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Forms of infectious complications after use of metal foreign bodies
of the auricle and determination of the ability of detected
microorganisms to biofilm formation
Mishina M. M., Bondarenko O. V.
Kharkiv National Medical University, Kharkiv, Ukraine

Ear or nose are quite vulnerable to foreign bodies. Foreign bodies cause various side
effects in the body. A special ategory consists of foreign bodies that are introduced for
aesthetic purposes, in particular piercing products. Decoration implanted in the tissues
of the ear or nose is a foreign body and is a field of increased contamination and
reproduction of pathogenic and opportunistic microorganisms. The aim of the study
was to determine the infectious forms of complications that occurred after prolonged
use of metal foreign bodies and to study the ability of biofilms by microorganisms
isolated from the pathological contents of the foreign body of the auricle. 93 patients
who applied to the ENT department of Kharkiv Regional Hospital for complications after
implantation of metal foreign bodies and 10 people, control group, which had no foreign
bodies, and were randomly selected from healthy individuals, were examined, to
determine the qualitative composition of the microbiocenosis of the auricle skin. The
material for the study was pathological discharge from a foreign body of the auricle.
The microbiological study was performed using MICRO-LA-TEST identification kits.
Studies of the formation of biofilms were studied by determining the ability of bacterial
strains to adhere to the surface of polystyrene. The obtained cultures were washed with
suspension media individual for each family of bacteria. The optical density of bacterial
suspensions was measured using a microplate reader "MultiskanEX" (type 355).
Statistical analysis of the obtained data was performed using MSExcel, Statisica 10
software. As a result of the conducted researches the dependence between the
development of infectious complications of the auricle in the presence of metal foreign
bodies and the microbiocenosis of the pathological focus was revealed. The study
allowed to establish the structure of the microbial landscape of the skin of the auricle
in the area of the metal foreign body, to determine the dominant forms of complications
of infectious origin, after prolonged use of metal foreign bodies and to study the ability
to form biofilms by microorganisms from different metals. The ability of various types
of microorganisms to form biofilms when using products from different types of metals
has been studied. It is established that the use of metal foreign bodies made of silver
and gold reduces the risk of purulent-inflammatory process. It is proved that the optical
density of biofilms of most microorganisms isolated from the pathological contents of
the area of foreign bodies made of silver and gold is significantly lower than when using
steel and titanium products.
Keywords: microbiocenosis, microorganisms, purulent-inflammatory process, auricle,
complications, foreign bodies, biofilms.
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Introduction
The microbial landscape of the skin of the auricle under

the influence of external factors has changed over time. If
previously the leading causative agent of purulent-
inflammatory complications of implantation of metal foreign
bodies was considered Staphylococcus aureus, recently

the role of Pseudomonas aeruginosa has increased to an
average of 78 % of cases [29]. In some cases, bacterial or
bacterial-fungal associations act as an etiotropic factor.
The ratio of different types of microorganisms that are part
of the microflora of the skin of the auricle can serve as an
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indicator of the functional value of the mechanisms of
protection of the microorganism. The microflora of the skin
is the result of a set of complex relationships of micro- and
macroorganisms, taking into account the influence of many
aggressive environmental factors, including the puncture of
the auricle [14]. It is known that most bacteria in the
environment exist in the form of biofilms attached to
substrates, the formation of which is a complex and regulated
biological process [1, 27]. The formation of biofilms by
microorganisms is one of the mechanisms of bacterial
survival in the environment [5, 17].

From the studied features of skin microbiocenosis in
pathological conditions, namely in the occurrence of
purulent-inflammatory process, the existence of the
phenomenon of mutual enhancement of pathogenicity in
associations of fungi of the genus Candida and bacteria
has been proved [23]. In this case, fungi cause sensitization
of the body, suppress the functional activity of cellular
immunity and neutrophil phagocytosis, contribute to the
development of allergodermatoses and the spread of
microbial infection [2].

Under stressful conditions for the body, which includes
the implantation of metal foreign bodies, there is a selection
of opportunistic pathogens that acquire the properties of
pathogenicity and persistence [4, 8]. As a result, the
translocation of microbes and toxins into the bloodstream
and infection of lymphoid tissue occurs and is maintained,
so opportunistic pathogens can become etiological agents
of infectious diseases of the skin. Today, most
microbiologists recognize that a significant number of
microorganisms in natural and artificial environments exist
in the form of structured, attached to the surface of groups -
biofilms, which show a change in phenotype, expressed by
changes in growth parameters and expression of specific
genes [9, 15, 19]. The film usually includes 15-20 % of the
bacterial mass, which is firmly attached to a surface, and
80-85 % of the protective matrix, which reduces the effect of
antibiotics and antiseptics on target microcultures by tens,
hundreds and even thousands of times [20, 28]. Biofilms
are continuously changing heterogeneous groups that may
consist of a single species of bacteria or fungi or, more
often, may be polymicrobial. It is known that the formation
and development of microbial communities is coordinated
by the system "quorum sensing" (QS), the main function of
which is the production of signaling molecules and the ability
of bacteria to perceive these signals [7]. The QS system
controls the cell density of the bacterial population, the
production of many extracellular pathogenic factors, which
provides bacteria with the opportunity to overcome the
protective mechanisms of the macroorganism during
infection [21]. In the case of QS inhibition, the production of
bacterial virulence factors is reduced and the formation of
the biofilm is disrupted [12, 28].

The purpose of the study is to determine the infectious
forms of complications that occurred after prolonged use of
metal foreign bodies and to study the ability to form biofilms

by microorganisms isolated from the pathological contents
of the foreign body of the auricle.

Materials and methods
The work was performed on the basis of the ENT clinic of

Kharkiv National Medical University. We examined 93
patients who applied to the ENT department of the Kharkiv
Regional Hospital for complications after implantation of
metal foreign bodies and 10 people, control group, to
determine the quality of the microbiocenosis of the skin of
the auricle, who had no foreign bodies, and were randomly
selected from healthy persons.

The obtained material from the area of the foreign body
of the auricle was taken and delivered to the laboratory in
accordance with the requirements of collection and delivery
of material for microbiological laboratories proposed by the
Shupyk National Medical Academy of Postgraduate
Education (Kyiv). The material for the study was pathological
discharge from a foreign body of the auricle.

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), the
Helsinki Declaration of the World Medical Association on
the ethical principles of scientific medical research with
human participation (1964-2008), and the order of Ministry
of Health of Ukraine № 690 dated 23.09.2009. The
conclusion of the Commission on Ethics and Bioethics of
Kharkiv National Medical University confirms that the study
was conducted in compliance with human rights, in
accordance with current legislation in Ukraine, meets
international ethical requirements and does not violate
ethical standards in science and standards of biomedical
research.

The microbiological study was performed using MICRO-
LA-TEST identification kits, which are designed for standard
identification using micromethods and allow the
identification of most clinically important microorganisms in
a short time. The following nutrient media were used for
primary seeding: 5 % blood agar, Chistovich's yellow-salt
agar, Endo medium, Hottinger's medium, Tarozzi's semi-
liquid medium, Saburo's medium.

When determining the concentration of microbial cells,
the percentage of viable cells is determined, which is
determined by the number of living cells per unit volume of
suspension (number of colony-forming units in ml - CFU/
ml). Standardization of the microbial suspension was
performed using the McFarland turbidity standard (McF -
McFarland) using a device "Densi-La-Meter". Studies of the
formation of biofilms were studied by determining the ability
of bacterial strains to adhere to the surface of polystyrene in
96-well plates for enzyme-linked immunosorbent assay [17,
20, 26]. Cultures were grown according to generally accepted
methods in microbiology on the suspension media
recommended for each family of bacteria. The obtained
cultures were washed with suspension media individual for
each family of bacteria. The optical density of the initial
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bacterial suspension was measured on a "Densi-La-Meter"
and adjusted to the appropriate McFarland concentration
using a suspension medium. The optical density was
measured using a microplate reader "MultiskanEX" (type
355), which is a photometer with replaceable filters and is
able to perform standard photometric measurements.

Statistical analysis of the obtained data was performed
using MSExcel software, Statisica 10 [3, 30]. These
programs have a complete set of proven statistical
procedures, with an in-depth understanding of the
relationships between data and the structure of forecasts
[30]. The results of the mean values of the indicators between
the groups were compared using parametric (Student's test)
and non-parametric criteria (U Mann-Whitney, χ2 Pearson)
[13, 22].

The probability of intergroup differences of particles is
calculated using Fisher's exact criterion φ. We used the
method of correlation analysis as well as methods of
descriptive statistics. The difference between the indicators
was considered probable at p<0.05.

Results
The total number of the group was 93 people, with an

absolute predominance of women (94.6 %), which
corresponds to a gender ratio of 1:18. The structure of
complications found in patients of the clinical group was
dominated by perichondritis of the auricle and secondary
infection; the category of "other" complications included
atheroma formation, rupture and defects of the earlobe, etc.

In total, 26 cases of secondary soft tissue infection, 18
cases of auricle defects, 15 cases of perichondritis, 7 cases
of contact dermatitis, 7 cases of keloid scars, and 20 other
complications were registered in the structure of
complications, incl. atheroma and ruptures of the earlobe.

When comparing the frequency of complications, it was
found that people who use silver, gold or composite jewelry,
the chances of developing different types of pathology are
almost the same (Table 1).

Exclusion criteria were the presence of traumatic brain
injury, generalized infectious, somatic and genetic diseases.

Table 2 shows the results of comparing the frequency of
complications in patients with metal foreign bodies of the
clinical group.

The structure of the microbiocenosis of the skin of the
auricle of the control group was represented by the following
microorganisms: Peptostreptococcus spp. - (2.2±0.2)x102

CFU/ml; Staphylococcus aureus - (1.5±0.5)x102 CFU/ml;
Micrococcus spp. - (1.4±0.3)x101 CFU/ml; Enterococcus
spp. - (2.1±0.2)x101 CFU/ml; Candida spp. - (2.4±0.3)x
102 CFU/ml; Actinomyces spp. - (1.6±0.2)x101 CFU/ml;
Staphylococcus epidermidis - (1.4±0.2)x102 CFU/ml;
Enterobacter spp. -(2.2±0.4)x10 1 CFU/ml; Е. coli -
(1.4±0.1)x10 1 CFU/ml; Staphylococcus рyogenes  -
(1.1±0.1)x101 CFU/ml.

As a result of the study, it was found that out of 93 people,
complications occurred in 21 people (22.6 %) who used

silver products (group I). In the microbiological analysis of
patients in the area of a foreign body in patients with
atheroma, the degree of contamination of Staphylococcus
аureus (5.8±0.4)x104, S. рyogenes (7.4±0.8)x103,
Staphylococcus еpidermidis (5.4±0.6)x103, Candida spp.
(4.1±0.8)x102 was 2 times higher than in the control group.
However, their number is acceptable values for a normal
microbial landscape (n=x101-4). The analysis of the condition
of the microflora of the skin of the auricle of patients with
contact dermatitis showed that the number of opportunistic
pathogens did not exceed normal values and corresponded
to the control group. Among the complications after prolonged
wearing of silverware, was a secondary infection, which is
localized in the area of the foreign body. As a result of the
study it was found that the degree of contamination of the
foreign body area was quite high, in the area of secondary
infection were isolated: Staphylococcus аureus (9.6±0.8)x108

CFU/ml; Staphylococcus еpidermidis (6.3±0.2)x106 CFU/ml;
Candida spp. (3.4±0.4)x106 CFU/ml, which were the

Table 1. Comparison of the frequency of complications of metal
foreign bodies depending on the chemical composition of jewelry.

Silver Gold Alloy Titanium

Silver  2=0.950
р=0.333

 2=0.522
р=0.471

2=7.547
р=0.011
2=0.041

Gold  2=3.563
р=0.058

 2=13.424
р=0.000
2=0.041

Alloy
 2=7,042
 р=0.012
 2=0.041

Table 2. Stratification characteristics of complications in individuals
of clinical groups of the contingent of the prospective stage of the
study.

Number of
examined

Material of
products

Complications
Number of

complications

absolute %

Clinical group (persons with implants in the auricles), n=93

І group
(n=21) silver

atheroma 12 12.9

contact dermatitis 5 5.4

secondary infection 4 4.3

ІІ group
(n=25) gold

perichondritis 7 7.5

secondary infection 11 11.8

keloid scars 7 7.5

ІІІ group
(n=37) alloy

rupture of the earlobe 6 6.5

auricles defect 13 14.0

contact dermatitis 2 2.2

perichondritis 8 8.6

secondary infection 8 8.6

ІV group
(n=10) titanium

rupture of the earlobe 2 2.2

auricles defect 5 5.4

secondary infection 3 3.2

Mishina M. M., Bondarenko O. V.
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etiological factors of secondary infection in the area of the
metal foreign body. Pathogenic properties of microbial
contamination were manifested due to the reproduction of
microorganisms and their penetration from the surface into
the wound tissue.

Further studies were performed to determine the ability
of microorganisms sown from the pathological contents of
a foreign body to form biofilms. According to the results of
the study, it was found that all isolates formed dense diurnal
biofilms: Peptostreptococcus spp. - (1.942±0.083) OD;
Staphylococcus aureus - (2.959±0.091) OD; Micrococcus
spp. - (1.683±0.042) OD; Enterococcus spp. - (2.214±0.071)
OD; Candida spp. - (3.622±0.091) OD.; Actinomyces spp. -
(3.462±0.083) OD; Staphylococcus epidermidis  -
(2.791±0.060) OD; Enterobacter spp. - (2.382±0.080) OD;
Е. coli - (1.640±0.041) OD; Staphylococcus рyogenes -
(2.732±0.091) OD.

Among 93 people, 25 (26.9 %), who wore gold products,
had complications in the form of perichondritis and keloid
scars by 7 and 11 - secondary infections of the metal foreign
body, group II. Microbiological examination of patients with
perichondritis revealed that the microbial landscape of the
skin of the auricle of the experimental group of patients
differed from the control group in content, Staphylococcus
aureus (8.4±0.9)x104, Staphylococcus pyogenes
(6.3±0.5)x103, Candida spp. (6.2±0.6)x103 та Е. coli
(1.4±0.2)x104, which exceeded the contamination of the
foreign body area of the control group by 2 - 3 degrees.
However, their number corresponded to the values of the
normal microflora of the skin of the auricle. Among the
complications of wearing gold products is the occurrence of
secondary infection. As a result of the study, as in the use of
silver products, etiological agents found that the degree of
contamination of the foreign body was an order of
magnitude higher than in the group of patients who used
silver products and 3 - 7 orders of magnitude higher than
in the control group. From the area of secondary infection
were identified: Staphylococcus aureus (4.6±0.4)x109 CFU/
ml; Staphylococcus еpidermidis (3.7±0.3)x107 CFU/ml; Е.
coli (4.8±0.4)x107 CFU/ml; Enterobacter (8.6±0.8)x107 CFU/
ml; Candida spp. (9.8±0.3)x106 CFU/ml; Actinomyces spp.
(7.8±0.8)x105. It was found that the microorganisms
isolated from the pathological content formed dense
biofilms: Peptostreptococcus spp. - (1.986±0.082) OD;
Staphylococcus aureus - (2.312±0.093) OD; Micrococcus
spp. - (1.342±0.041) OD; Enterococcus spp. - (2.420±0.073)
OD; Candida spp. - (3.761±0.080) OD; Actinomyces spp. -
(3.521±0.062) OD; Staphylococcus epidermidis  -
(1.573±0.060) OD; Enterobacter spp. - (2.640±0.082) OD;
Е. coli - (1.462±0.044) OD; Staphylococcus рyogenes -
(2.191±0.090) OD.

Among the identified complications in patients wearing
gold products, keloid scars were observed in 7.0 %. When
determining the structure of the microbiocenosis of the
skin of the auricle of patients with keloid scars, after using
gold products, it was found that there was no significant

difference between the composition of microorganisms in
the normoflora of the control group and the experimental.

It was found that among the persons who sought help
37 (11.5 %) used alloy products, group III. Of these, 6 -
cases of rupture of the earlobe, 13 - ear defects, 8 cases of
perichondritis and secondary infection and 2 - contact
dermatitis.

Microbiological examination showed that the degree of
contamination of the skin of the auricle of patients with
rupture of the earlobe when using surgical alloy products
was higher by 2 - 3 orders of magnitude than in the control
group. The microflora was presented: Staphylococcus
aureus (5.8±0.4)x106 CFU/ml; Peptostreptococcus spp.
(8.2±0.6)x106 CFU/ml; Е. coli (2.9±0.8)x106 CFU/ml;
Staphylococcus epidermidis  (5.4±0.6)x10 6 CFU/ml;
Enterobacter spp. (7.2±0.9)x106 CFU/ml; Candida spp.
(4.1±0.8)x106 CFU/ml. A complication after prolonged
wearing of surgical alloy products was the occurrence of
contact dermatitis in the area of a foreign body. The analysis
of the condition of the microflora of the skin of the auricle
showed that the degree of microbial contamination
corresponded to the control group. Of all cases of
complications after wearing alloy products, perichondritis
of the auricle was detected in 21.6 %. The structure of the
microbiocenosis was presented by: Е. coli (6.8±0.3)x106

CFU/ml; Staphylococcus epidermidis (2.4±0.7)x106 CFU/
ml; Enterobacter spp. (6.7±0.8)x106 CFU/ml та Actinomyces
spp. (4.2±0.3)x105 CFU/ml.

After a microbiological study, it was found that the degree
of contamination in the area of foreign bodies in secondary
infection was quite high, and we identified: Staphylococcus
аureus (6.8±0.6)x109 CFU/ml; Staphylococcus еpidermidis
(3.8±0.4)x109 CFU/ml; Candida spp. (8.4±0.8)x106 CFU/
ml; Е. coli (5.4±0.6)x108 CFU/ml; Enterobacter spp.
(4.2±0.5)x108 CFU/ml, which were the etiological factors of
secondary infection in the area of foreign bodies. A
particularly favorable moment for the development of
infection was the presence of damaged tissues and
hemorrhages in the wound, which contributed to the
development of microorganisms. The main form of bacterial
existence is biofilms, not individual planktonic cells. Being
in this phenotypic form for a long time, microorganisms
produce extracellular polysaccharides and become more
tolerant to biocides, namely antibiotics, antiseptics and
disinfectants and recover quickly after mechanical
destruction, and again form dense biofilms within 24 hours.
Therefore, according to the results of the study, it was found
that all isolates formed dense daily biofilms:
Peptostreptococcus spp . - (2.159±0.040) OD;
Staphylococcus aureus - (2.942±0.082) OD; Micrococcus
spp. - (1.931±0.070) OD; Enterococcus spp. - (2.672±0.044)
OD; Candida spp. - (3.984±0.062) OD; Actinomyces spp. -
(3.841±0.083) OD; Staphylococcus epidermidis  -
(2.283±0.092) OD; Enterobacter spp. - (2.958±0.081) OD;
Е. coli - (2.194±0.060) OD; Staphylococcus рyogenes -
(2.681±0.044) OD.

Forms of infectious complications after use of metal foreign bodies of the auricle and determination of the ability...
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In the study of the group of patients who used titanium
products - 10 (10.8%), group IV. The structure of
complications was represented by: ruptures of the earlobe
when wearing tunnels in 2 patients, in 5 - ear defects and
in 3 - secondary infection of metal foreign bodies.

The microbiological study found that the degree of
contamination of the skin of the auricle of patients with
rupture of the earlobe after using titanium products was
higher than in the control group, the microflora was
represented by: Staphylococcus aureus 4x107 CFU/ml;
Peptostreptococcus spp. 9x105 CFU/ml; Е. coli 8x106 CFU/
ml; Staphylococcus epidermidis  8x107 CFU/ml;
Enterobacter spp. 4x106 CFU/ml; Candida spp. 7x104 CFU/
ml мл; Staphylococcus pyogenes  9x105 CFU/ml;
Micrococcus spp. 8x105 CFU/ml, the number of which
exceeded normal values of skin colonization by these
microorganisms.

In the study of the area of secondary infection were
identified: Е. coli (3.6±0.3)x107 CFU/ml, Staphylococcus
аureus (8.4±0.8)x108 CFU/ml; Staphylococcus еpidermidis
(6.5±0.6)x108 CFU/ml; Candida spp. (4.2±0.4)x105 CFU/
ml, Enterobacter (3.9±0.4)x107 CFU/ml; Enterococcus
(4.6±0.4)x106 CFU/ml, which were the etiological agents of
secondary infection. Further research was conducted to
determine the ability of microorganisms sown from the
pathological contents of the foreign body zone to form
biofilms. It is proved that when using titanium products,
from pathological secretions microorganisms had the
ability to form dense biofilms, forming an association of
microbes: Candida albicans, E. coli, Staphylococcus
aureus та Staphylococcus еpidermidis. The optical density
of biofilms of microorganisms isolated from the
pathological contents of the area of the foreign bodies of
the auricle using titanium products were significantly higher
than those used when using silver or gold products:

Peptostreptococcus spp.  - (2.061±0.042) OD;
Staphylococcus aureus - (2.540±0.073) OD; Micrococcus
spp. - (1.661±0.041) OD; Enterococcus spp. - (2.512±0.032)
OD; Candida spp. - (3.864±0.040) OD; Actinomyces spp. -
(3.683±0.043) OD; Staphylococcus epidermidis  -
(1.872±0.061) OD; Enterobacter spp. - (2.893±0.060) OD;
Е. coli - (1.753±0.040) OD; Staphylococcus рyogenes -
(2.531±0.042) OD.

Discussion
Analyzing the data obtained, it can be argued that the

number of microorganisms that colonize the skin of the
auricles increases in the presence of foreign bodies of
alloys and titanium. Prolonged use of metal foreign bodies
made of silver and gold reduces the possibility of purulent-
inflammatory process and prevents the formation of dense
biofilms, as one of the main factors of pathogenicity and
resistance of microorganisms to antimicrobial drugs.

The formation of biofilms is one of the main strategies
that increases the survival of bacteria in the environment,
including in the host organism [6]. The ability of
microorganisms to exist in biofilms creates great difficulties
for medical practice [10, 29], as it significantly increases
the resistance of bacteria to antibacterial drugs [16, 21], as
well as to the effects of disinfectants [18], adverse
environmental factors such as low or high pH levels, high
osmotic power and the body's immune defenses [11]. The
formation of bacterial biofilms on implants and equipment,
catheters, artificial heart valves, lenses, venflons is the
cause of a number of purulent-inflammatory processes
with severe course [16]. Despite its great popularity and
prevalence, the implantation of metal foreign bodies in the
auricles has certain problems related to human health.
The implantation of metal foreign bodies is associated
with perforation of the skin, mucous membranes, muscles,

Fig. 1. Optical density of biofilms formed by microorganisms isolated from the zone of metal foreign bodies.
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cartilage, with the subsequent implantation in them of
various products made of surgical steel, titanium, noble
and polymeric materials [3, 24]. Then there may be
complications: violation of the microbiocenosis of the skin,
purulent-inflammatory processes of the ear or nose, the
formation of keloid and hypertrophic scars, bleeding,
defects of the auricles, allergic reaction to foreign body
material [9, 25]. In case of insufficient observance of the
rules of asepsis, namely: use of non-sterile instruments,
insufficient treatment of the implantation site, violation of
care techniques after implantation, use of low-quality
products, the wound is infected with pathogenic
microorganisms [24].

This study showed that the predominant forms of
complications of infectious origin, after prolonged use of
metal foreign bodies, are perichondritis of the auricle 16.1
% and secondary infection 27.9 %. Since one of the main
factors of non-specific protection of the body from
environmental microorganisms is the skin, those
microorganisms that are opportunistic pathogens and
contaminate our skin, when this mechanical barrier is
damaged, due to the emergence of a favorable environment
(blood, serum in place of damage), begin to show their
pathogenic factors. Among them, toxins, pathogenic
enzymes and the ability to form biofilms, which cause
specific inflammation, which is manifested by infectious-
inflammatory processes. It was proved that
microorganisms that are isolated from the area of the metal
foreign body had the ability to form dense biofilms. The
formation of biofilms by isolated microorganisms is one of
the mechanisms of the existence of bacteria in the
environment [21]. Biofilms are highly organized, mobile,
heterogeneous biological systems, which consist of actively

functioning cells and cells at rest, enclosed in an
exopolymer matrix [6]. They may consist of one or more
species of microorganisms [7]. It was previously thought
that microorganisms form biofilms on medical devices,
such as catheters, endotracheal tubes, IUDs, contact
lenses [8]. Currently, it is shown that biofilms of
microorganisms are detected in more than 90 % of cases
of purulent-inflammatory diseases [9]. Under natural
conditions, organisms exist and show their activity, usually
in associations, which can change under the influence of
new objects introduced into the biosphere, which did not
exist before, for example, synthetic polymeric materials and
products from them [14].

Studies have shown that the optical density of biofilms
of the detected microorganisms was quite different and
depended on the type of metal and the type of
microorganism (Fig. 1).

 Microscopic examination of mixed biofilms revealed
that the use of metal foreign bodies made of steel and
titanium produces dense biofilms, compared with biofilms
formed by microorganisms when using silver and gold
products.

Conclusions
1. The predominant forms of complications of infectious

origin, after long-term use of metal foreign bodies, are
perichondritis of the auricle 16.1 % and secondary infection
27.9 %.

2. Studies have shown that the use of silver and gold
products prevents the formation of dense biofilms, as one
of the factors of pathogenicity and resistance of
microorganisms, as well as reduces the possibility of
purulent-inflammatory processes of the auricle.
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Morphological changes in the tissues of the knee joints of rats in
carrageenan-induced experimental arthritis
Pelypenko O. V.
Ukrainian Medical Stomatological Academy, Poltava, Ukraine

Every fifth inhabitant of the earth has been diagnosed with osteoarthritis of various
etiologies. Morphological studies of arthritis provide a theoretical basis for creating
optimal treatments for this pathology. Given the polyetiological nature of the disease,
the choice of the optimal experimental model, which would be as close as possible to
the real conditions of inflammatory process reproduction, is the topical issue. The
purpose of the study was to confirm the pathological reaction of the joint tissues of
laboratory animals in response to intraperitoneal administration of ?-carrageenan. The
study was performed on 50 white Wistar rats males aged 12 weeks, weighing 130-150
g. The animals were euthanized by an overdose of anaesthesia according to the terms
of the study (1 - 30 days). Fragments of the distal metaepiphyses of the femur and
proximal metaepiphyses of the tibia were used for histological examination. Staining of
sections obtained on the microtome was performed with haematoxylin, eosin, and Van
Gieson`s stain. From the first day of the experimental study, a corresponding reaction
of the joint tissues was being observed. Particularly pronounced were the changes in
the synovial membrane in the form of oedema of the villi accompanied by an increased
filling of blood vessels with foci of thrombosis. Gradually, up to 5 days in the synovial
membrane, proliferative changes took place with a clear definition of the multilineage
of the integumentary layer, vascular reaction with a tendency to thrombosis, in some
places necrosis of synoviocytes was observed, but relative integrity of the morphological
structure was still provided by protective barriers of bone and cartilage. On the 7th day
pronounced resorption of both bone and cartilage tissue occurred, tissue structure
became disorganized and functional layer became thin, accompanied by massive
intracellular lysis. The process of synoviocytes necrobiosis with fatty degeneration
spread. The histological picture of 10 days is characterized by generalized destruction
of bone beams; the destroyed cartilage was replaced by granulation tissue with the
presence of cavities. Massive foci of lymphocytic infiltration were observed in the
synovial membrane. On the 14th day, a fragmentation of cartilage happened, most of
the bone beams (trabeculae) were destroyed. After 3 weeks the morphological picture
of cartilage tissue was determined by the appearance in the lacunae of viable cells, the
number of which was close to normal. Bone beams were restored, although they
remained thin. In a synovial membrane, the hyperplasia of apical departments of villi,
leukocytes infiltration, disorganization of connective tissue, and separate vascular
disturbances remained. 30 days of the experiment were characterized by a relative
recovery of structural relationships to normal. The obtained data confirm the feasibility
of using carrageenan in experimental studies of osteoarthritis.
Keywords: osteoarthritis, knee joint, rats, carrageenan.
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Introduction
The reasons for the development of inflammatory and,

as a consequence, degenerative-dystrophic changes of
the joints are various, and therefore, scientists who perform
experimental research, have a difficult choice of
experimental techniques to obtain the most reliable data

based on the objectives.
The available literature allows us to conclude that most

studies are devoted to the study of the peculiarities of
rheumatoid arthritis [4, 16, 19]. A large number of works are
devoted to post-traumatic arthritis [6, 8, 21].
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Nevertheless, in the general structure of diseases
according to Alekseeva L. I. [1], a significant amount of cases
are nonspecific idiopathic arthritis or arthritis caused by
degenerative-dystrophic changes of the joint, as an
exacerbation of a chronic process.

All these conditions have different etiopathogenesis,
although a similar clinical picture, so the choice of adequate
effective treatment is a topical problem.

Almost all drugs undergo preclinical studies in the
context of creating appropriate biological experiments.
Currently, the study of drug action in intact laboratory
animals and experimental pathology is carried out following
international standards, according to GLP (Good laboratory
practice). The conditions of experimental research should
meet state regulations on bioethics. Of course, these norms
are humane and reflect the position of mankind concerning
the ecology of the planet, but from the standpoint of scientific
requirements, they significantly limit the informativeness
of experimental sources.

However, to create a model of post-traumatic osteoarthritis,
a large number of techniques have been proposed, which
are based either on direct mechanical damage of the articular
cartilage (or a complex of articular elements) or on creating
joint instability with subsequent development of pathological
changes. An overview of these techniques is covered in detail
in the articles of Gromyko M. V. and Gritsuk A. I. [9] and
Mc Coy А. М. [14]. The main feature of these experimental
studies is the mandatory presence of significant energy
applied to the joint or repeated (chronic) joint injury, which
occurs in human society with a probability of only 12 % [2].

To date, a large number of issues regarding metabolic
osteoarthritis remain unresolved. The lack of understanding
of the nature of the inflammatory process affecting the joint
tissues, the polyvalence of pathological processes, the
presence of a significant number of classifications of
arthrological diseases make certain demands on
experimental models of certain pathologies. The choice of
the optimal model depends on many research-related
factors, which are based on the capabilities of research
centres, urgency, efforts of obtaining the desired results,
increasing the reliability of data due to quantity, and taking
into account situational features of immediate research
tasks, etc [17, 22].

The most common model of experimental arthritis is
an attempt to initiate rheumatoid arthritis by various
methods. By definition, it is a systemic connective tissue
disease with a predominant lesion of small joints with an
erosive-destructive component of unknown aetiology with
complex autoimmune pathogenesis. This state is achieved
by the following methods: 1) the introduction of oil solutions
(adjuvant induction); 2) introduction of autogenous solutions
(collagen induction); 3) infectious induction. Often these
techniques are combined. This model when used in the
experiment on small animals provides a picture of chronic
inflammation of the joints accompanied by the systemic
response of the organism.

Each of these techniques has its advantages and
disadvantages over each other. Complex procedure for
antigen preparation, multicomponent administration of
antigen, duration of the experiment due to the slow process
of clinical manifestations of the disease (collagen-induced
arthritis); the expressed bacteria-specific answer with
development of acute inflammatory process (adjuvant-
induced arthritis) does not always allow to receive the
model corresponding for the experiment [7, 9].

The purpose of the study was to confirm the pathological
reaction of the joint tissues of laboratory animals in
response to the intraperitoneal administration of
  -carrageenan, followed by the use of experimental data to
determine the therapeutic effect of biologically active
substances.

Material and methods
This paper presents a fragment of an experimental study

performed on 50 white Wistar rats males aged 12 weeks,
weighing 130-150 g, according to the current legislation,
including the "Rules for the use of laboratory experimental
animals", 1984 and the Helsinki Declaration of Humane
attitude to animals.

There were 10 animals in the intact group, which, given
the purity of the line of test samples, and, accordingly to the
requirements for statistical reliability of the data were
considered quite sufficient.

The experimental group consisted of 40 animals, which
were simulated aseptic inflammation by intraperitoneal
administration of 5 mg of   -carrageenan ("Sigma" USA)
dissolved in 1 ml of isotonic sodium chloride solution.

Animals were euthanized by an overdose of
anaesthesia according to the terms of the study (1 - 30
days).

Histological material - fragments of the distal
metaepiphyses of the femur and proximal metaepiphyses
of the tibia - were fixed with 10 % neutral formalin, after
decalcification of bone tissue they were dehydrated in
alcohols of increasing concentrations and immersed in
paraffin. Staining of sections obtained on the microtome
staining was performed with haematoxylin, eosin, and Van
Gieson stains, followed by the study of the material using a
microscope Biorex-3 BM-500T with a digital photomultiplier
DCM 900 with programs adapted for these studies.

Results
From the first day of the experimental study, a

corresponding reaction was observed in the joint tissues
of the knee joints of rats. Changes in the synovial
membrane in the form of inflammatory phenomena of the
synovial membrane were especially pronounced.
Significant oedema of the villi accompanied by increased
filling of blood vessels with foci of thrombosis, mostly
parietal, indicated the presence of an acute inflammatory
process. Fragmentary defibering of collagen fiber groups
in comparison with the intact group was also observed

ƛ 

ƛ 



(Fig. 1).
The histological picture of bone tissue did not differ

from the norm, although the filling of blood vessels,
especially the venous component, corresponded to the
process of activation of anti-inflammatory mechanisms.

Articular cartilage retained a columnar structure, but
near the subchondral bone were found elements of
chondrocytes pyknosis with the formation of gaps (Fig. 2)

Fig. 1. Swelling of the villi of the synovial membrane. Hematoxylin-
eosin. x400.

Fig. 2. Elements of chondrocyte pycnosis. Hematoxylin-eosin. x400.

Fig. 3. Fragmentation of the integumentary layer of the synovial
membrane. 5th day. Hematoxylin-eosin. x400.

Fig. 4. Resorption of bone beams. 7th day. Hematoxylin-eosin.
x400.

Fig. 5. Necrobiosis of synoviocytes. 7th day. Hematoxylin-eosin.
x400.

Fig. 6. Generalized destruction of bone tissue. 10th day.
Hematoxylin-eosin. x400.
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Gradually, up to 5 days in the synovial membrane,
proliferative changes take place with a clear definition of
the multilineage of the integumentary layer, vascular
reaction with a tendency to thrombosis. In some place's
necrosis of synoviocytes is observed, but relative integrity
of the morphological structure is still provided by protective
barriers of bone and cartilage (Fig.3).

Protective barriers of bone and cartilage also ensure
the relative integrity of the morphological structure.

On the 7th day, there is pronounced resorption of both
bone and cartilage tissue, the structure became
disorganized, the thinning of the functional layer, and
massive intracellular lysis occurred.

The process of necrobiosis of synoviocytes spreads,
as evidenced by the foci of intracellular lysis with fatty
degeneration (Fig. 4, 5).

The histological picture after 10 days is characterized
by generalized destruction of bone trabeculae; the
destroyed cartilage is replaced by granulation tissue with
the presence of cavities.

Massive foci of lymphocytic infiltration are determined

in the synovial membrane (Fig. 6, 7).
On the 14th day, there is a fragmentation of cartilage,

most of the bone beams are destroyed. Massive pyknosis
and karyolysis of chondrocytes are characteristic of this
period.

In the synovial tissue the microcirculatory tract is
dominated by the venous component, the vascular wall of
the arterioles is thickened; there is lacunarity around the
vessels, fragmentation of collagen fibers. The cover layer
is thinned or absent in some places (Fig. 8).

After 3 weeks, the morphological picture of cartilage
tissue is determined by the appearance in the lacunae of
viable cells, the number of which is close to normal. Bone
beams are restored, although they remain thin. From a
synovial membrane the hyperplasia of apical departments
of villi, infiltration by leukocytes, disorganization of
connecting fabric, separate vascular disturbances remain.

On the 30 day of the experiment, a relative return of
structural relationships to normal was observed.

Discussion
Another place in the reproduction of experimental

osteoarthritis is occupied by chemically induced models,
the advantages of which are the absence of the need for
surgery, which denies the influence of the external infectious
component of inflammation; ease of manipulation; the short
time of obtaining results, which is of particular importance
when performing short-term research. The special
significance of these minimally invasive techniques lies in
the approximation to the real conditions of development of
the inflammatory process of the joint in humans and, most
importantly, the possibility of using this model for purely
therapeutic intervention [12].

It should be noted that the chemicals that are mostly
used for the reproduction of experimental arthritis (talc,
turpentine, formalin, etc.) do not reflect the real picture of
the disease due to the impossibility of them penetrating
the joint under real conditions. In this regard, substances
with a probable effect on joint tissues met in everyday life
or during treatment are of great interest to scientists whose
work is focused on practical experience [11, 17]

A special place in these conditions is occupied by
experimental studies of participation in the homeostasis
of   -carrageenan - a substance that in a certain
concentration is found in high demand foods, used in
industry as a preservative, and registered as a food additive
E 407. As stabilizer carrageenan, is also used in the
production of household chemicals (toothpaste, hair-gels,
and air fresheners). Most experimental studies of the
biological activity of carrageenan are devoted to its
participation in the development of pathological changes
in the gastrointestinal tract; however, there is a large amount
of work that indicates a significant effect of carrageenan on
the functioning of other systems and organs. The presence
of inflammatory processes in the experiment was found in
laboratory animals also in the liver, salivary glands, joint

Fig. 7. Lymphocytic infiltration of the synovial membrane. 7th day.
Hematoxylin-eosin. x400.

Fig. 8. Fragmentation of cartilage tissue. 14th day. Hematoxylin-
eosin. x400.
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tissues [15].
The study of the last localization was first reliably

confirmed in the works of Levy L. [13]. Reproduction of
experimental arthritis was performed by intraplantar
administration of 1 % carrageenan solution. Sugishita E.
in 1981 described the acute phase of mouse paw oedema
using a 3 % solution of carrageenan. Subsequent studies
of scientific heirs have proven the existence of a sequence
of development of two phases of the acute inflammatory
process in paraarticular tissues [10, 20, 23].

Intraplantar administration of carrageenan is used to
create conditions for the study of inflammatory processes
of the extremities at the present stage [5, 18].

The effect of carrageenan on the functional components
of the joint due to changes in the general condition of the
body is isolated. Most scientists consider the reaction of
the joint tissues as a reproduction of the model of
rheumatoid arthritis, which causes a reason for discussion.
Violation of homeostasis, caused by the introduction of an
active substance of a certain concentration, is naturally
reflected in the form of functional changes in highly

sensitive tissues, which certainly include tissues that form
the elements of the musculoskeletal system, especially
the most mobile [3].

These data served as a basis for choosing the use of
  -carrageenan to reproduce a model of experimental
nonspecific knee arthritis.

Our experimental study showed that intraperitoneal
administration of certain concentrations of carrageenan
causes pathological changes of an inflammatory nature in
the joint tissues.  Manifestations of nonspecific arthritis
gradually increase up to 14 days, followed by restoration of
morphological structure up to 30 days. Early manifestations
of inflammation, as well as residual changes, are most
characteristic of the synovial tissue of the joint.

Conclusions
The obtained data confirm the expediency of

intraperitoneal administration of  -carrageenan in
experimental studies to reproduce a model of nonspecific
arthritis of the knee joints.
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Peculiarities of relationships of characteristics of adaptation
capabilities of the organism and indicators of motor activity of
students
Serheta I. V., Drezhenkova I. L., Panchuk O. Yu., Bandurka N. M., Dmitriev M. O.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

The health of student youth is largely determined by the level of functional capabilities
of the organism, which depends on the level of motor activity, that is the total number of
movements that a person performs in a given period of time. The purpose of the work is
to establish the features of the relationship between the characteristics of adaptive
capacity, functional status and level of development of psychophysiological functions
and criteria for motor activity of students. The research was conducted on the basis of
National Pirogov Memorial Medical University, where 385 students (200 young girls and
185 young boys) were supervised, who, taking into account the peculiarities of the
distribution of different levels of motor activity, were divided into 3 comparison groups
- with potentially low, medium and potentially high levels of motor activity. The values of
daily energy consumption, number of locomotions and duration of the dynamic
component in the daily budget were used as the leading criteria of hygienic assessment
of students' motor activity. Functional features and adaptive capabilities of the organism
were determined using conventional methods. The analysis of the obtained results
involved the use of a standard application package of multidimensional statistical
analysis "Statistica 6.1 for Windows". The results of studies conducted on the basis of
correlation analysis procedures indicate the fact that the largest number of correlations
between the characteristics of psychophysiological functions and the leading
characteristics of health and indicators of academic performance in professionally
oriented disciplines studied are recorded in girls, and boys who belonged to the group
with an average level of physical activity (daily energy expenditure of 9000-11000 kJ in
young girls and 11000-13500 kJ in young boys). The use of cluster analysis procedures
during the prognostic assessment of indicators of health and academic performance in
professionally-oriented disciplines, made it possible to identify 3 clusters of the studied
characteristics of the functional state of students, which have the most pronounced
effect on their values: visual-motor speed cluster (indicators of the latent period of
simple and differentiated visual-motor response), visual-sensory cluster (indicators of
critical fusion of light flickers and efficiency of work performed) and integrative-
coordination cluster (a number of indicators that reflect the properties of major nervous
processes, characteristics coordination of movements, indicators of attention functions,
etc.). Using factor analysis procedures, it determined that both young girls and young
boys have the most positive impact on academic performance in vocational disciplines
such factors as "functional state of the visual sensory system", "functional state of
coordination" and "functional state of higher nervous activity".
Key words: students, motor activity, functional state of organism, adaptation
capabilities, peculiarities of relationships.
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Introduction
The issues of preserving the health of student youth,

improving the adaptive and functional capabilities of girls
and boys who study are among the most pressing issues

of theoretical and preventive medicine that need to be
addressed [13, 15, 20].

In this context, it should be noted that the processes of
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gradual deterioration in the performance of students of
modern higher education institutions, which are registered,
raise these issues to one of the key places in the structure
of unresolved issues and determine the comprehensive
development of such areas of hygiene for children,
adolescents and young people as university medicine in
general and university hygiene in particular [3, 8, 13].

Numerous recent scientific studies have shown that
the health of student youth is largely determined by the
level of functional capabilities of the body, which, in turn,
depends on the level of motor activity, ie the total number of
movements that a person performs for a single time interval
(minute, hour, day, week). Therefore, the criterion indicators
of motor activity of children, adolescents and youth are motor
activity during educational and work activities, motor activity
in the process of physical education, motor activity in free
time, etc. [5, 6, 14, 17, 18].

However, it should be noted that in contrast to the
physiological and hygienic regulation of motor activity of
student youth, which have been the subject of a number of
scientific studies conducted in recent decades, the
physiological and hygienic regulation of motor activity of
student youth is almost not studied, although and the
conditional classification of the factors influencing
processes of formation of habitual motor activity is defined.
As favorable factors determine a healthy lifestyle, optimal
alternation of work and rest, physical and mental work, a
rational daily routine, a variety of means of physical
education and more. Instead, among the unfavorable
factors include educational overload, neglect of physical
culture, unfavorable psychological climate, the presence
of bad habits [1, 4, 7, 14, 17, 22, 23].

However, so far not fully formed idea of the basics of
students' health on the basis of physiological and hygienic
features of motor activity, not studied features of normal
motor activity of modern students studying in higher medical
education, not studied features of psychophysiological
functions of the body and processes of formation of
characteristics of mental and physical working capacity of
students which differ in features of the organization of motor
activity, etc.

The purpose of the work is to establish the features of
the relationship between the characteristics of adaptive
capacity, functional status and level of development of
psychophysiological functions and criteria for motor activity
of students.

Materials and methods
Comprehensive research was conducted on the basis

of National Pirogov Memorial Medical University, Vinnytsya.
385 students (including 200 young girls and 185 young
boys) were supervised in the dynamics of the 6-year period,
which, taking into account the peculiarities of the distribution
of different levels of motor activity, were divided into 3
comparison groups - respectively into groups with potentially
low (1 group of motor activity - values of daily energy

consumption up to 9000 kJ in young girls and up to
11000 kJ in young boys), average (2 group of physical activity
- values of daily energy consumption from 9000 to 11000
kJ in young girls and 11000 to 13500 kJ in young boys) and
potentially high (3 group of motor activity - values of daily
energy expenditure over 11000 kJ in young girls and over
13500 kJ in young boys) levels of motor activity.

The values of daily energy consumption, number of
locomotions and duration of the dynamic component in
the daily budget of time were used as the leading criteria of
hygienic assessment of students' motor activity. The values
of daily energy consumption (kJ) were calculated by applying
the time-table method. The number of locomotions in the
daily cycle (steps) was determined based on the use of
standard digital pedometers SIGETA PMT-01, І-PDM 2002
new та Pedometr G014. The duration of the dynamic
component in the daily budget of time (minutes) was
estimated by timing the main types of daily educational
and extracurricular activities [15, 17].

Functional features of higher nervous activity were
evaluated on the basis of determining the values of latent
periods of simple and differentiated visual-motor response,
indicators of mobility and balance of nervous processes
using chronoreflexometry, functional characteristics of the
visual sensory system and somatosensory analyzer were
investigated by estimating the values of the critical frequency
of light flicker on the basis of the technique "Svitlotest" and
coordination of movements by tremometry, stability of
attention and mental performance were studied using
Schulte tables and based on the use of proofreading [9,
14, 16, 17, 19].

Indicators of morbidity with temporary disability and
chronic morbidity and the results of subjective assessment
of students' own health were used as criterion indicators
of the state of health and adaptive capacity of the organism.
At the same time, academic performance indicators were
determined on the basis of copying data on annual and
intermediate student performance, as well as in
accordance with the results of final tests in individual
disciplines with their subsequent analysis [9, 14, 16, 19].

The obtained data were subjected to statistical
processing using the application package of
multidimensional statistical analysis "Statistica 6.1"
(licensed № ВXXR901E245722FA) based on the
application of procedures of descriptive statistics,
correlation, cluster and factor analysis.

Results
Analyzing the results obtained during the application of

correlation analysis procedures, it should be noted that
the indicators of health and adaptive capacity of the body,
typical for young girls of the 1st group of motor activity (daily
energy consumption up to 9000 kJ), were determined to
have a close correlation with the characteristics of the level
of development of such psychophysiological functions as
the magnitude of the latent period of a simple visual-motor



reaction (r=0.34, p<0.05), mental endurance (r=0.35,
p<0.05), the critical frequency of light flicker (r=-0.28, p<0.05)
and the integrated indicator of coordination of movements
(r=0.27, p<0.05), however, indicators of the level of academic
success in professionally-oriented disciplines to be
determined were marked by the presence of close
correlations with the latent period of differentiated visual-
motor reaction (r=0.37, p<0.05), mental endurance (r=0.39,
p<0.05), critical frequency of light flicker (r=-0.54, p<0.01)
and bones of touch during tremometry (r=0.27, p<0.05).

At the same time, the indicators of health and adaptive
capacity of the body, inherent in young boys of group 1
motor activity (daily energy expenditure up to 11000 kJ),
which were determined, had a close correlation with the
characteristics of the level of development of
psychophysiological functions such as balance nervous
processes (r=0.39 p<0.05), the degree of involvement in
the activities performed (r=0.37, p<0.05), and mental
endurance (r=0.34, p<0.05), at the same time, indicators
of the level of academic performance in professionally-
oriented disciplines to be determined, were characterized
by strong correlations with the critical frequency of light
fusion flicker (r=-0.43, p<0.05) and the integral indicator of
coordination of movements during tremometry (r=0.32,
p<0.05).

During the assessment of the relationship between
health indicators and adaptive capacity of the body, inherent
in girls 2 groups of motor activity (daily energy expenditure
from 9000 to 11000 kJ), a close correlation was established
between the studied values and the characteristics of the
level of development such psychophysiological functions
as the magnitude of the latent period of a simple visual-
motor reaction (r=0.44, p<0.01) and differentiated visual-
motor reaction (r=0.33, p<0.05), balance (r=0.41, p<0.001)
and mobility (r=0.31, p<0.05) of nervous processes and
the number of touches during tremometry (r=0.28, p<0.05),
at the same time, indicators of the level of academic
success in professionally oriented disciplines, which were
determined, were characterized by strong correlations with
the values of the latent period of simple visual-motor
reaction (r=0.53, p<0.001) and differentiated visual-motor
reaction (r=0.49, p<0.001), (r=0.38, p<0.01) and mobility
(r=0.29, p<0.05) nervous processes, the critical frequency
of light flicker (r=-0.41, p<0.05) and the number of touches
during tremometry (r=0.30, p<0.05).

However, indicators of health and adaptive capacity of
the body, inherent to young people of 2 group of motor
activity (daily energy expenditure from 11000 kJ to 13500
kJ), which were determined, had a close correlation with
the characteristics of the level of development of
psychophysiological functions such as the magnitude of
the latent simple visual-motor reaction (r=0.68, p<0.001)
and differentiated visual-motor reaction (r=0.46, p<0.001),
balance (r=0.42, p<0.001) and mobility (r=0.36, p<0.05) of
nervous processes, the critical frequency of light flicker (r=-
0.36, p<0.05) and the number of touches during tremometry

(r=0.38, p<0.01), at the same time, indicators of the level of
academic success in professionally-oriented disciplines
to be determined were characterized by the presence of
strong correlations with the values of the latent period of
simple visual-motor reaction (r=0.47, p<0.001) and
differentiated visual-motor reaction (r=0.46, p<0.001),
balance (r=0.38, p<0.01) and mobility (r=0.29, p<0.05) of
nervous processes and the number of touches during
tremometry (r=0.32, p<0.05), ie a much larger number was
registered there are correlations than in the previous case.

Finally, during the research it should be noted that the
indicators of health and adaptive capacity of the body,
inherent in girls 3 groups of physical activity (daily energy
expenditure above 11000 kJ), which were determined, were
closely correlated with the characteristics of the level of
development such psychophysiological functions as the
values of the latent period of differentiated visual-motor
response (r=0.34, p<0.05) and data on the number of
touches (r=0.31, p<0.05) and the values of the integrated
index of coordination of movements (r=0.35, p<0.05) during
tremometry, however, indicators of academic performance
in professionally oriented disciplines were subject to
determination, were characterized by the presence of
strong correlations with the balance of nervous processes
(r=0.37, p<0,05), as well as indicators of the number of
touches (r=0.34, p<0.05) and the values of the integrated
index of coordination of movements during tremometry
(r=0.29, p<0.05).

At the same time, the indicators of health and adaptive
capacity of the body, inherent in young men of the 3rd group
of motor activity (daily energy expenditure over 11000 kJ),
which were determined, had a close correlation with the
data of the correlates of psychophysiological functions both
for the number of touches (r=0.30, p<0.05) and the values
of the integrated indicator of coordination of movements
(r=0.32, p<0.05) during tremometry, at the same time,
indicators of the level of academic success in professionally
oriented disciplines were characterized by strong
correlations with the values of critical fusion (r=-0.35, p<0.05)
and integrated coordination of movements during
tremometry (r=0.35, p<0.05). Thus, it was among the
representatives of this group of students that the lowest
number of correlations was observed between such
important from the adaptively significant point of view
indicators as leading characteristics of health status and
indicators of academic success in professionally oriented
disciplines and a number of subjects' indicators of
psychophysiological functions.

During the use of cluster analysis procedures for both
young girls and young boys group 1 of physical activity (daily
energy consumption up to 9000 kJ in young girls and up to
11000 kJ in young boys) and in the case of determining the
leading characteristics of health, and in the case of
prognostic assessment of the level of academic
performance in professionally-oriented disciplines, the
presence of 3 leading clusters of psychophysiological
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functions should be considered inherent, namely: visual-
motor speed cluster (cluster № 1), visual-sensory cluster
(cluster № 2) and integrative-coordination cluster ( cluster
№ 3). The visual-motor speed cluster should include
indicators of the latent period of simple and differentiated
visual-motor response, the visual-sensory cluster -
indicators of the critical frequency of light flicker fusion and
the efficiency of work performed, the integrative-coordination
cluster - a number of indicators that reflect as properties of
the main nervous processes, accurate in their content
characteristics of coordination of movements, especially
the number of touches during tremometry and an integrated
indicator of coordination of movements, as well as a
number of characteristics of attention functions such as
degree of involvement in mental activity and mental
endurance, and the last cluster was the closest to the
characteristics of health and academic performance, which
were studied in the multidimensional space of the
measured indicators.

The situation was similar for both students of the 2nd
group of physical activity (the level of daily energy expenditure
from 9000 to 11000 kJ for young girls and from 11000 kJ to
13500 kJ for young boys). During the research, both during
the determination of the leading characteristics of health
and during the prognostic assessment of academic
performance in professionally-oriented disciplines, the
following clusters of psychophysiological functions should
also be considered a priority: visual-motor speed cluster
(cluster № 1), visual-sensory cluster (cluster № 2),
integrative-coordination cluster (cluster № 3). These
included indicators of the latent period of simple and
differentiated visual-motor response (cluster № 1),
indicators of critical fusion of light flicker and efficiency of
work performed (cluster № 2), a number of indicators that
reflect the properties of the main nervous processes,
accurate in terms of content characteristics of coordination
of movements, especially the number of touches during
tremometry and an integral indicator of coordination of
movements, as well as a number of characteristics of
attention functions, such as the degree of involvement in
activities and mental endurance (cluster № 3) and as in
the previous case, the last cluster was the closest to the
characteristics of health and academic performance in the
multidimensional space of indicators measured.

Finally, the relationship between the leading
characteristics of health status and the characteristics of
the level of academic performance in professionally
oriented disciplines and psychophysiological functions of
students of the 3rd group of motor activity (daily energy
expenditure over 11000 kJ in young girls and over13500 kJ
in young boys) was quite similar to the previous two cases.
And in this case the most significant should be considered
visual-motor speed cluster (cluster № 1), visual-sensory
cluster (cluster № 2), integrative-coordination cluster
(cluster № 3). The visual-motor speed cluster included
indicators of the latent period of simple and differentiated

visual-motor response, the visual-sensory cluster included
indicators of the critical frequency of light flicker fusion and
the efficiency of work performed, the integrative coordination
cluster included a number of indicators. reflecting as
properties of the main nervous processes, accurate in their
content characteristics of coordination of movements,
especially the number of touches during tremometry and
an integral indicator of coordination of movements, as well
as a number of characteristics of attention functions such
as degree of involvement and mental endurance. The latter
cluster, in this case as well, was closest to the
characteristics of health and academic performance that
were studied in the multidimensional space of the
measured indicators.

According to the data of factor analysis procedures
among students belonging to 1 group of motor activity,
features of interdependence of characteristics of level of
educational success on professionally-oriented disciplines
(y) and indicators of development of psychophysiological
functions of young girls and young boys should be defined
and formalized in the form relationships (1-2):

in young girls of 1 group of motor activity:
y = 0.391f1 + 0.135f2 + 0.438f3; (1)
where the factor f1 - should be defined as the "functional

state of the visual sensory system" (the share of variance -
32.68 %) and is associated with the critical frequency of
fusion of light flickers of female students; factor f2 - should
be defined as a "functional state of coordination of
movements" (the share of variance - 21.71 %) and, above
all, includes in its structure indicators that provide
information about the features of such leading
characteristics of coordination abilities of the studied girls
as indicators of the number of touches tremometry and the
value of the integrated indicator of coordination of
movements; factor f3 - should be defined as a "functional
state of higher nervous activity" (the share of variance -
22.38 %) and, above all, combines in its structure indicators
of the latent period of differentiated visual-motor response
and balance of nervous processes in young girls;

in young boys of 1 group of motor activity:
y = 0.3121f1 + 0.194f2 + 0.505f3; (2)
where the factor f1 - should be defined as the "functional

state of the visual sensory system" (the share of variance -
33.59 %) and is associated with the critical frequency of
fusion of light flickers of students; factor f2 - should be
defined as the "functional state of coordination of
movements" (the proportion of variance - 26.95 %) and
combines in its structure the characteristics of the body's
coordination abilities, namely: indicators of the number of
touches during tremometry, test speed and magnitude
integrated indicator of coordination of movements; factor f3
- should be defined as a "functional state of higher nervous
activity" (the proportion of variance - 24.50 %) and, above
all, includes in its structure indicators of the latent period of
simple and differentiated visual-motor response of young
boys.
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Peculiarities of interdependence between the
characteristics of the level of academic success in
professionally-oriented disciplines (y) and indicators of
development of psychophysiological functions of the body
among students belonging to 2 groups of motor activity, it
was necessary to present and formalize in the form of
relationships (3-4):

in young girls of 2 group of motor activity:
y = 0.324f1 + 0.212f2 + 0.428f3; (3)
where the factor f1 - should be defined as a "functional

state of higher nervous activity" (the share of variance -
32.20 %) and, above all, combines in its structure indicators
of the latent period of simple and differentiated visual-motor
response of girls; factor f2 - should be defined as the
"functional state of the visual sensory system" (the share
of variance - 25.87 %) and is associated with the critical
frequency of fusion of light flickers of female students; factor
f3 - should be defined as "functional state of coordination of
movements" (dispersion share - 22.89 %) and, first of all,
includes in its structure indicators that provide information
about the features of such leading characteristics of
coordination abilities of the studied young girls as
indicators of the number of touches tremometry and the
value of the integrated indicator of coordination of
movements;

in young boys of 2 group of motor activity:
y = 0,388f1 + 0,395f2 + 0,237f3; (4)
where the factor f1 - should be defined as "functional

state of higher nervous activity" (the share of variance - 31.83
%) and, above all, includes in its structure indicators of the
latent period of simple and differentiated visual-motor
response of adolescents, factor f2 - should be defined as
functional the state of the visual sensory system "(share of
variance - 23.87 %) and is related to the indicators of the
critical frequency of merging of light flickers of students; factor
f3 - should be defined as the "functional state of coordination
of movements" (the share of variance - 27.02 %) and
combines in its structure the characteristics of coordination
abilities, namely: indicators of the number of touches during
tremometry, test speed and the value of the integral
movement coordination indicator;

Peculiarities of the interdependence between the
characteristics of the level of academic success in
professionally-oriented disciplines (y) and indicators of
development of psychophysiological functions of the body
among students belonging to 3 groups of motor activity,
had to be defined and formalized in the form of relationships
(5-6):

in young girls of 3 group of motor activity:
y2 = 0.190f1 + 0.352f2 + 0.348f3; (5)
where the factor f1 - should be defined as the "functional

state of coordination of movements" (the share of variance
- 28.08 %) and, above all, includes in its structure indicators
that provide information about the characteristics of such
leading characteristics of coordination abilities of the
studied young girls, as indicators of the number of touches

during tremometry and the value of the integrated indicator
of coordination of movements; factor f2 - should be defined
as "functional state of the visual sensory system"
(dispersion share - 27.49 %) and is related to the critical
frequency of fusion of light flickers of female students; factor
f3 - should be defined as a "functional state of higher
nervous activity" (the share of variance - 22.01 %) and, above
all, combines in its structure indicators of the latent period
of simple and differentiated visual-motor response of young
girls;

in young boys of 3 group of motor activity:
y = 0.373f1 + 0.240f2 + 0.338f3; (6)
where the factor f1 - should be defined as the "functional

state of coordination of movements" (the proportion of
variance - 31.00 %), which is determined by the values of
the number of touches during the tremometry; factor f2 -
should be defined as the "functional state of the visual
sensory system" (the share of variance - 28.67 %) and is
related to the critical frequency of fusion of light flickers of
students; factor f3 - should be defined as a "functional state
of higher nervous activity" (the share of variance - 21.59 %)
and, above all, includes in its structure indicators of the
latent period of simple and differentiated visual-motor
response of young boys.

Discussion
The initial component of prognostic research in any

field of preventive medicine should be considered the use
of correlation analysis procedures, the main content of
which is to establish the relationship of the studied
indicators both among themselves and with a number of
criteria that have a certain interpretation of phenomena,
which are observed and analyzed according to the values
of the correlation coefficient and the characteristics of the
degree of its significance [2, 8, 10, 11, 12, 14, 16, 19, 21].

The use of correlation analysis procedures in the
studies showed that the largest number of correlations
between the characteristics of psychophysiological
functions and the leading characteristics of health and
indicators of academic performance in vocational
disciplines studied were recorded in girls and in boys who
belonged to 2 groups of physical activity (level of daily energy
expenditure from 9000 to 11000 kJ in young girls and from
11000 kJ to 13500 kJ in young boys), which according to
existing ideas confirms the most pronounced positive
impact on the processes of their development and
formation of such organization of motor activity. The lowest
number of correlations was characteristic of students of
the 3rd group of physical activity (daily energy expenditure
level over 11000 kJ in young girls and more than 13500 kJ
in young boys), indicators of students belonging to the 1st
motor activity group (daily energy consumption level up to
9000 kJ in young girls and up to 11000 kJ in young boys),
occupied an intermediate position.

The application of agglomeration-hierarchical methods
of cluster analysis, the main purpose of which is to
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determine the patterns of grouping of individual objects of
study taking into account their leading features by combining
into separate local sets, ie into separate clusters in the
multidimensional space of the studied features, provided
an opportunity to (based on finding the minimum distance
between the individual indicators that are closest and
combining them into a single cluster and giving it a common
index, as well as calculating the distances from the formed
clusters to other units of homogeneous groups) identify 3
leading clusters that have a positive impact on processes
of formation of both criterion characteristics of the state of
health, and indicators of the level of academic success in
professionally-oriented disciplines [2, 8, 11, 14, 16, 19, 21].

Adequately, based on the subject and objectives of the
study, the use of cluster analysis procedures both in the
prognostic assessment of leading indicators of health and
in determining the level of academic success in
professionally-oriented disciplines, provided an opportunity
to identify 3 leading clusters of functional characteristics
the body of students who had the most pronounced effect
on their values, namely: visual-motor speed cluster
(indicators of the latent period of simple and differentiated
visual-motor response), visual-sensory cluster (indicators
of the critical frequency of light flicker and work efficiency)
and integrative-coordination cluster (a number of indicators
that reflect both the properties of the main nervous
processes, accurate in their content characteristics of
coordination of movements, especially the number of
touches during tremometry and the value of the integrated
indicator of coordination of movements, and a number of
characteristics tic of attention functions, such as the degree
of involvement in the activity performed and mental
endurance), which was actually the closest to the
characteristics of health and academic performance in the
multidimensional space of the measured indicators.

Another method of establishing the interdependence
of indicators that determine the functional state and
adaptive capacity of the body of young girls and young boys,
which are characterized by different approaches to the
organization of motor activity and, consequently, different
values of motor activity in the context of their impact on the
state of the studied indicators. is a factor analysis, the main
procedures of which provide an opportunity to perform a
quantitative analysis of directly non-measurable indicators
that can be assessed by studying certain features, and,
therefore, allow a correct description of multidimensional
objects with redundant output characteristics based on
deep, system-forming in their content, the processes of
formation of their indicators [2, 8, 11, 14, 16, 19].

Using factor analysis procedures, it was determined
that both young girls and young boys have the most positive
impact on academic performance in vocational disciplines
such factors as "functional state of the visual sensory
system", "functional state of coordination" and "functional
state of higher nervous activity". However, the share of their
variance in the overall structure of factor loads differs

significantly: among students whose daily energy
consumption does not exceed 9000 kJ (young girls) and
11000 kJ (young boys), the most significant contribution is
inherent in such a factor as the "functional state of the visual
sensory system", which is primarily related to the critical
frequency of light flashes fusion of students (young girls
have a share of dispersion of 32.68 %, young boys -
respectively 33.59 %), among students whose daily energy
consumption ranges from 9000 to 11000 kJ (young girls)
and from 11000 to 13500 kJ (young boys), - for such a
factor as "functional state of higher nervous activity" (young
girls have a share of variance of 32.20 %, young boys -
respectively 31.83 %), among students whose daily energy
expenditure exceeds 11000 kJ (young girls) and 13500 kJ
(young boys), - for such a factor as "functional state of
coordination of movements" (in young girls the share of
variance is 32.20 %, respectively, in young boys - respectively
31.83 %).

Given the peculiarities of the processes of professional
development of future medical professionals associated
with the need to assimilate large amounts of theoretically
and practically significant information, this situation
indicates in favor of clear signs of positive effects of motor
mode, characteristic of students, the value of daily energy
expenditure range from 9000 to 11000 kJ and from 11000
to 13500 kJ, respectively, which contributes to the
predominant development of the leading functional
characteristics of higher nervous activity of studying young
girls and young boys.

Conclusions
1. The results of research conducted on the basis of

correlation analysis procedures show the fact that the
largest number of correlations between the characteristics
of psychophysiological functions and the leading
characteristics of health and indicators of academic
performance in professionally oriented disciplines studied,
is registered in both young girls and young boys, who
belong to the 2nd group of physical activity (the level of daily
energy expenditure from 9000 to 11000 kJ in young girls
and from 11000 kJ to 13500 kJ in young boys).

2. The use of cluster analysis procedures both during
the prognostic assessment of leading indicators of health,
and when determining the level of academic success in
professionally-oriented disciplines, provides an opportunity
to identify 3 leading clusters of studied characteristics of
the functional state of students who perform the most
pronounced influence on their values, namely: visual-motor
speed cluster (indicators of latent period of simple and
differentiated visual-motor reaction), visual-sensory cluster
(indicators of critical frequency of flickering of light and
efficiency of work performed) and integrative-coordination
cluster (a number of indicators that reflected as properties
of the main nervous processes, characteristics of
coordination of movements, indicators of attention functions,
etc.), which is closest to the characteristics of health and
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academic performance.
3. When using factor analysis procedures, it was

determined that among both young girls and young boys
the most positive impact on academic performance in
professional-oriented disciplines are factors such as
"functional state of the visual sensory system", "functional
state of coordination" and "functional state of higher nervous
activity".

4. Given the peculiarities of the processes of
professional development of future medical professionals,
which is associated with the need to assimilate large

amounts of theoretically and practically significant
information, the data indicate in favor of clear signs of
positive influence of motor mode inherent in students, the
value daily energy consumption ranges from 9000 to
11000 kJ and from 11000 to 13500 kJ, respectively, which
contributes to the predominant development of the leading
functional characteristics of higher nervous activity of young
girls and young boys and requires further consideration
and analysis from the standpoint of determining its
structural and dynamic characteristics in weekly, monthly
and annual cycles.
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Cognitive disorders in patients after cardiac surgery
Belinskyi A. V.1, Rasputina L. V.2, Mostovoy Y. M.2, Mostova O. P.2, Danilevych T. D.2
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The occurrence of cognitive disorders is a common problem after surgery. The degree
of worsening of cognitive functions after surgery and anesthesia has a significant
impact on the patient's health and is significantly associated with prolonged recovery in
the hospital, increased morbidity and delayed functional recovery. The aim of the study
was to increase the effectiveness of the diagnosis of moderate cognitive impairment
and to determine its gender and age characteristics in patients before and after cardiac
surgery in the early postoperative period (3 and 7 days). We examined 56 patients who
underwent cardiac surgery for coronary heart disease in 37 (66.1 %) and valvular heart
defects in 19 (33.9 %) patients. Assessment of cognitive functions was performed
before surgery, on the 3rd and 7th day of the postoperative period. Testing was performed
using the Montreal Cognitive Test. Statistical processing of the obtained data was
performed on a personal computer using the statistical software package SPSS 12.0
for Windows using parametric and non-parametric methods. It was found that presence
of cognitive disorders before surgery was registered in 37 (66.1 %) patients, mostly
among the age of group of 60-74 years and had no gender difference. It was found that
in the early postoperative period there is a significant worsening of cognitive functions
in patients after cardiac surgery on 3rd day - in 45 (80.4 %), on 7th day - in 44 (78.6 %)
patients, respectively.
Keywords: cognitive disorders, Montreal cognitive test, cardiovascular diseases,
cardiac surgery, coronary heart disease.
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Introduction
Despite the improvement of surgical techniques and

the implementation of effective brain protection strategies,
the incidence of moderate cognitive impairment (CD) after
cardiac surgery has remained relatively stable for many
years. It is established that the frequency of CD in 1-3
months after cardiac surgery is from 10-16 % to 40 % [6,
12, 17]. Most studies show a decrease in its severity over
time from 3 months to 1 year after surgery [6, 14].

The occurrence of postoperative cognitive dysfunction
is associated with a combination of factors often
associated with artificial c irculation: embolism,
hypoperfusion and inflammatory response [2]. However,
not only these factors and their potential brain effects can
lead to CD. It is known that such disorders occur in patients
who underwent heart surgery without artificial circulation,
as well as those who underwent transcatheter interventions.
There is evidence that vascular risk factors play an important
role in the development of both early and late postoperative
cognitive dysfunction [4]. According to A. C. Sauer et al. [22]

delirium after cardiac surgery is independently associated
with decreased cognitive function 1 month after surgery,
but cognitive performance is usually restored within 1 year.
Patients with a predisposition to CD can be identified before
surgery due to worse results in the task of checking
attention.

It should be noted that postoperative cognitive changes
in adults are superimposed on normal age-related
neurophysiological changes [26]. Thus, it is important to
compare postoperative cognitive changes with those
observed before surgery, according to risk factors for
decreased cognitive function. It was found that the
thickness of the intima-media complex of the internal
carotid artery, but not the intima-media of the common
carotid artery, was associated with a higher prevalence of
silent cerebral infarctions, large hyperintensive areas of
white matter, lower total brain volume and lower verbal
memory productivity and nonverbal memory performance
[19].
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Cognitive dysfunction is relatively common in patients
with chronic heart failure (CHF), the deficiency is most
pronounced in the areas of executive function, memory,
speech and mental speed. It was found that 25 % of patients
with CHF had cognitive deficits, compared with 15 % of
patients with cardiovascular disease (CVD) uncomplicated
CHF and 4 % of healthy individuals. Independent risk
factors for CD in patients with CHF are intelligence,
functional class (FC) of CHF and the presence of
apolipoprotein (Apo) E allele 4 [25]. One study assessed
cognitive function depending on the severity of CHF. Severe
cognitive impairment was present in 9.2 % of patients, but
only 20 % of them had dementia. Cognitive dysfunction
was more common in patients with FC IV than with FC II
CHF. Changes in the severity of CHF were not associated
with changes in the severity of cognitive disorders [9].

A number of authors report the association of cognitive
impairment with chronic kidney disease. U. E. Williams et
al. [27] found that the majority of patients (53.2 %) with
stage 3-5 CKD have moderate cognitive impairment
compared to the control group.

A recent study [20] suggests that pre-existing coronary
heart disease (CHD) is associated with an accelerated
decline in cognitive function. The study included 7888
patients who underwent cognitive assessment at the
beginning of follow-up (2002 - 2003) and again in one of
the periods (2004 - 2005) or (2016 - 2017) and did not have
a history of coronary heart disease. The coronary heart
disease incident was identified as a diagnosis of
myocardial infarction (MI) and/or angina pectoris during
follow-up. The results showed that coronary heart disease
is associated with an accelerated decline in cognitive
function during the median follow-up of 12 years. The
annual progression of CD does not differ between groups
with verified coronary heart disease and individuals without
coronary heart disease. There was no short-term decrease
in cognitive function immediately after the MI incident. Over
the years since the diagnosis of coronary heart disease,
global cognition, verbal memory, and temporal orientation
have declined significantly faster than before the MI/angina
incident.

Many researchers have used pre- and postoperative
neuropsychological testing to assess cognitive dysfunction
after cardiovascular surgery. It is known that for most people,
performance improves with retesting at short intervals.
Several methods can explain this learning effect and the
internal variability of retesting [3]. Some tests have "floor"
or "ceiling" effects that reduce the sensitivity to detect
cognitive changes in patients with high or low baseline
cognitive function. For example, the Trail Making Test (Part
B) has a high sensitivity to detecting cognitive impairment
in patients with high levels of cognitive function, but has a
reduced sensitivity to detecting disorders in patients with
severe preoperative cognitive impairment [18]. In contrast,
the Mini Mental Status Examination has a "ceiling" effect in
cognitively healthy people, but is sensitive to cognitive

changes in patients with mild cognitive dysfunction [8]. It is
also important to consider the timing of pre- and
postoperative testing. Cognitive dysfunction in the early
postoperative period is likely to be affected by postoperative
pain, the use of narcotic analgesics and acute
postoperative recovery [7].

It is important for clinical practice to use simple and
reliable tools to help clinicians assess the risk of cognitive
change and identify individuals who need closer monitoring,
prevention, and possibly additional treatment.

The aim of the work is to increase the efficiency of
diagnosis of moderate cognitive impairment and to
determine its sex and age characteristics in patients before
and after cardiac surgery in the early postoperative period
(3 and 7 days).

Materials and methods
56 patients were examined, including 19 (33.9 %) men

and 37 (66.1 %) women (p=0.02). The age of patients
ranged from 31 to 79 years, with an average of 60.86±8.87
years. The gradation by age showed that the group younger
than 45 years included 2 (3.2 %), 45-59 years - 20 (32.3 %),
60-74 years - 31 (50.0 %), 75-90 years - 3 (4.8 %) patient
accordingly.

Cardiac surgery was performed for coronary heart
disease in 37 (66.1 %) and valvular heart defects in 19
(33.9 %) patients (p=0.02). The duration of the operation
ranged from 240 to 600 minutes, averaging 371.9±102.0
minutes. In 25 (44.6 %) cases, operations were performed
in the conditions of artificial circulation (AC) - bypass, the
average duration of which did not differ from operations
without AC (389.4±116.9 vs. 355.5±86.2, p=0.34).

The most common comorbidity in the examined patients
was hypertension (HT), it was diagnosed in 45 (80.4 %)
people, including 15 (33.3 %) women and 30 (66.7 %)
men (χ2=0.036, p=0.84).

Analyzing the severity of HT, it was found that 5 (8.9 %)
patients had stage 1, 16 (28.6 %) had stage 2, 24 (42.9 %)
had stage 3, and 7 (12.5 %) had stage 1, 14 (25.0 %) - 2
degree, in 24 (42.9 %) - 3 degree of HT respectively. The
average duration of HT was 7.91±7.35 years. The course
of HT in 17 (37.7 %) patients was uncontrolled, in 28
(62.3 %) - controlled, respectively (χ2=2.928, p=0.09).
Analyzing sex features, the controlled course of HT was in
6 (31.6 %) women and 10 (27.0 %) men, respectively
(χ2=0.572, p=0.449). The risk of cardiovascular
complications in 1 (1.8 %) - low, 7 (12.5 %) - moderate, in
20 (35.7 %) - high and in 28 (50.0 %) patients - very high.

Thyroid diseases were observed in - 9 (16.1 %),
oncological diseases - 3 (5.4 %), diseases of the
gastrointestinal tract (GI tract) - 31 (55.4 %), gout - 3
(5.4 %), diabetes mellitus (DM) - 7 (12.5 %), diseases of
the musculoskeletal system - 3 (5.4 %), chronic obstructive
pulmonary disease/bronchial asthma - 7 (12.5 %) patients,
respectively. CHF I FC were observed in 4 (7.1 %), II FC - in
13 (23.2 %), III FC - in 38 (67.9 %), IV FC - in 1 (1.8 %)



patients, respectively. According to echocardiographic
examination, 40 (71.4 %) patients had preserved left
ventricular systolic function (ejection fraction (EF) >50 %),
9 (16.1 %) had intermediate EF (40-50 %), and 7 (12.5%) -
reduced EF (<40 %). Obesity - in 15 (26.8 %) patients, among
them in 11 (19.6 %) - stage 1, in 3 (5.4 %) - stage 2, in 1 (1.8
%) - stage 3 obesity, respectively.

According to coronary angiography in 5 (8.9 %) patients
revealed lesions of 1 coronary artery (CA), in 5 (8.9 %) - 2
branches of CA, in 27 (48.2 %) - 3 branches of CA, in 19
(33.9 %) - vascular lesions was not detected.

We also analyzed the probable causes of cognitive
impairment in patients who underwent cardiac surgery (Table
1).

It should be noted that 44 (78.6 %) patients already had
signs of structural remodeling of the carotid arteries (in the
case of atherosclerotic plaques in the carotid arteries and/
or intima-media thickness (IMT) >0.9 mm and/or blood flow
rate >1.2 m/s), 20 (35.7 %) patients had a history of MI, 3 (5.4
%) - ACA, respectively. Signs of dyslipidemia were observed
in 23 (41.1 %) patients. Decreased glomerular filtration rate
(GFR) less than 60 ml/min/1.72m2 was observed in 22 (39.3
%) patients. The average GFR (according to the formula
CKD-EPI) was 60.71±15.09 ml/min/1.72m2.

Atrial fibrillation (AF) is present in 17 (30.4%) patients,
among them - in 5 (8.9 %) paroxysmal, in 6 (10.7 %) -
persistent and in 6 (10.7 %) - permanent form of AF. The
average score on the scale CHA2DS2VASc was
2.410±0.870.

Analyzing the sex and age characteristics of patients
(Table 2) who underwent cardiac surgery, it was found that
women were older than men (65.84 vs. 58.30, p=0.002),
more often had thyroid disease (31.6 % vs. 8.1 %, p=0.02),
there is a history of acute cerebrovascular accident (ACA) -
stroke (15.7 % vs. 0 %, p=0.01). In turn, more than half of
men had diseases of the gastrointestinal tract (64.9 % vs.
36.8 %, p=0.04).

Assessment of cognitive functions was performed before
surgery, on the 3rd and 7th day of the postoperative period.
Testing was performed using the Montreal Cognitive Test
(MOCA). The MOCA test is a quick tool for screening for
cognitive deficits [https://www.mocatest.org]. It is highly
sensitive (90 %) and specific (87 %) for detecting people

with cognitive disorders [11]. This test is recommended for
use in people aged 55-85 years.

The test was performed by a cardiologist who had
previously been trained in the methodology, evaluation and
interpretation of the MOCA test (online) and received a
certificate, which is mandatory for the use of this
questionnaire. The time of the MOCA test is short
(approximately 10 minutes), which did not cause discomfort
or a negative attitude of the patient. Testing includes 12
stages, which allows you to assess the various cognitive
functions of the patient: attention, concentration, executive
functions, memory, language, visual and constructive skills,
abstract thinking, arithmetic and orientation. The maximum
possible result is 30 points. A score of 26 or higher is
considered normal, 18-25 is mild, 10-17 is moderate, and
less than 10 is severe cognitive impairment. To the total
score, add 1 point if the education is less than 12 years
and 2 points if the patient's education is less than 10 years
[https://www.mocatest.org].

Statistical processing of the obtained data was
performed on a personal computer using the statistical
software package SPSS 12.0 for Windows. Quantitative
data (with normal distribution of characteristics) are
presented in the form (M±σ), where M is the average value
of the sample, and σ is the standard deviation. The reliability
of the difference in quantitative values was calculated
according to Student's criterion, the percentage - χ2, the
dynamics of indicators was estimated by χ2 by the method
of McNemar.

Table 1. Analysis of the distribution of probable risk factors for
cognitive impairment.

Factors Proportion of
patients (n, %)

Signs of structural remodeling of the carotid
arteries 44 (78.6 %)

Dyslipidemia 23 (41.1 %)

Acute cerebrovascular accident (ACA) in the
anamnesis 3 (5.4 %)

MI in the anamnesis 20 (35.7 %)

Atrial fibrillation 17 (30.4 %)

Glomerular filtration rate < 60 ml/min/1.72m2 22 (39.3 %)

Table 2. Sex and age characteristics of the examined patients.

Notes: in this and subsequent tables, the reliability of the difference
in quantitative values is calculated by the Student's criterion, the
percentage - by the criterion χ2.

Parameters Men (1)
(n=37)

Women (2)
(n=19)

Total
(n=56) р1-2

Average age,
years 58.30±8.29 65.84±7.93 60.86 ±8.86 =0.002

Hypertensive
disease 30 (81.0 %) 15 (78.9 %) 45 (80.3 %) =0.84

Uncontrolled
course of
hypertensive
disease

7 (18.9 %) 10 (52.6 %) 40 (64.5 %) =0.45

Type II diabetes 4 (10.8 %) 3 (15.7 %) 7 (12.5 %) =0.59

Atrial fibrillation 9 (24.3 %) 8 (42.1 %) 17 (30.4 %) =0.17

Average score
on the scale
CHA2DS2VASc

2.330±0.866 2.500±0.926 2.410±0.870 =0.7

Obesity 8 (21.6 %) 7 (36.8 %) 15 (26.7 %) =0.22

Diseases of the
thyroid gland 3 (8.1 %) 6 (31.6 %) 9 (16.1 %) =0.02

ACA 0 3 (15.7 %) 3 (5.35 %) =0.01

MI 14 (37.8 %) 6 (31.5 %) 16 (25.8 %) =0.64

Gastrointestinal
diseases 24 (64.9 %) 7 (36.8 %) 31 (55.4 %) =0.04

Cognitive disorders in patients after cardiac surgery

28 ISSN 1861-031Х  EISSN 2616-6208        Biomedical and Biosocial Anthropology



Results
Analysis of MOCA test results showed that the mean

total score before surgery was 23.25±3.16 and did not differ
between men and women (23.73 vs. 22.32, p=0.12).

Analysis of the sex and age characteristics of CD
showed that the number of patients with CD before surgery
was the same among both women and men. There was
also no sex difference in the severity structure of the CD
(Table 3).

The mean age of the group of patients with pre-operative
CD was 62.05±7.91 and did not differ from the mean age
of patients without CD (62.05 vs. 58.53, p=0.16). The
distribution of patients according to age gradations (Fig. 1)
showed that the largest number of patients with CD was
observed among the age group 60-74 years (42.9 % vs.
12.5 %, p<0.05).

It was found that the average test score on the 3rd day
after surgery was 22.34±4.78. There was a tendency to a
significant decrease compared to the result before surgery
(23.25 vs. 22.34, p=0.08). There was no sex difference in the
results of the cognitive function questionnaire on day 3 of
the postoperative period (22.70 vs. 21.63, p=0.43).

Analysis of the distribution of the severity of CD on day 3
of the postoperative period (Table 4) depending on the article
showed that there was no difference between men and
women.

The mean age of the group of patients with CD on day 3
after surgery was 61.51±9.42 and did not differ from the
mean age of patients without CD (61.51 vs. 58.18, p=0.26).
The distribution of patients according to age gradations
(Fig. 2) showed that 2 (4.4 %) patients were under 45 years
of age, 14 (31.1 %), and 60-74 years of age were 26 (57.8 %)

and 75-90 years -3 (6.7 %) patients, respectively.
In turn, on the 7th day after surgery, the mean score on

the MOCA scale was 23.05±4.68 and was higher than the
result of the third day of the postoperative period (23.05 vs.
22.34, p=0.01), but did not differ statistically from the result
before surgery (23.05 vs. 23.34, p=0.73). There was no
difference in the test between men and women on day 7

Table 3. Gender and age characteristics of patients with existing
CD before operation.

Parameters Men (n=37) Women
(n=19)

р

CD available (n=37) 24 (64.9 %) 13 (68.4 %) =0.79

Mild CR (n=33) 21 (56.8 %) 12 (63.2 %) =0.85

Moderate CD (n=4) 3 (8.1 %) 1 (5.3 %) =0.85

Fig. 1. Distribution of CD among patients of different ages before
surgery.
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Table 4. Sex and age characteristics of patients with CD on day 3
of the postoperative period.

Parameters Men
(n=37)

Women
(n=19) р

CD available (n=45) 28 (75.7 %) 17 (89.5 %) =0.21

Mild CR (n=42) 27 (72.9 %) 15 (79.0 %) =0.26

Moderate CD (n=3) 1 (2.7 %) 2 (10.5 %) =0.26

Fig. 2. Distribution of CD among patients of different ages on day
3 of the postoperative period.
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Table 5. Sex and age characteristics of patients with CD on day 7
of the postoperative period.

Parameters Men
(n=37)

Women
(n=19) р

CD available (n=44) 27 (73.0 %) 17 (89.5 %) =0.21

Mild CR (n=41) 25 (67.6 %) 16 (84.2 %) =0.42

Moderate CD (n=1) 1 (2.7 %) 0 (0 %) =0.42

Severe CD (n=2) 1 (2.7 %) 1 (5.3 %) =0.42

Fig. 3. Distribution of CD among patients of different ages on day
7 of the postoperative period.
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(23.16 vs. 22.84, p=0.81).
Analysis of the distribution of the severity of CD on day 7

of the postoperative period (Table 5) depending on the sex
showed that there was no difference between men and
women.

The mean age of the group of patients with CD on day 7
after surgery was 60.82±9.10 and did not differ from the
average age of patients without CD (60.82 vs. 61.00, p=0.95).
The distribution of patients according to age gradations
(Fig. 3) showed that CD among the age group younger than
45 years were in 2 (4.5 %) patients, 45-59 years - in 14
(31.8 %), 60-74 years - in 26 (59.1 %) and 75-90 years - in 2
(4.5 %) patients, respectively.

Analyzing the dynamics of cognitive disorders in the early
postoperative period (Fig. 4), it was found that the proportion
of patients who already had CD before surgery was 37
(66.1 %). On the 3rd day after surgery, there was a significant
increase in the proportion of patients with CD (80.4 % vs.
66.1%, p=0.04). In turn, on the 7th day of the postoperative
period, the share of patients with CD was 44 (78.6 %), which
tended to be reliable compared to the data before surgery
(78.6 % vs. 66.1 %, p=0.07).

Discussion
A large amount of evidence demonstrates the relationship

between the impact of surgical interventions on the course
of neurocognitive functions. There are conflicting data on
the effect of anesthesia on the development of long-term
CD in a population of patients with normal preoperative
cognitive function. However, it is known that pre-operative
cognitive impairment can lead to susceptibility to CD
progression [1] and is of scientific interest in drug selection,
potential drug interactions, communication difficulties during
testing, and ways to prevent and treat CD.

According to the literature, a week after cardiac surgery,
cognitive decline is observed from 50 to 70 % of patients
[15].

One study found that coronary artery bypass grafting
(CABG) using artificial circulation was complicated by short-
term and long-term neurocognitive dysfunction (96 and 55

% of cases, respectively). Also, in the early period after CABG
in 68 % of patients revealed a decrease in regional cerebral
blood flow, and in the dynamics after 6 months - in 55 % of
cases [5].

L. Evered et al. [6] found that the incidence of CD on 7 day
in patients after hip joint replacement surgery was 17 %,
and after CABG - 43 % (p<0.01). However, after 3 months,
the incidence of CD in all groups was about 17 % (p=0.13)
and did not depend on the nature, type of surgery or
anesthetic. Risk factors for cardiovascular disease did not
predict the occurrence of CD after any of the procedures.

One prospective study showed that late cognitive decline
(1 to 6 years) decreased in patients who underwent CABG
surgery, but the degree of this reduction did not differ from
that observed in patients of the same age with coronary
heart disease who were treated only with medication [23].

Q. Nguyen et al. [16] examined 197 patients who
underwent CABG or valve replacement surgery, and 44
(22 %) developed postoperative delirium. The results of the
study showed that postoperative delirium was associated
with increased anxiety and depression at 6-9 months after
undergoing cardiac surgery.

A. Itagaki and others [10] found that 34.8 % of patients
who underwent cardiac surgery developed postoperative
delirium. A multivariate analysis, adjusted for baseline
characteristics, showed that only in the group of patients
who already had cognitive impairment and general
weakness before surgery, there was a risk of delirium after
surgery (odds ratio 7.494; 95 % confidence interval 1.539-
36.49).

As might be expected, the timing of cognitive function
testing may have an important impact on results. It is known
that preoperative testing should be done before the day of
surgery, as the patient is unlikely to be able to focus on
cognitive tests immediately before entering the operating
room. In turn, the timing of testing after surgery is
contradictory. Unfortunately, there is little data on cognitive
recovery after anesthesia. Clinical trials have reported
testing from the actual day of surgery, a few days to weeks
after surgery, and months after surgery. Postoperative CD
are limited in time, so the timing of testing is an important
issue and makes comparing the results somewhat difficult
[24].

Perhaps the most controversial aspect of the definition
of CD is the degree of change, which is considered
statistically or clinically significant. Several authors have
criticized the high variability of this aspect. The meta-
analysis showed that the available research in the field of
cardiac surgery is characterized by a wide range of variability
due to existing factors related to the patient (age, education,
comorbidity), factors of cardiovascular surgery
(hypothermia, artificial circulation, aortic compression,
bleeding), physiological factors (inflammation,
microembolization), intraoperative factors (anesthesia,
cerebral oxygenation, hypotension), perioperative factors
(drugs, sleep, complications) and postoperative factors

Fig. 4. Frequency of persons who had cognitive impairments during
the questionnaire (before surgery, for 3 days, 7 days).
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(rehabilitation, depression, social support). It becomes
more difficult to identify postoperative CD in patients when
variable measurement of cognitive function is used using
various neuropsychological tests and numerous analytical
criteria. In addition, it is known that re-testing at short
intervals can cause a learning effect, because repeated
repetition of tests increases the knowledge of the test
structure, and thus the results tend to increase [21].

It was found that increasing of age, level of education
(patients without higher education), the need for further
surgery, postoperative infections and respiratory
complications were associated with early postoperative
CD. T. G. Monk et al. [13] found that independent risk factors
for CD 3 months after surgery were increased age, lower
level of education, a history of acute cerebrovascular
accident and the presence of CD at discharge. Patients

with CD at discharge from the hospital were more likely to
die in the first 3 months after surgery (p=0.02).

Thus, when faced with CD studies with different results,
it is difficult to know whether the differences are significant
or simply related to when and how cognitive function was
determined after cardiac surgery.

Conclusions
1. It was found that the existing cognitive disorders

before surgery were registered in 66.1% of patients, mostly
among the age group 60-74 years and had no sex
difference.

2. It is established that in the early postoperative period
there is a significant deterioration of cognitive functions in
patients after cardiac surgery (on the 3rd day - in 80.4 %, on
the 7th day - in 78.6 % of patients, respectively).
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Antimicrobial activity of antiseptics in the prevention of
postoperative infectious complications
Bagnyuk N. A., Nazarchuk O. A., Babina Y. M., Chornopyshchuk R. M., Kulyk A. V.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

Recently, among hospital strains of microorganisms, an increase in the number of
antiseptic-resistant strains of opportunistic pathogens has been registered, which
significantly affects the effectiveness of these drugs. It is important to study their
antimicrobial efficacy to justify rational use. The aim is to conduct a comparative study
of the antimicrobial efficacy of antiseptics of decamethoxine, chlorhexidine,
polyhexanide. During study we examined the antimicrobial activity against 186 clinical
strains of microorganisms (Acinetobacter baumannii, Staphylococcus aureus,
Pseudomonas aeruginosa, Enterococcus spp., Enterobacter spp.) isolated from patients
with infectious complications in the postoperative period. The minimum inhibitory (MIC)
and bactericidal concentrations (MBC) of 0.02 % and 0.1 % decamethoxine, 0.05 %
chlorhexidine bigluconate, 0.1 % polyhexanide were determined; antimicrobial efficacy
of drugs was evaluated by the index of antiseptic activity by conventional methods. The
study found high antimicrobial properties of decamethoxine, chlorhexidine, which had
a high bactericidal effect on clinical strains of S. aureus, Enterococcus spp.,
Enterobacter spp. Proved the benefits of antimicrobial activity of the drug based on
decamethoxine (p<0.001). The polyhexanide has pronounced antimicrobial properties
against A. baumannii, bacteria of the family Enterobactericae, P. aeruginosa. Thus, the
leading gram-positive (Staphylococcus aureus, enterococci) and gram-negative
pathogens (enterobacteria, acinetobacteria, pseudomonads) are sensitive to
polyhexanide, chlorhexidine and the domestic drug decamethoxin, with a probable
advantage of the antimicrobial properties of the latter over all gram-positive and most
gram-negative microorganisms.
Keywords: antiseptics, decamethoxin, chlorhexidine, polyhexanide.
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Introduction
Prevention of postoperative infectious complications

has been and remains one of the most pressing problems
of surgery, both in our country and abroad [20]. In modern
conditions, infectious complications in the postoperative
patient in most cases occur due to opportunistic pathogens
that have become resistant to a wide range of
antimicrobials [20]. The ability to develop resistance to
antimicrobials is one of the leading properties of infectious
complications. The high adaptability of pathogens to
survival in the context of widespread use of antibiotics has
led to a decrease in the effectiveness of antibiotic therapy,
which significantly narrowed the possibilities in the fight
against resistant isolates of microorganisms [2, 7, 10, 11].
The selective action of antiseptic drugs also leads to the
elimination of sensitive cells of the microbial population
and the spread of antiseptic-resistant strains [13, 18].

In such conditions, the use of antiseptics with a wide
range of antimicrobial action is considered a priority. Among
the known list of antiseptic drugs registered in Ukraine,
0.02 % decamethoxine and 0.05 % chlorhexidine
bigliuconate are actively used in the prevention and
treatment of infectious complications of the respiratory
system [3]. For the purpose of perioperative prophylaxis,
antiseptic treatment of means for respiratory and oxygen
support of severe surgical patients is performed.
Polyhexanide is known among the arsenal of modern
antiseptics [12].

Nowadays, despite the proven high antimicrobial
efficacy of antiseptics, there are more and more reports of
a decrease in their effectiveness as a result of the formation
of resistance to opportunistic pathogens. In view of the
above, the study of antimicrobial activity of antiseptics



against the leading pathogens remains relevant, which can
be a scientific justification for the choice of rational antiseptic
prophylaxis and antiseptic therapy in clinical practice [4, 21].

The aim is to conduct a comparative study of the
antimicrobial efficacy of antiseptic drugs decamethoxine,
chlorhexidine, polyhexanide.

Materials and methods
On clinical strains of opportunistic pathogens isolated

from patients with infectious complications in the
postoperative period, who were treated in burns for severe
burns, were studied antimicrobial efficacy of antiseptics
based on polyhexanide, decamethoxine, chlorhexidine.
Identification of microorganisms was performed in
accordance with conventional methods for morphological,
tinctorial, cultural, biochemical properties. A total of 186
clinical strains of opportunistic pathogens were used in the
study. The structure of the studied pathogens of infectious
complications was represented by isolates of S. aureus
(n=56), P. aeruginosa (n=44), A. baumannii (n=43),
Enterobacter spp. (n=23), Enterococcus spp. (n=22).

The antimicrobial properties of antiseptics based on
0.02 % and 0.1 % decamethoxine, 0.05 % chlorhexidine
bigluconate, 0.1 % polyhexanide were investigated. The
study evaluated the antimicrobial action of antiseptics,
determining their minimum inhibitory (bacteriostatic) and
bactericidal concentrations (MIC and MBC, respectively) on
isolates of opportunistic pathogens by the standard method
of double serial dilutions, guided by guidelines for
determining the sensitivity of Health of Ukraine № 167 from
05.04.2007 [9].

The research was conducted in accordance with the
Helsinki Declaration of the World Medical Association on
the Ethical Principles of Human-Based Medical Research.
Patients' written consent was required to participate in a
clinical trial [17].

Comparative characterization of the clinical efficacy of
the studied antiseptic drugs against clinical strains of
opportunistic pathogens was performed using a quantitative
indicator - the index of antiseptic activity (IAA) according to
A. P. Krasilnikov, which was calculated according to the
method. IAA is the ratio of the working concentration of the
drug to the MIC of the antiseptic relative to a particular type of
pathogen or MIC+2σ in the study of several strains of one
type of pathogen [6, 15].

Results
The study revealed significant advantages of bactericidal

properties of decamethoxine compared with chlorhexidine
over clinical strains of Staphylococcus aureus and
enterococci (p<0.05). The data obtained showed that
bactericidal concentrations of decamethoxine against
S. aureus and Enterococcus spp. were lower than
chlorhexidine by 3.5 and 10.5 times, respectively (Table 1).

Polyhexanide MBC was determined for staphylococci
(16.51±1.75 μg/ml). Polyhexanide showed similar

bactericidal properties against enterobacteria and
staphylococci. It was found that the bactericidal effect of
decamethoxine on clinical A. baumannii was manifested in
the presence of MBC, which was 3.1 times less than those
of polyhexanide and 2 times less than chlorhexidine.
Chlorhexidine had a bactericidal effect on Enterobacter spp.
in the presence of 19.90±1.66 μg/ml.

It was found that the antimicrobial properties of
polyhexanide against Pseudomonas aeruginosa were
twelve times weaker than against Staphylococcus aureus.
Thus, isolates of Enterobacter spp. died in the presence of
14.83±2.20 μg/ml of polyhexanide, which were 10 times
smaller than in the case of A. baumannii (p<0.001).

High bactericidal properties of decasan against S. aureus
isolates, which were sensitive to 1.554±0.173 μg/ml of the
drug, were proved. The bactericidal properties of
chlorhexidine against A. baumannii were determined using
a 2-fold higher concentration of antiseptic, which indicated a
weaker activity against this type of microorganism. Clinical
strains of A. baumannii were found to have a similar high
sensitivity to polyhexanide as Enterobacter spp. (p>0.05).

Clinical strains of P. aeruginosa were endowed with high
resistance properties. The vast majority of Pseudomonas
aeruginosa isolates (85.4 %) were sensitive to
decamethoxine (MBC 99.78±4.35 μg/ml). However,
bactericidal properties against 14 (14.6 %) clinical strains
of P. aeruginosa were not determined in 0.02 %
decamethoxine solution, because the MBC of the drug
exceeded 200 μg/ml. The obtained data showed the
advantages of bactericidal properties of decane over
sensitive strains of P. aeruginosa in comparison with
polyhexanide in 2 times (p<0.001). Polyhexanide showed
bactericidal antipseudomonad properties in the presence
of high concentrations, which reached 203.1±16.9 μg/ml.

Given the significant differences in the quantitative
content of the main active substances in the finished dosage
forms of the studied antiseptics, it was considered
insufficient to assess their antimicrobial efficacy only on the
basis of MBC. A more detailed analysis of the antimicrobial
efficacy of antiseptic drugs based on decamethoxine,
chlorhexidine and polyhexanide was performed by calculating

Table 1. Quantitative characteristics of bacteriostatic, bactericidal
action of antiseptics.

Notes: *MBC - minimum bactericidal concentration (in μg/ml); ** -
p<0.05 compared with decamethoxine.

Clinical strains of
microorganisms

(number)

Decamethoxin Chlorhexidine Polyhexanide

MBC *(g/ml)

S. aureus (n=56) 1.554±0.173 5.422±0.748** 16.51±1.75

Enterococcus spp.
(n=22) 6.743±0.611 25.28±1.39** 4.080±0.392

Enterobacter spp.
(n=23) 18.75±1.36 19.90±1.66** 14.83±2.20

A.baumannii (n=43) 51.13±7.40 70.54±16.55** 161.9±16.9

P. aeruginosa
(n=44) 106.8±5.9 85.93± 6.30** 203.1±16.9
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the IAA (Fig. 1). Thus, IAA of the official forms of 0.02 %
decamethoxine, 0.05 % chlorhexidine and 0.1 %
polyhexanide was determined. As a result of the analysis of
IAA indicators, the high antimicrobial efficacy of decamethoxin
against gram-positive and gram-negative opportunistic
pathogens was established. Significant advantages of
antimicrobial efficacy of this antiseptic against S. aureus in
comparison with 0.05 % chlorhexidine and 0.1 %
polyhexanide were proved 3.5 and 10.5 times, respectively
(p<0.05).

In terms of antimicrobial efficacy against enterococci,
0.1 % polyhexanide and 0.05 % chlorhexidine were superior
to IAA 0.02 % decamethoxine (6.2 and 3.7 times, respectively;
p<0.001). It was found that the application of polyhexanide
was not effective against S. aureus, Enterococcus spp.,
because the IAA in both cases was much lower than the
maximum allowable level of this indicator, which must be at
least "4".

It was shown that the IAA of polyhexanide relative to
Enterobacter spp. and A. baumannii significantly exceeded
the corresponding index of 0.02 % decamethoxine (3.4 and
0.95 times, respectively; p<0.001) and chlorhexidine (2.8
and 0.3 times, respectively; p<0.001). No significant
differences in the antimicrobial activity of 0.02 %
decamethoxine, 0.05 % chlorhexidine and 0.1 %
polyhexanide against acinetobacter and enterobacteria were
found, as IAA values did not differ significantly and exceeded
the maximum allowable threshold, indicating their high
efficiency against these species.

The advantages of antimicrobial efficacy of polyhexanide
in the concentrations of the finished dosage form in relation
to clinical strains of P. aeruginosa have been established.
0.02 % decamethoxine and 0.05 % chlorhexidine showed
5-2 times less pronounced antipseudomonad activity than
polyhexanide (p<0.001).

Discussion
With the rapid formation and spread of antibiotic

resistance among the causative agents of infectious

complications, scientists around the world have focused
significant efforts on finding ways to overcome this problem.
Among the alternative ways to control antibiotic-resistant
pathogens, the active use of antiseptics, which have different
mechanisms of action on microorganisms than antibiotics,
is considered effective and promising [14]. Scientists have
proven that microorganisms are much slower to form
resistance to antiseptics [8, 12, 13, 16, 19, 20].

The use of antiseptics is recommended and regulated
by the international scientific community in a set of measures
for the prevention and treatment of infectious complications
in the postoperative period in intensive care units and surgery
caused by opportunistic pathogens [1, 4, 21]. Microbiological
substantiation of the use of surfactant antiseptics based on
decamethoxine, chlorhexidine is based on their proven high
efficiency against a wide range of gram-positive, gram-
negative microorganisms, which are problematic pathogens
of infectious complications [1, 5, 12, 14]. Thus, as a result of
the conducted researches the high bactericidal action of
decasan against clinical strains of S.aureus, Enterococcus
spp. was proved, which significantly exceeded the
bactericidal properties of chlorhexidine by 3.3 and 3.7 times,
respectively. The advantages of antimicrobial efficacy against
these gram-positive bacteria in the antiseptic on the basis
of decamethoxine in comparison with polyhexanide
(p<0.001) were established.

The obtained data correlate with the data of the literature
in which the high antimicrobial effect of decamethoxine on
gram-positive opportunistic pathogens was shown and the
reduction of antimicrobial properties of polyhexanide against
pathogens of infectious complications was proved [3, 13,
14].

Studies have proven the high antimicrobial properties of
polyhexanide against a number of gram-negative
microorganisms (Enterobacter spp., A. baumannii,
P. aeruginosa). At the same time, a significant decrease in
the effectiveness of this antiseptic against clinical isolates
of S. aureus.

The antimicrobial efficacy of decamethoxine and
chlorhexidine against acinetobacteria has been proven, as
evidenced by the IAA of these antiseptics, which did not differ
significantly. However, according to a number of researchers
and according to the study, a higher bactericidal effect on
A.baumannii by decamethoxine was found, compared with
chlorhexidine (3.7 times; p<0.05).

Non-fermenting gram-negative bacteria P.aeruginosa,
which have high resistance to antimicrobials, including
antiseptics, were sensitive to decamethoxine, chlorhexidine
and polyhexanide. Antiseptics containing decamethoxine
(0.02 %) and chlorhexidine (0.05 %) were characterized by
sufficient antimicrobial efficacy against this type of pathogen.

Conclusions
1. Surface-active antiseptics decamethoxine,

chlorhexidine, polyhexanide have high bactericidal
properties against clinical strains of gram-positive and

Fig. 1. Characteristics of antimicrobial efficacy of antiseptic drugs
against clinical strains of gram-posit ive, gram-negative
microorganisms.
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gram-negative opportunistic pathogens, with pronounced
advantages of antimicrobial efficacy of the drug based on
decamethoxine against S.aureus (3.5 and 3.7 times; p<0.05),
Enterococcus spp. (3.7 times; p<0.001) and Enterobacter
spp. (1.3 times; p<0.001).

2. Polyhexanide exhibits high antimicrobial properties
against a wide range of opportunistic pathogens, including
enterococci, Staphylococcus aureus, enterobacteria.

3. High sensitivity of leading gram-positive pathogens
(Staphylococcus aureus, enterococci), gram-negative

pathogens (enterobacteria, acinetobacteria,
pseudomonads) to domestic antiseptic drug based on
decamethoxine justifies its high effectiveness in the
treatment of its antimicrobial treatment.

4. Given the high risk of infection with opportunistic
pathogens after surgery, the risk of antibiotic resistance, and
pronounced antimicrobial properties of local antiseptics, the
use of the latter is appropriate in the perioperative period for
the prevention of infectious complications.
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To date, the state aviation of Ukraine has an urgent problem of improving the existing
system of medical support for flights by introducing measures of psychophysiological
support for improving the professional health of military pilots, increasing the duration
of their professional longevity and ensuring the safety of flights. That is why, the purpose
of our research was to offer a list of strategic directions of scientific substantiation and
development of a conceptual model of a system of measures for psychophysiological
support of professional activities of military pilots based on an analysis of the problems
of its implementation in the state aviation of Ukraine. For this, the methods of analysis
and synthesis, generalization, induction and deduction, complex and system analysis
were used. As a result of the research, it was found that the strategy for introducing a
system of measures for psychophysiological support of the professional activities of
military pilots should be perceived as a process of improving the existing system of
medical support for flights of state aviation in Ukraine on the basis of defining qualitatively
new goals and objectives of its functioning, harmonizing internal capabilities with the
conditions of the professional environment, development of a set of measures to improve
its reliability and efficiency in the long term. From these points of view, the systematic
approach to determining the strategic directions of implementation of the said system
should be based on the complex of organizational, regulatory, information-analytical,
personnel and technological problems. To solve them, it is necessary to conduct
research on health assessment of different categories of military pilots, hygienic
assessment of conditions and features of their professional activity, selection of a set
of informative psychophysiological characteristics and methods of their evaluation,
development of mechanisms and criteria for access to flights, regulatory, legal, personnel
and organizational bases of functioning of system of measures of psychophysiological
support of professional activity of military pilots.
Keywords: system of measures of psychophysiological support, strategic directions
of its implementation, military pilots.
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Introduction
Many generations of domestic scientists have dedicated

their lives to solving extremely important problems of such
occupational medicine as aviation medicine - finding
methods and ways to save lives and health, prolong
professional longevity, ensure high efficiency, efficiency,
reliability of aviation personnel and flight safety. The results
of their titanic work to study the conditions and nature of
flight work, study the mechanisms and consequences of
negative, and often pathological, the impact of occupational

factors and labor process on the body of military pilots,
formed the basis of scientific substantiation, development
and implementation of domestic health care system flights
of aviation operating in Ukraine to date [23, 24]. This system
is based on the principles of continuity, consistency,
continuity and individuality of organizational, treatment and
prevention, physiological and hygienic and rehabilitation
measures during the commission and inter-commission
periods.



As a result, the introduction in the 50-60s of the last
century of measures of medical and psychological
selection, normalized 45-day regular leave in sanatoriums,
standardized 4 meals a day in flight canteens, regulatory
regular and extraordinary medical examinations, as well
as annual conducting medical and flight examination in
the framework of the concept of occupational health, for 30
years has led to a decrease in aviation events due to
deteriorating health and reduced efficiency of flight crew
members in flight to the level of 0.3-0.8 % [25].

However, the current situation regarding aviation
accidents and catastrophes [2, 7, 19, 26, 28], as well as
the level of morbidity and disqualification of military pilots
on medical grounds [13, 21, 25, 27], somewhat contradicts
these data and shows about the lack of effectiveness of
the presented approaches. In particular, according to some
data [3] in the 80's the level of disqualification for the health
of this contingent in the Armed Forces of the USSR was
already 44 % and was constantly growing. Later, in the 90s
of last century in the aviation of the Armed Forces of the
Russian Federation, it was already 85 %. In Ukraine, the
level of disqualification of flight crew for health reasons
during 2001-2007 was 7.3-11.8 % [12]. Negative results of
medical and psychophysiological prognosis on the human
factor, social, humanitarian and economic consequences
of low flight safety in general are impressive in their scale
and do not inspire much optimism [28].

The main reason for the emergence and development
of this situation, in our opinion, given the current conditions
of technological progress, widespread use of new
information technologies and modernization of technical
systems, features of aviation in the area of anti-terrorist
and peacekeeping operations, aggressive influence of
social, demographic, environmental factors , today there is
a low level and limited capabilities of the body of military
pilots, as the weakest link in the aviation system "pilot-
aircraft-environment". First of all, this "weakness" according
to the literature [3, 19, 28, 29, 30] is due to the inconsistency
of professionally determined requirements to the
psychophysiological characteristics of this contingent.

That is why today in the state aviation of Ukraine there is
an urgent problem of improving the existing system of
medical flight support by introducing psychophysiological
technologies to improve the professional health of military
pilots, increase their professional longevity and overall life,
flight safety and more. Analysis of literature sources on the
current state of psychophysiological support of professional
activities of military pilots in Ukraine and abroad [14, 15,
18, 26, 31, 32] allows to identify a set of key problems not
only scientific justification, but also examples of systematic
implementation of psychophysiological technologies and
measures psychophysiological support as such in the
existing system of medical support of flights of the state
aviation of Ukraine. Awareness of these problems has led
to a gradual definition of place and role [17], establishing
on this basis a list of basic terms, their definitions and

basic principles of functioning of the system of measures
of psychophysiological support of professional activities of
military pilots [16]. This approach, in our opinion, allows us
to offer a list of strategic directions and a set of necessary
research, which in fact should determine the method of its
scientific substantiation and further development of a
holistic conceptual model.

The purpose of the work is to propose a list of strategic
directions of scientific substantiation and development of
its conceptual model on the basis of the analysis of
problems of introduction in the state aviation of Ukraine of
the system of measures of psychophysiological support of
military pilots' professional activity.

Materials and methods
To highlight the problems of introduction in the state

aviation of Ukraine of the system of measures of
psychophysiological support of military pilots, development
of the main strategic directions of their solution and
formation of a set of necessary researches on further
scientific substantiation and development of a conceptual
model of the specified system methods of analysis and
synthesis, generalization, induction and deduction, complex
and system analysis are used.

Results
Before highlighting the problems of introducing a

system of psychophysiological support for military pilots in
the state aviation of Ukraine and developing the main
strategic directions for their solution, it is necessary to dwell
on the characteristics of the very concept of "strategy". A
review of modern scientific publications on the
characteristics of this term indicates the absence of a single
generally accepted definition [1, 5, 20, 22]. In essence,
these literature sources consider two approaches to the
definition of the term "strategy" - "strategy as a process"
and "strategy as a result". In the first case, the strategy is
perceived as a process of determining the direction of action
from the initial to the final (desired) state, with the allocation
of means to achieve the goal, building a plan and
establishing rules for decision-making. Otherwise, the
strategy is associated with the establishment of specific
benchmarks or results of strategic activities that ensure
the improvement and high efficiency of a particular system
or organization. In this context, the strategy is often
compared with the existing situation for a particular activity,
measures to change it and achieve the desired results.
Such a strategy is a concretized, according to certain
indicators, position on finding ways to effectively achieve
the goal by making the necessary changes to the
components and their combinations within existing or
updated systems [1, 20, 22].

That is why, in our opinion, the strategy of introducing a
system of psychophysiological support for professional
activities of military pilots should be perceived as a process
of forming strategic directions for improving the existing
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system of medical support of Ukraine state aviation on the
basis of qualitatively new goals and objectives, coordination
of internal capabilities professional environment, the
development of a set of measures that can ensure greater
reliability and efficiency in the long run.

From these positions, a systematic approach to
determining the strategic directions of the introduction of a
system of psychophysiological support for the professional
activities of military pilots should be based on
organizational, regulatory, information-analytical, personnel
and technological issues.

The organizational problems, first of all, include the
absence in the state aviation of Ukraine of any concept and
interdepartmental program of introduction of measures of
psychophysiological support of professional activity of
military pilots. In addition, to date, no single governing and
coordinating body has been identified in this area.
Therefore, the functions established by the current
legislation on the implementation of certain components
of psychophysiological support are distributed between
different units of the aviation activities of the state aviation
of Ukraine or are not implemented at all, or are implemented
spontaneously and unsystematically.

The existing regulations governing the work of the
medical service of the aviation activities of Ukraine state
aviation on medical support of military pilots professional
activities do not contain any data on the establishment of
types, stages, sequence, methods and timing of
psychophysiological support, and those provisions that
require consideration of the results of assessment of the
psychophysiological state during the implementation of
measures of dynamic medical surveillance are only
declarative in nature due to the lack of a real mechanism
for their implementation.

Institutions and divisions of the medical service of the
aviation activities of Ukraine state aviation do not provide
for information and analytical work on the results of
psychophysiological support of professional activities of
military pilots, mainly due to lack of a full register with
relevant databases.

There is a lack of suffic ient positions of
psychophysiologists in the institutions and divisions of the
medical service of the aviation activities of Ukraine state
aviation, and the Ukrainian Military Medical Academy has
long stopped recruiting students for internships (master's
degrees) in "Psychophysiology".

From the technological point of view, there is an urgent
need to develop and approve the established standards,
software and hardware requirements, a list of measures
of psychophysiological support, reflecting their types,
stages, sequence and timing. The criteria for evaluating
the effectiveness of psychophysiological technologies have
not been defined either.

The solution to these problems, in our opinion, lies in
the implementation of the following strategic areas:

development of a conceptual model of the system of

measures of psychophysiological support of military pilots'
professional activity of Ukraine state aviation;

reorganization (modernization) of the existing forces and
structural subdivisions of the medical service of the
subjects of aviation activity of the state aviation of Ukraine
to expand their functionality to medical and
psychophysiological support;

creation of a scientific and practical coordination center
for psychophysiological support of professional activity of
military pilots of Ukraine state aviation;

opening of research work on development of the concept
of system of measures of psychophysiological support of
professional activity of military pilots of the state aviation of
Ukraine, with reflection of types, stages, sequence,
methods and terms of carrying out, criteria of estimation of
efficiency of application, and also questions of normative-
legal, informational, organizational, material-technical,
scientific-methodical and personnel support;

making appropriate changes to existing ones, as well
as developing and approving in the prescribed manner
new regulations on the introduction of a system of
measures of psychophysiological support, standards and
criteria for evaluating the effectiveness of their application;

creation of a register with databases for the
implementation of information and analytical work on the
results of psychophysiological support of military pilots'
professional activities of Ukraine state aviation;

introduction of positions of psychophysiologists in
institutions and subdivisions of medical service of subjects
of aviation activity of Ukraine state aviation;

restoration in the Ukrainian Military Medical Academy of
all forms of postgraduate training (specialization and
master's degree) in the specialty "Psychophysiology";

introduction in the Ukrainian Military Medical Academy
cycles of thematic improvement of medical service medical
personnel of aviation activity subjects of Ukraine state
aviation concerning psychophysiological support of military
pilots' professional activity.

The basis for scientific substantiation and development
of a conceptual model of the system of measures of
psychophysiological support of military pilots' professional
activity of Ukraine state aviation should be researches
concerning:

implementation of professional description and hygienic
assessment of conditions and features of professional
activity of different categories of military pilots;

health assessment of various categories of military
pilots;

allocation of a complex of informative
psychophysiological characteristics for carrying out of
actions of psychophysiological support of professional
activity of various categories of military pilots;

formation of a set of methods for assessing
professionally important psychophysiological
characteristics of different categories of military pilots at
different stages of psychophysiological support of their
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professional activities;
assessment of basic psychophysiological and

psychological characteristics of different categories of
military pilots;

development of mechanisms and criteria for admission
and determination of the degree of suitability of various
categories of military pilots to perform flights;

development of normative-legal, personnel and
organizational bases of functioning of the system of
measures of psychophysiological support of military pilots'
professional activity;

development of a conceptual model of the system of
measures of psychophysiological support of military pilots'
professional activity.

Discussion
The presented results of scientific research on

determining the strategic directions of introduction in the
state aviation of Ukraine system of measures of
psychophysiological support of professional activity of
military pilots are considered for the first time. Of course,
given the existence of a strong social and economic effect
of the introduction of psychophysiological technologies [4,
6, 8, 9, 21, 29], in modern literature there are examples of
scientific justification and introduction of certain elements
of psychophysiological support of professional activities,
including military pilots. However, some of them are aimed
at the implementation of psychophysiological selection
measures and related psychophysiological examination
[4, 9, 10, 29, 30]. The purpose of these measures, by
definition, is to establish the degree of professional
suitability of professionals to perform certain professional
duties, in order to select a profession and appoint persons
whose psychophysiological characteristics meet its
requirements. Others, aimed at ensuring the effectiveness

of the professional activities of flight crew by increasing the
efficiency [12] of this contingent or optimizing the adaptive
capacity of man [11].

All the presented models on the one hand differ
significantly from each other in organizational and
substantive aspects due to the lack of a clear strategy of
scientific substantiation, development and implementation,
and on the other - they are united by spontaneity and
unsystematic implementation, lack of functional links or
separation from the existing system. medical support, which
leads to reluctance and resistance to the introduction of
psychophysiological technologies in medical practice by
both doctors and workers, in relation to which these
measures should be taken [18]. That is why the definition
of clear and understandable strategic directions of
introduction of the system of measures of
psychophysiological support of professional activity of
military pilots of state aviation of Ukraine will allow in the
future to approach scientific substantiation and
development of its integral and really effective conceptual
model.

Conclusions
1. As a result of the conducted researches the

characteristic of organizational, normative-legal,
information-analytical, personnel and technological
problems of introduction in the state aviation of Ukraine
system of measures of psychophysiological support of
professional activity of military pilots is allocated and given.

2. The list of the basic strategic directions and a complex
of necessary researches concerning a scientific
substantiation and development of conceptual model of
measures system of psychophysiological support of
military pilots state aviation of Ukraine professional activity
is offered.
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The prospects of finding new treatments for acne
Kryzhanovska A. V., Sidko I. Y., Shkarupa V. M., Dudar A. O., Gorbatyuk S. M.
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

An important role in the development of acne is played by the activity of the skin
microflora (namely the bacteria Propionibacterum acnes) and members of the genus
Staphylococcus. In the schemes of complex treatment of patients with this disease,
antibiotics from among macrolides or lincosamides are mainly used. It is of interest to
study the current state of susceptibility of staphylococci and propionic bacteria to
these drugs, as well as to other antimicrobial agents in order to determine the prospects
for expanding the arsenal of methods for treating acne. The aim of the study was to
study the susceptibility of microorganisms involved in the development of acne to
antimicrobials and antagonistic effects of probiotic strains of lactobacilli. We conducted
a bacteriological study of the content of rash elements in 60 patients with acne. The
biological characteristics of 40 strains of Staphylococcus spp. and 15 strains of
Propionibacterum acnes isolated and researched. The sensitivity of microorganisms
to antibiotics and antiseptics was determined by the disco-diffusion method and the
method of serial double dilutions of drugs in a liquid nutrient medium. Determination of
the sensitivity of acne pathogens to the antagonistic effect of lactobacilli was performed
by the method of two-layer agar by reducing the number of microorganisms. The
results of the study made it possible to establish that the isolated strains of bacteria
show a low level of sensitivity to antimicrobials, which in medical practice are most
often used for topical therapy of acne. Only 17.5 % of isolated staphylococcal strains
were sensitive to erythromycin, only 45.0 % of strains of this species were sensitive to
clindamycin. Strains of Propionibacterum acnes showed a higher level of sensitivity to
antibiotics than staphylococci. However, the established indicators do not allow to
consider highly effective means for treatment of acne on their basis. At the same time,
a high level of sensitivity of acne pathogens to antiseptic drugs decamethoxine and
Aeroplysinin 1 and antagonistic effect of Lactobacillus acidophilus was established.
Thus, the strains of Propionibacterum acnes and Staphylococcus spp., involved in the
development of acne, are characterized by high levels of resistance to erythromycin,
clindamycin, chloramphenicol, benzoyl peroxide, which are now the basis of the arsenal
of topical therapy for patients with this disease. There is a need to find new effective
drugs for the etiotropic therapy of acne.
Keywords: skin microflora, acne, antibiotics, antiseptics.
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Introduction
In the context of the global spread of the phenomenon

of polyresistance of microorganisms to antimicrobials, the
urgency of finding treatments for diseases of microbial
etiology is constantly growing. Despite the development of
the latest medical technologies, the number of skin
diseases of microbial origin is growing. One of the most
common dermatoses that significantly impairs the quality
of life of patients is acne. Acne (acne vulgaris, acne) affects
more than 85 % of people aged 12 to 24 years, 8 % of
people aged 25 to 34 years and 3 % of people aged 35 to
44 years. In 5-15 % of patients the disease has severe

forms, which result in significant cosmetic defects in the
form of hypo- and hypertrophic scars. Since acne is most
often localized on exposed areas of the skin (face and upper
torso), patients develop psycho-emotional disorders due
to low self-esteem and peculiarities of perception in the
social environment [3, 11, 21].

The pathogenesis of acne is complex and multifactorial,
involving a number of exogenous and endogenous factors.
The main pathogenetic factors that play an important role
in the development of acne are follicular hyperkeratosis,
microbial colonization of Propionibacterium acnes, sebum
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hyperproduction and complex inflammatory mechanisms,
including both innate and acquired immunity. It is believed
that the starting point in the development of the disease is
androgen-dependent hyperproduction of sebum with
simultaneous acceleration of keratinization of the follicular
epithelium, which create favorable conditions for the
activation of autochthonous microflora. Propionibacterium
acnes inhabit deep parts of follicles and closed
comedones, hydrolyze sebum and block its protective
function. Polymorphonuclear leukocytes, which absorb
Propionibacterium acnes, release hydrolytic enzymes that
destroy the epithelium, cause inflammatory processes,
which destroy the structure of the dermis, and activate the
complement system. Under these conditions, epidermal
staphylococci, the products of which are a trigger of
neutrophilic inflammation and the formation of pustules,
are able to realize their pathogenic potential [2, 9, 16, 19].
The colonization density of Propionibacterium acnes skin
changes with age, reaching a maximum in adolescence.
The largest number of these bacteria is in seborrheic
areas, as sebum is a nutrient medium for them.
Propionibacterium acnes directly and indirectly involved in
the occurrence of non-inflammatory (open, closed
comedones) and inflammatory (papules, pustules,
nodules) elements of the lesion. Bacteria secrete the
exoenzyme lipase, which hydrolyzes sebum triglycerides
to glycerol, and free fatty acids, which exhibit comedogenic
properties [12, 20].

Given the important role of microorganisms in the
etiopathogenesis of the disease, the main means of
treating patients with mild acne and moderate disease are
antimicrobial agents for topical use. In 2016, new guidelines
for the treatment of acne patients were issued in Europe,
America and Canada. For the treatment of acne requires
an individual approach to the patient, taking into account
the form and severity of the disease. Recommended
methods must include topical therapy, antibiotics [1, 5, 15,
19]. Most commonly used dosage forms in which the main
active ingredients are erythromycin, clindamycin, benzoyl
peroxide, azelaic acid or combinations thereof. Sometimes
used extemporaneously made forms according to ancient
recipes using salicylic acid and chloramphenicol. In severe
forms of the disease include systemic antibiotic therapy.
Most often, the tetracycline antibiotic doxycycline is used
for this purpose [6, 10, 17].

The effectiveness of such treatment regimens cannot
be considered high, because the treatment is long-term
and the appearance of patients' skin remains unattractive
after treatment. At the current level of resistance of
microorganisms to antibiotics, the low effectiveness of
traditional acne treatment regimens may be due to this
phenomenon. Data on the current state of susceptibility of
microorganisms involved in the development of acne to
antimicrobials are insufficient to make suggestions for the
correction of treatment regimens. The sensitivity of acne
pathogens to antiseptics from among the quaternary

ammonium compounds, natural derivatives of
bromothyrosine, remains unexplored. It is worth studying
the prospects of using the antagonistic effect of probiotic
strains of lactobacilli in the complex treatment of this
disease.

The aim of the study was to study the sensitivity of
microorganisms involved in the development of acne to
antimicrobials and the antagonistic effect of probiotic
strains of lactobacilli.

Materials and methods
The content of rash elements of 60 patients with

papulopustular acne of moderate severity was studied by
bacteriological method. The test material was plated on
blood meat-peptone agar (MPA). GasPak EZ gas generating
packages were used to create anaerobic conditions.

Identification of isolated microorganisms was
performed taking into account morphological, tinctorial,
cultural and biochemical properties. Biochemical
properties of isolated staphylococcal strains were
determined using test systems STAFItest 16.

The sensitivity of the isolated strains of microorganisms
to oxacillin, cefazolin, ceftriaxone, chloramphenicol,
doxycycline, cyprfloxacin, clindamycin was determined
using the standard disco-diffusion method (DDM).
Minimum bactericidal (MBC) concentrations of antibiotics
most commonly used in the treatment of acne, antiseptic
decamethoxine (1.10-decamethylene-bis-n, n-
dimethylmen-tihoxycarbonylmethyl, ammonium dichloride)
and 2-[(1S, 6R)3,5-Dibromo-1,6-dihydroxy-4-
methoxycyclohexa-2,4-dien-1-yl] acetonitrile (Aeroplysinin
1) was determined by serial dilutions of antibiotics in a
liquid nutrient medium [14].

The sensitivity of isolated strains of staphylococci and
propionate bacteria to the antagonistic effect of culture of
Lactobacillus acidophilus isolated from a serial sample of
the drug Linex-forte (Sandos, Slovenia) was determined.
Isolation of pure culture of lactobacilli was performed using
a selective medium MRS-agar.

Determination of the level of antagonistic activity was
performed by the method of two-layer agar. To do this, the
suspension of the studied culture of lactobacilli in sterile
isotonic sodium chloride solution based on the final
concentration of 108 colony-forming units per 1 ml of
nutrient medium (CFU/ml) was added to the molten meat-
peptone agar and poured into Petri dishes. After cooling
the agar, a second layer (10 ml) of molten agar was poured
on its surface. In the lower layer, sown with lactobacilli,
created optimal conditions for the cultivation of
microaerophilic lactobacilli, eliminating the need to use
anaerobic techniques. The plates were incubated for two
hours at 37 °C.

Subsequently, a pure culture of bacteria isolated from
acne patients (staphylococci or propiobacteria) was
quantified on Gold cups prepared in this way. At the end of
the daily incubation, the number of colonies grown on the



agar surface was counted. As a control, cups prepared in a
similar manner, in the lower layer of the nutrient medium of
which probiotic strains of microorganisms were not made.
The antagonistic activity of the studied strains of lactobacilli
was evaluated by the degree of reduction in the number of
CFU of bacteria compared to the control.

Results
Gram-positive coccal microorganisms were isolated

from 40 subjects (80.0 %) who tested positive. Of the
isolated cocci, 87.5 % (35 strains) belonged to the species
S. epidermidis. In one case, S. aureus was isolated, in two
more - S. hominis, two strains of isolated coccal bacteria
were assigned to the genus Kocuria. Propionibacterum
acnes cultures were isolated in 15 patients (30.0 %). In
particular, in 10.0 % of cases propiobacteria were sown in
monoculture, and in other cases - in association with
staphylococci. In 10 patients (16.7 %) from the material
taken for bacteriological examination of microorganisms
could not be isolated.

The level of sensitivity of the isolated strains of
microorganisms to antibiotics, determined by the disco-
diffusion method, is shown in Figure 1.

The data in Figure 1 show that the selected strains of
bacteria showed low sensitivity to antibiotics, which are
most often used in the topical therapy of acne patients in
the form of soft or liquid dosage forms (clindamycin,
erythromycin and chloramphenicol). At the same time
propionobacteria show higher sensitivity, in comparison
with staphylococci. Thus, about half of the isolated strains
of propionobacteria were sensitive to erythromycin. Of the
isolated strains of cocci, only 17.5 % were sensitive to this
antibiotic. A relatively high level of sensitivity of isolated
strains of propionate bacteria to chloramphenicol (80.0 %)
was found, while in the coccal microflora this indicator was
much lower (32.5 %). Only about half of the isolated strains
of both types of bacteria were sensitive to clindamycin.

In severe forms of acne, doxycycline is used

systemically. According to our data, propionates have a high
level of sensitivity to it (93.3 %). However, staphylococci,
which support the inflammatory response in the lesions,
are characterized by a much lower rate (60.0 %) of sensitivity
to this antibiotic.

High levels of sensitivity of isolated strains of
staphylococci were detected in relation to cephalosporins
of I and III generations (95.0 % and 90.0 %, respectively).
However, these antibiotics are used only systemically. The
high level of sensitivity of the isolated strains of both types
of bacteria to ciprofloxacin allows to predict the appropriate
therapeutic efficacy in acne topical application of this drug,
however, dosage forms based on it for the treatment of
acne have not been developed to date.

The results of quantitative determination of the level of
sensitivity of isolated strains of staphylococci and
propionate bacteria to erythromycin, clindamycin,
antiseptics benzoyl peroxide, salicylic acid, decamethoxine
and the natural derivative of bromothyrosine Aeroplysinin 1
are summarized in Table 1.

The mean MBC values of erythromycin and clindamycin
for staphylococci shown in Table 1 are not an objective
reflection of the level of susceptibility of this genus, as for
susceptible strains MBC ranged from 4-32 μg/ml. However,
such strains were a significant minority. Stable strains of
staphylococci remained viable in the presence of 4000 μg/ml
antibiotics.

Against the background of the above average, a
significantly higher level of vulnerability of propionate bacteria
to the studied antibiotics is obvious, compared to
staphylococci. After all, the MBC of ethithromycin and
clindamycin for propionibacterium is 7.234 μg/ml and
39.28 μg/ml, respectively.

In contrast, an antiseptic with a peroxide mechanism of
bactericidal action of benzoyl peroxide was more active against
selected strains of staphylococci (MBC=92.12 μg/ml).
However, the isolated strains of propionate bacteria were less
sensitive to this drug (MBC=392.2 μg/ml).

Salicylic acid is part of anti-acne drugs, taking into account,
mainly, its keratolytic effect. However, it is believed that this
compound has an antiseptic effect. Listed in Table 1 average

Fig.1. Sensitivity of isolated bacterial strains to antibiotics (% of
susceptible strains).

Table 1. Sensitivity characteristics of selected strains of
Staphylococcus spp. and Propionibacterium spp. to antibiotics
and antiseptics.

Antimicrobial
drug

Genus of microorganisms

Staphylococcus
(n=40)

Propionibacterium
(n=15)

Minimum bactericidal concentration (M±m, g/ml)

Erythromycin 620.8±134.7 7.234±2.512

Clindamycin 504.7±122.5 39.28±9.61

Benzoyl peroxide 92.12±14.57 392.2±49.4

Salicylic acid >1250 416.3±22.7

Aeroplysinin 1 24.53±3.21 12.45±1.72

Decamethoxine 2.928±0.718 1.475±0.431
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MBC of salicylic acid for acne pathogens indicates a slight
antimicrobial effect. Thus, staphylococci were insensitive to
salicylic acid at the maximum concentration studied (1250
μg/ml). Propionate bacteria died in the presence of at least
400 μg/ml of this drug.

Aeroplysinin 1 was the first natural bromothyrosine
isolated from the sponge Aplysina aerophoba. Since then,
its antiviral, antibacterial, anti-inflammatory, antiangiogenic,
action has been detected [4, 7, 8]. Due to a wide range of
biological action, Aeroplysinin 1 is called a multitarget (multi-
purpose) biologically active compound, aspects of medical
use of which require detailed research [8]. The
antimicrobial activity of this compound against pathogens
of acne remained unexplored. W e determined that
Propionibacterium acnes and Staphylococcus spp. show
a fairly high level of sensitivity to Aeroplysinin 1, the MBC of
which for them is 12.45±1.72 μg/ml and 24.53±3.21 μg/ml,
respectively.

Domestic antiseptic decamethoxine belongs to the
quaternary ammonium compounds. The drug has a high
level of antimicrobial activity, so it is widely used in purulent
surgery, pulmonology, gynecology, ophthalmology and
others. In terms of antimicrobial activity, decamethoxine
has significant advantages over antibiotics and other
domestic and foreign antiseptics of the same chemical
series (benzalkonium chloride, cetylpyridinium chloride,
miramistin). Thus, according to various authors, the MBC
of decamethoxine for Staphylococcus aureus ranges from
1.5 μg/ml to 3.5 μg/ml, and for epidermal staphylococci is
even lower [18, 22].

We determined that the average MBC of decamethoxine
for isolated strains of staphylococci involved in the acne
development was 2.928±0.718 μg/ml. All isolated strains
of propionate bacteria also showed a high level of sensitivity
to decamethoxine (MBC=1.475±0.431 μg/ml). These
results suggest that decamethoxine may be an effective
component of complex means of topical acne therapy.

Recent studies have shown that probiotic strains of
lactobacilli are able to inhibit the biological activity of
staphylococci isolated from the purulent elements of acne
vulgaris [13]. We studied the sensitivity of isolated strains
of staphylococci and propionates to the antagonistic effect
of culture of Lactobacillus acidophilus, isolated from a serial
sample of the drug Linex Forte (Sandos, Slovenia).
Evaluation of antagonistic activity was performed on the
growth rate of the tested strain of opportunistic bacteria on
a normal nutrient medium and in the presence of lactobacilli

in a two-layer medium. The results are illustrated in
Table 2.

The results shown in table 2 indicate a high level of
sensitivity of bacteria of etiological importance in the
development of acne to the antagonistic effect of the
probiotic strain of lactobacilli.

The number of colony-forming units of staphylococci
on bilayer plates inoculated with lactobacilli was
approximately 103 times less than in the control. The
population of Propionibacterium acnes decreased in the
presence of lactobacilli by 106 times. Obviously, it is worth
exploring the possibility of using probiotic drugs in the acne
complex treatment.

Discussion
Summarizing the above, it should be noted that the

results of our bacteriological studies of the content of acne
rash elements confirm the etiological role of
Propionibacterium acnes and Staphylococcus spp. in the
development of this disease. General threatening trends
in the spread of the phenomenon of resistance of
microorganisms to antimicrobials extend to the pathogens
of acne. The level of resistance of bacteria involved in the
acne development to the most commonly used in the acne
treatment antimicrobials is quite high and can have a
negative impact on the effectiveness of treatment of
patients. Less than half of the isolated strains of
staphylococci were sensitive to erythromycin,
chloramphenicol, clindamycin. It is known that the activity
of this type of bacteria contributes to the chronicity of
pathological changes in the skin and the development of
complicated forms of acne.

Of the two members of the microbial association
involved in the acne development, propionate bacteria are
more sensitive to the effects of antimicrobial drugs.
However, draw attention to the opposites in the sensitivity
of associates to different drugs: if strains of
Propionibacterium acnes show high sensitivity to
erythromycin, clindamycin and low sensitivity to benzoyl
peroxide, staphylococci, by contrast, are resistant to these
antibiotics and relatively sensitive. In the real existence of
the microbial association in the lesion, such a
phenomenon can increase the ability of microorganisms
to survive and in the process of antimicrobial therapy to
reduce its effectiveness. As a result, among the acne
treatment, the advantage should obviously belong to the
dosage forms of the combined multicomponent
composition.

Given the long duration of the period when topical acne
therapy is mainly drugs from the above list, and
microorganisms accelerate the spread of mechanisms of
resistance to antimicrobials, there is a need to study the
effectiveness and implementation of new highly effective
antimicrobials. The results of the study of the sensitivity of
acne pathogens to the antimicrobial drugs decamethoxine
and Aeroplysinin 1 in vitro indicate the prospects of creating

Table 2. Quantitative characteristics of the growth inhibition of
acne pathogens in the presence of lactobacilli.

Culture of microorganisms

Cultivation conditions

ordinary
(control)

in the presence of
Lactobacillus acidophilus

quantitative characteristics (CFU/ml, M±m)

Propionibacterium acnes 108±1.5x103 102±18.7

Staphylococcus spp. 108±2.3x103 105±3.7x102
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on their basis means of topical acne therapy. A high level of
sensitivity of Propionibacterium acnes and Staphylococcus
spp. to the antagonistic effect of Lactobacillus acidophilus
opens the possibility of topical use of probiotics in the
treatment of acne vulgaris.

Conclusions
1. Strains of Propionibacterium acnes and

Staphylococcus spp., which are currently involved in the
development of acne, are characterized by a high level of
resistance to erythromycin, clindamycin, chloramphenicol,
benzoyl peroxide and other antimicrobials, which are

currently used in the main list of anti-acne drugs as active
substances.

2. The antimicrobial component of acne treatment
regimens needs to be replenished with modern
antimicrobials, to which propionibacterium and
staphylococci remain highly sensitive.

3. It should be considered promising to upgrade the
arsenal of topical acne therapy with drugs based on the
quaternary ammonium compound decamethoxine, a
derivative of bromothyrosine Aeroplysinin 1 and probiotic
drugs containing lactobacilli strains with high antagonistic
activity.
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Skinfold thickness in men with mild and severe psoriasis without
and taking into account the somatotype
Obadeh Bassam Abdel-Rahman Al-Qaraleh
National Pirogov Memorial Medical University, Vinnytsya, Ukraine

Significant prevalence and decline in quality of life caused by psoriasis in combination
with the lack of etiotropic methods of its treatment, put this disease, in terms of relevance
for modern medicine on a par with diabetes, hypertension, asthma etc. That is, there is
a need to find easily accessible markers that would determine the susceptibility to this
disease. The aim of the study was to establish the differences in the skinfold thickness
between healthy and/or psoriatic Ukrainian men depending on the severity of the disease
without and taking into account the somatotype. For 32 Ukrainian men of the first mature
age, patients with mild psoriasis and 68 men with severe psoriasis (according to the
PASI index) were determined skinfold thickness according to Bunak and determined
the somatotype according to the Heath-Carter scheme. The control group consisted of
82 healthy men of similar age, selected from the database of the research center of
National Pirogov Memorial Medical University, Vinnytsya. Statistical data processing
was performed in the license package "Statistica 5.5" using non-parametric methods of
evaluation of the obtained results. It was found that in patients with mild or severe
psoriasis of men without division into somatotypes and in representatives of the
mesomorphic somatotype compared to healthy men, the skinfold thickness is
significantly higher at the lower angle of the scapula, abdomen and side, and significantly
lower on the back and front of the shoulder, chest and thighs. When comparing the
skinfold thickness between patients with mild or severe psoriasis of endo-mesomorphic
somatotype with healthy men of similar somatotype, we found larger values of the
skinfold thickness under the lower angle of the scapula (only with mild course), on the
abdomen and side, and also smaller values of the skinfold thickness on the posterior
surface of the shoulder and only in representatives with severe psoriasis - on the
anterior surface of the shoulder, chest and thigh. Between patients with different degrees
of severity of dermatosis both without distribution, and with distribution on various
somatotypes of reliable or tendencies of differences of skinfold thickness are not
revealed. Thus, there are pronounced differences in most indicators of the skinfold
thickness between healthy and patients with mild or severe psoriasis of Ukrainian men
of the first mature age, both without distribution and with the division into different
somatotypes.
Keywords: psoriasis, skinfold thickness, somatotype, men.
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Introduction
Psoriasis is a chronic immune-mediated inflammatory

skin disease that has a chronic recurrent course that
significantly affects the quality of life of patients. According
to research, the leading triggers of the disease are stress
(48.3 %), insolation (24.9 %) and infectious diseases
(9.1 %) [18].

The prevalence of the disease is heterogeneous, but
there is a peculiar trend when it is more prevalent in high-
income countries. Thus, in the United Kingdom the

prevalence is 2.2 %, in Norway 4.5 %, in the United States
2.2 %-3.15 %, and in Africa, Asia and Latin America the
average is 0.5 % [18, 20]. In Israel, the average incidence
rate is 2.69 % [24].

In the United States as of 2010, 7.2 million people
suffered from psoriasis, and in 2013 this figure was already
7.4 million people. Although in general the authors of the
study claim that since the early 2000s the number of
patients with psoriasis in the country has stabilized [21].
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In addition, it is known that psoriasis is often associated
with various diseases of other body systems. Psoriatic
arthritis occurs in 86 % of patients. Cardiovascular
diseases, diabetes mellitus, sometimes rheumatoid
arthritis, Crohn's disease, multiple sclerosis, etc. are often
associated [2]. It should be noted that the complication of
the cardiovascular system on the background of psoriasis
is the most common cause of death in this group of patients,
especially when it comes to psoriatic arthritis. According to
the literature, the probability of death from the
cardiovascular system in such patients increases by 50 %
[4].

It is known that psoriasis is a multifactorial disease, ie
it occurs both under the influence of genetic factors and
environmental factors. Scientists are already well aware of
which genes are associated with psoriasis (for example,
the best known association with the HLA-Cw6 allele) [12].
Direct gene research is a complex and costly process.
However, it can be successfully replaced by anthropometric
research due to the fact that genes that encode certain
phenotypic traits can be linked to certain genes associated
with disease. This statement has been repeatedly proven
in practice by various studies, in particular, for skin diseases
[17].

One of the potential anthropometric indicators that can
be successfully used for this purpose is the skinfold
thickness. A group of researchers found that there is a
correlation between the skinfold thickness on the leg and
the risk of head and neck cancer [1].

M. R. Esco and co-authors [8] in the study found a
relationship between heart rate variability, heart rate recovery
and total skinfold thickness on the abdomen, chest and
thighs (p<0.01).

Indicators of the skinfold thickness of the epigastric
can be used to predict the occurrence of depression in the
elderly [13].

In a study of 451 Hawaiians, a group of authors found
that higher rates of skinfold thickness in the triceps were
associated with a higher risk of Parkinson's disease. Similar
results were achieved by a group of Swedish authors who
found a correlation between the total skinfold thickness
and the risk of Parkinson's disease [26].

The study of cardiovascular parameters and
anthropometric parameters in groups of 100 people
revealed a correlation between the rate of arterial stiffness
and the skinfold thickness in the triceps (r=0.377, p<0.001),
which was seen when performing regression analysis
(arterial stiffness indicator = 6.41 + 0.072 x TST; R2=0.142,
F(1-98)=16.23, р<0.001) [23].

J. Surendar and co-authors [25] in 2016 found an
association between the total skinfold thickness, the
peripheral skinfold thickness and the risk of diabetes.

Regarding the study of the skinfold thickness in people
with psoriasis, the analysis of English-language
scientometric databases revealed only one work in 1992
[22], where the author studied this indicator only among

people with psoriasis of four "skin types". Thus, there is a
need to conduct this study with the participation of both
patients and healthy individuals and a modern assessment
of the severity of psoriasis.

The aim of the study was to establish the differences in
the skinfold thickness between healthy and/or psoriatic
Ukrainian men depending on the severity of the disease
without and taking into account the somatotype.

Materials and methods
The skinfold thickness (mm) was determined according

to the scheme of Bunak V. V. [5] for 32 Ukrainian men of the
first mature age (22-35 years) with mild psoriasis and 68
men with severe psoriasis. The Bioethics Committee of
the National Pirogov Memorial Medical University, Vinnytsya
(Minutes № 2 of 02.20.2020) found that the studies did not
contradict the basic bioethical norms of the Declaration of
Helsinki, the Council of Europe Convention on Human
Rights and Biomedicine (1977), WHO regulations and
Ukrainian laws.

Assessment of the severity and area of psoriatic lesions
was performed using the total PASI index (Psoriasis Area
and Severity Index) [9], according to which: mild severity -
PASI value <10; moderate severity - PASI values from 10 to
20; severe - PASI value >20 [3].

The control group consisted of 82 healthy men of similar
age group, whose anthropometric data were taken from
the database of the research center National Pirogov
Memorial Medical University, Vinnytsya.

Somatotype assessment was performed according to
the Heath-Carter scheme [6]. The following distribution of
somatotypes among men with mild and severe psoriasis
was established: mesomorphs - 28 (87.5 %) and 55
(80.9 %), respectively; ectomorphs - 0 (0 %) and 2 (2.9 %),
respectively; ecto-mesomorphs - 0 (0 %) and 2 (2.9 %),
respectively; endomesomorphs - 4 (12.5 %) and 9 (13.2 %),
respectively. Among healthy men, the distribution of
somatotypes is as follows: endomorphs - 2 (2.4 %);
mesomorphs - 39 (47.6 %); ectomorphs - 9 (11.0 %); ecto-
mesomorphs - 13 (15.9 %); endomesomorphs - 13 (15.9 %);
representatives of the middle intermediate somatotype - 6
(7.3 %).

Statistical processing of the obtained results was
performed in the license package "Statistica 5.5" using
non-parametric evaluation methods. The significance of
the difference in values was determined using the Mann-
Whitney U-test.

Results
When comparing the skinfold thickness between healthy

and psoriatic men of mild and severe course without taking
into account the somatotype, it was found (Table 1)
significantly higher (p<0.01-0.001) values in healthy men
of the skinfold thickness on the back and front of the
shoulder, on chest and thighs; and significantly lower
(p<0.05-0.001) values in healthy men of the skinfold



thickness under the lower angle of the scapula, abdomen
and side. There were no significant or tendencies of
differences in the skinfold thickness between men with
mild and severe psoriasis without taking into account the
somatotype (see Table 1).

Both between healthy and patients with mild psoriasis
of mesomorphic and endomesomorphic somatotypes,
significantly higher values of the skinfold thickness (p<0.01-
0.001) were found in representatives of endomesomorphic
somatotype (Table 2). Between healthy and patients with
mild psoriasis of the mesomorphic somatotype, the picture
of differences in the skinfold thickness is completely similar
to the established differences without division into
somatotypes (see Table 1, Table 2). Between healthy and
mild psoriasis men of endo-mesomorphic somatotype,
the picture of differences in the skinfold thickness is slightly
different: in contrast to the established differences without
division into somatotypes, there are no significant
differences in the skinfold thickness on the front surface of
the shoulder, chest and thighs (see Table 1, Table 2).

When comparing the skinfold thickness between
patients with severe psoriasis course men of mesomorphic
and endomesomorphic somatotypes, in latter found
significantly higher values (p<0.05-0.01) of the skinfold
thickness only on the back of the shoulder, forearm,
abdomen, side and on the thigh (Table 3). Between healthy
and severe psoriasis men of mesomorphic somatotype,
the pattern of differences in the skinfold thickness is almost
similar to the established differences in men without
division into somatotypes (see Table 1) and between
healthy and mild course of psoriasis mesomorphic men
(see Table 2). Between healthy and severe course of
psoriasis men of endo-mesomorphic somatotype, the
picture of differences in the skinfold thickness differs from
the established differences without division into
somatotypes only in the absence of differences in the
skinfold thickness at the lower angle of the scapula (see
Table 3).

It should be noted that between patients with mild and
severe psoriasis course in men of mesomorphic or
endomesomorphic somatotypes, as well as without taking
into account the somatotype, there are no significant or
trends in differences in the skinfold thickness.

Discussion
It is known from scientific literature sources that in

various pathological processes the rate of genotype
reaction clearly defines the limits of clinical variability and
pathomorphosis of human diseases. At the phenotypic
level, this reaction rate is registered by the
macromorphological subsystem of the general
constitution, namely its morphophenotype (somatic type,
somatotype, body type) [19]. Therefore, the identification of
phenotypic traits that are in close causal relationships with
different links in the pathogenesis of multifactorial diseases
is essential to justify the influence of hereditary or

environmental factors on the predisposition or resistance
of the population to psoriasis.

During the analysis of the skinfold thickness, in patients
with mild or severe psoriasis men without division into
somatotypes or representatives of the mesomorphic
somatotype compared with healthy men of similar groups,
we found: higher values of skinfold thickness - under the
lower angle of the scapula, respectively by 27.9 % and
19.1 % and by 15.7 % and 23.5 %, on the abdomen
respectively by 45.7 % and 43.0 % and by 30.3 % and
44.6 %, as well as on the side respectively by 88.7 % and
71.8 % and by 88.9 % and 86.7 %; lower values of skinfold
thickness - on the back of the shoulder respectively by
37.1 % and 35.5 % and by 37.2 % and 30.7 %, on the front
surface of the shoulder, respectively by 30.7 % and 30.8 %
and by 31.3 % and 23.2 %, on the chest respectively by
20.0 % and 17.6 % and by 20.1 % and 8.2 %, as well as on
the thigh, respectively by 30.4 % and 30.7 % and by 33.7 %
and 29.6 %.

During the analysis of the skinfold thickness, in patients
with mild or severe psoriasis course men of endo-
mesomorphic somatotype compared with healthy men of
similar somatotype, we found: higher values of skinfold
thickness - under the lower angle of the scapula by 91.6 %
(only with a mild course), on the abdomen respectively by

Table 1. Comparison of the skinfold thickness between healthy
and psoriatic men without somatotype (M±σ).

Notes: here and in the following tables, GZPL - the skinfold
thickness on the back of the shoulder; GPPL - on the front surface
of the shoulder; GPR - on the forearm; GL - under the lower angle
of the scapula; GGR - on the chest; GG - on the abdomen; GB - on
the side; GBD - on the thigh; GGL - on the shin; MC - mild course;
SC - severe course; рh-mc - the reliability of the difference between
the relevant indicators between healthy and patients with mild
psoriasis; ph-sc -  between healthy and patients with severe
psoriasis; pmc-sc - between patients with mild and severe psoriasis.

Indicators Healthy
Patients with

psoriasis рh-mc ph-sc pmc-sc

MC SC

GZPL 7.848±
2.914

4.938±
1.933

5.059±
1.819 <0.001 <0.001 >0.05

GPPL 5.592±
2.132

3.875±
1.792

3.868±
1.656 <0.001 <0.001 >0.05

GPR 4.173±
1.621

4.281±
1.727

4.177±
1.360 >0.05 >0.05 >0.05

GL 13.53±
3.92

17.31±
7.44

16.12±
6.63 <0.01 <0.05 >0.05

GGR 4.924±
1.729

3.938±
1.501

4.059±
1.761 <0.01 <0.001 >0.05

GG 12.33±
4.79

17.97±
8.68

17.63±
7.79 <0.001 <0.001 >0.05

GB 10.75±
4.41

20.28±
7.87

18.47±
7.17 <0.001 <0.001 >0.05

GBD 12.80±
3.85

8.906±
3.439

8.868±
3.425 <0.001 <0.001 >0.05

GGL 8.982±
2.691

10.25±
3.98

9.441±
3.431 >0.05 >0.05 >0.05
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115.5 % and 55.0 % and on the side respectively by 114.7 %
and 61.8 %; lower values of skinfold thickness - on the back
of the shoulder respectively by 34.4 % and 66.3 %, on the
front surface of the shoulder by 63.9 % (only with severe
course), on the chest by 56.4 % (only with severe course)
and on the thigh by 31.3 % (only with severe course).

S. V. Dmytrenko [7] in 2005-2006 in patients with limited
psoriasis in men found significantly greater values of most
skinfold thickness of the upper extremity and torso, as well
as significantly greater values of the skinfold thickness in
patients with advanced psoriasis men than in healthy men
of the same age and place of residence (residents of the
Podillia region of Ukraine).

In addition, the results of work on the study of the
prevalence of somatotype and features of anthropometric
parameters in patients with other skin diseases are widely
presented. Thus, I. M. Makarchuk [14, 15] in 2014 examined
84 boys and 116 girls with acne and 150 healthy boys and

160 healthy girls (control group) in order to identify
differences in transverse body sizes between the studied
groups of persons, taking into account and without taking
into account somatotype. Statistical processing of the
obtained data showed that individuals with mesomorphic
somatotype have the least pronounced homogeneity in
anthropometric indicators.

In the works of I. V. Gunas and co-authors [10, 11] the
peculiarities of somatotype distribution for both healthy and
acne patients, residents of the Podillia region of Ukraine
were found, namely - among boys suffering from acne there
are more persons of mesomorphic and
endomesomorphic somatotype, and among girls -
mesomorphic somatotype.

The data identified during the study logically
complement and agree with the findings of our previous
work and the work of other teams of authors, thus increasing
the effectiveness of future use of anthropometric indicators

Table 2. Comparison of the skinfold thickness between healthy and patients with mild psoriasis men of mesomorphic and endomesomorphic
somatotypes (M±σ).

Notes: here and the following tables, p is the significance of the difference between the corresponding indicators between the
representatives of mesomorphic and endomesomorphic somatotypes; ph/m-mc/m - between healthy and patients with mild psoriasis and
mesomorphic somatotype; ph/em-mc/em - between healthy and psoriasis patients with mild endomesomorphic somatotype.
Table 3. Comparison of the skinfold thickness between healthy and patients with severe psoriasis of mesomorphic and endomesomorphic
somatotypes (M±σ).

Indicators
Healthy

р
MC of psoriasis

р ph/m-mc/m ph/em-mc/emmes. en-mes. mes. en-mes.

GZPL 7.108±2.344 11.09±2.18 <0.001 4.464±1.527 8.250±0.957 <0.01 <0.001 <0.05

GPPL 5.044±1.493 7.831±2.106 <0.001 3.464±1.427 6.750±1.500 <0.01 <0.001 >0.05

GPR 3.713±1.295 5.646±1.760 <0.01 3.893±1.423 7.000±1.155 <0.01 >0.05 >0.05

GL 13.09±3.51 16.96±3.02 <0.01 15.14±3.94 32.50±9.00 <0.01 <0.05 <0.01

GGR 4.515±1.147 6.254±1.926 <0.01 3.607±1.133 6.250±1.893 <0.01 <0.01 >0.05

GG 11.79±4.64 16.84±3.35 <0.001 15.36±4.25 36.25±10.31 <0.01 <0.01 <0.01

GB 9.721±3.502 15.72±3.58 <0.001 18.36±5.91 33.75±7.09 <0.01 <0.001 <0.01

GBD 12.22±3.50 16.05±3.99 <0.01 8.107±2.485 14.50±4.36 <0.01 <0.001 >0.05

GGL 8.741±2.720 11.50±2.32 <0.001 9.250±2.238 17.25±6.65 <0.01 >0.05 >0.05

Notes: ph/m-sc/m - between healthy and men with severe psoriasis and mesomorphic somatotype; ph/em-sc/em - between healthy and patients
with severe psoriasis of endo-mesomorphic somatotype.

Indicators
Healthy

р
MC of psoriasis

р ph/m-mc/m ph/em-mc/emmes. en-mes. mes. en-mes.

GZPL 7.108±2.344 11.09±2.18 <0.001 4.927±1.709 6.667±1.732 <0.01 <0.001 <0.001

GPPL 5.044±1.493 7.831±2.106 <0.001 3.873±1.504 4.778±2.108 >0.05 <0.001 <0.01

GPR 3.713±1.295 5.646±1.760 <0.01 4.073±1.120 5.667±1.581 <0.01 >0.05 >0.05

GL 13.09±3.51 16.96±3.02 <0.01 16.16±4.45 19.89±13.23 >0.05 <0.001 >0.05

GGR 4.515±1.147 6.254±1.926 <0.01 4.146±1.693 4.000±2.449 >0.05 =0.065 <0.05

GG 11.79±4.64 16.84±3.35 <0.001 17.05±5.83 26.11±11.50 <0.05 <0.001 <0.05

GB 9.721±3.502 15.72±3.58 <0.001 18.15±5.83 25.44±9.00 <0.01 <0.001 <0.01

GBD 12.22±3.50 16.05±3.99 <0.01 8.600±3.083 12.22±3.56 <0.01 <0.001 <0.05

GGL 8.741±2.720 11.50±2.32 <0.001 9.273±2.453 12.33±6.22 >0.05 >0.05 >0.05
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to identify risk groups for psoriasis and its severity. This in
turn will allow doctors to respond in a timely manner and
modify the patient's lifestyle and improve his quality of life.

Conclusions
1. In men with mild and severe psoriasis course without

division into somatotypes, as well as in patients of different
disease course of mesomorphic somatotype, the skinfold
thickness on the back and front of the shoulder, chest and
thigh is smaller (p<0.01-0.001), and under lower angle of
the scapula, on the abdomen and on the side - larger
(p<0.05-0.001), compared with healthy men. In contrast to
the established differences in skinfold thickness, in men
of endomesomorphic somatotype patients with mild
psoriasis course there are no significant differences in the

skinfold thickness on the front surface of the shoulder, chest
and thigh; and in representatives of severe psoriasis - only
the skinfold thickness under the lower angle of the scapula.

2. The skinfold thickness is greater in men of
endomesomorphic somatotype than in representatives of the
mesomorphic somatotype when comparing healthy (p<0.01-
0.001) or patients with mild course of psoriasis (p<0.01) men.
In patients with severe course of psoriasis men of
endomesomorphic somatotype, higher values (p<0.05-0.01)
of the skinfold thickness were found only on the posterior
surface of the shoulder, forearm, abdomen, side and thigh
than in representatives of the mesomorphic somatotype.

3. There are no significant or trends in differences in
the skinfold thickness between sick men with mild and
severe psoriasis, both without and with somatotype.
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Evaluation of the effectiveness of a proposed approach to treat
infertility against the background of uterine leiomyoma, which
includes treatment with a releasing hormone agonist,
hysteroresectoscopy or conservative myomectomy, and pre-
pregnancy treatment in assisted reproductive technology programs
Khmil S. V., Drozdovska Yu. B.
I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine
Medical Center "The Clinic of Professor Stefan Khmil", Ternopil, Ukraine

There is much discussion about the effect of uterine leiomyomas on the outcomes of
assisted reproductive technologies (ART). This study aimed to analyze the effectiveness of
in vitro fertilization following the use of a therapy scheme we propose to treat infertility with
the background of uterine leiomyoma. The therapy scheme includes the use of a releasing
hormone agonist, hysteroresectoscopy or conservative myomectomy and pre-pregnancy
pre-treatment. The clinical study involved 175 women of reproductive age who had been
diagnosed with uterine leiomyoma, and were divided into the groups as follows. The treatment
group A included 137 women with uterine leiomyoma, and was further divided into subgroups.
Subgroup A1 included 55 women with uterine leiomyoma after conservative myomectomy
who underwent the proposed treatment scheme (TS); A2 included 45 women with uterine
leiomyoma after hysteroresectoscopy who underwent the TS; A3 included 37 women with
uterine leiomyoma who underwent the TS but not the surgical removal of uterine leiomyoma.
Control group B included 38 women with uterine leiomyoma after conservative myomectomy.
All patients with intramural and submucosal myoma nodules underwent a hormonal
preparatory treatment with a gonadotropin-releasing hormone (GnRH) agonist (Diphereline
3.75 mg intramuscularly once every 28 days for 3 months) prior to the myomectomy. After
the surgery, patients were prescribed a combination therapy with a vitamin complex
FT 500 plus, vitamin D3 and Pelvidol for three months before and during controlled ovarian
stimulation (COS) protocol up to the follicle puncture. We determined that the incidence of
pregnancy was the lowest (37.8 %) in women with infertility against the background of
uterine leiomyoma, who surgically treated for the myomas, but underwent pre-pregnancy
pre-treatment. The frequency of pregnancy did not differ between the A1 and A2 treatment
groups, and was on average 7.0 % higher than in the control group, and 11.0 % higher than
in the A3 group. The relative incidence of clinical pregnancies was the highest in A1
(45.5 %) and A2 (44.4 %) treatment groups. The frequency of live births in the A1 group was
significantly higher than in A3 group (by 14.0 %), while the relative number of term live
births in the A1 group exceeded that of A3 group by 26.0 %. Thus, both proposed therapy
schemes to treat infertility against the background of uterine leiomyoma, which include the
use of a releasing hormone agonist, either a conservative myomectomy or
hysteroresectoscopy and pre-pregnancy pre-treatment in addition to the ART protocol with
a multi-vitamin complex with inositol, vitamin D3, alpha-lipoic acid and magnesium, had the
equivalent effects on the incidence of clinical pregnancy, however the frequency of live
births was highest after conservative myomectomy (84.0 %).
Keywords: uterine leiomyoma, myomectomy, pre-pregnancy treatment, effectiveness.
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Introduction
Current research data addressing the issue of uterine

leiomyoma and its impact on female reproductive function
indicate that uterine leiomyoma is a hormone-dependent
benign formation of the myometrium. The tumor develops
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from an abnormal cell that, after it mutates, gains the ability
to grow uncontrollably. Uterine leiomyomas occur in up to
60 % of women under the age of 40 and in 80 % of women
under 50 [17]. At the same time, uterine leiomyomas are
found in 5 to 10 % of women with infertility and in 1-3 % of
cases this pathology is the only factor contributing to infertility
[1]. Uterine leiomyoma is also the cause of approximately
7 % of recurring miscarriages [15].

Sub-mucosal and intramural myomas in particular cause
deformation of the lumen of the uterus and are the specific
types of uterine leiomyomas that can reduce fertility [23].
Studies link the presence of sub-mucosal myomas to
impaired fertility as well as pregnancy loss, but the effects of
intramural myomas on reproductive outcomes are less clear
[16].

Some studies failed to demonstrate an association
between intramural myomas and successful in vitro
fertilization [11], while the others conclude that the presence
of intramural myomas reduces the effectiveness of in vitro
fertilization cycles [17]. A meta-analysis study by Sunkara et
al. revealed that intramural localization of myomas reduces
the incidence of clinical pregnancy and fertility rate (0.85 and
0.79, respectively) in the cycles of in vitro fertilization [19].
There is still no consensus on the practicability of
conservative myomectomy to treat these types of leiomyomas
[12, 13, 24]. This surgical intervention can be performed,
depending on the indications, using vaginal, trans-cervical,
laparoscopic or abdominal access. However, surgical
treatment can sometimes lead to infertility or deterioration
of reproductive function if the connective tissue forms on the
pelvic organs or scars form on the uterus. There are
conflicting opinions on the effect of surgical treatment
(conservative myomectomy) on the restoration of fertility. In
particular, Zepiridis et al. [24] showed improved infertility
treatment outcomes after any type of conservative
myomectomy, while Samejima et al. [18] found that
conservative myomectomy can address the issue of infertility
only if the myomas were the only cause of infertility, in
particular due to their sub-mucosal localization, and the
removal of intramural nodules may not affect the effectiveness
of infertility treatment. A combination therapy (aGnRH, pre-
pregnancy treatment) increases the effectiveness of
conservative myomectomy.

The aim of the study was to analyze the effectiveness of
in vitro fertilization following a treatment for infertility against
the background of uterine leiomyoma using a proposed
scheme which includes administration of a releasing
hormone agonist, hysteroresectoscopy or conservative
myomectomy and pre-pregnancy treatment.

Materials and methods
The clinical study was performed during 2014-2020 at

the medical center "The Clinic of Professor Stefan Khmil".
The study group included 175 women of reproductive age
who were diagnosed with uterine leiomyoma. The patients
were divided into the treatment group A, which included 137

women with uterine leiomyoma, and control group B, 38
women with uterine leiomyoma after conservative
myomectomy. The group A was further sub-divided into the
following subgroups: A1 - 55 women with uterine leiomyoma
after conservative myomectomy who underwent treatment
according to the proposed TS, A2 - 45 women with uterine
leiomyoma after hysteroresescopy and TS, and A3 - 37
women with uterine leiomyoma who did undergo surgical
removal of uterine leiomyoma but were administered the
medication part of the TS (Fig. 1).

All patients with sub-mucosal, intramural and subserosal
localization of the myoma nodules underwent hormonal pre-
treatment with gonadotropin-releasing hormone (GnRH)
agonists (Diphereline 3.75 mg intramuscularly once every
28 days for 3 months) before myomectomy. Such
preoperative treatment with GnRH agonists is intended to
reduce the size of myomas, supporting the organ-sparing
approach. Surgical interventions were performed using
different methods, depending on the localization of myomas.

Patients of the group A2 underwent hysteroresectoscopy,
a modern organ-sparing minimally invasive surgical method
to treat patients with uterine leiomyoma. Patients with sub-
mucosal myomas were treated in one stage, and those with
sub-mucosal/intramural localization of the myoma nodules,
in two stages. Hysteroresectoscopy was performed on the
6th to 10th day of the menstrual cycle in the dorsal lithotomy
position using mechanical and electrosurgical approaches
with a hystero-resectoscope (Karl Storz) under a general
anesthesia.

The operating field was pre-treated with antiseptic
solutions, the cervix was exposed in mirrors in aseptic
conditions; the anterior lip was gripped and stabilized using
ball tips forceps. Os direction and length of the uterus were
measured using a uterine probe, the degree of cervical canal
extension using a Hegar 8 dilator. After that, a hysteroscope
was inserted into the uterine cavity. Prior to the surgery, the
condition of the uterine cavity and endometrium, angles of
the uterus, openings of the fallopian tubes, the cervical canal
and the presence and location of pathological formations,
were examined and evaluated under a video camera control.

Fig. 1. Composition of the treatment group and its sub-groups.

Treatment group А: 137 women with uterine leiomyoma

А1, n=55. Women with 
uterine leiomyoma after 

conservative 
myomectomy who 

underwent treatment 
according to the 

proposed TS

А2, n=45, women with 
uterine leiomyoma after 

hysteroscopy who 
underwent treatment 

according to the proposed 
TS

А3, n=37 women with 
uterine leiomyoma with no 
surgical intervention and 

who underwent pre-
pregnancy pre-treatment



The choice of a surgery method was determined by
localization and size of the myomas:

• mechanical surgery using a cutting loop was used to
remove sub-mucosal myomas on a thin stalk, located on
the uterine floor;

• electrosurgical approach with a loop electrode was
used for resection of myoma nodules on a wide stalk with a
sub-mucosal/intramural and sub-mucosal localization.

Following the surgery, all patients were prescribed
appropriate hemostatic, antibacterial and hormonal therapy.

The other treatment groups of patients underwent
conservative myomectomy with removal of intramural and
subserosal myomas using laparotomy and laparoscopic
approach.

After the surgery, all patients were prescribed a
combination therapy for three months before the TS and, in
the controlled ovarian stimulation (COS) protocol, before the
follicle puncture. The combination therapy included: vitamin
complex FT 500 plus (inositol (vitamin B8) - 2000 mg, vitamin
C - 160 mg, vitamin E - 12 mg, folic acid - 400 μg, selenium
- 55 μg, glutathione - 50 mg, zinc - 10 mg, and lutein - 3 mg),
1 sachet once a day for 3 months; vitamin D3 (in the form of
Eutilia vitamin D3) 2000 IU 1- 2 times/day, depending on the
25(OH)D levels, for 3 months; and Pelvidol (alpha-lipoic acid
- 600 mg and magnesium - 241.2 mg), 1 tablet once a day
for 3 months.

Superovulation in the patients was stimulated with a
recombinant gonadotropin corifollitropin-alpha Elonva
starting on days 2-3 of the menstrual cycle. This drug has a
prolonged effect produced by a modification of the carboxy-
terminal peptide subunit of the beta chain of human FSH.
On days 5-7 of the protocol, depending on the ovarian
response, when the follic le size reached 14-15 mm,
gonadotropin-releasing hormone antagonist (aGnRH)
Orgalutran 0.25 mg/day was administered. On day 8 after
Elonva administration, the stimulation was continued with a
recombinant FSH Puregon and urinary medication Menopur
until the final maturation of the oocytes (3 follicles at
> 18 mm). Releasing hormone agonist Diphereline used
was as a trigger (0.2 mg/mL once in the control group, and
0.2 mg/mL once and additionally 0.1 mg/mL after 12 hours
in the treatment group). The duration of COS and medicine
administration, including the ovulation trigger, were
determined by ultrasound and hormone monitoring.

Follicle puncture and follicular fluid aspiration were
performed under the control of a trans-vaginal sensor with
Cook probes (USA) 36 h after ovulation trigger administration
in a manipulation room. On day 5-6 the eggs were fertilized
and embryos were cultured with subsequent vitrification in
the IVF laboratory. One or 2 embryos were transferred into
the uterine cavity using a Cook catheter, the remaining
embryos were vitrified. Subsequently, the patients were
prescribed a maintenance therapy with progesterone drugs
to a positive β-HCG result. With a positive pregnancy result,
the pre-pregnancy treatment was maintained for up to 10-
12 weeks.

Ultrasound examination of the pelvic organs was
performed on all patients included in the study using the
Voluson E8 Expert system at the initial and each subsequent
visit during COS, as well as for several days following the
follicular puncture; and 28 days after the embryo transfer to
visualize it in the uterine cavity and verify foetal heartbeat.

All patients received a standard comprehensive obstetric
clinical and laboratory examination according to local
protocols approved both in the Clinic for the management of
patients with uterine infertility and by the Regulation of the
Ministry of Health of Ukraine № 787 from 09.09.2013 "On the
approval of the use of assisted reproductive technologies in
Ukraine". This study utilises results of standard clinical and
laboratory tests which were performed according to
appropriate documents (local orders) regulating outpatient
and inpatient obstetric and gynaecological care before and
after myomectomy. The study was carried out in accordance
with the principles of the Helsinki Declaration of Human
Rights, the Council of Europe Convention on Human Rights
and Biomedicine as well as relevant laws of Ukraine.

Statistical analysis was performed using a licensed
software Statistica (version 10; Statsoft, USA). Quantitative
values were compared using parametric statistics (the mean
and standard error). The differences between parameters
were considered statistically significant differences at
p<0.05.

Results
W e used several parameters to evaluate the

effectiveness of the proposed scheme to treat infertility
against the background of uterine leiomyoma, and which
includes administration of a releasing hormone agonist,
hysteroresectoscopy or conservative myomectomy and pre-
pregnancy pre-treatment. We found that the incidence of
pregnancy was the lowest (37.8 %) in women with infertility
against the background of uterine leiomyoma, who did not
undergo surgical myoma removal, but underwent pre-
pregnancy pre-treatment. The frequency of pregnancy was
not significantly different between the A1 and A2 treatment
group and was on average 7.0 % higher than in the control
group, as well as 11.0 % higher than in the A3 group.

It should be noted that in women with infertility against
the background of uterine leiomyoma, who did not have
myoma resection, but received pre-pregnancy pre-treatment,
the relative number of biochemical pregnancies was
21.4 %, which significantly exceeded the same value in the
patients with uterine leiomyoma who underwent conservative
myomectomy together with the proposed treatment scheme
(3.7 %) and in patients with uterine leiomyoma after
hysteroscopy and the proposed treatment scheme (9.0%),
as well as the values in the control group (12.5 %). Ectopic
pregnancies were diagnosed in 1 woman each of the groups
A1 and A3.

The relative incidence of clinical pregnancy was the
highest in the A1 (45.5 %) and A2 (44.4 %) treatment groups,
exceeding the same value in the A3 group, as well as control
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group. Among clinical pregnancies, the lowest proportion of
aborted pregnancies was recorded in women with uterine
leiomyoma who underwent hysteroresescopy and TS
(10.0 %); it was lower compared to the A1 and A2 groups by
6.0 % and 20.0 %, respectively, and to the control group by
11.4 %.

The lowest incidence of a multiple pregnancy was
diagnosed in the group of women without surgical removal
of uterine leiomyoma and pre-pregnancy pre-treatment (in 1
patient), while this value was comparably similar among other
groups and ranged from 14.3 to 16.0 %. It should be noted,
that in women who underwent surgery and pre-pregnancy
pre-treatment according to the COS protocol, the frequency of
live births did not differ from the control group, while it was
even slightly higher (5.4 %) in the A1 group. The frequency of
live births in the A1 group was significantly higher than in A3
group (by 14.0 %), while the relative number of term deliveries
in the A1 group exceeded the same value in the A3 group by
26.0 %. Preterm deliveries with live fetuses were observed in
20.0 % of patients of the A3 group, which was higher compared
to the A1 (by 12.0 %) and A2 (by 15.0 %) groups, as well as
control group (by 5.7 %) (Table 1).

Discussion
Results of this study indicate the highest frequency of

clinical pregnancy and the frequency of live birth were
observed in women with uterine leiomyoma after conservative
myomectomy who received the proposed treatment scheme.
These results correspond to a number of other studies,
which confirm higher effectiveness of in vitro fertilization after
conservative myomectomy with removal of intramural and
subserosal myomas [20]. For instance, Martynova et al. [14]
found that patients who underwent laparoscopic
myomectomy for intramural (or combined with subserosal)
nodules with a diameter of over 4 cm before in vitro
fertilization, the frequency of pregnancy was comparable to
that in patients without uterine myomas, which confirms the
need for myomectomy.

However, some studies indicate absence of a positive
effect of conservative myomectomy on the results of in vitro
fertilization caused by the changes in uterine blood supply

and endometrial receptivity [11]. In this study, we found almost
the same frequency of clinical pregnancy in women of the A1
and A2 groups, but women who underwent
hysteroresectoscopy of uterine leiomyoma and received the
proposed treatment scheme had a slightly lower incidence
live foetus births. Hysteroresectoscopy is known to have
advantages such as organ preservation, significant reduction
of surgical trauma, short duration of the surgery, and
unproblematic postoperative period [10]. However, some
research findings point out to a decrease in ovulatory activity
after various cavitary interventions on the uterus or fallopian
tubes [3, 7, 8]. Some authors that suggest that the risk scar
tissue development in the uterine cavity after one
hysteroscopy reaches 16 %, and after three or more up to
32 %, which leads to atrophic transformation of the preserved
endometrium [2, 21], which may lower efficiency of in vitro
fertilization. At the same time, the lowest incidence of clinical
pregnancy in women of the A3 group, who did not undergo
surgical removal of myomas, is fully warranted because of
deformation of the uterine cavity, which leads to decreased
blood flow, inflammatory changes and imbalance of pro-
and antioxidant processes.

It should also be noted that patients in the groups A1, A2
and A3 underwent a course of pre-pregnancy pre-treatment
before and into the COS protocol up to the follicle puncture.
This combined therapy included inositol as part of the FT
500 plus vitamin complex, vitamin D3 in Eutilia vitamin D3
and alpha-lipoic acid together with magnesium as
components of Pelvidol. Research findings suggest that
the use of medications with antioxidant properties allows
not only to normalize the processes of free radical oxidation,
which are activated in the cases of uterine leiomyoma, but
also to balance the production of reproductive hormones [6,
9]. In addition, inositol and vitamin D3-containing
medications enhance the efficiency of in vitro fertilization and
increase the frequency of pregnancy by improving the quality
of eggs and embryos, [22, 25]. Alpha-lipoic acid exhibits
immunomodulatory and antioxidant activity, which improves
embryo implantation and stimulates the production of local
mediators that facilitate implantation. For instance, a study
by Canosa et al. [5] showed that the intake of inositol,

Table 1. Clinical results in the study groups of patients (n,%).

Parameters А1 group, n=55 А2 group, n=45 А3 group, n=37 Control group, n=38

Frequency of pregnancy 27 (49.1 %) 22 (48.9 %) 14 (37.8 %) 16 (42.1 %)

Frequency of biochemical pregnancy 1 (3.7 %) 2 (9.0 %) 3 (21.4 %) 2 (12.5 %)

Frequency of ectopic pregnancy 1 (3.7 %) 0 (0 %) 1 (7.1 %) 0 (0 %)

Frequency of clinical pregnancy 25 (45.5 %) 20 (44.4 %) 10 (27.0 %) 14 (36.8 %)

Frequency of aborted pregnancy 4 (16.0 %) 2 (10.0 %) 3 (30.0 %) 3 (21.4 %)

Frequency of a multiple pregnancy 4 (16.0 %) 3 (15.0 %) 1 (10.0 %) 2 (14.3 %)

Frequency of live birth 21 (84.0 %) 15 (75.0 %) 7 (70.0 %) 11 (78.6 %)

Frequency of term delivery 19 (76.0 %) 14 (70.0 %) 5 (50.0 %) 9 (64.3 %)

Frequency of a preterm delivery of live foetus 2 (8.0 %) 1 (5.0 %) 2 (20.0 %) 2 (14.3 %)

Khmil S. V., Drozdovska Yu. B.

№40, Page 54-59 57



alpha-lipoic and folic acids had a beneficial effect on the
molecular organization of zona pellucida during follicle
maturation, which is physiologically rearranged during
oocyte maturation [4].

Conclusions
In women with infertility against the background of

uterine leiomyoma, the proposed treatment scheme, which

includes either a conservative myomectomy or
hysteroresectoscopy, administration a releasing hormone
agonist and pre-pregnancy treatment for ART with a vitamin
complex, vitamin D, inositol, lipoic acid and magnesium,
has similar effects on the incidence of clinical pregnancy,
but the frequency of live births is highest after conservative
myomectomy (84.0%).
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Introduction
Unfavorable onset of life in the neonatal period can

cause a variety of health problems, ranging from moderate
developmental delays to severe disabling diseases, which
in turn leads to problems with adaptation in society in
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Timely diagnosis of cerebral disorders both in the prenatal period and in the early
neonatal period, as well as early rehabilitation treatment is the basis for the prevention
of childhood disability. To this end, the so-called Early Intervention System is being
introduced in Ukraine. The effectiveness of early intervention techniques directly depends
on timely diagnosis and correctly chosen intervention tactics. Given the high
neuroplasticity of the developing brain, it is advisable to start the elements of
neurodevelopmental therapy from infancy. The aim of the work is to evaluate the
effectiveness of methods of early intervention in children of the first 3 months of life who
have suffered hypoxic-ischemic CNS damage in the neonatal period, by assessing the
main indicators of psycho-motor development. 101 children who were treated in the
neonatal pathology department due to hypoxic-ischemic CNS damage and did not have
concomitant somatic pathology were examined. The children were in the ward for
rehabilitation. To assess the effectiveness of comprehensive rehabilitation in young
children, it is advisable to use adapted for Ukraine scale of Munich functional
developmental diagnostics, which allows to assess the child's development in all major
areas, its harmony and effectiveness of rehabilitation measures during the first 3 years
of life. Statistical processing of the obtained results should be performed in the license
package "Statistica 6.1 for Windows". Timely diagnosis of cerebral disorders both in
the prenatal period and in the early neonatal period, as well as early rehabilitation
treatment is the basis for the prevention of childhood disability. Given the high
neuroplasticity of the developing brain, it is advisable to start the elements of
neurodevelopmental therapy from infancy. The effectiveness of the methods
recommended for use depends on timely diagnosis and correctly chosen intervention
tactics. Assessment of the effectiveness of care for children at risk of deviant
psychomotor development should be based on the application of the criteria and scales
recommended by international expert groups, which are adapted in our country. Signs
of full-fledged early intervention in the region are: perinatal diagnosis of congenital
pathology, timely provision of medical and rehabilitation, social and special pedagogical
services to children aged 0 to 3 years and their families. In order to achieve the set
goals, in our opinion, the priority measures should be steps to implement the national
protocol for care for children with perinatal CNS injuries, approval and implementation
in Ukraine of the modern International Classification of Functioning, Life and Health
Restrictions, providing medical care, rehabilitation and social services for young
children.
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adulthood [9, 28]. According to international experts, in the
future the annual income of persons who had adverse
circumstances at birth will be 1/4 lower than the average,
which is 2 times higher than the cost of their early
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rehabilitation and education [24]. Scientific data show that
early childhood is not only a period of special sensitivity to
various risk factors, but also an important period in life,
when a set of therapeutic measures gives a double return,
and the negative effect of risk factors is mitigated [28]. The
positive effect of comprehensive care for the child in the
first years of life will be manifested in the future in the form
of better health, well-being, higher learning ability and
higher income. Services and measures to maintain the
health of young children are an important condition for
preserving the potential of each individual throughout his
life and the potential of the generation as a whole [9].

The incidence of the nervous system, which leads to
disability and maladaptation of children, in 70-80 % of cases
due to perinatal factors. Among the factors affecting children
in the perinatal period, hypoxia is one of the most common
[1, 4, 5]. In essence, hypoxic-ischemic encephalopathy (HIE)
is a post-stroke encephalopathy [1, 5, 16]. HIE is a term
used to describe a set of complex physiological, cellular
and molecular changes that occur due to impaired oxygen
supply to the brain [8]. HIE causes severe lifelong morbidity,
including cerebral palsy and premature mortality [4, 19].
According to Barashnev Y. I. [3], timely diagnosis of cerebral
disorders both in the prenatal period and in the early
neonatal period, as well as early rehabilitation treatment is
the basis for the prevention of childhood disability.

To this end, the so-called Early Intervention System is
being introduced in Ukraine. Early intervention - all types of
activities aimed at child development and parental support,
which are carried out immediately and immediately after
determining the status and level of development of the child
(European Organization for Early Intervention, 1993) [10,
28]. The Early intervention program was first developed in
the United States and Western Europe for children in their
first 3 years of life. Its purpose is to detect deviations in the
child's development as early as possible and provide
appropriate assistance to the child and his family [2]. Early
intervention is aimed at developing all the basic skills of
the child. These include motor development, cognitive and
communication skills, self-care and the development of
the socio-emotional sphere. The philosophy of early
intervention is based on the focus on the family in which
the child lives, the priority of the child's interests, respect
for its problems, taking into account the circumstances of
life and family values [9, 13].

There are no official statistics on the number of children
in need of early intervention in Ukraine. The experience of
developed countries shows that 13-18 % of children in the
first 3 years of life have developmental disabilities and need
qualified care [28]. In Ukraine, to assess the adequacy of
motor development of the child, health workers are guided
by the order of the Ministry of Health № 149 "Clinical protocol
of medical care for a healthy child under 3 years" from
2008 [21]. The international assessment of the state of
assistance to children also indicates the need to further
improve the provision of assistance to children with

disabilities (recommendations of the UN Committee on
the Rights of the Child 2011 and 2014) [10]. The
development of the Concept of Social Pediatrics in Ukraine
(Resolution of the Committee of the Verkhovna Rada of
January 13, 2015 № 96-VIII) is a logical consequence of
these recommendations [20]. Priority areas, according to
this Concept are: prevention of disabling pathology in
children; formation of a single rehabilitation space around
the child and his family by forming a single system of
rehabilitation institutions at different levels.

Rehabilitation of children with organic damage to the
nervous system aims to prevent or reduce the effects of
organic damage to the CNS and improve the social
integration of the child. To achieve this goal, it is advisable
to involve in the process of diagnosis and recovery of the
child a multidisciplinary team of specialists, in particular, a
neonatologist, neurologist, medical psychologist,
ophthalmologist, orthopedist and physical therapist [20,
22]. The main provisions of specialized care for children
are reflected in the "Unified clinical protocol of primary,
secondary (specialized) and tertiary (highly specialized)
medical care and medical rehabilitation of children with
movement disorders" [22].

To work with newborns and young children, it is
advisable to use a comprehensive approach to
neurorehabilitation. An individual rehabilitation program is
developed for each child depending on its needs and
capabilities [3, 6]. A prerequisite is a comprehensive
examination of the child to determine the nature and extent
of brain damage, determine the functional state of the child,
the presence of concomitant somatic pathology and
associated disorders in order to plan further individual
rehabilitation program [6, 15, 21].

In perinatal neurology, the combinations of the author's
neurodeveloping methods and techniques of classical
massage and therapeutic physical training are generally
accepted. Neurodevelopmental therapy (NDT), aimed at
suppressing the activity of pathological tonic reflexes,
translational reactions and motor stereotypes with the
subsequent restoration of statics and motor skills [17, 18].
To achieve optimal sensory-motor and intellectual
development, it is recommended to combine methods of
physical impact with the so-called sensory integration of
the child, ie to influence different areas of perception (sight,
hearing, touch) for better adaptation of the child in the
environment [20, 22].

The aim of the work is to evaluate the effectiveness of
methods of early intervention in children of the first 3 months
of life who have suffered hypoxic-ischemic CNS damage
in the neonatal period, by assessing the main indicators of
psycho-motor development.

Materials and methods
For the purpose of the greatest efficiency of carrying out

methods of early intervention it is expedient to carry out
diagnostics of the psychoneurological status of the child



with the use of valid scales before the beginning of
procedures. The vast majority of methods for assessing the
neurological status of the newborn are aimed at determining
the level of consciousness [6, 20] or assessing the motor
area [20, 22]. At the same time, insufficient attention is paid
to psycho-emotional and pre-speech development, which
does not give a complete picture of the child's neurological
status and possible prognosis. After reaching the 1st year,
the range of diagnostic capabilities is significantly
expanded [17, 26]. Currently, the Munich Functional
Diagnosis of Development (MFDD) meets the requirements
for the assessment of children from birth to 3 years of age
[6, 7]. This technique is aimed at early diagnosis of
abnormalities in the development of the child for a special
correction of the identified pathological changes. First of
all, the method assesses the level of development of the
motor functional system. However, it is possible to assess
the state of perceptual, cognitive, linguistic functional
systems and the state of social interaction. The diagnostic
scale determines the degree of maturity of individual
functional brain systems according to the concept of
developmental neurology. The results of the Munich
diagnostic determine the degree of compliance of the child's
development with his passport age, as well as his
psychophysical age, which is a unique criterion that gives
an objective assessment of corrective measures. In
children with organic lesions of the nervous system,
according to the Munich Diagnosis of Development,
functional systems develop unevenly, which disrupts their
interaction [7]. The results of the examination with the help
of MFDD, along with a clinical neurological examination,
become the basis for the development of an individual
rehabilitation program for a specific child with organic
damage to the nervous system [6, 10].

Test card for assessing the physical and
neuropsychological development of a child in the first year
of life according to the protocol of the Munich Functional
Diagnosis of Child Development is used to test and
determine the psychological age of a child in the first year
of life on scales: crawling, sitting, leaning, grasping,
perception, expressive speech, language comprehension,
social age. The function of language comprehension is
assessed from the 10th month of life [11, 20]. The test card
for assessing the physical and neuropsychological
development of a child 2-3 years of age contains
assessment scales for the age of uprightness, age of fine
motor skills, perception (understanding of relationships),
age of active speech, language comprehension and social
age. The presence or absence of the skill is assessed at
the age when it is acquired by 95 % of children with a
normal rate of development. Both cards are interconnected,
which allows you to monitor the development of each child
from birth to 3 years. This, in turn, allows professionals at
different stages of helping children to understand the
degree of development and dynamics of the formation of
individual skills and the general level of development of

the child, avoiding subjective judgments.
101 children who were treated in the neonatal pathology

department of the Children's Regional Clinical Hospital
due to hypoxic-ischemic CNS damage and did not have
concomitant somatic pathology were examined. The
children were in the ward for rehabilitation treatment at the
age of 1 to 3 months. The course of early rehabilitation was
determined by the pediatric neurologist individually and
contained elements of neurodevelopmental therapy,
selected according to age, general and local massage,
physical therapy and elements of sensory integration. The
main criteria in the choice of early intervention procedures
were the main national and international recommendations
[20, 22, 27].

To assess the effectiveness of rehabilitation in children
in the first 3 months of life, the scale was adapted to the
appropriate age. The presence of each skill was evaluated
in 1 point, and the absence - 0 points, respectively. Thus,
the skill "Crawling" according to MFDD can be assessed
from 0 to 4 points at the end of the 1st month of life. At 3
months, the child can acquire 2 more skills related to the
development of crawling, ie the maximum can be estimated
at 6 points. The "Seat" function in the first month of a child's
life can have a range of 0-4 points, and at the end of the 2nd
from 0 to 5 points, respectively. Thus, the child's skills are
calculated for each of the categories.

To perform statistical processing of the results obtained
during the work, a licensed standard package of
multidimensional statistical analysis applications
"Statistica 6.1 for Windows" (intellectual property of the
Center for New Information Technologies of National Pirogov
Memorial Medical University, Vinnytsya, licensed №
ВXXR901E245722FA) was used.

Results
The first group consisted of 48 children who suffered

from encephalopathy of hypoxic-ischemic origin of
moderate and severe degree and after withdrawal from
the acute period, in addition to drug therapy according to
the protocol received a course of early rehabilitation in the
form of neurodevelopmental therapy and correctional
massage with elements. In addition, an appropriate
sensory background was created for each child in order to
avoid excessive light, sound and sensory stimuli. Children

Table 1. The main indicators of physical development of children
in the study groups (M±m).

Notes: р - the reliability of the differences between the 1st and
2nd groups.

Indicators 1 group (n=48) 2 group (n=53) p

Body weight at birth (g) 3105±182 3040±160 >0.05

Gestational age (weeks) 37.33±2.81 38.7±1.45 >0.05

Full-term (%) 75.01±6.25 71.73±6.17 >0.05

Apgar score 1min. (points) 2.732±0.13 2.661±0.105 >0.05

Apgar score 5min. (points) 5.068±0.143 5.983±0.062 <0.001
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of the 2nd group (n=53) also had encephalopathy of
appropriate severity and were registered in the follow-up
office (Table 1). The course of early rehabilitation was not
carried out for various reasons (mainly due to the parents'
refusal to be hospitalized). Both groups of children did not
have somatic pathology, which could significantly affect the
neurological status. To exclude the influence of additional
factors, the main and control groups included children who
did not need at the time of the study of drug therapy with
drugs that affect the central nervous system. Both groups
of children were registered at the dispensary in the follow-
up room of the Vinnytsia Regional Children's Clinical
Hospital to monitor the health and psychomotor
development of children.

Assessment of psychomotor development on a scale
was conducted at the end of the 1st month of life and in 3
full months (Table 2).

In each of the groups there was an improvement in all
points of development in a full 3 months. For a more
accurate view of the improvement of development in the
full 3 months, the increase in the main indicators of
development was estimated as a percentage (compared
to previous data) (Fig. 1).

Discussion
According to the results, both groups of children had

similar starting positions according to the Munich
Functional Diagnosis of Development. After a
comprehensive rehabilitation program of Early Intervention
in the Department of Neonatal Pathology, the neurological
status of children improved in all categories. The most
pronounced changes were observed in the motor area
(skills of crawling, sitting and walking). Grasping skills,
expressive speech and social age were restored at a slower
pace. At the same time, the characteristics that assess the
age of perception, ie visual and auditory responses, also
progressed more intensively. This may be due to the
elements of sensory integration that were part of the early
rehabilitation complex.

In the group of children who were not able to receive
comprehensive treatment immediately after undergoing
HIE, basic functions were restored at a slower pace.
Moreover, the motor reflex sphere suffered the most. It is
likely that the identified differences may be predictors of
delays in motor, mental or speech development in old age.
Accordingly, it is advisable to monitor children at risk during
the first years of life for timely detection of deviations and
their correction.

According to a British study [15] on the impact of early
development programs on children at high perinatal risk,
the greatest effect was exerted by complex programs with
an impact on the motor, cognitive and sensory areas.
According to the authors, corrective massage and elements
of neurodevelopmental therapy (NDT) meet the principles
of recurrence and enrichment of the environment around
the baby with motor stimuli. In preschool, such children
showed better cognitive abilities compared to those who
had similar circumstances at birth but did not have access
to early rehabilitation. However, excessive sensory stimuli
can have a negative effect on behavior at the age of 2 years.
According to our observations, in the short run, the motor
sphere improves in the first place in comparison with
communication skills. While after 2 years of age the
differences in motor development between the two groups

Table 2. Indicators of psychomotor development of children of the studied groups at the beginning (1st month) and at the end (3rd month)
of the recovery period (M±m).

Notes: р - the significance of differences between 1 and 3 months in the 1st or 2nd groups; р1 - the reliability of the differences in the
indicators of the 1st month between the 1st and 2nd groups; р2 - significance of differences in the indicators of the 3rd month between
the 1st and 2nd groups.

Indicators
1 group (n=48)

p
2 group (n=53)

p p1 p21 month 3 month 1 month 3 month

Crawling 1.854±0.89 3.271±1.003 >0.05 1.962±1.107 2.415±1.083 >0.05 >0.05 >0.05

Sitting 1,354±0,731 2.875±0.850 =0.090 1.603±0.936 2.188±0.984 >0.05 >0.05 >0.05

Walking 1.020±0.532 2.166±0.661 =0.090 1.113±0.601 1.452±0.753 >0.05 >0.05 >0.05

Grasping 1.354±0.782 2.250±0.621 >0.05 1.622±0.851 1.924±0.772 >0.05 >0.05 >0.05

Expressive speech 1.312±0.683 2.354±0.775 >0.05 1.433±0.680 1.867±0.705 >0.05 >0.05 >0.05

Social age 1.229±0.615 2.104±0.562 >0.05 1.207±0.627 1.641±0.726 >0.05 >0.05 >0.05

Age of perception 0.875±0.541 2.229±0.763 =0.070 1.056±0.662 1.792±0.918 >0.05 >0.05 >0.05

Fig. 1. The ratio of growth of the main indicators of development.
Blue shows the results in the 1st group, red - in the 2nd group.
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of children are less noticeable. Most likely, with age, the
effectiveness of the impact on the motor sphere decreases,
which requires further observation. Spittle A. and Treyvaud K.
[25] emphasize the importance of selecting a set of procedures
that affect different areas of development. In addition, they
point out the importance of education and involvement in the
early rehabilitation of the child's parents, as well as the creation
of a favorable sensory environment at home. No component
of early intervention can be identified as the most effective.

Italian authors used EEG data to assess the effects of
newborn massage and obtained improvements in its
structure [12]. Their programs for "enrichment of motor
space" have shown a positive impact on both motor and
mental development in the long run [23].

The authors of a large systematic review of 2016 on early
intervention note that the impact on the damaged brain in
the neonatal period is required as early as possible due to
its high plasticity [14]. They also note the greatest effect of
the early intervention system on cognitive development
compared to motor in the long run. While our results 3 months
after the intervention showed a predominant effect on motor
area and perception. Such data may also indicate an
inextricable link between the quality of perception and mental
development. Which in turn shows the need to include in the
rehabilitation system elements of sensory integration.
Hadders-Algra M. et al. [14] showed that the isolated use of
neurodevelopmental therapy or other author's techniques
does not give the desired result. While the combination of
different influences improves both the motor and cognitive
spheres of the child's development, similar to our results.
The authors note that the system of early intervention gives
greater prospects to full-term infants who have suffered from
encephalopathy. While premature births with periventricular
leukomalacia, quite often give a picture of cerebral palsy in
old age. The review also emphasizes the importance not
only of periodic professional rehabilitation courses, but also
of enriching the child's living environment and teaching
parents the elements of early intervention. The main
conclusions of the authors, analyzing 13 major works in the
world at that time on early intervention, are as follows: early
intervention affects motor and mental development, the
dosage of intervention is crucial and parental involvement in

the rehabilitation of the child improves family well-being.
Our conclusions on the early effects of the intervention
system are quite consistent with those presented and need
to be continued in the longer term.

At present, there is no consensus in the world on specific
recommendations on the scope and methods of early
intervention. But the work carried out to assess various areas
of child development after the application of interventions in
different countries, like ours, give encouraging results. Most
authors are inclined to believe that early intervention should
be started as soon as the child's condition allows and
selected according to its needs [25]. Existing normative
documents in Ukraine on the rehabilitation of children with
organic CNS damage apply mainly to those who have already
developed neurodevelopmental disorders [20, 22]. Clinical
guidelines for infants with a high potential risk of motor,
mental or speech developmental disorders need to be
developed immediately.

Conclusions
1. Adverse onset of life, in particular perinatal hypoxic-

ischemic encephalopathies, is one of the factors of poor
adaptation in society, high morbidity and low future incomes.

2. The system of early intervention (Earlyintervention-
programs) is generally accepted in the civilized world. Its
principles and principles should be implemented in Ukraine
for the purpose of social adaptation of children who have
suffered perinatal CNS damage.

3. To assess the effectiveness of comprehensive
rehabilitation in young children, it is advisable to use adapted
for Ukraine scale of Munich functional developmental
diagnostics, which allows to assess the child's development
in all major areas, its harmony and effectiveness of
rehabilitation measures during the first 3 years of life.

4. The development of a national Early Intervention
Strategy is relevant and in line with current trends.

5. One of the possible options for solving this problem
may be the creation of follow-up departments at children's
institutions of the III level of medical care. But their effective
functioning is possible under the condition of full-fledged
work as centers of early intervention with proper staffing
and technical support.
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