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@ Abstract

This study aimed to evaluate clinical and radiological outcomes of lumbar interbody
fusion using a titanium cage filled with autologous stromal vascular fraction of adipose
tissue in degenerative lumbar spine disease.

Thirty patients with degenerative lumbar spine disease unresponsive to conservative
treatment underwent posterior or transforaminal lumbar interbody fusion with
decompression, transpedicular fixation and implantation of a porous titanium
interbody cage packed with autologous bone and a cell based biocomposite hydrogel
containing stromal vascular fraction of adipose tissue. Pain in the lumbar region and
lower limbs was assessed with a visual analogue scale, and disability with the Oswestry
Disability Index before surgery and at one, three to four and twelve months after
surgery. Radiological evaluation included radiography, computed tomography
densitometry of the interbody region and grading of fusion according to the Tan
classification at twelve months.

No intraoperative neurological or implant related complications occurred, and wound
healing was uneventful. During twelve months of follow up there was a marked
reduction in lumbar and leg pain and disability, with most patients improving from
severe to minimal functional impairment. Computed tomography showed a
progressive increase in bone density in the cage region, indicating maturation of the
interbody bone block. At twelve months, complete interbody fusion was achieved in
seventy per cent of patients, partial fusion in twenty per cent and monopolar
pseudarthrosis in ten per cent; no bipolar pseudarthrosis was observed.
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Lumbar interbody fusion using a porous titanium cage combined with autologous
stromal vascular fraction of adipose tissue provided reliable stabilization, a high rate of
fusion and clinically meaningful improvement in pain and function during the first

postoperative year.

Keywords: lumbar, intervertebral disc degeneration, spinal fusion, titanium, adipose
tissue, stromal vascular fraction, mesenchymal stem cells.

1. Introduction

Degenerative diseases of the lumbar spine and the
resulting low back pain remain one of the leading
causes of temporary work incapacity and disability
worldwide. According to the Global Burden of Disease
2021 study, low back pain is consistently among the
main causes of years lived with disability in the
working-age population and shows an upward trend
with population ageing [1]. Despite advances in
conservative management, a considerable proportion of
patients with severe pain, neurological deficit and
segmental instability ultimately require surgical
intervention aimed at decompression of neural
structures and stabilization of the spine [2].

Posterior and transforaminal lumbar interbody
fusion (PLIF/TLIF) are widely used techniques for the
surgical treatment of degenerative lumbar spine
disorders [3]. However, even with modern
instrumentation and meticulous surgical technique, the
incidence of pseudarthrosis remains clinically
significant, ranging from 5% to 35%, particularly in
multilevel fusions and in patients with risk factors such
as advanced age, smoking, osteoporosis and a history
of previous surgery [4]. Pseudarthrosis is associated
with persistent or recurrent pain, reduced quality of life
and a higher need for revision procedures,
underscoring the importance of strategies to improve
the rate and quality of bony fusion.

A key component of interbody fusion is the cage
implant, which must provide adequate primary
mechanical stability and a favorable environment for
osteogenesis [5,6]. Titanium and polyetheretherketone
(PEEK) are the most commonly used materials, each
with specific advantages and limitations [5,6]. Solid
titanium is strong and biocompatible but has a high
elastic modulus and pronounced stress shielding,
leading to a mismatch with cancellous bone [6]. PEEK
more closely approximates bone in elastic modulus and
produces fewer imaging artefacts on CT and MRI, but
is bioinert and does not support direct bone-implant
contact [7,8]. Recent clinical studies and meta-analyses
have shown that titanium cages may achieve higher
fusion rates than PEEK with comparable clinical
outcomes [5,9].

The development of three-dimensional (3D)
printed porous titanium cages with a trabecular
architecture mimicking cancellous bone represents an
important advance. Such designs reduce the effective

elastic modulus, improve load distribution and provide
an extensive osteoconductive surface for bone ingrowth
[10]. Liu S.S. et al. demonstrated that 3D-printed porous
titanium implants in interbody fusion are associated
with low rates of cage subsidence, high fusion rates and
improved clinical and functional outcomes [11].

In parallel, biological augmentation of fusion using
cell-based technologies has gained increasing attention
[12]. Mesenchymal stem cells (MSCs) are among the
most promising tools in regenerative orthopaedics and
spine surgery [13]. They can be harvested from bone
marrow, adipose tissue and other sources, are
multipotent, exert pronounced paracrine effects,
modulate inflammation and stimulate osteogenesis
[14]. Experimental and clinical studies have shown that
adding MSCs to bone grafts or synthetic
osteoconductive matrices can enhance the rate and
quality of fusion [15], and long-term follow-up data
support the safety and sustained efficacy of autologous
MSCs in spinal fusion [16].

Adipose tissue has emerged as a convenient,
minimally invasive source of stromal-vascular fraction
(SVF) containing a population of MSCs [17]. SVF is a
heterogeneous cell suspension including mesenchymal
stromal cells, endothelial cells, pericytes, macrophages
and other microenvironmental elements, rich in growth
factors and cytokines. A key advantage of SVF is the
possibility of intraoperative harvesting without a
prolonged culture phase, which facilitates clinical
translation [18]. Experimental studies, including the
work of Roato I. et al, have demonstrated the
pronounced osteogenic potential of SVF in combination
with various bone matrices, with enhanced osteoblastic
differentiation, mineralization and proangiogenic
factor secretion compared with cultured adipose-
derived MSCs [19].

In critical-size bone defect models, SVF combined
with synthetic or ceramic carriers accelerates reparative
osteogenesis and improves the structural organization
of newly formed bone, achieving results comparable to
autologous bone grafting [20]. Recent reviews
emphasize SVF as a promising component of tissue-
engineered constructs for bone and cartilage
regeneration [21].
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This study aims to evaluate the effectiveness of
lumbar interbody fusion using a custom-made
trabecular titanium cage filled with autologous stromal-

2. Materials and methods

This work was carried out at the National Scientific
Center for Traumatology and Orthopedics named after
Academician Batpenov N.D.

The analysis included 30 patients with
degenerative-dystrophic diseases of the lumbar spine
who underwent surgical treatment using a trabecular
titanium interbody cage in combination with cell
technologies.

Ethical considerations

The study was conducted in accordance with the
ethical principles set forth in the Declaration of Helsinki
(1964) and its subsequent revisions. The study protocol
was reviewed and approved by the local ethics
committee (protocol No. 2/2 of July 19, 2023). Written
informed consent was obtained from all patients prior
to their inclusion in the study. Patients were provided
with comprehensive information about the objectives of
the study, the nature of the planned interventions, the
possible risks, and their right to withdraw from
participation at any time without prejudice to their
future medical care. All study participants were insured
for the entire observation period.

The criteria for inclusion in the study were:

-Signs of instability of the spinal motor segment;

-Spondylolisthesis;

-Spinal canal stenosis;

-Patients with recurrent intervertebral disc
herniation;

-Ineffectiveness of conservative treatment;

-Neurological symptoms;

-Stage of intervertebral disc degeneration
according to the Pfirmann III-V classification [22].

-Patient age between 30 and 70 years;

-Written consent of the patient to participate in the
study.

The exclusion criteria were:

-Patient age under 30 and over 70 years;

-Infectious process at the site of the proposed
surgical intervention;

-History of mental illness;

-Pregnancy;

-Written refusal to participate in the study.

Characteristics of the clinical status and medical history
of patients

Analysis of the medical history revealed that all
patients (n=30) had suffered from chronic pain
syndrome in the lumbar region for a long time. Most
patients had pronounced radicular pain syndrome with
irradiation to one or both lower limbs; a significant
proportion of patients complained of numbness,
paresthesia, and decreased sensitivity in areas
corresponding to the innervation of the affected roots.
Eight patients (n=8) had a history of previous surgery to

vascular fraction of adipose tissue containing
mesenchymal stromal cells.

remove an intervertebral disc herniation at this level,
and therefore the current surgical treatment was of a
revision nature. Some patients had widespread
comorbidities, including hypertension, ischemic heart
disease, osteoarthritis of the large joints, type 2 diabetes
mellitus, chronic gastritis, and chronic bronchitis.

All patients underwent a comprehensive preoperative
examination:

-Clinical and neurological examination;

-X-ray and functional spondylography of the
lumbar spine (assessment of instability, intervertebral
space height);

-MRI of the lumbar spine (degree of disc
degeneration according to Pfirrmann, changes in the
endplates according to Modic [23], presence of stenosis
according to Schizas [24];

-CT scan to clarify bone anatomy and subsequent
objectification of bone block formation;

-Densitometry to assess bone mineral density;

-Standard list of laboratory examination methods.

Preparation of the cellular component of therapy

Adipose tissue was harvested from the anterior
abdominal wall under local anesthesia using the
liposuction technique described by Zuk P.A. et al. [25].
The lipoaspirate obtained was placed in sterile
containers and, in compliance with the temperature
regime, delivered to the National Biotechnology Center
LLP for further cell processing.

The stromal-vascular fraction (SVF) was obtained
from adipose tissue by combined enzymatic and
mechanical processing, after which the cell suspension
was washed and further cultured under standard
incubation conditions. The biocomposite hydrogel
(HCF) was formed according to a standardized protocol
[26] based on heparin-conjugated fibrinogen,
fibrinogen, aprotinin, thrombin, and calcium chloride.
The resulting cell-matrix composite, including SVF and
HCF, was then transported back to the trauma center.

Surgical technique

All interventions were performed in the operating
room under endotracheal anesthesia using
intraoperative navigation and CT control.

The main stages of the operation were as follows:

1. Posterior approach (TLIF/PLIF): midline incision,
layer-by-layer dissection of soft tissues, skeletonization
of spinous processes, arches, and articular processes.

2. Transpedicular fixation: installation of a reference
frame, formation of channels and insertion of
transpedicular screws under the control of a navigation
system and O-arm, followed by the installation of rods
at the final stage.
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3. Decompression: bilateral laminectomy and
facetectomy with revision of the dura mater and nerve
roots, removal of hypertrophied yellow ligament.

4. Microdiscectomy: opening of the fibrous ring,
removal of hernated material, thorough curettage of the
intervertebral space with preparation of the
intervertebral bed.

5. Cage preparation: filling of the trabecular titanium
cage with a mixture of autogenous bone and
biocomposite hydrogel with CSP.

6. Implant placement: placement of the cage in the
prepared intervertebral bed with restoration of disc

3. Results

Postoperative period

No intraoperative complications associated with
damage to the dura mater or nerve structures were
noted. Postoperative wounds in all patients healed by
primary tension, and no signs of purulent-
inflammatory complications were recorded. Early
mobilization was achieved in all patients within the
specified time frame; most tolerated verticalization
satisfactorily, with a gradual expansion of their range of
motion.

Pain syndrome dynamics

Clinical outcomes were assessed using a visual
analog pain scale (VAS) for the lumbar spine and lower

height and segmental lordosis; final fixation of the rods
and verification of the correct placement of the structure
using an O-arm.

7. Completion: hemostasis, drainage placement,
layer-by-layer wound closure, application of an aseptic
dressing.

Patients were mobilized within 12 to 24 hours after
surgery in a removable orthopedic corset and with the
use of prophylactic measures against thromboembolic
complications.

extremities, as well as the Oswestry Disability Index
(ODI) in the preoperative period and 1, 3—4, and 12
months after the intervention. Before the operation, the
VAS values in the lower back and legs corresponded to
severe pain syndrome, but already 1 month after the
operation, a significant decrease in pain indicators was
noted, accompanied by a decrease in the need for
analgesics and improved tolerance of physical activity
(Table 1). The decrease in VAS (for the back and legs)
and ODI at all observation periods compared to
baseline values was statistically significant (in all cases
p<0.001).

Table 1 - Dynamics of clinical indicators in patients of the main group

Indicator Before surgery 1month  3-4 months 12 months P value
VAS, back (points) 8,2+0,77 3,8+1,06 210+£1,17  1,10+1,12 p<0,001
VAS, leg (points) 515+1,93 1,20+1,28 0,55+0,83  0,25+0,55 p<0,001
OD], % 68,15+ 11,26 31,80+853 1830+741 8,50+7,02 p<0,001

Radiological examination methods

X-ray

According to serial control X-rays taken at all
observation periods, the intervertebral cage was
correctly positioned without signs of displacement,

subsidence, or damage to the metal structure in all
patients evaluated (Figure 1).

Figure 1 — Control X-ray of the lumbar spine in two projections after installation of a trabecular cage with cells
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Computed tomography and Hounsfield unit
analysis. Osteointegration was assessed based on CT
results using a standardized circular region of interest
(ROI) with a diameter of 30 pixels located in the lumen

of the trabecular cage (Figure 2). A consistent increase
in X-ray density (in Hounsfield units, HU) was
observed over time, indicating active formation and
maturation of the interbody bone block.

Figure 2 - CT densitometry 4 months after surgical treatment in the trabecular cage area: measurement of X-ray density
(HU) in standardized ROIs with an area of 30 pixels in the cranial and caudal parts of the interbody block

According to CT densitometry data (Table 2), a
gradual increase in bone X-ray density was observed in
the trabecular cage area. The mean HU values increased
from 424.7 +108.5 after 3—4 months to 522.5 + 128.6 after
6 months and reached 586.3 + 137.5 by the 12th month

of observation (p<0.001). This trend reflects the
progressive consolidation of the bone matrix within the
cage and adjacent endplates and indicates the
progressive formation and maturation of the interbody
bone block.

Table 2 - Trends in X-ray density (HU) in the trabecular cage area

Observation period HU units P value
3—4 months 424.7 + 108.5 p<0.001

6 months 522.5+128.6 p<0.001

12 months 586.3 +137.5 p<0.001

Assessment of the degree of spondylodesis
according to the Tan G.H. classification 12 months after
surgery (Table 3) showed that complete bone fusion
was achieved in most patients: grade 1 was recorded in

GRADE 1 (COMPLETE I'U“O" GRADE 11 (PARTIAL I-LSIO\)

21 patients (70%) [27]. Partial fusion (grade 2) was noted
in 6 patients (20%), while signs of monopolar
pseudoarthrosis (grade 3) were found in only 3 patients
(10%) (Figure 3)

GRADE IV (BIPOLAR
PSI'LDARTHROSIS)

GRADE HI(UNIPOLAR
PSEUDARTHROSIS)

LN
o W
?‘ \xb.’}a

Figure 3 - Classification of interbody block according to Tan G.H.
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No cases of severe bipolar pseudoarthrosis (4th
degree) were recorded. The data obtained collectively
confirm the high effectiveness of the interbody

spondylodesis technology under consideration, using a
trabecular cage and cell technologies (Table 3).

Table 3 - Distribution of patients by degree of spondylodesis formation according to Tan G.H. after 12 months

Degree according to Tan G.H.

Characteristic

Number of patients (n=)

Grade 1 Complete fusion n=21 (70%)
Grade 2 Partial fusion n=6 (20%)
Grade 3 Monopolar pseudoarthrosis n=3 (10%)
Grade 4 Bipolar pseudoarthrosis n=0

Most patients had Tan grade 1, which corresponds
to complete formation of the interbody bone block; the

proportion of pseudoarthrosis (grades 3-4) was
minimal (Figure 4).

Figure 4 — Control CT scan of a 57-year-old female patient 12 months after surgery with trabecular cage implantation and
bone block formation

Laboratory research methods

During dynamic observation, all n=30 patients
underwent standard laboratory monitoring of
peripheral blood and biochemical parameters to assess
their general condition and rule out signs of
inflammatory or metabolic complications. The analysis
included determination of hemoglobin, erythrocyte,
leukocyte, and ESR levels, as well as biochemical
parameters such as glucose, creatinine, total protein,
liver transaminase activity (ALT, AST), and C-reactive
protein.

4. Discussion

The results demonstrate that the use of a trabecular
titanium cage filled with autologous stromal-vascular
fraction (SVF) of adipose tissue containing MSCs
provides a marked clinical and radiological
improvement already during the first year of
observation. There was a significant reduction in pain
intensity according to the VAS in both the lumbar
region and the lower extremities, as well as a reduction
in disability according to the ODI from severe to
minimal values; the differences compared to

Throughout the observation period, the laboratory
values of most patients remained within the reference
ranges, indicating the absence of a pronounced
systemic inflammatory response and a favorable
postoperative course. Minor deviations in individual
parameters noted in the early postoperative period
were transient and normalized by the time of discharge
or subsequent follow-up examinations.

preoperative values were statistically significant at all
observation periods (p<0.001).

The high frequency of interbody bone block
formation in our series is confirmed both by CT
densitometry data (sequential increase in HU in the
cage area) and by the distribution of fusion grades
according to Tan: most patients had grade 1 fusion, and
there were no cases of severe pseudoarthrosis. Similar
trends have been described in clinical studies
comparing 3D-printed titanium and PEEK cages, where
porous titanium structures demonstrate comparable or
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higher fusion rates while maintaining clinical efficacy
[28]. These data suggest that the trabecular architecture
of the implant with optimized porosity does indeed
create more favorable mechanical and osteoconductive
conditions for bone regeneration.

An important feature of the presented work is the
use of autologous fat tissue SFB as a biological enhancer
of interbody spondylodesis. Experimental and
preclinical models have shown that applying SFB to
porous or ceramic bone matrices enhances osteogenic
differentiation, mineralization, and vascular response,
leading to more complete and structurally mature bone
repair compared to a single carrier or isolated cultured
adipose MSCs [29]. Studies on the use of MSCs and their
derivatives in spondylodesis (including genetically
modified cells and extracellular vesicles) show that
cellular and paracrine mechanisms can improve fusion
rates and the quality of the forming bone block [30]. Our
data fit well with this concept: the combination of a
trabecular titanium cage and MSCs rich in osteogenic
and proangiogenic cells and growth factors forms a
three-dimensional biologically active niche inside the
cage, which probably accelerates the maturation of the
interbody bone block and reduces the risk of
pseudoarthrosis.

6. Conclusions

The results of this study demonstrate that the
combination of a trabecular titanium cage and cell
technologies provides both reliable mechanical
stabilization and pronounced stimulation of bone
regeneration in the interbody spondylodesis zone.
During 12 months of observation, most patients
experienced a significant reduction in pain, improved
functional status, and the formation of a complete
interbody bone block, as confirmed by an increase in
HU values and the predominance of 1st degree fusion
according to Tan G.H.

The data obtained are consistent with the concept
of biologically “enriched” spondylodesis, in which
porous titanium serves as an osteoconductive scaffold,
and SVF is a source of cellular and humoral factors that
enhance osteogenesis and angiogenesis. At the same
time, the limited sample size and the lack of comparison
with alternative cage options and biological materials
do not allow us to draw definitive conclusions about the
superiority of this technique. A promising direction for
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Tyiingeme

3epTTeyAiH MaKcaThl: JereHepaTuBTi Oel OMBIPTKa aypyJapsl Oap HaykacTapAa, Mall TiHiHIH ayTOAOIVSIABIK
CTPOMaAbAbI-TaMBIPABIK (PPaKOUACBIMEH TOATBIPBLAFAaH, TUTAHABIK KeMAX KOAJaHBLAFaH Oea OMBIPTKaapaAblK
CIIOHAMAOAE3AIH KAMHUKAABIK JKoHe paju0AOTIMAABIK HOTVDKeAepiH Oarasay.

KoncepBaTuBTti emre ocepi >KOK JAereHepaTuBTi 6ea OMBIpTKa aypybl Oap OTBI3 HayKac IIPOCIEKTUBTI Oip
OPTaABIKTHL 3epTTeyTre eHridiaai. bapablk HaykacTapra apTkbsl HeMece TpaHcpopaMmUHaAAbl Oel OMBIPTKapaablK
CIIOHAMAOAE3 >KacalAbl, 04 KYViKe KYPhLABIMAApPhIH A€KOMIIpeccHsiAayAbl, TPaHCIeANKYASPABIK (PUKCAIIVHBI JKoHe
ayTOAOTUAALIK CYJEKIIeH >KoHe Mall TiHiHiH CTpOMaAbABI-TaMBIPABIK (PPaKUVEICBIH KaMTUTBIH >KacCyIIaAblK
OMOKOMITO3UTTIK TMAPOreAbMeH TOATHIPBIAFaH KEYeKTi TUTAaHABIK JeHeapaablK KeMAXK MIMILIaHTal[VACHIH KaMTBIABL.
bea arimarbpiHAaFBI JK9He TOMEHTi asKTapJarbl aybIPCBHIHY BM3yaAAbl aHAJOITHIK IIIKada apKblAbl, al eHOeK >KoHe
TYPMBICTHIK OeaceHAiAiKTiH Oy3b1aysl OcBecTpu cayaaHaMackl OOMBIHIIIA OIlepaljisFa AeliiH, onepanusalaH KeitiH Oip,
YII-TOPT XoHe OH eKi aliga OaraaaHapl. Pagmoaormsaaslk OaFasay peHTTEHOAOTUAABIK 3epTTeyai, AeHeapaablK
aliMaKTBIH KOMIIBIOTEpPAiK TOMOTrpadusI AeHCUTOMETPIICHIH JKoHe OH eKi alida cyitek Oiticyin Tan kaaccudukanyscs
OoIibIHIIIa TpajalusaaayAbl KAMTBIABL.

Ora ke3iHAe HEBPOAOTMAABIK, HeMece MMIIAaHTaTKa 0aliAaHBICTBI acKbIHyAap TipKeATreH >KOK, JKapa >Ka3blAybl
OapAaBIK HayKacTapaa acKbIHycbI3 oTTi. OH eki altablK Oakblaay OapbIchiHAA OeaJeri KoHe asdKTaFrbl aybIPCHIHY MeH
(pyHKUMOHAAABIK IIIEKTEYAeP aliKbIH TOMeHAeAl, HayKacTapAbIH KOIIIIiAiri ayslp Oy3bIAbICTap CaHaThIHAH MIHIMAaAABI
OysblaBICTap caHaThiHA ©TTi. KoMIbIoTepaik TOMOrpadusiga KelAX aliMarbIHAQFBI CYVieK THIFBI3ABIFBIHBIH OipTiHAEI
apTyhbl aHBIKTaAAbl, Oy MeXKTeA0BOM cylieK OAOTBIHBIH ITicin->KeTiayiH kepceTTi. OH eki aifga HayKacTapABIH >KeTIIic
MalbI3bIHAA TOABIK, CIIOHAMAOAE3, JKMbIpMa IMalbI3bIHAA JKapThlaall OiTicy, OH IalibI3bIHAA OipIIOAIOCTi ICeBA0apTPO3
aHbIKTaA/bl, €KIiIIOAIOCTI IICeBA0APTPO3 JKarAalidaphl TipKeATeH KOK.

Mari TiHiHIH ayTOAOIMAABIK CTPOMaAbABI-TAMBIPABIK (paKUVsACHIMEH OipiKTipiAreH KeyeKTi TMTaHABIK KeAX
KOAJaHbIAFaH Oea OMBIPTKApaAblK, CIIOHAMAOAe3 OipiHIIi omepanmsigaH KeMiHIi >KbIABI CEeHiMAI CerMeHTTIK
TYpaKTaHABIPYABI, CyleK OiTiCiHYiHiH >KOFaphl >KUiAiriH koHe aybIpChIHY MeH cl)yHKuM;IHLIH KAVHUKAABIK TYPFhIAaH
MaHBI3AbI >KaKCapybIH KaMTaMachl3 eTTi.

Tyitin ce3aep: Oea oMBIpTKaJapbl, OMBIpTKaapaAblK, AUCKIHIH JereHeparusCchl, OMBIPTKAHBIH CIIOHAMAOAE3],
TUTaH, Mail TiHi, CTPOMaAbAbI-TAMBIPABIK (ppaKIIVsl, Me3eHXMaAbIK OaraHaAbl XKacyIaslap.

VIHHOBaIIMOHHBIN MeTOJ Ae4eHNs AeTeHepaTUBHBIX 3a001eBaHNIi ITOSICHUYIHOTO OTAeaa
IIO3BOHOYHMKA: MeXTea0BOM CIOHANAOAE3 C IPMMeHeHNeM ayTOAOIMYIHOM
CTPOMaAbHO-BaCKYAsIPHOM ppaKkimm
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Pe3rome

]_[e/lb ccaea0BaHMs: OLIEHUTDh KAMHMYECKNe U pa,ZLI/IO/lOI"I/I‘IeCKI/Ie peBYAbTaTIJI Me>XTeA0BOI'O CITIOHAMAOAe3a
ITIOSICHIYHOIO oOT4deda ITIO3BOHOYHIMKa C JCIIOAb30BaHVEM THUTaHOBOTIO Ke1714>1<a, 3aII0AHEHHOI'O aYTOAOTVI‘IHOIZ
CTpOMaABHO-BaCKYA}IpHOIZ cppakumeﬂ )KI/IpOBOIZ TKaHU, y ITaltieHTOB C ,Zl,el"eHepaTI/IBHLIMI/I 3860AeBaHI/I5IMI/I
ITOSICHIYHOTIO OTAeAa ITIO3BOHOYHIKA.

B HpOCHeKTI/IBHoe O,ZI,HOLIeHTpOBOe mccaeaoBaHne 6LIAI/I BKAIOYEHBI TpI/I,Zl,I_IaTI) ITalIVIeHTOB C ,Zl,el"eHepaTI/IBHbIM
3&60AeBaHI/IeM ITOSICHMIYHOIO OTAeAa ITO3BOHOYHMKA, peSI/ICTeHTHLIM K KOHCepBaTI/IBHOﬂ Teparu/n/[. BCeM 6OAI)HLIM
BBITIOAHEH SaAHI/Iﬂ naAn TpaHCCI)OpaMI/IHaALHbIIZ ME>KTeA10BOM CITOHAMA0A4€e3 ITOACHMYHOIO OTAdeAda ITIO3BOHOYHIMKa C
AeKOMHpeCCI/Ieﬁ, TpaHCHeAI/IKYA}IpHOIZ (I)I/IKCEiLU/IeIZ u I/IMHAaHTaLU/IeIZ HOpI/ICTOFO TUTAHOBOI'O Me>XTeAO0BOIO Ke1714>1<a,
3aII0OAHEHHOTIO aYTOKOCTbIO U KA€TOYHBIM 6I/IOKOMHOBI/ITHI)IM FI/Iﬂ,pOFe/leM, CO,Z],ep)KaI_HI/IM CTpOMaAbHO-BaCKYAﬂpHYIO
(l)paKLU/IIO )KI/IpOBOIZ TKaHU. MHTeHCI/IBHOCTb 60/1]/[ B IIOSICHUYHOI O6AaCTI/I I HVPKHINX KOHEYHOCTIX OIleHMBaAlM IIO
BI/I3yaAI)HOI7[ aHa/10TOBOI ImKaJae, CTelieHb MHBaAnAN3anmum — II10 I/IH,ZI,eKCy OCBeCTpI/I A0 onepaul/m, qepes OAVIH, TpI/I—
qupre n ABeHaAllaTb MecCileB IIoCAe BMellaTeAbCTBa. Pa,ZI,I/IOAOFI/I‘IeCKa}I OLl€eHKa BKJA4Yadaa CHOH,Zl,I/IAOl"paCl)I/IIO,
KOMHI)IOTepHYIO TOMOFpaCl)I/IIO C ,Zl,eHCI/ITOMeTpI/IeI?I MEXXTeA0BOM 30HBI U rpazlaumo CTeIleHN CIIOHAnAOoAe3a IIO
KAaCCI/I(I)I/IKaLU/II/I Tan yepes gBeHaAlIaTh MecAIIEB.

MHTpaOHepaLU/IOHHbIX HEBPOAOI"I/I‘IQCKI/IX nu I/IMH/laHTaT-aCCOLU/II/IpOBaHHI)IX OCAOXXHEHUI He OTME4YeHoO,
3a’KIMBAeHIe HOCAeOHepaLU/IOHHI)IX paH y BCeX ITallMMeHTOB HpOTeKaAO HepBI/I‘IHLIM HaTsSI>DKEHIEM. B TeueHue
ABeHaallaTul MecCs1ieB Ha6/lIO,Z|,aAOCb Bpra)KeHHoe CHI>KEeHIEe MHTEeHCMBHOCTI 60/leBOFO CI/IH,ZI,pOMa B ITOSICHVIIIE V1 HOT'aX
M CTrelleHN WHBaAVAWM3alinu, 60AI)I_LII/IHCTBO ITallVieHTOB HepeH_I/H/I nus3 KaTeFOpI/II/I Bpra)KeHHLIX HapyH_IeHI/IIZ B
KaTerOpI/IIO MUVHIUMAAbHBIX. HO AaHHBIM KOMHbIOTepHOﬂ TOMOl"paCI)I/II/I OTMEUYeHO I10CAea0BaTeAbHOE ITOBLBIIIIEHVIe
IIAOTHOCTU KOCTHOM TKaHU B 30HE Ke1714>1<a, qToO 0Tpa>1<aeT Cl)OpMI/IpOBaHI/Ie u COSpeBaHI/Ie Me KTeA0BOIoO KOCTHOTIO 6AOKa.
qepea ABeHaAllaTb MecCsalleB TIOAHBI CITOHAMA0A€Ee3 SapE!TI/ICTpI/IpOBaH y ceMuaeciaTm HpOL[eHTOB ITalIVIeHTOB,
YaCTUYHBINT — y ABaAllaTn HpOI_IeHTOB, HpI/ISHaKI/I OAHOIIOAKOCHOTO HceBaoaprosa — y AeCiATN HpOLIeHTOB; CquaeB
AByHOAIOCHOFO HceBzLoaprosa He BbISIBAEHO.

ME)KTeAOBOﬂ CIIOHANA0A4€e3 IIOACHMYHOIO OTAeAa IIO3BOHOYHIMKa C HpI/IMeHeHI/IeM HOpI/ICTOTO TUTAHOBOTIO
K€I7[A)Ka B cOYeTaHNM C ayTOAOFI/I‘«IHOIZ CTpOMaABHO-BaCK}Ul}IpHOﬁ Cl)paKLU/IeIZ )KI/IpOBOI7[ TKaHU O6ECHQ‘{I/IBa€T Ha,Zl,e)KHYIO
CeTMEHTapHyIO CTaGI/I/H/ISaLII/IIO, BI)ICOKYIO ‘IaCTOTy Cl)OpMI/IpOBaHI/I}I KOCTHOTIO 6/101<a n KAVMHMNYEeCKU 3HadYlnmmMoe
YAy‘ILHeHI/Ie 60AeBOFO CI/IHApOMa u CIDYHKI_[I/H/I B TeyeHle HepBOTO HOCAeOHepaLU/IOHHOFO TroJa.

KAIO‘IEBbIe CAOBAa: IIOSICHNYHBI oT4aeA IIO3BOHOYHIKA, AeFeHepaTI/IBHOQ 3360AeBaHI/Ie Me>KITO3BOHKOBOTIO AMICKa,
CIIOHAMA0A€3 ITIO3BOHOYHIKA, TNWTaH, )KI/IpOBa}I TKaHb, CTpOMaAbHO-BaCK}UUIpHa}I Cl)paKLU/I}I, Me3eHXIMaabHbIe
CTBOAOBbBIE KAETKI.
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