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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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АННОТАЦИЯ
Введение. Симультанные хирургические вмешательства на позвоночнике с применением высокотехнологичного 

инструментария и малоинвазивных методик доступа позволяют одномоментно устранить несколько проблем, активи-
зировать пациентов в ранние сроки и уменьшить количество осложнений. 

Цель. Оценка морфологических изменений малой поясничной и крестцово-каудальной (копчиковой) дорсальной 
латеральной мышц при симультанном моделировании бокового межтелового спондилодеза и заднего артродеза 
крестцово-подвздошного сустава.

Материалы и методы. Проведены эксперименты на 14 беспородных собаках, 3 особи составили группу кон-
троля. Животным последовательно выполняли боковой межтеловой спондилодез поясничного отдела позвоночни-
ка и  задний артродез крестцово-подвздошного сустава. Поясничный отдел и крестцово-подвздошный сустав ста-
билизировали аппаратом внешней фиксации. Парафиновые срезы мышц окрашивали гематоксилином-эозином, 
по  Ван-Гизону, по Массону. На сроках эксперимента проводили биохимический анализ сыворотки крови.

Результаты. В ходе морфологического исследования мышц выявлены патогистологические особенности, такие 
как увеличение разнообразия диаметров миосимпластов, утрата полигональности их профилей, массовая жировая де-
генерация волокон, фиброзирование эндо- и перимизия, склеротизация оболочек сосудов, облитерация их просветов. 
По окончании эксперимента степень фиброза малой поясничной мышцы составила 161%, крестцово-каудальной дор-
сальной латеральной мышцы — 240% от контрольного значения (р <0,05); показатель жировой инфильтрации мышц 
составил соответственно 339 и 310% от нормы. Более выраженным изменениям подвергается крестцово-каудальная 
дорсальная латеральная мышца, особенно на ранних этапах эксперимента. Обнаружен достоверно значимый рост 
активности ферментов — маркеров повреждения скелетных мышц на 14-е сутки после операции.

Заключение. При симультанных хирургических вмешательствах на позвоночнике необходимо минимизировать 
механические воздействия на паравертебральные мышцы, использовать приёмы стимуляции их функции в после-
операционный период, что позволит уменьшить процессы фиброгенеза и жировой инволюции и обеспечит в целом 
сокращение периода реабилитации целевых пациентов. 

Ключевые слова: симультанные операции; боковой межтеловой спондилодез; задний артродез; малая поясничная 
мышца; крестцово-каудальная дорсальная латеральная мышца; биохимия крови.
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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 

of 13.0±4.0 kg and a shin length of 12–14 cm. The level of 
evidence was IIb.

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 LIV–VI. 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 LVII and SI–II 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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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 MicroImaging GmbH, Germany). The images 
were used for stereometry. The volume density (mm3/mm3) 
of muscle fibers (VVmf), microvessels (VVmv), endomysium 
(VVend), and nuclear component of the muscle tissue (VVn) 
and the numerical density (mm–2) of the myosymplasts 
and microvessels (NAmf; NAmv) were calculated. In addition, 
the muscle vascularization index (Ivasc), which indirectly 
evaluates muscle oxygenation, was calculated,  
and NAmv/NAmf 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).

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.

Fig 1. Surgical field: а — 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).

a b
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At month 6 of the experiment, both muscles 
were characterized by signs of structural adaptation 
to the experimental conditions, such as loss of polygonality of 
myocyte profiles, increased variability of their diameters, single 
adipocytes, small groups in the interstitial space, bundles of 
muscle fibers, and fibrosis of the endomisium and perimysium 
(Fig. 3a, 3c). In arterial vessels with a significantly thickened 
medial tunic, in which the SMCs were chaotically oriented, 
the adventitial tunic was strongly fibrotic, and the lumen was 
frequently obliterated (Fig. 3b).

After 12 months, the polygonal profiles of myosymplasts 
prevailed in the histostructure of the small lumbar muscle, and 
the intramuscular nerve guides and neuromuscular spindles 
were characteristically normalized (Fig. 4a). In the sacrocaudal 
dorsal lateral muscle, the above signs of structural adaptation 
were preserved: symplastic diameters varied, internal nuclei 
were observed, and inflammatory cells could be found in areas 
of significant interstitial fibrosis (Fig. 4b). Moreover, muscle 
fiber bundles were replaced by adipocytes, and perimysial 
vessels had signs of adventitial fibrosis (Fig. 4c). 

Fig. 2. Histostructure of m. psoas minor (а) and m. sacrocaudalis (coccygeus) dorsalis lateralis (b) in control: polygonal fiber profiles, 
minimum endomysium; а — neuromuscular spindle; (b) vessel in perimysium without signs of pathology. Fragments of paraffin sections, 
stained with hematoxylin-eosin; magnification ×400.

a b

Fig. 3. Histostructure of the psoas minor (a, b) and the sacro-caudal (coccygeal) dorsal lateral muscle (c) after 6 months of the experiment: 
a, c — 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 ×400.

a b c

Fig. 4. Histostructure of m. psoas minor (а) and m. sacrocaudalis (coccygeus) dorsalis lateralis (b, c) after 12 months of the experiment: 
а — 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); c — a bundle of muscle fibers replaced by adipocytes; to the right, an area 
of fibrosis. Fragments of paraffin sections, stained with hematoxylin-eosin, magnification ×400. 

a b c
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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. 5c) 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 

(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 

Fig. 5. Histostructure of the psoas minor (a, b) and m. sacrocaudalis dorsalis lateralis (c, d) after 18 months of the experiment: a — 
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 ×400. 

a b c d

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
(mm3/mm3)

M. psoas minor М. sacrocaudalis (coccygeus) dorsalis lateralis

6 months 12 months 18 months Control 6 months 12 months 18 months Control

Vvmf 0,7971*
±0,0108

0,7315*
±0,0091

0,7901*
±0,009

0,8299
±0,0042

0,6975*
±0,0166

0,7001*
±0,0107

0,7181*
±0,0118

0,8439
±0,007

Vvmv 0,0232*
±0,003

0,0283
±0,0034

0,0175*
±0,0043

0,0281
±0,0025

0,0272*
±0,0038

0,0251
±0,0027

0,0216
±0,0034

0,0225
±0,0028

Vvend 0,1539*
±0,0096

0,2181*
±0,0077

0,1697*
±0,0076

0,1057
±0,0038

0,2428*
±0,0122

0,2480*
±0,0096

0,2397*
±0,0115

0,1023
±0,0055

Vvn 0,0238*
±0,0029

0,0216*
±0,0027

0,0195*
±0,0046

0,0347
±0,0026

0,0238*
±0,0029

0,0216*
±0,0027

0,0195*
±0,0046

0,0312
±0,0032

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

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

М. 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)

24 h after 
surgery

Total
protein, g/L

C-reactive protein, 
mg/L 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; 105) 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.

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 

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).
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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 

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 SIJ 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.
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