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Definitive fixation of open tibial fractures using the Ilizarov ring fixator:
an analysis of functional outcomes

E. Radhakrishnan*, E. Duraisamy
Government Chengalpattu Medical College, Tamilnadu, India
Corresponding author: Ezhilmaran Radhakrishnan, ezhilmars@yahoo.co.in

Abstract

Introduction Open tibial fractures are generally managed by wound debridement and temporary stabilisation
with AO external fixators followed by delayed internal fixation provided the soft tissue cover is adequate
and there is no infection.

This study aims at analysing the factors influencing the outcome of treatment of open tibial fractures using
external fixation with Ilizarov ring fixators as definitive method.

Materials and methods Twenty eight patients of both sexes aged more than 18 years who presented
with open tibial fractures were included as our study subjects. The open fractures were classified
according to Gustilo-Anderson classification of open fractures. Skeletal stabilisation was done either
with Ilizarov ring fixators primarily or with AO external fixators in whom within 5 days since the injury
the Ilizarov ring fixators were applied after thorough debridement of wounds. Patients were followed up
first 4 weeks after the definitive procedure, then after 6 weeks, 3 months, 6 months and 1 year. The results
were analysed using Tuckers criteria.

Results We achieved union in 25 patients without infection. Three patients were lost for follow-up.
In majority of patients (48 %) union occurred in 24 weeks. In 10 patients we had pin site infections.
The functional outcome was studied using Tucker’s Criteria according to which 5 patients (20 %) had
excellent outcomes, 9 patients (33 %) had good outcomes, 8 patients (29 %) had fair outcomes and 3 (16 %)
had poor outcomes.

Discussion Limitation of the present study is the absence of a comparison group, though it was possible
because of the nature of the injuries that these patients had while arriving at the trauma care facility. Another
limitation is the follow-up period. We followed the patients for one year but if we followed the patents
for longer periods we could have assessed the long-term prognosis.

Conclusion The definitive treatment of open tibial fractures especially Type 3B fractures with the Ilizarov
Ring Fixator system is found be optimal and cost-effective.

Keywords: open tibial fractures, Ilizarov method, definitive fixation

For citation: Radhakrishnan E, Duraisamy E. Definitive fixation of open tibial fractures using the Ilizarov ring fixator:
an analysis of functional outcomes. Genij Ortopedii. 2025;31(2):143-152. doi: 10.18019/1028-4427-2025-31-2-143-152.

© Radhakrishnan E., Duraisamy E., 2025
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OkoHuyaTenbHaa ¢puKcauma OTKPbITbIX NepenomoB 60bluebepLoBoii KOCTH
C UCNONIb30BaHUEM KOJIbLEBbIX annapaToB Mnusaposa —
aHanu3 GYHKUUOHAJIbHBIX pe3yNbTaToB

E. Radhakrishnan*, E. Duraisamy
Government Chengalpattu Medical College, Tamilnadu, India
ABTOpD, OTBeTCTBEeHHBII 3a mepenucky: Ezhilmaran Radhakrishnan, ezhilmars@yahoo.co.in

AnHOTanua

BBegenne. [Ipy OTKPBITHIX TIEpeIOMax O0IbIIE6ePIIOBOI KOCTY OOBIYHO ITPUMEHSIIOT ITEPBUYHYIO XUPYPIU-
YeCKyr 06paboTKy paHbl M BpeMEHHYIO CTabuamM3annio BHeIrHMMM Gukcatopamu AO ¢ mocaeayoein oT-
CPOUYEHHOJ BHYTPEHHEel (QuKcalyeil Ipy yUIOBUM afeKBATHOTO COCTOSTHUSI MSITKMX TKaHe! M OTCYTCTBUS
MHOEKITUN.

Ilesb paGoThI — BhIsAB/IeHME (DAKTOPOB, BAMSIONIMX HA PE3Y/IbTAT JIeUeHMsI TalleHTOB C OTKPBITBIMU ITepe-
JloMamMu 60JbIIIe6epIIOBOIT KOCTH C MCITONb30BaHMEM BHeIIHe dhuKcaluy anmapaToM MamsapoBa B KauecTse
OKOHYATEIbHOTO METOA.

MaTtepuaa ¥ meToapbl. B vicciemoBaHye BKIIOUEHbBI 28 MMaI[MeHTOB 000MX TTOJIOB B BO3pacTe crapiie 18 et ¢
OTKPBITBIMU IepesioMaMu 60/blre6epiioBoii KocTu. OTKPBIThIE HEPEeIOMbI CUCTEMATU3UPOBAIY B COOTBET-
CTBUM C KiaccuduKalmeil OTKpbIThIX mepemomoB Gustilo — Anderson. CKeJIeTHYIO0 CTaGMIM3AIIMI0 OCYIIeCT-
BJISLTU JTMOO0 KOJBIIEBBIMY amlliapatamy Minnsaposa, 60 HapykHbIMU pukcaTopamy AO, KOTOpbIe B TeUEHME
TISITU THEN IToC/Ie TpaBMbl IIPU TIATEIbHOI XUMPYPIUUecKoii 06paboTKe paH MeHsUIM Ha ammapat Mnusaposa.
PesynbTaThl OLleHMBAIN Yepe3 4 Hellei Moc/ie OKOHYATeIbHO Orepalnun, 3aTeM yepes 6 Hefellb, 3 Mecs1ia,
6 MecsieB 1 yepes 1 roj. Pe3ynbraThl aHAIM3UPOBAIM C MCIIOIb30BaHMEM KputepueB Tuckers.

PesynbTaThl. CpaiieHyue 6e3 MHOEKIUY TOCTUTHYTO YV 25 MalMeHTOB. Tpy MHallMeHTa MCKIIOYeHbl U3 I10-
cTenyiomero HabmogeHus.. Y G0MbIIMHCTBA MAlMEeHTOB (48 %) cpalieHue MPOU3ONUIO uepe3 24 Hemesn.
V 10 manumeHTOB BO3HMKIA CIUIEBAasi MHGEKIMS B MeCTe YCTaHOBKM. OYHKIMOHAIbHBIN Pe3yabTaT M3-
y4aJIu C MCIIOJb30BaHMeM KputepueB Tuckers, comracHO KOTOPbIM y 5 marnueHToB (20 %) pesynbraT ore-
HEH KaK OTIMYHBIN, y 9 maunueHToB (33 %) — Xopowwuii, y 8 mnauneHToB (29 %) — yIoOBJIETBOPUTEIbHBIN
ny 3 (16 %) — nioxoii.

Oo6cykaeHue. OrpaHMYeHMSIMM TAHHOTO VICCIeIOBAHMST SIBJISTIOTCST OTCYTCTBME TPYIIITBI CPAaBHEHUS M HEMIO-
CTATOYHO JJIMTEIbHBIN epUo, HabIOAeHNsT 3a TaleHTaMu (B TeUeHe OJHOTO roja).

3akmouenme. OKoHUaTeNbHas GUKcaIMst OTKPHITHIX [TEPEIOMOB 6O0JIbINE6EPIIOBOI KOCTHU, 0COGEHHO Tepe-
JIOMOB TuIa 3B, amapaTtom VnnsapoBa sSB/ISIeTCs OITUMAaIbHBIM 1 9KOHOMMYECKN 3(PPeKTUBHBIM METOIOM
JIeYeHMsI.

KnioueBble CJIOBA: OTKPBITHIE TIEPEIOMBI OOJTbIIIE6EePIIOBOI KOCTH, MeTox, Vnu3apoBa, OKOHUATEIbHAS (UK-
cauus

IOna outupoBaums: Radhakrishnan E., Duraisamy E. OxoHuaTenbHast GUKCALMS OTKPBITBIX MEPEIOMOB GObIIe6ep-
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INTRODUCTION

With the increase in the number of automobiles and national highways, India ranks number two in the list
of road traffic accidents among 207 countries as per World Road Statistics 2020 published by the International
Road Federation in Geneva. In 2021, India recorded a mammoth 412,432 road traffic accidents. Tamilnadu,
a state in the southern India where our hospital is located, recorded the highest number of road accidents
in 2021 (55,680) among all the Indian states. This resulted in a greater number of open tibial fractures presented
to the Emergency Department of hospitals across the state of Tamilnadu as tibia is the most common long
bone fractured in humans and the least soft tissue coverage makes open fractures common in tibia. Hence
it is needed to have an optimal and a cost-effective protocol to address these injuries. Though closed tibial
fractures are commonly managed by internal fixation methods, there are no clear cut standard guidelines
regarding management of open tibial fractures especially Type 3 injuries.

These fractures are generally managed by wound debridement and temporary stabilisation
with AO external fixators followed by delayed internal fixation provided the soft tissue cover is adequate
and there is no infection. The deep infection rate might be as high as 17 %, delayed union rate 14 % and the need
for secondary bone grafting 17 % even if this protocol was followed [1]. Pin-site infection would preclude
the use of intramedullary nail in tibial fractures following the use of AO external fixators [2]. There is a need
to devise an optimal management protocol in the management of open tibial fractures so that the morbidity
they cause decreases and the cost-effectiveness increases. This is more relevant in countries like ours where
much of the healthcare costs are borne by the state and the chance of patients having adequate insurance
cover is low. Hence this study aims at analysing the factors influencing the outcome of treatment of open tibial
fractures using external fixation with Ilizarov ring fixators as definitive method using Tucker’s criteria [3].

METHODOLOGY

This prospective study was conducted in the Fracture Clinic of the Department Of Orthopaedic Surgery, Govt
Royapettah Medical College & Hospital, Chennai for a period of two years. The study was started after getting
approval from the Institutional ethics committee. Informed consent was obtained from all the participants.
A non-random purposive sampling technique was followed to select the study subjects. Patients aged more
than 18 years of age of both sexes who presented with open tibial fractures were included as our study
subjects. Paediatric patients aged under 18 years and patients with pre-existing malignancies and metabolic
bone disorders were excluded from the study. Also patients with fractures older than seven days were excluded
from our study.

A total of 28 patients reported to the Emergency Department with open tibial fractures satisfying
our inclusion criteria during the above mentioned study period. Three patients were lost for follow-up and so
finally 25 patients were studied. ATLS protocol was followed in managing these patients. Open fractures
were classified according to Gustilo-Anderson classification of open fractures [4]. Once the patients were
hemodynamically stabilised and all the life threatening injuries were addressed radiological examination was
carried out and skeletal stabilisation was done either with Ilizarov ring fixators primarily or with AO external
fixators after thorough debridement of wounds. In those patients where AO external fixators were used
initially, the fractures were revisited within five days and the Ilizarov ring fixator was applied. We followed
accepted standards in applying Ilizarov ring fixators. We used a leg holder which we were able to construct
using Italian arches, rings and threaded rods to keep the leg off the operation table which made the wires to be
easily drilled though the bones and soft tissues (Fig. 1).

Fig.1.Leg stand

After the fractures were stabilised with Ilizarov Ring Fixators, the patients were encouraged knee and ankle
range of motion the next day of surgery. Patients were followed up first at 4 weeks after the definitive
procedure, then at 6 weeks, 3 months, 6 months and at 1 year. Pin sites were cared and any pin-site infection
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was noted and classified according Checketts-Otterburn Classification [5] (Table 1). Partial weight-bearing
was allowed once the wounds settled and progressed to full weight-bearing which depended on presence
or absence of associated injuries and condition of the patient (Fig. 2). We considered removal of the fixator
once the patient satisfied the clinical criteria of absence of pain at the fracture site at rest as well as on bearing
weight with dynamization and radiological criteria of union evidenced by presence of bridging callus in at least
three planes at the fracture site.

Table 1
Checketts-Otterburn classification of pin-site infections
Grades Characteristics of Infection Management
Grade I* Slight discharge ,Redness around the pins (problem rather Improved pin-site care

than infection)

Grade IT* Redness of the surrounding skin, pus at the pin site,
pain and tenderness in the soft tissue

Grade III* Similar To Grade-II but fail to settle with oral antibiotics The affected pin or pins are re-sited
and improved pin site care and external fixation can be continued

Grade IV# Severe soft tissue infection involving several pins, sometimes
with associated loosening of the pins

In addition to the soft tissue infection, in Grade V infections
Grade V# there is involvement of the bone. Radiographs will show areas External fixation should be abandoned
of osteolysis and possibly sequestrum formation

These infections occur after fixator removal. The pin track
Grade VI# heals initially, but will subsequently break down and discharge

at intervals. Radiographs shows new bone formation and
sometimes sequestra

Oral antibiotics, Improved pin-site care

External fixation should be abandoned

Curettage of pin track

* — minor infections; # — major infections.

Fig. 2. Weight-bearing
measure
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RESULTS

Twenty-five patients that fulfilled the inclusion criteria were included in our study, of which 22 patients
(88 %) were males and only 3 patients (12 %) were females. Most of the patients were in their fourth decade
of their age (48 %). The commonest mode of injury was road traffic accidents involving motorcycles (52 %)
because most of the working class population in this part of the world generally use motorcycles for their
daily commuting. In 72 % of the patients, the right leg was injured and in 22 patients (88 %) both tibia
and fibula were fractured and only in 3 patients (12 %) we encountered an isolated tibia fracture. According
to Gustilo — Anderson classification we had 13 Type 3A injuries (52 %), 5 Type 3B injuries (20 %), 6 Type 2
injuries (24 %) and only one Type 1 injury (4 %). We didn’t encounter Type 3C injuries in our study.
Of these 25 patients, only two had intra-articular fractures (8 %). In our study 18 patients (72 %) had
communited fractures and others were simple fractures. By AO classification of fractures, a majority fell
under 42 C 1 (15 %), 42 C 2 (11 %) and 42 C 3 (11 %). Of these 25 patients, in 19 patients the fractures were
stabilized temporarily with AO external fixators. This was to achieve hemodynamic stability, to address other
injuries in the same patient and to plan for definitive management. In remaining 6 patients, Ilizarov ring
fixators were used primarily. Of the 19 patients where AO external fixators had been used initially, the ring
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fixator was applied in 12 patients on the third day since injury and in 7 patients on the fourth day since
injury. Thus, in all the 25 patients the ring fixator was applied within 5 days after injury. In 10 patients we had
pin-site infections (Fig. 3, Table 2) which were managed appropriately and during the course of management
pin removal and insertion at a different position was needed in 52 % of the fractures for want of flap cover.
All patients were able to flex the knee up to 90 degrees as beyond that point the proximal most rings hindered
any further movement (Fig. 4). One patient (4 %) had equinus contracture at the ankle which was corrected
with physical therapy. At 8 weeks, 18 patients were able to bear full weight on the injured limb. We noticed
that with proper education and motivation patients tolerate the fixator and were willing to carry on their
routine activities with the fixator (Fig. 5).

Table 2
Pin-Site Infections Managed
Grade I 1I I1I v \Y VI
Number of Pin-Site Infected 2 5 3 Nil Nil Nil

Fig. 3. Pin-site infection Fig. 4.90° flexion with fixator on Fig. 5. Patient feels comfortable
with fixator

We achieved union in all the 25 patients without infection (Table 3). In majority of patients (48 %), union
occurred after 24 weeks. The signs of clinical union appeared 4 weeks earlier than radiological union.
We considered the probability of delayed union when no signs of union were noted radiologically even
after 24 weeks since injury. This situation happened in 5 patients, and in 2 patients where diaphyseal fracture
site non-union occurred, we did bone grafting following the standard procedure. Two patients needed bone
marrow injection alone in metaphyseal fracture non-union. In one patient, we did excision of the non-union
and carried out bone transport after corticotomy at the proximal tibia (Fig. 6). All these 5 fractures united
after 48 weeks. We had no non-union or residual/deep infection at the end of 1 year follow-up period
but two cases of limb shortening, one had 2.0-cm shortening and the other had 1.5-cm shortening. These were
managed with shoe-rise alone and no additional procedure was required. We considered fixator removal once
the fracture showed signs of union clinically and radiologically. We removed the fixator at the end of 24 weeks
in 12 patients (48 %), 32 weeks in 8 patients (32 %) and 48 weeks in 5 patients (20 %) (Fig. 7-9).

Table 3
Period of Bony Union
S.No. Period For Union Noof Fractures Percentage
1 < 4 weeks 0 0%
2 4 weeks — 6 weeks 1 4%
3 6 weeks — 3 months 7 28 %
4 3 months - 6 months 12 48 %
5 6 months — 1 year 5 20 %
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Fig. 6. Patient 1: a — segmental communited fracture, day 1; b — condition of the skin at presentation; c — definitive
Ilizarov fixation of the fracture; d — patient at 10 weeks — wound open, no signs of union; e — resection of non-
union segment; f — corticotomy, distraction, consolidation; g — X-rays AP and lateral views post-fixator removal
(well united and consolidated); h — clinical outcome — patient is comfortable in sitting cross-legged and squatting

T'enuii opmoneduu. 2025;31(2) 148



Knmumanuyeckue ucciaenoBaHms

Fig. 7. Patient 2 with communited proximal left tibia fracture: a — X ray AP and lateral views; b — post-operative
X rays (from left to right — 15t month AP view;1% month lateral view; 3 month AP view; 3 month lateral view;
6" month AP view; 6th month lateral view); c — X ray and photo of the patient after 8 months (patient could squat
and sit cross-legged)

Fig. 8. Patient 3: Type 3A
open injury: a — fracture
in middle third of both left
lower leg bones (please
note the tense left leg with
open wound); b — post-
operative X Rays (from left
to right — AP 6 weeks, lateral
6 weeks, AP 6 months lateral
6 months); ¢ — post-operative
X Rays and photos of the
patient at 10 months after
fixator removal. He was able
to squat and sit cross-legged
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Fig. 9. Patient 4: a — Type 3B, open fracture-wound
debridement and AO external fixator application;
b — X Rays (from left to right — day 4 after injury
AP and lateral views, 6 months after fixation AP
and lateral views); ¢ — patient was comfortable and
working his gym routine

The functional outcome was studied using Tucker’s Criteria (Box 1) according to which 5 patients (20 %) had
excellent outcome, 9 patients (33 %) had good outcome, 8 patients (29 %) had fair outcome and 3 (16 %) had

poor outcome (Table 4).
Box 1

than 15° and no infection.

Good: Fracture union with one criteria missing
Fair: Fracture union with two criteria missing

Poor: Fracture union with three criteria missing

Tucker’s Criteria

Excellent: Fracture union plus full knee extension with 125° knee flexion and 75 % of ankle motion when
compared to normal side(if both sides are involved ankle motion above neutral with 30° flexion, no limb
length discrepancy greater than 1 cm, angulation not greater than 7° in any plane, rotation not greater

Table 4
Functional Outcome using Tucker’s Criteria
S.No Outcome No of cases Percentage
1 Excellent 5 20.52 %
2 Good 9 33.33%
3 Fair 8 29.63 %
4 Poor 3 16.52 %
DISCUSSION

The development of highways along with availability of high performance motor vehicles and rapidly
increasing number of motor cycle users with general lack of awareness about road rules result in high
velocity injuries in fast developing nations like India. Most of the available literature on open tibial fractures
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reveals a male preponderance in the age group of 30-40 years similar to our study [6, 7, 8, 9]. In general,
the mainstay of management of open fractures is thorough debridement the principles of which were laid
by Desault and Larry [10, 11] which are still relevant today. We did thorough debridement of all the wounds
before stabilising the fractures regardless of whether we used AO or ring fixators primarily. A general protocol
that is followed across many centres in management of open tibial fractures is thorough debridement,
early antibiotics (within 1-3 hours since injury), hemodynamic stabilisation, primary internal fixation with
intramedullary nails or temporary stabilisation with AO external fixators followed by secondary internal
fixation with intramedullary nailing [12, 13, 14]. Complications like deep infection, delayed union and need
for bone grafting is high even if this regimen is followed strictly [1]. Plate fixation in open tibial fractures
did not yield favourable results in the past [15]. Limb Reconstruction System (LRS) was studied in open
tibial fractures. M.Y. Patil et al. studied 54 patients with Type 3A and Type 3B open tibial fractures who were
managed with LRS and stated that LRS was a simple and easy system which could be used for all open tibial
fractures but cautioned that their study was limited as it did not have a control group [16]. In our view the LRS,
though offers stability and provision of bone transport, is costly and not versatile as it would be difficult
with LRS to achieve compression of fracture fragments in comminuted fractures. These would be possible
with the Ilizarov ring fixator using drop wires and posts. The Ilizarov ring fixator shows optimal biomechanical
properties such as low axial stiffness on axial loading and high axial stiffness to bending loading which
promote bone healing [17]. It has axial elasticity and is inherently dynamic. Conventional large pin fixators
and LRS could be dynamized but jamming of telescopic rods is often a problem since they are not inherently
dynamic. Not many studies are there regarding the use of Ilizarov ring fixators in definitive management
of open tibial fractures. N. Wani et al. in their study of 60 patients with Type 2, Type 3A and Type 3B open
fractures of the tibia concluded that the Ilizarov external fixator could be recommended as primary modality
of fixation in open tibial fractures despite technical difficulties and possible of pin-site infection [18].
The most common complication in their study was pin site-infection (32 patients). We had pin site-infection
in 10 patients that were managed appropriately.

The principle of distraction histogenesis could be used to treat soft tissue defects simultaneously while
addressing the bone problem. In their series of 34 patients with open tibial fractures treated primarily
and definitively with the Ilizarov ring fixator, G. Hosny and M. Fadel used soft tissue distraction system
successfully in four patients [19]. In open tibial fractures without bone loss or infection its advantages are less
tissue trauma and minimal or no surgical bleeding unlike with the use of internal fixation methods. The Ilizarov
method allows the surgeon to treat bone loss and infection simultaneously [20]. In the presence of diaphyseal
bone defect with infection the Ilizarov method offers good results [21]. Fortunately, in our study we did not have
infected diaphyseal bone defects. Bone defects might be treated with alternative methods like vascularised
fibular grafts, free fibular transfers or Papineau technique [22, 23] but these methods need prolonged pre-
and post-procedure antibiotic therapy, no mechanism to correct deformities and do not allow the patient
to bear weight during treatment. Even though bony union might be achieved by alternative methods, the bone
that is formed needs years of remodelling to get the biomechanical structure and radiological appearance as
that one formed by bone transport using Ilizarov distraction histogenesis. In our series we had one patient
who needed a corticotomy and bone transport to achieve bone union. The mean time of bone union ranged
from 21 weeks to 34 weeks in most of the series [18, 19, 20, 21] which is comparable to the present study.

Limitation of the present study is the absence of a comparison group, though it was possible because
of the nature of the injuries that the patients had while arriving at the trauma care facility. Another limitation
is the follow-up period, we followed the patients for one year but if we followed the patents for longer periods
we could have assessed the long-term prognosis.

CONCLUSION

The definitive treatment of open tibial fractures especially Type 3B fractures with the Ilizarov Ring Fixator
system is found be optimal and cost-effective. The Ilizarov Ring Fixator is a versatile tool which allows
the orthopaedic surgeon to treat fracture, infection and bone loss simultaneously. Since it is inherently
dynamic, weight-bearing is possible even during the treatment period. It yields excellent and good results
in the conditions where internal fixation methods would be counterproductive.
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AHHoOTanusa

BBegnenmue. [lepesioMbl Ta3a y feTeit — pefKue, KpajtHe Tsskesible TPaBMbl, CBSI3aHHbIE CO 3HAUUTENIbHOI YyTPO-
3011 ku3HU. TTOMCK HOBOW PallMOHATBHOI TAKTUKY OMEPATUBHOTO JIeUeHMs, OCHOBAHHOI Ha KOMOMHALIIU
Pa3IMYHBIX MaJOMHBA3VBHBIX METOAMK OCTEOCHHTE3a ¥ MHCTPYMEHTOB JJISI €T0 OCYIIEeCTBIEHMUS, OCTAeTCs
aKTyaJbHBIM.

Lenn paﬁOTbI — OLI€EHUTDb pe3yJabTaThbl 3TAITHOI'O JIEUEHUS N KOM6I/IHEILU/II/I MaJIOMHBA3VMBHBIX METOAOMK OCTE€OCMH-
T€3a B pa3HbIe ITepuoabl TpaBMaTMHECKOﬁ 6oe3Hu y neTel C CoOueTaHHbIMMU ¥ MHOKeCTBEHHbIMU TpaBMaMM Tasa.

Marepmnansl 1 MeTOAbI. [IpoBeneH aHanus 48 ciyyaeB IeueHus IeTeli ¢ TepeioMaMy Ta30BOT0 KOJblia, OJTy-
YMBIIMX COUETAHHYIO ¥ MHOKeCTBeHHYI0 TpaBmy B 2000-2023 rT. B OCHOBHYIO I'PYIIITY BK/IIOUEHBI 23 pebeHKa,
HaxXOOVBIIMXCS HA JIEYeHUM B LEHTPe AeTCKOoi nonutpaBmMbl AMypckoili OJKB, y KOTOpPBIX [4J1s1 IIPOTUBOIIO-
KOBOTO M OKOHYAaTeJbHOI'0 OCTEOCHHTE3a Ta30BOr0 KOJbIlA MCII0/Ib30BaHbl aBTOPCKME METOAUKU U MHCTPY-
MEHTBI. B rpyIimy cpaBHEHMSI BKITIOUEHBI 25 6O/bHBIX, MOAyJaBIIuX jeyeHre B PHIIOMII (TamkenT). [pymnmna
CpaBHeHMS pasfesieHa Ha TPU MOATPYIIIbI B 3aBUCUMOCTM OT METOAA JIeueHUsI: KOHCepBaTUBHOE JIeueHue,
OCTEOCHHTEe3 CIUIIAMM, OCTEOCHMHTE3 alapaToM BHelHei pukcainuy (AB®D). Knaccuduxaiuo mnepeoMoB
Tasa npoBoguau o AO/ASIF, olleHKy TSKeCTH IONUTPaBMbl — MO 1nkaje ISS. AHaToMuueckue 1 GyHKIMO-
HaJIbHBIE Pe3y/IbTaThl JIEUeHMsI OLieHUBasIu 1o metoaukam M.JI. [llnsikoBa 1 S.A. Majeed.

PesynbTaThl. Y Mal[ieHTOB OCHOBHOJ TPYIIIIBI OCTATOYHOE CMellleHe HabIoaaam pexke Ha 57,6 %, ueM B IOfI-
IpyTiIie ¢ KOHCEPBATUBHBIM JieueHMeM, Ha 32,6 %, ueM B IIOATPYIIIe C OCTEOCMHTE30M criuiiaMu, 1 Ha 15,9 %,
YyeM B IIOATPYIIIE C OCTeoCHTe30M ABD. DYHKIIMOHAIbHBIN Pe3y/IbTaT JIeueHNsT 60IbHBIX OCHOBHOVI TPYIIITHI
JIIOCTOBEPHO JIyyllie, YeM B IMOATrPYIIax KOHCEPBATUBHOIO JIeUYeHUS U OCTeOCHMHTe3a CIIUIaMM TPYIITbI CpaB-
HEeHMS, IPU OTCYTCTBUM LOCTOBEPHOIO Pa3inyus B CpaBHEHUN C IMMOATPYIIIION ocTeocuHTe3a ABD.

OGcykaeHMe. JTarHoe KOMOMHUPOBAHHOE JIeUeHMe C IPUMEHEeHeM pa3paboTaHHBIX METOIMUK U METaJIIO-
KOHCTPYKIMI IJisI OCTEOCHHTE3a TT03BOJISIeT YIYYIIUTD PETIO3UINI0 U CTabMIN3alNI0 TTePeIOMOB Ta30BOTO
KOJIbIIA ¥ IOCTUYD XOPOIIero GyHKIMOHAIbLHOTO pe3ynbraTa. He Bce Mpo6ieMbl Ta30BOM XUPYPIUM MOKHO
pemmth AB®, psia moBpeskaeHMit TpebyeT MpUMeHeH!Us MOrPYsKHOTO OCTeOCHHTe3a IJis 6ojiee TOYHO pe-
no3uiun. [le3sMHTerpmpylolye MoBpeskaeHUs Ta3a, COITPOBOKAAIOIINECS ITOTHOM IBYCTOPOHHEN HECTaOWIThb-
HOCTbBIO, HY3KHO OIepupOBaTh C UCIIOJIb30BaHMEM BpeMeHHO! TpaHCIeIUKYISIPHON dhuKcaIun, TOCKOIbKY
aJIbTepHATUBbBI ITOMY METOAY He CyIlleCTBYeT.

3akmoueHue. KomOouHams BHeIIHeN GuKcanmuy ¢ BHyTPEeHHMM OCTEOCHMHTE30M MO3BOJISIET JOOUTHCS TOU-
HOJi PeITo3MLIM Y HaJIeKHOM cTabyii3anuyy pparMeHTOB Ta30BOr0 KOJIbIlA. DTAITHOE OKas3aHMe Clelyaan3u-
POBAHHOJ ITOMOIIM C OCTAHOBKOJ BHYTPEHHETO KPOBOTEUEHMST M (DMKCALMEN ITPOTUBOIIOKOBBIM arapaTom
Ha [IepBOM 3Tarle ¥ OKOHUYaTeabHOI cTabuau3alyeii 0TJIOMKOB Ta30BOI'0 KOJIbIa HAa BTOPOM 3Tarle SIBJsSIeTCs
Haubosiee palMOHaJbHBIM TAaKTUUYECKUM ITOAXOI0M IIPM MOJUTPaBMe Y JeTeii. BHEITHI00 (UKCaI0 MOKHO
MIPMMEHSTh He TOJIbKO KaK HaJIesKHYIO U IIPOCTYIO MTPOTUBOIIOKOBYIO (GMKCAIIVIO, HO M KaK METOH, OKOHYATE Tb-
HOT'O OCTEOCHHTE3a.

KiroueBbie c1oBa: 1epesioMbl Ta30BOTO KOJIbIIA, TPABMA Y AeTeii, MHOKECTBEHHAsI Y COYeTaHHas TPaBMa,
damage control orthopedic, anmapaTsl Hapy>kHO¥ puUKcaLn

HOns nutupoBanus: boposna U.B., Hukonaes P.B., Kapumos M.IO., Canaxugaunos @.b., Mamapumnos ®.A. JleueHne
JleTeil ¢ TTOMIMTPaBMOJi Ta3a METOAMKAMM MaJOMHBA3MBHOTO M KOMOMHMPOBAHHOTO OCTEOCHHTE3a. I'eHuli opmoneduu.
2025;31(2):153-164. doi: 10.18019/1028-4427-2025-31-2-153-164.
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Abstract

Introduction Pelvic fractures in children are rare but extremely severe injuries associated with a significant
threat to life. The search for new rational tactics of their surgical treatment based on a combination of various
minimally invasive osteosynthesis techniques and instruments for its implementation remains relevant.

The aim of the work was to evaluate the results of staged treatment and a combination of minimally invasive
osteosynthesis techniques at different periods of traumatic disease in children with combined and multiple
pelvic injuries.

Materials and methods An analysis of 48 cases of treating pelvic ring fractures in children who sustained
combined and multiple injuries within the period of 2000 to 2023 was carried out. The study group included
23 children treated at the pediatric polytrauma center of the Amur Regional Children's Clinical Hospital,
in whom the author's methods and instruments were used for anti-shock and final osteosynthesis of the pelvic
ring. The comparison group included 25 patients treated at the Republican Scientific Center for Emergency
Medical Care (Tashkent). The comparison group was divided into three subgroups based on the treatment
method: conservative treatment, osteosynthesis with pins, osteosynthesis with an external fixation device
(EFD). Pelvic fractures were classified according to AO/ASIF; the severity of polytrauma was assessed according
to the ISS scale. Anatomical and functional treatment results were evaluated using the methods of I.L. Shlykov
and S.A. Majeed.

Results In patients of the main study group, residual displacement was observed by 57.6 % less
frequently than in the subgroup with conservative treatment, by 32.6 % than in the subgroup with wire
osteosynthesis and by 15.9 % than in the subgroup with osteosynthesis with an external fixation device
(EFD). The functional treatment result of patients in the main study group was significantly better than
inthe subgroups of conservative treatment and wire osteosynthesis of the comparison group, with no significant
difference when compared with the subgroup of EFD osteosynthesis.

Discussion Staged combined treatment using developed techniques and metal structures for osteosynthesis
allows better reduction and stabilization of pelvic ring fractures and achieves good functional results.
Not all problems of pelvic surgery can be solved with EFD; a number of injuries require the use of internal
osteosynthesis for more accurate reduction. Disintegrating pelvic injuries accompanied by complete
bilateral instability should be operated using temporary transpedicular fixation, since there is no alternative
to this method.

Conclusion The combination of external fixation with internal osteosynthesis provides accurate reduction
and reliable stabilization of pelvic ring fragments. Staged specialized care including internal bleeding arrest
and fixation with an anti-shock device at the first stage and final stabilization of pelvic ring fragments
at the second stage is the most rational tactical approach to polytrauma in children. External fixation can be
used not only as a reliable and simple anti-shock fixation, but also as a method of final osteosynthesis.

Keywords: pelvic ring fractures, paediatric trauma, multiple and combined trauma, damage control
orthopaedics, external fixation device
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BBEIOEHUE

ITepemombl Tasa y geTeit — 9TO pelKyue, HO KpaiiHe TshKesIble TPaBMbI, CBSI3aHHBIE CO 3HAUYMTENIbHOI YTPO307t
SKU3HU Y HEOOXOMVIMOCTBIO OIepPAaTHBHBIX BMEIIATeIbCTB [1]. AHAaTOMMUYECKM He3pesIblii CKeJleT PacTyIIero
pebeHKa 061aaeT MOBBIIIEHHO IMOKOCTBIO TP GOJbIIEN aMITIUTYIE ABUKEHMI KPeCTI[OBO-TOAB3AONTHbIX
CyCcTaBOB ¥ 106K0OBOTO couwteHeHus1. K akTopam, Crroco6CTBYIONIMM 061I1eli YITPYTOCTY IETCKOTO Tas3a, OTHO-
CSITCSI 00OMIMe XPSIIIEBOJ TKaHM, 00eCIIeuBaoIeil MPeBOCXOIHYI0 aMOPTU3ALMIO YIapOB, M ITOBBIIIEHHBI
TIOTEeHLMa/l pemMopenupoBanus [2, 3, 4]. CiemoBaTenbHO, IIepeIOM Ta3a y JeTell SIBJISIeTCs IIoKasaTeneMm Tsl-
SKeJION, pa3pyLIUTEeNIbHOM TPaBMbl, UTO IIPUBOAUT K ITOBPEXAEHUSIM APYIUX CUCTEM OpraHu3Ma U, COOTBET-
CTBEHHO, YBEJIMUEHUIO CMEPTHOCTH.

Kak mokasbIBaloT COBpeMeHHbIe UCCIeN0BaHNsI, TpaBMa Ta3a y AeTell BcrpeuaeTcs B 1,6—2 % ciaydyaeB, TPy 3TOM
Hanbosee pacrpoCcTpaHeHHO! MPUYMHON TPaBM Ta3a SIBJISIOTCS JOPOSKHO-TPAHCIIOPTHBIE TIPOVCIIECTBUS [5].
ITo manHbIM aHanM3a 163 cayuaeB rocrmTanm3anym B. Michelle et al. [6] BeigBMINM, UTO Hambosee pacIpo-
CTpaHEHHOI COITyTCTBYIOILEN TPAaBMOA y ieTeil ¢ IiepeioMaMy Ta30BOr0 KOIblLia SIBJISIIOTCS IT€PEIOMbI APYTUX
CEerMeHTOB OITOPHO-IBUTaTeNIbHOIO armapara (60 %), MOBpeXkIeHNs MapeHXMATO3HbIX OPTaHOB GPIOIIHOI T10-
joctu (55 %) v opraHoB IPyIHOV KIETKU (48 %), Ipy 9TOM OGOJBIIMHCTBO AeTeli (61 %) MoIydniio moBpexie-
HMSI HECKOJIbKMX OpraHoB. HecTabmibHbIe TTepesIoMbI Ta3a CBSI3aHbI C MOBPEXIEHMUSIMU TpyIHO KieTku (70 %
nipotus 40 %), cepaua (15 % npotus 2 %) u cenesenku (40 % mpotus 18 %), p < 0,05. CONMyTCTBYIOIIME TPABMBI
YacTo SIBJISIIOTCSI IPUUYMHON TaKMX OTHAJIEHHBIX ITOCTENCTBUIT KaK XpPOHMUYECKast 60Jib, CKOMMO3, CeKCyaabHast
IucYHKIVS, HECOOTBETCTBME IJIMHBI HOT 1 JTaXke 3aiepyKKa POCTa, KOTopblie HabmogaTcst 1o 30 % ciyuaeB
IepeIOMOB Ta3a y feTeli [7]. B peTpocnieKTMBHOM MccaenoBaHuy 29 repeioMoB BePTIY)KHON BIIaAVIHBI y leTel
B BO3pacTe OT 2 0 16 JieT co cpesHUM TepronoM HabmopeHus 14 net M. Heeg et al. mokasanu, 4To y maueH-
TOB C LIEHTPATbHBIMM BbIBUXaMU Oe[ipa pe3yibTaT ObIT OTHOCUTEIBHO TUIOXUM, Y TOIBKO Y OHOTO M3 YeThIpex
MMaLeHTOB, IPOLIe X XUPYPIUYeCKoe JieueHye, JOCTUTHYTa KOHIPYSHTHOCTL [7]. ccrnenoBaTeny 0TMeYaloT,
YTO Haubosee pacpoCTPaHEHHBIMM OCIOKHEHVSIMH, 3apPerrCTPUPOBAHHBIMY TIOC/IE TTIePeIOMOB Ta3a, SIBJISI-
10TCSI acuMmmeTpust Tasa (9,2 %), xpomorta (6,0 %) u pasuuiia B gyHe Hor (5,0 %) [8]. XoTs mepestomMbl Ta3a Ha-
6/1I01A10TCS Y CPAaBHUTEIBHO HEOOJBIIION YacTy JieTelt C TpaBMaMi, ypOBeHb CME@PTHOCTH MIPU HUX TOCTUTAeT
25 %, uTO 00YCIIOB/IEHO B OCHOBHOM COITYTCTBYIOIIMMMY TIOBPEXKIEHMUSIMU IPYTUX OPraHoB u cucteMm. [Ipu sTom
CMEepPTHOCTh Y MAJIbYMKOB Ha 13 % Bbllle, ueM y geBouek (18 % mpoTtus 5 %) [1, 9-14].

BonbIIMHCTBO COBpEMEHHBIX aBTOPOB CXOAUTCS BO MHEHUM, UTO KaacCUPUKALUMU U CTpaTeruu JiedeHus,
MIpMMeHsIeMbIe IS B3POC/IbIX, He TIPUMEHMMBI K IeTSIM M3-3a pa3inunii B GU3MOIOTUM Y MeXaHU3MaX I10-
BpexkmeHus Tasa [1, 15-17]. Bmecre ¢ Tem, myGmMKanuy Ha JAHHYIO TEMY MMEIOT MaJIbIii 00beM BbIOODKMU,
OTpaHMYEeHHBIVI aHAIN3 WIM TPOCTO yCTapenau, YTO OTMeuaeT Liefblii psifi ucciaenoBaTesneil. bompIIMHCTBO
CTaTeil OCHOBAHO TOJIbKO HAa aHajM3e XapakTepa U JIoKajau3aluu 1epejioMOB U He COLEePKUT JaHHbIX O CO-
MIYTCTBYIOIIVX TPaBMax, UX JIeUeHUU U UCXonax [2, 3, 16—21]. Bce 3To NpMBOAUT K OTCYTCTBUIO YETKUX Pe-
KOMeHAIMii 10 BeJeHUIO ¥ JIeUeHNI0 TallMeHTOB IeTCKOro Bo3pacTta ¢ TpaBMamu Tasa [5, 11]. [Touck HOBOIA
palMOHaIbHOI TaKTUKM OIEepaTUBHOIO JieueHMsI, OCHOBAHHOJ Ha KOMOMHAILIMM Pa3IUMUYHbIX MaOMHBA3VB-
HbIX METOMK OCTEOCHMHTE3a ¥ UHCTPYMEHTOB 1JI51 er0 OCYILeCTBIeHMSI, OCTaeTCsl aKTya/IbHbIM.

Lensb pa60'1'1>1 — OLI€EHUTD Pe3y/IbTaThbl 3TAITHOTI'O JIEUEHUS U KOM6I/IH&LU/II/I MaJIOMHBA3VMBHbIX ME€TOOMK OCTe-
OCMHTEe3a B pa3HbIe ITepnoabl TpaBMaTM'IECKOﬁ 60J1e3HU y JeTeli C COUeTAaHHBIMU Y MHOXXECTBEHHbIMM TpaB-
MaMM Ta3a.

MATEPUWAJIBI 1 METO/bI

Hamu mpoaHanm3upoBaHbl pe3yabTaThl JieueHusl 48 meTell, MOMyYMBIINX COYETaHHbIE M MHOXXECTBEHHbIE
TpaBMbI Ta30BOT0 Kojbila B riepuof ¢ 2000 o 2023 rr.

Kputepun BritoueHus : BO3pacT NalyeHToB 4o 17 j1eT, lepesloMbl Ta30BOT0 KOJIbLia C HapyllleHVieM ero CTabu/Ib-
HOCTM — OTHOCUTEeIbHO-CTa6VIIbHBIE 1 HecTabuabHble 1Mo Kinaccuburanyy AO/ASIF [22] B codeTaHuu € I10-
BPEXIEHUSIMU IPYTUX KOCTei CKeleTa M BHYTPEHHNX OPraHOB (MHOYKeCTBeHHbIe U COUeTaHHbIe ITIOBPEKICHN).

Ha ocHOBaHMM MPOBEIEHHOTO PETPOCIIEKTUBHOIO aHaMM3a CchOpMUPOBAHbI IBe KIMHMYECKIE TPYIIIbI: OC-
HOBHa rpymma (n = 23) u rpyrmmna cpaBHeHus (n = 25).

B ocHOBHY10 I'pYIIITy KIMHUYECKOTO UCC/IeJOBAaHMS BKJIIOUEHBI IeTU B BO3pacTe OT 3 1o 17 jeT, HaXOAMBIINECS
Ha JleueHuM B LieHTpe JeTckoii momutpaBmbl (TLL I ypoBHS) B AMYpCKOIi 06IaCTHOM AETCKOI KIMHUYECKOM
6onbHUIle (AOKB, BraroBemieHck). [Ipu JieueHUY MAIMEHTOB MCIIOIb30BaHbl aBTOPCKYE METOIUKU U VH-
CTPYMEHTHBI.

I'pynma cpaBHeHMSsI cpopMMUpoOBaHa 13 OOIbHBIX B BO3pacTe OT 5 mo 17 jieT, KoTopbie IMoayJay jeueHue B Pe-
CITyOMKAHCKOM HAYYHOM IIeHTpe 9KCTPeHHOI MeguuuHcKoi momoniy (PHLISMII, TanrkeHT, Pecrybnuka V3-
6eKuCTaH), ¥ pas3zesieHa Ha TPU MOATPYIIIbI B 3aBUCUMOCTM OT METOJA JIEYEHUSI: KOHCEPBATUBHOE JIeUeHe
(n=8), ocreocuHTes criuaMu (n = 9), ocreocuHTes AB®D (n = 8).
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BpeMeHHOIT MPOMEXYTOK McciaeqoBanus Hauancs ¢ 2000 r., Kora BrepBble B 03HAUEHHBIX BbIIIIE JTeUueOHbIX
yUpeXIeHUsIX Hauaay IPUMeHSTh YpeCKOCTHBI OCTeOCHMHTe3 allliapaTaMiu BHelHeit dukcarnuu (AB®). TaH-
Hble YUPesKIeHMsI SIBJISIOTCS PerMOHaIbHbIMMY (PeCITyOIMKaHCKUMM) IIeHTPaMU OKa3aHMs Clielaan3MpoBaH-
HOI1 IIOMOIIY e TSIM, UTO 06eCcIeunsio cayJaitHblii xapaktep GopMUpOBaHMS UCCAeAYEeMbIX TPYIII, TOCKOIbKY
BCeX ITall/{eHTOB, ITOJIyUYMBIIMX TSIKEIYI0 TPaBMY Ta3a B peroHe, JOCTaBIISIN B 3TU YUPEXKIeHNS.

ITo mony 1 BO3pacTy OCHOBHAS IPyIIa U IPymma cpaBHeHMs] cOpMMUPOBaHbl OMHOPOLHO U He MMeIOT CTa-
TUCTUUECKM 3HAUMMBbIX oTinumit. CpegHee 3HaUeHMEe BO3PACTHBIX IPYIMI COCTABWIO: B OCHOBHOI — 13,5,
a B rpyrie cpaBHeHust — 14,4 ropa (p > 0,05) (Ta6m. 1).

B nopassistionieM GObIIMHCTBE C/Ty4aeB MPMUMHOI MOTYUYeHHbIX TPaBM CTa/IM JOPOsKHO-TPAHCIIOPTHBIE IIPO-
uciiecTBus (Tabi. 2).

Ta6muua 1
PacmipeneneHye 60IbHbBIX 10 TIOTY ¥ BO3PACTy
['pyrirel naneHToB Mon Bospacr
34 H MYX. | JKeH. 0-3 4-7 8-11 12-15 16-17 cpefHee 3HaUeHMe
OcHoBHas rpymmma | abc. | 14 9 1 2 2 7 11 135
(n=23) % 60,9 | 39,1 4,3 8,7 8,7 30,4 47,8 ’
I'pynmna cpaBHenus |a0c. | 14 11 - 1 1 8 15 144
(n=125) % 56 | 44 - 4 4 32 60 ’
Ta6muua 2

PacnpeneneHI/Ie 60JIbHBIX B 3aBUCUMOCTH OT TPaBMMPYIOIIEro areHra

OcHoBHag rpymmna (n = 23) I'pynmna cpaBHeHus (n = 25)
O6CTOSITENIbCTBA TPABMBbI abc. % a6c. %
ABTOIIOpOsKHAsSI TpaBMa 19 82,6 22 88
ITameHMe ¢ BBICOTHI 3 13,1 2 8
CnoaByieHue 1 4,3 1 4

V Bcex ManyeHTOB OCHOBHO IPYIIbI AMarHOCTUPOBAHbI 3aKPBIThIE TTEPEIOMbI TA30BOTO KOJbila THma B u C
o kinaccuduranyumu AO/ASIF u TiepesioMbl BePTIYKHOI BIAAVHBI, COMPOBOXKIABIINECS TPABMATUUECKUM
MIOKOM. [ToBpekIeHNs Ta3a AeTY MONTYyYMIN B Pe3YJIbTaTe BhICOKOIHEPTeTUYECKUX TPAaBM, TPENMYIIeCTBeH-
HO aBTOJJOPOKHOI ¥ KaTaTPaBMbl, BCE 9TU TPAaBMbI ObUTM COUETAHHBIMU U MHOKECTBEHHBIMU (Tab1. 3). OuieH-
Ka TSDKeCTM TTOTTyYeHHBIX TPaBM 110 1ikase ISS coctaBuia ot 15 mo 50 6aios.

V Bcex GOIbHBIX IPYIIbI CPABHEHMS TAKKE AMArHOCTMPOBAHBI 3aKPhIThIE II€PEIOMbI Ta30BOI0O KOJIbLia THUIIA B
u C o kinaccudurauyy AO/ASIF u mepesioMbl BePTIY;KHOI BITaAMHbI, COIIPOBOKAABILIECS TPABMATUYECKAM
rokoMm (tabim. 3).

Ta6muua 3
PacrnipeneneHye 60IbHBIX B 3aBMCMMOCTY OT BUA COITYTCTBYIOIEI MTaTOIOTUMU
Bua noBpexxaeHus Tasza
OTHOCKUTEJIbHO-CTa6UIbHOE HecrabuabHoe [TepesioM BepTIY>KHOI BIIAAMHBI
OC1oskHEeHUS
Y1 COTYTCTBYIOLIME OcHOBHas 'pynma OcHOBHas I'pyrina OcHOBHas 'pynma
TOBpEKIeHNs rpyIma CpaBHEHUS rpymmna CpaBHeHUS rpy1ma CpaBHEHUS
(n=23) (n=25) (n=23) (n=25) (n=23) (n=25)
abc. % abc. % abe. % abe. % abc. % abe. %
TpaBMaTUUeCKMii MoK, 15 65,2 19 76 8 34,8 6 24 12 52,2 12 48
[Tepesiombl gpyrux _
COrMEHTOR 1 4,3 3 12 2 8,7 2 8 2 8
YepermHo-MO3roBas
TpaBMa 1 4,3 6 24 3 13,1 4 16 4 17,4 2 8
TpaBma opraHoB
GDIOIHOM MI0N0CTH 2 8,7 7 28 7 30,4 7 28 3 13,1 1 4

[TsTh MAIMeHTOB OCHOBHOI TPYIIIIbI (TTPEUMYIIECTBEHHO KUTEIN 06/1aCTHOTO I1eHTpa) JocTtaBieHsl B AOIKB
B TeUeHMe TePBbIX TPEX YacoB ITOC/Ie TPaBMbI, 18 6G0TbHBIX TPAHCIIOPTUPOBAHDI B KIIMHUKY B CPOKM OT OITHUX
CYTOK [0 IBYX HeJle/ib U3 TPaBMATOMOTMUYeCKkuX 1eHTPOB 11 ypoBHS. TakTuKa JieueHUsI OCHOBAHA Ha IPUHIIN-
ax 9TarHOTO OKa3aHMSI MeIUITMHCKOM TTOMOIIM B TIOJIHOM COOTBeTCTBMM ¢ damage control orthopedic. Bcem
MalnyeHTaM B TpaBMoOIIeHTpe II ypOoBHS IesKYyPHOI GpUramoit Ui ciuiaMy Bble3qHOM 6puUraabl TpaBMOIIEHTpa
[ ypoBHS BbITIONIHEH TTPOTOKON ATLS 1 mpuMeHeHa (uKcaius MpOTUBOIIOKOBBIMM allllapaTaMu C IepeaHeit
paMoii. 3aTeM, MocJie MOJMHOM CTabMIM3aluy OOLIEero COCTOSIHMS, Ha HIeCThle—BOChMbIE CYTKM ITPOBOMVIIN
OKOHYATEJIbHYIO PEITO3ULIMIO U CTAOMIM3ALMI0 OTIOMKOB Ta30BOT'O KOJIbIIA OMHON 13 BHIOPAHHBIX METOMIUK,
COIIaCHO pa3paboTaHHOMY aJaropuTmy (paimmpenioxkenye N2 1837 or 20.03.2012).
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IIJIST TPOTMBOILIOKOBOTO ¥ OKOHYATEIbHOTO OCTEOCHMHTE3a Ta30BOI'0 KOJIbIIA MCITO0Ib30BaHbl CJIEIyIOIIe C00-
CTBEHHbIE METOOMKM U MHCTPYMEHTBI: YCTPOICTBA [JIs pero3uumm u dhuKcanum rnepeoMoB Tasa [23, 24];
CII0cO6 KOMOMHMPOBAHHOTO OCTEOCHHTE3a HEeCTabWJIbHOTO TOBPEKAEHMS Ta3a C pa3pblBOM KpPeCTIIOBO-
TTOMIB3/IOITHOTO COUIeHeHMs [25], CIT0cO6 UpeCKOCTHOTO OCTEOCHHTE3a HeCTAOWIBHOTO TOBPEKAEHMS Ta3a
C BEPTUKAJIIbHBIM IIEPEIOMOM KpecTiia [26], Cltoco6 YpecKOCTHOTO OCTEOCHHTE3a HECTAOMITBHOTO MTOBPEXIe-
HMs Ta3a [27] ¥ YpeCcKOCTHBIN MOMIY/Ib /IS PEITO3MINy U hUKcaIMK 3aJHUX OTHeN0B Tasa [28]. OcTeocuHTe3
KPEeCTIIOBO-TIOAB3IOIIHOTO COWIEHEHMs BUHTOM C (MKcalyeli CTepsKHEeBBIM aIlliapaToM C TepegHUM MOIY-
JiIeM IIpUMeHEeH Y YeTbIpeX 60bHbIX. TpeM IalyeHTaM BbIITOJTHeHa OKOHYATeIbHAs Pero3uIs 1 (purcanms
anrapaTom C 3aJJHMM BHEIITHMM MOAY/IeM B IOTIOJIHEHME K IPOTUBOIIIOKOBOMY anmapary ¢ TlepeHel paMoii.
OcTeocuHTe3 MepeoMa BepTIY>)KHOM BHaAMHbI BUHTaMM, KAK OKOHUATENbHbIV OCTEOCUHTE3 TT0C/Ie KOHBep-
CUM TIPOTUBOIIOKOBOTO arlapara ¢ repefHeli BHelllHell paMoii, BbITIOJIHEH JBYM Tal[ieHTaM.

B TeueHne nepBbIx Tpex yacoB rnociie TpaBmbl B PHIIDMII goctaBiieHs! 12 naijueHTOB IPyIIbl CpaBHEHMS, a 13 mo-
CTPaJaBIIMX TPAHCIIOPTMPOBAHBI U3 PAIOHHBIX JIEUEOHBIX YUPEXKOEHMII B CPOKM OT OJHUX CYTOK JI0 IBYX He-
nenb. Bce 60bHbIE TIOMYYMIIM BBICOKOHEPTETUUYECKYIO TPaBMY (aBTOIOPOKHAS M KaTaTpaBma). OTieHKa TSKeCTU
MOJTyYEeHHBIX TPaBM 110 mikaje ISS cocraBmia ot 15 mo 50 6a/110B, Kak 1 B CJIydae ¢ MOCTPafaBIIMMY OCHOBHOM
rpynmsl. BocbMmu nocrpagasimM getsam (32 %) MpoBOAUIN MHTEHCUBHOE IIPOTUBOLIOKOBOE JIeUeHle, OCTaHOB-
Ky BHYTPUITIOJIOCTHOTO KPOBOTEUEHMS M CTAGMIM3AIMIO OTIOMKOB TAa30BOTO KOJbIA CKEJIETHBIM BbITSIKEHVMEM
BIUIOTb 10 KOHCOJMAAIIMM TIEPEJIOMOB (KOHCEpBaTUBHOE JieueHue). TakTuka damage control u mporokon ATLS
npuMeHeHb! y 17 mauyeHToB (68 %). OcreocuHTE3 Ta3a armapaToM BHeIIHel GuUKcanyy ¢ epeIHeil paMoii BbI-
TTOJTHEH BOCbMY O0JIbHBIM (32 %), IOIPY>KHOI OCTeoCHMHTe3 Tasza crimiamy KupiHepa (36 %) — neBsaTy 60/bHbIM.

Anatommueckue 1 QyHKUMOHATbHbIE PE3Y/IbTaThI JleUeHUs olleHuBaau no Metonukam M.JI. lllnbikoBa [29]
u S.A. Majeed [30]. [To meTonuke W.JI. lllnpikOBa OLIeHMBAJIM OCTATOUHYIO AedopMaliyio (aHaTOMUYECKHii pe-
3yJIbTAT), 110 MeToauKe S.A. Majeed — QyHKIMOHAIbHBIN Pe3Y/IbTAT JIEUeHMS (38 UCKITIOUEHMEM CEKCYaJIbHOM
IMCchYHKINMY, TaK KaK HA MOMEHT OLIeHKM He BCe TMalyeHThl ObIIM COBepIIeHHOIeTHMMM). TakuM 06pasom,
COBMeIIeHe ITHX IIKaJ ITO3BOIWIIO TTOMYYUTb MHTETPATUBHBIN ITOKa3aTesb (00IMif pe3yIbTaT), 0 KOTOPOM
MBI COOOIIaM B 60JIee paHHNUX CBOMX MCC/IeqOoBaHMsIX [31].

CraTMCTUYeCKMl aHaau3 MPOBOAMUIIM C UCIIONb30BaHMEM IMAKeTOB MPUKJIALHBIX MporpaMm Statistica v 12.0.
IIOoCTOBEPHOCTh pa3inuMii CpegHMX 3HAUEHMI OLleHMBaAM C MOMOIIbI HellapamMeTPUYecKOro KpUTEPUS
CrpiofeHTa (111 He3aBUCHMMbBIX BBIOOPOK). [IJIsT OLIeHKY TT0Ka3aTeseii BBIOOPOK BhIUMCISIIIV CpeiHee apudme-
Tuyeckoe (M) 1 ommoOKy cpemHeit (m). Pasmyumst cumtanu 3HauMMbIMu ipu p < 0,05.

PE3VJIBTATDHI

Pe3ynbTaThl JIeUeHMsT ITPOC/IesKeHbl B CPOKM OT OHOTO rofia 0 14 jeT mocse TpaBMbl (Tabi. 4). JIJIs1 OlleHKU
aHATOMMYECKOTO pe3y/abTaTa JieueHUs MCII0Mb30BaaM aHaAM3 HaJIMUMS U BeJIMUMHBI OCTATOUHOTO CMelle-
Hus [29]. Y maieHTOB OCHOBHO IPYIIIIbI OCTATOUYHOE CMeIlleHe BhISIBJIEHO B ueThipeX (17 %) HabGMogeHUsIX.
Cpenuss BeauumHa mokasatess cocrabuia (5,0 + 0,3) Mm.

Tabnuua 4
PesynbraTel 1eueHust
OCHOBHASI I'pynna cpaBHeHwusI (n = 25)
Pe3ynbTaT JIeueHUST rpymnra KOH%%E{%E‘};P%:HOE O%Tl_ﬁ/?&a“ﬁgleg OCT%%%HT%
abc. % abc. % abe. % abc. %
Unciio mauueHToB 23 100 8 32 9 36 8 32
AHaTOMMYECKUI1 pe3yJIbTaT
Ymncno ciayvyaeB 0CTaTOYHOTO CMeleHMsT 4 \ 174 6 \ 75 6 \ 66,6 4 \ 50
BenuunHa ocTaToOuHOTO cMelteHust Hep, 50%0,3 9,5+1,1 6,0 £0,33 6,0 £ 0,38
M £ m, Mmm D12 < 0,001 P13 < 0,05 P14 < 0,05
OYHKIMOHATbHBIN pe3yabTaT mo mkasiae Majeed (1989)
OTanyHbIi (85-96 6a/10B) 12 52,2 2 25,0 1 11,1 4 50,0
Xoporinit (70-84 6asa) 6 26,1 - - 3 33,3 2 25,0
VIoB/IeTBOPUTENbHBIN (55—69 6a1oB) 5 21,7 2 25,0 1 11,1 2 25,0
HeynoByieTBOPUTENbHBI (< 55 6aIoB) - - 4 50,0 4 44,5 - -
77,0+ 2,5 69,0 £ 1,09 70,0 £ 1,33 79,0 £ 2,82
CpenHee 3HaueHue, M + m, 6aJyIbI pra< 0,01 D15 < 0,05 pra> 0,05
OO0t pe3yabTaT
Xopoumit 19 82,6 2 25,0 4 44,5 6 75,0
VIOBIETBOPUTEbHBIN 4 17,4 2 25,0 3 33,3 2 25,0
[Tnoxoit - - 4 50,0 2 22,2 - -

IIpumeuanue: pix — 3HaYeHNE KPUTEPUS JOCTOBEPHOCTY PA3IMUNUS MKy I0KA3aTeIIMY B OCHOBHOJ TPYIIIe U TPYIIIe CPaBHEHMSI
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Takum 06pa3om, PYHKIMOHAIbHBIN pe3yabrat jedeHus (77,0 + 2,5) 6amia y 60JIbHbIX OCHOBHO TPYIIIBI J0-
CTOBEPHO JIYYIlle, YeM B IMOATPYIIIIaX KOHCEPBATUBHOTO Jieuenus, (69,0 + 1,09) 6amuia (p, , < 0,01), u ocTeocuH-
Tesa CIMLIAMM TPyl cpaBHeHwus, (70,0 £ 1,33) 6anna (p,; < 0,05), Ipu OTCYTCTBUM LOCTOBEPHOTO Pa3anNums
B CpPaBHEHMM C TIOATPYIITO ocTeocuHTe3a ABD (79,0 * 2,82) 6amna (p,4 > 0,05). CriemoBaTebHO, UCTIONb30-
BaHMe ocTeocuHTe3a ABD B neueHNUy feTeli ¢ COUeTaHHBIMM TPaBMaMU Ta3a [03BOJSET OAYYUTD JIydIlNe
(dbyHKIMOHaNTbHbIE PE3Y/IbTAThI 10 CPABHEHMIO C KOHCEPBATUBHBIM JieUeHEM 1 OCTEOCHMHTE30M CIUIIAMMU.

B T0 ke BpeMsi ocTaTouHast fedopmalys 0 OKOHUAHUY JiedeHMsI BbIsiB/ieHa y 16 (64 %) naiueHTOB TPYIIIIbI
CpaBHeHMS. 3HaUeHMsI 3TOTO ITOKa3aTessl COCTaBMIIM: B IIOATPYIIIIE C KOHCEPBATVBHBIM JIeUeHMEM Y IIeCT
(75 %) manyentos — (9,5 = 1,1) Mm (p;» < 0,001); B moArpymie ¢ OCTEOCUHTE30M COULIAMU Y 11ecTH (66,6 %)
nanyeHToB — npu Hep = (6,0 * 0,33) MM (p,5 < 0,05); B HOATPYIIIe ¢ OCTEOCMHTE30M allllapaToOM BHEIHEI]
duxcanum (AB®D) y uetbipex namneHToB (50 %) — mpu Hep = (6,0 £ 0,38) mm (p, 4 < 0,05).

TakuM 06pa3oM, y MalMeHTOB OCHOBHO IPYIIITbI IO CPAaBHEHMIO C MOATPYIINON ¢ KOHCEPBATUBHBIM JIeUeHEM
OCTaTOYHOEe CMellleHye HabMIomanoch peske Ha 57,6 %, ¢ TOArPYIIOi C OCTEOCHMHTE30M CITUIIaMu — Ha 32,6 %,
¢ ToArpymnIoi ¢ ocreocuHTesoM AB® — Ha 15,9 %. CpenHsis BelMuMHA OCTaTOYHOTO CMeIleHus y HallMeHTOB
OCHOBHOJ1 I'DYIIITBI ObLIA TOCTOBEPHO MEHbIIlEe, UeM Y TAlleHTOB TPYIIIbI CPABHEHMSI BO BCEX CPABHMBAEMBIX
roarpyiiax. CiegoBaTelbHO, IPMMeEHEeHe pa3paboTaHHbIX METOIMUK M MEeTaJIOKOHCTPYKIIMIA JIJIST OCTEOCHH-
Tesa y MalYeHTOB OCHOBHOJ I'PYIIIbI IIO3BOJISIET JOOUTHCS 60JIee TOUHON PENo3ULIY U HafAEXKHOI GuKcan
TepeioMOB Ta3a, YeM TPy MPUMeHeHMM KOHCEPBATMBHOTO JIeUeHNs U TPAAUILIMIOHHBIX METO0B OCTeOCHHTe3a.

[Tpu olleHKe O6IIETo pesy/abTaTa JieUeHUs Y 6OMbHBIX OCHOBHOI TPYIIITBI BBISIBJIEHO, YTO UMC/IO XOPOIINX pe-
3y/IbTaTOB OBLIO Ha 57,6 % BbIllle, YeM Y MALIMEHTOB, KOTOPBIX JIEUM/IM KOHCEPBATUBHO, Ha 38,1 % BhIllIe, uem
y TaI[ieHTOB C OCTeOCUHTE30M CIIUIIaMM, 1 Ha 7,6 % aydlile, YeM B ITOATPYIITIE C OCTEOCHMHTE30M TpagUIIMOH-
HbiMU AB®. Unciio yoB/IeTBOPUTEIbHBIX Pe3y/IbTaTOB MeHbllle, YUeM B TIOATPYIITaxX IPyIIbl CpaBHEeHMS, a T1JI0-
X1e pe3yabTaThl y MalMeHTOB OCHOBHO IPYIIITbI U TPYTIITIbl CPAaBHEHUS C 0CTeocuHTe30M AB® oTCyTCTBOBAIN.

V IByX aLMIeHTOB OCHOBHOJA I'PYIIIIBI, MOTYYMBIIMX TSDKETYI0 BBICOKOIHEPreTUUYeCKyI0 TPDaBMy Ta3a B pe3yJibTa-
Te TIaIeHNsI C BBICOTHI IISITUITAKHOTO ToMa (MaabuMK 15 j1eT) u Hae3ma TpakTopa (IeBouka 9 eT), OTHaleHHbI
pe3y/bTaT JieueH)sI paclieHeH KakK yoOB/IeTBOPUTEIbHBIN, HeCMOTPS Ha IIOJIHOe BOCCTAHOBJIEHVe OIIOPHO-IBY-
raTesIbHOTO aIlrapaTta, Tak Kak B [IepBOM C/Tydae OCTaBasICs HEBPOIOrMUeckuit ;e@uINT 13-3a pa3pbliBa Kopell-
KOB KpeCTL0BOTO CIUVIETEHNS], @ BO BTOPOM — OTAa/IeHHbIE NT0C/IeACTBYS TOBPEXIeHNSI MOUeBbIBOASILIMX ITyTelA.

Knunuueckuii npumep 1 (nayueHm oCHOBHOlI 2pynnot)

[TaumeHt 3., 14 neT, MOJYYMJI aBTOAOPOKHYIO TPaBMYy: YIIPaBJIsIsS MOIEAOM, JOMYCTUI CTOJKHOBEHME C aB-
ToMobwieM. IlepBas MeguMUMHCKAsl MTOMOIIb OKa3aHa OpUTamoit CKOpoit mMemuuMHCKOM momorny (CMIT).
Tpaucnoptuposat B LIPB 1o MecTy skuTenbcTBa (TpaBMoLeHTp 11 ypoBHSI), The rpu 06CIeL0BaHMUM BbISIBJIEHbI
MOBPEXIeHye Ta30BOro KOJblia, 3aKpbITasl YeperHO-MO03T0Basi TpaBMa, IlepejioM KOCTell peAIieubsl, Tyast
TpaBMa XMUBOTA, TpaBMaTuueckuit mok I-II ct. [IpoBefieHa IpOTMBOILIOKOBAS TepaIins.

Kimuaunuyeckuit auardo3s: ABTOZOPOKHAS TSDKENAas COUeTaHHAs TpaBMa. 3aKpbIThIl IIepesioM KOCTeil Tasa: me-
pesioM BepxHeli BETBU JIeBOW JTIOHHOM U CeaaUIIHON KOCTU 6e3 cMmeleHus (pparMeHTOB, pa3pbiB JIOHHOTO
COWJIeHEeHMS CO CMellleH/eM, pa3pbiB KPeCTII0BO-MOAB3IOIIHOTO COUIeHeHs CIIpaBa C AMacTa3oM B BepX-
HeM OTmesie A0 2 cM U KocTHbiMU (parmentamu (tur C 1.2 o kinaccudumkanym AO). 3aKpbIThIN Ieperom
TIPaBOro MOIIePeYHOro OTpocTKa L5 co cMmereHeM ¢GparMeHTOB. 3aKPbIThI IIEPeJIOM CpeaHeli TPeTH MpaBoit
JIy4eBOJ KOCTU €O cMeleHreM. Tymasi TpaBMa KMBOTA. 3aKpbITas YepernHo-mMo3roBasi TpaBma. CoTpsiceHue
TOJIOBHOTO M03Ta. MHOKeCTBEHHbBIE CCAAVHBI U YIIMObI BEPXHUX M HUKHUX KOHEUHOCTE, BOJIOCUCTOM YacTu
TOJIOBBI, Ty/OBHUILA. TpaBmaTuuecknii mok II cT. ISS = 21.

Ha KT Ta3a o6HapyskeH pa3pbIB JIOHHOTO ¥ MPAaBOTO KPECTIIOBO-MOAB3IOIIHOIO COUJIEHEHN C BepTUKAIb-
HBIM CMeIlleHMeM IpaBoii MOJ0BMHBI Tasa, IIepejioM JIOHHON U cemaluIIHOM KOoCTeli cieBa 6e3 CMelleHMsI,
TepesioM IPaBoro MOIIepPevyHoro OTpocTka L5 co cmeleHmeM ¢pparmeHToB (puc. 1, a).

B skcTpeHHOM MoOpsiike yepe3 OBa yaca IMOCIe TOCTYIJIEHUS BBIMOJHEH OCTEOCUHTE3 MPOTUBOIIOKOBBIM
cTep>kHeBbIM AB® ¢ mepenHeit pamoii. [Tocie crabuinsaiyy 061Iero COCTOSHMS Yepe3 IBa JHS CAaHUTapHO
aBualMei pe6EHOK TOCTaBJIEH B IIEHTP AeTCKOI monmuTpaBMbl 1 ypoBHSI AOJIKB, rme Tpoe CyTOK HaXOmWJICS Ha
JIeUeHUM B peaHNMAallIOHHO-aHeCTe3MOJIOTMYeCKOM OTAeIeHNN, 3aTeM IepeBeleH B OTIe/IeHNe.

[ToBTOPHO OMEpPUPOBAH B IIIAHOBOM MOpsiKe yepe3 10 CyTOK Mocye TpaBMbl, BBITTOTHEH OCTEOCUHTE3 TOTO0JI-
HUTEJbHBIM 3aJHMM MOZYJIEM IO COOCTBEHHOM METOMIMKE C IeJIbI0 OKOHYATEIbHOI Pero3uiinm parMeHTOB
Tasa (puc. 1, 6). Kypc BOCCTaHOBUTEILHOTO JIEUEHMSI IIPOBOAVIIV CO BTOPBIX CYTOK IT0C/Ie oTepaiuu (puc. 2, a).

AB® neMoHTHMpOBa/IM Uepe3 BoceMb Heflenb. YaCTMUHYI0 HaTpy3Ky Ha IPaByio HOTY pa3peinin yepes MecsIi
TToc/Ie OTlepalyy, IOJHYI0 — Yepes aBa Mecsiia. Cpok JieueHust 60JIbHOTO COCTaBWI Tpyu Mecsia. OTmaseHHbII
pe3y/IbTaT OlleHeH Yepes Tofi Ioc/Ie TpaBMbI (puc. 2, 6). O6mmmit pe3yabTaT ieueHus: — xopounii. OcTaTouHoe
CMeIleHNe OTCYTCTBYET, QYHKIIMOHAIbHBIN pe3yinbTaT — 90 6a/10B 1Mo mKaie Majeed.
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Puc. 1. KT Tasa ¢ 3D-peKOHCTPYKIME: a — pa3pbIB JIOHHOTO U IPaBOr0 KPeCTIOBO-TIOB3J0LIHOTO COYWIEHEHMS],
repesioM JIOHHOM M CeJaauIIHOM KOCTeli CaeBa, MepejioM MpaBOTo IOMEePeYyHOro OTpocTKa L5 co cMmemeHnem
(bparmeHTOB; 6 — COCTOSTHME TIOC/IE OKOHYATETHHOTO OCTEOCUMHTE3a CTEPSKHEBBIM ABD ¢ IByMST MOZYISIMU

Puc. 2. Pe3ynbTat ieyeHus MamyieHTa OCHOBHO rpymibl: a — GoTo B mpoiiecce ieueHust, 3austust JIOK; 6 — KT Tasa
¢ 3D-peKkoHCTpYyKIMei uepe3 1 rof rmocjie TpaBMbl

Knunuueckuil npumep 2 (nayueHm 0CHOBHOU 2pynnbt)

BonbHas C., 5 j1eT, onyumia TpaBMy B pe3y/bTaTe MafleHus TSKeIOro MeTallIMueckoro mpeamera (cecap-

HbIe TUCKM) Ha obiacTh Tasa. JlocraBieHa 6puramoii CMII B IIPB (TpaBmouieHTp II ypoBHS) uepe3 30 MUHYT
I10CJIe ITOTYYeHNs] TPaBMBI.

IlarHo3 mpu mocTyrieHuu: Tsokénast coueTaHHas TpaBMa. OTKPBITHIN HeCTabMIbHbIN MHOTOOCKOJIbYATHIN
repeyioM JIOHHBIX ¥ CeJaJMUIIHBIX KOCTel C pa3pbhiBOM JIOHHOT'O M KPeCTIOBO-TIOAB3IOIIHBIX COUTeHEeHMM

(Tum B 1 o xnaccudukarymm AO) (puc. 3, a). Pazmo3sskeHMe ypeTpbl, paHeHNe BIarajuia, pa3pbiB MOUEBOTO
ny3bipsi. TpaBmaTndeckuii mok I1II ct. ISS = 33.

~ - —

Puc. 3. PeHTreHorpamMmmel Tasa: a — IPU MOCTYIVIEHUM (TIpSAMas IIPOeKL s, IIepesioM JIOHHbBIX U CealUIHbIX KO-
CTeil ¢ pPa3spbIBOM JIOHHOTO M KPECTIIOBO-TTO/IB3ONTHBIX COUIEHEHMIT); 6 — COCTOsIHME TI0CIe ornepaiuu (PeKOH-
CTPYKLMS YPeTPbl, OCTEOCUHTE3 Ta3a CIlLe-CTep>)kHeBbIM ABD)
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Ha ¢done npoBeneHmst MPOTUBOIIOKOBOI Teparuy B SKCTPEHHOM IOPSIKe ITPOM3BEIEHO YIIMBaHNe paHbl MoYe-
BOTO ITy3bIPS1, IEPBUYHAS XMPYPrUueckast 06paboTKa paHbl BIAraaniia, SMMUIXCTOCTOMMS. BoimonHeHa duKcamyst
CKeJIeTHBIM BBITSDKeHVeM. Uepes Boe CYTOK IOCIe CTabMIM3aIMu COCTOSTHIS TiepeBefieHa B TpaBMOIIeHTD I ypoB-
Hs (AOJIKB). OnepupoBaHa B IVIAHOBOM IIOPSIIKE, HA TPETbM CYTKM ITOC/Ie TPaBMbI BBITIOTHEH OCTEOCHHTES Ta3a
AB® 1 peKOHCTPYKIMS ypeTpsl (puc. 3, 6). Ctabmmmsarys ABO rpomoirkanach B TeUeHMe YeThIpeX Heslenb (puc. 4).

IleMOHTaX anrapaTra Ipou3BelleH yepes3 ueTbipe HeZeny, Ioc/le Yyero IpoBeleH KypCc BOCCTAaHOBUTEIbHO-
ro jedeHust. BoccraHosieHre GYHKIMM TTPOM3BOILHOTO MOYEMCITYCKaHMSI TIPOM30IIIO Uyepe3 TpyU Mecsiia
nowie onepauyumn. Cpok jieueHUsI COCTaBWI yeTbipe Mecsua. OToaleHHbIli pe3yabTaT OLleHeH Yepe3 TpU roga
(puc. 5,a) u uepe3 10 yeT rmocsie TpaBMbI (puUC. 5,6). OOLUIMIT pe3yabTaT JIeUeHUs paclieHeH KaK XOPOIINiA.
OcTaTouyHOe CMellleHNe OTCYTCTBYeT, QYHKIMOHAIbHBIN pe3yiabTaT — 90 6a/10B 1o mkane Majeed.

Puc. 4. TauueHTKa uepe3 4 Hemeny IOCIe OIepauluyu Iepel, JeMOHTa)KOM arilapaTta BHeIIHel (GuKcaiun:
a — peHTreHorpamMma tasa; 6 — ¢oTo B IIpoliecce Je4eHust

Puc. 5. OTmaneHHbI pe3ynbTaT JedyeHus:: a — (GOTO MalMeHTKu uyepe3 3 roma mocie TpaBmbl; 6 — KT Tasa
¢ 3D-pekoHcTpyKIMeli yepe3 10 jieT mociie TpaBMbl

Knunuueckuil npumep 3 (nayueHm zpynnol CpagHeHUs1)

Maumenr I., 16 yieT, mpuaaBiIeH CTOIKO JOCOK, YIIAaBIIMX Ha o6iacth Tasza. Uepes 40 munyT 6puramgoit CMII
IOCTaBJIeH B TOPOZACKOe MeIUIIMHCKOe 00beqmueHne T. Mapruiana. [Tocie mpoBeieHHOTO 06C/IeJOBaHMSI BbI-
CTaBjIeH KIMHUYeCckuit quarHo3: CouetaHHasi TpaBMa. MHOXXeCTBEeHHbIe IepesioMbl KOCTelt Ta3a. 3aKPbIThIi
repejioM JIOHHO ¥ CeJaauIIHOM KoCTeli ¢ 06eMux CTOPOH CO CMellleHMeM KOCTHBIX OTJIOMKOB C ITepexomIoM
Ha IHO BePTIYKHBIX BIaAVH, paspbiB cuMdusa, mepesoM GOKOBOII Macchl KpecTiia CIipaBa C IepexomoM
Hatena S1,2 (Tum C 1.3 o knaccudmkauyy AO). IToyHbI OTPHIB MEMOPaHO3HOI'O OTAe1a ypeTpbl. TpaBMaTH-
yeckuit mok I-II ¢T. ISS = 25 6aos.

Ha peHTreHorpaMme KOoCTeii Taza — IepejioM JIOHHOJ U CeJaJInIIHOM KOCTel ¢ 06eMX CTOPOH CO CMeIlleH/eM
KOCTHBIX OTJIOMKOB C ITIepeX0l0M Ha JHO BePTIYsKHBbIX BIAAVH C 06eMX CTOPOH, Pa3pbIB cMbM3a, epemom
OGOKOBOJI Macchl KPecTIia CIipaBa ¢ IepexogoM Ha Tena S1,2 (puc. 6, a). Ha umcrorpaduu (Ipu HaIroJIHEHHOM
KOHTPACTOM MOYEBOM ITy3bIpe) MOUEBO1 ITy3bIPb IIOTHOCTDIO 3aII0THEH, MMeeT OKPYTIoi hopMy, OTMeuaeTcs
3aTEK KOHTpACTa B IIPOEKIIMY MeMOPaHO3HOTO OTIeNIa YPeTpsl (puc. 6, 6).
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Puc. 6. PeHTreHorpaMma Tasa: a — [epejioM JIOHHOI U ceIauIIHOi KOCTeli ¢ 00eX CTOPOH CO CMellleHeM KOCT-
HBIX OTJIOMKOB C IT€PeX0f0M Ha JJHO BePTIYKHBIX BIIAJMH C 06eMX CTOPOH, pa3pbiB cuMdu3a, rmeperoM 60K0BOI
Macchl KpecTiia CIripaBa C IepexofoM Ha Tena S1,2; 6 — 3aTeK KOHTpacTa B IIPOEKLMM MeMOpPaHO3HOIO OThena
ypeTpsl

ITo sKCTpeHHBIM MMOKA3aHMSIM MTPOU3BEHEeHbI JIATIapOTOMMSI, PEBU3US OPIOIIHOI TOIOCTH, STTUIIVICTOCTOMMUSI,
TaMIIOHMPOBaHMe U JpeHUpoBaHMe Manoro tasa. OTIOMKM Ta3a MUKCHUPOBAHBI CKEIETHBIM BBITSSKEHMEM
U «raMakom». ITocie cTabuiM3aluu OOILIET0 COCTOSIHUS TAIVMEHT Ha CIeAYIOUMil AeHb TPAaHCIOPTUPOBAH
B PHILIOMII.

Ha 13-b1it meHb IToc/Ie TPaBMBbI O, SHAOTpaxeaJlbHbIM HAPKO30M IIPOM3BeIeHa IepemHsis CTabuIu3alus Ko-
cTeli Tasa crepkHeBbIM AB®D, yeTpaHeHue paspbiBa cuMbu3sa. Ha KOHTpoIbHOI peHTreHorpaduy KocTeii Tasa
BBISIBJIEHO: CTOSIHME KOCTHBIX OTJIOMKOB YIOBJIETBOPUTEIBHOE, paspbiB cMMdu3a ycTpaHeH (puc. 7, a).

Takske MHTPAOIIEPAIMOHHO TTPOM3BeieHa TMarHOCTUYeCKas! YPEeTPOCKOMMS: 110 YpeTpe CBOOOIHO ITPOBeeH
Ty6yc yperpouycrockorna 19 CH. ITpu peBU3UM CIM3UCTAsI BUCSUETO OT/eNa U 6y/IbO03HOI YacTu ypeTpsl 6e3
matojoruu. Ha ypoBHe MeMOGpPaHO3HOIO OTHEa YPETPhl OTMEUAeTCsI OTeYHOCTh CIM3MCTON M pe3Koe CysKe-
HIM€e [IPOCBETa YPeTPhl, Jajiee MoaHast 06/1MTepalys, B CBSI31 C YeM MPOBECTM TYOYC LMCTOCKOIIA He YIanoCh.
PelileHO 3aBepIINATh AMATHOCTHUKY, TYOYC LIMCTOCKOIA yaaneH. OcIokHeHnit HeT. Kype BOCCTaHOBUTEIbHOIO
JiedeHust 6bIT HAYaT CO BTOPBIX CYTOK ITOC/Ie ornepauuu (puc. 7, 6).

Puc. 7. Tlepuop BOCCTAHOBUTEJILHOTO JIEUEHMSI: @ — PeHTreHorpaMma tasa ¢ ¢ukcaimeit AB®; 6 — ¢oTo B mporiecce
JieueHus, 3aHsaTus JIOK

AB® neMoHTHpOBaIM Yepe3 BoceMb Heflelb. YaCTMUHYI0 HaTpy3Ky Ha IIPaBylo HOTY pa3pelinin yepes Mecsi],
TIocjIe OTepanyy, OMHYI0 — Yepes ABa Mecsiia. Cpok ieueHnst 60JIbHOTO COCTAaBWII Tpy Mecsia. OTmaseHHbII
pesyabTaT OIleHEeH Yepes3 rof Imocie TpaBMbl (puc. 8). OOIMit pe3ynbTaT JedeHus — XOPOIINii, OCTaTOYHOe
CMellleHMe OTCYTCTBYET, QYHKIMOHAIbHBIN pe3ynbraT — 90 6a110B 110 mKaie Majeed.
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Puc. 8. PenTtrenorpamma
Tasa uyepe3 1 rog mnocie
TPaBMbI

OBCYXIEHUE

Vcrionb3oBaHMe 3TAITHOTO KOMOMHMPOBAHHOTO JIEUE€HMSI C PYMeHEeHeM pa3paboTaHHbIX METOAVK U MeTaI-
JIOKOHCTPYKIIVI AJIS1 OCTEOCHHTE3a IT03BOJISIeT YIYUYIINTD PETTO3ULIMIO U CTAOMIN3ALMIO TIEPETIOMOB Ta30BOT0
KOJIbIIA ¥ JOCTUYD XOpoIlero GyHKIMOHAIBHOTO Pe3yabTaTa JIeueHus.

CrnemoBaTenbHO, 3TAITHBI YPECKOCTHDIN OCTEOCUHTE3 MpPY JIEUeHUU AeTel ¢ mepeJioMaMi Tasa U MOAUTpaB-
MOV MOYKeT MO3UIMOHMPOBAThCS, KaK METO[l BbIOOpa Ipu 60pbhbe C IMIOKOM B IEPBBIN MepUOJ TpaBMaTH-
yeckoit 60se3HM, U TaKkKe C YCIeXOM ObITh MCIIONb30BAH MJIsI OKOHYATEIbHON PEIro3UlUU U CTaOUIbHOM
(dbukcay OTIOMKOB Ta3a.

quCKOCTHbIﬁ OCTEeOCHHTE3 06na,uaeT LEeJIbIM DSAOOM IIPEMMYIIEeCTB, KOTOPbIE 0COOGEHHO BaKHBI B JIEUCHUU
MMoCTpagaBIINX C HOHMTpaBMOﬁZ IIpexnae BCero, MaJIOTpaBMAaTUMYHOCTDb IIPU MCIIOJb30BAaHMM YPECKOCTHDBIX
3JIEMEHTOB, BOSMOXXHOCTDb YIIPABJIATL OTJIOMKaMM «BO BpEMEHN» U KOM6I/IHI/Ip0BaTb MeTOo[ C IIOTPY>KHBIMU
TEXHOJIOTMSAMMU JICUEHUS.

AsTopamu 13 Ypanbckoro HUUTO eme B 2004 1. IpoAeMOHCTPUPOBAHA Cepysl TEXHOIOTMUECKUX pellleHnN
IUIsI IedeHust 6OTbHBIX C 3aCTAPEJIBIMU TTOBPEXKIEHUSIMM Ta3a, MTO3BOJISTIONIMX MOTHOCTBIO VJIM YaCTUYHO MC-
MpaBsITh JedopMalnio U cTabman3upoBaTh Ta3oBoe Kombo [29]. Eciu ucmpaBieHnIo CTep>KHEBbIMM arl-
rmapaTaMy HapysKHOI (UKcaluUy C YCIIeXOM TOZAIOTCSI caMble rpyOble TIPOCTPAHCTBEHHBIE AedopManyn
Ta30BOTO KOJIbLIA, TO MCIIOAb30BaHME 3TUX JK€ alllapaToB AJIs1 OKOHYATEIbHONM penosuuuyu U yaepsKaHus
KOCTHBIX (DparMeHTOB MO3BOJISIET TAPAHTMPOBAHHO ITOTYYUTh XOPOIIINe aHATOMUYECKIe U QyHKI[MOHATbHbBIE
pes3yJIbTaThl JIeUeHNS.

BmecTe ¢ TeM, He Bce IIPOGIEMBI B TA30BOJ XMPYPIUY MOXKHO PeIInTh ¢ OMOIIbI0 AB®D, psyn mospexzie-
HUIt TpeOyIOT MpUMeHeH)sI TIOTPY;KHOTO OCTeOCHMHTe3a AJisl 6ojiee TOYHONM Pero3uLMM, IPEXIe BCero, Ie-
penoMbl BepPTIY)KHOM BIIaAVHBI U IIepe/IOMbl KPeCTLa ¢ KOMIIpeccreil KOPeKoB IMOSICHUYHOTIO CIUIeTeHUS.
B. Michelle et al. [6] u M. Heeg et al. [7] yka3bIBalOT, YTO MMEHHO 3TY II€PEeIOMbI CTAHOBSITCS IPUUMHOI TaKUX
OTZaJeHHbIX IOCTe[CTBMIA, KaK XpOHMUYecKasi 60Jb, CKOMMO3, CeKcyanbHas AMCHYHKINMS, HeCOOTBETCTBIE
IUTVHBI HOT U Iaske 3a/iepskKa poCTa, KOTopble HabsomaroTes B 30 % ciyJyaeB mepesioMoB Ta3a y Jeteit. OmHako
YPeCKOCTHBI OCTEOCHHTE3 M B 3TOM C/Tyyae MOJKeT ObITh IPYMEeHeH B KaueCTBe IIPOTMUBOIIOKOBOI GyKcaLumn,
I0CJIe Yero MOYKHO [IPOM3BECT KOHBEPCUIO Ha OTKPBITYIO PEIO3ULIMIO C BHYTPeHHe GuKcalneii.

[TpenoskeHHbIE HAMM TEXHMUYECKME pelleHMs T03BOJISIOT YCTPaHUTD AedopMalinio 1 HaJesKHO YIepsKu-
BaTh OTJIOMKM [0 ITOJIHOM KOHCOMUAALIMYU TIPU OGHOCTOPOHHE! BepTUKaJIbHOM HECTaOMIbHOCTU Ta30BOTO
KOJIbIIa, KaK B Caydae C MalMeHTOM M3 KJIMHUUYecKoro npumepa 1. OfHAKO NalueHTOB C Ae3UHTerpupy-
IOIIMMM TIOBPEXIEHMSIMY Tasa, COMMPOBOKIAIOIIMMMCS TTOJHOM ABYCTOPOHHEN HeCTaGMIbHOCTbIO, HYKHO
OTIepUpOBaTh C UCIIOIb30BaHNEM BPEMEHHO! TpaHCIIeOUKYISIPHOI GUKCALHU, TOCKOIbKY aJIbTePHATUBBI
3TOMY METOAY He CyIIeCcTBYeT. B ciiyuae mmepesioMoB KpecTiia ¢ KOMITpeccueil HepBHBIX KOPEITKOB HE06XO0-
IMMa PaHHSS UX TeKOMITPECCHS B YCJIOBUSIX CITeIMalM3MPOBAHHOTO CTaI[MOHapa C 06s3aTeIbHbIM YUaCTH-
eM Helipoxupypra.

[Tpu TIOBpERAEeHNM MOUEBBIBOASIIIMX ¥ TIOJIOBBIX IyTeH y MOCTPagaBIInX CJIeyeT CTPEMUTHCS THIATETbHO
BOCCTaHOBUTDb aHATOMMIO Ta30BOTO KOJIbIIa. [Ipy 9TOM Takke HE06XOmUM KOMAaHIHbBIN IMOAXOM C yUacTUeM
ypoJiora u, IIpy HeoOXOAMMOCTH, TMHEKOJIOTa, YTO IMO3BOJIAT B OYmyIeM 136eKaTh TSKEIbIX TOCTTPaBMaTy-
YeCKMX OCJIOKHEHUI He TOJMbKO CO CTOPOHBI OMTOPHO-IBUTATEbHOTO alapara, HO M BHYTPEHHUX OpraHOB
Tasa, Kak B KIMHUYECKOM Mpumepe 2.
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3AK/IIOUEHUE

OnTumMmsaiusi TaKTUKM 3TAITHOTO JieUeHUs JeTeil ¢ COUeTaHHbIMM M MHOXeCTBEHHBIMM TpaBMaMM Tasa
C TIpUMeHeHeM palliOHaAbHOM AMAarHOCTUKY U MaJIOMHBA3MBHOTO OCTEOCHHTE3a C MCIOIb30BaHMEeM OpU-
TMHAJTbHBIX KOHCTPYKLMI IO3BOM/IA TTOMYUMUTh OOJIbIIee KOMMUECTBO XOPOUIMX U YAOBJIETBOPUTEIbHBIX
pes3yabTaTOB B OCHOBHOI TpyIINe TI0 CpaBHEHMIO C JledeHUeM TPaJMUIIMOHHBIMU OINepaTUBHbBIMU MeTOHaMu
B rpyIine cpaBHeHus. [Ipy OlleHKe TSKeCTM TpaBMbl Y I€Tel ¢ mepeioMaMy Ta3a, paBHOI 15 6aiam IIKasibl
ISS, Heo6XOmMMO MCITOJIb30BAaTh TAKTUKY damage control. BHelIHI010 GpuKcaII0 MOKHO TPUMEHSITH He TOJIb-
KO KaK HaJ[eXKHYIO U ITPOCTYIO ITPOTMUBOLIOKOBYIO (PUKCALINIO, HO ¥ KaK METOA, OKOHYATEIbHOTO OCTEOCHHTEe3a.
Komb6uHaIust BHelIHei GuKcanmy ¢ BHyTPEHHMM OCTEOCHMHTE30M IT03BOJISIET TOOUTHCS TOUHOM PEero3uLun
M HaJeXHoI crtabunmnsanuu GparMeHTOB Ta30BOTO KOJblla. JTAlHOe OKa3zaHue CHeluaJIn3UupoOBaHHOI Io-
MOIIIM C OCTAaHOBKOJ BHYTPEHHET0 KpOoBOTeUeHMsI U (uKcalyeli TPOTMBOIIOKOBBIM allllapaToM Ha MepBOM
JTare M OKOHYATeIbHOI CTabuIM3alieli OTIOMKOB Ta30BOTO KOJIbIIA HA BTOPOM 3Tarle sIBJIseTCsT Haubosee
palMoOHaIbHBIM TaKTMUYECKUM ITOAX0A0M IIpY TTOJIMTPaBMe C MOBpeXIeHeM Ta3a y IeTeit.

Kongnukm unmepecos. He 3as8eH.

Hcmounuk ¢punancuposanus. He 3as6/ieH.

Amuueckas Ikcnepmu3sa. Vcciedosanus 0000peHsl IMuUecKuM KOMUMenom.

UnpopmuposanHoe coenacue. Pooumenu nayueHmos oanu UHGOPMUPOBAHHOE CO2JIACUE HA YHacmue 8 UcciedosaHuu.
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AnHOTanua

BBemenne. AMITyTaIMsl KOHEUHOCTEN TIPUBOIUT K CEPbe3HBIM (M3UUECKUM U3BbSIHAM, CHIMSKAIOMIYIM Kayve-
CTBO ku3HU. [IpobreMa OCIOKHEHMII IMOC/Ie aMITyTalMy M MPOTe3MPOBAHMS OCTAETCSI aKTyaJIbHOI B CBSI3U
C yBeJIMYEHMEM YMCIIA JIIOAEN, HY>KIAIONIMXCS B TPOTe3aX, BHI3BAHHBIM KakK POCTOM UMCJIa COCYAMCTHIX 3a00-
JIEBaHUIA, TaK ¥ TIPOIOJIKAIOIIMMICSI BOEHHBIMM KOH(MIVKTaMMU.

Ilesp paGOTHI — BBHISIBJIEHME TTPOTUBOIIOKA3aHNI K POTE3MPOBAHUIO HA OCHOBE KIIMHUKO-CTaTUCTUYECKOTO
aHaaM3a COCTOSTHUSI KYJIbTeI.

MaTepuasibl M MeTOIbI. BBIITOTHEH aHAIM3 MEeIUIIMHCKOM JOKYMeHTaluuu 253 rmaiueHToB B Bo3pacre oT 18
1o 85 neT ¢ KynbTSIMM HUKHUX KOHEeUHOCTelt (15 yesioBeK — ¢ MapHbBIMM aMITyTalusIMu, 238 — ¢ OIHOCTO-
poHHeit). TIpyunHaMM aMITyTaluii HUKHUX KOHEYHOCTE! ObLIM MUHHO-B3PbIBHBIE DAHEHMS], COCYOUCTbIE
" MHQEeKUMOHHbIe TaTOMOTUM, TPaBMbl MUPHOTO BpeMeHU, BPOKIeHHble aHOMa/INY, OCTEOMUENUT, OCTEO-
capkoMa. O1leHKa COCTOSTHUSI Ky/IbTeil poBefeHa B 2023 I. MyTbTUAMCIUITIIMHAPHBIMY KOMaHAaMy Ha 6a3ax
MIPOTE3HO-OPTOIEeNNYECKOTO MPeATIPUSITHSI, BOEHHBIX TOCIIUTANEN U JIe4eOHO-TTPODUIAKTUYECKUX YUPEK-
neHuit. KynbTy mainmeHToB 06C/i1e0BaM PEHTTeHOIOIMYeCKM M C IPMMEeHeHMeM yIbTPa3BYKOBOM JMarHo-
ctukn. MsrorosneHsl 228 mpote3oB (120 — gy ronenu u 108 — nst 6enpa), ypoBeHb OBJIAeHNST KOTOPbIMMU
OILIEHVBAJIY C MIOMOIIIbI0 CTAOMIIOMETPUYECKOI MIaTHOPMBI U PeabUIUTAIMOHHOTO KOMIUIEKCA.

Pe3ynbTaThl. YCTAHOBJIEHBI TTOPOKY KY/IBTH, OCIOKHSIONIVIE TTPOTE3UPOBaHME: OCTeOMUTHI, PACIIONOKEHIE
omnma Mayo6epIioBOii KOCTU OMCTabHee OIMuiia O0IbIIe6epIioBoi KOCTH, BBICTOSTHYE OMVIa KOCTH IO KO-
SKelt Wiy pyorLioM, MHOPOAHbBIE TeJla MITKUX TKaHe, TYTOTIOBVSKHOCTD PYOII0B, BBICOKOE PACIIOIOKeHMe yce-
YE8HHBIX MbIIIL. [IpoTe3upoBaHme ObIIO 3aTPymHEHO B 59 cinyvasax (23,3 %), U3 KOTopbiX 33 crydast (56 %)
MMeJTu a6COMIOTHBIE TTPOTUBOIIOKA3aHUSI.

0Gcykaenme. McciemoBaHue MOATBEPAMIO 3HAYMMOCTh CBO€BPEMEHHOI OLIeHKM 1 ITOATOTOBKM KY/IbTe [Ist
3¢ derTUBHOrO NpoTE3MpOBaHMS. BHeApEHNEe COBpeMEHHBIX TEXHOJIOT A I METOIOB peabuIuTaIluy CIocoo-
CTBYET YJIYYIIEHNMIO KaueCTBa KM3HM TAI[M€HTOB [OC/Ie aMITyTalyi. BbIsBIIeHbI OCHOBHBIE MTPOGJIEMBI, CBSI-
3aHHbBIE C MPOIECCOM MEPBUYHO-TIOCTOSTHHOTO ITPOTE3MPOBAHMSI, BK/IIOUAs SKaj00bl MalMeHTOB Ha 60eBOit
CUMHIPOM U IICUXOJIOTMYECKIEe TPYIHOCTH. Pe3ymbTaThl MCCIeqO0BaHMS OATBEPKIAI0T HEOOX0AVMOCTh MYJTb-
TUIMCHUIIIMHAPHOTO MMOAXO0/A [JIS1 YCIIEITHOTO MPOTe3MPOBaHMS U peabUIUTALMY MTal[MeHTOB. AMITyTalus
KOHEYHOCTe, BbI3BaHHAsT KaK 60eBbIMM TpaBMaMi, TaK ¥ MHBIMYU IPUUMHAMM, 3HAUUTEIbHO BIMsIET Ha Ka-
YEeCTBO KM3HM MMallyieHTa, Co3/1aBasi cepbE3Hble Pu3nuecKie orpaHnueHmus.

3akioueHue. AGCOTIOTHBIM ITPOTMBOIIOKA3aHMEM K ITPOTE3VPOBAHMIO SIBJISIETCS HEBO3MOXHOCTD M3TOTOB-
JIeHUsT TIPUEMHOI T'MIb3bI, TIO3BOJISIIONIEN TAIMEeHTy OMMPAThCsl Ha KY/IbTIO U TOTHOIEHHO MMOIb30BaThCs
npote3oM. K OTHOCUTETbHBIM ITPOTUBOIOKA3aHMUSIM OTHOCSITCSI HEITPaBUJIbHBIN OIIJT 60JIbIIe6epIIoBOIl KO-
cTy, 6y7IaBOBUIHAS VJIK YPe3MEPHO KOHMYUECKAs KYJIbTSI, CIUIIIKOM KOPOTKAsI MJIM CIMIIKOM JJIMHHAS KYJTbTSI,
OCTEOMMEINT, IJIUTEIbHO TPaHyIMPYIOIas paHa UK S13Ba, IMTaTyPHbIe CBUIINA.

KnroueBbie ¢jioBa: aMITyTalus, Ky/IbTs, IPOTe3MpOBaHe, peabuanuTanms, MyJTbTUIUCIUTIIMHAPHDII TTO[I-
Xog, MG POBbIe TEXHOJIOTUM, KIMHUYeCKuIT aHanu3, digital twins, Busyanusaius MITKUX TKaHeid, udpoBast
peabuIuTanus

st uutupoBanus: [emnensieB A.B., Cko6auH A.A. KIMHMKO-CTaTUCTUUECKUIT aHAIM3 COCTOSTHUS KYJIbTeli KaK 3JIEMEHT
BBISIBJIEHMSI ITPOTUBOIIOKA3aHMIi K TIpoTe3upoBanmio. lenuti opmoneduu. 2025;31(2):165-174. doi: 10.18019/1028-4427-
2025-31-2-165-174.
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Abstract

Introduction Limb amputation impacts physical activity and quality of life. Complications of limb amputation
and prosthesis are essential for individuals who are losing limbs from vascular diseases and in military
casualties.

The objective was to identify contraindications to prosthesis based on clinical and statistical stump
characteristics.

Material and methods Medical records of 253 lower limb amputees aged 18 to 85 years including
15 individuals with bilateral amputations and 238 with unilateral amputations caused by mine blast injuries,
vascular diseases and infections, peacetime injuries, congenital anomalies, osteomyelitis, osteosarcoma.
Assessment of the amputee was produced by multidisciplinary teams at the prosthetic orthopedic company,
military hospitals, medical and preventive healthcare institutions in 2023. The patients' stumps were
examined radiologically and with ultrasound. A total 228 prostheses were manufactured including 120 for tibia
and 108 femur amputees. Stabilometric platform and a rehabilitation complex were used for suitable alignment
of lower limb prostheses.

Results The stump defects that complicated prosthesis included osteophytes, the fibula cut located distally
to the tibia cut, the bone cut protruding to under the skin or a scar, foreign bodies of soft tissues, stiff scars,
high location of truncated muscles. Prosthesis was complicated in 59 cases (23.3 %), of which 33 patients
(56 %) had absolute contraindications.

Discussion The findings indicated the importance of timely assessment and preparation of stumps for effective
prosthesis. Modern technologies and rehabilitation methods help improve quality of life of amputees.
Pain and psychological difficulties were the main problems associated with primary permanent prosthesis.
The multidisciplinary approach appeared to be practical for successful prosthesis and rehabilitation of patients.
Limb amputation caused by combat injuries and other reasons is associated with physical challenges affecting
the patient's quality of life.

Conclusion A failure to maintain proper prosthetic socket fit is an absolute contraindication to prosthesis
preventing the patient from prosthetic use after amputation. Inadequately cut tibia, club-shaped or excessively
conical stump, a stump being too short or too long, osteomyelitis, impaired wound healing or ulcer, ligature
fistulas are relative contraindications.

Keywords: amputation, stump, prosthesis, rehabilitation, multidisciplinary approach, digital technologies,
clinical analysis, digital twins, soft tissue visualization, digital rehabilitation

For citation: Pepeliaev AV, Skoblin AA. Clinical and statistical stump characteristics for identifying contraindications
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BBEIOEHUE

AMIMyTanys KOHEUHOCTel MPUBOAUT K Cepbe3HbIM (M3MUeCKMM M3bSIHAM, KOTOpbIe CHIKAIOT KauecTBO
SKM3HM GOJIBIIOTO YMcja Jiofeii Bo Bcem mupe. ITo manHbiM BO3, Ha CeromHsIHMII JeHb HAaCUMTHIBAETCS
0KO0J10 40 MITH. JIIO[IeVi C KyJAbTSIMY KOHEUHOCTEV BCIeACTBYE aMITyTalluy UM BPOXKAEHHOTO HemopasBuTus [1].
PocT uMca cocymyucThIX TATOMOTHIA U HeTTpeKpamaomecs BOeHHbIe KOH(GIMKTBI YBeIMUMBAIOT YMCIO0 MHBA-
JIUTIOB, UTO, B CBOIO OUepeb, TpeOyeT yIydileHs] MeTOAVK ITPOTEe3VPOBAHMS KY/IbTeli KOHEUHOCTEIA.

ViccnemoBaTeny K OCHOBHBIM MPUUMHAM aMITyTallMii HYDKHMX KOHEYHOCTe OTHOCST OOUTepUPYIOIINii SH-
IapTepPUUT, caXapHblil AuabeT (B TOM UMc/ie CMHIPOM IMabeTuuecKoii CTOIbI), OHKOMATOJIOTHUIO, TPAaBMBbI
(B TOM UIClie TTIPOM3BOMICTBEHHBIE, MTOTyUeHHbIe B pesyiabTaTe ITII ¥ KaTakIM3MOB), paHEHMs TPy O0EBBIX
mevictBusx [2]. Cpeoy OpUUMH aMOyTaluii HUKHUX KOHEUHOCTE TakKe BCTPeUYaroTCsl BeHO3HBIN, apTepu-
aJIbHBIN TPOMOO3 HYDKHUX KOHEUYHOCTEN C Pa3BUTHMEM OCTPOIi TPOMOOIMOOIMM MarucTpaabHbIX COCYIOB,
KaK CJIe[ICTBYE HECBOEBPEMEHHOTO JIeUueH s, HeHajIexkallero HabmogeHns MaleHTOB WM HelTOHMMaHMe
raTtoreHesa BO30yauTens Ha HadajibHOM 3Tare nangemuy COVID-19 [3]. Hanmnune XpoHMUYECKOM UIIEMUN
MPOBOLIMPYET HapyllleH}e TeMOoCcTa3a B CKOMIIPOMETUPOBAHHBIX KOHEYHOCTSIX, YTO, COOTBETCTBEHHO, TIPMBO-
IUT K KPAaTHOMY YBEJIMUEHUIO MPOKCUMATbHBIX TPOMOO30B ¥ BBICOKMM aMITyTalvsIM [4].

JIOBOJIBHO YacTO aMITyTalMI0 CeTMEHTa KOHEeUHOCTH BBIITOJIHSIOT CyLIeCTBEHHO IPOKCHMalbHee YPOBHS I0-
PakEHHO 06JIACTH, UTO BHI3BAHO MOTPEOHOCTbIO XMPYypra 3aBepIINUTh JieueHre GbICTPO ¥ OTHOMOMEHTHO,
He MMPUHMMasT BO BHMMaHMe Tororpado-aHaToMuueckyie YpoBHM MOBPEKAEHMS U QYHKIMOHAIbHBIE M3Me-
HEHMSI COXPAaHMBIIMXCSI TKaHEN. 3a4aCTyI0 BBICOKME aMITyTalM OTPULIATEIbHO CKAa3bIBAIOTCS HA OCBOEHUU
MpoTe3a U KayecTBe KMU3HM MOJIOIbIX MHBAAUIOB [5]. TIpy BBIMOMHEHMM aMITyTallUy HVSKHUX KOHEUHOCTE
CTPEMSTCS K COXPaHEHMI0 KOJIEHHOTO CYCTaBa, UTPAIONIEro BaKHYIO POJib B GMOMeXaHMKe OTOPHO-IBUTA-
TEJIbHOTO anrapara ¥ IMNpOoNpUOLIENITUBHON MHHepBALUUK [6], YTO CO3LAET YCI0BUS IJIST ONITUMAJIBHOTO TIPO-
Te3upoBaHus [7].

OTcyTCTBUME CyCTaBa KOHEYHOCTY BKYTIE C 60JIEBBIMM OLIYIIEHNUSIMU B KYJIbTE TIPUBOAUT K TOMY, UTO MHBAIN-
IbI MOTYT Ae3aalTUPOBATHCS B 0OIIECTBE: CAMOCTUTMATHU3AIMSI, BOSHMKHOBEHME UYBCTBA JKAIOCTH K cebe,
OTBepyKeHIe CBOero TeJleCHOTO 06pa3a, KOTHUTUBHOE HeMIPUHSITHE CITyUMBIIETOCs U, KaK UTOT, CHUKEeHVe MO-
TUBALIVIU IT0JIb30BATHCS MPOTE30M [8].

C mpyroil CTOPOHBI, COXpaHeHNe CIMIIKOM KOPOTKMX Ky/bTeii 6e3 BbIWIEHEHNS! B BbILIeJeKalleM CycTaBe
TaK)Xe MOXeT IIPUBECTY K OCJIOKHEHMSIM IIPU NPOTe3MPOBAaHNUY, YBeINUMBAsl WINM YXy[UIas epuog BoccTa-
HOBJIEHVSI ¥ aJalTaluy, B CBSI3M C HeOOXOAMMOCTBIO HojIee TIATEeNbHOI MOATOHKY IIPUEMHOI I'MIIb3bI IIPO-
Tesa [9].

TeM He MeHee, BbICOKIME aMITyTal[} BBITIOMHSIIOT ¥ CETO/IHSI, B CBSI3U C YeM He0OXOAMMO MTOJXOIUTD K BOIIPOCY
BOCCTQHOBJIEHUS TAKUX MAI[MEHTOB MOLO0POM ONTUMAIbHbBIX KOHCTPYKIIMIA TpoTe30B. CliefyeT MPUHUMATD
BO BHMMaHMe 0CO6eHHOCTY OPaskEHHOI 06macTu Ipu feduLIUTe TKaHe U crielUubUYHOCTh TPAHCIIAHTUPY-
€MbIX YUaCTKOB K0!, KOTOpbIe TI0 3aBeplieHI0 CBOOOIHOI ayTOIUIACTUKM B TIOC/Ie0TepalMOHHOM TTeproie
CTAHOBSTCSI OMOPHBIMU TUIOMIAAKAMU M B HEKOTOPBIX CAyYasix MOPOXKIAIOT IMTOPOKU U 6oe3HU cHopMupo-
BaHHBIX Ky/IbTeli. B BBINIEYOMSIHYTBIX CUTYalIUSIX HEOOXOAMMO U36eraTh MOJOOHBIX HECOOTBETCTBUIA, BbI-
TIOJTHSITH 60JIee BHICOKYIO aMITyTallMIO ¥ YMEHbBIIATh HATPY3KY Ha MepecaskeHHYI0 Koy [10].

Ilesib paGOTHI — BBISIB/IEHVE TTPOTMBOIIOKA3aHMIA K IIPOTE3MPOBAHMIO HA OCHOBE KJIIMHMKO-CTATUCTUUECKOTO
aHa/IM3a COCTOSIHUS KYJIbTEIA.

MATEPUAJIBI U METO/bI

NccnegoBanue mpoBeaeHo B 2023 r. Ha 6a3e MpoTe3Ho-opTorneanyeckoro npeanpusatis AO «LIUTO», BoeH-
HBIX TOCIIMTAJIeN U JieueOGHO-TTPpOoMIaKTUIECKUX YUPEXIEeHIA. B rccienoBaHue BKIIOUYEHbI JaHHbIe 253 ma-
LIMEHTOB C KYJIbTSIMM HYKHUX KOHEUHOCTeI B Bo3pacTe oT 18 1o 85 jieT, u3 Hux 15 maiyeHToB MMeIN ITapHble
ammyTauyu (5,93 %), a 238 — ogHOCTOpOHHME amITyTauyu (94,07 %).

B Hamiem mccinenoBaHuy K QyHKIIMOHAIBHBIM KyJIbTSIM OTHeceHO 209 cinyuaeB (78 %), 26 ciyuaes (10 %) —
K MaJIoQyHKUIMOHAIBbHBIM U 33 cityyaeB (12 %) — K HeyHKI[MOHAIbHbBIM.

Tum uccjaegoBaHms: KIMHMUYEeCKoe Hab/ogaTeIbHoe.
Ju3aitH McciegoBaHMs: PeTPOCIIeKTUBHbIN aHaIM3 MeIUIIMHCKUX JaHHbIX 1 HAGIIOmeHUIA.

Kputepun BKIIOUEHMS: ITAl[ME€HTHI, IMPOLIEAIIe aMITyTallMI0 HIMKHUX KOHEUHOCTEN, HaXOISIIUecs
Ha 9Tare peaduauTaIy U MPOTEe3UPOBAHMSI, BbIPA3MBIINE COTIacHe Ha yUyacTHe B MCCAeq0BaHMNA.

KpMTepI/II/I UCKIHYECHMS: [TAIMEHTDI C aMITyTalIMAMM BEPXHUX KOHe‘IHOCTef/i, IMalMeHThbI C O6OCTpEHI/IEM CO-
MyTCTBYIOINX 3&60)’[eBaHI/H7[, KOTOpbI€ MOIJIN 6bI ITOMeIIATh MpOTE3MPOBAHNIO, MJIN ITALIMEHTbI, Y KOTOPBIX
He yIa/JI0Ch IMOJIYyYUTDb TIOJTHBIN KOMIIJIEKT MeIULVMHCKUX TOKYMEHTOB.
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I'oTOBHOCTH NAL¥EHTOB K MPOTe3VIPOBAaHUIO OLIeHMBaIN 10 HAJIUUMIO WIX OTCYTCTBUIO IOPOKOB U 60s1e3-
Heli KynbTeii [11].

MeTtonuka npoBeaeHust usMmepeHuii. OLieHKY COCTOSIHUSI KyJIbTe€l TTPOBOAWIN MYJAbTUAVUCIIUTUIMHAPHON
KOMAaH[I0¥i, BKJIIOUAIOIIeil Bpadeil TpaBMaTOJI0TOB-OPTONEN0B, TEXHUKOB-TIPOTE3MCTOB U peabuINTOIOTOB.
Vcronb30Baiu JaHHbIE MEAVITMHCKO JOKYMEeHTAIVY (BbITTMCHbIE STIMKPU3bI, KAPThI CTAIIMIOHAPHOTO 60JIbHO-
o, UCTOpMM 601e3HM, 6GJIaHKY 3aKa30B Ha M3TOTOBJIEHVE [TPOTE30B, aHKETHI) ¥ pe3y/bTaThl 135 npeacrasiieH-
HBIX IalieHTaMM MHCTPYMEHTATbHbIX MCC/Ie0BaHMiA. Ky/lIbTH MMalyeHToB 06C/IeI0BaaM PEHTI€HOJIOIMYeCKI
U C TIpUMeHeHMeM YAbTPa3BYKOBOJ MuarHocTukyu. Tem He MeHee, He BCeX MAllMEHTOB YIaJOCh BKIIOUYUTH
B IIPOIIECC CHSATHS TUIICOBOTO CJIENKA ¥ ITPOMU3BOJICTBA ITPOOHOI MPUEMHOI I'MIb3bI, UTO OBIO 0OYCIOBIEHO
(akTopamu, MPenATCTBYIOIMMM aJanTalyy MalyeHTa K poTe3y. B xome uccaenoBaHus mamyeHTaM M3ro-
TOBJIEHO 228 TIPOTEe30B, M3 KOTOpbIX 120 — myist ronenu 1 108 — i 6enpa. [TaiieHTOB HAIPaBJIsUIM Ha TIPOTe-
3MpoBaHKe yepes 2—13 Mec. IocjIe aMITyTalui, B 3aBUCUMOCTM OT OObeKTUBHBIX U CYObEKTUBHBIX (DaKTOPOB.

dTHUYecKue IIPUHINIIBL. Bce manyeHTs TpoMHGOPMIPOBAHbI 06 YCIOBUSIX MCC/IENOBAHMS U JAIV MMCbMEH-
HOe cornacue Ha yyactue. MccieqoBaHye IpOBOAMIN B COOTBETCTBUM C XeJIbCUMHKCKOM JeKiapauyen.

O6pa6GoTka JaHHBIX. [JaHHbIe aHATM3UPOBAIM [IJIST OIIEHKM PACIpOCTPAHEHHOCTM TIOPOKOB M Goe3Heik
KYJIbT€I, MX BJAMSIHMS Ha IIPOLIECC IIPOTe3MPOBAHMS U PeabuInTaLIi.

ITopoxu 1 3aboneBaHus], 3aTparuBaolye NPoTe3UpyeMyl0 KOHEUHOCTb, 3HAUUTENIbHO CHIDKAIT QYHKIMO-
HaJIbHOCTb KYJIbTH, YCJIOXKHSIOT IIPOLIeCcC IPOTe3MPOBaHMS M YBeIMUYMBAIOT BPeMsl, HeoOxonuMoe IJis1 pea-
OUMMTALMM U TTOATOTOBKYM YCEUEHHOTO yJacTKa K IMpoTe3MpoBaHuio. Takue cryday OTHOCSITCS K KaTeropuu
OCJIOKHEHHBIX. PYHKUVOHAIBHOCTb KYJIbTU ONPeNesIIOT ee COCTOSIHME, MOATOTOBIEHHOCTh K IIPOTe3Upo-
BaHMIO, CIIOCOOHOCTb BOCIIPMHMMATh MeXaHMYeCcKoe BO3ZeiiCTBMe CO CTOPOHBI IpoTe3a. TakuM 06pasoM,
Ky/JIbTY 110 QYHKUMOHAABHOCTY PasfesieHbl Ha TPU KaTeropuu: QyHKIMOHAIbHbIE, Malo(yHKIMOHATbHbIE
" He(pyHKIMOHA/NbHbIE, UTO JAJ0 BO3MOXKHOCTb OLIEHUTb TOTOBHOCTD Ky/bTeli K TPOTe3MPOBAHMIO U paspa-
6otath manpHelmme crpaternu peaburauyy [12].

VpoBeHb OBJIAIEHMSI TPOTE30M OIPEAEISIIM C TIOMOIIbIO cTabyiomMeTpuueckoii ratdopmbsl COBS ¢ 6moso-
IMYEeCKoii 00paTHOI CBSI3bIO U peabuauTalmoHHOro komruiekca Motek C-Mill. MacTpykTop JIOK oueHnBan
pacCTOsIHNeE, TIPOIiIEHHOE MalIeHTOM B ITPOTe3e, CTIOCOGHOCTD IepKaTh paBHOBECHE Ha M1aTdhOpMe U CIIpaB-
JIIThCS C TECTAMM Ha MHHOBALIMOHHO CeHCOPHOIT 6eroBoii Joposkke. Kpome Toro, NprHUMa/Iu BO BHUMaHMe
MIPOCTPAHCTBEHHO-BpeMEeHHbIe TTapaMeTphbl, HAallpUMep, AJIMHY U IIUPUHY Ilara, yYUThIBas pasHUIY C/ieBa
¥ crpaBa (B MeTpax), a Takke JMHaMMUUYeCKKe mapaMeTpbl, — Xoab0y o meTkam, Butterfly, Aggregated force,
pacripefiesieHye Beca py OIope Ha O HY HOTY, YaCTOTY ILIaroB.

Llenbio ieueHMS SIBJISIETCS YIyUdllleHe CUMMEeTPUM MEKAY JIeBbIM U ITPaBbIM IIIaroM, a TaKKe yIydlleHue Xa-
PaKTepPUCTUK CUJIbI PEaKIMi Ha OTIOPY BO BpeMs XO[bObI MalyeHTa 1o ratdopme. Boirpyskaemble CBeIeHUS
CTy>kaT BaKHBIM TTOKa3aTe/eM BbISIBIEHMS ¥ KOPPEeKIMM MaToNornueckoii moxonku. [lonyuenHast nHbopma-
1Ms BaKHA JIJIS1 AasibHeli1ero 60/iee TOUHOTO OTCAEKMBaHMS ITPOrPecca OCBOEHMSI MpoTe3a U GOPMUPOBAHMS
MPaBUIbHOTO IBUTATEILHOTO CTEPEOTUIIA XOIbOBI.

PE3VYJIbTATBI
CorylacHO HAHHBIM MEAVIIVHCKOM JOKYMEHTALUM, Tabuua 1
y 194 manyeHToB paHa Ky/JbTU 3aXiBaja IepBid- KnuHuueckie naHHble AIIEHTOB, [IONyYeHHbIe
HbIM HATSDKEHMEeM, IIBbI CHSTBI B CPOK (Tabm. 1). TIPY OL[€HKe COCTOSIHUSIX KYJIbTel
Takke BBISIB/ICHbI 6ose3HM Ky/IBTH, 06yC/IOB/IEHHbBIE KoMM4ecTso crydaes
MIpUCOoeIMHMBIIENCS MHEKIMeli: AIUTETbHO Tpa- Cocrosiine a6c %
. (o]

HY/IMpPYIOIas paHa WM $13Ba, 3aKMBJIEHME PaHbI T —
BTOPUYHBIM HATSIKEHMEM, 00pa30BaHNe CBUIIEBOTO HATSDKEHVEM 194 76,6
XOZia, OCTEOMMEINT. YCTaHOBIIEHBI TIOPOKM KYIBbTH, (g o KymbTel (MHEKILS) 24 95
OCJTOKHSIIONIVE TIPOTe3MpPOBaHMe: 0cTeodUThI, pac- >

" [Topoxu KynbTen 20 7,9
MOJIO’KeHMe OIMIa Maso6epIioBOii KOCTH MUCTab- 5 0 20
Hee omwia G6ONbIIe6eplOBOiI KOCTY, BBICTOSIHME ONESHEHHDIE HEBPOMBI ’
omuia KOCTH TIOA, KOKeil Wiy pyblLoM, MHOPOIHbIE HeyrounenHas 6orb B Ky/nbTe 4 1,6
Tesia MATKUX TKaHe, TYTOTOIBUKHOCTD PYOIIOB, BbI- Hespurt mai06ep1ioBoro Hepsa 1 0,4
COKO€e PacroJioKeHe YCeUEHHBIX MBIIIIII. Uroro 253 100

TMpuurHaAMM aMIyTalyii HYOKHUX KOHEUHOCTE 6bII MUHHO-B3PbIBHbIE paHEeHMsI, TPaBMbl MUPHOTO BpeMe-
HI, 0CTEOMMEJTAT, OCTeocapkoMa (puc. 1). B IByX c1yuassx KOHEUHOCTM ObLIM HEIIPUTOIHbI K IIPOTE3MPOBAHUIO
10 TIpUUMHE BPOXKIEHHOIO HEOPAa3BUTHSI, TaK KaK He SIBJSUIMCH OMOPHBIMU, ITOITOMY C 1e/Ibio hopMUpo-
BaHMS Ky/JbTU BBIMOJHSIM aMIyTaluuu. JIyarHoCTUpOBaHHbIe B 76 cirydasx (30 %) muabeT M aTepocKiepos
TIPMBOIMIYM K Pa3BUTUIO TAHTPEHBI U TOCIENYIOIIei aMITyTaluu. IIporpeccupyiolnye TpoOMOaHTUUTbI, 00N -
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TepuUpylole SHAAPTEPUNTDI, SMOOINY U TPOMOO3bI MAaTUCTPATbHBIX apTepuii C pa3BUTHUEM ITOCIenyIomIeit
KPUTUYECKON UILIEMUU KOHEUHOCTU BBISBJIEHDBI B 12 cityvasax (4,7 %). DTU gaHHbIe TIOATBEPXKAAIOT BBICOKYIO
3HAYMMOCTD IIPO6JIEM, CBSI3AHHBIX C BOEHHBIMM TPaBMaMM M XPOHUUYECKUMU COCYAVCTBIMY 3a60/1€BaHUSIMMU,
B KOHTEKCTe aMITyTally KOHEeUHOCTEl, a TaKKe peabMINTAIlMOHHOTO ITOTeHI1asIa TTOCeTHUX.

BpoxpaéHHble aHomanuu; 0,80 % @ Octeocapkoma; 0,40 %

TpaBmbl _
MWUPHOIO BPEMEHMU; 2=253

6,30 % B
MHbEKLUMOHHbIe \\ 15 nauueHTOB
naTonoruu, \ C MAapHbIMU KYyNbTAMU
11,50 % N P )
A

\ 238 naumeHToB
C O[HOCTOPOHHEN KyNbTei

| MWHHO-B3pbIBHbIE U UHblE

“Cocyaumcrble / 60€Bble TpaBMbl;
55 %

naronoruu”;
26 %

Puc. 1. PacripeneneHnye naiyeHTOB
10 IpUYMHAM aMITyTalui

[TpoTe3upoBaHue GbUIO 3aTPyIHEHO B 59 ciayvasx (23,3 %), U3 KOTOPBIX B 33 ciayvasx (56 %) umenuch abco-
JIIOTHBIE MIPOTUBOIIOKA3aHMS, TaKMe KaK ITOPOKM KyJIbTel vy MHPEKIMOHHbIE OCTOKHEHMS, TpeOyolie 10-
MMOJIHUTEJIbHOTO JIeYeHMS A0 Havajla MpoTe3upoBaHus (puc. 2).

Mpote3uposanune
npotueonokasaHo, N = 33

MpoTe3npoBaHMe OTHOCUTENIbHO
npot1eonokasaHo, N = 26

B Mpote3nposaHue Bo3MoxHO, N = 194

Puc. 2. PacripeneneHnye naiyeHTOB
10 YaCTOTe BCTPEeYaeMOCTH ITPOTH-
BOITOKa3aHU1

W3 oTHOCUTEIbHBIX HpOTMBOHOKaBaHI/Iﬁ Yy INIalIeHTOB OTMeYaJiu IIOPOKM KYHBTEﬁ, B TOM 4umcJjie 1 1mocje 1mpo-
BeIEHHOI HOBTOpHOﬁ dMITIyTallyii, YTO HaA MOMEHT OCMOTpa SABJISIOCH a6COTIOTHBIM IIPOTUBOIIOKAa3aHNEM
K IIPDOTE3MPOBAHNIO U TpeGOBa)’IO IIpOBeOeHUS IOTOJHUTENIbHOM IMAarHOCTUKM U JaJIbHEMIINX Jleue6GHbIX Ma-
HMHynS[L[Mﬁ, B TOM Uncjie peaMITyTaln.

PeHTreHonornyeckye 1 yabTpa3ByKOBbIe MCCIeN0BAHMS TIO3BOMMIN BepUGULIMPOBATD TOPOKU KYJIBTU 1 060-
CHOBaTh HEOOXOAVIMOCTD BBITIOTHEHMS peaMITyTaluu. [lo o6paleHus C LiebI0 ITPOTe3UPOBaHMSI B 42 CIydasix
(16 %) peamriiyTanuio MPOBOAWIM ONSHOKPATHO, B IISITU CIAy4dasix (2 %) NMOBTOPHbIE OllepaTMBHbIE BMellla-
TeJIbCTBA Ha Ky/IbTSAX HIDKHMUX KOHEUHOCTE IIPUXOAMUIIOCH BBIIIONHATL CHOBA. ITocie IOBTOPHOM aMIlyTaluu
B Tpex cryvasx (1 %) BbisBIeHbI 0CTeOdUTHI, YTO MOTPeOOBAIO OTIePATUBHOTO JIeUeHMSI.

CortacHO OTyYeHHbIM JaHHbIM, K a6COTIOTHBIM IPOTMBOITOKA3aHMSIM K IIPOTE3/POBAHMI0 MOSKHO OTHOCHUTB CITy-
yau, KOraa yCUIMSIMU CIIeLaIiCTOB HEBO3MOKHO M3TOTOBUTh MIPUEMHYIO [/Ib3Y TaKMM 06pa30M, UTO6HI B Helt
MalieHT MOT OIMPAaThCsT Ha KYJIbTIO ¥ ITOJTHOIIEHHO IT0Ib30BaThCs IpoTe3oM. Cpemyt GoesHel Ky/abTei K TaKuM
CTy4yastM OTHOCSITCSI HEBPOMBI KYJIbTe/ 1 HEpBOB, 60/Ie3HEHHbIE 0CTEO(UTHI OMMIOB KOCTEH B MECTaX YCEUEHMST KO-
HeyHocTel. Cpey BCTPEYaoIIMXCsl TOPOKOB — BBICTOSIHME OTIMJIa KOCTH IO, KOKeii 1iu py61ioM, 6osiee qycTalib-
HOE DPacCIIoNIOKEeHNEe YPOBHS Majio6epIIoBOi KOCTUM OTHOCUTEIBHO GONMbIIEGEPIIOBOI, BBICTOSIIAS KY/IbTS KOCTU
6e3 MblIIIeyHOro GyTIsipa ¢ JedUIMTOM ITOKPHIBAIOIINX MITKMUX TKaHEl B 06JIaCTY ITOC/IEONEPALMOHHOTO pybIia
KYJIbTU, BBIPasKEHHbII 60JIEBOI CMHIPOM B 06/IACTH MOC/IEONEPAI[MOHHOV paHbl HEYCTAHOBJIEHHOTO reHesa.

K oTHOCUTETHHBIM ITPOTMBOIIOKA3aHSIM MOSKHO OTHECTHM CJIEIYIOIIMe ITOPOKM : HETTPABWIbHbII OTIVIT 60sTbIe6ep-
IIOBOJV KOCTH, OY/IaBOBUIHAS MV UPe3MEPHO KOHMUECKAs! KY/IbTS, Ype3MepPHO KOPOTKast M/ CJTUIIKOM JITMHHAS
KyJIbTSI 1 6OJIe3HM, — OCTEOMMENINT, IUTUTEIbHO IPaHyIMPYIOIIas paHa W S3Ba, TMraTypHble cBuin. [Tocregaue
MOTYT SIBJISIThCS TIPETISITCTBMEM K BbIJjaue M3eNus M OTCPOYUTh OCBOEHMe MHBAIMIOM mpoTe3a. OmHAKO Co Bpe-
MeHeM, ITyTEéM BBITIOTHEH NS JIeueOHO-BOCCTAHOBUTEIbHBIX IIPOIIEyP, B TOM UMCIIe C TpUMeHeHeM peabuinTta-
IIMOHHBIX KOMIUTEKCOB 1 JIOK, MOXKHO YCTPaHUTD OCTIOKHSIONINIA (PaKTOP MY YMEHBIIUTD €T0 BVSTHUAE.
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OBCYXIEHMUE

J17151 TOATOTOBKY MAIMEHTOB K MePBUUYHOMY IPOTE3MPOBAHUIO UCIIOIB3YIOT KaK KOHCepPBATUBHbIE, TAK U OIe-
paTuBHBbIE METO/IbI. Y3Ke TPy epBUYHOM OCMOTpEe Ha MPOTEe3HOM IPeNPUSITUN OINbITHbIE OPTOIeIbl MOTYT
TIPMHSTD pellieHre 0 HeoOXOmMMOCTH MpoBeaeHnsT peamiryTaiunu. Ho, TeM He MeHee, JIlo60e OmepaTUBHOE
BMeIIaTebCTBO — 3TO PUCK /IS TTAlMeHTa, TI03TOMY IIpeiBapuUTeIbHO Mbl IIPOBOAMM KOHCEPBATUBHOE Jieye-
HMe, BKITIoUast IeueOHyI0 hM3KYIbTYPY, MacCcax 1 Bo3meiicTBue dusmdyeckumu metogamu [13]. [Tocre ocmoTpa
59 manyeHToB, MMEBIINX TTOPOYHbIE KYJAbTU U HYKIABIIMXCS B OMEPaTUBHOI MOATOTOBKE K ITPOTe3UpOBa-
HUIO, 6bIJII/I BbIJAaHbI MeAMKO-TeEXHMNUYECKIMe 3aK/IIUYeHMs O H€O6XO,[U/IMOCT]/I BBITIOJIHEHMS XMPYPIMUECKOIO
neuenus. B 29 % ciryuaes (17 dyesoBeK) orepaiiyus 6bl1a rmpoBeneHa. Ha MOMeHT mpoBeneHusT MCCeq0BaHus
He Bce Mal[MeHThI Ja/i1 JOOPOBOIbHOE CoTIacue Ha XUPYypruueckoe jeueHune.

O6parasich K MICTOYHMKAM BpeMeH BTopoit MUPOBOI1 BOIHBI, B YaCTHOCTH K Kimaccudukanyy IT.A. KympusHo-
Ba 1 H.H. BypmeHko, Mbl paccMaTpuBaeM pasfielieHye aMIyTaluuii Ha BUAbI, CUCTeMaTU3UPOBAHHbBIE U TTOf, -
TBEpKAaeMble COBpeMEeHHbIMM HayUHBIMY paboTaMu, KOTOpPbIe TAKoKe TOJYEPKMUBAIOT BASKHOCTD Pa3ie/eHIs
amITyTaluii 10 BpeMeHM Ha MepBUUYHbIe, BTOPUYHbIE, II03HME U IMOBTOPHbIE aMIyTaluu (peaMITyTalum)
IUIST U3YYeHUS KITMHUUECKUX MCXOM0B. JTa KiIaccubUKaMsI OCTAeTCs aKTyaabHOM U CEeTONHS, KOora HeoOxo-
OMMOCTb MYJIbTULVUCUUIIIMHAPHOTO OAX0AA ¥ CBOEBPEMEHHO AMAarHOCTUKIM OCTAETCS pellaloleit AJj1si CHU-
SKeHUSI OCTIOKHeHUIA [14].

OcHOBHas ujiest paboThI MTOATBEPKIAETCS IPYTYMYU COBPEMEHHBIMM aBTOPAMMU, KOTOPbIE OTMEUaIoT BasKHOCTh
aZeKBaTHOro (OPMMPOBaHMS KyIbTU IIPU ITEPBUYHON aMITyTaly LIS MMHVMMU3ALUM PUCKA PeaMITyTalyii
U YITy4IIeHUs peabyINTaIMOHHbIX ITepcrekTus [15, 16].

Oco6oe BHMMaHMe 3aCTyKMBAIOT CIy4ay MMHHO-B3PbIBHBIX PaHEHMI1, KOTOPbIE CTAIM IPUUMHO aMITyTaIllUU
y 55 % maiuyueHToB. ITO MOTYEPKMBAET aKTYaTbHOCTb ITPOOIEeMbI BOEHHBIX TPABM U HEOGXOIMMOCTD CITEeIy-
aJIbHBIX TTOJIXOMIOB K JIEUEHUIO M peabuauTaluy TakKux nainueHToB. Takke BaskeH ¢GakT, uTo 30 % aMITyTalimii
BBI3BaHbI AMA0ETOM U aTepPOCKIEPO30M, UTO TOBOPUT O 3HAUMMOCTY MPOMPIIIAKTUKY U CBOEBPEMEHHOTO JIe-
YeHMsI XPOHMUECKUX 3aboneBanuii [17]. IIpu coBpeMeHHBIX TpaBMaX KOKHbIE ITOKPOBbI KOHEUHOCTE 4acTo
TTOBPEXIAIOTCS Ha OOJBINON IIOMAAN, UTO aKIEHTUPYET 3HAUMMOCTb COXPAHEHUS MaKCUMAaTIbHOM IIVHBI
TOBPEXAEHHbBIX YYaCTKOB C MMOMOIIbI0 PaHHEN KOKHON MJIACTUKM, O UeM TOBOPUTCSI B KJIACCMYECKUX PYKO-
BozaCTBax [18] 1 ocTaeTcsl aKTyaJbHBIM, OCOGEHHO B COBPEMEHHBIX YCJIOBUSX MUHHO-B3PBIBHBIX PaHEHUI,
OTIMCAHHBIX B O0jIee MO3THMUX UCTOUHMKAX [19]. CylecTBYOLIME TPUHIIUIIBI OTTIEPaTUBHOTO JIEUeHM S TPV MUH-
HO-B3PbIBHbBIX PAHEHMSIX IPEII0IaraloT MpeABapuTeabHOe yaaleHe HeXXM3HeCTI0COOHbBIX TKaHe TOPasKEH-
HOIt HYDKHE! KOHEUYHOCTY B YCJIOBUSIX TTOJIEBOTO TOCTIMTAJIS C 11eJbI0 M30ekaHUs YIPO3bl sKku3HM. [ambHeiast
06paboTka 1 GOpMUPOBaHME KyIbTU ITPOUCXOIUT Y3KE B YUIOBUSX CIIEIMATM3UPOBAHHOTO CTallMoHapa [5].

OT ypOBHST aMITyTallUy ¥ TPaBUILHOTO GOPMUPOBAHMS KYJIbTU 3aBUCUT TO, KaK OBICTPO MALMEHT MPONAET
peabunuTanuio. Xupyprudyeckasi TEXHMKa aMITyTallyy OTIpeessieTCss ypOBHEM yCeueHMsI KOHeUHOCTM U aHa-
TOMMYECKMX O0COOEHHOCTE} cerMeHTa. YpPOBEeHb aMITyTally SIBJISIETCS KPaeyrogbHbIM KaMHEM AVICKYCCUit
MeXAY XUPypramm ¥ CHenyaJucTamu, 3aHMMAKUMMUCS MPOTE3MPOBAHMEM YTPAuYeHHBIX KOHEUYHOCTEeN.
Ha ararie mpemomnepaiMoHHOrO MVIAHVMPOBAHMS BbIOPAHHbBIN YPOBEHb Pe3eKILNY He BCeraa COBIIaaeT C orpe-
JeJIEHHOI MHTpAoIepalOHHO AeMapKallMOHHO JMHMEN KM3HeCIOCOOHbIX TKaHeit [2, 5, 6], 4To Takke
MOJKET MOBJIMSITH Ha BEPOSTHOCTb PA3BUTHSI IIOPOKOB U GOJIE3HEN KyJIbTEIA.

JIutepaTypHble MUCTOYHUKY MTOATBEPKIOAIOT, YTO OTCPOUEHHASI IEPBUYHAS aMITyTalMs TO3BOJISIET MUHUMU3U-
pOBaTh MOBPEXIEHNE TKAHEe 1 06JIeTYUTD IIpoliece peabuautanyu. [Ipy BHITTOHEHMM aMITyTallMy Ha YPOB-
He HeKM3HEeCITOCOOHBIX TKaHe clemyeT M36eraTh U3MUITHEN Pe3eKI 340POBbIX TKaHel. XOTsS HEKOTOPbIe
TOBPEKIEHHbIE TKAHM MOTYT BOCCTAHOBUTH CBOIO SKM3HECIIOCOOHOCTD MOCAE COOTBETCTBYIOLIEH Teparmnu,
HeJb3S UCKIKYMUTb BO3MOXHOCTY Pa3BUTHUS BTOPUMUHOTO HEKPO3a M3-3a JIOKAJIbHOV TMITOKCUM U OTeKa B I10-
CJIeolepallMOHHOM Iiepuoge [14].

VHorpa ccagyHbl, TPELMHBL M pasfpakeHMe KOXKHBIX IOKPOBOB MOTYT BO3HMKATh I10[, BIMSIHMEM JaB/IeHUS
mpoTe3a Ha Ky/nbTi0. KpaiiHe pefiko 3TO MOKeT MPOUCXOOUTH MIPY UCIIOTb30BaHMUM TIPOTe3a 6e3 CMIIMKOHOBOTO
yexJia, MPersITCTBYoIero GopMMUPOBAHNIO KOKHBIX CKIAAOK. B Takux cryyasix BO3MOKHO pPa3BUTHE BOCIA-
JIUTENbHBIX MTPOLIeCCOB, IpucoenuHeHne nHbekuunu. O6pa3oBaHMI0 MHGMIBTPATOB U Y3/I0B HA MeCTe 30H Ha-
TPY3KM Ha [TPOTe3 MOKeT CITI0COOCTBOBATH HaMMuMe 130bITKAa KOKY Ha Ky/bTe. B To ke BpeMst 06pa3oBaBILmecst
Y3716l MOTYT 61aronpusiITCTBOBaTh GOPMMUPOBAHUIO MTOCIeoNepalMoHHbIX pyo1ioB. H.H. [Ipnopos pekomeHzm0-
BaJI 00paIaThCs K IUIACTUKE KOKYM B MCKIIOUUTENBHBIX CTyYasix ¥ 10 Mepe BO3MOKHOCTel cTapaThCs M36eraTh
MIMPOKUX U JJIMHHBIX JIOCKYTOB, & IPU UX HAIUUUM YKPEIUISATh TPAHCIIAHTUPOBAHHYIO KOXY ITyTeM TMMHa-
CTUKM U camoMaccaxka [20]. Ha cerogHSIIHMI IeHb 3T peKOMeHIalluy He TePSIIOT CBOel aKTyalbHOCTH [21].

TpeboBaHMs K Ky/IbTe CHOPMYIMPOBAHBI IIPAKTUUECKM BO BCEX PYKOBOACTBAX IO IpoTe3upoBaHuio [10, 19]
CTeyIonmyM 06pa3oM: yceuéHHast KOHEUYHOCTb AO/DKHA OBbITh KaK MOXKHO JIJTMHHEE, TOKPBITa HEITOBPEXKIEHHO
KOXKeii 6e3 3B, HAMMHOB, OCaJHEHMIA, (PIMKTEeH, He TO/KHA ObITh Upe3MepHO KOHMYECKO vy 6yIaBOBU/I -
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Hoit popmbl. [TocieonepalMoHHbI pyoel] Ao/DKeH ObITh TOIBVKHBIM, ITIAAKUM, PACIIONaraThCs BHE OMTOPHBIX
30H IMPUEMHOI I'MJIb3bI, MBIIIIIbI TO/IKHBI OBITH JOCTATOUHO Pa3BUTHI. EIIE omHMM Tpe6oBaHMEM SIBJISIETCS OT-
CYTCTBME HEBPOM, & KOCTHBIN OIJI JO/KEH GbITh TOPU3OHTAIbHBIM, IMTAIKVUM, IBMKEHUS B CYCTaBax He orpa-
Hu4eHbI [22, 23]. K Ky/IbTSIM TOJIeHU TPeIbSBISIOT TOMOTHUTENIbHOE TpeboBaHMe, — GOpPMUPOBAHKE OMUIA
rpe6Hs 60JbIIe6ePIIOBOI KOCTH IO, YIIIOM 45° K IIPOJ0IbHOI OCH.

dopMa Ky/bTeii MeHsieTcs 13 OyJaBOBUIHON B YMEPEHHO-KOHMYECKYIO, M3MEHSIeTCSl HaTsDKeHMe TKaHen
" KOXKM, B pe3y/bTaTe Yero yCWIMBAIOTCS OojeBble OUTYIIeHMsI B MeCTaxX JIOKIM3aIMM KOHIIEBbIX HEBPOM
U TTOCJIeaMITy TallIOHHBIX 00Ie3Hei KOXKM. B 3TUX cyJyasx MPUMEHSIOT CMSITUaroInye BKIaABIIIN, CUIMKOHO-
Bble JIaliHepbI ¢ JeMIIOUPYIOUMMY CBOVICTBAMM U JIOXKEMEHTbI, KOTOPbIe IMO3BOJISIIOT PA3TPY3UTh TPUTTEPHbBIE
00JIe3HeHHbIe TOUKM KOHTaKTa KyJIbTHU C IMIb30ii. IIpeaBapuTeIbHOE MUCII0b30BaHMe CUTMKOHOBBIX UYeXJIOB
MIpY IEPBUYHOM ITPOTE3MPOBAHMM TTallIeHTaM B CpeIHeM ObIJI0O PEKOMEHI0BaHO Ha CPOK [0 ABYX HeIelb.

Pe3ynbTaThl 4AHHOTO MCCIEA0BAHMS TTOKA3bIBAIOT, YTO COCTOSTHYE KYJIbTEN SIBJISIETCSI KPUTUIECKUM (haKTOPOM
YCIENTHOCTY TPOTe3UPOBaHMs. Y GOIBIIMHCTBA MaleHTOB (76,6 %) paHbl 3a5KMBaIV IEPBUYHBIM HATSDKEHM -
€M, YTO yKa3bIBaeT Ha 3P GheKTUBHOCTb OIePaTUBHOrO jeueHus. TeMm He MeHee, TTIOUTH YeTBePTh MAI[MeHTOB
(23,3 %) cTankuBajaach ¢ mpobsemMamu (MHGPEKIIWM, TOPOKU KY/IbTel U 60JIeBble HEBPOMBI), KOTOPbIE YCIOXK-
HSIM npoTe3upoBaHye. [losyyeHHbIe pe3y/ibTaThl COIACYIOTCS C JIMTEPATyPHBIMM HAHHBIMM O 3HAYEHUU
MIPaBUILHOM XUPYPrUUeCcKOil TEXHUKM U TTIOATOTOBKY KYJIBTU [IJIS1 YCIIEITHOTOo ITpoTe3upoBanus [24]. Hanpu-
Mep, IOPOKY KYJ/IbTell, TaKie KaK OCTe0(UThbl U HelpaBUIbHOe MOJI0KeHMe OMMIOB KOCTel, 3aTPyLHSIOIe
MIPOTe3MPOBaHMNE, BISIBIIEHBI B 7,9 % ciay4yaeB. DTO COOTBETCTBYET JaHHBIM JPYTMX aBTOPOB, KOTOPbIE TaKKe
YKa3bIBAIOT HA HEOOXOIMMOCTH 60JIee TIATEeTbHO ITOATOTOBKM U MIOCTOSIHHOTO HAGIIONEHNSI 38 COCTOSTHUEM
KyIbTH [25].

Heco6iofeHye 3TaroB OMepaTMBHOIO JIEUEHNST, XUPYPIUUECKMUX TIPUHIMITOB BbITIOJTHEHMST aMITyTal[M1, He-
IOCTATOYHbIE MUATHOCTVKA M HAOJIOEHNE B TIOC/IEOTIEPAIIIOHHOM TIePUO/ie MOTYT BbI3bIBATh 0Opa3oBaHue
6osie3Heli 1 MTOPOKOB KYJIbTEN, pa3BUTIE KOHTPAKTYP COXPAHUBIIMXCS CYyCTABOB. ITO MOKET ObITH 0OYC/IOBJIE-
HO KaK MMOC/IeICTBUSIMU OM€PATUBHOTO JIEYEH NS, TaK U HeaJIeKBAaTHBIM ITpOTe3upoBaHueM [15, 26].

UccnegoBaHue MoguepKuBaeT BaXXHOCTh MOATOTOBKM KyJbTU IJIsl TIPOTe3MPOBAHMS, UYTO MOATBEPXKIAETCS
opyrumu paboramu [14, 26, 27]. [lepen HaYaIOoM MPOTE3MPOBAHMS, YUNTHIBASI aHTPOIIOMETPUYECKME U CTa-
TOAVHAMMWYECKVe 0COOEHHOCTH MAI[MeHTOB, MbI IIPOBOIMUIM MEPOTIPUSITHS T10 IIpeaBapuTeIbHOMY HopMM-
POBAHMIO U TTOATOTOBKE KY/IBTU: JACTUUECKOe OMHTOBAaHME, VICIIOb30BaHe KOMITPECCMOHHOTO TPUKOTAKA,
YyeXJI0B M3 TIOJIMMEePHOTO MaTepuasia, BhIMOTHEHE Maccaxa, pu3noTepaneBTUUeCKUX ITPOLIenyp U Jeue6HOl
duskynbTypsl. [IpeHe6peskeHNe TTOATOTOBKOM K MPOTE3UPOBAHMIO TaKKe MHAYIIMPYeT Ipoiiecc hopmMuUpoBa-
HMS IPOOIEMHBIX KYJIbTeIA.

Crporoe cobiIOmeHMe TEXHMUKM OMepalyy U IOCIeoNepalyioOHHOTO yXO#a, a TakkKe IIpUBJeUYeHue CIie-
IMAIMCTOB HAa BCEX IJTalax JIeueHMs] MO3BOJISIOT CYIIECTBEHHO COKPATUTh UMCIO0 He(QyHKIVOHATbHBIX
MY MaIo(GYHKIIMOHATbHBIX Ky/IbTEl U MOBBICUTh KauecTBO IpoTesupoBanus [15]. CiemyeT uMeTh B BUAY,
YTO OTHOCUTEJIbHO CcTabuiibHas ¢opMa KyJabTU 0Opasyercs NMpubIm3uTenbHo uepes 10-12 mecsieB mocie
ammyTtauu. opmMmpoBaHue KyJabTU MPOUCXOAUT B 3aBMCUMOCTM OT CPOKOB Hayasa MCIO0/Ib30BaHUS MMe-
IOIIerocsl MpoTe3a M AaKTUMBHOCTYM €ro 3KCIutyaTauuu. He cTOUT rnpeHeOperaTh NMpaBwiaMu OMHTOBAHUS
KOHEUHOCTe, TaK KaK HelpaBMIbHOE MCIIOTHEHe TeXHUKM MOYKET IMIPMUBOAUTD K MTOSIBJIEHNIO IIOPOUHBIX OY-
JIaBOBUIHBIX Ky/IbTEl Oefpa U rojieH .

V manueHTOB, COOMIONAIOIINX PEKOMEHIAIMM IO IpeaBapUTebHOMY (GOPMUPOBAHUIO KYJIbTH, pasmMe-
pbl KYJIbTM 3HauUTENbHO OTAMUYAIOTCS OT pPa3MepoB KyJbTU TAIMEHTOB, He CIeAYIUMX IMpenucaHusIM.
[Tocse aMmyTauyuy KOHEYHOCTM MPOMCXOIUT TePeCcTpoiika TKaHel M MPUCIocobaeHe K HOBBIM aHaTOMO-
(bU3MOoNIOrMYecKMM 0COOEHHOCTSIM, 8 MMEHHO: yceUeHMe MBIIIL, JUIIeHe 30H MPUKPEIUIEHUS CYXOKUIINIA
B AVCTAJbHBIX OTAENAaX, OOHAKEHNE KOCTHOMO3IOBOTO KaHajla ¥ M3MeHeHue Tpoduku. B mporecce mpore-
3MPOBAaHUS U JaJIbHENIIEro UCII0Ib30BaHMS ITPOTE3a OYEHD BASKHO CTPEMUTHCS K COOTBETCTBUIO OOBEMHBIX
pa3sMepOB I'MJIb3bl U KYJIbTH, YTOOBI TIALIMEHT MOT HauaTh IOJIb30BaThCS IPOTE30M. BeiencTBye AMHAMUYHOTO
M3MeHeHMsI 00bEMa MSITKUX TKaHel KyIbTU YCeUEHHO KOHEUHOCTH, 06YC/IOBIEHHOTO MBILIEUHOI aTpodueii
U Tlepepacripefie/ieHeM Harpy3ku Ha OMIOpHbIe IJIOIAaAKY, He BCera yoaeTcss OMHOMOMEHTHO Ha 3Tare U3ro-
TOBJIEHMS U BbIIAUM MTPOOHOI TPUEMHOI TMITb3bI TPOTE3a TOYHO COMOCTABUTh pa3Mepbl KYJIbTHU U IPUEMHOI
IWIb3bl. YacToO BO3HMKAET HEOOXOIMMOCTb KOPPEKIIMY VIIM 3aMeHbI ITPOOHO MTPUEMHOI IMIb3bI C TIOMCKOM
aJbTepHATMBHOTO CMIMKOHOBOTO JlaliHepa He MeHbBIITMX pa3MepoB. iHora rnpu mpoBefeHn TpoTe3npoBa-
HMSI, HECMOTPSI Ha HEOJHOKPaTHbIe KOPPEKLIMY MIPUEMHOI I'MIb3bl M CMEHBI CUCTeMbI KperieH!s, B MecTax
KOHTaKTa MPUEMHOI T'Mb3bl C KyJbTeli MOTYT BO3HMKATh OCIOKHEHUs], TPUBOZIINE K TTOBTOPHBIM OIle-
pPaTMBHBIM BMeIATeIbCTBAM, TPEOYIONIMM B JaJbHEIIeM peMOHTa (3aMeHbl MPUEMHON TMIb3bI) ITPOTE3a
BIUIOTH 10 ITOJIHOIE ero cMeHbI [19]. Tpoduueckme HapyeHNsI, TpaBMaTU3aIMsI MITKUX TKaHel Py KOHTAKTe
C MPUEMHO¥ TUITB3011 TPOTe3a 3aMeJISTIOT PeabWIUTAIMIO U COIMAaIM3annio MuBanuaa [28].
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Vi3roToBieHne UaeanbHO IMIb3bl — CIOXKHBIN ITPOLIeCC, KOTOPBIH TOMKEH YUUTHIBATH MHOXKECTBO (DAKTOPOB,
BAUSIOIIMX HA JOJTOCPOYHOE MCIOIb30BaHMe, KOM(OPT Npu sKCIuTyaTalMu 1 0611y GyHKIIMOHATBHOCTD
nporesa [29]. [lepcoHanu3MpoOBaHHbIN NOLX0L, B MPOLLECCe TPOU3BOACTBA MPOTE30B [/ NalMeHTOB C aM-
MyTaIMIMM KOHEUHOCTEl SBISIETCST KIIOUOM K IIMPOKOMY BHEAPEHUIO TEXHOJOTUM, KOTOPas TOJIKHA ObITh
IOCTYITHOM U YIOBJIETBOPSsIONei moTpe6HOCTY nHBamuaa [30].

B 3TOM KOHTEKCTe 0COOYI0 3HAUMMOCTh MProbpeTaroT HM(POBbIe TEXHOIOIMM, BKIOUYAs KOHIENINUIO -
POBBIX IBOMHMKOB. CO3JaHMe MNepPCOHANIM3MPOBAHHBIX IMQPPOBLIX MOJIENeil KyJbTeil I03BOJSIET IIPO-
THO3MPOBAaTh B3aMMOZEICTBME TKaHell € IMpOTe30M, aJalTUPOBaTh KOHCTPYKLMIO TMIb3bl U TOBBICUTH
0611yio 3¢ dekTUBHOCTh peabunuTanyuu. CoBpeMeHHble MeTOoAbl — OT KonuuectBeHHOM MPT (T2 mapping)
10 3D-MofenMpoBaHus M GMOMeXaHNYECKUX CUMYJISIIIVIT — HAaXOMST MpUMeHeHMe B KIMHUUECKO! TTPaKTu-
Ke. A. Gentili u coaBT. [31] IeMOHCTPUPYIOT SKOHOMUYECKYI0 060CHOBAHHOCTb 3TUX pelIeHuit. B ycioBusx
OTPAaHNYEHHBIX OIO/IKETOB 37 PaBOOXPAHEHNS BAXXHO YUUTHIBATH CTOMMOCTD TEXHOJIOTHI U UX BKJIaZ B BOC-
CTaHOBJIEHNME TPYIOCIIOCOOHOCTY TIAI[MEHTOB, TPUMEHSISI MOV OLIeHKM SKOHOMUYECKOI 3PGHeKTUBHOCTU
(CEA, BIA, CBA).

Hare mcciemoBaHme Takke 3aTparmMbaeT IMpoo6emMy pasBUTKUSI MHGEKUIMOHHBIX U IPYTUX THOWHBIX OCIOXK-
HEHWI1, YTO MPensiTCTBYeT YCHEeNITHOMY MPOTe3UPOBAaHMIO. DTO COINIACYeTCS C NaHHBIMU, MPeCTaBIeHHbI-
MM B paboTax, OMMCHIBAIOIIVX TTOBBIIIEHHbIE PUCKY TPOMOO30B M aMITyTalluii Mpyu MHGEKIMIX, TAKUX KaKk
COVID-19, uTo Takke IeMOHCTPUPYeT BaXXHOCTb TUIATEIbHOTO IOC/IeoIepaloHHOro HabmopeHus [3,4].
Takue mocaeaMIyTallOHHbIe OOJI€3HM KYJIbTeil TaKKe OTHOCSTCS K abCOTIOTHBIM ITPOTMBOIIOKA3aHUSIM
K TIpoTe3upoBaHuio. COrnacHo AUTepaTypHbIM JaHHBIM, TOATBEPKAAeMbIX HACTOSIIIUM MUCCIeq0BaHNEeM, OC-
HOBHBIMMU TIPUUMHAMMU VX GOPMIPOBAHMS SIBJISIIOTCS UTHOPUPOBaHME MPOOUIAKTUUECKO MMMOOIIN3aIINN,
J1eue6HOIT GU3KYIbTYPBI M 37TaCTUYECKOT0 OMHTOBAHMS B IIOC/IeOIIepaliMoHHOM nepuofe. O6cykaeHne mpem-
CTaBJIEHHBIX JAHHBIX ITOAYEPKMBAET BAXKHOCTH COOTIOMEHMST XUPYPIUUECKUX Y PeabMIUTAIIOHHBIX TTPUH-
IIATIOB TIPY JIEYEHUM TTallMEHTOB C aMITyTaAlMSIMM, a Takke He0OXOIMMOCTh BHEIPEHWST HOBBIX TE€XHOJIOTMIA
B Ipoliecc NpoTe3upoBaHusi. KnuHuveckue JaHHble CBULETETbCTBYIOT O BAKHOCTY TIATEIbHOM MOATOTOBKI
KYJIbTYU ¥ IIPaBUIBHOTO BBIOOPA MTPOTE3a, UTO COTIACYeTCs ¢ MEKAYHAPOIHBIMU MCCIeIOBAHUSIMMU.

HecmoTpsa Ha pasBuTHe NPOTE3MPOBAHMS 3a MOCAeLHME NEeCITWIETUS, B HEKOTOPBIX CJIyyasix MalMeHTbl
He TI0/Ib3YIOTCS BbIIAHHBIMM IIPOTE3HO-OPTONeNMYeCKUMI U3AeIUIMU U3-3a OUCKOM@OpTa MpU UCIONb30-
BaHUM IIPOTE3a, YTO B OCHOBHOM MPOUCXOAUT 10 MPUUYMHE HECOOTBETCTBMEM MPUEMHON TMUIb3bl TEKYLIUM
pasMepam U 0COOEHHOCTSIM Ky/IbTY aMITyTMPOBAHHO KOHEUHOCTH [3, 16].

OrpaHinyeHneM JaHHOTO MCCIeN0BaHMS SIB/ISIETCS OTCYTCTBIME BO3MOXKHOCTY HABGTIOMe s TalieHTOB JI0 T10-
CTYIUIEHMSI B IIPOTE3HO-OPTONEANYECKOe IIPeNNpUITIe, a TAKKE AJIUTEIbHOr0 HAabMIONeHNsI, YTO MOIJIO Obl
naTh 6osiee TIOHOE TIPeICTaB/Ie e O NONTOCPOUHOI 3(hGhEeKTUBHOCTY TPOTe3UPOBaHMs. TeM He MeHee, To-
JIyYeHHbIe JaHHbIe IOATBEPKAAIOT BaKHOCTh MY/IbTUAMCLUIUIMHAPHOTO IIOAX0MAA ¥ IePCOHAIM3MPOBAHHOI
MTOATOTOBKM KYJIBTH IJIsI YCIIEIIHOIO IIPOTe3MPOBAHMSI.

VuuThiBasi BbllIeCKAa3aHHOE, HEOOXOAMMO MOTUEPKHYTh BaKHOCTh MEKAVCIUIIIMHAPHOTO COTPYIHUYECTBA
rpodeccroHaaoB, yUaCTBYIOMMX B OKa3aHMM MEPBUYHONM CIELMaIM3UPOBAHHON MEIUIIMHCKONM ITOMOIINA,
U 9KCIIEPTOB B 00JIACTM ITPOTE3UPOBAHMS YTPpaueHHbBIX KOHeUHOoCcTelt. COOTHeCceHMe 11eJieli aMITyTalluy U BO3-
MOSKHOCTYM MTPOTE3UPOBAHMS TOCTUTAETCS ITyTEM ITOBBINIEHNMS KOMIIETEHIIMI B JAHHBIX 00aCTSIX 3HAHMIA,
HeMpepbIBHOIO 06yuyeHMs U IpodeccrOoHaNbHOi KOMMYHMKanuu. HayuHblii (OKyC CeromHs CMellaeTcs
B CTOPOHY IPEMMYIIECTBEHHO ITPOrPECCUBHBIX TEXHOJIOTHIA, OCTAB/IsII B TEHU HEO6XOOMMOCTh AeTaTbHOTO
pPacCMOTPEHMS aKTYaJIbHbIX MMPO6IeM MPUMEHEeHUs TPaAUIIMOHHbIX MeTOI0B. COBpeMeHHbIe MCCIeI0BaHMs
MOAUYEPKUBAIOT BasKHOCTb MCIIOAb30BAHMSI BBICOKOTEXHOJIOTMUHBIX METOHOB GMOMEXaHMUeCKOro aHalIu3a
¥ TOYHOM BU3yanu3aluu Ipu OlleHKe KyJIbTell 151 peqoTBpalleHsI OUIOKHeHU . BHellpeHVe MHHOBAIMOH-
HBIX METOZO0B, TaKMX Kak 3D-neuatb, CAD/CAM, po60TH3MPOBAHHbIE TIPOTE3bI M OMOMexXaHUUecKas OlleHKa,
MOTYT 3HAUMTETbHO YIYUIIUTD MIPOIIeCC afarTaiuiu MaluyeHToB K IpoTe3aM U peabuinTanumu MuaBanuaa [32].

CnemyeT OTMETUTD, UYTO B YCJIOBUSIX YBEIMUEHMS Ul C/Ia ITallIeHTOB C yTpaueHHbIMIM KOHEUHOCTSIMM COBEPIIeH-
CTBYIOTCSI ¥ TIPMMeEHsIEMbIe MOIXOIbI K TIPOTE3MPOBAHMIO KOHEUHOCTE . PacTyInii ONbIT B3aMMOAEACTBIUS
C MHBaJIMIaMM BJIEUET 32 c0607 HEOOXOAVIMOCTD YIYUIIeHUST MMEIOIIUXCS METOIMK, KaK B BOEHHO-ITOIEBBIX
YCIOBUSIX, TaK M B CAyYasiX OKa3aHMs MOMOIIM I'PaskIAHCKOMY HACeJeHUIO C YCeUEHHBIMM KOHEUHOCTSIMMA.
Ho Taxske BaskHO MPUHMMATh BO BHMMAaHMe SKOHOMUYECKYIO 11eJIeCO00Pa3HOCTb BHEAPEHMST HOBBIX TEXHO-
JIOTUIA C OLIEHKOJ, KOTOpast IMTO3BOIUT B paMKaxX OIOKeTa IMOMyUYUTh MaKCUMAIbHYIO TIOTb3Y IJIST 3[0POBBSI
mopeit. HecMoTpst Ha pacTyumii MHTepeC K MHBECTUPOBAHUIO B IIM(POBbIe MHCTPYMEHTHI B 34 paBOOXpaHe-
HUM, TaHHbIe 06 UX SKOHOMMUECKOI 3D(PEKTUBHOCTM OCTAIOTCS CKyIHBIMM U OrpaHMueHHbIMM [31]. Heob-
XOAVIMBI TajabHeINe 1CCIeqoBaHNs, OCHOBaHHbIE HA CTAHAAPTU3MPOBAHHOM ITOAXOAE, AJISI METOIUYHOTO
aHaIM3a MHKPEMEHTHBIX KO3(POUIMEHTOB «3aTpaThl — 3(PEKTUBHOCTD», 3aTPAThl U MOJb3Y IJIS 3[0POBbS
" AMAarHOCTMKU, TaK KaK BbICOKas CTOMMOCTD 3TUX TEeXHOJIOT U MOKET 6bITb NpensaTCTBMeM OJid UX IIMPOKOTIO
BHenpeHus [30].
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OpnHako MOAYEepPKHEM, UTO [Is1 KAMHULIMCTOB MMeeT MPUOPUTET pa3paboTKa KOIMUYeCTBEHHBIX KpUTEpUEB
U CTAaHAAPTU3VPOBAHHBIX METOAOB AMArHOCTUKY, YTO TOBOPUT O HEOOXOIMMOCTHU BHEIPEHNST 0ObeKTUBHBIX
IIKaJI J7Is1 YIydlIeHys] OLleHKY COCTOSIHUSI KYJIbTU M MpOTe3a, a TakkKe JIs CHYDKEHMST BO3MOYKHBIX OMIMO0K
IIpY MICIIOJIb30BAaHNUM COBPEMEHHBIX TeXHOIOrui [23].

ITo HammM HAGIIOMEHNUSIM, TIOBTOPHbBIE PeaMITyTaIMM 110 IPUYMHE Pa3BUBIIETOCs 60JI€BOT0 CMHIPOMA BbI-
MMOJIHEHBI B IISITU CIydasix (2 %). UHorma cenuaancThl BBIHY>KAEeHbI pEKOMEHI0BaTh IPOBeAeHE TTOBTOPHOM
aMIyTauyuy 6e3 IpKo BbIPAKEHHOT0 60/1eBOTO CMHIPOMA, HO C MMEIOLIMMMCS PEHTTeHOMOTUYeCKUMM JaHHbI-
MM HaJIMUMS OCTe0(MUTOB, KOTOPbIE C GOMBIIION T0Ielt BEPOSITHOCTHM B OYAyIleM MOTYT IIPUBECTY K 3aTpyoHe-
HMIO UCII0JIb30BAHMSI IPOTE3HO-OPTONENMUECKOTO U3esl, BIUIOTh 0 IOJIHOTO OTKa3a OT UCIOAb30BaHMS
nocnenHero. Cpeny uccielyeMbIX Ha MHBa3MBHOeE JieUeHle COIallaaich He BCe, YTO MOKET ObITh ITPOIUKTO-
BaHO BO3HMKHOBEHMEM IICHMXOJIOTMUECKUX OapbhepoB MIPY 0CO3HAHMM MePCIIEKTUBBI TOBTOPHOIO MepeXKyBa-
HMSI aHQJIOTUYHOTO OTBITA.

HecmoTpst Ha BbISIBIEHME Y TIAIIMEHTOB MPEISITCTBUI IJI JaabHEeNIIero mpoTe3MpoBaHusi, He0OXOIMMO
MpeATIPMHMMATD BCE BO3MOKHOE, UTOOBI M3TOTaBAMBAEMbIE ITPOTE3bI JaKe B YCIOBUSIX aTUIIMIHOTO ITPOTe-
3MPOBaHMS ObLIM YIOOHBI B MCIIOTb30BaHMM, TTO3BOJISIIM TTOCTPAJABIIMM aIallTMPOBAThCS K HOBBIM 00CTOSI-
TeJIbCTBaM, BO3BPAIAThCS K MPUBBIYHOMY 00pasy sKM3HM U 0OIIECTBEHHO I0JIe3HOMY Tpyndy. MicciemoBaHme
BHOCHUT Ba)KHbIi BKJIa[ B IIOHMMaHMe MPOOaeMaTUKY peabuInTaluy U IIPOTe3UPOBaHMS TallEHTOB C aM-
MyTaIMIMM ¥ TIOATBEPXKIAeT HeO6X0AMMOCTb Ja/bHeIIero n3ydeHns 9Toi obaacTy. PesyabTaThl JaHHOTO
aHa/M3a TMOATBEPKIAIOT BBIBOIBI psAla MEXKIYHAPOMHBIX MCTOUHMKOB O BaKHOCTY MPaBUIBHOTO BbIGOpa
MIPUEMHO¥ TUJTIb3bI U TIIATEIbHO TTOATOTOBKY KYJIbTH.

3AKJIIOUEHUE

B ucciemyeMoit BIGOpKe MaIMeHTOB OOJBINYIO YaCTh MPEICTABISIOT CIyUal, BhI3BAHHbIE MUHHO-B3PbIBHBI-
MM TpaBMaMM, BTOPOEe MeCTO I10 4aCTOTe BCTPEUYAeMOCTH 3aHMMAIOT aMITyTallYIOHHbIE KY/IbTI Y HAlMeHTOB
C COCYIMCTHIMM TATONOTUSIMMU. VicC/iefoBaHme TI0Kasao, 4To B 23 % cIyyaeB MOPOKHM U MOCTeaMITyTaI[MOH-
Hble 00JIe3HI 3HAUMMO YCIOKHIIN OalbHellee MpoTe3upoBaHe.

AGCONIOTHBIM TTPOTMBOIIOKA3aHMEM K IMPOTE3VPOBAHUIO SIBJISIETCSI HEBO3MOXKHOCTb M3TOTOBJIEHUS IIPU-
€MHOJ1 TWJIb3bI, TIO3BOJISIIONIEN MalMeHTy OMMPAThCS Ha KY/IbTIO M TOJHOLIEHHO IOMb30BAThCS ITPOTE30M.
K oTHOCHTE/NBHBIM MTPOTUBOIIOKA3aHUSIM MOKHO OTHECTY HeITPpaBWIbHbIN OTIVII 60IbIlIe6epIi0BO KOCTH, OY-
JIABOBUAHYIO MM UPe3MEPHO KOHMYECKYI0 KYJIbTIO, CIMIIKOM KOPOTKYIO WINM CAUIIKOM IJIMHHYIO KYJIbTIO,
OCTEOMMENINUT, IJIUTEIbHO TPAHYIUPYIOILYIO PaHy WM SI3BY, TUTaTypHbIe CBUILIA.

Kongnukm unmepecos. Agmopbs! 3as81510m 00 0mcymcmeuu KOHGAUKMa UHmMepecos.

Hcmounuk ¢unancuposanus. Hccnedosarue GUHAHCUPOBATIOCh 3 CUEM 8HYMPEHHUX Pecypcos yupexcoeHus. BHeuiHezo ¢u-
HAHCUPOBAHUSI HE NPUBEKAIOCD.

Omuueckas 3Kkcnepmu3a. Smuueckas 3Kcnepmusa npoeeaeHa JIOKAIbHBIM KOMUMEMOM No dmuke. 3akaryeHue 0 coomeem-
Ccmeuu uccnedo8aHus ImuiecKum HOpMAM NoJiyueHo do ezo Hauaza.

HudopmuposanHoe coznacue. Bce nayueHmol, yuacmsywoujue 8 ucciedosanuu, dob6pososibHo0 NoONUcanu UHGopmMuposamHoe
coanacue Ha NYOIUKAYUI0 NEPCOHANIbHOLI MEQUYUHCKOL UH(OpMAayuu 8 00e31uueHHOL popme.
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AHHOTaua

BBenmeHme. ApTpo3 Tparenuymo-IsICTHOTO CyCTaBa CYMTAETCS YaCTO BCTPEUAlOIIENiCcsl IaTOJ0ruel, mpuBo-
IsIIeit K Imporpeccupyomieil morepe GyHKIMOHAIbHOCTY | mambiia KMcTU. OCHOBHBIMU XUPYPTUUECKUMU
MEeTO[aMU JIeYeHUsT TAHHOTO 3a60/IEBaHUS SIBJISIIOTCSI apTPOAE3 CEeIJIOBMIHOTO CYyCTaBa ¥ MOJBENIMBAIOIIAs
apTPOIIACTUKA TIePBOI MSICTHOM KOCTU. B HAayUHBIX MyOAMKAIMSIX B JAHHbII MOMEHT HET eIVHOTO MHEHMSI,
KaKoJl U3 BAPMAHTOB JIeUeHNSI ONITUMAaJbHBII.

Ilesib paGoOTHI — CPaBHEHME MCXOHOB XUPYPIUUECKOTO JIeUeHNST TTAalMEHTOB C apTPO30M IEPBOr0 3arsICTHO-
TISICTHOTO CyCTaBa IMoC/Ie apTpo/ie3a U MOABEeNINBAOIIel apTPOIUIACTUKY CeIOBMIHOTO CyCTaBa.

MarepuaJibl 1 MeTOAbL. [IpoaHan3MPOBaHbI PE3Y/IbTATHI I0- U MTOCIE0IePalIOHHOT0 00ciemoBaHms 60 ma-
[IMeHTOB, KOTOPBIM BBITIOJTHEHBI apTpoie3 I 3aIscTHO-TISICTHOTO cycTaBa (n = 29) 1 mojBeInBaroIas apTpo-
TIJIACTYKA TIEPBOIA MSICTHOI KOCTHM (1 = 31): 5kasmo65b1, QyHKIMS MCCIeqyeMOoii KOHEUHOCTH 110 OITpocHMKY Quick
DASH, ypoBenb 60au o mkane VAS, dbyHKIMOHaNIbHOCTH | manbia mo Tecty Kapandji Thumb Opposition
Scores.

PesynbraThl. BBISIBIEHO CTATUCTMUECKM 3HAUMMOE CHIDKEHME WHTEHCUMBHOCTM 60y 1o mkamre VAS
(p < 0,001) u yimyureHne GYHKIMY BepxXHel KoHeuHOCTH 1o mKkane Quick DASH B pesynbraTte 060ux Ba-
PUAHTOB XUPYPTrUUYECKOro yeueHust. IPheKTUBHOCTh XUPYPTUUECKUX METOIOB OT/IMUYAIACh TOTbKO MeIM-
aHOJ CPOKOB I'MIICOBOV MMMOOMIN3AUMNA. JITUTEIBHOCTD ITOCAE0IEePALIIOHHON MMMOOWIN3ALU B I'PYITIIE
MALMeHTOB C BBIIIOJIHEHHBIM apTPOZe30M CTaTUCTUUeCKM 3HauuMo Boile (p = 0,004), yuem cpenu nauyeH-
TOB, KOTOPBIM IIpOBelleHa IOABellNBalolias aprporiactuka. CTaTUCTUUYECKM 3HaYMMbIX Pas3/INuMii MexX-
Iy OIBYMSI IPYIIIaMM TSDKEJION M HeTsDKeNOV PYyYHOM TPYLOBOJ LeSTeNbHOCTM MalVeHTOB He BBISBIEHO
(xosdduinent Iupcona = 0,311).

Oo6cykaeHue. [ToryueHHbIe Pe3yabTAThI MMEIOT MTOKA3aTeNM OTIMYHbBIE OT OMyOIMKOBAHHBIX B IUTEPATYP-
HBIX MCTOUHMKAX. 3aBUCUMOCTh QYHKIIMOHAIbHbBIX Pe3yIbTAaTOB OT BMUIA TPYIOBOI IeSITeIbHOCTH MAI[MeHTOB
Mpy 060MX METOAAX XUPYPTUUECKOTO JIeUeHMsI He TIOATBEPsKIeHA. BbIOOD MEX Iy Tpameuo-TsCcTHbIM apTpo-
Ile30M U TIOABeIIMBAIOIIel apTPOIUIaCTUKOM | MSICTHOM KOCTM, OCHOBAHHBIV Ha KPUTEPUM TSHKECTU TPyZOa,
He BCerna SIBJISIeTCS] BePHBIM. YBeJIMUEeHHbIE CPOKY TUIICOBOI MMMOOMIM3AIMK B TPYIIe apTpoesa Celjio-
BUHOTO CYCTaBa MOATBEPKAAITCS IUTEePATyPHBIMU JAHHBIMU U CBSI3aHbI C OCJIOKHEHUSIMY 3TOTO BapMaHTa
JIeueHusl.

3aknaoueHue. B pe3yjibTaTe IMIPOBEAEHHOIO CTATUCTUYECKOI'0 aHa/IM3d 3HAYMMbIX pasnmqnﬁ MeXny ucxona-
MM apTpoAe30B CEIJIOBUAHOIO CyCTaBa " Mo BelBalolesi APTPOIIACTUKHA I msICTHOJE KOCTU He BBISIBJIEHO.

KitroueBble c1oBa: apTpos3, Tpanelyo-IsiCTHbI CyCcTaB, TOABEIMBAIOIIas apTPOIIaCcTMKa, apTPOLEe3

Ins nutupoBanus: AdanacbeB A.O., Umskos A.E., A6au6a H.B., PogomanoBa JI.A. CpaBHUTe/IbHBI aHaINU3 UCXOI0B
XUPYPTUUYECKOTO JiedeHUsl TalMeHTOB Iocae apTpoje3a U IMOoABelIMBalollell apTpOIIacCTUKMU CelJIOBUIHOTO CyCTaBa.
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Abstract

Introduction Trapeziometacarpal osteoarthritis is a very common condition that leads to progressive
loss of functionality of the first finger that can be surgically treated with arthrodesis of the saddle joint
and suspension arthroplasty of the first metacarpal bone. There is a controversy over the surgical technique
to choose without consensus in the literature.

The objective was to compare surgical outcomes of patients with trapeziometacarpal osteoarthritis treated
with arthrodesis and suspension arthroplasty of the saddle joint.

Material and methods The use of both surgical options resulted in significantly reduced pain measured
with the VAS (p<0.001) and improved upper limb function evaluated with the Quick DASH scale.
The treatments differed in the median duration of plaster immobilization. The duration of postoperative
immobilization in arthrodesis patients was statistically higher (p = 0.004) than that in suspension arthroplasty
group. No statistically significant differences were found between the two groups of heavy and light manual
laborers (Pearson coefficient = 0.311).

Discussion The findings of the series indicated parameters being different from those published
in the literature. The dependence between functional results and the type of working activity of patients
treated with both surgical methods was not confirmed. The choice between trapezio-metacarpal arthrodesis
and suspension arthroplasty of the first metacarpal bone based on the criterion of severity of work was
not always correct. Increased periods of plaster immobilization in the saddle arthrodesis group are reported
in the literature and associated with complications of the treatment option.

Conclusion No significant differences were found between the outcomes of saddle arthrodesis and suspension
arthroplasty of the first metacarpal bone.

Keywords: osteoarthritis, trapezio-metacarpal joint, suspension arthroplasty, arthrodesis
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BBEIOEHUE

Tpaneuyo-IsiICTHBIN cycTaB (CeIJOBUAHBIN CyCTaB, MEPBbIN 3aIsICTHO-TISICTHBIN CyCTaB) SIBJISIETCSI OFHOV
M3 pacIpoCcTpaHeHHBIX JOKAIM3aIMil JereHepaTUBHBIX apTPO3HbIX M3MEeHeHMT KUCTH, TT0 YaCTOTe BO3HUK-
HOBEHMSI YCTYTAIOMIEH JIUIITh JUCTATbHBIM MeK(asaHroBbIiM cyctaBaM [1, 2]. [To maHHBIM MCCIeI0OBaHMIA, ap-
TPO3 TPaNeIMo-TSICTHOTO cycTaBa BcTpevaeTcs y 20 % HaceneHus crapiie 55 jiet, mpu 3Tom 605ee ueM B 36 %
CJTyyaeB AAHHOV MATOJIOTUY TOABEP KEHbI JKeHIMHBI B TIOCTMEHONAay3aJbHOM Itepuome [3-5]. ApTpos ceq-
JIOBMUTHOTO CyCTaBa COITPOBOSKAAETCS ITPOTpeccupyloleit morepeit dyHkimu [ manbpiia, YTo XapakTepu3yeTcst
60J1eBBIM CMHAPOMOM, HapyIIeHeM IIMITKOBOrO XBaTa M ITOCTEIIEHHO HapacTawilei nedopmaliyeii KOCTHO-
CBSI30YHBIX CTPYKTYD [6, 7]. [/ OLleHKM apTPO3HBIX MU3MEHEHMUI1 U Olpefie/ieHs CTpaTerum JedeHusi cylie-
CTBYeT peHTTeHoornueckas kinaccudukanus Eaton — Littler, cocTosiias 13 yeTbIpex cTaauii M BKIOYAOIIast
CIeAyIonie KpPUTEPUM TSOKECTU TATOJNOTUM: CY>KEeHMe CYCTAaBHOM Iey, CyOXOHIpaabHbIi OCTEOCKIEpO3,
Hasune octeoduTos [8]. Ha mepBbix cTagusax 3a60eBaHNs] BO3MOXHO KOHCEPBATUBHOE JieUeHMe, OJHAKO
B GOJIBIIMHCTBE CJTyYaeB MallMeHThl 00PAIaoTCs 32 MEAUIIMHCKO TTOMOIIbIO Ha TTO3IHUX CTaAMSIX JereHe-
PaTUBHBIX M3MEHEHMIT B CyCTaBe IPY BhIpaXKeHHO JedhopMaluy epBoro Jiydya, Tpe6yIomieit Xupypruueckoi
Koppekuun [9, 10].

OCHOBHBIMM XMPYPTUUECKMMU METOLAMMU JIeYeHs apTPpo3a TPareLoIsICTHOTO CYCTaBa SIBJISIIOTCSL apTPOLe3
Y TIOJBeIlIMBAIOIIAs apTpoIuiacTMka I MSICTHOI KOCTH, HO B OTeUeCTBEeHHOI 1 3apy0exkHO IuTepaType OTCyT-
CTBYET eINHOe MHEHMeE, KaKOi1 13 CITI0COO0B OMEPaTUBHOTO JIEYeHMsT ONITUMaIbHbIN [11-13].

HekoTopble aBTOPbI CUUTAIOT MOABEIINBAIOILYI0 apTPOIIACTUKY «30JI0TBIM CTAaHAAPTOM» B JIeUeHUM apTpoO-
3a [ePBOT0 3aIISICTHO-MSICTHOI'O CYCTaBa, IPYrue CKIOHSIOTCS K BIOOPY Tpamnenyo-IssiCTHOTO apTpoaesa, Ko-
TOPBIit, HECMOTPSI Ha YMEHbIIIEHEe Iyalla30Ha ABVKEHMIA TIepBOro Jiyua, COXpaHsIeT O0JbIIyI0 B CpaBHEHUN
C TIOABEIMBAIOIIE} TIACTUKOI CUITY IUITKOBOTO XBaTa [14-17]. UccnemoBanue M.]. Barakat et al. mokasaso,
YTO NIpU HAJIMUUM OTpaHMUeHUs IBMKEeHMIT B OHOM 13 CYCTaBOB I€PBOTO Jiyya MPOUCXOIUT KOMITeHCaIsI
IBVDKEHMI B CMEXKHBIX CYCTaBax, CIIOCOOHAST HECKOJIIBKO HMBEIMPOBATh CHUKEHHbBI BCIeICTBYE apTpoe3a
(YHKIMOHAIBHBIN 06beM [18].

TpomosKaroIasicst AUCKYCCHS O BIOOPE XMPYPriuueckoro MeToa ieueHyst apTpo3a IepBoro 3amsiCTHO-TISICT-
HOTO CYCTaBa Py IIPOTMBOPEUNBBIX INTEPATYPHBIX JaHHbIX SIBUJIACH IPUUMHOI [TPOBEIEHMS CPABHUTEIbHO-
0 aHa/T/3a MCXO0B XMPYPruUeCcKoro JeueHus naieHToB MoC/Ie BbITIOHEHNS apTPOe3a 1 [ToIBellMBaoIIeit
apTPOIUIACTUKM CEJJIOBUIHOTO CYCTaBa.

Lenn pa60‘1‘1>1 — CpaBHEHME NCXOO0B XMPYPIrM4yeCKOoro JeYeH s IaMeHTOB C apTPO30M IMePBOT0 3aIlsICTHO-
IMACTHOIO CyCTaBa II0CJIe apTpoae3a 1 MOBeIIBalOIIeil APTPOIVIACTUKN CEeOJIOBMOAHOTO CyCTaBd.

MATEPUWAJIBI 1 METOIbI

OusaiiH uccnegoBanusa. ONMHOIEHTPOBOe KOTOPTHOE PeTPOCIIEKTUBHOE UCCIeq0BaHye, BHIMTOJTHEHHOE B CO-
oTBeTCcTBUM C pekoMmeHaanussMu STROBE.

VcoBuSA ¥ CPOKM IIPOBeAeHMs. BK/TIoUeHbI JaHHbIEe PETPOCIIEKTVBHOTO aHaIM3a UCTOPUit 60JIe3HM U JTyde-
BBIX METOZIOB 06c/IeoBanmst 60 MalyeHToB, pa3feIeHHbIX Ha ABE TPYIIIbI: TPyIIa 1 — ¢ apTpome3oM IepBo-
ro Tpareuuo-IsICTHOrO cycTtaBa (n = 29), rpyIira 2 — ¢ moABelMBawIeil apTPONIacTUKO IMePBOI MSICTHON
KocTu (n = 31). Bce manueHTh NOTYYNIU XUPYPrUIeCcKOe IeueHye B JIaHOBOM Iopsiake B yoioBusix HMUIL TO
uM. P.P. Bpenena B nepuog ¢ 2020 o 2023 rr.

Kputepun cooTBeTCTBMS : TTALIVEHTHI C apTPO30M ITEPBOT0 3aMSICTHO-TIICTHOTO cycTtaBa III ctaguu o Kiac-
cudukanyuu Eaton — Littler, KOTOPBIM BBITIOJTHEHBI apTPOIEe3 MO0 MOABEIIMBAIONIAS apTPOILIACTUKA.

Kputepunu HeBKIIIOUeHMS : TTAlJIEHTHI C BPOKAEHHBIMM ITIOPOKAMU PA3BUTUSL KUCTHU, TSDKETBIMU TPaBMaMu
KUCTU B aHaMHe3e (MMHHO-B3PbIBHbIE, O3KOTU U TIP.), HelpoIaTMell BepXHUX KOHEUHOCTeN, CUCTeMHBbIMMU 3a-
6osieBaHMUSIMM, B TOM umciie ayrTouMMmyHHbIMYU (CKB, ckiepomepmusi, CEpOTIO3UTUBHBIN PeBMATOUIHBIN ap-
TPUT).

MeTonbl cOoopa M aHajIM3a MAHHBIX. [[I OIEHKM OTHAJIEHHBIX Pe3yJbTATOB XUPYPIMUECKOTO JIEUEHMS
MIPOBOIMITV KOMMYHMKAIIMIO C MMAIlMeHTaMM IyTeM YAJIEHHOTO 00CIeI0BaHMs M OIIPoca C MOMOIIbIO CTaH-
IapTHbIX aHKeT. O1eHKY QYHKIMY KUCTU U 60JIEBOTO CMHIPOMA BBITIONHSUIM Ha OCHOBE CYObeKTUBHBIX KPU-
TepueB ¢ UCIOIb30BaHKeM onpocHMKOB Quick DASH (anen.: Disability of the Arm, Shoulder and Hand) u VAS
(awHen.: Visual Analogue Scale). Mi3amepeHne o6beMa MPOTUBOIIOCTaBIeHNS | TTablia OCYIIeCTBIISIN C TTOMO-
mbio Tecta Kapandji Thumb Opposition Scores. THpopMupoBaHHOe coriacue Ha 06paboTKY JaHHbBIX U BKITIO-
YeHUM UX B MCC/IeOBaHMe MTOJIyUYeHO OT BCEX IMalieHTOB.

OmnmcaHre MeJUIMHCKOTO BMENIATe/IbCTBA. Bce Xupypriueckie BMeIIaTebCTBA TPOBOAMI OIMH XUPYPT-
MCCIeIOBATENb B YCIOBUSIX OIEPALIOHHO, B MOJIOKEHUN TalYeHTa Jieska Ha CIMHe C YKIAAKO BepxXHeil
KOHEUYHOCTY Ha IPUCTAaBHOM CTOJIMKE IO, TPOBOAHMKOBOI aHeCTe3eil B 30He TIEUeBOr0 CIUIETeHNS U BHY-

177 T'enuii opmoneduu. 2025;31(2)



Knunanuyeckue ucciegoBaHms

TPUBEHHOJ cefalyeil C MOHUTOPUHIOM BUTAIbHBIX QYHKIIMIA TTamyeHTa. ITociie ycTaHOBKYM KPOBOOCTaHABIIN-
BAIOIIEr0 KTyTa B 06JIACTY BEPXHEN TPeTU IPeAIlIeubst TPOU3BOAMIN JOCTYII K IEPBOMY 3aIISICTHO-TISICTHOMY
cycraBy. IIpy ocylecTBaeHUM TTOABEIINBAOIIE apTPOIUIACTUKY BBITIONHSIIMA TTPOAOAbHBIN pa3pes 10 5 cm
B 06J1aCTM Tpamelo-MsICTHOTO CYCTaBa IO ThIIbHO-JIYUeBOii CTOpoHe. Jlajee moc/ie KarcyJI0TOMUM TTPOU3-
BOAMJIM yaalieHle KOCTY Tpamneluyun U BUAMMBIX ocTeoduToB. ITociie yero ocymiecTBasi GUTYPHbBIN JOCTYI
B 30HE IEPBOT0 KOCTHO-(MOPO3HOTO KaHa/la CYXOXMIMil pasrubaTeneil ¥ BU3YATU3UPOBATU CYXOKUINE
IJTMHHOV OTBOJSIIEl MBIIITGI I mabiia. 113 06/1acTi CyXOKMIbHO-MBIIIIEUHOTO TIepexoia 6pasiyu OTLIEII C JTy-
YeBOVi CTOPOHBI CYXOKWJIMSI IJIMHHOV OTBOMSIIEN MBIIIIIBI 0 €€ AUCTAIbHOrO NpuKpervieHus. OTiien mnpo-
BOAVUIM TIOM, CYXOKMIUSIMM IJIVHHOM OTBOASIIEN MBIIIIBI M KOPOTKOTO pasrubatesns I manapiia. BeImomHsSIm
pacceveHue 1Mo CpemgHeii IMHUM CyXOKUIUS IJIMHHOTO JTYYeBOro pasrubaTesisl 3amscThs pasMepoM 10 1 cm.
Oriiern mpomnyckay yepes chopMUPOBAHHOE OTBEPCTHE, OIIPEAeIsI ONTUMAIbHOE HAaTSIKEHUE CYXOKMITMS.
Ianee oTiern 06BMBaIM BOKPYT CYXOKWIINIA IJIMHHOM OTBOSIIEN MBIIIIGI I ITablia ¥ KOPOTKOTO pasrubaTes
[ masib11a ¥ IPOIIMBAJIM C CYXOKWIJIMEM AJIMHHOTO pasrubaTesis 3amnscThbsl HUThIO [Iponen 3/0. V3 ocTaBierocst
CYXOXXVMJIBHOTO OTIeIa GopMUpPOBaIM CYXOKMUIbHBIN KITYyOOK (TeHOOO0ILT), Jajiee YKIAIbIBAINM U IMOIIIMBAIN
K OCTaTOYHOIi MOJIOCTU TOC/Ie yaaJleHus KOCTU Tpamelyy. BeITTOMHSIIM IOB KarliCyJibl CyCTaBa U yIIMBaHUe
panbl. [Ipy npoBemeHUM apTpoAe3a MepBOro 3amsICTHO-MSICTHOTO CYCTaBa MPOMU3BOAMIIN MPOJOIbHbIN 10-
CTYI B 06JIaCTM CycTaBa AJIMHOI [0 5 cM. [Toce KarCcyJIOTOMMM BBITTOTHSUIMA PE3eKIINIO CYCTaBHBIX TOBEPX-
HOCTe/ OCHOBaHMSI IePBOIA MSICTHOI KOCTY U KOCTM Tpamelny A0 Cy6XOHIPpaTbHO KOCTH. [lasiee BBITTOMHSIIN
npegBapuUTenbHy0 Gukcannio I manpiia B GYHKIMOHAILHOM ITOokeHuy 30° mpuBeneHus u 15° aydueBoro
OTKJIOHEHUS TIpU momouu AByX cruil KuprrHepa. OKOHUATeNbHYI0 GUKCAIMIO TTPOU3BOIMIIN TPV TTOMOIIN
T-06pa3Holi IIACTUHBI TOMIIMHOI 1,0 MM, 06pallleHHOJ IIMPOKUM OCHOBaHMEM K KOCTY TpaIleliii U Y3KUM
K TISICTHO KOCTY, GUKCUPOBAHHOI BuHTaMM 2,0 MM. IToc/ie Yero BBIMTOIHSIUIN IIOB KarCyJIbl CYCTaBa M YIIU-
BaHMe paHbI.

CraTucTHueckass 00padoTKa JaHHbIX. CTaTUCTUUECKUIT aHaau3 BbinojaHeH B IBM SPSS Statistics 26. Hop-
MaJIbHOCTb pacripeie/ieHNsT MCXOHbBIX TaHHbBIX ITPOBEPSIN C MTOMOIIbI0 KpuTepus llanupo — Yusika (rpyrimna
apTpopmes n = 29; moaBelMBalomas actuka n = 31), rme mpu p > 0,05 pacipeneneHe CUUTAIN HOPMAaTbHbIM,
ripu p < 0,05 OTIMYHBIM OT HOPMaJILHOTO. B McC/ieryeMbIX IpyTIIax CpaBHEeHVE HOMYHAIbHbIX OMHAPHBIX MO~
KasateJieii (11oJI, JOMUHUPYIOIIAs KOHEUHOCTh, HAIM4Me Xai00, BpeHbIX TPUBBIYEK, PeaOVTUTAIS B ITOC/Te-
OTepaIOHHOM I1ePUOZE) BBITIOTHSIIM C MCIIOIb30BAHMEM YeThIPEXIIONbHBIX TAOINUIL C PACUETOM KPUTEPHUSI
@uniepa. CpaBHeHMe IBYX HE3aBUCUMBIX TPy 10 rokasarensm qDASH no, qDASH nocie onepaiiuu BbIIION-
HSUIM C UCIOJIb30BaHMeM KpuTepus t-CTbiofeHTa (C y4eTOM HOPMaJIbHOTO pacripefesieHuns NaHHbIX), VAS no,
VAS mocne onepaiuu, Kapandji score — ¢ mcronb3oBanueM Kputepus MaHHa — YUTHU (paciipeneneHue OT-
JMYHOE OT HOPMAaJbHOTO). 3aBMUCHUMbIe TPYTIIbI 10 moKa3aTtesissm qDASH o 1 mocsie onepanuy aHaIM3UPoBaIn
C MCIIO/Ib30BaHMeM MapHoro kpurepus t-CrblofeHTa; 1o rnokasarensasm VAS 1o u rocie onepauuy — o Kpu-
Tepuio YUiaKkokcoHa. CpaBHUTENbHBIN aHA/IN3 TPYMI B 3aBUCUMOCTU OT AeSITeTbHOCTU MallMeHTa (TSKeIbli
bus3uaecKkuii TPy / HeTSKeNbI GU3MUeCcKuii TPYI) U3YUaay C IIOMOIIBIO TIOCTPOEHMS YEThIPEXTIOIbHBIX Ta-
6UIIBI U pacdeTa Mo KpuTepuio [IMpcoHa ¢ BU3yalIbHBIM OTOOPasKeHEM B HOPMMPOBAHHBIX IMCTOIPaMMax
C HaKOIJIeHMEM.

WccinegoBanme 0,[[06pEHO TUYECKMM KOMUTETOM YyUpeXXOeHMsI U IMIPOBeJEeHO B COOTBETCTBUM C STUYECKMMMU
CTaHOapTaMU, U3JIOCKEHHbBIMUA B XeJTbCUMHKCKOJ JeKIapalnn.

PE3VJIBTATBHI

Haubonee yacTo Xupypruueckoe jeueHye MpOBOAMIM Ha JOMUHUPYIOIIEH pyKe IMaiyeHToB (B rpymme 1 —
68,9 %; B rpymiie 2 — 80,6 %). B GOBbIIMHCTBE CIydyaeB skajobaMy MalyieHTOB Ha MOMEHT O6palleHus sSB-
Jis1ack 60mb (B rpyre 1 — 72,4 %; B rpymie 2 — 80,6 %). TpaBMbI OIepUPOBAHHONM KMUCTU He HaGII0manm
HM Y OTHOTO U3 MCCIeIyeMbIX MalyeHTOB. Y OOMbIIMHCTBA MAlleHTOB He GbIIO BPEIHBIX ITPUBBIYEK U XPO-
HMYECKUX 3a60/IeBaHMi1. BOTBIIMHCTBO MAIMEeHTOB 00eMX IPYII He ITPOXOAVIIA PeabMIUTAIINIO C KMCTEBBIM
TepaneBToM (rpymma 1 — 72,4 %; rpynmna 2 — 64,5 %). B rpymie 1 Tsokenbie hu3nuecKyie Harpy3Ku UCIIbITHIBA-
u 51,7 % mainueHToB, B TpyIIe 2 — ToiabKo 38,7 % (Tabim. 1).

[To pesynbTaTam MPOBENEHHOTO CTATUCTUYECKOTO aHaaM3a 3HAYMMBIX Pa3IMuyMii MeXAY He3aBUCUMbIMU
rpynmnamu (apTpozes U MojBelnBalas apTporiacTika) o rnmokasarensm onpocHuka Quick DASH, Busy-
aJIbHOJ aHAJIOTOBOII MIKasIbl 60 VAS 1 TecTy npoTtuBorioctasienus I manbia Kapsandji Score He BbISIBIIEHO
(Tabm. 2).

B pesynbraTe 060MX BapMAHTOB XUPYPrUUECKOTO JIEUEHUS BBISBIEHO CTATUCTUUECKM 3HAUMMOE CHIKEHUE
MHTEHCUBHOCTU 6onu 1o mkane VAS (p < 0,001) u ynyumienne GQyHKUMY BepxHell KOHEYHOCTY MO IIKajie
Quick DASH (ta611. 3). 9 PeKTMBHOCTh BAPMAHTOB JIEUEHMST OT/IMUAETCSI TOJIbKO MeIMaHO CPOKOB TUIICOBOI
MMMOOMIN3ALNN.
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Ta6muna 1
O611ast XapaKTePUCTHKA UCCIeIyeMbIX TAI[ieHTOB
VYpoBeHb
[TokaszaTenu I'pynmna 1 (n=29) |I'pynmna 2 (n =31) | cTaTUCTUYECKON
3HAYMMOCTH (p)
I— abce. 12 7
[Ton WK % 41,4 22,6 0,166
KOHIIHLL abc. 17 24 ’
5 % 58,6 774
Bospacr, M+ SD 59,79 + 14,044 57,97 £ 12,674 0.6
TTOJIHBIX JIET (95 % 1) (54,45-65,14) (53,32-62,62) ’
IOMUHUPYIOLIAs abe. 20 25
% 68,9 80,6
KoHeuHOCTb 2 ’ ’ 0,376
HeJOMUHUPYIOLIast abe. 9 6
8 PyIom % 31 19,3
6 abe. 21 25
JKano6er O7b % 72.4 80.6
Ha MOMEHT a6e 8, 6’ 0,451
TOCIIATAIN3AINN + .
60/1b + OrpaHnyeHme QyHKIUn % 276 19.4
TpaBMbI OIEpUPOBAHHOV KUCTU 0 0
HeT abe. 25 22
BpenHbie % 86,3 70,9 0.213
TIPUBBIUKYU a6e. 4 9 ’
Aa (kypetive) % 13,7 29,1
e abc. 25 27
% 86,3 87,1
XpoHMYecKue a6c. 4 3
3a60j1eBaHMs ca % 13,7 9,7 0,561
abc. 0 1
XBII
% 0 3,2
JITUTeNIbHOCTD TUIICOBOM MMMOGMIM3aIuy, Hex., Me (Q1-Q3) 6 (6-8) 6 (6-6) 0,004*
e a6ce. 21 20
3aHsITUs %
C KUCTEBBIM L 72,4 64,5 0,585
peabuINTONOTOM | g ate. 8 11
% 27,5 35,4
WHekuus nmocie onepaunun 0 0
a6e. 14 19
HeT N
CBs13b pabOTHI % 48,3 61,3 0311
C HarpyskaMmmu a6e. 15 12 ’
Ha % 51,7 38,7
*— pasinumns II0oKa3aTeiei CTaTUCTUYEeCKM 3HAUMMBI.
Ta6muua 2

CpaBHUTETbHBIN aHAIN3 UCCIeyeMbIX METOAOB JiedeHMsT 10 TokasaTensim Quick DASH, nikasbr 60mm VAS,

tecty Kapandji score

_ _ VpoBeHb CTaTUCTUUECKOI
[Tokazatenn I'pynma 1 (n=29) 'pynma 2 (n=31) 3HAUMMOCTH (D)
VI OB/IeTBOPEHHOCTD pe3y/ibTaTaMu, % 100 100
+ +
qDASH no onepatyu, M + SD (95 % 1) (;g’%_ 7(;’4211) (7725’9262—76#478) 0,92
* +
qDASH rocte, M * SD (95 % JT) (g’i’ll;*_ 32” (1)?)) (331%'7675_ 375?563) 0,38
VAS o, Me (Q1-Q3) 8 (7-8) 8 (7,5-8) 0,462
VAS nociie, Me (Q1-Q3) 2(1-2) 2 (1-2,5) 0,562
Kapandji score, Me (Q1-Q3) 6 (6-6) 6 (5-6) 0,448
*— pasinunsa roKasaTejiei CTaTUCTUUEeCKM 3HAUVMBI.
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Ta6muia 3

CpaBHUTENbHBIN aHaan3 QYHKIMOHATbHBIX PE3YIbTATOB MCCIeIYeMbIX METOOB JIEUeH ST

IO OTIepaLyu U B IIOCIe0IePaLIOHHOM IIepIoIe
Xupyprueckuii Metox OYHKI[MOHAIbHBIE PE3YIbTAThI p

JI0 OTlepanyn ToCJ1e onepaun
Merton aprpozes (pacuet mo gDASH) 75,06 + 6,27 (72,67-77,44) | 33,14 + 5,12 (31,19-35,09) |< 0,001*
MeTop noaBelnmBaoas riactuka (pacuet o qDASH) | 75,22 + 6,17 (72,96-77,48) | 34,65 = 7,86 (31,77-37,53) |<0,001*
Mertopg apTpoges (pacuet 1o VAS) 8 (7-8) 2(1-2) <0,001*
MeTop, moaBenMBaoas riacTuka (pacuer rmo VAS) 8 (7,5-8) 2 (1-2,5) <0,001*

*— pasnmuns TI0Ka3aTesei CTaTUCTUIECKU 3HAUMMBbI.

IIUTeNbHOCTD MTOC/Ie0NepalIOHHO UMMOOMIN3AIMK B IPYIIIE MallIeHTOB, KOTOPBIM BBIIOTHSIIM apTpO-
ne3, 6bUIa CTaTUCTUYECKYM 3HAUMMO Bbitire (p = 0,004), ueM y alleHTOB C TOABEIIMBAOIIEei apTPOIIIACTUKOIM
(puc. 1).

B pe3ynbraTe aHanu3a BbISIBJIEHO, YTO CTATUCTUUECKM 3HAUMMbIX Pa3INumii MeXAY IBYMS TPYIIIIaMU TSKeT0M
U HETSDKEJION PYyYHOI TPYIOBON HesITeTbHOCTY MAllIeHTOB He BhISIBJIEHO (Ko3dduuyeHT ITupcona = 0,311).
Takum 06pa3oMm, U3yueHue AaybHelieil Koppeasauyy 1o mkajae Yemnoka He MHGOPMAaTUBHO. Pe3ymbTaThl
BM3yaJIbHO OTOOpaskeHbl B HOPMMUPOBAHHBIX TUCTOrPaMMax C HaKoIIeHueM (puc. 2).

12 100 %
10 80%
8 * 60%
L ]
6 .4
40%
4
20%
2
0%
MoaBelwmBatoLwas apTponaacTmka ApTpoges
MoageLwwuBatowas ApTpoges . .
apTponnacTuka B TKENbIM Tpys B HETSXKeNnbIv TpyLa
Puc. 1. InUTenbHOCTb UMMOOWIN3ALIMM B IBYX Puc. 2. Koppensius MeTofa JeueHust B 3aBUCUMO-
IpyIIax cpaBHeHMUs B Buze box plot, Hef,. CTY OT BuAa Gusnueckoro Tpyaa namyueHTa
OBCVY>KIEHUE

Llenpio maHHOTO MCCAeA0BAaHUS SIBJISJICS CPaBHUTENbHbIN aHAAM3 MCXOAOB XUPYPTrUUECKOTO JeueHUs Ia-
LIMEHTOB C apTPO30M CeIJIOBUAHOTO CyCcTaBa I10C/Ie BBIMIOJHEHMSI TPAIelo-MsICTHOTO apTpoje3a U o[-
BelIMBAIIE apTPOMIaCTUKM TMEepPBOil MSCTHOM KOCTU. [losydyeHHBbIEe TOKa3aTeny IOC/IeoInepaluoHHON
dbyHKUMOHAIBbHO 3(DheKTUBHOCTY MMPOTHUBOPEYAT pe3y/ibTaTaM, ONMCAHHBIM B INTEpaType.

B Hacrosiee BpeMst OIMyOJMKOBAHbI Pe3ybTaThl PAa3IMUYHBIX BAPMAHTOB TPAIEIMO-IISICTHOTO apTpojesa
C Ucronb3oBanueM cruil KupirHepa, cepKIsSsKHOM MTPOBOIOKM, METATUYECKMUX CKOO, KOMITPECCUOHHbIX BUH-
TOB ¥ GiIOKMpyomuMX TactuH [17, 19]. B uccnemosanum AV. Save et al. ormcaHo mpuMeHeHNe HeiTpainsyo-
el IVIAaCTVMHBI B COUeTaHUM C BBeIeHMeM KOMITPeCCMOHHbBIX BUHTOB B CeIJIOBUAHBIN CycTaB y 10 maueHToB,
B pe3ysibTaTe KOTOPOro cpamienne Habmomanu B 100 % cayyaes [20]. B Hamem mcciefoBaHUM Mbl MCIIOTb30-
By (PUKCALMIO TpaIenyo-IsICTHOTO COWIeHeHUs C IpuMeHeHreM T-06pa3Hoii GIOKMUPYIONIel TIIaCTUHBI
6e3 KOMITPeCCMOHHbBIX BUHTOB, ITOCKObKY CUMTAeM, UTO Ipu AedopMaliuu KOCTU Tpanenuu 1 6a3aabHOTO
OT[ieJia TIepBOI MSICTHOM KOCTYU U MOTePU KOCTHOI Macchl BCJIe[ICTBYME OCTEOIIOPO3HbIX M3MEHEH NI, He BCeraa
yIaeTcs YCIeUrHO coueTaTh JaHHble MMILIAHThI. [1o cBemenusim F. Smeraglia et al., oTcyTCcTBUE KOCTHOTO Cpa-
LIeHMS SIBJISIETCSI OCHOBHBIM OC/IOKHEHMEM apTpoAe3a CeAIOBUIHOrO CyCcTaBa, OLHAKO HEKOTOPbIE UCCIeN0-
BaHMS He TTOKa3a/IM KIMHUYECKUX Pa3anunii MeXay naleHTaMu ¢ HecpallleHeM U TeMMU, y KOTO HaCTyTuia
KOHCOMMAALMS B Tpanenuo-IscTHOM cowieHeHuu [17, 21]. B uccnemoanuu M.]. Forseth et al. BrinonHeHo
26 apTpoae30B CeAJIOBUIHOTO CyCTaBa C MpUMeHeHMeM OJIOKMPYIONIel MIaCTUHBI, B Pe3y/IbTaTe KOTOPBIX OT-
CYTCTBMeE KOCTHOTO CpalleHus Habmoganu B 8 % ciryuaeB, a OTCpoueHHoe cpamienne — B 11 % [22]. C yueTom
MIPOTVBOPEUMBBIX MHEHWI O BIUSIHUY CpalleHMs Ha GYHKIIMOHATbHBIN pPe3yIbTaT apTpoae3a CeII0BUAHOTO
CyCTaBa MbI He YUYMUTHIBAIU TaHHBII KPUTEPUIA, & OIIEHMBAIY TOTBKO TTOKA3aTeaM QYHKIMM KUCTH.

ITopBemmuBaroias apTpoIIaCTUKa B GOJBUINHCTBE C/Iy4yaeB ABJIAeTCSI METOA0OM BbI60pa IIpnJjiedueHnn apTpo3sa
CeoJIOBMOHOTO CyCTaBa, HECMOTPS Ha CHIM>KEHIE CUJIbI XBATa [23] HpI/I BBIMTOJIHEHMY IO BEIMBaIOIIEe apTpo-
IJIACTUMKNU MBI IIPVMMEHSAIM BAPMAHT TPAIIeMOKTOMMMN C ITOABEIIMBaHMEeM nepBoﬁ MSICTHOM KOCTU IIpm 1IomMo-
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LIV OTILeNa CYXOXXWINS AJIMHHOM OTBOZSILEN MBILIIBI | Masnblia M MHTEPIIOHUPOBAHMST OCTATOYHO MOIOCTU
CYXOXMJIbHBIM TPAHCIUIAHTATOM (TeHOO60/I7I0M). B cucTrematnueckom aHanu3e 3a 2022 I. He BbISIBJIEHO CTATH-
CTMYECKM 3HAUYMMOTIO IpeuMyllecTBa MeXAy Pa3IMYHbIMM BapMaHTaMM MOABEIINBAIOIIell apTPOIUIacTUKI
C MHTEPIIOHMPOBAHMEM CYXOXKMIBHOTO TPaHCILIAaHTATa Win 6e3 Hero, a Takke ¢ PEKOHCTPYKIIMEN CBSI304-
Horo anmnapara [24]. Viccnenosanue P. Esenwein et al. mokasasno, 4To nmojBelinBaHKe IepPBOit MSICTHOM KOCTU
C XCIIOJIb30BaHMeM OTILeNa CyXOXXUINS IAVHHOM OTBOASILEN MBI | [Tanblia TEXHUYECKH SIBISIETCS MeHee
TpeboBaTebHO METOAUKOI, HO He YCTyNaeT BapMaHTy MOABEIIMBAHMUS C IPYMEHEHMEM OTIIeINa CyXOKM-
JIVST Ty9eBOTO crubaresis 3arsicThs [25]. B TpoBejeHHOM CpaBHUTETbHOM aHaIM3e He BBISIBIEHO CTaTUCTU-
YeCKy 3HaUMMOI pasHMIbl MEXOY IBYMS MCCIeLyeMbIMM METOAMKAMM XMPYPrU4eckoro JeuyeHus: apTposa
Tpanenmo-TMsaCTHOTO CyCTaBa 110 JAHHBIM JMCIIO/Ib3yeMbIX (QYHKIIMOHATBHBIX KA. [ITMTeNIbHOCTD TIOC/IeoIe-
paIMoOHHO MMMOOMUIM3aIM OblIa BbIle B TPYIIIE MalyieHTOB, KOTOPBIM BBITIOMHSUIM TPATelo-ISICTHBIN
apTpozes, 4TO oA TBEePKAAaeT ONMCbIBaeMble B IMTePaType OCI0KHEHMSI JaHHOTO MeTOAa JIeUeHMsI.

[To maHHBIM JUTEPATYPHBIX UCTOUHMKOB, apTPOAe3 MOKa3aH MaliMeHTaM MOJOOTO BO3pacTa, OCYIeCTBIISI-
IOIIMM TSDKeMyI0 (GU3M4Yeckyro paboTy [26], COMPOBOXKIAETCSI BHICOKOI YIOBIETBOPEHHOCTHIO MAIMEHTOB,
HO C YY4eTOM paHee TepeulCcIeHHbIX OCIOKHEeHMUI pacCMaTpuBaeMblii XMPYPruyecKuit MeTo[, He SIBISIeTCS
«30JI0TBIM CTAHAAPTOM» B JIEUeHUN apTpo3a CeII0BMUIHOTO CycTaBa. B Hallem MccieoBaHMM COOTHOIIIeHNe
MaIVEeHTOB B IPYIIIIE apTPOe3a C TSDKeIbIM ¥ HETSDKETbIM (GU3MUeCKUM TPYIoM cocTaBmiio 51,7 % u 48,3 %,
BO3pACTHO Auana3oH — 54,45-65,14 1.

[TpuMeHeHMe TIOABENIMBAIOIIEN apTPOIIACTUKM PEKOMEH/IOBAHO TallieHTaM, MMEeIOIIMM BbICOKME (yHK-
IIMOHAa/IbHbIE TPeGOBAHMSI K KUCTY M He BBIMOTHSIONIMM TsIKeTble (pU3MUecKye Harpy3Ku B ITOBCETHEBHOI
>KM3HU [27, 28], COOTHOLIEeHMe TallMeHTOB TSDKEJIOr0 ¥ HeTSDKeJIOT0 PYYHOrO TPyZa B IPyIIIle IOoABe LI BaIoLI el
apTPOILIACTMKM cocTaBmIo 38,7 % K 61,3 %, Bo3pacTHOI Auamna3oH — 53,3-62,6 T.

B pesynbraTe NMpoBeLeHHOr0 CTaTUCTUUECKOTO aHA/IN3a 3HAUMMBIX Pa3/INunii MeXIy He3aBUCUMBIMU TPYyTI-
rmamu (apTpojies 1 MoABEeNIMBAIOIAsl apTPOIIACTIKA) 110 IToKasaTesistMm orrpocHMka Quick DASH, Bu3syaibHO
aHaJIOrOBO¥I MiKasibl 60y VAS 1 TecTy mporuBomnocrasiaenus I manbiia Kapsandji Score He BbIsiBiieHO. B 06enx
TPYIIAaX MalMeHThI 6bIIM YIO0BI€TBOPEHBI PE3Y/IbTATAMMU JIEUEHMS, UTO TOBOPUT O COMTOCTABUMOCTY METOIMUK
He3aBMCUMO OT XapaKTepa JesTeJlbHOCTY NalieHTa.

BbISIBJIEHO CTAaTUCTUUYECKYM 3HAUMMOeE yTyullleHue roka3sartesieil pu JBYX BapMaHTaX XMPYypPTrUueckoro jeye-
HMUSI, COTTIOCTaBMMOe C OITyOIMKOBAaHHBIMY paHee pe3ylibTaTaMu MUccaemnoBanmii [24, 29, 30].

3AK/IIOUEHUE

B pesynbraTe CpaBHUTETBHOTO aHAIM3a MICXOOOB XMPYPTUUECKOTO JIEUEeHMS MTAI[MeHTOB C apTPO30M MePBO-
'O 3aISICTHO-TISICTHOTO CYyCTaBa II0C/Ie apTpoe3a U MOABeIINBaIoIIell apTPOIIaCTUKY CeJIOBUAHOTO CyCTa-
Ba MbI He BBISIBWIM 3HAUUTEIBHOTO ITPEMMYIIECTBA KaKOTO-IM60 M3 MUCCIeAyeMbIX METOOB. YTBepKIeHMe,
YTO apTPOJIe3 HeoOXOIMMO BBITIOMHSATD Y AIMEHTOB C TSDKEIBIM PYYHBIM TPYIOM, a IIOABENIMBAIOIIYI0 apTPO-
IJIACTUKY — TeM MalliieHTaM, KOTOPhIM BaykeH O0IbINNiT 06'beM ABMKEHMI, B HAIIEM MCC/IeqOBAHUY He ObLIO
MOATBEPKAEeHO. MbI CUMTaeM, UTO BHIOOP ONITUMAIbHOTO METO 1A JIEUeHNSI JAHHO ITaTOIOTUY TpebyeT MHIU-
BUIYaJIbHOTO PACCMOTPEHMSI IS KaXKI0TO KIMHUYECKOTo CayJasl.

Kougnukm unmepecos. He 3as8eH.
Hcmounuk ¢punancuposeanus. He 3as6/ieH.
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AHHOTaUsa

BBenenmne. CIOHAMISKTOMUSI IIpM OITYXOJIsAX IIO3BOHOYHMKA obecreunBaeT ONTUMAJIbHbIN JIOKATbHbI KOH-
TPOJIb, OHHAKO COIIPOBOXAAETCSI BBICOKMM PUCKOM HeCTabMIbHOCTY MMILJIAHTATOB.

Iless paGoTHI — OMNpenenuTh GaKTOPhl PUCKA HECTAOMIBHOCTY MMIIAHTATOB ITOC/Ie CIIOHAMISKTOMUN Y I1a-
LMEeHTOB C OIyXOJeBbIM MTOPaskeHVeM IT03BOHOYHMKA.

Marepuasnsl 1 MeTOAbI. PeTpoCIieKTMBHOE KOTOPTHOE MCC/IefOBaHKe BKIOUYAET MalMIeHTOB C OMYyXOJsIMU
ITO3BOHOYHMKA, KOTOPBIM BbIIOJIHEHA pe3eKiys HoBooOpasoBauus B 2007-2023 rr. Kpurepuu BKIIOUEHMS:
CTIOHMJISKTOMMS C YCTAHOBKOI MpOTe3a TeJa M03BOHKA, TOK/IN3alMs B TPYAHOM UM TTOSICHUYHOM OTJe-
Jax, mepuop Habmogenus > 12 mec. JIjs1 BbISIBJIEHNS TPEAVKTOPOB HECTAOMIBHOCTY MUCITOMb30BAHbI METOMBI
LASSO-perpeccun 1 Random Forest ¢ nmocieqyonmmM My abTUBapUaHTHBIM aHATM30M.

PesynbTaThl. HecTabMIbHOCTh MMILIAHTATOB pas3Buiach y 16 maieHToB (18,4 %). ®akTOopamMu pucKa SIBJIsI-
JIUCh: MCIIOJIb30BaHMe KOCTHOIO IleMeHTa BMecTo aytoTpaHciiantata (OR =0,125, p=0,014), HecooTBeT-
CTBME KOHTAKTHbIX MMoBepxHocTel > 10° (OR =0,214, p =0,026), npocemaHye mporesa > 2 MM 4yepe3 3 Mec.
(OR = 4,497, p = 0,023).

06cykaeHue. BoisiBjieHHbIe (PaKTOPBI pUcKa MMEIOT BaKHOE KIMHUYECKOe 3HaueHue s MPOoGUIaKTUKA
HeCTaObMIbHOCTM MMIUIAHTATOB. VICIIOb30BaHMe KOCTHOTO TPAaHCIUIAHTaTa BMECTO IIeMeHTa, TOUHOEe COOT-
BETCTBME KOHTAaKTHBIX MTOBEPXHOCTEN ¥ KOHTPOJIb paHHEro MpocefdaHus MpoTe3a MO3BOJSIOT 3HAUUTETbHO
CHU3UTb PUCK HECOCTOSITeTbHOCTM METa/UIOKOHCTPYKIMMK. [loyueHHble Pe3y/ibTaThl MOATBEPXKIAIOT He-
00XOIMMOCTh TLIATETHHOTO ITPEeIOIepaliOHHOTO IUIAHMPOBAHMSI M PETYISPHOrO IOC/Ie0IepalyioHHOTO
MOHUTOPMHTA.

3akmioueHue. BoIsIBIeHbl TPY HE3aBUCUMMBIX (aKTOpa PyUCKa HeCTAOMIbHOCTYM MMILIAHTATOB MOC/IE CITOH-
IUJISKTOMMM Y TIALIMEHTOB C OIyX0JIeBbIM MOPakeHMeM MMO03BOHOUHMKA: UCIIOAb30BaHMe KOCTHOTO IieMeHTa
BMECTO aJUIOTPAHCIUIAHTATa, HECOOTBETCTBME KOHTAKTHBIX ITOBEPXHOCTEN mpoTresa 6osee 10°, mpoceganne
npoTte3a 6osee 2 MM uepes 3 MecC., KOTOpbIe CIeAyeT YUUTHIBATh ITPU IJIAHUPOBAHUYU XUPYPTUUIECKOTO BMellla-
TeJIbCTBA U TIOCIE0IePallMOHHOM MOHUTOPUHTE /IS TPOMMIaKTUKY HECTAOMIIBHOCTY METaITIOKOHCTPYKIIAMA.

KinroueBsie ciioBa: OITYXOJIM IMO3BOHOYHMKA, CIIOHOM/ISKTOMMSI, HeCTabMIbHOCTh VIMIIJIQHTATOB, CbaKTOpr
PUCKa, IIpoTe3 Tejia TIO3BOHKaA

HOnss uutupoBanusi: 3a6opoBckuit H.C., MaceBuun C.B., Mypaxosckuit B.C., MyxunnuaoB B.C., CmekanénkosB O.A.,
ITramHMKoB I.A. @aKTOPHI PriCcKa HECTAGUIBHOCTY MMILUIAHTATOB IOC/Te CIIOHAMISKTOMUN Y MAIVIEHTOB C OIyXOJSIMU
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Abstract

Introduction Total spondylectomy for spinal tumors provides optimal local control and is associated
with a high risk of implant instability.

The objective was to determine risk factors for implant instability after spondylectomy in patients
with neoplastic lesions of the spine.

Material and methods A retrospective cohort study included patients with spinal tumors treated with tumor
resection between 2007 and 2023. Inclusion criteria were spondylectomy and vertebral body replacement,
thoracic or lumbar spine localization, follow-up period > 12 months. LASSO regression and Random Forest
methods and multivariate analysis were used to identify instability predictors.

Results Implant instability was observed in 16 patients (18.4 %). Risk factors included the use of bone cement
instead of allograft (OR =0.125, p = 0.014), contact surface mismatch > 10° (OR = 0.214, p = 0.026), prosthesis
subsidence > 2 mm at 3 months (OR = 4.497, p = 0.023).

Discussion The risk factors identified had a great clinical role for the prevention of implant instability.
The use of bone graft instead of cement, precise matching of contact surfaces and control of early prosthetic
subsidence can significantly reduce the risk of metal construct failure. Careful preoperative planning
and regular postoperative monitoring are essential for the outcome.

Conclusion Three independent risk factors for implant instability after spondylectomy identified in patients
with spinal tumor lesions included the use of bone cement instead of allograft, a discrepancy between
the contact prosthetic surfaces of more than 10°, and an implant subsidence of more than 2 mm after 3 months.
These factors are important for planning of the surgical intervention and postoperative monitoring to prevent
metal construct instability.

Keywords: spinal tumors, spondylectomy, implant instability, risk factor, vertebral body replacement
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BBEIOEHUE

B cooTBeTCTBUM C OHKOJIOTMYECKMMMU IPeNCTaBIeHMUSIMY CIIOHAMIIKTOMMUS TP OIyXOJISIX NO3BOHOYHMKA
obecrieunBaeT HaAMIYUIINI JIOKAJbHBIN KOHTPOJb 3ab6oneBanust [1-4]. OmHako ¢ 6MoMeXaHMUYeCKOi TOUKU
3peHMsI 3Ta orepalusi BbI3bIBAeT 3HAUUTETbHOE HapylleHye CTabMIbHOCTY TTI03BOHOYHMKA, UYTO TPeOyeT Tia-
TEJIbHOTO IUIAHVPOBAHMS PEKOHCTPYKTUBHOTO 3Tara BMenaTeabCcTBa [5-7].

CoBpeMeHHbIe MPUHIUIIBI PEKOHCTPYKIMHM TTOCTIE TOTAIbHOI CTIOHAMISKTOMMM OCHOBAHBI HA KOHIIEMIINK
KPYTOBOJ cTabMIM3aluy Mo3BoHouHMKa [8]. [[poTes Tesa Mo3BOHKA UTPAeT KIIOYEBYIO POJIb B BOCCTAHOBIIE-
HUU TIepeiHeli OMMOPHOI KOJOHHBI, 06ecreurBas aleKBaTHYI0 aHaTOMUYECKYIO BbICOTY MEKTETIOBOTO MPO-
MeXKyTKa U pacrpefie/ieHre 0CceBoit Harpysku [9]. 3aaHss MHCTPYMeHTabHasT GUKcanysi, B CBOI0 0Yepe/ib,
CO3[IAeT KeCTKYI0 CUCTEMY, TIPEMATCTBYIOILYIO M30bITOYHOI MOABUKHOCTHU B OTlepupoBaHHOM cermenTe [10].

HecMOTps1 Ha MOCTOSIHHOE COBEPLIEHCTBOBAHME XMPYPrUUeCKOi TeXHMKU M MMIUIAHTATOB, YaCTOTa MeXaHMU-
YeCKMX OCIOKHEHMII MOoc/e TTOA0OHBIX BMeIIaTelbCTB OcTaeTcsl 3HauuTenbHou [11]. K Hanbonee cepbe3HbIM
OCJIO’KHEHMSIM OTHOCSITCSI HeCTabMIIbHOCTb MeTa/ZIOKOHCTPYKIIMY, MUTpALyst IIPOTe3a Tela M03BOHKa ¥ popmu-
poBaHue TceBmoapTposa [12, 13]. 9Tu ocaoKHeHNST MOTYT IPUBOAUTD K HEOOXOAMMOCTY TIOBTOPHBIX OTleparuit,
YXYILUIEHUIO KaueCTBa KU3HY MMalyieHTOB U CHIsKeHUIO0 3 ()eKTUBHOCTM OHKOIOTUYECKOTO JieueHust [14, 15].

IToHnmanue dJaKTOpOB, KOTOpbIE BJIMAIOT HA Pa3BUTHE HeCTabMIbHOCTU VIMIIJIAHTOB, MMEEeT pellarlnee 3Ha-
yeHue 0Jjis1 OIITUMMU3au N XI/IpypI‘I/I‘-IGCKOﬁ TAKTUKU U YIIYUIIEHNMS OTOAIEHHBIX PE3Yy/IbTATOB JIEUEHMS.

Iless paGoTHI — OnpenenuTh GaKTOPhI PUCKA HECTAOMIBHOCTY MMIIAHTATOB ITOC/Ie CIIOHIMISKTOMUN Y I1a-
L[MEeHTOB C OITyXOJeBbIM MTOPasKeHVeM IT03BOHOYHMKA.

MATEPUAJIBI U METO/ bl

PeTpocrieKTMBHOe KOTOPTHOE MCCaeqoBaHMe BKIYaeT MalMeHTOB C OIMyXOJsMM MO3BOHOUHMKA, KOTOPbIM
ObL1a BBIITOJIHEHA Pe3eKIMs HoBooOopa3oBaHus B mepuop, ¢ 2007 mo 2023 rr. McciemoBaHue ogo6peHo JI0Kalb-
HBIM 3TUYECKUM KOMUTETOM.

Kpurepun BriroueHMs : (1) BBIIOTHEHHAs CIIOHAWISKTOMMS, (2) ycTaHOBKA MpOTe3a Teja MO3BOHKA CeT-
yaroro tuma (mesh cage), (3) mokanusanys B TPYAHOM WM TTOSCHUYHOM OTaenax; (4) moaHast mHGOpMaus
0 COCTOSTHMM METaJVIOKOHCTPYKIIMM; (5) TIepuo HabomeHus > 12 mec.

Kpurepun mckmouenus: (1) manmeHTs! ¢ 6omee uem 20 % IpOMyIIeHHBIX 3HAUEHWI B HAOOpe NAaHHbBIX;
(2) HearpeccHBHbIE JOOPOKAYECTBEHHbIE OMYyX0aM; (3) MaTOMOrMYECKye TepeioMbl IT03BOHOUHMKA, HE CBSI-
3aHHBIMM C OTTYXOJISIMU.

B nccnenoBanne BKIOUeHBI 87 MalMeHTOB, ONepMpPOBaHHbIX B nepuor ¢ 2007 mo 2023 rr. Heronuble naH-
Hble (He 6osee 20 % MPOMYIIEHHBIX 3HaUeHMiT) umenu 8 (9,2 %) manueHToB 6e3 C/TyyaeB HeCTaOMIbHOCTH,
YTO CKOPPEKTMPOBAHO METOAOM MHOKEeCTBEHHON MMITyTalluu. B mcciemyeMoii rpymie rmpeobaagany maiu-
€HTBI MY3KCKOTO 11071a (60 %). MemmuaHa Bo3pacTta coctaBuia 56 (48,5; 62) eT. BoMbIIMHCTBO MALMeHTOB (63 %)
IO orepaluyu repeaBUraauchb CaMOCTOSITebHO, 17 % MCI0/Ib30Ba/IM JOTIOTHUTE/IbHBIE CpeACcTBa OMopsl, 20 %
He Moy XoauTh. ITo mikane ECOG mpeo6agany mamyeHThl ¢ OLieHKoi 1-2 6amta (67 %). MenuaHa BpeMeHu
OT AMArHOCTUKY TTaTOJIOTUM JI0 OIlepaluum coctaBuia 4 (2; 6) mec. (Tab. 1).

Tabauna 1
O6111ast XapaKTepuCTyKa MaleHTOB
XapakTepucTuka [oxasarenyt
MepyvaHa a6e. %

KonnuecTBO nanueHToOB 87 100
JKeH I MHbI 35 40,2
My>KUMHbBI 52 59,8
Bospacr, et 56 (48,5; 62,0)
MHpekc Macchl Teia 23,9 (21,9; 26,5)
VHOeKC KOMOPOUIHOCTH, GalIbl 7 (2,0; 8,5)

He XOIUT 17 19,5
Xopmbba 10 onepauumn XOJIUT C IOTIOJTHUTEIbHOI ONTOPOit 15 17,2

XOIOUT CAMOCTOSITEILHO 55 63,3

0 3 3,4

1 27 31,0
Cratyc mo ECOG 2 31 35,6

3 16 18,4

4 10 11,6
WNHpekc cakporieHum 0,7 (0,7; 0,8)
Bpewms no onepauyu, mec. 4(2;6)
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Pesex1yio OITyX0JIM BBITTOJHSIIM B 00beMe CITOHIVIISKTOMUM eIHbIM 6;10K0M (en bloc). Illnpoxyro en bloc pe-
3eKIMIO TTPOBOAW/IN B CIyUasix, KOTJa 3TO GbLJIO TEXHUUECKN BO3MOKHO 6€3 KOMITPOMMCCA 3HAYMMBIX CTPYK-
Typ. [Ipy snuaypasbHOM pacIIpOCTPaHEHMM OITYXOJIM UM BOBJIEUEHUM MaTMCTPaTIbHBIX COCYIOB ITPOBOIMIN
MEHMHTMOJN3, BbIIeJIEHNe COCYIOB, BhITTOIHSUIM 3aIJIAaHVMPOBAHHYIO0 KPaeByIo0 WM BHYTPMOUAroByio en bloc
CITOHAVIOKTOMMIO C MaKCMMaIbHO BO3SMOKHBIM yIaJIeHMeM OITyX0JIeBOi TKaHM (HaMepeHHas TPaHCTPeccus).
IMocste CIIOHAMISKTOMMY TTPOBOAMIIM 3aMellleHye TTOCTPe3eKIMOHHOro JedeKTa CeTUyaThiM MPOTe30M Tejia
IT03BOHKA ¥ MHCTPYMEHTAIbHYIO0 PEKOHCTPYKITMIO TO3BOHOYHMKA TPAHCIIEAVKY/ISIPHOM CUCTEMOE hUKCAITUNA.
3aroMHUIM [IPOTe3 KOCTHBIM I[€MEHTOM WM/IM aJJIOTeHHBIM KOCTHBIM TpaHCIUIaHTaTOM. Ha rpyaHOM oTae-
Jie OIlepaTMBHOE BMENIATebCTBO CTAHIAPTHO BBIMOIHSIIM U3 3a[HEr0 HOCTYIIA, B OTAEIbHBIX CIydasx JC-
10/Ib30Ba/IM KOMOVHMPOBAHHBII JOCTYII AJIT MOOMIM3ALIMM MACCUBHBIX OITyXojieit. Ha MoSCHUUHOM OTHesie
MMO3BOHOYHMKA OTepalyio MPOBOAM/IN B IBa 3Tara, — M3 3aJHEro U MepeqHero A0CTymnoB. [locie onepaiymn
MalMEeHTOB HATIPaBJISUIM K OHKOJIOTY [IJISl peIlieHMsI BOIIpoca 00 af’bloBaHTHOI Tepanuiu.

IlaHHbIe coMlep>Ka/iM KaK KOJIMYeCTBeHHbIe, TaK U KaueCTBeHHbIe TIepeMeHHbIe, BKII0Uasi BO3pacT, MO/, yPo-
BeHb MOpakeHUsI MO3BOHOUHMKA, XapaKTePUCTUKM OITyXOJIU, JaHHbIE O MpeAoIiepaliOHHO HeBPOIOTUYe-
CKO¥ (PyHKIMY, XUPYPTUUECKYe ITapaMeTpPbl, 06beM KPOBOIIOTEPH, OCTIOKHEHNSI BO BPEMSI U TIOCJIe OTIepalinu,
a TaKKe MCXOIbl, TaKMe KaK aMOy/IaTOPHBIN CTATyC M HaJTMUMe MeXaHNIeCKO HeCTabMIbHOCTY KOHCTPYKITUNA.
B 006111e71 CJI0’KHOCTY ITPOaHAIN3MPOBaHbI 42 ITepeMeHHbIe.

VH[ekc cakponleHuM OLLeHUBaJIM KaK OTHOLIeHYe [IONIepeYyHOli TIOaay MOSCHUYHO-TI0B34,0IHOM MbIIIILIbI
K Iiowany tena L4 mo3BoHKa [16], cTemeHb MHBa3MM OMYyXOl€BOro mpouecca — no Tomita [17], mioT-
HOCTb KocTu — B eauHulax XayHchbunga (HU) Ha ypoBHe L1 [18], MHBa3MBHOCTb Oomepanuu — Mo KpuTe-
pusam N. Kumar et al. [19], penTreHonornveckue napameTtpsl — 1o KT B cpegHe-caruTTaabHOI MPOEKLUN
B IIPOONI€PMPOBAHHOM CerMeHTe (IIOPaKeHHBI YPOBEHb M CMeXHbIe II03BOHKM). JIOKalIbHBIN yron paccma-
TpuBaaM Kak yron Ko66a mMesxmy BepxHeli 3aMbIKATeIbHO TIACTUHKON KPAHMAIBHOTO CMEXHOTO C TTpoTe-
30M TMO3BOHKA U HIVDKHEN 3aMbIKATebHOV MJIACTMHKOM KayJaJbHOTO CMEXHOTO C TIPOTe30M Mo3BOHKa [20].
BbicoTy cermeHTa (CpeIHIOI0 BBICOTY CErMEHTA C IIPOTE30M) PAaCCUMTHIBAAM KaK cpefHee apudmeTndeckoe
IBYX 3HaueHuii. [lepejHIOI0 AMCTaHLIMIO OIIPeLesIslyI KaK PACCTOSIHMe OT BepPXHero IiepeHero Kpasi CMeXXHO-
IO KpaHMajabHOI'O II03BOHKA [0 HVDKHErO Kpas KayLaJbHOI'O II03BOHKA, 3aJHIOI0 OMUCTAaHLIMIO — OT BEPXHEro
3aJHero Kpasi CMeKHOI'0 KpaHMa/IbHOTO II03BOHKA [0 HICKHEro Kpas Kay[ajabHoro Mo3BoHKa (puc. 1). IIpo-
ceflaHye MpoTe3a pacCMaTPUBAJIN KaK yMeHblIlIeH)e BbICOThI CerMeHTa 110 CPaBHEHMIO C ITOC/Ie0IepaliOHHbI-
MM TTOKa3aTeJIIMV, HECOOTBETCTBME KOHTAKTHBIX TTOBEPXHOCTE — Kak yros 6osee 10° MeXAy KOHTAaKTHOM
MOBEPXHOCTBIO NPOTE3a M 3aMbIKaTeNbHO MJIACTUHKOM (puc. 2) [21]. OcnokHeHMs OLeHMBaIN 110 CUCTEME
SAVES 2 [22]. O6111yI0 BDKMBaeMOCTb OIIpeieNsiiv OT MOMEHTa OIlepaTMBHOTO BMeIllaTeIbCTBa Ha T03BOHOY-
HIKe [I0 JIETATbHOTO MCXOJa MY MOCIeJHET0 KOHTPOIBHOTO HAGIIONEeH NS, BBIKMBAEMOCTb Oe3 JTIOKaJIbHOTO
penyaMBa — Kak BpeMs OT OIlepalyiy 0 IMarHOCTUKY pelyAyBa Ha OCHOBAaHMUY MHCTPYMEHTAaIbHBIX METOLOB
uccnenoBanms. Takke OTCAEKMBAIM HAMMUKMe OTHATEeHHBIX TIOCIeOTIePAIIVIOHHBIX OCTIOKHEeHN U QyHKIMO-
HaJbHBI Pe3yJIbTaT CIOCOOHOCTM G0IBHOTO K CAMOCTOSITEIbHOMY ITepeBMKeHIIO (CTeTIeHb BOCCTAHOBIEHIST
HEBPOJIOTUYECKOr0 CTaTyCa).

Yronki22;3 rp

Puc. 1.KT rpygHOro oTfiesia M03BOHOYHMKA, CPeVH- Puc. 2. BokoBasi peHTreHorpaMma IMOSICHMYHOTO OT-
HO-CaruTTaJabHbI/l Cpe3: COCTOSIHME IOCje pe3ek- Jlesla TTO3BOHOYHMKA: COCTOSIHME TIOC/Ie pe3eKUUu
uyuu XoHAgpocapkombl Th7 mo3BoHKa: A — mepe- reMaHrMO9HI0TeNMOMbI L3 m03BOHKA; yron 22° He-
HSISI IUCTaHIMS CerMeHTa, B — 3afHss1 JUCTaHIIVS COOTBETCTBUSI KOHTAKTHBIX TIOBEPXHOCTE MpoTe3a
CerMeHTa C POTe30M TeJla T03BOHKa ¥ 3aMbIKaTeIbHOM MJIaCTMHKY L3 1M03BOHKa
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Inst aHanM3a TaHHBIX UCIIONb30BAMM I3bIK R Bepcum 4.3.3, cpena paspaborku R. Studio [23]. IIpomyineHHbIe
3HAUEHUs] B JAHHBIX 00pPabOTaHbI METOIOM MHOXECTBEHHO MMITyTallM} C UCIIOJIb30BaHMEM anroputmMa PMM
(amen.: Predictive Mean Matching) 13 maketa mice 115 R. [Iy1s1 QX071 TPOITy1ieHHO¥ TTlepeMeHHO BbITIOTHEHO
NSTh MUMITYTaLyIA, 4YTO IO3BOJIMIIO YUECTh HeOIIpeeIeHHOCTb, CBSI3aHHYIO C IIPOITyCKaMM JaHHbIX [24]. CpenHue
3HAUeHMsI MpefiCTaBAeHbl B BUle MeIMaHbl, UHTepPBaIbHAasI OlleHKa — MHTePKBapTUIbHBIN pasMax (25 %; 75 %).

I yMeHbIIeHNS] PAa3MePHOCTY JAHHBIX M 0TOOpa 3HAYMMBIX ITPEAVKTOPOB VCIIOIb30BAIN PErYISIPU30BaH-
HYIO JIOTUMCTUYECKYIO perpeccuio MetonoMm LASSO (anen.: Least Absolute Shrinkage and Selection Operator).
IlaHHBI METO[ TT03BOJISIET COKPATUTh KOJIMUECTBO MePeMeHHBIX U YCTPAHUTD IMPO6IeMbl MYJIbTUKO/IMHEeAP-
HocTy [25]. LASSO-perpeccus BbiTlo/IHeHA C MoMoIIbio dyHKIMK cv.glmnet u3 nakera glmnet B cpene R.
OnTumanbHOe 3HAUEHME PETyIsIpu3alMOHHOTO MapaMeTpa A BbIOPaHO Ha OCHOBe Kpocc-Banupanuu. Ilepe-
MeHHbIE C HEHY/IEBbIMU KoahduieHTaMmu, orobpaHHbie ¢ momoinbio LASSO, 1CIonb30BaHbl i TOCTPOe-
HUSI PUHATBHOV MOJEIN.

HoronHuTenbHO A1 Banugauuy pe3ynbTaToB LASSO 1 BbIsIB/IeHMS MTOTEHLMAIbHBIX HEJIMHEIHBIX B3aMO-
JIeCTBUI MeKIy IepeMeHHbIMY IpuMeHeH MeTof Random Forest ¢ ucrmonb3oBaHueM akeTa ranger. JlaH-
HbIIT MeTO/, T03BOJISIET OIEHNUTh BasKHOCTb MepeMeHHBIX C YYeTOM MX B3aMMHOTO BIAUSIHUS U HeTMHEeNHbIX
cBs3eit [26]. PesynbraTel Random Forest vcmonb30BaHbl Ij1s1 IOATBEPXKIEHNST BbIOOpA MPEeIUKTOPOB, TOJTY-
yeHHbIX MeTogoM LASSO.

st MomenpoBaHust GakTOPOB prCcKa HECTAGMIBHOCTY METa/UIOKOHCTPYKIIMM MCIToNb3oBaHa Firth morucru-
yecKasl perpeccyst, KoTopasi ycTpaHsieT mpobieMy CMeIlleH)s OLIeHOK B MajIbIX BbIOOPKAX M IIPU PEOKUX MC-
xopax [27]. Perpeccus ripoBefeHa c ucronb3oBanmeM rnakera logistf B R. KomaectBenHast orjeHka GpakTopoB
pyCKa MMpeCTaB/ieHa B BU/Ie OTHOIIEHMS [IIaHCOB.

PE3VJIBTATDHI

BonpmmMHCTBO MaineHToB (67 %) MMeNu COMUTapHOe MeTacTaThuueckoe MopakeHne mo3BOHOYHMKa. [Ipenmy-
[IeCTBEHHO MOPAXXaJICS TPYAHON OTAEN MO3BOHOUYHMKA (68 %), pexke — MOSICHUYHBIN oTHen (28 %). 1o knac-
cudukanym SINS yokanusaius pacipefeieHa OTHOCUTETbHO PaBHOMEPHO MeXOy IepexomHbiM (39 %),
TTOTypUTUIHBIM (37 %) 1 MOOWMIIbHBIM (24 %) oTmenaMu. Y GONbIIMHCTBA MALMEHTOB (86,2 %) 3aperucTpupo-
BaHO ITOpaykeHMe OJHOTO cerMeHTa. MexaHuueckast 60J1b IPUCYTCTBOBaIA Y 83 % marueHTOoB. [Ipeobmamat jam-
TUYEeCKUI TUII KOCTHOTO TTIopaskeHus (61 %).V 67 % nauueHTOB COXPaHsI1aCb HOPMaJIbHasl OCb IIO3BOHOYHMKA.
Mo knaccudukamnmy Tomita mpeobaagano mopaxkenue 4 Tuma (56 %) — snuaypanabHast KoMIipeccus (Taoi. 2).

Ta6muua 2
XapakTepUCTUKHM OITYyX0JI€BOTO MTOPaskKeHNsT

XapakrepucTika [TokaszaTenu (n = 87)
MenyaHa abc. %
MeTacTaTudeckas 58 66,7
Tur onryxonu 1o BO3 [IePBMYHO-3/I0KaueCTBEeHHas 22 25,3
repBUYHAast JO6pOKayeCcTBeHHas! (arpeccMBHast) 7 8,0
rpyznHoii (Th3-10) 59 67,8
OTpen Mo3BOHOYHMKA rpypo-nosicinunblii (Th11-L1) 4 4,6
nosicHnuHblif (L2-L5) 24 27,6
TepexofHbI 34 39,1
Jlokanmusanus mmo SINS MOOUIIbHBIN 21 24,1
TIONTYPUTUIHBIN 32 36,8
KonmuecTBo cermMeHTOB Gonee 1 cermenta 12 15,8
1 cermeHT 75 86,2
6e360/1e3HEHHOE TeUeH1e 12 13,8
Mexaunyeckast 6071b na 72 82,8
HeT 3 3,4
TUII KOCTHOTO MOPasKeHUS AATIIECKOE >3 60,9
CcMelIaHHoe 34 39,1
De novo Kud03 M CKOIMo3 19 21,8
Hammume gedopmanun HOpMaJIbHas 0Ch 58 66,7
TOABBIBUX VJIM TPAHCISILIVS 10 11,4
3 7 8,1
CTeIleHb MOpaskeHMsI 4 49 56,3
cermeHTa 1o Tomita 5 12 13,8
6 19 21,8
Epynanner HU B L1 103 (83,5; 122,5)
JlyueBasi Tepanus g0 onepauunu 7 8,1
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B GonpmmHCTBe ciyyaeB (66 %) MCIOMb30BaIM KOMOMHMPOBAaHHbBIN XUPYpPrUUecKuit AOCTyr. MeamuaHa
BpeMeHu omepaiumu cocraBmwia 270 (227,5-360,0) muH., MenuaHa kposorotepu — 1700 (1000-2500) mit.
B GonbuimHcTBe cmyuaeB (55 %) BBITOMHSIIN (GUKCALINMIO IO3BOHOUYHYKA 2 YPOBHS BbIIlIE, 2 YPOBHS HIKE T1O-
pakeHHOTO cermeHTa. [IpemmyiiectBeHHO (82 %) MCIOMb30BaIM TUTAHOBBIE CTEPXKHU ITMAMETPOM 5,5 MM.
B omHOM ciryyae motpe6oBaiach MO3BOHOUHO-Ta30Bast hukcanys. B kauecTBe MaTepuana 3armoiHeHUsI TIPO-
Te3a B 30He KOHTAaKTa C KOCTbIO yallle MPUMEHSIIM KOCTHbINM TpaHCIUIaHTaT (62 %), peske KOCTHbIN 11eMeHT
(38 %). MenuaHa BbICOTHI ITpoTe3a coctaBuiaa 40 (29-54) MM, MeAuaHa IIOWAIM OIIOPHOI TTOBEPXHOCTU —
420 (280-450) mm2. HecoorBetcTBMe 605ee 10° MeKIy KOHTaKTHO IIOBEPXHOCTBIO IIPOTE3a M CMEXKHO 3a-
MBbIKaTeIbHO TIJIACTMHKOV Habmopanm B 46 % cirydaes. [Tocie onepannuy OTMeUEHO M3MeHeHYe JTIOKATbHOTO
yia (Menyana 3 (0-6,5)°) 1 BbICOTBI OnepupoBaHHOTO cermeHnTa (MeauaHa 0,0 (—1,0-1,5) mm) (Tabim. 3).

Tabauia 3
Xupypruueckoe jeueHue 1 rnapaMmeTphbl MMIUIAHTaTOB

XapakTepHCTHKA [Mokasatenu (n = 87)
MenuaHa abc. %
Xupypruyeckuit JOCTYIL 3aHA 30 34,5
KOMOMHMPOBAHHBII! 57 65,5
KpoBororepst, mi 1700 (1000; 2500)
Bpems onepauym, MUH 270 (227,5; 360,0)
VHaeKke MHBa3MBHOCTU Ollepalum 17 (16; 20)
3 8 9,2
4 2 2,3
I 5 48 55,3
d)gg’gg)]_ll(ﬁ;?gecI"rDﬁEHTbl 6 9 10,3
7 15 17,2
8 3 3,4
9 2 2,3
5,5 MM 71 81,6
Tur crepskHe 6 MM 13 14,9
JIOTIOJIHUTEJIbHbIE CTePYKHU 3 3,4
MaTepuarn 3aloHeHUs LeMeHT 33 37,9
mpoTe3a KOCTHBbII TPaHCIIAHTAT 54 62,1
BricoTa mpoTesa, MM 40 (29; 54)
HecooTBeTcTBME KOHTaKTHBIX TOBepXHOCTeN > 10° 40 46,0
V3meHeHMe IOKAABHOTO YT/, ° 3(0;6,5)
Vi3MeHeHMe BbICOThI CETMEHTa, MM 0,0 (-1,0; 1,5)

[Ipu aHanu3e pe3yabTaTOB JIeUeHMS MeAyaHa IpocegaHus mpoTe3a yepes 3 mec. coctaBuia okoso 1 (0; 2) mm,
IIpy TToCJIeIHEM HaOmomeH — okoyio 2 (1; 3) M. [To mkane xupypruyeckux octoxkHenmnii SAVES v.2 y 6051b-
IIMHCTBA MauyueHToB (76 %) ocoskHeHut He Habmopanu. B mocineonepaimonHom nepuoge 20 % maiueHToB
nosyvanu Tepanuio 6ucdochonaramu, 14 % — aydeByro Tepanuio. Yepes 3 Mec. rocje onepainuu OTMEUEHO
yay4llieHue ABUraTenbHoM byHKIMK, 77 % MalieHTOB MepelBUTaIiCh CAMOCTOSITeNbHO. JIOKA/IbHbBIN pery-
DB OITyXOJH pa3Buiics y 23 (26 %) manyeHToB. MennaHa o61ieii BbkuBaeMocTu coctaBuia 28 (16; 55.5) mec.

Ta6mmua 4
PesyibTaThl IeYeHsl M I0Ka3aTe/ Iy BbDKMBAEMOCTHI

XapakTepucTHEA [Tokaszatenu (n = 87)
MenyaHa abc. %

> 2 MM 29 33,3
[lpocegariie POTesa < yiw 58 | 66,7

TIpoceiaHye IpoTesa Ipy MocIefHeM HaOMooeHUI, MM 2(1;3)

1 (HeT OCIOKHEeHMIT) 66 75,9
TsoKeCTb OCJIOKHEHUM 2 6 6,9
SAVES v.2, 3 10 11,5
CTerneHb 4 1 1,1

5 4 4,6
BucdocdoHaTsl mocie onepauyumn 17 19,5
JlydeBasi Tepanusi 1ocie onepauun 12 13,8

He XOIUT 7 8,0
Xoab6a uepes 3 mec. XOJIUT C JOTIOJIHUTEIbHOM OTIOPOii 13 14,9

XOIOUT CAMOCTOSIT€JILHO 67 77,1
JlokabHbIN peuanB 23 26,4
O611as BbDKMBAEMOCTb, MecC. 28 (16,0; 55,5)
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HecTabMabHOCTh MMIUIAHTATOB, MOTPeOOBaBIIasl PeBU3MOHHOTO XMPYPIrUUYeCKOTO0 BMeIIaTelbCTBa, pa3Bu-
nack y 16 matnenToB (18,4 %). Cpeny ciydyaeB HeCTaGMIBHOCTH: TIEPEJIOM CTepKHel (n = 6; 36,5 %), paciia-
ThIBaHMe BMHTOB C Pa3BUTHEM IepexoqHoro kudosa (n =8; 50 %), Murpanus rnporesa Tena no3BoHka (n = 2;
12,5 %). IIpu 3TOM OTMEUYEeHO, UTO BO BCEX CAydasix IepeioM CTep>kKHelt 1 pacuiaTbIBaHNe BUHTOB COIIPOBO-
SKIQUCh TIpoceaHueM Tpore3a 6oee 4 MM B Tejla CMEXHbIX TTO3BOHKOB. [IceBIoapTpo3 oTMeueH B 75 %
CJTy4aeB y MalMeHTOB C HeCTAOMIbHOCTBIO MMIUIAHTOB.

ITo pesynabraTam LASSO-perpeccun (A = 0,036) 13 42 MCXOMHBIX ITPEAVKTOPOB HamboIee 3HaUMMbIe accollua-
IIMY C PUCKOM HEeCTabMIbHOCTY MMITJIAHTATOB MTOKa3a/Iu caeayiomye GakTopsl:

— marepuan 3anonHeHust mporesa (f = -0,984);

— HeCOOTBETCTBYE KOHTAKTHBIX ITOBepxHOCTelt 6osee 10° (B = 0,448);
— TpocenaHue mpoTe3a 6osee 2 Mmm uepes 3 mec. (f =0,188);

— mimHa pukcaunu (B =-0,114);

— KOJINYeCTBO ONlepUPOBAHHBIX cerMeHTOB (B = -0,104);

— pasHuLa BBICOTHI cerMeHTa 10 U nociie onepauyu (f = 0,116);
— (yHKIIMOHATBHBIN cTaTyC yepe3 3 mec. (f =0,113);

— TpocenaHKe MpoTe3sa Mpu rnocaegHeM Habmogennu (B = 0,081);
— Bo3pacrt ( =0,010);

— ob6mast BboKMBaeMocTsh (B = 0,006);

— Bpems 1o onepaunu (B = -0,004);

— InuTenbHOCTh onepauuu (f = —0,004).

IlJis moATBepPKIeHMs BbIOOpA MPEIUKTOPOB IOMOTHUTENIBHO MPOBEAEH aHaIM3 C MCIIOIb30BaHMEM MeTOIa
Random Forest, KOTOPbIi TTO3BOJISIET OLEHUTh BasKHOCTb ITIEPEMEHHBIX C YIETOM UX HEJTMHENHbBIX B3aMMO-
IelCTBUIA.

Cpenu 42 uccienoBaHHBIX XapaKTePUCTUK HaMOObIIYIO BaXKHOCTD ITPOJIEMOHCTPUPOBAJIN
— TIpocefjaHKe TIPOTe3a Mpu MocaeaHeM HabmoaeHun (importance score = 0,031);

— maTepuan 3anonHeHust mporesa (0,008);

— pasHuIIa BBICOTHI cerMeHTa 10 ¥ nmocwte onepaiuu (0,007);

— ob1as BbpkuBaeMoctb (0,007).

ITpocemanue mpoTe3a 6onee 2 MM uepes 3 mec. (0,007) 1 HECOOTBETCTBME KOHTAKTHBIX IToBepxHocTeii (0,005)
TaKKe BOIUIM B UYMCJIO Hamboslee 3HAUMMBIX (DPAKTOPOB, UTO YACTUUHO cornacyeTcs ¢ pesynbratramu LASSO-
perpeccum.

[ns1 iocenyomero MyJIbTMBapMaHTHOTO aHaliu3a ¢ mucnonab3oBanueM Firth perpeccuy orobpaHsl Tpu Ipe-
IuKkTOopa ¢ HanbonbiMu Kosdduinentamu LASSO-perpeccun. OrpaHnueHme KOAMYeCTBA TPEIUKTOPOB 10
TPeX MO3BOJIUJIO M36eXKaTh IepeobydeHNs] MOMEN, YIUThIBast pasMep uccieqyeMoit Bbi6opku [28]. Bece oTo-
6paHHbIe (PaKTOPBI MMEIOT BaXKHOE KIMHUYECKOe 3HAUeHVE, TaK KaK XapaKTePU3YI0T OCHOBHbIE OMOMEeXaHM-
yecKye rapaMeTpsbl UCIIOAb30BaHHOM KOHCTPYKLIMN.

[Tpu MyIbTMBapMaHTHOM aHaIM3e C UCToNb30BaHueM Firth perpeccun BbIsIBlIeHbI CIeyIOlIe He3aBUCUMbIe
(axkTOpbI prcka HECTAOUILHOCTY UMILJIAHTATOB (pUC. 3):

— VICIIOJIb30BaHME KOCTHOTO TPAHCIIJIAaHTATa BMECTO IeMEeHTa CHIMXXAJIO BEPOSITHOCTDb HECTH6I/IJ'[bHOCTI/I B8 pa3s
(OR = 0,125, 95 % CI: 0,026-0,475, p = 0,014);

— OTCYTCTBJE HECOOTBETCTBMSI KOHTAKTHbBIX ITOBEPXHOCTEHM aCCOLMMPOBAIOCh C MEHBIINM PUCKOM (BEPOSIT-
HOCTb HIKe B 4,7 pas) HectabuabHocTu (OR = 0,214, 95 % CI: 0,047-0,815, p = 0,026);

— TIpocefaHue Mporesa 6osee 2 MM yepe3 3 MecC. YBEIMUMBAIO BEPOSITHOCTh HECTaGMIBHOCTY B 4,5 pasa
(OR = 4,497, 95 % CI: 1.224-18,41, p = 0,023).

Mopesnb MPOIEeMOHCTPUPOBAIA CTATUCTUUECKM 3HAYMMYI0 TMPOTHOCTUUYECKYI0 LeHHOCTb (LR y? = 24,74,
df =3, p <0,001).
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&t Mpocepaxue > 2 mm

HecooTBeTcTBME KOHTAKTHbIX =
nosepxHocter < 10 rp

MaTepuan 3ano/sHeHUA NpoTesa i

0.1 1.0 10.0
OTHoOLeHne WwaHcoB

Puc. 3. Pesynbratsl Firth perpeccun

OBCY>XIEHUE

B maHHOM ¥CCIeoBaHMM ITPOBeIeH aHam3 (PaKTOPOB PMCKa HECTAOMIIBHOCTM MMIUIAHTATOB IIOC/Ie CITOHIM -
JISKTOMUU Y TIALIMEHTOB C OITyXOJIEBBIM MOpaskeHMeM T03BOHOUHMKA. YacToTa HeCTabMIbHOCTU COCTaBMIA
18,4 %, uTo cornacyeTtcs ¢ JaHHbIMM JuTepaTyphl. Tak, T. Shimizu et al. coobmiatoT o 32,4 % ciyyaeB HECOCTO-
SITeIbHOCTM TI0C/Ie TOTaabHOI en bloc cnonmmiakromuu [29], a K. Yoshioka et al. oTmeuaroT sHaunTenbHbIE
pasanMyMs B YaCTOTE HECTAGMIIBHOCTY B 3aBUCUMOCTM OT YPOBHSI BMELIATENbCTBA: OT 5,9 % Ipu orepanusx
Ha IpyIHOM OTAene A0 42,9 % npu BMellaTeabCTBaX Ha MOSICHUYHOM ypoBHe [30]. BoisiBieHHbIe BapMaHThI
HeCOCTOSITeTbHOCTY KOHCTPYKIMM BKIIOUa/IM IepesioM cTepxkHeit (36,5 %), pacuiaTbiBaH/e BUHTOB C Pa3BU-
THeM nepexogHoro kudosa (50 %) u Murpaiuio mporesa Tena Mo3BoHKa (12,5 %). 3T maHHbIe COTIACYIOTCS
C cucreMaTruyeckumM o63opom Z. Li et al., rae HeCoCTOSATeTbHOCTh KOHCTPYKLMM (12,1 %) O6bl1a OMHUM U3 Hau-
60J1ee YaCThIX OCTOKHEHM [31].

MHoropaKkTOpHbI aHAIM3 BBISIBWI TPY HE3aBUCUMBIX ITPEIMKTOPA HECTAOMIBHOCTY MMIUIaHTaTOB. Hanbo-
Jiee 3HAUMMbBIM (DAaKTOPOM OKa3aJjicsl BBIOOp MaTepuasia IJist 3aII0JIHEHMSI ITPOTe3a, — MCIT0Ib30BaHVe KOCTHOTO
TpaHCIIaHTaTa CHIKAJIO PUCK HeCTAaOMIBHOCTH B BOCEMb Pas IO CPaBHEHUIO C IIeMEHTOM. ITO COOTBETCTBYET
KOHIIeNIuu, ipeaoskeHHoi T. Akamaru et al., o Jiydiiieit KOCTHO MHTErpaIuy Mpy UCII0Ab30BaHMY KOCTHO-
r'O TPaHCIUIAHTaTa, 0COOEHHO B CJTyUYastx JOOPOKAYECTBEHHbIX WM MEPBUUYHBIX 3JI0KAUECTBEHHBIX OITyXOJIeit
[32]. PaHee, kak otMeuasny R.P. Melcher 1 J. Harms, ucronb30BaHye KOCTHOTO IieMeHTa CUMTAIOCh JOTTYCTUMOI
OTIIIME IS TIepeIHel PeKOHCTPYKIMM, OCOGEHHO B CIyYasix MeTacTaTUYeCKOTO TOPaskeHNs UV TIPU BbIpa-
SKEHHOM OCTeoropose [33]. Takast TaKTuKa OINpaBaaHa IIPM OTHOCUTETbHO HeOOJIbIION OXKMIaeMOi TTPOIo-
SKUTEJIbHOCTY KM3HY TMalieHToB. OJHaKO COBpeMeHHbIe JOCTVKEHMS B JIEUEHMM OHKOJIOTMYECKIUX OO0TbHbBIX
MIPUBEIM K 3HAUMUTEIbHOMY YBEJIMUEHUIO BbIKMBAEMOCTH, B TOM UMC/Ie Y MALIMEHTOB C MeTaCTaTUYeCKUMU
MMOPaKEHNMSIMY TTO3BOHOUYHMKA [34]. B Hamem mccmeqoBaHuy MeayuaHa oOInel BbDKMBAEMOCTY COCTaBMIA
28 mec., 4To Co34aeT MPeAIIOChUIKY A1 pa3BUTUS MO3OHUX OC/IOKHEeHMI. [Ipy MCITONb30BaHUM LIeMEHTA Ma-
LIMEeHTHI Yallle JOKMBAIOT A0 Pa3BUTHS IICEBA0APTPO3a M HECOCTOSITEIbHOCTY KOHCTPYKIIMM, UTO MOATBEPXK-
JlaeTcsT BBICOKOJ 4acToTOl rceBmoapTpo3a (75 %) B TpyIie ManyeHTOB C HeCTabMIbHOCTHIO MMITJIAHTATOB.

HecooTBeTCTBME KOHTAKTHBIX ITOBEPXHOCTEI MPOTe3a M CMEXKHBIX 3aMbIKaTeIbHbIX IIJIACTMHOK Gosmee 10°
TIOBBIIIAJIO PUCK HecTabwibHOCTU B 4,7 pa3a. M.H. Mohammad-Shahi et al. moaTBepsKga0T KPUTUUECKYIO
BaKHOCTH 3TOTO (haKkTOpa, JEMOHCTPUPYS PUCK HECOCTOSTENbHOCTY META/UIOKOHCTPYKIMY Jaxke TIPU yIJIax
HecooTBeTcTBUS OT 0° mo 10° [35]. JaHHbBI (GaKTOp 0COGEHHO BaskeH MPY MHOTOYPOBHEBBIX Pe3eKUMsIX [36],
IIpY KOTOPBIX, 110 JaHHbIM K. Yoshioka et al., pyck HecTabMJIBHOCTY 3HAYMTEILHO BO3PACTAET C YBEIUUEHNUEM
MIPOTSDKEHHOCTY PeKOHCTPYKITNM [30]. ITO MOKET OOBSCHSITHCSI TEM, UTO YBEJIMUEHYE KOTMIEeCTBA TOUEK KOH-
TakTa P MHOTOYPOBHEBOI PEKOHCTPYKIMM CO3[aeT Ooiiee CIOKHYIO 6MOMeXaHUUeCKyIo CUCTeMY, B KOTO-
POV maske HeOOJIbIIIVIE OTKIOHEHMS B TO3UIIMOHMPOBAHMM ITPOTE3a Ha KasKA0OM YPOBHE MOTYT CYMMMPOBATHCS
Y TIPUBOJIUTD K 3HAUUTETHHOMY TIepepacIpeeseHUI0 Harpy30K Ha BCIO KOHCTPYKIMIO. [Ipy 3TOM HepaBHO-
MepHOe pacipe/e/ieHre CUJ1 Ha KOHTaKTHBIX TOBEPXHOCTSIX MOKET CO37aBaTh 30HBI JIOKAJILHOTO MepeHarpsi-
SKeHUSI, YTO YCKOPSIET M3HOC CTEPSKHEIA.

ITpocenanue mpoTe3a 6osee 2 MM Uepes 3 Mec. TIOC/Ie oTlepaly YBeJIMUMBAIO BEPOSITHOCTb HECTAOMIBHOCTY
B 4,5 pasa. T. Shimizu et al. Takke umeHTUGUIMPOBAIM paHHEee Mpocefanue (>2 MM uepe3 1 Mec.) Kak He-
3aBUCHUMBIN (akTOp pUCKa HECOCTOSITeNIbHOCTU MHCTpyMeHTapus [29]. CormacHo A.R. Vaccaro et al., Ha pas-
BUTHME PaHHEro MPOoCeIaHMs BIMSIOT HeCKOIbKO KII0UeBbIX (PaKTOPOB: KaueCTBO KOCTHOM TKaHU, TUIOMIAAb
KOHTaKTa MMIUIAHTaTa C TeJIOM 03BOHKA, CTEIeHb MHTPAONepaliOHHOM AUCTPaKLUY, TEXHMKA TTOATOTOBKY
3aMbIKaTe/IbHBIX IJIACTMHOK M COOTBETCTBYME MeXaHMYeCKUX CBOVCTB MMILJIAHTATa U KOCTU (MOLYJb YIIPY-
roctu) [37]. IHTepecHO OTMeTUTb, YTO BCe 3TU (PAaKTOPhI B3aMMOCBSI3aHbl ¥ MOTYT YCWINBATD BIUSHUE OPYT
npyra. Hampumep, Ipu CHUKEHHO! MMHEPaTIbHO TUIOTHOCTM KOCTM 0cob6oe 3HaueHue mpuobpeTaeT yBe-
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JIM4eHye IUIOLAaAM KOHTAaKTa MMILJIAHTaTa C TeJIOM IT03BOHKA JJIS JIyUYlllero pacrpeneneHus Harpysku [38].
B cBo10 ouepenb, upesMepHasi MHTpaonepalMoOHHas AUCTPAKIMS MOKeT MIPUBECTU K TTOBPeXAeHMI0 3aMblKa-
TeJIbHbIX TIJIACTUHOK, UTO B COYETAaHUM C HECOOTBETCTBMEM MOIYJIS YIIPYTOCTU MMILIaHTaTa U KOCTU CO30aeT
MIPeATIOChUTKY [IJIS1 pAHHEro mpocefaHus Jake MPY M3HAUAJIbHO KOPPEKTHOM MO3UIIMOHMPOBAHUM ITPOTe3a.

[MonydeHHbIE Pe3yIbTAThI M AHAIM3 JIUTEPATYPHI TTO3BOJSIOT CHOPMYIMPOBATH ITPAKTUUECKME PEKOMEH Ia-
LMY )11 CHVYSKEHMSI pUCKa HeCTaOMIbHOCTY MMILIAHTATOB:

— pacCMaTpMBATDh UCITIOJIb30BAaHME KOCTHOTO TPAHCIVIAHTATA KaK METO[ Bb160pa IIpMn OTCYTCTBUM IIPOTUBO-
HOKa3aHMI7[, YUNUTBIBAS €TI0 CIIOCOGHOCTD K OMOIOTUYUECKOIi VHTEeTrpauum v peMoge/JIMpOBaHNIO,;

— IIpM IIOATOTOBKE K oOIlepanyy THIATeJIbHO IIJIAaHMPOBATb TOUKU d)MKC&I.[I/II/I, 30HbI KOHTaKTa IIpoTe3a, uc-
I10/Ib30BaThb COBPEMEHHbIe€ METOAbl BMU3yain3auun OJisd OIEeHKM KadyeCTBa KOCTHOWM TKaHU U IIPpOBOOUTD
rnpenorepanMoHHOE MOAe/IMPpOBaHMe YCTAHOBKU MMITIAHTATOB;

— BO BpeMs oIiepanmnmn obecrneunBaTh MaKCHMMa/IbHO TOUHOE COOTBETCTBIE KOHTAKTHbBIX HOBerHOCTeﬁ, usbe-
raTb qpe3MepH01‘/’1 OUCTPAKUINUN VI MMHMMM3MPOBATD ITIOBPEXXOEHME 3aMbIKATEJIbHBIX IIJIACTMHOK IIPU IO~
TOTOBKeE JIOXKa OJIS IIpOoTe3a,

— B IIOCJIEOIIEpallMOHHOM Iepuoae ImpoBOANTDb TIHIATEJIbHbIN peHTI‘EHOJIOI‘I/IquKI/Iﬁ MOHMUTOPMHT, KOHTPOJIN-
POBaThH IMPOIECC OCTEOMHTErpaliin;

— npu Hamuuy (hakToOpOB pyCKa (OCTEOIIOPO3, MHOTOYPOBHEBOE MTOPasKeHME, TOKAIM3AIMS B TTEPEXOIHBIX
OTHenax) MCIOab30BaTh CTEPIKHY YBEIMUEHHOTO qMaMeTpa, YIJIMHITh 30Hy GUKCAUU U TIPUMEHSITh J10-
TIOJTHUTE/IbHBIE CTEPKHU;

— C 1eJTbI0 TPOGUIAKTYKM HEeCTAaOMIbHOCTY MCIIOTb30BaTh MHAMBUIYaJbHbBIE TIPOTE3bI T ITO3BOHKOB, 13-
TOTOBJIEHHbIe MeTOJOM 3D-meuyaTu, KOTOpbie MO3BOJSIOT ONTUMM3MPOBATH paclipefiesieHne Harpys3Ku
3a cyeT TOYHOTO COOTBETCTBYSI aHATOMMM MallMeHTa, CO3aBaTh JOMOJIHUTEIbHbIE TOUKM (DMKCALIMYU B KOH-
CTPYKIUMY MMIUIAHTATA, & TAKKE MIPUMEHSITh MaTePUabl C MOTYIEM YIIPYTOCTH, OJIM3KUM K KOCTHOM TKaHU
(PEEK-KOMITO3UTBHI).

VHayBumyanm3anms XUpypruueckoro JIeueHus ¢ YYeTOM 3TUX PEKOMEHIAIMi MOKET CII0COOCTBOBATh CHU-
SKEHUIO YaCTOThI HECTAOMIBHOCTHM MMIUIAHTATOB U YIYUIIEHNIO OTIAIEHHBIX Pe3y/IbTaTOB JIeUeHMs MallieH-
TOB C OMYXOJIEBBIM ITOpaskeHMEM [TO3BOHOYHMKA.

WccnemoBaHue MMeeT psif, OTpaHMUYEHMII. PeTpOCIIeKTUBHBIN XapaKTep MCCIeqOBaHMUSI OrpaHMYMBAET BO3-
MOYKHOCTb KOHTPOJISI KaueCTBa COOMpPaeMbIX JAHHBIX M YBEIMUMBAET PUCK CUCTEMATUUECKMX OMmMO60K. Of-
HOIIEHTPOBO¥ (opMaT MOXKET CHMKAThb BHEIIHIOK BAIUIHOCTb Pe3yabTaToOB. OTHOCUTEIBHO HEOBOJbIION
pasmMep BbIOOPKM (87 MalIeHTOB) OTPAaHMUYMBAET CTATUCTUIECKYIO MOIIHOCTb MCC/IeIOBAHMSI, 0OCOOEHHO YUU-
ThIBasl T€TEPOTEHHOCTD MOMYASILMUM 110 TUIIAM OIyXoJiell (MeTacTaTudyeckue, epBUUYHO-3/I0KaYeCTBEeHHbIe
" arpeccuBHbIe OOPOKAUECTBEHHbIE OMTyX0yn). [IIMTEeIbHbIN epuop Habopa Matepuaia (2007-2023 rT.) Mor
CONPOBOXIATHCS U3MEHEHUSIMMU B XMPYPruuecKoil TeXHMKE 1 IepyonepanyioHHOM BeleHUy nauueHToB. Ha-
JIM4ye NPONyLIeHHBIX JaHHBIX (9,2 % cilydaeB), HECMOTPS Ha MCIIONb30BaHMe COBPEMEHHBIX METOLOB CTaTU-
CTUUECKO¥ 06paboTKM, MOIJIO MOBIUSITh HA Pe3y/JIbTaThl aHaMM3a. OrpaHUUeHNe KOIMYeCTBa MPeAVKTOPOB
B (GDMHAIBHOI MOMEIN N0 TpeX MepeMeHHbIX, XOTsS M 000CHOBAaHHOE Pa3MepoM BbIOOPKY, MOTJIO MPUBECTU
K TI0Tepe MOTEeHIMAIbHO 3HAUMMBbIX (aKTOPOB pyucKa. KpoMe TOro, MOTEHIMATbHOE BIMSIHIE KOHKYPUPYIO-
VX PUCKOB (HAIIPUMED, JIETATbHBIN VICXO0M) OTPAHMUYMBAET OI[€HKY YaCTOThI HECTAOMIbHOCTY B OTIaIEHHOM
rnepuoe.

3AKJIIOYEHUE

ITo pesynabTaTaM MCCAeAOBAHMS BBISBIEHBI TPY HE3aBUCUMBIX (DaKTOpa pycKa HEeCTAOMIbHOCTY VMILIAH-
TaTOB TOCJ/Ie CIIOHAWISKTOMMUM Y MAIlMeHTOB C OIyXOJIeBbIM IMOpakeHMeM MO03BOHOYHMKA: MCIIONIb30BaHMe
KOCTHOTO IleMeHTa BMeCTO aJIJIOTPaHCIJIaHTaTa JIJIsl 3all0JIHEeHMSI TTpoTe3a Teja IT03BOHKA, HeCOOTBETCTBIE
KOHTAKTHBIX [IOBEPXHOCTEH MpOTe3a CO CMEKHbIMM 3aMbIKaTeIbHBIMU IJIaCTMHKaMM 6ojiee 10° 1 mpocema-
HMe TIpoTe3a 6osee 2 MM uepe3 3 Mec. ITOC/Ie onepanyy. BeisiBjieHHbIe GAaKTOPBI PUCKA CJIETYeT YUUTHIBATD
MIpY TUIAHUPOBAHUM XUPYPTMUECKOTO BMeEIIATeIbCTBA U B MOC/eONepaly OHHOM MOHUTOPUHTE MalieHTOB
IUIST TPOMIIIaKTUKY HECTAOUIBHOCTY META/UIOKOHCTPYKLIVMN.

Kongnukm unmepecos. Agmopeu! 3as81510m 00 0mcymcmeuu KOHGAUKMa uHmepecos.
Hcmounuk ¢unancuposanus. Hcciedosaue 8binosiHeHo 0e3 npuseyeHust 00N0aHUMENbH020 PUHAHCUPOBAHUS.

Amuyeckasn 3Kkcnepmusa. Hccnedosarue 0000peHO NOKANbHBIM IMUUECKUM KOMUMEMOM U NposedeHo 8 coomeemcmeauul
¢ npuHyunamu XeabCUHKCKoll deknapayuu.

Hngopmuposannoe coznacue. Bce nayuermst hoonucaiu uHGopmuposaHHoe 0o0po8obHOe coziactie 00 UCnoib308aHuUL cae-
OeHuli 8 00pA308aMETILHBIX U HAYUHDIX YENSX.
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KuHemaTuueckne U KMHeTUYECKME 0COBEHHOCTH HEBOBIEYEHHOM KOHEYHOCTH
npu xoabbe y Aetei Co cNacTUYECKOM reMunnervein

Y.®. Mamepos™, T.U1. DonraHoBa, J1.B. CMmonbkoBa, A.O. Tpopumos, O.U. latamos, [.A. Monkos

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

ABTOp, OTBeTCTBEeHHBIN 3a mepenucky: Yiasyu ®aur oriael Mamenos, ulvi.mamedof@gmail.com

AHHOTaua

BBenmenwne. V3yueHne (QyHKIMOHATbHBIX OCOOEHHOCTEl HEIMOPAsKeHHO! CTOPOHBI OIOPHO-IBUTATEIbHO
CUCTEMBI y 6OJIBHBIX CO CIIACTUYECKMMY reMuriape3amMu Crioco6CcTByeT pa3paboTKe pa3aMyHbIX ACIIEKTOB Me-
IUITMHCKOM peabuanTaIum.

Ilesb paGoThI — OMPEIeTUTb 0COOEHHOCTY KOMITEHCATOPHO-TIPUCIIOCOOUTETLHOTO TTOBEIEHUS TIPU XOIbOe
HEBOBJIEUEHHOJ1 B [TaTOreHe3 KOHEUHOCTH Y [IeTell ¢ reMUIIIereii B 3aBMCYMMOCTH OT BO3pacTa 1 paHee Mpo-
BOIMBILMXCSI XMPYPIUUECKMX BMEIIATENIbCTB Ha TPUILIETICE TOIEHM.

Martepuaisl ¥ MeToAbl. JJOKOMOTOPHbBIE XapaKTePUCTUKHU 78 meTeil 7o 16 1eT co cracTu4eckoii reMuIie-
rMeii U ABUTaTelbHbBIMM HapyLUIEeHUSIMU, COOTBeTCTBYIoWMMHY ypoBHAM I-1I mo GMFCS (auen.: Gross Motor
Function Classification System), cormoctasieHsi ¢ 77 3I0POBBIMYM CBEPCTHMKAMM. B 3aBMCHMMOCTY OT BO3pacTa
¥ IpOBeJeHMs onepalui yIJMHeHs TpUllerica rojieHy Bce JeTu pasfjeseHbl Ha 6 rpyni. KuHemaTtudyeckue
JaHHbIe PETrMCTPUPOBAIM C TTIOMOIIBIO ONMTHMYecKMx Kamep Qualisys 7+ u AMHaAMOMETpPUUYECKUX TIAThHOPM
KISTLER. [lyig aHanm3a BuaeoMaTepuaa UCIoib3oBaay rmporpammbl QTM u Visual3D, mjist cTaTuCTUIecKo
06paboTky aHHbIX — porpammbl Microsoft EXCEL-2013 u AtteStat 12.0.5.

PesysnbTaThl. Ha HeBOB/IEUEHHOV KOHEUHOCTM Y JETeil CO CITacTUUYeCKOl reMuInierneil HaGomanu Cru-
6aTeNbHYIO YCTAHOBKY B CYCTaBax HOT, IIPM 3TOM KMHEMATHKaA €€ TOJIEHOCTOITHOTO CyCTaBa 0 CpaBHEHMIO
CO 37J0POBBIMM CBEPCTHMKAMM CTATUCTUUECKM 3HAUMMO He OT/indajnaach. Kpome Toro, IBM>KeHMST B CycTaBax
HEBOBJIEUEHHOV KOHEYHOCTM Y IeTeli C reMUIIErMei CTaTUCTUUYECKY 3HAUMMO OCYIIECTBIISUIICH C OOIbIIVIMY
SHepreTMYecKMMM 3aTpaTamMit, 0COOEHHO B KOJIEHHBIX M Ta300eIpeHHbIX CYyCTaBaX, B TO BpeMsI KaK MOIHOCT-
Hble XapaKTePUCTUKN B TOJIEHOCTOMHBIX CYCTAaBaX y HUX CTAaTUCTUUYECKU 3HAUMMO HIOKe, YeM Y 340POBBIX
CBEPCTHMKOB.

O6cykmenue. CTaTUCTUYECKM 3HAUMMOE IOBBIIIEHME I10 CPAaBHEHMIO C HOPMOI M IiepepaciipeneeHue
MOIIIHOCTHBIX JIOKOMOTOPHBIX XapaKTePUCTUK, & TAK)KE YBeJMUeHNMe 110 TTokasaTesio GPS o6ieit cymMapHOit
CYCTaBHOJ KMHEMaTMU4YeCKOi BapMaTUBHOCTY HEBOBJIEUEHHOI B MaTOreHe3 KOHEYHOCTY MOATBEPKIAI0T MC-
K/IIOUMUTEIbHO KOMITEHCATOPHBIV XapakTep e€ rnoseneHus. O KOMIIeHCAaTOPHOM IOBeLeHUM CBULETENbCTBYIOT
" yBeJIMYeHHbIe YIIbI CTMOaHMSI B CYCTaBaX, M CATUTTAIbHBIN HAKJIOH Ta3a, KOTOPbIe TIOCTYPATbHO YCTPAHSIOT
pa3HuIly B IMHe HOT. PoTanyioHHbIe yCTaHOBKY Ta3a 1 6e/ipa, Mo-BUAMMOMY, TAKKe CTYKaT IJIsS COXpaHeHMSI
OpMEHTALUY CTOIIBI.

3akimouenue. KoMreHcaTopHoe oBeaeHe HeBOBICUeHHOI KOHEUHOCTH Y IeTeli C TeMUILIETMeli IIPU XOb-
0€ IPOSIBISIETCSI B KMHETUUECKOI 1 KMHeMAaTUUeCKOi akTMBHOCTH. [10 CpaBHEHMIO C HOPMOJi CTaTUCTUUECKI
3HAUMMO IepepacIpeiesiioTcs MOIIHOCTHbIE IOKOMOTOPHbIE XapaKTepUCTUKM: MOIIHOCTHbIE TTOKa3aTeIn
BO3pAacCTaloT B KOJIEHHOM ¥ Ta306eIpeHHOM CYyCTaBax, HO 3HaUMMO CHVKAIOTCS B TOJIEHOCTOITHOM. ITo ToKa-
3atemo GPS 3HauMMO Bo3pacTaeT obIiasi CyMMapHasi CycTaBHasl KMHeMaTiueckasi BApMaTUBHOCTD, a TaKKe
IUIsI KOMITeHCALMM Pa3HOBBICOKOCTY HOT YBEIMUMBAIOTCS YIJIbI CTMOAHMSI B CYCTABAX M CATMTTA/IbHbIN HAKIOH
tasa. [Ipolemypa paHHero Xupypriudeckoro Y MHeHs TPULIEIICa FOIeH) He OKa3bIBa/ia 3HAUMMOTO BIVSHMS
Ha JBUTATEIbHbIE XapaKTePUCTUKI HEBOBIEUEHHO KOHEUHOCTH.

KiroueBsble c1oBa: aHa/IN3 IMOXOOKM, KOMIIEHCATOPHOe IToBeJeHne, 1eTH, CliaCTiuuYeCKas reMUIierusd, KMHe-
MaTMKa, KWHeTUKa
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Abstract

Introduction The study of the functional characteristics of the unaffected side of the musculoskeletal
system in patients with spastic hemiparesis contributes to the development of various aspects of medical
rehabilitation.

Objective To determine the features of compensatory and adaptive behavior of the limb not involved
in the pathogenesis in children with hemiplegia during walking and their dependence on age and previous
surgical interventions on the triceps surae.

Materials and methods Locomotor characteristics of 78 children under 16 years of age with spastic
hemiplegia and motor disorders corresponding to levels I-II GMFCS (Gross Motor Function Classification
System) were compared with 77 healthy peers. Based on age and the triceps surae lengthening surgery,
all children were divided into 6 groups. Kinematic data were recorded using Qualisys 7+ optical cameras
and KISTLER dynamometric platforms. The video material was analyzed using QTM and Visual3D programs,
and statistical data processing was performed using Microsoft EXCEL-2013 and AtteStat 12.0.5.

Results In the unaffected limb of children with spastic hemiplegia, a flexion position in the limb joints
was observed, while the kinematics of its ankle joint did not differ significantly compared to healthy peers.
Moreover, movements in the joints of the unaffected limb in children with hemiplegia were performed
at greater energy consumption, especially in the knee and hip joints, while the power characteristics
in the ankle joints were statistically lower than in healthy peers.

Discussion Significant increase, in comparison with the norm, and redistribution of power locomotor
characteristics, as well as an increase in the GPS indicator of the total joint kinematic variability of the limb
not involved in the pathogenesis indicate exclusively the compensatory nature of its behavior. Compensatory
behavior is also shown by increased flexion angles in the joints and the sagittal tilt of the pelvis,
which posturally eliminate the difference in leg length. Rotational positions of the pelvis and the femur,
apparently, also serve to maintain the orientation of the foot.

Conclusion Compensatory behavior of the unaffected limb in children with hemiplegia during walking
is manifested in kinetic and kinematic activity. Power locomotor characteristics are significantly
redistributed compared to the normal values. Power indicators in the knee and hip joints increase, but power
characteristics in the ankle significantly decrease. According to the GPS index, the total joint kinematic
variability significantly increases, and the joint flexion angles and sagittal pelvic tilt increase to compensate
for the difference in leg height. The procedure of early surgical lengthening of the triceps surae did not have
a significant effect on the motor characteristics of the uninvolved limb.

Keywords: gait analysis, children, spastic hemiplegia, kinematics, kinetics
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BBEIOEHUE

Temumnapernueckue (GopMbl 1epebpaabHOTO IMapaanya, Kak MPaBUIO, XapaKTePU3YIOTCS COXpPaHEeHHBIMU
(OYHKIMOHATBHBIMY IBUTATETbHBIMY BO3MOKHOCTSIMM B COUETAHUM CO CITOCOOHOCTBIO K CAMOCTOSITEIbHO-
My nepenBipkeHnIo [1, 2, 3]. YacToTa BCTpeuyaeMOCTH CHAaCTUIECKON remMurierun B ctpykrype [T He mpe-
BbimraeT 15,3 % [4, 5]. [Ipu atom mpeo6namaioT GOpMbl C HETSDKETBIMY ABUTATEIbHBIMU HAPYIIEHUSIMU
o kinaccudbukanyy Gross Motor Function Classification System [6]: 87,8 % — ypoBens I GMFCS; 7,1 % — ypo-
BeHb Il GMFCS.

KuHematuueckue ¥ KMHETUUECKME HapPyIIEeHUSs, OpTolemuyeckue Mpo6eMbl CITacTUYeCKOl TeMUIIerun
Ha BOBJIEUEHHOII CTOPOHE NOCTaTOYHO XOPOIIO OMMCaHbl U Kiaaccuduuuposausl [7,8,9]. B To ke Bpems
VMIMEIOTCSI JIUITh OTHAeIbHbIe ITyOIMKAIMM, TTOCBSIIIIEHHbIe OMOMeXaHNYeCKUM MCC/IeqOBAaHUSIM OCOOEHHOCTH
IBVDKEHMI HEBOBJIEUEHHON HIMKHEN KOHeUHOCTM mpu xombbe [10, 11, 12, 13]. Mi3BecTHbIe M3MEHEHUST aM-
IUTATYObI IBVKEHUI B CAaTUMTTAIbHOI IIJIOCKOCTH, POTAIMIOHHbIE OCOGEHHOCTY ABVIKEHMII Ta3a CUMTAIOTCS
KOMITEHCATOPHBIMM, OTPasKAIOIIMMI CTEIIeHb HapylleHus: QYHKIMY Ha KOHTpaJlaTepaabHOl, BOBJI€UEHHO
KOHeuHOCTH [14, 15, 16, 17]. Tem He MeHee, B ITyOMMKAIMSIX YKa3bIBAeTCSI HA BO3SHUMKHOBEHME OpTOIeAnde-
CKMX HapylleHNI Ha CTOIle HeBOBJIeueHHOl KoHeuHocTH [18, 19, 20].

VizyueHue mpo6ieM JOKOMOTOPHBIX HApYIIeHMiT 06eMX CTOPOH Y OONbHBIX CO CITACTUUYECKMM TeMuUIlape3aMu
IOJDKHO CITOCOOCTBOBATH pa3paboTKe PasINUHbIX aCTIeKTOB MeAUIIMHCKOM peabmnutanyu [21]. Kpome Toro,
HEN3BEeCTHO, CYIIeCTBYET JIM M3MeHeH)e aalTallIOHHbIX MEXaHM3MOB HEBOBJIEUEHHO? KOHEUHOCTH 110 Mepe
yBeIMYEeHMS BO3PACTa IMaIMeHTa, a TAkKe HeSICHO BIMSIHME PAHHUX M30JMPOBAHHBIX OIepanyii KOppeKIun
KOHTPAKTYpP TOJIEHOCTOITHBIX CYCTAaBOB Ha KMHEMAaTMUYeCK)e ¥ KMHeTUUYeCKye MapaMeTpbl HeBOBIEUEHHO
KOHEYHOCTH.

Llens paGoTHI — OMpPeeTUTh 0COGEHHOCTY KOMIIEHCATOPHO-TIPUCTIOCOBUTEILHOTO MOBEIEHNUST TTPU XOfIbOe
HEBOBJIEUEHHOJ1 B [TIaTOreHe3 KOHeUYHOCTH Y AeTell ¢ reMUILIereii B 3aBMCYMOCTH OT BO3pacTa i paHee Ipo-
BOIMBILMXCST XMPYPIUUECKMX BMEIIATeIbCTB Ha TPUILIETICe TOIeHM.

MATEPUWAJIBI 1 METO1bI

IJ1s1 JTaHHOI'O MCCIeIOBaHMsI OTOOPAHbI IMaLYIEHThI JETCKOTO BO3PacTa CO CIACTUUYECKOI re MUILIerei, KoTo-
PBIM IIAHMPOBA/IM OMepaTUBHOE JIeUeH)e B HAIlleM YUpexkaeHn. BceM MmauyeHTaM Iepe[ ornepatyeii mpo-
BOIM/IM MCCIeIOBaHMe B 1ab0paTOpPUy aHaIM3a IBIKeHNIA.

Kpurtepun BKIIOueHMS: BO3pacT O0 16 jeT (OTKPBIThbIe 30HBI pocTta), ypoBHM I-II GMFCS, cnactuuyeckas
reMMUILIerUs.

Kputepun HeBK/IIOUEHMSI: MarHO3 CIIACTUYECKOi nuraeruu, yposeHb Boiie GMFCS 11, BospacT fo 5 ner,
16 net u cTapiie, paHee BbINIOJIHEHHbIE MHOTOYPOBHEBbIE BMeIIaTeIbCTBA.

I'pynmbl MccaeqoBaHus cOPMUPOBAHbBI 10 BO3PACTHOMY KpUTepuio (MHTepBaiabl 5-9 ser u 10-15 jer),
a TaKKe 10 KPUTEPUIO BBITIOJIHEHNSI B pAHHEM BO3pacTe YIJIMHEHMS] TPUIEICca WM TaK Ha3bIBA€MbIX Upe-
CKOKHBIX hubpoTomMuii (bnbpomMmoTomuit).

Bo Bpems o6ciieqoBaHMs MalIeHThl XOAVIIM CAMOCTOSITETbBHO VT TIPUAEPKUBASICH 3a OMHY PYKY POAMTENS
60CMKOM Ha 7-MEeTPOBOII TOPOKKE C TIPUBBIYHOM JIJIT HUX CKOPOCTHIO. KHeMaTnyecke JaHHbIE PETUCTPH-
poBaM onTHMYecKMMu Kamepamu Qualisys 7+ ¢ TeXHOorMeli Bue03axBara MmacCMBHBIX MapKepoOB; CMHXPO-
HU3MPOBAHHBIMM C IECTbIO AyHaMoMeTpuueckumu miatdopmamy KISTLER (IlIBeitiapus). [Ipy ycraHOBKe
MapKepoB MCcnonb30BaiM mogeinb IOR. AHanM3 KMHEMAaTUKM U KMHETUKM MPOBOAMIN B mporpammax QTM
(Qualisys) u Visual3D (C-Motion) ¢ aBTOMaTH3¥POBAHHBIM pacyeToM 3HaueHumit [17].

Iy cTaTUCTUUECKOi 06paboTKY JaHHBIX MMpUMeHsi mporpaMmMbl Microsoft EXCEL-2013 u AtteStat 12.0.5.
KonudecTBeHHbIE XapaKTePUCTUKM BHIOOPOUHBIX COBOKYITHOCTEN MTpeACTaBIeHbl B TAGINUIAX B BUIE Meaua-
HbI C YPOBHEM pacIiipemeneHust mpoienTmieir 25 % + 75 %. YauTbiBasi KOIMYECTBO HAGMIONEHMIT B IPyIIIax,
IUIs1 00paboTKYM pes3y/IbTaTOB MCITONIb30BaHA HellapaMeTpuuecKasl CTaTUCTUKA C IPUHSITYEM YPOBHS 3HAUM-
mocTu p < 0,05. CTaTuCTUYeCKYI0 3HAUMMOCTD Pa3jInuuii mokasaTenei Meskay rpyrniaMy CpaBHEHMS oTpee-
JISUIU C VICTI0/Ib30BaHMEM HeIlapHOTO KpUTepust BuikokcoHa.

Ha mnpoBenmeHue ucciaefoBaHUii TOMyUYeHO paspellleHre JIOKAJIbHOTO KOMUTETa MO 3TUKe (TIPOTOKOJ
ot 07.10.2022 N¢ 2(72)). UccnenoBaHusi IPOBOAUIN B COOTBETCTBUMU C ITUUECKUMMMU CTaHIAPTamMy XeabCUH-
CKOJi Iekapaiuy BceMMpHOI MeAMIIMHCKOM accouymanmu «Tudeckue MPUHIUIIBI TPOBeNeHMs HayuHbIX
MeOUIIMHCKUX UCCAeJOBaHMIA ¢ yyacTueM uenoBeka» ¢ nmonpaBkamu 2000 ropa, «[IpaBmiaMu KIMHUYECKO
npakTukyu B Poccmiickoit @enepauum», yrBepkaeHHbIMU [Ipukazom Mwun3zgpaBa PO ot 19.06.2003 roma
N2 266. Pogureny o6cieayeMbIX, YIIOTHOMOUYEHHbIE POACTBEHHNUKM UM COTPYIHUKY COIMATbHBIX YUpeXKIe-
HUI TTIOATBEPKIAIN COrIacye Ha MPOoBeIeHe UCCAeq0BaHs ¥ IyOIMKalMio pesyabTaToB 6e3 uaeHTuduKa-
LIV JIMYHOCTH.
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JIOKOMOTOpPHbIE XapaKTepUCTUKK 78 geTeit A0 16 JIeT cO CriacTU4YeCKO TeMUIIIeTUen U IBUraTeJIbHbIMU Ha-
pylLIeHUsIMU, COOTBeTCTBYOIMMM YpOoBHAM I-1I mo GMFCS, conocrasisinim ¢ JaHHBIMU 77 340POBBIX CBEp-
CTHMKOB. B 3aBMCHMMOCTM OT BO3pacTa M IIpOBefeHMs ollepaliuM YIJIMHEeHUS] Tpullerca rojeHu Bce NeTu
paszesneHsl Ha 6 TPyIII:

rpymnma 1: 21 uenoBek (21 KOHEUHOCTb); Bo3pact — 5-9 jer, cpeguwmit Bospact — (7,2+*1,5) roma;
YIJIMHEHUS TpULieIica TojieH! He TTPOBOAMIIN;

rpynra 2: 8 dyenoBek (8 KOHEUHOCTei); Bo3pacT — 5-9 jet, cpemuuit Bospact — (7,7 +2,0) ropa,
paHee NIPOBOAVIN YAJIMHEHVE TPULIEIICA;

rpymima 3: 25 yenoBek (25 KoHeuHocTeii); Bo3pact — 10-15 ser, cpemumii Bo3pact — (13,9 £1,6) roma;
VIJIHEHUST TPULIETICA TOJIeHY He TTPOBOAWIIN;

rpymnma 4: 24 yenmoBeka (24 KoHeuyHOCTH); Bo3pact — 10-15 set, cpemuuit Bospact — (12,4 +1,9) roga;
paHee TPOBOAWIN YAJIMHEHME TPUIIETICA;

rpymia 5: 38 ueyoBex (76 KOHEUHOCTEN); BO3pacT — 5-9 Jiet, cpemHmii Bo3pact — (6,9 + 1,7) rona; netu 6e3 ma-
TOJIOT MM TTOXOJIKH;

rpyrmma 6: 39 yenoBex (78 KoHeuHocTelt); Bo3pacT — 10-15 yet, cpemuuii BospacT — (12,7 + 1,9) roma; netu 6e3
MaTOMOTUY TIOXOJKH.

PE3VJIBTATHI

laHHbBIE TPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTUK XOABbOBI 1 gait profile score MoKa3pIBaIOT CYIECTBEH-
Hble OTVIMYMS TIOKa3aTesieli HeBOBIEUEHHO KOHEYHOCTU OT 3[I0POBBbIX CBEPCTHMKOB (Tabi. 1). Kpome Toro,
MOXXeM OTMETUTh 3HaUMMOe yBeJIMueHne IIMPUHBI mara B rpymre 2 (qetu 1o 10 eT ¢ BbITIOTHeHHbIMY YN -
HEHMSIMU TPUIIEIICA) KaK OT HeOTIePUPOBAHHBIX CBEPCTHNKOB, TaK U OT 3[0POBBIX.

Tabauna 1
ITpoCcTpaHCTBEHHO-BPEMEHHBIE XapaKTePUCTUKM X0ab6bI, GPS
[TapameTtp I'pynma 1 I'pynma 2 I'pynma 3 I'pynna 4 I'pyrma 5 I'pynma 6
12 11 10,2 12,1 8,3* 7,8%
GPS, xoneuHocty (9,7+13,7) | (8,7+13) | 8,9+1L1) | (102+14.2)  (64%9,7) | (6,6*9,0)
0,95 0,9 0,97 0,91 1,07 1,2
Cropocts xop6ut 06mast, M/C | ¢ 78”7 03) | (0,88+0,97) | (0,9+1,05) | (0,775 1,05 | (0,81%1,18) | (1,12 1,31)
0,11 0,15! 0,13 0,14 0,09 0,1
[iupuna mara, M (0,09 +0,12) | (0,13 + 0,18) | (0,11 +0,16) | (0,11+0,16) | (0,07 +0,1) | (0,08 + 0,12)
0,45 0,44 0,51 0,49 0,5 0,62*
Amina mara, M (0,422 0,52) | (0,4+0,48) | (0,47 =0,55) | (0,42 = 0,53) | (0,45 +0,53) | (0,56 + 0,67)
0,47 0,46 0,52 0,51 0,47 0,52
AnuTenpHOCTS mara, ¢ (0,42 +0,5) | (0,43+0,51) | (0,48 < 0,54) | (0,45 = 0,55) | (0,44 = 0,49) | (0,49 = 0,55)
9% OTIOPHOIA hasbl OT 63,3 62 64,2 65,2 61,1 61,7
JTUTETbHOCTH IIara (61 +65,7) (59 + 64) (62,2 + 65,6) | (63,7 +66,4) | (60,7 +62,2) | (60,8 +62,6)
% (asbl mepeHoca ot 36,3 37,9 35,7 35 38,5 38,3
IJINTEJIbHOCTU 111ara (34,3 +39,2) | (36,5+40,5) | (34,4+37,8) | (34+36,9) | (37,9+39,3) | (37,4+39,2)
IpumeuaHue: * — KOCTOBEPHBIE OTAMYMS 110 KpUTepNio BumkokcoHa (p < 0,05) MeXay rpynmamu 30pOBbIX JeTell ¥ IPYIIamMmu COOTBeT-
cTByIOIIEro Bo3pacra c JI1I1; ! — nocTroBepHble 0OTIMUMs IO KpUTepuio BukokcoHa (p < 0,05) mexxny rpymmnamvu 1 u 2.

B tabnunax 2 u 3 npencTaBieHbl IOKa3aTeay KMHEMaTUKY HUKHEe KOHEYHOCTY B CPaBHMBAEMbIX TPYIIax.
B rpymmax mereii co ClaCTMUecKOi reMMIIErneil MOKeM OTMETUTh BbIPasKeHHYIO CrbaTe/bHYI0 YCTaHOB-
Ky B Ta306€IpeHHbIX 1 KOJIEHHBIX CYCTaBax C MOMEHTA [IePBMUYHOIO KOHTAKTA 0 CepeIMHbl OIIOPHOI (asbl
IIMKJIA I1aTa ¥ BbICOKME 3HAUEeHUs yIia cTbaHus B Ta306eIpeHHOM cycTaBe B ¢asy nepeHoca. OmHaKO OT-
JINYMST KUHEMAaTHUKY TOJIEHOCTOIIHOTO CYyCTaBa B CPABHEHMM CO 3[0POBBIMM CBEPCTHMKAMM He OOHApPY’KEHO.
3HauMMOe OT/IMUME YIJIa OPMEHTALMY CTOIIBI OTHOCUTEIBHO BEKTOPA ABMKEHVS MeKIY IPYIIIaMu 30POBbIX
neTeit oTpaskaeT (pU3MONIOrMUeCKMii MeXaHM3M TOPCMOHHOTO pa3BuTHs 6epa 1o Mepe pocta pebeHka. Baxk-
HOJ1 HaXO/IKOJi SIBJISIETCSI YBeIMUEHNE YIVIa POTALMOHHOM YCTAHOBKY M aMIUTMTY/IbI POTALMM Ta3a CO CTOPOHBI
HEBOBJIEUEHHOJ KOHEUHOCTH, PV TOM UTO JaHHbIE [T0Ka3aTeln, OTINMYAIONIMeCs OT 300POBOIi OIS,
MIPUCYTCTBYIOT B 06€MX TPyIIIaxX ¥ BO BCEX M3yUaeMbIX BO3PACTHBIX MHTEPBAJIAX.

[Toka3zaTen MOMEHTOB CUJI, BOSHMUKAIONIMX P IBMKEHUSIX B CYCTaBaX, a TAKKe TeHepyupyeMasi MOIIHOCTb
IBV>KEHUI YKa3bIBAIOT HAa TTOBBIIIEHHYI0 9HEPTOEMKOCTh IOXOAKY CO CTOPOHBI HEBOBJIEUEHHO KOHEUHOCTH,
0COOEHHO MPU IBVDKEHMSIX B KOJIEHHOM U Ta306eApeHHOM cycTaBax (Tabm. 4). KpoMe Toro, reHepupyemast
MOIIIHOCTD ABVDKEHUI B TOEHOCTOMHBIX CyCTaBaX HEBOBJIEUEHHOV KOHEUYHOCTU Y AeTeli CO CIIaCTUUeCKOi re-
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MMUIIernei 3HauUTeIbHO HIKe, YeM Y CBEPpCTHMKOB 6e3 1aToIoruu IBVKeHUA.

Ta6muua 2
KuneMmaTuka roeHOCTOITHOTO U KOJIEHHOTO CyCTaBOB
[MapameTp I'pynma 1 I'pymnna 2 I'pynma 3 I'pynma 4 I'pynmna 5 I'pynma 6
Max ThIJIbHAasT PJIEKCHST CTOITbI 11,04 12,2 14,8 18,7 11,9 13,3
B OTIOPHYIO (hazy (5,7+16,5) | (11,2+15)9) | (13,0+17,0) | (15,1 =+ 21 ,95)| (9,7 + 14 ,5) | (10,5 + 16,0)
-19,8 -11,6 -11,2 -9,5 -15,1 -13,4
Max nopomsenHas Qnekcus | _gg o= 19 ) (14,3 < -8,9) | (~13,5 + ~7,6)| (~13,8 + =5,1)| (~18,7 + ~10,9)| (~16,9 + -8,83)
[To3uiMst CTOIIBI B IEPUO, 4,8 5,7 8,3 8,7 5,6 7,3
repeHoca 0,0:10,7) | (5587 | (7,2+12,3) | (598+10,3) | (2,7+8,1) | (52+8,8)
WHBepcus CTOIIbI, 16,1 17,7 14,8 17,1 15,8 13,3
max 3HaueHusI 11,3+ 21,1) | (14,4+22,3) | (11,2+18,7) | (10 + 23,96) (11,8 +) (8,7 +15,7)
15,6 15,7 14,3 15,1 15,2 13,3
AMITUTYAR (12,7+17,6) | (12,5+17,3) | (12+16,3) | (12,6 +17,7) | (12,4+17,5) | (11,3 + 15,5)
KnupeHnc mara no ngToyHomy 16,8 16,2 18,2 18,6 17,5 20,8
OTJieMy CTOTIbI, CM (15,7+17,7) | (15,4+17,8) | (16,6 +19,7) | (16,8 +19,95)| (16,4 + 18,5) | (19,0 + 23,0)
[To3uIIVsT KOJIEHHOTO CyCTaBa 15,6 15,7 14,5 22,981 7,0% 7,1%
B MOMEHT KOHTAKTa, ° (12,0 + 18,4) | (11,7+17,4) | (11,6 + 17,4) | (18,0+30,8) | (2,7 + 11,2) | (4,0 + 9,6)
Max crubaHue KOJIeHHOTO 29,3 27,8 27,6 32,5 19,8* 18,5*
cycTaBa B OMIOpHYHO (dasy, ° (21,2 + 34,2) | (22,1 +35,3) | (24,0 =+ 31,5) | (26,3 +39,8) | (13,7 + 26,7) | (14,7 + 23,5)
Min yros crubanus B 5,9 11,0 9,4 13,8 6,4 5,02
ornopHyto ¢asy, ° 1,4+10,9) | (74+15,1) | (6,4+12,3) |(10,1+18,98)| (3,4+10,3) | (1,2+8,7)
CrubaHue KOJIEHHOTO CyCTaBa 62,4 63,0 63,6 68,3 64,5 60,9
B a3y nepeHoca, ° (54,5 +68,3) | (58,5+67,3) | (58,7+69,5) | (58,7+71,8) | (60,7 +69,1) | (57,4+65,1)

Ipumeuarue: *

cTBYyIOIIEro Bospacra ¢ ILII; 1 — qocToBepHble OTINYMSI IO KpUTepuio Buikokcona (p < 0,05) Mmexxay rpymmnamu 3 u 4;
oTINUMS 1o Kputeputo BuiikokcoHa (p < 0,05) mexxay rpymmnamu 4 u 6.

— JIOCTOBEPHbIE OTIMYMS 110 KpUTepuio BumkokcoHa (p < 0,05) Mexxmy rpynmnaMu 340pOBbIX AeTeii ¥ IPyIamMmyu COOTBeT-
2
— IOCTOBEpHbIe

Ta6muia 3
KuHemaTtnka Ta3006eIpeHHOTO CycTaBa 1 Tasa
[TapameTtp I'pymnna 1 I'pynna 2 I'pynma 3 I'pynna 4 I'pyrma 5 I'pynma 6
[Monoskenue 6emgpa B MOMEHT 36,5 33,5 36,7 38,1 27,91 24,5%
MePBUYHOTO KOHTAKTa, ° (30,1 +44,1) | (28,9 +37,5) | (30,0 +41,6) | (33,9 +44,2) | (20,6 + 34,3) | (16,9 + 29,7)
o -10,4 -7,0 -6,4 -14,0 -14,1*
Max pasrubanue bezpa, (13,6 £-6,3) | (10, P 5)1(=10,9 5 -2,7)| (=13,0 + ~1,8) | (~21,4 * —8,0)|(~20,95 + ~10,2)
Max crubanne 6enpa B ¢hasy 39,1 37,3 38,2 41,4 30,8 26,6*
repeHoca, ° (31,8 +45,0) | (34,9 +39,6) | (31,3+44,4) | (35,3+46,7) | (25,6 +36,8) | (21,1 + 31,1)
16,5 14,0 15,8 14,4 7,8% 6,5%
CaruTTajbHbI HaK/IOH Ta3a, °| (12,3 +20,4) | (11,4+16,8) | (11,4+19,9) | (11,6 +19,4) | (3,7 =+ 12,7) | (0,9 + 10,2)
Max 3HaueHus1 / aMIUIUTYZA 9,1 8,1 8,0 9,7 4,8 ,2
(6,5 B 10,6) (6,6 : 8,9) (5,9+9,3) (7,6 + 12,6) 4,2 +5,3) 3,4+ 14 ,6)
2,5 3,0 3,7 4,0 3,5 3,3
@®poHTaTbHBIN HAKJIOH Tasa, °| (0, 5 4,2) (1,9+5,0) (1,9+6,1) (1,4 +6,3) (2,5+4,6) (2, 0 4,5)
Max 3HaueHus1 / aMIUIUTYZA 8,97 7,3 7,9 7,8 7,1 6,9
(7,0 + 10,4) 6,5+ 7,7) (6,0 +9,1) (6,2 +9,1) (5,8 +8,2) (5,2+8,2)
21,6 20,95 17,8 18,0 8,4* 7,2%
Poranus Tasa, ° (14,9 + 26,3) | (15,0+26,8) | (13,8 +21,4) | (12,5+ 25,7) | (5,5 +10,95)| (5,2 +9,3)
Max 3HaueHMe / aMIUTUTYIa 21,8 19,9 17,96 20,6 15, 51 13,42
(16,9 +29,0) | (18,2+22,2) | (14,3+20,8) | (16,4 +26,1) | (12,1 + 18,8) | (10,1 =+ 15,1)
9,3 7,2 8,8 7,9 9,0 7,5
IIpuBeneHue 6empa, ° (4,7+13,7) | (5,4+10,2) | (5,3+11,4) (6,6 +9,8) (6,6 +11,2) (5,7+9,8)
Max 3HaueHMe / aMIUTATYa 17,8 15,2 14,5 15,5 13,3 11,5
(15,5 + 18,8) (13,3+16,95) (11,7+16,5) (13,1 +17,95) | (11,7 +14,9) | (9,6 + 13,4)
11,2 4.8 6,2 11,8 11,3
Porauus 6enpa, ° 9,1+154) | (0,1211,5) | (<1,7+11,7) | (5,5+22,3) | (3, 5 15 2) | (7,5+15,8)
Max 3HaueHMe / aMIUTUTYa 21,1 19,8 21,8 23,7 17,3 16,8
(17,0 + 23,7) | (16,5 +20,95) | (14,2 + 28,6) | (19,5 +27,3) | (14,7 + 19,6) | (13,7 + 20,2)
15,6 14,2 5,2 10,3 23,5 3,7°
OpueHTauus CTOMBI, ° (714+21,1) | (7,1+ 21 ,7) | (-0,7+14,6) | (3,9+15,4) | (21,0 +26,8) | (-0,3 = 7,8)
Max / Min 3HaueHms -5,1 -4.8 -12,5 -8,3 -11,3 -11,6
(-10,2 +-0,8)|(-11,5+0,55) | (-17,2 + -4,0) | (-14,7 + -2,1)|(-14,95 + -6,5)|(- 16,2 + —6,5)

IMpumeuarue: *

cTByIOIero Bospacra c JILIT; ! — qocToBepHbIe OT/IMUMS TI0 KpuUTepuio BuikokcoHa (p < 0,05) mexxay rpynmamu 1 u 5;

— IOCTOBEPHbIE OTINYMS TI0 KpUTepHio BukokcoHa (p < 0,05) MeXIy rpyrmnaMu 3L0POBbIX JeTeii ¥ TPYIIaMu COOTBET-
3
— IOCTOBEpPHbBIE
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oTINYMS 1o Kputeputo BuikokcoHa (p < 0,05) Mexxay rpymmnamu 5 u 6.

Ta6muua 4
MomeHT CWJI, ITOJIe3Hasd MOIITHOCTDb
[TapameTp I'pynma 1 I'pynma 2 I'pynma 3 I'pynma 4 I'pynma 5 I'pynma 6
0,94 0,78 0,87 0,88 0,73! 0,77
Pasrubanme 1/6 cycrasa, Hm | 727 18y | (0,57+0,93) | (0,7+0,98) | (0,64 1,17) | (0,55 0,99) | (0,58 +0,92)
0,61 0,56 0,76 0,7 0,67 0,85
lpusenenne Genpa, Hm (0,6+0,72) | 0,47 +0,68) | (0,7+0,88) | (0,59 +0,87) | (0,59 +0,71) | (0,76 + 0,92)
Pasru6aHye KOJI€HHOTO 0,66 0,7 0,66 0,87 0,51 0,652
cycrasa, Hxm (0,47 = 0,79) | (0,42 +0,96) | (0,41 +0,84) | (0,61 +1,17) | (0,31 % 0,68) | (0,43 + 0,87)
1,02 1,1 1,2 1,25 1,08 1,45
TMonomsentast dnexenst, M | 67 99y | (0,954 1,28) | (1,09 % 1,36) | (1,05 = 1,45) | (0,91 1,22) | (1,32 1,55)
0,44 0,27 0,45 0,36 0,27 0,21
MomHocts 1/6 cycrasa, BKT | 94’ 0.71) | (0,06 0,38) | (0,19 0,62) | (0,19 0,47) | (0,04 0,42) | (0,03 + 0,34)
MoutHoCTb KOJIEHHOTO -0,49 -0,86 -0,71 -0,87 -0,54° -0,69
cycrasa, BI/Kr (=0,81 + —0,12)| (-1,27 * =0,3) |(-1,07 + =0,39)| (- 1,13 * -0,48) (0,8 + —0,26)|(-0,90 + —0,45)
0,95 1,1 1,49 1,84 1,8* 2,3
Momrocts r/c eycrasa, BI/KT | 5¢”-9 69) | (0,67 +1,99) | (1,09 1,97) | (1,10% 2,43) | (1,24 = 2,26) | (1,60 + 2,81)
CyMmapHasi rone3Hast 0,86 0,60 1,23 1,34 1,53 1,83
MOILHOCTb, BT/KT (0,17 1,35) | (0,13 +1,74) | (0,57 + 1,89) | (0,83 + 2,195)| (0,82 % 2,01) | (1,23 * 2,39)
IpumeuaHue: * — {OCTOBEpPHbIE OTAMYMS 110 KpUTepUio BumkokcoHa (p < 0,05) MeXay rpynmnamu 310pOBbIX JeTell U IPYIIamMiu COOTBET-

cTByoIIero Bo3pacra ¢ JLIT; ! — mocToBepHble OTAMYMS IO KpUTepuio Buikokcona (p < 0,05) mexkay rpynmnamu 1 n 5; 2 — tocToBepHbIe
OTIMYMSI TT0 KpUTepUio Busikokcona (p < 0,05) mexxay rpyrnmnamu 4 u 6; > — qOCTOBEpHbIe OTIIMYMS TI0 KpUTepuio BuikokcoHa (p < 0,05)
Mexny rpynnamu 2 u 5.

OBCY>XIEHUE

[MaTonorusi OBM>KeHUIT KOHEUYHOCTel Ha CTOpPOHE TOpaskeHMs TIPU CIAaCTUUeCKOl TeMUIIerMu usydeHa
" K1accuduumupoBaHa JOCTaTOYHO Xopoiio [7, 8, 22, 23].

Pe3ynbTaThl MCC/IeAOBaHMIT OBVKEHUI M OPTOIEOMNUYECKOTO COCTOSIHMSI HEBOBJIEUEHHOV KOHEUYHOCTU
MIpM CIMACTUUECKO TeMUIUIErMM y JeTell MpencTaB/eHbl JINIIb B OTAENbHbIX paborax [10, 11,12, 13, 24].
B TO ke BpeMsI CyIleCTBYeT PUCK Pa3BUTHMS OPTOIEeMUeCKOJi IaTOIOTMM Ha HEBPOJIOTMYeCKY HelIOpaKeHHOM
cropoHe [18, 19, 20], a KOppeKLysI HepaBeHCTBa IJIMHbI TpeOyeT BMellaTe bCTBa B BU/Ie IIPUMEHEeHUs MeTO-
IUKU YIIPaBJSIeMOTO POCTa Ha 3[I0POBOI KOHEUHOCTH [25, 26, 27, 28].

VI3BeCTHBI U XOPOIIIO OIMMCAHbI YBEJIMUEHMST YIVIOB CTMOaHMS B KOJIEHHOM U Ta306eJpeHHOM CyCTaBax B OIOP-
Hy10 a3y 1MKIIa 1mara u B a3y rnepeHoca. ABTOPbI CUUTAIOT OObSICHEHMEM TaKOii 0CO6EHHOCTM KMHEMATVKA
pa3BuUTHeE afaNTAlMOHHOTO MexXaHM3Ma J4Jis1 KOMIIeHCallMy HepaBeHCTBa IIMHbI KoOHeuHocTel [10, 24, 29].
Harm mcciemoBaHmst TaKsKe BBISIBMIM TaKyK OCOOEHHOCTh apTUKY/ISIIMM B CyCTaBax IPU TOM, UYTO OTJIUUMS
IBVKEHUI B TOJIEHOCTOITHOM CYCTaBe B CPaBHEHMM CO CBEPCTHUKAMM 6€3 IMaTONIOr MM ABVKEHMI OTCYTCTBYIOT.
MbI Takke cunTaeM GOJbIIINE YIVIbI CTMGaHMs B KOJIEHHOM 1 Ta306€IpeHHOM CYCTaBax, M30bITOYHbBIN CaTUT-
TaJIbHbI HaKJIOH Ta3a MexXaHM3MOM KOMIIeHcal[M/ HepaBeHCTBa I/IMHbI HOT, TeM 60Jiee YTO OH He 1cUye3aeT
1 TIOC/Ie YCTPaHeHMs B paHHEeM BO3pacTe KOHTPAKTYpPhl FOJIEHOCTOITHOTO CycTaBa (TpyIa 2 Halllero Mcciaemo-
BaHMs). [Ipy 5TOM ABMsKEHMS B Ta306epeHHOM ¥ KOJIEHHOM CYCTaBax COMPOBOKAAINCH ITOBBIIIEHHBIMY 3Ha-
YEeHMSIMY BO3HUKAIOIIMX MOMEHTOB CUJI ¥ TeHePUPYyeMOi MOIIHOCTM, YTO OTPaskaeT BhICOKME SHEPTroTPaThl
TaKOro MeXaHyu3Ma ajanTaiuy. YTo KacaeTcst KUHETUKM JBVOKEHMIT TOJIEHOCTOITHOTO CYCTaBa, TO B OTNYME
ot mauHbIx V. Cimolin et al. [24] 06 OTCYTCTBUYM Pa3IUUMii CO 3TOPOBBIMU €TbMM, MbI OTMETUIIV CHYKEHUE
CUJIOBBIX XapaKTePUCTUK apTUKYISIIMY B TOIEHOCTOITHOM CYCTaBe B CPaBHEHUM CO 3MOPOBOJ MOIMYJISIIVIEN.
IlaHHOe OT/IMuMe B MUCCIeIOBAHMSIX MOXKET ObITh OOBbSICHEHO Majioii BbI6OpKOIi B pabore V. Cimolin et al.,
YTO 3aTPYIHSIET MHTEPIIPETAIMIO Pe3yabTaTOB. OObsSICHEHNE SKe 0OHAPY;KeHHOTO HaMy (heHOMeHa MbI BUIUM
B 00IIEM CHYDKEHMM ABUTATEIbHOI aKTMBHOCTY TaKUX IETE BCEACTBYE HEBPOJIOIMUYECKO ITaTOJIOTUM B OT-
Jin4ye OT 340poBoI nonymsitum [30].

PoTaloHHbIe YCTaHOBKM Ta3a U 6eapa, MOBbIIIeHHAss aMIUIMTYAA IBVOKEHMI KaK CO CTOPOHbI BOBJIEUEHHOA,
TaK ¥ HEIOPasKeHHOM KOHEUHOCTe 06BSICHSIIOTCS KOMIIEHCATOPHBIMM MeXaHU3MaMU IJIs COXpaHeHUs Opu-
@HTAIlMM CTOTIbI, 6IM3KOI BeKTOPY IBVoKeHMs [11, 14, 15]. Hammm mccieqoBaHus MOATBEPKIAIOT TaHHOE ITOJTO-
SKeHMe, TeM 00jiee UTO BhICOKME 3HAUeHMs pa3BOpoTa Tasa 1 6efipa COIIPOBOXKIAIOTCS TeBUalyieii OCY CTOIIbI
B IIpenesax (pu3MoI0ruueckoil HOpMBI.

HakoHell, OTMeTMM, UTO Hallle MCCIeI0BaHye He BBISIBWIO M3MeHEeHMIi B IBUTaTEIbHOM CTaTyCce HEBOBJIEUEH-
HOJt KOHEUHOCTHM MEXKIY IpyIinamMu 6e3 paHHero ornepaTMBHOIO BMeIaTeIbCTBA U MIPU YIJIMHEHMM B PAHHEM
BO3pacTe TpuIerca rojieHn. IlporpeccupoBaHiie TOPCUOHHBIX AedopMaliii IPOMCXOANIO B PABHO CTEIIeHU
B 06eux TPyIIax, a KOMIIeHCATOPHAsI crubaTe/ibHas yCTAHOBKA B KOJIEHHOM M Ta300eIpeHHOM CyCTaBax Mpy-
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CYTCTBOBaJIa BO BCEX YETLIPEX M3YUA€MbIX I'DYIIITaX IeTeil CO CacTUYeCKOol reMuUIieruein Bo Bcex BO3pacT-
HbIX KaTeropmusx.

MbI mojlaraeM, UTo M3MeHEeHMs KMUHEMATUKM M KUHETUKM HEeBOBJIEUEHHO KOHEUHOCTH, SIBJISISICH KOMITEHCa-
TOPHBIMM, OTPAKAIOT CTEITEHb BIPASKEHHOCTY TIATOIOTUM IBVKEHUI CO CTOPOHBI IOPAXKeHMS, M UX TMHAMMKA
MOXKET CITY>KUTBD ITOKa3aTeNIeM YCITeITHOCTY JIEUeHMST Y/VUTH TIPOTPECCUPOBAHMST IBUTATEIbHBIX HAPYIIIEHMIA.

PesynbTaThl M BBIBOABI, IPEACTaBI€HHbIE B JTAHHOM MCC/IeIOBAaHNM, CJIeyeT IPUHMMATh BO BHMMAaHMeE C yue-
TOM KPOCC-CEKLIMOHHOTO XapaKTepa MCCIeI0BaHMs TPYIII, HeCBSI3aHHbBIX MEXIY c060i1 1 6e3 IMHaMUUeCKOro
HabmomeHus. MisyueHue pe3yabTaTOB JIeUeHMsI II0C/ie MHOTOYPOBHEBbIX BMEIaTeIbCTB B COUETAHUM C YpaB-
HMBAHMEM IJIMHbI KOHEYHOCTE MOXKET IMOATBEPAUTD IUITOTE3Y O CHVKEHUM CTEITeHM BhIPasKeHHOCTM KOM-
TeHCATOPHBIX ITOKA3aTeseil KMHeMAaTUKM HeBOBJI€UEHHO KOHEUHOCTH.

3AKJIIOYEHUE

KoMmneHcaTopHOe TOBeieH e HEBOBJIeUeHHO KOHEUHOCTH IPY X0abbe meTeli ¢ reMUIIIeruei MposiBIseTcst
B KMHETUUECKON U KMHeMaTN4eCcKoi akTMBHOCTH). [10 cpaBHEHMIO C HOPMOJ CTaTUCTMUYECKY 3HAYMMO Tiepe-
pacrpenesiioTcsl MOITHOCTHbIE JJOKOMOTOPHbIE XapaKTepUCTUKMU. Bo3pacTaloT MOIIHOCTHbBIE ITOKa3aTenn
B KOJIEHHOM ¥ Ta306epeHHOM CYyCTaBaX, HO 3HAUMMO CHVDKAIOTCS B TOJIEHOCTOMHOM. ITo mokasartenio GPS
3HAUMMO BO3pacTaeT o6IIasi cyMMapHasl CyCTaBHasI KMHeMaTuveckas BapMaTUBHOCTD, a TaKKe MIJIST KOM-
TeHCaIMM PA3HOBBICOKOCTM HOT YBEJIMUMBAIOTCS YIVIBI CTMOAHMS B CYCTaBax M CAaTUTTAMbHbBIN HAKJIOH Tas3a.
[Mporiegypa paHHEro0 XMPYPrUUYECKOTO VIJMHEHUS TpUIlerica TOJMeH) He OKa3blBalia 3HAUYMMOTO BIIVSTHUS
Ha IBUTaTe/IbHbIe XapaKTePUCTVKY HEBOBIEUEHHO KOHEUHOCTM.

Kongnukm unmepecos. Omcymcmayem.
Hcmounuk ¢unancuposanusn. Omcymcmeyem.

Jmuueckasn JKcnepmu3a. Ha npoee@eHue uccnedosaHuli noJiyueHo paspeuileHue J1I0KajibH020 Komumema no amuke (I’lpOﬂ’lOKOJZ
om 07.10.2022 N° 2(72)).

UnpopmuposarHoe coznacue. Pooumenu ob6cnedyempix, ynoJHOMOUEHHbIE POOCIMBEHHUKU UIU COMPYOHUKU COUUANBHBIX YU -
pexcoeHuti noomeepdusu coziacue Ha nposedeHue Uccaedo8aHus u NyoauKayuro pe3yavmamos 6e3 udeHmupukayuu JUUHOCMu.
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AHHOTanua

Beemenne. [Ipo6ema jiedeHns MAlMEHTOB C MHPEKIMOHHBIMIU CIIOHIVMIOAMNCIUTAMY B HACTOSIIIEE BPeMsI
mpro6pesia 60/bINYI0 aKTYaTbHOCTh M3-3a POCTa YaCTOThI BOSHUKHOBEHMsI 3a60/1€BaHs, TPYIHOCTHM AMaTHO-
CTUKY U HU3KOI BBISIBISIEMOCTH 3TUOJIOTHYECKOTO hakTopa.

Ilenbp paGoOThI — OLIEHUTh 3aBUCUMOCTD MCXOMOB JI€UeHUsST OOIbHBIX MH(EKIMOHHBIM CITOHIMIOAVCIVTOM
OT ITOJIOKUTENIbHBIX / OTPULIATENBHBIX PE3YIbTATOB MUKPOOMOIOTMUECKOTO MCCAeN0BaHMSI MHTpaoIlepalu-
OHHBIX MaTepuaoB.

Marepuasnbl 1 MeTonbl. [IpoBefeH peTPOCIIEKTUBHBIV aHAAMU3 MCXOAOB JeueHus: 52 maiueHToB ¢ uHbex-
IMOHHBIM CIIOHIWJIOAMCIIMTOM C OTCYTCTBMEM POCTa KYJIbTYPhI B MCCIEIyeMbIX OGMOIOTMYECKMX 06pasiiax
(rpymma I, n = 22) u BbISIBJIeHHBIM Bo30yauTeneMm (rpymma II, n = 30). luarHo3 BepubuUIMpoBaK HA OCHOBA-
Hyy MPT-KapTyHBI, Pe3y/IbTaTOB MHTPAONEPALIMOHHOIO MUKPOOVOIOTMYECKOTO UCC/IeIOBAHNS TKAHEeN!, K-
HMYEeCKOl KapTUHbI, MapKepoB BocmaneHus B KpoBu (COD u CPB). HebnaronpusaTHbIMU MCXOOaMU CUUTAIIN
CMEePTb W/WIN PelUIUB CIIOHAMUIOANCIATA.

PesynbTaThl. [10I0KUTENbHBIN POCT KYIbTYPHI BBISIBIIEH B 57,7 % ciyuaeB: mpeobnamanu CTadyIOKOKKU
(57,2 %), a umeHHo Staphylococcus aureus (42,9 %). I[TauyeHTsI IpyNIibl [ B IBa pasa valle NPUHUMAINU aHTU-
O6MOTUKY Ha JorocnuraabHoMm atare (p = 0,0049), umenu Ha 20 % 60s1bIlIe BpeMeHM 3aep>KKM B IMAarHOCTUKE
(p =0,7286), cpeguue ypoBuu CPB 1 COD Hmske, uem Bo II rpymme (p > 0,05). HebmaronpusTHbie UCXOIbI —
[0 OOHOMY JIETAIbHOMY C/Ty4Yalo B KaKIOi TpyIie; peuuauBbl MHPeKuunM — TonabKo B rpyrmme II B 13,3 %
carydaes (p = 0,3814), mpuueM Tpy YeTBePTU CIydaeB BbI3BaHbl Pseudomonas aeruginosa.

Oo6cykaeHue. HebmaronmpusaTHbIMM ITPOTHOCTMUECKUMM (DaKkToOpamMu Mpu MHGPEKIIMOHHBIX CIIOHIVIIONNC-
IUTaX SIBJSIIOTCSI OTPULIATENbHBI MUKPOOMOIOTUYECKUI Pe3yabTaT, HEBPOJOTUUYECKMe HapYyUIeHUs] U CO-
MyTCTBYIOIIMIT sHAoKapauT (p < 0,05). AccolumMpoBaHHbl C S. aureus CIOHAVIOAVICIAT COTIPOBOXKIAETCS
MOBBILIEHHBIMY CMEPTHOCTBIO M YaCTOTO OC/IOKHEHUIA.

3akmoueHue. BombHbIE CIOHAVIOAUCIIUTAMY C OTPULIATENbHBIM PE3YIbTATOM MUKPOOMOIOTUYECKOTO UC-
C7IeOBaHMS B CPABHEHMM C TIAIMEHTAMU C KYJIbTYPOTIONIOKUTENbHON MH(EKIMe MMey TyJInii ICXO, ie-
YeHUsI IPU MUHUMYMe penuanuBoB (p > 0,05).

KiroueBbie cyioBa: MHOEKIMOHHbIN CIIOHAVIIONUCITAT, STUOIOTYS CIOHIUIOAVICIINTA, MH(PEKIIMS TT03BOHOY-
HIKA, BO30YAUTENb CIOHIUIOOVCIINTA, PeIIUIUB MHGEKIIMY T03BOHOYHNKA, ICXO/IbI JIEYeHWST CITOHAVIIOINC-
I[UTA, AHTUGUOTUKOTEPATIVSI

Ina uutupoBauus: Jlio6rumosa JI.B., Jlio6umos E.A., ITaBnoBa C.W. dTuonorust MHGEKIMOHHOTO CIOHIMIOAMCIIUTA:
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Abstract

Introduction Infectious spondylodiscitis is rising in incidence and and is often a late diagnosis
and identification of the causative agent.

The objective was to evaluate the treatment outcomes of patients with infectious spondylodiscitis depending
on the positive/negative results of intraoperative microbiological culture.

Material and methods Treatment outcomes of 52 patients with infectious spondylodiscitis were
retrospectively analyzed with no culture growth in the biological samples (group I, n = 22) and with identified
pathogen (group II, n = 30). The diagnosis was verified using MRI imaging, intraoperative microbiological
culture test, the clinical picture and blood inflammation markers (ESR and CRP). Poor outcomes were
associated with death and/or recurrent spondylodiscitis.

Results Positive culture growth was detected in 57.7 % with staphylococci predominated in 57.2 %
and Staphylococcus aureus detected in 42.9 %. Patients of group I were twice as likely to take antibiotics
at the preadmission stage (p = 0.0049), had a 20 % longer delay in diagnosis (p = 0.7286), and had lower CRP
and ESR levels than those in Group II (p > 0.05). Adverse events included one fatal case in each of the groups;
recurrent infections occurred in 13.3 % of cases of group II (p = 0.3814) with three quarters of cases caused
by Pseudomonas aeruginosa.

Discussion Poor prognostic factors in infectious spondylodiscitis include negative microbiological results,
neurological impairment and concomitant endocarditis (p < 0.05). S. aureus associated spondylodiscitis
is accompanied by increased mortality and morbidity. Patients with spondylodiscitis with a negative
microbiological test result compared with patients with a culture-positive infection, had a better treatment
outcome with minimum recurrent rate (p > 0.05).

Conclusion Spondylodiscites with a negative microbiological result compared with a culture-positive
infection had a better treatment outcome with a minimum of relapses (p > 0.05).

Keywords: infectious spondylodiscitis, etiology of spondylodiscitis, spinal infection, causative agent
of spondylodiscitis, recurrent spinal infection, outcomes of spondylodiscitis, antibiotic therapy

For citation: Lyubimova LV, Lyubimov EA, Pavlova SI. Etiology of infectious spondylodiscitis: is there an associaton
with successful treatment? Genij Ortopedii. 2025;31(2):202-209. doi: 10.18019/1028-4427-2025-31-2-202-209.
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BBEIOEHUE

IMpo6nema yeuenust 60JIbHbIX MHOEKIMOHHBIMU 3a60/IeBaHMSIMM ITO3BOHOUYHMKA (CIIOHAVIOAMUCIIMTHI) B Ha-
CTosIIlee BpeMsl mpuoGpesia GONMBIIYI0 aKTyaJbHOCTh M3-3a POCTA YAaCTOThI BO3SHMKHOBEHMS MATOJIOTUN.
Bo ®pannum B 2002-2003 rr. ypoBeHb 3aboneBaeMOCTV MHOEKIMOHHBIM croHmmwioauciurom (UC) co-
crasmsin 0,2—-2,4 Ha 100 TbeIC. HaceneHus B Top, [1], k 2010 r. yenmumBmmucs a0 6,1, a 8 2019 r. — mo 11,3 [2].
B 2020 r., mo naHHbIM peructpa l'epmanun, 3TOT nokasaTenb coctaBuia 14,4 Ha 100 Teic. HaceneHus B rof [3].

OpyruMu, He MeHee BaskHbIMM, TTpobieMaMy MHMEKIIMOHHBIX 3a60/1€BaHMIi T03BOHOUHMKA SIBISIIOTCS TPYI-
HOCTb OMATHOCTUKM ¥ HM3Kas YacTOTa BBISIBJIIEMOCTM 3TMOJOTMUYECKOTO dakTopa. ITo maHHbIM (paHIry3-
ckoro uccnegoanusi SPONDIMMO, cpenHsist TPOAOIKUTENbHOCTh CMMIITOMOB A0 ITOCTaHOBKM AuarHo3a MC
cocrasisiet 25 (0-427) pueii [4]. K MOMeHTY MOCTaHOBKM AMarH03a ManyeHThl aMOyIaTOPHO MPUHMUMAIOT KaKk
HeCTepOuAHbIe TTPOTVBOBOCIANNTENbHbBIE, TAK U aHTMOAKTEepUATbHBIE TTPeIapaThl, UTO, B KOHEUHOM UTOTe,
MOKET BJIVSITh Ha BBISIBJIEHME BO3OyIuTeNei MHMEKIMN.

OTCcyTCTBME POCTAa MUKPOOPTAHM3MOB B 06pa3liax GMONIOTMYECKMX MATEPUATIOB MOXET AOCTUTATh 68 % [5].
ITo manHbIM MccaenoBanus E. Pola et al., oTpuiiatesbHbIi MUKPOOGUOIOTMUECKIIL TIOCEB SIBJISIETCS Hambojee
3HAUMMbBIM HEOIaTOMPUSTHBIM MPOTHOCTMYeCKUM ¢akTopom MC [6]. OgHAKO CYIIEeCTByeT OTpaHMYEeHHOe
KOJIMYEeCTBO MCCIeN0BaHMIt, KOTOPbIe IIPeNOCTaB/ISIOT MIM CPAaBHMUBAIOT Pe3y/bTaThl JeueHus B cayvasx VC,
Korja Bo30GyauTe b ObLI WM He O6bUT 0OHAPYIKEH.

Lensn paGOTI)I — OIEHUTDb 3aBUCMMOCTDb MCXOOO0B JIEUeHNA O0JIbHBIX I/IHCl)eKLU/IOHHbIM CIIOHAMIOANCIIUTOM
oT HOJIO)KI/ITEJ'IbeIX/OTpI/ILlaTe.TIbeIX pe3ysIbTaToOB MI/IKpO6I/IOJ'IOI‘I/I‘-IECKOI‘O VCCIenoBaHMs MHTPpaoIlepann-
OHHBIX MaTepnaloB.

MATEPUWAJIBI 1 METO 1 bl

[TpoBedeH CIUIONIHOV PETPOCTIEKTUBHBII aHAIM3 CyJYaeB JieueHMsI MalMeHTOB C MH(PEKIIMOHHBIM CIIOHIMUIIO-
OUCLIMTOM B YCI0BUSAX PemepaabHOTO IEHTpa TPaBMATOMOTHM, OPTOTIEANN U SHIOIpoTe3upoBanust (Ue6ok-
capsl, fasnee — LlenTp) 3a nepuop ¢ 2016 mo 2022 rr.

B mcaiemoBaHme BKIIOYEHBI BCe CJTyUay KOHCEPBATUMBHOTO U Xupypruueckoro ieuenus VIC (n = 52), 3a uckio-
YyeHMeM NalMeHTOoB B Bo3pacTe 18 neT u miaaiie.

Inarno3 MIC ocHOBaH Ha AAaHHBIX KIMHMUYECKOV KapTuHbl, MPT-uccnemoBaHusIX, MapKkepax BOCITaJIeHMUS
B KpOBMU (CKOPOCTh ocemanys sputpouutos (COI) u C-peakTuBHbIi 610K (CPB)), pe3ynbTaTax MUKPOOMOIO-
TMYECKOT0 MCCIeIOBaHMSI MHTPAOIIePALIIOHHBIX TKAHEBbIX OMOITATOB, CMBIBOB C yAAJTeHHbIX META/VIOKOH-
CTPYKIMiL. BpeMst mocTaBKku 61omaTtepuasa B 1abopaTopuio coctaBasio 15-60 muH.

CTeneHb TSHKECTM CIOHOMIOAMCUMTA omnpenensiu mno mkaiae SponDT, Briouawieli OLleHKY pe3y/abTaTOB
CPB, 6omu o BAIIl n ganubix MPT-ucciemoBanms [7].

NccnenoBaHmst KpOBU Ha CTEPUIBHOCTh MPOBOAMIIN Y MALIMEHTOB C MPU3HAKAMMU CUCTEMHO BOCTIAJIUTENb-
HOJT peakuyy (TIOBBILIEHME YPOBHS ITPOKATbIIMTOHMHA B KpoBM O6osee 1,0 Hr/MT), He MOMTyYaBIINX aHTUOAK-
TePUATBHYIO Tepanuio (n = 2).

B uveTbIpex ciayyasix IpoBeleHo uccieqoBaHNue OMOIICUITHOTO MaTepuana, B 48 — TKaHeBbIX OMOITATOB, B3S-
TBIX BO BpeMs orepanuu, B 14 — CMbIBOB C YIaJIEHHbIX META/UVIOKOHCTPYKIMIL. B3siTHEe 610/I0TMUeCcKOro Ma-
Tepuasa y NalyeHTOB, I0MyJalllX KOHCePBAaTYBHYIO TEPAINIO, OCYLIECTBIIS/IM B YCJIOBUSIX OllepallMOHHOM
METO/IOM UTOJbHOI acmupauuy 13 MTPOCTPAHCTBA AYCKA MOJ, KOHTPOIEM 3JIeKTPOHHO-OMTUYECKOTO MPeob-
pasoBaTesl C peHTreH-HaBuraiei. 3a60p TKaHEeBbIX 6MOINTATOB BO BpeMs OIlepaliuy IPOBOAVIIN B KOIMYe-
CTBe He MeHee Tpex 00Pa3IoB C MOCTIEeIYIONMM BbIIeJIEHVEM U30/ISITOB MUKPOOPTaHM3MOB B COOTBETCTBUM
C YTBEPKAEHHBIMM CTAaHIAPTAMU MUKPOOVMOIOTrMUYECKUX MccaenoBanmii. O6pasiipl TKaHe TOMOTeHM3MPOBa-
JIU, 3aTeM TTOMeNajyn B 6yJIbOH C TMOTJIMKOJIEBOI cpemoit. [Ipou3BoAMIN TIepeceB Ha IUIOTHbBIE MTUTATE/IbHbBIE
cpensl: Ha 1 cyT. — Ha Komym6uitckmii, lllokonaaublii v [emiep arapsl; Ha 5 cyT. — Ha [llokonamusiii u [lepaep
arapsl, 1 Ha 10 cyT. — Ha [llemytep arap. 1711 a9poOHBIX, aHa9POOHBIX M KAITHOGMUIIBHBIX MUKPOOPraHU3MOB YC-
JIOBMSI MHKYOALMY CO34aBa/IM C TIOMOIIbI0 Fa30TeHePUPYIOIINX TTaKeTOB. MeTainueckyie KOHCTPYKIUN, U3-
BJIeUeHHbIe BO BpeMsI OTlepaliyy, [IJIsl BbIAeleHMsI MUKPOOPTaHU3MOB 13 MUKPOOHBIX OMOTI/IEHOK IO BePrajin
o6pabotke B Y3-mariHe BRANSON 8510 (CIIIA) B TeueHue 5 MuH. ipu yactore (40 + 2) KI'11 ¢ MOCIenYI0IUM
MTOCEBOM CMbBIBOB Ha IMUTATEIbHbIE CPebl U Ha (UIaKOHbI aHaaM3aTopa. CPOK MHKYOALMY COCTABIISIT 14 CyT.

BupoByto umeHTMbOUKALNIO BO30OYIMUTENEN C OTIpeiesieHeM UyBCTBUTEIbHOCTHM BBITIOMHSIM HA aBTOMaTHye-
ckoM aHaym3aTtope Vitec 2-compact (Bio Merieux, ®paHiyst) 1 moayaBToMaTueckom aHanmsatope Multiscan
FC (Thermo Fisher, CIIIA).

[ManuenTsl ¢ IC paspeneHsl Ha ABe rpymmbl: [, ocHOBHAs (n = 22), — ¢ OTCYTCTBMEM POCTA KYJIbTYPBI B UCCIIE-
IyeMBbIX OMoornueckux oopasiax; I, KoHTpoabHast (n = 30), — poCT KyJIbTYpPbI ITOJTyUeH. I'pyIIIbl COMOCTaBMU-
MBI IT0 T10JTy, Bo3pacty, UMT u komop6uaHocTy (Tab. 1).
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Ta6muua 1

XapaKTepMCTI/IKa IMaMEeHTOB UCCIeaYyEeMbIX I'DYIIIT

[ rpynma (n = 22) II rpynina (n = 30)
IMokasarenu abie. % abe. % p<0,05

My>KUMHbBI 12 54,5 16 53,3
YKeHIMHbI 10 455 14 46,7 1,0000
Komopb6umHOCTD, B T.U.:

caxapHblii 1abeT 4 18,2 7 23,3 0,7411

OHKOTIATOJIOT S 1 45 2 6,7 1,0000

BUY-uHbekms 0 0,0 2 6,7 0,5023

cucTeMHbIe 3a60/IeBaHMs 2 91 2 6,7 1,0000
Jlokanusaiys MHQPEKIMOHHOIO MPolLiecca o OTaeaaM IT03BOHOYHMKA, B T.U.:

LIeTHbIN 3 13,6 1 3,3 0,3053

TPymHOI 5 22,7 6 20,0 1,0000

TIOSICHUYHBIN MY TTOSICHUYHO-KPEeCTLOBBIN 14 63,6 23 76,7 0,3625
Knaccudukanys mo crerenu tsskectyt (SponDT):

Jierkast 0 0,0 1 3,3 1,0000

yMepeHHast 10 45,5 15 50,0 0,7852

TsIKenast 12 54,5 14 46,7 0,7793
Mo myTV MHPUIMPOBAHMS:

TepBUYHbIE (TeMaTOreHHbIe) 14 63,6 23 76,7 0.1461

BTOpUYHBIE (ITOCe0nepaliOHHbIE) 8 36,4 7 23,3 ’
Eﬂﬁlﬁeﬁ:&g?ﬁﬁegfﬁé MPOJIEYEHHBIX AHTUOMOTUKAMMU 19 86,4 13 433 0,0049*
Bospacr, et 56,8 (50,2-60,8) 57,8 (56,4-64,6) 0,7564
WMT, kr/m? 26,3 (23,2-29,4) 28,2 (26,1-30,4) 0,2977
[Tepuop oT Havasa 3a60ieBaHMsI IO BHICTABIEHMS IMATHO3a, JHU 122,5 (64,3-180,7) | 99,9 (64,9-134,3) | 0,7286

* — CTATUCTUYECKM 3HAUMMbIE pasanumns

O1ueHKy 60J1IEBOTO CHMH/IPOMA ITOC/Ie OTNepalMi 1 Ha 9Tare KaTaMHe3a OlleHMBAJIY 110 BU3YaJIbHOI aHAIOTOBO
mkasie BAIII, yIoBIeTBOPEHHOCTD pe3yibTaTaMu iedeHust — 1o ormpocHukam EQ-5D u EQ VAS [8, 9].

BraronpusTHBIMM MCXOZAMM CUMTAIM TTOJIHOE 3aKMBJIEHME ITOC/IEONIePAlMOHHON paHbl ¢ HOpMasIu3alue
J1abOpaTOPHBIX ¥ PEHTTEHOJIOTMYECKUX JAaHHbIX HA MOMEHT MPOBeeHNST UCCIeN0OBaHUs (Iaske TIPU coxXpa-
HSIIOIIEMCSI HeBPOJIOTMUECKOM HedUIIUTe V/WIKM XPOHUYECKOM 00jeBOM cuMHApoMe). HebmaronmpusTHbIMMU
MCXOAAMM CUMUTAIM CMEPTh M/UIU PELUAUB CIOHIMIOAUCIIATA C KIMHUYECKMMU UM MHCTPYMEHTATbHBIMU
npusHakaMmy uHeknu. OGN CPoK HAGTI0IeHNST TTOC/Ie caHaluu cocTaBui 32,9 (24,9-35,1) mec.

[MonydeHHbIE JaHHBIE PETVICTPUPOBAJIN B BUIE JTEKTPOHHBIX TAOGINII, BU3YaTN3aINI0 CTPYKTYPhI JAHHBIX U X
aHa/IM3 MPOBOIMIIN € OMOIIbIo Tporpammbl MS Office Excel, 2007 (Microsoft, CIITIA) 1 mporpammsl Graf Pad.
Iy omycaHus KOMMUYeCTBEHHBIX TTOKa3aTeseli BhITOTHSIIM MPOBEPKY Ha HOPMAIbHOCTDb pacIipefesieHust o
kputepuio Kommoroposa — CmupHoBa. [Ipy HOpMaJbHOM pacIipeneneHni AJ1sl OMMCaHusT TPU3HaKa MUCITONb-
30BaJIM €r0 CpeiHee 3HAUEHMe U CpemHeKBaJpaTUYHOe OTKIOHeHue ¢ 95 % JI1. ComocTraBieHue Koluue-
CTBEHHbIX IIPU3HAKOB MEXIY TPYIIIIaMI CpaBHEHMS BBITIOIHSIN C IpMMeHeHeM Kputepust MaHHa — YUTHHA.
KaTeropmasnbHblie JaHHbIE (I10JI, MCXO/T) OTIMChIBAIN YCIOBHBIMM KOIAMM He M3MepsieMbIX KaTeropuii, He o -
JIeKaIMX YIIOPSIOUMBaHKIO. [IJIs OlleHKM 3P GEeKTUBHOCTY MPOBEIEHHOrO JIeYeHMs B TPYIINaxX IPOBOIUIN
pacueT TOUHOTO Tecta ®uiepa. Pasamums rmokasaTesieii MesKAy TPyIIaMyu CUUTAIM CTaTUCTUUECKU TOCTO-
BepHbIMU 1ipu p < 0,05.

PE3VJIBTATHI

Cpenu 52 niponeyeHHbIX 60MbHBIX UC B 42,3 % (n = 22) MbI He MOJYYMUIU POCTA MUKPOOPTaHU3MOB B UC-
C/IelyeMbIX MHTPAOTIEPALIMOHHBIX 6MOIOTMYECKUX MaTepuanax (h = 21) u TKaHsIX BO BpeMs 6uoricuu (n = 1).
[TaumeHTsI C OTpULIATEIbHBIMY pe3y/bTaTaMy IIOCeBOB (rpymmna I) B cpaBHeHuu ¢ rpynoii I yame nomyvyanu
aHTUOaKTepUAIbHYIO Tepamuio Ha JorocnuTtaabHoM stare (p = 0,0049) u umenu Ha 20 % 6osbliie BpeMeHU
3aJepKKM B auarHoctuke (p = 0,7286).

B 06eux rpymmax mpeobnamanu mopaskeHus MOSICHUYHOTO MU TIOSICHUYHO-KPECTIIOBOTO OT/Ie/I0B ITO3BOHOY-
HyKa. CTaTUCTUUYECKY 3HAUMMBIX PA3JIMUMIL IT0 CTENIEHU TSKECTU CITIOHIMIOAMCIIUTA B TPYIITax HAOIIOmeH s
He BBISIBJIEHO, OJHAKO CPeIy MaI[MeHTOB TPYIIIbI I TSsKeIble CIOHAMIOMMCIIATBI BCTpedann vaiie (54,5 % mpo-
TUB 46,7 %).
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IBa cnyuass UC (6,7 %) ¢ BbIAeI€HHBIMMY MMKPOOPTaHM3MaMM OTHECEHBbI K IOJMMUKPOOHO MHDeKIU
U TIpeiCTaB/IeHbl MUKPOOGHBIMM aCCOI[MAIIUSIMM :

1) Pseudomonas aeruginosa + Enterococcus faecalis + Enterococcus faecium + Staphylococcus epidermidis MRSE;
2) Staphylococcus epidermidis MRSE + Corynebacterium.

Cpenu Bo36ymuTeeii MOHOMUKPOOHO MHekuyy (93,3 % cryuaeB) BeoyIIMMY ITaTOT€HAMMY SIBJISUTUCD CTa-
(OWITOKOKKY, yIETbHBIN BeC KOTOPBIX COCTaBUI 57,2 % ¢ mpeBanupoBanueM momu Staphylococcus aureus. BTo-
poe MeCTO IO YacTOTe BCTPeYaeMOCTM MPMHAAIeKalo TpaMOTpUllaTeIbHBIM MUKpoopraumsmam (21,4 %),
npencraBieHHbIM Escherichia coli, Pseudomonas aeruginosa v Klebsiella pneumonia (puc. 1).

B DHTEPOKOKKMU
B CTpenToKOKKU

W lpamoTpuuaTensHble
MWUKPOOPraHU3mbl

CTaPpUNOKOKKMU
57,2%

M KopuHebakrepuu
W St.aureus

14,3 % ® CoNs

10,7%

Puc. 1. CiexTp BO36ymuTeei CIOHAMIOAMUCIINTOB C OMHIUM BbIZEI€HHBIM MUKPOOPTaHM3MOM

VccnenoBaHme KpOBY Ha CTEPUITLHOCTD MTOKA3aJI0 TONOKUTETbHBII PE3YIbTaT y ABYX 00C/Ie0BAHHBIX MAIM€HTOB
KOHTPOJIbHO TPYTITIbI, He MOMYYaBIINX aHTUGAKTEPUATBHYIO TEPATTMIO HA aMGYIaTOPHOM JTarie: B OfTHOM CTydyae
BbIsIBJIeH Staphylococcus aureus, B Ipyrom — Streptococcus pneumoniae.

Ha morocrnuTanbHOM 3Tare B 06eux rpyIinax Habmome s ObLIv MOBBIIIEHbI JaG0paTOpPHbIE TOKA3aTeI BOC-
najieHust B KpOBM C TpeobafgaHmeM 6osee BbicOKuX 3HaueHuiit COD, CPB u [I-nqumepa B rpytre 11 6e3 cratu-
CTUYECKM 3HAUMMBIX pasanumii (Tabm. 2).

Ta6muua 2
JlabopaTopHbIe TIOKa3aTey B IPYIINax O CaHALUA
IMokasarenu [ rpynma (n = 22) II rpynina (n = 30) p < 0,05
JleitkouThl KpoBu, 10°/11 8,3 (7,0-9,5) 7,7 (6,6-8,9) 0,3152
CO3 (Mm/4) 35,1 (20,7-49,6) 52,9 (13,7-66,1) 0,0597
CPB (mr/m) 52,9 (14,4-83,8) 61,1 (42,3-80,0) 0,1802
[-nymep (Hr/MiT) 1137,9 (643,6-1632,0) 1305,9 (880,2-1732,0) 0,5104

ITo manubiM MPT-uccemoBaHMs Hamaye abCiiecCoB pas/IMUHbIX JIOKAIM3aIuii B rpyTirne [ BbIsIBJIEHO B 54,5 %
(n=12), B rpynme Il — B 43,3 % (n = 13) coyudaes (p = 1,0000).

KoHcepBaTHBHYIO Tepanuio B BUIe aHTUOMOTUKOTepammu (6—12 Hep.) ¢ hukcaiyei Mo3BOHOUHMKA JKeCTKUM
KOpCEeTOM B Irpymniie I momyumi oguH naumeHT, B rpymnmne 11 — tpu naunenTa (p = 0,6288). OcTanbHbIM NalyeH-
TaMm ¢ VIC BBITTOJTHEHO XUPYPTUUYECKoe JieueHue (Tab. 3).

Ta6mmua 3
MeTobI XMPYPTUUECKOJ CaHALMM B IPyIax
[ rpynma (n = 21) II rpynina (n = 27)
Xupypruueckue BMelIaTelIbCTBa

abc. % a6c. %
JlexomIipeccusi ¢ 3TalTHbIM BEHTPaJIbHBIM U I0PCaIbHBIM CIIOHIUIONE30M 2 9,5 -
BeHTpasibHBIN CIOHAMIOAE3 2 9,5 2 7,4
[Mepegunit cnongmiones ¢ pukcaiei maacTUHON 2 9,5 -
3agHuii cioHauaones ¢ hukcaiyueit TTIO 14 66,7 21 77,8
CaHa1uusi TOJbKO C JeKOMIIpeccueit 1 4,8 3 11,1
3agHWUI CIIOHIWIONE3 KOCTHO ayTOKPOUIKO - 1 3,7
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CpemHsst MIPOAO/KUTETbHOCTh BHYTPUBEHHOM aHTUOMOTUKOTEpanuu cocraBwia (12,4 = 3,8) mHs1, mepopaib-
HOIt aHTMOaKTepuasnbHOii Tepanuu — (71,9 = 55,4) nus. B rpynme II smnupuyeckass BHyTpMBeHHas] aHTU-
GakTepuasbHas Tepamnusl «IIMKOMENTU, + GeTa-makraM» Oblla HamboJiee 4acToil BHYTPUBEHHO! CXeMOit
(54,5 %), manee 1o 4yacToTe — KOMOMHAIMS «1eypOKCHMM + aMuKalMH» (22,7 %); MOHOTepanus medao-
criopuHamyu I1I-1V nokonenus (13,6 %) u komO6uHaLMs 11edaqoCIIOpMHOB ¢ pudamnuuuHoM (9,1 %). dTop-
XMHOJIOHBI B COUeTaHMM C pudaMIUIMHOM ObLIM Hauboiee YacTOil CXeMOil SMIIMPUYECKOi mepopaabHO
aHTHbOaKTepuaabHONM Tepamnuein (36,4 %), Ipyrue pacipoCcTpaHeHHbIe TePOpaTbHbIE CXeMbI: MOHOTEPAIINS
xyHomoHaMu (18,2 %) win kmvHmgamunyHoMm (18,2 %), KOMOMHAIIMST «XMHOJOH + HOKCUIIUKINH» (13,6 %)
VTV «XVHOJIOH + KO-TpUMOKca3oi» (13,6 %). [lepopaabHyi0 KOMOMHMPOBAHHYIO TEPAIMIO IBYMS 1 Oojee aH-
TUOMOTMKAMM UCIIO/Ib30BaIu B 48,1 % ciayJaes.

Ipu yCreIHoii caHalMy JOCTOBEPHBIX Pa3/IMUMii B KAUeCTBe KIM3HY GOJIbHBIX B IPYIITNaxX HaGMI0IeHNS He BbI-
SIBJIEHO (Ta671. 4). TIaliMeHThI, Kak MpaBujIo, YIOBIETBOPEHbI KAaUeCTBOM KM3HM B CpefqHeM Ha 75 6ajioB.

Ta6mmua 4
VIoB/I€ETBOPEHHOCTD MAlVIEHTOB MTPOBEIEHHBIM JIeUeHEM Ha dTare KaTaMHe3a
[MTokasaTenu [ rpynina (n = 22) I rpynima (n=30) | p<0,05
O1meHKa KayecTBa ku3Hu 1o ornpocHuky EQ-5D (ot 0 mo 1 6amma) | 0,71 (0,61-0,80) 0,76 (0,67-0,86) 0,3083
ga?\‘}g fgfg";ﬂg;gggﬂgﬁ 10 «TEPMOMETDY 3M0POBbSD> 70,33 (59,23-81,43) | 76,83 (69,83-84,14) | 0,3256
[[Tkasa BAIII, 6amib 2,53 (1,58-3,49) 2,11 (1,43-2,80) 0,6184

Cpemuunit cpok HabIIOeHNS TToc/Ie caHauuy B rpyre I coctaBut 31,5 mec. (20,5-36,5), B rpymie IT — 34,0 mec.
(23,0-37,0), p = 0,6397. PeluauBel B Buje ITyOOKOV MHGEKIMY TTO3BOHOYHMKA B IpyIre I He BbISIBJIEHBI,
B rpymie II peruansel Habmomanu y 4 (13,3 %) nmaunueHTOB, CAHMPOBAHBI OITepaTUBHBIM IyTeM (p = 0,3814).
JleTayibHbBIE VICXOMbI MMEIYM MECTO B KayKIOJ Ipyrime HaGMogeHns 10 OMHOMY CTyJaio: Ha (oHe mporpeccu-
POBaHMSI OITyXOJIEBOTO ITPOILiecca B IpyTirne I 1 mocie KOHCePBATUBHOTO JIeUeHNST peluanBa MHPEKIVIOHHOTO
crioHawIoAucuuTa Ha (GoHe TpoMb0o3a O6pbikeeuHoit apTepuu B rpyire II. B Tpex ciaydasx 13 yeThIpex pe-
UMAVBBI MHGEKLIMY HAGII0IaIN y MalMeHTOB CO CITIOHAMIOAMCIMTOM, BbI3BAHHBIM Pseudomonas aeruginosa.

OBCY>XJIEHUE

MuKpo6moIornIeckoe uccaeqoBaHe SIBISIeTCS KIIUeBbIM 3JIEMEHTOM B AMarHocTuke u jgedenuu VIC. Op-
HAaKO IOYYUTh KyJIbTYPATbHBIN POCT MIPYU MUCCIENOBAHMM OMOIOTMYECKOTO MaTepuasa yaaeTcs JajJeKko He BO
BCEX CJIyYasix. ABTOPbI HECKOJIBKMX KPYITHBIX ITPOCIIEKTYBHBIX MCCAEA0BAHMIT 0OHAPYKWIIN, YTO BO3OYAUTENb
He MOXeT ObITh BbifesneH B 21-34 % ciayvaes [1, 10-12].

B uccnegoBanum M. Stangenberg et al. mokasaHo, UTO yacToTa OGHApyKeHMSI GaKTepUaabHbIX MMATOTEHOB IT0-
CPeNCTBOM MHTPAOIEPAIIMIOHHOTO B3THsI P06 cocTaBisia 66,3 % 1 Mor/a GbITh YBeJMUeHa 3a CUET pe3y/IbTa-
TOB ITOCEBOB KPOBU 110 o6mIero nmokasarens 80,6 % (n = 170/211) [13]. [To nanubiM uccneqoBanus E. Pola et al.,
MMKPOOMOIOTMYECKMIT AMATHO3 YCTAaHOBIEH B 74,3 % cydaeB; MOJOXKUTENbHBI aHAIN3 KPOBY Ha CTEPUIIb-
HOCTb — B 55,5 %, BbIAB/I€HME BO3OYOUTENS TIPY MTyHKIIVIOHHOM 6moricuy — B 44,1 %, pu MHTpaomepaoH-
HOJ — B 59,6 % ciyuaes [6]. Hammm pesynbraTsl momcka Bo36yautens MC oTIMJaroTcsT OT JAaHHBIX 3apYOesKHbIX
KOJUIET, TIOCKOJTIbKY MbI OTPAaHUUMIICh MUKPOOVOIOTMUYECKUM UCCIeNOBaHeM 00pa3siioB IyHKIIMOHHOM 61OTI-
CUYM M VMHTPAONePaIMOHHOTO O1oMaTepyaa, IoayYnB TOJOKUTENbHBIN pe3yabTaT B 57,7 % ciyuaeB. B cBsi3u
CTeM, UTo 61,5 % malnyeHTOB Ha JOOMEPalIOHHOM 3Talle MOIydaay aHTMOaKTepUaIbHYIO TEPAINIo, UM He ObLIO
MpOBeleHO MCCaej0BaHNe KPOBYM Ha CTePUIbHOCTD. He MCKITI0YaeTCsl, UTO BbITOTHEHNE JaHHOTO aHa/l3a B paM-
Kax CKPUHYHT-IMarHocTuku VIC Moryo 661 yTOUHUTD HalllM pe3y/IbTaThl B IOMCKe MHPEKIMOHHOTO areHTa.

O1eHMBAas CTPYKTYPY BbIETEHHbIX ITPY MUKPOOMOIOTMYECKOM VICCIeIOBaHMY BO3OYAMTEeH, MbI TIOTYIVIIN
MO0OHbBIEe C APYTMMM MCCIeIOBAHUSIMU PEe3Y/IbTaThl, COIJIACHO KOTOPBIM S. aureus SIBJISUICS Haubosiee pac-
MPOCTPaHeHHBIM BO36yauTeneM npumepHo B 50 % cryuaeB crionmwuiopyiciiura [14, 15]. OmHako B omyo6/m-
KoBaHHOM B 2023 T. aHa/iM3e 3a6071eBaeMOCTM CIIOHAVIOOUCIMTOM B ['epMaHMM 3a OECSITWIETHUI TTepUOS,
Mpe/ICTaB/IeHbl JaHHbIE, CBUIETEIBCTBYIOIINE O CHYDKEHUM O S. aureus B 00Ieii MUKPOOHON CTPYKTYpe:
B OOJIBIIIMHCTBE CJTyUyaeB 3apermcTpMUpOBaHbl Koaryja3oHeraTMBHbIe cTadhMIOKOKKY (27,1 %), 32 KOTOPHIMU
C/leoBaIy rpaMoTpuiiaTeabHble 6akTepun (22,4 %), Ha JOMI0 S. aureus MPUXOOUIOCH uitb 19,4 % [3].

HenaBuwuit ananm3 ciaydaeB VIC rmocie MMIUTAHTAIY METAJZIOKOHCTPYKINIA [16] moKasas, 4To Hamnbosree pacipo-
CTpaHEeHHBIM BO30ymuTeneM IBysics S. epidermidis (40,6 %), KOTOPBI B MTOC/TeHEE BPeMS CTaJT ITpeobIagaTh
" y MalYeHTOB C MMIUIAHTAT-aCCOUMMPOBAaHHOM MHpekImeii [17]. O pocTe 3HAUMMOCTU IPaMOTPUIIATETbHbIX
natoreHoB B atuosoruu MC Takke CBUAETENbCTBYET MpoBedeHHOe BO @paHuum ucciaegoBanue (3a 2010-
2019 rT.) c YaCTOTO¥ BbIAEIEHNMS JAHHBIX TATOTeHOB 26,4 % (BTOpPOe MeCTo Iociie cTadhMUI0KOKKOB, — 52,3 %) [2].
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UC gBnseTcss CIOKHBIM [JISI JIEYEHUSI COCTOSIHMEM M BbI3bIBAeTCSl IIMPOKMM CIIEKTPOM OpraHusmos [18].
TMouck Bo36yauTest MHMEKLMM — BaskHasi COCTABJISIONIAs JeueHus nauyeHTos ¢ VIC. TTo HalmMM TaHHbIM, rpa-
MOTpHUIIATEebHbIE MUKPOOPTaHM3MbI M KOary/ia3oHeraTuBHbIe CTaUIOKOKKM BXOAST B TPOMKY JIMIEPOB C Ya-
cToTOl BCTpeyaemocty 21,4 % u 14,6 % cooTBeTcTBeHHO. [TomoOHast TEHIEHIIMS POCTa TPaMOTPUIIATETbHbIX
MAaTOTeHOB ¥ KOary/a30HeraTMBHBIX CTA(MUIOKOKKOB, BEPOSITHO, CBSI3aHa C SMUAEMUOIOTMYECKUM He6J1aromno-
JIy41ieM, BbI3BaHHBIM CTapeHMeM HaceJeHusI, yBeJIMUeHMeM UyciIa 0CIab/IeHHbIX MMallyieHTOB ¢ MHOKECTBEHHO
KOMOPOVTHOCTDIO, a TAK’KE POCTOM MHBA3UBHBIX ITPOIIEAYP U XMPYPTUUECKUX BMEIIATETbCTB Ha TO3BOHOUHMKE.

HecMoTpst Ha TO, YTO MALMEHTHI KOHTPOJBHONM I'PYIIIBI ITOYYaaM STUOTPOITHYI0 aHTUOAKTEpUATbHYIO Te-
parmio, JIy4IliMe pe3yJbTaThbl JeUeHNsI, XapaKTepU3yIoLecs: OTCYTCTBMEM pPeluavBa MHPEKIUY Py aHa-
JIOTUYHBIX TOKa3aTesIX YA0BAeTBOPEHHOCTY KaueCTBOM JXM3HM, IOJYYeHbl B TPYIIle C OTPULIATEIbHBIM
OaKTepMoNIOTMUeCKUM MCCaenoBaHMeM. JlaHHbIe, cXokue ¢ HammMmu, noayuwu J. Gillard et al., koTopsie
He 3aperucTpUpoOBaIN PelUAMBOB MHGEKIMM TTOCIe SMIIMPUIECKO IBYXKOMIIOHEHTHOM aHTUMUKPOOHOI]
Teparuy, BKIoUalolleii BHyTpMBeHHOe BBeJleHe (TOPXMHOIIOHOB, B OT/IMYME OT TPYIIIbI Mal[MeHTOB B ycTa-
HOBJIEHHBIM MH(MEKI[MOHHBIM areHTOM U IMOJ00paHHOI 3TUOTPOIHOI Tepaneit [19].

M. Stangenberg et al. mosyumau gaHHbIE O TOM, UTO aCCOIMMUPOBAHHBIN C S. aureus CIIOHIUIOTUCIIUT COTIPO-
BOSK/IQJICSI TIOBBIIIEHHO CMepPTHOCTBIO 1 60Jiee BbICOKOI YaCTOTO OCIOXKHEHMIA, YTO CBSI3aHO C BBICOKO Ya-
CTOTOI1 BBISIBJIEHMSI BO3OYIUTEIS He TOMbKO B TKAHSIX, HO U B KPOBOTOKe [13].

B ommnune ot paHee o6cyskmaeMbix pa6ot, N. Hopkinson et al. moguepKHyaM BaskKHOCTb ITOMCKA BO30YIM-
Tenst VIC (TTOCKONbKY pe3yibTaT JIeYeHUsI XYKe, eCIi BO30OyauTeNlb He 0OHAPY)KeH) U MOKa3aIy TeHIEHITUIO
K 60Jiee IIUTETbHBIM KypcaM aHTUMOMOTUKOTepanuu. ABTOPHI TakoKe yKasaau Ha TO, YTO ITU CTydau CIOXK-
Hee TOAAI0TCS JedeHno. OTMeTHM, UTO MCCIeqyeMast IpyIina MaMeHTOB IIpeICTaB/IeHa Maloii BHIOOPKOTA:
22 cryuas — B myonmukanmy 2001 1. m 23 — B 2016 1. [21, 22].

B 2018 r. E. Pola et al. ony6inmkoBanu ucciegoBanue 207 crydaeB VC, coenaB 3akioueHue, YTO OTpUIA-
TeJIbHBI/I MUKPOOVMOJOTUUECKUI TTOCEeB SIBJISICS CTATUCTUUYECKM IOATBEPKIEHHBIM OTPUIIATEIbHBIM IIPO-
THOCTMYECKUM (PaKTOPOM, HApSIAY C HEBPOJIOTMYECKMMY HAPYIIEHMSIMI, HA MOMEHT TIOCTAHOBKM IMarHo3a
1 GOHOBBIM 3HAOKApAUTOM [6]. CriemyeT oTMeTHTb, uTo paboTsl N. Hopkinson (2001, 2016) u E. Pola (2018)
HOCWJIM OTIMCATeJIbHBINM XapaKkTep. MbI ke B CBOEM MCC/IeTOBAHNY MOMBITAIMCh TPOaHAIM3UPOBATDb MCXOI, Jie-
yenus VIC B 3aBUCMMOCTY OT HOTYYEHHOTO MOJOKUTEIBHOTO VIV OTPULIATEIBHOTO pe3y/abTaTa MHTpaoIepa-
LIIMOHHOT'O MUKPOOMOJIOIMYECKOTO MCC/IeOBAHMS.

Xymiie MCXOMbl JIeUeHMs TaIMeHTOB C MAeHTUUIMPOBAHHBIM BO30OYyAMTENIEeM B HallleM MCCIeTOBaHUU
MOT/IM GBITH OGYC/IOBIEHBI HE OMarHOCTUPOBAHHO OaKTepueMueii, TOCKOIbKY Mbl He 6Gpaii KpOBb Ha CTe-
PUIBLHOCTD Y BeeXx ManyeHToB ¢ VIC. Ham Takske ITOKa3ajcsl MHTEPECHBIM TOT (akT, 4To 75 % ciaydaeB peru-
nvBa VIC cBSI3aHBI C TPaMOTPUIIATETbHBIMY TATOTEHAMM (B YaCTHOCTH, Pseudomonas aeruginosa), 4To MOKET
CBUIETEBLCTBOBATD O HEOIATOMPUSITHOM BIAMSHUYM TaHHOTO BO30yauTess Ha vcxop gedeHus UC.

ITauymenTs! 1 I'PYIIIIbI JOCTOBEPHO 4Yallle MCII0JIb30Ba/IN AHTUOMOTUKM Ha aM6y'f[aT0pHOM aTalrie o0 B3ATUA
6MOM8.Tepl/[af[a Ha 6aKTepI/IOHOI'I/I‘IeCKOE ucciaenoBaHne, XOTs OINTMMAaJIbHBIM ABJIA€TCS BO3JEpP>KaHMeE OT aH-
TUOVOTUKOB A0 Tex I10p, ITOKa He GY,HET 06HaI)Y)KEH MMKPOOPraHnU3M. Mb1 MIpenIroa0Xmnin, 4To npuemM aHTn-
OMOTUKOB Ha aM6YHaTOpHOM oTaIle YBeJIMUYMBaeT X O6H.IYIO KYPCOBYIO 103y, UTO TaK)Ke€ MOIJIO ITOJIO’KUTE/JIbHO
cKasaTbcs Ha ucxope neueHus VIC ¢ OTpULaTeJIbHbIM MI/IKI)O6I/IOJ'[OI‘I/I‘-IECKI/IM pe3yjibTaTOM.

IMonosxxuTenbHOE BAMSHME Ha ucxop eueHus VIC koppenupyert ¢ uccieqoBaHmem S. Bhagat et al., B Koropom
aBTOPBI COOOIIAIOT, YTO HAUAJIO TIpMeMa aHTUOMOTUKOB 10 OOHAPYKeHMSI MMKPOOPraHM3Ma MOXKET [TOMOYb
CHU3UTh PUCK HEBPOJIOTMUYECKOTo medbwunurta win gedbopmannuy 1mo3BoHouHuKa [22]. Hame mucciemoBaHue
TaKoke MOKa3ajao, YTO SMIMpPUUYEcKass aHTUOMOTUKOTepanysl «IJIMKOMeNTH, + 6eTa-IakTam», MCIoab3yeMast
B GOJIBIIMHCTBE CTyuaeB, He MeHee 3(G(HEKTUBHA, YeM ITUOTPOITHOE JIEUeHeE.

OrpaHMUYeHMUSIMU MUCCIIeOBAHMS SIBJISIETCSI €r0 PeTPOCIEKTUBHBIN XapaKkTep ¥ HeOoJbIas Bbioopka. Mbl aHa-
JIM3UPOBAIM KPOBb Ha CTEPUIbHOCTD JINIIb Y IBOUX NAlMEeHTOB, ToTAa Kak 100 % oxBaT JaHHBIM MCCIeI0Ba-
HMEM MOT ObI TTOBBICUTH YaCTOTY BbIJIeJIEHMS BO3OyauTeseii. Takske 0CTaeTcs OTKPBITHIM BOIIPOC O pa3yMHOM
BpeMeHHOM OajlaHce OT Havasia IpyeMa aHTUOMOTMKOB 10 MOMEHTA UAeHTUQUKALMY BO3OYIUTENS.

3AKJ/JIIOYEHUE

BosibHbIe CHOHAMIOOMCHUTAMM C OTPUIATENbHBIM PEe3yJbTaTOM MMUKPOOMOIOTMUECKOTO MCC/IeIOBaHMS
B CPaBHEHNM C MTALMEHTAMU C KY/IbTYPOIIONIOKUTENIbHOM MHMEKIMelt MMeT JIYUIINii ICXOI JIeUeH ST IPU MU -
HuMyMe penuauBoB (p > 0,05).

KoHpaukm unmepecos. A8mopbl 3as6/110m 06 0mcymcmeuu KOHGAUKmMa uHmepecos.
Hcmounuk ¢punancupogaHust. ABmopbsl He NOJY4HAIU CNEYUATBHO20 (PUHAHCUPOBAHUS OJist Imoli pabomei.
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HaiyoHanbHbI MeAUIIMHCKUI UCCIeA0BaTeIbCKUI LIEHTP TPaBMaTOJOT UM U OPTONEeAUN
nuMmenu akagemuka [LA. nusaposa, Kyprahs, Poccus

ABTOp, OTBETCTBEHHBI 3a mepenucky: Haranbst AHaTonbeBHa lllyaio, nshchudlo@mail.ru

AHHOTaua

BBenmeHue. [JaHHbIe MMPOBOL TUTEPATYPDI CBUAETENBCTBYIOT 00 aKTyaJbHOCTM IMPOTHO3MPOBAHMS VICXOIOB
JledeHs TaleHTOB ¢ KOHTpakTypoit JiomontpeHa (KI), B ToM uMciie Ha OCHOBe J1a60pPaTOPHBIX METOMIOB.
CpaBHUTENbHbIE UCC/IELOBAHMS PE3Y/IbTATOB OllePaTMBHOrO JeueHus npu KJI B 3aBUCUMMOCTHM OT JooIepaiu-
OHHBIX TOKa3aTenei nepudepnyueckoit KPOBU B IOCTYITHOI TUTepaType OTCYyTCTBYIOT.

Ilenp paGoOThI — BBHISIBUTh BO3MOKHBIE OTJIMUMSI IPEIONepPaliOHHbIX JIEMKOLMTOIpaMM MaieHToB ¢ KT
C pasJIMYHBIMM MCXOHAMM OIlePaTUBHOTIO JiIeUeHMS uepe3 rofl rocjie olepaly 1 OLeHUTh UX IPOTrHOCTUYe-
CKYI0 3HAUMMOCTb.

Marepuasnbl M MeTOAbI. [IpoBeéH aHanM3 ucTopuii 6omesun 52 marumeHToB ¢ KII, mpoonepupoBaHHbBIX
B KIMHUKe xupypruu kuctu Llentpa Unusaposa B nepuop 2021-2022 rr. Pe3ysnbTaTsl OLleHEHbI MO IIKAJIE
P.S. Khan, a Takke myTéM BbIUMCIEHMS MHIEeKCA peayKuyy KoHTpakTypsl (MPKII). K rpymre 1 (n = 41) oTtHece-
HbI TTALIMEHTDI C YO OBJIETBOPUTENbHBIMI U HEYIOBJIETBOPUTENbHBIMU PEe3yIbTaTaMM, OCTaJIbHbIE TTaljMeHTDI
C XOpPOIIMMU U OTIMYHBIMMU pe3y/lIbTaTaMy BOLIU B IpyIiny 2 (n =41).

PesynwraTsl. [1o 3Hauenusasm VUPK]I rpynmbl oka3aanuch B HellepeceKawuxcs auamnasonax. [IpoiieHTHOe co-
nep>kaHye 303Ho(GI0B 1 6a30dwios (B + E) B rpymme 1 66110 605bI11e, 4eM B rpyrime 2 (p < 0,05). ROC-aHnanm3
mopenu «IPKIT — (B + E)» BB TUTONIAAE ITOA, KpuBoii 60stee 0,7 mipu p < 0,01, crrenmdmunocts 100 %, uyB-
CTBUTENBHOCTb MeHee 60 %. Y nanueHToB ¢ (B + E) < 1,2 % yacToTa OTIMYHBIX U XOPOILINX PEe3yAbTaTOB Yepe3
rof, mocje ornepauyu cocrasisiiaa 95,23 %, ipu (B + E) > 1,2 % — 70,00 % (p < 0,05).

06cykaeHue. Porb 303MHOGMIOB ¥ 6a30GMIOB B pa3sBUTUM (daclyaJlbHOr0 (GuOpoMaTo3a HeU3BeCTHA,
OTHAKO YCTAaHOBJIEHO, UTO MHTePAeNKUHbI [L-4 1 IL-13, cekpeTupyeMble TyUHBIMM KiIeTKaMu, 6a30dbuaaMm
¥ 303UHOMMIaMM, BHOCST HEIIOCPEICTBEHHbBIN BKJIA/ B aKTUBaIMI0 MUOGuO6pob6aacToB U pasputue Gpuobposa.

3axkmouenue. [Ipu (B + E) < 1,2 % nporHosupyeTcs: 6;aronpusTHbIN UCXOM, KaK OTKPBITHIX, TaK Y MaTOUH-
Ba3MBHBIX ONE€paTUBHBIX BMelaTeabCTB; npu (B + E) > 1,2 % BpicOKa BEpOSITHOCTb MPOrPECCUPYIOLIETO I0-
C1e0TepallMOHHOTO (GUOPO3UPOBAHMS, UTO OOOCHOBBIBAET BBIOOP PaIMKAIbHBIX OTKPBITHIX BMEIIATEelIbCTB
(runogepmModacMIKTOMUM WIN AepMOpaclyIKTOMUN) U IpUMeHeHMe aHTU(GUOPOTUYEeCKOli Teparuu B Mo-
CJIeolepalyiOHHOM IIepyroze.

KiroueBsie cioBa: KOHTpPAKTYypa ,HIOHIOI/ITpeHa, 6&30(bMHbI, SOBI/IHOd)I/IHI)I, JoorepanoHHOe IMPOrHo3Mpo-
BaHNue

HOnas uurupoBaHus: llymio H.A., Copomosa JI.M., Ocranuna [O.A. Crioco6 IMPOTHO3MPOBAHMS MCXOHA OIepaTUBHO-
rO JieueHMs] TAIMEeHTOB C KOHTPAKTypoil [IIoMoMTpeHa Ha OCHOBe IOoKa3saTeseii jeiikopopMynbl. [eHuli opmoneduu.
2025;31(2):210-217. doi: 10.18019/1028-4427-2025-31-2-210-217.

© Ilynmo H.A., Copomosa JI.U., Octannna [I.A., 2025

Tenuii opmoneduu. 2025;31(2) 210



Knmumanuyeckue ucciaenoBaHms

Original article
https://doi.org/10.18019/1028-4427-2025-31-2-210-217 el

Method of predicting the outcome of surgical treatment
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Abstract

Introduction World literature indicates the relevance of predicting the outcomes of Dupuytren's contracture
(DC) treatment, including those based on laboratory methods. There are no comparative studies of the results
of surgical DC treatment based on preoperative peripheral blood counts in the available literature.

The purpose of the work was to identify possible differences in preoperative leukocyte counts in DC
with different outcomes of surgical treatment one year after surgery and to evaluate their prognostic
significance.

Materials and methods The analysis of medical records of 52 DC patients operated on in the Hand Surgery
Clinic of the Ilizarov Center in 2021-2022 was conducted. The results were assessed using the Khan scale,
as well as by calculating the contracture reduction index (CRI). The subgroup included 111 patients with fair
and poor results, the remaining 41 were included in subgroup 2 with good and excellent results.

Results According to the CRI values, the subgroups were in non-overlapping ranges. The percentage
of eosinophils and basophils (B + E) in subgroup 1 was higher than in subgroup 2 (p < 0.05). ROC analysis
of the "CRI — (B + E)" model revealed an area under the curve of more than 0.7 at p < 0.01, specificity of 100 %,
sensitivity of less than 60 %. In patients with (B + E) < 1.2 %, the rate of excellent and good results one year
after surgery was 95.23 %, with (B + E) > 1.2 % 70.00 % (p < 0.05).

Discussion The role of eosinophils and basophils in the development of fascial fibromatosis is unknown,
but it has been established that interleukins IL-4 and IL-13 secreted by mast cells, basophils and eosinophils
directly contribute to the activation of myofibroblasts and the development of fibrosis.

Conclusion In (B+E)< 1.2 %, a favorable outcome is predicted for both open and minimally invasive
surgeries; at (B + E) > 1.2 % there is a high probability of progressive postoperative fibrosis, which justifies
the choice of radical open interventions (hypodermectomy or dermofasciectomy) and the use of antifibrotic
therapy in the postoperative period.

Keywords: Dupuytren's contracture, basophils, eosinophils, preoperative prognosis
For citation: Shchudlo NA, Sbrodova LI, Ostanina DA. Method of predicting the outcome of surgical treatment

in Dupuytren's contracture based on leukocyte formula indices. Genij Ortopedii. 2025;31(2):210-217. doi: 10.18019/1028-
4427-2025-31-2-210-217.
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BBEIOEHUE

Koutpakrypa diomontpena (KII) siByisseTcsl CIeCTBMEM JIaLOHHOTO (aciyaabHoro gpuopomarosa (JIOD) —
dbubpomponnbepaTUBHOTO 3a60IeBaHNS, TOPAKAIOIIETO MTPEMMYIIECTBEHHO (acIaabHbIi KapKac JIaJoHeil
U TIQJIbLIEB JIOKTEBOWM CTOPOHBI KUCTU. OCHOBHBIE TIPOSIBJIEHUST — Y3JIbl M BOJIOKHMCTBIE XOPAbl — YTOMIIAIOT
¥ YKOPauMBaIOT JIaIOHHO-TIA/IBIIEBYIO (PACIINIO U ITOKPOBHbIE TKAHM, YTO MIPUBOIAUT K HOPMUPOBAHUIO CTO¥-
KX CrMOaTeNbHBIX KOHTPAKTYP CYCTABOB IMasblieB. Cpeay ManyeHTOB MpeobiIafaloT MyKUMHBI B BO3pacTe
oT 40 1o 80 yeT; 0KOI0 3 % M3 HUX CTAHOBSTCS MHBaIUAAMH [1].

OTuosiorusi 1 natoreHes JI®® ocraioTcs nmpeamMeToM ,HMCKVCCMVI, 06H_IEI/IBBQCTHLIE Cl)al(TOpr PUCKa BK/IIOYAKOT
reHeTNYeCKYIO MMpeapacIiioyio’ckeHHOCTb, py‘-IHOVI TPYyHO, aJIKOTOJIb 1 KyYpEeHNMe, TMIIEPTEH3UI0 1 ,Z[I/IEI6ET [2]

Haubonee yacto rpumeHsieMble CItoco6bl ieuenns KII BKIIIOUAIOT MHBEKIMM KOJUIareHa3bl, UTOJMbHYIO dhaciu-
OTOMMIO U PA3IMYHbIE BAPUAHTBI OTKPBITON hacMIKTOMMUM [3], Lie/Ib KOTOPBIX — pa3pylleHne Ui yaaaeHue
MaTOJIOTMYECKX 06pa30oBaHmii u KoppeKius nedopmaiyy KUCTH. PeluaBbl KOHTPAKTYP (TIOBBIIIEHME TO-
TaJbHOTO meduinTa pasrmdbanms 6onee uem Ha 30°) oTMeueHbl Y 85 % MalyeHTOB MOC/Ie UT0JIbHOI (aciyo-
Tomuu n'y 20 % 1mocse OTKPBITOM YaCTUYHO (PaCcIIMIKTOMMY MTPU CPOKe HAGTIOMEHMSI TISITh JIeT [4].

HexkoTopsele aBTOpPBI OTHOCST peluAVBbl KOHTPAKTYP K MO3SHUM MOCIEONePalMOHHBIM OCIOKHEHUSIM Ha-
PSIOY C pacpocTpaHeHeM U IporpeccupoBanmemM dacuyanbHoro hubpomarosa [5]. I onTUMU3auy Tak-
TUKU JledeHus nanueHToB ¢ K/ rpenjioskeHa TeXHOIOTUS IPOTHO3UPOBAHMS [IO3AHUX M0CTe0nepalMOHHbIX
OCJIOKHEHM, OCHOBaHHAs Ha aHam3e 39 (paKTopoB, ONPeaesSIIONMX OMOIOrMUeCKIii CTATYC M CTUIIb SKU3HU
MalnyeHTa, a Takke TeXHUKO-XUPYPrUueckue KOMIIOHEHThI orepanuit M peabuinTaiMOHHOTO JieueHus [6].
st pa3BUTUSI MPOTHOCTUYECKOTO TIOAXO0AA TTPOBENEH PSIAI MCC/IENOBAHNI TIOTEHIIMATBHBIX JTAO0PATOPHBIX
MapKepoB akTUBHOCTU JIOD: aHTUTET K KOMIIOHEHTaM COeAVHUTEeIbHO TKaHu [7, 8], MAaTPUKCHBIX MeTa/lJIO-
nporenHas [9], uupKymupyomux GubépounTtos [10].

ITpu uccnegoBanumu 19 namueHTOB ¢ K]l yCTaHOBIEHO, UTO YPOBEHDb T€HHOM KCIIPECCUU MATPUKCHBIX ITPOTE-
MHAa3 B TKAHEBBIX 06Pa31aX MOKET ObITh MCIIOTb30BaH IJ1s1 IPOTHO3MPOBAHMS pe3y/IbTaTa JIEUeHNS uepe3 o,
nocse onepauuu [11]. OgHaKO UUPKYIUPYIOLIME MaTPUKCHbIE MeTA/VIONPOTEMHA3bI He KOPPEIMPOBAIN C I10-
C/leornepaluoHHbIM gedunuroMm pasrubanus [12], mosTomy 3amada AOOMEpPalOHHOTO MPOTHO3MPOBAHMS
pesynbrata neuenus: KII Ha ocHOBe J1abOpaTOPHbIX METONOB He pellleHa BIUIOTh JO HACTOSIIEr0 BpeMeHN!.
[Tpu 9TOM JaHHBblE CPaBHUTENIbHBIX MCC/IEL0BAHMIT UCXOLOB ONEPAaTUBHOrO JIeueHUs B 3aBUCUMOCTU OT JO-
omepalMOHHbIX MTOKa3aTeseii mepudepuueckoit KPOBU B JOCTYITHOI JIUTEPAType OTCYTCTBYIOT.

Ilenp paGoOThI — BBISIBUTh BO3MOKHBIE OTJIMUMSI IPEIONEePalMOHHbBIX JIEMKOLMTOIpaMM MaiyeHToB ¢ KT
C pasJIMYHBIMM MCXOHaMM OIIepPaTUMBHOTIO JIeUeHMS uepe3 rofl rocjie olepauy M OLeHUTh UX IPOTrHOCTUYe-
CKYI0 3HAUMMOCTb.

MATEPUAJIBI U METOIbI

ITpoBeméH aHAMN3 TTPeAoTePaIOHHbIX JIEKOIIMTOIPAMM M Pe3y/IbTaTOB JieueHus 52 mauyeHToB ¢ KII, mpo-
OIMepUpPOBAHHbBIX B KJIMHMKe XUpyprun Kuctu Llentpa Mnusaposa B nepuog 2021-2022 rr.

AnHanus noorepanoOHHbIX aHaIN30B mepudepuueckoii KpoBu MpoBenéH ¢ yuétom HomeHknatypbl M3PO
(TITpuxasz N2 804H): A12.05.121 «InddepeHIMpoBaHHbI MTOACYET JIEKOIMUTOB (JielikouTapHas hbopmyna)»,
KOTOPO# COOTBETCTBYeT OIpeeeHe KOHLIEHTpaluy JTeHKOLUTOB B INepudepudeckoitr kposu u nudde-
PEHIIMPOBKA OCHOBHBIX TISITU BUIOB JIEMIKOIIUTOB (HeTpobmiIoB, 303MHOGUIOB, 6a30(h1UI0B, TMMGOINTOB,
MOHOLIMTOB) IeMaTOJIOTMYEeCKMM aHaJIX3aTOPOM, & Takoke BBIUMCIEHME MX INPOLEHTHOIO COOTHOLIEHMS.
JI7151 BO3MOSKHOTO BBISIBJIEHMSI HE3DEeJIbIX JIEMIKOIIMTOB, aTUITMYHBIX U OJIACTHBIX KIIETOK aBTOMATUYECKUIT aHa-
JIM3 DOTIONTHSITU «PYYIHOM» MUKPOCKOIIMEN OKpalleHHbIX Ma3KOB repudeprueckoii KpoBu.

Bcem marmeHTaM 1o moKasaHuUsIM (KOHTpaKTypa ISICTHO-(anaHroBoro cycrasa 30° u 6oee M KOHTPAKTY-
pa MPOKCMMAaTbHOTO Mesk(aTaHTOBOTO CyCcTaBa He3aBUCUMMO OT BeAMUMHBI yriia [13]) BbIIIOTHEHA OTKPbI-
Tasi YacTUYHas (PaCUMIKTOMMS C HEBPOIU30M U apTePUOIN30M COCYAUCTO-HEPBHBIX MyUKoB. [Ipy Hanmuumn
KOHTPAKTYPbI MPOKCUMAIbHOTO MeXk(]amaHroBoro cycrasa 6osee 30° GacuyaKTOMUIO TOTIOTHSIIN apTPOIN-
30M [14]. IIpu croiikux KoHTpakTypax II crenenu u III-1V cTeneHeit onepupoBaHHble JTyun GUKCUPOBAIU
B arnnapatTe Mnu3apoBa B TeueHMe Mepuoa 3aKUBJIEHUST OMEePalMOHHON paHbl. EC/in BO BpeMsi orepanun
OIHOMOMEHTHO He ObIJIO JOCTUTHYTO TOTHOTO PasrMbaHMs MaiblieB M3-3a KOHTPAKI[MM TOKPOBHBIX TKAHEIA
Y COCYIIMICTO-HEPBHBIX ITyYKOB, MPUMEHSUIN JO3MPOBAHHOE pas3rubaHye B amnmapare MnusapoBa, KOTOpoe Ha-
YMHAIM TI0C/Ie 3aKMBJIEHMSI ONepPaLYIOHHO paHbl. [Ipy TOCTVOKEHUY TOTHOTO pa3TMbaHus CyCTaBOB arla-
paT GMKCUPOBAIM He MeHee ueM Ha 14 CyT., oc/ie 4ero MpMMeHsUIM AMHAMUYECKYI0 (GUKCAINIO: TaleHThI
B TeueHMe IHS pa3pabaThIBaay MacCUBHbIE OBYDKEHMS B CyCTaBaX, Ha HOUb ammapaT GurcupoBamyu. Cpoku
CTAI[MOHAPHOTO JIeUeHUsT BapbUpoBain OT 9 1o 14 cyT. 63 MpMMeHeHMs arrapara 1 npu MpuMeHeHUy GuK-
CAllMOHHOI'0 BapuaHTa MUHU-ammnapara Vnmusaposa, ot 17 0o 42 CyT. — NpU OUCTPAKLIMOHHOM BapuaHTe.
[Mocsie BBIMIMCKY MAI[MeHTaM PEKOMEHI0BaIM PeabuinTalMoOHHOe ieueHe.
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PesynbTaThl IeueHnst orleHUBaNMM uyepes 6 u 12 mec. mocne ornepanyu 1o mkane P.S. Khan et al. [15], a Takke
IyTEM BbIUMCJIEHUS MHEKCA pefyKuyu KOHTpakTypbl (MPKI), BbIpa)keHHOTO B TPOLIEHTHOM COOTHOIIEHUM
pPasHMIIBI UCXOAHOV CYMMBbI YITIOB KOHTPAKTYpPhl ¥ CYMMBI YIVIOB II0C/I€ OIEPaTMBHOTIO JIeYeHMs K MCXOLHOM
CcyMMe yIJIoB [16].

Knuanko-gemorpabmyueckye XxapaKTepUCTUKY 00CIeI0BaHHO TPYIIITBI AI[MEHTOB TPeICTaBIeHbI B Ta6I. 1.
Ha ocHOBe aHanm3a pe3yabTaToB geuenus o mkae P.S. Khan et al. [15] maieHTsI € yIOBI€TBOPUTETbHBIMMI
Y HeyOOBJIETBOPUTEIbHBIMYU pe3yJIbTaTaMy OTHECEHBI K rpyrire 1 (n = 11), mauyueHTsl C XOPOLIUMU U OT/INY-
HBbIMU pe3yJbTaTaMy BOLIM B TpyIIny 2 (n = 41).

Ta6muua 1
Knunnko-gemorpaduueckre XxapakTepUCTUKY 06C/Ief0BAHHBIX MAI[MEHTOB
ITapameTpsl O6ciefoBaHHbIE TTALIMEHTSI B LIeJIOM (1 = 52)
Bospact — Me (Q1; Q2) 60 (58; 60)
CooTHOIIeHe MY>KUMH U KeHIUH 5:1
IaBHOCTH 3a60/I€BaHMSI C MOMEHTA IePBbIX cMMIITOMOB — Me (Q1; Q2) 8 (4; 14)
Kourpaxrtypsl [I1I-1V cTenenn, % 70,59
3abosnesIne B Bo3pacTe meHee 50 jeT, % 49,02
[TopaskeHne 06enx Kucreit, % 76,9
Onepanuu 1o MoBoAy peuuanBa, % 23,53
YacToTa MHOKeCTBEHHBIX KOHTPAKTYP (TPEX U 6osee masblieB), % 25,49
KonTpaxTypsl V siyua, % 74,51

WcciegoBanus IIpoBeaeHbl B COOTBETCTBUM C STUUECKMMU CTaHAapTaMU XenbCUHCKON OeKnapanunmn BCEMI/II)-
HOW MeIUIIMHCKOM accolyanmnm «ITUYecKne IIPMHLOUIIBI IIPDOBEOEHMSA HAYYHbIX MEAULIMHCKUX UCCIeI0OBaHUM
C ydaCTeM 4ejioBEeKa» C IIOIIpaBKaMMu.

IIJIs cTaTUCTUUECKO 06pabOTKM KOJIMUECTBEHHBIX JaHHbIX MCIIOIb30BaJM 3JIeKTPOHHBIE Tabauiibl Microsoft
Excel 2010 1 KoMIIbIOTEpPHYIO porpaMmy Attestat (Bepcust 9.3.1). JIjist MpOBEPKU IMITOTE3bI 0 HOPMAJIbHOCTHU
pacmpeneneHus npumeHsin Kputepuii lllanmpo — Yuaka. B HeKOTOPhIX BbIGOPKAX pacipeaeneHe oTinya-
JIOCh OT HOPMAaJIbHOTO, TIO3TOMY JaHHbIe Tab/IKI] IpeCcTaBAeHbl B BUIe MeayaH 1 ksaptuieit — Me (Q1; Q3).
T'umoresbl 0 pasIUUMSIX MIPOBEPSIIM 10 HellapaMeTPUUeCcKOMYy KpUTepuio MaHHa — YUTHU, TPUMMEHUMOMY
IJIST CPaBHEHMI pa3HOBEIMKIX BhIGOPOK.

PE3VJIBTATDHI

[To 3HaUeHMSIM MHIEKCA PeAYKIIMY KOHTPAKTYPhI IPYIIITHI OKA3a/ICh B HeIlepeCceKalomMXcsl Auara3oHax: ma-
LIMEHTHI C YIOBJIETBOPUTEIbHBIMIU Y HEYIOBJIETBOPUTEIbHBIMM PE3Y/IbTaTaAMM UMEJIV MHIEKC PeAYKIMY KOH-
TPaKTypbl 62 % U MeHee, a y MalMeHTOB C XOPOIIMMHU U OTIMIHBIMM pe3yJibTaTaMy IoKa3aTelb BapbMUpOBal
oT 64 1o 100 %.

TokasaTtenu MmpemoIepalMoOHHbIX JIEMKOLUMTOrpaMM (Tabs1. 2) He OT/IMYaINCh OT HOpMaJIbHbIX 3HAUEH NI, OfT-
HAKO BbISIB/IEHA CTATUCTMYECKN 3HAUMMAsT pasHMUIIA MEXKIY IPYMIaMi: IIPOLIEHTHOE cofepskaHme 303uHo(pu-
JIOB U 6a30(¢1JI0B B rpymiIle 1 66110 60iblile, uem B rpyrie 2 (p < 0,05).

Tabnuua 2

[Noka3aTenu npefonepauyoHHbIX nejikonuTorpamm (Me (Q1; Q3)) manyeHToOB
B 3aBMCUMOCTY OT BeJIMUMHBI MHAeKca penykuyy (MP) KoHTpaKTypsl [IIononTpeHa yepes rog, nocie onepauyumn

Ipyrina /mapamerp O6cnenoBaHHbIe MAMEeHTs B 1leyioM | I'pymma 1 (UP < 62 %) |Tpymma 2 (UP 64 — 100 %) p
n=>52 n=11 n=41
Jletikorutsl (x 10%/m) 6,65 (5,31; 8,16) 5,91 (5,05; 8,67) 6,75 (5,45; 8,05) 0,66
Heiitpodusi (%) 56,50 (51,8; 62,4) 55,65 (55,45; 62,85) 56,50 (52,00; 6,40) 0,73
JIumdounTsr (%) 35,00 (29,00; 39,95) 33,10 (29,30; 37,65) 35,00 (29,00; 40,00) 0,63
MoHouuTsI (%) 7,15 (6,00; 8,20) 7,20 (6,50; 8,20) 7,15 (5,80; 8,20) 0,74
Do3umHobuIbI (%) 1,55 (0,70; 2,00) 2,05 (1,50; 3,05) 1,00 (0,00; 2,00) 0,02*
Basodwnsr (%) 0,00 (0,00; 0,40) 0,35 (0,10; 0,50) 0,00 (0,00; 0,25) 0,01*
Ipumeuarue: * — CTaTUCTUYECKM 3HAUMMbIE OTJINYMS 110 KpuTepuio ManHa — Yutau (p < 0,05)

AHaJIoTMYHasT MEKTPYIIIOBast pasHUIlAa OTMeUeHa IT0 abCOMIOTHOMY COAEPSKaHUIO 303MHOMUIOB U 6a30du-
J10B. Hespestbie popMbl IEMKOLMTOB He IIPeBbIaa pedepeHcHbIe YPOBHH, IOHbIE, TUTa3MaTUYeCKIe 1 61acT-
HbIe KJIETKY OTCYTCTBOBAJIM Y GOJBIIIMHCTBA MMAIMEHTOB, B eIMHNYHBIX CTyJasiX He ITPeBbIIanu pedepeHcHbIe
YPOBHM.
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ROC-anamm3 momenu «MIPKI — (B + E)» BbIIBMJI €€ XOpolllee KauecTBO (ITIOIIAAb ITof, KpuBoii 6omee 0,7
pu p < 0,01), Beicokyto crernubuuroctb (100 %), HO TOJBKO YIOBIETBOPUTEIBHYIO UYyBCTBUTEIHHOCTD
(menee 60 %).

ROC-kpusas UPK], (B + E)

100
90
80
70
e 60 Puc. 1 [InarHocTmyeckast 3HaYMMOCTh TIpe-
g 50 JOTIepaliOHHOTO CgMMg)pHOI‘O omocme(gb—
40 ; B - HOro cofep>kaHust 6a30uyioB U 303MHOPU-
30 AUC:0,718 C1 (0,62-0,87) 4 = 0,002 noB (B+E) B onienke VMIPK]] uepe3 rof mocie
20 onepauuu. ITopor 1,2 %. UyBCTBUTEIBHOCTD
10 59,62 %, cienyduunocts 100,0 %
0
0 20 40 60 80 100
1-Sp, %

Ha cemytomeM atare uccieqoBaHus MAIMeHThl ObUTM pasiesieHbl Ha TPYIIIbI B 3aBUCUMOCTM OT 3HAUEHMS
(B + E). Co 3HaueHMeM MeHee ITIOPOTOBOro 6bUT 21 MalVIeHT, CO 3HAYeHMeM, PaBHBIM WJIM OOJIbIIMM IIOPOro-
BOro, — 31 marmyeHnT. Kak cBUIeTenbCTBYIOT AaHHbIE TA0J. 3, 3TV IPYIIIbI HE MMEIN CTATUCTUIECKM 3HAUMMBIX
OTIINUMI KITMHUKO-IeMOorpaduuecKuX XapaKTepUCTUK.

Opnaxko y naiueHToB ¢ (B + E) < 1,2 % yacToTa OT/IMYHBIX ¥ XOPOILIUX PEe3Yy/IbTAaTOB Uepe3 rofi mocjie ornepanumn
cocrasisiia 95,23 %, a pu (B + E) > 1,2 % — Tonbko 70 % (p < 0,05).
Ta6mmua 3

Knnuuko-gemorpaduueckie XapakKTepUCTUKY MMalyieHTOB
B 3aBMCMMOCTY OT 3HaUEHMsI CyMMbI 6a30(p1I0B U 303MHO(PIIOB ITepudepruyeckoit KPoBU 0 orepanumn

[TapameTpsl Ipyrma p
(B+E)<1,2(n=21) (B+E)>1,2(n=31)
Bospact —Me (Q1; Q2) (min-max) 61,5 (58; 64) (51-71) | 59 (54,5; 65) (23-75) 0,30
HOaBHOCTH JIOD 6,5 (5; 15) (1,5-20) 10 (4; 14,5) (2-40) 0,63
3abosneBine B Bo3pacte meHee 50 jet, % 40,90 53,57 0,52
CreneHb KOHTPakTypsl — Me (Q1; Q2) (min—-max) 3(2;3)(1-4) 3(2,5;3) (1-4) 0,77
[TpoLleHT MauueHToB C 4BYCTOPOHHUM JIOD 81,82 78,57 0,79
ﬁ‘;”gfcgz‘; ?;?;Hﬁfaf()‘{apyme}“*o“ bynxumeit — 1(1;2) (1-5) 2(1;3) (1-4) 0,51
[osis rareHToB, ONMepUpPOBaHHbBIX BTOPOIi pa3 u 6omee, % 27,27 46,43 0,18

OBCYXIEHMUE

B BbINOIHEHHOIT paboTe BIiepBbie IMTPOBeeH CPaBHUTEIbHBIN aHaINU3 ITpeaoIepaliOHHbIX JeMKOIUTOTPaMM
y naneHToB ¢ K/ ¢ pa3nuMyHbIMM MCXOAAMM OIlepaTMBHOTO JieueHNs yepe3 rof, rocie onepauun. Mcoieno-
BaHHBII ITyJ1 TTALIMEHTOB XapakTepu30BaICs TUIIMUHON MeAuaHOl BO3pacTa U reHJepHbIM COOTHOIIEHUEM,
TUIIMYHOW TAaBHOCTHIO 3a60/IeBaHMsI, BBICOKMM ITPOIIEHTOM ITAI[MeHTOB C KOHTPAKTYPaMU TSDKEIOV CTereHn
(6omee 70 %), GONBIINM KOJIMYECTBOM ITAI[MEHTOB C MpU3HAKaMM auartesa JomonTpeHa (MMOJ0BMHA U3 KO-
TOpBIX 3a60s1esi B Bo3pacTte MeHee 50 et u 77 % umenu nopakeHue obenx kucreit). Bonee 20 % mamyueH-
TOB OTIEPUPOBAHBI 110 TTOBOAY PELUAVBOB, 6osiee 25 % MMeny KOHTPAKTYPhI TPEX U GoJiee MablleB U MOUTH
75 % — KOHTpaKTyphl V j1y4a.

IloorepalliOHHBII aHAIM3 Hepudepuueckoil KPOBYM He BhISIBUI OTKJIOHEHMIT B a6COMIOTHOM KOJIMUYEeCTBe Jieii-
KOIIMTOB. Kak M3BEeCTHO, B TAKMX CAYYasX aHAIN3 JIEMKOUMUTAPHO (OPMYIIBI IO OTHOCUTEIHBHOMY COTepsKa-
HUIO OCHOBHBIX (POPM JIEIKOIIMTOB He IIPMBOANT K OMIMOOUHBIM Pe3y/IbTaTaM.

PesynbTaThl OMepaTMBHOTO JleUeHNs OLleHeHbI TI0 KauecTBeHHOI mikase mkassl P.S. Khan et al. [15] u konu-
YeCTBEHHOMY I10Ka3aTeNio — MHAEKCY PefyKuuy KOHTPakTypbl. COMIaCHO KayeCTBEHHO LIKaje, K OTINY-
HBIM ¥ XOPOILIMM pe3ysibTaTaM (n =41) OTHeCeHO IOJHOe BOCCTaHOBJIEHNE IBVKEHNI UM He3HAaUMUTe/IbHbIe
OTpaHNYEHNSI CrTbaTeNbHO-pas3rubaTeabHO GYHKIVY, He BAUSIONIVE Ha TIOBCeHEBHYIO aKTUBHOCTb. PK]T
y TaKMX MAIMEeHTOB BapbupoBas oT 64 10 100 %. Hu y omHOTO 13 3TUX MMAI[MeHTOB He 6bIIO COOTBETCTBUS yCTa-
HOBJICHHOMY 3KCITIEPTHBIM COTJIAIIIEHVEM OTpeAe/IeHMNI0 PelyABa KakK yBeJIMYeHUsT KOHTPAKTYPBhI JII060T0
MIPOJIEYeHHOTO CyCTaBa XOTsI 661 Ha 20° B TeUeHMe rojia Mocie ornepauyy 1o CPaBHEHMIO C IIeCThI0 HeJelssMu
rocse onepanuu [17]. Y manjMeHTOB € yIOBIETBOPUTEIbHBIMU U HEYIOBJI€TBOPUTEIbHBIMI Pe3yJibTaTaMMU Jie-
yeHus (n = 11) MHAEKC pefyKI MM KOHTPAKTYPhl MMeJl OTPULIATENIbHYIO IMHAMMKY B Te€UeHMe roja rnocie ore-
pauuu, OATBEPKIAs peLINnB.
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ITo MHeHMIO HEKOTOPBIX aBTOPOB, peliuauBbl Kl B mepBblit TOf, TOC/Ie olepaliuy pa3BUBAIOTCS B CIyYasx,
KOT/Ia «Orepanuy ObUIM BBITIOTHEHBI C HAPYIIEHMUSIMU YCTAHOBOK XUPYprum Kuctu» [18]. OgHako B Halem
MCCIeOBAaHMM BBISIBIEHBI CTATUCTUUYECKM TOCTOBEPHbIE OTIMUMS TIpefoTepalMOHHbIX JeMKOLUTOrpaMM
B IPYyIIax MalMeHTOB C pa3HbIMU Mcxofnamu jeueHus. [lo-BUAMMOMY, Ha pe3y/ibTaT JeueHus BAKUSIeT TakkKe
MpeapacrooKeHHOCTb MallMeHTOB K Pa3HbIM MMaTTepHAM PaHEeBOTO 3aKUBJIEHUSI.

Kaxk 13BecTHO, 3031HOGMIbI ¥ 6230 MBI, HAPSIAY C TYYHBIMM KJIETKaMU, IMM@OLTaMy-XeInepaMy 1 MaKpo-
(haramu, y4acTBYIOT B BOCIIAJIUTEIbHBIX PEAKIIMSIX BTOPOTO TUIIA, XapaKTePHOTO He TOMbKO IS aJ/IEPTHii 1 Ta-
pasUTapHbBIX MHBA3MIT, HO ¥ MHOTMX APYTUX 3a60/eBaHMi. DTOT TUIT MMMYHHBIX PeakIuii peryJaupyeT Takke
pemnaparuio TKaHeii, B TOM 4yciie BOCCTaHOBJIEHMe SIMUTeNNATbHbIX 6apbepoB Mociie moBpexxaeHnii [19, 20]

D03MHOGMUITBI, COCTABISS OT 1 10 5 % eIKOIIUTOB Mepudepnyeckoit KpoBy, B HOpMeE IIPUCYTCTBYIOT BO MHO-
IMX TKaHSX, OCYIIECTBJISSI ToMeocTaTuueckue QyHKIMK [21], B TOM 4Kcie HEIOCPeNCTBEHHO aKTUBUPYS
TyuHble KieTku [22]. Basodnn — Hambosee peaxasi KieTka KpoBM, KOTopast B HopMme cocrtasiset 0,5 % Jeii-
KOIMTOB [23]. B oT/iMume oT TKaHEBBIX 630 MIOB (TYUYHBIX KIETOK), — PEe3UIEHTOB COeIMHUTEIbHOM TKAHN,
KOPOTKOXKMBYIIVE 6a30huibl mepudepnueckoil KpoBY 00BIYHO B TKAHSIX HE IIPUCYTCTBYIOT, X TKAHEBOJ Tpa-
(UK COMPSIKEH ¢ KOHKPETHBIMU QYHKIMIMU [24].

PaHee ycTaHOB/IEHO, UTO B aciusax mauyueHToB ¢ KII comepskuTcs B 12 pa3 60sblie TYUYHBIX KJIETOK, UeM B HOP-
MasbHO daciuu [25], mpuuém mpu KoHTpakTypax [II-1V crerneHu rmo cpaBHeHMIO ¢ KOHTpakTypamu [-11 cTe-
TIeHY YBEIMYMBAETCS He TOJbKO UX UMCIEHHAs INIOTHOCTDb, HO ¥ MOPGOQDYHKIMOHATbHbIE KOJIMUECTBEHHbBIE
rapaMeTpbl, — IIOMAAb ¥ MHIEKC AeTpany/siuyy [26]. Posib 303uHO(DMIIOB 1 6a30hMI0B B pa3BUTUM (aciiy-
aIbHOTO (hMObpOMAaTO3a HEM3BECTHA, OHAKO YCTAHOBJIEHO, UTO MHTepieiikuHbI [L-4 1 [L-13, cekpeTnpyembie
TYYHBIMM KJIeTKaMu, 6asodmnamu 1 303uHObMIaMM [27], BHOCST HEMOCPEeACTBEHHBINM BKIAL, B aKTUBAIUIO
MuodubpobaacToB 1 passuTue Gubposa [28].

Kak roka3sajio BbITIOJTHEHHOE HaMU UCCIeloBaHMe, y TAlIMeHTOB C HU3KMUM U BbICOKMM CYyMMapHBIM OTHOCUTEJIb-
HBIM cofiepskaHyeM 6a30(hMI0B 1 303MHOPIUIIOB epudepuuecKkoii KPOBY KIMHUKO-AeMorpadidyeckie mokasare-
JIU He pasnndaaich. OmHAKO OIS YIOBIETBOPUTETbHBIX Y HEYIOBIETBOPUTETbHBIX PE3Y/IbTATOB JIeUueHMsT Oblia
JIOCTOBEPHO BbilIe B rpyrie ¢ (B +E) > 1,2 %. CemoBaTeibHO, CYMMapHOe OTHOCUTEIbHOE cofepskaHme 6a3odu-
JIOB U 303MHOGMIOB nepudepnieckoii KpoBu > 1,2 % B mpenornepanyiOHHOM II€PUOE SIBJISETCS He3aBUCUMbIM
MIPeIMKTOPOM penyanBa GubdporponmbepaTMBHOIO MPoIecca y MaleHTOoB, TPOoIeprPOBaHHbIX M0 oBoxy KII.

Pesynbrarsl ROC-aHanM3a CBUIETETbCTBYIOT O CpeIHEl TPOTHOCTMUECKOV 3HAUMMOCTM TaHHOTO TTOKa3aTeJs
13-3a crenuduyHOCTU MeHee 60 %, OIHAKO B KOMILJIEKCE C IPYTUM JIeIKOLUMTapHbIM MHAEKCOM (TUMbOIH-
TapHO-MOHOIIMTAaPHBIM COOTHOIIIEHEeM), KOTOPbIi IMO3BOJsIeT IpeAcKasaTh porpeccupoBanne KII u nmeer
BBICOKYIO IIPOTHOCTUYECKYIO 3HAUMMOCTD [29], OH MOXKET OBITh MCITONIb30BaH B ITPEIOIePAIMIOHHOM ITPOTHO-
3MPOBAHUM UCXOAOB JedeHus nauyeHTos ¢ K/ [30].

HpI/IBO,[U/IM KOHKpPEeTHbIE€ KIIMHNYECKME IIPUMEPDI MCITI0JIb30BaAHMA criocob6a MMPOrHO3MpPOBaAHUS.

IMpumep 1. Iaunent X., 71 1., mocTynmn Ha jevenne B LlenTp Mnusaposa B Host6pe 2021 I. ¢ AMarHo3om:
IBYCTOPOHHMI JIAMOHHBIN (acinanbHblii Gubpomaros, mpuobperénHas medopmanus I1-V manabiieB geBoit
kucty, KII IV crenenn (cymmapHblii yron gedopmanyy 190°). ConyTcTByiomiye 3a60eBaHusI: TUIIEPTOHMYE-
cKast 6071e3Hb 3 CTeIeHM, XPOHMYECKas CepIeuHast HeloCTaTOUHOCTh, GMOPWILISLINS TIPeICePaNil BHE IMapoK-
cu3Ma, 6ome3Hb bexTepeBa, MO3MHSS CTagMS.

Vi3 aHaMHe3a 3a6oseBaHus: 60/ieH 8 JieT; cHavaja pa3sBMBalOCh OTpPaHUYEHMe OBUKEHUIT U CTOKMe KOH-
TPaKTYPbI IEBOI KUCTH, 3aTEM IIPaBOIi; Ha MPOTSKEHNY 5 JIeT 3a ieueHneM He obpainasics. 07.03.18 onepupo-
BaH B IleHTpe Mnm3apoBa o moBoay MpuobpeTéHHOI nedopmatiuy V nabiia mpaBoit kuctu, KT 111 creneHn.
Pe3ynbTaTOM JIeueHUsT OCTaICS AOBOJeH. [10 MaHHBIM apXUBHOM MCTOpUM O60Ie3HU, TMMEPOIIUTaAPHO-MOHO-
LIUTAPHbIN MHIEKC — 5,8 (60JbIlIe TOPOTOBOTO 3HAUEHMS, UTO He YKA3bIBAET Ha IMPOTPeCCUPYIONINIA XapaKkTep
3ab0j1eBaHMSI HA TOT MOMEHT), CyMMapHOoe cofiepskaHye 303MHOGMI0B 1 6a3odunoB — 1 %, 4To cBUIETEb-
CTBYET O BEPOSITHOCTM MOJYYEHMST XOPOIIEero ¥ OTIMYHOTO pesyabrara onepaunm 95,23 %. Ha MomeHT 06-
palieHus mauyeHTa 1o IoBoay JedopMaliuu JIeBoii KUCTU BOCCTAHOBJIEHMe CTMOaTeNbHO-Pa3TMOaTebHbIX
IBVKEHUI OIepMpPOBaHHOI V IMaibIla ITPaBoil KUCTU ObIIO ITPAKTUUYECKY TTOJTHBIM.

CyMMapHbIi1 yroa KOHTPaKTypbl V jyda JieBol KUCTU A0 onepamuu coctasisui 190°. Tlo maHHBIM mpeaorie-
panyoHHOro aHanm3a Kposu (2021 r.) nuMdonuTapHO-MOHOUUTAPHBIN MHIEKC — 5,75 (60sblie MOPOroBo-
r0 3HAUEHMS, UTO TaKKe He YKa3bIBAeT Ha MPOTPeCCUPYIONINii XapakTep 3a607eBaHysT Ha TaHHbIII MOMEHT).
CymMapHoe comepskaHue 303MHO(GMIOB U 6a30hmiaoB — 1,0 %, UYTO CBUAETEIBCTBYET O BEPOSITHOCTY TTOJTY-
YeHMSI XOPOIIIEero ¥ OTVIMYHOTO pe3yibraTa onepauun 95,23 %.

18.10.21 mpoBenmeHa omepaius: uccedyeHne ¢GUOPO3HO M3MEHEHHOTO JIAJOHHOTO aroHeBp03a B IMPOEKIUU
[1-V sryueit 1eBoit KUCTH, apTPOIN3 TIPOKCUMATbHOTO MeX(haTaHToBOro cycTaBa V majblia, KOsKHAasI IIacTMKa Ja-
TIOHHOJ TTIOBepXHOCTU V Jy4da JIeBOl KUCTY MeCTHBIMU TKaHSIMU, OCTeOCHMHTe3 V Tyya MUHUaInapaTom Mnmsaposa.
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[To maHHBIM KOHTPOJIBHBIX OCMOTPOB IaljieHTa yepes 6 1 12 Mec. rowie onepanuy, Ha JIeBOi KUCTU CyMMap-
HbII1 yron gedopmatium ymeHbimics co 190° no 60° 1 45° cOOTBETCTBEHHO, a MH/IEKC PeIyKIUY KOHTPAKTYPbI
cocrasun 0,68 u 0,76. [locenHee 3HaUeHME COOTBETCTBOBAJIO OTVIMYHOMY Pe3y/bTaTy ONepaTMBHONM KOPPeKIun
U COBIIAJIO C OCHOBAHHBIM Ha MOKa3aTessix rnepudepuyueckoit KpoBU MOI0XKUTENIbHBIM MTpeoTepalMOHHbIM IIPO-
THO30M, HECMOTPSI Ha KpaiiHIOIO TSKeCTh 3a00/ieBaHms (MHOKeCTBeHHast KOHTpakTypa I1-V masbiies IV crenenn).

IMpumep 2. IauyenT V., 36 jeT, MOCTYIIWI Ha jedyeHue B LlenTp MnnsapoBa ¢ AMarHo30M: JaJOHHbBIN (ac-
LIMaabHbI (puOpomMaros, mpmuobpeTéHHas gedopmanys mpaBoii KUCTHU, KoMouHMpoBaHHast KII u V manbia
neoii kuctu II-III crenenu (cymmaphsiit yron nedopmanym 90°).

IMTo maHHBIM MpeIoIepalIOHHOTO aHaIM3a KPOBY IMM@OLMTapHO-MOHOIIUTAPHBI MHAEKC — 5,39 (6osblie
IIOPOTrOBOTO 3HAYEHMSI, UTO HEe YKa3bIBAeT Ha IIPOrPeCcCUPYIOIINii XxapakTep 3ab6oieBaHusl Ha JAHHBIA MO-
MeHT). OIHaKO CyMMapHoOe comepskaHue 303MHOGMIOB U 6a30duioB 2,8 % (6oblie ITOPOTOBOTO 3HAYEHMS
1,2 %) yKa3bIBaeT, UTO BEPOSITHOCTH ITOJIYUEHMST XOPOIIEro 1 OTIMYHOTO Pesy/ibTaTa Orepaluy COCTaBIsIeT
He 6onee 70,00 %.

26.01.22 mpoBemeHa omepalius: ucceueHne Gu6pPO3HO M3MEHEHHOTO JIAJOHHOTO allOHEBPO3a B IPOEKIINU
V jiyda mpaBoOii KMCTU, apTPOIN3 MIPOKCUMAaTIbHOTO MeskdallaHTOBOro cycTaBa V IMasiblia, KOKHAS TJIaCTUKa
JIaJIOHHO TTOBEPXHOCTH V JIyda JIeBOi KMCTY MEeCTHBIMM TKaHSIMM, OcTeocuHTe3 IV jgyda MyHMATIIIapaTOM
Wnusaposa.

KOHTpOMBHBI OCMOTp IalMeHTa yepes3 6 MeC. BbISIBMJI CYMMapHbIJ YroJl KOHTPakTyphl 30°, a uepes 12 mec. —
90°. IH[eKC peLyKLUyM KOHTPAKTYPbl Uepe3 rof, mocje onepauyum coctabuia 0°, 4YTo COOTBETCTBOBAIO HEYOB-
JIETBOPUTENBHOMY PE3Y/IbTaTy.

B maHHOM KJIMHMYECKOM IIpUMepe TTOATBEPANUIICS TPOTHO3 O CHYDKEHUY BEPOSITHOCTY XOPOIIETO U OTJIMYHOTO
pe3yIbTaTOB OIEPaINy B CBSI3M C BBICOKMM CYMMapHbBIM COZepsKaHyeM 303MHOMGIMIIOB 11 6a30hNUIIOB.

3AKJIIOYEHUE

IMpoBemeHa paspaboTKa OOIIEHOCTYITHBIX MPOTHOCTUYECKUX KPUTEPUEB IPOTPEcCUPOBAHUS U PELVAVBU-
poBauust KJI. B KauecTBe MPOTHOCTUYECKUX KPUTEPUEB MCIIONb30BaHbI JUMGOIMUTaPHO-MOHOIVUTAPHbIN
KO3 OUIIMEHT M CyMMapHOEe OTHOCUTENIbHOE comepikaHue 6a30bmiaoB M 303MHOGMIOB. IIpy 3HAUEHUM
TUM@OLUTaPHO-MOHOIUTAPHOIO Ko3dduiimeHTa 6omee 3,1 BbI6OP TAaKTUMKM OIEPATUBHOIO JieUeHUsT (Ma-
JIOMHBa3UBHAs (acIMOTOMMS VI BAapMAHTBI OTKPBITOI (DACIIMIKTOMMM) OCYIIECTBIISIIOT B 3aBUCUMMOCTU
OT JIOKAJIbHOTO CTAaTyCa, BO3pacTa, KOMOPOMAHOCTM U MPeNIIouTeHMii manuyeHTa. [Ipy 3HaueHUM TMMbOI-
TapHO-MOHOIIMTAPHOTO MHeKca MeHee 3,1 AesaioT MPOTHO3 O BHICOKOW BEPOSITHOCTY MPOrPeCcCUPOBAHMS
dacimaabHOro GMGpPOMaTO3a, UTO SIBJISETCS TOMOTHUTENIbHBIM ITOKa3aHWEM Il paAUKaIM3aluy OTlepaTHB-
HOT'O METOJa JIeueHMsI, — BBIIIOJTHEHMSI OTKPBITOI TUITOAePMOGaCIMIKTOMUM U gepModacuysKkToMun. IIpu
3HAUEeHUM CYMMAapHOTO OTHOCUTEILHOTO COiepyKaHus 903MHOMDWIOB 1 6a30pIoB MeHee 1,2 % menarooT npo-
THO3 0 6JIarOIPUSTHOM MCXO/Ie MaJTOVHBAa3UBHBIX ¥ OTKPBITHIX OTIEPATUBHBIX BMEIIaTeNbCTB. [Ipy 3HaUeHUN
CYMMapHOTO OTHOCUTEIBHOTO COMlep>KaHMsI 303MHOGIIOB 1 6a30wmioB 1,2 % u 60siee BbICOKA BEPOSITHOCTh
MIPOTPECCUPYIONIETO TTOCTIEO0NePaIMOHHOr0 GMOPO3UPOBAHMS U PA3BUTUS PyOIIOBOIT KOHTPAKTYPbI, TOITOMY
B O/TiKaiiIieM IocaeonepalioHHOM Iepuofe HeobXomyma yCuaeHHas Tepanusl OTEYHO-BOCIATUTETbHOTO
CUMHIPOMA, a B OTHAJIEHHOM mepuoje — auTudubporudeckas repamnus [31, 32].

[TpuMeHeHMe pa3spabOTaHHBIX KPUTEPUEB He TpeOyeT MaTepuaIbHbIX 3aTPaT, HO OHM 06/1aal0T IMPOrHOCTH-
YeCKOJ 1[@eHHOCTBIO ¥ BAYKHBI [IJIST YTOUHEHMST TAaKTUKM JIeUeHMSI, T09TOMY 1ieiecoo6pasHo MX MpUMeHeHe
B LIMPOKOV KIIMHUYECKOI ITPaKTUKE.

Kongnukm unmepecos. He 3as8eH.
@uHaHcuposanue. Hayunas paboma uxancuposara é pamkax zocydapcmeertozo 3adavus 2021-2023 ze.
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3aBMCUMOCTDb YPOBHA CbIBOPOTOYHOIO NpoKaabuUTOHUHA OT MMKpOCIJnOpr
B oyare MHqJEKUMM npu XpoHn4yeckomMm ocreomMmuenuTte

W.B. WunuubiHa™, E.B. Ocunosa, A.J1. Lactos

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

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

AHHOTaua

BBenenme. VccnenoBanne ypoBHS npokaibuuToHnHa (IIKT) omHOBpeMEHHO ¢ moceBaMy KPOBY Ha CTEPUIIb-
HOCTb $SIBJISIETCSI B&XKHBIM [IOTIOJTHEHMEM B IMAarHOCTMYECKOM aJITOPUTMeE XPOHMYECKOTO OCTEOMMUETNUTA.

Ilesb paGoThI — BBISIBUTH CBSI3b CbIBOPOTOUHOTO ITKT ¢ MUKpOGDIOPOIi, BhIIEeIEHHON 13 KPOBU, PaH U CBU-
IIei y MalyeHToB ¢ XPOHUYECKUM OCTEOMUETUTOM.

Marepuasnbl M MeTOAbI. [IpoBeieH peTPOCTIEKTUBHBIN aHaIM3 MUKPOMIOPhI paH, MOCEBOB KPOBM HA CTe-
PUWIBHOCTb U pe3ysibTaToB uccienoBanms Ha ITKT.

PesynbTaThl. B MUKpOOHOM ITeii3aske paH, CBUILEH M KpoBy y mauyeHToB ¢ [IKT menee 0,5 ur/mia u ot 0,5
1o 2,0 Hr/MJI Ipeo61afaiy rpaMIIoIoKUTeIbHbIe MUKpOOprauusmel. Y mauueHToB ¢ IIKT ot 2,0-10,0 u BbIiIe
10 Hr/MJI BBIIEISUTCH KaK IPaMITOIOKUTENbHbBIE, TAK U TPAaMOTpUIlaTeabHble 6akTepyy. Cpeay OI0KUTETb-
HBIX KY/IbTYp KPOBM Ha TIEPBOM MeCTe 10 YaCTOTe BbleNeHNs ITaMMbl S. epidermidis, njanee ciegoBaau 130-
nstel S. aureus, K. pneumoniae, S. agalacteae, S. hominis. IIKT B KpoBU y ceMy 4ejioBeK ObUT BbIlie 10 Hr/mi,
y 6 — ot 2,0 mo 10,0 Hr/Mmn. Y OBYX UelOBeK OTMeuYeH HU3KWi1 ypoBeHb ITKT, mpu 3TOM B KPOBU OOHApYKeH
MHQEKIVOHHBI BO3GYIUTENb.

Oo6cykaenue. Y manyeHToB ¢ [TKT menee 0,5 Hr/mt B MUKpoduiope paH U CBUIIEN Yallle BCETrO BCTPEUAIOTCS
TPaMITOJIOKUTEIbHbIE MUKPOOPraHmM3Mbl. o/l manyeHToB co 3HaueHussMu [IKT > 2 Hr/mM U rpaMoTpuIia-
TeJIbHbIMM GaKTepusIMM B ouare, Oblja BbIIIe B CPABHEHUM C IMalMeHTaMM C IPaMIIONIOKUTEIbHOM MUKPO-
dnopoit. Tem He MeHee, OOHAPYKeHHAs BbICOKASI KOPPEISIIIMOHHAS B3aIMOCBSI3b MeKIY MUKPOOMOIIEHO30M
paH Malu¥eHTOB ¥ 3HAYeHMSIMY MTPOKAIbLIMTOHYHA TOATBEPKIaeT BeIYIIYIO POJIb IPaMITONIOKUTETbHbBIX 6aK-
Tepuii B pa3BUTUM OCTEOMMEITNATA.

3akimoueHue. [Ipy MOIOKUTENIBHBIX TOCEBAX KPOBU YPOBEHB ChIBOPOTOUHOTO ITKT B GONBINMHCTBE CIyYaeB
6171 Bhilire 2,0 Hr/MJI1. Hanuune rpaMoTpuiiaTelIbHbIX OaKTepPHii B KPOBU, TAKKE KakK 1 B paHe, COITPOBOXKIATICS
sHaueHusamu [IKT Borimre 10 Hr/MiI.

KnioueBble CJI0Ba: XPOHNMYECKIMIT OCTEOMMENTAT, TPOKATBIIUTOHNH, MUKPOQJIOpa, PE3UCTEHTHOCTD
Jns nutupoBanus: [llunnusina U.B., Ocumnosa E.B., lllacToB A.JI. 3aBMUCMMOCTb YPOBHS CbIBOPOTOYHOTO IIPOKAIbIM-

TOHMHA OT MUKPOMIOPHI B ouare MHOEKIMM MIPU XPOHUUECKOM ocTeomuenuTe. [enuti opmoneduu. 2025;31(2):218-225.
doi: 10.18019/1028-4427-2025-31-2-218-225.
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Dependence of serum procalcitonin level on microflora
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Abstract

Introduction The study of procalcitonin (PCT) levels simultaneously with blood cultures for sterility is
an important addition to the diagnostic algorithm for chronic osteomyelitis detection.

Purpose of work is to study the relationship of serum PCT with the microflora isolated from blood, wounds
and fistulas in patients with chronic osteomyelitis.

Materials and methods A retrospective analysis of wound microflora, blood cultures for sterility,
and procalcitonin test results was performed.

Results Gram-positive microorganisms prevailed in the microbial tests from wounds, fistulas and blood
in patients with PCT less than 0.5 ng/ml and from 0.5 to 2.0 ng/ml. In patients with PCT levels from 2.0-
10.0 and abovelO ng/ml, both gram-positive and gram-negative bacteria were isolated. Among positive
blood cultures, S. epidermidis strains were the most frequently isolated, followed by S. aureus, K. pneumoniae,
S. agalactae, and S. hominis isolates. PCT in the blood of seven patients was higher than 10 ng/ml;
and six patients had it from 2.0-10.0 ng/ml. Two subjects had a low PCT level, but an infectious agent was
detected in their blood.

Discussion In patients with PCT lower than 0.5 ng/ml, gram-positive microorganisms are most often found
inthe microflora of wounds and fistulas. The proportion of patientswith PCT values > 2 ng/ml and gram-negative
bacteria in the focus was higher compared to patients with gram-positive microflora. Nevertheless,
the detected high correlation relationship between the microbiocenosis of patients' wounds and procalcitonin
values confirms the leading role of gram-positive bacteria in the development of osteomyelitis.

Conclusion In positive blood cultures, the serum PCT level was usually higher than 2.0 ng/ml. The presence
of gram-negative bacteria in the blood, as well as in the wound, was accompanied by PCT values higher
than 10 ng/ml.

Keywords: chronic osteomyelitis, procalcitonin, microflora, resistance
For citation: Shipitsyna IV, Osipova EV, Shastov AL. Dependence of serum procalcitonin level on microflora
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BBEIOEHUE

XPpOHUYECKMI OCTEOMUETUT — CJIOXKHASI M TPYIHO ITOAAA0NIAsICs JIEUeHMIO KOCTHAsI OaKTepuaibHas WU Tpub-
KoBast MHMeKIMsI, xapaKTepr3y0Iasics IPorpeccupyoieil BOCIaauTelbHOM TecTpyKIei, HeKpo30M U IIpo-
nmudeparmeii B 061acTy mopaskeHMs KOCTY, Pa3BUBAIOIIASICS B Pe3y/IbTaTe OCIOKHEHMST paHeBOTO ITpoliecca
MIPY €ro COOBIIEHUN C KOCThIO, ONIEPATUBHBIX BMEIIATENbCTB Win 6akrepuemun [1-3]. Kak mpaBwmio, ocTe-
OMMEUT MMeeT 9K30TeHHOe MPOMCXOKIeHMe, BbhI3BAHHOe MUKPOOHON MHBa3Meil, 4acTo ¢ 06pa3oBaHMEM
6uoruteHKk [4-8]. JledeHre 6OMbHBIX XPOHUUECKUM OCTEOMMETUTOM TpebyeT IIUTETbHON ¥ MHTEeHCUBHO
AHTUMMUKPOGHOI Tepanui, BCIeACTBME Yer0 BO3SHUKAET PUCK PAa3BUTUS pe3ucTeHTHOCTH. KpoMe TOro, ocTe-
OMMEJIUT OITaceH OCIOKHEHUSIMM (CeTICUC, OaKTepueMus U Ip.).

B mociegHme rompl BHOBH BO3POC MHTEpPEC K M3YUEHUIO POIM PA3IUMUHBIX 6romapkepoB (C-peakTUBHBIN
0€eJIOK, MHTEPJIeKMHBI 6 U 8, TAKTAT, ITPeCEeIICUH, TPOKAJIbIIUTOHVH U APYTHE) B IMATrHOCTHUKE U OLIEHKe prcKa
BO3HMKHOBEHMS BOCIIAJIUTENbHBIX CMHAPOMOB [9-11]. Cpepyt Hux BoigesnseTcs npokanbuutoHuH (TIKT), ko-
TOPBI cunTaeTcs crienuuIeckumM MapkepoM 6akTepuanbHOM nHpeKunn [12-16]. Mi3BecTHO, UTO YPOBHU
ITKT B cbIBOPOTKE KPOBU Y 3[0POBBIX Jtofeli MeHbile 0,1 Hr/mi. IIpu TsskeabIx 6aKTepuaTbHbIX U FeHepain-
30BaHHOI TpMOKOBOI MHbekIMsIx KoHteHTpauus [TKT 6bICTpO MOBBINIAETCS, HO OCTAETCSI HU3KOI MpU BU-
PYCHBIX MHGEKIMSIX U Hecrenu(iecKux BOCTIAIUTENbHBIX 3a601eBaHmsIX [17].

VzonupoBauHbiit aHanm3 [TIKT HemocTaTOUHO MHGOPMATUBEH, TOCKOJIbKY €r0 YPOBEHb MOKET ObITh MTOBBI-
IIIeH He TOJIBKO TP OCTPBIX ¥ XPOHMUUECKUX MHMEKIMOHHBIX ITPOIIeccax, BKIIOUasi OCTEOMMENINT, HO U TIPU
Pa3IMYHBIX HeMHMEKIIMOHHBIX COCTOSTHUSIX, TAKMX KaK ayTOMMMYHHbIe 3a60IeBaHMsI, TSIKeJble orepalun,
TPaBMblI, O’KOTHU, AJIUTENIbHbIN KapAMOTEeHHbIN IIOK, cTpecc [12, 13, 18].

[MO/IOKUTENBHBIN TTOCeB KY/IBTYPhl KPOBM CUUTAETCS] 30JI0THIM CTAHJAPTOM IMarHOCTUKM OaKTepueMmumu,
TeM He MeHee, OTpULIaTelbHbIE Pe3y/IbTaThl HE BCErNa MCKIIUAIOT eé oTcyTcTBure [14, 19, 20]. it Muxkpo-
6110710rMYeCcKOro MCCIef0BaHMsI KpoBY TpebyeTcss BpeMsl, YTO He MO3BOJISIET MCIIONb30BaTh ero B KauecTse
akcripecc-Tecta [21]. Beicokue 3Hauenus [IKT nipu oTpuiiaTenbHbIX pe3yabTaTax IoceBa KPOBY MOTYT YKa3bl-
BaThb Ha Ha/IM4ye MeCTHOI'O BOCIIaJIeHN s, TOI/A KaK ero ITOBLIIIEeHHbIV YPOBEHD U ITOJIOXKUTE/IbHbIN pe3y/bTaT
roceBa MOATBEPKAAIOT CUCTeMHbII MH(EeKLIMOHHBIN MPOoIecc.

UccnepoBanuio ypoBHs [IKT 1 pe3ysnbTaTOB II0CEBOB KPOBU Ha CTEPUJIBHOCTD Y MALMEHTOB C XPOHUYECKUM
OCTEOMMEIUTOM ITOCBSIIEHbl eAyHMYHbIe paboThl. [To maHHbBIM jauTepaTtypsbl, IIKT urpaet posib 4yBCTBU-
TEJbHOTO U crienuduueckoro Mapkepa B IMarHOCTUKe MHGEKIMI KocTei 1 cycTaBoB [22]. [TonoskuTenbHbIe
pe3yabTaThl IOCEBOB KPOBY OTMEUEHBI ¥ 53 % MallMeHTOB C OCTEOMUETUTOM TTO3BOHKOB, ¥ 19 % ¢ KOCTHOI
mHbeKmeii n 7 % ¢ mapaMMIUIaHTHOM nHbeK1men [7].

IyarHoCTMKa OCTEOMMEINTA TPeOyeT COBOKYITHOCTY KIMHUYECKMUX MPU3HAKOB U CMMIITOMOB, MHCTPYMEH-
TaJIbHBIX ¥ TAO0PATOPHBIX MCCAEA0BAaHMIA, B TOM UMC/IEe M aHaIM3 Ha MUKPODIIOpY C OIpee/ieHMeM UyBCTBU-
TeTbHOCTU K aHTMOMOoTMKaM [23]. UccnemoBanue cbiBOpoTouHOTO [TKT OJHOBpEMEHHO C IT0CeBaMU KPOBU
Ha CTepUJIbHOCTh MOYKET aTh TOMOJHUTENbHYIO MHGOPMAIIMIO BpayaM, TO3BOJISISI M IIPOTHO3MPOBATh Teue-
HMe ¥ UCXO[I 3a00/1eBaHMSl Y TALIMEHTOB C XPOHUYECKMM OCTEOMUETUTOM.

Ilesib paGoOTBI — BBISIBUTH CBSI3b ChIBOPOTOUHOTO ITKT ¢ MUKpOdIOpOIi, BbIIETIEHHO 13 KPOBM, PaH U CBU-
11eli y NayieHToOB C XPOHNYECKUM OCTEOMMETNTOM.

MATEPUAJIBI U METO/bI

B nccnemoBaHe BKIIOUEHbI MAlMeHThI (N = 123) ¢ XpOHMUYECKUM OCTeOMUEeIUTOM BHE 3aBUCUMOCTU OT JIO-
KanuMsaluy U MexaHM3Ma ero BO3HMKHOBEHUS, MPOXOOVBIINME JeUeHMe B KJIMHUKE THOWHOWM OCTEeON0rUu
HMMUII TO nmenun akagemuka [LA. Mnusaposa B niepuopn ¢ 2021 mo 2023 rr. CpegHuii BO3pacT NanyueHTOB
coctaBui 55 set (IQR 43-66), Ha MO0 MYsKUMH MTpuxonyioch 70,3 % (71/101). OTcyTCTBOBa/IM 3HAUMMbIE
pasanums MeXIy rpynnamMy MY>KUMH U JKeHIIWH o Bo3pacty (p = 0,32).

[TpoBefeH peTpPOCIIeKTUBHBIN aHaIN3 MUKPOOMOIOIMUECKUX ITOCeBOB (11 = 294), B TOM Uuc/ie KPOBU Ha CTe-
PUIBHOCTb. [IPOKANBIIMTOHMHOBBIN TECT BBITIOIHSUIM OJHOBPEMEHHO C 3a60pOM KPOBM Ha CTEPUIBHOCTH
M Ha TPeTbM CYTKM TOCIe oIlepaluu. B claydyae HeynOB/IETBOPUTENBHOTO pe3y/ibTaTa, TeCT IOBTODPSIIN
Ha 5-9 cyT. 110 Ha3HAUYEHMIO Bpaya.

st 6BICTPOTO KyTBTUBMPOBaHMS TATOTEHHBIX MUKPOOPTAaHM3MOB B KPOBU MCIIO/Ib30BAIN aBTOMAaTHYUECKUIA
ananmsarop cepun IOHoHa® Labstar 100. MuKpoOHBIe KyIbTYPbl MAEHTUOUIIMPOBAIN 10 BUIA HA 6aKTepu-
oJIOTMYeCKOM aHajmsaTope BactoScreen, OO0 HII® «JIuTex», ompeneneHue UyBCTBUTEIbHOCTY OGaKTepuii
K aHTMOaKTepUaIbHBIM ITpernapaTam JucKo-nuddy3MoHHBIM MeTOIOM Ha cpene Mrosutepa — XuHTOHA. B 3a-
BUCHMOCTY OT BMJIa MMKPOOPTraHM3Ma MUCII0/Ib30BaIM Pa3MyHble HAOOPbI aHTUOMOTUKOB:

— 1711 HepepMEeHTHUPYIOIIMX TPaMOTPUIIATeNbHBIX GakTepuit: 1 — TeTpaiukind (30 MKT), 2 — aMMUKaIlMH
(30 mKrT), 3 — rearamuiiH (10 MKr), 4 — To6pamuiinH (10 MKr), 5 — munpodsiokcauyH (5 MKT), 6 — 1eBod-
JokcanyH (5 Mkr), 8 — meporieHem (10 Mkr), 9 — umumnedem (10 Mxr), 15 — nunmepanuuIMH/Ta3o0aKkTaM
(30/60 mxr), 23 — edenum (30 MKT);
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— IJis SHTepobakTepuii: 1 — TeTpaunkiauH (30 MKr), 2 — amukauuH (30 MKr), 3 — redntamuiiut (10 MKr), 5 —
uunpodaoxcaiuH (5 Mkr), 6 — neBodaoxcaiuH (5 Mkr), 8 — meporneHem (10 Mkr), 9 — umuneHem (10 MKT),
13 — nedrasumum (10 MKr), 14 — nmedorakcum (5 MKr), 15 — nunepanmmuimH/Tasobakram (30/60 MKr);

— 1 cTadMIOKOKKOB: 1 — TeTpaunkiauH (30 MKr), 3 — reHTaMuiiuH (10 MKr), 5 — uumnpodoxcaiit (5 MKT),
10 — BankomuLuH (5 MKr), 12 — medokcutuH (30 MKr), 16 — KIMHAAMUIMH (2 MKT), 17 — SpUTPOMULIMH
(15 mxkr), 18 — dy3uauu (10 mkr), 19 — nmuuesomup (10 Mkr); 21 — pudamnuunH (5 MKr);

— IJISI SHTEPOKOKKOB: 3 — reHtamuiiyH (30 MKr), 10 — BaHKOMuIMH (5 MKT), 11 — aMmouuyinH (2 MKr), 27 —
HopdmokcanuH (10 MKr), 19 — nuuesonum (10 MKr);

— IJIST CTPEITTOKOKKOB: 11 — amrmuiiuH (2 MKr); 14 — nedorakcum (5 MKr), 16 — KIMHIAMULIVH (2 MKT),
20 — 6eH3WINeHUIMIINH (1 MKT).

O11eHKY pe3y/IbTaTOB IIPOBOAIN, UCIIOab3yst Kputepuy EUCAST (auzi.: European Committee on Antimicrobial
Susceptibility Testing, Version 9.0, valid from 2019-01-01). YMepeHHO-pe3UCTeHTHbIE HITAMMbI OTHOCUJIA
K Pe3UCTEHTHDIM.

Konuentpauuio IIKT B cbIBOpOTKe KPOBM OMpeesisyiv MOTyKOJINYeCTBeHHBIM MEeTOA0M C moMolbio NXA-
npoxkaabIUTOHUH-TecTa (Poccust). UIHTepnpeTalunio pe3ylIbTaTOB MPOBOAVIIN B COOTBETCTBUY C PEKOMEH 1 a-
LVSIMU TIPOU3BOAUTEIS :

< 0,5 Hr/ms — cucteMHast MHGEKIMS MaJIOBEPOSITHA, XOTS BO3MOXKHA JIOKAIM30BaHHASI MHGMEKITNS ;

0,5 — < 2 °Hr/MJ11 — cucTeMHas MHQEKI S BO3MOXKHA, HO [pyTMe COCTOSIHUS (HallpuMeD, cepbe3Hasi TpaBMa,
HeJaBHSS OIlepanys, TSDKebIM KapAVMOreHHbIV HIOK) TAalkoke MOIYT BbI3bIBaTh 3HAUMTE/IbHOE ITOBBILIEeHYE
ypoBH# [1KT;

2 — < 10 Hr/ma — BeposITHA CUCTeMHAast MHDEKIINS;
> 10 Hr/MJT — BBICOKAsI BEPOSITHOCTD TSIKEJIOTO GaKTePUaTIbHOTO CeIcyca WM CEITUYECKOTO IIOKa.

[MonyueHHBIE pe3ybTaThl UCCIEIOBAHMS pa3/ie/ieHbl Ha IBE TPYIIIbI: TTOJIOKUTEIbHbBIE Y OTpUIlaTeIbHbIE. [T0-
JIOKUTEJIbHbIE Pe3yIbTaThl B 3aBUCYMOCTY OT BbII€JIEHHBIX MUKPOOPTaHM3MOB B KYJIbTYpe KPOBY MJIM OoUare
pasesieHbl Ha [[Be KaTETOPUM: IPaMITOJIOKMUTEIbHbIE Y ITPaMOTPUIIATETbHbIE OaKTePUM.

IOnst 06pabOTKM M CTATUCTUUYECKOTO aHaau3a IIOTYYEeHHBIX Pe3yAbTaTOB MCIIONB30BAIM IIPOTPAMMY
Gnumeric 1.12.17. KonuuecTBeHHbIe TIepeMeHHbIe IpeiCTaB/leHbl B BUIe MeAMaHbl ¥ MHTePKBAPTUIHLHOTO
pasmaxa (IQR), a kauecTBeHHble — B BUJe NPOLEHTOB. HemapameTpuuecknii kputepuii Buiikokcona uc-
MIOJIb30BaA/IN JJ151 ONIpefie/IeHNs pasnuumii Mexxay rpynnamu. [11s nsydeHus: B3aMOCBSI3M MeXy 3HaUeHMSsI-
MM MTPOKATBIUTOHMHA U BUIOBBIM COCTaBOM OAaKTEPUIA, BbIIeJIEHHBIX U3 PaH, PACCUUTHIBAIN KOIDPUIMEeHT
paHroBoii Koppensiuuu CnMpMmeHa. VIHTepripeTalyio MOAYyYeHHBIX JaHHBIX POBOAMIN IO LiKane Yenmoka.
Pasnmuuns cuntanu 3HaUuMMbIMM Ipu p < 0,05.

Ha kinHMueckoe mcciefoBaHue MONMyYeHo paspelieHue komurteTa 1o 3tuke HMUL TO numeHnu akageMuka
IA. inu3apoBa, OHO MPOBENEHO B COOTBETCTBUM C ATUYECKMMMU CTAHAAPTAMU, U3JIOKEHHBIMU B XeTbCUHCKOM
Jexyapauumn.

PE3VJIBTATDHI

Kounentpanust IIKT B kpoBu Hmske 0,5 Hr/myu oTmeueHa y 52,0 % ob6cremyeMbix maiueHToB, oT 0,5
oo 2,0 ar/mi — vy 19,5 % (p =0,13), ot 2,0-10,0 ar/mn — vy 12,3 % (p = 0,049) u 6osee 10 ur/mn —y 16,2 %
(p = 0,049) uenoBek. ['pamoTpuilaTeabHass MUKPOGIOpa B KPOBY BbIJleJIeHa TOJIbKO Y MAaI[MEHTOB CO 3Have-
Husvu IIKT 6omee 10 Hr/mi (Tabi. 1).

Tabnua 1
KonmuecTBo nauyeHTOB ¢ XpOHMYECKMM OCTEOMMENIUTOM B 3aBUCUMOCTH OT ypoBHS [TKT
KT KonnyecTBo nauyeHTOoB 0 rofam TonoxuTensHas mpoba
HI‘/M;I 2021 (n=35) 2022 (n=31) 2023 (n = 57) 2021-2023 (n=123) Ha CTePWIbHOCTb KPOBU
abe. % abe. % abe. % a6e. % B nepyoy ¢ 2021-2023 rr.
<0,5 11 31,4 16 51,5 37 64,9 64 52,0 S. epidermidis (n = 3)
_ 19,5* S. aureus (n = 1),
0,5-2,0 12 34,2 6 19,4 6 10,5 24 p=013 S. hominis (n = 1
12.3% S. aureus (n = 3),
2,0-10,0 4 11,5 4 12,8 7 12,3 15 ~'0.:049 S. pidermidis (n = 3),
P=b Streptococcus spp. (n = 2)
16,2* S. pneumoniae (n = 3),
>100 | 8 22,9 5 16,5 7 12,5 200 1 p=0049 | S. epidermidis (n = 2)

HpumeuaHue: *— YPOBEHb 3HAUMMOCTU pasm/mnﬁ MeXay KOJIM4yeCTBOM 06CJIE,ZLOBBHHI)IX nanyeHToB co 3HaueHussMu [IKT meHee 0,5 HI/MJI.
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B MuKpo6HOM meji3aske 13 IaTojaornueckoro ouara y nauyeHToB ¢ I[IKT menee 0,5 ar/mit u 0,5-2,0 Hr/MII ITpe-
obamany rpaMITIoIOKMUTeIbHbIe MUKPOOPraHu3Msl (Tabi. 2). V nmaiuenTos ¢ IIKT ot 2,0-10,0 Hr/MIT 1 BbIliIe
10 HI/MJ BBIIEISINCH KaK TPAMIIOIOKUTEIbHbIE, TAK ¥ IpaMOTpuIiaTeIbHble 6akTepun. Cpeay rpaMoTpuIia-
TeJIbHbIX OaKTepuii M3 paH U CBUIIEI Yallle BCETO BhIIE/SIMCh SHTepOOaKTePIUIA, TPEMMYIIECTBEHHO IIITaMMBbI
K. pneumoniae, cpeay rpaMITIOJIOKUTETbHBIX OaKTEPMIT — IITAMMBI S. aureus.Y TSITU MAI[IeHTOB OTCYTCTBOBAJI
POCT MMKpPOOPraHM3MOB B ouare, rpu 3ToM ypoBeHb IIKT 6b11 0,5-2,0 "Hr/mia (n = 4), 2,0-10,0 Hr/mi (n = 1).
V ogHOro maieHTa mpy 6aKTeproIOTUYECKOM MCCIeAOBAaHMM IT0CEBA 3 PaHbl HE 0OHAPYKEHO POCTa MaTo-
TeHHBIX OaKTepuii, a TPy MCCIeAOBAaHUM KPOBM Ha CTEPUIBHOCTD BBISIBJIEH BO3OYIUTENDb Streptococcus spp.,
ripu 3Tom IIKT 6b11 B uHTepBaie ot 2,0-10,0 ur/ma. Y 10 maimeHToB MUKpOdIIOopa paH U CBUILEH He Co-
BITafajia C pe3yJbTaTaMy MOCEBOB KPOBM HA CTEPUIbHOCTD. [losis namyeHToB co 3HadeHusimu TIKT > 2 Hr/mn
Y TPAMOTPULIATEIbHBIMY OAKTEPUSIMU B oUare ObLIa BbIIIe B CPABHEHWY C MMAIIMEHTAMM C TPAMITOIOKATEIb-
HOVi MMKPOQJIOPOIA.

KoaduimeHTsl KOppensimy Mexkany MUKPOOMOIIeHO30M paH MallMeHTOB U 3HAUeHUSIMM TTPOKAIbIIUTOHK-
Ha CBUJIETEJIbCTBYIOT 06 06pATHO CBSI3U MEXKIY M3yuyaeMbIMU ITpU3HaKaMy. TeCHOTa 3TUX CBsI3eii Gblia 3a-
MeTHOI (r=-0,57 gjst rpaMOoTpuLIaTeIbHOV MUKPOQIOPhI) U BbICOKOI (= —0,74 O rpaMIIOI0KUTEIbHOM
MMKPOQJIOPHI) TT0 1mKaje Yemmoka.

Tabauia 2
YacToTa BCTpeuaeMocTy 6akTepuii B 3aBUCUMOCTH OT 3HaueHmit [TIKT
MUKpPOOpraHu3m TIKT, fr/nan
0,5 0,5-2,0 2,0-10,0 6onee 10

H®T'Ob 11 5 4 4
Enterobactereaceae 25 10 5 17
Bcero: 36 (44,4 %) 15 (18,5 %) 9 (11,1 %) 21 (25,9 %)
S. aureus 35 11 4 10
CoNS 15 6 2

Enterococcus sp. 8 2 - 5
Streptococcus sp. 1 1 -

Corynebacterium sp. 2 1 1 -
Bcero: 61 (55,5 %) 21 (19,1 %) 7 (6,4 %) 21 (19,1 %)
OTcyTCcTBOBA POCT: 9 4 1 0

Ipumeuarnue: HOI'OB — HedepmeHTUPYIOLIME TPaMOTpuiiaTenbHble 6akTepun, CONS — Koaryna3oHeraTMBHbIe OaAKTEPUMN.

TMonoskuTenbHas Mpoba Ha CTEPUILHOCTb KPOBM ITOJyveHa y 17 mauyeHToB. Y OBYX MallMEeHTOB IIPU Iep-
BUUHOM MCCJIeOBAaHUM KPOBU BbIJleJieHbl IITaMMbl K. pneumoniae, mpy 3TOM 3Ha4eHMUSI CbIBOPOTOUHOTO
TKT mnpesimanu 10 Hr/mia (Tab6m. 3). IIpy MOBTOPHOM MCC/IeIOBaHMM B KPOBM HaOII0IaIM CMEHY MUKPO-
(10pbI Ha TPAMITOJIOKUTEIBHYIO C OTHOBpeMeHHbIM cHIkeHmeM ITIKT mo 0,5 Hr/mi (manyeHTsr N2 1 N2 2,
Tabs1. 3).

Cpenyt TOJIOKUTENbHBIX KYJAbTYp KpoBM (n=19) Ha IepBOM MeCTe IO YacTOTe BBbIJEJEHUS IITaMMbI
S. epidermidis (n = 8, u3 Hux 6 — MRSE), nanee ciemoBanm u3onsitel S. aureus (n = 4), K. pneumoniae (n = 4),
S. agalacteae (n = 2), METULIMJUIMH-PE3UCTEHTHBIN S. hominis (n = 1).

IIKT B KpoBM y cemu ueyoBek 6buT Bbimie 10 Hr/mul, y mectu — 2,0—-10,0 Hr/Mia. Y ABYX YelOBEK OTMEYEeH
HM3KuiT ypoBeHsb IIKT, 1 1Ipu 9TOM B KpOBYM 0OHApPY:KeH MHGMEKIIMOHHBIV BO30YyaMUTeNb. Y IIeCTH MaIieHTOB
MMKpodIOpa KPOBU U UyBCTBUTENBHOCTb OAKTEPUI K TECTUPYeMbIM aHTHOAKTepUaIbHBIM IIperapaTam co-
BITajiana ¢ MUKpoduopoit paH. ['paMIionoskuTebHbIe 6aKTepyy, BbieJeHHbIe 13 KPOBU, ObIIM UyBCTBUTENb-
HbI K OOJIBIIMHCTBY M3 TeCTUPYEeMbIX IIperapaToB. YV MIeCTH MalMeHTOB 13 KPOBU ObUIM BbIZe/eHbI IITaMMbl
MRSE, iput aToM y 1BYX 13 Hux IIKT 6511 Bbiie 10 HI/MII.

[IITaMMbl 6aKTEPUIt, IPUHAIIEKALIIMUX K OMHOMY TaKCOHY, BbIZle/IeHHbIE OJJHOBPEMEHHO 13 KPOBU U U3 paH,
XapaKTepu30BalINCh OAMHAKOBOM UYyBCTBUTEIbHOCTbIO K aHTHGaKTepuaabHbIM mpemaparam. Cpeay Hau-
60see 3(pheKTUBHBIX aHTMOAKTEPUAJIbHBIX IIpeIapaToB B OTHOIIeHUM K. pneumoniae 6bLIM TTPALMKIVHbI
Y aMMHOIJIMKO3U b, B OTHOIIIEHUM 6akTepuit poma Staphylococcus — IIMKONENITUIbI, IMHEe30Iu, prdaMITu-
LIVH ¥ QY3UIVH.

Y Bocbmu nanyieHTOoB ¢ [TIKT Bbiiite 10 HI/MJI CHUKeHMe TTIoKasaTes 0 HOPMa/IbHbIX 3HAUEeHMUIT TPOUCXOOMUIIO
B TeueHue 7-9 mHeit. Y ceMu ManyeHToB (Y TPeX U3 KOTOPBIX U3 KPOBU ObLIM BbIEI€Hbl MUKPOOPTaHM3MbI)
IIKT He cHmkancs. Y 13 u3 15 mamnmueHToB ¢ rnepBoHavaabHbiMy 3HaueHMssMu ITKT ot 2,0 mo 10,0 Hr/Ma cHU-
SKeHMe TT0Ka3aTeJIsl O HOPpMa/IbHbIX OTMeUasoch B TeUueHue 5—6 gHeii.
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Tabnuua 3
AKTMBHbBIE aHTMOAKTEpMAJIbHbBIE TIPEITapaThl B OTHOIIEHUM GaKTePHii, BbII€JIEHHBIX OMHOBPEMEHHO U3 KPOBU U U3 PaH
Ne*| Minpogmopa kposn | SEBECIERIEE ST abowommor | KT, mr/u
] K. pneumoniae 1 K. pneumoniae 1 >10,0
S. epidermidis (MRSE) 10 S. epidermidis (MRSE) 10 <0,5
9 K. pneumoniae 2,3 K. pneumoniae 2,3 >10,0
S. aureus BCe TeCTVpyeMble S. aureus BCe TeCTUpyeMble <0,5
. K. pneumoniae 1
3 | K. pneumoniae 1 E. faecalis 121 > 10,0
. E. cloacae 2,9
4 | K. pneumoniae 1-3,6,8,9, 15, 22 E. faecalis 7 >10,0
5 |S. epidermidis (MRSE) 3,10, 16-18, 21 E. col 2-6,8,9,15, 22 <0,5
S. aureus BCe TeCTUpyeMble
6 |S. epidermidis (MRSE) 10, 18,19, 21 S. epidermidis (MRSE) 10, 18,19,21 2,0-10,0
7 |S. epidermidis (MRSE) 1,10, 18,19, 21 S. aureus (MRSA) 1,10,18,19,21 >10,0
8 | S. epidermidis BCe TeCTUpyeMble S. aureus BCe TeCTUpyeMbie 2,0-10,0
P. aeruginosa 2,3,5,8,9,15,23
9 | S. epidermidis BCe TeCTUpyeMble A. baumannii 4,8,9,15 <0,5
S. aureus BCe, Kpome 16, 17
10 | S. epidermidis (MRSE) 1,10, 18, 19, 21 S. epidermidis (MRSE) 1, 10,18, 19, 21 2,0-10,0
K. pneumoniae 2,3,8
11 | S. epidermidis (MRSE) 10, 18,19, 21 E. cloacae 1-4,6,8,23 > 10,0
K. pneumoniae 1,2,3,8
12 | S. hominis (MRSH) 10, 18,19, 21 P. aeruginosa 2,3,5,8,9,15 0,5-2,0
E. faecalis 2,10, 19
13 | S. agalacteae BCe, KpoMme 1 Pocra Het - 2,0-10,0
E. cloacae 2,6,8,9
14 | S. agalacteae 11 S. epidermdis (MRSE) 10, 19, 18, 21 > 10,0
E. faecalis 3,10,19
P. aeruginosa 1,3,4 2,0-10,0
15| S. aureus BCe, Kpome 5 A baumannii 1.4,8,9
16 |S. aureus BCe TeCTVpyeMble S. aureus BCe TeCTUpPyeMbie 0,5-2,0
17| S. aureus BCe TeCTHUpyeMble S. aureus BCe TeCTUpyeMble 2,0-10,0
IIpumeuanue: * — HOMepa MALMEHTOB C MOJOKUTETbHBIMYU IT0CEBaMM KPOBU. B cTonbO1e ¢ 3G dekTMBHBIMM MTpernapataMmy HOMepamu OT-

MeUeHbI aHTI/IGI/IOTI/[KI/I, YKa3aHHbI€ B pasaese <<M8.TepI/IafIbI M MeTOAbI».

OBCYXIEHMUE

CornacHo pesy/bTaTaM IPOBeIeHHOro ucciaenoBanust y mnaiueHTos ¢ ITIKT menee 0,5 Hr/Mil, Kak IIpaBuio,
13 oUara BbICEBIMCh TPAMMOIOXUTEIbHbIEe MUKPOOPTaHM3Mbl, TPEUMYIIeCTBEHHO S. aureus. YacToTa BCTpe-
YaeMOCTV IPaMOTPUIIATeTbHbIX OaKTepuii 6b1a B 1,7 pasza Huke. B TO ske BpeMsT y alleHTOB CO 3HAUEHUSIMU
IIKT Bbimie 10 Hr/MJ1 13 odara (paHbl, CBUILY, KPOBb) B PABHOI CTeIIeHM BbIAESUIMCh KaK TpaMOTpUILIaTeIbHbIE,
TaK ¥ IPaMIIONIOKUTeIbHbIE MUKPOOPraHM3MBbI. [Ipy 3TOM y BCeX NalieHTOB, Y KOTOPBIX BbILEIeHbI IITAMMbI
K. pneumoniae 13 kposu, ypoensb IIKT 6s11 Bbimie 10 Hr/mit. Bakrepun K. pneumoniae u MRSE, BbifieJIeHHbIE
OTHOBPEMEHHO 13 KPOBM U U3 PaH, XapaKTepU30BaINICh BICOKMM YPOBHEM PE3UCTEHTHOCTY K OOIBIIMHCTBY
TECTUPYEMbBIX aHTUMMUKPOOHBIX IIPEITapaToB.

Bo MHOTUX MCC/Ie[OBaHUSIX ONMCaHA KOPPEeSINsI MeXIy BBICOKMM YpoBHeM cbiBOPOTOUHOTO [1KT 1 rpamo-
TpULaTeNbHO MHpeKuyeit kpoBoToka [24]. Konnentpauyy [MKT 6bUM 3HAUMTENBHO BBINIE Y MAIMIEHTOB
C TIONIOKUTEIbHBIMY TT0ceBaMM KpoBu [25]. Ha Bbicokmit ypoBeHb ITKT B KPOBU CyIIIeCTBEHHOE BIIMSIHME OKa-
3bIBA€T SHIOTOKCHUH IPAMOTPUIIATENIbHBIX OAKTEPUIt, IBISIONIUIICS OOIUTaTHBIM JIMIIOTIONMCAaXapuIoM Gak-
TepUaJIbHOM CTEHKMN.

VccnemoBanust Tokas3aiu, YTo MHQEKIMS KPOBOTOKA, BbI3BAHHASI TPAMOTPULIATETbHBIMY GAKTEPUSIMU, TTPU-
BOJIUAT K 3HAUUTELHO 60Jiee BhICOKOMY YpOBHIO ITKT, ueM rpaMIonoskKUTEeTbHBIMU GaKTePUSIMI. DTO CBSI3aHO
C TeéM, UTO rpaMOTpPUIIATENIbHbIE U IPAMIIONIOKUTEIbHbBIE 6aKkTepuu pacrno3HaioT Toll-momo6HbIit penenTop 4
u Toll-rtog06HBI perenTop 2 Ha TOBEPXHOCTY KAETKM C TTOMOIIBIO JIMITOMIOMCAXapyia M JIUIIOTeNX0eBOoit
KICJIOTBI COOTBETCTBEHHO U BIIOWIEACTBUY MHIYIVPYIOT BBICBOOOKIEHVE PA3IMUHBIX IMTOKVHOB U Pa3HbIe
ypoBHu IIKT [26].
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Vmerotcs coobienus 1 06 ogyHakoBbix 3HaUeHMs X [IKT mpu rpaMoTpuLiaTebHOM Y TPaMITOIOKUTETbHOM
6akrepuemun [27]. L. Oksuz et al. He cMOIIM MPOJEMOHCTPUPOBATH CTATUCTUYECKM 3HAUMMYIO Pa3HUILY
MKy I'PaMOTPUIIATENbHON U IPaMIIONIOXKUTENbHOI 6aKTepUsIMU ¢ TOUuKM 3peHus ypoBHeri ITKT [28]. Yera-
HOBJIeHa Koppessinus Mexkay 3HauenueM [IKT u muxkpodopoit mpu yciaoBum, uTo ouar uHbexkunu u ndpex-
I[MsI KPOBOTOKA BbI3BAHBI OHUM U TeM ke Bo30yauTenem [29].

CoracHo JuTepaTypHbIM HaHHBIM, Y 40-90 % mamueHTOB € HpeAriojaraeMoil CUCTEMHOV MHeKIuen
pe3y/nbTaThl ITI0CEBOB KPOBM OoTpuLiatenbHbie [30]. B Hanlem mccnefoBaHUM B MSATU CTy4asX OTCYTCTBOBA
POCT MMKPOOPraHM3MOB, Ipyu 3ToM ypoBeHb ITKT 6but Boimie 0,5 Hr/mi, HO Hiske 10 Hr/Mmit. YpoBensb [TKT
BbIIIIe 2 HT/MJI OTMeueH y 35 uesoBeK, Ipy 3TOM JIMIIb Y 13 manueHTOB B KPOBY OOHApY:KeH BO30YIUTENb.
B 1O ke Bpems y ABYX uenoBek ¢ HM3KuM 3HaueHuem IIKT (meHee 0,5 HT/MJT) 13 KPOBU BblJeleHa MUKPO-

dopa.

Ha ceromustinumii genb ITKT siB/isieTcss OGHUM U3 Haubojee M3ydeHHbIX 6MOMapKepoB palliOHAJIbHOIO MC-
MOJIb30BaHMsT aHTNOMOTUKOB [31]. [Toporosbie 3HaueHus [TKT < 0,5 MmKr/in wim cHskeHne Ha 80-90 % ot -
KOBOT'O YPOBHSI CUUTAIOTCSI IPU3HAKOM BBI3[JOPOBJIEHMSI, UTO CTY>KUT OCHOBAHMEM JJIST 3aBeplleHMs] Kypca
aHTMOMOTMKOTEepanuu. B Hamem mccienoBanuy cHyskeHye ITKT 10 oporoBbIix 3HaUEHMIA TPOMCXOAMIIO B Te-
yeHue 5-9 nHeit. B Tpex ciyuasx cHiskenus [IKT He Habmomanu. Ml mipeamionaraeM, 4To IMHAMMKA KOHIIEH-
tpauyu [IKT mipu npoBeneHUM aHTUOAKTePUATBHOI Tepanuu MOXKeT CIYysKUTb KpuTepuem 3P beKTUBHOCTU
MpUMeHeHus] aHTu6moTnka [31-32].

3AKJIIOUEHUE

V nanyuenToB ¢ IIKT menee 0,5 Hr/MiI B MUKpOdIOpe paH M CBUINEN Yalle BCEro BCTPEYaIMCh TPAaMITIONO-
SKUTeNbHbIe MUKPOOpPTaHu3Mbl. Jlons nauueHToB co 3HaueHusimu [IKT > 2 Hr/mia u rpamoTrpuiiaTenbHbI-
MM GakTepUsIMM B ouare Gblja BbILIE B CPABHEHWU C MAlMEHTAMU C IPaMIIONIOXUTENbHOV MUKPOMIOPOIi.
TeM He MeHee, 0OHAPYKEHHAsT BHICOKASI KOPPEJIAIVIOHHAS B3aMMOCBSI3b MEXAY MUKPOOMOIIEHO30M paH Ia-
[MEHTOB U 3HAUEHUSIMU MPOKATBIIMTOHWHA TIOATBEPKAAET BEIYLIYIO POJIb IPAMIIONIOKUTENbHBIX OGaKTepuit
B Pa3BUTKUM OCTEOMUEINTA.

[Tpy MONIOKUTENBHBIX ITOCEBAX KPOBM YPOBEHb ChIBOPOTOUYHOTO ITKT, B GONBIIMHCTBE CIy4yaeB, ObLI BHIIIE
2,0 Hr/mi. Hamuune rpaMoTpuiiaTeIbHBIX OaKTepuii B KPOBY, TAKKe KaK ¥ B PaHe, COITPOBOXKIAIOCH 3HAUe-
Husimu TTIKT Boimne 10 Hr/mMut. [Ipy BbIeIeHUM OJHOTO U TOTO K€ BO30yauTest M3 paH M KPOBY OTMeUEHA BbI-
COKasl Pe3UCTEeHTHOCTb 6aKTepuii K 6ONbIIMHCTBY TeCTUPYEMBIX ITPENapaToB.

HOJ'IY‘-I@HHBIG pe3y/abTaThl II0Ka3aJan, YTO aHaJIM3 KPOBM Ha TIKT OOHOBpPEMEHHO C MI/IKp06I/IOJ'IOI‘I/I'{eCKI/IMI/I
MCCIeqOBaHMSIMU MOXKET ObITh OOIIOJTHUTEJIbHBIM MHCTPYMEHTOM B OMArHOCTUKE XPOHMYECKOro oCTeomMue-
JINTA.

Kongpauxkm unmepecos. He 3as61eH.
Hcmounuk ¢punancuposaHus. He 3as6/eH.
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MocKOBCKMIi TOCYAapCTBeHHbIN YyHUBepcuTeT uMeHu M.B. JlomoHocoBa, MockBa, Poccus
ABTOpD, OTBETCTBEHHBII 3a Mepenmcky: iBan MuxaiinoBuy lllep6akos, imscherbackov@yandex.ru

AHHoOTanusa

BBemeune. B coBpeMeHHOII TpaBMAaTOJIOTUM M OPTOIEAMI OCTPO CTOMT IpobieMa 3amenieHus nedeKToB
KOCTHOJ TKaHU. [IOCTMKeHUsI COBPEMEHHOI0 MaTepuaioBeleHNsI TTO3BOISIIOT CO3[1aBaTh LIMPOKUIA CIIEKTP
KOCTHO3aMeIIAIoMX MaTepyuaaoB, OMHAKO BbI6OP Hambosaee 3GEKTUBHBIX U3 HUX SIBJIIETCS aKTyaIbHOIA
3a7a4ueit 6MOMeIMUMHCKUX VMCCIeTOBaHMIA.

Ilesb paGoTHI — OMpeneneHye BAUSIHMS TPEXMEPHOI CTPYKTYPhI M pa3Mepa Iop KOCTHO3aMelalolUX MaTe-
PMAaJIOB Ha OCHOBE TPMKaIbIMeBOro gocdarTa Ha UX OCTEOKOHIYKTMBHbBIE CBOIICTBA Ha MOIEIN KPUTUUECKOTO
nuadusapHoro gedexra 6eIpeHHOI KOCTY KPBICHI.

Marepuanabl M MeToAbl. B sKcmepuMeHTe MO, HAPKO30M BOCIIPOM3BOOVIIM MOHOKOPTUKAIbHBIN HedeKT
cpenHei Tpety fuadu3sa 6eIpeHHOl KOCTY KPbIC Ha MPOTSIKEHUM 7 MM, KOTOPbIV 3aTIOTHSIIM 6JI0KaMM OJTHO-
'O 3 UeThIpex MaTepraJoB Ha OCHOBe TPUKaIbLMeBOro (ocdara, pa3nmuarommuxcsi KoIuuecTBOM, pa3MepoM
U HaTpaBjeHMeM Mop. B Kaskayio U3 TPyNIl BKIIOYEHO 10 16 SKMBOTHBIX. Yepes 3 1 6 Mec. IO 8 KPbIC U3 KasK 0l
TPYIIIbI BBIBOAWIN 13 9KCIIEPUMEHTA, [OC/Ie Uero Mpy TUCTOIOTMYEeCKOM MCC/IeJOBAHUY TTPOBOVIIN OLIEHKY
TJIOMAaM HOBOOOGPA30BAHHO KOCTHOV TKAHU C TIOCTEIYIONMM CpaBHEHMEM Pe3y/IbTaTOB MEXIY IPYIIIIaMuU
C UCTI0JIb30BaHMEM CTATUCTUYECKUX METO/IOB.

PesynbTaThl. Bo Bcex rpymnmax oTMeueHO MpopacTaHie KOCTHOM TKaHM B 30HY JedeKTa 1o rmopaM MaTepu-
ana. Yepes 3 u 6 Mec. IJIOLIagb HOBOOOPA30BAaHHOM KOCTHOI TKaHM B COOTHOINEHMM K IUIomanyu medekra
coctaBmiia: B rpyrme Lunmnaapsr — (11 £4) % u (31 £ 6) % cooTBeTCTBEHHO; B Tpyrie 'mpoun — (14 £5) %
n (29 £ 4) %; B rpyme I'mpoupn-150 mxm — (39 £5) % u (41 £ 7) %; B rpynme Tmpoun-50 mxm — (17 £7) %
u (27 £ 8 %. ITnomanb HOBOOOGPA30BaHHOI KOCTHO TKaHU B rpyrie I'mpoua-150 MKM CTaTUCTUUYECKY 3HAUM-
MO 6OJIbIIIE IO CPABHEHMIO C OCTaIbHbIMM Tpyrmamu (p < 0,05, kpurepwuit Kruskal — Wallis).

O6cyxaenue. O1ieHKa BIMUSHUST TUTA apPXUTEKTYPhI 6/I0Ka KOCTHO3aMeIIAaIoIero MaTepmaia, pasmepa mop
U UX B3aMMOOTHOIIIEHUTI B HACTOSIILee BPeMSI SIBISIETCS] TEMOI MHOTUX UCCIe0BaHMi, B KOTOPBIX ITOKA3aHO,
YTO HaJM4uye Imop 6osbinoro auamerpa (6omee 600 MKM) yIydliaeT OCTEOKOHIYKTMBHbBIE CBOJCTBA, OHA-
KO BepXHMI Ipefiesl TOPUCTOCTY OTpaHNYEeH CHIDKEHMEM MeXaHMYeCKuX CBOMCTB 6ioka. [logTBepskmaeTcs
MPEeBOCXOJCTBO CTPYKTYPbI ['Mpouz Hag APYTrMMY TUIIAMU apXUTEKTYD, KaK B TEOPeTUYECKUX, TaK U B MIPU-
KJIaJHBIX UcCaefoBaHusIX. OgHaKO M3yUYeHMIO CTPYKTYP C TIOpaMy pas3jiMYHOTO pazMepa MOCBSIILeHO MaJlo pa-
60T, B CBSI3U C UEM Pe3Y/IbTAaThl HAILIETO UCCIETOBaHMSI TIO3BOJISIIOT OTBETUTH Ha BOIIPOC O 1[€1eCO06Pa3HOCTU
MpUMeHEeHUs TAKUX CJIOKHBIX CTPYKTYP U UX PO B 3aMeIlleHMM KOCTHO TKaHN.

3akioueHme. TpexMepHast CTPYKTYpa KOCTHO3aMeIaloliMX MaTeprajaoB Ha OCHOBE TPUKaIbLEBOTO (oc-
(baTa OKa3bIBAET BIMSIHME HA OCTEOKOHIYKTMBHbIE CBOIMCTBA, TPY ITOM [00aBIeHNe K CTPYKTYpe [Mpous no-
ITOJIHMTEIBHOM MOJBI IIOP AuaMeTpoM 150 MKM IPUBOAUT K CTATUCTMUECKY 3HAUMMO OO0JIbIIEMY BPaCTAHUIO
KOCTHOJ TKaHM B 06pasel; MaTepuasia B 9KCIIePUMEHTE.

KiioueBble C10Ba: TPaBMAaTOJIOTHS, perapals KOCTHOM TKaHY, KOCTHO3aMeIlaiolye MaTepyuabl, 3D-1meyaTthb
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Edumenko A.10., HoBocenenikast E.C., [ly6poB B.3. 9kcriepuMeHTaIbHas OlleHKa CBOMCTB KOCTHO3aMeIlaoX MaTepua-
J10B Ha ocHOBe CA3(POQ,), Ha Mofe/u KpUTHUUeCcKoro aedexkra 6eqpeHHoit KOCTH KpbIChI. [eHuli opmoneduu. 2025;31(2):226-
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Abstract

Introduction Replacement of bone defects is an important issue of modern traumatology and orthopedics.
With increasing technological advances there is a spectrum of bone-substituting materials, and the choice
of the effective option is essential for biomedical research.

The objective was to determine the effect of the three-dimensional structure and pore size of tricalcium
phosphate based bone substitute materials on osteoconduction using a critical diaphyseal defect
of the rat femur.

Material and methods A monocortical 7 mm defect was simulated in the middle third of the rodent femoral
shaft under anaesthesia and filled with blocks of one of four tricalcium phosphate based materials differing
in the number, size and direction of pores. Eight rats from each group were sacrificed at 3 and 6 months,
and the newly formed bone was histologically examined and the results compared using statistical methods.

Results The bone tissue was shown to grow into the defect area through the pores of the material
in all the groups at 3 and 6 months, The newly formed bone measured (11 +4) % and (31 = 6) % of the defect
area in the Cylinders group, (14%5)% and (29+4) % in the Gyroid group; (39+5)% and (41*7)%
in the Gyroid-150 ym group and (17 £ 7) % and (27 * 8) % in the Gyroid-50 um group, respectively. The area
of newly formed bone was statistically greater in the Gyroid-150 um group compared to that in the other
groups (p < 0.05, Kruskal — Wallis test).

Discussion The effect of the type of architecture of the bone substitute material, the pore size and their
relationships are reported in many studies with larger diameter pores (more than 600 um) improving
osteoconduction, and the upper limit of porosity being limited by a decrease in the mechanical properties
of the block. The advantages of the Gyroid structure over other types of architectures are described in theoretical
and applied research. Structures with pores of different sizes were examined in few studies, and our findings
demonstrated the feasibility of using the complex structures and the role in replacing bone tissue.
Conclusion The three-dimensional structure of bone substitute materials based on tricalcium phosphate
was shown to have an effect on osteoconductive properties, with an additional pore mode with a diameter
of 150 uym added to the Gyroid structure leading to significantly greater experimental bone tissue ingrowth
in the sample.

Keywords: traumatology, bone repair, bone substitute, 3D-printing
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BBEIOEHUE

IMpo6nema 3amenieHns AedeKTOB KOCTHOM TKaHM IMOCTTPAaBMATUUECKONM 1 TOCTeO0NnepaIMOHHOM STUOIOTUN
MTO-TIPEKHEMY SIBJISIETCST aKTyaIbHOM B COBPEMEHHOI TPaBMaTOMOTUM 1 opTorenyu [1-5]. BoaMoskHOCTM ay-
TOILJIACTUKM OTPAHMYEHBI IT0 06BEMY, TTIOITOMY ITPOO/DKAETCS aKTMBHAS paboTa 1o MONUCKY a/lIo- M KCeHO-
TPaHCIVIAHTATOB [6—11]. [IOCTV>KEHNUSI COBPEMEHHOIO MaTepuanoBeeHNsl MO3BOSIIOT CO34aBaTh MIMPOKUIL
CIIEKTP KOCTHO3aMeIaIoIMX MaTep1UaioB, OOHAKO BbIOOP HaMboIee OMTUMAIbHBIX U3 HUX SIBJISIETCS 3a1a4eii
6MOMeIVIIMHCKUX UCCeaoBanmii [3, 7, 12-17].

st pa3paboOTKM HOBBIX KOCTHO3aMeIAIoIIX MAaTePUAIOB MPUMEHSIIOT Pa3IMYHble XMMUUECKVe BellecTBa,
pasnuyarolMecss Kak 1Mo CBOMM MeXaHMYeCKMM CBOICTBaM, Tak M 1o 6uopesopbupyemoctu [12, 18-21].
Iist mpo1iecca 3aMeleHrsT MaTepuaia KOCTHOM TKaHbIO He MeHblllee 3HaueHMe MIMeeT TpeXMepHasi CTPyKTypa
MaTepuaia, KoTopast orpeesieT mpoliecc HOBOOOPa30BaHMS KOCTHOM TKaHM U €ro CKOPOCTh [22, 23]. OgHa-
KO B JIUTEpAType HET YeTKMUX KPUTEPUEB, MMO3BOJISIOMINX BRIOMPATh apXUTEKTYPY MaTepuaa Ijs YCKOPeHMSsI
TpoIiecca mpopacTaHus KocTbio. Cama ry6uyaTast KocTHasi TKaHb PeICTaB/SIET COO0¥ CIIOKHYIO HePEeTy/IIPHYIO
TPEXMEPHYIO CTPYKTYPY C OpUCTOCThI0 OT 50 10 90 % 1 pasmepom 1op ot 300 1o 500 MKM C HErOMOT€HHbIMU
aHU30TPONHbIMYU CBOMCTBaMM [24]. OGHOV 13 ONITUMAJIbHBIX CTPYKTYP C TOUKM 3PEHNSI KOMITPOMMCCA MEXKITY
MIPOHMUIIAEMOCTBIO ¥ IIPOYHOCTBIO SIBJISIETCS CTPYKTYyPa Ha OCHOBE TPeXMEPHO epUoAMYecKoil MMHUMAaIb-
HOIt TOBepXHOCTU TuIa ['Mpou, B TO ske BpeMs OHa 00/1afjaeT BbICOKOI OTHOCUTEIbHO KeCTKOCTbIO [25].

Ilesb paGoTHI — OIpemeeHNe BAMSHIASI TPeXMePHOI CTPYKTYPhI M pasMepa Iop KOCTHO3aMeIaoIX MaTe-
pMajioB Ha OCHOBE TPMKaJIbLiMeBOro ocdaTa Ha X OCTEOKOHIYKTMBHbBIE CBOCTBA HA MO/IE/I KPUTUUECKOTO
nuadusapHoro nedexra 6eIpPeHHO KOCTY KPbICHI.

MATEPUWAJIbI U METO/IbI

HccnemyeMble 6uope3opbupyeMble MaTepuaabl TPENCTaBASIOT €000 MaKpOIOPUCTbie KepaMMUuecKue
3D-KOHCTPYKIIMM HOBOTO ITOKOJIeHMST Ha OocHOBe opTodocdara Kanbiius Caz(PO,),. [l cMHTEe3a BBICOKOIIOPH-
CTBIX KepaMMUYECKMX MaTePUAIOB Ha eT0 OCHOBE VCITO/Ib30BaIM (DOTOOTBEPKAaeMble SMY/IbCHUMA. [IJIs UX TTOTyde-
HUS IPUMEHSITU PaHee ONMCAHHYIO METOAMKY [25]. B KauecTBe MCXOMHOM apXUTEKTYPhI MCITOIb30BAIV MaTepUal
Lvmaapsl. B 3TOM MaTepuase o61ast TOPUCTOCTb IO 00beMY COCTABJISIIA OKOJIO 55 %, pasMep OCHOBHBIX IOP —
300 MKM, a ITepexoibl MesKAy HUMM — 50 MKM, IIPY 9TOM IOPbI pacroiaraauch 6e3 4YeTKoi opraHm3alnmn.

s bopMMUpOBaHMST MAaTepUaIOB C 3alaHHOM apXUTeKTypoii Tumna ['Mpous 6b1a BbIOpaHa CTepPeoIuTorpa-
dbuyeckast 3D-neyaTs ¢ momoiibio DLP-tipuHTEepa Ember (Autodesk, CIIIA), a TpexmMmepHbie MO/ CTPYKTYP
OBV CO3MAHBI C ITOMOIIBI0 KOMITBIOTEPHBIX ITporpaMm Monolith (Autodesk, CIITA) 1 Fusion 360 (Autodesk,
CIIIA). O61m1as mopucTOCTh CO3AaHHOTO MaTepuana (Matepuan [Mpoumd) mo o6bemy coctapisieT okoso 70 %,
OCHOBHbBIE KaHAJIbI MMEIOT pa3mepbl 1250 MKM, U Tepexoasl Mekay HuMyu — 750 MKM, 4TO obecrieunBaeT
MaKCMMAJIbHYIO IMPOHUIIAEMOCTDh TaKUX apXuTeKTyp (puc. 1, cieBa). Mcmonb3oBaHue GhOTOOTBEPIKIAEMbIX
SMYJIbCHUI TTO3BOJISIET 3aaBaTh JOTIOJIHUTEIbHYIO MOY ITOP B 3aJaHHOM KepamMmudyeckom 3D-kapkace. B gaH-
HOJi paboTe KucciIenoBaHbl MaTepyabl C JOITOJHUTEIbHOI MO0 ITOp CO cpeaHuM pasmMepom 50 (marepuan
T'mponna-50 mrm) 1 150 Mmrm (MaTepuan I'mponma-150 Mxm) (puc. 1, cripaBa). O611ast TOPUCTOCTH CO3TaHHbIX
MaTepuasIoB 1o 06beMY COCTABISIET OKOJIO 85 %.

b o8

Puc. 1. TpexmepHast CTPyKTypa CO3JAaHHBIX KOCTHO3aMeNaluux MaTepuanoB. CieBa — rpadguyeckast KOMITbIO-
TepHasi MOJieJib CTPYKTYpPbI MaTepuana ['Mponz. CripaBa — CKaHUPYOIIAS 3eKTPOHHAsI MUKpodoTorpadust mare-
puana I'mpoun-150 MM (yBennuenue 50 Kpat). By 13 0CHOBHOJ mopbl. ONpenesiioTcst IePexXo/Ibl MeXIY OCHOB-
HBIMM TTOpaMM AVaMeTPoM A0 750 MKM (CHMHME CTPEIKM) U TOPbI JOIIOJHUTEIbHOM MOAbI AMaMeTpoM 150 MKM
(4epHbIe CTPEeIKN)
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Pa6ota nonyunna ogo6perne Komuccnu mo 6muostmke MI'Y um. M.B. JlomoHOCcOBa (0[06peHO Ha 3aceaHum
11.02.2021, per. N2 123-x). MccienoBanye MpoOBOOUIN B COOTBETCTBUM C «PyKOBOACTBOM IIO COLEpP>KaHUIO
" yXO[y 3@ 1a60paTOPHBIMM KMBOTHBIMM» (MeskrocymapcTBeHHbIi cranmapt TOCT 33216-2014 «IIpaBuia co-
JepsKaHUS U yXO/ia 3a JIab0PaTOPHBIMYU TPHI3YHAMMU U KPOITUKAMU»).

NccnegoBaHue BBIMOIHEHO Ha 66 camiiax Kpbic Rattus norvegicus nuHumu Wistar B Bospacte 20-22 Hep,.
n3 LKIT «SPF-suBapuii» ULlul' CO PAH (MucTtuTyT tmtonorun u renetku CO PAH). JKUBOTHBIX comepskaan
B BMBaApMM MO 3 0COOM B KiieTKe. JIOCTyN KPbIC K BOfie M KOpMY ObLI He orpaHudeH. ®opMupoBaHye nedekra
U 3aII0JIHEeHMe er0 M3ydyaeMbIM MaTepuaaoM (PUC. 2) MPOBOAMIIN 110 ONMCAHHON paHee MeToAvKe [16].

Puc. 2. Xon onepauuu: BUJ orepa-
LIMOHHOW paHbl C ngedeKToM, 3a-
MOJIHEHHbBIM MMIUIAHTVMPOBAHHbBIM
maTepuaaoM (CaeBa, yKazaH CTpes-
KOii), M GuKcanus KOCTU TOIUI-
(GupsbMpKeTOHOBOI  IMJIACTUHOI
U TUTAHOBBIMM BUHTamM (CIIpaBa,
IJIACTMHA yKa3aHa CTPesKoit)

JKuBOTHBIE pacIipefesieHbl Ha 4 IPYIIbI 10 16 0cobeit B Kaska0ii B 3aBUCUMOCTM OT MMIUIAHTUPYEMOTO Ma-
Tepuana. Yepes 3 u 6 Mec. OCJIe BBITIOTHEHMST OTlepalui Mo 8 KPbIC U3 KasKA 0V IPYIIIbI BBIBOIWIN U3 KCIIe-
pPUMEHTA I10 CTaHIapTHOI MeTOoAMKe C ucmoab3oBaHueM CO,-KaMepbl ¢ TTOCTAeAyIoIUM 3a60poM MaTepuasa
(6empeHHast KOCTb C AeeKTOM) /I TUCTOJIOTMYECKOTO MCCaenoBaHms. [IoATOTOBKY 06pasIioB [JIsT TUCTONO-
TMYeCKOro UCCIeA0BaHNS OCYIIECTBIISUIM TI0 CTAHAAPTHONM MeToAvKe [16].

Iy OLIeHKY pPe3y/bTaTOB IPOBOIMIIN CJIENON TMCTOMETPUYUeCKIi aHanus. Mi300paske s TUCTOIOTMYeCKUX
MperapaToB MOIy4ain ¢ TIOMOIIbIO CBeTOBOTO MuKpockorna Leica DM LB2 (Carl Zeiss) u niudpoBoit kamepbl
AxioCam ICc3 (Carl Zeiss). O1ndpoBaHHbie n306paskeHus nepesoniu B popmat JPEG. TMCTOMETPUUYECKYIO
OLIeHKY ITIPOBOAVJIN C IOMOIIbIO TporpaMmbl Fiji [26] Ha yBenmuenunu B 10 pa3s ¢ M3MepeHyueM IJIOIAAY HOBO-
06pa3oBaHHOI KOCTHOM TKaHM B JJaKyHaX MaTepyaioB B MPOIeHTaX OT 061eit miomaayu nedekra. st Kaxk-
JIOTO 0Opasiia MPOBOAM/IM BbIUMCIEHME HA IBYX ITperaparax, BCero AJis KaXkI0ro CpoKa B KaxkmOii IPyTIIe
nonyJdanu 16 3HaueHuit. Pe3ynbTaThl KaXXA0M TPYMIIbI IPEACTABISIIA B BUIE CPeJHEro0 U CTaHIAPTHOTO OT-
KJIOHeHUIA. [I7151 yCTaHOBJIEHUSI CTAaTUCTUYECKONM 3HAUMMOCTY Pa3IMUnNii UCIOIb30BaJIM BIYMCIEHYE Hellapa-
meTpuueckoro kputepus Kruskal — Wallis ¢ momornipsio mporpammebl StatSoft Statistica 10.0 (2011) otaenbHO
JLJIS1 TPYTIIT CO CPOKOM BBIBOZA 3 MeC. ¥ CO CPOKOM BbIBOAA 6 MecC.

PE3VJIBTATDI

B xome mpoBemeHMST dKCIIEPMMEHTA OT OCTOKHEHMIA, CBSI3aHHBIX C HAPKO30M, IMOTMOI0 [Ba >KMBOTHBIX.
OcTanbHble JKMBOTHBIE ITePEHEC/IN OTIeEpaTMBHOE BMEIIaTeIbCTBO M AOKVIIN 10 BBIBOZA 13 SKCIIEpUMeHTA Oe3
ocobeHHocTel. CpemHsIsT Macca KpbIC HA MOMEHTE BBOJA B SKCIIepUMeHT — (488 + 54) r, HA MOMEHT BbIBOZA
yepes 3 mec. — (611 £ 32) 1, uepe3 6 mec. — (653 * 56) r. 3HaUMMas pasHMUIA MEXKIY TPYIIIaMM 110 Macce 1 eé
MIPUPOCTY He 3aduKcupoBaHa (Tabim. 1).

Tabmuua 1
Macca sKMBOTHBIX B TPYIIIIax HA MOMEHT IIPOBEIEHMsI OIlepaliuy 1 BbIBOZA U3 SKCIIEPUMEHTA
Ipymma Macca Ha MOMEHT BK/TIOUeHMS Macca Ha MOMEHT BbIBOJIA M3 SKCIIEPUMEHTA, T
B SKCIIEPUMEHT, I yepes 3 mec. yepes 6 mec.
LvHApbI 460 + 38 606 = 59 649 =71
Tupownp, 453+42 616 =45 645 + 83
T'mpoup-50 MKM 513%26 620 £ 34 709+ 72
Tupoup-150 MKM 507 £ 36 589 40 692 =74

IToBegeHMe KMBOTHBIX B TIocjieoriepaMOHHOM IIepuoae He MEeHS/JIOCh, BCe KPbICHI ITepeMellainCb Ha YeThbI-
pex jaarax 6e3 IMOMIbITOK OrpaHMYMBATb HArpy3Ky. T'HOVIHBIX OCTIOKHEHUI paHEBOTrO IIpo1ecca u OCJIO’KHEHUI1
MeXaHM4YEeCKOTI'0 XapaKTepa CO CTOPOHbBI MMIIJIAHTAaTa ¥ KOCTM HE BBIABJISIIN.
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B rpynne LmimHApsI Yepe3 3 Mec. HA TUCTOJOTMUYECKMUX Cpe3ax B 30He dedeKTa OIpenensuin MpsMoy-
roJibHOe 06pa3oBaHMue CEPOro ILBETa, M0 CTPYKTYpPE COOTBETCTBYIOIEE MMILIAHTMPOBAHHOMY MaTepualy.
B o6sacTy MMIIaHTaTa GbITM YUACTKU OKPYIVION (POPMBI, TUIIIEHHbBIE 3aIIOJIHEHMS], UTO COOTBETCTBOBAJIO Me-
cTam pe3opbiuuy MaTepuana. B mopax MMIUIaHTaTa BBISIBJISUIM YUYaCTKM BPacTaHMsI KOCTHOM TKaHU (PUC. 3).
Yepes 6 mec. B 001aCTM MMIUIAHTATa OTMEUYEHO YBeIMUYEHMe IIOIAY YYACTKOB, JUIIEHHbBIX 3aII0THEHMS,
YTO COOTBETCTBOBAJIO MECTaM pe30pOuny MaTepuana, O0CO6eHHO B TIOJIOBMHE, TPUMbBIKAIOIIEH K MATKUM TKa-
HM. OTMeUeHa yTpaTa YeTKOCTM KOHTYPOB MMILIAHTATa, IOSIBJIEH)E UX CIVIasKeHHOCTY Ha (hoHe pe3opOoInu.
B mopax umIIaHTaTa BBISIBJISUIM YYaCTKY BPaCTaHMSI KOCTHOV TKaHM (pHUC. 3), MAaKCMMaIbHOE KOJIMYECTBO KO-
TOPBIX OTMEYEHO B 06;1aCTV KOCTHO3aMeNIAIoIIero MaTepuasa, IPUMbIKAOIEro K KOCTHOMO3TOBOMY KaHATy.
B npyHaMuKe 110 CpaBHEHMIO C 3 MeC. MOSKHO OTMETUTbH YBeJIMUeHe MPOPacTaHus KOCTY B IOPbI MaTepuaa.

)

Puc. 3. BepxHuii psp: ru-
CTONOTUYeCKUit npermnapar
MIPOAONBHOTO pa3pes3a 30HbBI
MOHOKOPTUKAIBbHOTO Aedek-
Ta 6GempeHHO} KOCTU uepes
3 Mec. (c1eBa) U yepes 6 Mec.
(cmpaBa) Mociae WMMILUIaHTa-
uumM  marepuana  «uinH-
IPbI», OKpacka reMaTOKCUIMU-
HOM 1 9031HOM, * 10. HyokHMI
psif: Te Ke Tperaparbl COOT-
BETCTBEHHO, YYacTKU HOBO-
06pa30BaHHOI KOCTHOJ TKa-
H1, x40. CTpenkamu yKasaHbl
OCTPOBKM KOCTHOW TKaHM,
BpOCIIIeii B IOPBI MaTepuasa

B rpymnme 'mponp, uepe3 3 mec. B 30He AedeKTa OTMeuasu 30Hbl COXPAaHEeHHOV CTPYKTYPhI MaTepuaa, Ipes-
CTaBJIeHHbIE CepbIMM MOISIMU C eAMHUYHBIMM KJIeTKaMM 10 TTIepUMeTpy M KPYITHbIMM MIOpaMM Ha MecTe pe-
30p6LMK MaTepuaa. B MMIUIaHTaT BpacTaia Co CTOPOHBI MSITKMX TKaHE SKMUpOBasi M COeNVHUTEIbHAS TKaHb,
a CO CTOPOHBI KOCTM — KOMITaKTHas KOCTHas TKaHb. [Iopbl MaTepuasa 3arnoaHeHbl COeAMHUTEIbHO TKaHbIO
C eIMHUYHBIMM BpacCTaHUSIMU KOCTHOM TKaHM. CO CTOPOHBI KOCTHOMO3TOBOTO KaHajaa MaTepuas orpaHu4YeH
KOMITaKTHOJ1 KOCTHOI TKaHblo (puc. 4). Yepes 6 Mec. B 30He edeKkTa MOKHO ObUIO Pa3INUUTh KPYITHOSTYEN-
CTYIO CEThb ITyCTOT, OCTaBIIYIOCSI HA MeCTe MaTepuasa rnocie gekaabuyHanmy. [1o Beeil ronmianm cpesa oTMe-
YaJi mpopacTaHye KOCTHOM TKaHU MeJIKUMU OCTPOBKaMU, MOBTOPSIIOIIMMM KOHTYPbI MO (pUC. 4).

B rpymime I'mpouz-150 MKM uepe3 3 Mec. OTMeUeHO BpacTaHue KOCTY B ITOPbI MEXK/IY JIeMeHTaMy MaTepua-
Jia, TIOBTOpsIIoIlee apXUTeKTYpy MMILJIaHTaTa. B 30He, mpuieraoieii K KOCTHOMO3rOBOMY KaHaJly, OTMeUeHa
MacCUBHasl pe30pOuyst MaTepuaia 1 3aMelleHe ero 3peioil KOCTHOI TKaHbio. Yepes 6 Mec. OTMEUEeHO Bpa-
CTaHMe KOCTU B ITOPbI MaTepuasa, OqHAKO €ro pe30pOLny He OTMEUEHO, T03TOMY CTATUCTUUECKM 3HAUMMOTO
pasinuust B IUIOIIAAM HOBOOOPAa30BaHHOM KOCTHOI TKaHM 10 CPaBHEHUIO ¢ 00pa3laMy uepes 3 Mec. He BbI-
sIBJIEHO (puc. 5).

B rpymirie Tupownp-50 MKM uepes 3 Mec. YeTKO IMPOCIEXKMBAETCS MMIUIAHTYPOBAHHBII MaTepuas ¢ BpacTaHU-
€M CO CTOPOHBI KOCTHOMO3TOBOI'0 KaHaj1a OCTPOBKOB KOCTHO TKaHM (puc. 6). Co CTOPOHBI JedheKTa OTMEUEHO
BpacTaHue B MaTepuas CoeqMHUTENbHO TKaHMU.
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Puc. 4. BepxHuit psifi: TUCTOMIOTMUECKUI MTperapar MpoLoIbHOTO pa3pe3a 30Hbl MOHOKOPTUKAIBHOTO fAedekTa Ge-
IPEHHOI KOCTU uepe3 3 Mecsla (cjieBa) U yepe3 6 MecsleB (ClIpaBa) Iocjie MMIUIAHTalMyU MaTtepuana 'mponn,
oKpacka reMaTOKCUIMHOM M 303MHOM, x10. HUO>KHMIL psifi: Te ke IperapaThl COOTBETCTBEHHO, Y4aCTKM HOBOOG-
Ppa30BaHHOI KOCTHOJ TKaHy, x40. CTpenkamMy yKasaHbl O4ary BpacTaHysl KOCTHOM TKaHM B MMIUIQHT

Puc. 5. BepxHuit psifi: TUCTOMOTMYECKUH TTperaparT MpoLoIbHOTO pa3pe3a 30Hbl MOHOKOPTUKAIBHOTO fAedekTa be-
NIPEHHO KOCTH uepe3 3 Mec. (cJieBa) U uepes 6 Mec. (CripaBa) Iocjie MMIIaHTanuy MaTepuana I'mponu-150 MM,
OKpacKa reMaTOKCUIMHOM ¥ 303UHOM, x10. HUKHMUIT PSIAL: Te 5Ke TpernapaTbl COOTBETCTBEHHO, YIaCTKM HOBOOG-
Ppa3soBaHHOI KOCTHOV TKaHy, x40. TOHKMMM CTpeNKaMy yKa3aHbl OCTPOBKYM KOCTHOV TKaHU, BPOCIIeN B TIOPbI Ma-
Tepuaa, TOJICTBIMM CTPeIKaMy 0003HaUeHbI 30HbI MaTepuaa
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Puc. 6. BepxHuit psii: TUCTOIOTMYECKIMIA TTpernapaT MpoIoJIbHOTO pa3pesa 30Hbl MOHOKOPTUKAIBHOTO fedekTa 6e-
NIPEHHO KOCTU yepe3 3 mec. (CJieBa) U yepe3 6 mMec. (CripaBa) 1ocie MMIUIaHTaluy Matepuana I'mpona-50 MM,
OKpacKa reMaTOKCUIMHOM ¥ 303MHOM, x10. HUOKHUIT pSIA: Te Ke TIperapaTbl COOTBETCTBEHHO, YIaCTKM HOBOOG-
Pa30BaHHOM KOCTHOI TKaHy, *40. TOHKMMM CTpesikaMy yKa3aHbl OCTPOBKY KOCTHOV TKaHY, BPOCIIEe B ITIOPbI Ma-
Tepuaia

Yepe3 6 mec. B rpymnme I'mpoua-50 MKM B AMHAMMKE OTMEUEHO YBeIMUYeHMe YMCIa U TUIOMAay OCTPOBKOB
KOCTM B TOJIIIE MMILJIAHTATA, & TAK)KE TIOSIBJIEHME 30H Pe30pO1IMy MaTepyasa 1o BCceli TOJIIE B BUE OKPYT/IbIX
mmycToT. CO CTOPOHBI KOCTHOMO3TOBOTO KaHa/la OTMEUYEeHO oOpacTaHye MMILIAHTaTa KOCTHOM TKaHbIO, COOT-
BETCTBYIOILEN 10 CTPYKTYPe KOPTUKAIBbHOM KOCTU (PUC. 6).

CYMMaprIe JaHHbIe I10 IJIomaan HOBOOGpaSOBaHHOﬁ KOCTHOJ TKaHU npeancCTaBJI€eHbI B Ta6)'II/IL[e 2.

Ta6mmua 2

PacripeneneHye BeIMYMHbI TUIOIIAIM HOBOOGPa30BAHHON KOCTHO TKaHM B 30He fedeKTa Mo IPyInaM UCCIeqOBaHUST —
MIPOLIEHTHI K €r0 0011ei II0Iaau, cpeaHee + BLIBDOPOUYHOE CTAaHIAPTHOE OTKIIOHEHE

Ipyrmna [Tnomaab HOBOOOGPa30BaHHOI KOCTHOM TKAaHM Ha MOMEHT BbIBOJIA M3 9KCIIEpUMeEHTa, %
yepes 3 mecsiia yepes 6 MmecsieB
Hunuuppet 11+4 316
Tuponn, 14+5 29+4
T'mponn-50 MKM 177 27+ 8
Tmpoum-150 MM 39 = 5% 41 £ 7*

Ipumeuanue: 3HaUeHUs], 0003HAUEHHbIE 3HAKOM *, CTATUCTUYECKM 3HAUMMO OT/IMYAIOTCS OT 3HAUEHWIT B APYIUX IPYIIIaX i JaHHOTO
cpoka Habmopenust, kputepuii Kruskal — Wallis, p < 0,05

B rpymite Tuponn-150 MKM CTaTUCTUMYECKM 3HAYMMO OOJIbIIe TIOIIAlb HOBOOOPAa30BaHHOM KOCTHOM TKaHU
10 CPABHEHMIO C OCTATbLHBIMM TPYIIIIAMU MCCTenoBaHMs. [Ipy 3TOM CJileqyeT OTMETUTb, UTO BO BCEX OCTAJIb-
HBIX IPYIITax HaG/II0gaeTcst IIpopacTaHie KOCTY BHYTPh MaTepuasa C TeYeHueM BPeMeHM, UYTO CBUIETEeb-
CTBYET O Ha/IMUMM OCTEOKOHIYKTUBHBIX CBOVCTB Y BCEX MCC/IEAYEMbIX MaTEPUAIOB.

OBCY>XXIEHUE

Kputuueckme medekTsl KOCTH, He TTOABEPTaioIIecss CaMOCTOSITeIbHO pernapariy, COCTaB/ISIOT B HACTO-
siIee BpeMsT OOHY M3 CEePbe3HbBIX MPOo0JieM COBpPeMEHHOV MeOUIIMHbI. BO3MOXXHOCTY TIpUMeHEHUs CO0-
CTBEHHOI KOCTM, TPYITHOV KOCTU ¥ KOCTY JKMBOTHBIX OIPAHMYEHBI IT0 Pa3HbIM MPUUYMHAM (OTpaHUUYeHIe
KOJIMYeCTBa, PUCK mepenauy MHOEKINi, MMMyHHbIe peaKI[My), UYTO [ejlaeT CO3JaHMe CUHTEeTUUECKUX
KOCTHO3aMeI[aloNIMX MaTepuaaoB MepCcreKTUBHbIM HAIlpaBjIeHeM COBPEMEHHOI pereHepaTUBHON Me-
IUIVHBI. AKTUBHO pasBuBamwiuecs: B mocienume 10 et TexHosornu 3D-1mevaTyt 3HAUUTENbHO PACIIN-
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PUJIY BO3MOXKHOCTM CO3[TaHMSI MaTepPUasIoB C 3aJaHHOI CTPYKTYPOii, OMHAKO BO3HMKIIA ITpo6ieMa IoucKka
Haunb6osee 3(pheKTUBHBIX 00Pa3I[0B [IJIS 3aMelleHMs] KOCTHOM TKaHM, YeMY U ITOCBSII€Hbl MHOTOUMC/IEH-
HbIe MCC/IeAOBaHMsI IOCTeIHUX JIeT.

Llenbl0 HAIIETO MCCIEMOBAHMSI ObLIO YCTAHOBJIEHME BIMSHMS TPEXMEPHOI OpraHM3aluy Mop Ha OCTeo-
KOHIYKTMBHbBIE CBOJCTBAa KOCTHO3aMeIllalollero marepuasna. BiausHue CTPYKTYpbl MOPUCTOTO MaTepuasa
Ha OCTEOKOHAYKTMBHBIE CBOMCTBA CO3[aHHBIX M3 HMX KOCTHO3aMENIAIINX OJIOKOB B TIOCTEIHYE TOABI M-
poKko obcykmaeTcs B auTepatype [27-31]. IIpu aTOM NpM3HaeTCs], YTO HeOObIINe ITOPbI 06IerYaroT aare3uio
KJIETOK U UX TTepBUUHYIO AnddepeHIIMPOBKY, HO 3aTPYAHSIOT JabHeliliee TpopacTaHyue CoOCya0B U yXY/aIla-
IOT TMTaHye HOBOOOPAa30BaHHbBIX TKaHeli. OueHb OOJbIINe MTOPbl CHUKAIOT MeXaHYecKue CBOCTBa 6/10KOB
MaTepuana, “3-3a 4ero BO3MOXKHO UX IIpeXIeBpeMeHHOoe pa3pylleHue ¥ HapylleHue BpacTaHus, YTO OCO-
GEeHHO Ba)XHO MPY 3aIOJIHEHNY CETMEHTapHbIX fAedeKToB nuadusa kocreii [32]. OmHUM 13 HATIpaBJIE€HMIT pe-
IIEHNS 3TOI TIPOGIEMBI SBJSIETCS CO3[aHMe B OOHOM 00pasiie Top Pas3aMvHOrO JMaMeTpa, MO3BOJISIONIX
IOOUTHCSI BBICOKOI ITOPUCTOCTY TP COXPAHEHUM MeXaHMUYeCKMX CBOVCTB MaTepyuasa, YeMy U TOCBSIIeHa
Hailla pa6orTa.

Bo160p apxuTekTypsbl I'Mponz, 06yc/ioBieH Kak MpeAiecTBYIOIMMY HalllMMM paboTaMy, Tak U pe3yabTaTaMu
VICCTIeIOBaHMIA, TOKA3bIBAIOIMMU TeOpeTHYeCcKye NIPeyMyIecTBa 3TOJ apXUTeKTYpPbI AJ1s1 IPoLiecca Murpa-
uuu Kietok. Hampumep, B craThe S. Seehanam et al. [33] mpoBeneHo cpaBHeHMe cTPYKTYp I'mpoun u Diamond
0 Pas3/IMYHBIM 6MOMEXaHUUECKMM MMapaMeTpaM U CIIOCOOGHOCTU CTUMYJIMPOBATh POCT KJIETOK, B PE3Y/IbTaTe
Yyero cenaH BbIBOJ, O IIPeMMYyIleCcTBe apXUTeKTypbl [Mpous ¢ pasMepom OCHOBHBIX Top 500 MKM.

Pe3ynbTaThl MpUMEHEHUS MaTePHUAIOB in Vivo B HaIlleM MCCIeA0BAHMUM COTTIOCTABUMBI C paboTaMu IPYTUX WUC-
cmenoBareneit. Tak, B cratbe R. Wu at al. [34] mpoBeneHO cpaBHeHME OCTEOKOHAYKTUBHBIX CBOMCTB KepamMu-
YyeCcKoro MaTepuaja Ha OCHOBe Mg-3aMeleHHOTO Ba/UIOCTOHMUTA ¢ auaMeTtpoM mop 200, 320, 450 u 600 MKM
U KyOMYecKOoi CTPYKTYpOJi sSTueeK Ha MOJIeNIM KPUTUUECKOTO AedeKkra MbIileska 6epeHHO KOCTY KPOJuKa
Ha cpokax ot 2 1o 16 Hep. [Ipu atom rpynna LuaMHApPEI Halllero MCc/ieoBaHMs COOTBETCTBOBAjIa MaTepuary
¢ pasmepamu mop 320 MKM, a rpymmna ['poun — pasmepy nop 6onee 600 MKM. Takke Kak U B MCCAeLOBAHUA
YKa3aHHbIX BBbIIlIe aBTOPOB, JIyUIlilie OCTEOKOHAYKTUBHbIE U OCTEOMHIYKTUBHbBIE CBOICTBA MOKAa3aau CTPYK-
TYPBI ¢ 6OBIINM AyaMeTpoM Mop. KonnuecTBo 06pa3oBaHHOl KOCTHOI TKaHM Ij1s1 MaTepuasa ¢ mopamu 400
1 600 MKM B CpOKM OKOJIO 3—4 Mec. (30—35 %) cOOTBETCTBYIOT rpyIire ['Mpons ¢ JOMoJTHUTENIbHOM MO0V TTOp
150 mMxm [34]. TIpy 9TOM aBTOPbI JAHHOI PabOThI UCITONB30BaIM AedeKT B TyOUaTOM KOCTU MeTasmmbusa
6eIpeHHO KOCTH BOIM3M OT 30HBI KPaCHOTO KOCTHOTO MO3Ta, B OT/IMUMe OT Hallleiit paboThl, rae nedexT pac-
royiarayiv B quadmsapHoi 3oHe. CriermduKoit Halero uceIeJOBaHNs CTaI0 MCIIOIb30BaHMe CTPYKTYPbI TUITA
T'ipoup ¢ mo6GaBiieHMeM ellle OSHOIO YPOBHSI ITOP, KOTOPbIN Mpy auaMeTrpe 150 MKM MoOKasasl JOCTOBEPHO
3HauUMMOe€ yBeJIMYeHMe MPopacTaHsi KOCTHOM TKaHM BHYTPb MaTepuaa.

X. Wang at al. [35] moka3aau MMoyIOKUTENbHbIE Pe3yIbTaThl YBEIMUYEHNS IOPUCTOCTM MaTepyaia Ha OCHOBE
TpuKanbiuiidocdaTa B BuIe yBeauueHMs] 00pa3oBaHMs KOCTHOM TKaHM Ha Cpe3axX Ha YPOBHE cepeIMHbl Ma-
Tepuaa. OqHaKO MOJZIEbIO B paboTe ObLT AedeKT KoCTelt cBoa yepera ¢ MeMOpaHO3HbIM KOCTE06pa30BaHM-
€M, a caM MaTepuaJ IoyYeH IMyTeM BCIIEHUBAHMS CMeCH TTOPOIIIKa TpUKanbiuiihocdara, To eCTh 63 UeTKOii
3D-opraumsanuyy mmop. bonbinne mpogoabHbIe MOPhI 1 MM B AMaMeTpe 06pa3oBaHbI ITyTEM BbICBEPIVIBAHMS
B MICXOIHOM OJIOKe, ICXOHbIEe TTOPbI ObUIM AyamMeTpoM 550 MKM, 061ast MOpUCTOCTh coctassiia 80 %. Toi-
nHa 6y10Ka 6buTa Beero 1,5 MM, a muaMeTp — 8 MM. ABTOPBI COOGIIAI0T 06 ypOBHE 06pa3s0BaHMsI KOCTHOM
TKaHu B MaTepuane 10 40-50 % uepe3 3 mMec., OGHAKO YYACTKM KOCTHOV TKaHM ITOBTOPSUIM pa3Mephbl 110D,
a pasanums Mekay 6JI0KaMi C TopaMiu 1 HeITIOPMCTHIM MaTepPMaaoM GblIN TOMBKO B CPeIHel yacTi.

H.K. Lim at al. [36] u3y4yanu kepamuueckye MmaTepuasabl HA OCHOBaHMe I'MAPOKCUATIATATA U TPUKAIbLIVIEBOTO
docdaTa Ha Momenu KocTHOro AedeKkra uepemna KpoinKa Ha cpokax 4 u 8 Hef. B MmaTepuae 6bUIM TOIHKO
KpYITHbIe OCHOBHBIE TTOPBI pazmepamu oT 0,8 mo 1,4 mm ¢ marom 0,2 MM 6e3 HOTIOTHUTETHBHOTO COOOIIEHNS
MeKAYy HUMM. ABTOPBI COOOIIAIOT O pa3pacTaHuy KOCTHOM TKaHM K IBYM MeCsIIiaM ToJIbKO 10 10 %, ripu aToM
OTMEUaloT, UTO Ha JAHHOM CPOKe pasMep MOop yKe He BJIMSIeT Ha KOJMUEeCTBO 00pa30BaHHOM KOCTHON TKaHMU.
ITo cpaBHEHMIO C Hallleil paboToil, aBTOPbI MPUMEHWJIM MEHbIIME CPOKM HAOII0IeHMs, TPOCTyIo (hopmy pe-
IIETKM M OTCYTCTBME IIOp B MaTepuasax, a Takke MOMAeNb JedeKTa yeperia, YTo, BEpPOSITHO, ¥ 00YCIOBUIIO
XyZlIe TUCTOJIOTUYeCKIe Pe3ylbTaThl.

K. Shibahara at al. [37] Taxke u3ydanu BAUsIHKE MUKPOIIOP Ha OCTEOKOHAYKTUBHBIE CBOCTBA KEPAMMUUECKOTO
KOCTHO3aMeIIalolero Matepuania (B pabore KapboHaT3aMellleHHbIN araTuT). OJHaKo pa3Mep OCHOBHBIX ITOP
OBLT 3HAUNUTETbHO MeHbIe (0Koo 300 MKM), MX CTPYKTYpa JMHeTHas («COTOBOe» PacIojIokeHMe), a MUKPO-
TOPBI Pa3MepoM OKOJIO 1 MKM pacrnoioXKeHbl XaOTUYHO. [laHHbIV MaTepuaa COOTBETCTBYeT apxureKkrype Lu-
JIMHIPBI B HaleM ucciaemoBanmu. CBOMCTBA in Vivo IpoBepsIv Ha Mogenu AedeKkTa JOKTeBO KOCTH KPOJIMKa
C JOTIOJIHUTEIbHOI (uKcalyei IacTUHOM ¥ BUHTaMM Ha cpokax 1 u 4 Mec. [Tnomaap HOBOOOpa30BaHHO
KOCTHOJ TKaHM Jaske uyepe3 4 Mec. B TPYIINe C OOJIbIIMMU ITOpaMyM M OONBIIMMMY MUKPOIIOPAaMM COCTaBMIa
Bcero 12 %, B rpyIax ¢ MEeHbIIMMM pasMepaMy IIOp 3TOT IMOKasaTesb 661 MeHee 10 %, 4TO COOCTaBMMO
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C HAIIMMM pesy/bTaTamMy B rpyiine L[uIMHAPbL. DTO TOBOPUT O HEOOXOAMMOCTHM CO3TaHMs B MaTepuaie oc-
HOBHOJ1 I'PYIITIbI TIOP AuamMeTpoM Oosbiiie 1 MM [jis1 6ojiee GbICTPOro BpacTaHus TKaHel, a Moau(uKauus
IOJDKHA TIPOBOJUTHCS YK€ B COEIMHEHMSIX TIOP ¥ MMKPOIIOPax, KOTOPbIe CO3AAI0T HEOOXOAMMbIE YCIOBUSIX
1uist iy depeHIIMPOBKY KIETOK U YCKOPSIIOT IIPOIIeCC Pe30pOIMy KOCTHO3aMeIlaloIIero MaTepuania.

J.Jiao et al. [32] nsyuanu Baustaue rmopuctocty (60, 70 1 80 %) KocTHO3aMeIaoIIero MaTepuana U3 TaHTaxa
Ha ero 0OCTeOKOHAYKTMBHBIE CBOVICTBA. PasmMep OCHOBHBIX IOP 6611 cooTBeTCTBEHHO 450, 600 1 800 MKM, a co-
enuHeHNsT Mexkay HuMyY — 100 MKM. 3D-CTPYKTypy aBTOPBI OIMMCAIM KaK OMOHNYECKYI0 TPabeKyIsIpHYIo, CO-
OTBETCTBYIOIIYIO CTPYKType HATMBHOI Iy6uaToi KOCTH. [IJ1s M3ydeHUsI CBOVICTB in Vivo UCIT0/Ib30BaJI MOJIETh
HEeKpUTHUUYECKOro MeTadusapHoro gedexra Hapy>KHOTO Mblle/Ka 6eIpeHHO KOCTY KPbIChI pazMepaMu 3 MM
B [MameTpe U 5 MM B IyOMHY Ha cpoKax 6 u 12 Hep. moc/ie MMIUIaHTAIMK. ABTOPBI COOGIIAIOT O IJIOIIAIN
HOBOOOPA30BaHHOI KOCTHOI TKaHM uepe3 12 Hef. B Tpymmnax ¢ nopucroctbio 60, 70 u 80 % cOOTBETCTBEHHO
14,3 %, 28,6 %, 1 23,3 %, 4TO ycTymnaeT pe3yibraTaM B rpyrie I'mpoug — 150 MKM uepes 3 mMec., OGHAKO 60JIb-
IIe, YeM ITUIOIIAAb HOBOOOPA30BaHHOI KOCTHOM TKaHU B APyruXx rpymnmnax. O6bscHeHMe 3TOMY (HaKTy JIEKUT
B O0JTbIIIEl 001IIelT TOPUCTOCTYM Halllero Matepuasa (0Kojo 85 %) 1 6oee CIOKHOI CTPYKType MOp, UYTO OKa-
3bIBAET MPUHIUITMAIBHOE BIMSIHYME Ha OCTEOKOHAYKTMBHbIE CBOJCTBA MaTepuaia. OCO6eHHOCTbIO MaTepu-
aJIoB M3 METAJUIOB (TUTAaH, TAHTAJ M UX CIUIABBI) SIBJIIETCSI HEBO3MOXKHOCTD €T0 pe30pOIuy U coOXpaHeHue
TOCTOSIHHOTO pa3Mepa Iop B TeUueHle BCero BpeMeHy OCTeOMHTerpalun.

MbI cOTIacHBI C aBTOPaMM, CYMTAOIIMMM, YTO B HACTOSIIIIee BpeMsI HET eIVHbIX ITOAX0I0B K M3yUeHMI0 KOCT-
HO3aMelaIX MaTepyraaoB Ha XXUBOTHBIX MOMEJSX, 3TO OUeHb CUJIBHO 3aTPYyAHSIET CpaBHEHMeE pes3y/bTa-
TOB ¥ BbIPaGOTKY PEKOMEHAAINIA [IJIST KIIMHUUECKO MPaKTUKY [32].

B pesynbTaTe HaIIero 1UCCIeqoBaHMsSI MOKHO CIe/IaTh BIBOJ, O MTOJIOKUTENbHOM BIAUSHUY BBIOOPA CTPYKTYPhI
T'vpownn, ¢ 60IBIIMM IYaMEeTPOM OCHOBHBIX MOp (6oj1ee 1 MM) 1 ToOGaBJIeHMS IIPU IIEYATU B CTPYKTYPY MaTepu-
ajia AOTIOMHUTEeTbHBIX COeMHUTENbHBIX KAHATIOB CPeJHUM AuamMeTpom 150 MKM. DTO IMO3BOJISIET JOCTOBEPHO
YBEIMUNUTDH KOMMUECTBO HOBOOOPA30BAHHOI KOCTHOV TKAHU M, COOTBETCTBEHHO, YIYUIIUTb OCTEOKOHIYK-
TUBHbIE CBOJCTBAa KOCTHO3aMelllalolllero MaTepyuaja Ha OCHOBe KepaMMKU. [IpMUMHOI TAaHHOTO SBAEHUS
MOKET ObITb BJIMSIHME ITOBEPXHOCTHU TIOP C OIpeeIeHHO KPUBMU3HOI Ha muddepeHIMalio TPOreHUTop-
HBIX KJIETOK IT0 OCTEe006IaCTUUECKOMY MYTH, YTO OTpakaeTcsl B 6OJbIIEM KOMMUYECTBE BPacTarollleil KOCTHOIA
TKaHu. OMHAKO OTCYTCTBME HapacTaHUSI KOJIMYECTBA HOBOOOPA30BAHHOI KOCTHOJ TKaHM MPU CpPaBHEHUU
CPOKOB HaGTIOMeHNSI B 3 U 6 MeC. TOBOPUT O HEIOCTATOUHOI CITOCOOHOCTH K pe30pOIny BbIOpPaHHOTO Belle-
CTBa (TPUKAIBIMEBLIN docdar), MOCKOIbKY MaKCMMYM ITPOPACTAHUS HJOCTUTAETCS yKe Ha PaHHUX CPOKax
¥ B IaJIbHENIIeM OrpaHNYMBAeTCS MMEHHO COXpaHeHMeM MaTepuasa B oobeMe medekra. Takum o6pasom,
MTyTH JaJibHeNIero MoBbIleHs OCTEOKOHAYKTUBHBIX CBOICTB JIesKaT He TOIbKO B ONTUMM3ALNU apXUTEKTY-
pbI MaTepuasa, HO ¥ B BbIOOpE JIJISI eT0 IIOCTPOEHMS BEIecTBa ¢ 60JIbIei CITIOCOOHOCThIO K Pe30pOIINIL.

3AK/IIOUEHUE

Hob6aBieHyne B CTPYKTYPYy KepaMUUeCKMX MaTepMaJoB Ha OCHOBaHMM TPUKAJIbIIMeBOTO dhocdaTta I'mponma mo-
TTOJTHUTENIbHOI MOJIbI TTIOp 10 150 MKM B IyaMeTpe MO3BOJISIeT CTATUCTUUECKY 3HAUMMO YBEIMIUTD KOTue-
CTBO HOBOOOPA30BAHHOI KOCTHOM TKaHM M YAYUIINTh OCTEOKOHIYKTMBHBIE CBOICTBA MaTepuaia.

Kongnukm unmepecos. Agmope! 3as81510m 00 0mcymcmeuu KOHGAUKMa uHmepecos.

duHaHcuposaHue. Paboma evinonHeHa 8 pamkax epanma PH® 20-79-10210. Peaynsmamet, npedcmasJjieHHbvie 8 pabome, no-
JIyueHsl Ha 060pydosaHuu, hpuobpeménHom 3a cuem cpedcma Ipozpammut pazsumus Mocko8ckozo yHusepcumema.
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npOFHO3MpOBaHMe HapyuweHua KoOHconuaauuum nepesomMmos
AJIMHHBIX KOCTEe KOHEYHOCTEMN C MOMOLLbIO HEﬁpOCETEBOI’O dHaJin3a

A.M. MupomaHos~, K.A. Iyces, A.H. CrapocenbHukos, B.A. Myapos
YnuTuHCKas rocyLapcTBeHHas MeUIMHCKas akagemus, Uura, Poccus
ABTOpD, OTBEeTCTBEHHBII 3a MepenmcKy: Anekcanap Muxaimosua MupomaHoB, miromanov_a@mail.ru

AnHOTanua

BBenenue. HapymeHMe peHapaTI/IBHOVI pereHepanmnmn KOCTHOJI TKaHU Yy IalM€HTOB C MTepeJIOMaMM SBJISIETCA
HauboJjIee YacThIM OCJIO’)KHEHMEM, B ITaTOreHe3€ KOTOPOro BeaYyIIyIo POib UTPAOT UMMYHOI€HETUYEeCKNEe Me-
XaHM3MBbI. [IOMCKOM «11ea/IbHOTO» IMarHOCTUYECKOTO MapKepa 3aHMMalTCsI MHOI'Me 1nccjieaoBaTesin. C aroit
LeJIbIO BCe Yalile MCITI0JIb3YIOTCA HeI‘/JIpOCETI/I, KOTOPbI€ IMMO3BOJISAIOT OCYIIECTBJISITh HE TOJIBKO ITPOTHO3 pa3jinyd-
HBIX ITATOJIOTMUECKUX COCTOSIHUI, HO U OoIIpenesisiioT JOCTOBEPHbIe BAPMAaHTbI HpO(I)I/IHaKTI/IKI/I n jieuyeHusd.

Ilesb paGoThI — OIIeHUTH 3D HEKTUBHOCTD ITPOTHO3MPOBAHMS HAPYIIEHMST KOHCOMUAAIMM TTePeIOMOB IJTH-
HbBIX KOCTeJ KOHEUHOCTEN C TOMOIIIbI0 HEMPOCeTEBOr0 aHa/In3a JaHHBIX.

Matepuassl M MeTonbl. O6ciienoBaHo 108 manyeHTOB MOIOAOro Bo3pacra (1o BO3) ¢ mepenomamu IjMH-
HBIX KOCTeil HIVDKHUX KOHeUHOCTeii. I'pyIma KIMHUYECKOro CpaBHeHMS — 62 malyeHTa 6e3 OCIOKHEeHMUiA
B Bo3pacte 34,5 net [18; 44]. OcHOBHas rpymnima — 46 MauyeHTOB aHaJIOTMYHOTo Bo3pacTa (36 [18; 44]) ¢ pas-
BUTMEM 3aMe/ljIeHHOV KoHconuaauyu. ['pymma KOHTPosst — 92 mpakTuyecKu 310pOBbIX yenoBeka. Kpurepun
HEBKJIIOUEHMS : JTI0ObIe COITYyTCTBYIOIIME 3a00IeBaHMS, IPyTast TOKAIM3aIus ¥ XapaKkTep TPaBM, aJIKOTOIV3M,
HeJIOCTaTOYHOE COIOCTaB/IeHMe KOCTHBIX OTJIOMKOB IIPM PEINo3ULMH, MOBTOPHBIE onepauuu. MckiaodeHb
MalMeHThl, TTOJyyaBIlle aHTVUPE30POTUBHYIO Teparuio U MpernapaThbl KaJIbIMs Ha JOTOCIUTATBHOM JTare.
JTabopaTopHbie (TeHEeTUYECKME) UCCIeJOBAHMS BKIIOUAIM ONPEAe/eH e HOCUTEIbCTBA MOIMMOP(HBIX MO-
nekyn TNFRSF11B-1181(G>C), IL6-174(C>G), TGFB,-25(Arg>Pro), EGFR-2073(A>T) wu VDR(BsmI283G>A).
AMITIMGUKALNIO OCYIIECTBJISIIM C TIOMOIIIbI0 Ha60pOoB mpaiiMepoB «JIutex» — «SNP» (Poccus). OLieHKy pucka
PpasBUTHSI 3aMeJIEHHO KOHCOMIALIM BBIIIOTHSUIM B ITporpamme SPSS Statistics Version 25.0 (momynb Neural
Networks). IIporHocTuueckme xapakTepUCTUKM HEIPOHHOI CeTH OLIeHMBAIM C IToMoInbio ROC-aHanm3a.

PesyabTaThl. [Ipy onpemeeHny BaKHOCTY He3aBMCUMOI IepeMeHHOl OTMeueHa CaeAylolias rpamaiys:
nomumopousm rena TGFB,-25(Arg>Pro) — 100 %; nomumopdusm rena TNFRSF11B-1181(G>C) — 97,1 %,
nonmuMopdusmreda VDR-BsmI283(G>A) — 34,7 %; monumopdusmrena IL6-174(C>G) — 31,5 %; nonumophusm
reda EGFR-2073(A>T) — 15,3 %. IIpolLieHT HeBepPHBIX IpeAcKasaHuii coctraBui — 8,3 %. Ilmomaap moj KpUBOi
ROC-anamm3a (auen.: area under curve, AUC)=0,91[0,85-0,98], p < 0,001. CrienupmIHOCTb MOTYUEHHO
mogenu — 0,95 %, uyBcTBUTENBHOCTD — 0,87 %, TOuHOCTD — 91,7 %.

00cykmeHMe. B HacTrosInee BpeMsl MCIIONb30BaHME MOLOOHBIX TEXHOJIOTMYECKUX pelIeHUil B MpaKTUKe
OTPaHMYEHO OTCYTCTBMEM YHUBEPCATBHOTO MTPOTPAaMMHOTO o6ecrieueHus ¥ HayaJIbHBIMM dTariaMu ¢ po-
BU3AIMM MeIUIIMHCKOM cepsl. B 6mskaiiniem 6ymyinem mpy pasBUTUYM MCCIeI0BaHMI TeHETUYECKO TTpe/I-
PaCITONIOKEHHOCTM K Pa3IMUHbIM 3a00/1€BaHNUSIM/OCIOKHEHMSIM TaHHAsl TEXHOJIOTMSI, Ha HAIll B3IJIs, OymeT
MMeTb IIMPOKOe pacripoCcTpaHeHue.

3axkmoueHue. [IpuMeHeHNe HEMIPOHHOV CeTU IJisI MTPOTHO3MPOBAHMSI 3aMeJIeHHO KOHCOMUAALMN Tiepe-
JIOMOB C VCITOJIb30BaHMEM [TaHHBIX HOCUTETbCTBA OIPEAEIEHHBIX MOMMMOP(GU3MOB T€HOB 0Ka3ajaoCh M10-
CTaTOYHO 3¢ (PEKTUBHBIM, IOCKOJIbKY 06/1afaeT BbICOKOJ CTEIeHbI0 TOUHOCTH (91,7 %), UTO CBUIETENIbCTBYET
0 MePCIeKTUBHOCTY BHEAPEHMS HelipoceTeBOro aHalu3a B TpaBMAaTOIOTUIO U OPTOIeUIO.

KinroueBbie cioBa: HapynieHre KOHCO/IMAanum, reHeTmdyeckmne MapKepbhbl, HOJII/IMOp(bl/IBM, HEﬁpOCETeBOﬁ
aHa/In3, Hef/ipOHHaﬂ CeThb

HOns mutupoBanusi: MupomaHoB A.M., I'yceB K.A., CrapocenbHukoB A.H., Mynpos B.A. [IporHo3upoBaHue Hapylie-
HMSI KOHCOMMAAUMY TIEPEIOMOB JJIMHHBIX KOCTEll KOHEUHOCTEe ¢ IMOMOIIbI0 HelipoceTeBoro aHanusa. I'eHuii opmoneduu.
2025;31(2):237-244. doi: 10.18019/1028-4427-2025-31-2-237-244.
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Abstract

Introduction Impaired reparative regeneration in patients with fractures is the most common complication;
immunogenetic mechanisms play a leading role in its pathogenesis. Many researchers are engaged
in the search for an "ideal" diagnostic marker. For this purpose, neural networks have been increasingly
used, which allow not only to predict various pathological conditions but also to determine reliable options
for prevention and treatment.

The purpose of the study was to evaluate the effectiveness of predicting impaired consolidation of long-bone
fractures of the extremities using the neural network data analysis.

Material and methods We examined 108 young patients (WHO classification) with fractures of lower
limb long bones. The clinical comparison group consisted of 62 patients without complications at the age
of 34.5 [18; 44] years. The study group included 46 patients of similar age (36 [18; 44]) years and gender
with delayed consolidation. The control group included 92 practically healthy individuals. Exclusion criteria
from the study were any concomitant disease, other location and nature of injuries, alcoholism, as well
as inaccurate reduction of bone fragments, and repeated operations. Patients who received antiresorption
therapy and calcium supplements in the prehospital stage were also excluded. Laboratory (genetic) studies
included determination of carriage of polymorphic molecules — TNFRSF11B-1181(G>C), IL6-174(C>G),
TGFB1-25(Arg>Pro), EGFR-2073(A>T) and VDR(BsmI283G>A). Amplification was carried out using primer sets
Litekh-SNP (Russia). The risk of developing delayed consolidation was assessed using SPSS Statistics Version
25.0 (Neural Networks module). The predictive performance of the neural network was assessed using ROC
analysis.

Results For determining the importance of the independent variable, the following gradation was noted:
TGFB1-25(Arg>Pro) gene polymorphism — 100 %; gene polymorphism TNFRSF11B-1181(G>C) — 97.1 %,
gene polymorphism VDR-BsmI283(G>A) — 34.7 %; IL6-174(C>G) gene polymorphism — 31.5 %; polymorphism
of the EGFR-2073(A>T) gene — 15.3 %. The percentage of incorrect predictions was 8.3 %. Area under
the curve of ROC analysis (AUC) = 0.91[0.85-0.98], p < 0.001. The specificity of the resulting model is 0.95 %,
sensitivity is 0.87 %, accuracy is 91.7 %.

Conclusion The use of the neural network for predicting delayed consolidation of fractures using data

on the carriage of certain gene polymorphisms has a sufficient degree of accuracy (91.7 %), which indicates
that the introduction of the neural network analysis into practical medicine is promising.

Keywords: consolidation disorder, genetic markers, polymorphism, neural network analysis, neural network

For citation: Miromanov AM, Gusev KA, Staroselnikov AN, Mudrov VA. Prediction of impaired consolidation
of limb long-bone fractures using neural network analysis. Genij Ortopedii. 2025;31(2):237-244. doi: 10.18019/1028-4427-
2025-31-2-237-244.

© Miromanov A.M., Gusev K.A., Staroselnikov A.N., Mudrov V.A., 2025
© Translator Tatyana A. Malkova, 2025

Tenuii opmoneduu. 2025;31(2) 238



IIunoTHOe KUcciengoBaHue

BBEIOEHUE

HecmoTpst Ha AOCTMKEHUS B XUPYPTUUECKOM JIEUeHUU MOCTPAAAaBIIMX C TpPaBMaMy ONOPHO-IBUTATEIbHON
CUCTEMBI, TIPOIIECChl 3aMeJIeHHOM perapanyy KOCTHOM TKaHU PETUCTPUPYIOTCS JOCTATOYHO YacTO, M OKOJIO
10 % mepenomoB 3aBepiiaroTcsl HecpauleHueM [1, 2, 3]. [To-npexxHeMy OCTaeTCs OTKPBITBIM BOIPOC BO3-
HUKHOBEHMST HApYIIeHNST perlapaTMBHOI pereHeparuiu y MamnyeHToB 6e3 CUCTeMHBIX M MEeCTHBIX (PaKTOPOB
pucka. B HacTosiee BpeMsi MpoOBeIeHbl MCCIeIOBaHMsI, YKa3blBaollye Ha BeAYIIYI0 POIb MUMMYHOT€HEeTUKHA
yeJioBeKa Mpy JaHHOM OCJIOKHEHUU, a OTIpe/ie/ieHHble BAPMAHTBI HOCUTEIbCTBA MTOMMMOPGHBIX TeHOB U UX
AHOMAJIbHAS HKCIIPECCHST MOTYT SIBJISITHCSI PeIlalonMMy B MeXaHM3Me HapylleHus] KoHconumamuuu [4, 5, 6, 7].
OnHaKo aMara3soH MOg0OHbBIX M3bICKAHMI ITO-TIPEeKHEMY He CTOJIb IIMPOK U TPeOyeT HaabHeNMIIero n3yuyeHms.

B coBpeMeHHOM MUpe OTMeuaeTcCss BO3pacTaHue POIM MHHOBAIIMOHHBIX TEXHOJIOTUII aHa/IN3a MOIydaeMbIX
IaHHbIX. Vcrionb30BaHMe HelipoceTeli M MCKycCTBeHHOro mHTeekta (M) B coBpeMeHHOM 34paBooXpa-
HEHMU TO3BOJISIET pellaTbh MHOTMeE 3a/auM, B YaCTHOCTU, OCYIECTBIISITh HE TOJIbKO NMTPOTHO3UPOBaHMe Pas3-
JIMYHBIX 3200/IeBaHMIT/OCTIOKHEHWI, HO U OIPeHesITh JOCTOBePHbIe BapMAHThI MPOMWIAKTUKYA U JIeUeHUS
JIaHHBIX MTATOJIOTMUYECKUX COCTOSTHMIA [§, 9, 10].

I_[enb paﬁOTbI — OLI€HUTDb B(beeKTI/IBHOCTb IIPOrHO3MPOBAHMS HAPYIIEHNMA KOHCOIUOAM I1€epeioMOB JJIMH-
HbBIX KOCTeJi KOHEeUHOCTel C IIOMOIIbIO HeﬁpOCETeBOFO aHa/In3a JaHHbIX.

MATEPUWAJIBI 1 METOIbI

B pa6ote ¢ o6cieqyeMbIMU JIMIIAMU COOJTIONEHBI 3TUUECKME TIPUHIUAIIBI, TTPEIbSIB/AsIEMble XelIbCUHKCKOM
Hexnapanyeit BcemupHoit MeguunHckoit Accounaunu (monpasku 1964, 2011 rr.).

IlaHHas CTaThs IOATOTOBJIEHA B paMKax KOMILIEKCHOI HayYHO-MCCIen0BaTelbckoii pabotsl PK 034(02, 03),
perucTpanoHHbIii Homep AAAA-A16-116063010015-6.

O6cnemoBano 108 marnyeHTOB MOJIOAOTO Bo3pacTa (1o BO3) ¢ mepemoMamu IIMHHBIX KOCTE HVKHUX KO-
HeUHOCTel. [pymnmy KIMHMUYECKOTO CpPaBHEHUSI COCTaBWIM 62 TalueHTa 6e3 OCIOXHEHMII B BO3pacre
34,5 ner [18; 44], oCHOBHYIO IpyIy — 46 NMalMeHTOB aHAJIOTMYHOr0 Bo3pacTa (36 [18; 44]) c pasBuTueM 3a-
MeJIJIeHHOV KOHCOMMUIALUY, B IPYNIY KOHTPOJISI BKAOUEHbl 92 MPaKTUUeCKM 3J0POBBIX UeoBeKa, COIoCTa-
BUMBIX 110 Bo3pacty (35,0 [18; 44]) u momy.

KpI/ITepI/IHMI/I HEBK/IIOUEHM B MCCIeaoBaHMe SBJISIJINCH JII00bIe COIIyTCTBYIOLIME 3360II€‘BaHI/I$I, Apyras
JIOKa/IM3aluud M XapaKTep TpaBM, aJIKOTOJIM3M, a TaAKXKe HeJOCTATOYHOEe COITOCTaBJ/IeHMEe KOCTHBIX OTJIOMKOB
Inpu perno3mumm U MMOBTOPHBIE OIlepalnu. Taxke MCK/IIOUEHBI IMallMeHThbl, I10/IydaBIlIne aHT]/Ipe30p6TI/IBHy}O
Tepalnio 1 IperapaTbl KaJIbIIMsA Ha OJOTOCIIMTAJIbHOM 3Tarie.

[yarHo3 3amezjieHHOI KOHCOMUAALMIM BbICTABJIS/IM Ha OCHOBAHUM IIIKaJIbl OIeHKM MPU3HAKOB KOHCOMUAA-
oy RUST [11] 1 peHTreHOI0TUYeCKMUX KPUTEepUeB, ONMMCAHHbBIX B KIMHNYECKUX PeKOMeHZanusx. Jleuenue
MalMeHTOB OCYILEeCTBIISIIM B COOTBETCTBUM C KIMHUUECKMMIM PeKOMeHIalMsIMMU, YTBEPKAeHHbIMM MUH3Ipa-
BoM Poccuu (Ilepenombl 6eipeHHOI KOCTH (KpOMe MTPOKCUMAIBHOTO OTAea 6epeHHOI KocTu), 2021; [Tepe-
JIOMBI KOCTei1 rosieHy, 2021).

MartepuayioM IIj1s1 MOJIEKY/IIPHO-TeHeTUYECKOTO aHaam3a Cryskuiay o6pasibl JJHK, BbigeieHHbIe U3 JTeMKOIIN-
TOB IepudepuIecKoit KpoBu nccmenyeMbix. [Iis uccreqoBauust SNV (auen.: Single Nucleotide Variant — ogHo-
HYKJIEOTUIHBIN MOMMMOPGMU3M) BIOPAHbI TOYKOBbIE MyTAI[MM PEIeNTopa TYMOP HEKPOTHUUeCKoro (akropa
(TNFRSF11B) B nosunuu 1181 (G>C), uaTepneiikuua-6 (IL6) B mosuuumu 174 (C>G), TpaHcHOpMUPYIOLIETO
daxropa pocra B, (TGFB,) B mo3uuuu 25 (Arg>Pro), perienitopa snuaepmaiabHoro pakropa pocra (EGFR) B mmo-
sumuu 2073 (A>T) u Burtamuuaa D (VDR) (Bsml 283G>A). AMIindukanyuio GparMeHTOB reHOB BbIITOIHSIIN
B TepMoLyKIe Mogenu «buc» — M111 (OO0 «Buc-H», HoBocn6mpcK). B paboTe MCII0nMb30BaaM HabOPbI IIpavi-
MepoB «JIutex» — «SNP» (Poccust). Busyanusaius poLyKTOB aMIUTMGUKALIMY BHIITOTHEHA C TTOMOIIbIO 31eK-
Tpodopesa B 3 % arapo3HoM reje ¢ 1o6aBjieHreM GPOMUCTOTO ITUIMS B MPOXOASIIEM YIbTPa(hOIeTOBOM
cBete. [lonyueHHbIe pe3ynbTaThl TPAKTOBAIYM COTJIACHO MHCTPYKIMSIM GUPMbI ITPOU3BOIUTEIS.

O1eHKY pyCKa Pa3BUTHS 3aMejIeHHOV KOHCOMMIAIMY BBITIOIHSIIN C TIOMOIIbIO Iporpammbl SPSS Statistics
Version 25.0 (momynbp Neural Networks). IIporHocTuueckme XapakKTepUCTUKY HEIPOHHON CeTU OLeHMBaIN
¢ nomouibo ROC-aHanusa. Ilpy nmpoBefeHMM CTaTUCTUYECKOTO aHa/IM3a aBTOPbI PYKOBOACTBOBAINCDH TPUH-
uunaMmy MexkayHapogHOro KOMUTETa pelaKToOpoB MeauUIMHCKUX XypHanoB (ICMJE) u pekomeHzmauusimu
«CTaTuUCTUUeCcKuit aHaIMU3 ¥ MeTObI B ITy6inKyemoii iutepatype» (SAMPL) [12].

151 IpOBepKM 3HAYMMOCTHM PasINIMii KOJIMIECTBEHHBIX MTapaMeTPOB MEX/y IPYIIaMy NPUMEHSIM MeTO-
IIbI OTIMCATeNbHONM CTATUCTUKU U Pl HelapaMeTpuuecKux KputepueB. 3aKOH pacripeie/ieHusl MPU3HaKoB
C YYETOM UYMCIeHHOCTU TPyIN OLleHUBaIu mpu nomoiuy kputepusi Hlanupo — Yunka. AHanmu3 pasanumii Ko-
JIMYECTBEHHBIX [MAapaMeTPOB MCCIeIyeMbIX BBIOOPOK MPOBOAWIIM € TIoMonIbio U-Kputepusi ManHa — YUTHMA.
KauecTBeHHbIE JaHHbIE OMMCHIBAIM C YKa3aHMEM abCONIOTHBIX (1) M OTHOCUTEIbHBIX (%) 3HAUEHMIA.
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JInsi cpaBHEHMST HOMMHA/IbHBIX JaHHBIX JIBYX TPYII MCCIeNOBaHUSI UCIIONb30Baau Kputepuii ¥ IlnpcoHa.
Eciu KoymmMyecTBO OKugaeMbIx HabmomeHuii 6pu10 MeHee 10, IJIsT CpaBHEHUS VCIIONb30BaIM KPUTEpWMii x>
IIupcoHa ¢ nonpaskoii MeiiTca Ha HeNpPepbIBHOCTD, €C/IM MeHee 5 — TOuHbIii Kputepuit ®umrepa. CTaTUCTH-
YyeCKy 3HaUMMbIM cuuTanyu 3Hauenue p < 0,05 [13].

PE3VJIBTATDHI

B Mogenu mporHo3a UCIoab30BaHbl TOMBKO TeHOTUITBI MCCIemyeMbIx noauMopdusmoB reHoB (TNFRSF11B,
IL6, TGFB,, EGFR, VDR) (Tabmn. 1, 2).

[Tpu aHanM3e 4acTOThl HOCUTENbCTBA reHOTUITOB SNV y MalueHTOoB ¢ 3aMeJJIeHHO KOHCOMMalein oTMe-
4eHO npeob/iaflaHye MyTaHTHOrO reHotuna rena IL6(C174G), TGFB (A25P), EGFR(A2073T) w VDR (BsmI G>A)
HaJI TPYIINO KIMHMYeckoro cpaBHenus B 2,1, 10,1, 5,1 u 3,1 pasa coorBeTcTBeHHO. HammpoTus, Ipu onpeese-
HUY YaCTOThI pacipenesieHus reHoTumna noaumopdusma rena TNFRSF11B(G1181C) B rpyIine ¢ 3aMeIIeHHOM
KOHCOMMIAIIMel BbISIBIEHO 3HAUMMOe IpeobafgaHue HOpMaJIbHOTO TOMO3UTOTHOTO BapyaHTa B CPaBHEHUM
C IIepBO¥i I'py1Iioii B 4,3 pasa (Tabm. 1, 2).

Ta6muua 1

YacToTa HOCUTEIbCTBA MCcaemyeMbix SNV
cpeny 3M0pOBbIX JIIL M TPYIII MAl[MeHTOB C IIepeioMaMi IJIMHHBIX KOCTel

TeHOTM I'pynma KOHTpOS I'pynma KIMHUYEeCKoro OcHOBHas rpymra
(n=92) cpaBHeHUs (n = 62) (n=46)
Tenorun GG 0,511 0,161 0,696
OR[95 % CI] 0,18 [0,08-0,41] 2,19[1,03-4,63]
T'erorumn GC 0,326 0,452 0,196
TNFRSF11B-1181G>C OR[95 % CI] 1,710,88-3,30] 0.5[0,22-1,17]
T'erotum CC 0,326 0,387 0,109
OR[95 % CI] 3,24 [1,53-6,88] 0,63[0,21-1,84]
¥2 21,12 43
p < 0,001 0,12
Tenotumn CC 0,326 0,323 0,174
OR[95 % CI] 0,98 [0,49-1,96] 0,44 [0,18-1,05]
Tenorum CG 0,467 0,468 0,391
1L6-174C>G OR[95 % CI] 1,00 [0,53-1,91] 0,37 [036-1,5]
T'enorun GG 0,207 0,210 0,435
OR[95 % CI] 1,02 [0,46-2,25] 2,96 [1,37-6,39]
x? 0,00 8,63
p 1 0,01
TeHoTuUIT ArgArg 0,630 0,581 0,282
OR[95 % CI] 0,81[0,42-1,57] 0,23[0,11-0,5]
T'enotun ArgPro 0,240 0,371 0,196
(o) _ _
TGFP,~25A1g>Pro OR[95 % CI] 1,88 [0,93-3,79] 0,77 [0,32-1,85]
Tenorur ProPro 0,130 0,048 0,522
OR[95 % CI] 0,34 [0,09-1,26] 7,27 [3,14-16,82]
¥2 491 25,47
p 0,09 < 0,001
Tenotum AA 0,315 0,306 0,13
OR[95 % CI] 0,96 [0,48-1,93] 0,33[0,12-0,85]
T'enotum AT 0,598 0,597 0,37
0, —_ _
EGFR-2073A>T OR[95 % CI] 1,00 [0,52-1,92] 0,39 [0,19-0,82]
Tenorun TT 0,087 0,097 0,5
OR[95 % CI] 1,13[0,37-3,42] 10,5 [4,15-26,54]
¥? 0,05 30,48
p 0,98 < 0,001
l'enorumn GG 0,359 0,468 0,196
OR[95 % CI] 1,57 [0,82-3,03] 0,43[0,19-1,01]
T'enotun GA 0,446 0,435 0,5
(o) _ -
VDR-BsmI283G>A OR[95 % CI] 0,96 [0,5-1,84] 1,24 [0,61-2,53]
Tenotumn AA 0,196 0,097 0,304
OR[95 % CI] 0,44 [0,16-1,18] 1,8 [0,8-4,05]
XZ 3,43 >
p 0,18 0,11

Ipumeuanue: p — craTUCTUUECKasI 3HAYMMOCTD Pa3/INUMii C TPYIITION KOHTPOJIS.
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Tabauia 2
YacToTa HOCUTEIbCTBA MccIeayeMbix SNV cpefiy rpyIin MaiueHToB ¢ TepeioMaMiu IJIMHHBIX KOCTeit
TeHoTnn I(;pzygg)a II(; 113/‘11'161)'1)& x? p OR [95 % CI]
Tenotun GG 0,161 0,696 11,89 [4,72-29,92]
TNFRSF11B-1181G>C Tenorun GC 0,452 0,196 32,06 < 0,001 0,310,12-0,71]
Tenorun CC 0,387 0,109 0,19[0,07-0,56]
Tenorumn CC 0,323 0,174 0,44 [0,17-1,12]
IL6-174C>G Tenotun CG 0,468 0,391 6,99 0,03 0,73[0,34-1,59]
Tenorun GG 0,210 0,435 2,910,89-6,75]
Tenorum ArgArg 0,581 0,283 0,05[0,01-0,17]
TGFB,-25Arg>Pro Tenorum ArgPro 0,371 0,196 23,73 < 0,001 2,42 [0,99-5,92]
T'e"otur ProPro 0,048 0,522 3,51[1,55-7,95]
TeHotu AA 0,306 0,13 0,34 [0,12-0,94]
EGFR-2073A>T Tenotumn AT 0,597 0,37 22,25 < 0,001 0,4[0,18-0,87]
Tenorumn TT 0,097 0,5 9,33 [3,36—25,92]
Tenotun GG 0,468 0,196 0,28 [0,11-0,67]
VDR-BsmlI 283 G>A Tenotun GA 0,435 0,5 11,94 0,003 1,310,6-2,79]
Tenotum AA 0,097 0,304 4,08 [1,43-11,67]

IIpumeuanue: p — CTaTUCTUUYECKASI 3HAUMMOCTD P3N MEXKIY TPYIIITaMM.

Mogenb IIPOrHO3MPOBaAHMS HAPYIHICHMA KOHCO/IMOAIIUN

C 1e/1bI0 MPOBEPKU MOTYUYEHHBIX Pe3y/lbTaTOB IIPO-
rHO3a 3aMeJJIeHHO KOHCOMMUAALIM HaMU JOTIOTHM -
TeJIbHO BBITIOJIHEH HEPOCeTEBONM aHaIM3 OAaHHbIX.
B kauecTBe MOJie/iM UCMHOJIb30BAJIN CUCTEMY MHOTO-
CJIOMHOTO MepleNnTpoHa, OCHOBAaHHYIO Ha 3aBUCU-
MOJi TepeMeHHOI (3aMeqjieHHas KOHCOIUIAINS),
KOTOpasl OIpefensieTcs: Ipy aHaiu3e He3aBUCUMBbIX
JaHHbIX (BO3MOXHBIX IIPeOUKTOPOB). B KauecTBe
He3aBUCUMBbIX IlepeMeHHbIX (15 BXOIHBIX Hepo-
HOB) Mbl MCIIONb30BAJIM T€HOTUIIbI MCCIeIyeMbIX
SNP, umeroniye 3HaUMMY0 MPOTHOCTUYECKYIO ILI€H-
HOCTb. [Ipu pacueTe HelipoHHAasl ceTh MOKa3aja ap-
XUTEKTYPY C ONTUMaJbHBIM KOJIMYECTBOM CKPBITHIX
cioeB (5 1 4, COOTBETCTBEHHO), KOTOpbIE OCYIIEeCT-
BJSIIOT mporHo3 (puc. 1). CosmaHue B3aMMOCBSI-
3 B3BEIIEHHBIX CYMM OOBEKTOB C IOCAEAYIOIIM
CJIOEM 3HAYeHMIi JAHHBIX 0OBEKTOB B 000MX CKPBI-
TBIX (JIOSIX OCYIIECTBJISIETCSI C TOMOIIBIO aKTUBALIUA
CUIMOUIHOM (GYHKIMKU. AHAJOTMYHAS (QYHKINUS
peructpupyeTtcs U B BeixogHoM cioe (0; 1), uto co-
OTBETCTBYET MCXOOHOMY [AMU3aiiHy MCCAeqoBaHMs.
B kauecTBe QYHKIMM OMMOKM BBICTyIaJa CyMMa
KBaJpaToB. BrIXOmHOVM /0¥ comepykan 1 1ie/ieByIo
(3aBUCUMYI0) TIepeMeHHYI0 (3aMejieHHas KOHCOJIN-
Jauys ecTb / HeT) (puc. 1).

[lpu ompeneneHMM BasKHOCTM HE3aBUCKUMON Tepe-
MEHHO OTMedyeHa C/IeAylomasi Tpajanus: TOoMu-
mopdusm rena TGFB,-25(Arg>Pro); mnomumopdusm
rena TNFRSF11B-1181(G>C); mnonumopdusm reHa
VDR-BsmI283(G>A); nonmumopdusmrena IL6-174(C>G);
nonumopdusm rena EGER-2073(A>T) (puc. 2).

Ilpy sToM HOpMaaM30BaHHAs BAXHOCTb COCTaBWUJIA
100 %,97,1 %,34,7 %,31,5 % 1 15,3 % COOTBETCTBEHHO.
[Ipo1ieHT HeBepHBIX MpeacKa3aHmii cCocTaBui 8,3 %.

[IporHocTMUecKy 1eHHOCTb [TaHHOM HeNpPOHHO
ceTu olleHMBaIu ¢ momoibio ROC-aHanmsa (puc. 3).

CuHantnyeckuii sec > 0

wes CUHaANTUYECKMM BEC < O

_I'eHTGF[31=1

\\\\ \ I\

eHTGFR1=3

\

Hapywenve
KOHCONMAALK=1

-
=y

/ DyHKUMA akTUBaLMM CKpbITOro cnos: Curmonaa
DyHKUMS aKTUBALMM BbIXOAHOTO cnos: CurMomnpaa

Puc. 1. CTpoeHyre MHOTOC/IOVHOTO
TepIenTpoHa B MPOTHO3e 3ame] -
JIEHHOJ KOHCOMUAAIumn
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Puc. 2. T'papanys npu onpeieieHn BaXKHOCTYU He- Puc. 3. ROC-aHanu3 BO3MOXXHOCTM pa3BUTUS 3a-
3aBJMICYMOJi IepeMeHHOM MeJIEeHHOJ KOHCOMMIauuy Ha OCHOBe HelipoceTe-

BOro aHa/in3a JaHHbBIX

[Tnomazas mog kpusoii (AUC) = 0,91 (95 % U = 0,85-0,98). TOUHOCTH MPOTrHO3a ITPOTHOCTUUYECKOI MOZEIN CO-
craBwia 91,7 %, uyBcrButenbHocTh — 0,87 %, crienypuanocts — 0,95 %. AUC — 0,91 (95 % 11 = 0,85-0,98),
p <0,001.

OBCY>XXIEHUE

IIpeo6naganyue MyTaHTHOrO reHotuna resa IL6(C174G), TGFB (A25P), EGFR(A2073T), VDR (Bsml G>A) v HOp-
MaJbHOTO rOMO3UTOTHOTO BapuaHTta TNFRSF11B(G1181C) B rpy1ne ¢ 3aMeJJIeHHOJ KOHCONMMaanneii CBuae-
TeJIbCTBYIOT O BBICOKOM PMCKe HapylleHMsI KOHCOMMUOAIMM ITPU UX HOCUTENbCTBE [4].

YuuTbiBasi pe3ynbTaTbl HAYYHBIX TPYLOB MOCIESHUX NeCITUIeTUI, MOKHO OTMETUTh, YTO HaC/Ie[[CTBEHHbIE
(baKkTOpBI MUMEIOT HEMAJIOBAXXHOE MECTO B Pa3BUTUM HEIIPABMIbHOI pPabOThI CUCTEMbI UMMYHUTETA. 3aMpo-
rpaMMUPOBaHHAs, TeHETMYECKY TTOHVKEeHHAS VJTU TTOBbIIIeHHAS BRIPAOOTKA 6eJTKOB B MaKpOOPTaHM3Me CITOo-
COOCTBYeT BO3MOKHOCTY MO-PA3HOMY OTKIMKATbCSI UMMYHHOI CHUCTeMe Ha maToreHsl [4, 14]. B vactHOCTH,
IoKa3aHa poib MOMMMOpP(}MU3Ma reHOB MHOTMX IUTOKMHOB KaK B Pa3BUTHUM MATOJOTUYECKUX COCTOSTHMIA,
TaK U B X IIPOTEKTOPHOM feiicTBun [15, 16].

OpHaKko JaHHbIE UCCIeIOBAaHUS He CTOJIb IUMPOKO MPeACTaBIeHbl M HEJOCTATOYHO PACKPbIBAIOT MMMYHOTre-
HETUYEeCKMEe MeXaHM3MbI 3a060JI€EBaHNI 1/WJIM OCJIOKHEHWMIT OTIOPHO-IBUTATEIbHOM CUCTEMBI [4].

K Hacrosiemy BpeMeHM MMEIOTCSI HEMHOTOUMCIeHHbIe MCCeqoBaHusl, IJle B KauecTBe «MapKepoB» puUCKa
HapyluieHus: KOHCOMMOANNY BbICTyaT SNV reHoB. B yacTHOCTH, C pa3BUTHEM aTpOdUUECKOTO JIOKHOTO
cycraBa accouyupoBaHbl SNV reHa TpaHcKpuniyuoHHoro ¢gakropa SMAD6 (T/T rs2053423) u reHa Genka-
MHTMOUTOpPA HEKOTOpbIX MopdoreHeTnueckux 6emkoB NOGGIN (G/G rs1372857). Hecpamienust nuacdmnsa be-
IPpEeHHOVi 1 60/bleb6eplioBOii KOCTel uallle HaGMIoaloT IIPY HOCUTENbCTBE TAalIoTUIa A TpPOMOOIIUTApHOTO
daxropa pocra (PDGF) (rs1800814, rs62433334, rs13309625; CCG). [IpenpacrionoskeHHOCThb K pa3BUTHUIO BOC-
MaJUTeIbHOTO OCJOKHEHMS M HapyIIeHUIo MPOIleccoB perapannuy KOCTHOM TKaHM YCTaHOBJIeHA IIPU HOCHU-
tenbcTBe awtenu T u C/T komoHa 10 rena tpancopmupymwouiero daxropa pocra-f (TGF-B) u MmyTaHTHOTO
reHa TO/UI-TIomo0Horo perenropa-4 (TLR4) W/1. Taxke K ¢akKTOpaM pUCKa HapylIeHMs KOHCOIUOAIIUNA OT-
HOCUTCSI HOcuTenbeTBO reHoruria T/T rera IL1P (rs2853550) v reHa cuHTa3bl okenaa azota NOS2 (rs2297514).
Kpome TOT0, HapyIIeH0 HOPMaJIbHBIX IIPOIIECCOB PerapaTUBHO pereHepaluu Crioco6CTBYET HOCUTEIbCTBO
rarioTuiia A reia mopgoreHernueckoro 6einka BMP4 (rs2761884, rs17563, 12071047, rs762642; GTAA), re-
Hotura T/G reHa aHTMOTeHHOTO MHIYKTOpa, 6oraToro mucremuoM CYR61 (rs3753793), a Takke C aieny reHa
penieniTopa dakropa pocra bmopodmactoB FGFR1 (rs13317) [17].

B pa6ore G. Zimmermann et al. mokazaHa poJib 9KCIIPECCHM T€HOB MPU HOPMAaIbHOI KOHCOIUAAINY Tiepe-
JiomMa " ee HapyueHu. Tak, M36bITOUHAS] SKCIIPECCUST TEHOB IUCTeMHAMOoKcureHasbl-1 (CDO1), 6enka onu-
roMmepHoro Matpukca xpsiia (COMP), dubpomonynmua (FMOD), pubponektuna 1 (FN1), knactepuna (CLU),
IBYXKOMIIOHEHTHOI CUCTeMbI CUTHANBbHBIX myTeit (TCS22), aktuHa (ACTA2) 1 6enKa, B3auMOeiCTBYIOIEro
¢ ochommacrepasoit 4D (PDE4DIP), crioco6CTBYeT AucHanaHcy B paboTe CTPYKTYPbI ¥ PYHKIUU KIETOK IIPU
penapaTUBHOI pereHepaium, YTo MPUBOIUT K HAPYIIEHMI0 KOHCOMUAALUN 110 TUITY HecpaiieHus [18].
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OKkcnepuMeHTaabHbIe MccmeqoBanus T. Waki et al. memoHcTpupytoT posib MUKPOPHK (miRNA) B permapaTuBHOIM
pereHepauum 1 peMoeTMPOBaHUM KOCTHOV TKaHW. YCTaHOBJIEHO, UTO IPU YCUIeHMUM 3KcIipeccuy miR-31a-3p,
miR-31a-5p, miR-146a-5p, miR-146b-5p 1 miR-223-3p perucrpupyetcst HapylieHue KoHcomumanyu [19].

HampoTuBs, B HayuHOI1 pabore H. Wang et al. oTMeueHo, UTO perenTop KOCTHOrO MOP(OreHeTMIeCKoro 6emka
tuna Ib (BMPR1b) siBnsieTcst mOTeHIIMAIBLHOM MUIIIEHBIO MiR-125b, MHTMOUPYET ee 1 CIIOCOOCTBYET JIyUIIeMy
BOCCTaHOBJIEHNIO AeeKTOB KOCTHOI TKaHM [20]. Takum 06pa3om, SKCIIepUMEHTATbHBIM ITyTeM UAeHTUDUIIN-
poBaHo 11 miRNAs, KOTOpbIe MOTYT CITOCOOCTBOBATH HAPYIIEHNMIO ITPOLIECCOB perapaTUBHON pereHepanym [21].

VimeloTcsl maHHbIe M O HOCUTeNbCTBE SNV, SBASIIONIMMCSI ITPOTEKTUBHBIM (3alllMTHBIM). YCTAHOBJIEHO, UTO
¢ 671aroNpPUSTHBIM TeUeHMeM KOHCOMMAALIIM acCOLMMPOBAHO HOCUTENLCTBO TeHoTua G/T 1 G/G reHa Heii-
POHHOTO CITenbUIeCKOro MHAYIIMPYEMOTO peTuHOoeBoi Kucaotoii (FAMS5C (rs1342913)), renotuna G/G reHa
MopdoreHeTnueckoro 6enka Koctu 6 (BMP6 (rs270393)) u reHoturia G/G reHa MaTpUKCHO MeTaJlJIONeNnTH-
nasel 13 (MMP13 (rs3819089)) [22].

Tem He MeHee, C LeJIbI0 ITIOATBEPXKIEHMA 3HAYMMO pO/in BbIIIE€YKa3aHHbIX SNV B nponeccax HapyueHus
KOHCO/IMOaMM IIepeIOMOB BbIlIeIlepeuncJI€eHHbIe OaHHbIe Tpe6y}0T MaCH.ITaGI/IpOBaHI/IH UCCIeI0OBaHNU
C GOJBIINM KOJIMUYECTBOM IIalIMMeHTOB U CTPOT'VMMMM KPUTEPUSIMU BKIIOUEHNA / VCKJTIOYEeHMSI B OTHOIIIEHUM CO-
HYTCTBYIOH.leﬁ I1aTOJIOTUN.

B HacTosi1Iee Bpemsi 1TOKa3aHo, YTO I MOXKeT BBITTO/IHATD K/I0UeBble 3a7jauM 34 paBOOXpaHeH s, B TOM YMCiie
10 OMarHocTuke 3aboneBaHuit. MaTemaTmnueckasi MOJeTb Ha OCHOBEe BBIOOPOUHBIX JAHHBIX (0OYJAIOIINX)
CTPOUTCS € TMOMOIIBI0 AJITOPUTMOB MalIMHHOTO 06yueHus (MO), UTO MPUBOOUT K ITOCTPOEHMIO TTPOTHO30B
U/VUTM KOHKPETHBIX periennii [23, 24, 25]. B uacTHOCTH, Hanbosee yacTo anroputMbl MO MIPUMEHSIIOT B TIep-
COHMGUIIMPOBAHHOI (TTepCOHANIN3UPOBaHHOI) MenuiHe. Takue mporpaMmmbl MO B 00s13aTeIbHOM MOPSIIKE
Tpe6YIOT KOHTPOIUPYEMOTO 0OYUEeHMSI C UCIIO/Ib30BaHMEM TTepeMeHHOIt ncxona [23].

Cejtuac Bce valle B MeIUIMHE IIPUMEHSIOT CJIOKHbIe popmbl MO, — HelipoHHbIe ceTH. Takue TeXHOIOTUMN
TaKKe UCIONb3YIOT B NVMATHOCTYMKeE (IIPOrHO3€) Pa3IMUYHbBIX MATOJIOTMUYECKUX COCTOSIHMIA [26]. UTo KacaeTcs
MCITONIb3YeMOTO B JAHHOI paboTe MHOTOCIONMHOTO MEePIENTPOHA, TO ero MPUUMUC/ISIOT K CETH MPSMOTO pac-
npocTpaHeHus (OT ¢108 K ¢/1010). OKOHUYATeTbHBIN pe3yabTaT pacueta GOpMUPYETCs B BUIE UTOTA PA3HOCTU
MEXIy OTBeTaMM KaXXIoro c/10sl. TOUHOCTb JaHHOV MOZe/y OBBIIIAeTCS IIPU YBeJIMUYEHMUM KOJIMUYeCTBa CJI0eB
nepLenTpoHa [27].

TakuMm 006pa3oM, mayibHellee u3ydyeHMe IepCOHMMOUIIMPOBAHHBIX MMMYHOTEHETUUYECKUX MEXaHM3MOB
He6IaronpusITHOTO TEUYEeHUs TPaBMAaTUYECKOii 6OMe3HM TpU IepejoMax IJIMHHBIX KOCTe/ KOHEUHOCTEN,
B TOM UMCJIe U C IPUMEHEeHVEM COBPEMEHHBIX IIM(POBBIX CUCTEM, MOXKET IMOCTYKUTb OCHOBOJI [JIsT OGHApY-
SKeHUSI TIPeIMKTOPA Pa3BUTHUS OCIOKHEHUI U MTO3BOIUT BHOCUTh HEOOXOAMMYIO MPOMOWIAKTUIECKYI0 KOP-
PEKIINIO B JieueHue, YTo 6yJeT CriocoOCTBOBATh 3HAUNTEIbHOMY CHYDKEHUIO HeOIarompusiTHBIX MCXOOB.

B HacTosIIIee BpeMs CITO/Ib30BaHME B ITPAKTHUKE ITOLOOHBIX TEXHOIOTMUECKIX PeIleHii OTpaHMYeHO B CBSI3U
C OTCYTCTBMEM YHMBEPCATBLHOTO ITPOTPAMMHOTO 00ecreueHysT M HauaJbHbIMM STariaMy IUGPOBU3aALINY Me-
IUIVHCKOM cdepsl. OMHAKO cOo3maHMe eqyHOTo M1GpPOBOTO KOHTYpa U BHeapeHue WU, Habuparomiee 060-
poT B paMKax (emepanbHOro mpoekrta «1{1dpoBble cepBUCHl 3APaBOOXPAHEHNSI», JEMOHCTPUPYET BaXKHOCTD
IMGpOBU3ALIMM HAYUYHBIX MEIUIIMHCKUX TEXHOJIOTHIT BCeX oTpacieii. B GiyokaiiieM 6ymyIneM Ipy pasBUTUMI
MCCIIeIOBAHMII TeHeTUUECKOI MPeapacioosKeHHOCTH K Pas3aMyHbIM 3a60/IeBaHMSIM/OCTOKHEHMSIM TaHHAsI
TEXHOJIOTHS, Ha HAlll B3MVISIA, OYAeT MMeTb IIMPOKOe PaclpoCTpaHeHNe.

HO)'IY‘-IEHHbIe HaMM OJaHHbI€ HOCAT Hpe,I[BapMTEHbHLIﬁ XapakTep. Mbl HageeMmcsd, 4To ,ZlaHbHEIZHIME IMO/JTHOMaAc-
HITaOHbIE ncciaegoBaHMs IT0O3BOJIST 060CHOBATD BHeEOAPEHME MMMYHOI€HETUYECKMX MapKePOB Ha OCHOBE ]_U/[Cb-
POBLIX CEPBMCOB B AMATHOCTUKY Pa3BUTUSL OCJIO’KHEHMIA IIpY I1IaTOJIOTUN OHOpHO-,E[BMFaTeJIbHOﬁ CHCTEMBI.

3AKJIIOYEHUE

[TpuMeHeHMe HEMTPOHHO CeTH JIJIst TPOTHO3MPOBaHMS 3aMe/IJIeHHOI KOHCOMMAALIMY TTepeIOMOB ITPY MUCITONb-
30BaHMM TAaHHBIX HOCUTEIbCTBA OMpPeIeIeHHbIX TOIMMOP(GU3MOB TeHOB 0Ka3a/I0Ch AOCTAaTOUHO 3¢h(eKTUB-
HbIM, ITOCKOJIbKY 00/1a7JaeT BbICOKOJ CTEITeHbI0 TOUHOCTY (91,7 %), UTO CBUIETENbCTBYET O IIEePCIEKTUBHOCTA
BHeJIPEeHUST HEIIpOCeTEBOTO aHa/INM3a B TPABMATOJIOTHUIO M OPTOIIEIAIO.
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Abstract

Introduction Thymidine phosphorylase (TP) is known to be correlated with the pathogenesis of solid tumors.
IL-6 is overexpressed in osteosarcoma, and data exist showing that high concentrations of IL-6 are linked
to a poor prognosis.

The aim of this study is to investigate the diagnostic role of thymidine phosphorylase and IL-6
in the pathogenesis and progression in patients with osteosarcoma.

Materials and methods Thirty patients diagnosed with osteosarcoma (with age ranging between 15-44 years)
were included in the current study. Those patients were distributed as 6, 15, 5 and 4 subjects for stages Al,
BI, II and III respectively.

Results Statistical analysis pointed out that IL-6 tends to be increased patients in stage III (3.89 + 0.34 ng/ml)
compared to stage Al, BI and II: 1.48 £0.22 ng/ml, 1.55 = 0.24 ng/ml and 2.45 * 0.45 ng/ml respectively.
Regarding thymidine phosphorylase, the current study also found that it tends be increased patients in stage III
8.3 +0.33 ng/ml comparing to stage Al, BI and II: 7.2 £ 0.92 ng/ml, 6.82 = 1.14 ng/ml and 7.8 # 0.22 ng/ml,
respectively. The area under the curve (AUC) for thymidine phosphorylase was 0.87, with high significant
difference p < 0.001, at a cut-off point 2.44, while the sensitivity and specificity ratios were 0.85, and 0.71
respectively. Regarding IL-6, the area under the curve (AUC) was 0.75, with significant difference p < 0.038,
at a cut-off point 6.32, while the sensitivity and specificity ratios were 0.81, and 0.69 respectively.
These biomarkers can also be used in the diagnosis and progression of osteosarcoma.

Discussion High levels of TP are expressions of tumor aggressiveness and poor prognostic factors. Some
separate studies focus on TP expression at different osteosarcoma stages but their numbers are few, arguing
that there is a gap in the current available literature. TP more recently has attracted significant attention
for its involvement in cancer biology, especially with regard to its influence on disease pathogenesis and
prognosis, according to available studies, TP plays a major part in the development of most malignant diseases,
and particularly bone-related malignancies. It has been observed that TP promotes angiogenesis, is expressed
in tumor-associated macrophages within the tumor stroma. TP expression has been studied in different types
of cancer as a predictive body. New prognostic models for patients with bone cancer can be developed based
on literature data.

Conclusion It is suggested that thymidine phosphate activity and IL-6 have a significant high diagnostic
power in the diagnosis and progression of osteosarcoma.

Keywords: thymidine phosphorylase, IL-6, diagnosis power, osteosarcoma
For citation: Abdul Azeez BA, Abd Alhussain GS, Salman RS, Al-Fahham AA. The diagnostic value of IL-6 and thymidine

phosphorylase in the progression of osteosarcoma. Genij Ortopedii. 2025;31(2):245-251. doi: 10.18019/1028-4427-2025-
31-2-245-251.
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AnHoOTanus

BBegenne. Tumuanadochopmiaza (TP) Koppeanpyer ¢ MaToreHe30M COMMUIHBIX OITyxojieit. UHTepeiikuH-6
(WI-6) nMeeT MOBBIIMIEHHYIO SKCIIPECCUIO TPU OCTeocapKome. Boicokme KoHLeHTpauum UJI-6 naroT 0OCHOBa-
HMe IIpeAIoaraTh MJI0X0i MPOrHO3 U arpecCUBHbIN XapaKTep OITyXOJIn.

Ilenp paGoThl — M3ydyeHUe OuarHocTuueckoil pomu TO u WJI-6 B maToreHe3e UM IPOTPECCUPOBAHUU
OCTE0CapKOMBI.

Marepuainsl M1 MeTOAbI. B TekyIiee mccaenoBaHmue BKaOUeHbl 30 NalMeHTOB ¢ AMarHo30M OCTeocapkoMa B
Bo3pacre OT 15 1o 44 ner. ITanyeHThl pacapenenens mo cragusam Al (n = 6), BI (n=15),I1 (n = 5) u III (n = 4).

PesynbraThl. CTaTUCTUUYECKUIT aHaAU3 Tokasaa, yTo WJI-6 MmeeT TEHOEHIIMI0 K MOBBIINIEHNIO Yy Maliu-
eHtoB Ha craguu III, (3,89 * 0,34) Hr/mi, 1m0 cpaBHeHMIO co cramgusmu Al, BI u II: (1,48 +0,22) Hr/™mi,
(1,55 £ 0,24) ur/mna u (2,45 * 0,45) ur/mia. Uto kacaetcs T®, gaHHOe MCCAef0BaHMeE TaKKe ITO0Ka3ajI0, YTO OHA
MMeeT TeHIEeHIMIO K ITOBBIIIEHNIO Y IalyeHToB Ha ctaguu 111, (8,3 £ 0,33) Hr/mJ1, IO CpaBHEHMIO CO CTAAMUSIMU
Al BI n1II: (7,2 £ 0,92) ur/mun, (6,82 * 1,14) ur/mn u (7,8 * 0,22) Hr/mMJ COOTBETCTBEHHO. [I101IaAb 1og, KpuBO
(AUC) st T® cocrasmia 0,87 ¢ BbICOKOM 3HaUMMOM pasuute p < 0,001 npu Touke oTceuenus 2,44, B TO Bpe-
MsI KaK KO3 UIMeHTbl UyBCTBUTEIbHOCTU U crienyduaHocTu coctaBuan 0,85 u 0,71. Yto kacaetcst UJI-6,
momanp mop kpusoit (AUC) coctaBuia 0,75, co 3HaUMTeIbHOM pasHuileii p < 0,038, mpu TOUKe OTCEUEHUS
6,32, B TO BpeMs KaK K03 UIMEeHTbI YyBCTBUTEILHOCTY U crieriuduanocty coctaBuan 0,81 u 0,69 cooTBeT-
CTBEHHO. TU 6Mi0MapKepbl TAKKE MOXKHO MCII0Ib30BaTh B AMAarHOCTUKE U ITPOrPECCUPOBAHIU OCTEOCAPKOMBI.

OGcyxaeHue. Boicokuit ypoBeHb TD ABJIIeTCS TTOKa3aTeIeM arpecCMBHOCTHM OITYXOJIU U TVIOXMM ITPOTHOCTH -
yeckuM pakropom. OThenbHble UCCAeL0BaHMS MTOCBSIeHbI aKcIpeccuy T Ha pasHbBIX CTAAMUSIX OCTeOCapKo-
MbI, HO MX YM(JIO HeBelnuKo. B nocnenHee Bpemst TO npuBiekaeT 3HaUUTeNbHOE BHMMaHNe CBOMM y4acTHeM
B Omosornm paka, 0cO6eHHO CBOMM BJIMSIHMEM Ha TIaTOreHe3 U MPOTrHO3 3abosneBaHus. COMIacHO MCCIeno-
BaHMSIM, T® urpaeT BaykKHYI0 POJIb B Pa3BUTUM GOBIIMHCTBA 37I0KAUeCTBEHHbIX 3a00/IeBaHNi, 1 0COOEHHO
3JI0KaYeCTBEHHBIX HOBOOOpa3oBaHMil KocTeil. T crrocob6CTBYET aHTMOTEeHE3Y, SKCIIPECCUPYS B OITyXOJIb-ac-
COLMMPOBAHHBIX Makpodarax B CTpoMe OMmyxonu. dkcrapeccus TO usyueHa mMpu pasanMyHbIX TUIIAX paka B
KauecTBe MPOrHOCTUYECKOTO ¢dakropa. Ha OCHOBe JaHHBIX JIMTEPATYPhl MOTYT OBITh Pa3pabOTaHbl HOBbIE
IIPOTHOCTMYECKNE MOZENN JJ151 allieHTOB C pakKOM KOCTeIA.

3akmroueHre. AKTUBHOCTb T® u WJI-6 meeT 3HaUMUTEIbHYIO IMAaTrHOCTUYECKYIO IIEHHOCTb [P IIPOTpeccu-
POBaHUM OCTEOCAPKOMBI.

KnroueBslie cioBa: TuMuanHbochopmiasa, MHTENEMKUH-6, AMarHOCTUKA, OCTeocapKoMa

HOas uutupoBanust: Abdul Azeez B.A., Abd Alhussain G.S., Salman R.S., Al-Fahham A.A. [luarHocTuyeckoe 3HaUeHue
MHTeNeliknHa-6 U TuMuanHdochopuaassl Ipyu MPOrpeccupoBaHUM OCTeocapkoMbl. TeHuli opmoneduu. 2025;31(2):245-
251.doi: 10.18019/1028-4427-2025-31-2-245-251.
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INTRODUCTION

Osteosarcoma (0OS), the most common primary bone malignancy, has a worldwide annual incidence
of 3.4 per million population. The main pathophysiological mechanism includes multiple possible genetic
drivers of the disorder associated with bone formation, leading to a progressive and metastatic malignant
transformation. Although significant steps have been made towards the prognosis of patients with localized
forms having the event-free survival rate above 60 % it generally remains grim in cases of those with
metastatic versions and stays below 30 % [1]. The pathogenesis of osteosarcoma is polygenic and compiles
genetic, molecular, and cellular aspects. While these sources do not straightly talk about osteosarcoma,
knowledge of cancer genetics from other cancers can help direct views, including the genetic foundation
for myeloproliferative neoplasms commented on by W.Vainchenker et R.Kralovics to the landscape
of osteosarcoma at the molecular level [2]. Mutation of specific genes acting as tumor suppressors,
for instance tumor protein p53 (TP53) and retinoblastoma 1 (RB1), defines most of the tumorigenic
pathways in osteosarcoma. Experience has also shown that two to three driver gene mutations can transform
osteoblasts to become osteosarcomas. This event likely follows loss of the p53 and Rb pathways based
on what transformation has been shown to use across tumor types. Loss of differentiation may help explain
why normal differentiation is blocked and sarcomas have primitive-appearing cells. The findings here are
consistent with the strong genetic evidence indicative of the critical role of TP53 as a major tumor suppressor
gene in human tumorigenesis and sarcoma genesis specifically [2]. Osteosarcoma is the third most common
cancer in adolescence, after lymphomas and brain tumors, with an annual incidence of 5.6 cases per million
children below 15 years of age. Osteosarcoma incidence is bimodal, peaking at 18 and 60 years of age, and is
slightly more common in males. Peak incidence is in the second decade of life. Before the age of five, OS is rare.
OS arises sporadically, with few cases related to known inherited defects in cell cycle regulation, but about
70 % of tumor specimens show a chromosomal abnormality. Some key mutated genes drive the initiation
and progression of osteosarcoma [3]. Thymidine phosphorylase (TP) is a rather interesting enzyme that
performs functions in nucleosides metabolism that executes salvage of pyrimidine with its functional activities
in the pathway. First described in 1953, stimulated by TP is the reversible bioconversion of thymidine (TdR)
into thymine and 2-deoxy-o-D-ribose-1-phosphate (dRib-1-P), as well as deoxy uridine phosphorolysis into
uracil and 2-deoxy-a-D-ribose-1-phosphate. However, this reaction is reversible; TP's major function is
catabolic. There are two different names for one molecule: angiogenic factor platelet-derived endothelial-cell
growth (PD-ECGF) and TP. That metabolic role aside, TP plays an essential role in angiogenesis. The reaction
is catalyzed by TP expressed as: TdR + H,0 «> thymine + 2-deoxy-o-D-ribose [4, 5]. The reversible nature
of the reaction has arisen some debate as to the reality of TP catalyzing that reaction to any appreciable extent,
such a view seems to dismiss a good body of consistent evidence, which is becoming available, that supports
a catalytic function for this enzyme in pyrimidine degradation both in vitro and in vivo within the large majority
of cells that TP is the primarily source of this activity [6—7]. Furthermore, several human cancers overexpress
TP. The human TP gene is located on chromosome 22q13. TP is a dimer protein composed of two identical
subunits non-covalently associated with a dimeric molecular mass of 51 kD [8]. Thymidine phosphorylase
(TP) levels are expressed in some epithelial, glial cells, macrophages, and stromal cells. It is manifested
in the nucleus. Here it regulates the supply of pyrimidine nucleosides that are necessary for DNA synthesis as
well as in the cytoplasm, where it exhibits enzymatic activities [9]. IL-6 is a pleiotropic cytokine, synthesizing
from various cells, including endothelial cells, keratinocytes, fibroblasts, and tumor cells; it is considered as
the most important cytokine responsible for induction of events-ranging over many biological processes.
IL-6 is a key inflammatory mediator implicated in the procession and advancement of osteosarcoma. IL-6
binds with a receptor complex having a-gp80 (or IL-6R) and then further association with gp 130 [10]. IL-6
exerts inflammatory responses and has been impugned in the pathogenesis of a variety of cancers. High levels
of this cytokine within the tumor microenvironment are also well documented to underlie the poor prognosis
and aggressive nature of the tumor; D.T. Fisher et al., in 2014, focus their assertions that IL-6 may have
paradoxical effects within the tumor microenvironment, dichotomously acting not only as a growth promoter
but also as an apoptosis inhibitor. This duality perfectly underscores the complexity surrounding attempts
to target this cytokine in cancer therapy [11]. In 2016, T. Tanaka et al. expound on how IL-6 contributes
to inflammation-driven carcinogenesis, a process that takes place in colorectal cancer as basic mechanisms
work similarly in osteosarcoma. This leads to expression in the tumors’ proximity of factors like IL-6 that
further enhance chronic signaling through pathways like JAK/STAT to advance and support tumorigenetic
processes [12].

The aim of this study is to find out the diagnostic role of thymidine phosphorylase and IL-6 in the pathogenesis
and stages progression in patients with osteosarcoma.
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MATERIAL AND METHODS
Patients and data collection

A prospective study was performed at Al-Forat Al-Awsat Oncology Center in Najaf and Oncology Center
in Baghdad/Iraq in the period from September 2023 to June 2024. Thirty patients diagnosed as having
osteosarcoma, aged between 15-44 years were included in the present study. The general information
(age, gender, and stage) was collected from the records of the patients in the Oncology Center. An amount
of 5 milliliters venous blood samples were collected. The blood samples were allowed to coagulate in the gel
tube at room temperature for 20 minutes. After coagulation, the samples were centrifuged at 2000xg
for 20 min to obtain the serum, which was stored at (-20 °C) until assayed. IL-6 and thymidine phosphorylase
were estimated in the serum by ELISA kit (My BioSource, USA) for serum thymidine phosphorylase and
IL-6 determination. The Enneking system for staging classifies according to grade (I or II), intra- or extra-
compartmental location (A or B), and the presence of metastases (III). So, stage IA is a low-grade intra-cortical
tumor, IB is a low-grade extra-cortical tumor, ITA is a high-grade intra-cortical tumor, and IIB is a high-grade
extra-cortical tumor. Metastatic disease instantly catapults to III stage [3].

Statistical Analysis

The SPSS software version 25.0 (SPSS, Chicago) was used for all the appropriate statistical analyses,
the normality test which was used to test who want to continuous data for Shapiro Wilk test. All normally
distributed data are acted as mean * standard deviation. ANOVA test was used to find out the statistical
difference in TP and I1-6 with patients' groups classified by tumor stages. The receiver operating characteristic
curve (ROC) was used to test the predictive value of thymidine phosphorylase and IL-6 in predicting relapse
among osteosarcoma patients. A p-value less than .05 was considered to indicate a statistically significant
difference.

RESULTS

Table 1

Statistical distribution (frequency and percentage)
of patients by their general characteristics

Patients who participated in the current study
have a wide range of age (15-44 years) with a mean
of (26.25 *+ 6.22) years; the majority of them (43.33 %)

within the interval (15-24) years, while those within Patients N = 30
(24-34) years constitute (40 %) of the sample. It Items Sub-group Freq %
seems that osteosarcoma is more common in male 504 13' 43.33
(60 %) compared to female (40 %). The distribution .
of patients according to the stage of osteosarcoma was Age 25-34 12 40
as follows 6, 15, 5 and 4 individuals for stages Al, BI, II 35-44 10 33.33
and III respectively (Table 1). Mean * SD 26.25 + 6.22

Dataregarding thymidine phosphorylase and IL-6 were Sex Malei 18 60
found to follow normal distribution. Accordingly, these Female 12 40
data were expressed as mean and standard deviation. Al 6 20
The statistical analysis pointed out that thymidine Stage Bl 15 50
phosphorylase tends to be increased in patients 11 5 16.67
in stage III (3.89 *0.34 ng/ml) compared to stage 111 4 13.33

Al BI and II: (1.48 +0.22 ng/ml), (1.55 *0.24 ng/ml)

and (2.45 £ 0.45 ng/ml) respectively (Fig. 1). Regarding IL-6, the current study also found that IL-6 tends
to be increased in patients in stage III (8.3 = 0.33 ng/ml) compared to stage Al, BI and II: (7.2 + 0.92 ng/ml),
(6.82 £ 1.14 ng/ml) and (7.8 £ 0.22 ng/ml) respectively (Fig. 2).

wexx (P < 0,0001) « (P<0.036)

Thymidine Phosphate (ng/ml)
IL-6 (nglL)

Al BI ] 1] Al Bl I m
Stages Stages

Fig. 1.Differences in serum thymidine phosphorylase
in different stages of osteosarcoma

Fig. 2. Differences in serum IL-6 in different stages
of osteosarcoma
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The receiver-operating characteristic (ROC) curve analysis of thymidine phosphorylase and IL-6 was
used in predicting relapse in patients with osteosarcoma. The area under the curve (AUC) for thymidine
phosphorylase was 0.87, with high significant difference p < 0.001, at a cut-off point 2.44, while the sensitivity
and specificity ratios were 0.85, and 0.71 respectively. Regarding IL-6, the area under the curve (AUC) was
0.75, with significant difference p < 0.038, at a cut-off point 6.32, while the sensitivity and specificity ratios
were 0.81 and 0.69 respectively, as shown in Table 2 and Fig. 3.

Table 2
The areas under the curve (AUC), sensitivity and specificity of the biomarkers for the diagnosis of osteosarcoma
Biomarkers (AUC) Sig. p-value Cut-off Point Sensitivity (%) Specificity (%)
TP 0.87 0.01 2.44 0.84 0.71
IL-6 0.75 0.038 6.32 0.81 0.69
TP: Thymidine phosphorylase; AUC: Area Under the Curve
ROC Curve ROC Curve
10 10
0.8+ 081
2 061 2 061
z 5
% 3
& 044 a 04
024 024
00 T T T T 00 T T T T
00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity
Thymidine Phosphate a IL-6 b

Fig. 3. Diagonal segment of the Receiver operating characteristic (ROC) curve for (a) thymidine phosphorylase
and (b) IL-6 in for the diagnosis of osteosarcoma

DISCUSSION

Thymidine phosphorylase activity in 30 cases of osteosarcoma was analyzed by ELISA, including (6 cases
at Stage Al, 15 at Stage BI, 5 at Stage II, 4 at Stage III). Thymidine phosphorylase is upregulated in a broad set
of solid tumors and enhances progression of tumor via anti-apoptotic activity. High levels of TP are expressions
of tumor aggressiveness and poor prognostic factors. The presence of high intracellular levels of this enzyme
indicates increased chemosensitivity to pyrimidine antimetabolites [13-14]. This study exhibited that
thymidine phosphorylase is present in high concentration in patients with higher stages of osteosarcoma.
Although some separate studies focus on TP expression at different osteosarcoma stages, their numbers are
few, arguing that there is a gap in the current available literature. Thymidine phosphorylase is an enzyme
that acts in thymidine metabolism and more recently has attracted significant attention for its involvement
in cancer biology, especially with regard to its influence on disease pathogenesis and prognosis [15]. Indeed,
according to available studies, TYMP plays a major part in the development of most malignant diseases,
and particularly bone-related malignancies [16]. Thymidine phosphorylase significantly promotes bone
lesion formation by inhibiting osteoblast activity and stimulating osteoclast activity. This reaction models
TYMP as a facilitator of myeloma-induced bone lesions and thus argues for its potential contribution to other
inflammatory events accompanying bone cancer [16]. The other striking feature is TYMP's contribution
to angiogenesis. It has been observed that TYMP, it promotes angiogenesis, is expressed in tumor-associated
macrophages within the tumor stroma. This correlation between TYMP expression, angiogenesis, and poor
prognosis underscores its potential as a key player in the tumor microenvironment: influencing both tumor
growth and metastasis [17]. TYMP expression has been studied in different types of cancer as a predictive
body. Thus, TYMP expression was found to be higher with a high systemic immune-inflammation index,
suggesting that TYMP levels are related to patient outcomes [18]. This relationship is especially significant
in the sensitivity of TYMP as a biomarker to postoperative patients with gastric cancer, which means that it
has the potential to be developed as a clinical prognostic biomarker. The expression in tumor tissues with high
SII values was much higher compared with those with low SII values, indicating their association with poor
prognostic factors in various cancers other than bone cancer [19]. ].F. Xu et al. successfully isolated exosomes
related to chemotherapy responses in osteosarcoma containing differentially expressed microRNA and mRNA.
Inview of this trend, highly increased TYMP may indicate a more aggressive tumor phenotype and subsequently
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become a prospective aim for therapeutic intervention [20]. The present study highlighted that IL-6 is found
in high concentration in patients with higher stages of osteosarcoma. Specific research on IL-6 in osteosarcoma
is scanty, though several inferences can be made from those done in other malignancies. Increased levels
of IL-6 have been documented in several inflammatory conditions as observations by P. Conti et al. (2020),
who reported a significant increase of IL-6 in patients critically ill. In line with this, the author observed that
proinflammatory cytokines like IL-6 could contribute to an immunosuppressive tumor microenvironment —
a situation not suitable for effective anti-tumor immunity [21]. This association provided further insights
into the role of IL-6 as a mediator of systemic inflammatory responses in disease severity, as might be
relevant with osteosarcoma. There is accumulating evidence that IL-6 plays an essential role in regulating
immune responses in cancer [22]. Data by A. Mazzoni et al. (2020) show the defect of immune cell cytotoxicity
in severe COVID-19 patients that depends on IL-6. Secretion of such high levels of IL-6 would, therefore, skew
the immune response to a more tolerogenic state. This leads to questioning whether analogously it could do
so in immunotherapeutically treated osteosarcoma patients by providing room for immune response, thus
lowering effectiveness of the strategy [23]. On the one hand, IL-6 is one of the pleiotropic cytokines that are
surely critical in many physiological processes and simultaneously steers pathogenetic processes, especially
inflammation and cancer. CAF-derived IL-6 is indeed strongly pro-tumorigenic and contributes significantly
to stroma-dense growth in several cancer entities, including pancreatic ductal adenocarcinoma. Reports show
recurring interplay between IL-6 and CAFs to create a pro-tumorigenic environment that supports further
tumor growth and metastasis [24]. In line with this, it seems that IL-6 is not just a byproduct of the disease
but takes on the form of an active player in the tumor microenvironment that per se influences the behavior
of malignant cells. Through this, dysregulated IL-6 signaling in bone cancer may result in increased tumor
growth and, therefore, increased survival [25]. The prolonged activation of the STAT3 pathway, which is driven
by IL-6, has been implicative of cancer progression and chronic inflammatory diseases. This persistent STAT3
activation underscores, directly, the importance of IL-6 maintaining an inflammatory state that is conducive
to cancer development. One of the critical prognostic values of IL-6 in cancer is its well-known relationship
to poor prognosis and the growth of many tumors, such as prostate, which leads to a negative correlation with
regards to survivals and responses to chemotherapy [26-27]. The negative correlation of IL-6 might make
it a good biomarker for the progression of the disease, which in turn would give clues about the likelihood
of response to treatment and general outcome in patients. In this regard, whether similar relationships exist
between IL-6 levels and clinical outcomes in bone cancer will underpin further attempts. IL-6, by promoting
cancer cell growth and blocking apoptosis, seems to be essential for the switch from tumor types to more
aggressive phenotypes [27]. New prognostic models for bone cancer patients could be developed based
on that information.

CONCLUSION

It is suggested that thymidine phosphorylase activity and IL-6 have a significant high diagnostic power
in the diagnosis and progression of osteosarcoma.
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Abstract

Introduction Intertrochanteric fractures account for almost half of all hip fractures, with a mortality rate
of 15 to 20 % within one year following fracture, primarily in elderly patients aged 65 years old and older.

The purpose of this study is to compare the operative time, intraoperative blood loss, intraoperative
blood transfusion, hospitalization time, weight-bearing time, Harris Hip Score at 1, 3, 6, 12 months
follow-up, and complications after proximal femoral nail antirotation versus bipolar hemiarthroplasty
for intertrochanteric fracture in elderly patients based on the published literature of their comparison.

Methods We conducted a comprehensive search in the electronic databases such as PubMed, Scopus,
and Google Scholar. Original articles up to November 2024 were screened, focusing on retrospective
or prospective cohort studies.

Results and Discussion The initial search yielded 702 studies. Six cohort studies with a total
of 495 participants were assessed. The Proximal Femoral Nail Antirotation (PFNA) showed statistically
significant shorter operative time (p = 0.006), lower intraoperative blood loss (p <0.0001) compared
with bipolar hemiarthroplasty. Bipolar Hemiarthroplastty had statistically significant better Harris Hip
Score at 1 and 3 month follow-up post-operatively (p < 0.00001), (p = 0.001). It provides early weight-bearing
(p =0.003) and helps mobilize post-operative patients. Blood transfusion, hospitalization time, Harris Hip
Score after 6- month follow-up, and complications had balanced results between two apporaches.

Conclusion PFNA and bipolar Hemiarthroplasty have comparable results in intertrochateric fractures
in the elderly. PFNA has the advantages of shorter operative time, and lower intraoperative blood loss. Bipolar
hemiarthroplasty has the advantages of better Harris Hip Score at 1 and 3 month follow-up and earlier
weight-bearing.

Level of Evidence: I.

Keywords: Proximal Femoral Nail Antirotation, Bipolar Hemiarthroplasty, Intertrochanteric Fracture, Elderly,
Harris Hip Score, Complications.
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AnHoOTanus

BBegenne. MexXBepTebHbIE TTePeIOMbI COCTABIISIOT MOYTH TTOJIOBUHY BCEX IepeloMOB Oefpa, C YypOBHEM
cMepTHOCTH OT 15 mo 20 % B TeueHye OJHOTO roja Mocje IepejioMa, BCTPeUalTCs B OCHOBHOM Y IaliIEHTOB
B BO3pacTe 65 JIeT 1 cTapiie.

Ilesib paGoOTBI — Ha OCHOBE JIMTEPATYPHBIX JAHHBIX 00 MCIIONIb30BaHUM TEXHOJIOTUII aHTUPOTAI[MOHHOIO
mTudTa IS MPOKCMMAaTbHOTO OTaesa 6eapa 1 GUITONISIPHO TeMUapTPOILIaCTUKY TIPU MeKBEepTeTbHBIX ITe-
penoMax y MOKMIIBIX MalieHTOB CPaBHUTD MTOKA3aTeIM BpeMeH) Omepaluy, TOCIIUTAIU3AIUK U HaTPy3KH,
MHTPAOIIepalIOHHbIX KPOBOIIOTEPY U TIEpeIMBAHMS KPOBU, MHAEKca Xappuca, a TakKe OIeHUTb Ioc/eorne-
palMOHHbIE OCIOKHEHMS.

MeTonsl. IIpoBemneH KOMIUIEKCHBI TTOMCK MCTOUHMKOB B 3JI€eKTPOHHBIX 6asax maHHbIX PubMed, Scopus
1 Google Scholar. 711 mpoBemeHMs CYCTEMATHYeCKOro 0630pa ¥ MeTaaHaI13a MCIoab30Bany KokpaHoBckoe
PYKOBOACTBO IO CUCTEMATUMUYECKMM 0030paM B COOTBETCTBMM C pPeKOMeHAAIMsIMM IpoTokona PRISMA.
OTOoOpaHbl OPUTHHATBHBIE CTAThY, PETPOCIIEKTMBHbBIE VJIM ITPOCIIEKTYBHbBIE KOTOPTHBIE MCC/IeTOBAHMSI, OITY-
6MKOBaHHBIE 10 HOSIOpst 2024 rona. [TepBoHavaIbHbBIN MOMCK gan 702 pesyabrara.

PesynbraTsl U 00cykaeHMe. OlleHeHO eCTh KOTOPTHBIX UCCIeNOBaHMIi C OOIMM YMCIOM YIaCTHUKOB 495.
ITpu MCMONMb30BaHMM AHTUPOTALIMOHHOTO MITHU(Ta 3aperucTpUpoOBaHbl CTATUCTUUECKM 3HAUMMO Oojee KO-
poTKoe Bpems orepaiiuu (p = 0,006) 1 MeHbIIIas MHTpaoIiepaloHHas KposoroTeps (p < 0,0001). [Tpu 6umo-
JIIPHOV TeMUapTPOIIIACTUKE BbISBIEHA CTATUCTUUECKY 3HAUYMMO Oojiee BbICOKAsI OIleHKa 10 IKkaje Xappuca
ILJIsT Ta300eIpeHHOro cycraBa yepes 1 u 3 mecsia rmocie onepanyu (p < 0,00001), uto obecrieunBaeT paHHIOW
HarpysKy (p = 0,003) y nmaineHTOB Iociae onepauun. KonmuuecTso nepennTtoi KpoBy, BpeMs roCIiuTaau3anun
U OlIeHKa T10 IKasie Xappuca Ijist Ta300eIpeHHOTO CyCTaBa yepes3 6 MecsilieB HAOMIOIeHST He IMeTM 3HauM-
MbIX pasanunii. [locieonepanioHHbIe OCJIOKHEHMST UMY COTTIOCTaBUMbIe Pe3ybTaThl.

3axkmoueHue. [Ipy aHanm3e MpMMeHeHNST aHTUPOTALIMOHHOTO MTHUdTA IJIs1 TPOKCUMAIBHOTO oThena 6emapa
¥ OUTIOISIPHO reMMaPTPOIIACTUKM TIPY JIeUEeHMUM TTOKMUIIBIX JTI0JIe ¢ MeKBepTeTbHbIMM TTepeioMaMMu MoJTy-
YeHbI COMOCTaBYMbIe pe3yJbTaThl. VICIIONb30BaHME aHTUPOTALMOHHOTO MITU(TA ST TPOKCMMATBHOTO OT-
nena 6elpa MMeeT IPEeUMYIIeCcTBa 10 BPeMeHM Ofepaluy M MeHbIIeil MHTPaoTiepalyiIOHHO! KPOBOTIOTEPe.
BunonsipHast reMuapTpOIIACTUKA MMeeT JIYUIIYI0 OI[eHKY IT0 mIKayie Xappuca mpy KOHTPOJIbHOM OCMOTpPE
yepe3 OfVH ¥ TP MeCsIIa Ioc/Ie orepaluu 1 o IoKasaTesio 6oee paHHel  Harpy3Kiul.

YpoBeHb AoKas3aTeJabHOCTH: 1.

KnroueBble CJIOBa: aHTYMPOTALVMOHHBIN MITUMT AJIT MPOKCUMAaTIbHOTO OThena 6Gempa, OumossipHast reMuap-
TPOIUIACTMKA, MEKBEPTEIbHBIN MepesioM, ITOKUIION BOPacT, OLleHKa I10 IIKajie Xappuca, OCTOKHEHMST

BiarogapHocTH. ABTOPBI TaKyKe BhIPayKaloT 6J1arofapHOCTh Kadeape opToNeaui M TpaBMaTOMOTHK YHUBED-
cuteta YoasHa, banu, IHIoHe3us, 3a OKa3aHHYIO ITOALePKKY.

Ias uutupoBauust: Damara [.G.A.D., Wijaya N.S.N., Dusak .LW.S. AHTMpPOTaIMOHHBII INTUQT AJII TPOKCUMATbHOTO OT-
nena 6empa MpOTUB GUIIOSIPHOM reMUapTPOIIACTUKY ITPY MeKBEPTEeTbHBIX IIepesioMax: MeTaaHanmus. [eHuli opmoneduu.
2025;31(2):252-262. doi: 10.18019/1028-4427-2025-31-2-252-262.
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INTRODUCTION

Intertrochanteric hip fractures are common and often fatal injuries, especially among the elderly.
Intertrochanteric fractures account for almost half of all hip fractures, with a mortality rate of 15 to 20 %
within one year following fracture [1]. By 2050, Asia is expected to account for more than half of all hip fractures
worldwide, owing to an ageing population and increased life expectancy. In Japan, the chance of lifetime hip
fractures for people over the age of 50 is stated to be 5.6 % for men and 20 % for women. Hip fracture cases
in China are expected to increase sixfold, from 0.7 million in 2013 to 4.5 million by 2050 [2].

The number of hip fractures in the United States alone is expected to rise from approximately 320,000 per year
to 580,000 by 2040. This growing demand puts tremendous strain on the health-care system in terms
of staffing and resources needed to manage these patients. In the United States, healthcare expenses
for the management of hip fractures are anticipated to surpass $10 billion annually [3-8], while the impact
on the UK healthcare system is expected to be $2 billion per year [9]. These expenditures are driven not just
by the acute surgical treatment, but also by post-acute care, such as rehabilitation. While hip fracture surgery
is very effective, patients are likely to endure severe morbidity in terms of pain, discomfort, and limited
mobility during their recovery, and in many cases are unable to restore pre-fracture levels of function [3, 6, 9].
Studies also reveal that there is a relationship between hip fracture and higher rates of mortality, with 30 %
more deaths seen than the age-matched populations with and without hip fracture [9-14]. However, such
findings should be interpreted with caution, as those who have had a hip fracture may be more vulnerable
and prone to illness.

The optimum surgical method forintertrochanteric fracture should restore the patient's mobility to preoperative
levels while minimising intra- and postoperative morbidity and death. Although proximal femoral nail
antirotation (PFNA) has been widely used by orthopaedic specialists for patients with intertrochanteric
fractures, PFNA failure has been reported due to extensive comminution, osteoporosis, implant cutout,
femoral medialization, and lateral migration of proximal screws or helical blades [15, 16]. As a result, bipolar
hemiarthroplasty, which allows for early weight-bearing while reducing the chance of osteosynthesis failure,
has become a popular option for older patients with intertrochanteric fractures [17].

The proximal femoral nail antirotation (PFNA) has acquired widespread approval for its minimally invasive
nature and biomechanical advantages, which allow for early weight-bearing [18]. This treatment comprises
closed fracture reduction under fluoroscopy and the subsequent insertion of an intramedullary nail
with a helical blade into the femur, minimising surgical time and blood loss while improving outcomes in terms
of fracture union and functional recovery [19, 20]. However, problems such as blade migration and fixation
failure have been reported, motivating efforts to identify and mitigate risk factors through continuous research
and advancements in surgical procedures and implant designs [21].

For older patients with unstable intertrochanteric femur fractures, hemiarthroplasty with a bipolar prosthesis
improves early postoperative ambulation. This would have a direct impact on both postoperative rehabilitation
and general health [22].

The objective of this study was to compare the operative time, intraoperative blood loss, intraoperative
blood transfusion, hospitalization time, weight-bearing time, Harris Hip Score at 1, 3, 6, 12 months
follow-up, and complications after the proximal femoral nail antirotation versus bipolar hemiarthroplasty
for intertrochanteric fracture in elderly patients, so that it can help the physician to choose the right treatment
for the intertrochanteric fracture in the elderly.

MATERIALS AND METHODS

The Cochrane Handbook for Systematic Reviews of Interventions was used to perform this systematic review
and meta-analysis, which was then reported using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Search Strategy

Two researchers (IGADD and NSNW) conducted literature search using three databases including PubMed,
Scopus, and Google Scholar. The focus of the search was on the topic "proximal femoral nail antirotation
versus bipolar hemiarthroplasty for intertrochanteric fracture in elderly". The study used only retrospective
and prospective cohort studies. The literature search was performed using the keywords "proximal femoral
nail antirotation” OR "PFNA" OR "bipolar hemiarthroplasty” OR "BHA" AND "Intertrochanteric Fracture".
Applying filters to English language papers, human studies and cohort (retrospective or prospective) studies.
The literature search ensuring inclusion of the terms in titles, abstracts, and keywords for study design
and publication year. All search results were evaluated based on titles and abstracts to ensure relevance
to the inclusion criteria.

Tenuii opmoneduu. 2025;31(2) 254



0630p AUTEPATYPbI

Identification of studies through databases and registries

Records identified from™:
PubMed (n=302) Records removed before screening:
Scopus (n=196) Duplicate records removed (n = 356)
Google Scholar (n=206)
Total Studies (n=704)

| Records screened (n = 348) |—>| Records excluded™ (n = 339) |

| Reports sought for retrieval (n=9) I—>| Reports not retrieved (n=2) |

| Reports assessed for eligibility (n=7) |—>| Reports excluded (n = 1) |

Studies included in review (n = 6)
Reports of included studies (n = 6)

[lncluded][ Screening ] [ldentification]

Fig. 1. PRISMA Flowchart 2020
Inclusion and Exclusion Criteria

The Inclusion criteria

(1) retrospective or prospective cohort studies comparing the use of the proximal femoral nail antirotation
(PFNA) and bipolar hemiarthroplasty (BHA) in patients with intertrochanteric fractures;

(2) studies reporting at least one of the following outcomes: operative time, intraoperative blood
loss, intraoperative blood transfusion, hospitalization time, weight-bearing time, Harris Hip Score,
and complications;

(3) the study population included participants aged above 65 years old diagnosed with intertrochanteric
fractures;

(4) articles published in English;
(5) with full texts available.
Exclusion criteria

(1) studies design were other than cohort (case report, case series, randomized controlled trials, literature
review);

(2) studies that did not distinguish outcomes between PFNA and BHA;
(3) studies with fewer than 15 patients for each group;
(4) article data that could not be quantitatively analysed.

All articles meeting the inclusion criteria were assessed for methodological quality using the Newcastle
Ottawa Scale (NOS).

Study Selection

Two reviewers (IGADD and NSNW) independently reviewed the title and abstract of all studies generated
from the literature search to exclude irrelevant studies. For potentially eligible studies, 2 reviewers
(IGADD and NSNW) independently reviewed the full text of articles (up to November 2024) using the inclusion
criteria. The references in the retrieved articles were also carefully searched. Inconsistencies were resolved
by discussion by a third author (IWSD). The reviewers were not blinded to the authors, journals, or sources
of financial support.

Data Extraction and Quality Assessment

Data extraction and quality assessment were conducted by two reviewers (IGADD and NSNW). Key information
for data extraction was collected from each study, including the first author’s name, year of publication,
retrospective or prospective cohort studies, sample size, demographic characteristics of participants,
fracture classification (Evan-Jensens), treatment groups (proximal femoral nail antirotation and bipolar
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hemiarthroplasty). Quality assessment of included studies was performed using the Newcastle Ottawa Scale
(NOS). NOS used for evaluating three domains: selection of participants, comparability of study groups,
and assessment of outcomes. Studies with score > 6 on the NOS were considered of high methodological
quality. Disagreement during data extraction was resolved through discussion with a third reviewer (IWSD).

Statistical Analysis

Statistical analysis was conducted employing Review Manager (RevMan) version 5.4.1. Dichotomous data
were condensed using odd ratio (OR) with 95 % confidence interval (CI), for continuous data were evaluated
using standard mean difference (SMD) and Mean Difference (MD) to define for variation in measurement scale
across studies. Heterogeneity was evaluated using the Chi? test and quantified with the I2. If I> test > 50 % using
random effect model indicating high heterogeneity, if I?> test < 50 % using fixed effect model indicating low
heterogeneity. Forest plots were generated to visually provide the pooled effect estimate for each outcome.
Statistical significance was set using p value < 0.05. All analyses adhered to PRISMA guidelines for systematic
reviews and meta-analysis.

RESULTS
Selection of the Studies

The PRISMA flow diagram shows the study selection process in Figure 1. The initial research obtained a total
704 studies, and through the elimination of duplication 348 studies underwent independent screening
and 339 were excluded due to subsequent reason: irrelevant title and abstract, non PFNA and BHA procedures.
After exclusion, 7 full-text studies were assessed for the eligibility. At the end, 6 studies (original articles up
to November 2024) were included in our data synthesis.

Table 1
Baseline Characteristics of the studies
. Study Ages (Mean * SD) Intervention to patients
t D -

Study Country esign Period PFNA BHA PFNA | BHA Total
[62'9?31’ etal., 2022 | china |[Retrospective Cohort | 2014-2019 | 80.88 +4.90 | 82.19+3.96 | 34 36 70
f%oliu’ etal., 2023 | china |Retrospective Cohort | 2006-2021 | 92.3+2.7 | 92.1+2.5 | 36 77 | 110
H. Saraf, S. . .

Munot, 2018 [31] India |Retrospective Cohort | 2016-2017 | 82.4%3.9 | 80.8+4.3 20 20 40
ZQngs[%g]g’ etal. China |Retrospective Cohort | 2012-2016 | 79.9 £6.1 81.0+9.1 32 30 62
gb%‘%g]et al, China |Retrospective Cohort | 2008-2012 | 83.5+4.8 | 83.8t6.4 | 61 47 108
?6224}1“[)3114]Et al., China |Retrospective Cohort | 2012-2018 | 78.00 + 6.95 | 80.04 + 6.39 | 52 50 102
Table 2
Newcastle-Ottawa Scale (NOS)
Selection Outcomes

a

Z¢ o

£% % g) g £ = o

Study T O & = 22 = =23 Total

£% | =& | £3 | <853 3£ §E T | 2

o % o5 < O £E98h = 0 2 9z

$Q Fel =R L8 |588¢a g 28 <2 =)

55 | 828 95 |g2E£s £ | gE | B =

#% | 888 | <% 62%8%| S 25 | 3% | ¥%
C. Cai, et al., 2022 [29] + + + - + + + + 8
X. Ly, et al., 2023 [30] + + + + + + + ¥ 9
H. Saraf, S. Munot, 2018 [31] - - + + + + + + 7
Q.C. Song, et al. 2022 [32] - + + + + + + + 3
S.Zhou, et al., 2019 [33] - + + + + + + + 8
X. Zhou, et al., 2024 [34] ++ + + + + + + + 10

Table 2 represents the results of the New Castle Ottawa Scale. Of all included studies, one study has a score
of 7, three studies have a score of 8, one study has a score of 9, and one study has a score of 10. It can be
concluded that all studies have high quality studies.
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Operative Time

Of the 6 included studies, 5 reported the operative time [29-31, 33-34]. The forest plot analysis found that BHA
had statistically significant difference in longer operative time, compared with PFNA (SMD -1.45, 95 % CI -2.49
to -0.42, p = 0.006) A random effects model was used because of the clinical heterogeneity (I> = 94 %, Fig. 2).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI|
Cal 2022 54.06 5.7B 34 74.B0 B.1E 36 10.4X -Z.B0[-3.57,-2.21] —-—
Lu 2023 90.7 1B.B W 841 236 77 20.7%  —).15 [H0.55, 0.24] -
Saraf 2018 40 &.09 ) 55 9.5 0 19.1% -1.K4 [-2.59, -1.08] —
Zhou 2019 53.7 15.2 &1 775 148 47  20.6X -1.48 [-1.92, -1.05] -
Zhou 2024 &) 125 52 Bs 7.5 50 20.2% -Zz.40[-2.01, -1.R8] -
Total (95% CI) 203 230 100.0% -1.74[-2.73,-0.74] -
Heterogenehy: Taw® = 1.21; ChE = 72.56, df = 4 (P « 0.00001); F = 04X ra— ) 3

Test for overall effect: Z = 3.42 (P = 0.0008) Favours [BHA] Favours [PFNA]

Fig. 2. Comparison of PFNA vs BHA on Operative Time

Intraoperative Blood Loss

All the included studies reported the intraoperative blood loss [29-34]. The forest plot analysis found
that BHA statistically significant difference in intraoperative blood loss, compared with PFNA (SMD -2.34,
95 % CI -3.50 to —1.19, p < 0.0001) A random effects model was used because of the clinical heterogeneity
(I = 96 %, Fig. 3).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cal 2022 168.82 130.77 34 193.33 14281 38 17.2% -).1B [-0.§5,0.29] -
Lu 2023 1731 1015 6 3221 1281 77 17.3% -1.23 [-1.66, —0.80] =
Saraf 2018 120 20.4 20 00 40.4 20 149X -4.34 [-5.52,-3.16] ——
Song 2022 153.33 59.96 32 335.31 90.87 0 167% -2.35[-3.01, -1.69] —
Zhou 20189 1325 33.2 &1 2B6.3 43.2 47  16.7% -4.03 [-4.70, -3.37] —
Zhou 2024 100 37.5 52 200 50 50 17.1% -2.25 [-2.75,-1.75] ——
Total (95% CI) 235 260 100.0% -2.34 [-3.50,-1.19] -
Heterogenehty: Taw® = 1.95; ChE = 119.39, df = 5 (P < 0.00001); F = 06X _:4 _{2 ; 2' J

Test for overall effect Z = 3.90 (P < 0.0001) Favours [BHA] JFa\rours [PFNA]

Fig. 3. Comparison of PFNA vs BHA on Intraoperative Blood Loss

Blood Transfusion

Of the 6 included studies, 2 reported the blood transfusion [29-30]. The forest plot analysis found that there
was no statistically significant difference in blood transfusion between two groups (SMD -0.10,95 % CI -1.11
t0 0.90, p = 0.84) and low heterogeneity (1> = 31 %, Fig. 4).

PFNA BHA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cal 2022 112 1.34 17 1.2z 1589 16 100.0% =0.10 [-1.11, 0.91]
Lu 2023 716.7 490.7 36 B37.7 496.1 77 00X -121.00 [-318.29, 76.29] + +
Total (95% CI) 53 93 100.0% -0.10 [-1.11, 0.90]
Heterogeneity: ChE = 1.44, df = 1 (P = 0.23); F = 31X I T B

Test for overall effect: Z = 0.20 {P = 0.84) Favours [BHA] Favours [PFNA]

Fig. 4. Comparison of PFNA vs BHA on Blood Transfusion

Hospitalization Time

Of the 6 included studies, 5 reported the hospitalization time [29, 31-34]. The forest plot analysis found
no statistically significant difference in hospitalization time between the two groups (SMD -0.16,95 % CI —-0.59
to 0.27, p = 0.47) A random effects model was used because of the clinical heterogeneity (I? = 76 %, Fig. 5).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Cal 2022 10.81 5.61 34 13.22 5.93 36 20.2% -0.40 [-0.87, 0.08] r
Saraf 2018 4 1.19 20 6 213 20 16.1% -1.14 [-1.81, -0.48] _—
Song 2022 17.13 2.92 32 16.65 3.64 30 19.7% 0.14 [-0.35, 0.64] — T
Zhou 2019 76 18 &1 69 2.2 47 22.1% 0.35 [-0.03, 0.73] i
Zhou 2024 10 2.75 52 10 2 50 22.0% 0.00 [-0.39, 0.39] .
Total (95% CI) 199 183 100.0% -0.16 [-0.59, 0.27]
Heterogenehy: Taw® = 0.18; ChE = 16.89, df = 4 (P = 0.002); F = 76% . ] ) f 3

=, i
Test for overall effect: Z = 0.72 (P = 0.47) Favours [BHA] Favours [PFNA]

Fig. 5. Comparison of PFNA vs BHA on Hospitalization Time
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Weight- Bearing Time

Ofthe 6included studies, 3reported the weight-bearing time [32-34]. The forest plot analysis found statistically
significant difference that that PFNA was slower in early weight-bearing time, compared with BHA (SMD 5.16,
95 % CI1.81 to 8.50, p=0.003) A random effects model was used because of the clinical heterogeneity
(12 =98 %, Fig. 6).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Song 2022 18.42 1.75 32 11.15 1.3& W 33.9x 4.56 [3.59, 5.53] -
Zhou 2019 2B.2 3.7 &1 31 1.2 47  32.7% B.61 [7.38, 5.84] —
Zhou 2024 & 2.25 52 z 05 50  34.0% 2.41 [1.90, 2.93] -
Total (95% CI) 145 127 100.0% 5.16 [1.81, 8.50] e
Heterogenetty: Taw® = §.51; ChEE = §7.94, df = 2 (P < 0.00001); ¥ = DEX 5_10 _15 ) Is 1&
Test for overall effect: Z = 3.02 (P = 0.003} Favours [BHA] Favours [PFNA]

Fig. 6. Comparison of PFNA vs BHA on Weight-Bearing Time

Harris Hip Score at 1 Month Follow Up

Of the 6 included studies, 2 reported Harris Hip Score at 1-month follow-up [31, 34]. The forest plot analysis
found that BHA statistically significant difference more superior in Harris Hip Score at 1-month follow-up,
compared with PFNA (SMD -3.39, 95 % CI -3.91 to -2.86, p < 0.00001) and no heterogeneity (I> =0 %, Fig. 7).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Saraf 2018 52.1 2.05 2 614 375 20 314X -3.02[-3.95, -2.08] —a—
Zhou 2024 4560 537 52 §1.92 3.45 S0 &E.EX -3.55[-4.19,-2.92] . 3
Total (95% CI) 72 70 100.0% -3.39([-3.91, -2.86] &
Heterogenelty: Tauw? = 0.00; ChE = (.88, df = 1 (P = ).35); ¥ = X _54 _lz 0 2‘ j‘
Test for overall effect: Z = 12.70 (P < 0.00001} Favours [BHA] Favours [PFNA]

Fig. 7. Comparison of PFNA vs BHA on Harris Hip Score at 1-Month Follow-up

Harris Hip Score at 3 Month Follow Up

Of the 6 included studies, 4 reported Harris Hip Score at 3-month follow-up [29, 31, 32, 34]. The forest plot
analysis found that there was statistically significant difference and BHA was more superior in Harris Hip
Score at 3-month follow-up, compared with PFNA (SMD -1.80, 95 % CI —-2.90 to —-0.70, p = 0.001). A random
effects model was used because of the clinical heterogeneity (12 =93 %, Fig. 8).

PFNA BHA Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Calzp22 47.35 12.7 34 66.57 16.66 36 25.6% -1.28 [-1.80, -0.78] -
Saraf 2018 64.05 2.61 20 7.2 214 20 23.4X -2.53[-3.3E, -1.67] —a—
Song 2022 68.91 R.15 32 732 &.56 3 25.7% —0.57 [F1.08, -0.08] =
Zhou 2024 &1.83 5.4 52 76.04 4.26 50 254X -2.91[-3.47, -2.34] -
Total (95% CI) 138 136 100.0% -1.80[-2.90, -0.70] L =
Heterogeneity: Taw® = 1.17; ChP = 42.45, df = 3 (P < 0.00001); F = 93% 2 0 1 &
Test for overall effect: Z = 3.20 (P = 0.001} Favours [BHA] Favours [PFNA]

Fig. 8. Comparison of PFNA vs BHA on Harris Hip Score at 3-Month Follow-Up

Harris Hip Score at 6 Month Follow Up

Of the 6 included studies, 3 reported Harris Hip Score at 6-month follow-up [31, 32, 34]. The forest plot analysis
found that no statistically significant difference in Harris Hip Score at 6-month follow-up between two groups
(MD -0.29,95 % CI —1.16 to 0.59, p = 0.52) and no heterogeneity (I> = 0 %, Fig. 9).

PFNA BHA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Saraf 2018 79.65 15 20 79.95 1.82 20 71.1% -0.30 [-1.33, 0.73]
Song 2022 77.56 B.79 32 7B.15 D.46 30 3.7% —0.59 [-5.14, 3.96]
Zhou 2024 JE.60 4.08 52 78.89 3.91 50 25.3% -0.20 [-1.93, 1.53] e —
Total (95% CI) 104 100 100.0% =0.29 [-1.16, 0.59]
Heterogenetty: ChE = 0.03, df = 2 (P = 0.09); F = 0% _54 _'\2 0 '2 ali
Test for overall effect: Z = (.64 (P = (.52} Favours [BHA] Favours [PFNA]

Fig. 9. Comparison of PFNA vs BHA on Harris Hip Score at 6-Month Follow-Up
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Harris Hip Score at 12 Month Follow Up

All of the included studies reported Harris Hip Score at 12-month follow-up [29, 31-34]. The forest plot
analysis found that there was no statistically significant difference in Harris Hip Score at 12-month follow-up
between two groups (MD -0.50, 95 % CI —1.81 to 0.81, p = 0.45) and low heterogeneity (I> = 34 %, Fig. 10).

PFNA BHA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI|
Cal 2022 73.46 10.7 34 70.71 11.25 6 6.5% -6.25[-11.39,-1.11] +—F
Saraf 2018 B4.35 25.8 20 B59 231 20 1.3% -1.55[-12.90, 9.80] + *
Song 2022 78.30 B.27 32 7005 7.19 30 11.68% -1.56 [-5.41, 2.29]
Zhou 2019 §7z.7 7.9 &1 BR.3 9.2 47  15.9%  -0.60 [-3.89, 2.59]
Zhou 2024 B4.31 5.1 52 B4 3.1 50 647X 0.31 [-1.32, 1.84]
Tatal (95% CI) 199 183 100.0% -0.50 [-1.81, 0.81] r
Heterogenehty: ChF = §.08, df = 4 (P = 0.10); F = 34% N T T

Test for overall effect: Z = 0.75 (P = (.45} Favours [BHA] Favours [PENA]

Fig. 10. Comparison of PFNA vs BHA on Harris Hip Score at Final Follow-up

Complications

PFNA BHA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
7.1.1 Re-Fracture
Cal 2022 3 kT ) 1 36 2.5%  3.39[0.33, 34.27] *
Saraf 2018 2z 20 3 20 7.7% 0.63 [0.0D, 4.24] ¢
Song 2022 3 32 3 3 50X 0.93[0.17, 5.02]
Zhou 2024 0 52 0 50 Not estimahle
Subtatal (95% CI) 138 136 1B.2%  1.14 [0.40, 3.31] e ———
Total events B 7

Heterogenehty: Chi = 1,25, df = 2 (P = (.53); F = 0X
Test for overall effect: 2 = 0.25 (P = 0.80)}

7.1.2 Re-Operation

Cal 2022 3 34 0 36 1.2% B.11 [0.40, 163.12] +
Saraf 2018 1 20 3 20 B.1X  0.30 [0.03, 3.15] ¢

Song 2022 3 iz 0 L1 1.3% 7.24 [0.36, 146.25] +
Zhou 2024 0 52 0 50 Not estimable

Subtotal (95% CI) 138 136 10.7%  2.06 [0.60, 7.08] e ——
Total events 7 3

Heterogenetty: ChE = 408, df = 2 (P = 0.13); F = 51X
Test for overall effect: 2 = 1.15 (P = (.25}

7.1.3 Wound Infection

Saraf 2018 0 20 5 20 15.3%  0.07 [0.00, 1.34] +¢

Song 2022 I ¥ 2 30 53%  1.45[0.22, 9.33]

Zhou 2024 1 52 1 50 20X 0.96 [0.086, 15.79] + *
Subtotal (95% CI) 104 100 23.5%  0.49 [0.15, 1.58] e ———

Total events 4 B

Heterogenehy: ChEE = 3.20, df = 2 (P = 0.20); F = 3EX
Testforoverall effect: 2 = 1,19 (P = .23}

7.1.4 Deep Vein Thrombosis

Cal 2022 1 3a 2 3 54X 052004, 508 ¢

Song 2022 1 32 5 30 14.3% 0.16 [0.02, 1.47] +

Zhou 2019 3 &1 4 57 11.2% 0.60[0.15, 3.21]

Zhou 2024 z 52 3 50  BA4X  0.63[0.10,3.92]

Subtotal (95% CI) 179 173 39.2%  0.46 [0.18, 1.16] e —"
Total events 7 14

Heterogenelty: ChE = 1,24, df = 3 (P = {).74); K = 0X
Test for overall effect: 2 = 1.64 (P = .10)

7.1.5 Urinary Tract Infection

Cal 2022 0 34 0 36 Not estimable

Zhou 2019 i & 2 57 5.6%  1.42[0.23, B.R4]

Zhou 2024 2z 52 1 50 28X 1.96[0.17, 22.32] +
Subtotal (95% CI) 147 143 B.4% 1.60 [0.37, 6.88] e ——
Total events 5 3

Heterogenehy: ChE = .04, df = 1 {P = (.B4); ¥ = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI) 706 688 100.0% 0.86 [0.53, 1.40] i
Total events 31 s

Hewrogenehy: ChE = 12,70, df = 14 (P = 0.55); F = OX

Test for overall effect: Z = 0.62 (P = .54}

Test for subgroup differences: ChE = 5.55, df = 4 (P = (.24}, ¥ = 27.0%

0.5 L
Favours [BHA] Favours [PFNA]

b1 oz

Fig. 11. Comparison of PFNA vs BHA on Complications
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Our findings show that there are 5 major groups of complications that occur in patients undergoing
BHA and PFNA. There was no statistically difference in re-fracture complications (OR 1.14, 95 % CI,
[0.40, 3.31], p = 0.80, I* = 0 %) and no heterogeneity. Re-operation rate was similar and showed no statistical
difference (OR 2.06, 95 % CI [0.60, 7,08], p = 0.25, 12=51 %) and moderate heterogeneity, wound infection
(OR 0.49, 95 % CI[0.15,1,58], p=0.23, I* = 38 %) and low heterogeneity, deep vein thrombosis (OR 1.60,
95 % CI[0.18,1.16], p=0.10, 12=0%) and no heterogeneity, urinary tract infection (OR 1.60, 95 % CI
[0.37,6.88], p = 0.53, 12 = 0 %) and no heterogeneity (Fig. 11) [29-34].

DISCUSSION

Our study results on the use of proximal femoral nail antirotation versus bipolar hemiarthroplasty
in intertrochanteric fractures in elderly showed statistically significant results on operative time,
intraoperative blood loss, early weight-bearing time, and Harris Hip Score at 1 and 3 months after surgery.
There was no statistical difference in hospitalization time, blood transfusion, Harris Hip Score 6 and 12-months
after surgery, and complications.

In our study, PFNA had the advantage of shorter operative time compared to BHA. Consistent with the
studies of C. Cai et al (2022), H. Saraf et S. Munot (2018), S. Zhou et al. (2019), X. Zhou et al. (2024). This is
because there is no complicated prosthesis placement and the procedure is minimally invasive. PFNA also
avoids the extensive soft tissue dissection and precise prosthetic alignment required in BHA. BHA usually
necessitates a longer surgical time due to the intricacy of arthroplasty operations, which involve the removal
of the femoral head, femoral canal preparation, and appropriate prosthesis fixation [29, 31, 33, 34].

Given that osteoporosis is more common in the elderly and causes a more comminuted intertrochanteric
fracture pattern, this has important ramifications for improving the prognosis of elderly patients
with intertrochanteric femoral fractures. The surgical intervention with BHA requires not only performing
the femoral head osteotomy but also repeatedly broaching the medullary and even repositioning and fixing
the great trochanteric fragment, which may be more traumatic for elderly patients than patients with PFNA
internal fixation and may explain the higher intraoperative blood loss in the BHA group compared to the PFNA
group. This result is similar with the results of a prior study revealing that PFNA therapy leads to less blood
loss and shorter operating time than BHA treatments [23].

Our study demonstrates significantly lower intraoperative blood loss in proximal femoral nail antirotation
(PFNA) compared to bipolar hemiarthroplasty (BHA). This result is consistent with H. Sarafet S. Munot (2018),
Q.C. Song et al. (2022), S. Zhou et al. (2019), and X. Zhou et al. (2024) that PFNA reduced bleeding due to a less
invasive approach compared with BHA. The increased blood loss in BHA is due to the significant soft tissue
dissection and femoral canal preparation necessary during the surgery [31, 32, 33, 34].

There were no significant differences in intraoperative blood transfusion between PFNA and BHA.
Q.C. Song et al. (2022) and X. Zhou et al. (2024) discovered that patient specific factors including preoperative
anaemia and comorbidities had a greater impact on blood loss and transfusion during surgery [32, 34].

The analysis of hospitalization time shows no significant difference. The primary premise of postoperative
functional exercise for unstable intertrochanteric fractures is to begin out-of-bed activities as soon as feasible,
but the affected leg cannot bear full weight. As a result, the patient bears weight on one leg and walks using
crutches or other walking aids. Patients with limited upper limb strength or poor body balance cannot follow
this training plan. As a result, many patients remain in bed for extended periods of time following PFNA surgery
[24]. Unfortunately, this raises the likelihood of bed-related issues, medical expenses, and longer hospital stays.

The forest plot indicates that BHA allows significantly earlier weight-bearing compared to PFNA. BHA, which is
favourable in terms of less operation time and permitting early weight-bearing, was initially utilised in 1978 and
subsequently employed by other surgeons for intertrochanteric fracture treatment with satisfying results [25].
It has been suggested as an alternate approach for older intertrochanteric fracture patients [26, 27]. BHA is
advised as a primary treatment for intertrochanteric fracture with poor stability in the elderly with severe
osteoporosis, poor prognosis after internal fixation, and a short life expectancy [28].

The Harris Hip Score (HHS) has been widely utilized to evaluate hip functional outcome in elderly patients
with intertrochanteric fractures treated with bipolar hemiarthroplasty (BHA) or proximal femoral nail
antirotation (PFNA). Studies constantly highlight that both techniques can achieve good functional outcomes,
but the results vary in magnitude and timeline.

In our study, the Harris Hip Score after 1 month and 3 months postoperatively was better in the bipolar
hemiarthroplasty group compared to PFNA. However, after 6 months and at the end of follow-up, BHA
and PFNA produced functional HHS outcomes which differences were not statistically significant. In line
with the research of H. Saraf et S. Munot (2018), Q.C. Song et al. (2022), X. Zhou et al. (2024) that the Harris
Hip Score in the early postoperative period was better in the BHA group compared to PFNA, but after 6 months
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postoperatively there was no statistically significant difference. However, it is necessary to consider age
and type of fracture as a therapeutic modality used for intertrochanteric fractures [31, 32, 34].

PFNA is appropriate for treating unstable intertrochanteric fractures, although BHA is better for treating
comminuted fractures in individuals with severe osteoporosis, particularly those with an intertrochanteric
fracture.S. Zhouetal. (2019) recommend the following indications for BHA in the treatment of intertrochanteric
fractures: age > 75 years with severe osteoporosis; severe comminuted fracture; the presence of internal
diseases and the inability to tolerate long-term bed rest; implant failure or non-union; femoral head disease;
and voluntary arthroplasty [33].

PFNA may be more appropriate for younger, more active patients because of its capacity to preserve the native
hip joint. BHA, on the other hand, is generally chosen for older, weak patients or that with poor bone stock
because it eliminates the requirement for fracture healing and reduces the risk of problems like implant failure.

Complications including re-operation rates, re-fracture, wound infection, deep vein thrombosis, urinary
complications between proximal femoral nail antirotation (PFNA) and bipolar hemiarthroplasty (BHA)
for intertrochanteric fractures are generally comparable, as indicated by the forest plot and supporting studies.

The advantages of this study are:

(1) comprehensive evidence synthesis, by pooling data from multiple studies, this study improves
the statistical power and provides more potent evaluation of the relative efficacy and safety of PFNA
and BHA, which addresses the variations that may exist in each studies;

(2) evaluation of multiple outcomes, such as operative time, intraoperative blood loss, intraoperative blood
transfusions, hospitalization time, weight-bearing time, Harris Hip Score and complications, allowing
a holistic approach of the risks and benefits of each procedures.

The results of this study confirm previous studies that reported PFNA had a longer operative time and greater
intraoperative blood loss. BHA had the advantage of better Haris Hip Score at 1- and 3-month follow-up,
and could be early weight-bearing.

This study has some limitations. These limitations include:

(1) the number of articles that meet the inclusion criteria is only 6 articles, due to the lack of cohort studies
discussing PFNA versus BHA;

(2) high bias in the results of forest plots of several subgroup analyses, this can occur due to various factors,
namely patient demographics, clinician experience in performing surgery, and varying pre-operative
to post-operative protocols;

(3) the number of participants is small so it can cause bias.

CONCLUSION

PFNA and BHA have comparable results. PFNA and BHA each have advantages and disadvantages. PFNA has
the advantages of: (1) shorter operative time, (2) lower intraoperative blood loss. However, the disadvantage
of PFNA is later weight-bearing than BHA. BHA has the advantages of: (1) better Harris Hip Score in 1
and 3 month follow-up post-operatively, (2) early weight-bearing and helps mobilize post-operative patients.
However, the disadvantages of BHA are longer operative time and higher intraoperative blood loss which can
increase the risk in elderly patients. It is necessary to consider performing BHA in patients with unstable
intertrochanteric fractures or patients with osteoporosis so that patients can be immobilized as soon as possible.
Blood transfusion, hospitalization time, Harris Hip Score at 6 and 12-month follow-up, and complications had
balanced results between PFNA and BHA.
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Hekposor

AHaTtonumii lpuropbesny KannyHos
(12.11.1936 - 16.03.2025)

16 mapra Ha 89-m ropgy ymien m3 >ku3Hu AHaTonuii ['puropbeBuy
KannyHOB — KaHAMOAT MEeOUIIMHCKUX HAyK, 3aCTy>KeHHbIN Bpau
Poccun, ogyiH 13 TiepBbIX YUeHUKOB akagemuka ILA. nusaposa.

Amnatonuii I'puropbeBuy KaruryHoB pogumics 12 Hosiops 1936 roma.
B 1960 romy oH okoHum1 CTaJIMHTPaCKUIT MeOUIIMHCKUI YHUBEP-
cuteT (HbIHe BonrorpancCkuii rocygapCTBEHHbBIM MeOULIMHCKUM
YHUBEPCUTET) M HaBCerga m3opas Ijst cebs CrenyuansbHOCTb TPaB-
MaToJiora-opromnezna. Torma ske B Bonrorpaz ajist Habopa MOJIOIBIX
CTeIMaICTOB Mpuexauu npeacraButesn KypraHcKoro rocrmTanst
BeTePaHOB BOVHBI, B KOTOPOM OTKPBIIM OTAEJIeHME ellle HeM3BeCT-
HOTO B TO BpeMsl XUpypra-opTore/ia, a BIoCJaeACTBUY 3HAMEHUTOTO
akagemuka [LA. nusaposa.

A.T.KarutyHoB niepeexas B Kyprau u Hauas pa6oTtath ¢ VIn13apoBbIM,
a B 1969 rony BO3IMaBu/I BHOBb CO3[JAHHBIN OTHE MO U3YYEHUIO
KOMIIPeCCMOHHO-IVCTPAKIIMOHHOIO OCTeOCHHTe3a IIpU JiedeHUU
3abonmeBaHuii U Aedopmanuii ONOPHO-ABUTATEILHOTO ariapa-
Ta y B3powtbix Kyprauckoro dwimana Jlennarpagckoro HUUTO
umMeHn Bpepena. I'A. Vnu3apoB Tak mucaa O CBOEM YYEHUKe:
«... AHaTonuit KarmiyHOB, BbICOKUIA, TPeNCTaBUTEIbHBINT MOIOIO0I
YeJIOBEK, Cpa3y pacojokui K cebe KOUIEKTMB rocmuTtassi. Pac-
TIOJIOSKMJT HTY3Ma3MOM, CTapaTelbHOCThIO, XOpOoIliell BbeIIMBOCThI0O B paOOTY, YYTKOCTHIO TI0 OTHOIIEHUIO
K OOJIbHBIM ¥ TIEPCOHAIY...».

B 1972 rogy AHatoymmii I'puropbeBuY yCIIENIHO 3alUUTUI KaHOUIATCKYIO Ouccepranuio «JleyeHne JTOXKHbBIX
CyCTaBOB TOJIEHM YPECKOCTHBIM KOMIIPECCUMOHHO-IUCTPAKLMOHHBIM OCTeoCMHTe30M 1o [.A. VnnszapoBy».
B pabore Ha 6GOJIBIIOM KJIMHMYECKOM MaTepuaje OH 0OO06ILIM/I OIbIT UCIOAb30BaHMS amiapaTta U MeToaa
WNnusaposa npu je4yeHMN MaluueHTOB CJIOXKHEeNIel maToMoThM, J0Ka3aB ero 3HauyMTelbHbIe TPEeUMYIeCTBa
10 CPAaBHEHMIO C APYTUMMU CITIOCO6aMM JIeUeHMS.

B Ilentpe Mnuzaposa A.I. KaruryHoB mpopa6oran 20 yeT, IBissich mociaenuue 10 jgeT 3aMmecTuUTeeM IUpeK-
TOpa [0 KIMHUYECKOi paboTe, ¥ BHEC OTPOMHBIN BKJIA B pa3sBUTHE YUPEKIEeHNSI. AHATOMMIT IpuUropbeBuy
JIMYHO yYaCTBOBaJI B JIeUeHMM MHOTMX M3BEeCTHbIX MauueHTOB lleHTpa: Kommosutopa [.[I. llocTakoBuua,
OJMMITMIICKOTO YeMIinoHa B. Bpymerns, renepaina apmun A.I1. Beo6opomoBa 1 IpyTrux.

B 1979 rogy A.T. KamtyHoB BepHYysics B Bosrorpam, roe co3man M BO3IIaBMI OGJIACTHON OpTOIemuyecKui
1eHTp. [Tof ero pykKoBOACTBOM B perMoHe HauaIu MIMPOKO MpuMeHsTh MeTof, nusapoBa. Co3maHHBIM I1eH-
TpOM OH pykoBoawa A0 2006 roma, HO U MOCJIe yX04a € [IOCTa MHOTO JIET MPOA0J/DKA eXKeOHEBHO KOHCYJ/IbTU-
poBaTh nauyeHToB. Ha cueTy AHaTonus ['puropbeBmya ThICSYM IIPOONEPUPOBAHHBIX MAIMEHTOB, ClIaCEHHbBIX
KOHEUYHOCTeJ, BO3BPAIlleHHbIX K 0ObIYHOI JKU3HU JIIOIEeiA.

B 2008 rony Bbinwia B cBeT kHura A.I. KamyHoBa «Hen3BecTHbIV Unn3apoB: WITPUXU K TOPTPETY», B KOTOPOI1
OH pacckasaja 0 COBMECTHOJ paboTe ¢ akageMuKoM Mnm3apoBsIM: «...MHe BbIITajia peguaiiiias ynada — ObITh
3HaKOMBbIM, YUYEHUKOM, CIOJBMUKHUKOM, B M3BECTHOI Mepe APYroM U JOBEepeHHBbIM JIMIIOM 3TOTO BecbMa
He3aypsIHOTO YeJIoBeKa... DTO ObLT reHMaabHbIi M OJHOBPEMEHHO OOBIUHBIN UeI0BeK, U s OKa3aJICs Mpu-
YaCTHBIM K ero I'eHMIo, K ero 4eJ0BeYecKMM PagoCTsIM U CJ1a6oCTsIM... Takyue TUYHOCTM — IITYYHBIA TOBap
MCTOPUYECKOTO ITpoLieccar.

Takoii ke 0CO6eHHOI TMYHOCTHIO, OCTaBUBIIIEH 0 cebe IMpeKpacHble BOCTIOMUHAHMS, GBI 1 caM AHATOMUI
I'puropbeBuy KarnyHoB. VMg ero HaBcerja COXpaHUTCS B Halllelt mamMsTu U B uctopuu Llentpa Unmsaposa.

Konnexkmue Llenmpa Hnusaposa u pedakyuoHHas Konezus xcypHana «IeHuil opmoneduu» cKoposim u 8ulpaxcarom
€000/1e3H08AHUS POOHBIM U OU3KUM AHamonus Ipuzopvesuua.
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