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Results of supracondylar osteotomy and bone fixation with the Ilizarov
apparatus for cubitus varus and valgus deformities

R.Kaul™, M. Prasad, N. Akhoon
Base Hospital Delhi Cantt, New Delhi, India
Corresponding author: Rajiv Kaul, drrajivkaul@gmail.com

Abstract

Introduction Cubitus varus denotes the inward deviation of the supinated forearm on the extended elbow.
In cubitus valgus, the forearm is angled away from the body with the arm fully extended. Both deformities
manifest clinically as an abnormal carrying angle, along with a cosmetically unsightly appearance,
with or without restricted range of motion (ROM).

The aim of the studyis to evaluate the results of one-stage supracondylar corrective osteotomy and bone fixation
using the Ilizarov apparatus in varus and valgus deformities of the elbow joint, using the angulation-translation
principle (osteotomy rule 2); to determine the effect of this method on the humerus-elbow-wrist angle (HEW),
ODD and lateral prominence index (LPI).

Materials and Methods A total of 12 patients, age ranging from 7-24 years, who presented with cubitus varus
of > 10° (n=9) and cubitus valgus (n = 3) of > 20°, were included in the study. All patients underwent acute
correction using a mini-incision, supracondylar osteotomy and fixation with the Ilizarov frame.

Results The mean time to union was 14.2 weeks (range, 11-18 weeks). The average duration of follow-up was
24 months. Functional outcome was graded as excellent in 9 cases (75 %), good in 2 (17 %) cases and poor
in 1 case (8 %) using the grading system of Oppenheim. For cubitus varus, the mean HEW angle improved
significantly, from (-15.5 * 4.2) pre-operatively to (8.2 * 1.5) post-operatively. For cubitus valgus, the mean
HEW angle was (28.3 #5.3) pre-operatively, which improved to (14.1 = 3.1) post-operatively, which was
statistically significant. Complications encountered included superficial pin-tract infection in 1 case, lateral
condylar prominence in 1 case and complete radial nerve palsy in 1 case.

Discussion Conventional methods of treatment of cubitus varus or valgus include various corrective
osteotomies, typically stabilized with internal fixation. Despite being successful, a substantial number
of distressing complications have been reported with the use of internal fixation. The mandatory requirement
of post-operative immobilization, resulting in stiffness and disuse atrophy, is a deterrent to the use of internal
hardware, which can be easily circumvented by the versatility of the Ilizarov apparatus.

Conclusion External fixation with the Ilizarov apparatus is a versatile means of correction of cubitus varus
and valgus. It precisely achieves the desired carrying angle and cosmetic appearance of the elbow. It facilitates
residual adjustments in under/over-corrected scenarios. The stability is indisputable. Early joint mobilization
leads to an improved functional outcome.

Keywords: cubitus varus, cubitus valgus, osteotomy rules, Ilizarov fixator, deformity correction

For citation: Kaul R, Prasad M, Akhoon N. Results of supracondylar osteotomy and bone fixation with the Ilizarov
apparatus for cubitus varus and valgus deformities. Genij Ortopedii. 2025;31(3):269-278. doi: 10.18019/1028-4427-2025-
31-3-269-278.

© Kaul R., Prasad M., Akhoon N., 2025
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Pe3ynbraTbl HQAMDILWENKOBOI OCTEOTOMUU U HDUKCALMU KOCTEN
annapatoM UnusapoBa npu BapycHOM U BanbrycHou aedopmaumax
JIOKTEBOro cyctaBa

R.Kaul™, M. Prasad, N. Akhoon
Base Hospital Delhi Cantt, New Delhi, India
ABTOp, OTBEeTCTBEHHBIN 3a mepenmcky: Rajiv Kaul, drrajivkaul@gmail.com

Abstract

BBegenmne. BapycHas medbopmaliys JIOKTEBOTO CyCTaBa — 3TO JeBMALMS BHYTPb CYIMMHMPOBAHHOTO Ipe[-
TIJIeYbs TIPY PA30THYTOM JIOKTEBOM CycTaBe. IIpu BaybrycHOM qedopMaliuu npeaiedbe OTKIOHEHO OT Tela
IIpY TIOJIHOCTBIO Pa3orHyToii pyke. O6e medopMalyy MPOSBISIOTCS KIMHUYECKM B BUJI€ aHOMAJIbHOTO YIjia
OTBEeJIeHMSI, @ TAK)Ke KOCMETUYECKM HENTPUIJISITHOTO BHEIITHETO BIA, C OrPaHUYEeHMEM MU 6e3 orpaHUYeHMsT
Iuara3oHa asykeHus (O40).

Ilesp paGoOTHI — OLIEHUTH PE3YIbTAThl OTHOMOMEHTHO! HAIMBIIIETKOBO KOPPUTUPYIOIIE OCTeOTOMUN
" (duKcauyy KOCTH amnmapaToMm VnmnsapoBa Ipy BapyCHOM ¥ BaJbIyCHON JedopManysix JIOKTEBOTO CyCTa-
Ba II0 NPUHUUITY aHTYISIUMU-TPAHCISILMM (IIPAaBUIO OCTEOTOMUM 2); ONpPeNeauTb BIMSIHME 3TOr0 MeToAa
Ha ruieve-yioKkTe-3ansicTHbN yron (HEW), O[T u uupekc natepanbHoro Boictyma (LPI).

Marepuajbl M MeTOIbI. B micciienoBaHme ObUIY BKIIOUEHBI 12 MaI[MeHTOB B BO3pacTe OT 7 o 24 JIeT ¢ Bapy-
com > 10° (n = 9) u Basbrycom > 20° (n = 3). Bcem manyeHTam 6bUTa IpoBeleHa OHOMOMEHTHAST KOPPEKITHSI
C UCIIOIb30BaHMEM MUHM-Pa3pesa, HaAMBIIIEIKOBOI OCTEOTOMMM U uKcanyy anmnaparoM Mimmusaposa.

PesynbraTsl. CpegHee BpeMs cpallieHNs coctaBuiio 14,2 Henenu (nyanasoH 11-18 Henenn). CpenHss Tpoxd0I-
SKUTEJIbHOCTb HAOMI0eHMsT cocTaBuia 24 Mecsiia. OyHKIMOHATbHBIN Pe3yabTaT ObUT OIIeHEH KaK OTIMYHbIN
B IeBITH caydasix (75 %), xopounii — B AByX caydasx (17 %) u mioxoit — B ogHOM ciryvae (8 %) ¢ UCIO0Nb30-
BaHMEM CUCTEMBI OIleHOK Ommenreiima. [Ij1s1 BapycHoi gedopmanyu cpegumii yron HEW 3HaUMTETBHO YITy4-
e ¢ (—15,5 + 4,2) no onepaunu no (8,2 = 1,5) moce onepanun. st BaIbIyCHO medopMaiiuy CpemHuii
yros1 HEW cocrassin (28,3 + 5,3) go onepatuy 1 yimyammics 1o (14,1 = 3,1) mocie ornepaiiuu, 4To 6bUIO CTa-
TUCTMUUECKY 3HAUMMbIM. OCITOKHEHMSI BK/II0YaIV ITIOBEPXHOCTHYIO CITMIIeBYI0 MHGEKIMIO B OOHOM CIydae, jia-
TepaJIbHbIIi MBILIEIKOBbII BBICTYII — B OLHOM CJIy4ae U ITOMHBIN [apaand Jy4yeBOro HepBa — B OGHOM CJIyJae.

0O6cykaeHue. TpaAuIIMOHHbIE METOMBI JIEUeHMsI BAPyCHOM U BaJIbTYCHO AedopManyy JOKTEBOTO CyCTaBa
BKJTIOUAIOT pPa3/iMuHble KOPPETUPYOI[Me OCTEOTOMNM, OOBIUHO CTAOWIN3VpPyeMble BHYTPeHHE! huKcamyert.
HecmoOTpst Ha UX YCIEIIHOCTD, TPY MCIIOAb30BaHUM BHYTPEHHEe uKcanny 6b110 3aperucTpMPOBaHO 3HAUK-
TeJIbHOE KOJIMYECTBO OC/IoKHeHMIT. O6s13aTesibHOe TpeOoBaHe ToCIeonepaioHHO MUMMOOUIN3AIIAN, TIPK-
BOJSIIlee K PUTUIHOCTHM CyCTaBa 1 aTPO(MM MBIIIIII, SIBJISIETCS CIePsKUBAIOIIMM (DAaKTOPOM JIJIsT MCIIOb30BaHMSI
BHYTPEHHMX (PMKCATOPOB, UYTO MOKHO JIETKO 136€ekaTh C TOMOIIbI0 YHUBEPCATIbHOCTY afaparta Mnnusaposa.

3akmoueHue. BHemHsst Gukcanyms anmnapatom WimsapoBa SIBAsSIeTCS YHUBEPCATbHBIM CPEICTBOM KOPpPeK-
MY BapyCHOM M BajbryCHOM medopmaliuii JOKTEBOrO CycTaBa, 6jaromaps eii JOCTUTAIOT KeJlaeMbIX YIia
repeHoca ¥ KOCMeTMUYEeCKOTO BMUJA JIOKTS, 06JIer4aloT OCTATOUHYI0 KOPPEKLMIO B CIydasx HeIOCTATOYHO/
M36bITOYHOI KOppeKyn. CTabMIIbHOCTD He BbI3bIBAET COMHEHMIT. PAHHSISI MOOUIM3AIMS CYCTABOB IMTPUBOIUT
K yIyulieH110 GyHKLIMOHAIbHBIX PE3Y/IbTaTOB.

KiroueBbie c10Ba: BapycHas gedopmaiiys, BajabrycHas gedopmaiiys, JOKTeBOM CycTaB, MpaBuia OCTEOTO-
MMM, anrmapar Mnusaposa, Koppekuys gedbopmaliim

Insa uutuposanms: Kaul R., Prasad M., Akhoon N. Pe3ynbTaThl HaMBIIIEIKOBOI OCTEOTOMMM U GUKCALIMM KOCTe ar-
rapatom MnusapoBa Ipy BapyCHO# U BaJbIyCHOI AedopMalusix JOKTEeBOro cycrasa. [enuii opmoneduu. 2025;31(3):269-
278. doi: 10.18019/1028-4427-2025-31-3-269-278.
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INTRODUCTION

Supracondylar fractures are the most common fractures encountered in paediatric population, accounting
for 50-70 % of elbow injuries [1]. Treatment can vary from conservative management to open reduction
with or without pinning, depending upon the fracture geometry [2, 3]. Cubitus varus is the most common
angular deformity, presenting as late sequel to poorly-treated or untreated supracondylar fractures
in children [4]. The main reason for development of this deformity is a varus tilt along with internal rotation
and medial displacement of the distal fragment, resulting in an abnormal carrying angle [5]. Cubitus valgus,
on the other hand, is a rather uncommon deformity arising most often from a lateral condylar non-union
or malunion, with or without ulnar nerve symptoms [6]. The indications for corrective surgery include an
undesirable cosmetic deformity or a limitation of elbow motion or both. Numerous osteotomies have been
described for the treatment of cubitus varus and valgus [7]. The goal of correction is to address not only
the coronal component, but the rotational and sagittal plane deformity, if any. Prevention of joint stiffness,
by virtue of a stable fixation, and early mobilization is highly desirable.

The choice of osteotomy as well as of fixation methods is a topic of contention till date. Most surgeons prefer
a lateral closing wedge osteotomy for cubitus varus for its technical simplicity and reproducibility [8]. Cubitus
valgus is frequently addressed with a dome osteotomy along with ulnar nerve transposition [9]. Problems
associated with acute corrective osteotomies include under- or over-correction, failure of fixation, neuropraxia,
unsightly scars, re-fractures at the osteotomy site, joint stiffness, and infection [10]. The introduction
of the Ilizarov method of a low-energy osteotomy, combined with gradual distraction, offered the unique
ability to perform post-operative titration of angular correction, as well as early joint mobilization [10].

The aim of the study is to evaluate the results of one-stage supracondylar corrective osteotomy and bone
fixation using the Ilizarov apparatus in varus and valgus deformities of the elbow joint, using the angulation-
translation principle (osteotomy rule 2); to determine the effect of this method on the humerus-elbow-wrist
angle (HEW), ODD and lateral prominence index (LPI).

MATERIALS AND METHODS

Twelve patients, in the age range from 7 to 24 years, who presented with either cubitus varus or valgus,
and desired surgical correction, were included in this retrospective study. We retrieved hospital records,
radiographs, and clinical photographs from 2020 to 2024, of individuals who underwent deformity correction
using a percutaneous, low-energy osteotomy, and bone fixation with an Ilizarov frame application, and analysed
various clinical and radiological parameters, using Microsoft Excel 2024 (v.16). Those with an incomplete
database or follow-up were excluded from the study. The objectives of the study were to assess the bearing
of this method on the Humerus-Elbow-Wrist (HEW) angle, the Lateral Prominence Index (LPI) and elbow
range of motion (ROM). Preoperative clinical examination included recording of the carrying angle and ROM,
using a goniometer. The internal rotation element was assessed using the Yamamoto method [11]. The three-
point bony relationship and inter-condylar distance measurements were recorded in all cases, although their
clinical relevance is a matter of debate [12]. The HEW angles were measured on anteroposterior radiographs
of both upper extremities, in addition to the LPI [7, 13]. In normal individuals, the LPI is predominantly
a negative value, due to naturally-existing slight medial condylar prominence. All pre-operative planning
and software simulation was performed using the Bone Ninja iPad mobile application [14].

Surgical technique

The Ilizarov frame design consisted of two rings, one proximal at the level of the mid-arm, and one distal
at the level of the elbow joint (Fig. 1, a, b). The orientation of the distal ring was parallel to the distal humeral
articular surface, whereas that of the proximal ring was perpendicular to the diaphysis (Fig. 1, b).

Fig. 1. Pre-assembled frame design: a — front view showing juxta-articular hinge placement, and side view, showing
the motor/distraction assembly; b — intra-operative images of frame orientation before and after the osteotomy
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The rings were connected to each other using juxta-articular hinges mounted on connecting rods,
and a medially placed distraction assembly, orthogonally, as shown in the figure 1, b.

Two counter-opposed olive wires and one 5-mm Shanz pin, inserted along the safe corridors, were used to affix
the distal ring (Fig. 2 a). The medial wire was inserted with the elbow in semi-extended position, palpating
the ulnar nerve, and ensuring the wire entry anterior to the nerve. The proximal ring was affixed with two
5-mm Shanz pins and a wire. A 1-cm skin incision was sufficient to perform a low-energy osteotomy using the
multiple drill-hole method (Fig. 2, b) [15]. The osteotomy was distracted acutely and an angulation-translation
was performed, using the juxta-articular hinges (Fig. 2, ¢). Once satisfactory correction was confirmed under
fluoroscopy, the osteotomy was compressed and the nuts tightened (Fig. 2, d). For larger deformities of more
than 15° of angular correction, anterior transposition of the ulnar nerve was contemplated, both in cubitus
varus and valgus. Any residual deformity detected in post-op radiographs was corrected subsequently.

Fig. 2. The Ilizarov frame assembly: a — orientation of distal ring with counter-opposed olives; b — multiple drill-
hole osteotomy; ¢ — acute distraction followed by angulation of the osteotomy; d — compression of the osteotomy
after satisfactory alignment

Fig.3.Case of a 7-year-old male
with cubitus varus: a — pre-op
radiographs; b — simulation
of correction using the bone
Ninja application; ¢ — final
follow-up radiograph showing
comparable HEW angles on
both sides; d — clinical images
before, during and after
correction

I

During correction After correction
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For skeletally mature patients with closed physes, a mini-Ilizarov assembly was used, which was less
cumbersome as compared to the standard Ilizarov frame. Two 5-mm Shanz pins were placed percutaneously
in the distal humerus from the lateral side, in the same plane, parallel to the joint line (Fig. 4, a), and two pins
were placed in the mid-third of the humerus, perpendicular to the shaft, but in different planes, subtending
an angle of around 45° when viewed from above (Fig. 5, b, d). The biplanar placement of pins was planned
to circumvent the course of the radial nerve and increase the stability of fixation. The pins in the distal
segment were mounted on a swivel-type Rancho cube (Fig. 5, d, circled in red), to allow angulation of the
distal fragment following the osteotomy, which was performed precisely as described above. It is noteworthy
to state here, that while performing all acute corrections, translation precedes angulation, in accordance with
osteotomy rule 2 (Fig. 4, c, d) [16]. Fine adjustments and fastening of all connections was performed under
C-arm guidance. Derotation was performed only in one patient who had impaired shoulder function compared
to the contralateral side.

Fig. 4. Mini-Ilizarov frame: a — with 2 parallel Shanz pins in the distal fragment; b — multiple drill hole
supracondylar osteotomy; ¢ — medial translation performed first; d — followed by angulation to the desired degree;
e, f — measurement of the angular correction intra-op, using a radiolucent, sterile goniometer

ki

Fig. 5. Case of a 17-year-old girl: a — pre-operative radiographs of cubitus rectus; b — post-operative radiographs
following mini-Ilizarov correction; ¢ — final follow-up radiographs showing accurate correction, comparable
to contralateral elbow; d — mini-Ilizarov frame assembly, red circled portion represents the swivel-type Rancho
cube for the distal fragment; e — clinical images before and after correction
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Post-operative protocol comprised of assisted joint ROM exercises at the end of week 1, followed
by strengthening exercises at 4 weeks. Crutch-assisted walking using the operated upper limb was
encouraged in older patients, to simulate weight-bearing in the lower extremity, in order to promote union.
Frame removal was done after satisfactory consolidation was seen on orthogonal radiographs. Follow-up
was done at 2-week intervals until frame removal, and every 6 month thereafter. The functional outcome
was assessed and graded as excellent, good, or poor according Oppenheim’s criteria [17]. Statistical analysis
was done using Microsoft Excel 2024 (v.16), applying Student’s paired t-test, with a p-value of < 0.05
considered as significant.

RESULTS

The mean patient’s age recorded was 16.2 years. Of the 12 patients, 4 (33.3 %) were males and 8 (66.7 %) were
females. The mean time to union was 14.2 weeks (range 11-18 weeks). The average duration of follow-up was
24 months. Functional outcome was graded as excellent in 9 cases (75 %), good in 2 (17 %) and poor in 1 case
(8 %) using the grading system of W.L. Oppenheim et al. [7, 17]. There was no significant difference between
the mean pre- and post-operative arc of motion (p-value: 0.16). The cumulative results are summarized
in Table 1 and Table 2.

Table 1
Comparison of pre-op and post-op assessment parameters
Parameter Pre-op ° = SD Post-op °+SD P-value

Mean HEW* angle

Cubitus varus -15.5+4.2 8.2%1.5 <0.05

Cubitus valgus 28.3+5.3 14.1+3.1 <0.05

Mean flexion / extension 125/-5 120/0.5 0.16

Mean LPI* (cubitus varus) 2.5%0.5 -1.6%0.2) <0.05

Mean MPI*(cubitus valgus) -84%1.3 -3.7£0.4 <0.05

*HEW — Humerus Elbow Wrist angle; LPI — Lateral prominence index; MPI — Medial prominence Index.

Table 2
Functional results as per Oppenheim’s grading
Interpretation Criteria No. of cases

1. Correction of varus or valgus to within 5°of contralateral elbow

Excellent 2. Loss of motion < 5° of pre-op value 9
3. No complications
1. Correction of varus or valgus to within 6—10°of contralateral elbow OR

Good 2. Loss of motion < 6-10° of pre-op value OR 2
3. Scarring or a lazy-S deformity
1. Residual (uncorrected) varus or valgus differing by >10° of contralateral elbow OR

Poor 2. Loss of > 10° in any plane of motion OR 1
3. Any complication

Cubitus varus (n=9): The mean HEW angle improved significantly from (-15.5 *4.2) pre-operatively
to (8.2 = 1.5) post-operatively. The average lateral prominence index pre-operatively was (2.5 + 0.5), which
improved to (-1.6 £0.2), negative indicating normal values. We included in our series one patient who
had a straight elbow (cubitus rectus), who had esthetic concerns and who underwent correction with
a mini-Ilizarov frame yielding gratifying results. Complications encountered included superficial pin-tract
infection in one case managed with antibiotics and local dressings, and lateral prominence in one case
which was managed conservatively.

Cubitus valgus (n = 3): The mean HEW angle was (28.3 * 5.3) pre-operatively and improved to (14.1 + 3.1)
post-operatively, which was statistically significant. Mean medial prominence index (MPI) was calculated
for valgus deformities [7], and found to be (-8.4 = 1.3) pre-operatively and (-3.7 + 0.4) post-operatively.
One patient who underwent corrective osteotomy with the mini-Ilizarov frame (Fig. 6 and Fig. 7) had
a post-operative wrist drop, which was initially managed expectantly, with no improvement for the first
14 weeks. Nerve conduction studies (NCS) suggested complete axonotemesis involving the radial nerve
and radiographs showed a consolidated osteotomy with satisfactory limb alignment. The patient underwent
radial nerve exploration along with frame removal (Fig. 7). Intra-operatively, one of the Shanz pins had
inadvertently damaged a portion of the radial nerve, forming a neuroma in continuity (Fig. 7, c). Using

Tenuii opmoneduu. 2025;31(3) 274



Knmumanuyeckue ucciaenoBaHms

a nerve stimulator, the non-conducting segment of the nerve was excised, and end-to-end epineural repair
was performed using 9-0 polypropylene sutures (Fig. 7, d, e). The patient had a complete recovery of his
elbow, wrist, and finger movements at the end of around 12 months after the repair (Fig. 8). One patient,
with a large valgus deformity of 33° underwent a prophylactic anterior transposition of the ulnar nerve
along with the osteotomy.

A

Fig. 6. Case of a 24-year-old male with cubitus valgus: a — pre-operative radiographs; b — simulation of correction
using the Bone Ninja application

Radial N branch
to Brachialis

Humerus

Site of pin entry
in the bone

Radial N

Triceps

Area ;
of resection|

D < . k l

Fig. 7. Case of a 24-year-old male with cubitus valgus: a — post-operative radiographs following mini-Ilizarov
correction; b — skin marking for radial nerve exploration; ¢ — intra-operative findings during exploration, showing
the pin entry into the bone, immediately adjacent to the neuroma; d — resected non-conducting segment,
as determined by nerve stimulation; e — end-to-end epineural repair, reinforced with Tisseal® fibrin sealant;
f — final follow-up radiographs showing satisfactory consolidation and limb alignment
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Fig. 8. Clinical images of the same individual: a — before and after correction; b — functional status post-radial
nerve repair

DISCUSSION

Traditional methods of treatment of cubitus varus include the lateral closing wedge osteotomy [18], the medial
opening wedge osteotomy (D. King and C. Secor) [19], the modified French osteotomy [20], the oblique
osteotomy[21],the dome osteotomy[22]and the step-cut osteotomy [23]. Subsequently,manyauthorsdescribed
various modifications of the prevailing techniques, such as the penta-lateral osteotomy [24], the 3-dimensional
osteotomy [25], the lateral equal-limbs osteotomy [13], the double-dome osteotomy [26], the oblique lateral
closing wedge osteotomy [27], and the reverse step-cut osteotomy [28]. Cubitus valgus is most commonly
treated with a step-cut translation osteotomy or a rotational dome osteotomy [7]. Despite being successful,
a substantial number of complications such as elbow stiffness, nerve injuries, under-correction, recurrence,
non-union, osteomyelitis and skin sloughing have been reported with the use of internal fixation following
various osteotomies [10, 29]. Furthermore, the mandatory requirement of a relative period of immobilization
post-operatively, resulting in stiffness and disuse atrophy, is a deterrent to the use of internal hardware.

External fixation, be it the Ilizarov apparatus, or a standard uniplanar fixator, has gradually gained acceptance
and approbation as an effective means of treatment of these deformities. C.C. Hasler et al., in their series
of 9 patients, reported excellent functional outcomes and cosmetic appearance with the closing wedge
osteotomy coupled with a Hoffman (Stryker, USA) external fixator without any major complications [30].
T. Slongo et al.. described a technique of lateral closing wedge osteotomy, along with a mini-external fixator
(DePuy Synthes, USA) application, with reasonable success [31]. However, their technique involved a long
surgical incision over the lateral aspect of the elbow, with direct visualisation of the radial nerve. The Ilizarov
apparatus, by virtue of its inherent stability, has a definite advantage over other fixators in the fixation of small
and unstable fragments [10, 29, 32]. The counter-opposed olive wires provide sufficient stability to resist
torsional and bending forces acting on the osteotomized fragment, minimizing the chances of recurrence
of the deformity [29]. Another distinctive advantage over conventional methods is the ability to perform
residual deformity correction in the post-op phase, with early mobilization and resumption of activities of daily
living. Early mobilization leads to better functional rehabilitation and may have an impact on the outcome.
Unsightly scars as in traditional approaches are avoided. The internal rotation component of the deformity
can be addressed by derotation of the distal ring, if necessary.

Unlike the lateral closing wedge, where the resultant cortical mismatch creates a ‘lazy-S’ deformity, the Ilizarov
method,whichentails the use of alow-energy osteotomywith careful preservation of the periosteum and gradual
distraction through the regenerate, can avert this ugly deformity [33, 34]. Previous studies on the Ilizarov
method by V. Karatosun et al. [32], A. Piskin et al. [10], and C. Ozkan et al. [35] described an opening wedge
osteotomy along with gradual correction with outstanding results and low rate of complications. A recent
study by R. Agrawal et al. illustrates an angulation-translation osteotomy (rule 2) by using juxta-articular
hinges placed at or very near the centre of rotation of angulation (CORA) [29]. The medial translation, achieved
thus, minimizes the chances of lateral prominence. In our study, we have achieved the necessary angulation
and translation for both cubitus varus and valgus, by performing acute correction abiding by the osteotomy
principles [36], and by measuring the degree of correction achieved under C-arm guidance with a sterile
radiolucent goniometer. This, in turn, led to a more accurate correction of the angular deformity, comparable
to the contralateral, normal limb. A comparison of our study with similar ones utilizing external fixation is
summarized in Table 3. Although we encountered just one major complication [37], it is prudent to mention
that the risk of nerve injuries remains substantial, and is best circumvented by careful soft tissue dissection,
following safe corridors, and using tissue-protection sleeves while drilling and inserting pins.

Tenuii opmoneduu. 2025;31(3) 276



Knmumanuyeckue ucciaenoBaHms

Table 3

Summary of similar studies on the use of corrective osteotomies coupled with external fixation for cubitus varus
and valgus deformities

. No. - Mean follow-up - Complications
Title of study of cases Technique (months) Functional outcome and their number#
V.A. Karatosun| - Supracondylar osteotomy + 66.7 Excellent outcome in all Major: Nil
et al. [32] gradual correction ) 7 cases (Bellemore score) Minor: 02
Good outcome in all 4 patients.
P.P. Koch, Medial opening Mean valgus correction
G.U. Exner . 4 |wedge osteotomy + 24 of 21.8° was achieved; Minor: 02
[38] acute correction One patient additional flexion
modification was required
-~ Medial/lateral open . .
A. Piskin et al. Excellent outcome in 18 cases; Major: 03
24 | wedge osteotomy + 18.3 : ’ P
[10] gradual correction good in 6 (Bellemore score) Minor: 05
Medial opening :
[Cg.s(])zkan etal. 5 |wedge osteotomy + 28 fﬁ‘;ﬁgﬁﬂ;ﬁg 22051, é:)ases Minor: 01
gradual correction
Excellent in 25 cases (78.12 %),
R. Agrawal 39 (Sélr{) raf&?gﬁ?ﬁﬁ;ﬁ?}gﬁ;‘i 48 good in 2 (6.25 %) Major: 02
et al. [29] ragﬂal correction and poor in 5 (15.63 %) Minor: 04
g (Oppenheim score)
Supracondylar osteotomy gé(g%lli;nzt 1(?79,%?5% (75 %), Major: 01
Present study 12 g%ﬁ%g%\g;?erlgégar?slatlon) * 24 and poor in 1 case (8 %) Minor: 02
(Oppenheim score)

Note: # — Major complications include: fracture, lateral prominence, nerve palsy, deep infection; minor complications include: superficial
pin-tract infections, loss of motion

CONCLUSION

External fixation with the Ilizarov apparatus is a versatile means of correction of cubitus varus and valgus.
It precisely achieves the desired carrying angle and cosmetic appearance of the elbow. Additionally, it facilitates
residual adjustments in under/over-corrected scenarios. The stability is indisputable, despite there being only
a small area of bony contact. No implant is left after frame removal. Early joint mobilization undeniably leads
to an improved functional outcome.
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Abstract

Introduction Ankle arthrodesis is a surgical procedure for end-stage arthritis and complex ankle pathologies,
offering a limb-salvaging alternative to amputation. This study aims to present clinical experience
with the Ilizarov apparatus in achieving stable, painless ankle fusion in patients with varied complex ankle
pathologies.

Materials and Methods A retrospective study was conducted involving 27 patients who underwent ankle
arthrodesis using the Ilizarov fixator between 2014 and 2024. Clinical and radiological evaluations were
performed using the ASAMI scoring system. Surgical techniques, patient demographics, and outcomes were
analyzed.

Results All 27 patients achieved successful bone union. ASAMI Bone results were rated excellent in 23
and good in 4. Functional outcomes were rated as good in 22 patients and fair in 5. Pin tract infections were
effectively managed with antibiotics. The Ilizarov technique demonstrated superior results in achieving
stable, pain-free ankles, even in cases with severe osteomyelitis and destroyed ankles with deformities.

Discussion The Ilizarov apparatus provides a minimally invasive, versatile approach for complex ankle
pathologies, enabling dynamic axial compression, early weight-bearing, and deformity correction. Despite
limitations such as high costs and skill requirements, its success rate surpasses that of internal fixation
techniques.

Conclusion The Ilizarov apparatus is the gold standard for ankle arthrodesis, offering stable fusion
and addressing comorbidities such as osteomyelitis and limb length discrepancy, with high patient satisfaction
and functional recovery.

Keywords: Ankle arthrodesis, Ilizarov apparatus, bone union, limb salvage, complex ankle pathology

For citation: Dhawan M, Nandan B, Guhan RK, Dwivedi S, Prasad M. Ilizarov ring fixator for ankle fusion: a gold
standard in managing complex ankle pathologies. Genij Ortopedii. 2025;31(3):279-286. doi: 10.18019/1028-4427-2025-
31-3-279-286.

© Dhawan M., Nandan B., Guhan R.K., Dwivedi S., Prasad M., 2025

279 TI'enuii opmoneduu. 2025;31(3)



Knunanuyeckue ucciegoBaHms

Hayunas cratbs
VIK 616.728.48-007.248-089.881-001.5-089.227.84 i

https://doi.org/10.18019/1028-4427-2025-31-3-279-286

Konbuesoi q)MKcaTOp Mnusaposa ANga apTpoae3a roleHoCTonHoro cycrtasa.
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AHHOTanua

BBenenue. AprO,EleB T'OJIEHOCTOITHOI'O CyCTaBa, XMPyprmyeckoe BMelaTe/JIbCTBO IIpU MocjieqHel cTaaumn
dpTpo3a U CJIOJKHBIX ITATOJIOTUAX I'OJIEHOCTOITHOT'O CyCTaBa, ABJISIE€TCSA aJ'[I:TepHaTI/IBOI'/JI aMITyTalum, COXpaHss
KOHEYHOCTb.

Ilesb paGoOTHI IPeICTaBIeHNE KIIMHMYECKOTO OTIhITA MCIIOb30BaHM anmaparTa Vin3apoBa IJ1s TOCTVKEHMST
CTabuIbHOTO, 6€3007I€3HEHHOTO CpallleHNs TOJIEHOCTOITHOTO CYCTaBa y MaIMeHTOB C Pa3IMUYHbIMM CIIOKHBI-
MM [TaTOJOTUSIMU TOJIEHOCTOITHOTO CyCTaBa.

Marepuansl 1 MeToAbl. [IpoBeleHO PETPOCIEKTUBHOE UCCAeNOBaHMe C ydyacTueM 27 MalyeHTOB, KO-
TOpPBIM BBITIOJIHEH apTPOAe3 IOJeHOCTOITHOIO CyCcTaBa C MCIOAb30BaHMeM amrapaTa Vnuszaposa B mepuof,
¢ 2014 1o 2024 rr. KNMHNYECKYI0 M PEHTTeHOJIOTMYECKYI0 OIIeHKY ITPOBOAVIIN 110 6a/ITbHOI ccTreme ASAMI.
[TpoaHanMM3MpPOBaHbI XUPYPTIUUECKIE METO/IbI, JeMorpaduieckie TaHHbIe MMAIlMeHTOB U Pe3y/abTaThI.

PesynbraTsl. YV Bcex 27 MalyeHTOB IPOM30ILIO yCIIEIHOe cpaleHne Kocrteil. PesynbraTel ASAMI 1o KOCTHO-
MY CpallleH/I0 OLleHeHbl KaK OTVIMYHbIE Y 23 MalMeHTOB U Xopoune y 4. OyHKIMOHa/IbHbIE Pe3Y/IbTaThl OLie-
HEeHbI KaK Xopoiiye y 22 MainyueHTOB U YI0BIeTBOpUTenbHbIe Y 5. IIpy criuiieBoM MHOUIIMPOBaHNY YCIIEIITHO
MIPUMeEHSUTM aHTUOMOTHKI. MeTon Wnu3apoBa MpofeMOHCTPMUPOBAIT ITPEBOCXOJHbIE Pe3YIbTaThl B TOCTVKe-
HIUM CTaOMIBHOCTY U 6e300/1e3HEHHOCTH r'OJIeHOCTOITHBIX CYCTaBOB AasKe B CIy4asiX TSKeIOro OCTeoMuennTa
" paspyuieHusIx ¢ nebopmansiMun.

O6cykaenme. Ammapatr MimsapoBa obecreunMBaeT MMHMMAIbHO MHBAa3MBHbINA, YHUBEPCATbHbBINA MOMXOL,
K CJIOKHBIM ITaTOJIOTMSIM TOJIEHOCTOITHOTO CYCTaBa, ITO3BOJISIST OCYIIECTB/ISITh JMHAMMUUYECKYIO OCEBYIO KOM-
MIPecCHio, PaHHIOI HArpy3Ky U Koppekimio gedopmaiiii. HecMOTpst Ha TaKkyue OrpaHMYeHus], Kak BbICOKast
CTOMMOCTD ¥ TPeOOBaHMs K KBaIU(PUKALMM XUPYPTa, IPOLEHT YCIIeIIHbIX OIeparyii IPeBOCXOAUT Pe3y/ibTa-
ThI CIIOTb30BaHMsI METOIOB BHYTPeHHel (hUKCaIMA.

3akmoueHue. Anmapat MnusapoBa SIBJISIETCS 30JI0TBIM CTaHAAPTOM JIJIsS apTPOjie3a roJIeHOCTOITHOTO CyCTa-
Ba, obecrieunBas CTabMIbHOE CpalleHle 1 YCTPaHsIs COMYTCTBYIONIME 3a060IeBaHMs, TaKye KaK OCTEOMMUETUT
M pasHas JyIHA KOHEYHOCTEN, MMeeT BBICOKYIO CTEIIeHb YAOBIETBOPEHHOCTHM MAlMEeHTOB ¥ QYHKIIMOHAIb-
HOTO BOCCTaHOBJIEHNSI.

KioueBsblie cj10Ba: apTpojie3 rojieHOCTOIMHOTO CYCTaBa, annapat Minsaposa, cpailieHye KocTeli, CoOXxpaHeHue
KOHEYHOCTH, CJIOKHAS MaTOI0IUs TOJIeHOCTOITHOTO CyCTaBa
s uutupoBauus: Dhawan M., Nandan B., Guhan R.K., Dwivedi S., Prasad M. Kosb1ieBoii ¢pukcaTop MnmusapoBa Ajist ap-

TPOJIe3a roJIEHOCTOITHOTO CYCTaBa: 30JI0TO¥ CTAaHAAPT B JIEUEHNUY MAI[MEHTOB CO CJIOXKHBIMY IATOJIOTVSIMU TOJIEHOCTOITHO-
ro cycraBa. Genij Ortopedii. 2025;31(3):279-286. doi: 10.18019/1028-4427-2025-31-3-279-286.
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INTRODUCTION

Ankle arthrodesis refers to complete fusion of the tibio-talar joint and is recommended for conditions such
as secondary painful osteoarthritis, neuromotor disorders, post-septic sequelae, avascular necrosis (AVN)
of the talus, Charcot neuroarthropathy, and as a salvage procedure to preserve limb functionality [1]. In patients
suffering from end-stage arthritis, where amputation is considered the only option due to complexity of local
pathology, ankle arthrodesis serves as the ultimate alternative for limb salvage [2].

Various techniques have been developed over time to achieve ankle fusion, including cross screws at the tibio-
talar joint, ankle arthrodesis nail, and external fixators. However, no consensus has been reached regarding
the most effective method for achieving good interfragmentary compression under functional weight-bearing
conditions, along with sufficient foot functionality [3-7]. Unfortunately, many of the currently used methods
are associated with significant complications, including deformities, non-consolidated fractures, and septic
arthritis, which may further lead to severe secondary osteoarthritis [8].

In cases where bone quality is good, soft tissue coverage is adequate, and there is no associated shortening,
the use of internal plate osteosynthesis for ankle joint fusion can yield good results. However, this technique
is linked to a higher risk of chronic osteomyelitis (in some instances tuberculosis osteomyelitis), bone defects,
neurological deficits, and soft tissue compromise. Under such circumstances, the Ilizarov apparatus provides
a more effective solution for orthopedic surgeons [9, 10].

Compared to the Ilizarov technique, internal fixation methods are less complex and involve a simpler approach.
However, the risk of complications such as skin necrosis, severe infections, septic arthritis, lack of fusion,
and the necessity for revision arthrodesis remains significant [2, 3, 9].

The Ilizarov apparatus offers a unique advantage by enabling dynamic axial compression and providing
360-degree rigidity. Its minimally invasive approach ensures reliability with significant benefits including
immediate weight-bearing and early mobilization of adjacent joints. Moreover, it serves as a definitive
fixation technique in a single stage [11]. Beyond compression, the apparatus also enables distraction, allowing
for effective correction of bone axis deformities.

Despite its numerous advantages, the Ilizarov apparatus has certain notable limitations including
the complexity of the fixator assemblies, the skill required for its application along with temporary patient
discomfort with the fixator [1, 2, 9-11].

Patients with severe osteoarthritis of the ankle often endure excruciating pain during routine daily activities.
The accompanying functional loss and pain are often the driving factors leading these patients to seek surgical
intervention. The success of ankle arthrodesis is highly dependent on patient compliance to postoperative
protocols [8, 9, 12]. The most effective treatment outcomes are marked by reduced pain and improved
functional capabilities [5, 8,9, 12, 13].

Aim of the study is to present our clinical experience and the versatility of the Ilizarov apparatus in achieving
stable, immobile, and painless ankle fusion in patients with a wide spectrum of ankle joint pathologies.

MATERIALS AND METHODS

The study was conducted at a reputed teaching institution and tertiary care hospital in New Delhi, India.
It received approval from the institutional ethics committee. The analysis was based on a retrospective
review of 27 patients who underwent ankle arthrodesis using the Ilizarov apparatus between 2014 and 2024,
spanning a decade.

The study included all patients who underwent ankle fusion with the Ilizarov fixator. Various parameters
such as gender, age, time of injury, fracture type, history of prior surgeries, indications for the procedure,
and duration of fixation with the frame on were evaluated. Bone and functional outcomes were evaluated
using the ASAMI scoring system [14].

Preoperative radiological assessments were performed based on individual case requirements. Full-length
X-rays of the ankle and leg were taken in all patients, while MRI and CT scans were obtained for cases involving
osteomyelitis or suspected nonunion to aid in diagnosis.

Medical comorbidities were documented, and any modifiable risk factors were addressed and optimized prior
to surgery.

All surgical procedures were carried out by a senior orthopedic surgeon experienced in complex trauma
management and an expert in the Ilizarov method.
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Surgical technique

All surgeries were performed under general/spinal/epidural anesthesia depending upon the medical condition
of the patient, with the patient positioned in supine position with ipsilateral sandbag elevation. Prophylactic
intravenous antibiotics were administered at the time of the skin incision in accordance with standard
guidelines. The ankle joint was approached laterally, medially, or anteriorly depending on the pathology,
with the lateral transfibular (malleolar) approach being the most commonly used due to its advantage
of providing wide access to the ankle region.

For the medial approach, a 7-cm skin incision was made starting at the tip of the medial malleolus and curving
anteriorly over the distal tibia. The saphenous nerve and vein were carefully protected, and the medial
malleolus was osteotomized to access the ankle joint. For the anterior approach, a 10-cm incision was centered
midline between both malleoli. Superficial dissection was performed, preserving the superficial peroneal
nerve. The extensor digitorum longus and extensor hallucis longus were identified, and a plane was developed
between them. Deeper dissection revealed the anterior tibial artery and deep peroneal nerve, which were
retracted safely, allowing anterior access to the ankle joint.

In the lateral transfibular approach, a 10-cm incision was made along the subcutaneous border of the distal
fibula, with a transverse fibular osteotomy performed 8 cm proximal to the tip of the lateral malleolus.
The tibio-talar joint was opened, and the distal tibial articular surface was denuded at the subchondral level,
followed by preparation of the talar dome. In cases of infection, thorough debridement of the soft tissue
and bone was performed, and culture swabs were taken for postoperative management.

Once fresh metaphyseal bone with the characteristic “paprika sign” was exposed, the tibia and talus were
aligned under fluoroscopic guidance and fixed with a tibio-calcaneal 3-mm K-wire. Infected cases underwent
meticulous debridement of necrotic tissue before fixation. The Ilizarov frame included proximal tibial rings
(R1, R2) and a foot frame with 5/8 rings for the hindfoot and forefoot, if required. The hindfoot ring (R3) was
secured with olive wires and half-pins to the calcaneus and connected to the tibial rings (R2) with threaded rods
for controlled compression. In some cases, wires were used to secure talus considering having good bone stock
in order to get good interfragmentary compression and to put less stress on subtalar joints. Intraoperatively,
1-cm compression was applied between R3 and R2, with corticotomy and distraction performed between R1
and R2 for lengthening when necessary. No primary bone grafting was performed in any of the cases, which is
an important observation in this context.

Postoperatively, patients were instructed to perform weight-bearing with walker support after removal of tibio-
calcaneal wire at 6 weeks postoperatively. Emphasis was placed on rigorous pin-site care at least twice daily.
Follow-ups were conducted thrice monthly initially and transitioned to monthly visits after three months.
Radiological evaluations monitored callus formation, alignment, and infection, while clinical assessments
focused on skin and pin-tract condition and neurovascular status. Solid union was defined by continuous
cortical and trabecular lines on radiographs at the tibiotalar joint, followed by one month of dynamization
and CT confirmation before frame removal. Patients used protective bracing for up to six weeks upon frame
removal, with the ultimate goal of achieving a pain-free, stable, plantigrade foot and restored gait.

RESULTS

This retrospective study included 27 patients who underwent ankle arthrodesis using the Ilizarov frame,
comprising 8 females (29.63 %) and 19 males (70.37 %). The patient’s age ranged from 20 to 78 years,
with an average of 40 years [SD: 15.48; Median (IQR) is 35 (20-56)]. Among the cases, 12 patients (44.4 %)
presented with active osteomyelitis. The Ilizarov frame was used for an average duration of 33 weeks [SD: 13.9;
Median (IQR) is 27 (21-43)], earliest frame removal being 19 weeks and longest being 70 weeks. The causes
of ankle joint destruction in the study covered a broad spectrum, including post-traumatic cases in 16 patients
(59.26 %), post-polio residual deformity in 3 patients (11.11 %), Charcot arthropathy in 6 patients (22.22 %),
and cases involving a destroyed or resorbed talus in 2 patients (7.41 %). Adjacent joint arthritis was noted
in 6 patients, representing 22.2 % of the sample. All patients exhibited a limb length discrepancy of less than
1.5 cm, which was effectively addressed using appropriately sized shoe lifts.

The study achieved a 100 % bone union rate across all cases. Patients reported significant comfort
with the procedure and were able to ambulate independently, pain-free, and without support after frame
removal.

The ASAMI scoring system (Association for the Study and Application of the Methods of Ilizarov) was utilized
to evaluate bone and functional outcomes. Regarding bone results, 23 patients (85.19 %) demonstrated
excellent results, while 4 patients (14.81 %) achieved a good outcome (Table 1). Functional scores revealed
that 22 patients (81.48 %) had good results, and 5 patients (18.52 %) had fair results (Table 2). Since functional
scoring incorporates ankle dorsiflexion, a “good” functional outcome represents the highest achievable score.
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In all 27 patients, no primary bone grafting was performed, highlighting that the Ilizarov method is a definitive
and less demanding technique for ankle fusion.

A few patients developed pin-tract infection during the treatment period, which was successfully managed
with oral and local antibiotics.

Table 1 Table 2
ASAMI Bone result ASAMI Functional result
Scores Frequency Percentage Scores Frequency Percentage
Excellent 23 85.19% Good 22 81.48 %
Good 4 14.81 % Fair 5 18.52 %
Total 27 100 % Total 27 100 %

Abbreviations: ASAMI — Association for the Study and Application
of the Methods of Ilizarov; There were no entries in the Fair

and Poor scores.

Cases

Abbreviations: ASAMI — Association for the Study and Application
of the Methods of Ilizarov; There were no entries in the Excellent

and Poor scores.

Among 27 patients, a 38-year-old male presented with swelling and dull pain in his left ankle. Clinical
andradiologicalassessmentsconfirmedadiagnosisofCharcotarthropathy.Thepatienthadpreviouslyundergone
multiple unsuccessful corrective fusion surgeries. Following 44 weeks of treatment, a stable and infection-
free tibio-calcaneal fusion was achieved. The ASAMI bone results were excellent, and the functional results
were good. However, the patient developed a leg length discrepancy (LLD) of approximately 1.5 cm, which was
successfully corrected with a customized shoe lift (Fig. 1, 2, 3).

Fig. 1. Pre-op clinical pictures of left ankle with severe septic arthritis (sequelae of Charcot arthropathy):
a — lateral view; b — medial view; ¢ — frontal view

Fig. 2. Clinical picture of stable infection-free painless fused left ankle after frame removal: a — lateral view;
b — anteromedial view; ¢ — medial view; d — frontal view
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Fig. 3. Series of left ankle X-Rays during the course of treatment: a — 3-month pre-op X-ray with broken calcaneal
nail; b — pre-op X-ray at time of surgery; ¢ — at the time of frame removal; d — 6-month follow-up

DISCUSSION

Ankle arthrodesis is a definitive salvage procedure for addressing severely damaged ankle joints.
As it represents patient’s final opportunity to achieve a stable and pain-free ankle, careful consideration is
essential when selecting an implant for the procedure [15, 16].

The introduction of external fixators for ankle fusion by Charnley marked a significant advancement [1].
Although these devices achieved favorable fusion rates, monoplanar fixators lacked rotational stability.
To address this, triangular frames enabling multiplanar compression were developed [17, 18]. Despite these
advancements, challenges such as persistent instability at the fusion site remain, particularly in cases
with substantial bone loss [7, 12, 19].

For patients with infections, ankle fusion provides absolute stability, thereby minimizing the risk
of recurrence [13, 20].

The Ilizarov ring fixator is widely regarded as the most effective system for addressing complex ankle
pathologies, outperforming all other fusion techniques [19, 21-26]. Its advantages include dynamic axial
fixation, which preserves bone contact without the need for additional grafting. It also offers superior stability
against bending, shear, and torsional forces, enabling early weight-bearing and reducing pin-tract infections.
Its modular design allows circumferential mechanical control, facilitating postoperative adjustments that are
impossible with conventional implants like screws, plates, or nails. Additionally, transfixation wires placed
percutaneously provide reliable fixation even in cases with compromised bone and soft-tissue conditions.

Moreover, the Ilizarov method allows ankle arthrodesis to be performed as a single-stage procedure, even
in the presence of active infection. Gradual compression at the fusion site promotes biological union,
with or without proximal osteotomy and callus distraction. The device also ensures limb length equalization
when required [16, 26].
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Renowned for its versatility, the Ilizarov device is considered the gold standard for successful ankle arthrodesis.
Unlike internal fixation methods, it minimizes damage to soft tissues, vascular structures, and the periosteum,
making it suitable for managing complex conditions such as diabetes mellitus, peripheral neuropathy
(Charcot), severe osteomyelitis, and peripheral vascular compromise. The Ilizarov system is often the last
resort for patients at risk of amputation [16, 27-29].

Among the surgical approaches, the transfibular approach is frequently preferred because it provides access
to both the tibiotalar and subtalar joints through a single incision [17, 29]. The choice of approach, however,
depends on factors such as deformity type, fixation technique, soft-tissue condition, and surgeon experience
[17, 18, 30]. Occasionally, the medial malleolus or anterior approach may be employed depending on case-
specific requirements [18]. Thus, T. Onodera et al. demonstrated that transfibular ankle arthrodesis using the
Ilizarov fixator combined with fibular onlay grafting achieved complete bone union [11]. In contrast, our cases
achieved 100 % union without primary bone grafting.

The ASAMI scoring system is used in this studybecause it provides a standardized, objective,and comprehensive
method to evaluate the success of surgical procedure. It allows for a quantitative and qualitative assessment
of both bone healing (union, deformity, infection, and limb length) and functional outcomes (pain, mobility,
return to daily activities), ensuring a holistic evaluation of patient recovery. Additionally, its widespread use
in orthopedic and trauma research enables comparability with existing literature, facilitating evidence-based
conclusions and treatment refinements [14].

Consistent with existing literature, our study also demonstrated a 100 % bone union rate using the Ilizarov
apparatus for managing complex ankle pathologies.].Li et al. concluded that the Ilizarov technique outperforms
internal fixation in achieving stable and effective fusion in end-stage ankle arthritis [15].

Similarly, P. Morasiewicz et al. conducted a radiological comparison and found that the Ilizarov method
provided superior outcomes compared to internal fixation. They also reported a higher rate of adjacent joint
arthritis with internal fixation, whereas in our study, this was observed in 22.22 % (6 patients), lower than
their reported 48 % [4].

C.Reinke et al. emphasized the reliability of the Ilizarov method for ankle fusion in patients with compromised
conditions, highlighting its effectiveness in tibio-calcaneal fusion for severely damaged Charcot arthropathy
cases [5]. A case of a tibiocalcaneal fusion for severely destroyed septic arthritis (Charcot arthropathy)
is presented in a series of images (Fig. 1, 2, 3). Likewise, our study utilized this technique to achieve stable
and functional feet in similar cases.

K.A. El-Gafary et al. demonstrated successful outcomes with the Ilizarov fixator in severe joint destruction
due to Charcot arthropathy [6]. Similarly, we achieved stable, pain-free ankles in six patients with severe joint
damage from Charcot arthropathy. In four patients, simultaneous tibial lengthening and ankle arthrodesis
addressed limb length discrepancy (LLD). R.Sakurakichi et al. similarly reported successful outcomes
using this approach [10]. Among our 27 cases, three patients (11.11 %) with post-polio residual paralysis
and equinus deformity were successfully managed with this technique. A. Kirienko et al. reported comparable
success in their study involving 27 patients [9]. The most common complication encountered in our cases was
pin-tract infection, which was managed effectively with oral antibiotics and, in some cases, local antibiotic
injections.

Based on our findings and a review of the literature, the Ilizarov apparatus proves to be an indispensable
tool for orthopedic surgeons, providing a comprehensive solution for complex cases in a single definitive
procedure.

The primary limitations of this study were the absence of preoperative scoring, a single-centre retrospective
study and a small sample size due to irregular follow-ups after frame removal, largely because of patient
socio-economic challenges. Conducting a larger, randomized study is necessary to relate the results more
effectively to the target population.

For most patients undergoing ankle fusion, their frequent visits to doctors can be frustrating. This frustration
can be mitigated through effective encouragement and early weight-bearing mobilization-benefits that are
difficult to achieve with internal fixation techniques.

CONCLUSION

The Ilizarov apparatus should be regarded as the gold standard for ankle fusion in cases of complex pathology.
Compared to other techniques, it offers superior axial compression for enhanced union and effectively
addresses concurrent challenges such as limb length discrepancy, Charcot arthropathy, osteomyelitis,
deformities (post-polio), osteoporosis, and failed ankle fusions after multiple prior surgeries. It provides
a stable, pain-free ankle, enabling improved mobility.
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CpaBHUTENbHbI aHaNU3 KOPPEKLUU MHOrOBEPLUMHHBIX AedopMaumii
KOCTeil ro/IeHM NpU NOMOLUM Pas/IMUHbIX METOAMUK
MCNOJIb30BaHUS OpTONEeAUYECKUX reKcanoos

E.C. TonoBénkun™, J1.H. ConomuH

HauyoHanbHbI MeAULIMHCKUI UCCIeA0BaTeIbCKUI LIEHTP TpaBMaToa0ruu u opronenuu nuMmenu P.P. BpeneHa,
CaukT-IleTep6ypr, Poccust

ABTOp, OTBETCTBEHHBI 3a mepenucky: EBreunii Cepreesud l'onoBéHKMH, golovenkin_ 1996 @mail.ru

AHHOTaua

BBenmeHue. MeToka KOppeKIY MHOTOBEPIIMHHBIX Jedopmalinii ¢ UCII0Ib30BaHMEM HECKOIBKIX OpTOIIe-
IMYeCKUX TeKCaro0B MOXKeT ObITh MPUHSITA KaK cTaHmapTHas. [Ipy aToM TpebyeTcs BbITTOTHEHEe HeCKOJb-
KX PacuéToB B KOMIIBIOTEPHOI MporpaMme u u3meHeHus OiauH 12-18 crpar. «[Ipy>kuHHas» TexHMKa Obl1a
paspaboTaHa C Lie/bl0 yCTPaHeHNsI 3TUX HeJOCTaTKOB.

Ilesb paGoOTBI — CPABHUTD PE3YIbTATHI JIEUEHUS MAlMIEHTOB, KOTOPbIM KOPPEKIMI0O MHOTOBEPIIMHHBIX Jle-
(hopMartuit KoCTei rojieH BhITIOMHSIIN IIPY TIOMOIIM CTAaHAAPTHOM 1 «IIPY>KMHHO» TEXHMUK.

Marepuasnsl M MeToAbl. Vicrionb30Bany gaHHble nanyeHToB [p.-1 (craHpaptHas TexHuka) u [p.-2 («mpy-
>KMHHAs1» TEXHMKA), KKOash M3 KOTOPBIX BKJOYasna 17 maumeHTOB (18 cermenToB). CpaBHMBAIM TOUHOCTD
KOpPEeKLUWY, IIUTEeIbHOCTh NIePUOLOB KOPPeKUMM U GpuKcauyun. Y nalueHTOB, HY>KIABIIMUXCS B YIIMHEHUN,
IOTIONTHUTEBHO BBITIONHSUIM CpaBHEHVe MHIEKCOB GuKcaym 1 octeocuHTesa. KauecTBo xm3HM U QyHKIMIO
CerMeHTa OLleHMBAJIN IIpU IomMoILM orpocHuka LEFS.

PesynbraTsl. [Ipy cpaBHEHUN KaXAOr0 U3 MUCCIeayeMbIX IapaMeTpPOB CTATUCTUYECKU 3HAUMMON pa3sHULIbI
MeXIy rpyIirnaMu He BbissBiaeHo. [Ipu cpaBHeHnuy mtokasaTeseii LEFS mo ycTaHOBKM arimapaTa BHelTHen huk-
canyu (AB®D) 1 uepes 2—3 Mec. TTOC/Ie ero JeMOHTaXKa CTAaTUCTUYECKY 3HaUMMasl pa3Huila MMenach y naiyeH-
TOB BHYTPU Kak I1I€pBOJi, TAK M BTOPOI1 TPYIIIL.

06cykaeHne. TOUHOCTh KOPPEKLMM B KasKI0ii 13 TPYIII cocTaBuia 94,4 %, uTo, HApSAAy C OTCYTCTBYEM 3Ha-
YMMOTIO Pa3inuus B IJIUTEIbHOCTU JIeueHMs] U JaHHbIX onpocHuka LEFS, roBopuT 0 paBHON KIMHUYECKOW
adbdexTnBHOCTM MeTOonuK. [Ipyu aHanM3e AAHHBIX ONMPOCHUKA OTMEUEHO, UYTO jeueHue C UCIO0NIb30BaHMeM
Pas3IMUHBIX MOAMMUKAINIT KOMbIeBbIX ABD omMHAKOBO OMCKOMMOPTHO IJIs MalueHTOB. [Ipy aTOM HeoO-
XOJIMMOCTbB TOJIbKO OLHOTO pacueTa B KOMIIBIOTEPHOI IMPOrpaMmMe BMeCTO IBYX-TPeX, BO3MOXKHOCTb MEHSITh
IJIVHBI IEeCTU CTpaT BMecTo 12—18, a Takke 60j1ee IMPOCTOi MOHTAX M MEHee IPOMO3/IKast KOMIIOHOBKA ar-
rapara npu Haamuum manoro (MeHee 10-12 ¢cM) pacCTOSTHUS MeXAY OIOPaMU SIBJISIIOTCS [IpeUMYyIeCTBaMu
TIPY)XKVUHHO» TEXHUKU.

3akmoueHue. Ha ocHOBe aHaM3a MCIOAb3YEMBIX IIJISI OLIEHKM KPUTEPUEB BBISIBJIEHO, UTO «IIPYKMHHAS»
TEeXHMKA MIPU KOPPEKIMM MHOTOBEPIIMHHBIX HedopMalinii Kocteii roenn Takke 3dhdeKTuBHA, KaK U CTaH-
naptHas. [TpeumylecTBa <«IPYKMHHO» TEXHUKM CBSI3aHbI C GOJIBIIMM YAOOCTBOM €€ MCITOJIb30BaHMSI
KakK JJIs1 Bpaua, Tak ¥ JIJIs MaleHTa.

KnioueBbie c10Ba: MHOTOBepIIMHHbBIE HedopMalinu, Koppekuus nedbopMalinii, mocTereHHas KOppeKIus,
opromneauueckuii rexcamnomn, Opro-CYB, «pyskMHHAsI» TEXHUKA, TOYHOCTh KOPPEKIINY, QYHKIIMOHATbHbIE pe-
3YJIbTAThI

IOna uutupoBaHus: TomoBéukuH E.C., Comomuu JI.H. CpaBHMUTENbHBINI aHAIM3 KOPPEKIUM MHOTOBEPIIMHHbBIX
nmedopmaimii KOCTeii TOJMeHW TPy TOMOIIM Pa3JIMYHBIX METOAVK MCIIOAb30BAHUSI OPTOMEIUUYECKUX TeKCaroloB.
Tenuti opmoneduu. 2025;31(3):287-296. doi: 10.18019/1028-4427-2025-31-3-287-296.
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Abstract

Introduction The technique of multiapical deformity correction with orthopaedic hexapods can be accepted
as"standard." This requires several software calculations a and lengths changes in the 12—18 struts. The "spring"
technique was designed to address these disadvantages.

Purpose To analyze the treatment results of patients with lower leg multiapical deformities corrected
by "standard" and "spring" techniques

Methods The data of patient group 1 (standard technique, n = 17) and patient group 2 (spring technique,
n=17), were used. Correction accuracy, duration of correction, and fixation periods were compared.
In patients requiring lengthening, fixation and osteosynthesis indices were additionally analyzed. Quality
of life and segment function were assessed using the LEFS questionnaire.

Results There was no statistically significant difference between the groups when comparing each
of the parameters studied. When comparing LEFS parameters before external fixation (EF) and 2—-3 months
after frame removal, a statistically significant difference was observed in patients within each of the first
and second groups.

Discussion The correction accuracy in each group was 94.4 %, which, along with the absence of a significant
difference in the duration of treatment and data from the LEFS questionnaire, indicates equal clinical
effectiveness of both methods. It was noted that treatment with various modifications of circular external
fixators is equally uncomfortable for patients. At the same time, the need for only one calculation in a hexapod
software instead of 2-3, the ability to change the length of 6 struts instead of 12-18, as well as simpler
assembly and less cumbersome construct if there is small (less than 10-12 cm) distance between the rings are
advantages of a "spring" technique.

Conclusion Based on the analysis of the criteria used for evaluation, it can be concluded that the “spring”
technique for correcting lower leg multiapical deformities is as effective as the “standard” technique.
The advantages of the "spring" technique are associated with the greater convenience of its use: both
for the orthopedic surgeon and the patient.

Keywords: multiapical deformities, multi-planar deformities, multi-level deformities, lower leg deformities,
deformity correction, gradual correction, orthopaedic hexapod, Ortho-SUV frame, «spring» technique,
correction accuracy, functional results

For citation: Golovenkin ES, Solomin LN. Comparative analysis of the lower leg multiapical deformity correction
by various methods of orthopedic hexapods usage. Genij Ortopedii. 2025;31(3):287-296. doi: 10.18019/1028-4427-2025-
31-3-287-296.
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BBEIOEHUE

Iy kKoppekuyu nedopmalinii, B TOM 4Mcjie MHOTOBEPIIMHHBIX, B TIOCTeIHNE TeCITUIETUSI aKTUBHO ITPUMEHSI-
10T OPTOIIeIMuecKyie reKcaroabl. Vix rmaBHbIM IMPeUMYIIeCTBOM SIBJISIETCSI BO3MOXKHOCTb OHOSTAITHOM KOppeK-
I BCeX KOMITOHEHTOB AedopMmariyy [1-5]. MeToamKoit KoppeKIyy MHOTOBEPIIMHHBIX AedhopMaliiii, KoTopast
MOXKET ObITh TPMHSATA KaK CTAHIaPTHAS, SIBJISIETCSI OMHOBPEMEHHOe yCTpaHeHMe medopManyy Ha YPOBHSX BCEX
BEPIIVH IIPY IOMOILM HECKOIBKMX OPTOIeMUeCKIMX TeKCariofoB, TO eCTh MX KOJMUYeCTBO paBHO UMCTY BEPIIVH
nedopmarnmu [2, 6-12] (puc. 1, a). [InaHMpoBaTh KOPPEKIINIO MPU 3TOM JTOCTATOUYHO CIOKHO, OCOOEHHO eCiun
MIPOMEKYTOYHBIN (DparMeHT HeJIMHeeH, MY Ha OOHOM U3 YPOBHEeH He06X0IMMO UCTIONb30BaTh BTOPOE MTPaBM-
JIO OCTeOTOMMIL. B TaKOM C/Tyuae MCIO/Ib30BaHMe aHATOMUYECKOl OCH ITPOMEKYTOUHOTO (parMeHTa Herpu-
eMJIEMO U [1JIs1 YCIIeNTHOV peam3alyiy KOppeKiuy HeoOxXoaMMa Tak Has3biBaeMasi Ha3HaueHHas och (assigned
axe). Kpome atoro, oprorne[i HO/DKEH BBIMTOJHUTh HECKOJIbKO (IO KOMMUECTBY TeKCarofoB) M30IMPOBAHHbBIX
Pacy€ToOB B KOMITbIOTEPHOJ IPOrpaMMe, a IPY KOPPeKUIUU U3MEHSITh JJAUHBI 12 (MIpY HaJUUUY ABYX BEePILNH)
mu 18 (TpexBepiiHHbBIE Tedopmaliym) cTpart. Vicroab30BaHMe HeCKOIbKMUX OPTOIeqMueCKIX reKCaroioB yBe-
JIMYMBAET BeC KOHCTPYKLIMM, YTO CHYDKaeT KOM(OPT 715 aljeHTOB BO BpeMsi jeueHus [13].

C LesbI0 YCTpaHeHMs JaHHBIX HEAOCTATKOB pa3paboTaHa M KIMHUYECKM alipoOMpOBaHa «IIPYKMHHAST» TeX-
Huka [4]. [Ins eé peannsanyy He06X0AM BCETO OAMH OPTOIeAMYEeCKMI TeKCaro, UTo SIBJIsieTcs 6oee yoo06-
HBIM Kak JIJIsI Bpaya, Tak U I rauyueHTa (puc. 1, 6).

Puc. 1. CxeMbl IIOCTEINI@HHOI KOPPeKIMK (10 U MO0C/Ie) MHOTOBEPIIMHHBIX AedopMalyit KOocTeii TojeH! Mpu Mo-
MOIIY OPTOTIeAVYECKUX IeKCaIlo[i0B: a — CTAH/IapTHASI TEXHMKA; 6 — «IIPYKMHHAsT» TeXHUKA

OJHaKO IO HACTOSIIIETO BpeMEeHM He U3BECTHO, SIBJISIETCS JIU «IIPY>KMHHAsT» TEXHMKA TaKOi Xe KIMHUYECKU
3¢ PeKTUBHOI, KaK ¥ CTaHIaApPTHAsl.

Ilesb paGoOTBI — CPABHUTD PE3Y/IBTATHI JIEUEHUS TAlMEHTOB, KOTOPbIM KOPPEKI[MI0 MHOTOBEPIIMHHBIX Jle-
hopMatuit KocTei rojieH BbITIOMHSIIM TIPY TIOMOIIM CTAaHAAPTHOM 1 «IIPY>KMHHO» TEXHMUK.

MATEPUAJIBI U METOIbI

B ucwiemoBaHye BKIIOYEHBI HalMeHThI, poxoayBiye gjedeHne B HMUILL TO um. P.P. Bpenena B riepuog, ¢ 2012
1o 2024 rr. Bcero 6b110 BBIITOJIHEHO 36 KOPPEKILVii MHOTOBEPIIMHHONM JedopMaliyi rojieHeii. Bce mamyeHThb
Iam MTHGOPMMPOBAHHOE COTIacye Ha yYacTHe B MCCIeIOBAHMM U ITOCTIeTYIONIYIO ITyOIMKAIIMIO €T0 Pe3yIbTaTOB.

B xoHTpOnbHYWO rpynny (I'p.-1) Bomwio 17 nauyeHToB (18 cerMeHTOB), AJ1s1 JieueHMs] KOTOPBIX MCIIOIb30BaIN
CTaHIAPTHYI0 METOIMKY (4 peTpPOCHEeKTUBHBIX CIyvasi, 14 MpocneKTUBHBIX). B uccnenyemyio rpynmy (I'p.-2)
BKJIIOUeHO 17 60mbHbBIX (18 cerMeHTOB), KOpPPEKUNIO AedhOopMaIy KOTOPHIM BBITIOIHSUIN C UCTIOTb30BaHMEM
«TIIPYKUHHOI» TexHUKM (18 mpocreKTuBHBIX cirydaeB). O6e TPYIIbI ObUIM COTIOCTABUMBI 110 UCCIEAYEeMbIM
mapameTpam (p > 0,05) (Tabm. 1).

B o6eux rpyrmax namnyeHTaM yCTAaHaBJAMBAIM anmapaT BHelnHel dukcanunu (ABD) Ha ocHOBe Tpex ormop
(35 maumeHTaM — MpU ABYX BeplinHaX gedopmaluy) UM YeTbipex ornop (OLHOMY MalMeHTy — IIPU TPex
BepiiMHax). OCTeoToMUM GOJBIIEGEPIIOBBIX M MayoGepIOBBIX KOCTEH BBITIOTHSUIM Yepe3 MaJOMHBa3UB-
Hble NOCTYIIbI 110 Ae bactuanu. Ha 5-7 cyT. mowieonepaluioHHOTO Tlepuoia HauMHaIU [1epuo, AUCTPaKIUN
BTeMIle 1 MM B leHb 3a 4 mpuéma. [IMcTpaKkuyio IPOBOAIIN C MCIIOIb30BaHMEM ABYXIIJIOCKOCTHBIX IAPHUPOB
no WnusapoBy U Mpoo/Kaiu BILIOTh O AOCTMKeHUsT MexXpparMeHTapHbIX AMacTa30B 4—6 MM Ha KaskIOM
13 YPOBHeli octeorommii. Ecriu nauyeHnTam Tpe60Banoch yaauHeHne cermeHra (n, = 7; n, = 5), TO IMCTPAKLMIO
MIPOAOJIKAIN BIUIOTh IO JOCTVKeHMST Heobxomumoit Bemunubl (Ip.-1: 12-28 mm; I'p.-2: 12-44 mm). ITo 3a-
BepIleHMM AUCTPAKIMM BITIOTHSIIN ITepeMOHTaX AB® ¢ ycTaHOBKO HECKOIBKMX OPTOTIeMUeCKMX reKcaro-
IoB (I'p.-1) mam ke OIHOTO OPTOIEeANYECKOro rekcarnoga u npyxxut (I'p.-2).
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Ta6muna 1
XapakTepucTuka rnauueHToB
KonmuectBo, Me [Q25; Q75]
TokasaTens I'p-1 (CTaH,HrEllETi{;lH TexHuKa), |I'p.-2 («1‘[py)Kr;/IE}izjl79[» TeXHUKA),

abe. % abe. %
Bcero cermeHTOB 18 100 18 100
My>KUMHbBI 9 50 8 44
JKeHIIMHBI 9 50 10 56
BposkaéHHas aTHOIoTHs 9 50 11 61
[Tpro6peTEHHAS STUOTOTUS 9 50 7 39
Bapychas nedopmariiyst BO GpOHTAIBHO ITI0CKOCTH 5 28 11 61
BanbrycHas nedopmanyy Bo GPOHTAIBHOM TIOCKOCTU 12 67 7 39
AHTexypBalMoHHas qedopmanysi B CaruTTalbHOM IJIOCKOCTU 12 67 13 72
PexypBaloHHast Jeopmalys B CaruTTaTbHON TVIOCKOCTH 2 11 2 11
VaoauHeHue 7 39 5 28
TOpCMOHHBINI KOMITOHEHT 7 39 10 56
Yucno ocreoTomuii = 2 18 100 17 94
Yucno octeoTomuii = 3 0 0 1 6
Bospacr, et 39,5 [25;48,6] 36 [26;45,5]
Benmunnza yrnoBoit gedopmany (GpoHTaNIbHAS ITIOCKOCTB), ° 25[16,3;33,8] 20[17,25;23,8]
BennunHa yrioBoit gedopmaiiny (caruTTanbHasi INIOCKOCTD), © 18,5[1;29,8] 10 [4;12,8]
BenuumHa yaJaMHeHMSI, MM 0 [0;25] 010;10,5]
BennunHa TOpCMOHHOTO KOMITOHEHTA, ° 01]0;10] 8,51[0;14,3]

Iig  3Toro nmnpm peanms3aluuM  «IIPYXMHHOM» TEXHMKM CTpaThl OPTOINEIMYECKOrO reKkcarnona
«OpT0-CVB» [1, 3, 11, 14] coenuHsAIM TPOKCUMAIbHYIO U AUCTaNbHYIO ONTOpbl AB®. [TpomMeXyTOUHbIE OTIOPHI
KPEIUIY K CMEXHBIM OIOPaM IIPU MOMOIIM MPYKMHHOTO 6y10Ka. OH BKITIOUaI HA60p MHAVBUIYATBHO U3TO-
TOBJIEHHBIX MPYKMH B KOJIMYECTBE MIeCTH JIJis IBYXBEPIIMHHBIX HedhopMaliuit Min IeBsITH IJis1 TPEXBEePIINH-
HbIX. KaXIy10 MPy>XKMHY Kpenuian K OropaM MoCpefCTBOM TPAKIMOHHbBIX 3aKMMOB (pucC. 2, a). OnpeneneHue
rapaMeTpoOB, HEOOXOAMMBIX JJIST U3TOTOBIEHUS MIPYKMH, BBITIOIHSIM Ha 1-2 CyT. rocie onepanun. [lepBeiM
HeOOXOAMMBIM [MapaMeTpPOM SIBJISIACh [IMHA TPYKMHBI B paboyeM (PacTSIHYyTOM) COCTOSIHMM. [IJi 3TOTO
T10 OCJIeONepallMOHHOM peHTreHoTpaMMe MalieHTa BIIIOIHSIICS 3aMep MUHUMAaIbHOTO PACCTOSIHUSI MEXIY
IIPOMEXKYTOUHOI ortopoiit AB® 1 ogHoIi 13 ocTeoToMuit. OT IOJTyUeHHOV BeTMUMHBI OTHUMAJIOCh 15 MM (TOJI-
IIYHA TPEX raek, HeOOXOMMMBIX 1T (PUKcALMY MPY>KMHBI K TPAKIIMOHHOMY 3akuMy ¥ omope). [lanee orpe-
JeJisIA TIOTIepeyHyI0 BOCCTaHaBIMBAIOUIYI0 CuiTy. [IpM rOpM30HTaAbHOM MONOXKEHUM CETMEHTa IO 3aJHel
MMOBEPXHOCTY KPenmin MHOr0060poTHbIN MHAuKaTop (Tun MUT, TOCT 9696-75), KOHeI! Iiyra KOTOpOTo Ka-
caJICsl IIPOMEKYTOUHOI oropbl. [Tocte pacciabieHns ABYXIJIOCKOCTHBIX IIAPHUPOB M0, BO3/IE/ICTBYEM CUJTBI
TPAaBUTALUY TIPOUCXOIMIO CMeEIIeHre MPOMEKYTOUHOI OMOPbI, YTO (GUKCUPOBAT MHAMKATOP (pUC. 2, 6).
[lanee mpy MOMOILM JYHAMOMeTPa BBITOIHSIIN TATY B IPOTMBOIIOIOKHOM HallpaBleHUM BIUIOTh 4O MOMEH-
Ta, IOKa CTPeJIKa MHAMKATOpa He OKaxkeTcs Ha 3HaueHuM «0». [lokasaTesb AMHAMOMeTpa B JAHHbBII MOMEHT
COOTBETCTBOBAJI TIOTIEPEUHOII BOCCTAHABIMBAIONIEI CyIe, KOTopas TpeboBaIach ISl yaepsKaHusT ITPOMEXKY-
TOYHOTO (hparMeHTa B HENTpajsbHOM ITojokeHMn. OTpenenéHHble TaKMM 00pa3oM ITOKa3aTely BBOIUIIN
B Tabmuiry Excel, koTopast 6bu1a chopMmupoBaHa MCXOMS U3 TTOA00MS TPEYTONIbHMKA CUJT U TPEYTONbHMKA T10-
TepeyHbIX IlepeMelnenuit (puc. 2, B). [Ipy BbIUKCIEHMSX TOITyCKaIM MOTIepevHoe IepeMelnenme hbparmeHTa
He 6osiee 1 MmM. Ha ocHOBe BBeIEHHDBIX JAHHBIX OIpeneeHa IPoaoIbHas (PACTITUBAOIAS) CUIa ITPYKUHBI,
obecrieunBaroIasi Hy>KHYI0 BOCCTAHABIMBAIOIIYIO CUITY TIPU 3aIaHHOI rmorepeuHoit nedopmariu. Ha ocHoBe
MMEeIOIIMXCST 3HAUeHMIt CMJI, a Takke paboueii AJIMHBI IIPM ITOMOIIYM KaabKyJIsaTopa Ha caiiTe 3aBOfa-MU3ro-
ToBuUTENs (pacuér Ha 6aze TOCT 13765-86) ornpemensiv ONTUMaIbHbIe TEXHUUECKME MTapaMeTphl TTPYKUH:
I/aMeTp ¥ KOJIMYECTBO BUTKOB IIPY>KMHBI, yMamMeTp MPOBOJIOKM. 3aKa3bl HA KOMIIOHEHTBI «IIPY>KMHHOIO
670ka» BbIoHsT HITIT «CnaHiieBCKMii 3aBOf, TIPYKMH», Pealu3yIONUMii MPOAYKIMIO 110 MHAVBUIYaTbHBIM
yepTexkam. M3roToBeHMe MPOAYKLINY 3aHUMAJIO He 6osee 12 gHel, YTO He BAMSIIIO HA MPOAOIKUTENTbHOCTD
JieueHMs MalMeHTa, MTOCKOIbKY COOTBETCTBOBAJIO AJIUTEIbHOCTY JIATEHTHOTO Mepuo/ia  epuoia NepBUUHON
nuctpakuuu. [Ipy MOHTaxXke TIPY>KMHBI MO3ULIMOHMPOBAIM HA MaKCMMaaAbHO BO3MOXKHO PABHOM PacCTOSTHUM
IPYT OT ApyTa, CTPeMsICh GOPMMUPOBATh PABHOCTOPOHHMIT TPEYTONIBHUK (PUC. 2, T). TpeM manyeHTam Tpe6o-
BaJIOCh YCTPaHEeHMe CMeIeHMs], TPOMU3OLIeIIero B epyuos, AUCTPAKIUN. B Takmux cryvasx Ojisl KaXIo0i Bep-
IIVHBI MCITOIb30BAJIM 10 UYeThIPe MPY>KMHbI, TO3ULIMOHMpPYeMbIe B hopme KBazpaTa. [Ipy>kuHbI GUKCHUPOBAIN
K OmopaM MNOCpefCTBOM TPAaKLMOHHBIX 3KMMOB. [Ipy 5TOM NMO3ULIMOHUPOBAHME TPYKUH OCYLIECTBIISIN
TakuM 06pa3oM, YTOObI OHM ObLINM MapalJIeIbHbl aHATOMMUYECKO OCK ITPOMEXKYTOUHOTO (pparMeHTa B 06enx
IJIOCKOCTSIX (pUC. 2, I). [JNMHBI IPYKUH U TO3ULIUU UX OCeIl COXPaHSIM IMOCTOSIHHBIMM B TeYeHMe Iepuopa
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KOppeKuyuu, peryjimpoBKY BBITIOJIHSIN IIPU IIOMOIIN TPAKIIMOHHBIX 3a)KMMOB. ITocne 3aBepiIeHNs KOppeKumnmn
MPY>KMHBI U CTPAThI OPTOIIeANMYECKOr'o rekcaroaa 1eMOHTMPOBaJin, (I)I/IKC&LU/I}O OIIOP OCYLIECTBJIAJIN IIPU I10-
MOIIM OBYXIVIOCKOCTHBIX HIAPHMUPOB I10 I/InnsapOBy.

TPaKLMOHHbBIN 3aXMM
(pe3bb0BOI CTEPXKEHb C NbICKOW)

‘ NpyXuHa

TPAKLMOHHBIW 32KUM
(pe3b60BOI CTEPXKEHD C JIBICKOW)

v a

/
/ F = MCKOMas cuna HaTsKeHns
/ _| MpyuHbI NponopuMoHansHa
/LIF ~ | nnnve NpY>X1HbI B paboyem
F/f=L/21 /,/ A coctosHmm = L
| f
e —

‘ L

. = MaKCMMasbHO JONyCTUMOe
cMeLleHve pparMeHTa Koctu

nog, fiencrsneM

nonepeyHom cunbl = f

f = Bo3BpaLLatoLwas cuna
LBYX MPYXXWH, AENCTBYHOLIASN

Ha (parMeHT KOCTH, B OTBET |
Ha fedopmaumio =

F

Puc. 2. TIpuHIUIIBI OTNpeaeaeHnsT TeEXHUUECKUX
XapaKTepUCTUK M MOHTaska MPYKUH IJI peai-
3alUM «IIPY)KMHHOWM» TEXHUKU: a — BHELIHUN
BUJ KOMITOHEHTA MPYKMHHOTO OJ0Ka, MPYKM-
Hbl B KOMIUIEKTE C TPAKLMOHHBIMM 3aKMMaMMu;
6 — MHOTrOOOOPOTHBI MHAMKATOP M OMHAMO-
MeTp, MCIOoNb3yeMble Jis OIpefeneHus Io-
IepevHoli BOCCTaHAB/IMBAIOIIE CUJIbl; B — Tpa-
(uueckoe u306pakeHNE TPEYTOJIbHUKOB CUJI
" TOTIEPEUHBIX TepeMelleHnii; T — TOUKU (PUK-
caluu TPYKMH K KOJbLIaM; T — B 06€MX MJI0CKO-
CTSIX TIPY>KMHBI TTO3UIMOHUPOBaHbI MTapajlIeJIbHO
MIPOMEKYTOUYHOMY (hparMeHTy (3eJIEHBIM I[BETOM
0603HaueHbl OCU, B COOTBETCTBUM C KOTOPHIMU
HATSHYTHI IPY>KMHBI, KPACHBIM — aHATOMIYECKast
0Cb TIPOMEKYTOUHOTO (hparMeHTa)

ITpu cpaBHUTETHLHOM aHAM3€e OIEHUBAIYU AJIUTEILHOCTD IIEPMOIOB KOPPEKIMY (C yuéToM 1 6e3 yuéTta auc-
TPaKIMM 7151 JOCTVSKEHMSI HAUaIbHOTO AMacTasa), uUKcaIun, a Takske TOUHOCTh KOPPeKIun. 17151 MaIMeHToB,
KOTOPBLIM He MPOBOAMIN YI/IMHEeHMe cermeHTa (n, = 11; n,= 13), BBITOIHAIN IIOACYET IIPOIO/IKUTETbHOCTH
nepuoga ¢pukcanym. IIpy Heo6XOAMMOCTH YAIMHEHMsI cerMeHTa (n, = 7; n, = 5) IONOJIHUTEILHO ONpeesIsn
clleiytolye oKa3aTesnn:

— uapaekc dukcaruu (Md): oTHOIIIeHMEe KOMMYeCcTBa AHeN GuUKcaluy K BeuuHe YIJINHEHNS B CM;

— MHAEKC OCTeOCMHTe3a (anlapaTHOTO MepUoAa): OTHOLIEH)e KOJIM4YeCcTBa JHel HaxoxkaeHus B ABD Kk Benu-
YMHEe YOJIMHEeHMS B CM.
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[ OLleHKM TOYHOCTM KOPpeKUUM OLleHUBaIM BeanunHbl Mexauudeckux (mMPTA, mLDTA) u anaTomuye-
ckux (aADTA, aPPTA) yI/10B 10 1 110C/Ie KOPPEKIMU.

O11eHKY OCJTIOSKHEHUIT OCYIIeCTBIISUN T10 Knaccudurammu J. Caton [15-19].

O11eHKY QYHKIIMOHAIBHOTO Pe3yIbTaTa ¥ KauecTBa KU3HM BBITIONHSUIM IyTEM aHaIM3a 3aII0THEHHBIX MMal-
eHTaMy orpocHUKoB LEFS [17-19]. OnnpocHuK, cocTosmumii 13 20 BOIIPOCOB, MalLMeHThI 3all0IHIIN A0 oIlepa-
LMY, 10 OKOHUAHUM TIep1oJa KOppeKLIun (1o JeMOHTaska CTpar), epef feMoHTaskom AB® 1 uepes 2,5-3 mec.
nocie memoHTaska ABD. Cymmy 6a/uioB MeHee 19 olieHMBaMM Kak MUHUMAIbHYIO (YHKUIMIO VIJIM OTCYT-
crBue GyHkimn; 20-39 6. — 3HaUUTENbHOE orpaHmMuenne GyHkuyum; 40-59 6. — ymMepeHHOe OrpaHuYeHue,
60-79 6. — He3HauMTeNbHOE OorpaHuueHne. Cymma B 80 6a/I0B 6bUTIA MaKCUMMATbHOI U MTOIpa3yMeBasa Ha-
JIYVie TIOTHOM (QYHKIUN.

CormocTaByieHe YaCTOTHBIX XapaKTePUCTUK HOMMHAIbHBIX NTAHHBIX (IIOJ, STUOIOTHS, AedOopMUPOBaHHbBIN
CerMeHT) BBIIOMHS/IM TPV TOMOIIY KPUTepysl XU-KBaApar (C MonpaBKoii erca i MajIbIX KOrOpT) ¥ Kpy-
Tepus @uniepa. [Ipy cpaBHeHMM KOMMUECTBEHHbBIX [1apamMeTpoB (BO3pacT, 3HaueHus PJIY, BenyuyHa KOMIIO-
HeHTOB JedopManuu, JIUTeNbHOCTD JIeUeHMsI U OTHeNbHbIX ero MepuooB, BeinunHa yaauuenus, Vo, Vo
U T.1.) ucrionb3oBanu U-kputepuit MaHHa — YuTHy, t-Tect CThIOfeHTa M MeOVaHHbI X1-KBaaparT. OLeHKy
rokasaresieil B AMHaMMKe (DaHHble onpocHMKa LEFS) BBIMONMHAMM Py TOMOILY KPUTEPUS 3HAKOB U KpUTe-
pust BukokcoHa. KomdecTBeHHbIe JaHHBIE OKPYIVISUIN IO JeCSIThIX. CTaTUCTUIECKYI0 06paboTKy ITPOBOIMUIIN
rpu momoiny nporpamMmmbl MO Excel 2016 u Jamovi 2.3.28.

PE3VJIBTATBHI

IaHHbIe O MPOIOJIKUTEIHHOCTM MIEPUOIOB JIeUeHMs MalYIeHTOB 00eux TPYIII, a TakKe 3HaAUeHMsT MHIEeKCOB
(bukcamym 1 ocTeocuHTe3a, OlleHMBaeMble Y MalieHTOB, HY>KAAIUMXCS B YIJMHEHUM CerMeHTa, IIpeCcTaB-
JIeHbI B Ta6. 2 1 3. CTaTUCTUYeCKM 3HAUMMO1 pasHulibl (p < 0,05) HY B OTHOM 13 OIIeHMBAEMBbIX TTOKa3aTeseit
He BBISIBJIEHO.

Tabauma 2
IITUTENIbHOCTD OTEIbHBIX TEPUOIOB JIeueHNs anneHToB, Me [Q25;Q75]
JnUTenbHOCTD TTEPUOAOB, JHU
ITepuompt p
I'p.-1 (cTaHpapTHas TeXHNUKA) I'p.-2 («Ipy>KMHHAasI» TEXHUKA)
Koppexkuuu ¢ y4éTOM IUCTPaKIUK 30,5 [15,8;34,8] 21,5[18,3;36,5] >0,05
Koppexiiuu 6e3 yuéTa IUCTpaKkLUK 16 [9,3;26,3] 14 [10,3;27,3] > 0,05
®Oukcaiyy (cpeny 60IbHBIX, . .
He HyXIAIONIXCS B YLTUHOH ) 251[207;272] 239[196,3;335,5] >0,05
Ta6muua 3
JononHuTebHble I0KA3aTes ) OLleHKY JieueHMs MaleHTOB, KOTOPhIM BbITIONHSIIOCH Y IMHeHKe cerMeHTa. Me [Q25;Q75]
BenuuuHbl MHIEKCOB, TH/CM
NHpekcel p
I'p.-1 (craHpapTHas TeXHUKA) I'p.-2 («<npy>kMHHAasI» TeXHMKA)
dukcauumn 98,15 [84,5;128] 107 [91;109,3] > 0,05
OcrteocuHTe3a 126,55 [102,4;151,4] 119 [80,6;119,5] >0,05

[MTocne BpInmoOMHEHMS] KOPPEKLUMYM B KaXKI0I M3 IPYI 3HaUEHUS MeXaHNUYeCKMX Y aHaTOMUYeCKUX YITIOB Ha-
XOAWINUCH B Npefenax pedepeHTHbIX 3HaueHuit B 88,9 % ciayuaes (16 n3 18 cermeHTOB). YV ABYX MallMEeHTOB
(10 OIHOMY B KaXKJ 0¥t 13 TPYIIN) MMeJIach lepumporesHas gedopmanus. [IockonbKy Koppekuuio gedhopma-
LM B 9TUX CIy4asixX BBIIOJIHSUIM C YUETOM MPEACTOSILEr0 SHAONPOTEe3MPOBaHMs, Lie/ieBble 3HaUeHUs YITIOB
OTINYAINCh OT pedepeHTHBIX UM OBUIM NOCTUTHYTHI. TakMM 006pa3oM, TOYHOCTh KOppeKumm Kak B I'p.-1,
Tak u B I'p.-2 cocraBmia 94,4 %. MenyaHHble 3HAUEHNST MEXaHUUECKUX YIIOB (BO (PPOHTAIBbHOI IJIOCKOCTH)
Y aHATOMMYECKNX YIVIOB (B CAIUTTAIbHO TVIOCKOCTH),  TAKKE 3HaUeHNMSI KBAPTWIel IpUBeIeHbl B Ta61.4 1 5.

Tabnuua 4

TOYHOCTb KOPPEKI[MM MHOTOBEPUIIHHBIX Aedhopmalinit Bo GpoHTaIbHOI mmockocT, Me [Q25;Q75]

TOYHOCTbH KOPPEKIMM MHOTOBEPUIMHHBIX Aedopmariuit, °

VTI0BbIE I'p.-1 (craHmapTHas TEXHMKA) I'p.-2 («<Opy>kKMHHAasI» TeXHUKA)
medopmaryu JI0 KOppeKuumn ocsie KOppeKuum JI0 KOppeKunu 110C7Ie KOPPeKIumu
mMPTA mLDTA mMPTA mLDTA mMPTA mLDTA mMPTA mLDTA
BapycHas 80[67,3;83] | 98[96,5;99,5] |88 [86,3;89,8]|87,5 [86,3;91]| 83[81;84] |97 [94,5;100] 88[87;88] |89 [87,5;89,5]
BanprycHas | 95([91;100]|77,5[71;84,3]| 88[86;89] | 88[88;90] |95[94,5;98,5]|76 [68,5;80,5] 88 [87;88] |89 [89;91,5]

IIpumeuanue: mMPTA — anen.: mechanical, medial proximal tibial angle; mLDTA — anen.: mechanical lateral distal tibial angle.
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Tabnuua 5
TOYHOCTH KOPPEKI[MM MHOTOBEPUITHHBIX AedopMaliuit B CaruTTaabHO rockoct, Me [Q25; Q75]

ToyHOCTb KOPPEKI MM MHOTOBEPIUMHHBIX Jedopmaruit, °

VI10BbIE I'p.-1 (cTangapTHas TeXHNUKA) I'p.-2 («<npy>kMHHAasI» TEXHUKA)
nedopmaryu IO KOppeKIumn Toc/ie KOPPeKInmu IO KOppeKIUu 1ocsIe KOppeKuum
aPPTA aADTA aPPTA aADTA aPPTA aADTA aPPTA aADTA

75 99 80 81 79 86,5 80 81
AHTeKYPBAUMOHHAS | (65:80] | [90;103] | [79;83,3] | [79:82] | [76;80,5] |[84,5;92,5] | [78,8;81,3] | [80;81,3]

88 79 82,5 80 80,5 70,5 82 80,5
PexypBaLyoHHast [81;95] |[77,5;80,5] | [82,3;82,8] | [79,5;80,5] | [80,3;80,8] | [68,3;72,8] | [81,5;82,5] | [79,8;81,3]

Ipumeuanue: aPPTA — anen.: anatomical, posterior proximal tibial angle; aADTA — anen.: anatomical anterior distal tibial angle.

Ipu cpaBHEHMM JaHHbIX oipocHKa LEFS, 3amo/HeHHBIX Mal[MeHTaMy 00eyX TPYII Ha pa3HbIX ITarax Jie-
YEHUsI, CTATUCTUYECKN 3HAYMMO pasHULIBI MEXY TPYIIIaMi He BbISIBJIeHO (Tabi. 6). [Ipu olleHKe TMHAMU-
KM TIOKa3aTesieil o Hauaja jeueHus U M0 ero 3aBeplieHnM OTMeueHa CTaTUCTUMUEeCKM 3HauMMasi pasHUIa,
KaK B KOHTPOJIbHOIA, TaK U B MCC/IeAyeMoii rpytinax (tabi. 7).

Bce ocstoskHEHMST, BOSHUKIIINE B ITPOIECCe JIeUeHMSsT, OTHOCUIIUCH K KaTteropusm I u II mo Caton (ta6:. 8).

Tabmuua 6

CpaBHeHUe 1oKasareseli CyObeKTUBHOI OLeHKM KaueCTBa JXU3HY U (DYHKIVY CeTMeHTa o onmpocHuKy LEFS
Ha PasIMYHbIX dTanax jeyeHus, Me [Q25; Q75]

Tlepyox omeHKy1 O1eHka, 6aibl p
I'p.-1 (cranpapTHas TeXHUKA) I'p.-2 («<py>kMHHAasI» TEXHUKA)
o orneparyu 56,5 [43,5;62,5] 55,5 [44,3;65] >0,05
IMocsie OKOHYAHMSI KOPPEKIUU 25,5[23;29,8] 26,5 [23;31,5] >0,05
[Tepen nemonTaskom AB® 38,5 [32;42] 43 [36; 45] > 0,05
2-3 Mec. nocje geMoHTaxka ABD 64 [52;72,3] 65 [56,8; 76] > 0,05
Ta6muua 7

OlleHKa JMHAMMKM TToKa3aTesiei CyObeKTUBHOI OIIeHKM KauecTBa JKM3HM U QYHKIMM CETMEHTA 10 ONMpocHUKY LEFS
[0 Hauasa jeuyeHus 1 1o ero okoHuaHuu, Me [Q25; Q75]

T — OueHka, 6aJIbl p
I'p.-1 (cTaHpapTHas TeXHMKA) I'p.-2 («<Ipy>KMHHasI» TEXHMKA)
Io oreparnumu 56,5 [43,5;62,5] 55,5 [44,3;65] < 0,05
2-3 mec. mocje gjeMoHTaxka ABD 64 [52;72,3] 65 [56,8;76] < 0,05
Ta6muua 8
OcnoskHeHMs cortacHo kinaccudukanmm J. Caton (1991)
KonnuecTBo ocioskHeHMit
EST]?E}%I’EI(/)% OcrnoxHeHue I'p.-1 (crangaptHas TexHuka) | I'p.-2 («Ipy>kMHHAST» TEXHUKA)
abc. % abc. %
Bocnaenie waru niareit s 0Gracti g w4 7 589
I'mmoTpoduyecknii pereHepar 1 5,6 2 11,1
! HeBponartust 1 5,6 1 5,6
KoHTpakTypa roieHoCTOITHOTO CyCTaBa 1 5,6 1 5,6
Bcero 11 61,1 11 61,1
I'mnotpoduyeckuit pereHepar 2 11,1 3 16,7
[IpexxpeBpeMeHHast KOHCOMMUAALIMS 1 5,6 0 0
II HecTabuIbHOCTh UPECKOCTHOTO 3JIEMEHTa 2 11,1 3 16,7
[Tepesiom pereHepara 2 11,1 0 0
Bcero 7 38,9 6 33,3
OBCYXIEHUME

B pesynbraTe MpoBeIeHHOT'O MCC/IeIOBAHMS BBISBIEHO, UTO TOUHOCTb KOPPEKIINY B 06eVX I'PYIIax COCTABJISIET
94,4 %. Ilepuop koppekuyy ajisi I'p.-1 cocraBui 16 gHeit (30,5 gHS ¢ y9€ToM IuCTpakiun), mjis I'p.-2 — 14 nHen
(21,5 mHs ¢ yuyéToM AuCTpakium). [IInTelbHOCTD epuoaa Gpukcauy cpeau mnaieHToB, He HY)XXKIaIOIIXCs
B yIJIMHEHUM, cocTaBuiaa 251 u 239 nHeit coOTBeTCTBEHHO. PasHuila BO BCeX CIydasix SIBJsUIach CTaTUCTHUe-
CKM He3HaUYMMOJA.
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OTIenbHOTO pacCMOTPeHMSI TpebyeT IMoKasaTe KauecTBa sKM3HM M QYHKIMM cerMeHTa. ITO 0COOeHHO 3Ha-
YMMO, ITOCKOJIbKY OHOI M3 3a7au paspaboTKM «IIPYKMHHOM» TEXHUKM ObIIO obecrieueHye 6O/bIIero KoM-
dopta g1 6051bHOTO B Tepuof, KoppeKkuuu [4, 13]. OnHaKo Mpy aHaau3e JaHHbIX ONPOCHMKA KaueCTBa SKU3HU
¥ QYHKIMY CerMeHTa CTaTUCTUUECKM 3HAUMMOI Pa3HUIIbI B [TOKA3aTe/IsIX HA MOMEHT OKOHYaHUSI KOPPEKIINHA,
TO €CTh [I0 IeMOHTAasKa CTPAT, He BbIIBIeHO. DOPMaIbHO 13 3TOI0 MOYKHO ObIJI0 O6bI 3aK/II0UMTh, UTO 00€ MEeTO-
VKU OLIeHMBAIOTCSI GOJIbHBIMM KaK OIMHAKOBO AMCKOMQOPTHbIE M OJMHAKOBO OrpaHMUYMBAOIIME QYHKIINIO
cermeHTa. OgHAKO HEOOXOAMMO OTMETUTD, UTO B BLIOOPKAX He ObLIO HY OJHOT0 60JIbHOTO, IeUeHNEe KOTOPOTo
BBIMOJIHSUIN GBI IOSTAITHO C MCIOAb30BaHMeM KayKI0¥ U3 TEXHUK ¥ KOTOPBIii MOT ObI Ha COOCTBEHHOM OIIBITE
CPaBHUTH AMCKOM@OPT OT 06eMxX MeTOaMK. [T03TOMY BBIBOJ, MOKHO CIeJIaTh CKOpee B TOM CMBbICJIE, UTO Jieue-
HM€ C VICIIOJb30BaHMEM Pa3JIMIHbIX MoavduKaiuii (KoableBbix) AB® nyckoMbOpPTHO [T MalieHTOB.

Takum 06pa3om, GOpPMaIbHO «IIPY>KMHHAST» TEXHUKA TIPU KOPPEKIMY MHOTOBEPIIVMHHBIX AeGopMalinii ro-
JIeHM He MMeeT 3HauMMBbIX IpPeMMYILIeCcTB Iepen CTaHAapTHON. Ho 3TO yTBepkaeHMue OCHOBAHO TOJBKO
Ha KPUTEPUSX, KOTOPbIe ObUIM YUTEHBI B IM3aiiHe uccaenoBanust. OmHaKO He0OXOOMMO 00paTUTh BHUMAaHMeE
Y Ha Jpyryie HeMaJIOBa>kHbIe leTau. MI3BeCTHO, 4YTO P pacCTOSIHUYM MeXIy Konbuamu meHee 10-12 cm kom-
TTOHOBKaA arapara 6oee rpoOMO3/Ka 3a CYeT HeOOXOAMMOCTY IPUMEHEeHUST Z-TJIATUKOB U/ WM «CBOOOIHBIX»
KOJIell, aIbTepPHAaTUBOIA SIBJSIETCS MCIIONIb30BaHMe MMHMMMU3MPOBAHHBIX CTPAT, UTO TOKE MMeeT CBOM Orpa-
Huuenust [20]. Vcrionb3oBaHMe «IIPYsKMHHO» TEXHUKY MIO3BOJISIET MMOTHOCTBIO M36€eKaTh JaHHO MTPO6IeMbI.

Ha puc. 3 npeacraBieH mpuMep JieUeHus MamyeHTa ¢ TpEXBepIIMHHOM nedopMmaiiyeii. Vi3-3a BbIpaskeHHO
aHTexkypBaiuu (75°) paccTosiHue MeXOy KOJIbIaMM IO 3aJHeil MOBepPXHOCTM CerMeHTa COCTaBJISIO OT 68
I0 72 MM. MOHTaXX TPEX OPTOIEIUUECKUX FeKCAIIOMOB ObII Obl TEXHUUECKM BO3MOKEH, HO SIBJISIICSI HEIpo-
CTOVi 3a1aueii 1151 OpTOIea, Kak B IiaHe COOPKM KOHCTPYKITUM, TaK U B «TPOMTHOM» pacyeTe B KOMITbIOTEPHOIA
nporpamMme. [Togo6GHBIN ammapat 6bUT ObI Upe3BbIYaiiHO HEeYI0OeH /IS MalyieHTa BBUAY Beca, IPOMO3IKOCTH
1 HeOOXOIMMOCTH M3MeHeHus AjinH 18 cTpar. [ToaToMy KOppeKiiys 6bl1a YCIeIIHO peain30BaHa ¢ MCI0NIb30-
BaHMEM <«IIPYKMHHOM» TeXHUKMA.

Puc. 3. KnuHu4eckuit puMep peanusanuy «IIpysKMHHO» TEXHUKM TIPU TPEXBEPIIMHHON Hedopmaluu ToIeHu:
a — BHEIIHMII BUJ TIAIMEHTa U PEHTTeHOTPaMMbl 60BHOTO IO Oorepanun; 6 — Mmocie OKOHYaHUS AVCTPAKIINN
paccTostHME MEXIY OTIOpPaMU 10 3a/iHeli TTOBEPXHOCTY 3HAUUTEILHO MEHbIIIe OIITMMAa/IbHOTO JIJIT MOHTAaXa CTpar;
B — OJIVMH OPTOTEeIMYECKIUIi TeKCATION U MPY>KMHBI YCIIEITHO CMOHTMPOBAHbBI, HAYATO BITIOIHEHVE KOPPEKIMU
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Puc. 3 (mpomorskeHue). KIMHUYECKNii MpuMep peannsaiyy <IPY>KMHHO» TeEXHUKY MPY TPEXBEPIINMHHOI Tedop-
MaluM rojieHmn: r — (1)OTO IMalyieHTa M ero peHTreHorpaMmMbl Ha MOMEHT OKOHYaHMS KOPPEeKIUN

[Tpu aHanmM3e MUPOBOI IUTepaTyphl [13] HaliIeHO BOCEMb MCC/IeNOBAHMIA, B KOTOPBIX 06CYKIAI0TCS BOITPOCHI
MTOCTEeIIeHHOV KOPPEKLMY MHOTOBEPIIMHHBIX AedhopMaluit KOCTei rojieHu ¢ UCII0Ib30BaHMEM OPTOIIeIue-
CKUX reKcarofos [2, 4, 6, 8-10, 21, 22]. OnHaKO TONIBKO B JBYX CTATbSIX KOHTEHT IT03BOJISIET C OTPAaHNUYEHUSIMU
CPaBHUTH MTapaMeTPhI, UCCIIeyeMble B HACTOSIIel paboTe.

U3 pmeBsiTu mauueHToB (13 cermeHTOB) BhIOOPKM V. Ray et al. [10] Tonbko ABa mamyeHTa (TPU CETMEHTA)
Ha MOMEHT JIeUeHMsT JOCTUIIM Bo3pacTa 18 JjieT, a TOTOMY MOTJIM ObITb YUTEHbI HaMM. 1)1 OIeHKM TOYHOCTU
KOPPEKIUYM aBTOPHI UCMHOJIb30BAJIN BEIMYMHY AeBUaluu Mexaundeckon ocu (IMO/MAD), 4yTo He m0O3BOIsIET
CPaBHUTH C pe3yIbTaTaMM HACTOSIIEl PabOThI, TaK KaK B HEll Mbl aHATM3MPOBAIN BEJIMUMHBI MEXaHUUECKUX
¥ aHATOMMUUYECKUX YIoB. OLleHKa KOHCOMMUOALMM aBTOPaMM CTaThM BBITIOJHEHA C IOMOIIbI0 OPUTMHAJIBHO-
IO MHJIEKca yIJIoBO KoHcomumauum (aHei.: AHI — angular healing index). JlaHHbI/ mapaMeTp MpeacTaBIsI
€000 YaCcTHOE OT KOJIMYEeCTBa IHel buKcaun, MogeleéHHbIX Ha BeIMUYMHY OUCTPAKIMOHHOTO pereHepara
(cM) B 06yacTu, rae paccTosTHMe MEKOY KOCTHBIMM ¢parMeHTamMu Hambosblnee. Y cOBepIIeHHONETHUX T1a-
LIMeHTOB B cpenHeM BennumHa AHI cocraBmiia 89 nueit/cm (64-128,3). MOKHO OTMETUTD, UTO B CPAaBHEHUN
¢ I'p.-1 HacTOSIIIer0 MCCIeIOBaHMS 3T TaHHbIE JeMOHCTPUPYIOT JyUllle TeMIIbl cpaileHus Ha 9,15 nH./cMm.
OmHako MMeeTcsl 3HAUMTETbHAsl PasHMIIA B CPEIHEM BO3pacTe GONbHBIX M3 BbIGOpOK: 19,7 jer (18-21)
y V. Ray et al. [10] n 38,8 et (21-65) B HallleM MccaeLOBaHUNA.

Ha ceropHsiHMi feHb MMeeTC s BCero OfHa IeyaTHast paboTa, copepsKaliasi CBeJleHMs O Pe3y/IbTaTax KIMHI-
YeCKOTO MPUMEHEHMS «ITPY>KMHHOVI» TeXHUKM. B cTraThe 2017 r. oMHOTO 113 aBTOPOB HACTOSIIET0 UCCAeT0BAHMS
[4] mpoaHaMM3MPOBAHO YEThIPe CAyJas JeueHus MalMeHTOB ¢ MHOTOBEPIIMHHBIMY AedopManyusiMyu KocTeit
rosieau. CpenHsIsl BeuunHa yyioBoit nedopmarium cocraBumia 34° (11-82). OgHoI 13 malMeHTOK TakKe 6bLI0
BBITIOJIHEHO yIJIMHeHMe cerMeHTa Ha 30 Mm. B cpegHem mepumon Koppekuuu coctaswi 7 Hen. (5-9), a buxk-
cauuu 49,5 Hen. (41-54). IIpu KoHBepTauuu B OHU (AJ1g yrobcTBa cpaBHeHus ): 49 nH. (35-63) s nepuona
KoppeKuuu u 346,5 nH. (287-441) nnsa nepuopa buxcanuu. IIpu cpaBHenun c I'p.-2 HacTOSIIEro UCCIe0Ba-
HUS TaHHbIEe TUGPBI JEMOHCTPUPYIOT 3HAUUTEIBHO 6ojiee IIUTeIbHbIE TePUOIbI KOPPEKIUY U QUKCALIUA.
OpmHako cpefHSsSI BeJIMYMHA YITIOBOI AedopMaluy y TMAIMEeHTOB paccCMaTpuBaeMoi paboTsl 6buta GosbIile,
YTO YaCTUIHO MOSKET CTYSKUTh OOBsICHEHMEM TTPOIOIIKUTETbHOCTY CPOKOB JiedeHMs1. Takke Py aHAIM3e pe-
3yJIbTATOB HEOOXOAVMO YUeCTb, UTO JIJISI IeueHUsI TaHHbBIX MMaleHTOB MCIIOIb30BaHa PAaHHSISI BEPCUST «IIPY-
SKMHHOV» TexHUKKU. OT Bepcuu, OTIMCAaHHOM B HACTOSIIIE! paboTe, OHA OTINYAETCS CAeIYIOMVM: TTPYKUHBI
(bukcupoBany HerocpenCTBEeHHO K O1opaM, 6e3 TPaKIMOHHBIX 38KMMOB U MO3UIIMOHMPOBAHNS TIPYKUH I1a-
paJl7IeTbHO OCY MPOMeKyTOYHOro parmeHTa(oB). OTAMUYAIUCh U TEXHUUYECKME XapaKTePUCTUKU TPYKUH:
IJIVHA B HEMTPaJbHOM IookeHM — 100 MM, AuameTp MPOBOIOKM — 1 MM, naMeTtp BuTKa — 10 Mmm, Konmu-
YeCTBO BUTKOB — 42. ITU (HaKTOPHI CO3AABAIM YCIOBUS MeHee KECTKOM hUKcalyu MpoMeXKyTOYHO OTIOpPkI.
[ToaTOMY MOKHO MTPeATIONOKUTD, UTO NeiiCTBYE CUJI CKATHUS IIPY>KMH ObIIO HepaBHOMEPHBIM 1 pa3HOHAIpaB-
JIeHHBIM. BhlllenepeuncieHHOe YBeIUUMBAI0 PUCK HeskelaTebHOTO CMellleHMS ITPOMEKYTOUHOro pparmMeH-
Ta, 4YTO, B CBOIO OYepelb, BIMSIO Ha IPOLOKUTEIbHOCTD JI€UEHUS.

3AKJIOUEHUE

Ha ocHOBe aHa/iM3a MCIOAb3yeMbIX [JI OLIEHKM KPUTEPUEB BBISIBIEHO, UTO <«IPYKMHHAS» TeXHMUKa
MIpY KOPPEKLMM MHOTOBEPIIMHHBIX fedopMaluit KocTeit roneHu Takke 3gpdeKTrBHA, Kak 1 CTaHAAPTHAS.
IpeumyIecTBa «IPY>KMHHO» TEXHUKM CBSI3aHbI C GOJMBIIMM YIOOCTBOM €€ MCIOb30BaHMs AJisl Bpaua
" TalMeHTa.
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KoHeuyHo-3neMeHTHOe MoAeNnMpoBaHMe aHAaTOMO-KOHCTUTYLMOHA/IbHbIX TUMOB
NO3BOHOYHO-TA30BOro komnnaekca (Roussouly)
B aCMeKTe M3y4yeHus UX 6GMoMexaHu4ecKux ocobeHHocTen

A.E. Wynbra*, B.K0. YnbsiHos, 0.10. Poxkoea, C.[. Llysanos

HayuHo-1cC/ie0BaTeNbCKMit MHCTUTYT TPABMAaTOIOT Y, OPTOIIEANI Y HEMPOXUPYPIUN
CapaToBCKOTO roCyJapCTBEHHOr0 MeAMIIMHCKOTO YHIBepcuTeTa uM. B.U. PazymoBckoro, CapaTos, Poccus

ABTOp, OTBETCTBEHHBIN 3a mepenucky: lllyibpra Anekceit EBrenbeBnd, doc.shulga@yandex.ru

AHHOTaua

BBenmenwue. CarurtajbHbie MOPGOTUIIBI [TO3BOHOUHMKA Roussouly oTamuaTcs cienuduIHOCThI0 6romexa-
HMKM TI03BOHOYHO-Ta30Boro kommekca (IITK), ot n3ydeHust KOTOpOW B MOC/IefHee BpeMs BCe 4yalle UC-
TIOIb3YETCS MeTO[I, KOHeUHO-3/1eMeHTHOro (K3) MmonenupoBaHus.

Ilestb pabOTHI — ITOCTPOEHME TPEXMEPHBIX PEATUCTUYHBIX MOJIe/Iel, UMUTUPYIONIMX aHATOMO-KOHCTUTYIIN-
oHasbHbIe TUIbI IITK ¢ Mociemyionieii oleHKoi JehopMaTUBHO-TIPOYHOCTHBIX CBOJCTB ITOCTPOEHHbBIX MOIe-
JieVi Ipy KOMITPECCUMOHHO HarpysKe.

Marepuasbl ¥ MeTOAbI. [J06POBOJIbIIAM, COTTTACUBIIMMCS IIPUHSTH yYacTe B uccienoBauuu (n = 169), Bbi-
TTOJTHEHBI TPOUIbHBIE CIIOHIMIOTPAMMBI C 3aXBaTOM KOCTeI ueperna, Ta3a 1 BepxHeil TpeTu 6eJpeHHbIX KO-
cTelt B moyioskeHuu ctost. [Tocie MHTEpIIpeTauny peHTreHorpamm (Surgimap 2.3.2.1.) oto6pansl auia (n = 5)
CO CPegHMMM CaruTTAJbHBIMM HapaMeTpaMu AJIs1 Kaskgoro us msitu mopdortunos Roussouly (I, II, III, IIIA,
IV), koTopbIM poBefeHa KomItbioTepHast Tomorpadus (KT) ITTK. Jarnabie KT ucronb30BaHbl B JaJIbHEIIIEM
st momenvpoBaHus (SolidWorks) msiTu mapaMeTpuueckux KOHEUHO-3JIEMEHTHbBIX Mojeseli HOpMalbHbIX
mopdorunos [1TK u uzyueHus ux nedopMaTUBHO-IPOUHOCTHBIX CBOVICTB.

PesynbTaThl. [IpM KOMIIPECCMOHHOI HAarpy3Ke HauOOJbIIMEe SKBMBAJIEHTHbIE HAIPSDKEHMS 110 Musecy Jio-
KaJIM30BaINCh CAeAyIOIMUM 06pa3oM: Momenb I Tuma — Tena M MeKIO3BOHKOBbIe mucku (MIT) ThX-LI
(2,961 Mra), 3agHue ormopHbie cTpyKTypbl LIV-SI (2,515 Mma); momesb Il Tima — Tena mo3BoHKoB v MIT]I rpym-
HOT'O ¥ TIOSICHMYHOT'O OTIEJI0B, MPerMYyIIecTBeHHO Ha ypoBHIX ThXII-LI (3,082 MIIa) u LIV-LV (3,120 MIIa);
mopenb I1I Tuma — nepename otaenst Ten v MITJI ThXI-LII, 3agHMe TpeTu Tesl, HOKKYU U (paceTOuHbIe CYyCTaBbl
LI-SI (1,720 MIIa); momenb IITIA tuna — tena u MIIJ ThIX-LII nmo3BoHkoB (1,811 MIla), 3agH1ue OMoOpHbIe
ctpykTypbl LI-SI (1,650 MIla); Mmomens [V TuIa — OCTHUCTBbIE OTPOCTKY U CycTaBHbIe OTAebI AyT LI-SI Mo3BoH-
KOB (3.232 MIIa).

06cykaenne. [TpoduibHas KoHurypanys ITTK okasbiBaeT KJIl0UeBOe BIMSIHYE Ha CerMeHTapHoe pacipese-
JIeHMe TPaBUTALIOHHO CUJIBI, a, CJIEJOBATEIbHO, OTIpeaeseT CrielMOUIHOCTb CATUTTaIbHOM 6110MeXaHUKI
TMO3BOHOYHMKA, €T0 YCTOMUMBOCTh K JMHAMMWYECKMM Harpy3kaM M CKJIOHHOCTb K Pa3JIMYHOI JereHepaTuB-
HO IaTOJIOTUMN.

3axkmoueHue. Hanbonee 6momexannuecku cbanancupoBadHbiMy 6611y Tuisl 111 u IIIA, mpu runonopgoTny-
HO¥1 popme (turbl I u IT) meperpyskajinch MPeUMYIeCTBEHHO IepeqHe CTPYKTYPhI TIO3BOHKOB, B TOM UUC/IE
MII, a B ciyuyae runepnopposa (tum IV) — sagHue oropHbie CTPYKTYPHI.

KnioueBble C/IOBa: TO3BOHOYHMK, CATUTTAIbHBIN 6anaHc, Knaccudukaims Roussouly, MaTemaTyeckoe Mo-
IenpoBaHle, KOHEUHO-3JIEMEeHTHbIV aHaIn3

st nutupoBanus: llynsra A.E., YnbsHoB B.10., Poskkosa 10.10., llyBanos C.[l. KoHeuyHO-3/1eMeHTHOe MOJenMpoBaHue
aQHATOMO-KOHCTUTYIIMOHATbHBIX TUTIOB TTI03BOHOYHO-TAa30BOr0 KoMIuiekca (Roussouly) B acriekTe n3ydeHus: ux 6uomMexa-
HUYecKux ocobeHHocTei. leHuti opmoneduu. 2025;31(3):297-306. doi: 10.18019/1028-4427-2025-31-3-297-306.
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Abstract

Introduction Sagittal morphotypes graded by Roussouly are characterized by specific biomechanics
of the spinopelvic alignment (SPA) that can be investigated using the finite element (FE) modeling.

The objective was to design three-dimensional realistic models simulating anatomical and constitutional
types LPA and evaluate deformity and strength of the models under compression.

Materal and methods Lateral standing spondylograms of the skull, pelvis and upper third of the femur
were produced for volunteers (n = 169) who agreed to participate in the study. Radiographs were interpreted
with Surgimap 2.3.2.1.) and computed tomography (CT) of the SPA was performed for individuals (n=5)
with average sagittal parameters for each of the five Roussouly morphotypes (I, II, I1I, ITITA, IV). The CT findings
were used to simulate (SolidWorks) five parametric finite element models of normal morphotypes of SPA
and examine the deformity and strength.

Results The highest von Mises stresses under compression were measured in the bodies and intervertebral
discs (IVD) ThX-LI (2.961 MPa), posterior supporting structures LIV-SI (2.515 Mpa) with type I model;
vertebral bodies and IVD of the thoracic and lumbar spine, mainly at the ThXII-LI (3.082 MPa) and LIV-
LV (3.120 Mpa) levels with type II model; anterior aspects of the bodies and IVD ThXI-LII, posterior thirds
of the bodies, pedicles and facet joints LI-SI (1.720 Mpa) with type III model; the bodies and intervertebral
discs of the ThIX-LII vertebrae (1.811 MPa), posterior supporting structures of the LI-SI vertebrae (1.650 Mpa)
with type IIIA model; in the spinous processes and articular portion of the arches of the LI-SI vertebrae
(3.232 MPa) with type IV model.

Discussion The lateral configuration of the SPA has a key effect on the segmental distribution of gravitational
force and determines the specificity of the sagittal biomechanics of the spine, its resistance to dynamic loads
and tendency to various degenerative pathologies.

Conclusion Types III and IITIA were the most biomechanically balanced types, hypolordotic form (types I
and IT) was associated with overloaded anterior vertebral structures including intervertebral disc protrusion
(IDP) and overloaded posterior supporting structures in case of hyperlordosis (type IV).

Keywords: spine, sagittal balance, Roussouly classification, mathematical modeling, finite element analysis
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BBEIOEHUE

IT03BOHOYHMK UeJIOBEKA B XOJle IBOTIOIMM MTPUoOpes S-06pasHyio GopMy, ONITUMATbHYIO AJIsSI OO e PsKaHMS
9KOHOMMYHOTO OPTOCTATUUYECKOTO MoIokeHms [1, 2]. TeoMmeTpudeckast COBOKYITHOCTb €r0 (pU3MOIOTUUECKIX
VMICKPUBJIEHUIT ¥ Ta3a 06pasyeT 1elb paBHOBECHS, COTJIACOBAaHHAsI paboTa KOTOPOil MPOMOPIVIOHATBHO pac-
TpeJiesisieT BeC TYJIOBUIIA BOKPYT TPaBUTAI[MOHHOM JMHUY, TEM CaMbIM CBOJIS K MMHUMYMY 3aTPaThl 3HEPTUN
¥ He06X0IVIMOCTh CO3HATEIbHOTO ITOCTYPATbHOTO KOHTPOS [3].

B 1992 r. G. Duval-Beaupere et al. BBe/IM ITOHSITHE CAaTUTTAILHOTO OajlaHCca M OMMCAIK PSI PEHTTeHOMEeTpPU-
YyeCKMX IapameTpoB Ta3a, IOAUEePKHYB MPU 3TOM 3HaueHKe ero MOpQoaoruu B peryasiun moCcTypaabHOTO
paBHoBecus [4]. MccnenoBaHus mpoduibHO reoMeTpun O3BOHOUHO-Ta30B0ro Komiuiekca (ITTK) BoisaBuan
3HAYMMYI0 aHATOMUYECKYIO0 BApMATUBHOCTD MO3BOHOYHMKA Y 3IOPOBBIX JIUI M HEBO3MOXXHOCTb CUCTEMATU -
3allMM eT0 CAaTUTTAIbHOV (POPMBI ITO CpeIHMM PeHTreHoMeTpuuecKuM rmapamerpam [5]. [TosTomy P. Roussouly
B 2005 T. IpeaIoKuT BbIAEIUTh B HOPMATUBHO MOMYJISILMK YyeTbipe Mopdonorndeckux tuma I[ITK ¢ yuerom
HaKJIOHA KPecTIa ¥ CaruTTaTIbHOV (GOpMbI ITO3BOHOUHMKA [6]. B manmbpHejiem ObUTa BBIABMHYTA IUITOTE3a
0 TUIIOCTIeNVOUUHOCTY pacpeeseHs] TPAaBUTAIMOHHONM HArpy3ku Ha pasjiMuHble CTPYKTYPhI IO3BOHOY-
HMKA, KOTOPas Mofpa3yMeBaeT HaIMUKe 0COOEHHOCTe! CaruTTaabHOM 6MoMexaHMky 1 gereHepaiuu [1TK,
XapaKTepPHBIX [IJIS1 KasKA0Tro M3 ero MOphOTHUIIOB [7].

TeMm He MeHee, HEOOXOAVMO OTMETUTb, UTO YITIOMMHAEMbIe BHIBOIbI OA3MPYIOTCS MCKIIOUMTENbHO HA aHa-
Jin3e peHTTeHOMETPUIECKUX TTapaMeTPOB M COOTBETCTBEHHO HOCST YMO3aKIIOUMUTEeNbHbIN XapakTep [8]. [To-
9TOMY B IOC/IeAHEe BpeMs MOMYISIPHOCTb HabupawT GyHAaMeHTaTbHbIe MCCIeI0OBaHNs, HAIIpaBIeHHbIe Ha
00BERTUBU3ALNIO PUYNMH PA3TMIHBIX ITATONIOTMI TO3BOHOUHMKA [9]. OmHMM 13 Hanboiee BOCTPeO6OBaHHBIX
Ha CEerOAHSIIHUI NJeHb METONO0B SIBJISIETCSI KOHEUHO-3/1eMeHTHbI (KD) aHanus, KOTOPbIi MOZe/IUpPYyeT peaib-
HYI0 GU3UUECKYIO CUCTeMY (TEOMETPUIO M YCIOBUSI HArpy3Ky) C MTOMOIIBIO MaTeMATUIECKO armpoKCcyma-
uuu [10]. iconb3yroTcs IPOCThIe U B3aMMOAECTBYIOL /e 3IeMEeHThI (eIUHULIbI), KOHEUHOE UMCII0 KOTOPBIX
MOKET OBbITh IMPUMEHEHO IS allIIPOKCHUMAaLM peaibHO CHUCTEMbBI C 6ECKOHEUHBIM KOJIMYECTBOM HEM3BECT-
HbIX [11]. MeTon, K3-MmopmennpoBaHusl MIMPOKO NPAKTUKYETCS B KIMHUYECKMUX UCCIeLOBAaHUSAX, B OCHOBHOM
13-3a BOCIIPOM3BOLMMOCTHM €ro pe3ylbTaTOB M HU3KOM CTOMMOCTM 3KkcnepumenTa [12]. K9-aHanmns moxer
OBITD TTOJIE3HBIM He TOJbKO B M3YUEHUM STUOJIOTUY leTeHepaTUBHBIX 3a601eBaHMiT TO3BOHOYHMKA, HO TaKKe
CITI0COOCTBOBATH BBISBIEHMIO PA3IMUHbIX (DaKTOPOB, BAMSIOIIMX Ha MTOSCHUYHYIO 6110MeXaHUKY, B TOM YMCIIe
reoMeTpuyeckoit BapuabenbHocTy Mopdortumos ITTK [13].

Takum o6pa3om, r;Ty60Koe TIOHMMAaHMe CaruTTATbHOM 6MOMeXaHUKM KaskA0ro 13 MOPQOIOrMYecKUX TUTIOB
[ITK umeeT KiI10UeBOe 3HaUEeHME B acllekTe M3ydeHNs IaToreHes3a lereHepaTUBHBIX 3a0071€BaHMii TI03BOHOY -
HMKA, & TaKKe MMPOTHO3MPOBAHMS MICXOI0B ONlepaTUBHBIX BMEIIaTeTbCTB.

Ilenp uccnemoBaHMs — MOCTPOEHYE TPEXMEPHBIX pPeasIMCTUYHBIX MOJeel, UMUTUPYIOIIUX aHaTOMO-KOH-
cTutyuyoHanbHble TuIbl IITK ¢ mocnemyroeit omeHKoi 1edopMaTUBHO-TTPOYHOCTHBIX CBOVICTB ITOCTPOEH-
HbBIX MoZeJsieli Py KOMITPeCCMOHHOM Harpyske.

MATEPUAJIBI 1 METO/bI

K3-Mopmenb MO3BOHOYHMKA CTPOMIACh Ha OCHOBE MOAeENM, MpemjoskeHHOi B pabore T.B. KommakoBoii,
10.A. PuxyH [14]. Jlopmo3 1 K¢ 03 TO3BOHOYHMKA CO3AI0T Pa3HYI0 BBICOTY MEKITO3BOHKOBOT'O IIPOCTPAHCTBA
criepeay M C3ay, rae HaXOOUTCS MeXITO3BOHKOBBINM AucK (MITI). MIII cOCTOUT U3 XpsIIileBOi TKaHU U aHATO-
MWYECKU IeUTCS Ha TPYU YacT. BHYTpeHHSISI yacThb (ITy/IbITI03HOE SIAPO) MIPECTaBIsIeT COO0I1 reie06pasHyIo
Maccy, 6oraryio Bogoii. HapyskHbIit yuacToxk ((prOpo3HOe KOIbII0) UMEET TBEPAYIO U BOJIOKHUCTYIO CTPYKTYPY.
TpeTbs 4acTh AMCKAa — TOHKUIA CJI0M TMAJIMHOBOTO XPsIlia, KOTOPbIM OTAeNseT AMUCK OT Tejla MO3BOHKa. ['eo-
MeTpuueckast MOe/Ib BKIouaeT B cedst mo3Bouku CIII (1) u CIV (2), MIIII (3), paceTouHble CycTaBsl (4), Mme-
SKOCTUCTYIO CBSI3KY (5), 3aiHME TYTU TO3BOHKOB (6), ocTucThIe (7), morepeunblie (8) 1 cycTaBHbIE (9) OTPOCTKA
(puc. 1, a). B MO3BOHKAX YUMThIBAETCSI Hajimume ryouaToii (10) M KOMIIaKTHOM KOCTHOW TKaHu (puc. 1, 6).

Puc. 1. TeomeTpuueckas
mopmeinb cermenTta CIII-CIV
LIEefHOrO OTHena II03BO-
HOYHMKA: @ — M30METpH-
yeckuit Bum; 6 — Bum, cCOOKY
B ceyeHuu [14]
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TOHKMIT IOV KOPTUKAIBHOM TKaHM OXBaThIBAeT Tejla ITO03BOHKOB. IIpy BBHITTOTHEHUM MOJENINMPOBAHUS CUM-
TaeTCs, UTO [I0O3BOHOYHbBIE IYT'Y ¥ OTPOCTKY ITI03BOHKOB ITOTHOCTHIO COCTOST M3 KOMITAKTHOV KOCTHO TKaHN.
Ocb Z cyucteMbl KOODOMHAT HalIpaBjieHa BOJIb ocu cerMeHTa. Och X Halpas/ieHa B IlepefiHe3aHeM Hallpas-
JIEHUM CETMEHTA TT03BOHOYHMKA. YUMUTHIBAETCS HAIMUME JIOP03a MOCPEACTBOM O60sblieit BbicOThl MIT]I crie-
penu, uem c3anu, win Kudosa npy MeHbllei BbICOTe IMCKa CIIepel.

Takasi reoMeTpuUecKasi MOJIeJIb CE'MEHTOB, TOJIbKO C PA3HBIMM reOMeTPUIECKMMM IapaMeTpaMu, UCIIOb-
30BaHa A1 K9-monmenupoBaHusl 1 orpeseneHNs] HalpsskeHHO-1e(OpMMPOBaHHOTO COCTOSIHMS TPYIHOTO
(ThI-ThXII) u nosicanunoro (LI-LV) oToenoB mo3BOHOYHMKA.

KocTHbIe KOMITOHEHTBI U MEKITO3BOHKOBbBIE AVICKM OOBEOMHEHBI C MCIIOIb30BaHMEM I'eKCasapUIeCcKuX I'i-
6puaHBIX TBepAbIx KO mepBoro nopsaka. KosareHoBbie BOJIOKHA KOJbIIA U CBSI3KY ITpeIcTaBieHbl KD r1ockoii
depmb (T2D2). [ToBepxHOCTM (HACETOUHBIX CYCTABOB CMOIEIMPOBAHBI C MICIIOIb30BaHMEM KOHTAKTa ITOBEPX-
HOCTh-TTOBEPXHOCTD 6e3 TpeHus. MaTepuas mynbro3Horo sapa (NP) 1 MaTpuIlbl KOTbIla PaCCMaTPUBAIM KaK
MMPaKTUUYECKM HECKMMAaEeMblil TUTIEPYIIPYTUiA MaTepuas, KOTOPbIi ONMCbIBAeTCS 3aKOHOM MyHU — PuBinHa.

Mopynb Oura mis NP usmepsiics B guamnasone 0,0045-1,5 MIla (v =0,45), nisi rTMaJMHOBBIX TIJIACTUH —
20 MIla (v =0,4). ledopmupoBaHHOe COCTOSIHME KOJJIaT€HOBBIX BOJIOKOH OIMCHIBAIM HEJIMHENHO (yHK-
1yei 3aBUCMMOCTHM HampspkeHue-medopmanysi. KOHTaKT MeXay TMOBepxHOCTSIMM (aceTOYHbIX CYCTaBOB
TIpeojaraucs skecTkuM ¢ Kosdouiimentom tpeunst 0,15. Caou ¢haceToUHOro Xpsiila ¢ HauaJbHbIM 3a30POM
0,5 MM OMMChIBaJIM KaK YIIPYroM30TpoIHbIe (Momysb IOHra 35 MIIa).

Martepuasibl KOPTUKAIbHO U T'y6UaTOii KOCTHBIX TKaHe Tesl Mo3BoOHKOB, MII]I, haceTOUHBIX CYyCTABOB, MEKO-
CTUCTBIX CBSI30K, TIO3BOHOYHBIX AYT I OTPOCTKOB CUMTAIN MU30TPOITHBIMU JTMHENHO-YIIPYTMMIU MaTepualaMu.
MexaHn4ecKye XapakTepUCTUKM CTPYKTYPHBIX COCTAB/ISIIOIIMX CETMEHTOB 3a/1aBa/IM B COOTBETCTBUM C JIUTE-
paTypHbIMU TaHHbIMMU [15, 16] (Tab6m. 1).

Ta6muua 1
MexaHnuecKye CBOMCTBA CTPYKTYPHBIX COCTABIISIIOIIMX TIO3BOHOUHOTO CErMeHTa

CTpyKTypHasi COCTaBJISIIONIAsI Mopyns ynpyroctu FOura, MIla Koadbduument ITyaccona
KopTukanbHasi KOCTb 10000 0,3
I'y6uaTas KOCTb 100 0,2
®daceTouHbIe CyCTaBbI 1,5 0,3
MesKIT03BOHKOBbIN JMCK 2,5-98 0,45
MeskoCTHCTas CBSI3Ka 3,5 0,3

Heob6x0omnmMo OTMEeTHUTh, YTO 3HaAUeHMsT Momyiast yrpyroctu Oura u koadduimenra [TyaccoHa st CTPYKTYp-
HbIX KOMITOHEHTOB TI03BOHOYHMKA MTPEJICTaBIeHbl B PA3JIMUHBIX AMAaNa30Hax [6].

PacyeTsl mpoBoaMIM B MpOrpaMMHOM KoMIuiekce ABAQUS c¢ ucnonb3oBaHyeM MeTOa KOHEYHBIX deMeH-
TOB, 33/la4y pellajy B paMKax JMHeHON Teopuy ynpyrocru. leomerpuueckye Mojenu CTPOUIN B COOTBET-
CTBUM C PeaJIbHbIMM pasMepaMi II03BOHKOB LIeMHOro [17], rpyaHOro, NOsICHUYHOro oThenos [18] u MIIJ, [19].

Ha ocHOBaHMM IIPOBEAEHHOIO MCCIeNOBaHMs MIpeIIoKeHa CIeayIolias MocaeI0BaTe/IbHOCTh IaroB Mpy pea-
JIM3A1MY AJITOPUTMA MOEIMPOBAHMS HATIPSKEHHO-T1e(OPMIPOBAHHOIO COCTOSIHMS 3JIEMEHTOB II03BOHOUYHMKA

1) oripenejieHne MUCXOOHO MIJIsT pacyeToB reoOMeTprM IMMO3BOHOUYHMKA TeJla OTCUeTa (TEJ'IO, OTHOCHUTEJIbHO KO-
TOPOTO OITpeessIioT IT0JI0’KeHMe 3a[JaHHOrO TeJla);

2) orpefeieHue repeMeneHysl CerMeHTOB [IJIsI KaskI0ro THUIIa IT03BOHOYHOTO CT0/I6a OTHOCUTEIBHO I10JI0Ke-
HMsI CETMEHTOB B TeJIe OTCUETA 110 IPOEKLMM [T03BOHOUHMKA Ha BEPTUKAIbHYIO IJIOCKOCTD;

3) pa3buBKa CUCTEMbI CETMEHTOB MO3BOHOYHOTO CTOj6a HA Y4YaCTKM, KOTOpbIe B AaybHeieM OyayT yc-
rosib30BaHbl B Iporpamme ABAQUS mist dopMupoBaHMSI KOHEUHBIX CYIEep3JIeMeHTOB, UCIIOIb3yeMbIX
IJIST YMEHbIIIeHVsT 06beMa BbIuncaeHnit B MeToze K9;

4) UMCJIEeHHOE pelieHne orpeneIeHusa Hal'IpH)KeHHO-,Zle(bOpMI/IpOBaHHOI‘O COCTOSIHMSI TIO3BOHOYHOI'O CTO/I0a
B IIepeMelleHUAX, OHpe,ELeJIéHHbIX B ITYHKTE 2;

5) orpeneeHne OJOITOJTHUTE/NbHbIX 3KBMBAJI€EHTHDBIX HaHpH)KEHI/Iﬁ B CerMeHTax ITO3BOHOYHMKA, BbI3BAHHbBIX
CMelleHMAMNM OTHOCUTE/JIbHO TeJia OTCYeTa.

Hccnedosanue cxodumocmu cemku

B Hacrosiem uccaeqoBaHM pacCMaTPUBAIN JIMHEHYIO TeKCasgpuuecKylo CETKY M BOCbMUY3JI0Bble KBaipa-
TUYHbIE TeTpasapuueckye smeMeHTbl (C3D8) st KOPTUKATBHOM KOCTH, TyOUaTO KOCTU U 3aJHUX OTIOPHBIX
cTpyKTyp. KomtareHoBbIe BOJIOKHA KOJIbLIA M CBSI3KM IPEACTaBIEHbI 3JIeMEHTaMM TUIOCKOi depmbl (T2D2).
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TIpoBeeH TeCT CXOMMMOCTY CETKM, ONPeIeIsSIoIIii TIOAXOoAsMIIee paspelineHne ceTku K3-mopenn, mist mop-
TBEPKIEHMSI TOUYHOCTU MOnenupoBanusi. OGHapY)KEHO, UTO TUIOTHOCTh CETKU HAET XOPOIIYI CXOAVMOCTb
Pe3y/IbTaToB C IJIMHOM CTOPOHBI 3/ieMeHTa MpUbIu3uTenbHo 1-1,5 MM. Pe3yinbTaThl CXOOMMOCTH CETKMU I10-
Kasajau pasHuIly MeHee 5 % B Harpyskax Ha MII]I, Korjga KoInuecTBO 3JIEMEHTOB ObIIO YIBOEHO.

CKPMHMHT 3[TOPOBOJi MOIYJISIIIMY OCYIIECTBIISJICS Ha TIPeIMET BbIOOPA JINIIL C PA3IMIHO CaruTTaTbHO MOp-
(osorueit MO3BOHOUHMKA B COOTBETCTBMM C ITepecMOTpeHHO# kinaccuduramnmeir P. Roussouly (2017) [20].
Bcem cornmacuBmIMMcs Ha yuacTue B MCC/IeAOBAHMM JINIIAM BbITIOJTHEHBI TPOGMUIbHbBIE CIIOHIMUIOTPAMMBI C 3a-
XBAaTOM KOCTelf uepera, Ta3a M BepxHeii TpeTu 6eIpeHHbIX KOCTelt B moyoskeHun cTos. [locie mHTepripera-
LI CarUTTaNbHBIX MapameTpoB IITK (Surgimap 2.3.2.1.) o6wiemyeMoro oH MpUIMAISUICS K OTHOMY U3 TISITU
tunoB Roussouly. B utore oro6pano 169 nobpososnbieB: I Tun — 20 yenosex (11,9 %), Il Tun — 42 yesnoBeka
(24,9 %), Il Tun — 50 yenoBex (29,6 %); I1IA Tun — 25 yenosek (14,7 %), IV Tun — 32 yenoseka (18,9 %). Konu-
YyecTBO GOBHBIX B KAXK[O¥ IpyTie ycpeaHeHo 10 20 UeoBeK C [e/Tbi0 TTOBBIIIEHNST COPa3MepPHOCTH TAHHBIX.

ChopmupoBaHHass TakuM o06pa3om 6a3a gaHHbIX 13 100 4YesoBeK MO3BOMMJIA OIPENeNUTh OMaraso-
Hbl HOpPMAaJIbHBIX 3HAUEHMII CaruTTaJbHbBIX IapameTpoB (aHen.: Sacral Slope — SS; Pelvic Incidence — PI;
Pelvic Tilt — PT; Global Lumbar Lordosis — GLL; Lordosis Tilt Angle — LTA; Lumbar Lordosis Apex — LLA;
Number (verteb) Lumbar Lordosis — NLL) ms Kaskgoro u3 msiti MopbOTUIIOB. PeHTreHOMeTpuyecKue Ia-
paMeTpbl 6bUTM TTOABEPTHYTHI CTAHAAPTHOMY CTATMCTMUYECKOMY aHa/Iu3y, KOTOPbIi MOKasaJl HOpMalbHOe
pacrpefiesieHie MPU3HAKOB B UCCIENYEMOI COBOKYITHOCTU. B 9TOi CBSI3U [JIsT JAJbHEMIINX PacueToB MUC-
TI0JIb30BAJIM METO/IbI ITapaMeTPUUYECKO CTATUCTUKM, a KOJIMUECTBeHHbIE TapaMeTphl IIPeICTaBIIsIA B BUIE
cpenmHeit apudMeTHUecKoii M CTAaHIapTHOTO OTKIOHEHMS (Tabs1. 2). TakuM 06pa3oMm, B KaXKI0i U3 TISITY IPYIIIT
ompeeieHbl cpegHe apudmeTnuecKke SHAaYeHUS BCeX PEHTTeHOMETPUUYECKMX CarUTTATbHbIX ITapaMeTpOB,
COBOKYITHOCTh KOTOPBIX XapaKTePU3yeT «3TaJ0OHHYI0» MpoduiabHyio dopmy ITTK 1151 KOHKPETHON TPYIIIIbI,
a CpemHEKBaApaTMYHOEe OTKIOHEHME AOIYCKaj0 reoMeTpuyeckue Bapuanyum Mop@OTUIIOB B paMKax 000-
3HaUeHHbIX rpaHuil. OTOOpaHHBIM J0OPOBOJBLIAM BBIMOIHSIM KOMIIbloTepHYI0 ToMorpaduio (KT) IITK
IJIST maJIbHENMIIero MOJaeIMpoBaHus napamMmeTpudeckux K3-moaeneri.

Tabnuia 2

CpenHue 3HaUeHMS CAaTUTTATbHBIX TTAPaMeTPOB MPpU pa3anyHbix MopdoTtumnax Roussouly (n = 100),
onycaTeabHble CTATUCTUKU

Tun | n BaIMOHBIX TlapameTpbl
Roussouly| (110 ciucky) |nokasarens Bospact PI SS PT GLL LTA LLA NLL
. 20 X 40,70 | 38,845 | 29,450 | 10,110 | -50,295 | -7,930 | 5,375 2,650
c 6,697 | 3,6176 | 2,7907 | 2,9693 | 4,2201 | 2,3595 | 0,2221 | 0,4894
X 39,40 | 40,765 | 30,830 | 10,270 | -48,080 | -5,910 | 4,225 | 4,075
= 20 c 6,916 | 4,3347 | 2,9631 | 2,7741 | 4,3819 | 1,5697 | 0,2552 | 0,5200
- 20 X 40,30 | 52,955 | 39,855 | 13,080 | -59,395 | -3,950 | 4,250 | 4,100
c 7,420 | 3,5798 | 2,0028 | 3,2638 | 3,6360 | 2,6106 | 0,3804 | 0,5282
A 20 X 38,85 | 48,140 | 45,140 | 4,140 | -64,525 | -5,495 | 4,100 | 4,775
c 8,768 | 3,0285 | 4,5217 | 1,9228 | 4,3052 | 2,1852 | 0,5982 | 0,2552
v 20 X 39,90 | 62,270 | 49,850 | 12,045 | -70,555 | -1,530 | 3,175 5,650
c 7,752 | 3,8674 | 2,8057 | 4,1461 | 4,0028 | 2,1436 | 0,2447 | 0,5155

O6o3Hauenus: X — cpefiHee apudMeTUUECKOe; G — CPeIHEKBaZpaTUUeCKOe OTKIOHEHME.

PE3VJIBTATDI

Iy usyueHus medhopMaTMBHO-IIPOYHOCTHBIX CBOVICTB ISITUM HOpPMabHbIX Mopdotumnos IITK B coorBet-
CTBUM C TIepeCcMOTPEHHOI Kinaccudukaimeit Roussouly paspaboransl mapaMeTpuueckue K9-momenu B cpee
SolidWorks. B xauecTBe BXOIHBIX TaHHBIX IJISI MOJeNMPOBaHMS TTI03BOHOYHMKA MCIIONb30BaIN KOMITBIOTED-
Hble TOMOTPaMMBbI TISITU «3TaTOHHBIX» TOOPOBOJIbIIEB, OTOOPAHHBIX HA MPEIbIAYIINX TAINax UCCIeTOBaHMS.
ITocTpoeHme mMozesnei MPOU3BOAUIN B COOTBETCTBUM C eTePMUHAHTAMM CAaTUTTAIbHOI Mopdomorum I1TK,
onpeneneHHbIMU P. Roussouly ms kaskgoro n3 nsitu MopboTtumos [20], 1 peHTreHOMeTpUUeCKUMMU Iapame-
TPaMM «3TaJIOHHBIX» YUaCTHMUKOB UCCAeL,0BaHMS.

CMmopenupoBaHHas TpexmepHasi Mogenb I Tuna (puc. 2, a) XapakTepu3oBaaach HM3KOCTeIIeHHbIMM MOKa3a-
Tensamu SS (29,4°) u PI (39,4°), umena kopotkuii (NLL — 3 1mo3BOHKA) NOSICHUYHLIN rurepnaopao3 (GLL —
(-49,5°)) ¢ HuskuM pacnosyoxenmem BepimuHbl (LLA — MIIJI LIV-LV) u orpuiiatelbHbIM 3HaueHueM LTA
(-8,9°). I'pyIOIOSICHMYHBII 0TI/ IT03BOHOYHMKA OTIMYAJICS TPOTSSKEHHBIM K11 030M, a BeimuyHa PT (10,3°)
COOTBETCTBOBAJIa CPeIHUM 3HAUEHUSIM HOPMaJIbHOTO Auara3oHa (0-20°).
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s II Tuna (puc. 2, 6) TakKe XapaKTepHbl HU3KOCTeneHHbIe 3Hauenust SS (31,3°) u PI (41,2°). [ToctpoeHne Mo-
JleJTM BBITTOTHSIUTY C YIeTOM rUIOIopAOTMIHOCTY (GLL — (—47,9°)) ¥ runmokugpoTUYHOCTY TO3BOHOYHOTO CTOJI0A,
a Takke B COOTBETCTBUM € 60siee BbICOKMM (4eM 1ipu [ Tume) pacmonoskennem LLA (1ienTtp LIV no3BoHKa), 6o7ee

TTOJIOKUTENTbHBIM LTA (—6,7°), 6O/BIINMM YMCIIOM ITO3BOHKOB B JIOpAOTHYecKOo# myre (NLL — 4 To3BOHKA) U CpeI-
HyMu 3HaueHmsmu PT (9,8°).

Alignment

PT 10.1°
PI 39.4°

SS 29.4°
L1-L4 -11.6°

PT 9.8°
PI-LL -10.1° PI 41.2°

SS 31.3°
L1-L4 -16.9°
PI-LL -6.1°

Alignment

Puc. 2. I3aMepeHMe caruTTaabHbIX MapaMeTpoB (Surgimap 2.3.2.1.) u 3D Mognenb: a — nobposonbia ¢ ITTK I Tuna;
6 — yuactauis ¢ ITTK II Tuma

ITpu TpexmepHoM Mozemposanuu 11 mopdoTuma (puc. 3, a) UCIIONb30BaIM PEHTTeHOMeTpUYeCKIe ITapaMeTphbl CO-
OTBETCTBYIOLIET0 «3TaJIOHHOTO» yuacTHMKa: SS (39,6°), PI (52,2°) n GLL (-58,8°). [laHHbIIt BapMaHT reoMeTpUUecKoit
(hopMbI XapaKTepr30BaICSI OTHOCUTENBHO JIIMHHO TIyToi osicHuyHoro jiopro3a (NLL — 4,5 1mo3BoHKa), BHICOKMM
pacnionoxkeHuem LLA (MITJ] LIII-LIV), meHbiummy 3HaueHusimu LTA (—4,5°) u cpenraumy rokasatesnsivu PT (12,6°).

YacTh IMapamMeTpoB, UCIIONIb30BAHHBIX [j1s1 MomenupoBanust IIIA Tumna (puc. 3, 6), 6bIIM COMTOCTABUMBI C TaKO-
BbIMM 1pu III Mmopdonornueckom tumne (LTA — (=6,1°); LLA — MIT/J, LIII-LIV; NLL — 5 1T03BOHKOB), OTHAKO DS,
KPUTEPUEB UMEJT OTJINUMS, XapaKTepHbIe )1 JaHHOro Mopdoruma. B yactHocTH, crierduanast ajist I[1TA tumna

anteBepcus Tasa PT (3,9°) o6ycioBimBaia coueTaHye BbICOKMX 3HaueHmit SS (45,0°) u GLL (-65,0°) ¢ HUsKuMmu
napametpamu PI (48,9°).

i

Alignment

PT 12.6°

PI 64.8°

SS 49.2°
L1-L4 -36.1°

PT 12.6° %

PI 52.2° PI-LL -1.9

SS 39.6°

L1-L4 -31.6°

Alignment

PI-LL -11.1°

Puc. 3. I3mepeHue carUTTaabHBIX TapamMeTpoB (Surgimap 2.3.2.1.) u 3D Moznenb: a — fo6pososnblia ¢ [TTK 111 Tuna;
6 — mo6posonbiia ¢ ITTK IIIA Tumna

Tpexmepnas mopens IV (puc. 4) Tuna rnpencrapjieHa rapMOHUYHbIM rUnepu3oruyTseiM [ITK ¢ cermeHTapHBIM
nepepasrubanyueM IMOSICHUUHOTO oThena. bombiias BennunHa PI (61,8°), xapakTepHasi AJi JAHHOTO CarUT-
TaJbHOTO MOPQOTHIIA, CTYKIIIA TeTEPMMHAHTO GOIBIIOro HakIoHa KpecTiia SS (49,2°) 1 BhICOKOCTEIIEHHO-
ro GLL (-69,8°), mpotskeHHoro LLA (MIT/] L2-L3; NLL — 5,5 T03BOHKOB) MOSICHMYHOTO JIOPA03a.
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Alignment
o1 3.9°
= 1 48.9°
S 45.0°
~ L1-L4 -28.0°

" PI-LL -20.6°

Puc. 4. V3smepeHue ca-
IUTTAJbHbIX  I[apame-
TpoB (Surgimap 2.3.2.1.)
1 3D Mozenb 106pOBOJIb-
ga c I[ITK IV Tumna

ITpu sTom LTA (-1,8°) 3akoHOMePHO XapaKkTepusoBaiach 6mu3kumy K 0 3HaueHussmu, a PT (12,6°) Haxommuicst
B paMKax CpeJHIX 3HaueHU1II HOpMaIbHOTo AuanasoHa (0-20°).

Paspaboranubie K9-momenu rsitu caruTtanbHbIX TUITOB [TTK (1o Roussouly) mo3Bonman ucciieqoBaTh 1 oxa-
pakTepu30BaTh UX HapPSDKeHHO-Te(opMIUpOBaHHOE COCTOSIHME B YCIOBUSIX OCEBON HArpy3ku. B KauecTe
IPaHMYHOTO YCIOBUS ObIIM (PMKCHMPOBAHBI BCE Y3/Ibl HYDKHEN IToBepxHOCTY KI-Momeny mo3BoHKa LV.

C momorpio MeToma KD ompemeneHbl IBETOBbIE KapThl HAIIPSKEHHO-Ie(OPMUPOBAHHOTO COCTOSTHUS TISITU
MOpPGOTHUIIOB TO3BOHOYHMKA. 10 pe3ysibraTaM IMpMMeHEeHUs TPeIIosKeHHOT0 MeToa sl 3D-moperneit mo-
3BOHOYHOTO CTOJI0A OTIpe/ieieHbl pa3IMIHble 30HbI HATPSDKEHHO-Ie(OpMIPOBAHHOTO COCTOSTHYS TO3BOHKOB:
KpacHBIit IIBET COOTBETCTBOBAJ 30HE MaKCUMaJIbHbIX HAMPSKeHMI TO3BOHKOB; CMHMIA 1IBET XapaKTepu30Bas
MMHMMAaJIbHbIE HAITPSKEHMS [TO3BOHKOB; IIBETOBOJ ITepexo/i 0603HaUMI BO3EiCTBIE HAIIPSIKEHMI Ha CO-
ceHMe TO3BOHKM.

B ycioBusix oceBoit HaTpy3Ky MoIeNb | TiIa ImoKa3asa Hauboblie SKBMBATEeHTHbIE HAMIPSKeHMS 110 Musecy
B IPYZIOIOSICHUYHOM OTHese (puc. 2, a). Hanbosee Harpy>keHHbIMM OKasanuch Tesra v MITJ ThX-LI mo3BOHKOB
(2,961 MIla). B mosicHUYHOM OTZe/ie HaMOOJbIIVe HATIPSDKEHNST BO3HMKAIN Ha 3aJHUX OTIOPHBIX CTPYKTYpax
(ocTUCTBIE OTPOCTKU, CYyCTaBHBIE OTPOCTKY, HOXKKM) & TAKXKe Ha LOP3albHONM YaCTU Tel HVDKHUX MOSICHUYHBIX
rmo3BoHKoB (LIV-SI) (2,515 MIIa).

Mogeis II TuIa py KOMITPECCMOHHO Harpy3Ke IeMOHCTPUPOBaia HauboJIbIlie SKBUBaJeHTHbIE HaTpsiKe-
HMS B IepeTHUX OTIOPHBIX CTPYKTYpax (Tejia Mo3BOHKOB 1 MIIT) rpyaHOTO U MOSICHUYHOTO OTAEIO0B (PUC. 2, 6).
IMone HaMpsOKEHMIT HepaBHOMEPHO Ha MPOTSSKEHUY YKa3aHHOM 06/1acTy, TIPY 9TOM HaMOOJIbIIye 3HAUeHMS
oTMeueHbl Ha ypoBHe ThXII-LI (3,082 MIlIa) n LIV-LV (3,120 MIIa). 3agH1e ONTOpHbIE CTPYKTYPhI TO3BOHOY-
HMKa BTOPOTO THUIIA, KaK ITOKa3bIBaeT MCCIeNOBAaHNE, He UCIBIThIBAIOT CYIIeCTBEeHHbIX Harpy3oK (0,650 MITa).

TpeTuit TUN BBUIY CBOE/ TeOMEeTPUYECKOi cO6aaHCHPOBAHHOCTY XapaKTePU3YeTCsl 6MOMeXaHUYeCcKoil cTa-
OuIbHOCTBIO (puC. 3, a). Hambonee HarpyskeHHasl 30Ha OTMeUeHa B MepemHMX OTAeaX IPYIOTOSICHUYHBIX
1mo3BoHKoB 1 MIIJI (ThXI-LII), a Tak)ke Ha TPOTSLKeHMM MOsICHUYHOTO otaena (LI-SI): mpeumyiecTBeHHO
3aHsIS TPeTh Tel MO3BOHKOB MX HOXKM U daceTouHble cyctasbl (1,720 MIla). Tem He MeHee, ypOBeHb Ha-
TIPSDKEeHMI XapaKTepu30BaJICs CYIleCTBEHHO MEHBIITMMM 3HaUeHUSIMU 110 cpaBHeHMIO ¢ [ u II mopdoTunammu
o Roussouly (1,431 MITa).

[ToBblllIeHHDIN YpOBeHb HanpsikeHii ripu [IIA Tune nmern 1okannsanyio, xapakrepnyo 1 111 tuma, onHako
oTIMYascs 6oMbleil MPOTSKEHHOCTbIO Irpanutl (puc. 3, 6). B 4acTHOCTH, B IPYAONOSICHUYHOM OTHE/Ie OHA
oxBaTtbiBasia 06yactb ¢ ThIX mo LII M03BOHOK, a B MOSICHUYHOM PaclpoCTpaHsIach Ha 3aJHME OTHENbI Tej
LIIT-LV no3BOHKOB. Takke cjefyeT OTMETUTh HaIIPSIKeHMsI, KOTOpbIe IpeBbllliagy Takosble rpu III Ture,
Kaxk B rpyzHoM (1,811 MIIa), Tak u B nosicHuuHoM othenax (1,650 MIIa).

Mopenb IV Tuma geMoHCTpUpoBaia 61i0MeXaHMKY TMITEPU30THYTOr0 IO3BOHOYHOTO cTojI6a (puc. 4). B rpyn-
HOM OT[iejIe IIPY OCeBBbIX Harpy3Kax BbISIBJIEHbI 30HbI C YMEPEHHbIM YPOBHEM 3KBMBAJIEHTHBIX HaIlPSIKEHUN
(2,743 MIla) 110 mepenHelt MOBepXHOCTY Tenl (TiepenHsis momoBmuHa Teia u MIII) ThIII-ThXI mo3BonkoB. Hau-
601ee Harpy>KeHHbIM OKa3aJICsI TIOSICHUYHbIN OTAeN, a UMEeHHO 3aHIe OMTOpHbIe CTPYKTYPbI LI-SI T03BOHKOB,
MIPY 3TOM BeJIMUYMHBI HANIPSKEHMI Ha OCTUCTBIX OTPOCTKAX U CYCTABHBIX OTAeNaX YT MMeIy 3Ha4eHUS, CXO/[I-
Hble ¢ | Tunom (3,232 MIla).
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OBCYXIEHUE

B mocnenHue mecsTUIETMS OTMeUaeTCsl CYIIeCTBEHHBIN MPOTrpecc B M3YUEeHMM CAaTUTTAIbHOI MOpdoso-
run u 6uomexanuku [1TK, orjeHKa KOTOPBIX CTAHOBUTCS PYTUHHOJ ITPOIEIYPOii B IMArHOCTUKE U JIEUEHUN
pasINYHOM MaTOJIOTUM MMO3BOHOUYHMKA [21]. Pamom mccinenmoBaTesneil IofTBepkaeHa BapMaTUBHOCTD IIPO-
dunbHOI reomerpun IITK y 340pOBBIX NI, 0OOCHOBAHO HAIMUMe UEThIPEX TUIIOB (C ISITBIM IOATUIIOM
B IepecMOTPeHHO} KiaccuduKaluyu) ero HOPMalabHONM MPOGUIbHOI KOHGUIypalMyu U JoKa3aHa TUIIO-
crenuduuHOCTh 3ab60meBaHMii. COBpeMEeHHOI TeHJeHIIMe SBISIeTCS MCIIOMb30BaHMe BOCIIPOV3BOAVIMBIX
M IOCTYITHBIX MeTOOMK MogenupoBanus [TTK c 1ebio 06beKTUBU3ALINY IPUYNH ero AereHepaTUBHOI MmaTo-
noruu [22]. Hambosnee pacmpocTpaHeHHBIM METOAOM M3yueHMsI 6MOMeXaHUKM TO3BOHOYHMKA in Silico CITysKUT
K3-momenupoBanue [23]. B muTepaTypHBIX MCTOUHMKAX BCE Ualle MyOaMKYIOT pe3ylIbTaThl Pa3JIMUuHOTO Poaa
VICTIBITAHMIA, TIPOBEAEHHBIX HA MaTeMaTUUYEeCKMX MOJEJISIX TO3BOHOYHOTO CTOI0A C IIebI0 TTOATBEPKAEHNS
BBIBOJIOB AHAIMTUYECKUX MUCCIeI0BaHMii [24, 25].

B HacrosieM 3KcIiepuMeHTe IIpenpyHITa ITOMbITKA U3YUUTh MeXaHyeCKye XapakTepUCTUKN IlapameTpuye-
ckux K9-monpeneit uetbipex knaccuyeckux Tunos ITTK u peTpoBepTupoBanHoro BapuanTa III mopdoTuma, mo-
CTpOeHHbIX Ha OCHOBe KT M03BOHOUHMKA 3[0POBBIX UCIBITYEMBIX CO CPeOHMUMM 3HAUEHMSIMM CaruTTaJbHBIX
rapameTpoB. [ToydeHHbIe pe3y/IbTaThl MPOIEMOHCTPMPOBAIN 3HAUMMOE BIMSIHME MPOMUIbHO KOHPUTYpatust
nsaty Mopened ITTK Ha X caruTTalbHYI0 OMIOMEXaHMKY, UTO ITPOSIBIISIOCH Pa3/IMYHOI PeaKTUBHOCTbIO MATPUIIbI
>kecTKOCTU KD B yUTOBMSIX aKCMaIbHOV KOMITIPECCMOHHO Harpy3ku. CielyeT OTMETUTb, YTO AaHHbIE, TTOTyUYeH-
Hble MPY U3YUEHUY HaAPSsKeHHO-IehOpMUPOBAHHOTO COCTOSTHMS pa3pabOTaHHBIX MOJeNel, B GObIIMHCTBE
CTyJaeB MOATBEPAVIIM TeOpeTUYeCKie 3aKOHOMePHOCTH, chopMyIMpoBaHHbIe paHee [7]. B uacTHOCTH, C 1TO3MU-
M, MpeacTaBieHHoi P. Roussouly KOHIEMINY «KOHTAaKTHO CUITbI», TUTIONIOpAOTHYEecKast hopMa ITOSICHUYHOTO
OT[Ies1a I03BOHOYHMKA PacCMaTPUBAETCS B KAUeCTBe OCHOBHOTO IpeauKropa fereHepauyiu MIIJI. ITocnenyromme
KIMHUYeCKYe YCC/IeN0BaHMs HeOTHOKPATHO MOATBEPOMIN TOT GaKT, UTO IS JIUILL C AVICKOTeHHO IaToIoruein
XapakTepHbl HU3KMe 3HaueHus1 PI, cooTBeTCTBYIOIME TUTIONOPHO3Y [26, 27]. 3yueHne nedopMaTUBHO-IIPOY-
HOCTHBIX cBOICTB K9-Mopeneit ¢ Huskum PI (I n 1T TUIT) BBISIBUIO 30HBI HAMOO/BIINX SKBUBAJIEHTHBIX HAIIPSI-
sKeHuit B Tenax mo3BoHKOB 1 MIIJ] npeumyiectBeHHO rpynonosicHuuHoro (I tun — ThX-LI; IT tun ThXII-LI)
u mosicHnaHoro (I Tun — LIV-SI; II Tun LIV-LV) otaenos. Takum 06pa3oM, MOSKHO CKa3aTh, UTO B YCJIOBUSIX OPM-
€HTaIlM} 3aMbIKATeIbHBIX TUIACTVH TO3BOHKOB B TNIOCKOCTY MaKCUMAaJIbHO MPUOIVKEHHOV K TOPU30HTATIbHOI,
BEKTOP TPaBUTAIMOHHON HAarpy3Ku BO3OENCTBYET MePIEeHAVKYISIPHO MM, YBEINYMBAS TEM CaMbIM ITeperpy3Ky
MIII. Tem He MeHee, clefyeT OTMETUTh 3HAUMMble HAIPSDKEHMS Ha 3aHUX OMOPHBIX CTPYKTYpax (OCTUCTLbIE
OTPOCTKM, CyCTaBHbIE OTPOCTKM, HOXKM) B KD-momeyn I Tuma. JJaHHbIe 0COOEHHOCTY 0OYCIOBIEHBI KOPOTKAM
TUITePU30THYTHIM JIOPAO30M, KOTA BEKTOP OMOMEXaHMUECKOTO aKCHATbHOTO BO3JEMCTBUS CMENIaeTcs Ha 3a-
IHIOIO OTIOPHYIO KOJIOHHY. B nTepaType MMeTCs JaHHbIe, COITIaCyIoLMecs ¢ HallMMU BBIBOAAMU, B YACTHOCTU
B. Miiller rmpoaHanmm3upoBay KOMIUIEKCHbIE HArpy3ku Ha 28 KD-Mopmensx MOSICHUYHOTO OTHe/Ia IMO3BOHOUHM-
Ka ¥ yKasall, UYTO IIPU TUITOIOPLOTUYHOM IOSICHUYHOM OTZesle CUjla CKaTus BO3LeiCTBYeT IPeyMYyIeCTBEHHO
Ha MII/I, HarpoTMB, IIPY BBICOKMX 3HAUeHMSIX LL ee BAMSIHMIO B GOJIBbIIEN CTEIIEHN TTOABEPKEHBI (DaceTOUHbIE
cycraBbl [28]. 3HauMMoe BO3eiiCTBYE TPaBUTALIMIOHHO HAarPy3KM Ha 33 H1e ONIOPHbIE CTPYKTYPbI TIOSICHUYHOTO
OT[lesa T03BOHOYHMKA B YCIOBUSX TUIIEPIIOPL03a ITOATBEPKAAI0T Pe3y/IbTaThl, [I0JTyYeHHbIe HAMU IIPU U3YUeHUN
HaTPSBKeHHO-TehopMupoBaHHOTO cocTosiHust KI-mopenu IV mopdoruna. [Tomumo 3Toro, 06/1acTh MOBbIIIEH-
HbIX 9KBMBAJIEHTHBIX HAIIPSIKEHMIA 9TOI Mojie/iy ompeieneHa B Tesiax 1 MII/I Ha ypoBHe rpyqHOTO rumnepkudosa
(ThIII-ThXI). UuTeprnpeTupys 61MOMeXaHUKY JOKATbHBIX HAMIPSKEHMI TUITIEPU30THYTOTO IMOSICHUYHOTO OTIENa,
P. Roussouly ormeTut, uto pacrpenenenne KC 3aBucut ot Benunibl PI [7]. Yem Bbite 3HaueHus P, Tem 60iee
HaKJIOHHYI0 OPMEHTALMIO0 MMEIOT MTO3BOHKM, COCTABJISIIONIVE HYDKHIOK AYTY MTOSICHUYHOTO JIOP03a, UTO B CBOKO
ouepenb CIIOCOOCTBYET pacrpefeeHNI0 IPaBUTALMOHHOM Harpy3Ky MapajuieIbHO 3aMbIKATETbHbBIM IIACTMHAM
TT03BOHKOB. B JaHHBIX YCI0BUSIX AaBieHue Ha MII[l ymeHbIaeTcs, a (aceToUHbIe CyCTaBbl IIOBEPTrar0TCs KOM-
OMHMPOBAHHOMY BO3/I€IICTBUIO: OCEBOMY (BBUAY TMITEPIKCTEH3UM) U CABUIOBOMY (3@ CUET CKOJIb3SILIEN CUJIBI).
C npyroii cropoHsl, nudyuyenue K3-mogeneii 111 u [IIA TUIIOB He BBISIBMIO 30H MEXaHUUYECKUX MePerpy30K IKBU-
BaieHTHBIX I, IT 1 IV Tumam, 4To XapakTepusyeT UX TeOMETPUUECKYI0 COATAaHCUPOBAHHOCTb U GMOMexXaHUYe-
CKyI0 FTapMOHMYHOCTb. 30HbI yMePeHHbIX HanpspbKkeHuii Kak npu 111, tak u ipum I1IA Tume nokann3oBaanch B Tenax
u MI1/I rpy[ONOsSICHUYHOTO OTAENa, a TAKOKe Ha 3aJHUX OMOPHBIX CTPYKTYpax MOSICHUYHOTO oTaena K3-mopneneii.
B 370V CBSI3M CllefyeT OTMEeTUTD PSIZL CO3BYYHBIX MCCIeNOBaHNIA, B KOTOPBIX aBTOPBI OLIEHWIN HAIIPSDKeHUS U pe-
3yJBTUPYIOIIVE nedhopMalyy BAOIb TO3BOHOYHOTO CTOJIOA C TOMOIILIO TeOMETPUUYECKY TIePCOHATM3UPOBAHHbIX
K9-Mopeneit v puiliv K BBIBOAY, UTO BennunHa Pl TeCHO B3aMMOCBsI3aHa € pacpene/ieHueM CUI Harpy3Ku: Ipu
TUITOJIOPAOTUYHOM (hopMe HaIpsDREeHMEe pacIipeesieTcss paBHOMEPHO BIO/Ib BCETO ITO3BOHOYHMKA; B TO BpeMSI
KaK MPY HOPMAaJIbHOM U TUTIEPIOPAOTUYHOM KOHGUTYpAIMM KOHIIEHTPAIMS Harpy3Ky HAOTIOHAeTCS B OCHOB-
HOM BOKPYT HIKHEH 4acTy Mo3BOHOUHOTro cronba (LIII-LV) [29, 30].

Taxkum obpazom, mpodunbHas koHburypaius [ITK oka3biBaeT KiIoueBoe BIMSHME HAa CeIMeHTapHOe pac-
npefesieHye TPaBUTAIVIOHHON CUIIBI, a, CIeJ0BAaTelbHO, OIpemessieT crienndUIHOCTh CarUTTaNIbHON 610-
MeXaHMKM TO03BOHOYHMKA, €ro YCTOMYMBOCTb K AMHAMMYECKMM HAarpy3kamM M CKJIOHHOCTb K Pa3nu4HONM
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IereHepaTMBHOV maTtonoruu. Kak rokasano wmcciaenoBaHMe, Hambonee cOasaHCHPOBAHHBIMU SIBJISIIOTCS
III n 1A Tunsl, npu runonopgotuudoii popme (I u II Tui) meperpykaroTcsi IPeMMyLIeCTBEHHO TepeqHue
CTPYKTYPBI TO3BOHKOB, B TOM uncie MII/I, a B ciayuyae runepinopposa (IV Tuin) min 10KaabHOM IUIIepIKCTeH-
3uu (I TuIT) — 3aHME OTIOPHbIE CTPYKTYPHI.

3AKJIIOYEHUE

Ipennaraemsiit anroputMm K9-monmenupoBaHus 1Mo3BosseT in silico, ¢ BBICOKO BOCITPOU3BOIMMOCTBIO pe-
3y/IbTaTOB, OLEHUTD HATIPSDKEHHO-1e(OPMIUPOBAHHOE COCTOSIHYE PA3TUUYHBIX CTPYKTYP ITO3BOHOUYHOTO CTOJI-
6a. BbIMOMIHEHHDII TaKUM 00pa3omM KD-aHann3 TpexMepHBIX peaqucTUYHbIX Mogesneii ITTK, ToCTpOeHHbIX
C yUeTOM reoMeTpuUUeCcKMX rapaMeTpoB IMATU MOPQOIorMueckux TUIIOB 1o Roussouly, mpoaeMoHCTpUpoOBa
HEO[THO3HAUYHOCTh UX CATUTTANbHOI 6uoMexaHuku. Hanbonee rapMOHMUHOE pacIipefielieHie SKBUBaJIEHT-
HbIX HaTpsikeHuit xapaktepHo ajis 111 u IIIA mopdoTumnos, Toraa kak rumo- (I v II Tum) 1 runepropaoTUyHast
(IV ) dopmbl [TTK crmoco6cTBOBAIM TUITOCTIENIMGUYHOI TIeperpy3Ke pasaMyHbIX yUaCTKOB ITO3BOHOYHMKA.
B 3TOi1 CBSI3M aHATOMO-KOHCTUTYLIMOHATIbHbBIE 0COOEHHOCTM MTO3BOHOYHOTO CTO/I0a MOKHO CUUTATh OJHUM
13 OCHOBHBIX (DAaKTOPOB, 06YCIIOBIMBAIOIINX €TI0 YCTONUMBOCTD K IMHAMMUYECKMM HArpy3KaM U CKIIOHHOCTh
K pasjiM4yHOl AereHepaTMBHONM MaTOJIOTUN.

KoHgnukm unmepecos. Asmopsl 0ekaapupyrm omcymcmaue si8HbIX U NOMeHYUAIbHbIX KOHQIUKIN08 UHMEPecos, C8sI3aHHbIX
¢ nyonukayueil Hacmosweti cmamsu.

Hngopmuposeannoe coenacue. Bce nayuenmst noonucanu ¢popmy uH@opmuposaHHozo coenacusl.
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AHanus MUKpo6HOro neitsaxka y NnauueHToB
C nepunpoTe3Hoi MHdeKuMe Ta306e4peHHOro CycTaBa

A.M. Epmakos, H.A. borpaHoBa, E.J1. MaTtBeeBa™, A.I. lacaHoBa

HaiyoHanbHbI MeAUIIMHCKUI UCCIeA0BaTeIbCKUI LIEHTP TPaBMaTOJOT UM U OPTONEeAUN
nuMmenu akagemuka [LA. nusaposa, Kyprahs, Poccus

ABTOp, OTBETCTBEHHBI 3a mepenucky: Enena JleoungoBHa MaTBeeBa, matveevan@mail.ru

AHHOTaua

BBenmenwue. Konuemnuust maroreHesa rnepurporesHoil nadexuyu (IITM) 3akirouaeTcss B CHOCOOHOCTY MMaTO-
TeHHBIX MUKPOOPTAHM3MOB KOJIOHM3MPOBATh MTOBEPXHOCTM MMIUIAHTATOB, MHMUIMPOBAHNME KOTOPBIX OCY-
IIECTBJISIETCSI BO BpeMsI olepaluy Uiy reMaTOreHHOM I1cceMMHALIMM OaKTepuii. DTO pacKpbIBaeT MPUUNHY
HEeyIOBIeTBOPUTEIbHBIX Pe3yabTaToB ieueHus [T, Mukpobuonornieckast uneHTUGUKALINS BUOA BO30Y I -
TeJISI SIBJISIETCSI 30JI0ThIM CTaHAAPTOM B AuarHoctuke II1N.

Ilenp paGoOTHI — OIPEIETUTh XapaKTep MUKPOOMOIOTMYECKOTO Meji3aska y IalnyeHToB ¢ nHdeKIei, acco-
LMUPOBAHHOI C OPTOIEANYECKMMY UMIUIAaHTaMU Ta306eIpeHHOrO0 CyCcTaBa.

Marepuasnbl U MeTOAbI. BhINOMHEH aHAMM3 PeBM3MOHHBIX BMelaTenbCTB (N = 294) no nosopy 11U Taso-
6empenHoro cycrasa. B 2010-2021 rr. mpoornepupoBaHo 147 manyeHToB: 82 (56 %) My>KUMHBI U 65 (44 %)
skeHIIyH. CBuieBast dopma I otmeuena y 105 (71 %), oTek u runepemMust 06J1aCTy IMOCIe0NnepanioHHOro
mBa — y 29 (20 %), OTKpbIThIE paHbl — y 13 (9 %) nauyeHToB. OOBEKTOM UCCIEIOBAHMS CYKMIM 00Pa3IIbl
KOCTHBIX M MSITKMX TKaHel, TIoJlyYeHHbIe TIPU McceueHUy MHPUIMPOBAHHOTO CYyCTaBa, a TakKKe yaaJeHHbIe
9JIeMEeHTbI SHIOIpoTe3a. IToceB MPOM3BOAMIN Ha IIOTHbIE MUTATeIbHbIE Cpenbl. M3yuas 6aKkTepyanibHbIe
KYJIbTYPBI, X UAEHTUGUIIMPOBAIN OOIIETPUHSITHIMY METOIaMM, UCIIONb3Ys 6aKTepPUOIOrMYecKe aHaaM3a-
Topsl TB Expression (BioMerieux, ®paniust) 1 Walk Away 40 (CILA).

PesynbTaThl. Y MOAABISIONIETO OOIBIIMHCTBA MALMEHTOB (93 %) ycTaHOBJIEHA STUOJIOTUS ITEPUITPOTE3HO
MHGEeKINH, Y OCTAIbHBIX MALMEHTOB OIpeneNnTh BO30yauTesnelt He ynanock. bakrepuonornueckuit aHanus
BBISIBUJT MUKPOOHBIe accoumanyy y 31 % 60NbHBIX, IPaMIIOTIOXUTETbHYI0 MUKPOQIIOPY Y 52 % 1 rpamMoTpu-
1arenbHy0 Mukpodnopy —y 10 %.

OG6cyxaenme. Hamnbonee pacpocTpaHeHHBIMM BUIAMM MUKPOOPTAHM3MOB SIBISIIOTCSI TPaMITIONIOXKUTENb-
Hble 6aKTepUM C TeHAEHIMel POCTa Pe3UCTEHTHBIX ITAMMOB. BbijeneHne rpaMoTpuiiaTebHbIX 6aKkTepuit
npy MHGUIMPOBAHMUM CYCTABOB HAOGIONAETCS 3HAUUTETbHO peske. Pe3ynbTaThl JeMOHCTPUPYIOT U30IMPO-
BaHHYIO TPAMHETraTUBHYIO KyabTypy B 10 % ciyuaes. [TomuMukpo6Hast MHQEKIMS SIBSIETCSI BTOPOIA 10 4acTo-
Te BcTpeuaeMocT (31 %) mpuumHOil MHGUIMPOBAHUS IPOTE3UPOBAHHOTO CycTaBa. MUKpOOHbIe acconyam
BcTpevarorest B 10-45 % ciydaeB, Takash KIMHUYECKAsT CUTYalMsI Ha CTapTe JIeUeHUsl YCIOKHSIEeT SMITUpuUye-
CKUii BBIOOD TIpernapaToB AJIs1 aHTMOAKTePUaabHOM Teparmn.

3akioueHue. MUKpOOMOIOrMyeckoe MccaenoBaHue MO3BOIMIO YCTAHOBUTD STUONOTUI0 MH(EKIVIOHHOTO
nporiecca y 93 % nauneHToB. bonee ueM B nosoBuHe ciydaeB (52 %) NPUUMHON BOSHMKHOBEHUS MMILJIAHT-
acCcoIMMPOBAHHOM MHGEKIMM SIBJISIOTCS TPAMIIO3UTUBHASI MUKpOdIIopa, a 31 % ciayyaeB — M MUKPOOHbIE ac-
coumanun. PeryanuBel MHGEKIIMOHHOTO Tporiecca B 41 % ciryyaeB OTMeUeHbI Y 6OJbHBIX C TTOTMMUKPOOHBIM
re3askeM.

KiroueBblie ¢j10Ba: epunporesHas nHpekiys, Mukpodiopa, BocrajaeHne, SHA0MPOTE3POBaHe

Inas uutupoBaHus: EpmakoB A.M., borganoBa H.A., MatBeeBa E.JI., TacanoBa A.I. AHain3 MUKpPOOHOTO Ieii3axka
y TMalMeHTOB C TEePUIIPOTe3HON WMHGeKIMeil Ta3o6eapeHHOro cycraBa. leHuti opmoneduu. 2025;31(3):307-313.
doi: 10.18019/1028-4427-2025-31-3-307-313.
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Abstract

Introduction The concept of the pathogenesis of periprosthetic joint infection (PJI) is the ability of pathogenic
microorganisms to colonize the surfaces of implants, which are infected during the surgery or by hematogenous
dissemination of bacteria. It causes poor results of PJI treatment. Microbiological identification of pathogen
species is the gold standard in the diagnosis of PJI.

Purpose To assess the etiology of the infectious process in patients with periprosthetic hip joint infection.

Methods The study analyzed revision interventions (n = 294) for PJI of the hip joint performed within the period
from 2010 throughout 2021. A total of 147 patients were operated on: 56 % (n = 82) were men and 4 % (n = 65)
were women. At the time of hospitalization, the fistula PJI type was diagnosed in 71 % (n = 105); 20 % (n = 29)
had edema and hyperemia of the postoperative suture area, and 9 % (n=13) of cases had open wounds.
The object of the study was bone and soft tissue samples obtained during excision of the infected material,
as well as removed implant components. Cultures were grown on dense nutrient media. Bacterial cultures
were identified by generally accepted methods using TB Expression (BioMerieux, France) and Walk Away 40
(USA) bacteriological analyzers.

Results The etiology of periprostheticinfection wasidentified in the majority of patients (93 %), while pathogens
could not be detected in the remaining cases. Bacteriological analysis revealed microbial associations in 31 %
of patients, gram-positive microflora in 52 % of patients, and gram-negative microflora in 10 %.

Discussion The most common types of microorganisms are gram-positive bacteria with a tendency
for resistant strains to grow. Gram-negative bacteria are isolated in joint infection, but less frequently.
The results demonstrate isolated gram-negative cultures in 10 % of cases. The second most common cause
of periprosthetic joint infection is polymicrobial infection, which was detected in 31 % of cases. Microbial
associations occurr in 10-45 % of cases; such a clinical situation at the start of treatment complicates
the empirical choice of drugs for antibacterial therapy.

Conclusions Microbiological study allowed identification of the etiology of the infectious process in 93 %
of patients. In more than half of the cases (52 %), the cause of implant-associated infection is gram-
positive microflora, and in 31 % of cases are microbial associations. Reinfection was noted in 41 % of cases
in polymicrobial patients.

Keywords: periprosthetic infection, microflora, inflammation, arthroplasty, revision

For citation: Ermakov AM, Bogdanova NA, Matveeva EL, Gasanova AG. Analysis of the microbial landscape

in patients with periprosthetic infection of the hip joint. Genij Ortopedii. 2025;31(3):307-313. doi: 10.18019/1028-4427-
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BBEIOEHUE

Konuermus maroreHesa rnepumnpote3noi mabexum (TIIT1) cTpouTcss Ha AMHAMMYECKOM PaBHOBECUM B3a-
MMOZENCTBYUS UMIIJIAaHTa M UMMYHHOM CUCTeMBI UesioBeka [1]. 3aceB MMIIZIAaHTOB MAaTOT€HHBIMU MUKPOOP-
raHM3MaMM OCYILECTBJISIETCS MO0 BO BpeMsI oTepalum, Jinbo mpy reMaTOTeHHOM AMCCeMUHAIM GaKTepuii
[2-6]. MHOTMe 6akTepyy GOPMUPYIOT OMOIIIEHKY HA META/UTMUECKUX U TTOTMITVIIEHOBBIX ITOBEPXHOCTSIX KOM-
TTIOHEHTOB SHIOIPOTE30B [2, 7-9]. OTa ClIOCOGHOCTH MUKPOOPTaHM3MOB (TaK Ha3bIBA€MbIX CECUIIBHBIX (hOPM)
obecrieunBaeT UX MePCUCTEHIIMIO Y BbDKMBAeMOCTb B TOCIIUTAIbHOI cpene. Kpome Toro, 6akTepum, yCTonum-
BbI€ K ITPOTMBOMMKPOOHBIM ITperapaTaM, OKa3bIBalOTCS YCTOMYMBBI K HUM U B (hOpMe OMOTUIEHOK, U B 3TOM
BUJIe OHM CTAHOBSITCSI HAaMMeHee YSI3BUMbIMMU JJIs1 IeCTBUS aHTMOMOTUKOB. [10, 11]. [InuTenbHOe 3a5kMBIeHM e
MOC/IeonepalOHHbIX KOCTHBIX paH 3a4yacTylo CBSI3aHO C IPOHMKHOBEHMEM IaTOT€HOB M BO3SHMKHOBEHMEM
B KOCTHO# TKaHM MMKPOaOCIleccoB, KOIOHM3aIMeli ocreobnactos [12—14]. Bmecre ¢ TeM, CylIeCTBYIOT TPY/-
HOU3JIeUMMble BUIbI BO36ynuTesed [I11, Takue Kak IITaMMbI CTahMUIOKOKKOB, Pe3UCTEHTHbIE K aHTUOaKTe-
pUaTbHBIM IIpernapaTaM Tpex U 6osee KIaccoB, PTOPXMHOIOH-PE3UCTEHTHBIE U KapbareHeM-pe3UCTeHTHbIe
rpaMOTpUIIATEeTbHbIE MUKPOOPTaHN3MbI, TpHOKOBast MUKpodiiopa [2, 15, 16]. Bee Bolenepeunciennslie (ak-
TOPBI PACKPBIBAIOT IIPUUMHY HEYIOBIETBOPUTEIbHBIX Pe3yabTaTOB JieueHus [TV u moguepKuBaioT Heo6Xo-
IVIMOCTB OpefeeHsT STUOIOTUY MTaTOIOTMYEeCKOTo mpoliecca.

Mukpo6mooruueckasi IMarHoCTHKa OCYIIECTB/SIETCS METOIOM BbIIeNeHUsT M UIeHTUGUKAIMY BO3OYIK-
TeJsl Mocyie 3abopa MaTepuasia U3 HeCKOMbKMX Hanbojee KOHTAMUHMPOBAHHBIX MOPasKeHHBIX TKaHelt [17].
i mecTpyKUMy 6MOTIJIEHKM OCYIIECTBIISTIOT 06paboTKy YAbTPa3BYKOM YIaIeHHBIX KOMIIOHEHTOB 9HIOMPO-
Tesa, C ITOJ Ke I1eJTbI0 BO3MOXKHO MpUMMeHEeHMe pacTBopa autuotpenutona [18-21]. Bpems uukybanum 6mo-
IJIEHOYHBIX OaKTepuii cocTasysieT 14—21 meHb, UTO BefeT K X 60jiee BhICOKO BhIKMBAEMOCTHM, B CPABHEHUM
C MOHOMHGEKIMSIMHU, Y KOTOPBIX MHKYOAITMOHHBIN TIePUO COCTAaBIsIeT 5—14 cyTok [22].

Ilesp paGoOTHI — OMPENENINTh XapaKTep MUKPOOMOIOIMUECKOrO Mefi3aska y IalMeHTOB ¢ MH(peKImelt, acco-
LMMPOBAHHOI C OPTONEANYECKMMI MMIUIaHTaMM Ta306eIpeHHOro CycTaBa.

MATEPWAJIBI 1 METO 1 bl

VccnenoBanue MpoBefieHO Ha MaTepuasie, MOaydyeHHOM OT 147 nmauueHTOB (56 % MyskunH U 44 % SKeHIIUH)
Toc/ie PeBM3MOHHBIX OIepaluii 1o MOBOAY MEePUITPOTe3HOM MHMeKLIUM Ta300eIpeHHOro cycTaBa. Bo3pact
nmanyeHToB coctaBwit (54,7 + 12,7) r. Yucmo ob6pasioB uccmegoBaunst — 294. Y 105 (71 %) mauyueHTOB Ha-
6momanu ceuieByio opmy I cycraBa, y 29 (20 %) oTMeuanu rumepeMuio, OTeK B 061acTy Imocieorepa-
IIMOHHOTO 1IBa, B 13 (9 %) ciyyasx MMennch OTKPbIThIe paHbL. Y 28 (19 %) manneHTOB HAGIIOOAIM OCTPOE
TeueHMe MHPEKLIMOHHOTIO Ipoliecca (MMPOoAo/KUTEIbHOCTb MH@eKIUK B cpegHem 21,8 mH., Me — 22; 95 % IIU
ot 19,7 no 24,0) my 119 (81 %) — xpoHuueckoe (IPOIOKUTEIBHOCTh MHMEKIMM B CpegHeM 26,3 mec.,
Me — 13; 95 % OU ot 20,5 no 32,3).

B 114 (78 %) ciydassx THOMHO-BOCIJIMTENIbHOE OCJIOKHEHNE Pa3BUIIOCh TIOCIe TIEPBUYHOIO SHAOMPOTE3N-
pOBaHMS U IUIIb B 33 (22 %) cryyastx — 1OC/Ie peBU3MOHHOTO BMeIIaTelbCTBA. JIeueGHbIN TPollecC B 3HAUM-
TeIbHOI CTeIeH! YCIOKHSIIO TShKeIoe KOMOPOUIHOe COCTOSTHYE TTAI[MEeHTOB I10 mKaie ASA (aHen.: American
Society of Anesthesiology), BbisiBiieHHOe y 82 (56 %) GOJbHBIX.

OO6BEKTOM MCCIENOBAHMUS CTYKWIM 06pas3Ilbl KOCTHBIX ¥ MSTKUX TKaHe, ITOMyYeHHbIX TIPU MCCeUeHUN VH-
(GUITMPOBAHHOTO CYCTaBa, a TAKKe yIaJleHHbIe 3JIeMEHThI SHIOIPoTe3a ManyeHToB ¢ IV Ta3obempeHHO-
ro cycraBa. Ha ocHOBe peKOMeH0OBaHHbIX METO/IOB, ITI0CEB ITPOM3BOAM/IM Ha TVIOTHBIE TTUTATEbHbIE CPelbl
(KeJTUHO-cosIeBovi arap, arap Cabypo, cpema JleBuHa, KOMTYMOUIICKIIT arap U MUTATeIbHbINA arap ¢ 5 % 6apa-
Hbelt KpoBu). O6pa3sIbl TOMEINaIN B TEPMOCTAT U MHKYOMpoBaiu npu 37 °C B TeueHue 24-48 u. [TogcumThI-
BaJIM KOJIMUECTBO KOJIOHMI B Yalikax [TeTpu, MoaydeHHbI pe3yybTaT IIepeBOAIIN B IeCSITUUHBIN JTorapudmM,
BoIpaskast B KOE/mu1. [Iist co3maHusi aHaspPOOHBIX YCIIOBMIA MCITO/Ib30BaIM Ta30reHepaTOPHbIE TTaKeThl «AHA-
poras», BbIpaliBasi TpMOKOBYI0 GIopy B TeueHue 5 cyT. mpu Temiepartype 30 °C.

Vizyuast 6akTepuanibHble KyJIbTYPbI, UX UAEHTUPUIMPOBAIM OOIIEIIPUHITHIMI METOaMM, @ TAKKE MCITO/b3YsT
6akrepuoniornueckue aHaausaTopsl TB Expression (BioMerieux, ®panuust) 1 Walk Away 40 (CIIIA).

Cratuctuyeckast 06paboTKa JaHHBIX BBITIOJTHEHA C ITOMOINBIO MMakeTa Iporpamm Statistica for Windows,
v. 13.0 (Stat Soft Inc., CIIA) u Microsoft Excel (Microsoft, CIIIA). [Ias xapaKTepUCTUKMU MUKPOOMOIOTIYe-
CKOT'O CIIeKTpa BBITIOJIHEHBI MPOIIeHTHBIe pacueTbl. OmucaTebHble CTaTUCTUUECKME Pe3yabTaThl IpeACcTaB-
JIsUIU cob0¥ cpefHee 3HAUeHMe * cTaHmapTHas omubka (SE) 1 KonmuyecTBeHHbIX JaHHbBIX. Pacipenenenue
IAHHBIX aHAIM3UPOBAIN C ITIOMOIIBIO TeCTOB HOpMasibHOCTHU Illannpo — Yunka u Konmoroposa — CMupHOBa.
CpaBHeHMe MeXIy HeCBSI3aHHbIMM BBIOOPKAMM ITPOBOIMUIIN C UCIIONb30BaHMeM Kputepust MaHHa — YUTHNA.
Pasyyamst canrany sHauuMbiMu ipu p < 0,05.
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PE3VJIBTATDHI

B uHTpaomnepanoHHOM 6MOIOTMYeCKOM MaTepuase BbigeneHo 196 mMTaMMOB aTOTeHHBIX MUKPOOPTaHU3-
MOB, CITEKTP KOTOPBIX ITPeICTaB/IeH Ha puc. 1. [loMuHMpOoBaHMe ceMmeiicTBa Staphylococcaceae 66110 OTMEUEHO
B 64 % cydaeB, 3HAUUTEIBHYIO YaCTh BbIZEIIEHHBIX IITAMMOB COCTAaBJISIM Takke Enterobacteriaceae (10 %),
Enterococcaceae (9 %) u Pseudomonadaceae (9 %).

B 39 nabmomenusix (20 %) BoisgBiernsl MRSA 1 MRSE, B 17 (9 %) — P. aeruginosa (puc. 1).

VmeHTudukanyuss MMUKPOOPraHM3MOB [jis1 BepubMKaIMM TAKCOHOMMUUYECKOI MPUHAIEKHOCTY IaTOTeH-
HbIX GakTepuil ToKasajga, YTO CpPeay BbIAENEHHBbIX M MACHTUDUIMPOBAHHBIX GaKTepuii OCHOBHYIO YacTh
MMKPOQJIOPBI COCTAaBWIIO ceMelicTBO Staphylococcaceae ¢ mipeobnamaHueM mTaMMOB Staphylococcus aureus,
Staphylococcus epidermidis v Staphylococcus saprophyticus.

VY 137 naumeHToB (93 %) Mmukpodaopa maeHTUGUIIMPOBaHa, ogHako y 10 mauyueHTOB UAEHTUUIIMPOBATD
BO30yauTeseit He yIamoch. Y 76 mamyeHToB (52 %) onpenensiivi 30/ Thl TPAMITIONIOKUTETbHO MUKPOQIIOPHI,
y 15 maumenToB (10 %) — rpamMmoTpuiiaTesbHast MUKpodI0pa B MOHOKY/IbTYpe. Y 46 manyeHToB (31 %) Ha6io-
JaJii HaJInuye MUKPOOHBIX accoLyaLuii (puc. 2).

25

W Staphylococcaceae
W Enterococcaceae

W Actinomycetaceae ! y B rpaMnonoxuTenbHas
: [ Mukpodnopa
m Corynebacteriaceae i
i ]
W Micrococcaceae Z rpamoTpuuatenbHas
MuKpodnopa
W Peptostreptococcaceae
1 MUKpOBHbIe

i Streptococcaceae

) accoupaumum
W Enterobacteriaceae
M HeuaeHTUOUUMPOBAHHbIE

Vibrionaceae
{ Bo3byauTenu

1 Pseudomonadaceae
Moraxellaceae

Puc. 1. Criektp Bo36ymuteneit ITII1 Ta3o6eqpeHHO- Puc. 2. BoisiBIeHHbIE MUKPOGIOPHI
ro cycraBa

CremyeT OTMETUTD, UTO B 22 % Ciy4yaeB, T.e. y 17 13 76 MalleHTOB C M30JIMPOBAHHON TPAMIOIOXUTEIbHO
MUKPOGIIOPOi (MOMUHMPYIOIIMM IITAMMOM 30JIOTUCTOTO, & TAaKKe MUAePMabHBIM CTa(GMIOKOKKOM) ITPO-
M30IIeT PelMINB THOIHO-BOCHAJIMTENBHOTO Mpollecca. [IoBTOpHOe HarHoeHue y 15 maimeHTOB € TpaMo-
TPULIATEITBHOI MUKPOQIIOPOTi (TTpeACcTaBIeHHON MTPeUMYIeCTBEHHO mTaMMaMu Pseudomonas aeruginosa)
OTMEUEHO TOIbKO B IBYX ciryuasix (13 %). Hambosee yacTo B cocTaBe IMOJMMUKPOOHOI MHMEKIVM BbIAEISIINCH
cemeiictBa Staphylococcaceae (78 %), Enterobacteriaceae (28 %), Enterococcaceae (26 %), Pseudomonadaceae
(15 %) u Moraxellaceae (6,5 %).

OueBUIHO B pe3y/ibTaTe IMPeNIIecTBYIONIEl Tepanuy aHTMOAKTepMaJbHBIMU IpernapaTaMu, y MaleHTOB
¢ IIIT1 gocTaTOYHO pacHpOCTpaHEeHbI U 3aHMMAIOT BTOPOE MECTO MOCjie TPaMITIO3UTUBHOM MUKPO(IOPHI MO-
JIMMUKPOOHBIE accoumaiuyu. MUKpoOHast acconmaiys 13 JByX areHTOB BbISIBJIeHA y 34 mauyeHToB (74 %),
U3 Tpex areHToB — Yy 11 (24 %). PocT ueThIpex MUKPOOPraHM3MOB BbISIBJIEH Y OTHOTO GOJIbHOTO.

O6111ee KOIMYECTBO MAlMEHTOB C PeNUAMBOM MH(PEKIVOHHOTO Mpoiiecca Py HATMUUY MUKPOOHBIX acCOIV-
aumit cocraBuio 19 yenoBek (41 % HaGMIOAEHMIT), YTO OBLIIO CAMBIM BBICOKMM YMCIOM OCIOKHeHU. C 11e/ThIo
KYIIMPOBaHMSI BOCITA/IMTEIBHOTO TIpollecca MIecTy MalyeHTaM C peluauByMpoBaHeM MHQPEKIUY TPOBOAVIIN
MTOBTOPHYIO XMPYPIUUECKYI0 06paboTKy, BOCbMM MalliieHTaM OCYIIeCTBWIN 3aMeHY CIieiicepa, OCTaIbHbIM —
Pe3eKIMOHHYI0 apTPOIIACTUKY.

[Ipu He MAEHTUOUIMPOBAHHOM COCTaBe MUKPOMIOPHI Y ABYX 13 10 MalMeHTOB MPOM30IIIO TOBTOPHOE Ha-
THOEHME B MepMOoJ, HAXOXKIEHMs B CTal[MOHape. DTUM MAlMeHTaM IPOBEAEHO ABYXITAITHOE PEBU3MOHHOE
BMeIIaTelIbCTBO.

CpaBHUTeIbHAS OLIEHKA Pe3y/bTaTOB MHTPAOIIEPALIIOHHOTO MCC/IeAOBAHMSI MUKPOOMOIOTMYECKOTO CITEKTPa
BO30yauTesnell y MalnyeHTOB C OCTPOii M XPOHMUECKOi hopMaMy MMIUIAHT-aCCOMMPOBAHHON MHGEKIMN
MpeacTaBjieHa Ha puc. 3.

B cTpyKType onepaTUBHbBIX BMeLIaTeabCTB Mo ooy TN y 28 (19 %) nanyeHToB MaHudecTaius MHGeKuun
coctaBmia 22 gH. (MKU-17 — 27,5 aH.), a y 119 maneHTOB NPOJOIKUTENbHOCTb THOMHOTO IIpoIiecca cocTa-
Buia 26 mec. (8—35 mec.).
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B cTpyKkType MMKPOOHOTO Ieji3aka MalyeHTOB C OCTPOi U XpoHMUecKoi hopmamu MHOEKIMOHHOTO IMpo-
1ecca BKJIAJ M30MPOBAHHONM IPAMITONIOKUTENbHOM (44 % u 55 %) u rpamotpunatenbHoit (7 % u 10 %) Mmu-
Kpodopbl 66T corocTaBuM (puc. 3). OmHAKO OTMEUYeHO, UTO MUKpOOHbIe acconyanyy 1 MRSE mrtamMmbl
cTaTUcT4ecku 3HauuMo (p < 0,05) vaiile BCTpeyaauch y HalMeHTOB ¢ OCTPOit GopmMoil MHGPEKIIMOHHOTO MIPOo-
recca. MeTULIVITMH-PE3UCTEHTHBIE IITaMMBbl STMIepPMabHOTO CTadhMUIOKOKKA SIBJISIUCH IPUUMHON pa3Bu-
TUSI OCTPOTO MHQEKIMOHHOTO Tpoliecca MPakKTUYeCKy B KaXKIOM TpeTbeM ciiyuae (29 %). B menom, peruans
aryamwicss y 7 (25 %) manyeHToB ¢ OCTPbIM U Y 39 (33 %) maleHTOB ¢ XpOHMUECKMM BapUaHTOM TedeHMUs!
MHGEKLUMOHHOTrOo mpouecca ITIN.

rpamnonoxuTensHas Mukpodopa 55 L
0

rpamoTpuuaTenbHasg MUKpodopa
MUKPOBHble accoupaLmm

pocTa He 06Hapy»eHo

MRSA

MRSE

7%

B/IPC 3%

11%

P. aeruginosa 10%

0% 20% 40% 60%
ocTpasi ¢opMa M XpoHMYeckas dopma

Puc. 3. Mukpo6uonornueckas XapakTepucTiKa oceBHOro MaTepuasa 60IbHBIX C OCTPON ¥ XPOHUUECKOi hopma-
vy IV Ta306eIpeHHOTO CyCTaBa

OBCYXIEHUE

OteHMBast MUKPOOHBIN TMeji3ak MalyeHTOB ¢ MMILIAHT-aCCOLMMPOBAHHON MHMeKIMet, cieayeT 3aMeTUTh,
YTO KJIETKY MUKPOOPTaHM3MOB, 0CO6EHHO B YCJIOBMSIX OMOTUIEHOK, ITPHOOPETAIOT BCe 60siee BRIPAsKEHHYIO pe-
3MCTEHTHOCTb K TPOTMBOMMKPOOHBIM IIperaparam. JTO, B CBOIO Ouepe/ib, TPeGyeT HOBBIX ITO/IXO/I0B K OLleHKe
DPUCKOB ¥ JIedeHUI0 MHQEKIMOHHOTO IPoliecca, pa3BUBIIEroCs IOC/Ie SHIOIPOTe3UPOBaHMS Ta300eqpeH-
HBIX CYCTaBOB. B TeueHye Bcero cpoka HaxOXAeHMS B OpraHyu3Me OPTONEeAMYeCKOro MMIIIaHTa COXpaHseT-
cs1 puck passutust [T, oCHOBHBIMYM BO30YOUTEISIMY KOTOPOI SIBJISIOTCS TPAMITONIOKUTENbHbIE OaKTepuUn
(uale BCero 30JIOTUCTBIN U SMUAEPMATbHBIN CTaQWIOKOKKN), XapaKTepU3YIOLMecs POCTOM Pe3UCTEeHTHBIX
MTaMMOB [23-26]. OTCYyTCTBME MUIIEHEN IJIsl IPOSIBJIEHUS eI iCTBMUS aHTUMUKPOOHOI Tepammu y MHOTMX
IPaMIIOIOKUTENIbHBIX MUKPOOPTaHM3MOB IIPUBOAUT K OTCYTCTBUIO KOHTPOJIS HaJ, Pe3UCTEHTHBIMM IITaMMa-
MU, BbI3bIBasi 3aKOHOMEPHYIO TPEBOTY JIedalllX Bpayeli, UTO HalllJIO CBOe OTpakeHMe, KaK B OTeYeCTBEHHDIX,
TaK U B 3apyOeXHbIX mybmukarmsx [27-30].

Bropoii mo 3HAUMMOCTM ISTUOJIOTMUYECKON MNPUUYMHON HATHOEHUSI SHAOIIPOTE30B SIBJSIETCS IOIUMU-
KpoOHast MHpeKys. YacToTa BCTpeUaeMOCTM ITOIMMMUKPOOHOM MHMEKINM MMeeT TeHAEHIIUIO K POCTY,
MbI HaOmomanu ee B 31 % ciayuaes. [TonmMukpo6Hast MHGEKIMS Y HAIIMX TalMeHTOB Ipe/icTaBIeHa Ipe/i-
CcKa3yeMbIM cIiekTpom: Staphylococcaceae — 78 %, Enterobacteriaceae — 28 %, Enterococcaceae — 26 %,
Pseudomonadaceae — 15 % u Moraxellaceae — 6,5 %. Takasi KTMHMYECKas] CUTyalMsI YCIIOKHSIET BbIOOD anek-
BATHOTO pekuMa aHTMOMOTUKOTepanuy 1, 3a4acTyio, IPUBOAUT K XYOIIMM MCX0maM B cpaBHeHuU c TN
C MOHOMUKPOOHOIT MUKPOGIIOPOIi, YTO OTMEYAIOCH U B IMTEPATYPHBIX MUCTOUHMKAX [31, 32]. Psam ucciemoBa-
TeJieli YKa3bIBAIOT Ha HEOOXOOMMOCTh YUMTHIBATh SKCIIPECCHIO TTATOT€HHOCTY MUKPOOPTaHM3MOB, a TaKKe
UX CIIOCOOHOCTD K O6MOTIIeHKO06pa3oBaHmio [33—37], B CBSI3M C ueM OmpejeleHne CIIeKTpa Bo30yauTenei
[TV ipuo6peTaeT 60IbIIOE 3HAUEHME.

YV 60/bHBIX B HallleM MCCIef0BaHMM He BbIsIBeHa IpuOKOBasi MUKpOQopa, HO B 3apyOeXKHbIX ITyOIMKaIy-
SIX yAenseTcsl BHMMaHMe TPUMOKOBBIM MHQEKLMIM, KOTOPble BCTpevaloTcs B 1-4 % ciryyaeB, OJABSIONIYIO
ux vactb (80 %) cocrasisior rpubb pona Candida [38, 39]. laHHast mpobaeMa XapaKTepHa JIJisi UMMYHOKOM-
MIPOMEHTMPOBAaHHBIX 601pHBIX [40, 41].

[TpoBegeHHOE MMUKPOOMOJIIOIMYECKOEe MUCCIeIOBaHNe TTePUITPOTE3HbIX TKAHE! BBISIBUJIO STUOJIOIMIO0 MH(pEK-
LIIMOHHOIO IIpollecca B IOAABJSIONIEM OOJbIIMHCTBE (93 %) McciemoBaHHBIX ciydyaeB. Hambosee wacToit
MIPUYMHONM HeuaeHTUdUKAIMY BO3OYIUTENS, OUEBUIHO, SIBJISIICSI TIPMEM aHTMOAKTePUAIbHbBIX ITPeIrapaToB
0 OGHapYyKeHMS ITaToreHa.
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3AK/IIOUEHUE

[MpeumyieCcTBEHHO MPUUMHOIL pa3BuTys [T SBASIOTCS rPaMITO3UTUBHAS. MUKPOGIOpa M MUKPOOHbIE ac-
coumaIun. JlocToBepHbIe pas3inuisi y O0JbHBIX C OCTPBIM M XpOHMYeCKUM TuIoM IV oTMeuanuch 1o ypoB-
HI0O MMKPOOHBIX acCOUMaNil ¥ MPUCYTCTBMUIO mTaMMOB MRSE ¢ TpeHIOM Ha JOMMHMPOBAHME B TPYIIIIE
C OCTPBIM XapaKTepOM BOCHaIeHMS.

Koudmuxm uHmepecos. ASmOpbl 3asendarnm, umo KOHd]ﬂl,le uHmepecos omcymcmayem.

HUcmouHuk ¢punaucuposanus. Paboma nposedena Ha 6ase u npu noddepxcke @®I'BY «<HMHUI] TO umenu akademuxa I.A. Hnu-
3apoea» MuH3sdpasa Poccuu. QuHaHcos8oli noddepicku co CMopoHsl KAMNAaHuti — npousgodumeseli iekapcmeeHHslX npenapa-
moe asmopsl He NOJYUALL.

Amuueckas skcnepmu3sa. Viccnedosatue 0006peHo amuueckum komumemom @I'BY «<HMUI] TO umenu akademuxa I.A. Hnu-
3apoea» Mun3dpasa Poccuu (npomoxkos om 28.04.2022 N° 1(71)).

Hngopmuposannoe coanacue He mpebyemcs.
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feHoTun — eHoTMNMUECKAA accouMaLUsa FreTepo3UroTHOM aeneumm reHa TBX-6
Yy NALUEHTOB C BPOXXAEHHbIM CKOJIMO30M

C.E. Xanbumukmit, C.B. Buccapnonos, N.A. NepwnnHa, K.I. bycnos, 0.A. HoBocaa, M.B. CorosH,
M.C. Acapynaes, M.B. lepupbik

HaioHanbHbIN MeIVUIIMHCKUIA MCCIeIOBATeNbCKUI LIEHTP AeTCKOI TPaBMAaTOJOTUM U OPTONeq U
umenu I.U. TypHepa, CaukT-IleTep6ypr, Poccus

ABTOp, OTBEeTCTBEHHBIN 3a mepenucky: [lonnHa AunpeeBHa [lepmmuHa, polinaiva2772@gmail.com

AnHOTanua

BBegenne. BpoxkmEHHBIN CKOMMO3 — My/AbTU(daKTOpUaIbHOE 3ab0eBaHNe, 0OYCIOBIEHHOEe HapylIIeHeM
bopmupoBaHIis MO3BOHOUYHMKA B aMOpuoreHese. 'eH TBX6, paclojosKeHHbIN B ToKyce 16p11.2, urpaeT Kio-
YeBYIO POJIb B COMUTOTE€HE3e, a er0 reTePO3MUTOTHAS AeIelysI CBSI3aHa C pa3BUTHeM crelnbunyecknx GeHoTH-
TIOB BPOKIEHHOT0 cKommo3a (aHen.: TBX6-associated congenital scoliosis, TACS). HecMoTpst Ha MMeIOLIecst
MHOTOUYMC/IeHHbIe MccaenoBaHust ponu TBX6 B maToreHese BPOXKIE@HHOTO CKOMMO03a, TaHHbIe 0 GeHOTUInYe-
CKMX MPOSIBJIEHUSIX T€TePO3UTOTHOI meenny obiaact 16p11.2 ocraioTcst orpaHMYeHHbIMMA.

Ilenp paboTsl — onpeneneHue u rnoaTeepkaeHne TACS dbeHOTHUIIa B CBSI3M C HAJIMUMEM Jeelyy 00/1acTu
16p11.2 y nanueHTOB POCCUITICKOM KOTOPTHI.

Marepuasnbl M1 MeTOAbI. B MOHOIIEHTPOBOE peTPOCIeKTUBHOe KOTOPTHOE MCCaeloBaHMe BKIoueHo 187 na-
IIMEHTOB C OMAarHO30M «BPOXXIEHHbBIN CKOIMO3», TpoxoauBiinx jedeHne B HMULL ITO mum. I.U. TypHepa
B nepuop ¢ 2012 mo 2021 rr. BepuduKkaLuio reTrepo3sMroTHo nenenun (obaactu 16p11.2) mpoBoguiu MeTo-
moM MQRT-PCR. I'pymima generuu coctaBmia 42 manyeHTa, rpymnmna Hopmel — 145 rpo6anmoB. KinnHnueckue
U PEHTTeHOJIOTUYEeCKMe NaHHble aHAIM3UPOBAIN C LIeJbI0 BBISIBIEHMS JTOKaAMU3al U, BapuaHTa U MHOXKe-
CTBEHHOI'O XapaKTepa aHOMaJI, HAJIMUMSI COMYTCTBYIOIIMX MOPOKOB pa3BUTHS. [T 06pabOTKM JaHHBIX
MIPUMEHSTM METO/IbI OTIMCATEIbHOM CTATUCTUKM U KOI(POUIIMEHT B3aMMHOI coTpsskeHHOCTH [TMpcoHa.

PesynbTaThl. ['eTeposuroTHas nenenns TBX6 BoisiBiieHa y 22,4 % manyeHToB. Haubosee yacToit jokann3sa-
Lyel aHOMaJIniA SIBJISUIVCh TPYIHONM U MOSICHUYHBIN OT/IeJbl T0O3BOHOYHMKA, [IPY 9TOM BOBJIEYEHME [IeTHOTO
OTHena B TPYIINe Aeseliuy He 3aperucrpupoBaHo. Hapymenne GopMupoBaHus MO3BOHKOB 0Ka3aja0Ch Hau-
60J1e€ YaCThIM TUITOM aHOMAaJIMii B 00eMX IrpyInax UCCIeIOBaHMsI, HO UX OIS Obla BhIIIE Cpeny MalyieHTOB
¢ TBX6-peneuuneit (50 % npoTtus 43,4 %). MHO>KeCTBeHHbIe TIOPOKYM PA3BUTHSI TO3BOHOUHMKA PETUCTPUPOBA-
Jiu daite B Tpytine ¢ genenyeii (50 % npotus 35 %). COMmyTCTBYIOIIVE TOPOKM BHYTPEHHUX OPTaHOB Y MaljeH-
TOB C Aejenueli Berpeuannch peske (31 % npotus 43,4 %), Torma Kak CMHOCTO3bI pébep 1 60j1e3Hb lllmpeHress
6bLIM 60JIee PacIpoCTPaHEeHbI.

O6cykmenme. TACS xapakrepusyercs creuubuUUecKUMM MPOSBAEHUSIMM, BKIOUYAasT MHOXKECTBEHHbBIE I10-
POKM pa3BUTKSI TO3BOHOUHMKA, TPEUMYIIeCTBEHHO JIOKAJIM30BaHHbIe B TPYAHOM U MOSICHUYHOM OTAeNax, a
TaKke CMHOCTO3bI pebep 1 60se3Hb IlImpeHress, YTO COmIacyeTcs ¢ JaHHbIMIU HAyYHO JTUTepaTyphl.

3akmoueHue. [ToyuyeHHbIE Pe3YIbTAThl MOTYEPKMBAIOT HEOOXOAMMOCTD BKIIOUEHMUS TeHETUUECKOTO TeCTH -
poBaHUs Ha TBX6-IeNenyio B arOPUTM AMAarHOCTUKM BPOKIEHHOTO CKOJIMO034a, UTO MOKET CITOCOGCTBOBATD
paHHEeMY BbISIBJIEHUIO U MePCOHAINM3UPOBAHHOMY ITOAXO0AY K JIEUEHUIO TaHHO KaTeropun mauueHToB.

KnroueBslie cioBa: congenital scoliosis, TACS, genetics, BposkaeHHbIe fedopMaliyy MO3BOHOUHMKA, AeTU
HOns mutupoBanus: Xanbuniikuii C.E., Buccapuonos C.B., Ilepmmua I1.A., Bycnos K.I., HoBocapg 0.A., CorosiH M.B.,

AcapnymnaeB M.C., Tepupik M.B. TeHoTUIT — (heHOTUITMUECKAST ACCOIMAIIVS T€TEPO3UTOTHOI nenelun reHa TBX-6 y nmaiu-
€HTOB C BPOXXIEHHBIM CKOM030M. I'eHuti opmoneduu. 2025;31(3):314-321. doi: 10.18019/1028-4427-2025-31-3-314-321.
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Abstract

Introduction Congenital scoliosis is a multifactorial disease caused by abnormalities in vertebral development
during embryogenesis. The TBX6 gene, located at locus 16p11.2, plays a key role in somitogenesis,
and the heterozygous deletion is associated with the development of specific phenotypes of congenital
scoliosis (TBX6-associated congenital scoliosis, TACS). Despite numerous studies on the role of TBX6
in the pathogenesis of congenital scoliosis, there is a paucity of data on the phenotypic manifestations
of heterozygous 16p11.2 deletion.

The objective was to identify and confirm the TACS phenotype being associated with 16p11.2 deletions
in the Russian patients.

Material and methods A single-center retrospective cohort study included 187 patients diagnosed
with congenital scoliosis treated at the Turner National Medical Research Center for Pediatric Orthopedics
and Traumatology between 2012 and 2021. Heterozygous deletion (16pl1.2 region) were verified using
MQRT-PCR. The deletion group consisted of 42 patients, and the control group included 145 probands. Clinical
and radiological findings were reviewed to identify localization, type and multiplicity of vertebral anomalies
and associated malformations. Descriptive statistics and Pearson's correlation coefficient were used for data
processing.

Results Heterozygous deletion of TBX6 was detected in 22.4 % of patients. The thoracic and lumbar spine
were common localizations, while involvement of the cervical spine was not identified in the deletion group.
Vertebral malformations were the most common anomaly in both study groups, but their prevalence was
higher among patients with TBX6 deletion (50 % vs. 43.4 %). Multiple spinal malformations were more
common in the deletion group (50 % vs. 35 %). Associated internal organ defects were less common in patients
with deletion (31 % vs. 43.4 %), while rib synostoses and Sprengel's disease were more common.

Discussion TACS is characterized by specific manifestations including multiple vertebral malformations
in the thoracic and lumbar spine, rib synostoses and Sprengel's disease, which is consistent with the scientific
literature.

Conclusion The findings indicate the need to include genetic testing for TBX6 deletion in the diagnostic
algorithm for congenital scoliosis to facilitate early detection and a personalized approach to treatment
of this cohort of patients.

Keywords: congenital scoliosis, TACS, genetics, congenital spinal deformities, children
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BBEIOEHUE

Bposkaéxnbie nedopmaliiiiy Mo3BOHOUHMKA, K KOTOPBIM OTHOCUTCSI BpOXKAEHHDIN ckonmo3 (BC), mpencrasiisi-
10T 06071 aKTyaIbHYIO ITPO6IeMY B 06JIaCTM AETCKOM OPTOMEANN U CBSI3aHbI C HApyIIeHeM GOpMIPOBaAHMS
0CEeBOTO CKeJleTa B Ipoifecce sM6puorenesa [1]. KpuTuuecky 3HaUMMBIMY TTPUUMHAMM, TPUBOISIIMMMU K IT0-
pOKaM Pa3sBUTHS TTO3BOHOYHOTO CTOIOA, IPUHSATO CUMTATh Te€pATOTEeHHbIE (PAKTOPHI M CBSI3aHHbBIE C HUMU
MyTAaI[MOHHbIE TIOBPEKAEHMS TeHOMa, BO3eiiCTBYIOIMe Ha GopMupoBaHMe IUIOAA B MepBbie 6—8 Hemenb
sMmb6puorenesa [2]. Yactora BC 1Mo mJaHHBIM 3MMOEMMOIOTUYECKUX MUCCaeAoBaHMii cocTasisiet 0,5-1 ciaydait
Ha 1 000 HOBOPOXAEHHBIX [3].

AHOMaUM pa3BUTHKS MTO3BOHKOB, TaKMe Kak MOJYII03BOHKM, 6a60YKOBMIHbIE TIO3BOHKM U Te(heKThbl CerMeH-
Talyuu, MOTYT OBITh MPUUMHOIN ITPOTPECCUPYIONIEe CKOMMOTUYECKON 1/miu KudoTtuueckoit gedopmanyum
MTO3BOHOYHMKA, MTPUBOASIIEN K HAPYIIeHNI0 QYHKIMOHAIbHOM aKTUBHOCTM CEPAEUHO-COCYIMCTONM U JTbIXa-
TEIbHOI cucTeM, ¥ GOPMUPOBAHMST HeBpoioruueckoro geduimra [4, 5]. HecmoTpst Ha ycmexu, TOCTUTHY-
Thl€ B IMArHOCTMKEe 3TO¥ MATOJMOTMM Y AeTeli paHHero Bo3pacTa, Imporpeccupyome GopMbl BPOKIEHHBIX
MCKPUBJIEHUT TIO3BOHOYHOTO CTOJI0A TPEOYIOT BBICOKOTEXHONIOTMUHOTO ¥ CBOEBPEMEHHOTO XUPYPTrUIeCKOTO
JledeHMsI B BO3pacTe [0 TpeX JIeT y 3HAUUTEeIbHOM 4acTy MalyeHTOoB [6].

CoBpeMeHHbIe JOCTMKEeHNST B MOJIEKY/ISIPHOI TeHeTHKe IMO3BOJIMIIU BbISIBUTb ['€HbI, OTBETCTBEHHbBIE 3a Qop-
MMPOBaHMe BPOKIEHHBIX AedopManyii T0O3BOHOYHMKA M BPOKAEHHOTO CKOIno3a [7, 8, 9]. B uactHOCTH, TeH
TBX6 SIBRSIeTCS OJHVUM U3 KITIOUEBBIX (PaKTOPOB, OMPEIESIONINX PA3BUTIE TTO3BOHOYHOTO CTO/I0A, OH yJa-
CTBYET B IPOIleCCaX COMUTOTeHe3a, perynmmpys GopMupoBaHue mapakCUaabHOM Me30IepMbl, U3 KOTOPOil
pa3BUBAIOTCS TO3BOHKM U pébpa [10, 11]. CoBpemMeHHbIe IMyGIMKayM KOHCTATUPYIOT, YTO OKoio 7,9-10,6 %
HaOTI0IeHMI BPOSKIEHHOTO CKOJTM03a CBSI3aHbI C MyTanyssMy TBX6 1 dailie BCero pasBMBalOTCs CIIOPaNIECKH,
IIPU 5TOM CeMeliHble CJIydyay OmmcaHbl y 1-3,4 % nauyeHTos [12]. McaienoBaHusl Ha MOZENSX SKCIIEPUMeH-
TaJIbHBIX SKMUBOTHBIX TIOATBEPAMIIN, UTO I'MTTOMOpPGHbIe ayuteny u aenenuyyu TBX6 npuBoasT K GOpMUPOBAHNIO
6a60YKOBUIHBIX TO3BOHKOB ¥ TOJNYITO3BOHKOB [13]. O6bEKTOM JaHHOI PabOThI SIBJISIETCS TETEPO3UTOTHAS
nenenyst B obmactu 16p11.2 XpoMocoMBbl, 3aTparuBaloliasi y4acToOK KOPOTKOro Iieua (p) 16-it XxpoMOCOMBI,
Ha KOTOPOi1 pacrosniokeH reH TBX6. [leneniust pecTaBisieT co60i TUTT TeHEeTUYeCKO MyTalyy, Ipu KOTO-
poii yTpauuBaeTcs TOT wiy MHOI yyactok [IHK [14] . B pe3ynbraTe 3TOV IOTEPU MOXKET U3MEHSThCS CTPYK-
Typa reHa Wiy TeHOB, UTO MPUBOAUT K HapylieHuto ux GyHKIMiL. [oMo3uroTHas menerys 16pl1.2 sBaseTcst
JIeTanbHON st a3M6proHa [15]. B cryyae reHa TBX6 reTepo3uUroTHas Aefelus U MPOUYyre TeHOTUITBI MOTYT
xXapakTepu3oBaTh TBX6-acconMMpPOBaHHBIN cKoamo3 (aHen.: TBX6-associated congenital scoliosis, TACS),
omnmcaHHblii J. Liu et al. y 52 manyeHTOB Kutaiickoi momyssiuym [16]. TACS xapaktepusyeTcs crienyduuecku-
MM GEHOTUTIAMU U KIIMHUYECKUMY TTPOSIBIIEHUSIMU, TAKMMY KaK ITOMYTIO3BOHKY ¥ 6a60UYKOBU/THbIE TTO3BOH-
KU, IPeUMYIIeCTBEHHO B HVKHETPYJIHOM U IMOSICHUYHOM OTHenax [16].

Ananu3 koropt nanueHToB B Kutae, dnonunu u CIIA mokasai, yTo myTaium TBX6 4acToO acCOLMMPOBAHbI
C IPOCTHIMM AaHOMAJIMSIMM (POPMMPOBAHMS [TO3BOHOUHMKA U PEIKO COIPOBOXKIAIOTCS TSLKEIBIMU AedeKkTamm
CerMeHTalVy MY UHTPACITMHAIBHBIMY aHOManusivMu [17]. KnyuHudeckas 3HaUMMOCTb TTOJO0OHBIX MUCCIeN0-
BaHMI1 3aK/II0UaeTCs B pa3paboTKe MPeaUKTUBHbBIX Mojeseli, Takux Kak TACScore, KOTOpbIe ITOMOTaloT UAeH-
TUGUIMPOBATH MAIMEHTOB C BBICOKMM prckoM Haymumst TACS [18]. OgHako mcciieqoBaHus TeTepO3UTOTHOM
nenenyu TBX6 v TACS dbeHOTHIIA B POCCUIICKOI 1 €BPOITEIICKOI MOMYISIIIMASIX IO CUX TIOP He MTPOBEJEHBI.

Ilens paGoTsl — omnpeneneHne u noaTeepkaeHne TACS deHoTMIIA B CBSI3Y C HAIMYMEM Jelenyn 061acTu
16p11.2 y mauueHTOB pOCCUIACKOI KOTOPTBHI.

AHaIN3 TTOTyYeHHbBIX TAHHBIX IIO3BOJISIET BHISIBUTD XapaKTepHble (DeHOTUITBI M OTIPEIEIUTh YaCTOTY BCTpeYa-
€MOCTH B MCC/IeyeMO¥i TPYIIIIe MalieHTOB, a TAKKe OILIEHNUTh BO3MOXKHYIO KOPPEJISIIINIO C COMYTCTBYIOIIMM
AHOMATMSIMM PA3BUTUSI OPTAHOB U CUCTEM.

MATEPUAJIBI U METOIbI

IOu3saitH paboThl MIPeACTaBISIET COO0V MOHOIIEHTPOBOE KOTOPTHOE PEeTPOCIEKTUBHOE MccienoBanmue. [Ipo-
AQHATM3UPOBAHBI PE3YIbTAThI MOJIEKY/ISIPHO-T€HETUUECKOTO ¥ KIMHUYECKOTo 06cienoBanms 187 manyeHToB,
MPOXOAMBINKX JieueHne Ha 6a3ze HMUILI 1TO um. I.U. TypHepa B nepuop ¢ 2012 mo 2021 rr.

Kpurtepun BKIIOUEHUST: BepuUPUIVPOBAHHbBIA OMarHO3 «BPOXKIEHHBI CKOMMO3» I10 JAaHHBIM KOMILIEKC-
HOTO KJIMHWYECKOTO ¥ JIy4eBOro o6c/iemoBaHMs, OTCYTCTBME OTSTOIIEHHOTO TeHeTHMYEeCKOTO aHaMHesa,
I0OpOBOIbHOE MHGOPMUPOBAHHOE COT/IacKe MalVeHTOB MM UX 3aKOHHBIX MpeNCcTaBUTeNeil Ha yJ4acTyue
B MCCIeAOBaHUMN.

Kpurepun HeBKIIIOUeHMSI : TALIMEHTBHI, B X0[e 006C/IeJOBaHMS Y KOTOPBIX He ObLT IOATBEPsKAeH AMAarHo3 «BPOsK-
IIEHHBI CKOJMO3»; BepUGUIMPOBAHHbIE TEHETUUECKME CMH/IPOMBI Y MaIMEeHTOB /WY UX POJICTBEHHUKOB,
a Taxke OTKa3 Mal[MeHTa Wi 3aKOHHOTO IIPeICTaBUTENS OT yYaCTUs B MCCIeIOBaHUNA.
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HccnemoBaHue BbITIOJIHEHO B [iBa 3Taria. B Xofe mepBoro aTara oCyIieCTBISIM MOJIeKYISIpPHO-TeHeTuYeCKuit
aHanm3 reHomHoit [THK, BbieieHHOI 13 JIeKOIIUTOB nepudeprueckoit KpoBU MpoOaHI0B, HallpaB/IeHHbIN
Ha TIOMCK Aeyieniuii B o6mactu 16p11.2 xpomocombl. Beimenene renoMHoit JTHK poBoauiu ¢ MCIOTb30BaHM-
€M KOMMepuecKoro Habopa peareHToB («CUHTOM», MOCKBA). [I71s1 BHISIBJIEHMSI T€TEPO3UTOTHO Jeely reHa
TBX-6 nipyMeHeH MeTOof, MYJbTUIIEKCHON KOMMUeCTBEHHON monuMepasHoli uenHol peakuuu (IT1P) B pe-
ampHOM BpeMeHy (MQRT-PCR) ¢ diryopeciieHTHO-MeUeHbIMM THOPUAM3alIMIOHHBIMY 30HAaMM TUIa TagMan.
TP mpoBoamu B 25 MKJI cmecu, comepskamieii 1 xITLIP-6ydep, 0,5 equumnil aktuBHOCTM Taq-IHK-mmonmmepasbl
SynTaq («CunTton», Mocksa), 3,5 mmonb/n MgCl2, 200 mkmosnb/n Kaskgoro dNTP, 5 % pumMeTmicynbhoKcu,
0,5 % dopmamuz. PeakiMoHHast cMeCh Takke comepskana 1mo 500 HMOJIb//T KaskAOTO OIUTOHYKIEOTUAHOTO
nipaiimepa u 200 HMOJIb/J Kaskaoro u3 diayopeciieHTHO-MeueHbIX ITILIP-30H10B («<EBporen», MockBa). AHamu3
BBIMOJTHSIICS C MCITONIb30BaHyeM cucteMbl Bio-Rad CFX96 (Bio-Rad, CIIIA).

Ha BTOpOM 3Talle uccieqoBaHus IPoaHaIM3YPOBaHbl KIMHUYECKIE JaHHbIe OTOOPAHHBIX MAlIMEHTOB C 1IeJIbI0
ompeneneHust GeHOTUITMUECKUX MTPOSIBJIEHNIT 3a60eBaHMs. Bce mpob6aHIbl paseseHbl Ha B TPYIIHI B 3a-
BUCUMOCTM OT HaJIMYMS TeTepO3UTOTHON Aenenuu. I'pyrmna reHOTUNa reTepo3uUroTHON menennuu 16pll.2
cocraBwIa 42 manyeHTa, rpyIna HopMbl — 145 mpo6aHa0B. B aHanmM3 BKIIOUEHbBI JaHHbIE MeIUIIVTHCKOI 10-
KyMEeHTaIIVI, UCCITeNOBAHMIT MeTOIaMy PeHTreHOTpaduy, MylTbTUCIIVPATbHO KOMITBIOTEPHOT TOMOTpadmmn
(MCKT) 1 MarHUTHO-pe30HaHCcHOoIi Tomorpadum (MPT).

IJis1 OLIeHKY pe3yJIbTaTOB MPUMEHEHbI METO/IbI OTIMCATEIbHON CTAaTUCTUKN. [IJIT OIIeHKM 3HAUMMOCTU Koppe-
JISIITAY TIPUMeEHSUICS KO3hPUILIMEeHT B3aMMHOJ COMpsiKeHHOCTM [TnpcoHa.

PE3VJIBTATHI

[To pesynbraTaM BBLITIOHEHHOV MYJIbTUIUIEKCHOM KonudecTBeHHOV [P B peanbHOoM BpemeHu (MQRT-PCR)
u3 187 o6pasiioB renomHoit JJHK y 42 mpo6aHmoB BepubuilMpoBaHa rereposuroTHas genenus 16p11.2 rena TBX6
(TBX6/null renoTum).

Ha BTOpOM 9Tare uccieqoBaHys TPOaHAIM3MPOBAHbI TaHHbIE KIIMHMYECKOTO ¥ MHCTPYMEHTAIBHOTO 06CITe-
IOBaHMS TPYIIN C TeTePO3UTOTHON menerueit (n=42) u 6e3 Hee (HOPMBI) (n = 145) B 06beMe IMaHOPAMHOI
peHTreHorpaduy MO3BOHOYHMKA B MOJIOKeHNM Jieska, manHbie MCKT mist BepuduKkaiuy JoKaIu3auum 1 Ba-
pUaHTa aHOMaJIMM TTO3BOHKOB, HaHHbie MPT ¢ 1enbio UCKIIYEeHMS MHTpaKpaHMaabHOM naTtonornu. Cpen-
HMIT BO3PACT MalMeHTOB Ha MOMEHT 06ciaenoBaHus coctaBui (6,00 * 2,73) roma, n3 HUX 79 (42 %) My>KUMH,
108 (57 %) — >keHIIUH.

Jlokanusayus aHomanuti

AHaIM3 JoKaIM3alMii aHOMaJIMIA IT03BOHOYHMKA TT0Ka3aJI, YTO HanboJjIee 4acTo B 06euX rpyIinax nopaskajinuch
TTOSICHUYHBII U IPYIHOI OTHesbl. C yaeToM O0/bIIMHCTBA MAlIeHTOB C MHOKECTBEHHBIM XapaKTepoM Iopa-
SKeHMsI [T03BOHOYHOTO CTO/16a, TOPOKaMy pa3BUTHS TO3BOHKOB, TaHHbIE MTPeACTaBIeHbI 110 X a6COTIOTHOMY
KOJMUecTBY. B rpymiie HopmbI (puc. 1, a) aHOManuio pasBUTUS UMeIn 394 MO3BOHKA, U3 HUX JIOKAIM30BaHbI
B 1IeiiHOM othene — 33 (8,5 %), B rpygHoM — 288 (73 %), B mosicHuuHoM — 73 (18,5 %). B rpymiie reTepo3urot-
Hoit meneruu (puc. 1, 6) saperucTpupoBaHo 104 aHOMaIbHbIX TO3BOHKA, CPe HUX IIEITHBIX TO3BOHKOB —
2 (1,9 %), rpymubix — 78 (75 %), HOSICHUYHBIX — 24 (23 %).

Hopma TBX6/null (del 16p11.2)
L6 B 0% L6 0%
L5 I 2% L5 I 3%
L4 I 2% L4 I 3%
L3 I 4% L3 I 3%
L2 I 5% L2 I 8%
L1 I 5% L1 I 7%
Th12 I 6% Th12 I 5%
Th11 I 6% Th11 I 4%
Th10 I 6% Th1o I © %
Tho I 6% Tho I 3%
The I 7% The I 3%
Th7 I | 6% Th7 I 13%
The I 5% The I 5%
Th5 I 5% Ths I 7%
Th4 I 4% Thd I 4%
Th3 IS 4% Th3 I 4%
Th2 I 4% Th2 I 4%
Th | ——— 16% Th1 I 16%
C7 I 2% C7 I 2%
Co I 3% c6 0%
C5 Il 1% C5 0%
C4i Il 1% C4 0%
c3 M 1% c3 0%
C2 M 1% C2 0%
c1 0% c1 0%
0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 0% 2% 4% 6% 8% 10% 12% 14% 16% 18%
Yacrota BCTpe4YaeMOoCTu Jiokanusauum a YacrtoTta BCTpe4YaeMoCTu nokanusayum 6

Puc. 1. PacripeziesieHue JTOKaIM3aIMii aHOMasit pa3BUTHS TO3BOHOUHMKA : @ — MMAIYIeHThI IPYIITbI 63 Bepubuim-
POBAHHOI1 Aeneluu (Hopma); 6 — manyeHTsl Tpymisl genenyu (TBX6/null)
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Jnst onpeneneHyst CBSI3Y JIOKaAM3aly C HanuuMeM TreTepo3UToTHOI fenelyy IpuMeHeH KoahuiiyeHT B3a-
MMHOM comnpsikeHHOCTHU IInpcona. B pe3dynbraTe uccaenoBaHus IOMYYeHO MonoxkuTenbHoe 3Hauenue (0,09),
XapaKTepu3ywlllee TeCHOTY CTOXaCTUYEeCKON CBSI3M CAy4YaiiHbIX BEJIMYMH, YTO MOATBEPXKAAeT KOPPesiLio
MeXIy HaIu4yeM Jefelyiy U JIoKanu3auyeil aHoMasnii pa3sBUTHS.

Tunosiozuueckuli aHaius

Bce mopoku pa3sBuUTHS paseseHbl Ha TUIIbI (BAPMAHThI) B COOTBETCTBUM C OOIIENPUHSITON KiaccubuKamein
MacEwan, pacuiMpeHHO M JOMOJMHEeHHO: HapylieHus hopMMUpoBaHMs TO3BOHKOB (TIOTYITO3BOHKN), HAPY-
IIeHUsT CIUSTHMS TIO3BOHKOB (6a60UYKOBMIHbIE TTIO3BOHKM), HAPYIIEHMS] CETMEHTAIMM TO3BOHKOB (HeCerMmeH-
TUPOBAHHBIN CTEPKeHb) U UX coueTaHusi. Cpey BceX 00CIeloBaHHbIX ITAllMeHTOB HaubojIee YaCTo BhISIBIISIIIN
eIVH/YHbIE M30MPOBaHHbIE TIOYIIO3BOHKM, a MMEHHO 63 HabmiomeHus (43,4 %) B rpymie 6e3 Bepudu-
IMpoBaHHOM Aenenyy u 21 Habmogenne (50 %) B rpymrie menenuu (puc. 2). Pa3HouTeHUS ke 06HAPYKEHbI
B KaTeropusx MalyeHTOB C HapylleHueM cerMeHTauuu (M30/MpOBaHHbIe HeCErMeHTUPOBaHHbIE CTEPXKHU
M COUETAHUS HeCeTMEHTMPOBAHHOTO CTEPsKHS C ITOTYIIO3BOHKAMM M 6a60YKOBMUIHBIMY ITO3BOHKAMM), CYyM-
mapHo 30,9 % B rpyIirie HOpMbI IIPOTUB 21,4 % B IPYIIIe C HAIMYMUEM el N,

Hopma TBX6/null (del 16p11.2)
Hee+ [ 1o Hes+n [ 5
H+e [l 6 HE [l 1

2 mH [ 5 : o I

S s N 2 s [ 4

5 g

s+ N s s o+ s

[ =]
g sl r sl

n I s n I 2
0 20 40 60 80 0 5 10 15 20 25
KonuyectBo cny4vaes a KonuyectBo crnyvyaee 6

Puc. 2. PacripemesieHie TUIIOB IIOPOKa Pas3sBUTHsI IIO3BOHOUHMKA: a — IpyIa 6e3 BepuduUIMpoBaHHON merennn
(HOpMa); 6 — rpyrma retepo3urotHoit generuu (TBX6/null). B — 6a609YKOBUIHBIN TO3BOHOK, H — HecermeHTHUpO-
BaHHbIIT CTepPKeHb, [T — MOMYIIO3BOHOK ¥ X COUeTaHMS

MHOXeCTBEHHbIe TTIOPOKY PA3BUTHS ITO3BOHOUHMKA 3aduKcupoBanbl y 51 maimenTa (35 %) rpyIibl HOPMBI,
B TO BpeMs KakK B I'DyIIle TeTepOo3UTroTHONM menenyy 3abukcupoBad 21 aryuair (50 %). Takum obpasom,
6epst BO BHMMAaHMeE yIOeIbHbI/I BeC MHOKECTBEHHOCTHM MOpaXkeHMs MO3BOHOYHMKA, MOKHO CIeaThb BBIBOJ,
0 60Jj1e€ YaCTOi BCTPEUaeMOCTH TaKOT'O TUIIa aHOMAaJINIi PA3BUTHUS Y ALIMEHTOB C reTePO3UTOTHOI JTeeleii.
[Tpu ypoBHe 3naunmoctu p = 0,05 pacuéTHbii KoadduimeHT [InpcoHa momyunscs: 60sblie MpeaIoaaraeMoro
3”Hauenus (0,109 > 0,090), n3 yero MOKHO 3aK/IIOUUTD, YTO CYLIECTBYET B3aMMOCBSI3b MEXKAY HAJIMUMEM Jiefie-
LM U JIOKau3aluent mopoka.

Conymcmeytouwjue nopoku pazeumus

To pesynbTaTaM aHaN3a, IPEIIIeCTBYIONIEr0 TOCIUTAIU3AUY M COMAaTUUECKOMY 06CIeIOBaHMIO KasKA0TrO
MalMeHTa, OTAEIbHO OIPeeNsyii COMYTCTBYIOIINE BPOKAEHHOI nedopmaluu MO3BOHOUHMKA, TOPOKM pas3-
BUTUSI IPYTYX OPraHOB U cUCTeM (Tabi1. 1): Masible aHOMaJIMY CepALia, TIOPOKY Pa3BUTHSI JKeTYLOUHO-KUIIeY-
HOTO TPaKTa ¥ MOYEBBIIETUTELHON CUCTEMBI.

Tabmuua 1
CrienmdmKaIys COMyTCTBYIOUMX aHOMAIMIA PA3BUTHS TTAI[MEHTOB
I'pynma
Anomanuu pasBUTHS Hopma leTepo3uroTHas genenys
abc. % abc. %
Masbie anomanuu ceppua (000, IXJDK, BereTaTyBHbIe HAPYLIEHNMS pPUTMA) 7 4,8 0 0
[Topoku passutus JKKT (aTpe3us aHyca, aTpe3us MUIEBOIA) 5 3,4 0 0
ITopoku passutus MBII (amiasus, yoBoeHNe, IUIIOIIIa3Nsl, IUCTONMS IIOUKI) 6 4,1 0 0
Bonesns llnpeHrens 4 2,8 2 4.7
HuacremaTomuenus 7 4,8 0
Spina Bifida 7 4,8 1 0,1
CuHapoM GMKCUPOBAHHOIO CIIMHHOTO MO3ra 1 0,6 0
CuHoCTO3 pebep 15 10,3 7 16,6
VATER/VACTERL accounanumnmu 5 3,4 1 2,3
Hpyrue 7 4,8 2 4,8
Bcero nmaiyeHTOB 64 43,8 13 28,5
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Co CTOpPOHBI OPTOTEAMYECKON IATONOTMM paccMaTpuBaau Oosnes3Hb llmpeHrens, nuacTeMaTOMMETUIO,
Spina Bifida, cungpom dukcupoBanHoro cnmMuHOro mosra, VATER n VACTERL accoumanym, CMHOCTO3BI
pebep ¥ Ipyrue MOPOKU PasBUTUS (€OMHUYHbIE CJTydyay HaAMUMS M30JMPOBAHHBIX Tap3aJbHbIX KOATUIINIA,
CHMHIpOMa KayoaabHOM perpeccuu, 6paxmuOakTUINM, alljla3uy TajablleB KUCTU, TOAUIAKTUINY, CUHAPOMA
Yapra - Ctpocca, Tuniodu3apHOT0 HaHM3Ma, MUOTIMM BBICOKOI CTEIeHU, TUTIOMUETMOMEHMHTOIIENE).

OBCYXIEHUE

[To pe3ynbTaTam UcCaeqOBaHMs, reTepO3UTroTHas Jeelus reHa TBX6 Biokyce 16p11.2 BoisiByieHa y 22,4 % ma-
LIMEHTOB C BepUPUIMPOBAHHBIM AMarHO30M BPOKAEHHOTO CKOJMO3a. DTOT ITOKa3aTe/ b IIPEBBINIAET JaHHbIE
MMPOBOJL INTEPaTyphl, rae yactora TBX6-accouumMpoBaHHbIX MyTaluii Bappupyet oT 7,9 % no 10,6 % B ku-
TalCKOJ, AOHCKOV U ceBepoaMepMKaHCKOM nomyasaiuum [17]. XpoMocoMHas JoKaIu3auus genenunuin u oy-
TIMKAINIE, a UMEHHO o6acTb 16p11.2, Kak mpuurHa pa3sBUTHUS GEHOTUIIA BPOKIEHHOTO CKOIMO03a, TaKKe
nofTBepkaeHa B uccrenoBanuu H. Al-Kateb et al. [19]. B cBoeit my6nukamuu N. Wu et al. [17] coobmator,
YTO BJAMSIHME U YaCTOTa BCTpeuaeMOCTU MyTaiuii TBX6, onipefensiiolinx pa3BUTHe BPOKIEHHOTO CKOJIM03a,
pasnauMuaeTcsl B 3aBUCUMOCTY OT HOMYJ/ISIIMUI, UTO YKa3biBaeT Ha BO3MOXKHOE B3aMMO/IeiiCTBIe C IPYTUMU Tre-
HETUYECKMMMU U cpefoBeiMU akTopamu. [To HalreMy MHEHMIO, 60jiee BbICOKAsI YaCTOTa MYTalVM B POCCUTi-
CKOJVi KOTOPTHOVi BBIOOPKE MOSKET ObITh 00YCJIOBJIEHA PETMOHATBHBIMY 0COOEHHOCTSIMMU TTOITY/ISIMK. C yueTom
TIOJTyYEeHHBIX aHHBIX MHTEPeC MpelnCcTaBiiseT 6ojiee pacUIMpeHHbIN reHeTUUecKuil mpodwib MaueHTOoB
B IpYIIIe C HaJIuuueM Jeelyn.

AHanu3 yokanmMsauuy MOPOKOB Pa3BUTHS NMO3BOHOYHMKA BBISIBUJI MPEUMYIIeCTBEHHOE MOopakeHue TPymn-
HOTO ¥ MOSCHUYHOTO OTHEIOB ITO3BOHOUHMKA KaK Yy maiueHToB ¢ TBX6-menenueii, Tak u 6e3 Heé. OmHAKO
B TpYIIIe C TeTePO3UTOTHO Aernenyeil aHoMaauy B IIeiHOM OT[eJie IO3BOHOYHMKA He 3aperuMcTpUpOBaHbI,
B TO BpeMsl Kak A0S aHOMaJui 3TOM JIOKIM3alyuK B TPYyIIle HOPMbI cocTaBmia 8,4 %. DTO COOTBETCTBY-
eT pesyibraTam ucciaemoBanmii J.Liu et al. rme Takke 0TMeuasioch BhIpakeHHOE ITpeobiiagaHne IopaskeHnin
B HIDKHETPYOHOM U TosicHuuHOM othenax rpu TACS denotume [16]. Takoit XxapakTep JOKaJIN3aIuM MOKET
ObITh CBsI3aH C QyHKIMeN reHa TBX6 B COMUTOTEHE3€, KOTOPbIi OCOGEHHO KPUTUYEH AJi1 HOPMUPOBAHUS
MapakCUaIbHOl Me30epMbl Ha JAHHbBIX YPOBHSX MMO3BOHOYHOTO cTosi6a [20]. TeTeposuroTHas nenenust TBX6
MIPUBOOUT K CHUKEHUIO SKCIIPeCCUy TeHa, UYTO MOXKeT HapyllaTh Ipoliecc cerMeHTaluu u GopMupoBaHus
no3BoHKOB([21]. B uccnenosanuu P.H. White et al. mokasaHno, uto cHu>keHye ypoBHS TBX6 y Mblilieit TPUBOAUT
K gedekTaM B GOpPMUPOBAHUYM COMUTOB, UTO KOPPEIUPYET C HAOIIOMaeMbIMI Y MAIMEHTOB C AaHOMAIMSIMU
MO3BOHOYHMKA [22].

Tumnosiormyeckuit aHaIu3 BbISBIJI, YTO MTOTYIIO3BOHKM SIBJISIIOTCSI HaMbosiee YacThIM BapMaHTOM CKeJIETHBIX
aHOMa/IMi1 Kak y nauueHToB ¢ TBX6-penenueii (50 %), Tak u 6e3 Heé (43,4 %). DTOT pe3yJabTaT COMIacyeT-
csl C TaHHBIMM McciemoBanuit J. Liu et al., moguépKuBamIIMMMY BaXKHOCTb JaHHOV MOpPQOIOrMYecKoil Xa-
PaKTEePUCTUKU [IJISI OTIpe/iesieHNs] TAaKTUKY JieueH!Us TallieHTa ¢ BPOXKIEHHbIM CKOJMMO30M U a/IbHeNIm
OVMHaMUYeCKUM HabmomeHueM [23]. B rpyrime ¢ reTepo3UroTHOM Aeselneii peske perucTpUpoOBaIN U30IUPO-
BaHHbIe HapyIIeHus: cerMmeHTauuu (7,2 % mpoTus 17,2 % B TpyIiie HOPMBI), UTO TAKKe OTPasKaeT CHennpuKy
TBX6-accouupoBaHHBIX aHOMAaJINI, OMMCAHHYIO B McciaemoBanusax N. Yang et al., rme aBTOpBI COOOIIAIOT,
YTO reTepO3UTOTHBIE MyTaLy TBX6 IpUBOAST K CHVDKEHUIO SKCIIPeCCUM reHa, HO He 10 KPUTUYeCKOTrO YPOB-
HsI, He0OXOIMMOTO JIS1 BOSHMKHOBEHMS CJIOKHBIX Te(heKTOB cerMeHTanmm [24].

MHoskeCTBeHHbIe aHOMaJIMY TO3BOHOUHMKA BbIsSIBJIeHbI Y 50 % nainyeHToB ¢ TBX6-neneniyeii, 4YTO 3HAUUTENb-
HO TIpeBbIIIaeT aHAJIOTMYHBIN [TOKa3aTeNlb B IPyIIIie HOPMBI (35 %). OTO cormiacyeTcs ¢ pe3yibTaTaMiu 1cciie-
moBauwmii J. Liu et al. [23], N. Wu et al. [25] u X. Feng et al. [26], rme MHOKeCTBeHHbIE TTOPOKY ITO3BOHOYHMKA
TaKKe yallle BCTPeUaauCh y NauueHToB ¢ TBX6-MmyTtauusamu. Takass KapTuHa NOguEépKMUBaeT 6ojiee CI0KHbIN
xXapakTep MopaskeHU y JaHHOI IPYIIbl HallMEeHTOB, UTO MMeeT KIMHMNYeCKoe 3HaueHye ¢ TOUKM 3peHus ITpo-
THO3MPOBAHMS TeueHMs 3a00/1eBaHMs U TUIAHMPOBAHMS XUPYPTUUECKOTO JeueHus [27].

CoryTcTBYIOIIVE TTOPOKYM Pa3BUTHUSI BHYTPEHHMX OPraHOB, BK/II0YAst aHOMAaJIM CepleuHO-COCYIMCTOM, Moye-
BBIIEINTENIbHOV U MUILEBAPUTEIBHON CUCTEM, PEXe BCTPEeYaanCh Y NaleHTOB ¢ TBX6-nenenyueli mo cpas-
HEHMIO C TPYIMIIOil HOPMBI. DTU Pe3yJIbTaThl YaCTUYHO ITPOTHBOpeUaT maHHbIM J. Liu et al. [16] o BbICOKOIA
YacTOTe COUYEeTAaHHBIX CMCTEMHbBIX aHOMAaJsuii, UTO MOXKET CBUAETENbCTBOBATh O PETMOHAIbHBIX WJIN METO-
JoJIorMyeckux pasnnunsix. Kpome toro, nomydeHHble pe3ynbTaThl He MCKIIOUAIOT HaIW4Me IPYTrUx MyTaly-
OHHBIX TOBPEXKIEHNI TeHOMa B TPYIIIIe HOPMbI, HAIPUMEpP, MUKPOIEIeNii UK ITOTMMOP(PU3MOB APYTUX
reHoB. Heo6XomuMo OTMeTUTh, UTO B cucTeMaTuueckomM o63ope J.E. Powel et al. coobmiaercst o 6omee yactom
06GHAPYKEHUY ITOPOKOB Pa3BUTHUS CEPAIIA CPEeM MMalVeHTOB ¢ MyTarysiMu TBX-6. [28] OgHako Takue opTorie-
IMUYecKyie aHOMaJIMi, KaK CMHOCTO3bI pédep (16,6 %) u 6onesus lllnpenrens (4,7 %), 6oee XxapakTepHbI 15
TACS, uto moaTBepskaaioT naHHbie N. Otomo et al. 0 60j1ee YacTo BCTPEUaroNIMXCss CMHOCTO3aX M IUITOILIa3uit
WM ariasuii pebep y manmeHToB ¢ geneuysimu TBX6 [29]. B uccnemoBanuu 1. Panigrahi et al. [30] mpoananmm-
3MPOBAHbI CePUM KIIMHNIECKMX HAOGTIOIEeHNI MAI[IeHTOB C BPOKAEHHBIM CKOJM030M U 60s1e3Hblo IlnmpeHre-
Jis, B KOTOPBIX BBISIBJIEHA TTOJIOXKUTEIbHASI KOPPEISINS MekAy HannueM MyTaiyii TBX6 v maTonormdeckum
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nosoxkeHyem yonatku. Y. Yang et al. coo6111al0T, UTO BO3SHUKHOBEHME CJIOKHBIX (POPM BPOKIEHHOTO CKOJM-
03a, 3a4acTyI0 aCCOLMMPOBAHHBIX C IPOPOKaMM Pa3BUTUS IPYTUX OPraHOB U CUCTEM, MOXKET SIBJISITbCS TIPU-
YJHO CJIO’KHOTO OJIUTOTe€HHOTO BausIHU [31].

[peacTaBaeHHOE HAMM MCC/TEIOBAHME IMEET PsiIl OTpaHNYeHMit. Bo-TiepBbIX, BBIOOPKA MMalIeHTOB OTpaHuye-
Ha OJIHOV KJIMHMKOI, UTO CHYDKAEeT BO3MOXKHOCTD SKCTPATIONSIINY Pe3yIbTaTOB Ha 60siee 0OIIPHbIE BBIOOD-
KM TarymeHToB. Kpome TOro, OTCyTCTBYE BO3MOKHOCTE) MOJIHOT€HOMHOTO CeKBEHMPOBAHMS OTPAaHUUMBAET
TOPM30HT ITOVCKA ITUOIATOTeHETUUECKMX 000CHOBAHNI HATMYMS ITPOUYMX COMYTCTBYIONMMUX aHOMAJMIA pas-
BUTHSI B TPYITIAX MCC/IeIOBAHMS.

B xome manpHeMNX uccae0BaHMI TNIAHUPYETCS pacIliMpeHe KOTOPThI MallMeHTOB C 1[e/bI0 U3y4eHUs pe-
TMOHAJIbHBIX M STHUUECKUX 0COOeHHOCTel anyeHToB ¢ TACS. JIoMoMHUTEIbHO IpeAIIoiaraeTcs IpoBeIeHue
MCC/IeIOBaHMSI JJ1s1 OLI@HKM BAUSIHUS TeTepO3UTOTHBIX MyTaluit TBX6 Ha BOSHMKHOBEHME AUCIIACTUUYECKOTO
xXapakTepa TeueHMs BpOXKIEHHOT0 CKOMMO03a. DTO MO3BOJIUT YTOUYHUTH MeXaHU3Mbl TIaTOreHes3a U YAyUYIIUTb
TOJIXO/Ibl K PAHHEH IMarHOCTMKe MaTOJIOTMUYEeCKOT0 COCTOSIHMS U JIEUeHUIO TTAallMeHTOB C JaHHOJ ITaToJIorMe.

3AK/IIOUEHUE

IMonydyeHHbIe TaHHbIE TOATBEPKAAIOT, UTO TBX6-acCOIMMPOBAHHbBIN CKOIMO3 XapaKTepU3yeTCs MOpOKaMu
Pa3BUTHS TIO3BOHKOB, JIOKAIM30BAHHBIMY MTPEUMYIIECTBEHHO B IPYTHOM U MOSICHUYHOM OT/IejlaX IT03BOHOY-
HMUKA, C TpeobiaTaHmeM MOTyII03BOHKOB. BpICOKast 4acTOTa CMHOCTO30B PE6GEp ¥ MHOXKECTBEHHBIX aHOMAJTHIA
TpebyeT AaTbHENIIIEr0 U3YUYeHMS C 11eIbI0 YTOUHEHMS ITPOTHOCTUYUECKO IIeHHOCTM TaHHbIX ITPU3HAKOB.

Kongnukm unmepecos. Omcymcmayem.
Hcmounuk ¢unancuposanus. Omcymcmeyem.

Amuueckas 3kcnepmu3sa. Hccnedosarue 00o6peHo amuueckum komumemom @I'BY «HMHUL] demckoli mpasmamonozuu U op-
moneduu um. I 1. Typuepa» Mun3dpasa Poccuu (npomoxon om 22 oxkmsops 2024 2. N° 24-9).

Hudopmuposannoe coanacue. Y nayuermos u ux 3aKkoHHbuIX npedcmasumereli NOsyueHo NUcbMeHHoe 00p080IbHOE UHPOP-
MUPOBAHHOE CO2IACUE HA Yuacmue 8 HayuHOM UCCed08aHUU U 00padomKy nepcoHanbHbIX OAHHDIX.
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Ocob6eHHOCTU TeueHUs U cpeaHecpoYHbie Ucxoabl MMnnaHTaT-aCCOI.IMMpOBaHHOﬁ
qu)eKu.uu, BbI3BaHHOM BeaAywuMu rpamoTpuuatesibHbiMU BOBGYAMTGJ’IHMM

0.C. TypanoBa™, C.A. boxxkoBa, E.M. lopauHa, B.A. ApTiox

HaumoHanbHbI MeAUILIMHCKUI UCCIeA0BaTeIbCKUI LIEHTP TpaBMaToa0ruu u opronenuu nuMmenu P.P. BpeneHa,
CaHkT-Iletep6ypr, Poccust

ABTOp, OTBeTCTBEeHHBII 3a mepenucky: Onbra CepreeBHa TydaHoBa, katieva@mail.ru

AHHOTaua

BBenmenwne. MmiuianTat-accouumpoBanHast mHpekusi (MAUW), BbI3BaHHASI TPAaMOTPUILIATEIbHBIMY T1aTOTre-
HaMU, XapaKTepusyeTcs: 60/ee TSDKeTbIM, PeUUAVBUPYIONIMM TeueHreM U 6osiee BBICOKOJ JIeTaJTbHOCTBIO.
OCHOBHO TPUYMHO 3TOTO SIBJISIETCS POCT aHTUOMOTUKOPE3UCTEHTHOCTY JaHHBIX BO3OYIUTENe U CIO0XK-
HOCTb BbIOOpA IPeIapaTos sl CTAI[MOHAPHOTO ¥ aMOyIaTOPHOTO 3TAIOB JIeUeHUS.

Ilesib paGOTBI — OLIEHUTD BIMSHME PAa3INUYHBIX (PAKTOPOB M CPABHUTH OCOOEHHOCTM TEUEeHUST MMIUIaHTAaT-
accoIMMUPOBAHHON MHOEKIMM, BbI3BAaHHON Benymumu I'p(-) Bo3oymurensimu (P. aeruginosa, K. pneumoniae,
A. baumannii), y mallMeHTOB C 6;IaTOMPUSITHBIMU U HEOIATOMTPUSTHBIMY MCXOIaMU JIEUeHMSI.

Marepuasabl M METOIbI. BbITIOTHEH PETPOCTIEKTUBHBIN aHAIM3 UCTOpUii 6ome3Hn 172 malueHTOB, MPO-
JIEYeHHBIX TI0 TIOBOAY MMIUIAHTaT-aCCOIMMPOBAHHO MHDeKIMM, BRI3BAaHHON P. aeruginosa, K. pneumoniae,
A. baumannii. TTo pe3ynbpraTam TeneGOHHOTO AaHKETMPOBAHMS VI OCMOTPA MMalVIEHThI COMIACHO KPUTEPUSIM
Iendu pasmeneHbl Ha ABE TPYIIILI: ¢ 6JaronpUSITHBIM (1 = 95) 1 He6IaronpuUsITHBIM (1 = 77) UCXOIOM Jievue-
Hus. B mporpamme IBM SPSS STATISTICS (Bepcus 26) BBINIOTHEH CTaTUCTUUECKUI aHANMU3 BIUSHUS Ha UC-
XOJIbI JIEUEeHMSI Pa3IMYHbIX (AaKTOPOB aHAMHe3a, 1a60pPaTOPHOrO ¥ MUKPOOMOIOTMUECKOTO MCCIeTOBaHMIA,
0COGEHHOCTEl XUPYPTrUIeCcKOro BMEIIaTeTbCTBa, aHTUOAKTePUATBHOI TePary U TeUeHUsI pAaHHEro MoCIeo-
IepanyOHHOIO Iepnoza.

PesynbraTel. Cpeny ucoIenyeMbIX MalVIEHTOB IO/ HEOIarompusITHbIX MCXOAOB cocTaBuia 45 %, neraib-
Hblit ucxon — 10 %. Ilpu mpoBeAeHMM CPAaBHUTEIBHOTO MCC/IeIOBaHMS TTOKAa3aHO CTATUCTUUYECKM 3Hauu-
MOe BJIMSIHME Ha pas3sBUTHME HeOMaronpusITHOTO MCXOHda ITOCIeONepaliOHHOTO YPOBHSI ChIBOPOTOUYHOIO
anpbymuua (p = 0,002), YyBCTBUTEILHOCTY BBIIEIEHHOTO M30JI5ITa K TECTUMPYEeMbIM aHTMOAKTepUaTbHbIM
nperaparam (p = 0,011), BeimeneHue Bo36yauTess u3 6oMaTepyaa MmaieHTOoB B IT0C/Ie0NepalyiOHHOM Ie-
puoge (p = 0,001), 60mee yacToit MOTPEO6HOCTM B HA3HAUEHUYM BHYTPMBEHHOTO anbbymMuHa 1 kenesa (p = 0,003
u p = 0,056 COOTBETCTBEHHO) ¥ HEOOXOAVIMOCTHM B IIPOBEIEHMM ITOBTOPHOT'O XUPYPTUUECKOTO BMEIIaTeIbCTBA
B paHHEM nocieonepauoHHom nepuoge (p = 0,001).

06cykmenue. VIAV, o6ycIoBIeHHas] TPaMOTPUIIATEIbHBIMM OaKTepUSIMM, XapaKTepusyeTcs IIUTEeTbHbIM
PeUMAVBUPYIONINM TeUeHMEM ¥ BbICOKOI JIeTATbHOCTDIO, UTO CBSI3aHO, TIPEXKIE BCETO, C PaCTyIlei aHTUOMO-
TUKOPE3UCTEHTHOCTbIO BO30ymMTeNel 1 TpebyeT MHAVMBUIYATBHOTO ITOAX0AA K XMPYPrUUECKOMY M MeIyKa-
MeHTO3HOMY JIeUeHUI0, a TAKKe pa3paboTKM HOBbIX TAKTUUECKMX ITOAXOIOB K Tepari.

3akmoueHue. I'umoanbObymMyuHeMuss ¥ aHTHOAKTepyualbHAs pPE3UCTEHTHOCTb BbIIEIEHHbIX M30JSITOB
P. aeruginosa, K. pneumoniae, A. baumannii, Bbife/ieHre BO30OYyIUTeS B IOCTEONEPAIMOHHOM MaTepuaie,
a TakKe IMOTPeOHOCTD B XMPYPTMUECKOM BMENIATeIbCTBE B pAHHEM II0C/IEO0NePAIMOHHOM IEPUOIE, SIBJISTIOTCS
(akTopamu pycka HeGIAroNMPUSITHOIO MCXO/A.

KiroueBble ¢j1oBa: MMILIAHTAT-aCCOIMMPOBAHHAS MHMEKINMS, TTepUIIpoTe3Hast MHGEKINs, MMIUIaHTaT-ac-
COLIMMPOBAHHBIN OCTEOMMENNT, SHTepobakTepun, K. pneumoniae, P. aeruginosa, A. baumannii, aHTMOGaKTepPH-
ajbHas Tepanusi, GTOPXMHOIOHBI, KO-TPUMOKCA30JI

HOas uutupoBanus: Tydpanosa O.C., BoxkkoBa C.A., TopauHa E.M., Aptiox B.A. Oco6eHHOCTY TeYeHUS U CPeTHECPOU-
HbIe MCXOMbl UMIUIAHTAT-aCCOIMMPOBAHHOM MHMEKIMI, BHI3BAHHO BeAYIIMMU IPaMOTPUIATETbHBIMIM BO30OYIUTEISIMMU.
Tenuti opmoneduu. 2025;31(3):322-333. doi: 10.18019/1028-4427-2025-31-3-322-333.
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Abstract

Introduction Implant-associated infection (IAI) caused by gram-negative pathogens is characterized
by a more severe, recurrent course and higher mortality than the one caused by gram-positive ones. The main
reason is growing antibiotic resistance of these pathogens and the complexity of choosing drugs for inpatient
and outpatient therapy.

Purpose To evaluate the influence of various factors and compare the features of the course of implant-
associated infection caused by P. aeruginosa, K. pneumoniae, A. baumannii in patients with positive and poor
treatment outcomes

Methods A retrospective analysis of the medical records of 172 patients treated at the Department of Purulent
Osteology between January 1, 2017 and December 31, 2022 for implant-associated infection caused
by P. aeruginosa, K. pneumoniae, A. baumannii was conducted. Based on the results of a telephone survey
or examination, patients were divided into 2 groups: positive and poor treatment outcomes by Delphi criteria.
The impact of various factors in the anamnesis, laboratory and microbiological analysis, features of surgical
intervention, antibacterial therapy and the course of the early postoperative period on the outcomes was
analyzed in the IBM SPSS STATISTICS (version 26).

Results Among patients with [AI caused by gram-negative bacteria, the rate of poor outcomes was 45 %,
with fatality rate of 10 %. During the comparative study, a statistically significant effect on the development
of a poor outcome was shown by the postoperative level of serum albumin (p = 0.002), the sensitivity
of the isolated isolate to the tested antibacterial drugs (p = 0.011), the isolation of the pathogen from patients’
biomaterial in the postoperative period (p =0.001), a more frequent need for intravenous administration
of albumin and iron (p =0.003 and p = 0.056, respectively) and the need for repeated surgical intervention
in the early postoperative period (p = 0.001).

Discussion IAI caused by gram-negative bacteria is characterized by a prolonged recurrent course and high
mortality, primarily associated with the overall growing antibiotic resistance of pathogens which requires
an individual approach to both surgical treatment and drug therapy, as well as the development of new
tactical approaches to therapy.

Conclusion The rate of poor outcomes was 45 %. Hypoalbuminemia and antibacterial resistance of isolates
of P. aeruginosa, K. pneumoniae, A. baumannii, detection of the pathogens in the postoperative material, as well
as the need for surgical reoperation in the early postoperative period, are risk factors for poor outcomes.

Keywords: implant-associated infection, periprosthetic joint infection, osteomyelitis, enterobacteria,
K. pneumoniae, P. aeruginosa, A. baumannii, antibacterial therapy, fluoroquinolones, co-trimoxazole

For citation: Tufanova OS, Bozhkova SA, Gordina EM, Artyukh VA. Course and medium-term outcomes of implant-
associated infection caused by leading gram-negative pathogens. Genij Ortopedii. 2025;31(3):322-333. doi: 10.18019/1028-
4427-2025-31-3-322-333
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BBEIOEHUE

ITo Mepe cTapeHUsT HACeJIEHNUS ¥ PoCTa 3a60/IeBA€MOCTY OCTEOAPTPUTOM ITPOTHO3UPYETCS YBEINYEHME KO-
JINYeCTBa OIepalnuii Mo NpoTe3nPOBaHMIO KPYIHbIX cycTaBoB. K 2040 r. oxkupgaercs nposeneHue 2,8 MIIH.
omeparuii 1o sHgornporesupoBanuio (JI1) TazobenpenHoro cycrasa (TBC) 1 1 MIIH. omepannit — KOJIEHHO-
ro cycrasa (KC) [1]. HecMoTpst Ha TO, UYTO JaHHbIE XUPYPTMUECKIE BMEIIATENbCTBA B OOTBINMHCTBE CJTyUaeB
YCIEIIHbI, 3aMeHa CYyCTaBOB MOXET ObITh OCJIOKHEHA MepurporesHoii nHpekumeii (ITI) ¢ yacToToii pas-
BUTUS B TeueHme nByx jiet 1,63 % nnst TBC n 1,55 % pyis KC [2]. BctpeyaeMoCThb iepesioM-accolMmnpoOBaHHOM
mnndexkuuu ([IAN) konebnetcs ot 1,8 % mo 27 % v 3aBUCUT OT JIOK/IM3AIMM U TUTIA TIepesioma [3].

B momaBsttoiieM GOBIIMHCTBE CTyyaeB MMITIaHTAT-accouuupoBanHas uHekius (MAW) pa3BuBaeTcs B mep-
BbI€ IBa rofia Mmocje XMpypruueckoro BMeniaTeabCTBa C yCTAHOBKOM MMIUIAHTATa, HO PUCK JAaHHOTO OC/IOKHE-
HMS CYIIECTBYET U B JaJbHENIIeM, a KOJIMYEeCTBO OWIOXKHEeHMI exxerogHo yeennunBaetcst Ha 0,04-0,06 % [4].
VuuThIBast IOBCEMECTHBIM POCT MepBUUHBIX JI1, uacToTa peBu3uil, BbBI3BAHHBIX MHMOEKIIMOHHBIMU OCJIOKHE-
HUSIMU, TaKXKe pacTerT.

HecmoTpst Ha TO, UTO BeAyIIMMM BO3OYIUTENIMM MHMEKIINMY KOCTEl 1 CyCTaBOB, B TOM UICJ/Ie aCCOIMMUPOBaH-
HBIX C OPTONEANYECKMMU UMILIaHTaTaMM, SIBJISIOTCS CTa(MIOKOKKM, yuyacTue B aTuonoruu I'p(-) Bo36yau-
Teneit, Bkmouas K. pneumoniae, P. aeruginosa, A. Baumannii, IBJsieTCsl IPOTHOCTUYECKY HEOIarOMPUSITHBIM
MIpU3HAKOM [5, 6]. lonst I'p(—) 6akTepuii B CTPyKType BO3OyAuTENEl OpTOTIeIMUeCKOi MHPEKINN BapbupyeT
ot 10 % mo 23 % [5, 7], omHaKO ITOBCEMECTHO PACTYIIVE TEMITbI BbIIEIEHMS IIITAMMOB C YCTOMYMBOCTDIO K pas-
JIMYHBIM aHTMOVOTHUKAM IIPEICTABIISIOT 0COOYIO CJIOXKHOCTD 10 IIPUYMHE OTPaHMUEHMS BIOOpa aHTHOAKTePU-
aJTbHBIX ITPernapaToB, KaK Ha CTAllMOHAPHOM, TaK ¥ Ha aMOYy/IaTOPHOM 3Tarax JiedeHusl. B aToit cBSI3M MHOTMe
aBTOPBI YKa3bIBAIOT yuacTue B aTmonorum MAW I'p(-) 6akTepuit Kak caMOCTOSITe/IbHBI He3aBUCYMBbI (hakTop
BO3MOXKHOVI HeyHauy jJeueHus TakKux naiueHToB B 50 % ciryyaes [8, 9].

B HacTosI1Iee BpeMsI OITy6IMKOBAHO KpajiHe Majio HayuHbIX paboT (B OCHOBHOM 3apyOesKHBIX), [TOCBSIIIEHHbIX
M3YUEHNIO VICXOIOB JieueHus maiyeHToB ¢ AV, Bei3BaHHOI ['p(-) 6akTepusimu. [Io MHEHUIO McciieqoBaTe-
Jeit, K akTopaM pucKa IIpy JeYeHN TaKMX MalieHTOB OTHOCST, B TIEPBYIO ouepeb, HeBEPHbI BHIOOP BUOA
XUPYPTrUUYECKOTO BMelnaTeabcTBa [10], mpuyeM KT0UeBOil OIMMOKON SBISIETCS BMENIATEIbCTBO C COXpaHe-
HMeM MHQUIMpoBaHHO MeTa/utoKoHCTpyKuyy (MK) [8, 11, 12]. ITpu aToM 3¢pheKTUBHOCTD MCKITIOUUTETBHO
KOHCEpBAaTUBHOI Tepamnuu coctapiseT uinb 10 % [13]. Kpome Toro, K hakTopam He6IaronpusITHOTO MCX0Aa
OTHOCSIT SKEHCKUIA T10JI, HaJuuMe B STUOMOTMM MH(PEeKUM MUKPOOHBIX accolmanuiit, oxxupenue [11, 12], Ha-
JIM4YMe HeOMHOKPATHBIX CAHUPYIONIUX XUPYPTUUECKUX BMEIIaTeIbCTB B aHaMHe3e [8, 14], aHTMOMOTUROpe3U-
CTEeHTHOCTb BO36yauTesns nuderuun [15] u gpyrue.

B cBS131 C OTHOCUTETLHO HEOOIBIINMM KOJTMUECTBOM ITy6IMKatuii 1o mpobineme VAW, Bbi3BaHHOI ['p(—) 6aKTe-
PUSIMI, ¥ CJIOSKHOCTBIO JIeUueHUsT TanyeHToB ¢ AV nanHast mpo6iiema TpebyeT 60siee AeTaTbHOTO U3yUEHMS.

Ilesrb paboOTHI — OLIEHUTD BIMSHME PAa3INUYHBIX (PAKTOPOB M CPABHUTH OCOOEHHOCTM TeUeHUS] MMIUIaHTAaT-
accolMMpOBaHHOM MHGEKIMK, BbI3BaHHOM Bemyiumu I'p(-) Bo3byaurtensmu (P. aeruginosa, K. pneumoniae,
A. baumannii), y TalleHTOB C 61aTONPUSTHBIMU Y HEGIarONIPUSITHBIMY MCXOIaMM JIEUEeHMS.

MATEPUAJIBI U METO/IbI

B crioniHOe OAHOLIEHTPOBOE PETPOCIIEKTUBHOE MCCIeA0BaHMe BKIKUYEHbI MalueHTsl ¢ MAU, monyduBine
JieueHMe B OTIeJIeHUM THOIHOI ocTeonoruu ¢ 1 stHBaps 2017 roga o 31 geka6pst 2022 roaa.

Kpumepuu exnoueHus:

— Hanuune AU KoHeUHoCTe;
— BBITIOJTHEHHOE CaHUPYIOIee XUPypruueckoe BMeIaTeIbCTBO B oyare MHMEKIMK (MHIEeKCHas! orlepanus);

— BbIJleJieHNe BIiepBble mTaMMoB P. aeruginosa, K. pneumoniae, A. baumannii (Kak MU3011MPOBAHHOTO IITAMMaA,
TaK ¥ B COCTaBe MOJMMMUKPOOHOI accolalum) 13 OGHOIo 1 60iee 06pa31oB Py IPOBEAEHUM MUKPOOMO-
Joruyeckoro mcciegoBanus (MBU) mo- 1 MHTpaoIepalOHHOTO MaTepuasia (TKaHeBble OMOITaThI, YOa-
JIEeHHAsl MeTaJUIOKOHCTPYKIS, CUHOBUAIbHAS XXUIKOCTD).

Kpumepuu Hesxouenus:
— MOBTOPHAs onepalys ¢ penyansoM UAW, Bei3BaHHOI P. aeruginosa, K. pneumoniae, A. baumannii,
— JIORa/IM3auyst MHQeKUM UCKITIOUUTENbHO B Ipeenax MATKUX TKaHelt,

— VAV 1103BOHOYHMKA;
— aMmyTauys (3K3apTUKYISILMS) KOHEUHOCTH, BBITIOJTHEHHAS B XOMie CAHUPYIOIIel orepanuu,

Kpumepuii uckouenus — oTcyTcTBYe MHMOPMAIMK O IBYXJIETHEM MCXO/e (B TOM UMC/Ie OTCYTCTBME BO3MOXK-
HOCTY J1J1s1 Tesle()OHHOI CBSI3M C MMaIleHTOM).
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OT6Op MalMeHTOB B MCCAeNOBaHME ITPOBOAMIM C MCIIOMb30BAaHMEM ITPOrPAMMbI MUKDPOOMOIOTUIECKOTO
MOHUTOpMHTA «MMKpo6-2» (2017-2020 rr.) u JINC «Arpocc-UrxkeHMpuHT» (2021-2022 IT.) Ha OCHOBAHUM
aHanmsa pesynbraToB MBU 6MoMarepuasa maiueHTOB, MpoomnepupoBaHHbix B 2017-2022 rT. B OTHese-
HUM THOJHOJ OCTeonoruu. BrigeneHne KIMHUUECKUX U30ITOB P. aeruginosa, K. pneumoniae, A. baumannii
B 1ab0paTOpuUM BBIMONHSUIML B COOTBETCTBUM C MEKAYHApPOAHbIMU craHmapramu MBU (awen.: Standards
for microbiology investigations, UK SMI). BunoByio naeHTHdMKaLMIO OCYLeCTB/SIIM Ha aHensx Microlatest
¢ nomoinpio iEMS Reader MF (2017-2020), ¢ 2021 r. — metomom MALDI-TOF-MS (awen.: Matrix Assisted Laser
Desorption Ionization Time of Flight Mass-Spectrometry) c ucronb3oBanuem cucteMbl FlexControl. OmeHKy
YYBCTBUTEIBHOCTY BbIIeJIEHHBIX KylIbTyp ['p(—) 6akTepuit K aHTMOAKTEPUATbHBIM IIperapaTtaM ITPOBOIMUIN
B coorBeTcTBUM ¢ KpuTepussmu EUCAST (2017-2022 rrT.).

TMocse oT60pa MCTOPUi 60/Ie3HY MAIMEHTOB, COOTBETCTBYIOIIMX KPUTEPUSIM BKIIOUeHUS (n = 172), 6bIIO TTPO-
BeJleHO TenedOHHOE aHKeTUPOBaHMe, B X0Jle KOTOPOTO MHaljMeHTaM 3a/laBajay CTaHZApTHbIe BOIIPOCHI OTHO-
CUTENIbHO TOTO, ObUIM JIV Y HUX B TeUEHMe IBYX JIET TI0C/Ie TIPOBeIeHNSI MHAEKCHOI onepanm KIMHUYecKue
MY 1abopaTopHbIe MPU3HAKM penyuanBa MH(PEKIMOHHOTO ITPOoliecca, TPOBeIeHbI JiM [IOBTOPHbIE CAHUPYIO-
mye onepauuu. B ciyyae seTanbHOTO Mcxona 6ecemy ITPOBOAMIINM C POACTBEHHMKAMM TallieHTa. Bce BKITIO-
YeHHbIEe TIAlMEeHThbI ObUIY pa3zesieHbl Ha IBe TPYITIBI B COOTBETCTBUM C MICXOAAMM I10 KpuTtepusm Jendu [16]:
61aroNPUSITHBIN UCXO (TpyTina 1) u HeGIarompusITHBIN vcxom, (rpymma 2). ITox 6;1aronpusTHBIM UCXOOM TT0-
HMMAaJIY OTCYTCTBME KIVMHMKO-Ta60paTOPHBIX IPU3HAKOB pelyaBa MHGEKIMOHHOTO ITPoIiecca 1 MmpoBee-
HMSI CAaHUPYIOLIEro XUPYyPruueckoro BMeNlaTe/IbCTBA B TeUeHMeE IBYX JIET C MOMEHTa NPOBeeHMsI MHAeKCHO
orepanyun.

CornacHo KpUTEepMAM BKIIOUEHMS M HEBKIIOUEHMS B MICCJIeAOBaHME BKJIIOUEHO 172 yenoBeka.

K rpyrme 1 6sut1 oTHeceHbI 95 yenoBek (55 %), u3 Hux 37 mauyentam (22 %) BIOCAEACTBUM He MPOBOIM-
JIU XUPYPIUUEeCcKMUX BMEIIaTeIbCTB MO0 10 MPUUMHE OTCYTCTBMS MOKa3aHMiA, 6o Mo MpUUMHe YI0BIETBO-
PEHHOCTHU KaueCTBOM XuU3HU. OuepeaHOIi 3Tall XMPYPTUUECKOrO BMEIAaTeIbCTBA, B X0 KOTOPOrO He ObIIO
BBISIBJIEHO JAHHBIX 3a peluanB MHGEKIMOHHOIO Ipoliecca (Ipu npoBemeHun MBU MHTpaoIiepalioHHOTO
MaTepuasa He GbUIO MOTYYEHO POCTa MUKPOOPTaHM3MOB), TiepeHecu 58 uenoBek (34 %).

K rpymme 2 6but1 oTHeCeHbI 78 MmaiueHToB (45 %), 13 KOTOphIX 59 naiueHToB (34 %) nepeHecan ouepesHyio
CaAHMPYIOIIYIO OTIEPAIMIO T10 TOBOAY PelManBa MHPEKIMOHHOTO ITPoliecca, Kak B HameM IleHTpe, Tak 1 3a eTo
npegenamu. Kpome Toro, B 9T0ii rpyriie 66110 3aperucTpupoBaHo 18 geTanbHbIX McxomaoB (10 %).

Ha ocHOBe MeOuITMHCKO JOKYMEeHTalluK 1 Pe3y/IbTaToB TeaedOoHHOTO onpoca chopMupoBaHa 6a3a JaHHbBIX,
B KOTOPYIO BK/IIOUEHBI:

— aHTpONOMeTpuUeCKMe JaHHbIe (BO3PacCT, IoJI, MHAeKC Macchl Teyna (UMT);

— IaHHbIe aHaMHe3a (JIoKaaM3anus MHAGEKIMOHHOTO Ipoliecca, JJIUTEIbHOCTb C MOMEHTAa IPOBeIeHMSs
TIEPBUYHOIO XMPYPrMueCKOro BMENIATeIbCTBA WIM TOTO BMeEIIATeIbCTBa, MOC/Ee KOTOPOTO pa3sBMUJIACh
VAU no manudecraiyy mHGeKIn, IINTEIbHOCTh MHGEKIMOHHOTO MPOoIlecca, YMCI0 CAHUPYIOMIUX X1-
PYpPruUeckux BMeIIaTelbCTB B aHaMHe3e, IIMTeIbHOCTh C MOMEHTA MMOoCIeIHell caHalMK 10 MHIEKCHOI
ornepauumn);

— pe3yabTaThl JAGOPATOPHOTO MCC/IeAOBAHMS KPOBM HA MOMEHT ITOCTYTUIEHMS U TTepe, BBITTMCKO U3 CTaIo-
Hapa: KoamuecTBo jeiikonutos, COJ, ypoBenb CPB, remoriobuHa, ob1iero 6eka, alb0yMiuHa, KpeaTMHMUHA

— pes3y/bTaThl MUKPOOMOIOTMUECKKX rccnemoBanuii (MBI) o6pasiioB 6mnomarepuasa (6MOITaThl U3 CBUIIA,
CMHOBMAJIbHAS JXUAKOCTh, pAHEBOE OTAEISIEMOe, TKaHEBbIe OMOMTATHI, yIaJeHHAs] MeTATIOKOHCTPYKIIMSI,
remMaToma), HojiyueHHbIe B [J0-, UHTPa- U MOCaeonepaliOHHOM TTepuoze;

— BUJI XMPYPTUUECKOTO BMEIATeIbCTBA, €r0 JINTEIbHOCTb, MHTPAaOoIepalMoHHast KPOBOIIOTEPsT, 06beM Ipe-
Ha3KHOTO OT/Ie/IsIeEMOTO;

— ocobeHHOCTH (hapMaKoTepanuy Ha CTalMOHApHOM (aHTMOakTepuanbHas Tepanus (ABT), BHYTpMBeHHas
MHPY3UST aIb0yMMHa, TIPerapaToB Kejie3a) M aMOyllaTOpHOM STarax;

— Ha/Inume njin OTCYyTCTBME CaHMPYIOUIETrO PEBM3MOHHOTIO BMellaTe/IbCTBA B PaHHEM IT10CTIEOIIEPAlIIOHHOM
repuonme rmocie MHIEKCHOM oriepaumnm,

— HaJInuye MMIIJIaHTaTa Ha MOMEHT BbIIIMCKNY 13 CTallMOHapa.

[TonyyeHHbIE ITaHHbIE PErMCTPUPOBAIM B BUIE JEKTPOHHBIX Tabmui mporpammbl MS Office Excel, 2007
(Microsoft, CIIIA), Bu3yanu3aiuio CTPYKTYPbI JaHHBIX X UX aHAIM3 IIPOBOAMIIN C IIOMOIIbI0 TTporpaMmbl IBM
SPSS STATISTICS (Bepcust 26). KonmnuecTBeHHbIE ITOKa3aTeaM OLEHMBAAM Ha MpeIMeT COOTBETCTBUSI HOP-
MaJbHOMY paclpezeleHnio ¢ oMoubio kputepusi Konmmoroposa — CMmupHOBa. B ciyyae oTCyTCTBMSI HOD-
MajJbHOIO paclipefieJleHMs] KONMYeCTBeHHble TaHHble OMMChIBAIM C IIOMOLIbI0 MenuaHbsl (Me) 1 HIDKHEro
u BepxHero kBapruieii (Q1-Q3). KaTeropmanbHbie TaHHBIE OMMCHIBAIN C YKa3aHMEM abCOMIOTHBIX 3HAUEHUTT
Y IPOLIEHTHBIX Joneii. CpaBHeHMe ABYX TPYIII 10 KOAMYECTBEHHOMY ITOKa3aTeslo, paciipeeneHye KOTopo-
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r0 OT/INYAJI0Ch OT HOPMAaJIbHOTO, BBITIOIHSUIM C TToMolIbi0 U-kpuTepust MaHHa — YUTHU. [171 OLIEHKM pUCKa
B I'PyTIIIaX CpaBHEHMS BBITIOITHSIIM pacueT oTHoueHus maHcoB (OR, 95 % [I11). CpaBHeHMe MPOIIEHTHBIX JT0JIei
TIpY aHaJM3€e YeThIPEXTIOIbHbIX TaOMNUI] COMPSIKEHHOCTY BBITIOMHSIIN C IIOMOIIIbIO0 KPUTepUs XM-KBaapar (y?)
TupcoHa (Tpy 3HAYEHUSIX OKIIaeMOoro siBieHust 6oee 10) may TouHOTO KpuTepust duiiepa (Mpy 3HAUEHUSIX
oxxmpzaemoro ssBiaeHust MeHee 10), oLleHKy CBSI3M IIPOBOAMAM IT0 KpuTeputo Kpamepa. Pasnuunsg nokasarenen
MKy TPYITIaMy CUMTAIN CTATUCTUYECKU 3HaUYMMbIMu Tpu p < 0,05.

PE3VJIBTATBHI
AHnmponomempuueckue u aHamHecmuyeckue 0aHHble

AHanm3upyeMble TPYIITbI ObLIM COTIOCTABMMBI T10 TTOTY, Bo3pacty u UMT (tab6s.1). [IpeuMytecTBeHHO JIo-
Kanm3anyeii AW 6b1 cycTaBbl M KOCTY HUKHE KoHeuHocTH, (n = 164, 95 %) B o6mactu TBC (n = 94, 55 %)
i KC (n=33, 19 %). CTaTUCTUYECKM 3HAUMMOIO BJIMSHUS JIOKaAM3aluyu MHQPEKLIMOHHOIO IIpoiecca
Ha MCXO[, IeueHMs He YCTaHOBeHO (p = 0,948).

Tabmuua 1
CpaBHeHMe TPYIIII 0 Moy, Bo3pacty, UMT
DaxTophI I'pynma 1,n =95 I'pynma 2,n=77 p
Mykckoii o, n (%) 47 (49) 33 (43) p=0,443
Bospacrt, nonHbix jet, Me [IQR] 63,0 [49,0-68,0] 58,0 [45,0-66,0] p=0,114
VIMT, Bec/poct?, Me [IQR] 27,5 [24,2-31,6] 27,8 [23,7-33,0] p=0,838
Tabauma 2
CpaBHeHMe I'pyIIIl 110 aHamHe3y AU
daxkTophI Me [1QR]
P I'pymnima 1, n =95 I'pynima 2, n =77 b
[Tepuopn MeKAY YCTAaHOBKOI MMIIAHTATa™* M MaHubecTammei _ _ _
yHbexim (CyT.) 153,5 [30-1247] 95 [23-730] p=0,331
JuTenbHOCTb MHbEeKIUY (CyT.) 610 [161-1410] 493 [121-1226] p = 0,345
[Tepron Mmexny npeApIayiieii U MHAEKCHOM CaHUPYIOILeli _ _ _
omeparu (CyT.) 241 [81-862] 135 [28-455] p =0,095

IIpumeuaHue: * — TIOC/Ie TIEPBUYHOI WIIV PEBU3MOHHOI ONepaIyin.

HecmoOTpsT Ha OTCYTCTBME CTATMCTMUECKOV 3HAYMMOCTH, y TALIMEHTOB TPYyIIbl 2 MaHudecTanus uHbek-
UMY UM e€ pellMMBa pa3BMBAINUCh PaHbllle, a IJIUTETbHOCTh MHMPEKIMOHHOTO Ipoliecca Oblia MeHbIIe,
YyeM B IpyIine cCpaBHeHUs (Tabi. 2).

Jlonst mauyeHTOB C BIepBble BBIMOJHEHHBIM CAaHMPYIOIIMM BMENIATENIbCTBOM COCTaBwia 24 % B rpymie 1
u 14 % B rpyrmne 2, a nBe u 60Jiee caHALMM B aHAMHEe3€e ITepeHer COOTBETCTBEHHO 40 % u 52 % manyeHToB
(p =0,173). MenuaHa yMciia CAaHUPYIOIIMX OTepanuii B aHaMmHe3e coctaBwia 1 [1,2] B rpymiie ¢ 6;1aronpusT-
HbIM ucxomom u 2 [1,3] — B rpymirie cpaBHeHus (p = 0,112).

Jannsie 1a6opamopHozo 006ciedosaHusn

Ta6muua 3

Pe3ybTaThl 1a60PaTOPHBIX UCCIEAOBAHNI IO XUPYPTrUUECKOTO BMEIIATeIbCTBA U TTepe]] BhITIMCKOI U3 CTal[MoHapa
B MCC/IeyeMbIX IPYTIIax

ITokasaTenu Me [IQR]
I'pymima 1,n =95 I'pynima 2, n =77
Jletikountsl, 10%/1 7,6 [6,5-9,7] 8,3 6,0-9,9] p =0,625
CO3, mm/uac 44 [26-63] 53[29,5-63] p = 0,430
gﬁg‘uﬁggﬁggfgm O | CPB, mr/n 25 [10,5-40] 33 [9-75] p=0,121
T'emornobuH, r/n 117 [104-131] 111[97,5-132] p=0,246
Anbp6ymMuH, 1/71 40 [35,5-43] 35 [33-43] p = 0,068
Jlejixorytsl, 10%/1 6,6 [5,7-8,2] 6,8 [5,2-8,0] p=0,749
. CO3, Mmm/uac 35[22-52,5] 39 [22-55,5] p=0,926
Hg%ﬁgﬁ;&g@’;‘m CPB, mr/ 23,5 [12-42] 25,5 [13-52] p=0,284
Temorno6uH, r/n 99 [95-114,5] 100 [91-108,5] p=0,250
Anb6ymMuH, /1 34 [32-41] 32 [28-35] p = 0,002*
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[Tpu mocTyrIeHUn y MaIMeHTOoB I'PYIIIbI 2 OTMeuasaach TeHIeHIMs K 60iee BHICOKOMY YPOBHIO TIoKa3aTeseit
BOCHayieHust (KommnuecTBo Jeiikoiutos, CPB 1 COJ)  MeHbIlleMy — reMOrJIO6MHA U alibOyMUHA, TIPU 3TOM
CTaTUCTUYECKM 3HAUMMBbIX PasJInuKii B Ipymmax He ObIo (Tabim. 3). [lepen BBIMMCKOI pe3ynbTaThl JJabopa-
TOPHOTO 00C/IeOBaHMUS Y TAIMEHTOB 06eMX TPYIIT ObIIbI CXOXKM UM OTPAXKaau 3aKOHOMEPHOe TeUeHMe I0-
c1eornepalMoHHOTO Tiepuoza. [Ipy aTom obpaiaet Ha cebss BHUMaHMe CTATUCTUYECKY 3HAUMMOE YCUIeHUe
anbOYMMHEMUY Y TIALIMEHTOB C HebnaronpusaTHbIM ucxomoM (p = 0,002).

OcobeHHocmu Xupypauueckoz2o emeuiamesiscmeda

B ucciemyemoit Koropre ManuMeHTOB Hamboee YacThIMM BUIAMM XUPYPTUUECKOTO BMEIIATETbCTBA ObLIU
yCTaHOBKA aHTUMMMKPOOHOTO crieiicepa (n =112, 65 %), pe3eKkuyOHHAs apTPOILIACTMKA C MBIIIEYHO IJIa-
CcTUKOM (n =16, 9 %) U peBU3MOHHOE XUPYPTrUUYECKOe BMENIATENbCTBO C COXPAaHEHMEM MEeTaTIOKOHCTPYK-
uun (n =11, 6 %). [Ipu 3TOM BUL, XUPYPTUIECKOTO BMEIIATE/NbCTBA HE OKA3bIBAJI CTATUCTUUECKU 3HAUYMMOTO
BIIMSTHMST Ha ucxof (p = 0,487). [Ij1s1 USrOTOBJIEHMSI aHTUMMUKPOOHOTO criejicepa MPUMEeHSUIY TeHTaMULIYH-CO-
Jep>Kaluii KOCTHBIN I[eMEeHT, KOTOPbIN ITOIOJHUTEIbHO MMITPETHMPOBAIN TEPMOCTAOWIbHBIM aHTMOAKTe-
puanbHBIM IperiapaToM B no3e 4 r Ha 40 r uemeHTa. [Ipy JaHHOM BUOE XUPYPrUuueCKOro BMellaTeabCTBa
B 53 % ciydaeB B KOCTHBIN IIeMeHT q00aBJIsIM BAHKOMUIMH, B 15 % — meponeneM, B 10 % — dochomuiimH.
ITpu 3TOM TONBKO B 23 % C/TyyaeB aHTUOMOTUK ObLT AKTUBEH B OTHOIIEHMM M30/IMPOBAHHOTO U3 MHTpaoIepa-
LIMOHHOIO MaTepuaia MUKpOOpraHusma.

O6BeM MHTpaoIepaloOHHO KpoBoroTepu coctaBmia Me: 600 [400—-800] mit, cTaTUCTUYECKY 3HAYMMBIX pas-
JIMUMIi B TPYIIIAX 0 JAHHOMY ITapamMeTpy He 6610 (p = 0,133). B rpymiie 1 mpeHaskHass KpOBOIOTEPS ObLIa
HECKOJIbKO MeHbIIle, 4YeM B rpymire 2: cooTBeTcTBeHHO 450 [340-600] u 500 [380-750] M (p = 0,091).

Jlaunvie MBU

ITo pesynabTaTaM MMKPOOGMOIOTMUECKOTO MCCIENO-  100%

BaHMsI GrMomarepuana, B 55 % cryyasx n3oampoBain - : 19.5% ‘

K. pneumoniae, B 18 % — A. baumannii u B 27 % ciy- 80% | | 326%

yaeB — P. aeruginosa. PacripepneneHue KyJbTYpPOBbI-

IesieHus B TPyIrax CpaBHeHMS TIOKa3aHo Ha puc. 1. 60% - miE. aiginesi

B rpymirte 2 B 1,3 pa3sa uaiie Bo36yaurenem AU 6bu1a 2
. . W A. baumannii

K. pneumoniae n B 1,7 pasa pexe — P. aeruginosa. 40% -

I[Ipy 3TOM CTaTUCTUYECKM 3HAUMMBIX pPasJInNunii H K. pneumoniae

MeXAay rpymnmnaMu He nomydeHo (p = 0,097). 20% -

Ha pgoomnepaiioHHOM 3Tarie IpyY MPOBeIeHUU MMU-

KpOOMOIOTMYECKOTO MCC/IeNoBaHusl GuomaTepuasa 0% -

13 06/1aCTV YCTAHOBKM MMIUIAHTATa, MOHOKYJIBTYPbI lpynna;l Tpynne2

K. pneumoniae, A. baumannii unu P. aeruginosa u30- Puc. 1. PactipesienieHue maieHToB B rpymmax 1 u 2

JMpoBau B 58 % ciyuaes. [Ipy 9TOM CTaTUCTUIECKN B 3aBMCUMOCTH OT M30/IMPOBAHHOTO BO3OYAMUTEIS

3HAUMMOTO BJUSHUS OSTUOJOTUYM WHOEKIVOHHO-

ro 3aboneBaHus, MHGOPMAIMSI O KOTOPOii ObljIa MOyYeHa Ha JOOMEepaliOHHOM JTare, Ha MCXO, JIeUeH s
He BbIsiBNieHO (p = 0,895). K. pneumoniae, A. baumannii win P. aeruginosa B 9,3 % ciy4aeB BBbIAEISIIN TaKkKe
U3 APYTUX JIOKYCOB (Moua — 7,6 %, kpoBb — 0,6 %, MmokpoTa — 0,6 %), 4TO yKa3bIBAET Ha MOTEHIIMATbHYIO BO3-
MOYXHOCTb FreMaTOTe€HHOTO pPacIpocTpaHeHs Bo3oyauTtesns AN,

B 94 % cnyuaeB (n = 172) Bo36yauTenb ObI M30IMPOBaH U3 MHTPAOIEePaIMOHHbIX TKaHEeBbIX 610nTaToB. He-
CMOTPSI Ha OTCYTCTBME CTATUCTUUYECKY 3HAYMMBIX pasinuuii Mexay rpymnmamu (p = 0,192) o6pamiaeT Ha ce6st
BHMMAaHMe, UTO MeIMaHa KOJIMYECTBA TKAHEBBIX OMOITATOB, M3 KOTOPBIX ObLT M30JIMPOBAH MMUKPOOpra-
HU3M, B rpytrie 1 cocraBuia 4 [2-5], a B rpymme 2 — 5 [3-5]. C ymameHHbIX MeTa/UIOKOHCTPYKIMIA TIITaMMBbI
K. pneumoniae, A. baumannii unu P. aeruginosa 6bUty BbiZieIeHbI B 73 % HAOMIOAeHMIA.

Ionst MoMMMUKPOOHO MHGEKUYM B IPYIIIax CpaBHEHMS He pasanuajaach M coctaBuia 66 % u 69 % cooTseT-
cTBeHHO B rpynmax 1 u 2 (p =0,871) (Tabn. 4). B 06eux rpymmax moaasisiollee 601bIIMHCTBO MUKPOOHBIX ac-
coumaluii ¢ Bemyuimu I'p(—) maToreHaMu cofepskaay B cBoeM coctaBe ¥ I'p(+) 6akTepun 6e3 CTaTUCTUUECKA
3HAUMMBIX BJIMSIHUIT cCOCTaBa Ha mucxon jedeHus (p = 0,570).

Ta6muua 4
CocTaB MMKPOOHBIX accolMalii, BbIIeIeHHbIX 3 6G1ioMaTepuaa maleHToB IPYIIT CpaBHEH NS
I'pynna 1,n =63 | I'pynma 2,n =153
CocTaB MMKPOOHBIX acCcolaIum
P Hvan abce. % abce. %
B cocTtaBe TonbKO ¢ I'p(—) 6akTepustmu, B ToM uncie E. coli, Enterobacter spp. vi ip. 9 14 5 9
B cocraBe ¢ I'p(+) 6akTepusimu, B TOM uncie S. aureus, S. epidermidis v gp. 54 86 48 91
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ot alMeHTOB, Y KOTOPbIX M301MPOBaHHbIe mTaMMbl P. aeruginosa, K. pneumoniae, A. baumannii 6pu1U
YyBCTBUTEbHBI K (TOPXMHOJIOHAM, B TpymIie 1 6bi1a B 5,25 pa3 6osblille, uemM B TpyIIne 2, a TOJs MameH-
TOB C 9KCTPEMabHO PEe3UCTEHTHbIMM LITaMMaMM, HalIpOTUB, B rpymie 2 6b1a B 1,3 pasa Bbiie (puc. 2).
ITpy 9TOM MOKAa3aHO CTATUCTUYECK!M 3HAUMMOE BIMSHME UYBCTBUTEIbHOCTM K aHTHOAKTepUaTbHBIM Iperia-
patam Ha ucxog (p = 0,011, V Kpamepa = 0,254).

100%

25%

80% | 32%
Puc. 2. AHanu3 4yBCTBUTENbHOCTU [p(-) wmammos
60% || o | | KM-R, n =49 K OCHOBHBIM aHTMGAKTepMaIbHBIM IIperapaTam
o 31% KM-S. n = 59 B rpymmax cpaBHeHus. llltammer: ®X-S — dropxm-
39% a HOJIOH-UyBCTBUTeNbHbIE, [IC-S — UyyBCTBUTEIbHbIE
40% - — mLlUC-S,n=41 K IledanocropuHaMm, HO pe3suCTeHTHbIe K (QTOpXU-

HosioHaM, KIT-S — uyBCTBUTEIbHBIE K KapbalieHe-
mOX-S, n=23 MaMm, HO yCToiumBbie K QTOpXxMHONIOHAM U Leda-

o
e nocriopuHam, KIT-R — kapbarneHeM-pe3ucTeHTHbIE

0% -

[pynna 1 [pynna 2

Ocobennocmu nocneonepayuoOHHO20 nepuoaa

Cucremuyoo ABT nmpoBomauiu BceM nanyenTam. [Tpy atom B 10 % cryyaeB moTpe6oBanoch HauaTh ABT mo mpo-
BeJleHUST MHIEKCHON omepanuy o IpudIuHe JM60 HATMUMS SKU3HEYTPOKAIOIIET0 CEMTUIECKOTO COCTOSTHMS,
MO0 TTIepeHeCeHHOTO PaHee CAaHUPYIOIIEro XUPypPruueckoro BMeIlaTeabCTBa. dMnmpuueckyio ABT BaHKO-
MMLVHOM U IIPEeICTaBUTEIEM TPYIIIbI (DTOPXMHOIOHOB (IIUITPO- WM JIEBOMIOKCALIVIH) CO THS XUPYPTHUUECKO-
r'O BMENIATebCTBA MOMyYmin 9 % MalMeHTOB, a8 BAHKOMUIIMHOM U 1edorepasoHoM-cyab6akTamom — 29 %.
B ocranbHbIX ciiydasix Ha3HaueHa ABT 110 pe3ynbTaTam J00IepaloHHbIX T0ceBOB. DTUOTporniHas ABT co gHs
XUPYPTUYECKOTO BMellaTeJbCTBa Ha3HaueHa 61 % MalyueHTOB, IPU 3TOM CTAaTUCTUUYECKM 3HAYMMOTO BJIMSI-
HMS Ha ¥CXof, 9T0 He okasaso (p = 0,120). YcTaHOB/IeHa TeHIEHIIMS K 601ee KOPOTKOMY KypCy aHTMOaKTepy-
aJbHOM Tepanuy B CTallMOHApe Y MalleHTOB TpyIIbl 1 B cpaBHeHUu ¢ rpynmnoi 2: 13 [10-15] u 16 [11-24]
(p = 0,096) cOOTBETCTBEHHO.

B 86 % ciiyuaeB Ha aMOysIaTOPHOM 3Tarie Ha3HAUeHbl KaKue-T1ub0 mepopaibHble aHTHOAKTepUaIbHbIE TIpe-
napatbl. Cpeay MaleHTOoB C JAaHHBIMY PEKOMEHIAIMSIMI HeOIaroNpUsITHbIE MCXOIbI BCTPEUAINCh HECKOJTb-
Ko pexxe (p =0,077, OR 0,443, 95 % OU: 0,178-1,052). [Ipn sTOM Ha amMOyJaTOPHOM 3Tarie (GTOPXMHOIOHBI
OBLTM PEKOMEHAOBAHBI B 55 % ciydyaeB, KO-TpUMOKCa301 — B 13 %, a OMHOBpeMeHHO (GTOPXMHOIOHBI U KO-
TpUMOKca3on — B 9 %. HecmoTpst Ha To, yTO caM (pakT Ha3HAUeHMs MaHHBIX MPEIapaToB CTATUCTUYECKU
3HAUYMMOTIO BJIMSIHMSI Ha Mcxo[ He okasas (p = 0,446, p = 0,665 u p = 0,300 cOOTBETCTBEHHO), ITIOATBEPXKIEHO,
YTO B CJTyuae, KOTa M30AMPOBAHHbBIN MUKPOOPTAHNM3M ObLT UyBCTBUTEIEH K HA3HAUAeMOMY Ha aMOy/1aTop-
HOM 3Talle IperapaTy, BEpOSITHOCTb O6J1aronpusITHOIO MCXOAa CTaTUCTHUUYecKH 3Hauumo (p = 0,001) yBenmum-
Bastach B 7,87 pas (95 % OU: 2,26-27,03).

IMamyeHTaM IPYIIIbI 2 B CPaBHEHMM C TPYIIIoii 1 yaine Tpe6oBasoch HasHaueHe MHPY3UM pacTBopa aaboy-
MuHa (B 26 % u 2 % ciaydaes, p = 0,003) u mpemnapatoB kene3a (B 27 % u 15 % ciryuaes, p = 0,056). [Tpu sTOM
IJIUTEIbHOCTh Ha3HAUEHHOM CMMITTOMAaTUUECKO Teparnuy B IpyIie 2 Takske Obuia mosblire (Tabil. 5).

Tab6muiia 5
KpaTHOCTb BBeIeHMSI TIPeNapaToB IJIs CUMIITOMAaTHYeCKOH Tepanmn
[penapar ms nHQY3UU Me [IQR] p
I'pynna 1, n =63 I'pynma 2, n =53
PacTBOp anbbymMuHa 5,0 [5,0-5,0] 10,0 [5,0-11,0] p=0,101
[TpemapaTsl skesesa 4,0 [3,0-5,0] 5,0[5,0-10,0] p=0,286

B nmocneonepanonHom nepuoge y 40 nauyeHToB (23 %) B MHTpaoIiepalMOHHOM MaTepuaie, COOep>XMMOM Te-
MAaTOMBI MV PAHEBOTO OTHEJISIEMOTO MOTyYeH MTOBTOPHBIN POCT UCCIeIyeMbIX BO3OymMUTeNei, uTo B 3,4 pasa
(95 % 0N 1,61-7,2; p=0,001) noBsIIaa0 pUCK HeOGIArONPUSITHOIO MCXOAA B HajibHeiiiem. IIpoBeneHne pe-
BU3MOHHOTO XMPYPTMUYECKOTO BMeEIIATeAbCTBA B PAHHEM IIOC/IEOIEPAIMOHHOM Ilepuofe IOoTpeboBaIoch
B 38 ciyuasx (22 %), UTO yBeIMYMBAJIO BEPOSITHOCTh HEOIATOMPUSITHOIO MCXOMa B JajibHeiiem B 4,86 pasa
(95 % N 2,18-10,84; p=0,001), u3 HMX caHALMS ITOC/IEOTIEPALIIOHHOM paHbl ObUIa BBITIOJHEHA 19 marueH-
Ttam (10,9 %), ynanenne MK 1 MplliedHast acTuka — 8 raryeHnTam (4,6 %), mepeycraHOBKa aHTMMUKPOOHOTO
crieticepa — 7 nmauueHTtam (4 %), ynanenve MK — B 3 aiyuasix (1,7 %) u aptpoge3 — B ogHoM (0,6 %). B pe3yinb-
TaTe Ha MOMEHT BbIMmcKy MK 6bl1a MMILIaHTMpoBaHa 133 maunentam (77 %), Ipy TOM Haju4dye BHOBb yCTa-
HOBJIEHHOJ MK cTaTMCTHYeCKM 3HAUYMMO He BJIMSJIO Ha BEPOSITHOCTb HebIaronpusaTHoro ucxona (p = 0,101).
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OBCYXIEHMUE

I'p(-) mukpooprauusmsbl K. pneumoniae, P. aeruginosa v A. baumannii BXOJSIT B TPYTIITy YaCTO BCTPEUAIOIINXCSI
MIaTOTeHOB C PETUCTPUPYEMbBIM BBICOKMM YPOBHEM YCTOMUMBOCTHM K aHTMOMOTHKAM, 0603HaueHHYI0 Infectious
Diseases Society of America kak «ESKAPE-natorensi». [To manasiM BO3, mpencTaBuUTenu 3TUX BUIOB OT-
HeCeHbI K TIpyIIe BO30yauTeseii ¢ KpUTUUECKM BBICOKMM yYpOBHeM mpuoputeTHoctu [17]. K. pneumoniae,
P. aeruginosa u A. baumannii xapaKTepu3yIOTCS HATMYMEM OTIpeeeHHOro Habopa GakTOpOB MaTOTeHHOCTH
Y TIePCUCTEHIMM, BKITIOUasi CITOCOOHOCTD K OMOTVIEHKOOOPa30BaHMIO Y MHTEPHAIM3AIMM B 3YKapUOTUUECKIEe
KJIeTKM, BKIoYasi octeobnactel [18]. ITo Mepe TOro, Kak HEYKJIOHHO pacTeT pa3HOooOpasue pe3uCTeHTHBIX
LITaMMOB, YBEJIMUMBAETCS ¥ YaCTOTA VX PaCIpOCTpaHeHMs He TOJIbKO Cpefy MalieHTOB, HO U Cpelly HaceJle-
HMSL, UTO BbI3bIBAeT BHICOKYIO HACTOPOXEHHOCTb KIMHULIVICTOB ¥ CUCTEMBI 3paBooXpaHeHus [19].

VcroitunBeie K KapbaneHemaM Enterobacterales (anzn.: carbapenem resistant enterobacterales, CRE) umeroT
0coboe 3HaUeHMe U3-3a X BBICOKOI PE3UCTEHTHOCTM K aHTUOMOTMKAM, B TOM YMCIIe M PaCIIMPEHHOTO CIIeK-
tpa [20]. CornmacHo otuety Centres for Diseases Control 3a 2019 1., B CIIIA ¢ 2012 o 2017 rr. 3aperucTpupo-
Basi 210 500 cyuaeB nHdeKIMIi, BbI3BAaHHBIX IITaMMaMu Enterobacterales, — rpomylieHTOB 6eTa-jakTamas
pacIIMpeHHOTro CIeKTpa winu KapbameHeMmas, uTo mpuBoauT K 12 900 cryuaeB cMmeptu exkeromuo [21]. [mo-
6anpHOe pacripocrpaHeHie CRE-MaToreHOB MPOMCXOAUT OBICTPBIMM TEMITAMM, UTO TPU Pa3BUTUM MHOEK-
LIMOHHOTO IPOILlecca OrpaHMUMBAET BHIOOP aHTMMMUKPOOHBIX ITPEINapaToB MOJIMMUKCUHAMM, TUTELIUKIVMHOM,
aMMHOIIMKO3UIAMM ¥ B HEKOTOPBIX CIy4Yasx BHICOKMMM M03aMy KapbarmeHeMoB. OMHAKO yKa3aHHbIe IIpe-
mapaTbl MOTYT ObITh HEAOCTATOYHO 3((HEKTUBHBIMU U BbI3bIBATH MHOXKECTBO HEXKeIaTeNbHbIX peakiuit [22].
Kpome Toro, HajinMuMe y MaTOreHOB Pe3UCTEHTHOCTHM K 6eTa-IakTaMaMm 1 (GTOPXMHOIOHAM JiejlaeT HEBO3MOXK-
HbIM Ha3HauyeHMe MPOJIOHTMPOBAHHOI STMOTPOITHOM aHTMOAKTepUAaIbHO Teparyi, KOTopasl SIBJISIeTCS CTaH-
IApTHOI M5 leueHMsI MHOEKIIMY KOCTeli ¥ CYyCTaBOB, B BULY OTCYTCTBUSI IPYTUX ITePOPAIbHBIX ITPeIapaTos,
AKTUBHBIX B OTHOIIEHUY ['p(—) MaToOreHoBs.

HecmoTpst Ha HEBBICOKYIO pacrpocTpaHeHHOCTh VIAU, Bri3BaHHOI I'p(—) BO30yOuUTesIMMU 7], MUCXOIbI JIeUeHMST
TaKMX MaleHTOB 3HAUUTEeNbHO Xyske. [lomMrMo pubaMIUIMH-YCTOMUMBBIX CTA(QUIOKOKKOB U YCTONUMUBBIX
K (prrykoHasony rpuboB pona Candida, I'p(—) MUKpOOPraHU3MbI, pe3UCTEHTHbIE K QTOPXMHOIOHAM, TAKXKe OT-
HOCSIT K KaTeropuu BO30OyIuTesel, BbI3bIBAOIINX TpymHOu3neuumyto I (aHen.: Difficult-to-treat, DTT),
IUTsI KOTOPO¥1 JoKa3aHa 6oee BHICOKAS YaCTOTA PEIMAVBOB, TPEOYIOIMX MTPOBEeHUSI IOBTOPHbBIX CAHUPYIO-
LIVX XMPYPIUYECKMX BMeIIaTeabCTB [23].

Pe3ynbTaTsl 11€JI0T0 psiAa UCCIeA0BaHMI AeMOHCTPUPYIOT, UTO I'p(—) aTmonorus AU aBisieTCst CaMOCTOSITeNb-
HBIM ITPeAVKTOPOM HebaronpusaTHoro ucxona [8, 9, 12]. Knipumepy, I.L. Kalbian et al. HeymoBieTBOpUTeIbHBIE
pe3yJIbTaThl JIeueHMs] 3HaUMMO yalile Habmoanyu y nauneHTos c I1I1N, Bei3BaHHO I'p(—) MUKpoopraHusma-
MU 1 accoumarusimu I'p(-) u I'p(+) 6GakTepuii, B cpaBHeHUU ¢ MHGEKIVEN, 06YCTOBIEHHO! UCKITIOUUTETbHO
I'p(+) Bosbymurensmu (OP = 2,9, p < 0,0001; OP = 2,5, p = 0,013 cooTBeTCTBEeHHO) [24]. A MeTaaHa U3 MOKa-
3ai1, uto VAV, 06ycyIoB/IeHHAs MMKPOOHBIMY acCONMAIUMsIMU ¢ yyactueM I'p(—) 6akTepuii, yalie CTaHOBUT-
cs1 MPUUYMHON Hey[ad JiedeHus TI0 CPAaBHEHUIO ¢ MOHObOaKTepuaabHO nHpekimeii [12]. B Hamielt BIOGOpKe
60bIIMHCTBO cydaeB AU (67 %) 06yCIOBIIEHO accoManysiMy 6aKTepuit, Ipy STOM J0JIsT TIAlMEHTOB C He-
6/1aTOTIPUSITHBIM MCXOIOM I10 MCTEUEHUIO IBYXJIETHETO ITepuoaa Hab/omeHus coctaBmia 45 %, 4To B 1[eJIoM
MOATBEPKIAET 00IeMMPOBbIe TeHAEHIY. Takke JIsT 3TOV KOTOPThI OTMeuUaaach BbICOKAs JIETATbHOCTh, —
10 %, uTO CylIecTBEHHO BbIIIle, YeM Cpeay mauyeHToB ¢ MAU 6e3 ydyeTa 3TMONOrMM MHQPEKIVOHHOIO IIPO-
1ecca, — OKoJIO 3 % B TeueHMe nepBOro roza [25]. B 3aBucumoct ot Buzaa ['p(—) Bo36yauTeNs, y9aCTBYIOIIETO
B aTHosioruy AW, monst maiyeHToB ¢ 6JaronpusTHBIM MCXOJ0OM JIeUeHMsT cocTaBmuiia 65 % mist P. aeruginosa,
58 % — nnst A. baumannii n 48 % — nus K. pneumoniae. Kakoro-an60 3HaUYMMOTIO BJMSIHUSI COCTaBa MUKPOO-
HbIX aCCOLMALMIT Ha UCXO[l KOMILIEKCHOTO JieueHUs He ycTaHoBjeHO (p = 0,871).

B Hamem nccinemoBaHMM MALMEHThI TPYIIT CPAaBHEHMST COMOCTaBMMBI O Moy, Bo3pacty 1 UMT BHe 3aBu-
CHMMOCTH OT MCXOHa jedeHus. JaHHble HayUYHBIX MyOIMKAIMii [0 3TOMY BOIPOCY pasHATCS. OmHM aBTOPBI
YTBEPXKIAIOT, UYTO 3TU IMTOKa3aTeaM He OTAMYAIOTCS B TPYINAX C OJArONpUSITHBIM M HeGIarompusiTHbIM MC-
xomamu [26], ApyTue CYMTAIOT, YTO (DaKTOPOM PUCKA HEYTAYHOTO MCXOZA SIBJISIETCS SKEHCKUI IO U OKMpe-
Hue [12], TpeTbM B KauecTBe MpeauKTOpa HeOGJIarompusiTHOrO MCXOAA YKa3bIBAIOT MOXWION Bo3pacT [15].
P.H. Hsieh et al. B uccienoBanuy, mpoBeieHHOM Ha 346 ManyeHTax, CPaBHWIN BIMSHME Pa3INUHbIX (HaKTO-
poB Ha TeueHne MIAU, Bri3BaHHOI I'p(+) u I'p(—) Mukpoopranusmamu. B pesynbTaTe aBTOPbHI MPUIJIN K BbI-
BOJY, UTO maiueHTsl ¢ AV, BbI3BaHHOI ['p(—) MUKpoOOpraHmMsMamu, 6bUTM CcTapile (CpeqHiuii Bo3pacT 68 jet
npotus 59 set; p < 0,001), cpok ot nepBuuHOro III 10 MaHMUdecTaI MM MHPEKIMOHHOTO Mpollecca y HUX ObLI
Kopoue (74 cyroxk npotus 109 cyTok; p < 0,001) [27].

VAU, Bei3BaHHas I'p(—) 6akTepusiMu, 4aCTO MMEET AJIMTeIbHOEe, BOTHOOOpa3HOe TeueHle, coueTalolee B cebe
TepuoIbl 060CTPeHMI, TPEOYIOIIMX MPOBEIEHNS XMPYPIrUIeCKOTO BMeIlIaTeIbCTBA M aHTMOAKTepMaabHO Te-
panuu, M peMuccuu. B Haimem uccieoBaHUY IJIUTENbHOCTh MHMEKIMOHHOTO Mpollecca B 06eux TPyInax
6bLa OOJTbIIIe TOMA M 3HAUMMO He pasinuanach. VIHTepBaa BpeMeHU CO IHSI XMPYPrUUeCKOro BMellaTeslb-
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cTBa A0 MaHudectanuu MHOEKIMM ¥ C MOMEHTa MOCIeHell CaHUPYIOIei ornepanun A0 UHAEKCHOM ObLT
HEeCKOJIbKO MeHbIIIe B IPYIINe ¢ HebaaronpusaTHeIM ucxomom (p = 0,331 u p = 0,095 coorBeTcTBeHHO). [To maH-
HbIM MeTaaHaiM3a 11 KIMHMYECKUX UCCIeN0BaHM, BKIouaouiero 593 namnuenta c [1I1M, Bbi3BanHOM ['p(-)
BO30YIUTEISIMM, OCTpasi MH(PEKIIMS B CPABHEHUM C XPOHMYECKOI uMesia 6oiee HeGIAronpuUsITHOE TeUeHMeE:
IOJIST TIAIMEHTOB C GJIATOMPUSITHBIM VMCXOMOM I1OC/Ie JIBYX3ITAITHOTO JIEYeHUSI COCTaBWIa COOTBETCTBEHHO
66 % u 75 % npu gByXIeTHeM HabmogeHu [12]. Kpome TOro, yCTaHOBIEHO, UTO MCXObI JIEYEHUST MTPU JIOKA-
nmu3auyy nHdekyu B KC 6611 3HAUMMO Xyske, ueM B TBC (cooTBeTCTBeHHO 35 % mpotus 15 %, p = 0,002).
B HamieMm ucciegoBaHMM 3TU MMOKa3aTeIu He pasindyanuch: mpu Jokanusauumu VAW B TBC mosns namyueHTOB
C He6IaronpusITHBIM MCXOOOM cocTaBuia 37 %, a B KC — 39 %.

B.G. Pfang et al. mpuIim K BEIBOAY, UTO HajmMuye GOJIbIIOr0 KOJTMYECTBA CAHUPYIONIMX OTlepaliii B aHaMHe3e
SIBJISIETCSI CAMOCTOSITEIbHBIM IIPEIMKTOPOM He6IaronpusiTHOro mcxoaa AV, BpI3BaHHO MPeCTaBUTEIIMU
cemeiicTBa sHTepobakTepuii [8]. PaHee ripu ananmse ncxonos VAV, BeI3BaHHBIX TONMBKO K. pneumoniae, HaMu
TOy4YeHbl UIEHTUUYHBIE pe3yabTaThl [14]. B Tekyliiem ucciegoBaHUM He YCTAaHOBIEHO MeKTPYTITIOBbIX 3HAYM-
MbIX pasnuunii (p =0,112) mo KOIMYeCTBY NPOBENEHHBIX PaHee CAaHUPYIOIIMX OMepalyii, IpyU 3TOM B IPYII-
e 2 6bu10 Ha 30 % Gosbllle MAIMEeHTOB C ABYMS U G0Jiee caHAIIMSIMM B aHAMHe3e.

VpoBHM Ta60paTOPHBIX MapKepOB BOCIIAJIEHMS B IPYIIIaX CpaBHEHMS GbIIM COMTOCTaBMMBI B IO- 1 TTOC/IEO0TIe-
pauyroHHOM nepuomax. OmHaKo Y HalMeHTOB IPYIIIIbI 2 MPU MOCTYIIEHMM Ha6I0aaaach TEHAEHITUS K 6ojee
BBIPAKEHHO IMITOAIbOYMUHEMUY, YPOBEHD KOTOPOJ K MOMEHTY BBIIMCKM CTATUCTUUYECKM 3HAUMMO OT/IN-
yajics ot rpymisl 1 (p = 0,002), HecMOTpsT Ha TO, UTO TTOC/Ie oneparuy um vaie (p = 0,002) u 601ee IIUTETLHO
(p =0,101) mpoBommau MHPY3UM pacTBopa anbOymyHa. [IomydeHHbIE pPe3yIbTaThl COITIACYIOTCS C TaHHBIMMU
N.R. Scarcella et al., KoTopble yCTaHOBWIN, UTO y ITAI[MEHTOB CO CHMSKEHHBIM YPOBHEM aJIbOYMMHA vallle pas-
BUBAJIMChH PeIUOMBBI MHMEKIMOHHOTO Ipoiiecca. ABTOPBI CUMTAIOT, YTO 3HAUMTENIbHYIO POJIb B Pa3BUTUM
TUIT0AJbOYMMHEMMY UTPAET HaJIMUMe XPOHMUECKOTO BOCITAJIEHNS, TPUBOISIIIETO K MMMYHOCYITPECCUM, KOTO-
pasi, B CBOIO OUepe/ib, 3aTPyIHSIET IMKBUAALIMIO CAMOT0 MHMEKIIMOHHOTO MPOollecca, 3aMbIKasi 3TOT ITOPOYHBIN
Kpyr [28]. [IToMUMO 3TOTO, I'MIIOATLOYMUHEMMS TIPUBOIUT K CHVDKEHUIO 9(PQPEKTUBHOCTY aHTUOAKTEPUATH-
HOJT TepaInuy 3a CUeT CHYDKEeHMS KOIMYeCTBa TPaHCIOPTHBIX GeIKOB. B pe3ynbTaTe B KPOBM YBEIMUMBAETCS
HeCBsI3aHHAas C aATbOYMMHOM (QpaKLys aHTMOMOTMKA, UTO MOBBIIIAeT PUCK Pa3BUTHS HeKelaTeTbHbIX peak-
1Mt Ha JOHE CHYDKEHUST aHTUOAKTePUAIbHON aKTMBHOCTHM TIperiapara [29]. B ¢Bs3u ¢ 3TUM Kak 3apyOeskHbIe,
TaK U OTeUeCTBEHHbIE aBTOPBI ITPUXOST K BHIBOJIY, UTO TMII0A/IbOYMITHEMMS TTOBBIIIAET PUCK MH(PEKIVMOHHBIX
OCJIO>KHEHMU TTocJIe TIPOBeleHNsI OpToTeAMueCcKMX BMellaTeabCTB. DTO MTO3BOJSIeT CYUTATD JAHHBIM CUMIITOM
CaMOCTOSITEeIbHBIM TIPEIVKTOPOM HeynauM KOMIUIEKCHOTO jeyeHus nauyeHTos ¢ MAU [30, 31]. Eme ogHuM
BO3MOXXHBIM ITPEAMKTOPOM HEYIAYHOTO MCX0Ha TPy MHGEKIMOHHbBIX 3a60/ieBaHMsIX, B TOM uncie MAU, cum-
TaT aHeMuIo [32]. B Hamem ucciieqoBaHuy MOTPEOHOCTD B HA3HAUEHNY BHYTPMBEHHBIX ITperapaToB keje3a
TaKKe yaille Hab/Iromanach cpeau maiueHToB rpynisl 2 (p = 0,056).

Hammu ycraHoBiieHO cratuctuuecku 3Haummoe (p = 0,011, V Kpamepa = 0,254) BAusIHME UYBCTBUTEIbHOCTU
BBIZIEJIEHHBIX MMKPOOPTaHM3MOB K TECTUPYEMbBIM aHTMOAKTEPMATbHBIM IIperapaTaM Ha MCXOJ, KOMIUIEKC-
HOro yseueHusi. Cpenu MalMeHToOB, Y KOTOPbIX aTnonorus AU npencrasieHa mrammamu ['p(—) Mmukpoopra-
HM3MOB, YYBCTBUTEJIbHBIX K (PTOPXMHOIOHAM, OblIa HauOOJIbIIIAsl YACTOTa O6JarONpPUSITHBIX UCX0H0B — 87 %.
A cpeny manyeHToB, Y KOTOPbIX ObLIM M30/MpOBaHbI ['p(—) 6akTepun, pe3uCTeHTHbIE K PTOPXMHOIOHAM U Iie-
damocropmrHaM, ¥ MUKPOOPTaHU3MBI C SKCTPEMaTbHOI Pe3UCTEeHTHOCTbIO, TOJISI GIarONPUSTHBIX VCXO0B
cocraBmiia 49,2 u 49 % cooTBeTCTBEHHO. AHAJIOTMYHbIE Pe3ynbTaThl Mokasauu M. Fantoni et al., B paboTe Ko-
TOPBIX YCITENTHbIE PE3Y/IbTATHI JIEUEHMS MAIIMEeHTOB ¢ MHDEKIME, 06YCIOBIEHHO! KapbareHeM-pe3UCTeHT-
HBIMU mITaMMamu ['p(—) MUKPOOPTaHU3MOB, ObUIM JOCTUTHYTHI TOIBKO B 50 % ciydaes [13].

Boibop mpemapartoB mjist ABT, Kak Ha CTalMOHAPHOM, TaK M Ha aMOy/JIaTOPHOM 3TaraX — KpaeyrojbHbIi
KaMeHb B JieueHUM mnauyueHToB ¢ VAW, Bbi3BanHOM I'p(-) Bo36ymurensamu. OcHoBoit ABT mpuHsITO CUM-
TaTh ITapeHTEePAIbHOE BBeIEHME ITPEMMYIIECTBEHHO OaKTepUIIMAHBIX aHTUOMOTMUKOB B TeueHue 7—14 nHeii
CO A HS Ollepanyy ¢ IoCJIeAyIOL MM IIepexXoL0M Ha IepopajbHble Ipernaparsl 50 6—8 Hefemb [oc/ie KaXka0To
M3 9TAIOB XUPYPruueckoro jeyeHus [33] win Lo Tpex MecsileB Ioc/Ie OLHOITAallHOrO BMellaTelbCTBa [34].
Bce BK/IIOUeHHBIe B Hallle MCC/IeOBaHMe NalMeHThl Toaydany cucteMHylo ABT Kak MMHMMYM ABYMS IIpe-
napataMy. Tepanuio CYMTaNM 3TUOTPONIHON NPU HAAMUUM YYBCTBUTENbHOCTM BBIAEIEHHOIO OT NMalMeH-
Ta IMITaMMa MUKPOOpraHK3Ma XOTS ObI K OTHOMY ITOJIyYaeMOMY aHTUOUOTUKY. ITUOTPOITHYI0 ABT co mHsS
omepanuu ¢ yueTom pe3ynbraToB MBU moorepallOHHBIX GMOMAaTepuasoB MONyYman 61 % maimeHTOoB,
BKJIIOUEHHBIX B MccaeqoBanue. [Ipu 3ToM, MennaHa anutenbHocT ABT Ha cTalMoHapHOM JTarie maijeH-
TOB B IpymiIie 2 6b1a HECKOABKO 6OJbIlle, YeM B IpytIie 1: coorBeTcTBeHHO 16 [11-24] u 13 [10-15] cyTok
(p = 0,096), uTo 6BLIO OOYCIOBIEHO GOJIee YaCTOI HEOOXOAMMOCTbIO BBITIOTHEHMSI PEBU3UM TTOC/Ieoepalu-
OHHOJ paHbl WJIM HEBO3MOKHOCTBIO IIepeBoa IMaliieHTa Ha 3TUOTPOIHYIO IepopaibHyo ABT nmaiueHTOB
B rpymre 2.
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MaJoe KOMMUeCTBO aKTMBHBIX B OTHOIIEHMM M3y4aeMbIX MTATOT€HOB MepOpabHbIX aHTUOMOTUKOB Ompee-
JIIeT TPYOHOCTU C TPOBeJeHMeM ITPOJIOHTMPOBAHHON 3TUOTPOIHONM Tepanuy y MpodUIbHBIX MAaI[MeHTOB.
Boibop mpernapaToB OrpaHUYMBAETCS MPeNCTaBUTENIMU Kiacca (GTOPXMHOIOHOB M KO-TPUMOKCA30I0M.
DTOPXMHOJIIOHBI BHITOTHO OT/IMYAET aHTUOUOIIEHOYHASI aKTUBHOCTD, XOPOIIIast TEHeTPAINS B KOCTHYIO TKaHb
Y OTHOCUTETHHO XOPOIliasi epeHocuMocTb [35]. B uccinenoBanun D. Rodriguez-Pardo et al., BKIouaromem
242 nmauyenTa ¢ AU, 1o 4yBCTBUTETbHBIX K GTOPXMHOJIOHAM M30/ITOB I'p(—) 6akTepuii coctaBmia 81 %,
YTO TP BBITIOTHEHUM peBU3UM ¢ coxpaHeHreM MK 1 HasHaueHUM IJINTEeNbHOM 3TUOTPOITHO TIepopaabHO
Tepanuu B 79 % ciy4yaeB MO3BOMIIO KYIIMPOBATh MHQEKIINIO ITPU IBYXJIeTHEM HabmogeHnu [36]. B Hamem
MCCIeOBAaHMM VIMEHHO B aHAJIOTMYHOJ TPYIITe MaleHTOB ObUla MaKCMMaIbHAST YacTOTa OaronpusTHBIX
MCXomoB — 87 %, UTO MOATBEPKAAET 3HAUMMOE BJIMSTHYE UyBCTBUTEIbHOCTY MMATOTEHOB K aHTMOMOTHUKAM Ha
mcxoppl jiedeHus (p = 0,011). OgHAKO BBICOKMIA YPOBEHDb PE3UCTEHTHOCTU ['p(—) MUMKPOOPraHM3MOB K aHTU-
6MOTMKAM JAHHOJ TPYIIBI CMJIBHO OTPAaHMYMBAET BO3MOXKHOCTY UX IpuMeHeHus [37]. B uccnemyemoit HamMmu
BbIOOPKE 87 % BO30OyIMTeENeil ObUIM YCTOMUMBEI K PTOPXMHOIOHAM, YTO I10 JaHHBIM HAYYHBIX ITyOIMKaINiA
He6IaronpusITHO BAMSIET HA MPOTHO3 Pe3y/IbTaTOB JeUeHNsI TAKUX MMaIMeHTOB [36].

o HACTOSIIIETO0 BpeMeH!M OTKPBITBIM OCTAeTCSI BOTIPOC, €CTh JIU 11e1ec000pa3HOCTh Ha3HAUeHMST (DTOPXMHO-
JIOHOB Ha aMOYy/IaTOPHOM 3Tarle JleYeHVsI IPU OTCYTCTBUY YYBCTBUTEIBHOCTY K HUM U30JISITOB, BbII€TIEHHBIX
oT nmanyeHTa. ViccienoBaHmit, MOCBSIeHHbIX 3 GeKTMBHOCT MOHOTepanuu GTOPXMHOIOHAMMY JIJIS IeYeHMSI
MHMeKIMM, BI3BAHHOI Pe3UCTEHTHBIMM K HUM IITaMMaMu, Mbl He Hauwutu. O. Grossi et al. mokasamu, uTo f1o-
MOJTHUTE/IbHOe HasHaueHMe QTOPXMHOIOHOB K IPOJJIeHHO MHQY3uM OeTa-1akTaMOB BeCh Mepuoj, jeye-
Hus (MeguaHa — 90 CYTOK) He OKa3bIBAJIO BAMSHMS Ha MCXOH, JeueHus nanueHToB ¢ VAU, o6ycioBieHHOI
ycroitunBbiMM K X mrammamu [26]. B gpyrom uccienoBanuy 28 mpoduIbHBIX MALMEHTOB TI0C/Ie CAaHUPY-
IolIelt omepaiuu noayvaa KOMOMHMPOBAHHYIO Tepanuio nedenumoM 1 PTopxmnHonoHoM. dPheKTUBHOCTh
MpY ABYXJIETHEM Tepuofe HabIoaeHuii coctaBuwia 79 %, omHako B paboTe He aHAIMU3UPOBAIN BIIUSHUE
Ha Hee KaKIOoTro aHTUOMOTHKA B OTAENbHOCTH [38]. B HallleM MCC/IefOBaHUY MbI TaKKe He MOy 3HAUM-
MbIX pasnnuuii (p = 0,446) B 93ddeKTUBHOCTH IeueHNs B 3aBUCUMOCTH OT HAJIMUMS MU OTCYTCTBUSI B COCTaBe
nponneHHoi ABT npenapara 13 rpynibl GTOPXMHOJIOHOB B CIydae YCTONYMBOCTY K HUM IATOTE€HOB.

Ipyrum IiperapaToM, TEOPETUYECKM aKTUBHBIM B OTHOINEHMM Bemymiux I'p(—) BO3OymuTesneii opTonemu-
yeckoi uHdeKUMy, 3a UCKIIOYEeHeM MMeleli TPUPOIHYI0 Pe3UCTEeHTHOCTh K Tpernaparty P. aeruginosa,
SIBJISIETCSI KO-TPUMOKCA30/I. AHTUOMOTUK [I€iiCTBYyeT GaKTePUIMIHO U CIIOCOOEH MPOHMKATh B KOCTHYIO
TKaHb [39]. OMHAKO KO-TPUMMOKCA30J1 He 00/1aiaeT aHTUOMOTIEHOYHOI aKTMBHOCTbIO 1 OKOJIO 70 % 1mTaMMOB
K. pneumoniae u A. baumannii UMelOT K HeMy ycToitunBocTb [37, 40]. H. Cisse et al. mokasanu, 4yTo npumeHe-
HMe KOMOMHAIMK GTOPXMHOIIOHOB M KO-TPUMOKCA30/1a B TeueHue 8—12 Hemesb ocjie XUPypruveckoii caHa-
umn'y 30 mauuenToB ¢ AU, Bei3BaHHOII E. cloacae, 6bu10 addertrBHbIM B 80 % ciryyaes [41]. DbdeKTUBHOCTD
KO-TpuMoOKca3oja rpu AW, BeisBaHHOV Apyrumu I'p(—) BO30yaUTeNsIMM, B HACTOSIIEe BpeMs He M3ydeHa.
B Hamem nccieqoBaHyue Ha3HauUeHME KO-TPUMOKCA30/1a UM (PTOPXMHOIOHA TIPY HATUYUM YYBCTBUTEIHHO-
CTU K HUM BBIJI€JIEHHBIX OT MalieHTa U30JITOB cTaTucTnuuecku 3Haunmo (p = 0,001) yBenmunsano BeposiT-
HOCTb 6JaronpusTHOrO Mcxona B 7,87 pas (95 % I 2,26-27,03), uTo ele pa3 NOATBEPKIAET BasKHEMIIIYIO
POJIb AaHTUOVOTUKOPE3UCTEHTHOCTH B ITPOTHO3€ Pe3y/IbTaTa JIeueHus IJ1s1 TanueHToB ¢ MAU.

PeBu3ust 06/1aCTM XUPYPrUUECKOro BMeEIIaTeIbCTBA B paHHEM IOC/IeoepalioHHOM Iepuoie MoHamo6muIach
KaKIOMY IISITOMY IMallMeHTy, uTo B 4,86 pasa (95 %IU 2,18-10,84) yBennumuBamo puck He6IaronpusTHOTO
ncxoma. Kpome toro, rosyuenue pocra I'p(-) 6akTepuii B paHHEM TOC/IeONepaioHHOM Iepuoze B 3,4 pasa
(95 %W 1,61-7,21) yBenmuumMBasio BepOSITHOCTD HebmaronpustHoro mcxona (V Kpamepa = 0,252). KyabTypo-
BBIZIeJIEHVE 3aPEeTrMCTPUPOBAHO Y 23 % IMaIMeHTOoB. B GONBIIMHCTBE CJTyuyaeB M3OJST BbIAESIIM U3 UHTPAO-
TepalMoOHHOTO MaTepuaia IPU BBIMOTHEHMM PEBU3MOHHON Orepaluu, pexke M3 reMaToMbl UJIM PaHEBOTO
OT[eJIsIeEMOTO.

V3BeCTHO, UTO OIlepanys ¢ COXpaHeHMeM MHQPUIMPOBAHHOIO MMIUIAHTATa YacTO IMPUBOOUT K pelyaMBaM
VAU [8, 15]. B HameM uccrnenoBaHMM B IIOAABISIONIEM GOMBLUIMHCTBE C/IydaeB MHEKCHAsT Oreparus BKI0-
yajia TOJTHOe yaajeHue Win 3aMeHy MHPUIMPOBAHHOTO MMITIAaHTAaTa Ha HOBBIA. B uMcciemyemMoit BbIGOpKE
77 % TalMeHTOB BBIMMCAHBI C HAJIMUYMEM BHOBb yCTaHOBAeHHBIX MK, ualme Bcero aHTMMMKPOOHBIX CITeji-
cepoB. B pe3ynbraTe Mbl He BBISIBUIM CTATUCTUYECKM 3HAUMMOTO BAMsSIHMUS Hannmumst MK Ha ncxop, nedeHust
(p=0,101).

3AKJ/JIIOYEHUE

KomrinekcHoe sieuenme AU, o6ycioBieHHO I'p(—) 6akTepusamu, Ipu ABYXJIeTHEM HaboaeHun B 45 % ciry-
YyaeB BeJIeT K HeOMaronpusiTHOMY UCXOAY, BKaouas 10 % netanpHOCTU. Bemyiiye rpaMoTpuiiaTesTbHbIe BO3-
O6ymuTenu B OOJBIIMHCTBE CJIyYaeB BCTPEUAIOTCS B COCTaBe CMEINaHHbIX ¢ I'p(+) 6GakTepusiMyu MUKPOOHBIX
accouyauyii. AW paHHOM 3TUMONOIMM XapaKTepU3yeTCs NJIUTEeNbHBIM pelVIMBUPYIOIIMM TedyeHueM. 3Ha-
YMMBbIMM (PaKTOPaMU, BAVSIIOIIMMY Ha PYCK HeGIAarompusiTHOTO MCXOfa B GysKaiiiime IBa roga mocie caHu-
pyIo1Ieii onepamum, SIBASIOTCS TUII0ATbOYMMHEMMSI, KaK MCXOFHAsI, TaK U B TIOC/IeOTIePAIIIOHHOM Tepuoze,
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" paHHSS peBU3Nsa HOCJIEOHepaLU/IOHHOI‘/JI PaHBI C ITOJIOKUTEJIbHBIM POCTOM B036Y,ZU/ITEII$I ns3 6I/IOMaTepI/IaHa,
IMOJIYy4E€HHOTO U3 o6acTu XMPypruyeckoro sMeuiaTe/JabCTBa. ITomuMoO 3TOTO HA IIPOrHO3 y TaKUX IMallM€HTOB
3HA4YMMO BJIMSAeT YyBCTBUTEJIbHOCTb M30JIMPOBAHHbBIX Fp(—) IIaTOTE€HOB K aHTI/I6aKTepMaJ’[beIM IIperaparam,
YTO BbI3bIBAET OC06YIO 03a00Y€HHOCTh B repmon ImoBCeMeCTHO paCTYH.IEI‘/’I aHTuﬁaKTepmaanoﬁ Pe3nCTEeHT-
HOCTU N Tp66YET pa3p360TKI/I HOBBIX TAKTMYECKMX ITOAXOO0B K JIEUEHUIO.

KoHgnukm unmepecos. He 3as8neH.

HcmouHuk ¢punancuposanus. He 3as6/eH.
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AHTH6aKTEpHanbHOE AEUCTBUE IM30LMMA NPOTUB BO3OyaUTENEH OCTeOMUENnTa
S. aureus v S. epidermidis

W.B. lWunuubiHa™, E.B. Ocunosa

HaimoHanbHbI MeAUIIMHCKUIA UCCIeA0BaTeIbCKUI LIEHTP TPaBMaTOJOT UM U OPTONEeAUN
nuMmenu akagemuka [LA. nusaposa, Kyprahs, Poccus

ABTOp, OTBETCTBEHHBII 3a mepenucky: VipuHa BaagumuposHa llunuipiga, ivschimik@mail.ru

AHHOTaua

BBenenwe. Vcrnonb30BaHle TM30I[MMa B KaUeCTBe OAaKTEPULIMIHOIO areHTa MPOTUB BeIyIIUX BO30yauTenei
XPOHMYECKOT'O OCTEOMMEINTA MOKET CTATh aJIbTEPHATUBO MO0 JOIOJIHEHMEM K CYIIEeCTBYIONIMM aHTHOaK-
TepuaabHBIM ITperapaTam.

Ilesb paboThI — OILEHUTH aHTMOAKTEPHUATBHOE eI ICTBYE IM30I[MMa B OTHOIIEHUY KIMHUYECKUX IITAMMOB
Staphylococcus aureus u Staphylococcus epidermidis.

Marepuasbl 1 MeTOAbIL. B kKauecTBe TeCT-Ky/IbTyp UCIIOIb30BaIM My3eiiHble mTaMMbl Staphylococcus aureus
(ATCC 25923), Staphylococcus epidermidis (ATCC 14990) u knMHMYecKue MITaMMbl (n =48), B TOM uucie
MRSA (n=6) u MRSE (n = 6), U30MMpOBaHHbIE U3 PaH U CBUIIEN TAl[IEHTOB C XPOHUUECKUM OCTeOMUETUTOM.
AHTHbGaKTepMaIbHOE IeiICTBIE IMU30IMMAa OLEHUBAJIN, UCIIONb3YS AUCKO-AUMOY3MOHHBI METO]I.

PesynbTaThl. JIM30LMM IIPOSIB/IST OAKTEPUILIMIHOE TEeiCTBYE B OTHOIIEHUY MYy3€lMHbBIX IITaMMOB S. aureus
u S. epidermidis, 30Ha 3afepP>KKM pocTa 6akTepuii coctapisiia 11-12 Mm. UyBCTBUTEIbHBI K JIM30IMMY ObLIO
87,5 % KIMHMUYECKUX ITAMMOB S. aureus, IaMeTp 30HbI 3aJeP>KKM pocTa cocTaBysi 9—13 Mm. B oTHOIIEHUM
Tpex IITaMMOB S. aureus, B TOM uucie IByx MRSA, oTMeUYeHO OTCYTCTBYE 6aKTepUIIMIHOTO 3¢ deKTa, BOKPYT
IJICKa HaOMIOJaaM CIUIOLIHOM pocT G6akTepuii. Cpenu mTaMMoB S. epidermidis aHTUGaKTepuanbHOe Oeli-
CTBME JTM30LMMa HAOII0AaaM B OTHOIIEeHMM 79,2 % M30/SITOB, IMaMeTp 3aAeP>KKM PoCTa COCTaBsT 8—11 MM.
OTMedeHa YCTOMUMBOCTh TpexX mTammMoB MRSE K nusouumy. JIN30UyM yCUAMBAI OECTBME BAHKOMMUIIM-
Ha ¥ 1e(OKCUTHHA MTPOTUB METULIVJUIMH-UYBCTBUTEIbHBIX IITAMMOB CTa(WIOKOKKOB M HOPQIOKCAlMHA,
¥ BAHKOMUIIMHA — IMPOTUB METULIMJUIMH-PE3UCTEHTHBIX CTA(MIOKOKKOB.

0o6cykaeHue. HecMoTpst Ha 06HAPYsKeHHbI MHTMOUPYIOINii 3G deKT, MpMUMeHeHNe TOTbKO OIHOTO JIU30IM-
Ma MOKeT GbITb OTPAaHMUYEHHO B CBSI3M C BO3MOKHOCTBIO €ro Jerpajauuy IpoTeasaMi, a Tak)ke HEKOTOPOit
MMMYHOTE€HHOCTBIO. B inTepaType nMeroTcst paboThl O CMHEPri3Me KOMOMHMPOBAHHOTO € CTBYS IM301LMMa
C pasAMUYHBIMM aHTMOMOTMKAMM Ha IPaMITIOIOKMUTEIbHbIE U TpaMOTpUIIaTe/bHbie 6akTepun. ITomyueHHbIe
B HallleM 9KCIIepMMeHTe JaHHbIe TI0OKa3ajy yeulIeHue aHTuoakrTepuaabHoro a¢deKra Ipy COBMECTHOM feii-
CTBUM aHTUOMOTUKOB U JIM30I[MMa B OTHOIIIEHMY BeAYIIUX BO3OYAUTEIei OCTeOMUETNTA.

3akiioueHue. YCTaHOBJIEHO, UTO JIM30IMM 00/71a1aeT aHTMOAKTePUAIbHbIM e/ ICTBMEM B OTHOIIEHUY KIVHA-
YyecKuX IMITaMMOB S. aureus, S. epidermidis, B Tom unciie u MRSA v MRSE, 301MpOBaHHBIX U3 PaH IalieHTOB
C XpPOHUYECKUM OCTEOMMUETUTOM. [IpM COBMECTHOM IeiiCTBUM JM30LMMa C 1ieoTaKCMMOM, Hopdokcalu-
HOM M BAaHKOMUIITHOM Hab/II0aeTcs yeuaeHe aHTubakTepuaabHoro saddekra.

KiroueBsbie ¢JI0Ba: XPOHMUECKMIT OCTEOMMUEITNT, JIM3OLMM, PE3VICTEHTHOCTD, aHTUMMKPOOHbIE TeIITU/IbI, aH-
TUOMOTUKM

IOnsa uutupoBauus: [unuibiHa U.B., Ocumnosa E.B. AHTu6aKkTepuaabHOe IeiicTBME JIM30IMMa IPOTUB BO36yauTe et
octeomuenuTa S. aureus u S. epidermidis. I'enuii opmoneduu. 2025;31(3):334-340. doi: 10.18019/1028-4427-2025-31-3-334-
340.
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ABSTRACT

Introduction The use of lysozyme as a bactericidal agent against the leading pathogens of chronic
osteomyelitis can become an alternative or supplement to existing antibacterial drugs.

Purpose To study the antibacterial effect of lysozyme against clinical strains of Staphylococcus aureus
and Staphylococcus epidermidis

Materials and methods Control strains of Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis
(ATCC 14990) and clinical strains (n = 48), including MRSA (n = 6) and MRSE (n = 6), isolated from wounds
and fistulas of patients with chronic osteomyelitis were used as test cultures. The antibacterial effect
of lysozyme was assessed using the disk diffusion method.

Results Lysozyme exhibited bactericidal activity against control strains of S.aureus and S. epidermidis,
the growth inhibition zone of bacteria was 11-12 mm. Among clinical strains of S. aureus, 87.5 % were
sensitive to lysozyme, the growth inhibition zone diameter was 9-13 mm. No bactericidal effect was observed
against three strains of S. aureus, including two MRSAs, and continuous bacterial growth was observed around
the disk. Among strains of S. epidermidis, the antibacterial activity of lysozyme was observed against 79.2 %
of isolates, the growth inhibition diameter was 8—11 mm. Resistance of three MRSE strains to lysozyme was
noted. Lysozyme enhanced the effect of vancomycin and cefoxitin against methicillin-sensitive staphylococci
and norfloxacin and vancomycin against methicillin-resistant staphylococci.

Discussion Despite the inhibitory effect found, the use of lysozyme alone may be limited due to its possible
degradation by proteases, as well as some immunogenicity. There are studies on the synergism of the combined
action of lysozyme with various antibiotics on gram-positive and gram-negative bacteria. The data obtained
in our experiment showed an increased antibacterial effect by the combined action of antibiotics and lysozyme
against the leading causative agents of osteomyelitis.

Conclusion It has been established that lysozyme has an antibacterial effect against clinical strains
of S. aureus, S.epidermidis, including MRSA and MRSE, isolated from wounds of patients with chronic
osteomyelitis. An increased antibacterial effect is observed by a combined action of lysozyme with cefotaxime,
norfloxacin and vancomycin.

Keywords: chronic osteomyelitis, lysozyme, resistance, antimicrobial peptides, antibiotics
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BBEIOEHUE

Yamie BCero OCTEOMMENUT BbI3bIBAIOT OakTepuy poma Staphylococcus, MpeuMyIecTBEHHO S. aureus
u S. epidermidis (BkIOUasi MeTUIIM/UTMH-YCTONUMBbIe 1mTaMMbl MRSA u MRSE), KOoTOpble OeMOHCTPUPY-
IOT BBICOKYIO CTeIeHb Pe3MCTEHTHOCTU K TPAIUIIVIOHHBIM aHTMOMOTUKAM. DTO JeaeT JieueHne MaleHTOB
C OCTEOMMEINTOM CJIOKHBIM U TPeOyeT Mmoucka HOBBIX, 60imee 3 GeKTUBHBIX mpenapaTos [1-4].

Kaxk ajbTepHaTMBa UM B JOIIOJHEHNUY K CYIIECTBYIONMM aHTUMOaKTePUAIbHbIM CPeCTBAM, aKTyaIbHbIM Ha-
TpaBJIeHVeM MOXKET CTaTh MCIOIb30BaHMe JIM301LMa B KauecTBe 6aKTepUIMIHOIO areHTa IMPOTHUB BemyIIuX
BO30yaMTeseil XpOHUYECKOTO OCTeOMUETNTA. JIM30LUUM — 3TO aHTUMUKPOOHbIN (hepMeHT, KOTOPbIii comep-
SKUTCSI B Pa3/IMUHBIX OMOTOTMYECKIX SKUAKOCTSIX, TAKMX KaK CJIIOHA, CJIe3bI M IPYIHOE MOJIOKO [5, 6]. JI301uMMbI
TTOIPa3aeIsIOTCS Ha TPY OCHOBHBIX CEMEeICTBA: KyPUHBIN TUII (C-TUIT), TYCUHBII TUTT (g-TUIT) 1 6€CITO3BOHOY-
HbIl T (i-Tur). Takske M3BECTHBI IM30IMMbI (HaroBOTO THUIIA, 6aKTePUATbHOTO TUIIA ¥ PACTUTEIHHOTO TUTIA.
KypuHbIli 1 desioBeYeCKuit SIBJISIIOTCS IU30LMMaMM C-Tumna. KypuHHBI cocTOUT n3 129 aMMHOKMUCIOTHBIX
ocraTkoB (14,3 k/la), yenoBevecknuii — u3 130 aMMHOKMCIOTHBIX OCTAaTKOB (14,7 kIa). Mexny nocienoBa-
TETbHOCTHIO YEJIOBEUECKMX U KYPUHBIX TU3OIMMOB CYIIECTBYET UAEHTUUYHOCTD 59 %, HO aHTMOAKTepUaTbHAS
aKTMBHOCTH KyPMHOTO JIM30LMMa B TPU pasa HusKe, 4eM aHTMOAKTepuaabHasl aKTMBHOCTh UeI0BEUeCKOro,
OJTHAKO ero MCII0Ib30BaHNe OrpaHNUYeHO M3-3a JOCTYITHOCTH pecypcos [5, 7, 8].

ITOCKOJIBbKY JIM30LIMM SIBJISIETCSI €CTECTBEHHBIM KOMITOHEHTOM OPTaHM3Ma, OH OOBIYHO XOPOIIIO TTEPEHOCUTCS
Y MMeeT HU3KUIt PUCK TOKCUYHOCTH, TIO3TOMY €r0 MCIIO/MIb3YIOT B MEAUIIMHCKUX 11eMsIX. JIM301um paspyniaet
MEeNTUAOTIMKAHBI, KOTOPbIE COCTABISIIOT KIIETOYHYIO CTEHKY OaKTepUabHBIX KJIETOK, UYTO IMTPUBOAUT K OCMO-
TUYECKOMY pa3pylleHuio u rubenn 6akrepuii [8]. KoMOGMHamms mmM301MMa ¢ aHTMOaKTepMaaIbHBIMM TTperia-
paTaMy MOXeT YyCWInBaTh ux peiicrsue [9, 10]. JInzomum Taxke Crioco6eH MOAYIMPOBATh MUMMYHHBI OTBET
opraHmusmMma [7, 8]. B HacTosIlee Bpems IM30LMM Y3Ke UCIO0/Ib3YeTC sl KaK KOHCEPBAHT M aHTUCENTUK [6, 8]. ITep-
CTIeKTYBA MCITOMIb30BAaHMS IM30I[MMa B KaueCTBe aHTUOAKTePUATbHOTO areHTa MpoTUB BeAyIIuX BO30yauTe-
Jieit 0OCTeOMMEeTMTAa MOKET PacIMPUTh 06/1aCTh €r0 IPUMEHEHNUS B MeIUIIVHE.,

Ilesp paGoOThI — OLIEHNUTh aHTMOGAKTEPMATIbHOE IefiCTBIE JIM30IMMa B OTHOIIEHMUM KIMHNUECKMUX IITAMMOB
Staphylococcus aureus u Staphylococcus epidermidis.

MATEPUWAJIbI 1 METO 1 bl

B KkauecTBe TeCT-KyJbTYp MCIIONb30BaAM My3eiiHble ImTammbl Staphylococcus aureus (ATCC 25923),
Staphylococcus epidermidis (ATCC 14990) u knuHudeckue mrammbl (n = 48), B Tom uncie MRSA (n = 486)
u MRSE (n = 486), u301MpoBaHHbBIE M3 PaH U CBUILEN MAallMEHTOB C XPOHUYECKUM OCTEOMUETUTOM.

Vpentudukanmio 6akrepuii 0CylecTBIsUIM Ha 6aKkTepuoornueckom aHanamsarope BactoScreen (OO0 HITO
«JIutex»). UyBCTBUTEILHOCTh MUKPOOPTaHM3MOB K aHTMOAKTEepUATbHBIM MIperapaTaM OIMpPemesisuiv ITUCKO-
nuddysmoHHbIM MeTogoM. OlleHKY pe3yabTaToB IMPOBOIMIIN, UCTIONb3Ys KpuTepuu EUCAST (2017-2022 rr.).
BoIsiB/IeHMe€ T€HOB METULIWIIMH-PEe3UCTEHTHBIX CTa(hMIOKOKKOB B OMOJOrMYECKOM MaTepuaje OCYyIIecT-
BJISLIM C VICTIOJIb30BaHMeM Habopa peareHTOB ISl BbISIBJIEHUS M KOIMYeCTBEeHHOTo onpeneneHus THK MSSA
1 MRSA, MSSE u MRSE meTonmoM mojiuMepasHoii mernHoi peakiuyu (IILP) ¢ rubpuansaiMoHHo-GiIyopec-
1eHTHOI getekiueil «KAMIiMCeHc MRSA-ckpuH-TUTP-FL».

AHTHOAKTEepUaTbHOE AeICTBIE IM30IIMMa OLIEHUBAJIN, UCITOIb3YsI AMCKO-IUbPYy3MOHHBIN MeTo. Ha moBepx-
HOCTb IUIOTHOV NUTaTenbHOM cpenpl (arap Mrosiepa — XMHTOHA), 3aCeSTHHOM Ia30HOM CYTOYHOM KYJbTYDPbI
S. aureus viu S. epidermidis, moMeInany AUCKY U3 KapToHa GUIbTpoBabHOrO TexHuueckoro ('OCT 6722-75)
M IVICKU C aHTUOMOTHKaMM, TTponiuTaHHbie n3onmmoM (CAS—-N2 9001-63-2, 20000 U/mg, AppliChem) B KoH-
uenrtpaiuu 30 Mkr/mi. Yamrku [TeTpu ¢ rmoceBamu MHKYOMPOBaIM B TepMocTaTe mpu Temriepartype 37 °C.
Yepes 24 4. GuKCUpOBaIU pe3yabTaThl, M3Mepsisi 30HY 3aeP>KKM pocTa BOKPYT AMcKa. [leiicTBue 11301 MmMa
Ha My3elfHble IITaMMBbI TIPOBOJIUIN B III€CTU TOBTOPAX.

[TpoaHanM3upoBaHbl PO PE3UCTEHTHOCTU OaKTepuii S. aureus, S. epidermidis K YeTbIpeM TECTUPYEMbIM
AMIT (auTMMUKPOO6HBIM TIpenapatam): edorcutuH (FOX), reuramunyi (GEN), Hopdiokcauys (NOR), BaH-
koMmuiuH (VAN).

I CTaTUCTUYEeCKO 06pabOTKY MOTYUeHHBIX JaHHBIX MCITOMb30BaIM mporpaMmmMbl Gnumeric 1.12.17 u anex-
TpoHHbIe Tabmuibl LibreOffice (Bepcusi: 5.4.1.2). [IpoBepKy BBIGOPOK HA COOTBETCTBYE OIPENEIEHHOMY 3a-
KOHY pacripefie/ieHus] POBOAMIN C TIOMOIIIbI0 KpuTepusi AHepcoHa — JJapiauHra. YUuThiBasi, UTo JaHHbIe
B BbIOOPKAX MOAUMHSIIMCH HOPMAJIBHOMY pacIipefeneHuno, IJisl IPOBEPKYU TUIIOTE3bI O PABEHCTBE CPEIHUX
3HaYeHUi1 mpuMeHsu Kputepuii CthiomeHTa. IIndpoBbie JaHHbIE ITPEICTaBIEHbI B BUIE CpeHero apudme-
TUYecKoro sHaueHus (M) 1 craHgapTHOTO OTKJIOHeHUs (SD). Pasiauunst cumtany sHaumMbiMu ripu p < 0,05.

MUKpOo6MOIOTUYECKIIe UCCIeNOBaHMs ITPOBeIeHbI B JabopaTopuy Mukpobuonornyt HMUIL TO nmeHn akae-
muka I.A. inusapoBa.
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PE3VJIBTATDHI

My3ejiHble KyJIbTYpbI S. aureus 1 S. epidermidis GbIIM YyBCTBUTEIbHBI K IECTBUIO n301MMa (puc. 1). Cpeou
KJIMHUYECKUX U30/ISITOB 6aKTepuit BCTPEUATNCh KaK UyBCTBUTEIbHbIE, TAK M HE UYBCTBUTEIbHbBIE K JIM30LVIMY
IITaMMBbI.

S. aureus

S. epidermidis

Puc. 1. AHTMGaKTepHabHOE Ie/ICTBYME JTIM30IMIMa COBMECTHO C aHTUOMOTUKaMM 1 6e3 aHTMOMOTUKOB Ha MY3eii-
Hble U KIMHUYECKMe IITaMMbl 6akTepuii S. aureus, S. epidermidis: a, r — My3eliHble ¥ KIMHUYECKNE IITAMMBbI;

6,  — My3eifHble [ITAMMBI, B, € — KIMHUYECKHE ITaMMbI

3HAUMMBIX Pa3anNunii B [uaMeTpe 3aJlep>KKu pocTa Tabmuua 1
MeXay My3eiHbIMM ¥ KIVHUYECKUMM IITaMMaMu 3oHa 3afiepskKky pocTa 6akTepuii S. aureus u S. epidermidis
He Ha6momanu (Tabm. 1). rocie Bo3aencTeus mu3onyma (30 MKr/mit)
[viameTp 30HbI

)6'In3ouMM B KOHLleuHTpaI_[I/II/I 30 MKr/Mmi npoauanm MUKpOOpraHusm 3a7ePXKKU POCTa, MM

AKTEPULMIHOE IeVICTBIE B OTHOLIEHMM MYy3e/HbIX S. aureus ATCC 25923 (1 = 6) 11,30, 47
mTaMMoB S. aureus u S. epidermidis, 30Ha 3a1ePXKKU

. S. aureus (n = 24) 11,2+ 1,10

pocta 6akTepuit coctapisia 11-12 mm. Cpenu Kiam- - — "
HUYECKUX HITAMMOB S. aureus 4YyBCTBUTEIbHOCTh S. epidermidis ATCC 12228 (n = 6) 10,0+ 0,43

K JIM301YIMY BbIsIBJIeHA B 87,5 %, IaMeTp 30HbI 3a- S. epidermidis (n = 24) 10,5*1,05

IepXKM pocTa cocTaBiasul 9-13 MM. B oTHoleHUM
Tpex IITaMMOB S. aureus, B TOM uucie IByx MRSA, oTMeUYeHO OTCYTCTBYE 6aKTepUIMIHOro 3¢ deKTa, BOKPYT
IMiCKa HaBII0Iay CIIOIIHOM POCT GaKTepuii.

Cpenu mtamMMoB S. epidermidis aHTMOaKTepUaIbHOE AeJCTBYME JIM30LVIMa HAOII0faaM B OTHOIeHu 79,2 %
U30JISITOB, AMaMeTp 3aJep>KKu pocTa coctaBisul 8—11 MM, OTMeueHa yCTOMUMBOCTh Tpex mraMMoB MRSE
K JIN30LIMY.

[Itammer S. aureus (n = 18) u S. epidermidis (n = 18) 6bUIM YYBCTBUTENbHBI K A€V ICTBUIO TECTUPYEMBIX aHTU-
6aKTepMaabHbIX MTPeIapaToB. JIM30IMM YCUIMBAIT AEMCTBI€ AaHTUOMOTMUKOB, UTO BIPASKAIOCh B YBETMUEHUN
30HBI 3a[IePKKM POCTa GAKTEPMiT BOKPYT AMCKOB. 3HAUMMBbIE OTIMUMS HAOGMIOAAIN )11 BAHKOMUIIHA U 11e-
dbokcutnna (Tabm. 2).

B oTHOILIEHNM METUITMITMH-PE3UCTEHTHBIX CTa(hMIOKOKKOB M30LIMM He YCUIMBAJI JeiicTBIe 1e(OoKCUTIHA
¥ TEeHTaMMIIMHA. 3HaUMMble OTJIMYMST HAO/TIOmaIN TOBKO /11 HopduioKcallMHa ¥ BAHKOMMITMHA (Tab. 3).
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Tab6nuiia 2

30Ha 3aIePKKM poCTa METULMIJIMH-UYYBCTBUTE/IbHBIX CTa(l)I/IIIOKOKKOB, BbII€JIEHHBIX 13 PaH ITallM€HTOB
C XpOHNMYECKMM OCTeOMUEJIMTOM II0 BO3I€eiCTBMEM IMU301MMa

IyiameTp 30HbI 3a€P5KKM POCTa, MM
[Ipemnapat (MKT) MSSA, (n=18) MSSE, (n=18)
- + nmusouum (30) - + nmusouum (30)

Iedokeyti (30) 23,3+ 0,47 26,5+ 0,81% 33,3+ 2,10 35,7+ 1,90

p=0,02476
Hopdmnokcanus (10) 29,0+ 0,82 30,0+ 0,79 31,3%0,83 32,0 1,40
TentamuuyH (10) 19,0 £ 1,40 19,7 #1,24 20,8 6,60 22,3+ 1,80
BaukomuiinH (5) 13,7+ 0,94 15?&84%? 15,0 0,51 1p7’=3 5,3211%

IIpumeuaHue: * — ypoBeHb 3HAYMMOCTU Pa3INuMii MeXAy rpymmnamu, p < 0,05.

Ta6mmua 3

30Ha 3aJeP>KKNM poCcTa MeTULIMIJIMH-PEe3UCTEeHTHBIX CTa(bI/[IIOKOKKOB, BbIZI€JIEHHBIX M3 PaH IIallMIeHTOB
C XpPOHMYECKNM OCTEOMUETIMTOM I10[ BO3eiCTBMEM U301 UMa

IlyaMeTp 30HbBI 3a€PSKKI POCTA, MM
[Tpenapat (MKT) MSSA, (n=6) MSSE, (n = 6)
- + mu3ouum (30) - + muzouum (30)

Ledoxrcutun (30) 20,3 +0,84 20,0 0,82 19,5+ 1,10 20,0 0,80
2%0,61*% 2,2 +0,62*

Hopdokcaiuu (10) 27,3+ 1,25 3}9; 0,82’28 29,8 +1,03 3p’= 0,82642
TFentamuuys (10) 18,8 £0,24 18,5 +0,20 10,7 #0,94 12,0£0,41
Bamkomuip (5) 14,3 + 0,47 14,2 + 0,62 14,7 £0,47 17,5 %0,72*

p=0,025

IIpumeuanue: * — ypoBeHb 3HAYMMOCTM Pa3INUMii MEXAY rpymnamu, p < 0,05.
OBCY>XIOEHUE

KnyHndecky 3HaUMMBbIM MATOTeHOM ITPM XPOHUYECKOM OCTEOMMENIUTEe CUUTAETCS S. aureus, KOTOPbI, B3a-
MMOJEICTBYS C KJIeTKaMy OpraHyu3Ma IMOCPeICTBOM BapuaHTa Majblx KonoHuii (SCV), obpasoBanuemM 61o0-
IIJIEHOK U CeKpelMeil TOKCMHA, MHAYIMPYET BOCHIAINTENbHYIO PeaKilfio, BbI3bIBAsI TMOENb KIETOK ITyTeM
arornro3a ¥ Hekposa [1]. BaskHas ponb B pa3sBuUTUyM MHOEKINI IPY XPOHNYECKOM OCTEOMUETUTE TIPUHAI -
JneXXuT u 6akrepusim S. epidermidis [3, 11]. B mocienHee mecsTuaeTe OTMeYaeTCs yBeJIMUeHye ynucia 6akre-
puii C MHOKeCTBEHHO1 JIeKapCTBEHHO YCTOMUMBOCTDIO, YTO MIPUBOAUT K Hed(PHEKTUBHOCTHU TPATULIVIOHHBIX
MOIXONOB B JIEUeHUN TallieHTOB C XPOHMUYECKUM OCTeOMUEeIUTOM U OIpenessieT Heo6X0IMMOCTb IOMCKa
HOBBIX IPeNaparos [2, 4].

ITepcrieKTMBHBIM HAIIpaBJIEHMEM CUMTAETCSI MCIIOAb30BaHME aHTMMMKPOOHBIX TMENTUAOB CUCTEMbBI BPOK-
JIIeHHOTO MMMyHUTeTa [12]. I3BeCTHO, UTO MenTuabl, ITOTyYeHHbIe B pe3yJsibTaTe pacllelIeHNs IU30L1Ma,
MIPOSIBJISTIOT aHTUMMUKPOOHYIO0 aKTMBHOCTD, B TIEPBYIO OUepe/lb, ITPOTHUB IPAMITOIOKUTEIbHBIX 6akTepuii [13].
OHM MOTYT [eJiCTBOBATh HATIPSIMYIO (IMTUYECKMi1 3@EeKT) MM KOCBEHHO (MOOYIMPOBATh MMMYHHYIO CU-
cTeMy). AHTHOaKTepHaabHbIV MeXaHM3M JIM30IMMa 00yCIOBJIEH €r0 MypaMUIa3HO aKTMBHOCTBIO, KOTOpast
TUAPOAU3YeT -1,4-TIMKO3UIHYIO CBSI3h MEMTUIOIIMKAHOB, CIIOCOOHOCTHIO CBSI3BIBATHCSI C HYKJIEMHOBBIMU
KUCIOTaMM MUKPOOPTaHM3MOB ¥ BbI3bIBATh MYTAI[MIO MJIM paciiaj, 6akTepyraabHOTO reHeTUUeCKOro MaTepy-
ana [5, 14, 15].

V3-3a pasnnunii B MexaHu3MaxX YCTOWYMBOCTM OaKTepuil K aHTUMOMOTUKAM M aHTUMMMUKPOOHBIM MENTHUIAM
KJIMHMYEeCcKoe TpUMeHeHMe TM301LMMa MMeeT MeHbIINI PUCK Pa3BUTUS Pe3UCTEeHTHOCTM Y MUKPOOPTraHM3-
MoB. CUMTaeTCs], UTO YCTOWUMBOCTb K MENTUAOIIMKAHpa3IaranimyuM GepMeHTaM y 6akTepuii pa3BuBaeT-
Cs1 pedKo, SIBJSISICh Pe3y/IbTaTOM TOPM30HTATbHOIO MlepeHoca JeTePMMUHAHT YCTOMUMBOCTH, & He MyTaluei
de novo [16].

ITo maHHBIM IUTEPATYPhl, 0OHAPYKEH MHTUOUPYIOIVI 3G GdeKT T1M301MMa, TIOTyYeHHOTO U3 SMYHOTO 6erka,
Ha JIeKapCTBEHHO-YCTOUMBbIe 6akTepui, B TOM umciie Ha MRSA [17]. B Hamem uccnemoBanuu 87,5 % MSSA,
79,2 % MSSE n 50 % mtamMoB MRSA v MRSE 6bUTV 4yBCTBUTEIbHBI K €M ICTBUIO IM30LIMMA.

Hp]/IMEHeH]/Ie TOJIBKO OOHOTI'O JIM30LMMa MOXXeT ObITh OTrpaHMNYEHO B CBA3M C BO3MOXXHOCTBIO €TI0 Jerpagaumnmn
npoTrea3aMu, MMIPUCYTCTBYIOIIMMM B JKMAKOCTSAX OpraHmi3ma, a Takke HEKOTOpOﬁ VMMMYHOT€HHOCTBIO, KOTOpPas
IIpM IIOBTOPHOM MCITOJIb3OBAHMU MOXKET BbI3bIBATb MMMYHHbBIE€ DEAKIINN [18, 19] Bonpoc O JIn301yMe Kak aJI-
Jieprexne OCTaeTcs CIIOPpHBIM. O,HH]/I uccaenoBaTe/in CYNTaIKT, UYTO JIM30UNM, SABJISASICb KOMIIOHEHTOM MMMMYH-
HOJi CUCTEeMbI YeJiOBeKad, HE BbI3bIBAET anneprl/{quKof/'I peaxkuumn [20] B OPYIUX UCCIeqJOBaHMAX TTOKAa3aHO,
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YTO OH JIeVCTBYeT KaK c1abblii amtepred [21, 22]. Kpome Toro, Ipy HaHeCeHUM HEIIOCPeACTBEHHO Ha TTOBEePX-
HOCTb PaHbl JIM30LMM MOXET JIETKO CMbIBAaTbCSl 9KCCYAATOM. B CBsI3M € 3TUM pa3pabaTbiBalOT HOBbIE METO/IbI
JIOCTaBKM JIM301MMa B ouar MHQPEeKLUMUM s MOBbIeHMs 3(deKTUBHOCTY ero BO3AeICTBYS U YMEHbIIeHNS
1o604HbIX 3¢ dekToB [23]. K HUM OTHOCSTCS rMApOresy, HAaHOIUIEHK!M, BOJIOKHMCTBIE MeMOpaHbl 1 KOMIIO-
3UTHBIE CUCTEMBI ¢ MOIMGUIMPOBAHHBIM JIM30LMMOM, YTO HO3BOINUT YIYILINTD CTAOMIBHOCTD JIM30LMMA
Y CHU3UTDb €T0 UMMYHOTE€HHOCTb [24, 25].

OnHMM M3 BUOB albTePHATMBHOIO MCIIONb30BaHMS NENTUIOB SIBASETCS IPUMEHEeHMe UX B COUYeTaHUU
C TPAAULIVOHHBIMU aHTUOMOTUKAMM [IJISI JIeUeHMSI TIAlMeHTOB C ocTeoMuenuToM [26]. [lomydueHHbIe B HAaIlIeM
9KCIIepUMEHTe JaHHbIe IMOKa3alay yCUIeHe NeiCTBUS aHTUOMOTUKOB B OTHOIIEHMM BCEX UyBCTBUTEIbHBIX
MMKPOOPraHM3MOB, OJHAKO 3HAUMMBbIE Pa3auuMsl ObLIM YCTAHOBJIEHBI /I KOMOWHAIMY JIM30LYIMa C BaH-
KOMMIIMHOM U I1e(DOKCUTUMHOM. B OTHOIIEHMM MeTULM/UIMH-Pe3UCTEeHTHBIX IITAMMOB CTadUIOKOKKOB
yCcuIeHne aHTUMMKPOOHO! aKTMBHOCTU OTMEUay TOJIbKO IS KOMOMHAIIVY JIM30IYIMa C BAHKOMUIIMHOM
¥ HOp(DIOKCAIMHOM.

[Ipy u3yyeHUM KOMOMHMPOBAHHOTO AEJCTBMS IM301MMa, ITOTYYEHHOTO U3 SIMYHOTO 6GeJika, C pa3IMuyHbIMU
AHTUOMOTUKAMM (TeHTaMUIIMH, OGJIOKCALIMH, OKCAUVILIMH, PUbaMIUIVH, TOTMMUKCUH B, BAHKOMMIIVH,
UUIpodIoKCalMH U TETPALMKINH) Ha I'PaMIIOIOKUTEIbHbIE Y TPaMOTpUIlaTeIbHble OaKTepuu, BKIIOUAs
YYBCTBUTEJIbHbIE ¥ YCTONUMBLIE K JIEKAPCTBEHHBIM IIperaparaM ILITaMMBbl, YCTAaHOBJIEH CUHepreTuyecKui
MeXaHU3M JEeCTBYSI, CHUKAIOIIUIA YCTOMYMBOCTh MUKPOOOB [9, 26, 27]. AHTUOaKTepUaabHble TIENTUIbI 13-
MEHSIOT TPOHUIIAEMOCTh KJIETOYHO MeMOPaHbl, TO3BOJISISI GOIbIIEMY KOTNUECTBY aHTMOMOTHUKA TPOHUKATD
B KJIETKY ¥ CBSI3bIBATHCSI C BHYTPUKIETOUHBIMY MUIIEHSIMMU, YCUIMBAST €T0 AEMCTBUSI U CHUKASI TTOOOUHbIE
3 deKThI BBICOKMX KOHIIeHTpauwuii [9, 10].

HWccnegoBaTesisiMy IOKa3aHo, YTO 6aKTePULIMIHBIN 3G dEKT OT COBMECTHOTO AECTBYMS JIM30IMa ¥ aHTUOMO-
THUKA B OTHOLIEHUM TIJIAHKTOHHBIX KJI€TOK ¥ OMOIIEHOK, IIOTyYeHHBIX in Vitro, 60jiee BbIpakeH 110 CPaBHEHUIO
C IpMMeHeHMeM IIperapaTos I10 OTAeJIbHOCTH [28].

B TO ke BpeMms1, HEOOXOAMMO YUUTHIBATh TOT (aKT, UYTO Y BceX GaKTepuit MMEIOTCST Kak obIye, Tak U CIIell-
ndnyeckre MeXaHM3MbI 3aMINUTHI OT (GAKTOPOB BPOXKIEHHOTO MMMYHHUTeTa. K MeXaHM3MaM yCTONUYMBOCTH,
MCIIOITb3YEeMbBIM I'DAMITONIOKUTETbHBIMY OAKTEPUSIMU, B TOM UMC/Ie S. aureus, OTHOCSTCS M3MeHeHUs 3apsifa
M COCTaBa KJIETOYHOI CTeHKN. UyBCTBUTETBHOCTD TPAMITONIOKUTENBHBIX OaKTepuii K aHTUMMKPOOHBIM I1erl-
TUJAM 3aBUCUT OT: COZlep>KaHMsI OTPULIATENBHO 3aPSDKEHHBIX TeMX0eBbIX KMCIOT B KIIETOUHOM CTeHKe, KOTO-
pbIe CBSI3bIBAIOT JIM30LMIMBbI M CHVDKAIOT UX (DepMeHTaTUBHYIO aKTUBHOCTH [8, 19]; MHaKTMBAI[MK TIETITUIOB 32
CUeT CBSI3bIBAHUS UX MTOBEPXHOCTHBIMMU MJIM CEKPETUPYEMBbIMMU OeJIKaMM U ToMcaxapuIamMmi; paciierieHus
AQHTMMMKPOOHBIX MENTUIOB 6AaKTepUATbHBIMY ITPOTea3aMu; afanTaluu 6akTepuii K BO3/IeCTBUIO aHTUMMU-
KPOOHBIX MENTHU/IOB; BHITECHEHUSI aHTUMUKPOOHBIX TTENTUAO0B 3D (IIOKCHBIMMY HACOCAMMU U TPAHCTIOPTHBIMU
cucremamiu [16, 29, 30].

3AKJIIOYEHUE

VCTaHOBJIEHO, YTO JIM30LUM 00/1aaeT aHTMOAKTepUATbHBIM [Ie/ICTBMEM B OTHOUIEHMM KIMHUYECKUX IITaM-
MOB S. aureus, S. epidermidis, B Tom uncie u MRSA u MRSE, ©30MpOBaHHBIX 13 PaH MalieHTOB C XPOHUYECKUM
octeoMuenuToMm. [Ipy cOBMeCTHOM AeiicTBUM JI30LMMa C 1ied0oTakCMMOM, HOPdIOKCAI[MHOM M BAHKOMMUII -
HOM HabmioaeTcst ycywieHne aHTubakrepuanbHoro addexra.

Kongnukm unmepecos. He 3as8eH.
Hcmounuk ¢punancupoeanus. He 3as6/1eH.
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PEMO.D.E.HMPOBaHMe CyCTaBHOIo Xpdwa 1 cy6x0|-|p.panb|-|oii 30HbI
GOJ'IbI.I.IEGEpU.OBOﬁ KOCTU NpPU 3K3ornportesnposaHMn KOHEHHOCTHU
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AHHOTausa

BBenmeHwue. DK30TpoTe3MpOBaHe KOHEUHOCTE! MMyTeM OCTeOMHTEerpalyuy OTKpPbIBaeT HOBble BO3MOKHOCTH
npote3upoBaHys. COBpeMeHHbIe TTPOTe3bl CTAHOBATCS 60siee BBICOKOTEXHOMOTUYHBIMM, UYTO TpeOyeT Iiy6o-
KOT'O TIOHMMAaHMS aHaTOMO-(hYHKI[MOHATbHBIX 0COOEHHOCTE! KOCTHO-CYCTaBHO CHCTEMBI.

Ilesib paGoOTHI — BBISIBUTb OCOGEHHOCTY CTPYKTYPHOJ peOpraHu3aliy CyCTaBHOTO XPSIIia 1 CyOXOHIpabHOM
30HbI 60/TbIIIEOEPIIOBOI KOCTM TIPU NMPOTE3MPOBAHUY TOJIEHN UMIUIAHTATOM C KaJIbI[Mii-poCchaTHBIM MTOKPbI-
TUEM U UMILTAHTATOM 0e3 TOTIOTHUTEIBHOTO MTOKPBITHSI.

Marepuasbl M1 MeTOZbI. VccienoBaHMe BBITTOJIHEHO HA MSTY MHTAKTHBIX (KOHTPOJIb) U MIECTU OIBITHBIX CO-
6akax MysKcKoro rosnia (Bo3pact — (1,8 £0,5) r, macca — (19,0 * 1,2) xr). )KUBOTHBIM MOIEJIMPOBAJIN KY/IbTIO
601b111e6ePIIOBOT KOCTY Ha IpaHuIle CpefHeii U BepxHeii TpeTu auadusa, uepes 2,5 mec. ycTaHaBAMBAIN VM-
TIaHTar tMia Press—Fit. B 3aBMCHMMOCTY OT MaTepyaja MMIUIaHTaTa KMBOTHbBIE pa3/ie/ieHbl Ha IPYIIIIbI: TPYII-
ma 1 — crnaB Ti6Al4V (n = 3); rpynra 2 — ciuiaB Ti6Al4V ¢ kanbuuii-dochaTHbIM TOKpbITHEM (n = 3). CpoK
akcriepumenTa — 180 cyT. mocie mpoTte3upoBaHus. [McToMopdomMeTpuuecKoe MCCIeI0BaHMe CYCTaBHOTO
XpsIIa ¥ Cy6XOHAPATbHOI 30HBI BBITIOJTHEHO 110 TTapadHOBBIM Cpe3aM C IIOMOIIIbI0 MUKPOCKOIa AxioScope.
A1l c kamepoit AxioCam u rporpaMmmHoro obecreuenust Zenblue (CarlZeissMicrolmagingGmbH, l'epmanmust).

PesynbTaThl. PeMomenpoBaHye KOCTHOM TKaH! BbIpaXkaJoCh MCTOHUEHMEM CYOXOHIpaabHOM KOCTHOJ TIa-
CTUHKY, OCTEOIM3UCOM, MI3MEHEeHVEM apXUTEeKTOHMKM KOCTHBIX TPAOEKYII B CYOXOHIPaabHOM TPabeKyIsIpHOii
KOCTM, CHUKeHMEM MMHepaam3aluy KOCTHOM TKaHu. HabmiomaeMble MPU3HAKY MHTEHCUBHEE BbIPAsKEHBI
B rpymre 1. [Ipu3HaKy penapaTMBHOTO OCTEOTEHe3a, 0CTe00IaCThl Ha TOBEPXHOCTY KOCTHBIX TPAOEKyII, OTMe-
YeHbI B TPyIIe 2. 3aperucTpyupoBaHO CHYDKEHME MapaMeTpa «TOMIIMHA CYOXOHIPAIbHOM KOCTHO IIJIaCTUH-
Ku» B rpymre 1 B gBa pasa, B rpyiiie 2 — B 1,5 pa3a OTHOCUTETbHO KOHTPOJISL. 3HAUeHMs TTapaMeTpa «IUIOIaab
TpabeKy/» CHYDKeHbI B rpyrie 1 Ha 17 %, B rpynme 2 — Ha 10 %. CTaTuCTUUECKM 3HAUMMOe CHIKeHMe 3Ha-
YeHMI TOJIIVHBI CYCTAaBHOTO XPSIlia 3aperucTPUPOBAHO B rpyIIe 1 1 compoBokIamoch 60bieii (B 1,8 pasa)
YaCTOTOM BCTPEUAEMOCTHM COCYIOB B IITyOOKOI 30He XpsIIa 10 CPABHEHUIO C TPYIIIIOi 2.

Oo6cykmeHme. BoIsiBjIeHHbIE M3MEHEHUSI CYyOXOHIPaabHOI 30HBI COOTBETCTBOBa/M cTaguu O (1o Kimaccudu-
kaiuu O-M. Aho et al., 2017), — oueHb paHHMe IIPU3HAKU OCTEOAPTPO3a, KOTIA CYOXOHIpaIbHbIN CKIepo3
He BbIpa)keH, CyOXOHApaslbHas KOCTHAS TJIACTHMHA — TOHKAast. CTPYKTYpPHbIE M3MEHEeHMUsT CYCTaBHOIO XpsIlia
COOTBeTCTBOBa/M cTerteHy 0—1 o rMCTOIOrMYeckoi Knaccubukanuy MeskayHapogHOTO 00IeCcTBa M3YUeH s
octeoaptpo3a OARSI.

3akmoueHue. ['McromoppomeTpuyeckme M3MeHeHNSI OCTEOXOHIPATbHOTO KOMITOHEHTA 60J1bIllle6epIi0BOTO
TIATO MIPY MPOTE3MPOBAHUY FOJIEHM (MCTOHUYEHME CYOXOHIPAIbHOM KOCTHOI IJIAaCTUHKY, papedukaius cyo-
XOHAPATbHO TPaOGeKYISIPHOI KOCTH, TPOHUKHOBEHME COCYIOB B HEKATbIMMUIIVMPOBAHHBIN XPSIIIL) SBJISTIOTCS
MpeauKTOpaMiu apTposa. [IpuMeHeHNre MMILIAHTATOB TPYIIbI 2 CITOCOGCTBYET CHVKEHUIO MHTEHCUBHOCTU
MPOIECCOB Pe30POIMM KOCTHOM TKAHU 1 aKTUBAIMU ITPOLIECCOB PEMapaTMBHOTO OCTEOTeHesa.

KiroueBsie ciioBa: 9K30ITIpOoTe3MpoOBaHuUe, TUTAHOBBIN MMILIAHTAT, KaHbLU/H‘/JI-(I)OC(baTHOE IMMOKpbITUE, CyCTaB-
HOJ Xpsili, Cy6XOH,U,paJIbHa$I KOCTb, I‘I/ICTOMOp(l)OMETpI/IH

HOnsa uutupoBauusi: CtynuHa T.A., EmanoB A.A., KysnenoB B.I1., OBunHHukoB E.H. PemogenupoBaHue CyCTaBHOTO
Xpsia U CyGXOHIPaNbHOM 30HBI GOIBIIEOEPILIOBOI KOCTM TIPU 3K30TPOTE3UPOBAHMM KOHEUHOCTU. [eHuil opmoneduu.
2025;31(3):341-349. doi: 10.18019/1028-4427-2025-31-3-341-349.
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Abstract

Introduction Exo-prosthetics of limbs through osseointegration opens up new possibilities in prosthetics.
Modern prostheses are becoming more high-tech, which requires deep understanding of the anatomical
and functional features of the bone-joint system.

Aim To identify features of structural reorganization of articular cartilage and subchondral zone of the tibia
in lower leg prosthetics using an implant with calcium phosphate coating and an implant without additional
coating.

Materials and methods The study was performed on 5 intact (control) and 6 experimental dogs
(age 1.8 £ 0.5 years, weight 19 + 1.2 kg). A tibial stump was modeled in the animals at the border of the middle
and upper third of the diaphysis. After 2.5 months a PressFit type implant was installed. Depending
on the Press-Fit type, the animals were divided into groups: group 1 made of Ti6Al4V alloy (n = 3);
group 2 of Ti6Al4V alloy with calcium phosphate coating (n = 3). Duration of the experiment was 180 days
after prosthesis fitting. Histomorphometric study of the articular cartilage and subchondral zone was performed
on paraffin sections using an AxioScope.Al microscope supplied with AxioCam camera and Zenblue software
(CarlZeissMicrolmagingGmbH, Germany).

Results Bone tissue remodeling was expressed by thinning of the subchondral bone plate, osteolysis, changes
in the architecture of bone trabeculae in the subchondral trabecular bone, and a decrease in bone tissue
mineralization. These signs were more intense in group 1. Signs of reparative osteogenesis with osteoblasts
on the surface of bone trabeculae were noted in group 2. Subchondral bone plate thickness reduced twofold
in group 1, and by 1.5 times in group 2 relative to the control. The values of the parameter of trabecular
area were reduced in group 1 by 17 % and in group 2 by 10 %. Statistically significant decrease in the values
of articular cartilage thickness was recorded in group 1 and was accompanied by a higher (by 1.8 times)
frequency of vessels been found in the deep zone of cartilage compared to group 2.

Discussion The identified changes in the subchondral zone corresponded to stage 0 (according
to the O-M classification. Aho et al., 2017): very early signs of osteoarthritis, when subchondral sclerosis is
not pronounced, the subchondral bone plate is thin. Structural changes in articular cartilage corresponded
to grade 0-1 according to the histological classification of the International Society for the Study
of Osteoarthritis OARSI.

Conclusion Histomorphometric changes in the osteochondral component of the tibial plateau during lower
leg prosthetics (thinning of the subchondral bone plate, rarefaction of the subchondral trabecular bone,
penetration of vessels into non-calcified cartilage) are predictors of arthrosis. The use of implants made
of Ti6Al4V alloy coated with a calcium phosphate provides reduction of bone resoption intensity and activates
reparative osteogenesis.

Keywords: exo-prosthetics, titanium implant, calcium phosphate coating, articular cartilage, subchondral
bone, histomorphometry

For citation: Stupina TA, Emanov AA, Kuznetsov VP, Ovchinnikov EN. Remodeling of articular cartilage and subchondral
zone of the tibia in exo-prosthetics of the limb. Genij Ortopedii. 2025;31(3):341-349. doi: 10.18019/1028-4427-2025-31-
3-341-349.
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BBEIOEHUE

OK30IpOoTe3MpoBaHie KOHEUHOCTEl IyTeM OCTeoMHTerpanyuy obecreunmBaeT (PU3NOIOTUUECKYI0 BECOBYIO
HarpysKy, OCTEOIepIeNTUBHYI0 CEHCOPHYIO OOpaTHYIO CBSI3b, YIYUIIEHHBI AMAIIa30H OBVSKEHUI B ITPOK-
CMMAaJIbBHOM CYCTaBe, YTO CIIOCOOGCTBYET CO3JAHMIO MOJHO(DYHKIMOHAIBHON MCKYCCTBEHHOV KOHEYHOCTU
Y OTKPBIBAET HOBBIE BO3MOXKHOCTY TpoTe3upoBanust [1-3]. CoBpeMeHHbIe MTPOTE3bl CTAHOBSITCS BCe Oosee
CJIOSKHBIMM U BBICOKOTEXHOJIOTMYHBIMMY, TPEOYS IITyOOKOTO IMOHMMAaHMST aHATOMO-(QYHKIIMOHATbHbBIX 0COOEH-
HOCTeJi KOCTHO-CYCTaBHOM cuUCTeMbl [4-6]. VI3yueHMe CTPYKTYPHOI peopraHM3alny OCHOBHBIX 3JIeMEHTOB
CMEXXHOTO CyCTaBa IpU MPOTE3UPOBAHMM MMeeT OOJbIlIoe 3HAUeHNe IJIT pa3paboTKy peabuMIUTalIOHHBIX
MporpamMm, HallpaB/ieHHbIX Ha yJy4dllleH)e KaueCTBa >XKM3HY MalieHTOB.

B npoBeneHHBIX paHee UCCIeIOBaHMSIX TIPY OJHOITAITHOV TEXHOIOTUYM TPOTE3MPOBAHMS TOJIEH OTMeUeHa CTa-
OWJILHOCTD U TIPVKMBAEMOCTh MMIUTaHTaTa Tuia Press—Fit ¢ kocTeobpa3oBaHmeM 110 Beelt myvHe [7], Tpyu 3TOM
B CMEKHOM CYCTaBe BBISBJIEHBI CTPYKTYPHbIE M3MEHEHMSI MBIIIETKOB Oelpa B 30HE KOHTAKTa TMaJMHOBOTO
XpsIIIa ¢ CyOXOHAPAIbHOI KOCTHIO [8]. MHOTOUMCIIEHHBIE PAbOTHI MMOCTETHUX JIeT JeMOHCTPUPYIOT BCE GObIe
JOKA3aTeTbCTB MePBOCTEIIEHHOCTM TTATOMIOTMUYECKUX M3MEHEHMI B CYOXOHAPATbHON KOCTU TIPU Pa3BUTUM ap-
Tpo3a [9-11]. Ha cerogHsuIHMI 1eHb CYIIECTBYET OCTPast He0OXOAMMOCTh B Pa3paboTKe CITI0COO0B BU3yaIn3aIn
Y TUCTOJIOTMUECKOI KOMMUEeCTBEHHOI OlIeHKM MPOIeCCOB PeMOAENMPOBaHMS CYyOXOHIPAIbHOM 30HbI [12, 13].

V3yueHye npo1eccoB OCTeOMHTErpauyuy MMIUIAHTAaTOB HalIPaBAe€HO Ha yay4lleH)e KOHTAaKTa MeXIy KOCT-
HOJt TKaHbIO M MMIUIAHTATOM ITyTeM BO3Je/CTBMSI HA COCTaB MMIUIAHTATa M MUKPOCTPYKTYPY €ro IoBepx-
HoCTH [14, 15], Ha pereHepUPYIOITYI0 Ha IOBEPXHOCTY UMITIAHTAaTa KOCTHYIO TKaHb [16], a TaKsKe HaHeCeHeM
JIEKapCTBEHHBIX ¥ OMOJIOTMUECKY aKTUBHBIX BEIlleCTB HA ITOBEPXHOCTh MMILIaHTaTa [17, 18].

VccneqoBaHus CTPYKTYPHOM peopraHm3alyiy CyCTaBHOTO XPsIIia CMEKHOIO CyCTaBa IIpU MPOTe3UPOBAHUM
KOHEUHOCTY MaJIOUMCIEHHBI, He M3y4eHbl 0COGEHHOCTH MePecTPOiKY CyOXOHIPATbHOM 30HBI U TUCTOIOTH-
yecKue MpeauKTOPbI apTPo3a, UTO OMpelenIo Liedb UCCIeqOBaHMSI.

Ilesib paGoOTHI — BBISIBUTb OCOGEHHOCTY CTPYKTYPHOI peOpraHmu3aliiy CyCTaBHOTO XPsIia 1 CyOXOHIpabHOM
30HBI O0JIbIIEGEPIIOBOY KOCTY IIPY IIPOTE3MPOBAHMY TOJIEHM MMILIAHTATOM C KaJabLyii-(GochaTHbIM ITOKPBI-
THEM U UMILIAHTaTOM 6e3 JOTIOTHUTETbHOTO TOKPhITHSI.

MATEPUAJIBI 1 METO/1,bI
Jlu3aiin uccnedosanus

HVccnenoBaHe TIPOBEIEHO HA MIECTU 6eCIOPOAHBbIX cobaKkaxX MysKCKoro mosa (Bospact — (1,8 +0,5) r, macca
Tena — (19,0 £ 1,2) Kr), KOTOPHIM MOJEIUPOBAIN KYJIbTIO OOJBIIEOEPIIOBOI KOCTM HA TpaHMUIlE CpemHel
" BepxHeii TpeTu nuadusa.

Yepes 2,5 Mec. KMBOTHBIM YCTAaHABAMBAIM MMIUIAHTAT Tura Press-Fit [19]. 3aTem umIanTaT GurcupoBamm
Y BBITIOTHSI/IM KOMITPECCUMOHHYI0 Harpy3Ky Ha KocTb Fr = 20 H ¢ moMomnipio crienyanbHOro yerpoiictsa (puc. 1) [20]
B TeueHue 35 [TH., MOC/Ie Yero YCTaHaBIMBAIYM 3K30MpoTe3. JKMBOTHBIX Pa3heNvin Ha IBe paBHbIe IPYIIIILI B 3a-
BMCUMOCTM OT MaTepuaja MMILIaHTaTa: rpymnmna 1 — u3 criasa Ti6Al4V (n = 3); rpynma 2 — u3 criaBa Ti6Al4V
¢ KanbLyit-pocaTHbIM OKPBITHEM (1 = 3). CpoK 3KcriepumenTa — 180 cyT. mocie MpoTe3supoBaHMS.

o ‘
ydyacTok 3abopa ;
KOCTHO-XpALWEeBOro dparmerHta~” mam =3 -~
Ansg rmcToMopOMETPUUECKOrO
nccnenoBaHns
Puc. 1. PeHTreHOTpaMMblI 607Tb-
me6epIioBOii KOCTU TIPU TPO-
Te3V[POBAHMM  VMMILJIAHTATOM
tumna Press-Fit ¢ ycraHoBkoit
D% g KOMIIPECCMOHHOTO YCTPOJCTBA
“
e <

O06Bsexmol uccnedo8aHuss — CyCTaBHOI XPSII ¥ CYOXOHIpaabHast 30Ha 60JbIe6epiioBoii KOCTH.

B KauecTBe KOHTPOJIST MCCAeIOBAIN CYCTABHOI XPSIIIL 1 CYOXOHIPaIbHYI0 30HY 60JbIIe0epI0BOi KOCTM TPex
MHTaKTHBIX COOaK.

343 T'enuii opmoneduu. 2025;31(3)



TeODETI/I‘IeCKI/Ie " SKCIIepMMEeHTa/JIbHbI€ MCCIeJOBaHN

Amuueckue npuHyunsl

WccnemoBaHue MpoBeAeHO COrMacHO MpuHImIam EBporerickoii KoHBeHIM ETS N2 123 o 3ammTe mo3BO-
HOUHBIX XVMBOTHBIX, UCIIOIb3YEMbBIX [AJISI SKCIIEPUMMEHTOB WMJIM B MHBIX HAYUYHBIX LeISIX (C MPUIOKeHUEM
ot 15.06.2006, CTpacbypr), u nmpaBwiam Hajajaexaiiei jabopatopHoit mpakTuku (I'OCT 33044-2014)». IIpo-
TOKOJI JIOKQJIbHOTO 3TH4YeCckoro kKomuTeTta ot 29.11.2024 N2 1(76).

Jemana3sus

BbIBOI SKMBOTHBIX 13 OKCIIEPMMEHTa IIPOBOOMIM IIOCJe MMUOpelakcaliuy pacTBOPOM AMMeEAposia
1 % (0,02 mr/kr) 1 pomeTapa 2 % (5 MI/KT), 3aTeM BBOAVIIN JIETAIbHYIO 103y 6apOUTypaToB.

Tucmomopgomempuueckoe ucciedosaHue

st ructoMopdOMEeTPUUECKOTO MCCIeIOBAHMS BBIWIECHSTU CYCTaBHOI KOHEI 60/IbIe6epIioBOi KOCTH, YOAISIIN
MSITKM€ TKaHU, KOCTHO-XpsIieBbie 610k pukcupoBamu B 10 % pactBope HeiiTpanbHoro gopmanuua (pH 7,4).
3aTeM KOCTHO-XPSIIIEeBbIe GJIOKY MTOMEIIAIN B AeKTbLIMHUPYIOMINIA PacTBOP, COCTOSIINI U3 CMECH PacTBOPOB
MYPaBbUHOV U CONSTHOM KMCIOT. [Tocse sTana gekaapIMHALMM MaTepyUas MPOMbIBAIM B MIPOTOYHON BOZE U MO -
Bepraiu TUCTOJIOrMYECKOVi ITPOBOKE, BKIIKOUAIOIIEH STaIlbl 00e3BOKMBAHMS, ITPOITUTKIU M 3aJIMBKY B MapaduH.

ITpu 3anMBKe 6I0KOB KYCOUKM OPMEHTUPOBAJIM C YUETOM 30HATBbHOTO CTPOEHMS CYCTaBHOTO XPSIIIA, MCITONb-
30Ba/IM MePITeHAVKY/ISIPHbIE CYCTaBHON ITOBEPXHOCTYM MapadbMHOBBIE Cpe3bl aieKBaTHOM TOMIINWHBI [21], KO-
TOpbIE M3rOTABAMBAIM C ITOMOIIbI0 MukpoTroma HM 450 Thermo Scientific (CIIA). IIpyMeHsIM OCHOBHOJ
MEeTO[, OKpalIMBaHMs TUCTOJIOTUUECKMX TTPernapaToB, — OKPacKy reMaTOKCUIMHOM U 903MHOM, U CIlelualib-
HBII MeTOJ, TPeXLIBEeTHO OKpacky 1o MacCOHy C aHMJIMHOBBIM CYHUM.

CBeToOonTNYeCcKoe MCCaeAoBaHMe IMpernapaToB M OUMGPOBKY M300pasKeHMUI MPOBOAVIM Ha MMKPOCKOIIE
AxioScope.Al ¢ nudpoBoit kamepoit AxioCam (CarlZeissMicrolmagingGmbH, T'epmanus). IIpy onmcanuu
CYOXOHIpaIbHOM 30HBI OMMPATNCh HA OTpeeneHne IBYX CTPYKTYPHBIX eIVHUIL: CYOXOHIpaabHash KOCTHAS
TJIACTMHKA U CYOXOHIpanbHas TpabeKkynsipHas KOcTb [9].

Ilis  KOJMMYECTBEHHOIO  MCCIENOBAaHMSI  MCIIONIb30BaIM  IPOrpaMMHOe  obecrieueHue  Zenblue
(CarlZeissMicrolmagingGmbH, Tepmanus). V3Mepsuin mapaMeTpbl: TOJIIMHA HeKaIbIMU(PUIMPOBAaHHOTO
(Nuncat.cr, MM) XPSIIIIA, TOMIIMHA KATBUUGUIMPOBAHHOTO (Dol r, MKM) XPSIIIA, TOIIMHA CYOXOH/PATLHOM KOCTHOM
wiactuku (hp.p1, MKM). B cy6XoHApanbHOI TpabeKyISIPHOM KOCTY PACCUUTHIBAIM IUIOMIAAb KOCTHBIX TPabeKyIl
(Stv, %,) M ux TommmHy (hy, MKM). B I7Ty00KOI 30He Xpsiilia OIPemesisyiv YaCTOTY BCTPeYaeMOCTH COCYIOB, TaHHbI
rapaMeTp pacCUMTHIBAIM Kak CYMMY COCYZOB B IOJISIX 3peHMsI, pa3fie/IeHHYI0 Ha KOJIMUEeCTBO BCeX UCCIenyeMbIX
riosneri 3peHust (OT KaXkA0To KMBOTHOTO aHanmu3upoBanu B cpengHem 20 roneri pu 400-KpaTHOM yBeTUUEHUN).

CmamucmuuecKkue mMemoosl

O6paboTKy KOMMUECTBEHHbIX JAHHBIX OCYIIECTB/ISUIM B 3JIEKTPOHHBIX Tabmuuax Microsoft Excel. OueHky
BbIGOPOK HAa HOPMAaJIbHOCTb paclpeiesieHus TIPOBOIMU/IM C MTOMOIIbI0 KpuTepusi Kommoroposa. Mepa 1ieH-
TpaJbHOI TeHIeHIMM Mop(oMeTpUUecKMX IapaMeTpOB MpeicTaBleHa B BUle MeoMaHbl U KBapTuieit, Mu-
HUMAaJIbHBIX M MaKCUMaJIbHbIX 3HaUeHuit (Me (p25-p75) [min-max]) B BuJie CpeiHei 1 OmMOKY cpegHeit
(M %= m). 59 oLleHKM pa3auunii CpaBHUBAEMbIX TPYII MPUMEeHSUIU KpuTepuit MaHnHa — YUTHU, AJ151 4aCTOTHO-
TO [OKa3aTest — KpuTepuit BapHapaa, 3HAUMMBIMY CUUTAIN pasanuus rpu p < 0,05.

PE3VJIBTATEI
Tucmonamonozus cycmaeHnozo xpsauia

[Tpu CBETOOIITUYECKOM VMCCIeIOBAHNY TUCTOIIPEINIapaToOB CyCTABHOM XPSII JJaTePaTbHOTO MbIIIeKa 60IbIIe-
6epII0BOIf KOCTY B OIBITHBIX ¥ KOHTPOJIBHO I'PYTINIaX COXPAHSUT 30HAIbHOE CTpoeHme (Puc. 2).

Puc. 2. CycTaBHasI BLICTMIIKA JIATEPATbHOTO MbIIIEIKa 60/bIIe6epIIoBO KOCTHM: @ — KOHTPOJIb (MHTAKTHAst HOpMa),
6 — rpymma 1, B — rpynmna 2. [TapadguHOBbIe Cpe3bl, OKpacka TPeXIIBETHbIM METOIOM 110 MaccoHy, x40
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B Goutbliieit yacTy OMBITHBIX HAOIIOMEHMIT B TTOBEPXHOCTHOI 30HE OTCYTCTBOBAJIO TAHTEHIIMAIbHOE PACIIONO-
SKeHYe KJIETOK, OTMEUEHbBI ITyCThIe KJIETOUHBIE JIAKYHbI, OECKJIETOYHBIE TTOJISI, MEXKKJIETOUHOE BEIIECTBO I10-
BEPXHOCTHOJ 30HBI HEPABHOMEPHO OKpAIIeHO (PUC. 3, ), ouaru pasBOJIOKHEHMS HE BBISBJIEHBI, B TpyIIe 1
B OJTHOM HaOJIOIeHUY OTMeUYeH CMHOBMAJIbHBII TTaHHYC (PUC. 3, B).

Puc. 3. CycraBHOV Xpsll: a— INOBEPXHOCTHAasi 30Ha (rpynma 2);
6 — MPOHMKHOBEHME COCYIOB B IMTYOOKYI0 30HY XpsIa (rpymma 2);
B — CMHOBMAJIbHBIV MaHHYC Ha CYyCTaBHON MOBEPXHOCTU (Tpymra 1);
T — IIPOHVKHOBEHME COCYLOB B IIYOOKYIO 30HY Xpsima (rpymma 1).
IMapaduHoBbIe cpe3bl. OKpacka reMaTOKCUIMHOM M 303MHOM (a, B),
TPEXIIBETHBIM MeTO0M 1o Maccony (6, r), x400

B mpoMesKyTOUHOIT 30He XOHIPOIMTRI PACIIONATAINCH Yallle ONVMHOYHO U B BUIE M30T€HHBIX TPYIII, COCTOS-
VX U3 ABYX KIETOK. B rTy6OKO0Ii 30HEe BhIpaykeHO KOJIOHUATOE PACITIONIOKEHNMEe XPSIIIEBBIX KIETOK, IIpeobia-
Iayy TUIepTpodUPOBaHHBIE XOHIPOIMTHI, YaCTh KIIETOK — C MPU3HAKaMM XOHIPOIITO3a.

B o6eux rpymmax BbISBI€HbI YUACTKM HapyIIeHMs 6a30PMIbHOM IMHNUM, TPOHMKHOBEHME COCYIOB M KOCTHO-
MO3TOBOTO MTAaHHYCA B NIy6OKYIO 30HY HEKAIbIM(UIIMPOBAHHOTO Xpsia (puc. 3, 6, T).

YacToTa BCTpeYaeMOCTH COCYIOB B IMTyOOKOI 30He B rpymme 1 — (0,65 * 0,06), 4TO CTaTUCTUUECKY 3HAUMMO
(p = 0,0148) 60:mbI111€, yeM B rpyre 2 (0,35 = 0,02).

TonmyHa HeKaabUUGUIIMPOBAHHOTO XPSIIa B TpyIine 1 cTaTUCTUUECKM 3HAUMMO MeHbIIe KOHTPOJIS, B TPYyT-
Te 2 COIMOCTaBMMa C KOHTPOJIEM, Pas3/IMUMs MEXKIY IPyIIaMy CTaTUCTUUYECKM 3HAUMMBI (Tabs. 1). 3HaueHus
rapaMeTpa «TOJIIIVHA KaTbIUPUIMPOBAHHOTO XPsIIia» B TPYIINaxX 1 ¥ 2 COIOCTaBUMBI C KOHTposieM (Tabi. 1).

Ta6muua 1

KonmuecTBeHHbIE XapaKTEPUCTUKY CYCTaBHOTO XPSIA ¥ CYOXOHAPATbHOI 30HbBI 60/IbIIIe6epIIOBOI KOCTH
B OTIBITHBIX I'PYIIIAX U B KOHTPOJIE

Tpyrms! [TapameTpsbl
huncal.cr, (MM) heat.er (MKM) Dy b.p1 (MKM) hr, (MKM) St (%)
Me 1,28 125,93 144,11 156,47 45,21
Kontpons | (Q1; Q3) (1,21; 1,33) (104,68; 135,66) | (87,55; 205,31) (81,95; 234,91) (24,73; 49,15)
[min-max] [1,16-1,66] [95,98-173,84] [60,92-223,87] [28,23-281,94] [20,31-51,01]
Me 1,09 132,64 67,95 107,93 30,81
Ipymma 1 (Q1; Q3) (1,06; 1,13) (79,92; 154,41) (87,55; 205,31) (59,05; 124,93) (20,11; 35,49)
[min-max] [1,01-1,15] [60,14-194,82] [40,02-203,86] [21,06-293,71] [11,79-38,51]
p 0,0001 0,3263 0,0218 0,0071 0,0102
Me 1,24 120,34 97,44 112,91 37,04
(Q1; Q3) (1,18; 1,32) (105,43; 129,24) | (87,97; 172,96) (70,35; 140,54) (28,72; 37,69)
Ipymma 2 | [min-max] [1,15-1,79] [75,36-189,76] [60,92-167,86] [56,82-195,12] [18,28-49,01]
p 0,5823 0,9081 0,0105 0,2801 0,0126
p! 0,0124 0,9528 0,001 0,0129 0,0268

IIpumeuaHue: p — ypoBeHb 3HAUMMOCTY OTVIMYMIL TPV CPAaBHEHMM C KOHTPOJIEM, p! — YPOBEHb 3HAUMMOCTM OT/IMUMIL MEXIY TPyIIaMu
1o kputepuio Manua — YurtHu, ipu p < 0,05.
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Tucmonamonozus cy6xoHOpanbHOLi 30HbL

Cyb6xoHApasbHasl KOCTHAS IJIACTMHKA B KOHTPOJie HEpPaBHOMEPHOI TOJIINMHbBI, HEIIpepbIBHA Ha BCEM ITPO-
TSDKeHUM (PUC. 4, a). B OIIBITHBIX TPYIIIIaX CyOXOHIpaTbHas KOCTHAS IJIACTVMHKA MCTOHYEHaA, B TpyIIie 1 Mecra-
MM OTCYTCTBOBaJIa (pyC. 4, 6), B IpyIIIe 2 PerMCcTPUPOBAIN YUaCTKY, BHICTJIAHHbBIE OcTeobacTamu (puc. 4, B).
3HaveHMs TIapaMeTpa «TOMIIMHA CYyOXOHAPATbHOV KOCTHONM IJIACTMHKY» B 06€MX TPYMIIax CTATUCTUYECKU
3HAYMMO MEeHbIIIe HOPMbI, MMHMMAJIbHbBIE TTOKA3aTeaM 3aperuCcTpUpPOBaHsI B rpyre 1 (Tabim. 1).

Tpu OKpanMBaHUM TUCTOIOTUUYECKUX CPE30B TPEXIIBETHBIM METOAOM 10 MaccoHy cyOXOHIpasbHast KOCTHAsT
TUTACTMHKA B KOHTPOJIE OKpallleHa ITPerMYIIeCTBEHHO B KPACHBII I[BET, B TPYIIIE 2 OTMEeYaau CHUKEHME 0N
(YKCMHOMMITBHBIX CTPYKTYP, a B rpyrire 1 npeobnagany aHUIMHODWIbHBIE CTPYKTYPBI (PUC. 4), YTO KOCBEH-
HO CBUZETENLCTBOBAJIO O CHYDKEHMM MMUHEPAIN3aiyy KOCTHOTO MaTPUKCA.

Puc. 4. KOHTaKT CyCTaBHOTO XpSIlla ¥ CYOXOHIPAIbHOM KOCTM: & — KOHTPOJb; 6 — rpymma 1; B — rpymma 2. 060-
3HaueHus1: 1 — ry6oKasi 30Ha CYCTABHOTO Xpslia; 2 — 30Ha 0ObI3BECTBIEHHOTO XPSINA; CIUIONIHbIE CTPETKMA —
6as3obmabHAsT TMHMS; TTYHKTUPHAST JTUHUS — TPAHUIIBI CYOXOHIPAIbHOM KOCTHOM TUIACTUMHKM; 000I0I00CTPast
MYHKTUPHAS CTpeika — CyOXOHApaibHast KOCTHAs TUIaCTMHKA OTCYTCTBYET; MyHKTUPHbIE CTPEIKU — OCTe00IaCThI,
BBICTUJIAIONIE CYOXOHIPATbHYI0 KOCTHYIO IIACTMHKY. ITapadmHOBbIe cpe3bl. OKpacka TPeXIBETHBIM METOIOM 10
Maccony, x400

B OmBITHBIX TPYIIAaX BBISIBJIEHO pa3pspKeHMe CyOXOHAPAIbHON TpabeKy/asSpHOI KOCTM, Hanboiee BhIpaykeH-
Hble IPU3HAKK pe30pOIMy OTMeUeHbI B Tpytie 1 (puc. 5, a, 6). [McTromopdomeTprueckoe UCCIeJOBaHNE BbI-
SIBWJIO CTATUCTUYECKYM 3HAUMMOE CHIKeHMe 3HAUEeHMI TapaMeTpOB IUIOIIA M Y TOIIMHBI TPaOeKyJI B TPpyIIIe
1 oTHOCHTETBHO KOHTPOJS (Tabi. 1), B rpyIme 2 rmapaMeTp «TOJIIMHA TPabeKya» He MMeT CTaTUCTUUECKU
3HAUMMBIX OTINYUMIL C KOHTPOJIEM, Pa3IMUMs MEXKIY IPYNIIaMi CTATUCTUUECKM 3HAUMMBI (Ta61. 1).

Puc. 5. CybxoHapasbHasi TpabeKy/asipHas KOCTb: a — TpyIa l;
6 — rpymma 2; B — ayToau3 KOCTHOTO MaTpuKca (rpymmna 1); r — ocre-
006J1aCThI Ha TTIOBEPXHOCTY TpabeKysbl (rpyrma 2). [TapadnHoBbIe cpe-
3bI, OKPAaCKa TPEXLIBETHbIM METOAOM 1o Maccouy (a, 6), reMaTOKCH-
JIMHOM ¥ 303UHOM (B, T). YBenmmueHue: x40 (a, 6), x100 (), 400 (r)
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B rpymie 1 yaie oTMeuany sIBIeHUS OCTe0/IM3MCa, — ayTONN3 KOCTHOTO MaTpUKCa, paclierieHie OCHOBHO-
o BellecTBa TPabeKysl 110 JIMHMSAM CKJIEMBAHMUS (PUC. 5, B), TIOBEPXHOCTU KOCTHBIX TPAGEKy/l He ComepsKain
KJIETOK. B rpyrire 2 perucTpupoBaiy NoBepXHOCTY TPabeKyl, BBICT/IAHHbIE aKTMBHBIMM OCTE00/I1aCTaMMU, ITPO-
OyUMPYIOIIMMIM OCHOBHOE BelleCcTBO (puc. 5, r).

OBCYXIEHUE

Jnst BoccTaHOBIeHUST GYHKUMM [TPOTe3MPOBAHHOY KOHEUHOCTY OO0JIbIIOe 3HaUeHMe JIMeeT COCTOSTHIE CMeX-
HOrOo cycTaBa. [Ipy IpoTe3MpoBaHNY HIDKHUX KOHEUHOCTe 1 y IeTeil, M Y B3POC/IbIX MalYIeHTOB OTMEeYaioT
KOHTPAKTYpbI U (hopmupoBaHue nedopMUPYIOLIETO apTPO3a B BbIIIEPACIIONIOKEHHBIX CycTaBax [22]. I3BecT-
HO, YTO OTIEPaTUBHOE BMEIIATETbCTBO HA KOCTHBIX CTPYKTYpPaxX COMPOBOXKIAETCS KOMITEHCATOPHBIMU M3Me-
HEHMSIMM MeTabonM3Ma KOCTHOM TKaHM, — Pa3BUTIEM CTPECCOBOTO PeMOAETMPOBaHSsI, 00eCIIeuBaoIIero
aZanTalMOHHYIO MepecTPOiiKy KOCTHOM TKaHM MociIe onepanuu [23], Ipyu 3TOM B CMEXHOM CyCTaBe OTMeyva-
0T IeCTPYKTUBHbIE M3MeHeHUs CyCTaBHOTO XPSIIa, CUHOBUT [24, 25].

B naHHOM MCC/iefoBaHUY BIIepBbIe HA 9KCIIEPUMEHTATbHOM MO MeTOLAMY TUCTOMOP(GOMETPUM U3yUEHbI
0COOEHHOCTM PeMOIeTMPOBaHMS CYOXOHAPATIbHOM 30HbI O0/IbIIe6ePIIOBOIt KOCTM ITPY 9K30MPOTE3UPOBAHUN
KOHeuHOCTH. K mpolieccamMm peMoaeapoBaHusl KOCTHOM TKaHY MOXKHO OTHECTYM MCTOHUYEHMe CYOXOHApasib-
HOJt KOCTHOJ IIJIACTUMHKY, OCTEOIMU3UC U U3MEHEeHMe apXUTEKTOHMKIM KOCTHBIX TPabeKysl B CyOXOHIpaTbHO
TpabeKy/SIPHOI KOCTH, CHISKeHe MUHepaau3alyy KOCTHO TKaHM, MHTEHCHBHEe BhIpaskeHHbIe B TpyIIme 1,
MIPM3HAKM PerapaTUBHOTO OCTeoreHe3a, — aKTUBHBIE OCTe06JIaCThbl, BHICTMIAIONIME TTOBEPXHOCTM KOCTHBIX
Tpabeky: B rpymIe 2. 'McTtoMmopdoMeTpuiuecKy 3aperucTpyupoBaHO YMeHbIIIeHe 3HaUeHMi1 TapaMeTpa «TOJ-
MIYHA CYOXOHIpaTbHOM KOCTHOJ IJIACTMHKY» B IpymIe 1 B IBa pasa, B Tpyre 2 — B 1,5 pasa 1o cpaBHEHUIO
C KOHTpOIeM. 3HaUeHMsT TTapaMeTpa «IUIOIIaab TpabeKy/I» CHYDKEHBI B cpemHeM B rpymre 1 Ha 17 %, B rpyti-
e 2 — Ha 10 %, MyHMMAaIbHbIE 3HAUEHMS ITapaMeTpa «TOJIIHA TpabeKy» 3adUKCHMPOBaHbI B rpymie 1.

CornacHo knaccuduranym O-M. Aho et al. [26], HabmomaeMbie B HallleM MCC/IeIOBaHUY U3MEHEHUsT CyOXOH-
IpajabHOI 30HBI COOTBeTCTBOBaMM cTanyuy O (OUeHb paHHMe IMPU3HAKM OCTE0apTpo3a), Korga cy6XoHApatb-
HBII CKIepO3 He BhIPAKEH, CYOXOHAPAIbHASI KOCTHAS TUIACTMHA — TOHKAsI.

Wantumumnpyomas poib CyOXOHAPaIbHOI KOCTU B Jerpagaiy CYyCTaBHOTO XPsIa IMOATBEPKIeHa MHOTOUMC-
JIEHHBIMU yccnemoBanusamu [27-29]. CyoxoHapaabHasi KOCTb BMECTe C CyCTaBHBIM XPSIIIIOM 00pasyioT «0CTe-
OXOHIIPAIbHYI0» (PYHKIVOHATBHYIO €OVHUITY U SBIJISIETCSI MeXaHMUeCKOM OCHOBOI I/ CYCTAaBHOTO XPSIIa,
MO IePXUBAsI €0 CTPYKTYPY U TPOPUKY, 3aIIuIIast OT Ype3MepHbIX Harpy3oK [30-32].

ITpy MaTOMOTMYECKUX M3MEHEHMSIX B 30HE KOHTAKTa MEXKAY XPSIIOM M CYOXOHIPATbHOM KOCThIO BO BCEM
CycTaBe IIPOVCXOAST 3HAUUTEIbHbIE CTPYKTYpPHbIE M3MeHeHMs. IcToHUeHMe CyOXOHIpaabHOI KOCTHOIA I1a-
CTVHKY ¥ paspsbkeHMe CYOXOHIPaTbHOM TPabeKy/ISPHOI KOCTY MPUBOIST K YBEJIMYEHNIO HATPY3KU Ha Cy-
CTaBHOJ XPSII ¥ HApYIIEHUIO ero CTPYKTYpbl [29]. PemomenupoBaHue CyOXOHAPaJIbHOI KOCTHOW TKaHU
COMPOBOKIAETCSI COCYAMCTON MHBA3Yel B 00JIaCTh KaJTbLIMHUPOBAHHOTO Xpsiia. CoueTaHue COCYauCTON UH-
Ba3MM B CYCTABHOJ XPSIIIL 1 ITOBBIIIEHHOTO IIPMUTOKA KaTaboamMueckux (pakTopoB 6e3 MHIMOMPOBaHMS MeTal-
JIOTIpOTeNnHa3 obecreunBaeT MPOrpecCMpoBaHme AeCTPYKIMM XPSIeBOi TKaHu [33, 34].

Ha6nomaembie CTPYKTYpHbBIE MI3MEHEHUsI CyCTaBHOTO Xpsiiia 60/TbIIe6epIioBOTO TUIATO MPY MPOTEe3UPOBAHUN
rojieHy (MCTOHYEHMe, TMOeTb YacTy XOHAPOIIMTOB MOBEPXHOCTHOI 30HBI, HEpaBHOMEPHOE OKpalllBaHKe
MEXK/IETOUHOTO MaTPUKCA) COOTBETCTBOBAIM cTeneHu 0—1 1o rucTomornyeckoi knaccuburanmu MexmayHa-
pOmHOTro 06IIecTBa u3yueHust ocreoaptposa OARSI [35].

CraTuCTIYeCKy 3HAUYMMOe CHIKEHVE 3HAUYEeHMI TOMIIVHBI CYCTABHOTO XPSIa 3aperncTpUpoBaHbl B rpyiie 1
" COTIPOBOXKIAIUCH 60bIIIeit (B 1,8 pasa) 4acTOTOI BCTpeUaeMOCTHM COCYIOB B TIYOOKOI 30HE HeKamblndu-
LMPOBAHHOTrO XPSIIia 0 CPaBHEHMIO C TPYIInoi 2. [IpMMeHeHe MMILUIAHTATOB IPYIINBI 2 CIIOCOOCTBOBAIO
MeHee BbhIpaskeHHbIM M3MeHEeHMsIM B Cy6X0paibHO 30He.

TosnyyeHHbIe 3HaHMST 06 0COGEHHOCTSIX CTPYKTYPHOI peopraHm3alny CyCTaBHOTO XPsIia M CyOXOHIpaTbHOI
30HBI CMEKHOTO CYCTaBa TPy MPOTe3UPOBAHNY KOHEUHOCTH MMEIOT OOJbIoe 3HaueHne. TepameBTuyecKme
cTpaTeruu, HarpaB/IeHHble Ha CTUMYJISILIMIO PerapaTMBHOTO OCTeOTeHes3a, MOTYT MPeIOTBPAaTUTh pPaspylile-
HIe CYCTaBOB.

3AKJ/JIIOYEHUE

I'mcromopdomeTpuyecKme M3MeHEHMS OCTeOXOH/IPATbHOTO KOMITOHEHTA 60JbIIIe6epIioBOro IIATO TP IIPO-
Te3MPOBAHUMU T'OJIeHN (MCTOHUYEHME CYOXOHIPAabHOM KOCTHOW IUIACTMHKMU, papeduKkaius CyoxXoHIpaIbHOM
TpabeKy/SIPHO KOCTHU, IPOHMKHOBEHME COCYI0B B HEKATbIIM(UIIMPOBAHHBIN XPSIII) SIBJISIOTCS MTPEeIUKTOPaAMU
aprposa. [IpuMeHeHMe UMIUIAHTATOB U3 cIutaBa Ti6Al4V ¢ Kanbinii-pocdaTHBIM ITOKPHITUEM CIIOCOOCTBYET
CHIVKEHMIO MHTEHCUBHOCTH TTPOILIECCOB Pe30pOIMM KOCTHOM TKaHM M aKTMBALIMM ITPOIIECCOB PerapaTMBHOTO
OCTeoreHesa.

347 T'enuii opmoneduu. 2025;31(3)



TeODETI/I‘IeCK]/Ie " SKCIIepMMEeHTa/JIbHbI€ MCCIeJOBaHN

Kongnukm unmepecos He 3as6JieH.
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AHHOTanua

BBenmenwue. Pa3zpaboTka HOBBIX KEpAMMUUYECKUX MaTEPMaIOB, 00/1aJaf0IINX BBICOKMMM OCTEOMHTEIPATUBHBI-
MU XapaKTepUCTUKaMM, U SKCIIepUMeHTaTbHOe 000CHOBaHME MX MPUMEHEHMS SIBJISIETCS aKTyalbHON ITpo-
6/1eMOj1 [IJIs1 COBpeMEeHHO TpaBMaTOIOIUN.

Ilesb paGoOTHI — OMpeIeieH e OCTEOVHTErPATUBHBIX XapaKTePUCTUK U 6MOIOTMYUECKOIi COBMECTUMOCTY MM-
TJIAHTATOB M3 HOBOJ IIMPKOHMEBOV KepaMUKM MPY BOCIIONMHEHMUM aAyadu3apHbIX 1edeKTOB KOCTHO TKaHU
B OKCIIEpPUMEHTE.

Marepuansl M MeTOAbl. lcciemoBaHue BbIMOMHEHO Ha 18 camijax KpoaukoB mopopnbl luHmmiaa.
JKMBOTHBIM MomenpoBaiu avadusapHslil gedeKT ¢ MHTpaMeny/UISIPHOM MMILIAHTAIMEel CTEPSKHS U3 HOBO-
ro kepammueckoro rmopuctoro (I1IK), Henopucroro (HITK) maTepuana u Tutanosoro civiaBa (TC). B 3aBucumo-
CTY OT BMUIA CTePsKHS JKMBOTHBIE OBLIM Pa3leseHbl Ha TPU IPYIIHI (TI0 MIeCTb B KaskAoit). [emaTonornyeckue
ToKa3aTesu XMBOTHBIX OIPeNeIsIv 3a CYyTKM 10 OIlepaliy, U yepe3 BOCeMb HeJeslb IIoc/ie oIlepaluy nepeq,
BBIBEJIEHMEM KMBOTHBIX M3 IKCIIEpUMMEeHTa. PeHTreHOrpaduio 3aJHUX KOHEUHOCTEN, 3a00p TKaHelt s TH-
CTOJIOTMYECKOTO ¥ MOP(HOMETPUUECKOTO MCC/IeIOBAaHMS BBITIOMHSUIM TTOC/Ie BbIBeleHMsI XUBOTHBIX U3 3KC-
nepumeHTa. CTaTUCTUUECKYIO 06pabOTKy JaHHBIX IIPOBOAVIIN C MCIIONb30BaHMEM ITporpamMMmbl Statistica 10.
st cpaBHeHMST MCCIeAyeMbIX TPYII MCIOAb30BaiNu Kputepuii Kpackena — Yomimca ¢ mowienyomuM MexK-
TPYNIIOBBIM aHaMM30M. [I7151 OLleHKM M3MeHeHU i B AMHAMMKE B OT/AE/IbHBIX IPYIIaxX UCII0Ib30BaIM KPUTEPUIA
BuikokcoHa. Pe3ynbraThl pefcTaBaeHbl KakK MeyaHa ¥ MHTePKBapTWIbHBIN pa3Max.

PesynbraTsl. Uepe3 BoceMb HeJleslb TOCE OMepanuy yPOBEeHb JEMKOIUTOB, MOHOLIMTOB U TPAHYJIOLIUTOB
OBLT CylIecTBeHHO HIke B rpyre I1K mo cpaBHenwuto ¢ rpymmamu HITK u TC (p = 0,025; p = 0,022; p = 0,005
COOTBETCTBEHHO). TONMIIMHA KOCTHO TpabeKy/bl B 00J1aCTY MMILIaHTalyy B Tpyrme [TK 6buta cyliecTBeHHO
BbIIIIe 110 cpaBHeHMIo ¢ rpyrmnavu TC u HITK (86,2 [55,8; 109,9], 56,0 [47,2; 75,9] u 33,1 [19,0; 84,5] cooTBeT-
CTBEHHO, B 000uXx ciyuasx p < 0,001).

06cykaeHue. Hamu n3yueHa 61onornyeckasi COBMECTMMOCTD ¥ OCTEOMHTETPATUBHbBIE XapaKTEPUCTUKY VM-
TIJIAHTATOB M3 HOBOTO KEpaMMUYeCKOro MaTepyuasia B IBYX BapMaHTax, — HEITOPUCTBIN U MTOPUCTBIH (C pasMepom
rop 10-50 MKM), TpOBEEHO CpaBHEHME C MMIUIAaHTAMM 3 TUTAHOBOIO CIUIaBa. PaHee moKasaHO, UTO JIeTH-
POBaHHbBIE KEpAMMUECKIE MaTepyasibl IIPUBIIEKATEbHbI /ISl pereHepaiyy TKaHeil 6aromapst QyHKIMOHAIb-
HBIM CBOJCTBaM, 610JIOTMUECKOI aKTUBHOCTM ¥ TepareBTUYecKuM 3¢ deKkTam, obecreurBaeMbIM BBOIMMbIMMU
MOHaMM. Pe3ylbTaThbl HAIIMX TMCTOMOTUUECKUX ¥ MOPHOMETPUUECKUX UCCIeIOBaHNMIT TIOATBEPAVIIN JIYUIITYIO
OMOIOTMYECKYI0 COBMECTMMOCTb ¥ OCTEOMHTErPalyio UMILIAHTATOB U3 IMOPUCTOI IMPKOHMEBOI KepaMUKU
(TIK), comepsKalleil MOHbI UTTPYSI, UTTepOMsI, TaJONNHYsI, B CpaBHeHMM ¢ uMILianTatamu 13 HITK u TC.

3ak/aoueHue. YCTaHOB/IeHa OMoJIormyeckass COBMECTMMOCTb HOBOI'O KepaMMnuyeCKoro martepuajaa npm BoC-
IIOJIHEHUN ,Z[I/Ia(bI/ISapHI)IX I,Ele(l)eKTOB KOCTHOJ TKaHU B SKCIIEpMMEHTE C )KMBOTHBIMMN. VIMIuiaHTaThI C pasme-
paMu 1mmop 10-50 MM Oﬁ]’[a,ﬂa}OT XOpomMMMHM OCTEOMHTEIrpaTMBHBIMM XapaKTepPUCTUKAMM, UTO OIIpenesasaeT
BO3MOXXHOCTDb 1 H€06X0,I[I/IMOCTI> IMpoBeaeHMs KIMHUYECKUX WUCIIBITAHUIA.

KnioueBsle cimoBa: quadusapHbie gedeKTbl KOCTHOM TKaHU, MMIUIAHTAT, IIMPKOHMEBas KepaMuKa, 610Ioru-
yeckast COBMECTUMOCTb, OCTEOMHTETPaLys, SKCIIEPUMEHT

Onsa uvurtupoBanusa: Bonoxmtmna E.A., CaymxkmH M.B., Axntponosa W.IL., Kyremos C.M., Bpwinmant C.A.
OCTeOMHTETrpaTUBHbIE XapaKTEPUCTUKM U GMOIOrMYecKas COBMECTMMOCTb MMIUIAHTATOB U3 LMPKOHMEBOI KepaMUKU
TIpY BOCHIOJHEHUM auadu3apHbix nedektos. lenuti opmoneduu. 2025;31(3):350-360. doi: 10.18019/1028-4427-2025-31-
3-350-360.
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Abstract

Introduction The development of new ceramic materials with high osteointegrative characteristics
and experimental substantiation of their application is an important issue in traumatology. The purpose
of the work was to study the biological compatibility and osteointegrative characteristics of implants made
of zirconium ceramics stabilized with yttrium, ytterbium and gadolinium for filling diaphyseal bone defects
in an experiment.

Material and methods The study was performed on 18 male Chinchilla rabbits. Diaphyseal defects
with intramedullary implantation of a rod made of a new ceramic porous (PC), non-porous (NPC) material
and titanium alloy (TA) were modelled. The animals were divided into 3 groups based on the rod used: PC, NPC
and TA (n = 6 in each). Hematological parameters were studied one day before and 8 weeks after the operation.
Withdrawal of animals from the experiment, X-ray control and tissue sampling with subsequent histological
and morphometric examination were performed at 8 weeks after the operation. Statistical data processing
was performed using the Statistica 10 software. The Kruskal — Wallis test with subsequent intergroup analysis
was used to compare the study groups. The Wilcoxon criterion was used to assess changes in dynamics
in individual groups. The results are presented as median and interquartile range.

Results Eight weeks after the surgery, in the PC group compared to the NPC and TA groups the levels
of leukocytes, monocytes and granulocytes were significantly lower (p=0.025; p=0.022; p=0.005,
respectively); no significant differences were found in other hematological parameters. The results
of histomorphological studies showed that better integration of implants was observed when using PC rods
compared to TA and NPC implants. The thickness of the bone trabecula in the implantation area was
significantly higher in the PC group compared to the TA and NPC groups (86.2 [55.8; 109.9], 56.0 [47.2; 75.9]
and 33.1[19.0; 84.5], respectively, in both cases p < 0.001).

Discussion We studied the biocompatibility and osteointegrative properties of implants made of a new ceramic
material in two versions, nonporous and porous (pore size of 10-50 yum), and compared them with titanium
alloy implants. It was previously proven that alloyed ceramic materials are attractive for tissue regeneration
due to their functional properties, biological activity, and therapeutic effects provided by the introduced
ions. The results of our histological and morphometric studies confirmed the better biocompatibility
and osteointegration of implants made of porous zirconium ceramics (PC) containing yttrium, ytterbium,
and gadolinium ions, compared to implants made of NPC and TA.

Conclusion A new zirconium-based ceramic demonstrates biological compatibility. Implants with pore sizes
of 10-50 ym have good osteointegrative characteristics which determine their possible use in the treatment
of bone defects.

Keywords: diaphysis, bone defect, implant, zirconium ceramics, biological compatibility, osseointegration,
experiment

For citation: Volokitina EA, Saushkin MV, Antropova IP, Kutepov SM, Brilliant SA. Biocompatibility and osteointegrative
characteristics of zirconium ceramic implants for diaphyseal defect filling. Genij Ortopedii. 2025;31(3):350-360.
doi: 10.18019/1028-4427-2025-31-3-350-360.
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BBEIOEHUE

B 2020 r., B MupHOe BpeMs, B Poccum 3apernctpupoBaHo 6ojee 11 MIIH. TepeioMOB, ITOTYYEHHbBIX TIPYU He-
CYaCTHBIX (JIy4asiX, KOCTHAs TpaBMa BePXHUX KOHEUHOCTEN B CTPYKType TPaBM, OTPaBJIeHUI U APYTUX MTOCTe] -
CTBUIT BO3AECTBMSI BHEIITHMX IPUUYMH cocTaBmuaa 34,6 %, HIDKHUX KOHEeUHOCTel — 33,2 %, 310KaueCTBeHHbIe
HOBOOOPa30BaHMsI KOCTHOM TKaHM — 4,2 % OT BCeX OHKOJIOTMUYECKMX 3abomeBanmii [1]. YacToTa moBpeskaeHMiA
KOHEUYHOCTeJ B XOfe BOEHHbIX KOH(IMKTOB MOCAeIHEro JAecaTuaeTust mpesbiiraet 60-70 % 1 He MMeeT TeH-
IEeHIMM K CHVDKeHUIO, TIPM 3TOM TOBPEXAEHMS] HVDKHUX KOHEYHOCTel ¢ HapylleHMeM 1eJIOCTHOCTU KOCTU
" OTIOpHOV (QYHKUMM BCTPEUaIOTCS B IBA pase ualie, yeM BepxHuX [2]. Hammume KocTHOrO medekTa SBs-
eTCsl TIPUYMHON IJIUTENbHOTO, TTOPOI0 He3(DPEeKTUBHOTO JIeUeHMs ¥ TTPUBOAUT K CTOMKOM MHBAIUAN3AIIAN
noctpagaBmux [3]. Ois BocronHeHusT guadm3apHbIX gedeKTOB MPUMEHSIOT pas3/inyHble MeTOAUKM ayTo-
M aJUTOTUIACTUKY B KOMOMHALIMM B 3aKPBITHIM MHTPAMEIY/UISIPHBIM OCTEOCMHTE30M TUTAHOBBIM CTEPSKHEM
Y YPECKOCTHBIM AVCTPAKIIMOHHBIM OCTEOCUMHTE30M, a Takyke KOMOMHAIIMY TeXHOJIOIUI KOCTHOI IJIaCTUKU
o UnusapoBy u Masquelet [4].

TpaBmaToMOT-0pTOIE, JO/IKEH PACHONaraTh JOCTATOUHBIM KOJIMYECTBOM MMIIJIAHTOB/ayTMEHTOB Pa3JIMyHO-
IO I13aiiHa, a TAK)Ke PasHO0OPa3HbIM apCeHAJIOM KOCTHO-IIJIACTUYECKOT'O ¥ 0CTE03aMelalollero MmaTepuaia
IJISL JIeYeH ST OCTPaAaBIINX C MAaTOMOTMYECKM OPTOIeAUYECKMM CUMMITTOMOKOMILIEKCOM U KPUTUUECKUMMU
nedeKkTaMy KOCTHOM TKaH!, CGOPMUPOBABIIMMMUCS B Pe3y/IbTATe BbICOKOIHEPIETUUECKON U OTHECTPEITbHO
TPaBMBbI. AyTOKOCTb, a/IJIOTPAHCIIAHTATBI U IeMUHEPAIM30BaHHbBI MaTPUKC B KaUueCTBe OCTeo3amelarlie-
ro MaTepuasga He IPUMEHMMBbI TP OOLIMPHBIX JedeKTax, MMeIOTCS PUCKY BOCIIaJIeHNUSI TOHOPCKOTO JIOXKa,
MMMYHHOJ peakiMy PElUIIMEHTOB U OTTOPXKEHUS UYKePOTHOTO MMIUIaHTa [5]. TpebyloTcs crenyanibHbie
OMOVHEePTHbBIE ITPOYHbIE MaTePUAIbl ¥ KOHCTPYKIIMM U3 KEPAMUKM U TUTAHA C BBICOKMMY OCTEOMHTErPaTUB-
HBIMM XapaKTepUCTUKaMM, KOTOpbIe MO3BOJISIT BOCCO3/IATh He TOIbKO (GOpMYy yTpaueHHOIo KOCTHOro dpar-
MEHTa, HO ¥ BOCCTAHOBUTH OTIOPHYIO (PYHKIIMIO KOHEUHOCTH B 1IeJIOM [6, 7].

[IprMeHeHMe MCKYCCTBEHHBIX OCTeO3aMellalolMx O6uoMaTepuaaoB MMeeT MpeuMyliecTBa 6aromapst co-
BMECTMMOCTM C ayTOJIOTMYHONM KOCTbIO, YIOOCTBY MOJENIMPOBAHMS M BO3MOXKHOCTBIO MX MCIIOIb30BaHMS
B 60nbIMx 06bemax [8]. BuokepaMuKa Hallia UIMPoOKoe NMpUMeHeHYe B OTlepaTUBHOI TPaBMaTOIOTUM U Op-
tornenuu [6]. B Poccun 1 3a py6eskoM yCIierHO MPUMEHSIIOTCS pa3anyHble BUIbI KepaMMKu Ha ocHoBe docdaTa
KaJIbI[Msl, KaK Hanbosee 6/IM3KMeE IO COCTABY U CTPOEHMIO K KOCTHO TKaHY ueioBeka [9], a Takske IMPKOHMEBAst
KepaMMKa B CMJTY CBO€eJ MHEePTHOCTM K TKaHSIM OpPTraHM3Ma ¥ XOPOIIMUX MeXaHMUeCKMX XapakrepucTtuk [10].
Kpome Toro, mokasaHo MOJIOXUTeIbHOE BIMSIHME IMPKOHUS Ha 0cTeo6macTs [11]. AKTMBHO ITPOBOASITCS VC-
C/lef0BaHMsl, TIOCBSIIIeHHble MOAMGUKALINY XUMUUYECKOI CTPYKTYPhbI OCTe03aMeLalouiX MaTepuaaoB AJis
OTITUMM3ALNM UX OMOVHTETPAIMOHHBIX U (PU3NUECKUX XapaKTepUCTUK [12]. B uacTHOCTH, BBeleHNe B IUp-
KOHMEBYIO0 KepaMMKy peAKO3eMeIbHbIX 3/IeMEHTOB OKa3blBalOT 3HAUMUTEbHOE BIMSIHME Ha KOPPO3MOHHYIO
CTOVKOCTb KOMITO3MTOB [13], Ha MHIMOWPOBAHME SKCIIPECCUY T€HOB, CITeIMGUUHBIX 11T OCTEOK/IACTOB [14].

B cBsi3M ¢ TeM, 4TO pa3paboTKa HOBBIX KepaMMUeCKUX MaTepuasoB, 00afaiouX BhICOKMMY OCTEOMHTE-
TPAaTUBHBIMM XapaKTePUCTUKAMM, ¥ IKCIIEPUMEHTAIbHOe 060CHOBaHME UX MPUMEHEHMS IPY BOCTIOTHEHUN
nvadu3apHbIX 1e(GeKTOB SIBISETCS aKTyaIbHOI Mpo6aeMoii cOBpeMeHHOIT TpaBMaTosorui, B 000 «Mukpo-
aKyCTHKa» pa3paboTaH HOBBIVI KepaMMUUeCKUiI MaTepuas, — IMPKOHMEBAsT KepaMMKa, CTaOVIM3MpOBaHHasI
UTTpUEM, UTTepbueM u ramoiamuueMm Zr9Y5Yb5Gd (TVY-20.12.19.001-20883295-2020). Kepamuueckuit ma-
Tepuas 06J1agaeT KOPPO3MOHHONM ¥ SPO3UOHHON CTOMNKOCTHIO, MU3HOCOCTOMKOCTbIO, YCTOMUMB K OKMUCIEHUIO
" BBICOKOTEMITepaTypPHOIi CTepUInU3aluiu.

Henn pa60’1‘1:1 — orpeneieHne OCTEOMHTEIrpaTUBHDBIX XapPaKTEPUCTUK U 6110JIOrMUYECKOIi COBMECTUMOCTY VM-
IUIAHTaTOB U3 HOBOJ LlI/I[)KOHI/IEBOVI KepaMMKM IIp1 BOCIIOJIHEHU ,ZU/Iad)I/IZ%aprIX ,HE(bEKTOB KOCTHOJ TKaHU
B OKCIIepMMEHTeE.

MATEPUWAIJIBI I METO/IbI
Oo6pas3supl 0715 mecmupoe8aHus

ViccemoBaiy HOBBIE KepaMUUecKuii MaTepua, — IUMPKOHMEBYIO KepaMUKYy, CTabUIM3UPOBAHHYIO UTTPU-
eM, UTTepoueM U ragonuuueM. O6pasiibl M3rOTABIMBAIM METOIOM XOJIOLHOTO ITPEcCOBaHMSI C MOC/IeNyI0-
IIYIM CITeKaHyueM B aTMocdepHoit meun. I[Tocte crieKaHus MPOU3BOAMIINM OKOHUYATETbHYI0 MEXaHO06paOOTKY.
O6pa3sibl KepaMMUYeCKOTO MaTepuayia MOATOTOBIEHbI NBYX TUIIOB: HEIIOPMUCTONM M TOPUCTON (pa3mep Iop
10-50 mkM) cTpykTyp. CTEp>KHM [IJI CMHTe3a IiepeioMa (MHTpaMeay/UIIPHO MMIUIaHTalMK) IanHoi 50 Mm
C KPYIVIBIM C€YeHMEeM IMaMeTPOM 5 MM M3TOTaBIMBAIN U3 IIOPUCTOTO ¥ HEITOPUCTOro Matepuaa. CTepsKHM
aHAJIOTMYHOI'O pa3Mepa M3roTOBIEeHbI U3 MeAUIIMHCKOTO CIIJlaBa Ha OCHOBE TUTaHa.

Bxcnepumeumaﬂbnbte JHUB0MmHble

VccnenoBanue BbITIOTHEHO Ha 18 camiiax KponamkoB nopofsl Hluummmia maccoit 3-3,5 kr. JKuBOTHbIEe Ha-
XOOWINUCh B MAEHTUYHBIX YCJIOBUSIX KOPMJIEHMSI U COLepKaHusl (BUBapuil YpaJbCKOTO TOCYZAPCTBEHHOIO
MeIUIMHCKOTO YHUBepcuTeTa). Bce SKMBOTHBIE MMeNny BeTepUHAPHbBIN cepTUdUKAT KauecTBa U COCTOSIHUS

T'enuii opmoneduu. 2025;31(3) 352



TEOI)ETI/I‘-IeCKI/Ie " SKCIIepMMeHTa/JIbHbIe MCCIedOBaHNA

300POBBSI. IIPOTOKOJN MCIOIB30BAHMS M YXOAA 3a JKMBOTHBIMM COOTBETCTBOBaI «MeTOOMUECKMM PEKOMEH-
JamysIM I10 COJepsKaHMI0 JTabOPaTOPHBIX JKMBOTHBIX B BUBAPUSIX HAYUHO-UCCIETOBATEICKUX UHCTUTYTOB
1 yueOHbIX 3aBemeHuii» PII-ATIK 3.10.07.02-09 u «Oupextuse 2010/63/EU EBpomneiickoro ITapnamenTta u Co-
BeTa EBporneiickoro Corosa 1o oxpaHe JXMBOTHbBIX». McciaenoBaHme 0L00peHO JTOKaTbHBIM 3TUYECKUM KOMM-
TeTOM YPaIbCKOTO TOCYIAaPCTBEHHOTO MEeIUIIMHCKOTO YHUBepcuTeTa, mpoTokos oT 20.05.2020 N2 5.

Modenuposanue duaguszapHozo depekma ¢ uHMmpamedyanApHoli UMNAAHIMauueti cmepicHs

BceM >KMBOTHBIM IPOBOAVIIN OuIaTepajibHOE MOIenupoBaHue auadusapHoro medekra 6eIpeHHbIX KOCTet
¢ GwiaTepaabHBIM MHTPaMeIy/UIIPHBIM OCTEOCHMHTE30M CTePsKHSIMU. B cOOTBETCTBUM € AM3aiTHOM MCCIeI0-
BaHMS JKMBOTHbBIE pa3fie/ieHbl Ha TPU TPYIIIHI (110 IIEeCTh B KaXKI0i). B MpaBylo u jeByi0 6epeHHble KOCTU
B TMEPBOI1 IPyIie UMIUIAHTUPOBAIU CTEPXKHU U3 Hemopuctoii kepamuku (HITK), Bo BTOpoit — 13 MOPUCTOIA
kepamuku (I1K), B TpeTbeli rpymmne — u3 TutTaHoBoro criasa (TC).

ITom BHYTpUBEHHBIM HApKO30M KOCTHOMO3TOBOM KaHaa 6eJpeHHOI KOCTM B MEXKMBIIIETKOBOI 061acTu pe-
TPOrPaHO paccBepaMBa/lM, YCTAaHABAMBAIM B KaHaJl CTepXKeHb M3 OCTeo3aMellaliero marepuana. lanee
M0 HapY)KHOI TIOBEPXHOCTM Gefipa BBITIOIHSIN JUHENHbIN paspe3 KOXM U Gacuyy, MeXIY MbIIIIAMU TMO-
CJIOIHO OCYIIEeCTBIISUIM TOCTYT K Anadu3y 6eApeHHOI KOCTH, HAa TPaHUIle CPeIHEN ¥ HUKHEN TPeTu KOTOPO-
ro IyTeM JBOVHO IMPKY/ISIPHOI ocTeoToMUM (popMmupoBain KOCTHbIN NedeKT auadusa B BuUIe UMIMHADPA
IvHOM 10 MM, KOTOPBIN GBI ITEPEKPHIT CTEPKHEM 13 OCTeO3aMellalolllero MaTepmasa, peTporpagHo ycra-
HOBJIEHHBIM B KOCTHO-MO3TOBOM KaHaJie Ha IepBOM 3Tare XUPypruyeckoro BMenaTenbCTsa. PaHy MocioiHo
yIIMBaIN. BeiBemeHMe SKMBOTHBIX U3 SKCIIEPUMEHTA, PeHTTeHOTpaduIo 3aJHNX KOHEUHOCTe 1 3a60p TKaHel
MPOBOAM/IM Yepe3 BOCceMb HeJlellb ITociie oTepaliuiu.

Temamonozuueckue ucciedosaHus

O6pa3sIrbl KpOBYM OTOMPAITM U3 KPAeBOIii BEHbI yXa KPOJIMKOB B CTAHAAPTHBIE ITPOOMPKM IIJIsT Ta6OPaTOPHBIX UC-
C/IeOBaHMit 3a CYTKM 10 OTlepaliyy, 1 uepe3 BOCeMb Hefle/ib [T0C/Ie Orepaliyy repe BbIBeIeHeM KMBOTHbIX
"3 9KCIepuMeHTa. [eMaTo/IornuecKme MoKasaTeay OMIpPeNeisyii Ha aBTOMATMYeCKOM reMaTOJIOrMYeckoM
anaymsartope Cell-70 (Biocode-Hygel, France). McciemoBaHye BBINOIHSUIM B COOTBETCTBUM C ITPOTOKOJIOM,
pPEeKOMEHI0BaHHBIM MTPOMU3BOANUTEIEM TIPKGOPa.

Tucmonozuueckue uccniedosanus nepuumnnaumuoﬁ KOCMHOIlI mKaHu

Kasknmplii o6pasel 6epeHHbIX KOCTEei 1ab0PaTOPHBIX JKMBOTHBIX, OUMIIEHHBIX OT MSITKUX TKaHei, purcupo-
BaJIM TyTeM IOrpyskeHus B 10 % 3abydepeHHbIi HopMaabaerui Ipy KOMHATHOI TeMIlepaType B TeUeHNe
MUHUMYM cemu nHeit. [Tocime dukcamnym o6pasifpl AeKaIbLIMHUPOBAIN B TeueHMe 48 yacoB B pacTBOpe CO-
nstHoi (11,5 +0,5 %) u mypaBbuHoi (5,8 = 0,3 %) KUCIOT, KOTOPBI 3aMeHsUIM Kaskaple 24 yaca. JleKkanbIiu-
HMPOBaHHbIE 06Pa3IIbl C YACTUYHO PACTBOPEHHBIMMU U M3BJIEUEHHBIMIM KepaMUUYeCKMMM 00pasiiaMi, a TaKKe
C M3BJIEUEHHBIMM TUTAHOBBIMM MMIUIAHTATaMM paspes3anu ¢ GOopMUpPOBaHMEM ABYX IUIACTUH TOJIMHON
ot 2 1o 4 MM Ha ypoBHe nuadu3a. IlomyueHHbIe TUIACTUHBI 00€3BOKMBAIN B 3TAHOJIE BOCXOSIIEN KPETroCTU
U 3aiuBaayu B mapaduH ¢ hpopMupoBaHueM 00KOB. M3roTaBiauBaayu cpesbl mapadMHOBBIX GJIOKOB TOJIIN-
HOJi OT 3 10 4 MKM, MaTepuasa OKpallMBaau reMaTOKCMIMHOM U 303MHOM. I'McTonornyeckoe u mopdome-
TpUUECKOe MCCAeIOBaHMe OCYIIECTBISIM IIpU MoMoIlnyu Mukpockorna Olympus CX-41, kameps! Levenhuk
M1000 PLUS. MsmepeHus mpoBoauiu B mporpaMmme Phenix Phmias 3.0.6731. I'ictoMopdosornyeckoe ompe-
JleJieHye TOJIIMHBI KOCTHOV TpabeKy/ibl BHITIONHSIM B MePUUMIUIAaHTHOV o6mactyu (10 M3MepeHmii Ha 06-
paser, 60 u3MepeHnit Ha UCLIemyeMylo Ipyminy). IIpOTSsKeHHOCTb MOBEPXHOCTY KOCTHBIX Tpabekys (ITITKT),
dbopmupyeMbIX B 06/1aCTM MMIUIAHTAaTa, CYMMapHYIO IMPOTSDKEHHOCTD MOBEPXHOCTU ocTeobiactoB (IIIIOB)
M CYMMAapHYI MPOTSKEHHOCTh MOBepxXHOCTU ocTeoknactoB (IIIIOK), pacrionoskeHHbIX Ha ITOBEPXHOCTU
9TUX TPabeKysI, U3MepsUIM B MMKpOMeTpax (MKM) Ha IM(MPOBBIX M300paskeHNSIX TUCTOJIOIMUYECKIX ITperapa-
TOB, OTCHSITBIX TIpy 0011eM yBenuueHun 400 (oxkynsap — 10x, 06bekTuB — 40x). Vi3mepeHust BBITIONHSIIN He
MeHee yeM B 20 MosIX 3peHust OT OLHOTO ciy4vasi. [lajiee pacCUMThIBAIM OTHOCUTEIbHBIE [IOKa3aTeNnu, — IIpo-
LIEHTHYIO JOJTI0 MPOTSDKEHHOCTHM KaXkKIOTo 113 0603HaUEeHHBIX TUITOB Ki1eToK. 3a 100 % mpuHMMaIy IPOTSsKeH-
HOCTb TpabeKyIibl. BbruncaeHue mpoBoauIu Mo popmysam:

%IITIOB = IITIOB (MkM) x 100 % / IITIKT (MKM);
%IIIMOK = IMITOK (MxMm) x 100 % / ITIKT (MKM).

Cmamucmuueckyro 06padomky 0aHHsIX TIPOBOIVIIV METOIAMY BAPMALIMOHHO CTATUCTUKY C VICTIOTb30BaHM -
eM nporpaMmmbi Statistica 10. [Iji1 cpaBHeHMs UcCIeqyeMbIX TPYIII MCITOMb30Baiu Kputepuit Kpackena — Yoi-
Jica € TMOCAenyIoNMM MeXKIPYIIIOBbIM aHa/n30M. [IJig OlleHKM M3MeHeHUli B AuHaMMKe (IO omepaiumn
M 4yepe3 BOCEMb HeMeslb M0C/ae OIepalyy) B OTHeIbHbIX TPYIIax MCIO0Jb30Balu KpuTepuii BuikokcoHa
IIJISI CpaBHEHMS IBYX CBSI3aHHBIX (3aBUCUMBIX) BBIOOPOK. YpoBeHb p < 0,05 mpMHUMMAaIN CTaTUCTUIECKU 3HA-
yMMbIM. [laHHbBIE ITpeficTaBIeHbl KaK MeyaHa [MHTepKBapTU/bHbIN pasmax].
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PE3VJIBTATDHI

CrycTsl BoceMb HeJielb 10oc/ie MMIUIaHTaluu uccie-
IyeMbIX MaTepuajioB IIpOBeleHa peHTreHorpadms
Tasa M obeMx 3agHMUX KOHEUHOCTEN MCCIemyeMbIX
SKUBOTHBIX (puc. 1). ITo maHHBIM peHTreHorpadumn
obnacth nuadusapHoro aedexra mepekpsiTa Kepa-
MMUYECKMM MMIUIAHTATOM, YCTAaHOBJE€HHBIM MHTpAa-
MeIYJUIIPHO C TUIOTHBIM IpWIeraHMeM K KOCTHOJ
TKaHM Ha OTHEJbHBIX ydyacTKax. JIMHUM OCTEOTOMUM
He MPOCIEXMUBAIOTCS, KOPTUKaIbHBIE IIIACTUHKMU
B obyactu paHee cHOPMUPOBAHHOTO KOCTHOTO Jie-
dexTa 3aMKHYTHI. 1leJIOCTHOCTh GeApeHHOI KOCTU
BOCCTAHOBJIEHA.

Pe3ynbTaThl OlpefeneHuss reMaTOJOTMUYECKUX Tia-
pamMeTpoB KPOJIMKOB [0 OIepalnuu U yepe3 BOCEMb
HeZlenb IOC/Ie Ollepalyy INpeAcTaBieHbl B Taoml. 1.
Io onepainuu Mexay TPyIaMi He BhISIBIEHO Cylle-
CTBEHHBIX pa3auuuit HU M0 OGHOMY M3 OIpenesie-
MBIX TIOKa3aTesei.

Puc. 1. Pentrenorpaduis Tasa 1 00e1x 3aJHUX KOHeU-
HOCTEe KpoyuKa B MIPSIMOIA TTPOEKLNU ¢ UMILIAHTU-
POBAHHBIMU K€PaMUUYECKIUMM CTePXKHSIMU (TIOPUCTast
KepaMIKa) uepe3 BoceMb HeJielTb II0C/Ie Orepayn

Ta6muua 1
TemaToornueckue rmoxKasaTenn KPOJIMKOB 0 U IT10CJI€ OIlepaumm
TemaToornueckue 1moxKasaTenan B rpymniiax MccaieaoBaHus
[TokasaTeb Cpok Turan (TC) He1'[op1/1(z'11‘_lal,_qI I2<)epaMMKa HOpI/ICTEEﬁ IlgzpaMMKa pl

i} 1 9,4[8,0; 11,1 9,9[8,0; 10,7 9,4[8,0; 12,4 0,932
Tlesiouprst, x10°/n 11,8 [[10,2; 13,(10] 11,7 {11,1; 12,11] 7,6[[6,9; 8,1]] 0,021

p2 0,138 0,028 0,028
1 5,3[4,8; 5,6 5,7[5,1;7,1 4,9[4,1;6,5 0,301
Thmcporproi, <107/ 2 6,8 {6,3; 8,3} 6,60[[5,9; 6,8]] 46 %4,5; 7,2]] 0,103

p2 0,043 0,686 0,675
1 0,3[0,2; 0,3 0,310,2; 0,3 0,30,2; 0,4 0,888
Mowowust, x10°/n 2 0,4 {0,2; 0,5} 0,3 {0,3 : 0,3} 0,2 {0,2; 0,2} 0,043

p2 0,361 0,068 0,285
Fpanytomrst, <1071 1 3,8 [3,0; 5,4] 4,0[2,8; 3,5] 4,7[3,9; 5,4] 0,243
: 2 4,2 [4,0;4,7] 5,2[4,2; 5,4] 2,7 [2,4; 3,4] 0,005

p2 0,686 0,028 0,028
S 1 6,68 [6,39; 6,93] 6,90 [6,69; 7,17] 6,67 [6,42; 6,78] 0,368
: 2 6,83 [6,75; 7,69)] 6,82 [6,55; 7,05] 6,94 [6,52; 7,74] 0,816

p2 0,345 0,463 0,345
S 1 144 [142; 148] 147 [144; 150] 145 [140; 148] 0,526
: 2 150 [141; 152] 146 [134; 149] 148 [147; 152] 0,684

p2 0,686 0,295 0,281
FenaTorpy, % 1 41,8 [40,5; 41,9] 42,4 [41,3; 42,8] 41,3 [40,9; 42,8 0,613
: 2 43,7 [43,2; 44,0] 42,5 [41,0; 43,6] 42,9 [41,6; 43,1] 0,459

p2 0,225 0,917 0,116
Cpensmii 06bem 1 63,2 [62,7; 63,6] 63,2 [61,9; 66,4] 63,3 [62,5; 63,8] 0,927
spuTpoLMTa, (11 2 63,1 [62,4; 64,0] 62,1 [61,0; 62,6] 63,2 [61,2; 64,0] 0,479

p2 0,178 0,116 0,463
1 372 [341; 429 491 [473; 575 429 [392; 508 0,150
TpomGouusi, x10°L 2 647 {433 ; 700} 636 {473; 836} 496 {393 ; 593} 0,264

p2 0,043 0,046 0,249
Cpe;[HMﬁ oobeM 1 5,2 [4,8; 5,5] 5,5 [5,1; 6,0] 5,5 [5,2, 5,8] 0,498
TpombonuTa, B 2 5,1[5,1; 5,4] 5,3 [4,9; 6,0] 5,2 [5,0; 5,9] 0,963

p2 0,500 0,465 0,753
TpoMGoRpHT, % 1 0,19 [0,18; 0,24] 0,27 [0,23; 0,35] 0,24 [0,22; 0,25] 0,095
’ 2 0,32 [0,23; 0,36] 0,32 [0,28; 0,50] 0,29 [0,21; 0,30] 0,610

p2 0,043 0,028 0,249

IIpumeuanue: 1 — no omepaiuu; 2 — BOCEMb HeJielb 1ocie onepaiun; pl — tect Kpackena — Yoseca; p2 — Tect BUIKOKCOHa.
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Yepes BoceMb HeJlesb [1OCTIE OTlepaly YpOBeHb JeKOIMTOB, MOHOLIMTOB U IPAHY/IOLUTOB ObUI CYIIeCTBEH-
HO Hmke B rpyire IIK. ITpu aTom oTMeueHo, uTo eciy B rpymrie HIIK criycTs nBa mecsnia 1ocjie xupypruye-
CKOT'0 BMelllaTe/lbCTBA YPOBEHD JIEMIKOLMTOB U I'PAHYIOLUTOB NeMOHCTPMPOBAJ CyleCTBEHHOEe ITOBbIIIeHYe
OTHOCUTEJIbHO UCXOHOTO YPOBHSI, TO B rpytie ITK Ha6II01a10Ch 3HAUMTEIbHOE CHYKEHME JTAHHBIX TT0Ka3a-
Teseit. [1o ypoBHIO TMMQPOLUTOB CYL[eCTBEHHBIX Pa3anuuii MeXIy IpylrnaMy He BbISIBI€HO, XOTSI TeHA,eHLINS
K 60s1ee HM3KUM 3HaueHusIM B rpytire [TK mpucyTcTByeT u [jist 3TOro nmokasaress. [1o KoaudecTBy SpUTPOLIN-
TOB, YPOBHIO T€éMOITIO0MHA, 00beMY 3PUTPOIUTOB CYIIIeCTBEHHBIX PA3TIMUNIT MEKIY M3yIaeMbIMU IPYIIIIaMU
He 0OHapyxeHO. B TpoMOGouTApHOM 3BeHe KPOBM 3HAUMMBIX PA3JIMUMii MeXIy IPYIITaMy TaK)Ke He BBISIB-
neHo. Bmecte ¢ TeMm, B rpynmax TC u HITK Ha6siomanu CyIecTBeHHOE TOBBIIIEHNE OTHOCUTEIBHO MCXOTHOTO
YPOBHSI KOMNYECTBA TPOMOOLIMTOB ¥ TPOMOOKPUTA, UTO, TO-BUIMMOMY, CBSI3aHO C COXpaHEHMeM YMepeHHOTO
peakTMBHOTO TpombornuTo3a. B rpynme [IK KonmnyecTBO TPOMOOIIMTOB He OTIMYAJICS OT AOONEPAIVIOHHOTO
YDOBHSL.

Tucmomopgomempuueckas oyeHKa ocimeouHmezpamueéHsIX XapaKmepucmux UMNIaHmManmoe

VccnemoBanust ocreomuTerpanuu B rpymnme TC rmokasano, YTo BOKPYT MMILIaHTaTa (GopMMUpPOBaICS Hermpe-
PBIBHBII TSDK TPaBEKy/ISIPHOI KOCTHM, TPEACTABAEHHBIN KaK MJIaCTMHYATOM, TaK U PETUKYI0(DUGPO3HOI KOCT-
HOJt TKaHbIo (puc. 2, a). Ha BHYTpeHHe#, 00pallleHHOI K MMIIIAaHTaTy CTOPOHEe TpabeKyJl, BU3Yyalau3poBaIn
aKTUBHbIE U MOKOSIIMECs 0CTe06/acThl (puc. 2, B). B HEKOTOPHIX HEGOIBINNX IO MPOTSIKEHHOCTY YUaCTKax
06HapYKMBaJIM PHIXIYIO BOJOKHUCTYIO COEIMHUTENbHYIO TKaHb C YMEPEHHO pacIlMpeHHbIMM, 3aTI0JTHEHHbI-
MM SPUTPOLIUTAMU MUKPOCOCYIaMu (pUC. 2, 6). BU3yanu3upoBaau YaCcTUIIbI MMILIAHTAI[MOHHOTO MaTepuasa
oT 1 10 7 MKM ¥ eIMHUYHbIE YUaCTKM C TIOBBIIIIEHHBIM CKOTIEHMEM KIeTOK MOHOLIMTapHO-MaKpodarajibHOTO
muddepoHa ¢ mpusHakaMmu daronurtosa (puc. 2, B). O6HaApY>KMBaIM JIOKaTbHbIE BOCIAIUTETbHbIE UHPUIIb-
TpaThl. Ha TOBEPXHOCTY KOCTHOI TKaHM BBISIBJIEHbI HEMHOTOUMC/IEHHbIE Pe30POIIMOHHbBIE TTOJIOCTY C OCTEO-
KJIACTaM¥, B OTJETbHBIX ITOJIOCTSIX OTMEUaIM aKTUMBHBIN OCTEOTeHE3 U 0CTe00JIacThl C aMOPGHBIM KOCTHBIM
BeIlleCTBOM BOKPYT HMX. MeXAy KOCTHBIM CJIOEM BOKDYT MMILJIAHTATa ¥ KOMIAKTHOM MJIaCTMHKON 3Hauu-
TebHOE MECTO 3aHMMAaJl TeMOIOITUYECKUIl KMPOBOI KOCTHBIN MO3T. MUKPOLUMPKYISITOPHOE PYCJIO B 00-
JIaCTM KOCTHOTO MO3Ta MpeACTaBAeHO MPEeMMYIIeCTBEHHO pacliMpPeHHbIMM TOHKOCTEHHBIMM KalWIsIpaMu
CMHYCOMIHOTO TUIIA C NIpM3HAKAMM 3PUTPOCTa3a. B KOMIAKTHOJ IJIaCTMHKE OTMeUYeHbl yMepeHHbIe peak-
TUBHbIE U3MeHeHMs. [IJis Hee XapaKTepHO YTOMILeHMe JIMHUI CKIeuBaHusl, pacliMpeHe TaBepCOBbIX KaHa-
JIOB OCTEOHOB (pUC. 2,a). B 6OIBIIMHCTBE raBePCOBBIX 1 (OTBKMAHOBBIX KAHAJIOB OOGHAPYKeHbI KDOBEHOCHbBIE
MUKPOCOCYZbI C pacIIMpeHHbIMU MTPOCBeTaMU, OKPY>KeHHbIe CJI0eM PBIXJION BOJIOKHUCTOM COeqUHUTETbHOM’
TKaHu (puc. 2, ). Ha sHIOCTANIbHOM ¥ MEePUOCTaTbHOI MOBEPXHOCTSIX IUIACTUHKM OIpeNessii HeGoble
10 00beMY HACIOEHMST YaCTUYHO KOMITAKTM3MPOBAHHOTIO TyOUATOrO KOCTHOTO BeEIecTBa. B MeXTpabeKy-
JIIPHBIX MTPOMEXKYTKAX OOHAPYKMBAIM BaCKYJISIPU3MPOBAHHYIO PBIXTYI0 COEAMHUTENbHYIO TKaHb (PUC. 2, ).
OcTeokacTuyeckast pe3opouyss — ciaabasi. ViMeroTcst IpM3HAKM PeaKTUBHOM perapaTuBHON MepecTpoiKku
MaTePMHCKOI KOCT Ha (hOHE BSITIOTEKYIIET0 XPOHMUECKOTO acelTUIeCcKOro BOCIAJIeHMs BUIEACTBIE C1ab0
BBIPaKEHHOTO MeTasio3a B MepPUMMILIAaHTAllMOHHOV 30He. OTHOCUTENbHAS MPOTSKEHHOCTh TTOBEPXHOCTU
octeobacToB — 57,47 %, OTHOCUTEIbHAS IIPOTSKEHHOCTD ITIOBEPXHOCTY OCTEOK/IACTOB — 4,5 %. B 1e10M, OT-
MeueHa OCTeOMHTerpaluusi MMIUIaHTaTa, MpUMeHseMblii MaTepual He BbI3BaJl BbIPAKEHHOTO HEraTMBHOTO
BJIMSIHMSI Ha TKAHU KOMITAKTHOM TVIACTMHKY U KOCTHOT'O MO3ra.

Puc. 2. OCO6EHHOCTY TUCTONOTHYE-
CKOTO CTPOEHMSI TKaHeii B 061acTu
ummiantaguy TC:

a — hopmuMpoBaHe KOCTHOI «My]-
ThI» TPAGEKY/ISIPHOTO CTPOEHMS BO-
KpYT MUMILJIAaHTATa;

6 — BOJIOKHMCTASI COEOVHUTETbHAS
TKaHb HAa ITOBEPXHOCTU TpabeKy-
JISPHO KOCTU CO CTOPOHBI, IIpUIe-
raloleii K MMIUIAHTaTy, Ha TTOBepX-
HOCTM KOCTHBIX TPabGeKysl BUIHbBI
OCTEOK/IACThI;

B — YYaCTOK DPBIXJION BOJOKHMCTOI
COeMHUTEbHO TKaHM B MEXTpa-
GeKy/IIpHOI 30HE C TPU3HAKAMU
UMOMOMLIMM  MMIUIQHTALMIOHHOIO
MaTepuaa 1 JIOKaJIbHOTrO oyara Boc-
TIaJIEHVST;

I' — KOMITAKTHasl TUIACTMHKA C pac-
[IMPEHHbIMY  TaBepCOBBIMM  Ka-
HaJlaMM M pacIIMpeHHbIMM TIOJ-
HOKPOBHBIMU MMKPOCOCYIaMMU.
[MapadumHOBbIi cpe3. OKpacka reMa-
TOKCMJIMHOM ¥ 3031HOM. YB. 100 (a),
yB. 400 (6-T)
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B rpynme HIIK rucromopdonornueckoe yucciefoBaHue 00OHAPY>KMIO Ha TpaHuUIle C MMIUIAHTATOM TIO €ro
nepuMeTtpy dopmupoBaHue GUOPO3HOI TKAHU CO CJIOEM KOCTHBIX TpabGeKya cHapyxku (puc.3,a). B co-
eMHUTENbHOM TKaHM OTMeueHa CKyAHas KJIeTOYHOCTb, MPEACTaBIeHHass HEMHOTOUMCIEHHBbIMM KIIeTKa-
My pubpobaacTuueckoro auddepoHa U CKOIIEHUSIMY KJIETOK BOCIIAIUTENBHOTO XapaKkTepa (JeKOIMTOB,
MMMGOLUTOB, IIa3MOLUTOB, KIeTOK MOHOLMTApHO-MaKkpodaraibHoro auddepona). bamke K KOMIIakTHO
TUTACTUHKe OTMevaau (GpuOpo3UPYIOIINICS KOCTHBIM MO3T C o4araMy MHQWIbTPATOB BOCIIATUTEIBHOTO Xa-
pakTepa. MUKpOCOCyIbl ObITY MaIOUMCIEHHbI, 60JbIIel YacThio ¢ Gubpo3MpPOBAaHHBIMM CTEHKAMMU U 06JIN-
TepUPOBAHHBIMM TIpocBeTamMu (puc. 3, a). OTMevanu UMOMOUITNIO YaCTUI] MMIUIAHTAIIMOHHOTO MaTepuasa
B TKaHU MePUMMILIaHTAIIMOHHO o6mactu (puc. 3, 6). KocTHbie TpabeKysbl IJIACTMHYATOTO CTPOEHMS Ha I0-
BEPXHOCTU COOVMHUTENIbHOTKAHHOTO GyTIsIpa — C IpU3HAKaMM XpPOHMUYECKOTO BocmaneHus (puc. 3, B). I'a-
BEepPCOBBI KAHAbI KOMIIAKTHOI IUIACTUMHKY HEPABHOMEPHO pacIIMpeHbl, B 60bIell YacTy — 3aIyCTeBIINe
60 3amoHeHHbIe (GUOPO3HOI TKaHbIO (pUC. 3, T). BbIpaskeHHOI OCTEOKIaCTUUECKOM pe30opOIuy He HabTI0-
IlaJiv, TUCTOJIOTMYECKasi KapTUHA, BepOSITHO, CBSI3aHa C HapyllleHMeM MUKDPOLMPKYJISLMUY KOCTU U COCTOSIHU -
€M XPOHMUYECKOT'0 BOCTIAIUTEeNbHOTO Mpoiiecca. CornmacHo pe3ynbraTraM MOphoMeTpUUecKoro UCCaeI0BaHNUS
OTHOCUTEJIbHAS MPOTSKEHHOCTD MTOBEPXHOCTY 0CTE06acTOB — 57,2 %, OTHOCUTE/IbHAS TIPOTSDKEHHOCTD T10-
BEpPXHOCTHU OCTeOoKaIacToB — 1,7 %.

Puc. 3. OCO6€HHOCTM TUCTOJIOTUYE-
CKOTO CTPOEHMS TKaHeit B 061acTu
uMIIaHTauu crepskus u3 HITK:

a — ¢popmupoBanne  GpuUOPO3HO-
ro Gymiapa ¢ TOHKMM Tpabeky-
JIIPHBIM CJIOEM CHapysku BOKPYT
MMITTAHTaTa, KOCTHBI MO3T (u-
O6pO3MpPOBaH C OoyaraMu BOCIIAJIN-
TeJIbHOTO MHOWIbTPATA;

6 — Gubpo3Hasi, MI0X0 BaCKY/ISIPH-
3MPOBAHHAs TKaHb, IPUJIErawas
K MMIUTIAHTaTy, BUIHbI MHTETPUPO-
BaHHbIE B COEIMHUTEIbHYIO TKAHb
YaCTUIIBI MMIUIAHTAlIOHHOTO Ma-
Tepuaa;

B — KOCTHast Tpabekyja IUIacTUH-
YaTOrO CTPOEHMSI HA IMOBEPXHOCTMU
COeIVHUTEIbHOTKAHHOTO GyT/IsIpa
C TIpM3HAKaMM XPOHMYECKOTO BOC-
rajieHus;

I — KOMIIAKTHasI IUIACTMHKA C He-
paBHOMEPHO paCIIMPeHHbIMM, 3a-
MyCTeBIIMMU, HUOPO3UPOBAHHBIMU
raBepCOBBIMM KaHaTaMM.
IMapaduHoBblii  cpe3. OKpacka
reMaTOKCUIMHOM ¥ 903WHOM.
VB. 100 (a, r), yB. 400 (6, B)

B rpymme IMK 1o pe3ynbraTam r’McTOMOP(OIOrMYeckmx MCCaeI0BaHMii OCTeOMHTETpalluy MMITJIaHTaTa O6Ha-
PY>KWITIM, UTO BOKPYT MMILJIaHTaTa (opMIPOBaJICS CJI0i TpabeKy/IsIpHOI KOCTHOI TKaHM, KOCTHbIE TPaOeKyIIbl
TIpeACTaBIeHbl PETUKYI0PMOPO3HOI KOCTHON TKaHbIO, HO 6/IVKe K KOMIIAKTHO TUIACTMHKE KOCTHAsI TKaHb
MMeJia IJIAaCTMHYATOe CTPOEeHNe, BbISIBIEHa MMOMOIMS YaCcTUIL MaTepuasa B TKaHY MePUMMITIaHTAllIOHHOM
obmactu (puc. 4, a, 6). Mexkmy KOMITAaKTHOJ TUIACTMHKO 1 06pa30BaHHOI Ha IMTOBEPXHOCTY MMITIAaHTATa KOCT-
HOI TKaHbIO BU3YAJIN3UPOBAN KeJTATUHO3HBIN KOCTHBIN MO3T C SKUPOBBIMM BKIIOUEHUSIMU U YIaCTKAMU Te-
MOIT033a, MO0 TeMOTO3TUYECKII SKUPOBOI KOCTHBIN MO3T. COCyIbl KOCTHOTO MO3Ta MMM TOHK)E CTeHKMU,
ObLIM pacUIMpeHbl U 3aI0JHEHbI KJIETKAaMM KPOBU U IJIa3MOJ, HEpaBHOMEPHO pacIipeieJIeHHbIMU B PyCie
cocyna. Ha rmoBepxHOCTM KOCTHBIX TPabeKyJI, COCTOSIIINX U3 TUIACTMHYATO KOCTHOM TKaHM, Yallle BU3yasIu-
3MPOBAJIM OJHOPSIIHO PACIIOIOKEHHbIE (PYHKIMOHATBHO aKTUBHbIE 0CTe006/1aCThI (PUC. 4, B). Ha ToBepXHOCTH
M B HapYKHBIX y4acTKaxX PeTUKYIO(DUOPO3HBIX KOCTHBIX TPabeKkysl OTMeUaay aKTMBHBIN IIPOLiecc ocTeore-
He3a. OCTeoK/IacTbl BCTPEUaINCh PeIKo, yallle 6bUIM He MPUKpPeIUIeHbl K MTOBePXHOCTU TpabeKysa. OmHaKo
obHapykMBaM Pe30pOIMOHHbIE JIAKYHbI, 3alIOTHEHHbIE PBIXJION BOJIOKHMCTON COEIMHUTETbHON TKAHbIO
C oyaramu octeoreHesa JiM60 KOCTHBIMM KJIETKAMM C HOBOOOPa30BaHHBIM aMOP(HBIM KOCTHBIM BeIleCTBOM
B MEePUIEJUTIONISIPHOM MPOCTpaHCTBe. JI1s1 KOMIIAKTHOM TIACTUMHKM GbIJIO XapaKTepHO paciiypeHye mpocBe-
TOB HEKOTOPBIX raBepCOBBIX KaHaIOB. CO CTOPOHBI ITEPMOCTA OTMEYATM OYary OCTEOKIACTUIECKO pe3opo-
uun (puc. 4, ). MopdomeTpust mokasasa, YTO OTHOCUTENbHAS ITPOTSIKEHHOCTh TOBEPXHOCTM OCTE00/1aCTOB
cocrassiia 62,3 %, OTHOCUTEIbHAS MPOTSKEHHOCTh IMTOBEPXHOCTU OCTEOKIACTOB — 2,9 %. Takum ob6pasom,
TPV UCITOJb30BaHMM HOBOJ ITOPUCTOI KepaMMKM Ha OCHOBE IIMPKOHMSI OTMeUeHa X0polasi OCTeOMHTerpa-
LM MMIIAaHTaTa, MpYMeHsIeMblii MaTepuaa He BbI3bIBajl BbIPa’KeHHOTO HEraTMBHOTO BAMSIHMS Ha TKaHU
KOMMAaKTHO MJIaCTUHKM ¥ KOCTHOT'O MO3ra.
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Puc. 4. OcO6eHHOCTM I'MCTOJIOTMYECKOTO CTPOEHMSI TKaHeil B 06acTy MMILIaHTaluu crepskHs us IIK: a — ¢op-
MUPOBaHMe KOCTHOI «My(ThbI» TPaGeKyISIPHOIO CTPOEHUST BOKPYT MMIUIAHTATA, MTPOCTPAHCTBO MEXKIY HOBOOO-
Pa30BaHHBIMM KOCTHBIMM TpabeKy/laMy ¥ KOMIIAKTHOM TIACTMHKOM MaTePUMHCKOM KOCTY 3arolHsSIeT reMoIos-
TUYECKMIT KMPOBOI KOCTHBI MO3T C HEGOTBbIIMMM YUaCTKAMM PbIXJION BOJIOKHUCTOV COEMMHUTETbHON TKaHM,
Ha TIOBEPXHOCTY KOCTHBIX TPAOEKYNl U B MEXKTPAOeKyISIPHbIX MPOMEXKYTKAX, OOHAPYKeHbl CKOTIEHWST YaCTUI]
MMIUIAaHTalMOHHOTO MaTepuasna; 6 — TpabeKynbl PeTUKYIOPMOPO3HOI KOCTHOM TKaHM Ha TOBEPXHOCTM MM-
TJIaHTaTa; B — CJI0M KyGOBUIHBIX aKTUBHBIX OCTEO0JIACTOB HA MOBEPXHOCTM KOCTHOI TpabeKyJibl, TpuiIerammiei
K MMIUIAHTaTY; T — KOMIIaKTHasl IJIAaCTMHKA C pacIiMPeHHbIMM raBepCoOBbIMM KaHaaaMU, YCUIEHHBIMU JIMHUSIMU
CKJIEMBaHMUS U pe30pOLmeli co cTopoHsl nepuocta. [lapaduHoBbIi cpe3. OKpacka reMaTOKCYMIIMHOM U 903MHOM.
VB. 100 (a, r), yB. 400 (6, B)

Pe3ynbTaThl r’MCTOMOP)OIOTMYECKUX UCCIEIOBAHMIA TIO OMIPEIeIEHUIO TOMIIVHBI KOCTHOI TPabeKyJibl B 06-
nactu umruiantauyu B rpymnax TC, HITK u ITK nipencraBieHs! Ha puc. 5. [laHHBI TOKa3aTe/ b IPY MMILIaHTAa-
MM TIOPUCTOTO KEPAMUUYECKOTO CTEPSKHSI GBI CYI[ECTBEHHO BBIIIIE HE TOTBKO MO0 CPABHEHUIO C UMILJIAHTATOM
u3 craBa TutaHa (p < 0,001), HO ¥ IO CpaBHEHMIO C HEITOPUCTBIM KepaMuyeckuM umiuiairaTom (p < 0,001):
86,2 [55,8; 109,9] mkmMm, 56,0 [47,2; 75,9] mkm u 33,1 [19,0; 84,5] MKM COOTBETCTBEHHO.

p<0,001
120,0 4 |
s p<0,001
x
= 100,0 -
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z
$ 80,0
3 i
©
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< 600 -
’§ ’ Puc. 5. TonyHa KOCTHOV TpabeKysibl B 06J1aCTH M-
g 00 IJIAaHTalMM KPOJAMKaM CTep>KHS M3 CIljlaBa TUTaHa
= (TC), HemOPMUCTOrO HOBOTO KepamMM4yeCcKoro mare-
$ puana (HITIK) 1 mopucToro HOBOro Kepammueckoro
3 200 matepuana (I1K)
2
0,0 A : : s
7€ HIK nK

OBCY>KIOEHUE

B cBs13u yBennueHueM MPOAODKUTENbHOCTU KU3HU JIIOAEN U CTapeHVeM HaceleHUs CO3[aHle HOBBIX Ma-
TEPUAIOB Y TEXHOIOTUI M1 GYHKI[MOHAIBHOTO 3aMeIeHMs] YaCTy OpraHa VI CUCTEMBI SIBJISIETCST OJHUM
U3 K/IHOYEBBIX HAIpaBIeHUI CTpaTerMM HAyYHO-TEXHOJOTMYeCcKoro pa3Butus Poccuiickonn demepauyn
(Vka3s IIpe3ugenta PO N2 642). TpeOyroTcs crielaabHble TPOYHbIE MaTePUaJIbl ¥ KOHCTPYKIVY C BBICOKVMMU
OCTEOMHTETPATUBHBIMM XapaKTePUCTUKAMM, KOTOpPbIe MTO3BOJISIT BOCCO3/IaTh He TOIbKO (OpMy yTpaueHHO-
ro KOCTHOTO dparMeHTa, HO M BOCCTAHOBUTD OMOPHYIO DYHKIINIO KOHEUHOCTH B 1eioM [15]. Kepamuueckue
MaTepuasbl B KAUeCTBE OCTE03aMEeIAIX 3aHUMAaI0T 0c060e MecTo Grarofapsi YHUKaJIbHOMY COYETAHUIO
CBOMCTB. BbICOKAsT MPOUYHOCTh, MU3HOCOCTOMKOCTD, HU3KMIT KOIDOUILIMEHT TpeHUs MO3BOJISIOT UCIIONb30BaTh
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TaKoJM MaTepuall IIpM BBICOKMUX HArpy3Kax, a COBMECTMMOCTD C TKaHSIMU YesioBeKa CHMKaeT PUCK BocIiaie-
HUS ¥ TTOGOYHBIX peakiiuii [16]. Kpome TOro, coctaB KepaMuueCcKOro MaTepuania MOXKeT ObITh aJanTUPOBaH
IS YydIIeHYST KOHKPeTHBIX CBOMCTB [17]. [I1sI TOBbIIIeHNsT 61oIornueckoii u gpusmdeckoit 3pbeKTMBHOCTU
MHOTO(MYHKI[MOHATbHBIX 6MIOMAaTEPUAIOB UCIIOIb3YIOT MOHBI META/IOB [18], B YaCTHOCTM TIPOBOJST MCCIIEe-
JIOBaHMS I10 JIETMPOBAHMIO KepaMMKM pelko3eMe/bHbIMM 35ieMeHTaMu [19]. Takue nernpoBaHHbIe KepaMu-
YyecKue MaTepuasbl MPUBJIEKATEIbHBI IJIS pereHepaluu TkaHeit 6inarogapst GyHKIMOHAIBHBIM CBOVICTBAM,
61OIOTMYEeCKOI aKTUBHOCTY U TepareBTrueckum 3ddexrram, obecrednBaeMbIM BBOOMMbIMYU MoHaMU [20)].

B HamieM 3KCIIepMMEHTaJIbHOM MCCIeJOBAHUM IIPOBENEHO M3yuyeHMe OMOJOTUUYECKON COBMECTUMOCTU
Y OCTeOMHTerpalyy MMIIJIAHTATOB M3 HOBOTO KepaMM4yeCKOro MaTepuasia Ha OCHOBe OKCMAA IIMPKOHMS, CO-
JIepsKalliero MOHbI UTTPUS, UTTepOMs, raJonnHus. PaHee ObIJI0 JOKA3aHO, YTO BBEIEHME B COCTaB KePaMUKU
LVPKOHMUSI CYIIeCTBEHHO yIyJlllaeT MexaHu4yeckue CBOMCTBa MmaTepuanos [21]. B To ke BpeMsi NpUCYTCTBUE
B KOMITO3MTaxX IMPKOHMS HE OKa3bIBAET IMTOTOKCMUECKOTO BO3IEICTBMS Ha ITpe-0CTe06macTsl [22], yaydia-
eT peakINIo 0CcTeobsacToB in vitro [11], He OKa3bIBa€T OTPUIATETHLHOTO BIAMSHMS HA IMHAMMKY TeMaTOMOTH -
YecKMXx rmokasareseii [23]. Xopolline pe3ylbTaThl ITOTYYeHbIl B KIMHUYECKMUX UCCIeJOBAHMSIX 10 TIPUMEHEH U0
MMIUIAHTATOB U3 OKCUIA UMPKOHUS [24]. BBeneHMe UTTpUSI B KEpaMMUKy Ha OCHOBE AMOKCUIA LIMPKOHUS
MO3BOJISIET TIOIYYUTDh UCKIIOUMTEIbHbIE MeXaHNueckye CBOJCTBA, Takoli mMaTepuan AeMOHCTPUPYeT LIUTO-
COBMECTMMOCTb, HE BBI3BIBAET LIMTOTOKCUUECKUX 3PD(MEKTOB MM A/VIEPTUUECKUX PEAKINIT B OKPYKAOIINX
TKaHX [25]. BRiroueHne B KepaMUUeCcKuil MaTepuan UTTepOUsT U raloIMHKS CIIOCOOCTBYET Mpoudepanm
u nuddepeHIpOBKe Me3eHXMMaIbHBIX CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta, CTUMY/IMPYeT OTI0KeHe HOBO-
06pa30BaHHO KOCTY U KOJIJIaT€Ha, YBeIMIMBaeT JOITOBEYHOCTh KepaMuKu [26, 27].

Mb1 IIPpOBE/IM M3YyUYeHMEe peaKlMM OpraHM3Ma 3KCIIePMMEHTAJIbHOIO JKMBOTHOI'O Ha MMIIVIAHTALIMIO HOBOTO
KepaMM4yeCKOoro Mmartepmuaaa Ha OCHOBE OKCHMOA LIMPKOHMS, COAep Kallero MOHbI UTTPUSI, I/ITTep6]/I$[, ragoam-
HUA. Onpe,uenﬂm/{ OCHOBHbI€ TeMATOJIOTMYECKMEe ITI0OKa3aTeJIM B SKCIIepMMEeHTe IO BOCIIO/THEHWMIO ,Z[I/IaCbI/ISB.p-
HBbIX ﬂed)eKTOB KOCTHOJ TKaHM. Hallle mcciemoBaHye MoKasanao CXOOHYIO peaKnnio OopraHm3ma >KMBOTHbBIX
Ha HOBBII1 MaTepuall 1 CIIJIaB TUTaHaA.

W3BecTHO, UTO, M3MEHSISI XapaKTep IOBEPXHOCTY M IOPUCTOCTb MMIUIAHTATa, MOXKHO CYILeCTBEHHO 3MEHUTD
ero yHKUMOHA/IbHbIE CBOJCTBA, HAIIPMMeD, MeHblIIMe pa3Mepbl IIOP MOTYT MPUBECTY K YCUIEHUIO MOJIEKY-
JISPHOTO TPAHCIIOPTA ¥ YOAJIEHNWIO OTXONOB KJIETOYHOTo MeTabonm3ma. Haob6opor, 6ombline pa3mepsl Mmop
CITOCOOCTBYIOT ABMKEHUIO KIETOK [28, 29]. B Hamiem ycciemoBaHNY MMIUIAHTATBI 3 HOBOTO KepaMUUYECKOTO
MaTepuaa MpeacTaBjieHbl B IBYX BapMaHTaX — HEIOPUCTOIO M MOPUCTOro (¢ pasmepoM mop 10-50 MKm).
OrmpepeneHo, YTO B CTyyae UCII0Mb30BaHMS HETIOPUCTHIX KepaMMUUeCKMUx 06pas3iioB M MMIUIAHTAaTOB 13 CIUIaBa
TUTaHa TIapaMeTphl JTeIKOIUTAPHOT0, IPUTPOLUTAPHOTO U TPOMOOIIMTAPHOTO 3BeHbeB KPOBU B IIOC/IEOIe-
paliMOHHOM IIepuoae He MMEIOT 3HaUYMMbIX pasnmqmﬁ. Tor,ua Kak ITpM UCITIOJIb3OBaHUU HOpI/ICTOf/l KepaMUKN
YPOBeHb JIEMKOLUTOB, KOJINYECTBO TPAHY/IOIUTOB ¥ MOHOIIMTOB OBIJIO HMKE, YeM B ABYX OPYTMX TPYIIaXx,
YTO MOXET CBUIETEIbCTBOBATDb O MeHee BbIpaKkeHHOM BOCHaJIMUTEIbHOM IIpolLiecce B OTBET Ha MMIIAHTALIMIO
MCKYCCTBEHHOTO OCTe03aMelalolero Mmarepuania.

PesynbTaThl IPOBEEHHbIX PaHee MUCCIENOBaHMI JOKa3bIBAlOT, YTO B KOHTAKTe C IMOBEPXHOCTSIMMU LIMPKO-
HMEBOM KepaMMKM aKTUBHO (GOPMUpPYeTCsS HOBOOOpa3oBaHHAsT KOCTb; MEPUMMIUIAHTHO OOGHAPYKUBAIOT
CeKpeTupyolye ocreobnacTsl B 6ombiiom KomuyectBe [30]. CpaBHUTENbHbIE MCC/IENOBAHNS YCTAHOBWIIN,
YTO B OTHOIIEHUM UHAEKCOB OCTEOMHTETpallMM MMIUIAHTAThI U3 IUOKCUIA [IUPKOHMS U UMIUIAHTAThI HAa OC-
HOBe TUTaHa JeMOHCTPUPYIOT CXOAHbIe pe3yabTaThl [31, 32]. Pe3ynbTaTsl HAIMX TMCTOMOPQOIOTUUECKUX
UCCIeq0BaHU TTOKa3a/iv, YTO MPU UCIIOAb30BAHUM CTEP>KHEN, M3TOTOBIEHHBIX 13 MMOPUCTON IIMPKOHMEBOIA
KepaMMKM, TIPOUCXOAMUT JIyulllasi MHTerpauusi MMIJIAHTATOB 10 CPaBHEHMIO C TUTAHOBBIMM MMIUIAHTaTaMM
Y C UMIUIAHTaTaMM 13 HEIIOPUCTOM LMPKOHMEBOV KepamMuKkiu. CTep>KHM M3 TUTAHA U HEIIOPUCTOM KepaMUKNU
TTOKa3bIBAJIM YMEPEHHYIO JIMO0 He3HAUMTETbHYI0 OCTEOMHTETPALINIO, TOMMMO 3TOTO OblIa OTMeUeHa KapTUHA
XPOHMYECKOTO BOCIIA/IEHNS], YTO CBUAETENbCTBOBAJIO O XYAlllel MPMKMBAeMOCTU JaHHBIX MUMIIJIAHTATOB.

3AK/IIOUEHUE

PaspaboTka HOBOJ 6MOKEpaMMKIM Ha OCHOBE OKCHMIA IMPKOHMS, COIepsKaIllero MOHbI UTTPUSI, UTTepOus, ra-
IOJIVHUSI [IJIST BO3MEILEHMSI KOCTHBIX M KOCTHO-CYCTaBHBIX 1e()eKTOB KPUTUUECKMX Pa3MepoB Oa3upyeTcs Ha
(bU3MKO-XMMMUECKOW YCTONUMBOCTM, BBICOKOV MEXaHMUYECKON MPOYHOCTY MaTepuasia, BOSMOKHOCTU TIPO-
SIBJIEHMSI He TOJIbKO OCTEOKOHIYKTUBHBIX, HO M OCTEOMHIYKTMBHBIX CBOICTB. YCTaHOB/IeHA GMOIOrMYecKast
COBMECTMMOCTh HOBOT'O KepaMMUYECKOTO MaTepuasa Mpy BOCIOMHeHUM Auadu3apHbIX HeGeKTOB KOCTHOM
TKaHM B 9KCIIEPUMEHTE C KMBOTHBIMMU. VIMIUIaHTAThI ¢ pasMepamu mmop 10-50 MKM 0671aal0T XOPOIIUMMU
OCTEOMHTETPATUBHBIMIU XapaKTePUCTUKAMMU, UTO OIpeesisieT BOSMOKHOCTb ¥ HeOOXOAVIMOCTh ITPOBEAEeHNSI
(mpu paspentenuu Poc3apaBHan30pa) KIMHNYECKUX UCTTBITAHUIA.
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Kongnukm unmepecos omcymcmeyem.

Amuueckas skcnepmu3sa. Mccnedosatue 0006peHO TOKAIbHBIM IMUUECKUM KOMUMEMOM Ypanvbckozo 20cydapcmeeHH020 Me-
JulyuHCK020 yHUBepcumema, npomokos om 20.05.2020 N® 5.
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3KCI1€pMMEHTaJ1bHOG n3yyeHue ycnosm‘i umMmnperHauumm
Ang noayyvyeHua I'IpO.ﬂOHFMpOBaHHOﬁ aHTMMMKp06H0ﬁ dKTUBHOCTHU
OpUrMHaabHOro ocreon1acTtu4yeCKoro Mmatepumasia Ha ocHose ry6anoi'1 dJIJTIOKOCTU

A.M. AuTunos~, C.A. boxkoea, E.M. lTopauHa, M.LL. lapxumaromenos, A.A. Kouuwu

HauyoHanbHbI MeAULIMHCKUI UCCIeA0BaTeIbCKUI LIEHTP TpaBMaToa0ruu u opronenuu nuMmenu P.P. BpeneHa,
CaukT-ITet TOep6ypr, Poccust

ABTOp, OTBETCTBEHHBI 3a Mepenucky: Asekcauap I1aBioBuy AHTUIIOB, a.p.antipov@yandex.ru

AHHOTaua

BBegenmne. JIokaabHasT aHTUOVOTUKOTEPATINST SIBJISIETCS TTePCIIEKTUBHBIM METOAOM MPOMOUIAKTUKA U Jeve-
HUSI TIEPUMMITIAHTHOM MH(GEKUNM, OJHAKO CYIIECTBYIOIINME CUCTEMbBI JOCTABKM aHTUOMOTUKOB MMEIOT PSI,
OrpaHUYEeHU.

Ilesb paGoOTHI — OIIPEENNTD B SKCIIEPUMEHTE in Vitro ONTUMasIbHbIe TapaMeTPhI TaBIeHMs, BpeMeHM dKCIIO0-
3ULIUY U TUTIA PACTBOPUTEJIS IS 06ecIieueHysT TPOIOHTYPOBAHHOM TIONMY BAHKOMMIIMHA M3 OPUTUMHAITb-
HOTO OCTe03aMeIIaloIero MaTepyuanaa Ha OCHOBE ryouaToit al/IOKOCTH.

MarepuaJibl u MeTOAbI. VICCiie[oOBaHO CeMb METOIMK MMITPETHAIIMM C PA3JIMYHBIMY KOMOMHALIMSIMYU TTapame-
TPOB: IaBJIEHNe — OT aTMOChEePHOTro A0 MoHMkeHHOTo (7-10 hPa), Bpemst — OT 5 MuH. 10 24 4., paCTBOPUTEIb
(mucTuIMpoBaHHas Boga, 50 % pacTBop 3TaHojIa, KoMOMHAaIMs 50 % sTaHoMA ¢ 5 % MOIUBUHUIIIUPPOIUIO-
HoM (TIBII)). 9 peKTMBHOCTH OLIEHMBAIM 10 USMEHEHUIO AuaMeTpa 30HbI nogasjenust S. aureus ATCC 43300
6aKTepUONIOTMYECKMM METOLOM U IMHAMMKe KOHIIEHTPaly BaHKOMMIIMHA B 30aTe METOJO0M BbICOKO3(]-
(exTMBHOI KUAKOCTHOM XpomaTtorpaduu (BIKX). CratucTuueckuii aHaIu3 BBIMOMIHSIIY C IIPUMeHeHeM
meTtona ANOVA c post-hoc Tectom Thioku, koppesnsiiiuu — Metogom CriMpMeHa U ITyTeM pacueTa IUiouiagu
1ozl GapMaKOKMHETUYECKO KPUBOJA.

PesynbTaTel. Han60mb111yI0 30 )EeKTUBHOCTD TPOAEMOHCTPMPOBAIA METOAMKA C MCITOMb30BAHMEM TTOHVKEH-
HOTO JaBjieHust, 60-MUHYTHOM SKCIO3SUIIUY U CIIMPTOBOTO pacTBopa ¢ IIBI1, o6ecrieunBiiasi MpOIOHTMPOBAH-
HOe€ BBICBOOOKIeHVe BAHKOMMIIMHA 10 14 TH. ¢ MaKCMMAaJIbHOM IUIOIIAAbI0 ITof, KpMBoii amonym (301364,70)
M BBICOKOJ KOppessiueil Mexkay KOHLeHTpalueii aHTMOMOTMKA M 30HON mopasieHus pocra (r= 0,908,
p < 0,001). JaBeHye oKa3aaoch Hanbomee 3HaUMMbIM pakTopoM (F = 19,9916, p < 0,0001), 3a HUM cemOBaIU
Tun pactsoputens (F = 7,7485, p = 0,0006) u Bpemst umnperHaiuu (F = 6,8084, p = 0,0014).

Oo6cykaeHue. B oTmume oT TpaaUIIMOHHbBIX METOOB JIOKATbHOM aHTUMOMOTMUKOTEPAIIY, UMEIOIMX OTPaHM-
yeHHYI0 3(QdeKTUBHOCTD (3-7 IH.), pa3paboTaHHAs METOAMKA C MCII0Jb30BaHMEM TTOHVKEHHOTO TaBIeHMS
Y CIIMPTOBOTO pacTBopa c IIBIT o6ecrieunBaeT MPOJIOHTMPOBAHHOE BHICBOOOKIEHE BAHKOMMUIIMHA 10 14 TH.
IMpeumy1IeCTBOM MpPeII0KeHHOTO ITOAX0/a SIBJIsIeTCs 6o/iee paBHOMEpPHAs KMHETHKA JTIOIMM [0 CPAaBHEHMIO
C TIOIMMETUIMETaKPUIATOM U OMOJerpaaupyeMbIMy HOCUTEISIMY, TEMOHCTPUPYIOMIMM Pe3Kuii Havaslb-
HBIVi BBIOPOC aHTUOMOTHMKA. KOMIIeMeHTapHOe MCII0/Ib30BaHMe MMUKPOOMOIOrMYeckoro mMeroma M BIJKX
MOATBEPAWIO COXpaHeHMe aHTMMMUKPOOHO! aKTMBHOCTM BaHKOMMUIIMHA TTOCIe MMITPETHAIUM, YTO MPUHIIN-
MMaTbHO BasKHO [IJIT 06ecrieueHns TepareBTUIeckoro agpdexra.

3akIoueHue. DKCIepyuMeHTaIbHO YCTaHOBJIEHO, YTO OIITYMAaIbHBIMM ITapaMeTpaMiu JIJIst 00ecTievueHus IIpo-
JIOHTMPOBAHHO SJTIOIMM BAHKOMMIIMHA U3 OCTE03aMeNalolero MaTepuasaa Ha OCHOBe Iy6UyaToil a/llIoKOCTHU
SIBJISIIOTCST IOHMKeHHOe nasjenue (7—10 hPa), BpeMst skcrosuuyy 60 MUH. U McIionab30BaHue 50 % sraHoma
¢ 5 % I1IBII B kKauecTBe pacTBOPUTEIS.

KnroueBble ¢j10Ba: 0CTeO3aMeNIAIONINii MaTepuas, MMIIperHalus, BAHKOMUIIMH, JIOKaJIbHAsT aHTUOVOTHUKO-
Tepanwusi, MU aHTUOMOTUKA, TTepUMMITTIaHTHas MHpeKIms, MRSA

Ons uutupoBauus: AuHTunoB A.Il., BoxkoBa C.A., Topguna E.M., TamkumaromenoB M.II., Kouumr A.A.
JKCcIlepMMeHTaIbHOe M3yUueHMe YCIA0BUIT MMIIperHaluu 15l oyuyeHMs] IPOJIOHTMPOBAHHOM aHTUMMKPOOHOI aKTUBHO-
CTY OPUTMHAIBHOTO OCTEOTIACTUYECKOTO MaTepyaia Ha OCHOBE ry64aToit autokocTu. I'enuii opmoneduu. 2025;31(3):361-
371.doi: 10.18019/1028-4427-2025-31-3-361-371.
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Abstract

Introduction Local antibiotic therapy is used to prevent and treat periprosthetic joint infection,
but the available antibiotic delivery systems have some limitations.

The objective was to determine optimal parameters of pressure, exposure time and type of solvent to ensure
prolonged elution of vancomycin from the original osteosubstituting material based on cancellous allograft
bone using an in vitro experiment.

Material and methods Seven impregnation techniques with different combinations of parameters
were examined including pressure: from atmospheric to reduced (7-10 hPa), time: from 5 minutes
to 24 hours, solvent (distilled water, 50 % ethanol solution, a combination of 50 % ethanol and 5%
polyvinylpyrrolidone (PVP)). The efficacy was assessed by changes in the diameter of the S. aureus ATCC
43300 inhibition zone using the bacteriological method and the dynamics of vancomycin concentration
in the eluate and high-performance liquid chromatography (HPLC). Statistical analysis was performed using
the ANOVA method, Tukey's post-hoc test, Spearman's rank correlation and calculation of the area under
the pharmacokinetic curve.

Results The best efficiency was demonstrated by the method employing reduced pressure, 60-minute
exposure and an alcohol solution with PVP, which provided prolonged release of vancomycin for 14 days
with the maximum area under the elution curve (301364.70) and a high correlation between the concentration
of the antibiotic and the growth inhibition zone (r=0.908, p <0.001). The pressure was found to be
the most significant factor (F=19.9916, p <0.0001), followed by solvent type (F="7.7485, p=0.0006)
and impregnation time (F = 6.8084, p = 0.0014).

Discussion The technique with use of reduced pressure and an alcohol solution with PVP provides
prolonged release of vancomycin for 14 days as opposed to conventional local antibiotic therapy with limited
effectiveness of 3 to 7 days. The advantage of the approach includes uniform elution kinetics compared
to polymethyl methacrylate and biodegradable carriers, which demonstrate a sharp initial release
of the antibiotic. The complementary use of the microbiological method and HPLC indicated antimicrobial
activity of vancomycin maintained after impregnation being essential for the therapeutic effect.

Conclusion It has been experimentally established that reduced pressure (7-10 hPa), an exposure time
of 60 min and the use of 50 % ethanol with 5 % PVP as a solvent appeared to be the optimal parameters
for ensuring prolonged elution of vancomycin from an osteosubstituting material based on cancellous
allograft bone.

Keywords: bone-substituting material, impregnation, vancomycin, local antibiotic therapy, antibiotic elution,
periprosthetic joint infection, MRSA

For citation: Antipov AP, Bozhkova SA, Gordina EM, Gadzhimagomedov MSh, Kochish AA. Experimental study
of impregnation conditions for sustained antimicrobial activity of the original osteoplastic material based on cancellous
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BBEIOEHUE

OcTeo3aMelamoiniye MaTepuaabl (KOCTHbIE TPAHCIUIAHTATBI, KalblMiidochaTHbie MaTePUaIbl, 0MOAKTUBHBIE
CTeKJ1a, 6MOTIOIMMePbI, KOMITO3UTHbIE MaTepUaIbl) IIMPOKO UCITONIb3YIOT J1JIsI 3aTI0THEHMS TeheKTOB, hopMu-
PYIOLIMXCSI TPU TOTAJIbHOM SHIIOMIPOTE3MPOBAHMUY CYCTAaBOB, apTPOAe3axX IO3BOHOUHMKA, [I0CIIe PaS/KAIbHO-
r0 JIeYeHMsI XPOHUYECKOTO OCTEOMMeNNUTa M B OHKOJIOTMUYecKoi oproneaun [1]. HecMoTpst Ha nmpuMeHeHMe
COBPEMEHHBIX AHTUCENTUUECKUX U aHTUOAKTepUaTbHBIX CPEICTB BO BpeMs OMepaTUBHBIX BMeLIATeIbCTB
" B MIOC/IEOTIEPALIMIOHHOM TIepuoze, MH(EKIMOHHbIE OCIOKHEHMST OCTAIOTCSI OHON M3 Hauboiee CepPbe3HbIX
Mpo6sieM, CONTPOBOXKIAIOIINX OPTOTIEINYECKYIO XUPYPIUio [2].

Haubomnee yacTbiM BO36yIMUTENIEM MEPUITPOTE3HOM MHbeKIMY sBisieTcs Staphylococcus aureus [2, 3]. IHDek-
LIMOHHBIN MPOIecc, BbI3BAHHBIM 3TUM MMUKPOOPraHM3MOM, IMPOXOAUT HECKOJIbKO CTaAuii: TIPOHUKHOBEHME B
OpraHu3M, YKJIOHEeHMe OT (aKTOPOB MMMYHHOM CUCTEMbI, a[ire3usl K [IOBEPXHOCTM MMIUIAHTATA C TIOC/IeIyI0-
muM o6paszoBaHueM 6uoTIeHKH [4, 5]. KOMITOHEHTBI KJIETOUHOI CTEHKH, (DEPMEHTHI U 9K30TOKCUHBI S. aureus
CIIOCOGCTBYIOT €r0 BUPYJIEHTHOCTH, 06ecreurBasi MHBa3UIO U YCTOIUMBYIO IIEPCUCTEHIINIO TATOTeHa B KOCTHOIA
TKaHu [1]. Bosee Toro, cTadmIOKOKKOBbIE KJIETKHM B COCTaBe OMOTITIEHOK IEMOHCTPUPYIOT CHMKEHHYIO UyBCTBU-
TeTbHOCTh K aHTUOMOTHKAM [4, 6], UTO MPUBOAUT K XPOHMU3AINYU MHOEKINIM, HEOOXOAMMOCTY MIPOBEAEHMS T10-
BTOPHBIX XUPYPIrUUECKIX BMEIIATETbCTB U AJIUTETbHO STMOTPOITHOM aHTMOAKTepUaabHOM Tepanuu [7].

s mpomIakTURY MHPEKIVMOHHBIX OCOKHEHUI TIPY UMIUIAaHTALMY 3HAUMUTETbHOTO 00beMa al/IOTeHHbIX
0CTeo3aMellanX MaTepuaJoB HeOOXOAMMO Ha3HAUeHe CUCTEMHOV aHTMOAKTepUaabHOM Teparun B I1e-
pUOIepalIOHHOM TepMojie, UTO SIBJSIETCS CTaHAAPTOM OKa3aHMsS MEeOUIIMHCKOM MTOMOIIY P MTOJOOHBIX
BMeMiaTenbcTBax [8]. OmHaKo M3-3a HEIOCTATOYHOTO KPOBOCHAOKEHMSI B 00JIACTU 3aMelleHHOTo aedeKTa
CUCTEeMHAST aHTMOMOTUKOTEpAIIMS 3a4acTyI0 OKa3biBaeTcsl Hea(pdhekTuBHOI [9]. B cBsi3M ¢ 3TUM pusmyeckas
afcopOLVs aHTMOMOTYKOB Ha ITOBEPXHOCTY OCTEOIIACTUUECKMUX MaTePHAIOB SIB/ISIETCS ITePCIIeKTYBHBIM Me-
TOIOM JIOKQJIbHOY aHTMOMOTUKOTEpaNy Py JeueHu MHeKLuii.

B mpoliecce pa3pabOTKM OCTEO3aMeIlaoMX MaTepuaaoB, 061aJaollnx aHT6aKTepraabHbIMMU CBOMCTBA-
MM, IPUHLIMUIIMATIbHO BasKHBIM SIBJISIETCS OTIPeie/ieHl e KITH0UeBbIX (PaKTOPOB, ONpeNesIOINX UX TepareBTH-
yeckyio 3¢ deKTBHOCTh. OCHOBOIIO/IATAIOIIMM KPUTEPHUEM CIEIYeT CUUTATDh X CIIOCOGHOCTH 00eCIeunBaTh
cTabuibHOE TIOAAepsKaHKe JIOKAJbHOM KOHILEHTpalMy aHTUOMOTHMKA, CYIIeCTBEHHO MPeBBIIIAONeii M-
HUMAaJIbHYI0 MHIMOMPYIONYI0 KoHIleHTpauuio (MUK), Ha TpOTSDKEHUM NPOAOKUTETbHOTO BpPEeMEHHO-
ro MHTepBaia. JJaHHOe YCIOBYE SIBJISIETCS HEOOXOMMMbBIM MIJIST MOCTVDKEHMSI aHTMOMOIIIEHOYHOTOo 3ddekTa
M IPemoTBPAILeHMsI CeMeKIM PEe3UCTEeHTHBIX LMITAMMOB MMKPOOpramsmoB. [10]. BakHbIM apaMeTpoM
TaKKe SIBJISIeTCSI pABHOMEPHOCTh BBICBOGOKIEHMST aHTMOMOTHMKA M3 OCTeo3aMeNlamnero marepuana. [Ipe-
IBITYIIVE MCCIeOBaHMSI TTOKa3a/Ii, UYTO 3HAUMTEIbHASI YaCTh aHTUOMOTMKA JTIOMPYET B [TEPBbIE CYTKM IOC/IE
MMIUTAHTALVY, 9YTO CHIDKaeT 3 PeKTUBHOCTh aHTHOAKTepyaabHOM Teparyy [11].

Ilesb paGoOTHI — OTIPEENTh B IKCIIEPUMEHTE in Vitro ONTUMasIbHbIe TapaMeTphI TaBJIeHMs, BpeMeHM KCIIO0-
3UILIUY U TUTIA PACTBOPUTEIST ST 06ecIieueHysI IPOIOHTYPOBAHHOM TIONUY BAHKOMMIIMHA U3 OPUTUHAITb-
HOTO 0CTe03aMelIaloIIero MaTepyuanaa Ha OCHOBE ryouaToit a/IOKOCTH!.

MATEPUAJIBI U METO/bI

Marepuan ajis uccaenoBaHMs TOAYYaIN M3 TOJIOBOK O6epeHHOl KOCTH, pe3el[MpOBaHHBIX BO BpeMsl orepa-
MM TIEPBUYHOTO SHAOMPOTE3UPOBAHMS Ta306€IPEHHOTO CYCTaBa U CPa3y MOMEIIEHHBIX B TPEXCIONHYIO CTe-
PUIBHYIO YITAKOBKY. [0 OTIepaTMBHOTO BMeEIIATEIbCTBA BCE MAIlMEeHThI 06C/IeJOBaHbl HA HAMUME B KPOBU
aHTUTE K BUpycaM MMMYyHomeduiuTa yesoBeka BUY-1 u BUY-2, Bupycam rematura B u C, cymMMapHbIX
auturen IgM/IgG k Treponema pallidum (VI®A) u nomnucany MHGOPMMUPOBAHHOE TOOPOBOIILHOE COT/IACUE
Ha 3a60p ¢dparmMeHTa KOCTY MPU MPOBEIEHUY XUPYPTUUECKOTO BMeIIaTeIbCTBA. [locie U3bsITHUS MaTepua
3amopakuBau mpu —80 °C, 3To cTaHIapTHAS TEMIIepaTypa AJIsl IIMTEIbHOr0 XpaHeH!Ss 610IOrMYeCcKUX TKa-
Helf, TaK KaK NPy Heil 3HaUMTETbHO 3aMeIJISTIOTCS TIPOIECChI IeTpafaluy OeTKOB U IPYTUX MOJIEKYII.

CBe)ke3aMOpOKeHHbIE TOJIOBKYM GeIpeHHOI KOCTY BPYUYHYIO B CTEPUIbHBIX YCIOBUSIX OUMIIAIN OT XPSIIEeBOii
YacTU ¥ KOPTUKAIbHOI KocTu. OCTaBIyIOCS Ty6UaTyio KOCTh pacyIMBAIM Ha OJIOKM pa3sMepoM 5x5x5 Mm
(n=21) gysg craHmapTM3anuy 06pasoB ¥ yooO6CcTBa moMeInieHus B mpobupku 10 vut. st menmnuansanmm
M OUMCTKM MaTepuaja UCIIOIb30BaIi KOMOMHAIIMIO XMMUUECKUX U GU3NIYECKNX BO3IEICTBIUIA COITIaCHO Me-
TOOMKe, onucaHHoi B maTeHTe RU 2722266 C1 «JInobuUIM3MpOBaHHbI OMOIOTMYECKIiT 610omerpaaypyeMblit
MMHEePaIM30BaHHbI KOCTHOILJIACTUYECKIII MaTepya U CIiocob ero u3rotosieHus» (puc. 1).

g omTMMM3aluy Mpollecca MMITPErHalMY OCTe03aMeNaloiero Marepraaa BAHKOMUIMHOM (BaHKOOAKT,
®apmacunaTe3 AO, Poccust) ncciieqoBaHO BAMSIHME TPEX KIKUEBBIX MapaMeTpOB: NaBJeHUS, BDeMEHU UM-
MperHamuu U TUIa pacTBOPUTEIS.

[aBneHue mMpyu UMIIperHauuyu BapbupoBain oT atMochepHoro (= 1013 hPa) no monmkenHoro (7-10 hPa)
npu Temmnepartype pactsopa oT +2 °C no +8 °C. Takoe naBneHue MO3BOJSIET JOCTUTHYTh YCJIIOBUIA, TPU KOTO-
PBIX BOZa OyIeT HaXOAUTBCS B COCTOSTHUM 10 3aKUTIAHMSI, UYTO 0OeCTIeUNT HayTyulliee IPOHUKHOBEHYE aHTH -
6MOTMKA BHYTPb IMIOPUCTOM CTPYKTYPbI MaTepuasa 1 ero 3(OeKTUBHYIO MMITPETHALINIO.
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Puc. 1. CrepeoMMKpOCKONMUYECKOe M300pakeHMe OUMIEHHOTO NeMUIMAM3MPOBAaHHOIO KOCTHOTO MaTepuana
JI0 pacmia Ha 6J10KM (a) ¥ TTocjie pacruia u uMmmperHaiuy Ab BankomutiH (6). YBenuuenne 2x (Jlomo, Poccust)

HWccnegyeMblit Iepyos;, BpeMeH) MMITPErHamy COCTaBuaI OT 5 MuUH. 1o 24 yac. KopoTKue mepuoibl MUMITper-
Hatum (5 1 60 MyH.) BBIOPaHBI JIJIsT OIIEHKM BO3MOKHOCTYM OBICTPOTO HACBIIIEHMSI MaTepyaia aHTUOMOTUKOM,
YTO BaXKHO [IJIST MTPAKTUUECKOTO MPUMEHEHNSI METOAVKY U MOTEeHIMATbHOTO CHMSKEHMS OOLIMX CPOKOB M3-
TOTOBJIEHUS] KOHEUHOTO M3aenus. [JauTenbHast 3KCIo3ulus (24 yac.) mo3BoJisiia OlleHUTh MaKCMMaJIbHO BO3-
MOXXHYIO CTeIleHb HACBIIeHUsI MaTepuaa Ipy pa3JInyHbIX YCIOBUSX.

B kauecTBe pacTBOpUTEIE UCIOIb30BAJIN:
1) mucTunnupoBannyio Boay (H20) Kak 6a30BbIif pacTBOPUTED;

2) 50 % pacTtBOp 3TaHOA, 06IAHAONINIT JTYUIIIeil TPOHMKAIOIIE CTIOCOOHOCTHIO 3@ CYET MEHBIIIEro ITOBEPX-
HOCTHOTI'O HATSIKEHMS;

3) kombuHaimo 50 % staHona ¢ 5 % nmonuBuMHMITIMppoaugoHoM (TIBII), roe moauMMepHast moO6aBKa JOKHA
Obl71a 00eCeUNTh JIYUIIYIO CTAOMIM3AIINIO U yaepkaHMe aHTUOMOTYKA B CTPYKTYpe TpaHCIIaHTaTa.

O6beM pacTBOpa 3aBUCUT OT PACUETHON IJIOTHOCTY PACTBOPUTENIEN, MCXOAS M3 HEOOXOOMMOCTHU AOCTVIKE-
HMSI MacCOBOTI'O ITPOLIEHTa aHTUOMOTUKA, — 5 %. BOgHBII pacTBOp MMeEET IJIOTHOCTh MPUMEPHO 1 r/MJ1, Torma
Kak 50 % coMpToBOJi pacTBOp obGiagaeT MeHbIIel IIOTHOCThIO0 (~0,93 r/MiT), a B cJyuyae MUCIOIb30BaHMS
50 % crimpToBoro pactBopa c gobasiaeHnueM [1BII MJIOTHOCTH pacTBopa cierka ypesmuuBaercs (~0,94 r/mi).
st KaXKO0i MEeTOAMKY MCITOJIb30BaJIM TI0 TPU 06pasiia ryeuaToii KOCTH.

CpaBHUTENMbHBIN aHAIN3 METOIMK MPOBOIMIM ITyTEM IOC/IeNOBATEIbHOTO M3MEHEHMs] OJHOTO ITapaMeTpa
1py GUKCUPOBAHHBIX 3HAUEHUSX OCTAIbHBIX (Tab. 1).

Tabauna 1
MeToaMKY MMITperHaium 06pa3iioB OPUTMHATBLHOTO OCTE03aMeNA0Iero MaTepyuasa BAHKOMUIITHOM
N2 PactBopurens V p-pa, mn Iasnenne, hPa Bpems uMmniperHanum
1 |HO 20 ~1013 60 MMH.
2 |HO 20 ~1013 24 4.
3 |HO 20 7-10 5 MuH.
4 [HO 20 7-10 60 MUH.
5 [HO 20 7-10 24 4.
6 | drtaHon 50 % 21,5 7-10 60 MMH.
7 |9ranon 50 % + [IBI1 5 % 21,2 7-10 60 MMH.

I CpaBHUTENBHOTO U3YUEeHMS TPOIO/DKUTETbHOCTY aHTMOAKTepUaIbHOM aKTUBHOCTY KaSKIbI MMITPErHU -
pPOBaHHBII 06pa3el] TOMeaay B OTIeIbHYI0 CTEPWIbHYIO ITPOOMPKY, COmEPsKaILyIo 3 M (DU3MOTOTMIECKOTO
pacTBopa. B kauecTBe OTpUIIATENILHOTO KOHTPOJIS MCIIO/Ib30Ba/IM 00pasel 6e3 BaHKOMUIHA. VIHKy61poBaau
ripu 37 °C B Teuenue 18-24 yac. Uepes 24 vac. 06pasifpl IEPEHOCHIN B CBEXKMI (HM3MOTOTUUECKIUIT paCTBOP
Y MIPOJIO/DKAIY MHKYOUPOBATH B TIPEXKHNX YCJIOBUSIX. [OTOBWIIM B3BECH TECTUPYEMBIX U30JISITOB C OMITUUECKO
ioTHOCTHIO 0,5 o McF, HaHOCK/TM BaTHBIM TAMITOHOM Ha arap Miosiepa — XMHTOHA U PacIipe/ieIsiin 110 10-
BEPXHOCTU. B KauecTBe TeCT-IITAMMOB MCIOAb30BAIN 3TalOHHble mTaMMbl S. aureus ATCC 43300 (MRSA)
¢ MUK BaukomwmiivHa 1,5 mr/mut. BaBech cyTOUHO KyabTypbl 6akTepuii (0,5 McF) pacmpemensiiu 1o mo-
BepxHOCTY arapa Mrojutepa — XuHTOHA. [Toc/ie KaXKIbIX CYTOK MHKyOaImy 10 MK MHKYOaIMOHHOTO PacTBO-
pa ¢ ob6pas3liaMmy HAaHOCU/IM Ha GaKTepMasbHbIM ra3oH B TPeX MOBTOpPax M MHKYyOMpoBaau cyTku rpu 37 °C.
dopMupoBaHye 30HbI MTOFABJIIEHNMS] POCTa B MeCTe HaHeCeHMsl Kariy HaJocaaka paclieHUBaau Kak Hajluumue
JIOCTaTOYHOM KOHILIEHTPAIMy BAaHKOMUIIMHA [IJIs TIOHABIeHMS pOoCTa 6aKkTepuii. [J[MHAMUKY TIOLUY BAHKOMMU-
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LIMHA OLIEHMBAJIM BU3YaJIbHO I10 HAJIMUMIO U pa3Mepy (OuamMeTp, MM) 30HbI IofaBieHus pocta MRSA (puc. 2).
E>xemHeBHO 3aMeH s QU3MOIOTMYECKI PacTBOP U J06ABISIIV CBEKII B TPO6GUPKY ¢ o6pasiioM. [Tporenypy
TOBTOPSUIM 10 OTCYTCTBUSI BUAMMOI 30HBI IOABJIeHNSI pOCTa B vaikax [leTpu.

Puc. 2. Yawmku IleTpu c KynbTy-
poii S. aureus ATCC 43300 (MRSA)
yepe3 10 cyT. OT Havana 3KCIie-
pUMMeHTa: a — OTCYTCTBME 30HBI
TofiaBIeHusl pocra, MeToamka 1;
6 — 30HBI TMONABJIEHUS pPOCTA
B MeCTe HaHeCeHMsI Karesb, MeTO-
nouka 7

KoHIleHTpaliio BaHKOMMIIMHA B MHKYOallMOHHOM pacTBOpe OIpemeNsyii MeTOLOM BbICOKO3(p(HEKTMB-
HO¥1 XXUIKOCTHOI XpomaTorpaduu (BIXKX) Ha npubope SHIMADZU, kononka Shim-pac HR-ODS (SInonwust).
V3 mpobupok ¢ obpasnamu 1 M CYyTOUHOTO MHKYOAIMOHHOTO PacTBOpa MEPEHOCWIN B MPOOUPKYU ITIIEH-
mopd u neHtpudyrupoBanu 5 muH., 13000 06/MuH. 3aTeM HamOCAAOK MEPEHOCWIN B BUATY U TTOMENIAIn
B xpomaTorpad. O6bem BBoaMMoii Tpo6sr — 100 Mki1. CKOpocTh oToka — 0,45 Myi/MuH. IIpogo/KUTETbHOCTD
aHamsa — 25 MuH. BpeMs yaepskaHus BAHKOMMUIIMHA Ha XpoMatorpammMe — 8,5 MuH. B TeueHme mepBbIx
7 CyT. MHKYOAIMOHHBI pacTBOp pa3dasysiv B 1000 pas, ¥ MoayYeHHbIe KOHIIEHTPALMY YMHOKAIM Ha KO-
spduimenTt pasBemenus. s Kaau6poBku BIKX Mcronb3oBaly CTaHIAPTHBIE PACTBOPhI BAHKOMMIIMHA
B KoH1leHTpauusix ot 0,1 mo 10 mr/mi1. Kamu6poBOUHYI0 KPUBYIO CTPOMJIM 110 MMKOBO TUIOLIAIN, COOTBET-
CTBYIOIIEI BpeMeHM yaepsKaHMsl BAHKOMMITMHA (8,5 MMH.). AHa/IM3 XpOMaTOIPaMM BBITIOHSUIY B IIPOrpaMMe
LabSolutions, obecneunBasi TOUHOCTb ¥ BOCIIPOU3BOAMMOCTb M3MepeHUil ITyTeM MTPOBeIeHNsT TPUILIETHBIX
aHaJIM30B KaXk0i1 MPOGbI.

st 06paboTKM TMOMYyYeHHBIX HAHHBIX MCIIONB30BaHA CTATUCTUYECKAs] aHANUTUKA C IIeJbI0 OINpeieaeHus
3HAUMMBbIX Da3IMUMii MEXAY MEeTONMKAaMM MMIIperHaluy BaHKOMMIMHA. [lepBuUHbIe JaHHbIE PErUCTPU-
poBasu B mporpaMmMHoM obecrieuennu Microsoft Excel, 2019, Bepcust 16.72. [TpoBepKy HOPMaJIbHOCTH pac-
TpeneseHns: OCyLIeCTBIISUIN C TOMOIIbi0 Kputepus Llanupo — Yuika, Kak Haubosee MOIHOTO JJ1sT BBIGOPOK
MaJIoro u cpemHero pasmepa (n < 50). Bce mucciaegyembie KOIMUeCTBEHHbBIE TTOKA3aTeIM MPOJEMOHCTPUPO-
BaJIM HOpMajibHOe pacrpenenedue (p >0.05). KonmyecTBeHHbIe TaHHbBIE MPECTABIEHbl B BUMIE «CPEIHUE
3HaueHus * cTaHAapTHOE OTKIOHeHMe» (Mean + SD). [l cpaBHeHMS CpeHUX 3HAaUeHUI MeXIy IPyIamu
MCIIONIb30BaIM OFNHO(AKTOPHBIN AycIepcoHHbl aHanu3 (ANOVA) ¢ mocienyioleii oCcT-X0K MPOBepPKoii
TbI0KM [7151 BBISIBJIEHUS ITAPHBIX CPaBHEHMI, TOCKOJIBbKY:

— BCe TPYIIIIBI MMEJV PaBHBIN pa3Mep BHIOOPKH;
— TpebOBaJIOCh MPOBECTH MOTIAPHbIE CPABHEHMSI MEKTY BCEMU I'PYIIIIaMU;

— tecT ThIOKM 0bGecIieurBaeT XOPOIlNii KOHTPOJIb OLIMOKM | poga mpyu coxXxpaHeHUM AOCTaTOUHON CTaTUCTHU-
YyeCKOoi MOIITHOCTH.

B xauecTBe MHTerpaabHOro (apMaKOKMHETUUECKOTO TTOKa3aTess I0LMM BAHKOMUIIMHA B TE€UEHME BCEro
repuoma HabMIOIeHNsT METOIOM Tpareluii PacCUMThIBAIM ILIOMAAb Hof (apMaKOKMHETUUECKO KpUBOit
(AUC, Area Under Curve). PacueT NmpoBOIMIM C MCIIONIb30BaHMEM ITpOrpaMMHOTO o6ecreueHus GraphPad
Prism 9.0 (GraphPad Software, CIIIA) Ha ocHOBaHUM 3KCIIEPUMEHTAIbHO MOTyUeHHbIX KOHIIeHTpaluit mpe-
rapaTa B pa3jinuHble BpeMeHHble TOuky (¢ 1 1mo 14 gH.). [I7s1 olleHKM Koppessiiyy MeXay KOHIeHTpalu-
eif BAHKOMMIIMHA ¥ 30HOJ MTOIaBIeHNMs pOCTa UCIOIb30BaIM KO3 duimeHT Koppensiuu Crvpmena. [Topor
3HAYMMOCTY YCTaHOBJIEH Ha ypoBHe p < 0,05. JI7151 OLIeHKM CTeIeHN COOTBETCTBUS SKCITEPUMEHTATbHbIX TaH-
HBIX SKCIIOHEHIIMAJTbHOM MOZIEIN UCIONb30Bam KosbduimenT nerepmunanuu (R?). Bee cratmctuyeckue
aHaIM3bl IPOBOAVIIM C MCIIONIb30BaHMEM IIporpaMMHOro obecreuennst Microsoft Excel, 2019, Bepcust 16.72,
IBM SPSS Statistics, Bepcus 23.0.0.0 (CIIIA), MacOS, Monterey 12.2.1.

PE3VJIBTATBHI

ITpu aHanM3e aHTUOAKTEPUATBHOM aKTUBHOCTY Pa3IMYHBIX METOAVK UMITPETHAIIMY B OTHOILIEHUM S. aureus
(MRSA) BBISIBJIEHO, UTO B TIEPBbIE CYTKYM HAOTIOMEHNSI OHY ITPOIeMOHCTPUPOBAJIM COMTOCTaBMUMYIO 3(PheKTUB-
HOCTb C 30HAMM ITofIaBeHus pocTa B quamnasone 20,7-24,7 mm (Tab:m. 2). OmHAKO yKe CO BTOPBIX CYTOK He-
KOTOpbIE TPYIITIbI 06pa31i0B HAUaIM CHYDKATh CBOIO aKTMBHOCTD.
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Tab6nuiia 2
IuHamMMKa guamMeTpa 30H mofasaeHus pocta MRSA B rpymimax 06pasiioB, MMIIPErHMPOBAHHBIX PA3HBIMM METOAMKAMMU

CyTxu IviameTpsl 30H nofaBiaeHust pocta MRSA npu pa3Hbix MeToaukax, M = SD, Mmm

MeTonuxka 1 MeTopauka 2 MeTtonuxka 3 MeTtopauka 4 MeTtoauka 5 MeTopuka 6 MeTtopuka 7
1 22,0+0,0 21,7%0,6 24,0+ 0,0 23,3+ 1,6 24,7 % 0,6 20,7 £0,6 22,3%1,2
2 16,7+ 2,3 18,3+0,6 20,0+ 0,0 20,7+ 0,6 20,7+ 0,6 20,7 £0,6 22,3%1,2
3 15,3%0,6 16,0+ 1,7 16,3+ 1,2 16,7 0,6 15,3+ 1,5 15,3+0,6 22,0£0,6
4 9,0+0,0 12,7+1,2 14,0£35 14,0+36 16,7+ 1,5 15,725 16,7*1,5
7 H/o* H/I 12,0+0,0 13,3+1,2 15,3+1,2 15,3+1,2 16,0+0,0
8 H/I H/I 8,0+£0,0 8,7+0,6 13,3+1,2 13,7+0,6 150 1,0
9 H/[, H/[, H/[, 8,0+0,0 9,3+2)3 11,7+25 13,0+ 13,0
10 H/[, H/[, H/[, H/I 9,0£0,0 8,7%0,6 10,723
11 H/L H/I H/L H/L H/L 53+4,6 8,0+0,0
14 H/I H/I H/I H/I H/I H/I 8,0+0,0

IIpumeuanue: H/m — 3HAYEHNS HYKe TTpeneia o6HapyskeHus metoza (0,0 + 0,0); maHHbIe MpeCTaBIeHbI Kak cpeHee 3HaYeHue * cTaH-
naptHoe oTkioHeHue (M + SD), n = 3 1Ji KaKI0¥ TPYIIIIbI.

CraTuCTUUecKuii aHaIM3 MOMYYeHHBIX Pe3YJIbTaTOB TO3BOVII BBIIBUTH CYIIECTBEHHbBIE pasninuus B dddek-
TUBHOCTM MCCIEIYEMBIX METOIOB aHTUMMMKPOOHOV 06paboTKu. OmHO(pAKTOPHBIA IMUCIIEPCUOHHBIA aHAIN3
(ANOVA) noxka3san CTaTUCTUYECKM 3HAUMMBbIE pas3jindyus B IMHAMMKE OuaMeTpa MogaBaeHus 30H pocta MRSA
06pasiioB, MUMITPETHUPOBAHHBIX pasHbiMU MeTonukamu (F =4,8192, p =0,0001). VimriperHauusi B BOGHOM pac-
TBOpE aHTMOMOTMKA TIpU aTMOCHEPHOM AaBjieHUM Obia HauMeHee 3GGEKTUBHONM, U YBeIUYEHe BPEMEHU
¢ 60 MUH. 10 24 yac. He OKa3aJI0 BIAMSIHMS Ha TIPOJIO/KUTEIbHOCTh aHTUMUKPOOHOIT akTUBHOCTY (AMA) 06pas-
1[0B, MMITPETHUPOBAHHbBIX MeToAvKamMu 1 u 2. HacblmeHne 06pas3iioB B BOMHOM PacTBOpe aHTUOMOTHUKA B yC-
JIOBUSIX OTPULATEIbHOTO JAB/IeHMS TaKkKe He MPUBENO K 3HAUMMOMY MPOAJIEHMIO UX aHTUCTa(PUIOKOKKOBOI
aKTMBHOCTHU. B TO ke BpeMsI TIpyMeHeHIe CIIMPTOBOTO PacTBOpa Ik MMITPErHaluy B YCJIOBUSIX BaKyyMa ObLIO
Haubosee 3¢deKTUBHBIM B CpaBHeHNUM ¢ Metopykamu 1 1 2 (p = 0,0283 1 0,05). [Tpy 3TOM IPOAOKATETHHOCTD
MMITperHanyy 5 MuH., 60 MuH. 1 24 yac. He TIOKa3ajia 3HaUMMOTO BMSIHUSI BpeMEH) Ha IMPOAOIKUTETbHOCTh
AMA 06pa3110B COOTBETCTBEHHO IpyTin 5,6 1 7 (p ot 0,9476 o 1,0 ipy ronapHbIX cpaBHEHMSX). CTaTUCTUUECKUIA
aHa/IM3 OVMHAMMKM IMaMeTPOB 30H nopasjeHus poctra MRSA ¢ mpuMeHeHueM post-hoc Tecra ThIOKM ITOKa3al,
YTO IaHHBIN TOKa3aTesb IS 06pa3iioB, MMIIPErHMPOBAHHBIX METOAMKAMMU 5, 6 U 7, CTATUCTUUECKM 3HAUMMO
MIPEeBOCXOANMII TTOKa3aTeab METOAUKN 1, Kpome TOro, Io-
KasaTeny MeTOAVKY 7 ObUIM 3HAUMMO JIYUIlle METOIUKA
2 (p =0,0023) (puc. 3). etanpbHOe UCCIeIOBaHUE BIIMSI- 6- |
| ——I

7 - |_

HMS TapaMeTPOB MMITPETHALIVM Ha MPOLO/IKUTENBHOCTh
AHTMMMKPOOHO! aKTMBHOCTY IOKA3aJI0, YTO HABJIEHNe
SIBJISIeTCST Haubosee 3HAUMMBIM (akTopom (F= 19,9916,
p <0,0001), 3a HUM CI€AYIOT TUIT UCTIONb3yEeMOI'0 PaCTBO-
putenst (F=7,7485, p=0,0006) 1 BpeMs MMIIperHallUK
(F=6,8084, p=0,0014). Bce nccmeqoBaHHble TTapamMeTphl s

MIPOJeMOHCTPUPOBAIN CTATUCTUYECKY 3HAUMMOE BJIVSI- || :I_
Hue Ha 3G dEeKTUBHOCTS MpoIlecca MMITperHaun.

MeToauka
N
L

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
[eHb
Puc. 3. [IMUTeIbHOCTh aHTUMUKPOOHOI aK-

TUBHOCTU in vitro 06pasiioB ¢ pasaMyHbIMU
criocobamu ummperauyu; * — p < 0,05

[Ipn aHanmse pe3ynbTaTOB IO OLIEHKE 3MILUM BAaHKO-
muHa metogom BOJKX Takke BbISIB/IEHbI CYIECTBEH-
Hble Da3INuusl MeXAy MCCAeAyeMbIMM MeTONMKaMU
UMIperHanuu (taéma. 3). JauTeabHOCTb 3GGEeKTUBHOIM
9MIOUMY BapbupoBasia oT 4 10 14 gH., Ipu 3TOM Hau-
MeHbIllee CyMMapHOe KOJIMYEeCTBO BAHKOMMIIMHA BBIIENSIOCh U3 00pa3i[oB, MMIIPETHMPOBAHHBIX 110 Me-
ToAuke 1 C MpuMeHeHVeM BOMHOIO pacTBOpa M aTMocdepHOro aaBjieHMs, a Hanbosblee — 13 00pasIioB,
HAaCBILIEHHBIX B CIMPTOBOM PAaCTBOPE C MTOJIMMEDPOM B YCJIOBMSIX BaKyyMma (MeToauKa 7).

VCTaHOBJIEHO, UTO YBeIMUYEeH e BpeMeHY MMITPerHaluy B BOMHOM PacTBOpe aHTMOMOTHKA ITPY aTMOCHEPHOM
IaBieHuu ¢ 60 MMH. 10 24 4ac. CTATUCTUYECKM 3HAUMMO YBEIMYMIIO KOHIIEHTPALMI0 BAHKOMUIIMHA B MHKY-
6allIOHHOM PAacTBOpPE Ha MPOTSKEHUM Bcero nepuopa Habmomenus (p < 0,05). Haubonee BoIpaskeHHbIE pas-
JINYMSL OTMEYasiy Ha BTOPOI U ueTBepThili AHM ucciaenoBanus (p = 0,0000).

VBenueHue BpeMeH! HachIeHMsI 00pasiioB B BOAHOM PacTBOpe B YCIOBUSIX BaKyyMa C 5 1o 60 MUH. He T10-
Ka3aj0 3HAYMTEIbHBIX PasJMuMii B KOHIIEHTPAIMY aHTUOMOTHKA, BbIIeJIEHHON B IepBbie cyTKu (p > 0,05),
Ipy 3TOM Ha 2-3 CYT. SII0MpPOBAHHAsT M3 00pasloB KOHIIEHTpAaLMs BaHKOMMIIMHA B MeTOAMKe 4 Obliaa
B 1,4-1,8 pa3sa Bbiule, uem B Metonuke 3 (p =0,0001). AHajiorMyHas TEHAEHUMS BbISIBJIEHA MPU aHAIU3E
BJIMSIHUSI TaBJI€HVSI Ha MHTEHCUMBHOCTb BbIXOAA aHTUMOMOTHKA. OOpasiibl, HAChIIleHHbIe MeToauKamu 1 u 4,
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He IT0Ka3aJIy 3HaUMMBbIX Pa3anMunii 10 BbIXOAY BAHKOMMUIIMHA B IlepBble cyTKY (p = 0,2479), ojHaKO, HaUMHas
CO BTOPOTO JTHSI, Pa3Jinuysi B KOHIIEHTPALIUY aHTUOMOTMKA B MHKY6AI[MOHHOM PacTBOPE GbLIY CTaTUCTUYECKU
3HauMmMbiMu (p = 0.0000). BmecTe ¢ TeM, yBennueHne BpeMeHM MMITperHaiuu 06pasiioB B BOZHOM pacTBOpe
B BakyyMe 110 24 yac. (MeToAuKa 5) rmokasasa HaubobIIYIO JIJIST BCEX M3YUEHHBIX METOAVK C TPUMEHEHNEM
OUCTUUIMPOBAHHOI BOAbI 3(PheKTUBHOCTD HACBIILIEHUS, KaK [0 MPOLO/IKUTEIbHOCTHU MIOIMM BAHKOMULIK-
Ha, TaK ¥ 10 ero KoHueHTpaiuu (p < 0,05).

Ta6mmua 3

I[I/IHaMI/[Ka KOHIEeHTpallyi BAHKOMMUIIMHA B I/[HKy6aL[I/IOHHOM pacTtBOpe C O6paSL[aMI/I,
VIMITPETHMPOBAHHBIMMU Pa3JIMYHbIMMU criocobamu

KonuenTtpauysa BaukoMmuiinHa, M = SD, MKr/mi
CyTiu 1 2 3 4 5 6 7
1 23658 = 1183 | 18747 +938 | 21551+ 1078 | 25001 + 1250 | 65258 + 3263 | 44679 + 2234 | 82755 * 2069
2 258 %13 3234+ 162 | 4287+215 | 7839+392 | 17894%895 | 17516+876 | 99578 +4979
3 574 +29 1234 £ 62 1852+ 92 2816+ 141 | 4648+233 | 5791%287 | 92877 4644
4 447+3 246 %13 1554 % 75 1755 + 88 3780+ 189 | 5260263 | 45621 2281
5 H/n* 36+ 2 1354 % 68 489 +25 1957 98 3649+ 183 | 9658 +483
6 H/IL H/I 823 41 546+ 28 933 + 47 2846+ 143 | 5710+ 286
7 H/IL H/I 450 £ 23 480 + 24 784 %39 1120 %56 3903 + 195
8 H/IL H/I 1297 238+ 12 41721 490 + 25 1244 = 62
9 H/LL H/I /1 38,1+2,0 | 236,1+12.0 | 166,9+8.0 987 £ 50
10 H/I H/I H/I H/I 45,0+23 69,0 £ 3,5 259+13
11 H/I H/I H/I H/I H/L 430+34 54,1%2,7
14 H/I, H/A, H/I, H/I, H/I, H/I, 279+1,4
ggg:%%ﬁem o|24937 £ 1183,5) 23497 £ 954,8 | 32000 + 1112,6/39202,1 + 1314,8 95952,1 + 3384,9/81629,9 + 2414,8| 342674 * 7507,

IpumeuaHue: H/m — 3HAYEHUST HIKe TIpefea ooHapykeHust merona (0,0 + 0,0); maHHbIe MTpeCTaBIeHbl KaK CpefHee 3HaUeHue * cTaH-
nmapTHoe oTkioHeHue (M + SD), n =13 st KaXoii rPyIIbl; CyMMapHOe BbICBOOOKIEHME PAaCCUMTAHO KaK CyMMa CPeqHUX 3HaueHuit
3a BeCh NIepuoj, HaOTIOEeHMsI, MKT/MJI.

B ycnoBusix Bakyyma 60-MMHYTHAasI MMIIpeTHAIMS B CIIMPTOBOM PacTBOpe aHTMOMOTHUKA (MeTonyKa 6) Oblia
COTOCTaBMMa C 24-4acOBBIM HacChllleHKEeM B BOLHOM pacTBope (MeToauka 5) (p > 0,05), Kak B OTHOLIEHUU
MIPOAOKUTENLHOCTM TIOIMM BAHKOMUIIMHA, TAK M CyMMapHOi Macce BbIIIeAIIEro aHTubnoTuKa. Jlobasie-
HIe TTo/IMMepa B CIIMPTOBOI PacTBOP aHTUOMOTHKA (MeTOAMKA 7) 06eCreunio MakKCUMAaIbHYIO IJTUTeTbHOCTh
amoruu (14 oH.) ¥ MaKCUMMAaJIbHYI0 CyMMY BBILIEIIIET0 aHTUOVOTUKA CPeIV U3yUYEeHHbIX METOAVK.

Inomanb mox kpuBoii amonuy (AUC) meMoHCTpupoOBaia 3HAUUTEIbHYI0 BapuabebHOCTh MEKIY I'PyIIna-
MM. MUHMMAaIbHOE 3HaueHue 3a(puKCuMpoBaHo mpu npuMeHeHnn metoauku 1 (13108,00), nanee Habmomanu
roc/efoBaTeIbHOE yBeIuueHue rokasartess: metonuka 2 (14123,50), metonuka 3 (21224,50), meTopuka 4
(26701,60), metomuka 5 (63323,10), meTonuka 6 (59333,40). MakcumanbHoe 3HaueHue AUC HOCTUTHYTO
TPy UCITIONb30BaHuy Metonuku 7 (301364,70), uTo MpeBbICUIIO ITOKa3aTeNlb 6o1ee ueM B 23 pa3a MeTOOMKA 1
U B 5 pas — MeTOOUKH 6.

[TonyueHHbIE PE3YIbTATHl CBUIETETbCTBYIOT O CYNIeCTBEHHOM BIMSIHUM, KaK BpeMeHU WMIIPeTrHaIuu,
TaK ¥ JaBJIeHUs Ha XapaKTepPUCTUKHM TIOLH, TIPY 3TOM Hanbosbinas 3¢deKTUBHOCTDb JOCTUTAETCS TIPU UC-
M0JIb30BaHUYM KOMOVMHMPOBAHHOTO pacTBOpuUTesis ¢ obasnennem I1BII.

ITpu olleHKe KOPPEISIIMOHHOI CBSI3M MEXAY KOHI[eHTpalyeli BAHKOMUIIMHA B MHKYOAIIMOHHOM SKUIKOCTU
¥ 30HAMM TTOJIaBJIEHNST pOCTa MUKPOOPTAaHU3MOB (pUC. 4) BBISIBJIEHO, UTO Hambojiee CYIbHAS KOPPEISIIMOH-
Hasl CBSI3b OOHapy>keHa Iy1s1 06pasios rpymibl 7 (r=0,908; p < 0,001), 4To yKa3bIBaeT Ha BBICOKYIO CTEIIEHb
JIMHEHOM 3aBUCUMOCTY MEXKIY MCCIeAyeMbIMM ITapamMmeTpaMu. MeTosl 4, 5 1 6 Takke TPOAEMOHCTPUPOBA-
JIX CTaTUCTUUECKN 3HauUMMble Koppensiun (p < 0,05), ¢ koadppuimentamu koppensium 0,809, 0,822 u 0,723
COOTBETCTBEHHO. MeTonmyKa 3 moKasayia MOTPaHMYHYI0 CTaTUCTUUECKYI0 3HauuMocTh (= 0,796; p = 0,058),
B TO BpeMsI Kak MeTozbl 1 1 2, HeCMOTPSI Ha BbICOKMe K03 duimenTs! koppensiuu (0,777 u 0,870 cooTBeT-
CTBEHHO), He IOCTUIJIM YPOBHS CTATUCTMYECKOI 3HaunumMocTu (p > 0,05).

AHanMM3 5KCIIOHEHIMATLHOTO YObIBAHMST BbISIBYJI BHICOKYIO CTEIEHb COOTBETCTBMS SKCIIOHEHIMATbHOM MO-
e st 60bIIMHCTBA TPYII, YTO MOATBEPKIAETCS 3HAUeHMIMM KodbduimenTta merepMmuHanym (R2).
OCcoGeHHO BBIIEISETCS IPyIIa 2 ¢ MPaKTUYeCK) UaeaJlbHbIM cooTBeTcTBMEeM (RZ =0,990) 1 Hanbomee Kpy-
ThIM HAKJIOHOM 3KCIIOHEHTHI (—1,509), 4To cBUIETEIbCTBYET O Hambojee ObICTPOM YOBIBAHUM ITOKa3aTeseii
B 9TOJ1 rpyrine. IpyIiibl 3—7 IpoeMOHCTPUPOBAIN CXOXKME XapaKTEPUCTUKM SKCIIOHEHIMAIbHOTO YObIBAHMS
¢ R?> 0,91 u 6oee monorumy HakaIoHamu B quamnasone or —0,591 mo —0,778. [IpumeyarenbHo, 4yTO rpymmna 1
[0Ka3ajia HaMMeHblllee COOTBETCTBME SKCIIOHeHIMaNbHOM Mopenu (R? = 0,484), HeCMOTPsSI Ha OTHOCUTEILHO
KpyTOi1 Hak/IoH (—-1,111).
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Puc. 4. lnHaMMKa: a — JTONVY BAHKOMMIIVHA 13 00pasIioB, MMIIPETHUPOBAHHHBIX Pa3/IMYHBIMIU METOAVIKAMIU;
6 — M3MeHeHMit 30H nmofgasienus pocra S. aureus (MRSA)

BbIsiBIeHHAsT SKCITOHEHIMAbHAS 3aBUCYMOCTb KMHETVKY BBICBOOOKIEHMST aHTMOMOTUKA JTEMOHCTPUPYET BaXK-
HOCTh KOMIIEKCHO OIIeHKYM HEeCKOJbKIX KITIOUEBBIX ITapaMeTPOB: ITPOJO/KUTEIbHOCTY aHTUMUKPOOHOM aKTHB-
HOCTM, CYMMAapHO1 T03bI BBICBOOOKIEHHOTO aHTUOMOTMKA U IIOIaAM Iof], hapMaKoKMHeTHueckoii kpuboii (AUC),
KOTOpbIE B COBOKYITHOCTY OTIPEIEISIOT TeparneBTUIecKyio 3(hheKTUBHOCTD JOKATbHOM aHTUOMOTUKOTEPATINH.

OBCYXIEHMUE

JIokayibHasl aHTMOMOTUKOTEPAIIMSI B COBPEMEHHOI OPTOIMemNYecKOii XUPYPruy AEeMOHCTPUPYET BBICOKYIO
3(pberTUBHOCTD MpU IPOGUIAKTUKE U JIeUeHUM MHMEKIMOHHBIX OCJIOKHEHMII TToc/Ie orepaluii (apTporuia-
CTVIKY, BEPTEOPOJIOTHS, YETIOCTHO-TIUIEBAsT XUPYPTHsI, OHKOJIOTUSI, THOVHAsST ocTeonorus) [12—15]. AHamm3bl
JIUTEPATypPbl CBUIETENbCTBYET O 3HAUMTEIBHOM IPOTpecce B pa3paboTKe ¥ BHEIPEHNUY PA3IUIHBIX CUCTEM
JIOKaJIbHOJ TOCTaBKYM aHTMOAKTEePUAIbHBIX ITperapaTos [16—18].

MonumeTtmwimerakpwiat (PMMA), SIBASIICh TPAAMLIMOHHBIM MaTepuasoM JIsl TOKAJbHOW aHTUOMOTUKOTE-
panuu, obecrieunBaeT CTabMIbHOE, HO He MPOJO/DKUTENbHOE BBICBOOOKAEHNE aHTUOMOTHUKA TIPU MPOCTOM
3aMelIMBaHNM ¢ BAHKOMULIMHOM, — OT 1 10 9 CyT. 1 10 14 CyT. B UCK/IIOUNTENbHBIX cay4asx [19-21]. Kpome
006111eM3BEeCTHBIX HEIOCTATKOB MCITOJIb30BAHMS KOCTHOTO IieMeHTa (He06X0AVIMOCTh BbITTOJTHEHVST TIOBTOPHO-
r'O BMeIlIaTenbCTBa [16, 22] ¥ puck 6akTepraibHOM KOMIOHM3AIMY ¢ GOPMUPOBAHMEM ITEPBUYHBIX OMOTIIIEHOK
Ha noBepxHocT PMMA B miepBbie 18 uac. [23, 24]), Bcero suiiib 7 % 13 0OIIEro KOJMYeCTBa UCIIOIb3yeMOTO
AHTUOMOTHMKA STIOMPYET B OKpYKamomue TKauu [25]. YBenuueHne TOKaJIbHOM KOHIIEHTPAIMM aHTUOMOTUKA
3a CUeT yBeJIMUeHMs Macchl o6aBisieMoro rpemnapara (6onee 6 r Ha 40 rpamMm PMMA) 3HauMTeIbHO CHUKAET
MeXaHNYeCKyI0 MPOYHOCTD IIeMeHTa, YTO He COOTBeTCTBYeT ctanaapram ISO [26].

B KauecTBe aJibTePHATUBBI [JIsI CO3TAHMS JIOKAJILHOTO JETI0 aKTUBHO M3YYalOT OGMOIerpaupyeMble HOCUTEN
(cynmbdat Kanmblust, 6MoAerpagMpyeMblil TIOMUYPETaH, oMU TUIALIETAT, TIOMMIAKTH/T-KOIUKOMU/L, Y TIOJTAIaK-
Tnm) [12, 27], CylIecTBeHHBIM MPEUMYIIECTBOM KOTOPBIX SIBJISIETCSI OTCYTCTBME HEOOXOAVIMOCTY UX yAaaeHUs
M CO3[aHMe BBICOKOI B cpaBHeHUM ¢ PMMA (mo 10 pa3) KOHIIeHTpaluy aHTMOMOTMKA, OCTaBasICh TIPU STOM
HIKe TOKCMUYEeCKMX ypoBHeii [28]. OmHaKko IOHOe paccachiBaHMe MOJOOHBIX MMIUIAHTATOB B CpPEIHEM uepes
6 Hep. (muanas3oH 30-60 OH.), omepeskaoliee CKOpoCTb (POPMUPOBaHYisSI HOBOJ KOCTHOI TKaHM, MOXKET IPUBO-
IUTb K GOPMMUPOBAHMIO KOCTHBIX ITOJIOCTEIA, TepeioMaM U peluanBaM MHQPEKIIMOHHOTO potiecca [29]. BaxkHo
OTMETUTH, YTO KMHETHKA BbICBOOOXKIEHNMS aHTUOMOTMKOB M3 BCEX HOCUTENEl XapaKTepu3yeTcsl HauaabHbIM
IMMKOBBIM BBIGPOCOM uepes 48 vac.: (9862 * 1782) Hr/ma — aJist creiicepoB 13 PMMA; (38394 = 7071) Hr/mn —
st 6yc u3 PMMA, ¢ mocienyomym MOCTeIeHHbIM CHMKeHMeM JIOKaIbHOM KoHIeHTpaluu [30]. [Ipu sTom
6uoperpanyupyeMbie MaTepuaibl TeMOHCTPUPYIOT Gojiee GbICTpOE ¥ TIOTHOE BbICBOOOXKIEHME aHTUOMOTUKOB
1o cpaBHeHMI0 ¢ PMMA (CaSO, — B TeueHnme MepBbIxX TpeX AHeit) [22]. B Haliem muccieqoBaHmnu MeToauKa 7 ne-
MOHCTPUPYET ropaszo 6ojee riaBHOe IKCIIOHeHIMaabHoe cHskeHne (R? > 0,91, nakiou ot —-0,591 go -0,778).

VHble cIIOCOOBI JIOKATBHOV aHTMOMOTUKOTEPAIIMYM 3aK/ITI0YAIOTCS B HEITOCPENCTBEHHOM IPUCHITIAHUY PaHbI
AHTUOMOTMKOM B ITPOIIECCE OTIePATUBHOTO JIEUEeHMSI MM ITPY MHTPAAPTUKY/ISIPHOM BBEIEHUIM PACTBOPOB aHTH-
6MOTHMKA, YTO TO3BOJIIET KPATKOBPEMEHHO CO3/1ATh TepareBTUUeCK)e KOHIIEHTPaIMM B 06/1aCTH XUpypride-
CKOTO BMeIIATeIbCTBA (00 24 yac.) 6e3 3HAaUMTeTbHOTO YBeIMUEHNMS CUCTEMHBIX YPOBHEN aHTHOMoTHKa [31, 32].

AJbTepHATUBHBIM METOIOM CO3IaHMsI IOKATbHBIX KOHIIEHTPAIIMiT aHTUOMOTUKOB, IMIIEHHBIM OIMMCAHHBIX BbIIIE
HEeIOCTATKOB, SIBJISIETCS VMCITOJb30BaHME MMIIPETHMPOBAHHBIX aHTMOMOTMKAMM ajnorpadToB. CyllecTBYOIIye
MeTOObl MOXHO pasfe/lnTb Ha HEeCKOJbKO OCHOBHBIX KAaTeropuii B 3aBMCUMMOCTM OT TEXHOJIOTMM HAaChIIIeHUS
MaTepuaga aHTHOaKTepuaJIbHbIMK MpernapaTamMmiu. Haubosmee poCTbIM U PacIpOCTPaHEHHBIM SIBJISIETCS METO[
PYYHOTO CMEMIMBAHMS JIIOKOCTY B PACTBOPE C aHTMOMOTUKOM C ITOCTENYIOMIEeH CYIIKOii. BpeMst MMITperHaimm
MOXET BapbMpPOBaTh OT KOPOTKOro repuonga B 30—60 MUH. 10 IPOJIOHTMpoBaHHOrO B 120—180 MuH. BeIcBOGOK-
JeH/e aHTUOMOTMKA — HepaBHOMEpPHOe, C MaKCMMaJIbHOM KOHLIEHTpalyeil B mepBbie 24—48 vac., Korjga Bbiae-
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nsietcst 40-60 % ot 0b111ero KonmMyecTBa MMIIPErHUMPOBAHHOTO aHTUOMOTHMKA [33—-36]. CoIlacHO MCC/IeOBaHMSIM
D.C. Coraca-Huber et al., KoHLIeHTpaLMs1 aHTUOMOTHUKOB, TpeBbInTatonas MUK 1151 cTadnIoKOKKOB, TPY TPOCTOM
MOTpyskKeHuN aiorpadra B pacTBOP C aHTUOMOTUKOM COXPAHSIETCSI JIMIIb 10 7 CYT. in Vitro v 10 3 cyT. in vivo [36].

Bosee coBpeMeHHBIM MOOXOAOM SIBJISIETCS IIpMMeEHeHMe MOHO(opesa, MO3BOJSIONIEI0 JOCTUUYL BbICOKUX
HauYaJbHbIX KOHIIEHTPAIMii aHTUOMOTUKOB C COXpaHEHMEM aHTUMMKPOOHOIV aKTMBHOCTM OO 2 Hemd. [37].
TeM He MeHee, METOJ, XapaKTePU3YeTCsI 3HAUMTETbHOM BapnabebHOCTbIO PE3Y/IbTATOB U TPeOYeT MOIMOTHM-
TeJbHBIX UCCIEA0BaHMI BAMSHMS Ha CTPYKTYPY KOCTHOM TKaHMU.

B pasBuUTHUM CYIIECTBYIONIMX ITOAXOA0B K JIOKAJIbHOM aHTMOMOTMUKOTEpaIyy Hallle MccaeIoBaHMe Ipeaiaraet
OTNITMMM3MPOBAHHBIV METOJ, MMIIPETHAI[MY OCTe03aMelllalolero Mmatepuasna. B ominune oT TpaAnUIIMOHHBIX,
MPOIEMOHCTPUPOBABIINX OrpaHMUYeHHYI0 3(G(dEeKTUBHOCTb (3—7 OH. aHTMMMKPOOHOTO MIeicTBMs), paspa-
O60TaHHasI METOIMKA C MCIOMb30BaHVEeM KOMOWHAIIMM MOHMKeHHOTO maBieHus (7—10 hPa) u criupToBOTO
pactBopa c mob6asneHuem IIBIT obecreunsia MpoOJOHTMPOBAHHOE BBICBOOOKIEHME BaHKOMMIIMHA A0 14 nIH.
C COXpaHEeHMeM TeparneBTUUECKY 3HAUMMBIX KOHIIeHTpauyit. CTaTUCTUYeCKUiT aHaIU3 BBISIBIJI, UTO Bce (ak-
TOPBI, U3yUEeHHbIE B MCCIEIOBAHMM, BAUSIIOT Ha 9(PGhEKTUBHOCTL MMITpErHAIA.

B HameMm uccienoBaHMYM Mbl MCIIOIb30BAIM KOMIUIEMEHTAPHBIA MMOLXO0J, COUeTasi MUKPOOMOIOTMUecKuit
Metop ¥ BOXKX, 4To MO3BOAMIIO MTOMYYUTH GoJiee MONHYI0 KapTuHy 3G deKTMBHOCTM pa3paboTaHHOI MeTo-
IOUKY UMIIPErHAIUA.

MUKpOOMONIOTMYECKIIT aHAIM3 MeeT IPUHIUITMATIbHOE 3HAUYeHMe, TTIOCKOIbKY TO3BOJISIeT MOATBEPIUTD CO-
xpaHeHye AMA BaHKOMMLVHA ITOC/Ie BO3JEICTBIUS pas3aMUHbIX QU3MUECKNUX U XUMUUECKUX (PAaKTOPOB B MpO-
1ecce MMITperHauym. Hamuume 30H MHIMOMpoBaHus pocta MRSA Ha MPOTSIKEHMUM BCETO ITeproa HabIome s
CBUIETENIBCTBYET O TOM, UTO AaHTUOMOTUK COXPAHSIET CBOIO OMOIOTUYECKYIO aKTMBHOCTb, HECMOTPS Ha IMOTEH-
[IMaJbHO BO3MOXHbBIE CTPYKTYPHbBIE 3MeHeHMsI 10, BVSIHMEM AaBJIeHNsI, TeMIIepaTypbl U XMMUUECKUX areH-
TOB. BbICOKasI KOppesins Mekay pa3MepoM 30H MHIMOMPOBAHMS M KOHIleHTpalueit antubmotuxa (r = 0,908;
p < 0,001) moaTBepsKIAeT BHICBOOOXKIEHME M3 TECTUPYEMBIX 00pa3IioB aKTMBHOW (POPMBI ITperapara.

B cBom ouepenp, BOXKX obecrieurBaeT KOJIMUECTBEHHYIO OIEHKY KMHETUKM JTIOIMY BAHKOMMUIIVIHA, IT03BO-
JIsiSI OTIpeIe/INTh TOUHbIE KOHLIEHTPALMM TIperapaTra B pa3anuHble BpeMeHHbIe TOUKU. ITO JaeT BO3MOXKHOCTb
TTOCTPOUTD JleTaibHbIe (papMaKOKMHETHYeCKe TPoduIn, OleHUTh PABHOMEPHOCTDb BBIXOJA M OIPENeNTh
CyMMapHOe BbICBOOOKAeHMe aHTMOMoTnKa. AHamm3 AUC 1 xapakTepa 5KCITOHEHIIMAIbHOTO CHYDKEHMST KOH-
entpauyu (R2> 0.91) meMOoHCTpUpYeT NPeyMyLIeCTBa ONTUMMU3MPOBAHHON METOIMKY MMIIPErHALMY B OT-
HOIIIEHUY TIPOJIOHTMPOBAaHHOJ JOCTaBKY IIperapara.

OcTeo3aMelaomnii MaTepuasl, UCIIONIb3yeMbIit B MCC/IeNOBAHUM, XapaKTepU3yeTCsl ONTUMATbHOM MTOPUCTOI
CTPYKTYPOI1, COTIOCTAaBUMOJ C IPYTMMM MaTepuajamiu, IpMMeHsIeMbIMM B KOCTHO# TuIacTuKe. AyTorpadTbl
u ayutorpadTsl MMetoT mopuctoctb 50-90 % c pasmepom mop 100-500 mkm. CMHTeTHYECKMe MaTepuaIbl Je-
MOHCTPUPYIOT CJIeIyIol/e MoKa3aTean: Tugpokcuanatut — nopuctoctsb 30-90 % ¢ mopamu 100-400 MKMm;
TpuKanbiuiidochar — mopucroctb 35-80 % ¢ mopamu 100-400 MKM; 6MOaKTMBHBIE CTEK/Ia — MOPUCTOCTh
20-60 % c mopamu 100—-500 MKM. Buononumepsl, Takue Kak KOJUIareHOBbIe MaTPUIIbI (IIOPUCTOCTb 85-95 %,
ropbl 50—-350 Mxm) 1 PLLA ckaddomnasl (mopuctoctb 60-90 %, mopbl 100—500 MKM), TakKe 06/1a5aI0T pa3BUTOM
TTOPUCTOI CTPYKTYypoii [38, 39]. Takast apxuUTeKTOHMKA MaTepuana ob6ecreunBaeT GOBINYIO IIOMAAb ITOBEPX-
HOCTM [IJISI B3aMMOJENCTBUS C aHTMOMOTUKAMMY, UTO MTOATBEePKAAeTCsl Ha MpuMepax MMITPerHayy CUHTeTH-
YeCcKMxX OCTeo3aMemamoImux MarepuanaoB [40-42]. ['y6uaTas CTpyKTypa TaKOTO M3IeNus MO3BOJSIET TOCTUUD
BBICOKOJ CTeIeHM afcopOLmuy aHTUOMOTHUKA, YTO B COUETAHUM C ONTUMAIbHBIMU YCJIOBUSIMM MMITpErHaLUM
(maByieHMe, PAaCTBOPUTENb, BPEMST) 00€CIIEUMBAET CTAOWIIbHOE ¥ KOHTPOIMPYEMOE BHICBOOOXKIEHME TIpernapara.

ITpy 5TOM BaskHO OTMETUTb, YTO, HECMOTPS Ha BhICOKME JIOKA/IbHbI€ KOHIIEHTPALIUM aHTUOMOTHUKA, JOCTUTaeMble
B XOJIe SOV, TPMMeHeHe BAHKOMUIIMHA OCTaeTCss 6e30IaCHbIM C TOUKM 3peHMsI ITOTeHIMaIbHOM TOKCUY-
HocTu. B koH1leHTpanysx g0 1000 MKr/mMa BAHKOMUIIMH He OKa3bIBaeT 3HAUMMOTO [IUTOTOKCUYECKOTO IeJiCTBIS
Ha 0CTe06IacThl, IOATBEPKIAS CBOI 0e30IacCHOCTb ISl KOCTHOJM TKaHM MPWU JOKAJTLHOM IMpuUMeHeHun [43].
PesynbraThl 1a60paTOPHBIX MCCIENOBAHMI, HECMOTPSI Ha BBICOKME MECTHbIE KOHLIEHTPAIMM aHTUOMOTHKA
(mo 1400 MKr/MIT), IEMOHCTPUPYIOT MUHMMAJIbHbIE CHCTEMHbIE YPOBHM BaHKOMMIIMHA (MeHee 1,5 Mr/Mi1) 1 OT-
CYTCTBME HEPOTOKCUYHOCTH, IIOATBEPKIEHHOE OTCYTCTBYEM CTATUCTUUECKY 3HAUMMBbIX M3MEHEHUIi B YPOB-
HSX KpeaTMHMHA ¥ MOUeBMHBI Tocie omepauyu (p >0,05) [15]. Bonee Toro, sKCIIOHEHIIMANbHbBIN XapaKTep
BBICBOOOKIeHMS aHTH6MoTHKa (RZ> 0,91 11 MeToguk 3—7) obecreunBaeT MOCTEIIeHHOe CHYSKeHME JIOKA/Ib-
HbIX KOHIIEHTPALIMiA, UTO JOIOMHMUTEIBHO MOBbIIIaeT 6€30MacHOCTb IPUMMEeHEHMS MaTepuara.

BaskHO OTMETUTB, UTO B YUIOBUSX KIMHUUECKOTO MTPUMEeHEeHsI, KOT/Ia MMIIPerHMPOBAaHHbII a/torpadT moj-
BepraeTcsl MMIIAKIMM B KOCTHOM JIOKe, MOKHO OXKMUJIATh ellle 6oJiee IIMTeIbHOTO TIePOia BhICBOOOKIEHIST
aHTMOMOTHMKA. ITO CBSI3aHO C TeM, UTO KOMITPECCHUsI MaTepyaia co3/aeT NOIONIHNUTeNbHble N1 dYy31IOHHbIE
6apbepsl, 3aMeIIONIMe MIOUMIO MpernapaTa. [JaHHOe TpearonokeHne TpeOyeT HaabHeiIero u3ydeHus
B YCJIOBMSIX in Vivo, OJHaKO YKe TOJyuyeHHbIe pe3y/abTaThl I03BOJSIOT IIPOTHO3UPOBATh JOCTATOUHYIO [JTN-
TEbHOCTh AaHTUMMUKPOOHOTO 3pderTa 11t MpoDUIAKTUKY U JIeYeHUST TIePUMMIUIaHTHOM MHBeKIMN.
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HpOBeHEHHOE ucciaenoBaHye IO3BOJINJIO OIIpeae/IMThb ONTMMaJ/IbHbI€ IMapaMeTpPbl MMIIpErHaly oCcTeo3aMe-
Hiamouiero Mmatepyuasia Ha OCHOBe ry6an0171 AJIVJIOKOCTVM BAHKOMMIIVMTHOM [JI51 obecrieueHus HpOHOHI‘MpOBaHHOI'/JI
SJIIOIUN aHTUOMOTUKA. HOJ’[y‘IEHHble pPe3yjabTaTbl OTKPbIBAIOT IIE€PCII€KTUBLI OJI CO3OaHMA HOBbBIX IIPOTOKO-
JIOB JIOKQJIbHOM aHTMGMOTI/IKOTepaHIAI/I B OpTOl’Ie,U,M‘IeCKOVI XUPYyprum. Hpennox(eHHaﬂ MeTOOMKa SIBJISIEeTCS
HepCHEKTMBHOﬁ HJIs TIOJIyJEHMA MaTepuasia OJisi OCTeO03aMelleHVA B YCIIOBUSAX I/IHd)EKLU/IOHHOI‘O mpoiecca
C IIeJIbIO (bOpMMpOBaHI/IH JIOKAJIbHOTO OeI10 aHTUOMOTUKA C KOHTPOJIMPYEMbBIM BbICBO60)K,ELEHI/IEM AU TIpU -
MeHeHM B KOMIIJIEKCHOM JIEUEeHUM IMMalIMeHTOB C HepMMMHHaHTHOVI I/IH(bGKLU/IEﬁ.

3AKJIIOYEHUE

VCTaHOBJIEHO, UTO Haubosblee BIMsSHMe Ha 9(PPeKTMBHOCTh MMITPETHAIMM OKa3bIBaeT JaBjieHle, 3a KOTO-
PBIM CJIeIYIOT TUII PACTBOPUTENS ¥ BpeMs sKcros3uimu. KoM6MHaIMs MTOHMKEeHHOTO JaBIeHus, CIIMPTOBO-
r'0 pacTBoOpa ¢ Ao6aBaeHNeM MOJTUBUHWITIMPPOIUIOHA 1 ONITUMAIbHOTO BpeMeH! SKCIIO3ULIMM obecreunia
HaMJIyYIIe pesyabTaThl, 3SHAUMTEILHO IIPEBOCXOISIINE TPaAUIIMOHHbIE MeTOAMKY. PaspaboTaHHast MeTOIM-
Ka IM03BOJISIET JOCTIUYb 60jIee PABHOMEPHOI'O BEICBOOOXKIEH ST aHTMOMOTHKA C ITOJIOTMIM HAKIIOHOM SKCIIOHEH-
LMaJbHOM KPUBOIi MIOLMM, YTO obecreunBaeT MoAAepskaHue TepareBTUUYeCcK) 3HAUMMBbIX KOHIIEHTpAIit
BaHKOMMUIIMHA B TeUEHME IBYX He[eNlb. ITO CYIECTBEHHO IMPEBbIIIAET OKA3aTeaM CTAHIAPTHBIX METOI0B
JIOKQJIbHOJ aHTUOMOTUKOTEPAIMM U CO3TAeT MPEeAIIOChbUIKM sl 3(PGEeKTUBHONM MPOGUIAKTUKMA U JIEUEHUS
MepUUMILIAHTHOM MHQEeKIMM. BbIcOKas KOppessiius MeXay KOHIIeHTpaleii aHTMOMOTHMKa ¥ 30HAMM T10/a-
BJIeHus1 pocta MRSA nmoaTBepkaaeT coxpaHeHue 6MOIOTMYECKOi aKTMBHOCTM BAHKOMUIIMHA TIOCJIE TTpoliecca
VMMITpErHalMu, YTO MMeeT IPUHINUIIMAIbHOE 3HaUeHMe IJIsT KIMHUYECKOTO IIPUMeHeHMs.

Kongnukm unmepecos. He 3as8eH.

HUcmouHuk punaucuposarus. PuHaxcuposarue pabomst 0Cyuecmsusiocs 8 pamkax IocyoapcmeernHozo 3adarus N° 056-00030-
24 «CosepuieHcme08aHue JieueHUs NayueHmos ¢ 0CMeoMueiunoMm U NepuuMniaaumuoti uHgexyueti c ucnos308aHuem OpusuHalL-
HO020 JIUOPUAUZUPOBAHHO20 OCIMEONAACINUUECK020 MAMePUAd ¢ NPOSOHZUPOBAHHOT AHMUMUKPOOHOTI AKMUBHOCMbIO». .
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AnHoOTanusa

BBegenne. B HacTosIee BpeMsi, KpDOMe CHCTEMHOI Teparui, IPUHSTHI IBa TUIIA JIeYeHNs THOWHOI nH(eK-
1Y KOCTHO-CYCTaBHOTO allllapaTa: OgHO- UM IBYXITAITHOEe JIOKAJIbHOE BO3MEiCTBIME Ha OMOTUIEHKY, MTPU-
yeM 06a IIpeIyCMaTPMBAIOT MCIIONb30BaHME KOCTHOIO LIEMEHTa C aKTMBHBIM BELIeCTBOM, KaK IPaBUIIO,
AHTMOMOTUKOM.

Ilenp paboOTHI — B yUIOBUSIX SKCIIEPUMEHTA OLI€HUTD KaueCTBEeHHbII 1 KOMMYeCTBEeHHbII BbIXO], U3 KOCTHOTO
[[eMeHTa aHTUOMOTHKA, BHEIPEHHOTO B HOBBII TUII CIelicepa pemeT4aToil CTPyKTYpbI.

Marepmuanbl 1 MeTOAbI. VICIIOMb30BaH HOBBIV TUI MMIIJIAHTATA (Crelicepa), UMEIOIero pemeTJyaTyo CTPyK-
TYPY, M3TOTOBJIEHHOTO C IIOMOIIIIO aAIUTUBHBIX TEXHOJIOTHMIA, ¥ 06paser; CpaBHEHNS, UMUTUPYIOLINIT TPaIu-
LIMOHHBIN apMMUPOBAaHHBIN CIleiicep 13 KOCTHOIO IIeMeHTa + aHTMOMOTHUK. Bbixon BaHKoMUIIMHA M3MepSIIn
MeTOZOM CIeKTpodOoTOMeTpUM Ha cpoKkax Ao 30 gHeii. [y MOCTpOeHMS KaTMOPOBOUHBIX KPUBBIX UCIIOTb30-
BaJI perpecCMOHHYI0 TIPSIMYIO 110 JaHHBIM, TIOTyYeHHBIM 3 MAaTOUHBIX PACTBOPOB.

PesynbTaThl. [TonyueH apbeKTUBHBIN TPOIIIb BBICBOOOKAEHMS aHTUOMOTUKA 3 KOCTHOTO IIeMEHTA B Iep-
BbI€ THY SKCIIEPUMEHTA C MTOCIeAYIOMM CHIUKeHMEM K KOHITY TIepBOJ Heieslu U BbIXOIOM Ha paBHOMEPHOe
r1ato. KosmuecTBo 3apMKCMPOBAHHOTO aHTMOMOTHKA B pacTBOpaxX He IpeBbIano 1 % ob1reil Macchl KOCT-
HOTO I[eMeHTa ¥ aKTMBHOIO BelllecTBa. 13 06pas3iioB, MMEIOIIMX pelIeTyaTyio CTPYKTYPY, KOJTMUYECTBO Bbie-
JIEHHOTO aHTMOMOTYKA ObIIO BbIIlle, YeM B 06pa3iiax CpaBHEHMSI.

Oo6cykaeHue. CunMTaeTrcs, UTO BBICBOOOXKIEHME AHTUOMOTMKA SIBJSIETCS ITOBEPXHOCTHBIM IIPOIIECCOM
¥ He 3aBUCUT OT 00mIero o6bemMa KOCTHOTO IieMeHTa. BO3MOKHOe yBenudeHue ob6beMa JeKapCTBEHHOTO
KOMITO3MIIMOHHOI'O COCTaBa He MPUBOAMUT K IIPOIOPIMOHAIBHOMY YBEJIMUEHMIO KOJMYECTBA BHICBOOOXKIA-
€MOTO aKTMBHOTO BeIecTBa. B maHHOM MccaeqoBaHMUM 3TO MOATBEPKIAETCS TEM, UTO Jaske MPU MEHbIIEM
obbeMe MaTepuasia B pPellleTUaThiX CTPYKTYpax BbICBOOOKAEHME aHTMOMOTHMKA IIPOUCXOOUT 6ojiee MHTEeH-
CMBHO TIO CPaBHEHMIO C KOHTPOJbHBIMM 0Opa3IiaMy, YTO MMOAUYEPKMBAET BaKHOCTb ONTUMM3ALUM reome-
TPUM U CTPYKTYPbI MaTepHaa i JOCTVDKEHNUST MAaKCUMaIbHOM 3(PheKTUBHOCTY BBICBOOOKIEHNST aKTUBHBIX
BeIleCTB.

3akaoueHue. PeméTuaras CTPYKTYpPa MMIIJIAHTATOB KOJIMYECTBEHHO BJIMSIET HA BbIOEJIEHNME aHTUOMOTUKA
13 KOCTHOTI'O LleMEeHTa B OKPY>KaIoIIYyIo Cpemy.

KiroueBsblie cimoBa: MHOEKIMsI KOCTHOM TKaHM, KOCTHbIN 1IeMEHT, MMIUIAHTAaT, /IO aHTUOMOTIKA, aJay-
TUBHBIE TEXHOJIOTUM

Inst umrupoBanus: Axtsamos .®0., Cauenkos O.A., lllaburymuu P.A., TansaytouHoBa A.3., Xapus H.B., Becrranos 1.A.,
Boituyk C.B. Ampo6amusi 3(GGeKTMBHOCTM HOBOTO THUIIA CIIeiCepoB MJid JIOKAIbHOV aHTMOMOTUKOTEPATIUN.
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Abstract

Introduction The established treatments for purulent infection in the bone and joint involve one- or two-stage
local effect on the biofilm with use of bone cement and an active substance including an antibiotic in addition
to systemic therapy.

The objective was to evaluate experimental qualitative and quantitative antibiotic release from bone cement
introduced into a new type of lattice-structured spacer.

Material and methods A new type of lattice-structured implant/spacer manufactured using additive
technologies and a comparison sample simulating a traditional reinforced spacer made of bone
cement + antibiotic were used. Vancomycin release was measured by spectrophotometry for periods of 30 days.
A regression line was used to plot calibration curves based on data obtained from mother solutions.

Results An effective profile of antibiotic release from bone cement was obtained in the first days
of the experiment, followed by a decrease at the end of the first week and an exit to a uniform plateau. The
amount of fixed antibiotic in solutions did not exceed 1 % of the total mass of bone cement and active substance.
The amount of antibiotic released from the lattice-structured samples was higher than that in the comparison
samples.

Discussion Antibiotic release is a superficial process and is not dependent on the total volume of bone cement.
A possible increase in the volume of the medicinal composition does not lead to a proportional increase
in the amount of the active substance released. The findings showed that the antibiotic release is more intense
even with a smaller volume of material in the lattice structures compared to the control samples, which
emphasizes the importance of optimizing the geometry and structure of the material to achieve maximum
efficiency of the release of active substances.

Conclusion The lattice structure of implants quantitatively affects the release of antibiotic from bone cement
into the environment.

Keywords: bone infection, bone cement, implant, antibiotic elution, additive technologies
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BBEIOEHUE

T'HoViHAst MHGEKIMS SIBISIETCST OTHMM U3 Hanbosiee rpO3HbIX OCIOKHEHNI B XUPYPIUM KOCTHO-CYCTaBHOI CH-
creMbl [1-3]. ObuienpuHsTast cucTeMHas Tepanus 3QQGeKTMBHO COMPOBOXKIAETCS JIOKATbHBIM BO3IE/CTBY-
€M Ha MMaToJoTMYecKkuii ouar [4—7]. B 60MbIIMHCTBE MCCTIeNOBAaHNIT METOIOM KYITMPOBAHMS MH(PEKIVIOHHOTO
OCJIO>KHEHMUSI SIBJISIETCSI IBYXATAITHOE PEBM3MOHHOE XMPYpPruueckoe BMeIlaTe/bCTBO: epBUYHAs yCTaHOBKA
crieiicepa u3 KoctHoro nemenTa (KII) ¢ akTMBHBIM BelIeCTBOM (M36paHHBIM aHTMOMOTHKOM) C TOCIeYI0-
ey UMILIaHTaLMel peBU3MOHHOM KOHCTPYKIMM. DTO KacaeTCsl KaK CyCTaBHOMM MaTOMOTMM, TaK U ITaTOIOTUN
IJIMHHBIX KOCTein [8].

Pa3paboTaHO HEMAJIO TEXHOIOTHIA TTOBBIIIEHUST CPOKOB M KOJIMUECTBA BBIXO/IA AHTUOMOTUKA B OKPYSKAIOIIYI0
cpeny. V3BecTHBIM (haKTOM SIBJISIETCSI TO, UTO JTIOIMSI AKTMBHOTO BEIIeCTBA MPOMCXOANUT JIUIIb U3 ITOBEpX-
HOCTHOTO (JIOSI crieiicepa (B mpefenax 2—3 MM). ITO HpefoIpeeseT BO3MOKHOCTb MOBBIILIEHNS] CTEIIeHN
MO YBeINYeHMeM IIOUIAAV COTIPUKOCHOBEHMSI IeueOHOr0 KOMIIO3UTHOTO CJI0S (KOCTHBIN 1IeMeHT + aH-
TUOMOTHUK) C OKpysKatoleit cpenoii [9]. Kpome Toro, BausHue aHTMOMOTNKA (AB) Ha OKpy’Karo1e TKaH pac-
npocTpaHsieTcss He 6osee yem Ha 20-25 MM. TakMM 06pa3oM, TEXHOJIOTMUYECKY pacipefeieHne Jeue6Horo
KoMTo3uTHOTO cnost (JIKC) simnib 1Mo MoBepXHOCTH CIiejicepa OrpaHUYeHo JoKauyel MHGEeKIIMOHHOTO ouara
M 3aTPaTHO C TOUKM 3peHMsI UCII0Ib30BaHMS U Tepepacrpenenenus: 6onpiinx o6bemos Ab [10]. Hemb3s 3a-
ObIBATDb ¥ O IPOYHOCTHBIX XapaKTePUCTUKAX (OPMIUPYEMOro crieiicepa, OHY JO/DKHbI 06eCeunTh PyHKIMO-
HaJTbHbIe BO3MOXXHOCTM TIAIIMEHTA U CIYKUTH MTPU HEOOXOIMMOCTY OCHOBOI ocTeocuHTesa [11, 12].

Vcronb30BaHMe pemieTyaThix CTPYKTYP MPU M3TOTOBIEHUM 0a30BbIX MMIUIAHTATOB MOIJIO ObI YBEIMUUTD
IUIONIAlb CONMPUKOCHOBEHNMSI KOMITIO3SUTHOTO CJIOSI C OKpYKalollei cpenon, yaydimunTsb smouynio AB mn3 K.
[IpenBapuTenbHbIVi pacyeT NMPOYHOCTHBIX XapaKTePUCTUK IO03BOJSIeT MYUHMMM3MPOBATh M3MeHEHMs KOH-
CTPYKIMM MMIUIAHTATa, 3aJaHHbIe M3roToBuTeneM. CouetTaHue 00beMHOI perreTyaToi KoHCTpyKuyu ¢ JIKC
(hbopMMpPYIOT TaK Ha3bIBAEMbIi MeTaMaTepyuas, YTO MOIJIO ObI CTAaTh OMHUM M3 BAPMAHTOB pelleHus TaHHO
HAyYHO-TIPaKTU4ecKoii npobiemsl [13]. Co3maHue 06beMHOI PeLIeTUYaToi KOHCTPYKIIVMY, KaK YacTh MMILIaH-
TaTa (creiicepa), OCyIIeCTBSIETCS C UCIOAb30BaHMEM aAAUTUBHBIX TEXHOIOTUIA. DTO LJOCTVDKMMO B XOJie ITPO-
eKTUPOBAHUS 3JIEMEHTAPHBIX STYEEK, KOTOPbIe 3aTOMHSIIOT 06beM U3aenus. B TeMaTuyeckux myOaMKammsx
OTMEeUeHO BMSHNE paclipeliesieHys 31eMeHTapHO SS4elikyl Ha POYHOCTb KOHCTPyKuyn [14]. lHbIM MeTO-
IIOM SIBJISIETCSI IPMMEHEeHYe TOMOJIOTMYeCKoi mim cTpykrypHoii ontuvusauyu. N. Kladovasilakis et all. [15]
OTITMM3UPOBAIM KOHCTPYKIIVY JIJIsI Ta300€eIpeHHBIX MMILIAHTATOB, 6/1arogapst yemy gocturiu 50 %-Hoii mo-
PUCTOCTY C COXPaHEHMEM IMPOYHOCTHBIX TpeboBaHMif. VIMIIAaHTATHI HA OCHOBE PEIIeTYAThIX CTPYKTYP MOTYT
BBICTYIIaTh B POy IpeOpMMUpPOBAHHOI 6a3bl € 3apaHee 3aJaHHBIMM TTapaMeTPaMy, YTO MTO3BOIUT CHU3UTH
VTV BOBCE UCKITIOUMTD HEOOXOAMMOCTD KYCTAPHOTO M3TOTOBIEHMSI apDMUPOBAHHBIX CITEe/iCePOB.

HEJI]: paﬁOTbl — B YCUJIOBUAX 3KCII€EPMMEHTA OUE€HUTb Ka4yeCTBEHHBII M KOJIMYeCTBEeHHBII BbIXO, U3 KOCTHOTO
HeMeHTa aHTI/I6]/IOTI/IKa, BHEOPEHHOTO B HOBBI TUII Cneﬁcepa pEHIETanOﬁ CTPYKTYPHI.

MATEPUAJIBI U METO/bI

B kauecTBe 6a3bl [I7151 KOCTHOTO I[eMeHTa C aHTUOMOTUKOM BbIOPAH LUVJINHAD, UMEIOLINIA PeIleTUaTyio CTPYK-
Typy (puc. 1, a), Konupyouuii pparMeHT MpeIosaraeMoro MMILIaHTaTa mog Homepowm I 1 obpaser; cpaBHe-
Hus II (puc. 1, 6), To ecTb dparmeHT WITUPTA, HA TOBEPXHOCTh KOTOPOT'O CILIOIIHBIM C/I0€M HAaHOCSIT MaHTUIO
n3 KL ToAHoM 2 MM.

Puc. 1. Buasl mcciemyeMbix 06-
pasioB: a — obpasel] pemieTya-
TOro MMIUIaHTaTa I; 6 — obpaser
cpaBHeHus 1

O6paserr I mpencrasisieT c060ii KOMITOHOBKY BHYTPEeHHET0 CTePSKHSI IMaMeTpoOM 6 MM U CJIOSI BHEIITHUX pebep
o[ YIVIOM B 45°, ¢ BHeIIHUM JuaMeTpom 12 MM. B KauecTBe 06pasiia CpaBHEHUSI B3SIT UWJIMHIP C BHEIIHUM
IuaMeTpoM 8 MM. XapaKTepUCTUKM UCCIenyeMbIX 06pa3iioB MpeCcTaBlIeHbl B Ta6I. 1.

Ta6muua 1
CpaBHUTeIbHbIE [TApaMeTPhI MCCIeIYEMbIX 00Pa31I0B

Ne Iuametp,| IOauna, |duamerp crepskHs, Iumetp pebpa, |IlopuctocTs,| O6beM 1ieMeHTa, | IInoiaab MoBepxXHOCTH,
MM MM MM MM % MM MM?

I 12 60 6 1 61,9 3702 2261

1I 8 60 - - 0 3769 2261
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Hccnedyempole o6pasupl

Inia viccnemoBaHMs BbIxoga aHTMOMOTHKA 13 JIKC MeTomoMm Jia3epHOii cTrepeonuTorpaduu ¢ MocaeayoIum
IOTIONTHUTEIbHBIM YKpEIUIEHVeM IIpy IOMOIIM y/iabTpaduonera M3roTOBAEHO M0 YeThipe 00pasiia Kaskmoit
CTPYKTYPBI. 17151 TPOU3BOCTBA 06pa3I[0B BhIOpaH (OTOMONMMMEPHBIN IIPUHTED C (HOTOTIOIMMEPHOI CMOJIO.

UccnenoBanme mpoBeeHO Ha KOCTHOM LieMeHTe Synycem (@panuus). s npurorosnenns JIKC kaxkmoro muc-
MBITYeMOr0 06pasiia MCIOoMb30BaHO 10 4,0 T' CYXOT0 COCTABJISIIOIIEr0 KOCTHOTO 1emMeHTa 1 0,2 T aHTUOUOTH-
Ka BaHkoMuiiuH. Bei6op AB 06yc/ioBIeH TepMOCTaOMIbHOCTbIO, aKTUBHBIM MPUMEHEHNEM B KIMHUYECKON
TIpaKkTUKe ¥ HAyYHbIX MCCIeIOBaHMSX M0 JaHHOI mpo6ieme. ITopomikoBoe coctasisiomiee KII cMemBanm
C aHTUOMOTUKOM JIO0 TOMOT€HHOTO COCTOSTHUS, Tajiee K cMecH T06aBIIsui 2 MJI MOHOMeEPa, 3aMeIIBaJIy 10 Io-
MOTE€HHOTO TIacTUYHOoro coctostnusi. Hanecenne JIKC Ha ucciemyemMbie 06pa3iibl OCYIIECTBIISIINA TPY TIOMO-
Y OMHOPA30BOTO INIPUIIA 06BEMOM 5 MJT ¢ BHYTPEHHUM AMaMETPOM 12 MM, KOTOPBIi CITYKWJI B KaUeCTBe
dbopmbl. Ha puc. 2 mpefcTaBiieHbl MCCIeIyeMbie 00pasIibl.

Puc. 2. BHenrHMit BUA, M3TOTOBIEHHBIX 06pa31oB (a — 06pasisl I, 6 — o6pasisi IT)

PemreTuaTsie CTPYKTYphI HOKpbiBaiy JIKC Tak, YTOOGBI OH He BBICTYIIAJ 32 TOPIIBI 00pasiia. BHenHMiT quameTp
06pa3soB coctaBwi 12 Mm. Kaxkmplit o6paser momernianu B mpobupky Falcon, sanmonHennyo 30 vt gocdat-
HO-coseBoro 6ydepHoro pacrsopa dyab6exko (DPBS) 6e3 Ca* u Mg? nipu temmepatype 37 °C. [lorpyskeHne
00pasIoB OCYILECTBIISIIN [IJIsI 0OecIieueHusI IMOJTHOTo KoHTakTa ¢ DPBS.

Ouemca 8bIX00a aHMuUOGUOMUKA U3 JIEKapCmeeHH020 KOMNOo3uimHo20 cocmasa

KonndecTBeHHOE ompefiesieHre aHTMOMOTHKA B pacTBOpaxX MPOBOAVIIM C MIOMOIIBIO CIIEKTPOGOTOMETpIUYe-
CKOro MeTojma Ha criektpodoromerpe BioMate 3S UV-Visible (CIIIA), TO3BOJISIIOIIETO HOMYYUTh 3aBUCUMOCTH
OITUYECKOI MJIOTHOCTM PaCTBOPOB OT KOHIeHTpaluy AB. Vi3MepeHMs BBITTONHSIN B Auarna3oHe BoyiH oT 190
10 230 HM. B mony4eHHBIX CIIEKTPax OLEHMBAIM MUK M3MepeHMit, COOTBETCTBYIOIINI aHTUOMOTHUKY. B Kaue-
CTBe KaJIMOPOBOYHBIX 3TAJIOHOB UCITOMb30BAIM HECKOJbKO MATOYHBIX PacTBOpoB AB: BaHKOMMIIMH B KOH-
menTpainusax 0, 0,00005, 0,0001, 0,00025, 0,0005, 0,00075, 0,001, 0,002, 0,003, 0,004 mr/mi. O6BeM 0Opasiia
B KIOBETe IJisl MpOBeieHusT u3MepeHus 6but paBeH 1000 Mk, Bankomuiiua B o6beme 0,5 T pacTBOPSUIUCH
B 5 vu1 DPBS 151 mosryueHMst KOHIIeHTpauum 1 Mr/mi.

Ta6mmua 2
PacueTbl KOHII@HTpaLii IJIs1 ITOCTPOEHMS KaIMOPOBOUYHBIX KPUBBIX BaHKOMMIIMHA C TIOMOIIbI0 MAaTOUHbBIX PACTBOPOB
Kos-Bo MaTOuHOTO pacTBOpa, MK/ Kosn-Bo DPBS, Mk KonHueHTpamusi, Mr/mii

400 n3 koHueHTpauuu 0,01 600 0,004

300 u3 koHueHTpanyuu 0,01 700 0,003

200 n3 koHueHTpanumu 0,01 800 0,002

500 n3 konuentparnyu 0,01 4500 0,001

750 u3 kouuenTtpanyu 0,001 250 0,00075

500 u3 konuentpanyu 0,001 500 0,0005

250 n3 koruenTtpanyuu 0,001 750 0,00025

200 n3 koHueHTpanumu 0,001 1800 0,0001

500 u3 konuenTpauyu 0,0001 500 0,00005

IJ1s TIOCTPOEHMST KaMMOPOBOUHBIX KPUBBIX MCITONb30BAIM PETPECCHOHHYIO TIPSIMYIO 110 TaHHBIM, TOTyYeH-
HBIM 13 MATOYHBIX PACTBOPOB. [IJIsI OLIeHKM JOCTOBEPHOCTY Pas3/INuuii B BRICBOOOKIeHNY AB MexXTy mccie-
IyeMbIMM CTPYKTYpaMyu NPUMEHSUIM HermapaMeTpuueckuii Kputepuii ManHa — YUTHU IJi1s1 CpaBHEHUS JBYX
He3aBUCUMBbIX BbIOOPOK ¥ OITpeieNIeHNS CTAaTUCTUUECKY 3HAUMMBIX Pasanduii MeXXIy HUMMU.
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I/Ismepeuue KuHemuku airouuu aHmuobuomuKoe

Vismepenns smounu AB ocyiectsisiiv uepes 1, 3, 7, 15 u 29 mHeit cooTBeTcTBeHHO. OTIpemesnsuiv obIiee Ko-
JINYeCTBO BaHKOMMIIMHA B pacTBOpE B KaXKIO0 TOUKE M3MEpPEeHMsI COIJIACHO pacHucaHmio. s KaxKmoro JHs
KOHIIEHTPAIMIO OIIeHUBAIA T10 CIemyoleii hopmyiie:

d
cad) =22 ),

roe p — 3HaueHue CIiIeKTpomMeTpa BO B3SITOM npo6e B 3aJaHHbIN JOEeHb, k— KOB(I)(I)]/ILU/IGHT perpeccun, ¢ — KO-
Sd)d)MLU/IeHT, CBSI3AHHDBIN C pa36aBneHMeM HpO6bI B KIOBeTe, d— JJINTEJIbHOCTD 3KCIIO3MIIMNM B JHSX.

CTOUT OTMETUTb, UTO KO3(DIUIIMEHT, CBSI3aHHBII ¢ pa3baB/ieHMeM IPOObI B KIOBETE, TAKKE 3aBMCEIT OT JHS
M3MepeHus. ITO CBSI3aHO C TEM, UTO KOHIIEHTpPAIMs CO BpeMeHeM Bo3pacTasa. [IJist orpeneieHnst KUHeTUKI
aHTMOMOTMKA MCIIONb30BA/IM IIPOM3BOIHYIO 10 BpEMEHM, CKOPOCTb BHICBOGOKIEHMSI aHTUOMOTMKA OIpee-
JISUIN 10 (hopMyIIe:

Ca(di) - Ca (di—l) ,

Ud) =—_—4 )
l =

rge d; — IJIUTeIbHOCTD SKCIIO3ULIMHA i-0ii CheMKM.

BbIunciieHyie Macchl BbIIeJIEHHOTO aHTUOMOTYKA ITPY 3aJaHHO IUTEIbHOCTHU 9KCI03ULyy (d) oCcylecTBIIs-
JIV YMHOKEHVEM COOTBETCTBYIOIIEI KOHIIEHTPAIMU aHTUOMOTIKA B Mpo6e Ha 061mii 06beM BO ¢uiakoHe V:

mg(d) = Cy(d) - V.

PE3VJIBTATDHI

AHanu3 NMUKOB AJI51 CIIEKTPOB TOIMIOIIEHMS MOKa3aj, YTO s BaHKOMMIIMHA IJiMHA BOJHBI COCTaBJIsIIA
271-280 HM, YTO COOTBETCTBYET JaHHBIM (hapMaKoIey Iperapara.

OmnpeneneH Ko3(pGUIMEHT perpeccum 1 MocTpoeHa perpeccruoHHast Kpusas (0). 3HaueHMe perpeccMoOHHOTO
KoadduiinenTa k nias Bankomuiimaa — 405,9. JInHeliHast 3aBUCUMOCTD 1Jist AB TToKa3asia BbICOKMIT Koaddu-
umeHT getepmuHanyu R? > 0,986 (puc. 3). [To mokaszaHMSIM KOHIIEHTPALMU B OJMH I€Hb ChbeMKI BbIUMCIISIIN
cpemHMe 3HaUeHUs Ij1s1 06enx cTpykTyp. CpeaHue 3HAUeHMs SJIIOIMM IS OIIBITHOrO 06pasiia I 6buIM BhIIIIE,
yeM 1151 o6pasia cpaBHeHus II Ha Bcex sTamax 9KCIo3uinuu (puc. 4). OeHnBaIy NOMapHyIo TOCTOBEPHOCTD
OT/INYMI CPeIHUX BEINYVH.
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KonuuecTtBo aHTu6MOTHUKA, [MI/MI]
Puc. 3. PerpeccuonHass KpuBasg BaHKoMuiMHa: Puc. 4. CpaBHUTeNIbHAS KPUBas KOHLIEHTpa-
CIIJIOLIHAS JIIHMS — PerpecCcMOHHas KpUBasi, LITPUX- MM aHTUOMOTYKA

MYHKTUPHAST JMHUS — JIOBEPUTENbHBINI MHTEPBA,
KpacHble TOUKM 3HaueHus crieKTpodoTomeTpa

B cpemHMx 3HAUEeHUSIX KOHIIEHTpaLyy BaHKOMMIIMHA 3HAUMMOI PasHUIIbI 110 XOOY MCCAENOBAHMUS MEKIY
obpasiiamMmu He BbIsIBJeHO. KOHTpO/bHBIM o6pasel Il 1MoKasbiBaeT HAaMMEHBIIYI0 CKOPOCTh BBICBOGOXKE-
HUS aHTUOMOTHUKA, HO ¥ HaMMeHbIInit pa3bpoc (puc. 5). OToenbHO paccuuTaHa o6Iast Macca BbIIeIeHHOTO
AB Baukomuiinua — 0,1969 mr B o6pasiie I 1 0,1051 mr B o6pasiie II cooTBeTcTBeHHO (puc. 6). CpenHee 3Ha-
yeHMe BbICBOOOKIEeHMST AB B ombITHOM o6pas3tie II Ha 97 % Jyuiiie, ueM B KOHTPOJIbLHOM.
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Puc. 5. Kunetnka BaukomuimHa Puc. 6. Macca BbIIe/JIeHHOIO aHTMOMOTHIKA

B pesynbTaTe MHOTOJHEBHOTO SKCIIEPMMEHTA, TIOYUEHbl M3MEHEeHMs MacChl BbIeIeHHOTO AB B 3aBMCHMO-
CTY OT CPOKOB KOHTPOJIS (Tabi. 3).

Ta6muua 3
Beixon antnbuornka n3 JIKC
Ne KonnuectBo BaHKOMULIIHA, MKT
1 3 7 15 29
I 57,8+ 15,2 73,8%21,9 87,8 31,6 141,5 + 74,4 196,9 101
II 46,5+8,0 57,2 10,0 68,6 13,9 90,3 + 28,4 105,1+35,8

st omMcaHus CPaBHUTEIbHOM XapaKTepUCTUKM 06pasiioB BBOAMUTCS KO3(GGUIIMEHT, — OTHOILIEHME CBO-
60IHOJI MOBEPXHOCTM 0Opasiia K o6beMy 3amonHsemoro JIKC. [JaHHbBI mapaMeTp IT03BOJISIET OI€HMBATh
3(pderTUBHOCTD BBICBOOOKIEHMSI AB B 3aBMCHMMOCTY OT reOMeTPUUYECKUX 0COOEHHOCTEN KakI0ro oopasiia.
Kpome ToOro, A/ KOMMYECTBEHHOM OLIEHKM TIPOIecca SJI0-

Tabnuua 4
1Y PACCUYNTAHO MPOIEHTHOE OTHOIIIEHE BbiZieJieHHOTO AB abmima
K HaYaJIbHO 3aJI0’KeHHOMY (Ta6]'[_ 4). OTHOCUTeIbHbIE XapaKTepUCTUKU 06pa3HOB

o Qo o)
B maHHOM C/Tyyae MOKHO CKa3aThb, YTO BBEAEHHDIN KO3h M- Ne | Mnowanp/O6bem | BaHKOMULMH, %
IIMEHT, CYyTh KOTOPOI'O OTHOLIEeHMEe CBOGOIHOI TIOBEPXHOCTH I 0,61 0,07+0,05
o6pasia k 06bemy KII, T0Ka3bIBaeT 3aBUCYMOCTD OT BbIIEIs- II 0,6 0,05*0,0179

emMmoro KoynmuecTtBa Ab.

OBCY>XIEHUE

IlaHHOe MCCIeNoBaHMe MPOBEIEHO C LeIbI0 BbISIBJIEHNS BIMSIHMUS PELIeTYaTol CTPYKTYPhI Ha SIIOLMIO aHTHU-
OMOTMKA U3 JIEKAPCTBEHHOIO KOMITO3MTHOIO (JIOSI, TO €CTh KOCTHOTO LIEMEHTa, MMIIPerHMPOBAHHOIO aHTH-
GUMOTUKOM.

Bo Bcex o6pasiax moysyueH xapakTepHblii mpodwib oy AB u3 K1, a MMeHHO 3HauYMMOe BhICBOOOKIEHME
B IIepBble JHY 3KCIIEPUMMEHTA € MOCAeAyoLUMM yracaHueM (CeIbMOJi IeHb) U C BBIXOAOM Ha paBHOMEDPHOE
maTo (15-bIit eHb), UTO COOTHOCUTCSI C pe3ylbTaTaMy aHAJIOTMUHBIX MccaenoBanmii [16—20]. KonnuecTBo
BbICBOOOXKIaemoro AB okasanoch He 6oee 1 % OT Macchl UMIIPerHMPOBAHHOTO Tperapara.

OTMmeueHa CyleCTBEHHAsT Pa3sHUIIA MEXKIY MCCIeIyeMbIMI 06pas3iiaMy B KOJMUECTBE BbIIeJI€HHOTO BaHKoO-
MuIMHa. Tak, B 06pasiax, MMeIoIX PerIeTyaTyio CTPYKTYPY, KOTMYECTBO BbIie/IeHHBIX AB BbIllle, HECMOTPSI
Ha OTHOCUTEJIbHO O0Jblilee M3HavaIbHOe cofepykanye JIKC B o6pasiiax cpaBHEHNS.

Kak 13BecTHO, OCHOBHAsI YaCTh aHTUOMOTHKA TIOUPYIOT C TIOBEPXHOCTHOTO CJIOSI KOCTHOTO IIeMeHTa U3 MMU-
KpOTIOp U TpemyH [21-25], UTO MOATBEePKOAETCS HAIMMM pe3yibTaTaMu. Bosmbinii ypoBeHb Bbixona BaH-
KOMMIIMHA, BEPOSITHO, OOBSICHIETCS HaluuueM pebep pelleTuaThiX CTPYKTYp. JlejieHre eIuHOi CTPYKTYPhI
JIKC Ha MeJIKMe yJacTKM MOBBIIIAET 30HY KOHTAKTa C OMbIBAIOIIMM PACTBOPOM U yBennumuBaet nudaoysmuio Ab
10 CPABHEHMIO C KOHTPOJIbHBIM 06pa3soM. DTO SIBJIeHIEe 0CO6eHHO BaKHO IIPU JIOKAJIbHOM aHTMOMOTUKOTE-
paruu, rae KOHTPOIMPyeMOe 1 ITPOAOKUTEbHOE BbICBOOOXKIEHME aKTYBHBIX BEIIECTB SIBJISIeTCS KII0UeBbIM
daxropom s derTuBHOCTH [26].
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CunTaeTcsi, YTO BHICBOOOXKIeHMEe aHTUOMOTHKA SIBJISIETCS TOBEPXHOCTHBIM IIPOIIECCOM U He 3aBUCHUT OT 06ILero
o6bema KII, [27, 28]. Bo3moskHOe yBenuueHre oobeMa JIKC He MPUBOAUT K MPOIIOPLMOHATIEHOMY YBETMUEHUIO
KOJIMuYecTBa BbIcBOOOskmaeMoro Ab. B maHHOM ycc/ieqoBaHUM 3TO MMOATBEPKIAETCS TeM, UTO Iaske ITPU MeHb-
1meM 06beMe MaTepuasa B peIeTYaThIX CTPYKTYPAX BHICBOOOKIEHIE aHTMOMOTHKA O0J/Iee MHTEHCUBHO I10 CPaB-
HEHUIO C KOHTPOJbHBIMY 06pasiaMu. JTO MOJYePKUBAET BAKHOCTh OMTUMM3ALNM TEOMETPUU U CTPYKTYPbI
Marepuana 1jist JOCTVDKEHNST MAaKCUMAaTbHOI 9 GeKTMBHOCTY BBICBOOOXKIEHMST aKTUBHBIX BelecTs [29, 30].

OrpaHnyeHMst MCCIeLOBaHMS 3aK/II0YAI0TCSI B TOM, UTO MCCIeI0BaH JIMIIb OJIMH, XOTSI ¥ Haubosee BOCTpebo-
BaHHBIN, BUJl aHTMOMOTHKA. TpebyeTcsl CpaBHUTETbHBIV aHAIN3 ITIOLMM KOMOMHAIMI aKTUBHBIX BEILEeCTB
n3 JIKC, BapMaHTOB pellleTKY, UCCIeJ0BaHMS Ha MeTaNIMUeCcKMX 00pasiiax, To eCcTb 60/blIoi 06beM Ioce-
IOYIOLIUX 9KCIIEPUMEHTOB.

3AKJ/JIIOYEHUE

UccnegoBanue mokasano, YTO MCIIONb30BaHME PEIIETUATBIX CTPYKTYP AJISI M3TOTOBJIEHMSI MMIIAHTATOB-
CIIeiicepoB MO3BOJISIET YBEIUUUTD CKOPOCTb U KOJMNYeCTBO 3iomupoBaHHOro Ab u3 JIKC 1o cpaBHeHMIO C Tpa-
IUIVMOHHBIM BapyaHTOM apMMPOBaHMSI KOCTHOTO lleMeHTa.

Kougauxm unmepecos. Aemops! 3as6/1110m 06 0mcymcmaeuu KoHQAUKMa uHmepecos.

DuHaHcuposaHnue. Viccnedogarue 8bIN0IHEHO 8 PAMKAX 8bINONHeHUS 2paHma PedepaibHo20 20cydapcmeeHH020 6100x#emHo20
yupexcOeHus 8vicuiezo 06pasosarus Kasanckuii zocydapcmaeenHsiil meduyuHckuti yHusepcumem Munsdpasa Poccuu, npu gu-
HaHcosoli noddepxcke TocydapcmeaeHHoli npoepammut «IIpuopumem-2030».

Amuueckasn 3xkcnepmu3sa. He npumenuma.
Hudopmuposantoe coenacue Ha nyonuravuto. He mpeGyemcs.
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Cepusl KNMHMYECKMX HABNIOAEHUI NeYEeHUS NALMEHTOB

¢ runotpoduyeckumm ncesaoapTposamm u aedekramm auacdusa KaoUmLbl

C NpMMeHeHneM CBO6OAHOM ayTONIACTUKU TPAHCMIAHTaTOM ManobepLoBoi KOCTH,
MuHudukcatopa UnusapoBa u MHTpaMeAyNNSAPHOro apMUPOBaHUS

C.H. Konuun™, [1.C. MoxoBukos, T.A. MankoBa

HaumoHanbHbI MegULIMHCKUIA UCCIef0BaTeNbCKUI LIEHTP TPaBMaTOJOI UK U OPTOIe AU
uMeHu akagemuka I[LA. inusaposa, Kypran, Poccus

ABTOpD, OTBeTCTBEeHHbIN 3a mepenucky: Cepreit Hukomnaesuu KomunH, sergei.kolchin@gmail.com

AHHOTanua

BBenmenwue. ['MnoTpoduueckie mCeBIOApTPO3bl M Ae@EeKThI SIBJISIOTCS TSOKEIbIMU OCIOKHEHUSIMU I1epesio-
MOB KJTIOUMIIBI, B CBSI3M C YeM BO3HMKAIOT BOITPOCHI ITPY BHIOOPE ONTMMAILHOIO METO/IA JJeUeHMsI TTallIeHTOB
C JaHHOM NaTOJIOTUEeI.

Iless paGoThl — OIeHNTH 3GHEKTUBHOCTD MCITONb30BAHNSI HOBOV TEXHOJIOTMY CBOOOMHOV ayTOIUIACTUKM
TPaHCIJIAHTATOM M3 MaJIoOePIIOBOI KOCTM ¢ (MKcalMeli MUHK-anapaTom MansapoBa B cCOUeTaHUM C MH-
TpaMeny/UIIPHBIM apMMPOBaHNMEM CIIUIIENH ITpU JIeUeHUY MalMeHTOB C TUIIOTPO(MUUYECKMMU TICeBA0apTPO3a-
MU 1 fedbeKTaMy CpemHel TPeTy KITIOUNIIbI.

MaTepuajbl M MeTOAbI. B yccienoBanye BKIOUEHbI 14 mauyeHTOB (11 SKeHINMH, 3 MYKYMH) ¢ aTpodu-
YyeCcKMMM TICeBA0ApPTpo3aMu U medeKTamu KIIOUMIIbI B Bo3pacte (34,1 =2,8) mer: 11 manueHTOB C IOCT-
TpaBMaTHUUYECKUM HecpallleHreM Toc/ie HeyJauYHOTO XMPYPTUUEeCKOro JeueHusl, U3 HUX 7 TIAl[MeHTOB Tocie
MHOECTBEHHbIX OIlepalliii, ¥ 3 MaieHTa — C BPOKIEHHbIM IICeBI0apTpo3oM. J1o teueHus y 5 (36 %) na-
LIMEHTOB OTMeYEeHbI He3HAUUTEeIbHbIEe OTPaHMYeHNsT QYHKIMM IIEUeBOTO CyCTaBa,y 2 (14 %) — BbIpakeHHas!
MIPUBOZSIIIAs KOHTPAKTypa 1ieyeBoro cycrasa. CpenHuit pasmep gedexra Kiaouniipl coctaBui (3,1 = 0,2) cm.
Xupypruueckoe JieueHye BKIOYAIO0 PeBMU3UI0 MeskdparMeHTapHOTo AMacTasa, pe3eKkinio KOHII0OB OTIOMKOB
0 KPOBOTOUAIeii KOCTHOWM TKaHM, TUIACTUKY JedeKTa CBOOOAHBIM ayTOTPAHCIUIAHTATOM Majo6epIioBoit
KOCTU C TIOCJIeYIOIei i KOMOMHMPOBAHHOM (uMKcalueil MHTpaMeny/UIIPHOM CIUIeNl M MUHM-AMIapaTom
Vnmu3aposa. C 1enbio CTUMY/ISILIVM perapaiiyy B MecTe KOHTaKkTa (pparMeHTOB MPOU3BOAVIIN MOIepKIBa-
IOITYI0 KOMITpeccuio 1o 1 MM Kaxk[ble nBe Hemenn. MuHM-GUKCATOP yAJISUIM TT0C/Ie PeHTTeHOMOTMUYecKOro
TTOATBEPKOEHMS HEITPEPBIBHOTO CpallleHNs TPAHCIUIAHTATa C GparMeHTaMM KITIOUMIThI.

PesynbraTel. Cpequuii Cpok BHelnHel Gukcarmum — (159,9 + 11,9) nueit. CpameHme gocturayto y 11 (79 %)
ManyeHToB. Bo Bcex cIyvasx Iocjie JeMOHTaa anmapaTta 00beM IBVKeHUIT B TIeUeBOM CYCTaBe COXPaHSI
IOOTepalMOHHble MOKa3aTeny. 3aperucTpUPOBaHHbIE OCIOXKHEHMUSI: MUTPAlMsl TPAHCIUIAHTAaTa, BocHase-
HMe MSTKMX TKaHei, rimy6okast MHgpeKius, 60/b B 06/1aCTV JOHOPCKOTO JIOXKa. BocmaseHne MSITKUX TKaHei
KyIMPOBaIM aHTUOMOTUKAMM, B CJTyuae TTy60KOoi MHQEKIMM oTpeboBasach ornepaTuBHAs XUpypruyeckas
caHanyst. OTmaieHHble pe3ylbTaThl HAOIOMEeH s TTOTyueHbl Y 13 (93 %) naieHTOoB. B oTHaieHHOM Iepuoe
OCJIOKHEHUT CO CTOPOHBI JOHOPCKOTO JIOXKa He 3apPEeruCTPUPOBAHO.

OGcykaenme. KombuHauus MuHu-Gukcatopa MnnusapoBa M MHTPaMeOy/UISIPHOTO apMUPOBAaHMsI MO3BOJISIET
OCYIIECTBJISITH KOMITPECCUIO HA CThIKE OTIOMKOB K/THOUMIIBI ¥ ayTOTPAHCIVIATATA C IEbI0 CTUMYJISIIUU KOCTEO-
6pasoBaHMs 1 CTaOWIBHOM dukcaruy. CoueTaHue TPex TeXHNUECKMK KOMIIOHEHTOB (ayTOTUIACTMKA, MYHM-aIa-
pat UnsapoBa, MHTpaMemy/ISIPHOe apMUPOBaHMeE) JAeT TTOJIOKUTETbHbIE Pe3yIbTaThbl TPK JIeYeHUH TallieHTOB
C OGIIMPHBIMM MTOCTPE3EKLMOHHBIMY AedeKTaMy CpeqHeil TPeTH KIoUNnIbl. [Toc/ie KOHCOMMOAayu ayToTpaH-
CIUTAHTaTa MaI00ePII0BOI KOCTHU KITHOUMIIA IIPUOOPETAET CXOKYI0 K HOPME PEHTT€HOMIOTUUECKYIO CTPYKTYPY.

3akioueHue. B maHHO# cepyuy KNMMHMYECKUX HAOTIOAEHUI C TUITIOTPOGMUUECKMHI TICEBA0apTpO3amMu U fedek-
TaMM CpeJHEeN TPeT! KIIIOUMIIbI TTOTyUeHbl MOJI0KUTENbHbIE Pe3y/IbTaThl MCIIOIb30BaHMSI HOBOI TEXHOJIOTUH,
coueraroleil mpuMeHeHMe ayTOTUIaCTUKY, MUHM-aTnapaTa Min3apoBa 1 MHTpaMeay/IIPHOTO apMUPOBaHMSI.

KnioueBsble c10Ba: nyadn3 KITIOUKIIBL, ICEBI0APTPO3, HeeKT KOCTH, CBOOOIHASI ayTOKOCTHAS TIACTIKA, MU-
HU-anmnapat VnmusapoBa, MHTpaMeay/uIsipHast (QMKCaLyst

s uutupoBauus: Komunna C.H., Moxosukos [I.C., MasikoBa T.A. Cepust KIMHUYECKMX HAGITIOOEHMI Ieue s MaleH-
TOB C TUIIOTPOPUUECKUMU TICEBA0APTpO3aMu U nedekramu quadusa KIKUYULBI C IPUMeHEeHeM CBOOOJHOJ ayToruia-
CTUKM TPAHCIIAHTATOM MaJIo6epIioBOoit KOCTH, MUHM(UKcaTOpa Unu3apoBa 1 MHTpaMeIy/IIPHOTO apMUpOBaHust. [eHull
opmoneduu. 2025;31(3):380-387. doi: 10.18019/1028-4427-2025-31-3-380-387.
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with atrophic nonunion and defects of the clavicle midshaft managed
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and an intramedullary wire
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Abstract

Introduction Atrophic nonunion and defects is a rare complication of clavicle fractures. Therefore questions
arise when choosing the optimal method of their treatment.

Purpose We aimed to retrospectively assess the effectiveness of treating atrophic clavicle midshaft
nonunion and defects with a free fibular autologous graft fixed with the Ilizarov mini-fixator in combination
with an intrameduallary wire.

Materials and methods A retrospective study of 14 patients (11 females, 3 males) in the mean age
of 34.1 £ 2.8 years with atrophic nonunion and defects of the clavicle was carried out. Eleven patients had
post-traumatic nonunion after failures of its surgical treatment including seven cases of multiple surgeries,
and three cases were congenital nonunion. Pain in the clavicle area was the main complaint in 13 patients.
Five had minor restrictions in the shoulder joint function, and two had a pronounced adduction contracture
of the shoulder joint. Surgical treatment included debridement, resection of the ends of the fragments
to the paprika sign, defect plasty with a free autologous fibular graft followed by combined fixation
with an intramedullary wire and the Ilizarov mini-fixator. Supportive compression of 1 mm every two weeks
was produced at the junction of the fragments in order to stimulate repair. The mini-fixator was removed
after radiographic confirmation of a continuous union of the graft with the fragments.

Results and discussion The post-resection defect averaged 3.1 £ 0.2 cm. Union was achieved in 11 cases.
The average period in the mini-fixator was 159.9 # 11.9 days. In all cases, after dismantling the device,
the range of motion in the shoulder joint retained preoperative parameters. The complications were
one graft migration, soft-tissue inflammation and deep infection (two cases). Soft-tissue inflammation was
treated with antibiotics while deep infection required prompt debridement. Long-term results were followed
in 13 patients. There were no problems with the donor site in the long term. The Ilizarov mini-fixator assisted
by an intramedullary wire provides stable fixation and allows compression at the junction of bone fragments
with a fibular autograft to stimulate bone formation and union in clavicle midshaft nonunion and defects.

Conclusion The combination of three technical components (autologous grafting, Ilizarov mini-fixator,
intramedullary wire) yields positive results in the management of large post-resection defects of the clavicle
midshaft. Upon graft consolidation, the clavicle acquires a near-to-normal radiographic bone structure.

Keywords: clavicle midshaft, nonunion, bone defect, free fibular grafting, mini-Ilizarov apparatus,
intramedullary fixation

For citation: Kolchin SN, Mokhovikov DS, Malkova TA. A series of clinical observations of the treatment of patients with
atrophic nonunion and defects of the clavicle midshaft managed with free fibular autografting, the Ilizarov mini-fixator
and an intramedullary wire. Genij Ortopedii. 2025;31(3):380-387. doi: 10.18019/1028-4427-2025-31-3-380-387.
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BBEIOEHUE

[TepesomMbl KIIOUMIIBI YACTO BCTPEUAIOTCS B MPAKTUKE OPTOIe[a U COCTaBJSIOT 2-5 % OT Bcex mepeiomoB
y B3pocieiXx u 10 10 % y meteii [1]. B HacTosmIee BpeMs MIMPOKO UCIIOAb3YETCSI KOHCEPBATUBHOE JIeUeHNe
MOCTpaJaBIINX C IMepeioMaMy KIIOUMIIbI, B YaCTHOCTY CPeIHSISI TPeTh KIIUMIIbI ropaskaeTtcs B 80 % ciyua-
eB 1 3 GEeRTUBHO JeunTCcs KOHCepBaTUBHO [1-3]. OmHako B 15 % ciyyaeB Mpy KOHCEPBATMBHOM JIEUEHUN
MalMeHTOB C MepeioMaMi CO CMellleHMeM BO3HMKAeT HecpallleHe Wi HellpaBUIbHOE CpallieHye KITIUUIbI
[2-5]. TIoaTOMY ITp¥ OTKPBITHIX IIEPEIOMAX, BIpaYKeHHOM YKOPOUEHU Y, TIepeIoMax CO CMell[eHeM ¥ YTPO30¥i
nepdopanyy Kok TpebyeTcs orepaTuBHOe JeueHue [3-5].

B HacTosiIee BpeMst OCHOBHBIMYM XMUPYPTUUECKMMM METOIAMM JIEUeHUST TIPY ITePeIoMax KITIOUUIIbI SIBISIIOTCS
HaKOCTHBIl OCTEOCUHTE3 ITUIACTUHO M MHTPaMeOy/UISIPHbII OCTEeOCMHTE3, HecpallleHle B pe3y/ibTaTe KOTO-
pBIX cocTaBisieT ot 2,6 % mo 5,9 % ciaydyaeB [4-8]. TpymHO OIEHUTH MPSIMYIO 3aBUCUMOCTb MEXKIY XUPYP-
TMYeCKMM BMeIIaTeIbCTBOM M YaCTOTOl BO3HMKHOBEHMS HecpalieHuii. OmMHAKO OYeBUIHO, YTO HETOUHYIO
PEIO3UIMI0 ¥ HEeCTAOWIbHOCTD (PMKCAIMy MOKHO paccMaTpuBaTh Kak (akTOphl, IPOBOLMPYIOIIEe GopMuU-
pOBaHMe TICeBI0aPTPO30B.

B HacTos1ee BpeMst Haubosee MOMYISIPHOI METOIMKOI OTIepaTUBHOTO JIeUeHMS HallMeHTOB C TICeBA0apTPO-
3aMU KIIOUMIIBI SIBJISIETCS] ayTOKOCTHAS TUIACTMKA TPAHCIUIAHTAaTOM M3 Kpbljla IMOAB3/IOIITHOM KOCTHM B cOUYeTa-
HIUMU C OCTEOCUHTE30M HAaKOCTHO racTuHoii [9, 10]. Heo6X0aqMMOCTb MMPOKOI AVICCEKIIMM U CKeTIeTUPOBAHMS
MaTepUKOBBIX (PparMeHTOB, 6ECCIIOPHO, SIBJISIETCSI HEJOCTATKOM JAaHHOI MeTOAVKY, a BO3MOsKHAsI 60Jb B 00-
JIACTM JOHOPCKOTO JIOXKa Iocie 3a60pa MacCMBHOTO TPAaHCIIAHTATa OKa3bIBAeTCS BeChMa HEraTMBHBIM I10-
crencTBueM. IIpuMeHeHre BaCKyISIPU3MPOBAHHBIX TPAHCIUIAHTATOB C APYIMX aHATOMMYECKMUX ob6acteit
TpebyeT MPe3VOHHON XMPYPIUIECKOi TEXHMKY, 60JIbIIOTO OIbITA XMPYPra U TaKKe SIBJISeTCSI TpaBMaTuy-
HBIM [IJIs1 JOHOPCKOTO JioxXka [14, 15].

ITo maHHBIM JIUTEPATYPbhI, UPECKOCTHBIN OCTEOCHMHTE3 MMeeT BbICOKYI0 3(PhEeKTUBHOCTD TIPU TUIIEpP- U HOP-
MOTpOo(UUYeCKuX MceBaoapTpo3ax KIUUIIbI, OMHAKO He SB/SIETCS] eMHBIM MOIXOA0M M He IIpUMEHSIeTCs
TPV TIPOTSDKEHHBIX HedeKkTax [6, 11-14].

HeynauHble MCXOZbI BCET/IA SIBSIIOTCS BBI30BOM JJIS XMPYProOB U MOOYKIAIOT K IOMUCKY 6onee 3(pPeKTUBHBIX
CTI0CO00B JieyeHMs, 0COOEHHO B CJTy4asiX, KOT/ia Jake IIOBTOPHOE OllepaTMBHOE BMeIIaTeabCTBO 0Ka3aaoCh
He 3¢ dexTuBHBIM [14]. Ha ceromHsmumit [eHb MOAX0M, K XMPYPruueckoMy JeueHunIo HecpalneHuii 1 nedek-
TOB K/IIOUMIIbI He CTAaHJAPTU3MPOBAH, a UIMPOKOe UCII0/Ib30BaHMe BHelllHel GuKcaluy, Kak Ipu nepeiomax,
TaK U IIPU TICeBA0aPTPO3axX KIOUUIIBI TTOOYIMIIO HAC K IIPOBEAEHUI0 JaHHOTO MCCIeNoBaHus [6, 16].

Ilenp paGoThl — OLEHUTb 3POEKTUBHOCTb MCIIOIb30BAHMSI HOBOI TEXHOJIOTMM CBOOOAHON ayTOIIACTUKMU
TPaHCIJIAHTATOM M3 MaJIoOepIIOBOI KOCTM ¢ (MKcallMeli MUHM-annapaTom MiansapoBa B cOUeTaHUM C MH-
TpaMeny/UISIPHBIM apMUPOBAHMEM CIIUIIEN MIPU JIEUeHUY MAIMEeHTOB C TUIIOTPO(PUUIECKMMU TICEBA0APTPO3a-
MU 1 fedeKTaMy CpemHeit TpeTy KIIUMIIbI.

MATEPUAJIBI U METO/bI

B uccnenoBaHme BKIOUeHb! 14 maryueHToB (11 sKeHIIWH, 3 MY>KUMH) C aTpOGOUUECKMMHU TICEBI0APTPO3aMM
u nedexTamy KIIOUKIIBI B Bo3pacre (34,1 * 2,8) et (Tabs. 1). [Io o6palieHns B Hallle OTAeIeHNE BCe MalyeH-
ThI TPOXOAVIY OTIEPATUBHOE JIeueHNe B IPYTuX rocnutaisx. [loctrpaBMaTuueckue nedekTs choOpMUPOBAHbI
B 11 (79 %) ciy4dasix 1ocsie jieueHus NalyeHTOB C 3aKPhITBIMY IIepesioMaMy KITHUULbI C IPUMeHeHeM pas3-
JIMYHBIX XUPYPrUYeCKUX MeTOAMK. [lTaBHOCTb TpaBMbI BapbupoBaja ot 1 1o 24 net. Y Tpex nauueHToB (21 %)
TICeBA,0aPTPO3bI MMeJN BPOXKAEHHbIN XapakTep.

IToBOIOM K OOpallleHNIO MALIeHTOB C BPOKAEHHbIMM TICeBI0apTPO3aMy CTAHOBMU/IOCH ITOsIB/IeHE 6GOIEBOTO
cuHApoma win gedopmaimiu B 06JacTi KIIOUMIIBI B ITpoLiecce pocTa pebeHka. CeMb MalMeHTOB paHee Iepe-
Hecau Gojiee OIHOTO BMeIIaTeIbCTBA 10 IIOBOAY HecpallleHNs. Y OIHOrO MallieHTa B aHaMHe3e 6Gblia Iy6o-
Kast MHGeKLMsI ¢ peMuccueii 6onee 1 roga, Ha MOMEHT JIeUeHMsT aKTUBHBIX MPU3HAKOB BOCIIAJIEHNST HE ObUIO
HM TIpM KIMHUYECKOM 006C/IemoBaHMy, HY JlabopaTopHO (Tabsm. 1, T1-7). BoieBoit CMHIpPOM pa3sHOW CTEINeHu
MHTEHCUBHOCTY Gecriokom1 13 mauyeHToB. Boay okanmM3oBaauch B 06/1acT MexkpparMeHTapHOTO AyacTasa
1 BO MHOTOM ObL/IM 0GYC/IOBJIEHBI TOCTOSTHHBIM pasapaskeHrieM MIATKIMX TKaHel 0 Kpaii MPOKCMMabHOTO KOCT-
HOTO OTJIOMKA.

[MpemonepalOHHAsl MArHOCTMKA BKIIOUa/iia CTAaHOAPTHOE KIMHMUYECKOoe 00caemoBaHle C OmIpedeieHleM
obbeMa ABVKEHMI B TVIEUEBOM CYCTaBe U PEHTTEHOMOTMUYECKOe VICCIeIOBaHME B IBYX MPOEKIMIX. DYHKIMS
IJIEYEBOrO CycTaBa Obljla COXpaHeHa B MOJTHOM 06beMe y ceMM IaryeHTOB. [ISTh NallIeHTOB MMEeJN JIETKOe
orpaHMYeHye B OTBefeHuy rieva (o 30° ot obIiero oobemMa IBMKEHMI), Y IBYX MAlIEHTOB OTMEYasI BbI-
pakeHHOe orpaHMueHne PyHKIMY TIeYeBOro cycraBa. [1o peHTreHorpaMmam B IIPSIMOJE M aKCUMaTIbHO TTpo-
eKIIMSIX OCYIIeCTBIISIM U3MepeHe pasMmepa aedeKra, oreHuBaIu GopmMy KOHIIOB OTJIOMKOB ¥ TJIAHUPOBAIN
MIPECTOSIIMI 00beM pe3eKIINM 3aMbIKaTeIbHbBIX INIACTUHOK (puc. 1, a).
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Ta6muua 1

JlaHHbIe MalMEeHTOB

TMokasatenu | TI-1|T1-2 | [1-3 | T-4 | TI-5 | [1-6 | [1-7 | T1-8 | -9 |[1-10|T1-11 | [-12| [1-13 | 11-14| CPeAHee

unu %

Bospacr (j1eT) 12 1 20 | 49 19 16 | 30 | 38 | 53 | 36 | 39 | 51 | 44 | 39 | 44 | 34,128
ITon X | XK | X K K M K | XK | X | XK M M X | K | 76.8% K
ITUOJIOTUS BIT | IT | UIIT | BII BIT | UIT | ATII | ATII | ATII | WUIT | WIT | OTII | OTIT| WNII
JlrensHoCTh 1222 6 9 | 3 | 1| 1| 1|1 241 4] 9 5412
3a601eBaHys (TOJIbI)
[Tpenpimymye 1 I I ILT | ILT 21T} IUT 7 cirydaeB

nC HC | 4OC |40C IUI+|IUI+ | 4YOC | IUT |IUT+|II+| KC | UC
orepauuu uc 40C nuc KT | KT KT | KT ¢ HIIO

KoctHbiit gedexr (cm)| 2 2 | 1.5 2 2,5 4 2,5 45| 35|35 |35 35 3 5 3,1+0,2

?ﬁﬁrﬁ"“ep‘w“ 205|180 | 180 | 120 | 245 | 175 | 105 | 100 | 145 | 125 | 130 | 100 | 180 | 185 |155,4+ 10,0

CpaieHune + + - - + + - + + + + + + + 78,6 %

gﬂ’yﬁoﬂdmmum 144 | 216|183 | 123 | 124 | 168 | 183 | 105 | 121 | 166 | 178 | 163 | 147 | 175 |159,9+ 11,9

KoHTponbHbI 1 1 1 1 1 1 05 | 1,5 1 1 1 1 5 9 OtnaneHHbIA

0CMOTp (TOIbI) 92,9 %
BMT bomnb

Ocno>xkHeHUsT — | MI' | HC |Bokpyr| U - NI - - - - - - 35,7%
cry, B Ol

Ipumeuanus: 11 — nauuent; ATII — nopoxkHO-TpaHCIOPTHOe mpouciiecTBue; UIT — msonmupoBaHHbiit nepenom; BIT — BposkmeHHbI
ncepnoaprpos; UC — mHTtpamenymasipHas crmua; ITI — rutactuna; KT — koctHb TpaHciuianTaT; YOC — 4pecKOCTHbBIV OCTEOCHHTe3;
HIIO — HeaddexrTMBHBIE TOBTOPHBIE onepaiyi; MI' — murpauus tpanciuianTaTa; HC — HectabuibHOCTD crimilbl; BMT — BocmaneHue
MSITKMX TKaHeit; TY — riy6okast mHbekums; OIJ1 — 061acTb JOHOPCKOTO JIOXKa.

Xupypeuueckas memoduxka [17] u nocieonepayuoHHoe neveHue

B monoskeHuy mnanyeHTa Jiexka Ha CIIMHe, MCIIOIb30BaIM MepefHUI AOCTYyI K Kiaunne. ITocne ynaneHus
MHOPOJHBIX Tejla ¥ XUPYPTUUYeCcKoii 06paboTky MexX(dparMeHTapHOTO JMAacTas3a BbITOTHSUIM Pe3eKIINI0 3a-
MbIKATeIbHBIX IVIACTMHOK IICEB0apTPO3a 4O KPOBOTOUAILel KOCTHOV TKaHM ¢ MOLeIMPOBaHMEM OTIOMKOB
IUTSI KOHTAKTA C TPAHCIIAHTATOM C MAaKCMMaJIbHBIM TOPIEBBIM YIIOPOM. MI3Mepsiiu MPOTSKEHHOCTH edeKTa.
Pany TamMnoHupoBain.

st o6neryeHust paboThl XUPYPruuecKoil 6puraabl 3a60p ayTOTPaHCIUIAHTATa OCYIIECTB/ISIM C UIICHIIATe-
pPaJIbHOI HIDKHEI KOHEYHOCTH. VICTIomb30Bau G0OKOBOI TOCTYI K Mao6epIioBOii KOCTU B CpeqHEN TPeTH,
OTCTYyTIasl TPOKCMMAJIBLHO He MeHee yeM Ha 10 CM OT I1e/i TOJIEHOCTOITHOTO CyCTaBa. 3a60p BBITIOIHSIIA C T10-
MOIIbI0 BUGpOMMIIBL. [Tocie reMocTasa paHy yiMBaau. [lepBUYHY0 GUKCAIMIO TPAHCIUIAHTATA OCYIIEeCTBIIS -
JIM MHTpaMeny/UISIpHO# criuieii 1,8 MM. B 3aBUCUMMOCTM OT aHATOMUYECKUX OCOOEHHOCTEl MaTepPUKOBBIX
(dbparmeHTOB (IedeKTbl, BbI3BAHHbIE META/UIMUECKMMY MMITIAHTAMM) CIIUILY BBIBOAWIM M3 aKPOMMATbHOTO
JIM60 TPYAVMHHOTO KOHIIA KIIOUNIIEI. PaHy yIIMBaIM MOCIONHO.

B Kaxknplii pparMeHT KIIOUMIIBI IIPOBOAMIIN T10 TpU 1,5 MM KOHCOIbHbBIE criuIbl (puc. 1, 6). CIIUIIBI TPOBO-
I 9epe3 00e KOPTUKaJIbHbBIE IIACTUHKY. MOMEHT ITPOXOKIEHMS CITMIIbI OILYINAJICS «ITPOBAIOM», [TOITOMY
TPV TIPOXOXKIEHUIM BTOPOI TJIACTYMHKY JaB/IeHye Ha Jpeib 0CIabisin. IOMyCTYMbIM CUMTAIN BbIXO, CITHIIbI
B MSATKMe TKaHM 3a MpeAesibl BTOPOi KOPTUKAIbHON IJIACTMHKY He 6oee 1-2 MM. IIpu 9TOM 006513aTeTbHO
MIPUHMMAaJM BO BHUMaHMe TOToTrpaduio COCyaMUCTO-HEePBHOTO mydyKa. CIuiibl mpoBoawIu rmof, yriom 90—-100°
IPYT IPYTY B 3aBUCUMMOCTY OT 00beMa MSATKMX TKaHeii. ITocie crimuifel M3rubaay mpy IMOMOIIM UITIodepsKa-
TeJsT ¥ MOHTMPOBAINM K Pe3bO00BOMY CTEP)KHIO MUHM-armapaTa Mnmsaposa. [I03UIIMOHMPOBAHME CTEPIKHS
OCYIIECTBJISIM T10 MTPOEKIUY OCY KITIOUMIBI M MHTPAMEeY/UISIPHOM crinilbl. C IeIbI0 TOCTVDKEHUST MaKCH-
MaJIbHOV CTabMJIBHOCTYU OIMOPBI IIPU MOHTAaKe MPOKCUMAIbHOM OMOPBI AOIYCTUMO 6bl1a UKCAIMS CITHILL
yepe3 maiibbl ¢ Ta30M K pe3b00BOMY CTEPKHIO. JMCTANBHYIO OMOPY KPermwin K COeIMHUTETbHON TIIaHKe,
YTOOBI 06ECIIEUNTD OCEBYIO KOMITpeccuio (puc. 1, 6).

B mowieonepaliliOHHOM Tepuoe TalleHTaM BbIMOJHSUIM TepeBSI3KM U TOAAePKMBAIILYI0 KOMITPEeCCUI0
o 1 Mm B iBe Hemenu. KOHTpo/bHBIE PEHTTeHOTrPAaMMBbI BBITIOMHSIIM HA CpOKe 2, 4 Mec., TaJibHeNIITyI0 PeHT-
reHorpaduio peKoOMeH/I0BaIM UCXO/IS U3 AMHAMMKM CpallleHusI B CPOKM 5 1 6 Mec. TToc/ie oniepaiiyin. B crydae
TIOSIBJIEHMST PEHTTeHOIOTMYeCKMX TIPU3HAKOB JIM31Ca TPAHCIUIaHTaTa B 00/1aCTM KOHTAKTa C MAaTePUKOBBIMMU
(dbparmeHTaMM OCYIIECTBISIM OMHOMOMEHTHYIO KOMITPECCHIO 10 2—3 MM C PEeHTTeHKOHTPOIEM BOCCTAHOB-
JIeHUsI TUIOTHOTO KOHTaKTa OTIOMKOB. JIOK HauMHAaIM ¢ TIepBOro JHS MOCIe onepauym ¢ GuKcamyein KoHeu-
HOCTY KOCBIHOYHOI1 ITOBSI3KOJ B TEUEHME MMHMMYM 3 Mec. [Tocjie onepanuu (puc. 1, B).
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Puc. 1. PeHTreHorpaMmsl 1 ¢oTto naimeHTku I1-1 (Tabm. 1) ¢ BpoxkAeHHbIM I'MIOTPO(UUeCKUM TICeBI0apTPO30M
KTIOUMIIBI: @ — AYAcTa3 5 MM, KOHI[BI OTVIOMKOB HEKOHTPYSHTHBI, CKJIepO3MPOBaHbl; 6 — 3amelneHue gedekra
U KoppeKkius gedopmanyy ¢ Gpuxcalmeil MMHK-aNIapaToM, JOCTUTHYT TUIOTHBIV KOHTAKT TpaHCIJIAHTaTa C OT-
JIOMKaMu; B — (GYHKIMS TJIeYeBOTO CycTaBa Ha JTare (Gukcanuu B ammapare; I — OTAAJEHHbIN pe3ynbTaT ue-
pes 1 ron, oTMeuaeTcsl peMOfe/IMpOBaHye TPaHCIIaHTaT

PE3VJIBTATBHI

Pasmep pedexkroB kmounibl — (3,1 £ 0,2) cm, BapbupoBan ot 1,5 mo 5,0 cm. CpalneHue OOCTUTHYTO
B 11 (78,6 %) cnyuasix. CpemHMiT CPOK CpallleHMsI COCTaBUI UyTh Oojee 4 mec. (Ta6m. 1). B aryuae I1-3 mo-
CTUTHYTO CpallleHye TOJIbKO C MPOKCMMAaIbHbIM MaTepMKOBBIM ()parMeHTOM, arrapaTt CHST B CBSI3U C He-
CTabMJIbHOCTBIO CIINI, PEKOMEHIOBAHO BBIMTOJHUTH ITOBTOPHBIN OCTEOCHHTE3, HO IMAlVeHT He IPUOBLT
Ha KOHTPOJIbHbBI OCMOTP.

BocmaneHue B 061acTy 3eMeHTOB dbukcanmu Habmonanu B AByx caydasx (I1-4 u [1-5). B cryyae I1-5 aTo npu-
BeJIO K ITy00KO# MHDeKIVY ¢ He0OXOOMMOCTBIO XUPYPIMIECKOTO CAHMPOBaHMS, [TOC/Ie KOTOPOTo BocIae-
HIEe KYITMPOBAHO B YCIOBUSIX OCTUTHYTOTO cpaiieHus. B ciyuae T1-4 anmapaT CHST 110 IPUYMHE BOCTIAJIEHNS
MSITKVMX TKaHe B 06J1aCTH CIIUI], KOTOPOE 0Ka3aJ0Ch PE3UCTEHTHBIM K KOHCEPBATUBHOI Teparnuu, 6bUT Ipe -
JIO’KEeH TIOBTOPHBII OCTEOCHHTE3 IMOC/Ie KYyITMPOBAHMS BOCIIATIEHNST, OHAKO B CBSI3U CO CMEHO MeCTa KUTeJTb-
CTBa IMMalVIeHT Ha JieueHue He TTPUOBLT.
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B cryvae [1-7 B aHaMHe3e MMenuUCh yKa3aHUsI Ha XPOHMYECKUit OCTEOMMUENUT, BO3SMOXKHO, 3TO CTaj0 OLHOM
"3 puuMH peryansa nHdeximn. Ha cpoke dbukcaimm 3 Mec. OTKPBIICS CBUII, B IIPOEKIMM ayTOTPAHCIUIAHTATa,
PEHTI€HOJIOTMYECK!M OTpee/IeHbl MPU3HAKM CEKBECTPUPOBAHUSI, YTO MOTPeOOBAIO XMPYPTUYECKOM CaHAIVIN.
ITocne KynupoBaHMs BOCTIAIUTENBHOTIO IIPOLlecca MalMeHT 0TKa3ascs OT JalbHeNIIero onepaTuBHOIO JeyeHusl.

Cpenyt mpouyMx OCAOKHEHUI CTOUT OTMETUTb MUTPALMIO TpaHCIUIaHTaTa B ciayvyae I1-2. [TpuumHOI mmocny-
SKMjIa HeCTabMIbHOCTh MHTPaMEeAY/IIPHOM CIIMIIbI, BOSHUKIIAS B CBSI3U C HaJMuMeM KpaeBbIX He(eKTOB
U TIPOJIESKHEN OT paHee YCTaHOBJIEHHBIX MEeTa/VIOKOHCTPYKLUMIA. Murpauyust [uarHoCTUpOBaHa B paHHEM I10-
CJIeONepaloOHHOM IIeproe B XO[e BhIMOTHEeHMS KOMIIpeCcCuu. ITO MOTPe6oBalo PeBU3MOHHOTO BMella-
TeJIbCTBA C TTePeyCTaHOBKOV MHTPpaMeAy/UISIPHOM CIIUIIBI.

Bosu co CTOPOHBI IOHOPCKOTO JI0Ka B PAHHEM IMOC/Ie0NepaMOHHOM Nepuoze Habmoaanm y narmeHTky I1-14.
Bosu BO3HMKIIM TTOCTIe TTa/IeHNs] TTAIMEeHTKY C TIOABOPAaYMBaHMEM CTOTIbI HA CeAbMOI IeHb TIOC/Ie OTIepal.
[Ipy peHTTeHOIOTUYeCKOM 06C/IeIOBAHUY TTePeIOMOB B 06JIaCTY FOJIEHOCTOITHOTO CYCTaBa He BhIsIBIIEHO. Bo-
JIEBO CMHIPOM COXPAHSIICS IIPEUMYIIeCTBEHHO B 06JIaCTY TOJIEHOCTOITHOTO CYCTaBa. B oTmaseHHOM repuope
HaOmomeHns Kajmo06 MalMeHTKa He TIPeabsIBisiia, PEHTTeHOMOTUYECKMX MTPU3HAKOB OCTE0apTPO3a roJIeHO-
CTOITHOTO CYCTaBa He BBISIBIEHO.

Bo Bcex ciyyasix mocjie CHSATHS amrapaTta MacCUBHBIN 06beM IBVKEHMIT B TIJIEUeBOM CYCTaBe BOCCTAHABIIM-
BaJICST IO TIPeIOTTePAlIIOHHBIX 3HAUEHUIA, ¥ TIAlIMEeHTOB HATIPaBJISIM Ha KyPChI JIeueOHO (PU3KYIBTYPHI.

OBCY>XJIEHUE

IMceBmoapTpo3bl U JedeKThl KIIOUNIIBI TPYAHO CYUTATh PACIIPOCTPAHEHHO MATOMOTHMEN, ITOCKOIbKY YacTo-
Ta HeCpalleHus ocyIe TepeloMOB KITIOUMIbI HeBbIcOKa [1-7]. OmHaKko 60eBOi CMHAPOM, YKOPOUEHMeE, Je-
dbopmanyst 1 orpaHMUeHME IBMKEHMI B TIJIEUEBOM CYCTaBe, COMMPOBOKAAONIME NedeKThl U IICeBI0aPTPO3bI
KJTIOUMIIBI, JEJIAI0T OMepaTUBHOE JeYeH)e MaleHTOB JaHHOI MaToJIOrMy 00s13aTeNIbHbIM. I0JIsT YCITeIHO-
ro MepBMUYHOTO JieueHUsl MalMeHTOB C TCeBA0apTPO3aMM JOCTATOYHO BbICOKA IMPYM PasIMUHbIX METOAMKAX
ocTeocuHTesa [6, 9, 10]. K coxkaneHn1o, IpOCIIEKTMBHbIE MUCCIENOBAHMS [/ CPAaBHEHMS Pa3/IMYHbIX METO-
IMK OCTEOCHHTe3a B OyIyIeM MaJIOBEPOSITHBI B CBSI3Y C HEOONbIIMM HAKOIUIEHHBIM OITBITOM JIeUeHMs I1a-
LIMEeHTOB JaHHON matosoruu. Haile mccaemoBaHue MpeacTaBisieT co00ii peTPOCHeKTUBHBIN aHaIMU3 Cepun
13 14 cnyyaeB, cOGpaHHbBIX B TeUEHME OTHOCUTENbHO JJIUTEIbHOTO ITep1ofa B OMMHHAIIATD JIET, UTO, Ha HAIIl
B3IVISII, TAKKe 00YC/IOBIEHO PEIKOCTbIO TaHHO MMaTonoruy. Kpome Toro, KIMHUYecKye HabmioaeHsT JaHHOIA
cepuy GBIV VICXOIOM HEyIauHO IPOBEIEHHOTO XUPYPTUUECKOTO JIeUeHe B IPYTUX YUPEXKIEHUIX. AHAIU3 -
PYS Halll OITBIT, MbI CK/IOHHBI CYMTATD, UTO TAKTMKA JIEUEHUST TICEBI0APTPO30B 1 Ae(HEKTOB KITIOUMIIBI TOIKHA
OTTAJKMBAThLCSI OT BbIGOPA MeTOJa ayTOKOCTHOJ IIJIACTUMKY U (DUKCAaTOpa, CIIOCOOHOIO COXPaHSTh CTabUIIb-
HOCTb Ha IPOTSDKEHUM IJIUTEIBHOTO ITeproa BpeMeH), He06X0AMMOTO [IJisl PeMOZeIMPOBaHMs TPaHCIIIaH-
tara [10, 11]. [Tpy mIaHMpPOBaHMM PEBU3VOHHON OIepanyuy HeoOXOOMMO 00s13aTebHO YUMUTHIBATH TaKue
HeraTuBHbIE (DAKTOPbI, KAK Ha/JIMYME MOJMTPaBMbl B aHAMHe3e, HecTabwibHasl (puKcalysi, MHOTOKpaTHbIE
oIepaTyBHbIE BMEIIATEIbCTBA, KOTOPhIe MOIJIM ITPUBECTYU K HAPYIIEHMIO0 KPOBOCHAOKEHWST KOHIIOB OTJIOMKOB.

VHTpaMeny/IsipHble CTeP>KHM YCITeNTHO MPUMEHSIOT IIPY OCTEOCHMHTEe3€e HecpallleHNii KIIUnIlbl. ABTOPBI JaHHbIX
MCCIEIOBAHNI ONTUMMAJIbHON KaTeropueii mjisi MomoOHOro poja BMeEIIaTelbCTBA CUMTAIOT HE ONEepPUMPOBAHHBIX
panee naiyeHToB [10]. OgHaKo, Ha HAII B3TVISII, HELOCTaTOYHAS POTAI[MOHHAS CTAOMIbHOCTD SIBJISIETCS CYIIleCTBEH-
HBIM HEIOCTaTKOM 3TOro Metona ¢ukcarnyy. C Ipyroil CTOpOHbBI, MHTpaMeny/IsipHast GMKCallus BBUAY CIOKHOM
TpexMepHOii aHaTOMUY KITIOUMIIbI TEXHUUECKU MPOIIle, YeM MOJie/IMpoBaHMe HaKOCTHO TIaCTUHBI. DTO U TTOCTY-
SKUJIO TTPUYMHOM UCTIONIb30BaHMS MHTPaMeAY/UISIPHOTO apMUPOBAHMS CIIUIIEN B ONIMCAHHOM HAaMU MeTOAMKe.

BeccriopHo, HaKOCTHAS IUIACTMHA 06JIaflaeT JOCTATOUYHBIMM BO3MOKHOCTSIMM JIJIsI (DUKCAIIMM KOCTHBIX OTJIOM-
KOB. OHAKO XMPYPT MOKET CTOTKHYTHCS C TPYAHOCTSIMM B MO3UIIMOHMPOBAHUY BUHTOB TP HaaMuum nedex-
TOB KOCTM IIOC/Ie paHee YCTaHOBJEHHBIX MMIUIAHTOB. Bojee Toro, KoMmpeccusi B 06/7acTi CThIKa (pparMeHTOB
BO3MO>KHA TOJIBKO B XOZle BBITIOTHEHUSI OCTEOCUHTE3a, B CTy4yae TOsIBJIeHMST KpaeBOro M31ca B MeCTe KOHTaKTa
TpPaHCIUIAaHTaTa C MATEPUKOBBIMY ()parMeHTaMy MOKET ITOTPeO0OBATHCS TOMOTHUTEIbHAS KOCTHAST ayTOTIACTH-
Ka. [Tpy UCITONb30BaHMM «BOJIHOOGPA3HO» MIPEIMOIeTMPOBAHHBIX JJIT pa3MellleHMs TpaHCIIaHTaTa IIaCTUH
(“wave-plating”) Hepenkyu po6eMbI C 3aKMBJIEHMEM ITOCIEO0IIepallMOHHONM paHbl [9]. V3BecTHOe mpuMeHe-
Hre AO IIaCTMH B KauecTBe BHENTHETO (GMKCATOPa, K COXKAJIEHNIO, He TIO3BOJISIET OCYIIECTBIIATh KOMITPECCHIO
B TT0C/IeOTepaIiMoHHoM repuope [11]. Takke Heo6X0AMMO MTPUMHMMATh BO BHMMAaHMe, UTO YAAIeHMe TIaCTUHbI
BCeT/Ia MoTpebyeT NOMOMHNUTEIBHOTO OIepaTMBHOTO BMeNaTeNbCTBa [13], a B cydassx mpuMeHeHUsI CTPYKTYp-
HOTO TPAHCIIAHTATa JaHHOe BMeNIaTelbCTBO COPSIKEHO C PUCKOM pedpaKkTyphl. XOpole pe3yiIbTaTbl ObLIN
IOOCTUTHYTHI |. Zhang rpu ocTeocuHTe3e aTpobmyeckux IceBI0apTPO30B AByMS iacTuHamu [ 18], omHako kin-
HUYecKas TpyTiia cpaBHUTeNbHO Masa. K coskanmeHuto, Hallle 1ccieoBaHye MMeeT TaKoii ke HeJOCTaTOK.

Munu-anmnapat VsapoBa, pa3paboTaHHbIN IJIsI KOPOTKUX TPYyOUaThIX KOCTEN, CIIOCOOEH 00EeCIIeUnTDb CTaOUIIb-
HYI0 (DMKCAINI0, KOMITPECCUIO Y AUCTPAKIINIO KOCTHBIX OTIIOMKOB [12, 19, 20, 21]. EcTh MHEHMeE, UTO UPECKOCTHBIIA
0CTeOCHHTe3 SIB/IsIeTCsT 3¢ GEeKTUBHBIM CITIOCOO0M JieueHMs MAlMEeHTOB MPY TUTepTPodMIecKyX MCeBL0apTpo3ax
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KJTIOUMIIbL, HO He TIPM aTpohMUeCKOM THIle 3a6omeBaHms [6]. BasKHbIM ITperMyILieCTBOM MUHM-arapaTa Mnmsapo-
Ba, Ha HaIll B3IVISI], SIBJISIETCSI BO3MOYKHOCTD BbITIOJTHEHMS TTOAIe P>KMBaloIeli KOMITpeCCuu B oc/ieorepaiioHHOM
niepuope [21]. Vicrionb3oBaHMe JaHHOTO IpKeMa 11e/1iecoobpasHo B CTydae MOSIBJIEHNST KPaeBOro acelTUYeckoro
JIM31Ca TPAHCIUIAHTATa B 30HAX KOHTAKTa C MaTePUKOBBIMM (pparMeHTamy. TakuM 06pa3om, JOTIOTHUTETbHAS
ITACTYKA C VICITO/Ib30BaHMEM KOCTHO CTPY;KKM He TpebGyeTcst, IJIs1 CO3MaHMs INIOTHOTO KOHTaKTa OT/IOMKOB JOCTa-
TOYHO BBITIOIHUTB KOMITPECCUIO B aminapare. [IpyMeHeHre MHTpaMeqy/UIIPHOI CIIUIIbI TO3BOJISIET OCYIECTBIISITh
MTOIOOHYI0O MAaHUITY/ISIIIMIO 6e3 pycka BTOPUYHOTO CMeIeHNMsT TPaHCIUIaHTaTa. IIpy Haauumy KOPTUKAIbHbIX Jie-
(bekTOB B KiIOUNIie, ChOPMMUPOBAHHBIX MTPEIBITYIIMMY MMIUIAHTATAMM, Mbl PEKOMEHAYeM 00paTUTh ITPUCTATb-
HOe BHMMaHMe Ha CTabMIbHOE MO3UIIMOHMPOBAHNE MHTPAMEIY/UISIPHONM CITUITBI B MAaTEPUKOBBIX (PparMeHTax,
YyTOOBI M36€KaTh €e BO3MOKHOI MUTpAIMy, KOTOpasi IMPMBEIET K MOTepe KOHTAKTa OTJIOMKOB C TPaHCILIAHTa-
oM. KoHcombHbBIe CTIHIbI, DUKCHPYEeMble K MMHM-ATITIapaTy, He MPOXO/IST Yepe3 TPAHCIUIAHTAT U He ITPEISITCTBY-
10T (DOPMUPOBAHUIO €T0 MEPUOCTATBHOTO KPOBOCHAOKeHMSI. [TOCKOMBKY IIMPOKOEe pacceueHme MATKUX TKaHei
IUIST BBEIEHMST MHTPAMeIy/UIIPHOM CITUITBI B OTJIOMKM He TpeOyeTcsl, MX MePUOCTAIbHbIN KPOBOTOK COXPAHSIETCST
1, 6e3yCJIOBHO, TOJIOKUTENBHO BMSIET HA TOCTYDKeHMe cpattienus [9, 10, 22]. [llnpokast BapuaTMBHOCTh KOMITOHO-
BOK MMHM-(bUKCATOpa IOMyCKaeT IIpUMeHeHMe CTepsKHel - IIIypyTioB, Kak B MuHudukrcaropax AO [13]. 9To nemnaet
BO3MOYXHBIM MPUMeHeHIe UYpeCKOCTHOTO OCTeOCHMHTEe3a U Y B3POC/bIX MAIMEeHTOB C MOBBIILIEHHOI Maccoii Tesna.
A TIpyMeHeHMe cIull AuaMeTpom 1,5-1,8 MM mo3BOJISIET UCIIONIb30BATh TEXHOIOTMH Y ieTell U MOAPOCTKOB C He-
OOJBIIMMM pa3MepaMMy KITIOUMIIBI, IPeIOTBPalasi BO3SMOKHOE PaCKaIbIBaHMe KOCTH ITPY IIPOBEIEeHMI J/IEMEHTOB
dukcary. YAUTBIBast OTCYTCTBYE €IMHOTO MOIXO0/A K JIEUEHNIO MTallIEHTOB C BPOSKAEHHBIMM TICEBI0apTPO3aMU
KITIOUMIThI [23, 24], onvcaHHass MeTOIMKA, TI0 HAallleMy MHEeHUIO, TToka3aja 3hGeKTUBHOCTb TPUMEHEHNS B I€T-
CKOJ TTpaKkTHKe. K mpounm gocTomHcTBaM MUHM-(GMKcaTopa Vnmm3apoBa Mbl OTHOCKM ITPOCTOTY €r0 JeMOHTasKa
¥ BO3MOYKHOCTb HayaJIa Jiedye6HOv (hM3KYIbTYpPhI B pAaHHEM ITOC/Ie0TIepallMoHHOM nepuome [12].

B HacTosIee BpeMs MCITONIb30BaHMe TYOUaTOro TpaHCIIaHTaTa U3 TPeOHST TOB3IOIIHOI KOCTY MOKHO CUM-
TaTh «30JI0TIM CTAHAAPTOM» KOCTHO ayTOTUIACTUKY. B ciTyuasx He60obIoro MeskdhparMeHTapHOT0 I1acTasa,
KpaeBbIX JedeKTax OTIIOMKOB VIV IIPY COUETaHUM C OCTEOIePMOCTAIbHOM AeKOPTUKALVEl ero MpuMeHe-
HMe TIPUBOIOUT K XOPOIIMM pesyibTaTaM jedenus [9, 11, 20]. OmfHaKO CTOUT YUUTBIBATH, UYTO JJISI 3aKPBITUS
CerMeHTapHOro AedeKTa TpyouaToi KOCTH TpeOyeTcsl TPaHCIUIAHTAT € 2—3 KOPTUKAIbHBIMMU TIACTMHKAMM,
YTO MOSKET IIPUBECTY K BOSHMKHOBEHMIO O0IY B 006JIACTU TOHOPCKOTO JIOXKA B CBSI3Y C MOOW/IM3AI[Meli MBIIII]
KPeMSIIMXCs K KPbUTY IMOAB3A0NIHOM KoCTH. Halliy Hab/IiomeHus OKa3bIBAIOT, UTO AMaMeTp TpaHCIIaHTaTa
13 MaJIo6epI[0BOJi KOCTY O/IM30K K IMaMeTpPy KIIOUMIIBI, M €T0 afarTalis B 30He KOHTaKTa OTJIOMKOB He Tpe-
OyeT IOIOJHUTEILHOTO BpeMEeHM VJIM CJIOKHBIX TEXHUUECKMX MpMeMoB. K mpeumyinecTBaM TpaHCIIaHTaTa
13 MayI06€epI[0BOIT KOCTH CIeyeT TaKKe OTHECTY ero apMUPYOIIe CBOMCTBA 3a CYeT KOPTUKAILHOTO CTPOe-
HMSI ¥ HaJTMUMsE KOCTHOMO3TOBOTO KaHajia, YTo o6JieryaeT MpoBeeHNe MHTPaMeqy/IIPHOM CIIUIIbI.

IMosiByieHMe 601U B 00/1aCTU OOHOPCKOTO JIOXKa MbI HaGH}O,ZLaJ'H/I TOJIBKO B OOHOM I3 KIIMHUYECKUX CIIy4YdeB,
YTO GBIIO CBSI3AHO C COIIYTCTBYIOLIMM IMOBPEXAEHNMEM CBSI30K I'OJIEHOCTOITHOI'O CyCTaBa B paHHEM I10C/Ieorie-
PalilMOHHOM IIepuome. HpOBe,E[eHHOQ KOHCEpPBATMBHOE JIeUeHNe OKa3aJ10Ch B(bCDQKTI/IBHbIM, " B OTOAJIEHHOM
nepmone rnmanueHT ’kaj06 He IIpeabABIISII.

OmucaHHast METOIMKA He TpeOyeT MpUMeHEeHNUs BBICOKOTOYHOTO 060PyIOBaHMSI, TEXHUYECKN BOCITPOU3BOAM-
Ma, 3KOHOMUYECK! AOCTYITHA, B OTJMYME OT BaCKY/ISIPU3MPOBAHHON KOCTHO TUIACTUKM, 1 6€30I1acHa Ipu yC-
JIOBUY COOTIOIEHMS TIPaBWJI POBEIEHNST YPECKOCTHBIX 31eMeHTOB dukcaruu [12, 13]. B Hamem HaGII0qeHUK
He OBUIO HePOTeHHBIX U aHTMOTPOdIUeCcKUX TPOobIeM, WM TTOBPEKAEHNS IIEBPBI, Kak U B IPYTUX UCCTIe-
IOBAHUSIX C MPUMeHeHeM MIUHM-(QUKCATOPOB ITPY HeCpalieHMsIX KITIoInIpl. [mybokas nHbeKIys pa3Buiach
y IBYX NMallYeHTOB, BKJIIOYAsi OJHOIO C Y)Ke 3aperMCTPMPOBAHHBIM ee IMposIBeHKeM B aHaMHese. JluTtepa-
TypHbI€ MCTOYHMKY NIOATBEPKAAIOT, YTO PEBM3MOHHbBIE OIlepaliyy I10C/Ie HeyJauyHOro XMPyPruueckoro jgeyve-
HUS TAIMEeHTOB C IepeloMaMy CpeHell TPeTy KIIUYMIIbl YaCTO CBSI3aHbI C 0OHApyKeHNeM 6aKkTepuanbHOI
(dopbI, HO 6€3 TPM3HAKOB aKTUBHOI MHMPEKLINY, YTO MOSKHO pacCMaTpMBaTh Kak dhakTop pucka B popmupo-
BaHUM aKTUBHOTO MH(MEKIIMOHHOTO ITpoiiecca B 06y1acTu ayToTpaHcIuianTara [25, 26].

HenocraTkamy Haieit MeTOLMKY CTOUT IIPU3HATH ee TPEeXKOMITIOHEHTHYIO COCTaBJSIIONIYI0 (ayTOIIacTuKa,
MHTpaMeay/UIIPHOE apMUPOBaHMe, MMHU-(QUKCATOP) U PUCKM BOCITAJIEHNMST MATKMX TKaHel, KOTOPOe MpH OT-
CYTCTBMM JJO/DKHOTO JIEUEHMsI CIIOCOGHO ITPUBECTM K TTyOOKOI nHbeKk1mu. OmHaKO APYTryie METOOUKM, obecrie-
YMBAIOIIVE CpallleHNe B CIyuasx C pe3eKIMOHHBIM JedeKToM KIouniibl 1,5 cM 1 6osiee, Tpe6yIOT GObIETO
BpEMEHM JIJIsI TOCTMKEHUST KOHCoMaanuu [26].

3AKJIIOYEHHME

B maHHOJ cepum IaIMEHTOB C TMIIOTPOMUUECKMMM IICeBA0ApTPO3aMu U medeKTamu CpeaHeil TPeTU KITIOUM-
IIbI TTOJTYYEHbI ITOJIOKUTETbHbBIE Pe3y/IbTaThl MCIIONIb30BAHMS TEXHOTIOTMM CBOOOMHOM ayTOTUIACTUKM KITIOUMIIBI
C OCTEOCHMHTE30M MUHM-aIapaToM MiisapoBa B COUYETAHMM C MHTPaMeTy/UIIPHBIM apMupoBaHueM. ITocie
KOHCOMIAIIMM TPaHCILIaHTaTa KITIOUMIIA PEHTTeHOIOTMYECKY ITPHOoOpeTasia CTPYKTYPY, O/M3KYI0 K HOPMAaTbHOIA.
KnmvHmyeckn y manyeHToB TOCTUTHYTO (QYHKIMOHATbHOE BOCCTAHOBIIEHNE TTOBPEXKIEHHOI BepXHel KOHEUHOCTH.
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Kongnukm unmepecos. Y asmopos Hem nomeHyUaIbHblxX KOHGIUKNO8 UHMepPecos 8 0mHouLeHUU OAHHOLL PYKONUCLL
DuHaHcuposanue. A8Mopsl He NOAYUANU GUHAHCO80LI N00JdepHcKU 011 N0J20MOBKU, UCCIe008aHUs U NYOaUKayuu 0aHHou
pyKonucu.

Amuueckoe 0006peHue He mpebyemcs 0Jis npedcmasaeHus cepuu ciyuaes.

Hugopmuposannoe coznacue. B npedcmassieHHoli padome Hem uHpopmayuu, Kkomopas moxcem 0blme UCNOIb308AHA
0715 udeHmugpuxkayuu nayueHmos.
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Abstract

Introduction Smart orthopedic implants integrate advanced sensor technologies to revolutionize joint
replacement and orthopedic care. These implants enable real-time monitoring of key parameters such
as wear, load distribution, and infection indicators, facilitating early intervention and personalized treatment.

This review aims to evaluate the current advancements, clinical applications, challenges, and future directions
of smart orthopedic implants.

Methods A systematic literature review was conducted following PRISMA guidelines, analyzing peer-reviewed
studies published between February 2015 and January 2025. Sources were retrieved from PubMed, Scopus, Web
of Science, and Google Scholar. Inclusion criteria focused on technological innovations, clinical applications,
and regulatory considerations.

Results & Discussion Technological advancements in materials, sensor integration, wireless communication,
and artificial intelligence have optimized implant functionality. Smart implants enhance postoperative
monitoring, predict implant wear, and personalize rehabilitation. Despite their benefits, challenges such
as biocompatibility, data security, battery life, and regulatory approval hinder widespread adoption. Addressing
these issues through interdisciplinary research is critical for future developments.

Conclusion Smart orthopedic implants have the potential to transform musculoskeletal healthcare
by enabling real-time patient monitoring and personalized treatment strategies. Continued innovation
in materials, Al-driven analytics, and regulatory frameworks will be crucial for overcoming current limitations
and ensuring their widespread clinical adoption.

Keywords: Smart orthopedic implants, Spinal implants, Trauma fixation, Sports medicine implants, Joint
replacement, Integrated sensors, Real-time patient monitoring, Personalized healthcare
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AnHOTanua

BBenenue. I/IHTeTIJ'IeKTyaJIbeIe opTroreamnyeckmne MMIIIAHTAThI 06’be,EU/IH${IOT ImepenoBbie CEHCOPHbIE TeX-
HOJIOTUN, YTOOBI IMPpOM3BECTM PEBOJIOLMIO B 3aMeHe CYyCTaBOB 1 OpTOHE,Z[M‘{eCKOﬁ MOMOIIM. ITU UMILUIAH-
TaTbI IIO3BOJIAIOT B PEXXMMeE peaJIbHOI'0O BpeMeHNM KOHTPOJIMPOBATh K/IIOUEBbIe ITapaMeTpbl, TaK1e KakK M3HOC,
paciipenejieHre Harpy3skm M Ioka3saTean MHd)EKHMM, YyTO Ob6Jieryaer NnpoBeageHe paHHero BMeuiaTe/IbCTBa
" IIEPCOHAIM3NPOBAHHOE JIEUEHNE.

Ilesib — OLIEHUTD TEKYIIMEe HOCTVKEHNS, KIMHMYeCKoe TIpUMeHeHre, TpobeMbl U GyayInye HarpaBIeHNUs
VHTEJUIEKTYaJIbHBIX OPTOIeANYECKUX UMITIAHTATOB.

Metonsl. B cootBeTcTBUM ¢ pekomeHpauusimu PRISMA mpoBeneH cucTeMaTudeckuii 0630p JIUTepaTyphl,
B KOTOPOM MIPOaHAJIM3MPOBAHBI pelleH3upyeMble UCCAel0BaHMUs, OMyOIMKOBaHHbBIE B Iepuopn ¢ deBpass
2015 roma 1o suBaph 2025 roma. Mctounuku oTo6panbl B PubMed, Scopus, Web of Science n Google Scholar.
BxitoueHbI paboThI, ONTMCHIBAOIIVE TEXHOIOTMYECKYIE MHHOBALY, KIIVMHNYECKOe MPUMeHeHe U HOPMaTUB-
HO-IIPaBOBbIE aCIeKTHI.

PesynbraThl M 06CYyKgeHMe. TeXHONIOTMUeCKMe TOCTIKEHNST B 06/IaCTY MaTepuaioB, MHTETpaI[My JaTuM-
KOB, 6€CIIPOBOIHOVI CBSI3M UM MCKYCCTBEHHOTO MHTEIJIEKTA MTO3BOIMIN ONITYMU3UPOBATh (QYHKIIMOHATIBHOCTh
VIMIUIAHTATOB. YMHbIE MMILJIAHTATHI YAYUIIAIOT [TOC/TIe0NepalyiOHHbIiI MOHUTOPUHT, TPOTHO3MPYIOT M3HOC
MMILIAHTATOB ¥ MePCOHAMM3UPYIOT peabuanTaiio. HecMOTpst Ha MX IPEMMYILECTBa, MIMPOKOMY BHeIpe-
HUIO IIPETISITCTBYIOT TaKye MpobieMbl, Kak 610COBMEeCTUMOCTD, 6e30I1aCHOCTb JAHHBIX, CPOK CITYKOBI 6aTapeit
" 0f0GpeHe PETYIMPYIOIIMX OPraHoB. PelieHne aTMX po6/ieM MoCpPeCTBOM MEKIMCIUIIMHAPHBIX UCCTIe-
IOBaHUIi MMeEET pellaliee 3HaYeHe jist OyayImx pa3paboToxk.

3ak/roueHme. YMHbIE OPTOIeINUeCcKie MMIUIAHTAThl CII0CO6HBI M3MEHUTD CUCTEMY JIeUeHNs 3a00/IeBaHMit
OTIOPHO-IBUTATENIbHOM CHCTeMbI O6ecreunBasi MOHUTOPMHI COCTOSIHMS TAl[Mi€eHTa B peajbHOM BPEMeHM
" TIePCOHAM3MPOBAaHHbIE CTPATErMM JIeueHMsI. [IOCTOSIHHbIE MHHOBALMK B 06JIACTY MaTepuajioB, aHAIUTHUKA
Ha OCHOBE MCKYCCTBEHHOI'O MHTE/JIEKTA I HOPMaTMBHO-IIPABOBO# 6a3bl OYAYT MMETD pellaiollee 3HaUeHe
IUISI IPEOIOJIEH NS CYLECTBYIOLIMX OIPAHMUEHMIA Y 00€CIIeUeHNsT MX MIMPOKOT0 KAMHMIECKOIO BHEAPEHMSI.

KiroueBble c10Ba: YMHbIE OPTOIEAMYECK)e MMILIAHTATHI, CIIMHAAbHbIEe MMILIAHTATHI, (PUKCALMS TPaBM,
CTIIOPTMBHbIE MEIMIIMHCKIE MMIUIAHTAThI, 3aMeHa CYyCTaBOB, MHTErPUPOBAHHbIE AATUYMKM, MOHUTOPUHT CO-
CTOSTHMS TTali¥ieHTa B peaibHOM BpeMeH!, TePCOHATN3UPOBAHHOE 3IpaBOOXpaHeHe

IOns mutupoBaHusa: Kupomnoc . UHTeeKTyalbHble OPTOIIeAMUecKye MMIUIAHTAThI: Oyaylee mepcoHaamn-
3MPOBAHHOIT 3aMeHbI CYyCTABOB ¥ MOHUTOPUHTA. TeHuti opmoneduu. 2025;31(3):388-398. doi: 10.18019/1028-
4427-2025-31-3-388-398.

© Kuponoc 3., 2025
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INTRODUCTION

Smart orthopedic implants represent a significant advancement in medical technology, combining therapeutic
functions with diagnostic capabilities to enhance patient care. These implants are designed to monitor
various physiological parameters in real-time, providing valuable data that can inform treatment decisions
and improve outcomes [1]. By integrating sensors and communication technologies, smart implants can detect
changes in pressure, force, strain, displacement, proximity, and temperature within the body, offering insights
that were previously unattainable through traditional methods [2].

The evolution of orthopedic implants has been marked by a transition from purely mechanical devices
to sophisticated systems capable of interactive functions. Traditional implants primarily served structural
roles, such as replacing or supporting damaged bones and joints [3]. However, advancements in materials
science, sensor technology, and wireless communication have enabled the development of smart implants
that not only fulfill structural requirements but also monitor the biological environment. For instance, modern
smart implants can measure mechanical loads and stresses, providing data on how the implant interacts
with the surrounding tissues during different activities [4]. This information is crucial for assessing implant
performance and longevity.

Beyond joint replacement, smart orthopedic implants are being explored for applications in spine surgery,
trauma fixation, and sports medicine. Personalization in joint replacement has become increasingly important
as it allows for treatments tailored to individual patient needs. Smart implants facilitate this by providing
continuous, patient-specific data that can guide personalized rehabilitation protocols and postoperative
care [5]. For example, sensors within the implant can monitor the healing process and detect early signs
of complications, such as infection or implant loosening, enabling timely interventions. This personalized
approach not only enhances patient outcomes but also contributes to more efficient healthcare delivery
by reducing the incidence of complications and the need for revision surgeries [6].

To ensure a comprehensive evaluation, this review follows a systematic methodology, incorporating studies
from a diverse range of orthopedic specialties. By analyzing the latest technological advancements, clinical
applications, and emerging challenges, this review provides a holistic overview of the role of smart orthopedic
implants in modern medicine.

This review aims to evaluate the current advancements, clinical applications, challenges, and future directions
of smart orthopedic implants.

METHODOLOGY

To conduct this comprehensive literature review on smart orthopedic implants, a systematic and structured
approach was employed to ensure thorough and unbiased coverage of relevant research. The methodology
adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
to enhance transparency and reproducibility. The steps of the methodology are detailed below:

Literature Search Strategy

e A comprehensive search was conducted across multiple reputable scientific databases, including PubMed,
Scopus, Web of Science, and Google Scholar.

e Search queries incorporated relevant keywords and Boolean operators to ensure a wide but precise retrieval
of literature. The primary search terms included:

— "Smart orthopedic implants";

— "Joint replacement”;

— "Integrated sensors";

— "Real-time patient monitoring”;
— "Personalized healthcare".

e Synonyms and related terms were also included, such as "intelligent implants", "biomechanical sensors"
and "orthopedic innovations".
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Inclusion and Exclusion Criteria

e Inclusion criteria were applied to identify studies relevant to the scope of the review:
— Studies published in English;
— Peer-reviewed articles, conference papers, and systematic reviews;

— Publications focused specifically on smart orthopedic implants and their applications in joint replacement
or patient monitoring;

— Studies discussing technological innovations, clinical applications, or challenges associated with smart
implants.

¢ Exclusion criteria were employed to refine the selection further:

— Articles not available in full text;

— Non-peer-reviewed sources, editorials, and opinion pieces;

— Publications focusing solely on traditional orthopedic implants without integrating smart technologies.
Study Selection Process

— The initial database search yielded 164 articles;

— After removing duplicate entries, 116 articles remained,;

— Titles and abstracts were screened independently by two reviewers to assess relevance. A total of 84 articles
were selected for full-text review,

— The full-text evaluation led to the final inclusion of 66 studies based on their alignment with the inclusion
criteria and their contribution to the objectives of the review.

Data Extraction and Management

o A standardized data extraction form was developed to ensure consistency across studies. Key data points
included:

— Publication details (authors, year, journal);
— Study type (e.g., experimental, observational, or review);
— Focus of the study (e.g., sensor technology, clinical outcomes, biocompatibility);
— Key findings and conclusions.
¢ Extracted data were systematically organized into tables to facilitate synthesis and analysis.
Quality Assessment
e The quality of included studies was assessed using established tools tailored to the study type. For example:
— Experimental studies were evaluated using the Cochrane risk-of-bias tool,
— Observational studies were assessed with the Newcastle-Ottawa Scale (NOS);

e Studies with significant methodological limitations were noted but retained if they provided valuable
insights.

Synthesis of Findings
¢ A narrative synthesis approach was adopted to summarize findings across diverse studies;

¢ Data were categorized into key themes, including technological innovations, clinical applications, real-time
monitoring, and challenges associated with smart implants;

e Visual aids, such as the PRISMA flow diagram and summary tables, were employed to enhance clarity
and presentation of the findings.

A PRISMA flow diagram (Figure 1) was used to illustrate the study selection process, including the number
of records identified, screened, assessed for eligibility, and included in the final review. Reasons for exclusion
at each stage were clearly documented.
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Records identified
through database
searching: 164

Records after

Identification duplicates removed: 116

Screening Records screened: 116 Records excluded: 32

Full-text articles Full-text articles

Eligibility assessed for
eligibility: 84

excluded: 18 (reasons:
not meeting inclusion
criteria, insufficient
data, not relevant to
orthopedic implants and

Studies included in Joint replacement)

Inclusion qualitative synthesis:
66

Fig. 1. Illustrates the PRISMA flow diagram
RESULTS AND DISCUSSION

Technological Innovations in Smart Implants

Smart orthopedic implants have undergone significant technological advancements, particularly
in the integration of various sensor types, material selection, design considerations, and wireless
communication technologies [7]. These innovations aim to enhance the functionality and efficacy of implants
in monitoring patient health and improving clinical outcomes.

A variety of sensors have been incorporated into smart implants to monitor physiological and mechanical
parameters. Strain gauges are commonly used to measure mechanical load and stress on the implant, providing
data on pressure applied during different activities [8]. Temperature sensors monitor local temperature around
the implant to detect signs of inflammation or infection. Accelerometers track patient movements and activity
levels, ensuring proper usage and adherence to rehabilitation protocols. pH sensors detect changes in pH levels,
indicating infection or tissue response to the implant [2]. Additional developments include biosensors capable
of detecting biochemical markers that signal early complications, such as osteolysis or metallosis, further
improving diagnostic precision (Table 1).

Table 1
Comparison of Smart Implant Technologies Based on Functionality, Application, and Advantages
Technology Function Application Advantages

Strain Gauges Measure stress/load Joint replacements Early detection of implant wear
Temperature Sensors Detect infection Trauma fixation Timely intervention for inflammation
Accelerometers Monitor movement Spinal implants Optimize rehabilitation adherence
Biosensors Detect biomarkers Various implants Advanced infection diagnostics
5G/IoMT Wireless communication All smart implants Faster, real-time data transmission

The selection of materials and design of smart implants are critical to their performance and biocompatibility.
Implants are typically made from materials such as titanium, stainless steel, and various polymers
designed to integrate well with bone and tissue. These materials are chosen for their strength, durability,
and compatibility with the human body to minimize the risk of rejection and complications [9]. Recent
advances have introduced bioactive coatings that promote osseointegration, further enhancing the longevity
and stability of implants. The design must also accommodate the integration of sensors and electronic
components without compromising the structural integrity of the implant. Advancements in microelectronics
and nanotechnology have enabled the development of smaller, more efficient sensors and power sources,
making smart implants less intrusive and more comfortable for patients [10].

Wireless communication and data transmission technologies are integral to the functionality of smart
implants, enabling real-time monitoring and data collection. Smart implants are equipped with wireless
communication capabilities, such as Bluetooth or Near Field Communication (NFC), allowing them to transmit
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data to external devices like smartphones, tablets, or computers [11]. This facilitates remote monitoring
by healthcare providers, enabling timely adjustments to treatment plans without the need for frequent
in-person visits. Emerging communication technologies, such as 5G and Internet of Medical Things (IoMT),
offer faster, more secure data transfer, enhancing real-time decision-making in orthopedic care. Some implants
also have onboard data storage, allowing them to store information locally until it can be downloaded during
a follow-up appointment. Advanced algorithms and software can analyze this data to detect patterns, predict
potential issues, and provide recommendations for personalized care [12].

Real-Time Monitoring Capabilities

Smart orthopedic implants have significantly advanced real-time monitoring capabilities, offering detailed
insights into implant wear, early infection detection, and the measurement of load distribution and stress.
These functionalities are pivotal in enhancing patient outcomes and extending implant longevity [7].

One of the primary advantages of smart implants is their ability to monitor wear and tear in real-time.
By integrating strain gauges and other sensors, these implants can detect minute deformations and stresses
that occur during daily activities [1]. This continuous monitoring allows for the early identification of potential
issues, such as implant loosening or material degradation, enabling timely medical interventions to prevent
further complications [13]. Al-powered predictive modeling is now being employed to analyze wear trends,
allowing for proactive maintenance and early intervention strategies.

Early detection of infections is another critical function of smart implants. Infections can lead to severe
complications if not promptly addressed. Smart implants equipped with temperature and pH sensors can
monitor the local environment around the implant site [1]. Elevations in temperature or shifts in pH levels
can indicate the onset of an infection, allowing healthcare providers to initiate treatment before the condition
worsens [14]. Advanced biosensors capable of detecting inflammatory cytokines and bacterial activity are now
being explored, offering a more precise and earlier detection of infections.

Measuring load distribution and stress on implants is essential for assessing their performance and ensuring
patient safety. Smart implants utilize embedded sensors to capture data on the forces exerted during various
physical activities [15]. This information is invaluable for understanding how different movements affect
the implant and surrounding tissues. For instance, in joint replacements, monitoring load distribution can
inform personalized rehabilitation protocols, ensuring that patients engage in activities that promote healing
without overloading the implant [16]. Real-time biomechanical feedback allows for dynamic adjustments
in patient rehabilitation plans, further enhancing recovery outcomes.

The integration of these monitoring capabilities into orthopedic implants represents a significant advancement
in personalized medicine [17]. By providing continuous, real-time data, smart implants enable healthcare
providers to tailor treatments to individual patient needs, promptly address complications, and optimize
rehabilitation strategies. This proactive approach not only enhances patient outcomes but also contributes
to the longevity and success of the implants [5]. As these technologies continue to evolve, integration
with cloud-based analytics and Al-driven diagnostics will further refine personalized patient care.

Data-Driven Optimization of Patient Outcomes

The integration of artificial intelligence (AI) and machine learning (ML) into smart orthopedic implants has
ushered in a new era of data-driven optimization in patient care. These technologies enable the analysis
of real-time data, facilitating personalized treatment strategies and enhancing clinical outcomes [18].

Al and ML algorithms are adept at processing vast amounts of data generated by smart implants, identifying
patterns, and predicting potential complications [19]. For instance, by analyzing sensor data on joint movement
and load distribution, Al can detect anomalies indicative of implant wear or misalignment, facilitating early
interventions. This predictive capability enhances patient outcomes by preventing issues before they become
clinically significant [20].

Personalized rehabilitation plans are another significant benefit of Al integration. Data from smart implants
inform tailored rehabilitation protocols, adjusting exercises based on real-time feedback [21]. This approach
ensures that patients engage in activities that promote optimal recovery while avoiding movements that could
jeopardize implant integrity. Such individualized care accelerates healing and improves overall patient
satisfaction [22].

Integrating implant data with electronic health records (EHRs) creates a comprehensive patient profile,
enhancingclinical decision-making. Thisamalgamationallowshealthcare providerstomonitor patient progress
remotely, adjust treatment plans in real-time, and maintain detailed records of implant performance [23].
Moreover, the continuous data flow from smart implants to EHRs facilitates large-scale analyses, contributing
to improved implant designs and personalized treatment strategies [24].
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The integration of AI and ML into smart orthopedic implants represents a significant advancement
in personalized medicine. By providing continuous, real-time data, smart implants enable healthcare
providers to tailor treatments to individual patient needs, promptly address complications, and optimize
rehabilitation strategies [25]. This proactive approach not only enhances patient outcomes but also contributes
to the longevity and success of the implants.

Applications in Specific Orthopedic Conditions

Smart orthopedic implants represent a significant advancement in the treatment of various musculoskeletal
conditions, offering real-time data and personalized therapeutic interventions. Their applications are
particularly notable in knee and hip replacements, spinal implants, and the management of trauma
and sports-related injuries [26].

Inkneearthroplasty,theadventofsmartimplantshastransformed postoperativecare.DevicessuchasthePersona
IQ® have been developed to function similarly to standard knee replacements but with integrated sensor
technology. These sensors are embedded within the tibial stem and are capable of measuring a range
of parameters, including range of motion, step count, and walking speed [27]. The collected data is wirelessly
transmitted to healthcare providers, enabling continuous remote monitoring of the patient's progress.
This real-time feedback allows for the timely identification of any deviations from expected recovery
patterns, facilitating prompt interventions when necessary [28]. Moreover, the personalized data supports
the customization of rehabilitation protocols, ensuring that exercises are tailored to the individual's specific
needs and capabilities, thereby promoting optimal recovery outcomes [29].

Similarly, in hip arthroplasty, smart implants are being utilized to enhance patient outcomes. These devices
integrate sensor technology to monitor various parameters, providing valuable data that can be used to tailor
postoperative care and rehabilitation [1]. In spinal surgery, the application of smart implants is emerging
as a promising innovation. These devices are designed to monitor parameters such as load distribution
and alignment, providing real-time data that can assist surgeons in optimizing implant placement
and postoperative care [17].

In the realm of trauma and sports medicine, smart implants hold significant potential for transforming
patient care. In fracture management, for instance, smart implants can monitor the stability of the fixation
and the progress of bone healing, allowing for timely interventions if complications arise. In sports medicine,
smart implants can provide data on joint loading and movement patterns, aiding in the optimization
of rehabilitation protocols and the prevention of re-injury [30, 31].

Challenges and Limitations

The advancement of smart orthopedic implants introduces several challenges and limitations that must
be addressed to ensure their efficacy and safety. Key concerns include biocompatibility and long-term
durability of integrated sensors, battery life and energy efficiency of the implants, and data privacy alongside
cybersecurity issues [32].

Biocompatibility is a critical factor in the development of smart implants. The integration of sensors
and electronic components within these devices necessitates materials that are not only functional but also
compatible with human tissue. Materials such as polyethylene, titanium, and parylene have been utilized due
to their favorable biocompatibility profiles [33]. However, the presence of electronic components can elicit
foreign body reactions, including inflammatory responses and fibrous encapsulation, which may compromise
sensor functionality over time [34]. For instance, histological changes in the tissue surrounding the implant,
such as inflammation and fibrous tissue formation, can impair biosensor activity, leading to potential device
failure. Additionally, concerns have been raised regarding the potential cytotoxic, genotoxic, or pyrogenic
effects of implant failure, particularly in younger patients [35].

The longevity of smart implants is closely tied to their power management systems. Many devices rely
on batteries to power integrated sensors and communication modules. Ensuring adequate battery life while
maintaining a compact implant size presents a significant engineering challenge [36]. Microelectromechanical
systems (MEMS)-based technologies have been employed to reduce the size of sensors and associated circuitry,
thereby decreasing power consumption. However, operating at higher frequencies to achieve this reduction
can lead to increased energy absorption by surrounding tissues, potentially causing heating and signal
attenuation [37]. Exploring alternative power sources, such as energy harvesting from body movements
or wireless power transmission, may offer solutions but also introduce additional complexities in design
and safety considerations [38].

Data privacy and cybersecurity are paramount concerns in the deployment of smart implants. These devices
collect and transmit sensitive patient data, including physiological parameters and activity levels, which
must be protected from unauthorized access and breaches [39]. The increasing prevalence of cyber threats
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in healthcare necessitates robust security measures to safeguard this information. Ethical considerations
also arise regarding the ownership and use of the data generated by these implants. Ensuring compliance
with data protection regulations and maintaining patient trust are critical for the widespread adoption
of smart implant technologies [40]. Furthermore, the integration of wireless communication systems within
implants introduces potential vulnerabilities that could be exploited, underscoring the need for comprehensive
cybersecurity strategies in the design and implementation of these devices [41].

Addressing these challenges requires a multidisciplinary approach, combining expertise in materials science,
biomedical engineering, cybersecurity, and clinical practice. Ongoing research and development efforts are
focused on enhancing the biocompatibility and durability of implant materials, improving energy efficiency
and exploring alternative power solutions, and implementing robust data protection mechanisms. Through
these concerted efforts, the potential of smart orthopedic implants to improve patient outcomes can be fully
realized [42, 43].

Regulatory and Ethical Considerations

The integration of smart implants into orthopedic practice necessitates careful navigation of regulatory
frameworks and ethical considerations to ensure patient safety, data security, and informed consent [44].

Regulatory approval processes for smart implants are complex and multifaceted. In the United States,
the Food and Drug Administration (FDA) oversees the evaluation and authorization of these devices.
Depending on the risk classification of the implant, different regulatory pathways may be applicabl [45].
For instance, devices deemed to have moderate risk may undergo the 510(k) premarket notification process,
which requires demonstrating substantial equivalence to a legally marketed predicate device. This pathway
is generally less burdensome than the premarket approval (PMA) process, which is reserved for higher-risk
devices and necessitates more extensive clinical evidence [46]. The FDA has been working to provide clearer
guidance on the regulatory requirements for smart medical devices, acknowledging the unique challenges
they present [47].

Ethical implications of continuous patient monitoring via smart implants are significant. While these devices
offer the potential for real-time health monitoring and early detection of complications, they also raise
concerns about patient autonomy and the potential for over-surveillance [48]. Continuous data collection may
lead to information overload for both patients and healthcare providers, and there is a risk that patients may
feel their privacy is being infringed upon. Moreover, the psychological impact of constant health monitoring
should not be underestimated, as it may induce anxiety or alter patient behavior. It is essential to balance
the benefits of continuous monitoring with respect for patient autonomy and privacy [49, 50].

Addressing patient consent and data ownership is crucial in the deployment of smart implants. Patients
must be fully informed about what data will be collected, how it will be used, who will have access to it,
and the measures in place to protect their privacy [51]. Clear and comprehensive consent processes are
essential to ensure that patients understand and agree to the data practices associated with their implants.
Furthermore, issues of data ownership must be clarified; patients should have rights to access their data
and control its use [52]. This includes the ability to withdraw consent and have their data deleted if they so
choose. Healthcare providers and device manufacturers must navigate these issues carefully to maintain trust
and comply with data protection regulations [53].

Future Directions and Research Gaps

The field of smart orthopedic implants is poised for significant advancements, driven by emerging technologies
and interdisciplinary collaboration. Innovations such as self-healing materials, bioelectronics, and bioprinting
are at the forefront of research, aiming to enhance implant functionality and patient outcomes [54].

Self-healing materials represent a promising avenue in orthopedic implant development. These materials
have the intrinsic ability to repair damage without external intervention, potentially extending the lifespan
of implants and reducing the need for revision surgeries [55]. Incorporating self-healing polymers
or composites into implant design could allow for the automatic repair of microcracks or other minor damages
that occur over time, maintaining the structural integrity and performance of the implant. Research in this area
is ongoing, with studies exploring various self-healing mechanisms and their applicability to load-bearing
orthopedic devices [56].

Bioelectronics is another emerging field with significant implications for smart implants. The integration
of electronic components with biological systems enables real-time monitoring and therapeutic
interventions [57]. For instance, bioelectronic implants can be designed to monitor bone healing processes
and deliver electrical stimulation to promote tissue regeneration. Recent advancements have led
to the development of multifunctional bone implants that combine sensing capabilities with therapeutic
actuation systems, offering a comprehensive approach to patient care [58, 59].
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Bioprinting, particularly three-dimensional (3D) bioprinting, holds significant potential in creating custom
smart implants tailored to individual patient anatomies. This technology allows for the precise fabrication
of complex structures using bioinks composed of cells and biomaterials [60]. In orthopedic applications,
3D bioprinting can be utilized to produce scaffolds that mimic the native bone architecture, facilitating better
integration and promoting tissue regeneration. Moreover, bioprinting enables the customization of implants
to match patient-specific defect sites, potentially improving surgical outcomes and reducing recovery
times [61].

The successful development and implementation of these advanced technologies necessitate close
collaboration between orthopedic surgeons, engineers, and data scientists. Surgeons provide critical clinical
insights and define the functional requirements of implants, while engineers contribute expertise in materials
science, biomechanics, and device design [62]. Data scientists play a pivotal role in analyzing the vast amounts
of data generated by smart implants, developing algorithms to interpret sensor outputs, and creating predictive
models to inform clinical decision-making [63]. This interdisciplinary approach ensures that smart implants
are designed with a comprehensive understanding of both clinical needs and technological capabilities,
ultimately leading to more effective and personalized patient care [64].

Despite these promising developments, several research gaps remain. Further studies are needed
to optimize the properties of self-healing materials for orthopedic applications, ensuring they can
withstand the mechanical demands of load-bearing implants. The long-term biocompatibility and stability
of bioelectronic components within the human body require thorough investigation [65]. Additionally,
while bioprinting has demonstrated potential, challenges related to the vascularization of printed tissues
and the scalability of the technology must be addressed. Ongoing research and collaboration across disciplines
will be essential to overcome these challenges and fully realize the potential of smart orthopedic implants [66].

CONCLUSION

In conclusion, smart orthopedic implants represent a groundbreaking innovation at the intersection
of medicine, engineering, and data science, offering a transformative approach to joint replacement
and musculoskeletal care. By integrating advanced sensors, wireless communication, and real-time data
analytics, these implants provide unprecedented capabilities for monitoring wear, detecting complications,
and optimizing treatment outcomes. The incorporation of emerging technologies, such as self-healing
materials, bioelectronics, and bioprinting, alongside interdisciplinary collaboration, underscores the vast
potential of smart implants to enhance orthopedic care and improve patient quality of life. Despite challenges
related to biocompatibility, data security, and regulatory hurdles, the ongoing evolution of smart implant
technologies highlights a promising future where personalized, data-driven, and patient-centered solutions
become the cornerstone of healthcare. Embracing these innovations will not only redefine orthopedic practices
but also pave the way for a new era of intelligent healthcare systems designed to deliver better outcomes
and quality of life for patients worldwide.
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I06mneii

Mpodeccop ObsukoB Anekcanap Hukonaesunu
(K 75-neTunio co aHA poXKAeHUS)

27 mast 2025 roma 75-nmeTHmit 100umaeii OTMETUI Ipodeccop,
IOKTOp MeOMLMHCKMX HayK AjnekcaHap HukomaeBuu [IbSYKOB,
IJIaBHBI HAYYHBI COTPYTHUK yueOHOoTO oThesna llenTpa Mnmusaposa.

Ero myth B mpodeccum Bpaua Havajacsl ¢ OKOHUaHMs OMCKOro
MeIUIIMHCKOTO MHCTUTYTA, 3aTeM ObIT OITBIT PA6GOTHI B HEOTIOKHO
xupypruu. B Kypran wmomnomoit Bpau AjekcaHap [bsSYKoB
npuexan B 1976 romy u 1o KOHKypCy ObLI M30paH Ha JOKHOCTH
MJIaAIIero Hay4yHOTO COTPYAHMKA SKCIIEPUMMEHTAJbHOTO OTZAerna.
VccnemoBarenbckasi paboTa 3aHsia BCe €ro MbICAU, OH TPYIUJICS
B CJI&KEHHOW KOMaHe eMHOMBIIIIEHHUKOB.

VcmenrHble pe3yibTaThl MCCIenoBaHMil 3DGEeKTUBHOCTY MeTona

YPECKOCTHOIO OCTEOCHHTe3a, IIPOBEeNEHHbIe I0f, PYKOBOACTBOM

[LA. Vnu3apoBa, no3Bonuiau AsekcaHnapy [bsSTYKOBY IO-HOBOMY

TIOOMTU K pPeleHuI0 Tpob6iemMbl 3aMelieHus] AeeKTOB MBI

M CTaay OCHOBOM KaHIWAATCKOM Aucceprauuy, KOTOPYIO

oH Onectsamie samuTwi B 1985 romy. B pabore BriepBbie ObUIM

, OLleHEeHbI perlapaTUBHbIE MPOLIECCHI, TPOUCXOSIIME B MbIIIEUHON

g , TKaHM TIpu 3amMelieHuu pAedeKToB. TpaHCISILMS TOTyYeHHbIX

| SKCIIepMMEHTalbHbIX PEe3yJbTaTOB B KIMHUYECKYID TMPAKTUKY

M03BO/IM/IA 3HAYUTEIbHO CHU3UTh MHBAIUIHOCTb IPU TSKENO0i

opronenuyeckoil maromoruy ¥ TpaBMax. [losxke A.H. [IpSTUKOB YBJIEKCS M3ydYeHMEM BO3MOXHOCTU

MpUMEeHeHNs] MeToza Vin3apoBa B KPaHUOXUPYPTUM, pa3paboTaHHAsT UM KOHIEMIIMS CTajla OCHOBAaHMEM
ILJISL TIOATOTOBKYM JOKTOPCKOM AMCCepTalyu, YCIeIHO 3alluieHHoi B 1997 rogy.

Anekcannp HukomaeBuu 6Gomee 40 jer mocBATUI paGore B llenTpe MnmsapoBa, IpoIlea TONTMIA
npodeccroHaNbHbIi MyTh. MHOrO JiIeT OH paboran YueHbIM cekpeTapeM lleHTpa, BHecs GOJBIIOI BKJIAZ,
B pa3paboTKy M BBINOJHEHME IUIAHOB HAYYHO-MCCAeA0BaTeNbckux pabort. IIpodeccop IpSIUKOB moarue
rofbl ObLT YUEHBIM CEKPETAapeM HEeCKOJIbKUX AMCCePTAlMOHHBIX COBETOB, OPraHM30BaHHbIX Ha 6ase IleHTpa
WnusapoBa. HeolieHuMa ero moMoOIlb JecsITKaM COMCKaTesieil Mo IMOArOTOBKE K 3alluTe ¥ 0hOpPMJIEHMUIO
HayuyHbIX paboT. Ilom ero HeNoCpenCcTBEHHBIM PYKOBOACTBOM 3aliuineHo Oomee 10 KaHAMOATCKUX
M TOKTOPCKUX muccepTaiiuii. A.H. JIbSUKOB SIBJITETCSI aBTOPOM M coaBTOpoM 6Gosiee 250 mevaTHbIX paboT,
25 usobpeTeHnii 1 rosnesubix Mmogesneii. B 2010 rogy A.H. IbsTuK0B O6b1T Ha3HAUEH VCIIOTHSIIONIMM 00SI3aHHOCTH
nupexkrtopa lleHTpa, a 3aTeM 3aMeCTUTeNIeM IMPEKTOpa [0 Hay4dHO paboTe.

3a BBICOKMeE IIOKa3aTe/JX B HAYYHOV U IMPOU3BOJCTBEHHON IesSTebHOCTU HarpaxaeH MeJasiblo opleHa
«3a 3acnyru nepep, OteuectBom» II cTereHu.

Oco6071 3aCTyToi MOSKHO CIMTATh M CO3LaHVe BpauebHO fuHacTNM, BHacTosiee Bpems B LlenTpe Unu3aposa
TPYISITCS ChIH ¥ BHYK AjlekcaHapa HukonaeByuua, KOTOpbIe TaKKe YCIEIIHbI B TPodecciyt ¥ M3BECTHBI CBOMMU
Hay4YHBIMU JOCTVKEHUSIMMU.

Konnexmue Llenmpa u pedaxyus xypHana «lenuti opmoneduu» om 8cezo cepdya hosodpasisiiom IlouemHozo
npogeccopa Llenmpa Hnusaposa Anekcanopa Huxonaesuua [[bukosa ¢ oduieem u xeaanom Kpenkozo 300posbsl,
cemetiHo20 Onazononyuus, dyuieeHo20 CNOKOLICMBUS U CUN O peanu3ayuu HO8bIX HAYUHbIX udeli, noddepicKu
MON00bIX YUeHbIX U NPOOOHEHUS Mpaduyuti, 3anoxeHHsx akademuxkom I.A. Unuzapossim.
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Mpodeccop Ynbpux dayapa Bnapumuposuu
(1937 - 2025)

2 yioHsI 2025 T. CKOPOITOCTMKHO CKOHYAJICSI BBITAIOIIMIACS TeTCKIIA
XUPYPT, OAVH U3 OCHOBOIIOJIOXXHUKOB OTeUeCTBEHHOI XUpypruue-
CKOii BepTebposoruu, ocHoBaTesb CaHKT-ITeTepOyprckoii MIKOJbI
IeTCKUX XMUPYpProB-BepTe6posioros, IToueTHslit mpodeccop IleH-
Tpa VnmusapoBa, JOKTOp MeAMIIMHCKUX HAyK, Ipodeccop dayap,
Bnagumuposuy Vabpux. EMy 66110 Beero 87 jet. Bcero, — moTomy
YTO €ero SICHBIM M OCTPBIN YM, KperKoe PyKoIoskaTue, 61ecTsimast
IPYIUIIUS, HecrmbaeMasi BOJIsI, KOJIoccabHast pab0TOCITOCOOHOCTD,
6e33aBeTHas IIPEIAHHOCTD JTIOOMMOMY ANy ¥ UHTYULIVSI B OTpe-
JleJIeHUY TepeOBbIX TPeHA0B CIMHAIBHONM XUPYPrum He 3aBUCENIN
OT BO3pacrTa.

Hauano mpodeccuonanbHoro nytu dpyapna BiagumupoBuua co-
CTOSIZIO M3 uepenbl MCIbITaHMiA. J[eTCTBO MPUIIJIOCh HA BpeMsi
67okampl JIeHMHTpajga ¥ 9BaKyaluu, OTel ObLT perpeccupoBaH
B CTQJIMHCKME TOIbI ¥ peabuaInTUpoBaH ToiabKO B 2011 T., K C/IOBY,
Ha 3To dnyaph Bmagumuposuy morpatui 12 net. Beibop mpodec-
CUY TIpeAOTpeIeVIv BOEHHbIE TOIbI ¥ HAOIIONeHMe 3a 3BAKOTO-
CIIATAISIMU, OJJHAKO Aaxke TIOC/Ie YCIeIIHOM ¢aauyu BCTYIUTEIbHBIX
3K3aMeHOB Y KOMMCCUM BO3HUKJIM BOMPOCHI K ChIHY pernpeccupo-
BaHHOI'O C HEMEIIKOW haMumeii.

IMocite okonvanwus JIMMU B 1961 1. oH ABa roga paboTaa XUpyprom
B PaiOHHO¥ 60IbHMIIE APXaHTebCKOI 06JIACTY BMECTE C OTIBITHBI-
MU OTlepallMOHHBIMMU CeCTpaMMu, MpoureAmnmMy Benmkyio OTeuecTBeHHYIO BOViHy, M Ha TpaKTUKe 3HA «OT/IN-
yye KPy>KKM DcMapxa OT Macky cmapxar. I1035ke OH BCITOMMHAJ 3TO BpeMsI Kak Iepuo, mpodeccoHaaIbHOTo
cyacThbs. Bepuysuich B JlenuHrpan B 1963 1., Dayapa BragumupoBuy HaBcerga CBSI3ajl CBOO JKM3HbB C Kade-
Ipoii meTckoii xupypruu JINIMU, mpoiias IyTh OT aclIMpPaHTa M aCCUCTEHTA [0 3aBeIyI0Iero kademapoii.

B 1967 r. nog, pyKOBOJICTBOM M3BECTHOTO AeTCKOTO XMUPYypra WieHa-KOppeCHoHAeHTa akaJeMU MeIULIMHCKUX
Hayk I.A. baupoBa Sayapn BraguMupoBud 3aiiUTuI KaHAUAATCKYIO IMCCePTAIMIO Ha TeMy «XUPYypruyeckoe
JieyeHMe TIOCTTpaBMaTUUeCKuX aedopMalinii KocTeil BepXHUX KOHEUHOCTel y ieTeii». B mepuog, korma geTckas
XUpPyprus TpeboBaa yHMBEPCATbHOCTY, OH 3aHMMAJICS SKCTPEHHOI 1 TJIAHOBOJ TOpaKalIbHOI M a6IOMIHATb-
HOI XUpypruei, BOmMpocaMy OeTCKOlM aHeCTe3MOJIOTMK U KomornpokTronoruu. B 70-bie romsl dmyapn Bramu-
MMPOBMY Hauaj 3aHMMAThCS aBCOTIOTHO HEM3BECTHOV B TO BPeMSI TEMOJ, — BPOXKIEHHBIMM JeopManysimMmu
MMO3BOHOYHMKA, U B 1985 I. yCITeNTHO 3aIIUTUI JOKTOPCKYIO OMCCEPTAIINIO HA TeMY «XUPYPruIecKkoe jJeueHue
IMOPOKOB Pa3sBUTHS MTO3BOHOUYHMKA Yy AeTei». B yCIOBUSIX OTCYTCTBUS KOMIIBIOTEPOB OH CUCTEMATU3UPOBA
InaHHble 6oee yeM o 500 marMeHTax M CO34as KIacCuGMKAIMIO BpOsKAEHHbIX aHOMAaJTNI1 TTI03BOHOYHMKA U TT0-
3BOHOYHOTO KaHajia. B To Bpemsi, Korja crienyaabHblii CIIMHAIbHBIN MHCTPYMEHTAapuii B Hallleil cTpaHe ObLI
He[oCTyIleH, dayapn BiaguMupoBuu 1o CBOMM UepTeskaM CO3[ajl IepBble aBTOPCKME MEeTA/VIOKOHCTPYKLIUN
IJIS KoppeKnuu gedhopMaliuii MTo3BOHOYHMKA Y IeTelt paHHero Bo3pacTa, pa3paboTas YHUKa/IbHbIE OMepaiun
TIpU TIOJTYTI03BOHKAX, HAPYIIEHUSIX CerMeHTal[uy MTO03BOHKOB, CMHAPOMAaX TOpPaKaabHOI HEeOOCTAaTOYHOCTU U
paciervieHuu CIIMHHOT0 MO3ra, OCHOBHOE BHMMaHUe yIesiss I0MCKY MeTOL0B KOPPeKLMN MOPOKOB. B 3TOT ke
MepuoJ, MHUIMMUPOBAINUCH MUCCIETOBAHMS TI0 COUETAaHHOM IKCTpaBepTe6pasbHOM MaTOMOTUM, METOJaM KOH-
TPACTUPOBAHMSI TO3BOHOYHOTO KaHAJA ¥ aHeCTe3MOJOTMYeCKO 3alUThl CHIMHHOTO MO3ra. Bce 3T0 mpowuc-
XOIWJIO B T€ TOfbI, KOTAA CIEeIMaIUCThl TOMbKO BHeApsiiv KT u MPT B jieue6HYIO TTPAKTUKY, U GOTBIIMHCTBO
XUPYPrUYECKUX perieHnii IPUHUMAaIIM TOJIBKO Ha OCHOBAHMM PEHTIeHOCITOHAVIIOrpadmm.

ITpodeccop D.B. Vabpux ornepenna BpeMsi, OpraHn3oBaB B cepenyte 90-xX TOm0OB MepBbIii B Poccui yueGHbI
KypcC I10 JeTCKOI BepTe6poorum (0 CO3maHuM 9TOM CIIenaTbHOCTM TOTAA TOJIbKO HAayaau TOBOPUTD) U BbI-
IBUHYB Maeo co3ganus B CaHKT-IleTepOypre crelMaa3upoOBaHHON CITY>KObI S9KCTPEHHOM BepTeOPOIOTUMA.
OH He HalllesT TOTIA MOANEePKKM B aAMUHUCTPAIMM TOPOa, HO CITycTs moutu 10 jieT aTa uaest Bce-Taku Oblia
peanu3oBaHa AUPEKTOPOM JeTCKOTo opTomnenndyeckoro nHcerutyta um. [LU. TypHepa A.I. baungypamsuin
Y>Ke B paMKaxX PerMoHabHOIO IeHTpa MOBpekAeHN T TT03BOHOYHMKA Y IeTeii.

3acryru rpodeccopa 3.B. Vabpuxa npM3HaIM Beylie MUPOBbIe crienuannuctsl. B 1999 r. 3.B. Ynbpux co-
BMecTHO ¢ Tpodeccopom J. Dubousset (®paH1mst), ¢ KOTOPbIM OHM JOJITHE TOMIbI APYKWIV, OPraHM30BaIN
B Cankr-Iletepbypre koHrpecc GICD (rpymmst Korpens — [dio6ycce), B KOTOPOM NPUHSIIM ydacTue Ooiee
100 Bepre6posoros u3 EBporbl, Asun u Adpukn. B Hauane 2000-X IT. IOf, €r0 PyKOBOACTBOM ObLIa MOJTO-
TOBJIEHA KOMIUIEKCHAS MPOTrpaMMa, 00beIMHNBINAS HAYYHBIX PAOOTHMKOB, Bpayeil U 1elaroroB MeIuIIVH-
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CKIX BY30B I (l)aKTI/I‘leCKI/I orpeneanBiIadg Co3gaHMe IIKOJIbI JeTCKUX BepTe6pOHOI‘OB CaHKT—HeTep6ypra, n3
KOTOpOVI BbIIIJIM MHOTHME CITeIMa/IMCThI, HbIHE BO3IVIABJIAIOIIME Beayiiye MeaUIMHCKME HEHTPbI, MHCTUTYThI
U KIMHUKY Hallei CTPAaHBbI.

AKTUBHAas KM3HEHHas MO3uLMS Dayapaa Bnagumuposyuua Hallljia CBOe OTpaskeHue B IMIPOABVKeHMUM 3HAHUI
" B 06yueHMy Mosogexku. B 2004 1. oH cTas mepBbIM JIaypeaToM IpeMun «3a 3aCTyTY B 001aCTY IeTCKOV XUPYyP-
rvuu uM. C.JI. TepHOBCKOrO». B 3T0O ke BpeMsI OH BOIIIe/ B COCTaB CO34aHHOTO HAYYHO-MIPAKTUUECKOrO XKypHasia
«XuUpyprus M03BOHOYHMKA», B [IEPBOM K€ HOMepe MyOaMUKyst COBMeCTHO ¢ P. BunTepom u JIK. JIOHIITETHOM
CTaThIO, TIOCBSIIIEHHYIO KaaccudUKaIMMY aHOMaJIMIi TTI03BOHKOB. 3.B. VIbpux GbIT ueHOM penKoJIIernii He-
CKOJIBKUX XUPYPIUUECKUX Y TPAaBMATOIOr0-0OPTONEANYECKUX KYPHAIOB, aBTOPOM CeMM MOHOrpaduit, MHO-
TOUMC/IEHHBIX [TaTEeHTOB, PYKOBOAUTE/eM M HaYYHBIM KOHCYJIBTAHTOM TPeX AOKTOPCKMUX U 19 KaHAUIATCKUX
Juccepranuii.

C BO3pacToM, TIOCTEIIeHHO OTPaHMUMBAsS AJIsSI CebsI MpaKTUUYecKylo paboTy, dmyaps BraaummupoBuu ocTaics
YeJI0OBEKOM, K KOTOPOMY KasKAblii, He3aBMCHMO OT BO3PACTa ¥ OIbITa, MOT 0OPATUTHCS 32 TTOMOIIbIO0. JII06011,
KOMY TTOCUaCT/IMBUIIOCH C HUM OOGIIAThCS, 3aIIOMHWI Ty MCKPEHHIOI PagoCTb, KOTOPYIO ITpodeccop Yibpux
UCITBITBIBAJI, TOBOPSI 00 MIESIX U ycIexax KOJUIET ¥ YUeHMKOB. ETo MpucyTcTBYE B OIepaliOHHO, CITOKOMHBI
TOJIOC U MPaKTUUYECKMI COBET 3aCTaB/sIM PAabOTaTh YBepeHHe, T03BOJISISI CTABUTh Ka3aBIlIMeCs HeJOCTVKM -
MBIMU L€JIU U YCIEIIHO BbIXOAUTDb U3 CaMbIX HECTaHAAPTHBIX CUTYaALIUIA.

Onyapn, Bnagumuposud Yiabpux yiien B Bo3pacte 87 jileT, HO OCTajCs B Halleil MaMsITU MyAPbIM YUUTENIeM,
Komnneroit, YuenbiMm 1 YesioBekom ¢ 60mbIioii 6ykBbl. Ciacub6o Bam, doyapa BaaguMmupoBud, 3a TO, YTO BCe
9TU TOIIbI MbI MMEJIM CUACThe ObITH PSIOM C Bami ...

Yuenuxu u kosnezu npogeccopa 3.B. Yavpuxa,
pedakyuoHHas Koanezust xypHana «leHuii opmoneduu»
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