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ABSTRACT

BACKGROUND: Simultaneous surgical interventions on the spine with the use of high-tech instruments and minimally
invasive access techniques allow to eliminate several problems all at once, to activate patients at an early date and to reduce
the number of complications.

AIM: To evaluate morphological changes to evaluate morphological changes in the m. Psoas minor and m. Sacrocaudalis
dorsalis lateralis during simultaneous modeling of lateral interbody fusion and posterior sacroiliac joint arthrodesis

MATERIALS AND METHODS: Experiments were carried out on 14 outbred dogs; 3 animals formed a control group.
The animals underwent consecutive lateral interbody fusion of the lumbar spine and posterior arthrodesis of the sacroiliac
joint. The lumbar spine and sacroiliac joint were stabilized with external fixation device. Paraffin sections of muscles were
stained with hematoxylin-eosin, according to Van Gieson, and Masson. Biochemical analysis of blood serum was performed
during the experiment.

RESULTS: The morphological study of the muscles revealed pathohistological features such as an increase in the variety
of myosymplast diameters, loss of their profiles polygonality, massive fibers fatty degeneration, endo- and perimysial fibrosis,
sclerotization of vessel membranes, obliteration of their lumens. At the end of the experiment, the degree of the small lumbar
muscle fibrosis was 161% and of the sacrocaudal dorsal lateral muscle fibrosis was 240% of the control parameters (p < 0.05);
the rate of the muscle fatty infiltration was 339 and 310% of the normal value, respectively. The sacroiliac-caudal dorsal
lateral muscle underwent more marked changes, especially in the early stages of the experiment. A significant increase in the
enzymes activity, skeletal muscle damage markers was detected on the 14th day after surgery.

CONCLUSION: Simultaneous surgical interventions on the spine should minimize mechanical effects on the paravertebral
muscles and use techniques to stimulate their function in the postoperative period, which will reduce the processes
of fibrogenesis and fat involution as well as provide an overall shorter rehabilitation period for the target patients.

Keywords: simultaneous operations; lateral interbody fusion; posterior arthrodesis; psoas minor; sacrocaudalis dorsalis
lateralis muscle; blood biochemistry.
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AHHOTAUNA

Begedenue. CuMynbTaHHbIe XVPYPrUYeCKMe BMELLATENIbCTBA HA MO3BOHOYHUKE C MPUMEHEHUEM BbICOKOTEXHONOTUYHOIO
MHCTPYMEHTapUs U MaNoWHBa3WBHbLIX METOAMK LOCTYNa NO3BOJISIOT OJHOMOMEHTHO YCTPaHUTL HECKOMBKO NpobieM, aKTUBM-
31poBaTh NaLMEHTOB B paHHWE CPOKM W YMEHBLUMTD KOSIMYECTBO OCIIOMHEHMUIA.

Llests. OueHKa Mop®honOrMyecKMX M3MEHEHUI Manol NOACHUYHOW M KPecTLoBO-KayaanbHON (KOMYMKOBOM) AOpCabHOM
NaTepanbHOW MbILL, MPU CUMYNIbTAaHHOM MOJENIMPOBaHWM BOKOBOrO MEXTENIOBOr0 CMOHAMNIOAE3a M 3a[iHero apTpojesa
KpecTL,0BO-NO/AB3/0LLIHOr0 CyCcTaBa.

Mamepuanelr u Memodel. lpoBeaeHbl 3KCNepUMeHTLI Ha 14 BecnopoaHbIX cobakax, 3 ocobu cocTaBuamM rpynny KOH-
Tpons. *UBOTHBIM NOCNeoBaTeNbHO BINOMHANM BOKOBOW MEXTEN0BOW CNOHAMNOAE3 MOSCHUYHOrO OTAENa No3BOHOYHU-
Ka W 3afiHuii apTpoae3 KpecTLOoBO-MNOAB3AOLIHOM0 CycTaBa. [M0SCHUYHbIA OTAEN U KpecTLOBO-NOAB3AO0LHbIA CYCTaB CTa-
BunusupoBanM annapatoM BHewwHen Qukcaumu. [apaduHoBble Cpesbl MbILL, OKPALLMBaM FEMaTOKCUIMHOM-303UHOM,
no BaH-lu3oHy, no MaccoHy. Ha cpokax akcnepuMeHTa NpoBoAuaM BUOXMMUYECKMIA aHaNM3 CbIBOPOTKU KPOBH.

Pesynsmamel. B xope Mopdhonoryeckoro UccnefoBaHWs MblLLL, BbISB/EHbI NAaTOMMCTONOTMYECKUE 0CODEHHOCTH, TaKme
KaK yBeNinueHne pa3Hoobpasus AMaMeTpoB MMOCUMMNIACTOB, YTpaTa NojMroHanbHOCTU UX Npodunels, MaccoBas KupoBas fie-
reHepauus BONOKOH, Gubpo3vpoBaHue 3HA0- U NePUMM3NS, CKITEPOTHU3aLmMsa 060104eK cocya0B, 0bMTepaLms Ux NpoCBETOB.
Mo oKOHYaHUM 3KCNepuUMeHTa cTeneHb GUbpPo3a Manoi NOACHMYHOM MbILuLbl cocTaBuna 161%, KpecTLoBO-KayaanbHoM fop-
canbHoM NaTepanbHoi Mblwbl — 240% oT KoHTponbHOro 3HaueHus (p <0,05); nokasaTtenb XKMpOBO UHPUILTPALMM MbiLLL|
cocraBun cootBeTcTBeHHO 339 1 310% oT HopMbl. Bonee BbIpameHHbIM M3MEHEHNAM NMOABEPraeTCA KPecTLoBo-KayaanbHas
L0pcanbHas naTepanbHas MblllLa, 0CODEHHO Ha paHHUX 3Tanax sKkcnepumeHTa. OBHapyeH AOCTOBEPHO 3HAYWMBIA pPoOCT
aKTUBHOCTM EPMEHTOB — MapKEPOB NOBPEXAEHNS CKENETHbIX MbILLLL HA 14-€ CYTKW Nocsie onepaLmu.

3aknwoyenue. Tpyu cUMyNbTaHHBIX XMPYPTUYECKUX BMELLATENbCTBAX Ha MO3BOHOYHMKE HEobX0AMMO MMHUMM3MPOBATb
MeXxaHWyecKne BO3AENCTBMA Ha napaBepTebpanbHble MbILLLbl, UCMOMb30BaTb NPUEMBI CTUMYNALMU WX YHKUMM B nocne-
OMepaLMoHHbIA NepUOA, YTO MO3BONUT YMEHbLUUTL NpoLecckl GMbporeHe3a W XWUPOBOW MHBOMIOLMKM U 0becneyuT B LiENIOM
COKpalLieH1e nepuofia peabunuraumm LeneBbIX NaLMEHTOB.

KnioueBble cnoBa: CUMYJIbTaHHbIE onepaunu; DoKOBOW MeKTeNoBOW CNOHANNOAE3; 3aAHUI apTpoaes; Manas noaCHU4YHaA
MblllLa; KPecTL0B0-KayaaibHaA AopcajibHadA natepasibHaa MblllLla; buoxumus KpoBMu.
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INTRODUCTION

Simultaneous (combined) surgeries involved up
to five different manipulations performed during a single
surgical procedure. For example, for polytrauma (with
fewer anesthesia procedures), the duration of treatment
and recovery is shortened, and the overall stress level
of the patient is reduced [1-3]. Combined spinal surgery
using high-tech instruments and minimally invasive access
techniques allows for dealing with several problems
simultaneously, making patients active at an early stage and
reducing complications [4]. In severe high-energy injuries
of the thoracolumbar spine, combined surgery is a reliable
method of achieving sufficient decompression, repositioning,
and reconstruction [5]. Multilevel vertebroplasty for multiple
compression fractures is also safe and offers significant
benefits when performed simultaneously [6].

For degenerative scoliosis of the lumbar spine,
the lumbar lateral interbody fusion (LLIF) approach
is used [7]. The safety and efficiency of the sacroiliac
joint (SIJ) arthrodesis technique with titanium implants
for the treatment of degenerative sacroiliitis and joint
rupture was established [8]. Triangular titanium implants
are increasingly being used for SIJ arthrodesis, resulting
in rapid pain reduction and improved quality of life [9-11].
Thus, good results are obtained in minimally invasive
arthrodesis with the use of three-dimensional cages (iFuse
Implant System) [12, 13].

Numerous studies have evaluated paravertebral
muscles in spinal pathologies and their status after surgical
interventions [14—16]. Microscopic features of muscle tissue,
such as myosymplastic diameters, their distribution and
profile features, muscle fat infiltration, degree of fibrosis,
and muscle atrophy have been evaluated [17, 18]. No studies
have examined histological features of paravertebral
muscles during concomitant spine surgeries using
the LLIF and posterior SIJ arthrodesis, which determined
the expediency of this study.

This study aimed to assess morphological changes
in the small lumbar (m. psoas minor) and sacrococaudal
(coccygeal) dorsal lateral muscles (m. sacrocaudalis
dorsalis lateralis) during simultaneous simulation of lateral
interbody fusion and posterior SIJ arthrodesis.

MATERIALS AND METHODS
Study design

The study was conducted at the Ilizarov National Medical
Research Center for Traumatology and Orthopedics. It is

part of a prospective experimental study on skeletally
mature male and female outbred dogs with a bodyweight
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of 13.0+4.0 kg and a shin length of 12-14 cm. The level of
evidence was llb.

The experiment was performed in 2019-2021 within
the state assignment “Development and assessment
of the efficiency of patient-centered implants in the surgery
of the axial skeleton,” Direction No. 8. Research registration
no. AAAA-A18-118011190118-8. Data processing was
conducted in 2022.

Study ethics

The study was approved by the local ethics committee
of the Ilizarov National Medical Research Center
for Traumatology and Orthopedics (Minutes No. 2/5
dated May 17, 2018). The animals were kept in aviaries
under standard vivarium conditions in accordance with
GOST 33215-2014 dated December 22, 2014, No. 73-P
“Guidelines for the maintenance and care of laboratory
animals: Environment, housing, and management”
and GOST 33217-2014 “Guidelines for the maintenance
and care of laboratory animals. Species-specific provisions
for laboratory predatory mammals.”

Description of the experimental intervention

The main goal of the experiment was to examine
the safety and primary efficiency of 3D titanium cages
for interbody fusion and iliosacral blocking. The experimental
group consisted of 14 animals, and the control group
included three animals. Premedications included 1%
dimedrol (0.02 mg/kg), 0.1% atropine sulfate (0.02 mg/kg),
1% droperidol (0.5 mg/kg), and 2% rometar (1 mg/kg).
For intravenous anesthesia, 5% sodium thiopental solution
at a dose of 10 mg/kg was administered. The animals
were removed from the experiment after 6 (n=5), 12 (n=6),
and 18 (n=3) months. Euthanasia was performed after
premedication, followed by the administration of a lethal
dose of barbiturates.

Experimental model

Surgical access to the lumbar spine was performed
on the right side at the level of the apices of the transverse
processes of L,_,. The cage was inserted using
the impaction method until full penetration into the interbody
space (Fig. 1a). The wound was sutured in layers [19].
At the second stage of surgery, sacrocaudal dorsal
lateral muscles were displaced medially to access the SIJ
at the L, and S levels. A bed for the cage was formed
in the articular SIJ surfaces. The adjacent bone tissue
of the iliac wing and sacrum was captured. The implant was
impacted (Fig. 1b), and the wound was sutured in layers.
The SIJ and lumbar spine were stabilized with an Ilizarov
apparatus for 30 days.
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Fig 1. Surgical field: @ — titanium cage between the sacrum and the wings of the ilium of the lumbar vertebrae; b — the position

of the cages in the sacroiliac joints (sacrum).

Histological examinations
of the paraspinal muscles

The small lumbar and sacrocaudal (coccygeal) dorsal
lateral muscles were examined after 6, 12, and 18 months
of the experiment. Muscle fragments were excised from
the right side of the spine in the projection of implant
insertion into the interbody space and fixed in 2% glutaric
and 2% paraformaldehyde mixture in equal volumes.
After histological examination, the material was embedded
in paraffin, and the sections were stained with hematoxylin-
eosin according to Van Gieson and Masson trichrome
procedures. The sections were examined using an AxioScope.
A1 stereomicroscope and an AxioCam digital camera
(Carl Zeiss Microlmaging GmbH, Germany). The images
were used for stereometry. The volume density (mm?3/mm3)
of muscle fibers (V,), microvessels (V,,,,), endomysium
(Vyeng) @nd nuclear component of the muscle tissue (V,,)
and the numerical density (mm=2) of the myosymplasts
and microvessels (N, N,,,) were calculated. In addition,

the muscle vascularization index (l,,,), which indirectly
evaluates muscle oxygenation, was calculated,
and N,,,/N,; Was a species constant.

Biochemical blood serum tests

The serum concentrations of total protein, C-reactive
protein, and skeletal muscle damage markers such as
creatine phosphokinase (CPK) and aminotransferases
(aspartate transaminase and alanine transaminase) were
determined at different periods of the experiment. The levels
of total protein, C-reactive protein, and enzyme activity were
determined on a Hitachi 902 Biochemical Automatic Analyzer
(USA) using reagent kits from BioSystem (Spain) and Vector
Best (Novosibirsk, Russia).

DOI: https.//doi.org/10.17816/VT0253610

Statistical analysis

Principles of sample size calculation: The sample size
was not preliminarily calculated.
Methods of statistical data analysis

1. Static analysis of stereometric data: (a) Digital material
was processed using AtteStat version 13.1 (Russia) [20].
(b) Arithmetic mean (M) and standard error of mean
(m) were determined. (c) The reliability of differences
was estimated using nonparametric Wilcoxon test for
independent samples, and the statistical significance
level of differences was set at p <0.05.

2. Statistical analysis of biochemical data: (a) Digital
material was processed using AtteStat version
13.1 (Russia) [20]. (b) The reliability of differences
between the values obtained during the experiment
was compared with those obtained before the
surgery (day 0). (c) Differences were assessed using
the Wilcoxon test for dependent samples. Results
were presented as median and first and third
quartiles.

RESULTS

In the control group, the histostructures of small
lumbar and sacrococaudal (coccygeal) dorsal lateral
muscles were characterized by polygonal uniform profiles
of muscle fibers, minimal connective tissue interlayers
(Fig. 2a), and perimyseal arterial vessels with open lumen
and circular orientation of smooth muscle cells (SMCs),
without membrane fibrosis (Fig. 2b). Few myosymplasts
with signs of reversible contractures, intramuscular nerve
trunks, and neuromuscular spindles of normal structure
were observed.
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At month 6 of the experiment, both muscles After 12 months, the polygonal profiles of myosymplasts
were characterized by signs of structural adaptation prevailed in the histostructure of the small lumbar muscle, and
to the experimental conditions, such as loss of polygonality of  the intramuscular nerve guides and neuromuscular spindles
myocyte profiles, increased variability of their diameters, single  were characteristically normalized (Fig. 4a). In the sacrocaudal
adipocytes, small groups in the interstitial space, bundles of  dorsal lateral muscle, the above signs of structural adaptation
muscle fibers, and fibrosis of the endomisium and perimysium  were preserved: symplastic diameters varied, internal nuclei
(Fig. 3a, 3c). In arterial vessels with a significantly thickened ~ were observed, and inflammatory cells could be found in areas
medial tunic, in which the SMCs were chaotically oriented,  of significant interstitial fibrosis (Fig. 4b). Moreover, muscle
the adventitial tunic was strongly fibrotic, and the lumen was  fiber bundles were replaced by adipocytes, and perimysial
frequently obliterated (Fig. 3b). vessels had signs of adventitial fibrosis (Fig. 4c).

Fig. 2. Histostructure of m. psoas minor (a) and m. sacrocaudalis (coccygeus) dorsalis lateralis (b) in control: polygonal fiber profiles,
minimum endomysium; @ — neuromuscular spindle; (b) vessel in perimysium without signs of pathology. Fragments of paraffin sections,
stained with hematoxylin-eosin; magnification x400.
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Fig. 3. Histostructure of the psoas minor (g, b) and the sacro-caudal (coccygeal) dorsal lateral muscle (c) after 6 months of the experiment:
a, ¢ — variability in the size of myosymplasts, endomysial fibrosis, adipocytes in bundles of muscle fibers; b — arterial vessel with severe
fibrosis of the adventitial and middle membranes, impaired circular orientation of the smooth muscle cells, obliteration of the lumen.
Fragments of paraffin sections; hematoxylin-eosin stain; magnification x400.
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Fig. 4. Histostructure of m. psoas minor (a) and m. sacrocaudalis (coccygeus) dorsalis lateralis (b, c) after 12 months of the experiment:
a — polygonal profiles of myosymplasts, minimum endomysium; b — variability in muscle fiber diameters, internal nuclei, an area
of significant fibrosis of the interstitial tissue (on the right); ¢ — a bundle of muscle fibers replaced by adipocytes; to the right, an area
of fibrosis. Fragments of paraffin sections, stained with hematoxylin-eosin, magnification x400.
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After 18 months, the histostructure of the studied
muscles was characterized by a significant variety of
visual fields. Thus, myosymplasts of different diameters
and profiles were characteristic of small lumbar muscle
and small groups of adipocytes replacing fibers in muscle
bundles, fibrotic bundles of muscle fibers with angular
small myocytes (Fig. 5a, below), and neuromuscular
spindles of both normal structure and enlarged connective
tissue capsules were present (Fig. 5b). In sacrococaudal
(coccygeal) dorsal lateral muscles, fragments
with polygonal fiber profiles and prominent endomysial
fibrosis (Fig. bc) were interspersed with adipocyte fields
and fiber bundles, where myosymplasts in the ischemic
state were visualized, which turned blue in Masson staining
(Fig. 5d).

According to stereometry, the endomysial volume
density increased in small lumbar and sacrococaudal

-
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(coccygeal) dorsal lateral muscles after 6 months
of the experiment, which was 150% (p <0.05) and
240% of the control value, respectively (Table 1).
Furthermore, the proportion of myosymplastic volume
decreased up to 95% of normal in the small lumbar
muscle and up to 83% in the sacrocaudal muscle. The
nuclear components of both muscles were 70% and 76%
of normal, respectively (p <0.05). The volume densities
of microvessels in the studied muscles were 83% and 121%
of normal, respectively (p <0.05). The vascularization index
in the lumbar muscle did not changed, while accounting
for 78% of normal in the second muscle. The rate of fat
infiltration of the small lumbar muscle was 394% and that
of the sacrocaudal muscle was 629% of the corresponding
parameter in the control (Table 2).

After 12 months, the endomysial volumes in the small
lumbar muscle and sacrocaudal dorsal lateral muscle

O 580 ;
e = g
[« | B2~ =

Fig. 5. Histostructure of the psoas minor (g, b) and m. sacrocaudalis dorsalis lateralis (c, d) after 18 months of the experiment: @ —
myocytes of various profiles and diameters, a group of adipocytes in the muscle bundle (top), a fragment of fibrosis with residual angular
muscle fibers (bottom); b — neuromuscular spindles of normal structure and with an enlarged connective tissue capsular; c — polygonal
fiber profiles, endomysial fibrosis; d — adipocytes that replaced part of the muscle fibers in the bundle, ischemic fibers are colored blue,
fields of adipocytes. Fragments of paraffin sections, stained with hematoxylin-eosin, according to Masson (d); magnification x400.

Table 1. Data of the stereological analysis of the small lumbar (m. psoas minor) and sacrocaudal (coccygeal) dorsal lateral muscles
(m. sacrocaudalis (coccygeus) dorsalis lateralis) of dogs

Parameters M. psoas minor M. sacrocaudalis (coccygeus) dorsalis lateralis
(mm?/mm?) 6 months | 12 months | 18 months | Control 6 months | 12 months | 18 months | Control
Vi 0,7971* 0,7315* 0,7901* 0,8299 0,6975* 0,7001* 0,7181* 0,8439
+0,0108 +0,0091 +0,009 +0,0042 +0,0166 +0,0107 +0,0118 +0,007

Vi 0,0232* 0,0283 0,0175* 0,0281 0,0272* 0,0251 0,0216 0,0225
+0,003 +0,0034 +0,0043 +0,0025 +0,0038 +0,0027 +0,0034 +0,0028

Viend 0,1539* 0,2181* 0,1697* 0,1057 0,2428* 0,2480* 0,2397* 0,1023
+0,0096 +0,0077 +0,0076 +0,0038 +0,0122 +0,0096 +0,0115 +0,0055

Vi, 0,0238* 0,0216* 0,0195* 0,0347 0,0238* 0,0216* 0,0195* 0,0312
+0,0029 +0,0027 +0,0046 +0,0026 +0,0029 +0,0027 +0,0046 +0,0032

I 0,7872 0,9408 0,9043 0,7877 0,7431 0,9714 1,0925 0,9575

vasc

Note. *Differences are significant for the experimental groups and control, p <0.05.

DOI: https.//doi.org/10.17816/VT0253610
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were 206% and 243% of these parameters in the control,
respectively (p <0.05). The volume densities of muscle fibers,
microvessels, nuclear component, and vascularization
index in the small lumbar and sacrococaudal muscles were
98% and 83%, 101% and 112%, 62% and 69%, and 119%
and 101% of normal, respectively. The degree of fatty
infiltration decreased relative to the previous period,
amounting to 227% in the small lumbar muscle and 327%
in the sacrococaudal (coccygeal) dorsal lateral muscle
relative to the value of this parameter in the control group.

At month 18 of the experiment, the volume density
of myosymplasts, proportion of nuclear component, relative
microvascular volume, and vascularization index in the small
lumbar and sacrocaudal dorsal lateral muscles were 95%
and 85% (p <0.05), 56% and 62% (p <0.05), 62% and 96%
(p <0.05) of normal, respectively, and 115% and 114% of the
parameter values in the control. The degree of sclerotization

T.29 N4, 2022
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of the small lumbar muscle decreased relative to the previous
period, reaching 161% of the control and did not change
in the sacrococaudal (coccygeal) dorsal lateral muscle, still
accounting for 240% of the control value (p <0.05). The index
of fat infiltration in the small lumbar muscle increased
relative to the previous period by up to 339%, whereas
decreasing insignificantly in the sacrocaudal dorsal lateral
muscle, accounting for 310% of the parameter control values
(Table 2).

The results of the biochemical study in the main
group revealed a significant increase in the concentration
of the C-reactive protein in the blood serum from days 14
to 30 after surgery (Table 3). On day 14, the level of total
serum protein statistically significantly decreased, along
with an increase in the activity of all enzymes (increase
in CPK was over two-fold compared with the initial
values).

Table 2. Fat infiltration of the small lumbar (m. psoas minor) and sacrocaudal (coccygeal) dorsal lateral muscles (m. sacrocaudalis

(coccygeus) dorsalis lateralis) of dogs

Duration of the experiment 6 months 12 months 18 months Control
M. psoas minor
Proportion of adipocytes, % 28,0 16,1 24,1 7,1
M. sacrocaudalis (coccygeus) dorsalis lateralis
Proportion of adipocytes, % 32,7 17,0 16,1 5,2

Table 3. Dynamics of changes in the biochemical parameters of blood serum during the experiment, median (1st; 3rd quartile)

Ziu?gf:;r pro:-:itna,lg L C-reactr:l;/f rotein, Creatine phosphokinase, U/L ALT, U/L AST, U/L
0 68 (66; 71) 0 100 (78; 114) 32 (31; 40) 26 (21; 26)
14 64 (62; 66)* 2,3(0,6; 4,0 215 (201; 234)* 47 (43; 56)* 34 (31; 39)*
30 69 (66; 71) 1,9 (0,2; 5,3)* 88 (86; 125) 29 (28; 35) 27 (24; 32)
60 65 (64; 67) 0 92 (81; 142) 27 (25; 33) 30 (23; 37)
90 66 (64; 68) 0 94 (87; 107) 29 (25; 33) 23(19; 27)
180 67 (65; 68) 0 97 (93; 109) 33(27; 36) 26 (20; 38)
360 65 (64; 68) 0 99 (89; 104) 33(32; 43) 30 (25; 37)
540 70 (69; 70) 0 94 (84; 97) 33 (28; 43) 31 (23; 38)

Note. * Significant differences with preoperative values at p <0.05.

DOI: hitps://doiorg/10.17816/V 10253610
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DISCUSSION

Surgical interventions with lateral interbody fusion
and posterior SIJ arthrodesis negatively affect both
the small lumbar and sacrocaudal (coccygeal) dorsal
lateral muscles, which is manifested both in the early
postoperative period (significant increase in the activity
of CPK, a marker of skeletal muscle damage) and during
the experiment. This is evidenced by the variations
in myosymplastic diameters, smoothing of polygonality
of profiles, fibrosis of endomysial and perimysial
connective tissue, sclerotization of arterial vessel tunics,
lumen obliteration, and mass fatty degeneration of muscle
fibers in the bundles. Activated nuclei along with variations
in muscle fiber diameters indicate the structural adaptation
of the muscle tissue to the surgical intervention. After
12 months, the volume density of the nuclei decreased
simultaneously with a decrease in the volume fraction
of myosymplasts. The decrease in the proportion
of the nuclear component in the later period of the
experiment may be due to the increasing age and restricted
mobility of the experimental animals resulting from being
held in a vivarium [21, 22]. Fibrosis of the small lumbar
muscle was 1.5-fold, 2-fold, and 1.6-fold higher after 6, 12,
and 18 months of the experiment, respectively, compared
with the control. In the sacrocaudal (coccygeal) dorsal
lateral muscle, this parameter did not change in all study
periods and was 2.4-fold higher than that in the control.
The degrees of fat involution of the small lumbar
and sacrocaudal dorsal lateral muscles after 6, 12, and
18 months of the experiment were 3.9-fold and 6.3-fold,
2.3-fold and 3.3-fold, and 3.4-fold and 3.1-fold higher,
respectively, than normal parameters. The sacrocaudal
dorsal lateral muscle showed more pronounced changes
during the experiment in both the degree of fibrosis and
level of fat involution, particularly in the early stages
of the experiment.

Clinical studies present data on the reduction of
myosymplastic volume density, sclerotization, and fatty
infiltration of the studied muscles under combined surgical
treatment. Thus, paraspinal muscles showed different
patterns of degeneration in lumbar spine diseases. A direct
correlation was found between the severity of degenerative
processes in the spinal column and the morphology
of the back muscles [23]. Reduced paravertebral muscle
volume correlated with kyphotic deformity in ankylosing
spondylitis [24]. The volume of these muscles affects
the consolidation rate, functional activity, and complication
rates after surgery [16]. Fat involution is one of the leading
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prognostic factors for the outcomes of surgical interventions,
that is, the lower the degree of fat infiltration, the lower
the pain syndrome and the percentage of postoperative
functional decline [17]. In addition, fatty dystrophy of the
back muscles is closely related to the mineral density
of the spinal bone tissue [25-27]. Osteoporosis and
paraspinal degeneration are frequently combined, which
should be considered in patients with low bone mass before
surgical intervention [14].

In clinical practice, a complex of physiotherapeutic
methods including electrical stimulation of the back
muscles, calcium electrophoresis, massage, paraffin
therapy, and therapeutic exercise are employed to reduce
the incidence of paravertebral muscle complications
postoperatively [28]. This improves the muscle motor
function and consequently the quality of life of patients.

In this study, the animals were kept in a confined space
with no access to active physical activity for the entire
experiment, which negatively affected the recovery
processes in the muscle tissue and influenced the findings
to some extent.

CONCLUSIONS

Morphological analysis of the paravertebral muscles
in the simultaneous simulation of lateral interbody fusion
and posterior SlJ arthrodesis revealed pathohistological
changes in both muscles such as increased variations of
myosymplastic diameters, loss of the polygonality of their
profiles, massive fatty degeneration of fibers, endomysial
and perimysial fibrosis, sclerotization, and lumen
obliteration of the vessels’ tunics. After the experiment,
the degree of sclerotization of the small lumbar muscle
and sacrococaudal dorsal lateral muscle was 161% and
240%, respectively, of the control parameter values, and
the rates of fat infiltration of muscles were 339% and 310%
of normal, respectively. The sacrocaudal (coccygeal) dorsal
lateral muscle went through more pronounced changes
in both the degree of fibrosis and level of fat involution,
particularly in the early stages of the experiment.

Considering that patients already have dystrophic
processes in paravertebral muscles in degenerative
spinal diseases at the time of referral to a neurosurgeon
[17], surgical interventions should seek to minimize the
mechanical effect on the back muscles and use techniques
to stimulate muscle function postoperatively [28]. This
will reduce fibrogenesis and fat involution in the muscles,
improve functional activity, and provide an overall shorter
rehabilitation period for the patients.




OPUTHAJTBHBIE VICCTIE [IOBAHNA

ADDITIONAL INFO /
NONOJHUTENIbHAA UHOOPMALIUA

Author contribution. Thereby, all authors made
a substantial contribution to the conception of the work,
drafting and revising the work, final approval of the version
to be published and agree to be accountable for all aspects
of the work.

Bknap aBTopoB: Bce aBTOpbl MOATBEPX/AAlOT COOT-
BETCTBME CBOEr0 aBTOPCTBA MEXAYHAPOLHbIM KPUTEPUAM
ICMJE (Bce aBTOpbI BHEC/M CYLLECTBEHHLIN BKMIAA B pa3pa-
HOTKY KOHL,ENLMM M MOLTOTOBKY CTaTby, MPOYN M 080bpunu
(GUHanbHyo Bepcuio nepen nybnukauven).

REFERENCES

1. Patel K, Tajsic T, Budohoski KP, et al. Simultaneous navigated
cervico-thoracic and thoraco-lumbar fixation. Eur Spine J.
2018;27(3):318-322. doi: 10.1007/s00586-017-5233-1

2. Bari MM, Islam S, Shetu NH, Rahman M. Orthopedic control
of injuries in polytrauma. Genij Ortopedii. 2017;23(3):351-353.
doi: 10.18019/1028-4427-2017-23-3-351-35

3. Wang HW, Hu YC, Wu ZY, et al. One approach anterior
decompression and fixation with posterior unilateral pedicle screw
fixation for thoracolumbar osteoporotic vertebral compression
fractures. Orthop Surg. 2021;13(3):908-919. doi: 10.1111/0s.12947
4. Byvaltsev VA, Kalinin AA, Ryabykh SO, et al. Simultaneous
surgical interventions in spinal neurosurgery: a systematic
review. Genij Orthopedii. 2020;26(2):275-281. (In  Russ).
doi: 10.18019/1028-4427-2020-26-2-275-281

5. LiY,DuY, Ji A etal The Clinical Effect of Manual Reduction
Combined with Internal Fixation Through Wiltse Paraspinal
Approach in the Treatment of Thoracolumbar Fracture. Orthop Surg.
2021;13(8):2206—2215. doi: 10.1111/0s.13090

6. Moulin B, Tselikas L, Gravel G, et al. Safety and Efficacy of Multilevel
Thoracolumbar Vertebroplasty in the Simultaneous Treatment of Six
or More Pathologic Compression Fractures. J Vasc Interv Radliol.
2020;31(10):1683-1689.e1. doi: 10.1016/j.jvir.2020.03.011

7. Klimov VS, Vasilenko II, Evsyukov AV, et al. The use
of LLIF technology in adult patients with degenerative
scoliosis: retrospective cohort analysis and literature
review. Genij Ortopedii. 2018;24(3):393-403. (In  Russ).
doi: 10.18019/1028-4427-2018-24-3-393-403

8. Lorio M, Kube R, Araghi A. International Society for
the Advancement of Spine Surgery Policy 2020 Update-Minimally
Invasive Surgical Sacroiliac Joint Fusion (for Chronic Sacroiliac Joint
Pain): Coverage Indications, Limitations, and Medical Necessity. Int J
Spine Surg. 2020;14(6):860-895. doi: 10.14444/7156

9. Ladd B, Polly Jr D. Pelvic Fixation Using S2AIl and Triangular
Titanium Implants (Bedrock Technique). World Neurosurg. 2021;154:2.
doi: 10.1016/j.wneu.2021.07.027

T.29 N4, 2022

DOI: hitps://doiorg/10.17816/V 10253610

BecTHwK TpaBmaTonorum 1 opToneami uM. HH. Mproposa

Funding source. Work was carried out within
the framework of state assignment for 2019-
2022. Registration number of the research topic:
AAAA-A18-118011190118-8.

WUcTounuk cuHaHcupoBaHus. Pabota ocyuiecTsre-
Ha B paMKax rocyaapcTBeHHoro 3aganua 2019-2022 rr.
PernctpaumorHbii N Tembl HAP: AAAA-A18-118011190118-8.

Competing interests. The authors declare that they have
no competing interests.

KoHdnmKT wHTepecoB. ABTOpbl [eKNapupylT OT-
CYTCTBME SIBHbIX W MOTEHLMANbHBIX KOHGIMKTOB WH-
TEPECOB, CBf3aHHbIX C  NybiMKaumend  HacTosLledn
cTaTbu.

10. Panico M, Chande RD, Lindsey DP et al. Innovative sacropelvic
fixation using iliac screws and triangular titanium implants. Eur
Spine J. 2021;30(12):3763-3770. doi: 10.1007/s00586-021-07006-9
11. Rainov NG, Schneiderhan R, Heidecke V. Triangular titanium
implants for sacrailiac joint fusion. Eur Spine J. 2019;28(4):727-734.
doi: 10.1007/s00586-018-5860-1

12. Dale M, Evans J, Carter K, et al. iFuse Implant System for
Treating Chronic Sacroiliac Joint Pain: A NICE Medical Technology
Guidance. Appl Health Econ Health Policy. 2020;18(3):363-373.
doi: 10.1007/540258-019-00539-7

13. Novdk V, Wanek T, Hrabdlek L, Stejskal P. [Minimally Invasive
Sacroiliac Joint Stabilization]. Acta Chir Orthop Traumatol Cech.
2021;88(1):35-38.

14.Han G, Zou D, Liu Z et al. Paraspinal muscle
characteristics on MRI in degenerative lumbar spine with
normal bone density, osteopenia and osteoporosis: a case-
control study. BMC Musculoskelet Disord. 2022;23(1):73.
doi: 10.1186/512891-022-05036-y

15.He K, Head J, Mouchtouris N, et al. The Implications
of Paraspinal Muscle Atrophy in Low Back Pain, Thoracolumbar
Pathology, and Clinical Outcomes After Spine Surgery:
A Review of the Literature. Global Spine J. 2020;10(5):657-666.
doi: 10.1177/2192568219879087

16. Khan AB, Weiss EH, Khan AW, et al. Back Muscle Morphometry:
Effects on Outcomes of Spine Surgery. World Neurosurg.
2017;103:174-179. doi: 10.1016/j.wneu.2017.03.097

17. Jermy JE, Copley PC, Poon MTC, Demetriades AK. Does
pre-operative multifidus morphology on MRI predict clinical
outcomes in adults following surgical treatment for degenerative
lumbar spine disease? A systematic review. Eur Spine J.
2020;29(6):1318-1327. doi: 10.1007/s00586-020-06423-6

18. Stevens S, Agten A, Timmermans A, Vandenabeele F. Unilateral
changes of the multifidus in persons with lumbar disc herniation:
a systematic review and meta-analysis. Spine J. 2020;20(10):
1573-1585. doi: 10.1016/j.spinee.2020.04.007

387



388

ORIGINAL STUDY ARTICLES

19. Filimonova GN, Dyuryagina QV, Antonov NI, Ryabykh SO.
Characteristics of the psoas minor in modeling lateral
interbody fusion of the lumbar spine. N.N. Priorov Journal
of Traumatology and Orthopedics. 2022;29(1):47-56. (In Russ).
doi: 10.17816/vta90775

20. Gajdyshev IP. Modelirovanie stohasticheskih i determinirovannyh
sistem: Rukovodstvo pol'zovatelya programmy AtteStat. Kurgan,
2015. 484 p. Available from: http://xn--80aab2abao2alacibc.xn--
plai/files/AtteStat_Manual_15.pdf. Accessed: 14.03.2023. (In Russ).
21.Chen W, Datzkiw D, Rudnicki MA. Satellite cells
in ageing: use it or lose it. Open Biol 2020;10(5):200048.
doi: 10.1098/rs0b.200048

22. Giza S, Mojica-Santiago JA, Parafati M, et al. Microphysiological
system for studying contractile differences in young, active, and
old, sedentary adult derived skeletal muscle cells. Aging Cell.
2022;21(7):e13650. doi: 10.1111/acel.13650

23. Ding JZ, Kong C, Li XY, et al. Different degeneration patterns
of paraspinal muscles in degenerative lumbar diseases: a MRI
analysis of 154 patients. Eur Spine J. 2022;31(3):764—773.
doi: 10.1007/s00586-021-07053-2

24. Bok DH, Kim J, Kim TH. Comparison of MRI-defined back

CMUCOK JIUTEPATYPbI

1. Patel K, Tajsic T., Budohoski K.P., et al. Simultaneous navigated
cervico-thoracic and thoraco-lumbar fixation // Eur Spine J. 2018.
Vol. 27, N 3. P. 318-322. doi: 10.1007/s00586-017-5233-1

2. Bari MM, Islam S., Shetu NH, Rahman M. Opto-
NegMYeCKU  KOHTPOIb  MOBPEXAEHWA npW  MOAUTpaB-
Me // Tenuin optoneamu. 2017. T. 23, N 3. C. 351-353.
doi: 10.18019/1028-4427-2017-23-3-351-353

3. Wang HW. Hu Y.C, Wu ZY, et al. One approach anterior
decompression and fixation with posterior unilateral pedicle screw
fixation for thoracolumbar osteoporatic vertebral compression
fractures // Orthop Surg. 2021. Vol. 13, N 3. P. 908-919.
doi: 10.1111/0s.12947

4. bBoiBanbues BA., KanunmH AA, Pabeix C.O. u gp. CuMynbtaH-
Hble XMPYPrYecKVe BMeLLITeNbCTBA B CMIVHAMBHOM HEMpOXMPYPriu:
cucTeMatudeckuin 0b3op // Tenun optoneguu. 2020. T. 26, N° 2.
C. 275-281. doi: 10.18019/1028-4427-2020-26-2-275-281

5. LiY,DuY. JiA, etal The Clinical Effect of Manual Reduction
Combined with Internal Fixation Through Wiltse Paraspinal Approach
in the Treatment of Thoracolumbar Fracture // Orthop Surg. 2021.
Vol. 13, N 8. P. 2206—2215. doi: 10.1111/0s.13090

6. Moulin B, Tselikas L., Gravel G., et al. Safety and Efficacy
of Multilevel Thoracolumbar Vertebroplasty in the Simultaneous
Treatment of Six or More Pathologic Compression Fractures //
J Vasc Interv Radiol. 2020. Vol. 31, N 10. P. 1683-1689.e1.
doi: 10.1016/j.jvir.2020.03.011

Vol. 29 (4) 2022

DOI: hitps://doiorg/10.17816/V 10253610

NN. Priorov Journal of Traumatology and Orthopedics

muscles volume between patients with ankylosing spondylitis
and control patients with chronic back pain: age and spinopelvic
alignment matched study. Eur Spine J. 2017;26(2):528-537.
doi:10.1007/s00586-016-4889-2

25. Yang Q, Yan D, Wang L, et al. Muscle fat infiltration but not muscle
cross-sectional area is independently associated with bone mineral
density at the lumbar spine. Br J Radiol. 2022;95(1134):20210371.
doi: 10.1259/bjr.20210371

26. Li X, Xie Y, Lu R, et al. Relationship between oseteoporosis
with fatty infiltration of paraspinal muscles based on QCT
examination. J Bone Miner Metab. 2022;40(3):518-527.
doi: 10.1007/s00774-022-01311-z

27. Zhao Y, Huang M, Serrano-Sosa M, et al. Fatty infiltration
of paraspinal muscles is associated with bone mineral
density of the lumbar spine. Arch Osteoporos. 2019;14(1):99.
doi: 10.1007/511657-019-0639-5

28. Koichubekov AA. The integrated approach to restorative
treatment of patients with degenerative diseases of the lumbar

spine after anterior spondylodesis. Vestnik Kyrgyzsko-
Rossijskogo  Slavdnskogo  Universiteta. 2018;18(2):59-63.
(In Russ).

7. Kmmmos B.C., Bacunenko WM., EBciokos A.B., v ap. MpumeHexne
TexHonoruu LLIF y naumeHToB ¢ AereHepaTvBHbIM CKOMMO30M Nosic-
HWYHOrO OTZieNa NO3BOHOYHMKA: aHaNW3 PETPOCMEKTUBHON KOrOpTbl
1 0b30p nmTepartypsl // Tennin optoneguu. T. 24, N 3. C. 393-403.
doi: 10.18019/1028-4427-2018-24-3-393-403

8. Lorio M., Kube R. Araghi A. International Society for
the Advancement of Spine Surgery Policy 2020 Update-Minimally
Invasive Surgical Sacroiliac Joint Fusion (for Chronic Sacroiliac
Joint Pain): Coverage Indications, Limitations, and Medical
Necessity // Int J Spine Surg. 2020. Vol. 14, N 6. P. 860-895.
doi: 10.14444/7156

9. Ladd B., Polly Jr D. Pelvic Fixation Using S2Al and Triangular
Titanium Implants (Bedrock Technique) // World Neurosurg. 2021.
Vol. 154. P. 2. doi: 10.1016/j.wneu.2021.07.027

10. Panico M., Chande R.D., Lindsey D.P., et al. Innovative
sacropelvic fixation using iliac screws and triangular titanium
implants // Eur Spine J. 2021. Vol. 30, N 12. P. 3763-3770.
doi: 10.1007/s00586-021-07006-9

11. Rainov N.G., Schneiderhan R., Heidecke V. Triangular titanium
implants for sacroiliac joint fusion // Eur Spine J. 2019. Vol. 28, N 4,
P. 727-734. doi: 10.1007/500586-018-5860-1

12. Dale M, Evans J., Carter K, et al. iFuse Implant System
for Treating Chronic Sacroiliac Joint Pain: A NICE Medical Technology
Guidance. Appl Health Econ Health Policy // 2020. Vol. 18, N 3.
P. 363-373. doi: 10.1007/s40258-019-00539-7




OPUTHAJTBHBIE VICCTIE [IOBAHNA

13. Novak V., Wanek T., Hrabdlek L., Stejskal P. [Minimally Invasive
Sacroiliac Joint Stabilization] // Acta Chir Orthop Traumatol Cech.
2021. Vol. 88, N 1. P. 35-38.

14. Han G., Zou D., Liu Z, et al. Paraspinal muscle characteristics
on MRI in degenerative lumbar spine with normal bone
density, osteopenia and osteoporosis: a case-control
study // BMC Musculoskelet Disord. 2022. Vol. 23, N 1. P. 73.
doi: 10.1186/512891-022-05036-y

15. He K. Head J., Mouchtouris N., et al. The Implications
of Paraspinal Muscle Atrophy in Low Back Pain, Thoracolumbar
Pathology, and Clinical Outcomes After Spine Surgery: A Review
of the Literature // Global Spine J. 2020. Vol. 10, N 5. P. 657-666.
doi: 10.1177/2192568219879087

16. Khan AB., Weiss E.H., Khan AW., et al. Back Muscle Morphometry:
Effects on Outcomes of Spine Surgery // World Neurosurg. 2017.
Vol. 103. P. 174-179. doi: 10.1016/j.wneu.2017.03.097

17. Jermy J.E., Copley P.C., Poon M.T.C., Demetriades A.K. Does pre-
operative multifidus morphology on MRI predict clinical outcomes
in adults following surgical treatment for degenerative lumbar spine
disease? A systematic review // Eur Spine J. 2020 Vol. 29, N 6.
P. 1318-1327. doi: 10.1007/s00586-020-06423-6

18. Stevens S., Agten A, Timmermans A., Vandenabeele F. Unilateral
changes of the multifidus in persons with lumbar disc herniation:
a systematic review and meta-analysis. Spine J. 2020. Vol. 20, N 10.
P. 1573-1585. doi: 10.1016/].spinee.2020.04.007

19. ®unmmonosa H., Oiopsruda 0.B., AxtoHos H.M., Psbeix C.0.
XapaKTepuCcTVKa Manow MOACHUYHOM MBILULGI MPY MOLENVMPOBaHNM
HOKOBOro MEXKTENOBOrO CNOHAMNOLE3a MOSCHUYHOMO OTAENa N03B0-
HOYHWKa // BecTHWK TpaBMaronorvm 1 optoneauy um. H.H. Mpuoposa.
2022.T.29, N 1. C. 47-56. doi: 10.17816/vt090775

20. lTangpiwes WM. MogenvpoBaHue CTOXacTUHecKMX U AeTep-
MWUHUPOBaHHBIX CUCTEM: PyKOBOACTBO Mo/b30BaTeNs MNporpaM-
Mbl AtteStat. KypraH, 2015. 484 c. Pexxum poctyna: http://xn--
80aab2abao2alacibc.xn--plai/files/AtteStat_Manual_15.pdf. [lata
obpalueHms: 14.03.2023.

AUTHORS INFO

*Galina N. Filimonova, Cand. Sci. (Biol.),

Senior Research Associate;

address: 6 M. Ulyanova str., 640014 Kurgan, Russia;
ORCID: https://orcid.org/0000-0003-0683-9758;
eLibrary SPIN: 5873-2280;

e-mail: galnik.kurgan@yandex.ru

Olga V. Diuriagina, Cand. Sci. (Vet.),

Head of the Experimental Laboratory;

ORCID: https://orcid.org/0000-0001-9974-2204;
eLibrary SPIN: 8301-1475;

e-mail: diuriagina@mail.ru

T.29 N4, 2022

DOI: hitps://doiorg/10.17816/V 10253610

BecTHwK TpaBmaTonorum 1 opToneami uM. HH. Mproposa

21. Chen W., Datzkiw D., Rudnicki M.A. Satellite cells in ageing:
use it or lose it. Open Biol // 2020. Vol. 10, N 5. P. 200048.
doi: 10.1098/rs0b.200048

22. Giza S., Mojica-Santiago J.A.,, Parafati M., et al. Microphysiological
system for studying contractile differences in young, active, and old,
sedentary adult derived skeletal muscle cells // Aging Cell. 2022.
Vol. 21, N 7. P. 13650. doi: 10.1111/acel.13650

23. Ding J.Z, Kong C., Li X.Y., et al. Different degeneration patterns
of paraspinal muscles in degenerative lumbar diseases: a MRI
analysis of 154 patients // Eur Spine J. 2022. Vol. 31, N 3. P. 764-773.
doi: 10.1007/s00586-021-07053-2

24. Bok D.H., Kim J,, Kim T.H. Comparison of MRI-defined back
muscles volume between patients with ankylosing spondylitis
and control patients with chronic back pain: age and spinopelvic
alignment matched study // Eur Spine J. 2017. Vol. 26, N 2.
P. 528-537. doi:10.1007/s00586-016-4889-2

25. Yang Q. Yan D., Wang L., et al. Muscle fat infiltration but not
muscle cross-sectional area is independently associated with bone
mineral density at the lumbar spine // Br J Radiol. 2022. Vol. 95,
N 1134. P. 20210371. doi: 10.1259/bjr.20210371

26. Li X, Xie Y, Lu R. et al. Relationship between oseteoporosis
with fatty infiltration of paraspinal muscles based on QCT
examination // J Bone Miner Metab. 2022. Vol. 40, N 3. P. 518-527.
doi: 10.1007/s00774-022-01311-z

27. Zhao Y., Huang M., Serrano-Sosa M., et al. Fatty infiltration
of paraspinal muscles is associated with bone mineral density
of the lumbar spine // Arch Osteoporos. 2019. Vol. 14, N 1. P. 99.
doi: 10.1007/511657-019-0639-5

28. Konuybekos A.A. KoMnneKcHbIM NOAX0A K BOCCTAHOBUTENIbHOMY
NeYeHnto BonbHBIX C AereHepaTMBHLIMU 33001EBaHUAMM MOSCHY-
HOro OTAena MO3BOHOYHMKA MOC/e NepefHero cnoHaunogesa //
Becthnk Kbipreidcko-Poccumitckoro CnaBsHCKOro yHMBepcwTeTa.
2018.T. 18, N° 2. C. 59-63.

0b ABTOPAX

*®unumonoBa NanuHa HukonaesHa, K.0.H.,

CTapLLMI HayYHbIA COTPYLHWK;

afpec: Poccus, 640014, KypraH, yn. M. YnbaHoson, 4. 6;
ORCID: https://orcid.org/0000-0003-0683-9758;
eLibrary SPIN: 5873-2280;

e-mail: galnik.kurgan@yandex.ru

Diopsruva Onbra BnagummpoBHa, K.B.H.,
3aBefyIoLLas 3KCMepUMeHTanbHOM NabopaTtopuen;
ORCID: https://orcid.org/0000-0001-9974-2204;
eLibrary SPIN: 8301-1475;

e-mail: diuriagina@mail.ru

389


https://orcid.org/0000-0003-0683-9758
https://orcid.org/0000-0001-9974-2204
https://orcid.org/0000-0003-0683-9758

390

ORIGINAL STUDY ARTICLES

Nikolai I. Antonov, Cand. Sci. (Biol.),

Research Associate;

ORCID: https://orcid.org/0000-0002-8627-2749;

eLibrary SPIN: 3754-7508;

e-mail: aniv-niko@mail.ru

Maksim V. Stogov, Dr. Sci. (Biol.), Assistant Professor,

Head of the Department of Preclinical and Laboratory Research;
ORCID: https://orcid.org/0000-0001-8516-8571;

eLibrary SPIN: 9345-8300;

e-mail: Stogo_off@list.ru

Sergei 0. Ryabykh, MD, Dr. Sci. (Med.),

Deputy Director for Projects, Education and Communication;
ORCID: https://orcid.org/0000-0002-8293-0521;

eLibrary SPIN: 6382-1107;

e-mail: RyabykhSO®@cito-priorov.ru

Natalia V. Tushina, Cand. Sci. (Biol.),

Research Associate;

ORCID: https://orcid.org/0000-0002-1322-608X;
eLibrary SPIN: 7554-9130;

e-mail: ntushina76@mail.ru

* Corresponding author / ABTop, 0TBETCTBEHHBIN 3@ NepenucKy

Vol. 29 (4) 2022

DOI: hitps://doiorg/10.17816/V 10253610

NN. Priorov Journal of Traumatology and Orthopedics

AHxToHoB Hukonai UsaHoBuu, K.0.H.,

Hay4HBIN COTPYHWK;

ORCID: https://orcid.org/0000-0002-8627-2749;
eLibrary SPIN: 3754-7508;

e-mail: aniv-niko@mail.ru

Croros Makcum Banepbesuy, 1.6.H., AOLEHT,
PYKOBOAWTENb 0TAENA AOKIMHUYECKUX W 1abopaTOPHBIX
ncenenoBaHui;

ORCID: https://orcid.org/0000-0001-8516-8571;
eLibrary SPIN: 9345-8300;

e-mail: Stogo_off@list.ru

Ps6bix Cepreit Onerosuy, 4.M.H.,

3aMeCTUTENb AMPEKTOPa N0 NPOEKTaM, 06Pa30BaHMIo
N KOMMYHVKaLMK;

ORCID: https://orcid.org/0000-0002-8293-0521;
eLibrary SPIN: 6382-1107;

e-mail: RyabykhSO®@cito-priorov.ru

Tywwuna Hatanbs BnagumupoBHa, K.6.H.,
HayYHBI COTPY/IHVK;

ORCID: https://orcid.org/0000-0002-1322-608X;
eLibrary SPIN: 7554-9130;

e-mail: ntushina7é6@mail.ru



https://orcid.org/0000-0002-8627-2749
https://orcid.org/0000-0001-8516-8571
https://orcid.org/0000-0002-8293-0521
https://orcid.org/0000-0002-1322-608X
https://orcid.org/0000-0002-8627-2749
https://orcid.org/0000-0001-8516-8571
https://orcid.org/0000-0002-8293-0521
https://orcid.org/0000-0002-1322-608X

