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CYTOKINE PROFILE IN SEMINAL FLUID OF INFERTILE MEN
WITH CONCOMITANT PATHOLOGIES

Melnyk O.V., Vorobets M.Z., Besedina A.S., Pokotylo P.B., Fafula R.V., Vorobets Z.D.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
https://doi.org/10.35339/ic.9.2.mvb

Abstract

The mechanisms of formation of male infertility are increasingly becoming immune depend-
ent. This study aims to study the role of pro-inflammatory and anti-inflammatory cytokines in
seminal fluid to clarify their role in spermatogenesis. This research is carried out at rheumatology
and urology departments of Danylo Halytsky Lviv National Medical University (Ukraine). 45
infertile men aged 22-48 were examined. They were divided into 2 groups: first group — 22 men
with a systemic autoimmune disease — rheumatoid arthritis; second group — 23 somatically healthy
patients with idiopathic infertility. The control group included 27 fertile healthy men aged 22-48
years. Student's t-test was used to compare the significant difference in mean values between
groups. Patients with autoimmune diseases (rheumatoid arthritis) had the highest rate of leukocy-
tospermia, indicating a possible long-term inflammatory process. The TGF-B1 level was higher
in men with idiopathic infertility, and in patients with autoimmune pathology was reduced com-
pared to the control group, however these changes were not significant. At the same time in patient
of both group the level a pro-inflammatory cytokine IL-18 increased approximately by 2.5 times.
In patients with idiopathic infertility and patients with autoimmune pathology, a simultaneous
increase in the IFN-y level and a decrease in the IL-1f level were found. The IL-6 level in seminal
plasma of infertile men of both groups was increased. The ratio IL-10/TNF-a was decreased in
seminal plasma of infertile men with rheumatoid arthritis. It was found that in autoimmune pa-
thology, the increased level of IL-1p in blood serum compared to controls was associated with its
reduced level in seminal fluid (r=-0.51, p<0.05). In idiopathic infertility, a low level of IL-1pB in
seminal fluid was also associated with a low concentration of this cytokine in blood serum
(r=0.62, p<0.05). The functioning of the immune and reproductive systems of the male body is
closely related and interdependent. Disorders of immune reactivity, which accompany the devel-
opment of autoimmune pathology associated with disorders of reproductive function in men. The
largest number of deviations of immune reactivity was found in infertile men with concomitant
autoimmune diseases.

Keywords: cytokines, male infertility, idiopathic infertility, rheumatoid arthritis.

INTRODUCTION

The regulation of male reproductive function is
realized through different levels, involving both
the endocrine and immune systems. The mecha-
nisms of formation of male infertility are in-
creasingly becoming immune-dependent. Immu-
nological isolation of the testes is provided by the
anatomical blood-testis barrier and the special tol-
erance of the immune system to antigens ex-
pressed on male gametes. The seminal fluid en-
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sures the microenvironment for differentiated
gametes. It is a multicomponent solution and con-
tains a range of active biological substances with
immunomodulatory properties [1; 2]. In addition
to hormones, cytokines TNF-o, IFN-y, TGF-
B2/B3, IL-10/1p and IL-12 play an important role
in the regulation of spermatogenesis. They regu-
late the penetrability of the barrier in normal phys-
iological state and pathological conditions [3; 4].
The cytokines TGF-B2 / B3, TNF-a and IL-1a per-
form a leading role in the regulation of the blood-
testis barrier. These cytokines in the germinal epi-
thelium are synthesized by Sertoli cells and germ
cells (specifically spermatocytes and early sper-
matids, since elongated spermatids produce exclu-
sively TNF-a, receptors to which are located
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mostly on Sertoli cells). The interaction between
polar proteins is regulated by cytokines. This is
important both for the regulation of endocytic pro-
cesses of protein transport and for the synergiza-
tion of actin- and steroid-mediated effects on the
blood-testis barrier [5].

The effect of cytokines on sperm in the seminal
fluid is a physiological phenomenon. IL-6, IL-10
levels and TNF-a level are positively correlated
with sperm concentration, motility and normal
morphology [6], and IL-6 level positively corre-
lated with the ability of sperm to penetrate egg [7].
In the seminal fluid of a healthy man, in addition
to a small number of leukocytes (about 1 million/
ml), cytokines TGF-o/p and IL-1f and IL-6,8 and
a soluble receptor for IL-2 were detected. Some of
these molecules (IL-1 and TGF-p) are synthesized
in the testes, others, probably, in the appendages
or other male gonads. In the seminal fluid of
healthy men except a small number of leukocytes
(about 1 million/ml), cytokines TGF-o/B, IL-1p
and 1L-6,8 and a soluble IL-2 receptor were de-
tected. Some of these molecules (IL-1 and TGF-
B) are synthesized in the testes, others, probably,
in the other male gonads [8]. For a better under-
standing of the immunopathogenetic mechanisms
of infertility, a study of the role of various immune
factors is required.

The aim of the work is to study the role of
pro-inflammatory and anti-inflammatory cyto-
kines in seminal fluid to clarify their role in sper-
matogenesis.

Materials & methods

Study population and semen collection

This research is carried out at rheumatology
and urology departments of Danylo Halytsky Lviv
National Medical University (Ukraine). Men un-
derwent a thorough genitourinary examination to
establish exclusion criteria. Individuals with nor-
mally developed urogenital organs were included
in the study. The study included individuals with
a diagnosis of rheumatoid arthritis without con-
comitant inflammatory diseases of the connective
tissue, other inflammatory diseases and oncologi-
cal pathology at the time of the study. The dura-
tion of the disease was from 6 to 360 months. All
patients with rheumatoid arthritis were diagnosed
with asthenozoospermia or leukocytospermia.
The idiopathic form of infertility, characterized by
an unstudied etiopathogenesis, was diagnosed by
the lack of fertilization during the year of the cou-
ple's sexual life and the impossibility of finding
out the cause of the disease. This form of infer-
tility included men with oligozoospermia, oligo-

asthenozoospermia, asthenozoospermia, and leu-
cospermia.

45 infertile men aged 22—48 were examined.
They were divided into 2 groups: first group — 22
men with a systemic autoimmune disease — rheu-
matoid arthritis; second group — 23 somatically
healthy patients with idiopathic infertility. The
control group included 27 fertile healthy men aged
2248 years.

Ethical approval was obtained from the Ethics
Committee of Danylo Halytsky Lviv National
Medical University and informed consent was ob-
tained from all eligible, consenting participants.

Semen processing

Semen was collected, analyzed and classified
according to the criteria of the WHO (2009) [9].
Semen was obtained by masturbation into sterile
plastic containers following 3-5 days of absti-
nence. Semen analysis were performed within 30
min. of sample arrival in the laboratory. Seminal
plasma was obtained by centrifugation of ejacu-
late samples at 3000 g for 10 min and sedimenta-
tion of spermatozoa. Seminal fluid was stored at
—20°C until the beginning of the studies, mostly
for two weeks.

Determination of the cytokines concentration
in seminal plasma was carried out by the immuno-
enzymatic method. To determine the cytokines
IL-1pB, IL-6, IL-10, IL-18, IFN-y, TNF-0 in semi-
nal fluid, kits from DIACLONE (France) were
used, TGF-B1 — kit from DRG Diagnostics (Ger-
many). The study was carried out according to the
manufacturer's instructions. The microplaypho-
tometer SUNRISE TECAN (Austria) was used for
the analysis.

Statistical analysis

All gquantitative variables were expressed as
mean =+ standard deviation, while qualitative data
were shown in the form of number and percent-
age. Student's t-test was used to compare the sig-
nificant difference in mean values between
groups. p<0.05 was considered significant. SPSS
16.0 version for Windows (USA) was used for sta-
tistical analysis.

Results & discussion

Ejaculate analysis has of fundamental importance
for diagnosis and determining the degree of severity
of male factor in infertility. Although it is based on a
guantitative change in parameters of ejaculate, func-
tional defects are important. Spermatogenesis in hu-
mans lasts almost 3 months and the influence of ex-
ogenous factors can persist for 2-3 months.

Analysis of ejaculate was done according to
WHO 5" guideline. Reduced number of normal
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spermatozoa and their motility was detected in all
examined groups (Table 1).

Patients with autoimmune diseases (rheuma-
toid arthritis) had the highest rate of leukocyto-
spermia, indicating a possible long-term inflam-
matory process. When examining patients with
autoimmune pathology, asthenozoospermia was
found in 8 (36.36%) patients and leucocyto-
spermia in 14 patients (63.64%). In patients with
idiopathic infertility, oligozoospermia was diag-
nosed in 3 patients (13.04%), oligoasthenozoo-
spermia in 7 patients (30.36%), asthenozoo-
spermia in 8 patients (34.78%) and leucocyto-
spermia in 5 patients (21.82%). In general, quan-
titative and qualitative changes in spermatozoa
were found: in men with autoimmune diseases —
in 8 patients (36.36%); in men with idiopathic
infertility — in 12 patients (52.17%). The fre-
guency of changes in spermatozoa did not dif-
fer in the examined groups. At the same time,
leukocytospermia was determined much more
often in patients with autoimmune pathology,
compared to patients with idiopathic infertility.
In infertile men with concomitant autoimmune
pathology, the number of leukocytes in sperm
probably exceeded the values in all other
groups.

The next task was to determine the main cyto-
kines in seminal fluid of men with infertility. To
analyze the cytokine profile in seminal fluid, the
levels of the following cytokines were deter-
mined: pro-inflammatory — interleukin 1f (IL-1p),
interleukin 18 (1L-18), interleukin 6 (IL-6), tumor
necrosis factor a (TNF-a), interferon y (IFN-y)
and anti-inflammatory — interleukin 10 (IL-10),
transforming growth factor 1 (TGF-B1) (Table 2).
The TGF-B1 level was higher in men with idio-
pathic infertility and in patients with autoimmune
pathology was reduced compared to the control
group, however these changes were not signifi-
cant. At the same time in patient of both group the
level a pro-inflammatory cytokine IL-18 in-
creased approximately by 2.5 times. In patients
with idiopathic infertility and patients with auto-
immune pathology, a simultaneous increase in the
IFN-y level and a decrease in the IL-1p level were
found. The IL-6 level in seminal plasma of infer-
tile men of both groups was increased.

Since male ejaculate is both an inducer of Th2
and an inhibitor of Th1 response, the Th2/Th1 bal-
ance coefficients in the seminal fluid of the exam-
ined groups were calculated (Table 3). The ratio
IL-10/TNF-a was decreased in seminal plasma
of infertile men with rheumatoid arthritis.

Table 1. Evaluation of the spermogram of infertile men with various accompanying pathologies

Control group I_diopa_lthic Rheum_a'_[oid
Parameters infertility arthritis
Number of sperm in 1 ml (million) 58.27+7.51 38.42+4.73 49.37+6.82
Number of sperm in ejaculate (million) 195.69+24.32 | 107.9+12.64* | 121.87+13.56
Sperm motility (%) 56.71+7.51 31.36+4.20* 42.16+5.42%
Morphologically normal sperm count (%) 68.83+8.95 38.11+5.23* 39.174+5.36*
Leukocytes (10%/ml) 0.28+0.06 0.46+0.08 0.34+0.07

Note: * — p value between parameters is significant if p<0.05.

Table 2. The level of the cytokines in seminal plasma of infertile men

Parameters, pg/ml Control group Idiopathic infertility Rheumatoid arthritis
TGF-B1 116.28+17.57 151.18+13.28 95.70+£12.47
TNF-a 11.39+4.40 20.024+4.42 16.22+4.27
IFN-y 59.76£7.10 79.40+6.48* 68.63+6.58
IL-1B 75.13+8.11 28.99+6.48* 44.3449.79*
1L-6 27.49+4.76 41.33+£5.08* 57.22+7.82%
1L-10 11.78+3.69 16.21+2.50 12.29+2.71
IL-18 9.62+1.61 23.54+3.07* 24.25+2.94*

Note: * — p value between parameters is significant if p<0.05.
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Table 3. The ratio IL-10/TNF-a and IL-10/IFN-y in seminal plasma of infertile men

Parameters, pg/ml Control group

Idiopathic infertility Rheumatoid arthritis

IL-10/TNF-a 1.05+0.12

0.86+0.19 0.78+0.10*

IL-10/IFN-y 0.20+0.05

0.21+0.08 0.19+0.03

Note: * — p value between parameters is significant if p<0.05.

It was important to determine whether changes
in cytokines in blood serum were correlated with
corresponding changes in seminal fluid. It was
found that in autoimmune pathology, the in-
creased level of IL-1p in blood serum compared
to controls was associated with its reduced level
in seminal fluid (r=-0.51, p<0.05). In idiopathic
infertility, a low level of IL-1p in seminal fluid
was also associated with a low concentration of
this cytokine in blood serum (r=0.62, p<0.05).
Such a result can explain the reduced number
sperm in the ejaculate of this group, since IL-1f in
physiological concentrations contributes to the
maturation of spermatozoa.

The interaction of cells of the immune system
with each other depends on their production many
biologically active substances, in particular cyto-
kines, which can have both pro-inflammatory and
anti-inflammatory effect. A change in the cyto-
kine profile is one of the immunopathogenetic
mechanisms of many diseases, in particular the re-
productive system [10]. Elevated serum levels of
proinflammatory cytokines are a characteristic
feature of impaired immune reactivity for autoim-
mune pathology [11].

The immune system functions as a single inte-
grated mechanism, and under physiological con-
ditions, the cytokines synthesis with multidirec-
tional effects is usually interdependent. Therefore,
the correlations between pro- and anti-inflamma-
tory cytokines are important. In some cases, an-
tagonistic cytokines inhibit each other's synthesis.
In another case, the over synthesis of cytokines of
one effect causes a homeostatic increase in the cy-
tokines synthesis of the opposite effect [12; 13].
As a rule, various pathological conditions are ac-
companied by changes in the number and nature
of correlation relationships between different pa-
rameters of immune reactivity, including serum
levels of cytokines of different effects in com-
parison with correlations in healthy persons.

In patients with autoimmune diseases, there
was no correlation between cytokines of different
effects, which may indicate an imbalance in the
adequate immune response. Negative correlations
were observed in these groups of patients, espe-
cially in chronic inflammatory diseases. Men with

idiopathic infertility showed three significant cor-
relates different from those found in healthy fertile
men. Systemic disruption of cytokine balance is
closely related to shifts in local cytokine balance
in individual compartments, including the repro-
ductive tract. Taking into account the above we
analyzed the cytokine profile of seminal fluid.
Seminal fluid contains a wide range of cytokines.
The level and properties of cytokines determines
the final stages of post-testicular maturation of
spermatozoa and the effectiveness of fertilization
under physiological conditions.

Male seminal fluid is both an inducer of Th2
and an inhibitor of Th1l response. It induces and
potentiates a cascade of events, the result of which
is an increase in the endogenous expression/pro-
duction of cytokines (LIF, GM-CSF and other
growth factors) with embryotrophic properties.
Factors of seminal fluid play a positive role in the
preimplantation development and implantation of
the embryo. Cytokines play a leading role in the
inflammatory process of the urogenital tract. They
also potentiate the pro-inflammatory effects of
other inflammatory mediators. Under normal con-
ditions, IL-1B contributes to the maturation of
spermatozoa, under pathological conditions it fa-
cilitates the development of an inflammatory re-
action, not only acting chemotactically on neutro-
phils and monocytes, but also promoting the re-
lease of histamine, which accelerates the for-
mation of the entire inflammation cascade. IL-6 is
synthesized by monocytes and macrophages un-
der the influence of IL-1 and exhibits pro-inflam-
matory properties.

In seminal fluid and sperm membranes, the el-
evated level of IL-6 positively correlates with the
level of lipid peroxidation and negatively with
sperm motility and their number, as it inhibits
DNA synthesis during meiosis of spermatogenic
cells [6]. The anti-inflammatory cytokine IL-10 is
found in high concentrations in the seminal fluid
of healthy men, since it maintains immunological
balance at the local level and protects spermatozoa
from damage [14].

The level of TNF-a in seminal fluid probably
correlates with the number of leukocytes and the
proportions of their subpopulations in the ejaculate.
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Therefore it can serve as an indicator of the pres-
ence of infection or inflammation. Increased level
of TNF-a does not affect the ability to fertilize
[15], however has a negative effect on motility
and the degree of DNA damage in spermatozoa
[16] and on all spermatogenesis, since it inhibits
the synthesis of testosterone by Leydig cells [17].

The cytokine TGF-B1 in seminal fluid has an
immunoregulatory effect on the cellular elements
of the female genital tract to support sperm sur-
vival and preservation of fertilizing capacity [18].
The cytokine IFN-y is a pro-inflammatory cyto-
kine, the increased level of which in seminal fluid
reflects the presence of an infection or an autoim-
mune disease. In autoimmune orchitis, IFN-y
works in synergy with 1L-12 [19], which, in turn,
interacts with IL-18 in the implementation of
many of its functions. IL-18 belongs to the IL-1
family and is also produced by activated macro-
phages. Like IL-1 it interacts with TLRs by sig-
naling through the MyD88 gene, which activates
TGF-receptor-associated factor and NF-xB. An
important function of IL-18 is the regulation of
functionally different subpopulations of T-helpers
necessary for cell-mediated immune response. It
enhances the synthesis of FasL, which mediates
the cytotoxic effect of NK cells and together with
IL-12 affects the functions of NK cells (induction
of IFN-gamma synthesis, increased cytotoxicity
and proliferation) [20].

An increased level of IL-18 in the seminal fluid
correlates with a decrease in sperm motility. IL-18
inhibits the harmful effects of infection/inflamma-
tion on spermatogenesis by enhancing the prolif-
eration of germ cells, therefore it can be called
a paracrine protective factor in the male gonads [21].

Cytokine IL-1p has pleiotropic properties, it is
not only a mediator of inflammation, but also a
modulator of innate and acquired immunity. IL-13
is able to influence regulatory T-lymphocytes,
which leads to the masking of autoreactive effect-
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Conclusion
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Abstract

Since the beginning of Ukraine's full-scale war with the russian federation, the personnel of two
Ukrainian Nuclear Power Plants (NPP) (Chornobyl and Zaporizhzhya) have been held hostage by
the russian occupiers and subjected to intimidation and abuse. An additional strong stress factor
can significantly affect the decision-making of NPP control panel operators, increases the proba-
bility of erroneous actions in the event of emergency situations, and can even become their cause.
The purpose of our study was to determine the possible influence of the "human factor" on the
development of emergency situations, as well as additional parameters for monitoring the health
and psychological state of NPP operators working as hostages. Fourteen expert psychologists with
at least 10 years of experience in the field of extreme psychology were involved in the study.
After the introductory seminar, they were offered a questionnaire to determine the range of pro-
fessionally important qualities that have the greatest impact on the effectiveness of professional
activity. The results of the expert evaluation became a hypothesis for the next stage of research
on the possible influence of the temperament of operators on resistance to the stress of captivity.
The technique of professiograms and psychograms separation, methods of scaling and balancing,
methods of mathematical statistics and system analysis were used for the research. One hundred
and twenty-four anonymous psychological examination cards and occupational profiles of NPP
control panel operators who received a license for professional activity in Ukraine or improved
their qualifications within the period of 2017-2020 were analyzed. The predominant types of
psychological reactions according to subjective-objective indicators in response to significant
stressful situations were studied, and the types of temperaments were determined. The ability to
perform professional functions at high and medium levels was recorded in 79 sanguine operators
(63.2% of the total number of examined), in 16 choleric operators (12.8%), and was not recorded
in melancholic operators. Also, high and medium levels of neuropsychological stability of oper-
ators were recorded in 74 sanguine operators (59.2% of the total number of examined), in 6 chol-
eric operators (4.8%), and was not recorded in melancholic operators. To assess the psychological
state of NPP control panel operators, it is proposed to use a retrospective analysis of interrelated
parameters necessary for the performance of professional functions and indicators of neuropsy-
chological stability. The study of additional parameters of the psychological state will allow to
reduce the influence of the "human factor" on the risks of creating or untimely correction of emer-
gency situations.

Keywords: professionally important qualities, nuclear terrorism, hostages, performance of pro-
fessional functions, neuropsychological stability, NPP control panel operators.
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increased approximately 2.4 times: from 254 EJin
1973 to 606 EJ in 2019. In Ukraine, 15 blocks of
4 Nuclear Power Plants (NPP) produce approxi-
mately 53.5% of electricity (which amounted to
76,203 GWh in 2020) [2; 3]. The nuclear terrorism
of the russian federation at NPP in Ukraine during
the last six months [4] constantly draws the atten-
tion of scientists and society to the possible sce-
narios and consequences of radiation accidents.

It is known that even in peacetime, the "human
factor" is responsible for 40-50% of emergency
situations at NPPs, when personnel make incor-
rect, untimely, illogical decisions that lead to the
failure of technological processes of energy pro-
duction, unscheduled equipment shutdowns. An-
other 50-60% of accidents occur due to natural
disasters and the technical condition of equip-
ment. In particular, aging, when instead of repla-
cing the equipment with a new one, its service life
is extended [5; 6]. Often the effect of the "human™
and technical factors is negatively combined.

The use of Ukrainian nuclear power plants as a
"nuclear shield" for russian terrorists endangered
the lives and health of not only the personnel of
the Chernobyl and Zaporizhzhya NPPs, but also
410,000 people in the 50-kilometer zones around
the plants, who will have to be evacuated in the
event of a nuclear incident. At Zaporizhzhya NPP
captured by the russians, station personnel are be-
ing held hostage, subjected to intimidation and
abuse. The plant and its satellite city of Energodar
are constantly under fire, russian military equip-
ment and ammunition are located on the territory
of the station [7; 8]. The work of the station per-
sonnel under pressure naturally increases the risk
of erroneous actions during reactor operation con-
trol, which, in turn, increases the risks of a nuclear
accident [9].

The aim of the study was to determine addi-
tional parameters for monitoring the state of
health and psychological state of NPP control
panel operators in the conditions of the seizure of
the station by terrorists.

Materials and methods

The bibliosemantic method and the system
analysis method according to E.P. Golubkov
(1975) [10], with minimal detailing of research
stages (problem formulation; research; analysis;
preliminary judgment; confirmation; final judg-
ment; implementation of the decision) were used
for the research. To determine the range of profes-
sionally important qualities that have the greatest
influence on the decision-making of NPP control
panel operators, 14 psychological experts who spe-

cialize in working in extreme conditions and have
at least 10 years of work experience been in-
volved. The assessment was carried out during the
seminar by filling in a specially developed ques-
tionnaire after expert instruction by the partici-
pants of the research group. The method of expert
evaluations was combined with the statistical
method. To determine the list of investigated qual-
ities, the separation of professions, scaling and
balancing methods were used.

An analysis of the psychological examination
cards (psychograms) and professiograms of NPP
control panel operators who received a license for
professional activity in Ukraine or improved their
qualifications within the period of 2017-2020 was
conducted. For the purposes of scientific research,
124 profiles are provided anonymously. Based on
the profiles data, the distribution of the types of
temperament of the operators, the quality of the
performance of professional tasks while working
on the simulators of the Zaporizhzhya NPP in simu-
lated training extreme situations, and the neuro-
psychological stability according to the types of
temperament of the operators, and the predomi-
nant types of psychological reactions according to
the subjective and objective indicators in response
to significant stressful situations. For the analysis,
extreme situations were chosen, which, according
to the experts, are comparable in terms of force
and vectors of influence to situations associated
with being in captivity [11-15], and cause both
adaptive and maladaptive reactions. Statistica 10
and MS Excel LTSC programs were used for sta-
tistical processing of the results. A result of
p<0.05 was considered statistically significant.

In order to correctly compare the results of
training at the NPP training center with the real
working conditions of operators held captive by
russian terrorists, we chose simulated training si-
tuations of the maximum level of complexity. We
considered a high level of performance of profes-
sional functions of NPP control panel operators in
extreme conditions to be the ability to flawlessly
perform his duties in regulating the emergency sit-
uation and to cooperate effectively with other NPP
employees. We considered the average level to be
a few errors that do not affect the performance of
professional tasks with the simultaneous ability to
see and partially correct one's errors. We conside-
red a low level of professional performance to be
a significant number of mistakes that do not criti-
cally affect the situation, but do not correct it, with
the simultaneous inability to critically evaluate
and correct one's mistakes.
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We considered a high level of neuropsycholo-
gical stability to be the operator's ability to main-
tain emotional balance, indicators of attention,
speed of information perception and memory for
error-free performance of their functional duties
(score 5-6). We considered the average level of
neuropsychological stability to be a partial de-
crease in indicators of attention, speed of infor-
mation perception and memory, necessary for per-
forming professional tasks without significant er-
rors that could affect the result of anti-crisis ac-
tions, with the ability to quickly restore a state of
emotional balance (7—13 points). We considered a
low level of neuropsychological resistance to sig-
nificant stress to be a short-term significant de-
crease in attention indicators, the speed of infor-
mation perception and memory, which can lead to
incapacity due to stupor or chaotic panic actions,
with a gradual independent return to a functional
state (14—29 points). It should also be noted that
the persons with an unsatisfactory level of neuro-
psychological stability (29-33 and more points)
are not allowed to work as NPP control panels op-
erators even during professional selection.

Research results and their discussion

Ukraine belongs to the group of countries in
which the share of nuclear energy in the total vol-
ume of electricity production will only increase
[16]. Even the accident at the Chornobyl NPP in
1986 did not affect this vector of energy develop-
ment. Therefore, it is urgent for Ukraine to im-
prove the rules of work safety and process man-
agement at NPPs, including those related to the
"human factor".

Major accidents at NPPs (table 1) made adjust-
ments to the rules of personnel selection, control
of their health and psychological state, the training
system, changed approaches to the safety of nu-
clear energy production, and even prompted the
transition from LWGR (Light Water Graphite Re-
actors — such were, for example, at the Chornobyl
NPP) to PWR (Pressurized Water Reactor — the
most common type in the world). Material and
technical support of NPP by means of fire extin-
guishing, radiometric control, physical protection
of personnel from the effects of radiation, and
their improvement is mandatory [17]. Instead of
the experiments like Chornobyl (it was conducted
in the interests of the country's energy sector, but
led to catastrophic consequences), computer ex-
perimental models using artificial intelligence are
used [18].

The analysis of large accidents data confirms
that accidents are caused by the combined action

of unsuccessful technological solutions, imperfect
design of the main NPP elements, lack of neces-
sary equipment, and erroneous actions of person-
nel (both those actions that lead to the accident
and actions during the accident). In open scientific
sources, there is practically no data on the health
and psychological state of NPP control panel op-
erators and other personnel who overcame emer-
gency events. For example, about those employ-
ees of the Chornobyl NPP who survived their stay
at the station and in the exclusion zone of the oc-
cupiers (9 employees died, 5 were kidnapped).
The occupiers themselves, having looted the prop-
erty of the station (including dosimeters and fire
extinguishers), were exposed to radiation. Their
actions at the station threatened a radiation acci-
dent, and in connection with this, in April 2022,
the Ministry of Health of Ukraine approved Meth-
odological recommendations for actions in nu-
clear damage zones [22]. Also in August 2022, re-
ports appeared in the mass media about the possi-
ble exposure of russian military personnel at the
Zaporizhzhya NPP, after which the Ministry of
Health of Ukraine reminded the population of re-
commendations for iodine prophylaxis in the
event of a radiation accident [23].

The overall outcome of accidents is affected by
the number and severity of errors. On average,
a NPP unit operator makes 1-2 mistakes for every
100 operations [5]. An increase in the number of
errors leads to: 1) inconsistency of the require-
ments with the capabilities of the specialist; 2) un-
certainty of possible ways to solve problems;
3) uniformity and monotony of activity; 4) ner-
vous tension from individual responsibility and
work in frequent extreme situations. Up to 30% of
emergency shutdowns of NPP units occur due to
personnel errors, which are only partially compen-
sated by the capabilities of protective systems,
computer programs with elements of artificial in-
telligence, knowledge and the ability to use the re-
sults of analysis of previous accidents, which are
reflected in emergency protocols.

The effectiveness of energy system operators
is affected by [5]:

1) level of education, experience and training,
duration of work load, somatic health (so, for ex-
ample, the analysis of the heart rhythm makes it
possible to make a forecast of the operator's be-
havior in emergency situations;

2) condition, in particular, wear and tear, of the
equipment being serviced,;

3) availability of motivation, level of purpose-
fulness and self-control;
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Table 1. Data on some large accidents at Nuclear Power Plants around the world

Kyshtym, . Three Mile Island, Chernobyl, .
Theapélgc(:jeer(::‘ the Southern Urals, V\er:glsacsée’ Pennsylvania, USA | Ukrainian SSR, El;l;gzh['gnﬁ
RSFSR, USSR [19; 20] USSR
The date 29 Sep 1957 10 Oct 1957 29 Mar 1979 26 Apr 1986 11 Mar 2011
Evaluation of 6 5 5 7 7
the level of the (serious (accident (accident (major (major
event on the accident) with wider with wider conse- accident) accident)
scale INES* consequences) guences)
(risk to the en-
vironment)
The cause of the | Equipment fail- | Lack of control | Technical malfunc- | Low level of tech- Earthquake,

accident and ra-
diation contami-
nation

ure, failure to re-
pair within a

year, personnel

errors during an

and measuring
devices, staff
errors. Burning
graphite, ura-

tions, violations of
repair and opera-

tional procedures,

erroneous actions

nological culture
of personnel and
management in
the field of ener-

tsunami, erro-
neous actions
of personnel

during an acci-

accident. Explo- nium. of personnel during | getics. A failed dent.
sion of radioac- an accident. Mel- | electrical experi-
tive waste stor- ting of components | ment. Staff mis-
age. of the active zone takes during the
of the reactor. accident.
Emissions of ra- | lodine-131 basic, lodine-131 The radioactivity 1,000 thousand lodine-131 —
dionuclides (ra- | 20 thousand Cu basic, of the gases re- Cu, including 1.5-10% Bq,
dioactivity) (740 TBQ), in- | 20 thousand Cu | leased into the air | ~150 thousand Cu | Cesium-137 —
cluding 54 Ku (740 TBq), in- | ranged from 2.5t0 | from lodine-131. 1.2-10% Bq
from Strontium. cluding 20 Ku 13 million Cu
from Strontium. (92.5-481 thou-
sand TBQ).
Pollution area, 15,000 500 1,000 160,000 The entire ter-
km? ritory of the
country and
sea water ar-
eas.
Evacuated, 10-12 No evacuation 144 (left their 1,200 200
thousands of was carried out. homes on their
people own). No evacua-
tion was carried
out.

Died, persons 200 30 (the data is 0 31 1 person
doubtful: un- (information 15 people were
derestimated) is incomplete) injured.

Sick, thousands 9-10 1,000 30 (increased risk 200-600 6 cases of in-

of people

of cancer for 20
years)

duced cancer

Note: *INES (International Nuclear Event Scale) — international scale of nuclear events, developed
by the International Atomic Energy Agency in 1988 to assess NPP accidents with radiation emissions.

4) relations with colleagues, level of conflict,
ability to work in a team;

5) individual psychological qualities (sensory,
mnemonic, intellectual and motor). In particular,
the following features of the character affect the
quality of work: decisiveness, absent-mindedness,
nervousness, the level of possible formation of
fear and underestimation of danger, reduced atten-

tion, stress resistance (equilibrium);

6) in emergency situations, the level of theoret-
ical training, education and practical skills is sig-

nificant.

The activity of a human operator is evaluated
with the help of numerous tests, the construction
of professiograms and psychograms [24]. The
professional profile assesses readiness for emer-
gency actions, for making complex decisions and
the accuracy of their implementation; psychodrama
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determines cognitive qualities (attention, me-
mory, imagery and analytical thinking), commu-
nicative qualities (culture of behavior and lan-
guage), emotional qualities (restraint, honesty,
compassion, readiness to make decisions), will-
power qualities (stress resistance, endurance, con-
centration and etc.).

Health control of NPP control panel operators
is regulated by the Law of Ukraine "On the Use of
Nuclear Energy and Radiation Safety" [25], but it
does not take into account the situations of work
under pressure and when there is a threat to life.
Professional selection takes into account the re-
searched data of sensorimotor reactions, assess-
ment of attention and the speed of its switching,
stress and fatigue resistance, ability to make deci-
sions in emergency situations. In addition to pro-
fessional selection, the operator needs constant
health control, which determines admission to
work. For peacetime, there are recommendations
for improving procedures for monitoring the
physiological state of NPP control panel operators
who have been under the influence of severe stress
for a certain time (in order to prevent cardiovas-
cular crises) [26]. The level of fatigue, work of the
heart, organs of vision and hearing, coordination
of movement, absence of alcohol and drugs in the
blood, absence of acute diseases and the period of
exacerbation of chronic diseases, increase in body
temperature above subfebrile, impaired con-
sciousness, memory, attention, adequacy of per-
ception in space, time, his personality, absence of
hallucinations are subjects of control.

Only licensed specialists with appropriate edu-
cation, work experience [27], who have under-
gone special psychological training [28], simula-
tor training and passed the licensing exam are al-
lowed to work at the control panel of the NPP unit.
The specialty of NPP control panel operator must
correspond to the list of the industry standard [29].
Only operators who have passed a daily medical
examination with an assessment of their psycho-
logical state are allowed to work [30]. The state of
physical health of the staff is checked during em-
ployment, periodic and daily medical examina-
tions.

It is expected that a NPP control panel operator
should have [31; 32] such professionally im-
portant qualities as: responsibility; honesty; the
ability to quickly make the right decisions; adher-
ence to principles; discipline; sense of duty; or-
ganization; stability of attention; high speed of at-
tention switching; high speed of a simple sen-
sorimotor reaction; well-developed short-term

and long-term memory; the ability to qualitatively
assess time intervals; strong will; analytical and
communicative abilities; highly developed deduc-
tive thinking; operational thinking; reaction speed;
physical and mental endurance; initiative. These
professionally important qualities are formed in
the process of professional education and training,
professional orientation and candidate selection
according to the requirements for the profession,
adaptation to professional activity, actual activity,
professional improvement, attestation (as a stage
of training and professional development), reha-
bilitation after burnout, long-term somatic illness
or psychological breakdown.

In the conditions of work at the captured Za-
porizhzhya NPP, we predicted an increase in the
influence of the "human factor" on making wrong
decisions and committing wrong actions in the
event of accidents. Therefore, in an expert way,
with the involvement of 14 expert psychologists
we limited the range of professionally important
qualities that have the greatest impact on the ef-
fectiveness of the professional activity of NPP
control panel operators to the following: infor-
mation processing speed; stability and distribution
of attention; accuracy of perception; decision-
making in a difficult situation, under conditions of
obstacles; resistance to stress, monotony; physical
endurance; efficiency; professional responsibility;
stable professional orientation. The stability of at-
tention to the main information has a strong influ-
ence on the reliability and accuracy of decisions
made by operators. It is emphasized that the lack
of time can distort the result of the activity, pre-
vent the achievement of the goal, that is, profes-
sional reliability may not be fully realized in the
activity.

Similar conclusions were reached by other ex-
perts [24; 33]. Adequacy of information percep-
tion and limitation of its volume in normal work-
ing conditions depends on the influence of dis-
tracting factors (sound interference, poor visibil-
ity, etc.), for example, in the situation of searching
for victims, assessing the location of an emer-
gency situation. The power of the impact increases
if the emergency event continues (fire continues,
shelling) [34; 35]. The influence of these factors
can be felt at the decision-making stage. But the
psychological consequences of being in captivity
can have the strongest impact. It is known [36]
that prisoners feel helplessness, doom; are op-
pressed by the expectation of an indefinite im-
provement in their own situation. One fifth of
them feel constant anxiety, every fourth — constant
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fear for their life. Aggression and anger, or, con-
versely, depression and apathy are also possible.

Most professional tasks are characterized not
only by significant physical, but also emotional
tension [37]. The impact of this tension on relia-
bility can be manifested in a decrease in profes-
sional orientation. The significance of the uncer-
tainty factor, unpredictability of development of
an emergency situation, the high probability of an
emergency situation associated with a risk to one's
own life or even a radiation incident, determine
the importance of such a feature of activity as the
ability to quickly and adequately make independ-
ent, non-standard decisions, to make changes in
the activity process. The unpredictability of the
situation causes difficulty in setting goals, deter-
mining priority tasks, and choosing adequate
methods of their implementation. In extreme con-
ditions, there are signs of behavioral disorganiza-
tion, inhibition of stable skills, reduced work ca-
pacity, inadequate response to sharp stimuli, diffi-
culty switching attention, narrowing and errors of
perception, memory lapses, excessive impulsive
actions or confusion and stupor, inability to focus
on the main activity, easy distraction, decrease in
mental stability and productivity of mental opera-
tions. The flexibility of behavioral reactions,
which is characteristic of most specialists in nor-
mal working conditions, decreases. Complex

coordinated team actions and even ordinary per-
sonal bodily movements, which are usually auto-
matic in nature, are particularly affected. The in-
fluence of temperament and psychotype can am-
plify or smooth out these negative effects.

On the basis of expert evaluations, we obtained
the data that the most qualitatively perform the
professional tasks of individuals with a predomi-
nant sanguine type of temperament. To verify this
belief of the majority of experts, we investigated the
ability to perform professional functions, as well as
a compared the levels of this ability with the levels
of neuropsychological stability of operators. The
percentage ratio of the quality of performance of
professional functions according to the predominant
types of temperament is presented in the figure
(percentages are rounded to whole numbers).

We investigated the quality levels of the per-
formance of professional tasks by operators while
working on simulators of the Zaporizhzhya NPP
according to their temperament types. The per-
centage ratio of the quality of the performance of
professional functions and the relationship of the
level of neuropsychological stability of the NPP
operator according to the predominant types of
temperament are shown in Table 2. The number
of variants of the studied indicators corresponded
to the pattern of normal distribution, the results
were statistically significant (p<0.05).

Table 2. The relationship between the temperament type of control panel operators,
the levels of professional functions performance quality and neuropsychological stability

Predominant types of temperament
- Amount (percentages rounded to whole numbers), p<0.05 Total,
Indicator Level - - .
Sanguines Cholerics Melancholics persons
89 (100%) 31 (100%) 4 (100%) 124
Professional high 45 (51%) - - 45
functions medium 34 (38%) 16 (53%) - 50
performance low 10 (11%) 15 (47%) 4(100%) 29
high level of professional functions performance
45(100%), p<0.05
high 25 (58%) - - 25
medium 16 (35%) - - 16
low 4 (T%) - - 4
medium level of professional functions performance
50 (100%), p<0.05
Neuro- _ high ; : N N
Ef;{)"it‘i(t’;"g'ca' medium 30 (78%) 6 (37%) ; 36
low 4 (12%) 10 (63%) - 14
low level of professional functions performance
29 (100%), p<0.05
high - - - -
medium 3 (30%) - 1 (25%) 4
low 7 (70%) 15 (100%) 3 (75%) 25
Total 124
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O Sanguines 89
B Cholerics 32
OMelancholics 4

Fig. The ratio of temperament types
of NPP control panel operators.

The result of the study confirmed the hypothe-
sis that sanguine operators are better suited to act
in extreme conditions. Thus, the ability to perform
professional functions at high and medium levels
was recorded in 79 sanguine operators (63.2% of
the total number of examined), in 16 choleric op-
erators (12.8%), and was not recorded in melan-
cholic operators. The sample had an insufficient
number of respondents to calculate the correlation
coefficients. Also, high and medium levels of neu-
ropsychological stability of operators were rec-
orded in 74 sanguine operators (59.2% of the total
number of examined), in 6 choleric operators
(4.8%), and was not recorded in melancholic ope-
rators.

The outcome and consequences of an emer-
gency situation depend on the operator's choice of
decision. Mistakes caused by distracting his atten-
tion even for 3050 seconds lead to accidents. In-
correct actions are possible in cases of insufficient
qualification of operators, receiving inaccurate in-
formation by them, a special mental state (for ex-
ample, the appearance of a "false alarm" — a reac-
tion to a signal that does not exist). Some of the
signals are processed at an unconscious level, in
the case of making the right decision, it depends
on the developed automatism. Excessive stress
and fatigue cause a violation of the self-regulation
of mental processes, which increases the fre-
quency of errors.

Destructive reactions are possible in emergen-
cy situations on the part of operators with a weak
nervous system, which is defined as tense, coward-
ly, inhibiting, aggressive-uncontrollable, fussy,
focused on small things to the detriment of correct
assessment [5]. The operators with a strong nerv-
ous system, on the contrary, demonstrate strong-

willed, constructive and overcoming behavior,
owing to which it is possible to correct the mis-
takes of "distracted"”, "frivolous”, "weak-willed"
colleagues and "stubborn”, which allows control
of an emergency situation. Such relations explain
why the ability to work in a team (planning, divi-
sion of functions, mutual assistance, mutual con-
trol) and unacceptable conflict relationships are
important for a team of operators. Team behavior
is determined by the presence of introverts and ex-
troverts: introverts usually make compromises or
step aside, extroverts are more constructive and
look for practical solutions. Cooperation of these
types of personalities in a team helps to control
emergency situations more effectively [24].

Conclusions

1. In the conditions of the training center for
NPP control panel operators, it was possible to
create conditions that, in terms of stress, are com-
parable to the working conditions in captivity of
the russian occupiers. Through an expert assess-
ment, we identified a range of professionally im-
portant qualities that have the greatest impact on
the effectiveness of the professional activity of
NPP control panel operators, including: speed and
accuracy of information perception; stability and
distribution of attention; the ability to make deci-
sions in difficult situations, under conditions of
obstacles; resistance to stress, monotony; physical
endurance; efficiency; professional responsibility;
stable professional orientation.

2. Analysis of the psychological state of the op-
erator of the NPP control panel, who performed
official duties in extreme conditions with signifi-
cant psycho-emotional stress caused by the pres-
ence of a real vital threat, allows us to assert that
the influence of psychogenic factors of such a
threat causes negative changes in the structure of
personal characteristics and the mental state of
employees. The research confirmed the hypothe-
sis of a better ability to act effectively and without
mistakes in extremes and the greatest neuropsy-
chological stability in sanguine operators, slightly
less in choleric operators and the least in melan-
cholic operators. This conclusion allows us to rec-
ommend giving preference to applicants with
a sanguine temperament when hiring (licensing)
NPP control panel operators.

3. To analyze the psychological state of NPP
control panel operators, we suggest using a retro-
spective analysis of the parameters necessary for
the performance of professional functions and in-
dicators of neuropsychological stability, which
are related to each other. The study of additional
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parameters of the psychological state will allow to
reduce the influence of the "human factor” on the
risks of creating or untimely correction of emer-
gency situations on NPPs.
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ABSTRACT

Introduction. Retinal detachment (RD) is a common pathological condition that without timely
surgical treatment leads to vision loss. The patients with significant RD undergo one of three
retreatment procedures: Pneumatic Retinopexy, Scleral Buckling, and/or Pars Plana Vitrectomy.
Techniques and tools for these procedures have been developed, but the methods themselves still
have a significant number of complications. A possible alternative to their further improvement
may be a fundamentally new method of treatment, coagulation of the retina with high-frequency
electric current (HFEC), for which significant improvement of the tool is still possible.

The purpose of the study was to determine a safer method of RD treating and to improve medical
tools for restoring anatomical integrity and repositioning a detached retina under two conditions:
firstly, obtaining a reliable chorioretinal adhesion, and secondly, minimizing the number of inci-
dental effects of surgical intervention.

Materials and methods. The bibliosemantic method, the system analysis method, an experiment
on laboratory animals (rabbits) with RD simulation and its coagulation by HFEC, tissue biopsy
of operated animals after their euthanasia on the 7th day after surgery, and the production of
histological micro-preparations were used.

Results. To fulfill the conditions for improving the method, a chorioretinal high-frequency elec-
trocoagulation operation with suprachoroidal access, a modified EK-300M1 generator (Kyiv,
Ukraine) with an electrode with a gold hemispherical tip of 25 gauge and electrical generation
parameters of 66 kHz, 10-16 V, 0.1 A was proposed, which causes chorioretinal adhesion in the
place where the electrode is used. The method of calculating the parameters of heat transfer from
the electrocoagulation tool to the tissues and fluids of the eye was selected: it was proposed to use
the Fourier-Kirchhoff and Newton-Richmann equations. Destructive phenomena in the retina
from the thermal effect of tissue coagulation in the form of the destruction of rods, cones, the
development of cysts, the loss of bipolar, amacrine, horizontal and ganglion cells were noted.
Atrophic changes in the retina were minimal at a voltage of 10-12 V.

Conclusions. The problem of improving the methods of restoring the anatomical position of the
retinal layers has been relevant for many decades, but it does not lead to a significant reduction
in the number of complications. The proposed method and tool for its application causes the cre-
ation of a reliable chorioretinal adhesion in a short period of time after surgical intervention with
minimal thermal tissue damage. The use of the method of chorioretinal high-frequency electro-
coagulation with suprachoroidal access is recommended in conditions of urgent restoration of
vision, but not recommended for the prevention of retinal detachment in retinopathies.
Keywords: retinal detachment, chorioretinal adhesion, high-frequency electrocoagulation,
suprachoroidal access.
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INTRODUCTION

During military operations in Ukraine, the fre-
guency of traumatic eye injuries increased approx-
imately 6 times compared to peacetime. Trau-
matic eye injuries account for 13-16% of all com-
bat injuries, which is associated with modern
types of weapons used on the battlefield [1-3].
The largest number of nonpenetrating eye injuries
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is caused by the blast wave, which damages the
brain together with the eyes. Military damage to
the eyes is more often bilateral, while in peace-
time — unilateral. A frequent consequence of clo-
sed eye injuries during wartime is extensive trac-
tion retinal detachments (in peacetime, traction
detachments are mainly the result of retinopa-
thies). The number of such injuries increases in di-
rect proportion to the increase in the number of
head injuries [4; 5]. Similar observations were
previously published regarding the injuries of ser-
vicemen during the USSR war in Afghanistan [6; 7].

Rhegmatogenous retinal detachment (RRD) is
widespread and associated with a high risk of vis-
ual impairment without treatment [8]. Its fre-
guency in peacetime is approximately 1 case per
10,000 population [9; 10], the general prognosis
of treatment with timely and successful surgical
intervention reaches 95% of vision recovery [11].
Surgical methods of RRD treating are first and
foremost — Scleral Buckling (SB), Pars Plana
Vitrectomy (PPV), a combined PPV/SB, and
Pneumatic Retinopexy [12]. PPV is the most com-
mon general option, and in young phakic patients
it is SB.

There is a need and conditions for the creation
of new methods of treatment of retinal detachment
(RD) associated with legislative circumstances, an
increase in the number of eye injuries in wartime,
a high RD rate in peacetime, a known number of
complications of existing treatment methods and
the development of modern technologies that al-
low improving methods treatment and tools [13].

The purpose of the study was to determine
a safer method of treatment of retinal detachments
and to select parameters for instruments deve-
loped or used for this purpose in ophthalmology,
from the point of view of minimizing the number
of incidental effects and complications of opera-
tions and simultaneously achieving reliable indi-
cators of patients' vision recovery.

Materials and methods

At the first stage of the investgation, literature
sources (monographs and articles) available for
study on PubMed, Medline, EMedicine, Up-
ToDate and Cochrane Library were subjected to
analysis; with reference checking in DiseasesDB,
OMIM (Online Mendelian Inheritance in Man)
and MeSH. The analysis of the received infor-
mation was carried out according to the principle
of system analysis according to the scheme
"study — synthesis — primary hypothesis — hypothe-
sis testing — improvement — determining future
prospects”, with minimal detailing of the steps.

Circumstances for determining the relevance of
the research are determined by the conditions of
peacetime, strengthened by the consequences of
military operations.

At the second stage of the research, technical
achievements in conducting operations to elimi-
nate RD using existing microsurgical instruments
were analyzed and a proprietary method and a tool
developed for it were proposed. The obtained re-
sult is projected on the hypothetical practice of an
ophthalmologist during the treatment of RD
within the stage of "improvement” of the system
analysis method. To test the research hypothesis,
we turned to the results of our own research on
laboratory animals (rabbits), which were simu-
lated RD, which was eliminated with the help of
high-frequency electric current for the coagulation
using a modified EK-300M1 generator (Kyiv,
Ukraine) with a frequency of 66 kHz generation,
with voltages in the range of 10—16 V, current
strength of 0.1 A and with an electrode with a gold
hemispherical tip of 25 gauge. Description of the
experiment with animals was not the purpose of
our research. It is only important to note that the
conditions of its conduct did not violate the ethical
principles of experiments with laboratory animals,
and the results were statistically reliable, with an
estimate of p<0.05% according to the Student's t-
test. To evaluate the results of using retinopexy
with HFEC, selective photomicrographs of the bi-
opsy of the eye of rabbits 7 days after the surgical
intervention were used. The results are compared
with literature data of similar experiments using
laser- and cryopexy.

Results and discussion

Legislative prerequisites for the creation of
new methods of treatment of RD in Ukraine are
reliable, and are represented by a number of Or-
ders of the Ministry of Health of Ukraine and clin-
ical protocols for providing ophthalmic care to the
population.

The Order of the Ministry of Health of Ukraine
No0.372 on May 14, 2013 "On the system of oph-
thalmological care for the population of Ukraine"
states the need to provide 24-hour emergency care
for eye injuries (art. 2.2.12); conducting scientific
research on topical issues of diagnosis and treat-
ment of eye diseases and visual impairments (art.
2.2.19); development and implementation of the
latest forms and methods of treatment of eye dis-
eases (art. 2.2.23). Treatment of retinal breaks and
detachments is recommended to be carried out
both in laser offices and in laser centers of special-
ized ophthalmic care (Appendix 3) [14].
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The morphological features of RD and adhesion
as a result of its treatment have been studied long
enough, which explains the large number of refer-
ences to literary sources about the original studies
of 1970-2000 years. During this time, considera-
ble data has been accumulated on various methods
of retinopexy, their reliability and safety. These
data have been repeatedly verified in various stud-
ies, including those related to oncology, which
will not be the subject of our study. Only research
results with a high level of evidence were taken
into account.

The morphological features of RD and adhe-
sion as a result of its treatment have been studied
long enough, which explains the large number of
references to literary sources about the original
studies of 1970-2000 years. During this time, con-
siderable data has been accumulated on various
methods of retinopexy, their reliability and safety.
These data have been repeatedly verified in vari-
ous studies, including those related to oncology,
which will not be the subject of our study. Only
research results with a high level of evidence were
taken into account.

Thus, the authors of a Cochrane review (Znaor L.
etal., 2019) [15] based on an analysis of 10 studies
in European countries, India, Iran, Japan and
Mexico, which included 1307 patients, concluded
that PPV compared to SB less often leads to re-
peated RD, with the exception of iatrogenic and
cataract progression cases, but has the same result
in terms of visual recovery. The authors of another
Cochrane review (Sena D.F. et al., 2021) [16]
based on the analysis of the results of studies con-
ducted in Ireland, the USA and ltaly, which in-
cluded 274 participants (276 eyes), concluded that
SB can be more or less equally effective compared
to pneumatic retinopexy (PR) in terms of reliabil-
ity of chorioretinal adhesion and reduction of the
risk of re-detachment. However, the use of SB re-
sulted in more myopic progression, which was in-
terpreted as a sign of cataract development.

Approaches to the treatment of patients with
RD in Ukraine have been developed and estab-
lished in numerous medical care protocols.
Ukraine is on the path of implementing interna-
tional medical care protocols into medical prac-
tice, which replace the previous outdated ones.
These protocols regulate the stages of diagnosis,
treatment, recovery after operations [17; 18].

At the outpatient and inpatient stages of
providing ophthalmic care for RD (code of the In-
ternational Classification of Diseases X revision —
H33, XI revision — 9B73) the following examina-

tions are recommended: general ophthalmological
examinations; binocular reverse ophthalmoscopy
of the periphery of both eyes; biomicroscopy with
a Goldmann lens of the retina and vitreous body;
surgical treatment with and without vitrectomy.
The average duration of treatment until the recove-
ry of normal vision and working capacity is 20
days [19]. However, the use of modern methods
of restoring the functional state of a detached ret-
ina makes it possible to improve vision by 2-3
times immediately after surgery (for example,
from 20% to 40-60%).

The choice of the method of restoring the in-
tegrity of the retina and its adhesion to the under-
lying tissues largely depends on the nature of the
retinal damage: a fixed retinal rupture without de-
tachment, detachment without a rupture, or de-
tachment combined with a rupture. So, rhegma-
togenous detachment most often means its lifting,
moving during eye movements, wrinkling. If there
is a retinal rupture, it has a valvular or holey ap-
pearance, the detachment can reach the dentate
line (ora serrata). Anterior detachment is accom-
panied by hemorrhage into the vitreous body, pig-
ment cells are found in the anterior part. Posterior
detachment is often accompanied by a decrease in
intraocular pressure, and the detached retina forms
wrinkles.

In the case of traction detachment, the retina
can be stationary, with a smooth surface that is
either convex or concave, and the detachment it-
self rarely extends to the serrated edge. In retinop-
athies, there are fibrous bands in the vitreous
body, which separate the retina from the pigment
epithelium. This requires little effort, because
there are no anatomical structures that connect
these tissues: the intraocular fluid and the vitreous
body press these layers together [20]. However,
both of these RD types are subject to urgent sur-
gery. If the detachment is spread to the area of the
macula, the operation must be done in the first 2
days to vision saving.

Another widespread RD pathogenetic type is
exudative, which is most often associated with an
oncological process. In the case of retinal tumors
without metastases and enlarged lymph nodes, or-
gan-saving operations are possible by means of di-
athermocoagulation, photocoagulation, or cryo-
coagulation. The treatment period is 7-10 days,
recovery of working capacity lasts 4—6 weeks. But
the main goal of treatment in such cases is to pre-
serve the eye and prevent tumor metastasis, and
only in the second place is to eliminate complaints
about visual impairment and restore visual acuity.
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Exudative detachment can regress on its own after
elimination of its immediate cause [21].

Retinal ruptures require surgical intervention
(using laser or cryoprocedures, scleroplasty, etc.)
within 2-3 days from the onset of the incident.
A month after the operation, the patient recovers
his work capacity, he should limit physical activi-
ty for up to three months. The duration of sanato-
rium-resort treatment is 18-24 days on an average.

To eliminate RD, it is necessary to remove the
accumulated subretinal fluid, bring the retina
closer to the choroid, perform retinopexy with the
formation of a chorioretinal adhesion, which will
not allow fluid to accumulate in the subretinal
space again. The strength of the chorioretinal ad-
hesion is affected by the type of retinopexy (cry-
opexy, diathermy, laser photocoagulation, electro-
coagulation of biological tissues). At the current
stage, transciliary vitrectomy can be performed
with gas or silicone oil tamponade and without the
use of vitreous substitutes.

Retinal adhesion is influenced not only by the
choice of surgical intervention method and the
chosen instrument, but also by some humoral fac-
tors. For example, oxygenation and the state of
collagen metabolism [22].

Each of the retinopexy methods has its own
disadvantages: cryopexy leads to the formation of
intracellular ice crystals, diffuse atrophy of the ret-
inal pigment epithelium and damage to small ves-
sels, a decrease in the layer of photoreceptor cells
and the formation of chorioretinal adhesions [23—
28]. When using a laser, its light energy is mainly
absorbed by the cells of the pigment epithelium
and transmitted to the neighboring tissues. Over-
heating leads to the destruction of photoreceptors,
choriocapillaries, the formation of scars that fix
the retina too firmly [29-32]. The photosensory
layer also thins, and ganglion cells are strongly ir-
ritated, strong adhesion does not occur in the first
days, but only on the fourth day, and gains
strength in only three weeks. At the same time, the
effect does not depend on the type of the laser.

Jaccoma E.H. etal. (1985) established [33] that
cryocoagulation and photocoagulation with an ar-
gon laser destroy the hematoretinal barrier, which
can be the cause of proliferative vitreoretinopathy.
In addition, the risk of recurrence of RD when us-
ing laser and cryoretinopexy reaches approxi-
mately 10% [34], mainly due to insufficient reti-
nopexy, proliferative vitreoretinopathy or a new
retinal rupture. Long-term formation of reliable
adhesion requires long-term tamponade with oil,
air, or gas, which is uncomfortable for the patient

and increases the risk of cataracts, scars, and atro-
phy of the optic nerve [35; 36].

The use of laser- or cryoretinopexy in patients
with horseshoe retinal ruptures reduces the risk of
secondary RD from 30% to 1%. But for coagula-
tion the retina with a laser, its intensity is regulated
from 100 to 500 mW, depending on the pigmenta-
tion of the fundus, the presence and severity of
cataracts. The damage to the neurolayer of the ret-
ina by excess thermal energy cannot be reduced so
far. As well as the damaging effect of cryore-
tinopexy.

Other methods of treatment associated with
tamponade have many complications. Thus, to en-
sure chorioretinal adhesion in RRD, viscoelastic
material is injected into the suprachoroidal space.
The patient's retina is leveled with an air bubble or
a heavy perfluorocarbon liquid that leaves intrav-
itreal air in the eye for a long time, a bubble of SF6
or C3F8 gas, or silicone oil. The procedure is
called SupraChoroidal Buckling (SCB). Antaki F.
et al. reported complications of the procedure in
the form of bleeding in 23% of cases with the pre-
dominant location of the detachment zone in the
lower quadrants of the eye. In 4%, combined sub-
retinal and suprachoroidal hemorrhage was recor-
ded against the background of tuberculosis. And
although 50% of the patients experienced an im-
provement in vision as a result of the procedure,
67% experienced re-detachment [37]. The authors
concluded that the procedure needs additional
safety testing and improvement to reduce the
number of complications.

Other common RD treatment methods listed at
the beginning of the article have a defined se-
guence of use in most cases of significant detach-
ment. Thus, PR leads to successful attachment of
the retina in approximately 70% to 80% of cases
after one procedure, therefore, in cases of failure,
patients undergo SB as a second step. Of those pa-
tients who undergo SB, 80-90% are successful in
reattachment of the retina. Others undergo vitrec-
tomy.

In 2012, Umanets N.N. et al. proposed to use
high-frequency electrowelding of biological tis-
sues for the formation of a chorioretinal adhesion
endovitreally [38]. The method turned out to be
the fastest for obtaining a strong chorioretinal ad-
hesion: it was stronger already an hour after coagu-
lation, but also strong a month after coagulation [39;
40]. The method demonstrated less retinal damage
and eliminated the need for prolonged tamponade.
In my own research, the method was developed in
the form of the use of an electrocoagulation tool
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with a gold hemispherical tip of 25 gauge, con-
nected to a modified EK-300M1 generator (Kyiv,
Ukraine) (Fig. 1) with the following electrical
generation parameters: frequency 66 kHz, voltage
10-16 V, current 0.1 A [41]. The selection of pa-
rameters of the new tool is the result of long-term
research and modeling of thermal processes in the
tool and tissues of laboratory animals with the aim
of creating a reliable chorioretinal adhesion in
a short time after surgical intervention with mini-
mal thermal tissue damage.
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Fig. 1. Equipment for high-frequency
electrocoagulation of the retina:

A — conversion of electric current:
(G — Generator, | — Instrument (B, C), T — Tissues);
B — electrode with a 25-gauge hemispherical
tip (diameter 0.5 mm);
C — drawing of the electrode with dimensions
(rounded to whole values):
a—37mm, b-2mm, ¢c—8 mm, d—20 mm,
e — 18 mm, f— 95 mm.

SolidWorks, Abaqus, etc. software are used to
model thermal processes in the electrocoagulation
tool. [42; 43]. During the simulation, coagulation
temperature, mechanical load on tissues, coagula-
tion time and voltage are taken into account. When
calculating heat transfer parameters, the Fourier-
Kirchhoff equations were used for moving media
(eye fluids), and the Newton-Richmann law was
used for the external environment/tissue boundary:

—/12—; =eo(T7 —T¢), 1)
where A — thermal conductivity coefficient
(W/m x degree);
o — thermal conductivity (W/degree).

When the coagulation tool affects tissues, tak-
ing into account the processes of melting and

hardening, the formula describes the heat trans-
formation for the boundary between the solid
and liquid phases of the eye:
dat a
~A—=rXp_—+ap, 2)

where r — latent specific heat of the phase
transformation;

de/dr — speed of movement of the two-phase
boundary;

p — density of the body part;

¢ —thickness of the solid part of the body nor-
mal to the two-phase boundary;

gr — heat flow from the liquid phase to the
two-phase boundary.

According to Nikolsky O.1. and Sheremet O.P.
[44, p. 10], equation (2) in relative parameters has
the form:

_d8 _ o

1)
dn dF, + oL

3)

where (E = ;) — relative thickness of the solid
X
phase (dense tissues);

_ qpX
oL

= — dimensionless heat flow;
l‘(tmax_tmin)

at . . .
F, = — — Fourier criterion;
X

K=—F— - physico-chemical transfor-

¢ (tmax—tmin)

mation (or crystallization) criterion;
r — latent specific heat of phase transformation.

The use of high-frequency electrocoagulation
of the retina with suprachoroidal access and a tool
with our chosen parameters in an experiment on
animals [41] showed high adhesion in the area of
application of the electrode, rapid (within an hour)
formation of a strong adhesion, which further
strengthened over time. Meanwhile, the destruc-
tion of rods and cones, the development of cysts,
the loss of bipolar, amacrine, horizontal and gan-
glion cells (Fig. 2), damage and migration of cho-
roidal melanocytes occurred in the retina. Charac-
teristic changes in the form of thinning (degene-
ration) of the retina were observed for 30 days.
A reliable adhesion appeared within an hour after
surgery and gained strength during the day. Cal-
culation of tissue heat transfer by formula (3) al-
lowed us to choose a voltage range from 10 to
16 V, in which the electric current caused minimal
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exudation during acute retinal necrosis and left
the vitreous body intact. Atrophic changes in the
retina were minimal at a voltage of 10—12 V.

without preventive coagulation of the retina, these
patients should still be given additional attention
in the form of preventive examinations.
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Fig. 2. Morphology of the chorioretinal adhesion in the rabbit’s eye at 7 day,
when using a voltage of 10-12 V (A), 12-14 V (B) and 14-16 V (C).
Hematoxylin-eosin, <400

An important achievement of the use of the
HFEC for choreoretinal coagulation was the
rapid production of chorioretinal adhesion. Its
strength one hour after surgery was similar to
strength when using laser coagulation after
a similar retinal detachment one week after sur-
gery [35]. At the same time, adhesion strength
gradually increased, more so during the first
week after surgery, and equaled the strength af-
ter laser retinopexy one month after surgery. Di-
rect tissue coagulation time was also reduced by
approximately 27%.

The success of the intervention put before us
an additional question about the possibility of
using high-frequency coagulation with a pre-
ventive purpose, and not only for urgent resto-
ration of vision. For this purpose, we turned to
the Cochrane Library.

The use of surgical interventions with a pre-
ventive purpose, when there are only risks of re-
pulsion, cannot be considered safe in view of the
lack of reliable evidence for such a statement
[45]. Instead, early identification of retinal rup-
tures and prompt treatment is advisable, which
protects against additional and repeated RDs
and significant vision loss. This conclusion of
the author of the Cochrane review Wilkinson
C.P. (2001-2014), originally obtained for the
methods of laser- and cryopexy of the retina, is
also valid for its high-frequency electrocoagula-
tion (HFEC). However, for patients with a giant
retinal rupture in the paired eye, prophylactic
treatment may be appropriate.

It is also known [46—49] that RD can be
a complication of cataract surgery and is associ-
ated with the use of fluoroquinolones. Therefore,

Conclusions

Chorioretinal high-frequency electrocoagula-
tion with suprachoroidal access, an electrode with
a 25-gauge gold hemispherical tip and electrical
generation parameters of 66 kHz, 10-16 V, 0.1 A,
which causes chorioretinal adhesion in a place of
electrode application, is the operation of choice
for traction and rhegmatogenous retinal detach-
ments. As a result of surgical intervention, a strong
chorioretinal adhesion occurs within an hour, which
reduces the time of surgical intervention, mini-
mizes the risks of repeated detachment, and can-
cels the need for eye tamponade. In terms of ad-
hesion quality, the method is superior to laser and
cryoretinopexy. The use of the method is appro-
priate in conditions of urgent restoration of vision,
but inappropriate for the prevention of retinal de-
tachment in retinopathies.

The optimal voltage parameters, according to
the results of morphological studies of laboratory
animals’ tissues, are 10—12 V, which reduces the
damaging current on the retina. The effect of elec-
trocoagulation causes minimal exudation during acu-
te retinal necrosis and leaves the vitreous body intact.

The proposed operative method and the tool
improved for this purpose correspond to modern
Ukrainian clinical protocols for the treatment of
retinal detachment.
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Abstract

Introduction. To date, it has been already established that COVID-19 has a negative impact not
only on the physical condition, but also on the mental health of the population in every country
of the world. Many people have a fear of coronavirus, which is usually associated with the
possible risk of infection, the lack of pathogenetic treatment, unpredictable course of the disease,
as well as total uncertainty. All of the above causes negative psychological reactions. according
to a scientific review published by the World Health Organization, global prevalence of anxiety
and depression increased by a quarter of a percent in the first year of the COVID-19 pandemic.
The aim of the study was to develop an integrated model of psychotherapeutic support for patients
with COVID-19.

Materials and Methods: a comprehensive clinical-psychopathological and psychodiagnostic ex-
amination of 125 patients with COVID-19 and non-psychotic mental disorders, of both sexes,
with an average age of 36.0+£3.4 years, was conducted.

Results. The findngs of the clinical-psychopathological study suggest that the clinical picture of
non-psychotic mental disorders in the examined patients is represented by astheno-neurotic, anx-
ious, depressive and cognitive syndromes. The psychotherapeutic program included individual
and group psychotherapy and psychoeducation. An important component of the psychotherapeu-
tic support program was psychoeducation aimed at developing an adequate system of ideas about
the neurotoxic impact and consequences of COVID-19, understanding the main psychopatholog-
ical syndromes caused by the disease, involving patients in active participation in treatment, and
teaching methods of overcoming immersion in the disease.

Conclusions. The analysis of the clinical findings of using the developed program showed a pos-
itive dynamic of the emotional state, a decrease in the expressiveness of anxiety -depressive symp-
toms, a positive transformation of coping strategies, the transition of non-constructive types of
attitudes to the disease into adaptive, constructive ones, and an increase in the quality of life.
Keywords: psychotherapy, treatment, comprehensive approach, mental disorders.

INTRODUCTION

The COVID-19 pandemic is one of the largest
global crises that humanity has faced in the recent
decades. It has serious negative consequences for
both human health and health care systems, the
economy and society [1; 2].

Similar to other coronaviruses, Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), exhibits neurotropism. Systemic inflam-
mation, as well as neuroinflammatory changes, are
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caused by a massive increase in pro-inflammatory
cytokines, neuroglial reactivity, altered neuro-
chemical profile, and pathological remodeling of
neuronal networks. These organic changes, which
occur together with external stressors caused by
experiences of staying in intensive care units, fear
of a pandemic and social restrictions, financial and
economic problems, contribute to development of
psychological and pathopsychological disorders
[3; 4].

To date, it has been established that COVID-
19 has an unfavorable impact on mental and emo-
tional well-being of population around the world.
The fear of coronavirus, associated with the pos-
sible risk of infection, the unpredictable course of
the disease, the lack of pathogenetic treatment and
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total uncertainty, causes negative psychological
reactions. According to a scientific review pub-
lished by the World Health Organization, world-
wide prevalence of depression and anxiety rose by
25% for the first year of COVID-19 pandemic [5; 6].

At present, there is a need for development of
personalized programs for pathogenetically based
therapy and rehabilitation of persons who have
suffered from COVID-19. Modern medical care
strategies define six goals on the way to improv-
ing the quality of treatment and rehabilitation of
patients: safety, efficiency, patient-orientation,
timeliness, rationality, impartiality of care. At the
same time, it is psychotherapy and medical-psy-
chological rehabilitation that are extremely im-
portant and complementary therapeutic strategies
[7; 8].

Pandemic of coronavirus disease significantly
affects the psychological state and disrupts the
mental balance of various population groups
around the world, which is confirmed by a number
of empirical studies. Timely and effective psycho-
logical and psychotherapeutic help during this
special period is urgently needed. Inevitable chan-
ges due to the pandemic situation generate a chal-
lenge to create relevant modifications of psycho-
logical and psychotherapeutic support. The major
challenge of these modifications is highly pre-
serve stability of the treatment environment and
continuation of necessary patient’s assistance in
such strenuous conditions as quarantine [9-11].

The aim of the study was to develop an inte-
grated model of psychotherapeutic support for pa-
tients with COVID-19.

Material & Methods

In order to achieve the goal, a comprehensive
clinical-psychopathological and psychodiagnostic
examination was conducted in 125 patients with
non-psychotic mental disorders and COVID-19.
The examinees were of both genders (57 males
and 68 females) and had a mean age of 36.0+3.4
years. Informed consent for participation in a scien-
tific study and compliance with the principles of
bioethics and deontology was obtained. Mathe-
matical and statistical processing of the study re-
sults was performed using specialized software
packages (Statistica 6.0, MS Excel) using the Stu-
dent's t-test methodology.

The following psychodiagnostic methods were
also used for the research: the Hospital Anxiety
and Depression Scale, the "Methods of Coping
Behavior" method (Lazarus R., Folkman S., adap-
ted by Kryukova T., 2002), the questionnaire

"Type of attitude towards the disease” (Mende-
levych V.D., 2005), "The Integral Quality of Life
Scale" (Mezzich et al., 1999, modified by Maru-
ta N.O., 2004).

During the clinical-psychopathological exami-
nation, it is planned that the clinical picture of
non-psychotic mental disorders in the examined
patients will be manifested in depressive, anxious,
astheno-neurotic and cognitive syndromes. The
following psychotherapeutic interventions in var-
ious combinations will be used for these syn-
dromes.

The method of biosuggestive therapy (by
Strazhny O., 1996; patented on 2019) [12] is
a simple psychotherapeutic technique aimed at
ridding a person of mental disorders, restoring
psychological comfort and well-being. This me-
thod includes a combination of verbal and non-
verbal suggestion techniques in a light trance sta-
te. The use of the prefix "bio" in the name indi-
cates that not only suggestion is used, but also
other influences: the contact of the therapist’s
palm with the client, a certain tone of voice, in the
situation of group therapy — induction of the client
by group members.

With the help of art therapy, the most disturb-
ing aspects of life are sublimated into the outside
world. One of the important advantages of art
therapy is that art allows you to reconstruct a con-
flict-traumatic situation in a hidden symbolic form
and find its solution.

Mindfulness, which is also called the practice
of self-awareness or the practice of attentiveness,
is a meditation technique, the essence of which is
to return your attention to what is happening "here
and now", to make each action conscious instead
of thinking about thousands of things at once.

The purpose of stress resistance training is to
develop it by making patients aware of their posi-
tion in life, forming effective communication
skills in the process of communication, acquiring
self-control skills and constructive expression of
negative impulses in behavior.

Body-oriented psychotherapy is one of the di-
rections of modern psychotherapy, which is based
on the principle of stabilizing emotional state
through work with the body and allows you to re-
unite feelings, bodily sensations and thoughts, re-
store lost relationships between them.

An important component of the psychothera-
peutic support program is psychoeducation aimed
at forming an adequate system of ideas about the
neurotoxic impact and consequences of COVID-19,
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understanding the main psychopathological syn-
dromes caused by the disease, involving patients
in active participation in treatment and teaching
methods of overcoming immersion in the disease.

In the course of the study, an integrative model
of psychoeducational work was used, which in-
cluded: informational training, training of inter-
personal interaction, improvement of compliance,
problem-oriented discussions. A separate training
was dedicated to providing information directly
about COVID-19, clarifying meaning of the term
pandemic, need to follow the rules that all people
without exception must comply with during the
quarantine period.

Results & Discussion

The findings of the clinical psychopathological
study indicated that clinical presentation of non-
psychotic mental disorders in the subjects is
showed in depressive (29.1% of the examined),
anxious (33.4% of the examined), astheno-neu-
rotic (24.2% of the examined) and cognitive
(13.3% of the examined) syndromes.

In consideration of the data collected during
the comprehensive examination of pathopsycho-
logical, psychological and clinical psychopatho-
logical features of patients with COVID-19 was
developed an integrated model of psychothera-
peutic support for such patients, which includes
psychotherapy and psychoeducation.

The psychotherapeutic program included indi-
vidual and group psychotherapy and psychoedu-
cation.

Cognitive behavioral therapy, biosuggestive
therapy, art therapy, mindfulness technique were
used for depressive syndrome. Duration of psy-
chotherapy was 4-8 weeks.

In a case of an anxious syndrome cognitive-be-
havioral therapy, biosuggestive therapy, stress re-
sistance training were used. Psychotherapy lasted
for 4-8 weeks.

Cognitive-behavioral therapy, biosuggestive
therapy, body-oriented psychotherapy, art therapy
for astheno-neurotic syndrome treatment were
used. Duration of psychotherapy was 3—6 weeks.

Cognitive-behavioral therapy and cognitive
training were used for cognitive syndrome. Psy-
chotherapy lasted for10-12 weeks.

Cognitive-behavioral therapy was aimed at
correcting behavioral forms of response, realizing
own life values and changing one's life path based
on these values, accepting full responsibility for
own choices.

The analysis of clinical results of the use of the
developed program showed a positive dynamic of
the emotional state, a decrease in the expressive-
ness of anxiety-depressive symptoms (68.3% of
the examined patients) such scores were obtained
due to the Hospital Anxiety and Depression Scale,
before and after therapy; a positive transformation
of coping strategies (59.8%) such scores were ob-
tained due to the "Methods of Coping Behavior"
method (Lazarus R., Folkman S., adapted by
Kryukova T., 2002) method before and after ther-
apy; transition of non-constructive types of rela-
tionship to the disease into adaptive, constructive
ones (61.4%) such scores were obtained due to the
questionnaire "Type of attitude towards the dis-
ease" (Mendelevych V.D., 2005) before and after
therapy of the; improvement of the quality of life
(64.7%) such scores were obtained through "The
Integral Quality of Life Scale” (Mezzich et al.,
1999, modified by Maruta N.O., 2004) before and
after therapy.

Unfortunately, there is currently no description
of psychotherapeutic interventions for patients
with psycho-emotional disorders who have suf-
fered from COVID-19. Of course, there is a large
number of separate studies that relate to psycho-
therapy of psycho-emotional disorders without
taking into account somatic and infectious dis-
eases. The article by Corpas J. et al. views various
types of psychotherapeutic interventions for psy-
cho-emotional disorders [13; 14].

Conclusions

An integrated model of psychotherapeutic sup-
port for patients with COVID-19 showed a posi-
tive dynamic of the emotional state, a decrease in
the expressiveness of anxiety-depressive symp-
toms, positive transformation of coping strate-
gies, transition of non-constructive types of rela-
tionship to the disease into adaptive, constructive
ones, improvement of the quality of life.
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Abstract

The psycho-emotional state has the most significant effect on the clinical picture and course of
diabetes of any type. According to many researchers, it is known that patients with diabetes suffer
from depression almost three times more often than patients without it. When the patient has
symptoms of depression, his emotional state is disturbed, which quite often leads to the patient's
refusal of the prescribed necessary treatment, and eventually decompensation of the somatic state
occurs. In turn, it causes new episodes of depression, which requires the use of psychotropic drugs
and psychotherapy. A comprehensive clinical-psychopathological and psychodiagnostic exam-
ination of 82 patients with type Il diabetes of moderate and severe forms was conducted. The
average duration of diabetes was (7.9+£5.2) years. Emotional disorders are represented by anxious,
depressive, astheno-hypochondriac, hysteroform variants of psychopathological symptoms. Cog-
nitive dysfunction is a frequent complication of type Il diabetes. It is associated with both the age-
related aspect of the disease and the pathological dysmetabolic cascade that forms basis of the
pathogenesis of diabetic encephalopathy development. Cognitive decline in type Il diabetes has a
mixed (vascular-degenerative) nature and is characterized by complaints of decreased working
capacity, and is marked by a decrease in memory, auditory-speech and visual modalities, slowing
of thinking, decreased concentration of attention, absent-mindedness, inability to focus on per-
formance of a certain task for a long time. The analysis of cognitive functions using the MMSE
method showed that the examined patients had mild or moderate cognitive impairments in the
form of a decrease in verbal memory, a decrease in the speed of calculation operations, difficulty
in orientation, and a decrease in indicators of the perceptual -gnostic sphere.

Keywords: cognitive disorders, emotional disorders, metabolic disorders, depression.

Diabetes mellitus is one of the most wide-
spread human diseases. Prevalence of diabetes in
the world has a significant tendency to increase.
A comparison of the prevalence of diabetes shows
that in developed countries a significant increase
in diabetes is predicted for 2030 in people older
than 65 years; at the same time, developing coun-
tries are characterized by an increase in the num-
ber of diabetes patients aged 45-64. Today, there
are 371 million people with diabetes in the world,
and by 2025, 552 million people with diabetes are
expected. Epidemiological studies of diabetes mel-
litus in Ukraine demonstrate a constant increase in
the number of patients. In various countries of the
world, the number of patients with diabetes melli-
tus is (4—7) % of the total population [1; 2].
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Mental disorders in diabetes mellitus, depend-
ing on the contingent of examined patients, are
found in (1.3-100.0) % of cases. Patients with dia-
betes are people with a chronic disease who, for
the most part, can react sharply to their disease and
its treatment. Such reactions are due to the aware-
ness of the chronic nature of the disease with long-
term, acute, progressive complications and the
need for constant treatment. Diagnosing of diabe-
tes is shocking for most patients and their families.
As a result, psycho-emotional disturbances may
occur [3; 4].

Psycho-emotional state is one of the most sig-
nificant factors that affects clinical picture and na-
ture of the course of diabetes. It is known that pa-
tients with diabetes suffer from depression almost
three times more often than patients without it.
With depression, emotional state is disturbed,
which frequently leads to the patient’s refusal
from prescribed necessary treatment, and over
time, decompensation of the somatic state occurs.
In turn, it causes new episodes of depression,
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which requires psychotropic drugs prescription
and psychotherapy [5; 6].

Nowdays, type Il diabetes mellitus is consid-
ered the most important nosological cause of cog-
nitive decline. In a number of studies, it was es-
tablished that hyperglycemia and the duration of
diabetes are associated with cognitive impair-
ment, while the prevalence of mild cognitive im-
pairment in the presence of type Il diabetes is 20%
in men and 18% in women over 60 years age [7; 8].

The above facts determined the relevance of
this research, which purpose is to conduct a clini-
cal-psychopathological analysis of emotional and
cognitive disorders in patients with type 11 diabetes.

In order to achieve this goal, in compliance
with the principles of bioethics and deontology,
psychodiagnostic and clinical-psychopathological
examination were conducted for 82 patients with
type Il diabetes mellitus of medium (84.1%) and
severe (15.9%) degree of severity. The average
duration of diabetes was (7.9£5.2) years.

Clinical-psychopathological research data in-
dicate emotional and cognitive disorders in the
examined patients.

Emotional disorders were represented by the
following variants of psychopathological symp-
toms: 43.4% — anxious variant, 26.6% — depres-
sive variant, 19.8% — asthenic hypochondriacal
variant, 10.2% — hysteroform variant.

In the case of an anxious variant, there was a
predominance of a general anxious mood back-
ground, unmotivated anxiety, a feeling of internal
tension with the inability to relax, fussiness, motor
restlessness, hyperesthesia, various kinds of fears
and apprehensions, sleep disturbances.

The depressive variant was characterized by
a low mood, feelings of longing, sadness; narrow-
ing of interests, thoughts about own inferiority,
ideas of self-blame and self-destruction, psycho-
motor retardation. Feelings of the hopelessness of
own life, loss of the meaning of further existence,
concentration of attention on the state of somatic
discomfort, feelings of helplessness, doctor de-
pendency were observed.

In the asthenic hypochondriacal variant, there
is reduced activity and hypobulia, feeling of com-
plete exhaustion with general inhibition, apathy,
inactivity, indifference and focusing on the state
of somatic discomfort, slowing of the pace of
thinking, narrowing of associative processes.

The hysteroform variant was characterized by
demonstrativeness, irritability, impatience, a ten-
dency to paroxysmal affective reactions, focusing
on the state of somatic discomfort, which was fa-

cilitated by vegetative paroxysms, more often of
the cardiovascular type (a heavy feeling of pres-
sure and tightness in the chest).

The conducted psychodiagnostic research re-
vealed an increase in the level of situational
([55.74£6.1] points) and personal anxiety
([54.5+6.4] points) according to the Spielberger-
Khanin Scale. 65.8% of examined patients had
amild, 11.5% moderate depressive episode and
56.1% of examined patients had mild, 40.3%
moderate anxiety episodes according to the Ham-
ilton Anxiety Rating Scale (HAM-A).

The personal profile of patients with diabetes
was characterized by emotional lability, irritabil-
ity, depression, isolation, and reduced sociability.

The study of the level of general asthenia ac-
cording to the Scale of Self-Assesment of As-
thenic State (SAS) showed an increase in score of
general asthenia to (85.6+7.9) points, which cor-
responded to moderately expressed asthenia,
which was formed due to damage to the neurons
of the deep parts of the brain under conditions of
diabetes.

Cognitive dysfunction was a frequent compli-
cation of type Il diabetes, which is associated with
both the age-related aspect of the disease and the
pathological dysmetabolic cascade that forms ba-
sis for pathogenesis of diabetic encephalopathy
development. Decreased cognitive functions in
type Il diabetes had a mixed (vascular-degenera-
tive) nature and were characterized by complaints
of reduced working capacity (85.6% of the exami-
ned), decreased memory of the auditory-speech
and visual modalities (66.9% of the examined),
slowing of thinking (58.3%), decreased concent-
ration (71.3%), absent-mindedness (51.1%), ina-
bility to focus on a certain task for a long time
(44.6%).

The analysis of cognitive functions using the
MMSE method showed that examined patients
had mild ([51.2£1.5]%) or moderate ([49.8+
+1.4]%) cognitive impairment in a state of de-
crease in verbal memory ([39.8 £1.3]%), decrease
in the speed of counting operations ([42.141.4)%,
difficulty in orientation ([42.24+1.4]%), decrease
in indicators of the perceptual-gnostic sphere
([39.8+1.31%).

Evaluation of data of the correction (Bourdon)
test showed a decrease in ability to concentrate,
increase in fatigue, and a decrease in load toler-
ance. Maximum concentration on average for the
group was noted in the second minute of the study,
from the 4th minute a reaction of fatigue was
noted. Simultaneously, 62.2% of subjects had
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a "work-in period" — the largest number of errors
was observed in the 1st minute of examination, the
smallest — in the 3d minute. A further elevation in
the number of mistakes is up to 6 minutes of the
examination specified a decreasing attention span
and brain tiredness.

Conducting a test for memorizing 10 words in
59.8% of the examined patients was revealed a de-
crease in the ability to concentrate attention, audi-
tory perception and memorization, as well as a de-
terioration of working memory.

Based on the data obtained during the research,
a complex program of comprehensive therapy of
cognitive and emotional disorders of patients with
type 11 diabetes was developed, including psycho-
pharmacotherapy, psychotherapy and cognitive
training.

Conclusions

This research indicated in patients with type Il
diabetes, mild cognitive impairment with emo-
tional disorders, like anxious, depressive, asthenic
hypochondriacal and hysteroform variants of symp-
toms. The results of a complex program of compre-

hensive therapy of cognitive and emotional disor-
ders of patients with type Il diabetes showed a
positive dynamic of the emotional state, working
capacity, concentration, ability to focus an memo-
rize current events. So, its significantly improved
of the quality of life.

In the future, it is planned to study younger pa-
tients with type | diabetes.
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Abstract

Introduction. The combatants develop anxious alertness, the perception of the environment as
potentially dangerous, the impulsive response increases, and the personality structure is affected.
All this leads to a change in behavior and, most often, to alcoholization of this demographic group.
Materials and methods. To achieve this goal, we examined 96 men who were treated in the
psychiatry and narcology clinic of the Military Medical Clinical Center of the Northern Region.
According to the diagnostic criteria of ICD-10, they suffered from alcohol dependence: 31.9% of
respondents — alcohol abstinence, 22.6% — abstinence in conditions precluding use, 29.2% — con-
stant use, 16.3 % — occasional use. The treatment group (patients who took part in rehabilitation
program) included 56 people. The control group consisted of 40 people who received standard
treatment regulated in the hospital. The style of alcohol abuse with a high degree of reliability
correlated with the issues of danger to physical, psychological and mental health. Dangerous al-
cohol consumption was found in 55.2% of the participants, a high probability of alcohol depend-
ence was found in 44.8% of respondents.

Results. The clinical picture of alcohol dependence was characterized by loss of situational con-
trol, palimpsests, dysphoria, affective reactions, anxiety and depressive disorders and asthenic
manifestations. Against the background of the use of the developed comprehensive program of
psychotherapeutic support in 45.1% of the members of the main group and 32.6% of control group
patients demonstrated coping strategies aimed at addressing the challenges; 31.4% and 22.4% of
the treatment and control groups, respectively, demonstrated coping strategies aimed at emotions;
in 15.9% and 32.6% of patients coping strategies were designed to avoid stress; in 6.7% and
12.4% in the above mentioned groups respectively — coping strategies aimed at the distraction.
Conclusions. As a result of the implementation of the comprehensive program of psychothera-
peutic support for combatants with alcohol addiction, it is expected that the quality of medical
care for combatants will improve.

Keywords: psychotherapy, comprehensive treatment, combatants, alcoholism.

INTRODUCTION

Improving the effectiveness of diagnosis, treat-
ment, prevention, medical and social rehabilitation
of patients with alcohol dependence is one of the
significant issues of modern psychiatry and narcol-
ogy [1]. The modern period of our country's devel-
opment is characterized by a large number of de-
structive and socially determined stress factors. As
a result, there is a significant increase in the long-
term stress load under which people live in Ukraine
[2; 3].
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This creates a number of unfavorable factors
for increasing level of psychoactive substance use,
especially, alcohol [4]. Modern studies of alcohol
addiction are devoted to updating the concept of
psychological and social rehabilitation of patients,
their social reintegration and improving their’s
quality of life [5; 6]. As aresult, the search for new
psychotherapeutic approaches to the treatment of
alcohol dependence and the development of effec-
tive schemes that meet modern standards of treat-
ment is increasing [7].

Combatants are a special part of the popula-
tion. They have always had special social and psy-
chological consequences of participation in mili-
tary conflicts. It is known that there are numerous
factors of violations of adaptation of combatants
in civilian life. These can be violations in the sphere
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of interpersonal relations (aggression, conflicts),
or they can manifest themselves in deviant behav-
ior. According to statistics, up to 50% of combat-
ants exposed to combat stress suffer from Post
Traumatic Stress Disorder (PTSD) [8; 9].

The combatants develop anxious alertness, the
perception of the environment as potentially dan-
gerous, the impulsive response increases, and the
personality structure is affected. All this leads to
a change in behavior and, most often, to alcoholi-
zation of this demographic group [10; 11].

The aim of our research was to develop the
comprehensive program of psychotherapeutic
support for combatants with alcohol addiction.

Materials and methods

To achieve the goal, 96 men were examined,
who were treated at the psychiatric and narcolog-
ical departments of the Military Medical Clinical
Center of the Northern Region. According to the
diagnostic criteria of ICD-10, they suffered from
alcohol dependence: 31.9% of respondents — alco-
hol abstinence, 22.6% — abstinence in conditions
precluding use, 29.2% — constant use, 16.3 % —
occasional use.

All patients received psychopharmacotherapy
regulated in accordance with the standards of the
Ministry of Health of Ukraine.

The main group (patients who took part in re-
habilitation program) included 56 people. The
control group consisted of 40 people who received
standard treatment regulated in the hospital.

The following examination methods were
used: anamnestic, clinical-psychopathological, psy-
chodiagnostic and statistical.

Results and discussion

According to the results of the study, among
the interviewed patients there was a predominance
of people who constantly abused alcohol, the av-
erage score on the AUDIT test was 4.0, which in-
dicated the presence of serious alcohol disturb-
ances. Alcohol consumption style is highly relia-
bly correlated with physical, psychological, and
mental health hazards. Dangerous alcohol use was
detected in 55.2% of subjects, a high probability
of alcohol addiction — in 44.8% of respondents.

The clinical picture of alcohol addiction was
characterized by a loss of situational control, pal-
impsests, dysphoria, affective reactions, anxiety-
depressive disorders and asthenic manifestations.

In 40.2% of the patients, intoxication domi-
nated with dysphoric-explosive component, in
35.1% of patients had anxiety-depressive compo-
nent; in 24.7% of patients was aggressive compo-
nent of intoxication.

For the combatants, the main motive for alco-
hol abuse was to "relieve combat stress”, "numb
the pain”, "get rid of important military memo-
ries”, the desire to use alcohol to level negative
emotional experiences (tension, anxiety, fear, sad-
ness).

As the analysis of the severity of traumatic
stress has shown, 31.4% of the patients have
a complete manifestation of stress disorder, an ob-
vious manifestation of 39.5%, and a partial mani-
festation of 29.1% of patients. The data obtained
indicate an extremely high strength of combat
stress as a risk factor for the development of an
addiction syndrome in servicemen both at the time
of exposure and in the future

The study of the styles of stress-overcoming
behavior made it possible to ascertain the predom-
inance of non-constructive forms of behavior in
the surveyed combatants: in 51.4% of patients
with alcohol dependence coping strategies were
noted focused on avoidance, in 33.3% — on dis-
traction, in 10.3% — on emotions, 5.0% — on solv-
ing problems. 67.5% of respondents demonstrated
a very high level and 29.8% demonstrated ele-
vated levels of social frustration.

Patients of the main group received complex
treatment with the use of pharmacotherapy, psy-
chotherapy and psychoeducation. Its main strat-
egy is a comprehensive impact on the cognitive,
emotional, psychological and physiological, be-
havioral and social features of alcohol addiction.

Pharmacotherapy was aimed at suppressing the
pathological craving for alcohol, maintaining re-
mission, and correcting emotional disorders.

The psychotherapeutic complex included the
use of the program "12 steps. New life", trauma-
focused cognitive-behavioral therapy, desensiti-
zation and processing of emotional trauma with
eye movements, personality-oriented psychother-
apy, art therapy and psychoeducation.

Trauma-focused cognitive-behavioral therapy
is a short-term intervention designed to reduce
symptoms associated with a traumatic event. It is
aimed at working with negative emotions, physi-
cal reactions and any other difficulties associated
with a traumatic experience.

Eye Movement Desensitization and Repro-
cessing therapy (EMDR) is aimed at alleviating
the experiences caused by traumatic memories.

Person-centered psychotherapy is aimed at the
patient’s understanding of cause-and-effect rela-
tionships and the relationship between his person-
ality and the disease, the formation of an adequate
assessment of a psychotraumatic situation and
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finding ways to overcome it. Drawing techniques
aimed at harmonizing the emotional state and con-
structive actions taking into account the specifics
of psycho-traumatic circumstances were used dur-
ing the art therapy.

The main tasks in conducting mental and edu-
cational classes were filling the knowledge gaps
related to narcology among the patients and their
families; reducing levels of stigmatization and
self-stigmatization in patients and their family
members; teaching patients the skills of coping
with the disease; correction of patients' social po-
sitions changed by alcohol dependence; counter-
acting the possibility of disease recurrence.

A comprehensive program of psychotherapeu-
tic support included social skills training, stress
resistance, learning skills to overcome acute stress
because of the specificity of combat trauma.

Approbation of the proposed comprehensive
program of psychotherapeutic support for combat-
ants with alcohol addiction proved its high effec-
tiveness. Analysis of clinical results of the devel-
oped system indicated that in the main group ac-
cording to the AUDIT test 65.3% of respondents
found alcohol consumption relatively safe (or
stopped drinking alcohol completely), 23.1% con-
sidered alcohol consumption risky. Among the
surveyed control group, 55.1% of the surveyed
had dangerous alcohol consumption, and 25.8%
had a high probability of alcohol dependence.

So, 77.6% of the surveyed in the treatment
group formed a perception of their own dependent
condition and understanding of the need for ther-
apeutic work.

An analysis of the duration and quality of re-
mission revealed (after 6 months): 70.1% of those
surveyed in the main group showed complete re-
mission of alcohol dependence compared to 41.5%
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STUDY OF THE DIFFERENCES IN THE GAIT PARAMETERS
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Abstract

Knee osteoarthritis is a prevalent condition that affects millions of people worldwide. It is
a degenerative disease that occurs when the protective cartilage in the knee joint wears down over
time, leading to pain, stiffness, and swelling in the knee. The actuality of knee osteoarthritis lies
in its high prevalence, significant healthcare costs, and impact on quality of life. The article pre-
sents the results of the study of the difference in gait parameters of healthy and diseased limbs in
patients with knee osteoarthritis. Twenty patients were examined. The diagnosis of knee osteoar-
thritis was established according to the criteria of the American College of Rheumatology. Gait
parameters were studied using the GAITRite® system. The following parameters were studied:
Temporal Definitions (Step Time, Gait Cycle Time, Single Support, Initial Double Support,
Stance); Spatial Parameters and Definitions (Step Length, Stride Length, H-H Base of Support,
Toe In / Toe Out). Among the investigated indicators, two demonstrated reliable differences be-
tween healthy and diseased limbs. It was found that Step Time for diseased limb was statistically
significantly greater than for the opposite limb. At the same time, the foot support time of the
healthy limb and, accordingly, the Initial Double Support indicator statistically significantly ex-
ceeded the similar indicators for the diseased limb. Summarizing the results of epy study, it can
be stated that patients with knee osteoarthritis have a gait disorder in the form of asymmetric
steps. Thus, the time of support on the foot decreases, and accordingly, the time of transferring
the foot of the diseased limb increases. Changes in the diseased limb are also reflected in the
opposite, healthy limb. An effort to increase the speed of movement during the examination
causes an increase in movement on a relatively healthy limb in the form of an increase in the

length of the step and a reduction in the time of transfer of the foot of the diseased limb.
Keywords: knee joint; osteoarthritis; gait parameters; GAITRite.

INTRODUCTION

Knee osteoarthritis is a prevalent condition that
affects millions of people worldwide. It is a de-
generative disease that occurs when the protective
cartilage in the knee joint wears down over time,
leading to pain, stiffness, and swelling in the knee
[1]. The actuality of knee osteoarthritis lies in its
high prevalence, significant healthcare costs, and
impact on quality of life [2; 3].

According to scientific literature, knee osteo-
arthritis is one of the leading causes of disability
worldwide, with an estimated 10% of men and 18%
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of women aged over 60 years being affected by
the condition [4]. In the United States, it is esti-
mated that over 14 million people have sympto-
matic knee osteoarthritis, and this number is ex-
pected to increase due to an aging population and
rising obesity rates [5].

The epidemiology of knee osteoarthritis is
complex, with several risk factors playing a role
in its development [6]. These risk factors include
age, obesity, genetics, joint injury, and repetitive
knee use. Women are also more likely than men
to develop knee osteoarthritis, although the rea-
sons for this gender difference are not fully under-
stood.

In terms of treatment, there is currently no cure
for knee osteoarthritis, and treatment options fo-
cus on managing symptoms and improving func-
tion [7]. These options include non-pharmaco-
logic interventions such as exercise, weight loss,
and physical therapy, as well as pharmacologic
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such as nonsteroidal anti-inflammatory drugs
(NSAIDs) and corticosteroid injections. In severe
cases, surgical interventions such as knee replace-
ment may be necessary.

Taking into account the changes in the func-
tional state of the limb affected by knee osteoar-
thritis, it is interesting from both a scientific and
a practical point of view to study the gait charac-
teristics of such patients.

The aim of the study was to study the differ-
ences in gait parameters of healthy and diseased
limbs in patients with knee osteoarthritis.

Materials and Methods

The study was conducted in accordance with
the main provisions of the Helsinki Declaration of
the World Medical Association on the ethical
principles of scientific medical research involving
human subjects (2000) and the order of the Minis-
try of Health of Ukraine No.281 dated November
1, 2000. The research protocol was approved by
the biomedical ethics committee of National Pi-
rogov Memorial Medical University, Vinnytsya.

The study was conducted on the basis of the
Department of Traumatology and Orthopedics
and the Department of Neurology with Neurosur-
gery of National Pirogov Memorial Medical Uni-
versity, Vinnytsya.

As part of the study, 20 patients with knee os-
teoarthritis were examined. The age of the patients
was (62.3+9.1) years.

The diagnosis of knee osteoarthritis was estab-
lished according to the criteria of the American
College of Rheumatology [8].

Gait parameters were studied using the GAI-
TRite® system (CIR Systems Inc., USA) [9].

Due to the peculiarities of our study, we se-
lected the parameters of the GAITRite® system,
which allow us to compare the function of healthy
and diseased limbs [9]:

1. Temporal Definitions (Step Time, Gait Cycle
Time, Single Support, Initial Double Support,
Stance);

2. Spatial Parameters and Definitions (Step
Length, Stride Length, H-H Base of Support, Toe
In/ Toe Out).

"Step Time — it is the time elapsed from first
contact of one foot to first contact of the opposite
foot (sec)" [9].

"Gait Cycle Time — it is the elapsed time be-
tween the first contacts of two consecutive foot-
falls of the same foot (sec)" [9].

"Single Support — it is the time elapsed between
the Last Contact of the current footfall to the First
Contact of the next footfall of the same foot. It is

measured in seconds (sec) and expressed as a per-
cent (%) of the Gait Cycle time of the same foot™ [9].

"Initial Double Support — it occurs from heel
contact of one footfall to toe-off of the opposite
footfall. It is measured in seconds (sec) and also
expressed as a percent (%) of the Gait Cycle time
for the same foot" [9].

"Stance — it is the time elapsed between the
First Contact and the Last Contact of two consec-
utive footfalls on the same foot. It is presented as
a percentage (%) of the Gait Cycle time" [9].

"Step Length — it is measured along the length
of the walkway, from the heel center of the current
footprint to the heel center of the previous foot-
print on the opposite foot (cm) " [9].

"Stride Length — it is measured on the line of
progression between the heel points of two con-
secutive footprints of the same foot — left to left,
right to right (cm)" [9].

"H-H Base of Support — it is the vertical dis-
tance from heel center of one footprint to the line
of progression formed by two footprints of the op-
posite foot (cm)" [9].

"Toe In/ Toe Out — it is the angle between the
line of progression and the midline of the footprint
(degrees)" [9].

The obtained data of instrumental studies were
processed statistically using the IBM SPSS Statis-
tics 20.0 application program package. The mean
(M) and standard deviation (SD) were calculated.
Comparison of parameters of contralateral limbs
was performed using the T-test method for re-
peated measurements.

Results and Discussion

Levels of studied Temporal Definitions and
Spatial Parameters and Definitions of healthy and
diseased limbs in patients with knee osteoarthritis
are presented on the Fig. 1 and Fig. 2.

According to the data of the statistical analysis,
it was found that the time of transferring the dis-
eased foot (Step Time) in patients with knee oste-
oarthritis was statistically significantly (p=0.044)
greater than the time of transferring the opposite
limb, i.e. the support was carried out on the foot
of the healthier limb.

In patients, an increase in the duration of the step
(Gait Cycle Time) of the healthy limb was noted, in
comparison with the duration of the step of the dis-
eased limb. However, due to the significant spread
of the parameter (from 0.95 s to 1.82 s), the differ-
ences were not statistically significant (p=0.362).
As for the Single Support parameter, it was also
demonstrated that there were no differences
(p=0.941) between the diseased and healthy limbs.
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Fig. 1. Levels of studied Temporal Definitions of healthy and diseased limbs
in patients with knee osteoarthritis.
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Fig. 2. Levels of studied Spatial Parameters and Definitions of healthy and diseased limbs
in patients with knee osteoarthritis.

At the same time, statistical analysis showed
that in patients with knee osteoarthritis, the foot
support time of the healthy limb and, accordingly,
the Initial Double Support indicator statistically

significantly (p=0.031) exceeded the similar indi-
cators for the diseased limb.

The study of the Stance indicator revealed that
the studied contingent had a noticeable, although
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statistically unreliable (p=0.341) decrease in sup-
port on the foot of the affected limb. This param-
eter is indicative due to its ability to determine the
supportability of the feet. A decrease in the dura-
tion of support on the foot may indicate the pres-
ence of discomfort or pain syndrome.

In patients with knee osteoarthritis, although
a slight increase in the length of the short step
(Step Length) of the diseased limb by (2.11+8.89)
cm was noted in comparison with the opposite
healthy limb, however, the statistical significance
of the differences could not be proven (p=0.573).

A similar picture was observed when studying
the Stride Length parameter. In patients it was
noted an increase in this indicator by (2.02+8.77) cm
for the diseased limb, compared to the healthy one,
but these differences were not statistically signifi-
cant (p=0.575).

Statistical analysis of the parameter H-H Base
of Support, or the width of the support, showed
that the patients had no difference in the width of
the support for both limbs, that is, its symmetry,
as evidenced by the absence of statistically signif-
icant differences (p=0.531).

In patients with knee osteoarthritis, the foot is
turned, mostly outward, which can be explained
by additional adaptation to maintain balance while
leaning on the limb. Thus, according to the results
of the study of the Toe In/ Toe Out indicator, the
examined patients showed an increased angle of
outward turning of the foot to an average of 10°,
and this applied to both the diseased and healthy
limbs. At the same time, the statistical signifi-
cance of the differences was not observed
(p=0.893).

Gait disorders refer to any deviation from nor-
mal gait that affects a person’s ability to walk
smoothly and efficiently [10; 11]. People with
knee osteoarthritis often exhibit a slow, stiff, and
uneven gait, which may be due to the different
conditions that accompanies the disease.

Gait disorders can have a significant impact on
a person’s life, leading to reduced levels of physi-
cal activity, reduced functionality, and an in-
creased risk of falls and fractures [2; 12; 13].
Some studies have shown that people with knee
osteoarthritis and gait disorders are at higher risk
of falls that can lead to serious injury. In addition
to the physical consequences, gait disturbances
can also affect a person’s psychological health,
causing anxiety, depression, and leading to social
isolation.

Gait problems in knee osteoarthritis can be
caused by several factors, including pain, joint

stiffness, muscle weakness, and joint instability
[14-17].

Pain is the most common cause of gait disturb-
ance in knee osteoarthritis [14]. As the cartilage
that cushions the knee joint wears out, the bones
rub against each other, causing pain and inflam-
mation. Pain can make it difficult for people with
knee osteoarthritis to walk normally, resulting in
a protective gait that includes slower walking and
smaller steps to reduce stress on the knee joint.
This gait pattern, also known as antalgic gait, can
result in an uneven and stiff gait that can place ad-
ditional stress on other joints such as the hip and
ankle [18].

Joint stiffness is another important factor that
may contribute to the development of gait disturb-
ances in knee osteoarthritis [15]. As the disease
progresses, the ligaments and muscles around the
knee joint weaken, making it difficult to maintain
proper position and balance. Stiffness in the knee
joint can lead to reduced range of motion, making
it difficult to bend the knee and lift the foot. This
can result in a slow and shuffling gait with limited
ability to lift the foot and push off the ground.

Muscle weakness is another factor contributing
to the development of gait disturbances in knee os-
teoarthritis [16]. As the condition of the knee joint
deteriorates, the muscles surrounding the joint
may become weak and atrophy. This can lead to
reduced muscle strength, making it difficult to
maintain body weight and maintain proper gait
mechanics. Weakness in the quadriceps is espe-
cially common in people with knee osteoarthritis
and can lead to difficulty with activities such as
climbing stairs and rising from a sitting position.

Joint instability is also an important cause of
gait disturbance in knee osteoarthritis [17]. As the
disease progresses, the ligaments and muscles
around the knee joint weaken, making it difficult
to maintain proper position and balance. This can
lead to a wobbly, unsteady gait, which can in-
crease the risk of falls and injury. Joint instability
can also cause the knee joint to twist or deform,
making proper movement difficult.

Summarizing the literature data and results of
our study, it can be stated that patients with knee
osteoarthritis have a gait disorder in the form of
asymmetric steps. Thus, the time of support on the
foot decreases, and accordingly, the time of trans-
ferring the foot of the diseased limb increases.
Changes in the diseased limb are also reflected in
the opposite, healthy limb. An effort to increase
the speed of movement during the examination
causes an increase in movement on a relatively
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Abstract

Immobilization contractures are a common complication that can arise following prolonged
immobilization of a joint or limb. They occur due to a combination of factors, including muscle
atrophy, joint stiffness, and tissue adhesions. The aim of the study was to study the effectiveness
of the experimental model of immobilization contractures in rats. The experimental study was
conducted on 21 non-linear white male rats aged 6 months. We used 4-week plaster immobiliza-
tion to evaluate the severity of changes in the knee joints of experimental rats. The immobilization
and post-immobilization period in our study lasted 4 weeks each. Every week, the angles of ex-
tension and flexion, range of motion and severity of contracture were measured. During the period
of immobilization, there was a progressive impairment of the function of the immobilized knee
joints of all experimental animals. Thus, at the end of the 4™ week of immobilization, the limits
of flexion and extension on the immobilized limb gained high statistical significance in compari-
son with both the opposite intact limb and with 1st week of immaobilization. In the post-immobi-
lization period (from the 5th to the 8th week of the study), a progressive recovery of the studied
indicators was observed. The indicators of extension and flexion of the limbs after immobilization
were significantly differed from the initial values, but were also significantly better than the values
at the end of the immobilization period. As for the range of maotion, this indicator for both limbs
was significantly higher than the values at 4" week of the study, but was also significantly lower
than the initial values. Limitation of movements after immobilization was statistically significant
both when compared with the opposite limb and when compared with baseline and 4™ week of
immobilization data. Experimental model of 4-weeks plaster immobilization of the knee joint
allows to create a persistent pronounced limitation of movements and can be used for further

study of various methods of prevention and treatment of immobilization contractures.
Keywords: knee joint; immobilization contractures; experiment; rats.

INTRODUCTION

Immobilization contractures are a common
complication that can arise following prolonged
immobilization of a joint or limb [1]. They can
arise following a range of injuries, including frac-
tures, dislocations, and soft tissue injuries. Immo-
bilization contractures can occur when a joint or
limb is immobilized for an extended period, such
as in a cast or brace, or as a result of prolonged
bed rest. They occur due to a combination of fac-
tors, including muscle atrophy, joint stiffness, and
tissue adhesions [2].
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It is essential to understand the relevance of this
problem, both for patients and for the broader
healthcare system. Immobilization contractures
can be a significant problem for patients, as they
can result in pain, limited range of motion, and re-
duced function [3; 4]. The severity of this condi-
tion can vary, with some patients experiencing
only mild stiffness, while others may have severe,
debilitating contractures that require surgical in-
tervention [2].

Also it can have a substantial impact on quality
of life of patients [5]. They can result in chronic
pain, reduced mobility, and a decreased ability to
perform daily activities. Immobilization contrac-
tures can also have a significant psychological im-
pact, as patients may feel frustrated, anxious, or
depressed due to their reduced function and mo-
bility [6].

From a healthcare system perspective, immo-
bilization contractures can be costly to manage.
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Such patients may require multiple interventions,
including physical therapy, occupational therapy,
and sometimes surgical procedures, all of which
can be expensive. Moreover, it can result in pro-
longed hospital stays, which can further increase
healthcare costs [7].

Preventing immobilization contractures is cru-
cial to minimizing their impact on patients and the
healthcare system. Early mobilization, physical
therapy, and range-of-motion exercises can all
help prevent the development of this complication
[1; 8].

The need to solve this problem dictates the
search for an adequate animal model of immobili-
zation contractures, which would be closest in
terms of conditions and results to that observed in
patients.

One of such models, in our opinion, could be
plaster immobilization.

The aim of the study was to study the effective-
ness of the experimental model of immobilization
contractures in rats.

Materials and Methods

All experiments were performed in accordance
with the “Regulations on the use of animals in bi-
omedical experiments” with the permission of the
Bioethics Committee and in accordance with Di-
rective 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the
protection of animals used for scientific pur-
poses”. The study protocol was approved by the
Committee on Bioethics, National Pirogov Me-
morial Medical University, Vinnytsya, Ukraine.

The experimental study was conducted on 21
non-linear white male rats aged 6 months. Before
immobilization, the angle of extension and flexion
of the knee joint was measured for all animals. Im-
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mobilization of the hind limb at an angle of 140°
was performed by applying a plaster bandage un-
der anesthesia.

To determine the amount of movement in ani-
mals, the immobilization bandage was removed
once a week, the skin condition was examined
and, if necessary, treated with an antiseptic. Mark-
ers were placed on the hip, knee and hock joints.
To determine the bending angle, the hind limb was
maximally bent. To determine the extension, a
weight of 50 grams was tied to the hock joint.

The animals were photographed and the angle
between the markers on the pictures was meas-
ured. A similar procedure was performed for the
opposite limb. After the measurements were com-
pleted, the immobilization bandage was re-

applied. Measurements were taken at 1-week
intervals during the 4 weeks of immobilization
and 4 weeks after the end of immobilization.

The range of motion was determined based on
these measurements of the extension and flexion
angles. Joint contracture was calculated as the dif-
ference between the determined range of motion
and the range of motion before the start of the ex-
periment for each animal individually.

The obtained data of instrumental studies were
processed statistically using the IBM SPSS Statis-
tics 20.0 application program package (USA). The
mean (M) and standard deviation (SD) were cal-
culated. Comparison of parameters of contrala-
teral limbs was performed using the T-test method
for repeated measurements.

Results and Discussion

The values of the angles of bending and exten-
sion, as well as the volume of movements in the
knee joints of experimental animals are graph-
ically shown in Figures 1-3.
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Fig. 1. The value of the angles of maximum extension in the knee joint of experimental animals.
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Fig. 2. The value of the angles of maximum flexion in the knee joint of experimental animals.
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Fig. 3. The volume of movements in the knee joint of experimental animals.

Before the start of the experiment, the range of
motion in the knee joint was measured in rats. The
results of the statistical analysis showed that all
the studied indicators were the same for both knee
joints in each of the experimental rats.

At the end of 1% week, flexion (p=0.024) and
extension (p=0.010) limitations of the immobi-
lized limb reached a statistically significant level
compared to the contralateral intact limb. The to-
tal range of motion of the immobilized limb
ranged from 106° to 120° and was statistically sig-
nificantly (p=0.002) different from the values for
the intact limb. Contracture during 1st week of the
experiment averaged 5° (from 0° to 13°). Moreo-
ver, a slight restriction of the range of motion was
observed in both knee joints. In comparison with
the control values before the beginning of the ex-
periment, there were statistically significant chan-
ges in the angle of extension (p=0.041), the angle

of flexion (p=0.040) and the total range of motion
(p=0.011) of the immobilized joint. At the same
time, no significant changes were observed in the
opposite knee joint (p>0.05).

In general, during the period of immobiliza-
tion, there was a progressive impairment of the
function of the immobilized knee joints of all ex-
perimental animals. Thus, at the end of the 4th
week of immobilization, the limits of flexion
(p<0.001) and extension (p<0.001) on the immo-
bilized limb gained even greater statistical signif-
icance in comparison with both the opposite intact
limb and with 1st week of immobilization. A sim-
ilar tendency was demonstrated by indicators of
the volume of movements in the joint. The total
range of motion of the immobilized limb ranged
from 41° to 67°, for the intact limb — from 93° to
111°. At the same time, the differences were sta-
tistically significant (p<0.001). Also, statistically
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significantly (p<0.001), these indicators differed
from the indicators before the beginning of the
study. Contracture on the 4th week of the experi-
ment was (63+7)° for the immobilized limb and
(17+£6)° for the intact limb. Movement limitation
was statistically significant (p<0.001) both when
compared between opposite limbs and when com-
pared with baseline data.

In the post-immobilization period (from the
5th to the 8th week of the study), a progressive re-
covery of the studied indicators was observed both
for the immobilized limb and for the intact limb.

Thus, the indicators of extension and flexion of
the limbs after immobilization, although signifi-
cantly (p<0.001) differed from the initial values,
but were also significantly (p<0.001) better than
the values at the end of the immobilization period.
Indicators of extension and flexion of intact limbs
were not significantly different from the initial
values (p>0.05). As for the range of maotion, this
indicator for both limbs was significantly (p<
<0.001) higher than the values at 4™ week of the
study, but was also significantly lower (p<0.001
and p=0.015 for immobilized and intact limbs, re-
spectively) than the initial values. Overall range of
motion ranged from 79° to 92° for immobilized
limbs and from 112° to 120° for intact limbs. The
contracture at the 8th week of the experiment was
(33£5)° for the immobilized limb and (4+3)° for
the intact limb. Limitation of movements after im-
mobilization was statistically significant (p<0.001)
both when compared with the opposite limb and
when compared with baseline and 4™ week data.
Limitation of movements of intact limbs was sig-
nificantly (p<0.001) lower than the indicators at
the 4™ week of the study and was not significantly
different (p>0.05) from the initial data.

The data obtained during the study coincide
with the results of other researchers. Thus, in the
work of Chimoto et al. [9] immobilization of the
knee joints in rats using an internal fixator in a fle-
xion position of 150° was performed. The aim of
the study was to develop an animal model of joint
contracture to further investigate the progression
of arthrogenic limitation of motion after immobi-

References

lization. The study demonstrated a rapid progres-
sion of joint contracture up to 8 weeks. Although
our experiment lasted only 4 weeks, we observed
the progression of the contracture every week.
Similar trends were demonstrated by other au-
thors, in particular Kojima et al. [10].

Regarding the restoration of range of motion
after immobilization, according to Trudel et al.
[11] complete recovery of joint movements after
30 days of immabilization does not occur even on
the 8th week of the post-immobilization period. At
the same time, Sato et al. [12] reported a 32-week
period required for full movement recovery after
joint fixation in rats.

In general, the experimental model of plaster
immobilization of the knee joint tested by us al-
lows to create a persistent pronounced limitation
of movements and can be used for further study of
various methods of prevention and treatment of
immobilization contractures.

Conclusion

Experimental model of 4-weeks plaster immo-
bilization of the knee joint allows to create a per-
sistent pronounced limitation of movements and
can be used for further study of various methods
of prevention and treatment of immobilization
contractures.

In the future, it is planned to study various
modes of vibration therapy for prevention and
treatment of immobilization contractures in the
experiment.
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Abstract

Introduction. In the context of distance learning in the sphere of valeology, the significance of
university students’ gaining computer literacy and English skills can hardly be overestimated.
Therefore, it is relevant to organize an integrative learning format within valeological education
based on parallel forming both digital and linguistic competencies of students in order to increase
the efficiency of training.

Purpose of the study is to analyze the mutual influence of digital, linguistic and valeological
competences in the health-saving environment of higher education of Ukraine.

Methods. The system analysis and bibliosemantic methods underlie the research.

Results. Inconsistencies in understanding the content of the studied competencies, which affect
the methods of their forming and the evaluation of the learning outcomes, have been identified.
Values and levels of formation of digital and linguistic competences in the European Union have
been determined. The essence of valeological competence and proposals on the assessment of the
levels of this competence formation has been disclosed by the group of Kharkiv researchers. The
common characteristics of the assessment of the levels of forming the competences under study
have been detected.

Conclusions. It has been ascertained that digital and linguistic competences are necessary for
forming university students’ valeological competence. The research has proved that gaining ut-
most effectiveness to that end is enabled through the realization of synergetic principles.

Keywords: health-saving higher education, valeological competence, digital competence, linguis-

tic competence, university students, distance learning, synergy in joint competences formation.

INTRODUCTION

Modern higher education in Ukraine is under-
going a severe test due to the COVID-19 pan-
demic and the armed conflict on its territory. The
forced transition from classroom to distance and
mixed learning, as well as from distance synchro-
nous to distance asynchronous learning requires
all participants of the educational process to be
fluent in modern digital technologies [1]. The abil-
ity to teach and study effectively in the digital
space in modern competence-based education
makes up the digital competence [2]. Digital com-
petence is also defined as the expertise in using
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digital tools and the legal suitability of the spe-
cialist for a certain position which excludes doing
without digital literacy. Digital competence is also
one of the key competences for lifelong learn-
ing [3].

It is also difficult to imagine modern education
without foreign language training. The complex of
knowledge in vocabulary and the ability to apply
it in productive (oral and written speech) and re-
ceptive (reading and listening) types of speech ac-
tivity; capability for operating language tools,
which requires knowledge of such language ele-
ments as phonetic peculiarities; specific character
of forming and differential features of grammati-
cal forms and constructions; preparedness and
ability to select and understand relevant infor-
mation from foreign-language texts with the help
of key words, descriptors and concepts we define
as the linguistic competence. The integrative
nature and adaptivity of the virtual information
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environment are largely determined by multilin-
gualism [4]. It is obvious that English is the most
widely used language in Ukraine and all over the
world. The English-language information space is
an important source of knowledge and at the same
time an environment for international learning,
self-education, and the functioning of digital edu-
cational platforms [5]. English is one of six work-
ing languages of the United Nations (UN) and the
international language of medicine [6; 7], al-
though at the beginning of the 20th century, Eng-
lish, German and French were used equally in
medicine [8].

The Ukrainian higher education system is still
being reformed. it is relevant to mention that
transformation processes were significantly boos-
ted in 2014 when the country totally set a course
for a gradual integration in the European and
world community [9]. In the context of reforms,
the trends in the development of digital and lin-
guistic competences of university students and
teachers, the use of the English language for tea-
ching foreign students and constructing a health-
saving educational environment remain unchan-
ged [9-11]. New effective methods of forming the
valeological competence are being actively sear-
ched for [12-18].

Despite the fact that a number of researchers
point to the relevance of gaining parallelism of the
vectors of forming health-saving and digital com-
petences along with language and digital ones
[19-21], up to now there are no works devoted to
the concept of simultaneous development of digi-
tal, linguistic and valeological competencies in
Ukrainian higher education.

Purpose of the study is to analyze the mutual
influence of digital, linguistic and valeological
competences in the health-saving higher educa-
tion of Ukraine.

Materials & methods

The research has been carried out using the
bibliosemantic method and the method of system
analysis. Research papers presented in PubMed
and Google Academia, declarations and regulations
of the UN, the European Union (EU) and Ukraine
have served as research materials for our study.

Results & discussion

The competence-based approach in education
has a distinctive feature, namely the understand-
ing of the same competence can be different de-
pending on the area of education (humanitarian or
technical, medical or non-medical). This mostly
concerns competencies that are not defined in regu-

latory documents. For example, in the sphere of
non-pedagogical sciences, the notion “pedagogi-
cal competence” is sometimes narrowed down to
the ability to teach is [22], whereas, in fact, this
concept means a systemic unity of pedagogical
knowledge, experience and personal features of
the teacher that enables execution of effective ed-
ucational activities. Approximately the same thing
one can witness in non-medical higher education,
when the valeological competence is regarded as
a derivative from the medical competence [23]. In
view of this, it is relevant to distinguish this com-
petence from other key competences of the medi-
cal university graduate, namely diagnostic, cura-
tive and preventive ones [24; 25].

According to the Digital Competence Frame-
work for Citizens (DigComp) the digital compe-
tence is defined as “confident, critical and respon-
sible use and interaction with digital technologies
for learning, professional activity and participa-
tion in social life” [3; 26] and since 2006 this com-
petence has been on the list of eight key compe-
tences. Digital competence includes knowledge
(regarding digital etiquette, copyright, licensing
policies data, information and digital content, en-
vironmental safety, the impact of digital technol-
ogies on human health) and skills (concerning in-
formation retrieval, digital content search, com-
munication by means of digital technologies, cre-
ating digital content, programming, protecting de-
vices, digital content and personal data from net-
work threats, identifying needs and technical so-
lutions to problems). Environmental protection in-
cludes the issue of safe disposing computer equip-
ment. The aforementioned framework is a refer-
ence point for bringing Ukrainian legislation in
compliance with the EU standards in terms of dig-
italization.

In the context of our research it is relevant to
state that forming the linguistic competence
should be realized with due regard for the EU pol-
icy of multilingualism, which dates back to the
second half of the 20™ century, when there was
encouraged mastering languages, prompted lin-
guistic diversity in the society, developed a multi-
lingual economy, ensured access to the European
legislation and information in various European
languages, provided conditions for migrants’ in-
tercultural dialogue and labor mobility, etc. In
view of this in the course of Ukraine’s integration
process in the EU, at the national level a broad sci-
entific discussion on unifying the concept of mul-
tilingual education is being held.
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At present the valeological competence is be-
ing formed within distance learning, which is
based on digital technologies and skills. And alt-
hough some authors evaluate distance learning
positively [27] (as it is carried out at any time con-
venient for the student, is flexible and cheap, pro-
vides access to a large amount of educational in-
formation), others, on the contrary, point out the
disadvantages of distance learning compared to
the classroom format [28], and especially the
weak points of distance asynchronous learning
[29]. However, a high level of digital and linguis-
tic competence in any learning environment can
improve the process of forming the valeological
competence, because teaching valeological discip-
lines [30-32] is based on the use of digital plat-
forms for distance learning, which facilitate hold-
ing web-conferences, making online surveys,
watching video materials, working with Ukrainian
and English professional terminology in terms of
compiling an appropriate glossary, etc.

There are various definitions of the competen-
cies under our study. It is clear that to a certain
extent the selection of training methods and cor-
rect definition of their essence both the methods
forming these competences and the effectiveness
of the outcomes of their forming depends on the
correct understanding of their essence. We regard
the health-saving competence (or the valeological
competence) as the ability to lead a healthy life-
style, practice safe behavior patterns and provide
emergency aid in critical situations [33]. Taking
into account the fact that the list Ukrainian higher
education standards contains a number of health
care issues [35], we believe that the valeological
competence is mandatory for the graduate of any
university in Ukraine. The term “valeological
competence” is more typical of scientific-peda-
gogical literature, whereas in educational stand-
ards and other regulatory legal acts of Ukraine, the
notion “health-saving competence” is used. The
translation of this concept into English also adds
variability to the issue of trying to unify this phe-
nomenon (health saving, health protection, health
preserving) [11; 13; 24; 35]. Health-saving com-
petence is often considered in combination with
the ecological competence, and as a component of

“ecological-valeological culture” [36; 37]. The
spectrum of the concepts of “linguistic culture”
and “digital culture” is also broader than the one
of the corresponding competencies [38—40]. But
the very concept of culture of the university
graduate, which must be formed in the course of
his/her academic training, raises fewer questions
than the list of competencies that must be formed
in accordance with education standards. Regard-
less of whether we are talking about general-, pro-
fessional-, or corporate culture, its three compo-
nents — digital, linguistic and valeological ones —
look like intuitively understandable parts of a sing-
le whole.

A number of interdisciplinary studies on health
education also suggest that, ultimately, compe-
tence must become a part of the general and pro-
fessional culture. However, unlike research in the
linguistic and digital fields [41], there is still no
unified understanding of the content of the valeo-
logical competence [13]. So, for example, the con-
cept of multilingualism in Ukrainian scientific
space gradually changed to “bilingualism”, and
after that to the “linguistic competence”. Speeding
up a similar process of the valeological compe-
tence crystallization can be gained through the
evaluation of its effectiveness by following the
model of assessing the efficiency of forming lin-
guistic and digital competences in accordance
with the criteria adopted not only in the EU, but
also throughout the world (Table): as for foreign
languages — according to the standards of the
Common European Framework of Reference
(CEFR) [43] and in terms of digital capabilities
[44, p. 87] there are 6 levels of competence mas-
tery (Al, A2, B1, B2, C1, and C2).

The levels of valeological competence for-
mation are suggested to be determined in accord-
ance with Bloom’s taxonomy [44; 45]. It reflects
the ability of the individual with formed compe-
tences to solve professional and everyday prob-
lems at six levels, namely “to remember”, “to un-
derstand”, “to apply”, “to analyze”, “to evaluate”,
and “to create”. It should be mentioned the im-
portant common feature of this scale and the ones
of the formation levels of linguistic and digital
competences, lies in integration of each previous

Table. Levels of forming linguistic and digital competences according to the EU standards

Level of competence formation
Competence Al A2 Bl B2 Cl C2
Linguistic, CEFR Beginner Elementary Intermediate Upper- Advanced Proficiency
Intermediate
Digital Newcomer Explorer Integrator Expert Leader Pioneer
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level in each subsequent one. Another common
feature is the definition of the minimum required
level in accordance with the conditions for further
application of the competence. In view of this, for
instance, in some countries, a foreign language
proficiency at the C1 level is the minimum re-
quired one for admission to a PhD postgraduate
course, and B2 — for admission to a master’s de-
gree program. Similarly, it is suggested that it is
acceptable to achieve the valeological competence
formation at the levels of “to analyze” and “to
evaluate” for bachelors, and “to create” — for mas-
ter’s degree students.

We have also detected the following regular-
ity: forming any special competence within dis-
tance learning format is impossible without a
formed digital competence, and is less effective
without a sufficient level of linguistic competence
formation. In course of studying valeological dis-
ciplines, due to working in a digital environment
and completing tasks on creating a glossary of
professional terms, digital and linguistic compe-
tences are being formed in parallel.

Conclusions

Thus, digital and linguistic competences are
necessary for forming valeological competence
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