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Ienu, 3agauu ¥ TeMaTHKa )XypHaia

HayuHbIii peLjeH31pyeMblii MeJULIMHCKHUI )XypHas «BecTHuk Poccuiickoro yHuBepcuTeTa Jpy>K6b1 HapozoB. Cepusi: MeULIMHA» BBIXOAUT
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JIOTHH, aJU/IeprojIori 1 UMMYHOJIOTMH, MEJULIMHCKOM reHeTUKH Y MUKPOOHOIOruy, MH(EKIIMOHHBIX 60s1e3Hel.

Kask/plii BBIMYCK SIB/II€TCS TeMaTHueCKUM. TeMaTHKa KaXKJ0ro BbIITyCKa 00bsBseTCs 3apaHee. [ myO/ivKalyil NpUHUMAtOTCS OpPUTH-
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Ha paCCMOTPEHUH B JIDYTUX HAay4HBIX XypHasax.

JKypHan opreHTHPOBaH Ha yueHbIX U Mperno/fiaBaresiel, acIUpaHTOB U MOJIObBIX YUeHbIX, IpaKTUUeCKUX Bpaveil, BeAyL{X TTOMCKOBbIe
paboThI 110 pa3paboTKe HOBBIX U 10 YCOBEPIIEHCTBOBAHUIO CYIII€CTBYIOIMX NPO(UIaKTUIeCKUX, AUarHOCTUYECKHUX, 1edeOHbIX U peabunura-
LIMOHHBIX METO/0B.

Ha ocnoBanuu pertiennst BAK MunucrepctBa 06pa3oBanust v Hayku P® »xypHan BXoauT B «[lepeueHb MepUOJHUeCKUX U3aHUM, B KOTOPBIX
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3.1.18. BHyTpenHue 6ose3Hu (MeAULMHCKYE HayKu), 3.1.6. OHKo/IOrMs, TyueBasi Tepanusi (MeAULIMHCKUE HayKK); ¢ 22.11.22 — 1.5.5. ®usuo-
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YeCKHX BBIITYCKOB KypHasa: http://journals.rudn.ru/medicine/announcement/view/327
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Abstract. Relevance. Magnets have long been used to treat various diseases, especially in inflammatory processes. According
to existing historical data, magnetotherapy was already used in ancient times by the Chinese, Egyptians and Greeks. Different
magnetic field strengths affect cells in different ways, with medium-strength magnetic fields being the most widely used. The
review presents a brief history and current state of the issue of using a magnetic field in bone tissue regeneration. Modern
knowledge about the mechanisms of physiological and reparative regeneration, restoration of bone tissue is clarified, and modern
areas of bone tissue engineering are considered, taking into account the characteristics of microcirculation and the effect of
a magnetic field on the physiology of bone tissue and reparative regeneration. One of the key findings of the review is that the
magnetic field improves bone tissue repair by influencing the metabolic behavior of cells. Studies show that magnetotherapy
promotes the activation of cellular processes, accelerates the formation of new bone tissue and improves its quality. It is also noted
that the magnetic field has a positive effect on microcirculation, improving the blood supply to tissues and facilitating a better
supply of nutrients to the site of injury. This contributes to faster wound healing and early rehabilitation of patients. Conclusion.
Magnetotherapy is one of the effective physical and rehabilitation methods of treatment that will become increasingly important
in modern medicine. However, further research is needed to better understand the mechanisms of action of a magnetic field on
bone tissue and to determine the optimal parameters for its application.
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Introduction

The effect of a magnetic field (MF) on human
health has been of interest to researchers since the
beginning of the New Time. The English physicist
and physician William Gilbert, who went down in the
history of science as a scientist who was the first to
find an explanation for the operation of the magnetic
needle of a compass and suggested the existence of
the Earth’s magnetic poles, and also as the author
of the first London Pharmacopoeia, suggested that
magnets can cause mental disorders, leading even
to death, but also restore beauty and health to girls
suffering from pallor and bad complexion, due to the
fact that they dry and tighten strongly without causing
harm [1]. That is, the discoverers of the magnetic
field have already pointed out its versatile effect on
the human body. The Russian scientist Alexander
Middendorf was the first scientist who started
a fundamental study of the influence of a magnetic
field on the organisms of living beings. In particular,
he discovered that the ability of migratory birds to
navigate in space is similar in nature to the orientation
of a magnetic compass needle to the magnetic pole
of the Earth [2].
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The use of electricity and electromagnetism in
medicine began in the 18th century. However, all
these attempts can be compared with medieval magic,
which has nothing to do with traditional and even more
evidence-based medicine.

So, in the 1750s, German doctors applied permanent
magnets to various parts of the body, hoping for their
positive effect on the body in the treatment of various
diseases [3].

In 1774, Anton Franz Mesmer, a Viennese doctor,
gave patients to drink a liquid with a suspension of
iron and then drove permanent magnets through the
body. He believed that in this way he affects «animal
magnetism», which in turn is the basis of the life of
any living organism. He also healed people with his
own biomagnetism. In 1784, in Paris, a commission of
the Academy of Sciences and the Academy of Medical
Sciences in a series of «blind» experiments studied
Mesmer’s method — mesmerism. The conclusions of
the commission refuted the effectiveness of the method
and recognized it as a «figment of the imagination»
and charlatanism.

After the discovery by the Italian physician,
physicist and physiologist Luigi Galvani of «animal
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electricity» («Treatise on the Forces of Electricity in
Muscular Movement», 1791) in 1796, the American
physician Elisha Perkins patented and actively used
metal sticks made of copper and steel, called pullers, for
the treatment of any disease: from pain to rheumatism.
In 1798-1799, as a result of placebo-controlled studies
conducted by the British physician John Highgart,
the action of pullers was recognized as an ineffective
medical remedy, having in some cases only a placebo
effect [4].

Reparative regeneration of bone tissue
and modern trends in bone tissue engineering

Recent studies have led to a clear understanding
that the successful healing of fractures, as well as bone
defects, is based on carefully coordinated cross-talk
between inflammatory and bone-forming cells [5].
Bone tissue renewal is a complex mechanism based on
the interaction of angiogenic and osteogenic processes
that can lead to its formation. The process of bone
regeneration is focused on the primary role of the
occurrence of vascularization, in particular, the turning
point is the ability to vascularize volumetric scaffolds
in order to deliver enough nutrients, growth factors,
oxygen for its restoration [6].

The supply of oxygen and nutrients is limited to
a size of no more than 200 microns due to diffusion.
The cells will not survive and new bone formation
will be hampered in the center of a bone defect
without a vasculature [7]. It is necessary to take into
account the important fact in which macrophages play
inflammatory cells that contribute to the recruitment
and regulation of mesenchymal stem cell (MSC)
differentiation during bone regeneration. Indeed,
animal studies have comprehensively demonstrated that
fractures do not heal without the direct involvement
of macrophages [5, 8].

To this day, the standard clinical methods for bone
restoration are the use of autografts and allografts.
However, there are some limitations in the use of
these techniques, manifested in a limited amount of
bone, complications at donor sites, the risk of disease
transmission, etc. [9, 10].
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Bone engineering goes beyond the limitations
of traditional methods. An actively developing and
promising direction striving to overcome these
limitations, which attracts a lot of attention from
researchers [11-13]. The main goal of tissue engineering
is to imitate natural processes, in particular, remodeling
and regeneration, by creating scaffolds that can send
regenerative signals to cells [14—-16].

The nanostructure of bone and the interaction
between organic components play a key role in the
creation of a biomaterial with properties similar to
natural bone tissue [17].

Numerous types of materials are currently in
use, which generally have good biocompatibility
and mechanical properties. In this process, natural or
synthetic scaffolds, cells, and growth factors combine
to form a construct that is structurally, functionally,
and mechanically similar to native tissue that requires
repair [18].

However, these materials cannot be artificially
controlled after implantation, which can lead to poor
recovery efficiency [19]. Currently, tissue engineering
strategies have demonstrated a completely new
promising direction in bone tissue regeneration
associated with biophysical stimulation of osteogenesis
processes generated by a magnetic field [20].

Physicochemical and biological mechanisms
of magnetic field action

In modern medicine, electricity is used in various
forms: direct exposure to currents (microcurrents),
electrophoresis, electromagnetic induction, magnetic
fields, etc. The purpose of this article is to review
modern methods of exposure to constant and variable
magnetic fields on bone tissue and its regeneration.

Magnetic fields are an integral part of the electric
field, changing in the process of its change in time. In
addition, magnetic fields can be created by charged
particles, either by the current of electrons (a non-
permanent magnet), or by the magnetic moment of
electrons. The main characteristic of a magnetic field
is its strength, which is determined by the magnetic
induction vector.
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Under the action of a magnetic field, the liquid
crystal structures (lipoproteins, membrane mitochondria,
etc.) that are part of tissues can orient themselves relative
to the magnetic induction vector due to the anisotropy of
their properties. As a result of this orientational shift and
the interaction of the arising own magnetic field with the
external one, reversible structural changes occur in cell
membranes, their permeability, intensity and direction
of biochemical reactions change. The movement of
charged particles through membranes changes. The
magnetic field induces an induction electromotive force
in conductive tissues [21].

Special magnetic receptors, except for particles of
biomagnetin, do not exist in living organisms. Therefore,
it is important to know how magnetic field signals are
transformed in response to biological signals.

Primary processes of interaction of a MF with
particles of matter is a purely physical process [21]. The
action of the MF field on any charged bodies, including
living objects, is described in the classical approximation
by means of the Lorentz force. The Lorentz force is the
force with which the electromagnetic field, according to
classical (non-quantum) electrodynamics, acts on a point
charged particle [22, 23]. The Lorentz effect in a living
organism is accompanied by structural and functional
changes at all levels where there are charged particles
(ions and molecules) and elementary and bioelectrical
processes occur [24].

The magnetic moments of atoms and molecules
are mediators in the transmission of magnetic field
signals to the biochemical level. The fine regulation of
protein activity, carried out by biophysical mechanisms
involving magnetically sensitive intermediates, leads
to a shift in metabolic processes. Starting from this
level, one can observe the effect of MF on changing
the concentration of metabolic products [21]. Also, the
interaction of magnetic fields with biological systems
can be carried out due to ion parametric resonance [25].

Another possible mechanism is the influence of
the magnetic field on the intermediate singlet-triplet
(S-T) state of the reacting radicals and, consequently,
on the reaction yield. Singlet-triplet transitions can
occur in pairs of radicals that are in a spin-correlated
state, which is precisely magnetically sensitive. They
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occur as intermediates in chemical reactions involving
free radicals, such as many enzyme-substrate reactions.
The MF, modulating the singlet-triplet transformation,
thereby changes the yield of free radicals, which changes
the parameters of the reaction.

Through such mechanisms of nonspecific
transformation of physical stimuli caused by the
action of a magnetic field into biochemical stimuli,
a number of processes in the cell can change: the
rate of enzymatic reactions, ion current in channels,
membrane permeability, expression of various proteins,
and changes in gene regulation. However, the specific
mechanisms of the implementation of the effects of
a magnetic field on living cells and tissues are still
poorly understood, because in such experimental studies,
it is very difficult to achieve reproducibility of results
due to the significant influence of a large number of side
factors, such as temperature, electric fields, humidity,
pressure, lighting, as well as chemical, physiological,
and genotypic factors [26].

The influence of the magnetic field
on the physiology of bone tissue
and reparative regeneration

Biophysical stimulation is a non-invasive
manipulation aimed at increasing and enhancing the
reparative and anabolic activity of tissues. Clinical
biophysics forms the basis of the «new pharmacology»,
which uses physical stimuli to treat various human
diseases. The complexity of the interaction between
physical agents and biological systems especially
complicated the work of researchers, but contributed
to the discovery of new directions [7].

Many human tissues (bone, cartilage, skin and
ligament tissues) have piezoelectric properties, i.e.
the ability to generate an electric field in response to
mechanical deformation of the material. It is known
that the human body, when moving, can generate
microcurrents and, thus, an electric field, which creates
a potential gradient in the range from —10 to —-90 mV
along the cell membrane. Even small electrical fields
and potentials can affect the migration, proliferation
and phenotype of various cell types (e.g., epithelial
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and endothelial cells), as well as induce tissue
regeneration (e.g., nerve fibers, bones, ligaments) or
directly affect electrically sensitive tissues (nerves,
cardiac myocardium, smooth muscle layer of blood
vessels) [27, 28].

Electromagnetic and magnetic fields are widely
used in orthopedic clinical practice to accelerate
bone healing processes. In a study by Fukada E. et al.
piezoelectric properties of bone have been demonstrated.
Bone tissue has a piezoelectric constant of about 7-8
pC/N [29], and the piezoelectric properties of bone tissue
play a crucial role in its regeneration and restructuring
in response to mechanical loads [27, 28]. Thus, a study
by Fucada et al. showed that in areas of compression,
the bone is electronegative and causes bone resorption,
while areas of tension are electropositive and form
bone [30].

In cellular engineering of musculoskeletal tissue,
physical stimuli induce MSC proliferation, modulate
their behavior, and maintain their differentiation by
modulating their intracellular signaling pathways. This
suggests that the use of such stimuli may be a promising
strategy to improve bone fracture healing and cartilage
regeneration. To date, some physical manipulations have
already been introduced into clinical use for bone and
cartilage regeneration [18].

Piezoelectric effects that occur in bone tissue under
load [31], the presence of mechanotransduction [32],
and molecular mechanosensors in osteocytes [33, 34]
suggest that an external electromagnetic or magnetic
effect will also have a physiological effect on metabolic
processes in bone tissue.

In clinical practice, pulsed electromagnetic
fields (PEMFs) are widely used to accelerate bone
healing [7]. Over the past decades, substantial and
growing evidence has emerged showing that PEMF
therapy as an alternative non-invasive method is able
to provide a satisfactory therapeutic effect in a wide
range of bone diseases. The basic principle of the pulsed
magnetic field is to influence cell differentiation and
proliferation by influencing various metabolic pathways,
stimulate angiogenesis and bone formation, and thus
promote fracture healing [35]. Stimulation of PEMFs
has been shown to promote the proliferation and
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mineralization of osteoblasts in vitro, as well as to
inhibit osteoclastogenesis. Stimulation of PEMFs has
also been demonstrated to be capable of stimulating
osteoblast functions in vitro [36].

For example, in a study by Umiatin U. et al.
presented the results of a histological analysis of the
results of fracture healing in vivo after stimulation with
PEMFs. The study showed that the bone cartilage in the
PEMFs group of laboratory animals was higher than
in the control group throughout the entire observation
period. In addition, the PEMFs group had less fibrous
tissue at the onset of healing [37]. These results indicate
that stimulation of PEMFs has an effect on the induction
of osteogenesis during fracture healing and reduces the
risk of delayed union.

Inductive coupling is the basis for the application of
PEMFs. PEMFs consist of a coil of wire through which
a current flow and a pulsed magnetic field is generated.
Pulsed magnetic fields are inductive in bone tissue,
which leads to a change in the secondary electric field.
Secondary electric fields depend on pulsed magnetic
fields and tissue properties.

Magnetic fields ranging from 0.1 to 20 Hz are
commonly used to generate electrical fields in the
range of 1 mV/cm to 100 mV/cm in bone. The PEMFs
device generates a time-varying electrical field to mimic
the normal physiological response of bone cells to
mechanical stress. This electric field initiates enhanced
bioeffects of bone growth and remodeling. A systematic
review and meta-analysis show the potential impact
of PEMF on several human cell types, including
bone marrow mesenchymal stem cells. However,
mesenchymal stem cells from human adipose tissue
are less sensitive to PEMF. Studies also indicate that
frequencies above 100 Hz with a flux density of 1 to
10 mT and long-term exposure over 10 days are more
effective in achieving cellular response when using
PEMF [38].

Studies have shown that magnetic fields affect the
intracellular calcium concentration, which in turn activates
cellular processes that promote bone tissue regeneration.
A special role in this process is played by voltage-gated
calcium channels (VGCC), which are activated under
the influence of magnetic fields. This leads to accelerated
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osteogenic differentiation of MSC, increased expression of
osteogenic markers, and extracellular calcium deposition.
All these facts point to the important role of calcium
signaling in the process of bone tissue repair under the
influence of magnetic fields [39].

In a study by Zhai M. et al. 2016 studied the effects
and potential molecular signaling mechanisms of PEMFs
on osteoblasts in vitro. Osteoblast-like MC3T3-E1
cells were exposed to PEMFs (0.5, 1, 2 or 6 h/day) at
a frequency of 15.38 Hz at different intensities (5 G
(0.5mT), 10 G (1 mT) or 20 G (1 mT 2 mT)) for 3
consecutive days. PEMF stimulation at 20 G (2 mT) for
2 hours per day showed the most prominent stimulatory
effects on osteoblast proliferation when analyzed with
Cell Counting Kit-8. Exposure to PEMFs induced a well-
organized cytoskeleton and contributed to the formation
of extracellular matrix mineralization nodes.

After stimulation with PEMFs, including Ccnd
1 and Ccne 1, there was a significant increase in the
expression of genes associated with proliferation.
Moreover, PEMFs increased gene and protein expression
of collagen type 1, transcription factor 2 associated
with Runt, and Wnt/B-catenin signaling during the
proliferation and differentiation phases. Taken together,
these results highlight that PEMFs stimulated osteoblast
function through a mechanism associated with Wnt/[3-
catenin signaling and therefore regulates the expression
of genes/proteins associated with osteogenesis [40].

Numerous studies have demonstrated the effect of
strong MFs (up to 0.6 T) on osteoblast differentiation,
orientation of cells or matrix proteins. However, the
influence of weak MFs (with amplitudes of 0-200
HT) on the orientation of bone formation has not been
sufficiently studied and is the subject of numerous
discussions. So, in the study by Okada R. et al. assessed
the effect of low MF on osteoblast differentiation, bone
formation, and orientation of both cells and newly
formed bone. An apparatus was prepared with two
magnets (190 mT) aligned in parallel to create a parallel
MF. In vitro, rat bone marrow stromal cells were used
to evaluate the effect of low MF on cell orientation,
osteoblast differentiation, and mineralization. A model
of ectopic bone induced by bone morphogenetic protein
(BMP-2) was used to elucidate the effect of low MT

14

on microstructural indices, trabeculal orientation, and
orientation of newly formed bone apatite crystals.

Low MF led to an increase in the proportion of
cells oriented perpendicular to the direction of the MF
and contributed to the differentiation of osteoblasts
in vitro. Moreover, in vivo analysis has shown that
low MFs promote bone formation and change the
orientation of trabeculae and apatite crystals in
a direction perpendicular to the MF. These changes
led to an increase in the mechanical strength of the bone
induced by BMP-2. These results suggest that the use of
low MF can promote bone regeneration with sufficient
mechanical strength by controlling the orientation of
the newly formed bone [41].

In another study by Kamei N. et al. demonstrated
the effectiveness of magnetic targeting of bone marrow
MSCs using a rabbit forelimb bone defect model. In
this study, a rabbit forelimb bone defect was occluded
with artificial bone having interlocking porous
hydroxyapatite. The magnetic effect on bone marrow
MSCs enhanced MSC infiltration into artificial bone
and bone formation. Magnetically labeled bone marrow
MSCs were injected into the site of a bone fracture in
the presence or absence of a magnetic field. As observed
using in vivo, magnetic targeting was found to enhance
the proliferation and survival of transplanted MSCs.
Radiographic and histological evaluations showed that
magnetic targeting improved bone repair at four and
eight weeks after treatment [42].

Despite a large amount of data on the use of MFs to
influence bone regeneration, a number of meta-analyses
of the literature on this topic provide mixed results. The
effect of PEMF on bone healing remains uncertain and
has not been established as a standardized treatment.

The aim of the systematic review and meta-
analysis by Peng L. et al. there was an evaluation of
the effect of PEMF on bone healing in patients with
fractures; a pooling of 14 studies (n = 1,131 patients)
showed a healing rate of 79.7 % (443/556 patients)
in the PEMF group and 64.3 % (370/575); PEMF
increased healing rate by Mantel — Haenssel analysis
(RR =1.22; 95 % confidence interval [CI] = 1.10-1.35;
12 = 48 %) and relieved pain by inverse analysis of
variance (standardized mean difference [SMD] =-0.49,
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95 % CI =-0.88, 12 = 60 %). 0.10; 12 = 60 %) and
accelerated healing time by inverse analysis of variance
(SMD =-1.01; 95 % CI =-2.01 to —0.00; 12 = 90 %).
Moderate-quality evidence indicates that PEMF s
increase the healing rate and relieve fracture pain,
while very low-quality evidence indicates that PEMF
s accelerate healing time. Therefore, larger, high-quality
randomized controlled trials and preclinical studies of
optimal frequency, amplitude, and duration parameters
are needed [43].

There is currently no clear understanding of the
effect of PEMF on bone healing. This is likely due to the
different parameter settings used. In addition, a different
reaction of cells involved in the process of bone healing
was recorded. As is known, the biological effects caused by
PEMF can vary depending on many parameters, including
frequency, duration of continuous exposure, amplitude,
and even directionality [44]. However, the available data
show the possible efficacy of PEMF as a non-invasive,
inexpensive, and safe method of improving bone healing.
But success rates for PEMF vary greatly between published
trials for the treatment of both acute and delayed or non-
consolidated fractures, as well as other clinical conditions.
Different animal models consider heterogeneous settings
and different outcome measures [45].

The positive effect of a permanent MF on the
regeneration and remodeling of bone tissue has been
demonstrated in many works [46—49], while a smaller
number of studies have also shown the beneficial
effect of a low-frequency rotating magnetic field on
bone tissue 50-52]. For example, in 2006 Zhang
et al. demonstrated that treatment with a rotating
magnetic field with a frequency of 8 Hz and an
induction of 400 mT for 30 days for 30 minutes.
per day in combination with the introduction of
calcium preparations contributed to an increase in the
effectiveness of treatment by increasing the density
of the bone tissue of the femur, increasing its strength
properties, as well as elasticity and elasticity in the
model of osteoporosis in ovariectomized rats. In
addition, it was shown that the activity of alkaline
phosphatase and the content of phosphate and calcium
in the blood serum were higher in the experimental
group of rats exposed to MF compared with control rats
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without treatment. Moreover, even after a cycle of MF
therapy in rats, bone density and the level of calcium
ions in the blood serum continued to gradually increase
compared to the control group, which may indicate
a delayed effect of MF exposure on bone tissue [50].

Other authors have shown that a rotating MF with
a frequency of 8-10 Hz and an induction of 320-600
mT, when exposed to it 2 hours a day for 1-2 months,
significantly accelerates the regeneration of tissues of
the femoral head in rats in a model of steroid-induced
osteonecrosis. At the same time, there was a decrease in
blood viscosity, cholesterol levels in blood serum, there
was also a drop in triglyceride levels and a decrease in
pressure in the cavity of the hip joint [51].

It was also shown that exposure to a rotating MF
with a frequency of 7.5 Hz and an induction of 400 mT 2
hours a day for 15-21 days suppresses the differentiation
of MSC along the adipogenic pathway through the
JNK/Wnt/PPARY?2 signaling pathway, but MF does not
affect osteogenic differentiation of MSC [52]. However,
other researchers have not found a noticeable effect of
a rotating MF with similar parameters on the processes
of regeneration and remodeling of bone tissue [53]. In
the case of using a rotating magnetic field as a therapy,
its parameters, such as frequency and induction, as
well as pathophysiological features of an experimental
model of a disease or bone defect in animals or a clinical
case, are of great importance, which requires additional
preclinical and clinical studies.

Microvasculature and magnetic fields

As it turned out, the process of bone regeneration
is focused on the primary role of the occurrence of
vascularization, which is called the angiomesenchymal
phase [54, 55]. In the angiomesenchymal phase,
Vascular Endothelial Growth Factor (VEGF) regulates
the process of angiogenesis, which is closely related to
osteogenesis. The VEGF pathway is a key regulator of
vascular regeneration.

Both osteoblasts and hypertrophied chondrocytes
have been shown to express high levels of VEGF,
thereby promoting invasion into blood vessels and
transformation of the avascular cartilage matrix into
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vascularized bone. VEGF promotes both vasculogenesis,
promoting aggregation and proliferation of endothelial
mesenchymal stem cells into the choroid plexus, and
angiogenesis, stimulating the growth of new vessels
from existing ones. Therefore, VEGF plays a critical
role in neoangiogenesis and revascularization at the
fracture site. It is noted that the presence of VEGF
promotes fracture healing, and the blocking of VEGF
receptors leads to a delay or interruption of regenerative
processes. Many studies have suggested that PEMFs
have a stimulating effect not only on osteogenesis, but
also on angiogenesis, in various cellular models in both
physiological and pathological conditions [56, 57].

PEMF can promote bone repair by inducing the
activation of various signaling pathways that enhance
both osteogenesis and angiogenesis. The Fibroblast
Growth Factor (FGF) and VEGF signaling pathways
have been shown to be involved in the regulation of
osteoblast proliferation and differentiation and in the
angiogenesis required for bone formation. The study
showed that in the human umbilical vein after exposure
of endothelial cells to PEMFs, there was a 150 %
increase in FGF-2 mRNA and a 5-fold increase in
protein, a molecular shift responsible for the increase
in endothelial cells, cell proliferation and tubulization,
key steps in the formation of new vessels [58].

In a study by Hyldahl F. et al. demonstrated the
effect of PEMFs on VEGF by microglial transmitters.
They generated electromagnetic fields using PEMFs,
identical to those that appear outside neurons when
action potentials propagate. As a result, PEMFs
increased mRINA synthesis for VEGF. The authors of
the study found that PEMFs enhance the secretion of
VEGEF proteins from microglia, which have angiogenic
and proliferative profiles [59].

In another study by Peng L. et al. studied the effects
and associated mechanisms of PEMFs in mice with
myocardial infarction. Mice with myocardial infarction
were treated with PEMFs (15 Hz, 1.5 mT or 30 Hz, 3.0
mT) for 45 minutes per day for 2 weeks. In addition, an
in vivo matrigel assay was used to monitor the effect
of PEMFs in stimulating angiogenesis. Compared to
the sham PEMFs group, treatment with 30 Hz 3.0 mT
PEMFs significantly improved cardiac function.
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Treatment with PEMFs at 15 Hz 1.5 mT and 30 Hz
3.0 mT increased capillary density, decreased infarct
size, increased expression of VEGF protein and S1177,
phosphorylated endothelial nitric oxide synthase, as
well as increased levels of VEGF mRINA and hypoxia
inducible factor 1-alpha (HIF-1a) in the border zone
of the infarction. In addition, treatment with 30 Hz
3.0 mT also increased the level of FGF2 protein and
mRNA and the level of B1 integrin protein and showed
a stronger therapeutic effect [60].

Thus, PEMFs contribute to the regulation of
angiogenesis by VEGF, which enhances vascularization,
which is an integral part of reparative regeneration.

Osteoplastic materials with magnetically
sensitive nanoparticles

Nanoparticles (NPs) are particles that have at least
one dimension in the range of nanometer sizes up to
~ 100 nm. Such nanostructures are classified by their
high surface area to volume ratio and are therefore
particularly strong, versatile and reactive compared to
the bulk state. These specific properties open up new and
interesting optimization possibilities among the optical,
mechanical, and magnetic properties of NPs [61].

A special class is made up of nanoparticles with
electromagnetic properties — magnetic nanoparticles
(MNPs), an important class of nanoparticles made from
pure metals or mixtures of metals and polymers [62].
MNPs are an advanced tool in medicine, since they
can be simultaneously functionalized and controlled
by a magnetic field [63]. MNPs are widely used in the
biomedical field, including magnetic resonance imaging
(MRI), cancer therapy, tissue engineering, biosensors, etc.

In maxillofacial surgery and surgical dentistry,
therapeutic devices are actively used that have an
electromagnetic effect on soft and hard tissues, as
well as have anti-inflammatory and reparative effects
[64, 65]. The scheme of the electromagnetic device’s
effect on the processes of reparative osteogenesis and
osseointegration of a dental implant is shown in figure 1.

MNPs have unique physicochemical properties that
differ significantly from those of conventional materials.
One of these properties is the «surface effect». Due
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to their influence, nanoparticles exhibit much greater
chemical activity compared to macroparticles and,
therefore, bind to a particular compound much more
efficiently. Another property is magnetism. Magnetic

nanoparticles consist of ferromagnets with a magnetic
permeability much higher than unity, and they are
capable of being magnetized in the absence of an
external magnetic field [66, 67].

Fig. 1. Schematic representation of an external therapeutic electromagnetic inductor in the buccal region, the propagation
of electromagnetic waves and their effect on soft tissues, bone tissues and dental implants. 1 — external inductor,
2 —magnetic flux, 3 — healing abutment, 4 — dental implant

In recent years, much attention has been paid to the
interaction between MNPs and cells, which indicates that
MNPs can promote cell growth due to their ability to
reduce intracellular H202 through internal peroxidase-
like activity and accelerate the progression of the cell
cycle. In addition, MNPs can respond to magnetic fields,
which makes them suitable for, for example, targeting
drugs and separating molecules and cells. The forces
generated by magnetic nanoparticles in a magnetic field
can significantly affect the behavior of cells. The magnetic
force generated by the magnetic field together with MNPs
can affect the microenvironment around materials and
thus cause a number of changes in cell behavior [68, 69].

Based on these data, in the field of tissue engineering,
the inclusion of MNPs in bone scaffolds for the
manufacture of magnetic scaffolds is being actively
studied. This is advantageous because MNPs can become

DENTISTRY

an integral component of the scaffold, allowing them to
generate a large amount of miniature magnetic forces in
the scaffold under the action of an external magnetic field
to continuously stimulate osteogenic cell proliferation
and extracellular matrix secretion [70].

The most interesting molecules in terms of binding
magnetic nanoparticles to target cells are aptamers,
synthetic single-stranded RNA or DNA molecules that
can specifically bind to any molecular and cellular targets,
proteins, small organic molecules, viral particles, bacteria,
antibodies, whole cells, cell lysates. and even tissues [71].

The appearance of the material with a magnetic
response allows the frameworks to have the appropriate
ability to interact with an external magnetic field. In
a magnetic field, a material with a magnetic response
can provide targeted drug release, improve scaffold
performance, and further have a positive effect on bone
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formation. The combination of magnetic field treatments
will bring significant advances in regenerative medicine
and help improve the treatment of bone defects and
promote bone repair.

For the effective treatment of extensive
bone defects, the development and fabrication of
multifunctional biomaterials remains a significant
challenge. In a study and Lu J.W. et al. 2018, using
the example of a bone tissue defect caused by a tumor
process, bone tissue regeneration with antitumor
activity was demonstrated. The study used magnetic
nanoparticles of modified mesoporous bioglass included
in porous scaffolds. The radiated magnetic field from
the porous scaffold promoted the expression of genes
associated with osteogeny and new bone regeneration
due to the activated BMP-2/Smad/Runx2 pathway.
Moreover, the magnetic nanoparticles in the porous
framework improved the photothermal conversion
property. When irradiated with a near-infrared laser,
the increased temperature of tumors co-cultivated with
the scaffold triggered apoptosis and tumor ablation.
Thus, magnetic nanoparticles in the scaffold not
only accelerated stem cell proliferation, osteogenic
differentiation, and new bone regeneration, but also
increased the efficiency of photothermal therapy in bone
tumors [72]. Research by Qing Li. et al. showed that
a magnetic nanoparticle coated with n-HA is a promising
biomagnetic material for future applications [73]. The
response of cells and tissues to PEMF in the presence of
titanium devices for orthopedic or dental use has been
investigated using a wide range of PEMF approaches
and settings. The most recent studies narrow their focus
to 15 Hz PRF PEMF stimulation or 75 Hz trapezoidal
stimuli with higher intensity, around 1-2 mT [74].

Conclusion

Bone tissue regeneration is a complex multi-
stage process. Despite the ability of bone to self-
heal, the presence of non-standard situations in
clinical practice, as well as the growing need for
the use of bone materials, determines the strategic
search for new methods of its restoration. These
new directions include the creation of magnetically
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sensitive osteoplastic materials that stimulate
osteogenesis and improve the healing of fractures
and bone defects.
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I'IpumeHeHue MarHUTHOro noJjsa B pereHepauuu KOCTHOM TKaHMU:
coBpeMeHHoOe COCTOoAHe BOornpocCa " nepcreKTuebl pa3BsuTud Metoaa

,I.T. Manyksan' ~, K.M. Canex' -~ =,

, A.B. Bo/ikoB!

A.A. Mypaes!
A.I1. Bonapues?

! Poccuiickuil yHUBepCHUTET IpyKObI HApoJoB, 2. Mockea, Pocculickas ®edepayus
2 MOCKOBCKHIA TOCYZJapCTBeHHbIN YHUBepcuTeT uMeHU M.B. JloMmoHoCOBa, &. Mockea, Poccutickas ®edepayus
><Ims.s.karina@mail.ru

AHHoTanus. AKmyaabHocmb. MarauThI ¢ JaBHUX BpEMeH HCII0/Ib30BalvCh [1/1s JieueHHsI pa3MdYHbIX 3a00/1eBaHuM,
0C00eHHO MPH BOCTIA/IMTEBHBIX TIpoLieccax. CoracHO CyIeCTBYOIMM HCTOPHYECKUM JJAHHBIM, MArHUTOTEPAITHIO TPUMEHSITH
y>Ke B [PeBHOCTU KUTAULIbI, eTUIITSIHe U rPekr. Pa3Hasi cujla MarHUTHOTO TI0JIs TI0-Pa3HOMY BIIMSIET Ha KJIETKH, TIPH 3TOM
HauboJiee IMPOKO UCTIO/B3YIOTCS MarHUTHBIE TIOMIs Cpe/iHel CHIBL. B HacTosiiieM 0630pe JIUTepaTyphl Mpe/iCTaB/IeHbl KpaTKast
WCTOPHUSI 1 COBPEMEHHOe COCTOsIHHE BOIIPOCa PUMEeHeHHsI MarHUTHOTO TIOJIsl B pereHepaldi KOCTHOW TKaHW. Y TOUHEHBI CO-
BpeMeHHbIe 3HaHWsI 0 MeXaHU3Max (PHU3M0I0THUeCKOW U PeTlapaTUBHOM pereHeparjii, BOCCTaHOB/IEHHMS! KOCTHOM TKaHH, a TaKKe
PaccMOTpeHBl COBPeMeHHbIe HarpaB/IeH!s] THKeHepHUH KOCTHOM TKaHH C y4eTOM 0COOeHHOCTeH MUKPOLIVPKYJISLIMN U BIUSHIE
MarHUTHOTO TOJIs Ha (PU3HOIOTHIO KOCTHOM TKaHW M PerapaTvBHYO pereHeparuio. OZHUM U3 KJTFOUEeBBIX BBIBOZOB 0030pa
SIBISIETCS TO, UTO MarHUTHOE TI0JIe Y/IyulllaeT BOCCTAaHOB/IEHHe KOCTHOM TKaHH, B/Msis Ha MeTabosinuecKoe MoBe/ieHHe K/IeTOK.
VccnenoBaHus TOKA3bIBAkOT, UTO MAarHUTOTEPANHUs CIIOCOOCTBYeT aKTHUBALIMK K/IETOYHBIX MPOL[ECCOB, YCKOpsieT 00pa3oBaHue
HOBOU KOCTHO! TKaHY M MOBBIIIAET ee KauecTBO. Takke OTMEUYAeTCsl, YUTO MarHUTHOE T10Jie OKa3bIBaeT MOJIOKUTETEHOE BITUSHIE
Ha MUKPOLMPKY/ISALIUIO, Y/Iyyulllasi KpOBOCHab)KeHre TKaHed 1 CrIoCOOCTBYs TyUlleMy IMOCTYTIIEHHIO TTUTaTeNbHBIX BelljeCTB
K MeCTy MOBPeXIeHHs. ITO CoCoOCTByeT bomee OLICTPOMY 3aKHB/IEHUIO PaH U PaHHEH peabW/MTaLMK NALeHTOB. BbigoObL.
MarHuToTepanus siBsieTCst OGHUM 13 3¢ eKTUBHBIX GU3UYeCKHUX U peadUIMTallMOHHBIX MEeTO/OB JIeUeHHs], KOTOpbIe OyayT
nipuobpeTaThb Bce Oosiblilee 3HaUeHKe B COBpeMeHHOW MeuipHe. OHaKo HeoOX0oMMO TTPOBOAWTD JJa/IbHeHIIINe UCC/Ie0BaHUS
[7is1 6osiee MOTHOTO TIOHMMAHUS MEXaHU3MOB JIeHCTBUSI MAarHUTHOTO TI0JIsl Ha KOCTHYIO TKaHb U OTpe/e/IeHHs OTITUMabHBIX
rapaMeTpoB €ro MpUMeHeHHs.

KiroueBble ¢/10Ba: MarHUTHOE T10JTe, KOCTHAs TKaHb, pereHepaLiisi, MarHUTOTeparusi, UMITY/IbCUBHBIE 3/IeKTPOMarHUTHbIE
ot
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KoMnnekcHbIN noaxoa K AMarHoCcTuke, Jie4HeHUro n I'IpO(I)VIHaKTMKe
Kapuecay AeTeﬁ PaHHEero n A0LWKOJ/1IbHOIro BoO3pactoB

J.A. CUMOHEHKO g’ B.A. )Kyp6enko , A.E. Kapiam

Kypckuii rocyapCcTBeHHbIN MeULMHCKUE yHUBEpCHTeT, 2. Kypck, Pocculickas ®edepayus
> vip.simonenko02@bk.ru

AnHoTanus: AkmyaibHocmb. Kapuec 3yO0B, 110 MHEHHIO BCEMHPHOW OpraHU3aliiy 34paBOOXPaHeHus], SIB/ISIETCS OFHUM
13 HauboJiee pacnpocTpaHeHHBIX 3a00/1eBaHUH y ZieTeld BO BceM Mupe. IIpy OTCYTCTBUM CBOEBPEMEHHOU AUarHOCTUKH U Jie-
UeHUs1, KAPUO3HBIM MPOIIECC MOXKET MOBJ/IUSAThH He TOIBKO Ha 3((heKTUBHOCTD )KeBaTeTbHON (YHKIUH, HO U Ha Peub, YIIbIOKY
Y, KaK C/IeZICTBUE, TICUX0COLHANTbHY0 aJjafTal|io, a TakKe Ha KaueCTBO KM3HU pebeHKa U ceMbU. HecMOTps Ha TO, UTO
3THONOrMYecKre (aKTOPbI XOPOLIO U3BECTHBI Y>Ke MHOTO JIET, CHI)KeHHe KOJIMUeCTBa MOPaKeHHBIX KapruecoM 3y0oB y fieTeit
TIO-TIPe)KHEMY OCTAeTCs aKTya/lbHOU 3agaueil. [laHHOe MCCTejoBaHye Mpe/cTaBsieT co60i 0630p MH(MOPMAaLIMOHHBIX HCTOUHHUKOB
0 pacrpoCTPaHeHHOCTH, STUONIOTUH U KOMIUIEKCHOM TOZX0/ie K JHarHOCTHKe, JIeUeHHI0 U PO uIakTrKe Kaprieca 3y0oB y JeTeil.
ABTOpamu ObIT TPOBEZIEH aHA/TN3 HAYYHBIX JAHHBIX B TIOMCKOBBIX cucteMax PubMed, Google Scholar u eLibrary. BbigoObL.
Ha ocHoBe uTeparypHOro 0630pa 6bUT BHISIB/IEH Psifi COBPEMEHHBIX TeHJEHLWH, KOTOPbIe OTPe/ie/IsoT Uepe/y KITFOUeBbIX TUIIOTe3,
00001IarOLIMX HAKOTIJIEHHBIH MaTepyas U MOATBEePKJAt0T MepCreKTHBHOCTh U aKTYa/IbHOCTh TIpo0ieMbl. Lle/ib COCTOUT B TOM,
4yTOOBI TOMOYb K/TMHHUL[CTaM PAcIio3HaTh 00I1e 3aKOHOMEPHOCTH TeUeHHsl Kapreca y fieTeld ¥ IPUHATh COOTBETCTBYFOLHe
pelLeHus OTHOCUTETbHO AUarHOCTHKH, JieueHust ¥ MPOGUIAKTUKY KapUO3HBIX TTOpayKeH!H, MPUHUMAst BO BHUMaHue 0CTYIHbIe
MEeTO/[bl, MaTepHasbl, 3HAHUS, BO3PacT ¥ 0COOEHHOCTH aHaMHe3a MaryeHTa. Takke BaKHO C0O37jaTh KOM(OPTHYIO 1 6e30TacHy0
arMoc¢epy Bo BpeMs IpreMa, MOCKOIbKY He3HAKOMCTBO C HOBBIM (PM3MUeCKUM B3alMOZEHCTBHEM MOXKET CIIPOBOLIPOBATh
TPEBOTy KaK CTaH/apTHYIO PeaKL[MI0 Ha Heompe/lelIeHHOCTh, C/Ie[ICTBHeM KOTOPOH YacTo ObIBaeT JjeTcKas CTOMaTogoows,
CrIoCoOCTBYOIIIAs TIOBeZeHUeCKOMY COTIPOTHB/IEHHIO TP MMOBTOPHBIX MOCe[eHusX. B 11e/loM, Ha 0CHOBaHUM MPOBeIEHHOTO
aHa/M3a, MOXKHO CJie/1aTh BBIBOJ, O TOM, UTO MpHMeHeHHe KOMITJIEKCHOTO MOZIX0/1a TIPH JUarHOCTHKE U JIeUeHUH MeeT OOTbIIOoiH
TIOTeHUA /IS ZOCTH>KeHHs JIYUIINX Pe3y/IbTaToB B paboTe CO CTOMATOIOrHueCKUMHU MaLieHTaMH PAaHHEeT0 U [JOIIKOJIBHOTO
BO3pacTOB, Pa3BUTHE U COBEPIIEHCTBOBaHHE KOTOPOTO JJO/DKHO OCTaBaThCsl IIPHOPUTETHON 3a/jaueid /iyist obecriedeHus Gosee
TIO/THOLIEHHOTO ¥ 3Q(eKTUBHOrO JieyeHus ieTel U Moj/iepyKaHust UX 3710pOBbS B JOTOCPOYHOM IePCIIEKTHBE.

KnroueBsble cj10Ba: Kaprec, [UarHOCTHKA KapHeca, ieueHHe Kapreca, HauaIbHbIN Kapuec, Kaprec y fieTell, HeMHBa3UBHbIE
METOZIbI, TTPOHU/IaKTHKA

Nudopmanus o hpuHaHCHPOBAHUHU. ABTOPBI He TM0JTy4asti (UHAHCOBYIO TIOAJEPIKKY /ISl NCC/IelOBaHMs, HalTMCAHUs U ITy-
O/MKaLK JaHHOM CTaTby.

© Cumonenko [I.A., )Kypbenko B.A., Kapnamr A.E., 2024
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An integrated approach to the diagnosis, treatment
and prevention of caries in early and preschool age children

Daniil A. Simonenko g, Veronika A. Zhurbenko ', Anastasiya E. Karlash

Kursk state medical university, Kursk, Russian Federation
> vip.simonenko02@bk.ru

Abstract. Relevance. Dental caries, according to World Health Organization, is one of the most common diseases in children
throughout the world. In the absence of timely diagnosis and treatment, the carious process can affect not only the efficiency
of chewing function, but also speech, smile and, as a consequence, psychosocial adaptation, as well as the quality of life of the
child and family. Despite the fact that the etiological factors have been well known for many years, reducing the number of teeth
affected by caries in children still remains an urgent task. This article is a review of information sources about the prevalence,
etiology and integrated approach to the diagnosis, treatment and prevention of dental caries in children. The authors analyzed
scientific data in the search engines PubMed, Google Scholar and eLibrary. Conclusion. Based on the literature review, a number
of modern trends were identified that define a series of key hypotheses that summarize the accumulated material and confirm
the prospects and relevance of the problem. The goal is to help clinicians recognize common patterns of caries in children and
make appropriate decisions regarding the diagnosis, treatment and prevention of carious lesions, taking into account available
methods, materials, knowledge, age and patient history. It is also important to create a comfortable and safe environment during
the appointment, as unfamiliarity with a new physical interaction can provoke anxiety as a standard response to uncertainty,
which often results in childhood dental phobia, contributing to behavioral resistance to return visits. In general, based on the
analysis, we can conclude that the use of an integrated approach to diagnosis and treatment has great potential for achieving
better results in working with dental patients of early and preschool age, the development and improvement of which should
remain a priority to ensure more complete and effective treatment of children and maintaining their health in the long term.

Keywords: caries, caries diagnosis, caries treatment, initial caries, caries in children, non-invasive methods, prevention,
early childhood caries
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BesepneHue

B Hacrosiee BpeMsi HayuyHble 10CTH)XXeHUS
TpUBE/IUA K 3aMeTHOMY COBEPILIEHCTBOBAHUIO TPO-
(buIakTHKH, IMarHOCTUKY U JieueHHs Kapreca 3y0oB
y ZieTeil, HO HeCMOTPS Ha JOCTaTOUHOE BHepeHue
1porpamm INepBUYHOM Npo(UIaKTUKH, Kapuec Mo-
JIOUHBIX 3y0OOB (paHHUM /IeTCKUM Kapuec) 0CTaeTcst
cepbe3HOM npobsieMoii 0611ie CTBEHHOTO 3/[paBOOXpa-
Henusi B mupe [1, 2]. B Poccun nokasartenv pa3BUTUs
Kapueca y fleTeil paHHero Bo3pacTa CBU/IeTe/IbCTBYeT
0 TOM, UTO y Ka)K7Ioro pebeHKa 13 JIaHHOW BO3PaCTHOM
Ipynbl 00HaPY>KUBAIOTCS KapUO3HbIe TTOPaykeHus
rpakTuuecku 4 3y6oB (3,7 Ha OCHOBaHUM WH/[EKCa
KIT) c pacripocTpaHeHHOCThIO OT 15 % 710 85 % [3].
Ha ocHoBaHMU paHHUX CPOKOB U OBICTPOTO IMPO-
rpecCUpOBaHuUs y [ileTel paHHero M JI0LIKOIbHOI'O
BO3pacToB, B 3apy0Oe)xHOM UTepaType MpeioXKeHbl
TepMHHBI «KapHec paHHero JeTCTBa», MPUHSATHIN
Ha neTHel KoH(epeHuuu NIDCR (National Institute
of Dental and Craniofacial Research) B 1999 r.,
U «Kapuec To3Hero AeTcTtBa» [4]. Kapuec panHero
netrctBa (Early childhood caries, ECC) — kapuec
3y0OB, XapaKTepU3YIOIUHCA HaTuUrueM OHOU WTH
Oo/1ee KaprUO3HOM, y/la/IeHHOW WK 3arIOMOHUPOBaHHOM
TOBEPXHOCTBIO Y JleTell 10 TpexyieTHero Bo3pacTa,
NperMyIlieCTBEHHO Ha OKJ/IF03MOHHbBIX [TOBEPXHO-
cTsax [5]. Y gaHHOM rpynmbl JTOKaau3aLus pa3BUTHS
ComnpspKeHa C He3aBeplleHHON MUHepaiu3alyel sMaam
¢uccyp npope3biBarouxcs 3ybos. Kapuec no3gHero
nerctBa (Late Childhood Caries, LCC) — TepmuH,
TMOSIBUBLLIMIICS B COBDEMEHHOM [JeTCKOM CTOMATo/I0run

DENTISTRY

COBCEM HeJIaBHO, MO3BOJIMBILIUM OTJeIUTh MPOLeCC
pasBUTHS Kapueca y JieTel [JOIIKO/JIbHOM BO3PaCTHON
rpynsl ot noHsiTuss ECC 1 xapakTepu3yowuii iro6oe
KapHvO3HOe [opa’keHue B BO3pacTe OT TPeXJIeTHero
BO3pacTa [0 MOMEeHTa CMEHHOro npuKyca (5—6 ner),
JIOKa/IM3aLys KOTOPOro BKJ/IIOUaeT yKe U alllpoK-
cuMaJibHbIe TTOBepxXHOCTH 3y60oB [6, 7]. HecMmoTpst
Ha [J0CTaTOYHY!O MOJIHOTY TIOHATUM, JaHHbIe TePMUHbI
He TI0/Iy4YW/IY LIUPOKOTO PacrpoCTPaHeHUs Cpeau
cToMarosoruueckoi obiectBeHHOCTH Poccuun, Tem
He MeHee, ECC u LCC coOTBeTCTBYIOT Kapuecy
y ZieTel paHHero Y JOLIKOJIbHOIO BO3PacTOB COOT-
BETCTBEHHO, UTO Zle/laeT UX YMEeCTHbBIMU B paMKax
JnaHHoro ob3opa.

Kapuec y aeteit paHHero u JOLWKONbHOIo
BO3pacToB

Ha cerogHsmHui eHb TIPeI0’KeHO0 00JIbIIoe
KOJTMUECTBO 3TUOJIOTUYECKUX (PAKTOPOB, 0OBSICHSIIO-
IIUX pa3BUTHe Kapueca y JieTel, uTo /iesiaeT JaHHOe
3abo0sieBaHMe MMOMUITUONOTUYHBIM [8]. B 60/bIIMH-
CTBe HayYHO-HCC/Ie/IOBaTeIbCKUX PaboT M0 U3yUeHHIO
MeXaHHW3MOB BO3HUKHOBEHHS U Pa3BUTHS KapHeca
K/THOUeBbIM CbaKTOpOM ABJ/IAETCA pe3y/bTaT CI0XK-
HOTO B3aMMO/IEiICTBHS C TEUEHHUEM BPEMEHH MEXY
KHUC/I0TO0Opa3yrouumMu 6akTepusiMu, pepMeHTUpY-
eMbIMU YTJIeBO/JaMU U KapueCpe3uCTeHTHOCThIO [9,
8]. laHHOe T0/I0’KeHUe HATISIAHO UILTIOCTPUPYETCS
Ha pUCyHKe 1 c moMouIbio TpUANCTHUKA Ketiza
(P.H. Keyes, 1963), noronHeHHOTO (haKTOPOM Bpe-
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MEHU U JEeMOHCTPHPYIOLIero, 4YTo Kapmuec BO3HU-
KdeT TOJIBKO IpU eJUHOBPEMEHHOM BO3,E[€I>1CTBI/IPI
BCeX BbIIIE€YKd3dHHbIX CbaKTOpOBi KapHeCOFeHHOﬁ

MUKPOGhIOPHI, HAJTUUHUU YTTI€BOAUCTBIX OCTAaTKOB,
CHIKEeHUH KapueCpe3uCTeHTHOCTH | JI/TUTeTbHOCTH
B3aumozericTeug [10, 11].

Puc. 1. «TpunuctHuk Keitsa» (cneea), MoanduLMpoBaHHbIi hakTopoM BpemMeHM (crnpasa), OTpakatoLLnii CoBpeMeHHoe
npefcTaBfieHne 0 BO3HWKHOBEHUW Kapueca

Fig. 1: Keyes Triad (left) expanded with time factor (right) explained the modern theory of caries development

PaiioH feTeii paHHero U JIOIITKOJLHOTO BO3pacTa
YacTo COTPSDKEH C moTpebsieHreM 00JIbIIOTO KOJTH-
YyeCTBa MPOCTHIX YI€BOAOB, @ UMEHHO MPOAYKTOB,
copiepyKalliX caxapo3y, KOTopast sIB/ISIeTCs1 CyOCTpaToM
KapHeCOTeHHbIX MUKPOOPraHu3MoB. O0pa3yroruecst
KHUC/IOThI CHIKaT pH B 3yOHOM Os1sillIKe, MpUKpe-
TIJIEHHOM K TIOBEPXHOCTH 3MaJli, UTO HapyIaeT 6amaHc
MpOLeCCOB PeMUHEepasiv3alii Maji B CTOPOHY J1eMU-
HepaM3al[iu ¥ IPUBOJUT K Pa3BUTUIO KapreCoreHHOU
CUTyaLUU, UCXO0J, KOTOPOM 3aBUCHUT OT Kapucpesu-
CTEeHTHOCTH MaKpOOPraHW3Ma, YPOBHS MPOQPUIAKTHKU
Y CpOKa eé TUarHOCTUKY CrieliiaaucTom [12—-14].

METOABI AUATHOCTHKH KapHueca y HETEﬁ PdAHHETr0
U JOIIKO0/IbHOI'0 BO3pPACTOB

HpI/IHI/IMElH BO BHHMMdHHE BBIIIIEN3/10)KeEHHOe, [0-

BOJIBHO OCTPO BCTdET BOIIPOC O BO3MO>KHOCTAX paHHEﬁ
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JMarHOCTUKU Kapreca y JIeTell paHHero U JIOIIKO/IBHOTO
BO3PACTOB, K KOTOPBIM OTHOCSTCSI OCHOBHBIE U JIOTION-
HUTeJIbHbIe MeTo/Ibl 06cnenoBanust. K 0CHOBHBIM Me-
TOZlJaM OTHOCSIT BU3YaJIbHBIN OCMOTD U 30HJUPOBaHKe.

BusyasibHBIN 0CMOTP — OCHOBHOM METO] IMarHOCTH-
KM Kaprieca, TIPOM3BOAST BU3Ya/IbHYIO0 OLIeHKY COCTOSTHHSI
TIOBEPXHOCTHOTO CJI0sI 3Majli UCC/leZlyeMoro 3y0a.

30HJUpOBaHKEe — C TIOMOILI[bIO OCTPOTO WUJ/IH ITy-
rOBUATOTO 30H/A OL[eHUBAIOT IIIePOXOBATOCTDb IMaJiy,
obpaiiiasi BHUMaHHe Ha «3aCTpeBaHKWe» 30H/1a B OTIpe-
Jle/IeHHbIX yYacTKax.

JlaHHBIE KTMHUYeCKHe MeTO/bI SB/ISFOTCS OAHUMU
13 MepBOCTeTNeHHbIX Ha Haya/IbHbIX 3Tarax AUarHoCTu-
KM Kapreca, O[JHaKO, IPH BbISB/IEHUM PaHHUX MPU3HAKOB
Kapueca y /ieTeid paHHero ¥ J0IMKO/IbHOTO BO3PacToB,
UX TIpUMeHeHre He peKOMeH/yeTCsl U3-3a HU3KOM MH-
(opMaTHBHOCTH, CyObeKTHBH3Ma U SITPOT€HHBIX PUCKOB,
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TaKMX Kak [OBpe’KZeHre TOHKOIO CJI051 SMa/ld OCTPbIM
KOHYMKOM 30H/Ia U KOHTaMUHALM MUKPOOPraHW3MaMuy
coceaHUx obacTel moBepxHOCTH 3Manu [15, 16].

Bosnee coBpeMeHHBIM U TOUHBIM METOZIOM SIBJISIETCSI
BbIsSIB/IeHHe Kapreca o MexxzyHapoJHOU cucTeme
obHapy>xeHus u orjeHkHu Kapueca (ICDAS II, 2005).
JlaHHas KOHL|eILMsl BK/IFOYaeT TPY OCHOBHBIX JTarla: Bbl-
sIBJIeHHe KapHeca, OL|eHKa CTalui Kapyuo3HOTOo MpoLecca
Y OlleHKa aKTMBHOCTH Kapuvo3Horo npoiecca [17].
[TpUHLMI OCHOBAH Ha aHa/IM3e TMCTOI0TUYeCKUX
M3MeHeHHH B TBepAbIX TKaHsIX 3y0a Mpy BUTAJILHOM
OKpallMBaHUH 1oBepxXHOCTH [18]. CrieriudruHOCTb pU-
MeHeHHs JAHHOM CHCTeMBI Y fieTell 71t oOHapy KeHUst
Hayva/IbHbIX [aTOJIOTUYEeCKUX U3MEHEHUN CTPYKTYPbI
5MaJ/ii COCTOUT B TOM, YTO OHa IpeJHa3Ha4yeHa JJ1s
Tpe/IIIeCTBYOIIMX 00pa30BaHUIO MOIOCTH cTazuii [19].

B KoHTeKcTe JaHHOTO 00630pa, /151 BBISBIEHUS
CKPBITBIX TIPU BU3yaJlbHOM OCMOTp€e HayaJabHbIX
KapUO3HBIX Je(eKTOoB, IPUMEHSIOT COBPeMeHHbIe
JOTIOJIHUTEe/IbHbIe MeTO/bl 00C/ieloBaHus, TIpes-
CTaB/sIOlee, TI0 HallleMy MHeHHIO, KyZa 6osee
3HAYMMYI0 JUarHOCTUYECKYH noyb3y. K HUM oT-
HOCSIT: JU(poBasi peHTreHOAMarHoCTUKA; MeTO[
JlazepHO-UHAyuMpoBaHHoU duroopectieHimu (LIF);
MeTO/, /1a3epHOM (IyopecLieHL{MY C yCUIeHHeM Kpa-
cutens (DELF); meToz Ko/iMueCTBEHHOM Jla3epHO-
vHyLMpoBaHHOU QuiyopecieHumu (QLF); meTob1
anasnorosout (FOTI) u yudporoii pubpoontryeckyro
TpaHcuwtomuHauuu (DIFOTI).

LlndppoBast peHTreHOAUarHoCTUKAa — PEHTTeHOJI0-
rUUecKrie MeTofibl 06Cie/JoBaHus, IPUMeHsIeMbIe Y Jie-
Tel J1/1s1 BbISIBJIEHUS] HAUa/IbHOTO B TPYAHOZAOCTYITHBIX
obmacTsix Kapueca (Harpumep, rTy6okux ¢rccypax
Y anpOKCUMa/IbHBIX OBepXHOCTSX) [20].

B nocnesHee BpeMs B KJIMHUYECKYIO NIPAKTUKY
JleTCKOTO Bpaya-CTOMATO/I0ra B JOMO/JIHEHNE K PeHT-
reHOJIOTMYeCKUM MeTOo/j|aM UCC/Ie[J0BaHUsl, O4HUM
Y3 I[JIaBHBIX HEJ0CTAaTKOB KOTOPBIX SB/SIETCS paju-
alMOHHas Harpyska, OrpaHMuMBaollas IpuMeHeHue
y OT[e/IbHBIX JIUL] pAHHEr0 U JOLIKO/JIbHOTO BO3pac-
TOB, aKTUBHO BHe/PSIOTCSI COBPeMeHHble MeTO/bl
JMarHOCTUKU HayaJlbHOTO Kapueca, 0CHOBaHHbIE
Ha MpUMeHEeHUH siBJieHu# (yopecLeHLUU U TPaH-
CUJITIOMUHALIUY.

DENTISTRY

JlazepHo-uHAyLMpoBaHHas (yopectienys (Laser-
induced fluorescence, LIF) — meTtoz, ripejHa3HaueH-
HBIH /17151 0OHapy KeHUs1 HauaIbHBIX CTaAWi Kapueca,
TMIPeMMYLLeCTBEHHO Ha OKKJTFO3MOHHBIX TOBEPXHOCTSIX,
c romoIibto ycrpoiictBa Diagnodent pen (KaVo). Ero
[leliCTBUe OCHOBAHO Ha Jla3epHOM JMO/e, TeHepupy-
I0ll[eM CBeT MH(PaKpacHOro Jrara3oHa C JJIMHHOU
BOJIHBI A = 655 HM, KOTOPBIN MOT/IOL[AeTCsl SMasbio
U, OTPa)KasiCb, MeHsIeT U3HaYa/IbHYO [JIUHY BOJHEI [21].
Takoe BIUsiHWE MH(PPAKPACHOTO CBETa Ha TBep/pble
TKaHU 00BsICHSIETCS] BO3HUKAFOLL[el TIOPUCTOCTBIO SMasIH
B pe3y/ibTaTe eé HauMHAIOLEeNCs JieMUHepain3aluy,
a Takke BblJle/leHeM TeTpPanypoIbHbIX apOMaTHyeCKUX
MeTabO0/TMTOB KapreCOTeHHBIMA MUKPOOPraHU3MaMH,
NpeMMYy1L{eCTBeHHO OP(GUPHUHOB, KOTOPbIE BbI3bIBAIOT
y3MeHeHHe (PIIoopeCLieHIUY B OTBET Ha MH(PaKpacHbIN
cniekTp [22]. CreneHb JeMyUHepaar3alii OLeHUBatOT
C TIOMOLL[bI0 M3MEHSIIOLMXCS] 3HAYeHUI Ha CBETO/U-
ofHOM Tabso ycrpoiictBa ot 0 o 99, rpu 3HaUEHUSIX
Oosiee WM paBHBIX 25 Kapyec CYUTAIOT BepUpULIUpO-
BaHHbBIM.

JlazepHas ¢yopecleHLMs, yCUIeHHas Kpa-
cuteniem (Dye—Enhanced Laser Fluorescence,
DELF) — ycoBepiieHcTBoBaHHasi Bepcusi LIF mytem
nprMeHeHUs (UIyopeCLieHTHBIX BellleCTB TeTpakuc-N-
Metunnupuaunnoppuprna (TMPyP), aBnstomerocs
CUHTeTHYeCKUM aHa/IoroM noppuprHa KapuecoreHHbIX
MHKPOOPraHu3MoB, unu ¢nyopecrenHa Hatpus (SF).
Mertoz 3ak/ro4aeTcsl B IPOHUKHOBEHUH HaHeCeHHOI0
Ha UCCaeyeMyro MOBEPXHOCTh BeleCTBa B TOJILY
3Ma/Iy 3a CYeT KalWUISIPHOTO JeNCTBHUS U a/IbHelIlen
azicopOLMK Ha leMUHePaTM30BaHHbIX YYacTKaX TBep-
JbIX TKaHel. [lasiee, aHa7TOTMYHO METOZY, OITUCAHHOMY
BbILLIE, C IOMOILIBIO U3/TyYaTesisi HH(PPaKpPacHOTO CIIeK-
Tpa MPOU3BOJAT OLIEHKY (hIyopecLieHLIMH, Ha OCHOBaHUN
KOTOPOM CTaBUTCS AUarHo3 [23, 24].

KonuuecTtBeHHast CBeTO-MHAYLIMPOBaHHas (iyo-
peciienrus (Quantitative Light-induced Fluorescence,
QLF) — MeToj, 0CHOBaHHBIN Ha SIBIeHUSX CBETOWH-
JIyLIMPOBAaHHOM (pyiyopeCIieHINH, C BO3MOXXHOCTBIO
KOJTMUe CTBEHHOTO TIpe/iCTaB/ieHusi 00beMa JieMuHe-
panu3alyy yJyacTKa TBepbIX TKaHel MyTeM OLIeHKH
NOoTepH aBTOGUIFOOPUCLIEHLIMH 5MaJld B MPOLIEHTHOM
cooTHoLeHUH. [IpoHMKarolee B TOPa’KeHHYIO Kapue-
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COM 35MaJib U3/TyYeHue BbI3bIBaeT eé (UIroopeCLieHLIUI0
B O0Jiee TEMHOM CITEKTpe TI0 CPABHEHUIO C MHTAaKTHOM
TKaHbIO 13-3a PacCeUBaHUs BOJIH B TIOPUCTOM, IeMUHe-
paiv30BaHHOM 5Masu. VI3 yCTpoiCTB, MPUMEHSFOLINX
TexHosorvo QLF /1 AMarHoCTrKY Kapreca, Ha PbIHKe
nipeacrtasieH armapar VistaCam iX Proof, ncronb3y-
I0LL1I B CBOEM KOCHTPYKLMY JUOJ, U3Ty4YaroIIUid CBET
¢ JyiHOM BOMHBI A = 405 HM, U CBeTOQUIBTP, TIPUHU-
MaroL1ii OTpa’keHre ¥ UHTeprpeTUpPYIOLUN pe3ysbTaT
JL7IsT KOJTMYeCTBeHHOM OlleHKU. Ha cerofiHsIHu /1eHb,
QLF aBnsieTcst 0fHAM U3 COBEPILIEHHBIX METOOB /151
BBISIB/IEHMS] CKPBITBIX 0YaroB leMUHepaIn3aLiy, TaK KakK
006s1a/jaeT BBICOKOH CITeU(UIHOCTEHIO ¥ aOCOMFOTHON
6e3omnacHocTeio [19, 21].

AmnarnoroBasi prubpoonTuueckasi TpaHCH/ITIOMUHA-
s (Fiber-Optic TransIllumination, FOTI) — TexHos0-
Vsl BU3ya/IM3alii Haya/IbHOrO Kapreca, IeMCTBYoLas
Ha OCHOBe Pa3HOCTH CBETOIPOMYCKHOU CIIOCOOHOCTH
3I0POBOM U MOpakeHHO! 3Manni. OnTuyecKui JUof
YCTPOMCTBA UCITyCKaeT SIPKO-0e/Iblii CBeT, KOTOPbIH
YCHUJIEHHO IOIVIOIAeTCsl U TIPeJIOMIISIeTCs ieMUHepan-
30BaHHBIMU TKaHSIMU M3-3a HAapYyLLIEHHOW MUKPOCTPYK-
TYPBbl, B pe3y/bTaTe yero ropa’keHHbIM y4acTOK IpH
00/TyueHNU BBITTIAAWT TEMHee, HeXKeld 3710pOBasi SMab.
[laHHBIV MeTOo/ flaeT MpefiCcTaB/ieHye O JIOKaau3aLluu
Y KOJINUeCTBe 0UaroB JeMuHepanu3aluu. OHako,
HECMOTPs Ha y7100CTBO U OBICTPOTY UHTEpIIPeTauu
pe3y/IbTaToB, IaHHBINA MeTO/, He MOJTy4r/I LIUPOKOT0 pac-
TIPOCTPaHeHus! CpeJy KIIMHULIMCTOB U SIB/ISIeTCS CKOpee
9KCIIepPUMeHTa/IbHbIM, TaK KaK OL|eHKa HIHTEHCHBHOCTH
3aTeMHeHHs CBeUeHUsI sIBJIsieTCsl CyObeKTUBHOM U 3a-
BUCHUT OT MHOTHX MOCTOPOHHUX (hakTopoB [19, 25].

Ludposast pubpoonTrueckasi TpaHCU/UTFOMUHA-
uuu (Digital Imaging Fiber-Optic TransIllumination,
DIFOTT) — ycoBepiiieHCTBOBaHHasi BEPCHsl TPau-
LIMOHHOM (hUOPOOTITUUECKOM TPaHCU/UTFOMUHAITUH,
B KOTOPOI1 IIpUMeHsieTcsl Kamepa U L poBoi MOAY/Ib
JI/1s1 KaueCTBEHHOM Y KOJIMYeCTBEHHOM OL|eHKU HUCCrie-
JyeMoro yuyactka. [IpuHLuIT 1eiCTBUS TOT XKe, YTO
ny meroga FOTI: ¢ nomomsto anmmapara DIAGNOcam
(Kavo), reHepupyetcst Gesiblii CBET, POXO/SAIINIA ye-
pe3 CTPYKTYPbl 5MaJd, B pe3y/ibTaTe yero BO3HUKaeT
TPaHCUW/IJTFOMUHALMS, KOTOPYIO (PUKCUPYeT Kamepa
Y OLIU(POBBIBAET B peXXUME peasibHOr0 BpEMEHHU [i/is
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M3y4yeHUs ouara JeMuHepasau3auuu. Hepsupasi Ha To,
YTO JIaHHBIN METO/], 3apeKOMeH/10Basl cedst Kak bosiee Co-
BepLIeHHas Bepcus TpaguLoHHoro FOTI, oH He sviieH
HeZI0CTaTKOB, 8 UMEHHO HEBO3MOKHOCTb ONpeZie/leHUsI
ITyOWHBI TIOPa)KeHUs1, HEBO3MOXXHOCTb TTPUMEHEHHsT
BO ()POHTA/ILHOM y4YacCTKe, a TAaKKe BO3MOXKHBIX JIOXK-
HOTIOJIOXKUTEJIbHBIX Pe3y/IbTaTOB TPaHCU/UTFOMUHALIUU
13-3a BBICOKOM CTereH! PacCerMBaHus U Pa3HOCTH T0-
T7IOIeHYsI CBeTa TBepAbIMU TKaHsIMHU [26, 27].

[TogBOAS UTOTM MO AMATHOCTHKE, MOXKHO CZie/1aTh
BBIBO/I, UTO OMKCAHHbIe METO/bI SIB/ISIFOTCS JJOCTaTOUHO
COBpeMeHHBIMHY, YI00HbIMY B IPUMEHEHNH, a IJIaBHOe
0e30maCHBIMU /ISl UCTI0/Ib30BaHUS B KJIMHUKE /IeT-
CKOM CTOMATOJIOTHH, TaK Kak He HeCyT B cebe yyye-
BOU Harpy3ku, OJHAKO CyLeCTBYIOT U HEJOCTATKH,
KOTOpbIe He0OX0JUMO YUHTBIBATh TIPH TJIAHUPOBAHUH
[MarHOCTUUEeCKOro I/1aHa. TeM He MeHee, KOMILJIEKCHOe
MIpUMeHeHHe Tpe/iCTaB/IeHHbIX METOL0B MO3BOJISIeT
HUBEJIUPOBATh OOJILLIMHCTBO MUHYCOB OT/[€/TbHBIX
TEeXHOJIOTUH U JOCTUTHYTh HAaWTYyYIIUX Pe3yIbTaToB
B IMarHOCTHKE U JieYeHUU TIallMeHTOB PaHHero U J10-
LIIKOJILHOTO BO3pacTa.

KommieKcHbIe MeToAbI JIedeHHs1 Kapueca
y AeTeil paHHero U A0IIKO/JIBLHOr0 BO3PacToB

Br100p MeTo/1a neueHust Kapueca 3y00B y fieTei
PaHHEro U /I0LIKO/bHOIO BO3PACTOB SIBJISI€TCS OFHOM
13 aKTyaJbHBIX MPOO/IeM [[eTCKOW CTOMAaTOIOTUH.
B pamMkax o6vemMa BMelIaTe/IbCTBa, BCe HUKeOTHCaHHbIe
MEeTO/Ibl MO)KHO pa3/e/IiTh Ha MHBAa3UBHbIE U MaJIOWH-
Ba3uBHble. COBPeMeHHbIe TeXHOIO0TUU TI03BOJISIIOT BCe
CWIbHee pacIlupsTh AUara3oH NMpUMeHeH!s] HeWHBa-
3UBHBIX TEXHOJIOTMH, UTO y/yulllaeT KaueCTBO, TIPOTHO3
JledeHus], a TAKKe OKa3bIBaeT MeHbIllee TPaBMUPYIOLLiee
BO3/leliCTBHE NICUX03MOLMOHA/IbHOE COCTOSIHUE pe-
OeHka.

K vHBa3uBHBIM MeTO/,aM JiedeHUsI OTHOCST Tpa-
JULIMOHHOE TIperapypoBaHue JeMUHepaTn30BaHHbIX
TBep/bIX TKaHel C OMOIIbI0 CTOMAaTOI0rM4YeCcKOro
HaKOHeuHHKa. HecMOTpsi Ha OTHOCUTe/IbHBIE TIPOCTOTY
¥ MaJiblii 00beM He0OXOAUMBIX UHCTPYMEHTOB, BaKHO
YUUTBHIBATh, UYTO MHBA3WBHBIE METOJUKH SIBJISIFOTCS Of-
HOM M3 OCHOBHBIX IPUUMHOM Pa3BUTHsI cToMaTooOoun
y JeTel, NPOSIB/SIOLIENCS TOCTOSIHHBIMU U Upe3Mep-
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HBIMU HENPUATHBIMUA 3MOLIMOHA/IBHBIMY peakLIUsIMU
Ha yCTpallarolye CTUMYJIbl, KOTOpble BO3HUKAIOT
[0 ¥ BO BpeMsl CTOMAaTo/IOrMuecKoro rnpuema. B pesyib-
TaTe 3TOr0 BU3MUT K Bpauy OKa3bIBaeTCsl OTCPOUEHHBIM
Ha Heorlpe/ie/IeHHbIN CPOK, YTO B NIePCIIeKTUBE MOXKET
CKa3aTbCsl HAa COCTOSTHUU 3y0OuetoCTHOU cucteMe
pebeHka. Oco6eHHO 3TOMY I0JBEPIKeHbI MMaL[UeHThI,
BIepBbIe MOCeljarlie KabuHeT cToMaTosiora — JeTH
paHHero M J0IKOILHOTrOo Bo3pacToB [28]. TToaTomy
TaK Ba)KHO YZIe/IITh MOBBILLIEHHOEe BHUMaHHe h3yue-
HUIO U TIOBCEMECTHOMY BHe/J|DeHUI0 Ma/IOVHBa3UBHbBIX
TeXHUK JIeueHUsl Kapreca B OT/e/IeHUsIX JeTCKOU CTO-
MaToJIOTHH.

K mMaionHBa3UBHBIM MeTO/iaM, IPUMEHSIEMbIM 1/1s
JledeHUs Kapyeca y JeTeld paHHero M JOLKOIbHOTO
BO3pacToB OTHOCATCS: MHpUbTpanus ICON, TexHO/0-
rvsi BofiHO-abpa3uBHOro npenapupoBanus AquaCare,
TpyMeHeHHe 030Ha, cepeOpeHue, la3epHast Teparus,
(dbTopupoBaHue.

Jleuenne metogom uHbuabTpanuu (Infiltration
CONCcept, ICON) — koHLIeMnLys1, 0OCHOBaHHasl Ha sIBjie-
HUM UHOUIBTPAlK, pa3paboTaHHast CrieriaInucTaMu
H. Meyer-Lueckel u S. Paris B 2009 r. B ['epmanum.
CxeMa ieueHUs 3aK/IH04aeTcsl B MPOMUTHIBAHUU TKaHEe
5MaJly, MO/ Bepriinxcs AeMUHepaau3salyy, rperapa-
TOM Ha OCHOBE MeTaKpu/iaTra, KOTOPbIM BbIIyCKaeTCs
koMmnanuer DMG, I'epmanus. [IpuHLun gelcTBus
OCHOBaH Ha UH(PUIbTPALIMM TBEPJbIX TKaHEH CIieLy-
albHBIM BellleCTBOM, KOTOpoe obecrieurBaeT cTabu-
JIA3aLMI0 HAauaJIbHOIO Kapreca 3a CueT 3ar0/IHEHUS
Top B ZleMHHepain30BaHHOM sManu [29, 30]. JaHHas
TEeXHOJIOTHsI TI03BOJIsIeT 6e3 MHBA3UBHBIX MAaHUITYJISILIAI
CTabuM3upOBaTh HauaabHBIN KapHuO3HbIH MpoLiecc,
10 PEHTreHO/IOrMYeCKOW KacCU(PUKALIMM COOTBET-
cTBytoimii ypoBHsiM E1-D1, coxpaHuB oKpy»Katolue
oyar JeMUHepanv3aliy 30poBble TKaHU. Kpome Toro,
HeT NTOTPeOGHOCTH B MeCTHOM 06e360MBaHIH, TaK
Kak TpoljeAypa MpoBoAUTCst 6e3 mpernapupoBaHys,
9TO 0COOEHHO Ba)XKHO IPU paboTe C JeTbMU paHHero
Y JIOLLKOJILHOTO BO3PACTa B Le/IAX MpeAynpeKjeHus
Pa3BUTHUS TPEBOTH U cToMaTohobuu [28].

X04eTcsi OTMETHTB, UTO OB/ MPOaHaMM3UPOBaHbI
oTeueCTBeHHBIe U 3apybekHble ncTouHUKH (eLibrary,
PubMed, Google Scholar) Ha npesmMeT BbiIBIeHUS
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ajyiepriyeckKx peakLyil Ha rpernapart komnaHud DMG,
B pe3yabTaTe uHGoOpMaIuu 0 3aUKCUPOBaHHBIX
cy4yasx y JeTel UM B3POC/IBbIX He 0Ka3aaoCh, UTO
C OJHOM CTOPOHBI MOXKET CBU/IETE/TbCTBOBATH O HU3KOM
CceHCHOUMM3UpYIoIIel CriocoOOHOCTU KOMITOHEHTOB,
a C APyror — 0 HeI0CTaTOUHOCTH JIAHHBIX O B/IUSTHUM
BellleCTBa HA UMMYHHYIO CUCTEMY.
BogHo-abpa3uBHOro TipernapypoBaHie — TeXHO-
JIOTUS 1IaJsLero rnpenapyupoBaHys TBep/bIX TKaHeH,
OCHOBaHHasl Ha BO3/YIIHO-BOASTHOM abpa3uu. uc-
repcHasi CCTeMa COCTOUT M3 TBepZiol a3kl B BUle
TMOPOIIKA OKCH/la JTFOMUHUS C pa3MepOM YacTuL] OT 27
[0 53 MKM | )XUJKOM, TpeZicTaB/ieHHON Bogou. TypOy-
JIEHTHBIIA TIOTOK BOZBI 07 BLICOKUM /IaB/IeHUEM 3a CYeT
CBOMX MeXaHWYeCKHX CBOMCTB yCH/IUBaeT abpa3rBHOE
JeiicTBHe TBep/oH (pa3bl, a TAK>Ke CBSA3bIBaeT 00pasyro-
IIyFOCS TIbUTh ¥ OpOLIIaeT 06/1acTh BMeIIaTe/IbCTBa, YTO
SIBJISIETCSI IPEMMYILLeCTBaMU 10 CPaBHEHMIO C BO3ZYIII-
HoW abpa3ueti [31]. B oT/iure 0T pOTOPHO-PEXYIIUX
VHCTPYMEHTOB, TMPOKUHETHUUECKUI METO/, TT03BOJISIET
TIPOM3BECTH MOJIHOLIEHHYIO [TOrOTOBKY [T0OBEPXHOCTH
3y0a c co37aHreM I1epOX0BaTOM MOBEPXHOCTH IMaIH
6e3 o6pa3oBaHusI CMa3aHHOTO C/10s1, UTO obecrieurBaeT
XOpollIve aZire3uBHbIe YCI0BUS 0e3 HUCI0/Ib30BaHUS
TpaBsLLMX KUC/IOT. B K/IMHKKe [eTCKOM CTOMAaTOoI0ruy
OrPOMHbBIM MPEUMYILL{ECTBOM HCI0J/Ib30BAHKUS TEXHO/IO-
T'UY BO3YLIHO-BOASIHOUM abpa3suu sIB/ISIeTCsS BO3MOXK-
HOCTb PaboThI 6e3 MpoBeIeHNst MeCTHOW aHeCTe3HH,
MUHHMaJIBHBIN YPOBEHb LiIyMa ¥ OTCYTCTBHe BUOpaLyy,
YTO CMIOCOOCTBYeT CHI)KEHHUIO TPEBOTH Y TIAl[MeHTOB
paHHero M JJOLIKOIBHOro Bo3pacToB. Ha Tekyluit
MOMEHT JlJaHHasi MeTO/IMKA MOXKeT ObITh peai30BaHa
C WCM0JIb30BaHHeM BO3/YyIIHO-BOASHOIO anrapara
AquaCare ot komnanuu Veloplex [32].
O30HoTeparnys — pa3BUBarolleecsl HarlpaB/ieHue
JieyeHrs1 U IPOQUIAKTUKYA Ha4aIbHOTO Kapreca ImyTeM
NpUMeHeHus ra3000pa3Horo 03oHa. ['a3006pa3Hblil 030H
10 XUMHUYeCKOUM CTPYKTYpe Tpe/cTaB/isieT co00ii Tpexa-
TOMHYI0 MOJIEKYJ/Ty KMC/I0POZia, KOTOpasi IPX KOHTaKTe
c aTMOC(epHbIM BO3/1yXOM JUCCOLMUPYeT Ha /IByX-
Y OIHOATOMHBIN KHCIOPOJ, MOC/IeJHUN U3 KOTOPbIX
SIBISIETCS] MOII[HBIM OKHC/TUTE IEM, 00/IaziatoIIvid BhIpa-
KeHHbIM aHTHOaKTeprUaabHBIM 3 dekTom. [TprmeHeHe
030Ha B I0JIOCTH PTa BO3MOXKHO O71arofjapsi UCIMOb30-
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BaHUIO Harbosiee MoOMysisspHBIX ycTpoiicTB healOzone
(KaVo) u Prozone (W&H). Bo3geiicTBue cTporo
JI03UPOBAaHHOI0 KOJIMYEeCTBa 030HA C ONpefie/IeHHbIM
BpeMeHeM SKCITO3UL[UU Ha TIOBePXHOCTH IMOPa’KeHHOTO
3y0a BbI3bIBaeT HapyllleHe CHHTe3a KJIeTOUHOMN CTeHKH,
a TaKXKe pa3pylleHre [UTOIIa3MOTHUeCKOM MeMOpaHbI
KapHeCoreHHbIX MUKPOOPraHU3MOB (TIpeMMYILeCTBEHHO
S. Mutans), 4To MPUBOAUT K YMEHBIIEHHUIO X BIUSHUS
Ha TBep/ible TKaHHU 1 CTabuM3ali Kapuo3HOTO Tpo-
recca. Kpome 6akreprocratnueckoro 3¢ deTka, 030H
CTUMY/IMPYeT UMMYHHBIN OTBET U KoJljlaTepajibHOe
KpoBooOpaiiieHre. AKTyaslbHOCTb TIPUMEHeHHsI 030Ha
B KaueCTBe HeMHBA3WBHOIO MeTO/a JieueHHsl Ha4albHOTo
Kapueca y JleTeld paHHero 1 JOIIKOJBHOTO BO3PacTOB
00BsSICHSIETCS] CHIDKeHHeM TPeBOTH U AMCKoMdopTa
MyTeM OTCYTCTBUSI UHbEKLIMOHHOTO 00e300/1MBaHUs
u 1yMa 6e3 nagenus a3dekTuBHOCTH Tepanuu [28, 33].

TexHomorust cepebpeHust 3y00B — MeTOZ, M-
HHMMa/IbHOMHBA3MBHOI'O0 KOHCEPBAaTUBHOTO JIeUeHHUs
Haya/IbHOTO Kapueca MmyTeM IPUMeHeHUs TIperiapaToB
cepebpa B mipefiesiax 3Masu. st mporefyphl cepe-
OpeHwMs yarile BCero UConb3ytoT 38 % ¢ropug quam-
muHcepebpa (PC) c 1menouHOM cpefiol, TOPrOBbIe
HauMMeHOBaHUs «ApreHar», «Saforide» u «Advantage
arrest». [leficTB1e JaHHBIX NperapaToB CBsI3aHO C UX
CMOCOOHOCTBIO CBSA3BIBATHCS C TUAPOKCHAITIATUTOM,
B pesy/nibTare peakiun obpasyercs CaF, (1aOubHbIM
¢bropuz), caysKaluii ICTOUHUKOM (propa Ay1st 06pa3oBa-
Hus (Topanaruta. [IpumMeHeHue rpenapara HauMHAKOT
C OUMIL[eHHs IOBEPXHOCTH MOPA’KEeHHOTO 3y0a IieTKaMu
C TIacTamH, fasee 3y0 U30/MPYIOT U BBICYIIMBAOT. [10-
CJie TIPUCTYTAIOT K HaHeceHuto 38 % dhropu/a AMaMyH-
cepebpa c BpeMeHeM 3KCTI03ULIMH, COOTBETCTBYIOLIeH
WHCTPYKLWH Tipor3BozuTeist. [1o mpoiiiecTBrM BpeMeHH,
OCTaTKH Tpernapara ygassitor. CTabunn3upyommi
3¢ dekT 00bSICHATCS MHI'MOMPOBaHeM MeTaboue-
CKHX TPOLIeCCOB KapreCOreHHbIX MUKPOOPraHU3MOB
aKTUBHBIMHU (DTOpH/IaMU, B pe3y/IbTaTe Uero CHIKAeTCS
KOJIMUeCTBO KWCJIOT, BbI3bIBAIOILMX JleMUHepaIn3aLifio
TBepbIX TKaHeil. Kpome Toro, roprzbt crioco6CTByOT
YCHJIeHHOM peMHMHepan3aLliiu 3a CUeT UX BK/IIOUeHUs]
B FUPOKCHAMNIIATUT, UHTEHCUBHOCTb KOTOPOM 3aBH-
CUT OT aKTUBHOCTHU Y KOHL|eHTpaLuy (PTOPU/I-MOHOB.
['1aBHBIM HEeZIOCTAaTKOM JJaHHOTO MeTO/[a SIBJ/ISIETCS PUCK
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BO3HWKHOBEHMS CePOU OKPaCKU 3MaJli B pe3ysbrare
yacToro npumeHeHus rnperaparoB OIC 1 HaKOILIeHUs
cepebpa B TBepABIX TKaHsX 3y0Oa. [IosTomy, repef cepe-
OpeHreM peKOMeH/IyeTCsl MOMyYUTh HH(OPMUPOBAaHHOE
NMCbMEHHOe CoIvlacue pofiuTesieii Ha mpoueaypy [34,
35]. Tem He MeHee, cepebpeHre 3y00OB MOYKHO CUM-
TaTh XOPOLIel aJbTepHaTUBOU MHBa3UBHBIM MeTo/aM
JleyeHHs1 HAYaIbHOTO Kapueca, 0CO0EHHO BpeMeHHBIX
3y60B B OOKOBBIX yUaCTKax.

MeToz aTpaBMaTUYHOr0 BOCCTAHOBUTEIBHOTO
seueHus (Atraumatic Restorative Treatment, ART) —
TexHOJI0TYs1, pa3paboranHast BO3, oCHOBBIBarOILAsICst
Ha XMMUKO-MeXaHUUeCKOM I1periapupoBaHuM TBePbIX
TKaHel 1 TIoC/Ie[y01[eM IJIOMOMPOBaHUU CTEKIONO-
HOMepHbIMU LieMeHTaMu. [l ipoBeseHus ART-me-
TOAVKU Ha PbIHKE TI0JIb3yeTCs MOy ISIPHOCTBI0 Habop
«KapukinHs» 0T poccuiickoro rpoussoguresns «Bag-
MuBa». B kommiekT BXozdt resib Ne 1, copepkaiiuii
AHTUCENTHK — LeTPUMH, 00/1ajatoI{Hii BEIPDa)KeHHbIM
OaKTepULIHBIM IeHICTBHEM B OTHOILIEHUH TPaMMIIO-
JIO)KUATEJIbHBIX ¥ HEKOTOPBIX I'PaMMOTPHULIaTe/IbHbIX
Oakrepuii, resib Ne 2 Ha OCHOBe TMITOXJIOPUTA HATpHs,
pasMsAryaroliuil OpraHuuecKyro 4acTb [Opa)KeHHOI0
JleHTHHa, ¥ Habop 13 BOCbMH PYYHBIX HUHCTPYMEHTOB
C pa3HOM 3aTOYKOM [/1 yAa/leHUs! pa3sMArUYeHHbIX TKa-
Hell. OcOOeHHOCTHIO Tesielt SIB/SeTCs UX CII0COOHOCTh
CeJIeKTMBHO pasMsruarhb NOpa’kKeHHbIM KaprueCoM JleH-
THH, COXPaHsisi 3[0poBble TKaHU. OTCyTCTBUE HeobOXOo-
JUMOCTHU B aHeCTe3UH, a TakKe IperiapupoBaHUH C I10-
MOIIIbI0 POTOPHBIX MHCTPYMEHTOB SIBJISIETCS] OOBIINM
ripeumyiriectBo Metoza ART ripu sieueHrH NaljieHTOB
PaHHero ¥ JOIIKOJIbHOTO BO3PaCcTOB C MOpa’KeHUeM
TIOBEDXHOCTHBIX C/10€eB JleHTHHa [36].

JlazepHble TEXHOJIOTMY — Ma/IOMHBA3UBHbIE METO-
[bl, OCHOBaHHbIe Ha [IPUMEHEeHUH J1a3ePHOI0 U3Jlyde-
HUsA. B cTromarosiornyeckoii npakTyUKe IPUMEHSIFOTCS
pa3nMyHbIe BU/IBI J1a3epoB, TaKve Kak pyorHoBbIi (Cr:
Al203), yrnekucnotnbiii (CO2), na3ep Ha 0OCHOBe
a/IFOMO-UTTPHEBOTr0 rpaHara, JleripoOBaHHbIN MOHAMU
Heoauma (Nd: YAG), skcumephbiii (ArF), spowuii, xpom:
UTPUEBO-CKaHueBo-ranueBbli rpaHar (Er, Cr: YSGG)
U J1a3epbl Ha 3pOUi-UTTpHii-amoMyHreBoM rpaHare (Er:
YAG). [15151 neueHusi U MPOUIAKTUKU Kapreca CaMbIMU
MONY/ISIPHBIMU SB/ISTFOTCS y1azepsl Er: YAG. HakoHeuHrk

CTOMATONOT NA
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C JIa3epHBIM H3JlyuyaTesieM reHepupyeT BOJIHbI J/IMHON
2940 HM, KOTOpbIe aKTUBHO TOT/IOI[Al0TCS BOZIOM, CO-
JiepoKaltieiicst B TBepbIX TKaHIX 3y0a, UTO MPUBOJUT
K eé MCTHOBEHHOMY 3aKuMaHUI0. B pe3ynbTare akTHB-
HOT'O UCIMapeHusl BOJBI IPOUCXOJAT MHOKe CTBeHHbIe
MUKPOB3PBIBBI, 00eCTieurBaroliyie KOHTPOINPyeMoe,
TIOCJIOMHOe paspyllleHre TBepZbIX TKaHell. BmecTte
C Jla3epHBbIM H3/Ty4YeHHeM, C HAKOHEUHHKA 0/jaeTcst
CTPYsi BOJBI, CIOCOOCTBYIOIIAs MPOTEKLIUM 37I0POBBIX
TKaHel U OYMIIeHHI0 00/1acTy BMellaTe/bCTBa. [1of
BO3/leMCTBUEM Jla3epPHBIX BOJIH Ha TBeP/bIX TKAHIX
BO3HMKAeT MUKPOCKONUYECKasi TEKCTypa, YCUIMBAIOLIast
aZire3uio M peTeHLIMI0 TJIOMOMPOBOYHOTO MaTepHasa.
Kpome crioco6HOCTH MUKPOTIpeniapupOBaHHs, Ta3epHOe
u3nyueHue 06s1a/jaeT BbIpaKeHHbIM OaKTepULIUIHBIM
3(peKTOoM, MO3BOJISIFOIIKMM MPOK3BeCTH 3 (HEKTUBHYIO
JeKOHTaMMHALIMI0 KapuO3HOro ouara. IIpumeHeHue a-
3epHBIX TEXHOJIOTUM NIPU JIeUeHWU HayaIbHOTO Kapueca
y ZieTell paHHero 1 [JOLIKOJ/IBHOTO BO3PAacTOB I103BOJIsIeT
KJIMHULIMUCTY TPOM3BOAUTH MUHMMAaIbHOUHBA3UBHOE
TiperiapupoBaHue TBePAbIX TKaHel 6e3 roapebHOCTH
B MeCTHOM 00e300mBaHuH. OJHAKO, TT0 CPaBHEHHIO
C TPaJULIMOHHBIMU MeTOZlaMH JIeyeHUs Kapueca, yBe-
JINUMBAETCS BpeMsi NPOBe/leHusl, CTOUMOCTh U, KaK
cleCTBUe, JOCTYTHOCTD TIpoLeAyphI [28, 37, 38].

IIpoduTaKkTHKA KapHO3HBIX MOPaXKeHHi 3y00B
JAeTel paHHero u JA0IIKO/JILHOr0 BO3PacToB
HecMoTpst Ha ycriexu B 06/1aCTH AMarHO CTUKU

U JieUeHus KapHueca, Ba)KHEUIIIMM 3BE€HOM B yxoae
3a 30POBbEM I10/IOCTH pTa pebeHKa sSB/IeTCs POhU-
nakTvka. [TlepBuyHas noctHaranbHasi IpoduIaKTUKa
Kapreca B paHHEM M JIOIIKOJIbHOM ITepUO/ax 3aK/Ti0-
YdeTCd B CAHUTAaPDHO-TMT'MeHNYeCKOM IIPpOCBeleHNH,
HOpMaJIM3aL[iy COCTaBa MIUTAHUSI ¥ PAHHUX MTPOdHIIaK-
TUYEeCKUX BU3UTAX K CTOMATOJIOT'Y, U ABJIAETCA O,E[HOI‘/JI
13 aKTya/bHBIX 3a/lau COBPEMEHHOMN CTOMATO/IOTHH,
Tpebyroiiei 6osee 3pdekTHBHBIX cTpaTeruii. Ha ypoB-
He UHJUBHIyyMa ITPOHIaKTHKA Kaprieca BO MHOTOM
3aBUCUT OT JIMUHON T'UTrMeHbl 10JI0CTH PTa B BUe
YHCTKH 3y00B (hTOpCOEpPIKALMMH 3yOHBIMU TTaCTaMH,
MoZI00paHHBIMU BpauOM-CTOMaToJ/IoroM. PoauTenu
C TIOMOII[bIO PA3/TMYHBIX METO/JOB B3aUMO/IeMCTBYSI,
B TOM 4HCJie MT'DOBBIX, NO/DKHBI IOHECTH [0 pEGEHKa
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Ba’KHOCTb ¥ HEOOXOIMMOCTD MPOLIeAyPhI YX0Za 3a 3y-
6amu [39].

YuuTteiBasi HH(OpPMALHIO, UYTO OFAHUM U3 (ak-
TOPOB pa3BUTHS Kapueca sB/sieTCsl yrmoTpebsieHue
Goraroii yryiieBojjaMu UL, POJUTE/II0 BaKHO KOH-
TPOJIMPOBATh CyTOUHBIH palioH pebeHka. Kpome Toro,
BPaUYM-CTOMATOJIOTH JOJKHBI 1aBaTh peKOMeHZalin
poAuTesIsiM, HarpaB/ieHHbIe Ha MOAU(MUKALINIO JUeThI
pebeHKa /71l yMeHbIIIeHUsI BO3/eicTBYs (hepMeHTHUDY-
eMbIX yT7IeBOZIOB, TaK Kak COalaHCPOBAHHOE MTUTaHHe
ABJIsTeTCs 3 HEKTUBHBIM CIIOCOO0M MPOGUIAKTUKH
He TOJIbKO 3a00/1eBaHu TIOJIOCTH PTa, HO U MHOTHX
CUCTeMHBIX rarosoruii [40].

BbiBOAbI

AHanu3 MHOTOUHC/IEHHBIX UCTOUHHUKOB UH(DOD-
Malyu, Mpe/iCTaB/IeHHbIX B 0030pe, CBUeTebCTBYET
0 TOM, UTO B TOC/IefHee BpeMsi ObI/H JOCTUTHYTHI 3Ha-
yKTe/bHBIE YCTIeXU B TOUHOM IUarHOCTHKE, HEMHBA3KB-
HOM JieueHU! U 3G PeKTUBHOM NPOUIaKTUKe Kapreca
3y0O0B y ZieTell paHHero U [JOIIKOJILHOTO BO3PacCTOB.
KoMruieKcHBIH TofX0/], BK/TIOUAKOLIH UCTI0/b30BaHTe
pa3HOo00Opa3HbIX METO/IOB, IT03BOJISIET TOUHO YCTAaHOBUTD
[IarHo3 ¥ Mpor3BeCTH KaueCTBeHHOe Ma/IOWHBa3NBHOE
JledeHre Kapueca y pebeHka. Kaxkib1ii KOHKpeTHBIN
CJ/lyuail Jo/KeH COTIPOBOXKAAThCsl MHAWBUAYAIEHBIM
MO/IXOZ,0M — MeTO/Ibl KOMIIEKCHBIX [[UarHOCTHKH,
nedyeHyst U IPOGUIaKTUKY Kapyeca J0JDKHBI COOTBeT-
CTBOBATh He TOJBKO CTaJVM M aKTUBHOCTH TIPOLiecca,
HO ¥ 3ar1pocaM POAMTeJIS U CTelleHH afianTaryu pebeHKa
K TIpHeMy.
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Abstract. Relevance. Today, the dental market offers a large selection of adhesive systems developed based on various concepts.
Improving adhesive technology in orthodontic practice is aimed at simplifying methods of use, improving the composition and ability
of adhesion of orthodontic elements to the tooth structure. The aim of this study is to compare the shear bonding strength of different
generations of adhesive systems for metal brackets placement. Materials and Methods. The study sample consisted of 40 recently
extracted human upper premolars. The premolars were divided into four groups 10 each. The first group used the bond Transbond
XT 3M Unitek (USA), the second — Beauty Ortho Bond (Japan), the third— Tetric N bond Universal (Vivapen) (USA) with acid
etching with phosphoric acid (LI), the fourth— Tetric N bond Universal (Vivapen) (USA) without acid etching with phosphoric
acid. The study used metal brackets for upper premolars (Gemini Bracket MBT, 3M Unitek, USA) with a micro-patterned base, the
area of which was defined as 10.61 mm?. Mechanical shear strength tests were carried out using the Instron Universal Test machine
(USA). One-way analysis of variance and the TUKEY test were used to examine significant differences in adhesive strength and
shear strength between study groups. Results and Discussion. The highest adhesive shear strength was established when using
the Transbond XT adhesive system (12.28 MPa) and the Tetric N Bond Universal system using the total etching (12.66 MPa) and
self-etching (11.44 MPa) techniques; statistically significant differences between these adhesives were not detected. The second
group of Beauty Ortho Bond (5.34 MPa) demonstrated the lowest adhesion force among the studied adhesives, with a statistically
significant difference from the other groups. Conclusion: This study concluded that there are no notable differences in the comparison
of the universal system with or without etching with the Transbond system. Regarding the use of the beauty Ortho bond, it obtained
the lowest strength with significant difference from the remaining groups.

Keywords: adhesive system, orthodontic adhesive, adhesive bond strength, enamel etching, self-etching adhesive, bracket
placement
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Introduction

In 1955, Dr. Michael Buonocore introduced the
enamel acid etching technique as a preliminary prepa-
ration of bonding surfaces to achieve better adhesion
[1, 2]. It was first discovered that the application of
phosphoric acid to the enamel surface significantly
improves the strong bond due to the formation of mi-
Croporosity.

This technique has become widespread not only
in orthodontic practice, but also in various areas of
clinical dentistry.

However, treating the enamel surface with phos-
phoric acid causes the decomposition of the crystalline
layer, respectively, destroying the enamel, as well as
increasing the surface porosity caused by etching and
the retention of resinous protrusions inside the enamel,
leads to discoloration and pigmentation. Enamel damage
is facilitated by the process of removing braces and re-
moving residual adhesive from the tooth enamel after the
end of orthodontic treatment. Since the main task of an
orthodontist is to maintain the integrity of tooth enamel
after braces are removed, except for its deformation [3-5]
some undesirable aspects of this technique have caused
great concern among researchers and practitioners. Thus,
various adhesive systems have been developed.

The first and most common development is resin
[6, 7]. However, the main drawback of this system
is the limited working time [8—11], due to which the
abutments are not able to comfortably handle the resin
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and, accordingly, incorrect placement of the brackets on
the tooth surface [12—-16]. The desire to form a strong
bond by reducing enamel damage and minimizing
orthodontic manipulation led to the development of
the image-processed adhesive system.

In 1979, photocuring adhesives were first used
in the laboratory as an orthodontic adhesive, and the
research was completed five years later. Thus, the curing
of the adhesive under the abutment base occurs upon
direct exposure to light from different directions with
an ultraviolet lamp [17] and the penetration of visible
light into the dental tissues [18, 19].

Tavas and Watles showed that transmission of visi-
ble light through enamel allows the photostable resin to
cure under a metal arch base. One of the most important
features of this system is to allow the orthodontist to
place the braces in the correct place on the tooth surface
[20-23]. This reduces the need to adjust the tooth axis
at the end of treatment.

The main problem with dental binders is their
ability to bond effectively to substrates of various char-
acteristics. The enamel requires acid etching, usually
from 30 % to 40 % phosphoric acid, before applying
a liquid adhesive resin. Typical processes include etch-
ing with acid, application of a liquid adhesive resin,
micromechanical and crosslinking for durability. These
multistage binders have been on the market since the
early 1990s and today can still be considered “gold
standard” adhesives [24].
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In response to market demand for simplified
bonding procedures, self-etching adhesive has been
significantly developed in line with broader simplifica-
tion trends. Innovations in the form of starter materials
and self-etching adhesives are aimed at mitigating the
negative effects of excessive etching, excessive or insuf-
ficient conditioning. An advantage of using self-etching
adhesives is that there is no need to remove the smear
layer and smear plugs beforehand, as these systems can
adapt the tooth surface to the adhesive [25].

Manufacturers are constantly introducing new ad-
hesive systems for ease of use, improved texture, and
ability to bond to tooth structure. As a result, researchers
feel compelled to carefully examine and confirm these
claims. Previous studies have shown that the bonding
effectiveness of some materials is very low, while the
bonds of other materials are more stable [26, 27].

A new class of bonding system was introduced, as
the manufacturer claims that it can be used in systems
with full etching, self-etching, and selective etching
(Tetric N Bond Universal Vivapen,).

Recently, a new type of single-stage bonding sys-
tem has been introduced for patient care, classified as
“universal” or “multi-mode”, usable with or without
acid pre-treatment. To overcome the low enamel bond
strength reported for self-etching bonding systems,
universal bonding systems can be used using either
etching-with-rinse or self-etching methods [28].

According to Reynolds and his colleagues, the mini-
mum adhesive limit capable of withstanding chewing force
is (from 5,9 to 7,8) and the stronger bond (40-50) MPa
increases the risk of damage to the enamel during disen-
gagement.

The aim of this study is to compare the shear
bonding strength of different generations of adhesive
systems for metal brackets placement.

Materials and methods

The study sample consisted of 40 recently re-
moved human upper premolars. The teeth were of
normal shape and size, the surface was free from de-
fects and distortions such as dysplasia, there were no
calcifications, caries, restorations and defects visible to
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the naked eye such as cracks and chips, and they were
not subject to teeth whitening or fluoro diagnostics.
The premolars were rinsed with running water, blood
removed from them, the remnants of gum tissue and
ligamentous fibers and left for storage for a week
in packages containing 10 % formaldehyde solution
to prevent bacterial accumulation on them. A root
canal was used for mechanical fixation of teeth within
acrylic resin cast in aluminum molds (cube-shaped,
10 cm long, 2 cm wide, 3 cm high) to the level of the
enamel junction, bearing in mind that the longitudi-
nal axis of the crown is perpendicular to the mold.
Then expose the entire vestibular surface and return
it to distilled water to ensure the hardening of the
acrylic resin. The study used metal brackets for upper
premolars (Gemini Bracket MBT, 3M Unitek, USA)
with a micro-patterned base, the area of which was
defined as 10.61 mm?. After the teeth were removed
from the distilled water, they were thoroughly dried
with compressed air, then the vestibular surfaces of
each premolar are brushed for 5-10 seconds with the
brush to remove tartar and pumice powder, rinsed
with a stream of water and compressed air for 5-10
seconds, then dried again with compressed air. This
process was repeated on all teeth.

The first group used Transbond XT 3M Unitek.

Teeth were treated with 37 % phosphoric acid for
30 seconds, then rinsed thoroughly with a stream of
water and dried with compressed air for 10 seconds
until a uniform chalky spot appeared. Then a thin layer
of base material Transbond XT 3M Unitek monovia,
CA, USA. was applied to the etched area with a clean
brush, a second layer of adhesive (Transbond XT 3M
Unitek) was applied to the bracket base and glued to the
marked area parallel to the longitudinal axis, removing
excess glue from the edges of the base of the arch, taking
care not to change the position of the arch. Then a light
curing is performed for 30 seconds.

The second group used Beauty Ortho Bond (Japan).

It is a self-adhesive system that releases fluoride
components, allowing brackets to be placed in one step,
according to the company’s instructions, applying the
solution to the surface with a clean brush for three sec-
onds without pre-etching the enamel. Then the enamel
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is dried with light pressure and the brackets are glued
with a special paste from the same manufacturer. Then
a light curing is performed for 20 seconds.

The third group the brackets are bonded using Tetric
N bond Universal (Vivapen).

Teeth were treated with 37 % phosphoric acid for
30 seconds, and then rinsed thoroughly with a stream of
water and compressed air for 10 seconds until a uniform
chalky appearance appeared. Then, a thin layer of Tetric N
bond Universal was applied with a clean brush to the
prepared area, and Tetric N bond Universal (Vivapen)
adhesive putty was applied to the base of the bracket
and glued to the marked area parallel to the length of the
longitudinal axis, removing excess adhesive (Table 1).
Along the edges of the base of the mount, bearing in mind
that the position of the mount does not shift or reposition
if necessary, and light cured within 30 seconds.

The fourth group is Tetric N bond Universal (Vivapen).

The same previous steps were performed in the third
group, but without acid etching with phosphoric acid and
only applying the basic bond while stirring for 5 seconds
and then applying a light curing for 30 seconds.

All teeth were preserved after gluing in 4ml of
distilled water in closed vessels for 24 hours.

Shear strength test method. Mechanical tests were
performed on a standard test machine (Instron Universal
Test). When the teeth were attached to the apparatus so that
the base of the arch was parallel to the shear force, and with
a sharp-end metal blade attached to the movable upper jaw
of a mechanical test apparatus, an occlusal shear force was
applied at a rate of 1 mm/min, and a shear force was ap-
plied, at which adhesion would not occur, and the occlusal
force was applied. Recorded in kilograms, then converted
to Newtons, then the shear-resisting adhesion force was

calculated according to the following equation: Adhesion
shear-resistance force (MPa = force (newtons)) + arc base
area (10.61) square millimeter.

Statistical analysis. Order to study the significant
differences in the strength of adhesion and resistance to
shear force between the study groups, one-way analysis
of variance was used, and the TUKEY test, which is
one of the methods of dimensional comparisons, pro-
vided that it is significant (F) in the table of analysis of
variance and the most accurate to find out the reason
for the significant differences If any, among the study
groups. Before starting the analysis of variance, it is
necessary to make sure of the conditions of the normal
distribution of the dependent variable (on all study
groups) and also check the homogeneity of the variance
among them, where the Anderson-Darling test and the
Leven test were used for each of them, respectively.

Results and discussion

1. Results of the normal distribution test

The results showed that the condition of the normal
distribution was fulfilled for all study groups, where
the value of the A-D test was estimated, 0,185, 0,105,
0,141, 0,187 with significance (P Value) of about 0,927,
0,85, 0,957, 0,873, all of which are greater than the
level of significance (5 %) for groups from the first to
the fourth respectively (fig. 1-4).

2. Results of the heterogeneity test

The results showed the condition of homogeneity
of variance was fulfilled between the study groups,
where the value of the Leven test was estimated at 0,149
(Fig. 5) (P_Value = 0.26 > 0.05) fig. (5).

Table 1
Statistical analysis
Method
Null hypothesis All variances are equal
Alternative hypothesis At least one variance is different
Significance level
95 % Bonferroni Confidence Intervals for Standard Deviations
Sample N StDev Cl
Transbond 10 4.53478 (2.51739, 10.8885)
Beauty ortho bond 10 1.91646 (1.06068, 4.6155)
Teric N bond Universal, Vivapen 10 4.68064 (2.47380, 11.8047)
the fourth group 10 4.17451 (2.12052, 10.9540)
Individual confidence level = 98.75%
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Fig. 1. Results of the Anderson-Darling normal distribution test group of the Transbond

Fig. 2. Results of the Anderson-Darling normal distribution test group of the Beauty Ortho Bond
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Fig. 3. Results of the Anderson-Darling normal distribution test group of the Tetric N bond Universal

Fig. 4. Results of the Anderson-Darling normal distribution test group of the Tetric N bond Universal
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Fig. 5. Levene's test multiple comparison intervals of the deviation

3. Results of the analysis of variance and Tukey test resistance to shear force between study groups where
The results of the analysis of variance showed the value of (F) was estimated at 7.4 and the value of
that significant differences in the strength of adhesion significance was estimated at 0,001 > 0,05 (Table 2).
Table 2
Results of the analysis of variance
Method

Null hypothesis All means are equal
Alternative hypothesis

I Not all means are equal
Significance level

Equal variances were assumed for the analysis

Analysis of Variance

Source Df Adj SS Adj MS F-Value P-Value
Factor 3 353.0 117.67 7.40 0.001
Error 36 572.1 15.89 - -
Total 39 925.1 - - -
Means
Factor N Mean StDev 95% Cl
Transbond 10 12.28 4.53 (9.72,14.84)
?Jeaap“;ﬁ)"”ho bond 10 5.342 1.916 (2.785,7.899)
Ef]tii\fe?‘sgl‘,’{‘/f'vape 10 12.66 4.68 (10.10, 15.21)
The fourth group 10 11.44 417 (8.89, 14.00)

Pooled StDev = 3.98660
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The results of the analysis of variance showed
the results of the TUKEY test are significant, the
difference between the average strength of adhe-
sion resistance to shear strength of the group Ortho
BeautyBond (Japan) and the average of the rest of the

groups, and that decrease, for example, the difference
was estimated at 6,938 between them and the group
Transbond XT, with the significance of the differences
at the level of significance was established (Table 3
and fig. 6, 7).

Table 3
Tukey tests results Grouping information Using the Tukey Method and 95 % confidence
Factor N Mean Grouping
Tetic N bond Universal, Vivape 10 12.66
Transbond 10 12.28
The fourth group 10 11.44
Beauty orth bond (Japan) 10 5.342 B
Fig.6. Difference of means of Transbond, Beauty ortho, Tetric N bond, the fourth group
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Fig. 7. 95% CL for the mean

Conclusion

This study concluded, in the circumstances in
which it was conducted, that there are no statistically
significant differences when comparing the Universal
system with or without etching with the Transbond
system. As for the use of Beauty Ortho Bond, it achieved
the lowest adhesion force with a statistically significant
difference from the rest of the groups, and this could
make its use weak in practice, as the acceptable average
strength is from 5.9 to 7.8 MPa. The average adhesive
force in this study was 5.3 MPa.
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UccnepoBaHue NpoYHOCTU COeAMHEHUA afre3UBHbIX CUCTEM
pa3nuyHbIX NOKONeHun pna pukcauum 6pekeToB

X. Anvokagaam - 23, H.C. TytypoB , 1. Kar6ex

Poccuiickuil yHuBepcHTeT ApyKObI HAPOJOB, 2. Mockea, Pocculickas @edepayus
D<) Hayanalmokaddam5@gmail.com

AnHoTanus. AkmyaibHocmb. Ha cerofHsIIHMY JieHb Ha CTOMAaTo/I0TMUeCKOM PBIHKe TIpe/icTaB/ieH 00JIbIIol BBIOOD a/re-
3WMBHBIX CUCTeM, pa3paboTaHHbIX Ha Oa3e pa3/TMUHBIX KOHLIENTYanbHbIX TuiaT¢opM. CoBepIIeHCTBOBaHHE a/iTe3UBHBIX CUCTEM
B OPTO/IOHTUYECKOU MPAKTHKe HAIpaB/eHOo Ha yMpollieHre CIoco00B MCTOMb30BaHus, yIyyllleHre COCTaBa U CloCcoOHOCTH
aZire3Vy OPTOJIOHTUYECKUX /IEMEHTOB K CTPYKType 3yba. Llesb ucciieioBaHust — CpPaBHEHUS a/iIre3MOHHOM MPOYHOCTH Ha
C/IBUT a/iIre3VBHBIX CHCTEM Pa3/IMYHBIX TIOKOJIEHUH [71s1 (PUKCAIuU MeTalnueckux bpekeToB. Mamepuanb! u Memoobl. Beibopka
nccie[oBaHust coctosiyia u3 40 HeZlaBHO y/lalmeHHbIX BePXHUX TPEMOJISIPOB M0 MeJULIMHCKUM TI0Ka3aHusiM. [IpemMonsipbl Obimu
pazferneHbl Ha YeThbIpe TPy, 1o 10 B Kaxk/[0l. B nepBoii rpymre 6bl1a UCIOIb30BaHa afire3uBHast CHCTEMa TTOTO ITOKOIeHUs
Transbond XT 3M Unitek (CILIA), Bo BTopoil — camonpoTpas/mBaroiuii aare3us Beauty Ortho Bond (SInonus), B TpeTbeii —
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yHauBepcanbHas cucrema Tetric N Bond Universal (Vivapen) ¢ npegBapute/isHbIM TpaBieHHeM 3Maiti (pochopHON KUCIOTOMH,
yeTtBepTasi — Tetric N Bond Universal (Vivapen) (CIIIA) B TeXHHKe CaMOITPOTPABIMBaHUs. B viccieoBaHUM MPUMEHSITACH
MeTajIueckue OpekeThl AJisi BepxHUX rpemMossipoB (Gemini Bracket MBT, 3M Unitek, CIIIA) ¢ MUKPOOTIpaBHPOBaHHBIM
OCHOBaHMEM I/I0Ia/ib KOTOPOTo ObuTa omnpeesieHa kak 10,61 mm2, VicribiTaHWs HA MEXaHUUECKYIO TIPOYHOCTh Ha C/IBUT
TIPOBO/IWJIMCH Ha YHUBEPCAIBHOM UCIbITaTebHOM MatuHe Instron (CITA). OpHodakTopHBIN JUCIIepCHOHHBIN aHa/IN3 U TECT
TUKEY ucrnosnb30Bannch AJ1s1 U3yueHusl 3HaYUTe/IbHbIX pa3yiii B IPOYHOCTH a/ire31U Ha CABUT MEXIY MCC/Ie0BaTe/IbCKUMU
rpyrmnamu. Pe3yibmambi u obcyscderue. Hanbosee BEICOKHI MOKa3aTe b a[re3MOHHON MMPOYHOCTH Ha C/IBUT YCTaHOBJIEHA TIPH
TIpUMeHeHuH afre3nBHOM cucteMsl Transbond XT (12,28 MIla) u ynuBepcansHoit cuctemsl Tetric N Bond Universal B TexHuKe
TOTasbHOro npoTrpasnuBanus (12,66 MIla) u camornporpasnuBanus (11,44 MIIa), cTaTUCTHYeCKU 3HAUMMBIX pasIuuUid MeXay
3TUMMU a/ire3BaMu He BblsiB/IeHO. HavMeHbl1yI0 CUily afre3suu cpefiu UCC/lelyeMbIX aire3suBOB IIPOJEeMOHCTPYpPOBasla BTOpast
rpymma Beauty Ortho Bond (5,34 MIla), mpu CTaTUCTHYeCKH 3HAYMMOM OT/IMUHMHU OT OCTaJIBbHBIX TPYTIL. Bbl8oObl. ITO MCCIes10-
BaHHe TIPUIIIO K BBIBOAY, UTO HET 3aMETHBIX Pa3/IMuMii MPY CPaBHEHUH YHUBEPCATBLHOU CUCTEMBI C TPABJIEHHEM U/ (€3 Hero
¢ cucremoii Transbond. YTo kacaercst ucronb3oBaHus cuctemoit Beauty Ortho, To oHa 11oka3ana HaMMeHBIIY0 TPOYHOCTD CO
3HAYUTE/IbHBIM OT/IMYKEM OT OCTa/IbHBIX IPYIIIIL.

KiroueBrble ci0Ba: a/iresuBHasl CUCTeMa, OPTOJOHTUYECKUI a/ire3uB, afre3MoHHasi IPOYHOCTb, IPOTPaB/IMBaHNe 3MajH,
CaMOTIPOTPAB/IMBAOLIWI aAre3uB, GUKcaLUs OPEKeTOB

Hudopmanus o hpuHAHCUPOBaHUH. ABTODEHI 3asiB/ISIIOT 06 OTCYTCTBHUM BHELIHEro (PMHAHCHPOBAHUSI.

Bkuiaj aBropoB. Tytypos H.C. — KOHIIeTLMs ¥ AU3aliH UCC/iejoBaHMsT; AMOKa iaM X. — KOHLIETTIMs UCCTe/[oBaHust, 0O6paboTKa
JaHHBIX, 0030p uTeparypsl; Katbex . — cratrcTrueckas 06paboTka JaHHBIX, HAalMCaHWe TeKCTa. Bce aBTOpBI BHECH CyIie-
CTBEeHHBIW BKJIaZl B pa3pabOTKy KOHLIEMLVH, TIPOBe/IeHHe UCCIIeI0BAHUS U MOATOTOBKY CTaThy, POWIH U 000pUIN (DHHATEHYO
BEPCHIO mepe[ mydvKaLuyen.

HNudopmanys o KOHQIMKTe HHTEPeCcoB. ABTOPHI 3asB/ISTIOT 00 OTCYTCTBUM KOH(WIMKTa MHTEPECOB.
JTHYeCKOe yTBep>KJAeHHe — He TIPUMeHHMO.

BbiiarogapHocTH — He IPUMEHUMO.

HudopmupoBanHoe coryiacue Ha My0/IMKALUI0 — He TIPUMEHHUMO.

INoctynuna 06.01.2024. TIpunsara 08.02.2024.

Jna qurupoBanusa: Almokaddam H., Tuturov N.S., Katbeh I. Study of various adhesive systems’ bond strength for
bracket placement // Becthuk Poccuiickoro yHuBepcuteTa Apy»K0bl HapogoB. Cepust: Megunmaa. 2024. T. 28. Ne 1. C. 35-45.
doi:10.22363/2313-0245-2024-28-1-35-45

Corresponding author: Hayan Almokaddam — PhD student of The Department of Pediatric Dentistry Orthodontics, Institute of
Medicine, RUDN University, 117198, Miklukho- Maklaya str., 6, Moscow, Russian Federation. E-mail: Hayanalmokaddam5@gmail.co
Almokaddam H. ORCID 0000-0002-5131-8401

Tuturov N.S. ORCID 0000-0001-8048-5703

Katbeh I. ORCID 0000-0002-4591-7694

OmeemcmeeHHblli 3a nepenucKy: XaiisiH AMOKa/ilaM — acrpaHT Kadeipbl CTOMATO/IOTHMH JIeTCKOTO BO3pacTa U OPTO/IOHTHH,
MeauLUUHCKUN uHCTUTYT PYIIH, Poccuiickas @enepauwms, 117198, r. Mockea, yia. Mukinyxo-Makinas, 1. 8. E-mail:
Hayanalmokaddam5@gmail.com

Anmokaagam X. ORCID 0000-0002-5131-8401

Tytypos H.C. SPIN 4892-3880; ORCID0000-0001-8048-5703

Kar6ex 1. SPIN 8267-2898; ORCID 0000-0002-4591-7694

DENTISTRY 45



.@ BectHuk PYQH. Cepusa: MEOULUHA 2024:28(1)
=. RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

DOI: 10.22363/2313-0245-2024-28-1-46—-56
EDN: TVYOOB

OB30PHAA CTATbA
REVIEW

Ponb ynpaBneHust noeegeHnemM pebeHka B GopMUpOBaHUN
NO3UTUBHbIX accoLuaL i Co CTOMaTONIOroM

K.H. J/lyneiiunHKoOBa g, J.C. Copokuna , B.A. )Kypb6enko ~, A.E. Kapiam

Kypckuii rocysapcTBeHHBIN MeTUIIMHCKUN YHUBepcuTeT, 2. Kypck, Poccutickas ¢edepayust
< lupeychinkova.karina@gmail.com

AnHoTanus. AkmyanbHocmb. Ocobyr0 aKTyalbHOCTb Ha CEroIHSALIHNN [JeHb NPe/ICTaB/sIeT MCUXO0I0THUecKas afiarnTa-
1us pebeHKa K CTOMAaToIoruueckomy npuemy. [IpoBesieH aHa/IM3 TMTepaTyphI 110 BONPOCY POJIM yTIPABJeHHs TIOBejeHeM
pebeHKa B [JeTCKOH CTOMATOIOrUHA. PacCMOTpeHbI MPUYKHBI CTOMATOIOTHUECKOTO CTpaxa, ero MPOSIBI€HUS U TI0C/Ie/ICTBUSI.
Takke, 03ByUeHbI pa3/MUHbIe MeTO/bI afianTallii pebeHKa, ¥ MpoaHaIM3UPOBaHbl pe3y/IbTaThl NCC/IeJOBAHUM, OLIEHUBAOIIUX
3 PeKTUBHOCTh TAKMX MeTOZOB. Llesb McciiefoBaHNsT — BBISICHUTh, KaKue CIIoCOOBI yrpaBieHus oBeieHreM pebeHKa
TOMOTyT C()OPMHMPOBATH MOIOKUTETBHbIE aCCOL[AL{M C BpauaMK-CTOMAaTOJIOraMH, a TaKKe TIPe0/[0IeTh TPEBOXKHOCTh M CTPax
niepey ieueHueM. Mamepuasnbt u Memodbl. O630p W aHa/IN3 TUTePATyPHBIX UCTOUHUKOB MPOBOJWJICS TI0 K/THOUEBBIM C/IOBAM
Ha 3/IEKTPOHHBIX pecypcax 6a3 ganHbix PubMed, Google Scholar, eLibrary, 66111 ncrois30BaHbl 3apy0e>KHbIE U POCCUNCKUE
HCTOYHUKU. AHa/NIM3UPOBanach Hay4yHas JuTeparypa, HaneyaranHas ¢ 2007 roga no 2023 rr. Pe3ynbTarel aHamM3a IMTeparypbl
CBH/IETENIbCTBYIOT O TOM, UTO /la)Ke CaMble TIPOCThbIe MeTOZbI B3aUMOZEeNCTBUS C 1eTbMH SIB/ISIOTCS 3G QeKTUBHBIMUA B YMEHb-
LIIEHWU TPEBOXKHOCTH ¥ DOsI3HU Tepe] TocelieHreM Bpada-cromaronora. Kpome toro, pabota ¢ poAUTesIME 1 HICTIO/Ib30BaHHEe
Pa3MYHBIX (OPM UHTEPAKTHBHOTO OOIIeHHs TIOMOTaeT CO3/aTh MOMIOXKUTETbHYI0 aTMOC(hepy B CTOMATOIOTHUeCKOH K/TMHUKE
1 hOpPMHPOBAThH MOJIOKUTEIBEHBIN OTBIT § ieTell. Bbigoobl. B 11er1oM, Ha 0CHOBaHMY MPOBE/IEHHOTO aHa/IN3a, MOXKHO CJieflaTh
BBIBOJL O TOM, UTO KOHTPOJIb TIOBeZleHHs1 pebeHKa MMeeT OOJIBIION OTeHLMA A/ AOCTHKEeHs JIyUIUX pe3y/bTaToB B paboTe
Bpaua-cTomarosiora. Pa3BuTrie 1 COBepIlIeHCTBOBaHHE METOJ0B KOHTDOJISI TIOBeA€HNs [ieTel B CTOMATO/IOTHU [JO/DKHO OCTaBaThCs
TIPUOPUTETHOM 3a/jaueii Ayist obecrieueHust 60/1ee MOMHOLEHHOTO U 3(h(EKTUBHOTO JIEUeHMsI, @ TAKXKE MOA€PXKAHUS UX 3[I0POBbSI
B I0JITOCPOYHOM NepPCTIeKTHBe.

KiroueBble cJI0Ba: Urpa, CTpax, cTpecc, 60sb, cromarodobusi, CTOMaTosiornieckast TpeBora

Mudopmanus o puHaHCHpOBaHUHU. ABTOPHI He N0/Ty4any (PMHAHCOBOM MOAJEP)KKHU J/1s1 IPOBeAeHNs UCC/IeJ0BaHNs, HallMCaHNs
Y My0O/IMKaLUX CTaThH.

Bki1a/] aBTOpOB. Bce aBTOpEHI BHEC/TH CYIIIeCTBEHHBIN BK/a/] B pa3paboTKy KOHLIETILMH U TIOATOTOBKY CTaThy, TIPOWIX U 000pHIN
(bWHaMBHY0 BepCHUIO Tiepef] Ty 6/MKaryen.
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Role of child behavior management
in forming positive associations with the dentist

Karina N. Lupeychinkova g, Daria S. Sorokina ,
Veronika A. Zhurbenko ', Anastasia E. Karlash

Kursk State Medical University, Kursk, Russian Federation
& lupeychinkova.karina@gmail.com

Abstract. Relevance. The psychological adaptation of a child to a dental appointment is of particular relevance
today. This study analyzes the literature on the role of child behavior management in pediatric dentistry. The
causes of dental fear, its manifestations and consequences are considered. Also, various methods of adaptation
of the child and the results of studies evaluating the effectiveness of such methods are analyzed. The goal is
to find out which ways of managing a child’s behavior are able to form positive associations with dentists as
well as overcome anxiety and fear of treatment. Conclusion. The results of the literature analysis show that
even the simplest methods of interaction with children are effective in reducing anxiety and fear before visiting
a dentist. In addition, working with parents and using various forms of interactive communication helps to create
a positive atmosphere in the dental clinic and form a positive experience for children. In general, based on the
analysis, it can be concluded that the control of the child’s behavior has great potential to achieve better results
in the work of a dentist. The development and improvement of methods of controlling the behavior of children
in dentistry should remain a priority to ensure more complete and effective treatment, as well as maintaining
their health in the long term.

Keywords: game, fear, stress, pain, stomatophobia, dental anxiety

Funding. The authors did not receive financial support for the research, authorship and publication of the
review article.

DENTISTRY 47


https://orcid.org/0009-0006-1075-7754
mailto:lupeychinkova.karina%40gmail.com?subject=%D0%9A%D0%B0%D1%80%D0%BB%D0%B0%D1%88%20%D0%90.%D0%95.
https://orcid.org/0009-0009-1393-9125
https://orcid.org/0000-0002-2457-7627
https://orcid.org/0000-0002-8998-9681
mailto:lupeychinkova.karina%40gmail.com?subject=%D0%9A%D0%B0%D1%80%D0%BB%D0%B0%D1%88%20%D0%90.%D0%95.

Jlyneiiuunxosa K.H. u 0p. Becthux PYJTH. Cepusa: Mepgunyna. 2024. T. 28. Ne 1

Author contributions. All the authors made a significant contribution to the development of the concept
and preparation of the article, read and approved the final version before publication.

Conflict of interest statement. The authors declare no conflicts of interest.

Acknowledgements — not applicable.
Ethics approval — not applicable.
Consent for publication — not applicable.

Received 23.12. 2023. Accepted 08.02.2024.

For citation: Lupeychinkova KN, Sorokina DS, Zhurbenko VA, Karlash AE. Role of child behavior
management in forming positive associations with the dentist. RUDN Journal of Medicine. 2024;28(1):46-56.

doi: 10.22363/2313-0245-2024-28-1-46-56

BesepeHue

CoriacHo MeXXayHapoiHOM acCOLMaLUU 110 U3yyJe-
HUIO 60711, 60T SIBISIETCS HEMTPUSTHBIM OLIYILIeHUEeM,
CBSI3aHHBIM C PeaTbHbIM WY TIOTEeHLUaTbHBIM TTOBpe-
KeHreM TKaHei [1]. B cromaronoruueckoii obactu
OCHOBHOM MPUYMHOM 00/M y B3POC/IBIX U JIeTeH SIBIISIFOT-
s Kapro3Hble 3yObl, 0C0OEHHO C BOBJ/IEUEHHEM ITYJTbIThI
B BOCIA/IUTE/bHBIN rporjecc [2]. UToOb! 061erunTs 3Ty
001 ¥ YCTIeITHO MPOBECTH JIeueHHe, IIIMPOKO NPUMeHSI-
eTCsl MeCTHas aHeCTe3Hsl, KOTOPasi 3a4acTyt0 BbI3bIBaeT
cTpax u OecriokoiicTBo y nauyeHToB [3]. CTpax nepef,
CTOMaTOJIOTHUECKUM JieueHreM OOBIUHO SIB/ISIETCS He-
MIPUSITHOM 3MOLIMOHA/IbHOM peakLjyieil Ha yCTpaliatoliye
CTHUMYJIbI, KOTOPbIE BO3HUKAIOT B IMpolLiecce nprema [4].
Crpax — 3T0 BceoOilee SMOLIMOHATbHOE COCTOSTHHE,
COTIPOBOXK/JAFOIIlee MHOKeCTBO TMal[eHTOB MJIAZILLIEero
BO3pacTa BO BpeMsi CTOMaTo/Ioruyeckoro jeyeHusi. OH
BapbUPYETCs B IIIMPOKOM /IMara3oHe — OT JIETKO# Tpe-
BOTH /IO TSDKEJIOW M U3HYPSIOLLeld CTOMaToI0TMueCKoi
¢bobuu [5]. Y MHOTHX feTell ocelleHre CTOMaTo/I0ra
aCCOLIMMPYeTCs C OLIYILeHUsIMH O0JTH, HelTpUATHBIMU
MaHUMNY/SIUASMHA ¥ HeOXKU/IaHHBIMU 3BYKaMH U 3a-
raxaMy. JTH OXKHU/JaHUSI MOT'YT OBITH TIOJKPerieHbl
HEeTraTUBHBIM OTBITOM B TIPOLLIZIOM.

CTpax MOXeT MpOSABAATHCS B pU3NUECKUX
Y 9MOLMOHA/IbHBIX PeakKLUsiX, TAKUX KaK yuallleHHOe
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cepauebueHe, MOTIUBOCTb, IJ1au U HEPBO3HOCTb.
Coriat I.H. (1946) 6bL1 r1epBbIM yUéHbIM, KTO HCITO/Th-
30BaJ/l TEDMHUH «CTOMAaTOJIOTHYeCcKasi TpeBora» Jijist
0003HaueHus Ype3MepHOro CTpaxa repef CTOMaToJIo-
rMueCcKUM BMellaTebCTBOM, B pe3y/bTare KOTOpOro
nrobasi CTOMaToI0ruuecKasi MaHUITY/ISILUST OTK/TaZbl-
BaeTCsl [0 Tex 1op, M0Ka He NpUBeJleT K Cepbe3HbIM
TOC/IeACTBUSM [IJIs1 BCell 3yD0ue/FoCTHOU CUCTeMe.
Cromaronoruueckas ¢obusi 6bi1a pu3HaHa BeemupHoi
opraHusanueii 3apaBooxpanenus (BO3) kak peanbHast
bone3ns 1 06003HaYeHa Kak MOCTOSIHHBIN U Upe3MepHbIN
CTpax repej, CTOMaTo/IOTUYeCKUMHU Pa3paKUTe/sIMHU,
KOTOPBIM TIPUBOAUT K M30€raHuio Wiu 3HaUUTeTbHOMY
auctpeccy. Pa3miunble ncciejoBaHus OLIeHUBAIU pac-
NPOCTPaHEHHOCTb CTOMAaTOJ/IOTMUeCKOM TPEeBOXXHOCTU
ot 5 10 20 % getckoro HaceneHus [6]. HeraTtueHblie
O’KU/IaHUs1 B OTHOILIEHUH CTOMAaTO/IOTMUeCKOTO JIeYeH st
Y HeJJOCTaTOUHOe B3aMOTIOHUMaHVe MeXXy pebeHKoM
Y CTOMATOJ/IOrOM SIBJISIFOTCSI KOTHUTHUBHBIMH (haKTOpamy,
KOTOpbIe YCU/IMBAIOT CTOMAaTOJ/IOrMYeCKYyHO TPEBOTY
10 CPaBHEHUIO C HEKOTHUTUBHBIM ()aKTOPOM, TaKUM
KaK CTpax Hen3BecTHOCTH [7]. CyllecTByIOT UeThIpe
(hakTOpa CTOMaTO/IOrMUeCKON TPEBOXKHOCTHU y JleTei:
BU3ya/bHbIe (HallpuMep, BU/J UIJI, HAKOHEUHUKOB
¢ 6opamu, MHCTPYMEHTOB, [1epuUaTokK), 3ByKOBbIE (3BYK
CBepJ/ieHUs ), pU3ndecKue oLyleHus (BbICOKOYaCTOT-
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Lupeychinkova KN RUDN Journal of Medicine. 2024;28(1)

Hble BUOpAIMK) U 3araxu (KITMHUYeCKHe 3araxy, TaKue
KaK 3BTeHOJI ¥ afire3uBHbBIe MaTepHasbl). OllyiieHye
6011 ¥ GeCTIOKOHCTBO, UCITBITHIBAEMbBIE B CTOMATOJIO-
THYeCKUX KJIMHUKaX, OCTAIOTCS B TTAMSITH Ye/loBeKa.
OueHb TPEBOXKHBIE JIETH UaCTO TIepeoLieHUBal0T 00JIb,
KOTOPYIO OHH MOTYT OIIyTUTb TIPH ITOCEIIeHUH CTOMa-
TOJIOTa, Y TI03TOMY M30eraroT Uy MPOITyCKat0T BU3UTHI
K poktopy [8]. [Ipoijecc aganraiyu JieTeu, CKIOHHBIX
K IeCTPYKTUBHOMY Y TPEBOKHOMY TTOBEE€HUIO JI0JDKeH
BKJIIOYATH /IBA JTaria: BHUMaTe/bHOe HabsoeHue 3a
TICUXOJIOTUe CKUM COCTOSTHHEM peOeHKa BO BpeMs Jieue-
HUS ¥ 00yueHHe ero pa3TMYHbIM MEeTO/]aM YTIPaB/IeHHsT
TpeBoroi Ha rpueme y cromarosora [9].

J17151 CTIeTaIMCTOB BayKHO YMETh YIIPaB/IATh CTpa-
XOM TIallMeHTa U CO3/jaBaTh JOBePUTe/TbHbIE OTHOLLIEHHS,
YyTOOBI C/le/IaTh CTOMATO/IOTUYeCKHUM TIpHUeM Oosiee
KOM(OPTHBIM U Oe30TacHbIM [t pebeHKa.

Pabouast cpefia ripe/iriosiaraeT py>keyrrooue u moj-
nepXKy. KoMMyHUKaI[Us C MMalueHToM [JO/DKHA ObITh
SICHOU ¥ TIOHSTHOM. [TOMHUMO 3TOTO, UCTIONMB3YIOTCS
pa3/iiuHble MeTOZbl YCTPaHEeHUs CTpaxa, Takue Kak
TO3UTUBHOE YKpeTl/IeHHe, POJieBbIe UTPbI, UCII0/Ib30Ba-
HUeE CIeIUabHbIX MHCTPYMEHTOB W aHa/Ire3usl, UTOObI
obecreunTh MaKCUMaJTbHBIN KOM(OPT NaiiieHTy. BaxkHo
TIOMHUTD, YTO KaXK/bIi peOEHOK YHUKA/IeH U MOXKET
TpeGoBaTh MHAWBUAYAILHOTO MOAX0/A.

Henb ucciepoBanus. [IpoBecTy aHa/Iu3 auTe-
paTypsbl 110 BOTIPOCY O TOM, KaK KOHTPOJIb JeTCKOTO
TIOBe/IeHHsI C TIOMOLL[bI0 Pa3/TMUHbIX METO/IOB BJIMSIT Ha
(hopMHpOBaHe TIONIOKUTETBHBIX aCCOIMALINN Y JleTeilt
C BpayaMU-CTOMAaTOJIOTaMH, a Tak)Ke BbIICHUTh, Ha-
CKOJILKO JlJaHHbIe MeTO/Ibl 3((heKTUBHBI B ITPE0/[0/IEHUN
TPEBOXKHOCTH M CTpaxa B MpOL[ecce CTOMaTo/IoThue-
CKOTO JIeYeHHusl.

Matepuanbl n metogbl

O630p U aHaMW3 JINTEPATYPHBIX UCTOUHUKOB
TIPOBOZMJICS 10 K/TFOUEBBIM CJIOBaM Ha 3/IeKTPOHHBIX
pecypcax 6a3 manHeix PubMed, Google Scholar,
eLibrary. /Ins HanvcaHus 0630pHOM CTaTbU OBUIU
WCTIO/Tb30BaHbI 3apy0e)XHbIe U POCCUICKHE UCTOUHUKH.
AmHanusupoBanach HayuyHas IuTepaTypa, HareuaTaHHast
¢ 2007 roga o 2023 r.
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Pesynbratbl 1 obcyxaeHue

IIpupopa ferckoii geHToHoOHN

E>XelHEBHO CTOMATO/IOTH JIUL[OM K JIULy BCTpe-
YaroTcs ¢ mpobieMoit JeHToh0o01H, UTO He TI03BOJISIeT
KaueCTBEHHO MPOBECTH JiedeOHbIe MepoTpysATYs. ViMeH-
HO O)KUZaHUe OO/eBbIX OILIYILeHUH U CTpax pebeHKa
MIPETNATCTBYIOT paboTe Bpaya. Y mpeobJiaziatoiiero
OOJIBIIIMHCTBA JeTed HaOI0AaeT s SMOLIMOHAILHOE
HarpsbkeHHe- HapyllleHue MexaHU3MOB a/lafTaluu, Bbl-
3BaHHOE UPe3MepHO CUTbHBIMU WJTH TIaTO/IOTYe CKUMH
pa3apa)kuTesiMA. YPOBeHb SMOLIMOHAIbHOM Teperpys-
KU MO>KHO OTIP€/Ie/TUTh TI0 N3MEHEeHHUIO KOHIIeHTPAI[U!
ropMOHa KOPTH30/1a U IVTFOKO3bI B KPOBU, KOTOPbIe MOTYT
CJTY>KATh UHJUKAaTOPOM CTEITeHH CTpecca, TIo/Ty4aeMoro
peGeHKOM BO BpeMsi CTOMaTo/Iorndeckoro jieuenus [10].
Taxoke, 00/b SIB/IIETCS CIIOKHBIM TICX03MOIMOHAITb-
HBbIM BOCITIDUSITUEM, KOTOpO€e BO3HUKaeT B OTBET Ha
HOLALIETITUBHBIE CTUMYJIBI.

OHa peasin3yeTcst yepe3 CUCTeMy 0OOJIeBOM UyB-
CTBUTETBHOCTH M 3aBUCHUT OT MHOXeCTBa (haKTOpOB,
BKJIOUAsi UHUBU/Ya/lbHble, CUTYal[MOHHbIE U CO-
1[Ma/IbHbIe acTieKThl. [I/1 Bpauei Ba)KHO 0CO3HaBaTh
CBSI3b MEXK/Y CTPaxoOM M 00/1b10. Bosib, XOTS U CBsI3aHa
¢ pu3roI0rMUeCKUMHU TPOIeCCaMH, UMEeT TaKXKe
CUJTbHBIN TICUXO0JI0TUUECKUN acreKT. Y Jrofen, cTpa-
Jaroimux qeHtodobueli, MOryT BOSHUKATh TpeyBe-
JTMYEHHbIe OXKM/IaHUS HAacueT OIyIieHus 6o, D10
CBSI3aHO C TICUXO0JIOTMUeCKUM COCTOSTHUEM TIal[ieHTa,
WX OTMACeHUSIMH U MPeAyOeXAeHUSIMUA B OTHOLLIEHUH
3yOHOro teueHusi. Takke CyiecTByIOT bosiee ob1re
npo6/IeMbl, TaKKe KaK YyBCTBO OTCYTCTBHSI KOHTPOJIS
Y HeTpe/iCKa3yeMOCTh CTOMAaTOJIOTUUeCKOTO OIbITa,
KOTOpPBbI€ MOTYT OBITh K/TFOUEBBIMU (haKTOPAMU B BO3-
HUKHOBEHHWHU CTpaxa Iepesi CTOMaTo0ruue CKUMH
MaHUTY/ISLHASIMU.

CylileCcTByeT MHeHHe, UTO CTOMaTOJIOrHueCKui
CTpax ¥ TpeBora pojiuTe/ieii MOTyT OKa3biBaThb MPSMOe
B/IMSTHYE Ha CTPax, TPEBOT'Y U MOBe/IeHNe JieTel ToCpes-
CTBOM MoOZe/iMpoBaHus U nHdopmaLuu. Yaiile Bcero
B3pOCJIbIE, IaXKe He TI0/I03peBasi 3TOT0, OTPAaXKAIOT CBOU
OTpULIaTe/TbHBIN OIBIT OT TOCeLL[eHHUs Bpauya B Pe3KUX
BBIPDKEHUSIX, TEM CAMBbIM TPAHC/TUPYS TPEBOTY M CTPAX
CBOUM [IeTSIM, CO3/laBasi Y HUX HeraTvBHOe BIieuat’ie-
HHe 0 CTOMaTosiornyeckoM jiedeHun. [Ipeo6azaroriee
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OOMBILIMHCTBO /leTeli B paHHEM IIIKOJIbHOM BO3pacTe
HaYMHAIOT MOZIpaXXaTb CBOUM poautesisiv. OHH, ¢ 60/b-
1110} BEPOSITHOCTBIO, YCBOSIT LIEeHHOCTH, B3IVISIABI U MU-
POBO033peHUs CBOUX POAUTENel, KOTOpbIe TIOCTEeNEHHO
CTaHYT YacCThIO UX COOCTBEHHOM YHUKATbHON CUCTEMBI
yoexxmeHnii. iMeroTcst ymepeHHbIe [0Ka3aTe/bCTBa
B TIOZI/IEPKKY CBSI3U MEX/y POAUTETbCKUM U JIeTCKUM
CTOMATOJIOTUYECKUM CTpaxoM. ViccneoBaHre MoKa-
3as10, uto Oosiee 40 % popuTenei Jand CBOUM JETAM
HeraTWBHYIO OLIEHKY MX MpeJblAylleMy MOCeL|eHUI0
CTOMArTo0JI0ra, YTo, KOHEUHO, OTPa3U/IoCh B MO/CO3HAaHUN
U 1oBe/ieHnH pebeHKa BO BpeMs 110X0/ja K CTOMaTOJIOry.
3To UCc/eoBaHKe TaKXKe IMOKa3aao 00Iyr0 TPeBo-
Ty MeXAY POAUTENSIMUA U UX JeTbMH, UTO TOBOPUT
0 KJTFOUEeBOM POJIU POAUTE/el B Pa3BUTHUM [€TCKOU
nentohobun. ITpu n3yyeHnn hakTOPOB, CBSI3aHHBIX
C ceMbell B pOpMUPOBAHUU /I€TCKON CTOMATOJIOTH-
YeCKOW TPeBOT'H, MOJ/TyueHHble pe3y/bTaThl 0Ka3asly,
YTO HeraTWBHOE OTHOILIEHUEe K CTOMATOJIoTaM SIB/ISIeTCst
JIOBOJTbHO pacmipOCTpaHeHHOW pob1eMoi, 0 KOTOpOou
coob1riaeT okosio TpetH (33,1 %) meteid. ITo cpaBHEHHIO
C [IeTbMH 13 HyKJ/IeapHbIX CeMel, 1eTU U3 HellOMHbIX Ce-
Meli uMesi 6osiee HU3KUE Oasi1 TPEBOXKHOCTH. AHaN3
TIOATPYTII TIOKa3asl, UTO CTPaX MabuMKOB OB CBSI3aH
C «HaMureM OpaTheB U CeCcTep», TOrJa Kak TpeBora
JleBoUeK Oblia HUDKe, KOT/la OHU ObITH U3 «HETO/THBIX
cemei» [11].

MeTojp! ynipaB/ieHUs] TPeBOroi

[Tepen npuHsSTHEM pellieHNs] O TPUMEHEeHUH OTipe-
JlelIeHHBIX MeTO/IOB YTIpaB/IeHHsI TPeBOTOM He0bX0AUMO
TOHSTH XapakTep cTpaxa M OecrioKolCTBa malueHTa
T0 TIOBOZly CTOMATOJIOTMUeCKOrO JiIeueHus], TakK KakK 3T0
MOXXeT OKa3aTbCs KIH0UYEeBbIM ()aKTOPOM B pellleHUuH
[JlaHHOM rpo6eMbl. X0Ts 00BIUHO CUMTAETCS, UTO I/IaB-
HBIM MICTOYHHKOM 0eCTIOKOWCTBA SIB/ISIETCS] HETTPUSTHBIN
OTIBIT, IPUPOJA [€TCKOM ieHTodobuu siBnsieTcst boree
CJIOKHOM, ueM 00bIYHO mipemnosiaraeTcs. K npumepy,
CyILIeCTBYIOT JlJaHHbIe CBU/IeTe/IbCTBYIOLIME O TOM, UTO
JIMYHOE BOCMHPUSITHE CTOMATO/I0TMUeCKOU Cpe/ibl Mary-
€HTOM SIB/IsieTCs ropa3zo bosee 3HaUMMBIM (HaKTOpPOM,
OTIpe/eISIOLIUM CTpaxX U u3beraHre CTOMaToIoruye-
CKOM TIOMOLLY, YeM MpeAbIAyII1i HeraTUBHbIN OMbIT
roceiijeHys cromarosiora [12].
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Tak)Ke CTOUT OTMETUTh, UTO OeCITOKONCTBO
Y CTpax MpHU MOCelleHNH Bpaua MOTYT OBbITh CBsi3a-
HBI C Pa3/IMUHBIMH acleKTaMH TpoLjecca JeyeHusl.
[MareHTBI MOTYT UCTIBITHIBATh O€CITOKOWCTBO M3-3a
OLIYIIeHHs TOILIHOTHI, YyBCTBA YAYLIbs, CTPaxa Iie-
pesl UHbeKIMel UM CUJIbHOTO OTBPAILleHUs K BULY
WM MBICTH 0 KpOBU. OHU TakKe MOTYT ObITh 06ec-
MOKOEHbI BO3MOXHBIMU MTPo6ieMaMu C OHEMeHHeM,
MMeTh HU3KHI 00/1eBOM MOPOT WJIU UCIBITHIBATh
HeZ0OBepHe K CTOMAaTO/I0TaM, KOTOPbIe MTPOBOAST
neueHue. VIHAUBHUyaibHasi TOTOBHOCTD IaL{€HTOB
TOBOPUTH O JIAHHBIX MP0OIeMax MOXeT CylleCTBeH-
HO pa3nuuarbCs. BakHbIMU ¢aKTOpaMH B TaKHUX
Cyuasix sIBJSIOTCS yMeHUe 3(pQeKTUBHO 001aThCs
M yCTaHaB/IMBATh B3aMMOIIOHUMAaHHe C TIallUeHTOM.
B 11e/10M CTOMATO/IOTH [JO/DKHBI OBITH OCBEJOMJIeHBI
0 TOM, UTO B TPOL{eCCe 0CMOTPA U TIPOBeJIeHUs jede-
HUSI BO3MOXKHBI Pa3/IMUHbIe HETPUSATHbIE CUTYal|H.
[TarieHTOB OOBIUHO YKJ/IaABIBAIOT B IOJY JieXKa-
yee TIOJI0K@HHE, UTO MOXKeT YCU/IUTh UX UYBCTBO
0eCrOMOI[HOCTH, a TaK)Ke OrPaHUYUTh KOHTPOJIb
HaJ cuTyaluei. 30HAUpPOBaHUe, TIEPKYCCHUsl U CBep-
JleHue, OCyIieCcTB/sieMble CTOMATO/JOI'OM, MOTYT
OBITH MyTalIUMU [/ TTallMeHTa, YTO yCUITUBaeT
olfylieHue TToTepu KoHTpoJsi. Kpome Toro, ctoma-
TOJIOT (haKTHUeCKU HaXOJUTCsI BHYTPH MOJOCTH pTa
MaleHTa, YTo TMpeJCcTaB/seT co00i HapyllieHHe
€T0 JIMYHBIX TPAHUL] U MOXKeT BbI3bIBAaTh CePhE3HYIO
TPEeBOTY y MalieHTOB. B KOHEUHOM UTOTe, y TaKUX
mopel, u3-3a ux usberarilero rnoBejeHus, 4acTo
HabsroiaeTcst yxXyAlieHne coCTOsTHUS 3y6oB [13].

W3-3a geHToh0OMM MarieHThl CTaparoTCs MUHUMU-
3MpOBATh CBOM BU3UTHI K BpauaM, UTO MOYKET ITPUBECTH
K yCyryO/IeHHIO CyIieCTBYIOLIUX TTpobeM ¢ 3ybamu.
B uTore, 1151 neueHrs He06X0UMBI Oojiee CIIOKHBIE
U MOTeHIMaIbHO TPaBMaTHUUHbIE BMeILaTeTbCTBa. JTO
TOJIBKO YCU/IMBAeT CTPax MaL[eHTOB U 3aCTaBIsIeT UX
TIPO/I0/KaTh U30erarhb MoxXo[0B K ctomMatosory [14].
Taxoit TOPOUHBIH KPYT CTpaxa MOXKET TaKyKe TIPUBOJUTh
K pa3BUTHIO Oosiee cepbe3HbIX MpobieM ¢ 3yboue-
JTFOCTHOM CHCTEMOM, UTO YCIOKHSIeT CBOeBPeMeHHOe
u 3¢ ekTuBHOE TeueHue (puc. 1).
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ITpodeccroHasibHO OPHEHTUPOBAHHBIM TTOAXO/,
B COBPEMEHHOU CTOMAaTo/Ioruul TpedyeT (hOpMUPOBAHUS
y Bpaua-CTOMAT0/10ra HaBbIKOB KOMMYHHKALMH, CITOCOOHO-
CTH YCTAHOBKM O/1arOMpUsITHOrO TICUX03MOLMIOHA/TBHOTO
KOHTaKTa C pebeHKOM, TIOCKOJIbKY CTpaXx Iepesi CTOMaTo-
JIOTUYECKUM JIeUeHHEM y MHOTHX MALeHTOB OKa3bIBaeTCsl
Herpeoo/IMMbIM. HerpuHy>kjeHHbIe 1 I0BepUTe/TbHbIe
B3aMMOOTHOIIIEHYsI Bpaua U MaldeHTa y/Iy4dllaroT pe-
3y/bTar JieueHus1. []eTu, KOTopble C BpauyoM UyBCTBYHOT
ce0st CTIOKOIHO, Jierye TiepeHOCST CTOMATOIOTHuecKue
BMeIIIaTe/TbCTBa, HY>KIAFOTCS B MEHBILMX /103aX Ce/laThB-
HBIX M aHeCTe3UPYIOLLMX MpernaparoB. borbilioe Bo/HeHe
WM CTpAaXx MaljleHTa 3aCTaB/IsItoT ero CO3HaTeTbHO WIN
TIOZICO3HATE/TbHO COMPOTUBJISITHCS [IECTBHSIM CTOMATOO-
ra, pe3y/bTaToM Yero SIB/ISFOTCS HeMPUSITHbIE OLLYIIeHs
Kak y TlaljyieHTa, Tak 1 y Bpaya [15].

Wcxopst U3 3TOT0, TIOMOIIIH I€TSM C BHICOKOM TPEBO-
JKHOM peaklivieli Ha JieueHre 3y0OB MOXKeT TPeCTaB/ISITh
cBoM clIokHOCTH. OHO TpebyeT 3aTpaurBaTh 00/bIIOE
KOJIMYeCTBO BPEMEHH U COMPOBOXKAAeTCs TIOBeJeHue-
CKUMHU Tpo6ieMaMH, KOTOPbIe MOTYT BbI3bIBaTh CTPECC
y CTOMarosora ¥ (JOpMHUpOBaTh HeraTMBHbIE aCCOLALiN
C BpauoM Y maiueHTa. VccieioBaHust IOKa3biBakoOT, UTO
TIOTIBITKY a/IalITal|M JIeTel, UCITBITHIBAIOII[UMH CTPaX
riepe[; 3yOHBIM JIeUeHUEM, MOTYT CTaTh UCTOYHUKOM
3HAUMTEBHOIO CTpecca AJii MHOTUX CTOMAaTOJ/IOTOB.
[To3TOMY Ba)kKHO pa3paboTarh aJjalTUBHbIE CTPAaTervy
U TI0/IXO/IbI, KOTOPbIe MOTYT MOMOYb 3(pHeKTUBHO
B3aMMO/ieliCTBOBATh C STUMU Mal[ueHTaMH, CO3/jaTh
JloBepuTe/IbHbIe OTHOITIEHUS] U CHU3UTh TPEBOXKHOCTh
BO BpeMsI 3yOHOTO JieueHHst. ITO MO3BOJUT 00/IerYnTh
TMpOLieAYyPY Y MOBLICUTH KAYeCTBO J€TCKOr0 CTOMAaTo-
JIOTUYeCKOro JieueHus [16].

Pa3Hble ypoBHU, TUTIBI U 0COOEHHOCTH CTOMATO-
JIOTUYeCKOM TPeBOTH M CTpaxa Takxke JJOJDKHbBI OTIpe-
JleJISITh pa3/inuHble TTOAXO0AbI K JIEUeHUI0, KOTOpbIe
TIPUMEHSIIOTCSI CTOMAaTOJIOTaMy B CBOeM TIpaKTHKe.
K/TMHULIMCTBI TOJDKHBI YAEeASITh 00/bIllee BHUMaHHE
TOMY, KaK 00paIiaThbCs C MarjieHTaMu, CTPa/aoIUMH
neHToh0oOuel, MMOCKOIBbKY OT 3TOT0 3aBHUCHUT yCTIelll-
HOCTb CTOMAaTOJIOTMUeCKOTO JIeUeHMUs.

AmepukaHCKasi AKa/ileMusi IeTCKOW CTOMATO/IOTHH
1 AMepuKaHCKasi ACCol[Maliisi CTOMaTOJIOrOB PeKo-
MEeH/IyI0T, UTOOBI TepBOe MoCelleHre CTOMAaToJIoTa
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COBIIAJIO C MOSIBJIEHHEM TIepBOro 3yba UK JI0 TepBOro
[THSI POXKJeHUsl. DTO paHHee TOoCeIeHre U YacToTa
TIOC/IeYIOIIMX BUSUTOB UMEIOT Ba)KHOE 3HAUEHUe ISt
rpesoTBpaltieHus geHTo(Gooun. PerynsipHbie moxozbl
K CTOMATOJ/IOTy C paHHero Bo3pacTa MOMOTaroT JeTSIM
TIPUBLIKHYTh K MaHUITYJISALIASM, TIPOBOJJUMBIM B CTO-
MaToJIOTMYeCKOM KpecJie U a[JaliTUPOBAaThCS K HOBBIM
CTPeCCOBBIM YCIOBHUSIM. DTO T103BOJIsIeT (hOPMHPOBATh
TI0/I0KUTE/IbHBIE aCCOLIMALIM CO CTOMATO/I0raMH U TTOJI-
JIeP>KUBATh 3710POBLE POTOBOM MOJIOCTU Ha MPOTSHKEHUH
BCel »xus3uu [17].

[Tpu TIpoBeIeHNH JIeUeHHUs [IeTel, Y KOTOPBIX
TIPOTHO3UPYETCsI HeO/arornpusTHOE MoBejeHne, PeKo-
MEH/IyeTCs UCII0/Tb30BaTh COOTBETCTBYFOIIE METO/IbI
yTpaB/ieHUs TTOBeJIeHUEM.

«PaccKaku, MoOKaXku, cjeam!»

MetouKa «PaccKayKu-TIOKaXKU-C/ieai» 0CHOBaHa
Ha Teopuu 00yueHus1, KOTopast TIpe/irosiaraeT B3auMo-
JelicTBHe M 00MeH MHbOopMalel MeXKIy CTOMaTO/IOrOM
Y MalieHToM. B pamMkax 3Tod MeTOJUKU UCTIONb3yHOTCS
WUTPYIIKHA, UIMUATHPYIOIIHE 3yObl, CTOMaTO/IOTHUeCKHe
WHCTPYMEHTBI, IIIeTKU U TIepUaTKy, HeoOXoAuMbIe [1st
MPOBe/IeHHsT KaueCTBEHHOTO JIeYeHHUsI y CTOMAToJiora.
Takasi akTUBHO-UT'POBasi TEXHHUKA CITIOCOOCTBYeT pas-
BUTHIO KOOTIEPAaTUBHOTO TIOBE/IeHUS, YBeJIMUEHHIO
YBEPEHHOCTH U CHWKEHHUIO CTpaxa U TPeBOKHOCTH
y naijueHTa. B Hauasie Bpau- CTOMaTo/IOT paccKa3biBaeT
MalKeHTy 00 3Tarax CTOMaToI0rMYeCcKoro JIeYeHus, TeM
caMbIM BO3/IefiCTBYsI Ha CJIyXOBOe BocIipusithe. [anee
3HAKOMUT C MHCTPYMeHTaMH 1 MaTepvaiaMy, KOTOpbie
OyZyT MCIOMb30BaThCS BO BpPeMsI JAHHOM MPOIie[yPhbI
(3puTesibHOe BOCTIPUATHE). 3aK/TFOUMTE/IbHBIM 3TarioM
JTOKTOP TIpe/jjiaraeT Mal[ueHTy CaMOCTOSATETLHO BhITIOJI-
HUTb TMPOCTYIO MAHMITY/ISILIMIO, HATTPUMEP 0CMOTP 3y00B
THUTIOZIOHTA MPH TTOMOIIM CTOMATO/IOTHYeCKOr0 3epKasia.
BerImosiHeHHe 3TOro MeTo/ia TpedyeT 3HaUMTe/TbHBIX Bpe-
MEHHBIX, [ICUXOJIOTUYeCKUX U (hr3UueCKUX BIIOXKEeHUN
KakK y CTOMaToJiora, Tak v 'y poauTesieii. HecMoTpsi Ha
3TO, POAUTENN BLIPA3W/IX SIBHOE TIpe/ITIouTeHre TaH-
HOMY HEMHBa3WBHOMY METO/ly BMeCTO UCII0/Ib30BaHUs
ce/laTUBHAIX TperaparoB. VcciieioBaHye, TIPOBe/[eHHOe
Al-Halabi M.N., Bshara N., AlNerabieah Z., cpaBHuno
JlBa MeTOZla — ayZIMOBU3ya/IbHOE OTBIeUeHHE U MEeTOJ,
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«Pacckaxu, mokaxu, caenaii». Oba MeTozia OKa3aluch
0[1HaKoBO 3¢ dekTrBHbIMU [18, 19].

MopgenupoBanue

SharmaA. u Tyagi R. usyuunu MeToj, Moziesupo-
BaHUsI B paboTe C IeTbMU U MOTYYW/IN TTIOpa3UTe/IbHbIe
pe3y/bTaThl B CHY)KeHUH UX TPEBOXKHOCTU. B 3TOM 1oji-
X0/1e UCIT0JTb3YeTCs CITOCOOHOCTh pebeHKa ToipaXkaTh
JIPYTUM, U Korjja peOeHOK Mo/ipa)kaeT, OH yCBauBaeT
moOble CII0XKHBIE MOJIeNH TOBeZieHUs1. Bpau-cTomarosior
TIOKa3bIBaeT BU/Ie0 TPEBOYKHOMY TAL[MeHTY, Ha KOTO-
poM u300pakeH ero CBePCTHHUK, J@éMOHCTPUPYIOLHIMA
TIpUMepHOe, CITIOKOWHOE U 0J1aroCK/IOHHOE TIoOBe/IeHHe
B OTBET Ha Te K€ MaHUITY/ISL{UN, KOTOPbIe HeOOXOAUMBI
Hea/lalTUPOBaHHOMY TalueHTy. JlaHHast opMa yripaB-
JieHusi oBefieHreM 3(PheKTUBHO yMeHbITIaeT CTpax
Y TPEBOTY Y JieTeld B OTHOLLIEHUU CTOMAaTOJIOTHUeCKOTO
neuenwus [20].

AypuoBu3ya/ibHOe OTB/IeYeHHe

WccnenoBanusi, mpoBeZieHHble Asl Aminabadi N.
U eTo KoJijleraMu, a Takxke Shetty V., Niharika P.,
Nunna M., Rao D.G., Koticha P. u Pande P., moaTBep-
JKAAIT 3QPEeKTUBHOCTh UCMOIb30BaHMUs BUPTYa/IbHOM
peasibHOCTH B KaueCTBe CPe/ICTBA CHU)KEHUS TPEBOXK-
HOCTU. BupTyanbHasi peasibHOCTb OOBeIUHSIET ayAKO,
BH3ya/ibHble U KUHeCTeTHYeCKHe CeHCOPHbIe MO/la/lb-
HOCTH, fiefasi ee Haubosee 3aXBaThIBAIOILEN CPeI BCEX
JPYTUX METO/IOB OTBJieUeHUs] BHUMaHUsl. DTOT MeTOo[
CTMOCOOCTBYET 3HAUMTE/TbHOMY CHYPKEHUFO BHUMaHUS
pebeHKa K OKpy»Karollleli 00CTaHOBKe, KOTOPast MOXKET
BBI3bIBATh CTPAX, a TAKXXe YMEHbIIIaeT aKTUBHOCTh
MO3ra, CBSI3aHHYIO C olyiaemMol 6osbo [21-27].

B xone nccnemoBanus Al-Halabi M.N. u ero
KoJuter ObLT IpOAHa/TM3UPOBaH 3PeKT MPUMeHeHUST
BUPTYaIbHOU PeaslbHOCTH B BHIe OUKOB. Pe3ynbTaThl
3TOT0 UCCJIe[0OBaHUs TT0Ka3aau MOJ0KUTeTbHbIe 13-
MeHEeHHsI B YDOBHE TPEBOKHOCTH y AeTeidl. OHaKoO,
rcronb30BaHre AV-0ukoB « VR Box» MOXKeT BbI3bI-
BaTh OMpe/ie/ieHHble MPOOIeMbl /171t OOTBIITUHCTBA
CTOMATOoJIOTOB, TIOCKOJIbKY OHU TIepeKPbIBAIOT WU
OTpaHUUMBAIOT 0030p TMosIoCTH pTa. B pe3ynbrare,
CTOMATOJIOTHYECKOe JIeUeHHue CTaHOBUTCA Oosee
CIIOKHBIMU U TpebyeT ropaszio 6osibille BpeMeHH Ha

DENTISTRY

BBITIOJIHEHUE, UTO MOJKET NPUBECTU K YBeJNUEHUIO
TPEBO’KHOCTH He TOJIBKO TIAL[ieHTa, HO ¥ CaMOoro Bpaya.
Tem He MeHee, BUPTya/ibHasi peajibHOCTb UMeeT MeCTO
OBbITb U MOXKET OKa3aThCsl TI0JIe3HOM B paboTe ¢ maru-
eHTaMH, Hy)X/JaloIIIUMHCSl B 0COO0M BHUMAaHHUH, TaK
KaK OHa IM03BOJIsieT TIOTHOCTBIO 3aKPBITh T10J1e 3peHMUs
TMarjeHTa B CTOMaToornyeckoM Kabuxere. Hamprmep,
TIALMeHTHI C ayTH3MOM, UCTIBITHIBAIOIKE CTPAX Tepef
SIPKHIM OCBelljeHHeM, MOTYT IO/TyYUTb T0/I0KUTe/TbHBIN
3 PeKT 0T UCT0/Ib30BaHUS TAKUX OUKOB BUPTYaabHOM
peasibHOCTH B KpecJ/ie Bpaya-CToMaTosIora.

Taxke, Al-Halabi M.N. u ero kosseru coo01ium-
JIM O TOM, UTO UCII0/Ib30BaHue ay/MOBU3yalbHOIO
OTBJIEUEHHs C MIOMOILbIO TUIAHIIIETHOTO YCTPOKCTBA
OKa3zasioch 6osee 3¢ GeKTUBHBIM, YeM HCTI0/IE30BaHKe
OYKOB BHPTYya/IbHOU peanbHOCTH [19].

B uccnenoBanuu, npoegeHHoM Nuvvula S. u ero
KosieraMu, Ob110 00Hapy»keHo, uTo 83,3 % aerent
TIPOSIBJIS/IN T10JIOXKUTE/IbHOE TI0Be/leHNe B IpyTIIe, I7ie
WCITI0/1b30BaJIOCh ay/IMOBU3yalbHOE OTBIeUeHue, 10
cpaBHeHHto ¢ 60 % feTeld B IpyTiIle, I7je UCTOIb30BaI0Ch
ay[IJMOBU3ya/ibHOEe OTBJ/IeUeHle BMeCTe C BBeJeHUeM
MeCTHOM aHanbre3uu. OfHaKo ObLIM BBISIBJIEHBI He-
KOTODbIe OrPaHUUeHUs] TIPU UCTIO/Ib30BaHUM OUKOB,
BKJ/TFOYAsi UX MaJjibli pasmep, BBICOKYO CTOMMOCTb,
HeoOXOIUMOCTb CTePUIM3alY U BO3MOXKHBIE TTpo0iie-
MbI C KOMMYyHUKaLuei [28].

OO0 aHa/IOTUYHBIX OTPAHUYEHUSIX COOOLUITH
Khandelwal D. u coaBTopsl. Takxe aBTOp OTMeTHJI,
YTO He PeKOMEeH/IyeTCsl MCII0/Ib30BaHKe 3TOT0 MeTo/ja
y JieTell ¢ eCTPYKTHUBHBIM NTOBeJleHHeM, KOTOpble
CTPeMSITCsI KOHTPOJIMPOBATh CUTyaLuto [29].

B apyrom ucciepoBaHuM, IPOBeZeHHOM
Mitrakul K. u ero xonneramu, Takke Ob10 00HapYy-
)KEHO, UTO /1eTh coo01any 006 yMeHblIeHUU 001 TPy
WCIT0/Ib30BAHUM ayMOBU3ya/IbHBIX OUKOB BO BpeMs
neuenust. OfHaKo ObIZI0 OTMEUEHO, UTO JIETH C BHICOKOM
TPEBO>KHOCTBIO pearupoBaJsiv MI0X0, TaK KaK OHU
YyBCTBOBA/IU ce0si HEyBePeHHO M3-3a OTpaHUYeHHsI
niosist 3penus [30].

B pab6ote Zakhary A. 1 ee coaBTOpoB ObI7I0 OTMe-
yeHO Hasure oOUM BUPTyabHOM peabHOCTH Y IBYX
JleTeil, KOTopble HUCIBIThIBAIM CUMIITOMbI TOLLIHOTHI,
TOBBIIIIEHHOW MOT/IMBOCTH U YXy/LeHus 3penus [31].
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Shetty V. 1 ero coaBTOpPbI TaK)Ke OTMETU/TA BbICO-
KYI0 YaCTOTy TOJIOBHBIX 00s1ell y HeOOJIbIIION IPYTIIThI
nereii [22].

Viswanath u ero konieru rpoBesn cpaBHeHHUE
OTBJIEUEHUST BHUMAaHUSI TIPU MTOMOIIM OYKOB BUPTY-
anbHOM peaslbHOCTH M MPOCMOTPa TejieBHU30pa. buito
00HapY>KeHO, UTO OTBJIeUEHHE TPU MOMOIIY TIPOCMOTPA
TeJIeBU30pPa 0Ka3aioch 6osiee 3 heKTUBHBIM B yTIpaB-
JIeHUU TpeBoroi y aetei [32].

AKTHBHOe NepeK/II0ueHre BHUMaHHUA

Allani S. u Setty J.V. npoBenu uccnefoBaHue,
L[eJTbI0 KOTOPOTO OBIJI0 U3yUUTh B/IUSIHHE OTBIeUeHUs
C TIOMOIIBIO BUJE€OUTPHI Ha MOOWIBHOM TenedoHe
B CPaBHEHWHU C IIPOCMOTPOM BH/E0 Ha TeJleBHU30pe Ha
TPEBOXKHOCTD JleTel, KOTOPbIM BBOZJSTCS Mpernaparbl
IpU MeCTHOM aHeCTe3UH, U pe3yJbTaThbl [I0Ka3asu,
YTO aKTUBHOE IepeK/II0ueHre BHUMAaHUs, 8 UMEHHO
Wrpa Ha MOOM/IEHOM TesleOHe OKa3anock Haubomee
sbdexkTrBHBIM [33].

Rajeswari S.R. ¥ coaBTOpHI MpOBeM CpaBHUTE b~
HOe uccaefoBaHue 3 (PeKTUBHOCTA KOTHUTUBHO-
TI0Be/leHUeCKOW UTPOBOM Teparivuu U ayAr0BU3yaIbHOIO
OTBJIeUeHUs1 BHUMaHUs. KOTHUTUBHO-TIOBeleHue CKast
Teparus npe/icTaBiisieT c000i aKTUBHBIN MeTo[, IUC-
TPakKL1H, KOTOPbIA CTUMY/IUPYET JeTel K y4yaCTHUI0
B JlesITe/TbHOCTH, HalpaB/IeHHOW Ha CHATHe X becrio-
KOCTBA M3-3a CTOMATO/I0TMUEeCKOr0 JIeUeHUsI — PUCO-
BaHUe, aKTHUBHOe B3aUMO/|eliCTBHe CO CTOMAaTOoI0rOM
W UHCTpyMeHTapueM. Pe3ynbTaThl ITOKasaau, 4To
100 % peTeti TIOKa3a/u IMOJIOXKUTE/IbHBIN OTBET Ha
KOTHUTHUBHO-TIOBEJ|JeHUECKYI0 UTPOBYIO TeParuo 10
CpaBHeHUIO C 73,4 % Ha ayguoBU3ya/lbHOE OTB/IeUeHHe
BHUMaHus [34].

Moo0Ou/1bHbIE CTOMATO/I0THYECKHE IIPUJI0KEHUSI

Wccnenosanue, nposegenHoe Coutinho M.B.
Y ero KoJijieraMu, BK/TF0Uasi0 MoAUGUKAIUI0 METOZIOB
yIipaB/ieHus MOBe/leHUeM, TT03BOJISIFOLLYI0 1eTsSIM UC-
M0JIb30BaTh CTOMATOJIOTAUeCKHe TIPUIOKeHUs. JTU
TIPUIOKEHHST ZIEMOHCTPHUPOBAJIU UCTIOTb30BaHKe 00bIU-
HOTO CTOMATOJIOTMYeCKOro 000PYZOBAHUS C TIOMOLIBIO
aHMMUPOBAHHBIX KAPTUHOK U 3BYKOBBIX 3(PheKTOB.
CpaBHUBasi C TPAJAUIMOHHBIMU METO/laMU, TaKOU
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TIO/IXO0/1 TIPUBEJT K IBYKPAaTHOMY CHM)KEHHIO YPOBHS
TPEBOYKHOCTH.

Coutinho M.B. u ero konnery, Elicherla S.R. u ee
COABTOPBI MOTYYM/IM aHaJIOTUUHbIe pe3y/bTaThl [35, 36].

BbiBOAbI

CToMaTOo/I0TUUeCKU CTpax — 3TO MY/IbTU(aK-
TOpHasi 1pobsieMa, ¢ KOTOPO# JTFOAN CTaJTKUBAOT-
Csl TIpYM IePBOM BU3UTE CTOMATOJIOTra, TO eCTh elle
B [IeTCKOM BO3pacTe, I03TOMY Ba)KHO yCTPaHHUTh ee
Ha paHHel cTaauu. [/ pelieHust JAHHOU MTPOOIeMbI
CcaMbIM{ Ba)KHBIMU UHCTPYMEHTaMU B apceHarie JIto-
6oro Bpaua-CTOMATOJIOTa /I0JKHBI OBITH pa3UyHbIe
MeTOZbl yTIpaB/ieHUs eTCKUM M0BeJileHUeM [i/is1 Bbl-
SIBJIEHUSI U NUCKOpeHeHUs! 1eHTO()oOun, CTaHOBIEHUST
BHYTPeHHel YBepeHHOCTHU U OLyILjeHHs be30macHOCTH
y mauueHTa. AGCOIOTHO BCe MeTOAbI yIIpaB/IeHUsI
MICUX0/IOTMYeCKUM TIOBe/IeHUeM Y fleTell B TOW Uiu
WHOU Mepe paboratoT. Bce oHM rTOMOTaOT yMeHb-
IIMTh YPOBEHb CTpaxa U CTOMAaTOJI0rUYeCcKol TPeBOry,
aJlanTUPOBAaThCS K HOBBIM yC/IOBUSIM U [JOBEPUTHCS
CBOEMY JleyalljeMy Bpauy.

OueHb Ba)KHO y/Ie/ISITh 0c000e BHUMaHHe KaXXIOMY
pebeHKY Ha CTOMAaTOJIOTHYeCKOM TprieMe, BHe 3aBH-
CUMOCTH OT BbI/IeJIEHHOTO BPEMEHH, U HUCII0/Ib30BaTh
NIPOCTBIE METO/IbI YIIpaB/eHusl oBe/jeHueM, KOTOpble
MOTYT OKa3aTb IIy0OKOe BIUSIHUE Ha [0 CTHKeHHe
Hallleld L{e/IM — HayuuTh JieTel IpaBUIbHOMY YXO4Y
3a MOJIOCTBIO PTA U Pa3BUTh MMO3UTHUBHOE OTHOLLIEHUE
K BpauaM. OLieHKa 1oBeJjeHUsI [IOMOXKeT OTpe/leIUTh
Haunbosiee BepHBIH MOAXO0, AJ1s TPOBeJjeHusT HeoOXoAu-
MOT0 JleueH!s y JieTeil.

He TonbKo Bpauam, HO ¥ pOAUTENSIM PEKOMEHYeTCst
ObITH OO/Iee UyBCTBUTEBHBIMY K TIPU3HAKaM JieHTodo-
Oun y feTeit v pusiaraTh Bce He0OXOUMble YCUUS [iist
MX TMOZITOTOBKH K TOCeljeHHto cromarosiora. CTpyKTypa
ceMbH (HyK/eapHasi CeMbsi WM CeMbSI C OJHUM POZIUTe-
1ieM) ¥ Haymmure 6paTheB U CecTep SIBMSOTCS BaKHBIMU
ornpe/ie/ISIoIIMMY (pakTopamu B ()OPMUPOBAaHUM JE€TCKON
CTOMATO/IOTMYeCKOU TPeBOKHOCTH.

Vcnionb3oBaHre (hapMakoIoruyecKux rpemnapa-
TOB TPY JIeUeHUY HeaJlanTUPOBAHHbBIX /leTeld MOXKeT
TOMOYb B BBITOJIHEHUH I/IaHA jeueHus. OgHaKo,
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Bd>KHO ITOHHUMATB, UTO 3TOT IIOAXOM ABJIAETCA KpaﬁHEﬁ
MepOﬁ, mocjie MHOIro4rcC/1eHHBIX IIOIIBITOK YCTaHOB-
JIeHHS KOHTAKTa C pe6eHKOM.
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Techniques for conservative treatment of peri-implantitis
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Abstract. Relevance. Dental implants are widely used to restore the patient’s teeth. They have become a worthy alternative
to removable dentures. With the accumulation of clinical experience, the indications for dental implantation expanded, and as
a result, the evaluation of long-term results became possible. In parallel with the expansion of clinical use of dental implants
and the introduction of the technology into everyday practice, the experience of complications and errors accumulated, and
from single publications in the 1990s, at the very beginning of development, to large-scale studies in the 10s. And if in the early
period of implantology development the success of treatment was mainly associated with implant survival, then modern research
focuses on the state of tissues around the implant, and the influence of processes in them on the overall outcome of treatment.
One of the main complications is inflammation of peri-implant tissues — peri-implantitis. Modern authors define peri-implantitis
as an inflammatory process affecting the tissues around a functionally integrated implant, resulting in loss of supporting bone.
Continued bone loss around the implant can significantly impair implant stability and function. The authors review the scientific
literature describing experimental conservative treatment protocols for peri-implantitis and attempts to achieve osseointegration.
Conclusion. The reviewed literature advocated various methods of surgical regenerative treatment for peri-implantitis, including
the use of bone substitutes, methods of detoxification of implant surfaces, and the administration of antimicrobial agents. There
are many different protocols for the treatment of peri-implantitis; they all share the same goal of reducing disease progression and
bone loss by eliminating bacterial infection. The controversy over the proper approach to treating peri-implantitis and restoring
osseointegration clearly demonstrates the need for more research to answer this question.

Keywords: peri-implantitis, conservative treatment of peri-implantitis, osseointegration
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Introduction

Implants are widely used to replace missing
teeth 1-4]. The widespread use of implants has also led to
the accumulation of experience with complications 5-8].
One of the main complications is inflammation of the
peri-implant tissues — peri-implantitis [9-16].

Since the 1982 Toronto (Canada) conference de-
voted to the problems of morphofunctional interaction
between implants and bone tissue recognized the process
of osseointegration as the most optimal relationship
between the implant surface and bone tissue [3, 11, 17],
dental implantation has formed a separate independent
financial and knowledge-intensive branch of medicine.
For example, according to IData Research as of 2021,
the dental implant market in the United States was
$1.1 billion and is projected to grow to $1.5 billion
by 2025 [18]. Domestic market research also notes
the growth trend of the dental implant market in the
Russian Federation [19]. So according to Discovery
Research Group, the volume of the Russian market of
dental implants in 2016 was 116 258 thousand dollars,
for the first half of 2017 this figure was already 59920.1
thousand dollars [20].

The analysis of scientific publications for the period
from 2010 to 2020 shows the constant improvement of
dental implant technologies and the search for ways of
development. So the resource https://pubmed.ncbi.nlm.
nih.gov on a request “dental implant” gives out 2108
publications in 2010, in 2015-3355, in 2020-3404.
The bibliographic database of scientific publications
in Russia eLibrary also shows a growing interest of
Russian scientists in this field of research: from 104
publications in 2010 to 220 in 2019 by the request
“dental implantation”.
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In parallel with the expansion of clinical application
of dental implants and introduction of the technology
into daily practice, the experience of complications and
errors was also accumulated, from single publications in
the 1990s, at the very beginning of development [5-8],
to large-scale studies in the 10s [9-14].

In the very first publication that we found in the
sources available to us, dated February 1990, researchers
from the University of Pennsylvania note the increased
concentration of staphylococci and their role in implant
rejection [21]. Also in 1990, French clinicians already
published an article outlining the objectives of post-im-
plant periodontal treatment, which are limited not only
to eliminating the pocket around the implant, but also
to creating keratinized attached gingiva around the
implant neck and stating the importance of maintaining
healthy gums around the implant and preventing the
development of gingivitis into peri-implantitis [22].

As clinical experience accumulated, the indica-
tions for dental implantation became broader, making
it possible to evaluate long-term results. In the early
period of implantology, treatment success was mainly
associated with implant survival, but modern research
focuses on the state of the tissues around the implant and
the influence of their processes on the overall treatment
outcome [23-26]. It should be noted that from the very
first publications and throughout the time of the issue
research, peri-implant tissue diseases are quite logically
compared with periodontal diseases [27-30], and mostly
similarities in etiology and pathogenesis are found, but
there are also modern publications, the authors of which
question the similarity of mechanisms of these diseases
development. Modern authors define peri-implantitis as
an inflammatory process that affects the tissues around
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a functionally integrated implant, resulting in loss of
bone support. Continued bone loss around the implant
can significantly impair implant stability and function
[31].

Peri-implantitis is treated surgically: removal
of the implant, or removal of the cause followed by
regenerative therapy to restore the lost bone [32-35].

There are many different ways to antisepticise the
implant surface during surgical treatment. For example,
with citric acid, delmopinol, chlorhexidine irrigation,
air-abrasive powder device, rotating pumice brush,
carbon dioxide laser, or gauze/ cotton balls soaked in
saline and/or chlorhexidine [36—38]. In addition to the
above, autologous bone grafts and bone tissue analogues
with or without a membrane may be used to promote
osseointegration of the implants [39].

One of the main treatments for peri-implantitis is
the regenerative technique, which involves flap lifting,
mechanical treatment of the root, and placement of
bone graft material with or without a membrane [40,
41]. F. Schwarz studied the treatment of moderate
peri-implantitis in 22 patients using nanocrystalline
hydroxyapatite (NHA) and natural bone mineral in com-
bination with a collagen membrane [42]. The researchers

followed the patients for two years after treatment and
found that there was a significant reduction in the depth
of the pocket near the implant.

O.P. Mishler and H. J. Shiau developed an algorithm
to help clinicians make decisions about the treatment of
peri-implantitis [43]. The algorithm assumes a stand-
ard dental implant diameter of 11.5 mm. Patients with
shorter implants should be warned about the risk of
implant loss due to bone resorption around the implant.
The authors suggested conservative treatment for mild
peri-implantitis, while regenerative therapy is indicated
for moderate to severe peri-implantitis. Based on the
proposed methods of treatment of peri-implantitis in
the reviewed scientific articles, a scheme of treatment
tactics for patients with signs of peri-implantitis was
drawn up in Figure 1.

The literature we reviewed advocated various
methods for surgical regenerative treatment of peri-im-
plantitis, including the use of bone substitutes, methods
of detoxification of implant surfaces, and prescription of
antimicrobial agents [44, 45]. This raises an important
question: What is the best approach among the various
methods of regeneration restoration?

Fig. 1. Summary of peri-implant disease treatment
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Materials and methods

Search Strategy

The PubMed database was searched electronically
for experimental studies including induced peri-implan-
titis and attempts to achieve osseointegration reinsertion
from 1997 to December 2020. A manual search of ref-
erence studies in previous articles on a similar topic
was also performed.

Inclusion criteria:

1. Studies of induced peri-implantitis in animals
(vivo studies).

2. Publications in English only.

3. Attempts or treatments to achieve re- osseoin-
tegration.

4. Surgical approaches only.

Exclusion criteria:

1. Studies involving pre-created defects prior to
implant placement.

2. studies involving supracrestal implants (partial
placement).

3. Invitro and clinical studies.

4. occlusal overload to initiate peri-implantitis.

The search strategy used was as follows: surgical
treatment peri implantitis.

The results were combined with a manual search of
the bibliographies of all full-text articles and relevant
reviews selected from the electronic search.

An initial electronic search yielded 431 article titles.
Independent rechecking of these titles and abstracts
identified 8 articles that met our criteria for inclusion in
this review. The main reasons for exclusion were articles
not investigating bone implant contact, reviews, articles
dealing with the etiology of peri-implantitis, clinical
studies, lack of histologic findings, case reports, and
surgically created peri-implantitis defects.

This review focused on the surgical treatment of
peri-implantitis, thus all studies included open flap
surgery to degranulate and mechanically treat infected
implant surfaces and resulting bone defects. Several
methods of decontamination of infected implant surfaces
were evaluated.
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Results and discussion

Antiseptic surface treatment

Chemicals

Several chemical solutions (liquids) for decontam-
ination of infected or exposed implant surfaces have
been tested. S. Schou and colleagues compared the
surface cleansing ability of air-force abrasive block,
citric acid, chlorhexidine, and saline; the results showed
no significant difference [46—48]. Similar results were
obtained in a study by L. G. Persson and colleagues,
in which a combination of CO, laser and H was used
in comparison with the use of cotton balls moistened
with physiological solution [49]. It was stated that the
simplest method of implant surface cleaning with gauze
moistened alternately with chlorhexidine and saline was
preferred for implant surface preparation in the surgical
treatment of peri-implantitis. T. M. You and colleagues
used gauze soaked alternately in chlorhexidine and
saline, whereas F. Schwarz and colleagues used cotton
balls soaked in saline and irrigation with saline [17, 50].

The study of L. Sennerby and colleagues used cotton
balls soaked in saline to clean the contaminated implant
surface, but their study was to analyze the use of resonance
frequency techniques to detect bone-to-implant contact
[51]. A Parlar and colleagues used specially designed
implants that consisted of a basal part and a replacea-
ble intraosseous implant cylinder (EIIC) to remove the
infected and disintegrated implant part and sterilize it
outside the oral cavity or replace it with a new implant
part [52]. The purpose of this experiment was to evaluate
different decontamination methods and implant surface
configurations for the re- osseointegration of contaminated
dental implants. The results did not prove the advantages
of replacing EIIC with new or cleaned in situ by spraying
saline solution under pressure for 3 minutes.

S.Y. Park and colleagues used Aqua-pikVR (Aqua-
pik, Seoul, Korea) at high pressure (1200 pulses/min)
and SuperflossVR thread (P&G, Cincinnati, Ohio)
impregnated with chlorhexidine to decontaminate
exposed surfaces treated with alumina and acid [53].
E.E. Machtei and colleagues used 24% EDTA after
open flap debridement to decontaminate the surface
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of thirty implants [54]. M. Htet and colleagues used
citric acid to decontaminate the implant surface [55].

Mechanical method

Surgical treatment of peri-implantitis includes
flap or open access surgery. Along with the previously
mentioned techniques, the authors performed sanation
of the infected implant surface by several methods, from
curettes to lasers. Debridement of granulation tissues
and cleaning of the implant surface are important steps,
thanks to which regeneration or even reointegration
can be achieved. S. Schou and colleagues used a com-
bination of flap surgery, citric acid irrigation and saline
solution to decontaminate the surface, resulting in the
highest re-integration rate (46%) compared to other
study groups [46—48]. S. Stiibinger and colleagues used
CO, laser, air-powder abrasive and their combination to
decontaminate titanium plasma implants in 6 dogs [56].
The results showed that the CO, laser alone (0.69%)

or in combination with air-powder abrasive (0.77%)
was effective.

In the study by F. Schwarz and colleagues, implan-
toplasty was the method of choice. The experimental
study was conducted on beagle dogs [57]. The sites
of intraosseous defects were filled with particles of
bone-plastic material of natural bovine origin.

Smoothing and polishing of the implant area was
performed after cleaning the infected implant surface
with cotton balls moistened with physiological solu-
tion. Diamond burs and Arkansas stones were used
under abundant irrigation with sterile saline solution.
It was concluded that implantoplasty is a safe and
effective treatment for the supracrestal peri-implant
defect. The importance of polishing the implant sur-
face is illustrated in Figure 2. This figure shows the
accumulation of plaque stones, after cleaning which
the implant surface was polished.

Fig. 2 Four treatment options were randomly distributed among the implants.

A) Granulation tissue removal and surface debridement were performed using curettes; B) for surface debridement, CPS was
homogeneously applied to all exposed areas of the implant surface and all remaining soft plague was removed under moderate
pressure; C) followed by thorough irrigation with sterile saline. Implantoplasty was performed around the implants;

D) the experimental sites were left closed for healing for 12 weeks, modified [57].
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Laser therapy has also been considered in some
studies [50, 58—-60]. Laser therapy is becoming
increasingly common in dentistry. For example,
photodynamic therapy (PDT), which works by using
a low-density laser beam with a photosensitizer, targets
specific cells, causing permanent cell damage. A study
by JA Shibli et al used PDT using a GaAlAs diode
laser and toluidine blue O as a photosensitizer to target
bacteria and clean the implant surface after induced
peri-implantitis [58].

Some studies have used laser devices to clean the
infected implant surface without using a photosensitizer.
L.G. Persson and colleagues evaluated the use of
laser together with continuous activation of hydrogen
peroxide solution [49].

F. Schwarz and colleagues used a YAG laser to
study peri-implantation wound healing in comparison
with a plastic curette with a gel containing metronidazole
and an ultraviolet device in which energy from
vertical vibration of the instrument was transmitted
to the implant surface, tissues around the implant, and
suspensions of hydroxyapatite particles and water [60].
As a result, the best result was observed for the Er:
YAG laser, which was 44.8%. M Htet et al used the
Er: YAG laser (wavelength 2.940 nm, 100 MJ/pulse,
10 Hz) for surface decontamination of anodized surface
implants compared with PDT using a GaAlAs diode
laser (830-nm, 50 MW,4 J/cm2) versus a titanium drill
(1 mm diameter round tip) at 800 rpm with plenty of
irrigation with saline for 2 minutes [55].

Their results showed that the combined mechanical
and chemical treatment (titanium drill with citric acid
group) resulted in significantly greater vertical bone
height than the other groups and significantly improved
bone to implant contact (22.81% + 14.45%) than the
Er: YAG (13.76% + 17.23%), PDT (2.7% + 5.85%)
and bur groups (8.09% + 12.15%).

Regenerative therapy
The goal of all peri-implantitis treatments is to
achieve osseointegration on the previously contaminated
implant surface. After removal of granulation tissue and
elimination of bacterial biofilm, several osseointegration
techniques have been evaluated using bone substitutes or

62

bone graft\without a membrane. After surgical treatment
of peri-implantitis, several methods have been tried by
a number of investigators to promote osseointegration
re-integration [46—48, 58, 59]. As a rule, they varied
with or without using a membrane together, with or
without a bone graft or bone substitutes.

S. Schou and colleagues performed 3 experiments
on the surgical treatment of peri-implantitis. In the first
2 they studied an expanded polytetrafluoroethylene
(ePTFE) membrane with an autologous bone graft
and an ePTFE membrane with bio-Oss [46—48].
It is concluded that autogenous bone graft or bone
substitutes (Bio-Oss) with ePTFE membrane was the
best combination for reointegration. However, in the
autologous bone graft group, reointegration was 45%,
whereas in the Bio-Oss group it was 36%.

In another experiment analyzing 4 different
strategies for antiseptic treatment of the implant surface,
an autologous bone graft and an ePTFE membrane were
used. The autogenous bone graft with ePTFE membrane,
by its insignificant result, can promote a significant
degree of osseointegration regardless of the surface
disinfection methods.

The authors concluded that treatment with
photosensitization could lead to significant bone
repair with osseointegration re-integration. Later,
they conducted another study in which they
compared a mechanical treatment method with
photosensitization and a mechanical treatment without
photosensitization [58]. The results coincided with
their previous study.

In addition, the study by Persson and colleagues
used only flap surgery in combination with surface
disinfection procedures [49]. They suggested
that a contaminated surface does not prevent
osseointegration, at least not in implants with a rough
surface. They explained that the lack of significant
results may indicate that surface characteristics are
important for osseointegration reintegration.

Although it is impossible to assess the extent to
which bacterial colonization in the implant area may
have influenced bone regeneration and the subsequent
establishment of new bone-implant contact, the Er:
YAG laser promoted osseointegration.
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In a study by T.M. You and colleagues, an
autologous bone graft, with and without platelet-enriched
fibrin, was tested after cleaning the contaminated
implant surface with gauze soaked alternately in 0.1%
chlorhexidine aqueous solution and physiological
solution [17]. Repeated osseointegration (50.1%) was
observed in the group treated with autologous bone graft
in combination with platelet-enriched fibrin without
using a membrane.

In the studies of L.G. Persson et al. and F. Schwarz and
colleagues a layer of connective tissue appeared between
the implant surface and the bone [50, 60]. The common
fact is that these studies did not use a collagen membrane,
which is usually used to prevent the growth of connective
tissue and epithelium in peri-implant bone defects.

The S.Y. Park and colleagues study treated peri-
implantitis with flap elevation in combination with three
treatment modalities: Hydroxyapatite particles mixed
with collagen gel (control group, n = 8), hydroxyapatite
particles mixed with collagen gel containing autologous
periodontal ligament stem cells (PDLSCs) (PDLSC
group, n = 8) and hydroxyapatite particles with collagen
gel containing BMP-2-expressing autologous PDLSCs
(bone morphogenetic protein 2/PDLSC group, n = 8) [61].

In group 2/PDLSC, the histological results showed
a significantly greater amount of osseointegration of
the bone (2.1 mm). However, there were no significant
differences between the groups with regard to the new
contact with the bone implant.

For the regenerative procedure, E.E. Machtei and
colleagues used beta-tricalcium phosphate (b-TCP)
coated with resorbable membrane and injected with
endothelial progenitor cells (EPC) loaded on b-TCP
and coated with resorbable membrane and compared
with the group without grafting [54].

The EPC group had a shorter distance to the first
BIC (3.29 £ 0.69 mm) compared to 4.2 + 0.92 mm
(b-TCP) and 3.82 £+ 0.73 mm (mechanical implant
surface cleaning (dibredge) with open flap). Mean
histologic BIC was 2—3 times higher in the EPC group
(17.65% + 3.3%) compared with open flap debridement
(7.55% + 2.24%, P = 0.01) and b-TCP (5.68% + 2.91%,
P =0.05). BIC greater than 25% was found only in the
EPC group.

DENTISTRY

Conclusion

Since implantation is used more and more
frequently every year, the number of complications
is increasing. The increase in publications every year
corresponds to the constant interest of researchers in
the topic. The search for optimal treatment methods for
peri-implantitis is ongoing. In this topic, methods of
antiseptic treatment of the implant surface used either
separately or simultaneously with and without directed
bone regeneration were reviewed.

Despite the fact that in most cases flap surgery
was performed, it is noted that, for the best treatment
outcome, repeated antiseptic treatment by chemical or
mechanical means is necessary. With regard to implant
surfaces, the best osseointegration was observed with
roughened implant surfaces combined with guided
bone regeneration.

Treatment of peri-implantitis is unpredictable,
but surgical treatment combined with chemical and
mechanical antiseptic treatment of the implant surface
may be considered the most reliable treatment. Laser
therapy is a relatively new method of treatment that
needs more research to determine the best laser
parameters to use.

Currently, there is no consensus on the etiology
of peri-implantitis, and new ways and approaches to
prevent and treat this disease are still being sought.
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AHHoTanms. AKTyalbHOCTb. [leHTaTbHble UMILIAHTAThI MOTYYH/IY IIMPOKOe IPUMeHeHHe [11s1 BOCCTaHOB/IEHUs 3yOHBIX PsifIoB
y narperta. OHM CTamu I0CTOMHOM abTepPHAaTHBOM CheMHBIM MpoTe3aM. [10 Mepe HaKOTUIeHHsT KITMHUUECKOTO OTIbITa, LIMPUINCH
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C paclIMpeHNeM KIIMHUYeCKOTO TPUMeHeHUs /IeHTalbHbIX MIMIUIAHTaTOB Y BHEJJPEHHUEM TEXHOJIOTUU B TIOBCEAHEBHYIO MPAKTHKY,
HaKaruIuBaJICs ¥ OTTBIT OCJIOKHEHWH U OIIMOO0K, U OT eJUHUYHBIX NyOnvKauyii B 1990-X I'T., B caMOM Hauasie pa3BUTHS, 10 Mac-
mTabHBIX McceoBanuii B 10-x. VI ecsi B paHHEM TIepUo/ie Pa3BUTHS UMITJIAHTOJIOT UM YCIIeX JIeYeHUst CBSI3bIBa/IM B OCHOBHOM
C BbDKMBAEMOCTbBIO UMITIAHTATOB, TO COBPEMEHHBIe MCCIIe/0BaHKsI (POKYCHUPYIOTCS Ha COCTOSIHUM TKaHel BOKPYT UMIUIaHTaTa,
Y BJIUSTHUIO TIPOLIECCOB B HUX Ha 001 ncxop gedeHust. OHO U3 OCHOBHBIX OCJIOKHEHWH — BOCIa/IeHre TTePUHUMITIAHTHBIX
TKaHel — repurMIIaHTUT. COBpeMeHHbIe aBTOPBI OTPe/IeIsIIOT MEPUMMITIAHTUT Kak BOCIAIMTe/TBHBIN MPOLIeCC, MOPaXKAFOILUH
TKaHU BOKPYT (YHKIMOHANTBHO MHTETPUPOBAHHOTO MMILJIAHTATa, YTO MPUBOAUT K MOTepe OMopHOoW KocTu. [IpoformKaroiascs
TOTepsi KOCTHOM TKaHU BOKPYT MMIIJIAHTaTa MOXKET 3HAUUTEJTbHO YXY/AIIUTL CTa0UIBHOCTD U (YHKLIMIO MMITIaHTata. PaccMoTpeHa
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PaCIIMPeHHBIX UCC/IeIOBAHUSIX AJIsT OTBETA Ha 3TOT BOMPOC.
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Impact of three types of music on patients during dental implant
surgery and wisdom tooth extractions
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RUDN University, Moscow, Russian Federation
< suzandager@yandex.com

Abstract. Relevance. Many patients suffer from anxiety when planning a surgical procedure, which leads them to either
postpone it or go through it with all those negative feelings that may affect the course of the surgical work or even its outcomes.
Modern medicine aims to find non-pharmaceutical ways, such as music, to put these emotions under control so that the patient
feels a sense of calm and tranquility throughout the surgical operation and comes out with less negative feelings and good
memories, which prevents the formation of any psychological trauma. Our investigation aims to study the effect of three types
of music, on the psychological state of the patient during surgery, by evaluating the data of systolic and diastolic pressure, pulse,
and oxygen level in the blood. Materials and Methods. 36 patients who visited the Medical Center of the RUDN University on
a daily basis for dental implants and wisdom tooth extractions were randomly selected to undergo the experiment. They were
divided into four groups, the first was the control group which was not exposed to music, the second was exposed to classical
music, the third was exposed to Buddhism music, and the fourth was exposed to music generated by Artificial Intelligence.
Pressure, pulse, and oxygen level were recorded in three phases and changes assessed using Student’s t-test and Mann-Whitney
U analyses. Results and Discussion. The final results obtained did not show any significant changes in the values of pressure,
pulse, and blood oxygenation during the period of exposure to music when compared with control group. Conclusion. Exposing
to music didn’t show any positive effect on stress levels during dental implantation and extraction.
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Introduction

Music therapy, also known as therapeutic music,
is considered one of the oldest treatment methods used
throughout history. Scientific and medical literature
mentions the Greeks’ use of music in medicine, where
they would expose epilepsy patients to musical sounds
in order to treat their seizures. Through their exper-
iments, they concluded that music, regardless of its
genre, has a therapeutic effect [1].

Other relevant studies have shown the long-term
impact of music therapy in alleviating the effects of
depression and schizophrenia, as well as its undenia-
ble effect on anxiety and tension resulting from acute
psychological conditions, which put the central nervous
system in a state of distress [2]. The EEG device indi-
cated an increase in the levels of alpha waves, which
are associated with a state of rest and calm, and a no-
ticeable decrease in the levels of beta waves, typically
present in stressful situations. Scientists attribute this
result to the ability of music to induce a state of calm
in patients and divert their attention by stimulating
auditory receptors [3].

Looking back in history, we can see that music
has played a role in fostering spiritual tranquility
and alleviating internal anxiety, as evidenced in
the Buddhist religion and the monks’ use of music
in meditation. This practice has been extensively
studied, revealing that Buddhist music is not merely
composed of tones with specific frequencies, but
rather consists of hymns that safeguard the mind and
cultivate peaceful thoughts [4].

When discussing methods that have been used
for years and are still applied today to promote clear
thinking and a mind free of distractions and tension,
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Mozart’s classical music stands out. This has led to the
term “Mozart effect,” which has been associated with
any musical style that produces the same effect on brain
waves (alpha waves) as Mozart’s [5].

Feelings have always played a significant role
in music composition, as they convey the musician’s
inner emotions and the intended message to the listener.
The listener then interprets these emotions, which can
evoke a positive or negative reaction based on various
factors, including the depth of emotion the musician
infuses into the music. In today’s world, where artificial
intelligence (AI) significantly influences many areas,
particularly in composing music, a crucial question
arises: Can computer-generated music evoke a similar
impact to that of music composed by humans, such as
Mozart, for example [6, 7].

Our investigation aims to study the effect of three
types of music, on the psychological state of the patient
during surgery, by evaluating the data of systolic and
diastolic pressure, pulse, and oxygen level in the blood.

Materials and Methods

The current study was conducted as a randomized
controlled study, and was approved by the ethics committee
of the relevant institution. 36 patients between the ages of
20 and 60 who attended the Medical Center of the RUDN
University for dental implants and wisdom tooth extraction
received voluntary informed consent to participate in the
study in accordance with the World Medical Association
Declaration of Helsinki (WMA Declaration of Helsin-
ki — Ethical Principles for Medical Research Involving
Human Subjects, 2013) and the processing of personal
data. Excluded from this study were those with hearing
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impairment, arrhythmias, patients over the age of 60. These
patients were separated into 4 groups, ten patients in the
control group and group with classical music, and 8 patients
in both of the rest two groups. The control group was not
exposed to any music, while the experimental groups were
exposed to Mozart’s classical music, Buddhism meditation
music and music generated by Al

Three values were measured, which are pressure,
pulse, and oxygen level in blood, in three stages. The
first stage is when the patient was sitting in the waiting
room in a state of rest for ten minutes after his arrival.
The previous three values were measured in a row,
the second stage of recording took place during the
operation at the moment the dental implant was inserted
in the case of implantation surgery, and the moment
the wisdom tooth was extracted in the case of tooth
extraction surgery. The third stage is after the end of
placing the last surgical suture. The considered period
of time from the beginning of the music playing to the
end of the operation is 30 minutes to 1 hour, which is
a fixed time period for all patients.

Blood pressure was measured using an automat-
ic tonometer on the wrist (tonometer UB-202, AND
company, Russia), pulse and oxygen level measured by
medical oximeter fixed on the finger (TI MA company,
China). In order to play the music, wireless ear buds
were used and the music was played on the mobile
device connected via Bluetooth to the ear buds (MarkFlo
Ltd company, F9 model, China). It should be noted that
all patients who were exposed to music were given the
same playlist for some of Mozart’s pieces, such as:

e Symphony #40 in G minor, KV. 550: 1. Molto
Allegro.

e The marriage of Figaro: overture.

e Symphony #35 in D major, k.385.

Whiles for Buddhism music, a playlist for medita-
tion and concentration was used. As for the AI music,
the playlist was chosen from an Al website for music
generating (AIVA). After adding the keyword ‘relaxing
‘to the research box, the Al generator suggested few
music pieces that were taken in consideration and later
on were used in the experiment.

Statistical Analysis

The obtained primary experimental digital data
were subjected to statistical processing by generally
accepted methods of mathematical statistics. The
arithmetic mean, standard deviation, and error of the
mean were calculated. The significance of differences
between the indicators in the control and experimental
group was assessed using Student’s t-test with a par-
ametric distribution. For nonparametric distribution,
the Wilcoxon test and the Mann-Whitney U test were
used. Statistical processing of experimental data
was carried out using licensed programs Microsoft
Office Excel 2019, Statistica 10.0. Differences were
considered statistically significant at a significance
level of P<0.05.

Results and discussion

The mean age of the 36 patients without group
consideration was 39.66 + 2.439 years. The female/male
ratio was 27/9. Oxygen level, pulse and blood pressure
in control and investigation groups are represented in
tables 1 and 2.

Table 1
Oxygen level and pulse in control and investigation groups
SPO, Pulse
Group
Before During After Before During After

Control 97.70 £ 0.448% | 97.90+0.55% 98.00+0.49% | 80.10+1.64 (bpm) | 79.80 + 3.57 (bpm) | 77.40 + 2.39 (bpm)

Classic 97.90+0.526% | 97.60+0.427 % 97.40+0.52% 82.70 + 3.55 (bpm) | 75.60 + 3.28 (bpm) | 75.90 + 2.86 (bpm)
70 CTOMATOJ10I A
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End of the table 1

with control,%

SPO, Pulse
Group

Before During After Before During After
Difference 0.2% -0.3% -0.6% 3.2% -5.3% 1.9%
with control,%
Al 98.25+0.31% 97.25+0.37% 97.50 £ 0.54 % 79.75 1 6.5 (bpm) 82.25+ 5.57 (bpm) | 78.00 £ 5.11 (bpm)
Difference -0.7% -0.5% -0.4% 3.1% 0.8%
with control,%
Buddhism 98.50+0.2% | 97.75+0.37% 96.88+0.58% | 81.00 +2.65 (bpm) | 79.00 +2.71 (bpm) | 76.00 + 3.05 (bpm)
Difference 0.2% 1% 1.1% 1.0% 1.8%

Notes: SPO, is an indication of the oxygen amount being carried by red blood cells in the body, and is measured by a percentage
amount. A normal level of oxygen is usually 95 % or higher. Heart rate (pulse) is ideally between 50 and 90 beats per minutes

Table 2
Blood pressure in control and investigation groups
Blood Pressure
Group

Before (SBP) Before (DBP) During (SBP) During (DBP) After (SBP) After (DBP)
Control 133.70£7.29 88.50 + 3.64 141.10+7.334 86.00 + 3.59 137.80 £5.70 87.30+3.04
Classic 133.20£8.732 88.20 + 4.85 126.00 + 8.99 78.80 + 5.52 128.40 £10.16 80.50 + 6.35
Difference with -0.4% -0.3%. 10.7 -8.4 -6.8 7.8
control,%
Al 106.5+4.770 65.50+3.713 | 109.00 £ 5.071 71.50 £ 2.471 109.25 £ 4.511 64.75+2.313
Difference with 203 %++ 26.0%+++ 227 %++ 16.9%++ 207 %++ 25.8 %+++
control,%
Buddhism 116.25 £ 4.078 78.0 £ 1.547 127.50 £ 5.144 85.25+1.780 131.75+3.272 86.25+0.773
Difference with 13.1% 11.9 %+ -9.6% -0.9% -4.4% 1.2%
control,%

Notes: SBP: Systolic blood pressure; DBP: diastolic blood pressure. Normal range: systolic — less than 120 mm Hg. Diastolic — less

than 80 mm Hg

In controlled group, the value of SPO, almost
remained the same in the three times measurements
(before, during, after) and that was 97 + 1, which
means there was no significant differences. As for
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classical group and for the same values before, during
and after, it was 97.90, 97.60, 97.40. In comparison
with the controlled group, the difference was less
than 1 %.
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For AI music, the SPO2 values divided in times
measurements are as follows: 98, 97, 97. In comparison
with controlled group, the difference before 0.6 %, during
0.7, and after 0.5, which leads us to the same conclusion
as previews, the conclusion that says that there is no
difference between this group and the controlled group.

As for Buddha music, the values are 98 + 2 in all
three times measurements, and in comparison with
controlled group, it is as followed; 0.8,0.2,1.1. This
also leads us to the same conclusion as above.

When reading the values for the pulse of the four
groups, we can say that in controlled group, the values
had changed as follows; 80, 79, 77. And for classic
group, it is as follows; 82, 75, 75. In comparison, it
is obvious that changes are not that significant. As for
Al; 79, 82, 78. And for Buddha; 81, 79, 76. In general,
we can say that the changes of oxygen levels and pulse
for all three groups, and comparing these values with
controlled group, and within the same group, changes
are hardly noticeable.Blood pressure values are also
measured three times, before, during, and after. Starting
with controlled group, blood pressure in the starting
period was 133/88, and then got increased during the
operation (141/86), and then slightly decreased (137/87).

As for classic group, before starting the music,
the mean of pressure was 133/88, and then notably got
decreased to 126/78, and then scored 128/80 at the end
of the operation. In comparison with controlled group,
we can see that there is almost no difference.

In Al, the mean of pressure before was 106/65,
during 109/71, and after 109/64, even though this
shows some sort of change within the group on three
stages, but we can still say that the pressure kept
a stable value throughout the experiment. For Buddha
music, there was negative changes, as it started with
116/78, and during 127/85, and ended with 131/86.
This shows an increase in blood pressure all the way
from the very begging to the end. In view of the
previous results, and in comparing with controlled
group, we can see that the Al music has the most
significant effect on the stress levels during and after
the operation with means of —22 during and —25 after
the operation for blood pressure, meanwhile for the
Buddha music, the numbers show —9 during and —1.2

72

after in comparison with the controlled group. As for
classical music —10 during and -7 after.

There is no doubt that music plays a role in alleviat-
ing the symptoms of stress and anxiety that result from
undergoing surgical procedures, although this effect is
small and may not be readily apparent in the statistical
results. There are numerous factors that contribute to
evaluating the impact of music on individuals, including
their level of interest in the genre of music used, as well
as the individual’s gender, age, and religious beliefs
[8]. All of these individual factors must be taken into
account, recognizing that it is impossible to describe
specific universal music for anxiety, although there have
been several attempts in the literature [9, 10].

It is believed that the calming effect of music is
attributed to the suppression of the sympathetic nervous
system, resulting in a reduction of adrenergic activity
and decreased neuromuscular excitability [3].

Wright found that classical music is highly effective
in relieving moderate-level anxiety [[11]. However, there
are studies that have confirmed that there are no clear
differences [12].

In our study, the final results demonstrate the impact
of music from three different eras on the state of mind
and inner peace, which are the primary objectives of
our study. In conclusion, it is evident that Al-generated
music is leading in reducing stress levels, as indicated
in the pressure table above.

In contrast, there were not many differences in pulse
and PSO, when compared with the control group, and
within the group itself in the results obtained before,
during, and after the investigation.

Limitations

There are some limitations in this study, one of
which is the type of music used. The music, specifically
Buddha music, may be unfamiliar to Russian citizens as
it is rarely heard except in cases of meditation exercises.
Therefore, it was unusual to use this type of music with
the aim of alleviating the anxiety resulting from under-
going surgical work. These shifts in internal experience
and brain functioning can change how individuals cope
with life’s challenges, leading to stress, such as that
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experienced during surgeries. There are still unpleasant
events happening, but they do not overwhelm anyone.
This study was suggested by college students who
practiced meditation throughout the semester. At the
end of the semester, during finals week, they exhibited
higher brain integration and lower stress reactivity,
despite the high stress levels during finals week [13].

Other limiting factors include the age of the patients
and their familiarity with the planned procedure. Re-
gardless of the music used, patients undergoing dental
implantation for the first time did not experience much
reduction in anxiety. In such cases, familiar music could
have been more helpful.

According to the authors’ opinion, the vital signs that
were measured are not sufficient to explain the results we
obtained, and therefore, we propose devices to measure
other indicators, such as health tracker device to measure
stress levels, since there is no doubt that Buddha’s music
has an effect on psychological comfort and relaxation,
and this A scientifically proven fact, but what our results
have shown neither confirms nor denies this fact.

Another factor to consider is the way the patient
was exposed to music. In our study, we utilized head-
phones, which caused discomfort for the patients due
to the perception of being isolated from surrounding
noises. This was primarily driven by the fear of miss-
ing something or the desire to maintain control over
everything happening around them.

We recommend further studies to explore the
potential of using speakers instead of headphones to
reduce anxiety levels. Additionally, it is important to
consider the use of Al music, as our study suggests
that it may have a better impact. This type of music
is widely used nowadays and is more favorable for
younger patients.

Conclusion

This study suggests that listening to music, regard-
less of the genre, reduces dental anxiety, even if the
effect is barely noticeable. We selected these three music
genres based on the findings in literature regarding
their potential impact on stress levels. We also took
a chance with Al-generated music to explore the extent
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to which computer-generated music can substitute for
human-made music. This decision was influenced by
recent events such as the recreation of Beethoven’s
symphony and the use of Al to assist in creating the
‘Tokyo 2020 beat’, the official anthem of the Tokyo
Olympic Games, which have garnered media attention.
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BnusaHue TPpexX BUAOB MY3blKHU Ha NalMEeHTOB
BO BpemMs AeHTaﬂbHOVI MMnNNaHTauumn u yaaneHusa 3Y6OB MYyApPOCTH

C. Jarep g, A.b. IbIMHHKOB

Poccuiickuil yHUBepCUTET pyXObl HAPOZIOB, 2. Mockea, Poccutickas dedepayust
< suzandager@yandex.com

AnHoTanusa. AkmyaabHocmb. MHOTYe TTaleHTh! UCITBITHIBAIOT TPEBOTY MPH ITAHUPOBAaHUHM XUPYPridecKoi NpoLeyphl, UTo
3aCTaB/IsieT UX MO0 OTK/Ia/IbIBaTh ee, MO0 MepeKIBaTh ee CO BCeMU TeMU HeraTHBHBIMU OLIYIeHHUsIMH, KOTOPBIe MOTYT TTOB/IUSTE
Ha X0J] XUPypruueckoi paboThel WM Jlake Ha ee pe3y/bTarel. CoOBpeMeHHast MeIULIMHA CTPEMHTCS HAlTH HegapMaL|eBTUIeCKIe
CrIocoObl, TakHe Kak MYy3bIKa, /IS TOTO, YTOOBI TIOCTaBUTh 3TH SMOLIMH 07 KOHTPOJIb, UTOOLI MalMeHT Ha TIPOTsDKEHUH BCei
XUPYPryuueckKoi orepaliiy OI{yIiiaa YyBCTBO CIIOKONCTBYSI M YMUPOTBOPEHHUS! 1 BBIXOJW/ C MEHBIINM KOTMUeCTBOM HeraTHBHbBIX
YYBCTB U XOPOLIMX BOCIIOMHUHAHUIMA, UTO TIPENsATCTBYeT HOPMHUPOBAHUIO JTFOOO0H TICHXOMOTrHueCcKoi TpaBMbl. Llesibro Hatero
5KCIepUMeHTa SIB/ISIeTCSl U3y4YeHNe BIMSHUS TPeX BU/I0B MY3bIKH Ha IICUXOIOTMYeCcKoe COCTOSTHYE MaljieHTa BO BpeMsI OIlepaLjiy
MyTeM OL|eHKH [JaHHBIX CUCTOIMYEeCKOr0 U IMacTOJMUeCKOro JlaB/eH s, My/Ibca U YPOBHS KMCI0Poa B KPOBU. Mamepuasnbl
u MemoObl. [{7s IpOBe/ieHusl FKCIiepuMeHTa ObITH C/Ty4aiiHbIM 00pa3oM o0To6paHbl 36 MarveHToB, eXeIHEBHO MO Ce[aBIINX
MenmuuuHCKUIN TeHTp Poccuiickoro yHUBepcuTeTa ApY>KObl HAPOZOB /1S TPOBe/ieH s JeHTaIbHOM UMIUIaHTaLlUK U yiaieH st
3yba Myzpoctu. OHH ObLM pa3ZieseHbl Ha YeTkIpe TPYIIbL: epBast Oblla KOHTPOIBHOM TPYIION, KOTOpasi He C/ylajia My3bIKY,
BTOpast — KJIACCUUECKOH MY3bIKOU, TPeThsi — OY/IIUICKOM MY3bIKOH, a UeTBepPTas — MY3bIKOW, CO3[IaHHOM UCKYCCTBEHHBIM
VHTe/1eKToM. [laBieHue, My/ibC ¥ YPOBEHb KUC/IOPO/a PerCTPUPOBAJIMCE B TPH (a3bl, a U3MeHeHHs! OLeHHBAJINCh C TIOMOILIbI0
Student’s t-test © Mann-Whitney U aHamu3bl. Pesynbsmambl u 06cyscoeHue. TTonydeHHbIe OKOHUATeTbHBIE Pe3y/IbTaThl He TI0Ka3alu
KakMx-mub0 CyIleCTBeHHBIX U3MeHeHUH TIoKa3aresieli JaBIeHus], My/IbCa U OKCUTeHaLd KPOBH B TIEPUOJ, BO3JeHCTBHS MY 3bIKA
T10 CPaBHEHHIO C KOHTPOJILHOM TpymIoi. Boigodsl. BoszelicTBre My3bIKM He 0Ka3aIo HUKAKOTO TOJIOKUTEIbHOTO BIUSHUS
Ha ypPOBeHb CTpecca BO BpeMsl UMITJIAHTALUH 1 yAaneHus 3y0oB.

KiroueBble ciioBa: Mouapt, Al, Gyaausm, My3bIKOTepartvisi, XUpyprusi, 3yOHbIe UMIIJIAHTAThI, yAaneHue 3y00B

MNudopmanus o puaancupoBanuu. VccneoBaHue He UMeJIO rPaHTa OT (PUHAHCUPYIOLIUX areHTCTB B TOCYZapCTBEHHOM,
KOMMepUeCKOM W/ HeKOMMepYeCKOM CeKTopax.

BkJiag aBTopoB. [larep C. — KOHIIeMNLIUS U J3aiiH, MoApo6HbIN MOWCK JTUTePaTypbl, COOp JaHHBIX, UHTEPIIPeTALUs U aHaIn3
[laHHBIX, HaKCaHHe CTaTh. JJpIMHUKOB A.B. — pa3paboTka KOHIeNLWY U u3aliHa, pelaKTHPOBaHUe U OKOHYaTe/bHOe
yTBepyKJeHre BepChH Jijisi yO/vKanun. Bee aBTOpbI MpoYMTAay U 0f00pUIH OKOHYATe/TBHBIN BApUAHT pyKonucu. VIHdopMmarys
0 KOH(/IMKTe UHTEePeCcoB.

Hudopmanus o KOH(IMKTe HHTePecoB. ABTOPHI 3asiB/ISIIOT 00 OTCYTCTBHM KOH(IMKTa HHTEPECOB

JTuueckoe yrBepxxaeHue. [lepes HauaioM UCC/eA0BaHMs ObIJIO MOyYeHO paspellieHre STHIeCKOro KOMUTEeTa MeJUL[HCKOTO
nHctutyTa PYJH, MockBa, Poccuiickas denepatysi.

BnaropapHoctu: Beipakaem 61arofapHOCTh BCeM BpauaM, KOTOPbIE TTO3BOJIA/IM HaM YUaCTBOBATD B UX ONepaLiusix U PUMeHNTh
Halll 5KCITepAMeHT Ha CBOMX MapeHTax. Ocobasi 6iarofapHoCTh ZoKTOpy AnBaHy Moptazie v foktopy CyneiiMany [To6a 3a ux

nozzepkKy. be3 Bac ata pabota He yBuziesa ObI CBeT.

HNudopmupoBaHHoe corjiacie Ha nydaukanuio. OT naiyeHToB ObLI0 MoTyUYeHo 106pOBO/IbHOE HH(GOPMUPOBAHHOE COT/Iache
Ha yJacTHe B MICC/Ie0BaHUH B COOTBETCTBUM C XeTbCUHKCKOM /leK/tapareit BceMUpHO# MeAUIIMHCKOM accoumaryy (X erbCHHKCKast
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neknapauys WMA — DTruueckue TIPUHIMITEI MeAULMHCKUX MCC/Ie[JOBaHHI C yyacTHeM uesioBeka, 2013 1.) 1 Ha 06paboTKy
TepCOHA/IbHBIX [JaHHBIX.
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I'Iporl-losuposal-me Pa3BUTUA CKJ/IePOTUYECKOro JiInxeHa ByJibBbl

E.B. Kostecuukosa! ~ 25, A.B. XKapos:? ', JLLK. OcunoBa' ', A./. lynieeB’

! KybaHCKuii roCcyapCTBeHHBIH MeJULUHCKHN YHUBepcuTeT, 2. Kpachodap, Pocculickas ®edepayus
2 KpaeBas kimHU4ecKast 6ombHuLa Ne 2, e. KpacHodap, Pocculickas @edepayust
> jokagyno@rambler.ru

AnHoTtanus. AkmyaabHocmb. OCOOeHHO OCTPO B TIOC/IEJHUE TOZbI BCTa/T BOTIPOC O CBOEBPEMEHHOM JMarHOCTHKe U JIeYeHUH
CKJ/IePOTHUECKOTO JIMXeHA BYJIBBBI B CBSI3H C «OMOJIOKeHHeM» 3a00/1eBaHUsI M PUCKOM eT0 MaIMrHU3aLuY. B CBsi3u C 3TUM akTy-
aJTbHBIM SIBJISIETCS TIOUCK 3((eKTUBHBIX METOZAOB MPOTHO3UPOBAHYS U PAaHHETo BhIsBIeHNs 3abosieBanust. Lleab ucciedoeaHus —
paspaboTarb MoJie/Tb IPOrHO3UPOBAHUS CKJIEPOTHUECKOTO TMXeHa By/IbBBI HA OCHOBE yCTaHOB/IEHHBIX K/TMHUKO-aHAMHEeCTHYe CKHX
(hakTOpOB pricka. Mamepuasnbi u MemoObl. B IPOCTIEKTUBHOE UCC/IeIOBAHNE «CTyUail — KOHTPOJIb» ObUTH BK/TFOUeHbI 404 YKeHIIUHBI
ot 20 o 70 neT, U3 HUX 344 — GoNbHBIE CK/IEPOTHUECKUM JIMXEHOM BYJ/BBBI U 60 — >KeHIIMHEBI 6e3 3a601eBaHNli BY/TbBEL
Ha mepBoM 3Tarie npoBesieH CPaBHUTEIBHBIN CTAaTUCTHUECKUH KOPPe/SILIMOHHbIM aHa/IM3 KJIMHUKO-aHaMHEeCTHYeCKUX JAaHHbIX
WCCIeyeMbIX C UCTIONb30BaHueM Ko3dduimerTa koppensiuy Crimpmena (R > 0,15), kpurepueB Xu-KBa/ipart, CTaTUCTUKAMU
®u, Kpamepa, U-kpurepust ManHa — YutHu u t-kputepusi CterogenTa (p < 0,05). IlonyueHHBbIe faHHbIe UCTIOIb30BaINCh
I71s1 pa3paboOTKH Ha BTOPOM 3Tarle UCCIe/[0BaHUs HeHPOCeTeBOi MO/e/T IPOTHO3UPOBaHUS CK/IePOTUYECKOTO JIMXeHa BYJTbBEIL.
Pesyabmambt u 06¢yscoeHue. Ha 0CHOBe yCTaHOBIEHHBIX JOCTOBEPHO 3HAaUMMEBIX (P < 0,05) aKyIlepCcKo-rHHEeKOI0THUeCKHX,
COMaTUYeCKUX, MHPEKMOHHBIX, THTMEeHNUeCKUX 1 OBITOBBIX (PaKTOPOB, BIMSFOLINX HAa PUCK Pa3BUTHS CK/IEPOTHUYECKOTO JIMXeHa
By/bBBI (M0Ka3atesib R — ot 0,16 0 0,38 rnoATBep)KAaeT CTaTUCTUUECKYH0 3HAUMMOCThL KOPPEJISILIMOHHBIX CBsA3€eii), pa3paboTaHa
HelpoceTeBasi MO/{eJIb IIPOTHO3UPOBaHUs CKIePOTHYECKOTO JIMXeHa BY/bBHI (7107151 TPaBU/IbHOM K1accu(UKaLK Ha TeCTOBOH
BbIOOPKe COCTaB/IsieT MaKCHMaJIbHO BO3MOXKHOe 3HaueHre — 100 %) 1 HamrcaHa KOMMbIOTepHast TpOrpaMma, aBTOMAaTH3H-
py¥olIasi IPoLieAypy MPOTHO3HUPOBaHus 3aboneBaHust. Bbigodbl. PaspaboTaHHasi Ha 0CcHOBe 10cTOBepHO (p < 0,05) 3HaYUMBIX
(akTopax pHCKa CK/IepOTHUECKOTO JIMXeHa BYJIbBbI HepOCeTeBast MOZeJlb TIPOTHO3UPOBaHMs 3a00/1eBaHus 00/1a/jaeT BHICOKUMU
TIPOrHOCTHYECKUMH CBOWCTBAMM, a HallMCaHHast Ha ee 0CHOBe KOMITbIOTepHasi IIporpaMMa I03BOJIsSIeT Bpauy 3a CYMTAHHbIE
MHHYTBI OTIPeeNUTh 00C/Ie[yeMyto B IPYIITy PHCKA TI0 Pa3BUTHIO CKIEPOTHYECKOTO JINXeHa BY/ILBEI U [IaTh eli HeoOX0AUMbIe
npoduIaKTHUeCKHe PeKOMEeH/IALVH, HarpaB/ieHHbIe Ha MpeyTpeX/eHue, 100 paHHee BhIsiB/IeHHe 3a001eBaHMs.

© Konecnukosa E.B., )Kapos A.B., Ocunosa JL.K., [lyninees A.J., 2024
This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by-nc/4.0/legalcode
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Nudopmanys o KOHGINKTe HHTEPeCcoB. ABTOPHI 3asIB/ISTIOT 00 OTCYTCTBUM KOH(WIMKTa MHTEPECOB.

JTHYecKoe yTBep)KieHHe. [IpoBefieHHOe 1CC/ie/joBaHHe COOTBEeTCTBYeT IIPU3HAHHBIM CTaHJapTaM Xe/bCUHCKOH JleK/apariiy
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ot 12 okTs16ps 2021 1.).

BiarogapHoCcTH — HENPUMEHKMO.
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IMoctynuna 11.12.2023. IpunsTa 15.01.2024.

Jsa purupoBanus: Konecnukosa E.B., XKapos A.B., Ocunosa J1.K., /Iynieeg A.1. IIporHo3vpoBaHye pa3BUTHS CKJI€PO-
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Predicting the development of vulvar lichen sclerosus

Ekaterina V. Kolesnikova' g’ Alexander V. Zharov>? —,

Lyudmila K. Osipova' ', Artem I. Dupleev!

! Kuban State Medical University, Krasnodar, Russian Federation
2 Regional Clinical Hospital No. 2, Krasnodar, Russian Federation
>< jokagyno@rambler.ru

Abstract. Relevance. The issue of timely diagnosis and treatment of vulvar lichen sclerosus has become especially acute
in recent years due to the “rejuvenation” of the disease and the risk of its malignancy. In this regard, it is urgent to search for
effective methods for predicting and early detection of the disease. The aim of the study — to develop a model for predicting
vulvar lichen sclerosus based on established clinical and anamnestic risk factors. Materials and Methods. The prospective case-
control study included 404 women aged 20 to 70 years, of which 344 were patients with vulvar lichen sclerosus and 60 were
women without vulvar diseases. At the first stage, a comparative statistical correlation analysis of the clinical and anamnestic
data of the subjects was carried out using the Spearman correlation coefficient (R > 0.15), Chi-square tests, Phi and Cramer
statistics, the Mann-Whitney U test and the Student t test (p < 0.05). The data obtained were used to develop a neural network
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model for predicting vulvar lichen sclerosus in the second stage of the study. Results and Discussion. Based on established
reliably significant (p < 0.05) obstetric-gynecological, somatic, infectious, hygienic and household factors influencing the risk
of developing vulvar lichen sclerosus (R indicator — from 0.16 to 0.38 confirms the statistical significance of correlations),
a neural network model for predicting vulvar lichen sclerosus was developed (the percentage of correct classification on the
test sample is the maximum possible value — 100 %) and a computer program was written that automates the procedure for
predicting the disease. Conclusion. The neural network model for predicting the disease, developed on the basis of reliably
(p < 0.05) significant risk factors for vulvar lichen sclerosus, has high prognostic properties, and a computer program written
on its basis allows the doctor in a matter of minutes to identify the patient at risk for the development of vulvar lichen sclerosus
and give she needs preventive recommendations aimed at preventing or early detection of the disease.

Keywords: vulvar lichen sclerosus, scleroatrophic lichen, risk factors, comorbidity, pathology of the vulva, prediction,
neural network model
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BeepeHue

Cknepotnueckuii uxeH (CJI) By/bBbI SIBJSI€TCA
ayTOMMMYHHBIM, FeHeTUUeCKH JleTePMUHUPOBAHHBIM
XPOHWYECKUM BOCTIa/IUTe/IbHBIM 3a00/ieBaHUEM C pe-
MUTTHUPYIOLL{MM XapaKTepoM TeueHusi, MaKCUMa/bHast
BbIPa’KEHHOCTb CUMITTOMOB KOTOPOTO TIPOSIBIISIETCS B TIe-
puoabl obocTpenHust 3aboseBanus [1]. TIpu aToM, uem
yarije Bo3HUKatOT 06octpenusi CJ1 By/bBEI, TeM ObICTpee
nporpeccupyet 3aboneBaHue, BO3HHKaeT CeKCyanbHast
IUCHYHKLIMS Y 3HAUMTETbHO CHIKAETCS KaueCTBO JKH3-
HM NALMEeHTOK B CBSI3U C Pa3BUTHEM TaKUX OCI0KHEHUH,
Kak pyOLieBaHMe TKaHell By/IbBbI, 00pa30BaHue CTeHO3a
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Tipe/IiBepHs BIarajvIla, CJIMsIHUAE U Pe30pOLIvs MaslbiX
TI0JIOBBIX TY0, An3ypus u ap. [2-5]. OcobeHHO 0CTPO
B I10CJ/IeJHYE TO/Ibl BCTa BOMIPOC O CBOEBPeMEeHHOM
nuarHocTtuke v 3¢ dexktuBHOM JjieueHUH CJI ByTbBBI
B CBfI3U C «OMOJIO)KEHHEM» 3a00/IeBaHUS U PUCKOM €ro
ManurHu3aimu (o pa3HeiM AaHHbIM — oT 0,4 110 7 %)
[6-8]. Kpome Toro, foBosibHO JyutenbHoe Bpemsi CJI
BY/IbBBI MOXKET TIPOTeKaTb 0eCcCUMMITOMHO, b0 6e3
SIPKOM KJIMHUYeCKOW KapTHUHbI, UTO MIPUBOAMUT K 3ario3-
[la/IoN IMarHOCTUKe U HeJ0CTaTouHOM 3(h(eKTUBHOCTH
Tepanuy 3a001eBaHuUs B BUJY Ha/IMUMsI Pa3BUBLLINXCS
OC/IOXKHeHuH [2, 9, 10].
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B EBporieiickoM pyKOBOACTBe I10 Jie4eHHI0 3a00-
neBaHuid BysibBbl OT 2021 1. (2021 European guideline
for the management of vulval conditions) yka3biBaeTcs
Ha HeoOXOAMMOCTD JieueHust Aake 6eCCUMITTOMHOTO
CJ1 By/bBBI, @ TaK)Ke Ha B&XXHOCTb PAHHET'0 BbISIB/IeHUS
3abo0sieBaHus 1, TI0 BO3MOXXHOCTH, CHIYKEHUS PUCKa
ero Bo3HUKHOBeHUs [11]. ITo 3Toi nmpuurHe KpaiiHe
aKTyaJIbHOM 3a7iaueil siyisieTcst pa3paboTka 3 deKTrB-
HBbIX MeTO/I0B IPOrHo3upoBanus pa3BuTusi CJ1 By/IbBbI
Ha OCHOBe BBISIB/IEHHBIX ()AaKTOPOB PHCKa 3a00/1eBaHusI.

Ilenp ucciepoBanusa — pa3paboTaTs Mojesb
TPOTHO3MPOBAHUS CKIEPOTUUECKOTO JINXeHa BYJ/IbBbI
Ha OCHOBe /I0OCTOBEPHO yCTaHOBJIEHHbIX ()aKTOPOB
pHCKa 3ab0/1eBaHusI.

MaTepman bl U ME€TOA Dbl

[v3aitH uccien0BaHus BK/IKOYasl IPOBeeHUe
NIPOCITEKTUBHOI'0 CPaBHUTE/IBHOTO UCC/Ie/JOBaHUS «CITy-
yali — KOHTPOJIb» C Pa3pabOTKOM Ha OCHOBe MOJTyYeH-
HbIX /IaHHbIX HeHpOCeTeBOM MOZe/U IIPOrHO3UPOBaHUS
CK/JIEPOTUUYECKOTO JIUXEeHA BY/IbBBI.

B uccnenoBanue Ob1M BKIFOUeHbI 404 uccienye-
MBIX YKEHCKOT'0 11o/1a B Bo3pacTte ot 20 mo 70 yieT, u3 HuX
y 344 yyacTHUL] ObUT KIMHUUECKU U MOP(OIOTHUECKH
YCTaHOBJIeH AUarHo3 « CK/1epOTUYeCKUiA JIMXEH BY/IbBbI»
(ocHOBHas K/IMHWYeCKasi FpyMra, CpefiHAN BO3pacT —
48,1 ron), a 60 >xentuH 6e3 CJI u Apyrux 3aboneBaHUi
BY/IbBBI OBI/T OTHECEHBI K TPYTITe KOHTPOJIS (CpeAHMiA
BO3pacT 45 5er).

Kpumepuu skaoueHus B vicciieloBaHye: HaJlu-
yue CJI By/bBbI (/1711 OCHOBHOM I'PYTIIIbI) U COIIaCcHe
Ha yyacTHe B UCCJ/Ie[lOBaHUU (B MMCbMEHHOM BH/JE).

Kpumepuu uckatoueHusi: 6epeMeHHOCTb, 1eKOM-
TIeHCUPOBaHHbIe COMaThYyeCcKre U ayTOUMMYHHbIe 3a-
OomneBaHust, OCTpbIe HH(EKIIMOHHBIE U OHKOIOTYe CKHIe
3ab0s1eBaHYS, HeKeJlaHe YUaCcTBOBATh B MCC/IEI0BAHHH.

s BblzieneHus ()akTOpOB PUCKA, CTaTUCTYECKY 3Ha-
YMMO B/IMSIFOLIMX Ha pUCK pa3BuTyst CJ1 By/bBbL, UCIO/b-
30Basics KO3(hUIMeHT paHroBoii Koppesisiiy CripMeHa.
[nsi cpaBHeHVs1 CpeHUX 3HaYeHUH KOMYeCTBeHHBIX (hak-
TOPOB PUCKa B TPyIIax (/1a, HeT) CK/IePOTUYeCKOro JIMXeHa
WCT0/Ib30BaHbl KpUTeprii MaHHa-YuTHU U CThIOAeHTa.
7151 OLleHKH CTereHr B3auMOCBSI3U Y MCCIIEJOBAHKS ee

GYNECOLOGY

CTPYKTYPbI MKy KaTeropuaabHbIMHU (hakTopaMu prcKa
CJ1 By/ibBbI OBUTH IIPUMEHeHBI TaOJTULIbI COTIPSKEHHOCTH
C KpUTepusiMU XU-KBazipat, craTucTikamu du, Kpame-
pa, Ko3(h(pUIeHTOM CONPSDKEHHOCTH, KO3 OUITEeHTOM
koppessitiiy CrivipmeHa. [Tpu pa3paboTke HelipoceTeBoi
Moze nporHo3upoBanusi CJ1 By/IbBbI B KauecTBe Liefie-
BOU (3aBUCUMOI) KaTeropyuaabHOW repeMeHHON MoZeu
ObLT BBIOPAH TIOKa3aTe b, OTpe/Ie IstoIi Haymuwe (71a),
WIM OTCYTCTBHe (HeT) pUCKa Pa3BUTHS 3a00/eBaHus,
a He3aBMCUMbIMH TlepeMeHHbIMH (TpeIMKTOpaMH MO-
Jies) ObLM BEIOpaHbI 10Ka3aTei CO CTaTUCTUYeCKU
3HAUMMBIMH KOPPEJISILIMOHHBIMU CBSI35IMH, OLIeHUBaeMbIMU
K03 duLmenToM Koppesisitiyu CriupmeHa (R), mpu R
He MeHblIle 0,2. [I7s1 orpesiesieHns UYyBCTBUTE/IbHOCTH
U Crie(pMYHOCTY HeMpoCeTeBoW MOJieNH, OTPaKaroLLX
ee TIPOrHOCTUYECKHEe CBOWCTBA, MPOBOJWIOCH IOCTPOEHNE
KPUBBIX OIeparjiOHHBIX XapakTeprucTHK (Roc-KpuBbIX)
Juis1 00yUaroIIel, KOHTPOJIBHOW U TeCTOBOM BBIOOPOK.

Pe3ynbTaTtbl M 06Cy)XAeHMe

Ha nepBom 3Tare uccnefoBaHusi, B pe3y/brare
NPOBEJIeHHOI0 CPaBHUTE/ILHOIO KOPPeJISILIMOHHOIO
aHa/M3a KJIMHUKO-aHaMHeCTUYeCKUX JJaHHbIX YKeH-
IIMH M3 KOHTPOJIbHOU rpymriel ¥ 60mbHbIX CJI By/b-
Bbl, OBLJTU yCTAHOB/IEHBI CTaTUCTUUECKU 3HAUNMbIe
(p < 0,05) dakropsl pucka pa3Butusi CJI ByIbBbI
(B mopsiike yObIBaHUS TI0 3HAUMMOCTH, C YKa3aHUeM
R): perynsipHoe 6puThbe U ApyTHe BUZbI eI
BOJI0C B 00/1acTv By/bBbI (—0,38); 60/bIII0e KOM4eCcTBO
aboptoB (—0,34); HollleHWe HIKHEro Oesibsi TpeuMy-
1I[eCTBEHHO C y3Kou nactoBuiieii (—0,32); Hanuuue
¢bubpo3HO-KUCcTO3HOM MacTonatuu (—0,29); mo3aHee
MeHapxe (15 net u crapiue) (—0,28); *UHTUMHAs TUTH-
eHa Bogoi (—0,27); HacTyrieHre MeHonay3bl (—0,25);
peLAUBUPYIOLLYEe BY/IbBO-BarMHaAbHble MHQEKLIUU
(-0,18); pergUBHUpYIOLIHIA OaKTepHaTbHBIN BArHHO3
(-0,18); HoIEeHNE HIDKHETO OesTbst IPeUMYILeCTBEHHO
¢ TpybObIMU 1IBamMU, Kpy>keBamu (—0,17); UHTUMHas
rurveHa nap@romepHeiMu cpesctBamu (—0,17); ayTo-
UMMYHHBIA TUpeouauT (—0,16) 1 oxxupenue 11 crenenu
(-0,16); 6onbI0e kKommuecTBo pozoB (—0,16). TIpu
3TOM, B X0/ie UCC/IeZI0BaHUs ObUTH TaK)Ke YCTaHOBJIEHbI
CTaThCTUUecKy 3HaunMble (p < 0,05) MHTUMHO-OBLITOBBIE
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Y TUTHeHnuecKue (DakTopbl, MOTeHLMAIbHO CHIDKAlOLe U3 HaTypasibHbIX TKaHel (0,42), oTCyTCTBUe WU pefjKoe
puck pa3sutust CJ1 By/ibBbI: IpUMeHeHue apMarieBT-  OpuTbe/feruisitys BybBbl (0,21); perysisipHasi o/ioBast
YeCKUX CPe/ICTB /11 YHTUMHOM r'MrveHsl, cofepKaumx  »ku3Hb (0,18) (Puc. 1).

MOJI04HY0 KUC0TY (0,73); HOILIeHHe HIDKHETO Oestbst

Puc. 1. KoppenaunoHHbI aHanua BAUAHUS 3HAaYUMbIX KITMHUKO-aHAMHECTUYECKNX (GaKTOPOB Ha PUCK pa3suTusi CJ1 BysbBbI
(p < 0,05). OTpuLaTENbHbBIE NOKA3aTENM JOCTOBEPHO MOBbIWaOT pyck CJ1 ByNbBbI. [0N0XUTENBHBbIE NOKA3aTeNN JOCTOBEPHO
cHwXKaroT puck CJ1 BynbBbl

Fig. 1. Correlation analysis of the influence of significant clinical and anamnestic factors on the risk of developing vulvar LS (p < 0.05).
Negative indicators significantly increase the risk of vulvar LS. Positive indicators significantly reduce the risk of vulvar LS
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Ha ocHOBaHuY BbISIB/IEHHBIX K/IMHHUKO-aHaMHe-
ctuueckux ¢akropos pucka CJI ByabBbI Oblsia pas-
paboraHa HelipoceTeBasi Mo/ieJib TPOrHO3UPOBAHKS
3aboneBanus. [Ipy 3ToM B KauecCTBe 1ie/1eBOH (3aBU-
CUMO¥1) KaTeropuajibHOH TlepeMeHHOW Mozieu ObuT
BbIOpaH T0Ka3areJib, OTpe/ie SO Halnure (1a), Win
oTcyTcTBHe (HeT) pyucka pa3sutus CJI By/bBEI, a He-
3aBHCUMbIMU [TepeMeHHbIMU (TTpeJUKTOpPaMy MOZeNN)
O BEIOpAHBI MTOKa3aTe/v CO CTAaTUCTUYeCKH 3HauM-
MBIMH KOPPeJISILMOHHBIMU CBSI3SIMU, OL|€HUBaeMbIMHU
ko3 durmenTom kKoppesisityu Cripmena (R), mpu R
He < 0,2.IIpu sTOM B MOZy/e « ABTOMaTU3UPOBAHHBIE
HeUPOHHbIE CEeTH» AAaTUMKOM C/y4yaliHbix uncen 404
00JIbHBIX OB pa3ziesieHbl Ha obydaroiyto (70 %)
BBIOOPKY — 284 ueJ1., KOHTpOo/bHYIO (15 %) U TeCTOBYIO

(15 %) BbI6OPKY 110 60 yes. ITog MPOM3BOAUTETBEHOCTBIO
CeTH NoZipa3yMeBaeTCs [0/1s1 ee MPaBUIbHBIX K/lacCU(u-
Kalui B %, M03TOMY K/IFOUeBbIM MOMEHTOM B OL|eHKe
MPOrHOCTUYECKUX CBOMCTB HEHPOCETH SBJISI€TCS MPO-
M3BOJUTE/ILHOCTh Ha TeCTOBOM BLIOODKeE. Y CeTH C BbI-
COKMMH MPOTHOCTUYECKMMU CBOMCTBaMM OHa JI0/KHA
OBITb HE MeHbIIIe POU3BOAWTENFHOCTH Ha 00yyJaroliieit
BbIOOPKe, B IPOTHBHOM C/Tydae HelpoceTeBast MOZe/b
Ha3bIBaeTCs nepeoOyueHHOU. M3 20 OCTPOEHHBIX
1 00y4eHHbIX HEHMPOHHBIX CeTel, MHOTOC/IOWHBIX TIep-
centpoHoB (Multilayered perceptron — MLP), 6bu1a
otobpana cetb MLP 39-16-2 (Puc. 2) ¢ Hawny4immu
MIPOTHOCTHUYECKUMU CBOMCTBaMH, OIpeZie/isieMbIMU [10-
Jielt IPaBUJTBHO K/IaCCU(HULIPOBAHHBIX CEThIO0 00BEKTOB
Ha 00yuaroiiel, KOHTPOJILHOW M TeCTOBOU BbIOOPKe.

Puc. 2. ApxutekTypa HeMpoHHOM ceTn MLP 39-16-2

Fig. 2. Architecture of the neural network MLP 39-16-2

GYNECOLOGY
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OO0111ast TOUHOCTD MPABUJIbHOM K/1acCUGUKAIIMM  KOTOPbIe, Hapsiy C MPOU3BOAUTEbHOCTSIMH, SIBJISIOTCS
XapaKTepUCTUKaMH MPOTHOCTUYECKUX CBOMCTB Moze/iel

cocraBuia 97,53.

Tak Kak peub HzieT 0 GMHapHOM KaccUdUKarim —
KareropyasibHbIN OTK/IMK MPUHUMAeT TOJBKO 2 3HaYeHHst
(7a, HeT), IMe/ach BO3MO)KHOCTh OTIPeIe/TUTh UyBCTBH-

TeLHOCTh U CITeU(PUIHOCTb HelpoCeTeBOW MO/Iey,

Pe3ynbTaThl NPOrHO3UPOBaHUA Ha 06yyvaloLLLeil, KOHTPO/IbHOI U TECTOBOI1 BbIGOpKax

Knaccudukanum (pucyHok 3). B Tabmiie mpejcras-
JIeHbI pe3y/bTaThl TPOTHO3UPOBAHKS Ha 00yuaroiiei,
KOHTPOJIbHOM U TeCTOBOM BbIOOpKaX.

Wtorn knaccudmkaumm
[MapameTpbl
MNakasarus CNB - pa |  cnB—wer CIB — Bee
0O6yyatoulas BbIGopka

MLP 39-16-2 Bce 241,00 43,00 284,00
[paBubHO 238,00 39,00 277,00

HenpaBuibHO 3,00 4,00 7,00

MNpasunbHo (%) 98,76 90,70 97,54

HenpaeunabHo (%) 1,24 9,30 2,46

KoHTponbHas Bblbopka

MLP 39-16-2 Bce 51,00 9,00 60,00
[paBuabHO 51,00 9,00 60,00

HenpaBuabHO 0,00 0,00 0,00
MpaBunbHo (%) 100,00 100,00 100,00

HenpasunbHo (%) 0,00 0,00 0,00

TecToBast BbI6OpKa

MLP 39-16-2 Bce 52,00 8,00 60,00
[paBuIbHO 52,00 8,00 60,00

HenpasusibHO 0,00 0,00 0,00
MpaeunbHo (%) 100,00 100,00 100,00

HenpasunibHo (%) 0,00 0,00 0,00

Prediction results on training, control and test samples
Classification results
Parameters
Data SLV —yes SLV —no SLV —All
Training set

MLP 39-16-2 All 241,00 43,00 284,00
Right 238,00 39,00 277,00

Wrong 3,00 4,00 7,00

Right (%) 98,76 90,70 97,54

Wrong (%) 1,24 9,30 2,46

Control sample

MLP 39-16-2 All 51,00 9,00 60,00
Right 51,00 9,00 60,00

Wrong 0,00 0,00 0,00
Right (%) 100,00 100,00 100,00

Wrong (%) 0,00 0,00 0,00

Test sample

MLP 39-16-2 All 52,00 8,00 60,00
Right 52,00 8,00 60,00

Wrong 0,00 0,00 0,00
Right (%) 100,00 100,00 100,00

Wrong (%) 0,00 0,00 0,00
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Puc. 3. MNpumep nporHosunpoBaHusa CJ1 BynbBbl B paspaboTaHHOW KOMMAbKOTEPHONM MporpaMmme
Ha OCHOBE HEMPOCETEBOW MOLENN

Fig. 3. An example of predicting vulvar SL in a developed computer program based on a neural network model

GYNECOLOGY
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V3 Tabnu1pl CriefiyeT, UTo UyBCTBUTETBHOCTH MO-
nemu nporHo3upoBanust CJ1 By/nbBbI Ha 0Oyuarolieit
BbIOOpKe coctaBwia 98,76 %, cnetuduunocts — 90,7,
a YyBCTBUTE/ILHOCTD U CIIeLU(UUHOCTb MOZE/T Ha KOH-
TPOJILHOM M TeCTOBOM BbIOOpKax coctaBuy 1o 100 %.

IIpu nocTtpoeHny RocC-KpUBBIX, XapaKTepU3yto-
IIUX MTPOrHOCTUYECKHE CBOMCTBA MO/ie/iel OMHAapHOM
KaccuyKaruu, TI0mazb moJ KpUBoi s o0yuaro-
1ield BBIOOPKY NpuHsiio 6ym3koe K 1 3Hauenue (0,99),
a moujab nos Roc-KpUBbIMU /17151 KOHTPOJIBHOM
Y TECTOBOM BBIOOPOK MPUHSI0 MaKCUMAaIbHO BO3MOXK-
HOe 3HaueHre — 1, YTO TakKe yYKa3bIBaeT BbICOKHE
MPOTHOCTHUECKHe CBOMCTBa pa3paboTaHHOW Mozenu
niporHo3upoBanHus CJI By/bBBI.

B uTore, 1o pa3paboTaHHOI HeHpPOCeTeBOM MoJien
Ha si3bIKe cH 1m1apr (C#) Obu1a co3aHa KOMITbIOTepHast
rporpamMMa, aBTOMaTHU3UpyoLLast IpoLielypy POrHO3U-
poBanusi pa3BuTus (13, HeT) CJI BynbBbl. IHTEpdeticHoe
OKHO IIPOrpamMMbl IIPHBeZIEHO Ha PUCYHKe 3 (IIprBesieH
TpYMep NPOrHO3a /1S IPOU3BOJILHOW NaLeHTKH).
3HaueHUs1 KaTeropyasbHbIX [T0Kasaresel (Ja, HeT) Bbl-
OvparoTCst BpauoM IpY MIOMOILY BBITIA/AF0IINX MEHIO,
a 3HaYeHMsl HellpepbIBHBIX TI0Ka3aresield BBOAATCS BpyY-
Hy10. [Tocsie BBeJjeHMs JAHHBIX MMALUEHTKU U Ha)KaTusi
Ha KHOTKYy «Paccuurtarb», iporpaMmMa IporHo3upyeT
BO3MOXKHOCTb (Z1a) W/IM HEBO3MOXKHOCTb (HET) Hamuusi/
pa3Burus CJI By/IbBEI.

Heobxonumo otmeTuTh, 4to CJI By/IbBHI CUKTA-
eTCsI TeHeTH4eCKU-JeTePMUHHUPOBaHHBIM 3aboJie-
BaHMEM, B CBSI3U C YeM, YCTAaHOBJIEHHbIE (DAKTOPbI
pHUCKa MOTYT CJIY>XUTbh TPUITEPOM ero pa3BUTHS,
B MIEPBYI0 O4Yepe/ib, y KEHILWH C TeHeTUUeCKOU Mpeji-
pacIioyioKeHHOCThIO K JaHHOMY 3aboseBaHuo [6,
12-14]. C gpyro# CTOPOHBI, AUCKYCCUU 00 ITUOIOTUN
v natoreHese CJI By/IbBbI IPOZIO/KAIOTCS, a JaHHbIe
MMPOBOM HayYHOUW JIUTEepaTypbl O BOSHUKHOBEHUU
3abosieBaHus, Haripumep, Ha ¢GOHe MpUMeHeHUs
HEKOTOpbIX (hapmalieBTHUeCKUX MpernaparoB, pa-
JUAlMOHHOTO 00/MyueHUsI U APYTUX (PaKTOPOB
y moBoJbHO Gosbitioro mpoijerTa (20 % — 80 %)
Hccie[yeMbIX, Hapsiy C HeOOJBbIINM MPOLIeHTOM
(5%—12 %) BLIAB/IEHUS CeMeNHOW/TeHeTHYeCKOU
rpeZpacnooKeHHOCTH cpejy nanueHTok co CJI
BYJIbBBI, CBU/JETE/IbCTBYIOT O BA)KHOCTH BbISIBIEHUS

84

¢axTopoB prcka CJI By/lbBBI ¥ TTPOTHO3UPOBAHUS
Ha UX OCHOBE BO3MOXHOCTH pa3BUTHS 3ab0eBaHUsI
[15-25].

BbiBogbl

Pa3paboTaHHast Ha OCHOBe T0/TyUeHHBIX CTaTH-
ctruyecku 3HaunMMbIX (p < 0,05) pakropoB pucka CJI
BY/IbBBI HelipoceTeBasi Mofiesib 00/1aZjaeT BHICOKUMU
TPOTHOCTUYECKUMU CBOWCTBAMM (Z10J11 MPaBUIbHOM
K/1acCci(YKaLMK Ha TeCTOBOM BEIOOPKE COCTAB/IsIeT Mak-
cUManbHO Bo3MoykHOe 3HaueHre — 100 %). HaricanHast
Ha ee OCHOBe KOMIbIOTepHasi Iporpamma rno3BossieT
aBTOMAaTH3UPOBATh NpoLeaypy nporHo3upoBanus CJI
BY/IbBbI Y TaL|Me€HTOK, YTO TI03BOJIUT Bpauy 3a KOPOTKOe
BpeMs1 OLIeHUTb PUCK Pa3BUTHS CK/IEPOTHUUECKOTO JTNXe-
Ha BY/IbBBI y MAL[UEHTKU U, B C/Iyyae HaJIMuus pUCKa,
JlaTb PeKOMeH/Jal[ii 0 HeoOX0AUMOCTH PeTY/ISIPHOTO
HabmroZieHrsl y Bpaua-THHEKO/IOoTa, a TakKe 0 Mepax
MPO(UIAKTUKH, HallpaB/IeHHbIX Ha WCK/IIOUeHUe WU
CHIDKEHHe B/IMSIHUS YCTaHOB/IEHHbIX (DaKTOPOB Ha PUCK
pa3BUTHS 3a00/IeBaHMSI.
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AnHoOTauA. AKmyaibHocmb. [10 HACTOSIIero MOMeHTa He YTUXal0T CIIOpPbI CPeAU YUeHbIX O ero STUOJIOTUY, [1aToreHese,
HOMEHK/IaTyPHOU MPUHA/IEXKHOCTY U (paKTopax pyCcKa pa3BUTHS CKIIEPOTHUYECKOTO JIMXeHa BY/IbBbI, UTO aKTyaan3upyeT HeoOXo-
[IMMOCTB TTPOBEZIeHVsI HayYHOTO TIOMCKA, HalpaB/IeHHOTO Ha pellleHre YKa3aHHBIX TpobseM. Leab ucc1e008aHusi — yCTaHOBUTD
CTaTUCTUUECKU 3HaUMMble KJTMHUKO-aHAMHeCTHUeCKre (hakTopbl pHCKa CK/IepOTUYeCKOTO JIMXeHa BY/IbBbl. Mamepuabl u MemoobL.
Bruta chopmrpoBaHa 3/1eKTpoHHast 6asa ¢ JaHHbIMY 344 GO/TBHBIX CK/IEPOTHYECKHUM JIMXEHOM BY/bBbI U 60 »KeHII|H Oe3 3aboeBaHui
By/bBbI B Bo3pacTe 20—70 sieT 0 Hac/aeCTBEHHOM, aKylllepCKO-THHEKOJIOTMUeCckoM, COMaTHyeCKOM U MH(PEeKLIMOHHOM aHaMHes3e.
IIpoBeseH cTaTUCTUUECKUM CpaBHUTE/IbHbII KOPPeJISILMOHHbIN aHanu3 Mo/TyuyeHHbIX JaHHBIX C IpUMeHeHneM K03 duiieHTa
koppessitiuu Crimpmena (R > 0,15), Herapametpuueckux U-kputepusi ManHa — YutHu u t-kputepus CtbiofenTa (p < 0,05),
KputepueB Xu-KBajpart, cratuctikamu ®u, Kpamepa. Pe3yibmambi u 0b6cyscoeHue. YCTaHOBNEHBI CTaTUCTUYECKU 3HAUMMbIe
(p < 0,05) chaxTOpBI pHCKa pa3BUTHs CKJIEPOTHUECKOTO JIMXeHa By/bBHI (R, B mopsiake yobiBaHMs): Hanuure Gpubpo3HO-KUCTO3HON
Mactonatu (—0,29); no3aHee meHapxe (15 et u crapie) (-0,28); HacTyrieHre MeHornay3bl (—0,25); peLliAUBUPYIOLIHE BY/IbBO-
BarvHasbHble uHQekuu (—0,18); penyauBupytomumii 6akrepranbHbii BaruHo3 (—0,18); ayroummyHHBIH TpeonauT (—0,16)
n oxupenue 11 crenenu (-0,16). Takxke cpeHee 3HaueHYe KosmuecTBa aboptoB u pozioB (1,23 u 1,49, cOOTBETCTBEHHO) B TPyIIIe
OOMTBHBIX CK/IEPOTUYECKHUM JIMXEHOM BYJIBBBI CTAaTUCTHUECKH 3HaunMo Oosbiie (p < 0,05), uem cpepnee 3Hauenue (0,27 u 1,13,
COOTBETCTBEHHO) B IPyTIie KOHTPO/s. Bbigoobl. [TonyueHHbIe JaHHbIE O BAUSIHUM O’KUPEHHUS U ayTOMMMYHHOTO TUpeouuTa
Ha PUCK pa3BUTHS CKJIEPOTUUECKOrO JIMXeHa BYJIbBbI COIIACYIOTCS C pe3y/bTaTaMi MUPOBBIX UCCeS0BaHUM U TIOATBEPKAAI0T
CBs13b 3a00J1eBaHUs C ayTOMMMYHHBIMY Y MeTab0/IMue CKUMY HapyIIeHUsIMU. PeliuZiiBUpYOLIYe BY/IbBO-BarvHa bHble MHPEKIMH
Y [UCOMOTHYEeCKYe TIPOLIeCCHI BO B/larasviie MOTyT ObITh KakK MPUYMHOMN BO3HUKHOBEHUSI, a TaK U C/IeCTBUEM JIMXeHA BY/IbBBI.
B3anMocBsi3b Mexy ¢prubpo3HO-KUCTO3HOM MacTonaTvel U CKIepoTHYeCKUM JIMXEHOM BYJ/IbBBI OCTAeTCs AUCKYCCHOHHON
1 TpebyeT A0MOMHUTEBHBIX UCC/e[joBaHUH. [103Hee MeHapXe, HACTYTIIEHHe MEHOMay3bl, O0JIBIIIOe KOMMUeCTBO abOPTOB M POZIOB
TaK)Ke MO)KHO CUMTaTh TPUITepaMH CKJIEPOTHUECKOTO JIMXeHa BY/IbBBI Y MaljUeHTOK C TeHeTUUYeCKO Ipe/jpaciooKeHHOCTHH0
K 3abosieBaHuIo.
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Obstetric, somatic and infectious risk factors for vulva sclerotic lichen

Lyudmila K. Osipova' ', Ekaterina V. Kolesnikova' >

Alexander V. Zharov"? ', Milena A. Penzhoyan'

! Kuban State Medical University, Krasnodar, Russian Federation
2 Regional Clinical Hospital No. 2, Krasnodar, Russian Federation
D jokagyno@rambler.ru

Abstract. Relevance. Until now, disputes among scientists about its etiology, pathogenesis, nomenclature and risk factors for
the development of vulvar lichen sclerosis have not subsided, which actualizes the need for scientific research aimed at solving
these problems. The aim of the study — to establish statistically significant clinical and anamnestic risk factors for vulvar lichen
sclerosis. Materials and Methods. An electronic database was formed with data from 344 patients with lichen sclerosus of the
vulva and 60 women without vulvar diseases aged 20-70 years on hereditary, obstetric-gynecological, somatic and infectious
history. A statistical comparative correlation analysis of the obtained data was carried out using the Spearman correlation coefficient
(R > 0.15), nonparametric Mann — Whitney U test and Student t test (p < 0.05), Chi-square tests, Phi and Cramer statistics. Results
and Discussion. Statistically significant (p < 0.05) risk factors for the development of vulvar lichen sclerosus (R, in descending order)
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were established: the presence of fibrocystic mastopathy (—0.29); late menarche (15 years and older) (-0.28); onset of menopause
(-0.25); recurrent vulvo-vaginal infections (—0.18); recurrent bacterial vaginosis (—0.18); autoimmune thyroiditis (0.16) and stage
IT obesity (-0.16). Also, the average number of abortions and births (1.23 and 1.49, respectively) in the group of patients with lichen
sclerosis of the vulva is statistically significantly greater (p < 0.05) than the average value (0.27 and 1.13, respectively) in control
group. Conclusion. The data obtained on the impact of obesity and autoimmune thyroiditis on the risk of developing vulvar sclerotic
lichen are consistent with the results of global studies and confirm the association of the disease with autoimmune and metabolic
disorders. Recurrent vulvo-vaginal infections and dysbiotic processes in the vagina can be both a cause and a consequence of
vulvar lichen. The relationship between fibrocystic mastopathy and vulvar lichen sclerosus remains debatable and requires further
research. Late menarche, the onset of menopause, a large number of abortions and childbirth can also be considered triggers for
vulvar lichen sclerosus in patients with a genetic predisposition to the disease.
Keywords: lichen sclerosus, vulvar lichen, lichen sclerosus, risk factors, comorbidity, vulva
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BBepneHue raroreHe3e U HOMEHK/IaTyPHOU MPUHA/IJIE>)KHOCTH,

Ckneporuyeckuii ivxeH (CJI) Ha ceroAHSIILIHUMA
JleHb pacCMaTpUBaeTCsl, KaK XpOHUYeCKUM BOCIa-
JIUTe/IbHBINA AepMaro3, MPOsIBSIOLUNCS 04aroBou
auctpoduel U aTpodueli KoKy, MperMy1eCTBEHHO
aHoreHUTa/ILHOM 06/actu [1, 2]. Haubosee yacto CJI
BO3HMKAET Y >KeHII[MH Perpo/[yKTUBHOTO, ITepu- U T0-
CTMeHOI1ay3aabHOro fepuo/ia (B OCHOBHOM, B BHU/Ie
CJ1 By/ibBBI), HO MOXKET BCTPEUAeTCs Y ZieTel, a Takxke
MY>KUMH r060ro Bo3pacrta [3, 4].

Hecmortps Ha To, uto ynomuHanus o CJI nmerorcs
ellle B HayuHbIX Tpygax XIX B., 10 HACTOSIILIETO MOMEHTa
He YTUXaloT CIIOPbI CPe/IN YUEHBIX O ero 3TUOJIOTHH,

88

a B MOCJ/IeHYE TOABI BOMIPOCHI AMArHOCTHUKHY U JIeYeHUst
CJI By/bBBI SIBJITFOTCST OZTHOM W3 Harboiee akTyambHBIX
TeM B TMHEKOJIOTHU U iepMarosioruu [5, 6]. Tak, B ma-
ToreHe3e CJI By/IbBbl OCHOBHYO POJib Ha CErOHSLIHUN
JleHb OTBOJSAT ayTOUMMYHHBIM HapyLIeHHsIM, TIPU 3TOM
OOJIBIIIMHCTBO UCC/Ie0BaTe el yKa3bIBalOT TAKXKe
Ha TeHeTUYEeCKYIO MpeipacrioNioKeHHOCTh K 3abore-
Banuio [1, 7, 8]. B To ke Bpemsi, BOIIPOC 0 BO3MOXHBIX
(hakTOpax prcKa pa3BUTHS 3a00/IeBaHUSI OCTAETCS AUC-
KyCCHOHHBIM. Tak, B TIOC/ie/IHME TO/Ibl TTOSIB/ISTFOTCSI
JJaHHbIE O BO3MO)XHOM BJTUSTHUN M30BITOUHOM MacChl
TeJa, OXKUPEHHsI, MaJIOTIO/[BXKHOTO 00pa3a »KU3HU,
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caxapHoro Auabera, MeTabomMueCcKUX HapyleHUH
Y apTepuasbHOM TUIepTeH3uu Ha pycK passutus CJI
BY/bBBI [9—12]. Takke B KaueCTBe TIPOBOL[MPYIOLHUX
(hakTOpOB pa3BuUTHs 3a00/1€BaHUS paCCMaTPUBAIOTCS
TpaBMaTH3aLys BY/IbBbI, B TOM UYMUCJ/Ie B pe3y/ibTaTe
CeKCyaJIbHOT'O HaCW/IWs, XUPypruveckue MpoLesyphl
B 00/1aCTH BY/IbBBI, BK/TIOUAsl MHTUMHBIN TUPCHHT, a TaK-
JKe HapylleHWe UHTUMHOM TMI'ieHbl, HeZlepyKaHie MOYr
u ap. [13-17]. HekoTopble aBTOPbI pacCMaTpPUBAtOT B Ka-
yectBe Tpurrepa CJI By/bBbI XpOHUYECKHE PEeLIIUBU-
pyoLL1e BY/IbBO-BarMHabHble UHPEKL[H, B TOM YHC/ie
Bbi3BaHHbIe UIIIIII, BITY u BIII', a TakKe IJIMCTHBIE
VHBa3UU U Bo3zelicTBUe annepreHoB [18—-20]. OpHako,
MH(EKIMOHHBIN ()aKTOP, KaK ¥ BO3MOXKHOE B/IMSIHUE
ropMOHa/IbHOTO (oHa Ha pa3ButHe CJI By/IbBbI OCTaIOT-
Cs1 KOHTPaBEPCUOHHBIM, a I0CTOBEPHbIE UCC/Ie0BaHuS,
TIOATBEPIKJAt0LLIMe 3Ty CBsI3b, K HACTOSILLEMY BpeMeH!
OTCYTCTBYIOT [6, 21, 22]. B TO ke BpeMsi, B moc/ie[-
HYe TO/bl MOSIBJISIFOTCS [JaHHbIe 0 TAKUX ATPOreHHbIX
takTopax CJI By/bBBI, KaK paZialjiOHHOE 00myueHe
(Tipu TeueHNM OHKO3ab0sIeBaHMiA) U TTPHeM HEKOTOPBIX
JIEKapCTBEHHBIX CPeJCTB (CTaTUHbI, UMMYHOOHKOIO-
ruyecKue rpernaparbl neMOposim3ymab, HUBoymMmab
u p.) [12, 23-27]. Takum 06pa3om, BOTIPOC BIUSHUS
oripefie/IeHHbIX 9K30Te€HHbIX U 9H/IOTeHHBIX (DAaKTOPOB
Ha puck pa3Butus CJI ByIbBbI OCTaeTCs OTKPBITHIM
U TpeOyeT rpoBeJeHus JaTbHeHIINX UCCIe0BaHHUM.

enn ncciegoBaHusl — yCTaHOBUTh CTaTUCTHYe-
CKH{ 3HauuMble KJIMHUKO-aHaMHeCTHYecKue (pakTophl
PUCKa CKJIEpOTAYECKOIO JINXEHA BYJ/IbBEL.

MaTepman bl U ME€TOA Dbl

u3aiiH paboThI ObLT TOCTPOEH B BH/ie KOTOPTHOTO
CPaBHUTEJILHOTO UCC/IeJOBaHUS «CJTydail — KOHTPOJIb»
¢ yuactrieM 344 6ombHbIX CJ1 By/ibBBI B Bo3pacTe ot 20
1o 70 net (ocHOBHas ucciieqyeMas rpyrma) v 60 >keHIIyH
TOM >Ke BO3PACTHOM KaTeropuu 0e3 3a00/1eBaHMIA BY/TbBBI
(rpyrina koHTpoOJIsi). ViccnemoBanye Ob1I0 pOBeieHO
TI07, PYKOBOZCTBOM /1. M. H., TpOoeccopa, 3aBe/yIoLlero
Kadezipoii aKy111epcTBa, FTMHEKOIOTMY U TIepUHATO/I0T MU
@I1K u II1C ®I'BOY BO Ky6I'MY Mun3zzapasa Poccun
[MemxosiHa I.A., Ha 6a3e kadeaps! (TTepuHaTaIBHBIN
ueHTp ['6Y3 KKBNe 2 M3 KK), ogo6peHo 3THueCcKuM

GYNECOLOGY

komureroM PI'BOY BO KyoI'MY Mun3szapasa Poccun
(mpotokon Ne 103 ot 12.10.2021 r.). Bce uccnenyembie
TIOATIHCBIBAIK MH(GOPMHUPOBAaHHOE coracue Ha cbop
11 00pabOTKy aHaMHeCTHYeCKUX JJAHHBIX, OOIeK/THHN-
YyecKoe ¥ THHEKOJIOTHUecKoe 00c/iejoBaHNe, a TaKKe
JOTOTHUTEbHBIE AMarHOCTUYECKUEe MEPOTIPUSITHS B paM-
Kax IMPOBOAMMOr0 ucciefioBanus. [lnarnos «CKiepoTu-
yeCKHM JIMXeH BY/IbBbI» y UCC/IeZIyeMbIX U3 OCHOBHOM
K/IMHWUYEeCKOM I'PYTIITbl YCTaHAB/IMBa/ICSd HA OCHOBaHUM
)Kasi00 ¥ KIIMHWYeCKOM KapTHHBI 3a00/1eBaHMs, a TaKKe
OBLT TIOATBEP K IeH MMCTOIOrnuecK. KpruTepusiMi BKITO-
YeHUsl B MCC/IeZl0BaHUe SIB/IS/TUCH BO3PACT UCCIelyeMbIX
ot 20 go 70 net, Hammuue CJI By/bBHI (17151 OCHOBHOU
WCC/IelyeMOM Tpynibl) U Halnure MH(POPMUPOBAHHO-
r'0O COIVIaCHsl JKeHIIMH Ha ucciefoBanve. Kpurepusmu
VICK/TFOUEHUS SIBJIS/TUCh HAa/IMUMe Ha MOMEHT UCCef0-
BaHWs1 BUPYCHBIX UH(EKIUM YPOreHUTaIbHOTO TpaKTa
B akTMBHOM ctaguu (BITY, Bupyc npocrtoro repreca
(BIIT") u gp.), uHdekiyi, repejaBaeMbIX MMOTOBbIM
MyTeM, OCTPbIX BOCHAUTE/IbHbIX MPOLECCOB (B TOM
Yuicsie By/IbBUT U BarMHUT), OHKOJIOTHUeCKUX 3aboje-
BaHWM, TSDKeJIOM [IeKOMITEHCUPOBAaHHOM COMaTUUeCKOM
MaTo/0TUH (B TOM UHKCJie ayTOUMMYHHOM), HaJluure
GepeMeHHOCTH Ha MOMEHT MCC/Ie[JOBaHuSI.

[l BBISIB/IEHUS] CTaTUCTAYECKY 3HAUMMBIX K/IMHUKO-
aHaMHeCTHYeCKHX (akTopoB pucka CJI By/bBbI, C TOMO-
IIbFO TIPOrpaMMHOTO0 0becrieueHust Microsoft Excel 2016
Obu1a chopMHpOBaHa 371eKTPOHHast 6a3a JaHHBIX C OC-
HOBHOM MH(OpMaL1eil 0 Hac/IeZICTBEHHOM, aKyIlepCKO-
TMHEKO/IOTMUeCKOM, COMaTUueCKOM M UH(PEKLIMIOHHOM
aHaMHe3e, a TaKKe JAHHBIMU 00BeKTHBHOTO K/TMHUYECKO-
T'0 ¥ THHEKOJIOTHUeCKOro 00c/iejoBaHNi yuacTHULL. st
BbIsIB/IeHUS (DaKTOPOB PHCKa, CTaTUCTUYECKU 3HAYUMO
B/USIIOIIMX Ha pUCK pa3Butusi CJI By/bBBI, UCIOMb30-
BaJics KO3 ULMeHT paHroBoi Koppesiiyu CriipMeHa.
[7151 cpaBHEHMS CpeJHUX 3HAUeHUI KOIMUeCTBEHHBIX
(akTopoB pHcKa B rpymmax (za, Het) CJI By/ibBbI ObLTH
VICTI0/Tb30BaHbl KpuTeprii MaHHa- YuTHy U CThIOfIeHTa.
J17151 OLleHKH CTeTeHy B3aUMOCBSI3U U UCCIIe/IOBaHuS ee
CTPYKTYPbI MeX[y KaTeroprajibHbIMU ()aKTOpamMu pUCKa
CJI BynbBbI OB MPUMeHEeHBI Tab/IHLbI COTPSDKEHHOCTH
C KpuTepusMu Xu-KBajpart, cratucTiukamu du, Kpamepa,
K03(HULIMEHTOM COTPSYKeHHOCTH, KO3 dHULIeHTOM
Koppesisiuu CrimpMeHa.
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PesynbraTtbl u 06cyxaeHue

(moteHuanbHBIMU (pakTopamu pucka CJI By/bBBI)

[TpoBefeHa OljeHKa CTeTleH! B3aUMOCBSI3U MeXXy U puckom pasutusi CJI BysbBeI (Tabs. 1).

MO/JIy4Y€HHBIMU K/TMHUKO-dHAMHE CTUYE€CKUMU [JdHHBIMH

Tabnuya 1
KnuHuko-aHaMHecTUYecKUue AaHHble uccneayembix
lMepeMeHHble PaHroBble koppensumu CnupmMeHa

MeHapxe (neT) -0,280350
HacTynneHve meHonaysbl (neT) -0,25251

KonunyectBo popos -0,160161
KonunvecTteo abopTtoB -0,334978
OKM -0,284102
Peunpgunsupytoume BBU -0,182216
WM B aHaMHese -0,150656
MBW B aHaMHe3e 0,152741

PeuunaveupytoLwmin 6aktepuanbHblil BarmHo3 -0,175016
AUT -0,158112
OxxupeHue Il cT 0,156266
MpuBbIYHOE HEeBbIHALIMBAHWE GEPEMEHHOCTH 0,051231

Hauyano nonoBoiu xu3Hu (ner) 0,025291

becnnogue B aHaMHese 0,121358
HapyLieHust MeHCTpyasibHOrO LiMK/a B aHaMHese 0,070676
Mwuoma maTku 0,111155
3HaoMeTpros 0,008931

OKTOMMUSA/IKTPOMMOH LLEVKM MATKN Ha MOMEHT 06Cef0BaHNsA 0,132691

[eHnTanbHbIN repnec B aHamMHese 0,012828
[Ouncnnasusa wenkn maTtku | cT B aHaMHe3e 0,101207
Oucnnasus wenkn maTku ll-lll cT B aHaMHese -0,020804
OCTPOKOHEYHbIe KOHANIOMbI BYNbBbI M Bflaranua B aHamHese 0,090524
B30OMT B aHaMHese -0,113465
MMnepnponakTMHeEMUs B aHaMHe3e 0,112665
MMnepaHgporexHus 0,120485
MMnepnnasusa 1 NoNumnbl 3HAOMETPUS B aHaMHese 0,073383
BbisiBfIeHHble ayTOUMMYHHble 3a6oneBaHus (kpome AUT) -0,029458
CeppevHo-cocyancTble 3a6oneBaHUsA (KOMMEHCUPOBAHHbIE) 0,147862
HeunHdekunoHHble 3a6oneBaHnsA Noyek -0,041763
NHbekunn MoveBbIBOAALLMX NyTEN -0,041315
CaxapHblit anabeT 2 Tuna -0,134051
MNoTMpeos (KOMMNEHCUPOBaHHbI) 0,133288
TUPeoTOKCUKO3 (KOMMNEHCUPOBAHHbI) -0,084809
Xp.3aboneBaHus XKT 0,110503
Xp.3aboneBaHus fbixaTeNbHOW CUCTEMDI -0,138445
OxupeHue | cT 0,127462
Oxxupenue lll cT -0,100225
OednumT maccol Tena -0,038875
XpXKOA B aHamHese -0,137978
CeMenHbIM aHaMHe3 o CJ1 ByNbBbl U paKy BY/bBbl -0,128623
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Table 1
Clinical and anamnestic data of the studied
Variables Spearman’s Rank Correlations

Menarche (years old) -0,280350
The onset of menopause (years) -0,25251

Number of births -0,160161
Number of abortions -0,334978
FCM -0,284102
Recurrent VVI -0,182216
History of STls -0,150656
History of HPV 0,152741

Recurrent bacterial vaginosis -0,175016
AIT -0,158112
Obesity Il st 0,156266
Habitual miscarriage of pregnancy 0,051231

The beginning of sexual life (years) 0,025291

Infertility in the anamnesis 0,121358
Menstrual cycle disorders in the anamnesis 0,070676
Uterine fibroids 0,111155
Endometriosis 0,008931

Ectopia/ectropion of the cervix at the time of examination 0,132691

A history of genital herpes 0,012828
Cervical dysplasia of the first stage in the anamnesis 0,101207
Cervical dysplasia II-Ill ct in the anamnesis -0,020804
Genital warts of the vulva and vagina in the anamnesis 0,090524
A history of hacking -0,113465
A history of hyperprolactinemia 0,112665
Hyperandrogenism 0,120485
History of endometrial hyperplasia and polyps 0,073383
Identified autoimmune diseases (except AIT) -0,029458
Cardiovascular diseases (compensated) 0,147862
Non-communicable kidney diseases -0,041763
Urinary tract infections -0,041315
Type 2 diabetes mellitus -0,134051
Hypothyroidism (compensated) 0,133288
Thyrotoxicosis (compensated) -0,084809
Chronic gastrointestinal diseases 0,110503
Chronic diseases of the respiratory system -0,138445
Obesity | st 0,127462
Obesity of the Ill st -0,100225
Deficiency of body weight -0,038875
Chronic iron deficiency anemia in the anamnesis -0,137978
Family history of SLV and vulvar cancer -0,128623

CepbIM 11BeTOM B Tabwile 2 BbI|eIeHbI TTepeMeH-
HbIe CO CTAaTUCTUYECKU 3HAUMMBIMU KOPPeJISIIUOHHBIMU
cesi3sivu (R > 0,15), mprdem, yem OoJiblile TI0 MOZYITFO
3HaueHHe Ko3hPuiieHTa KoppesisiLiiy, TeM CUTbHee
B/MsiHUE (PakTopa Ha pycK pa3BuTus CJI By/bBbI.

GYNECOLOGY

[Hasee, ¢ njenbro OL[eHKU BIMSHUS yCTaHOB/IEH-
HBIX 3HAUMMbIX aHaMHeCTHUeCcKuX JaHHbIX (R > 0,15)
Ha puckK pa3sutus CJI By/IbBEI, B (Jydae KOJIMUeCTBeH-
HOTO T0Ka3areJisi, CD)aBHUBAIMCh CpeJiHUe MoKa3aTenu
B OCHOBHOU U KOHTPOJIbHOM rpynmax (tabm. 2 u 3).
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Tabnuya 2
OnucaTenbHble CTaTUCTMYECKUE JaHHbIe KONIMYEeCTBEHHbIX NoKa3aTenei (pakTopos pucka CJ1 BynbBbI
(nauymeHTKM co CJ1 Bynbebl, h = 344)
OnucaTenbHble CTaTUCTMKK (YCIIOBUE BKITHOUEHMS: V1=1)
lMepemMeHHas
P CpepHee MeaunaHa MuHUMYyM Makcumym HKHss BepxHsis Crart. oTKN.
KBapTunb KBapTunb
MeHapxe (neT) 13,90 14,00 10,00 17,00 13,00 15,00 1,47
Konuvecteo abopTtoB 1,23 1,00 0,00 5,00 0,00 2,00 1,10
KonunyectBo pogoB 1,49 2,00 0,00 3,00 1,00 2,00 0,74
Table 2

Descriptive statistical data on quantitative indicators of risk factors for vulvar SL (patients with vulvar SL, n= 344)

Descriptive statistics (inclusion condition: v1=1)

Variable
Average Median Minimum Maximum Lowgr Uppgr Stat. deviation
Quartile Quartile
Menarche (years old) 13,90 14,00 10,00 17,00 13,00 15,00 1,47
Number of abortions 1,23 1,00 0,00 5,00 0,00 2,00 1,10
Number of births 1,49 2,00 0,00 3,00 1,00 2,00 0,74
Tabnuya 3
OnucaTenbHble cCTaTUCTMYECKUE JaHHbIe KONMYeCTBEHHbIX NoKa3aTenei (pakTopoB pucka CJ1 BynbBbI
(>KEeHLLUHbI U3 rpynnbl KOHTpons, n = 60)
OnucaTenbHble CTaTUCTMKK (YCIoBUE BKIOYEHMS: v1=1)
MepemeHan HwmxHasa HwmxHaa HwxHsaa 2 IGEE] HwxHas BepxHsasa Crar.
KBapTunb KBapTunb KBapTtunb KBapTtunb KBapTunb KBapTunb OTKJI.
MeHapxe (neT) 12,83 13,00 11,00 15,00 12,00 13,50 0,89
KonuvecTteo abopTtoB 0,27 0,00 0,00 2,00 0,00 0,00 0,55
KonuyectBo pogos 1,133 1,00 0,00 3,0000 0,00 2,00 0,89
Table 3
Descriptive statistical data on quantitative indicators of risk factors for vulvar SL (women from the control group, n = 60)
Descriptive statistics (inclusion condition: v1=1)
Variable
. - . Lower Upper Stat.
Average Median Minimum Maximum Quartile Quartile deviation
Menarche (years old) 12,83 13,00 11,00 15,00 12,00 13,50 0,89
Number of abortions 0,27 0,00 0,00 2,00 0,00 0,00 0,55
Number of births 1,133 1,00 0,00 3,0000 0,00 2,00 0,89

B pesysibrare cpaBHUTE/IBHOTO aHaMKM3a 803pacma

MeHapxe, Koauuecmea abopmos u Koauuecmed pooos
y HMCC/ielyeMbIX OBIJIO OCTOBEPHO yCTAaHOBJIEHO
(p < 0,05), uto cpeanee 3Hauenue (13,90, 1,23 u 1,49,
COOTBETCTBEHHO) B rpymrie 00/bHBIX CJI ByIbBbI
CTaTUCTUYECKH 3HAUUMO 0O0JIbIlle, YeM CpefiHee 3Ha-
yenue (12,83, 0,27 v 1,13, cOOTBETCTBEHHO) B TpyTIIIe

KOHTPOJIA.

B cnyuae kKaTeropuasbHOTO TOKa3aTesist CpaB-
HUBAJIOCh pacripefie/ieHle 4acTOT B OCHOBHOU (Za)

Y KOHTPO/IbHOM (HeT) UCCaelyeMbIX Fpymnnax.
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Tak, Ha prcyHKe 1 rokKa3aHoO, UTO B KOHTPOJIbHOM

rpytre («HeT») y O0JbIIMHCTBA UCCIeAyeMbIX (68 %)
MeHonaysa elle He HACTYMWIA, a B Tpyrine 00/b-
HbIX CJI By/nbBBI («Za»), K MOMEHTY UCCJ/ie/JOBaHUS
MeHOIay3a y’ke HacTymnuia B 66 % ciyuaes. Hamnune
(«ma») u oTcytcTBUe («HEeT») (prubpo3HO-KUCTO3ZHOU
mMacronaruu (PKM) okaszanock NpUMepHO OAUHAKOBO

pacripefiesnieHo B rpyrre 60abHbIX CJI BY/bBEI, B TO

(puc. 2).

BpeMs KaK B KOHTPOJIbHOW Tpymnie B 3HAUMUTe/TbHON
crerneHu mpeobsagano orcyrtcreue KM (88 %)
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KaTteropus.ructorpamma: Ckn. nuxeHa x HactynneHue meHonaysbl (fneT)
240

220 1r
200 1r
180 11
160 1r
140 - 4t
120 + 4t

100 t 1t b

Ne Habn.

80 | 1t E

60 1t b

40 t 1t b

20 f 1t b
)

Aa HeT Aa HeT

Ckrn. nuxeHa: HeT Ckn. nuxeHa: ga
HacTtynneHue meHonay3bl (neT)

Puc 1. KaTeropuanbHblii nokasaTenb «HacTynneHve MeHonay3bl» B rpynmne 60nbHbIx CJ1 BynbBbl (N = 344)
W KEHLLMH M3 rpynnbl KOHTpons (n = 60)

Fig 1. The categorical indicator of “menopause onset” in the group of patients with vulvar LS (n = 344)
and women from the control group (n = 60)

GYNECOLOGY
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DKM

Puc. 2. KateropuanbHbiit nokasatenb «PKM» B rpynne 6obHbIx CJ1 BynbBbI (N = 344)
¥ B rpymnne ycnoBHO-30POBbIX XeHLWH (n = 60)

Fig. 2. The categorical indicator “FCM” in the group of patients with vulvar LS (n = 344)
and in the group of conditionally healthy women (n = 60)
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KaTteropus.ructorpamma: Ckn. nuxeHa x Peunaneupyrowine BBU
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40 |
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0

HeT Aa

Ckn. nuxeHa: HeT

HeT Aa

Cknn. nuxeHa: ga

Peunausnpytowmne BBU

Puc. 3. KaTeropvanbHbiii nokasaTesnb «PeunaneupyroLine BynbBo-BarMHasbHble MHdekUmn (BBN)»
B rpynne 60nbHbIx C/1 BynbBbI (N = 344) 1 B rpynne yCIoBHO-300POBbIX XKEHLMH (N = 60)

Fig. 3. The categorical indicator “Recurrent vulvovaginal infections (VVI)" in the group of patients with vulvar LS (n = 344)
and in the group of conditionally healthy women (n = 60)

Ha pucynke 3 BUAHO, UTO >KEHILUHBI U3 KOH-
TPOJIBHOM I'PYIIIIbI UMe/IM B aHaMHe3e peLjuiuBUpPY-
I0L[Me By/IbBO-BarvHabHble nHpeKkuu (BBN) muib
B 6,67 % cyudaeB, a y 60/bHBIX CJI BY/IbBBI 3TOT aHa-
MHeCTUUeCKHUH TloKa3aresb oTMedascs y 49 %.

GYNECOLOGY

Kpowme Toro, ropazmo uarrie (27,91 %) B aHamMHe3e
60sbHBIX CJI BY/IbBBI IMEJT MECTO PeLIMAVBUPYIOIIUN
bakrepuanbHbIi BarnHo3 (BB), B To BpeMst Kak y >KeH-
IIIMH W3 TPyl KOHTPOJIS OH MMeJICSi B aHaMHe3e
Jinib B 6,67 % ciydaeB (puc. 4).
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KaTteropus.ructorpamma: Ckn. nuxeHa x Peungusupyowmin 6aktepumanbHbii BarmHO3

 ——

HeT Aa HeT Aa
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Peungmsupyowmm 6aktepuarnbHbii BarmHo3

Puc. 4. KateropuanbHbliii nokasatenb «Peuuavsupytolmin 6B B aHamHese» B rpynne 60nbHbIx CJ1 BynbBbI (N = 344)

W KEHLLMH U3 rpynnbl KoHTpons (n = 60)

Fig. 4. The categorical indicator “Recurrent BV in the anamnesis” in the group of patients with vulvar LS (n = 344)

and women from the control group (n = 60)
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C pyroi CTOpPOHBI, B IPyTIITe 3/[0pPOBbIX UCC/IeAY-
eMbIx 26,67 % uenoBeK UMev B aHaMHe3e UH(eKIuH,
riepeZiaBaemMble 11oyioBbIM TiyTeM (MTIITIIT), B To Bpemsi

Ne Ha6n.

350

300 |

250

200

150

100 ¢

50 r

Kak B rpyrre 60mbHbIX CJI By/IbBBI 3TOT aHAMHECTH-
yeCKUW TOKa3aTe/lb OTMeYasicsi 3HauUUTebHO pexe
(B 11,92 % cnyuasx) (puc. 5).

KaTteropwua.ructorpamma: Ckn. nuxena x UMMM B aHamHese

——

Aa HeT

Ckn. nuxeHa: HeT

aa HeT

Ckn. nuxeHa: ga

UMM s anamHese

Puc. 5. KaTteropunanbHbiii nokasatenb «/MMIM B aHaMHese» B rpynne 60/bHbix C/1BynbBbl (N = 344) 1 B rpynne KoHTposs (n = 60)

Fig. 5. Categorical indicator of “history of STIs” in the group of patients with vulvar LS (n = 344) and in the control group (n = 60)

GYNECOLOGY
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Bosee Toro, B KOHTPO/ILHOM TpyIIIle Manu1Io-
MaBUpycHY10 HH(pekuto (IIBU) B aHaMHe3e nmenu
15 % >keHIIWH, B TO BpeMs Kak B rpyre 60mbHbIx CJT

BY/IbBBI 3TOT aHAMHeCTHUEeCKUI TI0Ka3aTesib ObIT 0OTMe-
yeH JiULIb y 4,65 % malueHToK (abCOMIOTHBIE YaCTOThI
Trpe/iCTaB/IeHbl Ha PUCYHKe 6).

KaTteropus.ructorpamma: Ckn. nuxeHa x NBU B aHaMmHe3e
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Fig. 6. The categorical indicator of “PVI in anamnesis” in the group of patients with vulvar LS (n = 344)
and in the group of conditionally healthy women (n = 60)
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AyTtouMmmyHHBIN THpeouauT (AWT) B aHaMHe3e

YCJIOBHO-3/I0POBBIX JKEeHIIWH ObI/T yCTAHOBJ/IEH TOMIBKO ~ MCC/IeyeMbIX (puc. 7).
y 3,33 % >KeHII[WH, B TO BPeMsI KaK B TPyIITie O0TbHBIX

Puc. 7. KateropunanbHbliii nokasaTesb «AyTOUMMYHHbIN TupeonamT (AUT)» B rpynne 6onbHbix C1 BynbBbI (N = 344)

Fig. 7. The categorical indicator "Autoimmune thyroiditis (AIT)" in the group of patients with vulvar LS (n = 344)
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CJI By/bBBI IaHHBIN quarHo3 0wt otMeueH y 20,35 %
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O>xupenue II cTenmeHu B KOHTPOJILHOM Tpymnme HUs yctaHosjaeHa B 20,06 % ciayuasx (abco/oTHbIe
HMMeJI0 MeCTO Takxe Julllb y 3,33 % Ucc/iefyeMblX, UacCTOThI IIPeJCTaB/IeHbl HA PUCYHKe 8).
a B rpynme 6osbHbIX CJT By/bBbI 11 cTerneHs oxkupe-
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Fig. 8. Categorical indicator “Obesity of the Il st.” in the group of patients with vulvar LS (n = 344)
and in the group of conditionally healthy women (n = 60)
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ITpoBefeHHBIN CpaBHUTE/IbHBIN KOpPpeJIsLiMOH-
HbIM aHa/IU3 JJaHHBIX COMAaTHUUYeCKOro, aKyllepCKo-
T'MHEeKOJIOTHYeCKOro M MH(eKLIMOHHOr0 aHaMHe3a
6osbHBIX CJI BY/IbBBI Y KEHIIWH W3 TPYTIbI KOHTPO-
ns1 (6e3 CJI u apyrux 3abo/ieBaHUM BY/IbBbI) BBISBUJ
cienyolde craTuctTuyecku 3Hauumbie (p < 0,05)
taktopsl prcka pa3sutus CJI BynbBbI (R): Hamuuume
(hubpo3Ho-KKCcTo3HOM MacToraruu (—0,29); mo3gHee
MeHapxe (15 neT u crapiue) (—0,28); HacTynaeHue
MeHomnay3bl (—0,25); peLugUBUPYIOL{HE BYIbBO-
BarvHassbHble uHpekyu (—0,18); peLaAUBUPYIOLUI
6akTepuanbHbIi BaruHO3 (—0,18); ayToMMMyHHBIN
tupeouut (—0,16) u oxxupenue II crenenu (—0,16).
B TO ke Bpemsi, HeJ/lb3sl He OTMETUTb, UTO OO/bIIast
yactb 60bHBIX CJ1 By/IbBBI HA MOMEHT MCCIIe/I0BaHMUs
HaxoJu/aach y>ke B IOCTMEHOIay3aJlbHOM Mepuoje
(cpemnwmii Bo3pacTt 48,1 rog), mpu ToM, uTO 3aboIe-
BaHHe y OOJBIIMHCTBA M3 HUX BO3HUKJ/IO 3aJ[0/ITO
[0 HaCTyIl/IeHUs: MeHonay3bl. [lociejHee CcTaBUT o,
COMHEHHe BO3MOKHOCTb paCCMaTprBaTh HACTYII/IeHHe
MeHor1ay3bl B KauecTBe 3HauMMoro (akropa pucka CJI
By/bBBL. C ZIPYyroli CTOPOHBI, HECOMHEHHO, HaCTyIlIe-
HUe MeHOMay3bl U CBSI3aHHAasl C Hel TMII03CTPOreHUst
C1IoCcoOHBI yCyTyOUTh aTpoduuecKye TpoiiecChl MpU
CJI By/bBBI.

UTo >Ke KacaeTcs JOBOIbHO YaCTOW BbISIB/ISIEMO-
ctu y 6osbHBIX CJI BynbBBI (prOPO3HO-KUCTO3HON
MacCTOIAaTHH, TO TAKYyI YaCTOTY MOXKHO OBIIO OBI
00BSICHUTH MCXOJHO BBICOKOW pacrmpocCTpaHeH-
HOCTBIO JIaHHOTO 3aboJsieBaHUS Cpeu )KeHCKOTO
Hacenenusa (ot 30 mo 60 %) [28, 29]. OgHaxo,
HeJib35 UTHOPUPOBATh TOT ()aKT, YTO B TpyIe
YCJIOBHO-3[0POBBIX XeHILIUH B 88 % cnyuyaeB ®KM
OTCyTCTBOBasna. Kpome T0oro, B 0TeueCTBEHHOM UC-
cnepoBanuu 2020 roga Takke yKasaHa accoLMaLius
CJI BynbBBI ¢ @KM, nipaBja, B MeHbIIeM OPOL[eHTe
cnyuaeB (28,57 %) [13]. B To »ke BpeMs, Mpo/j0JKa-
I0TCS1 Hay4YHble AUCKYCCUU O BO3MOXKHOM cBsizu CJI
BYJIbBBI C PAKOM MOJIOYHOM ’KeJle3bl: OJHU aBTOPbI
yKa3bIBalOT Ha MoA00HYI0 B3aUMOCBsI3b, B TO Bpe-
Msl KaK Jipyrue 3Ty CBsI3b He noATBepkjarT [30].
B03MO0)XHO, MaToreHeTUUeCKYyI0 CBSI3b 3TUX JBYX
3abo/eBaHMiA ellle TIPeJCTOUT BBIICHUTD B OyYIIHX
HayUYHbIX M3bICKAHHUSX.

GYNECOLOGY

VHTepecHO, 4YTO MpPOBe/eHHbIN CTaTUCTUUeCKUI
aHa/IU3 He BBISIBUI HeraTuBHOrO BinugHUA CJI Bynb-
BbI Ha ()ePTU/IBHOCTD >KEHILMH, a KOJTMYeCTBO PO/OB
u abopTtoB B aHamHe3e y 60pHBIX CJI By/IBBBI OKa-
3a/710Ch JJa’Ke CTaTUCTUUeCKH 3HauuMo OoJbliie, ueM
B KOHTDPOJILHOW TpyIIe, UTO KOCBEHHO yKa3bIBaeT
Ha BO3MO)XHYIO TpaBMaTHU3aLj1I0 BYJIbBbI, KOTOpas
b0 MOCIY)KUIa TPUrTepoM B BO3HUKHOBeHUH CJI
BYJIbBBI, JINOO BO3HHUKIIA B pe3y/bTare yKe UMelole-
rocst 3aboseBaHNst K MOMEHTY pOJIOB UM abopTa.

Hwuskast BcTpeuaeMocCThb B aHaMHe3e 00/1bHbIX CJI
By/1bBbI UIITIIT 1 BUPYCHBIX MH(EKLM TPOTUBOpe-
YUT JIaHHBIM HEKOTOPBIX aBTOPOB, HO COIVIACYeTCs
C TIPUHSITHIM Ha CEerofiHAIIHNYN JileHb MHeHHeM 00 OT-
CYTCTBUM [JOCTOBEPDHOT0 MH(EKIMOHHOIO areHTa
B KauecTBe Tpurrepa Bo3HukHoBeHust CJI BysibBbI [ 10,
31, 32]. C apyroii CTOPOHBI, MOTy4YeHHbIe Pe3yJ/IbTaThl
YKa3bIBalOT Ha Hajsuuue B aHamHe3e OombHBIX CJI
BYJ/IbBbI PELIUAMBUPYIOLUX BY/IbBO-BaruHa/bHbIX
WH(MeKU U peluJuBUPYIOLIero OakTepuasbHOrO
BarnHo3a (JoCcToBepHO Oosee 4yacTo, ueM B TpyIIIe
YCJIOBHO-3[J0POBBIX JKeHIMH). [TocienHee npeamnona-
raeT NOTeHLIMa/IbHOE BJIMSIHYE [JIUTe/IbHO CYILeCTBYIO-
WX, PeLIMIMBUPYIOIINX AUCOMOTHYEeCKUX M BOCTIA/IHU-
Te/IbHBIX TIPOLIeCCOB B BY/IbBO-BarMHaIbLHOMN 06/1aCTH
B KaueCTBe BO3MOKHOro Tpurrepa CJI By/ibBbL B TO ke
BpeMsi, TI0l00HbIe COCTOSTHUSI HEPeJKO COMYTCTBYIOT
yke umetoijemycsi CJI, u MOTyT OBITb ClIeICTBHEM
pasBuBlerocst Ha ¢oHe CJI By/bBbI JIOKaJIbHOTO UM-
MYHHOTO /ivcOasnaHca.

Bosee uacras (B 6 pa3) BCTpeuaeMOCTb O)KUPEHUsI
II cTeneHu ¥ ayTOMMMYHHOTO THpPeOUgUTa y 60/b-
Hbix CJI By/IbBBI B CpaBHeHUH C >keHIMHamu 6e3 CJI
BY/IbBbI TAK)Ke COIVIaCOBBIBAETCS C JAHHBIMHA MUPOBOM
JUTepaTyphl 0 BO3MOKHOM BK/IaZie MeTabosinueCKUx
HapyLIeHWi B BOSHUKHOBEHHE U MIPOrpecCUpOBaHue
CJI By/bBBI, @ TaKXKe O ero B3aUMOCBSI3U C JPYTUMH
ayTOMMMYHHBIMU 3aboneBanusiMu [9-12, 33-35].

BbiBOAbI

[TonyueHHble aHHBbIEe O BAUSHUU OXKUDPEHUS
¥ ayTOUMMYHHOTO THPeOWANTa Ha pUCK pa3sutus CJI
BYJIbBBI COIVIACYHOTCSI C Pe3y/bTaTaMi MUPOBBIX HCCIIe-
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JIOBaHUI MTOC/IeIHUH JIeT Y TIOATBEP>KAAI0T CBsi3b 3a00-
JieBaHUsI C ayTOMMMYHHBIMH U MeTabo/iiue CKUMU Ha-
pylLLeHUsIMU. PeljuiuBUpytoILiMie By/IbBO-BarvHa/lbHbIe
UH(eKUY 1 AUCONOTHYeCKIe TIPOLIeCChl BO Bilarasiu-
111e MOTYT OBITh KaK MPUYMHON BO3HUKHOBEHMS, a TaK
u cnepcrterem CJI BynbBhI. JlaHHbIe 0 BiussHUA KM
Ha puck pa3BuTtus CJI By/IbBbI OCTaIOTCS JUCKYCCHOH-
HBIMU U TPeOYIOT IOTIOJTHUTE/IbHBIX UCC/IeI0BaHUM.
[To3nHee MeHapxe, bosblioe KoiMuecTBO abopToB
Y POJIOB, a TaKXKe HaCTyIJIeHWe MeHOMay3bl 10y CTH-
MO pacCMaTpHUBaTh B KaueCTBE BO3MO)KHBIX TPUITEPOB
CJI By/ibBBI y TIALIMEHTOK C UMEIOLLIEeHCS TeHeTUUe CKOM
Tpe/IpacronoKeHHOCThIO K 3a60/1eBaHUIO.
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Combination of neuromuscular block monitoring
and hand grip strength assessment for patients undergoing
emergency abdominal surgery

Neelam Dhunputh ‘z, Marina Petrova ', Victor Moroz —,

Andrey Butrov ~, Marat Magomedov

RUDN University, Moscow, Russian Federation
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Abstract. Relevance. The hand grip strength measurement together with neuromuscular block monitoring played an important
role during surgery. They both helped in losing less time during surgery and also facilitate the task of the surgeon. The aim of
this study was to reduce time on intubation, facilitate the task of the surgeon and to limit post-surgical pain. In rehabilitation,
hand grip strength helps in determining further recuperation measures after a surgery. There are three fundamental principles
for an anesthesiologist to ensure that the patient after combined endotracheal anesthesia can be extubated, the first one is to ask
the patient to move his head forward, the second one is to ask the patient whether the intubation tube is disturbing him in his
mouth and the third most important one is to make the patient hold his wrist very firmly. Materials and Methods. Monitoring of
muscle relaxant on induction, intra and post-surgery is carried out using a TOF Watch SX in coordination with handgrip strength
measurement on 46 patients aged from 18 to 60 years of BMI of 18-30 kg/m? 15min before endotracheal intubation and 15min,
45min and 210min post extubation by using a dynamometer “MEGEON 34090 to help us understand whether after extubation
muscle strength changes and to what extent. Also, pre-anesthesiology protocol, combined endotracheal protocol, Microsoft
excel advanced, monitoring of hemodynamics, ECG, PEEP, PCO2, PO2, respiratory volume using Drager Fabius. Results and
Discussion. The results showed that to reach deep muscle relaxation both atracurium benzilate (FKP Kursk Biofabric company,
Kursk, Russia) at TOF 0 took 258.5 + 83.5 secs and Cisatracurium benzilate (ZAO Obninsk Chemical pharmaceutical company,
Obninsk, Russia) at TOF0-252.4 + 100.1 secs in emergency patients and basically hand grip strength also was lesser as compared
to planned cholecystectomy patients. Conclusion. Rehabilitation was necessary for patients undergoing massive abdominal
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emergency surgeries underlying the fact that on a pain scale 10/10 post surgery, further treatments should be implemented to
reduce pain, reduce residual neuromuscular block and muscle weakness after extubation at TOF 90-95 %.

Keywords: hand grip strength, neuromuscular block, atracurium benzilate, cisatracurium benzilate, rehabilitation, emergency
abdominal surgery
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Introduction

The A pilot study was carried out in the
State Budgetary Healthcare Institution of the
City of Moscow “City Clinical Hospital named
after V.V. Vinogradov of the Moscow Healthcare
Department”; (City Clinical Hospital No.64 of
Moscow Department of Healthcare), Russia where 40
patients were assessed for their hand grip resistance
15minutes before surgery, 15, 45 and 210 minutes
after extubation by using a dynamometer. Also, the
level of muscle relaxation was being measured pre,
intra and post operation using a TOF Watch Sx. The
patients were divided into two groups Group I was
patients undergoing laparoscopic cholecystectomy
(control group) and Group II patients were emergency
abdominal surgery patients notably: (ventral hernia
resection, appendectomy, gastrectomy, ileostomy)
considered as the investigation group. The TOF Watch
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Sx stimulates the ulnar nerve to provide a twitch of
the forefinger giving results such as TOF 0 meaning
complete muscle relaxation, 25 % (deep muscle
relaxation) stating that the effect of muscle relaxant
is slowly fading, 75 % is average muscle relaxation
and 90 %-100 % which is the time of recovery from
neuromuscular block NMB. Many underlying factors
affect hand grip and muscle strength notably: the
BMI, the circumference of the waist size, the weight,
the height, the skin rigidity, the sex, the age of the
patient [1], the mental status underlying medical
conditions such as diabetes, COPD, malnutrition,
cancer survivors following chemotherapy after
abdominal surgery [2—4]. The Megeon dynamometer
is an easy and fast way and cost-effective to help
understand muscle weakness after abdominal surgery
and help to reassess the patient’s proper rehabilitation
in PACU post anesthesiological care unit [5].
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Materials and methods

One The study was conducted on 46 patients
both male and female with body mass index
18<BMI<30 kg/m2 aged from eighteen to sixty
years old who verbally gave their consent and

signed an approval protocol for TOF watch Sx
Organon (Dublin Ireland Serial no.14-2007058) and
handgrip measurements using a MEGEON 34090
dynamometer made in China (Fig. 1).

Fig. 1. Megeon 34090 wrist Dynamometer measuring the hand grip strength
of an 18-year-old female patient 30 minutes after laparoscopic appendectomy

Monitoring of other parameters blood pressure,
pulse, body temperature and (MAK > 1,0) inhalational
anesthetics using Drager Fabius. While using the
dynamometer to test for muscle weakness, the patients
should be fully conscious before administering
30 mkg/ml phentanyl, 150mg propofol and muscle
relaxant whether 0.4mg/kg atracurium benzilate
(FKP Kursk Biofabric company, Kursk, Russia) or
0.15 mg/kg cisatracurium benzilate (ZAO Obninsk
Chemical pharmaceutical company, Obninsk, Russia)
depending on the choice of the anesthesiologist for
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laparoscopic cholecystectomy and emergency abdominal
surgery patients.

Inclusion Criteria: age limit from 18 to 60 years old
adult male or female, the severity of the condition — ASA
classification (American Society of Anesthesiologists)
ASA Class I-1V, patients with body mass index
18 < BMI <30 kg/m2, patients who have agreed to
participate in the study, have read the patient information
sheet and signed the informed consent of the patient
and are willing to cooperate in the course of the study,
patients who are scheduled to undergo surgery using
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total intravenous anesthesia or combined endotracheal
anesthesia (propofol, fentanyl, midazolam, etc.) with
an estimated duration of surgery 30—120minutes.

Exclusion criteria
Any patients with rheumatoid arthritis, open
wounds of the hand, upper limb surgery, patients who
have contraindications to the use of the TOF Watch
device (including Pacemaker, etc.), patients who are
allergic to any one of the two muscle relaxants used.

Statistical analysis
Data that was normally distributed were represented
as mean + SD. Student t-test was used to determine
the level of statistical significance. Differences were
considered statistically significant when p<0.05.

Results and discussion

The combination of the TOF watch sx and handgrip
is an asset to evaluate the pre and post physiological
status of the patient and implement further rehabilitation
measures for the quick recovery of the patients after
surgery. The aging process is natural but we can
practice some daily handgrip exercises to avoid
it. Further research proved that hand grip strength
benefits cognitive health, physical health and overall
holistic health. Healthy hands and maintaining good
hand grip strength Hand grip strength is related to the

improvement of life, to increased longevity, to greater
independence and to lower one’s blood pressure. There
is a high association between robust grip strength and
healthy hands, which are two important biological
components that influence aging. This is also true for
increased muscle mass and bone mass. To put it another
way, older persons with better grips are more likely to
have larger muscles and stronger bones which promote
greater mobility. Additionally, there are fewer bone
fractures, falls and bone diseases because of this.

Furthermore, induced paralysis by neuromuscular
blocking medications ensures ideal airway management
circumstances and enhances surgical filed quality.
Deep neuromuscular blockade had also been shown to
lessen post operative pain in several surgical scenarios.
International standards now strongly advise against
general anaesthesia without neuromuscular block
monitoring. To prevent postoperative residual curare,
maintain ideal surgical circumstances and reduce
postoperative morbidity and length of stay, these factors
must be taken into consideration.

Hand grip strength is slowly at 25 % restored within
15min after extubation for both abdominal surgeries
using the muscle relaxants (whether atracurium and
cisatracurium benzilate) then gradually at 70 % after 45
min and at 90 % 210 min respectively for mainly patients
who underwent planned laparoscopic cholecystectomy
(Table 1).

Table 1
The dynamometer results before intubation and after extubation for planned and emergency abdominal surgeries (kg)
Dvhamometer 15 min before 15 min after 45 min after 210 min after
y intubation extubation extubation extubation

Atracurium Benzilate Planned 36.3 + 14.6 17.1 + 8.2 22.6 + 8.5 31.5 + 10.9
Cholecystectomy
Atracurium Benzilate Emergency 334+ 115 16.8 + 6.6 202 + 7.6 235 + 7.2
Abdominal Surgery
Cisatracurium Benzilate Planned 27.8 + 9.8 159 + 11.5 17.7 + 11.6 21.4 + 11.1
Cholecystectomy
Clsatrat.:urlum Benzilate Emergency 325 + 104 23.6 + 8.2 279 + 9 208 + 8
Abdominal Surgery

Note: For emergency abdominal surgery with both atracurium benzilate and cisatracurium benzilate it takes a longer period for
hand grip strength to be restored as 15min before intubation and hand grip strength for planned cholecystectomy is mostly rapidly

restored ANOVA (average, standard deviation).
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For patients who underwent emergency abdominal
surgery not only there was a delay in TOF to reach
zero but also in the duration after intubation with
both atracurium benzilate and cisatracurium benzilate
(Table 2). Also, there is a difference for P-value of
0.0286 between planned laparoscopic cholecystectomy

and emergency abdominal surgery using atracurium
benzilate and P-value of —0.09187 using cisatracurium
benzilate which denoted that a brief period of recovery
more than 24 hours is needed for the emergency patients
to regain their original hand grip strength as initially
before surgery.

Table 2
TOF results for planned (control group I) and emergency (group IlI) surgeries (kg)
Types of surgeries Group | Group Il

Atracurium Benzilate Cisatracurium Benzilate Atracurium Benzilate Cisatracurium Benzilate

First intubating dose 0.4mg/kg 0.15mg/kg 0.4mg/kg 0.15mg/kg
N=10 N=11 N=12 N=13

TOF 0 158.6 + 43.9 179.4 + 38 258.5 + 83.5 252.4 +100.1
TOF 25% 46.7+ 7 62.6 + 12 48.3 + 10.6 55.1 + 15.1
TOF75% 63 +£10.7 72.2 £ 10.5 67.1 = 16.5 743 + 14.8
TOF 90 % 75 + 8.6 86.4 + 14.4 78.5 + 17.1 89.3 + 154

Note: For Group Il at TOF 0 and 75 % for the atracurium benzilate and cisatracurium benzilate is higher as compared to group . Also,
an additional minimal dose of 0.1-0.2mg/kg of atracurium should be given to reach complete muscle relaxation at 90seconds —
TOFO and same applied for cisatracurium benzilate. TOF — train-of-four.

4 patients were excluded for handgrip measurement
(Table 1) for atracurium benzilate and 3 patients under
cisatracurium benzilate in emergency surgery because
they were transported under mechanical ventilation
from surgical department to intensive care unit. It
was discovered that planned laparoscopic surgery
patients recovered within 24-36 hours and their hand
grip strength came back to normal as before surgery
and they could be easily discharged from hospital
as compared to the patients undergoing emergency
abdominal surgery whereby it took more than 36 hours
for their hand grip strength to be restored. Relatively, it
was sought that on a pain scale the emergency surgery
patients were mostly after operation in a very painful
state remarkably on an eight-to-ten-unit scale and
their recovery period also was within five days to
a week time. Thus, their rehabilitation period and their
period of stay in hospital was longer as compared to
planned laparoscopic cholecystectomy (control group)
patients. Controversially, though the TOF Watch Sx
was showing complete recovery from muscle relaxant
at a ratio of 0.9 after extubation, muscle weakness was
still present because the dynamometer was displaying
a smaller value at 25 % even though the patients were
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able to lift their head forward as a principle of recovery
from muscle relaxant and anaesthetics denoting the
fact that further care should be provided in PACU (post
anesthesiological care unit) to the patients. Proper
nutrition, rehabilitation and antipain treatment at
some point should be provided to the patients so that
they reach their original hand grip strength and in this
way muscle weakness will be eliminated. A further
dose of 0.1-0.2 mg/kg of atracurium benzilate
instead of 0.4 mg/kg is estimated to be the optimal
dose to reach complete muscle relaxation at TOF 0
would be better considered to facilitate intubation.
A further investigation should be carried out using
a dynamometer to determine the appropriate values
together with the circadian time to understand how
they vary before and after abdominal surgery.

With an incidence of 10-40 %, residual
neuromuscular block is still a serious postoperative
consequence. To restore airway protection, a train-
of-four (TOF) ratio recovery of greater than 0.9
is advised. Even after a sufficient recovery of the
TOF ratio, post-operative respiratory dysfunction is
still a possibility. Some researchers have found that
partial neuromuscular inhibition can result in partial
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inspiratory airway collapse, even to a degree that does
not produce stridor or oxygen desaturation. The recovery
of motor function following surgery should therefore
be objectively assessed [6].

Malnutrition is widely known to cause changes
in muscle shape. After two weeks of hunger, muscle
biopsy samples from morbidly obese patients,
children with malnutrition 38, untreated anorexics and
37, and untreated anorexics and all exhibit myopathic
alterations with selective type II fiber (anaerobic,
glycolytic, fast twitch) atrophy. Malnutrition is
another factor that causes Z band degeneration.
Higher BMI, a clinical indicator of central obesity
is linked to larger overall body mass and stronger grip
strength, but higher waist circumference, which is
a clinical indicator of peripheral obesity and is linked
to weaker grip strength. The most metabolically active
adipose tissue is abdominal fat which sheds light on
probable mechanisms driving the interactions between
fat and skeletal muscle. Additionally, it was supported
that waist circumference measurements should be
taken in clinical settings, particularly when BMI
was below obese categories [7]. Even when TOF has
returned to unity and even when there were no clinical
symptoms of muscular weakness, a considerable loss
in postoperative muscle strength can be identified
using an objective forced dynamometer to test hand
grip strength. A new metric for tracking post-operative
muscle weakness may be the objective measurement
of grip strength using a forced dynamometer. The
postoperative PEFR is significantly impacted by the
persistent muscle weakness supported by the authors
Krishna Prasadet al. These findings indicate that
female patients are more likely than male patients
to still have paralysis after using muscle relaxants
in our institution’s standard clinical practice [8].
Muscle atrophy and weakening are linked to critical
illness that results in mechanical ventilation and
a lengthy stay in the intensive care unit; it is known
that this weakness affects proximal limb muscles in
addition to respiratory muscles [9]. The presence of
sepsis, the development of multiple organ failure,
hyperglycemia, the severity of the illness, aging,
and prolonged immobilization are only a few of the
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factors that contribute to muscular weakness in the
intensive care unit [10].

Hand grip strength, a straightforward, noninvasive
test that can be evaluated quickly and is highly
connected with the Medical Research Council (MRC)
scale score, the gold standard test for determining
peripheral muscle weakness in ICU patients,
represents muscular weakness [11-12]. Strong
inverse relationship between hand grip strength and
the length of mechanical ventilation was found, with
hand grip strength significantly increasing from day
1 to day 5 of mechanical breathing. Cottereau et
al. observed that hand grip strength strongly linked
with extended weaning but did not correlate with
extubation failure [13]. Hand grip strength has been
reported to be influenced by a number of variables,
including psychological state, physical activity, sickness
severity, inflammation, and comorbidities, medicines,
and anthropometric measurements. Using hand grip
strength as a reliable indicator of weaning success is
a straightforward test [14—15]. Numerous studies have
shown that measuring the strength of the peripheral
muscles in the hands coincides with the activity of the
entire muscle group, including the diaphragm in patients
under mechanical ventilation. Following mechanical
respiration, Levine et al. discovered the diaphragm
atrophy and becomes inactive within hours to days
as a result of increased proteolysis, making weaning
challenging [16—17]. People who passed away had lower
hand grip values on day of mechanical ventilation than
people who survived. This finding was corroborated by
Ali et al. who noted a higher mortality risk in patients
who developed ICU paralysis as measured by MRC and
hand grip strength, as well as a significant relationship
between hand grip strength and ICU stay duration
[18]. They contend that hand grip strength is a reliable
indicator of ICU mortality and a bad prognosis, and
that it can be used to screen for and detect acquired
ICU paralysis. This result differs from that reported by
Cottereau et al., who reported that hand grip strength
did not predict extubation failure and explained this by
the existence of multiple factors involved in extubation
failure, but on the other hand suggested that this point
needs to be further investigated in a larger population
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group [19]. Additionally, given that the majority of our
patients had COPD, this may be attributable to the study
groups. Acute respiratory failure, shock, coma, and
drunkenness were among the groups that Cottereau et
al. included. The ability of hand grip strength to predict
both short- and long-term mortality and morbidity
has been demonstrated in numerous clinical and
epidemiological investigations. Impaired grip strength
in patients is a sign of increased surgical problems,
longer hospital stays, a higher rehospitalization rate,
and a decline in physical condition. Loss of grip power
means loss of independence, especially in older people.
Further-more, epidemiological research has shown that
in healthy adults, a weak grip increases the chance of
functional limitations and disability as people age, as
well as all-cause death [20]. Hand grip strength has
also developed into a common indicator of nutritional
status and is increasingly being used as an outcome
variable in nutritional intervention studies because
muscle function responds early to dietary deficiency
according to Kristina Norman and colleagues.

Conclusion

The dynamometer MEGEON 34090 was a low-cost
instrument, non-invasive, simple and fast way to test for
hand grip strength before and after abdominal surgery.
By principle in the anesthesiological department to
grab tightly the hand of the anesthetist, to bend the
head forward or to validate that the intubation tube is
disturbing the patient on operation table are verification
standards to ensure that the patient recovered from
inhalational anesthetics and that there was no residual
muscle relaxant in their body. Muscle weakness is
still present at TOF 0.9 even after extubation proving
that further care should be provided to the patients
transferred to PACU. A strict monitoring of handgrip
strength was required in this case with digital sensors
was mostly plausible to determine the accuracy of the
hand grip strength. Hand strength proved to be very
minimal in intensive care unit on critically ill patients
with sepsis, peritonitis, diabetes type 1, massive
blood loss after surgery and hemorrhagic shock since
there is a correlation between neuromuscular agents
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modestly potentiating in critically ill neuromuscular
dysfunction. The MEGEON dynamometer also helped
in understanding the risks and complications related to
undernourished or malnourished patients after surgery
which is due to diminished muscle protein synthesis and
in the same context a newly designed schema of nutritive
feeding to critically ill patients should be implemented
following their hourly or daily nutritional requirements.
For instance, the inclusion of more protein, healthy
carbohydrates, vitamin, fibers and minerals in their diet
if they are deficient of one of these nutritional values
could be helpful to boost their immunity after surgery.
Rehabilitation is necessary for patients undergoing
massive abdominal emergency surgeries underlying
the fact that on a pain scale of 10/10 post surgery,
further treatments should be implemented to reduce
pain (e.g. non-invasive physio-therapy, heat therapy
improved circulation and blood flow to a particular
area hence increasing the temperature of the afflicted
area even lightly could soothe discomfort and increase
muscle flexibility), reduce residual neuromuscular
block (e.g. the use of proserine to reverse atracurium
and cisatracurium benzilate). Also, muscle weakness
after extubation at TOF 90-95 % could be remedied
by assessing the altered levels of electrolytes such
as calcium, potassium, sodium and magnesium and
compensating their lack in the patient’s body.
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KomM6uHaumusa MOHUTOPUHIra HEpPBHO-MbILLEYHOro 6710Ka
U OLLeHKU CUJ1bl 3aXBaTa PYK Y NaLMeHTOB,
nepeHecLUUX IKCTPEHHYI0 abA0MUHaNbHYIO onepaLuio

H. JannyT
A.B. bytpoB

8, M.B.IlerpoBa , B.B. Mopo3 ,
,» M.®. MaromeaoB

Poccuiickuii yHuBepcuTeT Ipy>K0bl HAposIoB, 2. Mockaa, Poccutickas ®edepayus
< dhunputhneelam@gmail.com

AnHoTanuA. AkKmyaabHocmb. VI3MepeHue CHIbI 3aXBaTa PyKU BMECTe C MOHUTOPHHTOM HePBHO-MBIIIEYHOTO 6710Ka ChIrpasty
Ba)XHYIO pOJib BO BpeMsi orepalji. OHK 00a IOMOT/I COKPaTHUTh BpeMsl, TIOTPaueHHOe Ha OIlepaliyio, a TakKe 00/eraunm
3afiauy xupypra. Leabto 3TOr0 HCCIeL0BaHUs ObUIO COKPaTUTh BpeMsi HHTYOalyH, 00/1erunTh 3aady XUpypra U OrpaHAuHTh
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TMOC/Ie0TIePALIMOHHY0 00/Tb. B peabuimTalyy cra 3axeata pyKd MOMOTaeT ONPeAeNUTh JalbHEeHIIe Mepbl BOCCTaHOBIEHUS
nocJie onepanyy. ECTb TpU 0CHOBOMO/IAraroIUX MPUHLMIA [T aHECTe3U0/I0ra 00eCIIeYBarOIMX BO3MOXKHOCTb 3KCTyOarun
TaLyeHTa Toc/ie KOMOMHUPOBAHHOM SH0TpaxeabHOW aHeCTe3UHU: TepPBbIi — MOMPOCKTH MalldeHTa MOABUHYTh FOJIOBY BIIEpe,
BTOPOU — CIIPOCHTH TMALKeHTa, He OeCTIOKOUT JIK ero UHTYOaLMOHHast TPyOKa BO PTY, M TPETHH 0 Ba)KHOCTH ILIar — 3aCTaBUTh
TarjieHTa oueHb KPerko flepyKarh 3arsictbe. Mamepuasbl u MemoObl. MOHUTOPHHT MHUOpPe/IaKCaHTa Py WHAYKLWH, BO BpeMsi
Y TIOCJIe OTiepaliy MpoBoAwcs ¢ rmomMortnkio TOF Watch SX B coueTaHuy ¢ 3MepeHreM CUJTBI 3aXBaTa ¥ 46 MarieHToB B BO3pacTe
oT 18 1o 60 et ¢ UMT 18-30 kr/m?2 3a 15 MUHYT /10 SHAOTpaxeanbHON MHTYOALMK 1 uepe3 15, 45 u 210 MUHYT MocJyie SKCTyOaLyn
¢ ucrnosb3oBanreM guHamomeTpa « METEOH 34090», uToObI TOMOUYb HaM MTOHSITh, MEHSIETCSI JIK TI0C/Ie SKCTYDaAIy MbIllIeuHast
Cusia U B Kakod cterneHu. Takxke, Mpe/jaHeCTe3U0IOTMUECKUI TPOTOKOJI, KOMOWHUPOBaHHBIM H/J0TPaxeanbHbIN MPOTOKOJ,
MoHuTOpuHT remoavHamuku, OKI, TIIKB, PCO2, PO2, asixatesbHOro o6bema ¢ romoiibio Drager Fabius. Pe3yabmambi
u obcyscoeHue. Pe3yneTarel IOKa3asiM, UTo A/ JOCTHXKeHUs TTyOOKOM MBIILIEYHOH pesiakcayu Kak atpakyputo (PKIT «Kypckas
Buodabprka», Kypck, Poccust) mpu TOF 0 TpeboBanock 258,5 + 83,5 ¢, Tak u nucarpakypuio (3A0 «OBHUHCKAsE XMMUKO-
(bapMatLieBTHUECKas KoMMaHus», O6HUHCK, Poccust) mpu TOF0-252,4 + 100,1 ¢ y 3KCTPEHHBIX MalMeHTOB, a B OCHOBHOM CHJIa
3axBaTa PyK Take Oblla MEHbILE [0 CPABHEHHIO C MAallMeHTaMU C TUIAHOBOM XOJIELIUCTIKTOMUEN. Bbigoob!. PeabunuTanus
Obl1a HeoOX0MMa MaLeHTaM, epeHeCIM OOIIMPHBIE SKCTPEHHbIe OTepaliy Ha GPIOLIHOM MOIOCTH, TIOCKOJIBKY MPH IIKase
60/ 10/10 mocsie oneparyy Heo6X0UMO MPOBOAUTE Aa/bHEHIIIee edeHre A/ YMeHbILeHHst 60/TH, YMEeHbILEeHHs OCTaTOUHOTO
HEepPBHO-MBIIIEYHOT0 6/10Ka ¥ MBIIIeUHOH ciabocTu nocsie skctybaruu rpu TOF 90-95 %.

KiioueBble ¢/10Ba: CUia XBaTa PyKH, HEPBHO-MBILIEUHBIN OJI0K, aTpakypust OeH3u/aT, [UcaTpakypust 6eH3uat, peabumm-
TaLus, SKCTPeHHasi abOMUHAIbHAsT XUPYPTHsl

HNudopmarnms o puHaHCHPOBaHUHU. VICCiieJoBaHMe BBITIOIHEHO TIPY TI0/iep>KKe [IporpaMMbI CTpaTernyecKoro akaZieMIuecKoro
svpepcrea PYTH.

Bknap aBTopoB. [JannyT H. — KoHLIeNIYs McciefoBaHus, cOop AaHHbIX; [TeTpoBa M, Jannyt H. — AHaiu3 nosy4yeHHbIX
manubix; dannyt H., Mopo3 B., Maromenos M. — BBOZ, ITO/Ty4YeHHBIX JaHHBIX, aHAINU3 MOJy4YeHHbIX AaHHbIX; JdaHmyTt H.,
ByTpoB A. — HanmcaHue TekcTa. Kaxxplii aBTOp BHeC JIMYHBIM BKJIaJ, B MHTEpPIIpeTaLvio JaHHbIX U HalyMcaHue pykonucy. Bee
ABTODBI TIPOUYKTATN U 0F0OPHIT OKOHUATeTbHBIN BapraHT pyKonucy. VHbopMaLust 0 KOHGIMKTe HHTEPECOB.

Hudopmanus 0 KOHGIMKTEe HHTEPECOB. ABTOPbI 3asB/ISIIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.

JTuyeckoe yrBepxkaeHue. [Tlepes HauaoM uccefoBaHus ObLIO MOLyYeHO paspelleHre STHYeCKOro KOMUTEeTa MeJULIMHCKOTO
nHctutyTa PYJH, MockBa, Poccuiickas denepauysi.

BJIaI‘OABPHOCTI/I. I/ICKPEHHHH 6J'IEIFO'I[apHOCTI> BCEM YUdCTHHMKAM U TEXHHUYECKOMY IMEPCOHATy 3d UX MOAAEPXKKY.

HNudopmupoBaHHoe coriacue Ha myonukanuio. OT ManreHToB OBIIO MOTyueHo A0OPOBOILHOE TUCBEMEHHOE COTIacue
Ha UCC/Ie[IOBaHKE U MyO/IHUKAL[|I0 COOTBETCTBYIOIEH MeJUIIMHCKOM MH(OPMALIMK B COOTBETCTBUM C Xe/IbCUHKCKOH AeKIapariyei
WMA, 2013 .
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CTPYKTYPHO-K/1IETOYHbIA COCTaB 6€e/10i Ny/bMbl CeNe3eHKH
Npu 3KCNepuMeHTaIbHON
dbypocemMua-MHAYLMPOBAHHON rMNOMarHueMmum

M.B. Cmeranuna , H.H. YyukoBa 8, H.B. Kopmuiuna —, K.A. [Ta3uneHko

V>KeBCKasi TOCY/IapCTBeHHas MeJUIIMHCKast akazemust, 2. Moiceeck, Pocculickas @edepayus
> mig05@inbox.ru

AnHoTanmsa. AKmyaabHocmb. [eULUT MarHust B KpOBH (TUNIOMarHyueMusi) 00yC/ioB/ieH MHOXKeCTBOM TPUYHH, CPeau
KOTOPBIX Ba)KHOE MeCTO 3aHMMAIOT IeTyieBble AuypeTuku (Gypocemus). Ponb ceneseHKH B 3TOM ITpoIiecce He OIpeziesieHa.
Llesb paboTEI COCTOSIIA B BEISICHEHWH BJIUSIHUSL yPOCEeMUI-UHAYLIMPOBAHHON TMTIOMarHUeMUH Ha UMMYHHBIE CTPYKTYpbI Oeroi
Ty/IBITEI Cesie3eHKU KpbIC. MatepHrasbl U MeTofibl. OTNBITHOM rpyrire 6ebix 6eCriopofHBIX KPBIC B TeueHHe 6 fHel exxeHeBHO
BHYTpUOpIOIUHHO B 103e 30 mr/kr BBoguu dypocemuy (Lasix® ABentuc ®apma JIta, UHAMS), )KUBOTHbIE KOHTPOJILHOM
rpymris! nomyyanu nabeknuo 0,9 % NaCl. VccienoBay: CbIBOPOTKY KPOBU Ha COZiepyKaHHe MarHusi, KaslbLius, HaTpUsl ¥ JKeJle3a;
cepHiiHble cpe3bl 6es1oi My/bIbl Cele3eHKH MM0C/ie OKpaCKU TeMaTOKCHIMHOM U 903WHOM [ijIsl OL|eHKH CTPYKTYpPHI U a3yp-11-
303WHOM [|j1s1 OLIeHKH KJIeTOYHOro cocrasa. I1pu 280-KpaTHOM yBesIMueHHH MUKPOCKOTIA ITOJCYNTHIBAIN COOTHOIIeHHe (B %)
niepBUYHBIX (ITJIYC) 1 BToprYHBIX TUMQOUAHBIX y3enkoB cene3eHKH (BJIYC), n3mepsu (MKM): AviaMeTp repMHHaTUBHOTO
uenTpa (I'Ll), mmpuHYy MaHTHITHON M MaprvHaIbHOM 30HBI, AMaMeTp IeprapTeprossipHoil tumbongHol My Te! (ITAJIM).
B T'Ll, nepudepuueckoii 30He MMbOUIHbIX y3enkoB, [TAJIM npu yBenuuenuu 1500 kpat B pacueTe Ha mosie 3penus (100 Mkm?)
TIOZICYUTHIBA/M U TIPE/CTABISIN B ITPOL{EHTaX KOJIMYeCTBO JIMM(OLUTOB; MaKpo(aros; K/IeTOK, MUTOTHUECKHX U alloNTOTHYeCKUX
ssemeHTOB. MopdomeTprueckrii aHa/IM3 0CYyIL{eCTBIIS/ICS MPH oMol nporpamMm Image ProPlus 6.0 (Media Cybernetics,
CHIA). Craructuueckas 00paboTKa 0CyILeCTB/Is/1ach TIPY ITOMOLLM MakeTa nporpamm Statistica 10.0 ¢ onpesenenyeM cpegHeit
apudmeTrueckoit (M) u ee o6y (m). Pesynmeratel 1 06cysxeHre. BeieHMe GypocemMuzia IPUBEIO K CHIKEHHIO MarHusi
B CBIBOPOTKe KpoBH B 1,6 pa3 (p < 0,05). B 6esioii mynbIe cese3eHKH )KUBOTHBIX OTIBITHON TPYIITBI CHIpKanachk fosst IJTYC
Ha 18,14 %, yBenuuuBanock kommuectBo BJIYC Ha 42,5 % (p < 0,05). Inametp BJIYC He3naunmo Bo3pactai, guametp 'L
VY LIMPHYHA MapryHa/IBHOM 30HBI I0CTOBEPHO yBeTMUMBaIiCh Ha 27,1 u 24,8 %, coorBetcTBeHHO. B I'l] BJIYC yBennumuBanack
nosist Makpodaroe Ha 20,6 %, B coctaBe [TAJIM — Ha 17,0 %. HanbGomnee BbICOKHI TIPUPOCT [JO/IH KJTIETOK C MPU3HAKaMH arionTo3a
ObL1 0OHapY>KeH B IepUapTepHOISIPHON TMMGOUIHOU MydTe 3KCTIepUMeHTanbHbIX )KUBOTHBIX — 34,6 % (p < 0,05). BeiBoAEL
Harpy3ka ¢ypocemuiom 00yc/ioBIHMBaeT pa3BuTHe OH03IeMeHTO3a, ¢ Haubosiee 3HAUMMOM MoTepeli MarHusi (TMnoMarHueMueit)
Y OKa3blBaeT BbIpa’kKeHHOe B/IMSTHME Ha MMMYHHBIe TIapaMeTphI Cesie3eHKH, MPe/iCTaB/IeHHbIe CTPYKTYpaMu Oesloi MyJIbITbL.
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C]'IE,E[OBEITQJH:HO, KOpPpPEeKLHUA 3JIEMEHTHOI'O CTAaTyCda U MOHUTOPHUHI' COCTOAHHSA Ce/I€3€HKU IMPpU TrMIIOMarHueMunHu, BBLI3BAHHOM
TIPUMEHEHUEM TIeT/IEBBIX NUYDPETUKOB, ABJIAIOTCA HEO6XO,E[I/IMI>IM 3JIEMEHTOM B IIpeAyIpexXaeHnn OCHO)KHEHHﬁ, CBsA3dHHBIX
C UCII0/Ib30BAHHMEM MOUYETOHHBIX TIPEIapdTOB.

KnroueBsbie c10Ba: q)ypOCQMH,E[—HHAyL[HpOBaHHaH TUINoMaramemMus, JuypeTukK, Genast IMyJ/iblla CeJIe3€HKU, KJIeTOUHBIN
COCTaB CeJie3eHKHU

Hudopmanus o hpuHAHCUPOBaHUH. ABTODEHI 3asiB/ISIOT 06 OTCYTCTBHMHM BHELITHEro (MHAHCHPOBAHUSI.
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M.B. CmetanuHa, K.A. TTa3uHeHKo; Harcadve U opopmiieHre Tekcta— H.H. Uyukora, M.B. CMeTaHWHa; CTaTUCTAYe CKUI
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BbJiarogapHoCcTH — HEITPUMeHHMO.
HudopmupoBaHHoe coryiacue Ha My0/IMKALUI0 — HETPUMEHUMO.
INoctynuna 28.06.2023. TIpunara 27.07. 2023.

Jnst qurupoBanusa: Cmemavuna M.B., Yyukoea H.H., Kopmuauna H.B., I1a3uHeHko K.A. CTpYKTypHO-K/IETOUHBIM COCTaB
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Spleen white pulp structural and cellular composition
in experimental furosemide-induced hypomagnesemia

Marina V. Smetanina ', Natalya N. Chuchkova g,

Natalya V. Kormilina ~, Ksenia A. Pazinenko

Izhevsk State Medical Academy, Izhevsk, Russian Federation
< mig05@inbox.ru

Abstract. Relevance. Magnesium deficiency in the blood (hypomagnesemia) is due to many reasons, among which loop diuretics
(furosemide) occupy a certain place. The role of the spleen in this process has not been determined. The aim of the work was to
elucidate the effect of furosemide-induced hypomagnesemia on the immune structures of the white pulp of rat spleen. Materials
and Methods. Furosemide (Lasix® Aventis Pharma Ltd, India) was injected daily intraperitoneally at a dose of 30 mg/kg to the
experimental group of white outbred rats for 6 days, animals of the control group received an injection of 0.9 % NaCl. Investigated:
blood serum for the content of magnesium, calcium, sodium and iron; serial sections of the white pulp of the spleen after staining with
hematoxylin and eosin to assess the structure and azure-II-eosin to assess the cellular composition. With a microscope magnification
of 280 times, the ratio (in %) of primary (PLNS) and secondary lymphoid nodules of the spleen (SLNS) was calculated, the following
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were measured (um): the diameter of the germinal center (GC), the width of the mantle and marginal zone, the diameter of the
periarteriolar lymphoid sheath (PALS). In GC, the peripheral zone of lymphoid nodules, PALS at a magnification of 1500 times
per field of view (100 pm?) was counted and presented as a percentage of the number of lymphocytes; macrophages; cells, mitotic
and apoptotic elements. Morphometric analysis was carried out using Image ProPlus 6.0 software (Media Cybernetics, USA).
Statistical processing was carried out using the Statistica 10.0 software package with the determination of the arithmetic mean (M)
and its error (m). Results and Discussion. The administration of furosemide led to a decrease in magnesium in the blood serum
by 1.6 times (p < 0.05). In the white pulp of the spleen of animals of the experimental group, the proportion of SLNS decreased
by 18.14 %, the number of SLNS increased by 42.5 % (p < 0.05). The diameter of SLNS increased insignificantly, the diameter of
GC and the width of the marginal zone significantly increased by 27.1 and 24.8 %, respectively. The proportion of macrophages
increased by 20.6 % in GC SLNS, and by 17.0 % in PALS. The highest increase in the proportion of cells with signs of apoptosis
was found in the periarteriolar lymphoid sheath of experimental animals — 34.6 % (p < 0.05). Conclusion. Furosemide loading
causes the development of dyselementosis, with the most significant loss of magnesium (hypomagnesemia) and has a pronounced
effect on the immune parameters of the spleen, represented by white pulp structures. Therefore, correction of the elemental status
and monitoring of the state of the spleen in hypomagnesemia caused by the use of loop diuretics is a necessary element in the
prevention of complications associated with the use of diuretic drugs.

Keywords: furosemide-induced hypomagnesemia, diuretics, white pulp of the spleen, cellular composition of the spleen
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BeepeHue

[TeTneBbIe IUYPETUKH, K KOTOPBIM OTHOCHUTCS (Y-
pPOCeMU/, LITUPOKO UCTIOb3YIOTCS BO BCEM MHUPe [IIs]
JieYeHUsT CepIeYHOMN HeI0CTaTOYHOCTH, apTePHATbHOM
TUTEPTEeH3UH, 0CJIOKHEHUH, CBSI3aHHBIX C OCTPBIM T0-
BpPEXK/IeHHEeM TT0YeK, MTOYeUHOU HeIoCTaTOUHOCThIO
U T.1. [1-4]. B T0 ke BpeMsi JOCTaTOYHO MHOTO (haKTOB
CBH/IETE/TLCTBYIOT O IPUMEHEHUH MOUETOHHBIX CPEZICTB
C HeMeJULIMHCKUMH TIe/IIMHU (B CTIOPTe, HallpUMep ), UTO
MOXXET BbI3BaTh HeKejlaTe/IbHbIe TI0C/IeICTBUS IOC/Ie
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UX JJIUTEBHOTO (MM Upe3MepHOro) yrotpebsieHus.
[TeTneBble JUypeTUKH UHTUOUPYIOT pe3op6ormio Na*
(u, cnefoBaTeNbHO, BOZIbI) U3 BOCXO/SILEr0 OTAes1a
net/ ['eHsie B MOYEUHBIX KaHa/IbLaX, yBeTMUUBAIOT
3KcKpewuto ¢ mouoit K*, Mg*, H* u Cl-, uto mpuBogut
K JucbanaHCy 3/1eKTPOJIUTOB 1 YpeBaTo OCI0KHEHU-
savu [5]. [TetneBoit AuypeTuk dhypocemMu — 4acTo
WCTI0/Tb3yeMblii MOYETOHHBII Mpernapar, ero UCIoJib30Ba-
HYe HepeJKO BbI3bIBaeT BOIPOChI, TPAKTYIOLIMECS O4eHb
pa3Hoo0pa3Ho, OIHAKO TIPU 3TOM BBISIB/IEHO, UTO TIPH €r0
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NpUMeHEeHUH BepOSITHOCTb Pa3BUTHSI TUTIOMarHUEMUU
MoxkeT Jocturatk 50 % [6, 7]. bonee Toro, KIMMHUUYECKA
Ba)KHOe 3HaueHHe UMeeT TOT (haKT, UTo JjaXke B YCJIOBUSIX
OTCYTCTBUS PETUCTPAL[UU HAPYIIIeHUH 3/IeKTPOIMTHOTO
cocTaBa KpOBU JJiUTeJibHasi Teparnusi JuypeTuKaMu
BeJleT K iucbanaHcy 3/1ieMeHTOB (THITO- TUOO THUTIepaJie-
MeHTO3b1) [7-10]. B psifie 5KCrieprMeHTOB Ha XKUBOTHBIX
MOKa3aHo, UTo BBe/leHue hypoceMu/ia COMPOBOXKIAETCS
0103/1eMEHTO30M He TOJILKO B KPOBH, HO U B Psifie Opra-
HOB, B T.4. 00eCIeunBaroIiX UMMyHHbIe QyHKIUH [9,
10]. IMocnencTBYs TUTIOMarHMeMUH, Topaykaroiei
HEeCKOJIbKO OPTaHOB, MOT'YT ObITh SIBHBIMHM WJTH CKPbI-
TBIMU TIpOsiBNieHusiMu [11].

HedwimT w/wmm aricbaiaHC 0CHOBHBIX KU3HEHHO-
HeoOXOUMbIX (3CCEHIIMA/TBHBIX) 3/1eEMEeHTOB HeH30e)KHO
TPOBOLIMPYeT HapyliieHre (DYHKIIMOHUPOBAHKS OPTaHOB
Y CHCTeM OpraHu3Ma, BKJItouYasi CAHCTeMY UMMYHHOTO
roMeocTasa. /laHHbIe psifla aBTOPOB CBU/IETE/TbCTBYIOT
0 TOM, UTO UMEHHO TMTIOMarHuieMusi SIB/IsIeTCsl TIPeJUK-
TOPOM CMEPTHU OT CePAEYHO-COCYANCTHIX 3a00/1eBaHUM,
roBbIlIaeT cMmepTHoCTh oT COVID-19 [12, 13]. Co-
CTOSTHWE UMMYHHOW CHCTEeMbBI MOXKET ObITh BO MHOTHUX
C/Tydasix pelaroiiyM (aKTopOM TP Pa3BUTUU CaMbIX
pPa3HO00Opa3HbBIX MATOJOTUUECKUX COCTOSTHUM [14].
Ha posb ceneseHku B TipoLieccax UMMYHOMOZYJISILIUU
TIpY U3MeHEeHHOM COCTaBe /1eMeHTOB (JiepuITe MarHus,
B UaCTHOCTH) YKa3bIBalOT eJMHUUHbIe paboTs [10, 15].

enb uccie0BaHUA — BBLISCHUTH BIUSHUE
(dbypocemMU-UHAYLIMPOBAHHOM TMTIOMarHieMUY Ha UM-
MYHHBIE CTPYKTYPbI O€/101 My/IbITbI Ce/ie3€HKU KPbIC.

MaTepman bl U ME€TOA Dbl

OKCriepuMeHT TIpOBe/ieH Ha 1ab0paTOpHBIX KPbI-
cax (Rattus norvegicus Berk) o6oero nosa, maccoi
180 + 12,6 r B ocennmii repuoy,. McciemoBanue omobpe-
HO KOMHUTETOM I10 OroMequIMHCKOM 3THKe PT'BOY BO
«V>xeBcKasi rocyapCcTBeHHas! MeJULIMHCKAs aKaZleMUsh»
MumnzzapaBa P® (anmnvkanuonHslid Ne 610), 1. VkeBcK.

JKviBoTHBIe ObLTM pa3fenieHbl Ha 2 TPYIIIbI: KOH-
TposbHas rpyria (10 ocobeit) U omnbITHas rpyIina
(15 ocobeit). )KUBOTHBIM OIBITHOM T'PYIITIBI B TeUe-
HUe 6 IHeU e)XeHEeBHO BHYTPUOPIOIIIMHHO B [j03€
30 mr/kr (06Bem rperapara /ijisi 3Tol JO3UPOBKU CO-
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crasnsin 0,2 1) BBogu dypocemu (Lasix® ABeHTHC
®apma JIta, Uugus) [16]. JKUBOTHBIM KOHTPOJIBHOM
TPYIIIbI eXKeJHeBHO B aHanoruuHom obbeme (0,2 M)
BHyTpuOprominHHO BBoAWIU 0,9 % pacTBop HaTpus
xyiopyga. Bce sKcnieprMeHThI BBIITO/IHEHB] B COOTBET-
cTtBuM C JKeHeBckol koHBeHLMel «Internetional Guiding
Principals for Biomedical Involving Animals» (Geneva,
1990), a Taxke XenbCUHCKOM JleKIapaliyeit BcemupHoi
MepuiHCKOM Accolpaliy O TyMaHHOM OTHOLLIEHUH
K >KMBOTHBIM (pefakuys 2000 r.). JKMBOTHbIE MO/Tyyanu
CTaHZJAPTHBIN CyXO0ii KOPM, MMe/Td CBOOO/HBIH A0CTYyTIe
K BOJle.

KpoBb A1 aHanM3a Ha MUKpPO3/IeMeHThI 3a0u-
pa/ii TpaHCKap/iabHOU MyHKIUeN 1107, 3(DUPHbIM
HapKO30M HeroCpe/CTBeHHO MepeJ, yMepllB/IeHueM
C MOC/IeAYIOLIMM BbIBeJIEHMEM U3 SKCIIePUMEHTa J10-
TIOJTHUTE/IbHOU JieTa/IbHOM /10301 3(hMpHOTro HapKo3a.
VccnenoBanue CbIBOPOTOYHOTO MarHusi, KaabLivsi, Ha-
TpUsi ¥ JKeJie3a MPOBOAWIN B 1aboparopuu «MenJlab
Jkcrpecc» (T. V>keBCK) Ha aBTOMaTUYeCKOM aHa/M3a-
Tope XL-200. B 061emM KITHHUYEeCKOM aHa/IM3€e KPOBH
Ha aBTOMaThuecKom aHanusarope XL-200 onenuBanu
KOJIMUeCTBEHHBIN COCTaB K/1eTok Oesoii kposu. [Tocre
BCKDBITUSI CeJie3eHKY U3B/eKany, ¢pukcrposany B 10 %
HelTpasbHOM (hopmasHe, 06e3BoKMBaIH B OaTtapee
CMHPTOB BOCXOZSALLEM KOHLIEHTPaLU U 3a/11MBajIU B Ma-
paduHOBYIO Cpefy A5l 3a/IMBKH FMCTO/IOTUYECKOTO
Marepuasa Histomix (BioVitrum, Poccusi). Cepuiinbie
cpe3sl opraHa (5—7 MKM) OKpallliiBa/ i reMaTOKCH-
JIMHOM U 303WHOM JJI51 OLIeHKH CTPYKTYpPBhI Oesoit
MyJIbIbl U a3yp-11-303MHOM /1711 OLIeHKY ee KJIeTOUHOr0
cocTtaBa. [Ipu yBenimueHuu mukpockorna B 70 u 280
Kpar 0 CUMThIBA/IM COOTHOLLIeHUe (B %) mepBUYHBIX
(TIJTY C) u Bropuunsix (BJ/TYC) numonHbIX y3eIKoB
ceneseHku (JIYC). Ons BJIYC usMmepsiiu guameTp
repMuHaTUBHOTO LieHTpa (['Ll), mMpuHy MaHTHUHHOMN
30HbI (Ma3), MpyUHYy MapruHaibHOU 30HbI (Map3),
JYiamMeTp TNepuapTepuanbHON TUMQPOUHON My (ThI
(TTAJIM). MopdomeTprueckuii aHau3 CTPYKTYPHBIX
KOMITOHEHTOB Ce/le3eHKH OCYILeCTB/ISUICS TTPY [OMOLLU
Mop@domeTpuueckrx nporpamMm Image Prolnsite 8.0,
Image ProPlus 6.0 (Media Cybernetics, CIIIA).

151 JOTOTHUTe/IbHOM OLIeHKU MHTerpajbHOro
VMMYHHOT'O OTBeTa Cejie3eHKU OTpeJesisiid UHeK-
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Chbl, OTpa)karolje UMMYHOMOP(OIOTHIO OpraHa:
repMUHATUBHO-(O/UTMKY/IpHBIN UHAEKC (I'DU), paccun-
ThIBaeMbIii U3 cooTHoLIeHus1 uameTpoB 'Ll u B/TYC (%)
1 Mo b KoadduipenT (JIK), paccurTbiBaeMbIi
u3 auametpoB BITYC u TTAJIM (%) [17].

B repMuHaTUBHBIX LieHTpax U nepudepruecKoin
30He JIYC (MaHTHIHAasi U MapruHaabHas 30HbI),
ITAJIM noficunThIBaIA U NPeACTaBAs/IA B MIPOLIEH-
Tax KOJIM4eCTBO JIMM(OLIUTOB; MaKpodaros; KIeToK,
HaxOALIUXCS B COCTOSIHUM MUTOTUUECKOTO Jle/IeHUS;
ariorToTUYe CKUX 3/1eMeHTOB. Ko/iMuecTBO K1eToK
paccurThiBanoChk Ha mose 3peHus (100 mxm?). Cratu-
CTUUEeCKYI0 00paboTKy JaHHBIX OCYIL[eCTBIISIN MPU
MOMOIIM naKkeTa nporpamm Statistica 10.0 ¢ onpeze-
neHueM cpegHel apudmMeTrueckolt (M) U ee OIIMOKH
(m). Pe3ynbTrathl Mcc/iej0BaHuUs ObLTH POBEPEHbI
Ha HOPMaJ/IbHOCTb pacrpezesieHus C UCII0/Ib30BaHU-

em kputepus [Hlanvpo-Yusika. CpaBHeHUd [JaHHbIX
JIByX TPYIII U3 COBOKYMHOCTEN aHaJIU3MPOBa/IU MpHU
TIOMOLLM /IBYX()aKTOPHOTO JUCIIePCHOHHOIO aHau3a
C UCTI0/Tb30BaHKeM TIPOrpaMMHoOro obecreuenus SPSS.
Pasnmuunsa Mexxay rpynrnaMy CYMTaau CTaTUCTUYeCKU
3HauuMbIMM ipu p < 0,05.

Pe3ynbraTtbl M UX 06CYXKAeHUe

Bo3zgaeiicTBre pypocemMu/ia Ha OPraHU3M >KUBOT-
HBIX, BBOAMMOTO B TeueHue 6 [iHel, MpUBeJo K h3me-
HEHHIO KOHLIEHTPAIluu OM03/IEMEHTOB B CHIBOPOTKE
KpoBH (Tabmuiia 1). Haubosee BbIpa)KeHHO CHUKATUCh
rokasarenu maruus (B 1,6 pas, p < 0,05) 1 kanbLys —
Ha 14,8 % (p < 0,05), MoBbIIIaI0Ch KOMUYECTBO >KeJie3a
(Ha 32,8 %, p < 0,05), He U3MeHS/TUCh HAaTPUS 1 KaJusl.

Ta6nuya 1/ Table 1

MaccoBasi KOHLLeHTpaLMsi 31eMEHTOB B CbIBOPOTKE KPOBU UHTAKTHbIX U 9KCNIePUMEHTaIbHbIX YXMBOTHbIX /
Mass concentration of elements in the blood serum of intact and experimental animals

Ipynnbl XXMBOTHbIX, [okasaTtenun / MHTaKTHble XUBOTHbIe / Intact animals OnbITHbIE XMBOTHbIE /
Animal Groups, Indicators n=10 Experimental animals n =15

Mg (Mmonb/n) / Mg (mmol/l) 1,75+0,08 1,11 +£0,18*
WHTepBanbHble 3HayeHus / Interval values (1,1-1,89) (0,66 - 1,40)

Fe (Mkmonb/n) / Fe (umol/I) 30,8 £ 6,21 40,9 £ 8,62*
WHTepBanbHble 3HayeHust / Interval values (18,9 - 352) (20,9 - 50,1)

Ca (Mmonb/n) / Ca (mmol/l) 16,2+23 13,8 +2,8*
WHTepBanbHble 3HauyeHusn / Interval values 154 -20,0 13,5-20,8

Na (Mmonb/n) / Na (mmol/I) 143,95+ 0,21 142,8+0,8
NHTepBanbHble 3HaveHus / Interval values 140__ 145 140__ 145

(0=0,44) (0=0,16)

K (Mmonb/n) / K (mmol/l) 4,86+ 0,90 4,39 1,52
MHTepBanbHble 3HayeHus / Interval values 31-67(0=1,79) 29 -59(0=3,03)

lpuMeyvaHue: * — pasnuuna 4ocToBepHbl npu p < 0,05.
Note: * p<0,05.

I'uroMararieMust BO3HHUKaeT ObICTPO, TIOTOMY UTO
oOMeH BHEK/IETOYHOTO MarHusi ¢ 6osiee KPyImHbIMU
KOCTHBIMHU U K/I€TOUHBIMU 3aIllaCaMH He3HaAUuTe/IeH
[8]. MexaHu3M /I€HCTBYS TIET/IEBBIX JUYPETHKOB CBSi-
3aH ¢ 6710Ka/10¥ paboThI HATPUN-KaTUN-XI0PUJHOTO
KOTPaHCIIOpPTepa, B Pe3y/bTaTe uero He MPOUCXOUT
(hopMHpOBaHUS 3/IEKTPOXUMUAYECKOTO TPJIEHTa MEXKTY
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T0JIOCTBIO TIPOCBETA KaHa/bLIeB U MePUTYOY/ISIPHBIM
TIPOCTPAHCTBOM, MarHuii He peabcopbupyeTcst (BO3HU-
KaeT MarHuiypusi). C yMeHblIeHHUeM TPaHCIMUTeNH-
aJIbHOTO TMOTeHLIMaa, CHIKAeTCsl U NapaLlesiToIsipHbIN
TpaHcnopT MarHus [18, 19]. Hapyiuenue sTux mexa-
HU3MOB 00paTHOTO TIOCTYTI/IEHHUs] MarHUs U TIPUBOJUT
K €ro 3HaYMTe/bHBIM MOTepsIM B KPOBU. V3MeHeHUs
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KOHI|€HTPALUU Ka/bl[Hs B CBIBOPOTKE KPOBHU ObIIU
MeHee BbIpaXkeHbl, ueM MarHusi. OJTHaKO Ba’KHO, UTO
COOTHOIIIeHHe 3THX 37eMeHToB (Mg/Ca) urpaet gaxe
OOBIITYIO POJTb, YeM TIPOCTO X KOMMUeCTBO. Tak, y KOH-
TPO/BHBIX )KMBOTHBIX COOTHOLIeHHe Mg/Ca coCTaBuiio
0,09 + 0,02 y.e., a B onbiTHOM Tpymime — 0,06 + 0,02 y.e.
B crarbe F. Guerrero-Romero et al. ripegcraBieHbl
JIaHHbIE O TOM, UTO CHU)XKE€HHE 3TOr0 COOTHOIIEeHUS
y sivr; 3Toro COVID-19 cBfi3aHO C BEICOKUM PUCKOM
CMEepPTHOCTH OT 3abosieBanus [12].

OOy aHamM3 KPOBHU Y 3KCITEPUMEHTA/TbHBIX K-
BOTHBIX MOKa3aj JOCTOBEPHOE YBeTMUeHre KOJIMYeCTBa
nelikouurtos 1,5 pasa (c 11,2 £ 1,81 go 16,96 + 5,0 en/n),
mmdoruToB B 1,7 pasa (¢ 5,9 £ 1,3 7o 10,02 + 1,3 eq/n),
HEKOTOpOoe CHWXeHue MoHoLuToB (¢ 1,75 + 0,08 go
1,54 £ 0,05 en/n). ITomo6OHast 1ITO/IOrMYeCKast KapTHHA
CBU/IeTeTbCTBYET O Pa3BUTHH BOCIA/IUTEIBEHOTO Mpo-
1iecca B OpraHv3me Mpu T’MnoMarHueMuu.

OpHakKo B KPOBH IPUCYTCTBYeT JIULIb He3HAUYUTe Ib-
HOe KoyinyecTBO MarHusi (0kosio 1 %), 6osbImas yacTb
3TOr0 MOHA HaxoquTCs B KocTsx (53 %), mbiiiiiax (27 %)
1 MATKuX TKaHsax (19 %). Kpome Toro, npruMeHeHue
JIeKapCTB MOXKeT CHUKaTh KOHLIeHTpaL|u0 MarHus
B CBIBOPOTKE 3a CUeT ero repemMerieHus B KiaeTku [ 10,
20]. TTpu MmopdhomMeTpruecKOM aHar3e Oesol My/bITbl
ceJie3eHKH B yC/IOBUSIX C(DOPMHUPOBAHHOM MO, BIUSIHUEM
¢bypocemua ruromaravemud (PI'), 66110 BBISICHEHO,
4uTOo y )KUBOTHBIX C PI' B cesle3eHKe CHU»Kanach 0/
IJTYC Ha 18,14 %, (p < 0,05) npu oiHOBPEMEHHOM
Bo3pacTanuu kosmuectsa B/IYC Ha 42,5 %, (p < 0,05).
Huametp BJIYC He3HaumMo Bo3pacTasl, HO AuaMeTp
'l ¥ wrprHa MapryuHaabHOW 30HbI U3MEHSTUCH JI0-
croBepHo (p < 0,05), yBenuuuBasick Ha 27,1 u 24,8 %,
COOTBeTCTBeHHO. [IuameTtp T-3aBUCUMBIX 30H CeJIe3eHKU
WMeJT TeH/IEHIHIO K yMeHbIeHuro (p < 0,1) (Tabmuia 2).

Tabnuya 2 / Table 2

TMCTOCTPYKTYpHbIE XapaKTePUCTNKK 6enoii NynbMbl cene3eHKU KOHTPOJIbHbIX N 9KCMePUMEHTaNbHbIX YKUBOTHbIX
npu Harpy3ke ¢pypoceMua-uHayLupoBaHHoi runomarHuemun / Histostructural characteristics of the white pulp
of the spleen of control and experimental animals under load of furosemide-induced hypomagnesemia

Mokasatenu Mpynnbl )unBoTHbIX / Animal groups Indicators

OnNbITHbIE XXUBOTHbIE
Experimental animals n=15

MHTaKTHble XMBOTHbIE
Intact animals n=10

O/l NEPBUYHbIX IMMPONIHbIX y3enkos (%) /
p y

Diameter of primary lymphoid nodules (um)

*
Proportion of primary lymphoid nodules (%) 84,78 £3,21 68,55+ 5,23
Hons BTOPUYHBIX J'IVIMCbOVI,quIX.y3eJ1KOB (/oo) / 1522 + 154 3145+ 10,12
Proportion of secondary lymphoid nodules (%)
[nameTp NepBUYHBIX TMM(OUIHbIX Y3e/IKOB (MKM) / 339,13+ 38,58 333,05 + 44,96

[JmaMeTp BTOPUYHbIX NMMGOUIHBIX Y3€nKOB (MKM) /
Diameter of secondary lymphoid nodules (um)

377,27 £ 28,94 391,84 £32,71

[nameTp repMUHaTUBHOIO LEeHTpa (MKM) /
Germinal center (diameter, pm)

88,34+ 12,44 112,25 +13,76*

LLvpuHa MaHTUIAHOW 30HbI (MKM) /
Mantle zone (width, um)

186,23 + 46,76 159,63 + 42,98

LnpuHa MapruHanbHoi 30HbI (MKM) /

Germinal-follicular index (%)

*
Marginal zone of white pulp (width, um) 100,37+7,03 12529+8,16
AvnameTp nepuapTepuonspHoi n_MMCbom,qum MydTbI (MKM) / 23512 £ 77,75 199,21 + 28,85
Periarteriolar lymphoid sheath (diameter, pm)
FepMUHATUBHO-DONIMKYNSAPHbIA uHAeKc (%) / 2342+14 28,65+ 2,1%

JNumbomnaHbiin koapduumneHT (%) /
Lymphoid coefficient (%)

160,46 + 12,68 196,17 + 15,47*

lpumeyaHmne: *— pasnnumsa gocToBepHbl Npu p < 0,05
Note: *p < 0,05
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B cBsi3u nosiyueHHBIMU pe3y/ibTaTaMu UMMY-
HOMOP(oiorTuyecKre MoKa3aTesu, BbISIBASIOL[AE
VHTEHCUBHOCTb ()YHKLIMOHMPOBaHHUs1 B-KieTouHOro
3BeHa UMMYyHUTeTa (TepMUHATUBHO-(OTUKY/ISIPHBII
WHJEKC), a Takke uMpounanbiii kKoadduument (JIK),
orpe/ieNsroIIuiA cooTHOIIeHHe B- 1 T- K/IeTOUHbIX 30H
MMMYHUTeTa, yBeJnurBaanch B 1,2 pa3sa (p < 0,05).
['®U 06BrekTHBHO OTpaxkaeT cTereHb pa3sutus ['L [17],
r7ie 06pa3yroTcs Tia3MaTiyecKye KIeTKH, COCTaBIIsio-
1111e OCHOBY /7151 (P OPMHPOBAHKSI TYMOPabHOIO 3BeHa
MMMyHUTeTa. HanpsbkeHHOCTb yKa3aHHOTO 3BeHa CO-
TipsDKeHa € pa3BUTHEM T-KIeTOUHOro 3BeHa UMMYHUTe-
Ta, UTO OTPaKaeTcsl B yBelnnueHUU kospduipenta JIK.
Pe3ynbraThl OTpa)karOT HECOMHEHHYHO BK/IFOUEHHOCTh
MMMYHHBIX CTPYKTYP CeJie3eHKH B (YHKL[MOHA/IbHYO
CUCTeMy IMMYHHOTO roMeocTasa [21] npu pa3BrBao-
memcst 61o3memMeHTO3e.

W3mensisicst ipu @I" ¥ KJeTOUHbIN coCTaB MMMQo-
WHBIX y3eJIKOB cesie3eHKH (Tabmuia 3). B ocHoBHOM
V3MeHeHUs] Kaca/IuCh IIPOLIEHTHBIX [J0JIed, IPUXO0/s-
LIMXCS Ha MaKpogaru 1 arnonToThuecKue 31eMeHTbl
(B pacueTe Ha IoJjie 3peHHs1 COOTBETCTBYIOIIUX CTPYK-
TYPHBIX 30H). Tak, B repMUHaTUBHBIX LieHTpax BJ/IYC
JoJisi MakpodaroB yBenuunBaiach Ha 20,6 %, B Ma3
u MaP3 —Ha 22,6 %, ITAJIM —Ha 17,0 %. IIpoueHnt
aronToTuyeckux 3nemMeHToB B 'Ll BJTYC 06511 BbIlLIe,
YeM y MHTAKTHBIX XXUBOTHBIX Ha 20,9 %, B MaHTUIMHOMN
Y MapruHa/IbHOM 30HaX — Ha 16 %. Haunbosee BbICOKHIA
TPUPOCT AO/H KIeTOK C TIPU3HAaKaMH arornTo3a Obi
oOHapy>KeH B repyUapTepyossipHo mbongHol MydTe
3KCIEePUMEHTA/TbHBIX JKUBOTHBIX — 34,6 %.

Ta6nuya 3 / Table 3

KneTouHble anemeHTbl (%), BXOAALLUE B COCTAB CTPYKTYPHbIX 30H BTOPUYHBIX TMMGOUAHBIX Y3€NKOB CeNle3eHKN U NepuapTepuonsipHbIxX
nuMmdongHbIX MyhT MHTAKTHBIX U 9KCNepUMeHTanbHbIX XXUBOTHbIX/ Cellular elements (%), which are part of the structural zones of
secondary lymphoid nodules of the spleen and periarteriolar lymphoid clutches of intact and experimental animals

MHTaKTHbIE XXM1BOTHbIe / Intact animals (n = 10)
BTopuyHble nuMdonaHbIe y3enku ceneseHku /
Secondary splenic lymphoid nodules
Mepudepuyeckas 3oHa
Mokasatenu (%) NMMGOUAHOrO y3enka MepuapTtepnonspHas
Ha none 3peHns Mukpockona 100 Mkm? / (MaHTuitHas nnmdoungHaa mydra /
Indicators (%) FepMUHATWUBHbII LEEHTP / 1 MapruHanbHas 30Hbl) / Periarteriolar lymphoid
in the microscope field of view 100 ym? Germinal center Peripheral zone of the sheath
lymphoid nodule (Mantle
and marginal zones
of white pulp)
Jiumdountbl / Lymphocytes 474 +2,6 69,3+10,5 7211122
Makpodaru / Macrophages 6,815 6,213 47 +0,9
MuTO3bI / Mitoses 1,34+09 0,2+0,08 0,7+0,2
AnonTtoTudyeckue anemeHTbl / Apoptotic elements 158+1,4 75%1.2 8,1+0,6
dKcnepuMeHTanbHble XMUBOTHbIe / Experimental
animals (n=15)
JNiumdouunTel / Lymphocytes 41,6 +1,2* 68,778 72,6 +8,8
Makpodaru / Macrophages 82+1,1* 76+1,1 551 0,8*
MwuTo3bl / Mitoses 0,2+0,09 0,7 £ 0,06
AnonTtoTuyeckue anemeHTbl / Apoptotic elements 8,7 £ 0,6 10,9 £+ 0,8*

lpuMeyvaHue: * — pasnuunsa JOCToBePHbI Npu p < 0,05
Note: * p< 0,05
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BriosiHe BO3MOXKHO, UTO yBe/lMueHre Makpodaros
00yC/I0B/IEHO yBe/TMUeHEM KOJTMUeCTBA aroNTOTHUEe CKUX
3/1eMEHTOB, MOCKOJIbKY 3TH MPOLIECCHI B3aUMOCBSI3aHbI
Mexy coboii. KoCBeHHBIM IMOTBEPIKI€HUEM SIB/ISIETCS
00Hapy)KeHHbIH (haKT CHIDKEHHSI KOJTMUeCTBa MOHOLUTOB
B nepuQepriecKori KpOBU, MUTPUPYIOLLMX B OPraH U siB-
JISTFOLLAXCS TIpeilie CTBeHHUKaMK MakpodaroB. ATIONTo-
THUYeCKWN MeXaHW3M UMMYHHOMU PeTY/ISIIUN XapakTepeH
[J1s1 MHOTHX TIPOLIECCOB. AHa/IN3 KIMMYHOKOMITETEHTHBIX
KJIETOK Ha 3Tarle akTUBAIUM 1 TIOC/IeAYIOIUX TIPOoIiec-
COB M30BbITOYHOTO ¥ HEJOCTATOYHOTO arlorTo3a MOXKET
OBbITH B&YKHBIM KaK /1151 [TOHMMaHKMsSI UMMYHOTIaToreHe3a
MHOTHX 3a00/IeBaHUH, TaK U MOMCKA HOBBIX CPE/ICTB
“MMyHopeabummTanun [14].

dypoceMUA-UHAYIIMPOBAaHHOE COCTOSTHKE OHO3Te-
MeHTO3a C Tpeo0/1aZiaHueM IMIIOMarHeMUH, OKa3bIBaeT
BbIpa’KeHHOe BJIMsIHMe Ha UMMYHHOMODP(dosioruueckrie
rapaMeTphl Ce/ie3eHKH, TIPe/ICTaB/ieHHbIe CTPYKTypaMu
GeJi0ii Ty/TbIIBI ¥ KX KJIETOYHBIM COCTaBOM. M3BeCTHO,
YyTO pa3HooOpa3Hblie 3(hdeKTb MarHust 06eCcrieurBaoT
LjeJIbIA PsiJi UMMYHOJIOTUUeCKUX (PYHKI[UM MHOTO-
YHCJ/IEHHBIX CyOIOMy/IsALi UMMYHHBIX KJIeTOK [22],
OKa3bIBalOT BAMSIHYE Ha pa3BUTHe, AU(QepeHLIPOBKY
u nipormdeparuio MMMQOIUTOB, PyHKIUI0 Makpodaros
Y BbI/IeJIeHUS] UMH IUTOKMHOB [22—25], obecrneurBa-
FOT MOZY/IALNIO0 TeMOTIOTUUECKUX CTBOJIOBBIX Kile-
TOK [26-28]. CHIWKeHre MarHusi MOKeT TIPOBOL[MPOBAaTh
BOCTIAaTUTEe/TbHBIE TIPOIIeCChl, CyIlleCTBEHHO U3MeHsIsI
MMMYHOJIOTHUYeCKui ctaryc [2, 13, 29, 30].

BbiBogbl

1) TetneBoit ArypeTHK (hypocemMus Bbi3bIBaeT G1oasie-
MEHTHBIH IucOaaHc, ¢ rpeobiajaHueM Aedvipra Mg,

2) T'uroMarHueMusi COTIPOBOXKAAETCsI HApYILIeHH-
€M UMMYHHOI'O rOMeO0CTa3d: YBeJIMUeHrMeM KoJIn4de-
CTBa JIUMQOLIUTOB U CHI)KEHHEM UHC/Ia MOHOIIUTOB
KpOBH, U3MeHeHHeM CTPYKTYPHBIX TTapaMeTpoB Oesioit
TY/IbITBI CeJIe3eHKH U ee [[UTOaPXUTEeKTOHUKH.

3) Koppekiiust 3/IeMeHTHOTO CTaTyca ¥ MOHUTOPUHT
COCTOSIHMSI CeJIe3€HKHU SAB/ISIOTCS He0OX0AUMBIM 3J1e-
MEHTOM B MPeAYTIPEXK/[eHUH 0C/I0XKHEHWM, CBS3aHHbIX
C UTUTE/IbHBIM MCII0/Tb30BaHHEM /INYPETHKOB.
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