetes have c ertain somatotype features.
V. V. Zhmuryk and others [27], as well as Senko V. I. and
others [19] found that men with T1D had short stature, short
and slender upper limbs, slender and elongated lower
limbs, moderately short and narrow chest, increased waist
circumference and increased accumulation of fat on the
lateral and anterior surfaces of the torso against a
background of reduced thickness of skin and fat folds in
the back. Patients women had short stature, short upper
extremities, elongated lower extremities with slender
thighs, wide crus in the lower third, a barrel-shaped chest,
increased accumulation of fat in all areas except the
shoulder and crus.
A nu mber of studies have shown that there is a
dependence of diabetes on the qualitative and quantitative
indicators of body composition. Thus, females have a low
mass of bone and muscle components against the
background of a high mass of fat component. In men, there
is a low mass of all components [6, 18, 20, 21].

Summarizing the data of studies of the anthropological
status of patients with T1D, there is compliance with the
results of our study. Thus, in patients with T1D subjects
there were lower values of growth (respectively in men by
4.6-9.2 %; in women - 2.2-4.1 %), weight (only in men by
9.0-26.4 %) and body surface area (respectively in men by
7.2-17.7 %; in women - 4.8 % only in the group of
proteinuria). The lowest values of these indicators were
found in patients with proteinuria compared with patients
with normo- and microalbuminuria. Body mass index in
sick men, compared with healthy, was significantly lower
only in the group of proteinuria (by 5.5 %); and in women higher values in the groups of normo- and microalbuminuria
(by 10.6 % and 11.2 %).
The data obtained by a number of researchers indicate
that in persons with T1D in comparison with healthy
subjects there is a tendency to truncal type of fat deposition,
ie its transition from the extremities to the torso, which allows
us to consider the topography of the latter as one of the
morphological markers of T1D susceptibility [22]. In
women, the presence of a truncal type of fat deposits
indicates andromorphy, which is significantly higher in the
group of persons with impaired carbohydrate metabolism
[3]. In our study: sick women compared to healthy women
had a larger waist circumference (by 5.5-11.8 %); in men
with T1D - on the contrary, this figure was lower in the group
of microalbuminuria (by 4.0 %).
Thus, control of general clinical and anthropometric
parameters in patients with diabetic nephropathy with T1D
depending on albumin in the urine allows the doctor to
make optimal decisions to compensate for diabetes,
reduce the risk of early and long-term complications,
improve quality of life.

Conclusions
The established differences in general clinical and
anthropometric parameters between patients with T1D with
different levels of albumin in the urine and the degree of
complications from the vascular and nervous system allow
to assess the severity and compensation of the disease,
and comparison of these indicators with features of the
pathological process.
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The cerebellum is a typical structure with fractal properties, so fractal analysis is one
of the main morphometric techniques that allow a comprehensive assessment of its
morphofunctional state; the development of methods for differential measurement of
the fractal dimension of various components of cerebellar tissue is necessary for
complex morphological examination of the cerebellum using fractal analysis. The aim
of the study was to develop an algorithm for differential fractal analysis and to determine
the values of the fractal dimension of the cortex and white matter of human cerebellum
using the study of magnetic resonance imaging scans. Digital T2 weighted magnetic
resonance imaging scans of 30 conditionally healthy persons were used in the study.
Fractal analysis of the distinct components of the cerebellar tissue was performed
using the pixel dilation method. The fractal dimension values for all threshold brightness
values (from 0 to 255) were determined. The confidence interval of the fractal dimension
values based on the average values of the fractal dimension of the entire range of
brightness values was calculated. Algorithms for image preprocessing were developed
for an individual study of the different components of the cerebellum: cerebellar tissue
as a whole, white matter, molecular and granular layers of the cortex. A differential
fractal analysis technique has been developed to assess individual components of the
cerebellar tissue. The values of the fractal dimension of white matter, granular and
molecular layers of the cerebellar cortex were determined. The values of the fractal
dimension of cerebellar tissue as a whole and the fractal dimension of the cerebellar
cortex as a whole were the biggest. These values exceed the value of the fractal
dimension of white matter. The average value of the fractal dimension (FD) for the
threshold value of 80 (white matter) was 1.318±0.050, for the value of 90 (white matter
and the granular layer of the cortex) was 1.568±0.028, for the value of 100 (cerebellar
tissue as a whole) was 1.694±0.010. The average FD of the granular layer of the cortex
(brightness range 81-90) was 1.377±0.020, the FD of the molecular layer of the cortex
(brightness range 91-100) was 1.353±0.020, the average FD of the cerebellar cortex
as a whole (brightness range 81-100) was 1.564±0.018. The obtained data can be used
as diagnosis criteria to assess the morphofunctional state of the cerebellum using
magnetic resonance imaging.
Keywords: fractal analysis, fractal dimension, pixel dilation, cerebellum, magnetic
resonance imaging.

Introduction
Various neuroimaging methods are currently widely
used to diagnose various pathological changes and
diseases of the cerebellum. Magnetic resonance imaging
(MRI) is the most commonly used neuroimaging method.
The analysis of MRI scans takes into account both
quantitative morphometric characteristics (linear size, area,
volume) and qualitative characteristics (features of the
shape and structure of various structures, the presence
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and features of pathological foci - necrosis, hemorrhages,
tumors etc.) [10, 14].
The cerebellar tissue is not homogeneous and includes
several components with different densities (white matter,
granular and molecular layers of the cortex), which have
different brightness of corresponding pixels on magnetic
resonance images. Measurement of the volume and area
(voxel-based morphometry) of various components of the
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cerebellar tissue (cortex and white matter) is widely used
as a morphometric study in MRI [3, 4, 9, 11-13].
These morphometric studies revealed changes
(decrease or increase) in the volume of gray and white
matter of the cerebellar lobules in dyslexia [13], autism [3,
11, 13], in children and adolescents with attention deficit
hyperactivity disorder [9, 13], alcohol dependence [4],
schizophrenia [15] and bipolar disorders [5].
Different algorithms of computer segmentation of digital
images of the cerebellum are used for individual study of
different structures of the cerebellum (determination of the
boundary of the cortex and white matter, identification of
different lobules) Those algorithms allow to determine the
morphometric characteristics of different components and
structures of the cerebellum [16, 18].
However, determining only the absolute and relative
volumes of white and gray matter and their ratio does not
take into account the spatial configuration of the cerebellum
and relationships of different components of the cerebellar
tissue.
The cerebellum is a typical structure with fractal
properties, so fractal analysis is one of the main
morphometric techniques that allow a comprehensive
assessment of its morphofunctional state [1, 2, 6, 17].
The cerebellum has the heterogeneous (multifractal)
structure. Thus, the development of methods for differential
measurement of the fractal dimension of different
components of cerebellar tissue is necessary for a complex
morphological study of the cerebellum on magnetic
resonance images using fractal analysis.
The aim of the study was to develop an algorithm for
differential fractal analysis and to determine the values of
the fractal dimension of the cortex and white matter of human
cerebellum using the study of magnetic resonance imaging
scans.

Materials and methods
The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), the
Helsinki Declaration of the World Medical Association on
the ethical principles of scientific medical research with
human participation (1964-2008), and the order of Ministry
of Health of Ukraine №690 dated 23.09.2009. The
conclusion of the Commission on Ethics and Bioethics of
Kharkiv National Medical University confirms that the study
was conducted in compliance with human rights, in
accordance with current legislation in Ukraine, meets
international ethical requirements and does not violate
ethical standards in science and standards of biomedical
research (minutes of the meeting of the commission on
ethics and bioethics of KhNMU №10 from 07.11.2018).
Magnetic resonance (MR) imaging scans of the brain
were used in the study. MR images were obtained using a
Siemens Magnetom Symphony tomograph with a magnetic
induction value of 1.5 T. Different components of cerebellar
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Fig. 1. Pre-processing (A) and segmentation (B-D) of MR images
of the cerebellar vermis. Segmented pixels are colored black. B threshold 100, C - threshold 90, D - threshold 80.

tissue are more heterogeneous and contrasting on the T2weighted images then on the T1-weighted images, therefore
T2-weighted images were used for the study.
The study used tomograms of 30 conditionally healthy
persons (without structural changes in the brain) aged 1830 years (15 men and 15 women).
A digital image with a resolution of 128 pixels per inch
and a size of 128x128 pixels was created in Adobe
Photoshop CS5 for image processing and subsequent
measurements. One of the parasagittal sections of the brain
containing the tomographic section of the cerebellum was
selected and the fragment was copied using the MR
tomogram viewer "Syngo Fast View". This fragment was
placed in the created digital image so that the section of the
cerebellum filled the area of the square. Then the surrounding
areas were removed from the image: those areas of the
image that do not contain a section of the cerebellum were
selected and filled with white color (Fig. 1, A).
This was followed by image segmentation using the
Adobe Photoshop CS5 "threshold" tool. Segmentation was
performed depending on the brightness of the pixels
corresponding to different components of the cerebellar
tissue. All pixels darker than the brightness threshold were
colored black, lighter than the brightness threshold were
colored white. Images were segmented by all theoretically
possible brightness thresholds - from 0 to 255 (see Fig. 1,
A, B, C). For example, all pixels with brightness values from
0 to 80 inclusive were segmented for a brightness value of
80.
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Fractal dimension (FD) was measured on segmented
images. Fractal dimensions of various components of
cerebellar tissue that have a density equal to or greater than
a certain threshold value were determined. The method of
pixel dilatation in the author's modification described earlier
was used for fractal analysis [7].
Statistical data processing was performed using Excel
2010. The arithmetic mean (M) and its standard error (mM)
were calculated, and the confidence interval of values as
M±2σ was determined. Pearson's correlation coefficient was
calculated to determine the relationship between the values.
The significance of statistical differences was assessed
using the Mann-W hitney test. The significance of the
correlation was assessed using Student's T test.

Results
The arithmetic means of the fractal dimension values for
the entire range of brightness values (from 0 to 255) were
calculated as a result of study of MRI scans of 30 persons
(Fig. 2).
The confidence interval of FD values as M±2σ was
determined based on the arithmetic mean (M) and standard
deviation (σ) values for the entire range of brightness
thresholds used for segmentation (see Fig. 2).
The values of FD depend on the brightness, and this
dependence is close to the logarithmic function, as can be
seen from Fig. 2. FD increases mainly in the range of
brightness values from 70 to 100.
The cerebellar tissue is not homogeneous, which
causes the heterogeneity of the brightness of the pixels of
digital MR images. Different components of the cerebellar
tissue have different densities and, consequently, different
values of the brightness of the pixels of the digital image. If
we compare the result of segmentation of the same original
image (see Fig. 1, A), segmented by different levels of
brightness (see Fig. 1, B-D), we can see that the different
components of the cerebellar tissue are segmented on the
resulting images. The lower the threshold level of brightness
for segmentation is, the bigger density of the visualized
structure is.
The brightness thresholds for segmentation of the

Fig. 2. Cerebellum fractal dimension values depending on the pixel
brightness threshold used for segmentation: arithmetic mean (M)
and confidence interval (M±2σ).
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Fig. 3. Segmented components of the cerebellar tissue: white
matter (segmentation threshold 80) is colored white, the granular
layer of the cortex (difference of segmentation thresholds 91-80)
is colored gray, the molecular layer of the cortex (difference of
segmentation thresholds 91-100) is colored black.

individual components of the cerebellar tissue were
determined by visual comparison and also based on the
results of cluster analysis of the fractal dimension of the
cerebellum, which was carried out in our previous studies [8].
Thus, the white matter corresponds to the range of
brightness values from 0 to 80 (see Fig. 1, D), the granular
layer of the cortex - 81-90 (see Fig. 1, C), the molecular layer
of the cortex - 91-100 (see Fig. 1, B). The brightness threshold
80, used to segment the digital image, separates only the
white matter of the cerebellum from the background, 90 white matter with a granular layer of cortex, 100 - white matter,
granular and molecular layers of the cortex (cerebellar tissue
as a whole) (Fig. 3).
The average value of the fractal dimension for the
threshold value of 80 (white matter) was 1.318±0.050, for
the value of 90 (white matter and the granular layer of the
cortex) was 1.568±0.028, for the value of 100 (cerebellar
tissue as a whole) was 1.694±0.010. The average FD of the
granular layer of the cortex (brightness range 81-90) was
1.377±0.020, the FD of the molecular layer of the cortex
(brightness range 91-100) was 1.353±0.020, the average
FD of the cerebellar cortex as a whole (brightness range 81100) was 1.564±0.018. The distribution of these values is
shown in Fig. 4.
Correlation relationships between the FD values of
different components of the cerebellar tissue were
determined using calculation of the Pearson's correlation
coefficient (r) (Fig. 5). The strength and direction of the
correlation relationships were different.
FD of the cerebellar white matter has a significant
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with the FD of the granular layer,
but has negative linear
relationship with the FD of the
molecular layer. The FD of the
cerebellar cortex as a whole has
a significant strong positive linear
relationship with FD of the
molecular layer (r=0.91, p=0.000)
as well as with FD of the granular
layer (r=0.90, p=0.000). The FD
of the molecular layer has a
greater effect on the FD of the
cortex as a whole than the FD of
the granular layer, because the
molecular layer forms the outer
contour of the cerebellum. There
is a significant strong positive
linear relationship between
fractal dimensions of the
molecular and granular layers of
Fig. 4. The distribution of values of the fractal dimensions of the different components of cerebellar tissue. the cerebellar cortex (r=0.64,
p=0.000).
FD of cerebellar tissue as a
whole has a significant strong
positive linear relationship with FD
of white matter (r=0.82, p=0.000)
as well as with FD of the granular
layer (r=0.72, p=0.000). These
components of the cerebellar
tissue have a high variability of
structure and make up a
significant part of the volume of the
cerebellum. FD of cerebellar
tissue as a whole also has a
significant moderate positive
linear relationship with FD of the
cortex as a whole (r=0.46,
p=0.008) and has no significant
relationship with the FD of the
molecular layer of the cortex
(r=0.12, p=0.833).
The values of the fractal
Fig. 5. The correlation relationships of the fractal dimensions of the main components of cerebellar tissue.
dimensions
of
different
components of the cerebellar tissue in men and women
moderate positive linear relationship with FD of the granular
were also determined (Fig. 6). It was found that the values
layer of the cortex (r=0.41, p=0.017), significant moderate
of the fractal dimensions of the white matter of the
negative linear relationship with FD of the molecular layer
cerebellum, cerebellar cortex as a whole, granular and
(r=-0.39, p=0.023); but it has no significant relationship with
molecular layers of the cortex and cerebellar tissue as a
FD of the cerebellar cortex as a whole (r=-0.01, p=0.998).
whole in men and women do not have significant difference
This feature is associated with the peculiarities of the
(p<0.001).
structure of the cerebellum at the microanatomical level.
The structure of the granular layer of the cerebellar cortex is
Discussion
more variable. This layer covers the white matter on the
The studies on fractal analysis of the cerebellum in the
outside, duplicating its outer contour. The structure of the
scientific literature in general are not numerous [1, 2, 6,
molecular layer of the cerebellar cortex is less variable: this
17]. The values of the fractal dimensions of the white matter
layer has less thickness variability than the granular layer.
and cortex of the cerebellum were determined differentially
Thus, the FD of white matter has a positive linear relationship
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dimension of the white matter
were 2.26±0.05 [2] and
2.2746±0.0446 [17] and the
average values 3D fractal
dimension of the gray matter
were 2.49±0.04 [2] and 2.5267
±
0.0228
[17].
Fractal
dimensions of different layers of
the cerebellar cortex also were
not determined individually. In
the studies [2, 17] the FD values
of the gray matter also exceed
the corresponding values of the
white
matter,
which
corresponds to results of the
present study. The values of 3D
fractal dimension exceed the
Fig.6. The values of the fractal dimensions of the main components of cerebellar tissue in men and values obtained in the present
women.
study, because the threedimensional FD can vary from 2 to 3 and theoretically always
in some studies. Two-dimensional (2D) and threeexceeds the two-dimensional FD, which has a value from
dimensional (3D) fractal dimensions were determined in
1 to 2.
different studies. Thus, the 2D fractal dimension values of
The obtained data can be used as diagnosis criteria to
two-dimensional images of the cerebellum were
assess
the morphofunctional state of the cerebellum using
determined using the box counting method. The MRI scans
magnetic resonance imaging.
of 16 conditionally healthy persons were investigated. The
average FD value of the white matter was 1.49±0.06 and
Conclusions
the average FD value of the gray matter was 1.56±0.05. FD
1. A technique of differential fractal analysis for
values of the different layers of the cerebellar cortex were
assessment of individual components of cerebellar tissue
not determined individually [1]. These data are generally
has been developed.
consistent with data obtained in the present study: the FD
2. Algorithms of image pre-processing for the individual
value of gray matter exceeds the FD value of white matter.
study of the cerebellar tissue as a whole, white matter and
The difference between the average values of fractal
individual layers of the cerebellar cortex were determined.
dimension obtained in the study [1] and in the present study
3. The values of fractal dimension of white matter,
may be due to the difference in the number of studied
granular and molecular layers of the cerebellar cortex were
objects, differences in algorithms of the image predetermined. The fractal dimension of the cerebellar tissue
processing and segmentation and difference in methods
as a whole and the fractal dimension of the cortex as a
of fractal analysis (box counting and pixel dilation,
whole have the biggest values, which exceed the value of
respectively). In other works, the values of 3D fractal
the fractal dimension of cerebellar white matter.
dimension of the white and gray matter of the cerebellum
were determined [2, 17]. The average values of 3D fractal
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