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Assessment of the Biological Safety of Metal Alloys TNT (Ti21Nb6Ta) and BT-6
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Abstract

The introduction of modern technologies in traumatology and orthopedics, such as immersion fixators and new biometallic alloys, has
led to a qualitative change in approaches to treatment, but the use of new materials in the manufacture of implants remains relevant.

Purpose of the study. Study of the biocompatibility of an alloy of titanium, tantalum and niobium (Ti2Z1Nb6Ta) in vitro.

Methods. The study examined the toxic effects of aqueous extracts of TNT (Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) on human fibroblasts and
periosteal cells in vitro using the MTT test; hemolytic activity of TNT and BT-6 alloys on the blood of experimental animals - Wistar rats (in vitro)

by spectrophotometry; Pyrogenic activity was also studied using the kinetic chromogenic method. The object of the study is the metal alloys TNT
(Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) (control group).

Results. In vitro studies have shown that aqueous extracts from the metal alloys TNT and BT-6 do not have a cytotoxic effect on cultured

human fibroblasts and periosteal cells in vitro. It was revealed that aqueous extracts of TNT and BT-6 alloys do not have hemolytic and pyrogenic
activity.

Conclusions. The studies conducted indicate a high level of safety and biocompatibility of the TNT alloy, which is proven by a set of

in vitro tests. Thus, according to the generally accepted hygienic classification, the metal alloys TNT (Ti2Z1Nb6Ta) and BT-6 (Ti-6Al-4V) can be
classified as hazard class 4 - low-hazard substances (GOST 12.1.007-76).

Key words: metal alloy, Ti-Nb-Ta, toxicity, biocompatibility, hemolysis, pyrogenicity.
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Introduction

The high level of trauma and diseases of the
musculoskeletal system in the Republic of Kazakhstan
requires the optimization of specialized medical institutions,
including structural changes and equipment updates. The
implementation of modern osteosynthesis systems has led
to significant changes in the methods of treatment in the
field of traumatology and orthopedics, including the use of
advanced methods, tools, and materials.

The promotion of surgical treatment methods
in traumatology and orthopedics is closely linked to the
integration of new technological innovations into the
production process of implants, which are an integral part of
surgical practice [1,2]. However, today, the main properties
of implants are clinical effectiveness, device strength,
universality, and economic viability. The possibility of early
patient mobilization after surgical intervention, minimally
invasive procedures, and a reduction in the risk of
complications have led to an increased use of intramedullary
fixators, as opposed to the late 20th century when external
fixation devices predominated [3,4].

The introduction of new alloys, composite materials,
and various types of coatings has clearly improved the
effectiveness of osteosynthesis [5]. Despite significant
advancements in the development of implants for
traumatology and orthopedics, there remains a relatively
high level of risks and complications [6,7]. On one hand, this
may be associated with errors in the choice of treatment
method, surgical technique, and the presence of concomitant
pathology in patients, including allergic reactions to metal.
On the other hand, there are still issues with the quality of
alloys used in osteosynthesis structures [8,9,10].

It is known that the body as a whole and the tissues
surrounding the implant can pathologically react to a foreign

Materials and methods

The study of the new alloy TNT (Ti21Nb6Ta) was
conducted over a period of 4 months, examining various
interactions of the TNT alloy (Ti21Nb6Ta) with living cells of
the organism (in vitro) and directly within a living organism
(in vivo). The research presented in this article was carried
out at the National Center for Biotechnology in Astana.

The study design was an experimental preclinical
study, consisting of two stages: the first stage involved in
vitro tests, and the second stage comprised in vivo tests to
gain a more comprehensive understanding of the safety,
biocompatibility, and osseointegration of the tested alloy.

The results of the first stage, focusing on toxic
effects of aqueous extracts from TNT (Ti21Nb6Ta) and
BT-6 (Ti-6Al-4V) (control group) on primary cultures of
human dermal fibroblasts (HDFn) and human periosteum
cells under in vitro conditions, were documented in the
article. This was done using the MTT test. Additionally,
hemolytic activity of TNT and BT-6 alloys on the blood of
experimental animals (Wistar rats) was assessed in vitro
using spectrophotometry. The pyrogenic activity of the
studied alloy was also investigated by Chromogenic Limulus
Amebocyte Lysate Test (LAL test). The study focused on
metal alloys TNT (Ti21Nb6Ta) and BT-6 (Ti-6Al-4V) as the
control group.

Ethical Issues. The work plan for studying the acute
toxicity and irritant action of metal alloys TNT and BT-6 was
developed in accordance with the guidelines outlined in
the manual for conducting preclinical studies of medicinal
products and medical devices [20], following the principles
of the Helsinki Declaration of the World Medical Association

agent. In particular, metallic implants do not always remain
inert in the aggressive environment of biological fluids
[11,12]. Unfortunately, the problem persists due to the use
of low-quality materials in the manufacture of implants.
The term "metallosis" is still used to describe complications
after osteosynthesis and infections around implants remain
a serious problem in surgery [13,14].

Surgical implants are usually made from metallic
materials, including austenitic stainless steel, cobalt-
chromium alloys, as well as titanium and its alloys [15].
In the 1940s, titanium began to be used as a material for
medical implants due to its favorable properties, including
low density, exceptional mechanical characteristics, and
lack of toxicity [16]. It is known that metal ions can be
released from metallic materials due to corrosion. There
are studies showing that metal ions formed as a result of
corrosion of austenitic stainless steels in vitro can lead to
changes in the expression of human lymphocyte surface
antigens and hinder the immune response, as evidenced
by a reduction in lymphocyte proliferation [15,17,18].
Local adverse tissue or allergic reactions associated with
metallic implants result from the release of ions from these
metals. The degree of ion release depends on the corrosion
rate of the alloy and the solubility of the initial corrosion
by-products [19]. Nevertheless, the interaction of implants
with body fluids over an extended period inevitably leads
to corrosion, thereby exerting a toxic effect on surrounding
tissues and the organism as a whole.

The aim of the study is to conduct preclinical
research to assess the safety and biocompatibility of the
titanium, tantalum, and niobium alloy TNT (Ti21Nb6Ta)
under in vitro conditions.

(revised in 2013) [21]. Animal research was conducted
after obtaining approval from the Local Ethics Committee
of the National Center for Biotechnology on September 23,
2019.

Metrological support of the research. All
measurement instruments and test equipment used in the
scientific studies underwent verification and certification
procedures in the relevant accredited bodies — Akmolinsky
branch of the National Center for Expertise and Certification
and the RSE "Kazakhstan Institute of Metrology."

The object of the study was the experimental alloy
TNT (Ti21Nb6Ta), as well as samples of the titanium alloy
BT-6 (Ti-6Al-4V) - the control group provided by the
Ulbinsky Metallurgical Plant.

Cell Lines. Primary cultures of fibroblasts (HDFn)
from human skin and human periosteum cells were used
to determine the general toxic effects of extracts from the
alloys. HDFn cell cultures and human periosteum cells were
obtained from the RSE "National Center for Biotechnology"
of the Ministry of Education and Science of the Republic of
Kazakhstan. The use of HDFn fibroblast cells as a primary
cell model, despite their primary cell status, is convenient
due to their easy accessibility and adaptability to cell
culture. Fibroblasts (HDFn) can be used to at least double
the population by a factor of 20, which is sufficient for many
tests [22]. The use of human periosteum cells is justified
by the direct contact of metal with the periosteum during
osteosynthesis, making them a representative model for
testing the safety of implanted products in traumatology
and orthopedics.
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Preparation of Aqueous Extracts from Metal
Alloy Samples TNT and BT-6. The preparation of
aqueous extracts from metal alloy samples TNT and BT-6
was carried out in accordance with GOST ISO 10993-12-
2011 (Medical devices. Evaluation of the biological action
of medical devices. Part 12. Preparation of samples and
control samples) [23]. Aqueous extracts of metal alloys
TNT and BT-6 were sterilized by autoclaving at 121°C for
30 minutes. Then, the samples were placed in a sterile tube
with a 50 ml solution of 0.9% sterile NaCl. The sample-to-
solution ratio was 1g:10ml. Subsequently, the tube with
the samples was incubated in a thermostat at 37°C for 24
hours. Afterward, the aqueous extracts were stored in the
refrigerator at +4°C for temporary storage.

Evaluation of the general toxicity of TNT and
BT-6 on human cell culture. Neonatal human skin
fibroblasts (HDFn) and human periosteum cells were
dispersed in wells of a 96-well plate (BD Biosciences, USA)
at a density of 1x104 cells/well. The cells were incubated
in Dulbecco's Modified Eagle Medium (DMEM) with high
glucose content, containing 10% fetal bovine serum (FBS),
overnight at 37°C and 5% COZ2. Subsequently, the culture
medium was removed from the wells using a pipette, and
100 pl of the tested TNT and BT-6 samples at various
dilutions were added. DMEM with 10% FBS served as the
control. The cells were then incubated for 24 hours at 37°C
and 5% CO2.

After 24 hours of incubation, the culture medium
in each well of the 96-well plate was replaced with 90 pl
of fresh phenol red-free culture medium. Subsequently,
10 pl of the MTT solution (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) (5 mg/ml) was
added to each well. The cells were incubated for 4 hours
at 5% CO2 and 37°C. After incubation, the medium was
aspirated, and the formazan was dissolved by adding 100
ul of dimethyl sulfoxide (DMSO) per well. Optical density
was recorded using a BioRad 680 plate spectrophotometer
(Biorad, France) at a wavelength of 580 nm. MTT test
data were obtained by comparing optical density (OD) in
experimental groups.

The optical density is proportional to the number of
viable cells in the well. Changes in OD were used to assess
the cytotoxic activity of the tested samples. Cell viability was
calculated using the formula: Atest/Acontrol*100, where
Atest is the optical density of the test wells, Acontrol is the
optical density of the control wells, and 100 represents
100% viability.

Evaluation of Hemolytic Activity of Metal Alloys
TNT and BT-6. The hemolytic test is a widely used method
for assessing the hemocompatibility of biomaterials,
measuring the degree of erythrocyte disruption and
hemoglobin release. This test is more sensitive to toxic
substances than reactions of other cells in the body. A lower
hemolytic coefficient indicates better hemocompatibility
[24, 25].

The hemolytic activity of aqueous extracts of metals
was studied by exposing isolated erythrocytes from three
Wistar rats to the extracts in vitro. It was considered that,
under normal conditions, the percentage of lysed cells
should not exceed 2%. The principle of the method involves
determining the hemolytic action of the extract by 100%
hemolysis of erythrocytes.

Procedure for preparing the metal extract:
Samples of TNT and BT-6 alloys (1.5 g each) were placed
in a glass flask with a ground stopper and filled with 50
ml of a 0.9% aqueous solution of sodium chloride. The
flask was placed in a thermostat and kept for 14 days at a

temperature of 37-40°C. The resulting solution was used to
study the toxic properties of the alloys.

Preparation of erythrocyte mass from the blood
obtained from three rats was carried out as follows:
blood was drawn from the carotid artery, adding 0.5 ml of
a 3.9% solution of sodium citrate to each syringe before
drawing blood to prevent coagulation. Then, blood was
drawn in an amount of 4.5 ml. The ratio of 0.15 ml:1.5
ml (1:9) of sodium citrate solution to blood, respectively,
was strictly observed. The erythrocyte mass prepared in
this way can be stored for up to 72 hours at a temperature
of 4-6°C. In the next stage, washing of erythrocytes from
the destroyed elements of blood was performed. The
erythrocyte mass was poured into three test tubes, each
containing 5 ml, and centrifuged for 10 minutes at 2000
rpm. The supernatant was poured off, and 9 ml of sterile
0.9% sodium chloride solution was added to the sediment.
The contents were mixed, and centrifugation was repeated
for another 10 minutes at 2000 rpm. Visual assessment
of the transparency of the supernatant was carried out. It
was poured off, 9 ml of sterile sodium chloride solution
was added, and the same centrifugation procedure was
repeated. After centrifugation and visual assessment of
transparency, another cycle of washing erythrocytes was
required: pouring off the cloudy pink supernatant, adding
9 ml of 0.9% sodium chloride solution, and centrifugation.
Visual assessment of transparency yielded a positive
result: a clearly separated sediment - intact blood elements
(erythrocytes); the supernatant - colorless, transparent,
without signs of hemolysis.

Preparation of a 10% suspension of
erythrocytes. From the bottom of each test tube after
centrifugation, the sediment (formed elements) was taken
in an amount of 1 ml and mixed with 9 ml of a 0.9% NaCl
solution. Three variants (three test tubes) of erythrocyte
suspensions were obtained. Such a mixture is allowed to be
stored for no more than 24 hours at a temperature of 4-6°C.
Next, the preparation of control samples and samples
with 100% hemolysis followed. Nine test tubes were used,
three lines of three test tubes for each rat: experimental,
control, 100% hemolysis. In the experimental test tubes,
5 ml of the alloy extract with previously added 0.9%
NaCl were placed. In the control test tubes, 5 ml of 0.9%
NaCl solution was added. In the test tubes with 100%
hemolysis, 5 ml of distilled water was added. Then, using a
graduated measuring pipette, 0.5 ml of a 10% suspension
of erythrocytes was added to each test tube. In the test
tubes with 100% hemolysis, the formation of "lacquer
blood" (100% hemolysis) was immediately observed due
to the difference in osmotic pressure between distilled
water and a 10% suspension of erythrocytes. The test
tubes were thermostated for 1 hour at a temperature
of 37°C, then centrifuged for 20 minutes at 2000 rpm.
After centrifugation, the supernatant was separated for
optical density measurements. The optical density of
the experimental, control, and 100% hemolysis samples
was measured on a Bio-Rad 680 spectrophotometer at a
wavelength of 540 nm against a "blank” sample (water).

Evaluation of the pyrogenicity of metal alloys
TNT and BT-6. The chromogenic Limulus Amebocyte
Lysate Test (LAL test) is based on the formation of a
colored product during the hydrolysis of a substrate, which
occurs only when the enzyme system is activated in the
presence of bacterial endotoxin (BE). In the presence of
lipopolysaccharides, the tested solutions acquire a yellow
color, with the color intensity directly corresponding to the
concentration of BE.
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This feature allows for the construction of a
calibration curve and facilitates the quantitative assessment
of BE levels. The peak sensitivity of the method is 0.005
endotoxin units per milliliter (EU/ml) [26].

To assess the pyrogenicity of alloys, a Kkinetic
chromogenic method using the LAL test was applied,
as described in the European Pharmacopoeia (chapter
2.6.14) and the U.S. Pharmacopoeia (chapter 85). The
pharmacopoeias refer to the KQCL method as method D.
Measurement of endotoxin levels in samples was performed
using the ENDOSAFE PTS endotoxin detection instrument
(Charles River, USA). The chromogenic LAL test is based
on the formation of a colored product resulting from the
hydrolysis of a substrate, which occurs only when the
enzyme system is activated in the presence of bacterial
endotoxin. A notable advantage of the chromogenic LAL test

Results
According to the results of the study on the acute
toxicity of aqueous extracts of TNT and BT-6 alloys on
human periosteal cells and fibroblasts, based on Figures 1
and 2, the highest level of cell viability was observed in the
160%

140%

120%

is its ability to accurately determine the amount of BE and
significantly improve method reproducibility [26].

Aqueous extracts of metal alloys TNT and BT-6 were
used as the experimental and control groups, respectively.

Statistical processing of results was carried
out using Microsoft Excel and Statistica 7. Distributions
were described by the mean and standard error of the
mean. Intergroup differences were evaluated by the
non-parametric Mann-Whitney U-test. Differences were
considered significant at a 95% probability threshold
(p<0.05).

0.9% NacCl solution (false control) - 100 and 94.12%; BT-6
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Figure 1 - Viability of human periosteal cells after 24 hou
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erythrocytes (hemolysis was absent) within permissible

values of not more than 2% (Figure 3).

The examination of toxic properties revealed that
aqueous extracts from TNT and BT-6 metals do not possess
in vitro hemolytic activity when acting on isolated rat
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Figure 3 - Hemolytic activity of metal alloys TNT (Ti2Z1Nb6Ta) and BT-6 (Ti-6Al-4V)

The results of the LAL test showed that the
investigated aqueous extracts of metal alloys TNT and BT-6
are non-pyrogenic, as the level of bacterial endotoxins was

Discussion

In our study, composite alloys TNT (Ti21Nb6Ta)
were used due to the excellent biomechanical properties of
each element in the composite alloy. Metallic biomaterials,
such as tantalum (Ta) and niobium (Nb) alloys, are widely
used in various fields, but their use in the production of
orthopedic implants is limited. Numerous studies and
developments are conducted worldwide on various types
of metallic biomaterials. According to the literature, the
elemental components of Ti, Nb, and Ta metals are generally
non-toxicand have a high level of safety and biocompatibility
[27]. The titanium alloy BT-6 (Ti-6Al-4V) was chosen as a
control group composite alloy because BT-6 (Ti-6Al-4V) is
one of the common combinations of biocompatible alloys
used in the production of biomedical implants worldwide.
There is no comprehensive research on the combination
of TNT (Ti21Nb6Ta) according to literature data. This
combination may improve the outcomes of surgical
treatment due to enhanced product properties.

Thus, the results of the MTT test showed that
aqueous extracts from metal alloys TNT and BT-6 do not
exhibit toxic effects on fibroblasts and human periosteal
cells, as the cell viability exceeded 50%.

Thus, it can be assumed that aqueous extracts
from TNT and BT-6 metal alloys do not exert a toxic effect
on fibroblasts and human periosteal cells, as cell viability
exceeded 50%. In similar experiments, Jian Xu et al. (2013)
in their study of the Ti-25Nb alloy showed, using the MTT
test, that extracts from the Ti-25Nb alloy did not exhibit
toxic effects on rabbit bone marrow mesenchymal stem
cells, emphasizing the favorable biocompatibility of the alloy,
with cell growth ranging from 94% to 113% [28]. Shimaa
El-Hadad et al. (2018), using the MTT test, determined the
viability of Saos-2 bone cells after incubation with Ti-6Al-
4V alloy samples, which demonstrated a relatively strong
proliferative effect on cells, indicating high cytocompatibility.
Notably, samples obtained from Ti-6Al-7Nb demonstrated
high cytotoxicity, with cell viability below 50%, suggesting
that this combination of metal alloys may not be suitable for
implantation due to its toxicity [29].

Conclusions

The cytotoxicity results indicate that aqueous
extracts from TNT and BT-6 metal alloys do not exert a toxic
effect on fibroblasts and human periosteal cells under in
vitro conditions. The investigation of the toxic properties
of TNT and BT-6 metal alloys reveals that aqueous extracts

0.05 EU/ml, which corresponds to the absence of pyrogenic
properties in TNT and BT-6 alloys.

E. Dayaghi et al. (2019) tested a magnesium-zinc
framework with tetracycline at different concentrations
of tetracycline (MnZn-xTC - 1%, 5%, 10%) in interaction
with human bone osteosarcoma cells. According to the
study results, frameworks consisting of MnZn and MnZn-
xTC with the inclusion of 1% and 5% tetracycline exhibited
biocompatibility. However, the MZ-10TC framework with a
higher concentration of tetracycline demonstrated toxicity
[30].

The analysis of toxic characteristics showed that
water extracts of TNT and BT-6 metals lack in vitro
hemolytic activity on isolated rat erythrocytes, with
hemolysis being absent and staying within acceptable limits
of no more than 2%.

In our research, we found that the hemolytic
coefficients for TNT and BT-6 samples were 0.379% and
0.372%, respectively, with permissible values of not more
than 2%. The obtained p-value was 0.12, and at a 95%
probability threshold (p<0.05), there were no statistically
significant differences in the groups of metal extracts
compared to the negative control group (hemolysis
0.9% NaCl). The examination of toxic properties showed
that aqueous extracts from TNT and BT-6 metals do
not possess in vitro hemolytic activity when acting on
isolated erythrocytes of experimental animals (hemolysis
was absent). For example, Jialin Niu et al. (2013) studied
erythrocyte hemolysis in interaction with an Mg-Nd-Zn-Zr
alloy with brushite coating, and the samples with brushite
coating showed higher hemocompatibility - 0.68%,
compared to the uncoated sample - 48% [31].

The outcomes of the LAL test indicated that the
examined water extracts from metal alloys TNT and BT-6 are
non-pyrogenic, given the bacterial endotoxin level of 0.05
EU/ml, aligning with the absence of pyrogenic properties in
TNT and BT-6 alloys.

from these materials do not possess hemolytic and
pyrogenic activity in vitro.
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Our conducted research demonstrates that the of the manuscript, or the decision to publish the results.
new TNT alloy (Ti21Nbé6Ta) is biologically safe (non-
toxic, hemocompatible, and _non-pyrogt.anic) in v.it.r(_). The  framework of the scientific and technical program, targeted
further strategy for studying the biocompatibility of  fynding of the Ministry of Education and Science of the

this alloy is focused on conducting in vivo tests for more Republic of Kazakhstan (55165 /ITLI®-MOH PK-0T-19).
thorough examination, aiming for subsequent biomedical

applications.
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* Akademuk H./]l. BamneHos ambIHOAFbI MPABMAMO/102Usl JHCaHe 0pmMonedust YAMmblK FbLALIMU OPMAIbIFbI QOUPEKMOPbIHbIH FLLALIMU
JcyMblcmap JcaHe cmpameaust JceHiHdeal opviHbacapyl, PhD, ickepaik 6ackapy mazucmpi, opmoned-mpasmamonoe, Acmaxa, Kasakcman.
E-mail: batpen_a@ncto.kz

° Tpasmamosioz2ust jcaHe opmonedust kaghedpacviHbiy doyeHmi, Peceli xaavikmap docmuirsl yHugepcumemi, Mackey, Pecell
®edepayusicel. E-mail: drimashe@yandex.ru

¢ BasasblK uHdceHepaik kaopaapdut daspaay akyasmeminiy npogeccopul, /. Cepik6aes amuinoarbsi Ulvirbic KazakcmaH
mexHuKka/blK yHusepcumemi, Ockemen, Kazakcmat. E-mail: splotnikov@ektu.kz

7 Kondan6aabl 3epmmeysiep FulablMU 0pMaAbIFeIHbIH dcemekwici, Akademuk H./l. BamneHog amblHOGFbl MpagMamos02ust HaHe
opmonedusi yAmmbwlK FolablMU opmasvsirsl, AcmaHa, Kazakemat. E-mail: sa_dina@mail.ru

8 Yammublk 6U0mexHo.102Usl 0pMa/IbIFbIHbIH FbIALIM HcoHIHOe2l 6ackapywbl dupekmopul, AcmaHa, Kasakcman.
E-mail: ogay@biocenter.kz

? «Smart Engineering» Ky3sipemmi opmanwirbiHbi dcemekuici, /].Cepik6aes amvindarbsl LLbiFbic KazakcmaHn mexHuKaavly
YyHusepcumemi, OckemeH, KazakcmaH. E-mail: Azamatovy@mail.ru

1 KaparaHdsl meduyuHa yHusepcumeminiy PhD dokmopanmel, Kaparanoel, Kasakcman. E-mail: kalzhan9320@gmail.com

1 «Smart Engineering» Ky3bipemmi 0pma/ibiFblHbIH UHMCEHEP-FblAbIMU KbizMmemkKepi, Cepik6aes ambiHdars! Lbirsic Kazakeman
mexHuKa/blK yHusepcumemi, OckemeH, Kazakcman. E-mail: baurzhanmaratuly@mail.ru

Tyitingeme

Tpasmamoiozus xcaHe opmonedusl canara 6amnansl GuKCamopaap HaHe HaHa 6uomMemannosblk Kopbimnaiap cusKmsl 3aMaHayu
mexHo02us1apOdbl eHzi3y, emdey macindepiH canaabl e3zepmyze acep emmi, 6ipax umniaHmmapobl eHIIpy, JHcaHe KHaHa mamepuandaposvl
natidanaHy maceseci e3ekmi 60161 Kaaa 6epeoi.

3epmmeydiy Makcamsl: mumax, maHman xaHe Huobutl kopsimnaceiHsiy (Ti2Z1Nb6Ta) 6uoylinecimdiniein in vitro sepmmey.

9ddicmepi. 3epmmeyde TNT (Ti2Z1Nb6Ta) xcane BT-6 (Ti-6Al-4V) cyavl coirbiHOblaapbitbly MTT-CblHaFbl apKbLablL in Vitro adamHbiy
dubpobaracmmapwsl MeH nepuocmaabobl KHeacywarapsbiHa yvimmel acepi sepmmendi; TNT xcane BT-6 KopbimnaaapbiHbly 2eMOAUMUKAABIK
6esceHdinizin - madcipubenik xcanyapaapdsiy Wistar ezeykylipblkmapbl KaHbIHOAGFbl acepiH chekmpogomomempus adicimeH (in vitro)
3epmmendi; [lupozendik 6esnceHdiniKk KUHeMUKA/IbIK XpoMmoz2eHOik adicneH 3epmmendi. 3epmmey o6wvekmici TNT (Ti21Nb6Ta) sxcane BT-6 (Ti-
6Al-4V) (6akbliay mo6bl) Memann Kopblmnaaapsl 6016in Mabdblaadbl.

Hamuoicenepi. In vitro 3epmmeynep TNT scane BT-6 Memasa KopblmnaaapslHaH AAbIHFAH CYAbl CbIFbIHObLAAPObIH 6CIpiiceH a0aMHbIH
dubpobaacmmapwuiHa sHcaHe in vitro nepuocmabobl HaACywaAapblHA YUMOMOKCUKAAbIK acep emneliminiH kepcemmi. TNT scone BT-6
KOpbIMNAAapbIHbIH CY/bl CbIFbIHObIAAPbIHBIY 2eMOAUMUKAbIK JHCaHe NUPo2eHOiK besceHdiniel HOK eKeHi aHbIKkmaobL.

Kopvimuindul. Kypeisineen sepmmeynep TNT KopbimnacwiHblH Kayincizdiei meH 6uoytinecimoinieiniy jcorapbl deHeellin kepcemedi, 6y
in vitro cblHaKmMapelHbIK JCUbIHMbIFbIMEH da1ea10eH0i. JKaanel KabvladanraHn 2uzueHanvik kaaccupukayusira catikec TNT (Ti2Z1Nb6Ta) sicane
BT-6 (Ti-6Al-4V) memanan kopsimnaaapeiH 4-wi kayinmiaik kaaccel — memeH Kkayinmi sammapra sjcamkui3yra 6o04a0st (FOCT 12.1.007-76).

Tytiin ce3dep: memann kopstmnacel, Ti-Nb-Ta, ysimmubLiblk, 6uoyiiiecimoinik, 2emMo.1u3, nupo2eHIinIk.

OneHka 61M010ru4ecKoi 6e3o0nmacHOCTHU ci1aBoB MeTa/110B TNT (Ti21Nb6Ta) u BT-6 (Ti-6A1-4V)

\Barnenos H.JL.|', Bexapucos 0.C. % Ocnanos K.T. 3, Batnen A.H. 4, Pumamesckuii /I.B.%, [lnotnukos C.B. ¢,
Carunosa JI.A.7, Oraii B.b. %, AsamaToB B.H. %, KamkanoB A.b. '°, MapaTybl B. '

1 Ochoeamesns u nepewiii dupekmop HayuHo-uccaedogamenbcko2o uHcmumyma mpagmamo.iozuu u opmoneduu, [lpezudenm
Kazaxcmanckolti Accoyuayuu mpasmamos0208-opmonedos, 3acaydxiceHHulli desmeas Kasaxcmana, Jlaypeam TocydapcmeeHHol npemuu
Pecny6auku Kazaxcmaw umeHu Anb-@apabu e o6aacmu Hayku u mexHuku, Bpay opmoned-mpasmamosoz

2 lupekmop HayuoHanbHo20 Hay1HO20 YyeHmpa mpagmamosiozuu u opmoneduu umeHu akademuxka Bamnenosa H./l,, Acmana,
Kasaxcman. E-mail: bekarisov_o@nscto.kz

3 Pykosodumese LJenmpa Hay4HbIX NPUKAAOHbIX uccaedosaHull, HayuoHaabHull HAQyYHbIU YeHMp mpasmamoiozuu u opmoneouu
umenu Akademuka bamnewnosa H./]., Acmana, KasaxcmaH. E-mail: ospanov.niito@mail.ru

* 3amecmumenv dupekmopa no HayuyHol pabome u cmpamezuu, HayuonabHeill HayuHbIl yeHmp mpagmamosiozuu u opmoneduu
umeHu Akademuka bamnewnosa H./]., Acmana, Kazaxcman. E-mail: batpen_a@nscto.kz

* floyenm kagpedpel mpasmamoozuu u opmoneduu, Poccutickuil yHusepcumem dpyxc6vl Hapodos, Mockea, Poccutickas Pedepayusi.
E-mail: drimashe@yandex.ru

¢ [Ipogheccop akyabmema 6a30801 uHxceHepHOU nodzomogku, Bocmouno-KazaxcmaHckuil mexHuveckutl yHugepcumem umeHu
/.Cepukbaesa, Yemb-KameHozopck, KazaxcmaHn. E-mail: splotnikov@ektu.kz
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7 Pykosodumesb HayuHo2o YyeHmpa npukaadHuIx uccaedosanutl, HayuoHaavbHblll HayvHbLi yeHmp mpasmamoio2uu u opmoneouu
umeHu akademuka bamnenosa H./l., Acmana, Kazaxcman. E-mail: sa_dina@mail.ru

8 Ynpasastowuil dupekmop no Hayke, HayuoHabHbll yeHmp 6uomextonozuu, Acmana, Kazaxcmat. E-mail: ogay@biocenter.kz
? Pykogodumes Llenmpa komnemenyuii «Smart engineering», BocmouHo-KazaxcmaHckuill mexHu4eckutl yHusepcumem umeHu
/.Cepukbaesa, Ycmub-Kamenozopck, Kazaxcmat. E-mail: Azamatovy @mail.ru
10 PhD dokmopanm MeduyuHckozo yHusepcumema Kapazanovl, Kapazandvel, Kazaxcman. E-mail: kalzhan9320@gmail.com

1 Hnocenep-uccaedogamens Ljenmpa komnemenyuu «Smart Engineering», BocmoyuHo-KazaxcmaHckuli mexHu4eckull yHugepcumem
umeHu /].Cepukbaesa, Yemb-KameHozopck, Kazaxcman. E-mail: baurzhanmaratuly@mail.ru

Pe3ome

BHe@peHue COBPEMEHHbIX mexHo102ull 8 mpaemamovsiocuu U opmone@uu, MaKux Kak noepyicHbsle ¢HKCGmOpbl u Hoesble

6uomemanauveckue cnJ/aebsl, npueeso K Ka4eCmeeHHOMY USMEHEeHUI0 nodxodoe K J/1eYeHUl, HO ocmaemcs aKkmyda/ibHbIM npuMeHeHUe HOBblX
Mmamepuasios npu us2omossieHuu UMn/aaHmamaos.

Leab uccaedoganusi: uzyuums 6uoco8MeCMuUMOcCmyb cnaaead u3 mumaxa, maumana u Huoébus (Ti2Z1Nb6Ta) 8 ycaosusix in vitro.

Memodbl. B uccaedosanuu uzyuaaucs mokcuyeckue eo3delicmaust 800Huix evimsidicek uz TNT (Ti2Z1Nb6Ta) u BT-6 (Ti-6Al-4V)
Ha ubpobaacmoel u KAemkKu HAOKOCMHUYbl Yesn08eka 8 ycaosusix (in vitro) npu nomowu MTT-mecma; eemoaumuyeckass akmusHocmb
cnaaeos TNT u BT-6 Ha kpo8u 3KCnepuMeHmabHbIX HCUBOMHbIX - Kpblc nopodsl Wistar (in vitro) memodom cnekmpogpomomempuu; mak sice
ucc1e008a1ach NUPO2EHHA AKMUBHOCMb KUHEMU1eCKUM XPOMO2eHHbIM Memodom. 06seKkmom ucca1edo8aHus 1815110Mcsl CN1A8bl Memas108
TNT (Ti2Z1Nb6Ta) u BT-6 (Ti-6Al-4V) (epynna konmpos).

Pe3zynsmamosl. HccaedosaHus in vitro nokasasau, ymo 800Hble 8bimsidcKU u3 cnaasoe memasanos TNT u BT-6 He okasbiearom
yumomokcuyeckozo delicmeust Ha KyJbmugupyemble Gub6pobaacmsl U Kaemku Ha0KOCMHUYbl 4e/108eKd 8 YCA08USIX In Vitro. BulsigieHo, Ymo
800Hble gbimsiicku cnnasoe TNT u BT-6 He o6.aadarom 2eMoaumu4eckoll U Nupo2eHHOU aKmugHoCmuio.

Bbi800bL. [IposedenHble ucc1edo8aHus caudemenbCmeyom o 8bICOKOM yposHe be3onacHocmu u 6uocoemecmumocmu cnaasa TNT,
umo Joka3aHo KOMN/aekcoM nposedeHHbIX in vitro mecmos. Takum o6pa3om, no obwenpuHamol zuesueHu4eckol Kaaccugukayuu cnaagsl
memannos TNT (Ti2Z1Nb6Ta) u BT-6 (Ti-6Al-4V) mosxcHo omHecmu k 4 kaaccy onacHocmu — manoonacHeiM eeujecmeam (I'OCT 12.1.007-76).

Katouegwie cno8a: cnaag memasnna, Ti-Nb-Ta, mokcuuHocms, 6U0CO8MECMUMOCTY, 26MO1U3, NUPO2EHHOCMb.
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OleZUHG/IbHUFI cmameos

AHanun3 3pPeKTUBHOCTH JIOKAJIBHOTO MPOTOKOJIa JUATHOCTUKHU
NnepunpoTe3Hor UHPeKuuun

OBcaHkuH A.B. !, T'y3tokuHa C.A. % [onoruHa E.A. 3, 3uHoBbeB MUII. *
Kopiuyrog /IL.1O. °, Mumnienko B.M. °

! nasHulii epay, PedepasbHulil yeHmMp mpagmamosiozuu, opmoneduu u 3HOONPoMe3uposanusi; 3asedytowuli kagedpoti
mpasmamo.Jio2uu u opmoneduu ¢ 80eHHO-no1esolu xupypauetl, CMoaeHckull 2ocydapcmeeHHblll MeduyuHcKull yHusepcumem, CMOAEHCK,
Poccutickas Pedepayus. E-mail: Anatoly.Ovsjankin@orthosmolensk.ru

2 3asedyoujas KauHuko-duazHocmuveckoli sabopamopuu, PedepaibHulil YyeHmp mpasmamo102uu, opmoneouu u
aHdonpomesupogaHusi, Cmoaerck, Poccutickas Pedepayus. E-mail: sguzykina@yandex.ru

3 Bpau 6akmepuosioz, ®edepabHolll yeHmp mpasmamoaozuu, opmoneduu u 3Hoonpome3suposarus, CmoseHck, Poccutickas
®Pedepayus. E-mail: Elena.Golovina@orthosmolensk.ru

4 Bpau mpaemamosioz-opmoned, ®edepasibHulll yeHmp mpagmamoio2uu, opmoneduu u 3Hoonpome3suposauusi, CMo/EHCK,
Poccutickass ®edepayus. E-mail: max_travma@mail.ru

°* Bpau mpagmamo.ioz-opmoned, PedepasvHulli yeHmp mpagmamono2uu, opmoneduu u 3HdonpomezupogaHus, CMONEHCK,

Poccutickas @edepayus. E-mail: Dmitry.Korshunov@orthosmolensk.ru

¢ Knunuueckutl gpapmakosioe, @edepasbHoulil yeHmp mpagmamo.iozuu, opmoneduu u 3Hoonpomesuposauusi, Cmoaeuck, Pocculickas
Dedepayusi. E-mail: Vladimir.Mishchenko@orthosmolensk.ru

Pe3wome

/JluazHoz nepunpomesHotll uH@ekyuu seasiemcsi cA0xcHOU 3adavell, NOCKOJbKY He cywecmeyem ab6COMIOMHO20 mecma 04
nodmeepcoeHus: Uau UCKAOYeHUs uHdekyuu. Hamu 6b11 paspabomat A0KaAbHbIL NPOMOKO1 0UazHOCMUKU nepunpome3Holl uHgekyuu 0as
UCN0/1b308AHUSA KOMOUHAYUU QUA2ZHOCMUYECKUX UCCAe008aHUll ¢ Haubo./1ee 8bICOKUM yPOBHEM Hy8CMEUMmMeaAbHOCMU U cneyu@uyHoCmu.

Lleav uccaedosanusi: oyeHumb 3PPeKmusHOCmb A0KAAbHO20 NPOMOK0/AA OUAZHOCMUKU hepunpomesHol uH@ekyuu 04s
onpedesieHus MaKMuKu Xupypau4eckozo JieHeHusl.

Memodvul. Hamu npoanaausuposaHo 283 pesusuu, npowedwux 3a 2020-2022 ze. 8 ycaogusix PedepasbHoz20 yeHmpa mpasmamo.io2uu,
opmoneduu u a3ndonpomesuposarusi (Cmoaeuck, Poccutickas ®Pedepayust). [100 HabaodeHuemM HAX00uAUCL nayueHmol ¢ npedeapumeabHuIM
JduazHo30M acenmu4eckas HecmabUuJbHOCMb KOMNOHEHmMo& 3HOonpomes3a Ko./eHH020/masobedpeHHo20 cycmaea u nepunpomesHol
uH@ekyuu. Bce 6016HbIe Obl1u 06C1€008aHBI 8 COOMBEMcMauUe € 10KA1bHbIM NPOMOKO10M OUA2HOCMUKU, BKAKHYAIOWeM 8 ce651 KAUHUYecKue
u peHmeeHo02uveckue daHHble, C-peakmusHbill 6ea0k u COI, aHAU3 K1emMo4H020 COCMAsd CUHOBUAILHOL HUOKOCMU, MUKPOOUOI02U1ecKoe
uccnedosaHue 6uonmMamos, KOMNOHeHMo8 3H0ONPOMe3a, N1AH080e U CPOYHOe 2ucmoso2uyeckoe uccaedosanue. OKOHYamMenbHbIl JUazHO3
yCcmaxaeAusasncs ¢ yiemom KAUHUYECKUX U J1a60pamopHbiX OaHHbIX. IPPekmusHocms OYyeHU8aNach N0 OMCPOHEeHHbIM pe3yn1bmamam
JleveHusl.

Pe3ysibmamul. [Ios103cumenbHble MUKpOOUO.I02UYECKUE KYAbMYypbl 6blau 8bldeseHbl y 165 nayuenmos (58%), y 150-nosviuieHHbLi
yumos cuHosuanwvHol xcudkocmu (53%), selikoyumapHasi acmepasa 6vlia nosviweHa 8 147 cayuasx, no pesysbmamam Cpo4HO20
2ucmo/102uvecko2o ucca1edo8aHusl noayyeHo 159 3akarovenull «membpaHa uH@ekyuoHHozo muna» (56%), KOMOUHAYUS NOBbIWEHHBIX
C-peakmusHblii 6es0k u COI Habarodaaacs 8 93 cayyasx.

Bv1600dbl. AHanu3z 0aHHbIX J10KAAbHO20 NPOMoOKo/aa duazHOCMuKku nepunpomesHoll uH@ekyuu nokaszas, 4mo Kadxcowlll aman
duazHocmuku no3eo/siem 8bli8ums JONO/HUMENbHblE CAY4au UH@PeKyuu, nosmomy ecem nayueHmam, NOCmMynawowum Ha pesusuoHHoe
2HOonpomesupogaxue csedyem npogodums o6c1edosaHue Ha nNpomsiceHUU ecell 2ocnumaaudayuu. BkaoyeHue cpouHoll 2ucmoio2uveckotl
duazHocmMuKku Ha UHMPAONEpayuoOHHOM 3mane no38o/slem C80e8PEMEHHO U3MEHUMb MAKMUKY Xupypaudeckoz2o JjeveHus. B yesom
JI0KA/IbHLLI NPOMOKO/ N03manHoll duazHocmuKku nepunpomesHotll uHgekyuu ¢ 8K/ANYEHUEeM CPOHHO20 2UCMO/102UYecK020 UCCAe008aHUS
nomozaem nogbICUMb WAHCbl YCNewHo20 Ucxoda onepayuu peau3uoHHo020 3H00NPOMe3UpPOB8AHUS HE3A8UCUMO OM NPUPOObl paACULAMbIBAHUSI.

Karouegvwle cnoea: 3Hdonpomesupoganue KoJeHHO20 cycmaesd, 3H0onpomesuposaHue mazo6edpeHHo20 cycmaesd, nepunpomesHast
uHpekyus, npomoko1 duazHOCMUKU, 10KAAbHbIU NPOMOKO QUAZHOCMUKU, OYeHKa 3dphekmugHocmu.

Corresponding author: Svetlana Guzyukina, Head of Clinical Diagnostic Laboratory, Federal Center of Traumatology, Orthopedics and
Endoprosthetics, Smolensk State Medical University, Smolensk, Russian Federation.

Postal code: 214031

Address: Russian Federation, Smolensk, Stroiteley Avenue, 29.

Phone: +8(920)301-89-65

E-mail: sguzykina@yandex.ru

J Trauma Ortho Kaz 2023; 4 (70): 13-20
Recieved: 18-08-2023
Accepted: 02-10-2023

This work is licensed under a Creative Commons Attribution 4.0 International License

13



https://orcid.org/0000-0002-0970-1714


https://orcid.org/0000-0001-6753-278X

https://orcid.org/0009-0009-7707-3746 

https://orcid.org/0000-0001-6753-278X


https://orcid.org/0009-0005-9819-0598
https://orcid.org/0000-0003-4114-4425

Traumatology and Orthopaedics of Kazakhstan, Volume 4. Number 70 (2023)

BBeaeHue

ToTanbHOE 3HAONPOTE3UPOBAHHUE ABJIAETCA OJHUM
M3 CaMbIX MPOTPECCHBHBIX METO/0OB JIEUeHHUs IATOJOTHH
KPYNHBIX CyCTaBOB B COBPEMEHHOW KJIMHHUYEeCKOH
npaKTHKe. BMUpe KoJIM4ecTBO TaKUX ONlepaliii cocTaBiseT
Gosiee 1,5 MJIH. B IO/, ¥ 3TO KOJIMYECTBO HEYKJIOHHO PACTET.
Oxupaercs, uto K 2025 rozy oHo focTUrHeT 2,1 MJIH,, a K
2030 rogy - 4,4 mau [1,2]. 3xpaBooxpaneHue Poccuiickoi
denepanuu Tak xe caeayeT 06LEMHUPOBBIM TEHEHIUAM.
CorsacHO  JaHHBIM  HanMoHa/lbHOrO  MeJUIIMHCKOIO
HCCJIeIOBATENIbCKOTO [IEHTP TPAaBMATOJIOTMH U OPTONIeJUH
umenu H.H. IlpuopoBa, B 2015 roay B Poccuu BBINOJIHEHO
101 665 apTpormiacTyk cycraBoB, U3 HUX 61 224 (60,2%)
3H/IONPOTE3UPOBAHUN Ta3obepeHHOr0 cycraBa, 37 372
(36,8%) - kosenHoro cycraBa u 3 069 (3,1%) - apyrux
cycTaBoB [3].

C pocTtoM 4YuCla MEepPBUYHBIX aAPTPOIJIACTUK
HEeM3MEeHHO YBEeJMYMBAETCA M KOJHWYECTBO MALUEHTOB
¢ WHOQEKLMOHHBIMU  OCJOXHeHUAMH. [lo  JaHHBIM
aBcTpaauiickoro peructpa 3a 2018 rox cpeaud Bcex
IPUYMH PEeBU3MOHHBIX BMeLIaTe/IbCTB Ha Ta306eJpeHHOM
cycraBe mnepunporte3Hasd uHekuusa ([IIIM) croutr Ha
yeTBepTOM MecTe W cocraBaseT 18,1% [4]. CornacHo
CBeJIeHUSIM POCCHUHCKUX aBTOPOB, 4YacTOTa peBU3UH
1ocjie 3HJONPOTE3WPOBAHUA Ta300eApPEHHOT0 CyCcTaBa
coctaBisgeT 16,6% OT KOJIMYeCTBA BBINOJHEHHbIX
omnepanui, npuyeM Ha 010 HHPEKIUH TNPUXOAUTCA
50,3% [5].

B cTpykType peBHU3HOHHBIX BMeIIATeJIbCTB Ha
KoJIeHHOM cycTaBe Ha jgousto W npuxoautcsa ot 25 mo
56% [6].

MaTepPIaJIbI U MEeTOoAbI

Hamu  npoaHanusupoBaHo 283  nanueHTa,
MOCTYNUBLIIMX Ha PpEe3H/JI0NPOTEe3UPOBAHHE KOJEHHOTO

W Ta300e/pEHHOr0  CyCcTaBOB),  MNpOIIEJIIMX B
denepasbHOM  LEHTpE TPAaBMaTOJIOTHH, OPTONELUU
U osHjomnporesupoBaHuss  (CMosieHck,  Poccuiickas

®enepanusa) 3a 2020-2022 roapl (157 KeHUWUH U
126 wmyxuuH). CpeAHUH Bo3pacT cocTaBuad 63,5+-
9,5 snetT. B ucciaemoBaHue OBLIM BKJIKYEHbl 6OJIbHbIE
c npeJBapUTebHbIM JIMarHO30M cenTHYecKas
W acenTUyeckas  HeCTaGUJIBbHOCTb  KOMIIOHEHTOB
3H/IONIPOTe3a KOJIEHHOT0 WJM Ta306epeHHOro CycTaBa,
179 nmnauueHTOB TMOCTYNWUJU C [peJBapUTebHBIM
JIMaTHO30M aceNTHYecKoe pacllaThbIBaHWE 3HJ0NpPOTe3a
n 104 manueHta c nogo3penvem Ha I[II[IHM. B rpynne
nalnreHTOB c npeJBapUTebHbIM JMarHo30M
acenTU4YeCKON HecTabUJIBHOCTH mpouwio 115 manueHTOB
nocJie TOTaJbHOI0 3HA0NPOTEe3UPOBaHHUsI Ta306eJpeHHOTO
cycTaBa U 64 manMeHTa Mocje apTPOIJIACTUKH KOJIEHHOTO
CcycTaBa, MOJ03peHHe Ha HHQEKLHUOHHYI0 HNPUPOAY
pacliaTblBaHUs HMeJau 59 NalMeHTOB C MaToJorHei
Ta306e/ipeHHOro U 45 NalMeHTOB C aTOJIOTHeH KOJIEHHOT0
cycTaBa. Bce 60/ibHBIe GbLIM 06C/I€J0BaHbl B COOTBETCTBUHU
C JIOKaJIbHbIM IPOTOKOJIOM AUArHOCTHKHU.

JluarHo3 xapakTepa OCJOXHEHUH TOTaJbHOU
apTPOIUIACTHKHU Ha JJOTOCHUTAJbHOM 3Tane 6a3upoBascs
Ha KJIMHWYEeCKHUX, PEHTIeHOJIOTHYEeCKUX U J1abopaTOPHbIX
JlaHHBIX. B ycnoBusax LleHTpa npoBoauiack Bepudukanus
NepBOHAYA/JIbHOIO  JlMarHo3a B COOTBETCTBHUHU C
JIOKaJbHBIM  IPOTOKOJIOM: C6Op aHaMHe3a, OleHKa
cTaTyca U KOMOp6uAHOro ¢GoHa malyeHTa, MPOBOAUINCH
JIOTIOJIHUTE/IbHBIE HCCJIeIOBAHMUS, TaKue KaK
peHTreHorpadusi, Npu HeoOXOAUMOCTU ducTyaorpadus,
CnMpasibHas KOMIbIOTepHas ToMorpadus, 1abopaTopHble
nccae0BaHUs (co3, C-peaKTHUBHBIN 6eJIoK,
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Kitouom k ycnemnomy sedenuwo I[N aBasetcs
JIMarHOCTHKA MHQEKIIMOHHOT'O COCTOSIHUSA C BbIABJIEHHEM
B036yauTesA. [IpU HaaM4MK 60JIEBOTO CHHApPOMA Iocje

IHAONPOTE3UPOBAHUA, npexnae BCero, HeO6XO,£LI/IMO
uckawouuts 1Y, CBOEBpEMEHHO€E BbIfABJIEHHE KOTOpOI‘/'I
yBeJIM4YHBaeT IIaHCbI Ha 6HaFOHpHHTHbIﬁ Hucxon

nedenuss [7-10]. JAuarHo3 IIIIM saBiseTcs CI0XKHOU
3aZiayel, MOCKOJIbKY He CyLIeCTBYeT abCOJIIOTHOTO TecTa
JUIA  TIOATBEPKJEHUS HWJIM MCK/IIOYeHUs HHQEKLHH.
CrieoBaTeJIbHO, MBI I0J/DKHBI UCII0/1b30BAaTh KOMGUHALUIO
JIMarHOCTUYECKUX HCCJIEeJ0BAaHUM, KOTOpble, MOMHMO
UX JIOCTYIHOCTH, MOTYyT ObITb HHBAa3sHBHBIMU U He
WHBAa3UWBHbIMY, 06JaZlaTh [JJOCTAaTOYHBIMH YPOBHAMH
YyBCTBUTEJBbHOCTH U CNeLUPUYHOCTH.

Ha  ocHoBe KJMHUYECKUX  peKOMeHJalHH,
MaTepHaJIOB COTJIACUTEbHBIX KOHOEpeHIUH, aJITOPUTMOB
3apy0eXHbIX KOJJIET YW COOCTBEHHOIO ONBITA, HaMH
Obl1 pa3paboTaH JIOKaJIbHBIA TMPOTOKOJ JUAarHOCTHKHU
[, npegnosararmiMid o06C/JefOBaHHEe TNalUEHTOB B
TeyeHHe BCeH TOCIMUTANU3AIUU C BKJIIOYEHHUEM CPOYHOTO
TUCTOJIOTUYECKOTO HCCIeI0BaHus.

Ilenn uccaenoBaHMA: OLEHUTh 3QPEKTUBHOCTH
JIOKAJIbHOTO MPOTOKOJIa JAWUArHOCTUKU TEPUIIPOTE3HOU
nHpeknuu DeepasbHOr0 IeHTpPAa TPABMATOJIOTHH,
opToneauu u 3H/IONPOTE3UPOBAHMUS (CmoneHck,
Poccuiickas ®enepanus) a9 omnpejesieHAs] TaKTHKHU
XUPYPTUYECKOTO JIeYEeHHUS.

[IUTOJIOTUYECKOe U MUKPOGHOJIOTUYEeCcKoe HCC/ie/JoBaHUe
CUHOBUAJIbHOM KUJIKOCTH).

Ha wuHTpaomepanOHHOM 3Tame  BbIMOJHIIN
apTpOLeHTEe3, aCUPAT OTHPABJISJIN B 3aKPbITOM ILIIPHULE
JUIsT IpOBeJieHUsI GaKTEePHOJIOTUYECKOTO HCC/Ie/lJ0BaHMUS,
B mnpobupke c¢ K3-3ITA - pans LUTOJOTHYECKOTO
WCC/eJOBAaHUSI M, €CJU NpuMech KpOBU Oblia He
3HAYUTEJIbHOMN, TeCTA Ha JIENKOLIUTAPHYIO 3CTEPA3y.

[Ipy 3TOoM c/OXKHBbIe 06pasLbl CUHOBHAJBHOH
JKUJKOCTH (TMOBBILIEHHOW BS3KOCTH) pa3soguau 1:10
pacTtBopoM JHuzAasel Ha QochaTHO-coneBoM Oydepe,
nrddepeHIMaNbHBIM  MOJCYET LUTO3a NPOU3BOAUIU
Ha TreMarToJIoTUYeCKOM aHaiusatope Sysmex XN-550
B peXHUMe U3MepeHUs OHOJIOTHYECKUX KHJKOCTeH.
Pesy/sbTaThl MCC/IeA0BaHUA I'eMOPPAark4eckux 06pasIoB
nocje IMOAcCYeTa HA TeMOLMTOMETpE IepecYUThIBAIN
C TOMOLIbI0 pPa3pabOTAaHHOrO0 HAaMM KaJbKy/lsTopa C
HCI0JIb30BaHMEM 0011ero aHa/Iu3a KpOBU MalMeHTa.

Kycoukn  mMsarkod  Tkanu (M3~ HauboJsiee
CKOMIIPOMETUPOBAHHBIX ~ y4yacTKOB) 00beMOM  3-5
cM3 3abupajud B Hpoliecce ONepalnuy, NOMellaJd B
CTEepUJIbHbIE OJIHOPA30Bble MPOGHUPKH C OGyJbOHOM
lllensiepa, npefHa3HaYeHHble [Jis YCJIOBHO CTEPUJIbHBIX
JKUJKOCTeH. YaajieHHble KOMIIOHEHTBI 3HJOINpOTe3a
¢  (U3MOJIOTHYECKHMM  pacTBOPOM B  CTEPHJIbHOM
nakete CTroMaxep  HampaB/JsJUChb B  KJIMHHKO-
JIMarHOCTHUYECKYH J1aGopaToOpHI0 AJisi MpeJBapUTESbHOM
00paboOTKU B YJIBTPA3BYKOBOH MOWMKe C IOCJEAYIOIIUM
0GaKTEepUOJIOTHYECKHM HCC/Iel0BAaHUEM COHMKAIMOHHOU
YKUJKOCTH.

B ciyyasix BblJieJIeHUS] BBICOKOBHPYJIEHTHOTO
MHUKpPOOpraHu3Ma u3 OJJHOTO o6pasua WU
HU3KOBUPY/IEHTHBIXLITAMMOBHE MEHEEUEM B/IBYX06pasLiax
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pe3yJbTaThl CYUTANIHU JUATHOCTUYECKH 3HAYMMbIMU. [Ipu
Bbl/leJIeHUH MUKPOOPTaHU3MOB UCII0/Ib30BaI METOAUKY,
COOTBETCTBYHOIHE MeXyHapOHbIM CcTaHAapTaM
MUKpPOOUOJIOTUYECKUX HUccaefoBaHui (Standards for
microbiology investigations). BunoByto nieHTHUKaLHIO
M aHTUOMOTHKOYYBCTBUTEJBHOCTb ONpejeJsiiM  Ha
aBTOMAaTH4YeCKOM 6GaKTepHOJIOTMYecKOM aHaJjJu3aTope
Micro Scan Walk Away 96 Plus (Beckman Coulter, CILIA)
B COOTBETCTBUU C KJMHUYECKMMU DPEKOMEHJALUsIMU
«OnpejeneHre 4yBCTBUTENBbHOCTH MHUKPOOPIaHU3MOB K
AHTHUMUKpPOGHBIM Npenapatam» (2021) [11].

C 1eJ1bI0
TUCTOJIOTUYECKOTO
KOMIIOHEHTOB  3HJONPOTE3a OCTPbIM  CIHOCOGOM C
MOBEPXHOCTH KOCTHU 3abupasach MSATKOTKaHHast
MPOCJIOMKA, pacClOJIOKeHHAsl HENOCPEeACTBEHHO MEXAY
KOCTbI0O U MPOTE30M WJIM KOCTbIO W ILeMeHTOM. /[lis

npoBeaeHUusAa
uccjiegoBaHuysdd,

9KCTpEeHHOoro
nocjse ypajaeHud

3a6opa U3 KaHaja GeJ[peHHOH KOCTU - MOocje yAaJeHUs
HOXKH  3HJONpoTe3a  3abupajack  MATKOTKaHHas
npocJiofKa Mex/ly 1leMeHTOM U KOocThlo. Ecjiv 3Toro 661710
clieslaTb HEBO3MOXHO - MaTepuas H3-10J, KOMIOHEeHTa
3H/I0TIpOTe3a. Hemnocpe/icTBeHHO nocae  3a6opa
6uoMaTepuaJa, IepunpoTe3Has MeMbpaHa OTIpaBJisijach
Ha WHccae/ijoBaHWe B IJIACTUKOBOM KOHTeHHepe 6e3
KOHCepBaHTOB. McciefoBaHMe NPOBOAWIM C MOMOIIbIO
MukpotoMa-kpuoctata NM 525 NX (Thermo Fisher
Scientific, CIIIA) npu pa6Goyeil TemmnepaType 25-28°C,
06e3B0KMBaJIN B CIUPTE U OKpaIlIXBaIy reMaTOKCUINHOM
Y 303MHOM. MaTepuasl U3y4ascsi BpauoM-I1aToJI0r0aHATOM
NMpU TMOMOLIM OGHOMEJUIIMHCKOTO MHUKpocKona Primo
Star (Carl Zeiss, T'epmanus). Yepesz 15-20 MHUHYT
noJlyyasy 3aKJlo4eHre U He3aMeJJIMTeNbHO CO06Ianu B
onepanoHHy0. PUcyHok 1 cosepkuT Mopdosioruiyeckue
Tunsl [1ITH.

A-mun usHoca, B-ungexyuonhbiti mun, C-koM6UHUPOBAHHbLI mun, D-uHdug@depeHmubili mun
PucyHok 1 - Mopgosozuteckue munwsi nepunpomesHoti MemopaHbl

Jns IJIAHOBOH UCTOJIOTUU KyCOYKHU
KOMIDOMEHTUPOBAHHONW MATKOW M KOCTHOM TKaHHU
o6bemMoM 3-5 cM3 B KosudecTBe 3-5-TH 06pasroB
MOMeIlaJId B HECTePUJIbHbIEe KOHTeHHephl. B 1abopaTopun
6uonTtaTtbl 3asuBanu 10-20 ma 10% dopmanuna (pH
7,4). ®parMeHTbl KOCTHOW TKaHHU IpeJBapUTETbHO
JleKaJIbIIUHUPOBAJM C  IIOMOLIbI0  JleKaJbLiHHATOPA
SAKURA TDE TM 30 (fnonus). 3aTeM 06e3BOXKHBAIH
B CNHUPTax C MCHOJb30BAaHUEM YCTAaHOBKH INPOBOAKHU
maTtepuana «Kapycenb» STP-120 v 3anuBanu B napadus,
NpUMeHssl CTAaHIUIO [ 3aJlUBKU napaduHom MPS/P2
(SLEE Medical, Tepmanus). Cpesbl TOMIUHOH 5-6 MKM
HOJIydaJd C TIOMOLIbI0 CAaHHOTO MMKpoToMa Microm
HM 430 (Thermo Fisher Scientific, CIIA). Oxpacky
HNPOBOJMJIM T'eMaTOKCUJIMHOM U 303uHOM (Buo-Butpym,

Pe3ysbTaThl

Ilo pe3y/bTaTam Jl0OTIepallHOHHOT0
CKPUHUHIAQ y NALMEeHTOB IepBOM TpyINNbl CPaBHEHHUA
(c NpeABapUTEJbHbIM JAHAarHo3oM acenTuyeckas
HeCTa6UJIBbHOCTb 3HJONPOTE3a) POCT MUKPOOPraHU3MOB
Habmofanca B 33 cayyasx (17%). [lpu aToM B nATH
obpasnax Obll BBISIBJIEH POCT BbICOKOBUPY/JIEHTHOH
¢duopnl (3 o6pasua ¢ pocrom Staphylococcus aureus u 2 -
Escherichiacoli) uBceMHagaTh - pOCT HU3KOBUPY/IEHTHOMN
¢duopel (mpeumyinectBeHHo Staphylococcus epidermidis,
CNS). IloBbllIeHHE KOJIMYECTBA JIEUKOIUTOB C BBICOKOH
Jfojielt moJMMOpOHOSAIepHbIX HEUTPOYUIOB CYCTAaBHOTO
acnupaTa B JAHHOH KOropTe MNalUeHTOB ObLIO
YCTAHOBJIEHO TOJBKO B 36 ciay4asax. CbIBOPOTOYHbIE
MapKephbl IpeBbIIAJIN YyCTaHOBJIEHHbIE 3Ha4YeHud
MexayHapogHoro koHueHcyca no [IIIM 2018 roga y 12
MalMueHTOB.

Bo BTOpo# rpynme nanueHTOB C NOAO3peHUEM
Ha [I[IM pocT MUKPOOPraHU3MOB ObLI BbIsSIBJIEH B 62
u3 104 ciayyaeB. Y 57 mnanueHTOB HabJofasncss pocT
BBICOKOBUpPYJEHTHOH  duopbl (¢ mpeobGsajjaHUEM
Staphylococcus aureus, Klebsiella pneumoniae,

Poccust). MUKpOCKONIM4eCKOe HCClIefoBaHue MPOBOAMIN
¢ nomombio Mukpockona Levenhuk D870T (Levenhuk,
CIIA) B koMmIuiekTauuu nudpoBod kamepoiu Levenhuk
C800 NG (Levenhuk, CIIA).

KosmmgecTBOo mosmmmMopdpHO-s1/1epHBIX HEUTPODHIIOB
(ITAH) momcYMTHIBaIM MUHUMYM B 5-TH IOJISIX 3peHUs,
vucnosb3ysl kiaaccuukanuio Kpenna wu MopaBuna
(2012). [Ipu Hannyuu 5-Tu U Gosee [IFH He MeHee yeM
B 5-TH moJiAxX 3peHHUs ONpeiesssad WHPEKINOHHBIA THII
MeM6paHbl. [Ipyn kosnyectBe [IH meHee 5-Tm Bo Bcex
nosisix 3peHus auarHos [IW uckirovasncsa. Bece o6pasibl
WHTEPIPEeTHPOBAJIMCH BpadyoM-NaToJI0r0aHaTOMOM
HE3aBUCUMO OT IpeONeparMoOHHOr0 006CJIeJ0BaHUS
MaleHToB.

Escherichia coli, Acinetobacter baumannii) u TosnbKO Yy
MATH ObLIX NoJiy4eHbl HHU3KOBHPYJ/IEHTHbIE IITAMMBbI
(Staphylococcus aureus, Escherichia coli). [ToBbieHHbIN
LIUTO3 CUHOBUAJbHON >KUJAKOCTH B J[JAHHOW rpyIIe
oTMeyvasical B 74 ciydasX, 4To coctaBuso 71% oT Bcen
KOropThbl MAaJUEHTOB. [To AHaJ/IN3Y NAHHBIX UCCIeJOBAHUA
CBIBOPOTOYHBIX MapKepoB, B 81 ciy4yae HabGJ0[ajnach
KoMOHHauMs nopbieHHbIx CO3 u CPB.

TakuM 06pas3oM, K UHTPAONEPALUOHHOMY 3Tamy
B NEpPBOM Tpynmne CpaBHEHUS y NATH MALUEHTOB OblLI
ycraHoBsieH auarHo3 IIIIH, y 55 manueHTOB AuarHos

Tpe6oBas JIOTIOJTHUTEbHBIX O/ TBEPK /AKX
KpUTEPHEB.
Bo BTOpod rpymnme CpaBHEHUs  JMarHo3

O6bl1 MOATBEpXKAeH 62 mnayuveHTaM, y 39 [AaHHble 3a
MHOEKLHOHHBIM mHpolecc TpeboBalu [OMNOJHUTENTbHON
BepudUKaALUU.

Ha uHTpaomepanoHHOM 3Talne MO pe3y/bTaTaM
9KCTPEHHOI'0 T'MCTOJIOTMYECKOT0 HCCJIeZ0BAHUA TOJIBKO
8 ciy4yaeB W3 94 OblIM paclieHeHbl KaK acelTHYeCcKHe,
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y 86 mnanueHTOB HHpeKnus OblIa MOATBEPXKAEHA.
Pemenne 06 UW3MeHEHWH XUPYPrUYeCKOM TaKTHUKH
JledeHUs] TPUHUMAJIOCh ONEPUPYIOIUM TPABMATOJOTOM-
OpTOME/OM.

Ilo pesyJibTaTaM KOMIIJIEKCHOH
NoCJIeonepalMOHHON OLIeHKH B IEPBOM rpyIIe NalueHToB

1z0
100

80
69

60

5
o A —

Mpynmal

OBLIH BBISIBJIEHBI ellle 1ecTh cay4aes 111, yTo mo3Bosinio
CKOPPEKTUPOBATb aHTHGAKTEPUAJIBHYIO TEPAIHUIO.

TakuM o06pas3oM, Kax/Jblii 3Tan HPOTOKOJIA
[03BOJIMJI HaM BbISIBUTb [IONOJIHUTE/IbHbIE  CJ1y4Yyau
UHPEKLUHU.

Fpynma 2

B npefoNeEpAHOHHEIHR 3Tan M HHTPAONEPANMOHHEIA 3Tan M nocneonepalHOHHbIR

PuCyHOKZ - Buisssenue nepunpomesm)l‘i UH¢€KUUU 8 3agucumocmu om amana ouaz2HOCMuKU

OKOHYaTeJbHbIN JIMarHo3 yCTaHaBJIMBaCA
C y4eToM KJIMHMYECKHX M JIabOpaTOPHBIX JAHHBIX C
vcrnoJsib3oBaHueManroputmaMSIS/ICM 2018,4TosABIsAIOCH
onpeJesIIIOLMM B BbIGOpE XUPYPrUYECKOM TaKTHUKH.
JuarHocTuyeckasi IleHHOCTb METOZOB  OlleHMBasach
B CpPaBHEHUM C pe3y/lbTaTaMM MHUKPOOHOJIOTMYECKUX
UCC/IelOBaHUH  OHOMaTepuasa,  IOJYYEeHHOro  Ha
WHTpaonepanoHHOM 3Tane. JGHeKTHBHOCTb aJrOpUTMaA
B IleJIOM NPOBOJMJACh IO OTCPOYEHHBIM pe3yJbTaTaM

snegenus. [lo faHHBIM 06C/efjoBaHUA B 00OLied Koropre
MAllMeHTOB,  MOJIOKUTEJNbHbIE  MHUKPOOHOJIOIHMYECKHE
Ky/lbTYpbl ObLIN BbIAeseHbl ¥ 165 manuentos (58%), 150
MOBBIIIEHHBIX [[UTO3a CHHOBUAIbHOU >kuzakoctu (53%),
MOJIOKHUTE/IbHAA JIeKoLuTapHas acTepasa B 147 ciyvasx,
160 3ak/r0ueHHMH MeM6paHa HHPEKIMOHHOI'O THIA IO
pesyJibTaTaM IMCTOJIOrMYeCKUX uccaefoBaHui (52%) u 93
koM6HHauuK noBeimieHHbIX COJ M C-peakTUBHBIA 6GeJIOK
(Tabnuna 1).

Tab6auya 1 - Peayabmamul n03mantblx 1a60pamopHuIX uccaedosaHutl nayueHmos, abe

['pynnbl nanueHToB HToro
(MpeABAPHTE L bIH AHarHO3) AcenTnyeckoe pacuiaTbIBaHUe IepunpoTe3Has MHPeKIUA
KosimuecTBO manueHToB, abc 179 104 283
[IpeonepalMOHHBIH 3Tan 36 96 132
LuTto3
CHUHOBHAJIbHOM WHTpaonepanyoHHbIH 3TN 11 7 18
KUJKOCTH
HUroro 47 103 150
[pejonepalMOHHBIH 3Tan 34 96 130
JlelikouuTapHas o
scTepasa WHTpaonepauoHHbIN 3Tan 10 7 17
HWroro 44 103 147
[peonepaLMOHHBIH 3Tan 34 96 130
[TosokuTENIbHBIE HHTpaonepanoHHbIN 3Tan 10 7 17
HUroro 44 103 147
[Mosbimenne COI
u C-peakTUBHOTO IIpenonepaniioHHbIN 3Tl 12 81 93
6eska
IKCTpEHHOE THCTOJIOTHYeCcKoe
[ucronorus HcceJ0BaHIe 68 91 159
[TapaduHOBBIE cpe3bl 69 91 160
IIpenoneparnoHHbIHA 9TAT 33 62 69
WuTrpaornepaiuoOHHbBINA 9TATT 62 96 96
HUTOTO 69 96 165
Mo JAaHHbIM Halero uccieg0oBaHUuA I1oceB OCHOX(HeHHﬁ, IIOKa3bIBad npu 3TOM HaI/I6OJIbHIyIO
CUHOBUAJIbHOH XKHUAKOCTH Ha NIpenonepanuoHHOM 3Talie YyBCTBUTEJIbBHOCTb H CHeuI/ICl)I/I‘-IHOCTb. I/ICCJIQ[LOBaHI/Ie
B 42% cny4aeB  TOMOT  BBIABUTb  BO30yJWTess1 ITOKa3aTeJed  KJETOYHOIO  COCTaBa  CHHOBHUAJIbHOM
MHEKL Y, 4YTO MOBJIHSJIO HA TAKTUKY XUPYPTUYECKOTO  >KHUJKOCTHU obJsiajaeT JOCTATOYHO BBICOKOH

JleYeHUs JAHHBIX NalMeHTOB. Pe3ysbTaTbl 3KCTPEHHOIO
TUCTOJIOTUYECKOT0 MCCAe[J0OBaHMsS IOMOIVIM BBISBUTH
JIOIIOJTHUTEJIBHO 53% cly4aeB MHQEKIMOHHBIX
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cneruPUYHOCTBIO, HO I0Ka3aTeJad YYBCTBUTEJIBHOCTH
TeCTa03BOJISIOT UCII0Ib30BaTh €0 TOJILKO B KOMOUHALUN
¢ IpyruMu MeToJaMu (Tabsauna 2).
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Ta6auya 2 - CoomHoweHUe NPUMEHUMbIX MemMO0008 UCC/1e008aHUSI OMHOCUMEALHO K OAGHHbIM MUKpobGuoio2uu, %

111T03 CHHOBHAMBbHOG TSR IonoxuTeEIBHBIE [Mosbimenue CO3 u
Kpurepwuii/IlokasaTenn irap MHKPOGHOJIOTHIECKHE C-peakTHBHOTO Tucrosorus
MKUAKOCTH acrepasa p———— GenKa
89,09% 89,09% 89,09% 53,33% 96,36%
HyscTBUTENBHOCTD (83,31-93,41) (83,31-93,41) (83,31-93,41) (45,42-61,13) (92,25-98,65)
97,46% 100% 100% 95,76% 100%
CrenpduaHocTs (92,75-99,47) (96,70-100,00) (96,70-100,00) (90,39-98,61) (96,92 -100,00)
010U TEeNbHBIN 35,04 12,59%
K03¢HUIMeHT NpaBonoL06us (11,45-107,23) (5,28-30,03)
OTpULaTeIbHBIN 0,11 0,11 0,11 0,49 0,04
K03 PUIMEHT MPaBAONOL00HS (0,07-0,17) (0,07-0,17) (0,07-0,17) (0,41-0,58) (0,02-0,08)
PacnpocTpaHeHHOCTB 58,3% 58,3% 58,3% 58,3% 58,3%
3a60,1eBaHKs (52,32- 64,11) (52,32- 64,11) (52,32-64,11) (52,32- 64,11) (52,32- 64,11)
100%
MosoxuTensHoe 98% 100% 94,62% 100%
MPOrHOCTHYECKOe 3HaUYeHHe (94,12-99,34) (88,06-97,67)
OTpunaTesbHOE 86,47% 86,76% 86,76% 59,47% 95,16%
MPOTHOCTHYECKOE 3HAYEHHE (80,50-90,82) (80,91-91,02) (80,91-91,02) (55,38-63,44) (89,97-97,73)
TouHoCTD 92,58% 93,64% 93,64% 71,02% 97,88%
(88,88-95,35) (90,13-96,19) (90,13-96,19) (65,36-76,24) (95,44-99,22)
O6cyxaeHue

Takum 06paaoM, yKe Ha 3Talle JooIepallMOHHOIro CylieCTBEHHO YB€JIMYHMBAE€T BbIABJIAEMOCTb I/IH(beKLU/IPl

CKpUHHWHIA, Mbl CMOIJIM BBIIBUTb HHGQEKIHI0O y 5 Ha HHTpaomepanMoHHOM 3JTale, UMes JOCTOBEPHOCTD,
NaIMeHTOB C IPe/BapUTEJbHBIM JUAarHO30M ACENTHYECKOe  GJIM3KYIO K MJIAHOBOMY TMCTOJIOTUYECKOMY MCCIeJ0BaHUI0
pacmiaTelBaHHe ~ KOMIIOHEHTOB  3HJONPOTe3a, 4TO MNapadUHOBBIX CpPe30B, KOTOpOe SABJAETCA  OJHUM
NOJTBEPXKJAeT  HEOOXOJUMOCTb  IpeJOTNePallMOHHOM W3 OCHOBHBIX KpHUTepHeB BepHdHUKaLMHM JAHarHosa
JAUArHOCTUKA B MOMEHT rocnurtaiusanuu c udesanto I, Tlppy  aTomM  cBexxe3aMOpoO)KeHHble  Cpe3bl
XUPYPryu4eCcKoro Jie4YeHUs. WHTpPAONepalMoOHHOT0  MaTepuaja B  KOMOWHALUHU

AHAN3  JAHHBIX  JIOKAJBHOTO nporokosa C ~ Pe3y/ibTaTaMH  MpejlonepanMoHHOro  CKPHHHMHIA
JMATHOCTMKM MOMOr moaTBepautb MKy 165 CIOCOGHBI MOBJUATH Ha TAKTHUKY XUPYpruyeckoro

JIeYeHUs W T0C/IeOlepaliOHHOTO Be/leHUs MaljieHTa.
B HameMm ucciefjoBaHUU pacxoKAeHHE MeXAY CPOYHBIM
W IUIAHOBBIM  THCTOJIOTUYECKHM  HCCJIeJJ0BaHHEM
coctaBusio 0,01% (ofuH ciayyaid B rpylllle NanUeHTOB
C  aCenTHYeCKHUM  paclIaTbIBAHHUEM). BrisiBsieHUe
JIOTIOJIHUTE/IbHBIX KPUTEepHeB NHPEKIIMU Ha MPOTSKEHUH
BCEH TOCMHTANIM3ANMH TOBBILIAET MIAHCHI HA YCHEIIHbINA
HCXOZ,

nanueHToB (58%), y 118 nanuenTtoB (42%) nHdexuus
He TIOATBepAMJach, YTO B 3HAYUTEJbHOH CTeleHHU
NOBJIMAJIO Ha XUPYPTUYECKYH TaKTHUKy JedeHus. 127
60JIbHBIM OBIJIO BBINTOJIHEHO OJHO3TANHOE PEBU3MOHHOE
BMellaTeJbCTBO, 156 - AByxaTamHas peBH3HUs. B mectu
c/lydasX Ha I0CJeOllepalliOHHOM 3Tane IpOBOJMJIACHh
KOppeKL U aHTUOaKTepHaJbHON Tepanuu no
pe3yspTaTaM KOMIIJIEKCHOM Moc/ieonepaloHHON OLleHKH.
JiiTenpHOCTh HAGJ/IOJleHUs Ha KaTaMHe3e - [0 3 JIeT.
[Tocne ofHO3TAIHOIO PE3HA0NPOTE3UPOBAHUSA PELUIUBOB
MH}EeKI MY He HAabJII0/]a/10Ch, [TOCJIe ABYX3TAIHbIX pEBU3HH-
JiBa pely/iMBa.

3HauMTe/bHble PACXOXK/JEHUS IO pe3yjbTaTaM
M10CEeBOB CUHOBHA/IbHOW )KU/JKOCTH U UHTPAOIepPalliOHHOTO
MaTepuasa He MO3BOJISIIOT HCKIIOYUTb HHQEKLHOHHYIO
NpUpOJy  pacllaThbiBaHUS Ha  MOMEHT  Olepaluu.
l'ncTosiornyeckoe uccjiefoBaHHe 3aMOPOXKEHHBIX CPe30B

BbiBOAbI

,ZlaHHbIe Hallero ucciaegoBaHUA IIOKa3aJik, 4YTO
Ka)K,LLbII‘/II 3Tall AUArHOCTUKH I103BOJIMJI HAM BbIABUTDH
AOINOJIHUTEJIbHbIE C/Iy4an [1ITH, MO3TOMY BCEM ITallUE€HTAM,
NOoCTynarouiuM Ha PEeBU3UMOHHOE 3SHAOIPOTE3UpOBaAHME,
cirenyetr IMpoBOAUTH 06Cf[e,£[0BaHI/Ie Ha TIPOTAXEHUU
BCero rnepuoza rocCrnuTaJu3anuu. Bkirouenue CpO‘{HOﬁ
TUCTOJIOTUYECKOU AUATHOCTUKHU HA MHTpPaAoIllepanOHHOM
dTale II03BOJIAeT CBOEBPEMEHHO HU3MEHUTb TaKTUKY
XUPYPruv€ecKoro je4eHusd.

B 1upesioM JiOKaJbHBIM TNPOTOKOJ MO3TANHOU
JUArHOCTHUKY C BKJIFOUEHHEM CPOYHOT'0 THCTOJIOTUYECKOTO
WCC/IeIOBAaHUSI TIOMOTAeT MOBBICUTDH LIAHCHI YCIENIHOTO
HCX0/la ONepaluy PEeBU3HMOHHOTO 3HAONPOTE3UPOBAHUS
HEe3aBHCUMO OT MPUPO/Ibl pacllaThbIBAHUS.

KoH}/IMKT nHTEepecoB. ABTOpbI paGOTHI 3asIBJISAIOT
06 OTCYTCTBHUU KOHQJIMKTA HHTEPECOB.

duHaHCHMpOBaHMe. BHEIIHHUX UCTOYHUKOB HeET.

Bxksiag, aBrTopoB. Konuentyanusauussi - [CA,
0.A.B;; metogosiorua - [C.A., [E.A; nposepka - 0.A.B,;
dopmanbHbii aHanus - [.C.A, [LE.A,, 3.M.IL,, K./l.10., M.B.M,;
HanucaHve (OpUTMHA/bHAs 4YepHOBasl MOATOTOBKA) -
['C.A.; HamucaHue (0630p M pepakTtuposaHue) - [C.A,
3.M.II,E.A, 0.AB.
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Tyhinaeme

IlpomesmaHbl uH@pekyusicblH duazHocmukaaay aai KyHee KublHOblK mydulpamblH cypak 6oavin keaedi. Cebebi UHPeKyUsHbL
pacmaiimulH Hemece JHCOKKA WblFapamuiH mecm sicok. CoHObIKMaH 6i3 duazHoCmuKablk 3epmmeynepoin HUbIHMbIFbIH K0A0AHYbIMbI3 KEPEK.
Onap Kosscemimodinizimer Kamap uHeasusmi yxcaHe uHBA3UBMI emec 601ybl MYMKIH. ce3imMmasndblk neH epekuiesikmiH scemkinikmi deneeliine
ue.

3epmmeydiy makcamul: Xupyp2usiablK emoey makmuKkacblH aHblkmay YuwiH npome3maHbl UH@GeKyusicblH duazHocmukanaayobly
Tpasmamousiozusi, opmonedust aHe sHOonpomesdey dpedepandvt opmanviruiHbiy (CmoneHck K., Peceli ®edepayusicul) sicepainikmi
xammamacuiH Koa0aHy muimodinicine maaday sxcypaisy.

9ddicmepi. 2019-2021 scovladapsl emkeH 299 pegususi maadaHdbl. 3epmmeyae mize Hemece Hambac 3Hdonpomesi KOMNOHeHMMepiHiH
CenMuKaJIbIK HCaHe AcenmuKaablK mypakcui30biFbl dezeH a/10blH ana duazHosbl 6ap Haykacmap eHeisindi. bapavik Haykacmap npome3maHbl
UH@peKkyusicblH duazHocmukaaaydslH xcep2iaikmi XammamacslHa calikec mekcepindi. KAuHuKanblK jHaHe peHmaeHoa02usblK depekmepai,
C-peakmusmi akywi3 dHcaHe ITIK, cuHosuanbdbl cylibikmblk jelikoyummepiHiy 3cmepasacviH, NyHKmammel, miH  yJA2inepiH  JcaHe
COHUKAYUSLIbIK CYUbIKMbIKMbl MUKPOOUOI02USAbIK 3epmmeydi, Npome3mMaHbl MeMOPAHAIAPbIHbIE myp/epi 60UbIHWA 2UCMON102USIAbIK
3epmmeyoi JHaHe CUHOBUAILObL CYlibIKMbIKMbIH HbICAHObI d1emeHmmepiH ecenmeydi kKammuodwsl. COHFbl OUAZHO3 KAUHUKAAbIK HCOHE
3epmxaHanblk depekmepdi eckepe omblpbin AHbIKMA/AObL, 6y XUpYp2usblK makmukaHsl maHdayda wewyuwi peade 6010l Tuimiinik
KewikmipinzeH emdey Homudicesepi 60libIHWa 6aranaHdbl.

Hamuotcenep. Bapavirel 165 (58%) HaykacmaH ox MUKpO6UO/102UAAbIK KyAbMypa ezinin wibikmol. OHbiH fwiHoe 150 (53%) Haykacma
CUHOBUA/ILObI CYUbLIKMbIKMbIY YUMO3bl, /AelKOYyumapabl 3cmepasaHviy dcorapuliaayst 147 sxcardatida anvikmanaodwl. XKedea scacanrax
2ucmo.io2usiblK 3epmmeyoiy Hamudicecinde "uH@ekyus munmec memo6paHa” KopbimeiHObicbl 159 (56%) xcardaiida, C-peakmusmi aKybi3
6eH IT)K-HbiY KeweHOi xHcorapulaaybl 93 xcardatioa opbiH andbl.

KopbimbiHObl. 3epmmey xammamaceiHbiy depekmepin masaday 158 (53%) waykacma npomesmaHbl UHGEKYUACbl OUA2HO3bIH
pacmayra kemexkmecmi. Kaanwot cauwvl 141 (47%) Haykacma uHpekyusi pacmaamaodsl xaHe Oy XUpypausiablK emoey makmuKacblH
anbikmadsl. Ocbl pemme 141 Haykacka 6ip camblibl mekcepy apaaacysl, an 158 naykacka exi camoblabl mekcepy xcypeizindi. Kamamuesdeai
6akblLiay yzakmolrsl (213 Haykac) yw scvlara deliin 60410bl. HHpekyusaHbiY Kalimaaanysl 6atikaamadsl. Ocblaatiua, 613 xcypeiszeH 3epmmey
Homuoicesepi 6olibiHwa 6y xammama ipi 6ybiHOapdvl moavlk 3Hdonpome3sdeyoeH KelliH UHPEKYUSAbIK ACKbIHYAapdbl OUazZHOCMUKAAayOblH
muimoi Kypasvl 6016in mabbiaadwl.

Tytiin ce3dep: mise 6yviHbIH 3HOONpomesdey, dxambac GyblHbIH IHOONpomesdey, hpomeamaHbvl UHPEKYUsICbl, OUAZHOCMUKAAbIK
xammama, xcepeinikmi duazHocmukaablk xammama, muimdinikmi 6aranay.
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Abstract

The diagnosis of periprosthetic joint infection is a difficult task because there is no absolute test to confirm or rule out infection. We
have developed a local protocol for diagnosing periprosthetic joint infection to use a combination of diagnostic studies with the highest level of
sensitivity and specificity.

The purpose of the study: To evaluate the effectiveness of a local protocol for diagnosing periprosthetic joint infection to determine
surgical treatment tactics.

Methods. We analyzed 283 audits that took place during 2020-2022 at the Federal Center for Traumatology, Orthopedics and
Endoprosthetics (Smolensk, Russian Federation). Patients with a preliminary diagnosis of aseptic loosening of knee or hip joint endoprosthesis
components and periprosthetic joint infection were monitored. All patients were examined in accordance with the local protocol for the diagnosis
of periprosthetic joint infection, which includes clinical and radiological data, CRP and ESR, analysis of the cellular composition of synovial fluid,
microbiological examination of biopsies, endoprosthesis components, planned and frozen sections. The final diagnosis was made taking into
account clinical and laboratory data. The effectiveness was assessed by delayed treatment results.

Results. Positive microbiological cultures were isolated in 165 patients (58%), 150 patients had increased cytosis of synovial fluid (53%),
leukocyte esterase was increased in 147 cases, according to the results of an urgent histological examination, 159 conclusions of «infectious type
membrane» (56%) were obtained, a combination of increased ESR and CRP was observed in 93 cases.

Conclusions. Analysis of the local periprosthetic joint infection diagnostic protocol showed that each stage of diagnosis allows to identify
additional cases of infection, therefore, all patients admitted for revision endoprosthetics should be examined throughout hospitalization.
The inclusion of urgent histological diagnostics at the intraoperative stage makes it possible to change the tactics of surgical treatment in a
timely manner. In general, the local protocol of step-by-step diagnosis of periprosthetic joint infection with the inclusion of urgent histological
examination helps to increase the chances of a successful outcome of revision endoprosthesis surgery, regardless of the nature of loosening.

Key words: knee arthroplasty, hip arthroplasty, periprosthetic joint infection, diagnostic protocol, local diagnostic protocol, effectiveness
assessment.
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Kipicne
Octeoaptpo3 (OA) - Oysn memipuiek TiHiHIH
3aKpIMJa/NyblHA JKOHe OybIHJApAbl KOpIIanm TYpFaH

cydexTepAiH, 6aisiaMJapAblH JKoHe OYJIIIBIKETTepAiH
KYPBUIBIMBIHBIH 63repyiHe 9KeJIeTiH JjlereHepaTUBTI OYbIH
aypybl. Bys1 eH ken TapasiFaH jxoHe KebiHece erjie )KacTaFrbl
ajamjapia kesgecetiH 6yblH aypybl. OA 70 »xactaH
ackaH agzampapgbiH 40%-z1a keszeceni. Anaiijia, COHFbI
yaKbITTa apTPO3JblH AaMy TeHJEeHLUSACH] Kac ajamapza
Ke6eHreHiri aHbIKTaJIbIN OTHIP [1].

OcTeoapTpo3/IblH, HETi3ri GeJrijiepiHe - KO3FaJbIC
Ke3iH/e  Kyueloi MyMKiH  6ipseckeH — aybIpCBIHY,
OybIHZAPAAFbl  KO3FaJbICTAPAbIH ~ KYpBICYbl  HeMece
HIeKTesyi, KO3FalbIC Ke3iHAe OYybIHAAPAbIH KbIThIpPJIAybl
MEeH CBIKbIpJIAybl, OYbIHAAPABIH iciHyi MeH KaGbIHYbI
*kartagbl. OA aMyblH, alKbIHABUIBIFbIH, 19PEXKECIH KIHe
JlaMy KbLIZAMABIFbIH KenTereH GakTopsiap alKbIHAaH/AbI
[2-5].

OA mnartoreHesi GipHemle Herisri MexaHU3MZepAi
KaMTH/Ibl:

1) OybIHAAFbl LIEMipLIEKTIH aMOPTHU3aLUs >KIOHE
Teric Ko3franbic yHKUuschl. Erep 6y ¢yHKIUsS 6y3blica,
OyblHQ MeXaHUKaJbIK KbICBIM JKOFapbLIalbl, OYJI
HIeMipLIeKTiH3aKbIM/a/1yblHAKoHe OHbIH Ka/IbIH/bIF bIHBIH,
TeMeH/leyiHe aKeJeli, 6ybIH/|a TUAPOAMHAMHUKA OY3blIaibl
[3,6,7,8,9].

2) wmeMmipuek kacyllaapajblK  MaTpHULaHbI
CUHTe3/leHTiH apHaibl xKacylajapAaH - XOHAPOLUTTepAeH
Typagbl. OA Ke3iHje »KacyllaapaJsblK MaTpulLiaza
KOMIIOHEHTTepAIH KypaMbl MeH CaHbIHJAA 63repicTep
60J1a/b1, 6yJ1 LIeMipLIEeKTiH cepaiMAiliri MeH MexaHUKaJbIK,
GepikKTiriHig TeMeHJeyiHe akeneai [3,6,7,8-10].

3) OGYbIHHBIH, KaJbIIThl >KYMBICHI LIEMipIIEK IeH
6acka OybIH TiH/epiHiH TYpaKThl )KaHApyblH KaMTaMachl3

eteni. Aumaiima, OA-ma  Merta6Gosn3M  Gy3bLIajbl,
oy HmeMiplieKTiH  MeXaHUKaJblK  JKYKTeMeJepre
Te3IMAUIITiHIE TeMeHJeyiHe okesenl. lllemipiiekTiy

TepeH, KabaTTapblHJa (€H YJKEH JXYKTeMe alMarbIH[a)
XOHJPOLUTTEP/IH HEKpPO3bIMEH KaTap, CUHTETHUKAJbIK,
YHKLHSChIHBIH )KOFapblJIaybIMeH XXYPETiH MPOTeOT/IMKaH
CUHTe3i oHe 6acKa peaKTHBTI e3repicTep OpbIH ajajbl,
SFHU XOHJPOLUTTEPAiH THIepIUIa3usicbkl MeH Kebemi
[3,6,8-10].

4) xyKkTeMeci KoFapbl aiMaKTapZa LIeMipuIeKTiH,
YKYMcapybl XKoHe KapblIybl, HOTHXKeciHJie dparMeHTanus
ajJaHjapbl maiga 6osazabl. CyHeKTepAiH apTHKYJASAPJbIK
OeTkeliHZle MexXaHMKaJbIK IIaMaJaH TbIC JKYKTeMe
apThil, MHUKPOUMPKYyIAnus 6y3buiagel [3,8,11].  Byn
CyOXOHJpaJbl  OCTEOCKJIEPO3/bIH  JaMyblHa, LIETKi
cylek-neMipliek eciHfisiepiHiH - octeoduTTeEpAiH maia
6oJybIHa bIKNa eTefi [10,12].

5) OybIH KybICBIHJAFbl LIeMipLIeK >XoHe CyHek
JeTpUTTepi KaOblHy MeAHATOpPJApPbIH, JIH30COMAJBIK,

3epTTey aaicTemeci

PRISMA (Preferred Reporting Items for Systematic
Reviews and meta Analysis) ycbiHbICTapblHa CylieHe
oTbipbil, Medline/PubMed, Embase, Google Scholar
)koHe Cochrane Library Jepek KopJapblH mNaijanaHa
OTBIPBIN, TeHJep *aHe kaMbac neH Tize OA apacblH/JJaFbl
KOppeJIsIUAHbI 6aFaJalThIH THICTI 3epTTey/ep/ii aHbIKTay
yiliH »kydeni wosy xkyprizingi. Wony 2023 KbLIJbIH,
aKnaHblHa JiefiH JkapUsiJlaHFaH >K9He ’KapaM/blIbIK
KpUTepuiilepiHe calikec KeJleTiH MaKaslasap/bl KaMThIJbl.
Herisri MeauuuHa/bIK TepMUHJEp MeH KIAT ce3jephi
(MeSH) Kos11aHa OTBIPBIN KYHedi i3fey xKyprisinai: xkambac

¢depmeHTTepAi  GocaTa  OTBIPbIN,  JIEKKOLUTTEPMEH
¢daroyuTosFa yuIblpai/ipl, 6yJ1 CAHOBUTTIH aMyblHa KoHe
blAbIDAy ©HiMJepiHe 6GaFbITTalFaH HMMMYHOJIOTHAJIBIK,
peaknusiiapra akeseni [1,6,8,10]. Kab6bIiHybIH,
9KCCyAaTUBTI-NpondepaTUBTI CHUIIAThI OybIHHBIH,
YKYMcak, TiHJiepingeri dubpocKaepoTHKaIbIK e3repicTepai
Tyapipagpl.  CMHOBHa/NbJbl  KaObIKTBIH  TaJIIIBIKTbI
nposivdepanusicel 6alikanazel [6,8,13]. Cy6cuHOBHUAN b
KabaTTa »oHe OYybIH KallCyJacblHJA TaJIIBIKTbI TiHHIH
nnddysapl ecyi OHbIH KasblHJAybIMEH >oHe CKJepo3
JamybiMeH Oipre okypeZi. AybIpCbIHY CHHJPOMBIHA
JKoHEe KO3FasIbICThIH, GeJICeH/Ii »KoHe IMacCHUBTI KeJIeMiHiH
IIeKTesyiHe 6alJIaHbICTBI NePUAPTUKYNAPJIBIK,
OYJILBIKETTEPAIH, aTpodusichl nanga 60J1a/1bI
[3,12,13]. OA-pmaFbl CMHOBUT KaObIHY MeAUaTOpPJApbIH:
uHTepseikuaaepai (WUJI), icik HeKpo3bIHBIH (GaKTOPBIH,
KOJIOHUSIHBl  bIHTAQJAHJbIPAThlH  ¢akTopsapAbl, P
CyOCTaHLHUACBHIH, IPOCTAlJIaHANHAEPA], IJITa3MUHOTEH MeH
IJ1Ia3MUH 6eJiceHipriliTepiH, MeTalJ0NpOoTeNHA3aIap/bl,
KaTelncuHAepAi, CynepoKCUATI pajuKaajapipl koHe T. 0.
OeJsiceH/ipy apKbUIbl JeCTPYKLIMS MNpoleciH KyuenTez.
Anavipa, 6actel  pes  OybIH  KypbLJIBIMJAPBIHAAFBI
KaTaboJIMKa/bIK IPOLlecTepAi KYlIeATeTiH paronuTapibIkK,
KabblHy, HMMMYHJbIK Jk9He (epMeHT ’KacyllasblK
peakuusapAblH ~ aKTUBTEHYi afACbIHJA  JIMTHKAJIBIK
depMeHTTEpAi GesceHipyre 6aFprTTasnFaH [14,15,2,3].

leHeTHKaNbIK OA-GeH CBIPTKbI (GaKTOpJIap/bIH
acepineH fAaMuTbIH OA apacblH/aFbl Y3/IKCi3 acepJiecysieH,
aypy[blH I@aToreHe3iHJe TeHETUKa/bIK >KoHe CbIPTKbI
daxTopsap 6ipsecin acep eTyi MyMKiH JereH 60/nKaM/ibl
TYXbIpbIMZIaMa >kacayfa 6osazpl [1]. CoHAbIKTaH Ti3e
MeH xamM6ac OA-HBbIH TeHeTHKaJIblK BapHalUsiChIHbIH
peJiiH ally apKplibl OCbl aypyAblH NaTOreHe3i TypaJibl
TYCIHITIMI3A1 TepesgeTeMis.

bizgiy, enge koHe 1eTesnze kenTereH OA
3epTTeyJiepiHe KapaMacTaH, aypyAblH JaMybIHJaFbl
KeH e3reprimTik OA Ka/bINTacyblHbIH HaKTbl ce6e6i
Typasibl HAKThl TYCiHiIK GepMeiiai. Ko xeTiMAi oTaHABIK,
anebuertepae OA AaMybIHBbIH FeHETUKAIBIK GaKTOpJIaphbl
TypaJibl dJli KYHTe JIeliH aKnapar 0K,

Byn ome6bu wmosyga 6i3 Tise xoHe kambac OA
JaMy KaymiMeH reHeTHKaJsblK OalJIaHbICThl KOpCETETIH
Kehb6ip JepekTepAi TaJKbLIaWMbI3 JXKOHE T'€HETHKAJbIK
0alJIaHBICTBI 3epTTeyJepre Hasap ayZapa OTbIPbII, OChI
caJiaJilaFbl COHFbI XKeTiCTIKTEePAi KOPbIThIHABLIAUMBI3.

0CTeoapTpo3bl, Tize 0CTe0apTpo3bl, 6ip HYKJEOTUATI
nonumopousm (SNP) Hemece reH. [3mey azampaapza
JKYpPri3iJireH >K9He OpbIC K9He aFbUILIbIH TilJepiHje
J)KapusJlaHFaH  3epTTey/JepMeH  LIeKTeJreH. THIcCTi
3epTTeyJiep/i xkibepin aamay yuIiH eHrisireH MakajaJap
MeH LIoJyJapAaFbl CiiTeMesiep KOJIMeH TeKcepiafi

(1-cypeT).
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MenimeTTep 6asackiHaarb!
iagey HeTwxeciHAe anblHFaH
Makananap
(n=846)

Kelwipmenepai xomfaHHaH
KeniHri Mmakananap
(n=173)

AnbIHbIN TAacTanfaH Makananap
(N=118)
MaHbl3bl eMec 3epTTeynep
(n=114)

Canarnbl TangaymeH
eHrisinreH makananap
(n=55)

XKyiieni wonynap (N=4)

Cypem 1 - Calikec kenemiH 3epmmeynepodi aHblkmay

MOJIEKy.IIaJIbIK,-I‘eHeTI/IKaJIbIK, 3epTrTeyJiep

Eri3 3epTTeysnepie KoJ, Tise xoHe xkambac
O6ybIHAAPbIHBIH, peHTreHorpaduaIbIK aHbIKTaAFaH OA-fa
TYKbIM KyaslalTblH $aKTopJsiapAblH, yiaeci 36%-1an 68%-
Fa JieliiH 6os1aThbIHbl aHbIKTaAJbl. Keilbip aBTOp/1apAbIH
nikipiHile, reHeTukanblK ¢akTopsaapably OA JamMyblHa
KOCKaH yJieci keM JereHjie 65% Kypadgbl [16]. OA-ra
TYKbIM KyasJlaUTblH GeWiMAiMIKTIH cUmaThbl >KbIHbICBIHA
>K9He GipJiecKeH OpHasacyblHa 6alJIaHBICTHI ©3repefi. by
»Kafgana OA-HbIH reHeTHKaJ/blK KOMIOHEHTI alenjepfe
alKbIHbIpaK 6o0Js1afibl, OYJ cerperayusiblK TajJayMeH
pactanagbl [17,18]. OA-mMeH ayblpaTblH HayKacTapza
COL2A1 reHiHiH Hesjik asuenbaepi TabbLigbl. OA-
Fa 6eHiMITIKTIH KaHUJATThIK JIOKyCTapblHa
3KCTPaLleJUIIOJSPIBIK, meMipuiek MaTpPULACBIHbIH
KOCBbIMIIA KYPbIJIBIMABIK aKybI3/lapblH KOATAUTBIH FeH/iep
»katazpl. bys sokycrapra COL11A1 >xoHe COL11A2 Tunti
XI kosnaren renzepi, COL9A2 Ttunti IX kosnareH resi
J)K9He oJIMroMepJi MaTpuuasblk akybl3 reni COMP kipeni
[17]. BipHewe 3epTTeynepge COL2A1 xoHe COMP renfik
ramioTunTepidiy, Tize OA-MeH 6alJlaHbIChl aHBIKTaJ/bl
[19]. JeHni cay apamaapaaH xkoHe OA 6ap mauueHTTepleH
aJIbIHFaH XOHJPOLUTTep/iH TaafaHfaH 723 MukpoPHK-
HbIH,  imiHjge 7 mukpoPHK-na  akcnpeccusgarbl
CTAaTUCTUKAJBIK, MaHBbI3 /bl aliblpMalIblIBIKTAP
aHbIKTaAbl, onapably 6ipeyi OA-ga (hsa - miR-483-5p),
al anTaybl KaJbIIThl XOHAPOLUTTEpJe IIaMaJlaH ThbIC
petteneai (hsa-miR-149* hsa-miR-582-3p, hsa-miR-1227,
hsa-miR-634, hsa-miR-576-5p, hsa-miR-641).

In silico xyprisinren Tanzay HOTWXeciHze, cay
afamzap MeH OA 6ap manyeHTTepiHiH XOHAPOLUTTepiHAe
9pTYpJli  JAeHredje 3KcrnpeccussaHaTblH MUKpoPHK
9CcepiHeH BbIKTUMa/l ©3TrepeTiH Herisri MoJieKyJalblK,
JKOJIJapFa  apTUKYJAPJBIK — LIeMipIIeKTiH  JaMyblHa,
JKYMBICBIHA JKk9He Oy3blayblHa KaTblcaTblH — TGF-3-
Wnt-, Erb- >xone mTOR-curnan 6epy »oJsifjapbl KipeTiHiH
kepcerTi [20]. /[loHekep TiHiHIH JAMCILJIa3USACHIHBIH
Gesirisiepi »KOK, >asnblLIaHFaH epTe 6actanrad OA 6ap TepT
oT6acelHbIH, 6ipiHze pthr2 napaTUpous, TOPMOHBIHBIH,
pelLenTop/japblHbIH,  TeHiHJe  MHCCEHC  MyTaLHACH
(A225S) Ta6euigbl [21]. 32 Haykac Tize OA-HBI Tekcepy
Ke3iHZe smad3 reHiHZe MUCCEHC MyTalMACHl aHBIKTAJI/bI.
SMAD akywisgapbl  TGF-f  (TpaHcdopmanusaiblk, ecy
dakTopel  B-TpaHchopManUATBIK, ecy dakTopbl f3)
JKOJIZApPbIH peTTelfi, cylek TiHiHIH KaJblnTacybl MeH
KalTa KypbLIYbIHbIH HeTi3ri peTTeyllici peTiHAe KbI3MeT
ereni [22]. R324g cnupanp Topi3zAi aKybl3 TeHiHIH
HYCKachl 6ap aiensiepe xannblianFad OA »xoHe jxambac
OybIHAAPBIHBIH, OA 6GaiyaHbIChl  aHBIKTaJAAbl; 1200w
cnvpasb Tapi3fi akybl3 HycKacel Gap oHesnjepne Tise
»KoHe kaMmbac 6yblHAapbiHbIH OA [23-25]. ABcTpanuszga

50 »kactaH ackaH 134 eri3ge arpekaH reninig VNTR-
nosvMopdusmimern OA GailylaHBICBIH 3epTTey Kesinze 27
aJlJlesIbJiiH Tepic acepJiepi fe, 25 xkaHe 28 ajienbaepain,
MPOTEKTUBTI acepsiepi Ae aHbIKTanAbl [26]. OA-HbIH
2-i  XpOMOCOMaHbIH €Ki JIOKyCbIMeH 6alJlaHbIChl
aHbIKTaAgbl -2q23-32 xoHe 2q33-35. by aiimakrapza
OA maToreHesiHe acep eTyi MYMKiH yu1 6erini rex 6ap: V
TUnTi kosiared (COL5A2), dubponektuH (FN1) xoane il-8
peuenTtopsl (IL8R). TyH6a ksaactepi OA-ra GeHimMAimikTi
kepceTe ajnajpl [27]. MaTtpuauH-3 kofTalTelH MATN3
reHiniy»kamb6ac OA MeH MUKpOCATeIUTTIK oJIMMopdusmi
3" UTR apacbiHfafFbl 6aiyiaHbic aHbIKTaagbl [28]. Matn3
reHigzeri rs8176070 nmosivMMopdusMiHiH KplTallsiapaarsl
6actankbl OA-MeH ceHiMAi GalJaHbICHI aHBIKTAJIbI
[17]. Llemipumiek TiHiHIH KypbIIBIMABIK aKybI3JapblH
KOATAaMaWThIH eKi KaHJWJATTBIK JIOKYC aHBIKTaJJbl:
HLA reHi - 6p XpoMocoMachlHJaFbl KJacTep koHe 14q
XpOMOCOMAacbIHJaFbl O1-aHTUTPUIICUH TeHi-GalIaHbICTHI
eMec OA HayKacTapblHbIH TONTapblHAA [29]. Opi Kapail M.
Nakajima »xoHe 6acKaJsiapbl yprisijireH septteynep HLA
reHinzeri esrepicrepaiy OA famy KayniMeH 6aitJlaHbICBIH
pactazpl. Atan aitkanzga, lI/IIl knacter HLA reHinze
rs7775228 xkoHe rs10947262 nonumMopdThl HycKasap
KaybIMAacTbiFbl  Jasengenzi [30]. lleirapmasnapblHja
M. IlarTpuk xoHe 6ackasapbl HLA-alb8 reHingeri
noMMopdThl HycKasapbl 6ap OA gaMybIHbIH MyMKiHZiri
aHbIKTaabl [31]. OA 6ap aiensepze 4-11i XpoMOCOMaHbI
3epTrTey KesiHge inminicy Tangayst WJ-4  (IL-4R)
peLenTopblH KOATAUTBIH reH opHajackaH 4q13.1-4q13.2
aliMaFbIH/IaFbl MapKepJiepAiH MakCUMaJ/bl ThIFbI3/bIFbIH
kepceTrTi [32]. OA-pga illrl reHiMeH mOJUMOPQTHI
JIOKYCTap/blH, AccolMalUsiChl aHbIKTaNAbl, 0J1 1s2287047-
MeH aWKblH KepiHeni [33]. MenomaysajaH kedinri 351
aMlenpi (45-64 xac) Tekcepy kesiHge Tize OA gamy Kaymni
»kofapel D pmopymeni peunentopsl reninig (VDR) Taql-
nojrMopdusM Accoliualusachl aHbIKTaA bl [17]. AnaMHBIH,
aHTUOTEH3UHAi TypJeHAipeTiH ¢depMeHT reHiHiH (ACE)
16-11bl MHTPOHBIHAAFbl UHEPLUAIBIK NOJUMOPPU3M alu-
mamaMeH 287 Kyl HyKJeOTUATepJiH KalTajJaHaTbIH
Ti36eriMeH yCbIHBUIFaH, aypyAblH epTe KepiHyiMeH, Tize
GYHKUMACBIHBIH, 6Y3bIIybIMEH XK9He PeHTreHOTpadUAIBIK,
TYpFbIJaH ayblp 6acTankpel Tise OA-MeH OH KoppeJssalusara
ve [16]. Epre kKapratoMeH 6aiuaanbicTel KLOTHO
reHiniy g395a mnoauMopdThl HYCKACBIHBIH Heri3iHeH
ocTeoPUTTePAiH Ty3iJyiMeH JaMUTBIH KOJ1 OybIHAAPbIHbIH
OA cesiMTanAbIFbIMEH 6aliylaHbIChl aHbIKTANAbI [22]. Mcf21
reHinzeri nonuMopThl HyCKasapMeH ipi 6ybIiHAapAbIH OA
6aiJlaHbIChl aHBbIKTa/Abl, osap rs11842874-neH alKblH
kepineni [34].
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Jctporenre penentop rexiniy (ER-a) intron 1T/
cpvuii, intron 1A/GXbal >xeHe exon 8 G/abtgi ransioTunTepi
Gactankbl Tize OA-MeH O6al/aHBICTBI 60JIybl MYMKiH
)koHe ER-a reniHiH renerukasnblkK Bapuauusiiapbl OA
JaMyblHa KaTbICybl MYMKiH [35]. ¥YibIOpuTaHUAAAFBI
arcogen KOHCOPLMYMBbIH 3epTTey HaTwxeciHze OA
JamybiMeH GNL3  HykseocTeMuMH reHiHge 1s6976
NOJUMOPQTHl HYCKAJAPbIHBIH, KaybIMAACTBIFbl TaOBII/IbI
[36]. ER-a reniniy mnosumMopdThl JIOKYCTapbIHBIH Ti3e
OybIHAAPBIHBIH, peHTreHorpadusaablk, pactanran OA-
MEH >X9He, aTanl alTKaHJa, ocTeoPUTTepJiH Ty3inyimeH
Gaisanbichl aHbIKTaAAbl [37]. C.1092+3607(CA)(13-27)
xkoHe C. 172(CAG)(8-34) rpexTepgeri scTporeHzepre
(ER-B) peuenTopsiap reHfepiHiH 3oHe aHApOTeHJepre
(Ar) penenTopJsapAblH koHe Tize OybIHAAPBIHBIH OA
nosuMopusMaepi apacbiHa 6aliaHbIC OPHATHLIARI [38].

GaFbITTa/IFaH 3epTTeysepne TabObLJIFaH. GDF5
KaHKaHbIH JaMybl Ke3iH/le XOHJporeHesre oHe OYbIH
3JIeMeHTTepiHiH Ty3iayiHe acep eTefi, 6yJ meMipiiek mneH
OybIH apasiblK aWMaKTaFbl aKybI3/IblH 3KCIPECCHUSIChIHA
covikec kesefi [40]. KangugaT reHjiepiH 3epTTey ajFall
pet rs143383 (5' aymapbpuiMaraH aliMakTa) eki ToyeJicis
KaIoH MONYJSUsIChIH/AFbI )kaMbac OA-MeH 6alJIaHbICThI
ekeHiH xa6apsagel (OR 1,79, p=1,8x10-13) [41]. Byx
6ip HyxJjeoTuaTi mnosumopdusMm (SNP) xoHpaporenzix

»Kacyulajapaarbl GDF5 TPaHCKPUIILUACHIHbIH,
TeMeHJleyiMeH  GaWJIaHBbICTbI, HOTHXKECiHZE  aKybI3
3KCNIpPeCCUsChIHbIH,  JleHredi TeMmenzeli. KeHiHipek

OyJ1 JIOKyC eypomnasjblK Honynsuusaapaarsl OA-MeH [ie
GaisaHbICTBl eKeHJAiri aHbIKTaaAe! (1-kecte) [42]. GDF5-
Teri reHeTHUKaJ/IblK Bapualus Ja 6CyMeH O0aHJIaHBICThI
6osapl [43]. CoHpali-aK, 3KCIIEpUMEHTTIK 3epTTeysnepje

GalKaJFaH THIIKAHAAPAAFBI GDF5 JNIeHTeHiHiH
TeMeH/leyl KOHJUJSPJIbIK >KoHe OybIH GaiiaMJapbIHbIH,
YKeTKiMIKCI3AiriHiH AaMyblHAA KepiHeTiH cyGXOHApaib/bl

OA OUOJIOTHUSIJIBIK 3THOJIOTUSICbIHA HETri3Je/ireH
KaHAUJaT reHJepiHe KeNTereH 3epTTeysep KYprisinzi,

ojlap Jila KalTanmaHGaWTbIH 6oJbIl  WBIKTBL  [39]. ) b
PenposyKTUBTINKTIH GoJMaybl KemTereH ¢akropsapra, CYMEKTIH — ©SIEpreH  IKyKTEMe — MEXaHMSM/IEpl — MEH
COHbIH iliHJEe 3epTTey KyaTbIHBbIH JKeTKiMiKci3girine ©3TEPICTEPIH KAMTH/RI ien GosbkaHy/a [44].
6adsanbicThl. Epexmeniri - 6yn  GDF5, on OA-meH
GipHelle peT GaWJIaHBICTBIPbLIFAH, 6acTanKpla TeHJiK-
Kecme 1 - JKam6ac scane mize 6ybIHOApbIHbIE 0CME0apmpo3blMeH 6atiiaHbicmbl noauMopdusmoep
A{menb KayniHil-; AAK yuiH 60/xaM/bl
6&2;{33‘;33&? }f‘_}el;'(ag;? OR p AF kayni | BybiH | 2KbIHBICHI STHT&’"’"‘ YHKIMOHAIABIK, Maxkasanap
(SNP) MaHbI3/bIBIFbI
rs143383-T GDF5 179 | 18x10% | 074 KB | Exoned ASHSIIbIK Xonpaporenesre Miyamoto Y.
JKoHe GYbIH ’koHe T.0. [41]
3JIeMeHTTepiHIH
~ o Valdes AM.
rs143383-T GDF5 1.16 8.3x10 N/A TB Exoned | EBponeiickas Ka“”‘“T:ﬁé’Z;Ha R Iy [42]
Wemipuiex Miyamoto Y.
rs7639618-G DVWA 1.43 7.3x10°1 0.63 Tb E >xoHe O ABUSAIBIK MeTabosu3MiHe Y .
JKoHe T.0. [46]
KaTbICy
WUMMmyHOIOTUSA-
. : 8 JIBIK, Nakajima M.
rs7775228-T HLA-DQB1 1.34 2.4x10 0.62 Tb E xoHe O Asusanblg MexaHuaMzepai oHe T.6. [48]
Kocy
WUMMyHOIOTUAJBIK, o
R ok sk sk A3usnbIK - Nakajima M.
rs10947262-C BTNL2 1.31 5.1x10 0.58 Tb E xoHe O Eyponasbik MexaHKvgs‘cl\;l,}ler KoHe T.6. [48]
rs3815148-C* COG5 1.14 8x10° 0.23 TE | Eswoued | Eypomammy | OADyprHoprackma | Kerkhof H].
3KCIPECCUSIChI koHe T.0. [49]
. 9 OA BybIH opTacbiHa Evangelou E. u
rs4730250-G DUS4L 1.17 9.2x10 0.17 Tb E xoHe O Eyponasneix B — ap. [50]
Tb Houunenmusra xoaHe Day-Williams
rs11842874-A MCF2L 1.17 2.1x10°® 0.93 JKoHe E >xoHe O Eypomnasbik KaHKa »KyHeciHiH A.G. x9He T.0.
KB JlaMybIHa dcep eTezi [34]
Ocy Ke3eHiHJe Bg& srf?(r;ll?rt
rs12982744-C DOT1L 1.15¢ 2.2x107°%¢ 0.74% Kb E Eyponasnbix KaHKaHbIH,
MC. xxoHe T.6
JlaMybIHa 9cep eTe/i : [52] o
OA-za wemMipuekTeri
JKcnpeccus, cyilek
MeTabou3MiMeH Evangelou E
rs6094710-A NCOA3 1.28 7.9x10°° 0.04 Kb E xoHe © EyponasbIk 6aii1aHBICThI 8 -
xoHe T.0. [54]
rOPMOH/JapAbI
peTTeyre KaThICy,
XOHJPOLUTTEPJIH,
TB Zeqqini E
rs6976-T GLT8D1 1.12 7.2x1071 0.37 JKoHe E 'xoHe © EypomnaJbIk, Beuricia a9 6.13
KB kaHe T.0. [36]
10 TB .- Zeqqini E.
rs11177-A GNL3 1.12 1.3x10 0.38 m)&x};e E xoHe © Eyponasneix Beusriciz xoHe T.6. [36]
Beusriciz ; -
rs4836732-C ASTN2 1.2 6.1x1071° 0.47 Kb 9 Eyponasnbix HeUPOHABIK aKybI3/bl m::gglgl[g'é]
perTteiai e
Beuriciz; COL12A1
E FILIP1, 9 (>kaKbIH OpHaJIaCKaH) Zeqqini E.
rs9350591-T SENPE 1.18 2.4x10 0.11 KB E >xoHe © EypomnaJbIk, ren cyiex TIHIHIK xome T.6. [36]
Ty3isnyiHe acep eTesi
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Kecme 1 (orcanracet) - XKaméac sxcaHe mize 6ybIHOAPbIHbIH 0CME0apmpo3biMeH 6ati1aHbIiCmbl noAuUMOpPhusmMiep

Annenb KayniHig .
bIp HyKNEOTHAT EHpKaKBIH OR AF Kaymi | BybiH JKBIHBICHI ITHUKIEIK AAL:[:K Xfligg;;(abnfﬂm Makasana
noauMopdusmi reH (Aep) p Kay 4 TOI 1\{3 ;‘:3 bm])f;blK K P
(SNP) HEISA
E KLHDCS, 8 KaHKaHbIH JaMybIHa Zeqqini E. xxone
rs10492367-T PTHLH 1.14 1.5x10 0.19 KB E xoHe © Eypomnabik, acep ereai 6. [36]
1$s835487-G CHST11 | 113 | 1.6x10® | 034 KB | Esxened | Eypomabik WemipmeKTiH, Zeqgini E. xone
JlaMybIHa acepi T.6. [36]
Beuricis; Tysira -
rs12107036-G* TP63 1.21 6.7x10°® 0.52 Tb 9 Eyponanblk | dbopMachlH JaMbITyFa Zqurlgl[g'g’](a]{e
KaTbICy o
rs8044769-C* FTO 111 | 6.9x10°® 0.5 mTaEe ) Eypornasbik CemisAix apKbLibI Panoutsopoulou
’ ’ ’ KB yP OA-ra acep erezi K. xoHe T.6. [61]
Beariciz; RUNX2
Tb (LD >xoHe 'kaKbIH .
rs10948172-G* sggggﬁl, 1.14 7.9x10°® 0.29 KoHe E Eypomnasbik, OpHaJIaCKaH) reHHiH KOH;Ogl[E;](aHe
Kb cyliek JaMyblH/ia e
peTTeyui peJii 6ap

* SNP 2eHOMOblK MAHbI30bIALIFbIHAH Ca1 MOMEH.
** Bipikmipinzen penaukayus MaHoepi.
1 Bipikmipinzen depekmep HCUbIHbIHbIH MIHOEPI.

+ 1000 2eHomObiK Masimemmep 6a3acbIHAH eyponaabikmapdarsl Kayin aateaboepiuiy scuiniei (www.1000genomes.org).

OA: ocTeoapTpHuT;

SNP: 6ip HyKkaeomudmi noaumopgdusm;
AF: Annensw xcuiniai;

LD: 6atinanbic mene-meHaiai;

N / A: depekmep scok

FeHOM/IBIK, 6ipsiectikTepai iamey (GWAS)
reHoMJlarbl KyszereH MblH SNP 3eprreiini xoHe
KypAeJsi aypysap MeH OeuriepZiy JaMmy Kaymi 6ap

acconanusaapAbl KypyFa TeIpbica/ibl. Bys 3epTTeynepin,

HOTHKeJiepl aypyZblH, IaTOreHe3iHe KaTbICAaTbIH HeTi3ri
JKOJMJApAbl  TYCIHYAl KaKcapTyFa KeMeKTeceJi >KoHe
JIMaTHOCTHKaFa, eMJeyre, ajJblH aJjyfa, O0/rKaM/bl

MapKepJiepre oHe >XeKeJeHJipiireH (na,) TepanusFa
’)KaHa Tocinfepre okenyi MyMkiH. Kewenzi aypysnap
canacblH@ MbIHJaFaH SNP reHomMblK MaclmTaGTaFbl
CTaTUCTUKa/NbIK MaHBbI3[bIBIFBI 6ap aypy KayniMeH
ceHimMAi TYpze 6aitnanbicThl 6oiabl  (ps5 x 10-8) [45]. OA
ylIiH GipHellle WaFbIH xkaHe opTa GWAS eTkisinai.

GWAS Tize OA-mMeH 6GalJjaHbICKaH 6 THITI
Anbda-4 (DVWA) kosnareHingeri rs7639618 wmmucceHc
HYCKACbIH aHbIKTaJbl >oHe OHbl 2008 »Kblibl XKanoH
KoHe 6ipikKkeH JKalmoOH J>k9He XaHb KOTOPTTapbIHJA
reHOM/JIbIK ~ MaHbI3AbUIBIK JeHredinzge (p=7,3x10-11)
KadTtanaabl [46]. DVWA-B-TyOysiMHMeH 6aiylaHbICAThIH,
OHBIH, XOHJIPOTeH/IIK KbI3METIH MOAYNALUAJANTBIH
276 aMUHKBIIKbUIABI aKkybi3 [47]. CoHpaii-ak, 6yJ TeH
aZlaMHbIH, 6acka TiHJepiHe KapaFaHja LieMipuiekTe
YKOFaphl 9KCIIPeCCUsJIaHATbIHbI aHBIKTAJI/Ibl, OYJI aZlaMHBIH,
memipmek anMmacyblHa DVWA  KaTbiCyblH KepceTefi
(1-kecre).

JKanoHAbIK  KaTbICylIbLJIAP/IbIH, Tize 0OA-Ha
apHasraH 6acka GWAS-ma kocbimma SNP rs7775228 (OR
1,34, 95% CI 1,21-1,49, p=2,43x10-8) xoHe rs10947262
(OR 1,32, 95% CI 1,19-1,46; p = 6.73x10-8) II/III ksnacTs
HLA renpepi 6ap a#imakra (HLA-DQB1 >xone BTNL2)
’KOHe  eypomajblKTapja KaWTamauzael [48]. Byn
HMMYHOJIOTUSJIBIK, MexaHusMzep OA maToreHesiHe Jie
BIKIIaJI €Tyi MYMKIH eKeHiH KepceTesi.

Treat-OA GWAS KoHCOpLMYMbI eyponaiblKTapAaFhbl
Tize OA  6ap 7q22 XpOMOCOMAacChIHJAaFbl  COg5-
Te rs3815148 KaybIMJACTBIFBIH XabapJia/ibl KOHE
KadTanazbl (p = 8 x 10-8) [49]. COGS5-Teri SNP 6acka 5
iprenec renzepaiy (prkar2b, HPB1, GPR22, DUS4L >xone
BCAP29) HycKanapbIMeH KYIUTi Tene-TeHJIK eMecC IeH/IiK
agresusga (LD) 6osaapl, 6yl QyHKIMOHA/NABI MaHbI3/ bl
reHjepZli aHbIKTayJbl KUBIHAATTHL. COHBIMEH Kartap,

ThILIKAHZAPAAFbl 3KCIEPUMEHTTIK 3epTTeyiep OA KoK
ThiKaHAapaa GPR22  aKcnpeccHsCbIHBIH,  KOKTBIFbBIH,
6ipak OA 6ap ThllIKaHAapAa 601FaHbIH KepceTTi [49].

XKyprisinren aykpiMJbl MeTa-aHa/IM3Je KoHE
DUS4L-mneri SNP  (rs4730250) «xaiiTa 3epTTeyiHze
reHOM/IbIK, JleHrelie Tize OA-MeH Gal/IaHBICTHI 60JABI (P
= 9,2 x 10-9), 6ys1 xoFapbl GalJAaHBICKAH TeHJAep/iH Ke3
kesreHi Tize OA gaMy KayniHe bIKNaJ eTyi MyYMKiH eKeHiH
kepcetesi [50]. By renzsepaid apTHKYJIAPJIBIK OpTaAaFbl
3KcIpeccuscbl COHbIMeH Kartap HBP1  6acbiMIbIKTbI
aJieyeTTi 6oMapKep 60JIybl MYMKIiH JlereH 60J/pKaM »acai
oTeIpbIn, OA xoHe 6aKplyiay TOObI 6ap TRKipHU6GesIi TONTaFbI
meMipiek TiHZepiH naiasaHa OTbIPbIN, GYHKIMOHA/ABIK,
Tajjay >KoHe TeH 3KCIPECCUACHIH 3epTTey apKbljbl
pacrangpl [51] (1-kecTe).

DOT1L reni 6acrankpiga xkam6ac OA-7maFbl GybIH
CaHbLJIAybIHbIH eHi 3H10)eHOTHUIIMeH 6alTaHbICThI 60JI/TbI
- (p=1,1x10-11) [52]. TenukaHgapAarbl 3KCIIEPUMEHTTIK
3eprreyneri OYHKIUOHANABIK TaJJay XOHJpOreHe3jeri
DOT1L penin aubIKTazbl [52]. [los ockl JIOKyC OYypBIH
KaHKaHBIH 6Cyi MeH ZlaMybIMeH 6alJIaHbICThI 601161 [51].

Eyponanblk  TekTeri ajamjapAbl  KOJIJaHATbIH
GWAS 1s12982744-tiH epnepgeri xamb6ac OA-MeH
GalyIaHbICBIH aHBIKTaAb! (p = 7,8x10-9, OR 1,17, 95% CI
1,11-1,23) [53]. NCOA3 >xaHbIH/Ia OpHaJIACKAaH KOChIMILA
SNP (rs6094710) »xambac OA oGoiibiHIIa ysikeH GWAS
MeTa-aHanu3iHge Tankbiangel (OR 1,28, 95% CI 1.18-
1.39, p=7,9% 0-9) [54].

NCOA3 3KCIIPECCUSICHI OYbIHHBIH,
MaKpOCKOMUSIJIBIK ~ 9cep  eTHeWTiH  ueMmiplueriMmeH
canbicThipFanaa OA-Fa acep eTeTiH OybIH LieMiplierinje
TeMmeHeial. NCOA3 »skcnpeccusicbiHblH, OA  jgaMybiHa
KaTbICybl TYCiHIKCI3 6OJIBIN KajgaJbl >KoHe 3epTTeyni
KakeT  eTefi, JereHMeH  cyllek  MeTabo/M3MiH
FOpMOHaJ/IZIbl peTTeyre KaTbICy, MbICa/lbl, KaJKaHIIa
6e3iHiH TOpMOHJApbl HeMece TeHHIH XOHAPOLUTTEPAIH
MeXaHOTPaHCAYKLUMACbIHA KaTbICybl MyMKiH (1-kecTe)
[51].

6ip
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GWAS-arcogen KOHCOPLMYMBIHBIH, 3epTTeyi eKi
catbliel GWAS »xypriszi, on 6yrinri kyHre geiin OA
6oibiHIIA eH yiakeH GWAS-neH askranabl. TymHycka
GWAS :xkambac >xaHe Tize OA (y/ri MeJepi: Taxipube
TO6bI: 3,177 afaM xxoHe 6aKpliay TOObI: 4,894 agam) xKoHe
Ynsi6putanusagarel arcOGEN 3epTTeyinin Geuiri petinze
JKYprisiireH  pemukanus TeHOM/IBIK — MaHBbI3/bLIBIK,
JeHredinge Oipge O6ip JIOKYCTBI aHBIKTaFaH >KOK, OYJI
KYpAeJiiKk IeH KypAesIiKTi eckepe OTBIpBII, VJITI
esiieMiH yaFalTy xoHe OA deHOTHIIH KaTaH aHBIKTay
KaXKeTTi/IriH KepceTeAi aypyAblH reTeporeHiairi [55].

Bacranket GWAS UHTepnojsifuscblHAaH KeHiH
koHe MCF2L-ge SNP (rs11842874) MeTa-aHanu3iHeH
KeHiH reHOM/IbIK MaHbI3AbLIbIK JeHrerinze Tise OA-mMeH
6aiianbicTbl 601461 (OR 1,17, 95% CI 1,11-1,23, Toyeken
asutedniniy »xwuiniri 0,93, p = 2,1 x 10-8) [34]. MCF2L xyiike
JKYHeciHiH acyllablK, KO3FaFbIIIThIFbIHA KAThICATBIHI
xabapJiaH/bl, 6y reHHiH HOLMLIeNLUsAFa 9CepiH KepceTeai
[51]. 3e6paduwr GanblKTapblHAAFbl QYHKLHOHAIbI
3KCIlepUMeHTTIK 3epTTeyjep mcf2l skcnpeccUsACHIHBIH
KaHKa KyHeciHiH JaMyblHa KAaTbICaTbIHBIH KepceTTi [56]
(1-xecre).

ArcOGEN GWAS-TiH COHFbI yJKeH TeHOJUasorbl
»Ka/Mbl TeHOMJBIK MaHbI3AbUIBIK JeHredinge OA-meH
5 aHa JIOKYCTBbIH >KoHe ILIeKapasblK MaHbI3/blIbIFbI
6ap TaFbl 3 ’KaHa JIOKYCTbIH OalJIaHbICBIH aHbIKTAa/bl.
3eptrenreH OA xafaiiapbiHbIH 80% - Fa )KybIFbI 2kamMbac
»K9He/HeMece Ti3e apTpOMJACTUKACbIHAH OTTi, 6YJ aybIp
OA deHOTUNIH aHBbIKTayFa bIKNaJ eTTi [36].

Ochl 3epTTeyze OpHaTbLIFAaH eH KywTi 2 CurHan
rs6976 (GLT8D1) »xone rs11177 (gnl3-te opHamackaH)
6osgpl, ekeyi ge 3p21.1 xpomocoMachlHAA >XoHe Oip-
6ipimeH eTe xkakcbl LD-ze (OR ekeyi yiin fe SNP 1,12,95%
CI1,08-1,16,1rs6976 p=7,2 x 10-11, )xene rs11177 p=1,3
x 10-10). By 2 siokyc epie e, oHenfiepze Ae xkamMbac xxoHe
Tize OA-MeH 6aiyiaHbIcThl. bBipyieckeH 3HompoTeszey
(?K3C) 6ap agamjapzaa KaybIMJACTBIK KYIITipeK GOJIJbI,
6yn OA ¢eHoTumiHiH KaTaH aHbIKTaMasJapblH KOJJAHY
K>XXeTTLIiriH kepceTteni. Herisri MexaHusmepAi aly yiid
KOCBhIMILA QYHKIMOHANABIK Tanaay KaxeT [36] (kecte 1).

Astn2-ne  opHaJlacKaH  MHTPOHJBIK SNP
(rs4836732) apTpoIJiacTUKaZlaH ©TKeH ouenjepaeri
kambac OA-meH 6GainaneicTel Gosazabel (OR 1,20, 95%
Cl 1,13-1,27, p=6,11x10-10), Oy/1 COHBIMEH KaTap
$eHOTUNTIH KaTaH aHbIKTaMachl Taljay MYMKiHAIKTepiH
KeHeWTe asJaThIHBIH KepceTeni [36]. Astn2 HeHpOH/ABIK
astnl akybI3bIH peTTeyre KaTblcaZbl Jen Go/nKaHyZAa,
6ipak oHbIH OA MexaHU3M/epiHe KaThICYbIH 3ePTTey Kepek
(1-kecre).

CHST11 reninze opHasackaH Tafbl 6ip UHTPOH/BI
SNP, rs835487 exi xbinbic yiin ge OR 1,13 (95% Cl 1,09-
1,18, p = 1,64 x 10-8) XK3C 6ap emzenyurinepae xamobac

OA s3mureHeTHKachbl

OA naTtodU3MOJIOTUACBIHAA TeH 3KCIPecCUsIChIH
peTTeyAiH 3MUTeHEeTUKAJIbIK MeXaHU3M/IepiHiH
KaTbICyblH KepceTeTiH JepekTep 6ap. byriHri kyHre
Jleilin xambac xoHe Tize OA-Za TeHOMJbIK METUJAEHY
GoibiHIIA  OGipHewle 3epTTeyjep Kyprisiaai xoHe
oJIapAblH, KeMIUiJairi umeMipuiekke apHairaH [66-70]. Bya
3eprTeyiep OA-MeH 6aillaHbICTBI FeHep/i KoHe Kambac

KOopbITBIHABI

BHOXHMHUSIJIBIK KOHE FeHEeTHUKAJIbIK 3ePTTEY/IepAiH
JilepeKTepiHe cyiieHe oTbIphi, OA fereHepaTHUBTI KaObIHY
aypybl 6oJsibll  TabbLIaAbl. MyHZAFbBl KabbIHY ypaAici
uieMipiieKk JerpaZanusiCbiHbIH ~Heri3ri 6acTaManibiChl

OA-MeH 6aisaHblcThl Jen TabbLiabpl [36]. CHST11 OA-
JlaFbl 3aKbIM/IAJIFaH IlIeMipIleKTe »dHe 3aKbIMJaJMaFaH
meMipuekte JuddepeHnuanasl TypJe KepiHeai xxoHe Gy
reH LIEeMipUIeKTiH AaMyblHa KaTbicazbl. Rs9350591-peri
TaFrbl 6ip curnazn FILIP1 meH senp6 apacblH/ia OpHaJlacKaH.
Bysn curnan xam6ac OA yuiH reHOM/IBIK MOHIe JKeTTi
(OR 1,18, 95% CI 1,12-1,25, p = 2,42 x 10-9) [36]. OA
atuosiorusiceiHgarbl filipl Hemece SENP6 6aiinaHbICTbI
GyHKUMACH TypaJbl aJ1i emKaHjal 6o/mkaM 6osiMaca Ja,
COL12A1 »xaKpIH Kep/ie OpHAIACKAH KoHe CYHeK Ty3inyiHe
KaTbicaTbIHbI 6esriai [57]. KLHDCS »xaHe pthlh apaceinzga
opHaJslacKaH KockiMIna rs10492367 curHajbl Aa xambac
OA-ja Kayin Jiokycel peTinze opHaTbLagbl (OR 1.14, 95%
CI 1.09-1.20, p = 1.48 x 10-8) [36]. Pthrp TeiuKaHgapAa
KaHKaHbIH JaMyblHAa KaTbICaJibl Jlen xabapsangbl [58]
(1-xecre).

Tarpl ym Hycka OA-MeH 6GalJaHBICTBI [l
aHbIKTangbl, 6ipak arcOGEN sepTTeyiHfe oJiapAblH
reHOM/IbIK MaHbI3bl GosiMagbl: 1s8044769 HUHTPOHABIK,
Hyckacbl, FTO Maii Maccacbl MeH ceMi3JliKke 6aiIaHbICThI
reHiH/Jle OpHaJacKaH, aiesfiep/e KoFapbl 6GalIaHBICTDI;
TP63-teri rs12107036 wuHTpoHAbBIK HyckKackl, KIC-
MeH ayblpaTblH aHesifiep/ie >KOFapbl 6allIaHBICTDbI; XKoHe
rs10948172, supt3h xaHe cdc5]l apacbiHa opHaacKaH,
My>KUMHepZe »KoFapbl 6ainanbicTel [36]. FTO - cemizaik
KaymiHig OGesrinenreH Jsokycel [59]. OA MeH ceMiszik
apacelHAaFbl  QEHOTUNTIK  COHKeCTiK TreHeTHKaJIbIK
TypfblZaH HerizgenreH [60] xxoHe FTO-HbIH OA-Fa KaTbICYbl
ceMi3/liK apKblLbl )Ky3ere acaTblHbI KepceTiireH [61]. TP63-
TiH OA naToreHesiHe GyHKIMOHAN/bI KATbICYbl TYCiHIKCI3,
JlereHMeH oJ1 6eT nilliHiH aMbITyFa KaTbicabl [62]. OA-ma
supt3h »xeHe CDCS5L dyHKUMOHANABIK KAaTbICYybl Oericis
6OJIbIN KaJslafbl, JereHMeH runx2, KeHeWTiireH LD-ge
»KaKblH OpHaJIaCKaH reH, cyleK JaMyblHJa peTTeylli peJ
aTkapazpbl [63] (1-kecTe).

KabbiHy apTpuTiMeH cajbicTbipFaHia OA-za
reHeTHUKaJbIK JIOKYCTapAbl aHbIKTAYAbIH COTTiairi. OA -
JlaH alblpMallbUIbIFE], peBMaTOUATHl apTpuT (PA) koHe
KoMeJleTKe TOJIMaFaH WAMONATHUAJIBIK apTPUT CHUAKTHI
ayTOMMMYH/Jbl apTpuTTepzeri Herisri curHan HLA
JIOKYCTapbIHAAFbl HETrisri THCTOCOMKeCTiK KelleHiHJe
(MHC) opHanackaH. KentereH 6acka reHOM/bIK, JIOKyCTap
aHBIKTaJ/Jbl,  OJIApAbIH,  KOMUILIri  peBMaTHKaJbIK
aypyJlapMeH KubLIblcaZbl, 6ipaKk oJlapMeH coaiikec
KeaMmenai [64]. Bysn  allbipMallbIBIKTapAblH — HeTi3ri
cebenTepi opTypsai OA 3THONATONOTHUSACH], aypPYy/AbIH
reTeporeHAi/NiriHiy »kofapbLiaybl, COHZal-aK 6yriHri KyHre
JeliH xyprisinren GWAS casnbicTbipMasibl TypZe a3 CaHbl
6oJiblll caHasnazpl. Mbicanbl, PA 60oiibiHLIA GYriHT KyHIe
Jfelinri el ipi GWAS MeTa-aHaiusi aypyMeH ayblpaTbliH
29,9 MbIH agamAbl KaMTbiAbl, 6ya1 OA GoiibiHIUA eH ipi
GWAS-pna¥fbl 7,5 MbIH nalyeHTIIEH caablCThIpFaHza [65].

IleH Ti3e yJIriJiepiHiH apTypJii K/aacTepJieHyiH KaMTHUTBIH
auddepeHHangbl METUIJEeHTeH aliMaKTapAbl KepceTe/i.
Bys1 3epTTeynepAid HOTHKeNePiHiH AoMeKTiIiri weKTey 1.
Opi Kapall sSHuUreHeTUKaJ/bIK 3epTTeyjep lLieMipliek
WH)XXeHepUsCbIHbIH MeXaHU3MJepiH TyciHyre »oaHe OA
eM/ley YILIiH saNIUreHeTHKaFa Heri3/leJIreH XaHa TepaneBTiK
cTpaTerusaapFa aKesyi MYMKiH.

J)KoHe KoJijay nponeci peTiHfe KbI3MeT eTefi. Aypy
TYKbIM KyasJaUTbIH OeHiMAiMIKTIH Kofapel Kaymi 6ap
kel ¢gaKTopJibl 60BN TaGbLIAAbI. KyphUIBIMABIK aKybl3
reHziepinzeri noaumMopdThel HyCKajsap aKybI3Jap/blH
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KeHiCTIKTiK KOHQUTYpaUsAChIHBIH, esrepyiHe  OGUOXHMMUSJIBIK 3€pPTTeyJepAiH aKnapaTTapbIMeH ColKec
0al/JIaHBICTBI ~ MMMYHOJIOTHSIIBIK ~ KAaOblHYy mpomeciH  Keseni. Backa reHfepperi e3srepictepfiy peJi oapi Kapai
6aC'_Fa_Yb1 MYMKiI_“I- OCbl_FaH 63_1711131‘"3"3“1 r_[aTo.reHes,qu 3epTTeyAi KOKET eTeTiH TaKbIPBIN GOJIBIN TaGblIa/bl.
Herisi ruasmuHAi weMipmekTi KOpeKTeHJipeTiH KoHe
MeTaboIM3M  IpOLeCTepiH peTTey MeH ©3repreH
nmeMipiiekKe HMMMYHJBIK peaKLUsAHbl KaJbIITacThIpyAa
MaHbI3ZIbl POJI aTKAPATbIH OYbIHHBIH CHHOBHUAJBBI
KaObIFbI 60J1a/1bl.

ABTOpJ/IapABbIH, KOCKaH yJjeci. bapsblk aBTOp/ap
0Chl MaKaJlaHbl )Ka3yFa TeH, KaTbICTbl. KOHIlenTyannsanus
- TTA., B.A.-H, C.I.A.; xxa3y meH pepakyusaay - TT.A., PEK,
2K.E.B, B.B.E,, 9.M.T; i3ney, tangay - TT.A., C.J.A, K.K.

M § .
[MCTONOTHUANBIK,  TYpFBIAaH Oy UMMYHJBIK, YAAGJIEP KAKTRIFRICRL Kapusatbarat

KacylasiapiblH, MHQUIBTPALUSACHl K9HE CHHOBHUAJIIbI Byn marepuan OypelH kapusianGaraH, 6acka
KAGBIKTBIH THIePTPOGUACH, COHAAi-aK CHHOBHSHDI 6achlIbIMAp/a Xapusiay YLIiH >koHe 6acKa 6acrnasapiblH
KalTalTbIH Kacyurasap/blH, apakaTblHacbiHbIH, ~ KaPayblH/a eMec.

esrepyinge (ocipece CcHHOBHMANbABI MaKpodartTapblH, Kap:kbutauaplpy. FouibiMu kyMmbic «Kasakcran

6acbiM GosaybIMeH) KepiHeAl. AJaMHBIH eMip kacel PecnyGuMKachlHAA JKeKeJiereH XKoHe NMPOQUIAKTUKAJIBIK,
YIFaliFaH caliblH aypy/iblH, alKbIH epllyiHe 6alJaHbICTBl  MeAUIMHAHbI eHTi3y/iH YJITTHIK 6aFapaMach» ascblH/A
MMMYHOIIATOJIOTUAJIBIK, npouecrepzi bactayzsa kysere acwlpbuigbl. OpbiHgaymbl «COK. AcheHpuspos
(akybI3japAblH ~ KeHiCTIKTiK KOHQUTypauUsaChIHBIH,  aThIHAAFbI Ka3ak yaTThIK MeaunHa yHuBepcuTeTi» KEAK
esrepyi)  KapraWfaH  IemipumekTiH  KypblIbIMAbIK xkaHe KP JICM «Akagemuk BatneHoB H.JK. aTbiHzarbl
aKybI3ZlapblHbIH,  reHjiepiHgeri  monmuMopousM/iepAiH  YJATTBHIK FbUIBIMHM TpPaBMaTOJIOTHs JKOHE OpPTOIegus
peJiiH 60JnKay KUCBIH/IBL. opTasubiFbl» [LI2KK PMK, OR12165486.
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Pe3wome

Ocmeoapmpos - 3mo dezeHepamugHoe 3a601e8aHue Cycmagos, Komopoe npueodum K nogpencoeHuto Xpsiuesoli mKaHu U U3MeHeHUIO
cmpykmypbl Kocmetl, C85130K U MblUY, KOMOpble 0Kpycaiom cycmassl. HecMompsi Ha MHO204UC/IEHHbIE UCCAe008AHUSI 0CMeoapmpo3 8 Hawlell
cmpale U 3a py6esxcom, WUpoKas 8apuabesbHocmb 8 pasgumuu 3a60/1e6anusi He daem yemko20 npedcmagseHust 06 UCMUHHOU npuvuHe
¢opmuposaHuss ocmeoapmpo3a. B docmynHoil omeyecmeeHHoU sumepamype 0o cux nop noumu Hem ceedeHull 0 2eHemuyeckux gakmopax
passumust ocmeoapmposa.

B amom aumepamypHom 0630pe Mbl 06cyHc0aem Hekomopble JaHHble, YKA3bIBAKWUE HA 2EHEMUYECKYH0 C8513b C PUCKOM paA38umusi
ocmeoapmpo3a Ko/eHHO020 U ma3obedpeHHo20 cycmasos u 0606waem nocsaedHue docmudiceHusl 8 amoil ob.aacmu, ydeasisi 0coboe BHUMAHUE
2eHemuYecKu accoyuupo8aHHbIM UCCAe008AHUSIM.

Kaioueswie cnosa: Ocmeoapmpos, 2eHemuyeckue ucc1e008aHusl, 00HOHYK/Ae0MuOHbIl NOAUMOPPUIM.

Genetic Predisposition to the Development of Idiopathic Osteoarthritis of the Knee and Hip: a Review
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Abstract

Osteoarthritis is a degenerative joint disease that leads to damage to cartilage tissue and changes in the structure of bones, ligaments
and muscles that surround joints. Despite numerous studies of osteoarthritis in our country and abroad, the wide variability in the development
of the disease does not give a clear picture of the true cause of osteoarthritis formation. In the available domestic literature, there is still almost
no information about genetic factors in the development of osteoarthritis.

In this literature review, we discuss some evidence suggesting a genetic association with the risk of knee and hip osteoarthritis and
summarize recent advances in this field, with special emphasis on genetically associated studies.

Keywords: Osteoarthritis, genetic studies, single-nucleotide polymorphism
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Keickawa xabapnama

OcimMaik HaHOLe/I/T10/103aChbl MeH Kaabui ¢pocdaTbiHa Heri3Ae/reH xKaHa
MaTepHUa/IAbIH CYlieK TiHiHe MMIJIAHTALMsIJIAaHFAH aliMaFbIHbIH, TiHAIK KypaMbIH
Mop¢domMeTpHUAIBIK in vivo 6arasay
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Tyiingeme

3epmmeydiy makcambvl: ociMOIK HAHOYEAN10/103aCbl  MeH Kaabyull ¢@ocpameiHa HeziddeszeH cHcaHa mamepuasidbiy
UMNAGHMAYUSAAHFAH AYMAFbIHOAFbl CylieK N/AaCMUHACLIHbIY aKAYbIHbIH 2UCMO/I02USIIbIK HCAHE MOPHOMempuUsiablK KYPAMbIH N Vivo
6aranay.

9dicmepi. Xupypausiavik apaaacy Kaparandvl MeduyuHayHugepcumemiHiy gusapuil 6a3acviHoa jcyp2izindi. 3epmmey xammamacwviH
amaamsiwl YUbIMHbIY 6U0IMUKA KomMumemi maky/a10adel. IKchepuMeHmmik 3epmmey Jicypeidy ywiH 6uokomnosummi madicipubenik
JcaHyapaapoviy emopanvovl duagdusiniy akayviHa, aman alimKaHoa eKi aK MyKbIMCbi3 epKeK e2eyKylUpblKmapra mpaHcnaaHmayusaay
scypeizindi. 3epmmeydiy 14 scane 30-wibl KyHOepi scaHyapaap wolFrapbladsl. Mopgomempusaavik 6aranay xupypausablk apanacy #acaaraH
aymakma (kKaavinmackau akayoa) dicypeizindi. KaavinmackaH akay aliMarbiHblH MIHOIK KypamblH 2Uucmonamo/io2usiiblk maaoayoa
maswwsiKkmsl MiHHIY, WeMipuek MiHiHIH JcaHe cyliek miHiHiH nailbi3bl 6aFaaaHObL.

Hamuoicenepi. biz HaHoyea10103aHbl Kalima Kypy eki monma 0a memeH 2ucmomop@domempusiiblk ocmeozeHes yazicimeH bipze
JicypemiHin anbikmaowik. Cyllek kemicmieine mpaHcnAaHMAayusAaHFaH kaabyuill gocgpamel 6ap HAaHOYEAN10.103a HeziziHdeai Guokomno3um
ocmeozeHe3diy ydeyi meH 6asynayviH mydelpmatiovl. Oa cyliek miHiHiY JceminyiHe Kajcemmi mikesael JcaHe Kepi JIOKOpe2UOHAPbIK,
6UOXUMUSLIK, NApaAKPUHOIK, IWKi cueHa0aposl 6.10kmaiidsbl. CoHbLMeH Kamap, ocmeozeHe3 HezisiHeH cyliek miHiHiH nepugepust 60tibiMeH
JicoHe Kaavyull gochamel 6ap HaHoyean104103a HezidiHOezi 6uokomnoummiy weminde, UHMpaMedyasapaslK Keyicmikme mik ecyi meH
Jiceminyimen Gipze scypedi. Makpoopeanu3m mapanblHaH 6UOKOMNO3uMKe KabblHy peakyusiCbiHbIH 6ea2inepi Hok,

KopbimbiHdbsl. Cyliek mindepiHiy 6esimdepiHe scypeisineeH Mopdoao2usablk maaday ocmeozeHe3diq 2ucmomopgomempusiiblk
y/12iciHi4 memeH deHeelliH, MaKpoop2aHU3M mapansiHaH HAHOMAaMepua/Ara Kapcol KAbbIHY peakyusicbl 6en2inepiHin HOKMbIFbIH AHbIKMAJbL.

TyiiiH ce3dep: ocimOik HAHOYeN110103ACbl, BUOKOMNO3UM, 0CMeo2eHe3, cyliek aKaybl, 6uoMamepuaJn.
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Kipicne

Byriuri TaHa TpaBMaTOJIOTUSAAA cyiiek
TiHiHIH aKayJapblH TOJTBIPYy MakKcaTblHJA 3aMaHayHu
MaTepuanfapAbl i3zey Maceseci oTKip KoHbLIFaH. byu
MeIMIIMHaAA OacTamnKblga MyJeM 06acka MakcaTTap/bl
Ke3/lereH apTypJli TEXHUKAJBIK d3ipJieMesiep KeMeKTeceai
[1,2]. Memunuuaza, aTtam aWTKaHAa TpPaBMaTOJIOTHsAA
J)KaHAa TEeXHOJIOTHMAJIApAbl Y3AIKCI3 i37ey HoTHXKeciHfe
maiijja OoJiFaH, TexXHHUKaJblK MakcaTTa JKaca/iFaH
HaHOMaTepHaIAapAbl MeUIMHA/A /1a KOJIJaHyFa 60J1a/bl
[3]. On ymiiH ockl MaTepuangap/iblH, GUOJOTUSIJIBIK dCEPiH

aHBIKTAaMTbIH  JK9HE  KaJIbIITaCKaH THII0Te3asap/bl
pacTaiThIH KONITET€H 3€PTTEYJIED KYPTi3y KAKET.
oM6eban OCTEOIVIAaCTUKAJBIK, ~MaTepHaiAap/bl

FaHa eMeC, COHbIMEH KaTap, TalCblpMara GaHJIaHBICTBI
peTTeseTiH Gesarini 6ip mapameTpsepfi »acay HIesChbl
TPaBMaTOJIOTHSIAFbl €H KbI3BIKTBl MiHJeTTepAiH O6ipi
60161 TabbLIAZARI [4,5].

Kasipri FbIJbIMAAFbI HaHOIeJIJII0J/103a
KYHBIHbIH TOMEH/IriH, CUHTe3iHiH JKeHIIJIriH  >KoHe
OUMOMeJMIIMHA/Ia KeH ayKbIM/Ibl Mal1ablHATbIH/bBIFbIH
eCKepe OThIPbIN Ke6ipeK KbI3bIFYIIbLIBIK TYAbIPbIN KeJie/i

MaTepuajaaapbl MeH ajicTepi

JKCIepUMeHTTIiK 3epTTey Kyprisy YLIiH
OGUOKOMIIO3UTTI ToXipubesik »KaHyapJlapblH,
demopanpabl AuadusiHiH akayblHa, aTanm aTHKaHJa eki
TYKBIMCBI3 epKeK aK, ereyKyHpblKKa TpaHCIJIaHTaLUAIaY

XKyprisingi. Xupyprusiblk apasacy Oy/iLIbIKeT imiHe
WHDBEKLIMS apKblIbl JKacajJfaH >Ka/lbl aHecTe3usiMeH
Kyprisingi.  XupyprusblK — apajiacy  acelTHUKaHbIH

OapJIblK TajanTapblHA COWKeC IbICBIKTAJFaH TeXHHUKa
GolibiHIIA KYprisingi. Eki ereyKydpbIKTa a cyldek aKaybl
HaHOMaTepHaJMeH TOJITbIPbUI/AbL. XUPYPTUAJBIK apajacy
»KapaHbl TiTyMeH asiKTaJaazbl.

OcbinaH kein 14 xoHe 30-1ubl KYHAEPi »kaHyapJap
mblFapbliAbl. [IpenapaTttapabel Mukpockonusaay x100,
X200 >xoHe X400 ysakedTy apkpuLibl Zeiss axiolab 4.0
MHUKPOCKONBIH/A KYPri3iifi.

MopdomeTpusnbIK
TpaHCIUIAHTALUsAJIAHFAH MaTepuasl TypaJibl
ATrepMereH eKi  Teyesici3  3epTTeylli  Kyprisai.
MopdomMeTpusiiblK 6Garasay XUPYPrUsJIbIK — apajacy
XKyprisisireH okepae (KasibllITacKaH akayha) »Kysere
aceIpbLgbl [10-12].

TaJJayAbl
aKMapaTThI

PenapatusTi
JIEUKOLUTTEDP

yJIri
JK9He

(monnuMopoHyKIEapIbI
JIMMOTUCTHOLUTAPJIBI

Hoatuxkesnepi

CyliekTiH KOPTHKaJIb/Ibl Ka6aTbIHAAFbI
penapaTuBTi mpouecTiH MopdosoruaablK,  Gesrinepi
KaHaZlaH naifa GoJsiFaH  CylleK  apKaJiblKTapbIMeH

[6]. Byrinme mnsiacTukanblK KacueTTepiHe OaHIaHBICTEHI
HaHOLeJIJIF0JI0O3aHbl  TPaBMATOJIOTUAZA  KOJIJAAHY/bIH
KeH CcrHekTpi Oadkanazbl. HaHomesnsnios03aHbl — OHBIH,
KacueTTepiH 6acKapyFa60JaThIH Heri3riMaTepuaapeTinae
napJjajlaHa OTBIPBIN, dPTYpJii GMOKOMIIO3UTTED >Kacayfa
Gosapl.  AWTa KeTCeK, KybICThI yaKbITIIA KabaTbIH
MaTepuas peTiHJe HeMece  OWIAKTBI  HMHQEKIUAHBI
KO0 YLIIH KOJIJaHbLICa, COHJAN-aK, HaHOKOMIIO3UTKe
CyHeK aKayblH yaKbITIIA TOJTBIPY VIUiH O6akTepusra
Kapcbl KacueTTep Oepyre 6osiagbl. COHBIMEH KaTap,
HaHOILIeJIJIF0JI03aHbl KOITereH >X0JIJapMeH CHUHTe3Jeyre
6oJ1aZibl JKoHe 6oJIallaKTa aTaJIMbIII HaHOMAaTepHaJJbIH,
Heri3iHze 6MOKOMIO3UTTEP >Kacay Oy/aH Jja ajayaH TypJi
KOJIMEH JKy3ere acblpblIybl MyMKiH [7,8,9].

By 3eprreyaiH, MakcaTbl Kaibluil ¢ocdaTbiH
KOJIIaHA  OTBIPBIN, OHOKOMIIO3UT ’KacaJiFaH JKaHa
HaHOMaTepua/ifa 3SKCIePUMEHTTIK 3epTTey XKyprisy
HOTHWXKECiH/le CyHeK IJIaCTHUHACBIHBIH aKaybIHbIH, TiHJIK
KYpaMbIHA TUCTOJIOTHSJIBIK JKoHEe MOPPOMETPHUSIIBIK,
cunaTtTama 6epy 60J1/bl.

vHUIbTpanus) GalAbIK XKylese KeJieci IIKaJara colikec
6arananzabl: "0 6amn” - xkoK, "1 6ann” - 1-geH 5 xkacymara
Jleldin, "2 6ann” - omakThl (GoKanbabl) MHGUABTpaLus, "3
6asn" - nuddy3apl MHPUIBTPALUSL.

HaHonesutroso3a  MaTepHasbIHBIH, —~ MHUKCOUATBI
JlereHepalusCchl KeJieci MKasaFa collkec 6arasaHbl: "+~
6iputik, "++" - poxanpapl, "+ + +" - IUPDY3bIL.

OcTeoreHe3zii THCTOJIOTHSJIBIK OaFasay yIIiH
MaccoH TPpUXPOMBIHBIH, 6051y bl KOJIJaHbLI/bl. TPUXOMaHBIH,
60s1ybI CYHeK TiHiH KoHe KoJlJIareH/li KoK TyCKe G60si/Ibl.

KasbinTackaH akay alMafbIHbIH TiHJIK KypaMblH
TUCTONATOJNIOTUABIK, — Tajjayfa TaIUbIKTBl  TiHHIH,
meMipuiek TiHiHIH *K9He cyHek TiHiHiH MalbI3ABIK yJeci
GarasaHAbpl. Op6ip cylek akKaybl OeTKeHiHiH ayKbIMbl
x100 ece ysraiTbubil 3epTTesfi. OCbIHBIH, HeridiHze
TUCTOJIOTUSIIBIK 3ePTTEYAiH KOPBITBIH/bLIAP *Kacalbl.

3eprteyae Windows »kyiieciHe apHasiFaH Axiovision
7.2 GaffapJsiaMachl KecKiHJAepAl TajJilay >KoHe CypeTKe
Tycipy ylliH naianaHbl/blL.

KaparaHzpbl
3THUKAJBIK,

3epTTey >KYMBICBIHBIH, XaTTaMachbl
MeJMIIMHa YHUBEPCUTETIHIH  >KepriliKTi
KOMHUCCUSICBIMEH MaKyJIJaHFaH.

cunattanabl. Cydek TiHiHIH oprama aygaHbl 9,5%5,5%
Kypazsl (1-2 cyper).

i S s
1-cypem- Ocmeomomus aliimMarsiHbIH uHMepgelici maswbiKmuyl JcaHe cyliek miHiHIH a1¢i3 eHyiMeH kaabyull pochamul 6ap
HAHOYe/1104103a HeziziHdezi 6uokomMnozummiy Mukcouomul dezeHepayusicblH kepcemeoi. (Maccon mpuxpombimeH 605y x 40) (14 kyH,
Kaabyutl pocghamul 6ap HaHOYeA104103a HeziziHdeai buokomnozum)
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Ta/MIBIKTBI jKoHe LIEeMipUIEeKTi TiHAEPAiH 60JybI
covikecinme 82,5+5,3% koHe 8,3%2,5% Kypaabl. 30-
bl TOYJiKTe akay aliMafFbl 9pTYpJili MeJiiep/eri raBepc
apHazsapbl Gap 29,3+5,4% cyidek TiHiH Kypajbl Axn
TaJIIIBIKTHI 2K9He LeMipleKTi TiHAepAiH opTala ayJaHbl
comikecinue 59,8+4,1% >xone 10,8+2,3% Kypaabl.

['UCTO/IOTUSAIBIK,
XOHJPOUATHI  HeMece
Gesrisiepi TaObLIFAH XKOK,

OeJiMIep/iH elIKauCchbIHa
KaJ/UlyC ~ TUIMePIJIa3usiChIHbIH

S - A

2-cypem - AMopdmel macca mysemin eudpokcuanamumneH HAHOYeA110103aHbIH du@dPy30bl Mukcoudmol de2eHepayusicel
Dubpo3dsl maauwblkmapdblH jHaHe cyliek N1acmuUHACbIHbIH AKAYbIHbIH WemiHeH Jcyka cyliek mpabekyaaaapblHbly Pokarbobl
uHeasuscel (Maccon mpuxpomuimen 60sty x 40) (30 kyH, kaasvyull pocgpamul 6ap HaHOYe110103a HeziziHdeal buokomnozum).
Kanvyuti pocpamet men cyliek kemizi 6ap HaHOYeA110103a Hezi3IHOe2i 6uokomMno3ummep apacsiHOarsl wekapaoa cyliek miHiHig mik
uHmpamedyasipavlk ecyi. Tanwslkmul sxcaHe xcayadax naiida 604raH cyliek miHiHiK okanbObl wiemmik eHziwmiel 6ap yxaHe opmasslk
dupysdvl Mukcoudmul dezeHepayusicbl 6ap kaavbyuil pocpamol 6ap HaHoOyeA110103a Hezl3iHde2l 6uokomnosum. (Maccon mpuxpomvimeH
6osty x 40) (30 KyH, kanvyutl pochamel 6ap HaHOUe110103a HeziziHdeal 6uokomnosum)

TankpLiay

bi3 HaHOLeJJIION03aHbIH, KalTa Kypblaybl €Ki
TONTAa Ja TOMEH TUCTOMOPOOMETPHUSIBIK OCTeOreHe3
yJriciMeH 6ipre »)KypeTiHiH aHBIKTaZbIK. CyleK KeMicTiriHe
TpaHCIUIAHTALMUSVIaHFAaH  KaslblUi  ¢docdaTel  Gap
HaHOLIEeJIJII0/I03a Heri3iHeri GMOKOMITO3UT OCTEOreHe3/IiH,
yaeyi MeH 6asynayblH TyAblpMaiabl. O cyiek TiHiHIH
KeTiNyiHe KaXXeTTi Tikesiel XaHe Kepi JIOKOperuoHapJblK,
OUOXUMHUSIJIBIK,  TNapakKpUHAIK, iIKi  cUrHasgap/ bl
6snokTangbl. COHBIMEH KaTap, OCTeoreHe3 HerisiHeH
WHTpPaMeAy/IAPAbIK KeHicTikTe Kaabuuii ¢ocdaTbl 6ap
HaHOLIeJIJII0JI03a Heri3iHgeri 6MOKOMIO3UTTIH, IIeTiHze
’K9He LIeTiHJe cyHeK TiHiHIH TiK ecyi MeH XeTilyiMeH
6ipre xKypeni.

Cy#eKTiH KeJiieHeH, ocyi ’kaHa/JlJaH Maija GoJIFaH
cyllek TiHiHIH wWaMasbl  Ty3ijJlyiMeH cunaTTal/bl,
aKay aWMakrapbl 30-mbl  KyHi mamaMmeH 20%
kabpuigbl.  OcbLiaiina, 6i3 »kaHagaH MmaWga GoJiFaH
cyliek TpabeKysasiapbl TeK TaJIIbIKTBl KepJepe,

KopbIThIHBI

Cyllek  MJACTUHACBIHBIH,  aKayblHbIH  TiHZAIK
KYpPaMbIHbIH THUCTOJIOTHUSJIBIK 9He MOpPPOMETPUSIBIK,
culaTTamMacblHaH in  vivo aJjiblHFaH MaJiMeTTepre
coliKec, cyiek TiHiHIH 6eJiiMZepiH Tasay ocTeoreHe3iH
rUCTOMOPGOMETPUSJIBIK, ~ YITrICiHIH TeMeH  JeHreiiH
AHBIKTA/Ibl.

ConblMeH KaTap 6i3 6yJ HaHOMaTepHaJJbIH,
HWHEepTTi, oCTeoreH/jik KacUeTTepi >KOK, COHbIMEH KaTap
MaKpOOpraHU3M TapanblHAH HaHOMaTepHalfa KaGbIHY
peaKUUsChIHbIH, Oesrijiepi >KOK JereH KOPBIThIHABIFA
KesnJiK. 3epTTesieTiH HaHoOMaTepuas 6ac TapTyAbl/

9/ e6ueT

OHOKOMIIO3UTTIH LIeTiHJe, "OMOKOMITO3UTTIH aJiAbIH-aJa
TaJILIBIKThI aJIMacThIpybl” TYpiHJe *KoHe "KaHaJaH manijaa
GoJIFaH CYHeK TiHiHiH GHOKOMIIO3UTKE HHTErpaIuschl”
TypiHZe eMec Ty3iJieTiHAIrH aHbIKTabIK. OcTeoreHe3iH
TUCTOMOPGOMETPHUSJIBIK ~ YJTICiHIH TeMeH JleHTeHiH
aHBIKTAy, LIeTiHeH TabbLIFaH CYHeK TiHiHIH HeomIa3Machl,
IoJipeK alTCcaK, HaHOMAaTepUa/IAbIH, IIeTiHJe, OHBIH,
OHTILITIri eTe a3, akay aiiMa¥rbl Tek 20% KabbIK, TeK KybIC
ic Ky3iHze e3repicci3 Kasazbl. bi3 HaHOLE/I0/103aHbIH,
OuoyHJsieciMi MaTepuas eKeHiH aHBIKTaJblK. COHbIMEH,
14 xoHe 30-1bl KyHAEPi 203MHOGUINAHBIH 60/IMaybIMeH
HMMYH/BIK, YKacylaaapzbly TeMeH peakTHBTI
HHQUIBTpanuscel 6aiKanzge! (1-2 cyper).

Eki »kafmaiijla ma a6ciecc KoHe HEKPOTUKAJIBIK,
KaOblHy TabbUIMaZbl. MaKpoOpraHusM TapalblHaH
OGUOKOMII03UTKe KaObIHY peaKIUsChIHbIH 6erinepi KoK,

aXblpayAbl TYAbIPMA/ibl, IFHU GUOMHEPTTI oHe OYJ1 3
Ke3eriHZe opi Kapalifbl 3epTTeyJjiepfi >Kyprisyre 3xoJ
amafbl.

Myajgenep KaKTBIFBICBI. ABTOpJjiap Myjjelep
KaKTbIFbICbIHBIH XKOKTBIFbIH pacTal/bl.
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Pe3swome

ueﬂb uccnedosanusi: OYeHKa zucmovsiozcu4eckozo u Mopg‘jomempuqecmzo cocmaesa 6eg‘)'eKma KOCMHOUl naacmuHKu 6 obaacmu
umnaaHmayuu Hoeo2o Mamepua/ia Ha OCHose pacmumevthoﬁ HAHOUes/1/110/103bl U gﬁocgﬁama Kasavyus in vivo.

Memodbl. Xupypauueckoe emewamenbcmeo 6bl10 nposedeHo Ha 6ase susapusi MeduyuHckozo yHusepcumema KapazaHowl,
0do6peHo KomMumemoMm no 6uosmuke evluweykasaHHozo BY3a. /lna nposedeHus sKcnepumMeHmManbHo20 UCCAe008aHUsl, 6bl1a Npou3sedeHd
mpaHcnaaumayus 6uokomnosuma e degpekm duaguza 6edpeHHOU KOCmu 3KCNepUMeHMAAbHbLIX HUBOMHBIX, 8 KoAudecmae 08yx 6enblX
6ecnopooHbIX Kpbic CaMy08, N0 0MmpabomaHHol Memoduke.

Janee na 14 u 30-e cymku scugomHule 6bl1u 8bi8edeHbl. Mopgomempuueckylo oyeHKy npogoduau 8 mecme, 20e npogoouiocs
onepamusHoe emewamenbcmeo (copmuposanmblii degpekm). IIpu 2ucmonamoso2uveckoM aHaAu3e MmkKaHegozo cocmaea obaacmu
cgopmuposanHozo dehekma oyeHu8a10Cb NPOYEHMHoe COOMHoweHue Gubpo3HOll MKAHU, XpAWe80l MKAHU U KOCMHOU MKAHU.

Pe3y/1bmambl. Mot OGHapnyCU./IU, umo peModeﬂuposaHue HAHOYe/1/110/103bl conposomdaemm HU3KUM eucmomopgﬁomempuuecxum
nammepHoM ocmeozceHe3d e oboux epynnax. TpchnﬂaHmupoeaHHblﬁ 8 KOCMHbIU 0eg§eKm 6UOKOMNO3UM HA OCHO8E HAaHOYen/11/103bl C
giocgﬁamom Ka/byus, He 8bl3bleaem yCKopeHue u 3amed.ieHue ocmeoceHe3da, OH Kak 6b1 6/10Kupyem npsimuole u 06pamele JIOKOpe2UuoHapHble,
6UOXU.MU‘4€CKU€, napakpuHHsvle, BHYMPUKOCHblE CUZHAJ1b, HeobxoduMmble 015 co3peeaHus kocmHol mkaHu. K momy ice ocmeoceHe3 8
OCHOBHOM conposoofcdaemc,q 8epMUKaA/IbHbIM PpOCMOM U co3pesaHuem KOCMHOU MKaHu no nepugﬁepuu u no Kparw 6UO0KOMNO3UMA Ha 0CHoge
HAHOYeN/110/103bl C d)'ocgﬁama.M Kasavyus, 8 UHmpa.Meay./l./lﬂpHO.M npocmpaHcmee. Omcymcmey}o NnpusHaKku socnaaumensHoll peakyuu Ha
6uokomno3um co CMOPOHbI MAKpOOp2aAHU3MA.

Bb1800bL. [IpogedeHHblil MOpdoaozuvecKull aHaUu3 cpe308 KOCMHOU MKAHU, 8bl18UA HUZKUL YPOBEHb 2UCMOMOp@domempu1eckozo
nammepHa ocmeozeHe3d, omcymcmaue npu3HaKo880CcnaAumMeabHol peakyuu Ha HAaHOMamepuaJ co CMOPOHbI MAKPOOP2AHUZMA.

Kawuesblie cnosa: pacmumesibHAs HAHOYe/1/110/1034a, 6UO0KOMNO3UM, 0CMeo2eHe3, KOCMHbIX 0egﬁexm, 6uomamepua/1.
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Abstract

The aim of the study was to evaluate the histological and morphometric composition of the bone plate defect in the field of implantation

of a new material based on plant nanocellulose and calcium phosphate in vivo.

Methods. The surgical intervention was performed on the basis of the vivarium of the Karaganda Medical University, approved by the

bioethics Committee of the Karaganda Medical University. To conduct an experimental study, a biocomposite was transplanted into a defect of
the femoral diaphysis of experimental animals, in the amount of two white male mongrel rats, according to a proven technique. Then, on the
14th and 30th days, the animals were withdrawn. Morphometric assessment was carried out at the place where the surgical intervention was
performed (formed defect). Histopathological analysis of the tissue composition of the area of the formed defect assessed the percentage of
fibrous tissue, cartilage tissue and bone tissue.

Results. We found that nanocellulose remodeling was accompanied by a low histomorphometric pattern of osteogenesis in both groups.

A biocomposite based on nanocellulose with calcium phosphate transplanted into a bone defect does not cause acceleration and deceleration of
osteogenesis, it blocks direct and reverse locoregional, biochemical, paracrine, intracossal signals necessary for the maturation of bone tissue.
In addition, osteogenesis is mainly accompanied by vertical growth and maturation of bone tissue along the periphery and along the edge of a
biocomposite based on nanocellulose with calcium phosphate, in the intramedullary space. There are no signs of an inflammatory reaction to
the biocomposite on the part of the macroorganism.

Conclusions. The morphological analysis of bone tissue sections revealed a low level of histomorphometric pattern of osteogenesis, the

absence of signs of an inflammatory reaction to the nanomaterial on the part of the macroorganism.

Keywords: Plant nanocellulose, biocomposite, osteogenesis, bone defect, biomaterial.
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Pe3ome

C yesvio goccmaHosneHusl PYHKYuu KO/eHHO20 Cycmaed hpu MmepMUHA/AbHbIX CMadusix apmposa npumeHsiemcsi nepsuyHoe
momasbHoe 3HdonpomesuposaHue Koa1eHHo20 cycmasa. IlepguyHoe momasbHoe 3Hdonpome3uposaHue K0JAeHHO20 Cycmasa 3aKA4aemcs
8 3ameHe 6edpeHHO020 U 60.1bUebepy08020 (8 HEKOMOPLIX CAYYASIX U NAMEAAAPHO20) KOMNOHEHMO08 KOJIeHH020 Cycmasa Ha Mema/auveckue
U noausmMu/ieHo8ble (8 HeKomopbsIx 8UAax IHOONPOMe308 hpumeHsiemcsl Kepamuka). [jaHHast onepayusl 3apekomerHdosana ce6s kKak memoo,
yayuwarowull GyHKYU Ko/eHHO20 cycmasa Ha no3dHux cmadusix 20Hapmposa. Ho e cayuasx pasgumust acenmuyeckoll HecmabuasHocmu
KOMNOHEHmMo8 aHdonpomesa Uau cenmuyeckoll HecmabuabHOCMU KOMNOHeHmMos sHdonpome3a ecsedcmeue nepunpomesHoll UH@ekyuu
Heo6xodumo npubezHymb K peeu3UOHHOMY 3HAonpomesupoeaHur. Bo epemsi pesusuonHozo sHdonpomesuposaHusi Hepeoku cayyau
o6pazoganus degpekmos 6edpeHHOU U 60bWeEGEPY0B80Ll KOocmell, Komopble MO2ym cmams npensmcmeuemM HA nymu cmaéuaudayuu u
8038paujeHuU GyHKYuuU Ko1eHHO20 cycmasa. [las 3amewjeHust makux depekmoes Ha CO8peMeHHOM Imane Ucno163ylomcsl c/edyoujue cnocobbl,
Komopble 0mHocsImcsl K He 6uodezpadupyemblm MamepuaiaMm: yemMeHmuposaHue, YeMeHmupos8aHue ¢ apMupo8aHuemM euUHmMamu, 3a600cKue
yemMeHmMHble cneticepbl ¢ ayameHmamu, MoOy/aAbHble MemaaauvecKue ayameHmaol, memag@usapHsle 6my/aKU ¢ NPecco8aHHbIM NOKPbIMUEM U3
nopucmo2o0 mumaHa u cmpykmypHsle KOHyCbl U3 NOpUCMO20 MaHma.d, Me2asHoonpomesbl UAU UHOUBUAYANbHbIE IHOONPOMESbL

B daHHoll 0630pHOU cmambe npouseedeH aHA/1U3 UCMOYHUKOS, ONUCLIBAOWUX Memodbl 3aMeweHus degpekmos kocmell, 06pa3yowux
KOJIeHHbLU cycmas npu pegu3uoHHOM 3H0ONPOMe3upo8aHuU KOJIeHHO20 Cycmasd U coCmoswux u3 He 6uodezpadupyeMblx Mamepuasios, us
6a3 daHHblx PubMed, Google Scholar, SCOPUS, Web of Science.

IlpoananuszuposarHbvle Memodbl 3ameujeHus1 dehekmog Kocmell WUPOKO UCNO/Ib3YIOMCS 8 N0BCEJHE8HOU npakmuke, HO, MakK ice,
umerom ps0 Hedocmamkos. Hcnoib308anue mo/icmyiX c/10e8 KOCMHO20 YeMeHma yeeaudugaem puck mepmu4ecko2o Hekposa, yxyouiaem
npeccypu3ayuio KocmHozo yemeHma. 3asodckue yeMeHmHble cnetlicepa ¢ ayzMeHmMoM No380/s10m 3aMewjams mo/aAbKo NoHbll deghekm
naamo. ModynbHble Memanauveckue ayzmeHmMoul C853aHbl C Kopposuell U passumuem HecmabusavHocmu. MemadgusapHble smyaku u
CMpyKmypHble KOHYCbl MO2ym npusecmu K nepeiomy Kocmu npu yCmaHo8Ke, OHU CA0XCHbI 8 yoaieHuu npu pegusuu. MezasHoonpomeswl uau
UHOUBUAYaIbHbIE IHAONPOMe3bl CB513AHbI C 8bICOKUM PUCKOM UHPeKkyuu. ModyabHble Memaaauveckue ayameHmal, Memag@usapHvle 8my/nKu,
CMpyKmypHble KOHyCbl, Me2asHdonpomesbol UAuU UHOUBUJYA1bHbIE SHOONPOME3bl MAKHCe UMEeom 8bICOKYI0 cmoumocme. Ha daHHwbill nepuod
8peMeHU uMeemcsl He06X00UMOCMb 8 paspabomke HO8bIX Memo006 3ameweHusl dehekmos, komopble 6ydym yayuuwams GyHKYUH KOJeHHO20
cycmasa, yyv4uams Ka4ecmeo *CU3HU nayueHmos, 6ydym wupoko0oCMynHbIMU U IKOHOMUYECKU 8bI200HbIMU.

Kaouesule cnoea: kocmHulie deekmbl, pegu3UOHHOe IHOONPOMe3upo8aHue, K0J1eHHbIU cycmas, 3ameujeHue dehekmos.
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BBeaeHnue

ToTasbHOE  3HAONMPOTE3UPOBAaHHWE  KOJEHHOTO
cycraBa (T3KC) ABJIAETCSA WHHOBALIMOHHOHN
XUPYPru4ecKou omepanued, KoTopas HPUBOAUT K
YJIy4IIeHUIO Ka4ecTBa XKU3HH Y MAllUEeHTOB C MOCTeJHUMH
cTagusaMu rouaptposa [1,2]. CyTb onepanuy 3aKi04aeTcs
B 3aMeHe MATOJIOTHUYECKU M3MEHEHHBIX CYCTaBHBIX
MOBepXHOCTeH GeipeHHON U 6O0JIbIe6epIOBOM KOCTH Ha
HCKyCCTBEHHbIE MMILJIAHTAThI C LleJIbI0 BOCCTAHOBJIEHUS
GYHKIMM KOJIEHHOTO CyCTaBa IaljeHTa 3a KOPOTKHe
CPOKH.

KosinuectBo onepauuin MepPBUYHOTO u
PEBHU3MOHHOTO 3HAONPOTE3UPOBAHUS KOJIEHHOTO CycTaBa
€XEeroJJHO yBeJWYUBaeTCcs. B cBoeM wuccieloBaHUHU
Cram P. et al. mHaGusopasyM MalUMeHTOB C TOTaJbHbIM
3H/IONPOTE3UPOBAHUEM KOJIEHHOTO CyCTaBa B MEPUOJ, C
1991 o 2010 rog (3,271,851 nanueHTOB C IEpeHECEHHBIM
nepBuyHbIM TIKC 1 318,563 nmauueHTOB ¢ peBU3SMOHHBIM
T3KC). Yactora 30-4HEeBHON MOBTOPHOU rOCIUTATU3ALUH
[0 BCEM MPUYMHAM JJid NayueHToB ¢ nepBuyHbIM TIKC
yBesu4uiaach ¢ 4,2% (95% AU, 4,1-4,2) no 5,0% (95% /1Y,
4,9-4,9). 5,0) (p<0,001). /lnsg mauueHTOB C peBU3MOHHOM
TOKC oTmevasnocb yBeJMYeHHe YacCTOTbl paHEBBIX
nudexnuii ¢ 1,4% (95% AU, 1,3-1,5) go 3,0% (95% AU,

CrpaTerus NoyMcKa JIMTepaTypbl

Mbl M3y4yuaM CTaTbU 3a INociefHue 15 seT o
JedexTax KocTel, 06pa3yloliUX KOJIEHHBIH CycTaB
U MeToJax 3aMellleHUs MOAOGHBIX JAedeKTOB MpH
PEBU3HOHHOM 3H/ONPOTE3UPOBAHUM KOJIEHHOTO CyCTaBa
B 6a3ax gaHHbIX PubMed, Google Scholar, SCOPUS, Web
of Science. U3ayyeHno 342 crarteli, 280 U3 HUX OBUIH
UCKJ/IIOYEHbl COIJIACHO KPUTEPUAM HCKJIIOYeHHs. B
uTore 62 cTaTbU ObLIM BKJWOYEHbl B 0630p. Ilo

2,9-3,1) (P<0,001) [3]. B uccnemoBanun Nham et al.
npoaHanu3upoBasii 5 901 057 TIOKC mnpoBeseHHBIX
B CIIA B mepuog c 2006 mo 2015 rog. PesysnbraThbl
HCC/e[J0BaHUA NOKasalu yBeandeHue yuciaa TIKC Ha
419% 3a pmaHHBIA OpOMeXyTok BpeMeHH [4]. Taxxe,
Kurtz et al. cpesnanu BeIBoj 06 yBeJWYEHUH KOJAYECTBA
nepBUYHbIX U peBU3UMOHHBIX TIKC pocT KosnuecTBa
TOTAJIbHBIX 3HZONPOTE3UPOBAHUN KOJIEHHOIO CyCTaBa B
CIIA no 3,48 miH 2030 rogy [5].

B cay4ae BO3HUKHOBEHHS AaCeNTHYECKOW WIIU
CenTHYECKONHeCTabnIbHOCTUKOMIIOHEHTOBIHA0IIPOTE3A,
M3HOCA KOMIIOHEHTOB 3H/I0NPOTE33a, T0JIOMKH UMIJIAaHTOB,
pasBUTHUS CTOMKOM KOHTPAKTypbl U BO3HHUKHOBEHHE
NEePUNIPOTE3HBIX TEePeJIOMOB HeO6X0AUMO MPOBOAUTH
peBHU3HMOHHOE 3H/AONPOTE3UPOBAaHUE KOJIEHHOro CycTaBa
[2,6]. PeBu3nMOHHOe  3HAONPOTE3UPOBAHHE  YACTO
CBSA3BIBAIOT C 0OpasoBaHueM [JedeKToB OeJApeHHOH U
6oJbLIIE6EPLIOBOM KOCTeH [7].

B pgaHHOM 0630pe MBI XOTHMM  OGCYAUTH
CYLIECTBYIOIME  CHOCOGBl  3aMelleHUs  JiepEKTOB
O6epeHHOU U 60/1bLIEGEPLOBON KOCTEN NPU PEBU3UOHHOM
3H/I0NPOTE3UPOBAHUU KOJIEHHOT'0 cycraBa u
CYILECTBYIOIIME HEJJOCTATKHU JJAHHBIX METO/IOB.

KJIIOUEeBBIM CJI0BaM, KPUTEPUU BKJIIOUeHUs1, 6blin: “BONE
DEFECTS”, “REVISION KNEE ARTHROPLASTY”, “DEFECT
REPLACEMENT”.

KpuTepusaMu uckI09eHUs ObLIM KJII04eBble CJI0Ba:
“BIODEGRADABLE”, “BONE GRAFTING”, “DEFECT SIZE
F1”, “DEFECT SIZE T1”. IIpouecc BKJIOYeHHUS JUTEPATYPHI
oTobpaxeH Ha Pucynke 1.

ITonck B 6a3ax jganHex PubMed, Google Scholar,
SCOPUS, Web of Science

l

KpuTtepui BKIIOYeHHS!
REVISION KNEE ARTHROPLASTY (n— 9,423)
+ BONE DEFECTS (n= 544)
+ DEFECT REPLACEMENT (n=428)

|

@misTp: rIybuHa moucka — 15 met (n=342)

l

HckmrodeHb! 0 KIIOYEBBIM CIIOBAM:
”"BIODEGRADABLE”, “BONE GRAFTING”,
“DEFECT SIZE F1”, “DEFECT SIZE T1” (n=280)

l

| 62 CcTAaThH BKIIOUEHEI B 0630p

PucyHok 1 - [lopsidok omb6opa cmametl, 8k1104eHHbII 8 aHHbIU 0630p AUMepamypbl

KJIaCCI/l(l)I/IKaI_(I/IH IL[etl)lf!l(TOB npru PEeBU3UOHHOM OJ3HAOMNPOTE3UPOBAHUU KOJICHHOIO

CyCcTtaBa

Knaccudukanus ~ opTomeAMYecKoro  Hay4dHo-
HCCIe0BaTENbCKOTO HMHCTUTYTa AHJepcoHa (Anderson
Orthopedic Research Institute, AORI) (Pucynok 2)
IIMPOKO MCIOJIb3yeTcs AJIsl onpefiesieHust TUMa JedeKToB
KOCTel, 00pasyroliuxX KoJIeHHbIH cycTaB. JlaHHas IKasjia
ONUCBIBAET MNOpaKeHUe OeApPEeHHOU K 60Jiblle6epoBOi
KOCTeH B 3aBUCUMOCTH OT pa3Mepa U JIOKa/IU3aluH I0TepU
KOCTHOU Macchl. ABTOPBI pas/iesIu/IM IKaly Ha 3 CTeNEeHH,
r/ie BTopas CTelneHb JONOJHUTEbHO AesanTcss HaAu B. [lna

1-i cTeneHW XapaKTepHbl AedeKThbl Iy6uaTOd KOCTH 6e3
BOBJIeYeHUSI MeTadU3apPHOHN YaCTU KOCTHU. [lJ1s1 cTeneHu 2A
XapaKTepHbl JlepeKTbl KOCTH, 3axBaThIBawIlne MeTapu3
OJIHOTO MBIIIIENKa, a IJ1s1 CTeneHU 2B XxapakTepHbl iePeKThI
KOCTH, 3axBaTbIBamlue MeTadpu3 060UX MbIeaKoB. [Ipu
3-U cTeneHU NPOUCXOAUT 3HAYUTEbHAS OTEPS KOCTHOU
Macchl MeTadr3a ¢ BOBJeYeHHEeM KoJlJIaTepabHbIX CBA30K
KOJIEHHOTO CycTaBa M MeCT NPUKpeINIEHUH CYyXOXKHUJIus
HaZiKoJieHHHUKa [7-10].
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PucyHok 2 - Kaaccugpukayus kocmuwix degpekmos Anderson Orthopedic Research Institute. A - 1 cmeneny; B - 2A cmenenb;
C - 2B cmeneHb; D - 3 cmeneHs [12]

MeToabl 3aMenieHus AedeKTOB KOCTell 06pa3y0INUX KOJEHHbIH CyCcTaB

B Hacrosiiee BpeMsi NPUMEHSIOTCS pPasJInYHbIe
TEeXHUKH [iJId CTabUJbHOW QUKCALMK 3HJONPOTE30B
KOJIEHHOTO cycTaBa. Mcrosb3yeTcsl ieMeHTHast pUKcalus,
duKcanusi ¢ TOMOIIbI0 ApPMHUPOBAHHOTO BUHTAMH
[[eMeHTa, 3aBOJCKHMEe LleMeHTHble cHehcepbl, KOCTHbIE
TPAHCIJIAHTATBI, MOAY/IbHbIE MeTa//IN4ecKhe ayrMeHTBI,
MeTadu3apHble BTYJIKU C IPECCOBAHHBIM MOKPBITHEM W3

ueMeHTI/IPOBaHHe

OCHOBHBIMH  NpPEUMYLIECTBAMH  NPHUMeEHEHHUSs
koctHoro 1eMeHTa (KII) ana 3amemeHus JedekToB
kocted (PucyHok 3) ABJASIOTCS AOCTYIHOCTD, AelleBU3HA
W JIETKO BbINOJIHAEMbIA MeToA. Takxke, NpernMylLecTBOM
MpUMEHEHHUsI KOCTHOTO I[eMeHTa SIBJISETCS CIOCOOHOCTH
OBbITh HOCHUTEJIEM aHTHUOAKTEPHUA/IbHBIX MPENnapaToB, YTO
WUrpaeTBAKHYI0 POJIbBJIEYEHU U IEPUNIPOTE3HON MH QEKITUH
[13,14]. Tlpu Bcex mpenMyLeCTBAX IpYMeHeHUs
KOCTHOTO IleMeHTa CyIeCTBYIOT OTPAaHHUYEHHUS 110 pa3Mepy
nedekTo. CoryiacHo uccienoBanuio, Qiu et al. npumeHeHue
KOCTHOTO IleMeHTa NnpuemseMo npu gedekrax tuna 1 mo
kjaaccuoukanuu AORI (TosuHa LIEMEHTHOTO CJIOSI He
Jo/pkHa npeBbimate 5 MM) [7]. Tak, Dorr L.D. onuceiBaeT
pe3y/ibTaT NpUMEHEeHHs KOCTHOrO ILieMeHTa  AJs
3aMeleHus JgedektoB tuna 1 mo kinaccupukanuu AORI.
Cpoxk HabJo/leHus 3a 54 nmanyeHTaMu COCTaBUJI 7 JIET, 3a
BECh NepUOJ, HAaGJIIOeHUS TOJbKO B 1 ciy4ae 0TMevyasnoch
pacuiaThiBaHWE U HaJIMYWe He MPOrpecCUPYOUUX JUHUN

IIOPUCTOTO TUTAHA U CTPYKTYPHbI€ KOHYCbI U3 ITIOPUCTOI'O

TaHTasIa, MErasH/I0NpOoTe3bl, WH/JUBH/yalbHbIe
aHgonpore3sl [11]. B 3aBucHMocTH OT pasMmepa U THIA
KOCTHOro JledeKkTa mNOAOGHUpAETCs COOTBETCTBYIOILAS

MeTOZMKa 3aMellleHHUs], HO CyLeCTBYIOIHEe METO/AbI UMEIOT
onpe/iesieHHbIe HeJJOCTATKH [6,12].

NPOCBETJIEHUS HA IpaHuIle LieMeHT/KocTb [12]. [logo6HBIE
BBIBOJBI TOJIyYe€HBI W B APYTUX HCCAeJOBaHUAX. Tak,
NOJIMMETHUJIMETAKPUIAT MNpeAJaraeTcss HCIOJIb30BaTh
TOJIBKO JJII PEKOHCTPYKIUU AedeKTOB KOCTH C ABYMS
ycaoBusMH. [lepBoe, aedeKT CycTaBHOH MOBEPXHOCTHU
He JoJ/oKeH npeBblmaTh 50% oT maomazyd JaHHOU
MOBEPXHOCTH U BTOPOE, TIy6HUHa JlepeKTa He 0KHA ObITh
5 MM u 6ostee [12,15-17].

Rodriguez-Merchdn et al, ccbliasicb Ha JJaHHbIe
JIUTepaTypbl NpUBeJM  CleAyloliue  YCJOBUA  AJs
WCIOJIb30BaHUsI KOCTHOTO LieMeHTa C IleJIbl0 3al0JIHEHUS
KOCTHBIX JedekToB: 1) KocTHble JedeKTbl pa3MepoM
MeHee 5 MM B IIMPUHY U TVIYOUHY 2) IpU NepupeprudecKux
nedektax n0 10% MblenkoB GeApeHHON KocTH 3) mpH
He6OJIbIIMX I[eHTPaJbHbIX JedeKTax 4) MPU KHUCTO3HBIX
fedekTax 5) Mpu orpaHUYeHHbIX KOCTHBIX AedekTax [18].

PucyHok 3 - Ha penHmeeHozpamme K01eHHO20 cycmasa 8 npsimol U 60K080U npoeKyuu 8u3yausupyemcs yemeHmHull cneticep,
samewarowull degpekm 60.1bwebepyosoll kocmu u gbicmynarowull Kak 601bue6epyosslil KoMnoHeHm cnelicepa

C Apyro¥ CTOpPOHBI, AaHHblE HUccaeoBaHUM Lotke
et al. mpogeMOHCTpPUPOBaIN BO3MOXKHOCTb NPUMEHEHUs
KOCTHOTO lleMeHTa C 1leJ1blo 3aMellieHUs AedpekToB oT 10 1o
20 MmM. B npescTaB/ieHHOe HccleJoBaHNe ObLIY BKIIOYEHbI
33 manueHTa ¢ fedektoM KocTu 10 MM U 23 manueHTa C
fedbekToM KocTH 20 MM.

Yepes 7 sieT HabusoneHus B 43 caydasx (76,8%)
aBTOPBI OTMeYa/Ii HaJIMYue He MPOrpecCUPYIOIUX JUHUU
NPOCBET/IEHUS HA I'PAHHULE KOCTh/I|EMEHT, B OZJHOM C/ly4yae
Obl/1a IpoU3Be/leHa peBU3MOHHAs apTpolniacTyka [12].
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OAHaKO, COBpEMEeHHbIe UCCJIeJOBAHUA [I0KA3bIBAOT
OTpHULATEJIbHYI0 CTOPOHY HNPUMEHEHUA TOJICThIX CJIOEB
KOCTHOI'O IeM€eHTa AJid 3aMellleHHA I,ELe(l)eKTOB KOCTeM.

Tak, Huten D. B cBoeM wuccaefOBaHUM CAesaa
3aKJ/I04YeHHe O CBSI3W BBICOKOM 4YaCTOThI pacIlaTblBaHUSA
KOMIIOHEHTOB 3HJAONpOTe3a KOJEHHOTo CycTaBa U
NosiBJIeHHe JIMHUN NPOCBeTJeHHUS Ha PeHTreHOrpaMMax,
C 3aMellleHHeM KpYNHBIX ZiepeKTOB KOCTel 06pa3yrolnx
KOJIEHHBIH CyCTaB KOCTHBIM IleMeHTOM [19].
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Taxxe NMpU HUCIIOJIb30BAHHWH KOCTHOIO IIeMeHTa
A1 (bmccaumd KOMIIOHEHTOB 3HAOIIPOTE3a 3aTPYAHAETCA

NMOBTOpPHAsi  PpPeBU3US U  MOXKET  CIIOCOOCTBOBATh
JIONIOJITHATEJIbHOM IIOTepPU KOCTU MpU U3BJIEYEHUHU
LleMEeHTUPOBAHHOI 0 KOMIIOHEHTa [20-23]. Puck

TEPMHUYECKOT0 HEKpO3a CBSI3aHHBIA C 3K30TepMH‘{eCKOﬁ

peakiuel Npy MoJuMepu3anyy 60JIbLUINX C10eB KOCTHOTO
[[eMeHTa yBeJUYMBaeT PUCK Pa3BUTHA HECTAOUJIBHOCTH
KOMITIOHEHTOB 3HJomnpoTe3a [12,24]. [Ipu ncnosb30BaHUU
WHBEKIIMOHHOTO THINA KOCTHOTO I[eMEHTa OCTAeTCs PHUCK
YKUPOBOU 3MO0JINY, BO3MOXXHOCTb NOBBILIEHUS JaBJIeHUS
[[eMeHTa B KOCTHOMO3roBOM KaHaJe [25,26].

HEMEHTHaH JIAaCTUKA C ApMUPOBAHHUEM BUHTAMHU

[lpu aHanuse cratbu Zheng C. et al, koTopoe
6blJI0 HaNpaBJeHO Ha MH3yyeHHe KOJHUYeCTBO BHUHTOB
Ha MpPOYHOCTb 3aMelllaeMoro fAedekTa OblI0 BbIsIBIEHA
3aKOHOMEPHOCTb CHMXKEHMsS] HaIllpsSDKeHHs B MecTe
JedekTa NpPU HCNOJb30BAaHUM OGOJIBLIIOTO KOJHUYECTBa
BUHTOB, 4TO BepOsiTHee BCero MpHBeJeT K CTpecc-
WUWAJUHTY. BbLIO OTMedeHO 4YTO HcHo/Jb30BaHHe 1
BUHTA npu apMmupoBaHuu Kl cHmxano HampspkeHUe Ha
rpaHule ry64yatoi koctu 70 10% 1o cpaBHeHUIO C TOJIbKO
LleMeHTHOM ¢ukcanueil. Belo BBIsIBJIEHO ONTUMabHOE
YHCJI0 BUHTOB U WX JJIMHA NpU JedeKTax, Tak, HallpuMep,
fedekT maato 6osblie6epoBold kKocTu 12%, cuuTaeTcs
¢dukcauus ofHUM BUHTOM I1y6UHOU 12 MM, a fedekT 15%,
my6uHa BUHTa 20 MM ¢ guamMeTpoM 6,5 muM. [Ipu gaHHOM
HCC/le/JOBaHUM Oblla BblSIBJIEeHA 3aKOHOMEPHOCTb, YTO
BepTUKa/JbHOE 3aBeJleHHMe BUHTOB IpeANOYTUTE/NbHee
HaKJIOHHOTO TOJIOXKEHHs], [0JIOBKa BUHTA CONpUKacalach
C HI>KHeH MOBepXHOCThIO 60JbllIe6epIi0BOro KOMIIOHEHTa
[27].

B napyrom wucciefoBaHMM Ha 57 mNalueHTax
npoBes Ritter M.A. et al, B KOTOpOM HCIOJIb30BaIMCh
BUHTBI C BbIcOTOH 9 MM. [lo AaHHOMYy HcC/IelOBaHHUIO
O0TMedasoCb pe30pOLUA Ha TIpaHULle KOCTb-LIeMEHT B
25% cay4aeB B TedeHHe 3 JIeT, HO B Nocjejyouiye 7 jeT
NporpeccHpoBaHUU pe30pOIMY Ha PaHULe KOCTb-LleMeHT
He Hab6J110/1aJIoCh U HU OJJMH U3 MallUeHTOB He HYXJaJcs
B 3aMeHe OJHOro u3 komnoHeHToB [28]. [losiBieHue
JIaHHOW JIMHUU NPOCBET/IEHUs] Bbl MOXKeTe BUJeTh O4YeHb
4yacTo, HO 6e3 MpOorpeccCHpoBaHUA U JaHHOe M3MeHeHHue
He TpebyeT KOppeKLUHU AJil NpecTapesblX MalueHTOB C
OTPpaHUYEHHBIMU QYHKLUSMH B MOBCEAHEBHOW XKU3HHU
[28-30].

UccnepoBanue Berend et al. 6bl10 HampaBJieHO

Ha apmupoBaHue KI BHHTaMM 1NpU I[EePBUYHOM
NpoTe3UpoBaHUM, 4YTO  MNokasaso 20  JleTHIOIO
BbDKHBAEMOCTD, a  1pu PEeBU3HMOHHOM TIKC

BbDKHMBaeMOCTb fgocturajia 98,5% B Teyenuu 15 ser
(Pucynok 4). JlaHHOe ucc/ieJOBaHUE TOKA3bIBAET BbICOKYIO
BBXKMBAEMOCTb TP MUHUMAaJIbHBIX 3aTpaTax [28].

Jlpyroe wucciegosanue Ozcan O et al. 6bu10
HallpaBJ/IEeHO Ha BbIBJIEHUE CTAGUJIBHOCTH KOMIIOHEHTOB
M ucxobl INpu ¢GaKTopax pHUCKA TaKHUX KaK MHJEKC
Macchl TeJsa, Iowaab Aedekra U pa3BUTHe pe30pOLUU
Mex/Jy 60Jiblie6epLOBbIM KOMIOHEHTOM U JedeKToM
KocTH. [Ipy JaHHOM MCC/IeJOBaHUM He ObLIO BBISIBJIEHO
3aBHCUMOCTH BBICOKOTO MH/IEKCAa MacChl TeJla U pa3BUTHE
HeCTaOMJIBHOCTH NpU apMUpoBaHWHd BuHTaMu KII npu
TIKC [31].

JkcnepumenTe Brooks et al. in-vitro, koTopoe
ObLJIO HaNpaB/JeHO Ha ONpeJesieHHe CTaOMJIbHOCTH
60/1bIIEOEpPIOBOIO0  KOMIIOHEHTA IIPU  KJIMHOBMJHBIX
JebekTax, TNOKasaJ 3HAYUMYIO pasHuLy u
MOJIOKUTEeJIbHble  pe3y/lbTaThl B HCIOJIb30BAaHUU
LeJIbHOMeTa/NINYeCKUX UHAUBU/AYaJbHBIX KOMIIOHEHTOB.
C [JaHHBIM MeTOAOM HCCJIe/JOBAaHUSI KOHKypHUpOBaIu
WMIJIAHTBl C ayrMeHTaMHM H3 MeTa/Jla U OprCTeK/a,
[0 CpaBHEHHIO C 3aMelleHHeM KocTHoro gedexra KIJ
YW He3HauMTeJbHBIM yiydlleHueM apMmupoBaHueM KII,
KOTOpOe TIOKasalo XyAIIWH pe3y/abTaT. AHa/lIU3Upysd
JIaHHOe UCCJIe/J0BaHNe Mbl He HalllJIM KaK B 9KCIepUMeHTe
KOHTPOJIMPOBAJIOCh ~ NPOCTPAaHCTBEHHOE  IOJIOXKeHHe

KOMIIOHEHTOB, TeMIlepaTypa KocTd Ha rpanune KlI, kak
KOHTPOJIMPOBAJIOCh U AOCTUTaNOCh npeccypusanus KL B
KoCTb [32].

PucyHok 4 - Ha 0anHoll penmeeHozpamme K0eHHO20 cycmaga 8 NPpsmMoll npoeKyuu u3yaausupyemcs: yeMeHmHulll ayameHm ¢
apmuposaHueMm sUHMaAMu, 3amewarowutl degpekm medua1bHO20 MblujeKa 60abwebepyosoll kocmu [12]

3aBoJCKHE IleMeHTHbIE Crielicepbl C ayrMeHTOM

Cy1iiecTBymwoLiye 3aBO/ICKHeE LleMeHTHbIe
crieficepbl  MOTYT  COBMeIATbCsl  C  3aBOJCKUMH
LIeMEeHTHbIMU ayTrMeHTaMHu. [Ipu HCI0JIb30BaHUU

3aBO/ICKOTO LIEMEHTHOTO Clelicepa MOXXHO HCIOJIb30BAaTh
60J/IbLIEOEPIIOBbIA AyTMEHT BCEH MOBEPXHOCTU IJIATO
60J1b1IE6EPIIOBON KOCTU U TOJILMHOMN paBHOU 10 MM.

[Io MHCTPYKUMM NPOU3BOAUTE/ST THUOHUAIBHBIN

KOMIIOHEHT U ayIrMEeHT CKPEeIUIITCI MeX/Jay Co00U mpu
MMOMOIIM KOCTHOTO LeMeHTa. [lasnee yxe chopMUpOBaHHBIN
LleMEHTHBIA CcIleiicep ¢ ayrMeHTOM yCTaHaBJIMBAETCs
TaK»e Ha KOCTHbBIN 1leMEeHT.

JlaHHBIN
reHTaMMIUH u

LleMEHTHBIA  cHelicep cozepalui
paspelieH K HCII0JIb30BaHHUIO
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YnpaBJsieHHEM [0 CaHUTApPHOMY HaJ30py 3a KauyeCcTBOM
MULEBBIX MPOAYKTOB U MegukaMeHTOB (Food and Drug
Administration, FDA). U3 He[1ocTaTKOB JJaHHOTO cIieiicepa
MOXXHO BbIJEJIUTh OFpaHl/I‘-[eHI/Ie HHHeﬁKH - TOJIBKO 4

MOAYJIbeIe MeETa/IVIMYE€CKHUE ayIrMEHThbI

3amnosiHeHue nedeKToB 6e/jpeHHON u
60J1bLIE6EPLOBOM KocTel npu PEeBHU3UOHHOM
3H/IONPOTE3UPOBAHUM BO3MOXHO INPOM3BOAUTbL IpHU

MOMOLIY COBPEMEHHBIX TUIIOB META/IJINYECKUX ayTMEHTOB,
TaKUX KaK NpsSIMOYTOJIbHbIE OJIOKU U KJIUHbsA (PucyHok 5).
Tax »ke IpUMeHeHHe ayrMEeHTOB 03BOJISIET JOCTHYb GoJiee
JLOJICOBEYHOU PEBU3UHU NPU KOCTHBIX AedekTax fo 20 MM
wau tTuna 2 u 3 no AORI [7,12,34,35].

[lo naHHBIM HCCIEAOBAaHUM ciefyeT NMPUMEHATb
MeTa/UIMYeCKHe ayrMeHTbl y MOXWJBbIX JIIOAEeH U
NallMeHTOB C HU3KOM JIBUraTeJbHOM aKTHBHOCTBIO
[7,19]. Werle et al. ucnosb3oBanmu MeTalJIUYECKHE
JUCTa/lbHble ayrMeHTbl OGeJpeHHOH KocTh pasMepoM 30
MM /151 BocriosiHeHus AedektoB Tuna 3 no AORI. Cpennee
BpeMs HabJIlo/leHHe cOCTaBU/IO0 37 MecsleB. ABTOPbl He
OTMeYa/Iu TOsIBJIeHHe PEHTreHOJIOTHYEeCKUX NPU3HAKOB
pacuiaTblBaHUS M He NPOBOJW/IM TOBTOPHBIX PEBU3UH
[36]. B cBoem wuccnenoBanuu Patel et al. ncnosib3oBanu
MeTa/UIM4ecKue ayrMeHThbl B 102 ciy4asx peBU3MOHHOIO
3HJONpoTe3upoBaHusa A JedektoB Tuna 2 mno AORIL

pasMepa GeApeHHOro U 60/bLIEGEPIOBOIO KOMIIOHEHTOB
Y peKOMEeH/I0BaHHOe BpeMs ucnoyib30oBaHue 180 fHel wiu
MeHble [33].

[lepuog HabsrogeHus coctaBua 11 et McciepoBaTenu
oTMevaloT 92% BbDKMBAeMOCTb 3HJAONPOTE30B 6e3
3HAYUTeEJIbHBIX O0CN0XKHEeHUH [12]. B uccnenoBanuu Lee et
al. Ha6usropanu 37 nayueHTOB (39 KOJIEHHBIX CYCTaBOB)
nocje PeBU3HMOHHOIO 3HAONPOTE3UPOBAHUS KOJEHHOTO
cycTaBa Ha poHe MHGEKI MU C UCTI0Ib30BaHUEM MO/Y/IbHbIX
MeTa//INYeCKUX ayTMeHTOB. B pesysbTaTe ucciefoBaHUsA
aBTOpbl MNPULUUIM K BBIBOJY, YTO HCIOJIb30BaHHUE
MeTa/JIMYeCKUX ayTMeHTOB MOXeT MNpPUBOJUTb K
HeCcTabUJIbHOCTU KOMIIOHEHTOB sHonpoTe3a [37].

HpI/IMeHeHI/Ie MeTaJIJINYeCKHX dAyTMEHTOB
n3 TBepAoro MaTepHuaJja yBeJIMYUBaeT Harpysky
Ha npuJjerarouyro KOCTb, qTo MOXeT CHWXAaTb

xapakTepucTuku umnaanTta [38]. [lo ganHbIM Panegrossi
et al. ucrosb30BaHME MeTA/VIMYECKUX ayrMEHTOB MOXET
NPUBOAUTH K Pa3BUTHIO KOPPO3UU M UCTHPAHUIO MeTaJlIa
[39].

PucyHok 5 - Ha penHmzeHozpamme KoeHHO20 cycmasa 8 npsimoll u 60K080l npoeKyuu 8u3yaausupyemcsi Mooy AbHuill
MemaJaauveckuill ayamenm, 3amewjarowjuli depekm meduanbHo20 Mblujeaka 60.16uebepyosoll kocmu

B  uccnemoBanuu  Patel et al. nokasanu
HaJIM4yMe pPEeHTTeHNpPO3payHbIX JIMHUH Ha TIpaHUIe
MeTa/JINYeCKUH ayrMeHT/KocTb B 14,6% ciay4aeB u3
79 peBHU3MOHHBIX apTPOIJIACTUK KOJIEHHOIO0 CyCTaBa.
B mopgo6HoM wucciemoBaHnuu Chung et al. mokasanu
Ha/lM4ue peHTreHNpOo3payHbIX JUHUN B 17,6% ciydaeB
13 79 peBU3UOHHBIX apTPOIJIACTUK KOJIEHHOTO CyCTaBa.
B nmepBoM wucciefoBaHUM pa3Mep  MeTa/UTMYeCKHX

ayrMeHTOB 6bl1 4 nan 8 MM. Bo BTOpoM HcciefoBaHUU
OMUCaHbl pa3Mepbl MeTa/JINYeCKUX ayrMeHTOB 10 MM
+5mMm u 10 MM + 10 MM [35]. [To ganHbBIM Panni et al. u3
38 peBH3UOHHBIX ApPTPOIJIACTUK KOJIEHHOTO CycTaBa C
NpUMeHeHHeM MeTa/UIMYeCKUX ayrMeHTOB B 3 cJiyvasx
(7,9%) noTpe6oBasiacb MOBTOpHasl PeBU3US MO Pa3HBIM
npudnHam [40].

MeTadu3zapHbie BTYJIKU U3 IOPUCTOTO TUTAHA M NOPHCThIE TAHTAJIOBbIe MeTadpu3apHbIe

KOHYCbI

MeTtadusapHbie BTYJIKU n3 MOPUCTOr0
TUTaHa WCIOJb3YIOTCA B INPAKTHKE pPEBU3HOHHOIO
3H/IONPOTE3UPOBAHUS KOJIEHHOTO CyCcTaBa NpPH KOCTHBIX
nedexrax tuna II u III mo AORI (Pucynok 6). PaGoTsl,
NOCBSAALEHHbIe JAHHOMY METO/ly 3aMellleHHs, YKa3bIBaloT
Ha YZOBJIETBOPUTEJbHbIE pe3yJbTaTbl HpPHU JIeYeHUH
KpynHeix gedpekToB [33,41-43]. B peTpocneKTHBHOM
nccaenoBanuu Gerald E. Alexander etal. 6b11u o1leHEHbI 2-X
JleTHHe pe3yabTaThl 30 ManKueHTOB ¢ JedeKTaMu TUna 2B
n 3o AORI. CorsiacHo mkase O61iecTBa KOJIEHHOTO CyCcTaBa
(Knee Society Score, KSS) wuccienoBaTesn oTMevanad
MOBBIIIEHUE CPpeSHUX 6aIoB € 55 10 92. ABTOPHI TaKXKe
OTMeyvaloT 1ecThb cay4daeB (20%) MOBTOPHOU peBU3UM He
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CBsI3aHHBIX C BTYJIKaMU U 7 nanueHToB (23,3%) oTMevanu
Hasin4yMe GOJIM B MPOEKLHUH AUCTATbHOM HOXKH MPOTe3a,
B 4-x caydasx (13,3%) Gosb paspemnsachk [44]. Jpyroe
pPeTPOCIEeKTUBHOe HccaefoBaHHe 51 mnanueHTa Steven
L. Barnett et al. mokasasu 3HAYUTeJbHbIE YJIyYIIEHUs
KJIMHUYECKUX U PEHTTeHOJIOTUYeCKUX JaHHBIX 4yepe3 38
MecsleB HabJ0leHns, Ho B 8% ciy4yasx norpe6GoBasnuch
IIOBTOPHblE DPEBU3UM, CBSI3aHHble C NEPUNPOTE3HBIMHU
nepejoMaMd B JBYX C/y4asX, HECOCTOSATEJIbHOCTbIO
deMopasbHOro ajanTepa U 60JIbI0 CBSI3aHHYIO C HOXKOM
THUOUATBHOTO KOMIIOHEHTA [0 OZHOMY ciydaro [45].
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PucyHok 6 - Ha peHmzeH02pammax Ko/1eHHo20 cycmasa 8 npsimoll u 60K08ol npoeKyuu 8u3yaausupyromcs memagusapHole 8myaku
3amewaroujue dedhekmul MedUAIbLHO20 U 1AMEPAAbHO20 MblWeaK08 601bwebepyogoli Kocmu. (a) - memagudapHas 8myaka ¢ OAUHHOU
yemeHmHolti Hodxckoll; (b) - memaguzapHas 8myka ¢ Kopomkol yemeHmMHoU Hoxckoll [63]

[IpocneKkTHBHOE uccjeJ0BaHUe Huang
et al. wuccrepmoBanun 96  ciyyaeB  pPeBHU3MOHHOTO
3H/IONPOTE3UPOBAHUA C HCIOJb30BaHUE BTYJOK U3
nopucrtoro TuTaHa. CpeJHUI CpoK HAGJ/IIOeHUS COCTAaBUI
2,4 roga. OTMevasoch yay4dileHHe (GYHKIUHU KOJIEHHBIX
cycTtaBoB. B 2-x caydasx (2,1%) notpe6oBajacb peBU3Us
[0 MOBOJY aceNTHYecKOW HecTabuabHOCTH. OJHUM U3
HeJI0CTaTKOB B JaHHOM HCCJIelOBaHUH SIBJISIETCSI KOPOTKU I
nepuoj Ha6IoAeHUs [46].

Taxxke, mnpu KocTHbIX JedekTtax Tuna Il u Il mo
AORIyacTb aBTOpPOB IpeAJIaratoT UCII0/1b30BaTh TOPUCThIE
TaHTaJIOBble MeTadusapHble KOHYChI (PHCYHOK 7).

Schmitz et al. wucnosb3oBasn MeTadusapHble

KOHYCbl B 44 ciy4yagX peBH3UM U CpeJHUH Iepuoj
HabJoeHus1 coctaBua 37 Mecsnes. Y 38 ocTaBIIMXCSA B
WCCJIe/IOBAaHUH NAallMeHTOB HAGJIIOJANINCh ylydlleHHe I10
mkanam KSS, BAI B 2-x cayyasx (5,3%) notpe6oBajack
acenTUYeCcKou

MOBTOpPHAaA peBu3na 1o nosony

HeCcTaGUJbHOCTH KOMIIOHEHTOB  3HJompoTe3a [47].
UccnepoBanue Meneghini et al. mokasanu ysyduieHue
cpegHux 6asioB KSS ¢ 52 go 85 6annoB y 15 nanueHToB
C UMIJIaHTUPOBAaHHBIMU MeTadU3apHbIMU KOHYCaMHU.
[lepuojg HabJOJeHUs B CpeJHEM COCTaBUJ 34 Mecsua.
B wucciegoBaHHM BO BpeMsl INOC/JAeAHEro HabJI0JeHUs
pEeHTTeHOJIOTUYeCKHM  He  OTMevaJocb  NpPHU3HAKOB
pacliaTblBaHUs M MUIpallUM KOMIIOHeHTOB. OJHaKo
aBTOpPbl OTMeYalT HeoOXOAUMOCTb GoJiee JJIUTEeJbHOTO
nepuoja HabJ/IOJleHUs] U CpaBHeHMe JaHHOTO MeToja C
aJbTepPHAaTUBHBIMU CNoco6aMU 3aMellleHUs] KPYIHBIX
nedekToB [4].

CoBpeMeHHOe HccaenoBaHue Shen et al. nokasasno
BbICOKMM ypOBeHb BbDKMBaHMA 45 HMIJIAHTOB B
nepuojie Hab6swozeHus 4,4+1,4 roja. B panHoW pa6oTte
HccieloBaTe/IM OGHAPYXUJIU B deThbipex (8,9%) ciydasx
repesioMbl, CBSI3aHHbIE C BTYJIKaMu [48].

PucyHok 7 - Ha penmzeHozpamme K01eHHO20 cycmaesa 8 npsamMoll U 60K08ol npoeKyuu 8u3yaausupyemcsi Memag@u3apHolii KOHYC,
3amewarowuti memagusapHwlil deghekm 6o1bwebepyosoll kocmu [64]

XoTss  fAaHHBIE  JIMTEPATyphl MIOKa3bIBAIOT,
YTO BTYJKM M KOHYCbl OAMNHAKOBO 3)PeKTHUBHBI A
3aMellleHUs] OOLIMPHBIX JAedeKTOB, Haubosiee 4YacToOH
NPUYMHON  HECOCTOATEJbHOCTH  JAHHBIX  pEeBU3UH
oKa3sbIBaeTcs nmepunpoTe3Hasa uHobeknusa [49,50,51]. Tak,
vcceloBaTesM Bo I1aBe ¢ Bonanzinga npoaHaninsupoBas
442 manueHTa CO CpPeJHUM IEPUOAOM HaGJIOJeHUs 42
Mecsna (auanasoH ot 5 70 105 Mecs1eB) mokasasiy 06K
ypoBeHb pa3BuTHusa nHPekuuu 7,38% [52]. Takke B cBoeM
nccnenoBanun Wirries et al. HecMmoTps Ha xopouue

noKa3aTesJ M OCTEOWHTErpaluy BTYJIOK ONUChIBalOT 4,3%
caydaeB pasButus uHbeknuu [53]. JlanHble Zanirato
et al. MoOKa3pIBAIOT YAaCTOTY DPa3BUTHUS IEPUNPOTE3HOH
uHbexknuu B 2,7 *+ 2,4% cay4asx U 4acTOTYy MOBTOPHBIX
peBu3suu B 7,1 * 4,8% cayvasx [54].

Elle 0/lHUM Cy11leCTBEHHbBIM HEJJOCTATKOM SIBJISIETCS
PHUCK CMeLleHHUs] BTYJIOK MU KOHYCOB HPH HCIIOJIb30BaHUU
OecueMeHTHbIX cTepxHer [55]. Takke CylieCTBEHHBIM
HEeJJ0OCTATKOM TaKHUX KOHCTPYKLMH SIBJISIETCS CJOXKHOCTb B
yJlaJIeHUU U3 KOCTU PU NMOBTOPHBIX peBU3UAX [56].

MerampoTe3bl U HHAUBU/AYa/IbHbIE IHAONPOTE3bI

[IIMpOKUH CHEKTp MNOKa3aHUM K IPUMEHEHHIO
MErasH/IONpOTEe30B MO3BOJISAET HNPUMEHATb WX IpHU
MaCCUBHBIX JlepeKTaX KOCTeH, IepUNPOTE3HbIX TepesioMaXx,

pPEeBU3UAX U OHKOJIOTHYeCKHUX 3a6osieBaHUAX (PrucyHok 8)
[57].
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PucyHok 8 - Ha penmeeHozpamme K01eHHO20 cycmasa 8 npsiMoll U 60K0s8oll npoeKyuu 8usyaausupyemcst Me2asHoonpomes
KO/IeHHO20 cycmasa 3ameujarowuti o6wupHbslil depekm 6edpeHHOl kocmu

Holl et al. uMnaHTHpOBa/ZM MerasHJONpPOTE3bl
KoJIeHHOro cycTaBa 20 nauueHTaM (21 KoJieHHBIH CcycTaB)
C HEOHKOJIOTUYECKMMHU MOKa3aHUAMHU. CpoK HaGJII0/leHUs
B cpefiHeM cocTaBus 34 Mmecsana (guanasoH ot 10 po 84
MecsneB). XOTA HCCJIeA0BaTeNd OTMedald YaydileHue
OLleHKM 1o IKajse OOwecTBa KOJEHHOTO CycTaBa
(Knee Society Score, KSS) ¢ 43+15 no 68+16,8; P <0,05,
OTMeYyasloChb pa3BUTHE OCJIOKHEHHH y 11 mnanueHTOB
(55%). ABTOpPHBI yKa3bIBalOT Ha BOSMOXXHOCTb IPUMeHEeHHUs
MEeranpoTe30B KaK OIepalyy 0 COXPaHEHUI0 KOHEYHOCTH,
YTO T1O03BOJIIET U36eXaTb aMIyTalUM KOHEYHOCTH
W BOCCTAaHOBHUTb IIO/BMXHOCTb C IOJHOM ONOPHOH
HarpysKoi Ha KOHeYHOCTb [58].

B npyrom ucciaenoBanuu Fraser et al. Bkirounnu B
vcciesoBaHue 247 MerasHJONpPOTE30B C POTALMOHHBIM
IAapHUPOM. BbDKHMBaeMOCTb NPOTE30B 6e3 MOBTOPHBIX
peBusuii coctaBusna 58% B Teyenue 8 et [59].
UccnenoBanne Smith et al. u3yymno ciayyam 3ameHbI
MerasHzonpore3oB ¢ 1999 no 2017 rop c nepuozoM
HabJswaeHus 24 Mecsna. B wuccieoBaHUM OlleHUBaIU
TaKue OCJIOKHEHWH KaK HeJOCTAaTOYHOCTh MSTKUX
TKaHeH, acenTHiecKoe pacuiaTbiBaHUe U HHeKuuw y 29
NalMeHTOB. ABTOPBI NPULLIN K BBIBOAY 06 OTCYTCTBUH
pa3HULBI B YacTOTEe MOCJEONePAMOHHBIX OCI0KHEHUN
MeX/y CENTUYEeCKUMHU U aCeNTHYeCKUMU Koroptamu [60].

BbIBOAbI

Ha coBpeMeHHOM 3Tamne pa3BUTHS PEBU3UOHHOTO
3H/IONPOTE3UPOBAHUS KOJIEHHOTO CYCTaBa He CyIleCTBYeT
YHUBEPCAJbHOTO MeToJa 3aMelleHHUsl AedeKTOB KOCTEH.
Bri6op crnoco6a 3amMeleHust ePpeKTOB KOCTEH 3aBHUCHUT
OT TUIIOB KOCTHBIX Ze(peKTOB, OCHALIEHHOCTH JIe4eOHOTO
yupexaeHus1, kBaaubukanuu xupypra. IlpescraBieHHble
COBpeMeHHble MeTO/[bl 3aMelleHUs] KOCTHBIX JedeKTOB
Opyd PEBU3MOHHOM 3H/ONMPOTE3WPOBAHUM KOJIEHHOTO
cycTaBa IMO3BOJISIIOT BOCIOJIHATH BCE THIIbI Je(peKTOB.
OJHaKoO MpUMeHeHHe MpPeJCTaBJeHHbIX CIIOCOG0B MOXKET
6bITb CBdA3aHO C HeKOTOprMI/l BUJaMHU OCJIO)KHeHPlFI u
Hey[[OBJIETBOpI/ITEJIbeIMH KJIMHU4Y€eCKUMHU pe3yanaTaM1/1.
CyuecTByeT HE06X0JUMOCTh pa3paboTKu HOBBIX
MOAXOJ0B K 3aMelleHHI0 JedeKTOB KOCTed mpH
PEBU3MOHHOM 3H/IONPOTE3UPOBAHUHU KOJIEHHOTO CYyCTaBa.
HOBbIe moAxo bl A OJI2KHBI yBeJlI/l‘-II/lTb IIOKa3aTeJun
HpI/I)}(I/IBaeMOCTI/l HUMIIJIAHTOB, 6bITb Cl)yHKLU/lOHaJIbHO
3(1)(1)eKTI/IBHbIMI/I, ynquaTb Ka4yeCTBO >XHW3HH ITaLlMEHTOB
)5 6bITb HpOCTbIMI/I B HCIIOJIB30BAHUU U 3KOHOMHUYECKHU
BBITOJAHBIMH.
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Berger C. et al. uayuynnu 114 nanuenToB co 116
MerasH/IoNpoTe3aMH M CPeJIHUM IEPUOZOM HabJII0/IeHHUS
7,6 netr (auanazon ot 3,8 gmo 13,7). ABTOopamMu 6blIO
oTMeueHO 35 cjyyaeB C pas3sBUTHEM [epUNPOTE3HOU
uHoekuuu (31%) [61]. Takxke, Berger C. et al. B cBoei
Jpyrod paboTe MNpoBeJd aHaJU3 HCTOPUM Gosie3Hel
nauveHToB B Sahlgrenska University Hospital ¢ 2006 no
2019 rozja v ycTaHOBUJIH, YTO 56% BCeX yCTaHOBJIEHHBIX
MerasH/IoNpOoTe30B MOTPeGOBa/d MOBTOPHOW pPEBU3UU
MO0 pa3HbIM MNpPUYMHAM, U3 KOTOpbIX 22% CBSI3aHbl C
nepunpoTe3Ho uHbexkuuen [62].

Takum o6pa3oMm, OTpHULATENbHBIMU CTOPOHAMH
HCII0JIb30BaHUA MErasH/I0NpOTe30B SABJIAIOTCS
OTCYTCTBHE YHUBEPCAJbHOCTH UMIIJIAHTOB, U3TOTOBJIEHHE
TaKHUX HMMIUIQHTOB TpebGyeT HECKOJIbKUX HeJleJib, U OHHU
UMEIT BBICOKYI0 CTOMMOCTb H3rOTOBJIeHUsA. Takke
MErasH/IONpoTe3bl  MUMEWT  PUCK  KPAaTKOCPOYHBIX
MeXaHUYeCKHUX OCJI0KHEHHUH M pasBUTHE HHeKUuH, C
nocjeAywollei amnyranyeid konedHoctu [19,61,62].

KoHGIUMKT uMHTepecoB. ABTOPbl  3asBJSIOT
06 OTCyTCTBHM KOHGQJIMUKTA HHTepecoB. CIOHCOPHI
He y4YacTBOBaJIM B pa3pabOTKe HcCCaef0BaHUsA, cOGOpe,
aHa/lM3e, UHTepIpeTalyy JaHHbIX, HAllMCAaHUU PYKOIMHCH
WJIY pellleHUH OIy6/IMKOBaTh Pe3yIbTaThI.

duHaHcupoBaHMe. HacTosiliee HcciefoBaHue
MpOBeJiIeHO B paMKaX Hay4YHO-TeXHUYeCKOH MporpaMMbl
MporpaMMHO-1ies1eBOro GUHAHCUPOBAaHUsA MHUHMCTepCTBa
3/lpaBOOXpaHeHUs Pecny6iuku Kazaxcrtan (Ne
BR11065157).

Bkiag, aBTopoB. Konnenrtyanusauus - C.B.; Coop
JaHHbIX - A.B.; ®opmanbublil aHanus - P.Jl.,; MeTozmosiorus
- K.P; AxmunuctpupoBanue npoekta - A.b.; [IpoBepka -
A.Jl; HanucaHUe (OpUrHHa/bHAasi YepHOBasl MOJrOTOBKA)
- PA., AM.; HanucaHue TekcTa (0630p U peJJaKTUPOBaHUE)
-AK
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Tyitinaeme

Apmpo3dely mepmuHaaodvlk KeseHdepiHOe mi3e OYblHbIHbIH Kbl3MemiH KaANnblHA Keamipy YwiH 6acmankbl icaansl mise
apmponiacmukacs! K010aHuL1a0bl. bacmankul jcasinbl mize apmponaacmuKkacsbl mize 6yblHbIHbIH (pemMopanvobl JHcaHe KHcinlHwik (Kellbip
Jcardatinapoa nameansipavlK) kypamoac 6eikmepin Memas jxcaHe noAuIMuUIeHMeH ayblcmblpyoaH mypadsl (kepamuka 3Hoonpome3sdepoiy
Kell6ip mypaepinde KosdaHbL1a0bl). By onepayusi 20Hapmpo3duiy Kellinel ke3eyoepiHde mi3e G)bIHbIHbIH HCYMbICbIH HaAKCapmamblH adic
peminde e3iH kepcemmi. Bipak sHdonpome3dey komMnoHeHmmepiHiy acenmuka/blk mypakcbi30biFbl Hemece nepunpome3sdik uH@pekyusra
ballianbicmbl 3HOONpome3sodey KOMNOHEHMMeEPIHIH cenmuKa/ablk mypakcbi30blFbl damblFraH sxcardatioa sHdonpome3sdi ayblicmulpydel Kalima
Kapayra scyeiHy Kepek. Pegususiiblk apmponsacmuka ke3iHoe mise 6YbIHbIHbIH HCYMbICbIH MYPAKMAHObIPYFA JHCaHe Ka/ANnblHA Keamipyze
Kedepal 60/1ybl MYMKIH dHcambac jxcaHe HcinHWIK cyltiekmepiHde akaynapduly natioa 60ays!t xcui kesdecedl. Kasipal kezeyde myHdail akaynapobl
ayvlcmulpy yuin 6Uobl0blpamalimsiH Mamepuandapra jxamambslH Keaeci adicmep K010aHbL1a0bl: YyemMeHmmey, 6ypaHdanbl apmamypameHr
yemeHmmey, kywellmkiwmepi 6ap 3ayblmmblK yeMeHm apaaslk 6ekimkiumep, Modya1sdik mMemana Kywelimkiumep, npecmeszeH Keyekmi
mumad xabblHbl 6ap mMemaduzanbovl mesikeaep xaHe KYpblablMOblK KOHycmap keyekmi maHmanodaH, meaa snoonpomesdepoeH Hemece
Jiceke sHdonpome3sdepdeH HeacanFaH.

By woay makanacwvinda PubMed, Google Scholar, SCOPUS, Web of Science depekkopaapbiHbIH 6U0bI0bIpAMAliMbIH Mamepuaa0apoax
mypamelH pesusus/blK mi3e apmponaacmukacbl kKesiHde mise GyblHbIH KypalmblH cyliekmepdeai akaynapdsl aysicmbulpy adicmepiH
cunammatimviH depekkezdep maadaHaowl.

Cyliek akayaapblH ayblcmolpydblH maadauraH adicmepi kyHdeaikmi macipubede KeHiHeH K010aHbl1adbl, COHbIMEH Kamap 6ipkamap
Kemwinikmepi de 6ap. Cyliek yeMeHMiHiY Ka/blH KA6ammapslH K0/0aHy MepMUsiablK HeKpo3 KayniH apmmblpadsl HcaHe cyliek YyemMeHmIiHiH
KbICbIMbIH Hawapaamaodsl. ToabIKmbIpFulWbl 6ap 3ayblMmblK YeMeHm apa/ablKmapbl ycmipmmiy moJblK aKayblH FAHA ayblCMbIpyFad
MYMKIHOIK 6epedi. Modynv0ik memanadvl Kywelimy KOppO3USIMEH JicaHe Mmypakcbi30blKmbly damybiMeH 6atliaHbicmbul. Memaguzaabobl
bymaaap MeH KypblablMObIK KOHycmap eHeidy KesiHOe cylieKmiH CbIHyblHA aKeaAyi MYMKIH JcaHe o.apdsl Kalima kapay KesiHde abin
macmay KublH. Meza snHdonpome3sdep HeMmece sceke aHdonpome3dey UHGPEKYUSTHbIH HCOFapbl KaynimeH 6atiianbicmol. Modyaboik memasnodwl
Kywetimkiwmep, Mmemagu3anbobl dceHoep, KypblabiMOblK KOHYcmap, Me2a sHdonpome3sdep Hemece Jceke 3H0onpome3dep de JcoFapbl 6arara
ue. Kasipai yakbimma mise 6ybIHbIHbIH KbI3MeMIH HaKcapmamblH, HAyKacmapobly eMIp Cypy canacblH HaKcapmamoiH, KeHiHeH Ko/1jcemimoi
JicaHe yHeMOi 601amblH akay1apobl ayblcmulpydbly dHcaya adicmepiH scacay Kaxcemmisizi mysiH0aiiobL.

Tyiiin ce3dep: cyliek akaynapbsl, pesususiblK Apmpon1acmuka, mize 6ybiHol, akaya1apobl AybiCMbipy.
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Abstract

In order to restore the function of the knee joint in the terminal stages of arthrosis, primary total knee arthroplasty is used. Primary total
knee arthroplasty consists in replacing the femoral and tibial (in some cases, patellar) components of the knee joint with metal and polyethylene
(ceramics are used in some types of endoprostheses). This operation has established itself as a method that improves the function of the knee
Jjoint in the later stages of gonarthrosis. But in cases of development of aseptic instability of the endoprosthesis components or septic instability
of the endoprosthesis components due to periprosthetic infection, it is necessary to resort to revision arthroplasty. During revision arthroplasty,
there are frequent cases of the formation of defects in the femur and tibia, which can become an obstacle to stabilization and return of knee joint
function. To replace such defects at the present stage, the following methods are used, which relate to non-biodegradable materials: cementing,
cementing with screw reinforcement, factory cement spacers with augments, modular metal augments, metaphyseal bushings with pressed
porous titanium coating and structural cones made of porous tantalum, megaendoprostheses or individual endoprostheses.

This review article analyzes sources describing methods for replacing defects in the bones forming the knee joint during revision knee
arthroplasty and consisting of non-biodegradable materials from the PubMed, Google Scholar, SCOPUS, Web of Science databases. The analyzed
methods of bone defect replacement are widely used in everyday practice, but also have a number of disadvantages.

The use of thick layers of bone cement increases the risk of thermal necrosis and worsens the pressure of bone cement. Factory cement
spacers with augment allow only the full defect of the plateau to be replaced. Modular metal augments are associated with corrosion and the
development of instability. Metaphyseal bushings and structural cones can cause bone fracture upon insertion and are difficult to remove during
revision. Mega endoprostheses or individual endoprostheses are associated with a high risk of infection. Modular metal augments, metaphyseal
sleeves, structural cones, mega endoprostheses or individual endoprostheses also have a high cost. At this time, there is a need to develop new
methods of defect replacement that will improve the function of the knee joint, improve the quality of life of patients, will be widely available
and cost-effective.

Keywords: bone defects, revision arthroplasty, knee joint, defect replacement.
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Llony maKana

Cyliek TiHiHiH aKaybl Ke3iHJeri TpaBMaTo/I10rusaa KO/1JaHbLIaThIH 3aMaHayHu
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Tyney6aer B.E. !, lapni6aeB JI.M. ?, Koiianoa A.A. 3, Kepum6ekos T.H. *

! Xupypausavik aypyaap kagedpaceiHbiy meHeepywici, Kaparandsl meduyuna yHusepcumemi, Kaparanowi, Kazakcman.
E-mail: Tuleubaev@qmu.kz
2 Kaparandvl meduyuma yHugepcumemiuiy PhD dokmopaumeol, Kaparanowl, Kazakcman. E-mail: Darybaev@qmu.kz
3 Xupypausinelk aypyaap kagedpacwinoa npogeccopdsiy accucmenmi, Kaparandvt meduyuHa ynusepcumemi, Kapararobsl,
Kasaxcman. E-mail: Koshanova@qmu.kz
*Kaparandvl meduyuHa yHusepcumemi Xupypausiavlk aypyaap kageopaceinviy accucmenmi, Kaparanowl, KasakecmaH.
E-mail: Kerimbekov@qmu.kz

Tylingeme

Tpasmamosiozusl sxcaHe opmonedusidarsl cyliek akayaapslH xieaby Kasipel kesee dellin esekminiein sjcoraamnaran. bya akayaap
Ke6iHe Kucmo3dvlK my3inicmepdeH myblHOAFaH, y3blH mymikmi cyliekmepoiy H#aaraH GybIHOAPbl HCIHE CO3bIAMAAbI OCMEOMUEAUMMEH
KeliiHzl cyllek akayaapsl 601b1n MabbLAaObL.

Tpomboyummepze 6alibimblLAFaAH KAH NAA3MACLI HAYKACMbIY 63 KAHbIHAH 0aliblHOA/1a0bl JcaHe MeOUYUHAHbIH ap CaAacbiHOa
K0/10aHbL1a0bL. TiHdepdiH 3akbimMOaHybIiHaH KelliHel Jcacywanslk npoyecmep, 6ackasapmed kamap, mpoméoyummep meH 6e1iHemin ecy
daxkmopaapvimen 6akblranadsl. Tpomboyummep ¢dubpur mopsiH 6ekimin-6ipikmipin, KaabinmacmulpraHHaH KelliH ecy ¢akmopaapst
MeH YyumokuHoepdiy aayaH mypiH wuirapadsl. Tpomboyummepdi aHblkmaiimsiH Hezizel yumokuHdep dcacywa npoaudepayusicuiHoa,
Xumomakcucme, scacywa dugpepeHyuayusicblHOa jHcaHe aHzuo2eHe3de Maybl3dbl pe1 amkKapadbl.

Cyliek mopgponozusinblk aKyvl30apbl KypblablMOblK 6ali1aHbiCMbl aKysi30apoblH YJaKeH mo6bl 60bin mabwsliadel. Cyliekminy
MopdozeHemuKaIblK aKysi3bl CylieK mysiay jcaHe pezeHepayusi npoyecmepimer molrbl3 6atinanbicmel. 0aapdsiy acep emy MexXaHu3Mi
0cmeonopo3dslH NPEKYPCOPbIK HACYWAAAPbIHBIH XUMOMAKCUCIH, KobetoiH ycaHe dugdepeHyuayusicel mypaasl cuzHaadapadst bepydi yxcaHe
ocwl acacywanaposiH cyliek my3iayiH uHdykyusaaaydsl kKammuosl. Kaunukara detliHei aykbimObl 3epmmeyaep cyliekmiy mop@dozeHemuKkaavlk
aKybl3bl 3KIMONUs OPbIHOAPbIHOA Cyliek my3inyiH mydblpyFa HcaHe CblHbIkmapdbl emoeyze Kabinemmi ekeHiH Kepcemmi.

MeseHnxumannik OiH Hcacywanapsl ykcac cunammamanapsl 6ap scaHe GipHewe yanaaapoa mapaarad OiH x#acywaaapblHulH
2emepozeHdi nonyasyuscel 60161N MabbL1a0bL. Me3eHxumanslk 0iy jcacywanapsl - 3aKbIMOAIFAH Me3eHXUMAbIK MiH MeH CylieK KeMielH
Ka/nvlHa Keamipyze kabinemmimyaemunomenmmiscacywaaap. Oaap xoHopobaacmmap, pubpobaacmmap xcaHe ocmeobaacmmap CusiKmel
Jcacywa myp/aepiniy keH aykbiMbiHa duddepeHyuayusiay Kabisemie ue, COHbIMEH Kamap oaap ademme 3H000epmMa MeH IKmodepmadaH
natida 601amvlH dceminzeH xecacywanaposl da sxcacaii anadsl. OcbLaatiuia, Me3eHXUMAAbIK JHcacyuanap 01apdsl peceHepamugmimeduyuHaoa
JiCaHe JHacywablk mepanusioa KoAOaHYFa HaKcol yMimkepaep 604sin mabblaadel. by 0iH scacywanapsl 60aybl MyMKIH cyliek KemielHeH
1/1000-1/100 xcacywa meauiepiHde anbiHadbl. Opi 2eMONO3IMUKAAbIK OiH HcaACywaiapblHaH OH ece a3. Me3eHXuMasblk OiH HcacywanapuiH
KIHOIK KGHbIHAH JcaHe Mall miHdepi cusikmul 6acka miHOepdeH de anyFra 601adbl.

ddebuemmepdi maaday cyliek akayblH aybicmbvlpy Kasipei 3amMaursl meduyuHada wewiimezeH macese 604bin Kaaa 6epemini
Kepcemeodi. 3aMaHayu mexHO/102USHbIH 0aMybIMeH 6cy (PaKkmopaapbIHblH HaHe Cylek aKayaapulH ayblcmbulpydbly iaya mypjepi otiaan
ma6wvli0dvl, 6y 63 kezeziHoe emdeyde dicana MyMKiHOIKmep awadbwL.

Tytlin ce3dep: cyliek miHiHIH akayvl, cbiHblkmap, y3vlH mymikmi cyliekmep, JcaaraH 6GyblHOap, ecy gakmopaapbl, cyliekmiy
MOpPHozeHeMUKANbIK aKYbl3bl.
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Kipicne

TpaBmMaTosiorusi kKoHe oOpTOoNeAUsAAaFbl CyHek
aKaysapblH a0y Kasipri kesre JeHiH ©3eKTiJiriH
XKOFa/ITIIaFaH. bBya  akaysap  keGiHe — KHCTO3JBIK,

Ty3iJlicTepZieH TybIHJaFaH, Y3bIH TITIKTI CcyleKTepAiH
»KasIFaH OybIHJApbl K9HE CO3bLIMaJbl OCTEOMHEJUTTEH
KeliHri cyiiek akaysnapbl [1].

COHFbI OH, JKbUIJBIKTA oJIeMJle JKoHe 0i3/iH,
MeMJIeKeTTe  JKOFapFbl  JHEprUs/IbIK,  JKapakaTTap
KebelireH, Ke6iHe O0JI-KOJIiK anaTTapbl, OUIKTIKTEH Ky1ay
HeMece K9Cill OpbIH/Ia a/IbIHFaH XKapaKaTTapblHbIH Ke3/ecy
KUiliri  yaradrad. Byn  oxkapakaTTap  KepceTkilTepi
YWJIeCKEH JKapakaTTap TypiHe KaTajbl. OJieMJiK
»Ka3baslapFa JKYTiHCeK, OpTaH XXIMKTBIH cyHeK TiHiHIiH
akays! yueci 10,7-30,8% Tuecini, an 6anTeip cyliekTepiHiyg
kepceTkimi 15-50,6% Kypaca, ToKnaH ik KepceTkiuii
0,4-30% kypailabl. AHaTOMO-PYHKIUOHAIABIK >KIOHE
HEBPOJIOTHSAJBIK, OY3bLIBICTAp KeWiHIl acKbIHyJapZblH
xkuintiri 11,6-44,9% TeH,. bBapablk xkaFgaija Ja HayKacTbl
eM/ley KoHe OHAJITy Mep3iMi y3apasbl, e3 Ke3eriHge Gy
KOpCeTKIlITep 3KOHOMUKAJBIK, TYPFbIZa Kepi acep eTesi.
TypakTe!l eHOeKKe KapaMChI3/IbIK, HAYKACThIH, 9JIEYMETTiK
KapbIM-KaTbIHACBbIHA J]a Tepic acep eTeni [1-2].

Kazipri yakpiTTa cyilek TiHiH »kaby oficTepiHiy
KOITereH XUPYPrUAJBIK eMJey Tacligepi koHe TypJi
OCTEeOIJIACTUKAJIBIK, MaTepuaAap KOJIIaHBbICTA.
OJ1apZbIH, KaTapblHA ayTOTeH/i TPaHCIJIAHTAHT, MOHITTIK
QJJIOTPAHCIJIAHTAHT (meMUHepau3alLUsIaHFaH
cyllek MaTpuKci) (koHe Tipi [JAOHOpAAH aJsbIHFaH
QJUIOTPAHCIVIAaHTAHT Kipeai.

HaykacTaH asblHFaH ayTOTPAHCIJIAHTAHT CyHek
aKayblH >Kaby TociizepiHiH Kasipri yakpITKa [JeliH
QJIThIH CTAaHAAPTTHI 60JiblN TabbLIaAbl. COHBIMEH KaTap
J)KaKChl  OCTEOMHJYKTUBTI JK9HE  OCTEOKOHJAYKTHUBTI
cUMaTTaMajJapFa He. AJIbBIHFaH ayTOTPaHCIJIAHTATThIH
6acTbl  KeMIUIri  JOHOPJBIK  OpPbIHHBIH  KOCAJIKBI
J)KapaKaTTaHybl JKoHE aJIblHATbIH CyHeK MacCachIHbIH
IIEKTiIirl, COHbIMEH KaTap HAyKACTblH aJaTblH HapKO3
YaKbITbIHbIH Y3apyhl [2].

TpaBMaToslorusi  MeH  opTomeAusja  CyHek
aKay/lapblHbIH, ~XUPYPrUsJIbIK  eM/Jey/iH  dAicTepiHiH
TUiMJiirine asnorpadrapzblH3aMaHayy 3KCIAHCHUSChI O,
acipin 6epzai[3]. CyHek TiHiH MoHiTTeH aJblll JalblHAAFaH
asiorpadT ajieMZle KeHiHeH TapafaH. MoHiTTik cylek

gjicremMme

Bys1 94e6u 1101y a3y 6apbICbIH/A OTAH/bIH KoHE
meTesiK MakaJajap KOJIJaHbLIFaH. [3/leHiC asCbIHbIH
kesieMi 20 KbUIAbI Kypazbl. [3zeHic 6apbicbiHAa Keseci
HHTEpHET pecypcTap KoszaHbLigbl: PubMed, Scopus,
OHJIaMH-MaJIiMeTTep 6Gasacekl, KoxpeiiH KkiTamnxaHachl,
Google Scholar. I3mey kesinfe keneci TyHiH ce3znep
KOJIJAaHbLIABL: CyHeK TiHiHIH akKaybl, CbIHBIKTAap, Y3bIH
TYTIKTI cylekTep, asfaH OybIHAAp, ecy dakTopsapsl,
BMP-2, PRP (#edekTbl KOCTHOW TKaHH, IepeOMbI,

Heri3ri 6eJ1im

Annorenzi MaTepuanjapAblH MaKpOOpraHHW3Mre
Tepic UMYH/Ibl 9cepi HeMece NaToreH/li Kellipy KeJelleKTe
npo6JieMasapFa 9KeJill COFyFa MYMKiH. MeJWIMHAHBIH
JlaMybl CYHeK CBhIHBbIFbl Ke3iHJe GHOMHEepPTTI MeTaJ1zap,
TOT 6acnaiThbiH 60J1aT, TATAH KOPBITHACHI XK9He KepaMHKa
KoJIJaHbLIazbl. JlereHMeH, Oyl KypbUIbIMAAp CYHeK
pereHepanusAcelH 6Gasy/aTaZibl HeMece *aJIFaH OybIHHBIH,
JlaMyblIHa 9KeJlill corazbl [4]. BuonHxeHepus 6arbIThI JaMU
Kese cyWek TiHiHIH ecy daxTopsappiMeH OGalbITbLIFaH

48

KenTereH JaWblHABIK Ke3eHJepiHeH, TasapTy/sapAaH
KOCaJIKbl JieMUHepanusauuara yublpadabl. byn eHim
KepekTi mimiHre kesrtipiseni. Ma#iTTik annorpadreiy
6acTbl KeMIILJTIri - KOJIJaHbLIAThIH OHIMHIH KalUTa KypblIy
yZAepici Oy3bpLiaibl KoHe 63 KypaMbIHAAQ XUMHUSIIBIK,
KOCBIHZbLJIAP CaKTasnaabl [6].

ConfFbI XblIJIapJa d/1eM/e Tipi JOHOPAAH aJblHFaH
QJIOTPAHCIVIAHTAaHT  KeHiHeH  Tapasirad. JKam6ac
OybIHBIHBIH, ~ 3HJIONPOTE3iHe  ’KacaJfaH  HayKAaCThIH
opTaH XKk 6ackl anblHaAB! [3]. AJNBIHBII TacTaJbIHFaH
opTaH KiJik 6acel yTW/IM3alUsAFa YIIbIpaMad JIOHOP-
HAayKaCTbIH KeJliciMiMeH »yHesi eHJeYy caTblIapblHaH
oTil, 9pi Kapall pellelMeHT HayKacTapFa CylheK akKay/apbl
Ke3iHge KoJsjaHbLIaAbl. byn omic Typi keMiuimikcis,
ce6ebi 63 KypaMbIH/Jja aHTUTEH/Ii KYPbUIBIMBI XKOK, )KoHe
OGUOJIOTHSJIBIK Kayirnci3 60JbIn TabbLIabI [3].

CoHbIMEeH KaTap, KeHiHri yakbITTa TiHJIK
WHXXEHepPUsSIHbIH,  KapKbpIHAbBl  ©pKeHJeyi  KemTereH
OGUOJIOTHUSJIBIK, K9HEe CUHTETHKA/IbIK ocy ¢(aKTopJapblH
*acan Tabyaa. OsapiblH KeMeriMeH KOJAaHbUIAThIH

TpaHCIJIAaHTATTapAbl ciggipy ApKBbL/IbI CYHeKTiH
OCTEOMH/AYKTI JKoHe OCTEOKOHAYKTUBTI acepiH
»KOFapblIaTafbl.

Jece e ocTeomacTUKa/bIK MaTepUaaAapAblH,
KenTiri aykbIMJbl CyHeK akKayJapblHbIH MaceseciH
wemneii. Byn MaTepuanzapApl KoJAAaHyJarbl 6acThbl
MaKcaT TeK KaHa akay/Jbl »kaby faHa eMeC, COHJaH-ak,
MeXaHHUKaJbIK KYII TYCyre Kapchbl TYpy KacueTi MaHbI3/bl
60JIMaK.

CocbiHMeH, cyHlek TiHiH akaybl Kasipri yakbITKa
JlelliH  TpaBMaToJIorMsl MeH opToneausiia  ©3iHiH
©3eKTiJiriH  xkofanTnarad. CyHekTiH akayblH eMzey
Tacifiepi eTeK Kem, ajaijia KOJIJJaHbLIATbIH JOHOPJIBIK,
TiHHiH a3/bIFbl )xoHe KazakcTaH Pecny6/iMKkacbiH1a Kelbip
TpaHCIJIAHTAHTTAPbIHbIH, TipKeJiM/le »KOKTbIFbI, YJKEH
KeJieM/i akayZbl KaJlllbl KeJTipy YLIiH kaHa MaTepUaijap
MeH Taclizepai oiian TabyFa aKeJiil COFajpbl.

ATanMblll IIOJNYABIH MaKcaTbl - XaJIbIKapaslblK,
aKapaTThIK pecypcTap/bl KoJlJaHa OThIPbII, CyHeK TiHiHiH
pereHepanusacel oHe TIiHAIK TEXHOJIOTHUSAHBI KOJIaHY,
cyleKk akKayJapblH TOJIBIKTBIPY/bIH, 3aMaHayH dAicTepiH
KOJIIaHy GOMBIHIIA COHFBI lepeKTePiH 3epTTeY.

JJIMHHbIE TPy64aTble KOCTH, JIOXKHbIE CyCTaBbl, GaKTOPbI
pocta, BMP, PRP, cyiiek TiHiHiH akaysapbl, CbIHBIKTAp,
Y3bIH KYOBIpJIbI CYHeKTep, »KaJfaH OybIHAAp, 6©cy
daktopsaape;, BMP, PRP). Isgey notmxkeci 6800 makasia
YCBIHABL. [37ey TepeHJiriHe Gal/aHBICTBI MaKaJja CaHbI
200 peitin KpIcKapThLIAbL. Kellin TyitiH ce3xep MeH oy
MaKcaThIH 6alaHbICThl MaKaJia caHbl 60 JaHacblHA AeHiH
KbICKAPTBLI/bIL.

OUOJIOTUSIJIBIK, ~ aJIMACTBIPFBILITAD KOJZAHbLIyAA. DBy
KYpbUIbIM ~KeJIeIIeKTI e3repicke yIIbIpalJbl HeMmece
pe3op6uusianazasl [5].

Tayesncis MeMJIEKETTEDP JIOCTaCTBIFBI
meMmiiekeTTepinge [A. HWnauszapoB oficiH  KoJigaHbIN
)Ky3ere acbIpblLIFaH CyHeK IJIaCTUKacblHa Ke6ipeK KeHia
ayAapblaajbl.
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ATasIMbILI 8/1iC KOMIIPECCUOH/bI - AUCTPAKLUAIIBIK,
KYII 9cepiHeH TybIHAAFaH.bl 6eJriii. Anai/a anmnapaTThlH,
KeJIEMIiHIH, YJIKeHJAIri, TUrueHa/JblK Ipoueaypaiapbl
aTKapy >KoHe HayKaclleH eM/JIIK OHaJ/ITy >XaTTbIFyJlapblH
»Kacay KUbIHZABIKKA YIIbIpauasl [6].

3aMaHayu TPaBMaTOJIOTUA TOxKipubeCiHge
OpraHMKaJIbIK eMeC UMIJIaHTTap Aa KOJIAaHbUIbIN KeJlefi.
ATanfaH UMIUIQHTTap/blH  KYpaMblHJ@ KOMIO3UTTI
moJvMMepJsiep, KepaMHKa koHe T.6. 06ap. bBynpau
KYpbLIBIMJAP/bIH, 6acThl KeMLILIri - cydek KeMirivjge

OCTEOMHAYKTHUBTI KacMeTTepiHe YIlbIpaMaybl MeH KeJieM/A1
CyHeK aKayblH TOJIBIKTAM Jkanmnaybiaza [7-8].

Tingix WHKEHEPHSAHBIH JlaMybl cyliek
aKayblH eMJiey/iiH »KaHa »KoJAapblH awyga. Kypambl
ecy  ¢akTopJsiapbiMeH  6GaWbITBLIFAH  ajtorpadrap
CylleKk pereHepaluscblH KbUIAAMJIATyFa  MYMKiHAIK
oepefi. TankblIaHbI OTBIpFAaH  ecy  ¢akKTopJiapblHA
CYHeKTiH MopdoreHeTUKaNbIK, npoTenHi (BMP-2),
TPOMOOLUTTEPMEH GaWbIThLIFAH KaH ImiasMmackl (PRP),
Me3eHXUMaJlb/ii IiH »Kacyluajaphbl )KaTaJbl.

TpoMGouuTTapMeH GalbIThLIFAH KaH mua3Macsl (PRP)

TpoM6onuTTepre 6GaWbITBLIFAH KaH IJ1a3Machl
HayKacTblH 63 KaHbIHAH aJbIHBIN >KacajblHaZbl >KoHe
MeJJMIIMHAHbIH, dp cajacblHAQ KoJjjaHbl1aAbl. PRP
ally YIUIH KaHZbI eki perTi UeHTpudyrasaHajpbl.
KesieMi 5 My KaH miasmackiHza keMm geredH 1 000 000
TpoMb6oOLUTTEP/S1 GosaZbl KoHe KypaMblHZa 3 ece
KOHLIEHTPaLUsChl  >KOFapbllIaFaH ecy  (aKTopJapbl
LIOFbIpJIaHFaH [9]. Tingepaiy, 3aKbIM/IaHYbIHAH
KeHiHri »xacymaselK IpolecTep, 6acKajJapMeH KaTap,
TpoM6oLUTTED MeH OeJsiHeTiH ecy daxkTopJapbiMeH
6akbliaHaibl. TpoMGouUTTEp GUOGPUH TOPBIH 6GeKiTim,
6ipikTipin, KasblnTacTbIpFaHHAH KeWiH ecy ¢akTopJiapbl
MeH UUTOKHUHJAEPAiH ajyaH TypiH wbiFapagsl [10].
CoHbIMEH KaTap, JKacaHAbl pPeKOMOWHAHTTBl  ©Cy
dakTop/1apbl KebiHece TacbIMa/AayLIbl PeTiH/ie KOCbIMILA
CUHTeTHKa/bIK HeMece »aHyap/jap aKybl3JjapblH KaxeT
etefi. PRP o3 keseriHzie Tabufu TacbiMasjaylibl peTiHje
apekerT eTe anagpl [11].

Cyliek XMpYprUsIBIK apaJjacy, 9pTypJi aypyJsap
HeMece ’KapakaTTap HOTWXKeciHZe Taiza 6GoJaTbIH
3aKpIMFa jKayan peTiHJe KaJIblHa KeJTipy KabineTiHe
ue. Exi npouecc Te xacymanapzbiH, ecy GakTopJapbIHbIH,
KOHe  KacyllaJlaH  ThIC ~ MaTPHUIAHBIH  KypAesi
HMHTerpauusiceld KaMTubl [12,13]. PRP TpomGonutrepaeri
B-tyHipwikTepnen opTypsi  ecy ¢akTopJsapbl MeH
LUTOKUHJEPAI )KeTKi3y apKbl/Ibl eMeyAi KylelTyi MyMKiH
[14]. TpomGonuTTepAi AaHBIKTAUTBIH HETi3ri HUTOKUHAED
kacyma nposandepanuacbIHAd, XUMOTAKCUCTe, Kacylla
JubdepeHIMALMACBIHAA KOHE aHTMOTeHe3Jle MaHbI3/bl
pes aTKapazAbl. BuoakTuBTI 3aTTap TPOMOOLUTTEPAIH
TBIFBI3  TyHipuwikTepinzge ge  kesgecedi.  ThIFbI3
TYHipIIiKTep/ie CepOTOHUH, THCTAMUH, J0NaMUH, KalbLUK
KoHe a/leHO3WH 6ap [15]. Byn ecyre 6aiisaHbICTbI
emec dakTopsap Kapajapibl eMAeyAiH OHOJIOTHAJIBIK
acnekTisiepine TyGereini oacep erexi. Kasipri yakpiTTa
CyHeKk akxay/JapblH KaJ/lblHa KeJTipy[iH MoJIeKy/lalblK
MeXaHU3M/JIePiH 3epTTey YL acnekTKe 6GaFbITTasIFaH:
KabbIHY IUTOKHH/AEPI, 8Cy paKTOpIapbl XKoHe aHTHOTeHAIK
¢daxTopsap. PRP MexaHu3Mi cyiieKTi KainblHa KeATipyZiy,
OCBI YLI acreKTici apKplibl )XKyMbIC icTeiai [16]. Ka6eiay
peakuusiapbl facTanmkbl  jKapakaT  JapexeciMeH
KOppeJLMsANIaHAThIH  OGipKaTap G6GUOXUMHUSIBIK JK9HE
»KacylasblK e3repictepai Kamtuabl [17,18]. ['ucTaMmuH MmeH
CEPOTOHHMH TPOMOOLMTTEP apKblJIbl LIbIFapbLIa/bl KoHE
eKeyl Je KalW/IsApJapAblH, OTKI3TIIUTIMIH apTThIpajbl.
Bys KabbIHy »acyluasapblHa »Kapa OpHbIHA Ke6ipeKk KoJI
KeTkisyre MyMKiHJIiK 6epefi >xoHe Makpodarrapzbl
6encenzipeni [19,20]. AfeHO3WH peLenTOpJIapbIHBIH,
GesiceHziipinyi »kapanapzabl eMzey Ke3iHAe KaObIHY/bI
Monynsuusaangbl  [21]. Epre peakuussapra kayan
GepeTiH Herisri KaGblHyFa Kapcbl LUTOKuHZAep-IL1, IL6
xoHe TNF-asbda [22,23]. CoiubikTapparel TNF-a 2xoHe
IL-1 axcnpeccusicel eki pasanbl cxeMa GOMBIHIIA KYpeAi,
CbIHY/IbI KaJIlIbIHA KeJTipyAiH 6acbiHAa WbIHbI 6ap. CogaH
KeHiH 3H/J0XOH/pa/b/Jbl XKeTiay Ke3iHAe XOHAporeHe3AeH
ocTeoreHe3re eTy Ke3siHJe ekiHumi mbeiHbl [24,25]. IL-6-

MeH eM/ieJIMereH ThIIIKAaHJAApAbl KOJIJAHATbIH >kaMbac
cyHeriHiH cbIHY MoJieli, COHJlai-aK, KaJIyCThIH 6asy KaiTa
KYPBUIYBbIH >X9He MHHepa/JaHyblH KepceTTi [26] »xoHe
Ka/inblHa KesTipinreH octeo6sactrapga TNF-a xane IL-1a
ekeyi e Ta6bpL1bI [27]. COHBIMEH KaTap, a/iaM CbIHBIKTaphl
MeH TiHTyip yJ/ricinzeri cyfiek CbIHbIKTapblH NalasaHa
OTBIPBIN KYPTi3i/ireH 3epTTey CbIHBIKTApAbl eMAey/l
x)epengeryne TNF-a Herisri pesiH aHbIKTazb!l xxoHe PRP
6esceHfiipinren Makpodartapzad IL-1 1mbIFapblIyblH
Texkel aJaTbIHbIH KepceTTi [28].

AyTOJIOTHANBIK TPOMGOLMUTTEP MNpenapaTTapbl
cylleKTep/iH TaOUFU caybIFy »OJIbIH GipHelle >KOJMeH
©3repTy MYMKIHJIriH KepceTTi. OpekeT GesiceHAipiareH
TPOMOGOLUTTED IUBIFAPATbIH 6cy ¢axkTopjapbl MeH
OGMOAKTHUBTI aKybI3Aap/iblH KOHLIEHTPaLUsChIHBIH,
»KOFapblIayblMeH 6GaianbicT. Oslap oHTnece emzeny
MOTEHLMaJbl TeMeH TiHJepAiH  pereHepanuscbiHa
bIKnasn ete anazabl [29,30], KanbINThl CyHeKTepre ykcac
OMOMeXaHMKa/IbIK  KacueTTepAi  KaJIblHa  KeJTipyi
myMKiH [31]. PRP KosjjaHy 3akbIMAaJFaH alMaKThIH,
MHKpOOpPTachbIHa XUMHUSIBIK, MeJMaTopJap/blH
LWIBIFAPBUIYBIH KylledTeni. TpoM6ouuTTepeH 6GesiHeTiH
ecy dakTopsapeiHa TpoM6ouuTTep ocy ¢aktopsl (PDGF)
[32], Tpanchopmauusabik ecy daktopel - (TGF) Gera,
TpPOMGOLUTTEpP 3MUAepPMHUCiHIH ecy dakTopel (PDEGF),
TpoMGoUUTTEp  aHruoreHesiHiy  ¢axrtoper  (PDAF)
[33], uncynunre yxcac ecy ¢akrtopnl (IGF-1) >xoHe
TpoM6ouuTTep daktopr! 4 (PF-4) [34]. EH TaHbIMan ecy
daxropnapeina PDGF, TGF-Betal xoHe beta2 xoHe IGF-1
»aTazbl. TpoM6ouuTTep TYHipIikTepiHge 601aThIH 6acKa
ecy GaKkTopJapbl - TaMbIPJIbI-3HJ0TENNH 6cy GaKTOp/Iapbl
(VEGF) »xoHe angoTtennii ecy pakropsapsl (EGF) [35,36].
Ochl paKTOp/IapAbIH 9PKANCBICHI ©3 POJIiH aTKapa/pbl.

TiHzik vHXeHepHUs 3epTTeysepi ecy dakTopapsbl
6ap TiHJIK HWHXeHepPHUSHBbIH KOMIIO3UTTIK TipeKTepiHiH
CyWeK OTKISTilTiri »akCbl €eKeHIH KepCeTTi. Con
cusAKThl, asorpadTel PRP kommosunusiceiMeH HeMece
aytorpa¢ cyieriMeH KoJiZilaHy Oip/iell HOTHXKe KOepCeTTi.
Ocel yakbITKa pmeHiH Gipkatap 3eptreynep PRP ecy
daxkTopsapeIMeH JK9He CYHeK TpaHCIUIAaHTALUACBIMEH
HeMece OHCBhI3 CYHeKTiH ’Ka3bIyblHA Kajad acep
eTKeHiHe OaFbITTaJFaH. 3epTTeysep KepceTKeHAeH,
cyiiek TpaHcmiaHTaTel 6ap PRP KosiaHy KosiH yuriciHzeri
CyWeKTep/iiH cayblfy canacblH aWTapJblKTal »akKcapTa
anazpl [37]. Xakumu xoHe 6ackanape!l PRP ayTorpadrnen
6ipre cyiek pereHepanvacbIHbIH alTapJbIKTal
»KaKcapyblHa oKeJseTiHiH kepceTTti [38]. CoHbIMEH
Karap, Yamada et al. uT yuaricinzie Me3seHXMMaJbIK JIiH
»KacywanapblHblH, PRP-MeH yisecyl cyleKkTiH >KOFapbl
KeTisyiHe akeseTiHiH kepceTTi [39]. Con cusiKTHI, Hanet et
al. octeoreHe3 iy canacbl MeH MeJILIEPiH apTThIPA aTaThIH
oecy GaKTOpJIapbIHbIH ayTOJOTUSJIBIK Ke3i peTiHge PRP
naiiaaHy¥a Heri3ereH cunatrasraH [40].
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PRP-men Gipre ayrtorpadThl KOJJaHy 6cy
daxkTopsapBIHBIH, OCBl KacyllaJapfa ocepiH GapbIHIIA
apTThipajps! [40].

Giovanini et al. TpomGouUTTepMeH 6GaWbIThIIFAH
maasManblH  (PRP) koHe aBTorpascmiadTaTThiy, 1l
*koHe Il TunTi KoJsareHAepAiH O6o0JyblHA, COHJAAHR-aK
23 KOsAIHHBIH CyHeK akaybl yJricinjeri cyiek TiHiHJe
CD34+ mnpekypcopJiblK >KacyllajJap/blH 06o0JiyblHA acepi
Garasanapl. Omap 6y 3eprtreyne PRP kosjgany cylek
TiHIHIH TYHJABIPbUIYybIHA KeJepri KeJTipyl MYMKIiH eKeHiH,

conpau-ak, Il >koHe | THUNTI KoJsislareH KaTbIHACBHIH JKoHeE
CD34+ mnporeHUTOPJBIK >Kacyllajap/blH, XUMOTAKCUCIH
apTTBIPYbl MYMKiH eKeHiH aHbIKTazbl [41-43]. Anaiiza,
PRP-giH cyliekTepsii empeyre ocepi Typasibl 6GapJiblK,
3epTTeyJiep OH 60JIFaH XKOK, Sanchez et al. PRP k/TMHUKaIBIK,
KOCBIIBICTapFa KOJIJJAHBLIZBI 2koHe 21 all GyphIH COTCi3
XUPYPTUAIBIK, 6eKiTyZileH KeHiH peTpOCNeKTHUBTI >KaFjait
Typasbl Xabapsiazabl [41]. Apasac HOTWXesep TypaJbl
xabapJlaH/bl, COHABIKTAH HAKThl KOPBITBIH/JBI Kacay
MYMKiH 60/1Ma/ibl.

Cyiiek Mmopdo/10TUsIBIK aKybI3gapsl (BMP-2)

European Medicines Agency (EMA) popi-
JopMekTepni 6Garasay rhbmp 2-ai 2002 KbLIbI
WHTpaMeAynap/blK — ThIPHaKIeH  TypaKTaH/bIPbLJIFaH
allblK ~ OKIJIIHIIIK ~ ChIHBIKTapbl  yUIiH  KOJIJAHYZbl
Maky/azanel. EMA xeHe FDA wmakysgaysnapel BMP-2
Evaluation KoMnaHusiCbIHBIH Herisri 3epTTeyiHeH KeHiH
anbiHabl. Surgery for Tibial Trauma (BESTT) 3seprrtey
To6b1 450 HayKacTblH KaTbICybIMEH IepCleKTHBabI
paH/JOMHU3alUslJIaHFaH OGaKblJIAHATbIH CbIHAK, >KYprisAi
[41]. CraHzapTThl eM KabbLiJjaFaH HayKacTap/bl
(uHTpaMenynsapablK ~— ocTteocuHTe3) rhBMP2 (0,75
mr/mia Hemece 1,5 mr/ma rhBMP2  ciHeTiH koJsuiareHn
ry6kajiapbIMeH) CTaHAAPTThI eM Kabbl1aFaH
HayKacTapMeH caJjbICThipAbl [41]. 3epTTeyaiy 6acTankpl
COHFBI HYKTeci 12 ail iwiHge KaliTasaMa apajacyzbl
KakKeT eTeTiH HayKacTapAblH CaHbIH aHBIKTAy O60JABI.
3eprTey rhBMP 2 KabbliiaraH eMenyulisiepie KalTasaMa
apasacysap caHbIHbIH 44% pjo3ara Teyeadi TeMeHzeyi
Typasibl xabapsagpl, rhBMP 2 KabbligaraH HayKacTapblH,
74% »xkoHe 6akplLiay TOOBIHAAFbl HayKacTapablH 54%
KaliTaJlaMa apa/iacycbl3 Ka/IblHa KeJAl.

RhBMP 2 ambIK XiJTiHIIIK CBIHBIKTApbIH eM/ey/e
yKcac TNepcleKTHBAJIbl HOTHXKeJiep Typasbl xabapJiaFaH
GipHellle KJIMHUKAJIBIK 3epTTeY/Iep XKyprisinai. 3epTreynep
MEepCIeKTUBaJbl HOTHXKeJep KepceTkeHiMeH, rhBMP2
KOJJaHy Ke3iHJeri KJIMHHUKaJbIK HOTIKeJep KeklJe
OHTalJIbl eMec HeMece KapaMa-KaWIibl GoJiAbl. Asanfa,
ajraumkpl 3eprreynep rhBMP2-MeH 6aliylaHBICTBI KaHaMa
acepJiep/iiH, CaHbIH >XeTe O6afanaMazbl JereH 60J/okaM
»acangbl. BMP-giH KaTepJi icik aypybIH TYABIpYbl MyMKIH
eKeHZiri Typasbl anaHAaywbUIblK, Tyabsl [40]. IcikTig

Me3eHXUMaJIBIK JiH, )Kacylajiapbl

Me3eHXUMaIIbIK, AiH Kacyliajapbl (MSC) yxkcac
cUIaTTamMaJapbl 6ap koHe GipHelle yJnasapja TapaJfaH
JiH  ’KacylmalapblHbIH ~ TFeTepOTeHAi  MOMyJIALUACH
60JibINl TaObLIaAbl. MSC - 3aKbIMZaJFaH Me3eHXUMaJbIK
TiH MeH cyHeK KeMiriH Ka/lnblHa KesTipyre Kab6ineTTi
MYJBTUNOTEHTTI kacymanap. Osap XoHApoGJacTTap,
¢dubpobIacTTap KOHe OCTE06JIACTTAP CHUAKTHI JKacylla
Typ/epiHiH ~KeH ayKpIMblHa JAuddepeHIHaLUsIIaHY
Kab6iserine ue. CoHbIMEH KaTap, oJiap dJeTTe
3H/I0/lepMa MeH 3KTO/lepMaJiaH Maia 60JIaThIH JKeTilreH
KacymasapAel  Aa  okaca  amagel  [12]. Oceutaiima,
Me3eHXUMaJIbIK JKacyllajap oJlapAbl pereHepaTHUBTI
MeJMIIMHA/lA JK9He J>Kacylla/lblK Tepanusja KoJJaHyFa
YKaKCbl YMiTKepJiep 601bIn TabbL1aAbl. By fiH xkacymanapel
60J1ybl MYMKiH cyiiek KeMmirineH 1/1000 - 1/100 »kacya
MeJiliepiHAe  aablHAJbI, O6yJ TeMONO3THKAIbIK [iH
»KacyulajapblHaH OH ece a3. MSC kiH/iK KaHbIHAH >K9He
Mail TiHJepi cCUSAKTBI 6acKa TiHJep/leH Jie ajlyFa 00Jafbl
[45].

MSC 6ipkaTap KpuTepUiliepMeH aHbIKTa1aAbl: MSC
CTaHJApPTThl >Kacylla ecipy »KaFAaiiapblHAa >KabbICKAK
»)koHe KosioHusiap (CFC) kypyra ka6inerti; MSCs cd105,
CD73 xoHe CD90 cuaKTbl MapKepJ/epre ue, aj oJapja

cyllekke MeTacTa3 OepyiHiH eH Ken Tapa/jfaH OpHbI
OMBIPTKAa 6o/FaHAbIKTaH. FDA OHKOJIOTUAJIBIK aypy/apbl
6ap HaykacTapfa BMP kosizaHy Tapuxbl xoubuigbsl. BMP
I1eHOTPONThl QyHKUMAJApbIMEH TaHbIMal. COHJbIKTaH
KaTepsi icikTiy fgaMmybiHa Ja KaTbicagpl. BMP dand5
AHTAroHUCTI eKmejeri cyT 6e3i KaTepJi iciriHiH yHbIKTan
J)KaTKaH MeTacTaTHKaJblK »KacyasapblH [18] kaiita
GesiceHzlipe asaTblHbl KepceTisreH. COHbIMEH KaTap
BMP curnanusanusacet BMP Il Ttunti peunentopJsiapzbly
11aMa/iaH ThIC 3KCIPECCUSIChIH 3epPTTeYAe iciKTi 6acy peJiiH
aTkapazbl [41]. Kartepai icikke apHanraH BMP-zin 6y
KapaMa-Kaiibl ¢yHkuusiaapbl thBMP2 Kybik acTel 6esi,
aHaJIbIK 6e3 koHe CcyT 6e3i KaTepJli iciriHiH icik xacyiablk,
JKeJlijlepiH  TeXeWTiHIH KepceTeTiH MaJsiMeTTepMeH
oZlaH api KypaesneHe Tycefi [42]. Bacrankbl GekiTijireH
KepceTkiwtep 6olbiHIla BMP empgeyniH xkahaHAbIK
TabbicblHAH 6acka, rhBMP2 KosijlaHFaHHaH KelliH 6ipHerlie
>KaFbIMCbI3 )KaHaMa acepJiep, COHBbIH, illiHe nHeKLUsIap
MEeH OCTe0JIM3, PeTPOrpaAThIK 3AKYJIALUSA, HUMMYH/ABIK
’Kayall ’KoHe TeTepOTONUsIIBbIK CyHek Ty3iayi 6aliKanfaH
[43]. XabapJsiaHfaH acCKbIHYJapAblH KeMWIiJairi cyHekTiH
TUIMAI KaJIbINTaCyblH KAMTaMachl3 €Ty YIIiH KIUHUKAJBIK,
TYp/ie TaFalbIH/ a/IFaH CynepPpU3U0JI0TUAIBIK J03aapMeH
6adyaHbIcTl  Gosabl  [43]. bBacTamkbl KJIMHUKaJBIK,
3epTTeyJiepie Y3blH cyliek akay/japblH emzeyzae 10-12 mr
AuanasoHbiHga rhBMP2 posanapel KoJsiaHbLIFaHBIMEH,
Kazipri yakbiTTa BMP-2 oHTalisnbl f03ackl miaMmaMeH 1-2 Mr
BMP/xr pen ecenteneni [44]. TinTi 6ys1 f03a eTe »oFapbl
60J1ybl MYMKiH >koHe erep BMP-2 KyMbICBIHBIH, Heri3ri
MexaHU3M/lepi »KaKchl TYCiHijzce, OHbI OJJaH 9pi a3alTyFa

60J1ajibl.

CD34, cd45, cd11a, cd19 Hemece cd79a, cd11b Hemece cd14
reMOIO3THKAJBIK JIiH )acylllasapblHa TOH MapKepJiep 6ap,
HeMmece HLA-DR; MSC ocrteo6iacTTapFa, JiMnobiacTrapra
HeMece  XOHJpoGsactrapra  auddepeHUHaALUsSIIAYFA
BIHTAJIAaH/ABIPBLTYbI MYMKIiH [46].

byriuri kyHi MSC aaresus MoJiekyJiajapblMeH
GalIaHbICKAH "X¥acyua-kacyma" Tikesen e3apa
9peKeTTecyi apKbLIbl Kysere achIpbIIATBIH
bYHKLMOHANABL, KaHCIeUMPUKaNbIK  OUOSPTYPJIIMIKTI

KepCeTeTiHI »Ka/mblFa oOpTak GesceH/iTIK, IUTOKUH/ED,
ecy paKTOpJIaphl XK9He KacylLlaIblK, CUHTHaJ 6epy »KoJ1Aapbl
[47]. MSC ajaMHbIH KenTereH TiHAepiHEH aHBIKTalybl
J)KOHe OKlIayJaHybl MyMKiH. OJslap asfam peT cyHek
KeMiriHjie cunaTTasjsfaH, KeliHipek afjaMHbIH Mail TiHiHIe
[48] xoHe kellbip Gacka epecek aF3ajiap/a CUIATTaJFaH.
OslapzblH KaHa TyFaH HOpeCTeHIH opTypJl TiHAepiHAe
naijia 60s1ybIHa epeklille Ha3ap ayjapblLiajbl. bocaHFaHHaH
KeHiHri TiHAep sTHKaJBIK TYPFbIAaH KapaMa-Kaiibl 60Jca
Ja, TepaneBTik Makcarta MSC any kesinge 6esrini 6ip
apTHIKIIBLIBIKTApFa Me 6Gajama peTiHAe naijasnbl. bya
TiHAepre aMHUOTHKAJBIK CYHbIKTBIKTaH, aMHUOTHUKAJBIK,
MeM6paHa/aH, XOPUOHMKAJBIK, MeM6paHaJlapAaH,
XOPUOHMUKa/IbIK  BW/JAJapAaH, IJlalleHTaJaH  JKoHe
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KiHJiK KaHblHaH aJjblHFaH MSC kipezai [49]. Osapabig
capasay Kab6ineriHe keseTiH 6osicak MSC memipiiek
HeMece CyHeK TiHJepiHJeri pe3uJeHTTIK KacyllajlapMeH
0Gal/JIaHBICTBI epeKlle KbI3MeTi apKblIbl aAHBIKTAJIYbI
MYMKiH ekeHgiri kepcerinren [50]. MSC 3akbiMjasFaH
MyuleJiepZAi KaslllblHA KeJITipy IpoueciHje XKepriJikTi,
TiHIe ToOH JKacyllaJblK IpeKypcopJsapAbl KoJJanjbl
[51]. MSC xacyma 6eTiniy MapkepJsepiHiH HKeMAiniriHe,
nrddepeHuanuacbiHA XKoHE IKCIPECCUsIChIHA KabineTTi
MyJIBTUNOTEHTTI  JKacyllajap peTiHJe  CHUNaTTaIybl
MyMKiH CD73, CD90 »xane CD105 [52]. MSC-ma yur 6eTTik
MapKep/ieH 6acKa, 6acKa KpUTepUiIep OpbIHaTybl KEpPEK.
HerizineH MoHoOUMTTepre, 3HAOTEJNUN »KacyllajJapblHa
)K9He  JUMOOUMTTepre TOH 6Gacka MapKepJiepAiH
6osiMaybl. by - eTe MaHbI3ZbI, ce6eb6i MSC 6GeTi opTak
MoJIeKyJIajiap, »acyiua 6eTiHiH 6acka MapKepJiepi ofaH api
nrddepennuanusa yuriH MaHbI3ZbI G0JIybl MYMKiH >KoHe
HOTIKeCiHZe QYHKIMOHANABl 3aKbIMAAIFAaH TiHAEPAiH
KepiHicTepi OpbIH anajbl.

Mpbicasibl, KiHJiK KaHbIHAaH HeMece Mal TiHiHEH
anbiHFaH MSC-ze cyilek KeMiriHeH okuaynaHFaH MSC-
re KaparaHga CD44 skcnpeccusickl —auTapJbIKTan
skoFapbl [53]. Kasipri yakeiTTa Hasap aymapbiHbI3 MSC
b6acKka CyOomomyjasiiMsJapblH  CUNATTAaUTBIH  dpTypJi
MapkepJiepre apHaJjfaH. Stro-1 HeMmece vcam-1 ajaresus
MOJIEKYJIaChbl CUSIKTBI Kelb6ip MapKepJiep OChl MapTTapAbl
KaHafaTTaHAbIpaabl. /JlereHMeH, stro-1 akcmpeccusicel fAa

JKacyiiasapbl MEH SHAOTEJUHM MOMyJISANUChI JKacylanap,
COHJIal-aK, vcam-1 ajre3uvs MoJiekysachl [54,55].

MSC-TiH ocTeo6sacTTapra JuddepeHHaANUATAHY
KabizeTi oJsapbl cydekTepZi KaslblHA KeJTipy[iH
OGUOJIOTHUSAJIBIK HETi3/le/ITeH 9/iCTepiH/ie KOJIJaHyFa dKe .
3aKbpIM/JaJIFAH CYHEKKe eHeTiH TPOMOOUTTEP/IiH, KAaObIHY
JKacyllaJapblHbIH, KoHe MaKpodartap/blH KacyllaJbIK
peakuusicbl  0CTe06JIaCcTTap MeH  XOHJAPOLUTTEpPre
06JIiHETIH Me3eHXUMaJIbIK, [liH >KacyllaJapblHbIH Kelli-
KOHbIHA bIKNaa etefi. KinMHuKara JAedliHri 3eprreysiep
NepUOCTEeYMHAH, CyHeK  KeMiriHeH, aiHaJIbIMJaFbl
KAaHHAH »JKoHEe aKlHaJacblHAAFbl JKYMcaK TiHJepJeH
QJbIHFAaH Me3eHXUMaJIbIK /[iH JKacyllajiapbl apKbLIbI
CyHeK TiHiHIH KaJIlbIHA KeJsy KbLIJAM/IbIFbIH aHBIKTA/AbI.
Knunukara [JediHri 3seprreyre codkec, 12 amnTaiblk
eMJeyleH KeWiH 3KCnepuMeHTaI[bl KaHyapJapAarbl
demopanbbl akaysap alTapJbIKTal )KOFaphl JeHretnepai
KepceTTi. OcipiireH Me3eHXUMMaJbIK KacyllaJap/blH,
TachIMaJIJJaylbICbl peTiHJAe MNakJaJaHbIAThIH KeyeKTi
eki ¢asanpl THUAPOKCHANATUT/TPUKAIBLIMN ocdaTel
apKplIbl CYHeK Ty3iayi, Tek ecipiiMereH TipekTepMeH
caJpICTBIpFaH/ia KapacTelpbLIaael [56]. Backa kinHMKara
JeMiHri  3epTTeynepAiH  KapusAJAHFAaH  HATHXKesepi
Me3eHXHMMaJIbIK, [iH KacyllaJapblHbIH 0OCTeo6JiacTTapFa
auddepeHINAMACBIHBIH, ~ TachbIMaJJayLIbIChl  PETiHAE
TipekTepAi mnaljajsaHa OTBIPBIN, CYHeKTiH TysiayiH
pactazel [57-60].

a3 MeJepe aHbiKTaagbl CD34 reMonoaTuKasblK [AiH

KopbIThIHBI
9/ ebueTTepai Taazay HOTHXKeJiepi cydek TabbLiAbl. Bys e3 keserinze eMey/e xkaHa MYMKIHJAIKTep
aKayblH aybICTBIPY Kasipri 3amMaHfbl MeJUIIMHAJa  allafbl.

nlelliyiMmereH Macesie GOJIbIN Kasa 6GepeTiHiH KepceTeni.

/ Myaaesiep KaKThIFBICHI XKapUsAJIaH6abl.
Byl MaTOJIOTUAHBIH, Tapajybl KOITereH XbLigap 60Mbl

. ApKbLJIaHABIPY. o a3aKCTaH
MaHBI3bl  GOABIN  KANA GEpeAi OKoHE  aAaM3ATTHIH PeCHy6JlI<‘Hl£’aCbIHbIHA EI’()(I)Fapr 6ini131, maHeK f;JIBIM
WHAYCTPUAIJbl K9HE TEXHOTEeHJIK JaMybIHbIH, 6cyiMeH .
GalfllﬁaHIIZICTb? ALK Aamy Hoey MUHUCTPJITiHIH, TPaHTTBIK KAapXKbLJIAHABIPYbI asChIHJA
) )yprizingi (2021-2023, )KTH AP09260954).
ATanMplll  aypyAblH aFbIMbl CYHeK aKaybIHbBIH,

ABTOpJIapAbIH, KOCKaH yJeci. KoHuenTtyanb3anusa
- TB.E, Tekcepy - K.A.A; pecmu Tanpay- KT.U.; xasy
(TynmHycka xko06a) - [11.M. BapJiblK aBTOpJ1ap KOKa36aHbIH
COHFBI HYCKAChIMEH KeJIicil, aBTOPJIBIK KYKBIKTBI 6epy
dopmacbiHa KOJT KOUABL.

CbIHU eJimieMJiepiH KublHJaTabl. CyHeK »apaKaTbIHbIH
aKayJiapblH eM/JeyZeri 3BoJII01 s IpoLeciH/ie HayKacTap/bl
eMJieyAiH Gesriyi 6ip Herisri mpuHIUNTEP] KaJbINTACTHI.
Cy#lek TiHIH aybICTBIpy oficTepi o3ipseHfi. 3aMaHayu
TEXHOJIOTUSIHBIH JaMybIMeH 6cCy (aKTOpJapbIHBbIH JK9He
CyleK akayJlapblH aybICTBIPYZABIH, >XaHa TypJiepi oMJan
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l'lpumeHel-me COBpPEMEHHBIX (l)aKTOpOB pocTa, IpUMEeHAEMbIX IPpU Lle(l)eKTaX KOCTHOH TKaHU
B TPABMATOJIOTUHA
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Pe3wome

AxkmyasvHoll npobsaemoll 8 mpagmamoJioeuu u opmoneduu ocmaemcst 3akpvlmue deheKmos KOCMHOU MKAHU, 6bI38aHHbIE
KUCMO3HbIMU 06pA308aHUSMU, PEBU3UOHHbIMU ONEpayusiMu OMKpbIMbIX NepesoM08, A0XCHBIMU Cycmasamu OJAUHHbIX mpy6yamelx kocmetl
U XpOHU4eCKUM 0CMeoMUesUmoM.

Ilrasma kposu, o6ozaujeHHass mpomMo6oyUMaMu, ussekaemcs U3 co6cmeeHHOU Kpogu nayueHma u Ucno1b3yemcst 80 8cex 06.1acmsix
MeduyuHel. KaemouHbvle npoyeccbl nocse nospescdeHuss mkaHell KOHmMpoJaupyomcs, cpedu npovezo, mpomMoéoyumamu u OeAswWuUMUcCs
¢pakmopamu pocma. Tpomboyumel npousgodsam Wupokuill cnekmp ¢akmopos pocma u YUMOKUHO8 NOcC/e NpUuKpeneHus, CAUSHUS U
obpasosarus gubpuHosoll cemku. Katouesble yumokuHbl, onpedeasowjue mpomMoboOyumMel, U2parm eaxcHyw poab 8 npoaugdepayuu K1emok,
xemomakcuce, duggdepeHyuposke kKjaemok u auvzuozeHeze. Mopgoaozuveckue 6Gesxku Kocmell npedcmagasiom co6oll 6oavbwyro zpynny
CMpYKMypHO C853aHHbIX 6esKos. BMP mecHo ceésisaH ¢ npoyeccamu ¢popmuposaHuss u pezeHepayuu kocmei. Mx mexanusm delicmeus
8K/I04aem nepedayy cu2Ha108 o XxeMomakcuce, npoaugepayuu u duggpepeHyuposke Kaemok-npeduleCmeeHHUK08 0CmMeonopo3a u UHOYKYUo
obpasosaxus kocmell smumu Kaemkamu. O6wupHsle JoKAUHUYeCKUe Ucc1ed08aHUs nokasaau, ymo BMP cnocobeH 8bi3bieamb 06pazosanue
Kocmell 8 Mecmax 3Kmonuu u Jie4ums nepesomul. MeseHXuMaibHble CME0108ble KAemKu npedcmagasom coboll 2emepozeHHble NONYyAAYUU
CMB0.108bIX K/AEMOK, KOIMopble UMem CX0d4cue Xapakmepucmuku u pacnpede/ieHbl N0 HECKOAbKUM mKaHAM. MSC-amo mynemunomenmHole
K/emKU, CnocobHble 80CCMAHABAUBAMb NOBPEHCOEHHYI0 Me3eHXUMAAbHYI0 MKAHb U KOCmHbIl Mo32. OHU 06saadarom cnoco6HOCMbIO
dugdepeHyuposamuvcsl 8 WUPOKULL cnekmp munos K/Aemok, makux Kak XoHopobsaacmol, pubpo6aacmel U 0cmeob1acmol, a makice Mozym
npouszsodums 3pesible KJAemku, Komopble 00bIYHO NPOUCX00SM U3 3HModepMbl U 3kmodepmbl. Takum 06pasoM, Me3eHXUMAaIbHble KAemKU
845100Mcs XOpowuMu KaHoudamamu 04151 UX UCNO01b308AHUSl 8 pe2eHepamusHoll MeduyuHe U KA1emo4Holl mepanuu. Imu cmeo/108ble KAemKu
Mo2ym 6bImb NOY4eHbl U3 KOCMHO020 M032a 8 Koauvecmae om 1/1000 do 1/100 kaemok, umo 8 decsimb pa3 MeHblUle, YeM y 2eMON03IMUYECKUX
CMe0.108bIX K/Aemok. Me3eHXUMaibHble CME0/108ble KJAemKU MakKice MOX#CHO NOAyHUMb U3 NYNOBUHHOU Kpo8U U Opy2ux mKaHell, makux Kak
JHUPOBASI MKAHD.

AHanuz aumepamypsl nokazvigaem, 4mo ocmaemcsi HepeweHHoU npo6.iemot 8 cospemeHHoU meduyuHe. C pazgumuem co8pemMeHHbIX
mexHo.102ull 6bl1u U306pemeHbl HOB8ble munsl hakmopos pocma u 3ameHvl depekmos Kocmell, Ymo, 8 c8oio oyepedb, OMKpbl8Aem Hogble
803MOJCHOCMU 8 IEYEHUU.

Katouegole cnosa: depekmul KOCMHOU MKAHU, NepesoMbl, OAUHHbIE mMpy6Yamule KOCmu, JN0J4CHbIE cycmasbl, pakmopul pocma, BMP,
PRP,

Application of Modern Growth Factors Used in Traumatology During Bone Tissue Defects

Berik Tuleubayev !, Darun Darybayev ?, Amina Koshanova 3, Tolegen Kerimbekov *

! Head of the Department of Surgical Diseases, Karaganda Medical University, Karaganda, Kazakhstan. E-mail: Tuleubaev@qmu.kz
2 PhD student of the Karaganda Medical University, Karaganda, Kazakhstan. E-mail: Darybaev@qmu.kz
3 Assistant of the Department of Surgical Diseases of Karaganda Medical University, Karaganda, Kazakhstan.
E-mail: Koshanova@qmu.kz
* Assistant of the Department of Surgical Diseases of the Karaganda Medical University, Karaganda, Kazakhstan.
E-mail: Kerimbekov@qmu.kz

Abstract

An urgent problem in traumatology and orthopedics remains the closure of bone tissue defects caused by cystic formations, revision
operations of open fractures, false joints of long tubular bones and chronic osteomyelitis. Platelet-rich blood plasma is extracted from the
patient’s own blood and used in all areas of medicine. Cellular processes after tissue damage are controlled, among other things, by platelets and
dividing growth factors. Platelets produce a wide range of growth factors and cytokines after attachment, fusion, and fibrin mesh formation. Key
cytokines that determine platelets play an important role in cell proliferation, chemotaxis, cell differentiation, and angiogenesis.

Morphological bone proteins are a large group of structurally related proteins. BMP is closely related to the processes of bone formation
and regeneration. Their mechanism of action includes the transmission of signals about chemotaxis, proliferation and differentiation of
osteoporosis progenitor cells and the induction of bone formation by these cells. Extensive preclinical studies have shown that BMP is able to
cause bone formation at ectopic sites and treat fractures. Mesenchymal stem cells are heterogeneous populations of stem cells that have similar
characteristics and are distributed across several tissues. MSC are multipotent cells capable of repairing damaged mesenchymal tissue and
bone marrow. They have the ability to differentiate into a wide range of cell types, such as chondroblasts, fibroblasts and osteoblasts, and can
also produce mature cells that usually originate from the endoderm and ectoderm. Thus, mesenchymal cells are good candidates for their use in
regenerative medicine and cell therapy. These stem cells can be obtained from the bone marrow in the amount of 1/1000 to 1/100 cells, which
is ten times less than that of hematopoietic stem cells. Mesenchymal stem cells can also be obtained from umbilical cord blood and other tissues
such as adipose tissue.

The analysis of the literature shows that there remains an unsolved problem in modern medicine. With the development of modern
technologies, new types of growth factors and replacement of bone defects have been invented, which, in turn, opens up new possibilities in
treatment.

Keywords: bone tissue defects, fractures, long tubular bones, false joints, growth factors, BMF, PRP.
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Pe3wome

Ocmeoapmpos (0A) siensemcs Haubosiee pacnpoCMpaHeHHbIM XPOHUYECKUM 3a060/1e8aHuem cycmasos U O0O0HOU U3 OCHOBHbLIX
npu4uH 6o.1etl 8 cycmasax u uHeaauoHocmu. TpaduyuoHHwle Memodbl eveHuss OA Ko/leHHbIX cycmasos 0eMOHCMPUPYM He3HaYumebHble
KAUHUYeCKue npeumyujecmed, a KpaiiHuM 8apuaHmoM Je4eHus se4semcs 3H0onpomesposaHue cycmasd. B Hacmoswee spems kaemouHas
mepanusi nepcnekmueHa 0151 Je4eHusl 0Cmeoapmpo3a KOJEeHHbIX CYCmasos U Nokasaad 3HAYUMble pe3ynbmambsl 8 UCCAed08aHUSIX HA
JHCUBOMHDBIX U 8 KAUHUYECKUX UCC/1e008AHUSIX HA /03X,

LJesb uccnedosanus: uzyvums pe3yabmamal Ae4eHus y NayueHmos ¢ apmpo3om KOJeHHO20 Cycmasa npu NPUMeHeHuu CmpoMaabHo-
cocyducmotl ppakyuu Jcupo8oll mKAHU U Me3eHXUMANbHO-CMB0/108bIX KAeMOK CUHOBUAILHOU 06010YKU

Memoodbl. B uccaedosanue 6blau ekar4eHsl 60 nayuenmos ¢ OA koseHHozo cycmasa. CmeneHs OA Ko1eHHO20 cycmaga oyeHu8andch
¢ ucnosavsosaHuem kaaccugukayuu Keanzpena-/loypeHca, 8 amom uccaedogaHuu yyacmeosaau nayueHmst ¢ OA II-IIl cmenenu. Ilocae
apmpockonuveckozo debpummeHma nayueHmsl 6bl1u pasdeneHsl Ha 2 epynnbl. [lepeoti zpynne 8800UAU CMPOMAALHO-COCYdUCmyo pakyuo
(CB®) cuHosuabHoll 060104KU, BMOPOLL 2pynhe Me3eHXUMAAbHO-cmB0108ble Kaemku (MCK) sxcupogoti mkaHu. MakcumanbHbill KAUHU4ecKull
nepuod HabawdeHusi cocmagua 12 mecsiyes.

Pesynbmamul. Oyenka cocmosiHusi cycmaegos yepe3 12 mecsyes ¢ Ucho/16308aHUEM PA3HbIX MeHCOYHAPOOHbLIX WKA/1 NOKA3AAa, YMOo 8
06eux onbIMHbIX 2pynnax Hab.ardaemcst 3Ha4uUMeAbHoe yayduleHue yHKYUOHAAbHO20 COCMOSIHUS KOJIeHHbIX CYyCmMagos nayueHmoes nocie
sieyeHust ¢ uchoavsosanuem MCK u CB®. @yHKYuoHabHble hokasameau KoJieHHblx cycmasos no wkase WOMAC yayvwuauce Ha 14,7 u
13,4, no wkase KOOS Ha 23,6 u 26,4 & 2pynnax CB® u MCK coomeemcmeeHHo. bosesoll cuHdpom pezpeccuposan Ha 1,8 u 2,1 no wkase VAS 8
epynnax CB® u MCK coomeemcmeeHHo.

Bb1800b1. Peaynbmambl obeux epynn ucc/1e0o08aHusl NOKA3aAU, YMO UMeemcs 3Hauume/ibHas pazHuya mexcdy 3HaveHusmu WOMAC,
VAS u KOOS do u nocse onepayuu (8, 12 Hedesab u 12 mecsyes) 8 cpagHUBaEMbIX 2pynnax 8 CMOpOoHY YAYHWEHUS.

Karouesble cnoea: KoseHHbIL cycmas, ocmeoapmpo3s, K/1emovHble mexHos1o2ul, cmpOMa/leo—cocyaucmaﬂ ¢pam4u51,
MEe3eHXUMAJ/IbHO-CMeo/108ble K/1emKU.
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BBeaeHue

OCTeoapr03 KOJIEHHOTI'O CyCTaBa ABJIdeTCA
HauboJiee pacnpoCTpaHEeHHbIM XpPOHHU4Y€CKUM
MyfIbTI/I(l)aKTOpI/IaIlebIM 3a60J1eBaHUEM CyCTaBOB,

KOTOPBIM B OCHOBHOM CTPaZalOT JIIOAM B Bo3pacTe 60
ger u crapuwe [1]. Oxoso 250 MWIJIMOHOB 4eJIOBEK
BO BCéM Mupe cTpazailoT OA KOJIEHHOTO CyCTaBa, IpH
3TOM 3a60JIeBaeMOCTb 3HAYUTEJBHO BO3poCia 33
JlecsiTUIeTHe U3-3a 6oJiee BBICOKOH PaclpOCTPaHEHHOCTH
6eCCHMNTOMHBIX CIy4yaeB, a TAaKXKe OXHUPEHUs U JPYTUxX
¢daktopoB pucka [2]. Ilo ganueiMm GBD 2015 Disease
and Injury Incidence and Prevalence Collaborators, OA
KOJIEHHOT'O CyCTaBa SIBJSIETCI OCHOBHOM NPUYMHOH
GpeMeHH OCTeoapTpo3a BO BCEM MHUpPe U OLeHUBAeTCs
npuMepHo B 85% [3]. OA aBifeTca OfHOM M3 BeAylUX
NPUYMH yBeJWYeHHs I106aJbHON HPOJOJDKUTEIbHOCTH
’KM3HH C HWHBAJUJHOCTBIO [4]. ITO BOCHAJUTENbHOE
3a60JieBaHNe  BKJIIOYAeT CTPYKTYpHble  HM3MeHEHHs
CyCTaBHOTO Xpsilla, CYGXOHAPAJbHOH KOCTH, >XHPOBOTO
Tena ['opda, cHHOBHANBHON 060JI0YKH, CBSI30K M MBIIIL],
I03TOMY XapaKTepu3yeTcsl He TOJIbKO MeXaHH4eCKOH
JlereHepalyeil CycTaBHOTO Xpsilia, HO U COMYTCTBYIOLUMHU
CTPYKTYpHO-QYHKIIMOHAJIBHBIMY ~ U3MEHEHUSMH  BCEro
cycTaBa, BKJIIOYAs MEHHCK M CBSI30YHBbIA ammapar [5].
JlereHepaTHBHble U3MEHEHHUsl B Xpsllle MPUHATO CIUTATh
Haya/IbHbIM 3TAllOM Pa3BUTHs 3a60J1eBaHUs.

B HacTodlee BpeMsd, CylmecTByrmure MeToAbl
JiedeHHd, B OCHOBHOM ABJIAKOTCA CHMIITOMATH4YE€CKHWMH,
BKJIIO4Yad oOlepanuio 3HAONPOTE3WPOBaAHHE KOJIEHHbIX

MaTepI/laJ'lbI U MEeTOoAbI

Bce y4acTHUKM HcclefioBaHUSl  [0GPOBOJIBHO
npeJoCTaBUIM MUCbMeHHOe UHPOPMUPOBAHHOE corJacue
Ha ydyacTHe B MCCIe[lOBaHUH, NpexJe 4eM y4acTBOBaThb
B KaKUX-JTM60 HcC/lel0BaTeIbCKUX npoLegypax.
HccnepoBanue 661710 pacCMOTPEHO U 0/j06peHo JIokalbHON
3THYeCcKON koMHccueld HalMoHa/bHOrO Hay4HOroO IeHTpa
TPaBMaToOJOTUM U OPTONEJUM HMEHIM aKajeMHKa
H.Barnenosa (HHLTO) u mpoBefeHO B COOTBETCTBUU C
Xe/IbCUHKCKOH JleKJlapaliiell 1 pyKOBOACTBY Hajijiexallei
kJanHU4eckod npaktuku (ICH-GCP).

BrLio npoBeAeHO OJAHOLEHTPOBOE OTKPbITOE
PaHAOMHU3HUPOBAaHHOE KJIIMHHU4YEeCKOe HCCieJOoBaHue (baBbI

CyCTaBOB, KOTOPasl BOCCTAHABJIMBAET He CaM CYCTaB, a ero
GYHKIMIO 32 CYeT 3aMeHbl CYCTABHbIX KOHI[OB KOJIEHHOI'O
cycTaBa Ha MeTa/UIMYecKui npores [6].

B mocnenHee Bpemsi Bce 6oJsiblilee BHUMaHHE
NpHUBJIEKaeT NpPUMeHeHHe Me3eHXHMaJIbHbIX CTBOJIOBBIX
kjeTok (MCK) nim CTBOJIOBBIX KJIETOK KHPOBOW TKaHU
(CB®), koTOpbIE CTAIM MHOT006ENAIUMU KaHAUAAaTaMU
¢ 6OJIBLIIUM JIeYeOHBIM MOTEeHIIAJI0M B pereHepaTHBHON
MeJHUIMHe H3-32 UX CHOCOGHOCTH ANPdepeHInpoBaThCA
BO MHOXXECTBO THIIOB TKaHEH U CaMOOOHOBIAThCA [7].
MCK 6butH O6Hapy»eHbl BO MHOTHMX TKaHSX, BKJIIOYas
KOCTHBIA MO3I, IYNOBUHHYI0 KpOBb, KOXY, MBI,
Ha/IKOCTHHUIY, CHHOBHAJIbHYIO 060JI0YKY Y >KUPOBYIO TKaHb
[8]. B mocnegHee BpeMsi HATUBHBbIE KJIETKH >KUPOBOU
TKaHU IPUBJIEKAIOT 60JbIIOoe BHUMAHNEe M3-3a UX 00U/IUS
B OpraHu3Me, JIETKOCTH JOCTyNa W pereHepaTHUBHBIX
cnoco6HocTel. CTBOJIOBbIE KJIETKH JKHPOBOH TKaHH,
CTPOMaJIbHO-BaCKyJIsIpHble dpaxun (CB®D) u
MHUKPOHU3UpPOBaHHbIe/MUKpOPparMeHTUPOBAHHbIE
CTPOMaJIbHO-BACKY/ISIpHble (QpaKIUM >KUPOBOM TKaHU
SIBJISTIOTCST OHUMH W3 HauboJiee YacTO BCTPEYaloIINXCs
KJIETOYHBIX BMEIIATe/bCTB.

Ilenb JaHHOrO MCCAeAOBaHMS 3aKJYaIach B
HM3yYeHUHU Pe3ysIbTATOB JIEYEHUS Y MAIlUEHTOB C apTPO30M
KOJIEHHOTO CyCTaBa MpU MPUMEHEHUU CTPOMaJIbHO-
COCYyAMCTON GpaKIUU }KUPOBOM TKAaHU U Me3eHXUMaJIbHO-
CTBOJIOBBIX KJIETOK CHUHOBHAJIbHOU 000JIOUKH.

1-2. B 3T0 MccaenoBaHye ObLIM BKIOYEHbI 60 MaLMeHTOB
c OA KoJIeHHOro cycTaBa, MOJIy4aBIIMX CTallMOHApHOe
JleyeHUe B iepuo/, c ceHTsA6ps 2021 roga no ceHTA6pb 2022
roga. MakcuMasibHbIM KJIMHUYECKUH Nepuoj HabJtojeHus
coctaBua 12 mecsaneB. CteneHb OA KOJIEHHOTO CycTaBa
OlleHMBajacb C  HCHOJIb30BaHMEM  KJacCUPUKaALUU
KennrpeHna-JloypeHca, B 3TOM HCC/Iel0BaHUY Yy4acTBOBAIU
nauueHTbl ¢ OA II-1II cremenu. Ha6op nanMeHTOB C
0CTe0apTPO30M KOJIEHHOTO CycTaBa MPOBOAMUJICS C yYeTOM
KpUTEpPUEB BKJYEHHUS U HCKJIOYeHUs (Tabuauna 1).
OT6op M JieyeHHe NALMEHTOB MNPOBOAMJINCH BpadyaMu
HanuoHanbHOrO HAy4yHOro LieHTpa TPaBMAaTOJIOTHUU U
opTtoneauu nMeHu Akasemuka H./l. Batnenosa (HHIITO).

Ta6ﬂuua 1- Kpumepuu 04151 BKAIOYEHUS nayueHmoe 8 K/1uHuU4eckoe uccaedosaHue

Kpurepun Brimouenns

Kpurepun uckiiogenns

TTaIHeHTE ¢ JereHepaTHBHO  IUCTPOMIIECKIMH 3260/ IeBAHIAME
kosreHHOTO cycrasa (romaptpos II-I1I ct.) ot 45 1o 65 set. Konmenmsrit
CycTaB HAIMEHTOB YCTONUMBHIN U 6€3 3HAUNTETHHEIX Ted)OpMAaTIHii.

KpuTepuavMu HCKITIOUeHHUS ABJIAINCH TTPOTPeCCHPYIONIMIl 0CTe0apTPO3
(IlTkama Kennrperna-Jloypewnca >I11), BocauTeTbHbIH apTPUT €
TSFREIIOHN CTETeHBI0 MehopPMATIIH, CHHOBHHT, TATeLTodheMOpaTbHAS
HecTa6HIIBHOCTB, 37T0yTIOTpebIeHHe HAPKOTUKAMH, aTKOTOJIeM,
IICUXOJIOTUYEeCKHue Hp06HeMI)I y IIanyueHTOoB.

Jnsa  orTGopa ManMeHTOB B KJIMHUYECKOM
UCCIe[JOBAaHUU ObLIO NpPOBEAEHO aHKeTHpPOBaHUE s
OLIEHKHU COCTOSTHUSI QYHKLMOHAIbHOCTH KOJIeHa NMaleHTa
no mkaJse Knee Society Scoring System (KSS) [9].

Jig  ycTaHOBKM  JijMarHosa BCe MaIMEHTHI
MPOXOJUJIN HHCTpPYMeHTaJbHOe HCC/leJOBaHMeE,
BKJIIOYalolllee peHTreHorpaduio KOJEHHOr0 CycTaBa B 2-X
MpoeKIHx, a Takke MPT kosieHHOTO cycTaBa (pucyHOK 1).

Ha peHTreHorpamMmmax KOJIEHHOTO CycTaBa B
JIBYX TIPOEKIUSAX H3y4yaJuChb BTOPUYHbIE H3MeHEeHUs
KOCTHOH TKaHW: U3MEeHeHHe OCH KOHEYHOCTH, CKJIepo3
CyOXOHJpaJbHOH  KOCTH, (OpMHUpPOBaHHE  KOCTHBIX
ocTeopHUTOB, CyKeHHe CYCTaBHOM 1iesd, HaJIu4yue
JIOTIOJIHUTE/IbHBIX BKJIOYEHHH B TPOEKIUU IOJIOCTH
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cyctraBa u Ap. Takum 06pa3oM ycTaHaBJIMBaJach
peHTreHoJiOTUYeCKass cTajgus  3abosieBaHud. llepen
omepanueld BceM nNauMeHTaM IpoBoguiaacb MPT ¢
ncrnosib3oBanueM MPT-cuctembl MoinHocThio 1,5 Tecia.
Ouenka MPT mnpoBogusiach BpayoOM-peHTTEHOJIOTOM U
JBYMs BpayaMu opronezaMu. [lo cHUMKaM omnpezessiaivu
nopakeHre KOCTHOI'0 MO3Ta, Ha/InyKe opaXKeHUs Xpsliel,
0CcTeopUTOB, CHHOBUTA.
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Cnyuait 2

PucyHok 1 - CHumku MPT deyx nayueHmos c ocmeoapmpo3om 2 cmeneHu

Bce manueHThbl paH/OMHO ObLIM pas/ie/ieHbl Ha JiBe
IPYIIbl UCCIEL0BaHUs, B 3aBUCUMOCTH OT IPOBOJUMOIO
METOJ|a JleyeHHsl. BceM nanueHTaM Ha NepBOM 3Tale
ObLT NPOBEJiEH apTPOCKONUYECKUH /1e6pU/IMEHT CYCTaBa,
pasJ/In4Ks 3aK/II0YAI0TCs B peabUINTallMOHHOM NepUo/e:

1. Tpynma «CB®» (30 wyesoBek) - BceM
nanyeHTaM 6bU1  OPOBENEH TPaJAULMOHHBIA  METO[,
JIe4eHUs] - apTPOCKONUYECKUH [e6pUAMEHT CycTaBa, B
peabUJIMTaLMOHHOM IepuoJie OAHOKpAaTHOE BBeJE€HUE
CB® »xupoBoii TKaHU.

2. 'pynna «MCK» (30 4esioBeK) - mepBBbIM 3TAloOM
HNPOU3BOJUJICS aPTPOCKONUYECKUH Ae6pUIMEHT CycTaBa
(TpaZMLMOHHBI MeTOZ JleYeHMs), BTOPLIM I3TallOM
NpoBe/ieHa OJHOKpAaTHasi BHYCTPUCYCTAaBHAs HHBEKLHS
MCK B nos1ocTb NOBpPEX/JEHHOT0 KOJIEHHOTO CyCTaBa.

Xupypruuyeckue npoueaypsl. [Tocse
KJIUHAYECKOTO W  PaJUO0JIOTHYecKoro o006CJe0BaHMUs,
nanyeHTaM 06eHx TPy Oblja BBINOJHEHA apTPOCKOMHS
KOJIEHHOT'0 CycTaBa /JJIsi U3MepeHUs O3UIUH, pa3MepoB U
[JIyOMHHBI XPSIEBBIX 1ePEeKTOB, a TAKXKe /s BbISIBJIEHUS
aHOMaJIMH MEHHCKOB U CBS30K.

[larmeHTaM OBl NMPOU3BEJEH APTPOCKOMUYECKUH
3KOHOMHBIN Je6pUAMEHT KOJIEHHOT'0 CyCTaBa,
BKJIIOYAIOIIUK  yZaJleHHe HeCTaOWJbHBIX 3JIEMEHTOB
cyctaBa (MOBpex/ieHHble MEHHCKH, 3JIEeMEHThI NepejiHen
KpecTooOpa3HOM CBSI3KH, XOHAPOMHbIE TeJsa, CBOOO/HbIe
Kpas leGeKTOB XpAIla), pe3eKIHI0 XKUPOBOTO TeJia IPH ero
TUnepIJiasvy, paccedyeHrue HJIN HCCeYeHHe YTOJIIEHHBbIX,
CKJIEPO3UPOBAHHBIX CHHOBHUA/IbHBIX CKIa0K [10].

JebpuameHT cycTaBa BBINOJIHSAJICS
BBIKYCbIBATe/JSIMH, PALINWIAMM, POTALMOHHBIM HOXOM
- aprtpoiueiiBepoM. [lepes BbINOJHEHHEM OOGUIBHOIO
JlaBaXKa CycTaBa MpPOU3BOAWJIACHE 06paboTKa TKaHeH
npu nomowu cucrembl VAPR B pexume Bamopusanusi-
koary/sanusa. CucTeMa 1Mo3BoJisieT NPOU3BECTH He TOJIBKO
yAaJieHre MATKOTKaHbIX YYaCTKOB CyCTaBa, HO U J0OUThCS
KaueCcTBEHHOro remocrtasa. O6paboTke MoOAJIeXaau
KpacHO-KpacHasi 30Ha MEHHCKOB IIOCJe WX pe3eKIuH,
y4acTKH pacce4eHHbIX CHHOBHA/IbHBIX CKJIAJIOK, XKUPOBOe
TeJsIo TocJle ero pe3eKLMU. 3aKaHYMBaJach apTPOCKOMUS
OOMJIbHBIM ~ TIPOMBIBAaHMEM  CycTaBa  CTEpPHUJIbHBIM

$U3HONIOTUYECKUM pPAacTBOPOM B 00beMe He MeHee 5
JIMTPOB U JIpeHUPOBAaHNUEM CYCTaBa.

['pynne CB® (30 yesoBek) BTOPBIM 3TanoM 6blia
NpoBeJileHa OJJHOKpaTHasi BHYTPUCYCTaBHAsl WHBbEKLUS
CB®.

‘{epes 1 Mecdl I0ocje apTpPOCKOIIWMU IMallMeHThI
OBbLITH NnpurjanieHbl MNOBTOPHO Ha KOHTpOJIbeIﬁ OCMOTD,
nocJjsie orpoca, CI)I/I3I/IKaJ'IbHOl"O OCMOTpA, NNallUueHThbI OBLTH

FOCNUTAJIU3UPOBAHbl  JIJIS  TNPOBEJEHUS  INpOLEeAypbl
BHYTPHUCYCTAaBHOTO BBeJIEHHS CTPOMaJIbHO-BaCKY/JIAPHON
bpakuuu  xkMpoBOoM  TKaHW. [locse  mpoBefeHUsA

MeCTHOH HHQUIBTPATUBHON aHECTe3UM INPOU3BOAMJICA
3a00p JiMnoacnupara ¢ MOCJAeAYILUUM €ero JBOHHBIM
neHTpupyrupoBanueM. Jlajee BblZle/IeHHAs >KUpOBas

bpakiys, cMemaHHas C  [UIa3MOW, oGoraméHHOU
TPOMGOLUTAMU BBOJAMJIACH B TMOJIOCTh MOBPEXIEHHOTO
KOJIEHHOTO CyCcTaBa IOCPEACTBOM BHYTPHUCYCTaBHOU
HUHbEKIUH.

B rpynne MCK (30 wuesoBek) - BO BpeMsl
apTPOCKONUU KOJIEHHOTO cycTaBa ObL1a
npoBeJieHa OUOIICHs CHHOBHAJIbHOW O0GOJIOUYKH

KoJIeHHOTro cyctaBa. O6pasipl CHHOBHAJBbHOHW 060JIOUKH
nanydeHToB nepepaBasucb B PIIl  «HanuoHasnbHbIR
1eHTp 6uorexHosorun» M3 PK (HIIB) B cmenuanbHOU
TPAHCIIOPTHUPOBOYHOH cpejie (PUCYHOK 2) [l BbIAeIeHUs
U KYJbTHUBUPOBAHHSA ayTOJOTMYHBIX Me3eHXHMaJIbHbIX
cTBoJIOBBIX  kJeTok  (MCK).  BeigenenHsle  MCK
CUHOBHAJIbHONW 060JIOYKH MAL[MEHTOB GbLIM pPa3MHOXKEHbI
B 6Ge3cbiBopoToyHOW cpeae MSC NutriStem® XF
(Biological Industries, H3pamnb) pgo 2x107 KJeTOK.
HWMMyHOLUMTOXMMHUYECKUH aHanu3 nokasaja, 4rto MCK
BblJleJIeHHble W3 CHHOBHWJIbHOM O00OJIOYKH TalKeHTOB
aKcnpeccupyioT crenuduunsle Mapkepsl CD73, CD90 u
CD105. MMocsie mpoBeJieHUsI KOHTPOJIS Ka4yeCTBa (aHAJIMU3bI
Ha KOHTAaMHHALMU OaKTepHUsIMH, [pOX:KaMH, Tpubamu
W MuxomiasMoi) cycnensutro MCK 2x107 kieTok/2
MJ TepeHOCHJIM B CTEPUJIbHBIA MEeHUIUIJIMHOBBIN
¢dsakoH (pucyHoK 3) W JOCTaBJISAJM B CHELUAJbHOM
TPAHCIOPTUPOBOYHOM KOHTelHepe npu 2-8°C u3z HLB B

otnesnenue HHIITO.

PucyHok 2 - TpaHchopmupogouHasi cpeda 0151 6uoncuu cCUHO8UAAbHOU 060104KU
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PucyHok 3 - [leHuyu1uHo8b1l PAAKOH € ME3EeHXUMAAbHBIMU CMBOA08bIMU KAEMKAMU

[locne KyJbTHUBALMM KJIETOK M JIOCTHXKEHUS] WMHU
TepaneBTUYECKU 3HAYUMOM J03bl (2x107) mnanueHThl
ObLJIM MpPUIVIALIEHbl TOBTOPHO HAa KOHTPOJIbHBIA OCMOTP.

OueHKa MCXOAHOr0 QYHKIMOHAJIBHOTO COCTOSHMSA
CyCTaBOB U pe3yJbTAaTOB JIeYeHHS B O6OMX Trpynnax
npoBoguiack npu nomoinu mkan KOOS (Knee injury and
osteoarthritis outcome score) 1 WOMAC (Western Ontario
and McMaster Universities Osteoarthritis Index), 6oseBoit
CUH/IPOM oLeHHBascA 1o wkase BAII Onenka no mkasne
WOMAC paspaboTaHa /iJis OLleHKH pe3y/bTaTOB Jie4eHHs
pa3HbIXx 3a60JieBaHMM KosleHHOro cycraBa. OlnjeHKa
COCTOSIHUS NPOU3BOAMJIACHE B 0OasjaX, C MaKCUMaJbHOU
cymMmMmoil B 95 6asioB. BosieBod CHHJpPOM B KOJIEHHOM
CycTaBe OLleHMBAJICA NMpH nomoiiyd 10-6ayJIbHOM IIKasIbl
VAS no u mnocine onepauuu. OueHka no mkase KOOS
pa3paboTaHa AsA OLeHKH QYHKIMOHAJBbHOIO COCTOSHUSA
KOJIEHHOT0 cycTaBa. OlleHKa COCTOSIHUS MPOU3BO/IUIIACH B
6as1ax, C MaKCUMalbHOU cyMMoO¥# B 168 6asioB.

[lepuop HaGMOAeHUs cocTaBua 8, 12 Hexenb u 12
MecCsIEeB.

Pe3ysibTaThl

Jis mpoBefieHUs KJMHUYECKOrO MCC/Ie[0BaHuUs
ObLJIM NPHUBJIEYEHDBI MALMEHTHI )KEHCKOTO ToJsa (n = 39) u
MaLUEHThI MY>CKoro mnoJsa (n = 21). Bo3pact nanueHTOB
BapbupoBaJ oT 45 70 64 sieT. CpeAHUI BO3paCT NalMEHTOB
coctaBssn 54,7+2,3 roja. B uccienoBaHuu y4acTBOBaIU
NalyeHThl C JBYCTOPOHHUM OCTE0apTPO30M KOJIEHHBIX
cyctaBoB - 17 nanueHToB (28,33%), C OJJHOCTOPOHHUM
ocTeoapTpo3oM - 43 nanueHTa (71,66%). 3 60 nanpeHTOB
B 83,33% ciyyaeB, win y 50 60/1bHBIX, BepUPHUIMPOBaHA
2 cTeneHb 0OCTe0apTpo3a, B 16,66% ciaydaes, uau y 10
GOJIBHBIX - 3 cTeneHb ocTeoapTpo3a. Cpeau 60 manreHTOB
y 7 6oabHbIx uau B 11,66% ciyyaeB oTMeuasach
KOHTpPaKTypa CycTaBa.

Cpeny 60 mauyveHTOB He OTMeYaJsoCh IOBBILIEHUS
TeMIlepaTyphbl TeJla HU B IepUO/, 10 ONIePALIMU, HU B pAHHEM
MOCTONEPALIUOHHOM MepUO/IE.

58

[locne npoBeieHrudA KJIMHU4YeCKOoro O6CJ'Ie,£LOBaHI/Iﬂ BTOPbIM
3TanoM O6bLJI0 npoBeIeHO BHYTPHCYCTAaBHOE BBeJEeHNHE

MCK B 0/10CTh IOPa’KEHHOTO cycTaBa (pUCYHOK 4).

|

PLleHOK 4- BHympucycmaeHoe 88edeHUe Me3eHXUMA/IbHbIX CMB0.108bIX KAemoK

CraTUCTHYECKHHA aHaJ/Iu3 MIPOBOA MU
c HCIO0JIb30BAaHUEM naKeTa CTaTUCTHUYECKOTO
nporpaMMHoro oGecnedeHuss SPSS Bepcum 22.0 (SPSS
Inc, Yukaro, WinuHoiic). HcxolHble XapaKTepUCTHUKHU
ObLIM CYMMHPOBaHbl KaK 4YacTOTbl WM HPOLEHThbl JJIs
KaTeropHa/bHbIX lepeMeHHBIX U KaK Cpe/iHee 3HauyeHHe *
CTaH/JJapTHOE OTKJIOHEHHe [IJIsI HepepbIBHbIX IepeMeHHbIX.
[l cpaBHeHUsI pa3/IMYUi MeX/Ay 3aBUCUMBIMU I'PYNNaMU
JI0 U TIoCJe OMNepallMM HCIO0JIb30Ba/lCs KpPUTepHUH
Yunkokcona. /[lnisg cpaBHeHHsl DPe3yJbTaTOB  MEX[Jy
rpynnamMu SVF u MCK ucnosb3oBasics kpuTepuil MaHHa
— YutHu. 'pynnoBble cCpaBHEHHs IO KaTeropuajJbHbIM
nepeMeHHbIM BBINOJHATCSA C UCII0Ib30BaHUEM KPUTEPUS
XHU-KBaJipaT. 3HayeHue BeposiTHOocTU P<0,05 cumranoch
CTaTUCTHUYECKH 3HAYUMBbIM.

Hukakux OC/lI0KHEHUH, CBSI3aHHBIX C 3a60poM
J)KUPOBOW TKaHHW, HE HAOJIAaN0Ch. /Ipyrux MOGOYHBIX
3ddexToB, BKJIOYas HUHOEKLHIO, TPOMOO3IMOOJIUIO,
IJIOX0e 3aKMBJIEHWEe paH WM aJlJIepruio, CBA3aHHBIX C
BBegeHueM kJeTok SVF, He naburoganock. IKI, aHanusel
KpoBU (QYHKIHMSA MOYEK, MEYEHU) Y KaXKJOT0o MalyeHTa
0CTaBaJIMCh HOPMa/IbHBIMU Ha NPOTSXKeHUH BCero nepuo/ia
Hab6JII0JeHUS.

Pe3yﬂbTaTbI dHaJ/In3a COCTOAHUA CYCTaBOB [0 U
nocJjie onepaunuu npejacrtaBjeHbl B Ta6JII/ILle 2.
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Ta6/1uz4a 2- OueHKa COCMOsIHUSA KOJIEHHO20 cycmaea nayueHmos

WOMAC VAS KOOS
IIxasa onenkn
SVF MCK CpaBHeHme SVF MCEK CpaBHeHme SVF MCEK CpaBHeHne
Ho omeparuu 42,2426 40,242,6 p >0,05 5,9+0,5 6,0+0,5 p >0,05 83,2+4,2 84,5+4,0 p >0,05
IToce
orepanun 35,1424 36,7+2,2 p >0,05 5,0+0,5 5,3+0,8 p >0,05 68,8+3,2 68,1+3,3 p >0,05
(8 menesns)
[Toce
omepaiun 29,4+2,2 29.1+2,2 p >0,05 4,8+0,7 4,6+0,8 p >0,05 64,8+3,2 65,4+3,3 p >0,05
12 Heesn)
ITocste
omepaiuu 27,5+2,5 26,8427 p >0,05 4,1+£0,5 3,9+0,5 p >0,05 59,6+3,2 58,1+3,3 p >0,05
(12 mecstes)
p* p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p <0,05
P p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p <0,05
pEEE p <0,05 p <0,05 p <0,05 p <0,05 p <0,05 p <0,05

*CpaBHeHI/Ie 0 JIeYEeHUS U Uepeld 8 HelesIb IOocsIe OIlePaIiuu

**cpaBHEHUeE JI0 JIeYeHUs U ueped 12 HeJesb mocse omeparun

***cpaBHEHMe JI0 JICYeHU U ueped 12 MecsIeB mociie onepanun

OLleHKa COCTOAHUA CYCTaBOB C HCIIOJIb30OBAHHUEM
pa3HbIX MeXAYHapOJHbIX IIKaJl TIIOKa3aJjla, 4YTO B
006eHX OIbITHBIX rpynmnax Ha6JII-OIlaeTCH 3HA4YUTeJIbHOEe
CTaTUCTHUYECKU 3HAYHUMOE yay4dllieHne (1)yHKLU/IOHaJ'IIJHOFO
COCTOSAAHHUA KOJIEHHBIX CYCTABOB IIAJMEHTOB IOCJ1e JIEYEeHUA

K/iMHu4Yeckuii npuMep

[Tauuentka C., 48 uset. [locTynuia B oTAeseHUe
JIJISI OIEPATUBHOTO JieYeHUs ¢ AuarHo3om: «[loBpexxaeHne
MeJMaJbHOI0 MEHHCKA NPaBOTO KOJIEHHOI'O CyCTaBa.
OcTeoapTpo3 NpaBoOro KOJIEHHOTO CycTaBa 2 CT.».

FocnuTasu3vpoBaHa B [JIAHOBOM IOPSIIKE C
»Kasio6aMu Ha 60JIM B 06J1aCTH MPABOT0 KOJIEHHOT'O CYyCTaBa,
HapyuieHue GpyHKIIMH PABOro KOJIEHHOTO CyCTaBa.

Co c/I0B nMalMeHTKY TpaBMa yJIM4Has, B pe3ysibTaTe
naZileHdss Ha o06J1acTh INpaBoOro KOJIEHHOTO CycTaBa B
2017 r. AMGynaTopHoe JiedeHHe 06e3 MOJIOKUTEJbHOT0
adpdexta. BbpIa KOHCYJIBTHpOBaHA TpPaBMaTOJIOTOM-
opToneJjOM - PEeKOMEH/I0BAaHO ONlepaTHBHOe JieueHHe B
IJIaHOBOM THopsifike. boseaHb BoTkuHa, TyGepKyJies, BeH.
3aboJsieBaHus oTpunaet. Ha "/l" y4yeTe y cnenuaaucToB He
cocTouT. O6l1lee cOCTOSIHME NMAaLlMEHTKH MPU NOCTYIJIEHUU
OblJI0  YA0BJIETBOPUTENbHBIM. U3 JIoKasbHOTO cTaTyca:
XOoAUT CcaMOCTOSATEJNbHO, MpHUXpaMblBaeT Ha MpaByIo
HIDKHIOIO KOHEYHOCTb. [Ipu ocMoTpe 06J/1acTHM HpaBOro
KOJIEHHOTO CycTaBa: KOHTYpPbl MNpaBUJbHbIE, CyCcTaB B
[0JIOKEHUU TOJIHOTO pa3rubaHus. [IBMKeHUsI B NPaBOM

c ucnoJsibzoBanueM MCK u CB® nocsie apTpockonuyeckoro
AebpuameHnTta cycraBa (p<0,05). OpHako NpuU OLEHKe
pe3ysabTaToOB JieyeHuss Mexjy rpynnaMmu MCK u CB®
CTATUCTUYECKU 3HAYMMOM pa3HUIbl He HA6J110/]a/10Ch.

KOJIEHHOM CyCTaBe B OJIHOM 06beMe. CUMIITOMBI GOKOBOM
HeCTabUJIBHOCTU KOJIEHHOTO CyCTaBa OTpPUILATEJIbHBI,
CTpecCcoBbIe TECThI HA TOBPEX/eHHE Me/JHabHOI0 MEHHCKA
- TI0JIOXKUTeJIbHBIE, HA TIOBPEX/JeHe Hapy>KHOT0 MEeHHCKa -
oTpullaTe/JbHbIe. B BepxHeM 3aBOpOTe QUIIOKTYaI[UU HET,
MOJIOXKUTEJIbHbIE TECTHI Nepe/iHe3aiHell HeCTabUIbHOCTH
KOJIEHHOT'O CycTaBa (BBIABMKHOM smuk, JlaxmaHna). [lo
KJMHAYECKUM aHa/In3aM 6e3 oco6eHHOCTel. B aucTaabHbIX
0T/les1Iax KOHEYHOCTH HeUpPOIUPKYNSITOPHBIX HAapyLIEHUN
He Hab6Juozanock. OneHKa COCTOSIHUS KOJIEHHOTO CycTaBa
o mwkanaMm KOOS u WOMAC cocraBuia 79 u 44 6anioB
CcOOTBeTCTBeHHO. bosieBoM cuHAgpoM mno mkase BAIII
coctaBua 7 OGayioB. [lanmueHTka 6blL1a o6cCemoBaHa
aM6yJIaTOPHO ¥  IOATOTOBJEHa K  ONEepaTUBHOMY
seyeHuo. [locse dero mepBbIM 3TanoM ObLI NPOBEJEH
apTPOCKOTIMYECKUH JeOpUAMEHT CyCcTaBa U pe3eKIus
MeJUaJbHOTO  MeHHCKa. HWHTpaomepanMoOHHO GBI
YCTAHOBJIEH JIOKQJIbHBIN e eKT xpsiia (PUCYHOK 5).

PucyHok 5 - J/lokaawHblil deghekm xpsuja nayueHmku C, UHMpaonepayuoHHbIl CHUMOK

[TocneonepaliOHHBINA nepHoz npoTeKasl
6e3 ocobeHHocTed. Ilocse mpoBefieHUsT  MEPBOro
Jtana peabusnuTanuu  (KpuoTepamuss Ha  06JacTh

OIepUpPOBAHHOI'O cyCTaBa] NalueHTKa OblJ1a BbIMKMCAHA Ha
,qaaneﬁLuee aM6leaTopHoe JIe4YeHHe.
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Yepes MecdAl, Mocae ONepaTUBHOrO JeyeHUs
nanyeHTKa OblIa NpUIJIallieHa Ha KOHTPOJIbHBIA OCMOTP.
Janee manueHTKa 6blla TOCNUTAJM3MPOBAHA MNOBTOPHO
JLIs1 IpoBeJieHHs mpouesypbl CBO.

Yepe3 12 MecsAneB mnocje onepalnuyd MNalydeHTKa
HanpaBseHa Ha MPT mnoBtopHo (pucyHok 6). Ilocie

KOHTPOJIBHOT'O OCMOTPa, 0npoca, pU3NKaJIbHOTO 0CMOTpPA
y AAQHHOM MallMeHTKH OTMevaeTcs yaydlleHHe Mo LIKalaM
BAIII, KOOS u WOMAG, 4, 55, 34 6a/1J10B COOTBETCTBEHHO.

PucyHok 6 - MPT nayuenmgu C. do (A) u nocsae onepayuu u nposederusi SVF-mepanuu (B)

06cy:xaeHue

OcTeoapTpo3bl 00BIYHO XapaKTepU3yHTCs
paspyuieHueM CyCTaBHOIO XpAma )4 nozmemameﬁ
Cy6XOH,£[paJIbHOﬁ KOCTH, BbI3BAHHbIE TpaBMaMH
nin 3a00JIeBaHUSIMU. HOBTOMY BOCCTAaHOBJIEHHE

OCTE€OXOHAPAJIbHBIX ,Z[e(l)eKTOB SIBJIAE€TCSI TJIABHOU eJbro
pereHepaTHBHoﬁ MeJAUILHNHBI, [IOCKOJIbKY HOBpe)K,E[eHHbIﬁ
XpAny He MOXeT CIOOHTAHHO CaMOBOCCTAHOBHTbLCA.
HOBTOMy BOIIPOCbI BOCCTAHOBJIEHHUA XpAlla NPOAOJIXKAKOT
0CTaBaATbCA aKTyaJIbHBIMH.

B uccnegoBaHUM OTPaGOTaHbI METOAbI JieYEeHUS
0oCTeoapTpo3a KOJIEHHOT'O cycTaBa MOCpPeACTBOM
MpUMEHEHUsI KJEeTOYHBIX TEXHOJIOTUH [Jis aZleKBaTHOIO
CpaBHEHHSI pPe3yJbTaTOB JIeYeHUs C TPaJULUOHHBIMU
MeTOAaMU JIedeHHUsl.

Bbl1 npoBesieH HAaGop B iBe IPYyMIbl NALHEHTOB C
0CTe0apTO30M KOJIEHHBIX CycTaBOB. O6e rpymiibl NaljueHTOB
- OIbITHble, B KOTOPBIX OBIM HPUMEHEHbl MeTO/bl
JledyeHHUsI Ha OCHOBe ITPUMEeHEeHUs KJIeTOUYHbIX TeXHOJIOIUH,
B KOTOPBIX TPaZUIIMOHHAs apTPOCKONMUYecKasl TeXHHUKa
OblJIa JIOMOJIHEHA BHYTpPHUCYCTaBHbIM BBeJeHueM MCK u
CB® cootBeTcTBeHHO. CO06LANOCH O OGJIArONPUATHBIX
KJIMHUYECKUX pe3yJsibTaTaX KjieTo4uHoU Tepanuu CB® npu
OA xosieHHoro cyctaBa [11-13]. CB® uMeloT CBOKCTBa,
aHasoruynble cBorictBaM MCK, Ho g MCK TpebyeTcs
HECKOJIBKO HeJleslb /JIS1 BblJleJIeHUs], KyJIbTUBUPOBAaHUSA U
aMIIMGUKaLUY B CHelMaJu3MpPOBAaHHbBIX J1abopaTOPUSX.
Hanpotus, kietku CB® He KyJbTUBUPYIOTCH, UX MOXKHO
cobpaTb, NOArOTOBUTh U ITOBTOPHO BBECTH 3a OAHY
npoueypy. [lono6Ho MCK, kieTku CB® BKJIIOYAIOT KJAETKU
C MyJbTHUJVMHENHBIM MNOTEHIMaJOM, MOTYT OBITh JIerko
BblJleJIeHbl B GOJIBLIMX KOJMYecTBaX W3 ayTOJIOTMYHBIX
JKUPOBBIX TKaHEW M MOTYT HCIOJb30BaTbCs  6e3
KyJbTUBUpOBaHUs [14,15]. B HECKOJIBKUX UCCJIeIOBAHUIX
coobuanock 06 HCHOJIb30BAaHUU TOJBKO AyTOJOTHYHBIX
kJeTok CB® ps neyenus OA kosieHHOro cycrasa [16-18].
HanpuMmep, psifi yyeHbIX MOKa3a/M, YTO BHYTPUCYCTaBHas

UHbeKUs kijaeTok CB® saBaserca GesomacHoW u
BbIBOAbI
Hame kJWHWYeCKoe HCCIeJ0BaHHE I0KasaJo,

YyTo Tepanus c ucnosab3oBaHueM SVF u MCK saBiserca
6e30IacHOH KJIMHUYeCKOoU nponeaypoi npyu OA KoJIEeHHOTO
cyctaBa y yesioBeka. [Ipu npumenenuu SVF u MCK kseTok
OTMeYaeTcsl MX TepaneBTHYecKasg M QYHKIHMOHaIbHas

KJIMHUYECKH 3PQPEeKTUBHOW CTpaTervei yuayduieHUs
Ka4yecTBa *KU3HU; OJHAKO JieTaIbHble KJIMHUYECKHUE OLleHKU
B X KJIMHMYECKOM HCCJeJ0BaHUU He MPOBOAMJIHKCH [17].
®oj0p U Ap. 0GHAPYKUIIY, YTO Ay TOJIOTHYHbIE KieTKH CBD
6e30MacHbI U SIBJISIOTCSI HOBBIM MOTEHL[HAJbHBIM METO/I0M
JledeHus: Gosin y nanueHToB ¢ OA KOJIEHHOTO CyCTaBa;
0/IHAKO pa3Mep UX BbIGOPKH ObLT HeGobIKUM [18].

Hacrosimiee wucciefoBaHue KWMeeT HEKOTOpbIe
orpaHuyYeHusi. Bo-mepBbIX, B 3TOM HCCIEeJ0BaHUU
CpaBHUBAJUCh TOJBKO [JBe Tpynmbl ©U He Oblia

BKJIIDUEHA KOHTPOJIbHAs TpyIa, IepeHecuwias Jpyrue
BHYTPHUCYCTaBHble  BMellaTeJbCTBA. Kpome  ToOTO,
npeJnoJsiaraeMbld pasMep BBIOOPKH ObLI PacCiuTaH C
pasHBIMHU pa3MepaMu JedpeKToB. CBSI3b MeX/Ay KJIeTKaMH
CB® u JpyruMH BHYTPHUCYCTaBHBIMH BMEIIATeJbCTBAMU
JOJPKHA OBIThb M3y4YeHAa B OYAYLIMX HCCAEeOBaHUAX C
GOJIBIINM Pa3MEPOM BbIOOPKH.

Bo-BTOpBIX, KJMHHUYECKHE W BHU3yalU3UpyHOLiMe
OLleHKM IPOBOJMJINCh TOJIBKO [0 OIllepallid U Yepes
8-12 Hesmenp W 12 MecsleB INOCJe BHYTPUCYCTAaBHOU
HHbeKUUU KjaeTok CB®. Heobxogumo [Jo/arocpodyHoe
uccjeJoBaHUe KJIMHUYECKUX U CTPYKTYPHBIX H3MeHeHUH.
B-TpeTbux, HeKOTOpble KJHWHHUYECKHE OLEHKH SBJSIOTCA
CyO'beKTUBHBIMU JJaHHBIMU.

B uccinemoBaHue He BKJIIOYEHbl JaHHble MPT,

TaK KaK B HacTosiliee BpeMsl HET KOJHUYEeCTBEHHOU
JOCTOBEPHOM  OLlEeHKH H300pakeHUH. OOGBEKTUBHbIE
JlaHHble  C/eJlyeT  MCIOJb30BaTb  JUIA  OLEHKH

KJIMHUYECKUX DPe3y/IbTaTOB M BHU3yaJH3alUU B OyAyLHX
uccjefoBaHusx. C Apyrod CTOPOHBI, TaKXKe BEPHO U TO, YTO
B HaCToslljee BpeMsl He CYLIeCTByeT MeTO/A 00'beKTUBHON
KOJIMYECTBEHHON OLIEHKM aHa/M3a H306paKeHUH Inpu
OA KOJIEHHOr'0 CycTaBa M JPYTMMH BHYTPHUCYCTaBHBIMU
BMelIaTeJbCTBAMM [JIOJDKHA ObITb H3y4eHa B OyAyLUX
UCCJIeIOBAHHUAX C 6OJIBIIMM Pa3MepPOM BbIGOPKH.

3¢ deKTUBHOCTD. Pe3y/ibTaThl 06€UX TPYII KCCIe0BaHUA
NOKa3aJ/ld, YTO HUMEEeTCs 3HAuMTesbHAs pasHHUIA MEXIY
3HayeHussMu WOMAC, VAS u KOOS no u nocse onepauuu
(8, 12 Hegenb U 12 MecsileB) B CpaBHUBAEMBIX IpyIIax B
cTopoHy ynyuiienus (p<0,05).
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C TOYKH  3peHus 00lIeCTBEHHOI'0  IpOrpaMMbl  NPOrpaMMHO-IeJIeBOro  GUHAHCHUPOBAHUSA
3/JpaBOOXpaHeHHs], €eCcIM MBI CMOXEM TIOCTaBUTb MUHHUCTepCTBa 3/paBooxpaHeHus Pecnybsnku KasaxcraH
TOYHBI JuarHos Ha paHHeM cTazauu BceM mnanueHtam (NeBR11065157).
¢ OA KoJIeHHOTO cycTaBa M o6ecleyuTb 6e30MacHyw U
3¢ deKTUBHYIO Tepanuio, COCOGCTBYIOILYI0 pereHepaluu
Xpsllla, Mbl CMOXXeM KOHTPOJIMPOBAaTb HWJIW 06pPaTUThb
BCIATh JlereHepalUi0 XpsAllla U IOJHOCTbIO HW3MEHUTh
3MUJIeMUOJIOTHI0  3ab6ojieBaHuA. Mbl  HajeeMcsl, 4TO
JlaJibHelIllee Hallle MCCJe/JOBaHNe BHeCeT 3HAYUTeJbHbIN
BKJIA/| B IOCTHKEHUe 3TOH 1esu.

Bxkiaa asrtopoB. Konuenrtyanusauusa - EP,
B.0, A.b; wmerogosorua - J.C, B.C; nposepka - E.P,
[.C; dopmanbHbiil ananu3 - E.P, B.O., A.b.; HanucaHue
(opuruHasnbHas yepHoBas noxaroroska) - b.C, J.C., M.M.;
HanucaHue (0630p U pefakTupoBaHue) - M.M. Bce aBTopbl
NPOYUTANH, COMJIACUJIUCh C OKOHYaTeJbHOW Bepcuei
PYKOIHUCH.
KoH}IMKT MHTEpecoB He 3asiBJIEH.

duHaHCHpOBaHUe. JlanHoe Hccae/JoBaHue
MPOBOJUJIOCH B paMkax Hay4YHO-TeXHUYeCKOU

JlutepaTtypa

1. Zhang Y, Jordan .M. Epidemiology of Osteoarthritis. Clin Geriatr Med. 2010; 26(3): 355-369. [Crossref]

2. Carlson A.K,, Rawle R.A., Wallace C.W, Brooks E.G. et al. Characterization of synovial fluid metabolomic phenotypes of
cartilage morphological changes associated with osteoarthritis. Osteoarthr Cartil. 2019; 27(8): 1174-1184. [Crossref]

3. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence,
prevalence, and years lived with disability for 310 diseases and injuries, 1990-2015: A systematic analysis for the Global Burden
of Disease Study 2015. Lancet. 2016; 388(10063): 1545-1602. [Crossref]

4. Mabey T, Honsawek S. Cytokines as biochemical markers for knee osteoarthritis. World ] Orthop. 2015; 6(1): 95-105.
[Crossref]

5. Nelson A.E. Osteoarthritis year in review 2017: Clinical. Osteoarthr Cartil. 2018; 26: 319-325. [Crossref]

6. Zhang W, Nuki G., Moskowitz R.W., Abramson S. et al. OARSI recommendations for the management of hip and knee
osteoarthritis: part I1I: Changes in evidence following systematic cumulative update of research published through January
2009. Osteoarthr Cartil. 2010; 18(4): 476-499. [Crossref]

7. Jo C.H, Lee Y.G, Shin W.H, Kim H. et al. Intra-articular injection of mesenchymal stem cells for the treatment of
osteoarthritis of the knee: a proof-of-concept clinical trial. Stem Cells. 2014; 32(5): 1254-1266. [Crossref]

8. Richardson S.M., Kalamegam G., Pushparaj PN., Matta C. et al. Mesenchymal stem cells in regenerative medicine: Focus
on articular cartilage and intervertebral disc regeneration. Methods. 2016; 99: 69-80. [Crossref]

9. Hpocanckuii A.A., Kyasba TA., Kopuusaoge H.H. Baaudayus u KyabmypHasi adanmayusi Wka/a oyeHKU ucxodos
3a6o01esanutl, nogpedxcdeHull u pe3yabmamos JeyeHust kKosieHHozo cycmaga WOMAc, KSS u FjS-12 // Tpasmamosozusi u
opmonedusi Poccuu. - 2018. - T. 24. - Ne2. - C. 70-79. [Crossref]

Irzhanskii A.A., Kuliaba TA., Kornilov N.N. Validatsiia i kul'turnaia adaptatsiia shkal otsenki iskhodov zabolevanii,
povrezhdenii i rezul'tatov lecheniia kolennogo sustava WOMAc, KSS i FjS-12 (Validation and cultural adaptation of the WOMAc,
KSS and FjS-12 knee disease, injury and treatment outcome scales) [in Russian]. Travmatologiia i ortopediia Rossii. 2018; 24(2):
70-79.[Crossref]

10. Bekapucos 0.C, Patimazambemos E.K., Baa6ocwinos B.E., Kopeanbekosa I'C. u dp. BHedpeHue uHHOBAYUOHHbBIX
MKAHeUHICeHePHbIX MEeXHO102Ull 8 MEOUYUHCKYI0 NPaKMUKY 0151 80CCMAH08/eHUs no8pexcOeHHbIX cycmasos // Traumatology
and Orthopaedics of Kazakhstan. - 2022. - T. 61. - Ne1. - C. 32-37. [Crossref]

Bekarisov 0.S, Raimagambetov E.K, Balbosynov B.E., Korganbekova G.S. i dr. Vnedrenie innovatsionnykh
tkaneinzhenernykh tekhnologii v meditsinskuiu praktiku dlia vosstanovleniia povrezhdennykh sustavov (Introduction of
innovative tissue engineering technologies into medical practice for the restoration of damaged joints) [in Russian]. Traumatology
and Orthopaedics of Kazakhstan. 2022; 61(1): 32-37. [Crossref]

11. Pers Y-M., Rackwitz L., Ferreira R, Pullig O. et al. Adipose mesenchymal stromal cell-based therapy for severe
osteoarthritis of the knee: a phase i dose-escalation trial. Stem Cells Transl Med. 2016; 5(7): 847-856. [Crossref]

12. Russo A., Condello V, Madonna V, Guerriero M. et al. Autologous and micro-fragmented adipose tissue for the
treatment of diffuse degenerative knee osteoarthritis. ] Exp Orthop. 2017; 4(1): 33. [Crossref]

13. Hudetz D., Borié¢ I, Rod E, Jele¢ Z. et al. The effect of intra-articular injection of autologous microfragmented fat tissue
on proteoglycan synthesis in patients with knee osteoarthritis. Genes (Basel). 2017; 8(10): 270. [Crossref]

14. De Ugarte D.A., Morizono K, Elbarbary A., Alfonso Z. et al. Comparison of multi-lineage cells from human adipose
tissue and bone marrow. Cells Tissues Organs. 2003; 174(3): 101-109. [Crossref]

15. Feng Z., Ting ], Alfonso Z., Strem B.M. et al. Fresh and cryopreserved, uncultured adipose tissue-derived stem and
regenerative cells ameliorate ischemia-reperfusion-induced acute kidney injury. Nephrol Dial Transplant. 2010; 25(12): 3874~
3884. [Crossref]

16. Tsubosaka M., Matsumoto T, Sobajima S., Matsushita T et al. The influence of adipose-derived stromal vascular
fraction cells on the treatment of knee osteoarthritis. BMC Musculoskelet Disord. 2020; 21(1): 207. [Crossref]

17. Michalek J., Moster R., Lukac L., Proefrock K. et al. WITHDRAWN: autologous adipose tissue-derived stromal vascular
fraction cells application in patients with osteoarthritis. Cell Transplant. 2015. [Crossref]

18. Fodor PB.,, Paulseth S.G. Adipose derived stromal Cell (ADSC) injections for pain management of osteoarthritis in the
human knee joint. Aesthetic Surg J. 2016, 36(2): 229-236. [Crossref]

}Kacymanbm TEXHOJIOTUAHDbI KOJIAAaHY HerisiHje Tize 0CTe0apTpoO3bIH eMAey

Parimaram6eTtos E.K. !, Carunos B.H. ?, Barnen A.H. 3, Oraii B.B. %,
MaxmeToBa M.H.? Carunosa /.A. °


https://doi.org/10.1016/j.cger.2010.03.001
https://doi.org/10.1016%2Fj.joca.2019.04.007
https://doi.org/10.1016/s0140-6736(16)31678-6
https://doi.org/10.5312/wjo.v6.i1.95
https://doi.org/10.1016%2Fj.joca.2017.11.014
https://doi.org/10.1016/j.joca.2010.01.013
https://doi.org/10.1002/stem.1634
https://doi.org/10.1016/j.ymeth.2015.09.015
https://doi.org/10.21823/2311-2905-2018-24-2-70-79
https://doi.org/10.21823/2311-2905-2018-24-2-70-79
https://doi.org/10.52889/1684-9280-2022-1-61-32-38
https://doi.org/10.52889/1684-9280-2022-1-61-32-38
https://doi.org/10.5966/sctm.2015-0245
https://doi.org/10.1186%2Fs40634-017-0108-2
https://doi.org/10.3390%2Fgenes8100270
https://doi.org/10.1159/000071150
https://doi.org/10.1159/000071150
https://doi.org/10.1186/s12891-020-03231-3
https://doi.org/10.3727/096368915x686760
https://doi.org/10.1093/asj/sjv135
https://orcid.org/0000-0002-9032-3860
https://orcid.org/0000-0001-9551-5354
https://orcid.org/0000-0002-6661-8132
https://orcid.org/0000-0001-5029-5255
https://orcid.org/0009-0004-3044-7724

 https://orcid.org/0000-0001-9551-5354

Traumatology and Orthopaedics of Kazakhstan, Volume 4. Number 70 (2023)

! Ne5 opmonedus 6esiminiy meHeepywici, Akademuk H.2K. BamneHog ambIHOaFbl ¥AMMbIK FbLABIMU MPABMAMO/02US HCIHE
opmonedusi opmasveirel, AcmaHa, KazakemaH. E-mail: 9992259@mail.ru

2 Acmana meduyuHra yHueepcumeminiy PhD dokmopanmsi, Acmana, Kazakcman. E-mail: saginov_b@nscto.kz

3 lupekmopdblH FoLALIMU HCYMbIC HCIHe cmpamezust HeoHiHdezi opbiH6acapyl, Akademuk HIK. Bamneros ambindarsl Yammblk
FbI/bIMU MPABMAMO.102Usl JcaHe opmonedusi opmanvirel, Acmana, Kazakcmat. E-mail: batpen_a@nscto.kz

*Folabim sceHiHdezi dackapyuibl dupekmop, ¥ammbik 6uomexHos02ust opmansirsl, Acmana, Kasakcman. E-mail: ogay@biocenter.kz
* Acmana meduyuHa yHusepcumeminiy PhD dokmopanmul, Acmawa, Kazakcmat. E-mail: meruert1995@mail.ru

® FolabiMu K010aH6a1b1 3epmmeysiep 0pmasbiFbiHbiy deemekuiici, Akademuk HIK. BamneHos ambiHOarsl YammblK FolablMu
mpagmamo.io2usi scaHe opmonedust opmanwirel, Acmana, Kasakcman. E-mail: saginova_d@nscto.kz

Tyitinaeme

Ocmeoapmpo3 (OA) - eH Ken mapajaraH co3blAMaJbl 6YblH Aypybl HcaHe GYbIH aypybl MeH myzedekmikmiH Hezizel cebenmepiHiH 6ipi.
Tize ocmeoapmpo3biH emdeydiH dacmyp.i adicmepi wWamaabl KAUHUKAALIK apMblKWbLALIKMAapObl kepcemedi, an emdeydiH COHFbl HYCKAChl-
6ybIHOapdul sHdonpome3dey. Kasipei yakbimma scacywaablk mepanusi mize ocmeoapmpo3slH emoeyodezi #aHa macia iHcaHe HaHyapaapowl
3epmmeydemeH adamdapoarsl KAUHUKAIbIK 3epmmeysepoe Maybi30bl Homudicesep kepcemmi.

3epmmeydiy makcamol: Matiabl miHdepoiH, cmpomanbObl-mamblpabl GpaKyUsCbIH HIHE CUHOBUANbOIbI MEMOPAHAHBIH ME3EHXUMANbLK
0iHy scacywanapsl K010aHy Ke3iHde mize ocmeoapmpo3bl 6ap Haykacmapoa emoey HomudiceaepiH 3epmmey.

9ddicmepi. 3epmmeyze mize ocmeoapmposbiMeH aybipamsiH 60 Haykac kamvicmol. Tize ocmeoapmposbiHbiH dapedxceci Keanzpeh-
JloypeHc kaaccuukayuscbiHbiH KemeziMeH 6arananibl, 6y sepmmeyee 1I-111 dapesiceni ocmeoapmpo36eH ayblpambsiH HQyKacmap KambvICmbl.
Apmpockonusiiblk de6pummeHmmen KeliiH Haykacmap 2 monka 6e.iHO0i. BipiHwi monka cuHO8UA/1b0bl MeMOPAHAHLIH CMPOMAabObL-
mambipavt ppakyusicol (CTP), ekinwi monka mali miHiHi{ Me3eHXumanwlk 0iy sHcacywanaput (MXK) eneizindi. Bakblaaydvly MUHUMA/10bI
KAUHUKA/ILIK JCaHe peHmaeHOIK ke3eHi 12 atidbl KypaowL.

Hamuoiceci. 9p mypi xaavikapaavlk wkaaapdsl Koa0aHa omuipbin, 12 atidau kellin 6ipsaeckeH scardaiidsbl 6aranay eki maxcipubenai
monma da M/DK oswcone CTD kemezimen emodeydeH KeliiH KambiCywblaapobly mize GybIHOAPbIHbIY GYHKYUOHAAOIK KHCAFOAUbIHBIH
atimapavikmati scakcapranviH kepcemmi. WOMAC wikasacsl 6otiviHwa mize GybiHOapbiHblY GYHKYUOHAI0bIK KepcemKiwumepi calikeciHule
CT® xcane M/I’K monmapuwinda 14,7 scane 13,4, KOOS wkaaacw! 6otiviHwa 23,6 stcane 26,4 sxcaxcapdbl. AyblpcbiHy cuHdpombl catikeciHwe CTP
scane M/PK monmapueinda VAS wikanacwl 6oliviHwa 1,8 scare 2,1 peepeccusira yublpadwl.

KopbimuiHdbl. 3epmmeydiy eki moGblHblY Hamudiceaepl caablcmulpblaraH monmapda omara oeliiH jcaHe 00aH KeliiHei (8, 12 anma
score 12 ail) WOMAC, VAS scane KOOS maHdepi apacwiHda atimapavikmatl atiblpMawblablk 6ap ekeHiH kepcemmi.

TyliiH ce3dep: mize GYblHbI, 0CMEOAPMPO3, HCACYWAABIK MEXHON02USAAD, CMPOMAALIbI-MAMbBIP HPAKYUSICbI, ME3EHXUMANbIK OiH
cacywanapel.
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Abstract

Osteoarthritis (OA) is the most common chronic disease of joint and a major cause of joint pain and disability. Traditional therapies for
knee osteoarthritis show little clinical benefit, and the terminal treatment option is joint replacement. Currently, cell therapy is prospective for
the treatment of knee osteoarthritis and has shown significant results in animal studies and human clinical trials.

The aim: to investigate the treatment results in patients with knee osteoarthritis using adipose tissue stromal-vascular fraction and
synovial mesenchymal stem cells.

Methods. 60 patients with knee osteoarthritis were included in the study. The stage of knee osteoarthritis was assessed using the
Kellgren-Lawrence classification, and patients with stage II-11I of osteoarthritis were included in this study. After arthroscopic debridement,
patients were divided into 2 groups. The first group was injected with the stromal-vascular fraction (SVF) of synovial membrane, and the second
group was injected with adipose tissue mesenchymal stem cells (SVF). The minimum clinical and radiologic follow-up period was 12 months.

Results. The assessment of the joints condition after 12 months using different scales showed that in both experimental groups there was
a significant improvement of the functional status of the knee of the patients after treatment with MSC and SVE. Functional indicators of knee
Jjoints on the WOMAC scale improved by 14.7 and 13.4, on the KOOS scale by 23.6 and 26.4 in the SVF and MSC groups, respectively. Pain syndrome
regressed by 1.8 and 2.1 on the VAS scale in the SVF and MSC groups, respectively.

Conclusion. The results of both study groups showed that there is a significant difference between WOMAC, VAS and KOOS values before
and after surgery (8, 12 weeks and 12 months) in the compared groups towards improvement.

Keywords: knee joint, osteoarthritis, cell technology, stromal-vascular fraction, mesenchymal stem cells.
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Mistakes in the Organization of Specialized Care for Patients with Traumatic
Amputation of Hand Segments
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Abstract

The aim of the study appears to focus on identifying and analyzing errors or inadequacies within the organization of specialized care
for patients who have experienced traumatic amputation of hand segments. The specific goals might include understanding the flaws in the
existing care structures, improving patient outcomes, and developing recommendations to enhance the quality of specialized care provided to
patients who have suffered hand segment amputations.

Methods. 2020 to 2022 to the clinic of the National Scientific Center for Surgery named after Syzganov, 165 patients with acute injuries
of limb segments were urgently hospitalized to provide specialized surgical care, leading to decompensation of blood circulation in the hand or
fingers.

Results. Due to incorrect actions in 24 patients, it was not possible to replant the delivered segments (33 segments). These patients
underwent stump formation.At the same time, 50-75% still allow diagnostic, technical and tactical errors in the treatment of this category of
patients. The possibility of replantation and revascularization, as well as their outcome, largely depended on the timeliness and quality of first
aid, compliance with the conditions for preserving the cut-off segment, the speed of transportation and other organizational factors.

Conclusions. The use of modern methods of microsurgical restorative interventions with the reconstruction of injured vessels can
significantly expand the possibilities of preserving and restoring completely and partially torn segments of the hand and fingers. The improvement
of the results of treatment of patients with traumatic amputations and injuries of the neurovascular bundles of limb segments was significantly
affected by the provision of timely specialized microsurgical care.

Keywords: organization, public health, mistakes, traumatic amputation, hand surgery.
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Introduction

Cases of disability due to traumatic amputation
of segments of the hand reach 30% of the total number of
disabled people [1,2]. The introduction of microsurgical
methods into clinical practice has significantly expanded the
possibilities of organ-preserving treatment tactics, opened
up real prospects for reducing the level of disability in this
large and socially significant group of patients. At the same
time, 50-75% still make diagnostic, technical and tactical
errors in the treatment of this category of patients.

According to various authors, disability during
the primary referral of patients to the Bureau of Medical
and Social Expertise ranges from 19% to 46% among all
examined, and the main cause of it is amputation defects
of the hand and fingers [3]. In specialized departments of
hand surgery, patients with the consequences of injuries
account for 40-56%. Significant financial resources are
spent on the treatment of such patients and the payment
of social benefits. In practice, the high economic efficiency
of qualified treatment of the injured has been convincingly
shown.

From the foregoing, it follows that many issues
related to the surgical rehabilitation of patients with hand
injuries remain debatable, the views of a number of authors
are sometimes contradictory, modern methods of treatment

Materials and methods

The study was conducted in accordance with the
Helsinki Declaration of the World Medical Association on
ethical principles for conducting medical research involving
human subjects.

2020 to 2022 to the clinic of the National Scientific
Center for Surgery named after Syzganov, 165 patients
with acute injuries of limb segments were urgently

Table 1 - Frequency and types of amputation

are not sufficiently linked to traditional ones, and the latter
have not yet been fully studied [4].

It should be emphasized that the severity of hand
tissue defects, often leading to psycho-emotional disorders,
a high percentage of disability of the victims, causing
material damage to society, despite the use of a number
of reconstructive operations, there is no doubt that it is
expedient to develop new and improve existing methods of
plastic surgery, clarify indications and contraindications to
the use of various types of plasty, development of a method
for one-stage surgical treatment of soft tissue defects and
bone phalanges of the fingers, one-stage flap plastic of soft
tissue defects and reconstruction of functionally important
anatomical formations of the hand [3,5].

The aim of the study appears to focus on identifying
and analyzing errors or inadequacies within the organization
of specialized care for patients who have experienced
traumatic amputation of hand segments. The specific goals
might include understanding the flaws in the existing care
structures, improving patient outcomes, and developing
recommendations to enhance the quality of specialized
care provided to patients who have suffered hand segment
amputations.

hospitalized to provide specialized surgical care, leading to
decompensation of blood circulation in the hand or fingers:
complete traumatic amputation - 68, incomplete amputation
- 47, traumatic injury to the neurovascular bundles of the
hand with circulatory disorders - 50 patients. Male - 142,
female - 23 (Table 1).

. Traumatic damage to the
Comé)l}lftigfiléﬁlanc ;ﬁfoﬁgﬁgi neurovascular bundles of the hand Male Female
b p with circulatory disorders
68 47 50 142 23

Among those admitted, it should be noted the
predominance of young people, of the most able-bodied age
(21-50), especially needing labor and social rehabilitation.

Of the total, 57.7% of cases were injured at work, 22.5% at
home, 15.9% in agriculture and 3.6% in transport (Picture
1).

N in the workplace

H at home
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Picture 1 - Causes and frequency of injuries

Out of 165 patients, 101 (61.2%) patients had the
following errors during transportation and preservation of
severed segments:

e Unreasonable ligation of neurovascular bundles -
14 (8.5%) cases (Picture 2);

e Direct contact with coolant or use of a large volume
of water, which prevents cold anoxia and reduces the period
of possible replantation - 3 (1.8%) cases;

e Refusal to cool in non-perfused incompletely
dissected segments - 17 (10.3%) cases;

 Late onset of cooling of the severed segment - 9
(5.5%) cases;

¢ Frostbite of the tissues of the severed segment
due to direct contact with ice and snow, transportation in
an open form at negative air temperatures, as well as in
freezers, etc. - 6 (3.6%) observations;
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Picture 2 - Decompensation of blood circulation in the hand. The main arteries are ligated. Ligatures (x8 magnification)

e Long and unreasonable delay in transporting
a patient to a specialized department, delivery with
subsequent transfer of the patient to non-core hospitals
(from 2 to 5 hospitals) - 31 (18.8%) cases;

eInsufficient coordination of the actions of the
ambulance team and the microsurgeon of the center:
untimely reporting or failure to report on the injury and
the timing of delivery of the patient with limb segment
detachment - 21 (17.7%) cases.

During amputation with an electric saw, the injury
was caused by rapidly rotating teeth of the saw blade, the
width of the destroyed tissue in the area of the amputation
zone depended on the distance and the size of the saw
teeth. 39 (23.63%) patients were hospitalized with this
type of injury. The width of the zone of destroyed tissues
during amputation from crushing depended on the area
of the injuring agent. 40 (24.24%) patients with this
type of amputation were delivered. Avulsion amputation
was characterized by prolonged damage to soft tissues
at a significant extent from the wound surface. Patients
with avulsion amputation were admitted 17 people
(10.3%). In total, 251 segments were damaged in 165
patients admitted. A high frequency of injuries of the most
functionally significant fingers 1 (35.7%) and 2 (28.3%) was
noted. Equally often there was a detachment of [V, V fingers.

Table 2 - Timing of admission and level of injury

Dissections in the 4th zone occurred in a "block” consisting
of several fingers, more often (12.4%) from I, II fingers.
Dissection of the block I-V of the fingers was in 1 patient
with a tear-off mechanism of injury.

The terms from the moment of injury to the
admission of patients to the clinic, depending on the level
of damage to the limb, are shown in Table 1 (bold lines
indicate the acceptable terms of ischemia of the segments of
the hand). This division allowed us to determine the surgical
tactics and predict the postoperative period. Taking into
account the necessary time for organizing the operation (in
the evening and at night it ranged from 1 hour to 3.5 hours),
the time to restore blood flow in the severed segment of
the limb (2-3 hours), the time for maintaining the viability
of muscle tissue (6 hours) we considered late the timing
of admission of patients with detachment of a segment of
the limb proximal to the 4th zone for more than 4 hours.
For macro amputation over 3 hours and for amputation
zones 1-4 - over 6 hours. Based on this, the upper part of
the table shows the number of patients admitted early after
the injury, and the lower part shows the number of patients
admitted late. The number of late delivered patients was 52
(31.2%). The maximum time from injury to admission in
our observations was 25.5 hours.

Timing of admission The level of damage on the hand (according to Beamer) T )
1-2 3 4 5
Up to 3 hours 3 43 27 3 76(46%)
3-4h 19 3 22(13.3%)
4-6h 2 10 2 14(8,5%)
6-12h 3 26 15 4 48(29.2%)
12-18h 1 1 2(1.2%)
18-24h 1 1(0.6%)
Over 24h 1 1 2(1.2%)
Total (%) 8 (4.8%) 100 (60.6%) 47 (28.5%) 10 (6.1%) 165
Results
The  possibility of replantation  and Due to incorrect actions in 24 patients, it was not
revascularization, as well as their outcome, largely possible to replant the delivered segments (33 segments).

depended on the timeliness and quality of first aid,
compliance with the conditions for preserving the cut-
off segment, the speed of transportation and other
organizational factors.

These patients underwent stump formation. Analyzing the
received material, we came to the conclusion that a number
of mistakes were made at the pre-hospital stage, which could
have been avoided if the work had been properly organized.
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A large number of errors in the provision of first
aid to patients determined the need to develop appropriate
rules, since a prehospital medical worker needs to have

Discussion

To successfully perform replantation in a
microsurgical center, medical workers from other medical
institutions must adhere to the following rules:

1. Immediately inform the specialists of the
Department of Reconstructive Microsurgery about the injury
and its nature and agree on the advisability of transporting
the patient for surgical treatment. Indications for
transportation of the victim with limb segment detachment
to a specialized institution are determined by the staff of
this institution after discussing all the details of the injury
by phone. In doubtful cases, the issue is resolved in favor
of transportation, if there are no general contraindications.
From experience, a preliminary telephone message allows
you to prepare in advance for the reception of the patient
and for the upcoming operation.

2. Stop bleeding from the stump of a hand or finger
by applying a pressure bandage, soft clamps, soft inflatable
cuffs (apply a tourniquet only as a last resort).

3. Carry out anti-shock measures, perform
radiography of the stump and the amputated segment.

4. The wound surface of the amputated segment
must be covered with a sterile napkin, the limb segment
should be “preserved”. The main method of preservation
is the cooling of tissues to a temperature of +4 +8 degrees.
With cold anoxia, the period of possible replantation is
up to 24-36 hours for the fingers, up to 12-24 hours for
the hand. If it is impossible to provide cold preservation
of the detached segment, the period of thermal anoxia of
the segment is reduced by half. It must be remembered
that the suitability of a detached segment for replantation,
regardless of the condition of the wound and the timing of
cold or heat anoxia, is determined only by a microsurgeon
during direct examination and primary surgical treatment.

5. Preservation of a severed segment requires the
use of the “rule of three packets”: the separated segment in

Conclusions

The use of modern methods of microsurgical
restorative interventions with the reconstruction of
injured vessels can significantly expand the possibilities of
preserving and restoring completely and partially severed
segments of the hand and fingers. The improvement of
the outcomes of treatment of patients with traumatic
amputations and injuries of the neurovascular bundles of
limb segments was significantly affected by the provision
of timely specialized microsurgical care. The developed
rules for the provision of medical care and transportation
of patients with traumatic amputation of hand segments
make it possible to significantly expand the possibilities of
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an idea about the possibilities of modern reconstructive
surgery of the hand and its segments using microsurgical
techniques.

a dry sterile napkin must be placed in a dry sealed plastic
bag and tightly tied. This bag is placed in a second bag of
water, which is also tied tightly and placed in a third bag
of ice and/or snow. The volume of water in the second bag
should only be sufficient to prevent direct contact of the
severed segment with ice. These measures make it possible
to avoid maceration of the skin and tissues of the severed
segment, as well as its frostbite and glaciation from direct
contact with ice. If there is a thermal container, the packages
are placed in it. The amputee must be delivered with the
patient.

6. In case of incomplete detachment of the hand and
its segments, if its distal part is connected with the proximal
skin flap, the flap should not be cut, immobilization of the
entire limb and cooling of the distal segment is necessary.

7.In case of severe injuries of two limbs and combined
trauma of the internal organs and skull, the transportation
of the patient to the microsurgery center from other medical
and preventive institutions of the Republic is impractical due
to the territorial remoteness and, as a result, the severity of
the patient's condition. At the same time, it is necessary to
carry out anti-shock therapy and organize an operation in
regional (city, district, regional) medical institutions with
the involvement of specialists in vascular surgery.

8. In the direction of the medical institution, indicate
all the therapeutic measures performed at each stage of
transportation and treatment of the patient. The patient
should be urgently delivered to the clinic by ambulance,
if the condition allows by other modes of transport. The
medical staff of the microsurgery department should be
made aware of the likely timing of the patient's admission
to the hospital.

preserving and restoring completely or partially severed
hand segments.
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Tyiingeme

3epmmey0diy MaKcamol K01 cezMeHmmepiHiH dcapakam caa10apbiHaH 60FaH aMnymayusicul 6ap HQyKacmapra MamaHoaHObIpbLAFaH
KeMekmi ylibimdacmuipydarbl Kamesepdi Hemece calikeccizdikmepdi aHbIKMayFa yxaHe maadayra 6arblmmanraH. ApHativl makcammapra
KO/I0aHbICMAFrbl KymiMm KypblablMOapblHOaFbl KeMwinikmepdi myciHy, eMHiY HamudiceaepiH xcakcapmy HcoHe KOJA ceaMeHmmepiHiy
aMnymayusicbiHaH 3apoan uleKKkeH Haykacmapra kepcemiziemin MamaHoaHObIPbLAFAH KOMEKMIK canacbiH apmmolpy 60UbIHULA YCbIHbICMAD
asipaey Kipedi.

ddicmepi. Cbl3raHo8 amblHOAFbl ¥1MMblIK FblAbIMU XUPYP2Usi OpMAAbIFbIHbIH KAUHUKACbIHG 2020-2022 xcbladap apanbiFrblHOa

K0.10b1H Hemece caycakmapObly KaH AliHA/1bIMbIHbIH, 0eKOMNEHCAYUSCbIHA dKeAIN COKMbIPAMbIH MAMAHOAHObIPLLAFAH XUPYP2USAbIK KOMEK
Kepcemy yuwiH asik-KoJ ceeMeHmmepiHiH scedes scapakamel 6ap xaansl cansl 165 HayKac wyrbla aypyxaHara #Hamxbi3slaobl.

Hamuoicenep. 24 naykacma dypbic emMec apekemmepee 6aliiaHbiCmbl dcemKisiieeH ceemenmmepdi (33 cezmenm) katima omuIpFrbl3y
MYMKIH 604amadbl. Bya Haykacmapoa digeek mysinyi scypeizindi. Bya pemme ocel canammarsl Haykacmapowuiy 50-75%-viH emdeyde aai de
JduazHOCMUKA/bIK, MEXHUKAbIK HCaHe MaKmuKa/blK Kamesikmepze x#co/ bepinemini Hasap ayoapdsl. Pennanmayusi scaHe pegackyaapusayus
MyMKiHOIel, coHOal-ax 0a1apdbly Hamudiceci KebiHece aAFaWKbl MeOUYUHAbIK KOMEKMIY YaAKMblAbLAbIFbl MEH CANdcbiHd, Kecy cezMeHmiH
cakmay wapmmapulH cakmayrd, macviManday #cola0amobiFbIHA JHcaHe 6acKa YlibiMOacmulpyublablK hakmopaapra 6atiaaHsicmul 601061,

KopbimbiHObL. 3akbimMOasFraH mambipaapibl KaANbiHA Keamipe 0mbipbln, MUKPOXUPYP2USIAbIK KAANbIHA KeamipemiH apaaacyobly
3amaHayu adicmepiH K0AO0AHYy KO/ MeH caycakmapobly MOAbIK HCAHE [WIHAPA HCbIPMbLAFAH cezMeHmmepiH cakmay i aHe Ka/nbliHa
Keamipy mMymkiHdikmepin aiimapasikmaii keHelimedi. Tpagmamukaablk amMnymayusicsl 6ap yxcaHe ask-Koa ceeMeHmmepiHiy xcylike-mamuip
mytliHOepiHiy Jxcapakammapbsl 6ap HayKacmapobl emoey HomudiceAepiHiK HaAKCapybIHA YaAKMblabl MAMAHOAHOLIPLIAFAH MUKPOXUDYD2USAbIK
KeMek Kepcemy atimapasiKkmat acep emmi.

TyliiH ce3dep: ylibimdacmblipy, OeHcayablK cakmay, kameJep, #apakam caadapblHaH 604FaH amMnymayus, Ko Xupypausicb.
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Pe3ome

Lenvto uccnedosanust siensemcsi 8blssAeHUe U AHAAU3 OWUGOK 8 Op2aHu3ayuu Ccneyuaau3uposaHHoOl NOMOWU nayueHmam,
nepeHecwumM mpasmMamu4eckyio amnymayuwn cezmeHmos kucmu. KoHkpemHbvle yeau mozym 6KAH4AMb NOHUMAHUE HedoCmamkos
cyuecmgylowux cmpyKmyp 0Ka3aHusi NOMOwU, yay4uleHue pe3y/ibmamos Je4eHus NnayueHmos u paspabomky pekomeHOayuli o no8bluleHuo
Kayecmea cneyuaausupo8aHHoll nomowu, npedocmasasiemMoll NayueHmam, nepeHecwuM amMnymayuu cezMeHmos pyk.

Memodbl. C 2020 no 2022 200 & kauHuky HayuoHaabHo2o HAy4yHO20 yeHmpa xupypauu umeHu Cbi3zaHosa 0.5 OKA3AHUS
cneyuaau3upo8aHHoU Xupypauieckolti NoMouwu 6bL1U CPOHHO 20CNUMAAUSUPO8AHb! 165 nayueHmos c ocmpblMu N08pestcieHUsMU Ce2MeHMos
KOHeuHocmell, npusedwuMu K deKoMneHcayuu KpogooopaujeHust 8 KUCmu uau naabyax.

Pesynemamel. H3-3a HenpasuibHbix delicmeull y 24 nayueHmoe He yoa/noch penaaHmuposams docmaseHHvle ceemeHmbl (33
ceameHma). Y amux nayueHmoe npousouln10 popmuposarue kyaomu. Ilpu amom 6 50-75% cayuasx ece sxce donyckaauce duazHocmuyeckue,
mexHuveckue u makmu4eckue oWUbKU npu Jie4eHuU smoti Kamezopuu 60/1bHbIX. BO3MOKCHOCMb peniaHmayuu u pesackyasapu3ayuu, a makice
UX UCX00 80 MHO20M 308UCE/U OM C80€8PEMEHHOCMU U Ka4ecmea 0Ka3aHus nepeotli NoMowu, co6.1100eHUs yCA08UTl COXPAHEHUS 0Mpe3aHHO20
cezMeHmMa, CKOpPOCMU MPAHCNOPMUPOBKU U OpY2UX 0P2AHU3AYUOHHBIX (PAKMOPO8.

Bb1800b1. Hcnob308aHue co8peMeHHbIX Memodo8 MUKPOXUPYP2UHECKUX 80CCMAHOBUMENbHbIX 8MEWAMeab6Cme ¢ peKoHCmpyKyuetl
noepesc0eHHbIX cocydo8 N0360.151em CyWecmeeHHO pacuupums 803MOICHOCMU 80CCMAHO8.1eHUSI PA30PEAHHbIX Ce2MEeHMO08 KUCMU U Nabyee
noaHoCcmMbl uau yacmuyvHo. OKazaHue c80eepeMeHHOl cneyuaau3upo8aHHol MUKpOXUPYP2UYECKOU NOMOWU CYyUWecCmE8eHHO No8AUsI0 Ha
YAyHweHue pe3yabmamos Ae4eHus 60bHbIX C MPa8Mamu4eckuMu aMnymayusiMu U NOPeXCOeHUSIMU coCyOUCMO-HEPBHBIX NYUKO8 Ce2MEeHMOo8
KoHeuHocmell.

Katouesble cio8a: opzanusayusi, 30pasooxpaHeHue, OWUGKU, mpasmamu4eckas amMnymayusi, Xupypausi Kucmu.
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