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LIPID PEROXIDATION AND OXIDATIVE PROTEIN MODIFICATION
IN EXPERIMENTAL PERIODONTITIS OF BACTERIAL-IMMUNE ORIGIN UNDER
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LIPID PEROXIDATION AND OXIDATIVE PROTEIN MODIFICATION IN EXPERIMENTAL PERIODONTITIS
OF BACTERIAL-IMMUNE ORIGIN UNDER CONDITIONS OF METAL CROWN PLACEMENT (SERUM STUDY)

Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

Studying changes in oxidative stress accompanying the placement of fixed structures in periodontitis will allow for a deeper understanding
of the mechanisms of the pathological process and its prevention.

The aim of the work was to investigate disturbances in oxidative metabolism and the accumulation of peroxidation products in
experimental periodontitis of bacterial-immune origin and under conditions of metal crown fixation.

Materials and methods. Experimental periodontitis of bacterial-immune origin was induced in animals by injecting a suspension of
microorganisms mixed with egg protein into the periodontal tissues. On the 30" day of inflammation, the levels of diene and triene conjugates,
products of oxidative protein modification, thiobarbituric acid-reactive compounds, and nitric oxide metabolites in blood serum were assessed
using biochemical methods, while considering the fixation of both stamped and cast crowns.

Results and discussion. The results of the study indicate that after fixation of metal crowns, the level of lipid peroxidation decreases
compared to the group without prosthetics. However, cast crowns demonstrate a greater effect in reducing oxidative stress than stamped ones,
which may be due to their better adaptation to periodontal tissues and a lower reaction of soft tissues to this alloy. Moreover, even with the
application of cast crowns, the level of oxidative stress remains elevated compared to control animals, highlighting the necessity for further
studies aimed at optimizing the effects of metal prosthetic structures on periodontal tissue condition.

Conclusion. The development of the inflammatory process in periodontitis is accompanied by an increase in the level of lipid peroxidation
in the blood serum, which is a marker of oxidative stress. After fixation of metal crowns, the level of oxidative stress is partially reduced, and
cast crowns have a greater effect in reducing the intensity of lipoperoxidation than stamped ones.

Keywords: prosthetics, stamped crowns, cast crowns, periodontitis, lipid peroxidation.

YIK 616.314-77-06:616.311.2/.314.17-002-022.7:612.015.11

O. B. Mapdisn, A. €. leMxoBuY

NEPOKCHUJIHE OKUCHEHH4 JIIIIAIB TA OKHCHA MOAUDIKALIA BLIKIB nrPu
EKCOHEPUMEHTAJBHOMY IAPOJOHTUTI BAKTEPIAJIBHO-IMYHHOI'O TEHE3Y 3A VYMOB
BUKOPUCTAHHS METAJIEBUX KOPOHOK (JOCJIIIKEHHSI CHPOBATKH KPOBI)

Tepnoninvcokuti nayionansHuu meouynuil ynisepcumem imeni 1. H. I'opbauescorkozo Minicmepcmea oxoponu 300pos’s Yxpainu, Tepro-
ninw, Ykpaina

Y poGoTi JoCTiKEHO NTEPOKCHIHE OKMCHEHHS JIMI/IIB Ta OKCUIATHBHUH CTaTyC IPU EKCIIEPUMEHTAIPHOMY MAPOAOHTHUTI GaKTepiaabHO-
iIMyHHOTO TeHe3y y Oumux InypiB. BusHayamu piBHI Ji€HOBUX 1 TPi€HOBHUX KOHIOTaTiB, MpPOAYKTIB OKHMCHOI Momuikauii OUIKiB,
Ti00apOITYpOBOKICIIOTHO-aKTUBHAX CIIONYK 1 METabOIITIB OKCHAY a30Ty y cupoBarii kpoBi Ha 30-Ty 100y 3amasieHHS 3 ypaxyBaHHIM
¢ixcamii ITaMIOBaHUX 1 CyLITBHOMUTHX KOPOHOK. OTpHMaHi pe3yabTaTd XapaKTepH3yI0Th 0COOIMBOCTI CHCTEMHOT OKCHIATUBHOI BiMOBIII
OpraHi3My HpHU eKCIePUMEHTaJIbHOMY MAapOIOHTUTI OaKTepiaibHO-IMyHHOTO TeHe3y Ta 32 YMOB BUKOPHCTAHHS METAJIeBUX KOPOHOK. Bera-
HOBJICHO, 1[0 TP CYIITBHOIUTHX KOPOHKAX JITONEPOKCU IALTisl MEHII BUPaXKeHa, OJJHAK OKCHJIATHBHUMN CTpec 30epiraeThes, Mo CBITYUTD PO
TPUBAIOYE YPAKCHHS TKAHUH.

KitrouoBi ci1oBa: npote3yBaHHs, [ITAMIIOBAHI KOPOHKH, CYI[ITBHOIUTI KOPOHKH, MAPOJOHTHT, TICPOKCUIHE OKUCHECHHS JTIITiIiB.

© O. V. Marfiian, A. Ye. Demkovych, 2025
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TEOPIA TA EKCIHEPHUMEHT

Introduction

One of the priority areas of modern dentistry is
the improvement of existing and development of new
methods of prevention and treatment of periodontitis
[1]. Inflammatory lesions of the periodontal structures
occupy a leading place among inflammatory disecases
of the maxillofacial region and can negatively affect the
effectiveness of orthopedic treatment of patients. The
main role in the development of periodontitis is played
by pathogenic microflora, in particular associations of
Staphylococcus aureus and Streptococcus hemolyticus, the
activity of which increases under conditions of reduced
protective properties of the tissues of the oral cavity [2].
An important pathogenetic factor is the disruption of
oxidative metabolism, among which the activation of
lipid peroxidation is a key mechanism of cellular stress,
which leads to damage to membranes at the cellular and
subcellular levels [3].

Fixed orthopedic structures can be perceived by the
body as foreign elements, causing the development of
immuno-inflammatory reactions in the oral cavity. Studying
changes in lipoperoxidation processes and manifestations
of oxidative stress that accompany the placement of fixed
structures made of different types of metal alloys against
the background of periodontitis will allow a deeper
understanding of the mechanisms of the pathological
process and will become the basis for the development
of effective preventive measures in the treatment of this
category of dental patients [4].

The aim of the work was to investigate disturbances in
oxidative metabolism and the accumulation of peroxidation
products in experimental periodontitis of bacterial-immune
origin and against the background of the placement of
metal crowns.

Materials and methods

The study was conducted on clinically healthy male
white rats weighing 150-200 g, which were kept in vivarium
conditions in compliance with sanitary and hygienic stan-
dards and requirements of good laboratory practice (GLP).
The animals were randomly divided into four groups:
Group I — intact animals (control, n = 10); Group II — rats
with periodontitis on the 30" day of the experiment (n = 8);
Group III — rats with periodontitis on the 30" day, in which
stamped crowns were placed (n = 8); Group IV — animals
with periodontitis on the 30" day of the study, in which
cast crowns were placed (n = 8). Within the framework of
this experiment, the aim was to study changes in oxidative
status precisely under the conditions of a combination of
experimental periodontitis and the placement of orthope-
dic structures. The formation of separate groups without
an inflammatory process or in combination with other con-
comitant pathologies may be the subject of further research.

To manufacture fixed orthopedic structures, impres-
sions were first taken from the central incisors of the
lower jaw using the silicone material “Speedex”. Crowns
were manufactured using standard clinical and laboratory
methods: stamped crowns were formed by stamping from
standard sleeves from the manufacturer ‘“Medtekhnika”
(Ukraine) [5], and cast crowns were formed by casting
using the cobalt-chromium alloy “Argeloy N.P. Supreme”

(“ARGEN”, USA) [6]. Orthopedic elements were designed
in such a way as to avoid covering the occlusal surfaces of
the teeth, with fixation of the structures simultaneously on
both central incisors.

In experimental rats, a model of experimental periodon-
titis of bacterial-immune origin was created by injecting a
suspension of Staphylococcus aureus and Streptococcus
hemolyticus, prepared on the basis of egg white, into the
periodontal tissues. Key structural elements of the cell wall
of gram-positive bacteria — lipoteichoic acids, peptidogly-
can and lipoproteins — activate the inflammatory response
through toll-like receptors 2, which are involved in patho-
gen recognition and activation of the innate immune
defense system. To enhance the immune response, animals
were additionally administered complete Freund's adjuvant.
Repeated administration on the 14™ day of the experiment
provided stable induction and transition of the process to
a chronic form [7]. On the 30" day of the experiment, ani-
mals were euthanized under deep anesthesia with sodium
thiopental in accordance with ethical standards, after which
blood serum was collected for further analysis.

To determine the concentration of thiobarbituric acid-
reactive substances (TBARS), the reaction between malo-
ndialdehyde and thiobarbituric acid was used, which in
an acidic environment led to the formation of a colored
complex. The assessment of the level of oxidative modi-
fication of proteins (OMP) in blood plasma was based on
the ability of oxidized amino acid residues to interact with
2.4-dinitrophenylhydrazine (2,4-DNFH), resulting in the
formation of 2.4-dinitrophenylhydrazones. Compounds
with neutral aldehyde and ketone groups were recorded at
370 nm (OMP, ), and derivatives with basic properties — at
430 nm (OMP,, ). Measurement of the optical density of
the samples was carried out on a SF-46 spectrophotometer
at the indicated wavelengths relative to the control sample.
The concentration of diene and triene conjugates was deter-
mined by a method involving extraction of hydroperoxides
with a heptane-isopropyl mixture followed by fixation of
the absorption maximum: for diene conjugates (DC) — at
232 nm, and for triene conjugates (TC) — at 275 nm. The
determination of the total level of nitric oxide metabolites,
in particular nitrite anions (NO,"), was carried out by a pho-
tometric method at a wavelength of 546 nm using a photo-
electrocolorimeter [8].

All experimental manipulations were performed
in accordance with the provisions of the “European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986) and the “General Ethical Principles for
the Conduct of Experiments on Animals” (Kyiv, 2001).
The study was approved by the Bioethics Commission of
Horbachevsky Ternopil National Medical University of
the Ministry of Health of Ukraine (protocol No. 80 dated
January 10, 2025).

The results were processed using nonparametric
statistical methods in the STATISTICA 10.0 software
environment (StatSoft, USA). Statistical analysis included
the estimation of variation series by determining the
arithmetic mean (M) and the standard error of the mean
(m). For non-normally distributed data, the Mann-Whitney
U test was used. Nonparametric indicators were also
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taken into account, in particular the median (Me) and the
interquartile range (25%; 75%), corresponding to the 25%
and 75" percentiles. The level of statistical significance for
all types of analysis was set at p<0.05.

Research results and their discussion

In the course of the conducted studies, it was found
that during the development of the inflammatory process in
the periodontal structures, recorded on the 30 day of the
experiment, excessive accumulation of lipoperoxidation
products was observed in the blood serum. This was
confirmed by an increase in the concentration of diene
conjugates (4.33-fold; p<0.001) and triene conjugates
(3.79-fold; p<0.001) compared to the control group of
experimental animals (Table 1, Fig. 1). In rats fitted
with stamped crowns, on the 30" day of the pathological
process, a decrease in the level of DC (1.11-fold; p<0.001)
and TC (1.15-fold; p<0.001) in the blood serum was
noted compared to the group of animals with periodontitis
without fixation of metal structures. At the same time, these
indicators remained significantly higher compared to the
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intact group of animals (3.91-fold; p<0.001 and 3.30-fold;
p<0.001, respectively).

During further observation, on the 30™ day of the devel-
opment of the inflammatory process in periodontal tissues
and after fixation of cast crowns, the concentration of diene
conjugates in the blood serum exceeded the corresponding
indicators of the control group 2.91-fold (p<0.001). At the
same time, this indicator was 1.49-fold lower (p<0.001)
compared to the level recorded in the same period in ani-
mals without prosthetics. When compared with rats fitted
with stamped crowns, the level of this metabolite in the
blood serum also turned out to be significantly lower —
1.34-fold (p<0.001).

The level of triene conjugates in animals with cast
crowns changed in a similar way, but the decrease in their
concentration in the blood serum was less pronounced—1.15-
fold (p<0.001) compared to the indicators on the 30th
day without crowns. At the same time, an increase in this
indicator was observed 2.54-fold (p<0.001) compared to
the control group. When compared with the data of the
group of animals with experimental periodontitis, which

Table 1

Indicators of lipid peroxidation products in the blood serum of white rats with experimental periodontitis
and under the condition of using crowns (M=£m)

White rats with experimental periodontitis
Initial data and study | Control. Intact of bacterial-immune origin
design animals i
& Wlthoqt Stamped crowns Cast crowns
prosthetics
Experiment duration _ 30 30 30
(days)
Number of animals 10 8 8 8
4.13+0.04
DC 6.15+0.12 5.55+0.04
PR 1.42 +£0.05 <0.001; p,<0.001;
cond. units/ml p,<0.001 p,<0.001; p,<0.001 Py . <001
4.24+0.05
TC 6.33+0.11 5.51£0.06
’ . 1.67 £0.06 . p,<0.001; p,<0.001;
cond. units/ml p,<0.001 p,<0.001; p,<0.001 ! p3<0.0201
0.98 £0.01
0.97+0.01 1.01£0.01
DC/TC 0.85+0.02 . p,<0.001; p,>0.05;
p,<0.001 p,<0.001; p,<0.05 ! p3>0.025
. o 1.19 £0.05
Thiobarbituric acid- 2.86 £0.12 2.14+0.14
: 0.58+0.04 . p,<0.001; p,<0.001;
reactive substances, pmol/l p,<0.001 p,<0.001; p,<0.01 ! D, <0.601
0.668 = 0.006
NO,+NO,~ 0.778 £ 0.007 0.700 + 0.005
’ 0.553 +0.008 . p,<0.001; p,<0.001;
umol/1 p,<0.001 p,<0.001; p,<0.01 ! p3<0.(2)1
0.292 +0.006
0.445 £ 0.008 0.260 = 0.002 ) .
OMP,__, mmol/ml 0.231 + 0.006 p,<0.001 p,<0.01; p,<0.001 p,<0.001; p,<0.001;
p,<0.01
0.298 +0.002
0.463 £ 0.004 0.311 +£0.004
OMP,, , mmol/ml 0.270 + 0.006 . <0.001; p,<0.001;
40 p,<0.001 p,<0.001; p,<0.01 Py p3<0?65
0.98 +£0.02
0.96 + 0.02 0.84 +0.02 ) .
OMP,_, /OMP, 0.86 +0.02 p<0.01 p,>0.05; p,<0.01 p1<0.§1<,0p6>10-05,
,<0.

Note: p, —significance of differences relative to control animals; p, — significance of differences relative to animals with experimen-
tal periodontitis on the 30" day without the placement of crowns; p, — significance of differences relative to animals with experimental

periodontitis on the 30" day with stamped crowns.
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stamped crowns were placed, the level of triene conjugates
was 1.30-fold lower (p<0.001).

Analysis of the ratio of DC/TC content in blood serum
showed that this indicator significantly increased on the
30™ day of the periodontitis study both in the group with-
out prosthetics and in animals with metal stamped and cast
crowns —1.14-fold (p<0.001), 1.19-fold (p<0.001) and
1.15-fold (p<0.001), respectively, compared with the con-
trol group. In addition, on the 30* day of the inflamma-
tory process in animals with stamped structures this indi-
cator exceeded the level of the group without prosthetics
1.04-fold (p<0.05).

When analyzing this ratio in rats with cast crowns com-
pared to the indicators of animals without prosthetics and
with stamped structures, no statistically significant differ-
ences were found (p<0.05).

When studying the main indicator of the level of lipid
peroxidation — the content of TBARS — significant changes
were found (see Table 1). In particular, it was found that on
the 30" day of the development of experimental periodon-

titis, this indicator in the blood serum exceeded the value of
the control group 4.93-fold (p<0.001).

On the 30" day of the development of periodon-
tal inflammation of bacterial-immune origin against
the background of prosthetics with stamped crowns, a
decrease in the level of TBARS (1.34-fold; p<0.01) in
the blood serum was observed compared to the group
of animals without prosthetics. However, this indicator
remained elevated relative to the intact group (3.69-fold;
p<0.001), which indicates a significant activation of free
radical processes of lipid oxidation during the formation
of inflammation.

Studies conducted on animals with cast crowns revealed
that the level of TBARS in the blood serum decreased
(1.34-fold; p<0.001 and 1.80-fold; p<0.001) compared to
the groups with experimental periodontitis without pros-
thetics and with stamped structures, respectively. However,
the concentration of these products in the group with cast
crowns was higher (2.05-fold; p<0.001) compared to intact
white rats (Fig. 2).

B Control

YRY888888

180
150
120

=838

Do TC

® Feriodontitis 30th day without
crovwns

8 Perlodontitis 30th day with
ﬁl.‘-llll[l"ll Crowns

O Periodontitis 30th day with cast
crowns

Fig. 1. Changes in the content of lipid peroxidation products in blood serum under conditions of experimental
periodontitis development and placement of crowns (in % of control)

Notes: * — significance of differences relative to intact animals (p<0.001); # — significance of differences relative to animals with
periodontitis on the 30" day without prosthetics (p<0.001); ° — significance of differences relative to animals with periodontitis on the

30™ day with stamped crowns (p<0.001)
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480

440 *
400
360
320
280
240
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crowns

200

O Periodontitis 30th day with

160
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120

80
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Fig. 2. Changes in the content of thiobarbituric acid-reactive substances in blood serum under conditions
of experimental periodontitis development and placement of crowns (in % of control)

Notes: * — significance of differences relative to intact animals (p<0.001); # — significance of differences relative to animals with
periodontitis on the 30" day without prosthetics (p<0.001); m — significance of differences relative to animals with periodontitis on the
30" day without prosthetics (p<0.01); ° — significance of differences relative to animals with periodontitis on the 30" day with stamped

crowns (p<0.001).
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In this study, on the 30" day of the development of
the inflammatory process in the periodontal structures, an
increase in the concentration of nitric oxide (NO) metabo-
lites (NO,”+ NO,") in the blood serum was recorded. These
compounds belong to unstable products of free radical oxi-
dation, and their level exceeded the indicators of the intact
group 1.41-fold (p<0.001) (table).

In animals that had stamped and cast structures against
the background of periodontitis of bacterial-immune ori-
gin, compared with the group without prosthetics, this indi-
cator acquired the opposite direction of changes, i.e. began
to decrease — 1.11-fold (p<0.001) and 1.17-fold (p<0.001),
respectively. However, the results obtained in rats with
metal crowns were increased relative to the control indica-
tors. With stamped ones — 1.27-fold (p<0.001), with cast
ones — 1.21-fold (p<0.001) (Fig. 3).

Analyzing the dynamics of the content of nitric oxide
(NO) metabolism products in the blood serum of experi-
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mental animals with periodontitis and various types of
metal crowns, it should be noted that its level in animals
with cast crowns was significantly, but slightly lower (1.05-
fold; p<0.01).

The results obtained indicate that the level of prod-
ucts of oxidative modification of neutral proteins
(OMP,_ ) on the 30" day of periodontitis development
increased 1.93-fold (p<0.001) in the group of animals
without prosthetics, 1.13-fold (p<0.01) when using
stamped crowns and 1.26-fold (p<0.001) when fixing
cast crowns, compared to intact animals (table). It is
worth noting that in animals that underwent prosthet-
ics, the level of OMP,__ in the blood serum was lower
compared to the group without prosthetics: when using
stamped crowns — 1.71-fold (p<0.001), and when
cementing cast crowns — 1.52-fold (p<0.001), which
may indicate a certain influence of metal structures on
the course of oxidative stress (Fig. 4).

140
130

‘-#ﬂ

W Control

120
110
100

MNilric oxide (N0

B Periodontitis 30th day without
cromms

O Perviodontitis 30th day with
stamped crowns

O Periasdontins 30th day with cast
Crowns

Fig. 3. Changes in the content of nitric oxide (NO) in blood serum under the conditions of experimental
periodontitis development and the placement of crowns (in % of control)

Notes: * — significance of differences relative to intact animals (p<0.001); # — significance of differences relative to animals with
periodontitis on the 30" day without prosthetics (p<0.001); ° — significance of differences relative to animals with periodontitis on the

30" day with stamped crowns (p<0.01)
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| W .
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Fig. 4. Changes in the content of OMP in blood serum under the conditions of experimental periodontitis and the
placement of crowns (in % of control)

Notes: * — significance of differences relative to intact animals (p<0.001); # — significance of differences relative to animals with
periodontitis on the 30" day without prosthetics (p<0.001); m — significance of differences relative to animals with periodontitis on the
30™ day without prosthetics (p<0.01); °— significance of differences relative to animals with periodontitis on the 30" day with stamped
crowns (p<0.01); A — significance of differences relative to animals with periodontitis on the 30" day with stamped crowns (p<0.05).
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When analyzing the level of aldehyde and ketone deriv-
atives on the 30" day of the development of experimental
periodontitis and after prosthetics, their increase was found
to be 1.12-fold (p<0.01) in animals with cast crowns, which
may indicate the activation of oxidative processes in these
conditions.

On the 30" day of periodontitis, an increase in the
serum of products of oxidative modification of proteins
of a basic nature (OMP,, ) was also observed (1.72-fold;
p<0.001) compared to the intact group. When studying
the effect of stamped structures, this indicator changed in
the opposite direction, that is, it began to decrease (1.49-
fold; p<0.001), compared to the indicators of rats without
crowns, but remained higher compared to the intact group
of animals (1.15-fold; p<0.001) (Fig. 4).

When assessing the impact of cast prosthetics, a simi-
lar decrease in this indicator was observed — 1.55-fold
(p<0.001) compared to animals without prostheses. At the
same time, its level remained elevated relative to the intact
group (1.10-fold; p<0.01).

A comparative analysis of two types of metal crowns
showed that in animals with cast structures this indicator
was 1.04-fold lower (p<0.05) compared to the group with
stamped crowns. This may indicate a certain advantage of
cast prosthetics in reducing the intensity of oxidative stress
in conditions of periodontitis.

When determining the ratio of aldehyde and ketone
derivatives of neutral and basic nature in blood serum, it
was found that on the 30" day of the course of experimental
periodontitis, an increase in its content was observed rela-
tive to the control in the groups without prosthetics and with
cast crowns (1.12-fold (p<0.01) and 1.14-fold (p<0.01),
respectively). Compared with the results obtained after fix-
ation of stamped structures, this ratio decreased, but these
changes were not statistically significant (p>0.05).

However, comparing OMP,/ / OMP,, in animals with
periodontitis without crowns and with stamped structures, it
turned out that the indicator decreased (1.14-fold; p<0.01).
At the same time, when comparing the ratio between the
groups of animals without prosthetics and with cast crowns,
the changes were statistically insignificant (p>0.05).

When comparing this ratio of OMP,,, / OMP,, in
animals of the third and fourth experimental groups with
each other, an increase 1.14-fold (p<0.01) of the indicators
obtained in periodontitis of bacterial-immune origin was
established, provided that cast structures were fixed.

The chronic course of periodontitis is associated
with persistent immunological changes, in particular,
an imbalance in the system of pro-inflammatory and
anti-inflammatory cytokines, activation of neutrophils
and macrophages [9; 10], which, in turn, causes
excessive formation of reactive oxygen species,
stimulates lipoperoxidation processes and leads to the
development of systemic oxidative stress, which is one
of the key pathogenetic mechanisms of periodontal
tissue damage [11].

The results obtained indicate that the placement
of metal crowns in periodontitis partially reduces the
intensity of oxidative stress, which is manifested by a less
pronounced accumulation of lipoperoxidation products, in
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particular diene and triene conjugates. A decrease in the
level of these metabolites in the blood serum of animals
with prosthetic teeth indicates the potential impact of metal
structures on the course of the inflammatory process and
the balance of the oxidant-antioxidant system [12]. At the
same time, although the fixation of crowns contributes to a
decrease in the intensity of lipoperoxidation compared to
the group without prosthetics, the level of oxidative stress
remains elevated relative to intact animals, which indicates
an ongoing pathological process [13].

The DC/TC ratio reflects the degree of lipid
peroxidation intensity and the balance between primary
and final products of lipoperoxidation, which is a marker
of oxidative stress [14]. An increase in this indicator in
the conditions of periodontitis indicates an increased
accumulation of early oxidation products, which may
indicate insufficient activity of the antioxidant system
and progression of the inflammatory process [15]. An
increase in the level of TBARS in the blood serum on
the 30" day of periodontitis indicates an activation
of lipid peroxidation, which is a marker of oxidative
stress that accompanies the inflammatory process [16].
Inflammation in periodontal tissues can cause the
formation of free radicals that activate lipoperoxidation
processes [17].

The results of the study indicate that the presence of any
type of metal crowns reduces the level of lipid peroxidation
compared to the group without prosthetics. However, cast
crowns demonstrate a greater effect in reducing oxidative
stress than stamped ones, which may be due to their better
adaptation to periodontal tissues and a reduced risk of
mechanical irritation. At the same time, even when using
cast crowns, the level of TBARS remains higher than
in control animals, which indicates the need for further
research on optimizing the impact of prosthetic structures
on the condition of periodontal tissues.

The increased level of nitric oxide (NO) metabolites
(NO,” + NO,") in the blood serum indicates an increase
in free radical oxidation processes, which is a typical
reaction of the body to inflammation. Nitric oxide (NO)
performs a dual role: on the one hand, it has a vasodilating
and regulatory effect; on the other hand, in excessive
concentrations it promotes the formation of peroxynitrite,
which damages cellular structures and enhances the course
of the inflammatory process [18].

One of the key indicators of the balance of free radical
processes is the formation of oxidative modification of
proteins, which causes the activation of proteolysis in
proteasomes and promotes the development of alternative
changes in the inflammation zone [19]. Oxidation of amino
acid residues in protein molecules leads to structural
transformations, manifested by fragmentation, aggregation
and increased sensitivity to proteolytic cleavage. Unlike
lipid peroxides, OMP products are characterized by greater
stability and are rapidly metabolized under the influence of
low-molecular antioxidants and peroxidases, which plays
an important role in the regulation of oxidative stress in the
body [20].

The results obtained indicate that in periodontitis
without prosthetics and with the fixation of cast
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crowns, an increase in the level of aldehyde and
ketone-derived products of oxidative modification of
proteins is observed. This may indicate the activation of
oxidation processes in the body, which are indicators of
inflammatory changes. The decrease in the ratio between
aldehyde and ketone derivatives when using stamped
structures, on the contrary, is not statistically significant,
which may indicate a less pronounced oxidative activity
compared to cast crowns.

It should be noted that the study focused on assessing
the systemic oxidative response of the body, particularly in
blood serum. The study of lipid peroxidation and antioxidant
defense indicators directly in periodontal tissues may be a
promising direction for further research.

Conclusions
1. The development of the inflammatory process in
periodontitis of bacterial-immune origin is accompanied
by an increase in the level of lipid peroxidation in the
blood serum, which is a marker of oxidative stress.
Lipid oxidation indicators, in particular diene and triene
conjugates, significantly increase compared to control
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groups. This process is characteristic of inflammatory
changes in periodontal tissues and indicates increased
oxidative stress.

2. After fixation of metal crowns, the level of oxidative
stress is partially reduced, in particular, the number of
lipoperoxidation products is reduced compared to the group
without prosthetics. The results obtained indicate less
pronounced manifestations of lipoperoxidation when using
full-cast crowns compared to stamped ones, however, the
preservation of signs of oxidative stress indicates a possible
additional influence of orthopedic structures on the course
of the inflammatory process.
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Background. The pathogenesis of chronic epilepsy is associated with the impairment of lipid metabolism and affects the liver.

The study aimed at investigating the serum lipid profile and liver histomorphology in a rat model of PTZ-induced kindling following the
administration of rapamycin and pioglitazone.

Material and methods. Kindling was induced by repeated PTZ administration for three weeks; pioglitazone and rapamycin were
administered during the last ten days. Total cholesterol, triglycerides, HDL and LDL levels were measured colorimetrically.

Results and discussion. PTZ kindling caused dyslipidemia (elevated cholesterol, triglycerides, LDL; lowered HDL) and histological
signs of steatohepatitis, including activated Kupffer cells.

Combined treatment with pioglitazone and rapamycin was most effective in correcting the lipid profile and reducing heightened levels of
cholesterol. The combination's effect on cholesterol reduction significantly exceeded that of either drug administered separately (by 14.8%
and 22.5%, respectively). Compared to untreated kindled animals, the combined therapy reduced triglycerides by 18.7% and LDL by 18.1%,
while increasing HDL levels by 39.1%.

While the density of Kupffer cells exceeded that of the control group by 24.5% it was diminished by 20.3% compared with kindled
animals after treatment with rapamycin and pioglitazone.

Conclusion. Fully developed PTZ kindling in rats leads to dyslipidemia and histological signs of steatohepatitis. Combined treatment with
pioglitazone and rapamycin effectively prevented these disturbances while retarding seizure development, suggesting the model's relevance
for studying the pathogenesis of steatohepatitis and metabolic syndrome.

Keywords: chronic epileptic syndrome, dyslipidemia, steatohepatitis, metabolic syndrome, morphological changes.
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M. II. llepBak

HNEHTUJIEHETETPA30JI (IIT3)-IHAYKOBAHUN XPOHIYHU Y ENUIENTUYHU CHHJIPOM SIK MOJEJIb
MOPYIIEHb METABOJII3MY JIIIAIB TA PO3BUTKY CTEATOTEITATUTY

O0ecvkuii HayioHanbHull Meouynuil yHigepcumem, Oodeca, Yxkpaina

Metoro pociipkeHHs Oyno BHBYEHHsS BMICTY JIMIAIB Ta TiCTOMOPQONOTIYHUX XapaKTEePUCTHK IEUiHKM IIypiB Ha MOzeNi
nentuneHererpazon(I1T3)-iHnykoBaHOTO KIiHIUTIHTY 32 YMOB 3aCTOCYBaHHS pamaMilliHy Ta IMIOTTiTa3oHy. BcTaHOBIEHO, MO PO3BUHCHUN
I1T3-npOBOKOBAHMIA CYIOMHHMIT CHHIPOM CYMPOBOMKYETHCS JUCITIMIAEMI€I0: 3pOCTAHHIM BMICTy XoiecTepuHy, Tpurminepuzis, JIITHII ta
3HmwkeHHsM piHs JITIBII] y cuposartii kposi. ['icromopdonoriuno BUsBIEHO akTHBaLi0 KIiTHH Kyndepa Ta Hakonmm4eHHs MiKpOBE3HKYII
y LUTOILIAa3MI FeNaTOLHTIB, 11O € CBITYCHHSM PO3BUTKY CTEATOreNaTHTy. 3aCTOCYBAHHS MIONTITA30HY Ta paraMilliHy [ONepeKaio PO3BUTOK
Po3naiB JiniAHOTo 0OMiHY Ta ricTOMOP(OIOTIYHIX NOopyLIeHb Y nedinii. Lli edextr cynpoBomKyBaics ralbMyBaHHAM AUHAMIKH GOpMy-
BAHHS PO3BUHEHHX KiHJUTIHTOBHX IPOSIBIB.

Kunro4osi ci10Ba: XpoHIYHUN €MUTENTHYHAN CHHIPOM, THUCIIITIIEMIis, CTEATOTEaTUT, METabONIIYHIH CHHAPOM, MOP(OIOTIYHI 3MiHH.

Introduction synthesis and metabolism within brain tissue, thereby

Epilepsy represents one of the most debilitating
neurological disorders. Its pathogenesis involves complex
disruptions across all metabolic pathways supporting the
nervous system, as well as systemic effects on various
organs. Notably, lipid metabolism plays a pivotal role in
this process, as its dysregulation is known to significantly
enhance seizure susceptibility [1; 2].

Current evidence suggests that circulating blood
cholesterol critically influences the balance of cholesterol
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modulating neuronal excitability [3]. The primary enzyme
responsible for cholesterol metabolism in the brain is
cholesterol 24-hydroxylase (CH24H). Itconverts cholesterol
into 24S-hydroxycholesterol (24HC), a potent allosteric
modulator of N-methyl-D-aspartate (NMDA) receptors.
Furthermore, 24HC can stimulate glutamate release via
tumor necrosis factor-alpha (TNF-a). Dysregulation of
this pathway may lead to the accumulation of excitatory
amino acids, pathological neuronal hyperexcitability,
and subsequent epileptogenesis. Consequently, CH24H
inhibitors are being investigated as a novel class of
antiepileptic agents [4]. Statins, which lower systemic
cholesterol [5], have also demonstrated anticonvulsant
properties. Specifically, in the pentylenetetrazol (PTZ)-
induced kindling model, atorvastatin has been shown to
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delay the development of kindled seizure reactions [5].
The functional state of the liver parenchyma is critical in
regulating lipid metabolism. Liver dysfunction is often
accompanied by oxidative stress-induced inflammation
and hepatocyte degeneration. In rats with developed
PTZ-induced kindling, a significant (more than fourfold)
increase in serum alanine and aspartate aminotransferase
levels has been observed alongside elevated TNF-a
concentrations [6].

Pharmacological agents that modulate lipid metabolism,
such as the mTOR receptors inhibitor rapamycin, also
exhibit anticonvulsant effects [7]. Prolonged administration
of rapamycin (0.8 mg/kg daily) has shown hepatoprotective
activity in non-alcoholic fatty liver disease models induced
by high-calorie diets, likely through the regulation of
bile secretion and glycerophospholipid metabolism [8].
Similarly, pioglitazone, a peroxisome proliferator-
activated receptor-gamma (PPAR-y) agonist, effectively
corrects lipid profiles [9]. Recent studies have indicated
a synergistic effect of pioglitazone and rapamycin in
alleviating comorbid behavioral disorders, such as anxiety
and depression, in PTZ-kindled rats [10], as well as
reducing seizure manifestations [7].

Despite these findings, the roles of mTOR- and PPAR-
v-dependent mechanisms in the pathogenesis of hepatic
dysfunction and the potential for pharmacological correction
of lipid metabolism in chronic epileptic syndromes remain
insufficiently explored.

The aim of this study was to investigate the lipid
profile — cholesterol, triglycerides, high-density lipoprotein
(HDL) and low-density lipoprotein (LDL), and the
histomorphological characteristics of the liver in rats with
developed PTZ-induced kindling under conditions of
rapamycin and pioglitazone administration.

Materials and Methods

The study was conducted on 38 sexually mature Wistar
rats (three months old). The animals were housed in the
standard vivarium conditions of Odesa National Medical
University at a constant temperature of 23 °C, 60%
humidity, and a 12-hour light/dark cycle, with ad libitum
access to water and a standard diet.

All procedures were performed in strict accordance with
the NIH Guide for the Care and Use of Laboratory Animals
and the Helsinki Declaration (Directive 86/609/EEC). The
study protocol was approved by the Bioethics Committee
of Odesa National Medical University (Protocol No. 1,
14.03.2022).

Chronic epilepsy model was induced via the
PTZ-kindling model as previously described [11].
Pentylenetetrazol (P6500, Sigma-Aldrich, St. Louis, MO,
USA) was dissolved in 0.9% NaCl freshly prepared and
administered intraperitoneally (i.p.) at a dose of 35.0 mg/
kg for 21 consecutive days.

Control rats received i.p. injections of 0.9% saline.
After each injection, rats were placed alone in an isolated
transparent cage and the severity of seizures was assessed
for 30 minutes using a six-point scale [11].

The experimental groups were formed as follows:

— Intact Control (n = 8);

— PTZ-Kindling (35.0 mg/kg i.p., 21 days; n=9);

— PTZ + Pioglitazone (Lilly S.A., Spain, 50.0 mg/kg
ip.;n=7);

— PTZ + Rapamycin (Pfizer, USA, 1.0 mg/kg i.p.;
n=7);

— PTZ + Pioglitazone + Rapamycin (n = 7).

The test drugs, dissolved in dimethyl sulfoxide (DMSO)
(volume 0.2-0.3 ml), were administered from day 10 to day
21, 60 minutes prior to PTZ injection.

Biochemical Analysis

Twelve hours after the final PTZ administration, rats
were anesthetized with thiopental (60.0 mg/kg i.p.), and
blood was collected via cardiac puncture. Serum levels
of total cholesterol, triglycerides, HDL, and LDL were
measured colorimetrically at a wavelength of 520 nm
[12]. LDL and HDL fractions were determined using
polyethylene glycol precipitation and expressed in

mg/dL [12].
Histomorphological Examination
Liver tissue was collected immediately after

exsanguination and fixed in a 10.0% formalin solution.
After three weeks, paraffin blocks were prepared, and 5 um
sections were stained with hematoxylin and eosin (H&E).

Images were captured using an Olympus BXS53 light
microscope and the EVOS® FL Auto Imaging System
(Life Technologies, Ltd.) and were analyzed visually.
Image segmentation and quantitative cytomorphological
assessment were performed using open options of Image-J
and HALO® (Indica Lab., USA) software.

Statistical Analysis. Data were analyzed using SPSS v.
21.0 (Chicago, IL, USA). Seizure severity was compared
using the Kruskal-Wallis test followed by Dunn’s post-
hoc test. Biochemical parameters were analyzed via one-
way ANOVA and the Newman-Keuls test. Differences
in Kupffer cell count were assessed using an unpaired
Student’s t-test. Statistical significance was set at P < 0.05.
Results are presented as Mean + Standard Deviation
(M +£ SD) or Mean + Standard Error (M + SEM).

Research results and their discussion

Seizure activity in the groups treated with pioglitazone
and rapamycin was significantly lower than in untreated
PTZ-kindled rats (H(4.37) = 10.74, P = 0.013; Fig. 1).

Specifically, in the rapamycin group (1.0 mg/kg, i.p.),
generalized seizures were prevented in 3 out of 7 rats, with
a significant reduction in overall seizure severity compared
with the kindled control (P = 0.036). Combined treatment
with pioglitazone (50.0 mg/kg, i.p.) and rapamycin (1.0 mg/
kg i.p.) was even more effective, preventing generalized
seizures in 5 out of 7 rats (P = 0.0015).

Serum cholesterol levels varied significantly across the
experimental groups F(4.37) = 18.66, P < 0.0001 (Table 1). In
PTZ-kindled rats, cholesterol levels were 38.7% higher than in
the intact control (P < 0.05), and statistically higher cholesterol
levels were determined in all groups using pharmacological
agents. Pioglitazone monotherapy reduced cholesterol levels
by 15.2% compared with kindled rats (P < 0.05), while the
combination of pioglitazone and rapamycin resulted in a
27.7% reduction (P < 0.05). Notably, the combined therapy
showed superior efficacy compared with either pioglitazone or
rapamycin monotherapy, with additional reductions of 14.8%
(P <0.05) and 22.5% (P < 0.05), respectively.
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Fig. 1. Seizure severity during course administration of pioglitazone and rapamycin in kindled rats
Notes: on the ordinate axis — seizures severity (scores). # — P < 0.05; ## — P < 0.01 (Kruskal Wallis + Dunn's test) compared with

the group of kindled rats.

Table 1
Effect of pioglitazone and rapamycin on serum lipid levels in rats with PTZ-induced kindling (M + SD)
A Pioglitazone Rapamycin Pioglitazone +
%?Tg‘;' P T%nk;“g)"“g (50.0 ma/ke. ip) | (10 me/ke, ip) rapamyein
(n=7) (n=7) (n=7)

Cholesterol (mg/dL) 97.70 £ 11.24 | 159.44 £20.2* 135.3 £ 15.39*# 148.85 + 18.64* 115.3 + 14.6%#
Triglycerides (mg/dL) | 102.60+8.33 | 130.37 +13.03* 119.02 + 10.69* 113.3 £ 13.75# 106.01 £ 9.1#
HDL (mg/dL) 46.02 +5.18 29.37 £ 3.95*% 33.65 +5.63* 35.69 +£4.97* 40.86 £ 6.77#
LDL (mg/dL) 28.77 +£2.80 42.44 + 6.88* 38.07 £4.94* 36.34 £5.78% 34.75 £ 5.54*#

Notes: * — P < 0.05 compared with the control group; # — P < 0.05 compared with the PTZ-induced kindling group (one-way

ANOVA followed by the Newman—Keuls test).

Differences in triglyceride content in the groups were
significant at F(4.37) = 8.04, P <0.0001. In rats with PTZ-
kindling, their level exceeded the control value by 21.3%
(P < 0.05). Rapamycin monotherapy lowered these levels
by 13.1% (P < 0.05), while combined administration with
pioglitazone led to an 18.7% reduction (P < 0.05).

HDL levels showed marked variations in groups at
F(4.37)=12.18,P <0.0001. Kindled rats exhibited a 36.2%
decrease in HDL compared with the control (P < 0.05).
Combined treatment significantly restored HDL levels,
showing a 39.1% increase over kindled rats (P < 0.05)
and there were no significant differences from the control
(P> 0.05). Furthermore, this effect was 28.1% greater than
that observed with pioglitazone alone (P < 0.05).

LDL levels were significantly higher in kindled rats
(by 32.2%) compared with the control (F(4.37) = 7.11,
P < 0.0001). Combination therapy of pioglitazone and
rapamycin reduced LDL levels by 18.1% compared with
untreated kindled animals (P < 0.05), though they remained
17.2% higher than in the intact control (P <0.05) (Table 1).

The control group showed preserved hepatic cord
structure with no signs of dystrophy or focal infiltration
(Fig. 2 A, B). Conversely, PTZ-kindled rats displayed
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activated Kupffer cells forming infiltrates without typical
perivenular localization (Fig. 2 C, D, E). The cytoplasm
of hepatocytes exhibited acidophilic properties with poorly
defined cord structures and the presence of oval, unstained
microvesicles.

Kupffer cell count in kindled rats was 24.5% higher
than in the control (F(4.37) = 16.10, P = 0.0025; Fig. 2 F).

A characteristic feature of the fully developed kindling
state was the perivenular distribution of a significant
Kupfter cell population (Fig. 3 A, B). Following the
administration of pioglitazone and rapamycin, a 20.3%
reduction in the Kupffer cell population was observed
compared with untreated kindled rats (F(4.37) = 10.49,
P = 0.009;) (Fig. 3 C). Notably, under these treatment
conditions, a higher prevalence of Kupffer cells persisted
specifically within the perivenular zone (Fig. 3 D, E).

In summary, our results demonstrate that fully
developed PTZ-induced kindling in rats is characterized
by a significant increase in serum cholesterol, triglycerides,
and LDL levels, alongside a marked reduction in HDL
content. A 10-day course of combined pioglitazone and
rapamycin therapy effectively attenuated these metabolic
disturbances. Notably, pioglitazone induced a more
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Kindling

Fig. 2. Histomorphological features of liver tissue in rats with PTZ-induced kindling

Notes: A — control (H&E staining), B — segmentation — hepatocytes are stained in red, Kupffer cells in green (HALO, Indica
Lab., USA). C 0 liver tissue of kindled rats demonstrating ill-defined sinuses and hepatic cords, alongside the diffuse presence of oval
microvesicles within the hepatocyte cytoplasm (indicated by thin dashed arrows); mitotic hepatocytes (blue arrows), activated Kupffer
cells (yellow arrows), and degenerative cells (red arrows) are observed. Kupffer cell infiltration is visible within the central zone of
the section. D and E — cell segmentation performed for quantitative analysis. F — statistical evaluation of Kupffer cell population:
#—P <0.01 compared with the control group (one-way ANOVA followed by Tukey’s HSD test). The white scale bar in the lower right

corner represents 100 pm for A and B, and 50 pm for C-E.

pronounced reduction in cholesterol levels, whereas
rapamycin was more effective in lowering triglycerides.
The synergistic corrective effect of the combined therapy
significantly exceeded the efficacy observed with either
drug administered as monotherapy.

These abnormalities occurred against a background
of systemic immune activation, specifically the
proliferation and infiltration of the liver tissue by resident
immunocompetent Kupffer cells. Furthermore, histological
analysis of hepatocytes revealed microvesicular inclusions
and degenerative forms of hepatocytes, which are hallmark
features of steatohepatitis [6; 13—15]. Such morphological
alterations likely indicate the involvement of mitochondria
in the development of the pathological process and
activation of f-oxidation [13].

A pivotal element in the pathogenesis of steatohepatitis
is the activation of Kupffer cells, the release of reactive
oxygen species and pro-inflammatory  cytokines,
specifically TNF-a, and hepatocyte injury [15]. It should be
noted that TNF-a activates hepatic stellate cells, promoting
their proliferation and transformation into myofibroblasts.
These cells synthesize components of connective tissue,
facilitating the development of fibrotic lesions [6]. These
processes histomorphologically align with our findings,
specifically the pronounced acidophilic properties of the
hepatocyte cytoplasm and evidence of apoptosis.

Combined administration of rapamycin and pioglitazone
induced a pronounced reduction in cholesterol levels, which
were significantly lower than those observed with either

20

drug administered as monotherapy, thereby evidencing
a synergistic corrective effect. Furthermore, LDL levels
in the combination therapy group were significantly
lower compared with those receiving pioglitazone
alone. Administration of combined therapy -effectively
mitigated histomorphological impairment within the liver
parenchyma.

The fundamental mechanismunderlying the synergistic
corrective effect of these agents is the interaction of
regulatory pathways governing lipid metabolism via
mTOR inhibition and PPAR-y receptor activation. Given
the multifaceted nature of these signaling networks, a
synergistic interplay is highly probable, particularly
regarding concomitant anti-inflammatory effects. For
instance, Zhao et al. [8] demonstrated that rapamycin
modulates 579 metabolites in rats with hepatic steatosis,
affecting primary classes of amino acids, peptides,
aromatic hydrocarbons, lipids, and fatty acids. Similarly,
the metabolic consequences of PPAR-y agonists are
extensive [9]. Such a broad metabolic spectrum likely
facilitates the synergistic corrective impact observed with
rapamycin combined with resveratrol (a PPAR-y agonist)
on insulin resistance in high-calorie diet models [13],
as well as the effects of rapamycin and pioglitazone on
seizure activity and comorbid behavioral manifestations —
specifically aggression and depression — in PTZ-kindled
rats [10].

Itisimportant to emphasize that the identified disruptions
in lipid metabolism and the functional-morphological
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500+

Fig. 3. Kupffer cell population in the liver parenchyma of PTZ-kindled rats following pioglitazone
and rapamycin administration

Notes: Perivenular distribution of Kupffer cells in PTZ-kindled rats (A and B), and in kindled rats treated with pioglitazone and
rapamycin (D and E); quantitative assessment — fragment C. # — P < 0.01 — compared with the kindled group (one-way ANOVA
followed by Tukey’s HSD test). The white scale bar in the lower right corner represents 50 pm.

state of the liver are hallmark manifestations of metabolic
syndrome [2]. Pioglitazone is established as an effective
pharmacological intervention for diabetes mellitus, a
condition whose pathogenesis is intrinsically linked to the
development of metabolic syndrome. Consequently, our
findings suggest a shared pathogenic substrate between
chronic epileptogenesis and metabolic syndrome as
a comorbid state. In this regard, future investigations
focusing on carbohydrate metabolism and insulin resistance
in PTZ-kindled rats are warranted to further elucidate these
cross-pathological links and the potential for multi-target
therapeutic strategies.

In conclusion, the demonstrated synergistic effects of
rapamycin and pioglitazone on serum lipid profiles and
hepatic histomorphology in rats with developed PTZ-
induced seizures underscore the critical role of lipid
metabolism disturbances. Furthermore, these findings
highlight the potential significance of steatohepatitis as
a key comorbid condition in the pathogenesis of chronic
epileptic syndrome.

Conclusions

Rats with pentylenetetrazol (PTZ)-induced chronic

epileptic syndrome exhibit profound disruptions in lipid
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metabolism, characterized by elevated serum levels of total
cholesterol, triglycerides, and low-density lipoproteins
(LDL), concurrent with a marked reduction in high-density
lipoproteins (HDL).

The liver parenchyma in PTZ-kindled rats demonstrates
marked Kupffer cell activation and focal infiltration,
alongside the accumulation of microvesicles within the
hepatocyte cytoplasm. These histomorphological alterations
are indicative of the development of steatohepatitis.

The observed metabolic and histomorphological
pathological manifestations are effectively attenuated
by a treatment course with rapamycin and pioglitazone.
When administered in combination, these agents exert a
pronounced synergistic corrective effect.

Disruptions in mTOR- and PPAR-y-dependent signaling
pathways play a pivotal role in the pathogenesis of PTZ-
induced kindling and may constitute the mechanistic basis
for shared pathogenic elements between chronic epilepsy
and metabolic syndrome.

Acknowledgments

The author expresses sincere gratitude to Dr. Mark
Bates (PhD) for expert guidance on the application of
HALO® software (Indica Lab., USA).

21



TEOPIA TA EKCIHEPHUMEHT

10.

11.

12.

13.

14.

15.

22

BIBLIOGRAPHY
Li YX, Guo W, Chen RX, Lv XR, Li Y. The relationships between obesity and epilepsy: A systematic review with meta-
analysis. PL0S One. 2024 Aug 9; 19(8): ¢0306175. DOI: 10.1371/journal.pone.0306175. PMID: 39121110; PMCID:
PMC11315312.
Nazish S. Obesity and metabolic syndrome in patients with epilepsy, their relation with epilepsy control. Ann Afr Med. 2023
Apr-Jun; 22(2): 136-144. DOI: 10.4103/aam.aam_139 22. PMID: 37026193; PMCID: PMC10262857.
Wheless JW, Rho JM. Role of cholesterol in modulating brain hyperexcitability. Epilepsia. 2025 Jan; 66(1): 33—46. DOI:
10.1111/epi.18174. Epub 2024 Nov 2. PMID: 39487852; PMCID: PMC11742637.
Salamone A, Terrone G, Di Sapia R, et al. Cholesterol 24-hydroxylase is a novel pharmacological target for anti-ictogenic
and disease modification effects in epilepsy. Neurobiol Dis. 2022 Oct 15; 173: 105835. DOI: 10.1016/j.nbd.2022.105835.
Epub 2022 Aug 3. PMID: 35932989.
Hufthy Y, Bharadwaj M, Gupta S, et al. Statins as antiepileptogenic drugs: Analyzing the evidence and identifying the most
promising statin. Epilepsia. 2022 Aug; 63(8): 1889-1898. DOI: 10.1111/epi.17303. Epub 2022 Jun 10. PMID: 35582761;
PMCID: PMC9541605.
Alqarni F, Eweis HS, Ali A, et al. The Effect of Coenzyme Q10 on Liver Injury Induced by Valproic Acid and Its Antiepileptic
Activity in Rats. Biomedicines. 2022 Jan 13; 10(1): 168. DOI: 10.3390/biomedicines10010168. PMID: 35052847, PMCID:
PMCR8773341.
Pervak M, Yehorenko O, Poshyvak O, et al. In: Advances in Health and Diseases. (Editor Dunkan L.T.) Chapter 4. Combined
neuro-vascular modulators in the control of epileptic activity. Nova Science Publishers, Inc., New York, 2024; 79: 133-162.
Zhao B, Zhang J, Zhao K| et al. Effect of rapamycin on hepatic metabolomics of non-alcoholic fatty liver rats based on non-
targeted platform. J Pharm Biomed Anal. 2025 Jan 15; 253: 116541. DOIL: 10.1016/j.jpba.2024.116541. Epub 2024 Oct 22.
PMID: 39489928.
Jamialahmadi T, Mirhadi E, Reiner Z, et al. Effects of Pioglitazone On Lipoprotein(a): A Meta-analysis. Curr Atheroscler
Rep. 2025 Sep 26; 27(1): 94. DOI: 10.1007/s11883-025-01346-3. PMID: 41003906.
Pervak MP, Poshyvak OB, Yehorenko OS, Arabadzhy DR, Marchenko SV. Rapamycin combined with pitolizant alleviates
anxiety and depression in pentylenetetrazol (PTZ)-kindled rats. Acta Neurobiol. Exp. 2024. 84: I-CLXVIIIL. Poster Session
[I-CLIX. https://ane.pl/index.php/ane/issue/view/271/2.
Akyuz E, Ozenen C, Pinyazhko OR, Poshyvak OB, Godlevsky LS. Cerebellar contribution to absence epilepsy. Neuroscience
Letters. 2021; 761: 136110. https://doi.org/10.1016/j.neulet.2021.136110.
Al-Muzafar HM, Alshehri FS, Amin KA. The role of pioglitazone in antioxidant, anti-inflammatory, and insulin sensitivity
in a high fat-carbohydrate diet-induced rat model of insulin resistance. Braz J Med Biol Res. 2021 May 24; 54(8): e10782.
DOI: 10.1590/1414-431X2020e10782. PMID: 34037093; PMCID: PMC8148887.
Li, Yf, Xie, Zf., Song, Q, Li, Jy. Mitochondria homeostasis: Biology and involvement in hepatic steatosis to NASH. Acta
Pharmacol Sin. 2022; 43; 1141-1155. https://doi.org/10.1038/s41401-022-00864-z.
Denefil OV, Sopel OV, Levchuk OO, Sopel OM, Andriyishyn OP. Morphological changes in the liver of rats of both sex
with fructose-induced nonalcoholic fatty liver disease. Odesa Medical Journal. 2024; 2(187): 14-18. https://doi.org/
10.32782/2226-2008-2024-2-2.
Park SJ, Garcia Diaz J, Um E, Hahn YS. Major roles of Kupffer cells and macrophages in NAFLD development. Front
Endocrinol (Lausanne). 2023; 14: 1150118. DOI: 10.3389/fend0.2023.1150118. PMID: 37274349; PMCID: PMC10235620.

Haoitiwna 0o peoaxyii 15.11.2025

Tputinama oo opyxy 02.02.2026
Enexmponna aopeca onsa nucmysanns mykhailo.pervak@onmedu.edu.ua

ISSN 2226-2008 OJECHKWI MEJAYHNNA XKYPHAII Ne 6 (197) 2025



KJUITHIYHA ITPAKTUKA

YIK 616.314.14
DOI https://doi.org/10.32782/2226-2008-2025-6-3

H. O. I'eskaniox http://orcid.org/0000-0002-7718-4616
JI. 1. Tynon https://orcid.org/0000-0002-0114-5637
H. I. Cuonapyx https://orcid.org/0000-0001-7515-8425
B. M. Muxaiiniox https://orcid.org/0000-0002-9877-0112
M. A. [Tunoa https://orcid.org/0000-0002-2029-3993
B. A. Kpyneii https://orcid.org/0000-0003-3545-2448

CYYACHI NOVIAANA HA MIKPOCTPYKTYPY TA ®YHKIIII IEHTUHY 3YBA

TepHOMIbCEKHUN HAaLliOHATFHUNA MeIUIHUH yHiBepcuTeT imeHi 1. SI. [opbaueBchkoro
MiHicTepcTBa OXOPOHH 370pOB’ s YKpainu, TepHoIinab, YKpaina
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H. O. I'eBkanok, JI. /1. Tynou, H. I. Cuanspyxk, B. M. Muxaiisirok, M. 5. Ilunga, B. 5. Kpyneii

CYYACHI NOVISIIN HA MIKPOCTPYKTYPY TA ®YHKIII JEHTHHY 3YBA

Tepuoninbcokuil HayioHanvHuii meduynuil yHigepcumem imeni 1. A. Topbauescokoeo Minicmepcmea oxopoHu 300pos’s Ykpaiuu,
Tepnonine, Yxkpaina

CrarTs mpuCcBsSYeHa BUBYEHHIO CTPYKTYPHO-(QYHKIIOHAIBHUX OCOOIMBOCTEH NEHTHHY Ta HOTo KOMIIOHEHTIB 3a JOTOMOTOIO CBITIOOIM-
THYHOI Ta CKaHYI04Oi eeKTPOHHOI MIiKpOCKOII1 B3IpIIiB JEHTHHY 3 Pi3HHX HOTO 30H. BCTaHOBIEHO, IO MPY CBITIOONTHYHINA MIiKPOCKOIi
CMY)KKH JICHTHHY BHACHIOK iMIIperHaiii cosiMu cpibiia MaioTh pi3Hy IIMPHHY Ta IHTEHCHBHICTH 3a0apBICHHS, IO 3aJICKHUTh BiJ HasAB-
HOCTI B ICHTMHHUX KaHAIbBIAX JEHTHHHHX TPyOO4OK i MikpodiOpmisipHoro kommnonenTa. OTpuMaHi aHi KOPETIOITh 13 MOP(OIOTiTHOI0
KapTHHOIO, OTPUMaHOI0 3 sonoMororo CEM-MeTony, y pasi SKoro Ha B3ipIsiX JEHTUHY IiJ IIapoM eMalli 4i LEMEHTY Ha KiHI[IX JCHTHHHHX
TPYOOUYOK BHSIBISUINCH BY3IUKOMOAIOHI YTBOPEHHS Y BUIVISIII YOPHHUX TIEPIINH, Y MUIATAI04il 30HI — IUISHKH KIHIEBHX BiIiIIB CTPYKTYPHO
30epeXeHNX JIEHTHHHUX TPYyOOUOK, a B YaCTHHH — 3 aTpo(OBaHUMH JICHTHHHUMH TpyOoukamu. CepenHs 30Ha IEHTHHY BiINOBIA€ JUISHI
JEHTHHHUX KaHAIBLIB i3 [oOpe 30epe:keHUMH ICHTHHHIMHE TPyOOYKaMH Ta IX CHCTEMOIO KOJIareHOBUX (iOpIIL.

Kitio4oBi ciioBa: 1eHTHH, ICHTHHOBI CMYXKH, GiOpUISIpHHUil anapat, IEHTUHHUI KaHaJelb, ICHTHHHA TPyOOUKa.

UDC 616.314.14

N. O. Gevkaliuk, L. D. Tupol, N. I. Sydliaruk, V. M. Mykhailiuk, M. Ya. Pynda, V. Ya. Krupei

MODERN VIEWS ON MICROSTRUCTURE AND FUNCTIONS OF TOOTH DENTIN

Ivan Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

The question of morpho-functional features of dentin and the microstructural composition of its components remains open to this day,
therefore requiring in-depth study.

The aim of the study was to examine the microarchitecture of the structural-functional unit of dentin and evaluate the functions of its
components — dentinal tubules, odontoblast processes, and microfibrillar apparatus.

Materials and methods. 27 intact teeth, extracted for orthodontic indications, were studied, from which samples were prepared for
transverse and longitudinal fractures. Samples were immersed in Karnovsky’s fixative solution, washed in cacodylate buffer and demineralized.
Dried samples were impregnated with epoxy resin in a VUP-5M vacuum device (VO “SELMI”, Sumy, Ukraine), impregnated with 20% silver
nitrate solution and examined using a MICROmed Evolution ES-4140 light optical microscope (“Micromed”, Ukraine). After lyophilization
by freezing, samples were prepared using the critical point drying method, mounted on copper tables with electrically conductive adhesive,
coated with a 20 nm layer of chemically pure aluminum [grade 999], and examined in a “JEOL-25M-T220A” scanning electron microscope
(Tokyo, Japan).

Results. The examination of tooth sections at the light optical level with silver nitrate solution impregnation allowed us to describe for
the first time the presence of four dentin bands (black, dark, gray, light) of varying width and staining intensity, which was confirmed by
scanning electron microscopy. The obtained SEM data indicate the absence of a fibrillar network and filling of the dentinal tubule lumen with
crystalline substance during gradual atrophy of the dentinal tubules, which is manifested by the formation of gray and light dentin bands. The
middle zone of dentin is visualized with well-preserved dentinal tubules and their collagen fibril systems, creating the appearance of a black
band due to good absorption of silver ions.

Keywords: dentin, dentinal bands, fibrillar apparatus, dentinal canaliculus, dentinal tubule.

© H. O. T'eBkamok, JI. 1. Tynon, H. I. Cugmsipyk Ta in., 2025

CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT -'

ISSN 2226-2008 OJIECEKUI MEVMUHUIM )KYPHAJI Ne 6 (197) 2025 23



KJITHIYHA IIPAKTHKA

Beryn

Binomo, mo 3yon gyTiuBi 10 Aii KapiecoreHHuX Qax-
TOpiB, y pa3i SKUX BHACHIIJOK IIITHHOT MiKpOOiONOTIdHOT
KOJIOHI3allil pyHHYIOTBCSI MiHEpalli30BaHi TKAaHWHH eMali
Ta JICHTUHY Ta BiIOYBa€ThCS NMPOHMKHEHHS MiKpoopra-
HI3MIB y NyJblly 3y0a, He3BaXkalouu Ha i1 pi3HOMaHITHI
CKJIa/IHI 3axXHCcHI MexaHi3mH [1]. ¥ pa3i naronoriaHux mpo-
LeciB y TBEpIUX TKaHMHAX 3y0a onoHTOONacTu OepyTh
yyacTh B YTBOPEHHI peakliiHOTo/pernaparuBHOTO JEH-
THHY, 110 € BiJIMOBIIHOIO PEaKIi€lo 3aBASKN y4acTi OJIOH-
TOOJIACTIB y CHHTE31 Ta CEKpemii HeKOJIareHOBUX MOJIEKYI
i xomareHoBuX ¢iopuin [2]. Bimomo, 110 B TOPOXKHUHI poTa
(ITP) mpucyTHi COTHI BHIIB OaKTepii, YacTHHA 3 SKHUX
MMCIIA TMOPYIIEHHS IIUTICHOCTI eMami abo meMeHTy 3yOiB
Oepe ydacTe y BTOprHEHHI B neHTHHHI kaHambli (IK) i3
noAajbpuIuM 1H(DIKyBaHHSIM KopeHeBoro kaHany [3]. Came
HEePCHUCTEHIIIsI MIKPOOPIraHi3MiB y TBEpIUX TKaHHHAX 3y0iB
€ OCHOBHOIO IPUYMHOIO EHIOJAOHTWUYHOI marojorii [4].
VY pesynbrari OakTepianbHOT iHBa3ii MIKPOOpTaHI3MH Ta
MIPOYKTH IXHBOT KUTTEAIIBHOCTI qudyHayI0Th yepe3 1K
JI0 IyJIbIH 3y0a, BUKJIMKAIOUN 3analibHi Mpolecy B Hil Ta
B TepuamikaibHUX TKaHWHaX. CriocTepexeHHs 32 MiKpo-
opranisaMamu B exocucremi /IK mokasano, 1o eHm0I0H-
TUYHI OakTepii OynHM BHSABICHI B JACHTHHHUX KaHAJBIIIX
SIK Y BATJISIZII OKPEMUX OIMHUITG, TaK 1 Y BUIIISAI arperariB
6ioruriBku. JIK € cripuATIMBUME HIMIaMU TSI BUKUBAaHHS
MIKpOOprasi3mMiB y ¢opMi MOHO- ab0 MOMiIMiKpOOHHX
CHUIBHOT [5].

3axucT Bix 4yncieHHUX MikpoopraHismiB [IP 3a6esme-
Yye yHIKaJbHa TKaHWHA — MyNbla 3y0a, sika y pasi BTparH
CTPYKTYPHOI IUTICHOCTI IIAPy OOHTOOJACTIB OMUHSIETHCS
i1 3arpo3010. 3MiHH MiHEPAJILHOTO OOMiHY TBEpAMX TKa-
HUH 3y0a Ta OpraHivHOTO0 KOMITOHEHTa CIIOITYYHOI TKAHUHHU
MIPU3BOJSATE J0 PO3BHUTKY Kapio3HHX ypaxkeHb [6]. [lopy-
LIEHHSI MIKPOCTPYKTYpH Ta MiKpPOEIEMEHTHOTO CKIIAay
TBEPIMX TKaHWH 3y0a, OpraHiyHi 3MiHH B ITyJIbITi, 30KpeMa
y pasi maToJyorigHoi CTepPTOCTi, IPU3BOAATH [0 TepeOyI0BH
MyTbIIA 3 TIONANBIIOI OOJiTepali€l0 KOpeHEeBUX KaHa-
miB [7].

BucokocnenianizoBaHi KJIITHHH TYJIbIIA HE TUIBKH
YTBOPIOIOTH MiHEpali30BaHy TKaHUHY, ajieé i BHKOHYIOTb
BaXuBI (QyHKIIT 0ap’€pHUX KIITHUH, PO3Mi3HAIOYM I1aTO-
TeHU Ha PaHHIX CTalisiX MPOLECY, BUAUISIOTH aHTHOaKTe-
pilayibHI CHONYKH, HEWTpali3yroTh OakTepialibHi TOKCHHHU
Ta IHILIIOIOTH IMYHHY BiamnoBins [8]. Pesynsratu excriepu-
MEHTAJIBHOTO J0CIiKeHHsI, mpoBeneHoro M. Gallorini Ta
iH. [9], DOBOAATH, IO y pa3i HAOMIKESHHS MIKpOOPTaHi3MiB
JI0 TIyJIBIH 3y0a ii KITITHHY, a TaKoX CYIWHHI Ta HEHPOHHI
MepexXi CHpPHUAIOTh PI3HOMAHITHHUM 3aXHCHHM MEXaHi3-
MaM — KpPUTHYHUM JJs ToMeoctasy TkanuH [10]. € mpu-
MMyIIEHHS, 0 OJOHTOOIACTH MOXYTh Ha PaHHIX CTamisx
BUSIBIISITH BTOPTHEHHSI €K30I'€HHUX MATOTEHIB, JII0YU TPH
[bOMY sIK HolMIenTHBHI peuentopu [11]. A.T. Weerakoon
Ta cmiBaBT. [12] BCTaHOBWIIM, IO CKJICMIHHS MYJIBIIOBOT
KaMepH Mae OUIbIIYy IUIONLY BiJKPUTHX KaHAIBIB, BUILY
iX OIUIBHICTh Ta OUIBINME BiJCOTOK 3aifHATOI OTBOpaMHU
KaHaJbIIiB IUIONI JEHTUHY TOPIBHSIHO 3 JHOM ITyJBIIOBOT
kKamepH. byno BcTaHOBIEHO, IO MiHepajbHA MLIUIBHICTH
JNCHTUHY 3MIHIOETBCS 3aJIEKHO BiJl HOTO MIKpPOCKOIIYHOT
IUISHKHA — 1HTepTyOyIsIpHOI 4H meputyOyspHoi. Pesyin-
TaTH BUBUEHHS PO3IOILUTY IHTEPIIOOYISIPHOTO NEHTHHY,
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nposeneHoro H. Sato ta in. [13], cBig4arh, 110 B KOPOH-
KOBOMY JICHTHHI 37€01JIbILIOr0 MPUCYTHIN THIIOBHH 1HTEp-
roOynsipHuid ieHTrH. [Topsy 3 UM MOJIOKEHHS Ta po3Mip
MDKDIOOYJISIPHOTO JAEHTHHY OYyJM Pi3HMMH 3 IepeBakaH-
HSM HOTo B NPHUIIMKHKOBIM YacTHHI KopeHiB 3y0iB. Jlocii-
JUKEHHSI PO3Tay’kK€HOCTI JEHTHHHHX KaHaIbIiB 1 iX
IIITEHOCTI B 3y0aX JIFOAWHU TO3BOJIMJIO BUSIBUTH JIESKI BiJI-
MIHHOCTI 3aJIe)KHO BiJ JIOKaJi3amii MOCIHiIKyBaHUX B3i-
puiB. Kimekicte K y cepenniii gacTuHi KOpOHKH 3y0a
3Ha4HO OiNIBINA, HIXK y CepenHill 9acTHHI KopeHs 3y0a, e
CIIOCTEPIraeThCsl BEJIMKA KiJIBKICTh PO3TaTy)KeHb JCHTHH-
HUX KaHAJBINB 31 CKJIAJHOI aHACTOMO3YHOYOK CHCTEMOIO
[14]. MexaHiuHi BJIaCTHBOCTI ICHTUHY, OT0 MiKpOCTpPYK-
Typy 3a YaCTKOIO IO ASHTHHY Ta H[IILHOCTI IEHTUHHUX
KaHAIBIIB gocmimkysam J.W. Soukup Tta in. [15].

PesynpraTn HU3KHM JIOCHI/DKEHb ITIAKPECIIOIOTH aKTY-
aNBHICTh THTAHHS, SIKE 3aJMIIAETHCS 10 CHOTOHI Bif-
KPHUTHUM, IIOJI0 JOBKUHH JEHTHHHUX TpyOouok (T) Ta ix
npucytHocTi y JIK Ha pi3HOMY piBHI TOBIIMHH JCHTHHY
YW pi3HIN BifcTaHi Bin mynsnu 3yda [16]. Imuboke posy-
MiHHS (YHIAMEHTAIFHUX Oi0JOTIYHUX SIBHII, TIOB’I3aHIX
i3 apXiTEeKTYpOIO JEHTHHY, Ma€ BHUpIIIaJbHE 3HAYCHHS IS
PO3pOOKH ePEKTUBHUX TEPANTEBTUIHHUX CTPATETil, METOIB
JIKyBaHHS Ta pereHeparii JeHTHHY-myiabnu [17].

MeTa — BUBYMTH MIKpPOApPXIiTEKTypy CTPYKTypHO-
KOMITOHEHTIB — IEHTHHHUX KaHaJIbIIiB, BiJPOCTKIB OJIOHTO-
OnacriB i MikpodiOpuIsipHOTO anapary.

Marepiajiu Ta MeTOAH AOCTiIzKEeHHS

JlocnimKeHHST TIPOBEIeH] 3TiAHO 3 MUCHMOBOKO iH(OP-
MOBAHOIO 3TO/IOI0 TAITIEHTIB 1 BIATOBIAHO 1O MPHHIUIIIB
Oioernku, BukiameHnx y Komsernmii Pagm €Bpomm mpo
npaBa jmonuan Ta OiomenuuuHy (04.04.1997 p.), ['enscin-
CBhKill nexmapartii BcecBiTHROT acoriamii 0XopoHU 30pOB’ st
PO €THYHI MPUHIUIN MEAUYHUX JOCIIKEHb 33 Y4acTio
moneit (1964-2000), «3araspHiil qeknapaii npo 6i0eTHKyY
ta npaa JoguHu (UNESCO)», nakazi MO3 VYkpainu
Ne 690 Binx 23.09.2009 p., mo miaTBepmkyeThes Komiciero
3 0ioeTrku TepHOMUIBCHKOrO HAI[IOHAIBHOTO MEIUYHOTO
yuiBepcutety imeni 1.5I. TopbaueBcskoro MO3 VYkpainu
(mpoToxon Ne 75 Bim 01.11.2023).

JocnimkenHto mignsranu 27 iHTakTHUX 3yOiB, BUAa-
JICHUX 332 OPTOJOHTHYHHMMH MOKA3aHHIMH B 0Ci0 BikOM
19-23 pokn. Ilicms excrpakimii 3y0a KOpOHKH IO JIiHIil
[IEMEHTHO-€MaJIeBOTO 3’ €THAHHSA BiJAUIINA BiJ] KOPEHIiB
i3 BUKOPHCTAHHSM TBEPIOCIUIABHUX OOpPiB 1 BHCOKOII-
BUKICHOTO HAKOHEYHHUKA. B3ipIli IS TIOMepeuHOro CKOIy
rOTYBaJId METOJIOM DPO3PUBY, MOAAIOYM CHIIy B3JOBX OCi
y cnienianbHOMY npuiajii. B mesionucransHOMY HanpsMKy
KOPOHKH 3y0iB PO3AISSUTH Ha JBI MOJIOBUHHM, HE JIOMTyCKa-
104M OOKOBHX TX 3MilleHb. B3ipli 3aHyproBanu B po3uuH
¢ikcaropa 3a KapHoBcbkuMm Ha 24 rox. npu 4 C°, micns
YOTO IPOMHBAIM B KakoawiaTHoMy Oydepi (pH = 7,4) Ta
JieMiHepaJtizyBainy B 5% BOJHOMY PO3YMHI a30THOI KHC-
notu. BucyiieHi B3ipiii mpocouyBaid €MOKCHIHOK CMO-
o0 y BakyymMHOMy npmmani BYII-SM (BO «SELMIy,
Cymu, VYkpaina), nuriyBaiy, MOHTYBAIM Ha IPEIMETHI
ckenblls, immpernyBanu 20% pO3YMHOM a30THOKHUCIIOTO
cpibia Ta JOCHIIKYBAIK Ha CBITIIOONTHYHOMY MIiKPOCKOIT
MICROmed Evolution ES-4140 3 mudpoBoro kameporo
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5 MII («Mikpomeny, Ykpaina). ITicist gioginizamii B3ipir
3aMOPOXKYBaHHSIM METOJIOM YHUKHEHHS IIEPEX0y KPUTHY-
HOI TOYKH HaKJICIOBAJIM €JIEKTPOIPOBIAHNM KJISEM Ha MiJTHI
CTOJIMKH, TIOKPHUBAJIM IIAPOM XIMIYHO YHCTOTO QJIIOMIHIIO
[mpo6a **°] ToBuHOO 20 HM i IEPerIsIain y CKAHYFOUYOMY
esrlekTpoHHOMY Mikpockomi «JEOL-25M-T220A» (Tokio,
Snonisn).

Pe3yabTaTu A0CTiIZKeHHS TA IX 00TOBOpPeHHS

CrpyKTypHO-(QYHKIIOHATFHOIO OAWHUIICIO JEHTHUHY
B 3y0ax JIFOJIMHU € IEHTUHHI KaHaJIbIi, BIJPOCTKU OIOHTO-
6racTiB 1 MiKpO(IOPHISIpHI CTPYKTYpH, CYKYIHICTh SIKHUX
Ha CBITJIOONTUYHOMY PiBHI y pa3si iMOperHaiii po34rnHOM
A30THOKHMCIIOTO Cpibiia BU3HAYAE HASIBHICTH YOTHPHOX CMY-
JKOK JICHTUHY (YOpHY, TEMHY, Cipy, CBITIIy) pi3HOI IIMPHHHU
Ta IHTCHCUBHOCTI 3a0apBiieHHs (puc. 1).

Bizyamizamiss iX npu CBITIIOONTHYHIA MIKpOCKOMIT
3aJIe)KUTh BiJl HASBHOCTI B JACHTUHHHX KAaHAIBLSX JICH-

P

KJITHIYHA IIPAKTHUKA

THHHUX TPYOOUOK 1 MIKpO(DIOPUIIIPHOrO KOMITOHEHTA,
saxkuid 3’ennye JIK Ta BigpocTku omoHTOONACTiB i 3a0e3-
neyye B JGHTHHHOMY KaHAJbI[ OJOHTOONACTHUH mpolec.
Came ¢iOpuisipHa ciTka SK OUIKOBAa CTPYKTypa JEHTHHY
no3Bossie BusiBIsITH JIK, siki y pasi iMmpersaiii consiMu
cpibna BUIIAAAIOTH CBITIIMMME TopiBHsHO 3 [IK, sKi po3-
TAIIOBaHI y BHYTPIIIHIN yacTuHi AeHTHHY. Tak, NeHTHHHI
KaHaNbII i€l 9acTHHA MIcTATh [T i3 MOBHUM «HAOOpOM
(hikcyrogoro QiOpHISIpPHOTO amapary, TOMY OUTBII iHTEH-
CHBHO IMIPETHYIOTBCS COMSIMH Cpibia, mo mobpe Bizya-
T3YI0ThCsl Ha nutiax sIK KOPEHEBOTO, TaK i KOPOHKOBOTO
JECHTHHY y BUIII1 TEMHOT CMY>KKH ACHTHHY.

Ha mo3moxHbOMY mutihi JEHTHHY KOPOHKOBOT
(puc. 1 a, 6) ta xopeneBoi (puc. 1 B, ) yacTuH 3yba iz
IapoM eMalli YM LIEMEHTY BUSBILIOTHCS BY3JIHMKOIOAIOHI
YTBOPEHHSI y BUIVIS/II HAMHCTa YOPHUX IIEPJIMH, IO Bij-
MOB1IAIOTh BY3JIMKOBHAM ITOTOBIIEHHSAM Ha KiHisx JT, ski
BUABIIOTECS TInbkH CEM-MmeTonoM. VY mijuisrarodiidi 30H1

Puc. 1. 3aranpHuii BUINISIA JeHTHHY KOPOHKOBOI (2, 0) Ta KOpeHeBoi (B, I') YacTHH 3y0a: 1 — map emaii un
IeMeHTY; 2 — BY3JIMKONOi0OHI YTBOPeHHS Y BUIVISIAI «4OPHUX NMepPJIuH»; 3 — mpueMaJieBUil YU NMpUIeMeHTHUH
AeHTHH (CcBiT/Ia cMy:KKa); 4 — TiJITHKA eMaJIeBO-LIEMEHTHOI0 KOHTAKTY 3 BY3JIMKONOAiOHNMH YTBOPEHHAMU;
5 — 30Ha KiHneBuUX BigaiiiB cTpykTypHO 30epeskenux AT (cipa cmyskka); 6 — apTedakTu; 7 — cepeans 30Ha
aeHTHHY 3i 30epe:xkennmu T i mikpodiopunamu (TemHa cMykKa); 8 — HeMeHT KopeHs 3y0a

Tlosnauenns (puc. 1 1): 1 — nement xopens 3y0a; 11 — yopHa cmyxka nentuny; Il — cBiTia cmyxka neHTHHY; [V — cipa cMyKka
JOCeHTHHY; V — TeMHa cMyxKa neHtuHy. Meroxa: CeimnoBa mikpockomis. [To3noxHii mutid), iMIperHais po34dHOM HIiTpary cpibima.
36inbinenHs: a — ok. X 10, 00. x 20; 6, B — ok. X 15, 06. X 20; r — ok. x 10, 00. x 40.
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Bi3yalli3yrOThCsI TUISTHKH 3 MEHII IHTEHCHBHO IMIIPErHOBa-
HUMH coisimu cpibna JIK (cBiTia cMysKKa) MpUEMaIeBOTO
Y TPUIIEMEHTHOTO JCHTHHY, 1[0 BIiIMOBIIa€ 30HI KiHIIC-
BUX BimaiIiB cTpykTypHO 30epexxenux JT 1 wactuni K
i3 arpodoBaHUMH JAEHTHHHUMH TpyOoukamu. JlinsHKa
€MaJIeBO-1IEeMEHTHOTO KOHTAKTY, i€ By3JIMKOIOMIOHI yTBO-
peHHsT 0e3MoCepeIHhO KOHTAKTYHOTh 13 CEPEeIOBHIIEM
[1P, iMOBipHO BH3HAYa€ TINEPUYTIMBICTH i€l IUISHKH.
Cepenns 30Ha AeHTHHY BiamoBimae gacturi K i3 mobpe
30epeIKCHUMH JIEHTUHHUMH TPYOOYKaMH Ta iX CHCTEMH
KOJIareHOBUX (iOpwII (TEMHA CMYKKa).

KoMIOHEeHTH CTPYKTYypHO-(YHKIIIOHAIBHOI OIUHHII
JNCHTHHY, BUSBJICHI Ha CBITJIOONTHYHOMY piBHI, 100pe
KOPEJIIOIOTh 13 MOP(OIOTIYHOI KapTHHOK, OTPUMAHOIO
3 pomomororo CEM-Metony. By3nukoBi CTpyKTypH, IO
OepyTh ydyacTb B YTBOPEHHI YOPHOI CMYXKH JICHTHHY,
TIpe/ICTaBieHi Ha pUCYHKY 2. Hamu BUsIBIIEHO, 110 HAa MeXi
eMalleBO-JACHTUHHOTO 3’ eqHaHHs KiHtei Biaaim AT npu-
KpUTI KpUCTaIiYHUM Marepianaom (puc. 2 a). Ha gacTkoBO
JeMiHepali30BaHKUX Tpernaparax Jo0pe BUIHO BCIO TOB-
LIUHY YOPHOI CMYXKHU 3 TOHKMUMHU JIE€TAISIMH 11 CTPYKTYpH,
0COOJTHMBO 3 BUTHYTUMH OOKOBHUMH aHKEPHHUMH MiKpogi-
Oopunamu (puc. 2 6). Tpeba Bim3HaYUTH, MO HiIOPHIAPHUIA
amapar opmyetscst HaBkoio J[T Bia camoro omoHToOMacTa
Ta BUSBIISETHCS 32 YMOBHM HOBHOIHHOI cTpykTypu T,
I TUTPKM Ha €MaJeBO-ICHTUHHIN MexXi Horo piako Bma-

€TbCs1 BUSIBUTH. DiOPUIIPHI CTPYKTYPH BIICYTHI HaBITh HA
ankepHux BigpocTkax JIT, mpore ix 6araro B 30Hi MpeaCH-
THHY, JI¢ BUTHO BIPOCTOK OMOHTOOJIACTA B OTOYCHHI CITKU
KOJIar€HOBUX BOJIOKOH.

VY mexax 4opHOi cMyxku (iOpumspruit amapar T
YTBOPEHHH aHKEPHUMH BOJIOKHAMH 3HAYHOI JOBKHHH, SIKi
YTBOPIOIOTB TyCTE CIUICTIHHS, 1110, BIACHE, 1 CTBOPIOE Kap-
THHY YOpPHOi CMYKKH BHACHIIOK H0Opoi abcopOmii ioHIB
cpibia Ta Mae iHTCHCUBHUH (DOH y pa3i CBITIIOONTHYHOTO
nmociimkerras. [lig wac CEM-nmocnimkeHHs HEpiAKoO Tpo-
crynae BHyTpimHsA noBepxus K, sxa moxe OyTu riaa-
KOO a0o0 X MicTUTH ApiOHI Mikpodiopwmu (puc. 3). Lx
CTPYKTYpa HE BUSBIISUIACH Y BHYTPILIHIN TPETHHI ICHTUHY,
OCKUIBKM TPaHylId B IHMX JUITHKaX Oynu rpyOMMH, IO
TIOSICHIOE TaK 3BaHUH «e(PEKT METEITHKa.

JlaHi Ipo 3aKOHOMIpHE BHUSBJIEHHS 300paKeHHS «MeTe-
JIMKa» Ha CKOJIaX KOPEHIB 3y0iB 4aCTO BBAYKAETHCS «ONTHY-
HUM (heHOMEHOM». oro ONMCYIOTh SIK ONTHYHE SBMIIE,
IO CITIOCTEPIra€ThCs ME3IOAMCTANBHO Ha 3pi3aX KOPEHIB,
JICHTHH SKUX TBEPIIIIMHA 32 KOPOHKOBHH, Ta 3 MCHIIOKO
mineHicTo JIK, 110 # BiamoBixae kpmmam «meTenukay [ 18].
Iomepenne name CEM-mocmimkerns [19] ckomiB kope-
HiB 3y0iB TOKa3ajo, 1m0 BHYTpimmHA nmoBepxHs JK moxe
MICTHTH IyXKe APIOHI MIKPOTpaHy/H, SIKI HE BHSBILUINCH
y 30BHIIIHIN TpeTuHi AeHTHHY. OCKUIBKY TPaHy/Iu B Lii
JISHI AGHTHHY KOpeHsl Oynu rpyOuMH, Lie H MOSICHIOE

Puc. 2. a: 1 —3aranbHuii BUIVISIA eMaJIeBO-IeHTHHHOTO 3’ €IHAHHSA; 2 — KpUCTAJIYHUi MaTepiaJ; 0: 3 — By3/JIMKOBi
CTPYKTYpPH; B: 4 — yopHa cmy:kka (pirypua ayxkka). Meron: CEM. Ilpuckoproroua nanpyra: a, 6 — 10 kB,
B — 25 kB; opurinanbHe 30l1b1meHHs: a, 6 X 1800, B x 1200; macuuradumii Binpizok: a = 2 mxm; 6 = 50 Mxm;
B =10 MKM

Puc. 3. CTpykTypa 1eHTHHY KopeHs 3y0a y cepenniii yactuni gfop:xxunu JIK (a) i B 30Hi 4yopHoi cMmy:xkKku (0)
3 XapaKTePHUMH NOTOBIIEHHSIMU («40pHi nepaunu») Ha KiHugx AT (crpinku). Metox: CEM. Ilpuckopioroua
Hanpyra 10 kB; opurinaianne 30insmenns x 8000; maciradHuii Biapizok = 10 Mmxm

26

ISSN 2226-2008 OJECHKWI MEJAYHNNA XKYPHAII Ne 6 (197) 2025



Tak 3BaHUil «edekT Merennkay. Hamu nokasaHo, mo neit
(eHoMeH BIuMBae Ha npoctopoBuii posnoxin K (puc. 4),
SIKMH 1 BU3Ha4Yae TU(epeHIitoBaHH 0OHTOOIACTIB Y IIPO-
neci popMyBaHHS IECHTHHHUX KaHAJbBINB 3 PO3MOALIOM X
i AT y cniBBigHomenHi 1:1.

Hawmu nokasano, mo [T e BimpocTkamu omoHTOOMAC-
TiB — MEMOpaHHIMH yTBOPEHHAMH, sKi 3aisratoTs y JIK.
Hiamerp AT 3apxan meHmuii Bix giamerpa K, mo Buma-
rae minrpumyrodoi migcuctemu AT mist cBOei meHTpaib-
HOi crabimizamii. Lieto cucremoro € idpuisipHa, OiTkoBa
(komareHOBa) ciTyacTa CTPYKTYpa, IIO CIYXUTh MiITPH-
MytounM eneMeHToM /1T y NeHTHHHOMY KaHaJbli — Kajb-
uuQiKoBaHii CTPYKTYpi ACHTHHY, SKa IPOJISITae Yyepes3 yCro
fioro ToBury [20]. Hamu BcraHoBneno, mo /AT Bin3Hada-
I0ThCSI 3HAYHOIO KPUXKICTIO, BHACIIZOK YOTO BOHU YacTo
PYHHYIOTBCSL B TIPOLECI IPUTOTYBAHHS CKOJIB JIEHTUHY
micnst iogimizanii 3aMOpOXKyBaHHSIM METOIOM IIEPEXOy

KJITHIYHA IIPAKTHUKA

KpUTUYHOI Toukd. Tomy st ix 30epekeHHs B Ipolieci
NPUTOTYBaHHs B3ipuiB i gociuimkenHss CEM-meronom
HEOOXiZJTHO YHUKAaTH KYTOBHX 3MillleHb CYCIJHIX YacTHH
CKOITY, SIKi TIPU3BOJATD JI0 IX PYHHYBaHHS, YUM 1 TOSICHIO-
€ThCS CKIIQIHICTB 1 CIOPAJINIHICTh Bi3yallizallii JCHTHHHHX
Tpybouok CEM-meromom. IIpu oMy Takox HEoOXigHO
BpaxoByBaTH Pi3HUIO B miineHOCTI K y pi3HHX Micmsax
CKOJTy TTOBEPXHI KOpeHs 3y0a (IuB. puc. 4), mMpo 0 MU BKa-
3yBaJIk B ronepenHiit myomikartii [20].

Ha oxpemux mpenaparax BUSBIAETBCS TOCHTH CTPO-
kata CEM-kaptuna (puc. 5). Tak, Ha monepeyHOMY CKOJTi
miamerp Ourbimocti JIK cTaHOBUTH 4—5 MKM, a miameTp
AT — tineku 1 MKkM. B OKpeMHX NEHTHMHHUX KaHAJIBI[SIX
MiX TX CTIHKOIO Ta ICHTUHHOIO TPYOOUKOIO B OJIHUX BUTIA[I-
Kax € (iOpmiononiOHa, B iHIINX — KPUCTaJIYHA PEYOBHHA.
Ipocsit iammx AT 3aneyaranuii amopdHOO ab0 KpucTa-
JIYHOIO pedoBHHOI0. OHAK Y JEIKUX JEHTHHHUX KaHaJb-

Puc. 4. lHlinbHicTh JEHTHHHUX KAHAJBIIB Y TPHOX MiCISIX CKOJIY MOBEPXHi KOopeHs 3y0a: modIn3y KopeHeBoro
KaHaJy (a); nocepeauHi Mi’k KOpeHeBUM KaHAJI0M i neMeHToM (0); m00/1u3y 1eHTHHHO-IIeMEeHTHOT0 3’ €THAHHS
(B). Meton: CEM. IIpuckoprowda Hanpyra 25 kB; opurinaiabHe 30inbmenns: a, 6 < 1000, B x 2000;
MacmTaduuii Bigpizok = 10 Mmxm

Puc. 5. 3aranpHuili BUDIAI JeHTHHHAX KAHAJIBUIB i3 JeHTHHHUMH TPy0OYKaMH HA MOMEPeYHOMY CKOJIi: a, 0:
1 — Misk cTIHKOI0 IEHTHHHOT0 KaHAJIbIS Ta TPYy0ouKo10 ¢iopusionoaioHa peuoBuHa; 2 — 6€3 101ATKOBUX
cTpykTyp; 3 — AT minbHo npuasrae go crinku JK; 4 — JIT mae 4iTky nopo:xHuHy 0e3 BMicTy; S — KpucTagiyHa
PEYOBHHA B NMPOCBITi 1eHTHHHOI TPy0oukH; B — npocBiT AT 3aneyarannii aMop(HoI0, KPUCTAJIYHOIO
pedoBuHo0. Meton: CEM. IIpuckoproroua nanpyra 10 kB; opurinaasne 30inbmennsi: a x 4000; 6, B X 5000;
MacmTadHmii Bigpizok: a = 7,5 Mmkm; 6, B = 10 MKM
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1six JIT koHTaKTye 3 ii CTIHKOO OHI€I0 CTOPOHOIO Ta TICHO
npuisrae 1o Hei 0e3 JONaTKOBUX CTPYKTYp — Mae YiTKy
TIOPOXKHUHY 0€3 BMICTY.

MorkeMO TOBOPHUTH IIPO iICHYBaHHs He3aJlexKHO1 Giopu-
JISIPHOT MIKPOCHCTEMH JICHTHHHOTO KaHaIBI (puc. 6), Ha
SIKYy BKazye rycTa Mikpo(iOpuisipHa ciTka, HasiBHA Ha CTiH-
Kax MMo3I0BXHBO po3kosororo JIK y pasi BiacyTHOCTI Bin-
pocTtka ofmoHToOnMacra. B Hamiii iHTeprperamii Mikpodi-
OpWIIpHA CiTKa € 30HOI0 HECTEIU(ITHOI PEe3UCTEHTHOCTI
3y0iB MPOTH MiKPOOHOT KUCIOTHOI arpecii, OCKiTbKH KoJa-
T'eH IUX MIKPOBOJIOKOH, SIK 1 BCI iHIII OLIKH, Ma€ BUpaXKeHi
OydepHi BractuBocti. Lle n03BOJIsIE 3yIMMHUTH KHCIOTHY
MIKpOOHY arpecito, 10 SIKOI Ay»Ke YyTIIMBUN MiHEPaIbHHUN
KOMIIOHEHT JEHTHHY, Ta 3al00IrTH NPOHUKHEHHIO MiKpO-
¢utopu BriIMO ACHTUHHUX KaHANbHiB. OTOX, I BKa3ye Ha
e oJHy (yHKIIOHAIBbHY OCOOIMBICTH MIKPO(IOPHIAPHOT
CITKM 1 JEHTMHHUX KaHAIBIIB SIK CTPYKTYPHO-(YHKIIiO-
HaJIbHUX KOMITIOHEHTIB ACHTUHY.

dikcytounit GiOprspHMil anmapar — MikpogiOpHisipHa
CiTKa sK OIJKOBAa CTPYKTypa JO3BOJISE BUSBIATH OUIBII

9¥ MEHIII IHTEHCHBHO iMmperHoBaHi cojsimu cpidma JIK
Y BUIVISIIII CMY>KOK JICHTHHY Pi3HOT IHTEHCHBHOCTI 320apB-
nenHs (puc. 7).

CEM-kopeinsiToM JiHIi po3MexyBaHHS MK CIpOI0 Ta
CBITJIOI0 CMY)XKaMH € JIiHisl, sIKa IPOXOAWUTH 4epe3 KiHIli
JICHTUHHUX TpyOo4oK, a crinku JIK, mo36asneni ¢idpu-
JSIPHUX CTPYKTYpP, HPOAOBXKYIOTHCS BHIIE JIiHII PO3MEX-
yBaHHA. B WOpHIN cMyXIli JiJISTHKH €MaeBO-IIEMEHTHOTO
KOHTAKTY BY3JIMKOIIONIOHI YyTBOPEHHS O€3I0CepeIHbhO KOH-
TaKTyIOTh 13 BHYTpimHIM cepenosumeM I[IP. 3Beprae Ha
cebe yBary By3IuKoBa KoHQIryparlis KinneBux Bianimis AT
Ha MeXi MK BHYTPIIIHIM [IapOM eMaJli Ta MyCTOTaMH MiX
HHM 1 «BY3JIMKaMM» — IOTOBLIEHHAMH JICHTUHHUX TpyOO-
4ok (puc. 8).

Pesynpraramu CEM-mocimikeHHS TPOAEMOHCTPO-
BAaHO CTPYKTYypy JIEHTHHY B pI3HHUX 30HaX, 30Kpema,
B TEMHIH — IHTEHCHBHO IMIIPETHOBaHI 30Hi, B SIKil BUSB-
JA€TBCSL OlNKOBa CTPYKTypa MiKpogiOpHIIsipHOT CITKH
(puc. 9 a). Cimia 30Ha MOB’sI3aHa 3 BIJCYTHICTIO JI€H-
TUHHHUX TPyOOYOK, 3yMOBJIEHOIO iX aTpodiero 3 HacTym-

Puc. 6. I'ycto nepemnJierena Mikpo¢iopu/sipHa ciTka Ha cTiHIi JEHTHHHOIO KaHAJbLA (a, 0) 3 JIOKAJILHOIO
KOKOBOIO Mikpoduioporo (1) B TeMHiil cMy:KIli 1eHTHHY; 2 — nepuTyOyasipHmii feHTHH. Meton: CEM.
IIpuckoproouya Hanpyra 10 kB; opurinaianHne 30inbmenns x 5000; macmradHuii Biapizok = 10 Mxm

Puc. 7. Jlinii po3me:kyBaHHs cipoi Ta CBIiT/ION CMY:KOK JeHTHHY (03HAYEHO 0iTUM KOIbOpoM). 1 — cTiHKHI
JeHTHHHHUX KaHAJbLIB; 2 — YopHa cMysKKa ((pirypHa ayxka); 3 — cBiTiia cmyskka (pirypHa ayxka);
4 — jinis po3mexxyBaHHs (CTPLIKH, 1yroBa JiHis); 5 — cipa cmy:kka geHTuny (dirypna nyxka). Meron: CEM.
IIpuckoprooua Hanpyra 10 kB; opurinaianne 30inemenns x 5000; macmradHuii Biapizok = 10 Mxkm
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Puc. 8. HopHa cMy:KKa JUITHKH eMaJIeBO-IIeMEeHTHOI0 KOHTAKTY: 1 — eMaJib; By3JMKOBAa KOH(Irypauisi KiHneBux
BigainiB AT Ha mexi Mizk BHYTpiluHiM mapom emaJi (2) i nycroramu (3) mizk HuM i noropuennsavu AT (4);
5 — yopHa cMy:KKa AeHTHHY; 6 — mmiika 3y6a (girypHa ayxkka), 7 — kpaii emaJi (cTpisika, 1yrosa jinis). Meron:
CEM. Ilpuckoproroya Hanpyra 10 kB; opurinansHe 30iibmenns x 5000; macmtabumii Bigpizok = 10 Mkm

HUM BIJKJIaJeHHAM KpuCTalidHol pedoBuHM (puc. 9 6). VY pasi arpodii AT (puc. 9 B) Bianmosixuuii Bixpizox K
Kpim Toro, y cBimiiii 30Hi crinku JIK moBHICTIO M030aB- IOCTYNOBO 3allOBHIOETHCS KPHCTATIYHOIO PEYOBHHOIO
neHi i GiOpuisApHOI CiTKH, TOMY 10HH cpibna He MOXYTh  (pHC. 9 T), IO € 03HAKOIO CKIIEPO3y ACHTHHY Ta CTBOPIOE
¢ikcyBaTHCh Ha MiHEPalli30BAHOMY MATPHKCI «TOJIOTO»  «E(PEKT METEIUKA.

IEHTHHY, 10 ¥ BU3HAYA€ B LI CMYXII CBITIIIINN Bia- Pesymnbrati mpoBeneHOTO0 HAMH JOCTIIKSHHS T03BOIIS-
TIHOK ACHTHHY y pa3i CBITIOONTHYHOTO MOCITIDKCHHS. IOTh PO3IIUPUTH CY4acHY YSIBY IPO CTPYKTYpy Ta (pyHKIii

T

Puc. 9. 3arajbHuii BUIVISIA CTIHOK J€HTUHHOIO KAHAJIbUSA B TeMHii (a) i cBiTJiii (0) 30Hax neHTUHY, aTpodist
AT (B) 3 HACTYNHHMM BiaK/IaAeHHAM KpucTaaiyHoi pedoBunn (r). Meron: CEM. Ilpuckoproroua nanpyra 10 xB;
opuriHaibHe 30iibeHHs X 4000; macTadHuil Bigpizok = 7,5 MkMm
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JICHTHHY 3y0a, 1110 Ma€ BEJIMKE HE TiJIbKH TEOpETHYHE, alie
i mpakTH4He 3HaueHHs. JleTanbHe 3HAHHS MIKPOCTpPYK-
TYpH AEHTHHY, (yHKIIOHAIILHUX MEXaHi3MiB, IOB’s3aHUX
3 iHBa3i€r0 OakTepil y JCHTUHHI KaHAJbI[, Ma€ BEJIHKE
3HAYEHHS Ul PO3YMiHHS MPOHUKHOCTI JICHTUHY 3 METOIO
PO3pOOKH HOBHUX CTpaTerii KOHTPOJIIO B MPAaKTHYHINA CTO-
MATOJIOTI1 IJIsl ONTHUMI3aIlii JIIKyBaHHS Kapiecy 3y0iB 1 HOro
YCKJIQIHCHB.

BucnoBku

Amnamni3 muti¢iB 3y0iB Ha CBITJIOONTUYHOMY PiBHI Y pasi
IMOperHaiii pPO3YMHOM a30THOKHCIOrO cpibia I103BO-
JIMB HaM YIICpUIC OIHCATU HaﬂBHiCTB YOTHPHOX CMYIKOK
JICHTHHY (YOpHY, TEMHY, Cipy, CBITJIy) pi3HOI IIMPHHU Ta
IHTEHCHBHOCTI 3a0apBJICHHS, HASBHICTh SKHX € TIOCTIHHOIO
CTPYKTYPHOIO O3HAKOIO JIEHTHHY, LIO J10Ope KOpEoIoTh
i3 MOP(OJIOTIYHOIO KAPTHHOIO, OTPHMAHOIO 3 JIOIIOMOTOIO
CEM-metony.

Hamu BcranoBneno, mo [T 3aiimae weHTpalibHE
monoxxenHs y JIK, a fioro miamerp BaBiui OimbImmii Bif
nmiamerpa HT, Tomy mns ii yrpumanss B ueHTpi JK HeoO-
XimHa TOTyXHa citka ¢iopwripaux crpykryp. CEM-
JNOCTI/DKCHHS CBigYaTh Mpo 3amoBHEHHA mpocsity K
KPUCTAJIIYHOK PEYOBUHOIO IMiJ Yac MOCTYMOBOI arpodii
AT i BigcytHOCTi BibpuispHoi citku y JIK, Ta, BianoigHo,

JI0 HM3BKOI HOTO CIIOPiIHEHOCTI /10 10HIB cpilina, 110 BUsIB-
JSIETHCS YTBOPEHHSIM CIpoi Ta CBITJIOI CMY)KOK JICHTHHY.
Cepenns 30Ha ACHTUHY BiAmosigae yactuni JK i3 mobpe
36epexenumu JIK ta ix cucremu konareHoBuX (idpwI, gKi
YTBOPIOIOTH TyCTE CIUICTIHHS, 10 CTBOPIOE KapTHHY 4Op-
HOI CMY>XKHM BHAcJiIoK 100poi abcopOuii ioHiB cpibia Ta
Ma€ IHTEHCHBHUH (POH MiJ Yac CBITIIOONTHYHOTO JOCIHi-
JOKEHHSL.

IcHyBaHHSI KiIHIIEBUX BY3ITHKOBHX YTBOPEHb — «UOPHUX
nepiue» — y AT Ha piBHI IEHTHHO-€MalIeBOTO Ta JCH-
THHO-LIEMEHTHOTO 3’ €IHAHb MU CXWJIbHI BIJHECTH IO CIIE-
UGIYHAX YTBOPEHBb, 00 CTPYKTYPHO TPaHC(HOPMOBAHHX
MEXaHOPELENTOPIB, 3a JOMOMOIOI0 SIKUX Hecmenudiune
MeXaHIuHe MOAPA3HEHHS MOXKE TPaHC(HOPMYBATUCH B CHEP-
Tif0 HEPBOBOTO 30Y/DKEHHS, IO IEPETBOPIOETHCI B ade-
PEHTHIH JIaHIl Yepe3 TaKy CHCTEMY PELENTOpIB: «BY3JIH-
koBi 3akiHueHHs JIT — OmOHTOONACT — YyTIIMBE HEPBOBE
3aKiHYEHHS IyJbIU 3y0a — BiAMOBIgHA TiIKa TpiiyacToro
HepBa — nucleus tractus solitariiy».

IMepcneKTHBU NMOJAJBLIIUX JOCIIMKEHb TOJSATAOTH
y Mop¢oJOoTiYyHOMY BHBYCHHI TpaHCOpMAIii ICHTHH-
HUX TPyOOUOK Ha MEXIi JEeHTHHO-EMaJIeBOTO Ta JEHTHHO-
[IEMEHTHOTO 3’ €THAaHb IS 3’ CyBaHHSI MOXIIMBUX MEXaHi3-
MiB 1 iX ponii y mpoliecax Jie- Ta peMiHepaiizaiii eman Ta
JICHTHHY 3yOiB.
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Introduction. To study the predictive ability of using the quantitative value of the level of a single indicator to detect oxidative stress,
ROC analysis was performed with the calculation of the optimal cut-off threshold selected according to the criterion of maximum balance
between sensitivity and specificity.

The aim of this research is to analyze the diagnostic sensitivity and specificity of pro- and antioxidant system indicators in men injured
as a result of combat operations.

Materials and methods. 116 samples of peripheral blood lymphocytes and serum from men, which were divided into two groups by age,
were analysed for the sensitivity and specificity of pro- and antioxidant system indicators.

Results. The results of ROC analysis for indicators of the pro- and antioxidant system of lymphocytes and peripheral blood serum
demonstrated their predictive ability for detecting oxidative stress. Malondialdehyde of blood lymphocytes for the age group 20-39 years,
reduced serum glutathione and total glutathione of blood lymphocytes for all examined men were characterized by excellent discriminatory
ability. Malondialdehyde of blood lymphocytes for the age group 20-39 years showed itself as a highly sensitive marker with a slightly lower
specificity value. Reduced glutathione of blood serum of men of all age groups is characterized as a highly specific marker with a slightly
lower sensitivity value. Total glutathione of blood lymphocytes is simultaneously characterized by high sensitivity and specificity for all
examined men.

Conclusions. The concentration of malondialdehyde in blood lymphocytes and the levels of total and reduced glutathione in blood
serum were the most significant predictors for the detection of oxidative stress based on the ROC analysis. These markers demonstrate high
sensitivity and specificity as indicators of the pro- and antioxidant balance.

Keywords: erectile dysfunction, combat trauma, pro- and antioxidant system, ROC analysis.
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M. 3. BopoGeus, 3. 5. ®enoposuy, P. B. ®adyaa, 1. 3. Bopodeus, 3. /1. Bopobeusn, O. M. Uemepuc

JIATHOCTUYHA YYTJIHUBICTh TA CIHENUA®IYHICTh MOKA3HHUKIB NPO-/AHTHOKCHIAHTHOI
CUCTEMHU Y YOJOBIKIB 3 EPEKTHUJIBHOIO [UC®YHKUIECIO, AKI MNOCTPAXIAJU BHACJIAOK
BOMOBHX JIN

Heporcasne nexomepyiiine nionpuemcmao «J/Ivgiscokuil HayionansHutl meouunuil ynigepcumem imeni [lanuna Ianuyvkozoy, JIveis, Yxpaina

Jlist BUSIBIIEHHS! OKCHAATHBHOTO CTPECY Y YOJIOBIKIB, SIKi OTPHMaIM NTOpaHEHHs BHACNIOK 00ioBHX AiH, Oyio mpoBeneHo ROC-anani3
3 PO3paxyHKOM ONTUMATBHOTO IIOPOTY, BUOPAHOTO 32 KPUTEPiEM MAKCUMATIBHOTO OallaHCy MK Uy TIMBICTIO Ta CHEIM(IYHICTIO MOKA3HUKIB
MPO-/aHTHOKCUIAHTHOT CUCTEMH: MaJIOHOBOTO JiaIb/Ierily, 3aTabHOT aHTHOKCHIAHTHOT aKTUBHOCTI, KOHIIEHTpALli1 BiTHOBIEHOTO Ta 3arallb-
HOTO IIyTaTioHy. BcTaHOBNEHO, 10 KOHIEHTpALlis MaJOHOBOTO Hialberiay B JiM(pONUTAaX KPOBI Ta PIBHI 3arajbHOTO Ta BiZHOBJIEHOTO
DIYTaTiOHy Y CHPOBATII KPOBi € HAHOLIBII 3HAYYIMMY IPEAUKTOPaMH JUIS BUSBICHHS OKCHIATHBHOTO cTpecy. Lli Mapkepn 1eMOHCTPYIOTh
BHCOKY YYTJIMBICTh Ta CIEUH()IUHICTh SK MOKA3HUKH HPO-/aHTHOKCHIAHTHOTO OanaHcy.

Kurouogi ciioBa: epextiibHa aucQyHKIis, O0iioBa TpaBMa, Mpo-/aHTHOKCHaHTHA cucteMa, ROC-anaiis.
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Introduction

Research into the physical, reproductive, and mental
health of men who have survived combat trauma is part
of a broad field of research into the stress response, which
manifests itself at all levels of the body’s organization.
Trauma is characterized by a wide range of body reactions
to injurious factors, involving all body systems, which
leads to pronounced changes in the prooxidant-antioxidant
balance [1; 2].

Injuries sustained in modern wars are mostly
multisystemic [3; 4]. Post-traumatic stress disorder,
depressive states, and post-traumatic chronic pain may
develop as a result of combat injuries [4].

There is growing evidence that posttraumatic stress
disorder is associated with higher rates of erectile
dysfunction, decreased sexual desire, and premature
ejaculation [4]. Men who have served in combat
experience impaired sexual health, including decreased
libido, difficulty maintaining arousal, and the ability to
achieve orgasm [3]. Combat-related injuries can also have
significant consequences for male fertility, as they typically
serve during their peak sexual activity years [4].

Modern scientific understanding of erectile dysfunction
(ED) indicates the predominant secondary nature of sexual
disorders to the diseases that cause them. Among the many
pathological conditions that precede or complicate ED,
neurotic mental disorders, blood vessel diseases, metabolic
disorders, and partial androgen deficiency are the most
common, especially in combatants [5-9]. Injury is not only
physical, but also psychological, and often prolonged. ED
causes significant psychological distress for men, which
subsequently affects the quality of life of their partners and
families [1]. Although ED is not life-threatening, ED and
physical health are closely linked [6—8]. For example, ED
may be a predictor of cardiovascular disease, dementia,
Parkinson’s disease, and premature death from various
causes [6-8]. Today, the incidence of ED is increasing
among younger men [9].

The connection between ED and oxidative stress has
piqued the curiosity of many researchers [1].

Revealing oxidative stress in the body is important
already in the early, sometimes preclinical, stages of various
diseases, when assessing the severity of the pathological
process. In this regard, the use of the ROC analysis
(Receiver Operating Characteristic) method is promising
[10; 11], which allows assessing the diagnostic sensitivity
and specificity of pro- and antioxidant status indicators.

Sensitivity is the probability of a positive result for
a patient; it characterizes the ability of the sample to
detect a pathological condition (disease). Specificity is
the probability of a negative result in a healthy person; it
characterizes the ability of the sample to detect the absence
ofthe disease [ 12]. To establish the specificity and sensitivity
of the indicators in determining the likely development of
oxidative stress, the ROC analysis module was used. The
basis of this analysis is the construction of the so-called
ROC curve, which is constructed in the coordinates
“sensitivity — 1 — specificity” and shows the dependence of
the number of correctly classified positive examples on the
number of incorrectly classified negative examples. ROC
analysis allows you to objectively determine the diagnostic
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significance of an individual test based on the AUC values
(area under the curve). AUC is an integral indicator of the
predictive effectiveness of a marker, which determines the
probability that the value of a marker feature, or biomarker,
in a randomly selected patient is greater than in a randomly
selected healthy person [11].

The aim of this research is to analyze the diagnostic
sensitivity and specificity of pro- and antioxidant system
indicators in men injured as a result of combat operations.

Materials and Methods

The work was based on the results of a study of the
indicators of the pro- and antioxidant system of lymphocytes
and blood serum in 68 individuals injured as a result of
combat operations (shrapnel and bullet wounds, mostly
polysystemic), divided into two groups by age, since ED
is closely correlated with the age of men [1]. The first
group included 42 men aged 20-39 years, and the second
group consisted of 26 men aged 40-53 years. To isolate
lymphocytes, peripheral blood was collected from patients
after the completion of the main course of treatment for
combat trauma and rehabilitation and clinical examination,
before prescribing them a course of treatment. The control
group consisted of 48 practically healthy men: 30 men
aged 20-39 years and 18 men aged 40-53 years. The
men reported no complaints related to sexual dysfunction,
cardiological, neurological or endocrinological diseases.

ROC curves were calculated to determine the optimal
cut-off values of biochemical parameters of peripheral blood
lymphocytes and serum for predicting the development of
oxidative stress in combat casualties. Calculations were
performed for the following biochemical parameters —
malondialdehyde (MDA) content, total antioxidant activity
(TAA), reduced (GSH) and total (GSHt) glutathione
concentrations. The area under the curve (AUC) was
calculated using a receiver operating characteristic curve
(ROC curve) to determine the predictive ability of pro- and
antioxidant system indices of lymphocytes and serum of
patients who suffered as a result of hostilities. To construct
the ROC curve, the sensitivity of the test (true positives)
is plotted on the Y axis against its false positive rate
(1 — specificity) on the X axis for all possible cutoff points.

The sensitivity (Se) and specificity (Sp) of peripheral
blood lymphocytes and serum indices were calculated for
all possible cut-off points to find the optimal threshold
value, which is the cut-off value. The point on the ROC
curve, which corresponds to the maximum value of the
Youden index, determines the threshold of the test at which
the best ratio between the number of correctly identified
patients (sensitivity) and the number of correctly identified
healthy individuals (specificity) is achieved. The area under
the ROC curve, at the same time, is an integral indicator
that reflects the overall ability of the test to distinguish
between two conditions regardless of the choice of a
specific threshold [10]. In daily clinical practice, the cut-off
value classifier of diagnostic tests, i.e. the normal level of
the indicator, is used [11].

An additional method for evaluating a diagnostic test
is the Likelihood Ratio (LR) [12]. A positive likelihood
ratio (+LR) indicates how many times the probability of
having the disease increases in a patient with a positive
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test result, while a negative likelihood ratio (-LR)
indicates how many times the probability of having the
disease decreases in a patient with a negative test result.
ROC curves demonstrate the discriminatory power of a
diagnostic test. The further the curve is in the upper left
corner, the better the test. The area under the ROC curve
AUC is a measure of the diagnostic power of the test. A
test that does not distinguish between sick and healthy
people will have an AUC of 0.5 or less, so considering
a curve with such AUC values is inappropriate. An
ideal test is characterized by an AUC of 1.0. The AUC
value interval is divided by model quality into: 0.9-1 —
excellent; 0.8-0.9 — very good; 0.7-0.8 — good; 0.6-0.7 —
average; 0.5-0.6 — unsatisfactory [12].

All patients were fully informed about the medical
procedures and consented to treatment and the use of
their data. The study was performed in accordance with
the Declaration of Helsinki for Human Research (WMA,
2013), and the study programme was approved by the

Bioethics Committee of Danylo Halytsky Lviv National
Medical University (protocol No. 7 of 26.06.2023).

Data analysis was performed using MedCalc®
Statistical Software version 22.018 (MedCalc Software
Ltd, Ostend, Belgium; https://www.medcalc.org; 2024).
All P values were two-tailed, and P < 0.05 indicated that
the difference was statistically significant.

Research results and their discussion

For qualitative analysis of the diagnostic significance of
markers of the pro- and antioxidant system of lymphocytes
and blood serum, ROC analysis was used. The results of
the analysis of ROC curves of various indicators of the pro-
and antioxidant system of lymphocytes and blood serum
are summarized in Tables 1 and 2.

The ROC analysis for serum malondialdehyde (MDA) is
presented in Figure 1. Serum MDA supports the diagnostic
profile, showing an area under the ROC curve of 0.814
(95% CI: 0.705 — 0.896) for the age group 20-39 years and

Table 1

Results of ROC curve analysis of pro- and antioxidant system indicators of blood lymphocytes and blood serum
for the age group of patients with erectile dysfunction aged 2039 years, injured as a result of hostilities

: MDA | GSH (blood | MPA®Iood | 70\ 1160d | GSH (blood | GSHt (blood
Indicators (blood serum) lympho- lympho-cytes) lympho-cytes) lymphocytes)
serum) cytes)
AUC 0.814 0.907 0.910 0.736 0.851 0.982
95% CI 0.705-0.896 | 0.815-0.963 0.819-0.965 0.619-0.833 0.747-0.924 0.918-0.999
P, significance <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001
level regarding
AUC=0.5
SE 0.0501 0.0348 0.0384 0.0625 0.0469 0.0128
cut-off >35 umol/ | <16 nmol/mg | >67 umol/mg <3.3 pmol/l <26 pumol/l <42 pmol/l
mg protein protein protein
Se, % 69.05 85.71 95.24 80.95 88.10 97.62
Sp, % 86.67 80.00 76.67 63.33 70.00 93.33
Youden Index, J 0.5571 0.6571 0.7190 0.4429 0.5810 0.9095
+LR 5.18 4.29 4.08 2.21 2.94 14.64
-LR 0.36 0.18 0.062 0.30 0.17 0.026

Note: AUC — area under the ROC curve; CI — confidence interval); SE — Standard Error; Se — Sensitivity; Sp — Specificity).

Table 2

Results of the analysis of ROC curves of the pro- and antioxidant system of lymphocytes and blood serum
for the age group of patients with erectile dysfunction aged 40-53 years, injured as a result of hostilities

ndi MDA | SH (blood | MDA (blood | TAA (blood GSH (blood GSHt (blood
ndicators (blood
serum) serum) lympho-cytes) | lympho-cytes) lympho-cytes) lymphocytes)

AUC 0.833 0.957 0.884 0.799 0.857 0.927
95% CI 0.690-0.928 | 0.849-0.995 0.751-0.960 0.651-0.905 0.718-0.944 0.807-0.984
P, significance <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
level regarding

AUC=0.5

Standard 0.0624 0.0268 0.0638 0.0703 0.0583 0.0527
Error

cut-off >36 umol/ | <14 nmol/mg | >72 pmol/mg <2.4 pmol/l <21 umol/l <41 pmol/l

mg protein protein protein

Se, % 76.92 84.62 96.15 65.38 80.77 96.15

Sp, % 77.78 94.44 83.33 88.89 83.33 88.89
Youden Index, J 0.5470 0.7906 0.7949 0.5427 0.6410 0.8504
+LR 3.46 15.23 5.77 5.88 4.85 8.65

-LR 0.30 0.16 0.046 0.39 0.23 0.043
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Fig. 1. ROC curve for serum malondialdehyde (MDA) as a marker of oxidative stress (A — age group
20-39 years, B — age group 40-53 years)

0.833 (95% CI: 0.690 — 0.928) for the age group 40-53
years. The diagnostic value of the test is very good for
both age groups. The sensitivity values are excellent for
both age groups. Thus, the MDA test for the age group
20-39 years is able to detect only 69.05% of men with high
levels of oxidative stress, while 30.95% with pathology are
determined as healthy, which is a false positive result. The
detection of oxidative stress for men of the older age group
(40-53 years) is 76.92%. The proportion of true negative
cases that were correctly identified by the MDA test for
the younger group is 86.67%, while the specificity result
for the older group of subjects is 77.78%. The optimal
cut-off threshold may indicate that the development of
oxidative stress is observed in men if the concentration of
MDA in the blood serum is >35 pmol/mg protein with a
Youden index value of 0.5571 and >36 pmol/mg protein
with a Youden index value of 0.5470, respectively, for each
of the age groups and the specified values of specificity
and sensitivity. An additional method of evaluating a
diagnostic test is the likelihood ratio. A value of +LR for
the MDA age group of 20-39 years indicates that the test
confirms the presence of a pathological condition, while
for the age group of 40-53 years it weakly confirms the
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presence of a pathological condition. A negative likelihood
ratio conditionally excludes the presence of a pathological
condition.

The results of the ROC analysis for serum reduced
glutathione concentrations are presented in Figure 2.
The optimal cutoff value for the age group 20-39 years
is <16 nmol/mg protein with a sensitivity of 85.71% and
a specificity of 80%, while the Youden index of 0.6571
indicates that the test has some diagnostic value, but
is not ideal. The AUC is 0.907 (95% CI: 0.815 — 0.963,
P < 0.0001), which is consistent with the excellent quality
of the model. Similarly, to the previous age group the
results for the age group 40-53 years are characterized
by excellent discriminatory ability with AUC 0.957 (95%
CI: 0.849-0.995, P < 0.0001) and an optimal cut-off
point < 14 nmol/mg protein with a sensitivity of 84.62%
and a specificity of 94.44%. The Youden index of 0.7906
indicates that the test has a high diagnostic value. The high
+LR value for the age group 40-53 years of the examined
men means that a positive test result significantly increases
the likelihood of developing oxidative stress.

The ROC analysis for MDA content in blood
lymphocytes demonstrated excellent predictive quality of
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Fig. 2. ROC curve for the content of reduced glutathione (GSH) in blood serum as a marker of antioxidant status
(A — age group 20-39 years, B — age group 40-53 years)
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the test for men aged 2039 years, as confirmed by the
AUC value of 0.910 (95% CI: 0.819-0.965, P < 0.0001,
Figure 3 A). For the age group 40-53 years, the area value is
slightly lower at 0.884 (95% CI: 0.751-0.960, P < 0.0001),
which corresponds to a very good predictive quality of the
model (Figure 3 B). The sensitivity and specificity of MDA
in blood lymphocytes for determining the development of
oxidative stress were 95.24% and 76.67% for the first age
group with an optimal threshold value of > 67 pmol/mg
protein. The proportion of true positives was 96.15%, the
proportion of negative results in the absence of oxidative
stress was 83.33% for the second group with an optimal
cutoff threshold of >72 pmol/mg protein, respectively. The
high value of the Youden index indicates that the test for
the content of MDA in blood lymphocytes is quite effective
in distinguishing individuals with a pathological condition.

ROC curve analysis for total antioxidant activity (TAA)
of blood lymphocytes determined AUC 0.736 (95% CI:
0.619-0.833, P=0.0002) for patients aged 20—39 years and
AUC 0.799 (95% CI: 0.651-0.905, P<0.0001) in men aged
40-53 years (Figure 4). The value indicates a good overall
diagnostic test performance. The optimal cut-off point for

a given sensitivity of 80.95% and specificity of 63.33%
is <3.3 umol/L for the examined men with pathology of
the younger age group. Whereas, for the older age group,
the optimal cut-off point is lower and is <2.4 pumol/L with
a given sensitivity of 65.38% and specificity of 88.89%.
The probability of a positive test result, i.e., the detection
of a pathophysiological condition, is higher for younger
patients, while the probability of a negative test result in the
absence of the disease is higher in older examined men. The
positive likelihood ratio is higher in the 40-53 age group
compared to the 20—39 age group, indicating the ratio of the
probability of obtaining a positive result in a patient with
the disease to the probability of obtaining a positive result
in a healthy subject. Similarly, the negative likelihood
ratio is higher in the 40-53 age group compared to the
20-39 age group, indicating the ratio of the probability of
obtaining a negative result in a patient with the disease to
the probability of obtaining a negative result in a healthy
examined patient.

ROC analysis indicates that the content of reduced
glutathione in blood lymphocytes for the age group
20-39 years very well distinguishes between men with
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Fig. 3. ROC curve for malondialdehyde (MDA) in blood lymphocytes as a marker of oxidative stress
(A — age group 20-39 years, B — age group 40-53 years)
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Fig. 4. ROC curve for total antioxidant activity (TAA) of blood lymphocytes as a marker of antioxidant status
(A — age group 20-39 years, B — age group 40-53 years)
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pathology and normal condition with 88.10% and 70%
sensitivity and specificity, for which the optimal cut-off
point is <26 pmol/L. Minor differences were determined
in the ROC curve parameters for men with oxidative
stress aged 40-53 years, namely sensitivity of 80.77%
and specificity of 83.33%, which set the optimal cut-off
threshold of <21 umol/L. The AUC for GSH content
in blood lymphocytes is: 0.851 (95% CI: 0.747-0.924,
P<0.0001) and 0.857 (95% CI: 0.718-0.944, P<0.0001),
respectively, which according to the expert scale for the
values of the area under the ROC curve, the model is
classified as very good (Figure 5). The Youden index for
GSH content is 0.5810 and 0.6410.

The AUC values for GSHt content in blood lymphocytes
of men aged 20-39 years are 0.982 (95% CI: 0.918-0.999,
P<0.0001) and 0.927 (95% CI: 0.807-0.984, P<0.0001)
for the age group 40-53 years, which allows classifying
diagnostic tests with excellent diagnostic value (Figure
6). The Youden indices, which serve as an indicator of the
quality of the tests, for total glutathione are 0.9095 and
0.8504 for the two age groups, respectively, and indicate
that the test is able to distinguish between healthy and sick
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people. The optimal cut-off threshold for each screening
test, which has the best combination of sensitivity and
specificity, is located on the “knee” of the graph. For the
content of GSHt lymphocytes in blood, the optimal cut-off
point for the younger age group of men is <42 pmol/L with
maximum sensitivity values of 97.62% and specificity of
93.33%. The optimal cut-off point value is <41 pmol/L with
sensitivity of 96.15% and specificity of 88.89%. The value
of +LR equal to 14.64 indicates that a positive result of the
GSHt test in blood lymphocytes is a sign of the disease, and
-LR =0.026 indicates that a negative test result completely
excludes pathology.

The antioxidant status of the cell is an important
factor in the pathogenesis of a number of diseases. Most
pathological conditions and diseases are characterized
by increased free radical processes and a decrease in
antioxidant capacity. This fully applies to combatants with
combat trauma [ 1; 2]. Injuries, shrapnel and bullet wounds,
as well as nervous disorders can cause oxidative stress.
The last one occurs as a result of an imbalance between
the generation of reactive oxygen species (ROS) and the
activity of antioxidant defense [1; 13—16].

B
GSH

R

100
80
GO

40

Sensitivity

20

D | 1 1 1
0 20 40 &0 80
100-Specificity

100

Fig. 5. ROC curve for reduced glutathione (GSH) of blood lymphocytes as a marker of antioxidant status
(A — age group 20-39 years, B — age group 40-53 years)
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Fig. 6. ROC curve for total glutathione (GSHt) of blood lymphocytes (A — age group 20-39 years,
B — age group 40-53 years)
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An important factor in the pathogenesis of a number of
diseases is the ratio of the antioxidant system to prooxidant
indicators, which is called the antioxidant status of the
cell. It is known that the pro- and antioxidant systems
are in a state of dynamic equilibrium, and a violation of
this balance causes oxidative stress. Most pathological
conditions and diseases are characterized by increased free
radical processes and a decrease in antioxidant capacity
[13-16]. The content of malonaldehyde, which is the
end product of lipid peroxidation, is considered a marker
of oxidative stress, reflecting the degree of lipid damage
due to the action of ROS [15;16]. The most intensive
free radical processes occur in male pathozoospermia,
in particular leukocytospermia. This established fact is
explained by the fact that leukocytes can generate ROS in
high concentrations [16].

Given that GSH not only protects cells from free
radicals, but also generally determines the redox
characteristics in the intracellular environment, a
decrease in the content of GSH indicates the suppression
of antioxidant capacity. This leads to an increase in the
formation of toxic ROS, depletion of the cellular pool
of bioantioxidants and increased lipid peroxidation.
The above can cause disruption of cell structure and
function. The antioxidant properties of GSH are due to
its direct interaction with toxic ROS and the functioning
of glutathione-dependent enzymes, such as glutathione
peroxidase and glutathione-S-transferase, which use
GSH as a substrate. Therefore, depletion of its pool leads
to inhibition of the activity of glutathione-dependent
enzymes — glutathione peroxidase and glutathione-S-
transferase. A decrease in the activity of enzymes of
the glutathione system indicates the depletion of the
compensatory mechanisms of the cell.

It is known that the formation of GSH occurs not
only as a result of its de novo biosynthesis, but also with
the participation of glutathione reductase — an enzyme
that ensures the reduction of GSSG to GSH in the
presence of NADPH as a source of reducing equivalents.
The consequence of the decrease in GSH may be the
accumulation of free radicals, which increases with the
subsequent formation of the OH radical and damage to
high-molecular structures, in particular DNA [17]. It
is known that glutathione reductase uses NADPH as a

substrate, the content of which decreases under conditions
of oxidative stress.

Oxidative stress plays a key role in the development
of ED. In response to cholinergic stimulation of the
sympathetic nerve, nitric oxide (NO) is produced by the
endothelial cells of the corpus cavernosum, which leads to
an increase in the synthesis of cyclic GMP (cGMP), which
in turn relaxes smooth muscle and facilitates erection
[16]. Therefore, any disruption of this mechanism may
contribute to ED. Under normal circumstances, various
antioxidant enzymes and antioxidants maintain an optimal
concentration of reactive oxygen species (ROS), thus
maintaining redox balance. However, when ROS production
exceeds normal levels or when antioxidant availability
is reduced, oxidative stress occurs [13]. Excessive ROS
impair NO production [18] and lead to both neurogenic and
vasculogenic dysfunction, ultimately leading to ED [19].
Furthermore, the interaction between NO and excessive
ROS can generate peroxynitrite, which inactivates
superoxide dismutase (SOD) and establishes a reinforced
positive feedback loop [14]. Despite the promising effects of
phosphodiesterase-5 (PDES) inhibitors in the symptomatic
treatment of ED by inhibiting the hydrolysis of cGMP to
GMP, these drugs are expensive and may cause unexpected
side effects. In addition, these treatments are unable to
address the progression of cardiovascular and neurological
complications, which are common manifestations of
systemic oxidative stress [20]. Thus, restoring the systemic
pro- and antioxidant balance may be an important approach
for the treatment and prevention of ED.

Conclusions

ROC analysis allowed us to establish the parameters
that have the greatest predictive ability for the indicators of
the pro- and antioxidant system of lymphocytes and blood
serum for men sustaining combat-related injuries (shrapnel
and bullet wounds), which can be used as additional criteria
for detecting and confirming the development of oxidative
stress. According to ROC analysis, the highest predictive
ability for detecting oxidative stress was the content of
malondialdehyde in blood lymphocytes, the content of
total and reduced glutathione in blood serum, which are
highly sensitive and highly specific markers of the pro- and
antioxidant system.

BIBLIOGRAPHY

1. ChenM, Zhang Z, Zhou R, Li B, Jiahao J, Shi B. The relationship between oxidative balance score and erectile dysfunction
in the U.S. male adult population. Sci Rep. 2024; 14: 10746. doi: 10.1038/s41598-024-61287-w.

2. Vorobets MZ, Onufrovych OK, Z. Vorobets DZ, et al. Characteristics of indicators of oxidative stress of men suffered as a
result of combat actions [Kharakterystyka pokaznykiv okysnoho stresu cholovikiv, shcho postrazhdaly vnaslidok boiovykh
diy]. Medical and Clinical Chemistry. 2023;25(4):50-58. doi: 10.11603/mcch.2410-681X.2023.14.14374 (in Ukrainian).

3. Banti M, Walter J, Hudak S, Soderdahl D. Improvised explosive device-related lower genitourinary trauma in current overseas
combat operations. J Trauma Acute Care Surg. 2016;80(1):131-134. PMID: 26683399. doi: 10.1097/TA.0000000000000864.

4. Castillo O, Chen IK, Amini E, Yafi FA, Barham DW. Male sexual health related complications among combat veterans. Sex
Med Rev. 2022;10(4):691-697. PMID: 36028434. doi: 10.1016/j.sxmr.2022.06.002.

5. Erkan A, Balci M, Tuncel A, et al. The Role of androgen receptors in erectile dysfunction due to diabetes mellitus: An
experimental study. Insight Urology. 2019;40(2):19-28. Available from: https://he02.tci-thaijo.org/index.php/TJU/article/

view/201728.

6. Fan D, Mao W, Wang G, et al. Study on the relationship between sex hormone changes and erectile dysfunction in patients
with chronic prostatitis/chronic pelvic pain syndrome. Ann Palliat Med. 2021;10(2):1739-1747. doi: 10.21037/apm-20-985.

7. Ho JH, Adam S, Azmi S, et al. Male sexual dysfunction in obesity: The role of sex hormones and small fibre neuropathy.
PL0S One. 2019;14(9):¢0221992. doi: 10.1371/journal.pone.0221992.

38

ISSN 2226-2008 OJECHKWI MEJAYHNNA XKYPHAII Ne 6 (197) 2025



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

KJITHIYHA IIPAKTHUKA

Kumar S, Khurana NK, Lohana S, et al. Comparison of the Prevalence of Erectile Dysfunction Between Hypertensive and
Normotensive Participants: A Case-Control Study. Cureus. 2020;12(12):¢12061. doi: 10.7759/cureus.12061.

Ma M, Yu B, Qin F, Yuan J. Current approaches to the diagnosis of vascular erectile dysfunction. Transl Androl Urol.
2020;9(2):709-721. doi: 10.21037/tau.2020.03.10.

Carter JV, Pan J, Rai SN, Galandiuk S. ROC-ing along: Evaluation and interpretation of receiver operating characteristic
curves. Surgery. 2016;159(6):1638-1645. doi: 10.1016/j.surg.2015.12.029.

Goncalves L, Subtil A, Oliveira MR, Bermudez P. ROC curve estimation: an overview. REVSTAT-Stat J. 2014;12(1):1-20.
doi: 10.57805/revstat.v12i1.141.

Trevethan R. Sensitivity, Specificity, and Predictive Values: Foundations, Pliabilities, and Pitfalls in Research and Practice.
Front Public Health. 2017;20(5):307. doi: 10.3389/fpubh.2017.00307.

Adeoye O, Olawumi J, Opeyemi A, Christiania O. Review on the role of glutathione on oxidative stress and infertility. JBRA
Assist Reprod. 2018;22(1):61-66. doi: 10.5935/1518-0557.20180003.

Chaudhary P, Janmeda P, Docea AO, et al. Oxidative stress, free radicals and antioxidants: potential crosstalk in the
pathophysiology of human diseases. Front Chem. 2023;11:1158198. doi: 10.3389/fchem.2023.1158198.

Haro Girdn S, Monserrat Sanz J, Ortega MA, et al. Prognostic Value of Malondialdehyde (MDA) in the Temporal Progression
of Chronic Spinal Cord Injury. J Pers Med. 2023;13(4):626. doi.org/10.3390/jpm13040626.

Onufrovych OK, Fafula RV, Vorobets MZ, et al. Parameters of oxidative, nitrasive and anti-oxidative status in men with erectile
dysfunction due to combat trauma. Regulatory Mechanisms in Biosystems. 2024;15(1):97-101. doi: 10.15421/022414.
Henkel R. Clinical utility of sperm DNA fragmentation testing: a commentary. Transl Androl Urol. 2017,6(4):S632-S635.
doi: 10.21037/tau.2017.01.10.

Bivalacqua TJ, Usta MF, Kendirci M, et al. Superoxide Anion Production in the Rat Penis Impairs Erectile Function in
Diabetes: Influence of in Vivo Extracellular Superoxide Dismutase Gene Therapy. J Sex Med. 2005;2(2):187-198. doi:
10.1111/5.1743-6109.2005.20228 1.x.

Collin F. Chemical basis of reactive oxygen species reactivity and involvement in neurodegenerative diseases. Int. J. Mol.
Sci. 2019;20(10): 2407. doi: 10.3390/ijms20102407.

Terentes-Printzios D, loakeimidis N, Rokkas K, Vlachopoulos C. Interactions between erectile dysfunction, cardiovascular
disease and cardiovascular drugs. Nat Rev Cardiol. 2022;19(1):59-74. doi: 10.1038/s41569-021-00593-6.

Haoitiwna 0o pedaxyii 19.06.2025
Tpuiinama oo opyxy 02.02.2026
Enexmponna adpeca ona nucmysanus zoryana.ivanytska@gmail.com

ISSN 2226-2008 OJIECEKUI MEVMUHUIM )KYPHAJI Ne 6 (197) 2025 39



KJITHIYHA IIPAKTHKA

UDC 616.716.1:616.211-002:616.91/.99
DOI https://doi.org/10.32782/2226-2008-2025-6-5

V. P. Polianska https://orcid.org/0000-0002-8727-9029
G. A. Loban https://orcid.org/0000-0003-0055-7696
M. 1. Bezega https://orcid.org/0000-0002-1250-1190

S. V. Zachepylo https://orcid.org/0000-0001-6477-8389

1. M. Zviagolska https://orcid.org/0000-0001-7531-3966

CHARACTERISTICS OF THE MAXILLARY SINUS MICROBIOME
INACUTE BACTERIAL RHINOSINUSITIS

Poltava State Medical University, Poltava, Ukraine
UDC 616.716.1:616.211-002:616.91/.99

V. P. Polianska, G. A. Loban, M. L. Bezega, S. V. Zachepylo, I. M. Zviagolska

CHARACTERISTICS OF THE MAXILLARY SINUS MICROBIOME IN ACUTE BACTERIAL RHINOSINUSITIS

Poltava State Medical University, Poltava, Ukraine

The onset and progression of acute bacterial rhinosinusitis are influenced by infection, genetic, and environmental factors. The application
of modern microbiological methods has expanded the etiological spectrum of microorganisms capable of causing acute bacterial rhinosinusitis.

Aim of the study is to investigate the species composition and population levels of the microbiome in the maxillary sinus mucosa,
assessing their adhesive potential in cases of acute bacterial rhinosinusitis.

Materials and research methods. The study involved 38 patients diagnosed with acute bacterial rhinosinusitis, from whom 45 clinical
microbial strains were isolated and identified. Diagnosis was confirmed based on the presence of objective and subjective clinical signs.
Microbial cultivation followed standard protocols, with final biochemical identification performed using the automated Vitek 2 bacteriological
analyser. Adhesive activity of clinical strains was determined via the V.I. Brillis et al. method, calculating the mean adhesion index.

Results. Under conditions of acute bacterial rhinosinusitis, the structure of clinically significant microbial strains was dominated by
S. aureus, H. influenzae, K. pneumoniae, and M. catarrhalis. Additionally, the aetiological significance of commensal bacteria such as
S. epidermidis, S. warneri, and K. rizophilia was established in the development of the disease. The clinical isolates exhibited a high level of
microbial colonisation in the maxillary sinuses. In 78% of patients with acute bacterial sinusitis, a mono-infection was detected, while 22%
showed an association of multiple microorganisms. Among the clinical isolates colonising the mucous membranes of the maxillary sinuses
in acute bacterial rhinosinusitis, 81% demonstrated high and 19% moderate adhesive activity. The findings indicate an increasing role of
opportunistic microorganisms in the aetiopathogenesis of acute bacterial rhinosinusitis, driven by their virulence and significant population
levels of pathogens.

Keywords: acute bacterial rhinosinusitis, microbiome, adhesion.
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B. II. IToasincbKka, I'. A. Jlodann, M. 1. Bezera, C. B. 3auennJio, I. M. 3BsiroibcbKa

OCOBJIMBOCTI MIKPOBIOMY BEPXHBOUIEJIEITHUX MA3YX IIPU T'OCTPOMY BAKTEPIAJIBHOMY
PUHOCHUHYCHUTI

Tlonmascvkuii depacagruil meouyHuil yHigepcumem, llonmasa, Yxpaina

Mertoro nocniukeHHs OyJIo BUBYCHHS BHIOBOIO CKJIAAy Ta MOMYJIILIHHOrO PiBHS MiKpOOiOMY CIN30BUX OOOJIOHOK BEPXHBOIIENECITHUX
HasyX 3 BH3HAYCHHSM iXHBOTO a/Ir€3MBHOTO IOTCHIiaNy 3a yMOB rOCTpOro OakTepiaipHOro puHOCHHYycuty. ObcTexkeHo 38 marieHTiB
3 ZIIaTHO30M TOCTpHiA OaKTepialbHIN PHHOCHHYCHT, BiJl SKHX BUIUIEHO 45 ITaMiB MiKpOOPTraHi3MiB. ¥ CTPYKTYpi KJIIHIYHO 3HAYMMHUX 130JIATiB
nominysanu S. aureus, H. influenzae, K. pneumoniae, M. catarrhalis. Takox y po3BUTKY 3aXBOPIOBaHHS JOBEICHA POJIb KOMEHCATbHUX
Oaxrepiit S. epidermidis, S. warneri, K. rizophilia, ans SKuX XapaKTepHHI BHCOKMH TOMyNAMiHHUNA piBeHb. Y 78% malicHTIB BHABICHA
MoHoiH(eKwLid, a y 22% — MikcriHdekuis. KitiHivHi mTamy, 110 KOJIOHI3yBaIl BEpXHbOIIENENHi nasyxu, y 81% Bonoxian Bucokoto iy 19%
CEepEeNHbOIO a/ITe3UBHO0 AKTHBHICTIO.

3pocTaHHA pONi OMOPTYHICTHYHMX MIKPOOPTaHI3MiB y PO3BUTKY TOCTPOro OakTepialbHOTO PUHOCHHYCHTY 3yMOBJICHE IXHBOIO
BIPYJICHTHICTIO Ta 3HAYHUM MOMYJISALIHUM piBHEM.

Kitrouogi ciioBa: roctpuii 6axTepiadbHUH PUHOCHHYCHT, MIKPOOioM, ajre3is.

Introduction care systems, and imposing an economic burden on society

The issue of acute rhinosinusitis (ARS) remains highly
relevant and socially significant, both globally and in
Ukraine. Each year, the incidence of rhinosinusitis among
the global population reaches approximately 15%, signifi-
cantly impacting quality of life, placing strain on health-
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[1]. In Ukraine, the overall decline in population health is
primarily linked to the devastating consequences of the
COVID-19 pandemic and the full-scale Russian inva-
sion, which have substantially altered the course of infec-
tious and respiratory diseases with pronounced microbial-
inflammatory manifestations. This has led to increased
disease severity and aggressive spread [2]. According to
epidemiological studies in Ukraine, the prevalence of acute
rhinitis, rhinosinusitis, and rhinopharyngitis reaches 489.9
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cases per 10.000 population, with an incidence rate of 5—15
cases per 1.000 population depending on the season. Such
patients account for 60—-65% of all outpatient visits to oto-
rhinolaryngologists [3].

Contributing factors include: anatomical abnormalities
of nasal/paranasal structures; impaired mucociliary clear-
ance; upper respiratory tract infections; immunodeficiency
states; genetic and environmental factors; smoking; atopic
phenotype; anxiety and depressive disorders [1; 3]. The
infectious component remains pivotal in ARS pathogen-
esis. According to the European Position Paper on Rhino-
sinusitis and Nasal Polyps (EPOS 2020), ARS is classified
as viral ARS (common cold), post-viral ARS, and acute
bacterial rhinosinusitis (ABRS). Viral ARS demonstrates
particularly high incidence rates [1; 4]. Viral invasion dam-
ages nasal epithelial cells, leading to: impaired mucocili-
ary clearance, apoptotic and necrotic cell death, disrupted
adaptive immune regulation. This compromise of the epi-
thelial barrier’s structural and functional integrity creates
conditions for secondary bacterial infection. Research indi-
cates viral rhinosinusitis progresses to bacterial infection
in: 0.5-2.0% of adult cases, 5-10% of paediatric cases with
the possible development of serious complications or life-
threatening conditions [5-7].

It is also important to consider the etiological role of
micromycetes in sinus infections. Therefore, to improve
the treatment of acute rhinosinusitis of various etiologies
and prevent the development of rhinogenic intracranial and
orbital complications, it is essential to analyze the micro-
bial profile of the sinuses and the sensitivity of microor-
ganisms to antibiotics. The use of broad-spectrum antimi-
crobial agents targeting multiple pathogens contributes to
the formation and spread of antibiotic-resistant microbial
strains. For this reason, finding alternative ways to over-
come microbiome resistance to antibacterial drugs remains
a relevant issue today [8; 9].

In recent decades, research has confirmed that the
paranasal sinuses are inhabited by microbial communities
consisting of both commensal and potentially pathogenic
microorganisms. However, the population levels of these
microbiome representatives are typically found in low con-
centrations [10]. Under certain conditions, microecologi-
cal imbalances occur in the normal biocenosis of the sinus
mucosa. This can lead to increased microbial load from
both resident and non-native microorganisms, as well as
subsequent colonization of the sinus mucosa by pathogenic
and opportunistic flora at high population levels — often
originating from other biotopes of the upper respiratory
tract [11; 12]. As a result, microbial selection occurs, driv-
ing pathogenization of the local microbiome. This process
can trigger mono- or polyetiological infectious-inflamma-
tory conditions.

Medical literature identifies several microorganisms as
the most common causes of acute bacterial rhinosinusitis.
These include Streptococcus pneumoniae (S. pneumoniae),
Haemophilus influenzae (H. influenzae), combinations
of these pathogens, P-hemolytic streptococci, non-B-
hemolytic streptococci, Staphylococcus aureus (S. aureus),
Moraxella catarrhalis (M. catarrhalis), and Haemophilus
parainfluenzae (H. parainfluenzae) [1]. However, advances
in diagnostic microbiological methods have expanded the
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range of microorganisms known to infect the paranasal
sinus mucosa. Research by Miah MS et al. found that Strep-
tococcus anginosus (S. anginosus) and S. aureus were the
most frequently involved microorganisms in acute bacte-
rial rhinosinusitis [13]. Other studies using PCR techniques
have confirmed the involvement of Chlamydophila pneu-
moniae (C. pneumoniae), Streptococcus milleri (S. milleri),
and coagulase-negative staphylococci, in addition to H.
influenzae and S. pneumoniae [14].

The ability of microorganisms to colonize host biotopes
depends on their biological properties. One key factor in
a microorganism’s virulence is its ability to adhere to sur-
faces. Increased adhesive potential helps bacteria establish
themselves in a biotope, survive in hostile environments,
and serves as the initial step in biofilm formation. Within
biofilms, microbial cells become resistant to: local immune
defenses of mucous membranes, antibiotics and disinfec-
tants.

The aim is to study the species composition and popula-
tion level of the microbiome of the maxillary sinus mucosa,
determining their adhesive potential in cases of acute bac-
terial rhinosinusitis.

Materials and Methods

The microbial spectrum of the maxillary sinus mucosa
was studied in patients diagnosed with acute bacterial rhi-
nosinusitis who were treated at the otolaryngology depart-
ment of the “2nd City Clinical Hospital of the Poltava City
Council” between November 2024 and January 2025.

A total of 38 patients (24 women and 14 men, account-
ing for 63% and 37%, respectively) aged 18 to 60 years
were examined. Inclusion criteria: the presence of a patient
diagnosed on the basis of clinical and rhinoscopic signs of
acute bacterial rhinosinusitis (according to the provisions
of the Unified Clinical Protocol of Primary and Special-
ized Medical Care “Acute Rhinosinusitis”), the presence
of the patient’s informed voluntary consent to diagnostic
manipulations and inclusion in the study. Exclusion crite-
ria: patients with acute viral rhinosinusitis, acute post-viral
rhinosinusitis and chronic rhinosinusitis (with or without
nasal polyps), suspected or confirmed pregnancy, the pres-
ence of chronic pathology from other organs and systems in
the stage of decompensation; use of various dosage forms
of antimicrobial agents both systemically and locally, in
particular, antiseptics during the last month, immunocom-
promised individuals. The diagnosis was confirmed based
on: subjective symptoms (nasal congestion or difficulty
breathing, nasal discharge, facial pain or pressure, reduced
sense of smell); medical history (biphasic disease progres-
sion, symptom duration from 10 days to 12 weeks); objec-
tive signs (swelling and redness of the nasal mucosa, muco-
purulent discharge, mainly in the middle and common nasal
passages), and additional radiological tests (X-rays, com-
puted tomography [CT], or magnetic resonance imaging
[MRI] of the paranasal sinuses). The study was conducted
in accordance with the Helsinki Declaration of the World
Medical Association on ethical principles for medical
research involving human subjects [15] and was approved
by the Biomedical Ethics Committee of Poltava State
Medical University (Protocol No. 292, dated 30.09.2022).
Consent to the processing of personal data was granted by
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the patients. In patients with acute maxillary sinusitis, bio-
logical samples were collected before treatment through a
standard procedure — puncture of the maxillary sinus using
a Kulikovsky needle. The material was aspirated after flush-
ing the sinus with 0.9% sodium chloride solution using a
sterile disposable syringe. Approximately 1 mL of the col-
lected fluid was placed in a test tube containing Amies
semi-solid transport medium (JS Medical Material, China).
The samples were transported under controlled temperature
conditions (isothermal) to the bacteriology laboratory at the
Department of Microbiology, Virology, and Immunology
of Poltava State Medical University (PSMU). They were
processed within 2 hours for isolation, identification, and
further analysis of clinical isolates.

The study examined 45 clinical strains of aerobic and
facultative anaerobic bacteria, including both indigenous
(autochthonous) and non-indigenous (allochthonous) spe-
cies, as well as Gram-positive and Gram-negative bacte-
ria. Samples were cultured using the sector streak method
on specialized selective and differential diagnostic media.
Petri dishes were incubated in a thermostat at 37°C for
24-48 hours, with daily monitoring of bacterial growth.
Final biochemical identification was performed using the
Vitek 2 Compact automated microbiological analyzer (Bio-
Meérieux, France). Microbial load in the maxillary sinuses
was expressed as colony-forming units per milliliter (CFU/
mL). Results were expressed in decimal logarithms (log
CFU/mL) for statistical evaluation.

The adhesive activity of clinical strains was determined
using the method by V.I. Brillis and co-authors, utilizing
human blood group 1(0) Rh+ erythrocytes. The follow-
ing parameters were assessed: Average Adhesion Index
(AAI) — mean number of bacteria attached per erythro-
cyte)); Erythrocyte Participation Coefficient (EPC) — per-
centage of erythrocytes with adhered bacteria on their sur-
face)); Microorganism Adhesion Index (MAI). MAI was
calculated using the formula: MAI = (AAI/CFU) x 100.

According to V.I. Brillis and co-authors’ method, micro-
organisms were classified as: non-adhesive (MAI < 1.75),
low-adhesive (MAI 1.76-2.5), moderately adhesive (MAI
2.51-4.0) and highly adhesive (MAI > 4.0).

The obtained results of clinical-microbiological studies
were analyzed using variation statistics methods, including
arithmetic mean (M) and standard error of the mean (+m).
Statistical processing was performed using Statistica for
Windows 5.0 software (Statfort, USA).

Research results and their discussion

During the period from November 2024 to January 2025,
45 microbial isolates in clinically significant quantities
were obtained from 38 patients with acute bacterial
rhinosinusitis. The species distribution of microorganisms
isolated from the maxillary sinuses of patients with ABRS
is presented in Table 1.

The obtained results indicate that the microorganisms
isolated from maxillary sinuses, according to Bergey’s
Manual, belonged to pathogens from three types and six
families. The type Firmicutes accounted for 54% of Gram-
positive cocci, including representatives of the Staphylo-
coccaceae and Streptococcaceae families, which were iso-
lated both in pure cultures and in microbial associations.
Among coagulase-positive staphylococci, the highest per-
centage (26%) belonged to S. aureus, while coagulase-neg-
ative staphylococci (S. epidermidis, S. warneri) accounted
for 16%. The Streptococcaceae family was the least numer-
ous. a-hemolytic streptococci were detected only in micro-
bial associations, while S. pyogenes (B-hemolytic strepto-
cocci) was isolated from only one patient.

With regard to the number of isolated strains, the type
Proteobacteria — represented by three families: Pasteurel-
laceae, Moraxellaceae, and Enterobacteriaceae — ranked
second (37%). The typical microorganisms of the Pasteu-
rellaceae family identified in patients with ABRS were
facultative anaerobic Gram-negative bacteria of the species

Table 1

Taxonomic characteristics of microorganisms isolated from maxillary sinuses in patients with acute
bacterial rhinosinusitis

Taxonomic affiliation of the isolated strains of microorganisms Representatives Strain prevalence
Type Family Genus P Abs. %
Firmicutes Staphylococcaceae Staphylococcus Coagulase positive 12 26
S. aureus
Coagulase negative 16
S. epidermidis 4
S. warneri 3
Streptococcaceae Streptococcus a-hemolytic 7
S. mitis 2
S.gallolyticus 1
6- hemolytic 5
S. pyogenes 2
Actinobacteria Micrococcaceae Kocuria K. rizophilia 3 7
Rothia R. kristinae 1 2
Proteobacteria Pasteurellaceae Haemophilus H. influenzae 6 13
Moraxellaceae Moraxella M. catarrhalis 4 9
Acinetobacter A. junii 1 2
Enterobacteriaceae Citrobacter C. freundii 2 4
Klebsiella K. pneumoniae 4 9
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H. influenzae (13%). The Moraxellaceae family was repre-
sented by aerobic Gram-negative diplococci of the species
M. catarrhalis (9%), while the Enterobacteriaceae family
included facultative anaerobic Gram-negative bacteria of
the species K. pneumoniae (9%). Clinical isolates of A.
Jjunii (genus Acinetobacter) and C. freundii (genus Citro-
bacter) accounted for 6% and were detected only in micro-
bial associations.

Representatives of the type Actinobacteria constituted
9% and belonged to the Micrococcaceae family. Clinical
strains of aerobic Gram-positive cocci of the species K.
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rizophilia (genus Kocuria) made up 7%, while R. kristinae
(genus Rothia) accounted for 2%. It was confirmed that these
bacterial species participated in the development of purulent-
inflammatory processes both as monoetiological agents and
in microbial associations. The taxonomic classification of
clinical isolates in ABRS was analyzed in accordance with
microbiological studies by other researchers [16].

The overall microbial colonization of the maxillary
sinus mucosa is shown in Fig. 1.

Analysis of quantitative colonization patterns reveals
high colonization potential among key ABRS pathogens.

K. pneumonige I 6, 1

C. freundii

A. junii

M. catarrhalis
H. influenzae
R. kristinae

K. rizophilia

I >,
Q%

S. pyogenes I )
S.gallolyticus I /5
S mitis I, 4,8
S. warneri I 5,0

S. epidermidis
S. aureus

Fig. 1. Microbial population levels isolated from maxillary sinuses in patients with acute bacterial rhinosinusitis
(log CFU/mL)

The highest microbial loads in maxillary sinuses were
observed for Gram-positive cocci of Staphylococcus
genus, particularly S. aureus clinical isolates (7.4+0.33
log CFU/mL). Other significant colonizers included
S. epidermidis (6.8+0.14 log CFU/mL), S. pyogenes
(5.240.0 log CFU/mL), H. influenzae (6.2+0.07 log CFU/
mL), and K. pneumoniae (6.1+0.29 log CFU/mL). The
lowest colonization levels were recorded for S. mitis
(4.84£0.11 log CFU/mL), S. gallolyticus (4.5+0.0 log CFU/
mL), and A. junii (4.8+0.0 log CFU/mL). Population levels
of each microbial association member helped determine
their etiological significance in ABRS development.

Microbial association analysis results are presented in
Table 2.

In 8 (21%) patients with ABRS, mixed infections devel-
oped, where microorganisms formed microbial associations
with varying qualitative and quantitative compositions in
the biotope. Two-component associations were detected
in samples from 6 (16%) patients, while three-component
associations were found in samples from 2 (5%) patients.
Our analysis revealed that bacterial associations consisted
of combinations of Gram-positive microorganisms, as
well as both Gram-positive and Gram-negative pathogens.
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Table 2
Qualitative characteristics of microbial associations
in maxillary sinuses of acute bacterial rhinosinusitis
patients

No Microorganisms forming Absolute .nu.mber
an association of associations
Associations consisting of two types
1. S. aureus + A. junii 1
2. S. epidermidis + Citrobacter 2
freundii
3. S. epidermidis + S. warneri 1
K. rizophilia + S. gallolyticus 1
5. H. influenzae + R. kristinae 1
Total 6
Associations consisting of three types
1. | S. aureus S. pyogenes, S. mitis 1
2. | S.aureus, M.catarrhalis, S. mitis 1
Total 2

Notably, the qualitative composition of these microbial
groups included opportunistic pathogens such as A. junii,
C. freundii, S. gallolyticus, and S. mitis. The formation
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of multi-component microbial consortia with opportunis-
tic microbiota represents a survival strategy for associated
microorganisms in symbiotic conditions. In our opinion,
the interaction mechanism among these microbial associ-
ates exhibits synergistic characteristics, indicating mutual
enhancement of pathogenicity among participants.

Thus, the microbiome of maxillary sinuses in ABRS
demonstrated diversity across different taxonomic groups.
Analysis of qualitative and quantitative composition of sinus
mucosal microbiota in ABRS patients revealed that 79% of
culture-positive samples were monomicrobial, while 21%
were polymicrobial. The most prevalent colonizing micro-
organisms were Staphylococcus spp., particularly S. aureus.
Our study also identified Gram-negative bacteria H. influen-
zae, K. pneumoniae, and M. catarrhalis as etiologically sig-
nificant. Furthermore, microbiological analysis confirmed
the role of commensal microorganisms (S. epidermidis,
S. warneri, K. rizophilia) in ABRS development. The patho-
genic potential of opportunistic bacteria is realized through
high infective doses penetrating the maxillary sinus environ-
ment and reduced mucosal immunity. The etiopathogenic
role of these pathogens is attributed to multiple virulence
factors that disrupt mucosal barrier function, evade host
immune responses, and trigger nonspecific inflammatory
reactions. Recent scientific literature increasingly reports on
the ability of opportunistic microorganisms to cause infec-
tious pathology [17; 18; 19; 20].

The first crucial step in the development of an infec-
tious process is the ability of microorganisms to adhere.
The results of studying the adhesive activity of the sinus
mucosal microbiome in ABRS are presented in Table 3.

Table 3
Characteristics of adhesive properties of clinical
microbial strains isolated from maxillary sinuses
of ABRS patients according to MAI (M+m) indicators

Microorganisms Microorganism Adhesion
Index (MAI)

S. aureus 9.63+0.29
S. epidermidis 9.89+0.28
S. warneri 7.50+0.39
S. mitis 4.09+0.12
S. gallolyticus 4.21+0.08
S. pyogenes 6.73+£0.27
K. rizophilia 4.14+0.13
R. kristinae 3.77£0.12
M. catarrhalis 4.52+0.16
C. freundii 3.83+0.06
K. pneumoniae 6.22+0.18

Our research results revealed that microorganisms with
the highest adhesive potential belong to the Staphylococcus
genus. For coagulase-positive clinical isolates of S. aureus,
the MAI was 9.63+0.29. Coagulase-negative staphylococci
S. epidermidis and S. warneri also demonstrated high adhesive
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activity, with MAI values of 9.89+0.28 and 7.50+0.39,
respectively. Other highly adhesive microorganisms
included clinical isolates of: S. pyogenes (MAI 6.73+£0.27);
K. pneumoniae (MAI 6.22+0.18); K. rizophilia (MAI
4.14+0.13); M. catarrhalis (MAI 4.52+0.16). Moderate
adhesive activity was observed in: R. kristinae (MAI
3.77+0.12) and C. freundii (MAI 3.9+0.06).

In Gram-positive clinical strains, adhesins are
represented by surface proteins exhibiting hydrophobic
properties that facilitate staphylococcal attachment to host
cells. The presence of capsules, capsular-like polysaccharide
substances, and teichoic acids further promotes bacterial
adhesion to epithelium. Additionally, staphylococci and
streptococci produce IgA proteases that cleave IgA,
enhancing their adhesive effect. In Gram-negative bacteria,
adhesins may include outer membrane proteins, fimbrial,
and non-fimbrial compounds. The interaction between
microbial adhesins and epithelial cell receptors in the
maxillary sinuses is specific and irreversible, ensuring
biotope colonization. Thus, the adhesive properties of
pathogens and their high population levels constitute the
initial link in the pathogenesis of ABRS.

Our research findings demonstrate the growing
significance of opportunistic ~microbiota in the
etiopathogenesis of ABRS, driven by the pathogenic
potential of microorganisms and their high population
levels. We suggest that the involvement of opportunistic
pathogens in infectious-inflammatory processes may
also be linked to reduced immunological reactivity in the
population experiencing collective trauma due to Russia’s
full-scale invasion of Ukraine.

Conclusions

The following conclusions can be made:

1. The microbial landscape of the maxillary sinus
biotope in acute bacterial rhinosinusitis is represented by
the taxonomic types Firmicutes (54%), Actinobacteria
(9%), and Proteobacteria (37%), with Firmicutes being
the most dominant.

2. The primary etiological agents of acute bacterial
rhinosinusitis are S. aureus (26%), H. influenzae (13%),
M. catarrhalis (9%), and K. pneumoniae (9%).

3. Mixed infections were observed in 21% of cases
(8 patients), with two-component associations in 15%
(6 patients) and three-component associations in 5%
(2 patients).

4. Among clinical isolates colonizing the maxillary
sinus mucosa, 81% exhibited high and 19% moderate
adhesive activity. The strongest adhesive properties were
found in representatives of the genus Staphylococcus,
Streptococcus, Kocuria, and Moraxella.

5. Microbiological analysis confirmed the etiologic
significance of opportunistic microorganisms such
as Kocuria spp., Rothia spp., Acinetobacter spp., and
Citrobacter spp. in the development of acute bacterial
rhinosinusitis.
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Introduction. Modern combat operations are accompanied by large-scale health consequences, one of the most common of which is
damage to the long bones of the skeleton. One of the most common consequences is injury to the long bones.

The aim of the research is to determine a describe the clinical and anatomical structure of defects in the long bones of the skeleton
depending on the volume (size of the defect).

Materials and research methods. The study is based on an analysis of 115 cases of long bone defects resulting from combat-related
trauma.

Results and their discussion. As a result of the data analysis, it was established that in the total body of the study, long bone defects with
a size 0f 5.0-9.99 cm (41.31%) are most often found in patients with mine-explosive injuries, and defects > 20.0 cm in size (2.17%) are the
least common. In shoulder injuries, defects with a size of 5.0-9.99 cm (80.00%) prevail. Most often, defects of forearm bones have a size of
5.0-9.99 cm (57.14%). 50.00% of hip defects also have a size of 5.0-9.99 cm. 35.48% of shin bone defects have a size of 10.00-14.99 cm, and
33.87% —5.0-9.99 cm. In addition, defects larger than 20 cm were found in our study in 3.23% of shin bone injuries.

Conclusions:

1. The sizes of bone defects due to combat injuries are diverse. The largest proportion is in defects measuring 5.0-9.99 cm. 41.31% of
defects have the smallest proportion with a size greater than 20 cm (2.17%).

2. The occurrence of bone defects obviously depends on the segment of the lesion, and in all groups of defects, as in the general array,
lesions of the lower extremities predominate.

3. There is a tendency for bone defects to occur predominantly in the distal segments of both the upper and lower extremities, but this
tendency is more pronounced in the lower extremities.

4. The size of the bone defect obviously depends on the segment of impact as the mechanism of implementation of the striking agent in
combat casualties.

Keywords: defects, size, long bones, combat trauma, long-bone defects, bone loss, defect size, combat injuries, mine-blast trauma.
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KJTHIKO-AHATOMIYHA CTPYKTYPA JE®EKTIB JOBI'HX KICTOK SAK YCKJAJTHEHHS BOMOBOi
TPABMHU. AHAJII3 OBCAT'Y JE®EKTY

lepoicaghuii  3ak1a0 « YKpAiHChKuil HAYKOBO-NPAKMUMHUIL YEeHMP eKCMpPeHoi MeOuuHoi 0onomo2u ma MeOUyuHu Kamacmpog
Minicmepcmea oxoponu 300pog’s Vxpainuy, Kuis, Yxpaina

2Tepnoninbcvka oonacna kainiuna nikapus, Tepronine, Ykpaina

Crarts npucBsiYeHa BU3HAYCHHIO, aHaIi3y Ta ()OPMYBaHHIO KJIiHIKO-aHATOMIYHOI CTPYKTYpH Ne(EKTiB JOBIUX KICTOK CKENeTa 3aJIeKHO
BiJ po3mipy nedexry. Lle mocimimpKkenHs 3acHOBaHe Ha PETPOCIIEKTUBHOMY aHawi3i 115 BUMankiB ged)eKTiB JOBIUX KiCTOK CKeleTa, [0 BUHH-
KJIM BHACIIIOK OTPHMAaHHS CydacHoi 00ioBoi TpaBMu. B pe3ynbrari aHami3y BCTaHOBJIEHO, IO PO3MipH Ae(eKTiB KiCTOK BHACTITOK OOHOBHX
ypakeHb € pi3HoMaHiTHUMH. Haiibinbiry mutomy Bary Maioth nedektu posmipom 5,0-9,99 cm — 41,31%, HaiimeHiy, 3 po3mMipoM aedexty
oursie 20 cm — 2,17%. Kpim Toro, po3mipn nedekTy KiCTOK, BipOTiJHO, 3aJIeXaTh BiJl CETMEHTa BPaXXeHHS K MeXaHI3My peai3arii Bpaxa-
F04OTO areHTa B IOCTPAXIAINX BHACTIJOK OOHOBHX iil.
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Introduction

Modern combat operations are accompanied by large-
scale medical and sanitary consequences, one of the most
common is damage to the long bones of the skeleton.
This type of injury accounts for 56-60% of all combat-
related injuries [1-4]. The results of treatment of victims
with gunshot fractures of long bones remain suboptimal
[5-9]. One of the most threatening complications of such
injuries is the development of long-bone defects [10—-14].
Unfortunately, the issue of assessing and verifying the size
of defects as a component of the clinical and anatomical
structure of defects of long bones as a whole remains
insufficiently studied, which, in turn, prevents the formation
of effective treatment measures. The above determines the
relevance of this study.

The aim of the work is to determine and characterize
the clinical and anatomical structure of defects of the long
bones of the skeleton depending on the volume (size of the
defect).

Materials and Methods

This study is based on the analysis of 115 cases of
defects in the long bones of the skeleton, resulting from
combat-related injuries. The sample size was sufficient
for reliable statistical analysis regarding what is necessary
and sufficient for conducting a full analysis and obtaining
reliable results. Taking into account the uncertainty of the
generally accepted classification of defects in long bones in
sources of scientific information and the practical lack of
consensus on this issue, it can be noted that, according to
some scientists, large defects of long bones are considered
to be defects of 2.5 cm or more in size [15-17]. Given the
extent and character of combat injuries in combat trauma of
long bones, we applied the following working classification
of defect sizes: up to 4.99 cm, 5-9.99 cm, 10-14.99 cm,
15-19.99 cm and more than 20 cm. An analysis of the
distribution of the study array was carried out based on the
size of defects both in the general study array and in the
arrays of each limb segment separately. An integral analysis
of the distribution of defects in a comparative aspect based
on the size (volume) of defects and limb segments was also
carried out.

The analysis of the actual study material was carried out
using methods of non-parametric and parametric statistics
and elements of fractal analysis. The analysis was carried
out in accordance with the criteria and requirements of
evidence-based medicine using computer technologies.

The study complies with the requirements established
by the Declaration of Helsinki, adopted in 1964 and revised
by the 59th WMA General Assembly. The study complies
with modern ethical standards and principles of conducting
scientific research (Minutes of the meeting of the Ethics
Committee No. 3 dated 30.07.2025, State Institution
“Ukrainian Scientific and Practical Center for Emergency
Medical Care and Disaster Medicine of the Ministry of
Health of Ukraine”). Informed consent was obtained from
all participants.

Research results and their discussion
Given the nature and purpose of this study, we divided
the total study sample by defect size in accordance with
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our working classification. The results of this analysis are
presented in Table 1.

Table 1
Analysis of the distribution of the total study array
based on defect size

Defect size Proportion, % Rank
2.5-4.99 17.39 3
5.0-9.99 41.31 1

10.0-14.99 26.09 2

15.0-19.99 13.04 4
Over 20 2.17 5

Total 100.00 —

The data in Table 1 show the following: the largest pro-
portion (first place) is occupied by bone defects measuring
5.0-9.99 cm in size with an indicator of 41.31%. In sec-
ond place are victims with a defect in long bones measur-
ing 10.00-14.99 c¢cm (26.09%). Thus, in the general study
population, victims with a defect volume of 5.0-14.99 cm
have a proportion of 67.40%, that is, the vast majority. In
third place are victims with a defect size of 2.5-4.99 cm —
17.39%. Defects measuring more than 15 cm occur only
in 15.21%, and very large defects measuring more than
20 cm — only in 2.17%.

Summarizing the above, we can conclude that the great-
est problem for providing medical care is patients with a
defect volume of 5-14.99 cm. The ratio of the maximum
and minimum values of the distribution indicators is 19.04,
which indicates a high dissipation of the distribution and
indirectly — the probability of this distribution.

In order to more thoroughly analyze and assess the
defects of long bones in this study, we studied and analyzed
the sizes of the defects depending on the anatomical seg-
ment. The data of such an analysis are given below.

The results of the distribution of the array of victims
with a defect of the humerus are given in Table 2.

Table 2
Analysis of the distribution of the array of victims with
a humerus defect

Defect size Proportion, % Rank
2.5-4.99 20.00 2
5.0-9.99 80.00 1

10.0-14.99 0 3

15.0-19.99 0 3
Over 20 0 3

Total 100.00 -

The data presented in Table 2 show the following: all
defects of the humerus are less than 10 cm in size, and
80.00% of them are victims with defects of 5.0-9.99 cm.
Thus, it can be noted that the humerus is characterized by
defects of relatively moderate size. Defects of the humerus
larger than 10 cm in statistically significant numbers were
not identified.

Data on the sizes of defects of the forearm bones are
given in Table 3.

When analyzing the data in Table 3, the following was
found: all forearm bone defects in our study have a size of
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Table 3
Analysis of the distribution of the array of victims with
a forearm bone defect

Table 5
Analysis of the distribution of the array of victims
with a defect in the tibia bones

Defect size Proportion, % Rank Defect size Proportion, % Rank
2.5-4.99 42.86 2 2.5-4.99 12.90 4
5.0-9.99 57.14 1 5.0-9.99 33.87 2

10.0-14.99 0 3 10.0-14.99 3548 1

15.0-19.99 0 3 15.0-19.99 14.52 3
Over 20 0 3 Over 20 3.23 5

Total 100.00 - Total 100.00 -

less than 10 cm, which is due in particular to the size of
the anatomical segment itself. It is noteworthy that defects
with a size of 5-9.99 cm (first place) — 57.14% predominate
to a certain extent. Defects of forearm bones with a size
of more than 10 cm in our study were also not found in a
statistically significant volume.

The results of the analysis of the size of the defect in the
femur are given in Table 4.

a femoral bone defect

Table 4
Analysis of the distribution of the array of victims with

Defect size Proportion, % Rank
2.5-4.99 22.22 2
5.0-9.99 50.00 1

10.0-14.99 11.11 4

15.0-19.99 16.67 3
Over 20 0 5

Total 100.00

The data presented in Table 4 allow us to note that by
proportion 50% are defects with a size of 5.0-9.99 cm,
in second place are defects of the thigh with a size of
2.5-4.99 cm (22.22%). Thus, defects of the femur with a
size of up to 10 cm occur in 72.22% of victims of this group.
Fractures from 15.00—19.99 occur in 16.67% of victims. It
is also noteworthy that defects of more than 20 cm in a
statistically significant volume did not occur in our study.

The results of distribution based on the size of defects
of the bones of the lower leg are shown in Table 5.

The analysis of the data presented in Table 5 allows us
to establish the following: the largest proportion consisted
of patients with a defect size of 10-14.99 cm (35.48%)), the
second — with a defect size of 5-9.99 cm (33.87%). Thus,
victims with a defect size of up to 10 cm constitute 46.77%

of the victims in this group by specific weight. There are
also bone defects of more than 20 cm, which occupy the
fifth rank in the distribution with a specific weight of
3.23%. The presence of such large defects, as proven by
the analysis of cases, is associated with the impact of the
damaging agent in mine-explosive trauma.

In order to determine the influence of the anatomical
segment of the lesion on the defect size, we divided the
study array into groups of defect size by the anatomical
segment of the lesion. The data are presented in Table 6.

Comparative analysis of the data presented in Table 6
allows us to establish the following: most of the sizes up
to 5 cm are found on the lower leg — 50%, in the second
place — the hip (5.00%), in the third place — the forearm
(18.75%). Overall, upper-limb defects accounted for 25%,
nearly twice the proportion observed in the total sample.
The ratio of the upper and lower limb in the group of
defects up to 5 cm is 3.0, which is significantly different
from the ratio in the general array — 6.7.

In the group of defects with a size of 5.0-9.99 cm. the
size of the defect by specific weight also prevails with dam-
age to the lower leg — 55.26% of this group. In the second
place is also the hip — 23.68%. Both segments of the upper
limb have a specific weight of 10.53%. Thus, the damage
to the lower limb is 78.94% of the specific weight of this
group, which is somewhat lower than the indicator of the
general mass. The ratio of the upper and lower limbs in this
group is 3.8, which is significantly lower than the indicator
of the general mass.

In the groups of defects of more than 10 cm, damage
to the upper limb with the occurrence of bone defects did
not occur. Summarizing the above, we can conclude that
bone defects occur more often when the distal segments of
the limbs are affected, and for the upper limb, defects up to
5 cm are more typical, and for the lower limb in general,
defects of 5-9.99 cm are typical.

Table 6

Integral analysis of the distribution of the study array in the group of lesion segments based on the defect size

Anato-mical 2.5-4.99 5.0-9.99 10.0-14.99 15.0-19.99 over 20 Total
segment array
* rank * rank * rank * rank * rank

Shoulder 6.25 4 10.53 3 0 3 0 3 0 2 5.43

Forearm 18.75 3 10.53 3 0 3 0 3 0 2 7.61
Hip 25.00 2 23.68 2 8.33 2 25.00 2 0 2 19.57
Shin 50.00 1 55.26 1 91.67 1 75.00 1 100.0 1 67.39
100.0 — 100.0 — 100.0 — 100.0 — 100.0 - 100.0

Note: * proportion, %.
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There is also an increase in the ratio of the distal seg-
ment to the proximal segment with an increase in the
indicator of the “defect size” feature. In addition, it is
worth noting that the lower leg has the first rank in terms
of specific weight in all groups formed by the defect vol-
ume feature. The thigh has the second rank, which cor-
responds to the rank distribution in the general array. As
the analysis of cases has shown, this nature of the dis-
tribution is due to the predominant mechanism of dam-
age — mine-explosive, with the most intense impact on
the lower extremities.

As aresult of the polychoric analysis of the data in Table
6, it was established that there is a positive and moderately
strong association (¢2 = 0.3107; C = 0.4869), which was
statistically significant (% = 28.58).

Summarizing the above, it is worth noting that the
occurrence of bone defects of a specific size depends on the
segment of the lesion, which in turn is the implementation
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of the mechanism of influence of a high-intensity damaging
agent, primarily of mine-explosive origin.

Conclusions

1. The sizes of bone defects due to combat injuries are
diverse. The largest proportion (41.31%) consisted of defects
measuring 5.0-9.99 cm, whereas the smallest proportion
(2.17%) involved defects > 20 cm. The occurrence of bone
defects was significantly associated with the segment of the
lesion, and in all groups of defects, as in the general array,
lesions of the lower extremities prevail.

2. There is a tendency for the predominant occurrence
of bone defects in the distal segments of both the upper and
lower extremities, but this tendency is more pronounced in
the lower extremities.

3. The size of the bone defect obviously depends on
the segment of impact as the mechanism of implementation
of the damaging agent in victims of combat operations.

10.

11.
12.
13.
14.
15.

16.
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JTOCBIJ 3ACTOCYBAHHS IHTPAOTIEPAIIIMHOT O HEFIPOMOHITOPHHFY
IIPU BTPYYAHHSAX HA IIUTONNOAIBHIN 3AJ1031

Opnecpkuii HallioHaNIBHUE MeIMUHUH yHiBepcuteT, Oneca, Ykpaina

YIK 617.66:617.710.1

M. O. lanamuwuii, P. C. Ilapdentben

JOCBII 3ACTOCYBAHHA IHTPAONEPAIIHOIO HEMPOMOHITOPMHIY IIPU BTPYYAHHAX HA
IIATOIOAIBHIN 3AJI031

O0ecvkuti HayioHanbHull meouynuil yuigepcumem, Qoeca, Ykpaina

Y Mexax MPOCIEKTHBHOTO PaHIOMi30BaHOTO fociimkeHHs (20202023 pp.) mpoaHati3oBaHO IOLLTBHICTH BUKOPHCTAHHS IHTpaoIepa-
uiiHoro HelipomoHiTopunry (IOHM) min wac tupeoinexromii. JlocmimkeHHs oxommwno 74 mamieHTiB, 3 AkuX 19 mpoomepoBaHo i3 3acTo-
cyBannsaM IOHM, 55 — 6e3 vporo. Y rpyni IOHM uactora mBOCTOpOHHBOI Bi3yamizaiii 380poTHOro ropranHoro Hepea (3['H) cranoBmia
89,5% mopiBrsHO 3 47,3% y KOHTpONbHii rpymi. BiqHocHa yacTora micistonepaniifHoro mapesy roloCOBHX 3B’ 30K Oyna HIDKYOIO y TPyMi
IOHM (10,5% mpotu 29,1%), omHak s pi3HULA He JocAIIa CTaTUCTHYHOI 3HauymocTi (p=0,10); 6ibLIiCTh MOPYIIEHb MU TPAH3UTOPHHUI
xapakrep. Uepes 12 MicsuiB sKiCTb JKUTTA, oliHeHa 3a mkanoro V-RQOL, He Biapi3usuiace Mix rpynamu. OTpuMaHi pe3ynsTaTé CBi4aTh
npo kiiHiuHy edextuBHicTs IOHM sk 3aco0y migBuIeHHs 6€3MeTHOCTI ONepaTHBHIX BTPYYaHb HA IUTOMONIOHII 3211031 T2 00IPYHTOBYIOTH
JOLUIBHICTH HOTO IIHPOKOTO BIIPOBAKEHHS Y BITYM3HIHY XipypriuyHy NPaKTHKY.

Kitro4oBi ci10Ba: HeiipOMOHITOPHHT, TUPEOIHA XIPYPTisl, IKICTh XKUTTS, XIPYPTiuHi pe3y/bTaT, eHAOKPHHHA Xipypris.

UDC 617.66:617.710.1

M. O. Shalashnyi, R. S. Parfentiev

EXPERIENCE OF USING INTRAOPERATIVE NEUROMONITORING IN THYROID SURGERY

Odesa National Medical University, Odesa, Ukraine

Introduction. Intraoperative injury to the recurrent laryngeal nerve (RLN) remains a significant complication of thyroid surgery,
potentially leading to voice disorders and reduced quality of life. Visual identification of the RLN is considered the gold standard, though its
limitations in complex cases have prompted the use of intraoperative neuromonitoring (IONM). Despite international endorsement, [ONM
remains underutilized in Ukraine.

Objective — to evaluate the initial experience and clinical feasibility of IONM during thyroid surgeries at Odesa National Medical
University, and its potential benefits for surgical outcomes and nerve preservation.

Materials and Methods. A prospective randomized cohort study was conducted from 2020 to 2023, including 74 patients undergoing
thyroidectomy. Nineteen patients were operated on using IONM (main group), and 55 without it (control group). The ASA classification was
used to assess perioperative risk. Voice-related quality of life was measured using the V-RQOL questionnaire at baseline and up to 12 months
postoperatively. Nerve identification, postoperative vocal cord paresis, and quality-of-life scores were statistically analyzed.

Results. Bilateral RLN identification was achieved in 89.5% of the IONM group versus 47.3% in the control group. Vocal cord paresis
occurred in 10.5% of IONM cases and 29.1% without IONM, though the difference was not statistically significant (p=0.10). Most cases
were transient. By 12 months, quality-of-life scores showed no significant difference between groups. However, IONM proved most useful in
reoperations and inflammatory thyroid disease.

Conclusions. [IONM improves RLN visualization and functional assessment during thyroid surgery, reducing nerve injury risk and
enhancing surgical safety, particularly in high-risk cases. These findings support broader implementation of IONM in Ukrainian surgical
practice.

Keywords: neuromonitoring, thyroid surgery, quality of life, surgical results, endocrine surgery.

Beryn

BizyanbHa ineHTH(iKaLis 3BOPOTHOTO HIKHBOTO TOp-
tanHoro Hepsa (3HI'H) moci BBaxkaeThcsi Haitbe3meuHi-
[OIMM METOAOM TPO(ITAKTHKH HOTO TpaBMH I Yac OIe-
pamii Ha muTomomiOHIM 1 mapammromoniOoHid 3am03i [1].
Pusuk TpaBMaTHYHOIO Mapesy rojIoCOBUX 3B’sA30K 3pOCTAE
y BHIIAJKaX KapPIMHOM IIUTOMOAIOHOT 3271031, TU(Y3HOTO
TOKCHYHOTO 3004, IOBTOPHUX BTPYYaHHSIX HA IIUTOIOI0-
HIf 3471031, CKJIaIHOIIAX Bi3yamizamii HepBa Ta HEIOCTaT-
HbOMY JIOCBIJIi Xipypra.

©M. O. Hlanammnwui, P. C. Tlapdentses, 2025

CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT -'

Yacrora cranoi qucgoHii, 3yMOBICHOT YIIKOIKESHHSIM
HEpBiB TropTaHi, csrae 5% BiA 3araJpHOrO 4YHCIa BIPY-
YaHp Ha OIUTONONIOHIH 3a11031. YacToTa TpaBM 3BOPOTHHUX
HepBiB roprani craHoBUTE 0,1-12,0%, a TpaBM 30BHINTHBOT
riku BepxHboro Hepsa roprati (3I'BHI) — 10-45%. 3ne-
Oinbinoro 3a ymoB noeananoi tpasmu 3HI'H Ta 3TBHIT
BUHMKAIOTh 1HBAJIM3YIOUi YCKJIaJHEHHs, SIKI CYTTEBO
HOTIPINYIOTH SKICTh KUTTA [2; 3].

JIns moneruieHHs JIOKami3allil HepBa Ta 3amoOiraHHs
Horo TpaBMarm3amii BIpOBa/DKEHI pi3HI METOAW iHTpao-
nepauiiiHoro Hedipomonitopunry (IOHM). Ha ceoromsi
HaKomu4ueHn nocBig Bukopuctands IOHM cBimunts, mo
BiH 3HIDKY€ yacToTy mapaiiay (3BHI'H), monermrye Bumi-
JICHHS HepBa, 0COONMBO IiJT 9ac BiIE0ACUCTOBAHOI Xipyprii
IIMTOBHUIHOI 3a5103H [4—7]. 3 irmoro 6oky, IOHM He moka-
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3aB 3HAYHOTO TOKPAILEHHS MiCISIONepaliifHuX pe3ylbra-
TiB [8].

HemronaBHo omyOnmikoBaHUI KOXpaHIBCBKUHA CHUCTe-
MaTUYHUN OIVIS[ MICTUTL JAE€TajlbHUN aHajli3 HEHOJIKIB
ta nepesar IOHM. PesynsTaté 1pOro cucTeMaTU4HOTO
OIIITy Ta MeTa-aHaji3y IOKa3yloTb, IO Hapa3i HeMae
MIEPEKOHIIMBHX JJOKa3iB IOAO IepeBaru abo HEeIOBHOMIH-
HocTi IONM nopiBastHO 3 ineHTHdiKaniero 3I'H Oynb-sxum
i3 BUMIpsSHHUX pe3yibTariB. HaromomyeTbes Ha HeoOXinm-
HOCTi mpoBeaeHHs sKicHHX PKJl i3 OiIbIIO0 KUTBKICTIO
YYaCHHKIB Ta OLTBII TPUBAJINM CIIOCTEPEKEHHM, i3 3aCTO-
CYBaHHIM HOBITHBOI TexHOorii IOHM Ta 3acTocyBaHHIM
HOBUX Xipypri4yHuX TeXHik [9].

OctanHboro pazy mnpobnemy 3actocyBanus [OHM
1 oro BAOCKOHAICHH: Oyl10 00roBOpeHo Ha BeecBiTHROMY
KOHTpeci 3 paky murononioHoi 3amo3u (WTCT-2023), ne
OyJ10 ONPHITIONHEHO Pe3yJIbTaTH OCTAaHHIX PaHJOMi30BaHUX
KOHTPOJIbOBAHUX JOCIIPKEHD Ta HATOJIOIICHO Ha IIepCIIeK-
TUBHOCTI IIbOTO METOAY LTS TUpeoinHoi Xipyprii [10].

Ha >xanb, o croromui B Yipaini IOHM 3Haiimos siumie
oOMexeHe 3acTocyBaHHA. [IpencTaBHUKH TEPHOIIIHCHKOT
XipyprigyHOi IIKOJIK OITyOITiKyBaIIK CEpito poOiT, 1e aHaizy-
eTbes nocBin 3actocyBanasa IOHM y 201 martienTku, ore-
POBaHOI 3 TPHUBOAY 3aXBOPIOBaHb IUTOMOAIOHOT 3al103U
[11; 12]. ABTOpHU BBaXKaroTh 3aCTOCYBaHHS II€PEPBUACTOTO
a6o mocriiiHoro IOHM HEOOXiMHUM eIeMEHTOM orepa-
TUBHHUX BTpy4aHb, BOJHOUAC Harosnomywo4y, mo IOHM ne
3aMiHIO€ Bi3yaJibHOT iieHTHDiKalii HepBiB ropTaHi, a JIMIIe
JIOTIOBHIOE 1.

MeTtoro nocaimkenHs Oyna ominka amnpo6anii IOHM
] 9Yac BHKOHAHHS BTPYYaHb Ha IIMTOMOMIOHIN 311031
B yMoBax KiiHiIKH O/eChKOTo HalliOHAIFHOTO MEIUYHOTO
YHIBEpCHUTETY.

MarepiaJjin Ta MeTOIM T0CTiKEHHSI

JocnimkeHHss mpoBeneHe Ha 0a3i kadempu Xipypril
3 MICISTUILTIOMHOI0 TiIrotoBko0 OeCchKOro HallioHaJIb-
HOro MenuuHoro yHiBepcutety y 2020-2023 pp. [duzaiin
JOCII/DKCHHST — MPOCIEKTHBHE PaHIOMIi30BaHE KOTOPTHE.
OCHOBHY TpyIy CTaHOBWIH 19 mamieHTiB, MpOOIEpOBa-
HUX 3 TIPUBOJAY 3aXBOPIOBAHH MIMTOIMOMIOHOI 303U i3
3actocyBanHsM [OHM. Ilin yac BUKOHAHHS JOCHTiKSHHS
JnoTpuMaHo ocHOBHI nonokeHHst GSP (1996 p.), Konsen-
nii Pamm €Bpomm mpo mpaBa TIOOUHE Ta OlOMEIUITMHY
(Bim 04.04.1997 p.), I'enncincekoi nexmapamnii BeecBiTHBOT
MEAWYHOI acomiamii mpo eTHYHI MPHUHIUIH TPOBEACHHS
HAayKOBHX MEOUYHUX JOCIHIKEHb 33 YYacTIO JIOIHHU
(20132014 pp.), eTHUHOTO KOJAEKCY BYCHOTO YKpaiHH
(2009 p). Ilportokon HociipKeHHST OyJI0 3aTBEPIPKEHO Ha
3acimanHi bioernunoro komitery OHMenV (mpotokoin
1a/N 12.02.2000). Po6oTa € ckJ1a0BOX YaCTHHOIO HAyKO-
BOI TeMu Kadenpu Xipyprii 3 HiCIsIUIIIOMHOIO ITiIrOTOB-
kor0 ONIechKOT0 HAI[IOHAIBHOTO MEAMYHOTO YHIBEPCHTETY
«Po3pobka Ta BIIpoBaPKEHHS] HOBIX METOJIB MiHiiHBa3HB-
HUX Ta CHIOBACKYPHUX XipypPTidHUX BTPYYaHb IIPHU METa-
OONIYHOMY CHHAPOMI, SHIOKPHUHHIIN MaTOoJOTii, 3aXBOPIO-
BaHHSX JIETCHb, CTPABOXOAY, IIEYiHKH Ta TIO3AIICYiHKOBHIX
JKOBYHHUX MPOTOK, IUTYHKA, MiANUTYHKOBOI 3aJI03H, TOBCTOI
Ta MPSIMOI KUIIKH, CyAnH», peecTpamiiamii Homep N 0119
U 003573. VYci y4acHUKH TOCIHIIDKEHHs Oy mpoiHgop-
MOBaHI PO I[iJTi, OPraHi3allil0 Ta METOIU AOCIIHKSHHS Ta

mianucanyu iHpopMOBaHy 3rofly Ha y4acTh Y JOCIIIKEHHI;
OyJI0 BKHTO BCiX 3aXO[iB JJIsI 3a0e3eueHHs aHOHIMHOCTI
MAIIEHTIB Y XO1 TOCIIIKCHHS.

KoHTponbHY rpyIy CTAaHOBHIIM 55 XBOPHUX, ONIEPOBAHUX
6e3 3acrocyBanns IOHM. Jlns onepaTHBHOTO BTpY4aHHS
3aCTOCOBaHMI BEPXHIH JOCTYI, y pasi SIKOTO BUALIEHHS
3I'BI'H npoBoasTh Opi€HTYIOUNCH Ha Miclie PUKPIIICHHS
TPYIHUHHO-IIUTONONIOHOTO M’s3a /IO IIUTOMOAIOHOTO
xpsama [11; 12]. ioka HepBa, SK IpaBUIO, TPOXOAUTH Ha
1-2 MM OesmocepenHbo 331y Bin xpsima. B inentngikarii
3I'BI'H 0060B’s13k0BO BpaxOBYBajJM aHATOMIYHI BapiaHTH
X0y Hepsa BiamoBimHo mo kimacudikamiii C.R. Cernea ta
M. Friedman [13]. Bci oneparuBHi BTpy4aHHsS BHKOHaHi
JIOCBIMTYCHUM XIpyprom, siKMi MaB OCOOHUCTHH TOCBIX
BUKOHAHHs He MeHIIe HiK 50 BiZe0acHCTOBaHUX THPEOi-
nekromiii. TlepionepauiiiHuii pu3KK OLIHIOBAJIM 32 PEKO-
MeHpaarismu ASA [14].

Jns IOHM 3actocoByBanu mpminan Medtronic NIM
Response 3.0 (CILA). OminroBany rojiocoBy (GyHKIIO 10
Ta MICIsl ONEPATHBHOIO BTPYYAHHS 13 3ayYCHHSIM KOH-
cynbTamii QoHiaTpa, SIKICTh JKATTA IMALI€HTIB 3a JOMOMO-
rofo omurtyBainbHHKa V-RQOL (Voice-related Quality of
Life Questionnaire) [15].

TpuBanicTh KATAMHECTUYHOTO CIOCTEPEKEHHS CTAaHO-
Brya 12 MicsiiiB.

CraructuuHa 00poOKa pe3ynbraTiB IOCIIHKEHHS MPo-
Be/IeHa METO/IOM YacTOTHOTO Ta AMCIEPCIHHOTO aHaji3y 3a
JTIOTIOMOTOX0 IIPOrpaMHOTo 3a0e3neucHHs Statistica 14.1.25
(TIBCO, CIIA) [16].

Pe3ysbTaTn gociaixkeHHs Ta iX 00roBopeHHs

CepenHiii BIK OOCTEKEHMX XBOPHX CTaHOBHB
B OCHOBHIH Tpyti 45,4+1,4 poKy, a y KOHTPOJIBHIH Tpytmi —
47,3+0,9 poky (p>0,05). B 060X KIiHIYHHX TpymHax mepe-
Baxanu kiHkH (84,2% Tta 89,1% BiamoBimgHO). 3a CTpPyK-
TYpOIO TATOJIOrIl IIUTOMOAIOHOT 3a71031 TPy TaKOXK HE
Bizpi3Hsucs (puc. 1).

B 000x rpynax peectpyBaiiacs CymyTHs IIaTOJIOTsL, siKa
BIUIMBAJIa Ha Tepionepauiiini pusuku. CepeqHs OIliHKA 3a
ASA cranoBmia B ocHOBHIU rpyni 1,9+0,3 6ana, y KoHTp-
ompHil — 2,1£0,1 6ana (p>0,05).

VY xourtposeHii rpymi, ne IOHM He BHKOpHCTOBY-
BaJH, iACHTU(}IKAIls 3BOPOTHHX HEPBIB Oyina yCIIOTHOIO
B 26 (47,3%) Bumagkax 3 000x 00kiB, B 19 (34,5%) Bumnan-
Kax 3 ogHoro 6oky, Ta B 10 (18,2%) Bumaakax He Brajxocs
BUKOHATH ifeHTH(]iKamifo. Y Tpymi 3 BHKOPUCTAHHSIM
IOHM B 17 (89,5%) Bunankax ineHTudikamis Oyna 3 060x
6okiB i B 2 (10,5%) Bunmaakax 3 omgHoro 0oKy. 3a HaIIMMU
CHOCTEepEXKEHHsIMU, HaiOubm iHpopmaruBauM [OHM
BUSIBMBCSL Y BHIIQJIKaX, KOJIM Y XBOPOTO BXKe Oyiu Iiepe-
HECEHi OIepaTHBHI BTPyYaHHs Ha IMUTONOAIOHIH 3ao3i,
a TaKOX y BHIIQJIKaX BHPaXXEHOI 3amanbHOi iHQiIbTparii
IIPU TUPEOINTI Ta AM(Yy3HO-TOKCUIHOMY 3001.

Sk BHIHO 3 HaBEICHOTO, 3[COLTBIIOTO Bi3yalizallis
3I'H He BHMKIMKana TEXHIYHUX CKJIAIHOIIIB. BomHouac
4acToTa IMape3y TOJIOCOBHX 3B’S30K Y KOHTPOJIBHIH Tpymi
Oyna memro Oimpmioro i cranoBmiaa 16 (29,1%) sumankis
3 55. B ocHoBHIl rpymi 3apeectpoBano 2 (10,5%) Bunanxu
3 19 (x2=2,64 p=0,10). BigcyTHiCTh CTATUCTUYIHO 3HAUY-
IUX BIAMIHHOCTEH IMOSICHIOCTHCS HEBEIHUKOI KIUIBKICTIO
CIOCTEPEKEHb.
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Puc. 1. Po3nonis XxBopux KJIiHiYHMX rpyn 3a pi3HUMHU HO30¢opMaMM NATOJIOTIT IIMTOBUAHOI 321031
(a — ocHOBHa rpyna, 0 — KOHTPOJILHA IPyna)

3nebinpmmoro nape3 3I'H MaB TpaH3UTOpHUIT XapakTep,
HOTO MPOSIBY 3HUKAIN BITponoBxk 1—1,5 micams. V 4 xBopux
KOHTPOJIBHOI TpynH mape3 30epiraBcst Oiiple IBOX Mics-
uiB. BunaakiB 1BOCTOPOHHBOTO Hape3y He OyJo y »KOaHii
rpyIi.

I1i 4ac OIIHKH SIKOCT1 )KUTTS XBOPUX BCTAHOBJICHO, 110
ITicIIsl BUKOHAHHS ONEPaTHBHOTO BTpy4aHHs (puc. 2) Bil-
Oynucst HeraTHBHI 3MiHH ITOKa3HUKIB 3a mkanoo V-RQOL.

Puc. 2. SIkicTb KUTTH, NOB’A3aHA 3i 3MiHAMM r0J10CY
B 00CTEeKeHHX MALiCHTIB

Boke yepe3 niBpoky HasiBHa pizHuLs 3a 0K HiBentoa-
Jlacsl, y CepeIHbOMY B OCHOBHIH I'pyTIi IIOKa3HUK CTAHOBUB
11,2+0,3 Gana, a y KOHTpOIBHi# — 17,9+3,5 6ana (p>0,05)

Yactora munydyoro mapesy 3I'H micas xipypriunmx
BTpyYaHb Ha IIUTONOMIOHIA 3al03i, 3a MaHWUMH Pi3HUX
aBTOPIB, KOJNMBAETHCS y Aiana3oHi 2—15%, a mocriitHOTO
napaniay — 0,4-5,2% [2; 3]. 3om0THM CTaHZApTOM IS

mpo¢iTakTUKNA TPaBMAaTHIHHUX Tape3iB I dac omeparii
Ha IMUTONOAIOHIH 3a103i € BizyanpHa ineHTudikamis 3I'H
[1; 9]. BTim y ckragHuX KIIHIYHAX CHUTyamisx (300 Bemu-
KHX PO3MipiB, IIOBTOPHI ONIEpaTHBHI BTPYyYaHHs, HAsIBHICTb
IHBA3WBHOI 3JIOSKICHOI MyXJHMHU, & TaKOX y pasi Hemo-
CTaTHBOTO JIOCBiZy Xipypra BHHUKA€ PU3HK SIK MPSIMOTO,
TaK 1 ONOCEPEeNKOBAHOTO (TPaKIiHHOTO, KOMIIpEeciiiHOro,
TEpMIYHOTr0) yIKomKeHHs HepBa [2—4; 9; 10 ]. Kpim Toro,
3BUYAaHUN OIS HE A€ OUIHUTH (DYHKLIOHANBHY ITiIiC-
HICTB Bi3yaJIbHO HEYIIKO/KeHOTo HepBa [1; 4; 9].

Sk moKazanM Ham  JOCIHIKCHHS, BHUKOPHCTaHHS
IOHM 3HayHO TOKpalrye YMOBH BHUKOHAHHS BTPYYaHHS,
JTO3BOJISIE MIATBEPAUTH (YHKIIOHANBHY witicHICTH 31H,
a TaKOX TOJIETTITy€ iAeHTH(IKaIII0 HepBa Mepex Bisyauiza-
II€I0 i Jac omepariif, 0COONMBO y CHUTYAIlisIX BUCOKOTO
pu3uky. 3actocyBanHd IOHM 3MeHmye sk THMYacose,
Tax 1 mocriiine nowmkomkedas 3 H. Iami gocinigHuku He
BUSIBIWJIM CYTTEBOTO 3MEHILEHHS YacTOTH YIIKOKECHHS
3T'H, HaTOMiCTh BOHU BKa3yIOTh Ha OUTBIIHN KOMGOPT s
Xipypra i1 4ac BUKOHaHHS BTpyYaHHSI.

BucnoBku

Buxopucranuss IOHM no3Bosisie 3HauHO MOKpAIIUTH
iIeHTH(IKaIiI0 3BOPOTHUX HEPBIB Ta 3HU3UTH PHU3UK iX
TOIIKOKCHHSL.

Yacrota MmiCHAOMEpamiHHOTO Mape3y TOJOCOBHX
3B’s130K y Tpymi IOHM 6yna arxgoro (10,5% nporu 29,1%
Yy KOHTPOJBHIH Tpyi), ONHAK 15 Pi3HUL HE J0Ccsria cTa-
TUCTUYHOI 3HauyIocTi (p=0,10), 1m0 Moxe OyTH OB’ s13aHO
3 HEBEJIMKOI BHOIpKOI0. BomHouac oTprMaHi pe3yiabraTti
CBiIYaTh MPO KITIHIYHY NOUUIBHICTH BUKOpHcTanHs IOHM
JUISL 3HWDKEHHSI PU3UKY YIIKOJPKEHHS HEPBIB.

OTpumMaHi pe3ynbraTd € MOPIBHIOBAaHWMH 3 JaHUMH
MPOBITHUX HAYKOBO-TIPAaKTHYHHMX LEHTPIB THUPEOiTHOT
Xipyprii, 0 CBiTYHUTH PO YCIIITHICTE allpo0arii METOLY.
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Refractory interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic condition marked by resistance to standard treatments and
persistent symptoms such as pelvic pain, urgency, frequency, and reduced bladder capacity.

Objective — to improve treatment outcomes in women with refractory IC/BPS by using a personalized multimodal approach combining
intravesical botulinum toxin type A (BTA), gabapentin, and hydroxychloroquine.

Materials and methods. A prospective study included 67 women diagnosed with refractory IC/BPS. Patients were assigned to two
groups: the control group (n=32) received intravesical BTA alone, while the main group (n=35) received the combination therapy. Treatment
lasted 6 months, with follow-up for 12 months. Efficacy was evaluated using O’Leary-Sant questionnaires, VAS for pain, urinary diaries, and
cystoscopy.

Results. Combination therapy showed superior efficacy over BTA monotherapy. In 6 months, 80% of patients in the main group reported
good/satisfactory outcomes vs. 53.1% in the control group. At 12 months, Hunner’s ulcers were observed in 22.85% of the main group vs.
59.37% of the control group (p < 0.001); glomerulations occurred in 40% vs. 87.5% (p < 0.001). Functional bladder capacity improved by
99.05%. Pain (VAS) decreased by 68.3%, urinary frequency by 54.6%, urgency by 76.1%, nocturia by 69.7%, and ICSI/ICPI scores by 70%
and 65.9%, respectively (p < 0.05).

Conclusion. The combination therapy offers better symptom control, improved urothelial healing, and sustained results compared to BTA
monotherapy.

Keywords: interstitial cystitis, bladder pain syndrome, botulinum toxin, gabapentin, hydroxychloroquine.
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KJIHIYHUAA MOHITOPUHI MEPEBITY PEOPAKTEPHOI'O IHTEPCTUIIAJBHOI'O HACTUTY HA TJI
®APMAKOJOTTYHOI TEPAIII ¥V )KIHOK

Ooecvruii nayionanshuil meouynuti ynisepcumem, Odeca, Ykpaina

Pedpaxrepruii inTepcTHLIaNbHIE CTUT/O0MBOBHI cHHAPOM cedoBoro Mixypa (PIL/BCCM) — e XxpoHiYHe 3aXBOPIOBaHHS, CTIHKe 10
cTaHAapTHOI Teparii. MeTa JOoCiiKeHHs — MiABUIIUTH e(heKTUBHICTH JiKyBaHHs kiHOK 3 PIL/BCCM nuisxoMm 3acTocyBaHHS ITepCOHAII30-
BaHOI KOMOIHOBaHOI Tepartii: BHyTPIIIHEOMIXypOBOT0 BBe/IeHHs 6oTyniHiuHOro TokcuHy THIy A (BTA), rabanenTuHy Ta riIpOKCHXIOPOXIHY.
KombiHoBaHe nikyBaHHS MOKa3a0 nepesaru Hajg MoHoTepamieio BTA: micnst 6 MicsniB nokpanieHHs Big3Hadanocs y 80% maiieHTok mpoTu
53,12%, 3HIKEHHS YacTOTH BHpa3ok ['yHHepa Ta romepysiii — 1o 22,85% i 40% siamosigno. Kombinaris npenaparis 3a0e3meuye Kparui
KOHTPOJIb CHMIITOMIB T TPHUBAJIE TIOMIMIICHHS.

Kurouosi cioBa: pedpakrepHuii iHTepCTULIATBHIN TUCTUT, GOILOBUH CHHIPOM CEYOBOTO MiXypa, OOTYTiHIYHUI TOKCHH TUIy A, raba-
MIEHTHH, TiAPOKCUXIIOPOXiH.

Introduction

Interstitial cystitis (IC), or bladder pain syndrome
(BPS), is a chronic inflammatory disease of the urinary
bladder, that is accompanied by persistent pelvic/ure-
thral pain, frequent urination, and urgency in the absence
of infection or other urological pathology [1]. The inter-
national urological community suggests using the term
“bladder pain syndrome”, but due to the prevalence of
the term “interstitial cystitis”, the recommended abbre-
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viation is IC/BPS (interstitial cystitis/bladder pain syn-
drome) [2].

The prevalence of IC/BPS is 100-500 cases per 100.000
people, with women being affected 8—10 times more often
(0.045—-0.3%) than men (0.03%) [1-3]. The disease signifi-
cantly reduces the quality of life, affects the ability to work,
and requires long-term medical monitoring, which makes
its socioeconomic significance high.

The etiology and pathophysiology of IC/BPS remain
poorly understood. Current studies indicate a multifacto-
rial nature of the disease, including autoimmune disorders,
defects in the glycosaminoglycan (GAG) layer of the uro-
thelium, neurogenic inflammation, and increased perme-
ability of the bladder wall [4—6]. GAGs, which provide the
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protective properties of the bladder mucosa, when dam-
aged, make the urothelium sensitive to toxic urinary com-
ponents [4; 5]. This leads to local inflammation, mast cell
activation, and the release of mediators such as histamine,
which stimulates sensory nerve fibers [6—8].

Without timely therapy, a vicious pathological cycle is
formed, which can lead to irreversible structural changes
in the bladder. The persistence of neurogenic inflammation
contributes to the development of chronicity of the patho-
logical process with phenotyping of central sensitization
and the formation of persistent pain syndrome [9; 10].

IC/BPS encompasses various clinical phenotypes with
different causes. To date, the only clinically confirmed phe-
notype is Hunner’s lesions. IC is divided into two subtypes
depending on the presence or absence of Hunner’s ulcers
(HIC) [11]. Studies show that IC is a chronic inflamma-
tory disease histologically characterized by lymphoplasma-
cytic infiltration, epithelial denudation, stromal edema, and
hyperemia, while BPS is a non-inflammatory disease with
few signs of bladder pathology and is potentially associated
with systemic neurophysiological dysregulation [12; 13].
There is a growing body of evidence that HIC is immune-
mediated, possibly autoimmune [11; 14-16]. Patients with
HIC often have high titers of autoantibodies in serum and
CSF, as well as a high incidence of comorbid autoimmune
diseases such as Sjogren’s syndrome and systemic lupus
erythematosus (SLE), which are accompanied by symp-
toms similar to HIC [17]. In addition, the female predomi-
nance and association with previous microbiome infec-
tions, which are typical of systemic autoimmune diseases,
are also typical features of HIC, emphasizing its immune
nature.

The clinical and nosological profile of IC/BPS is char-
acterized by a variety of symptoms, including chronic pain
associated with bladder (with a frequent correlation of pain
intensity with the degree of bladder filling), in combination
with urinary tract symptoms, and includes a wide range of
clinical phenotypes with different etiologies. Typical clini-
cal markers are urgency pollakiuria and nocturia, which
causes significant somatic and psychoemotional maladjust-
ment of patients [1-3].

A particularly pressing medical and social problem is
refractory interstitial cystitis (RIC), a specific form of IC
characterized by resistance to standard treatment and pro-
longed persistence of the main symptoms, such as chronic
pelvic pain, pollakiuria, urinary urgency, and decreased
bladder capacity for at least 6 months. This condition
requires differential diagnosis with other pathologies of
the urinary system and the use of new, individualized
approaches to treatment [1-3].

The high level of social maladjustment of patients with
IC/BPS emphasizes the need for a comprehensive multi-
disciplinary approach to studying the pathogenesis of the
disease. Modern research is aimed at introducing innova-
tive methods and strategies to understand mechanisms that
were previously considered irreversible.

Despite significant progress in understanding the patho-
physiology of the disease, the treatment of IC/BPS remains
challenging, requiring a multimodal approach and a com-
prehensive therapeutic strategy. Existing therapies include
both conservative measures and invasive interventions, but
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their effectiveness varies from patient to patient, necessitat-
ing further research to develop more effective and personal-
ized therapeutic solutions aimed at improving the quality of
life of patients with this complex disease [16].

Objective — to evaluate the effectiveness of combined
therapy (botulinum toxin type A, gabapentin, and
hydroxychloroquine) in women with RIC by assessing
clinical, functional, and endoscopic outcomes in comparison
with botulinum toxin type A monotherapy.

Materials and methods

A comprehensive analysis of diagnostic and therapeutic
outcomes was performed in 67 women with a verified
diagnosis of interstitial cystitis/bladder pain syndrome (IC/
BPS) according to the criteria of the European Society for
the Study of Interstitial Cystitis (ESSIC). In all patients,
previous standard therapy administered for 6 months
failed to produce a statistically significant improvement in
symptoms, indicating a refractory form of the disease.

Women aged 18-65 years with a verified diagnosis of
IC/BPS confirmed by medical documentation in accordance
with the ESSIC diagnostic criteria were eligible for
inclusion. A mandatory inclusion criterion was persistence
of clinical symptoms for at least six months with a severity
exceeding 12 points on the O’Leary—Sant Symptom Index.
All patients were fully informed about the study and
provided written informed consent prior to participation.
Additional safety criteria were applied for women of
reproductive age: participation was excluded during
pregnancy and breastfeeding, and reliable contraception
was required throughout the study period. Patients with
other urological conditions that could affect diagnostic
accuracy or treatment outcomes of IC/BPS, as well as
those with malignant neoplasms, severe somatic diseases,
psychiatric disorders, or concomitant use of medications
interacting with the study drugs, were excluded. Concurrent
participation in other clinical trials was not permitted.

Patients were allocated into two groups: a control group
(n = 32) and a main group (n = 35). In the control group,
intravesical administration of botulinum toxin type A (BTA)
was performed in accordance with the recommendations
of the European Association of Urology (EAU) for the
treatment of RIC. In the main group, patients received
combined therapy consisting of BTA, oral gabapentin, and
hydroxychloroquine.

The diagnostic protocol included collection of medical
history data, urine sedimentanalysis, ultrasound examination
of'the lower urinary tract to assess postvoid residual volume,
and a three-day voiding diary. All patients underwent
diagnostic cystoscopy with bladder hydrodistension under
general anesthesia, with simultaneous biopsy sampling for
morphological confirmation of the diagnosis. Based on
cystoscopic findings, IC/BPS phenotypes were classified
as absence of glomerulations, presence of glomerulations,
or Hunner’s ulcers. When Hunner’s ulcers were identified,
endoscopic fulguration was performed.

Therapy was initiated 30 days after diagnostic
cystoscopy. Both groups underwent intravesical
administration of BTA under cystoscopic guidance: a
total dose of 200 units was evenly distributed through 20
injection sites into the submucosal layer of the bladder
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(apex, lateral walls, and posterior wall) at a depth of 2 mm,
with an inter-injection distance of 1-1.5 cm.

In addition, patients in the main group received
combined oral therapy consisting of gabapentin with
dose titration (300 mg/day on day 1, 600 mg/day on day
2, followed by 900 mg/day divided into three doses) and
hydroxychloroquine at a dose of 200 mg twice daily. The
total duration of therapy was 6 months.

Outcome monitoring was performed at 1, 3, 6, 9, and
12 months after initiation of therapy. Follow-up cystoscopy
was conducted at 3, 6, 9, and 12 months to assess the
condition of the bladder mucosa, determine anatomical
bladder capacity, evaluate changes in pain threshold, and
monitor healing of ulcerative lesions.

Efficacy assessment criteria included:

— O’Leary—Sant indices (ICSI — Symptom Index and
ICPI — Problem Index), with a > 30% reduction in the total
score considered clinically significant;

— visual analog scale (VAS) for pain intensity (0 cm
indicating no pain and 10 cm indicating unbearable pain);

— data from three-day voiding diaries, including urinary
frequency, nocturia, urgency episodes, and functional blad-
der capacity;

— postvoid residual urine volume measured by ultra-
sound;

— cystoscopic findings and anatomical bladder capacity.

The final two follow-up visits (at 9 and 12 months)
were specifically designed to evaluate long-term treatment
efficacy and durability of the achieved clinical outcomes.

The study was conducted in accordance with the
principles of the Declaration of Helsinki and in full
compliance with ethical standards applicable to clinical
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research. Written informed consent was obtained from
all participants for study participation and processing of
personal data. The study protocol was approved by the
Bioethics Committee of Odesa National Medical University
(Protocol No. 18, dated December 6, 2023).

Research results and their discussion

The age range of patients varied from 23 to 72 years
(the mean age (50.43 + 2.88) years). The duration of
clinical manifestations of IC/BPS ranged from 8 months
to 7 years (mean (31.4 £ 25.4) months). The majority of
patients (49.25%, 33 women) had a disease duration of
more than 3 years, compared to 37.31% (25 women) with
a disease duration of 1 to 3 years and 13.43% (9 women)
with a disease duration of up to 1 year.

A comparative analysis of urine diary indicators in
patients with RIC revealed significant differences between
the groups. At the beginning of the study, the scores in both
groups were statistically comparable. According to the VAS
scale, the average score in the control group was 7.8 £ 0.6,
in the main group — (7.9 + 0.7) points, which corresponded
to severe pain. According to the O’Leary—Sant scale, the
ICSI in the control group was (15.62 + 0.34) points, the
ICPI was (12.7 £ 0.35) points, in the main group — ICSI
16.03 + 0.41 and ICPI (12.9 + 0.37) points, respectively.
Evaluation of the urinary diaries showed that the baseline
data also had no statistical differences between the groups.
In the control group, the frequency of urination was
60.72 + 1.23, nighttime urination — 22.19 + 0.82, urgency
episodes — 21.12 + 1.67 in three days, the mean functional
bladder capacity — (72.47 + 2.74) ml. In the main group,
respectively: (62.34 + 1.47); (23.44 = 0.56); (20.42 £ 1.22)

Table 1

Monitoring of the intensity of pollakiuria, nocturia, urgency episodes, functional bladder capacity
and total O’Leary-Sant score in patients with IC/BPS of the main group (n = 35) and the control group (n = 32),

before and after treatment

Change from
Indicators | KRR tment month months montns | the original,

In 3 days Control 60.72 + 1.23 50.47 + 1.13* 37.15+ 1.07* 4213 +1.14* -30.62%

Main 62.34 +1.47 46.63 + 1.15% 35.57 + 0.89% 26.73 = 1.19% -57.12%
Number of Control 22.19+0.82 18.37 + 1.33* 13.23 + 1.45% 1525 + 1.62* -31.28%
nighttime Main 23.44+0.56 10.12 +£0.32* 7.88+0.31%* 6.73 £0.15% -71.29%
urinations
in 3 days
A mean Control 72.47 £2.74 96.35 £ 3.45% 128.37 + 4.46* | 116.37 + 4.45*% +30.11%
Eil"fzcéive Main 69.92 £ 2.68 109.34 +3.47 14121 £4.48% | 151.49+433* | +116.66%

adaer

volume, ml
Number of Control 21.12 £ 1.67 13.48 £1.57* 9.85 + 1.05% 12.18 + 1.62% -42.33%
?pi;%des Main 2042 £1.22 9.31 +£0.33* 6.72 + 0.25% 5.75+031% -71.84%
1n 3 days
Intensity of Control 3.62+0.09 228 +0.21% 1.69 +0.13* 1.75+0.15% -51.66%
urgency Main 3.68+0.11 1.87 +0.10%* 0.97 +0.10* 0.88 + 0.09* -76.09%
by the TUSS
scale
Total score Control 15.62 +0.34 11.63 £ 0.28* 9.87+0.21* 7.35+0.42% -52.95%
ICSI Main 16.03 + 0.41 7.65 + 0.34* 5.73+0.37 4.81+0.32 -70.0%
Total score Control 12.7+0.35 10.51 £0.37 8.48 £ 0.22 6.47 £0.11* -49.06%
ICPI Main 12.9+0.37 6.84 + 1.83* 494 +0.14 427 +0.12% -65.90%

* a statistically significant change in the parameter from baseline (p < 0.05).
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and (69.92 + 2.68) ml. According to the IUSS scale, the
intensity of urgency was (3.62 + 0.09) points in the control
group and (3.68 £ 0.11) points in the main group (Table 1).

In 3 months after the start of treatment, both groups
showed a significant improvement in all indicators. In the
control group, VAS pain decreased to (3.2 + 0.4) points, in
the main group — to (2.7 = 0.3) points (Fig. 1).

The incidence of pollakiuria in the control group
decreased by 38.82% (to 37.15 £ 1.07), the mean functional
bladder capacity increased by 77.13% (to 128.37 £ 4.46 ml).
The TUSS score decreased to (1.69 + 0.13) points in the
control group and to (0.97 £ 0.10) points in the main group.

At the 6th month of treatment, the differences between
the groups became more obvious. In the main group, a
stable remission was observed: the frequency of urination
decreased to 26.73 £ 1.19, nighttime urination — to
6.73 £0.15, urgency episodes —to 5.75 + 0.31. Formally, the
mean effective volume of the bladder increased by 116.66%
(up to 151.49 +4.33 ml), and judging by the daily urination
profile, therapy in patients with IC/BPS is accompanied by
a significant restructuring of the reservoir function of the
bladder. Both before and after treatment, patients urinated
different amounts of urine from urination to urination.
However, the number of urinations with a volume of up to
100 ml decreased from 65% to 25%, with a simultaneous
increase in micturitions in the ranges of 100200 ml and
200-300 ml by 25%.

According to the O'Leary-Sant scale, in the main
group, ICSI decreased to (4.81 + 0.32) points (-70.0%),
ICPI — to (4.27 £ 0.12) points (-65.90%). In the control
group, the indicators also improved, but less pronounced:
VAS pain — (4.1 £ 0.5) points, urinary frequency — (42.13
+ 1.14), ICSI - (7.35 £+ 0.42) points (-52.95%), ICPI —
(6.47 £ 0.11) points (-49.06%). It is important to note that
according to the results of 6 months of combined therapy in

the main group, a good treatment result (reduction in VAS
score by 75% or more) was noted in 11 (31.42%) patients,
and a satisfactory result (reduction by 50% or more) — in
17 (48.57%) patients. In the remaining 7 (20%) patients,
the improvement in pain intensity was less than 50%. In
the control group, the effectiveness of treatment was lower.
Only in 6 (18.75%) patients, in 6 months of treatment,
the intensity of pain decreased by more than 75%, and a
satisfactory result was recorded in 11 (34.37%) patients.
In almost half of the patients (15 women; 46.87%),
pain reduction was insignificant, not exceeding 50%. At
follow-up in9 and 12 months, the control group showed a
gradual deterioration in all indicators, which approached
the baseline values. In the main group, despite some
deterioration, the values remained significantly better than
at baseline. At 12 months in the main group, the frequency
of urination was 33.34 + 1.47, nighttime urination —
7.22 £ 0.66, urgency episodes — 6.09 = 0.72, bladder
volume — (142.32 + 7.89) ml, ICSI — (5.76 £ 1.91) points,
ICPI - (5.42 £ 1.75) points, VAS pain — (3.8 + 0.4) points.

Thus, the results of the study demonstrate that combination
therapy provides not only a faster reduction in the intensity
of IC/BPS symptoms, but also a long-term improvement in
the functional state of the lower urinary tract. It promotes
sustained remission, reduces the frequency of exacerbations
and improves the quality of life of patients. Despite the
positive results, some patients in the main group experienced
recurrence of ulcerative lesions in 12 months, indicating the
need for further long-term follow-up and development of
individualized approaches to maintenance therapy. The data
obtained confirm the need for a comprehensive approach to
the treatment of patients with refractory IC/BPS, including
not only drug therapy but also dynamic monitoring of the
state of the bladder mucosa and correction of therapeutic
tactics depending on the results obtained.

"An average score by VAS"

After 1 month

Before treatment

After 3 months

==@=main group ==@==control group

After 6 months  After 9 months After 12 months

Fig. 1. Dynamics of pain intensity according to the VAS scale in patients with IC/BPS in the main (n = 35)
and control (n = 32) groups, before and after treatment
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Results of endoscopic monitoring. At the stage of
cystoscopic evaluation of the urothelium, special attention
was paid to the nature and dynamics of pathological changes
in the bladder mucosa, since violation of its integrity is a key
pathogenetic factor in the development of pain syndrome
and dysuric disorders, which lead to a further decrease in the
functional capacity of the bladder. In this regard, dynamic
endoscopic monitoring of the condition of Hunner’s
ulcerative lesions after coagulation was performed.

In the control group, the cystoscopic picture
demonstrates pronounced changes, reflecting both the
progression of the pathological process and the response
to the treatment. At the initial examination using
hydrodistension, patients showed characteristic changes
in the bladder mucosa: Hunner’s ulcers were detected in
22 (68.75%) women, glomerulations — in all 32 (100%)
patients. In addition, there was diffuse hyperemia of the
mucous membrane and a decrease in the anatomical
capacity of the bladder. Three months after the intravesical
injection of BTA, 7 (15.4%) patients still had Hunner’s
ulcerative defects without complete epithelialization,
but no new ulcerative lesions were formed. Mucosal
glomerulations remained in 14 (43.75%) women, and the
severity of inflammatory changes decreased slightly. By
the sixth month, an increase in the inflammatory process
was noted, accompanied by a recurrence of Hunner’s ulcers
in 13 (40.62%) patients and an increase in the frequency
of glomerulations to 19 (59.37%). Nine months later, the
number of patients with ulcerative lesions of the bladder
mucosa increased to 16 (50.0%), and glomerulations were
recorded in 25 (78.12%) cases. By the twelfth month,
further progression of inflammatory changes was observed,
with the cystoscopic picture returning to baseline in most
patients: ulcerative lesions were detected in 19 (59.37%)
women, and glomerulations in 28 (87.5%) patients.

The dynamics of the cystoscopic picture in patients
of the main group indicates positive changes reflecting
an improvement in the condition of the bladder mucosa.
At the initial stage, during the primary cystoscopy with
hydrodistension, 26 (74.28%) patients had Hunner’s ulcers,
and glomerulation of the mucous membrane was observed in
all 35 (100%) women. There was also a marked hyperemia
of the mucous membrane and a decrease in the anatomical
capacity of the bladder. Three months after the start of
therapy, there was a decrease in inflammatory changes in
the mucosa and an increase in the capacity of the bladder:
all patients had complete epithelialization of ulcerative
defects, and the number of glomerulations significantly
decreased to 12 (34.28%). In 6 months, the condition of
the mucosa remained stable, the functional capacity of
the bladder remained at the achieved level, no recurrence
of ulcerative lesions was observed, and glomerulations
were noted in only 7 (20%) patients. By the ninth month,
inflammatory changes in the mucous membrane remained
moderate, 4 (11.42%) patients had a recurrence of Hunner’s
ulcers, and the number of patients with glomerulations
moderately increased to 10 (28.52%). At the twelfth month,
inflammatory changes remained moderate, while bladder
capacity remained stable, indicating the persistence of the
positive effect of therapy. Ulcerative lesions were observed
in 8 (22.85%) patients, and glomerulations — in 14 (40.0%).
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Thus, compared with the control group, in patients of
the main group, complex therapy promotes a significant
improvement in the condition of the bladder tissues,
including epithelialization of Hunner’s ulcers, reduction
in glomerulations and inflammatory changes, as well
as stabilization of bladder capacity. However, relapses
of ulcerative mucosal lesions were observed in 22.85%
of patients, which emphasizes the need for long-term
follow-up and an individualized approach to treatment.

These dynamics indicate that the combined therapy
of patients with refractory IC/BPS not only effectively
controls the inflammatory process, but also promotes
long-term urothelial recovery and stabilization of bladder
functional capacity. The analysis of the cystoscopic picture
showed that in the main group there was a more pronounced
decrease in inflammatory changes in the bladder mucosa,
which was manifested in the complete epithelialization of
Hunner’s ulcerative lesions and a decrease in the frequency
of glomerulations. In the control group, despite the initial
improvement, a gradual return of pathological changes
was observed in 6—9 months, indicating a less stable effect
of monotherapy. However, the presence of recurrence of
ulcerative lesions in 22.85% of patients in the main group
emphasizes the need for an individual approach to treatment
and long-term dynamic follow up to achieve maximum
therapy effectiveness.

Conclusions

Combination  therapy (BTA, gabapentin and
hydroxychloroquine) demonstrated significantly higher
efficacy compared to botulinum toxin A monotherapy in
patients with RIC, providing a positive result in 80% of
patients in 6 months of treatment (31.42% — good and
48.57% — satisfactory) vs. 53.12% in the control group
and long-term maintenance of the achieved results during
12 months of follow-up.

Combined therapy demonstrated a statistically
significant improvement in the morphofunctional state of
the urothelium and the reservoir function of the bladder.
Accordingtotheresults of 12-month follow-up, theincidence
of Hunner’s ulcers in the main group decreased to 22.85%
versus 59.37% in the control group (p < 0.001). A similar
trend was noted for glomerulations: 40% in the main group
versus 87.5% in the control group, respectively (p < 0.001),
indicating more effective control of inflammation and
urothelial recovery. The average functional bladder volume
increased by 99.05%, accompanied by normalization of
urodynamic parameters and restoration of the physiological
pattern of urination.

Evaluation of the dynamics of clinical manifestations using
O’Leary-Sant questionnaires and the VAS scale confirmed
a significant improvement in the quality of life of patients
in the main group. During 6 months of follow-up, the mean
pain intensity score on the VAS scale decreased by 68.30%
(p < 0.05), which was accompanied by a significant decrease
in the severity of dysuric symptoms reduction in urinary
frequency by 54.62%, and urgency intensity by 76.09%,
reduction of nocturia episodes by 69.69%, which was reflected
in a significant decrease in the IC/BPS symptom and problem
indices (ICSI and ICPI) according to the O'Leary—Sant scale
by 70% and 65.9%, respectively (p < 0.05).
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CLINICAL AND FUNCTIONAL RATIONALE FOR THE USE OF WHITENING AND DESENSITIZING TOOTHPASTES IN
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Aesthetic and functional enamel parameters, such as colour stability and dentinal sensitivity, are key indicators of oral health and patient
quality of life. Modern dentifrices often combine whitening, remineralizing, and desensitizing components, yet long-term comparative
evaluation of their optical and electrofunctional effects remains limited. Aim — to assess changes in colour (saturation, brightness, whiteness,
and yellowness indices) and electroodontometric parameters of permanent teeth in adults using toothpaste formulations with different ratios
of whitening, remineralizing and desensitizing agents over short- and long-term periods.

Materials and methods. The study population comprised adults allocated into four groups, with each group assigned a toothpaste
formulation differing in its predominant whitening, remineralizing or desensitizing effect. Optical enamel characteristics were measured by
spectrocolourimetry, and pulp excitability was determined using electroodontometry at baseline and after 1, 3 and 6 months of product use.

Results. Toothpastes with predominant whitening—remineralizing action produced a significant reduction in colour saturation and
yellowness with a stable increase in brightness and whiteness from the first month of use, maintaining the effect throughout the observation
period. In contrast, formulations with a dominant desensitizing component provided moderate optical improvement but demonstrated a
pronounced increase in pulp excitability, indicating activation of reparative tissue responses.

Conclusions. Dentifrices with varying combinations of whitening, remineralizing and desensitizing agents exert differential effects on
enamel and pulpal tissues, supporting an individualized selection strategy depending on the intended clinical outcome — aesthetic enhancement
or functional recovery.

Keywords: middle-aged adults, toothpaste, dentin hypersensitivity, spectrocolourimetry, electroodontometry.
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KJITHIKO-®YHKIIIOHAJIBHE OBIPYHTYBAHHSA 3ACTOCYBAHHA
JECEHCUTAM3EPHUX 3YBHUX ITACT ¥ IMAILIEHTIB 3PLJIOIO BIKY

Heporcasna yemanoea «Incmumym cmomamono2ii ma wenenno-nuyesoi xipypeii Hayionanvhoi akademii meouunux nayk Yipainuy, Ooe-
ca, Ykpaina

VY cTaTTi HaBeIeHO PEe3YNIbTaTH OLHKH 3MiH KOJIPHHUX Ta €NeKTPO(YHKIIOHATBHUX MOKA3HUKIB TBEPAUX TKAHUH 3yOiB Y MAIi€HTIB 3pi-
JIOTO BiKY Y pa3i BUKOPHUCTAHHS 3yOHHX IMACT 3 Pi3HOI KOMOIHAIIEH0 BUOLTIOIOUHMX, PEMIHEPATI3YIOUHX 1 J€CCHCUTAW3ePHUX KOMITOHEHTIB.
3aco0u i3 JOMIHYIOUMM ONTHYHUM e(eKTOM 3a0e3MedrIy CTiliKe 3HIKEHHS KOTipHOI HAaCHIEHOCTI 1 JKOBTH3HH eMaJli, TOJ SIK MacTH 3 mepe-
BaKHOIO I€CCHCUTAM3EPHOIO JI€I0 CIIPISUIN MiJBUIICHHIO eNeKTPO30ymKeHOCTI mynbii. OTpUMaHi pe3ylbTaTd MiTBEPIKYIOTh JOLUIbHICTD
iHMBITyanbHOTO MiAOOpPY 3aco0iB Tiri€HM 3aJIeXKHO BiJ KIIHIYHOTO 3aMUTY — €CTETHYHOI KOpeKLii abo BiIHOBICHHS (yHKI[IOHAIBHOI peak-
THBHOCTI 3yOHUX TKaHHH.

Kuro4osi ci1oBa: 3pinmii Bik, 3yOHa macTa, 9y TIHBICTh 3y0iB, CIEKTPOKOIOPUMETPIsi, EIEKTPOOJOHTOMETPIL.

BUBLIIOIOYHUX TA

Introduction
Aesthetic and functional characteristics of the hard den-
tal tissues are important indicators of a modern patient’s
quality of life. Enamel colour, its brightness, and the level
of optical homogeneity affect not only appearance but also
the psycho-emotional state, social confidence, and moti-
vation to maintain oral health. At the same time, dentinal

© H. O. Babenia, O. V. Dienha, S. A. Shnaider, 2025

CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT -'

sensitivity is a common complaint among adults, caused
by dentine exposure, enamel demineralization, or impaired
pulpal reactivity [1-4].

The pharmaceutical market offers a substantial number
of home-care products that combine whitening components
with remineralizing and desensitizing agents. The most
common formulations are based on hydroxyapatite, fluo-
rides, peroxide or abrasive systems, which can influence
the colour, optical, and functional parameters of enamel.
However, the duration of effect, the stability of optical
changes after discontinuation, and the impact of such prod-
ucts on tooth-pulp excitability remain controversial [5—8].
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Most available studies focus on the short-term effects of
whitening toothpastes, without accounting for the dynam-
ics of parameters over longer periods and the relationship
between optical changes and functional pulpal reactivity. In
addition, it remains insufficiently studied whether whiten-
ing mechanisms coincide with remineralization processes
or whether these effects are realized independently of one
another [9; 10].

Accordingly, there is a need for a comprehensive analy-
sis of colour, optical, and electrofunctional parameters of
teeth when using modern toothpastes with whitening and
desensitizing effects during long-term follow-up.

Aim — to assess the effect of toothpastes with different
combinations of whitening, remineralizing, and desensitiz-
ing components on colour parameters of hard dental tissues
(colour saturation, brightness, whiteness, and yellowness
indices) and on electroodontometric parameters in adult
patients.

Materials and Methods

The study was conducted at the Department of Epide-
miology and Prevention of Major Dental Diseases, Paediat-
ric Dentistry and Orthodontics, and at the Outpatient Con-
sultation Department and the Biophysics Sector of the State
Establishment “The Institute of Stomatology and Maxillo-
Facial Surgery National Academy of Medical Sciences of
Ukraine” (SE “ISMFS NAMS”) (Odesa).

The research was carried out within the framework of
the scientific research work of the SE “ISMFS NAMS”:
“Improving the provision of dental care to the elderly in
wartime conditions” (Code NAMS 115.24, state registra-
tion No. 0123U103245).

The study materials were approved by the Bioethics
Committee of the SE “ISMFS NAMS” on November 17,
2025 (Protocol No. 1028).

The study included 61 volunteer patients aged
40-57 years who provided written informed consent. The
participants were divided into four groups according to the
predominant action of the toothpastes and the composition
of their active ingredients, which were used for a period of
one month:

Group 1 (15 patients) — toothpaste with a combined
whitening, remineralizing and anti-inflammatory effect

(enzyme systems, calcium, fluorides, anti-inflammatory
and antiseptic components);

Group 2 (15 patients) — toothpaste with whitening, rem-
ineralizing and desensitizing effects (hydroxyapatite, argi-
nine, potassium salts, fluorides, enzymes);

Group 3 (14 patients) — toothpaste with a predominantly
desensitizing and anti-inflammatory effect (fluorides, cal-
cium, enzyme systems, anti-inflammatory components);

Group 4 (17 patients) — toothpaste with a pronounced
desensitizing and pulp-oriented effect (potassium and
strontium salts in combination with fluorides).

After completion of the one-month course of the inves-
tigated products, all patients were recommended to use a
neutral oral hygiene toothpaste with a mild remineralizing
effect (Natusana Bio Calendula).

All participants used the toothpaste twice daily (in
the morning and in the evening) throughout the entire
observation period. Tooth brushing was performed using a
medium-bristle manual toothbrush. These parameters were
identical for all study participants in order to standardize
the conditions of oral hygiene exposure.

Patients were examined at baseline and at 1, 3, and
6 months.

To assess the state of hard dental tissues, an optical
express method was used: spectrocolourimetric deter-
mination of the aperture light-reflection coefficient
in the 380-720 nm range with automatic calculation
of digital and colour parameters (colour saturation,
brightness, whiteness, and yellowness indices), allow-
ing in vivo detection of minimal changes in enamel/
dentine mineralization, remineralization, or demineral-
ization [11].

Pulp excitability was assessed using the electroodon-
tometer “Pulptester PT-1” (Lumen, Lithuania). Device
parameters complied with TU 3204048-03-97 standards
and general medical device safety rules IEC 601-1.

Data were processed by variance-statistical analysis
using STATISTICA 6.1 and Student’s t-test [12].

Research results and their discussion
Table 1 presents the changes in colour and optical
parameters of dental hard tissues in mature adult patients
using different toothpastes.

Table 1

Mean colour and optical parameters of hard dental tissues in adult patients during toothpaste use (relative units)

remineralizing and anti-inflammatory
effect — Baseline

. . Colour . Whiteness index, | Yellowness index,
Group / Timepoint saturation, S Brightness, Y B vel
1 2 3 4 5
Hydroxyapatite (reference sample) 7.3£0.6 75.7+6.9 87.1+7.3 14.5+1.2
Toothpaste with a combined whitening, 12.1£1.4 35.1£3.6 44.745.2 47.945.5

After 1 month

9.3+0.5 (p<0.001)

44.1%4.1 (p<0.001)

67.3+6.1 (p<0.001)

23.544.3 (p<0.001)

After 3 months 9.540.3 (p<0.001) | 43.3+4.0 (p<0.01) | 65.4+7.2 (p<0.001) | 26.3+3.9 (p<0.001)
After 6 months 9.6+0.6 (p<0.001) | 43.13.9 (p<0.01) | 62.5+7.1 (p<0.001) | 29.7£4.0 (p<0.001)
Toothpaste with whitening, remineralizing 12.7+1.2 34.9+3.5 43.9+7.2 48.2+4.9

and desensitizing properties — Baseline

After 1 month 8.9+0.8 (p<0.001) | 44.9+4.8 (p<0.001) | 68.7+6.4 (p>0.1) |25.5+4.1 (p<0.001)
After 3 months 9.140.7 (p<0.001) | 43.4+3.9 (p<0.001) | 66.5+7.1 (p>0.1) |28.8+2.9 (p<0.001)
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Table 1 (Continued)

1 2 3 4 5

After 6 months 9.5+1.1 (p<0.001) |43.1+4.4 (p<0.001) | 61.5£7.6 (p>0.1) | 29.1£3.5 (p>0.05)

Toothpaste with a predominantly 11.3£1.3 35.4+3.5 45.1£7.2 48.5+6.7

desensitizing and anti-inflammatory effect

— Baseline

After 1 month 10.0£1.2 (p>0.1) | 40.3+4.1 (p>0.05) | 51.5+£5.4 (p>0.1) 354434
(p<0.001)

After 3 months 10.3£0.9 (p>0.1) | 39.943.8 (p>0.1) | 50.7+4.3 (p>0.1) 36.5£3.9
(p<0.001)

After 6 months 10.5+0.8 (p>0.1) | 39.4+4.2 (p>0.1) | 50.1+5.2 (p>0.1) 37.0+4.3
(p<0.001)

Toothpaste with a pronounced 12.3£1.1 35.7£3.5 44.247.2 48.345.5

desensitizing and pulp-oriented effect —

Baseline

After 1 month 9.9+1.2 (p<0.01) | 39.1£4.1 (p>0.1) | 51.2+5.5 (p>0.1) 39.244.2
(p<0.001)

After 3 months 10.1£0.6 (p<0.01) | 38.9+3.5 (p>0.1) | 50.1£5.4 (p>0.1) 40.7+3.0
(p<0.001)

After 6 months 10.4+0.7 (p>0.05) | 38.6+3.4 (p>0.1) | 49.6+4.5 (p>0.1) 41.34£3.7
(p>0.05)

Note: p indicates the significance of differences from baseline.
In all groups of examined patients, baseline colour and Table 2

optical parameters of the hard dental tissues did not differ sig-
nificantly from each other. As early as one month after the use
of toothpastes with a combined whitening and remineralizing
effect, as well as toothpastes with whitening, remineralizing
and desensitizing properties, a pronounced and statistically
significant effect was observed (p<0.001). In these groups, the
colour saturation index decreased by 1.3-fold and 1.42-fold,
respectively, while the yellowness index decreased by 2.03-fold
and 1.89-fold, respectively. At the same time, the brightness
index increased by 1.25-fold and 1.28-fold, and the white-
ness index increased by 1.5-fold and 1.56-fold, respectively.
The achieved changes remained stable at 3 and 6 months of
follow-up, indicating a pronounced and prolonged whitening
effect of the investigated products.

In the groups of patients who used toothpastes with a
predominantly desensitizing and anti-inflammatory effect,
as well as toothpastes with a pronounced desensitizing
and pulp-oriented effect, a slight whitening effect was also
observed one month after the beginning of the study. How-
ever, after discontinuation of toothpaste use, at 6 months of
observation, the values of the analyzed parameters tended
to approach baseline levels without fully reaching them.
Toothpastes with different ratios of whitening and desensi-
tizing components demonstrate a whitening effect that sta-
bilizes over a certain period of time. However, these effects
may be temporary when the use of the products is discon-
tinued, indicating the need for their regular use to maintain
the achieved results.

Table 2 presents the results for the electroodontometry
index (pulp excitability) in the examined adult patients
over the course of toothpaste use.

Analysis of EOM data showed that toothpaste with
a pronounced desensitizing and pulp-oriented effect
most effectively promoted recovery and enhancement of
pulp-related functional responses, which participates in

Electroodontometry (EOM) in middle-aged adults
during toothpaste use (nA)

Group / Timepoint EOM, pA
Toothpaste with a combined 6.75+0.45
whitening, remineralizing and anti-
inflammatory effect — Baseline
After the first use 6.88+0.62 (p>0.05)

After 1 month 8.93+0.50 (p<0.001)

After 3 months 8.01+0.60 (p>0.05)

After 6 months 7.73£0.65 (p>0.05)

Toothpaste with whitening, 7.23+£0.40
remineralizing and desensitizing

properties — Baseline

After first use 7.37+£0.48 (p>0.05)

After 1 month 9.84+0.55 (p<0.001)

After 3 months 9.12+0.60 (p<0.001)

After 6 months 8.72+0.60 (p<0.001)

Toothpaste with a predominantly 7.34+0.55
desensitizing and anti-inflammatory

effect — Baseline

After first use 7.41£0.54 (p>0.05)
After 1 month 9.77+0.60 (p<0.001)

After 3 months 9.48+0.45 (p<0.001)

After 6 months 8.86+0.60 (p<0.001)

Toothpaste with a pronounced 7.06+0.65

desensitizing and pulp-oriented effect

— Baseline

After first use 7.75+0.42 (p>0.05)

After 1 month 10.81+0.40
(p<0.001)

After 3 months 10.54+0.35
(p<0.001)

After 6 months 10.07+0.50
(p<0.001)

Note: p indicates the significance of differences from baseline.
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dentinogenesis and remineralization of superficial enamel
layers. These findings indicate a favourable effect of the
toothpaste on these processes, with potential relevance
for improving enamel condition and overall oral health.
Notably, this toothpaste showed the greatest effect already
after the first use compared with the others.

Conclusions

Toothpastes ~ with  combined  whitening and
remineralizing action provided the most pronounced
improvement in enamel colour characteristics within one
month, manifested by decreased colour saturation and
yellowness and increased brightness and whiteness.

The optical changes persisted over a prolonged period
(up to six months), indicating the formation of a stable
remineralizing effect in superficial enamel layers.

Products with a predominant desensitizing effect
produced less pronounced enamel lightening but positively
affected pulp excitability, indicating activation of functional
tissue-recovery mechanisms.

The dynamics of electroodontometric indices
suggest that toothpastes with a pronounced desensitizing
component can improve pulpal functional reactivity after
the first application, with subsequent stabilization over the
long term.

Toothpastes with different combinations of whitening,
remineralizing, and desensitizing agents may be
recommended with regard to the patient’s clinical needs:
formulations with a predominantly optical effect for rapid
aesthetic improvement, and those with a pronounced effect
on the pulp for restoring functional activity of dental hard
tissues.
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MeTol10 HaIIOro JOCTiIKEHHs OyJI0 BU3HAYECHHS NPIOPUTETHOI TAKTHKU OTIEPATUBHOTO JIIKYBaHHS HEPUIPOTE3HOT iH(EKLil KyIbIIOBOTO
cymioba. Marepiaan i Mmerogu. /11 BUKOHAHHS HAIIOTO JOCIIKEHHS HAMU OyIJI0 IPOBEIEHO PeTPOCHEKTHBHUM aHani3 114 Bunaakis nepu-
npotesHoi iH(exnii KynsuoBoro cyrnoda. Pesyasraru. Cepen manieHTiB Iepnioi rpyny MO3UTUBHUIT pe3ybTaT y BUNNIAAI (yHKI[IOHYIOUO0TO
SHJIONPOTe3a KyJbLIOBOro cyrioda 6e3 o3Hak iHdekuii BussneHo y 82,6% BunankiB. BuCHOBKH. Y pa3si OLIHKM JBOX TaKTHK JIIKyBaHHSA
nepupote3Hoi iHGeKuii mcias eHIonpoTe3yBaHHs KyJIbIIOBOIO Cyroda BHSBIECHO 3HAYHI NepeBard BUKOPUCTAHHS JBOCTAIHOI TAKTHUKU
JKyBaHHS.
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The purpose of our study was to determine the priority tactics of surgical treatment of periprosthetic infection of the hip joint. Materials
and methods. To carry out our study, we conducted a retrospective analysis of 114 cases of periprosthetic infection of the hip joint, which
were treated in the hospital at the Institute of Traumatology and Orthopedics of the National Academy of Medical Sciences of Ukraine, for the
period 2014-2023. Results. The treatment outcome in the observation groups after six months had some differences. Thus, among the patients
of the first group, a positive result in the form of a functioning hip joint endoprosthesis without signs of infection was found in 82.6% of cases.
All 8 (17.3%) patients of the first group with an unsatisfactory result were transferred to the cohort of two-stage treatment of periprosthetic
infection and started it from the beginning. In the second group, a positive result was found in 97.1% of cases. A negative result was observed
in 2 patients, and one of them was diagnosed with oncological disease with receipt of chemotherapeutic immunosuppressive treatment during
the pause between the stages of orthopedic treatment. Conclusions. When evaluating two tactics for the treatment of periprosthetic infection
after hip arthroplasty, significant advantages of using a two-stage treatment tactic were revealed. Despite the lighter premorbid background of
the patients, as well as a less severe microbiological burden in patients with one-stage treatment tactics, the treatment results are significantly
better when using two-stage tactics of periprosthetic infection treatment.

Keywords: periprosthetic infection, one-stage tactics, two-stage tactics, results.

Beryn

30ibIIeHHsT YHCIa XBOPHUX 3 MATOJOTI€I0 CYII0o0iB
1 KyJbIIOBOTO CyIioba 30KpeMa € aKTyalbHOIO IpoOlie-
MO0 KJTIHIYHOT MeOuIMHU. Taki 3aXBOPIOBAaHHS BILIHBA-
I0Th Ha BCi C()epH KUTTS JIIOJUHHU, 3HAYUMO 3HHXKYIOTh
Horo SIKiCTh, 1 y pa3i IporpecyBaHHs 3aXBOPIOBAHHS HPH-
3BOJTH JI0 TOnaibInoi iHBamimizamii mamienta. Enpo-
MIPOTE3yBaHHs CTall0 CTaHAAPTOM JIKyBaHHS XBOPHX
3 TEpMIHAJBHOIO CTAI€l0 JeTeHEPAaTUBHO-IUCTPOPITHUX
3aXBOPIOBaHb KYJIBIIOBOTO cyrioda. ToranbHe eHonpore-
3yBaHHs € BUCOKOC(EKTUBHOIO XipYPriYHOIO METOIUKOIO
JKyBaHHS Je(QOPMYIOUOTro apTpo3y KyJIIOBOTO CyTo0a,
110 O3BOJISAE AOCSTTH 3HAYHOTO TTOJIIIIIEHHS IKOCTI KUTTS

©I1. B. Tanacienko, P. A. Kozak, 2025

CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT -'

XBOPHX, 1030aBUTH iX 00JI10, TOBEPHYTH BTPaueHUi PiBEHb
¢bizuuHoi aktuBHOCTI [12]. Ll{opiuHO y CBITI BUKOHY€ETHCS
no 1,5 mitH onepalliii 3 TOTaJIFHOTO €HIONPOTE3yBaHH. 3a
OLIIHKaMH €KCHepTiB 11 Iudpa 301IbIIyBaTUMETHCS 3 KOXK-
HHUM poKoM Ta focsirHe 1o 2030 p. 3 MiH omneparliif Ha pik,
IO TIOB’SI3aHO 3 TEXHIYHUM IPOTPECOM, PO3IIMPECHHIM
MOKa3aHb O €HJOIPOTE3yBaHHS Ta 301JIbLICHHSIM TPHUBa-
JIOCTI KUTTS mormyIsiii [ 1].

EdexTuBHICTE ONEpaTHBHOTO BTPYYaHHS apTpo-
IUTACTUKY, TEHIEHINSI MO 30UTBIICHHS TPUBAIOCTI KUTTS
Ta CTapiHHA HACEJICHHS Yy CBIiTI HEMHHYyYE MPU3BEAYTH J0
TOTO, 1[0 YacTOTa BUKOHAHHS L€l omneparii Jiuie 3pocra-
tume. Tak, HMHI 4acToTa €HJIONPOTE3yBaHHS CTAHOBHUTh
omu3pko 100 Bumankis Ha 100 THCSY HACENIEHHS 3a PIK, 3a
manmmu X. Jin et al. (2022) [3], a S. Kurtz et al. (2018)
BCTaHOBUB, 110 70 2030 poKy KUIBKICTH BHKOHYBaHHX
apTPOILIACTHK KYNBIIOBOTO cyrioda 3pocte Ha 174% [7].
HesBakatoun Ha Te, II0 €HJONPOTE3YBAaHHS KYJBIIOBOTO
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cyro0a 103BOJsE€ 1030aBUTH TAli€HTa Bif OOJIBOBOIO
CHHIIPOMY 1 KapUHAJIHHO MOKPAIIUTH SIKICTh HOTO YKUTT,
Lle BTpy4YaHHsI MOke OyTH IMOB’si3aHE 3 TaKHMMH TPI3HUMH
YCKJIaTHEHHSIMH, SIK MOKJIMBICTh 1H(IKyBaHHS, HECTaOlIb-
HICTb Ta aCENTHYHE PO3XUTYBAHHS KOMIIOHEHTIB €H/I0IPO-
te3a [1]. Li mpoOiemu, a TaKoXX TO# (akT, IO BEIHMKA KilTb-
KIiCTh TMAIli€HTIB MOJIOAOTO BiKY, IO ITEPEHECITH OIEPAIlito
€HJIONPOTE3YBaHHS KYJIBIIOBOTO Cyrio0a, y MailOyTHoMY
CTUKHYTBCS 3 PEBI3IHHUM BTPYYaHHSIM, TPHU3BOAATH [0
TOTO, IO KUTBKICTh MOAIOHUX omepamiid Takox Oyae 3011b-
LIyBaTHCs BCIIJ 3a MEPBUHHOKI apTporuiacTuko. Tak,
yactoTa peBi3iiiHux BTpydanb y CIIA craHOBUTE 25% Bif
3arajbHOI KiJIbKOCTI Omeparliii TOTaJbHOro SHAOIPOTE3Y-
BaHHSI KyJIbIIOBOTO cyrioba [11].

YemimHe JIiKyBaHHS MEPUNPOTE3HOT iH KT BKiIIoYae
KOMOIHaIi0 aJJeKBaTHOI XipypriyHol TaKTUKHU Ta €TIOTPOII-
HOI aHTUMIKPOOHOI Teparii, akKTUBHOI IMOJO0 30YIHUKIB
Takoro iH¢exniiHoro mponecy. Halwacrimumu mnpuyn-
HAMH TMEPCUCTYIOUOi Ta PEUUAMBYIOUOi iHQEKIii € BHOIp
HENpaBWIBHOI XipyPridHO1l TAKTUKH Ta/ab0 HepallioHaIbHE
3aCTOCYBaHHS aHTHOIOTHKIB [3].

MeTo10 HaIIOTrO AOCTIHKEHHS OyJI0 BH3HAYEHHS Ipio-
PHUTETHOI TAKTUKU OMEPATHBHOTO JIIKYBaHHS MEPUIPOTE3-
HOT iH(pEKIIii KYIbIIOBOrO Cyriiooda

Marepiajiu Ta MeTOAU AOCTiZKEHHS

Jns. BUKOHaHHS HAIIOTO JOCHIPKEHHS HaMu OyIo
MPOBE/ICHO PETPOCHCKTHBHUMN aHami3 114 BUMAnKiB mepu-
MpoTe3HOI 1H(EKIIT KyJbIIOBOrO Cyro0a MaIieHTiB, 110
nepeOyBasii Ha crarioHapHoMy JiikyBaHHi y Y «lHCTH-
TyT TpaBmaroinorii ta opromenii HAMH Vkpainm», 3a
2014-2023 poxwu. [amientn Oynmu monmiieHi Ha JBi TPyTH,
SIKi OyJIH CTAaTUCTHYHO 3piBHIOBaHI. Jlo mmepmioi rpymu Oymm
BimHeceHI 46 TMAaIli€eHTIB 3 TEPHUIIPOTE3HOI0 iHQEKIi€o,
SKHM MPOBECHA OIHOETANHA TAKTHKA ONEPATUBHOTO JIKY-
BaHHS MEepPHUIPOoTe3HOl iH(eKIii KyabpoBoro cyrioba. 1o
apyroi rpynu Oynu BigHeceHI 68 maiieHTiB 3 MepUIpo-
TE3HOIO iH(]eKIi€lo, IKMM NPOBEICHA JIBOSTAITHA TAaKTHUKA
OIIEPaTUBHOTO JIIKyBaHHsS NEPHUIIPOTE3HOI TH(EKLIT KyJb-
I0BOTO cymioba. Y mepiuiii rpyni 4osoBikiB Oyio 29, mio
cranoBmwio 63,0% rpynu, ocib XiHOYOI cTaTi y mepuIii
rpymni Oymo 17, mo cranosmwio 37,0% rpynu. Y npyriit
rpymi 4oioBikiB Oymo 47, mo craHoBwio 69,1% rpymmy,
0ci0 >kiHOYOi cTaTi y ApyTiii rpyti Oymo 21, mo cTaHOBHIIO
30,9% rpymu. YV IOOCHiIKEHHI MOTPUMAHO TPHHIUIIB
ETmunoro komexcy BeecBiTHROI MeanyHOi1 acomiartii (I'es-
CIHCBKOI AeKiapartii) moa0 J0CiKeHb, 10 SKUX JOTyda-
FOTh JIFONEH. Y 3B 3Ky 3 THM, II[0 HAIlle JOCIIKSHHS MajIo
PETPOCIEKTUBHUI XapakTep 3roja MAali€HTIB HAa Yy4acTb
y IOCII/DKEHHI He oTpuMyBasiach. KoMiTeToMm 3 0ioeTHKH
BHMY im. MLIL. Iluporosa Ha 3acinansi 11.11.2025 nporo-
kot Ne 7 po3IIsSTHYTO Marepiajii HayKOBOTO JIOCIIiPKEHHSI.
BcranosneHo, 1110 Marepiany TOCTiDKEHHS HE Cyniepedarh
OCHOBHUM OioeTHyHMM HOpMaM [enbciHCBKOi Jexnapa-
mii, mpuiiHaToi [eHepampHOIO acamOneero BcecBiTHBOT
Mean4Hoi acoriarnii, Korsenmii Pagun €Bporm mpo mpasa
monuEA Ta Olomenurmay (1977 p.), BiAMOBiZHUM MOIO-
xerasM BOO3, MixHapogHOI paan MEOUYHUX HAyKOBHX
TOBAapHCTB, MIKHApPOTHOMY KOIEKCY MEIUYHOI ETHUKU
(1983 p.), Kousenuii Pagu €Bpomnu mpo 0XopoHy Xpebet-
HHUX TBapHH, L0 BUKOPUCTOBYIOTh B EKCIIEPUMEHTax Ta

IHIIMX HAyKOBHUX LUIsIX, Bif 18.03.1986 p., Hupektusi EEC
Ne 609 Big 24.11.1986 p. 1 nakazy MO3 Ykpainu Ne 281
Big 01.11.2000 p. Po6ora € ¢pparmentom HIP «OOrpyHTY-
BaHHs Ta PO3pOOKa IHHOBAIIMHUX METOAWK J[IarHOCTHKH,
XipypriuyHOro JiKyBaHHS 1 TPO(QUIAKTHKN yCKIaJHEHb IPH
3aXBOPIOBAHHSX 1 TIOPAaHEHHSX OPTaHiB IPYAHOI Ta YepeB-
HOI TOPOXKHUHWY, JlepxkaBHa peectpartist Ne 0124U001265.

OTpuMaHi aHi MiaIaBaIuCch CTATUCTUIHIA 00poOIIi Ha
MIEPCOHATHFHOMY KOMII FOTEPi 32 JOIIOMOTOI0 TIPOTPaMHOTO
makera Microsoft Excel 2013 (CILIA) 3 BHKOpHUCTaHHSM
BOymoOBaHMX (YHKIIH CTaTUCTUYHOI 0OpoOKH. 3 omisimy
Ha YHCENbHICTh O3HAK, 1[0 aHAJI3yIOThCs, Ta HEOOXiTHICTh
3a0e3reueHHs] OHOMAHITHOCTI pe3yJIbTaTUBHUX MMOKa3HU-
KiB JUIs 3iHICHEHHS KOPEKTHOIO MOPIBHSAHHS HaMu Oyia
BUOpaHa MeToaWKa oOpaxyBaHHSI KoeQillieHTa MOoJiXo-
PUYHOTO MOKa3HHMKA 3B 513Ky, 110 3anporonosana K. ITip-
coHoM. Po3paxoBaHi 3Ha4Y€HHS KPHUTEPilO BIPOTiTHOCTI
[Tipcona nopiBHIOBaIUCS 3 KPUTHYHUMH 3HAYCHHSIMH HOTO
B TabimuIpix CHenleKopa i3 3aCTOCYBaHHIM 00CATY HOMMIIKH
B 5% Ta crynens ceobonu (K=1), mo 3ymMoBIeHEe BILTHBOM
3aKOHY U3 FOHKIII1. 32 CTATUCTUYHO 3HAYYIII 3MiHH Opann
piBeHp qoctoBipHOCTI p<0,05.

Pe3yabTaTu focaiizkeHHs Ta iX 00roBopeHHs

Bubip sikyBaHHS nepunpoTe3Hoi iHgekuii 3a3Buuaii
3aJIeKHUTh Bl HU3KH (DaKTOpiB, Y TOMY YHCII MiCIEBUX
(akTOpiB, MOB’s3aHUX 31 CTAHOM KICTKH Ta M’SKHX TKa-
HUH, (QiKcali€lo Ta cTabUIBHICTIO KOMIIOHEHTIB, XpOHIiY-
HHUM XapakTepoM iH(EKIIii, THIIOM OpraHi3My i1 3araJsHOTo
CTaHy XBOpOTO. SIKIIO TepHNpoTe3Ha iHQEKHis rocrpa
3 HecOpPMOBAHOI OIOIUTIBKOIO, TO MOXXKHa BPSATYBaTH
BCTAQHOBJICHU IMIUTIAQHT LIJISIXOM BUKOHAHHS JEOPHIMEHTY
(DAIR D=Debridment, nebpuameHT — BHIANCHHS BCIiX
HEXXUTTE3aTHUX TKaHUH, A=Antibiotics — aHTHOIOTHKOTE-
pamisi, IR=Implant Retension — 30epexeHHs] KOMITOHEHTIB
eHgonpore3y). JeOpHIMEHT € CaHyIYOI0 OIepalli€er 3i
30epeKEeHHIM CTablIbHIX KOMIIOHEHTIB €HJIONPOTe3a, aje
3a TaKoro IiJXOxy HeoOXigHa 00OB’sI3KOBa 3aMiHa HapH
TepTss. MU BBaKaJM MOXIIUBHM BUKOPHCTAHHS OJHOMO-
MEHTHOI TaKTHKH, 110 BKJI0Yaja y ce0e BUIy4eHHs HEKpO-
THU30BAaHUX TKaHWH, NIPOMHMBAHHS 1H(IKOBAHOTO SHIONPO-
Te3a KyJbLIOBOTO Cynio0a Ta HOro 30epeKeHHs TUIbKU
y pasi paHHBOTO 1H(IKYBaHHS MIPOTATOM MEPIINX 4 TIDKHIB
TCJIS IEPBUHHOI Omepariii Ta y pasi reMaToreHHuX iHpek-
il 3 MAKCHMAJIFHOIO TPUBAJICTIO CHMIITOMIB 3 THIKHI.

JIBoeranHa 3aMiHa eHIOOMpOTe3a y pas3i XPOHIYHOI
MEPUTIPOTE3HIH iH(EKmii € MeTomoM JiKyBaHHS, SKHN
nependadae BUAAICHHS €HIOIPOTE3a 3 HACTYITHUM KyPCOM
anTHOaKTepianbHOI Teparii Ta MOBTOPHE PeBi3iiiHE BTPY-
YaHHs 11 BCTAaHOBJICHHSI HOBOTO eHjonpore3a. [IpuHuu-
MOBO BAXJIMBHM € IIOBHE BHJAJCHHS BCIX KOMIIOHEHTIB
EHJIONpOoTe3a Ta 3aJMIIKIB KICTKOBOTO IIEMEHTY 3a HOro
HAsBHOCTI.

VY HamoMy HOCHIDKEHHI B 000X Trpymax crHocTepe-
JKCHHS [TPEBaTFOBAIIY MAII€EHTH 3 00TSHKEHUM KOMOPO1THIM
orom. Takox BiApi3HSABCS B 000X rpymax iHIEKC KOMOP-
6imaocTi Charlson. SIkmo y mepmii rpymi mei iHgeKce Koim-
BaBcs Bix 2 1o 10 1y cepemHROMY CTaHOBUB 5, TO y IpyTii
TpyTi IeH iHgexc KonmBascs Bix 3 go 14 iy cepeanbomy
craHoBuB 8. [lepen moyaTkoM JIiKyBaHHsI OyJ0 MpoBeIcHE
MIKpOOIOJIOTiYHEe MOCHIIKCHHS MYHKTATy BPaXEHOTO
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cyroba. Y 7 Bumamkax mepiuoi rpymu (15,2%) mociti-
JOKEHHS MaJlo HeraTUBHUN pe3yabrar. Y Apyrii rpymi nomi-
OHa cutyarlis Oyia BUsBJIEHA y 6 MaIli€HTIB, [0 CTAHOBIJIO
8,8% wmacuBy rpymnu. Bapro 3ayBaxutu, mo y 5 (71,4%)
TAIi€HTIB NEPIIOi TPYNH Y TOJANIBIIOMY IHTpaoIepaliiiHo
30yIHUK yce 'k OyB BUABJIEHHH. Y NpyTii rpymi iHTpaore-
pauiiito Oyino 3HaiaeHo 30ynHUK y 5 (83,3%) Bumankis.

VY tabnumi 1 HaBemeHO pe3ynbTaTH MiKpOOiOIOTIIHOTO
JOCIIUKSHHST MYHKTaTy KyJbLIOBOTO Cynio0a B Ipymax
CIIOCTEPEIKEHHSI.

[IpoBenenuii anami3 OGiomTary KyJbIIOBOTO Cyrio0a
BKa3aB Ha PI3HUIIIO Y MIKPOOIONOTIUHIA CTPYKTYpi cepen
MAIEHTIB IPyN CIOCTepe)KeHHs. Tak, cepeil MallieHTIiB
3 JBOETANHOK TAKTHUKOIO YaCTillle BUSABIABCS S. Aureus,
pi3HHI MiX TpynaMu craHoBuia Maibke 10%. Kinbkicts
MRSA nitamiB cepen mamieHTiB Apyroi rpylny cTaHOBHIIA
34,6%, toni sk y mepmiii rpyni mgume 23,1%. Y npyrii
TpyIi BUSIBICHO IIEpEBAKAHHS IPaMITO3UTUBHOI (hJIOpH, 1110
MIPOSBISIIOCH Y BHsBNeHHI 11 y 58,8% Bumankis. Ha Bin-
MiHY BiJl APYyTOl TPyNH, y MEPIIi TPy TaKAX TMAI[i€HTIB
Oymno mumme 54,4%. Byno BusBICHO IepeBaKaHHS Ialli€H-
TiB 3 BICISTHOIO TpaMHETaTUBHOIO (IOPOI0 y TEePIIiid TPyi.
Skmo y nepurii rpymni noAiOHUX nmanieHTiB Oyino 28,3%, To
y apyriii rpymi — 26,4%. BinbIn noka3oBuM Oyia KUTbKICTbh
BUCISTHMX acoIfiallii, sika OLIbII HK yABIYI IEpEBHUIITyBaIa
y npyrii rpymi. Tak camo mMaibke ynBidi Oyia KiJIbKiCTh cTe-
PWIBHUX IIYHKTATiB Cepe] MallieHTiB nepiuoi rpynu. Bapto
3ayBa)KHTH, [0 IHTPAOMEPALIAHO Cepe/l MAI[IEHTIB MePIIOT
TPy 3 HETaTUBHUM Pe3yJIbTaToM Oylia BUCISIHA KyJbTypa
y 42,8% Bunaskis, a y Apyri# rpymi —y 16,7% Bunaakis.

Jis BU3HAYCHHS BIPOT1MHOCTI BUSBICHUX MOKAa3HUKIB
HaMH OylI0 TIPOBEINCHO MONMIXOPUYHHN aHANi3 3a METO-
mukoto Ilipcona. TlokasHWK B3a€MHOTO CIIONydeHHS (2
0,73, momixopuuanii moka3HUK 3B’s3ky C 0,65, xputepiit
BiporizHocTti Ilipcona y2 91,7472. Bka3aHi NOKa3HUKH
CBiZUaTh, 10 MDK BKa3aHMMH O3HAKAMH ICHY€E IPSIMHH,
MO3UTHUBHUI CHIIbHHI 3B’ 5130K, @ BKa3aHi IMOJIOKEHH Iepe-
OyBalOTh y Mexax IoJist BiporigHocti (y? 83.22 > st 21,7)
(p<0,01).

Pesynbrar JiKyBaHHS y rpynax CIIOCTEPEKEHHS depes
MMB POKYy MaB JEsKi BiAMIHHOCTi. Tak, cepen MAIli€HTIB
epIroi rpyny MO3UTHBHUH pe3yabTaT y BUIVIAAL (QyHKI-
OHYIOYOTO EHJONpPOTE3a KYJbLIOBOTO cyrioba 0e3 o3HaK
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iHgekuii Oyno BusiBneno y 82,6% sunanxkis. Bei 8 (17,3%)
MAIiEHTIB MEPIIOi IPYNU 3 HE33JOBUILHHM PE3yJIETATOM
Oy mepeBeieHi y KOTOpTy JIBOETAITHOTO JIIKYBaHHS IepH-
MpOTEe3HOI iH(eKUii i MoYnHaIM Horo 3 moyarky. Y JIpyrii
TpyIi TO3UTUBHHUK pe3ynbrar OyB BusBIeHHH y 97,1%
BunajkiB. HeraruBHumii pe3ynbrar crioctepirases y 2 marti-
€HTIB, IPHYOMY B OIHOTO 3 HHUX OYJIO BHSBICHO OHKOJIO-
riyHe 3aXBOPIOBAHHS 3 OTPHUMaHHIM XiMiOTEpPareBTHIHOTO
IMYHOCYIIPECHBHOTO JIKYBaHHS IIiJl 9ac Hay3W MK eTa-
HaM¥ OPTONEAWYHOTO JIIKYBaHHS.

Bubip mixyBaHHA mepumnpoTe3Hoi iH(ekmii 3a3BHyaii
3aJICKUTH BiJl HU3KH (DAKTOPIB, y TOMY YHCII MICIEBHX
(dakTopiB, MOB’A3aHUX 31 CTAHOM KICTKH Ta M SKHX TKa-
HUH, (QiKcali€lo Ta cTabUIBHICTIO KOMIIOHEHTIB, XpOHIiY-
HUM XapakTepoM iHQeKIii, TUIIOM OpraHiaMy 1 3araib-
HOTO CTaHy XBOporo. Y pasi paHHboI iH}eKil mpoTsirom
4-12 TwKHIB michas omepamii MOYaTKOBHM JIIKYBaHHSIM
Mo)ke OyTH caHallisl, aHTHOIOTHKH Ta PETEHIS IMIUIAaHTaTy
(DAIR ). TIpoTte vacTka MAaIli€HTIB, AKi BiAIIOBITalOTh Ha
DAIR, xomuBaetbes Bin 14% 6 mo 100% [6]. Ha mymky
D. Morcillo et al. (2020), BumydeHHS HEKPOTH30BaHHX
TKaHUH, IPOMUBAHHS iH(IKOBAHOTO Ta30CTETHOBOTO EHIIO-
HpoTe3y Ta oro 30epeXeHHs, 3 MONIAAY MOAAHUX BHUIIE
JAHWX, JOIIbHI TUTBKH Y pa3i paHHbOTO 1H(IKYBaHHSI IPO-
TSTOM TepIKX 4 THXKHIB IiCIIs onepaiii Ta y pasi remaro-
reHHHX 1H(EeKII 3 MaKCHMaJIbHOI TPUBAJICTIO CHMIITO-
MmiB 3 trxkHi [8]. [Ipouexypu DAIR meHm tpaBmaruuHi,
HDK JIBOETAaIHI MPOLEAYpPH peiMIUIaHTawil, ane ix ycmix
Moke OyTH pisHUM. Kpim Toro, mepes onepaniero pekoMeH-
Iy€eTbes ineHTHdiKaris naroreHis. Jleski MikpoopraHi3mu,
Taki sk Pseudomonas aeruginosa Ta MeTHIHIIiH-pe3HC-
TeHTHHH 3omotuctuii cradimokok (MRSA), moB’s3aHi
3 BULIOK 4acToToro Hepiad npu DAIR, tomy nmepenome-
pamiifHi KyJasTypH MOBHHHI OyTH OTpHMaHi Ta 0OCTexXeHi
B 000B’s13k0BOMY TopsiaKy [1]. st BUKOpruCTaHHSA TaKoTo
METOMY JIIKYBaHHS IEPUIPOTE3HOT iH(EKINT € HU3Ka YiT-
KUX TIOKa3aHb:

— HasBHICTh MEPILOro THIY IMEpUNpoTe3Hol iHdekil
no Coventry Ta Tsukayama;

— CTablLIBHICTH KOMIIOHEHTIB C€HIOIIPOTE3a;

— BIZICYTHICTB TSKKOT COMaTHYHOI TATOJIOT1T;

— BIACYTHICTh KIIHIYHUX MPOSABIB Y M’SKHX TKaHH-
Hax [8].

Tabmus 1
Mikpo6ioJioriuHa cTpyKTypa NyHKTATy KYJIbLIOBOIO Cyr100a y NALI€HTIB J0CTIAHUX rPpyn
Buja mikpoopranizmy 11“;3 1 02?' Panr iglc) 202)' Panr
S. aureus (3 MRSA) 13 28.3 1 26 38.2 1
Enterococcus spp 5 10.9 4 8 11.8 2
Enterobacter spp. 5 10.9 4 2 2.9 8
Streptococcus spp 7 15.2 3 5 7.3 5
E. coli 8 17.4 2 6 8.8 4
K. pneumoniae — — — 3 4.4 7
P. aeruginosa — — — 7 10.3 3
Pediococcus pentosaceus — — — 1 1.5 9
Acomiamii 1 2.3 5 4 5.9 6
HeraruBHuii pe3ynbrar 7 15.2 3 6 8.8 4
3aranom 46 100 — 68 100.0 -
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F. Olearo et al. (2023) Bka3ytoTb, 1m0 meton DAIR mist
OIIEPaTUBHOTO JIIKyBaHHS HEPHUIIPOTE3HOI iH(EeKIiT Moxe
BUKOPUCTOBYBaTHCh JEeKiIbKa pa3iB HeoxHopaszoBo. Jlis
JIeKUX TAli€HTIB 3 TOCTPOIO SIK PAaHHBOIO, TaK i Mi3HBOIO
reMaToreHHOI0 iH(EKI€l0 Ha i CTabiIbHOTO EHAOINpPO-
Te3a MOXKJIMBE YCIHINIHE JIKyBaHHS 31 30epe’KeHHSIM 1MII-
JIAHTY 32 paxyHOK BHKOHAHHs ITOBHOILIHHOI XipypriuHoi
00poOKHM Ta JpeHyBaHHS THIHHOTO BOTHHINA. ABTOPH
y CcBOilf poO0Ti JeMOHCTPYIOTh 56,5% e(peKTUBHICTD TIiJ
yac BUKOPUCTAHHS bOTO METOAY JIIKyBaHHS, OJHAK BKa-
3YIOTb, 11O I1€ 3aJIe)KUTH Bl HU3KHU (PAKTOPiB, TAKKX SIK 4ac
MaHidectamii iHdekii, Bua Mikpodaopu abo MIKpOOHHX
acolliaiiif, akTHBHICTh iH(EKIIHHOTO NPOLIECY Ta aeKBaT-
HICTh aHTHOIOTHKOTEparii [9].

®axropu pusuky HeBaadi DAIR Takox Oynu mupoko
BuBYeHi. HasBHI meBHI (akTopH, sKi BaXJIUBO BpPaxo-
ByBaTH nepesa BuxkoHaHHsM DAIR. Byno mokasano, mo
peBMaroigHUi apTpuT € (aKTOpoM pPH3UKY HeBIadi
DAIR. Bik acomito€ThCcs 3 TipIIUMU pe3yiabTaTaMH, 0CO-
6muBo y nanieHTiB crapie 80 pokis. Lle x mocmimkeHHs
MMOKa3aJ0 BHUINUN piBEeHb HEBIAAY 1 cCepel YOIOBIKIB.
XpoHiYHa HUPKOBAa HEAOCTATHICTH, IIUPO3 IEUYIiHKH Ta
XpOHIYHE OOCTPYKTHBHE 3aXBOPIOBAHHS JIETCHBH TAKOXK
OB’ s13aHi 3 BUIIUM piBHEM HeBjad. [IpupoaHo, 3 orsny
Ha BIHOCHY IMYyHOJe(IUUTHY NMPHUPOAY LUX CYMyTHIX
3aXBOPIOBaHb IHTYITHBHO 3pO3yMIJIO, IO JIOOU 3 IUMH
3aXBOPIOBAHHAMH OyAyTh MiJJaHi OUIBIIOMY PH3UKY
HeBaaui [6].

Bennka KUIBKICTH YYEHHX BBaXKaloTh, IO CaMeE JBO-
eTalHe peBi3iliHe eHIONPOTE3yBaHHS BBaXKa€ThCs «30I10-
TUM CTaHJApTOM» JIKyBaHHS IJHOOKOI IEpUIPOTE3HOT
iH(ekmil. 3a pi3HUMH JaHUMH BiJICOTOK BHIIAAKIB YCITIII-
HOTO JIIKyBaHHA MOXX€ CTaHOBHTH Bix 62% mo 94% [3; 5;
10]. Ix mepeBaramu € MOKJIHBICTb JTOKANEHOT AHTHOIOTHKO-
Teparii, BIACYTHICTh HEOOXIAHOCT] YIIMBAHHSA HAaBKOJIOCY-
T000BUX M’ SIKUX TKAHWH Ta CKOPOUYESHHSI 00CATY MEPTBOTO
npoctopy. C.W. Jones et al. (2019) y cBoeMy m0CIiKEHHI
BKa3yIOTb, IO Mijl 4ac 2-€TalHOTO TOTAILHOTO €HI0NPOTe-
3yBaHHsI KyJIBIIOBOTO CyIlIo0a IIeMEHTHI crieiicepy, HaBaH-
Ta)KEHI aHTHOIOTUKAMK, MaJH 3arajlbHUN PIBEHb YCKIIAJ-
HeHb y 26% [4]. D. Flaten et al. (2023) moBinoMIIsitoTh, o
y pa3i BUKOPHCTAHHS Pi3HUX LIEMEHTHUX CIieiicepiB piBeHb
MICIIIONEepaIlifHNX yCKIAJAHEHb csraB 26—28% 3aiexHo
BiJl BUIy crieiicepa. ABTOPH Bi3HA4YalOTh Cepejl MPUYNH
YCKJIQJIHEHb MOXKJIMBICTh BHHUKHEHHS IEPHIIPOTE3HUX
MepesioMiB, 3MIIIEHHs CHelcepa 9acTo 3 BHPAKCHUMH
BEPTIIOTOBUMH Aedekramu [2].

Bin3HauaroThCst pO30IKHOCTI cepell XipypriB, SIKUH BUL
¢bikcanii eHIONpPOTE3iB Kpalle BHUKOPHCTOBYBAaTH IiCIIs
NPOBEACHHS IIEPIIOr0 eTamy JiKyBaHHsS (BHKOpIHEHHS
indekuii) [1]. B omumx myOmikamisx € BiTOMOCTI TpoO
YCIIIIHY IMIUIaHTALiI0 EMEHTHUX EHJIONpPOTE3iB, MPOCo-
YEHUX aHTHOIOTHUKAaMHU, 1HIII JeMOHCTPYIoTh 100% KoHTp-
0J1b HaJ 1H(MEKI€I0 Micas BUKOPUCTAHHS Oe3LleMEHTHHX
(press-fit) mpote3iB [3; 9]. Tperti %k CTBEpIKYIOTh, IO CIO-
ci0 ikcamii KOMIIOHEHTIB €HIOMpOoTe3a Mae OyTH 3aCHO-
BaHUIl Ha iHTpaomepaniiHoMy OadeHHi Xipypra, Mmo3asK
Oe3meMeHTHI 200 MeMEeHTHI THIH (iKcallii He KOPEToI0Th
3 PHU3WKOM peuuauBy iHGEKmii Ta ocnabieHHsIM cTabiiab-
HocTi iMIutanTary [11; 12].

HasiBai myOmikarii, mo cBigyarte npo e(eKkTHBHICTH
JIBOCTAITHOTO BapiaHTy JIKYBaHHS YpPaXeHHX CYINIOOIB
HaBITh Y XBOpUX 31 3HAYHMMH KICTKOBHMH aedexTamu.
VY Takiii cuTyauii crae HeoOXiJTHUM BUKOPHCTaHHS MacHB-
HUX KICTKOBMX aJIOTPaHCIUIAHTATIB, SIKI 3 TOYKH 30Dy
peunanBy iHQeKnii, Ha TyMKY OJHHX, € aOCONIOTHO 0e3-
NIEYHUMH, 2 HA TYMKY iHIIHX, — BUCOKHM PU3UKOM HaBiTh
Y pa3i acenTUYHUX PeBi3iil. AHAI3 Pe3yIbTaTIB JIKyBaHHS
Yy pa3i BUKOPHUCTaHHS METOAWKH TBOETAIHOI peBi3il mae
0oOHAmIWIMBI pe3ynbTaTh epaauKarii iHpexmii Bix 75 1o
100% 3 BucOKMMH (YHKIIIOHATBHUMH pe3ynbTaraMu [9].

[lomo BuOOpPY MiXK ONHOETAIHMM Ta JIBOETAITHUM
METOJIOM JIiIKyBaHHsI IEPUITPOTE3HOT iH(EKIiT HayKOBI AuC-
Kycii y cBiti Toyarbes 1 HuHI. Tak, A. Zahar et al. (2019)
BKa3yIOTh, [0 y Pa3i BAKOPUCTAHHS OJHOETAITHOI CTpaTerii
nikyBaHHs 10-piyHa BIKMBaHICTh O3 iH(eKLii cTaHoBMIIA
94%, a BwKuBaHICTH Oe3 omepauii — 75,9%. [lokazHuku
Harris Hip mokpammmucs 3 43 (miamazon 3-91) no 75 (mia-
na3oH 10-91). OcHOBHMM NOKa3aHHSIM J0 TOBTOPHOI peBi-
31 micns 1-eramHOTO OOMIiHY Oyia HECTaOUIBHICTH €HIO-
mpotesa [12]. K. Veerman et al. (2019) moBigomIsitoTs, o
3aranpHUH piBeHb ycmixy DAIR momo 306epekeHHs KoM-
MTOHEHTIB 1 JiKyBaHHS iH(eKuii craHoBUB 68% depe3 nBa
poxu. OgHAK MiAKPECTIOTh, o DAIR, BuKoHaHE 3 iHTEp-
BasioM > 30 AHIB Micis IPOLEypH EPBUHHOT IMILIAHTAIT,
nosTopHe DAIR nporsirom 90 aHIB 1 3acTOCyBaHHS iIMyHO-
CYIPECHBHOTO 3ac00Y, aCOLiI0BANNCS 31 3HAYHO 3HIKEHUM
piBHeM ycmixy [11].

N. Shohat et al. (2019) BusBHIH, 110 ipHUTaLis Ta caHa-
ISl Jaji XOpOIli pe3yJbTaTh MOPIBHSHO 3 IONEPEAHIMU
OIyOTiIKOBAaHUMU JOCTIKCHHAMHU. Xo4a |-eTarmHa peBi3is
MpHU3Bea 10 YOTHPUPA30BOT0 301IBIICHHS PU3HKY HACTYII-
HO1 peBi3ii HOPIBHIHO 3 2-€TaITHOIO PEBi3i€I0 Y JITHIX HAali-
€HTIB, 3arajibHi Pe3yNIbTaTH Micis 1-eTamHoi Ta 2-eTamHol
peBi3iii Oynmu noxi6HIMH [10].

Ha BimMminy Bin momepenHix aBropis, E. Kozaily et al.
(2020) Big3HA4aOTh, 110 JBOETAIIHA CTpATETis JiKyBaHHS
MEPUTTPOTE3HOT 1H(EKINIT BU3HAYCHA K 30JI0THI CTAaHAAPT,
ocoomuso st DTT (Difficult-To-Treat) Tsokkux uis JiKy-
BaHHs 30Yy/IHHKIB)) MIKPOOPraHi3MiB, TaKUX SIK EHTEpO-
KOKH 200 TpudM TOIIO. ABTOPH HOSICHIOIOTH CBOIO JIyMKY
THM, 1[0 PiBEHb YCHIXy JBOX eTamiB 3a3Buyail >90%, ane
TIOBTOPHE 3apaXCHHs € BAXIIMBHM: 4acTOTa HOBTOPHOTO
HWOro Ha OMHIM Ta ABOX CTaifX, 3TiJHO 3 MeTa-aHaIi30M,
nokasye 8,2% mpotu 7,9% [5].

BucHoBku

JlikyBaHHS MEPUITPOTE3HOT IHPEKIIIT — I1e TSKKE, 0araTo-
€TaITHe JIIKyBaHHS COMAaTHYHO OOTSHKCHUX MAIlI€HTIB, AKUM
NOTpiOHE TpHBaje AWHAMIYHE CIOCTEpEeKeHHs. ToMy s
KOKHOTO Talli€eHTa Takoi Tpylny BOHO Mae OyTH iHAMBIIY-
AJIBHUM, 1110 TOTpeOy€e MYNBTUAMCLMILTIHAPHOTO ITiAXOIY.
B omiHIi ABOX TAaKTHK JIIKyBaHHS MEPHUIIPOTE3HOI iH(EK-
il micist eHI0NpOoTe3yBaHHS KYJBIIOBOTO CYIIo0a BHUSIB-
JICHO 3HAYHI NepeBaru BUKOPUCTAHHS JIBOCTAITHOT TAKTUKU
nikyBaHHS. He3Bakaroum Ha Jermwii npeMopOinHuii ¢poH
MAITI€HTIB, a TAKOXX MEHINI THKKE MIKpOOioJIoTrigHe HaBaH-
TaXCHHS y MAII€HTIB 3 OAHOETAITHOIO TAKTUKOIO JIIKyBaHHS
Ppe3yNbTaTH JiKyBaHHS 3HAYHO KpaIlli y pa3i BAKOPUCTAHHS
JIBOCTAITHOI TAKTHKH JTIKYBaHHsI [IEPUTIPOTE3HOT iH(EKIIii.
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Background. Congenital heart defects (CHDs) are among the most common congenital anomalies worldwide. They adversely affect
human health, lead to disability, and remain a leading cause of infant mortality.

Objective. To summarize the global prevalence of CHDs among live-born children and worldwide trends in improving diagnosis and
treatment. The term “trends” refers to temporal changes in the reported prevalence of CHDs and mortality rates, which depend on healthcare
system factors, including screening organization, case registration, and access to treatment.

Results. The global prevalence of CHDs ranges from 8 to 12 %o. Structurally, the most common defects are VSD (40%), ASD (14%), PDA
(10%), PS (7.6%), TOF (5.5%), CoA (4.7%), TGA (3.7%), HLHS (2.6%). With timely surgical intervention, up to 95% of affected children
survive. In Ukraine, approximately 4.500 children with CHDs are born annually, of whom about 30-40% require surgical treatment during
the first year of life.

Keywords: congenital heart defects, children, healthcare system, challenges for the healthcare system.
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M. TI'. MenbHn4enko, B. I1. By3oscbkuii, I. B. FOpuenko

BPOJI’KEHI BAJM CEPLS YV JITEW: CYYACHUM CTAH INPOBJIEMH TA BAUKJHUKHU 51 CUCTEMHA
OXOPOHH 310POB’s1

Ooecvkuti HayioHanbHull meouynuil yuigepcumem, Qoeca, Ykpaina

AxTtyanbHicTh. OJHIEO 3 HallYaCTIIIMX BPOIKEHUX aHOMAIIH y CBiTi € BpomkeHi Baau cepus (BBC), siki 3aBiaroTh MIKOIH 310POB IO
JIFOIMHH, TIPU3BOAATH 0 iHBANIIIM3allii 1 € OCHOBHOO IPUYHHOIO JICTATBHOCTI HEMOBILAT.

Merta — y3aranpHeHHs 1o6ansHoi mormupeHocti BBC cepen :HUBOHAPOIKEHUX JiTeH Ta TCHACHIIIH 1010 TOMIMIICHHS JiaTHOCTHKH Ta
JKyBaHHA y cBiTi. [1if «TeHACHIIsIMIY PO3yMIaN 4acoBi 3MiHH 3apeecTpoBanoi yactot BBC Ta moka3HHKIB CMEpPTHOCTI, SIKi 3aJIeKaTh Bif
CHCTEMH — OpraHizauii CKpHHIHTY, pPeeCTpallii BUTIAJKIB i JOCTYIHOCTI JIKyBaHHS.

Pesynbrar. Yactora BBC y cBiti konuBaeTbes B Mexax 8—12%o. 3a cTpykTyporo Halmommpenimmmu nedexramu €: VSD (40%), ASD
(14%), PDA (10%), PS (7,6%), TOF (5,5%), CoA (4,7%), TGA (3,7%), HLHS (2,6%). 3a yMOBH CBO€YaCHOI XipypriqHoi gomomoru 95%
niteil BikuBaroTh. B Vkpaini mopoky HapomkyeTses 6mu3bko 4500 aiteit i3 BBC, 3 sikux npu6nusHo 30-40% notpelyroTh XipypriyHoro
BTPYYaHHS y MEPIINH PiK KUTTS.

Kuro4osi ci10Ba: BpomkeHi Baau cepis, IiTH, CTaH MPOOIeMH, BUKIIMKA CHCTEMH.

Introduction prevalence of CHDs at the global level, according to

One of the most important and frequent congenital
anomalies in all countries of the world is congenital heart
defects (CHD), which not only harms human health and
often leads to disability, but is also the leading cause of
infant mortality worldwide [3; 9; 13; 18; 34; 53; 56].
According to many authors, CHDs account for 30% of
all congenital malformations [4; 16; 25; 29; 54]. The
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N. Salari et al. (2023), varies greatly [46]. In a systematic
review and meta-analysis, the authors demonstrated
that the incidence of CHDs increased significantly from
1970 to 2017, reaching a maximum in 2010-2017 (9.4
per 1.000 newborns) [3; 18; 29; 57]. At the present stage,
the prevalence of CHDs varies from 4 to 50 per 1.000
newborns [3; 13; 30; 51], which, according to the authors,
may be due not only to the level of economic development
of the country, but also to the statistical capabilities of
medicine [12; 23; 30]. A detailed understanding of the
global, regional, and national distribution of CHDs is
crucial not only for prevention but also for the development
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of medical algorithms for early diagnosis and treatment of
this pathology.

According to pediatric healthcare system in many
countries, the causes of early neonatal and infant
mortality are dominated by life-threatening congenital
anomalies: almost 26% of perinatal and neonatal deaths
are associated with congenital pathology of the child
[3; 12; 21; 32; 40]. CHDs remain the leading cause of
infant and neonatal mortality. In addition, heart defects
rank first among diseases that lead to early disability.
Improvement of diagnostic techniques and increase
in the number of ultrasound diagnosticians predicts a
further increase in the prevalence of CHDs in children
due to the increased visualization capabilities of modern
technologies.

Therefore, it remains important to study all aspects
of the problem of CHDs in children, including the high
incidence of children with prognostically unfavorable
forms, the need for surgical treatment at an early age, under
conditions of anatomical and morphological immaturity
of all organs and systems of the child [10; 18; 26; 45;
55]. Not only the qualification of a specialist, but also
the capabilities of modern diagnostic equipment play a
decisive role in the timely detection of cardiovascular
system (CVS) anomalies, in determining timely surgical or
conservative treatment, their prospects and prevention of
possible postoperative complications [9; 14; 32; 48].

The aim of the study was to summarize the global
prevalence of congenital heart disease (CHD) among live-
born children and worldwide trends in improving diagnosis
and treatment. The term “trends” refers to temporal changes
in the reported incidence of CHD and mortality indicators,
which depend on system-related factors, including the
organization of screening, case registration, and access to
treatment.

Materials and methods

The study was conducted using an analytical review
design in the form of a thematic narrative review of scientific
publications, with elements of descriptive synthesis of data
from international epidemiological studies. The literature
search was performed manually in the scientometric
databases PubMed, ScienceDirect, and Google Scholar.
The primary focus was on sources published between 2021
and 2025; however, to ensure a comprehensive contextual
understanding of the problem, key publications from earlier
years were also included (official documents, foundational
reviews, and studies describing the development of
approaches to global epidemiological surveillance and the
organization of care). Search queries were structured into
several thematic clusters (English and Ukrainian language
equivalents):

— epidemiology/burden of CHD: “congenital heart
disease”, “congenital heart defects”, “incidence”,
“prevalence”, “mortality”, “DALYs”, “global burden”,
“trends”, “live births”, “children”;

— organization of care and systemic challenges: “health
system”, “access”, “inequity”, “screening”’, “prenatal

diagnosis”, “pulse oximetry screening”, ‘“registries”,

L . u ity™ “w ’
“pediatric cardiac  surge capacity”, “workforce”
“referral”;
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— clinical outcomes and patient pathways: “pediatric
cardiac surgery outcomes”, “postoperative care”, “ICU”,
“low cardiac output”, “complications”.

The review included systematic reviews/meta-
analyses, large cohort and registry studies, international
guidelines, and publications containing comparable data
on the prevalence and outcomes of CHD and/or describing
barriers to access to cardiac surgical care. Study selection
was conducted in two stages (screening of titles/abstracts
and full-text assessment), with a focus on relevance to the
article topic and data reproducibility. The final analysis
included 58 sources, 34 of which were published between
2021 and 2025. The presented data covered 204 countries
and territories; however, these were not primary data
collected by the authors but rather synthesized international
epidemiological estimates reported in relevant global
studies that model indicators for cross-country comparisons.
No statistical processing in the form of a meta-analysis was
performed; the results were summarized using a narrative
synthesis approach with a description of key directions and
comparison of data across sources.

Research results and their discussion

CHDs are structural anomalies of the heart that occur
at the stage of embryonic development in the period of 2—8
weeks of pregnancy against the background of hereditary
predisposition or under the influence of adverse factors
of the external (viruses, toxic substances, radiation) and
internal (products of altered metabolism) environment,
and can vary in type and severity, affecting the function of
the CVS in childhood. CHDs comprise anomalies of the
position and morphological structure of the heart and large
vessels. A significant number of CHDs form pathological
conditions of general and intracardiac hemodynamics that
affect vital activity.

There were mentions of CHDs as early as the 17th
century and by the end of the 19th century most of the
main forms of anomalies were described in the literature.
The scientific concept of their genesis was formed in
the first third of the 20th century, when the ontogenetic
theory of the origin of these anomalies was proposed.
Further advances in embryology and modern genetic
research have significantly supplemented these ideas, but
to this day, most of the issues of the genesis of CHDs
remain unexplored. According to the authors of [13;
21; 26; 32; 40], 1.27% (1.3-2.0%) of newborns born
to mothers with heart disease have CHD, which is ten
times more common than the population average. Risk
factors for the birth of a child with CHDs are: maternal
age, endocrine disorders in the parents, severe nausea and
vomiting in early pregnancy and the threat of pregnancy
termination, a history of stillbirths, the existence of
other children with congenital malformations, a woman
taking endocrine drugs to maintain pregnancy, smoking,
alcohol consumption, obesity, diabetes, folic acid
deficiency, various viruses and infections such as rubella
and chlamydia infection. Current research suggests a
combination of genetic, epigenetic, and environmental
factors as the causal mechanisms underlying the onset of
CHDs [31; 40; 44]. In particular, a number of researchers
suggest a connection with the immune system. It has been
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proven that children with CHDs have an increased risk
of infectious diseases with the development of severe
complications [14; 39; 42; 48; 58].

Despite significant improvements in the treatment
and survival rates of CHDs, there is still little convincing
evidence regarding their specific etiology.

The relevance of CHDs poses challenges both
medically and socially: the difficulty of diagnosis in the
first weeks and months of a child’s life is due to the fact that
antenatal diagnosis provides detection of approximately
47% of cases of malformations at birth, and 93% by the
age of one year; late detection of the defect contributes to
complications before and during treatment; 55% to 70% of
such children do not survive to the age of 1 without surgical
correction; timely referral of patients with CHDs for
surgical correction is vital, as prompt surgical intervention
allows for the survival of up to 95% of operated patients.

Importantly, the significance of individual risk factors
and the possibilities for their control differ depending on
the resource capacity of the health care system and the
organization of care. In high-income countries, a larger
proportion of CHD cases is detected at the prenatal or
early postnatal stage, which shifts the focus of system-level
solutions toward the quality of screening, timely patient
referral pathways, and long-term follow-up of children who
survive after correction. In contrast, low- and middle-income
countries more often report late detection, limited access to
specialized cardiac surgical care, and fragmented registries,
as a result of which even potentially modifiable risks
(maternal infections, uncontrolled metabolic conditions,
nutritional deficiencies, harmful exposures) do not translate
into systematic prevention. In this context, “systemic
problems” are manifested not so much by differences in the
list of risk factors as by differences in the system’s capacity
to identify them in a timely manner, mitigate them, and
ensure a continuous patient care pathway.

Thus, the structure of health system resource capacity
can be outlined as follows:

— high-resource systems: priorities include the quality
of prenatal diagnosis, neonatal screening, rapid referral
pathways, monitoring of postoperative outcomes, and
quality of life;

— resource-limited systems: priorities include basic
access to diagnostics, regional referral pathways,
concentration of surgical capacity, transport/referral
mechanisms, minimum standards of intensive care, and
registries;

— a universal component for all systems: registries/
monitoring, standardized screening and referral protocols,
and workforce training.

Prevalence and structure of CHDs

According to the latest available sources (as of 2024),
the rate and structure of CHDs in countries around the
world are as follows [1; 12; 18;21;39; 41, 43; 44; 55]. For
example, in the United States, according to the Centers
for Disease Control and Prevention (CDC), the average
incidence of CHDs is approximately 8—10 cases per 1.000
live births, and about 40.000 children with CHDs are born
in the United States annually. According to the Canadian
Congenital Heart Alliance and the Public Health Agency
of Canada, the country has 9—10 cases of CHDs per 1.000
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live births, approximately 4000 new cases annually,
and more than 250.000 people with CHDs, including
adults and children, live in Canada. In England (UK),
the average frequency in Europe is about 7.9 per 1.000
births. The Western European rate is also around 7-9 per
1.000 births, but France has one of the lowest rates in the
European Union (next to Portugal at 6.7 per 1.000 births,
Qatar, etc.). In Germany, about 6.000 children with CHDs
are born every year, which, with 750.000 births per year,
is 8 per 1.000 births. As for the incidence of CHDs for
Asian countries, the average number is approximately 9.3
per 1.000 live births. According to a recent global survey,
the highest prevalence of CHDs among live births was
reported in India (19 per 1.000 births). In China, the rate
of CHDs is 9.3 per 1.000 births (or about 139.500 cases
per 15 million births annually), with prenatal diagnosis
(2.45 million pregnancies) accounting for 7.41 per 1.000
births of all cases detected. In Israel, there are no publicly
available detailed statistics, but a similar frequency to
Western Europe is expected 8—10 per 1.000 births. In
Japan, the overall frequency is about 9-10 per 1.000
births. In the African region, there is a great deal of
variability due to underdiagnosis, but the available meta-
analysis shows the lowest reported rates: approximately
2.3 per 1.000 births, but these data unfortunately indicate
underreporting and low diagnosis of CHDs in many
African countries [3; 14; 39].

According to various sources in Ukraine, CHDs are
detected in 2 to 12 per 1.000 live births [20; 49]. Different
presentations indicate a rate of 6.6 per 1.000 births, which
corresponds to approximately 38—40 thousand children
with CHDs annually, but according to Amosov National
Institute of Cardiovascular Surgery: 10 children per 1.000
are born with heart defects (10/1.000). So, in Ukraine, the
level of CHDs among live births is comparable to that
reported in many countries and the estimate ranges from
6—10 cases per 1.000, which is consistent with European
indicators.

Of all the CHDs [12; 28; 31; 44; 55], septal defects
are the most commonly diagnosed, accounting for 51%
of cases. The most common CHD is the ventricular septal
defect (VSD), which can be isolated or part of a complex
defect. The nature and degree of hemodynamic disturbances
in VSD depend on its size, number and location of defects,
duration of the disease, timing of surgical correction,
as well as the course and possible complications of the
early and long-term postoperative period. Atrial septal
defect (ASD) is in second place, which is detected later
due to its asymptomatic course at an early age. The third
place is occupied by the patent ductus arteriosus (PDA),
which closes at birth in about 1/3 of cases. If persistent in
preterm infants, a significant PDA can lead to heart failure,
exacerbation of pulmonary disease, pulmonary bleeding,
renal failure, food intolerance, necrotizing enterocolitis,
and even death. Tetralogy of Fallot (TOF) is the fourth
most common cyanotic heart defect, requiring a mandatory
surgical intervention. It is believed that radical correction of
TOF in the newborn period can limit the long-term impact
of the load on the right ventricle and reduce the impact
of hypoxic syndrome on the function of vital organs and
tissues [15]. The fifth place belongs to aortic coarctation

ISSN 2226-2008 OJIECBKII MEJAYHWIA XKYPHAJL Ne 6 (197) 2025



(CoA), which is a narrowing of the aorta that is often
associated with Turner syndrome. Violation of the normal
development of the aorta forms a local narrowing of the
lumen of the aortic arch in the projection of its isthmus up
to complete interruption. Pulmonary stenosis (PS), which
is often found with other defects or genetic syndromes, is
characterized by the presence of obstacles that slow down
the overall blood flow in the valve area of the pulmonary
trunk. The next life-threatening defect that requires surgical
intervention in the first weeks of life is transposition of
the great arteries (TGA). The last place is occupied by
an extremely severe defect — hypoplasia of the left heart
(HLHS), which is treated by staged surgery [2; 6; 14; 26;
35]. Anumber of other anomalies, such as a single ventricle,
Ebstein’s anomaly, valve damage in Marfan syndrome or
obstruction due to hypertrophic cardiomyopathy, and other
anomalies are relatively rare and have a minor impact on
the overall incidence of congenital heart disease.

Based on the latest available data, the structured
incidence of CHDs in these countries is presented in
Table 1.

According to the data presented, simple forms such as
VSD and ASD are more common. In North America (USA,
Canada), there are general trends in improving prenatal
diagnosis and neonatal cardiac surgery, which has led to
an increase in survival rates with CHDs, and most children
survive to adulthood. More than 50% of severe CHDs
cases are detected prenatally, but there is an increasing
number of adult patients with CHDs, which creates a need
for specialized cardiac centers. The structure of CHDs in
France is similar to Western Europe: VSD > ASD > PDA
> other. In Germany, the structure reflects the trends in
Central Europe: VSD — 31%, ASD, PDA, PS — 7% each
defect; CoA — 5-8%, TOF — 5.5%, TGA — 4.5%, HLHS —
3.8%. In China, the structure of prenatal cases is as follows:
VSD - 17%, TOF — 9.7%, TGA — 3.8%, HLHS — 2.8%,
CoA — 2.7%, PTA — 2.7%. Features of the structure in
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Japan: VSD is more frequent (60% of cases); ASD (5%); PS
(9.6%); PDA (3.6%). The structure for African countries is
not available in the publications. In Ukraine, unfortunately,
there are no clear national statistics yet, Table 1 provides
data from Amosov National Institute of Cardiovascular
Surgery: VSD (40%), ASD (10%), TOF (5%), CoA (5%),
HLHS (2.5%).

Mortality from CHDs

As for the CHD-related infant mortality, as an
indicator of the quality and effectiveness of medical care,
in children under 1 year of age, according to the Global
Burden of Disease Study (1990-2021), in 2021 it was
132.6 per 100,000 (1.33%0) worldwide, a decrease of
54% compared to 1990. Table 2 shows the data on CHD-
related mortality in the main regions of the world [3; 12;
18; 39; 56; 57].

As Table 2 shows, in North America there are
approximately 0.61 deaths per 1.000 live births with CHD;
in Western Europe (including Germany, England, France) —
0.70%o, and in Europe as a whole, including Ukraine, the
rate is 0.68 per 1.000 live births. The mortality rate in East
Asia (Japan/High-income Asia Pacific: 0.685%o) is at the
same level, in China it is slightly lower (0.514%o). As for
the indicators of India (0.403%o) and Africa (0.31%o), the
mortality rate is actually higher due to insufficient access
to surgery.

So, in highly developed countries (<0.7%o), mortality in
children under one year of age with CHDs is significantly
lower, which is explained by access to early diagnosis and
cardiac surgery; in Eastern Europe and Ukraine (0.68%o),
the rate is higher, but still below the global average; in
middle-income Asian countries and Africa, mortality is
significantly higher due to limited access to treatment.
All of the above data relate to mortality from all clinically
significant forms of CHDs, including infant mortality,
primarily driven by critical CHDs that require intervention
in the first months of life [16; 39; 47].

Structured frequency of the most common congenital heart disease in countries feole
(2024) %o
North America 8-10 25-30 10-15 19 5-7 5-8 8-10 3-5 2-3
Europe 7.9 31 7 7 5.5 5-8 7 4.5 3.8
Germany 8 31 17 43 2.5 3.6 6.1 2.2 1.4
England 7.9 30 25 - - - - - -
France 7-9 10 - - - 1.7 - - -
Ukraine 6-10 40 10 - 5 5 - - 2.5
Asia 9.3 30 15.4 10.2 4.4 3.6 - - -
Saudi Arabia 2.1-10.7 3040 9-18 - 6 - 6-12 - -
China 9.3 17 22 13.8 9.7 2.7 2.7 3.8 2.8
India (Kanpur) 19 33 19 14.6 4.6 - - - -
Japan 9-10 60 5 3.6 - - 9.6 - -
Africa 23 - - - - - - - -
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Table 2
CHD-related mortality in children under 1 year of age in selected regions and countries
Region/country* CHD mortality ilr:)(c)l:)i(l]((i)ren <1 year (per Per %o (per 1.000)
-000)
North America (high-income) 61.0 0.61
Western Europe (incl. Germany, England, France) 70.0 0.70
Eastern Europe (Ukraine) 68.0 0.68
Japan 68.5 0.685
China (East Asia) 51.4 0.514
India (South Asia) 40.3 0.403
Saudi Arabia/Middle East 56.0 0.56
Central Sub-Saharan Africa 310.0 3.10

* The indicators are presented according to published sources (reviews/global estimates/reporting materials). The values are
aggregated (estimated) and depend on the methodology of the primary sources and the year of estimation; they are not the result of the
authors’ own calculations based on primary datasets. Additional statistical estimates (SE/95% CI) were not calculated, as the study is

of a review nature and does not use primary individual-level data.

However, it should be emphasized that over the past
30 years, the global mortality rate from CHDs among
children under 1 year of age has decreased by about
52-56%: from 289.5 to 132.6 cases per 100.000 (1.33%eo).

Access to CHDs treatment

In this study, “access to CHD treatment” is considered
a system-level category that includes the availability of
specialized centers and teams, geographic accessibility
of services, financial barriers/coverage, and the actual
coverage of children with timely care. Due to differences
in data sources and reporting formats across countries,
the literature most often provides proxy indicators (such
as the number of programs/centers, workforce capacity,
and estimates of the proportion of children receiving
interventions). Therefore, the examples presented below
illustrate different components of access rather than
constituting a direct comparison of a single unified indicator
across countries.

Advances in diagnosis, surgical and medical treatment
have contributed to a significant increase in the survival
rate of children with CHDs [2; 12; 16; 21; 39; 43; 53].
Every year, the number of open surgeries for CHDs is
increasing worldwide; however, despite the introduction of
new technologies, complications from cardiac anomalies
remain a significant problem, for example: infections,
vascular disorders, arrhythmias, reduced exercise tolerance
and cardiorespiratory endurance, and many other in these
patients can persist for a long time, which complicates the
long-term prognosis [7; 10; 19; 27; 36; 50].

In addition, in most cases, CHDs manifest themselves
in combination with other congenital malformations, which
in practice complicates the clinical picture [33; 41; 49;
55]. About 1/3 of the cases of CHDs are combined with
abnormalities of the central nervous system, musculoskeletal
system, gastrointestinal tract, genitourinary system, as well
as with immunodeficiency states [15; 21; 48; 58].

The availability (Table 3) of pediatric cardiac care
varies in different parts of the world [6; 7; 11; 16; 19; 21;
24; 34; 38; 54]. In most countries, there is a shortage of
pediatric cardiac surgery services. Approximately 90% of
children with CHDs are born in countries where pediatric
cardiac surgery is either unavailable or almost unavailable.
It is estimated that 80 to 90% of children worldwide do
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not receive adequate cardiac care for CHDs. North America
(USA and Canada) has more than 40 leading centers, these
are Group 1 countries where medical care for all children
with CHDs is available through public or insurance funding.
Interventions for infants and children in Group 1 countries
are available everywhere due to the high level of medical
development. Europe is provided with more than 210
pediatric cardiac surgery centers in 35 EU/EFTA countries
according to the ECHS A database [21;23; 37]. Most of these
countries belong to Group 1 — accessibility and funding
by the public system. Germany is one of the countries in
Europe that meets Group 1 standards. In England, there
are at least 11 children’s centers, including Great Ormond
Street, Birmingham, Alder Hey, etc., with excellent access
and funding. In France, there are no exact figures for the
number of cardiac surgery centers, but as an EU country,
the accessibility of medical care for children with CHDs is
high, provided by public funding, Group 1. There is a great
difference in Asian countries: some countries are Group 2,
others are Group 3 or even Group 4. China and India fall
into Group 2. In China, there are more than 15 high-level
clinics, including Fuwai Hospital (National Cardiovascular
Center), but cardiac surgery is available only in large cities.
India has only about 150 practicing cardiac surgeons; each
year, only less than 5% of newborns with critical CHDs
receive timely intervention — Group 2 position with limited
access and regional focus. Japan, as a high-income country
(Group 1), has several high-class pediatric cardiac centers
available to all children; three centers are reported in the
literature. In Saudi Arabia, there are enough specialized
pediatric cardiac surgery centers (King Faisal et al.), the
country is rated as excellent (Group 1), although detailed
pediatric-specific data are limited. Most countries in Africa
are in Group 3 or even 4, meaning that cardiac surgery
is only humanitarian or absent. The level of capacity is
heterogeneous: while some countries have well-developed
cardiac surgical programs, in a substantial proportion of
Sub-Saharan African countries specialized care remains
limited or episodic.

In order to promote global capacity to increase the
number of pediatric cardiac care centers, support is needed
to train and strengthen the system to establish independent
pediatric cardiac care centers to provide free screening,

ISSN 2226-2008 OJIECBKII MEJAYHWIA XKYPHAJL Ne 6 (197) 2025



orijiing JIITEPATYPHU

Table 3

Estimated availability of cardiac surgical programs/centers and level of access to care for children with CHD
(based on review sources)

Approximate number Level of access
Region/country of cardiac surgical RN Comment (organization/geography/coverage)
(qualitative)
programs/centers
North America (USA, |~40+ High (group 1) Broad coverage; network of highly specialized
Canada) centers
Europe (EU/EFTA) >210 in 35 countries High (group 1) Well-developed network of centers; access usually
supported by public/insurance systems
Germany Dozens High (group 1) Centers distributed across regions; high level of
specialization
United Kingdom >11 High (group 1) National-level centers; stable funding
France Several/a dozen (mainly |High (group 1) | Urban concentration of centers with high overall
in large cities) accessibility
Ukraine 28 (25 in EU/ECHSA) | Limited (group 3) | “Center-based” model; access is heterogeneous
across regions
China ~30 high-level centers/ | Partial (group 2) |High capacity in megacities; marked territorial
programs inequity in access
India ~14 regional programs/ | Limited (group 2) | Interventions are unevenly available; coverage
centers of critical CHD remains insufficient
Japan ~3 leading pediatric High (group 1) | High level of care; organized referral pathways
cardiac centers
Saudi Arabia 7 High (group 1) | Government specialized centers; high access in
key regions
Turkey 26 Variable Centers are available, but access and coverage
may differ between regions
Sub-Saharan Africa | Isolated programs; a Low (group 3—4) | High regional heterogeneity; shortage of
(overall) large share of needs specialized programs
covered by missions
South Africa (example | Specialized programs Higher than the | Highlights the heterogeneity of the African
of a higher-capacity  |available regional average |continent
country)

Note: A “program/center” refers to a facility performing cardiac surgical interventions in children; the figures presented are
aggregated estimates based on published sources/reviews and do not represent a complete registry for all countries.

outpatient and surgical care for children with CHDs [5; 7;
16; 19; 22; 37; 52]. Undoubtedly, many countries offer the
possibility of providing free surgeries to treat CHDs [8; 11;
17; 24; 36]. In pursuit of this noble goal, it is time for the
world to unite, accept the challenges, and pave the way for
a future where every child, regardless of socioeconomic
background, can receive the vital care they deserve.

Cardiac surgery service in Ukraine

In Ukraine, significant positive changes have recently
occurred in provision of care for newborns with CHDs [20;
49; 50]. The issues of early diagnosis, optimal management
of newborns with CHDs, and timely surgical correction
are relevant. Programs are being implemented to improve
the quality of prenatal and early neonatal diagnosis of
congenital heart disease. Significant progress has been
made with the use of prenatal Doppler echocardiography,
which allows diagnosing or suspecting a fetal heart disease
as early as 12—-18 weeks of gestation, and in the group
of high-risk pregnant women, CHDs are detected with
a frequency of 0.4%. Prenatal echocardiography, as an
accurate and safe diagnostic method, significantly affects
the possibility and effectiveness of timely treatment for
most heart defects, especially critical ones.

In Ukraine, about 4.500 children with CHDs are born
every year, of whom approximately 30—40% require surgery
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in the first year of life [20; 50]. The best medical care for
children with CHDs is provided by centers and hospitals
equipped with advanced technology, staffed by exemplary
teams of pediatric cardiologists, pediatric cardiac surgeons,
skilled nursing staff, and paramedical teams who are
deeply committed to meeting the needs of children. The
hospitals provide a full range of pediatric cardiac services
to families seeking care, including outpatient consultations,
echocardiography, radiology, pre-hospital care, surgical
or minimally invasive procedures, post-operative care,
laboratory testing, medications and other consultation
services.

With regard to the availability of specialized care
for children with CHDs in our country, the analysis
of the main selected parameters and the state of their
implementation is presented in Table 4. In this study, the
concept of access to specialized care is not considered
synonymous with “quality of treatment”, but rather as
a set of structural and organizational conditions that
ensure timely arrival of the patient at a specialized
center and the ability to receive high-cost interventions.
Therefore, the components presented below focus not on
clinical outcomes but on aspects of access: geographic/
logistical, diagnostic, resource-based, and partnership/
financial.
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Table 4

Components of access to specialized care for children with CHD in Ukraine

Access component Indicator

Current status/Comment

Geographic access Access to neonatal surgery

Uneven across regions; high-level specialized care
concentrated in major centers (notably Kyiv)

Logistical access Transport/referral of neonates with

CHD

No state air-medical service; relies on local transport
capabilities and inter-facility coordination

Diagnostic access Prenatal diagnosis (coverage)

Operational; coverage estimated at ~47-60% of cases, with
substantial regional variability

Resource-based access | Provision of consumables

Unstable; dependent on budget/procurement; affects the
ability to perform high-cost interventions in a timely manner

Collaboration with international
foundations/initiatives

Partnership/financial
mechanisms

Active (e.g., UWCEF, “Heart on the Palm”); used as a tool to
expand access and cover resource gaps

Note: The table reflects systemic conditions that determine access to care and does not assess “quality of treatment” in terms of

clinical outcomes.

The components presented correspond to the structural-
organizational level of analysis and help explain the reasons
for regional disparities in the timely treatment of CHD.

In total, there are 28 cardiac surgery centers in Ukraine,
6 of which specialize in pediatric patients. Here are the main
cardiac surgery centers in Ukraine that provide specialized
care for children with CHDs:

1. Amosov National Institute of Cardiovascular
Surgery (Kyiv), which is considered one of the leading
institutions in Eastern Europe, has a specialized department
for newborns and children under 1 year of age and performs
more than 2.800 cardiac surgical interventions annually, of
which =700 are for children.

2. The Center for Pediatric Cardiology and Cardiac
Surgery (Kyiv) is one of the most active centers, performing
up to 2000 operations annually, with its own neonatal
unit, intensive care unit, ultrasound, and catheterization
laboratory.

3. The Heart Institute of the Ministry of Health of
Ukraine (Kyiv) also performs pediatric cardiac surgery.

4. Regional centers: Lviv, Kharkiv, Odesa, Dnipro,
Ivano-Frankivsk, Zaporizhzhia, Vinnytsia, Ternopil, and
others.

At the present stage, these centers perform basic
and specialized types of interventions, including open
heart surgery with artificial circulation in newborns with
critical CHDs: TGA, TOF, HLHS; palliative interventions
(shunts, pulmonary artery banding); catheterization and
endovascular methods: closure of defects (ASD, VSD),
stenting, balloon dilation; less often hybrid interventions.

With timely diagnosis and surgical rehabilitation, 95%
of children live a full life. Mortality after heart surgery in
children in leading centers of Ukraine is <3%. The survival
rate, timeliness of surgical intervention, and complications
are affected by such problems as delayed detection,
especially in the regions, insufficient qualifications of
medical personnel, and limited modern technical diagnostic
facilities.

At the same time, the domestic cardiac surgery industry
has gaps that hinder rendering effective medical care for
children with CHDs. The system’s challenges include
uneven access to qualified care between centers and regions,
a lack of specialized neonatal teams and transport, limited
procurement of consumables (oxygenators, prostheses,
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valves), and low coverage of prenatal ultrasound screening —
in many areas, it is not conducted at all. The war has also
created challenges in logistics, evacuation of children,
and provision of medicines. The identified shortcomings
in providing timely care to patients with CHDs can be
considered one of the reserves for improving the quality of
their treatment.

The development of a full-fledged world-class pediatric
cardiac surgery system in Ukraine, albeit with uneven
access, is an undoubted achievement and a positive
prospect for improving the quality and effectiveness
of cardiac rehabilitation for children with CHDs. The
specialized centers have modern equipment and surgeons
who have been trained in Germany, Poland, and Israel.
Telemedicine, consultations with international specialists,
and experience exchange have been introduced and are
being spread. The potential for development lies in raising
the regional level and prenatal screening, and the survival
of infants with CHDs largely depends on the complexity of
the cardiovascular anomaly, the presence of concomitant
extracardiac anomalies, and the patient’s age at the time of
congenital pathology detection.

Thus, CHDs in infants under 1 year of age has attracted
considerable attention worldwide and remains a significant
and rapidly growing global problem in the field of child
health. However, it has received insufficient attention in
public health research. Although the prevalence of CHDs
among infants has not decreased markedly globally, the
significant decline in mortality reflects progress in medical
interventions, improved access to health care, and increased
awareness, which has contributed to better outcomes for
infants with CHDs. Technical advances in modern medicine
have allowed for increasingly more frequent diagnoses
of CHDs, including simple and sometimes asymptomatic
diagnoses, which may make these conditions more common.
On the other hand, the possibility of prenatal diagnosis has
influenced both the prevalence of CHDs and the associated
mortality and comorbidities. The focus should be on
improving the survival rates and quality of life of affected
infants. Further research is needed to remove existing
disparities and to develop targeted healthcare strategies
to sustain and enhance these positive trends worldwide.
A comprehensive approach to CHDs is the foundation
of a comprehensive strategy to treat these anomalies by
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implementing a multifaceted approach that includes a
variety of initiatives aimed at prevention, early detection,
treatment, education and research to solve the problem with
the prevalence of CHDs. A child’s life is more important and
valuable than the money invested in saving it. By saving a
child, doctors restore humanity and faith in each other. Only
the desire and means to save lives make sense.

Conclusions

1. The prevalence of CHD among live-born children
worldwide, based on aggregated data, is 8—12%o, with
interregional differences largely driven by variability in the
quality of screening and case registration.

2. The CHD spectrum is dominated by “simple” left-
to-right shunt defects: VSD (40%), ASD (14%), PDA
(10%); meanwhile, critical/complex forms (TOF, CoA,
TGA, HLHS) account for the main contribution to early
mortality and the need for highly specialized care.

3. The main global “trend” in recent decades is a
reduction in mortality rather than a decrease in CHD incidence:
according to global estimates (GBD), mortality from CHD in
children <1 year in 2021 was 132.6 per 100.000, representing
an approximate 54% decrease compared with 1990.

orijiing JIITEPATYPHU

4. Inequities in indicators (low values in high-income
regions around 0.61-0.70%o versus much higher values
in parts of Sub-Saharan Africa around 3.10%o) primarily
reflect systemic barriers: access to screening, referral/
transportation, specialized centers, and funding, as well as
the quality of statistical reporting.

5. For Ukraine, systemic challenges in timely care
remain relevant: approximately 4.500 children with CHD
are born each year, of whom 30-40% require intervention
within the first year; priorities include increasing coverage
with prenatal diagnosis, regional referral pathways
and neonatal transport, stable resource provision, and
development of a network of specialized care.

6. Therefore, improving CHD outcomes globally
is most realistically achieved by strengthening system-
level components: standardized prenatal and neonatal
screening, functional registries/reporting, referral
pathways and transport, concentration of complex
interventions in centers with appropriate capacity,
workforce training, and financial mechanisms to ensure
access. These directions form a practical framework for
supporting positive trends in survival and quality of life
for children with CHD.
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Introduction. Photobiomodulation (PBM) therapy is a promising approach to wound healing because of its potential to accelerate tissue
repair. However, the mechanisms of light interaction with tissue are not fully understood.

The work aims to study the effect of PBM therapy on the expression of biomolecules regulating the repair processes of chronic wounds
at the remodeling stage, using ROS, IL-1p, IL-6, IL-4, and TNF-a as examples.

Materials and methods. The experiment involved 18 rats randomized into intact, control, and experimental groups. The animals of the
control and experimental groups have been modeled with a chronic wound. The wound defects of the rats in the experimental group were
exposed to PBM therapy (wavelength 660 nm, power S0 mW, energy density 5 J/cm?). Animals were euthanized on day 21 of the experiment.
ROS, IL-1B, IL-6, IL-4, and TNF-a levels were determined using an enzyme-linked immunosorbent assay in the blood serum.

Results. Our study showed that PBM therapy increased levels of ROS, IL-1f, IL-6, IL-4, and TNF-a during the remodeling stage. Thus, in
rats on the 21st day of the experiment, serum levels of ROS were increased 1.36-fold, IL-4 — 1.73-fold, IL-1p — 1.19-fold, TNF-o — 1.17-fold,
and IL-6 — 1.53-fold compared to the same indices of animals with wounds without treatment.

Conclusions. PBM can increase the expression of biomolecules, regulating the processes of chronic wound repair during the remodeling
stage.

Keywords: photobiomodulation, reparative process, wound healing, remodeling, cytokines.
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PETYISATOPHI E®EKTH ®OTOBIOMOAVYIALII 3 TOBXHUHOI XBHJII 660 HM V 3ATO€EHHI PAH:
HA ILJISIXY 10 ONTUMI3ALII TAPAMETPIB

Xapriscoruii Hayionanehutl MeouuHutl yHisepcumem, Xapkis, Yxpaina

JHocmimkeno BumB potodiomonynsuiitHoi (PBM) Tepanii Ha ekcrpecito 610MOIEKYI, IO PETYIIOTh peHapamiifHi MPOIecH XPOHITHHX
paH, Ha ctajii pemozeoBanHs. B excriepumenTi Bukopuctano 18 urypis. Brutus ®BM Tteparii BiuBuYanu Ha MoOzieni XpOHIYHOT paHu. 3acTo-
coByBanucs Taki mapamerpu ®BM Teparii, AK: 1oBkuHa XBWI 660 HM, OTYkHicTs 50 MBT, minbHicTs eneprii 5 [[x/cm? ®BM Tepartis
TpH3BeNa 0 MiBUIIEHHS PiBHIB I0CIiDKYBaHHX MapaMeTpiB Ha 21-y 100y eKCIIepIMEHTY, 10 AeMOHCTPYE aucbaiaHc eKcnpecii mpo- i mpo-
TH3aNaJIbHUX LUTOKIHIB Ha CTail PEeMOJIEIIOBAHHS 3ar0€HHS PaH.

Kurouosi ciioBa: GpotodiomMomyrsiisi, pernapaTuBHUIN TPOIIEC, 3aTOEHHS PaH, PEMOJICTIOBAHHS, IIMTOKIHU.

Introduction
Chronic wounds, despite advances in their treatment,
negatively affect patients’ quality of life and lead to socio-
economic difficulties. Usually, these wounds commonly
occur as a result of population aging, comorbidities,
immune and endocrine system disorders, stress, etc. [1; 2].

© V. V. Makarov, N. M. Babenko, M. V. Kumetchko et al., 2025

CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT -'

The search for methods to influence wound healing remains
highly relevant. Potential solutions to improve chronic
wound care include negative pressure wound therapy, sys-
temic hyperbaric oxygen therapy, nanotherapy, and stem
cell therapy [3]. Physical methods have also found their
way into the treatment of injuries [4; 5]. Photobiomodu-
lation (PBM) therapy is a promising approach to wound
healing because of its potential to accelerate tissue repair.
PBM therapy has been applied in the treatment of many
diseases [6]. However, the mechanisms of light interaction
with tissue are not fully understood. It is also necessary to
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determine the role and optimal settings of PBM parameters.

The purpose of the work is to study the effect of PBM
therapy on the expression of biomolecules regulating the
repair processes of chronic wounds at the remodeling
stage, using reactive oxygen species (ROS), interleukin-1
(IL-1B), interleukin-6 (IL-6), interleukin-4 (IL-4), and
tumor necrosis factor-alpha (TNF-a)) as examples.

Materials and Methods

The study was performed on 18 rats weighing
approximately 220 g, randomized into three groups
(intact (Int), control (Con), and experimental (Exp)) with
6 animals in each group. Animals in the intact group
received no interventions. The effect of PBM therapy was
studied on the chronic wound model. For this purpose, the
animals of the control and experimental groups were given
a 2-cm-diameter wound. The surgical intervention was
performed under aseptic conditions on a pre-depilated area
of the rat’s back. A perpendicular loop-shaped skin-fascial
suture was applied along the edges of the wound. On the
surface of the wound bed, the superficial fascia was incised
with perpendicular incisions to form 5 x 5 mm areas, which
were sutured with U-shaped sutures. Anesthesia was used
via intramuscular injection of zoletil solution (tiletamine
hydrochloride and zolazepam hydrochloride) (Virbac,
France) at a rate of 10 mg/kg body weight. The wound
defects of the rats’ experimental group were exposed to PBM
therapy. The laser device Lika therapist M (Ukraine) was
used. The following parameters were applied: continuous
mode, wavelength 660 nm, power 50 mW, energy density
5 J/em?, exposure time 314 s. PBM therapy was applied
perpendicularly and covered the entire wound area for
5 days. During therapy, the laser tip was held at a distance
of 3.53 cm from the animal’s wound defect. The treatment
was started on the next day after wound induction. Animals
were euthanized on day 21 of the experiment. Blood
sampling was performed by open cardiac puncture. ROS,
IL-1B, IL-6, IL-4, and TNF-a levels were determined using
enzyme immunoassay in the blood serum. Concentrations
of IL-1B, IL-6, IL-4, and TNF-a were measured using
Vector-Best reagent kits (Ukraine). ROS levels were
determined using the Elabscience kit (USA). To assess the
dynamics of wound size, digital macrophotographs of the
wound surface were taken in animals from the control and
experimental groups. The area of the wound surface was
estimated from photographic images using ImageJ software
(NIH, USA). The relative wound area (S) was calculated
according to the formula:

S=38t/So x 100 %,

where So is the wound area after it has been inflicted; St
is the surface area of the wound at a given healing period.
During the experiment, the animals were kept in the
Kharkiv National Medical University vivarium with a
controlled temperature regime, on a standard diet with
free access to water and food, and a 12-hour day-night
cycle. The experimental study was conducted by the
provisions of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) and the Law of
Ukraine “On the Procedure for Conducting Experiments
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and Experiments on Animals by Scientific Institutions”
(No. 249 of 03/01/2012). The study was also approved by
the Ethics and Bioethics Committee of Kharkiv National
Medical University, Ukraine (Protocol No. 17, dated
June 3, 2024).

Statistical analyses were performed using Statistica 12.0
software (StatSoft, USA). After checking the normality and
homoscedasticity of the data, the effect of PBM on the selected
parameters was analyzed using one-way ANOVA. Normality
within each group was assessed using the Shapiro—Wilk test
(p > 0.05). The assumption of homogeneity of variances was
verified using Levene’s test (p > 0.05). Therefore, despite
the small sample size, it met the requirements for applying
this statistical method. Tukey’s HSD test was used to assess
significant differences between groups. The obtained results
were expressed as mean values + standard error (SE). The
significance level for all tests was set at p < 0.05. Histogram
plotting was performed in GraphPad Prism 9 (GraphPad
Software, USA).

Research results and their discussion

Fig. 1 shows the concentrations of bioactive molecules
in the animals’ blood serum on the 21st day of the experi-
ment.

Our study showed that under the influence of PBM
therapy, serum ROS levels were 1.36-fold higher (p <0.01)
in rats on day 21 of the experiment compared to animals
with wounds without treatment (Fig. 1A). It was also found
that the ROS level in animals of the experimental group
was elevated 1.54 times (p < 0.001) compared to intact
animals.

Animals exposed to PBM therapy showed a 1.73-fold
(p < 0.001) increase in serum IL-4 levels compared to
the control group (Fig. 1B). At the same time, while the
concentration of IL-4 in the experimental group increased
by 1.78-fold (p < 0.001) compared to intact animals, no
differences in the indices of this cytokine in the control and
intact groups were found.

In our study, 21 days after surgery, PBM therapy
resulted in a 1.19-fold increase in serum levels
of pro-inflammatory IL-1B (p < 0.01) compared
to animals without PBM therapy (Fig. 1C). It
was also found that the IL-1f level in animals of
the experimental group was elevated 1.63 times
(p <0.001) compared to intact animals. At the same time,
the concentration of this cytokine was 1.37-fold higher
in the control group compared to intact rats (p < 0.001).

According to the data obtained, there was an increase in
TNF-a concentration on the 21st day after wound modeling
in the group with PBM by 1.17 times (p < 0.01) compared
to animals without PBM therapy (Fig. 1D). It also showed
an increase in TNF-a levels in animals of the experimental
group by 1.67-fold (p < 0.001) and control group by
1.42-fold (p < 0.001) compared to intact animals.

The application of PBM therapy resulted in a 1.53-
fold (p < 0.001) increase in serum IL-6 levels in the
experimental group compared to the control group and
2.57-fold (p < 0.001) compared to intact animals (Fig.
1E). The concentration of this cytokine was 1.68-fold
higher in the control group compared to the intact group
(p <0.001).

ISSN 2226-2008 OJIECEKUI MEVMUHUIM )KYPHAJI Ne 6 (197) 2025 81



HOBI METOOWM TA TEXHOJIOT'II

*
60 * 5 5
E = 1 — 5 *
5 — E E .
:Q: E 4- -E -
& 40- 3 < 1
& — e 1l r
34 - s
s T 5 —A
e oA s G %%
8 BEN’ 2 2 g 7
20 || BZ £ £ 27 2
E e E E Eg
] o 1- @ 1= o
£ o E E s
S 5 8 S | E
Int Con Exp Int Con Exp
A B C
- W
— 49 — 154 T+
E * = I
@ « [ 1 E
] 2
; 7 0l
10—
g - % =
— Ay (=]
o 2— F# APy
s | [l B s %
= e E - == 97
L =l
@ FET
g - g 7
S = B 3 = B4
0 1 f 0 T T
Int Con Exp Int Con Exp
D E

Fig. 1. Changing the levels of the studied biomarkers in the blood serum of animals: (A) ROS, (B) IL-4,
(O) IL-1B, (D) TNF-a, (E) IL-6 (*p < 0.05). Int — intact animals, Con — control group, Exp — experimental group.
The error bars represent the standard error of the arithmetic mean for each indicator (n = 6)

The results of measuring the relative area of the wound
surface in the control and experimental groups of animals
are presented in Table 1.

The results of our study demonstrated a reduction in
wound healing time when using PBM therapy in the early
stages of healing. On the third day, the wound area in
the experimental group was significantly smaller than in
the control group. However, starting from day 10 of the
experiment, the relative area of the wound surface in the
experimental group was greater than that of the control
animals, although this difference was not statistically
significant.

Wound healing progresses through several overlapping
stages: inflammation, proliferation, and remodeling. Since
the impact of PBM therapy in the early healing phase on
the subsequent phases has not been sufficiently studied,
we focused on investigating the remodeling phase. The
remodeling phase of wound healing begins two to three
weeks after the initial injury. During this phase, scar tissue
develops, blood vessel density decreases, and collagen is
organized and modified.

A wound model characterized by local hypoxia and
impaired microcirculation was used to study reparation
processes. Taking these criteria into account, as well as
the prolonged inflammatory phase and impaired healing,
the wound model can be regarded as chronic. Hypoxia is
known to impair angiogenesis and reduce cell signaling,
which can delay wound healing [7]. In our work, ROS
levels increased in response to PBM therapy using the
applied parameters. ROS are known to play a pleiotropic
role in wound healing. Excessive levels of ROS can induce
oxidative stress, contributing to the pathogenesis of chronic
wounds. Moderate ROS levels promote the modulation of
multiple cellular signaling pathways to promote fibroblast
and keratinocyte proliferation, migration and differentiation,
and angiogenesis, thereby promoting collagen remodeling
and extracellular matrix formation [8].

IL-4 and IL-13 are known to promote effective
angiogenesis and collagen synthesis by fibroblasts [9]. In
our work, IL-4 levels were increased in the experimental
group using PBM therapy. Previously, based on histological
analysis, an increase in collagen production as well as a
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Table 1
Changes in the relative area of the wound surface
Relative area of ?he Days
wound surface in

the groups, % 3 5 7 12 14 16 18 21

Con 9350+ | 8290+ | 78.12+ | 6560+ | 57.02+ | 47.83+ | 3598+ | 23.15+ | 1032«
1.64 3.04 3.11 2.86 2.46 3.91 5.00 3.26 2.30

Ex 84.58+ | 75.63+ | 7140+ | 6630+ | 6233+ | 5678+ | 4530+ | 29.62+ | 14.10+

P 1.50* 1.38 1.00 1.41 1.36 1.08 1.80 2.00 1.32

* — compared to the group Con.

decrease in the number of newly formed vessels in animals
whose wounds were exposed to laser irradiation was shown
at an earlier time compared to the control group [10].

Chronic wounds are prone to prolonged inflammation.
A dynamic balance between pro- and anti-inflammatory
mediators is necessary to prevent excessive inflammation
and tissue damage. The levels of pro-inflammatory
cytokine IL-1f were increased in our study after exposure
to PBM therapy. IL-1P increases oxidative stress and
induces inflammation, cell migration and proliferation, and
endothelial dysfunction [11]. It has been previously shown
thatPBM therapy usingdifferentparameters (660nm, 1 J/cm?,
10 mW power) during the remodeling phase did not alter
ROS and IL-1p levels [12].

Our work shows that TNF-a levels increased after
exposure to PBM therapy. TNF-a is a pleiotropic
cytokine. It can inhibit the wound-healing process in high
concentrations by degrading extracellular matrix formation
during the remodeling phase of wound healing [13]. The
literature reports conflicting findings on the effect of PBM
therapy on TNF-a concentrations. Thus, using red light
(625 nm, 4 J/cm?) for chronic venous ulcers did not reduce
local TNF-a levels [14]. At the same time, there is data in
the literature on reducing TNF-a levels after exposure to
PBM therapy in wound healing [15].

The study of pleiotropic IL-6, a key regulator of
inflammation and repair, has been important for wound
healing [16]. IL-6 can regulate the differentiation of
fibroblasts into myofibroblasts [17]. In our study, the use
of PBM therapy increased IL-6 levels in the serum of
experimental animals. The literature shows that PBM can
alter IL-6 release dose-dependently: high doses suppress
IL-6 production, while low doses enhance IL-6 release
[18]. Thus, considering the dose-effect relationship of laser
radiation, determining the optimal parameters is a crucial

task in the application of PBM therapy. New dosages
should be tested to achieve better results.

The study of biomarker ratios, such as IL-1B/IL-1RA
and CXCL8/CXCL10, at different stages of wound
healing [19] represents a promising direction that may
provide additional diagnostic and prognostic value in the
assessment of impaired healing in the future.

An important prognostic factor for wound healing is
the assessment of the wound surface area dynamics. In our
study, on day 21 of the experiment, there were no statistically
significant differences in wound reduction in rats in the
experimental group compared to the control group. Similar
results were obtained by C. de Loura Santana et al., where,
beginning with day 8, by day 22 of the experiment, there
were no statistically significant differences in injury area
between the PBM groups and the control group [20]. The
variety of parameters and methodologies complicates the
comparison of research results and indicates the need for
standardization in the use of PBM therapy.

Conclusions

The use of PBM therapy resulted in increased levels of
ROS, IL-1B, IL-6, IL-4, and TNF-o during the remodeling
stage. This indicates an imbalance in the expression of pro-
and anti-inflammatory cytokines.

There is a need to identify optimal parameters of PBM
therapy for better wound healing. This will be the basis for
further refinement and practical application of the findings
in the development of a therapeutic approach.
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[IpoBeneHo BIacHE CIIOCTEPEKEHHS MAIIEHTA 3 1IarHO30M CHHAPOM Xoiepamna — Xpeiinapccona (HH) MmynsruancuumiinapHO0 KOMaH-
noto 3 2020 mo 2025 pik. BpaxoByrouu ckapru Ha JUXOMAHKY, BipycHi iH(eKwii, apTpairii, BUCUI Ha LIKipi, rernaro i CIuIeHOMEraJIito, Mo304-
KOBY aTakcilo, Tinepkeparos, TeleaHriexrasii, JielkonuTos 3 B ximituHHIM iMyHOZREIIITOM, pe3ynsTaTn ceKBeHyBaHHS reHoMy Regulator of
Telomere Elongation Helicase 1) ¢.3791G>A (p.Argl1264His), rereposurora; CNV 3naxigka: gymrikamigs DOCKS (Dedicator of Cytokinesis)
(ex3onu 1-26, CN=3) VUS (BapiaHT HEBU3HAYCHOTO 3HAYCHHS), Y MOJIOOTO IOPOCIOTO BCTAHOBICHHH fiarHo3 cuaapomy HH.

Cunnpom HH Moske Maty aTumniunmii nepebir i mposBISTHCS B MiUTITKOBOMY Bimti. [TinTBep/ukeHHS 1iarHO3y MOXKIINBE 3 BUKOPHCTaHHIM
METONy CeKBEHYBaHHA. MyNbTHAMCUMIUIIHAPHUN MiAXi[ cnpuse cradiiizamii KIHIYHUX, TEMATONOTIYHHX Ta O10XIMIYHHX HOPYLIEHb NPH
cuupomi HH.

Kimrouogi coBa: Cunnpom Xoiteparmna — Xpeiinapccona, RTEL1, arakacis, aprpainrii, DOCKS.
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A CLINICAL CASE OF HOYERALL-HREIDARSSON SYNDROME MANIFESTING IN ADOLESCENCE
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Introduction. Hoyerall-Hreidarsson syndrome (HH) is a rare genetic disease The disease is caused by mutations in the genes of the
telomerase complex, in particular RTELI.

The aim of the work was to demonstrate the importance of identifying the rare genetic disease HH syndrome manifesting in adolescence,
on the basis of clinical, metabolic and genetic parameters.

Materials and Methods. The actual observation of a patient diagnosed with HH syndrome during the dynamic monitoring by a
multidisciplinary team from 2020 to 2025 years is presented. The data of the patient’s documentation, clinical manifestations, laboratory and
instrumental studies and genetic testing (genome sequencing, screening for 21 rare genetic diseases) are demonstrated.

Results and discussion. Based on multisystem complaints on fever, persistent viral infections, arthralgias, skin rash, examination data
(hepato and splenomegaly, cerebellar ataxia, hyperkeratosis, telangiectasias, leukocytosis with B cell immunodeficiency), genome sequencing
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(RTEL1 Regulator of Telomere Elongation Helicase 1) ¢.3791G>A (p.Arg1264His), heterozygote; CNV finding: DOCKS duplication (exons
1-26, CN=3) VUS) in a young adult, a diagnosis of HH syndrome was established.
Conclusions. Hoyerall-Hreidarsson syndrome may manifest itself as atypical in adolescence. Confirmation of the diagnosis is possible

using the molecular genetics method of sequencing.

Keywords: Hoyerall-Hreidarsson syndrome; RTEL1; ataxia, arthralgia; DOCKS.

Beryn

Cunapom Xoliepamia — Xpeigapccona (HH) — nHan-
3BUYAHO piJIke TeHETHUYHE 3aXBOPIOBAHHS, LIO Xapak-
TEPU3YETHCS BHYTPINIHBOYTPOOHOK 3aTPUMKOIO POCTY
IJI0Za, BHPAXEHOI  MiKpoledaieto, TiNomia3ien
MO304Ka (10 MPOSIBIIIETHCS MO30YKOBOIO aTaKCi€ro, pyXo-
BOIO KOOP/IMHAIIHHOIO HEJOCTATHICTIO), a TaKoX KOMOi-
HOBAaHUM IMYHOAE(]IINUTOM i3 paHHIM PO3BUTKOM TSDKKHX
iH(pekmii. Y HOBOHAPOMKEHHUX 1 IiTEH paHHBOTO BIiKY 1€
MO MPOSIBISITUCS CHHAPOMOM BifCTaBaHHS y (i3uy-
HOMY pPO3BHUTKY, YaCTHMH iH(EKI[IIMH Ta HEBPOJIOTid-
HHUMH BigxuieHHIMH [1].

Cunznpom HH noB’si3anuif i3 MyTaIlisiMu reHiB, 110 Bif-
TOBIAIOTH 32 MiATPUMAHHS TEJIOMEp, 30KpeMa IreTepo3u-
rorHumu MyTaunismu B reni TINF2 (ayrocomHo-moMiHaHT-
HUU THIT), @ TAKOX OlaJieIbHUMU (2yTOCOMHO-PELCCHBHHIA
tum) myrauismu B renax TERT, TERC, RTEL1 Regulator
of Telomere Elongation Helicase 1) Ta PARN [2; 3].

3a TaHUMH JIiTepaTypH MpeACTaBIeHO POOOTH, 110 MPHU-
CBsIUeHI KJIIHIYHUM BHmankam curapomy HH [4; 5]. Tlpn
OFOMY XapaKTEPUCTHIN KIIHIYHAX 1 METa0ONIYHUX 3MiH
y MiUTITKOBOMY Ta MOJIOIOMY Billi, IO CYIPOBOIKYIOTh
cuanpom HH, npucesyeno mano ysaru [6].

Kinnesuit miarmo3 cuaapomy HH BcTaHOBIMIOETBECS Ha
MiZICTaBi MOEAHAHHS KIIHIYHUX O3HAK 1 MiATBEPIKYETHCS
MOJICKYJSIPHO-TCHETHYHIM TECTYBaHHSM, SKE BHSBILIE
MyTallii B reHaX TeJIOMEPHOTO KOMILIEKCY.

Metor0 gociaimkeHHst OyJa0 TPOIEMOHCTPYBATU BaXK-
JIUBICTh BHSBJIEHHS CKJIaJHOTO TE€HETHYHOTO 3aXBOPIO-
BaHHs cuHapomy HH, mo mposBmiioch y miuliTKOBOMY
Billi, HA MiACTaBl KIHIYHKX, META0OIIYHUX 1 TEHETUYHUX
rapameTpiB Ta BHU3HAYUTH MOXKIMBICTH I1HAMBIAYaJIbHOI
KOPEKIIi1 BUSIBICHUX O10XIMIYHUX OPYIICHB.

MarepiaJjim Ta MeTOAM A0CTiKEHHSI

[IpoBeneHO perensHUN aHANI3 aHAMHE3y Ta KIiHIY-
HUX MpPOSBIB MAI[i€eHTa 3a JOMOMOTOK COMAaTOTCHETHY-
HOTO OOCTEXEHHS 13 CHHIPOMOJOTIYHHUM aHalli30oM,
akuil moganuii y po6ory KHII XOP «MCMI'LI-LIP(O)
3» 3 MOMEHTy ioro 3acHyBaHHs. PerenbHi (izukanbHi
0o0CTe)KeHHSI BUKOHaHI CYMDKHHMH CHeIlialicTaMu
(HEeBpOJIOTOM, IMYHOJIOTOM, PEBMATOJIOIOM, T€HETHKOM ).
JlaGopaTopHi IOCHIDKEHHS Nependavdaln po3ropHyTHI
KJIHIYHUHM aHami3 KpoBi, OIOXIMIYHI IOKa3HHMKH, IMY-
HOJNIOTIYHUH Tpodinb (iIMyHOTIIOOYNTiHH, CYOTOITYISIIii
nimpornutie), Bipyconorigni Tectu (IIJIP Ta cepomoris
Ha EBV, CMV, HSV) ta meraboniyHuii CKpHHIHT Ha
21 pimkicHe 3aXBOpIOBaHHA. I[HCTpyMEHTaJIbHI METOIU
oxorroBann Ko 'orepHy Ttomorpadiro (KT) opra-
HIB TpygHOI KIITKM W yIbTpa3ByKOBE JIOCIiIKCHHS
(V3]1); obranbMosioriyde OOCTEKECHHS; KOHCYJIBTAIII0
opromena 3 peHTreHorpadieo xpedra. BupimanbHum
€TaroM J[IarHOCTUKH CTaJl0 MOJIEKYJISIPHO-TE€HETHYHE
00CTEeXXEHHS: NPOBEJCHO CEKBEHYBAHHS BCHOTO €K30MY
(WES). Orpumani BapiaHTH aHalli3yBaJHCh i3 BUKOPHC-
tanHsM 0a3 narux ClinVar, OMIM, gnomAD, a ix mato-

TeHHICTh IHTEPIPETOBAHO 32 Cy4YaCHUMH KEPIBHUITBAMH
ACMG/AMP [7].

[Jiarno3 cungpomy HH y npomy nociipkenHi OyB
BCTAHOBJIEHUH BIiANOBITHO JI0 IiarHOCTHYHUX KPUTEpiiB,
3ampononoBanux Niewisch [8]. HocmimkeHHs Oyno mpo-
BEICHO BINMOBITHO 0 €THYHHUX CTAHIAPTIB [eNbCiHCHKOT
nexinapamii BeecBiTHpoi MemuaHoi acoriarmii (1964-2024)
ta [lupextuBu €Bponeiicekoro CmiBroBapuctBa 86/609
IIOZI0 Y9acTi Jifozelt y 6iomequuHux gociipkenHsax. [lami-
€HT Ta HOT0 PoaAnYi Hama u iHQOPMOBaHY 3roay Ha y4acTh
Y JOCIIiJPKeHHI, sIKe 3/11HCHIOBAIOCS 3 IOTPUMAHHSM TIPHH-
muniB EtnuHoro xonekcy. Ilpoeneno 3acimanns Kowmicii
3 utadb Oioetnkn XHMY (mportokonm Ne 01-13/376 Bin
05.02.2026).

Busnauenns ginonux aminoxuciom MpoOBOJMIIN B CUPO-
BaTIli KPOBi 32 JOMOMOIOI0 BHUCOKOS(EKTUBHOI PiTUHHOT
xpomatorpadii. binku Bumamsmu 3 200 MK 3pa3ka IDIs-
xoM ocamkeHHd 100 MK po3urHOM 5-CyIb(hOCaTIIIOBOT
kuciotu (5-SSA). ®pakmiro cymepHaTaHTy, IO MiCTHIIA
aMiHOKHCJIOTH, OI0 pearyBaidu 3 (eHinTioi3oniaHaToM
(FITC) y cymimii meranomny Ta Tpuetminaminy (TEA), nen-
TpudyryBaim. Peakmiro mpoBoauian 3a myxkHoro pH mpo-
TArOM 25 XBWIJIMH 3a KIMHATHOI Temiieparypu. Hammurmok
peareHTy BUJJISUIM il BAKYYMOM, & 3aJIMIIOK PO3YHMHSIIN
B HEBEJIMKOMY 00’eMi 3pa3ka po3yMHHHKA. [Inomry miky
IHTErpyBaJIU [UIsl KOXKHOT aMIHOKHCIIOTH.

Busnauenns C-peaxmuenozo 6inka TPOBOAMIM 32
JorioMororo komepuiiHoro Habopy (Felicit, Ykpaina).

Tomoyucmein BUSBIAIM 3a qonomoroto Habopy ELISA
JUTS BU3HAYCHHA ToMouwmcTeiny monuHu (MyBioSource,
CIIA).

I'eneTn4Hi 0CTiTKEeHHS

36ip 3paskie ma excmpaxyia J{HK. BeHo3Hy KpoB (4 M)
30upanu y crepwibHi mpobipku 3 EJITA. MoHoHyKII€apHi
KIITHHYA nieprudepryHoi KPOBi BUIUISIIM EHTPU(YTyBaH-
HSIM Y TPaflieHTi IUIbHOCTI 3 BUKoprcTanHsaM Ficoll-Paque
PLUS (GE Healthcare, Yukaro, CIIA). I'enomny JTHK
eKCTparyBaim 3a jgonomororo Hadbopy QIAamp DNA Blood
Mini Kit (Qiagen, XinbaeH, HimedqunHa) 3riqHo 3 iHCTpYyK-
IiTMU BUPOOHUKA.

Konyenmpayito ma wucmomy /JHK ouiHIOBamM 32
nmoromororo NanoDrop 2000 (Thermo Fisher Scientific,
CIIIA) ta ¢ayopomerpa Qubit 4 (Thermo Fisher Scientific,
CHIA). imicHicts JIHK ortiHIOBaIN 32 TOIMOMOTOIO EJICK-
Tpodopesy Ha 1%-My arapo3HOMY Teili.

Cexsenysanns mpoBomuwiiocs Ha miardopmi Illumina,
3a0e3MMeuyr0Yr CepPeaHe MOKPUTTS > 50X 10 BCIiX ILTBOBUX
perionax [9].

Bioindopmarnunmii anamiz

3unTyBaHHA Oy/M y3rojKeHi 3 pe)epeHTHUM I'eéHOMOM
GRCh37/hg19.

Bapiantu Oynu xiiacuikoBaHi sIK HaTOreHHi, HMOBIpHO
MATOTCHHI, BapiaHT 3 HeBH3HaueHUM 3HadeHHsM (VUS),
HMOBiIpHO T0OpOsKicHI 200 TOOPOSKICHI.

OtpuMmaHa iH(pOpPMOBaHa 3rofa Bij I[OTO IMAIliEHTa Ta
HOTO pOIUYiB.
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Pe3yabTaTu A0CTizKeHHS Ta iX 00roBoOpeHHs

Anamnes ma cumnmomu. IlallieHT HApOIUBCA Bifg
HEYCKJIaIHCHOI JOHOIIeHOI BariTHocti, macor 3500 r
i 3poctoM 56 cM. 1o 9 pokiB BBaXkaBcsi 310POBUM, OKPIM
HasIBHOCTI XPOHIYHOTO TOH3WIITY 13 YaCTUMH aHTiHAMHU.
VY 9-piuHOMYy BiIli BIEpIIe BiJ3HAYCHO ITiIBUIICHHSI TEM-
nieparypu tina 10 Gpedprnbaux nudp (38-39 °C) nporsirom
KIJIBKOX JIHIB, SIK€ CYIPOBOJKYBAJIOCS 3arajbHOI0 cial-
KicTio (Tabmuns 1, pucyHok 1).

[lepBuHHE OOCTE)XEHHS BUSABWIO MO3HTHUBHI IgM 1o
Toxoplasma gondii, y 3B’s13ky i3 uuM OyB BCTaHOBICHHUI
nIiarHo3 Tokcorntazmo3 (tabmuis 2). Y 15-pivromy Bimi
BiJI3HAUEHO XBWJIIO Mififomy Temmeparypu mo 38-39 °C,

BHUIIALOK I3 JIIKAPCBEKOI IPAKTUKH

o Oyna acouiiioBaHa i3 MIKIpHUMU BHCUIIaHHSIMHU. Bucun
MaB erythema multiforme-moniOuuii xapakrep (epurema-
TO3HI MaKyJI0-TIaIyJIK Ha TyJIyOl Ta KIHI[IBKax) 1 KOpeJItoBaB
13 TepiolaMu JIMXOMAHKH.

YV 16-18 pokiB KJIiHIYHA KapTHHA BKJIFOYaj1a IEPCUCTYIO-
gnii cyoheOpmtiTeT, apTpanrii (OUIh Y KOMIHHUX CyIIIo0ax),
MIEPIOANIHII KOH TOHKTHUBIT 1 CKJICPHT, BUCHI HA TIKIpi i
gac eIi30/iB BHCOKOi TeMIIEpaTypH, CXWIBHICTH JO TaXi-
kapzii. JlabopaTopHo Bim3Ha4YaBcsS MOMIPHUH JIEHKOINTO3
(10 x 10°m), anemis serkoro crymens (Hb: 110 r/m), 3poc-
TaHHs MBUAKOCTI ociganus eputporutiB (LLIOE). ITamienty
Oy/I0 BCTAHOBJICHO IOMEPEIHIN TiarHO3: Hedupepenyiio-
sare oughysne saxsoprosanns cnonyunoi mrarnunu (H/[3CT).

Tabmmms 1
CHMNTOMATHYHA XapaKTEePHUCTHKA OHTOreHe3y XBOPOro
Bik, pokiB Kuiniuni nposisu
0-9 XpOHIYHMI TOH3UIIIT, pEIUAUBYIOYi aHTiHH
9 DebpuibHa Temneparypa (38-39 °C), 3aranbHa cnabKicTh. BUsIBIEHO TOKCOILIA3MO3
15 ®ebpuibHa Temneparypa o 38-39 °C, Bucunanns erythema multiforme-nozniGHoro Ty (epuTeMaTo3Hi
MaKyJIO-TIaIy/Ii Ha Ty/yOi ¥ KiHI[IBKaX), [0 KOPEIIOBAJIH 3 ePioJaMHU JINXOMAHKH
16-18 | Cyb6debpribHa TeMIiepaTypa, apTpairii, KOH FOHKTUBIT, CKJICPHT, IIKipHUNA BUCHIT, CXHJIBHICTh JI0 TaXiKap/Iil.
IMonepexaniii niarno3 — HeaudepeHuiioBane nudy3He 3aXBOPIOBAHHS CIIOIYYHOT TKAHMHU
20 [epioauunwuii cyodedpuitet i3 miaiioMamu Temneparypu ao 39—40 °C, nomota B TiJi, BUpaKeHUH Oilb
y KONIHHMX Cyrio6ax™

* [lonepenHiit qiarno3 — HenugepeHiiioBane uQy3He 3aXBOPIOBAHHS CIIOIYYHOT TKAHHHIL.
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Puc. 1. MoniTopuHr naunienra

YV 20 pokiB CTaBCs HOBHil €Mi30[] MOTIPIICHHS: TPOTSI-
rOM KUJTBKOX THXHIB CyO(deOpriibHa TeMIieparypa, mepio-
JIUuHi «cTpuoku» 10 39—40 °C, 1omMoTa B TiMi, pi3Kuii 011k
y KomiHHuX cyriof6ax. CyrmoOu Gomrodi mij 4ac majblia-
uii xoiH. Ckojio3 rpymHoro Bijauty xpe0ra S-momiOHOT
¢dopmu, I ctynens. CyXicTh KOH FOHKTUBH, 1H’ €Ki CYIUH
CKJIEp, JIarHOCTOBAaHO CyXHMH KepaTOKOH IOHKTHBIT. Ha
KT opraniB rpynHOi KITKH: y CepelHIX Ta HIDKHIX Bif-
Iinax o3HaK{ MOMIpHUX OpOHXOCKTa3iB APIOHWX OpOHXIB
(Tabmurs 3).

3a maHWMHM KIIHIYHOTO aHaNi3y KpOBi: JIEWKOLUTH
14 x 10%n (ueitrpodimm: 80%, mimdouuru: 10%), Hb:
115 r/n, tpombouuTr: 180 x 10°%m; IHOE: 28 mm/rox;
CPB: 24 wmr/n. BcraHOBIIEHO MiJBUIIEHHS JIEMKOLU-

TiB, Heirpodinie, IIIOE Ta 3HIKEHHS reMODIOOIHY Ta
nimpouunTis (Tabmuns 4).

BusiBneno migBumieni IgM o Toxoplasma gondii,
BucokoaBinHi IgG anTurina no Bipycy Enmreiina — bapp
(EBV) ta nuromeranosipycy (CMV). Ha ocHoBi cymap-
HOI OIIIHKM JIJaHWX PEBMAaTOJIOTIYHMH JiarHo3 OyJa0 BH3Ha-
YEHO SIK HedughepeHyitlogana x6opoba cnoyuHoi mKaHuHu,
akmueHa aza, 3 ypaxeHHAM CyrIo0iB (apTpairiyHuit
CcHHIpOM 0€3 pPEeHTTeH-O3HAKiB apTpUTy), ouel (cyxuit
KepaTOKOH FOHKTHBIT), MIKipu (JIIXeHOMOMIOHNH BUCHIT Ha
(hoHI TMXOMAHKH).

ITin yac HAAXOMKEHHS IO MEAUKO-TEHETHYHOTO LIEHTPY
BHU3HAYEHO CKapru Ha cyodedpmiter 10 37,5 °C, mBUaKy
CTOMJIFOBaHICTh, NEpIOIMYHE 3aTyMaHEHHs 30py Ta pi3b
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BHUIALOK I3 JIIKAPCBEKOI IPAKTVHKH

Tabmuusg 2
JAuHamika BUSIBJIEHHSI EPCUCTYIOUNX iHpeKuii
Bik, pokis Moxaznuk PesyabTar
9 Toxoplasma gondii Io3utusHi [gM-anTuTtina
20 Bipycu Enmreitna — Bapp (EBV) i nutomeranosipyc (CMV) | Bucokoasinui [gG-antuTina
Tabmms 3
Pe3yabTaTu iHCTPYMEHTAJIBHHUX TOCTITKEHb
Bik, pokis Meton PesynbTar
20 KT opraniB rpyqHoi KIiTKu O3Haky IOMIpHUX OPOHXOEKTA31B y CEpe/IHIX Ta HIDKHIX BiJainax
JIETeHb
20 V3]1 opraniB uepeBHOl mopokHuHE | ['emaromeraiis, crieHoMeramis™

* TemaToNOT19HI OKA3HUKH BiAPI3HATUCS B Miama3oHy HOPMU: JeHKouTy Oynu Binnosigao 14 x 10°/m, Hb 110 r/n, HerTpodinu

80%, IIIOE 40 mm/rox (y mepioau 3arocTpeHs).

B Ouax, XUTKICTh xomau. Busiieno nedinur macu: 10 kr,
IMT: 19,8 xr/mM?. Ha pmononsax i mimomBax Bim3HaueHO
JUISTHKY TilepKepaTo3y, HII'Ti pyK TOHKI, JJaMKi, 3 MO370-
BXHIMHA TpebiHmsIMu (oHiXomueTpodis). Ha ciamsoBiii 060-
JIOHIII HIDKHBOI TyOH — OlmyBara ruisiMa a0 3 MM (JIeHKo-
IDTaKis), Y pOTi — XpOHIYHUI KaTapanbHUil GapuHTiT, s
HEIIOIaBHO TIEPEHECEHO1 TOH3WIEKTOMIii MHTIANAKH Bif-
CyTHI. Y MOCTIHHHX 3y0ax eMalb Ha Pi3LsX Ta IKJIax TOHKa
3 JinsHKaMu rinomnasii. ['pynHa kiiiTka HOPMOCTEHIYHa,
ckomio3 rpyaHoro Bimmimy I-II cr. (S-dopma). Ileuinka
+1 cMm, cenmesinka +2 cm.

BcTaHOBICHO MO304K08Y amakcilo necko2o cmynems,
HasIBHICTb nipamioHoi nedocmamuocmi 0606iuHo (TToMipHa
CIIACTHYHICTH Hir, Tineppeduiekcis) Ta Mo30uKk068020 Cun-
Opomy (JNerka cTaTMYHa Ta KiHETHYHA aTakcis) Ha T
3arajbHOI acTeHii.

Pe3yabraTu J1adopaTopHuX A0CTiIKeHb. Br3HaueHO
MOMipHHUH HeHTpoQinso3 (meiikomutn: 11,2 x 10%1, Heil-
Tpodinu: 72 %), nimdporuru: 18 %, Hb: 130 r/n, Tpombo-
mata: 210 x 10%/71. Y 20 pokis BusiiaeHo mifsuiiends CPB,
ACT, AJIT, JIIT, xpeaTuHiny, ce40BHHU, EPUTHHY, IHTEP-
JIeWKUHY-0, ITyTaMiHy, aMiaKky Ta 3HH)KeHHsI BiTaMiHiB B2,
B9 (tabmuns S5). BioxiMiuHO — MiABHICHHS aKTHBHOCTI
ACT: 58 On/n, AJIT: 60 On/m, JIAI: 480 On/n. Kpearusin:

120 MKMOJB/1I, cedoBHHA: 8,2 MMOJNBL/1. [loka3HUKK 3ara-
nenns — CPb: 18 mr/n, deputun: 350 Hr/mi, iHTEepneiikin-6:
15 nr/mn. 3Hmkennit pisens BiTaminis B2, BS, B9 (Bixmno-
BimHO 8, 20 i 2 Hr/™Mi 3a HOpMuE > 10, > 30 1> 4 Hr/MI).

AHnaniz aminokuciom Kposi TIOKa3as IMiIBUIICHHS PiBHS
mrytaminy (820 mMxM, HOpMa mo 600 MxM) Ta amiaky
(50 MxM, HOpMa < 50 MKM).

ImyHosnoriune nocainskeHHnsi. BcranosneHo migBu-
LICHHs 1HTepleiikuny-6, piBHs IgE, mpupoaHux kimure-
piB (tabmuus 6). PiBui imyHornmoOyniniB IgG, IgA, 1gM
Oynu B Mexax BikoBoi HopmH; piBeHb IgE: 220 MO/mn
(Hopma < 100 MO/mi). BusiBieHO 3HMXKCHHS KUTBKOCTI
B-nimgponurie CD19+: 5%, npuponnux kimiepis CD3—
CD16+CD56+: 4%; T-nimdponuris CD3+: 75%, 3a HOp-
ManbHOro cmiBBigHomeHHs CD4/CDS8. TakuMm dYuHOM,
Maa Micre kombinosana nimgonenis B- ma NK-xnimun,
IO Y3TOKYEThCS 3 IMYHHMM (DEHOTHIIOM TEIOMEPHHX
mopymieHb. TecT Ha KITHHHY PagiodyTINBICTH (TIOIIKO-
JUKEHHS XpOMOCOM TIICIISL OIpPOMiHEHHS) — 0e3 3HauHUX
BiIXWJICHb, 110 POOWUTH diarHO3 arakcii-TeneaHriekTasil
MaJIOWMOBIPHHUM.

I'eneTnuHi KocaiTzKeHHA

RTEL]. BusBIEHO TeTEPO3UTOTHY TOYKOBY MYTAIliIO
¢.3791G>A(p.Arg1264His).

Tabnug 4
T'emaroJioriuni mokasHUKH
Bik, pokis Iloxa3HHK JlaHi o0cTe:KeHHS Hopma
9 IgM o Toxoplasma gondii Tlo3uTHBHI -
16-18 JletikoruTu 10 x 10°/n 4-9 x 10°/n
Hb 110 r/n 120-160 r/n
[HOE 40 mm/rox (y mepion 3arocTpeHsb) <20 mm/Tox
20 JletikoruTu 14 x 10°/n 4-9 x 10°/n
Heiirpodinu 80% 45-75%
JlimdounTn 10% 20—45%
Hb 115 /n 120-160 r/n
TpomboruTu 180 x 10°/n 150400 x 10°/n
IIOE 28 mm/rox <20 mm/Toz
20-21 Jlelikouutu 11,2 x 10%/x1 4-9 x 10°/n
Heiitpodinu 72% 45-75%
Jlimporutu 18% 20-45%
Hb 130 r/n 120-160 r/n
Tpombonutu 210 x 10%/n 150—400 x 10%/n
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Tabmuus 5
Bioximiuni nokaznuku
Bik, pokiB IokazHuk Jawni Hopma
20 C-peakrusnuii 60k (CPB) 24 mr/n <5 wMr/n
20-21 ACT 58 On/n <40 On/n
AJIT 60 On/n <40 On/n
JIA 480 Ox/n 135-225 On/n
KpearnHin 120 MKMOJIB/TT 64—115 MKMOITB/IT
CedoBHHA 8,2 MMOJIB/IT 2,1-7,1 MmMoub/1
CPb 18 mr/n <5 wmr/n
deputuH 350 Hr/mi 20-250 Hr/mn
Inrepineiikin-6 15 nr/mn 7-10 nr/mn
Bitamin B2 8 Hr/m 0,2—1,8 Hr/ma
Biramin B5 20 Hr/mi 3-20 Hr/mn
Biramin B9 2 Hr/ma 3-20 Hr/mMn
Imyramin 820 MmxM <600 MM
Awmiak 50 MmkM <5 MxkM
Tabmuusg 6
IMyHoOsI0TIYHI TOKABHUKH
Bik, pokis Iloxasnuk Jamni Hopma
20-21 Intepneiikin-6 15 nr/mn 7-10 nr/mn
IgE 220 MO/mn <100 MO/mn
B-nimdporuru CD19* 5% 5-30%
Ipupoxsi xinepu CD3—-CD16*CD56* 4% <1%
T-nim¢poruru CD3* 75% 60-89%

DOCKS: B reni DOCKS8 (Dedicator of Cytokinesis 8)
BUSIBIICHO BapiaHT KOMil Yucia — AyIUTKaLis eK30HiB 1-26
B OJIHiH astei (gain i3 unciioM Komii 3 uist aisistHky 9p24.3).

NOSI: Big3Ha4Y€HO TeTEPO3UIOTHUH BapiaHT y TeHi
NOSI (neitponansua NO-cunTa3a) (Tabmuns 7).

RTELI: rerepo3urotHa ToukoBa Mytauis ¢.3791G>A
(p.Argl264His) — 3a naunmu 6a3 ClinVar Ta miteparypu,
MIaTOTEHHWH BapiaHT, MOB’S3aHUI 3 ayTOCOMHO-PEIECHB-
HUM JUCKepoTo30M i cuHapomom HH. V MixkHapogauX pee-
CTpax OMHUCaHO MoHaiMeHIIe 4 XBopux i3 cuaapomoM HH,
o Oy eomozueomuumu 3a p.Argl264His, a Takox Buma-
JOK Komnayno-zemeposucomu (noeananus Argl264His
3 inmum BapiautoM RTEL1) y manienTta 3 HH [10; 11; 12].
[peacTaBneHunii NaLi€HT € HOCIEM NAMO2EHHO20 BAPIAHMA
RTELI. OnHak (eHOTHIT XBOPOTO IPH LLOMY BIAINOBIJa€e
MOBHOIIIHHOMY cuHApoMy HH, 1o okpecitoe He3Buuaii-
HUH MEXaHi3M IaToreHesy.

¢ DOCKS: y reni DOCKS (Dedicator of Cytokinesis 8)
BUSIBIICHO BapiaHT KOMiH Yncia — Oyniikayis ek3onie 1-26 B
ofHIH aneni (gain 13 yuciaoM Konii 3 aus ainsHku 9p24.3).
Llell CTpYKTYpHHMI BapiaHT IHTEPIPETOBAaHO SIK BapiaHT
i3 HeBu3HaueHMM 3HaueHHsM (VUS), ockiIbKM BiACYTHI
JIaHl PO MATONOTIYHUH BIUIMB momiOHOT myrorikamii [13].
BianensHi inaktuBaniiiai mytanii DOCK8 npuzBonsats 10
ayTOCOMHO-PELIECUBHOTO cuHopomy 2inep-IgE (imynodegi-
yumy DOCKS), 10 XxapakTepu3y€eThCs THKKAMH PEeKypEHT-
HUMH 1HQEKIisIMA, MKIpHAME a0CIiecaMH, aToIi€l0, €03H-
Ho(imiero Ta BucokuMm IgE. V Hamoro marienTa KiIiHIIHIX
o3Hak rinep-IgE cungpomy He Oymo (piBenp IgE mume
MOMIPHO MiBUIEHHUH, eo3uHodimisi BiacyTHst). Takum
yuHOM, BHsBIeHa Ayrutikaiis DOCKS8 posrmsmaerses sik
2eHemuYHa 3HAXIOKA HeGU3HAYEHO20 3HAYEHH S, O TIOTpe-
Oye KIIIHIKO-TeHETHYHOT0 KOpeJsIiiHOro anamizy. MoxHa
MPUIYCTUTH, IIO ISl aHOMaJTisi MOIJIa IEBHOIO MipOIO MOJIHU-

Tabmms 7
Pe3yabTaTH NOBHOT€HOMHOI'O CEKBEHYBAHHS €K30MY
I'en IloBna na3zpa | IloBHa Ha3Ba DyHKUIis Tun Bapianra Horanin Onuc
RTELI1 Regulator Perynstop VYyacTp y I'ereposurorna c.3791G>A 3amiHa apriHiHy Ha
of Telomere MOZOBKEHHS MiATpUMaHHI ToukoBa MyTamis | (p.Argl264His) | rictuauH y mo3uuii
Elongation TenoMep JIOBXKUHU TEJIOMEp i 1264 6inxa
Helicase 1 remikaza 1 crabinprocti JJHK
DOCKS8 | Dedicator of Henukarop Perymsmis Jymikanis 9p24.3 IMinBumeHHs
Cytokinesis 8 | murokinesy 8 KJIITUHHOTO €K30HiB 1-26 KOIMIMHOCTI IIITHKA
IIUTOCKEJIeTa Ta (gain, CN =3) reHa B OJHiH aneni
IMYHHOI BiJIIOBizi
NOS1 Nitric Oxide |Konye depment| Cuntes okcuny | I'ereposuroruit - BusBneno Bapiant
Synthase 1 HEWpOHAIBHOI | a30Ty B HEWpOHaX BapiaHT HEBH3HAYEHOTO
cuHTasu | 3HaYEHHsI, TIOTpelye
OKCHJY a30Ty YTOYHCHHS
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¢ikyBaTu IMYHHHI CTaTryc XBOPOTO (3HHMIXKYBaTd pe3epBU
IMyHHOT CHCTEMH), pOOJSIYM HOro OUIbII Bpa3iIMBUM JI0
BipyCHUX iH(]eKIIiil.

* GADI: y reni GADI (rmyramarnexapbokcunasa 1)
BUSIBJICHO PIAKICHUIM BapiaHT (HOMEHKJIaTypa BapiaHTa
OITyIIIeHa 3 €TUYHHUX MIPKYBaHb) Y 20MO3ULOMHOMY CIAHI.
et ren koxye pepment cuaresy [AMK (y-amiHoMacnsHOT
KHCJIOTH) Y HEHpOHAX TOIIOBHOTO MO3KY. Jleski OiamenbHi
mytanii GADI omucasi B JiTeparypi SK IpUYHHA ayTO-
COMHO-PEIIECUBHOI eHIedanonarii 3 paHHIM ITOYaTKOM
eninentnyHnx HamagiB [14]. [amient, Gyaydu roMo3uro-
TO10 3a GADI-BapiaHTOM, He Maé CMIICNTHYHNX HamaliB
Yy TIMOOKOT 3aTPUMKH PO3BHUTKY, TOMY IPUIYCKaEMO, 110
3HaWJICHUI BapiaHT € a00 rimoMoppHUM (YaCTKOBO 30e-
pirae ¢yHkuito ¢epmeHTy), abo B3arami TOOPOSKICHUM
moniMopdizmom. Y 6asi ClinVar neit BapiaHT 3HAYMBCS SIK
VUS [15]. Yrim, BpaxoByro4H HasBHICTb y XBOPOTO jesi-
KHX HEBPOJIOTTYHHUX CHMIITOMIB, [TOB’SI3aHUX 13 MOTOPHOIO
KOOp/IMHALIIEIO 1 TOHYCOM, MOXKHAa HPUIYCTUTH HEBHUI
moougpixyrouuti enaue GADI. MOXIHNBO, TOMO3WUTOTHA
ocobmuBicte GADI mpu3BomuTh A0 BiZHOCHOTO Imcha-
nancy 30ymmBHX / rampMiBHUX MemiatopiB y LIHC, mo
MOX€ MOCHIIIOBATH MO30YKOBY aTaKCil0 ab0 CHPHUYUHATH
MIIBHUILNEHY TPUBOXHICTH Ta M’SI30BY TiIIOTOHIFO.

e NOSI: oxpemo cepen pesyibrariB WES Big3HaueHo
rerepo3urotHuid Bapiant y reni NOSI1 (uelipoHanbHa
NO-cuHTa3a), KiIacuQpikoBaHWi SK H0OposkicHuil. Bin
HE CTOCyeThcs (DEHOTHIY NalieHTa H pO3IIANAETHCS SIK
BHIIaIKOBa 3HaXiaKa.

Jixyeanna ma nodanvuui nepebie. Y Bini 16 pokis
Oy/l0o po3novaTo eMIipHYHy IMYyHOCYIPECHBHY Tepa-
MMiI0: CHCTEMHHH TIIFOKOKOPTHKOIN (METHIIPEIHI30I0H)
y cepenHiit 1031 3 TOCTYIOBHM J0OIaBaHHAM METOTPEKCATY
(m/m 20 mr moTwkHsA). Ha T1i iMmyHOCYTIpecii ciocTepira-
JIOCS BiZTHOCHE TIOJIMIIIEHHS — BUCHTI 1 IEP10IH JIMXOMaHKH
CTaJIU PiIIINMH, TIOKa3HUKH 3allaJIeHHs] 3HU3MWIUCS.

VY 21 pik mpoBeneHo NpoGiIaKTUIHY 0800IUHY MOH3U-
nexmomiro. T1icast BUaNeHHs] MUTAAINMKIB 4acTOTa €Ii30-
JIB rapsiuky CyTTEBO 3MeHInwacs. [Ipu3HadeHo Kype imy-
HOMOJIYJIIOI0UO] Ta aHTHOKCHIAHTHOI Tepamii Uit KopeKkuii
METa0OJIIYHUX MTOPYIIEHb, MICIIEBI aHTHCEITUKH JJIs CaHa-
1ii porortotkd. CKOPHUTOBAaHO MI€TY 3 MiABUIIEHUM BMicC-
TOM OiNKa Ta BiTaMiHiB, MPU3HAYCHO BiTaMiHK Ipyny B Ta
BitaMmiH D.

[Micng 2 wmicamiB peaGimiTamiiiHol Teparii BiA3HAYEHO
NnoKpaujenHs camonouymms: cyopeOprmIiTeT Maike 3HUK,
Maca Tijia Jienio 30upmmiacs (+3 Kr), SMEHITHIIACS CKapTh
Ha Cyr1o0oBuii 011k 1 KOH FOHKTHBIT. HeBposoriunuii cTa-
TYC CYTTEBO HE 3MIHUBCSI, IIPOTE MALIEHT CY0 €KTUBHO BiJl-
YyBaB OUIBINY CTIHKICTh MiJ 4ac XOAbOH.

Cranom Ha 2025 p. nauieHT nepeOyBae IIiJ| HAINISIOM
MYJIBTUANCIMIUIIHAPHOT KOoMaHau. I'emarosoriuHi mokas-
HUKH 3aJIMIIAI0THCS BITHOCHO CTaOUIBHUMU: JIETKA IIUTO-
TICHisI 3MIHIOETHCSI TIepioJaMi HOPMAJIFHUX aHai31B, 03HAK
MIPOTPECyIoUoi arIacTUYHOI aHeMii MOKM Hemae (KiCTKo-
BUI MO30K KOMIICHCY€ KPOBOTBOPEHHS).

Hesposoriyai 3MiHN 3aTUIIAIOTHCS NOMIPHAMH 1 HE
IIPOTPECYIOTH MIBUAKO.

IIpencraBneHuit KIIHIYHWA BUMAIOK € HETHUIIOBUM
npukianom cuaapomy HH, OCKIIBKH KIIACHYHO TSI PO3-
BUTKY moBHOi kapruHu HH mnotpiOHi OianenbHi (1Bi)
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MyTalii TEJIOMEPHOTo reHa, TOAl SIK y I[bOro MalieHTa
BUSIBJICHO JIMIIIC 00uH TIaTOTeHHU Bapiant RTEL 1. Myra-
uis ¢.3791G>A (p.Argl264His) y reni RTELI opHo-
3HAYHO € XBOPOOOTBOPHOIO. Y HOCIIB i€l aneni (RTELI
Argl264His) criocTepiraerbcs HEMOBHA ITEHETPAHTHICTb:
TeTepO3NUTOTH 3a3BHYail (PEHOTHIIOBO 370pPOBI W JIHIIE
B MOOAMHOKHMX BHMAJKaxX y JIOPOCIOMY Billi B HUX pO3-
BHUBA€THCSA 130IIbOBaHUM JereHeBuit ¢idbpo3 [16; 17].
HatomicTs y romo3uror abo KOMOiHOBaHHX TE€TEPO3UTOT
Argl264His mposABIAETHCS KIACHYHHNA AWCKEPaTro3 Uu
cuaapom HH me B gutmaHCTBI. YoMy X HAIl MAaIi€HT,
OyZyul TIeTepO3HMIoTo0, (aKTUYHO IIPOAEMOHCTPYBAB
¢denorun cunapomy HH? OmgHa 3 MOXKIMBUX TPUYUH —
e SABUILE cuHepeiunoi eemepozucomuocmi (ONiroreHHa
eTIOoJIOTis), sIKa 32 OCTaHHI POKHM BHU3HAETHCS BCE YaCTille
cumnroMarnyHoto. Hamr ocoGucTuii 10CBi1 BEIUKOT KiJb-
KOCTI OOCTeXeHb MaIli€HTIB i3 PIOKICHUMH XBOpoOamu
chopmyBaB Hamle 0COOHMCTE CTABIECHHS 10O CHHEPTidHOI
reTepPO3UTOTHOCTI: Mijl YaC INHAMIYHOTO CIIOCTEPE)KECHHS
3a CIM €10 MH CTHKAEMOCS 3 TIOETHAHUM KITIHITHAM e(eK-
TOM — pI3HICTIO BapiaHTiB rerepo3muror. lle mamo Ham
migcTaBy moroguthcs 3 gymkoro Cimaraprxa Mykeproki:
«He icnye x60pob monozennux. Yci xopobu cenno-mono-
2enni» [18]. BusBieHi B TallieHTa MOMATKOBI MyTarlii
(nymnikaniss DOCK8 Ta Bapiaut GADI) mornu mMonudi-
KyBaTH MPOSIBY OCHOBHOT TEJIOMEPHOI MyTalii, HoripIy-
1041 IMYHHY (YHKIIIIO Ta HEBPOJIOTIYHUH pO3BUTOK. Taka
B3a€MOJIis TeHIB MPHU3BENa O TOTO, 10 HAaBITh 3a HasB-
HOCTI yumre oxHiel gedektHoi aneni RTEL] xiniTHHHUAN
pe3epB KiCTKOBOTO MO3KY H IMyHITETY B Hali€HTa iCTOTHO
3HU3UBCS, 10 W COPUYMHWIO KITiHIYHY KapTHHY, CyMiCHY
3 HH. IloxiOHi BHmAmKyW CKIaIHOI T'€HETHYHOI €TiOJo-
rii TeITOMEpHUX 3aXBOPIOBAHb IMOYMHAIOTH OMHUCYBAaTHCS
B JiTepaTypi, IO BKa3ye Ha HEOOXiAHICTh MIMPIIOTO
3aCTOCYBaHHS €K30MHOTO Ta T€HOMHOIO CEKBEHYBaHHS
i 00epeXHOCTI B IHTEpHpeTallii «i30Jb0BaHUX» BapiaH-
TiB [19].

Ponp myranii RTELI p.Argl264His sk TOJIOBHOTO €Ti-
OJIOTIYHOTO YHMHHHKA MiATBEPIKYETHCS i NMPUCYTHICTIO
B 0ararhOX paHille ONMUCAHUX BUMAIKaX TSIKKOTO JHCKe-
porozy [20].

Y nudepeHIitHO-1IaTHOCTHYHOMY TUTaHI OIHMCAHWHA
BUIIAJIOK ITPOJEMOHCTPYBAB, HACKUIBKH CKIIQIHUM MOXKE
OyTH NUIAX [0 TPaBWIBHOTO miarHo3y. llamieHT moHan
5 pOKiB JiKyBaBcs Bill HEICHYIOUOi ayTOIMyHHOI XBOPOOH
(HA3CT), mo BigTepMiHyBasO BCTAHOBICHHS iICTHHHOTO
TEHETUYHOTO cHHApoMmy. Jlume 3acmocysanusa cyuacnux
MmonexynapHux memoois (WES) nano MOXIUBICTb PO3KPUTH
MPUXOBaHy TEJIOMEPHY MaToNOrilo, sSiKka MacKyBajacs Iij
CHUMITTOMaMH PEBMATOJIOTIYHOTO ¥ IMYHOJIOTIYHOTO CIIEK-
Tpa. Lle 30iraeTbcs 3 BHCHOBKaMU 1HIIMX aBTOPIB, 11O B pasi
aTUIIOBUX 200 HE3PO3yMUIMX KOMOPOIHUX CTaHIB y MOJIO-
JIUX TAIi€HTIB JTOUUIBHO IIPOBOANTH IIMPOKOTIaHEIbHE 200
€K30MHE CEKBEHYBaHHS, SIKE HEpIIKO BHABISIE PIiJKICHI
CHHJPOMH Ta 3MiHIOE TIOJAJIBITY TAKTHUKY JIIKyBaHHS.

3 momAmy KIIiHIYHOTO Tepediry mei mamieHT IeMOH-
CTpy€ BIZHOCHO TOBIJIbHE MIPOTPECYBAHHSI TEIOMEPHOTO
cuHIpoMy. Y HBOTO 30epeeHa KpPOBOTBOpHA (YHKIIS.
MosxuBo, retepo3urotHicts RTEL] y moeqHaHHI 3 MOIH-
(iKyIOUUMH BapiaHTaMH MPHU3BOAUTH OO0 TPOXH MEHII
BUPAKEHOT TEJIOMEPHOI AUCQYHKIIIT, HiX TOBHA OiayenbHa
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MyTallisi, TOMYy HanieHT JoXUB 10 20 pokiB 6e3 TpaHCIUIaH-
Tarii KICTKOBOro MO3Ky. Ile MoOXxHa MOpIBHATH 31 CITO-
CTEpPEKEHHSIMH IHIINX aBTOPIB: ONHUCAHI BHUMAAKH THITY
JIOMIHAHTHOTO JHCKEPOTO3Y, KOJIU Te€TepPO3UTOTHI MyTamil
y renax tenomepasu (TERT, TERC) Buknmkanu Oinpin
Mi3HI TPOSIBM TeJloMepornarii (Hampukia, i30Jb0BaHUI
JereHeBHi (idpo3 ab0 aruTacTHYHY aHEMII0 B TOPOCIHX).
YV HaIoro x namieHTa HasBHICTb IMyHHOTO Ta HEBPOJIOTIU-
HOTO KOMITOHEHTIB — Pe3yJbTaT, BiporiTHO, KOMOIHOBaHOTO
MTOPYIICHHS KiMbKOX TreHiB. Llell BUMamoK € iLmrocTpamieto
MIPUHINIY, 10 B TEHETHIl HE 3aBXIU IPALIOE MPOCTHUI
MiAXI1, 10 OMUH I'€H BU3HAYa€ OJHE 3aXBOPIOBaHH:A. IHOMI
(deHoTun GOPMYETHCS CIUIBHOIO €0 KITBKOX TCHETHY-
HUX TOJIH.

Mynemuoucyuniinapuuti nioxio: BEJACHHS XBOPOTo i3
cuaapomom HH wmae 3pilicHIOBaTHCS KOMaHJIOKO CIelia-
JCTiB, MO 3a0e3neuye BCeOIYHY OLIHKY CTaHy MHali€eHTa
1 KOOp/IWHAIIIIO JIIKyBaHHSI.

Hopanpuwi nmepcneKkTUBH JiKyBaHHSI: X04a Ha ChO-
TONIHI paIUKaIIEHO BIJTIKYBAaTH TEJIOMEPHI XBOPOOH HEMOXK-
7uBO (KpiM TpaHCIUIAHTAamMii KiCTKOBOTO MO3KY JJIS TIOIIO-
JaHHS alUTaCTHYHOI aHeMil), Y HayKOBUX JOCIiIKEHHIX
3 SBISIOTECA HOBI Mimxomu. 30KpeMa, BEIyThCS CIpoon
TeHHOI Teparii (pegaryBaHHs T€HOMa, BBEACHHS 3JI0POBUX
KOMIii T'eHIB TeJoMepasn), po3polIISIOThCS MEIUKAMEHTH,
3[aTHI TOAOBKYBaTH TEIOMEpU (TesloMepa3Hi aKTHBa-
topu). st cunapomy HH, sx kpaiiHporo mposBy Teino-
MepHOi AUCOYHKILIT, Taki MiAXOOH MOXYTb CTaTH PATIB-
HUMH B MaiiOyTHbOMY. TOMy pEeKOMEHIY€ThCSl Mali€HTaM
Ta iXHIM JKapsM MiITPUMYBAaTH 3B’SI30K i3 HayKOBHMH
LIEHTpaMH, OpaTH y4acTh y PEECTpax TEIOMEPHUX XBOPOO,
100 MaTH AOCTYII 10 HOBITHIX METOAIB JIIKyBaHHS, IIOHHO
ix Oyzme moBeneHo sk Oe3redHi it epekTuBHI.

BucHoBkH
1. Etionoriuaumu akropamu cuuapomy Xoiepana —
XpeiigapccoHa Moxe OyTH BeJIMKa CYKYITHICTh TeHETHYHHIX
MyTaliid TeHIB-KaHANIaTiB, SIKi TOPKAIOThCS BEIMKOI KiJIb-

BHUIIALOK I3 JIIKAPCBEKOI IPAKTUKH

KOCTI pI3HMX MeETa0OJNIYHMX TOKa3HHWKIB Ta (izionoriy-
HUX napamerpiB. CHHEpriuHi BapiaHTH MyTalliil OKpeMUX
TeHIB-KaH/IN/IaTiB MOXYTh (popMyBaTH pi3Hi 0COOIMBOCTI
LILOTO CHHPOMY.

2. OgHUM i3 MeXaHi3MiB (opMyBaHHS CHMITTOMIB MOXE
Oyt edekT B3aeMozii aJleIbHUX Ta HealeIbHUX TeHiB, IO
3MIHIOE TX CHHEPTIYHY €KCIPECIIO.

3. 3MiHa piBHSA eKcmpecii MyTaHTHUX TeHiB-KaHIWa-
TiB, SIKi BU3HAYAIOTh AUC(PYHKIIIO TEBHUX (Pi3i0I0OTITHIX
CHCTEM, MOXKE IPOSBIATUCS Ha PI3HUX eTarax OHTOre-
Hesy.

4. TIpeBatorouya MaHiecTalliss TUX YU IHIIAX CHMIITO-
MiB, sika oTpedye eMIipUYHOT KOPEKIlii Ha EBHUX eTarax
OHTOTeHe3Y, B EPCIEKTUBI ITOBMHHA OyTH 3aMiHEHa MaTo-
TeHETUYHO OOTPYHTOBAaHMMH METOAaMH NepcoHidikoBa-
HOTO JIIKYBaHHSI.

5. HasBHICTH ayTOIMyHHOTO KOMITOHEHTa MOXe OyTh
HACITiJTKOM JIOKQJTFHOT UM CHCTEMHO]T 3aIalIbHOT peaKIlii (TOH-
3WJIIT, TeNaTOCIDICHOMeTalis, cyodeOpiniTer), Mo moTpe-
Oye 3acTOCYBaHHS Teparlii MPOTH MEPCUCTYIOUNX BipYCiB,
HECTEpPOITHIX MPOTHU3aNAIBFHIX 3ac00iB, TpaHCIDIAHTAIII]
perymsropaux T-nimgpouutis (Treg) CD4+CD25+CD127-,
aktuBatopiB B-nmiMmdorutie Ta NK-KIiTHH, BUKOPUCTAHHS
IHT10ITOPIB Hpo3amaabHUX (aKTOPIB, SIKi CIPHUSIIOTH GOp-
MYBaHHIO TaK 3BaHOTO MEMOPaHOATaKyH4YOro KOMILIEKCY
(Hanpuknaz, iHri0ITOPiB KOMIUIEMEHTY).

OTtxe, BuacHa miarHoctuka cuHapomy HH moxiuBa
JIMIIE 32 YMOBU BUCOKOT HACTOPOXKEHOCTI JIIKaps Ta BUKO-
PHCTaHHSI CyYaCHHX METOMAIB MOJEKYISPHOI T'€HETUKU
(manensHi cexBeHyBaHHS, WES). IlpencraBnenmii k-
HIYHMI BUIAIOK JIEMOHCTPYE, IO HABITH IeTEpPO3UIOTHA
myrtaiiss RTEL1 Argl264His y moeHaHHi 3 IHIIAMU TeHE-
THYHAMH BapiaHTaMH MOXKE TIPH3BECTH 10 (EHOTHUITYy CHH-
npomy HH.

®dinaHcyBaHHS Ta KOHQUIIKT iHTepeciB

ABTOpPH 3asIBIIAIOTH PO BIACYTHICTH KOH(DIIKTY iHTEp-
eciB. CrneuianpHoro (iHaHCYBaHHS Ha JIOCIIJKEHHS HE
BUALISIIOCS.
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CHUHEPI'I3M KJIHIYHUX MPOABIB JUCPYHKIII CKPOHEBO-
HUKHBOIEJEITHOI'O CYIVIOBA TA MEHIHI'TOMMH. TPYAHOLII
JIATHOCTHUKHU U JIIKYBAHHAA

[onraBchkuii AepKaBHUM MeTUUHUN yHiBepcuTeT, [lonTaBa, Ykpaina
YIK 616.716.4:616-006.328-071-085

M. A. Kopocramosa, K. A. Tapsinuxk, A. I. [lanbkeBuy, A. M. I'oroas, I. A. Koaicunk, B. M. HoBikos

CHUHEPTI3M KJIHIYHUX TPOSABIB JUC®YHKIII CKPOHEBO-HWKHBOIIEJEIHOIO CYIJIOBA TA
MEHIHTTOMM. TPYJIHOIII JIATHOCTHUKH M JIIKYBAHHS

Tonmascvkuii deporcagruil meduunuil yrigepcumem, llonmasa, Yxpaina

JnchyHKILsS CKpOHEBO-HIDKHBOLIENEITHOTO CyriIo0a 3a3Buyail OB sI3aHa 3 OKIII031HHIME, M’ I30BHMH Ta IICHX0EMOIIIHHUMH (paKTOpaMHu.
OpHak 31e0UTbIIOro BoHa MOXKe OyTH IPOSIBOM CYMyTHIX marodoriit. [IpeacraBneHo KiliHiYHNHA BUNAOK, Y SKOMY 3aCTOCOBAHO MYJIBTHIIHC-
LUIUTIHAPHUHN MIJXIJ 32 y4acTIO OPTOIea-CTOMATONIOra, HeBPOJIOTa, eMiIeNToNora Ta Helpoxipypra. Y MamieHTKH crocTepiranacs 601p0Ba
mucdynkuist CHILC, cummnToMu K01 THMYAcOBO 3MEHITYBAIIHCS TICIs MIMHHOI Tepaii, aje 3rofoM BigHOBIHUCA. JlonaTkoBe 00CTeXEeHHS
BHSBUJIO MEHIHT1OMY, ITiCIIs XipYpPriYHOTO JiKYBaHHS K0T CHMITOMATHKA MOBHICTIO 3HHKIIA HA (DOHI MPOJOBKEHHS BUKOPUCTAHHS OKIIO3iH-
HOT Kan. L{e#f BUTIaIoK miKpecitoe BaxIINBICTh udepenmiitHoi giarnoctuku 6ompooro curapomy CHILC Ta HeoOXimHICTh KOMITIEKCHOTO
X0y A0 OLIHKH TaKHUX TAIi€HTIB.

KutrouoBi cioBa: mucdyHKIisI CKPOHEBO-HIDKHBOIIEIEITHOTO CYI100a, MEHIHTioMa, KIIIHIYHHI BUIIAI0K.
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M. A. Korostashova, K. A. Tarianyk, A. 1. Pankevych, A. M. Hohol, I. A. Kolisnyk, V. M. Novikov

SYNERGISM OF CLINICAL MANIFESTATIONS OF TEMPOROMANDIBULAR JOINT DYSFUNCTION
AND MENINGIOMA. DIAGNOSTIC AND THERAPEUTIC CHALLENGES

Poltava State Medical University, Poltava, Ukraine

The aim of the study is to demonstrate the complexity of differential diagnosis and the need for a multidisciplinary approach for accurate
identification of pathology and selection of effective treatment tactics. A clinical case of an atypical course of temporomandibular joint
dysfunction in patients with a meningioma, the manifestations of which overlapped with the symptoms of the underlying disease, is described.

Materials and methods. A multidisciplinary approach was applied in managing the patient with atypical facial pain, involving
gnathologists, neurologists, epileptologist and neurosurgeons.

Results. Temporomandibular joint dysfunction (TMD) is commonly associated with occlusal, muscular, and psycho-emotional factors.
However, in some cases, it may indicate concomitant pathologies.

A female patient with persistent temporomandibular pain initially experienced symptom relief with splint therapy. However, the pain
recurred despite ongoing treatment. Additional neurological evaluation and MRI revealed the presence of a meningioma. The patient underwent
surgical tumor removal. Following meningioma resection, the patient’s TMD symptoms completely resolved, suggesting a secondary origin of
the dysfunction. This case underlines the complex and multifactorial nature of TMD and the necessity of differential diagnosis in persistent or
atypical cases. TMD can sometimes be an early sign of severe neurological conditions. This case emphasizes the importance of interdisciplinary
collaboration between dentists, neurologists, and radiologists in cases of chronic or treatment-resistant temporomandibular disorders. Early
diagnosis of concomitant conditions can significantly improve patient outcomes.

Keywords: temporomandibular joint dysfunction, meningioma, clinical case.

Beryn
JiarHoctnka nIuCQyHKLII CKPOHEBO-HMKHBOLIEIETI-
Horo cymo6a (JICHILIC) € HenpocTiM 3aBaaHHSIM depes
MOXJIUBICTH i MMOETHAHHS 3 IHIIMMH MATOJIOTiAIMU. MyJib-
TUAUCIUILTIHAPHUHA MiaXiJ € e()eKTUBHUM METOIOM Iia-
rHoctukd i1 jikyBanHsa JCHILC [1]. Judepenmiiina mia-

©M. A. Kopocramosa, K. A. Tapsiauk, A. 1. [TanbkeBud Ta iH., 2025

CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT ': B

THOCTHKA  JUC(QYHKIII  CKPOHEBO-HIKHBOIIENEITHOTO
cymioba mependadae BHKIIOUCHHS I1HIIMX IATONOTIH, SKi
MOXYTh MaTH CXOXY KIiHIYHY KapTHHY, aJUKe MaToJOTii
JIOP-opraniB, peBMaTH4YHI 3aXBOPIOBAHHS, HEBPOJOTIUHI
Mpo0JIeMH Ta 1HII CTaHU MOXKYTh YCKIIAJIHIOBATH JiarHOC-
TUKy js kiaiHinuceTiB [2]. Tomy mudepenmiiina aiaraoc-
tuka JICHILIC cknamHa B mpakTUYHIN OXOPOHi 310pOB’sI.
Oxpemy yBary ciin npuminutu cuHzapomy KocteHa,
skuii € omniero 3 ¢opm JICHIIIC Ta xapakrepu3yeTbcs
OoieM y IISIHIN CKPOHEBO-HHKHBOIIEICITHOTO Cyriioba
3 ippaziami€o y Byxo, CKpOHIO, TOJIOBHUM 00JIeM, ITyMOM
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y ByXax, 3allaMOPOUYEHHIM Ta MOpYIIEHHIM cinyxy [3]. Llen
CHHJIIPOM HEPIJKO IMiTye HEBpOJOTiuHI ab0 OTOJapUHIO-
JIOT1YHI TATOJIOTI], [0 MOXXE YCKJIQJHIOBaTH MOCTaHOBKY
MIPaBUIILHOTO J1arHo3y.

Kpim MicueBnx nNpuYMH BHHUKHEHHS IUC(YHKII,
MOXYTb NpUETHYBaTHCS M iHIN (pakTopm CHCTEMHOTO
xapakrepy. He MeHImI 3HauymmMm Moke OyTH 3B’SI30K i3
HEBPOJIOTIYHHMH Ta IICHXOEMOUIHHUME (pakTopamm,
30KpeMa CTPECOM Ta IMOPYIICHHAMH IHPKaJHOTO PHUTMY,
oo omucaHo B JiTeparypi [4]. Kpim Toro, mopymieHHS
B PETYJIALIT METIATOHIHOBHUX PEIETITOPIB MOXKYTh BIUTUBATH
Ha 0OJIbOBY YYTJIMBICTH Ta CMOIMHUI CTaH MAILI€HTIB i3
XpoHiuHUMH Oomsimu [5]. OKcuaaTUBHUIA CTpeEC 1 3analbHi
NPOLIECH BiJIIrpalOTh BAXIJIUBY POJb Y PO3BUTKY I1aTOJIOT1H
KICTKOBOI Ta CIIOJYYHOI TKaHMHH, 1[0 TAKOK MOXKE MaTH
3HayeHHs y popmyBanHi cumnromaruku JCHIIC [6].

Kniniyna kapTHHA 3aXBOPIOBaHHS JIOCHTH IIJICTyITHA
1 9acTo MO)Ke HaragyBaTH IlepeOir iHmmx mnpouecis. Taki
HEBPOJIOTIYHI CHMIITOMH, SIK OiJIb Y AUISHI CYI100a, ippa-
niarist 00JI0 y BYXO, CKPOHIO, TOJIOBHUH O1JTb, Ty’Ke CXOXKI
Ha mposiBu mucyHKIii. KpiM Toro, mpobiemu 3i ciryxom
1 BIQUyTTS 3aKJIaJIEHOCTI y BYCl YacTO CIIOHYKAOTh ITalli-
€HTA 3BEPHYTHUCS JO OTOPHUHOIAPUHTOJIOTA.

ToMy HasBHICTH Takoi Bapiallii CHMIITOMIB CIIOHYKa€e
nikapsi 1o nmiarHoctuku JICHIC. 3a3Buuaii pesynbraru
MPT CHIIC migrBepmkyrors miaro3 JCHILC, micns
YOro PpO3MOYHMHAEThCA JiKyBaHHSA. OJHMM i3 OCHOBHHX
METO/IIB JIIKyBaHHS € BUKOPUCTAHHS KaIl 3 )KOPCTKUM 0a3u-
COM, SIKi CIIPHSIFOTH PO3BAaHTAXKEHHIO CYTI00a IUISIXOM 3HU-
JKEHHsI TaTOJIOTIYHOTO TOHYCY M’SI3IB JKyBaJIbHOI TI'pYITH
1y pe3yabrari 3MeHIIeHHS 00JIp0BOTO CHMITTOMY [7].

Kniniuanii BUMagoK, onvcaHuil y il cTaTTi, BUMaras
PO3IINPEHOTO AiaTHOCTHYHOTO TOMIYKy Yepe3 Hee(eKTHB-
HICTh CTaHIAPTHOTO MIAXOAY IO JIKyBaHHS IUCQHYHKIIT
CHIIIC. V mamieHTKH CIOCTEpirajaucs CTiHKi HEBPOJIO-
TiYHI CUMIITOMH, 110 HE 3HUKIIH IiCJI BUKOPUCTAHHS Kallu.
B pesynbrari HouyKy IpyUYHHA OYyII0 BUSBIEHO PiJKICHUI
KJIIHIYHUI BUNIAJI0K, 1110 TOTpeOyBaB 3MiHH J1arHOCTUYHOT
Ta JIKyBaJIbHOT TAaKTHKH.

MeTa po60TH — IPOAEMOHCTPYBATH CKIAHICTb qude-
PEHIIIHOT JIarHOCTUKKA Ta HEOOXITHICTh MYJIBTHIUCIIH-
IUTIHAPHOTO MiIXOAY I TOYHOI imeHTHdikamii maTomorii
Ta BHOOPY €(pEKTHBHOI TAKTHUKHU JIIKyBaHHS Ha MPUKIAI
po300py KIIHIYHOTO BHIIAIKY HETHIIOBOTO Hepediry Juc-
(GyHKIIT CKPOHEBO-HMKHBOIIENEITHOTO CyIioda y maili-
€HTKH 3 MEHIHT10MOIO0, ITPOSIBH SKOi HAKIIAAJIICS Ha CHMII-
TOMH OCHOBHOTO 3aXBOPIOBaHHSI.

Marepiajiu Ta MEeTOAU AOCTiIZKEHHS

Pobora € (QparMeHTOM KOMITJICKCHOI iHILlIaTHBHOT
TeMH Ka(enpu MNPONEACBTHKH XIPYPridHOI CTOMATOJIO-
rii TTonTaBChbKOro JEPKABHOTO MEIUYHOTO YHIBEPCHTETY
«OOrpyHTYBaHHS Ta BIPOBADKCHHS ACICKTIB KOMILICK-
CHOTO JIIKyBaHHS (DYHKI[IOHATHHUX IMOPYIICHb 3 YAOCKO-
HAJICHHSIM TEXHOJIOTiH ONEepPaTUBHUX BTPYYaHb IPH 3aXBO-
PIOBAHHSX MIEICTHO-JIUIIEBOT AITISTHKY (HOMED JIepyKaBHOI
peectpamii 0120U105551).

Le nmocmimkeHHs BigmoBimae IlpaBmiiam TyMaHHOTO
MMOBO/KCHHS 3 TMAaIliEHTaMHU BIAMOBIAHO 10 BUMOT JleKia-
pamii BcecBiTHROI MeauuHOi acomiartii Tokio, MiKHa-
pomHUX peKoMeHmamnid [eabCciHChKOi Aekiapallii 3 mpas
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monuan, KoHBeHIii 3 mpas gonuHu Ta Giomenuiuan Paan
€Bponu [8], 3akoniB Ykpainu, Haka3iB MO3 Ykpainu Ta
Bumor Kozekcy ertuxu jikapst Ykpainu. [lanieHntka Hagana
iH(OPMOBaHy 3rojly Ha y4acTb Y JIOCIIJDKEHHI.

VY mocnijpkeHH] TpeCcTaBIeHUH MYJIBTHANCIHILTIHAD-
HUH miaxin 10 JTikyBaHHs marieHTka K., 41 pik, 3 HETH-
moBuM OosieM B oOmmydi. [larieHTka Oyma ornmsHyTa crie-
miajgicTaMd:  OPTONEIOM-CTOMATONIOTOM,  HEBPOJIOTOM,
eMIenToNIoTOM Ta HeWpoxipyprom. TepmiH cmoctepe-
JkeHHA — 13 ciuag 2024 poky no mrotuit 2025 poxky. Ori-
HIOBaJacs MUHAMIKa CHMIOTOMIB O 1 MICHA XipyprigHoro
BTPYYaHHS Ta €(QEKTHBHICTH OPTONEAUYHOIO JIIKYBaHHI
B Ticisionepaniinuii nepios.

KpimM kmiHiuHOrO 0OOCTEXEHHS, Oyau BHKOpPHCTaHI
IHCTpyMeHTanbHi MeTomu npociimkenus: MPT CHILC
Ha amapari Siemens Magnetom Avanto, Himeuunna,
1,5 Tecna; MPT roioBHOro MO3KY 3 BHYTPIIIHLOBEHHUM
KOHTpacTyBaHHSM Ha amapari Siemens Magnetom Avanto
Fit, Himewyumna, 1,5 Tecma; enekrpoeHuedanorpadis
(EED).

VY mpomeci OpTONEAWYHOTO JiKyBaHHS Oylo BHIO-
TOBJICHO KaIly 3 >KOPCTKHM 0a3MCOM Ha BEPXHIO ILEJIeILY,
a 3roloM — M’Ky eNacTH4Hy Kally Ha HIDKHIO IIeNely.
IxHs edexTnBHICTE omiHIOBaNack KiiHiuHO. KpiM amapar-
HOTO JIIKYBaHHs, MAI[IEHTKa OTPUMYBajia MEIUKaAMEHTO3HY
Teparilo, a TakoXK OyJ0 BUKOHAHO XipypriuyHe BTpy4YaHHs
3 BUJIQJICHHSM MEHIHTiOMH.

Pe3ysibTaTn gociaixkeHHs Ta iX 00roBopeHHs

Kainiunnii Bunanok. [Nanientka XK., 41 pik, 3BepHY-
Jacsl 10 OpTOIIEAa-CTOMATOJIOTa 31 CKapraMy Ha TPUBAININ
0ONBOBUIT CHHIPOM Y AUISHIIL JIIBOTO CKPOHEBO-HIKHBO-
MIETIETTHOTO CYIJI00a 3 ippafiallielo y CKPOHIO, OHIMiHHS
JiBOi TOJNIOBMHHU Tijla, HEMOXJIHMBICT CIIATH HA JIBOMY
0oI11i, a TaKOXX MiIBUIICHY Yy TIUBICTh CYIII00a 10 XOJIOmy
Ta CTpecoBUX (HakTopiB. BOIbOBUI CHHIPOM MTOCUITIOBABCS
mig 9ac (i3MYHUX HABAHTAXKEHb; IMiJ] BILIMBOM BHCOKOT
TEMIIEpaTypH MOBITPsI; XapakTep O0JIo 3 JIiBOro OOKy cTaB
IHTEHCHUBHIIIUM TICJIsl BIHOBJICHHS KYyBaJbHOI TpyIH
3y0iB KOMIIO3UTHUMH MaTepiajaMu.

Anamnes 3axeoprosanns. IlalieHTKa NMOBIIOMMIA TIPO
nepii nposiBu e y Bimi 12—13 pokiB, sKi CynpoBOmXKY-
BaJIMCS €Mi30JJaMH BTPATH CBIIOMOCTi Ta Oyia¥ BH3HAYCHI
sik HeBpouorivHi. [Ipotsrom 2008-2022 pokiB qoTpuMyBa-
J1acst €T 3 oOMe)XKeHMM BMicTOM Oinka. 3a i ciioBamu,
TUMYacOBE TIOJIIIIEHH HEBPOJIOTIYHOTO CTaHy CIOCTEpi-
ragocs micis BKUBaHHA Kypsdoro OyibiioHy. Y 2014 pori
y 3B’S3KY 3 BIfiCHKOBHMH [IsIMH TAIliEHTKa 3MyIIecHa Oyia
BUIXaTH 3 OKYyIOBaHOI 00JacTi YKpaiHH, 110 CIIPUYHHUIIO
TpuBanuii crpecoBuil BILIMB. Y 2022 poui Big3Ha4aiocs
3HaYHE MOTIpPIICHHS CTaHy, MallieHTKa Ioyalla BTpayaTH
CBIIOMICTB, MaJjla CyJIOMHY T'OTOBHICTb (32 JaHHMH elleK-
TpoeHIedanorpadiyHoro JociipKeHHS). Takuili craH
OB’ SI3Y€ 3 TICUXO0-EMOLIIHUM HaNpyXEHHSIM Ta IHTCHCHB-
HUMH (QI3UYHAME HaBaHTOKEHHAMH y cropT3ani. Bymo
3’sicoBaHoO, 10 3 BepecHs 2023 poKy JiKyBaiacs y CToMa-
TOJIOTA 3 IPUBOY Kapiecy, 10 TEK MOIJIO CTaTH TPUTEPOM,
mo3asik y TpyaHi 2023 poxy 3’ sBuirics 0071 y AiISHIN BepX-
HBOI, @ IOTIM 1 HI)KHBOI IIEJIENH 3J1iBa.

Jlo 3BepHEHHSA Malli€eHTKa NpuiiMaja Taki MeIUKaMeH-
TO3HI MpenapaTy: aHabIeTHKH, BiTaMiHU rpynu B, aHTH-

ISSN 2226-2008 OJECHKWI MEJAYHNNA XKYPHAII Ne 6 (197) 2025



neripecadTy. JIikyBaHHS THMYACOBO IMOJIETTITYBAJIO M1ATOJIO-
TIYHI CHMITTOMH.

Anamnes ocumms. Ilanientka Bin3Hadae ceOopelHHA
JIEpPMaTUT Ta aJePridYHUi Ce30HHUN PHUHIT.

Byno mposenene MPT CHIIIC 3 MeTor0 BUSBIEHHS
BHYTPILIHBOCYTTIO00BHX MaTojorii (puc. 1).

Ha ocHoBi ximiHiuanx ta MPT-mocimimkeHsr BCTaHOB-
JICHWH JiarHo3, mo Biamosigae xpurepism DC/TMD (Axis
I): miodacmiansHmiA OLTE y JTiBiH XyBambHIN MyCKymaTypi,
IFICKOBE 3MilIeHHS 0e3 peaykiii Ta 6e3 oOMeXeHHs Bif-
KpUBaHHSA pOTa, JETCHEPAaTHMBHHUN CyII000BHI po3iajn
(cruToteHHs CYyTTI000BO1 TOJIOBKH).

[Mauientui BuroroieHo kamy Michigan-splint (puc. 2),
CYMICHO 3 JIiIKapeM-TeparneBTOM PEKOMEHOBAHO HE MpHU-
HWMaTH BUCOKI J103H 3HEOOTIOI0UHNX.

[lepebir 3axBoproBaHHs Ta JIIKYBaHHS IICJIsI 3aCTOCY-
BaHHS IIMHHOI Tepartii 2024— 2025 pp.

Jexinpka MicAIIB ITiCNIi BUKOPHUCTAHHS OKIIO31HHOT
Karmu (JTFoTUi — KBiTeHb 2024 poKy).

1. 3aroctpuBcs OONBOBUI CHHAPOM, HOCHIHINCS
HEBPOJIOTiYHI TposBH (OHIMIHHSA B o0mm4di). CkepoBaHa
Ha KOHCYNBTALlil0 J0 HEBPOJIOra 3 METOI BUKJIIOYECHHS
HEBPAJTii TPiHIacTOro HEPRBY.

2. MUDKAMCIMIUTIHAPHUE MiAXix [0 MIarHOCTHKH Ta
JIIKYBaHHS CIIUJIBHO 13 HEBPOJIOrOM, HEHpOXipyprom, eri-
JIETITOJIOTOM Ta OPTOIIE/IOM-CTOMATOJIOTOM (KBITEHb — Cep-
nieHs 2024 pp.).

JlikyBaHHSL.

31 CTOpPOHHU OpTOIIEAa-CTOMATOJIOTA: JOJIATKOBE CTOMa-
TOJIOTIYHE BTPYYaHHS — KOPEKIis OKMIO3ii HIISIXOM ycCy-
HEHHsI CYNIEPKOHTAKTIB Yy INIOMOax, IO THMYaCOBO IOJIer-
1Ty OiTk. BHTOTOBNEHHS anbTepHaTHBHOT M’ SIKOT Kamu Ha
HIDKHIO IIETIeIy.

31 cTOpOHU HEBPOJIOTA: TaHUX IPO HEBPATiIO Tpiidac-
TOTO HEpBa HA MOMEHT OIVISIy He BCTaHOBIEHO. Kopekiis
MEIMKaMEHTO3HOTO JIIKYBaHHS 13 3aCTOCYBaHHSIM IIperada-
JIIHIB Ta aHTHCTIPECAHTIB (AyJIOKCETHH).

IIpoBonunocs MPT roiaoBHOro Mo3ky Ta IIMWHOIO
Binainy xpe0Orta, (yHKLiOHaJIbHA peHTreHorpadis MIni-
HOro Biaminy xpebta. Ilicns BUKIIOYEHHS HEBpaTii

Puc. 1. MPT aisoro CHIIC npu 3akputomy poti
nanieHTKH K., 41 p. CTpinkoio no3HaueHo nepexHe
3MileHHS CYIJI000BOT0 AUCKA. 3ipOUYKOI0 MO3HAYEHA

JUISIHKA CIJIOLIEHOCTI CYIJ1I000BOI roJIOBKH

BHUIIALOK I3 JIIKAPCBEKOI IPAKTUKH

Puc. 2. Kana Michigan-splint naunienTku K., 41 p.

MaIji€eHTKa MPOJOBKYyBaia JIIKYBaHHS y OPTOINEaa-CTOMA-
TOJIOTa, MPHUUMAIOYM CHUMIITOMATHYHY TEpamilo — aHTH-
KOHBYJIbCAHTH (10 4-X pa3iB Ha JEHb), aHTUJIECNIPECAHTH
Ta HECTEepOiqHI NMpoTH3analbHI Npenapary, CTaH MOKpa-
IIyBaBCsI Ha JIEIKUHN Jac.

Ha ¢oni crilikoro 6omb0BOro cuHIpoMy 3 ippani-
aIi€ero y Imenemny Ta jiBe Byxo y TpaBHi 2024 poky mari-
€HTKa TOBTOpHO HarpaBieHa Ha MPT romoBHOTO MO3KYy
3 TMPHUOUTPHAM OTISAOM BHYTPIIIHBOTO ByXa. 3aKIIo-
geHHA: MP O03HaKH eKCTpaakCialbHOTO OOOJOHKOBOTO
YTBOPEHHS JIBOi TiM’SHOI IUIAHKHA po3mipamu 44*39*40
MM, JIOKaJIbHE 3MIIIeHHs cepria MO3Ky Ha 4 MM IIpaBoOpyH,
i3 KOMIIPECi€I0 PEYOBHHU TOJIOBHOTO MO3KY. [laiiieHTka
OIISIHYyTa HEBPOJIOToM, HeHpoxipyprom, nposeaeHo EET:
MapoOKCH3MallbHa aKTUBHICTh Y BHUIVISIII TOCTPUX XBHJIb
y TiM’SHO-TIOTHJIMYHINA 00JacTi, PpEeKOMCHIOBAHO OIepa-
TUBHE JIIKyBaHHSL.

3a mepiox MiArOTOBKH 10 oneparii O0ijib cTaB HecTep-
HUM, HApOCIO OHIMIHHSA 00mm44s (IIOKW), Bix OO0
1oyJasa BTpadaTH CBIIOMICTh, MPUIIOM aHTHKOHBYJIbCAHTIB
1o 8 TabieTok Ha 100y.

[IpoBeneno nosropuo MPT ronoBHOro Mo3ky 3 BHY-
TPIIIHFOBEHHUM IiACHICHHSAM, MiATBepIkeH0 MP-03HaKN
eKCTpaaKCialbHOTO  OOOJOHKOBOTO  YTBOPEHHS  JIiBOI
TIM’SIHOT JUISIHKM (MEHIHTIOMH) 3 KOMIIPECI€I0 MPHIIETIol
PEYOBHHHU TOJIOBHOTO MO3KY, LII0 HAKOMHUYYE KOHTPACTHY
pedoBuny (puc. 3).

3. Ilicnstonepauiiiunii mepion (cepnenb 2024 p. —
ciuens 2025 p.).

V¥ cepnni 2024 poky NnpoBEAEHO TOTaJbHE BHIAJICHHS
M103aMO3KOBOTO 00’€MHOT0 YTBOPEHHS JIiBOi TiM’sIHOT
mngaHKU. [icTonoriyHe 3akIIOYEHHS: MEHIHTOTeliallbHa
meninrioma, Grade 1.

Ha KT romoBHOr0 MO3Ky Ha HACTYMHHN ICHB MICIA
OTIepPaTUBHOTO JIiKyBaHHS IiarHOCTOBAaHO: IHEBMoIE]a-
710, KOHBEKCHUTAJIFHO 37IiBa — KICTOMOMIOHY eHIedao-
Mansiio. JJaHux npo okIo3iiHy rigponedalito He BUSB-
JICHO. YCKJIaJHEeHHS BiJICYTHI.

[Micns XipypriyHOro BHJaJICHHS MEHIHTIOMH y Talli-
€HTKH CIIOCTEpIrajiocss 3HauyHe MOTIpIICHHS HEBPOJIOTiy-
HOTO CTaHy, L0 TPOSIBIISUIOCS CIa0KICTIO B MpaBiif mojo-
BUHI TiNa, HEMOXJIMBICTIO BHKOHYBaTW ApiOHI MOTOpHI
pyXxu 1paBoto pykoto. Y BepecHi 2024 poky AiarHOCTOBaHO
MpaBoOiYHMI TeMimape3, OO0 MOTpeOyBaB IOAAIBIIOTO
HEBPOJIOTIYHO-HEHPOXIpyprigHOTO  JTOOOCTEXEHHS  Ta
BTpy4aHHs. [IpoBeneHo ApeHy0qy Oonepariio, o CIpHUsIIo
3MEHIICHHIO HAOPSIKY Ta MOKPAIIEHHIO CTaHYy.
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Puc. 3. MPT rojioBHOro MO3Ky 3 KOHTPACTYBAHHAM
A — caritaabHa mpoekuisn; B — akcianbHa npoekuis; C — ppoHTaIBHA TPOEKIiN

Hdus  3amobiraHHs — PO3BUTKY  IMiCISAOMEPAIiTHOTO
HaOpSKy TOJIOBHOTO MO3KY OyJIO MPH3HAYEHO KOPTHKOCTE-
poinmHy Tepamito (IekcaMeTa30H) 3a CXeMOI0: 5 THIB — TpUUi
Ha 1100y, 5 AHiB — ABidi Ha 100y, 5 THIB — OJHMH pa3 Ha H00y.
OpnHak, fK 3’ siICyBaJIOCs Mi3HIIIe, MAI[iEHTKa He JOTPUMYBa-
Jlacsk PEKOMEHJIOBAHOTO PEXUMY MPUHOMY Ipernapary, 1o
MIPU3BOJIUIIO 10 IEPIOIMYHUX 3ar0CTPEHb.

4. Pea6initauis. [Touarox 2025 poky.

VY ciuni 2025 poky mamieHTKa NepeHecsa MNepliunii
y KWTTI emijenTHyHWH Haman. O3HaK INPOTOBKEHOTO
pocty nyxnunu He BusiBieHo. Ha EEI" BcTanoBieHo napo-
KCU3MaJIbHY emijenTH(GOPMHY aKTHBHICTh Y IIEHTPaJILHO-
TiM’ THO-TIOTHJIMYHIH TUTSHIN, TIEPEBaXKHO 371iBa, Y BHIVIAI
rocTpux XBwib. BpaxoBytoun 3mian Ha EEI, xoHCymBTO-
BaHa CIIJICIITOJIOTOM, BCTAHOBJICHO MiarHO3: CTPYKTYpHA
emiyencist 3 (GOKaTbHAUMHU JKEKCOHIBCBKUMH CEHCO-MOTO-
PHUMH TPaBOOIYHUMH HamaJaMy 3 BTOPUHHOIO TE€HEpai-
3ami€ero. [larieHTIii MPU3HAYCHO MPOTHCYIAOMHY TEpPaIIiio:
nesitupanieram 500 mr 2 pa3u Ha neHb. OCTaHHIH KOHTAKT
3 MmarieHTKow OyB y motomy 2025 poky, Hamaau BiJCyTHI,
AQHTUKOHBYJIbCAHTH MTPOJOBKYE MPUHMATH.

KoHTpo:b y opronena-cromarosora: narieHTKa Bii3Ha-
Yyae Hee()eKTUBHICTh 3aCTOCYBaHHS M SIKOI KaIlk, TOMY IIe
3MYCHIIO IOBEPHYTHCS JI0 3aCTOCYBAaHHS KalH 3 )KOPCTKUM
OazmcoM. 3i ciiB mamieHTKH, came kKama Michigan-splint
MMOKparmuia cTad cyrioba. Ha Toif MOMEHT KOpUCTY€EThCS
amaparoM 110 3 ronuH Ha 100y. Kpim Toro, mamieHnTka momi-
THJIa IOKPAIEHHS CTaHy cyriio0a y pa3i 3MiHH HOIOKeHHS
sI3UKa (TPOXH BHIIE A0 TiAHEOIHHS).

MeHiHTriOMa € HANMOIINPEHIIIOK MEPBUHHOK MyXJIH-
HOIO0 LICHTPAJIbHOI HEPBOBOI CHUCTEMH, Ha SIKy HpPUNANAE
npubinzHo 50% ycix NOOPOSIKICHUX MYXJIMH TOJIOBHOTO
MO3Ky [9]. IoOposIKiCHI MEHIHTIOMH € HANIOIUPEHIIIIM
THUIIOM TEPBHHHUX HE3JIOSKICHAX IYXJIUH TOJIOBHOTO
MO3Ky, CTaHOBISYM 39,7% yciX BHYTpPINIHBOYEPEITHUX
HOBOYTBOpPEHB Ta 55,4% cepen He3mosKicHUX myxuuH [ 10].
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MeniHTioMa Ta i THITH TOXOIATH 3 apaxHOIMaIbHOI 000-
JIOHKH. 31e0iIbIIoro e moOposKicHa M03aMO3KOBa ITyX-
JIMHA, SIKa MOYKe BUHUKATH B OyIb-sKii TUTSHIIL.

3ane)XHO BiA THUMY KIITHH MEHIHTiOMa MOIUIIETHCA
Ha kuibka migrumi (“grade”): Grade I — ne nobposikicHi
MYXJIMHH, [0 POCTYTh BIJIHOCHO MOBIJIBHO, TPAILISIOTHCS
Haiiyacrimie. YuM OiIbIIMEA BiK TAI[i€HTa, THM TOBILIbHIIIE
BoHH pocTyTh. Grade II — aTunoBi MeHiHrioMmu. Bigpizns-
FOTHCSI IIBUJIKAM POCTOM Ta CXMJIBHICTIO JI0 1HBa3i1 (00poc-
TaHHS BaXJIMBHX CYIWH, HEPBIB Ta pyHHYBaHHSIM KiCTOK
gyepena). Grade III — pigkicHi MEHiHTiOMH, iX Ha3MBAIOTh
AHATUTACTUYHUMH, HAJISXKATh JI0 3JI0SIKICHUX HOBOYTBOPEHb
Ta MOTPeOYIOTh 000B’I3KOBOTO BUKOPUCTAHHS IPOMEHEBOT
Teparii. Bu3HaueHHs THITY ITyXJIMHU Ta CTYISHS 11 3II0sKic-
HOCTI MOXIIMBE BHKIIIOYHO 3aBISKH ITaTOTiCTOJIOTIIHOMY
Ta IMyHOTICTOXIMI9HOMY JOCTI/KCHHIO TKAHUHH ITyXJTHHA
Ticd ii BUAAJICHHS.

BaxxnuBuMm (akTtopoM € TakoK po3Mip myxiauHH. Yum
OinbIlle HOBOYTBOPEHHSI, TUM CKJIaJHIIIE HOTO XipypriuHe
nikyBaHHsl. OCOOJIMBO 1€ CTOCYEThCSI Oa3albHUX MEHIH-
rioMm. 301IBLIYIOUKMCE Y pO3Mipax, MyXJIMHA TIOYHHAE CIIO-
YaTKy THCHYTH Ha CTOBOYp MO3KY, a B)KE ITOTIM 3MIlIlyBaTH
HOro B NPOTHIICKHY CTOPOHY, BHUKJIHMKAIOYHM ITOPYIICHHS
KpoBooOiry. Unm Oinpmia myxJiMHa, THM OibIna HMOBIip-
HICTh TpaBMaTH3allil )KUTTEBO BAXKIIMBUX CYAUH 1 YePEITHUX
HEPBIB.

BescuMnTOMHI Ta TOBITBPHO 3pOCTAar0di MEHIHTiOMH
3a3BUYail JIKYIOTHCS 3 JOIIOMOTOIO CIIOCTEPEKEHHS Pa3oM
13 pyTHHHOIO Bisyauizanieto [11]. OgHax 11 mBHIKO3pOC-
TAIOYMX IyXJIMH, BEUKUX MyXJHH a00 Malli€HTiB i3 CUMII-
TOMaMH XIpypriuHe BTpy4YaHHS 3aJIUIIAECThCS HAHONTH-
MaJIbHILIIMM BapiaHTOM JIiKyBaHHsL.

OpHaK yCKJIQJHEHHS 1 HACIJIKU JIIKYBaHHS JTYXe Bil-
MiHHI, 32 JAHUMH PI3HHUX JIOCIIJUKEHb Ta B PI3HUX TPYyIax
nanieHTiB [12]. I sKmo HacmiaKu Ta pe3yabraTtd Xipyprid-
HOTO JIIKyBaHHs B paHHIH micisonepariifnui mepion noope
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BUBYEHI, TO BiJJIaJICH] pE3yJIbTATU XipYPriuHOTO JIiIKyBaHHS
NOTPeOyIOTh OLIBII eTanbHOTO JociipkeHHs [13].

Hudepenuiiina niarHoctuka Mk JCHIIC Tta BHY-
TPILIHBOYEPETHUMH ITyXJIMHAMH, TAKUMH K MEHIHTiOMa,
€ CKIIaJHOI0 Yepe3 CXOXICTh KIIHIYHMX MposiBiB. OCHO-
BHOIO BiIMIHHICTIO, IKY MU ITOMITHIIH TIi]T YaC TIEPBHHHOTO
OITUTYBAHHS NALlIEHTKH, € HAsIBHICTh HEBPOJIOTIYHOI CHMII-
TOMAaTUKA (OHIMIHHA), IO YACTIIIE TPAIUIAETHCS Y pasi
MEHIHT1OMH.

BaxxnuBicTe MYNTBTHIUCHHIDTIHAPHOTO TIIXONY Mif-
KPECIIOIOTh  BUMAJKH, KOJIM CTaHJApTHE JIIKyBaHHS
JCHUIC ue nae edexty i moTpedye Momaabinoi giarHoc-
TUKH. PedepeHTHUIT Oib € BaXKJIMBUM MEXaHI3MOM, SIKHUii
MOSICHIOE MOXKJTUBE MacKyBaHHs MeHiHriomu mig JJCHIIIC,
o miaTBeppKkyeThes nanumu G. Har-El et al. (1987) [14].
Amnanoriyno y Bunajaky F. Koumoura et al. (2000) nari-
entka Mana 6inp y CHIIC, ane nume MPT ronoBHoro
MO3KY JI03BOJIMJIa BCTAHOBUTH MPaBUWIIBHUH NiarHo3 [15].

[oniOHmit kmiHIYHKE BHUIAAOK omucaHo B Region 11
Medical Journal (2019), ne mamieHT TakoX MaB CHMITTOMa-
tuky aucynaknii CHIC Ha 111 MeHiHTioMH [16]. deTans-
Huit aganiz MPT romosroro mo3ky Ta CHILIC no3Bonus He
JIUIIE BISIBUTH MEHIHTIOMY, 8  OIHUTH CTPYKTYPHI 3MiHA
y CyrI00i, 1110 MOIJIO BIUTMBATH HA IEePeOir CHMIITOMATHKH.

Cymomu Ticist XipypridHOrO BHAAJICHHS MEHIHT1OMH
€ nobpe 3am0KyMeHTOBaHUM siBuieM [17; 18]. V namoi
MAI[IEHTKA 1X BUHUKHEHHS, HMOBIpHO, OyJlo IOB’s3aHe
3 HEZIOTPUMaHHAM POTHHAOPSIKOBOI Tepaii, 10 ITPU3BEIIo
JI0 TIOBTOPHHX €I1i30/1iB HAOpsIKy, KOMIIpecii MO3KOBOI TKa-
HUH{ Ta BTOPUHHOTO MiJBUIIEHHS HEHpOHAIBHOI 30yHn-
BOCTI. 3r0JJOM CTaH HOpPMaJi3yBaBcs, 1[0 MOXE CBIIUUTH
mpo e(eKTUBHICTh peabimiTaniifHOi Tepamii Ta mpu3Hade-
HOTO TIPOTHEIIIENTHYHOTO JIIKyBaHHS.

3MiHa epeKTHBHOCTI MperadaiiHy A0 Ta Iicisi BHOa-
JIEHHS MEHIHTIOMH MOXKe OyTH HOSCHEHA BITMBOM ITyX-
JIMHA Ha HEWpOHAIbHY 30YyIJIUBICTH Ta OOIHOBY MOAY-
asmio. MMOBIpHO, MyXiHHA 3MiHIOBaTa CIPHIHATTS Ta
(bapMaKoKiHETHKY IIpernapary, 10 MPH3BOAWIO IO HOTo
HU3bKOI edektuBHOCTI. [licas BUmaIeHHS MEHIHTIOMHU
BiJTHOBJICHHSI HOPMaJIbHOT HeWpoHaIbHOT PyHKII{ MOTIIO
CIPUYMHUTH NiJABHIICHY YYyTIWBICTH JIO Mpenapary Ta
po3BHUTOK N0OiuHUX edekTiB. [ToniOHMIA edekT crocTepi-
raBcs y BUIIAJKY, /1€ MiCJIsl BUAAJICHHS BHY TPILIHbOUEpEII-
HOTO HOBOYTBOPEHHS 3MiHIOBAJIaCcs pEaKilisi OpraHizMy Ha
kapOamazenin (Terperon), mo TPU3BOAMIO IO HEOOXin-
HOCTI Kopekmii Tepamii [16]. Tomy cmix BpaxyBaTH, 1o
IIyXJIMHHI YTBOPEHHS MOXXYTb BIUIMBaTH Ha YyTJIUBICTbH
0 HEHPOTPONHHUX IMpemapariB y MiCasIonepaliiHoOMy
nepiomi.

Hus miarnoctuku JICHUIC y 1iel mamientku Oyino
Bukopucrano kpurepii DC/TMD (Axis I), ockinbku neit
MiXiJ JO03BOJsiE O0’€KTUBHO OIIHUTH CTPYKTYPHI Ta
¢dyHKIIOHABHI TopyIIeHHs cyrioda [19]. Ha ocHoBi kiii-
HiuHOTO 0OCTexeHHs Ta pesynsraris MPT CHILIC no3Bo-
JAIO YiTKO BU3HAYHUTH CYIIIOOOBI 3MIiHH Ta CIUIAaHYBaTH
BIJIIOBiTHE JIIKyBaHHSI.

OpauM i3 ocHoBHHX MetoniB iikyBaHHs JCHILC
€ BUKOPHCTAHHS OKJITIO3IHHUX Kaml i3 )KOPCTKUM 0azncowm,

BHUIIALOK I3 JIIKAPCBEKOI IPAKTUKH

IO CIPHSIOTh PO3BAHTAXEHHIO Cyrnoda Ta HopMatizarii
M’S30BOTO TOHYCY. Y I[bOMY BHIa/IKy MaI[iEHTKA CIIOYaTKy
BiJ[3Ha4asa MO3UTHBHUN e(eKT jxopcTkoi karmu (Michigan-
splint), olHaK 3roloM CHUMITOMH OOJIO HOBEpPTAJIKCS, IO
BUMarajo IOJJIBIIOT0 pO3IIUPEHHS JiarHOCTHYHOIO
MONIYKY. AJIFTEpHaTUBHUI BapiaHT — M sika Kara — He Oyia
e(heKTUBHOIO, OCKUIBKM He 3a0e3redyBania cTaldimizariio
cyrno0a i CIpHYMHSIA HAPY>KSHHS XKyBaJIbHAX M s13iB. Lle
MiATBEPIIKYE HEOOXIMHICTh IHAMBIMTYaTbHOTO MIAXOMY IO
BHOOPY OPTONIEAMYHOTO JIIKYBaHHS, OCOOIMBO Yy MAIliIEHTIB
13 MTOETHAHOIO MATOJIOTIETO, K y TAHOMY BHIIAJIKY.

BiamoBigHo 10 pe3ynbratiB gociuimkeHHs [20], ske
JIEMOHCTPYE 3HAYHY B3a€EMO3AJICKHICTh MIXK THIIOM IIPH-
KyCy Ta NaTOJIOTIYHUMHM 3MiHaMH KpaniodamianbHoI
o0nacTi, Halll CIIOCTEPEKEHHS IiIKPECTIOITh BaXKIIH-
BiCTBb peTeNbHOI OLIHKH Y Pa3i HaTOreHETHYHOTO ITiIX01y
no CHIIC. HasBHICT, MEHIHIIOMH MOIJIA BIJIMBATH Ha
CHPHUUHATTS OOJLOBUX CHTHANIB Ta €(PEKTHUBHICTH JIKY-
BaHHS, IO TaKOX MiJKPECTIOE Ba)KIMBICTh KOMIUIEK-
cHoro migxoxy B piarHoctuili JCHIIC, Bxirouatoun He
JUIIE CTOMATOJIOTidHEe, a § HeBPOJIOTiYHE 0OCTEKEHHS.
[ToniOHO 4O eKCIepUMEHTANBHUX JOAaHUX, SKi BKaszy-
I0Th Ha POJb 3amajbHUX MexiatopiB y pasi JCHIIC ,
30KpeMa, TMiABUIIEHHS KoHIeHTpallii C-peakTHBHOTO
Oinka ta IL-6 y cupoBarmi mija 4ac iHJyKOBaHOIO 3ama-
nenns CHIIIC.

[[ikaBuM KJIIHIYHAM CIIOCTEPEIKCHHIM Y IBOMY
BUNaAKy crano mnokpamienHs crany CHIIC y mnami-
€HTKH Yy pa3i 3MiHHU ITOJIOKEHHSI S31Ka OJIVDKYE JI0 ITi/IHe-
6inHsa. Xoda moniOHI MexaHi3MH He OylM HIMPOKO OIH-
caHi B HayKOBi#l JiTeparypi, MOXXHa MPUITYCTUTH, IO IIe
SBHIIEC MOXE OyTH ITOB’s3aHE 3 aAaNTaliiHOO 3IaTHICTIO
CHILIC mo 3MiH, CIpHYMHEHUX JiKyBIGHAM €(PEKTOM
IIMHHOT Tepatii.

BucHoBku

[IpencrapiaeHuii  KITHIYHAA BUMAJO0K JIEMOHCTPYE
CKJIaZHICTh JHU(EepeHIiiHOT JIarHOCTUKK y pa3i Ooiro
y aistani CHILIC, oco6nuBo y pasi cymmyTHHOT HEBPOJIOTiY-
HOi cumntoMaTuky. [louarkoBa iHTEpIIpeTAaLis CUMIITOMIB
stk riposieiB JJCHII[C mpu3Bena 10 4acTKOBO €)EKTUBHOTO
OPTOIIEINYHOTO JIIKyBaHHS, OJJHAK 3T0IOM BHSIBIJIOCS, IIIO
MEpBUHHA CUMIITOMATHKa Oylla 3yMOBIJICHA BHYTPIIIHbOYE-
PETHOIO ITaTOJIOTIEI0 — MEHIHT10MOIO.

Kniniuauii BUnamox migKpeciIroe HeoOXiMHICTh MyITb-
TUANCIUIUTIHAPHOTO TMIAXOMY A0 MiarHOCTHKH Yy pasi
aTHIIOBOTO ab0 PE3WCTEHTHOTO [0 JIIKYBaHHS Iepediry
3axBoproBanHs. CIijibHa poO0Ta CTOMATOJI0ra, HEBPOJIOTa,
erniyienrTonora Ta HeWpoxipypra J03BOJNKIA TOYHO BCTAHO-
BUTH JliarHO3 Ta BUOpaTu e()eKTHBHY TAaKTHKY JIKyBaHHS,
sKa BKJIIOYaJla XipypriuHe BTpy4YaHHs Ta MOJAJIbIIHKA CTO-
MarToJIOTIYHUH CYIPOBIJ,.

TakuMm 4MHOM, CBO€YacHE 3aJy4eHHS CyMDKHHUX CIIe-
LIaJiCTIB Ta PO3IMIMpPEHa AIarHOCTHKA € BHUPINIaJIbHUMHU
y BHIIQJIKaX, KOJIM KIIiHIYHA KapTHHA BUXOIUTH 33 MEXi
tunoBoi aucdynkuii CHILC. Takuit miaxix mo3Boisie HE
JUIIe YHUKHYTH TOMHJIOK, aje W 30epertu 3M0poB’sl Ta
SIKICTB KHTTS TAIlIEHTA.
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Currently, ammonium hexafluorosilicates (AHFS) are being studied as promising new type of fluorine-containing agents, which, due to
their specific mechanism of anti-caries action, have some advantages compared to known fluoride preparations.

The aim of this study was to identify, on the basis of the developed QSAR models, the main structural factors of AHFS molecules that
determine their anti-caries activity, in particular, caries preventive efficacy and mineralization index.

Materials and methods. A training set consisting of 22 AHFS with cations of different types was formed for build QSAR models. SiRMS
approach based on the simplex representation of the molecular structure was used for calculate structural descriptors. The calculation of
descriptors was carried out at the 2D level of molecular structure modeling. In this case, the molecule is represented by a structural formula,
taking into account the connectivity of atoms in the simplex, the type of atoms and the nature of the bond (single, double, triple, aromatic). It
should be noted that the structural parameters were calculated only for organic cations (ammonium fragments), since the anion was always
the same — SiF .

Results. 3423 structural descriptors were calculated for each compound. Adequate QSAR PLS models were developed for the caries
prevention efficacy and mineralization index of the studied salts. A randomization procedure (Y-Scrambling) was used to confirm the non-
randomness of the developed QSAR models. An analysis of the relative contributions of different types of descriptors to the calculated values
of the studied properties was performed.

Conclusions. As a result of the structural interpretation of the constructed QSAR models’ information was obtained regarding the direction
of modification of the structures of ammonium hexafluorosilicates to create more effective and promising caries prophylactic agents. Using
molecular design, it was possible to construct a new molecule in which a certain balance of the influence of structural factors provides higher
values of anti-caries activity characteristics than in the molecules of the training set.

Keywords: anti-caries agents, caries prevention efficacy, mineralization index, SIRMS — simplex representation of molecular structure,
QSAR.
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AHAJII3 BILJIMBY BYJIOBH AMOHIEBHUX TEKCA®TOPOCHJIIKATIB HA iX AHTHKAPIECHY
AKTHUBHICTbH
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Merta pobotu — Ha 0cHOBI po3pobienux QSAR mozenell BUSBUTH OCHOBHI CTPYKTYpHI YHHHHKHM MOJIEKYJ aMOHi€BHX Tekcadro-
pocuiikariB (AI'®C), mo BU3HAYAIOTH iX aHTHKAPiECHY aKTHBHICTb, 30KpeMa Kapiec-mpodinaktnuny edekruBHicTh (KIIE) i minepa-
nisytounii ingexc (MI). O6’exrom nocnimxenns Oyna Bubipka 3 22 AT'®C. BukopucroBytoun 2D-cuMiieKkcHU miaxia, modyn1oBaHo
anexsatHi QSAR PLS-mozneni quist KIIE 1 MI nocnimkyBanux coneid. [IpoBeseHo aHaii3 BiTHOCHUX BHECKIB Pi3HHUX THIIIB TE€CKPUNITOPIB
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SAPMAKOJIOI'TIA I SAPMAIIIA

y PO3paxyHKOBI BEJIMYMHHU AOCITIIKYBaHHMX BIACTUBOCTeH. Y pesynmbrari cTpykTypHOI iHTepmperarii nodynoBanux QSAR mopneneit
oziepkaHo iH(popMaNLilo Mmoo HampsMy Mopaudikanii CTPyKTYp aMOHI€BHX IeKCadTOPOCHIIIKATIB JUIsi CTBOPEHHS OibII e)eKTUBHUX
Ta NEePCIeKTHBHUX aHTUKAPIECHUX areHTiB. 3a JOMOMOTOK MOJICKYIISIPHOTO AM3aifHy CKOHCTPYHOBAaHO HOBY MOJIEKYIY, y SKOi NEBHUH
OanaHc BIUIUBY CTPYKTYPHHX YMHHHKIB 3abe3nedye Oinbli 3Ha4YeHHs TOKAa3HUKIB aHTUKAPiECHOI aKTUBHOCTI, HIX Y MOJIEKY] HaBYallb-

HOT BHOIpKH.

Kunrouosi cioBa: anTHKapiecHi areHTH, Kapiec-podinaktniHa eexTHBHICTb, MiHepamizyounii ingekc, SiRMS — cummiexcHe mpen-

CTaBJICHHS MOJIEKYISIpHOI cTpyKTYypH, QSAR.

Introduction

As is well known, the so-called “fluoride revolution”
[1], that is the widespread implementation of fluoride-
based caries prevention methods at municipal and regional
levels, the introduction of new fluoride materials and their
application technologies in dental practice [2—4], and the
elucidation of the mechanisms of the anti-caries action
of fluorides [5-7], has led to significant improvements in
the dental health status of populations in many countries
worldwide. Despite ongoing active research on non-fluo-
ride anti-caries agents (including antibacterial peptides, for
example [8], silver nanoparticles [9; 10]), fluoride prepara-
tions continue to dominate caries treatment and prevention
for caries. Moreover, interest from researchers and clini-
cians in this type of therapeutic agents has not diminished
even after more than 100 years since their discovery [11].
Currently, ammonium hexafluorosilicates (AHFS) [12;
13] are being investigated as promising new fluoride-con-
taining agents. Due to their specific mechanisms of anti-
caries action, these compounds possess certain advantages
compared to conventional fluoride preparations. It should
be noted that both attempts to interpret existing research

results on the anti-caries activity of AHFS and predictions
of the anti-caries characteristics for new compounds in this
series encounter certain difficulties. In this context, stud-
ies aimed at identifying relationships between anti-caries
activity indicators and the structural characteristics of
AHFS using the QSAR formalism undoubtedly represent a
valuable and promising research direction.

The aim of the study was to identify, based on the
developed QSAR models, the main structural factors of
AHFS molecules that determine their anti-caries activity,
in particular, caries preventive efficacy (CPE, %) and
mineralization index (MI) [14; 15].

Materials and Methods

The dataset used for developing the QSAR models
consisted of 22 AHFS with cations of various types,
including 15 salts of N-containing heterocyclic cations and
7 arylammonium salts. The properties under study were
caries prevention efficacy (CPE) and mineralization index
(MI) of the above salts. The structures of the AHFS used in
this study, along with their corresponding property values
[12, 14, 16] are listed in Table 1.

Table 1
Structures and anti-caries characteristics of AHFS
Ne Structure of hexafluorosilicate CPE, % M
1 ’ SiF:- 36.4 27.8
NP7 \
H3C\é — N+ N‘+ X CH3
2
H
2 OH 45.5 39.2
+H
\N 2
‘ SiF,
HO ’T‘J\ X
H
3 - - 6.8 84.6
S
@ SiF,
'Tf CH,COOH | '8
L H 2
4 « CH,COOHT 11.4 76.1
| W SiF,
L 1
5 CH,COOH 455 50.5
| N SiF,
N7
,Ll 2
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Continuation Table 1
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At the previous stage of this study, all molecular
structures of the organic cations (ammonium fragments)
were modeled using the Molecular Modeling System
HyperChem™!. For all investigated compounds the
structural parameters were calculated using the SiRMS?
approach [17], which is based on the simplex representation
of the molecular structure. This approach has proven
effective for solving various QSAR/QSPR tasks [17],
in particular, for building QSPR models for the water
solubility of similar AHFS and analyzing the influence of
H-bond on their water solubility [18].

The SiRMS approach involves isolating and counting
different four-atom molecular fragments (simplexes) of
fixed composition and structure. In addition to four-atoms,
the fragments of other sizes (two-, three- etc.) can also be
calculated.

The ability to perform variants of the differentiation
of simplex vertexes (atoms) is an important feature

' HyperChemTM, (2002). HyperCube, Inc. URL: http://www.
hypercubeusa.com

2 SiRMS — Simplex Representation of Molecular Structure.
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of this approach. The differentiation of atoms in these
simplexes is performed not only by their labels (atom
symbols), but also based on the different atom properties.
Different physicochemical characteristics can be used
for atom differentiation in a simplex, in particular: atom
partial charge, lipophilicity, electronic polarizability, van
der Waals (VDW) interaction parameters, the ability to
be donor/acceptor of potential H-bond, etc. The details
of the calculation of simplex descriptors are described in
[17]. The QSAR models developed in the framework of
this approach are easily interpreted.

In this study the following schemes of dividing the
atom properties into intervals were used in the calculation
of simplex descriptors:

electronegativity (en): A <2.19< B <2.5<C <3 <D;

electronic refraction (rf): A<1.5<B<3<C<8<D;

atomic charge (chg): A <-0.13 < B <-0.02 < C <0.09 <
D<0.19<E<030<F<041<G;

lipophilicity (lip): A <-1.51 <B <-0.96 <C<-042<D
<0.13<E<0.68<F<1.23<G;

VDW attraction (attr): A <50 < B <100 < C <250<D
<400 < E <650 <F <2000 < G;
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VDW repulsion (rep): A <20.000 < B <32.000 < C
<50.000 <D <100.000 < E.

All atoms corresponding to simplex vertices were also
divided into three groups: D — donors of potential H-bond,
A — acceptors of potential H-bond and I — indifferent ones.

Integral descriptors, which characterize the molecule as
awhole, were used in addition to the calculated local simplex
descriptors, in particular, molecular mass, molecular
refraction, lipophilicity, equalized electronegativity [17].

The calculation of descriptors was carried out at the
2D level of molecular structure modeling. In this case, the
molecule is represented by a structural formula, taking into
account the connectivity of atoms in the simplex, the type
of atoms and the nature of the bond (single, double, triple,
aromatic). It should be noted that the structural parameters
were calculated only for organic cations (ammonium
fragments) because the anion SiF * was the same in all
cases. All values of structural parameters were multiplied
by a coefficient (1 or 2) depending on the number of cations
in each specific ammonium salt. Thus, a total of 3423
structural descriptors were calculated for the investigated
molecules.

The relationships between calculated descriptors and
investigated properties were established with the method of
partial least squares (PLS) [19]. This statistical method has
proven itself well for solving various QSAR/QSPR tasks.

Research results and their discussion

To obtain PLS models, the procedures of Automatic
Variable Selection (AVS) and Genetic Algorithm were
used. To determine the influence of different structural
factors on the CPE and MI in the construction of 2D PLS
QSAR models M1 and M2, respectively, all 22 studied
hexafluorosilicate cations were included in the training set.
Such models M1 and M2 are approximated. We tried to use
the maximum of the available experimental information
that was available to solve the interpretation problem.

At the previous stage mutually-correlated and constant
parameters were eliminated and Trend Vector procedures
were used to select the initial sets of descriptors for
developing of PLS — models [20]. The use of these
procedures reduces the count of variables by several times
that allows to eliminate the “noise” from the excessive
number of descriptors and to obtain more adequate models.
Thus, after using the above procedures the number of most
significant structural parameters for CPE was 71, and for
MI — 68, respectively.

Model M1 demonstrated the following statistical
characteristics: number of latent variables A= 1, coefficient
of determination R? = 0.73, coefficient of determination
for cross-validation Q? = 0.66, standard error for training
set S (ws) = 10.4, standard error for cross-validation
S (cv)=12.1.

The Y-Scrambling procedure [17] was used to
confirm the “nonrandomness” of the developed QSAR
models. This procedure consists in creating models
by random permutation of the property values. The
statistical characteristics of such random models should
be significantly lower than statistical parameters for
developed real QSAR models. One hundred iterations were
carried out by mixing CPE values. The models obtained
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using the Y-Scrambling procedure had low values of
R? .= 0.2740.03 and Q? = = 0.11+0.08, indicating the
non randomness of the established relationship between
the structure of compounds and their CPE values obtained
from the previous model M1.

Model M2 had the following adequate statistical
characteristics: A= 1, R2=0.84, Q*=0.76, S (ws) = 14.4,
S (cv) = 18.6. As a result of using the Y — Scrambling
procedure during 100 iterations with random shuffling of
MI values, models with low values of R2 vasen = 0-20£0.03
and Q2YSCT = 0.094+0.03, respectively, were constructed.
The results obtained in this case also indicate the non-
randomness of the relationship between the structure and
mineralization index of investigated compounds obtained
from the model M2.

It is important to emphasize that models M1 and
M2 were used for physicochemical and structural
interpretation. The structural parameters, their relative
contributions, and the total value of these contributions for
each atomic property separately for the developed QSAR
models M1 and M2 to assess the relative influence of
various physicochemical factors on the properties of the
studied compounds are listed in Table 2. Thus, the relative
contribution of simplexes in which the differentiation of
vertices corresponds to the atom charges reflects the role of
electrostatic factors; the relative contribution of simplexes
in which the atoms are differentiated by lipophilicity
reflects the role of hydrophobic factors, etc.

An analysis of the relative contributions of different
types of descriptors to the calculated CPE value (Model
M1) (Table 2) showed that electrostatics has the greatest
influence, accounting for approximately 79% of the effect
on the CPE of the studied compounds. The importance
of these factors is evident given the ionic nature of the
investigated substances. A noticeable, though somewhat
smaller, contribution comes from van der Waals
interactions — around 16%.

In the case of MI (Model M2), the most significant
contribution comes from the nature of the atoms, which
reflects the individuality of atoms with their full set of
properties; this factor accounts for 58% of the influence.
Electrostatic interactions also play a substantial role,
contributing approximately 33%. Unlike CPE, MI is
additionally influenced by lipophilicity, which contributes
about 9%.

A structural interpretation of the QSAR models
M1 and M2 was subsequently carried out. The relative
influence on CPE and MI of certain substituents in the aro-
matic and heteroaromatic core (Fig. 1), substituents at the
quaternary Nitrogen atom (Fig. 2), and the relative posi-
tion of substituents in the aromatic (heteroaromatic) core
(Fig. 3) was analyzed. The provided information clearly
shows that the influence of various structural fragments on
CPE and MI does not correlate with each other. Therefore,
when designing new promising caries-preventive agents, if
one seeks to maximize one of the two activity indicators
(CPE or MI), the other becomes relatively less significant
(Fig. 4).

Nevertheless, through molecular design, we succeeded
in identifying a balance of structural factors influencing
caries-preventive activity, such that the designed compound
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Table 2
Relative influence of some structural parameters on CPE (model M1) and MI (model M2)
Model M1 Model M2
Atom property Descriptor Contribution, % Descriptor Contribution, %
Charge B—B 15.0 By, _E 18.6
B=C c—¢
A—D 14.8 E—E 8.2
c—C c—C
Bx.. .C 13.0
Ne=g”
;IIE 11.4 -
5 IC WA
B= 7.8 —
c—C
C=E 6.6 —
C—E
Total 68.6 26.8
Type! . . .
ype \ e 5.2 \ 20.0
c—C #. /c....
N+ =c—c .
- SNt
A
S B 11.6
C'_
J C—OH
\‘ 15.9
c‘;
-
c—C .
#
Nt~
A
— . 10.6
N\
C
~4 I-{
Total 5.2 58.1
Lipophilicity - ~E 9.2
E—E
A
Electronegativity - D 59
B—C
D
VDW repulsion B 11.3 -
D—B
‘B
B 5.0
B—B~
C
Total 16.3
Electronic refraction A 9.9
A—B

! Reflects the individuality of atom with its full set of properties
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Fig. 1. Relative influence of substituents in the aromatic or heteroaromatic cation core on CPE
and MI for investigated salts

CPE Ml
H
H N+ | \\\ +
® N | o N
[l . K ;
Q ! I3 S
/
; H
S ;
= g H
£ H N+ ! k H N+ !
K — []
o e N—F ¢ |\ H-N—
> / N RSN '
e
= H \ H
o !
je S
® N\ S L
= N—H O A—N—
# .e \ / ]
D , N
£ > H
@
5 N\ : N :
g N, NS
A/ 04

Fig. 2. The sequence of changes in the relative influence of substituents in the N*-containing fragment on CPE

and

(see Fig. 4, B) exhibits relatively high activity with respect
to both parameters.

It should be noted that, in order to assess the
parameters of CPE and MI for new substances not
included in the training set, QSAR models with proven
predictive ability are required. In fact, it is necessary
to demonstrate the adequacy of the QSAR models for
test sets. For this purpose, a portion of the molecules
(specifically, 20% of the total number of molecules in the
dataset) is excluded from the model-building process,
and the remaining molecules form the training set. After
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the model is built, it is used to predict the properties of
the test compounds.

Given that the full set of studied compounds is relatively
small, the method used to evaluate the predictive ability of
the constructed QSAR models was based on the formation
of test sets using a structural dissimilarity (SD) matrix
of the molecules. After calculating the descriptors for all
compounds in the sets, the SD matrix was constructed.
The measure of SD between molecules M and M' is the
Euclidean distance between the molecules in the space of
structural parameters S:
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Fig. 3. Relative influence of some substituents in the aromatic or heteroaromatic cation core on anti-caries
activity (CPE and MI) for investigated salts
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Fig. 4. Predicted CPE and MI values for new designed molecules

SD(M,M")= /i(si -5

where n — a count of molecules in the studies set.

The entire range of values of the studied properties is
divided into specific groups. The number of groups is a
tunable parameter; in this study, the number of groups was
set to 4, as 20% of the molecules needed to be included in
the test set. The test set included compounds from different
activity groups that exhibited the minimum total structural
dissimilarity (SD) with all structures in the studied dataset.
This method of forming the test set ensures representative
and diverse training sets, which allows for model building
without significant loss of structural information.

Thus, for each property, datasets containing training
and test sets were formed. The developed models M3 (for
CPE) and M4 (for MI) demonstrate sufficient predictive
capability. For CPE, model M3 demonstrated the following
statistical characteristics: number of latent variables
A = 1, coefficient of determination R? 0.81, cross-
validated coefficient of determination Q>=0.61, coefficient
of determination for the test set R? test = 0.60, standard
error for the training set S(ws) = 9.0, standard error for
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cross-validation S(cv) = 13.6, and standard error for the
test set S(ts) = 12.3.

For MI, model M4 showed the following statistical
characteristics: A= 1, R?=0.82, Q*=0.71, R? test =0.74,
S(ws) = 15.9, S(cv) = 21.3, and S(ts) = 16.6.

Conclusions
As aresult of the study, adequate 2D PLS QSAR models
were developed, which not only qualitatively describe
the influence of molecular structure on caries-preventive
activity (CPE and MI), but also satisfactorily predict the
values of these properties for new molecules that are
structurally similar to those in the training set.

Through molecular design, a new compound was
designed in which a certain balance of structural factors
leads to predicted CPE and MI values exceeding those
of the molecules in the training set. It is anticipated that
future experimental studies will confirm these predictions
obtained from the QSAR models.

Thus, the insights gained from the interpretation of the
QSAR models highlight potential directions for modifying
AHFS structures in order to develop more effective and
promising caries-preventive agents.
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HOPMATHUBHO-IIPABOBE PEI'YITFOBAHHS ®APMALIEBTUYHOI JTUCTPUBY I
B YKPAIHI: TAPMOHI3ALIIA 3 BUMOI'AMHU €C TA BUKJIMKHU BITPOBA/I’KEHHSA
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HOPMATHUBHO-ITPABOBE PEI'YJIIOBAHHSI ®APMALEBTHYHOI JTUCTPUBYLII B YKPAIHI: TAPMOHIZAIIIA
3 BUMOT'AMMU €C TA BUKJIMKH BITPOBA I’KEHHA

O0ecvkuii HayioHanbHull Meouynuil yHigepcumem, Oodeca, Yxpaina

VYV craTTi mpoaHaNi3oBaHO IHWHAMIKY HOPMAaTHBHO-IIPABOBOTO pETyNoBaHHS (apmaneBTHuHO! aucTpuOyuii B VYkpaini 3a
1992-2025 pp. B xoHTeKkcTi rapMmoHizanii 3 BuMmoramu €C ta crangapramu PIC/S. Beranosneno ¢opmanbHy BifIOBifHICTH Hamio-
HaJbHOT HOpMaTHBHOI 0a3u ynHHIM BuMoraMm GDP €C, npu npomy 30epiraerbest pparMeHTapHICTh PEryaoBaHHsS. Po3mOBCIOMKEHICTh
ceprudikaiii cyd’ekTiB papMarieBTHUHOT AUCTpHOYIIii YKpainu Ha BinnoBiaHicTh BuMoram GDP cranoBuTth 61u3bko 10% Bif 3aranbHOi
KIJBKOCTI MiCIb IIPOBA/PKEHHS MisUIBHOCTI 3 OITOBOI TOPTIBIIi JikapchkuMmu 3acobamu (JI3). OGIpyHTOBaHO KIIIOYOBI CTPHMYBabHI
YHHHHUKU Ta 3aIPOIIOHOBAHO BIIPOBAKEHHS KOMIUIEKCHOI CHCTEMHU CTUMYIB cepTHdikarii GpapmaneBTHYHIX AUCTPHO IOTOPIB HA Bif-
noBiguicTs BuMoram GDP.

Kutrouogi cioBa: HanexHa npaktuka nuctpudynii (GDP), papmaneBTidna quctpulymnist, HOpMaTUBHO-TIPABOBE PETYIIIOBAHHS, CepTUDI-
Karlis, TIKapchKi 3aCO0M.
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REGULATORY FRAMEWORK FORPHARMACEUTICALDISTRIBUTION IN UKRAINE: HARMONIZATION
WITH EU STANDARDS AND CHALLENGES OF IMPLEMENTATION

Odesa National Medical University, Odesa, Ukraine

Introduction. Pharmaceutical distribution is a key component of the integrated supply chain, ensuring the quality and safety of medicinal
products.

The aim of the work. To analyse the dynamics of regulatory and legal regulation of pharmaceutical distribution in Ukraine in the context
of harmonization with EU requirements.

Materials and methods. The study analysed Ukrainian and EU regulatory documents governing pharmaceutical distribution for
1992-2025 from official sources. Data of the State Service of Ukraine on Medicines and Drugs Control on GDP certification, information on
the distribution of wholesale and retail market segments, and relevant scientific literature were processed using systematisation, generalisation,
comparative and content analysis.

Results and discussion. The evolution of Ukraine’s GDP regulatory framework under EU harmonisation was analysed. Formal compliance
with EU GDP requirements was established, while regulatory fragmentation. The slow modernization of GDP certification procedures reflects
the adaptation of public policy to economic, institutional, and crisis challenges. The percentage of pharmaceutical distribution entities
in Ukraine certified as compliant with GDP requirements remains low, accounting for about 10% of the total number of wholesale drug
distribution sites at the end of 2025. Key barriers to certification were identified, and a comprehensive system of regulatory, economic and
organisational incentives was proposed.

Conclusions. Despite formal compliance with EU GDP and PIC/S standards, the effectiveness of pharmaceutical distribution regulation
in Ukraine is limited by voluntary certification, low coverage of certified warehouses and the lack of systemic incentives, indicating the need
for comprehensive regulatory reform.

Keywords: Good Distribution Practice, pharmaceutical distribution, regulatory framework, certification, medicinal products.

Beryn
HuctpuOynist JI3 CcTaHOBUTH HEBIJ €MHY CKIJIAJIOBY
IHTErpoBaHOI CHUCTEMH YNpPAaBJIiHHS JIAHIIOTOM IOCTa-
YaHHSI, CIIPSIMOBAHOI Ha TapaHTYBaHHS HAJIEXKHOI SIKOCTI Ta
6esnegnocTi npoxykuii. CygacHa aucTpuOyIiiiHa cucrema
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CrarTs MOMMUPIOETHCS HA YMOBAX JIIICH3IT -'
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JI3 neMoOHCTpYy€E TEHICHIIIO 10 YCKIAIHEHHS CBOET CTPYK-
TypH BHACIHIJOK PO3MINPEHHS KiJTBKOCTI Cy0’ €KTIB, 3aTyde-
HUX 70 Tporecy obiry. 3rigno 3i crarrero 1 (17) Jupek-
tuBu 2001/83/EC, muctpudyuis JI3 — me Bes OisSUNTBHICTD,
sika Tependadae mpuadaHHs, 30epiranHs, mocrayanas abo
excriopt JI3, okpimM mocradanus JI3 HaceaeHH!O, 3IifCHIO-
€ThCS Pa30M i3 BUPOOHUKAMHU ab0 IX IpPEACTAaBHHUKAMH,
iMIIOpTEepaMu, IHIIUMH JUCTPUO toTopamu abo dapmares-
Tamu [1]. GDP onucye cranmapty, SKUX MOBUHEH JOTPH-
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MyBarucs ONTOBUI IUCTpUO’I0TOp, W00 3abe3rneunTu
30epekeHHs SKOCTI Ta mimicHocTi JI3 y BCchoMy JsaHIo3i
nocrtayaHus [2].

YkpalHCBKi BUEHI MPOBOIWIN JTOCIIPKEHHS MIONO0 Pi3-
nux acriektiB GDP. ¥V po6ori C. I. Y6orosa, B. B. Tpo-
xumuyka, [. B. 3aropis, JI. O. ®emopoBoi [3] mociimkeHo
CTaH BIPOBADKEHHSI Ta reorpadiro MOMUPEHHS cepTudi-
xoBaHuX cucteMm GDP i ympaBiinHA AKicTiO Ha (hapMarieB-
TUYHUX MignpueMcTBax Ykpaian. Y cepii po0it P. O. I'yp-
Kist [4-6] 3milficHeHO TPYHTOBHHI aHAIi3 acHeKTiB, IO
MAalOTh KITFOUOBE 3HAUeHHs i 3abe3medeHHs sikocti JI3
y CHCTeMi TUCTPHUOYIIii, JOCTIHKEHO BUMOTH 0 YIIOBHO-
Ba)KEHOI 0COOM AMCTPHO’FOTOPCHKOT KOMITaHil, OKPECICHO
KOMIIETEHTHOCTI, 3HaHHS Ta MpodeciiHuid NoCcBia, Heoo-
XiHI U1 e(heKTUBHOTO BUKOHAHHS ii 000B’S3KIB, a TAKOXK
MUTaHHs OpraHi3auii HaBYaHHS MPALiBHUKIB, 3aJTy4E€HHX
JI0 TporeciB onToBoi peamizamii JI3; migkpecieHo, MmO
BIIPOBADKEHHST (papMalleBTHYHOI CHUCTEMH SKOCTI BiJ-
nosigHo no BuMmor GDP € gieBum 3aco00M 3armoOiraHHS
MOTPAIUITHAIO  (PabCU(IKOBAHUX JIIKAPCHKUX 3aco0iB
Y JIeTaIbHUH JAHITIOT TIOCTaYaHHs Ta MiHIMIi3aIlil pU3HKIB,
10 BIUIMBAIOTH Ha SKicTh mpoxykuii. Y crarti B. O. JleGe-
muang ta O. C. PomenamBini 31iiCHEHO aHami3 IOJO-
keHb HactaHoBu CT-H MO3Y 42-1.0:2014 «Jlikapchki
3acobou. Hanexxna mpaktika aucTpuOylii». ABTOpamu
BUJIJICHO pAaI[iOHAJbHI HOBOBBEICHHS, OKpEMi TEPMiHU
Ta BUMOTH, SKi, Ha IXHIO TYMKY, OTpeOyIOTh MepersLy
JUISl yTOUYHEHHS! (POPMYIIOBaHb 200 Y3TOJUKEHHS 3 IHIINMH
rasry3¢BUMH HOPMATHBHUMH akTamu [7]. Y mocmimkeHHi
A. 1O. MorunoBoi 3iiCHEHO CHCTEMHE BU3HAYCHHS OCHO-
BHUX (yHKHiH (hapMalieBTUYHOTO AMCTPHO FOTOpa, OXa-
PaKTepU30BaHO KIIFOYOBHX YYaCHHKIB (hapMaIleBTUIHOTO
PHUHKY, IIpOaHaNi30BaHO iXHIO PHHKOBY YaCTKy Ta TEMITH
3pOCTaHHS, a TaKOX OKpECIeHO KpuTepii edekTuBHOCTI
TiSUTBHOCTI Ta TIEPCIIEKTUBH PO3BUTKY (PapMaleBTHIHHUX
JTUCTPUO IOTOPCHKUX CTPYKTYD [8].

HopmaruBHO-11paBoBe peryntoBaHHs (GapMarieBTHYHOT
JUCTpUOYLIT € KIIOYOBUM I1HCTPYMEHTOM 3a0e3nedeHHs
SIKOCTi, Oe3meku, mpocTexkyBaHocTi JI3 1 3amoOiraHHs
MOTPAIUISIHHIO (aiibecr(ikoBaHO! MPOAYKLII B JIerajbHUi
00ir. YIpomoBXK OCTaHHIX JIECATWIITh B YKpaiHi BigOyBa-
JI0Cs TIOeTarHe HaONVKeHHS PeryaTOpHOl 0a3u 0 BUMOT
€C. Boanoyac cydyacHI BUKJIMKH, 30KpeMa IOPYIICHHS
JIOTICTHYHMX JIAHIIOTIB TOCTAaYaHHSA, PH3UKH O00Iry Hes-
kicaux JI3 Ta BIUIMB BOCHHUX 1 COIIAIIBHO-€KOHOMIYHHX
(axTopiB, MIBUIIYIOTH 3HAYCHHS €(DEKTUBHOCTI IPAKTHY-
HOTO BIPOBA/DKEHHS PETYISITOPHUX BHUMOT, IO 3yMOBITIOE
noTpedy B CHCTEMHOMY aHalli3i PO3BUTKY HOPMATHBHO-
NPaBOBOTO PETYJIOBaHHS (papManeBTHYHOT AUCTPUOYIII.

Meta po6oTm — npoaHayidyBaTd JAWHAMIKy HOpMa-
THUBHO-TIPABOBOTO PETYIIOBaHHS (papMalleBTHYHOI JUCTPHU-
Oyuii B YKpaiHi B KOHTEKCTi rapmoHi3auii 3 Bumoramu €C.

Marepiajin Ta MeTOIM A0CTiIZKEHHSI

Jns mpoBenieHHs AOCIIIKEHHS IPOaHali30BaHO HOP-
MAaTHBHO-TIPaBOBY 0a3y VYkpainu Tta €C 3 nepkaBHHX
oimiHHUX HKEpeN OO0 PeryTioBaHHA (hapMaIleBTHIHOI
muctTpuOytii B mepiox 3 1992 mo 2025 pik. OnparsoBaHO
nani Jlep:xaBHOI ci1y>k0M YKpaiHH 3 JTiIKapChKHX 3ac00iB Ta
KOHTPOJIII0 32 HapKoTukaMu (Jlepkiikciayx0u) momo cep-
tudikoBanux ckiaanis GDP, naHi perioHaIbHOTO PO3MOILTY
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OINTOBOTO Ta PO3APIOHOr0 cerMeHTa (hapMaleBTHYHOIO
PHHKY, pEJICBaHTHY JIiTepaTypy 3a TeMoro. MeTomu moci-
JOKCHHSI: CHCTEMAaTH3allis, y3arajibHEeHHs, MOPiBHAIbHUI
Ta KOHTEHT-aHaJIi3.

Pe3ysibTaTn gocaixkeHHs Ta iX 00roBOpeHHs

V kpainax €C HOpPMaTHBHO-IIPABOBE PETYIIOBAHHS,
30KkpemMa y cdepi quctpudytii JI3, rpyHTyeThCS Ha € TMHIX
BUMOTaX, BCTAHOBJIICHHX BiJIIOBIIHMNMHU IUPEKTHBAMH Ta
craunapramu. Kepisai npuamumu GDP s JI3 6azyrorecs
Ha ctarti 84 Ta crarti 85b (3) dupexturu 2001/83/EC [1],
sIKa € OCHOBHOIO IPABOBOIO 03010 /IS PETYIIIOBaHHS 00Iry
JI3 B €C. €auHi NpUHIUIK Ta MpaBuia AUCTpuOymii JI3
JUTst JironuHu Oynu copmoBani B Mexkax €C BiImOBITHO
no crarti 10 Jupextusu Pamu 92/25/EEC Big 31 Gepesns
1992 poky [9] Ta odinifiHo 3ampoBamkeni B 1994 pori
yepe3 HacranoBy 3 HanexHoi mpakTuku quctpuOymii JI3
JUTS 3acTocyBaHHS MromuHOI0 (94/C 63/03) [10], sika cTama
nepmuM 6azoBuM nokymeHToM 3 GDP y €C. Bona Oyna
nepentayTa y 2013 porii 3 ypaxyBaHHSAM OCTaHHIX JOCST-
HEHb y IPAKTHIl Ta TEXHOJIOTISX, a TAKOK HOBHX BHMOT,
yBenennx Jupekrusoro 2011/62/EU [11], sixa cipsMoBaHa
Ha 3ano0iraHHs MOTPAIUITHHIO B 001T panbcudikoBanmx JI3.
Omnosnena Hacranosa GDP (2013/C 343/01) [12] uaOyna
guaHOCTI B €C y BepecHi 2013 poky. Bona cnpsimoBana
Ha 3a0€3MCUCHHS PE3yIBTaTUBHOCTI BCIX BUIB JisUTbHOCTI,
NoB’si3aHuX 13 po3noninoM JI3 (3abe3nedeHHs HaJSKHUX
YMOB 30€piraHHsi, TPaHCIIOPTYBaHHS TOILIO) 1 BUKOPUCTO-
BYETBCSl CBOTOIHI JUCTPHO IOTOpaMH (hapMalieBTHUHHUX
npenapariB y €C. YV Benukiit bpuranii BoHa BUKOPHCTOBY-
Bayacs HaBiTh micis Brexit 1o kinis 2024 poky, a 3 1 cidas
2025 poky 3acTocoBy0Th HacTaHOBM /17151 OITOBUX MOCTA-
YaIbHUKIB Ta BUPOOHWKIB MICIA y3ro[pKeHHS BiHmsop-
cpkoi pamkoBoi yromu (Windsor Framework, onoBimeHO
11 6epesns 2025 p.) [13]. Hocix Benukoi bpuranii micst
Brexit memoHcTpye, mo TpaHchopMmarliis (apMarieBTH-
HOTO PEryJIOBaHHS B YMOBaX BUXOAY 3 HaJHAIlOHAJIbHOI
CHUCTEMH MOXKE CYNPOBOMXKYBATHCS SIK PEryIsSTOPHUMH
PH3HKaMH, TaK 1 HOBUMH MOMJIMBOCTSIMU JUIsl (popMyBaHHS
CyBEpEeHHOI Ta OUIBII THYYKOi MOZENI yIpaBIiHHA. 3a3Ha-
YEeHUH JOCBIJ CBITYNTH NPO AOLIIBHICTH PO3BUTKY ajal-
TUBHOI, PU3HK-OPI€HTOBAHOI Ta MKHApOAHO IHTETPOBAHOT
CHCTeMH perymoBaHHs 00iry JI3 [14].

Taxkum umaOM, [dupextusa 2001/83/EC [1] Ta Perma-
meHT 2019/6-EN-EUR-Lex (BerepunapHi JI3) [15] Hapasi
BCTaHOBIIIOIOTH MOJIOKEHHS mono auctpuodymii JI3 B €C.
JlomaTkoBO /1Bi HACTAHOBH €BPOIEHCHKOI KOMiCii BCTAHOB-
moroTh BuMord 1o GDP: Hacranosa momno GDP JI3 mus
3actocyBanHs y Jroped (2013/C 343/01) [12] ra Hacra-
HoBa 1070 npuHuiB GDP mus aktuBHuUX pedoBuH JI3
Juisl 3acTocyBaHHs y smoneit (2015/C 95/01) [16]. A Takox
poboua rpymna incnekropis 3 GMP/GDP nHanae monarkose
TrymadeHHs HactanoB €C mono GMP ta GDP y dopmi
3amuTaHb Ta Bimmosineit (Q&A) [17].

VYIpomosx OCTaHHIX IT’SATH AecATwniTe Cucrema CIIiB-
pobGiTauTBa QapmaneBTryHnx iHcmeknid (PIC/S) ytBep-
JTUITAcs SIK TPOBiTHA MiXKHApOAHA miardopMma Uit TapMo-
Hizamii BUMOT HaiexHoi BUpoOHWYOI mpaktuku (GMP)
cepell PErylIiATOPHHX OpraHiB Ha TIOOAIbHOMY PiBHI.
Bona Takoxx Hagaia iM MOKJIMBICTE 00’ €IHATHCS B 1HIIINX
iHCHeKIiiHnX 3axonax GxP, Bkiatouno 3 HamexxHoro mpak-
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tukoro muctpudyuii (GDP), Hanexxaumu npakrukamu ¢ap-
maxoHarsiny (GVP) Ta HanesxxHoro KITIHIYHOIO TPAKTHKOIO
(GCP). HisumeHicTb y cdepi GDP pxe modpe HamaromxeHa
B pamkax PIC/S i nponomxkyerbest uepe3 ExcrnieprHe koo
PIC/S 3 GDP [18; 19].

PIC/S omyOmikyBana HOBiI JOKYMEHTH aHTIIHCHKOIO
MoBoto ans iHcrektopiB GDP, sxi HaOpamu 4YMHHOCTI
01.02.2023: «ITam’sTKa TIOAO 1HCIIEKIIiT HAJIEXKHOI MpaK-
tukn auctpudynii (GDP) mikapcrkux 3aco0iB y JaHIO31
MTOCTAa4aHHs», 10 MiCTUTh 3arajibHi aCIIEKTH Ta KOHKPETHI
MMUTaHHS, SIKi CITi BpaxoByBatH mifn dac iHcmekmii GDP;
«JloKyMeHT 3 MHTaHHAMHM Ta BigmoBimsamu mono Hacra-
HoBu PIC/S 3 GDP (PE 011-1)» 3 nutaHHsMH Ta Biamo-
BiJIsIMH, siKi cTocyroThesi «Hacranosu PIC/S 3 Hanexnoi
npaktuku gquctpuOynii (GDP) nmikapcbkux 3aco0iB» Bif
yepBHs 2014 poky [20]. Lli moKyMeHTH € Ji€BUM iHCTpY-
MEHTOM JUISl TIOJIIMIIEHHS PO3YMiHHS i eQeKTHBHOCTI
poboTH  iHCHEKTOpiB, NependavdaoTh JT0OPOBITBHUN
xapakrep i iHcniekropiB GDP, sixi mpoBoasTh iHCHEKIiT
BiamoBigHo nmo Kepisamnra PIC/S GDP. KepiBHunrso
PIC/S GDP He € 1opunndHO 000B’I3KOBHM, SIKIIIO BOHO HE
OyJ10 OTOJIOIIEHO IOPUANYHUM CTAaHAAPTOM Y FOPHCIUKIIIT
YYaCHHUII.

Iarerpamist Ykpainu 10 PIC/S € ki040BUM AOCSTHEH-
HSM y pehopMyBaHHI HalliOHAJIBHOT CHCTEMH KOHTPOIIIO
sikocTi JI3 Ta rapmoHnizarii il 3 MiKHAPOJIHUMHU CTaHIAp-
tamu. YxBanenns Kadinerom MinictpiB Yipainu (KMY)
CTpaTeriuyHux JOKyMEHTIB, nounHarouu 3 2004 p., cTBO-
pWIO HOpPMaTHBHY 0a3y JUIsl Hepexoay Ha CTaHAapTH
GxP; ykpaiHchke 3aKOHOIABCTBO B cepi obiry JI3 Oymo
MOCTYTOBO y3rojkeHo 3 Bumoramu PIC/S Ta mupexTus
€C. 3apagkM TOETamHil MIATOTOBIII Ta TapMOHi3amii
3 eBpomerickkumu Bumoramu 3 01.01.2011 BimGymocs
odirmiitne HaOyTTsa unencrsa Yikpaiau y PIC/S. MogepHi-
3amis iHCHeKUiiHOI cucTemMu ympaBmiHHA skicTio (CYS)
B Jlepxitikciy k01 Ha piBHI MIXKHAPOIHHMX CTAHIAPTIB Mij-
TBep/pKeHa MixHapoaHuM aynutom CYS neHTpaibHOro
amapary Jlepaiikciry:xOu, 3akoHOAaBcTBa y cepi obiry
JI3 : Ta aynuTOM MpOUECY IHCIEKTYBaHHS BITYM3HSIHHUX
BupoOHukiB JI3 (2010 p.), a TakoX MOBTOPHOIO OLiH-
koo (2018 p.). YV Hepxmikciyx0i CYS BrpoBamxeHO
3 BpaxyBaHHsM Bumor JJCTY EN ISO 9001:2018 «Cuc-
TEeMH ympaBiiHHA skicTio. Bumorm» (EN ISO 9001:2018
Quality management systems — Requirements) Ta peko-
menpnamiit PIC/S, 3oxpema Bumor goxymenta PI 002-3
«Pexomennanii PIC/S momo BuMoOr mo cucremMu ympas-
JIHHS AKICTIO papManeBTUYHHUX iHCTIeKkTopatiy (P1002-3
Recommendation on Quality Systems Requirements for
Pharmaceutical Inspectorates), BOO3 TRS 902, Hona-
Tok 8 «Bumoru no cucrem sikocti HarioHanbHux GMP
inciekropariey (WHO TRS 902, Annex 8 Quality
Systems Requirements for National Good Manufacturing
Practice Inspectorates). YV 2024 poui [epxiikciryx0a
yCIINTHO mpoinuia pecepTudikamiiHui ayanT i miaTBep-
JIUITa BIATIOBITHICTP BUMOTaM MiXKHAPOJAHOTO CTaHAAPTY
JCTY ENISO 9001:2018 «Cuctemu yrnpaBiIiHHS SKICTIO.
Bumorm». CVYA Jlepxiikcinyk0n OXOIUTIOE MisUTbHICT
3 opraHizariii JepaBHOTO KOHTpoito Ta Oesmexu JI3 Ta
MEINYHUX BUPOOIB B 00ITy, JTiIleH3yBaHHA Ta cepTudika-
uii BUpoOHMIITBA U iMmopTy JI3, onToBOI Ta po3mpiOHOT
toprieii JI3 [21; 22].
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[MpoBeneHo peTPOCHEKTHBHUI aHaNi3 HOPMaTHBHO-
npaBoBux aktiB (HITA), mo 3arBepmxytors HacraHoBu
«Jlikapcpki 3acobou. Hanexxna mnpaxTtuka AuUCTpUOyIiiD»
B YkpaiHi 3a 2002—-2025 pp. 3 METOIO NMPOCTEKEHHS JIMHA-
Miku OHOBNCHHS [23; 25-28]. Ynepie B Ykpaini HactanoBy
42-01-2002 «Jlikapcbki 3acobon. HanexxHa mpakrtuka uc-
TpuOyLii» Oyno po3pobdieHo Ha mincrasi Hacranosu 3 GDP
€C 1 3arBepmreHo HakazoM MO3 Vkpainu Bix 19.03.2002
Ne 103 3 MeTor0 BUKOHAHHS TOJNOXKEHb YkasiB Ilpe3umenta
VYikpainn Big 24.02.1998 Ne 148/98 «IIpo 3abe3meueHHS
BHUKOHAHHS YTOJIU MPO TTAPTHEPCTBO 1 CIiBPOOITHUIITBO MiXk
VYkpainoto Ta €Bporneiicbkum CriBroBapucTBoM (€BpoITeii-
cbkuM Co1030M) 1 BIOCKOHAJICHHS] MEXaHI3My CITIBPOOITHH-
urea 3 €sponelicekuM CriBroBapucTBoM (€BponeichkuM
CorozoM)», Big 11.06.1998 Ne 615/98 «IIpo 3arBepKeHHs
cTparerii inTerpamnii Ykpainu no €Bpomneticbkoro Coro3y»,
Big 26.03.2001 Ne 113/2001 «IIpo 3axomy MIOMO ITiJBH-
IIEHHS SIKOCTI BITYM3HSHOI MPOAYKIID», a TaKoXX Ha BHKO-
HaeHA moctaHoB KMY Bixm 16.08.1999 Ne 1496 «IIpo
KOHIICTIIIIFO aJIanTallii 3aKOHOJaBCTBA YKpAalHH JI0 3aKOHO-
nmaBcTBa €Bporeiicekoro Coro3y» Ta Big 19.03.1997 Ne 244
«IIpo 3axomm IIOAO MOETAmHOTO BIPOBAKEHHS B YKpaiHi
BUMOT upekTuB €C, caHiTapHUX, €KOJIOT1YHUX, BETEpHUHAP-
HUX, (DITO-CAHITAPHUX HOPM Ta MDKHAPOMHHX 1 EBPOIICH-
ChKHUX cTaHmapTiB» [23].

MiHICTepCTBY OXOPOHH 370pOB’S OylIO JOPYyYeHO
3abe3neunTy, moynHatouu 3 1 cians 2009 p., o6ir JI3 Bixg-
MOBIHO JT0O BUMOT HAJEKHOI BUPOOHHYOI, JUCTPHOYTOP-
CBKOI, JJaDOpaTopHOi Ta KIJIIHIYHOI NMPAaKTHKH, TapMOHi30-
BaHOi 3 BimmoBigHUMH AupekTuBamMu €C i BOO3; pxutn
3axoMliB JuIs 3a0e3MeueHHs BCTyIy 3a3HaueHoi CiryxOu 10
MIXXHAPOIHOI CHCTEMH CHIBPOOITHUITBA (PapMalleBTHIHUX
IHCTIeKIii [24].

V 3B’s3Ky 3 TpaHc(opMaIi€ro YHHHNX IPABOBUX BAMOT,
HEOOXiTHICTIO Y3TO/UKEHHS HAIllOHAIBbHOI HOPMAaTHBHOI
0a3u 3 TAQpMOHI30BAaHMMH E€BPOTEHCHKUMHU JOKYMEHTaMH,
3MiHaMHu y norpedax (apMaleBTHYHOTO CEKTOpY raiysi
OXOPOHHM 37I0pPOB’sl YKpaiHH ONpanboBaHO i 3aTBEpIKEHO
HakazoM MO3 Vkpainu Bix 16.02.2009 Ne 95 HacraHoBy
CT-H MO3YVY 42-5.0:2008 «Jlikapcbki 3acobu. Hanexna
MpaKkTUKa JUCTpuOymii». OCHOBHI BIAMIHHOCTI HOBOI
penmakmii: crpykrypusamis npouenyp GDP, posmmpenHs
JIOKYMEHTAIIITHOTO KOHTPOJIIO, TIOCHJICHHS periaMeHTarlii
Jorictukw [25].

HacranoBy «Jlikapceki 3aco0m. Hamexna mpakTika
muctpudynii. CT-H MO3VY 42-1.0:2014» (makaz MO3
VYkpaiau Bix 05.02.2014 Ne 100 «IIpo BHECEHHs 3MiH 10
HacranoBu «Jlikapceki 3acodu. HayiexxHa mpakTuka Juc-
tpudyii. CT-H MO3Y 42-5.0:2008») [26] amanToBaHO
BiJIMIOBITHO 10 BUMoOT yuHHOT HacTanoBu €C 3 GDP, npote
ckacoBaHo Haka3zoM MO3 VYkpaiuu Big 13.03.2014 Ne 180
4yepe3 BIJICYTHICTh Jiep)KaBHOI peectpanii B MiHicTepcTBi
1ocTHLIT YKpaiHu. 3TiHO 3 MOSCHEHHSIM OCTaHHBOTO HOP-
MaTtuBHO-TexHiuHI qokymeHTH (HT/I) He mimisrarors nep-
JKaBHIHM peectpamii BiamoBigHO 10 1. 5 mocraHoBu KMY
Bix 28.12.1992 Ne 731. V mpomy koHTekcTi Hakaz MO3
VYikpaiau Bixg 16.02.2009 Ne 95, sxum Oyino 3aTBEpIKEHO
MOTIEPEHIO PENaKIlil0 HACTAaHOBH, BiHECEHO came 0
kareropii HT/I.

Ha ocnoBi HOBOI pemakiiii Hacranosu 3 GDP €C
(2013/C 343/01), a takox Guide to Good Distribution
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Practice for Medicinal Products, moOymoBanoi Ha moso-
xenHssx GDP €C, sika 3arBepkeHa Ha 3aciganHi Komitery
PIC/S (15-21.05.2014) i nHabOpana yunHOCTI 3 01.06.2014,
Hepxiikcnyx00r0 YkpaiHu Oyno po3poOiIeHO HaIlio-
HanpHy HacranoBy «Jlikapceki 3acobu. Hanexna mpax-
tuka guerpudynii. CT-H MO3Y 42-5.0:2014» 1 BBegeHO
B gmiro HakazoM MO3 Vkpainum Big 22.08.2014 Ne 593.
XapakTepHi pucu: BrpoBakeHHs QMS, BBeICHHS yIIpaB-
JHHS pU3HKaMH, moBHa BinnoBigHicts GDP €C, dhoxyc Ha
IHTETpAIliI0 y €EBPONEUCHKUH peryasITopHuUil mpocTtip [27].

Uepes 11 pokiB ompanbOBaHO HACTYIHY PEIAKIIiIO
HacranoBu «Jlikapceki 3acobu. Hane)kna mpakTuka nuc-
tpudyuii. CT-H MO3Y 42-5.0:2025» i 3arBepmKeHo HaKa-
3oM MO3 Vkpainu Big 01.05.2025 Ne 759. V Hiit akienTo-
BaHO yBary Ha 3IiMiCHEHHI AisTIBHOCTI AUCTPHO IOTOpaMH
Ta 3anobiraHHi noTpamsiHHIo (anscudikoBanux JI3 1o
JIeTaJIbHOTO 00iry, 3a0e3reueHHi KOHTPOMNIO HaJl JIaHIo-
roMm aucTpuOyii, 30epexenHi sxocti JI3. Ils Hacranosa
MIOIUPIOEThCS HAa CyO’€KTIB TOCIOJaprOBaHHS (mam —
IUCTPHO TOTOPH), SIKi TPOBAIATH AisUTBHICT 3 OTITOBOT TOP-
riBmi JI3 Ha TepmTopii YipaiHW, BKIIOUYHO 3 IIiIIPHUEM-
CTBaMH, I0 BUpoOIsaoTs JI3, HEe3ame)XHO BiJ BiIOMYOTO
MAIOPAIKYBaHHS Ta (POPMH BIACHOCTI, a TAaKOX Ha 0Ci0,
0 3aiiMaroThCs OPOKEpCHKOIO MisIbHICTIO. HacraHoBa
BUKOPUCTOBYETHCS SIK 0a30BHH JIOKYMEHT IIiJl Yac ayAuTIB,
IHCTIEKTYBaHHs, cepTu(iKaIlii MAIPUEMCTB Ha BiAMOBI-
HicTh BuMoram GDP, y mporieci sineH3yBaHHs isUTbHOCTI
3 onroBoi Toprieii JI3 Ta mix wac peectpauii Opokepis.
[Tpu npoMy BOHA HE perIaMEHTY€ AiSIIBHICTD 3 PO3IPiOHOT
toprisni JI3, muranHs ¢iHaHCOBOTO, BUPOOHUYOTO I €Ko-
JIOTIYHOTO XapakTepy, 10 BH3HadaroThcs iHmmmu HITA.
OcCHOBHi XapakTepuCTHKH: ToBHA iHTerpamis QRM, mud-
posizamist GDP, mocunenns supply chain security, ¢oxyc
Ha (hopMmyBaHHi cydacHoi iHTerpoBanoi cuctemu GDP [28].
EBomroriist GDP Ykpaian neMOHCTpy€e MOETamHHAN Mepexis
BiJl IMIZIEMEHTAIIi1 €BPONICHCHKUX BHMOT 10 (POPMYyBaHHS
IHTErpoBaHol pHU3UK-OpieHTOBaHOI IM(POBOI cUCTEMU
yIpaBiiHHS (papMaleBTHYHOI AUCTPUOYIi€I0, O BiIIO-
BiJJa€ Cy4acHMM MIDKHApOIHHM CTaHIapTaM 3a0e3nedeHHs
sikocti JI3. Takum 4MHOM, YacTOTa OHOBJIEHHS HOPMAaTHB-
Hoi 0a3u OOIpyHTOBaHa YacCTOTOIO 3MiH y HOpPMAaTHBHii
6a3i €C, ajuxe eBpoiHTETpalliifHu Kypc nepeadadae CHHX-
ponizamniro HITA Ykpainn 3 €C.

VY Tabmumi 1 HaBemeHO pe3yabTaTH aHalli3y OCHOBHUX
HITA B 4YMHHHMX pemakIisX, sKi PeryimioloTh ONTOBY TOP-
rismo JI3 (muctpuOytito) B YkpaiHi, 3 KOPOTKHM OIIHCOM
iX mpaBoBOTO 3HaYeHHS [29—40].

Bapro 3a3HauuTH, 1[0 OULIBIIICT MPOAHaIi30BAHUX
HITA nocrarHbo yacto oHOBIMOBaKC. JlileH3iiHI yMOBU
NPOBa/KEHHS TOCIOAAPCHKOI isUIBHOCTI 3 BUPOOHHIITBA
JI3, onrtoBoi Ta po3npiduoi Topriemni JI3, imnopry JI3 (kpim
aKTHBHUX (papManeBTHYHUX iHrpenieHTiB) (nani — JlineH-
3iifHI ymoBH) [36], ski € 0a3oBuM i 000B’si3k0oBUM HITA
JUISL BCiX CyO’€KTIB rocrofaproBaHHs (apMaleBTUIHOTO
PHHKY, OHOBIIOBanucs 26 pa3iB 3 MOMEHTY iX 3aTBep-
IDKEHHS, 30KpeMa 19 3 HUX — POTAroM Jii BOEHHOTO CTaHy,
BBezeHoro 24 motoro 2022 p. Yacri 3minu JlineH3iidHIX
YMOB CBig4aTh PO BHCOKY PETYIASATOPHY NWHAMIYHICTB,
0COONMBO B TEpiOA BOEHHOTO CTaHy, IIO BifoOpaxkae
aJlanTalilo AEepXKaBHOTO PETYIIOBAaHHS N0 Hag3BHYalHHX
COL[IAJIbHO-EKOHOMIYHHMX YMOB 1 MOTpeOu B 3a0e3rnedeHHi
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Oe3mnepepBHOCTI moctadands JI3. BogHouac HopMaTrHBHA
HeCTaOIIbHICTh 0a30BUX BHUMOI, 30KpeMa uepe3 3alpoBa-
JOKEHHST TUMYACOBHX CIPOLIEHb 1 IEPeXiJHUX PEeXUMIB
JIOTPUMaHHs CTaHIapTiB, (HOpMye amanTaniiiHy MOJIeNb
PETYISTOPHOI IOBEAIHKM CY0’€KTIB TOCHO/ApIOBaHHS,
nonpu (opMabHy rapMOHI3allil0 HAlliOHATEHOTO 3aKOHO-
naBcTBa 3 Hopmamu €C.

Ceprudikaris cy0’ €KTiB TOCIOJapIOBaHHS, SKi 3Iii-
CHIOIOTH OIITOBY peainizamito (muctpudyuito) JI3, Ha Bix-
noBigHicTh BUMoram GDP mpoBomuthest [epskimikcirysx-
0010 Ta 3MINCHIOETHCA HAa JOOPOBUTHPHUX 3acasiax 3TiTHO
3 [lopsinkoM mpoBeneHHs cepTUdikaiii MiampUEMCTB,
SIK1 3IIHCHIOIOTH ONTOBY peanisaiito (quctpubyii) JI3
(mani — [Mopsaok). CepTudikarlis MOXe TPOBOTUTHUCS K
JUISL BCHOTO ITiJIIPUEMCTBA, TaK 1 JUIst HOTO OKPEMUX CTPYK-
TypHHX mipo3ainiB [34]. I1ix yac KOMIUIEKCHOTO aHali3y
yuHHOTO [TOpsAAKY BUSBICHO HasIBHICTD 3aCTapiJINX ITOCH-
JIaHb HA HOPMATUBHI JOKYMEHTH, sIKi BTPATHJIH aKTyalb-
HICTh SIK Ha €BPOICHCHKOMY, TaK i Ha HAI[lOHAIEHOMY
piBHi. Buxopucranns nonoxenb HactaHOBH 3 HaJexHOI
MPAKTUKA TUCTPUOYIIii JIKapChKUX 3ac0o0iB IS 3aCTO-
cyBanHA JroauHOo0 (94/C63/03) Ta pexomernaaniit BOO3
y Buniai HactanoBH 3 HaneXHOI MpakTUKH 30epiraHHs
nikapebkux 3aco0iB (WHO TRS Ne 908, 2003), a Takox
3actapinoi nacranoBd CT-H MO3Y 42-5.0:2014 Ta
HamuioHanpHOTO nepeniky JTiKapchbKuX 3aco0iB y peaaxiii
2021 poky CBiIYUTH NPO 3aTPUMKY OHOBIICHHS peryJs-
TOpHOT 0a3u. 3aTpuMka oHoBieHHS [lopsanky ceprudika-
uii GDP € nposiBoM iHCTUTYLiIHOT acuMeTpil pO3BUTKY
(hapMaleBTUYHOTO PETYNIOBAaHHs, KOJIM TEXHI4HA Tap-
MOHI3aIlisl CTAaHAAPTIB BUIEepemkae (QopMyBaHHS aaMi-
HICTPaTUBHUX MEXaHi3MiB iX ympoBamkeHHs. [loBimpHA
MoJiepHi3alisa nporenyp ceprudikamnii GDP He cBigunTh
mpo CIaOKiCTh PETyIIOBaHHA, a BiZOOpaXkae amamTarliio
JIep>KaBHOT MOJITHKH 10 eKOHOMIYHUX, IHCTUTYI[IHHUX Ta
KpHU30BUX BUKIHUKIB.

3 METOK YCYHEHHs BWSIBJICHHX HEBIAMOBIIHOCTEH
JouinpHuM € odiniitnnii nepernsn Iopsaky ceprudika-
1ii 13 3aMiHOIO 3aCTapIJIMX MMOJOXKEHb aKTyaJbHUMH JJOKY-
Mentamu €C (GDP 2013/C 343/01) [12], oHOBICHUMHU
HactanoBamu BOO3 (TRS Ne 1025 — Annex 7: Good
storage and distribution practices for medical products)
[41], HamionampHOTO TEpeNiKy B pEHaKIlii MOCTAaHOBH
KMY Big 12.11.2024 Ne 1296 [42] Ta ymHHOI pemaxiii
HamioHansHOT Hactanosu CT-H MO3YV 42-5.0:2025 [28].
Ie 3a0e3meunts y3romkeHicts HIIA, minBumomrs piBeHb
MPO30POCTi PETYIATOPHUX MPOLEAYP 1 CHPHUATHME 1HTE-
rpamii YkpaiHu 70 €IMHOTO €BPOICHCHKOrO (hapmaries-
TUYHOTO POCTOPY.

Y kpainax €C ceprudikauis GDP € 000B’s13k0BOIO /1715
BCIX OpraHi3alliii, 1o 3aiMarThCsl 3aKyIIBIICIO, 30epiran-
HSIM, TPaHCTIOPTyBaHHAM 1 quctpudyuieto JI3 [43]. B Vkpa-
Hi BoHa € 0OpOBLIEHOIO [38] 1 BUKOHYE (DYHKIIIFO 30BHIIII-
HBOTO IJTBEP/PKCHHSI HAJIS)KHOTO PIiBHS BIPOBA/KEHHS
CTaHIIaPTIB.

HasBHicTe ceprudikamii miATBEpIKYE HAJICKHUHA
piBeHB MpOdeciitHOl KOMIIETEHTHOCTI, YIIPaBIiHCHKOI Bif-
MOBIATBHOCTI Ta HAFIHHOCTI Cy0’€KTiB (hapMareBTUIHOT
JTUCTPHUOYIIii, CHPUSIOUHN 3MIITHEHHIO IOBIpH 3 OOKY peryJis-
TOPHHUX OpPTaHiB, MAPTHEPIB 1 CIIOKKMBAYIB, TOJATKOBI KOH-
KypEeHTHI IepeBard, 30KpeMa JJisi iIMIIOpTepiB, ajpKe 1HO-
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Tabmuus 1

HopmatnpHo-npaBoBe 3a0e3ne4yeHHs onToBoi Topribai JI3 (nucTpudyuii) B Ykpaini

Haspa HOPpMATHUBHO-
NMpaBoOBOIo aKTa

Buna HITA, nomep Ta nara
NPUITHATTS, YUHHA PeIaKIis

IloJi0:keHHs, 1[0 Pery;II0ITh TUCTPUOYLi0

1 2

3

4

1 |IIpo nikapcbki 3acobu

3akoH Ykpainu Big 04.04.1996
Ne 123/96-BP
(penakuis Big 05.06.2025)

OcHoOBHWUIT 3aKk0H Yy cdepi 00iry JI3. Busnauae
BHUMOTH JI0 ICPXKABHOI peecTpallii, BApOOHHIITBA,
KOHTPOITIO SIKOCTI, 30epiranHs, onToBoi
(muctpuOyii) Toprismi JI3, 000B’A3KOBICTh
BUKOHAHHS JIIICH31HHUX YMOB MPOBAKCHHS
MIEBHOTO BHIY ITisUTBHOCTI, TOAEPKAHHS BUMOT
3aKOHOJABCTBA MO0 SIKOCTi JI3, y TomMy

YHCITi TIPABUIT 31iHCHEHHS HAIEKHUX MPAKTHK
(BHpOOHMYOT, TUCTPUO FOTOPCHKOT, 30€piraHHs,
anTe4Hol) Ha BCiX eTanax o0iry, 30KpeMa Iij] yac
X BUpOOHMIITBA, 30epiraHHs, TPaHCIOPTYBAaHHS Ta
peadizanii cy0’€KTaMu TOCIIOAapChKOT MisUTbHOCTI,
YTHITI3AIi1 Ta 3HUIICHHS

2 |IIpo mikapchki 3acodu

3akon Ykpainu Bix 28.07.2022
No 2469-1X

(penakuis Bix 05.06.2025)
HaOpaB ynHHOCTI Y 2023 pori 3
IIOCTYTIOBUM

YIPOBAKSHHSM MOJNIOKEHbD 10
MOMEHTY BCTYITY

Vkpainu no €C

3aKoH po3poOICHHIT HAa OCHOBI

HupexruBu 2001/83/EC €C Ta cnpsiMoBaHMiA

Ha FapMOHI3allil0 BUMOT L1010 peecTpauii,
BUPOOHHUIITBA, IMITOPTY 1 UCTPHUOYIIiT, peKIamMu,
HaDISAY 32 PUHKOM Ta MiCIIPEeeCTPaIiiitHOro
MOHITOPHHTY.

OCHOBHI 3MiHH Tlepen0aYaroTh:

CTBOPCHHS IICHTPAaJIi30BaHOTO

PETYJISITOPHOTO OpraHy, BiANOBIIaIBHOTO 32
HaJIaHHS peeCTpaliiiHuX TOCBITYeHb, HATTIS 32
KINHIYHUMH 0 CIIHKEHHAMH,

(hapmakoHarIsiIl, iIHCHEKIii o0

GMP/GDP/GCP, punkoBuit Harysiz,

SIKMA Ma€ JisTH K HAI[lOHAJIBHUH aHaJIoT
PETYIATOPHUX OpraHiB KpaiH — uieHiB €C;
000B’sI3KOBE BUKOPHCTAHHSI €IEKTPOHHOTO (hopMaTy
eCTD s Bcix HOBHUX 3asB Ha peectpaitito JI3 i3
cepnHs 2025 poky;

3aIrpoBaKEHHs BUMOT LI0Z0 cepiaizarii 3
000B’SI3KOBHM 3aCTOCYBaHHIM

VHiKaIbHUX ineHTh(ikaropiB GS1

DataMatrix Ta 3aco0iB 3aXUCTy BiJ
HECAHKI[IOHOBAHOTO BIIKPHUTTS IS BCiX
peuentypuux JI3 3 1 ciunst 2028 poky;

BJIACHUKOM PEECTPALIIIHOTO OCBiUEHHs Ma€ OyTH
pesunent Ykpainu, kpainu — wieHa €C a6o EABT
(E€BpomneiickKol acomiallii BiIbHOI TOPriBIIi);

JI3, BBe3eni 3 €C ta EABT, He BBaXaroThCst
IMIIOPTOM 1 3 MOTJISITY KOHTPOJTIO SIKOCT1
MIPUPIBHIOKOTHCS 10 JUCTPHOYIIT

3 |IIpo mitieH3yBaHHS BHUIIB
rOCHOAAPCHKOI AiSITBHOCTI

3akon Ykpainu Bix 02.03.2015
Ne 222-VIII
(penakuis Bix 05.01.2025)

YcTaHOBIIOE OPSIIOK OTPUMAHHS JIIICH3IT 17151
OIITOBOI TOPTiBII JIikapChbKUMU 3acobamu. BusHauae,
110 1S JisUTBHICTh € JIIIEH30BaHOIO0

4 |IIpo HapkoTHYHI 3aco0u,
MICUXOTPOITHI PEUOBHHH 1

OpeKypcopu

3akoH Ykpainu Bix 15.02.1995
Ne 60/95-BP
(penakuis Bix 16.08.2024)

[lepenbayae monaTkoBi BUMOTH JJIsl TUCTPHOYIIT
KOHTPOJEOBAaHHUX PEUOBUH: HASIBHICTD CIICITILIEH3IT,
3BITHICTb, 30€piraHHs B i30JIbOBAaHMX YMOBaX

5 | MurHwuii konekc Ykpainu

Murtnwuit konexc Yipaiau Kogexc
VYkpainu; 3akoH, Kogekc Bin
13.03.2012 Ne 4495-VI (penaxitis
Big 15.06.2025)

Peryntoe npaBuia nepemimienns JI3 yepe3 KopoH.
Busnauae MOHATTS BUIbHUX CKJIaJ1iB, MUTHOTO
oopmiteHns, excriopty / iMmopty JI3

6 | IIpo 3axucT mpas
CIOKHMBauiB

3akon Ykpainu Big 12.05.1991
Ne 1023-X11
(penakuis Bix 24.12.2024)

TapaHTye peanizallito miJnpueEMCTBAMU OMTOBOT
TOPTiBII SIKICHUX TOBapiB, 1110 BiJNOBIIa0Th
BHMOTaM HOPMATHBHO-TIPABOBHX aKTiB CTOCOBHO
Oe3MeKH ISl KUTTS, 300POB s Ta MaifHa CIIO)KUBAYiB
1 HABKOJIMIITHBOTO IIPUPOIHOTO CEPEOBHIIIA,
BiJINIOBIJAJIBHICTB 32 peaizalilo HeIKiCHUX YU
¢danpcudikoBanux JI3 (mpu3ynuHEeHHS TisUTBHOCTI)
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IIpomopxenHs Tabmui 1

7 |1Ipo 3aXucT nepcoOHAIBHUX
JTaHUX

3akon Ykpainu Big 01.06.2010
Ne 2297-VI
(penakuis Bix 14.06.2025)

Peryimoe mopsiok 00poOKH TIepCOHANBHIX TaHHX,
BKITFOUHO 3 OOJIIKOM IPalliBHUKIB, KJII€HTIB,
KOHTPAreHTIB TOIIO

8 | IIpo 3aTBepIKEeHHS
JlineH3iiHIX yMOB
MIPOBaKEHHS
rOCHOAAPCHKOI AisITBHOCTI
3 BUPOOHUIITBA JIIKAPCHKUX
3aco0iB, OIITOBOT Ta
po3apiGHOT TOpriBii
JKapCbKUMHU 3aco0aMu,
IMIOPTY JKapChKUX
3ac00iB (KpiM aKTHBHHX
(hapManeBTHYHUX
IHTPEJIIEHTIB)

TTocranoBa KMY Bix 30.11.2016
Ne 929
(penakuis Bix 02.10.2025)

YcraHOBIIOE JTiLIEH31HHI YMOBH ITPOBA/IKECHHS
rOCHOAaPChKOI AiSIILHOCTI 3 BUPOOHUIITBA,

OMTOBOT TOPriBii, iMoopty JI3 (KpiM akTHBHHX
(apmareBTHYHHX 1HIpe/ieHTiB). PernamenTtye
BiJINIOBIJIHICTH MaTepiaJIbHO-TEXHIYHOT 0a3uy,
TEXHIYHUX 3ac00IB Ta CHCTEMH 3a0€3ICUCHHS SIKOCT1
JI3 mip vac ix aucTpuOy1ii BCTAHOBICHUM BUMOT'aM,
a TaKOX 3aKpiIlIoe BUMOIH 111010 30epiranus JI3

i3 ToAepIKaHHIM HaJEeKHOT IPAKTUKY 30epiranHs
(GSP)

9 |IIpo 3arBepmKeHHS
[Mopsiaky 3miicHEHHS
JIEP>KaBHOTO KOHTPOJIIO
SIKOCTI JIKapChKUX 3aco0iB,
10 BBO3ATHCS B YKpaiHy

TTocranosa KMY Bigx 14.09.2005
Ne 902
(penakuis Bix 05.09.2025)

BuzHauae MeXaHi3M Jep>KaBHOIO KOHTPOIIIO

stkocTi JI3, 110 BBO3ATHCS B YKpaiHy, 30KpemMa sk
napanenbHui IMIOPT, SIKUH 3A1HCHIOETHCS 3 METOIO
HEJIOMyIIeHHs 00iry (anbcudikoBaHUX, HESIKICHUX
Ta He3apeecTpoBaHux JI3

10 | IIpo 3aTBepmxeHHs
[MopsiaKy KOHTPOIIO SKOCTI
JIKapChKUX 3aCO0IB i
4ac ONTOBOT Ta po3apiOHOT

TOPTiBIi

Haxa3 MO3 Vkpainu Bix
29.09.2014 Ne 677
(penakuis Bix 01.12.2020)

PernaMeHnTye MexaHi3M MPOBEACHHS BXiTHOTO
KOHTPOITIO Ta KOHTPOITtO sikocTi JI3 cy0’ekramu
rOCIO/IapPIOBaHHS, SIKI MArOTh JIiLIEH3iT Ha
MIPOBaKEHHS TOCIIOAAPCHKOT MisTTBHOCTI 3 ONTOBOT
Toprieni JI3, Ta aep:kaBHOTO KOHTPOIIO sIKOCTI JI3
i1 4ac ONTOBOI TOPTiBIIi

11 |IIpo 3aTBepKeHHS
IMopsiaxy npoBeaeHHS
ceprudikarii miamIpUEMCTB,
SIK1 31 CHIOIOTH ONITOBY
peaitizarnito (IucTpuOyIito)
JIIKApChKUX 3aCO0IB

Haka3z MO3 VYkpainu Biz
23.08.2005 Ne 421 (penaxiiist Bif
09.09.2022)

PernamenTtye nopsaok npoBeaeHHs cepTudikarrii
MiANPUEMCTB, SIKi 3A1HCHIOIOTH ONITOBY peasi3aliio
(mucrpubymniro) JI3

12 | HacraHoBa «JlikapchKki
3acobu. HanexxHa npakTuka
mqucrpudynii. CT-H MO3V
42-5.0:2025»

Haxa3 MO3 Vkpainu Bin
01.05.2025 Ne 759 «IIpo BHECEeHHS
3MiH J10 Haka3y MiHicTepcTBa
OXOpOHU 3/10pOB’sl YKpaiHH BiJ

16 mrotoro 2009 poky Ne 95y

3arBepmkye HacTaHOBY CT-H MO3Y 42-5.0:2025.
BcraHOBIIOE BUMOTH 10 CHCTEMH SIKOCTI,
TPaHCHOPTYBaHHsI, KOHTPOIIIO TEMIIEPaTypH,
HaBYaHHS IEPCOHATY TOIIO

13 |Hacranosa CT-H MO3VY
42-5.1:2011 «Jlikapcbki
3acobu. HanexxHa npaxtuka
30epiraHHs»

Haka3z MO3 VYkpaiuu Biz
16.02.2009 Ne 95 «IIpo
3aTBEP/KCHHS JOKYMEHTIB 3
OHUTaHb 3a0€3IEYCHHS SIKOCTI
JIKapChKUX 3aC001B»

BcraHoBII0OE BUMOTH /10 30€piraHHs Ha BCiX eTarax
JKUTTEBOTO UKy JI3

14 | «dapmaneBTuaHa
npoaykuis. Cucrema
cranpaprmszaniin» CT MO3Y
42-1.0:2005

Haka3z MO3 VYkpaiuu Biz
14.09.2005 Ne 471 «IIpo
3aTBEPDKCHHS JOKYMEHTIB

3 MUTaHb CTaHAAPTU3ALIIT
(apmareBTHYHOT NPOAYKIi»

MIiCTHUTh OCHOBHI TIOJIOKECHHS IIOJI0 CTaHAaPTU3AIIT
y ¢apmareBTHuHil ranysi MO3 Ykpainu.
BUKOPUCTOBYETHCS sIK 0a30BUIl CTAaHAAPT

3eMHI BHPOOHWKH HAJAlOTh MEPEeBaru AWUCTPUO FOTOpaM,
ceprudikoBannM BiamosigHo 10 BuMor GDP [44; 45].

Kpim Toro, BiamoBigHicTh BuMoram GDP posmmproe
MOJKJIMBOCTI MI3KCY0 €KTHOI CITiBIIpalli, 30KpemMa moao 30e-
piranss JI3, o Hanexarh iHIINM JIilIeH3iaTaM, Ta € HeoO-
X1JTHOIO YMOBOIO 1HTETpalil B Mi>KHapO/IH1 JIAHIIIOTH ITOCTa-
YaHHS, BKIFOYHO 3 (papManeBTHYHIM puHkoM €C [36].

Ha HactynHoMy eTtarmi 1ociiDKeHHST IPOBE/ICHO aHali3
ceprudikauii ¢papMareBTHUHUX AUCTPUO IOTOPIB YKpaiHH
BimmoBigHO 10 BuMor GDP 3a marmmmu odirmiitHoro Be6-
caiity JlepmiKciayk0mu, e MpeCTaBIeH] MepeiKu YNHHIX
ceprudikaris 3a nepiox 3 02.12.2021 mo 26.12.2025 [46].

[IpoTsirom nocimKyBaHOTO Tepiony cepTH]iKaTH Bif-
moBigHOCTI BuUMoraM GDP orpumanu 56 anTedHnx CKIIamiB.
Bonmnowac 13 cy0’ekTiB rocrnomapioBaHHS HE TTOHOBHIIA
cepTUdiKaIlio MiCsA 3aBepIICHHS CTPOKY il cepTrdikaTis.
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Taka nuHaMika MOXe IOSCHIOBATHCS BIUIMBOM BOEHHHX
YUHHWKIB, OCKINBKHM B 3a3Hau€HHWH Mepio] JacThHa iH(p-
pacTpykTypH (hapMareBTHYHUAX IUCTPHO FOTOPIB 3a3Haia
3HAYHUX IIOMIKOIKEHb, a CYKYIIHI BTpaTH Iajiy3i IepeBH-
i 10 mopa rpu [47; 48].

HaiiGinpiry KinbkicTh cepTudikaTiB Oyno BHIaHO
y2024p.(n=16),3 s1xux 7 —1OBTOpHI; HaliMeHnry —y 2022 p.
(n = 1). nnamika ceprudikanii GDP y 2022-2025 pp.
JIEMOHCTPY€ MOETaIHe BiIHOBJIEHHS i IHCTUTYLIHHE TOCH-
JICHHSI PETyJSITOPHOI CIIPOMOMKHOCTI J€pXKaBH B yMOBax
BOEHHOTO cTaHy. Skmio 2022 pik xapaKkTepu3yBaBCs MiHi-
MaJIbHOIO aKTHBHICTIO Yepe3 MOYaTKoBY (a3y IMOBHOMACII-
Ta0HOI BilfHM, 3YNMHKY JIOTICTHYHHX IIPOIECiB, (OKyc
Jep’KaBM Ha 3a0e3ledeHHI Oe3nepepBHOCTI MOCTadyaHHS,
MiHiMi3aIlil peryIsITOpHOTO HaBaHTaKeHHs, T0 'y 2024 porti
CIIOCTEPITa€ThCS HE JIMIIE 3POCTAHHS KITBKOCTI 1HCIIEKTY-
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BaHb 1 BUJAHUX CEepPTU(]IKATIB, a i BIPOBAHKEHHS MeXa-
HI3MIB NPU3YNHHEHHS W aHyJIIOBaHHS, IO CBIIYUTH TPO
nepexij 10 OUIbII 3piiol Ta KOHTPOJILOBAHOT MOJIEN cep-
tudikarii GDP [49].

Cranom Ha 26.12.2025 uunny ceprudikanito GDP
Manu 43 anTedHi CKIIanw, oo Hanexars 31 dapMareBTnd-
Hill KOMIIaHii. AHaJi3 TEPUTOPIaTIFHOTO PO3MOALTY TTOKA3aB
BHIY KOHIICHTPAIliI0 CepTU(IKOBAHMX aNTCUYHUX CKJIAIliB
y miBHiYHOMY (KuiBchka oOmacTp) Ta 3axigHomy (JIbBiB-
cbka 00nacTe) perioHax Ykpaimum (puc. 1), mo cBiq4uTH
MPO perioHaNbHI BIAMIHHOCTI B PO3MIIIECHHI (apMarien-
THYHUX TUCTPHO’IOTOPIB, CepTU(IKOBAHUX 33 BUMOTaMHU
GDP. lle moxe OyTu MoB’s3aHO 3 AeMorpadiyHuMH Ta
PUHKOBUMH OCOOJIMBOCTSAMH OKPEMHX DPErioHiB YKpaiHH.
3a nanumu Forbes Ukraine, pe3ynbraru nepeorinku peri-
OHAJIBHOI CTPYKTYpH HaceieHHs y 2025 p. cBigyarbh 1po
IHTEHCHBHI MirpauiiiHi IpolecH 3 KOHIIEHTpALi€l0 Hace-
nenHst B KuiBcekidl, [minmpomerpoBebkiii Ta JIbBIBCBKIiH
obOmactax, a Takoxk B Omechkiid 1 XapkiBebkii [50]. Taki
nemorpadivHi 3MiHH TOTEHIIHHO BIUIMBAIOTH HA MOTPEOU
B JI3 i MegmaHIX BHpoOax i pO3BUTOK AUCTPHUO FOTOPCHKOT
iHppacTpykTypu. AHamiTHYHI HaHi KommaHii Proxima
Research mokasyroTe, mo HaiOLTBIII 00CATH peaizarii
JI3 y rpomioBoMy BupaskeHHi B uepBHi 2025 p. Oyiu 3adik-
coBaHi B M. KueBi, J[HinponeTpoBchkii, XapKiBChKiil Ta
JIbBiBChKil oOnactax [S51]. BopHouac HaiiOinblia Kiib-
KICTh amlTEeYHUX 3aKIaiiB 3ocepemxeHa B Kueni, Juinpi
ta JIbBOBI, TOni Ak B Opneci Ta XapKoBi IMUIBHICTH anTed-
HOi Mepexi € Hik4ot. OcoOIMBO BiUYTHI BTpaTH — Ha

=
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cxoni YkpaiHu, Jie anTedHa MPUCYTHICTh CKOPOTHJIACS Ha
30%, y uentpi — Minyc 8%, HATOMICTh y 3aXiHUX PETio-
Hax Bif0ynocs 3poctanHs Ha 2%, 110 € MPSIMAM HaCJIiIKOM
mirpauii HaceneHHs B Oe3neunimi obnacti [52]. 3a3Haueni
0co0mMBOCTI (apMalieBTUHYHOTO PUHKY MOXYTh YaCTKOBO
TIOSICHIOBAaTH KOHLIEHTPALil0 CepTU(IKOBAHMX alTECYHUX
CKJIaZIiB B OKPEMHX peTioHax KpaiHH.

KpiMm TOro, @QapmaneBTrnuHmii pUHOK YKpaiHH
XapaKTepU3yeTbCSI ~ BHCOKAM  piBHEM  KOHIIEHTpALii
TUCTPUO 10TOpCchKOoro cermMeHTa. I[IpoBimHi mo3mmii Ha
puaKy 3aiimarore kommanii CIT «Omtima-@apm, JIT»,
TOB «ba/IM» Ta TOB «BEHTA.JIT/I», siKi 3a0e311euyoTh
omu3eko 90% o0csary dapmaneBTHYHOI TUCTPHOYIIT Ta
MAarOTh HaHOUIBITY KUIBKICTh alTeYHUX CKIaiB, cepTUdi-
koBaHux 3a Bumoramu GDP (8, 4 Ta 3 BiamoinHo). Taka
CUTYyallis, 3 OJHOTO OOKY, CIipusi€ CTaOlIBHOCTI JIAHIIIOTIB
MOCTa4YaHHs Ta BIPOBA/PKCHHIO MIKHAPOIHHUX CTaHIap-
TiB SIKOCTi, a 3 IHIIOTO — MIAKPECIIOE ACHMETPII0 MOX-
JMBOCTEH MK BEIMKMMHU Ta MAIUMH AUCTPUO FOTOPaMHU
i morpeOye GopMyBaHHS PpETYIATOPHUX MEXaHI3MIB,
CIpsSMOBaHMUX Ha po3mmpeHHs npaktuk GDP y Bcbomy
TUCTPUO TOTOPCHKOMY CEKTOPI.

Bceranosneno, mo B YkpaiHi ceprudikariro Ha Bimo-
BigHicTh BuMoram GDP mpoxomuTs oOMexeHa KUIbKICTh
(hapMaIeBTUYHUX TUCTPUO FOTOPIB. 3MEOUIBIIOTO IIe Mija-
MIPUEMCTBA, OPIEHTOBaHI Ha BIPOBAXKCHHS BUCOKUX CTaH-
JIapTiB SIKOCTi ab0 3airyyeHi 10 Mi>KHapOIHOTO CIiBpOOiT-
HHULTBA. Taka CUTyallisl 3yMOBIIIOE CYTTEBHH PO3PHUB MiXK
3arajbpHOI0 KIUIBKICTIO Cy0’€KTIB TOCIIOJaplOBaHHS, SKi

ey 14
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Puc. 1. Po3nonis ¢papManeBTHYHMX CKJIALIB, siki MalOTh cepTudikaniro GDP 3a odnactsiMu Ykpainn
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MaloTh JILEH31I0 Ha MPOBA/KEHHS TOCHOAAPCHKOT JisUTb-
HOCTI 3 onTOBOI TOpriBii JI3, Ta KUIBKICTIO MiAIIPUEMCTB,
ceprudikoBanux 3a Bumoramu GDP. Hapasi minensiiini
PEECTPU THMYAcOBO 3aKpUTI Yy 3B’SI3Ky 3 BOEHHHUM CTa-
HOM, aje 3TiJHO 3 JaHWMHU 3BITy TPO MiJACYMKH isIb-
Hocti Jlepxuikemyx6u cranom Ha 31.12.2024 KinbKicTh
JIIeH31aTiB, IO MPOBAAATH MiSUTBHICTH 3 ONMTOBOI TOPTIBIII
JI3 (amrreuni cxmanm), — 378 (MiCIlb IPOBAKEHHS MTisThb-
HocTi — 439) [53]. 3a ocHoBHMM kiacom KBEJ] 46.46
«OrmrroBa TOPriBNs (hapMalleBTHYHAMH TOBapaMm» 3ape-
ectpoBaHo 1851 kommaHifo, 1[0 OXOIUTIOE CYO’ €KTIB roc-
TO/IapIOBaHHs, SIKi MaIOTh JIIEH31l0 Ha ONTOBY TOPTIiBIIO
JI3, a Takox Cy0’€KTIB rOCIOAPIOBAHHS, SIKI 3/1IHCHIOIOTh
TOPTIBIIIO CYTO MEJAWYHUMHU BUpOOaMH Ta CymyTHIMHU (ap-
MalleBTUYHUMHU TOBapami [54].

Amnani3 pesyiprariB 87 nepeBipoK anTeYHUX CKJIaJiB,
npoBeneHuX JlepKiIikeiay:x00r0 Ta i TepUTOpialbHUMHU
opranamu y 2025 pori [55], cBimuuth He numie mpo ¢op-
MaJbHI HeBiAmoBimHOCTI JlimeH31HHUM ymoBaM, a ¥ mpo
HASBHICTh CHUCTEMHHUX TIpOOJIEeM IMIDIEMEHTAIii BHUMOT
GDP cy0’ektamMi rocCmofaploBaHHsS, IO 3HIHCHIOIOTH
orrroBy Toprieiro JI3 (tadm. 2).

Buspneni mopyuieHHsS MaroTh HE TIOOIMHOKHUI Tpole-
IYPHHH XapakrTep, a BiqoOpa)aroTh CTPYKTYPHI HETOIIKH
¢yukuionyBanHs CYSl, kagpoBoro 3abe3nedeHHs, iHppa-
CTPYKTYpH, HHM3bKHH pIiBeHb PU3HK-OPIEHTOBAHOTO IIiJ-
X0y, caOKy iHTerpaito Baniganiinux ta IT-npornecis.

Ipornec ceprudikamnii Ha BiAmoBigHicTE BUMOram GDP
CYIIPOBOKY€ETHCS HU3KOIO OpraHi3aIliifHuX, (iHAHCOBHX
i TexHIYHHMX TpynHomIiB. IlinroToBKa A0 cepTUdikarmii
€ TPUBAJIOIO, CKJIAJIHO0 Ta BUTPATHOIO 1 3a3BUYail MOTpe-
Oye 3aITydeHHs CIIeliaTi30BaHINX KOHCAJITHHTOBHUX OpTaHi-
3amiif. BapTicTh Takux mociryr popMyeThCs 3 ypaXyBaHHIM
PiBHS TOTOBHOCTI MiAIPHEMCTBA, MACIITAa01B qisSUTBHOCTI Ta
IHAWBITyaIbHUX OCOOMUBOCTEH JIOTICTUIHHX TIPOIECIB.

Kpim Ttoro, ceprudikamis GDP morpelye ymockoHa-
nennst CYS, nependauae 3abesneyeHHst ii aieBocTi Ta
HaJIe)KHOTO CTaHy MaTepiajbHOi 0a3u nucTpub’roTopa. 3a
YMOB BOEHHOTO CTaHY Iii IPOLECH YCKJIAJHIOIOTHCS 00Me-

SAPMAKOJIOI'IA I <$APMAIIIA

KEHOI JOCTYIHICTIO KaJIPOBUX PECYpCiB, MiJBHIICHUM
PIBHEM ILTMHHOCTI IEPCOHANTY Ta HEOOX1IHICTIO OETHAHHS
ormepamiiHol JisTbHOCTI 3 BUKOHAHHSM 3aXOJ[iB OS3IeKH.

3rizno 3 Bumoramu ceprudikanii GDP [38] anreuni
CKJTay 3000B’s3aHiI BHUKOHATH IOCTaBKYy Ha 3aMOBJICHHS
anTeyHoro abo JIKYyBaJILHOTO 3aKiIaay Oynb-sIKOTO HaiiMe-
HyBauHs JI3 3 HamionameHoro meperniky ocHoBHUX JI3
B OyOb-sKHI HaceleHWH IMyHKT YKpaiHH MPOTSTOM JIBOX
0 3 MOMEHTY HaIXOIDKEHHS 3aMOBIICHHS (LIPU IIHOMY
MOCTaBKa MOXKE BUKOHYBATHCSA 3 Oyb-IKOTO CTPYKTYypPHOTO
MiAPO3ALTY MiANPUEMCTBA), IO MOXKE BUKIHMKATH IIE€BHI
TPYIHOIIl B HUHIIIHIX YMOBaX.

OkpeMHM BHKJIMKOM JUISI AOTpuMaHHA BuMor GDP
B YMOBax BOEHHOTO CTaHy € HECTaOUIbHICTh SHEProroc-
TaQUaHHS Ta PHU3WKU IOIIKO/KEHHS JIOTiCTHYHOI iH(Dpa-
cTpykrypu. Ilepeboi 3 enekrpornocrayaHHsM CTBOPIOIOTH
3arposy MopyIIEHHS TEMIIEPAaTypHHUX PEKUMIB 30epiraHHs
JI3, 110 3yMOBIIOE HEOOXIHICT IHBECTYBAaHHS B pe3€pBHIi
JUKepesia eHeprii, CHCTEMH aBTOHOMHOTO >KMBIICHHS Ta
JTOIATKOBI 3aCO0M MOHITOPHUHTY YMOB 30€piraHHs.

OTpuMaHi pe3ymsTaTH CBig4aTh, IO OOMEKEHE
mommpeHHs ceptudikamii GDP cepen dapmaneBTHIHIX
TUCTPUO I0TOPIB YKpaiHM 3yMOBICHE HE JUINE BiACYT-
HICTIO 00OB’SI3KOBUX 3aKOHOJABUMX BHUMOT IIOJIO MPOXO-
JOKEHHS Takoi cepTudikaiii, a if BILIMBOM BOEHHOTO CTaHY,
SKHH CyTTEBO 3MIHIOE YMOBH (DYHKIIOHYBaHHS (apMaries-
TUYHOI JloricTukH. J[oOpoBUIbHNMIT XapakTep cepTUdikarii
3a yMOB IIJBHIICHUX PHU3MKIB Ta (DiHAHCOBOI HECTaOUIb-
HOCTI 3HMXXYE MOTHBAIIO MiJIPHEMCTB JI0 IHBECTYBaHHS
B JIOBIOCTPOKOBI CHCTEMH SIKOCTI.

Boennuii cran axtyanisyBaB HU3KY JOAATKOBUX PU3H-
KiB (QyHKImiOHYBaHHS (DapManeBTUYHOI IUCTPUOYIIIi,
30KpeMa 3Ha9HUH Jedinut pododoi cumm Ta KBamidikosa-
HOTO TIEPCOHAY Yepe3 MoOii3alito (BaHTaXXHAKH, KOMip-
HUKH, BOJIii, EKCTICIIUTOPH Ta iHIII KaTeropii MpalliBHUKIB),
0OMEXEeHHS TOCTYIY 0 OKPEMHUX TEPUTOPIi, TIOPYIICHHS
TPAHCIIOPTHO-JIOTICTUYHUX MapIIPYTiB, 3pOCTAaHHSI BUTPAT
Ha EHEepropecypcH, CTpaxyBaHHS BaHTaXiB, 3POCTaHHS
BapTOCTI OpeHaAn Ta 3abe3neueHHs (iznuHOi Oe3nexu

Tabnmi 2

Cucremaru3auisi npod;aem snposaqxeHHss GDP, BusiBieHux mia yac nepeBipok antedyHux ckiaagiB y 2025 poui

Ne I'pyna npo6iaem Tunosi nopymeHHs

Hopymemslg HHIIH IoTeHuiiini pusuku

BincyTHiCTh BiAMOBIIATBHOTO
KEpiBHUIITBA; BiICyTHICTh

1 | YipaBiiHHS SKICTHO

YiTKicTh
BI/IMOBITAILHOCTI;

dopmaiibHe
¢yukuionysanus CYS]

ripauiBHUKY HaBueHi GDP

caMOiHCIeKIil BHYTpIIIHIH aynuT

2 | HoxymeHTarist Heaxryanpni HITA; HenocTynHicTh KonTponsoBana Brpara KOHTPOILOBAHOCTI
COIT; He BU3HAYEHI CTPOKH JIOKyMEHTAIIis; MPOIIECiB
30epiraHHs MIPOCTEIKYBAHICTh

3 | Ilepconan BincyTHicTh IEpBHHHOTO / KoMmnereHTHiCTh [TigBuieHnii pu3uK
HepioIUYHOTO HaBUaHHS; HE BCI MepCoHaly JIFOJICHKOT TOMUJIKH

4 | Indpactpykrypa
HEeopraHi30BaHi 30HH

INopy1eHHs caHITapHOTO PEXUMY;

Bumoru 10 mpuMilieHb
Ta 00JIaIHAHHSA

Konrtaminanis, noripiieHss
SKOCTI

5 | TemmeparypHuit

HeBpaxyBaHHs pe3y/bTaTiB Bajliailii;

KonTpons ymoB Brpara crabiigpHocTi JI3

KOHTPOITh BIJICYTHICTh CUTHAI3aMii 30epiraHHs; ynpaBIiHHS
PpU3HKaMU
6 |IT-cucremu BincytHicTs onucy Kontposns ta Bamiganis | IlopyiieHHs nigicHocTi
KOMIT'YOT€PU30BaHUX CUCTEM KC JAaHUX
7 | BigknukaHHs HenoomnparboBaHuii I1aH TEpMiHOBUX | YIIpaBIIiHHS HeroToBHICTb 10 KPU30BUX
i BIIKJIMKAaHHAM cUTyamin
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CKJIJChKUX mnpuMimeHb. OcoOMMBO CKIIaJHA CHTYyallis
y TpUPPOHTOBHX pErioHax, e KaJIpOBHW pe3epB MNpak-
TUYHO BuuepnaHuii. CyKyIHICTh IIMX YMHHHKIB yCKIIaJ-
HIOE IATOTOBKY CyO’€KTIB TrOCIIOJAapIOBaHHS [0 CEpTH-
¢ikamii BignoBigHOcTi BMoram GDP, mo mimkpecitoe
HEOOXiHICTh YIIPOBA/KCHHS CUCTEMHHUX OpraHi3alliiftHIX
1 peryasITOpHUX 3aXOAiB Ui 3a0e3redeHHs CTabiTbHOCTI
JaHIora mocradanus J13.

Ha Hamy AymKy, JOLIIBHHAM € 3alpOBaXKCHHS CHUC-
TEMHU CTHMYJIIB, 10 BIUIMBATUMYTh HA TEMIIH Ta MACII-
tabu ceprudikanii GDP B Ykpaini, a came: eKOHOMIUHI
(TIomaTKOBI MiNBIH, YaCTKOBE BIIIIKOIYBaHHS BHUTPAT Ha
MOZIepHi3allifo 1HQPACTPYKTypH, TpaHTOBa MIATPHUMKA
HABYAHHS MMEPCOHANY), PETYISATOPHI (CIPOIIEHE TIICH3Y-
BaHHSI, IPIOPUTET y4acTi B MyOJNIYHNX 3aKyHIBIISX), COLIi-
aNnbHi Ta peryrauiiui (myOnivyHe BU3HAHHS cepTH]iKoBa-
HUX MiJIPUEMCTB, JOCTYI IO MDXKHAPOJAHUX IIAPTHEPCTB),
OCBITHI Ta IHCTUTYHilHI (TPEHIHTH, KOHCYJIbTYBaHHS,
0OMIH JTOCBiJTOM), a TAKOXK TeXHIYHI (ATPUMKa MOICPHIi-
3amii CKIaaiB, 3a0e3MedeHHs Oe3MepepBHOTO X0JI0I0BOTO
JTaHIora). Peamizaris 3a3HaueHIX MeXaHi3MiB MOXE 3]TiH-
CHIOBAaTHCS 3a y4acTIO podeciifHuX acormiamii i ramyse-
BHUX 00’€IHAHb Yepe3 OCBiTHI, KOHCYIBTATHBHI Ta KOOIIE-
paiiiiiai iHcTpyMeHTH. B yMoBax 00OMexeHUX (hiHAHCOBHX
MOXKIIUBOCTEH JIep»KaBH, 3yMOBIICHUX 3HAYHUM OOPrOBHM
HaBaHTAXXEHHSM, MIOETHAHHS KOPIIOPATUBHHUX 1 raTy3eBUX
IHIIIaTUB PO3IVISAAETHCA SIK CUCTEMHHNA YMHHUK ITiJ{BU-
LIEHHS! piBHS BNPOBa KeHHs cranaaptieB GDP Ta 3min-
HEHHS CTIHKOCTI (hapMarieBTUYHOTO JIAHIIFOTA MOCTaYaHHs
B YKpaiHi.

BucHoBku

BcranoBneHo, 1m0 HOPMAaTHBHO-TIPABOBE  PETYIIIO-
BaHHS (hapMareBTHUHOI TUCTpUOyIii B YKpaiHi BIPOTOBK
1992-2025 pp. po3BUBAIOCS MIJISXOM IMOETAITHOI TapMOHi-
3anii 3 Bumoramu €C Ta crangapramu PIC/S, 1o BimoOpa-
3ui10cs B eBoinoLii HacranoB GDP, 3akoHogaBumX 1 Iij3a-
KOHHHX aKTiB y cepi ooiry JI3.

[Tokazano, 110, onpu GopMasIbHy BiIIOBIIHICTH HaIli-
OHaJBbHOI HOpMaTHBHOI 0a3u unHHKMM BUMoram GDP €C,
PETYIIIOBaHHS 3aIMIIAETHCS (PParMEHTAPHUM, IO CBITIUTH
po HeoOXiAHICTh cucTeMHoro mepersiay HITA nmisxom
Y3TOKEHHS iX 3 aKTyaJIbHUMH PETYISITOPHUMH TOKYMEH-
TaMH 1 yCyHEHHS TIOCHJIaHb Ha 3aCTapisi pefakiii Hopma-
TUBHHX JOKYMEHTIB.

BcranoBieHo, 110 0XoruieHHs cepTudikarliero cy0’ eKTiB
(apmaneBTHUHOI AUCTPUOYIii YKpaiHU Ha BiANOBIAHICTH
BuMoraMm GDP 3anumaeTbess HU3BKUM: CTAHOM Ha KiHEIlh
2025 poky uuHHI ceprudikaty Manu 43 antedHi cKiajy,
1110 CTaHOBUTH Ou3bK0 10% Bij 3araibHOI KIJIBKOCTI MIiCLIb
MIPOBAKCHHS TisTIBHOCTI 3 ONTOBOI TOpriBmi JI3.

OOrpyHTOBaHO, II0 OCHOBHUMH CTPUMYBAJbHUMH
YHHHUKAMU TPOXOKCHHS CepTU(IKAIll Ha BiIIOBIIHICTh
BuMoram GDP e moOpoBinbHUI Xapakrep cepTudikarii,
3HauHI oOpraHizamiiiHi, (iHaHCOBI Ta IHPPACTPYKTYpHI
BUTPATH, & TAKO)K BIUIMB BOEHHOTO CTAaHYy Ha (DYHKIIIOHY-
BaHHS CUCTEMH (papMareBTHIHOI JUCTPHOYIIL.

3anpornoHOBaHO BBEICHHS CUCTEMH EKOHOMIYHUX, PEry-
JIATOPHUX, COLIALHUX, PEIMyTaIliiHIX, OCBITHIX, & TaKOXK
TEeXHIYHUX CTUMYIIB cepTudikamii IucTpubd’roTopiB Ha
BignoBixHicTs BUMoram GDP.
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JAJIsA ABTOPIB
«OJIECBKU MEJIUYHHUH KYPHAJ»

Binomocti npo Buganus

«Opecbkuil MeIMYHUHA KypHaD» OyJa0 3aCHOBAaHO
B 1926 poui. 3a xinbka pokiB BiH HaOyB HEaOHIKOTO aBTO-
PHUTETy Cepell HayKOBINB. Y HROMY APYKYBaJK CBOI Ipaili
BUEHI, YMi iMeHa OyJIM BCECBITHBO BiZIOMi BXKE TOTO 4acy
a0o sKi 3100ynu BU3HaHHs B MaiiOyTHhOMY. Ta 3rozom, Ha
moyatky 1930-x pokiB, BHAAHHS >KypHaIy Oylno IpHIIH-
HeHo. [lonoBnennit y 1997 pori, BiH 3a KOPOTKHi Yac Bif-
HOBHB CBilf aBTOPHUTET 1 MOCIB YiIbHE MICIle cepes HayKo-
BUX BUJIaHb KpaiHH.

3acHOBHHUKOM 1 BuaBLeM «OeChKOro MEIMYHOTO XKyp-
Hay» € OnechbKuil HaI[lOHATBHAN MEIUYHUN YHIBEPCHUTET.

TonoBHUM penakTopoM i3 YaciB BiJIHOBJIEHHS BHITYCKY
xypHaiy € akaneMik HAMH Ykpaiuu, naypear Jlep>xaBHoi
npemii Ykpainu B. M. 3anopoxaHn. J{o cknanay penakiiitHoi
KoJIerii Ta pelakuidHOl paau BXOIATH BIIOMI BITUM3HSIHI
¥l 3apyOixkHI BYECHI.

«OnecpKkuii MEIUYHUHN JKypHaID) BKJIIOYECHUH
no Ilepemiky HaykoBHX ()axOBHX BHIAHb YKpaiHH
B Kareropii «A» (ramy3p — MeIWYHI HayKd, CIeIi-
ampHOCTI — 221 «Cromaromnorisy, 222 «MegunuHay,
226 «®apmamis, mpomucioBa ¢apmamis», 228 «Ilemi-
arpist» (Hakaz MinicrepcTBa OCBITH 1 HaykH YKpaiHH
Ne 1721 Bix 10.12.2024, nomaTtok 6; ZOCTYH 32 TOCHIAHHAM
https://mon.gov.ua/static-objects/mon/uploads/public/675/

c49/0fe/675c490fea3a6035511617.pdf) LLlopoxy B xypHai
JIPYKY€EThCS OJM3BKO JICB’ THOCTA CTaTeH 1 TOBiZoMIICHb. Bin
HAJIXOAUTh O HaWBimoMimux 0i0/i0oTeK KpaiHH, BEIMKUX
HAyKOBHX IEHTPIB, JECATKIB HABYANBHMX 3aKnaiis. Moro
MOSIBY T'1THO OIIIHEHO 3a MEKaMH HAIIIOl KpaiHH — BiH 3aHE-
cenmii 1o Index Copernicus, Ulrich’s Periodicals Directory,
BASE-Search, Google Axanemii, «HaykoBoi mepionuku
VYkpaiam», Scopus Content Selection and Advisory Board
(CSAB) po3nisiHyta 3a8BKy XypHaIy «OmecbKOoTo MeInd-
HOTO0 XypHaITy» Ta cxBaJiiia ii st pedpepyBaHHS B HAYKO-
MeTpuuHii 6a3i Scopus 25.10.2023 p.

VY cepnHi 2022 poky HaykoBe BuAaHHS «OpechbKUH
MEIUYHHUHN KypHAID) OTPHUMAIIO TPHUMICSYHY CTHIICHJIIIO Bij
npoekty «IlinTpumka ykpaincekum peaxoserism» (SUES —
Support to Ukrainian Editorial Staff). SUES e inimiarusoro
€BPOICHCHKUX YCTAHOB Ta OpraHi3ailiii, MeTa sIKUX IOJIs-
ra€e B MITPUMII HAyKOBOT CHIIBHOTH YKpaiHu.

Po3snoscromxyeTsesl 3a nepeamnaroro. Ilepeannaruru
JKYpPHaJl MOXHA B Oyab-sIKOMYy IIEPEAIIATHOMY ITyHKTI.
[epeamnaramii ingexc — 48717.

KypHan BUXOIUTH LIICTH Pa3iB HA PiK.

ISSN 2226-2008

DOI 10.54229/2226-2008, 10.32782/2226-2008 (m1oun-
Hatouu 3 Ne 3 (181) 2022 p.)

TMPABIJIA IIIJITOTOBKU CTATEM /10 «OJIECBKOI'O MEJJUYHOTI' O KYPHAJTY»

1. B «OnecbkoMy MeIUYHOMY XKypHaJI» ITyONIKyIOTHCS
TEOPETUYHI ¥ OIIANOBI CTATTi, SIKI BiIOOpa)KaroTh BaXKJIMBI
JOCSTHEHHSI HAyKH, IMICYMKH 3aBEpLICHHX OPUTiHAIBHHX
KITHIYHAX Ta EKCHEPUMEHTAIBHUX JOCIIHKeHb, OCHOBHI
pe3yIBTaTy qUCEPTALIHIX POOIT i3 MEIUIIMHMN, CTOMATOJOTIT
Ta (hapMmallii, a TaKOK MaTepiad MEMOPIAJIBHOTO XapaKTepy.

2. Jo po3miamy NpUAMAaOThCS MPOONEMHI Ta OpUTi-
HAJIbHI CTATTI 3araIbHUM 00CSIroM 7—15 CTOPIHOK, OTVISIIH —
10 12-20 cropiHOK.

3. He npuiimMaroTbcs cTarTi, ki BxKe OyJIM HaJpyKOBaHi
B IHIIUX BHJIAHHSX a00 3alpPOMIOHOBAHI 10 MyOJiKamii Kijb-
KOM BHIAaHHSIM BOJHOYAC, a TAKOK POOOTH, SKi 3a CBOEIO
CYTHICTIO € TIepepoOKOr0 OIMyONiKOBAaHMX paHIIIe cTarei
i He MICTATh HOBOIO HAyKOBOIO MaTepiasy abo HOBOIO
HAyKOBOT'O OCMHUCIICHHSI BXKE BiZIOMOr0 Matepiainy.

4.V xypHall IpyKyIOThCS:

a) pe3yJabTaTH OPUTIHAIBHUX AOCTIKEHB Y IIPIOPUTET-
HUX HalpsiMax pO3BUTKY MEIUYHHX, CTOMATOJIOTIYHUX Ta
(bapMaLeBTUYHHX HAYK;

0) pobotu 3 QyHIaMEHTaIbHUX Ta NPUKIAJIHUX IPO-
OieM 13 Takux chermjajbHocTed: 221 — cTOMarosoris,
222 — meauuuHa, 226 — dapmariis, npomuciosa dapmaris,
228 — memiaTpis:

— FeHEeTHKa Ta NPUKIIAIHI aCIIEKTH MEMYHOT TeHETHKY;

—Oiodizuuni Ta  MophodyHKIIOHANBEHI  Xapak-
TEPUCTUKH KJIITUH OPraHi3My IPH Pi3HUX BUAAX I1aTOJIOTIT;

— po0OoTH 3 HOBITHIX KIITHHHUX TEXHOJIOTIH;

— HOBITHI PO3pPOOKH B rajy3si 3arajbHOI 1 KIIHIYHOT
(apmaxoorii Ta papmarii;
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— IOCSATHEHHS B Tajly3i BUBUEHHS €TIONOTI1, MATOreHe3y
Ta JIarHOCTHKHU Cy4aCHHUX 3aXBOPIOBAaHb;

— mpo(iTaKTHKa 3aXBOPIOBaHb, INCIUICHHS, 3armo0i-
raHHS 0COOIMBO HEOE3MEYHUM 3aXBOPIOBAHHSM;

B) EKCIICPUMEHTAJbHI JOCIIDKSHHS, OIAIH, KIIHIYHI
BHUIIAJIKH, HOBI METOIU Ta TEXHOJIOTII 3 CYYaCHUX aKTyaJbHUX
mpoOJIeM CTOMATOJIOT i, MEIUIIMHY, TieIiaTpil Ta (hapmartii;

r) indopmauis, XpoHika, roBinei, marepianu 3 ictopil
HAyKH Ta MEIUIIHHA, apMallii, CTOMATOJIO i1, peIeH3ii.

5. CrarTsi HaJICUJIA€ThCS 10 Pelakilii B €JIeKTPOHHOMY
BapiaHTI 31 CKAaHOM IEPIIOi CTOPIHKU 3 MiANMKMCAMH BCiX
apropiB. CBOiMHM MignucamMH aBTOPU TapaHTYIOTh, IO
CTAaTTIO HAMKMCAHO 3 JOTPUMAHHSIM IPABWI ITiJATOTOBKH
crareii 10 «OmechbKOro MEIMYHOIO JKypHAIY», CKCIICPH-
MEHTAaIIbHI Ta KJIiHIYHI TOCIHiIKeHHsS OyTM BUKOHAHI Bij-
MOBIZIHO JI0 MI>KHAPOJHUX €TUYHUX HOPM HAayKOBUX JIOCIIi-
JOKEHB, a TaKOK HAJAIOTh PEHAKIii MpaBo Ha ITyOIiKaIlio
CTaTTi B J)KypHAaJI, PO3MIIICHHS 11 Ta MarepiajiB 1I0a0 Hel
Ha CalTi )XypHAITy i B IHIINX JDKepenax.

6. Crarta cynpoBOmKyeTbcst ckaHoM (1) Hampas-
JCHHS [0 peJaKili, 3aBi30BAaHUM IIIIUCOM KepiBHHUKA
Ta TEYaTKOK YCTAHOBH, JI¢ BUKOHAHO po0oTy, (2) Bimomoc-
TSIMH [IPO aBTOPIB (3 JEKJIAPYBAHHIM Y4acTi KOXKHOTO aBTOpa
3 JIeTaii3aliero BKIaay y MiaroToBmi crarti), (3) Aexiapa-
€0 MO0 OPUTIHANBEHOCTI TEKCTY HAYKOBOI CTAaTTi, a Uit
BITYN3HSHUX aBTOPIB TaKOXK (4) eKCIIEPTHUM BHCHOBKOM, 110
JIO3BOJISIE BIIKPUTY MyOITiKAIIiFO.

7. SIkiio y cTarTi BUKOPUCTAHO Marepiaiy, sKi € IHTeseK-
TyaJIbHOFO BIIACHICTIO KUTBKOX OpraHizaiii i paHimie He myoti-
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KYBaJIUCS, aBTOP MAa€ OJICPrKaTH JO3BLT Ha X MyOsiKallifo Bif
KOXKHOI 13 IMX OpraHizariiif i HajiciaTy Horo pa3oM 3i CTarTero.

8. TekcT IOpyKyeThCs dYepe3 IIBTOpa IHTEpBay Ha
CTaHAAapPTHOMY MAIIMHOIHMCHOMY apKylli (IIMpHHA MOJiB:
JIIBOTO, BEPXHBOTO Ta HIKHLOTO — IO 2 CM, MPaBOTO —
1 cm) mpudrom Arial (Arial Cyr) abo Times (Times Cyr)
po3mipom 14 myskTiB. CTOpiHKa TEKCTy IOBUHHA MiCTUTH
He Ounbine 30 psakiB.

9. Moga crareif — aHIIiichbKa Ta yKpaiHChKa (IlepeBara
BIJIA€THCS AHIJIOMOBHHM POOOTaM).

10. Matepian crarti Mae OyTH BUKIAJCHUN 33 TaKOIO
CXEMOIO:

a) inpekc YJIK — 3;1iBa, BiAMMOBITHO 1O KITFOYOBHX CIIIB;

6) iximianu Ta npi3Buiue aBropa (aBropis), ORCID ID
KO)KHOTO aBTOpa. PexoMeH10BaHa KUTBKICTH aBTOPIB CTATTi
Mae He NEePEBUILLYBATH 5;

B) Ha3Ba CTarTi;

T) IIOBHA Ha3Ba YCTAHOBH (YCTaHOB), JIe BUKOHAHO POOOTY,
MicTo, KpaiHa. SIKIO aBTOpPIB KiJibKa i BOHU NPALIOIOTh
Y pi3HHX YCTaHOBAX, TOA1 HE0OXiaHO apabCchKUMU udpaMu
MO3HAYUTH LU(PPOBUI HAIPAIKOBHN 3HAK, IO BiJIOBIIAE
YCTaHOBI, Jie TIPALIOE KOXKHUI 3 aBTOPIB; a Ha3Ba yCTAHOBH
Mae OyTH BKazaHa 3 BIANOBITHUM LU(POBHM IT03HAYEH-
HsM, CIIEKTPOHHA ajnpeca (aapecu), HOMep TenedoHy;

) IIBa pe3loMe: YKPAiHCHKOI0 MOBOIO 00CATOM [0
800 nmpyxoBanux mitep (0,45 cTOpiHKM) Ta aHIIIHCHKOIO
obcsirom 110 1800 apykoBanux Jitep (1 cropinka). Pesrome
YKpaiHCHKOIO MOBOIO Ma€ CKJIAZaTHCS 32 TaKOI CXEMOIO:
ingexc YJIK, inimianu Ta npi3Buiie aBTopa (aBTopiB), Ha3Ba
CTaTTi, TEKCT pe3loMe, KIIIOUOBI CJIoBa (He OiNIbIIe IT°SITH);

€) TMMOCTaHOBKa MPOOJIeMH B 3arajlbHOMY BUIIIAL Ta ii
3B 530K 13 BXKJIMBUMH HAYKOBUMH Ta IPAKTUYHHUMU 3aB-
JTaHHAMH;

) QOPMYITIOBAHHS METH CTaTTi (IIOCTAHOBKA 3aB/IaHHS);

3) MaTepiav i MeTOAH IOCIHIKEHHS 3 OIIICaMU METO-
JIB JOCIIKEHHS, KITBKOCTI Ta PO3MOALTY 00’ €KTIB AOCITI-
IoKeHHA. Mae OyTW 3a3Ha4eHO NOTPHMAaHHS IPHHIIMIIB
Etnunoro kozekcy BeecBiTHbOT MenuuHOT acorianii (I'enb-
CIHCHKa JeKJaparis) moa0 AOCHIIKEHb, 10 SKUX JOoIyda-
IOTh JIIOfieH, abo mpuHIUIIIB JIupekTHBH €BPONEHCHKOTO
Coro3y 2010/10/63 EU niono ekcriepiMEHTIB Ha TBapUHAX;

1) BHUKJIAJ OCHOBHOTO Marepiaiy JOCHTiHKEHHS 3 TOB-
HUM OOTPYHTYBaHHSIM OTPUMAHUX HAyKOBHX PE3YJIbTaTiB;

K) BUCHOBKH 3 JOCIIKCHHS 1 MEPCHEKTHBH MOHAIb-
LIMX PO3pO0OK y ILOMY HaIpsIMi;

J) JiTepaTypHi MOCHIAHHS B MOPSAAKY IX HHATYBaHHS
a0o 3a andasitom.

11. Pe3toMe aHIIICHKOI0O MOBOIO Ma€ KOPOTKO TOBTO-
pIOBaTH CTPYKTYPY CTATTi, BKIIFOYHO 31 BCTYIIOM, METOO Ta
3aB/IaHHSAMH, METOaMH, PE3yJIbTaTaMi, BUCHOBKAMH, 1 Mic-
TUTH KJTFOYOBI CjI0Ba. IHIIiaiK Ta Mmpi3Buile aBTopa (aBToO-
piB) HOArOThCS y TpaHCIiTepanii, Ha3Ba CTATTI — y Hepe-
KJIaJ[i aHTITIHCHKOI0 MOBO0. KiTF09WOBi ClTOBa ¥ 1HIIN TEpMiHU
CTaTTi MAIOTh BiJIOBIJaTH 3araJIsHONPUHHATAM MEANYHUM
TepMiHaM, HaBEICHUM Yy CIIOBHHKaxX. He ciiz BUKOpHCTO-
BYBaTH CJICHT i CKOPOUCHHSI, SIKi HE € 3araJbHOBXUBAHUMH.

12. XimiuHi Ta MateMaTudHi QOpPMYIH BIPYKOBYIOTH
abo BrucyloTb. CTpykTypHi (opMynu odopMIsIOTE SIK
pucyHKH. Y hopMylax po3MidaroTh: Mai Ta BEIHKI JTiTepH
(BeJMKI MO3HAYAIOTh JBOMA PUCKAaMHM 3HU3Y, Malll — TBOMa
pUCKaMH 3BepXy MPOCTUM OJIBIEM); JATHHCHKI JiTEepH
MAKPECITIOIOTH CUHIM OJIIBIIEM; TPELbKiI — 00BOISATE YEPBO-
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HUM OJIiBIIEM; TiIPSIKOBI Ta HAAPSIKOBI U(PH Ta JIITCPU
MO3HAYAIOTh IyTOI0 IPOCTUM OJIiBIIEM.

13. ¥V crarmsax cnij, BUKOPHCTOBYBaTH MiKHapOAHY
cucremy omuaunb CI.

14. PucyHKH 1 MANHCH 0 HUX BUKOHYIOTH OKPEMO.
Ha 3BOpoTHOMY 0011i KOXXHOTO PHUCYHKA ITPOCTUM OJIBLEM
CJIiJ| yKa3aTh HOro HOMeEp 1 Ha3By CTaTTi, a B pa3i HeoOXi-
HOCTI ITO3HAUYUTH BEPX 1 HU3.

15. Tabnuumi cnig ApyKyBaTH Ha OKPEMHX CTOPiH-
KaxX, BOHM NIOBMHHI MaTH HyMepalilo Ta Ha3By. Ha nomsix
PYKOIHMCY HEOOXiJHO BKa3aTH Miclie PO3MIIICHHS PUCYH-
KiB 1 Tabmumb. [HQOpMalis, HaBemeHa B TaONMIBIX 1 Ha
pHCYHKaX, HE TIOBUHHA AyOIIIOBaTHUCH.

16. Cromcok JiTepaTypHHUX JDKEpeN MOBHHEH MIiCTHTH
TIepetiK mpatp 3a ocTaHHi 10 poKiB i uIIe B OKpEMHX BUIIA/I-
Kax — Outeml paHHi myOmnikanii. B opuriHamsHuX poGoTtax
IUTYIOTH He Oubine 20 mxepen, B omsaax — 10 60. Ha koxay
pOOOTY y CHMCKY JiTepaTrypd Mae OyTH MOCHJIAHHS B TCK-
cTi pykomucy. Jliteparypa y CIHCKY PO3MIIILYEThCS 3TIHO
3 TOPSIKOM TIOCHJIaHb Ha HEi B TEKCTI CTarTi, sKi MOAAI0Th
Y KBaIpaTHUX Iy>KKax, a00 3a ajndasitom. K10 HABOIATHCS
po0OTH JIHIIIE OJHOTO aBTOPA, BOHM PO3MIIILYIOTBCS 33 XPO-
HOJIOTIYHNAM HopsiaKoM. [lo CIMCKy JliTepaTypHUX JKepes He
CIIiJI BKITIOYATH POOOTH, SIK I1Ie HE Ha/JPYKOBaHI.

17. Cnucok niteparypu O(GOPMITIOETBCS JIATHHHIEIO 32
HIDKYCHABEJICHUMHU CXeMaMH aHIIIIMCHKOI0 MOBOKO abo0 TpaH-
ciitepoBani. OdopmittoBary ix He0OXiJHO 3riHO 31 cTaHap-
ToM National Library of Medicine (NLM) a6o Vancouver style.

Hna cmameii:

Povorozniuk VYV, Balatska NI, Klymovytskiy FV,
Synenkiy OV. Actual nutririon, vitamin D deficiency and
bone mineral density in the adult population of different
regions of Ukraine. Trauma. 2012;13(4):12-16. (In
Ukrainian). Available from: http:/www.mif-ua.com/
archive/article/34633

Scott F, Mamtani R, Brensinger C, et al. The risk of a
second non-melanoma skin cancer with thiopurine and anti-
TNF use ininflammatory bowel disease. Am J Gastroenterol.
2014;109:S473. doi: 10.1016/S0016-5085(14)60282-1.

[pisBuIa aBTOPIB Ta Ha3Ba KypHaly IOJAOTHCS
JATUHUIEIO Y TPaHCIiTepallii, Ha3Ba CTaTTi — y IMepeKiai
aHMIIHCHKOI0 MOBOIO. TpaHciiTepamnito MoXHa 3pOoOUTH
aBToMaTMYHO Ha caiti http://ukrlit.org/transliteratsiia.
VY 6i6miorpadiuHOMy MOCHJIAHHI KOXHOTO JDKEpesa CIlij
BKa3aTH BCiX aBTOPiB, BIOKPEMITIOIOYH OJHMH BiJ OJHOTO
KOMOIO 1 Ipo6inoM. [Himianm BKa3yroTh Micis MPi3BHUINA,
3HAaKaMH IMyHKTyalii He BiJOKpeMIIoloThcs. [1oBHI iMeHa
aBTOpiB HE HABOAATHCS. Y BUMAAKy 7 i Oiiablme aBTo-
piB cTaBUThCs mocuiaHHA “‘et al.” micis mepmmMx TPbOX
npi3Bul. fkmo aBropiB 6 i menme, “et al.” He BUKO-
pucroByetThes. Ilicns mepesiky aBTOpiB CTaBIsATh Kparky
i mpo0in. Ha3ea myOiikauii HaBOOUTHCS aHIIUICHKOIO
MOBOIO TIOBHICTIO, 0€3 ckopoueHb. [licis Ha3Bu cTarTi
CTaBJIATH Kparky i mpo0Oin. Ha3Ba mepioqudaHOTO BHIAHHS
HABOJIUTHCS aHTIIIICHKOIO MOBOIO 200 TPaHCITITEPY€ETHCS
CHMBOJIAMH JIATHHCHKOTO an(aity. J[03BONSETHCS HABO-
JIUTH 3apeecTPOBaHi CKOPOYEHHsS Ha3BH NEPiOJUYHOTO
BUJAHHA. 3a3BU4Yail L (opMa HaIMCAaHHS CaMOCTIHHO
MPUIAMAEThCSA BHIAHHAM, ii MOXKHA J[I3HATUCS HA CaWTI
KypHaiy, BUJaBHULTBa, Ha caiiTi ISSN abo HeoOxinHO
HaBOAWTH HOTO TMOBHY Ha3By 0e3 ckopoueHHsA. Hazpu
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BITYM3HSHUX JXYPHAJIB CKOpouyBaTH He MoxHa. Ilicis
Ha3BH BHUIAHHS CTaBIATH Kpamky i mpoOin. [aHdopma-
i MO0 BHJAHHS: PIK BUIAHHS BiJOKPEMIIIOETHCS
Kpamkol 3 KOMOK, MOTIM HABOAWTHCS HOMEpP TOMY,
SKIO HEOOXIZHO, Y KPYIJIMX JYXKKaxX BKa3yeTbCsS HOMEp
KypHaIy, MiClsl IBOKPAlKH HAaBOAMTHCSA Jiala3oH CTO-
pinok. Jlyis crarTi, 10 HAJApPyKOBaHA HE aHIIIHCHKOIO
MOBOIO, HAITPUKIHII ¢(HOPMOBAHOTO MOCHIAHHS Y KPYIIIHX
Jy’KKax BKa3yeTbCsi MOBa opurinaiy. Jlonarkosa ingop-
Mariist crocoBHO ctarti — Homepa DOI («DOI: https://doi.
org/...»), PubMed ID, pexxum g0cTymy a0 mepIiomKepena
TOIIO — HABOAWTHCA HANPHKIHII MOCWUJIaHHS y (Qopmari
aKTUBHOTO rineprnocuianns. Popma mias nomyky DOI:
Crossref system.

Jlna mamepianie kongepenuii:

Sulkowski M, Krishnan P, Tripathi R. Effect of baseline
resistance-associated variants on SVR with the 3D regimen
plus RBV. In: Conference on Retroviruses and Opportunistic
Infections (CROI). 2016 Feb 22-25; Boston, MA.

Bakeyeva LY, Saprunova VB, Pilipenko DI. Ultrastruc-
ture of mitochondria in endogenous oxidative stress, mito-
chondrial antioxidant protective effect SkQ1. In: Procee-
ding of the IV congress of the Russian Society of Biochem-
istry and Molecular Biology. 2008 May 11-15; Novosi-
birsk, Russian Federation. Novosibirsk; 2008. (in Russian).

[pi3BuIna aBTOPIB MOJAIOTECS Y TPAHCITITEpaLii, Ha3Ba
mpaili — y nepekiai aumIiichkor0. [0I0BHE B OMUCaX KOH-
(epentiii — Ha3Ba KOH(pEpeHIIii MOBOIO OpHTiHATY (TI0fa-
€TBCS Y TPAHCIITEpAIlii, K10 HEMAE ii aHDTIHCHKOI Ha3BH),
BUJUIAETBCS KYPCHBOM. Y IIY)KKaX HAaBOXUTHCA HEpeKiIajn
Ha3BM aHIIiHChKOI0. BuXiaHi ani (Miclie NpoBeieHHs KOH-
(epentii, Micrie BUIaHHSA, PiK, CTOPIHKH) — aHTIIIHCHKOIO.

Jna monozpagiii ma inwiux KHUIHCOK:

Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s
heart disease: a textbook of cardiovascular medicine. Phil-
adelphia: Saunders; 2014. 2040 p.

Lutsik AD, Detyuk YS, Lutsik MD, autors; Panasyuk
YN, editor. Lektiny v gistokhimii [Lektins in histochemis-
try]. Lviv: Vyscha shkola; 1989. 144 p. (in Russian).

[Ipi3Buma aBTOpPIiB MOHAIOTHCS Yy TpaHCIiTEpalil,
Ha3Ba KHW)KKM — y TpaHCIiTepalii 3 NepeKia oM aHmil-
CBKOIO MOBOIO Y KBaJ[paTHUX IyXKax. Miciie BUIAHHS, PiK
BUJIaHHS, 3arajbHa KiJbKICTh CTOPIHOK — aHIIIHCBHKOIO,
Ha3Ba BUIaBHUIITBA — y TPAHCIiTEpaIlii.

3ayeasicyemo: y cuMcKy JaTUHUIECIO MOTPIOHO 3a3Ha-
YaTH BCIX aBTOPIB JTepaTypHOrO DKepena, Ha sike Bu
nocuiaerecb. TakoXk He CliJy y HbOMY 3aCTOCOBYBATH
3HaKW po3naiiaeHHs: // Ta — HasBy mxepena (KypHai, KOH-
(epeH1is, KHUra) 3aBKAN BUIUISIOTh KypCHBOM.

Hanpukinmi smiTepaTypHOTO JKeperna moTpiOHO BKazy-
Baru nudposuii inentudikarop crarri DOI, sxio Takuii €.
JoTpuMaHHS IUX MTpaBwiI 3a0€3MeUnTh KOPEKTHE BimoOpa-
JKEHHsI LIUTOBAaHMX JpKepesl y OunbliocTi pedepaTuBHUX
HayKOMETPHYHHUX 0a3 JaHHX.

18. CkOpOYeHHS CIIiB 1 CJIOBOCIONYYEHb ITOJAOTHCS
pignoeigHo g0 JICTY 3582-97 i T'OCT 7.12-93.

Jlns THX, XTO He Mae JocTyy Ao noBHoro Tekcty JICTY,
Ha caiiti OechbKOTO MEeIyHIBEpCUTETY HAaBEICHO TPUKIAIN
oopmiienns Oibmiorpagiunux 3amucie. JlocTym 3a mocu-
marHsaM http:/libblog.odmu.edu.ua/p/blog-page 8912.html.
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19. Jlo npykoBaHHMX MaTepiaiiB, BUKOHAHHX i3 BHKO-
PUCTaHHSM KOMIT IOTEPHHX TEXHOJOTIH, 000B’S3KOBO
JIOIAI0THCSl MaTepiaii KOMIT FOTepHOro Habopy Ta rpadiku
B €JIEKTPOHHOMY BUIJISIL.

Tekct moxke OyTu Takux opmaris: Word for Windows,
RTF (Reach Text Format).

I'padiyauii MaTepian ciia momaBatd B OKpemux (aii-
nax ¢opmarie XLS, TIFF, WMF a6o CDR. PosninpHa
3[aTHICTh IITPUXOBUX OpuUTriHamiB (rpadiku, cxemu) ¢op-
mariB TIFF nosunna 6ytm 300-600 dpi B&W, namis-
ToHOBUX ((ororpadii Ta iH.) — 200-300 dpi Gray Scale
(256 rpanmarmiii ciporo). lllupuHa rpadiyHUX OpUTIHATIB —
5,5,11,5117,5 cm.

20. CrarTi miaIaroThCs HAYKOBOMY PEIEH3YBaHHIO, 3a
pe3yabTaraMH SIKOTO YXBAJIIOETHCSI PILIEHHS PO JIOLIb-
HICTh ImyOmnikamii po6otu. BigxmieHi crarti He moBepTa-
I0ThCSI 1 MOBTOPHO HE PO3IIISAAI0THCS.

21. Pemakuis 3amumiae 3a cO0OI0 MPaBO pPEAAKIITHOL
MPaBKH CTaTeH, sKa He CIIOTBOPIOE 1X 3MICT, 200 MOBEPHEHHS
CTaTTi aBTOPY UTS BUITPABJICHHS BUSBICHUX JTC(EKTIB.

22. Jlatoro HaIXOMHKEHHS CTAaTTi 0 KypHAIy BBaXka-
€THCS JICHb OTPUMAHHS PEAAKIIEI0 OCTATOYHOTO BapiaHTa
TEKCTY.

23. [Micnsa oTpUMaHHS MiATBEPAKESHHS BiJI peIKoIerii
PO NPUUHATTS CTATTi A0 MyOusikamil HalalThCs PeK-
Bi3UTH M CIUTaTH NyONiKamiifHOTO BHECKY. BapTicTh
nyosikamii cranoBuTh 2000 rpuBeHb (3a 12 CTOPIHOK).
3a KOXKHY JOJATKOBY CTOPiHKY HEOOXiTHO IOJaTH dO
nyOnikaniiinoro BHecky 40 rpuBeHb. IlyOmikariiiHuii
BHECOK IIOKPHBAE BUTPATH, MOB’s3aHI 3 KOPEKTYPOIO
i pelaryBaHHSIM CcTaTeil, MakeTyBaHHSIM >KypHAly Ta
PO3MIIIEHHSM HOTO eJIeKTPOHHOI Bepcii. 3a OarkaHHAM
aBTOp CTaTTi MOXE 3aMOBHUTH €001 JpyKOBaHUIl MpH-
MIpHHK XypHasry. BapTicTh IpykoBaHOTO NIPUMipHUKA —
800 rpuBeHb, SIKI HEOOXITHO CIUIATHTH IOAATKOBO 10
myOmdikamiiiHoro BHecKy. IliATBepIKeHHS TMpoBele-
HOl omuiaTk (BigckaHOBaHY KBUTaHIil abo ii ¢oro-
rpadiro) aBTOp HAACWIAE B €ICKTPOHHOMY BHUIJISAII Ha
e-mail omj@onmedu.od.ua.

24. Penaxkuis «OechKOr0 MEIUYHOTO XKYpHAIY»: Bai-
XOBCBKHi1 TIPOB., 2, pekropar OfechKoro HaiioHAJILHOTO
MeIugHoro yHiBepcurety, M. Oneca, 65082, YkpaiHna;

e-mail: redkolehiaOMJ@onmedu.edu.ua

BinmoBimaneHi cexperapi )KypHaIy — JOIEHT [ pexoBa
Amna, Ten.: +38 (097) 938 30 52, nouent FOpuenxko Ipuna,
tei.: +38 (050) 815 53 05

KonraktHa ocoba (BupaBuuumii jgim  «lenbBe-
TukKay) — Jlemuenko Xpuctuna, Tei.: +380 (93) 035 42 60;
e-mail: omj@onmedu.od.ua

HaykoBuii penakrop — Antonenko Ilerpo, ten.: +380
(97) 587 56 36

Cropinkn kypHaiy: journal.odmu.edu.ua, journals.
onmedu.od.ua/index.php/med/home

25. Crarri, 010 HE BIAMOBINAIOTH IIMM IIpaBHIIAM,
He posmisanarotbes. Ilepenpyk crareid MOXIMBUMN JIUIIE
3 NMCHMOBOT 3rOJM PEAAKLI] Ta 3 TOCUIAHHIM Ha XKypHaJl.

Cepeoniti uac ouixyeéanns nyonixayii (Bin AHA Tomadi
IO THS ImyOriKarii) — 2—8 MicsmiB (3aIeKHO Bi (PaKTUIHOT
KUTBKOCTI TIOJJAHMX aBTOpaMM IyOJiKalii y KOHKPETHHWH
BUITYCK).
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JHonatox no [IpaBuit miAroTOBKU cTaTei
10 «OnechbKOro MEANYHOTO JKYPHAITY»

JEKJIAPALIA
II0J0 OPUTiHATBHOCTI TEKCTY HAYKOBOI CTATTI

S(vm), (IL.LB. agmopa a6o agmopie — 3a3Hauaromsca
6ci aemopu Haykoeoi cmammi), JIEKIapyro(€MO), IO
y CTarTi (Ha36a HAYK06oi cmammi) HASIBHUIA OPUTIHAIb-
HUH TEKCT, OTPUMAHUH y pe3yNbTari BIACHUX JOCIIIKCHb
(KJIIHIYHUX CIIOCTEPEXEHb), Gi0cymHi HEKOPEKTHI LIUTY-
BaHHS, 3alIO3MYCHHS 1HIIIOTO TEKCTY, BiIOMOCTI, ependa-
yedi cT. 32 Ta 69 3akony Ykpaiau «IIpo BHIILy OCBITY».

3asBisro(eMo), 0 Mos(Hala) HaykoBa poOOTa BHKO-
HaHa CAMOCTIHHO i B Hill HE MICTATHCS €TIEMEHTH ITariary.

Yci 3ano3uueHHs 3 IPYKOBAaHUX Ta €NEKTPOHHUX JDKe-
pell, a TaKoX 13 3aXUIIEHUX paHillle HayKOBUX POOIT, KaH-
JMUIATCHKUX 1 JOKTOPCHKHUX JUCEPTAIliif MAIOTh BiAMOBIIHI
HOCHJIAHHSI.

S(mu) o3naiiomienuii(i) 3 ynHHUM [lonoXKeHHSM PO
BUSIBJICHHSI aKaJIeMIYHOTO IIIariary, 3riJHO 3 SIKUM HasB-
HICTh IUIariaTy € MiJICTABOX0 JUIS BiIMOBU NPUHHITTS
HayKOBOI CTaTTi /10 ONMyOJIIKyBaHHS B HayKOBOMY XypHaJi
OnechbKOro HaliOHAIBHOTO MEMYHOTO YHIBEPCHTETY.

Jara HMignuc(u)

Hpumitku: 1. YV [dexnapanii moBuHHI OyTH migmucu
BCIX aBTOpIB HAyKOBOi CTAaTTi, sIKi MalOTh OyTH 3acBig4eHi
YCTaHOBOIO, JI€ BOHU NIPALIOIOTb.

2. SIKIo aBTOpM CTATTi € CHIBIpPAl[iBHUKAMH Pi3HUX
yCTaHOB, TO Jlexiapaliis moBUHHA OyTH 3 KOKHOI yCTaHOBH.

MHHOPAJOK PELHIEH3YBAHHS
PYKONHUCIB HAYKOBUX CTaTei, AKi HAAXOAATH MJIs1 MyOmikaii
a0 penakuii «OnecbKoro MeIN4YHOro :KypHaIy»

HayxoBi crarTi, siki HagxomsaTh s myOmikamii 10
penakiii «Omecbkoro MeIMYHOTO JKYpHAy», MiJUITaroTh
PEICH3YBaHHIO. 3aBIaHHIM PELCH3YBaHHS € MAKCUMAIILHO
00’€KTHBHA OI[iHKAa 3MICTy HAyKOBOi CTarTi, 1I BiAIOBiM-
HOCTI BUMOTaM >XKypHaiy, aHaji3 ii mepeBar Ta HEJOJNIKIB,
BHHECCHHS KOHKPETHHX PEKOMEHIAIH momo i BIOCKOHA-
neHHs. BimnoBimanbHUil cexperap JKypHany HpPOBOJIHUTH
TIOTIepEeTHIN aHai3 cTarel, IO HAMINILIM 0 pemaKIii,
iXHIO BiOBITHICTH TEMAaTHUIll Ta CIeEIiali3alii KypHay.
Peren3enTiB mpu3HAYa€e TOJOBHHUI pemakTop >KypHAIy.
B okpemux BHIMaAKax 3a pIllICHHSM TOJIOBHOTO pelakTopa
MpU3HauYeHHs perieH3eHTa(iB) Moxe OyTH TOpydeHEe WICHY
penakiiiiHoi Koserii a0o BUpIIICHE HA 3acCiTaHH] peaaKiii-
HOI KoJjierii.

Perien3eHTaMu xypHaly € DOCBiaYeHi (axiBIi — JOK-
TOPH HAYK, WICHH PEIKOJICTI1 )KypHAITy Ta Oro peakIiiitHo1
paau. Y pasi HoTpedu peakilis 3aydae 10 peliCH3yBaHHS
CTOPOHHIX (axiBIliB. PerieH3eHTH MarOTh BiAMIOBIIaTH KBa-
ni¢ikaniitanM BuMoram 3rigHo 3 Hakazom MOH VYkpaian
Bim 15.01.2018 Ne 32. HaykoBi cTarTi, 110 HATIWIUTKA 1O
JKYpHaITy, CIPSIMOBYIOTHCSI Ha PELCH31I0 OTHOMY peliCH-
3€HTY, 32 HEOOXiIHOCTI — ABOM pereH3eHTam. s Bcix
CTaTel, M0 HAIXOAATH 10 JKYPHAIy, BU3HAYAE€ThCS PIBEHb
1XHBO1 YHIKQJIBHOCTI 32 TI0TIoMOror0 CHCTEMH TPOTpaMHO-
obumcioBanbHOro Komiuiekey Strikeplagiarism.com.

Ilig dvac pereH3yBaHHS OI[IHIOIOTHCS BiAMOBIIHICT
CTaTTi TEMaTHUL )KypHaTy Ta ii Ha3Bi, aKTyaJIbHICTh 1 HAYKO-
BUIl piBEHb, II€peBaru i HEONIKH, BiJIIOBIIHICTE 0hOpM-
JICHHS CTaTTi BEMOraM penakiii. HampukiHii poOUThCs
BHCHOBOK TIPO JIOULIBHICTD ITyOmiKaii.

Penien3yBaHHs MPOBOIUTHCS KOH(IACHIIIHO 3a PUH-
IUTIOM TIOJBIITHOTO «CIIMOT0» pereH3yBaHHS (aHI aBTOp,
aHi perersedTt He 3Ha1oTh [1.I.B. omHe omHorO). Pernensis
HAJA€THCS aBTOPY CTATTi Ha HOTO 3amuT Oe3 MiANCY, BKa-
3IBKM Tpi3BHINA, IMOCAmM 1 Micmsg poOOTH pereH3eHTa.
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B okpemux Bumnagkax Ha MpOXaHHsI PEliCH3EHTa Ta 3a Y3ro-
JOKEHHSIM 13 PelaKI[iifHOI0 KOJIETIEI0 JXypHATy B3a€MOIIsS
pelieH3eHTa Ta aBTOpa MOXE BiJIOyBaTHCh Y BIIKPUTOMY
pexxumi. Taka NMpakTHKa 3aCTOCOBYETBHCS JIMIIE B TOMY
BUIIAQJIKY, SKIIO BiIKPUTA B3a€MOJis 3a0¢3MEYUTH MOJII-
IIEHHS BHKJIQIy Marepially poOOTH, IO PpEIeH3YETHCS.
3a3BHU4ail perieH3eHT POOUTH BUCHOBOK IIO/I0 MOXIIBOCTI
myOmikarii crarti npotsarom 14 mi6.

SIKIIO pereH3eHT PEeKOMEH Y€ BUIIPaBUTH ab0 J00Tpa-
IIIOBATH CTATTIO, PEAKIIis BIATIPABIISE ABTOPY TEKCT PEICH-
311 11 BHeceHHS B poOoTy BigmoBigHux 3miH. CrarTi,
BiJicTaHi aBTOpaM Ha BHUIIPABJICHHS, CIIiJ] TTIOBEPHYTH IO
penakuii He Mi3Hille HiX Yepe3 CiM JHIB Micis OJep>KaHHS.
KopekTtypu aBropaM He BHUCHJIAIOTBCS, MPOTE SIKIIO Ie HE
nopy1uye rpadik BUXOLy *KypHally, MOXJIUBE HaJlaHHS Ipe-
MIPUHTY, y SIKOMY JAOITyCTUME BUITPABICHHS JIMIIE TOMUIIOK
Habopy 1 dakTaxy.

ABTOpY, CTaTTA SIKOTO He OyIna MpuiHATa 10 ImyOiKarii,
Ha HOT0 3aITUT BiANIPABISIETHCS. MOTHBOBaHA BiMOBa. Pyko-
TIHC CTATTi HE MOBEPTAETHCSL.

SIkmo aBTOp HE 3TOACH i3 AYMKOIO pEIeH3eHTa, BiH
MOXE JaTH MOTHBOBAHY BiIIOBi/Ib.

V pa3i motpebu 3a MOTOMKESHHSIM 3 aBTOPOM MOKe OyTH
IPOBEJICHO JIONATKOBE PELEH3yBaHHSA PYKOIUCY IHIINM
(haxiBiem.

OcraToyHe pillieHHs PO MyOiKalito cTarTi Ta i Tep-
MIHH TIpUMa€e peaKiiiiiHa KoJeris.

B okpeMux BHIajikax 3a HasBHOCTI TIO3UTHUBHOI pelieH-
3ii MO)KiIMBa ImyOJiKamisi cTarTi 3a pilICHHSIM TOJOBHOTO
penaxropa abo HOro 3aCTyIHHUKA.

[Micns yxBameHHsI pimIeHHS TPO ITyOINKaIio CTaTTi
penaxiis iHpopMye Ipo Iie aBTOpa 3 YKa3aHHIM TEPMiHY
myOrTiKarii.

Opurinanu pernensiii 30epiratoTbcs B pemakiiii mpots-
roM | poky.
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tal and clinical researches have been executed according
to the international ethical norms of scientific researches,
and also they give the publisher a right for publication of
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cation is given in English in full, without abbreviations. After
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periodical is given in English or transliterated with the sym-
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title of the publication a point and a space are put. Information
about the publication: the year of publication is separated by a
semicolon, then the volum’s number is given, if necessary, in
parentheses indicate the number of the Journal, after the colon
follows the range of pages. For an article that is not published
in English, the language of the original is indicated in paren-
theses at the end of the generated link. Additional information
about the article — DOI number («DOI: https://doi.org/...»),
PubMed ID, source access mode, etc. — is provided at the end
of the link as hyperlink. Search form for DOI: Crossrefsystem.

For materials of conferences:
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descriptions of conferences is the name of conference in the
language of original (is given in transliteration if there is not
its English title), indicated by italic. Translation of the title
into English is given in brackets. Imprint (place of holding a
conference, place of publication, year, pages) — in English.

For monographs and other books:

Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s
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delphia: Saunders; 2014. 2040 p.

Lutsik AD, Detyuk YS, Lutsik MD, autors; Panasyuk
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The last names of authors are given in transliteration,
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of publication, total number of pages — in English, name of
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Please, note: in the references in the Roman alphabet it
is necessary to indicate all the authors of the literary source,
which you refer to. It should also not use punctuation: //
and — The name of the source (Journal, conference, book)
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At the end of the literature source, the digital identifier
DOI must be indicated (if it is present). The observance of
these rules will provide the true representation of quoted
sources in the majority of citation databases.

18. Abbreviations of words and word combinations are
given according to State Standards of Ukraine 3582-97 and
National State Standard 7.12-93.
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can find it at the site of the Odesa Medical University, the
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http://libblog.odmu.edu.ua/p/blog-page 8912.html.

19. The printed materials executed with the use of
computer technologies are added by computer type-setting
materials and graphic in digital form.
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Windows, RTF (Reach Text Format).
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files of the XLS, TIFF, WMF or CDR formats. Resolution
of line originals (the graphics, schemes) of the TIFF for-
mats must be 300-600 dpi B&W, halftone (pictures, etc.) —
200-300 dpi Gray Scale (256 gradations of gray). Width of
graphic originals — 5.5, 11.5 and 17.5 cm.

20. Articles are subjected to scientific reviewing, as a
result of which the decision is taken whether to publish the
work or not. The rejected articles are not returned and are
not resubmitted.

21. The Journal reserves the right for editorial cor-
recting, which does not distort its contents, or returns an
article to the author for correction of revealed errors.

22. The date of article’s coming to the Journal is the
day when the editorial office receives the final variant of
the text.

23. After the editorial board confirms that the article has
been submitted, requisite payment details are provided. The
cost of publication is UAH 2,000 (up to 12 pages). Each
additional page is paid separately UAH 40. The publication
fee covers costs of proofreading and editing, page-planning
and on-line version of the Journal. At the request the author
of the article can order a printed copy of the Journal. The
cost of a printed copy is UAH 800, which must be paid
in addition to the publication fee. The author sends con-
firmation of the payment (a scanned check or its photo) to
e-mail omj@onmedu.od.ua.
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Valikhovsky Lane, 2, Odesa National Medical Univer-
sity Rectorate, Odesa, 65082, Ukraine;
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Iryna Yurchenko, phone +38 (050) 815 53 05

Person of contact (Publishing House “Helvetica”) —
Khrystyna Demchenko,
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25. The articles that fail to meet these requirements
are not admitted. Reprinting of articles is possible only
with the written consent of the editors and with reference
to the Journal.

The average waiting time of publication (from the day
of submission to the day of publication) is 2—3 months
(depending on the actual number of publications submitted
by authors to a definite issue).
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Addition to the Manual of Article Style
for “Odes’kij Medi¢nij Zurnal”

DECLARATION
on Originality of the Text of the Scientific Article

I(we) (name, first name and patrymonic of the author
or authors (all authors of the scientific article are indi-
cated) declare that in (the name of the scientific article)
the available text, obtained as a result of own researches
(clinical investigations) is original, improper quotings,
borrowings of other text, or information given in the sec-
tion 32 and 69 of the Law of Ukraine “On Higher Educa-
tion” absent.

I(we) declare that my scientific study is executed inde-
pendently, and has no plagiarism elements.

All borrowings from the printing and electronic sources,
as well as from defended before scientific studies, candi-
date’s and doctoral dissertations have the proper references.

I’'m(we are) acquainted with the current regulation
about detecting academic plagiarism, according to which
the detecting of plagiarism is the reason for the refusal of
scientific article publication in the scientific journals of the
Odesa National Medical University.

Date Signature(s)

Notes: 1. The signatures of all authors of scientific arti-
cle, which are to be sertified by establishment where they
work, must be in Declaration.

2. If authors of the article are employees of different
establishments, Declaration must be provided from every
establishment.

MANUSCRIPTS REVIEWING ORDER

Scientific articles submitted to “Odes’kij medic¢nij Zur-
nal” (“Odesa Medical Journal”) need reviewing. The task
of reviewing is the most objective assessment of the con-
tent of the scientific article, its compliance with the require-
ments of the Journal, analysis of its advantages and dis-
advantages, making specific recommendations for its
improvement. The executive secretary of the Journal con-
ducts a preliminary analysis of the articles received by the
editors, their relevance to the subject and specialization of
the Journal. The reviewers are appointed by the editor-in-
chief of the Journal. In some cases, by the decision of the
editorin-chief, the appointment of the reviewer (s) may be
entrusted to a member of the editorial board or decided at
the meeting of the editorial board.

The reviewers of the Journal are experienced special-
ists — doctors of sciences, members of the editorial board
and editorial council of the Journal. If necessary the editors
invite external experts for cooperation. The reviewers must
meet the qualification requirements in accordance with the
Order of the Ministry of Education and Science of Ukraine
dated 15.01.2018 No 32. The scientific articles submitted
to the Journal are sent for review to one reviewer, if nece-
ssary — to two reviewers. For all articles submitted to the
Journal, the level of their uniqueness is determined using
the programming and computing suite Strikeplagiarism.
com. The reviews should estimate if the article corresponds
to the subject of the Journal and its title, actuality and sci-
entific level, advantages and disadvantages, correspondence
of the article style to the editorial requirements. The conclu-
sion about advisability of publication is drawn at the end.

Reviewing is conducted confidentially by the principle
of double “blind” reviewing (neither the author nor the
reviewer know each other’s names). The review is provided
to the author of the article at his request without a signa-
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ture, indication of the name, position and place of work of
the reviewer. In some cases, at the request of the reviewer
and in agreement with the editorial board of the Journal, the
interaction of the reviewer and the author may take place
in an open mode. This practice is used only if open inter-
action will improve the presentation of the peer-reviewed
work. Usually the reviewer concludes that the article can
be published within 14 days.

If the reviewer recommends to correct or complete the
article, the editorial staff sends the review text to the author
for inserting proper changes in. The articles submitted to
authors for correction should be returned to the editors
no later than seven days after receipt. Proofreaders are not
sent to the authors, but if this does not disturb the schedule
of the Journal, it is possible to provide a preprint in which
it is permissible to correct only typing and factual errors.

The author, whose article was not submitted to the
publication, is sent a reasonable refuse on his demand.
The manuscript is not returned.

If the author does not agree with a reviewer’s point of
view, he can give him a reasonable answer.

In case of necessity an additional reading of manuscript
by another specialist can be carried out on agreement with
the author.

A final decision about the publication of the article and
its terms is made by the editorial board.

Sometimes in case of a positive review the article can
be published after the editor-in-chief’s or vice-editor-in-
chief’s decision.

After approval of the article publication the editorial
staff informs the author about it with indicating the term
of publication.

Originals of reviews are kept in the editorial during
1 year.
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