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Hoporue ynrarenn!

UeTBepThIl BBIMYCK XypHana «TpaBmaTonorus
u opromenus Poccuu» 3akpeiBaeT 2021 rog — rog,
1001/IeeB IIEHTPOB TPaBMAaTOJNOTUM U OPTOIMEAUN
B Hamiel crpaHe: LlenTpy um. P.P. Bpenena ucnonuu-
sock 115 ner, Heutpy um. H.H. [Tpuoposa — 100 ner,
MHCTUTYTY uM. A.JI. IuBbsaHa — 75 neT u LieHTpy
um. I[LA. Unusaposa — 50 net (punnan JHUUTO um.
P.P. Bpemena npeo6pa3oBaH B KypraHckuit Hay4yHO-
UCCIIeA0BATENIbCKUI MHCTUTYT SKCIIePUMEHTAJIb-
HOJ U KIMHUYECKOM OPTOIeAMM U TPaBMAaTOJIOTUMA
npukasom M3 PCOCP N2 300 ot 8 nexabpst 1971 r.).
MpI mo3apaBisieM BCeX HalllMX KOJIJIeT, JXeJaaeM Ipo-
[BETAHMSI U OGarogapuM 3a JOJITO€ TIOAOTBOPHOE
COTPyOHMNYECTBO!

B yxopsinemM romy Bce MbI ITPOAOKAIN 6OPOTHCS
¢ COVID-19, HO ycnemHasi BaKIMHAIMOHHAsI KaM-
MaHMUsl MO3BOJMIA BEPHYTBHCS K MPOBENEHUI0 KOH-
dbepeHLiT B OUHOM WJIM YaCTUYHO OYHOM (hopmare:
«Bpenenosckne urenust — 2021» mpounwim B IITAT-
HOM peXuMme, ¥ Bce ObUIM Pajbl BUIETh APYT APYTa.
Hazeemcsi, UTO BakHbIe TPaBMATOJIOTMYECKME KOH-
depentuu rpamymero 2022 roga He MOMAAYT MO, Ka-
K1e-11b0 orpaHuueHus.

B mexa6pe 2021 ropa B HaIeM KypHajie MpOM30II-
JIV BaKHbIE U3MEHEHUSI — ero CoyuypeguTenem CTauao
HayuyHOEe U3JATeIbCTBO «JKO-BekTop». 3TO COOBITHE
He CIIOHTAaHHOEe, HeOOXOMMMOCTb 3TOTO Illara JaBHO
Ha3peBasa, NOCKOIbKY BBIMIOMHSTH MOCTOSIHHO pac-

Tylue TpeOOBaHMS MEKIYHAPOOHBIX 0a3 JaHHBIX
B OJJMHOYKY CTAHOBUTCS BCE CIOKHEE.

Kak, BeposTHO, BbI YK€ 3aMeTWIM, U3MEHUJICS
OV3aliH caiiTa XypHasna, KOTOPbI COOTBETCTBYET CO-
BPEMEHHBIM MEXIYHAPOTHBIM TpeboBaHMUSAM. Takke
TUTAaHUPYETCS MepeBOo, BCeX CTaTeli Ha aHIIUICKUNA
SI3BIK, UTO, HAaJleeMCsl, YBEIMUUT ayAUTOPUIO HAIIUX
3apyOekKHBIX UMTATENIEN, CleaeT KypHa MpyBIIeKa-
TeJIbHee JIJIsT HOBBIX, B TOM UMC/I€ MHOCTPAHHBIX aBTO-
POB, MPUBJIEUET BETYIIMX CITEIVATIMCTOB B KauecTBe
pEIleH3eHTOB ¥ IIOBBICUT IIUTUPYEMOCTb >KypHasIa
B 3apyOeKHBIX Oa3aX JaHHBIX.

OnHako BMeCTe C MpeuMyllecTBamMy HOBOW TiiaT-
(bopMBI TTOSIBJISIIOTCSI ¥ HOBbIE 00S13aTe/IbCTBA IJIST BCEX
YYaCTHMKOB PeAAaKIIMOHHOTO mporiecca. Mbl 06sI3aHbI
COOTIONATD CPOKY OITYyOIMKOBAHMS KaKIOTO BBIMTyCKa.
A 117151 3TOr0 He06XOAMMO, UTOOBI aBTOPBI CTPOTO COO-
JIIOMaIM BCe mpaBwia 0hOpMIIEHNS U 3aTPY3KU CTaTein
Ha CajiiT, a pelleH3eHThl — CPOKU PeLieH3MPOBaHMSL.

BbIlTycKM Hallero >XypHaja B YXOISIIEM TOOY
ObLIM HAMOJHEHbl IPEeKPAaCHbIMU Pa3HOMPODUIb-
HBIMM CTaTbsIMM, KOMMEHTApUSIMMU U TPOAYKTUB-
HbIMM OOCYKIEHMSIMM, 3@ UTO MbI 61aromapum Bcex
aBTOPOB M HafieeMcsl Ha JajbHelillee MmIog0TBOPHOe
COTPYIHUYECTBO.

Ioporue Koeru, mpubauskaeTcst HoBbI 2022 rop,.
[To3BO/MbTE TIOKENATh BCEM CUACThS, YCIIEXOB, OJIar,
3[0POBBSI BaM M BalllM OJIM3KUM !

C ysaxceHuem,

2J18HbLT pedakmop HypHana
«Tpasmamonozus u opmonedus Poccuu»
npogeccop P.M. Tuxuo8

ujieH pedkoJiezuu ¥ypuana 0-p meo. Hayk A.I1. Cepeda

7 2021;27(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Original Article @)y |

https://doi.org/10.21823/2311-2905-1694

Features and Results of Knee Arthroplasty after Knee
Fractures Fixation

Magomed Sh. Rasulov!, Taras A. Kulyaba!, Nikolai N. Kornilov "2, Alexander V. Saraev!,
Alexey I. Petukhov!, Sergey A. Bantser!, Irina S. Petlenko!

!'Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia
2 Mechnikov North-Western State Medical University, St. Petersburg, Russia

The purpose of the study — to assess the results and risk of complications of primary total knee arthroplasty in patients
with a history of osteosynthesis of intra-articular fractures.

Methods: Our study integrates the retrospective and prospective analysis of the results of primary total knee
arthroplasty (TKA) performed in 140 patients, in period from 2015 to 2019. The retrospective part of the study included
the arthroplasty results of 100 patients, prospective — 40 patients. Each of the groups was divided into 2 subgroups: with
previous osteosynthesis (OS) of intra-articular fractures before arthroplasty and without history of knee surgery before
arthroplasty. To assess the results of TKA, adapted to Russian-language versions of the KSS, WOMAC and FJS-12 scales
were used. The X-ray of the endoprosthesis components positioning was assessed using the KRESS scale.

Results: Statistically significant differences were found between retrospective groups with OS and without it in the duration
of the surgery, in the volume of intraoperative blood loss, in the higher frequency for implantation of the endoprosthesis
systems with an increased degree of coupling of the components. The rate of postoperative complications was higher
in retrospective group OS. Mid-term functional results did not show statistically significant differences on the KSS and
WOMAC scales, patient satisfaction rates on the FJS-12 scale were worse in retrospective group OS. Prospective group of
patients with a history of OS for intraarticular fractures demonstrated statistically significant increase of the knee ROM
from 89° to 108°, after the TKA. The function recovery dynamics according to the KSS, WOMAC and FJS-12 was slowed
down at 3 and 6 months, and according to the WOMAC and FJS-12 scales, even after 12 months post-operation.
Conclusions: The previous trauma and knee intra-articular fractures fixation leads to an earlier development of post-
traumatic osteoarthritis. Functional results in the retrospective and prospective groups do not have statistically significant
differences. The number of postoperative complications is greater in the retrospective groups. OS in the history statistically
significantly slows down the dynamics of function recovery in the early postoperative period.

Keywords: knee posttraumatic osteoarthritis, knee arthroplasty, knee intra-articular fractures, knee fracture fixation.
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Oco6eHHOCTU U pe3ynbTaTbl S3HAONPOTE3UPOBAHUSA
KOJIEHHOrO CyCTaBa NocJie 0CTEOCUHTE3a BHYTPUCYCTaBHbIX
nepenomos

M.IIIL PacynoB!, T.A. Kyna6a', H.H. Kopununos -2, A.B. Capaes!, A.I. ITleTyxoB!,
C.A.Bannep!, U.C. ITeTneHxko !

! @I'BY «HayuoHanbHblli MeOUUUHCKUTI uccnedosamenvCkuli yeHmp mpasmamosiozuu u opmoneduu um. P.P. BpedeHa»
Mumn3sdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 @Ir'BOY BO «Cesepo-3anadHsiii 20cy0apcmeaeHHsili MeuyuHcKuil yiusepcumem um. U.H. Meunukosa»
MuHn3sdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pecdepar

Ilenv uccnedosanus — OUEHUTHb PE3YAbTATHI M PUCK PAa3BUTUSI OCIOXKHEHUI MEPBUYHOTO TOTAIBHOTO IHAOMPOTE3U-
pOBaHMS KOJIEHHOTO CyCTaBa y INalMeHTOB C OCTEOCHMHTE30M BHYTPUCYCTaBHBIX IlepelOMOB B aHaMHe3e. Mamepuan
u mMemodsl. TIpoBeleHHOE MCCIeIOBaHMEe UHTETPUPYET B cebe PeTPOCIEeKTUBHBINM M MPOCIEeKTUBHBIN aHAIU3 pPe3yilb-
TAaTOB MEPBUYHOIO TOTAJBHOTO SHIOOIPOTE3UpOBaHMUS KojaeHHOro cycraBa (TOKC), BpinmosHeHHOrO y 140 manmeHTOB
B niepuop, ¢ 2015 mo 2019 r. PeTpocrieKTUBHAsI 4aCTh MCCAeN0BaHMS BKIIOUaia Pe3ylbTaThl apTPOIUIACTUKY, BbITTOTHEH-
HoJ y 100 mauymeHTOB, npocriekTuBHasA — y 40. Kaxkgas n3 STUX rpyIi Moapasaensiach Ha 2 MOATPYIIIbL: C IPeIIeCTBY0-
muM MeTtaioocreocuHTe3oM (MOC) BHYTPUCYCTaBHBIX ITEPEJIOMOB Iepe[l SHAOIPOTE3MPOBaHMEM U 6€3 OrepaTUBHBIX
BMeEIIATe/JbCTB Ha KOJIEHHOM CyCTaBe 40 apTpomnaacTuku. s oneHky pesynbraToB TOKC ucrionb30BaHbl afanTUPOBaH-
Hble pyccKosi3biuHbIe Bepcuu 1mKaa KSS, WOMAC u FJS-12, peHTreHonornuyeckoe mojaoXkeHe KOMIIOHEHTOB SHAONpOTe3a
oueHuBanu 1o mkane KRESS. Pesynsmamet. BoisiB/ieHbl CTAaTUCTUYECKM 3HAUMMBbIE pa3INuKs B JIEAYIOIIMX ITOKa3aTeNsIx
MEXIY PeTPOCIIEKTMBHBIMMU IpynmnaMu ¢ HaauumemM MOC B aHaMHe3e ¥ 6e3 Hero: JJMTeTbHOCTh OIepaluy, 00beM MH-
TpaoIepalOHHOM KPOBOIIOTEPY, HEOOXOAMMOCTb B UMILIAHTAIMM KOHCTPYKIIMIA C TIOBBINIEHHO CTEIEeHbIO CBSI3AHHOCTHU
KOMIIOHEHTOB 3HIOIpoTe3a. YacToTa MmocjieonepanoHHbIX OCTIOKHEHMIT Obl1a Gosbiie B rpyrmne MOC. CpegHecpoyHbie
dyHKIIMOHANBbHBIE pe3ynbTaThl 1Mo mKkazam KSS 1 WOMAC He uMenu CTaTUCTUYECKM 3HAUMMBIX Pa3IvMumii, okasaTenmn
YIOOBJIETBOPEHHOCTH MAIMEHTOB M0 mmikaie FJS-12 6putn xyske B rpynme MOC. Y naiMeHTOB MPOCIEKTUBHON MMOATPYIIITbI
¢ HummumeM B aHaMmHe3e MOC 110 ITOBOAY BHYTPUCYCTaBHBIX IepenoMoB BbinoiHeHMe TOKC 1mo3BoIniIo yBeIUIUTDb aMILIN-
TyIoy ABVKEHMIT B KOJIEHHOM cycTaBe ¢ 89° mo 108°, To ectb Ha 19°. [IMHaMMKa BOCCTAaHOBJIeHMST QYHKLMM 110 1iKajsam KSS,
WOMAC u FJS-12 6bl1a 3aMejIeHHO Ha CpoKax 3 U 6 Mec., a 1o 1mkamam WOMAC u FJS-12 taxke u uepe3 12 mec. rociie
onepanuu. 3akaroyueHue. BHyTpuCyCcTaBHbIe MTePEIOMbI KOJIEHHOTO CYCTaBa M MX OCTEOCMHTE3 IIPUBOLSIT K 60siee paHHe-
MY pPa3BUTHUIO MOCTTpaBMaTuueckoro aprposa. MOC B aHaMHe3e CTaTUCTUUYeCKY 3HAUMMO 3aMeJJisieT JMHAaMUKY BOCCTa-
HOBJIeHMSI QYHKLIMY B paHHEM I10C/IeONepaliMOHHOM Tepuope. CpenHecpouyHble QYHKIMOHATbHbBIE PE3Y/IbTaThl HE MMEIOT
CTAaTUCTUUECKY 3HAUMMBIX OTIIMYMIT MEXIY rpymmnamMiu. KommuecTBo Moc/ieonepalyoHHbIX OCJI0KHEHUH OOJIbIlle B IpyIIIe
nanueHToB ¢ MOC B aHamMHe3e.

KiroueBsle ciioBa: HOCTTpaBMaTI/I‘IeCKIAVI apTpO3 KOJIEHHOI'O CyCTaBa, SHAOIIPOTE3MPOBAHME KOJIEHHOTI'0 CyCTaBa, BHYTPU-
CyCTaBHbIE IT€PEeIOMbI KOCTel KOJIeHHOTr'0 CyCTaBa, METa/ULIOOCTEOCMHTE3.

HcTrounnk bmHaAHCHMPOBAHUSA: TOCYIAPCTBEHHOE OIOKeTHOE (DMHAHCUPOBAHME.

PacynoB M.III., Kyns6a T.A., Kopumios H.H., CapaeB A.B., TletyxoB A.., Baniep C.A., ITetnenko U.C. OcobeHHOCTU
M DPe3ylbTaThl JHOOMPOTE3UPOBAHMSI KOJIEHHOTO CyCTaBa IIOC/IIe OCTEOCHMHTe3a BHYTPUCYCTABHBIX II€PEIOMOB.
Tpasmamonoeus u opmonedus Poccuu. 2021;27(4):9-20. https://doi.org/10.21823/2311-2905-1694.
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Background

Total knee arthroplasty (TKA) is one of the most
effective and frequently used methods of the post-
traumatic terminal stage of the knee joint osteoar-
thritis treatment. The constantly increasing num-
ber of primary arthroplasties increases the number
of revision interventions, and currently the share of
the latter is 6-8% of the total knee arthroplasties
[1]. Fractures of the proximal tibia are 1.5-2.0%,
distal femur — 4.0-6.0%, patella — 0.7-1.0% in the
structure of fractures of all bones of the skeleton
increase the incidence of knee osteoarthritis by an
average of 7 times [2, 3, 4, 5]. According to the lit-
erature, 75% of patients with intra-articular knee
fractures can be expected to develop post-traumat-
ic osteoarthritis, and its terminal stage already de-
velops 7 years after the injury [6, 7].

TKA for osteoarthritis after fractures is a
highly effective surgical operation that reduces
pain syndrome, significantly improves the func-
tionality and quality of life of patients [8, 9, 10].
Indications for TKA after fractures occur with the
development of severe post-traumatic osteoar-
thritis, usually accompanied by deformities of
the articular surfaces, axial limb disorders, sta-
bility of the knee joint and its contractures [11].
An analysis of the literature on the effect of os-
teosynthesis of intra-articular fractures on the
results of TKA demonstrates the contradictory
views of researchers on the optimal volume of
preoperative examination, the features of sur-
gery and functional results [12, 13, 14, 15].

The aim of the study was to evaluate the results
and risk of complications of primary TKA in pa-
tients with a history of osteosynthesis of intra-
articular fractures.

Methods
Design

The conducted study integrates a retrospective
and prospective analysis of the primary TKA re-
sults performed in 140 patients at the clinic of the
Vreden Center of Traumatology and Orthopedics
in the period from 2015 to 2019. The retrospective
part of the study included the results of arthro-
plasty performed in 100 patients, the prospective
part — in 40.

By age and sex parameters, the distribution
of patients was as follows: the average age was
56.0+7.3 years, there were 97 women (69.2%), 43
men (30.8%).

Patients of the retrospective group were strat-
ified into two groups depending on the history of
osteosynthesis of intra-articular fractures of the
knee joint:

- 50 patients with osteosynthesis (OS) of in-
tra-articular fractures before knee arthroplasty
(group A);

- 50 patients without surgical interventions
on the knee joint before arthroplasty (group B).

The analysis of the frequency of postoperative
complications in the retrospective study groups
revealed a statistically significant (p = 0.008)
difference: in group A patients, 12% of postop-
erative complications were detected, in group B
there were no complications. There is also a much
greater need for constrained implants in patients
with intra-articular fractures of hardware and the
use of modular elements of the endoprosthesis to
compensate bone defects and achieve stable fixa-
tion of the components of the endoprosthesis.

These factors were the basis for the devel-
opment and introduction into clinical practice
of an algorithm for pre- and intraoperative ex-
amination of patients and a scheme for antibi-
otic prophylaxis of infectious complications after
TKA in patients with a history of surgical inter-
ventions for fractures of the bones forming the
knee joint.

To assess the clinical effectiveness of the
proposed algorithm and the scheme of antibi-
otic prophylaxis of infectious complications, two
equally large prospective groups of patients were
formed, stratified on the same basis:

— 20 patients with a history of OS intra-arti-
cular fractures before knee arthroplasty (group
0);

- 20 patients without surgical interventions
on the knee joint before arthroplasty (group D).

The criteria for inclusion in the study:

- patients of any gender and age with stage
3 knee osteoarthritis according to the classifica-
tion of N.S. Kosinskaya;

- with a history of OS intra-articular fractures
of the knee joint;

- without knee joint surgery.

Exclusion criteria:

- a history of surgical interventions on the
contralateral limb;

- the presence of non-removed hardware and
the use of extended surgical approach in the TKA,

- the presence of endoprostheses of the hip or
ankle joint of the examined limb;
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- the presence of concomitant nosology
(rheumatoid and other specific arthritis, gonitis,
etc.), affecting the frequency of postoperative
complications and postoperative rehabilitation
treatment.

Outcomes assessment

To study the results of TKA in patients of
retrospective groups, a correspondence survey
was conducted using questionnaires sent out,
which are adapted Russian-language versions of
the KSS, WOMAC and FJS-12 point scales [16] or
examination of patients at the clinic of theVreden
Center assess the functional state of the knee joint.
In patients of prospective groups, the dynamics of
knee joint function restoration was evaluated in
terms of 3, 6 and 12 months after TKA using the
same point scales.

Statistical analysis

Statistical analysis of the data obtained was per-
formed in the program STATISTICA for Windows
(version 10) based on the results table gener-
ated in Microsoft Excel. Comparison of quanti-
tative parameters (age, blood loss, type of im-

plant, etc.) in the groups was carried out using
the Mann- Whitney criterion . The frequency of
complications was analyzed using the criteria 2,
Fischer and y? with the Yates correction for small
groups. The criterion of signs was used to assess
the dynamics. 95% CI for estimating complica-
tion rates was calculated based on the Fisher an-
gular transformation. The criterion of the statis-
tical significance of the differences was the value
of p<0.05.

Results

Treatment outcomes in retrospective groups

Table 1 shows the indicators and criteria for the
difference between retrospective groups A and B.

According to the age indicator, the patients of the
retrospective group A were 8 years younger than the
patients of group B (p = 0.002). The average period
from OS to TKA was 6.3 years. The revealed statisti-
cally significant difference in the surgery duration
in group A (p = 0.0012) was due to a significantly
higher frequency of using various methods of com-
pensation for bone defects, as well as implantation
of post-stabilized, varus-valgus-constrained and
articulated structures requiring additional manip-

Table 1

Indicators and criteria of difference between retrospective groups A and B

Group A Group
. M+SD, M*SD
Indicator - . p
min-max, min-max
ME (Q1-Q3) ME (Q1-Q3)
52%7,9 60%7,3
Age, years 32-170 45-81 0,002
52 (48-60) 60 (57-65)
29+3,8 28+6
BMI 20-35 21-36 >0,05
28 (27,8-32,2) 29 (31,1-33,2)
107+36 78+10
Duration of the surgery, min. 60-240 60-110 0,0012
100 (85-125) 80 (70-85)
366 £249 205+90
Intraoperative blood loss, ml 100-1500 50-400 0,000
300 (200-400) 200 (150-250)
22 (44%) (CR)
O, 0,
Endoprosthesis constraint type 71 21(43%)/0()\%?) 4? ((g%)(f,g?) 0,001
4 (8%) (RHK)
Complications 6 (12%) 0 0,008
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ulations on bones and paraarticular soft tissues.
In evaluation of intraoperative blood loss volume,
a statistically significant difference was found in
group A (366 ml) compared to group B (205 ml)
(p = 0.000), which was due to both the longer du-
ration of surgery and additional manipulations on
bones and soft tissues necessary for the implanta-
tion of endoprosthesis components. In patients of
the retrospective group A, constrained endopros-
theses had to be implanted more often (p = 0.001)
when performing TKA than in patients in group B
(Table 2).

The functional results of TKA in patients of
retrospective groups, evaluated on the KSS and
WOMAC scales, as well as the assessment of sat-

isfaction with TKA on the FJS-12 scale with aver-
age follow-up periods are presented in Table 3.

Functional results on the KSS and WOMAC
scales had no statistically and clinically signifi-
cant differences. Nevertheless, in absolute num-
bers, the indicators in group A were somewhat
worse in similar terms. The main reason for the
decrease in functional results was stiffness in the
operated knee joint.

When assessing satisfaction on the FJS-12 scale,
a statistically significant difference (p = 0.016), in
our opinion, was due to a younger age and, conse-
quently, higher requirements for joint function in
patients both before the previous fracture and os-
teosynthesis, and after the performed TKA.

Table 2

Endoprostheses of varying constraint degrees
in retrospective groups of patients

Endoprosthesis constraint type

Number of implantations

Group A Group B
PCL preserved (CR) 24 (48%) 49 (98%)
Posterior stabilised(PS) 17 (34%) 1(2%)
Varus-valgus-constrained (VVC) 7 (14%) 0
Hinged (RHK) 2 (4%) 0
Total 50 50

Table 3

Functional results in patients of
retrospective groups, points

Group A Group B
Scale MiSD MiSD
min-max min-max
ME (Q1-Q3) ME (Q1-Q3)
83,9%7,8 86,6%6,0
KSS 64-92 70-96
84 (78-94) 87 (82-90)
19,6%8,2 18,4%8,5
WOMAC 0-50 0-44
19 (14-21) 19 (15-21)
72,3%6,5 85,0+5,4
_ 48-86 60-96
FJs-12 71 (66-75) 86 (78-86)

In retrospective group A, 6 (12%) postopera-
tive complications were identified: septic inflam-
mation developed in 3 (6%) cases, combined con-
tracture developed in 2 (4%), and delayed healing
of the postoperative wound was noted in one
case (2%). There were no complications in the
retrospective group B.

These complications, as well as the need to
use constrained endoprostheses in patients with
intra-articular fractures much more often and to
use modular elements to compensate bone de-
fects and achieve stable fixation of the endopros-
thesis components, were the basis for the devel-
opment and introduction into clinical practice of
an algorithm for pre- and intraoperative exami-
nation of patients (Fig. 1) and schemes of antibi-
otic prophylaxis of infectious complications after
TKA in patients with a history of surgical inter-
ventions for fractures of the bones forming the
knee joint (Table 4).
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Anamnesis, clinical, laboratory
and X-ray examination

|

Anamnestic, clinical
or laboratory signs of

|

Joint stability in the frontal and
sagittal planes
(posterior drawer, lower leg

]

Radiological characteristics
of the fracture (pattern and
degree of consolidation)

inflammation abduction/adduction tests)

Fracture pattern

Positive Negative Negative Positive

MRI and evaluation: Properly . .
ligaments condition, consolidated Malunion Nonunion
fracture pattern

Puncture: cytological and
microbiological studies

—— T

CT to clarify the fracture

Positive Negative TKA with the right characteristics
constraint degree |
| T endoprosthesis | |
(CR, PS,VVC, RHK)
Sanatlop TKA with Endoprosthesis components Endoprosthesis components
surgery with intraoperative tissue stable fixation is achieveable stable fixation is
antimicrobial sampling nonachieveable

spacer
implantation

|
| ]

If metaepiphysis If metaepiphysis
reconstruction is impossible reconstruction
1+t stage - OS, 2" stage - is possible - one-staged -
TKA OS+TKA

TKA after evaluation
the optimal bone defect
compensation metod

Intraoperative tissues sampling

Fig. 1. Algorithm of pre- and intra-operative evaluation of patients with the fixation of knee intra-articular fractures
in history
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Table 4

Scheme of antibiotic prophylaxis of postoperative complications after TKA
in patients with a history of surgical interventions on the knee joint

The period after
the surgery,
days.

Therapeutic measures,
ongoing studies
and their results

Surgery - sampling of
tissue biopsies

Early days

With positive results

of microbiological
examination -
consultation of a clinical
pharmacologist

In case of negative
results of microbiological
examination

Outpatient
stage

With positive results
of microbiological
examination

Statistically significant (p = 0.008) difference in
the frequency of postoperative complications in
retrospective groups A and B allowed us to con-
clude that knee joint puncture is necessary in this
category of patients if they have clinical or labo-
ratory signs of inflammation in the anamnesis
or during hospitalization to exclude their septic
nature. In the presence of microorganisms in the
punctate, the first stage is surgical sanation with
the antimicrobial spacer implantation, and after
the relief of inflammation, confirmed by the data
of repeated clinical and laboratory examination,
TKA. In patients in the absence of clinical and
laboratory signs of inflammation and negative re-
sults of microscopic and microbiological studies
of the punctate, TKA is performed, during the sur-
gery, five tissue biopsies are necessarily taken for
their microbiological examination. To choose an
endoprosthesis model during preoperative plan-
ning, standard clinical and X-ray examinations
are not always sufficient to assess the ligaments
condition and anatomical features of the articular
surfaces of the femur and tibia. With positive tests
of the "posterior drawer" or adduction/abduction
of the lower leg, an MRI of the joint is nessesary

Antibiotic prophylaxis /
antibiotic therapy

Standard antibiotic prophylaxis
approved at the clinic

Etiotropic antibiotic therapy
depending on the detected
microflora and its sensitivity

Not carried out

Etiotropic antibiotic therapy
depending on the detected
microflora and its sensitivity

Clinical and laboratory control

Monitoring of local signs of
inflammation, daily temperature,
ESR, CRP, leukocytes and leukocyte
formula on the 1st and 3rd-4th
days

Monitoring at the outpatient stage

Clinical and biochemical blood
analysis 7 days after discharge

Monitoring of local

and laboratory indicators of
inflammation (CRP before the start
of the AB course, after the end of
the AB course in 10-14 days)
Control of ALT and creatinine

in the middle of the course and
after the course on days 10-14

and, based on the data obtained on the ligaments
condition and the characteristics of the fracture,
planning of the optimal constaint degree of the
endoprosthesis model proposed for implantation
and the method of compensation for the existing
bone defect.

In patients with properly consolidated frac-
tures and preserved/nonpreserved ligaments, it is
possible to plan TKA with endoprosthesis model
that compensates the insufficiency of damaged
ligaments (CR/PS/VVC/RHK) and with intraop-
erative tissue implant sampling. If the data of a
standard X-ray examination is insufficient to de-
termine the nature and degree of fracture con-
solidation, then CT is nessesary to choose the
optimal implant model, a method for bone mass
deficiency compensating or additional manipu-
lations during surgery. With an achievable stable
fixation of the components of the endoprosthe-
sis, TKA is planned after determining the method
of compensation for the bone defect (bone graft-
ing, metal blocks, bushings, cones, etc.). With an
unattainable stable fixation, but with the possi-
bility of reconstruction of the metaphysis, one-
stage TKA and OS is planned. If it is impossible to

15 2021;27(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

reconstruct the metaphysis and stable fixation,
two-stage treatment is planned: the first stage
is performed by OS, the second stage, at least 6
months later, is TKA.

The effectiveness of the proposed algorithm
of pre- and intraoperative examination of pa-
tients and the scheme of antibiotic prophylaxis
of infectious complications was evaluated in pro-
spective groups of patients.

Treatment outcomes in prospective groups

Clinical and laboratory signs of active inflammation
were absent in 18 patients of prospective group C
(with a history of intra-articular fractures OS). Two
patients had a slight increase in laboratory indica-
tors of inflammation during hospitalization. In ac-
cordance with the current version of the protocol of
preoperative examination, all patients in this group
underwent a puncture of the knee joint. In 14 (70%)
patients, laboratory (microscopic and microbio-
logical) examination of the punctate did not reveal
the presence of microorganisms or other labora-
tory signs of infectious inflammation, including in
2 patients with an increased number of leukocytes
and CRP, which was the basis for performing TKA.
In another 6 (30%) patients, it was not possible to
obtain puncture material, and therefore an anes-
thetic solution was sent for examination, injected
and then aspirated from the joint cavity.

MRI of the knee joint in accordance with the
developed algorithm was performed in 11 (55%)
patients of prospective group C. Its data influ-
enced the results of preoperative planning in 8
(72.7%) patients: in 4 (50%) cases, the implan-
tation of posterior stabilized construction was
planned, in 2 (25%) — bone grafting as a way to
compensate for the existing defect and implan-
tation of posterior stabilized construction, in 2
(25%) cases, the use of metal modular block was
included in the surgery plan as a way to compen-
sate for the existing deep defect and implantation
of varus/valgus-constrained and hinged models
of the endoprosthesis. In 3 (27.3%) patients, MRI
confirmed the correct consolidation of the femur
or tibia fractures, the consistency of the ligaments
and the possibility of implantation of a standard
endoprosthesis with the preservation of PCL.

CT of the knee joint was performed in 14 (70%)
patients of the prospective group C. The data ob-
tained during the study influenced preoperative
planning and surgical intervention in 9 (64.3%)
patients: 4 (44.4%) patients were diagnosed

with non-union of the tibia metaepiphysis. In 3
(33.3%) cases, consolidation of the fracture with
the impression of the lateral or medial condyle of
the tibia and secondary failure of the collateral
ligaments were observed. In 2 (22.2%) patients —
consolidation of the fracture with the impression
of one condyle of the tibia.

In all patients of prospective group C, 5 tis-
sue samples were collected during surgery for
microbiological examination. According to the
results of microflora seeding, the presence of
microorganisms in the joint was revealed in
two (10%) patients (95% CI 1.1-26.5%). In both
cases, in accordance with the scheme of antibi-
otic prophylaxis of infectious complications, the
clinical pharmacologist prescribed etiotropic
antibacterial therapy. The follow-up period of
group C patients was 12 months, during which
there was no infectious inflammation in the
area of endoprosthesis.

Consequently, the previous OS requires in-
traoperative sampling of tissue biopsies even
in the absence of clinical, anamnestic and
laboratory signs of inflammation in the area
of surgical intervention in patients. This tac-
tic allows you to adjust antibiotic prophylaxis
taking into account the sensitivity of microor-
ganisms and prevent postoperative infectious
complications. In the course of the study, there
was no correlation between the results of mi-
crobiological examination of the punctate and
tissue biopsies of the joint, which indicates
that punctate seeding is an uninformative
method of preoperative examination and it is
advisable to perform it in patients with clini-
cal or laboratory signs of inflammation during
hospitalization or in anamnesis to choose the
optimal treatment tactics.

The average range of motion in the knee joint be-
fore surgery in patients of group C was 89°, in group
D — 104°. 12 months after the surgery, the range of
motion in the knee joint in patients of group C was
108°, in group D — 110°, no statistically significant
differences were found between the groups (p 0,05).
Nevertheless, TKA in patients with osteosynthesis
of the distal femur or proximal tibia in the anam-
nesis, unlike patients without OS of intra-articular
fractures of the knee joint, allowed to increase the
amplitude of movements in the knee joint from 89°
to 108°, that is, by 19° (p = 0.000).

TKA results after 3, 6 and 12 months. shown
in Figure 2.
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Fig. 2. Functional results of TKA in groups C and D:
a — according to the KSS;

b — according to the WOMAC;

c — assessment of the patients satisfaction
according to the FJS-12

Evaluation on the KSS and WOMAC scales
showed that the presence of OS history slows
down the dynamics of joint function recov-
ery at 3 (p = 0.001; p = 0.004) and 6 months
(p = 0.001; p = 0.001), and on the WOMAC scale
- also 12 months after TKA (p = 0.001). The main
reason for the worsening of functional results
was stiffness in the operated joint. Statistically
significant differences were also obtained at
the terms of 3 (p = 0.007), 6 (p = 0.001) and 12
(p =0.001) months on the FJS-12 scale: basically,
the sensation of endoprosthesis bothered Group
C patients for 12 months after surgery.

Discussion

In the literature, there are various, often oppos-
ing opinions about the influence of intra-articular
fractures OS on the features of surgery, the fre-
quency of complications and the functional results
of primary TKA. According to a number of authors,
in patients with OS of intra-articular fractures,
rapid development and progression of arthrosis to
the terminal stage requiring knee arthroplasty is
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inevitable [2, 3, 4, 5]. Our study also showed that
fracture and subsequent osteosynthesis accelerate
the development of severe arthrosis, leading to the
need for arthroplasty after an average of 6.3 years,
and the average age of patients subjected to TKA
is 8 years less in comparison with patients without
a history of surgery. B.S. Kester et al., showed that
the previous OS leads to an increase in the dura-
tion of TKA in on average for 26.7 minutes, creat-
ing technical problems during arthroplasty [14].
In our study, the duration of surgery in patients
of retrospective group A was 29.0 minutes longer
than in retrospective group B. The increase in the
duration of arthroplasty is due to a significantly
greater need to compensate for bone defects and
the frequency of use of constrained endoprosthe-
ses, implantation of which provides additional
manipulations on bones and paraarticular soft
tissues.
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Most authors indicate that osteosynthesis of
intra-articular fractures in the anamnesis leads
to a higher frequency of postoperative complica-
tions in primary TKA [12, 14, 15, 17, 18, 19, 20]. At
the same time, the risk of intra- and postopera-
tive complications after fractures of the proximal
tibia is significantly higher in both situations -
when performing arthroplasty after OS or accord-
ing to primary indications in comparison with
primary arthroplasty in idiopathic knee osteoar-
thritis [21, 22, 23, 24, 25]. In our study, with an av-
erage follow-up period of 38 months after TKA, a
high incidence of complications in retrospective
group A was also revealed (12% vs. 0%). Moreover,
in 3 cases, the developed septic inflammation of
the joint required repeated revision surgery. Two
patients with combined contracture in the early
postoperative period needed to intensify reha-
bilitation treatment. Another patient required a
set of measures aimed at achieving healing of a
postoperative skin wound due to the problems
that had arisen. However, there are no convinc-
ing data in the literature concerning measures to
prevent the development of complications after
TKA in patients with a history of fractures. In our
work, taking into account the statistically sig-
nificant difference in the frequency of infectious
complications in patients of retrospective group
A, in accordance with the developed algorithm,
all patients of prospective group C were intra-
operatively taken tissue biopsies for microbio-
logical examination, the endoprosthesis was im-
planted on cement containing an antibiotic. This
measure made it possible to detect the growth of
microorganisms in the joint cavity in 2 patients,
to carry out preventive measures according to
the developed scheme of antibiotic prophylaxis
of infectious complications and to achieve an un-
complicated course of the postoperative period.
These patients had no clinical and laboratory
signs of inflammation, and there was no growth
of microorganisms in the synovial fluid in preop-
erative seedings.

In the long-term period, according to some
authors, osteosynthesis does not have a negative
effect on the functional result of knee arthro-
plasty [13, 17]. The data of our study confirm this
opinion. However, in the literature we have not
found the study of function recovery dynamics
in this cohort of patients in comparison with pa-

tients without a history of surgery. We evaluated
the dynamics of knee joint function recovery and
patient satisfaction with the results of TKA at the
terms of 3, 6 and 12 months. and it was found that
in patients underwent osteosynthesis of intra-
articular fractures slows down the restoration of
knee joint function at 3 and 6 months on the KSS
scale, and on the WOMALC scale — also 12 months
after surgery. Consequently, in this cohort of pa-
tients, it is necessary to intensify rehabilitation
treatment in the early postoperative period, es-
pecially if by 4 weeks after TKA the range of mo-
tion of the knee joint is less than 90° or there is
a deficit of complete extension of the knee joint.
There were also differences on the FJS-12 scale at
all periods after surgery. Consequently, patients
with a history of osteosynthesis are less satisfied
with the results of TKA due to continuing restric-
tions in everyday life, work and sports.

Conclusions

The previous trauma and the subsequent surgi-
cal treatment of intra-articular fractures of the
knee joint lead to an earlier development of post-
traumatic arthrosis of the 3rd stage and the need
for TKA. Functional medium-term results of ar-
throplasty have no statistically significant dif-
ferences, satisfaction with the results of TKA in
this category of patients is less in the OS group,
and the number of postoperative complications
is greater. OS in the anamnesis statistically sig-
nificantly slows down the dynamics and degree
of recovery of knee joint function in the early
postoperative period.

Informed consent

The patients gave their voluntary written in-
formed consent to participate in the study and
publish its results.
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Mid-Term Results of Total Hip Arthroplasty for Femoral Neck Nonunions in
Long-Term Hemodialysis Patients
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Background: Performing primary arthroplasty in patient with renal osteodystrophy is associated with a number of difficulties
due to low bone mineral density, which complicates the fixation of the endoprosthesis components, the presence of bone
defects, and functional insufficiency of the gluteal muscles. The aim of the study — evaluation of the mid-term results of
primary total hip arthroplasty using cemented femoral and acetabular implants in hemodialysis patients with nonunions of
the femoral neck.

Methods: The authors conducted a study of 26 hemodialysis patients with pseudarthrosis of the femoral neck. The patients
were divided into 3 groups: group I (12 patients) — classification type A of the femoral neck nonunion, group II (10 patients) —
classification type B, group III (4 patients) — of type C who underwent total hip arthroplasty.

Results: The longest surgery duration was observed in patients of the III study group — 121.25%19.26 minutes. There were
no statistically significant differences between the patients of the II and III study groups. The smallest rate of intraoperative
blood loss was noted among patients of the 1st study group — 440.83+133.65 ml, the statistical significance of the differences
was obtained both between the 1st and II, and between the I and III study groups, respectively. The smallest total number
of complications after surgery was obtained in the 1st group — 4 (8.33%). Revisions were performed in 8 (30.7%) patients
among all three groups. There was a significant improvement on the Oxford hip score after 12 months (mean 29.8) and 24
months (mean 33.1) in all groups compared with preoperative results (mean 12.5). Twelve 12 months after surgery, the average
value of the pain severity was reduced by 72.6% and amounted to 2.01. The risk of getting any orthopedic complication in
cemented total hip arthroplasty of the classification type A of the pseudarthrosis is 2.5, with type B — 3.4, with type C — 5.7.
Conclusions: The classification of femoral neck nonunions in hemodialysis patients allows to determine the tactics of
surgical treatment. Cemented dual mobility cups are effective in patients with any type of femoral neck nonunions.
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CpeaHecpouHble pe3ynbTaTbl TOTAJIbHOrO 3HAOMNPOTE3UPOBAHUS
y NALMEHTOB C NCEBAOAPTPO30M LUEUKU 6eapEeHHON KOCTH,
HaXoAALWMXCA HA XPOHUYECKOM reMoauanuse

A.H.len, H.E. Mymrtun, A.K. Ilynaes, A.B. [llmenes

@I'BOY BO «Ilepsuiti Cankm-ITemepOypeckuti 2ocydapcmeeHHblii MeOuyuHcKuti yHusepcumem um. akad. U.I1. Ilasnosa»
Munszdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pecdepar

AKmyansHoCcms. BbITONIHEHVE TIePBUYHOI apTPOIIACTUKM Ha (OHe PeHaJbHOM OCTEeOnUCTPOMUN COTMPSIKEHO C PSILOM
TPYZHOCTe, 06YyCIOBIEHHBIX HU3KO0M MUHEPATbHOM IUIOTHOCTHIO KOCTHOM TKAaHM, UTO YCIOXKHSIET (GUKCAIMI0 KOMIIO-
HEHTOB 3HJOIpPOTe3a, HAIMUMeM KOCTHBIX IedeKkToB, a Takke (HYHKIVOHAIbHO! HEJOCTATOYHOCTBIO SITOAUYHBIX MBbIIIILI.
Llens uccnedosanuss — OIeHKA CpeIHECPOUYHBIX DPe3ylIbTaTOB IEePBMYHOTO IHIOMPOTE3MPOBaHMSI Ta300eIpeHHOTro
cycTaBa C IpUMeHeHMeM I[eMeHTHBIX GelpeHHbIX U aleTaby/IsIpHbIX KOMIIOHEHTOB y TAIMeHTOB C JIOKHbIMM CyCTaBa-
MU 1ieiiku 6eppenHoit koctu (IUBK), Haxonsuumxcsl Ha remonuanuse. Mamepuan u memodst. [IpoBefeHO uccieqoBaHMe
26 TAIMEeHTOB TeMOIMAIM3HOrO Npodwmis ¢ JokHbiMU cycTaBamu LIBK. IMaryeHThl 6bUIM pacrpeneneHbl HA 3 IPyII-
nbl: rpynma I (12 yenoBek) — Tum A nicepgoaprtposa IIBK no kinaccudukanyuy aBTopos, rpymmna I (10 yenoBek) — tum B,
rpymmna III (4 60mbHBIX) — TuM C, KOTOPHIM ObLIO BBIIIOMHEHO TOTAIbHOE SHAOMPOTe3MPOBaHNE Ta306eAPeHHOr0 CyCcTaBa.
Pe3ynvmamei. Haubosbiias IJIMTeIbHOCTh OTIepaluy oTMeveHa y 60ibHbIX 111 rpyribl ucoteqoBaumus — 121,25%19,26 MuH.
Mexny nmauyeHtamu 11 u III rpymm cTaTUCTHMYECKY 3HAYMMBIX OTAMYMIT He 0OHapyskeHO. HauMeHbIMi1 mokasaTtenb MHTpa-
OIepalyiOHHO KPOBOIIOTEPYU OTMEeUEeH cpeay 60bHbBIX I rpymiibl uccmeqoBauust — 440,83+133,65 mi1, craTuCTUYeCKast 3Ha-
YMMOCTb OT/IMUMII TToyvYeHa Kak Mexay I u 11, Tak u mexxny I u 111 rpyninamu uccnegoBaums. HaumeHbliee o61iee Yymcio oc-
JIOKHEHMIA ITOCJTe oriepalu noiaydeHo B I rpyrme — 4 (8,33%). PeBu3MOHHbIE BMEIIaTeTbCTBA ObIIM BbITIOIHEHBI Y 8 (30,7%)
ManyeHTOoB Bcex Tpex rpymi. OTMeueHo 3HauMMoe yiyuileHrue GyHKIMOHAIbHBIX IToKa3aTeneii o mkane Oxford Hip Score
yepe3 12 mec. (cpenHee 3HaueHue 29,8) u 24 mec. (cpengHee 3HaueHue 33,1) BO Bcex rpyInax B CpaBHEHUU C IIpenoIrepa-
LIMOHHBIMM pe3yibTaTaMy (cpenHee 3HaueHue 12,5). Yepes 12 mec. mocie onepauuu cpefHee 3HaUeHMe BbIPaKeHHOCTU
60711 6bUTIO CHUKEHO Ha 72,6% u coctassiio 2,01. Puck pa3sBUTHS JIIOOOTO OPTOITEIMUECKOTO OCIOKHEHUS TTPY TOTAJTbHOM
LIeMeHTHOM HJIOIIPOTE3VPOBAaHMUM Y TAI[MEHTOB C JIOKHBIM cycTaBoM LIBK Tuma A cocrasiser 2,5; nipu Turie B — 3,4; pu
turne C — 5,7. 3axnouenue. TlpennoxkeHHas pabouast kiaccuduraums mncesnoapTpo3os IBK y manmneHToB, HAXOHSIIMXCS
Ha XpOHMYECKOM reMojuasu3e, o3BoJsIeT OMpelesiTh TAKTUKY XUPYPTUUECKOro jJeueHusl. lleMeHTHbIe areTabyisipHbie
KOMITOHEHTBI JBOITHOI MOOGMIBHOCTY 3¢ deKTUBHBI IPY MEPBUYHOM SHIOIPOTE3UPOBAHUM Ta300€IpeHHOTO CyCcTaBa IIpu
BCeX TUIIax rncesroaprposa lIBK.

KiroueBble ¢/I0Ba: JIOXKHbBII CYCTaB IIeiiku 6ePeHHO KOCTH, TOTA/IbHOE IIEMEeHTHOe SHAOIPOTe31POBaHme Ta300eApeH-
HOTO CyCTaBa, XPOHMYECKMIT TeMOIMAIN3, peHATbHAS OCTeOOUCTPODMS.

HcTounnK GMHAHCHMPOBAHUSA: TOCYIapCTBEHHOE OI0/KETHOE (PMHAHCHPOBaHMeE.
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y TalMeHTOB C I[ICeBA0apTpPO30M IIeiiku OedpeHHO KOCTY, HAXOASIIMXCS Ha XPOHMUYECKOM TreMOoAuaninuse.
Tpasmamonoeus u opmonedus Poccuu. 2021;27(4):21-30. https://doi.org/10.21823/2311-2905-1653.

D} Mywmun Huxuma Eszenvesuu; mushtin.nikita@yandex.ru

Pykomuch nomydyeHa: 16.07.2021. Pykomuch ogo6pena: 25.10.2021. CtaThs onybmKoBaHa oHmaiH: 12.11.2021.

© Uen A.H., Mymrrun H.E., lynaes A.K., [lImenes A.B., 2021

22 2021;27(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Background

The annual increase in the frequency of intra-ar-
ticular fractures of the proximal femur is a global
problem of modern traumatology. The issues of
high mortality remain relevant (14-40%) [1, 2, 3, 4],
general somatic complications (bedsores, pneumo-
nia, thrombosis, cardiovascular, etc.) (9-25%) [5, 6,
7] and orthopedic complications, among which the
most common are non-unions of the femoral neck
[8, 9]. In general population, the risks of various
complications and an unsatisfactory outcome of
treatment proximal femur fractures have a direct
correlation with age. In the population of patients
with end-stage chronic kidney disease (CKD) and
in need of renal replacement therapy (RRT), the
frequency of both general somatic and orthopedic
complications is significantly higher and has no re-
lation to age and gender [10, 11].

Against the background of violations of calcium-
phosphorus metabolism and the processes of remode-
ling of bone tissue and its mineralization, the problem
arises not only of restoring the integrity of the bone,
but also the strength of fixation of various metal im-
plants. In addition, when performing various types
of osteosynthesis for a pathological fracture of the
femoral neck in young patients undergoing chronic
hemodialysis develop infectious complications, which
significantly complicates further treatment [12]. The
most common pathogens of infectious complications
of surgical intervention site in patients receiving
chronic hemodialysis are Staphylococcus aureus and
Streptococcus epidermis, spreading hematogenously
through the arteriovenous fistula [13]. In case of de-
tection of a deep infection of the area of the hip joint
after surgical treatment, hip arthroplasty is performed
in two stages [14].

Total hip replacement is the method of choice
for patients with terminal CKD, not only in cases of
the development of femur neck non-union, but also
with fresh intracapsular fractures of the proximal fe-
mur, regardless of age. However, performing primary
arthroplasty against the background of renal osteo-
dystrophy is associated with a number of difficulties
due to low bone mineral density, which complicates
the fixation of the endoprosthesis components, the
presence of bone defects of both the acetabulum and
the femur [15], as well as functional insufficiency of
the gluteal muscles, which is reflected in the high fre-
quency of the endoprosthesis dislocations[16].

The aim of the study was to evaluate the medium-
term results of primary hip replacement with the use
of cement femoral and acetabular components in
patients with femoral neck non-union undergoing
hemodialysis.

Methods
Design

A retrospective single-center randomized study of 26
patients with hemodialysis profile with femoral neck
non-union treated at the Clinic of Traumatology and
Orthopedics of the First St. Petersburg State Medical
University named after Academician I.P. Pavlov" from
2017 to 2020

Criteria for inclusion in the study:

- femoral neck non-union (fracture at least 12
months);

- presence of stage 5 CKD (chronic hemodialysis
for at least 3 years);

- cement acetabular and femoral components of hip
endoprostheses intended for primary arthroplasty;

- the presence of bone defects of the acetabulum
and proximal femur, including those requiring bone
grafting.

Exclusion criteria:

- follow-up period less than 12 months after
surgery;

- absence of laboratory indicators of any degree of
renal osteodystrophy (an increase in parathyroid hor-
mone more than 300 pg /mg, a decrease in serum level
of 1.25 OH-D3 less than 40 ng/ml, an increase in the
bone fraction of alkaline phosphatase more than 100
1U/D;

- absence of histological confirmation of renal os-
teodystrophy (from a biopsy of the femoral head).

The study involved 15 (57.7%) women and 11
(42.3%) men, their average age was 59.2 years (min —
36, max — 80). The average follow-up period for pa-
tients was 27.3 months (95% CI: 23-31 months). The
main characteristics of the clinical material are pre-
sented in Table 1.

Classification

To date, there is no generally accepted classification of
femoral neck non-union, which would allow predict-
ing the outcome of hip replacement depending on the
radiological and functional changes of the hip joint. In
this regard, we have proposed 3 classification types of
femoral neck non-union for an objective assessment
of the results of the performed operations (Fig. 1):
Type A — shortening of the lower limb (no more
than 2 cm); absence of additional local signs of os-
teoporosis (the value of the Barnet — Nordin mor-
phocortical index is more than 0.4 units); absence of
functional insufficiency of the gluteal muscles (the
patient's ability to perform active movements in the
hip joint); absence of osteolysis of the femoral head.
Type B — shortening of the lower limb more than
2 cm; signs of local osteoporosis (Barnet-Nordin in-
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dex < 0.4 units); functional insufficiency of the gluteal
muscles (lack of active movements in the hip joint);
osteolysis of the femoral head.

Type C is femoral neck non-union, complicated
by the presence of a previously implanted hardware,
which led to infection of the hip joint and/or the de-
velopment of a defect of the acetabulum or proximal
femur as a result of its migration.

To diagnose hip infection in a patient with previ-
ously implanted hardware, we recommend follow-
ing the algorithm accepted at the Second Second
International Consensus Meeting on Periprosthetic
infection in 2018 [17]. In addition to laboratory pa-
rameters, it is necessary to perform a puncture of the
replaced joint with a cytological examination of the
fluid and seeding to determine the sensitivity spec-
trum of antibiotics. Surgical tactics in the diagnosis of
deep PJI against the background of femoral neck non-

union in patients undergoing chronic hemodialysis
involves two-stage treatment.

In accordance with our proposed classification of
femoral neck non-union, patients were divided into
3 groups: group I — 12 (46.1%) patients — classifica-
tion type A of femoral neck non-union, group II — 10
(38.4%) patients — type B, group III — 4 (15.5%) pa-
tients — type C. Hip replacement in all cases, it was
performed by one surgical team using Harding's ap-
proach under spinal-epidural anesthesia.

Figure 2 shows the distribution of cement com-
ponents of hip endoprosthesis in the studied groups
of patients. Among the patients of groups I and III,
the implanted components were distributed approxi-
mately equally. Group II patients were significantly
more likely to have low-profile cement acetabular
components and femoral components of the Miiller

type.

© 1

Fig. 1. Types of the femoral neck false joints according to the authors’ classification:

a — type A; b — type B; ¢ — type C (explanation in the text)
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Outcome assessment

Functional results were evaluated on the 48-point
Oxford Hip Score (OHS) scale 12 and 24 months after
total cemented hip arthroplasty and compared with
preoperative baseline data. The severity of pain was
assessed on a 10-point visual analog scale (VAS) after
12 months.

Statistical analysis

The normality of the quantitative indicators distribu-
tion was carried out on the basis of the Shapiro-Wilk
criterion. With an abnormal distribution, logarithm
was performed. The significance of the differences
in the quantitative indicators of the duration of sur-
gery and the amount of blood loss was assessed using
a single-factor analysis of variance using the ANOVA
module. In identifying the statistical difference, an
additional analysis was carried out by pairwise com-
parison of aggregates using the a posteriori Tukey
criterion. During the statistical analysis of qualitative
parameters in the structure of complications and the
frequency of revision interventions, the exact Fisher
criterion for small samples was used. Statistical pro-
cessing of the obtained data was performed using the
IBM SPSS v.20 program.

Results

The average age of the primary fracture was 13.5
(SD = 2.02) months. This value is identical to the
timing of the primary complex hip replacement in
these patients. The average follow-up period for pa-
tients of all study groups was 27.3 (SD = 3.64) months.

Table 2 shows the results of perioperative indica-
tors and the overall frequency of complications and
revision interventions in the study groups. The long-
est duration of total cemented arthroplasty was ob-
served in group III patients (type C of femoral neck
non-union) — 121.25%¥19.26 min. Such results are as-
sociated with the need for one-stage removal of metal
structures previously implanted due to the femoral
neck fracture. However, when comparing the duration
of surgery between patients of groups II and III, no
statistically significant differences were found. When
assessing intraoperative blood loss, the lowest indica-
tor was found in patients of group I of the study —
440.83* 133.65 ml, and the statistical significance of
the differences was obtained both between groups I
and II, and between groups I and III of the study. The
lowest total number of complications after total ce-
mented arthroplasty was obtained in group I (type A
non-union) — 4 (8.33%).

In the structure of orthopedic complications, post-
operative hematomas were most common (30.7% in
all study groups), which, on the one hand, is associat-
ed with a violation of the hemostasis system in hemo-
dialysis patients, and on the other hand, explains the
high frequency of infectious complications (23.07%
among all patients). Statistically, deep PJI was signifi-
cantly more common among patients after hip arthro-
plasty for femoral neck non-union classification types
B and C (Table 3). The same results were obtained for
other orthopedic complications, such as peripros-
thetic fractures, dislocations, osteolysis around the
cement mantle of the implants. The frequency of
intraoperative bleeding in patients of all groups did

Main characteristics of the clinical material

Parameter

Gender:
male
female.
Affected side:
right lower extremity
left lower extremity
Acetabular component:
cement standard (low profile)
cement double mobility
Femoral component:
cement standard (Miiller type)
cement standard (Exeter type)

Table 1
Quantity
total %
11 42,3
15 57,7
12 46,1
14 53,9
17 65,4
9 34,6
16 61,5
10 38,5
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The main perioperative indicators and the overall frequency of complications

Parameter Type A (n = 12)

Surgery duration, min. 99,58+14,11

Intraoperative blood loss, ml 440,83+133,65

Number of revisions, n 1(8,33%)
Complications, n

4(33,32%)

* The value is statically significant.

654,03+141,59

Table 2
Type B (n = 10) Type C (n =4) p
pI-1I=0,15085
109,5%13,56 121,25+19,26 pI-III = 0,02394*

pII-TII = 0,64492
pI-1I = 0,01400*
pI-IIT = 0,00038*
pII-TII = 0,32305

750+158,11

The structure of orthopedic complications in the groups

Complication type TXI()"Z ;X
Bleeding 0 (0)
Periprosthetic fracture 0(0)
Endoprosthesis dislocation 0 (0)
Osteolysis 1(8,3)
Stress-shielding syndrome 1(8,3)
Postoperative hematoma 1(8,3)
Deep PJI 1(8,3)

not exceed 10%, which is due to the use of an original
blood-saving algorithm for patients on chronic hemo-
dialysis, involving the sequential administration of
erythropoietin, conjugated estrogens and desmopres-
sin, as well as mandatory transfusion of two doses of
erythrocyte mass to increase the hematocrit above 30
mmol/1 [18].

In a detailed analysis of orthopedic complications
in the study groups, we established the relative risk
of complications with a ratio of chances (RC) depend-
ing on the type of femoral neck non-union. The risk of
developing any orthopedic complication with total ce-
ment hip replacement of the classification type A of the
non-union is 2.5 (CI 95%: 0.6797-9.6078; p = 0.1649),
OR - 3.33 (CI1 95%: 0.605-18.371; p = 0.1232); with type
B -3.4(CI195%: 1.0524-11.0321; p = 0.0408), OR - 5.33
(95% CI: 1.156-24.559; p = 0.0125); with type C - 5.7
(95% CI: 1.7365-19.0401; p = 0.0042), OR - 6.6 (95% CI:
0.895-49.676; p = 0.0118).

5 (50,00%) 2 (50,00%)
pl-II = 0,043*
8 (80,00%) 3 (75,00%) pI-IIT = 0,26
plI-III = 1,01
Table 3
TX I();) ;3 TXI();) )C Total n (%)
2 (20) 0 (0) 2 (7,69)
3 (30) 2 (50) 5(19,2)
4 (40) 0(0) 4(15,3)
3 (30) 0(0) 4(15,3)
3 (30) 1 (25) 5(19,2)
6 (60) 1(25) 8(30,7)
3(30) 2 (50) 6 (23,07)

During the study period, revision interventions were
performed in 8 (30.7%) patients of all three groups. At
the same time, in group I, i.e. among patients with the
most favorable clinical picture of femoral neck non-
union, revision arthroplasty was performed only in one
patient, and the largest number of revisions were per-
formed in patients of group II.

Single-stage revision hip replacement was per-
formed in only two patients (7.69%) (osteolysis of the
femoral component of the endoprosthesis), and both
had classification type B of femoral neck non-union. In
8 (30.7%) patients, revisions were performed in 2 stag-
es due to the development of infection in the surgical
intervention site. Moreover, these patients had intra-
operative periprosthetic fractures (3 patients — 11.5%),
as well as one recurrent dislocation of the endopros-
thesis head (3.8%). Of the 8 patients, three (11.5%) had
the classification type B of femoral neck non-union, 2
(7.6%) — type C, and only one (3.8%) patient who un-
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derwent revision hip arthroplasty had the classification
type A of femoral neck non-union. Thus, our assump-
tion about an increase in the risks of complications
during primary hip arthroplasty due to femoral neck
non-union associated with the classification type of
non-union is justified.

Functional results were evaluated on a 48-point OHS
scale 12 and 24 months after total cemented arthro-
plasty and compared with preoperative baseline data.
Patients showed statistically significant improvement in
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functional parameters after 12 months (mean value of
29.8 SD = 3.3 points) and 24 months (mean value of 33.1
SD = 2.5 points) in all groups compared with preopera-
tive results (mean value of 12.5 SD = 0.6 points) (Fig. 3).

Along with functional indicators, the results of as-
sessing the severity of pain on a 10-point VAS scale
were analyzed. The average score before surgery was
7.35 (SD = 0.1). 12 months after total cemented arthro-
plasty, the average pain score decreased by 72.6% and
was 2.01 (SD = 0.74) points.
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Fig. 3. Preoperative and postoperative results assessment in the study groups: a — pain severity according to VAS;

b — functional results according to OHS

Discussion

The results obtained by us are quite difficult to in-
terpret due to the small number of domestic and
foreign publications on this narrowly focused topic.
Nevertheless, if we talk about the occurrence of femo-
ral neck non-union, then, according to G.P. Slobogean
et al, this indicator is only 9.3% among young and
middle-aged patients (up to 60 years old) [19], while
among elderly and senile people (over 60 years old)
this indicator increases 10 times and amounts to
92.6% [20]. In the presence of a patient with severe
concomitant pathology, such as rheumatoid arthritis
or end-stage CKD, which decreases the quality of bone
tissue, the incidence of non-union is 28%, regardless
of age [21].

The number of unsatisfactory outcomes after vari-
ous variants of osteosynthesis of intraarticular frac-
tures in patients undergoing chronic hemodialysis is
66.7%, which is significantly more than in patients
with the usual population [22]. However, the main
cause of the development of femoral neck non-union
in patients with end-stage CKD is conservative treat-
ment of intracapsular fractures of femoral neck [23].

In this regard, further treatment of the consequences
of these fractures is a difficult task for orthopedic sur-
geons and requires not only expensive implants, in-
cluding for the replacement of bone defects, but also
special tools, equipment and the presence of bone
bank.

It should be noted that the development of femoral
neck non-union aggravates the manifestation of local
osteoporosis as a result of a prolonged lack of weight-
bearing of the lower limb according to Wolf's law. In
the study of A.N. Reshetnikov et al, data of densitom-
etry of 34 patients with a diagnosis of "femoral neck
non-union" in the preoperative period are presented
[24]. In 100% of patients, a decrease in bone mineral
density was diagnosed. The authors also point to an
increase in bone mineral density a year after total hip
replacement, without specifying at the same time what
type of implant was applied. In our study, the number
of satisfactory outcomes after total hip cemented ar-
throplasty with non-union in patients with hemodi-
alysis profile was 69.3% in all study groups, which is
an acceptable result for this category of patients.
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Double mobility cement cups have significant ad-
vantages over standard acetabular components in pa-
tients with the consequences of fractures. H. Favreau
et al, published the results of the use of double mo-
bility cement cups in arthroplasty in 40 patients with
the consequences of fractures of the trochanter region
with an average follow-up period of 54 months. The
authors note the absence of dislocations of the endo-
prosthesis for the specified period of time [25]. In our
study, the use of acetabular components of double mo-
bility also did not lead to postoperative dislocations
of the endoprosthesis, regardless of the classifica-
tion type of femoral neck non-union, while the use of
standard cement cups led to 15.3% of dislocations.

The frequency of revision interventions after total
hip arthroplasty in patients undergoing renal replace-
ment therapy varies from 5% to 40%, but these indi-
cators are significantly higher compared to patients
in the general population [26]. In our study, the to-
tal revision rate was 30.7%, while in 26.9% of cases
revision arthroplasty was performed after obviously
complex cases of primary arthroplasty (types B and C
of non-union, implying pronounced retraction of the
femur, osteolysis of the femoral head, low indicators
of the morphocortical Barnett index — Nordina or the
presence of metal implants that led to the forma-
tion of a bone defect). The main reason for revision
hip replacement in the study was deep PJI (6 cases —
23.07%), which fully corresponds to the global data
on infectious complications after total arthroplasty in
patients with end-stage CKD [12].

Conclusions

The proposed working classification of femoral neck
non-union in patients undergoing chronic hemodi-
alysis allows determining the tactics of surgical treat-
ment. Cement acetabular components of double mo-
bility are effective in primary hip replacement in all
types of femoral neck non-union.

Informed consent

The patients gave their voluntary written informed
consent to participate in the study and publish its
results.
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JleueHne nepenomoB AUCTaNbHOro MeTasnudusa 1y4yeBom KOCTH
C UCNONIb30BaHUEM MAJIOMHBA3MBHOIO HAKOCTHOIO OCTEOCUHTE3A
U NepKyTaHHOMW CNULEBOU PUKCALMU: CPABHUTENbHbDIN

aHanus pesynbTaToB
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Pedepar

Llens uccnedosanus — cpaBHUTENbHAS OLIEHKA PEHTTEHOMOTMYECKUX U QYHKIIMOHAIbHBIX Pe3yIbTaTOB MAJIOMHBA3MBHO-
IO HAaKOCTHOTO OCTEOCHHTE3a C MPUMMEHEHVEeM ITPOHATOpP-cOeperarolero JOCTyma M MepKyTaHHOI CIUIIEeBOI duKcanyumn
y MAallMEeHTOB C TepeoMaMy JUCTATLHOTO MeTasmudu3sa syueBoit koctu (IMJIK). Mamepuan u memodesi. ITpoBefieH pe-
TPOCIIEKTUBHBIN aHaAM3 pe3yabTaToB jJedeHus 41 nmanueHTa ¢ nepesomamu [IMJIK (14 My>kuuH U 27 >KeHIIVH), KOTOPBIM
B iepuop ¢ 2016 o 2020 r. 6611 BBITIOTHEH MaJIOVHBA3WBHbBI HAKOCTHBI OCTEOCHHTE3 GII0KMPYEMbIMM IJTACTUHAMMU C TIPU-
MeHeHMEM MPOHATOP-COeperamiero XMpypruueckoro JOCTya (OCHOBHAs rpymma). CpemHuii BO3pacT 60IbHBIX COCTABUI
51 ropm (ot 31 mo 74 neT). B KOHTPOJABHYIO IPYIITY BOUUIM 37 MAInMeHTOB: 19 skeHIMH U 18 MyKUMH; CpeHMIT BO3pacT —
61 rom (0T 29 o 76 7eT), KOTOPBIM 32 STOT JKE IMePUOJ, BpeMeHM GbIT BHITIOTHEH Ma/IOVHBA3MBHBIN IMePKYyTaHHbBI CIIUIIEBOI
ocreocuHTe3 IMJIK. CpaBHUTETbHYIO OLIEHKY PEHTT€HONOTMYECKUX ¥ QYHKIMOHAIbHBIX PE3YIbTATOB MAIOVMHBA3MBHOTO
OCTEOCHHTE3a B 06eMX TPYIIaxX OCYIECTBISIU B CPOKY OT 1 10 6 Mec. €O AHS ONepaTUBHOTO JieueHus. Peaynsmamet. Y Bcex
MalyeHTOB B CPOKY JI0 6 HEJI. ITOC/Ie OTepanyy Oblia JOCTUTHYTA KOHCOMMAAIINS TIePeIOMOB, ITOATBEePKIeHHAsT PEHTIeHO-
sormnuecku. Cpey manyeHTOB, TPOOMEPUPOBAHHBIX ITYTEM MTPOHATOP-CHEPEramiero HaKOCTHOTO OCTEOCHHTE3a, OCIOXK-
HeHUIT He 6bLI0, B IPYIINE MallMeHTOB, KOTOPBIM BbIMTOTHSIM TE€PKYTAHHBIA CIIUIIEBOI OCTEOCUHTE3, GBIIO MOTYUYEHO 6
OCTIOKHEHMIT: B 4 cryvasx (11%) — BocmaneHue B 06J1aCTM BbIXOMA CITUIL U B 2 cayvasix (5,4%) — ATporeHHOe MHTpaore-
palOHHOE TTOBPEXAeHNe YYBCTBUTEIbHOI BETBU JTy4eBOT0 HepBa. BbUIM MOMy4YeHbl CTATUCTUYECKYM 3HAUYMMbIE Pa3Jin-
Ylsl B PEHTTEHONIOTMUECKIX Pe3yabTaTax (JIaJOHHbI/ HAKJIOH CYCTAaBHOI (haceTku yueBOii KOCTY, MHKIVHAIMS Ty4eBOit
KOCTY ¥ BBICOTA JIY4eBO¥ KOCTU) MEXKAY ABYMS TpyImnamu. IlokazaTeau B OCHOBHOJ IpyIINe MalMeHTOB ObUIM JyUIlle Ha
Bcex sTamnax HabmomeHus (p<0,01). MaJouHBa3MBHbBI HAKOCTHBIN OCTEOCHHTE3 C MPUMEeHeHMeM MIPOoHaTop-coepera-
et TeXHUKM TakKe MPOJeMOHCTPUPOBA 3HAUMMO JIyuliie GYHKI[MOHAIbHbIE PE3Y/IbTAThl (CMJIA CXBATA KUCTU, 06beM
IBVDKEHMS B JIy4e3arsiCTHOM CyCTaBe, POTAllMOHHbIE IBVKEHUS TIPeIIIeybs) TT0 CPAaBHEHUIO C KOHTPOJIbHO TPYIITION Ha
Bcex sTamnax oueHky (p<0,001). 3akarouerue. Pe3yabTaThl MCCIeNOBAHMS JEMOHCTPUPYIOT 3G GEKTUBHOCTD ¥ OTHOCUTENh-
Hy10 6€30IacHOCTb 06eMX METOIMK MaJIOMHBA3UBHOTO ocTeocuHTe3a JIMJIK. OmHAaKO HAKOCTHBI OCTEOCHHTE3 BOISIPHBIMU
60KV PYeMbIMU IJIACTMHAMMU C IPUMEHEHEeM ITIPOHATOP-COeperarneil TEXHUKY TTO03BOJISIET MOAyYaTh JTydIle PeHTTeHO-
Jioruveckyie ¥ GyHKIMOHAIbHbIE PE3YIbTATHI [0 CPABHEHMIO C IPUMEHEHMEM UYPECKOKHOTO OCTEOCMHTE3a CITULIAMMU.

KiioueBbie CJIOBa: MaJOMHBA3WBHBI OCTEOCHHTE3, CIIUIIEBOI OCTEOCHHTE3, TIUCTANIbHBIN MeTasnmmndu3 JTyuyeBoil KOCTH,
BOJISIpHAsI TJIACTMHA C YIJIOBOM CTaGMIbHOCThIO, HAKOCTHBIM OCTEeOCHHTE3, criuila KupiiHepa.
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Functional and Radiographic Outcomes for Distal Radius Fractures
Treated with Volar-Locked Plates and Percutaneous K-Wires:
A Comparative Study

Karen A. Egiazaryan', Boris I. Maximov?, Artur A. Askerov!?,
Nikolai N. Vedernikov?, Maksim I. Matvienko?

I Pirogov Russian National Research Medical University, Moscow, Russia
2 Moscow Bauman City Hospital No. 29, Moscow, Russia

Abstract

Purpose — to evaluate and to compare radiological and functional outcomes of the volar locking plate fixation using
pronator-sparing approach and K-wire fixation of distal radius fractures. Materials and Methods. We retrospectively
analyzed 41 patients with distal radius fractures (27 female and 14 male) treated in the period from 2016 to 2020 using
minimally invasive osteosynthesis via pronator-sparing approach. The mean age was 51 years (31-74 years). The control
group consists of 37 patients (19 female and 18 male, mean age — 61 years (29-76 years)), who underwent minimally
invasive percutaneous K-wire fixation of distal radius fractures during the same period of time. Comparative analysis
of radiographic and functional outcomes in both groups of minimally invasive osteosynthesis of distal radius fractures
was carried out in the period from 1 to 6 months after the surgery. Results. Primary union of distal radius fractures
was confirmed in X-rays in all patients within 6 weeks after the surgery. There were no complications in patients
treated by pronator-sparing volar locking plate fixation, whereas in K-wire group we had 6 patients with complications:
4 cases (11%) — superficial infection around K-wires and 2 cases (5,4%) — intraoperative damage of sensitive branch
of radial nerve. There were statistically significant differences in radiographic results (volar tilt, radial inclination, and
radial height) between two groups: they all were better in patients treated by pronator-sparing volar locking plate fixation
during the whole follow-up period (p<0,01). Minimally invasive volar locking plate fixation via pronator-sparing approach
also provided significantly better grip strength and range of wrist motion and forearm rotation in the early 6-month
postoperative period, compared with percutaneous K-wire fixation (p<0,001). Conclusion. Our study demonstrates that
both techniques of minimally invasive osteosynthesis of distal radius fractures are effective and relatively safe methods
of surgical treatment, but volar plating via pronator-sparing approach leads to a better reconstruction of the distal radius
and better functional outcomes compared to percutaneous K-wiring.

Keywords: minimally invasive osteosynthesis, distal radius, plate fixation, volar locking plate, pronator-sparing approach,
K-wiring.
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BBenenune

Bormpocsl onTMM3aLy OKa3aHUs MeIUILIMHCKOM
MOMOIIM TAIMEHTaM C TepeioMaMM [OUCTAIbHOTO
MeTasmmdusa ayaeBoit Koctu (IMJIK) mo-mpeskHemy
He YTPaTU/IM CBOEe aKTyaJIbHOCTY U IIPOJOJIKAIOT 06-
cykzatbces creuyanucramu [1, 2, 3, 4, 5, 6, 7, 8]. 9to
006yCJIOBIEHO, BO MEPBBIX, TEM, UTO mepesoMbl JIMJIK
3aHMMAIOT GOJBIIYI0 HUIIY B 0OIIEl CTPYKType CKe-
JIETHO TPAaBMBlI, SIBJSISICb CAMBIM YaCThIM MTEPEIOMOM
y denoBeka [9], a BO-BTOPbIX, — IIOCTOSIHHO BO3pac-
TAOMMMY TPe6GOBaHMSIMM MAIMEHTOB KaK K CAaMOMY
Mpo1IecCy JieueHusl, TaK U K er0 UTOTOBBIM pe3yJibTa-
TaM. KOHCeHCyC B OTHOILIEHUMM BUOA MEIULIVMHCKOI
TMOMOIIY CPeAV CIIEeIUATNCTOB HaliIeH — B ITOCIeTHIE
IBa JEeCSITUIeTUS OTMEYaeTCs] 3HAYMUTENbHbBII POCT
4aCTOThI XMPYPruueckoro jgeueHus rnepeaoMmos IMJIK,

OJHAaKO 00bEM OIepaTHMBHOIO BMeIIaTe/lbCTBA U CIIO-
co0bI hUKCcaIMM ITePeIOMOB ITPOAOIIKAIOT 06CYKIATh-
ca [10, 11, 12, 13]. He nocnegHOw0 ponb 3[eCh Urpa-
eT COBpeMEeHHbIii 001N TpeH , K MaJIOMHBAa3UBHBIM
XUPYPruyeckuM BMellaTeabCTBaM B TPaBMAaTOJIOTUNA
M COOTBETCTBYIOIllee 3TOMY CTpeMJieHue XUPYpProB
K MaKCMMaJIbHO OepeskHOMY ¥ «OMOJIOTUIHOMY»
OCTEOCHHTe3y, B ToM uucie u nepeinomos JIMJIK [14,
15,16, 17,18].

Ilenv uccnedosanus — CpaBHUTENIbHASI OIl€HKa
PEHTTeHOMIOTUYECKUX ¥ (PYHKIIMOHATBHBIX pPe3yilb-
TaTOB Ma/JIOMHBA3MBHOIO HAKOCTHOI'O OCTEOCHHTEe3a
C TIpMMEHEHMeM IIPOHATOP-CcOeperawIero JOCTyra
M TEepPKYTAHHON CIMIEBOV (PUKcaluy y MalyeHTOB
C TepejioMaMy AUCTAJIbHOTO MeTasnudusa ayueBoit
KOCTH.
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Marepuan u MeTOAbI
Jlusaiin uccnedosanus

BpIMTOTHEHO OOHOIEHTPOBOE KOTOPTHOE HEepaH-
IOMM3MPOBAaHHOe ucciaenoBaHue. [IpoBegeH petpo-
CIIEKTUBHbBIN aHA/IN3 Pe3ylbTaTOB MAJTOVMHBA3UBHOIO
XUPYPTUYECKOTO JleueHusT 78 MAIMeHTOB 3a Mepuon,
¢ 2016 mo 2020 r. MO MOBOAY 3aKPBITHIX MEPEIOMOB
OMIIK.

Cpeny mpooIepuMpOBaHHBIX OOJbHBIX OBLIO 46
SKeHIIVH U 32 MY)XUYMHbI. BOJBIIMHCTBO MOCTpajaB-
IUMX COCTaBM/IM JIMIIA TPYHOCIIOCOOHOTO BO3pacTa,
CpeHMIT BO3PACT Nal[MeHTOB Ha MOMEHT TPaBMBbI CO-
craBwmi 55,8%13,6 net (ot 19 mo 65 net). B 47 cryvuasx
umen mecrto repenom IMJIK mpaBoro mpepriedbs,
B 31 — nmeBoro.

Kpumepuu exnouenus B ucciiefoBaHue:

— cornacue MaiueHTa;

— OCTpasi U30ONMPOBAHHAS TPABMa;

— 3aKpbITHIN XapaKTep Mepeioma;

— mepenombl THnoB I u III mo knaccuduraum
D.L. Fernandez c coaBTopamu [19];

— YIOBJIETBOPUTEIbHbBIE PE3YIbTaThl MMEPBUYHON
3aKpbITON PyYHOM peno3ulinmy;

— HecTabwIbHBI xapakrep mepeiaoma IMJIK 1o
M. LaFontaine [20].

Kpumepuu ucxniouenusi:

— TepesoMbl TUIIA «BOJSPHbBIN Barton» (tum II mmo
D.L. Fernandez) KaKk TpymgHO ITOAJAIONIMeCs ageKBaT-
HOJI 3aKPBITON PYYHOI PEIo3uIlny U Tpebyomue, KaKk
MMPaBUJI0, OTKPBITOTO HAKOCTHOTO AOCTYMA C IOJIHO-
LIeHHOI Mobuu3auueit m. pronator quadratus;

— IepejoMbl TUIIA «ThUIbHBIV Barton» (tum II mo
D.L. Fernandez) Kak peaKo BCTpevalolecs U30amupo-
BaHHbIE [TOBPEXIEHNS;

— OTKPBITHIV XapaKkTep nepenoma;

— CPOK C MOMeHTa Iepejoma 6ojee 10 gHeit;

— coueraHue nepenoma [IMJIK ¢ riepesioMom ayc-
TAJIBHOTO OTJeJa JIOKTeBOM KOCTU (33 UCKIIOYEeHUEM
rnepeaoMa MUI0OBUAHOTO OTPOCTKA).

Bcem mocTpamaBmiMM ObIT BBITIOTHEH MaJIOMH-
Ba3suBHbIM octeocuHTes JIMJIK. B 3aBucumocTu ot
MMPUMEHEHHOT0 crocoba cTabuausaluyu mnepeaoma
TTaIMEeHTbI ObLIM pa3desieHbl Ha IBE IPYIIIbI, COTTOCTa-
BUMBI€ TI0 BCEM KPUTEPUSIM BKITIOUEHMS B UCCIeN0Ba-
Hue. I KiaccupUKaLyy MOBPEXIEHUST U BbIOOpa
ONTUMAJIbHOM TAKTUKM JiedueHUsT mepenomoB JIMJIK
BCEM Mall¥ieHTaM BBITIOJNIHSUIM peHTreHorpaduio ay-
4e3arsiCTHOTO CyCTaBa B ABYX MPOEKUUSX, a TaKKe
KOMITBIOTEPHYIO0 TOMOTpaduIo.

B nepBy10 (OCHOBHYI0) IrpyIITy Boliea 41 manuyueHT:
14 my>kumH 1 27 KeHIIVH, UX BO3PaCT BapbMUpOBas OT
31 mo 74 net (meauana 51). [TareHTam 3TO¥ TPYMIIbI
OB BBITIOJTHEH HAKOCTHBIV OCTEOCUMHTE3 TIIACTUHOM
C YIVIOBOVI CTAaOMITBHOCTBIO U COXpaHEHMEM m. pronator
quadratus. Y 24 mauiMeHTOB ObLJ AMarHOCTUPOBAH I1e-
penom tuna I (30,8%),y 17 — tuna 111 (21,8%).

Bropyio (KOHTpPOJIBHYIO) TpyIIy COCTaBMIu 37
nauyeHToB: 18 mMykuuMH M 19 >KeHIIMH, BO3pacT
60JIbHBIX BapbUpOBaJI OT 29 10 76 et (MeauaHa 61).
Crabwmsauyio nepeaomoB JIMJIK B 3Toi1 rpyIiie Bbl-
TIOJIHSI/IA TIOCPEJCTBOM IepPKYTaHHOTO OCTeOCUMHTe3a
crimuamvu 1o Kamaumku. YV 26 maiumeHToB ObLT AyMar-
HOCTUpOBaH mnepenom tuma I (33,3%),y 11 — tumna III
(14,1%).

Xupypzuueckasi mexHuxa 8 nepeoti zpynne

nayueHmos

OTinume IPUMEHEHHOTO XUPYPrUUECKOro NOCTY-
1a OT TPaAUIMOHHOTO 3aK/II0Ya/oCh B TOM, UTO IIOC-
Jie BBITIOJIHEHMSI TTPOJOBHOTO KOKHOTO paspesa Io
JIAZIOHHO/M TIOBEPXHOCTY TMPEAIUIeYbs] B TMPOEKLIMU
cyxoxxwust m. flexor carpi radialis v TIoC/IeIyIOIIETO
BbIAE/NEHUS U peTpaKUUM MOOJIeXAIIUX CYXOXKUINA
m. pronator quadratus MOOMIM30BAIM TIPU TOMOIIY
CKaJbIIesIsl ¥ pacrnaTtopa 6e3 moTepyu MecT KperieHust
K JIy4EBO# KOCTM C COXpaHEHMEM €r0 aHaTOMMUYECKOI
I[EJIOCTHOCTM. 3a CYET MOOMIM3aLUM [UCTATBHOTO
Kpast MBIIIIIbI ¥ €€ PeTPaKLMM B TPOKCMMAaIbHOM Ha-
MIpaBIeHUM VMMEETCs BO3MOKHOCTb HE TOJbKO BU3Y-
ajM3alnMy camMoro nepejioma, Ho U (uKcauuu Iiac-
TUHBI K MeTasnudu3apHOil YacTU JIy4eBON KOCTH.
B mpokcuManbHOM OTHe/e TUIaCTUHY (UKCUPOBAIU
MOCPEICTBOM 3aBe[IeHMSI BUHTOB Uepe3 PacC/I0eHHbIe
BOJIOKHA KBaJPaTHOTO MPOHATOpa IMpeIieubs, TaK-
ke 6e3 HapylleHMs ero aHaTOMMUYECKOl HerpepbiB-
HoCTH [2].

Bce omepaTuBHbIE BMEIIATENbCTBA B 06€UX TPYII-
rax MpoOBOIMIIM OTHOM 6pUraioi XMpypros B yCIOBU-
sIx nepudepuyeckoii 610Kabl JIEUEBOTO CIUIETEHMS
HaJAKIIIOUYMYHBIM WIN ITOAMBIIIEYHbIM JOCTYIIOM ITO[
KOHTPOJIEM Y/IbTPa3BYKOBOI HaBUTAIMMA.

ITocneonepayuorHoe sedeHue NayueHmos

[Toc/ieonepalilOHHBIV TPOTOKOJ BeAeHUS MalieH-
TOB B IpYINax ObUI MIEHTUYEH: B TeUEeHME 4 HeJl. TIPU-
MEeHSUI JIOHTeTHYIO TUIICOBYI0 MMMOOMIM3AINIO, TTOC-
Jie yero MpoBOIOMIIN YaJleHVe CIIUIL BO BTOPO IpyIIIie
MalMeHTOB M MPUCTYHaIM K peabwinutanuu. Ilocie
BBIMIMCKY M3 CTallMOHapa peryjaspHble KIMHUYeCcKue
OCMOTPBI IPOBOAWIN Uepes 2,4, 6, 12 u 24 Hepenu.

OueHka pe3yibmamos

CpaBHUTENbHYIO OIIEHKY PpEeHTreHOJOrMYecKux
pe3ynbTaToB U (YHKIMOHAIbHBIX MCXOIOB B 0be-
UX TPYIIAaxX OCYLIECTBIISUIM B CPOKU OT 1 70 6 Mec. co
IHSI orepaTUBHOTO JieueHUs. OIeHKY pPEeHTIeHOJIO-
IMYeCKUX Pe3ylbTaTOB IMPOBOAMIN IO CAeAYUUM
rmapaMeTpaM: OTCYTCTBYE CMeIlleHNsT OTIIOMKOB, (hop-
MUPYIOIINUX CYCTaBHYIO TTIOBEPXHOCTh JIyueBO# KOCTHU;
BOCCTaHOBJIEHME BbICOTHI JTy4eBO KOCTU; BOCCTAHOB-
JieHMe MHKIMHAILIMY JTyueBO¥ KOCTH; BOCCTAHOBJIEHME
JIALOHHOW MHKJIMHALIMN CyCTaBHOM MOBEPXHOCTU JTy-
YyeBOii KOCTHU.
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DYHKIIMOHA/IbHbIE VCXOMObI JIEUEHUSI OI€HMBAIN
[0 CJIEAYIOIMM KPUTEPUSIM: aMIUIUTYAa IBVKEHMUI
B JIyUe3arsICTHOM CycTaBe (crmbaHue, pasrubaHue);
poTauus Mpenruiedbs (CyIMHalus, IPOHaLus); Cuia
cxBaTa KUCTH 1o mkate L. McPeak [21].

Cmamucmuueckuti aHaius

CraTucTUYecKyl0 006pabOTKy IMOTYYEeHHBIX KOJIN-
YeCTBEHHBIX JTaHHBIX MPOBOOWIM C MOMOIIBIO Make-
Ta MpUKIagHbIX Mporpamm SPSS Statistics 26 (IBM,
CIIIA). IS KOMMUYEeCTBEHHBIX HEMPEPBIBHBIX MPU3-
HAaKOB (HEHOpMaJIbHOe paclipellejieHye) pe3y/bTaThbl
MpeACTaBjeHbl B BUIE MeOUaHbl, BEDXHETO U HIK-
Hero KBapTwiell (MHTepKBAapTWIbHBIN pasmax). s
OLIEHKM PasiNyuii TPyNm MO0 KOJUYECTBEHHBIM He-
MpPepbIBHBIM MOpU3HaKaM mpuMeHsau U-Kputepuii
ManHa-VYutHu. CpaBHeHMe [OVMHAMUKKU BHYTPU
TPYIII MIPOBOAWIIM C IOMOIIBIO KpuTepus OpuamaHa.
ConocTaBMMOCTD TPYMIT TIO TUITY TIepeioMa yCTaHOB-
JieHa C TOMOIIbI0 KpuTepus x> [Tnpcona. Kputnueckuii
YPOBEHb 3HAUMMOCTU TIPU MPOBEPKE CTATUCTUUECKUX
TUIoTe3 NMpMHUMau paBHbiM 0,05.

PesynbraTnl

binwxkaiimiye ¥ OTHa/lleHHble DPe3ylIbTaTbl MaJlo-
MHBAa3UBHOTO XMPYPTMUYECKOTO JIeyeHUs IIepesio-
MoB JIMJIK 6bUIM M3y4eHBbI M OIIEHEHBI y BCEX Ma-
LIMEHTOB TepBoit (n = 41) u BTOpOI rpynm (n = 37).
Cpoku HabmopeHus1 B TpyHmax ObUTM ClIegyloliye:
rnepsasi (OCTEOCHMHTE3 IUIACTMHAMM C COXpaHeHUeM
m. pronator quadratus) — Me = 54 Hen. (34; 68), BTO-
pas (IIepKyTaHHBI OCTEOCHHTe3 cuuaMu) — Me = 38
Heq. (27; 54).

MHKNnMHauwms, rpag.

BbicoTta, ¥
MM

Puc. 1. O1ieHKa BbICOTHI ¥ MHKJIMHALIUY JTY4EBOI KOCTU

Ha ImpegoriepauMoOHHOM 3Talle: YMeHbIIIeH e HOPMaJIbHbIX

BEJIMUMH 060UX ImapamMeTpoB

Fig. 1. Assessment of the radial height and radial inclination

at pre-operative period: it is noted the reduction
of the normal value of both parameters

Bo Bcex ciyyasx BU3yaau3upoOBaJIUCh PEHTTEHO-
JlorMyeckue MPU3HAKM KOHCOMMZAIMM IepeaoMa.
Cpenyu mauyeHTOB MEePBOV I'PYMIIbI OCIOXHEHUI He
65110. Y 4 (11%) manueHTOB BTOPOJ IPYIIIIHI B ITOCITE-
OTepalMoOHHOM Tepuoie HaOIIoAaIM BOCIaIeHNe
B 007aCTM BBIXOHA CINI], BO BCEX CAydyassX KyIlu-
pOBaHHOe TiepeBSIi3KaMM M OPaJbHBIM IPUEMOM
aHTMOMOTHKOB. B nmByx (5,4%) cioyyasx, Takke
B KOHTPOJIbHO} IpyIille MalMeHTOB, M3-3a MHTpa-
OTePalMOHHOTO TOBPEXIEHUSI UYBCTBUTEIbHOM
BETBU JIyUeBOr0 HepBa B IOC/eONepalMOHHOM Iie-
pUofe OTMeYaoCh JOKaJIbHOE OHEMEHNE B 061aCTU
ero MHHepBauuu. B 060ouX Crydyasix UyBCTBUTEJIb-
HOCTb BOCCTaHOBMJIACh B CPOKM OT 3 JO 6 MecC. C MO-
MeHTAa BbINIOJIHEHUS OCTEOCUHTE3a.

Hamu O6bumM WM3y4eHbl ¥ ITPOAHAIM3UPOBAHBI
OCHOBHbIe PEHTIeHOJOTUYEeCKMEe I[1apamMeTphl II0-
BPEXIEHHOTO CerMeHTa JyuyeBOii KOCTM Kak Ha
NpenonepalMOHHOM 3Talle, Tak U MOocje onepanumn
(puc. 1, 2, 3).

[TpepcTaBieHHbBIE TPYIIITLI GBIV COMTOCTABUMBI 10
BCEM [100TIepal i OHHBIM PEHTIE€HOJOTUUYECKMUM Ta-
paMeTpaM: CONMOCTaBMMOCTb IPYIII 10 TUITY TIepesio-
Ma yCTaHOBJIeHa C TomMolbio kputepus x* [InupcoHa
(p = 0,281), mo MafOHHOMY HAaKJIOHY CYCTaBHOM
dacetku nyueBoit Koctu (p = 0,259), mo BbIcOTE
aydeBoit koctu (p = 0,916) U MO MHKIMHALUMU JTy-
yeBoit koctu (p = 0,203) ¢ nomoupo U-Kputepus
MaHHa - YUTHN.

CpaBHUTeNbHbIE pe3yabTaTbl OLIEHKM BOCCTa-
HOBJIEHMSI ~OCHOBHBIX peHTTreHOAaHATOMMUYEeCKUX
mapameTpoB JIMJIK B obeux rpymnmnax B OMHAMUKE
IIpeACcTaBieHsl B Tabnuie 1.

JlapoHHbIN
HaKJOH,
rpag.

+

Puc. 2. O1LieHKka 1aJOHHOTO HAaKJIOHAa
CyCTaBHOJI (haceTKu JTy4eBOii KOCTU

Ha IpefoIepaliOHHOM 3Tare: OTMeuaeTCs
OTpULIATE/IbHBIN JIaJOHHbII HAK/IOH

Fig. 2. Volar tilt assessment at pre-operative
period: a negative volar tilt of distal radius
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Puc. 3. Vi3amepeHue 1 Ol[eHKa OCHOBHBIX PEHTT€HOAaHATOMMYECKMX TIapaMEeTPOB JIyue3arsiCTHOrO CyCTaBa

I1OCJI€ BBIIIOJTHEHMS MAJIOMMHBA3MBHOI'O OCTEOCHMHTE3a:

a — IMowIe OCTEOCUHTEe3a IUIACTUHOM; b — nocte IIEePKYTAaHHOI'O0 OCTEOCHMHTE3a CIINMIIaMM

Fig. 3. Measurement and assessment of the main radiographical parameters after minimally invasive osteosynthesis:
a — after volar locking plate fixation; b — after percutaneous K-wiring

Tabnuya 1

PenTtreHoanarommuueckue napametpsl [IMJIK nanueHTOB ABYX IPYIIIL

o omepanuu

[TapameTtp
SE SE
[=a)
sE S5 »p
= e m e
JlaJmOHHbI HaKJIOH 0,0 -10,0
CyCTaBHOJ haceTku -15,0; -13,4; 0,259
JIy4€eBOW KOCTH, Tpaf,. 6,0 2,0
BricoTa yyeBoit KOCTH, 7.20 7,80

MM 56;9,0 6,2;79 0,916

NuknuHanus iydeBoi 17,7 17,3

KOCTHU, Tpa. 16,3; 152 0,203
19,5 19,0

PesynbTar

yepes 6 He[. TIocye
Imocjie orepaumnmn

onepauun
R «© ® «© R © ® «©
< = o = o = o =
B8 S5 » BE BE p
= = m & = = m 2
12,0 10,7 12,0 10,0
11,0; 11,0; <0,01 11,0; 91; <0,01
13,0 13,0 13,0 11,0
12,00 11,60 12,0 11,1
11,8;  10,8; <0,01 11,6;  10,1; <0,01
12,1 12,0 12,1 11,5
23,0 21,9 23,0 21,0
22,6; 21,0; <0,01  22,5; 20,2 <0,01
23,4 22,8 23,2 22,4

[IpuBemeHbl MeaMaHbl M MHTEPKBAPTUAbHBIN pasmax (Q1; Q3).

B moomnepalioHHOM NepUoOLe CTaTUCTUIYECKU 3Ha-
YMMBIX Pa3INunii B peHTTeHOJIOTMYECKUX ITapaMeTpax
MeXIy 'PYIIaMy BbISIBJIEHO He ObLJIO, YTO COIIACYeTCsI
C TMIIOTE30i O COMOCTaBMMOCTH rpyni. OgHaKo cpasy
IoC/Ie onepalnyy 1 yepes 6 Hel. peHTTeHOIOTYeckue
rapameTpsbl B IPyNIiax MMenIyu CTaTUCTUYECKU 3HaAUM-
My pasHuny (p<0,01) — mokasaTenu y IalnMeHTOB
IepBOI IPYNIIbI MIPEBBILIAIN BCE MMOKa3aTelu BO BTO-
poii rpynie. CTOUT 3aMETUTD, UTO OLIEHKa PEHTIe€HO-
JIOTUYECKUX pe3ylbTaTOB IOC/Ie 6-HeleabHOro CpoKa
He MMesa GOJBIIOTO CMBIC/IA, TAK KaK K 3TOMY Bpe-
MEHM y BCEX IMPOONEPUPOBAHHBIX MAIMEHTOB ObUIM
OTYETIMBble NPU3HAKM KOHCOMMIALMU I1epeioMOB
U, COOTBETCTBEHHO, UTOrOBbII PEHTIEHOJIOTUYECKUIA
pes3ynbTaT MPOBeAEeHHOrO JeYeHNs.

B mnepuonm mnocneonepauiyOHHOTO BOCCTaHOBJIE-
HUS QyHKIMM JTyue3arsiCTHOTO CYCTaBa, MpeAIuieybst
M KUCTM TIO BCEM MCCIeSyeMbIM MapaMeTpam BbI-
SIBJIEHbl CTAaTUCTUUYECKM 3HauMMble pas3inumsi Kak
MeXIy IpynIiaMy, Tak ¥ BHYTPM TPYII Ha BCeX 3Ta-
nax oueHku (p<0,001). CpaBHeHME PasINUYUIT MEXIY
rpynmnaMy Ha Kask[oM 3Tale MpOBOLWIM IIPU MOMO-
iy U-kputepus MaHHa-YutHu. Ilokasarteny repsBoi
IPYIbI TIPEBbIIaM MoKa3aTtenu BTopoi (p<0,001).
[ly1s1 cpaBHEHMS U OLleHKU IMHAMMKU BHYTPU IPYIII
UCII0/Ib30BaMu Kpurepuii ®pmamaHa. Poct 1oxa-
3aTeneil ObLI CTAaTUCTUUECKM 3HAUMMbIM (p<0,001).
@OyHKIUMOHAJIIbHbIE pPe3y/bTaThl JIEUEHUSI B CPaBHU-
BaeMbIX TpYIIax MalyeHTOB MpelCcTaBlIeHbl B Tab-
juie 2.
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Tabnuya 2

JuMHaMMKa BOCCTaHOBIeHMS GYyHKIMM JTyIe3ansCTHOTO CYCTaBa M KMCTH OC/Ie MaIOMHBA3MBHOTO
OCTEOCHHTE3a Y HAIMeHTOB JABYX CPAaBHMBAE€MbIX I'PYIIII

CpoK HabIIoAeHNST TIOC/IE OTIepalin

1 mec
[TapameTtp R = o
2E RE
2= o = p
EB &B
Crubaune, rpaf,. 67 45 <0,001
65-70 44-49
Pasrubanue, rpag,. 65 40 <0,001
62-72 34-45
CynuHaumus, rpaj. 74 50 <0,001
72-75 44-56
[Iponamus, rpam. 70 60 <0,001
70-75 55-60
Cuia cxBarTa, 76 55 <0,001
% OT KOHTpajaTepaabHoit 75-79 54-60
KUCTHU

3 mec. 6 mec.
R © KR © R «© KR ©
T = < B T = o=
e Q= == Q=
a5 o > p S = o = p
e 5B B 5B
75 65 <0,001 90 74 <0,001
70-75 60-65 82-90 69-78
80 50 <0,001 85 69 <0,001
74-90 46-56 78 -90 65-73
79 70 <0,001 90 78 <0,001
76-81 65-80 90-90 75-80
80 70 <0,001 90 80 <0,001
75-90 65-79 80-90 75-85
93 70 <0,001 97 79 <0,001
91-100 69-78 94-00 78-90

[IpuBemeHbl MeaMaHbl M MHTEPKBAPTUIbHBIN pasmax (Q1; Q3).

O6cy)RmeHue

Heyk/IOHHBIN POCT YMCia MallMeHTOB C mepejiomMa-
My IMJIK B COBOKYITHOCTH C YBeJIMUeHNeM A0/ TaK
Ha3bIBa€MbIX «TPe6OBaTEIbHbIX MALIMEHTOB», CTpe-
MSIIMUXCS K MAaKCMMaJIbHO GBICTPOMY M ITOJTHOIIEH-
HOMY BO3BpalleHUI0 K aKTUBHOM U CaAaMOCTOSITEJb-
HOJi XM3HM, 06yCIaBAMBAET TPEH K paclIMpeHUIo
TTOKa3aHMI /1T XUPYPTUUECKOTO JIeueHusT, Haboma-
eMblii B HacTosilee Bpems. HAaKOCTHBIN OCTeOCUHTE3
IJIACTMHAMM C YITIOBO CTaGMUIbHOCTBIO U ITePKYTaH-
HBII OCTEOCUHTE3 CITUIIAMU MO-TIPEXKHEMY SIBJISTIOTCS
HaubojIee YacTo MCIOMb3yeMbIMM criocobamu GUK-
cauyuu nepenomoB JIMJIK B KIMHMUECKOI MpaKTUKe.
[Tpu 3TOM MPOAOIIKAIOT 00CYKIATHCS MTPEUMYILEeCTBA
U HeJOCTAaTKU, IPUCYLIME KaKIOMY U3 3TUX MeTOL0B
dukcanuu [7, 22, 23, 24, 25, 26].

PaccmaTpuBasi UCTOpUIO BHYTpeHHel dukrcamn
nepenoMoB IIMJIK, CTOUT 3aMeTUTh, UTO CIIMIIEBOIL
OCTEOCHHTe3 SIBWICS TepBOi TOMbITKOM huKcauum
9TUX TepeaoMoB. COuUIIbI 06eceunBaanm U Pernosu-
LIUI0, U yAepskaHue PeroOHUPOBaHHBIX OTIOMKOB KOC-
T IJIS1 UX TOC/IeIyIolell KOHCOMUOALUMU B KOPPEKT-
HOM nonioxxenuu [27, 28, 29, 30, 31, 32]. Tem He MmeHee
CIIUIIEBOJ OCTEOCMHTE3 He BCerga MoOTr 06ecreuymuThb
MpueMJIEMYI0 JXeCTKOCThb (puKcaiuu, IpMUBOIISI B He-
KOTOPBIX CJIyYasix K BTOPUUYHOMY CMellleHUI0, UTO I10-
CTYKMJIO TIOBOAOM K JaJbHENIIMM ITOMCKaM Gojee
HaJI@XXHOTO CIocoba yaepskaHusl OTIOMKOB [33].

[TosiBieHMe B apceHajie TPaBMaTOJIOTOB HAKOCTHO-
TO OCTEOCHMHTEe3a BOMSIPHBIMM TIACTMHAMMU C YIJIOBOJA
CTabMIBHOCTBIO 3HAYMTEIbHO PpacIIMpUIO M IIOKa-

3aHMS K oIlepalyy, U BOSMOXHOCTU XUPYProB, YIyd-
IINUB KIMHUYECKME U PEHTTeHOJOTUMYEeCKMe pe3yilb-
TaThl JIeUEeHMS] IIALMEeHTOB C TIiepesomamu JIMJIK
[34, 35, 36]. HecMOoTpst Ha TO 4TO HaKOCTHBI! OCTEO-
CUHTE3 BOJIIPHBIMM IUTACTMHAMMU C YIJIOBOJ CTAOWIIb-
HOCTBIO B HACTOSIIEe BpeMs SIBJISIETCSI CAMbIM 4acCTO
MpMMeHsSIEMbIM METOOM BHyTpeHHei durcaimum
nepesioMoB JIMJIK, OH He JinilleH psiga MOTeHLMalb-
HBIX HEJOCTaTKOB, B GOJIBIIMHCTBE CBOEM CBSI3AHHBIX
C BO3MOXXHOCTBIO pasBUTUS KOHGMIMKTA MEXIY Cy-
XOXKWIMSIMM CTUOATeIbHOM IIOBEPXHOCTM IIpearlie-
4bsl C yCTaHABIMBAaeMbIM MMIUIAHTAaTOM [37, 38, 39].
VIMEHHO 3TO TOOYAWIO XUPYProB K HajbHeNIIeMy
MTOMCKY CIIOCOGOB YCOBEPIIEHCTBOBAHMUS XUpPypruye-
CKOJ TEeXHMKM HAKOCTHOTO OCTeOCHHTe3a IIJIaCTMHA-
M. M OH ObLI HAlileH B BO3MOKHOCTM COXPaHEeHMUS
m. pronator quadratus Ha 3Tarie XUPypruyeckoro Ao-
CTyTa: YCTAHOBKA IUIACTUHBI IO, MBIIIIE UCKIoYana
KOHTaKT CYXOKWMJINIi crubaTesieii ¢ MeTaJlJIOKOHCTPYK-
uueit [40, 41, 42, 43]. Eue ogHuM (hakTopom, criocob-
CTBYIOILMM PpaCUIMPEHUI0 IIPUMEHEeHUs I[IPOHATOP-
cbeperaioniero Mmoaxoma B XUPYPrUUECKOM JIeUeHUU
namnyeHToB ¢ nepenoMamu IMJIK sBisieTcsi HEBO3-
MOXHOCTh B ITOJABJISIIONIEM OOJIBIIMHCTBE CTy4aeB
TIOJIHOLIEHHOI peduKkcanm m. pronator quadratus ipu
ero OTCeYeHuUM i1 BU3yaau3aluu Iepejoma U Ipsi-
MO perno3suLuu IPU UCIOJb30BAHUM TPATULMOH-
HOW Texuuku [2, 40, 41, 44]. Psan aBTOpPOB BOOOIIE
CTaBAT IIOM, COMHEHME HeOOXOOMMOCTb peaabHO
MIPSIMOJ  PEIO3ULIUM TAKUX I1ePeIOMOB, OOJIbIIMH-
CTBO M3 KOTOPBIX IPEKpacHO IMOAOAETCS 3aKpbITOM
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PYYHOI pPerno3uLym ¥ TI03TOMY He TpeOyeT OTCeueHmst
m. pronator quadratus B TIpoIlecce OCTeOCHHTE3a
[18, 42]. HemamoBasxkHO 1 TO, UTO M. pronator quadratus
UrpaeT BXKHYIO POJIb B TUTAHUM OUCTAIIBHOTO OTHesa
JIy4eBO# KOCTH, SIBJISIETCSI aKTMBHBIM CTAOMIM3ATO-
POM AVCTQIBHOTO JIYYEeJIOKTEBOTO CyCTaBa, a TaKkKe
B 3HAUMTEIBHOI CTETeHM BIMSIET Ha ITPOHAIIMOHHYIO
CuITy TIpenrieubs [16, 42, 45, 46, 47, 48, 49, 50].

Taxkum 06pa3om, coxpaHeHue m. pronator quadratus
B ITpOIIecce BBITIOTHEHMSI HAKOCTHOTO OCTEOCHHTE3a
BOJIIPHBIMM TUIACTMHAMM IPAKTUUYECKU TTOTTHOCTHIO
MCKITIOYAeT KaKy-1160 3HAUMMYI0 arpeccuio co CTO-
POHBI XMPYypra ¥ MOKET pacCMaTPUBaThCS KaK OCHO-
BOMOJIAralonuii  (akTop, IO3BOJSIIOIINIA OTHOCUTD
JaHHOE XMPYpruyeckoe BMeIIAaTeTbCTBO K MajOWH-
BasuBHOMY [16, 17, 18, 20, 21, 51, 52, 53]. [lo3BOIUM
cebe HaIIOMHUTD, YTO (puaocodust MaTOMHBA3UBHOTO
OCTEeOCMHTE3a 3aK/II0UaeTcs MPeXae BCero B MaKkCy-
MaJIBHO AE€MMKATHOM OTHOIIEHUM K MITKMM TKaHSIM
B ITpoIIecce orepanyy, UICKITIOUeHUY CKeJIeTUPOBAHMS
KOCTU ¥ MUHUMM3AIMK TeBACKYIIPU3ALNN KOCTHBIX
OTJIOMKOB, B CBOIO OUYepe/lb, CITIOCOOCTBYIOIIMX COXpa-
HEHUIO pernapalMoHHOro NOTeHIMasIa U GIarompusiT-
HO BAMSIOIIMX Ha MPOIeCC KOHCOMMUIAIY ITepeIOMOB
[54, 55, 56]. B maHHOM C/Tyuae COO/IONAIOTCS BCE TPU
KpUTEPUSI.

K manomuBasuBHoMy octeocuHTesy IMJIK Takum
ke 00pa3oM ITOHOIIPABHO ¥ JIOTMYHO OTHOCUTCS U
MepKYTaHHbBIV OCTEOCHHTE3 CIULIAMMA, 10 CUX TIOp He
YTPaTUBIINIA CBOEN aKTyaJIbHOCTH [57].

B Hacrosiee Bpems B JIMTepaType MpercTaBiie-
Hbl MHOTOUMC/IEHHbIE MCC/IeA0BAHMSI, TIOCBSIIEHHbIE
CPaBHUTEJIBHOMY aHaMM3y 3G(EeKTMBHOCTU MpUMe-
HEeHMSI HAKOCTHOTO OCTEOCMHTE3a BOJISIPHBIMM ILIac-
TMHAMM C YIVIOBOM CTaGMIBHOCTBIO M CIIUIIEBOTO
ocreocuHresa [25, 58, 59, 60, 61, 62, 63, 64]. OnHako
OTCYTCTBYIOT COOOIIEHMS O IIPOBEIEHUNM CPABHUTETb-
HOTO aHa/M3a pe3ylIbTaTOB HaMbojee 4acTo Mpume-
HSIEMbBIX MaJIOMHBA3MBHBIX METOOMK OCTEOCHHTE3a
OMJIK, TakMx Kak CIIMIIEBOJ OCTEOCHMHTE3 M HAKOCT-
HBI/l OCTEOCHHTE3 BOJSIPHBIMM IIJIACTMHAMM C YIJIO-
BO#1 CTaGMIIBHOCTBIO ITyTEM IIPOHATOP-COEPEraloIiero
XUPYPTUYECKOTO JOCTYTIA, YTO MOOYIMUIO HAC K IIPO-
BeJIeHNIO0 IOJ06HOT0 pojia UCC/IeqOBaHMS.

CTouT 3aMeTUTh, UYTO MIPU CPAaBHEHUU PE3Y/IbTATOB
MaJIOMHBA3UBHOIO octeocuHTe3a [MJIK B rpymmax
TSI TIOBBIIIEHMST OOBEKTUBHOCTY OIEHKM HamMy ObUIU
MCKITIOYEHbI TPAOUIIMOHHbIE OIIEHOYHbIE INKAaJIbl, I10-
CKOJTbKY 3a4aCTYIO ITPY UX UCTIONb30BaHNM ITPEBATUPYET
CyObEeKTVMBHAS, YACTO SMOIMOHATBHASI COCTABJISIONIAS.
TakvM 006pa3soM, OCHOBHOI YIOp ObLI CAeNaH Ha
MU3ydeHUe ¥ OLIeHKY PeHTTeHOJIOTMYeCKUX U (PyHKITMO-
HaJIbHBIX Pe3Y/IbTATOB MAJIOMHBAa3MBHOTO XUPYPrudec-
KOTO JIeueHMs MalueHTOoB ¢ repenomamu JMJIK.

PeHTreHomornueckyue pesyiabTaThl MaJIOMHBA3UB-
HOT'O OCTEOCHHTE3a B IPYIINAX OLIeHUBAIN, ICXOAS U3
BOCCTAHOBJIEHUSI ITAPaMeTPOB HOPMAJIbHONM PEHTre-

HOAHATOMMU AUCTATBHOTO OTAeNa IyueBOit KOCTH: Jia-
IOHHBIM HAaKJIOH CYCTABHOM (haceTKy Jy4eBOi KOCTH,
BBICOTA JTYYE€BO KOCTHU, a TAKKe MHKJIMHALINS JTy4eBOM
KocTu. [lomydyeHHble HaMy pe3yabTaTbl CBUAETENb-
CTBYIOT O 6oJiee TIOTHOLIEHHOM BOCCTAHOBJIEHUM aHa-
tomuu IMJIK B rpyrrie manueHTOB OC/e HaKOCTHOTO
OCTEeOCHMHTEe3a 10 CPaBHEHMUIO C MallMeHTaMy, KOTOPbIM
MPOBOAWJICS TIEpPKYTaHHbBI OCTEOCMHTE3 CIMUIAMU
(p<0,01). HemasioBaskHOe 3HaYEHME 3/1€Ch MMEIU KOH-
CTPYKIVIOHHBIE OCOOEHHOCTY COBPEMEHHBIX BOJISIPHBIX
TTACTMH, aGCOMIOTHO TOYHO ITOBTOPSIIONIVE KOHTY-
PBI AUCTAILHOTO OTAENA JIyYeBOI KOCTU U Garornpu-
SITCTBYIOILI[ME TE€M CaMbIM aBTOPENO3ULIUU KOCTHBIX
OTJIOMKOB. K TOMY 3ke y 4acTu NauyeHTOB U3 BTOPO
TPYIIbI B IMHAMMKE TTPOU3ONLIO YXYAllIeHUe JOCTUT-
HYTBIX B MOMEHT OCTEOCHMHTEe3a IapaMeTPOB HOpMaJib-
HOJi pEeHTTeHOAHATOMMMU, UTO MOXKET ObITh OOBSICHEHO
HEAOCTAaTOYHOM JKEeCTKOCThIO (uKcanuu 1mepeaoma
[29, 33] 10 cpaBHEHMIO C HAKOCTHBIM OCTEOCHHTE30M.

OTOenbHO XOTenoCh Obl  ITPOKOMMEHTMPOBATh
HaMIy TAaKTUKY TOCTIe0NePAIIMOHHOV MMMOOMIM3aIN
Yy BCeX MAIMeHTOB 00eMx TPYIII, CIIPaBeaIMBO MOTY-
IIYI0 BbI3BATh HEJOYMeHMe, 0COGEHHO TPUMEHUTENTBHO
K TPYIIIIe MaIyeHTOB, KOTOPHIM BBITIOTHSIIN CTaOUITb-
HO-(PYHKIIMOHAIbHBIN HAKOCTHBIN ocTeocuHTe3. Jeno
B TOM, 4TO repenomMbl [IMJIK co cMelieHreM OTIOMKOB,
Kak IMpaBUIO, COUETAIOTCS C TOBPEXAEHMEM dJIeMeH-
TOB (PMOPO3HO-XPSINEBOTO TPMUAHTYISIPHOTO KOMIUIEK-
ca (JlaIOHHBIMYM U THUIbHBIMM JIyUeJIOKTEBBIMU CBSI3-
KaMM), SBJSIONIMMMCS BaKHBIMM CTaOWIM3aTOPaMU
JIMCTaIbHOTO JTYYe/IOKTeBOTO cowieHeHUs . OTCYTCTBUeE
IIOJKHOTO BHUMAaHMS K 3TUM MSITKOTKAHHBIM CTPYKTY-
paM 1 (HOKYyCHMPOBKA TOJIbKO Ha (MKCaluyu Iepeioma
OMIJIK 3a4acTyio SBISIeTCSI IPUYMHONM MOC/IeAyrouen
JIy4eJIOKTEeBO1 HEeCTaGMITbHOCTY, ITPUBOANUT K HEYIOB-
JIeTBOPUTENbHBIM pe3yJbTaTaM JIeYeHUSI U MOXKEeT
IUKTOBAaTbh HEOOXOOMMOCTb B HOTIOTHUTEIbHBIX pe-
KOHCTPYKTMBHBIX BMeIIATENbCTBAX [65, 66]. B TO ke
BpeMs TocjaefHNe NaHHble JUTepaTypbl CBUIETENb-
CTBYIOT OT TOM, YTO INpMMEHEeHVEe MMMOOUIM3ALN
1oC/ie HaKOCTHOTO OCTeOCHMHTe3a, He OKa3biBasl Cy-
IEeCTBEHHOTO BAMSHMS Ha (YHKIIMOHAIBHBIN VICXO,
JIeUeHusI, CITIOCOOCTBYET 3aKUBJIEHMIO MITKOTKAHHBIX
MOBPEXAEHUN, COMYTCTBYIOIIMX Mepenomy IMIJIK,
MUHMMU3UPYS HEYIOBJIETBOPUTEIbHbIE De3y/bTa-
Thl XUPYPTUUECKOTO JIeUeHUsI 3TUX MepeoMoB [67].
VIMeHHO 3TM MBI PYKOBOJICTBYEMCS B CBO€I MPAKTH-
Ke, IpoBOAs JieueHMe He nepenoma IMJIK, a mauyeH-
Ta C KOMIIEKCHBIM MOBpEXIEeHMEM IUCTAIbHOTO OT-
Jlesia Tpearieybs.

OuHamMuueckasi OIleHKa I[0C/aeonepaliioHHO-
rO BOCCTAaHOBJIEHUS CTUOATENbHO-PA3TMOATENIbHBIX
IBVKEHUI B JIyue3arsiCTHOM CYCTaBe, pOTalMOHHBIX
IBYDKEHUI TIPeIIeYbs] M CUJIbI CXBATa KUCTU B 0Oe-
MX TPYIIAX MMaIMeHTOB MPOJeMOHCTpUpOBasa bojee
OBICTPOE U ITOTHOIIEHHOE BOCCTAHOBJIEHME II0 BCEM
ucciiefyeMbIM IlapamMeTpaM y TalMeHTOB, OIepu-
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POBaHHBIX BOJSIPHBIMM IIJIACTMHAMM C YIJIOBOM CTa-
OUIBHOCTBIO M COXpaHEHMEeM M. pronator quadratus.
DTO JIOTUYHO ¥ OXKMIAEMO, YUMUThIBasI 6oJiee IOHO-
LIeHHOEe BOCCTaHOBJIeHMEe KOCTHOI aHAaTOMMUM U 6OJIb-
IIYIO KeCTKOCTb (PMKCALIMY TIEPEIOMA, UTO OTKPhIBAET
BO3MOXHOCTM Oojiee paHHe ¥ IIOJIHOIEHHONM pea-
ounuranumu. Takke B 3TOJ IpyIiie MalMEHTOB HAMU
He ObLJIO ITOJIYYEHO HY OJHOTO ITOC/IE0NePallMOHHOTO
OCJIO’KHEHMSI, UTO COIOCTABMMO C MMEIOIIMMMUCS JaH-
HBIMMU JIUTEPATYPHI [16, 42].

IvarHOCTMpOBaHHOE Yy [OBYX IIallM€HTOB KOH-
TPOJbHONM TPYIIIbl OCJIOKHEHME B BUIE OHEMEHMUS
B 00/1aCTM OCHOBAHMS OOJIBIIOrO IMayiblia OBIIO pac-
LIEHEHO HaMM KaK pe3y/bTaT IpeHeOpeskeHus cieno-
BaHMIO XMPYPrUUECKOil TEeXHUKMU CIIUIIEBOTO OCTEO-
CUHTE3a, TIOBJIeKIIee 3a co60Ji MHTpaoIepaloOHHOe
MOBpEeKIeHe YYBCTBUTE/bHOM BETBU JIy4eBOTO Hep-
Ba. [IJIT MUHMMM3AIMM PUCKOB MOJOOHOTO pPoja oc-
JIOOKHEHUIT B TIpOLleCce BBITIOJHEHMSI CIIUIIEBOrO
OCTEOCHHTE3a CAeAyeT 00S3aTeIbHO BBIIIOIHSITh TO-
YyeyHble HaApe3bl KOXM C NOCIenyIole AucceKumuen
MOJIJIesKaIIMX MITKUX TKaHel 10 KOCTU IIpU ITOMOIIA
IEeIMKATHOIO 3aXKMMa TUIIA «MOCKMUT» M BCerma MC-
1M0JIb30BaTh HAIMpaBUTe/b, 3ALUIIAIONINUI MSITKME
TKaHM OT HaMaTbIBaHUS UX Ha cnuily. HemanoBaskHO
¥ 3HaAHME perMOoHaIbHOV aHATOMMY OCHOBHBIX HEPB-
HbBIX CTBOJIOB U X BeTBel. AHa/IM3UPYS TTOTyUeHHbIe
Yy 4 TalMeHTOB, IIPOONePVPOBAHHBIX TyTEM CIIMIe-
BOJ (MKcaluy, OCIOXKHEHUS B BUAE BOCIAJIEHMUS
B MeCTax BbIXOJa CITUI, MPUXOAUTCS KOHCTATUPO-
BaTh HeM30EKHOCTb MOJOOHOTO POAA OCIOKHEHUIA
B TOM WJIM MHOM MPOILIEHTEe CAydaeB P IMpUMeHe-
HUM TIePKYTAaHHOTO OCTeOCUMHTe3a. ITOT Te3UC MOoJ-
TBEPXKIAIOT U NaHHbIE INTepaTypsl [68, 69].

3akJ/roueHmne

[TonydyeHHbIe pe3yIbTAThl BBIVISASIT OOHAHEKM-
BAIOIIMMM U TIO3BOJISIIOT KOHCTaTUPOBATh 3 PeKTun-
HOCTb IIpMMEeHEeHNS] MAJIOMHBA3MBHOTO OCTEOCMHTE3a
y NallMeHTOB C Ilepe/loMaMM JUCTaIbHOTO OThena JIy-
4eBOil KOCTU. MaloMHBa3UBHbBIN OCTEOCUHTE3 BOJISIP-
HBIMM TIJIACTMHAMMU C YIVIOBOW CTaOMIBHOCTBIO SIBJISI-
ercs 6osee 3GEKTUBHBIM M 6€30IIaCHBIM METOAOM
BHYTpeHHell dukcanuu O6ONbIIMHCTBA IepeloMOB
JMIJIK 110 cCpaBHEHMUIO C ITIEPKYTAaHHBIM OCTEOCUHTE30M
cimamu. CpaBHUTENbHAS OLlEHKA XUPYPru4yeckoro
JleueHus MaIlMeHTOB 06eMx TPyl MPOIeMOHCTPUPO-
Basta 60s1ee BbICOKME Pe3y/IbTaThl 10 BOCCTAHOBIEHUIO
M COXpaHEHMIO HOPMaJIbHBIX PEHTreHOaHaTOoOMM4Ye-
ckux rmapameTpoB IMJIK, a Takke QyHKIIMOHAIBHOM
peabmwMTalMM Yy TAIMEHTOB, KOTOPHIM BBITIOTHSIIN
MaJIOMHBAa3MBHbBIN HAKOCTHbBIN OCTEOCUHTES.

Hngopmuposartoe coznacue

[MameHTsH! KA JO6GPOBOIBHOE MUCbMEHHOE WH-
(bopMupoBaHHOe coriacue Ha yyacTue B UCCIeH0Ba-
HUY U ITyOIMKALIMIO €0 Pe3YJIbTaTOB.
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Background: Intramedullary nailing of proximal tibial fractures is challenging due to difficulties with fracture reduction
and achievement of stable fixation. Preoperative planning based on proximal fragment length, fracture pattern and bone
quality evaluation is a prerequisite for a successful operation. However, there is no classification that could adequately
access these factors and guide us towards the most effective methods of fracture reduction and fixation with intramedullary
nail. The purpose of this study was to evaluate a classification of extra-articular proximal tibial fractures and algorithm
for intramedullary nailing in clinical conditions.

Methods: We compared the treatment outcomes before (Group 1) and after (Group 2) the introduction
of the new PFL-TN classification algorithm of intramedullary nailing of proxamal tibial fractures. The
group 1 included 43 patients from 18 to 71 years old (males — 28; females — 15; average age — 44.5%2.0
years). The group 2 included 42 patients from 18 to 72 years old (males — 30; females — 12; average
age — 46.1%2.0 years). The data analysis was carried out after a minimum follow-up period of 12 months. The results
were analyzed by the following criteria: reduction quality assesed with reduction quality scale, number of complications,
quality of life with SF-36 questionnaire and leg function with LEFS scale.

Results: The introduction of the proposed algorithm allowed to reduce the number of late complications by more than
5 times, and the number of required additional surgical interventions by more than 4 times compared to with a control
group. The introduction of the proposed algorithm made it possible to improve the functional outcomes 1 year after
surgery from 83.58 to 93.29% (p = 0.00002) by the LEFS scale, and the patients’ quality of life from the 77.50£1.88 to
86.71%+2.03 points (p = 0.00072) and from the 81.25+1.88 to 86.84%2.26 points (p = 0.00116) by the physical and role
functioning scales SF-36 questionnaire.

Conclusions: The proposed algorithm, based on the new classification, allows to optimize the surgical technique of
intramedullary nailing of proximal tibial fractures.

Keywords: proximal tibial fractures, intramedullary nailing, treatment algorithm, classification, preoperative planning.
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Pedepar

AKmyanbHOCmb. JleueHye epesioMOB ITPOKCUMAaIbHOTO OT/es1a 60/blie6epIioBoii KOCTY COMTPOBOKIAETCS GOMbIINM KOJTK-
YeCTBOM OCJIOKHEHMI, 06YCIOBIEHHBIX CJIOKHOCTSIMM TIPU BBITIOTHEHUY PEMIO3ULIVY U JOCTUMKEHUM CTabMIbHOM (uKca-
MM TepesiomMa. Ha HacTosimmii MOMEHT HeT KiaaccubuKaluii, Mo3BOMSIONMX BEIGPATh ONTYMAaIbHbIE CITOCOObI PEITO3ULIVN
P BBITIOJTHEHUYM MHTPaMeay/UISIpHOTO ocTeocuHTe3a. Iens uccnedosanus — oueHUThb 3GHEeKTUBHOCTb TPUMEHEHUS pas-
PaboTaHHBIX KIacCcUbUKAIMY U aITOPUTMA BITTOTHEHMS MHTPaMeAY/UIIPHOTO OCTEOCHHTE3a IePeIOMOB MPOKCUMATbHOTO
oTzena 60/bIe6epiioBoit KocT. Mamepuasn u memoost. BoITONHEHO CPaBHUTEIbHOE VCC/IeOBaHNEe Pe3yIbTaTOB JIeUeHMSI
MaIMeHTOB [0 U TOcjae MpUMeHeHus (TPyIbl 1 M 2 COOTBETCTBEHHO) B KIMHMKe knaccudukauuu PFL-TN u anropurma
MHTpaMeIy/UIIPHOTO OCTEOCHHTE3a MepeioMOB ITPOKCMMAIbLHOTO OTHea 60/blie6epiioBoit KocTu. B rpymnmy 1 Bouuio 43
namyeHTa: 28 MmykumH 1 15 XeHIMH B Bo3pacTe oT 18 1o 71 roga (44,5%2,0). B rpyniy 2 Bouwio 42 nauyeHTa: 30 My>KUMH U
12 skeHIIMH B Bo3pacTe oT 18 mo 72 et (46,1+2,0). MuHMMaIbHBI CpOK HabmomeHust — 12 mec. [Ipy aHaIM3e pe3yabTaToB
JleueHus MPOBOAWIN OLEHKY KauecTBa Perno3ulMy 10 MPUHITON B yUPEXKIeHUN IIKae, OLeHKY PAaHHUX U MO3JHUX OC-
JIO’KHEHMI, KaueCcTBa KM3HM MalMeHToB 1o mkaie SF-36 1 GyHKIMOHAIbHBIX Pe3yabTaToB 1o mKkane LEFS. Pe3yremameut.
Paspa6oTaHHble KaaccuMUKAIMS U AITOPUTM MHTPAMeIY/UIIPHOTO OCTEOCHHTE3a MO3BOJISIOT ONMTUMU3UPOBATD TTOIXOMIbI
K BBIGOPY METOJOB PEINO3UIMK U JOCTUKEHMUs CTaGMIbHOM (GMKCAIMK, YTO TTO3BOIMIO COKPATUTh KOJIMYECTBO TMO3[-
HUX OCIOKHEeHUIT 60j1ee yeM B 5 pa3 (p = 0,00723), uncI0 JOTOTHUTENbHBIX OTIEPATUBHBIX BMEIIATeIbCTB — Oosiee uemM
B 4 pa3za (0,03070) mo cpaBHeHMIO MalMeHTamMu Ipynisl 1. Vcronb30BaHMe aIropuTMa MO3BOIMIIO YAYUIIUTD QYHKIV -
OHaJIbHBIE PE3YJIbTAThI JIeueHUs yepes3 rof nmocjie omnepauuu ¢ 83,58 mo 93,29% (p = 0,00002) o mkane LEFS, a Takke
KaueCTBO KM3HU ManyueHTos ¢ 77,50+1,88 mo 86,71+2,03 6anoB (p = 0,00072) u ¢ 81,25+1,88 no 86,84%2,26 (p = 0,00116) o
roKasaTeynssMm (Gpu3nIeckoro M poseBoro GyHKIMOHMPOBaHUS OonpocHUKa SF-36. 3akatoueHue. Pe3ynbTaThl MCC/IeNOBAHNS
MTOKa3aJin, YTO MCIONb30BaHMe pa3paboTaHHBIX KaacCUMUKAIMK Y aJITOPUTMA TTOMOTAeT ONITUMM3UPOBATh BITIOTHEHYE
MHTpaMeIy/UIIPHOTO OCTEOCHHTE3a BHECYCTABHBIX TIEPEIOMOB IMPOKCUMAIBHOTO OTAea 6osblie6epiioBoit koctu. Cieno-
BaHMeE aJITOPUTMY ITO3BOJISIET CHU3UTh PUCK BO3HUKHOBEHUSI TAKUX OCIOKHEHMI, KaK HEYIOBIETBOPUTEIbHAS PEITO3ULINS
repeyiomMa, HecTabMIbHOCTh GUKCAIMK, 3aMe/IJIeHHAst KOHCOMMIAIMS Y HecpalleHe repeioMa, ¥ B KOHeUHOM UTOTe YIy4-
UTh QYHKIMOHAIbHbBIE Pe3Y/IbTAThI.

KiroueBble c10Ba: MepeoMbl 60/bIe6epiioBoii KOCTH, MHTPaMeIy/UIIPHbIN 0CTEOCHHTE3, KaaccuduKaIys nepeioMoB,
MpefonepanMoHHoe TVIAaHMPOBAaHNE.

Hcrounuk vHaHCHMpPOBaHUSA: TOCYIAPCTBEHHOE 610 KeTHOe DMHAHCUPOBaHMeE.
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CLINICAL STUDIES

Background

Intramedullary nailing of proximal tibial fractures
has several biological and biomechanical advantages
compared to external osteosynthesis and does not in-
duce the development of adjacent joint contractures
and decreased quality of life, which is noted using the
Ilizarov apparatus [1, 2, 3, 4, 5]. However, a significant
limitation of this method includes the difficulty of
achieving and maintaining the fragment reduction [6].
The literature revealed that the malunion rate reaches
84%; therefore, many authors do not recommend this
method for the treatment of proximal tibial fractures
[7,8,9].

The choice of the correct nail insertion point, the
use of specialized nails with a more proximal Herzog
bend, and the use of special surgical techniques which
improve the quality of reduction, such as poller screws
and wires, nailing in semi-extended knee joint, and
fixator-assisted osteosynthesis, are powerfull tools for
intramedullary nailing of proximal tibial fracture [10,
11, 12, 13]. Locking the nail with at least three screws,
using poller screws, screws with angular stability, and
nails of larger diameter can increase the fixation sta-
bility [14, 15, 16, 17, 18].

Particular attention should be paid to preoperative
planning, which adequately assesses the possibility of
achieving stable proximal fragment fixation, depend-
ing on the fracture type [19]. The length of the proxi-
mal fragment is a key factor in determining the indi-
cations for intramedullary nailing and the choice of
the optimal nail design. However, none of the existing
classifications objectively assess this factor and, ac-
cordingly, determine the approach of treatment based
on the fracture type [11, 20, 21].

This study aimed to evaluate the efficacy of the clini-
cal application of the classification and algorithm devel-
oped by the authors for performing intramedullary nail-
ing of extra-articular fractures of the proximal tibia.

Methods

The retrospective-prospective comparative cohort
study was performed.

Proximal Fragment Length Classification for
Tibial Nailing
(PFL-TN)

In the current study we used the Proxial Fragment
Length Classification for Tibial Nailing (PFL-TN) , de-
veloped in our medical institution for preoperative
planning of intramedullary nailing,. The classification
takes into account all types of extra-articular proxi-
mal tibial fractures, which are divided into four types.

Type I include all fractures of the proximal third tib-
ia diaphysis which can be fixed with any tibial nail hav-
ing three holes for proximal locking. Fracture reduction

in this group can be challenging, especially when the
knee joint is flexed, thus special surgical techniques
described in this study are required. In these fractures
the fixaction stability with intramedullary nail is com-
parable to diaphyseal fractures. Type II is represented
by fractures of the proximal third tibia above the site
of the metaphyseal bone narrowing. The length of the
proximal fragment for fractures of this type is sufficient
to lock the nail with four screws, thus nails with four
holes for proximal locking should be preferred. The use
of poller screws in both distal and proximal fragments
improves the fixation stability.

Type III fractures are similar to type II fractures;
however, they are distinguished by the technical im-
possibility of locking with four screws. The preference
shoul be done for specialized nails with three holes
for proximal llocking at the shortest possible distance
from the nail top. The use of several poller screws in
both the proximal and distal fragments is of great im-
portance in type III fractures.

Type IV fractures have an extremely short proximal
fragment; therefore, performing proximal nail locking
with three screws is technically impossible. Thus, we do
not recommend intramedullary nailing for such frac-
tures. In type IV segmental fractures, the combined use
of plate fixation and intramedullary nailing provides
good clinical results [22].

Each type of fracture is divided into subtypes,
namely, “A” which implies simple fractures, “B” for
wedge-shaped, and “C” for comminuted fractures. In
segmental fractures, after the capital letter (A, B, C),
an additional uppercase letter “s” is written when cod-
ing the type of fracture (Fig. 1).

A

L

e
IIRRE;

Fig. 1. PFL-TN Classification: I-IV — types;
A-C — subtypes; s — segmental fracture
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Intramedullary nailing algorithm

For intramedullary nailing, an algorithm was used to
choose the most appropriate intramedullary fixator
and its diameter, as well as proximal locking options
depending on the type of fracture according to PFL-
TN and bone quality (Fig. 2).

Osteoporosis is an indication for using specialized
screws with angular stability [17]. In the current study
we did not perform DEXA scan to detect osteoporosis.
Intramedullary nailing was performed, considering
the proximal locking recommendations for patients
with osteoporosis in the patients with: low-energy in-
jury, radiological signs of osteoporosis, and poor bone
tissue quality.

The developed algorithm implies the use of the most
effective techniques to achieve excellent reduction in in-
tramedullary nailing of proximal tibial fractures, such as
nailing in semi-extended knee position, fixator-assisted
nailing (FAN), and the use of poller wires.

The infrapatellar approach was preferred in group
1, whereas semi-extended knee joint approaches
(parapatellar and suprapatellar) in group 2 (Table 1).

When performing the infrapatellar approach in group
2, FAN was used in all cases.

FAN was not used in group 1. In group 2 we used
the FAN according to the described technique by the
authors in 32 (68.7%) patients [23].

In group 2 Poller wires were used in all cases on the
side of deformity in the sagittal and frontal planes. In
cases where the poller wires were bent after the nail
insertion, we considered them to be stressed. Removal
of stressed poller wires in fractures of types II and III,
even after locking the nail, leads to fracture displace-
ment; therefore, this factor was considered when de-
termining the indications for poller screw insertion.

When choosing the method of proximal nail lock-
ing, the algorithm presented in Figure 3 was used.

A comparative analysis of treatment results of pa-
tients before (retrospective group) and after (prospec-
tive group) the introduction of the intramedullary
nailing algorithm was performed in the study. Patients
were enrolled into the retrospective (group 1) and pro-
spective (group 2) groups according to the inclusion,
non-inclusion, and exclusion criteria (Table 2).

FRACTURE TYPE

!
)

(

Osteoporosis

)

Y

)

/

« Nail of any design

» Herzog bend above the
fracture

« Proximal nail
¢ 4 LSs in the proximal
fragment

¢ Proximal nail
¢ 3 LS in the proximal
fragment

¢ Proximal nail

¢ 3 LSs in the proximal
fragment

¢ Angular stability screws

y

/

@4—( Diameterr of IM channel J—> <13 mm

A

LReaming -noD=11-12 mm]

Y

LReaming -yesD=10-11 mm]

Fig. 2. The algorithm for choosing the intramedullary nail depending on PFL-TN fracture type
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Surgical approaches in groups 1 and 2

Approach Group 1
Infrapatellar 26
Suprapatellar 15
Parapatellar 2

Table 1
Group 2
8
29
5
Table 2

Criteria for inclusion, non-inclusion, and exclusion

Inclusion criteria

« Patients with extra-
articular fractures of the
proximal tibia (41-A2, 41-
A3, and 42 according to the

Non-inclusion criteria

« Soft tissue defect in the site of the proposed
surgical approach or the fracture area

» Type III C open fractures according to the
Gustilo—Anderson classification

Exclusion criteria

» Refusal to participate in the study at any
stage

» Death during inpatient treatment

» A sudden onset of severe illness or

AO classification)

« Proximal fragment length
from 35 to 120 mm

» Age from 18 to 74 years

» The patient signed
informed consent to
participate in the study

« The period from the
moment of injury to
surgery is <4 weeks.

» Dermatological diseases that increase the
risk of infectious complications in the site of
the planned surgical approach

» Defect of the tibia, leading to shortening of
the limb by >2 cm

« Severe dysfunction of the injured limb
before the injury

« Pathological nature of the fracture

« Infectious lesions of soft tissues in the site
of the planned surgical approach

» Chronic or acute osteomyelitis of the bones

re-injury, which prevents the current
treatment result evaluations

of the injured limb

» Mental diseases that significantly impair

the patient’s compliance

« Severe chronic diseases, which are a
contraindication to anesthesia and surgery

 Pregnancy and lactation

« Fracture fixation by intramedullary nailing
in the first 4 weeks after injury was not

performed.

In total, the retrospective group included 43 pa-
tients aged 18-71 years (mean age 44.5%2.0 years),
wherein 28 were males and 15 were females.

The prospective group included 42 patients aged
18-72 years (mean age 46.1+2.1 years), wherein 30
were males and 12 were females.

Table 3 presents the distribution of patients in
groups 1 and 2 by fracture type (PFL-TN).

The groups 1 and 2 were comparable in terms of
demographics, injury mechanism, soft tissue condi-
tion, concomitant injuries, and diseases. The treat-
ment results of patients in these groups can be com-
pared with each other. After the end of the minimum
follow-up period (12 months after surgery), a compar-
ative analysis of treatment results of patients in both
groups was performed.

Evaluation of results

Reduction was assessed based on a comparison of
postoperative radiographs with radiographs of the
contralateral limbinfrontal and lateral views accord-
ing to the deformity assessment method described
by D. Paley et al. [24]. The transverse displacement
was measured using a calibrated electronic X-ray
ruler. The rotational displacement was clinically
assessed in comparison with the contralateral limb
in the “patella up” position of the lower limbs. In
the presence of clinical signs of rotational displace-
ment, computed tomography of the damaged and
contralateral tibia was performed throughout. The
repduction score scale that we developed was used
to assess the reduction quality (Table 4). According
to this scale, for each type of displacement, 1 point
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FRACTURE TYPE j

( Osteoporosis ) [ Osteoporosis j

) &

/ Y

<
LMaximum number of LS] L 3LS ] Maximum number of LSJ [ 4LS 3LS
\ J [ ]
-1 in the proximal

Y } Y
- 1 in the distal
\ J

4 1\
Repl for PS Yes |<— )
[ eplacement for Poller wire tension? 2 PSs:
Fig. 3. The algorithm for choosing the method of proximal nail locking depending on PFL-TN fracture type

[ PS not required

Tt
Distribution of patients in groups 1 and 2 by fracture type (PFL-TN) avle3
Subtype
R A As B Bs C Cs Total

Group 1

1 (90-120 mm) 1 3 6 1 1 - 12

1T (45-90 mm) 6 2 10 2 = 4 24

111 (35-45 mm) 2 - 2 1 1 1 7

IV (<35 mm) = = = = = = =

Total 9 5 18 4 2 5 43
Group 2

1 (90-120 mm) 2 — 8 1 - - 11

1T (45-90 mm) 6 1 7 1 1 3 19

III (35-45 mm) 1 1 2 1 5 2 12

IV (<35 mm) - - - - - - -

Total 9 2 17 3 6 5 42
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was added in case of excellent reduction, 5 points
in case of good redyction, and 20 points in case of
unacceptable reduction. The minimum number of
points (6 points) indicates an excellent result. If 25
or more points are scored, then such a reduction is
considered unacceptable.

The analysis of early results assessed the duration
of surgery, hospitalization duration, and incidence of
early complications. The analysis of midterm results
assessed the incidence of complications, functional
results with the Lower Extremity Functional Scale
(LEFS) scale, and quality of life with the scales of
physical and role functioning, as well as the intensity
of pain syndrome of the SF-36 questionnaire.

Statistical analysis

Fisher’s exact test, Mann—-Whitney’s U-test, Student’s
t-test, and Pearson’s chi-squared test (y2) were used
to evaluate the clinical study results to compare in-
dependent samples. One-way analysis of variance fol-
lowed by post hoc analysis (Tukey’s test) was used to
compare two or more continuous variables. The dif-

ference between the groups was considered statisti-
cally significant at p < 0.05.

Results

Reduction quality

Before the introduction into practice of the developed
algorithm for intramedullary nailing of extra-articular
proximal tibial fractures (group 1), an acceptable re-
duction was not achieved in 30.23% of cases (13 pa-
tients), good reduction was achieved in 53.5% of cases
(23 patients), and excellent only in 16.28% of cases
(7 patients). After the introduction of the algorithm
(group 2), there were no cases with unacceptable re-
duction, whereas excellent reduction was achieved in
71.43% of cases (30 patients), i.e., 4.4 times more of-
ten than in group 1 (Fig. 4).

A reduction score scale was used to assess the sta-
tistically significant difference between the compared
groups. The difference in reduction quality between
groups 1 and 2 was statistically significant for all frac-
ture types (Table 5).

Table 4

Scoring scale for assessment of the reduction quality

Reduction quality assessment

Displacement type Excellent (1 . .
point) Good (5 points) Unacceptable (20 points)

Angular, deg. Sagittal plane 0-2 3-5 >5
Frontal plane 0-2 3-5 >5

Rotational, deg. 0-5 6-15 >15

Transverse, mm Sagittal plane 0-5 5-10 >10
Frontal plane 0-5 5-10 >10

Shortening, mm 0-5 5-10 >10

Table 5

The difference in reduction quality between groups 1 and 2, points

Type of fracture Group 1 Group 2 p
I 19.25 7.45 0.01051
II 16.92 7.26 0.00083
11T 22.00 7.00 0.00177
Average 18.33 724 <0.00001
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All types
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Fig. 4. Comparison of reduction quality between groups 1 and 2 in different fracture types

Short-term results

The analysis showed that the application of
the proposed algorithm reduced the duration
of surgery from 93.5%4.1 min to 83.0£2.8 min
(p = 0.01868). In group 1, the hospitalization dura-
tion was 13.8+1.0 days compared to 12.6%1.0 days
in group 2, which was not statistically significant
(p =0.14695).

In group 1, 8 (18.60%) patients have surgery-asso-
ciated complications, including superficial infection
in three cases, fixation instability in four cases, and
one of case unacceptable reduction considered by sur-
geon as an indication for revision surgery.

In group 2 (4.76%), two surgery-associated compli-
cations were obseeved. In both cases, the development
of superficial infection was noted in patients with type
[1IB open fractures according to the Gustilo-Anderson
classification. No complications were associated with
the technique of intramedullary nailing.

The total number of surgery-associated complica-
tions decreased in the early postoperative period from
18.60% to 4.76% (p = 0.04766). The total number of
complications associated with the technique of in-
tramedullary nailing decreased from 11.63% to 0.00%.

Midterm results

One year after the surgery, the union of the fracture
without complications was achieved in 24 patients

(66.67%) in group 1 with 36 patients available for ex-
amination. In group 2, union without complications
was registered in 35 patients out of 39 (89.75%). The
average fracture healing was 16.22+2.05 weeks in
group 1 and 13.76%1.25 weeks in group 2. The differ-
ence between the groups in terms of fracture union
was statistically significant (p = 0.019).

Table 6 compares groups 1 and 2 in terms of treat-
ment outcomes and late complications. If one patient
had more than one complication, only the first of
them was considered. The introduction of the pro-
posed treatment algorithm reduce the total number of
complications from 50.0% to 10.3% (p = 0.00723), and
the number of additional surgeries from 0.42 to 0.10
per patient (p = 0.03070).

The quality of life assessment using the SF-36
questionnaire revealed that the physical function-
ing in group 1 a year after the injury amounted to
77.50 £1.88 points, whereas 86.71%2.03 points in group
2, which was statistically significant (p = 0.00072). The
role functioning in group 1 at 1 year after the injury
were 81.25%1.88 points, whereas 86.84+2.26 in group
2, with the statistically significant difference between
the groups (p = 0.00116). Pain intensity in group 1
was 85.06%2.05 points, whereas 86.05+2.22 in group 2,
with the statistically insignificant difference between
the groups (p = 0.37323). The anterior knee pain was
observed in 26 (72.22%) patients in group 1 and 19
(50%) patients in group 2 one year after the injury.
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Table 6

Comparison of groups 1 and 2 in terms of the incidence of late complications
and the need for additional surgical interventions

Treatment outcome Group 1

Union without complications 18 (50%)
Malunion 6 (16.7%)
Delayed union in the correct position 3 (8.3%)
l]gg.;?gizi;ll union in the incorrect 1(2.8%)
Aseptic nonunion 2 (5.6%)
Fixation instability 4 (11.1%)
Deep infection 2 (5.6%)
Total 18

Additional surgeries 15

The functional status of the limb was assessed us-
ing the LEFS scale. In group 1, the average limb func-
tion was 83.58+1.87%, whereas 93.29+1.23% in group
2, and the difference between the groups was statisti-
cally significant (p = 0.00002).

Discussion

Intramedullary nailing of proximal tibial fractures has
significant advantages over other treatment methods
from both biological and biomechanical points of view
[10, 19]. Performing intramedullary nailing for such
fractures requires the use of special surgical tech-
niques to achieve and maintain desirable reduction,
ignoring which leads to poor results [7, 21].

The literature provides descriptions of many surgi-
cal techniques that improve reduction quality in in-
tramedullary nailing; however, there is no systematic
approach to make a chooce of the best method based
on the type of fracture [1, 9, 11, 20, 25]. There are al-
most no publications that compare the efficiency and
technical difficulties with different methods of frac-
ture reduction. Particular attention should be paid
to the lack of clinical classification of such fractures,
considering both the fracture morphology and the
proximal fragment length, which are crucial in choos-
ing a surgical treatment method, the used intramed-
ullary fixator design, and methods for achieving and
maintaining fracture reduction [18, 26, 27].

The proposed PFL-TN determines the indications
for intramedullary nailing of the tibia allows to choose
the most appropriate nail design, and the most opti-
mal combination of poller and locking screws, depend-

Group 2 p
35 (89.7%)

0 —

2 (5.1%) =

1 (2.6%) -

0 —

O —
1(2.6%) —

4 0.00723

4 0.03070

ing on the proximal fragment length and the fracture
type. This classification is considered clinical and im-
proves the treatment results of patients with proximal
tibial fractures of, which was proven in a prospective
clinical study.

The most effective methods for achieving reduc-
tion in intramedullary nailing are the use of poller
wires, nailing with a semi-extended knee position,
and FAN [1, 9, 23, 25]. The developed algorithm in-
volves the use of a combination of the described tech-
niques, which allow to achieve an excellent reduction
in most patients.

Conclusions

The study results revealed that the developed classi-
fication and algorithm help optimize the technique
of intramedullary nailing of extra-articular proximal
tibial fractures. Following the algorithm reduces the
risk of complications, such as poor fracture reduction,
fixation instability, delayed union, and fracture non-
union, and ultimately improves the functional treat-
ment results of patients with extra-articular fractures
of the proximal tibia.
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Purpose — to assess the relationship between duration of pathological symptoms developed due to tumor or infectious
destruction of the spine, and the medium-term outcomes of urgent surgeries.

Methods: 84 patients with tumor (group 1, n = 43) and infectious (group 2, n = 41) lesions of the spine underwent
decompression and stabilization procedures according to urgent indications in the period from 2016 to 2018. Neurological
status (Frankel scale), pain intensity (VAS) and functional independence of patients (Karnofsky scale) were assessed
before surgery, 3 months and 1 year after. Statistical relationship between outcomes and duration of the prehospital and
hospital delay has been studied.

Results: 23 patients in each group had neurological deficit (53.5% and 56.1%), while the average duration of the
prehospital period in those patients in both groups (Me) was 14.0 days. 11 out of 84 patients (13.1%), were hospitalized
in the first 72 hours from the onset of vertebral syndrome; 6 (7.1%) of them had neurological disorders. An inverse
correlation of high strength between the duration of neurological deterioration and the possibility of their improvement
by 3 months after surgery was revealed in both groups (r,=-0.793 and r,=-0.828; p<0.001) and there was no
relationship between outcomes and the duration of the hospital period (surgery urgency) (r,,=-0.257; p=0.283 and
r,=-0.218; p=0.330). The possibility of neurological improvement after surgery ceases to be statistically significant
after 14 days from the onset of pathological symptoms (p,=0.083, p,=0.157 for both groups, respectively), while the
likelihood of a decrease in pain syndrome and functional dependence on others remains independent of the duration
of the prehospital period.

Conclusions: In case of tumor or infectious spine lesions, urgent decompression and stabilization procedures reduce
pain and improve the functional independence regardless of the duration of the prehospital period, while extension of
prehospital period of more than 2 weeks is crucial for a reliable prognosis of neurological status improvement.
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BnuaHue porocnuTanbHOM Naysbl HA MCXOAbI HEOT/IOXKHbBIX
AEeKOMMNPECCUBHO-CTAaBUNU3UPYIOLLMX OnepaLuii Y NaLUEHTOB
C ONyXoneBbiM U UHPEKLUOHHBLIM NOPAXKEHUEM NO3BOHOUHUKA
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Pedepar

Llens uccnedosanus — OLIEHUTD CBSI3b MEXKIY IUTUTEIbHOCTBIO BEPeOPOTeHHOM CMMIITOMATUKM, Pa3BUBIIIEiics: HA hOHE OITyXO0-
JIEBOVi W MTHQEKIMOHHOM AeCTPYKIVY MTO3BOHOYHMKA, ¥ CPEIHECPOUHBIMY U OTHAIEHHBIMY MCXOaMM OTIepaIVii, POBeJeH-
HBIX IT0 HEOTJIOKHBIM ITOKa3aHusIM. Mamepuan u memoosl. 84 raiyeHTaM C OITyX0JIeBbIM (Tpytia 1, n = 43) 1 MH(PEeKIMOHHbIM
(rpymma 2, n = 41) mopaskeHueM IT0O3BOHKOB IT0 HEOT/IOKHBIM ITOKa3aHMSIM BBITNIOIHEHBI J€KOMIIPECCUBHO-CTaOMIN3UPYIO-
e onepauyy. HeBponmoruueckuii cratyc (ukana Frankel), MHTEHCMBHOCTb 60IEBOTO CUMHApPOMA (BM3yaJbHO-aHAJIOrOBast
mkasa, BAII) v GyHKIMOHAIbHAS HE3aBUCUMMOCTD MAlMEeHTOB (IIKaja KapHOBCKOTO) OIleHEHbI Tepe, orepalet, CIycTs
3 mec. u 1 ron. UsydyeHa cTaTUCTMUECKAs CBSI3b MCXOMI0B JIEUeHUS C AJIUTEIbHOCTBIO JOTOCIUTAIbHONM U TOCIIUTAIbHONM May3.
Pe3ynvmamei. HeBposornueckye HapylleHMss HA MOMEHT Omepaluyu umenu 23 maiyeHTa B Kaxkmoii rpymme (53,5% u
56,1%); cpemHsist IJUTEIbHOCTh JOTOCIIMUTAIBHOIO Mepuoaa y Hux (Me) cocraBuia 14,0 cyr. Jinmis 11 u3 84 maieHTOB
(13,1%) rocnuTanM3MpoOBaHbl B IIEepBbIe 72 4. [TOC/Ie BOSHMKHOBEHMS BepTe6paIbHOro CMHApOMa, B T.U. 6 (7,1%) ¢ HeBpoJIo-
I'MUYeCKMMU PacCTpoiicTBamMy. BeIsiBiieHa 06paTHAsI KOPPEJISIIMOHHAS 3aBYCUMOCTD BBICOKO# CYITBI MEKAY JJIUTETbHOCTHIO
HEBPOJIOIMYECKMX HapyIIeHui ¥ BO3MOKHOCTBIO MX yIYYlIeHMsI K 3 Mec. IIoc/Ie onepauyuy B o6enx rpynmax (r, = -0,793
nr, =-0,828; p<0,001), a TakKe OTCYTCTBMUE CBS3Y TAKMX MCXOMOB C JJIUTEIbHOCTHIO TOCIIATAIILHOTO TIePHOaa (IKCTPeH-
HOCTBIO TIpOBefieHus onepauun) (r,, = -0,257; p = 0.283 u r, = -0,218; p = 0,330). IIpu rocnuranmusauum B Cpoku Gonee
14 cyT. OT BOSHMKHOBEHUS CUMITTOMATVKM BO3MOKHOCTbh HEBPOJIOTMUYECKOTO YIYUIIIEHNUS TTOC/IE OTepaluy IepecTaeT ObITh
CTaTMCTUUECKY 3HAUMMOIA 1ist o6eux rpym (p, = 0,083, p, = 0,157 COOTBETCTBEHHO), B TO BpeMsI KaK BePOSITHOCTb YMEHbIIIe-
HMSI 60IeBOTO CMHAPOMA U QYHKIMOHAIBHOI 3aBUCUMOCTY OT OKPYKAIOIINX COXPAHSIETCS HE3aBUCUMO OT IJIUTETbHOCTH
JIOTOCIIUTANIbHOTO eprofa. 3akatoueHue. IIpy onmyxoseBoii M MHPEKIMOHHO JeCTPyKLMM T03BOHKOB HEOT/IOKHbIE fie-
KOMITPECCUBHO-CTAOMIU3UPYIOIINE OTIepaluy MPUBOAST K 3HAUNTEIbHOMY YMEHbIIEHNIO 60JIEBOr0 CMHAPOMA U YIy4-
IIeHUI0 (PYHKIMOHATbHOI HEe3aBUCUMOCTY MAlMEHTOB B CPOKM 3 U 12 Mec. mocje orepanuy He3aBUCUMO OT IJINTENTb-
HOCTY JOTOCIIUTAIBHOTO Mepuona. JJIUTelbHOCTh JOTOCIUTAILHOTO Mepuoaa 6omee 2 HeJl. SBISIETCS KPUTUUECKON AJIst
MIPOTHO3MPOBaHUS YIyUllIeHMS] HEBPOJIOTMUYECKMUX PACCTPOICTB MTOC/Ie TakMX BMelIaTe/lbCTB.

KiroueBbie cj1i0Ba: JeCTPYKTUBHbIE ITOpa’kKeHMs IMO3BOHOUHMKA, CIIOHAWMINUT, CIIOHAMJIOANCUUT, MeTaCcTaTu4deCKass KOM-
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Background

In 2019, the incidence rate of malignant neoplasms in
Russiawas 436.0 per 100,000 population [1]. Metastatic
spinal lesions are registered in >20% of these patients
and 5%-10% of cases are accompanied by metastatic
spinal cord compression syndrome (MSCC) and neu-
rological disorders [2, 3]. An acute vertebral syndrome
is quite often the first manifestation of a tumor lesion,
as >40% of patients in primary hospitalization in the
spinal departments do not have an oncological histo-
ry [4, 5]. As an interdisciplinary problem that requires
a comprehensive oncological and neurosurgical, as
well as traumatological and orthopedic approach, the
adoption of decisions on approach is often delayed
for a long time, increasing the risk of an unfavorable
treatment outcome of this pathology in general [6].

The incidence of acute infectious lesions of the
spine (spondylitis/spondylodiscitis) is 1.0-2.5 cases
per 100,000 population, of which 5.8%-14.6% are
complicated by sepsis and 1.2%-8.0% of cases lead to
lethal outcomes [7, 8, 9]. The incidence of neurologi-
cal disorders, in this case, ranges from 27.0% to 46.2%
[10, 11]

Some patients with spinal tumor or infectious le-
sions in the presence of a high risk of a significant de-
terioration in the general condition and quality of life
require emergency care. These conditions include the
following [12, 13, 14, 15, 16]:

- the occurrence and/or increase in neurological
symptoms due to compression myelo-, caudo-, or ra-
diculopathy (spinal compression syndrome);

- instability of the spine, accompanied by an in-
tense pain syndrome and the risk of compression of
the spinal structures (instability syndrome).

The development of emergencies in vertebrology
often implies the absence of a confirmed etiologi-
cal diagnosis in a patient; therefore, emergency care
mainly targets spinal cord decompression and spinal
stabilization, i.e., medical care is provided not accord-
ing to the etiological but according to the syndromic
principle.

The surgery performed within the first 72 h after
the onset of acute, primarily neurological disorders,
is believed to provide the best outcomes for spinal
metastatic lesions treatment [17]. However, in a real
situation, patients are extremely rarely hospitalized
within the indicated periods, which are due to both
their low awareness of the need for early examination
by a vertebrologist with minimal complaints and in-
sufficient alertness of doctors at the initial pathologic
manifestations. Concurrently, the duration of clinical
complaints preceding hospitalization in specialized
departments (the so-called prehospital pause) can af-

fect not only the well-being and quality of life of pa-
tients but also the treatment outcomes. Assuming a
certain relationship between these parameters is logi-

cal: however, this has not been previously studied.
This study aimed to evaluate the relationship be-
tween the duration of vertebrogenic symptoms that
developed in the presence of a spinal tumor or infec-
tious destruction and the medium- and long-term
surgical outcomes performed for urgent indications.

Methods
Study design

Figure 1 presents a block diagram of the selection of
patients for the study. The primary sample was retro-
spectively formed based on a two-center cohort of pa-
tients aged 18 years and older with acute pathology of
the thoracic and lumbar spine, who received emergen-
cy treatment in the departments of traumatology and
orthopedics, neurosurgery of I.I. Dzhanelidze Research
Institute of Emergency Medicine and the Pavlov State
Medical University of Saint Petersburg (total base 841
patients). Both hospitals work 24/7 according to a uni-
fied system for providing emergency care to patients
with spinal pathology in St. Petersburg. The period for
collecting material was related to the direct work of
the main authors of the publication (authors 1, 3) in
these institutions during the period specified.

When forming the analyzed sample, 649 patients
were excluded from the general database based on the
nature of the disease, 91 patients due to the nature
of the surgical intervention (non-decompressive-sta-
bilizing surgeries), and 17 patients due to unsuitable
medical documentation or archive of X-ray data for
analysis. Thus, the final analyzed sample was retro-
spectively formed, including 84 patients who, in pres-
ence of tumor (group 1, n=43) or infectious (group 2,n
= 41) lesions of the vertebrae, underwent decompres-
sive-stabilizing surgeries for emergency indications.

The study subject was the assessment of the dy-
namics of the parameters that are most reproduc-
ible in the condition analysis of patients with spi-
nal pathology in need of urgent surgical treatment.
Neurological status was assessed using the Frankel
scale (types A-E), included in the AIS/ASIA standard
for the study of patients with spinal cord injury/lesion
[17, 18, 19]. The pain syndrome severity was assessed
subjectively using a visual analog scale from 0 to 10
points. The functional independence of patients was
assessed using the Karnofsky scale from 10 to 100
points, where 100 points means complete independ-
ence in the absence of any functional restrictions for
self-service and movement [20].
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Acute pathology of the thoracic and lumbar spine
(general database of 2016-2018),n = 841

Exclusion: spinal cord injury and degenerative-dystrophic

Y

diseases, n = 649

Inclusion criteria for pathology, n1 = 192
(133 for institution No. 1 + 59 for institution No. 2)

> Excluded due to the nature of the surgery,n =91 1

L Study sample, n, = 101

> Excluded due to defects in data archives,n =17 7

L Analyzed sample, n, = 84

Etiology differentiation

' '

Group 2 (spondylitis/spondilodyscitis)
n,=41

Group 1 (oncovertebrology),
n, =43

Fig. 1. Patient selection flowchart

These parameters were entered into the medical
documentation during hospitalization and clinical
control at 3 and 12 months after emergency surgery.
The most convenient time for evaluating the so-called
medium-term results of treatment is at 3 months
postoperatively, since such period of predicted sur-
vival is considered as a criterion for the possibility of
performing “major” spinal surgeries for tumor lesions
[21], and L. Lenke et al. believe that a stable level of
somatic nutritional recovery of the patient is formed
after any of spinal reconstructions in this period [22].

The statistical relationship of treatment outcomes
with the prehospital pause duration was studied, i.e.,
with the timing of the development of the condition
that led to the hospitalization of the patient; the term
“pause” seems to us more convenient than the con-
cept of “delay” adopted in the English literature [23].

Statistical analysis

The statistical processing of the material was per-
formed in the International Business Machines
Statistical Package for the Social Sciences (IBM SPSS)
Statistics 22 program. The nature of the distribution
of quantitative parameters in groups was assessed
using the nonparametric Kolmogorov-Smirnov test.
The significant changes in the indicator within the

groups were tested using the Wilcoxon test and that
of intergroup differences was tested using the Mann-
Whitney U-test with an abnormal distribution or the
t-test (after assessment of the Levene test for homo-
geneity of variances [p > 0.05]) and in the case of nor-
mal quantitative data distribution (age of patients).
The correlation between the parameters and the du-
ration of the prehospital and hospital pauses primar-
ily changes in the neurological status of patients who
had such disorders during admission was studied.
The influence of factors on treatment outcomes in
each group was assessed using a two-sided Spearman
correlation analysis rs with correlation strength de-
termination (<0.3 indicated as weak, 0.3-0.7 meant
medium, and 0.7 and more indicated strong) and its
orientation due to the abnormal distribution of the
analyzed parameters.

The analyzed factors using the Spearman correla-
tion include 1) the number of days from the moment of
manifestation of urgent vertebral syndrome to the hos-
pitalization or the moment of hospitalization to sur-
gery and 2) change in the neurological status over time.

The types of the Frankel scale were assigned
numerical values (points) (A was 1, B was 2, C was
3, D was 4, and E was 5) in statistical analysis, and
changes in the indicator were assessed at 3 and 12
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months after the surgery, both in comparison with
the baseline and among themselves. A multiple
regression model was used to test the results (de-
pendent variable was Frankel dynamics; and the
independent variable was days from the moment
of hospitalization to surgery, days from the mo-
ment of deterioration to hospitalization) using the
logarithmic transformation function of independ-
ent variables SPSS (Ln). Given the two independent
analyzed variables, the backward stepwise method
was chosen. The data of the standard B-coefficient
of the regression model with the construction of
scatterplots is presented to determine the strength
and type of relationship. Changes were considered
statistically significant at p < 0.05.

The mean values of the parameters in the groups
were calculated using the descriptive statistics meth-
od (the results are presented for normal distribution
as M £ 6 [where M is the mean value, & is the stand-
ard deviation], as well as Me [Q25; [Q75] (Me is the
median, the first and third quartiles]) for non-normal
distribution of data. Thus, within the retrospective
two-center cohort study, the methodologies of facto-
rial (PPO) and comparative analysis were used.

Detailing the options for surgical interventions is not
the subject of analysis, and their clarification is not given
in this work. We consider it fundamental that patients
with MSCC syndrome complicated by neurological dis-
orders underwent decompressive-stabilizing interven-
tions stabilizing or reconstructive-stabilizing surgeries
in case of instability without neurological disorders;
radical sanitizing, if possible, including decompressive
and stabilizing surgeries in infectious processes.

Results

The distribution of patients by gender, age, and na-
ture of urgent vertebrogenic syndrome, which caused
emergency hospitalization, is presented in Table 1.

From 3 to 12 months, 8 patients died after the
surgery due to disease progression or other causes,
including 7 patients from group 1 (during hospitali-
zation 6 of them had neurological disorders of vary-
ing severity, namely Frankel A-D) and 1 patient from
group 2 who had baseline paraplegia, type Frankel A.

In group 1, during the emergency hospitalization,
only 22 (51%) patients had a known oncological his-
tory (Fig. 2).

Table 1

Distribution of patients by gender, age, and nature of urgent vertebrogenic syndrome

Etiology Mean age (M = ©)

Tumor lesion

Major clinical symptom

Gender, n (%)

Neurological disorders Pain syndrome

male — 25 (58%);

58.91+12.63 female — 18 23 (53%) 20 (47%)
(42%)
Nonspecific spondylitis/ 25 (61%); o o
spondylodiscitis 58.05+15.45 16 (39%) 23 (56%) 18 (44%)
p-value 0.781* 0.792%* 0.8117%*
Total 46 (55%) 38 (45%)

* — t-test; ** — Mann—-Whitney U-test.

Fig. 2. Distribution of patients with metastatic
vertebral fractures by types of primary tumors
(localization) at the time of emergency admission
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Our data analysis drew attention to the real situ-
ation with early hospitalization of patients with
urgent vertebral pathology, which is extremely far
from ideal. Initially, the chronometric ranking of
the prehospital stage was performed considering
the criterion recommended for urgent care at 72 h
from the onset/increase of neurological deficit [15]
(Table 2).

During hospitalization, 23 out of 43 patients in
group 1 had neurological disorders of varying se-
verity, while only 10 of them were hospitalized in
emergency spinal surgery centers at week 1 after the
onset of vertebral syndrome and only 6 in the first
72 h. During hospitalization, of the 41 patients with
infectious spondylitis, 23 also had neurological disor-
ders, of which 11 were hospitalized in the first 7 days
and 5 in the first 72 h.

Therefore, in the first 3 days, only 11 (13.1%) of 84
patients in both groups were hospitalized. Only 6 (7.1%)
of them had neurological disorders (types A-D according
to Frankel), and recommendations for early decompres-
sive surgery aimed at achieving regression of severe neu-
rological disorders (lower paraplegia) could potentially
be used in 3 (3.6%) patients [15].

The main chronometric indicators of patients in
both groups, differentiated according to the presence
or absence of neurological disorders in the patient, are
presented in Table 3.

Comparison of indicators of neurological disorder
severity, pain syndrome severity, and functional de-
pendence on others are presented in Tables 4 and 5.

The results of neurological status changes are pre-
sented only 3 months after the surgery due to the ab-
sence of significant differences after 3 and 12 months,

which was statistically confirmed with p = 0.317 for
group 1 and p = 0.083 for group 2.

Thus, significant positive neurological status
changes were noted in patients with metastatic lesions
both in severe plegia (type B according to Frankel) and
mild paresis (type D), whereas in infectious spondylitis
group only in patients with mild paresis. Concurrently,
significant positive changes were noted by the end of
the follow-up in both the pain syndrome severity and
the Karnofsky score in both nosological groups.

The correlation analysis revealed a strong inverse re-
lationship between the duration of neurological disor-
ders before hospitalization and a possible improved neu-
rological status after surgery in both groups (rs = -0.828
and rs = -0.822; p < 0.001), which was quite expected.
Unexpectedly, no relationship was found between such
outcomes and hospital period duration before the sur-
gery, i.e., with surgical urgency (rs =-0.082; p=0.711 and
rs =-0.223; p = 0.306). The data were confirmed by the
regression analysis results (Table 6, Figs. 3, 4).

The duration of the prehospital period was ranked
by 7-day intervals for statistical analysis due to the
small number of hospitalized patients within the first
72 h after the onset of symptoms. The distribution of
patients is presented in Table 7.

The subsequent analysis revealed that for both
clinical groups with a hospitalization period of >14
days from the appearance of complaints, the possibil-
ity of improving the neurological deficit ceases to be
statistically significant (p = 0.083 for tumor lesions
and p = 0.157 for infectious ones), while the probabil-
ity of their improvement remains for any prehospital
period duration for pain syndrome and the Karnovsky
scale (Table 8).

Table 2

The distribution of patients with spinal tumor and infectious lesions, according to the nature
of neurological disorders, hospitalized within the first 72 h after the onset of complaints

Severity of neurological

disorders according to Frankel Group 1
B 3
¢ 1
D =
E 2
Total 6

Group 2
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Table 3
Main chronometric indicators of the prehospital stage

Values of the indicator, days
p-value,

Chronometric indicator Mann-Whitney test

Me (Q25; Q75) (min; max)
For patients with neurological deficit
from the moment of deterioration to hospitalization
groupl (n = 23) 14.0 (6.0; 19.0) (2; 26) 0.230
group 2 (n = 23) 14.0 (7.0; 24.0) (3;71) :
from hospitalization to surgery
group 1 (n = 23) 2.0 (1.0; 3.0) ©;9) 0.422
group 2 (n = 23) 2.0 (1.0; 3.0) (1; 4) :
from the moment of deterioration to the surgery
groupl (n = 23) 16.0 (8.0; 23.0) (3529)
group 2 (n = 23) 17.0 (10.75; 26.25) (5: 75) Oz
For patients without neurological impairment
from the moment of deterioration to hospitalization
group 1 (n=20) 22.5 (14.25; 40.0) (2; 80) 0.048
group 2 (n = 18) 14.5 (6.25; 30.0) (3; 45) :
from hospitalization to surgery
group 1 (n = 20) 3.0 (2.0; 7.5) (1; 14) 0.126
group 2 (n = 18) 5.0 (3.75; 6.0) (1; 14) :
from the moment of deterioration to the surgery
ik 33.5 (16.0; 45.75) (6; 84) 0.077
group ) 20.0 (13.50; 33.25) (5; 50)
Table 4
The distribution of patients according to the nature of neurological disorders
Severity of Group 1 (n=43) Group 2 (n=41)
neurological
disorders according . After 3 - After 3
to Frankel Admission months p Admission months p
A 1 1 1 1
B 6 1 0.034 3 2 0.317
C 4 1 0.063 3 1 0.083
D 12 10 0.005 16 8 0.001
E 20 30 1.0 18 29 1.0
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Table 5
The distribution of patients according to the pain syndrome severity and functional
dependence on others with the Wilcoxon test significant assessment

Group 1 (n = 43) Group 2 (n=41)

Assessed
criterion of
quality of Admission 3 months 1%;11:0? gls p (t1,2) Admission 3 months 1%;11:025?5 p (t1,2)
life (t1) (t2) (t3) p (t2,3) (t1) (t2) (t3) p (t2,3)
e <0.001 <0.001
intensity 7.56%1.24 2.37*1.12 1.67+1.28 > 6.80%1.36 2.20%+0.98 1.88+1.06 ’

0.002 0.005
(Mean * SD)
Karnofsky
score 56.74t17.83 80.23+14.56 83.61:13.12 <0001 541561341 76101641 79.00¢15.15  <9:001

0.346 0.046
(Mean * SD)

Table 6
Assessment of linear regression scores
Standardized B
Model Independent variables coefficients (groups Significance (groups 1; 2)
1;2)
1 Days from deterioration to
hospitalization (Ln) -0.803;-0.723 <0.001; <0.001
Days from hospitalization to 0.223;-0.107 0.149; 0.484
surgery (Ln)
2 Days f deteriorati
ays trom deterioration to -0.749; -0.741 <0.001; <0.001

hospitalization (Ln)

Dependent variable: Frankel dynamics.

2,5

& 2 —¢& —

g

S 1,5

g \

- 1 "————0——0*—%—0——0

< ——

E 0,5 ===

= 0 41 & 3— Fig. 3. Scatter plot for the analyzed
05 D 5 10 15 25 30 factors of group 1

Period from deterioration to hospitalization, days

60 2021;27(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

1,5
g
E 1 inewe o
g
>
E 05 E:\ L L 11 N N A A
0 ’
2 SEss=
£ o
10 40 50
-0,5

Fig. 4. Scatter plot for the
20 analyzed factors of group 2

Period from deterioration to hospitalization, days

The distribution of patients of groups 1 and 2 over the 7-day intervals

Duration of the prehospital period
<7 days
>7,Ho < 14 days

> 14 days

Total

Table 7
Group 1 Group 2

n % n %

10 24 11 26

9 20 11 29

24 56 19 45

43 100 41 100
Table 8

Changes in neurological state, pain syndrome severity, and functional dependence
on others depending on the duration of prehospital complaints

Wilcoxon test value (months 3/12)

Prehospital
dgg?;ég?a?f Group 1 Group 2

syndrome Frankel VAS Karnofsky scale Frankel VAS Karnofsky scale
<7 days 0.014/0.083* 0.005/0.027 0.005/0.026 0.014/0.020 0.003/0.003 0.003/0.003
7-14 days 0.011/0.011 0.008/0.007 0.007/0.011 0.008/0.011 0.003/0.003 0.003/0.003
>14 days 0.083/0.083 <0.001/<0.001  <0.001/<0.001 0.157/0.083 <0.001/<0.001  <0.001/<0.001

* The Wilcoxon test value was p = 0.083 in group 1 for patients hospitalized in week 1 from the onset of vertebral
syndrome, probably associated with the death of 4 out of 10 patients who had positive ranks when assessed after 3

months.

Discussion

In the context of planned surgical care for patients
with spinal destructive lesions, verification of the
tumor or infectious etiology of the process is of fun-
damental importance, and the doctor has a certain
amount of time for diagnostic procedures and the
choice of etiologically justified treatment. Contrarily,
under urgent conditions, verification is usually simul-
taneously performed with the elimination of spinal

cord compression syndromes and spinal instability,
which, in the case of a retrospectively established tu-
mor process, becomes the subject of discussion about
the priority of one or another component of the neu-
rological, oncological, or mechanical strategy in the
choice of approach [24].

In the medical literature, the issues of postopera-
tive regression of neurological complications in the
presence of a vertebral tumor and infectious lesions
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are usually analyzed depending on the hospital pause
duration, i.e., from the patient’s admission to the hos-
pital. Moreover, if most authors promptly recommend
assisting such patients [5, 8, 12, 15] then the results of
such assistance are assessed extremely ambiguously.
Both the benefit of early surgical treatment [25] and
the lack of fundamental advantages of early (relative
to the time of hospitalization) spinal cord surgical de-
compression have been indicated [26, 27]. The char-
acteristic of the prehospital pause duration in such
patients is not discussed i.e., initially, an ideal clinical
situation is considered, which involves patient hospi-
talization when the first signs of vertebral pathology
appear, primarily neurological disorders, which is ex-
tremely far from reality according to our study.

Problems of adequate routing of such patients
exist not only in Russia but researchers from the
Netherlands and Canada are now paying attention to
this [23]. Patients from risk groups, primarily onco-
logical (primary and secondary immunodeficiency can
also be included) with complaints of spinal pathology
characteristics are monitored for days and sometimes
weeks by neurologists, traumatologists, and oncolo-
gists against the increasing symptoms. Our data re-
vealed that under conditions of such a metropolis as
St. Petersburg, almost half of patients are admitted
to spinal centers later than 2 weeks after the onset of
vertebral, including neurological symptoms, and only
13.6% of patients are admitted within the first 3 days.
This disables the statistical confirmation or refutes
the thesis about the early decompression efficiency in
the analyzed category of patients. However, if the du-
ration of neurological disorders is >14 days, the possi-
bility of their regression after surgery becomes statis-
tically insignificant (i.e., unpredictable). This does not
exclude the possibility of regression of disorders dur-
ing surgeries performed at a later date but considers 2
weeks as an additional critical criterion for an objec-
tive treatment outcomes prognosis of this pathology.

The shorter duration of the prehospital pause that
we noted in group 2 without neurological disorders
may be associated with greater pain intensity in pres-
ence of a local inflammatory process (the task of test-
ing this hypothesis was not set in this study).

Regardless of the prehospital period duration,
emergency treatment significantly reduces pain and
improves the functional independence of patients,
while the positive dynamics of these indicators are
noted throughout the year after surgery. An important
and unexpected study result was not the confirmation
of a strong inverse correlation between the duration
of neurological disorders and the possibility of their
regression after surgery, but the absence of such rela-
tionship with the hospital preoperative duration, i.e.,
with surgical urgency.

Conclusions

The analysis of the influence of specialized medical
care timing on such criteria as functional depend-
ence revealed that the severity of pain syndrome and
the possibility of regression of neurological disor-
ders is important not only for an objective prognosis
of treatment outcomes of patients with spinal tumor
and infectious pathology but also for optimizing the
system to provide them with specialized care. Firstly,
informing the patients from risk groups (a cohort of
oncological dispensaries, patients with immunodefi-
ciency conditions) about the possibility of a secondary
spinal lesion in them and the possibility/necessity of
early contact with specialized spinal clinics is neces-
sary. Reducing the hospitalization time of patients in
such hospitals requires the development of regional
recommendations on routing, primarily for neurolo-
gists and trauma orthopaedists.

In our opinion, information and organizational
solutions can provide a more significant medical and
social effect for such patients than the improved cer-
tain urgent surgical interventions. Timely referral of
patients to specialized clinics before the development
of an emergency condition will provide a sufficient
reserve of time for a comprehensive diagnostics of
spinal destructive lesions (including before the onset
of severe neurological disorders that have the least
potential for recovery) and the choice of not only syn-
dromic but also etiologically justified treatment.
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«BnuaHue porocnutanbHO Naysbl HA UCXOAbI HEOTNOXKHbIX
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C onyxoneBbiM U UHPEKLMUOHHBIM NOPAXKEHUEM NO3BOHOUYHUKA»

I.A. ITTaiHmKoB -2
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2 @IrbOY BO «Cesepo-3anadHsiii 20cyoapcmeaetHsiti meduyuHckuii ynusepcumem um. U.1. Meunukosa» MuH3dpasa Poccuu,
2. Canxkm-Ilemep6ype, Poccus

B PeOaKIyMOHHOM KOMMEHTAapUM aHAJIU3UPYETCSI COBPEMEHHOE COCTOSTHUIEe l'[pO6J'IEMbI OKa3aHMs MeOULMHCKONM IMOMOIIN
NanyeHTaM C YPreHTHbIM COCTOSIHMEM, BBI3BAHHBIM IMaTOJIOTMYECKMMU ITepeIoMaMU ITI03BOHKOB 1 KOMl'[peCCI/Ief/] CIIMHHOTO
MO3ra Ha CIJOHE OeCTPYKTUBHBIX u3MeHeHuit. Pegkas BCTPpeUYaeMOCTDb ITaTOJIOTUM M HeJAOCTATOK 06BbEKTUBHBIX JOAaHHBbIX O6Y-
CJIOB/IMBAIOT OTCYTCTBME KOHCEHCYyCa 06 OpraHu3anyy rMomMoum 3TOM KaTeropmum mnauyeHTOB. NccnemoBanne M.A. MyI.HKI/[Ha
C COaBTOpaMm IIOMOTraeT IIOHATb, KaK BJIMAET AOTOCIIMTA/IbHAA I1ay3a Ha MCXOAbl HEOT/IOXKHBIX HEKOMHDECCI/IBHO-CT36I/IHI/I-
SUPYIOIIUX onepaum‘/i Yy NAalMEHTOB C OITYXOJIEBBIM U I/IHd")eKI.U/IOHHbIM TIOpa’KeHMSIMU ITO3BOHOYHMKA, a TAK)Ke OIpeaeInThb,
Kakoe BpeMs eCTb B PACIIOPsDKeHUM XUpypra. ABTOp KOMMEHTapus CYUTAET, UTO H€O6XO,£[I/[MO TeCHOEe COTPYAHMYECTBO TPaB-
MaTOJIOrOB-OPTOIIEI0B, Heﬁpoxr/[pyme, OHKOJIOTOB IJIS1 pellleHNs1 3TOM l'[pO6)'I€MbI. Haxe HECMOTPs Ha OTCYTCTBME OHKOJIOra
B IITaTe CKOPOIMOMONIHBIX CTAllVIOHAPOB, TeJiIeMeAUIIMHA IMO3BOJISIET CBOEBPEMEHHO I10/Iy4aThb OPraHM3alilMOHHO-MeToauve-
CKYIO IIOOOEPXKKY OJISI KOPPEKTHOTO MPUHATUS PeIIeHMs M0 KaXKOOMY IMaleHTYy. He MeHee BaXkHO B3aMOZEICTBIE MEXay
KIIMHNIOUCTAMMU, JTY4E€BBIMU JUATHOCTAMMU N HaTOMOpd)OJ'[OI'aMI/I. BakHbIM acIIeKTOM SIBJISIETCSI IMpeeMCTBEeHHOCTDb B OKa3aHUU
TMOMOIIM TaliieHTaM. BbITlo/THeHHas! B HEOT/IOKHOM TMopsaKe orepanus 1o JeKOMIIpeCCM CIIMHHOIO MO3ra sIBJISIETCS JINIIb
3TaroM KOMILJIEKCHOTO JieueHMs. TakuM MaieHTaM J0/DKHa ObITh OpraHM3oOBaHa TOUYHAA MapIIpyTu3anys B 3aBUCUMOCTU OT
JAuar"Ho3sa n G/IKaIIero ncxonaa jeyeHus.

KiioueBbie C10Ba: NeCTPYKTUBHbIE MOPakKeHMS MTO3BOHOUHMKA, CIIOHAVIIAT, CIIOHAVUIOAMUCIIAT, METACTaTUYeCKass KOM-
MPeccust CIMHHOTO MO3Ta, IeKOMITPECCUBHO-CTAOMIM3UPYIOIIME OTIepali.
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The editorial comment evaluates the current state of issue of medical care at urgent states caused by pathological vertebral
fractures and spinal cord compression in patients with spine destructive diseases. The rare occurrence of pathology and the
deficiency of objective data determine the lack of consensus on the medical care for this category of patients. The article
by M.A. Mushkin et al helps to understand how the prehospital pause affects the outcomes of emergency decompression
and stabilization procedures in patients with tumor and infectious diseases of the spine, as well as to determine how much
time the surgeon has at his disposal. The author of the comment believes that close cooperation of orthopedic surgeons,
neurosurgeons, oncologists is necessary to solve this problem. Even despite the absence of oncologists in the staff of
emergency hospitals, telemedicine allows to receive methodological support in a timely manner for making a correct decision
for each patient. Interaction between clinicians, radiologists and pathologists is equally important. An important aspect is
continuity in patient care. An urgently performed spinal cord decompression is only a stage of the complex treatment. Such
patients should be provided with accurate routing depending on the diagnosis and the treatment early outcome.

Keywords: spondylitis, spondylodiscitis, metastatic spinal cord compression, decompression and stabilization

surgeries.
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COBI)EMEHHOE coCTosasHUEe l'[p06JIEMbI

VpreHTHbIE COCTOSIHUSI B BepTe6POIOrumM Ha Ipo-
TSOKEHUM MHOTUX IeCSITWIeTHii BbI3bIBAIOT YCTOMUM-
BBII MHTEpeC y CIeluaanucToB. 1 ecnu B OTHOILIIEHUN
MalXeHTOB C TpaBMaMy MTO3BOHOYHMKA U CITMHHOTO
MO3Ta Ha CerofHSIIHMI IeHb JOCTUTHYT OIpeesieH-
HBIi KOHCEHCYC — CO3[aHbl OOIIeNpM3HaHHbIe Klac-
cudukanyuy, IO3BONAIONINME OIPENeasiTh TAaKTUKY
JleueHUs U MPOTHO3MPOBATh €r0 MCXOMbl, U3BECTHBI
OINTUMAaJIbHbIE CPOKM OIIepaTUBHOTO JieueHUs, TO yp-
TeHTHbIe COCTOSIHMSI, BbI3BaHHbIE IATOJIOTUYECKUMU
rnepejioMaMy IO3BOHKOB M KOMIIpeccuelt CITMHHOTO
MoO3ra Ha (oHe eCTPYKTUBHBIX M3MEHEHUIA, OCTAI0T-
€SI HepeIleHHOoI Mpo6ieMOoii COBPEMEHHOCTH!.

IecTpyKTHBHbBIE TIPOIIECChI MMEIT pPas3InyHYIo
3TUOJIOTUIO: TIepBUYHbIE ¥ MeTacTaTuyeckyue OITyXo-
JIU, THOVIHBIE, TyOepKy/e3Hble ¥ TapasuTapHbe IMo-
paykeHMsI, METAO0IMYECKIE TTPOLIECChl. ITO MTPUBOIUT
K TATOJOTMUYECKUM IlepeoMaM Ha ¢GOoHe HOPMajb-
HOV (PU3MOIOTUUYECKOI HAarpy3Ku, KOMITIPECCUMOHHO-
UIIEeMUUECKUM M3MEeHEeHUSIM B HePBHBIX CTPYKTypax
¥ HEeBPOJIOTMUYECKMM paccTpoiicTBam. IIpu aTom Me-
XaHU3MBbI UX Pa3BUTUSI OTIMYAIOTCS OT TAaKOBbIX IPU
TpaBMe, YTO ITO3BOJISIET 6osiee OMTUMMUCTUIHO CMO-
TpeTh Ha CPOKM OoKazaHus rmomoiiu. Ho peakast BcTpe-
YyaeMOCTb IaTOJIOTUM He II03BOJISIeT TMOMYYUTh [I0-
CTATOYHO OOBEKTUBHBIX JAHHBIX, UTO OOYCIOBINBAET
OTCYTCTBME KOHCEHCYCa I10 IpobieMe MTOMOIIM 3TO
KaTeropuu mnaieHToB.

BoMbIIMHCTBO XMUPYProB MPU CTOTKHOBEHUM C He-
OTJIOKHBIM COCTOSTHMEM Ha (GOHEe IeCTPYKTUBHOIO
npoiiecca B MO3BOHOYHMKE, BbI3BAHHOT'O OIyXOJje-
BBIM MM MHGEKIMOHHBIM ITOPasKeHMEM, BbIOMPAIOT
CUHAPOMAJIbHbIN MOAX0, 060CHOBBIBAsI €ro Mpodu-
JIAKTUKOM Pa3BUTUSI KU3HEYTPOXKAKOIINX COCTOSTHUI
¥ HeTaTUBHBIX IMOCIeICTBUI IJ151 3[I0POBbS MallyeHTa.
Bonee Toro, coBpemMeHHble 3HaHMSI O CPOKAxX OKasa-
HUSI TTIOMOIIY TMMalleHTaM Py pasBUTUM HEBPOJIOTU-
YecKoro aeduimnTa MOKHO BhIpasuTh cJioBamu: «Uem
paHblile, TeM Jiyuiiie». 37eCb CKa3bIBalOTCSI HECKOIbKO
(akTOpOB: cMexkHasg 06/1aCTh TPaBMbI ITO3BOHOUHM-
Ka, rae QYHKIMOHAIbHBIN Pe3yabTaT Py HEOTHOM
MOBPEXIeHNM CIOMHHOTO MO3ra 3aBUCUT OT CPOKOB

OKa3aHMsI MeIMIMHCKONM noMouu [1]; BAusiHue HeB-
poJyorMueckoro AeduIMTa Ha KAvyeCcTBO SKM3HU Ma-
LIMeHTa, KOTOpOe MO CBOUM MOKa3aTessiM CTAaHOBUT-
CS1 OTPULIATEIBHBIM (OBITh MTPUKOBAHHBIM K TIOCTEIN
¢ 6onsiMm — Xy>ke, ueM cMepTbh) [2]. Bce aTO oka3biBaeT
TICUXOJIOTUYECKOe NaBjeHMe Ha CHeluaancra, KoTo-
pbIii IPMHUMAET pelieHre O TAKTUKE JIeUeHUSI.

CxiagpiBaeTcsl TpeBOKHaAsl cutyanus. B apceHa-
Jie CIMHAJIbHBIX XMUPYPrOB COMEPXKATCS aITOPUTMBI
" Kiaccubukauum Ajisi TIepBUYHBIX M BTOPUYHBIX
OITyXoJsieil TT03BOHOYHMKA [3, 4, 5], MHGbEKIMOHHBIX
CIIOHIWINTOB [6], MaTOJOTMYECKUX IIepeIOMOB Ha
¢dboHe ocreomoposa [7] u mpoume creuuduyeckue
ravigyariael. Ho y Hac HeT afjieKBaTHBIX MHCTPYMEH-
TOB [1J151 KOMITJIEKCHO OI]eHKU JeCTPYKTUBHOTO MPO-
1ecca Kak CMHApPOMa. 3[IeCh Mbl CTaTKMBAEMCs C TEM,
YTO JII00As CUCTEeMA MOAIEePIKKY TIPUHITUS PelleHuit
MMeeT IBe KPalfHOCTU: HeJOCTaTOUHasi TOUHOCTh U
HeoCTaTOYHOoe 00001eHre.

Bonee ocTtoposkHasi cTpaTeruss MOXKeT MPUBECTU K
rmoTepe 1IeHHOTo BpeMeHU. CpoKy MOPQOIOTMIecKoit
BepudUKaIMM M MapIIpyTU3auuy 60JIbHOTO MOTYT Ba-
pPbMPOBATb, COCTaBIsAS B cpenHeM 21 nmens [8]. A nipu
HaJINYUU COMYyTCTBYIOIIEN COMaTU4YeCKOW MaTOoI0TUM,
Tpebylolieil KOPPeKIuu, CPOKM OKa3aHUST IOMOIIN
MOTYT PacTarmBaThCs 0 47 cyTox [9]. B utore msbl 1o-
JlyuaeM MalieHTa C MOHSITHBIM AMarHo30M, COIIaco-
BAHHOI TaKTUKOM JIeYeHUS U TTOATOTOBIEHHOTO K OIle-
paiyu, HO C BO3MOXXHBIMHU TIOXVMMU NEePCIeKTUBAMU
7SI BOCCTAHOBJIEHMST QYHKLIMY CITMHHOTO MO3Ta.

UYto HaM gaert 3Ta HYGJIMKaI.H/ISI

[MpencraBnenHoe ucciaegoBanne M.A. MyumikmuHa
¢ coaBropamu [10] moMoraeT MOHSTh TO, UTO XOTST
3HAaTb MHOTME U3 CIeLMaJUCTOB, aKTUBHO 3aHU-
MamIIUXCsl XUPYPrUei OMmyxojeil MO3BOHOYHMKA U
THOMHBIX CIOHAMANTOB. Kak BAusieT JOrocuuTaabHas
ray3sa Ha MCXOJIbl HEOT/IOKHBIX JeKOMIIPeCCMBHO-CTa-
OVTM3UPYIONIMX OIepalnii y 60JbHBIX C OITyX0JIEBBIM
W MHGEKIVIOHHBIM TMOpaskeHMeM IM03BOHOYHMKA?
Kakoe BpeMs ecTb B HallleM pacropsbkeHun?

JInmip 13% naiyeHToB ¢ ITOKa3aHMSIMU K HeOT/I0K-
HOJ omepalyy TOCIUTaAU3UPOBAINCh B PEKOMEH0-
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BaHHbIE 72 4. VI aBTOPBI ONpenenniv BpeMeHHO I10-
por B 14 CyTOK, KOTOPBI SIBISUICSI KPUTUIECKUM IJISI
BO3MOXHOCTM BOCCTaHOBJIEHUSI HEBPOJOTUYECKOT
(yukuym. Hamm co6CcTBEHHBIE PE3Y/IbTAThl JIEUEHUS
MalMEeHTOB C METAaCTaTUYECKUMM OMYXOJSIMU MO3BO-
HOYHMKA CBUJETENbCTBYIOT, YTO BpeMEHHO MpoMe-
SKYTOK MOXET ObITh LIMPEe U AOCTUTATh 66 JHEei. DTO
UCC/IefOBaHNe CUTHAIU3UPYET O HAMMUUM CEPbE3HBIX
OPTaHM3aIMOHHBbIX MPOOIEM OTEUeCTBEHHON Meau-
uyHbl. [lomyyeHHbIe aBTOpaMM DPe3y/IbTaThbl CleAyeT
paccMaTpuBaTh He C O3ULUY LO3BOJIEHHOTO OXKMUIa-
HMSI, @ KaK MOOYKIeHe K TepeMeHaM.

KomrminekcHass maTonorusi, TMpOSIBASIIOLIASICS He-
VIIOBJIETBOPUTEIbHBIMM pe3yibTaTaMu J1abopaTop-
HbIX ¥ MHCTPYMEHTAJbHBIX METOLOB MCCAeNOBaHMs,
C OFHO¥ CTOPOHBI, 6BICTPO Pa3BUBAIOIIMECS TEXHOIO-
MM 0OIIEi1 OHKOJIOTUY, HEPOXUPYPTUM Y OPTOTIEIUM,
C APYroii CTOPOHBI, @ TAK)Ke OrpaHUYEeHHbIe UCCaen0-
BaHMUS B 06/1aCTY JieueHMsI OONBHBIX C OITYXOJEBBIM U
MHGEKIMOHHBIM MTOPaKeHVEM MMO3BOHOYHMKA — BCe
3TO UCKJ/II0UaeT IPOCThIe U YHUBepCaIbHbIE pellleHNs.
B ar0i1 cuTyaruu cospena HeOOXOOMMOCTb TECHOTO
COTpYIHMYECTBA TPaBMaTOJIOTOB-OPTOIENOB, Heil-
pPOXUPYProB, OHKOJIOTOB B MYJIbTUAVCUMUITIMHAPHBIX
KOMaHaX, MPOABIDKEHUS MUCCIeOBaTeNbCKUX WMHU-
LIMaTUB, & TAKKe OIVIANIeHMs COOCTBEHHBIX MOTyYeH-
HBIX pe3y/lbTaTOB. Takoe TeCHOe B3aMMOIENCTBUE
orpeJie/IeHHO BO3MOXHO cerofHs. [laxke HeCMOTpS Ha
YacToe OTCYTCTBME OHKOJIOTA B CTallMOHapaxX CKOPOii
MMOMOIIIM, COBpEMEHHbIE TEXHOIOTUM TeleMeqULINHbI
MO3BOJISIIOT CBOEBPEMEHHO M0yYaTh OpraHu3alMoH-
HO-METOINYECKYIO U JIeueOHYI0 MTOAIePKKY B IIPUHSI-
TUM pellleHMs IO KOHKPETHOMY MallMeHTY.

ITyTu penreHust MpoGIEeMbI

Jlyunieii mpoBepKOIi KauecTBa CUCTEMBI 3IPaBOOX-
paHeHUs SIBJISIETCSI KPUTEPUIL: IIOMOTaeT JIM OHA TeM
JIIOIISIM, KOTOPBIM OHAa HaMepeBaeTCs TOMOYb, MJIU
HeT. KOMITOHEHTaMM TaKO¥ CUCTEMBI SIBISIIOTCS PyH-
JaMeHTajdbHasl CTPyKTypa (Kak OpraHm3oBaHa II0-
MOIIIb?), CaM IIPoIlecc (UTO Ha CAMOM [iefie IeaeTcs?)
U pe3yJbTaT (Kakoi 6ymeT ucxon?).

[TporpaMMbl crielMaaM3UPOBAaHHON MeIUIIMHCKOM
MOMOIIM B HacTosiiee BpeMsl Haubojiee CKOHILIEH-
TPUPOBaHbl B MEAUIIMHCKUX IIEHTPax C CYIeCTBYIO-
MM TIPeCTaBUTENIbCTBOM Y3KUX CIIelMaIbHOCTE.
B 3aBUCHMMOCTY OT TOMY/SIMHK MAI[MeHTOB 3TO MOTYT
OBITb OHKOJIOTYST; HEPOXUPYPIUS; PAIMONIOTHS ; TPAB-
MAaTOJIOTMSI M OPTOIeAus; O0Iast, COCymucTasi, Ia-
CTUUecKast XMPyprusi; BeCb CIIeKTp TeparneBTUYeCKuX
CIIelMaNbHOCTei ¥ MeIUIIMHCKAS peaduauTalys.
B 6oree KpymHBIX EHTPaX MOXET OKa3aThCs IOJIe3-
HBIM Ha/Inuye HeCKOJbKMX He3aBUCUMBIX MYJIbTU-
IVICUMIUIVMHAPHBIX KOMAaH/I.

VayuliieHue MpoIleccoB B CUCTEMe OKa3aHUs MeIu-
LIMHCKOJ [IOMOILY 4aCTO 06eCIIeunBaeT IOIOKUTEb-
HYI0O OTHaudy. BakHbI MeXaHM3Mbl B3aMMOAECTBUS

MeXIy KIMHULMUCTaMM, JyYeBbIMU AUArHOCTAMU U
naTomopgonoramyu. CHMKEHME CPOKOB MOPQOsIoTH-
YyecKoil BepubUKALUU SIBJISETCS IPUOPUTETHON 3a-
nmaueii. [Ipy OT/IaXKeHHBIX MIPOLECCAX M COOTBETCTBY-
I0IeM 000PYIOBAaHUM TOUYHBIN OMAarHO3 MOXKET ObITh
TOTyYeH B CPOK A0 72 4. [11].

HemanoBakHbIM acIEKTOM SIBJISIETCS IIPEEMCTBEH-
HOCTb B OKa3aHMM MOMOIIY HalyeHTaM Iociie Tmepe-
HECEHHbIX HeBPOJIOTMUECKMX PACCTPOIICTB U MPU He-
3aBepIlIeHHOM paguKaabHOM JieueHUN. BoinonHeHHas
B HEOT/IO’KHOM TOPSIAKe OIepalyus 1o JeKOMIIPeccum
CIIMHHOTO MO3Ta SIBJISIETCS JIUILb 3TallOM KOMILIEKC-
HOTO JeyeHMs nauyeHTa. Takue nauyeHTbl He JOJK-
HbI BBIMMCHIBATHCSI C PEKOMeHAAIMeN «Imof, Habo-
IeHMe OHKO/IOora (TpaBMaTo/ora, Helpoxupypra) 1o
MECTY KUTEJIbCTBA», T.€. B HUKyHA. VIM JO/KHA OBITh
OpraHM30BaHa TOYHAs MapuipyTmsalus B 3aBUCHU-
MOCTM OT OMarHo3a u 6/vpKaifiiero ucxona eueHus.
W panpHeimme sTamnsl JIy4eBO U JIEKAPCTBEHHOI Te-
panuu AOMKHBI YKIaAbIBATHCS B PAMKM BO3MOXKHOC-
Tei peabuMTanyyu 60JbHOTO.

XoT4 yay4dllieHye pe3yabTaToB JeueHus MaljeHTOB
SIBJISIETCSI KOHEYHOJ 11e/IbI0 BCeX HaIlIUX YCUIIUIA, 4aCTo
3TO — CaMblil CJIOXKHBINM MOKa3aTeNlb IJIS1 U3MepeHus .
VupyBuayanbHble (akTOpbl MAVMEHTOB M ITIEPCOHU-
(bUIMPOBaHHBIN TOAXOH, CUIIBHO VICKAXKAIOT TPaIULIN-
OHHbIE KPUTEPUM OIEHKM Pe3y/IbTATOB B HEOOMBIINX
BbIOOpKax. CremyeT OIEHMBATh TaKMe MCXOObI, Kak
YacToTa XMUPYPrUUeCKUX OCJIOKHEHUI U IoKasaTenn
KauecTBa XM3HU MalMEHTOB IOC/Ie Pa3INYHbIX BMe-
miaTesbCTB. I10 BO3MOXKHOCTM 3TU [JaHHble CjiefyeT
00beIVIHATD, YTOOBI BHEOPSTH TMPUHIIAI TTPUHSITUS
pelleHnii, OCHOBAHHbI/ Ha (HAKTUUECKUX JaHHBIX,
a He Ha IMYHbBIX YOeKOEeHUSIX U ITPeIITOUTEHMSIX.

[To MOHATHBIM TIPUYMHAM TpebGyeTcs BpeMs AJis
IOCTMKEHMST Jaxe 4acTu IpezyioskeHHoro. Ho Ttakue
YCUIMS B KOHEUHOM MUTOTe YIydllaT Kak Helocpe[-
CTBEHHbIE pe3yabTaThl JeUeHUs Y HalllUX MalMeHTOB,
TaK ¥ gaayT 6ojee TOYHOE TTOHMMAaHMe JaTbHeNIIero
YTV Pa3BUTUSI MEOUIIVIHBI B JAHHOM 06/1aCTH.
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Intraosseous Injection of Autologous Bone Marrow Aspirate
Concentrate and Platelet-Rich Plasma for Treatment
of Knee Osteoarthritis
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The aim of the study was to determine the effectiveness of autologous bone marrow aspirate concentrate
(BMAC) and platelet-rich plasma (PRP) intraosseous injection in the treatment of patients with knee OA
stages II-III.

Methods: The multicenter randomized study involved 40 patients (27 women, 13 men, average age 67.0+7.8 years, BMI
32.7+4.8, duration of disease 17.3%3.7 months) with knee OA of stages II-III according to the Kellgren-Lawrence (K-L)
classification. Patients of the main (BMAC group) group (n=19) underwent a single intraosseous injection of BMAC, in the
comparison group (n = 21) — a PRP injection (PRP group). The results were evaluated after 1, 3, 6, 12 months with the verbal
rating scale (VRS), VAS, Leken and WOMAC scales.

Results: Comparison of the results in the groups on the VRS showed that at an earlier time (3 and 6 months),
the preferences of patients were in favor of the treatment of BMAC (65% and 55% positive reviews) before PRP
(55% and 45% positive reviews), whereas after 12 months the differences were insignificant. Analysis of VAS
indicators in patients of both groups indicated a more pronounced decrease in the severity of pain syndrome
after BMAC intraosseous injection. The analysis of the Leken scale indicators showed in favor of BMAC
throughout the entire observation period, the differences were most pronounced in the first 3 months of observation. The
ratio of the values of the WOMAC index in both patients groups indicated statistically significant differences that persisted
in all periods of follow-up, the increase in indicators occurred to a lesser extent after the introduction of BMAC compared with
PRP.

Conclusions: A single intraosseous BMAC injection has an advantage over a similar PRP injection in terms of pain, knee
function and physical activity of patients at all follow-up periods. Both methods of treatment are equally safe.
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BHYTpUKOCTHOE BBeAEeHUE ayTONOrMUHbIX KOHLLEHTpaTa
KOCTHOro Mo3ra 1 o6oraiwieHHoi TpoMb6oLMTaMu NAsMbl
Nnpu 1eYeHMn 0CTeoapTpUTa KONIEHHOrO CyCTaBa
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Pedepar

Ilenwvto viccnemoBaHMUS SIBISIOCH cpaBHeHMe 3(DGEKTUBHOCTY BBOIMMBIX BHYTPMUKOCTHO ayTOJIOTMYHBIX KOHIIEHTpATa
kocTHOTO Mo3ra (KKM) u o6oramieHHoi Tpom6bonutamu miasmbsl (OTII) mpu nedeHun nauueHToB ¢ OA KOJIEHHOIO CY-
crasa II-1II craguii. Mamepuan u memoosl. B MHOTOIIEHTPOBOM PaHIOMMU3UPOBAHHOM UCC/IeLOBAHUY MIPUHSIIN YIaCTHeE
40 manueHTOB (27 XXeHUMH, 13 My>KUMH, cpegHMIT Bo3pacT 67%7,8 net, MHAEKC Macchl Tena 32,7+4,8, mpomoIKUTeEb-
HOCTb 3ab6oneBanust 17,3£3,7 mec.) ¢ OA koneHHoro cycrasa II-1II craguit mo knaccubuxauuu Kellgren —Lawrence (K-L).
[TaumeHTam ocHOBHOJ rpynmnsl (rpynna KKM) (n = 19) BbINONHSIM OSHOKPAaTHYI0 BHYTPUKOCTHYIO MHBeKnio KKM,
B rpymnmne cpaBHeHus (rpymnmna OTII) (n = 21) — uabekuuio OTIIL. PesynbraThl oueHuBanu yepes 1, 3, 6, 12 mec. ¢ uc-
MOJTb30BaHMEM ILIKaJIbl BEPOAIbHON OIEHKM YIOBJIETBOPEHHOCTU nauyeHToB (IIBOY), BAII, mkan Jlekena 1 WOMAC.
Pe3synomamet. CpaBHeHMe pe3ynbTaToB B rpymmnax mno IIBOY mokasasno, uyTo B 6osee paHHue cpoku (3 u 6 mec.) mpep-
MMOYTEHMS MAIMEHTOB OKa3bIBAJIMUCh B MOJb3Yy jeueHuss KKM (65% u 55% monoxkuTenbHbIX 0T3bIBOB) mepen OTII (55%
" 45% TIONIOKUTENbHBIX OT3BIBOB), TOTHA KaK uepe3 12 Mec. pa3nnuusi 6bUIM HeCyIleCcTBEHHbBIMM. AHaIM3 1oKka3areneit
BAIII y manmeHTOB 06eux TPYII yKa3aa Ha 6osiee BpIpaskeHHOE CHISKEHME BBIPAKEHHOCTM 60JIeBOTO CMHIpPOMA IMOce
BHYTpUKOCTHOTO BBeneHuss KKM. AHanun3 rnokasaresient mkasbl JlekeHa CBUAETeIbCTBOBAI B 110/1b3y KKM Ha NpoTsbkeHun
BCero nepuoja HabMomeHus, pa3inuns ObUIM Hanbonee BbIpakeHHBIMU B IepBble 3 Mec. HabmoneHus. COOTHOIIeHNe
3HaueHuit nHgekca WOMAC B 06eux rpymnmax MnaiyMeHTOB CBUAETeNbCTBOBAIO O CTATUCTUYECKM 3HAUMMBIX Pa3InUuMSIX,
COXPaHSIOMIMXCS BO BCeX CPoKax HabMofeHMsI, yBelnueHe roKasaTesieil MpoucxXoquio B MeHblilelt cTelieH! Iocye BBe-
nenuss KKM no cpaBHenuio ¢ OTII. 3akntouenue. OnHOKpaTHOe BHYTpPUKOCTHOe BBemeHne KKM nmMeeT npeumyIecTBo
nepen aHanorMyHbIM BBegeHMeM OTII mo nokasaTensm 601m, GyHKLIMY KOJIEHHOTO CycTaBa U GuU3MIecKoit aKTMBHOCTHU
MalyeHToB Ha Bcex cpoKkax HabmwomeHus. 06a MeToa ieueHUs SIBSIIOTCSI B PaBHOI Mepe 6e30MacHbIMU.

KiroueBsie ciioBa: KOHL€EHTPAT KOCTHOIO MO3ra, 06OI‘aLU,EHHaH TpOM60LU/ITaMI/I I1a3Ma, OCTe0apTPUT KOJIEHHOI'O CyCTaBa.
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Background

The theory of the development of pathological
changes in the subchondral bone under the influence
of chronic traumatization of the epiphyseal parts of
the load-bearing joint remains relevant in modern
medicine. The process is exacerbated by impaired
intraosseous metabolism and is accompanied by the
occurrence of multiple microfractures, followed by
local cancellous bone and bone marrow ischemia and
limited permeability for biologically active substanc-
es and metabolites of the boundary zone between
the articular cartilage and the subchondral bone [1,
2, 3, 4]. Its pathological remodeling is accompanied
by characteristic magnetic resonance imaging (MRI)
symptoms, the so-called bone marrow zone edema,
which is areas of active bone metabolism with in-
creased cytokine and angiogenic factor expression,
peculiar predictors of rapid disease progression [4,
5, 6]. The natural development of these changes in
the subchondral bone leads to focal bone marrow re-
placement with fibrous tissue and cyst formation, as
well as loss of articular cartilage above the bone mar-
row zone edema [7, 8, 9].

The noted biological effects in experimental
studies on the use of autologous platelet-rich plas-
ma (PRP) and bone marrow aspirate concentrate
(BMAC) have proved very attractive for clinical pur-
poses. Neoangiogenesis stimulation, metabolism,
subchondral bone, and articular cartilage regenera-
tion, and anti-inflammatory and anti-apoptotic ef-
fects are related to the pathogenetic mechanisms of
osteoarthritis (OA) development [8, 10, 11].

The knowledge accumulated to date about PRP
efficiency for OA treatment is still far from exhaus-
tive. However, we can already determine more defi-
nitely certain positions, such as knee OA treatment
[8, 12, 13, 14]. Contrarily, the therapeutic potential
of bone marrow aspirates obtained from different
anatomical regions and concentrated by centrifu-
gation remains generally unclear, not to mention
the study in a comparative aspect.

This study aimed to compare the efficacy of intra-
osseously administered autologous BMAC and PRP
for patients with stage II-1II knee OA.

Methods
Study design

A multicenter randomized study conducted from 2016
to 2021 included 40 patients with knee OA, of whom
27 were females and 13 were males, with a mean age
of 67.0 = 7.8 years, body mass index of 32.7 + 4.8, and
disease duration of 17.3 # 3.7 months. Unilateral (n =
24) and bilateral (n = 16) knee joint lesions with pre-

dominant localization in the internal part regions
(varus-gonarthrosis) were established based on com-
plaints, anamnesis, and data from radiation examina-
tion methods (X-ray and MRI).

The inclusion criteria for the study were the
following:

— primary knee joint OA stages II-III according
to the Kellgren-Lawrence classification (K-L);

— the presence of overload bone marrow edema
in the internal condyle region of the femur and/or
tibia,

- pain syndrome of at least 6 points on the visu-
al analog scale (VAS) scale;

- insufficient efficiency of previous conservative
treatment.

Exclusion criteria were the following:

— patients younger than 45 years of age;

— patients with blood diseases, viral hepatitis B
and C, human immunodeficiency virus infection,
concomitant chronic internal organ diseases in the
decompensating stage, and oncological diseases;

- an inflammatory process in the knee joint;

— oral corticosteroids or immunosuppressive
drugs 6 weeks before the examination;

— arthroscopy earlier than 6 months before the
examination;

— use of PRP or hyaluronic acid preparation ear-

lier than 90 days before primary screening.

The inclusion criteria were met by patients of
both clinical groups, who were comparable in terms
of representation, main clinical and morphological
parameters, including disease duration and manifes-
tations, and differed only in the method of OA treat-
ment (Table 1).

Patients of the main group (BMAC group) (n = 19)
underwent a single intraosseous injection of BMAC in
the area of bone marrow edema, whereas PRP (PRP
group) was used in a similar procedure in the com-
parison group (n = 21). The zone of overload bone
marrow edema and its localization were preliminarily
determined according to MRI data and transposed to
fluoroscopic images obtained during manipulations.
Overload bone marrow edema was distinguished from
aseptic necrosis by a change in the signal from the
bone, which was characterized by low intensity on T1-
weighted images and high intensity on T2-weighted
images and short modes. Contrarily, the pathogno-
monic sign of aseptic necrosis was a line of low signal
intensity along the periphery of the infarction focus
with a bright inner line along the infarction surface on
T1- and T2-weighted images. Foci of aseptic necrosis
were predominantly located in the subchondral zone
of the posterior-inner condyle parts of the femur and
(or) tibia (Fig. 1, 2).
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Table 1

Characteristics of patients included in the study

Parameter BMAC group
Gender
Male 6
Female 13
Age, years 67.0+8.1
BMI 32.7%3.9
Unilateral/bilateral OA 12/7
Disease duration, months 17.0£2.5
Stage by Kellgren-Lawrence
11 8
111 11

PRP group
7
14
67.0£6.8
32.7+4.4
12/9
17.0+4.2

10
11

Fig. 1. MRI picture of the aseptic necrosis zone
of the femoral condyle intero-posterior compartment in
T1 mode: a — coronary section; b — sagittal section

Intervention technique

The preparation and administration of PRP were
performed in a dressing room. PRP was obtained
using a special YCELLBIO PRP container (Korea).
From the cubital vein of the patient, 13 ml of blood
was taken and was mixed in a container with 2 ml of
dextrose citrate solution. The container was placed
in a RotoFix 32 centrifuge (Hettich, Germany) with
an appropriate counterweight.

The initial centrifugation at 3200 rpm was per-
formed for 4 min. Then, using a swivel cap on the
container, the level of the hematocrit layer below
its neck was set (Fig. 3 a). From the repeated cen-
trifugation at a rate of 3400 rpm for 4 min, 3 ml of
PRP were obtained. The platelet layer was removed
from the container using a syringe (Fig. 3 b).

The platelet concentration in the resulting PRP
was calculated using an Erba Elite 3 hematological
analyzer (Czech Republic), and PRP was coded ac-
cording to the international consensus classifica-
tion of PRP adopted in 2020 [15].

Fig. 2. Zone of overload edema of the femoral
and tibial condyles in T1 mode: a — coronary section;
b — sagittal section

BMAC sampling and receipt were performed in
an operating or dressing room in compliance with
all aseptic and antiseptic measures. Therefore, the
patient was placed in a lying position on his back
along the inner surface of the proximal metaepi-
physis of the tibia, and local anesthesia of the skin
and underlying soft tissues was administered with
5.0 ml of a 2% lidocaine solution until the needle
contacted the bone surface. Then, an aspiration
trocar (11 G) was inserted with rotational move-
ments through the cortical plate of the tibia until
a dip sensation (by 30—-35 mm). After removing the
stylet, 30 ml of bone marrow was taken with a sy-
ringe. The trocar was rotated around its axis dur-
ing sampling and its depth was changed to increase
the concentration of cells in the aspirate. The bone
marrow thus obtained was mixed with 5 ml of hepa-
rin solution and placed in two containers.

The fraction with a high content of mesenchy-
mal cells was separated from other constituent
elements of the bone marrow by centrifugation at
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a velocity of 2400 rpm for 20 min. After removing
the containers from the centrifuge, the upper 1.5
ml layer of the bone marrow concentrate was taken
into the syringe using a sterile needle in the isth-
mus of each of the containers, as described in the
method for obtaining PRP (Fig. 3 b).

The count of mononuclear cells in BMAC was
determined by flow cytometry using antibodies to
the cluster of differentiation (CD)34, CD14, CD73,
CD105, and CD90 [4, 10, 11].

The BMAC or PRP was administered in the op-
erating room under fluoroscopic control in the area
of overload bone marrow edema of the condyle of
the tibia or femur using an injection needle (18 G).
The latter was inserted into the cancellous bone to
the required depth after local anesthesia of the skin
and soft tissues with 5.0 ml of 2% lidocaine solu-
tion in twisting movements or “wristwatch wind-
ing.” Before the administration of BMAC or PRP, 1.0
ml of the indicated anesthetic solution was slowly
injected into the bone (Fig. 4).

A total of 40 intraosseous injections of BMAC
and PRP were injected, wherein 23 into the internal
condyle of the femur and 17 into the internal con-
dyle of the tibia.

Fig. 3. PRP preparation:
a — level of the hematocrit layer after the first
centrifugation; b — platelet layer sampling

Fig. 4. Injection of BMAC
under fluoroscopic control
into overload edema of the
bone marrow of the internal
femoral condyle

After PRP or BMAC manipulations, cold appli-
cations for 2-3 days were recommended to all pa-
tients, as well as walking with a cane for 5-7 days
and analgesics for severe pain for 1-2 days.

Evaluation of results

The results were evaluated 1, 3, 6, and 12 months after
injection using VAS, Leken, and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
scales. Patients’ satisfaction with treatment outcomes
was assessed using a modernized verbal rating scale
(VRS), where the result was distributed from 0 to 3
points, thus 0 points indicated poor result (no im-
provement), 1 meant satisfactory (improved joint
movements, decreased pain, and persistent function-
al limitations that reduce the quality of life and physi-
cal activity), 2 indicated good result (no restrictions
in everyday life, but intense exercise and sports cause
pain or discomfort), and 3 for the excellent result (full
recovery and physical activity and sports are possible
without significant restrictions) [16]. Objective data
on the changes over time of the pathological process
in the knee joints of patients under the treatment in-
fluence were assessed based on MRI data at 3, 6, and
12 months after injection.

Fig. 5. Decrease in signal intensity and the size

of the bone marrow edema zone in the area

of the femoral and tibial condyles after injection
of BMAC: a — before injection; b — after 3 months
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Statistical analysis

Statistical processing of the study results was per-
formed using the methods of mathematical sta-
tistics. The obtained data were processed in Excel
2016, Office XP (Microsoft Corp., USA) software
using the capabilities of the computer application
Statistica 10.0 (Statsoft, USA).

The analysis of parameters with a normal distri-
bution of values was performed using the Student’s
t-test, assessing the degree of discrepancy between
the arithmetic means M1 and M2, relative to the
variance c,. The obtained value was compared with
the tabular value of the Student’s t-test at a signifi-
cance level of p = 0.05. Provided that the obtained
value of the Student’s t-test was greater than the

critical table value, the difference between the
compared values was recognized as statistically
significant.

The analysis of non-parametric quantitative
attributes was performed using the Friedman cri-
terion, which is based on the ranking of repeated
measurements for each sample object. The ob-
tained empirical value of the y? criterion was com-
pared according to the table for the selected level
of statistical significance (p = 0.05) with the criti-
cal value for a given number of compared samples.
When the corresponding value exceeded the critical
value (for the chosen level of significance and the
corresponding number of degrees of freedom), the
null hypothesis was rejected.

Table 2

Treatment outcomes in the BMAC group

Follow-up period

Scale

Statistical significance

el 1 mon. 3 mon. 6 mon. 12 mon.
treatment

VRS

excellent 4 0 0

good 11 11 10 6

satisfactory 4 7 8

poor 0 2 5
VAS 5.9%0.7 2.3%0.6 2.5%0.4 2.7+0.4 3.9+0.3 x*. = 36.04; p<0.01
Leken index 10.3+0.4 4.1+0.2 5.0%0.6 5.4%0.3 5.8%0.7 x*. = 37.18; p<0.01
WOMAC 59.3+0.8  21.5%0.4 25.8+0.3 33.4+0.7 40.6%0.3 x% = 76; p<0.01

Table 3
Treatment outcomes in the PRP group
Follow-up period
Scale Before Statistical significance
1 mon. 3mon. 6 mon. 12 mon.
treatment

VRS

excellent 1 1 0 0

good 13 11 8 5

satisfactory 6 8 11 10

poor 1 1 3 6
VAS 5.9%0.7 2.3%0.6 2.5%0.4 2.7+0.4 3.9%0.3 x% = 33.81; p<0.01
Leken index 10.3%0.4 4.1£0.2 5.00.6  5.4+0.3 5.8%0.7 x% =39.7; p<0.01
WOMAC 59.3%0.8  21.5%0.4 25.8+0.3 33.4*0.7 40.6%0.3 x% = 80.95; p<0.01
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Results

The median platelet concentration in PRP was
962+40=x109/L. and was within the recommend-
ed range for this orthobiological product [8, 13,
14]. The leukocyte count reached 9.7+1.4x109/1,
which considered the PRP used in our study
as plasma with a low count of these cells. The
plasma also contained traces of erythrocytes
(<1x106 pl), was not subjected to external acti-
vation and, did not comprise the added CaCl2.
According to the international consensus clas-
sification (2020), the resulting PRP was coded as
N3N4-NON2-NONO [8]. The determination of the
cellular bone marrow aspirate composition after
the sampling showed that the mononuclear cells
reached 17.4%9.6x106/ml. After centrifugation,
their concentration increased to 98.5+7.2x106/ml,
which was close to the obtained values in several
other studies [17, 18, 19].

All patients achieved the final and intermediate
points of the study with treatment result assess-
ments at 1, 3, 6, and 12 months after the intraos-
seous injection. Result evaluation in the groups of
BMAC and PRP in the control periods is presented
in Tables 2 and 3.

Data comparison in the VRS groups revealed
that in the early stages (3 and 6 months), patients’
preferences turned out to be in favor of BMAC treat-
ment (65% and 55% of positive reviews) versus PRP
(55% and 45% of positive reviews), whereas differ-
ences were insignificant after 12 months.

The VAS score analysis in patients of both groups
at all control follow-up periods revealed that, de-
spite the pronounced analgesic effect of the studied
treatment methods, the severity of pain syndrome
decreased to a greater extent after intraosseous
BMAC administration than after PRP. However,
after 12 months, differences were not statistically
significant.

Identification of the dynamics of the average val-
ues of the Leken scale with the initial level showed
a statistically significantly decreased OA severity
index after the use of both treatment methods. The
comparison between the studied groups of patients
testified in favor of BMAC throughout the entire
follow-up period, and differences were most pro-
nounced in the first 3 months of follow-up.

The ratio of the WOMAC index values in both
groups of patients with the initial level of this in-
dicator revealed statistically significant differenc-
es that persisted in all control periods of follow-
up. Despite the overall negative dynamics of the
WOMAC index in both groups of patients, especially

in later follow-up periods, the indicators increased
to a lesser extent after the BMAC administration
than after PRP.

The objective aspect of the reduced pain syn-
drome severity after the administration of BMAC or
PRP was the disappearance or significantly reduced
size and decreased signal intensity in the area of pre-
viously identified bone marrow edema according to
MRI (Fig. 5) [4].

After intraosseous BMAC or PRP administra-
tion in 5 (26.3%) patients of the main group and 4
(19.04%) patients of the comparison group, adverse
events were noted in the form of increased knee
joint pain and swelling, the possibility of which was
purposely discussed on the eve of treatment. These
phenomena gradually disappeared after 6-7 days.
Seven (36.8%) patients in the BMAC group and 5
(23.8%) in the PRP group required analgesic drugs
for several days.

Discussion

Newly obtained data in the study of OA pathogen-
esis, modern design, and research result analysis
from the standpoint of evidence-based medicine
expanded the clinical guidelines. An expert opin-
ion on the use of orthobiological methods was an-
nounced at the EULAR congress in 2020, and intra-
articular PRP injections were classified as effective
second-line treatments for knee OA [1, 8, 12, 13, 20,
21].

The biological effects of PRP are currently asso-
ciated with the cellular metabolism stimulation and
the possibility of modeling the homeostasis of the
synovial joint environment by influencing chronic
inflammatory and degenerative processes [8, 22, 23].
Growth factors, such as platelet-derived growth fac-
tor, transforming growth factor (TGF), platelet-de-
rived endothelial growth factor, vascular endothelial
growth factor, insulin-like growth factor 1, fibroblast
growth factors, and others contained in platelet al-
pha granules are considered as the main instruments
that regulate the biological processes in tissues [8,
12,13, 14, 24].

The PRP anti-inflammatory property manifesta-
tion is achieved through various biological mecha-
nisms, but mainly due to the regulatory influence
of growth factors on all three phases of the inflam-
matory process through the transmembrane cell
receptor interaction and intracellular signal initia-
tion [1, 3, 8, 14, 21].

The concentration of platelets in the PRP should
exceed the normal count of these cells in the pe-
ripheral blood by 4-5 times (up to 1000 x 103 pl/1)
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to implement the anti-inflammatory effect and re-
parative potential, although nowadays it cannot be
stated definitely [17, 18, 25, 26]. Several randomized
controlled trials have demonstrated the absence of
a correlation between the platelet concentration in
the PRP and the achieved results [8, 23, 27].

The leukocytes contained in the PRP have a sig-
nificant influence on the modeling of the inflam-
matory process in the joint. With their high count,
catabolic processes start to predominate over ana-
bolic ones due to a sharply increased amount of pro-
inflammatory mediators, which is manifested at the
clinical level as an adverse event, namely increased
pain and synovitis [3, 8, 23]. Contrarily, one can hard-
ly conceive PRP that does not contain leukocytes at
all. The antimicrobial activity of leukocytes against
most bacteria and their powerful anti-inflammatory
potential ensure the safety of intra-articular or in-
traosseous PRP administration [8, 27]. Finally, the
problem of obtaining PRP with a given leukocyte
count has not yet found an acceptable technical so-
lution due to the well-known difficulties in separat-
ing leukocytes from platelets that are located in the
same layer without significant platelet loss [13, 14,
27].

In the obtained plasma in our study, the plate-
let and leukocyte concentration were 962+40x109/1
and 9.7+1.4x109/1, respectively, which did not ex-
ceed the above-discussed disputed threshold val-
ues. The absence of exogenous activation of PRP
without a “volley” release of growth factors under
the influence of endogenous collagen also reduced
the risk of increased inflammation and pain, which
was especially important when plasma was injected
into the area of bone marrow edema in case of al-
ready existing inflammation.

Experimental and clinical studies revealed that
the effect of PRP growth factors after intraosseous
administration is felt not only by the subchondral
bone but also by the covering hyaline cartilage,
which usually has the greatest damage just above
the areas of bone marrow edema [3, 8, 14, 23].

Y. Kobayashi et al. revealed that PRP enhances
migration and stimulates chondrogenic differentia-
tion of progenitor cells in the subchondral bone [1].
Their high level in the synovial fluid, which indi-
cates a more severe OA, decreases after intraosse-
ous PRP administration to values close to normal
[17, 26]. Additionally, PRP reduces the overexpres-
sion of TGF-B, which inhibits signal transduction in
positive mesenchymal stromal cells (MSCs) of the
subchondral bone, thereby attenuating degenera-
tive processes in the articular cartilage [27].

Autologous BMAC in patients of the main group
belongs to the next generation of orthobiological
products after PRP and is considered quite prom-
ising for the pathogenetic OA treatment [28, 29,
30, 31]. The contained MSCs in BMAC have wider
possibilities of cellular and molecular level action
compared to PRP, although their count is 0.01% of
the cell population and increases to only 0.1% af-
ter centrifugation [10]. Contrary to the associated
dualism with the platelet concentration in the PRP
action, an increased MSCs count in the BMAC in-
creases the therapeutic effect. Its implementation
requires an increased concentration of MSCs by
>0.01%, which was achieved in the course of obtain-
ing BMAC in our study [2, 10, 11].

MSCs can stimulate the differentiation and pro-
liferation of surrounding cells in osteogenic, chon-
drogenic, or adipogenic directions due to their reg-
ulatory functions [7, 11, 17, 30]. The paracrine effect
of MSCs is implemented through the secretion of
a large number of growth factors, cytokines, and
chemokines that have an activating effect on the
stem cells, as well as an antiapoptotic, angiogen-
ic, immunomodulatory, and antiseptic effect [32].
MSCs also enhance the synthetic activity of cells
and matrix remodeling [17, 19, 31]. Additionally,
BMAC also includes other bone marrow cells, in-
cluding platelets, of which the count increases
several times after centrifugation, as in PRP, which
provides some synergy of action and imparts BMAC
with additional biological properties of plasma [9,
17, 30].

The contemporary literary sources on the effi-
ciency of intraosseous PRP or BMAC injections in
knee OA are mostly limited to clinical case descrip-
tions. B. Di Matteo et al. included in their systematic
review only 5 related publications to the intraosse-
ous PRP and BMAC administration that met several
simple criteria, including a sample of at least 5 pa-
tients and a follow-up period of at least 6 months
[22]. The attitude to the results obtained in most
works on this issue remains cautious due to the
difference in therapeutic protocols and treatment
outcome evaluation, and even some prejudiced at-
titudes [27]. However, several comparative studies
at this stage are certainly especially noteworthy.

Simultaneous intraosseous PRP administra-
tion with intra-articular plasma injection in knee
OA was first proposed by M. Sanchez et al. in 2016.
Somewhat later, the authors published results of a
comparative study of two groups of 60 patients with
stage III-IV OA (K-L), who received PRP with a high
level of leukocytes as a single intra-articular injec-
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tion or in combination with intraosseous plasma
injection. The treatment result evaluation after 6
and 12 months indicated the remaining statistically
significant advantages of the combined method us-
ing PRP in the absence of differences in the early
follow-up [3].

Higher rates of the knee joint function restora-
tion and a decreased pain syndrome intensity were
also noted by K. Su et al. in 65 patients with the
knee joint OA of stages II-III (K-L) after combined
intra-articular and intraosseous administration of
PRP compared with only intra-articular injections
of plasma or hyaluronic acid for 18 months of fol-
low-up [23]. Similar results were also obtained in
40% of patients in a pilot study by N. Fiz et al. af-
ter the combined administration of PRP to the hip
joint in stages II and III of the disease [14].

The obtained results certainly could not be ful-
ly extrapolated to the treatment of subchondral
bone injuries in knee OA using BMAC; however,
some clinical effects could be quite expected. Thus,
P. Hernigou et al. revealed that the results of ad-
ministering 20 ml of BMAC containing 6500/ml of
MSCs into the femur and tibia to 30 young patients
with end-stage knee OA associated with osteone-
crosis after 8—16 years turned out to be comparable
or slightly better by HSS scale than after total ar-
throplasty of the contralateral joint. After the in-
traosseous BMAC injection, the articular cartilage
thickness increased by 4.2%-23.5%, and the size of
osteonecrosis foci decreased by 40% within 2 to 5
years after manipulations [30].

A few years later, in a more representative ran-
domized study of a similar design, which included
140 patients aged 65 to 90 years with the knee joint
OA, predominantly stages III-IV (K-L), P. Hernigou
et al. reported 18% completion of arthroplasty after
an average of 10 years after BMAC administration,
which in terms of each year of the follow-up was
1.19% and approached the risk of revision interven-
tions on the opposite joint with an endoprosthesis.
The average count of MSCs in 20 cm3 of BMAC from
the iliac wing injected in equal amounts into the
subchondral bone of the internal condyles of the
femur and tibia reached 7800/ml. According to the
authors, the pronounced analgesic effect of BMAC
avoided arthroplasty for a long period and reduce
the risks of surgery-associated complications [7, 8,
11].

The comparison of two administration routes of
40 ml of BMAC containing an average of 5727/ml
of MSCs (intra-articular and intraosseous) was un-
dertaken by P. Hernigou et al. in another prospec-

tive randomized study. The subchondral injection
of BMAC into the femur and tibia in one knee joint
and intra-articular administration in the other joint
in 60 patients with bilateral OA stages I-IV (K-L)
revealed the clinical benefits of using the first of
the techniques 2 years after the manipulations.
The annual frequency of arthroplasty was 1.3% and
4.6% in groups 1 and 2, respectively. An objective
assessment of the dynamics of damage foci to the
subchondral bone using MRI also testified in favor
of the intraosseous route of BMAC administration
[7, 11].

V. Vad et al. were the first who used combined in-
traosseous subchondral and intra-articular injection
of bone marrow aspirate and conducted a prospec-
tive treatment outcome evaluation in a series of 10
patients with stage III-IV (K-L) knee joint OA. The
technique is called PeCaBoo (percutaneous chon-
dral bone interface optimization). The bone mar-
row aspirate was obtained from the proximal epi-
physis of the tibia, of which 2 ml was injected into
the subchondral parts of the condyles of the femur
and tibia under fluoroscopic control and another 2
ml into the knee joint cavity. The authors revealed a
decreased intensity of pain syndrome by 3 times ac-
cording to the NRS-Pain scale at 3, 6, and 12 months
and more (on average 14 months) after the manipu-
lation, as well as an improved functionality accord-
ing to the WOMAC scale by 23 points, with a 60%
decreased number of patients who are forced to take
non-steroidal anti-inflammatory drugs. Control MRI
showed a decreased bone marrow edema and an in-
creased articular cartilage thickness by 14% [9].

The therapeutic potential of combined subchon-
dral and intra-articular administration of BMAC
was also analyzed and confirmed by E. Kon et al. in
a pilot multicenter prospective cohort study. Single
combined BMAC at 9 ml (3 ml for each injection)
was administered to 30 patients with a mean age of
56.4 years with symptomatic OA of the knee joint
of stages II-III (K-L) and MRI-confirmed changes
in the subchondral bone of one or both condyles,
mainly in the internal part of the joint. The treat-
ment results were evaluated after 1, 3, 6, and 12
months. A significantly decreased pain syndrome
according to the VAS scale and an improved knee
joint functionality according to the International
Knee Documentation Committee and Knee Injury
and Osteoarthritis Outcome Score scales were reg-
istered not only in the early stages after the BMAC
administration but were accompanied by a de-
creased zone of bone marrow edema according to
MRI data. Positive changes over time persisted up
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to the extreme point of the follow-up (12 months).
Concurrently, no significant changes were found in
patients’ perception of improvement in their gen-
eral health according to the EQ-VAS scale of the
quality of life [2].

Study limitations

The limitations of the performed study included
the small number of patients, the absence of a
placebo group, and the use of point scales mainly
based on subjective indicators for treatment result
assessment.

Conclusions

A single intraosseous subchondral BMAC admin-
istration has an advantage over the similar PRP
administration in terms of most indicators such
as pain, knee joint function, and physical activity
of patients both in early and late follow-up peri-
ods. Both treatment methods are equally safe but
are not devoid of adverse effects in the form of in-
creased pain and joint swelling within a few days
after the manipulation.

Ethical expertise

The clinical trial observed the requirements of the
Declaration of Helsinki of 1975, revised in 2008.
Approval was obtained from the local ethical com-
mittee of the Volgograd State Medical University of
the Ministry of Health of Russia in 2016 to conduct
a clinical trial “The use of bone marrow aspirate
concentrate in patients with injuries and long-term
damage of the musculoskeletal system.

Informed consent

Patients gave voluntary written informed consent
to participate in the study and publish its results.

References

1. Alekseeva L.IL [Osteoarthritis: epidemiol-
ogy, classification, risk factors, and progres-
sion, clinical presentation, diagnosis, and treat-
ment]. Sovremennaya revmatologiya [Modern
Rheumatology Journal]. 2019;13(2):9-21. (In Russian).
doi: 10.14412/1996-7012-2019-2-9-21.

2. Zaitseva M.Ju., Netylko G.I., Kazemirsky A.V. [Problems
of differential diagnostics of avascular and posttraumatic
necroses of femoral and tibial condyles]. Travmatologiya
i ortopediya Rossii [Traumatology and Orthopedics of
Russia]. 2005;4(37):53-56. (In Russian).

3.

10.

11.

12.

13.

14.

Lychagin AV., Garkavi AV.,Islaieh O.L,
Katunyan P.I., Bobrov D.S., Yavlieva R.H. et al.
[Effectiveness of intraosseous infiltration of autolo-
gous platelet-rich plasma in the area of the bone mar-
row edema in osteoarthritis of the knee joint]. Vestnik
RGMU [Bulletin of RSMU]J. 2019;(4):50-56. (In Russian).
doi: 10.24075/brsmu.2019.053.

Malanin D.A., Demeshchenko M.V., Cherezov L.L.,
Grunin S.V. [Efficacy of platelet-rich plasma for treat-
ing patients with knee osteoarthritis]. Prakticheskaya
meditsina [Practical Medicine]. 2020;18(4):29-35.
(In Russian).

Malanin D.A., Norkin A.I., Tregubov A.S., Demeshchenko
M.V., Cherezov L.L. [PRP-Therapy for Tendinopathies
of Rotator Cuff and Long Head of Biceps].
Travmatologiya i ortopediya Rossii [Traumatology and
Orthopedics of Russia]. 2019;25(3):57-66. (In Russian).
doi: 10.21823/2311-2905-2019-25-3-57-66.

Nekachalov V.V. [Pathology of bones and joints]. SPb:
Sotis; 2000. 285 p.

Andia I., Sdnchez M., Maffulli N. Joint pathology and
platelet-rich plasma therapies. Expert Opin Biol Ther.
2012;12(1):7-22. doi: 10.1517/14712598.2012.632765.

Chahla J., Alland J.A.,, Verma N.N. Bone
Marrow Aspirate Concentrate for Orthopaedic
Use. Orthop Nurs. 2018;37(6):379-381.

doi: 10.1097/NOR.0000000000000502.

Choi B.H., Zhu S.]., Kim B.Y., Huh ].Y., Lee S.H., Jung J.H.
Effect of platelet-rich plasma (PRP) concentration on
the viability and proliferation of alveolar bone cells: an
in vitro study. Int ] Oral Maxillofac Surg. 2005;34(4):420-
424. doi: 10.1016/j.ijom.2004.10.018.

Eymard F., Ornetti P., Maillet ]., Noel E., Adam P., Legré-
Boyer V. et al. Intra-articular injections of platelet-rich
plasma in symptomatic knee osteoarthritis: a consen-
sus statement from French-speaking experts. Knee Surg
Sports Traumatol Arthrosc. 2021;29(10):3195-3210.
doi: 10.1007/s00167-020-06102-5.

Fiz N., Delgado D., Garate A., Sanchez P., Oraa J., Bilbao
A.M. et al. Intraosseous infiltrations of Platelet-Rich
Plasma for severe hip osteoarthritis: A pilot study.
J Clin Orthop Trauma. 2020;11(Suppl 4):S585-S590.
doi: 10.1016/j.jcot.2019.12.012.

Foster T.E.,Puskas B.L.,Mandelbaum B.R., Gerhardt M.B.,
Rodeo S.A. Platelet-rich plasma: from basic science to
clinical applications. Am J Sports Med. 2009;37(11):2259-
2272.doi: 10.1177/0363546509349921.

Gianakos A.L., Sun L., Patel J.N., Adams D.M.,
Liporace F.A. Clinical application of concentrat-
ed bone marrow aspirate in orthopaedics: A sys-
tematic review. World ] Orthop. 2017;8(6):491-506.
doi: 10.5312/wjo.v8.i6.491.

Giovanini A.F., Gonzaga C.C.,, Zielak ].C,,
Deliberador T.M., Kuczera J., Goringher I. et al. Platelet-
rich plasma (PRP) impairs the craniofacial bone repair
associated with its elevated TGF-p levels and modulates
the co-expression between collagen III and a-smooth
muscle actin. J Orthop Res. 2011;29(3):457-463.
doi: 10.1002/jor.21263.

78 2021;27(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

.Hernigou P., Auregan ].C., Dubory A., Flouzat-
Lachaniette C.H., Chevallier N., Rouard H. Subchondral
stem cell therapy versus contralateral total knee arthro-
plasty for osteoarthritis following secondary osteone-
crosis of the knee. Int Orthop. 2018;42(11):2563-2571.
doi: 10.1007/s00264-018-3916-9.

Hernigou P., Bouthors C., Bastard C., Flouzat Lachaniette
C.H., Rouard H., Dubory A. Subchondral bone or intra-
articular injection of bone marrow concentrate mesen-
chymal stem cells in bilateral knee osteoarthritis: what
better postpone knee arthroplasty at fifteen years?
A randomized study. Int Orthop. 2021;45(2):391-399.
doi: 10.1007/s00264-020-04687-7.

Hernigou P., Delambre J., Quiennec S., Poignard A.
Human bone marrow mesenchymal stem cell injection in
subchondral lesions of knee osteoarthritis: a prospective
randomized study versus contralateral arthroplasty at a
mean fifteen year follow-up. Int Orthop. 2021;45(2):365-
373. doi: 10.1007/s00264-020-04571-4.

Holton J., Imam M., Ward J., Snow M. The Basic
Science of Bone Marrow Aspirate Concentrate in
Chondral Injuries. Orthop Rev (Pavia). 2016;8(3):6659.
doi: 10.4081/0r.2016.6659.

Imam M.A., Mahmoud S.S.S., Holton J., Abouelmaati D.,
Elsherbini Y., Snow M. A systematic review of the con-
cept and clinical applications of Bone Marrow Aspirate
Concentrate in Orthopaedics. SICOT ]. 2017;3:17.
doi: 10.1051/sicotj/2017007.

Jiang J., Chen J. Diagnostic
taneous osteonecrosis of medial tibi-
al plateau. Chin Med J. 2019;132(6):755-756.
doi: 10.1097/CM9.0000000000000119.

Kobayashi Y., Saita Y., Nishio H., Ikeda H.,
Takazawa Y., Nagao M. et al. Leukocyte concentration
and composition in platelet-rich plasma (PRP) influences
the growth factor and protease concentrations. /] Orthop
Sci. 2016;21(5):683-689. doi: 10.1016/j.j0s.2016.07.009.
Kon E., Boffa A., Andriolo L., Di Martino A., Di Matteo B.,
Magarelli N. et al. Subchondral and intra-articular injec-
tions of bone marrow concentrate are a safe and effective
treatment for knee osteoarthritis: a prospective, multi-
center pilot study. Knee Surg Sports Traumatol Arthrosc.
2021. doi: 10.1007/s00167-021-06530-x.

Kon E., Di Matteo B., Delgado D., Cole B., Dorotei A.,
Dragoo ]. Platelet-rich plasma for the treatment
of knee osteoarthritis: an expert opinion and pro-
posal for a novel classification and coding sys-
tem. Expert Opin Biol Ther. 2020;20(12):1447-1460.
doi: 10.1080/14712598.2020.1798925.

Kriiger ]J.P., Hondke S., Endres M., Pruss A., Siclari A.,
Kaps C.Human platelet-rich plasma stimulates migration
and chondrogenic differentiation of human subchon-
dral progenitor cells. J Orthop Res. 2012;30(6):845-852.
doi: 10.1002/jor.22005.

Manferdini C., Maumus M., Gabusi E., Piacentini A.,
Filardo G., Peyrafitte J.A. et al. Adipose-derived mes-
enchymal stem cells exert antiinflammatory effects
on chondrocytes and synoviocytes from osteoarthri-
tis patients through prostaglandin E2. Arthritis Rheum.
2013;65(5):1271-1281. doi: 10.1002/art.37908.

issue on spon-

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Di Matteo B., Polignano A., Onorato F., La Porta A.,
lacono F., Bonanzinga T. et al. Knee Intraosseous
Injections: A Systematic Review of Clinical Evidence
of Different Treatment Alternatives. Cartilage.
2020:1947603520959403. doi: 10.1177/1947603520959403.
de Vries-van Melle M.L., Narcisi R., Kops N.,
Koevoet W.J., Bos P.K., Murphy J.M. et al
Chondrogenesis of mesenchymal stem cells in an os-
teochondral environment is mediated by the subchon-
dral bone. Tissue Eng Part A. 2014;20(1-2):23-33.
doi: 10.1089/ten.TEA.2013.0080.

Muinos-Lopez E., Delgado D., Sanchez P., Paiva B.,
Anitua E., Fiz N. et al. Modulation of Synovial
Fluid-Derived Mesenchymal Stem Cells by Intra-
Articular and Intraosseous Platelet Rich Plasma
Administration. Stem Cells Int. 2016;2016:1247950.
doi: 10.1155/2016/1247950.

Murray LR., Robinson P.G., West C.C., Goudie E.B.,
YongL.Y., White T.O. et al. Reporting Standards in Clinical
Studies Evaluating Bone Marrow Aspirate Concentrate:
A Systematic Review. Arthroscopy. 2018;34(4):1366-
1375. doi: 10.1016/j.arthro.2017.11.036.

Patel S., Dhillon M.S., Aggarwal S., Marwaha
N., Jain A. Treatment with platelet-rich plas-
ma is more effective than placebo for knee os-
teoarthritis: a prospective, double-blind, rand-
omized trial. Am ] Sports Med. 2013;41(2):356-364.
doi: 10.1177/0363546512471299.

Peterfy C.G., Guermazi A., Zaim S., Tirman P.F.,
Miaux Y., White D. et al. Whole-Organ Magnetic
Resonance Imaging Score (WORMS) of the knee in oste-
oarthritis. Osteoarthritis Cartilage. 2004;12(3):177-190.
doi: 10.1016/j.joca.2003.11.003.

Post S.R., Post G.R., Nikolic D., Owens R., Insuasti-
Beltran G. Development of an unbiased, semi-automated
approach for classifying plasma cell immunophenotype
following multicolor flow cytometry of bone marrow
aspirates. Cytometry B Clin Cytom. 2018;94(5):602-610.
doi: 10.1002/cyto.b.21635.
Rodriguez-FontanF.,PiuzziN.S.,Kraeutler M.]., Pascual-
Garrido C. Early Clinical Outcomes of Intra-Articular
Injections of Bone Marrow Aspirate Concentrate for
the Treatment of Early Osteoarthritis of the Hip and
Knee: A Cohort Study. PM R. 2018;10(12):1353-1359.
doi: 10.1016/j.pmrj.2018.05.016.

Sanchez M., Anitua E., Delgado D., Sanchez P.,
Prado R., Goiriena J.J. et al. A new strategy to tackle
severe knee osteoarthritis: Combination of intra-ar-
ticular and intraosseous injections of Platelet Rich
Plasma. Expert Opin Biol Ther. 2016;16(5):627-643.
doi: 10.1517/14712598.2016.1157162.

Sekiya I., Ojima M., Suzuki S., Yamaga M., Horie M.,
Koga H. et al. Human mesenchymal stem cells in syno-
vial fluid increase in the knee with degenerated cartilage
and osteoarthritis. J Orthop Res. 2012;30(6):943-949.
doi: 10.1002/jor.22029.

79 2021;27(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

36.Schottel P.C., Warner S.J. Role of Bone 40.Sundaram K., Vargas-Hernandez J].S., Sanchez T.R.,

Marrow Aspirate in Orthopedic Trauma. Moreu N.M., Mont M.A., Higuera C.A. et al. Are
Orthop  Clin  North  Am.  2017;48(3):311-321. Subchondral Intraosseous Injections Effective and
doi: 10.1016/j.0cl.2017.03.005. Safe for the Treatment of Knee Osteoarthritis? A
37. Shapiro S.A., Kazmerchak S.E., Heckman M.G., Zubair Systematic Review. J Knee Surg. 2019;32(11):1046-1057.
A.C.,0’Connor M.I. A Prospective, Single-Blind, Placebo- doi: 10.1055/s-0039-1677792.
Controlled Trial of Bone Marrow Aspirate Concentrate for ~ 41. Sundman E.A., Cole B.J., Karas V., Della Valle C,
Knee Osteoarthritis. Am J Sports Med. 2017;45(1):82-90. Tetreault M.W., Mohammed H.O. et al. The anti-in-
doi: 10.1177/0363546516662455. flammatory and matrix restorative mechanisms of
38. Sharkey P., Cohen S., Leinberry C., Parvizi ]. Subchondral platelet-rich plasma in osteoarthritis. Am ] Sports Med.
bone marrow lesions associated with knee osteoarthri- 2014;42(1):35-41. doi: 10.1177/0363546513507766.
tis. Am J Orthop. 2012;41(9):413-417. 42.Vad V., Barve R., Linnell E., Harrison J]. Knee
39.Su K., Bai Y., Wang J., Zhang H., Liu H., Ma S. Osteoarthritis Treated with Percutaneous Chondral-
Comparison of hyaluronic acid and PRP intra-articular Bone Interface Optimization: A Pilot Trial. Surgical Sci.
injection with combined intra-articular and intraos- 2016;7:1-12.doi: 10.4236/ss.2016.71001. Available from:
seous PRP injections to treat patients with knee os- https://www.scirp.org/pdf/SS_2016010814274096.pdf.
teoarthritis. Clin Rheumatol. 2018;(37):1341-1350.  43.Zhen G., Wen C,, Jia X., Li Y., Crane ].L., Mears S.C.
doi: 10.1007/s10067-018-3985-6. et al. Inhibition of TGF-B signaling in mesenchymal

stem cells of subchondral bone attenuates osteoarthritis.
Nat Med. 2013;19(6):704-712. doi: 10.1038/nm.3143.

AUTHORS’ INFORMATION:

Dmitriy A. Malanin — Dr. Sci. (Med.), Professor, Volgograd State Medical University, Volgograd, Russia
e-mail: malanin67 @mail.ru,
https://orcid.org/0000-0001-7507-0570

Vladimir D. Sikilinda — Dr. Sci. (Med.), Professor, Rostov State Medical University, Rostov-on-Don, Russia
e-mail: sikilinda vd@rostgmu.ru
https://orcid.org/0000-0002-3062-2543

Andrei I. Gorbatenko — Cand. Sci. (Med.), Rostov State Medical University, Rostov-on-Don, Russia
e-mail: gorbatenkophmd@gmail.com,
https://orcid.org/0000-0001-7779-4863

Maksim V. Demeshchenko — Cand. Sci. (Med.), Volgograd State Medical University, Volgograd, Russia
maximus275@yandex.ru,
https://orcid.org/0000-0003-1797-2431

II’ya A. Suchilin — Cand. Sci. (Med.), Volgograd State Medical University, Volgograd, Russia
e-mail: omnio@mail.ru,
https://orcid.org/0000-0001-7375-5365

Vladimir V. Kondrashenko — Volgograd State Medical University, Volgograd, Russia
e-mail: vovamail2009@yandex.ru,
https://orcid.org/0000-0001-7512-492X

Nataliya O. Kostyanaya — Southern Federal University, Rostov-on-Don, Russia
e-mail: mornatalia@yandex.ru,
https://orcid.org/0000-0001-5922-7099

Authors’ contribution:
Malanin D.A. — made a significant contribution to the development of the study design, editing for impor-
tant intellectual content, and approval of the article final version for publication.

Sikilinda V.D. — edited the text for essential intellectual content, approved the final version of the article
for publication.

80 2021;27(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Gorbatenko A.I. — collected, analyzed, and interpreted the data, wrote the text of the article, edited the text
for the essential intellectual content.

Demeshchenko M.V. — collected, analyzed, and interpreted the data, wrote the text of the article, edited the
text for the essential intellectual content.

Suchilin L A. — collected, analyzed, and interpreted the data.

Kondrashenko V.V.— collected, analyzed, and interpreted the data.

Kostyanaya N.O. — collected, analyzed, and interpreted the data.

All authors read and approved the final version of the manuscript. All authors agree to be responsible for

all aspects of the work to ensure proper consideration and resolution of all possible issues related to the
correctness and reliability of any part of the work.

81 2021;27(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



TEOPETUYECKWME N SKCMEPUMEHTAJIbHbIE MCCNEOOBAHNSA / THEORETICAL AND EXPERIMENTAL STUDIES

HayuHnas cTaTbst @)y |

VIIK 616.711.6-089.844:616.833.541-01
https://doi.org/10.21823/2311-2905-1681

ucronornueckue nu MmoppomMeTpuyeckue U3MeHeHus

6eapeHHOro HepBa Npu MoAENUMPOBaHUU DOKOBOIr0 MEXTesI0BOro
cnoHaunopesa NoOSICHUYHOro OTAeNa NO3BOHOYHMUKA

B 3KCNepUMeHTe

T.H. Bapcerosa, O.B. [ltopsirnHa, H.1. AHTOHOB, C.O. PS6bIX

QOI'BY «HayuoHanvHulli MeOUYUHCKULL ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. akad. IA. Mnusaposa»
Munsdpasa Poccuu, 2. KypeaH, Poccust

Pedepar

AxkmyansHocms. Haubosee 4YacTbIMM OCTOKHEHMSIMM OOKOBOTO MEKTETIOBOTO CIIOHAWIOAE3a IMOSCHMYHOTO OTHesia
ITO3BOHOYHMKA SIBJISIIOTCSI HEMpOIaTuy CTBOJIOB IMOSICHUYHOTO CIUIETEHMS, B YaCTHOCTM GeIpeHHOro HepBa. Mopenu-
pOBaHMe AAHHOTO XMPYPTMUYECKOTO BMENIATENTbCTBA HA 3[0POBBIX XMBOTHBIX B OKCIIEPMMEHTE ITO3BOJISIET OLIEHUTD
CTeleHb ero TPaBMaTUYHOCTHM JJIST HEPBHBIX CTPYKTYP U MOHSTh, C UeM CBSI3aHO COXpaHeHMe 160 OTATOIleHMe HEBPO-
JIOTUYECKOM CUMIITOMATUKM: C SITPDOTEHHBIMU TOBPEXIEHUSIMM WIM C IPOTPECCUPOBAHMEM MMEIOUIENCS IMaTOIOTUN.
Llens uccnedosanus — V3y4nThb TUCTONOTMUECKME U MOpdOMeTpuUeckue U3MeHeHMs: 6eJpeHHOT0 HePBa B OTHaJeHHbIe
TIepMobl TIOC/Ie MOIEIMPOBAHMSI GOKOBOTO MEKTEIOBOTO CIIOHAMIONEe3a MOSICHUYHOTO OTAea MO3BOHOYHMKA y COBGaK.
Ju3aiin uccnedosaHus. JKCIIepMMEHTAIBHOE MTPOCIIEKTUBHOE CIIONIHOE HEKOHTPOIMpPYEMOe ucciaenoBanme. Mamepuan
u memodsl. 18 6ecriopomHbIM cobakam (Bo3pacT 2—3 rofma, macca Tena 13,2—17,6 Kr) uepe3 60KOBOi JOCTYIT BBITOMHSIN
IMCKIKTOMMIO Ha ypoBHe L4-5 u L5-6, ycTaHaBIMBAIM MEXKTEIOBbIe MMILIAHTAThI, TOSICHUYHBIA OTAEN CTabMIN3MPOBaIA
B TeueHue 30 CYT. CIIUIIEBBIM aIlapaToM BHelllHei dbukcaiym. [IpOBOAMIN KIMHUKO-HEBPOIOTMYECKYIO OLIEHKY U IUCTO-
JIOTMYecKoe MccaeoBaHme 6eJpeHHbIX HEPBOB CO CTOPOHbBI OMEPaTMBHOTO NOCTyIa. Pe3yismamet. B paHHeMm mocieornepa-
LIMOHHOM Ileprojie HabIoaaI BpeMeHHoe CHIsKeHe QYHKIMM 6eIpeHHOT0 HepBa, KOTOPOe MPOSIBIS/IOCh HapyIIeHeM
OTIOPHO¥ (PYHKIMM U MBILIEUHO C1aGOCTHIO TA30BbIX KOHEUHOCTEH, CHIDKEHEM KOJIEHHOTO pediiekca, TepeHOCOM OMOoPbI
CTOIIbI Ha TIJTIOCHEBbI MAKUIIL B manbHeiieM, uepe3 18 mec., 061iee COCTOSTHME BCEX KMBOTHBIX GbLIIO YIOBIETBOPUTEb-
HbIM, HapyIIeHui OMopHOi GYHKUMM ¥ IBUTATEIbHbIX PedieKCOB KOHEUHOCTEl He 0TMeYaaoch. B 6eipeHHOM HepBe ue-
pe3 6 Mec. HaGmoaNMM CHIKeHMe B 4 pasa oM KPYITHbIX 6bICTPOIIPOBOASIINX MUETMHOBBIX BOJIOKOH D>10 MKM 1 TIOBbI-
meHue B 3 pasa goiau mMenkux. CpegHui quaMeTp akCOHA ¥ TOJIIMHA MUeIVHA COCTaBIsum 62% u 53% ot HOpmbl. Yepes
12-18 mec. pasMepHble XapakKTepUCTUKU MUETMHOBBIX BOJIOKOH BOCCTAHABAMBAIUCh. B TeueHne Bcero ombiTa 4-6% Mue-
JIMHOBBIX BOJIOKOH GbUTM PEaKTUBHO-IECTPYKTMBHO M3MEHeHbI. 3akaloueHue. MomenupoBaHyue GOKOBOTO MEXKTEIOBOTO
CIIOHAMIO/e3a MOSICHUYHOTO OTAe/a T03BOHOUHMKA Y 3[J0POBbIX >KMBOTHBIX ITOKA3a710 OTCYTCTBME HEBPOJIOTMUYECKO CUMII-
TOMAaTUKK yepe3 6—18 mec., YTO CBMUIETETbCTBYET O MAJIOi TPAaBMAaTUYHOCTY XMPYPrMUECKOTr0 BMenaTeabcTBa. Tem He Me-
Hee, BbISIBJIEHHbIE Uepe3 6 Mec. IocIe omepainy CyOKIMHNUYEeCKe PeaKTUBHO-IECTPYKTMBHbBIE M3MEHEHUsT MUETMHOBBIX
BOJIOKOH 06e[IJpeHHOTO HEepBa YKa3bIBAIOT Ha HEOGXOAMMOCTb IIPUMEHEeHNMs TPEeBEHTUBHOI aHTMHEBPOTUYECKO Teparun.
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Histological and Morphometric Changes in the Femoral Nerve During
Lateral Interbody Fusion of the Lumbar Spine:
Experimental Study

Tatiana N. Varsegova, Olga V. Diuriagina, Nikolai I. Antonov, Sergey O. Ryabykh

National Ilizarov Medical Research Centre for Traumatology and Orthopaedics, Kurgan, Russia

Abstract

Background. Neuropathies of the lumbar plexus trunks, in particular those of the femoral nerve, are the most common
complications of lateral interbody fusion of the lumbar spine. Modeling of this surgical intervention in normal animals
experimentally makes it possible to assess the degree of its trauma to the nervous structures, and to understand what is
the reason for the persistence or aggravation of neurological symptoms — iatrogenic injuries or the existing pathology
progression. Purpose — to study histological and morphometric changes in the femoral nerve in the long-term periods
after the lateral interbody fusion modeling of the canine lumbar spine. Study design — an experimental prospective
continuous uncontrolled study. Materials and Methods. Discectomy via lateral approach was performed in 18 mongrel
dogs (aged 2-3 years, mass 13.2-17.6 kg) at the level of L4-5 u L5-6, interbody titanium implants were mounted, the lumbar
spine was stabilized with a wire device for external fixation within 30 days. Clinical and neurological evaluation was
performed, as well as histological investigation of the femoral nerves from the side of surgical approach. Results. In the
early postoperative period a temporary decrease in the femoral nerve function was observed, which was manifested by the
disorder of the support function and muscle weakness of the pelvic limbs, decrease in the knee reflex, the foot support shift
to the metatarsal pad. Later, until the end of the study (18 months), the general condition of all animals was satisfactory,
there were no disorders of the limb support function and motor reflexes. After six months, in the femoral nerve there was
4-fold decrease in the proportion of large fast-conducting myelin fibers D>10 pym and 3-fold increase in that of the small
ones. The mean axon diameter and myelin thickness were 62% and 53% of the norm. After 12-18 months, the dimensional
characteristics of myelin fibers were restored. During the entire experiment, 4-6% of myelin fibers were reactively and
destructively altered. Conclusions. The modeling of the lateral interbody fusion of the lumbar spine in normal animals
experimentally demonstrated the absence of neurological symptoms after 6-18 months, which indicated low invasiveness of
the surgical intervention. Nevertheless, the subclinical reactive and destructive changes in the myelin fibers of the femoral
nerve revealed 6 months after the surgery indicated the need for preventive anti-neurotic therapy.

Keywords: femoral nerve, neuropathy, lateral interbody fusion, experimental study.
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Beepenne M yAy4ylIaloT KavyecTBO XXKM3HM maumueHTosB [9, 10, 11,

12, 13]. Tem He MeHee BbIGOD crIocoba CTabUIM3aIUK
IT0O3BOHOYHMKA, OTIEPaTUBHOIO JOCTYIIA, [IepCOHnPM-

IereHepaTUBHO-IUCTpOPUUecKMe 3ab60eBaHMS
ITO3BOHOYHMKA, TaKMe KaK OCTEOXOHIPO3, CIIOHANIIES,

CIIOHIMIOAPTPO3, TPDKU MEXKITO3BOHKOBBIX AMCKOB,
MIPUBOJAT K HAPYIIEHUIO CTabMJIbHOCTHU, OrpaHude-
HIIO QYHKIMOHATBHBIX BO3MOXKHOCTEN U MTOSIBIIEHUIO
6oseit [1, 2]. Pa3BMBarOTCS KOPEMIKOBbIN CMHIPOM U
CUMITTOMBI XPOMOTBI, YXYAIIAETCS CIIOCOOHOCTD O0ITb-
HOTO K CaMOOOCTY>XKMBAHUIO, UTO IIPUBOAUT K COLIM-
abHOM le3aanTaluy U CHUKEHUIO KaueCTBa XXKU3HU
[3,4, 5].IeueHne faHHBIX 3260/1€BaHMI, KAK ITPABUIIO,
TpebyeT onepaTMBHOTO BMeIIaTeNbCTBA [6, 7, 8].
TexHOMOTUM MEXTeNOBOro CIOHAMIOLE3a B CO-
YeTaHUM C OPSIMONM WM HempsIMOl geKommpeccueint
SIBJITIOTCSL  JOCTAaTOYHO 3(G@EKTUBHBIM BapUaHTOM
YCTpaHeHUs CUHAPOMA KOMIIPECCUMM U HeCTabuUIIb-
HOCTM TIOPa’keHHOTO ABUTraTelIbHOrO cerMeHra [7],
YCTPAHSIOT KIMHUKO-HEBPOJIOTMYEeCKye MPOSIBIeHNS

I[MPOBAHHbIN MMOAOOP MMILIAHTaTa U HEBPOJIOTUYE-
CKMe OCJIOKHEeHMS OCTAI0TCS [IpeMeTaMy IVUCKYCCUIA,
TaK KakK JaHHble ollepaluy MOIYT CONPOBOXKIATHCS
MHTpAOIepallMOHHOM KPOBOIIOTEpeil, ITIOBPEeXAeHMS -
MU HeBPaJIbHBIX CTPYKTYP C pa3BUTKUEM IT0C/IeoIepa-
1MoHHOTO 6oseBoro cuuapoma [10, 14, 15, 16, 17].

K Hamubomee YacThiIM OCIOKHEHUSIM OGOKOBOTO
MEXTEJIOBOr0 CIOHAMIIONE3a OTHOCAT HeNpOoIaTUu
HePBHBIX CTBOJIOB ITOSICHUYHOI'O CIVIETEHUS, perpeccu-
pyloliye npy NpUuMeHeHM aHTMHEBPOTUYECKOI Tepa-
v [14, 18, 19, 20, 21]. [To aHHBIM APYTUX aBTOPOB,
y 20% mpoonepupoBaHHBIX TAIMEHTOB O60IEeBOI
CUHPOM COXPaHSIeTCsl U Jaske ycunusaeTcs [22, 23].
OrmacHbIM OCJIO)KHEHMEM SIBJISIeTCS ITOBpeXIeHue
6empenHoro Hepsa. Tak, J.W. Silverstein ¢ coaBTopamu
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MpU MYJAbTUMOJJIbHOM MOHMUTOPUHTE BO BpeEMS
orepauyy BBISBAS/IM HapylleHue ero MPOBOAMMO-
ctu B 11-12% cnyuaes [24, 25]. Ipyrue aBTOPHI BbI-
SIBUJIM BBICOKYIO YaCTOTY PasBUTUS B paHHEM I10OC-
JIleoIepalMOHHOM Tepuoje CMHApPOMa OelIpeHHOro
HEpPBa, PETUCTPUPYEMOTO Y 62,7% GOTbHBIX, KOTOPBI
Yy 4YacTu TalMeHTOB perpeccupoBaj uepe3 3 Mmec.,
a'y 60/BIIMHCTBA — JIUIIIB Uepe3 IO, ITOCJIe Orepanumn
[26, 27].

CornacHo JaHHBIM JIUTEPaTyphl, OTAATEHHbIE pe-
3y/lIbTaThl XUPYPIUMUYECKOTO JieUeHUsl [AereHepaTuB-
HO-IUCTpOdMUeCcKMX 3a00jeBaHMuii ITO3BOHOYHMKA
3HAUUTENbHO YCTYNAlOT KPAaTKOCPOYHBIM, TaK Kak
ToC/IeonepaluyioHHble OCIOKHEHUS B OOJBbIIMHCTBE
TydaeB HabmomaloTcs uepes 6-12 mMec. Iociie orepa-
uunu [28], a uepes 2 ropa 4yacToTa U JJIUTENbHOCTD I0-
CIIUTANMU3alMii He OTIMYAIOTCS OT J0OIepPalMOHHbIX
rnokasaresnei [29].

B Takoii cuTyauuMu BaXHO IIOHITh MNPUYUHY
COXpaHeHMs HEeBPOJOTUUECKON CUMIITOMATUKUA —
OCJIO)KHEHME TI0C/ie MeAULIMHCKOTO BMeIlaTelbCTBa
MO0 TIPOTPecCUpPOBaHME VMEIOMIENCS IaTONIOTHMN.
MopnenupoBaHue 60KOBOTO MEKTEIOBOTO CIIOHIWIIO-
Jle3a TMOSICHUYHOTO OTAe/Na MO03BOHOYHMKA Y 30pO-
BBIX )KMBOTHBIX B 3KCIIEpPUMEHTE AaeT BO3MOXHOCTb
U3YYUTDh BAUSHMUE JaHHOTO XUPYPTUUECKOTO BMellla-
TeNbCTBA HAa CTPYKTYPY HEPBHBIX CTBOJIOB IMOSICHUY-
HOTO CIUIETEHMsI, B YaCTHOCTM OeqpeHHOTrO HepBa.
OTtcyTrcTBUe MOPGOIOrMUECKUX paboOT COOTBETCTBY-
01lell TeMaTUKM oTpefensieT akTyalbHOCTb JaHHOTO
MUCC/IeOBaHMSI.

Llenv uccnedosaHuss — U3YUYUTh TUCTOIOTUYECKUE
u MopdoMeTpuUecKMue M3MEHEHUSI OeIpeHHOro He-
pBa B OTAA/JeHHbIe TIepUOAbI TTOC/e MOJETUPOBAHUS
6OKOBOT'O MEKTEIOBOTO CITOHAMIONE3a MOSICHUYHOTO
oT[esa MM03BOHOYHMKA Y COOaK.

MaTepuan u MmeToabI

DJKCIIepUMMEHT BhITIO/NIHEH Ha 18 30poBbIX Hecro-
pOIHBIX cobakax B Bo3pacTe 2—3 JIeT ¢ Maccoif Tena
ot 13,2 no 17,6 kr. CpoKk HabI0aeHuit COCTaBUI 6 Mec.
(n=6), 12 mec. (n=6) n 18 mec. (n = 6).

Modens s3kcnepumernma

OnepaTuMBHOE BMeILIATENbCTBO  BBIMOJIHSIOCH
B YUIOBMSIX OTI€PAlIMOHHOI MO OOUMM BHYTPUBEH-
HbIM HapKo3om. [Ijis mpemMenuKalyuy UCIIOIb30BaIu
pactBopbl pomeTtapa 2% (1 MI/Kr), aTpOIIMHA CYJIb-
dara 0,1% (0,02 mr/kr), nporiepugona 1% (0,5 mr/kr)
u gumenpona 1% (0,02 mr/kr), ojs Hapko3a — pac-
TBOp THOMeEHTasa HaTpus 5% B mo3e 10 MrI/Kr Beca.
Crionaunones MOSICHUUHOTO OTHesa MO3BOHOYHMKA
BBITIOJIHSIIM CITpaBa, B OOKOBOM ITOJIOKEHUU 3KU-
BOTHOro. Ha ypoBHe L4-6 BBINOJHSIM JIMHENHBIN
pa3pe3 MOBEPXHOCTHBIX MSITKUX TKaHell Ha ypOBHe
BepIINH TIOMEepeuyHbIX OTPOCTKOB IMOSICHUYHBIX I10-
3BOHKOB. Jlajiee TYIbIM CIIOCOOOM CKeJIeTUPOBAIN
rornepeuHbie oTPOCcTKU L4-5 1 L5-6 TO3BOHKOB C UX
IOPCAJIbHOM M BEHTPAJIbHOI MOBEPXHOCTEN U IMOJI-
HOCTBIO YAASUIM MX KOCTHBIMM Kycaukamu, pajiee
OoOHaxkaMM MeXKIT03BOHKOBBIN AMCK. BeHTpanbHbIN
KOpEeIIOK CIOMHHOMO3TOBOTO HepBa COBMECTHO
C coCcymamy akKypaTHO OTHeNsUIM OT ITOBEePXHOCTU
MeXII03BOHKOBOTO [O¥CKa U AUCIOLMPOBAIN OOP-
co-kaypanbHo Ha 0,5-0,8 MM Ha 37aCTMYHOM Hep-
xartene (puc. 1a). [ToscHUMYHOE HEePBHOE CIUIETEHUE
B KOMILJIEKCE C CerMeHTapHbIMU COCyIaMu, 60bII0T
Y MaJIOi MOSICHUYHBIMM MBIIIIAMM 3aKpbIBAIM LIN-
POKMM paHeBbIM KPIOUKOM M CMela/iM BEeHTPaJIbHO
(6e3 mepepacTsskeHMs, He 6omee 30 muH.). Hanee
KOCTHBIMM (pe3amMy MPOM3BOAVIN BBIOOPKY AMCKA,
3aMbIKATe/bHbIX TJACTMHOK M KOCTHOW TKaHU Tesl
CMEKHBIX TI03BOHKOB, GOPMUPYS KOCTHOE JIOXKe, CO-
OTBETCTBYIOIIlee pa3sMepaM 1 opme ycTaHaBIMBae-
MOTO Keiigyka. UMIUIaHTaT yCTaHaBJIAMBAJIN METOLOM
BKOJIAUMBAHMS 10 TIOJTHOTO 3aITyO/IeHUS B MEKTe0-
BO€ IPOCTPaHCTBO (puc. 1b), paHy MOWIOIHO yIIN-
Banu. s npegynpexaeHnss MUrpauym MeXXII03BOH-
KOBBIX KeJiJi>Kell TIOSICHUUHBIN OTH e/ MMO3BOHOYHMKA
CTaOMIN3MPOBAIM CIUIEBBIM allllapaTOM BHeEIIHe
dbukcauyumu B Teuenne 30 cyr. [30].

B mocneonepaiuoHHOM Hepuofe MPOBOLMUIN aH-
TubGaKTepUaIbHYIO Tepanuio 1edTPMakCOHOM B [103e
30 MI/KT Beca B TeueHMe 5 nHeit. B KauecTBe 06e360-
JIMBAIOLLEr0 CPeACTBA IPUMEHSIIN TUTUUECKYIO CMECh

Puc. 1. YcTaHOBKA TUTAHOBOTO KeJiIKa
MesKIy MTOSICHUYHBIMM TT0O3BOHKaMU COGAKMA:
a — OTBelleHle KOpeIlIKa CIIMHHOMO3IOBOTO
HepBa Ha JIaTeKCHO JepiKaJke;

b — monoskeHue Keiaka B MEXXTEIOBOM
MIPOCTPAHCTBE Ha peHTreHorpaMme

B GOKOBOI1 IMPOEKILINI

Fig. 1. Implantation of a titanium cage
between the canine lumbar vertebrae:

a — abducting the spinal nerve root on a
latex holder;

b — position of the cage in the interbody
space on the lateral X-ray
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U3 pacTBOpPOB aHajabrmMHa 50% 1 MJI/KT U gumenposa
1% 0,02 mr/kr. Mecta Bxofia ¥ BbIXO[a CITUI] 06paba-
THIBAJIM pacTBOPaMM Mepekucy Bogopomaa 3% u dypa-
mwmHa 1x5000, cMasbiBa/iv CIMPTOBBIM PacTBOPOM
OPUUIMAHTOBO 3eJIeHM.

Ouyenka pe3yibmamos

KnuHudeckyio OILieHKY TIpOBOOMIM B  paH-
HeM ¥ TO3[HeM TMOocaeoIepalMOHHbIX Iepuoaax.
OueHuBamm o06IIee COCTOSIHME SKMBOTHBIX, JBUTa-
TeJIbHYI0, OTIOPHYIO (QYHKIIMY Ta30BbIX KOHEUHOCTE,
BBIPaKEHHOCTD IBUTATENIbHBIX PedIEKCOB.

[McTonornueckme  MCCAeNOBaHUS  OeIpPEeHHOTO
HepBa BBIMIOMHS/IM TI0C/Ie 3BTAaHA3UM JKUBOTHBIX de-
pe3 6, 12 u 18 mec. akcriepumeHTa. MaTepuaaiom sB-
JISTTUCh  VICCEUEHHbIe (PparMeHThl IPOKCUMAIbHO
YacTM HEPBHOTO CTBOJIA HA CTOpPOHE OMepaTMBHOTO
BMeIIaTeNnbCTBA. 3ab0p MaTepuasia OCYLIECTBIISIN
B TOJIEe TOAB3AOIIHO-TIOSCHUYHOM MBIIIIbI T10C-
Jile 0ObeIMHEeHNS CIIMHHOMO3TOBBIX HEPBOB B CTBOJI
6egpeHHOro HepBa. ®parMeHThl HEpBa 7 OHEH (UK-
CUPOBaJIN B cMecu 2% pPacTBOPOB INIyTapOBOTO aJib-
merupa u mapadopMaibaeruia, 3aTeM CYyTKU B 1%
pactBope okcuza ocmus (VIII) u sanuBaiu B apaignuT.
[MonepeyHble TOTaJbHbIE MOTYTOHKME CPe3bl HEPBOB
OKpalllMBa/ii TOJAUMXPOMHBIM METOJIOM: MeTujie-
HOBBIM CMHMM, a3ypom II ¥ OCHOBHBIM (PYKCMHOM.
IMonHoLBeTHBIE M306paskeHNsT OLUUGPOBBIBAIN C T0-
MOIIIbI0 MMKpOCKOIa «AxioScope.Al» u 1udpoBoii
Kamepbl «AxioCam» (Carl Zeiss Microlmaging GmbH,
l'epmanust). B mnporpamme «BupeoTecT Macrep-
Mopdonornst 4.0» (000 «HIIK “3enut”», Poccus)
OTpeienisyii CpelHMe OuaMeTpbl MUETUHOBBIX BO-
JIOKOH, UX aKCOHOB, Ko3(dduiyeHnt G (OTHOIIeHMe
IyaMeTpa akCcoOHa K JMaMeTpy BOJIOKHA), TOIIUHY
MMEINHOBOM 060JI0YKM, OO0 M3MEHEHHBbIX MMue-
JIMHOBBIX HEPBHBIX BOJOKOH B mMpoiieHTaX. CTpouin
IMCTOTPaMMbl paclipeiesieHsi HEPBHbBIX BOJIOKOH T10
InameTrpaMm. KoHTponeM MOCIYXKWIM aHaJTOTUUYHbIE
(parmeHTbI 6eIPEHHBIX HEPBOB 3 MHTAKTHBIX COOAK.

Cmamucmuueckuti aHaius

CTaTuCTUUeCKuii aHaJU3 BBIMIOJHSIIM B MPO-
rpammMe Attestat Bepcus  9.3.1  (pa3paboTumK
W.II. TanpgpimeB, ceprudmKar o perucTpauyuu
B PocnatenTe N2 2002611109). 3HaueHus1 moKasare-
JIell mpeAcTaB/siu B Buae MenuaH (Me) v KBapTuieii
(Q1;Q3). 3HaUMMOCTb pa3aUunil OTIpeeNsiiv KpUTe-
puem MauHa-VYutHu. IIpu p<0,05 pasnuuus cumura-
JIUCh CTaTUCTUUECKU 3HAUMMbBIMU.

Pe3synbTaTsl

B niepBble cyTKkuM 1OC/Ie orepalyy COCTOSIHME BCeX
SKMBOTHBIX ObIIO CpefHeit TsxkecTn. TemiiepaTypa Teia
cocraiasia 39,0-39,5°, oTMedanu Imape3 Ta30BBIX
KOHEUYHOCTel Mpy HaIuuuy TTy60KOoi 6oeBoi uyB-
CTBUTEIBLHOCTH. [IpMieM KOpMa U BOIbI GbIT CHVKEH,
MouencIyckauue u pedekauusi KOHTPOIMpPYEMbIE.

B obnactu omepaTMBHOTO BMeNIATEIbCTBA OTMeUasIn
yMepeHHYI0 60/1e3HeHHOCTb ¥ He3HAUUTETbHBIN T10C-
JIEOTIEpAllMOHHBIN OTEeK MSTKUX TKaHei. MicTedeHus
U3 OMepalMoOHHOM paHbl OTCYTCTBOBWIM. B Mecrax
BXOZIa M BBIXOJA CIUI] HAGMIOHAIN CKyOHOE CePO3HOe
otmensiemoe. Ha 2-e u 3-u CyT. OTeK TKaHeil B obac-
TU OTNlepallMOHHOM PaHbl YMEHbIIAICS, UCTEUEHUS U3
IIIBOB He HAOJIOHAINCh, SKCCYTALNSI B 00/1aCTU CITUI]
ObLIa He3HAUMTEbHAS, CEPO3HOTO XapaKTepa.

B panHeM mnocieomnepaiOHHOM Itepuoge y 15
(83,3%) cobak oTMeuau yaydIieHue o6IIero cocTos-
HMS, HOpMa/Iu3aluuio anreT!UTa M TeMIlepaTyphl Tena
(38,5-39,0°), mocTerieHHOEe BOCCTAHOBJIEHME OTIOPHOI
M OBUTATENbHOM (YHKIMM Ta30BBIX KOHEUHOCTEIA.
OpHaKko y AAHHBIX XMBOTHBIX Ha (OHE YIydIIeHust
OOIIEro COCTOSTHMUSI OTMEYIN CHUKeHMEe KOJEeHHOTO
pednekca crpaBa (Ha CTOpPOHE OIEPAaTUBHOTO BMe-
1IaTebCTBA) U TIePeHOC OMTOPBI CTOIbI Ha TTIOCHEBBIN
MSIKUII. B mociemywomem, K 7-M CyT. HaGIOmeHMs,
Yy 9TUX JKMBOTHBIX KOJI€HHBIIl pedekc BOCCTAHAB-
nuBaics. JIBurartenbHas (QYHKIMS Ta30BbIX KOHEU-
HocTeli ObTa 6e3 HapyuieHuit. Oropa KOHEUHOCTe
OCYIIIECTB/ISI/IaCh PAaBHOMEPHO Ha IMOAYIIEYKM Maslb-
1IeB U IUTFOCHEBBI MSKuIL. TOHYC MBIIII ObUT YIOB-
ynerBopuTenbHbIA. Y 2 u3 18 cobak (11,1%) pednex-
Cbl U IBUTraTeabHasl aKTUBHOCTb BOCCTAHABIMBAIUCH
K 10 cyT. mocie onepauuu, y omHoi cobaku (5,6 %) —
Ha 30-e cyT. B manbHejiem, 10 KOHIA HAGIIOIEeHMIA,
00l1IIee COCTOSIHME SKMBOTHBIX ObLJIO XOPOIIMM, Hapy-
HIEHN ONTOPHOM (YHKUMU U IBUraTeIbHBIX pediiek-
COB KOHEYHOCTel He OTMeuanoch. [locTaHOBKa Ta3o-
BBIX KOHEUHOCTE} OblIa IMPaBUIbHOIA.

MaKkpOCKOIIMYECKMUI OCMOTp GempeHHbIX HEPBOB
OTlepUPOBAHHBIX KMBOTHBIX ITOC/IE TIperapupoOBaHMs
1OKa3aj, YTO OHU COXPaHsIM HelpepbIBHOCTD, MMe-
JIV pPAaBHOMEPHYIO TOMIIMHY U KeMUy3KHO-6eIbIii 11BeT.
MuKpocKkorueckoe usyueHue OelpeHHbIX HEPBOB
M0Ka3aJio, YTo uepe3 6 MecC. IKCIIepMMEeHTa B MMHEB-
pyM BU3yaJIbHO OTMEYaIoCh IMOBbILIEHKE B CDABHEHUN
C MHTAKTHbIM HEpPBOM KoJmMdecTBa (Hubpob6sacToB,
(UOPOLIUTOB ¥ TYUHBIX KJIETOK, BCTPEUAIMCh IJIa3Ma-
TUYECKYE KIeTKY M Makpodaru. Cocymbl SIMHEBPab-
HOT'O U 9HIOHEBPAIbHOTO MUKPOLMPKYASITOPHBIX PY-
ceJl MUMeNM pacuIMpeHHble IMPOCBEThI, YTOJMIIeHHbIE
cTeHKN. [leprHeBpUIl COXpaHSII HOPMaJbHOE TOHKO-
JaMeJUIsIpHOe cTpoeHue. Mopdomornueckoe muccie-
IloBaHMe ITPOBOIHMKOBOJ UyacTu GeJpeHHOro HepBa
MIOKa3aJIo, UTO Yepe3 6 Mec. OIbITa OOHAPYKUBATIUCH
OJIMHOYHBIE MO0 B COCTaBe pereHepaloOHHbIX Kiac-
TEpOB pereHepupymolie MUeIMHOBbIEe BOJIOKHA Ma-
JIOTO KaynmMbpa, OTCYTCTBYIOIIVE B MHTAKTHOM HeEpBe
(puc. 2). Cpeoy NpOBOAHMKOB HOPMa/IbHOM CTPYKTY-
PbI BCTpeUanucChb r’UIMOMMUENTMHU3UPOBAHHbIE BOJIOKHA
M BOJIOKHA, MMelollyie TPpM3HaKM akKCOHAIbHOM Jere-
Hepauumu, A0S KOTOpbIX coctaBuia 4,36 (2,02;3,60)
4yTo B 2,2 pasa Baiiie (p = 0,000) 3HaUeHUIi UHTAKTHO-
ro HepBa — 2,02 (1,00;2,90).
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Puc. 2. dparMeHThI IOTYTOHKUX CPe30B HeIPEHHBIX HEPBOB CO6aK:
a — MHTaKTHbI HepB; b — yepes 6 Mec. sKCIIepMMEHTa.
Okpacka MoaMXpOMHBIM METOLOM: MeTU/IEHOBBIM CMHUM, a3ypoM II 1 ocHOBHBIM ¢yKcuHOM. VB. x500

Fig. 2. Fragments of the semi-thin sections of the canine femoral nerves:

a — the intact nerve; b — after 6 months.

Polychrome staining: methylene blue, azure II and basic fuchsin. Mag. x500

BeiencrBue npepuiecTByOIel gereHepany yac-
TU BOJIOKOH U TOIeAYIIIUX PereHepaTopHbIX Mpo-
L1eCCOB PerucTpupoOBaIoCh CHUXXEHME BCEX pa3Mep-
HbIX XapaKTePUCTUK MUETMHOBBIX BOJIOKOH: CPeIHUIA
IyaMeTp BOJIOKOH CHIKAJICS Ha 56% BCiieIcTBME CHU-
SKeHMSI AyiaMeTpa akcoHa Ha 52% ¥ TOJIIMHBI MUEeJI-
Ha Ha 38% (Tabm. 1).

Yepes 6 mec. mocae ONEepaTUBHOIO BMeIIaTe/lb-
CTBA TUCTOTpaMMa paclipefeneHus] MUETMHOBBIX
MPOBOOHMKOB Mo AuameTpam (D) cMmelanach B CpaB-
HEeHUM C MHTAKTHBIM GeJpeHHBIM HEPBOM BJIEBO Ha
1 paspsig: pereHepupytomue BosokHa (D<2,0 MKM)

COCTaBsIN 9% MPU OTCYTCTBUM BOJIOKOH D>16 MKM
(puc. 3). 'ucrorpamma CTaHOBMJIACh YHUMOAQIbHOIA,
eJMHCTBEHHAas] MoJa HaxoAujach B Auarna3oHe BO-
JIOKOH 2,1-3,0 MKM (B MHTakTHOM — 4,1-5,0 MKM).
Honss menkux (D<4,0 MKM) NpPOBOOHMKOB BO3pac-
Tasa g0 44% (B MHTAaKTHOM — 13%), moysl cpegHUX
(D 4,1-7,0 mkm) — 1o 30% (B MHTAakKTHOM — 23%),
a kpynHbix (D>7,0 MkM) cHMKanach Ao 26% (B MH-
TaKTHOM — 64%). [Toss caMbIX OBICTPOITPOBOASIINX
HepBHbIX BOJOKOH D>10,0 MKM cOCTaBjsijia BCEro
13% (B nHTaKTHOM — 48%).

Tabnuya 1

PazmepHbIe moKa3aTeau MMUEINHOBBIX HEPBHBIX BOIOKOH: Me (Q1; Q2)

[MapameTp WHTaKkTHBIN HEPB 6 Mec. ombITa 12 mec. ombITa 18 mec. ombiTa
IviameTp BOJIOKHA, 9,91 4,36 8,71 9,90
MKM (5,26; 12,74) (2,58; 6,66) (7,79; 12,11) (5,00; 13,35)

*p=0,024 p=0,051 p=0,100
IyameTp aKCOHa, 6,35 3,06 5,78 6,70
MKM (3,81; 8,71) (2,02; 4,89) (3,41; 7,95) (3,65; 9,40)
*p=0,000 p=0,050 p=0,307
TonmniyHa MuenuHa, 1,55 0,92 1,47 1,36
MKM (0,87; 2,02) (0,76; 1,15) (0,67;2,07) (0,68; 2,00)
*p=0,003 p=0,064 *p<0,05
Koaddpuument G 0,70 0,63 0,68 0,73
(0,65; 0,72) (0,42; 0,95) (0,66; 0,70) (0,68; 0,76)
*p=0,046 p =0,053 p=0,062

D — YPOBE€Hb 3HAUYMMOCTAN OT/IMUMIA OITBITHBIX rpyIi oT MHTAKTHOI T10 KpUTepuio MaHHa—VMTHI/I;

* — pas3nmuuusi CTaTUCTUIeCcKy 3Haunmel (p<0,05).
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Puc. 3. PacmipenienieHyie MUETMHOBBIX HEPBHBIX BOJIOKOH I10 MaMeTpaM B MHTAKTHOM GeIpeHHOM
HepBe (a) 1 uepe3 6 Mec. mocste orepaiuu (b). [lvaMeTpsl BOOKOH ITPeICTaBIeHbI Ha 0CK abCITuce,

MPOLIEHTHBIE A0/ IIPOBOIHUKOB — Ha OCY OpPAMHAT

Fig. 3. Distribution of myelin nerve fibers by diameters in the intact femoral nerve (a) and 6 months (b) after surgery.
Fiber diameters are shown on the X-axis (abscissa), the percentage proportions of conductors — on the Y-axis

(ordinate)

Yepes 12 u 18 mec. skcriepMMeHTa O60JbIIAs YaCTh
(6omee 93%) MUETMHOBBIX HEPBHBIX BOJIOKOH OeIpeH-
HOTO HepBa MMejla HOPMAajJbHYI0 CTPYKTYpY, BCTpe-
Yaauchb efVHUYHbIE pereHepalyOHHbIE KIacTepbl U
peaKkTUBHO-[IECTPYKTUBHO M3MeHEeHHble MPOBOOHUKNI
(puc. 4). Oonsa nocnenHux dyepes 12 u 18 mec. ocraBa-

JIach MOBbIIIEHHOM — 6,45 (3,59;7,05) 1 6,76 (2,59;6,87)
COOTBETCTBEHHO, UTO B 3,2 1 3,3 pasa (p = 0,000) BbIiie
koHTpossg — 2,02 (1,00;2,90). PasmepHble xapakTepu-
CTUKYM MMUETMHOBBIX BOJIOKOH OeIpeHHOT0 HEPBA uepe3
12 n 18 mec. He MMeNN CTaTUCTUUYECKM 3HAUMMBbIX pas3-
JIMUUIA C KOHTPOJIEM (CM. Ta6I1. 1).

Puc. 4. ®parMeHThI TIOTYTOHKUX CPe30B 6eApeHHbIX HEPBOB COOAK:
a —uepe3 12 mec.; b — yepe3 18 mec. sKCIIepUMeEHTA.
OKpacka IMoJIMXpPOMHBIM METOAOM: METUJIEHOBBIM CMHUM, a3ypoM II 1 ocHOBHBIM pykcuHOM. YB. X500

Fig. 4. Fragments of the semi-thin sections of the canine femoral nerves:

a — after 12 months; b — after 18 months.

Polychrome staining: methylene blue, azure II and basic fuchsin. Mag. x500

TMcTOrpaMMBbl pacrpenesieHs MPOBOJHMUKOB 6ef-
PEHHOro HepBa IO AuMaMeTpam uepes 12 u 18 mec.
BOCCTaHAaBAMBAIY GMMOOAIbHOCTb. OCHOBaHME THC-
TOrPaMM OCTaBajJ0OCh YBeIMUYEHHBIM CJieBa Ha 1 pas-
psnL — coxpaHsuics 1% pereHepupyOUMX BOIOKOH, HO

BOCCTaHABIMBaIACh (pakius BOJOKOH AMAaMETPOM
16,1-17,0 MKM, OTCYTCTBYIOIIasl Yepe3 6 Mec. Mocjie
omnepanuu (cM. puc. 3b). Oomu menkux (D<4,0 MKM)
u KpynHbix (D>7,0 MKM) IpOBOOHMKOB 4yepe3 12 u
18 mec. 6bUIM IPUGIVKEHBI K KOHTPOIIO (pHC. 5).
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Puc. 5. PacripeneneHiie MUeIMHOBBIX HEPBHBIX BOJIOKOH 110 AuamMeTpam uepes 12 (a) u 18 mec. (b)
rocje onepanyu. JlaMmeTpsl BOJIOKOH MIPEICTaBIe€HbI Ha OCU aBCITNCC, TPOLIEHTHBIE JOY MPOBOJHUKOB —

Ha OCY OpAMHAT

Fig. 5. Distribution of myelin nerve fibers by diameters after 12 months (a) and 18 months (b)
after surgery. Fiber diameters are shown on the X-axis, the percentage proportions of conductors —

on the Y-axis

Oo6cykaeHne

TexHuka OOKOBOTO MEXKTEIOBOTO CIIOHIMJIOE-
3a MOSICHUYHOTO OT/e/ia MO3BOHOUHMKA CTAHOBUTCS
Bce 6GoJiee TIOMY/ISIPHOI Gyarogapsl MeHbIIeMy pacce-
YeHMIO TKaHel, BpeMeHM oIlepalyi, MeHbIIeil Kpo-
BOIIOTEPE ¥ TOCIEOTepaliOHHOM 60, HO MOXKEeT
COTIPOBOXKIATHCSI HEBPOJOTMUECKMMU OCTOKHEHUS -
mu [31]. Hame mccnegoBaHue mpy MOAEIMPOBAHUU
IIAaHHOTO OIepaTMBHOTO BMeNIaTeabCTBa Y MHTAKT-
HBIX CO0aK BBIIBMIO (DYHKIMOHAIbHbIE HAPYIIEHMS
B BiUJIe Tlape3a Ta30BbIX KOHEYHOCTENM, CHUKEHUS KO-
JIEHHOTO pedyJiekca cripaBa ¥ HEIOJTHO OTIOPBI CTOITHI,
KOTOpbIe B OOJIBIIMHCTBE CJIyYaeB pPerpeccupoBajm
B paHHeM T0ocjeolepalMOHHOM Mepuojie, UTo CoIia-
CcyeTcsl C pe3y/lbTaTaMM KIMHUUECKUX UCCIeIOoBaHUi
[32, 33].

B oTmaneHHble CpOKM IKCIepMMeHTa yepe3 6, 12
u 18 mec., B KOTOpbIe IPOMU3BOAMIICS 3a60p MaTepuaa
IS MOPQOIOTMUECKUX WCCIeNOBAaHU, OTSTOLIEHME
HEBPOJIOTMYECKO/ CUMIITOMATUKM OTCYTCTBOBAJIO,
HEBPOJIOTMYECKUI AebUIIUT He OOHApPYKMBAICSI —
pednekcel, IBUTATEIbHAS M ONMOpPHAas (GYHKIMUM Ta-
30BbIX KOHEUHOCTel 6bUIM B HOpMe. B TO ke BpeMs
MopdoIornueckoe yuccaegoBaHue 6eIpeHHOro Hep-
Ba B 3TM CPOKM OIIbITA BBISIBUIO TUCTOJIOTMYECKUE U
MopdoMeTpuUecke M3MeHEeHUSI HEPBHBIX ITPOBO-
IHUKOB. Tak, Ha BCeX CpOKax OIbITA B UaCTU BOJIOKOH
(4-7%) BBISIBISIIUCDH IPU3HAKY ITIOBPEXAEHMS MUEIN-
HOBBIX 000JI0Y€EK ¥ aKCOHOB 6€3 HapyIIeHUs CTPYKTY-
pbI 060J104eK OGeIPEeHHOr0 HEePBa, YTO pPaclieHUBAeTCs
KaK HeipoIipakcus ¥ akCOHOTMe3uc [34, 35]. laHHbIe
peakTUBHO-/IeCTPYKTUBHbIE M3MeHeHMs HePBHbIX BO-
JIOKOH HecrenyuduuHbl, 00HAPYKUBAIOTCS KaK IpuU
TPAKIMOHHBIX [36, 37], TaK U NP KOMIIPECCUOHHBIX
TUIIaX TPaBM nepudepnueckux HePBOB [38, 39].

Kpome Toro, yepe3 6 Mec. mocje orepanyuu Hamu
ObUTM BBISIBJIEHBI M3MEHEHMSI TOMYJISIIMOHHOIO CO-
CTaBa HEpPBHBIX ITPOBOAHMKOB: yMEHbIIIeHUe [0
KPYITHBIX U TOBBIIIIEHME [OIU MeTKUX MUETMHOBBIX
BOJIOKOH, a TaKXke CHIDKeHMe UX pa3MepHBIX Xapak-
TEePUCTUK — CpegHUI JuaMeTp aKCOHa COCTaBJISII
62% OT HOpPMbI, a TONIIMHA MUEIMHA — TOJbKO 53%.
DTU TIOKa3aTen CBUIETEIbCTBYIOT O MpeobaagaHnmu
MPOIIeCCOB IeMMUeNVHMU3aIMM, YTO COIJIACyeTCs C pe-
synbratam J.S. Uribe ¢ coaBTOpamm, KOTOpble HpuU
MpUMeHeHU! JaHHOM TeXHOIIOTUYM OJUarHOCTUPOBAIN
Y 4aCTu TallMeHTOB MOoCIeoTepalMOHHYI0 CUMITTOMA-
TUYeCKYI0 Helipompakcuio [40].

BoIsiBlieHHbIe uepe3 6 MecC. rMcToMopdomeTpu-
yeckue M3MeHeHUs 6eqpeHHOro HepBa MPaKTUUYECKU
TTOJTHOCTBIO HMBEIMPOBAINUCH Yepe3 12 1 18 mec. orbI-
Ta — pa3MepHble XapaKTePUCTUKU MUETMHOBBIX BO-
JIOKOH BOCCTAHaBJIMBAINCh, TUCTOTPAMMBbI TTPUOIVIKA-
JIUCh K MHTAKTHBIM, YTO COIVIACYeTCS C UCC/IefoBaHNEM
A.G. Tohmeh ¢ coaBTOpamm, KOTOpbIE YCTAHOBMIIN, UTO
ITOC/IeOTTePAIIMOHHBIN OBUTATETbHBIN OedUIUT HIUBe-
JIUpyeTcs yepe3 6 Mec. HabmoneHus [41].

Ha mpoTsbkeHMy Bcero sKkCrepuMeHTa B OeqpeH-
HbIX HEpBax He BBISBJSIM MacCOBYIO TMGenb Mue-
JIMHOBBIX BOJIOKOH M KJjaccuueckue MpU3HaKKU TpaB-
MaTUYeCKUMX HeNpomaTuii — KOHIIeHTPUUeCKue
CTPYKTYpPBI B BUJle CIIMPAJbHO PaCIONIOXKEeHHbIX BO-
KpPYT JeMUeJIMHU3UPOBAHHOTO aKCOHA IIBAHHOBCKUX
KJIETOK, 00pasymoIuecs: BCAEACTBYE TTOBTOPSIOIMINX-
CSl TIPOIeCCOB CETMEeHTapHOl IeMUeTUHU3AUU U
pemuenuHU3auuu [42, 43].

BoisBieHHble  (QYHKIMOHAIbHBIE  HApYIIEHUSI,
MMeloll[ie MeCTO TOJbKO B paHHeM Tocjeoriepaliu-
OHHOM TIIepuofie, M CYOKIMHUYECKUE TUCTOMOPGO-
MeTpuYecKkre U3MeHeHUs] GeIpeHHOTO HepBa uepes
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6 Mec. TIocIe oTiepaluy, perpecCcMpyroIye B OCIemy-
I0IeM, MBI CBSI3bIBAEM C MHCTPYMEHTATbHBIM BMeIa-
TeJIbCTBOM — TPaKIMell HepBHBIX CTBOJIOB IPU IUC-
JIOKaUUyM M BUOPAIIMOHHBIM BO3JIe/ICTBMEM KOCTHBIX
dpe3 npu dopmupoBaHMM KOCTHOTO JIOXKA MMILIAH-
tara. Hamm mpeamnonoskeHus MOATBEPKAAIOT JaHHbIE
Ipyrux aBTopoB. Tak, J.W. Silverstein ¢ coaBTOpammn
[24] n ].S. Uribe ¢ coaBTOpamu [40] rpu BBIMIOTHEHUN
6OKOBOTO MOSICHUYHOTO MEXKTEIOBOTr0 CIIOHAMIONEe3a
BBISIBMJIV CHVDKEHME aMIUIMTYAbl BBI3BAHHBIX TTOTEH-
[IMaJIOB OeIpeHHOTO HePBa BO BPeMS XUPYPruyecKoin
peTpakiuu, HO He3aMeJIUTeTbHbIe XUPYPIUUECKye
KOHTPMEDPBI TIO3BOJIMIM CMSITUYUTDb JIMOO TIPEmoT-
BPaTUTh TOBpEXIeHMe GempeHHOro Hepsa. R. Alluri
C COaBTOpPaMy CUMUTAIOT, YTO HEBPOJIOTUUECKME OCIIOK-
HEeHUS PU JTaHHOW TEXHOJIOTUM CBSI3aHbI C HEO6XO-
OVMOCTBIO TIPSIMBIX B3aMMOJENMCTBUII CO CTPYKTypa-
MM TIOSICHUYHOTO CIUIETEHUS B BUIE UX PACTSDKEHMS
U cKaTus [44].

3ak/IIoueHne

BoisiBieHHble B paHHEM IOC/IeonepariOHHOM
nepuone GyHKUMOHAJbHbBIE HApPyLIEHUSI U CYyOKIN-
HUYECKME TUCTOMOPGOMETPUUECKME U3MEHEHMUS
6edpeHHOr0 HepBa B BUIEe YMEHbLIEHUS OMaMeTpa
U IEeCTPYKTUBHBIX M3MEHEHMI YacTU MUEIMHOBBIX
HEPBHBIX BOJIOKOH 4yepe3 6 MecC. ITocje MOeIpoBa-
HMSI GOKOBOTO MEKTE/I0BOT0 CIIOHAMIONE3a MOSICHIY -
HOTO OTHeja IMO3BOHOYHMKA Y 3[I0POBBIX SKMBOTHBIX
SIBJISIIOTCSI CIeICTBMEM MHTpAOIepalMOHHOrO0 B3au-
MOJIEMCTBUSI CO CTPYKTypaMM ITOSICHUYHOTO CILIeTe-
HMsL. DTV (aKTOPBI PUCKA Pa3BUTHUSI HEBPOJIOIMUECKUX
OCJIOKHEHMI TpebyIloT OajJbHENMIIero TINATeIbHOIO
MUCCIeNOBaHMSI, MO/DKHBI YUMTBIBATHCS TPU BbhIOOpE
JAaHHOM MEeTOIVKU.
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HoBbli1 cn0co6 OTKPbLITON peno3numMmn 1 yaepxXaHust KOCTHbIX OT/IOMKOB
C UICNONb30BAaHMUEM MJIACTUKOBbIX XOMYTOB-CTSXKEK
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Pecdepar

AxkmyansHocmp. KauecTBo penosuiiy OTIIOMKOB TPV OTKPBITOM OCTEOCHMHTE3E SIBJISIETCSI OMHMM 13 BaXXHBIX (DaKTOPOB,
OTIPeIeISIIONINX UCXO, JieueHust. HepemKo pernosuiins u yaepskaHue KOCTHbIX OTIOMKOB ITPeCTaB/ISII0T CO60ii HEITPOCTYIO
3amauy. ABTOpaMu ITPeJIOKeH CII0CO6 PeIros3uIIMIA ¥ BPEMEHHOTO yaepskaHMst OTIIOMKOB C MCIIOIb30BaHMEM IIIaCTUKOBbIX
XOMYTOB-CTSIKEK, VICIIO/Ib3YEMbIX [PV JIEKTPOMOHTAKHbBIX paboTax. Lle1s — MpoeMOHCTPMPOBATh BO3MOKHOCTY HOBOTO
C110c00a MHTPAOIIEPALVIOHHOI PEITOSUIIMIA U YAePsKaHMsI KOCTHBIX OTJIOMKOB TPV IIOMOIIM IIACTMKOBBIX XOMYTOB-CTSIKEK.
Mamepuan u memodst. XOMyTbI-CTSKKY [IE€PE], OIlepaLyeii [IOBEePraoT CTEPUIM3ALINA B PEXMMAX, IPeIHa3HaYeHHbIX IS
[TOJTOTOBKY ITOJIMMEPHBIX M3Ie/unit. [locie BbIIee s OTJIOMKOB OCYIIECTBIISIIOT MX PEMO3UIINIO U YIepsKaHMe C TOMOIIbIO
3aKMMOB M KOCTOAepskaresneii. Ha 3ToM arare ornepaiyuy BO3HMKAET [TOTPEGHOCTh B MPUMEHEHUM XOMYTOB-CTSKEK, TaK
KaK KOCTOJEepsKaTe MPEersITCTBYIOT YKIAAKe [IACTUHbBI Ha KOCTb. [IJIsT 3TOr0 Ha CBOGOAHbIE OT KOCTOAEpKaTe el y4acTKu
KOCTM B 06/1aCTHM CTHIKOBKM OT/IOMKOB HaK/IaIbIBAIOT 3—4 [IACTMKOBBIX XOMYTa-CTSDKKMA. B Téx MecTax, e K OTVIOMKY ITpu-
KPEIUISIOTCS HETIOBPEsKI€HHAsT HaZIKOCTHUIIA V¥ MBIIIIIbI, MHCTPYMEHTOM (DOPMMUPYIOT Y3KME MOMTePeYHbIe KaHAJIbI B MSTKUX
TKaHSX [JIsI 00XBAThIBAHMSI KOCTM XOMYTOM. 3aT€M CBOOOIHBIN KOHEI[ XOMyTa IIPOBOAST Uepe3 ero 3aMOK ¥ MaKCHMasib-
HO 3aTSTMBAIOT. [Toc/ie 3aTIrMBaHmMs BCEX XOMYTOB KOCTOIEPyKaTeMM CHMMAIOT. HalloskeHHbIe XOMYThI HaIEKHO YIepPsKUBa-
10T KOCTHbIE ()parMeHThbI OT KaKMX-JIMO0 CMELIeHNi1 Jaxe [Py poTaluu cermeHTa. [IoBepx KOCTM C 3aTSIHYThIMM XOMYTa-
MM-CTSDKKaMM YKJIAAbIBAIOT HAKOCTHBIN (ykcaTop. 3ateM GUKCHMPYIOT IVIACTMHY K KOCTU BuHTamu. CliemyeT yKIaabiBaTh
[IACTMHY Ha KOCTh 6€3 CMIbHOTO MPIIKATHS, YTO ITO3BOJISIET YOAISITh XOMYThI-CTSKKY M3-TIO IIACTVHBI Ha JII000M 3Tare
ocreocuHTesa. CTSDKKM YAAJISIIOT, pa3pesast MX CKaJIbIeJieM WIM IepeKyChiBasi KycauKaMmiy, 3aTeM IUIACTUHY 3aKPeIUISIoT
K KOCTY OCTABIIMMMCSI BUHTAMM. 3aK/II0UeHUe. XOMYThI-CTSKKY 00/1a1al0T MHOTMMM ITPEMMYIIECTBAMM: OHM HOCTYITHBI,
[IEIIEBbI, HE TEPSIIOT CBOMX MEXaHMYECKMX CBOVICTB IOC/Ie CTEPUIM3ALINMA, TIO3BOJISIOT HAEKHO YIEePKMBATh OTJIOMKY KO-
CTejt BO BpeMsI Peros3uLvm, peHTTeHOHeraTMBHbL. MeTo[ IpoieMOHCTPMPOBA YI06CTBO M HaJeKHOCTD.

KiroueBble CjI0Ba: HAKOCTHBIV OCTEOCUMHTES, PENO3ULIMS OTIOMKOB, XOMYTbI-CTSDKKIA.
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A New Method of Intraoperative Reposition and Holding
of Bone Fragments with Ty-Raps
Pavel A. Ivanov, Aleksandr V. Kasatskiy, Nikita N. Zadneprovskiy, Aleksandr V. Nevedrov

Sklifosovsky Research Institute of Emergency Medicine, Moscow, Russia

Abstract

Background. The quality of fractures reposition in open osteosynthesis is one of the important factors determining the
outcome of treatment. Often, the reposition and fixation of bone fragments is not an easy task. The authors propose a
method of reposition and temporary fixation of fragments using plastic ty-raps used in electrical work. The aim of the study
is to demonstrate the possibilities of new method of intraoperative reposition and fixation of bone fragments using plastic
ty-raps. Materials and Methods. Ty-raps were sterilized before the surgery in the modes intended for the preparation of
polymer products. After the fragments were dissected, their reposition and fixation are carried out with the help of clamps
and bone clamps. At this stage, there is a need for the use of ty-raps, since the bone clamps prevent the plate from laying on
the bone. To do this, 3-4 plastic ty-raps were applied to the areas of bone free from bone clamps in the area of the fragments
contact. In those places where an intact periosteum and muscles are attached to the fragment, narrow transverse channels in
soft tissues are formed with the instrument to wrap the bone with a ty-rap. Then the free end of the ty-rap is passed through
its lock and tightened as much as possible. After tightening all the ty-raps, the bone clamps are removed. The applied ty-
raps reliably keep the bone fragments from any displacement, even when the segment rotates. A bone plate is placed on the
bone surface with tightened ty-raps. Then the plate fixed to the bone with screws. The plate should be placed on the bone
without strong pressing, which allows you to remove the ty-raps from under the plate at any stage of osteosynthesis.
The ty-raps are removed by cutting them with a scalpel or snacking with wire cutter, then the plate is fixed to the bone with
the remaining screws. Conclusion. Ty-raps have many positive properties: they are affordable, cheap, do not lose their
mechanical properties after sterilization, allow you to securely hold bone fragments during reposition, X-ray negative.
The method has demonstrated convenience and reliability.

Keywords: plate fixation, bone fragments reposition, ty-raps.
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BBenenne

Penosuiiusi u yaepskaHue KOCTHBIX OTJIOMKOB TpU
OTKPBITONM pEeIo3uIM BO BpeMsl OIepaluii OCTeo-
CMHTE3a TIPe[CTaBisgeT o060l HEeImpOCTYyIo 3amauvy.
CrereHb BOCCTAHOBJIEHUSI aHATOMUM MOBPEXKIEHHOM
KOCTY — 9TO K/TF0U€BOIi (PaKTOP, OT KOTOPOTO 3aBUCUT
Kak paHHMIT pe3y/ibTaT BMeIllaTelbCTBa, TaK U UCXO],
JleyeHUs1 B 1eqioM. KauecTBO pemosuiiuyu HaIpsMyo
oIpefesisieT CTeleHb CTAaOWIBHOCTM OCTEOCHMHTE3a,
BEPOSITHOCTb (DOPMUPOBAHUST HEeCpAIeHMsI U pPa3BU-
TUSI THOVHBIX OUIOKHEHU1 [1, 2, 3].

Hamu mpemyiokeH M yCIENIHO anmpoOupoBaH Ha
MpaKkTUKe CII0CO0 PEero3UIIMM M BPEMEHHOIO yaep-
>KaHMSI OTJIOMKOB BO BpeMsI OTKPBITOTO OCTeOCMHTe3a
C MOMOIIb TIJIACTUKOBBIX XOMYTOB-CTSIKEK, MCIIONb-
3yeMbIX TP JTeKTPOMOHTAaKHBIX paboTax. B cTpon-
TEJIbCTBE U B OBITY XOMYTbI-CTSIKKM ITO3BOJISIIOT OBIC-

Puc. 1. [I1acTMKOBBIE XOMYTbI-CTSIKKUA

Fig. 1. Plastic ty-raps

TPO ¥ KaUeCTBEHHO 3aKPeNuThb pa3/IMUHbIe TeTaau U
3JIeMEeHTbI KOHCTPYKLMI Meskay coboii. [TpocTas 1 Ha-
JIeKHAsT KOHCTPYKIIMSI XOMYTOB-CTSDKEK, YIOOCTBO UX
MOHTAa)Xa, JellleBY3Ha — BOT IIPUYMHBI, II0 KOTOPBIM
OHM 3aBOEBa/IM 3aCTy>KeHHYIO TIOIY/IIPHOCTh Ha TIPOo-
M3BOZACTBE U B OBITY (puC. 1).

W3penus u3 MONMMMEPOB JaBHO M YCIIENIHO IIpH-
MEHSIIOTCSI B XMPYPTUMUECKOi MpaKTUKe (IpeHaskKHbIe
TPYOKM, KaHIOMM, KaTeTepbl, IPbIKEBbIE CETKM, BKIa-
IBIIIV SHOOPOTE30B ¥ T.11.). BO3SMOKHOCTD CTepMIM3a-
[}, HETOKCMYHOCTh MaTepuasa, BhICOKME TOTpe6u -
TeNIbCKYME CBOVCTBA U3IENNIT U3 ITOIMMEPOB CIeIau
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UX OUeHb MOMY/ISIPHbIMM B MenuiiuHe. Il1acTMKOBbIe
XOMYTBI-CTSIKKM TakKe IIPUBJIEKIM BHMMaHME Me-
IVUMHCKUX crienuanuctoB. OOuH M3 MPUMEPOB UX
MMpMMeHeHMs TIpUBeIeH B CTaTbe HAIIMX KOJUIET U3
HupepnaHmoB, B KOTOpPOJ aBTOPBI AENSTCS CBOUM
OITBITOM YCIEIIHOTO MCIO0Ib30BaHMS JAHHO OCHACT-
KM OJIsS1 AepMaTOTeH3UM IMPU 3aKpbITUM paH Mocjie
dacumoromun [4]. ImeHHo 3Ta paboTa BIOXHOBU-
Jla Hac Ha pa3paboTKy IpenCcTaBJI€HHOIO CETrOmHS
criocoba.

Ilenv pabomsi — MIPOIEMOHCTPUPOBATD BO3MOXKHO-
CTM HOBOTO CIT0CO6a MHTpPAOIIepallMOHHOM pernosu-
LMY U yaepsKaHUST KOCTHBIX OTJIOMKOB IIPY TTOMOIIU
IUIACTUKOBBIX XOMYTOB-CTSDKEK.

Xupypruueckasi TeXHuKa

XOMYTBI-CTSDKKM TIepen, oIlepalyeil MoaBepramT
CTepUIN3AIMOHHOI 00paboTKe B CTAaHIAPTHBIX PEXKU-
Max, IpefHa3sHaueHHBIX [JI MOATOTOBKM IMOIMMEp-
HBIX U3Tenuniti. MeToayka puMeHeHUs XOMYTOB-CTSI-
’KeK BO BpeMsI OCTEOCMHTEe3a OTIMYAeTCs IPOCTOTOIA.
[Mocne BbIAeNeHMS] OTIOMKOB OCYLIECTBJSIOT UX pe-
MO3UIMIO U yAEePKaHMe C TTOMOIIbI0 3aKMMOB U KO-
CcTOMepsKaTesieil Mo OObIYHOI MeToAuKe. IMeHHO Ha
9TOM 3Tare omepanuyu M BO3HUKAET IMOTPeOHOCTH
B IIpMMEeHEeHNUM pa3paboTaHHOro HaMM Crocoba, Tak
KakK HaJo>)KeHHbIe Ha KOCTb KOCTOJepsKaTe/lu MpernsT-
CTBYIOT YKJIaJKe IIJIACTMHBI Ha KOCTb (puc. 2a). Jas
3TOr0 Ha CBOOOIHbBIE OT KOCTOHepsKaTeseil yuacTKu
KOCTU B 00JIACTM CTHIKOBKM OTJIOMKOB HAaKJIaJIbIBAIOT
3—4 TUIACTMKOBBIX XOMYTa-CTSDKKM (puc. 2b). B Tex
MeCTax, Ile K OTVIOMKY HPUKDPEIUVISIOTCS HelOBPEX-
JleHHasl HaJKOCTHMUIIA M MBIIILbI, MHCTPYMEHTOM
bopMupyoT y3kme momepeuHble KaHAIbI B MSTKUX
TKaHSAX AJIS 00XBaThIBAHMSI KOCTUM XOMYTOM. 3aTeM
CBOOOAHBIN KOHEI| XOMYTa MPOBOIAT Yepe3 ero 3a-
MOK ¥ MaKCMMaJbHO 3aTATUBaloT. [locie 3aTArMBaHus
BCEX XOMYTOB KOCTOAEepsKaTeau CHUMAKT (puUc. 2¢).

HasokeHHbIE XOMYTBI HaJeKHO YAEPKMBAIOT KOCT-
Hble (hparMeHThI OT KaKUX-TMO0 CMEeIeHN Jaske TPy
poTanuu cerMeHTa. 3aTeM ITOBEPX KOCTU C 3aTSIHYThI-
MM XOMYTaMMU-CTSDKKaMM YKJIaIbIBAIOT HAKOCTHBIN
dukcatop (puc. 2d). [Ipy HEO6XOAMMOCTY eMY ITPUAA-
10T HEITOABMKHOCTD C TIOMOIIbI0 KOCTOAePsKATES MU
IOTIOTHUTENbHBIX XOMYTOB. Ilocjie 3TOro HauMHAIOT
(buKcHpoBaTh IIACTUHY K KOCTY BMHTaMu. BaxkHo uC-
KJIIOUUTDH CWJIbHOE 3askaTye XOMyTa IOJ IUIaCTUHOM.
Ecnmu mnacTuHy yKIaIbIBAIOT HA KOCTh 6€3 CUILHOTO
MIPUKATYS, TO CTSDKKY OYAYT YAISATHCS U3-TI0[, TIJ1ac-
TUHBI 6€3 Tpyaa Ha JIlo6oM 3Tare ocTeocuHTesa. Eciu
Ke TJIACTUHY MPUTITUBAIOT K KOCTU KOCTOEePsKaTeNsI-
MY MY KOPTUKAIBHBIMU BUHTAMMU, TO JIyUIlle YOAISITh
CTSDKKM IO 3Tarla BKPyUMBAHMS OIMSKAMIINX K MECTY
repejioMa BUHTOB, YTOOBI M36€KaTh UX TVIOTHOTO 3a-
sKaTus To, TVIaCTUHOM. [1/19 TOMOMHUTEebHOTO 0C/Ia-
O/eHMs] TTPUAABIUBAHUS CTSDKKU PSIAOM C XOMYTOM
B IIIeJTb TIO[] TUTACTMHY MOKHO BBECTM MaJIbIii 3eBa-
TOp WINM KPIOUOK Majioro peTpakTopa XomaHa M OT-
IaBUTb GUKCATOpP OT KOCTU. CTSDKKM YHAISIOT, pas-
pesas X CKajblleJieM WiIK epeKyChIBas KycauKamu
(puc. 2 e). ITociie 3TOro IUIACTUHY 3aKPEIISIOT K KOCTHU
OCTaBIIMMMCS BUHTAMMA.

[Tepen 3aKkpbITMEM paHbI CJEAYET ITPOBECTU IO -
cueT (pparMeHTOB XOMYTOB-CTSIKEK, UTOOBI MCKITIO-
YUTDb UX OCTaBJIeHME B paHe. JIyylile UCIIOIb30BaTh U3-
Ienus U3 SIPKOTO LIBETHOTO IUIACTMUKA, YTO ITOMOTaeT
UOEeHTUGUIMPOBATD UX B OITEPALIIOHHOM II0JTe.

YHUKa/IbHbIE CBOJMCTBA XOMYTOB-CTSIKEK ITO03BO-
JITIOT MCIIONb30BaTh MX HE TONBKO ISl YAEepsKaHwuS,
HO U JIJISl PETIO3UILIVY TIEPEIOMOB C IJIMHHBIMU KOCT-
HBIMM OCKOJIKaMU. [IJIsl 3TOrO XOMYThI HAKIabIBAIOT
Ha OTJIOMKM Ha pa3HbIX YPOBHSX, HO 3aTSITMBAIOT UX
HEIOJHOCTBI0. 3aTe€M B XOJie PEIO3UIIMM UX TTOC/Ten0-
BaTeJbHO OTSATUBAIOT, TEM CAMBIM ITO3TAITHO TIOMO-
rast COMsKaTh U YAEPsKMBATh OTIOMKY B MTPABMJIBHOM
TTOJIOSKEHUY OTHOCUTENIBHO APYT APYTa.

Puc. 2. DTanbl UCMO/Ib30BaHUS XOMYTOB-CTSDKEK IJISI yaep>XKaHMA KOCTHbIX OTJIOMKOB!
a — IIOJIOKeHMEe OTJIOMKOB OO Hadajyla perno3nunm; b — nocie HasmoOKeHUS KOCTO,E[ep)I(aTEJleﬁ " XOMYTOB-CTSIXKEK;
C — IocC/ie CHATUA KOCTO,ELep)KaTeHeﬁ; d — rocste HaMOXKeHUS IJIACTUHBI; € — yAaJIeHe XOMYTOB-CTSIDKEK

Fig. 2. Stages of using ty-raps to hold bone fragments:

a — the position of the fragments before the start of the reposition; b — after applying the bone clamps and ty-raps;
¢ — after removing the bone clamps; d — after applying the plate; e — removing the ty-raps
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0O6cyRaeHue

[peaJioskeHHbINi HAMM CIIOCOO PENO3ULIUU TIPU-
BJeKaTeleH Oynaromapst [JOCTYIHOCTH, 3(hdEKTUB-
HOCTM ¥ MPOCTOTE WCIOIHEHUS. XOMYTbI-CTSDKKU
JlellleBbI U TOCTYIIHBI, TPOJIaI0TCSI B GOJBIIOM accop-
TUMEHTE B CTPOUTENbHBIX, KOMIIBIOTEPHBIX U XO351i1-
CTBEHHBIX MarasuMHaxX (CMHOHMMBI — ILIaCTMKOBasi
CTSDKKA, KabeiabHasl CTSDKKA, HEIOHOBAs CTSKKA,
CTSDKKa-XOMYT, XOMYT IIACTMKOBBIV, XOMYT HEWIO0-
HOBBI, CTSKKA IMOMaMUIHasI, XOMYT [MOTMaMUIHbIN,
XOMYT KabenbHblii, cTskka KCC, xomyT KSS 1 Tak mga-
see). OHYM OT/IMYAIOTCS 110 BUAY U CBOVICTBaM MaTepu-
Ja, pasMepy, 1BeTy, Tpoduio, KOHCTPYKLIMM 3aMKa,
BO3MOXXHOCTM pa3MbIKaHMS ¥ IOBTOPHOIO 3aTSATMBa-
HMS U T.I1. [JaHHbIe U3[IeUs He MeHSIOT CBOUX Qusu-
YeCKMUX CBOWCTB IPU JOO0OM M3 HIMPOKO MpPUMeEHsIe-
MBIX CITOCOO0B MeIUIIMHCKOM CTepUIn3alyn.

[peaJioskeHHbIN T HaMM CIIOCO6 CXOXK C KIaccuue-
CKMM CIIOCOO0M HAJIOKEHUS TTPOBOJIOUHOTO CEPKIISI-
’Ka, HO MMeeT oueBMHbIe ITpeuMyllecTBa. OH MpOIIE,
nernieBsie, 6picTpee. Kpome 3TOro, MOIMMEPHBI XO-
MYT-CTSDKKa HAMHOTO GepeskxHee 06XBAaThIBAe€T KOCTb
M HaJIKOCTHMILY, UeM MeTajuinueckasl poBosokxa [5].
9TO 06YC/IIOBIIEHO HE TOMBKO MAaTepuasoM, U3 KOTO-
pOTro OHM U3TOTOBJEeHbI. CTSsKKAa 06bIYHO UMeeT Hop-
MY JIEHTBI Y, B OTJIMYME OT IPOBOJIOKY, pacpenensieT
JlaBjeHue 00xBaTa Ha GOJBIIYIO TUIOIAb M MEHbIIIE
MOBpPEXIaeT moaJiexkaniye TKaHu. 3TO CBOVICTBO CIO-
cob6a faeT CylleCTBEHHOE MPEeUMYIIECTBO MPU orepa-
LMSIX Y OKUIIBIX JIIOEN C UICTOHUEHMEM KOPTUKalb-
HOTO CJIOSI M TIOBBILIEHHOM XPYIIKOCTBIO KOCTU [6].
[Ipu UCIIOMb30BaHUYM KOCTOAEPSKATENSI €0 TYOKU Ja-
BSITJINILb Ha IB€ TOUKM OKPY>KHOCTU B MeCTe KOHTaKTa
MHCTPYMEHTa U KOCTU. [Ipy cCJIbHOM 3aXKaTUM MOKET
MPOMCXOIUTb PAaCKaJabIBaHUE OTIOMKOB U yCyrybie-
HMe HecTabWIbHOCT. MeTo[, ¢ UCIOIb30BaHUEM XO-
MYTa-CTSDKKM HE COTEPKUT TaKUX PUCKOB — Harpyska
JlaBJeHMsI Ha KOCTb PABHOMEDPHO pacIipelensieTcs 1o
Bceil JyIHe OKPY>KHOCTHU 00XBaTa.

[penJioskeHHbIN CIIOCO6 MMEeT OYeBUIHBIE Tpe-
MMYILECTBa Tepes Crocob6amMyu ¢ HaJIOXKEHMEM KOC-
TojepskaTeneii. bpaHIIM KocTomepskaTenss HYKHO
HaK/JIaIblBaTh TOJABKO B OIIPENeNeHHON IIOCKOCTU

Puc. 3. BpemenHasi pukcanus
TJTACTMHBI Ha TpebHe KOCTHU

Fig. 3. Temporary fixation
of the plate on the ridge
of the bone

110 OTHOLIEHMIO K IVIOCKOCTU CONMPUKOCHOBEHUS OT-
JIOMKOB JJi1 UxX Komrpeccun. [Ipy ommnb6OYHOM BbI-
60ope IUIOCKOCTU CHABjeHUs OTIOMKOB BO3HMKaeT
cMellleHMe OTJIOMKOB. Hepeko pacronioXuTb KOCTO-
JIepkaTenb B ONTMMAaAbHON MO3ULMM OT IJIOCKOCTU
nepesioma ObIBaeT 3aTpymHUTENbHO. Tak, rpu mpu-
IaBAMBAaHUM IUIACTMHBI K KOCTM KOCTOHepsKaTenem,
0COOEHHO HaJ, KOCTHBIMM TPEOHSAMMU WU KOCTHIO
C MOTepeyHbIM CeueHeM OBaIbHOM hOPMBI, TIACTU-
Ha CTPEMMUTCSI COCKOJb3HYTh C KOCTM BBUAY HECOOT-
BETCTBUSI KOHTYpa Moc/iefHelt 1 mpoduist dukcaTo-
pa. PazpaboTaHHbIii HAMM CIIOCOO JIMIIEH JaHHOTO
HeJOCTaTKa, TaK Kak XOMYT PaBHOMEDHO OXBaTbIBaeT
KOCTbh U (DUKCATOP U YAEePKUBAET ITACTUHY C 60KOBBIX
CTOPOH OT COCKalb3biBaHUA (puc. 3). [lostomy npu
MHOTOOCKOJIBUATBIX IepeioMax XOMYThI-CTSKKU SIB-
JITIOTCSL TIPAKTUYeCKM 6e3abTepHaTUBHBIM MHCTPY-
MEHTOM NP PENO3ULUU OTIOMKOB.

Crioco6 1o3BOJIsIeT COMMKATh OTIOMKM He TOJb-
KO B HalpaBJ€HWUU, NEePHeHINKYIIPHOM OCU KOCTHU.
Hamu wucnonb3yeTcsi mpuem CcHaBjleHUS B AUaro-
HaJIbHOM HaIlpaBJeHUM MIPY IOMOLIY yIIOpa O CIULLY
(puc. 4). I 3TOTO MOC/Ie COMOCTaBAE€HUSI OTIOMKOB
yepes KOHLIbI B KOCOM HalpaBaeHUM TPOBOISIT CIINLLY.
[Toce 3TOr0 XOMYT MPOBOZIST MO pa3Hble CTOPOHBI OT
CIMLBI U 3aTArMBaT. TakuM 06pa3oM, OH HaEKHO
pacrosnaraeTtcs B 3aJaHHOM KOCOM HallpaBjieHUM IO
OTHOIIEHMIO K OCY KOCTU Y NMEPIEHAUKYISIPHO ILIOC-
KOCTM CTBIKOBKM KOCBIX KOHIIOB OTJIOMKOB.

XOMYTBI-CTSIKKM M3TOTOBJIEHBI U3 PEHTTEHOIPO3-
payHOro martepmasna, YTO HaJesseT UX YHUKaJIbHbI-
MM CBOJCTBAaMM TIO CPaBHEHUIO C JIIOOBIM IPYTUM
MeT//IMYEeCKUM XUPYPTUUYECKUM MHCTPYMEHTOM.
Hepenko mpu peHTreHOCKONMM BO BpeMs Orepanumn
MeTa//InyecKkue KOCTOAepXKaTeNnn U 3aXKMMbl 3aKpbl-
BalOT Ba)KHbIE YUYACTKMU, YCIIOXKHSISI KOHTPOJIb KauecTBa
penosuiiun (puc. 5a, b). IlmacTukoBbIe YCTPOVICTBA
He CO3JalT B 3TOM OTHOLIEHUM MPENSITCTBUII — BO
BpeMs ollepaluy OHM He MellaloT BU3yalau3upoBaTh
KOCTb Ha 1060M yuacTke (puc. 5c¢). KauectBo ymep-
>KaHMS OTIOMKOB BO BPeMSI OCTEOCHHTE3a IOATBEPK-
JaeTcs TOocaeoNepalMOHHBIMM PEeHTTeHOrpaMMaMu
(puc.5d, e).

Puc. 4. BpemeHHas bukcauust
KOCOTO IlepesioMa

C MIOMOIIBIO CITUIIBI

M XOMYTa-CTSKKU

Fig. 4. Temporary fixation

of an oblique fracture with

a wire and a ty-rap
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3akJ/IoueHmne

[penoxkeHHBI HAMM CIIOCOO PETIO3UIUA U yIep-
SKaHMST KOCTHBIX OTJIOMKOB C [IOMOLLbX) XOMYTOB-CTSI-
>KeK BO BpPeMsl OTKPBITOI'O OCTEOCUHTE3a OTVIMYAeTCs
HaJIeXXHOCTBIO0, YIOOCTBOM U OCTYITHOCTBIO JIJIST TIPU-
MeHeHMs. OH ITIOMOTaeT yIep>KuBaTh OTIOMKU B IIpa-
BWJIBHOM TTOJIOKeHMM 6e3 pucka AOMOTHUTEIbHOTO
pacKaybIBaHUS KOCTU U He CO3JaeT IPemnsITCTBUI IPU
UTPaAOIlepalliOHHOM peHTreHOoCKonuu. [Iisi yTouHe-
HUsl cTerieHM 3¢GGeKTUBHOCTHU TPeIOKeHHOTO CIT0-
coba HeoOXOOMMO TIIPOBeeHNEe TOMOMHUTENbHBIX
yuccaegoBaHMIA.

Smuueckas JAKCcnepmu3a

[TpoToxon NpUMeHEeHUS MpeaJIoKeHHOTO
HaMM crocoba 6bIT 0J00peH JIOKAJTbHBIM KOMMUTE-
TOM II0 GMOMemuIIMHCKOI 3TuKe I'BY3 «HayuHo-
MUCCIe0BATeNbCKUI MHCTUTYT CKOPO TMTOMOILY UM.
H.B. Cknudocosckoro [ernapraMeHTa 31paBooxpa-
HeHus T. MOCKBBI» (TTpOTOKO N27-17 0T 18 ceHTSODS
2017 r.).

Puc. 5. IHTpaonepaOHHbIE U MOCTe0NnepalOHHbIe
PEHTTEHOTPAMMBI:

a — 10 Havasa pero3uLiuu;

b — mocie Ha/IOKEeHMST KOCTOZIePKaTesel M XOMYTOB-CTSIKEK;

C — IOCJIe CHSITYSI MeTa/UIMYeCKUX KOCTomepskaTeneil (OTIIOMKA
YIOEP)KUBAIOTCS B IPABUIBHOM IOJIOKEHUY XOMYTaMU-CTSDKKaMM);
d, e — nocsie onepanun

Fig. 5. Intraoperative and postoperative X-rays:

a — before the start of the reposition;

b — after applying bone clamps and ty-raps;

¢ — after removal of metal bone clamps (fragments are held
in the correct position by ty-raps);

d, e — postoperative X-rays
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IMoctynuBiiasi B pefakuuio XypHana «TpaBmaTo-
jorus u opronenus Poccun» cratobs I1.A. ViBaHoBa
C COaBTOpPaMU COAEPKUT KPaCUBYIO U MIPOCTYIO UJIEI0,
00J1ervaloNyio OCTEOCUHTES.

B MupoBoi1 muTepaType ecTh HECKOIbKO ITyO/IMKa-
LM 110 MPUMEHEeHUI0 MOHTaKHBIX CTSKEK B XUPYpP-
ruu: 910 pabotel G.A. Govaert u S. van Helden [1],
W.Y. Tang [2], S. Ramesh, S. Ajik [3] u A.R. Arain
¢ coaBTOpamu [4]. Bo Bcex 9Tux deThipex paborax aB-
TOPbI MUCIOJb30BAIM MOHTAKHYIO CTSDKKY HaKOXXHO
IJIST IepMaTOTeH3UM, 06eCKpPOBIMBaHMS, TIpedadbpu-
Kaluuu " T.1,.

OmHaKko MMETCS CIyJyau, KOTAa aBTOpbI Co0bma-
0T O BpEMEeHHOV MMILJIAaHTAl M MOHTAXXHOM CTSIKKM.
Hampumep, J.A. Cadeddu c coaBTOpamMy HpUMeEHS-
JIM ee Kak Jmratypy npu Hedpakromuu [5]. OgHako
B 3TOil CTaTbe peub uuaeT 06 ormepauysix Ha SKUBOT-
Hbix. Ciyyay TNpUMeHeHMS MOHTAXHBIX CTSDKEK
B BeTepuHapuu BooOIIe He pedKocCTs [6, 7, 8, 9], B Tom
4yyciie Kak MeTOoJl OKOHYaTe/IbHOro ocTeocuHTesa [10].
OpHako Bce COOOIEHNS O MPUMEHEeHUM MOHTAaKHBIX
CTSDKEK Y JIIofieli OrpaHMYMBAIOTCSI TObKO HAKOXKHBIM
npuMmeHeHnuem [1, 2, 3, 4].

Wcnonb3oBaHue  He3aperucTpMpOBaHHBIX — U3-
Ienuii B MeIUIIMHE paHee ObUIO MOAPOOHO PaccMo-
TpeHo Hamu [11], u MbI 6GoJlee CKIIOHHBI AyMaTh, UTO
Takoe MpUMeHeHMe BO3MOXHO U TOIKpeIIeHO pe-
amusAMU, XOTsI, KOHEUYHO e, BOIIPOC IMUCKyTabeseH,
YTO IMOATBEPKIAETCS MybnuKauusiMu 06 odd-neiibn
MpUMeHeHUM B OPTOINEAUM B BbICOKOPEMTUHIOBBIX
KypHasax [12, 13, 14].

OnMH 13 OCHOBHBIX 3aKOHOB OCTEOCHHTE3a — CO-
XpaHeHMe BacKyasapusanyum Koctu. JIrnb6ast KOHCTPYK-
umst 6ydmeT HapymaTh BacKyaspusanuio. Yem 3Kc-
TEeHCUBHEe KOHCTPYKIIMS, TeM OOJIbIlle HapyIIaeTcs
BacKy/sspu3auusi. MHe KaskeTcsl, UTO KOCToJepskaTenn
3a CueT TOYEUHOI BpeMEeHHOJ (pMKcaluy Ha 3Tare
peno3uiMy MakCMMaabHO COXPAHSIOT CBSI3b OTJIOM-
KOB C MATKMMM TKaHSIMMU, a 3aBeJleH1e CepKIsKa BO-
KPYT KOCTM KaK pa3 ¥ OTOPBET OTJIOMKU OT MSTKUX
TKaHei, U Mbl MOJYYUM [eBacKyJSIpU3UPOBAHHYIO
KOCTb: KpacUBYIO IOCAeONepaiMOHHYI0 PEHTTeHOB-
CKYI0 KapTMHKY C BBICOKMM PMCKOM HecpalleHus.
Ha, cepkisik U3 MIaCTUKOBOM MOHTXHOM CTSDKKU
BpeMeHHbI, HO OH y)Xe HaBpeAul B MOMEHT ero
MUCTI0/Ib30BaHMUSI.

ABTOpBI WUIIOCTPUPYIOT CBOE TpeAJIOKeHNe UH-
TpaonepauyMoHHbIMM (QoTorpadusamMmu, Ha KOTOPBIX
BUIHO MCIIOJIb30BaHME UeThIpeX TaKUX BPEeMEHHBIX
CepKIISKel Ha BeChbMa HEOOJIbIIIOM PACCTOSTHUY PYT
OT Apyra. ABTOPBI HE OIMCHIBAIOT, KAKOW KOHKPETHO
TepejioM OHM JIEUMJIU, HO, BEPOSITHO, peuyb UIeT 06
onHO(parMeHTapHOM KIVMHOBUIHOM II€peioMe Iya-
¢uza. He BmaBasicb B JUCKYCCHIO 00 MHTpaMeyUIsIp-
HOM ¥ HAaKOCTHOM OCTEOCHHTEe3e, MHe He COBCEM I10-
HSITHO, KaKyue TeXHMUeCKue TPYIHOCTU Perno3uium,
MyCTh Jla’ke OCTEOMOPOTUYECKO KOCTM, 3aCTaBUIU

aBTOPOB MCIOAb30BaTh OCTATOYHO TPaBMAaTUUHYIO
BPEMEHHYI) PENOo3ULMI0 YEeThIPbMS CEePKISKHBIMU
CTSDKKaMM, TTyCTb ¥ BpEMEeHHBbIMMA?

B03MOXHO, BpeMeHHbIV CEepKIISIK HMKAaKOro Bpe-
Ila BacKyJsIpu3aluyy KOCTM He HAaHOCUT, HO Ha 3TOT
CUEeT eCTb HEKOTOPbIe COMHEHMS. B mo6om cryuae mx
MOKHO pa3BesiTb TOJbKO OJHUM ITyTEM — IIPOBECTU
MCccaenoBaHMe Ha GOBIIOM YMC/Ie MAIMeHTOB, U3Y-
YMB YaCTOTy HecpallleHuil. 3Hasl MpPeKpacHyK Ha-
YUYHYIO UIKOJy aBTOPOB CTaTbM U UX KOMIIETEHLIUIO,
HaJIel0Ch, TO Cepysl HABIIOeH T TTPEeBPATUTCS MMEH-
HO B TIOJIHOLIEHHOE MCCIeloBaHMe UCXOI0B.

BpemMs BenuKux M OBICTPBIX OTKPBITUIA B MeOy-
LMHe, HaJlel0Ch, He MPOIJIO OKOHYaTelIbHO. Baraxk
COBpPEeMEHHBIX 3HAHMII 3aCTaB/IsIeT BCe pexke ITyon-
KOBATh CTaTby THIA “case report”. The Journal of Bone
and Joint Surgery, HalipuMep, BOOOIIe OOJIbIIE He ITPU-
HMMaeT TaKye CTaTby, AJ151 Yero MMM OPTaHM30BaH OT-
IenbHbIii XypHan “JBJS Case Connector”. Jleno B ToM,
YTO CYIIECTBYET IEJbIi Pl MEXKIYHAPOAHBIX TPe6O-
BaHMI1 K XXypHaJlaM C MHOXeCTBOM IOKa3aTesei, u
myGIMKAIIY TUTIA «KITMHUYECKUI Crydaii» i «B 1mo-
MOIIb ITPaKTUYECKOMY Bpady» CEpbe3HO IOPTST CTa-
TUCTUKY HAYYHOTO XypHana. iMeHHo mostomy “JBJS
Case Connector” Iy6IMKYeTCS OTIEIbHO OT OCHOBHOTO
KypHaia. Mbl TIoKa He MOKeM cebe MO3BOJIUTH U3-
IaBaThb OTAENbHBIN XXypHAl — aBTOPOB U CTaTe OJis
3TOTO CJAMIIKOM MaJo.

Xouy mobmarofapuTh aBTOPOB CTaTby 32 MHTEpeC-
HYI0 UJEI0 U TUCKYCCUIO.
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Spinal Hydatid Disease of Cervico-Thoracic in Pregnant Women:
A Case Report and Review
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Background: Spinal hydatid disease is an extremely rare pathology that could leads to the serious orthopedics and
neurological complications. Conservative antimicrobial therapy is not effective for spinal echinococcus. This case is unique
for the next reasons: disease manifestation during pregnancy, a long period from a spine decompression to a reconstruction
procedure and a technique of the surgery.

Case: A 27 year-old lady at 34 gestation weeks, previously operated on the urgent indications of paraplegia with neurogenic
bladder dysfunction after 1 year and 10 months follow-up suffered vertebral column reconstruction due to recurrence of the
cervico-thoracic hydatid disease, complicated by angular kyphosis. The echinococcus cyst had a closed contact with a right
brachiocephalica vein, compressed the spinal canal and leads to three-column spine instability.

Conclusions: Three-column spine reconstruction with anterior corpectomy, cystectomy and fusion provide resolution of
the back pain syndrome, improve neurological status and achieve local control of the infectious process in patients with
echinococcosis of the spine. In the postoperative period, staged therapy with antiparasitic drugs should be prescribe.
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Pedepar

AKmyansHOCMs. DXMHOKOKKO3 TO3BOHOYHYKA — KpaifHe pefkoe 3a60eBaHue, TPUBOISIIEE K Pa3BUTUIO TSKEIbIX OPTOIIe-
IUYEeCKUX U HEBPOJIIOTUUECKUX TOCAeACTBUIt. DbHEeKTUBHOCTb M30IMPOBAHHOI KOHCEPBATUMBHOI ITPOTMBOIIapa3sUTapPHOIL
Tepanuy B YCIOBUSIX BEPTEOPATbHOI AeCTPYKIMM HU3KAS. YHUKATBHOCTD CJTyJasi 3aK/II0UaeTCsl B PA3BUTUM 3a00/IeBaHUS
B 1mepuop 6epeMeHHOCTH, B IJINTEIbHOV TeparneBTUYECKOi May3e OT MOMEHTA ITPOBeJeHMs HEeOTIOXKHOTO JeKOMITpec-
CMBHOTO BMeILATEIbCTBA A0 PEKOHCTPYKIMM TO3BOHOYHMKA M B TEeXHUKe IPOBeNeHus ornepanuu. Onucavue cay4as.
VY nauyeHTKu 27 jeT, paHee ONepUpPOBAHHOI IO HEOTIOKHBIM ITOKa3aHMSIM B CBSI3U C Pa3sBUTMUEM HVKHEN maparierunmu
¢ HapymieHreM QYHKIMM Ta30Bbix opraHoB (HOTO), crrycrs 1 1. 10 mec., Ha 34-it Hell. 6epeMeHHOCTH, ITPOBENEHO JTall-
HOe XMPYpruyeckoe jieyeHe 3XMHOKOKKOBOJ TeCTPYKIMM HIetHO-TPYIHOTO OTHea IT03BOHOYHMKA, OCTOXHEHHOM YI/IO-
BOIi K oTHUeCcKo nedopmalieii B CBSI3M C pelyAMBOM MHPEKIMOHHOTO poliecca. MUHTMMHOE COIPUKOCHOBEHME KUCThI
C MarucTpaJbHBIMU COCYIAMM, TIEPETHSISI KOMITPECCHUS CITMHHOTO MO3Ta U TPEXKOJIOHHASI HECTAOMIIbHOCTb IEHO-TPYIHOTO
OTHeNa MO3BOHOYHMKA MOTPe6oBaIM KOMIUIEKCHOTO XUPYPTUUECKOTO penieHus. 3akatoueHue. [Ijisi KyupoBaHus BepTe6-
pOreHHOTo 6OJIeBOTO CUMHAPOMA, YAYYIIEHUS HEBPOJIOTMUECKOTO CTATyCa M JOCTVMKEHMSI JIOKATbHOTO KOHTPOJST MHOEK-
LIMOHHOTO TpoIiecca y MalMeHTOB ¢ 3XMHOKOKKO30M T03BOHOYHMKA CJIe[lyeT IIPOBOAUTb TPEXKOIOHHYI0 PEKOHCTPYKIIMIO
C yoaneHueM pa3pylieHHbIX TO3BOHKOB M KMCTO3HOTO KOMIIOHEHTA, a B [10CJIe0NepalliIOHHOM Iepuofe — 3TarHylo Tepa-
MUI0 MPOTUBOIIapa3sUTapHbIMU ITperapaTamu.

KiioueBble C10Ba: 5XMHOKOKKO3 [T03BOHOYHMKA, CIOHAMIONE3, KM(O3, PEKOHCTPYKLMS TO3BOHOUHMKA.
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Background

Human echinococcosis is a chronic zoonotic parasit-
ic disease that is caused by tapeworms of the genus
Echinococcus and occurs with predominant liver or
lung involvement [1, 2]. The general disease structure
registered bone lesions in 0.2%-1.0% of cases, while
invasion into the spine among them reaches 45% [3,
4, 5]. The most common variants of vertebral lesions
include cystic (E. granulosus) and alveolar (E. multiloc-
ularis) [6, 7]. Among the spinal sections, the thoracic
(45%—-50%) is most often affected, while the lumbosa-
cral (25%-32%) and lumbar (up to 15%) are less often
involved [8].

The mechanism of parasitic spread in the hu-
man body is reduced to oncosphere migration
along the direct venous anastomoses of the portal
vein and segmental veins of the vertebral bodies [9].
As a hydatid cyst develops, of which the asympto-
matic period can reach up to several years, the ver-
tebral bone tissue lytic destruction occurs and the
cyst spreads into the spinal canal and surrounding
paravertebral tissues [10]. The dura mater remains
intact, and compression-ischemic changes in the
spinal cord play a decisive role in neurological defi-
cit development [11].

The approach of spinal echinococcosis treat-
ment is based on the major clinical syndrome, The
disease rarely occurs with the development of an
isolated lesion of the vertebral body, vertebral in-
stability, and neurological deficit. Methods of iso-
lated puncture, aspiration, and local administration
of antiparasitic drugs (puncture, aspiration, and in-
jection and puncture, aspiration, injection, re-aspi-
ration [PAIR]), which were proven effective in the
treatment of liver echinococcosis, were ineffective
in vertebral lesions [12].

A literature review indicates a limited number
of publications on spinal echinococcal lesions, es-
pecially on the disease manifestation during preg-
nancy; therefore, we present our experience.

The study aimed to present the results of a staged
surgical treatment of echinococcal lesions of the
cervicothoracic spine in a pregnant woman, which
is complicated by angular postlaminectomy kypho-
sis formation.

Case presentation

A 27-year-old patient was hospitalized at the
clinic of the St. Petersburg Research Institute
of Phthisiopulmonology in October 2020 with a
diagnosis of echinococcosis of Th1-2 vertebrae,
with the condition after decompressive lami-
nectomy in January 2019. Complications in-
clude angular postlaminectomy kyphosis of the
cervicotho+racic spine, lower paraparesis type D
according to Frankel.

The anamnesis revealed that the patient com-
plained of vertebrogenic pain syndrome in the tho-
racic spine since 2016, which was conservatively
independently treated by taking NSAIDs, with a
positive therapeutic effect. In December 2018, on
week 28 of pregnancy, she noted a recurrence of
vertebrogenic pain syndrome in the thoracic region
with an intensity of up to 8 points according to the
Visual Analog Scale (VAS) and weakness in the low-
er extremities. Over the next 2 weeks, the phenom-
ena of lower paraparesis progressed, after which the
patient was hospitalized in the maternity hospital
at the primary healthcare facility. After 3 days from
the hospitalization, lower paraplegia with dysfunc-
tion of the pelvic organs (DPO) occurred.

The spinal magnetic resonance imaging (MRI)
revealed a Th2 body lesion with the prevertebral,
paravertebral, and epidural spread of the soft tissue
cystic component, as well as spinal cord compres-
sion at the Th1-3 level. The next day, the patient
was transferred to the Regional Perinatal Center,
where a cesarean section was performed on week 34
of pregnancy. The child was born alive, with a birth
weight of 2620 g and a length of 49 cm.

A medical case conference was held and a clini-
cal diagnosis of a tumor lesion of Th2 that spread
into the epidural space at the C7-Th3 level and
lower paraplegia with DPO was established. The
decompressive intervention was indicated to the
patient. On day 3 after the onset of lower paraple-
gia with DPO, Th1-3 laminectomy was performed
and cystic formations from the epidural space were
removed. The postoperative period was unevent-
ful, positive dynamics were noted in the neurolog-
ical status with partial function restoration of the
lower extremities to type D paraparesis according
to Frankel, as well as complete restoration of pel-
vic organ functions. The histological examination
of the surgical material revealed echinococcus.

Upon admission to the St. Petersburg Research
Institute of Phthisiopulmonology, the patient com-
plained of vertebrogenic pain syndrome in the
cervicothoracic region up to 7 points according to
VAS with right upper limb irradiation and lower
limb weakness. Lower paraparesis type D accord-
ing to Frankel was noted in the neurological sta-
tus. The decreased quality of life, as assessed by the
Oswestry Disability Index (ODI) questionnaire, cor-
responded to 64%.

Radiological examination (multispiral comput-
ed tomography [MSCT] and MRI) revealed total Th1
body destruction, pre- and paravertebral, epidural
cystic formations, and postlaminectomy cervico-
thoracic kyphosis of the spine of 56° according to
Cobb. The nature of destructive changes and cystic
formations was regarded as spinal echinococcosis
recurrence (Fig. 1, 2).
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Fig. 1. CT images at the time of hospital admission: a — sagittal view: Th1-2 destruction, angular cervico-
thoracic kyphosis 56° Cobb; b, c — axial view: paravertebral cyst, mainly located in the right paravertebral side,

postlaminectomy defect C7-Th4

Fig. 2. MRI images at the time of hospital admission: a — sagittal view: paravertebral and epidural cystic components,
compression myelopathy Th1-3 level; b, c — axial view: polycystic component with heterogeneous structure

The general somatic condition of the patient
was of moderate severity. She received albenda-
zole at 400 mg per day as a systemic antimicrobial
therapy before hospitalization. The immunoglob-
ulin G titer according to the results of enzyme im-
munoassay was 1:800.

The chronic vertebrogenic pain syndrome, neu-
rological deficit, and angular kyphotic deformity
of the spine determined the surgical intervention
indications.

Stage 1 was the posterior instrumentation,
where the screws were installed in the lateral mass-
es of the C5, C6 vertebrae, C7 bodies, and Th3-5
transpedicular. Right-sided costotransversectomy
of the ribs 1-3 was performed with the support of a
nail installed on the left side (Fig. 3).

The anterior-lateral surface of the C7-Th2 verte-
brae was extrapleurally skeletonized with cyst cap-
sule access. The surrounding tissues are delimited
with napkins that are moistened with 2% forma-
lin solution. A foramen was made in the cyst wall,
through which the hydatid fluid and protoscoleces
were evacuated using an aspirator (Fig. 4).

After aspirating the cyst contents, the chitin
capsule was excised with partial parietal pleural re-

section, intimately fused to the capsule lower pole.
Remnants of the Th2 vertebral body were resected
using osteotomes, Kerrison rongeurs, and lateral
trays, with the removal of residual cysts from the
anterior epidural space at the Th1-2 level. At the fi-
nal stage, the support screws of the posterior hard-
ware were articulated with two rods, and an active
aspiration drain was installed in the right hemitho-
rax. The postoperative period was uneventful, the
wound was healed by primary intention, and the
pleural drainage was removed on day 3.

During the initial surgery, we deliberately re-
fused to perform an anterior spinal fusion from the
posterior approach due to the need to dissect the
spinal roots to install a titanium mesh cage, which
could develop a motor deficit in the postoperative
period.

Ten days after the initial surgery, stage 2 of sur-
gical treatment was performed in the volume of the
anterior reconstruction of the Th1-3 segment using
a titanium mesh cage with autograft (iliac crest),
and the residual left-sided paravertebral echinococ-
cal cyst was removed. The surgery was performed
through a left-sided Smith-Robinson approach. At
the skeletonization stage of the anterior sections
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of the C7-Th2 vertebral bodies, cicatricial adhesive
changes in the retropharyngeal space was noted,
as well as a rounded paravertebral formation with
a dense capsule at the left Th1-2 level. After de-
limiting the surrounding tissues with drapes mois-
tened with 2% formalin solution, cyst puncture and
aspiration were performed, followed by capsule
excision. Then, corpectomy of the Th1-2, anterior
spinal canal decompression, and anterior spinal
fusion, using a high-speed bone drill and Kerrison
rongeurs with a titanium block-lattice with Th1-3
autologous bone, were performed. The wound was
sutured, with retained active aspiration drainage.
The patient was verticalized on day 3 postop-
erative 2; the drainage was removed on day 2. The
total period of inpatient treatment was 24 days. In

B\

Fig. 3. Right side costotransverseectomy of 1-3" ribs:
a — postlaminectomy scar C7-Th4; b — left-side
posterior instrumentation completed; ¢ — vertertebral-
end third rib resection

the neurological status upon discharge, complete
regression of motor disorders was noted with func-
tional restoration of the lower extremities to type
E according to the Frankel scale. The results of the
control CT are presented in Figure 5.

Long-term results were followed up for 12
months. In the postoperative period, the patient
underwent staged courses of conservative antipara-
sitic therapy (albendazole) at the primary health-
care facility. The control CT indicates the absence
of echinococcal process recurrence and Th1-3 block
formation with the preservation of the achieved
sagittal profile correction of the cervicothoracic
spine (Fig. 6). The result on the ODI questionnaire
was 13%. The histological examination of the surgi-
cal material verified echinococcosis.

Fig. 4. Hydatid cyst aspiration

Fig. 5. CT images at the time of hospital discharge: a — sagittal view: anterior fusion by titanium mesh-cage with
autologous bone graft and posterior screw fixation, correct implant position with angular kyphosis correction;

b — frontal view: upper right lung lobe aerated, post-cystic resection cavity; ¢ — 3D scan: right side 1-2" rib
costotransverseectomy, anterior Th1-3 fusion by titanium mesh-cage
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Fig. 6. CT images 12 month post-op: no signs of hydatid disease recurrence, anterior fusion formation
Th1-3 with sagittal cervico-thoracic balance correction: a — sagittal view; b — axial view; ¢ — frontal view

Discussion

Spinal echinococcal lesion diagnostics are compli-
cated. The disease history must consider the places
where echinococcus is spread, the contacts with
dogs, and the long disease course. In the present-
ed clinical case, all these factors were indicated,
namely, the patient lived in an endemic area [13],
keeps the house, notes constant contacts with dogs,
3 years duration of the therapeutic pause, in the an-
amnesis. Concurrently, the manifestation of clini-
cal disease symptoms during the patient’s pregnan-
cy is noteworthy, which may be associated with the
immune system restructuring, decreased protective
properties of the body, which contributed to the
progression of the echinococcal cyst size, and lytic
destruction of the Th2 vertebral body [14].

The speed of routing the patient to the perinatal
center for delivery according to urgent indications
should be noted (day 1 from admission to the mater-
nity hospital at the primary healthcare facility) and
further transportation to the neurosurgical depart-
ment for decompressive laminectomy (72 hours from
development lower paraplegia with DPO) in assessing
the primary surgical treatment approach. However,
the absence of posterior instrumental fixation during
primary decompressive three-level laminectomy led
to the posterior spinal column instability and further
cervicothoracic region kyphosis. The fact of a long (1
year 10 months) therapeutic pause from the decom-
pressive intervention to the reconstructive surgery
remains important, despite the patient’s retaining
neurological deficit.

To systematize the existing data on the surgical
treatment of spinal echinococcosis, a search was
made for publications in PubMed, Google Scholar,
and eLIBRARY using keywords and phrases “spinal
echinococcus,” “spinal hydatid cyst disease,” and
“spinal echinococcosis.” Search depth was from 2000
to 2021. The publications were included in the anal-
ysis according to the criteria as 1) patients operated

on for spinal echinococcosis and 2) catamnesis fol-
lowed up within 12 months and longer. Twelve pub-
lications were subjected to the final analysis, sum-
marizing 104 cases of spinal echinococcosis surgical
treatment. Five publications presented descriptions
of individual clinical cases, and the rest were clinical
series including from 4 to 36 cases.

The parameters of the surgical treatment ap-
proach, the incidence of complications, and recur-
rence of the underlying disease were analyzed in
the selected works.

Among the published cases, the thoracic (53%),
less frequently lumbar (20%), lumbosacral (9%), sa-
cral (8.6%), and thoracolumbar (5%) regions were
involved more often in the pathological process, as
well as cervical and cervicothoracic regions in sin-
gle cases.

The surgical intervention volume in most cases
(43%) consisted of laminectomy followed by cystec-
tomy, while in this group of patients, the highest
incidence of relapses and spine instability in the
long-term period was noted [9, 15, 16, 17, 18]. The
combination of echinococcectomy with laminecto-
my approach with posterior instrumental fixation
reduces the risk of spinal instability but is associ-
ated with a high percentage of surgical site infec-
tions (SSI) [3, 19].

The best results in terms of local recurrence
control are demonstrated by 360° reconstruction,
which includes both cystectomy and corpectomy of
the vertebral bodies that are involved in the patho-
logical process [5, 17, 22]. Data from selected publi-
cations are presented in Table 1.

The authors note that corpectomy in some cases
is technically unfeasible due to the intimate loca-
tion of the cyst and the main vessels. In our case,
the lower pole of the echinococcal cyst extended to
the chest aperture and was in close connection with
both the parietal pleura and v. brachiocephalica
dextra. This problem was solved by a thoracic sur-
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Table 1
Results of spinal echinococcosis treatment according to publications
G
o
—
Authors,year & & Localization Surgical variant Long-term period
(<]
4
Z o
Schnepper G.D. 1 Thl Laminectomy + cystectomy  Recurrence for 4 years post-op (after primary
et al., 2004 [15] (primary surgery) surgery)
Transthoracic resection of
Th5-6
Prabhakar 4  Th2,L1, Laminectomy + cystectomy: Recurrence: 50%
M.M. et al., L/S1 4 Instability: 50%
2005 [16]
Herrera A. et 20 C1,Th7L7, Laminectomy + cystectomy: Recurrence: 60%
al., 2005 [6] S5 4 Neurological deficit after surgery: 65%
Laminectomy + cystectomy  Mortality (due to the underlying disease): 50%
+ PIF: 10

Cystectomy: 6
Sengul G. et al., 5 Th3, L1, S1 Laminectomy + cystectomy: Recurrence: 60%

2008 [17] 1 Paraplegia: 40%
Reconstruction by 360° in
Th10-L2
Hamdan T.A., 9 C1, Th5, Laminectomy + cystectomy: Recurrence: 89%
2012 [18] L1,1/S1,S1 6 SSI: 56%
Laminectomy + cystectomy
+PIF: 3
Kafaji A. et al., 36 Cl,Th23, Laminectomy + cystectomy: Recurrence: 89%
2013 [9] L8, L/S4 17

Cystectomy from anterior
approach: 18
Cystectomy from combined

approach: 1
Gennari A. et 1 Th-1 Hemilaminectomy + No recurrence for 2 years post-op
al., 2016 [19] cystectomy
Gezercan Y. 8 C/Th1, Th3, Laminectomy + cystectomy: Recurrence: 63%***
et al., 2017 [5] Th/L1, L1, 3
L/S1, S1 Reconstruction by 360° — 2

Cystectomy + ACSF*: 2
Laminectomy + cystectomy +

PIF**: 1
Monge-Maillo 17  Ths, Laminectomy + cystectomy:  SSI: 58%
B.etal., 2019 Th/14,11, 9 Instability: 6%
[3] L/S3, S1 Laminectomy + cystectomy
+PIF: 8
Saul D. et al., 1 Thl Reconstruction by 360° in No recurrence for 1 year post-op
2020 [20] Th6-10
(VCR**** Th8)
Tian Y. et al., 1 Th/L1 Laminectomy + cystectomy + No recurrence for 1 year post-op
2020 [21] PIF: 1
Manenti G. 1 L1 Reconstruction by 360° in Recurrence at year 14 post-op
et al., 2020 [22] L3-S1 (VCRL5)

* anterior corpectomy and spinal fusion; ** posterior instrumental fixation; *** % of recurrence is indicated by month
12 after the primary surgery; **** vertebral column resection.
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geon with experience in working on the main ves-
sels, who was involved in the surgical team.

The predominant manifestation of the microbial
process recurrence within 12 months after primary
surgery should be noted [5, 6, 9] with a maximum
long-term recurrence of 14 years [22] when analyz-
ing the timing.

Conclusions

The spinal echinococcal lesion is an extremely rare
disease, and its development during pregnancy has
not been described in the literature. The anatomi-
cal location of the cyst should be assessed and, if
necessary, related specialists should be involved in
the surgery (thoracic and vascular surgeons) when
planning a surgical intervention. Three-column
reconstruction with the total removal of the de-
stroyed bodies and the cystic component, both in
our case and according to the literature, prevents
the development of relapse and improves the
quality of life of patients in the long-term period.
Patients with spinal echinococcosis require long-
term postoperative follow-up and supervision by a
multidisciplinary team (infectious disease special-
ist and pulmonologist).

Informed consent

Written informed consent was obtained from the
patient for publication of this case report and ac-
companying images.
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Total Talar Replacement with Ceramic Implant in Combination
with Tibial Component of Ankle Endoprosthesis:
A Case Report

Vasilii V. Kuznetsov, Sergei M. Gudi, Liliya K. Skuratova, Igor A. Pakhomov

Tsivyan Novosibirsk Research Institute of Traumatology and Orthopaedics,
Novosibirsk, Russia

Background: Surgical treatment of patients with talus posttraumatic aseptic necrosis and its consequences usually
includes tibiotalocalcaneal arthrodesis with various foot joints according to additional indications. This type of surgical
treatment has number of significant disadvantages: traumatic surgical technique, permanent loss of movement in
functionally significant joints, high risk of non-union, high frequency of residual deformities, the need for long periods
of limb immobilization. The question arises: how to overcome the existing disadvantages and improve the results of
talus posttraumatic aseptic necrosis treatment? A potential solution to this problem is the total talus endoprosthetics.
Clinical case: A 64-year-old patient came to the clinic complaining of pain and deformity of the right foot and ankle area.
After the examination, talus posttraumatic aseptic necrosis was diagnosed. The patient underwent ankle joint arthroplasty
using total talus ceramic endoprosthesis in combination with the tibial component of the ankle joint endoprosthesis, a
course of rehabilitation treatment was performed.

Results: The VAS and AOFAS scales indicators showed a significant improvement both in the pain decrease
(from 75 mm before surgery to 10 mm after), and in the functional state according to AOFAS by 2.2 times (from 36
to 80 points 20 months after surgery). By the last follow-up the patient could take more than 8000 steps a day.
Conclusions™ Considering the good clinical result achieved, the ankle joint arthroplasty using total talus ceramic
endoprosthesis in combination with the tibial component of the ankle joint endoprosthesis can be considered a promising
method of treatment of this severe pathology.

Keywords: talus posttraumatic aseptic necrosis, ankle arthroplasty, tibial component, talus, individual ceramic
endoprosthesis.
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JHAONPOTE3UPOBaHUE TapaHHOMU KOCTU KepaMUYECKUMM SHAO0NPOTE30M
B COMETaHUM C TUBUANIbHBIM KOMMOHEHTOM 3HA0MNPOTE3a rOJIEHOCTONHOrO
CyCcTaBa: KIMHUYECKUI Cnyyan

B.B. Ky3Henos, C.M. I'yan, JI.K. CkyparoBa, 1.A. [TaxomoB

@I'BY «Hosocubupckuii HayuHo-uccnedosamensckuil uHcmumym mpasmamosnozuu u opmoneduu um. S.J1. LusvsHa»
Mumnsdpasa Poccuu, 2. Hosocubupck, Poccus

Pecdepar

AKmyansHocms. [1151 oTiepaTUBHOTO JieueHUs Mal[MeHTOB C IMOCTTPaBMATUUECKMM aCelTUUEeCKMM HEKPO30M TapaHHOM!
KOCTU ¥ €ro MOCJAeACTBUSIMIU OOBIYHO MCIIONb3YIOT 60/bIIe6epIIOBO-TapaHHO-ISITOYHBIM apTpoe3, BKIIOUAIONINIi pa3-
JIMYHBIE CYCTABbI CTOIBI IO JOIMOJHUTENbHBIM MMOKa3aHUsIM. Takoil BUJ XMPYPTUUECKOTO JieueHs, HeCMOTPSI Ha CBOU
JIOCTOMHCTBA, 06J1aJlaeT PSIOM CYIIeCTBEHHBIX HEOCTATKOB: BbICOKAs TPABMAaTUUHOCTh, HeOGpaTuMas moTepst ABUKe-
HMT B QYHKIMOHAIBHO 3HAUMMBIX CYCTaBaX, BBICOKMII PUCK HECpaIleHUi U OCTaTOYHBIX AedopmMalinii, HeO6XOIMMOCTh
JIJIUTETbHBIX CPOKOB MMMOOMIM3ALMY KOHEUHOCTM. BO3HMKAEeT BOMPOC: KaK MPEOIOIETh CYIIECTBYIONIE HeIOCTATKY U
YIYYIIATH PEe3YJIbTaThl JIeUeHMUS MAlMEHTOB C TOCTTPAaBMaTUYECKUM acerTuyeCKuM HeKpo30M TapaHHo# koctu? IloTeH-
LIMaJbHBIM pelieHMeM JAaHHOI MPo6IeMbl SIBISIETCS SHAOMPOTE3UPOBAHME TAPAHHOI KOCTU. OnucaHue KauHU4ecKozo
cnyuas. TaryeHTKa 64 et 06paTuiach B KIMHUKY C sKajobamy Ha 601b 1 AedhopMalnio MpaBoii CTOMLI U 06J1aCTH roJe-
HOCTOITHOTO cycTaBa. [loc/ie TpoBeIeHHOTO 06CIeIOBaHMs ObUT AMAarHOCTUPOBAH MOCTTPABMATUUECKUIi aCeNTUUECKMIT
HEeKpPO3 TapaHHOJT KOCTH. [TalyeHTKe GbIIO BBITTOMIHEHO SHIOMIPOTE3UPOBaHMEe TAPAHHOI KOCTM KepaMMUUeCKUM IH/IOPO-
TE€30M B COUETAHUM C TUOMATHHBIM KOMIIOHEHTOM 3HOTIPOTE3a FOJIEHOCTOITHOTO CYCTaBa, BBITIOTHEH KYPC peabuanuTany-
OHHOTO jneueHusl. Pesynomameot. Tlokasatenu mkan VAS u AOFAS npogeMOHCTPUPOBaIu CylleCTBeHHOe yiIydllleHe Kak
B BUIEe CHUKeHUs 6OJeBbIX OIIyHIeHMi B 7,5 pa3: ¢ 75 MM mepen omepaiueit 1o 10 MM, Tak ¥ QYHKIIMOHATbHO-
ro cocrosHus mo AOFAS B 2,2 pasa: ¢ 36 mo 80 6ayioB uepe3 20 Mec. MOC/iIe XMPYPrUUYeCKOro BMeIIAaTeNbCTBA.
K mocnegHeMy KOHTPOJIbHOMY BM3UTY TallMeHTKAa MoIia AenaTh 6osee 8000 miaros B AeHb. 3akjioueHue. YUUTbIBAsI
XOPOUINIA KIMHUYECKUI Pe3yibTaT, SHAONPOTe3MPOBaHMe TAPAHHON KOCTY KepaMMUUeCKMM HOMPOTEe30M B COUETAHUN
C TMOVATIBHBIM KOMITOHEHTOM SHIOIPOTE3a rOJIEHOCTOITHOTO CYCTaBa MOKHO CUMTATh MEePCIEeKTMBHBIM METOIOM Jieve-
HUS TTIOCTTPABMATUUECKOTO aCelTUUeCKOTO HeKPOo3a TapaHHO# KOCTH.

KiroueBble cj10Ba: MOCTTpaBMaTUUECKUIA aCENITUUECKUIT HEKPO3 TaPaHHOV KOCTHU, SHIONPOTE3UPOBAHME rOJIEHOCTOITHOTO
CycTaBa, TMOMATbHBIN KOMIIOHEHT, MHAVBUIYATbHbBIN KEPAMUYECKUIT SHIOITPOTES.
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Background

Posttraumatic avascular necrosis (AVN) of the talus is
a severe disabling disease that leads to the formation
of talus cysts, varus or valgus deformity of the foot,
disfiguring osteoarthritis of the ankle, subtalar and
Chopart joints, rapid disability of patients.

The diagnosis of posttraumatic AVN of the talus in
the early stages is difficult, patients seek help in the
later stages of the disease when conservative treat-
ment is ineffective. To date, surgical treatment is gen-
erally accepted.

In historical retrospect, astragalectomy was con-
sidered the main method of treatment of posttrau-
matic AVN of the talus, recommended in cases of the
most severe lesions of the talus, such as fragmenta-
tion, collapse, resorption, inability to preserve the
joints surrounding the talus bone [1]. Of course, the
functional outcomes of this surgery do not correspond
to the current level of expectations of patients and
the requirements of orthopedic surgeons for the out-
comes of surgical treatment.

Nowadays, surgical treatment of patients with
posttraumatic AVN of the talus and its consequences
is usually represented by tibio-talo-calcaneal (TTC)
arthrodesis, which is supplemented by various re-
constructive interventions for additional indications.
This type of surgical treatment, despite its advantag-
es, has a number of significant disadvantages, such as
high traumatization, irreversible loss of movement in
functionally significant joints, high risk of non-union,
high frequency of residual deformities, the need for
long periods of limb immobilization [2].

The realities of today are the progress of medical
and diagnostic technologies, increased technical lit-
eracy of both doctors and patients. These factors are
the reasons why they have high requirements for the
preservation and restoration of lost limb functions in
the shortest possible time.

The question arises: how to overcome the existing
shortcomings of traditional methods and improve the re-
sults of treatment of patients with posttraumatic AVN of
the talus? A potential solution to this problem is total ta-
lus endoprosthetics. According to the literature, implan-

4

tation of an individual total endoprosthesis of the talus
has good long-term results [3,4, 5, 6, 7]. The most impor-
tant success factors are the achievement of congruence
of articular surfaces, joint stability and preservation of
the talus and its surrounding joints biomechanics.

Therefore, our goal was to create an individual ce-
ramic talus implant and use it in combination with a
tibial component to place the implant in an anatomi-
cal position and create a movable link with the tibia.
In the literature, mentions of combined total talus
endoprosthetics are quite rare and are mainly experi-
mental in nature [8].

In the presented clinical example, we describe our
own experience of the first in domestic clinical prac-
tice application of an individual ceramic endopros-
thesis of the talus ] in combination with the tibial
component of the ankle joint endoprosthesis with the
formation of unfixed joints of the posterior part of the
foot based on a pair of friction "ceramic-bone" in the
talo-navicular, subtalar joints and "ceramic-polyeth-
ylene" in the tibio-talar joint.

Clinical case description

Anamnesis

A 64-year-old woman with complaints of pain and de-
formity of the posterior part of the right foot, lame-
ness applied to the orthopedics clinic of the NIITO
named after Ya.L. Tsivyan. In 2008, for a Maisonneuve
fracture, the patient received conservative treatment
with poor results. In this regard, in 2009, she under-
went an attempt of arthrodesis of the posterior part
of the foot in an external fixation device, which was
unsuccessful. After 5 years, there was a sharp deterio-
ration in the condition, increased swelling, pain, rapid
progression of foot deformity (Fig. 1).

Preoperative examination

Radiological examination methods (radiography, MRI,
MSCT of the ankle joint) showed undoubted signs of
posttraumatic AVN of the talus and its complications
in the form of collapse of the talus, multiple cysts of
the tibia, talus, calcaneus, etc. (Fig. 2, 3, 4).

Fig. 1. Lower extremities before surgery
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Fig. 2. X-rays of the ankle joints: a — AP X-ray: posttraumatic degenerative distal tibial diastasis, suspicion of gross
valgus deformity of the ankle area, 3 stage of posttraumatic deforming osteoarthritis of the ankle joint; b — X-ray
in lateral projection: collapse of the talus body, arch of the foot, 3 stage of deforming osteoarthritis of the ankle,
talonavicular joint, ankylosis of the subtalar joint

Fig. 3. MSCT of the ankle joints.

Right-sided 3 stage osteoarthritis of the ankle joint.
The right ankle joint is deformed. Articular surfaces are
clear, uneven, subchondral osteoarthritis of articular
surfaces with cyst-like rearrangement. The articular
gap is threadlike narrowed. Outcome of posttraumatic
aseptic necrosis of the right talus

Fig. 4. MRI of the ankle joint.

Pronounced swelling of the spongy substance
of the talus body, multiple bone cysts of

the posterior part of the foot, pronounced
paraarticular inflammatory reaction of tissues
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With an in-depth assessment of the condition of
the ankle joint, gross disfiguring osteoarthritis of the
tibial pylon was noted, completely excluding the sup-
port of the talus implant on it. It was decided to use
the tibial component of the ankle joint endoprosthe-
sis to restore the support of the tibial pylon.

Based on clinical findings and data from instru-
mental examination methods, the diagnosis was es-
tablished: posttraumatic AVN of the talus; collapse of
the talus block; deforming osteoarthritis of the tibio-
talar, talo-navicular joints of 3 stage; ankylosis of the
subtalar joint; fixed valgus deformity of the right foot
with anterior abduction; posttraumatic degenerative
distal tibiofibular diastasis.

Preoperative planning

Based on the diagnosis, indications for surgical treat-
ment are formulated — endoprosthetics of the talus
and the tibial pylon, fixation of distal tibiofibular
syndesmosis.

The implementation of the preoperative plan re-
quired the manufacture of an individual endoprosthe-
sis of the talus. For this purpose, CT of the affected
and healthy talus bones was performed, the results of
which were transferred to the scientific and produc-
tion base, where they were used to manufacture a ce-
ramic endoprosthesis based on the digital construc-
tion of a 3D mirror model of a healthy talus.

The finished implant in the production department
was subjected to mechanical strength tests, which
showed satisfactory characteristics of its strength.
Thus, with the help of digital technologies, a 3D mod-
el was created, which served as a virtual template for
the manufacture of an individual ceramic endopros-
thesis of the talus.

In the pre- and postoperative periods, the level
of pain syndrome and functional state was assessed
according to the VAS and AOFAS scales (scale of the
American Orthopedic Society of the Foot and Ankle
Joint) [9, 10, 11].

Surgical technique

After premedication in a clean operating room under
spinal anesthesia, in the position of the patient on
his back with a roller under the affected leg, anterior
approach to the ankle joint was performed, followed
by capsulotomy of the ankle joint. The clinical probe
demonstrated the instability of distal tibiofibular syn-
desmosis, which was an indication for the removal of
interpolating tissues, reduction of the fibula into a tib-
iofibular notch and fixation with a syndesmotic bolt.
Reconstruction of the stretched anterior tibiofibular
and anterior talofibular ligaments with local tissues
was performed. Intraoperatively, bone ankylosis was
noted in the subtalar joint. The affected talus was
completely removed by fragmentation. The remains of
the articular gap of the subtalar joint filled with frag-
ments of articular cartilage, bone and connective tis-
sue served as a guideline for the removal of the talus.
Pathologically altered tissues together with hypertro-
phied synovial membrane were sent for histological
examination, which showed irreversible degenerative
changes in articular surfaces (Fig. 5). The attempt to
implant the total talus endoprosthetics failed due to
the gross deformation of the tibial pylon.

Then, according to the preoperative plan, the
tibial component of the ankle endoprosthesis was
implanted. The dimensions of the tibial component
and the liner were calculated in advance and corre-
sponded to intraoperative measurements. After im-
planting the tibial component and the polyethylene
liner, a ceramic individual endoprosthesis of the talus
\ was implanted without technical difficulties. After
the implant was implanted, correction of deforma-
tion, tension of the ligaments, restoration of almost
full range of movements in the ankle joint were noted
(Fig. 6). The main stage of surgery was completed, the
wound was sutured in layers. Drainage of the wound
with active drainage for one day, aseptic dressing was
applied, temporary immobilization with a deep back
plaster splint.

Fig. 5. The necrosis of the talus block: destruction

of the basophilic line, introduction of the necrosis process
into cartilage tissue.

Stained with hematoxylin and eosin. Mag. x200
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Postoperative period

In the postoperative period, bandages were per-
formed. The drainage was removed the next day.
Immobilization was carried out with a removable
rigid orthosis. The patient was trained to walk with
crutches without support on the operated lower limb
for a period of 4 weeks, medication was carried out.
Immobilization and anticoagulant therapy were dis-
continued as planned. After 4 weeks, the patient be-
gan loading on the operated limb using crutches and
gradually abandoning them for a month. After the end
of immobilization, a measured load on the leg is al-
lowed, massage, physiotherapy, kinesiotherapy, physi-
cal therapy are carried out.

Fig. 6. Intraoperative X-rays of the ankle joint
in the AP and lateral planes:

the presence of a talus implant, a tibial
component of the ankle joint endoprosthesis,
syndesmotic screw is visualized; restoration
of the ankle joint and foot contours

Results

VAS indicators showed a significant improvement in
the form of a 7.5-fold reduction in pain: from 75 mm
before surgery to 10 mm, as well as an improvement in
the functional state of AOFAS by 2.2 times: from 36 to
80 points 20 months after surgery. By the last control
visit, the patient could take more than 8000 steps a day.

The edema maintained of the operated lower limb
for 3 months after surgery, significantly decreasing
overnight. The control radiography showed no signs
of instability, maintaining a good anatomical posi-
tion of the talus implant and the tibial component of
the ankle endoprosthesis. The total volume of passive
and active movements in the ankle joint at the time
of the last control examination is 28°, of which the
back flexion is 12° plantar flexion is 16°, which can be
characterized as an acceptable result compared to the
normal range of motion in the joint (Fig. 7, 8).

Fig. 7. Control X-rays of the ankle joint 20 months after surgery: a — AP plane, good position of hardware is noted,
preservation of the ankle contours; b, ¢ — functional X-rays in the lateral plane of the plantar and dorsal flexion: good
position of the endoprosthesis components is noted, total ROM is 28°
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Discussion

As the clinical material accumulated, we became con-
vinced of the need to switch from TTC arthrodesis to
more modern gentle methods of treatment. The analy-
sis of modern literature has shown the preference for
endoprosthetics of the talus [12]. The method has been
known since the middle of the XX century, but the re-
sults of endoprosthetics of the talus at that time were
controversial due to the lack of specialized tools, tech-
nical shortcomings of implants, inconsistency of indi-
cations for surgical treatment, etc. However, over time,
the endoprostheses of the talus have been improved,
and today this direction is characterized by active devel-
opment [13, 14]. Of course, TTC arthrodesis is a radical
surgery, the effectiveness of which has been confirmed
by many years of surgical practice all over the world,
especially in young and active patients. Nevertheless,
there is no need to once again list the numerous and
insurmountable disadvantages of TTC arthrodesis.
The degree and prevalence of damage to the
body of the talus and the ankle joint often do not al-
low performing endoprosthetics of the ankle joint.
Fragmentation, the presence of huge cysts, body col-
lapse and other lesions are the causes of this phenom-
enon [15]. The viability of such a large array of bone
tissue as the body of the talus is doubtful. It should
be noted that the extremely low potential for fusion
in bonded bones even in conditions of stable fixation
and when using massive bone autografts, which is an
independent problem in orthopedics and traumatolo-
gy [16]. All of the above poses a question to the profes-
sional community: how to reduce the traumatic nature
of the surgery and improve its results? The answer is
given by the analysis of publications — total talus en-
doprosthetics is becoming increasingly popular.
Interesting fact: in the early 50-60s of the XX centu-
ry this technology was developed in Japan to facilitate
the tea ceremony in patients with severe cruzarthro-
sis. At the same time, its effectiveness turned out to be
so high that nowadays the surgery is carried out both
in the entire Asia-Pacific region and in economically
developed countries of the world [17]. The questions

Fig. 8. Correction of deformation, an increase in the
arch of the foot

were not resolved: what material should the implant be
made of, what qualities should it have, what position in
relation to the joints surrounding the talus. The evolu-
tion of the endoprosthesis of the talus has gone a dif-
ficult way. Titanium-vanadium and cobalt-chromium
alloys, ceramics, etc. were offered as materials. Various
designs of the talus bone were proposed, namely en-
doprostheses of the block with the preservation of the
head, total endoprostheses, including the navicular
bone [18]. To date, the optimal design is considered to
be a total endoprosthesis of the talus, while the discus-
sion about materials continues [19].

Disputes about the method of interaction of the
endoprosthesis of the talus with the talo-navicular
and subtalar articular surfaces do not subside. Various
technologies of screw fixation, monolithic and adapt-
able stems for fixing these joints, different methods
of processing contact surfaces (polished, unpolished)
were proposed. Nowadays, the creation of a congruent
surface with the listed joints and their precision pol-
ishing create compensation for the interaction at the
"endoprosthesis of the talus— cartilage" border [20].
This is confirmed by our observation.

Conclusions

Despite a single observation, the result of endopros-
thetics of the talus can be considered encouraging.
With further improvement, this method can replace
TTC arthrodesis. When planning endoprosthetics of
the talus, it is necessary to assess the degree of lesion
to the tibial pylon in order to establish indications for
its endoprosthetics. The use of endoprosthesis of the
tibial pylon allows implanting the endoprosthesis of
the talus in an anatomical position, creating condi-
tions for the favorable functioning of the talus im-
plant, which will improve the results of treatment of
patients with posttraumatic AVN of the talus.

Informed consent

Written informed consent was obtained from the pa-
tient for publication of this case report and accompa-
nying images.
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FopMOHaanaﬂ perynauua ocreoreHesa. 0630p nuTepaTypbl
A.M. Mupomanos, K.A. T'yces

@I'BOY BO «HumuHckas zocydapcmeeHHas meouyuHckas akademus» Munsdpasa Poccuu, 2. Yuma, Poccust

Pedepar

AKmyansHoCmsb. DHAOKPUHHAS CUCTEMA 3aHMMAET BeAyIl[ee MECTO He TOJIbKO B PETY/ISIMM MEXaHM3MOB POCTa U pas-
BUTHS, HO U B peaKIMsIX KOMIIEHCAI[MM TP BO3IEMCTBUM Ha OPTaHM3M IKCTpeMalbHbIX (akTOopoB. CKOOPAMHMPOBaHHAs
rOpMOHaJIbHAs Pery/sLus CIIOCOGCTBYET MPaBMIbHOMY OTBETY IIPUCIIOCOOUTENbHBIX IIPOLIECCOB MaKpoOpraHmsma, Ha-
MpaBJIeHHBIX Ha BOCCTAaHOBJIEHNME U IO AepskaHye romeoctasa. Kackag sHIOKPMHHBIX M3MEHeHM COITPOBOKIaeT IIpoliec-
CbI KaK (p13MOMOrnuecKoit, Tak  perapaTUBHOI pereHepalny KOCTHO TKaHY Ha Bcex ee cTanusx. Iens uccnedosanus —
MpOaHaIM3MpPOBATh M3BECTHbBIE K HACTOSIIEMY MOMEHTY MeXaH3Mbl TOPMOHAIbHOI pery/asuym Gusnoaornueckoit u pe-
MapaTUBHON pereHepanuy KOCTHOM TKaHU. Mamepuan u memodst. [IOVICK 1 aHAIU3 HAYYHBIX MyOIMKALIMI TPOBOAMIICS
B 6asax maHHbix PubMed u eLIBRARY. Ilmy6uHa noucka — 10 jet. Pe3ynsmamst. B 0630pe pacCMOTpeHbI Kak QyHIa-
MeHTa/JbHble aceKThbl, TAK ¥ HOBbIE JaHHbIE OCHOBHBIX I'MCTOTEHETUUECKMUX MEeXaHM3MOB TOPMOHAIbHOM perys-
LU OCTeoreHesa. BoieeHbl MyTH U TOUKM B3aMMOIEMCTBUS SHIOKPUHHOM ¥ KOCTHOI CHUCTEM, OMpeIe/eHbl OCHOB-
Hble (QYHKIMM TOPMOHOB B yYaCTUM KOCTHOTO PEMOIEIMPOBAaHMS B pa3sHbIX BO3PACTHBIX IMepuonax. 3axaroueHue.
B HapyuieHusix ¢pu3moa0TMueCcKoi peryasiny ropMoHaabHOMY AMcOanaHCy OTBOOUTCS KJIIOUeBas Pojib, B TO BpeMs Kak
B YCIOBUSX pelapaTUBHOIO OCTEOTeHe3a POjib KaueCTBEHHbIX U AMHAMUUECKUX M3MEHEeHM SHIOKPUHHON CUCTeMBbI
M3ydyeHa HeJOCTaTOUuHO. [opMoOHaibHas peryasiius pernapaTuBHOI pereHepaluu A0 HACTOSIEr0 BpeMeH! He MMeeT
YeTKUX KPUTEpUEB OLEHKM U TpebyeT AalbHeiIero nccieqoBaHms.

KiroueBsle cj10Ba: ocTeoreHes, rOpMOHaJIbHas peryjdanus, pemoaejampoBaHne, KOCTHasa TKaHb.

Hcrounuk puHaAHCHMPOBAHMS: CCIEN0BaHME MPOBENEHO 6€3 CITOHCOPCKOI MOMIEPKKIA.

Review Article [D)ey ]
https://doi.org/10.21823/2311-2905-1609

Osteogenesis Hormonal Regulation: Review

Aleksandr M. Miromanov, Kirill A. Gusev
Chita State Medical Academy, Chita, Russia

Abstract

Background. The endocrine system occupies a leading place not only in the regulation of growth and development
mechanisms, but also in compensation reactions when the body is exposed to extreme factors. Coordinated hormonal
regulation contributes to the correct response of the macroorganism adaptive processes, aimed at restoring and maintaining
homeostasis. A cascade of endocrine changes accompanies the processes of both physiological and reparative regeneration
of bone tissue at all its stages. The aim of the study was to analyze the currently known mechanisms of hormonal
regulation of physiological and reparative bone tissue regeneration. Materials and Methods. The search and analysis of
scientific literary sources was carried out in the electronic databases PubMed and eLIBRARY. Search depth — 10 years.
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Results. The review considers both fundamental aspects and new data on the main histogenetic mechanisms of osteogenesis
hormonal regulation. The ways and points of interaction of the endocrine and skeletal systems are highlighted, the main
functions of hormones in the participation of bone remodeling in different age periods are determined. Conclusion.
In violations of physiological regulation, hormonal imbalance is assigned a key role, while under conditions of reparative
osteogenesis, the role of qualitative and dynamic changes in the endocrine system has been studied insufficiently. Hormonal
regulation of reparative regeneration to date has no clear assessment criteria and requires further research.

Keywords: osteogenesis, hormonal regulation, remodeling, bone tissue.
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BBenenune

B dopmupoBaHuu reHeTHYECKM IeTEPMUHMUPO-
BaHHOTO TIpollecca peryasiiuy MeXaHU3MOB KOM-
TIeHCaIMM Ha pas3jIMyHble SKCTpeMajbHble (aKTOPbI,
BO3/IeJCTBYIOIIIVE Ha OpraHU3M uejloBeKa, B Unciie KO-
TOPBIX MOXKET OBITb U TTEPEIOM KOCTH, SHIOKPUHHOM
cUcTeMe OTBOJMUTCS OHA U3 BeOyIMUX poseii. UMeHHO
OT ITIOJIHOLIEHHOJM KadyeCTBEHHOM ¥ KOJNYeCTBEeHHON
TOPMOHAJBbHOM CeKpelyuyu 3aBUCUT aleKBaTHOCTb U
XapakTep MPUCITOCOOUTENTBHBIX MPOIECCOB OpraHm3-
Ma, KOTOpble 06eCITeunBaIOT BOCCTAHOBJIEHME U MO -
JlepskaHye roMeocTa3a BHYTPeHHe cpelibl OpraHu3-
ma B uenom [1]. Kackan sHAOKPUHHBIX M3MEHEHUI
COMPOBOXKIAET MPOIECCHI KaK (hM3MOIOTUYECKOI, TaK
U perapaTMBHONM pereHepanuy KOCTHOJ TKaHM Ha
BCeX ee CTaausX [2, 3].

Ilens uccnedosamuss — MPOAHAIN3UPOBATH U3BECT-
Hble K HACTOSIeMy MOMEHTY MeXaHU3Mbl TOpPMO-
HaJIbHOV perynsiuu (Gu3mMoIornMuecKkoii 1 pernapa-
TUBHOJ pereHepaiyy KOCTHOJ TKaHN.

MaTepI/laJI " ME€TOAbI

[Toick Hay4HBIX ITyOMMKAIMI OCYIIECTBIISIICS
B 6asax maHHbiXx PubMed u eLIBRARY 3a mepwuopn,
¢ 2010 mo 2020 r. Mo K/IIOYEBBIM CJI0BaM: FOPMO-
HanmbHas peryasanusi/hormonal regulation, pemope-
nupoBanne/remodeling, koctHas TkaHb/bone tissue,
ocTeoreHes/osteogenesis.

Kputeprem BKIIOUEHMS WMCTOUYHMKOB B aHAIU-
TUYECKOe WCCIeNOBaHMe SBJSUIOCh HaJMuye IoJ-
HOTO TEKCTa CTaTbM (C YKa3aHMEM KOHKPETHbIX
KOJIMYECTBEHHBIX JaHHbBIX). KpyTepum UCKITIOUeHUS —
HeOoITyOIMKOBAaHHbIE pabOTHI (myccepTanuu U aBTO-
pedepatsl), ONMMCAHUST KIMHUYECKUX CIYIaeB, Te-
3UCHI TOKJIAT0B, a TaKKe yueOHbIe U METOIMUECKIE
MaTepuUabl.

PesynbTaTsl

Buonornyeckue npoueccsl, IpOUCXOASIIE B KOC-
TU IOCIe TepesoMa, KOHTPOIUPYIOTCS CIOXXHBIMU
reHeTMYeCcKu J[eTepMMHMPOBAHHBIMM MeXaHM3Ma-
MU [4], KOTOpbIe BKIIOUAKOT CUCTEMHBIE U JIOKAJIbHbIE
(baxkTOpBI, B3aMMO/IEICTBYIOIIVIE CO MHOTMMY TUTIAMMU
KJIeTOK ¥ HaIpap/silouiyecss B MECTO MOBPEXIEHMS
WM XUPYPrUYeckoro BMeLIaTeNbCTBa U3 OKpYKalo-
LIMX TKaHel ¥ KPOBEHOCHOTI'O pycia.

AOQpeHOKOpmMuKomponHoiti 20pMOH

[IpyHATO CuYMUTaThb, UYTO aLPEeHOKOPTUKOTPOII-
HbIl1 TOpMOH (AKTT) siB/isieTcst MyCKOBBIM TOPMOHOM
B peakIiMy Ha TPaBMy, YTO OOYCIIOBIEHO CO3IaHMEM
MIPUCIOCOOUTEILHOI peakiuy opraHusma Jjis 60pb-
651 co cTpeccoMm [2]. Cpasy mocie MOayYeHMs TPaBMbl
ero ypoBeHb yBeIMUMBaeTCs B 14 pa3 no CpaBHEHUIO
C HOPMOI4, ¥ TMKOBbIE 3HAUEHUS COXPAHSIIOTCS OKOJIO
7 muei1 [5]. UsBecTHO, yTo AKTT meiicTByeT Ha dacim-
KY/JISIPHYIO 30HY KOPbI HAAIIOUYE€YHMKOB, BBICBOOOXK-
nmas rmokokoptukoctepouabl (I'K). B cBowo ouepenp,
'K uepe3 GREs-penientopsl AeiiCTBYIOT HpaKTU4e-
CKM Ha BCe KJIeTKM B OpraHusme, BK/IHOUass KOCTHYIO
TKaHb. KpaTkoBpeMeHHOe yBenuueHue I'K B 3Hauu-
TebHOM CTeIlleHM BefeT K IOBBINIEHNI0 aKTUBHOCTHU
OCTEOKJIaCTOB, OJHAKO /JIUTE/IbHOe IOBBbIlIeHNEe WX
YPOBHS BeeT K CHMIKeHUIO X aKTUBHOCTU 3a CUeT MH-
nykuuu RANKL rmyTeM OZHOBPEMEHHOTO CHUKEHMUS
uHrMbUTOpa auUddepeHuupoBKM OCTEOKIACTOB —
ocreorniporereputa (OPG). IIpuueM MHTrMOGMpYIOIIVE
addexrtl K KOMIEHCUPYIOTCS MPSIMBbIM yBeIMve-
HMEM pPe30pOTUBHOIM AKTUBHOCTM 3PEJIbIX OCTEO-
KJIaCTOB, UTO B JOJITOCPOYHOM ITPOTHO3€ MPUBOAUT
K CHMKEHMIO CKOPOCTM pPeMOAeIMpOBaHUs KOCTHU.
Baxknas ponb I'K B nepuon paHHeil cTaauyu peMoje-
JIUPOBAHMUSI OTBOAUTCS PEryasiuu acemnTUYecKoro
BOCIIaJieHMss B 00jacTu Tmepenoma. MccaemoBaHus
MIPOIEMOHCTPUPOBAJIN, UTO TeDUIIAT VTN OTCYTCTBUE
'K BbI3BIBJIO OONBIINII BOCHAJIUTENbHBIN OTBET
B paHHME CPOKM IiepejioMa, UYTO MOATBEPXKIAI0Ch
TOBBIIIEHHBIMU YPOBHSIMU MHTepnelikuHa-6 (IL-6)
B CBIBOPOTKE KPOBU, MOBBIIIEHHBIMM KOHIIEHTPAI-
svu IL-1B B remaToMe mepeyioMa M OGOJbIINM KO-
yecTBOM T-KJIETOK, MHOWIBTPUPYIOMINX TTEPBUYHYIO
KOCTHYI0 MO30jb. 'K OKa3bpIBalOT MIpsAMOe BJIMSIHME
Ha Me3eHxMMaJibHble CTBOOBbIe KieTKu (MCK), sBysi-
SICb MOIIHBIMM VHIYKTOPAMU CIEIV(MUUHBIX JKMPOBBIX
dakropos, Brmouast C/EBP, KoTopble BIIOCTeNCTBUM VH-
myuupyiot penentop y (PPARy), onpeznernsisi TeM caMbIM
agumonMTapaeiii i  auddepentposkun  MCK  [6].
'K mHrnbupymor nuddepeHIMPOBKY OCTe06/1acTOB
3a CYET CHIKEHMS IKCIIPECCUM KITIOUEBbIX (aKTOPOB
tpaHckpunuymy RUNX2 u Sp7 (Osterix mim OSX), mie-
JIOUHO¥ ocdaTasbl, OCTEOKANBIIMHA, @ TAKKE JIUTaH-
Ia Wnt (8 yactHoct Wnt7b 1 Wnt10) u HampoTus,
MHIYyIVpys MHIMouTopbl Wnt, aktuBupytorcss DKK1,
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WIF1 u cknepoctuH [7]. B skcmepumeHTe yCTaHOB-
JIEHO ¥ HeTaTUBHOe BiMsHMe 136bITKa 'K Ha MUKpO-
UPKYISINIO 32 CUET BIAMSHMS Ha SKCIIpeccuio ¢ak-
Topa, uHaynupyemoro runokcueii (HIF1) u dakropa
pocta sugotenust cocynoB (VEGF), ymeHbIast 06bemM
Y TIOKPBITHE COCYAUCTOI CeThIO yUacTKa pereHepaiun
[8, 9]. UmeroTcs mOKasaTenbCTBA 3aBUCUMOCTYU Kaye-
CTBA KOCTHOV MO30JM B Mepuoj oO6pa3oBaHMUs Kasl-
JIyca, 4TO MOATBEPXKIEHO MCCAeN0BaHMeM Ha JKCIle-
PUMEHTATbHBIX KMBOTHBIX (MbImax). IIpu M30BITKE
I'K ormeuasoch ¢GOpMMUPOBaHME KOCTHOTO MOCTU-
Ka ¢ 6osee CIaObIMM MeXaHMUECKMMM CBOWCTBAMMU.
CnepgoBarenbHo, 'K MOryT urpaTh 3alliMTHYIO pOJb
B 3KMBJIEHUM T1epeIoMOB, (GopMuUpyss HaYaIbHBIA
BOCITAJINTEIbHBIN OTBET U CIIOCOOCTBYS ITPAaBUIBLHOI
TpaHchopManym XpsIeBoil Mo3oau B KocTb [10, 11].
B ycnoBusix pemapaTMBHONM pereHepauyuy OljeHKa U3-
MEHEHMUI COCTOSIHMS ypoBHEeV 'K HOCUT TO/IbKO KOIM-
YyeCTBEHHbIN XapaKkTep, B TO BpeMs Kak Pojib U CTelleHb
MX y4acCTus B TOV WM MHOM CTaguu perapaTuBHOIO
pemMoeMpPOBaHNsI OCTAeTCSI MaloU3y4eHHOIA.

ITapamupeoudHulii 20pMOH

[Mapatupeounusiii ropmoH (I1TT) ripu pa3nmMuHBIX
YCIOBMSIX MOSKET BBICTYIIaTh KaK MeayuaTop aHabomm-
YeCcKMUX ¥ Katabommueckux 3¢ ¢GeKToB B IMpolecce pe-
MOAENMPOBaHMS KOCTHOM TKaHU. Ero KOHIleHTpauus
3aBUCUT OT YPOBHS Kaiblvsg U ¢ocdopa B ChIBOPOT-
Ke KpoBu. Peanmusys cebss KaK OCHOBHOV PETYIISITOP
Kanblus U docdopa B opranusme, IITI crumynupy-
€T KOCTHYIO pe30pOIIMio, YBeIMUMBaeT peadbcopOIInio
Kanbliusl 4depe3 mnapatupeoupHslii peuentop (IITP),
TeM CaMbIM akTuBUpyeTcs cucrema PKA (mpotenH-
knHasa A u nporenHkuHasa C). Cucrema PKA, aktu-
Bupyemass DAMO®, peryaupyeTr SKCOpeccuio OeIKOB,
YYacTBYIOUIMX B KJIETOYHOM IIMKJ€e, DPOACTBEHHbIX
MHIMOUTOPOB KmHasbl 1 RUNX2 [12], uTo mpmBOAUT
K YBEJIMUEHMIO KOJINYECTBA OCTEOOIACTOB M CHIDKE-
Huio amonTo3a [13]. Takum obpasom, IITT mMoxkeT 3a-
ITyCKaTh KaK pPe30pOIMI0 KOCTM, TaK M OCTEOTeHes.
[Ipn mepenome KOCTV HAGIIOOAETCS TIOBBIIIEHNE €0
YPOBHS C IepBbIxX OHei. K 14-My OHIO OH JocTuraet
MMKOBBIX 3HaueHMit, ITpeBbIIAIOIINMX HOpPMasbHbIe
B 10 pa3, rpu 3TOM BBICOKME KOHLIEHTpaLMM COXpa-
HSIOTCS B TeueHMe 3 Hel. OT MOMEHTa Iiepeaoma.
OpHako nyTs BamsiHu ITTT Ha MCK 1oka He coBceM
SICEH — BO3MOJXKHO, UTO aHaboamyeckue s¢gdextsl [TTT
CBSI3aHBI C €r0 BO3JEeCTBMEM HA MOp(OreHeTUeCKMe
6enku (BMP), Wnts mau TpaHchopMuUpyIomii pakTop
pocta (TGFp) uepes penentopsl PTHR1 u/unu supo-
unto3 [12, 14]. HekoTopble uccieqoBaHus MoOKasasiu,
yrto ITTT uugyuupyet nuddepenunposky MCK uepes
CUTHaIbHBIN Kackag BMP [15]. IITT BiuseT u Ha CUH-
Te3 OCTeOreHHbBIX (HaKTOPOB pOCTa — IIUTOKMHOB, Ta-
KMX KaK MHCYJIMHOIOM00HbI dakrop pocTta-1 (IGF-1),
dakTop pocra dubpobracros-2 (FGF-2), a Takke UX
aQHTarOHMUCTOB WM MIPOTEONUTUUYECKUX aKTUBATOPOB,

TeM CaMbIM KOCBEHHO CITOCOOCTBYS AuddepeHIy-
POBKe U Tponudepaiy ocTeodJacTOB U UX Mpeie-
cTBeHHMKOB [12]. [IpM 3TOM HEOOXOAMMO OTMETUTb,
yTto OTCyTcTBUE penentopa ITTT B ocTeoknacrax pe-
aNM3yeT OCTEOKJIACTHBIN OTBET 4Yepe3 OCTeo0acThbl
[16]. OmHako obmiast peakuust Ha IITT 3aBUCUT OT ero
KOHLIEHTpalM U BpeMeHM BO3AeicTBus. Vimes nBa
OCHOBHBIX puTMa BbigeneHus ITTT muToBUAHOM Keme-
3011, MTyJIbCUPYIOILETO X TOHU3UPYIOLIETO, O KOHIIA He
TOHSATHA POJIb KaskA0Tr0 U3 HUX B O ep>KaHUM TOMeO-
CTa3a KOCTHOM TKaHU. VIMeroTcs MUcciieoBaHmsl, ITI0Ka-
3aBlMe, 4TO NMpyu MHAYLMpoBaHHOM ['K ocTeomnopose,
ypoBeHb TOHM3upytouero ITTT cHykaeTcs, pu 3TOM
ypoBeHb I1TT, BLICBOOOKIAEMOT0 MYIbCUPYIOIIUM 00-
pasomMm, yBenimuuBaetcs [17]. Tem He MeHee U3MeHeHMe
pUTMa IIUTOBUOHON >Kele3bl He BIUSIET HA YPOBEHb
0CTeOIopo3a M CBUIETENbCTBYET O IIaBeHCTBYIOIIEH
ponu HenpepbiBHBIX cekpennit ITTT. Biusaue ITTT Ha
KOCTb HEOAMHAKOBAa, O YeM CBUJIETETbCTBYIOT pabo-
TbI, pe3y/IbTaThl KOTOPBIX MOKAa3a/IM, YTO Yy MALIMEHTOB
C TIepBUYHBIM TUIIEpIapaTUpPeo30M OTMeuaeTcs II0-
Tepst KOCTHOJ MacChl B KOPTUKAIbHOM CJIO€, IIPU 3TOM
TpabeKy/sIpHast KOCTb OCTAETCSI HOPMATbHO MU YCU-
sne”Hol [18]. CiienoBaTeNbHO, MOKHO MPENTIONIOXKNUTD,
YTO CyLIEeCTBYeT KOJMYECTBEHHBIN Ipenes, MoBbIlle-
Hue III'T BbIlle KOTOPOro OymeT OKa3bIBaTh KaTabosm-
yeckuit 3pdekT, a 6oee HU3KME KOHLIEHTpALUM Oe-
MOHCTPUPOBATh aHabommueckue 3ddexTsi [19].

KansyumoHuH (mupoxkanbyumoHuH)

Ka/nbIIMTOHMH — 3TO TOPMOH MENTUIHONM MPUpPO-
IIbI, KOTOPBI CEKPETUPYETCS IIMTOBUIHONM >Kele30
M TIPOTUBOIENCTBYET MapallUTOBUIHOMY TOPMOHY,
yyacTtByst B MeTabomsme Kaiaplms (Ca2+) u docdo-
pa. B cBoeM CKeneTHOCOXpaHSIOUEM OeMCTBUM Kajlb-
IUTOHUH MHTMOMpPYET Kak OasayibHylo, Tak u ITTI-
CTUMYIMPOBAHHYI0 pe3opbimio koctu [20]. TTokaszaHo,
YTO MPOKAJIbLUTOHMH MHrMOupyeT auddepeHy-
POBKY OCTEOKJIaCTOB B KyJAbTypaxX KOCTHOTO MO3Ta
[21]. PeneniTop KanbIUMTOHMHA coefyHeH ¢ G-6ekoM,
KOTOpbIN CBsA3bIBaeT GS C aJeHWIaTIMKIa30i U CIIO-
cobcTByeT 06pasoBaHmio HAM® B KieTKaX-MUIIEHSIX.
AHanM3 3TUX KIETOUHBIX JIMHWUIL TIOKasald, YTO Mpu
HM3KOM TPOAYKIMM KaJbLMTOHMHA WIM OTCYTCTBUM
€ro B LIMTOIJIa3Me IosBsieTcsl HOBbI Bua, MPHK, oT-
Jmuarommiics: ot MPHK kanbuutoHuHa. JanbHeiime
MCCTeNOBaHMS [IOKAa3aliM, YTO TeH KalbIUTOHMHA
CALCA xomupyeT nBa ajbTepHaTuMBHbIX Buaga MPHK:
OJlHA TPaHCAUPYETCS B IpeAllleCTBEHHMK KaJbLIUTO-
HMHA, a Ipyras — B KaJbIIUTOHMHONONOOHBIN TIENTU,
(CGRP), 1 oTBeuaeT 3a CHIDKEHME SKCIIPEeCCUM KaabLiyi-
TOHMHA B KJI€TOUHBIX JIMHUSX, KOTOPbIE BMECTO 3TOTO
repexonsT K cuHTe3y CGRP. B pusnonormyeckux ycio-
BUSIX 0O6paboTka TpaHckpuiita reHa CALCA siBisieTcst
TKaHecrenbuyHoi. [OMOTHUTENbHBIM TPOAYKTOM
reHa CALCA gBnsieTcs MpOKaJIbLIUTOHUH — 116-amu-
HOKMCJIOTHBINM ~ TIpeJIIeCTBEHHUK  KaJbIIUTOHMHA.
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B ycimoBusix romeocrasa 3KCIpeccusi U MPOLLECCUHT
MPHK CALCA B ¢opme, KoTOpast KOZUPYET ITPOKaIb-
LMTOHMH, B OCHOBHOM OorpaHuumnBaetcsi C-KaeTkamu
IIMTOBUIHOM JKejie3bl, rjae OeTOK-IpeaIecTBEHHNK
OBICTPO paclieruisieTcs ¢ 06pa3soBaHMEM 3PEJIOro
KanpuuTOoHMHA. KOHIIeHTpauus MpoKaablIMTOHMHA B
KPOBEHOCHOM pycjie B 3TUX YCIOBUSIX OUeHb HU3KAs
[22]. B mpucyTcTBMM GaKTEPUATBHOM MHPEKINM IKC-
npeccus reHa CALCA MHOYLIMPYeTCs BO MHOTUX Opra-
HaxX ¥ TKaHSX, TPUBOAS K ObICTPOMY U CyII[€CTBEHHOMY
YBeJIMUEHUIO LIUPKYIUPYIOLIMX YPOBHE MPOKAIbIU-
TOHMHA. CUMHTEe3 MPOKAJIbIIUTOHMHA CTUMYJIUPYETCS
HeToCPeACTBEHHO 6aKTePUaTbHBIMM SHIOTOKCMHAMM
U IUTIOTIONMCcaxapugamu, a Takke MeauaTopamu BoC-
najieHusi. BpICTpoe yBenuvyeHUe MPOKaIbLIMTOHUHA
B KPOBOTOKE CITelU(GUUHO )i GaKTepuaJbHOM MH-
dexuyy, MO3TOMY IPOKAIBIIUTOHMH B HACTOSIIIEE
BpeMsI MCIIO/NIb3yeTCS B KauecTBe OmMoMapKepa Ijist
OLIeHKM puckKa cercuca [23]. IIpokaniblIMTOHUH UCCIe-
IIOBaH M B KAUeCTBe 611oMapKepa KOCTHO ¥ CyCTaBHOIA
UHOEKIMM, OH MOXKET ObITh PACCMOTPEH KaK IPeauK-
TOp OCTEOMMENNUTA WIN CeNTUYECKOro apTpura [24].
B yciioBusix perapaTUBHOI pereHepaiym KOHIeHTpa-
LM KaJbLIMTOHMHA B CBIBOPOTKE KPOBU COXPaHSIETCS
MOBBIIIEHHO} Ha BCeM IPOTSKeHMM Ipoliecca pere-
Hepauuu, JOCTUTrass MakCuMyMa B KOHEUHOI cTaaun
OCTeoreHe3a, YTO COIIacyeTcsl C mpoieccaMy MUHe-
panusaium, IpoUCXOISIIMMU B 3TOT ITEPUO]I.

Takum 06pa3oM, CTereHb YIacTVsI TOPMOHOB M-
TOBUAHON >Kele3bl B pelapaTUBHOM OCTeOTeHes3e,
K CO>KaJIeHUI0, OCTAETCSI MaJIOM3yUeHHO.

Ilonosoie 20PpMOHbBL

DCTpPOTeHbl M AHJPOTEHBI CIIOCOOCTBYIOT POCTY
KOCTHOJ Macchl BO BpeMsl MOJOBOTO CO3peBaHuUs U
MOMOTAIT MOAJepKMBaTh rOMeOCTa3 B IOC/IeLyIO-
mem [25, 26].

[To MHeHMI0O HEKOTOpbBIX MCC/IemoBaTesneii, 3CTpo-
TeH SIBJISIETCSI OCHOBHBIM CUCTEMHBIM TOPMOHOM, pe-
TYAMPYIOIIMM MeTaboaM3M KOCTHO TKaHM HE TOJb-
KO Y >KeHIIVH, HO U Y My>kuuH [27, 28, 29]. MexaHusm
IeCTBUS S3CTPOreHa CBSI3aH C aHTUPEe30pOTUBHOI
(byHKIMElT BIMSHMS HA OCTEOKIACTDI, B YACTHOCTM Ha
X aKTUBHOCTBb U anonto3 [30]. UntepneiikuH 6 (IL-6)
CTUMYJIUPYET Pe30pOIMi0 KOCTU, a 3CTPOreH OIOKU-
pyeT cuHTe3 IL-6. DCTpOreH MOXET SIBJISITbCSI aHTaro-
HucTom penentopy IL-6. Kpome TOro, sctporeH uH-
rMoupyeT pe3opOIIMI0 KOCTU IyTEM MHIYLMPOBAHMS
He6OBIINX, HO KYMY/ISITUBHBIX M3MEHEHUII MHOXe-
CTBa 3CTPOTE€HO3aBUCUMBIX PEryIsITOPHBIX (HaKTOPOB,
Briaouass daktop Hekposa omyxoneir (TNF-a) u cu-
cremy OPG/RANKL/RANK [31]. ®usuonorusi perysnsi-
LMY 3CTPOTEHOM Pe30pOIMM KOCTU PacCMaTPUBAETCS
yepe3 curHajibHoe cemelictBO TNF, KoTopbie SBs-
I0TCST KOHEeUHbIMMU 3 derTopamu nuddepeHInpoBKu
¥ QyHKOMM OCTeoKIacToB. ITapakpuHHbBI 3ddeKkTop
InbdepeHIIMPOBKM OCTEOK/IACTOB, IOMYYEHHBIN U3

0CTe00J1aCTOB, UAEHTUOUIIMPOBAH KaK PEleINTOPHbIN
aktuBaTop NF-A B-nuranma, KOTOpblit 3KCIIpeccupyer-
€Sl CTPOMAJIBHO-0CTE06IaCTHBIMY KileTKamMu. KoHTakT
MeXIy 3TUMM KIeTKaMM M KJIeTKaMM OCTEOK/IaCcTOB
ro3BosisieT RANKL cBSI3bIBATh CBOI (PU3MOIOTMUECKII
peuentop RANK, MOIIHO CTMMyAMpPys BCE aCIEKTBI
(YHKIMM OCTEOK/IACTOB: B OTBET Ha Iepenavy CUrHa-
smoB RANKL nuddepeHIIMpoBKa OCTEOKIACTOB U aK-
TUBHOCTh YBEIMYMBAIOTCS, a arloITO3 YMEHbIIAeTCs.
CrpoMasibHO-0OCTe06IacTHbIE KIETKM TaKke CeKpe-
TUPYIOT ocTeonpoTrerepud (OPG), KOTOpPBI HelTpa-
sm3syeT RANKL. DcrporeH yBenmumaet cuHTe3 OPG,
YMEHBIIIAeT KOJMOHUECTUMYIUPYIOIMiA (akTop Mma-
Kpodaros (M-CSF) 1 RANK. YcraHOB/IEHO, UTO YacThb
3¢ deKTOB 3cTpOreHa, BEPOSTHO, peaau3yeTcs 3a CUeT
muarn6mpoBauust TNF-o B T-KeTKax KOCTHOrO MO3ra
[32, 33, 34, 35]. IlonoBble cTepOU LI BBI3HIBAIOT Oojiee
BbIpaxkeHHOe AeiictBue ocu GH/IGF-1 BO BpeMs pocTa.
B uwactHOCTH, 3CcTporeH yBenmumBaer cekpenuio GH
Yy MaJIbYMKOB U JI€BOYEK, MPU 3TOM 3(PdEKT y Maslb-
YMKOB TIOAJAETCS KOPPEKUMM TIPU HEeOOXOOMMOCTU
C TIOMOILBI0 3CTPOreHa, MPOAYLMPYEMOTO aKTMBHO-
CThI0 apoMaTa3bl Ha TECTOCTEPOH, & He CAMUM TeCTO-
CTepOHOM. DCTPOTEH OTBEYAET 3a SNUbU3HOE CTUSHIE
Y MOJIOBIX MYKUMH U >KeHILIMH. [IoBbIllIeHNe YPOBHS
3CTpagmosa B ChIBOPOTKE IIpeAllleCTByeT MeHapxe U
CBSI3aHO C 3aMe[ijleH/eM CKOPOCTM pOCTa U yMeHb-
IIeHreM MapkepoB (GOpMMPOBAHMS KOCTHOM TKaHMU.
IIpn stom ypoBHM IGF-1 B 3TOT nepuop, MpoaoKaT
YBEIUMYMBATHCSI, HECMOTPSI Ha 3aMeJjieH/e CKOPOCTU
pocta ckesneta. MakcuMaibHOe yBelIMUeHMe comepska-
HMSI MMHEDAJIOB B KOCTSIX TaKKe IPUXOIUTCS Ha Tepu-
o[, MeHapxe, YTO aCCOUMUPYETCs ¢ KoM ypoBHS ITTT
B ChIBOPOTKE, ociie yero ypoBHu ITTT HauMHaOT CHU-
skaTbest. ToT pakT, uTo MapKepbl GOPMUPOBAHMS KOCTU
KOPPEIUPYIOT CO CKOPOCTBIO POCTA, & He C YBeTUYEeHMU-
€M KOCTHOJ MacChl, TOBOPUT O BEPOSITHOM OTPakeHUU
CTaTyapHOTO POCTa, & He O HAKOIUVIEHMM MMUHEepaIoB
B KocTu. COOTBETCTBEHHO, OHM HE MOTYT SIBJISITbCS
B&KHBIMM JOMarHOCTUMYECKMMM TOKa3aTelsiMM MeTa-
60/M3Ma KOCTHO TKaHM ITPU OlleHKe ITOAPOCTKOB [36].

UccnegoBanusl Mokasaau, 4To 12-jieTHUe TOf-
poctku gocturin 90% pocrta B3powibiX U 83% Mu-
HEpPaIbHONM IUIOTHOCTU KOCTH (BMD), HO mpu sTom
MMEIOT TOJIBKO 68% Beca B3pocbiX U 58% oT o611ero
comepskaHuss MMUHepanoB B KocTsx ckenera (TBMC).
IaHHbI (aKT CBUIETENBCTBYET O TOM, YTO BPEMEH-
HOJ TIepMOJI U PErylIsTOPbl KOCTHOIO MeTabonmM3ma
IJIT JOCTVXKEHMSI TTMKOBBIX 3HAUEeHWUI 3TUX ToKasa-
TeJeil pacxogsaTcsl. XOTS CYIIeCTBYeT OOIIenpUHSITOe
MHEeHMe, 4TO y XXeHIIMH 90% NMKOBOI KOCTHOM Mac-
Cbl OIpepesnsieTcs BO3pacToM 18 jieT, MUMEITCS MUC-
CJiefloBaHMsI, JOKa3bIBalollye, YTO CO3peBaHye KOCTU
MOKET ObITh ropasio 6ojiee MPOIOIKUTEIbHBIM ITPO-
teccoM. Tak, IJi TOSICHUYHOTO OT/Ae/a TO3BOHOYHM-
Ka MUK KOCTHOV IIOTHOCTM Y SKEHIIVH HaOII0Hancs
B Bo3pacTe oT 33 no 40 JieT, a y My>KuMH — B II€PUO],
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¢ 19 no 33 net. [Tpu 5TOM 117151 6€IPEHHOI KOCTY TOT K€
MoKa3aTeJib BapbUpoBaJ OT 16 10 19 neT y KeHUH U
ot 19 mo 21 roga y mykunH. CjieqoBaTeabHO, 3CTPO-
r'eH, MMesl ONHY U3 BeOyIlyX poJieil B peryasium pas-
BUTMSI KOCTHOJ TKaHU, MOXET BbICTYyaTh MPegUKTO-
pOM HapyIlleHus MeTaboaM3Ma KOCTHOM TKaHU Jaske
y 1y ctapire 25 yet [36, 37].

YacTb BAMSHUS aHOPOTEHOB MOXKET OBITH OITOC-
pefoBaHa KOCBEHHBIM BO3AENCTBMEM Ha (PYHKIVMIO
runodu3a, MOCKOIbKY aHIPOTEHbI MOIYIMPYIOT KU-
HETUKY CeKpelyy TOPMOHA pocTa B Iepuof, Mojo-
BOro co3peBaHus [38]. Kak TecTrocTepoH, Tak U Iu-
TUAPOTECTOCTEPOH CTUMYIMPYIOT Ipoimdepanmio
KYJIbTUBUPYEMBIX ITPeIIIeCTBEHHUKOB OCTE00/1aCTOB,
OIHAKO MEXaHM3M UX BIMSHMSI HA OCTe0b1acThl He
BITOJTHE TIOHSTEH [39]. AHIpOreHHbIe peLenToOpPhl IKC-
TIPeCCUPYIOTCS B KYJIbTUBUPYEMBIX SMMUGU3APHBIX
XOHAPOLIUTAX U XPSIIEBbIX KI€TKaX POCTOBON Ilia-
CTUMHKM, 3TU PELEeNnTOpbl 0OHAPYKMBAIOTCS BO BCEX
CJIOSIX POCTOBOJ MJIACTMHKY YesloBeka B Iepuof; poc-
Ta CKejleTa BHE 3aBUCMMOCTU OT rona. OHM 3KcIpec-
CUPYIOTCSI CTPOMAabHBIMM KJIeTKaMM KOCTHOTO MO3Ta
TIpeIIecTBEHHUKOB ocTeobiacToB [33], a Takke Ha
MerakapuoluTax M SHA0TEeNNATbHbIX KJIeTKax B KOCT-
HOM Mo3re [38]. OcTeobacTHbIe KIETKM YeIOBEKA U3
KOPTUKAJIbHOM KOCTU 3KcrIpeccupyioT 6osbire MPHK
aH[IPOTEHHOTO PeIernTopa M MMEIOT OOJIbIllee CBSI3bI-
BaHMe AHIPOTEHOB, YeM KJIETKM U3 TPabeKy/IsIpHO
KoCTHu [28], BEPOSITHO, BIMSISI Ha ITyOepPTaTHBIN POCT
WM 3aKPBITHE POCTOBBIX 30H OCPEICTBOM apOMaTu-
3a1 UM 00 3CTporeHa. AHApOreHHble pelentopbl ERa
u ERB ob6HaApyKeHbI B OCTe06/IacTax, XOTs paHee 3TU
JIlaHHbIe olpoBepraauch. [locienymwline KucciaemsoBa-
HUS BbIIBUAM TipucytcTBue MPHK 1 aHaporeHHOro
pellenTopa Kak B 0CTe06/1acTax, Tak U B OCTEOIUTAX.
B Hacrosiiee BpemMsi HET egMHOTO MHEHMSI OTHOCU-
TEJBbHO 3KCIIPECCUM PELeNITOPOB aHApPoreHoB u ERa,
ERB BO Bpems mudbdepeHIMPOBKY OCTE06IACTOB U
OCTEeOLIMTOB WIM MX JOKanusauuu B ckernete [39].
AnpporeHHble 3(pdeKThl Ha KOCTU MOTYT OIOCPEeIO0-
BaHHO pea/iM30BbIBATHCS B PEryISUUU LIUTOKUHOB U
(akTopoB pocTa, SKCIIPecCUpPyeMbIX JOKATbHO B KOC-
1. AHfporedsl akTuBUpyOT TGF-B u IGF, kotopsle
CTUMYJIMPYIOT 00pa30oBaHMe KOCTY U TIOJABJISIOT CTU-
MYJIUPYIOLNIA ocTeoknacToreHes — IL-6. AHAPOTreHbI
GJIOKMPYIOT IejicTBYE TOPMOHA ITapaliTOBUIHOIM JKe-
nesbl u IL-1, BeIpaboTKy npocrarnanauua (PG) E2 u,
HaIIpPOTUB, CTUMY/IMPYIOT BhIpaboTKy IL-1B u ycumm-
BarT MuToreHHoe nevicteue FGF B KynbTUBUpyeMbIX
ocTeobsacTax B 3KCIepumMeHTe. [TokazaHo, 4YTO AU-
TUAPOTECTOCTEPOH CHIDKaeT ypoBeHb OPG, KOTOPBI
MOTEHIMATbHO MOXEeT CTUMY/JIMUPOBATh AKTUBHOCTD
ocreoknactoB [40]. deiictBue Ha AuddepeHINPOBKY
OCTEOKJIaCTOB CBSI3aHO CO CTUMYJSIMENl aKTUBATO-
pa penenTopoB simepHoro (akropa (RANKL), skc-
MIPeCcCUpyeMoOro U CEKPEeTUPYEMOTO OCTEeOOTIaCTHBIMM
KJeTKamu, KOoTopblit cBsa3biBaeTcsi ¢ RANK Ha ocreo-

kimacrax [41]. B cBowo ouepenp, sdhderter RANKL Ha
OCTEOKJIaCThl PETYAUPYIOTCS TTOCPEACTBOM CeKpelum
OPG. AHOporeHsbl, MO-BUAMMOMY, OIIOCPEIOBAaHHO
OKa3bIBaIOT CBOE 3allIUTHOE JIeJICTBME Ha KOCTb U Ue-
pe3 ocTeobnacTHbIE KIETKU. [JUTMAPOTECTOCTEPOH
HENOCPeICTBEHHO CBSI3bIBAETCS C pellelTopamMu aH-
IPOreHOB Ha OCTEOKJIACTaX U OJOKUPYET pPe30pOINI0
KOCTe} OCTeOK/IaCTaMM YeioBeKa. B KJIeTOYHOI KyJb-
Type IMOKa3aHO, YTO aHAPOTeHbI PErylupyloT obpa-
30BaHMe OCTEOK/IaCTOB, MHAyLMpoBaHHOe RANKL,
BbDKMBaHME OCTEOKIACTOB, 3Kcrpeccuio RANK mpe-
OCTEOKJIaCTaMM U 3Peyl0 (PYHKIMIO OCTEOK/IACTOB,
HE3aBUCUMMO OT MpPeIIIeCTBEHHUKOB OCTe00/1acToOB
CTPOMBI KOCTHOTO Mo3ra [39]. Takum 06pa3om, aHIpo-
Te€HbI, [T0-BUAVMOMY, CTIOCOOHBI PEryIMPOBATh OCTEO-
KJIaCTOreHe3 Kak KOCBEHHO, TaK ¥ HeMOCPeICTBEHHO.
OmHako BCe OIMMCAHHbIE BbIle 3(G@EKThl MMOTOBBIX
TOPMOHOB peajn30BaHbl Ha IIpMUMepe UCC/IelOBaHM
pasBUTHSI CKeJleTa, TO eCTh Ha Jtare usuonornye-
CKOJi pereHepanum.

T'opmoH pocma

OCHOBHBIM KOMIIOHEHTOM TaK Ha3blBaeMoOW OCU
ropmoHa pocta (GH/IGF) sBisieTcsi COMaTOTPOITHBIN
ropMoH (ropmoH pocta — GH) — omHOIlenouyeuHbIit
TTOJIUTIENITUAHBIA TOPMOH, KOTODPBIA CEKpeTUPYETCS
MyJIbCUPYIOIIMM 06pa3oM IepemHeii goseii runodusa
B OTBeT Ha cTuMysuuio runotanamyca (GHRH) u nH-
rubupyetcs comarocratuaoM (SS) [42]. Xotst GH mo-
>KeT HeloCPeICTBEHHO BAMSTh Ha KJIETKU Pa3aNyHbIX
TKaHel, BKII0Yas 0CTe0OIacTbl ¥ XOHAPOLMUTHI SIIN-
dbusapHoii 30HBI pocta [43], GH ctumymmpyet mpo-
IOMbHBIN POCT KOCTU B OCHOBHOM ITyTE€M aKTMUBaLUU
MPOIyKIMM «reuyeHouHoro» IGF-1 [44]. IGF-1 u IGF-2
(MHCYIMHONOA00HbIE (aKTOPbl POCTA) MpPeaCcTaBIs-
I0T CO00Ji TeNTHUIHbIE TOPMOHBI CO 3HAUYUTETbHBIM
CTPYKTYPHBIM CXOACTBOM C MHCYJIMHOM, TNPU 3TOM
IGF-2 BaxkeH mjs BHYTpuUyTpobGHOro pocra, IGF-1
peryampyeT pocT, pa3BUTHE U MEeTAO0IM3M KOCTHOM
TKaHU B TeUeHue Bcet ku3uu [45, 46]. B arkciepumeH-
Te Ha MbIIIaxX YCTaHOBJIEHO, YTO IOMMUMO OIOCpeno-
BaHHBIX 3¢ dekToB uepe3 IGF-1 ropMoOH pocTa MOKET
HEIOCPEeICTBEHHO PeryIuMpoBaTh AuddepeHIpoBKY
MPEXOHIPOLIMTOB, a TaKXKe UTPaeT poJjib B peryanpo-
BaHMY MMOJIOBOTO AMMopdu3ma [47, 48]. [JokasaHo, UTO
IGF-1 peanusyeT cBou 3(pdeKThl MOCPEICTBOM B3au-
MOZEVCTBUS ¢ HECKOJIBKMMM CBSI3bIBAIOIIMMU OeiKka-
mu, n3BecTHbiMMU Kak IGFBP-1-6. IIpu stom IGFBP-1
u IGFBP-5 peanusyloT CTUMYIMpPYIOIIEe IeiicTBUe
IGF-1 Ha ocTeobnacTbl. HampoTus, MHIMOUPYIOLIIN-
mu cumtaiorcs IGFBPs-1, -2, -4 u -6; oHU CBSI3bIBAIOT
IGF-1 n npepmotBpamaior B3anmopeicteue ¢ IGF-1
peuernropom. Harpumep, cBepxakcrnpeccus IGFBP-4
B OCTe06JIacTax MbIIIeil TPUBOAUT K CHYDKEHUIO Pa3-
Mepa KOCTY M COUeTaeTCs C IOBBIIIEHHBIM MHTMOU-
poBanuem aktuBHOCTU IGF-1 [49]. [lapaTupeounnblii
TOPMOH MOXEeT yBeanumuBaTh sKcnpeccuo IGFBP-4
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[50]. TIOKOKOPTUKOMIBI YBEIMUMBAIOT SKCIIPECCUIO
uHrnoupyromux IGFBPs-2, -4 u -6 npu ogHOBpeMeH-
HOM cHIKeHUM skcrapeccuu IGFBPs-3 u -5 [51, 52],
a 9ddexrT mnomaBIeHMUST 3CTPOreHOM OOpa30BaHMS
KOCTY MOKET OBITh BbI3BAH ITOBBIIIEHHON PEry/Isiy-
eii skcripeccun IGFBP-4 [53]. JlIokanbHble (aKTOPbI,
pxiwouas IGF, TGF-B, BMP, FGF, PDGF, unTepneiku-
Hbl 1 IGFBP npoTeassl, SIBASIIOTCS PeryasiTOpaMu 3KC-
nipeccun u aktuBHOCTM IGFBP B koctu [54]. IGFBP-5
CrocobeH yJacTBOBATh B MPOIECCAX PETYISIIIUK pas-
mepa 1 Gopmbl KocTu [55].

Ponp mectHOro IGF-1, meiicTBylolero aBTOKpUH-
HBIM U/VJIV TTapaKpPUHHBIM 06pa3oM, He MeHee BaskHa
mis dyHkimmu koctu. IGF-1 mpopyuupyeTrcs ckenet-
HBIMM TKaHSIMM UM XPAHUTCSI B MUHEPAIN30BAHHOM
MaTpUKCe, M3 KOTOPOTO OH MOXET BBICBOOOXKIATh-
csl TIpU Jerpajauyuy MaTpUKCA U PeMOAEeIMPOBAHUU
koctu. be3 mokanbHO mponpyuupyembix IGF mponu-
(depaiusa ocreobracToB cHMKaeTcs mouty Ha 50%,
UTO YyKas3blBaeT HAa pOJib MECTHOTO MNPOU3BOMACTBA
IGF B mponudepanyy 6a3aabHbIX 0CTe061acTOB [56].
CBepxaKcIipeccusi APYIMX KOMIIOHEHTOB CUCTEMBbI
IGF, KoTopble MOIYIMPYIOT MECTHYIO OMOHOCTYII-
HocTb IGF, Takux kak IGFBP u cooTBeTcTByIOIIME UM
MpoTeasbl, yKa3bIBaeT Ha TO, YTO JTOKaJIbHAs MPOILYK-
umst IGF-1 Heob6xomyuma JIj1s1 peMOoIeIMPOBaHMsI KOCTYU
[54, 57, 58]. Kpome Toro, apderT ropMoHa pocTa Ha
KOJIMYECTBO OCTE06IaCTOB 3aBUCUT OT MECTHOTO ITPO-
n3Bozcraa IGF-1 [59].

HOebuuur GH B mgeTckomM BO3pacTe IPUBOIUT
K cHkeHMIo MIIK u yBe/IMueHUIO puCKa IepeioMOB
BO B3pocioM Bospacte [60]. MHorue u3 scddexToB
GH omocpenoBanbl uepes IGF-1. ITauimeHTsl ¢ He-
YyBCTBUTENBbHOCTBHIO K GH, Hanipumep, ¢ CMHIAPOMOM
JlapoHa, BbI3BaHHBIM MyTauusmu GH-penenropa,
HeIOCTAaTOYHO MM BOOOIIe He BhipabaThiBaoT IGF-1
unu IGFBP-3, 4TO NIpUBOAUT K CHMXKEHUIO TIPO0JIb-
HOTO POCTa KOCTU; HU3KOPOCJIOCTb MPU POXKIEHUU
COTIPOBOXIAeTCs MeOJIEHHbIM pPOCTOM Ha IpOTS-
sKeHUM Bceit ku3uu [61]. T'mcromopdomeTrpuueckue
M3MepeHMs OKa3bIBAIOT CHIKeHMe CKOPOCTH 06pa-
30BaHMs KOCTU U ee MUHepanu3auuu c neduiuTom
IGF-1 [62]. HegaBHMe uccienoBaHus [OKa3aayu 3Ha-
YUTENbHYIO CBSI3b MEXAY MonumMopdusmMamMmu B TeHe
IGF-1 m puckom oCTeoIoposa B IONY/ISILUM KeHITUH
B Kurae [63].

Takum 06pasom, Kak GH, Tak 11 IGF- 1 IBJISTFOTCS KITIO-
YeBbIMM PeryyisiTOpaMy MOTydyeHUs TMKOBOY KOCTHO
MaccChl y JKUBOTHBIX U Y JI0fei [64]. JOTOMHUTENbHBIM
IGF-He3aBUCMMBIM CBOVICTBOM T'OPMOHA POCTa SIBJISI-
eTcs yBeJInueHue pe3opoLym 1 0OMEHHBIX IIPOIEeCCOB
KocTy [45]. Y nmauyeHTOB ¢ 136b1TKOM GH moBbImaeTcst
PUCK IepesioMoB [65, 66, 67].

TupeouoHulli 20pMOH

eiicTBMe TOPMOHOB IIUTOBUAHON sKele3bl OIOC-
permoBaHo peunentopamu (TR), KOTOpble KOAVPYIOTCS

reHamu THRA u THRB [68]. Kaxxmomy u3 TR mpu-
HaJJIEXKUT HECKOMbKO MoATuIoB. Hambonee n3yueHbl
TRal, TRa2, TRB1, TRP2 peuentopsl [69, 70]. Onu j10-
KaJIM30BaHbl He TOJMBKO HA TUPOIUTAX, HO U Ha O60Jb-
IIMHCTBE TKaHel U KIeTKax yeloBeka.

HeicTBus TMPEOUIHOTO TOPMOHA B KOCTU CJIOSKHBI
M TIOHSITHI JIXIIIb YACTUUHO; OHU TPOMCXOAST yepe3
MpsIMble ¥ KOCBEHHbBIE MYTM BO BCex ¢asax LMKia pe-
MOZIEeNVPOBAHUS KOCTU U CTUMYIUPYIOT Kak 006pa3o-
BaHMe KOCTHU, TaK U pe3opbuuio [68, 71]. OcTeobrmacTbl
¥ XOHAPOLMTBI MPOSIBISIIOT 3KcIpeccuio Kak TRa,
Ttak 1 TRP [69, 72], HO KoHLleHTpanus TRal B gecsaTsb
pa3 npespiaer TRB1 [68, 69]. TRal paccmarpuba-
eTCs B KaueCcTBe OCHOBHOTO (DYHKUMOHAJIBHOTO Me-
auaTtopa TpUMOATUPOHMHA B ckenerte [69, 73, 74].
Buonornueckas ponb TRa.2 HensBecTHa [75]. eyt
iy gyichyHKIYS TRo TpUBOAUT K 3aMeIJIEHUIO POC-
Ta, 3aJepsKKe BO3pacTa KOCTel, HapylleHUSIM MMU-
Hepanmsauum Kocreit u cHukenuwo MIIK [76, 77].
Bo Bpems1 o6pasoBaHust KOCTU TpuitogTUpouuH (T3)
CTUMYIMpPYeT Tpoindepainio, auddepeHIpoBKyY,
ariorTo3 OCTe06aCTOB M YBEIMUMBAET JKCIIPECCHUI0
OCTEeOKaJIbIIVHA, KOJIJIareHa Tuia 1, meJxouHol ¢oc-
darasbl, MeTaymtonpoTenHoB, IGF-1 u ero peuenrtopa
(IGF-1R). BoociencTBuy BO BpeMsl Pe3opOLym KOCTU
T3 yBeMuMBaeT SKCIIPECCHUIO BaXKHBIX (DaKTOPOB And-
(bepeHIMPOBKY JIMHUM OCTEOKIACTa, TAKMX KaK MH-
TepielikuH 6 u npocrarnanavi E2 [74]. Kpome Toro,
T3 geiicTByeT CMHEPTUYECKM C OCTEOKIaCTOT€HHBIMU
ropMoOHaMu — MapamuToBUAHbIM ropmoHoM (ITTT)
n ButammHom D [78, 79]. IIpomeMOHCTpMUPOBAHO,
uto T3 yBennuuBaet skcrpeccuto MPHK nuranmga ak-
TUBaTOpa penenTtopa sgepHoro kappa-p  (RANKL)
B ocreobyacte, KOTopbiii aktuBupyetr RANK, mpu-
CYTCTBYIOLIMII B MpeAllleCTBEHHMUKAX OCTEOKIacTOB.
T3 peryaupyeT XOHAPOTeHE3 M MUHEPAIMU3ALMNIO KOC-
Tei, CTUMYyIUpYyeT BbIpaboTKy IL-6 u IL-8, ycunmBaer
neiictBue IL-1, cuHTe3 OoCTeoKa/lblMHA M KoJllareHa
Tuna 1, ypenmumpaet npondepainio, auddepeHnn-
POBKY M aIloITO3 0CTe061acTOB [72, 76]. YcTaHOBIEHO,
YTO TOPMOHBI IIUTOBUIHOI >Kejle3bl UTPAIOT KiItoue-
BYIO pOJIb B Pa3BUTUU CKeJleTa, B TOCTMKEHUU TIUKO-
BOJ KOCTHOJ Macchl ¥ 3()(PEKTUBHOIO 3aKMBIEHUS
nepenomos [80, 81].

V36BITOK TOPMOHOB IIMTOBUIHOJ 3Keye3bl B JeT-
CKOM BO3pacTe MOXeT MPUBECTU K IpeXIeBpeMeH-
HOJi aKKpelU POCTOBBIX IJIACTUH U YePEITHbIX IIBOB
", HaKOHel], K HU3KOPOCJIOCTA U KPaHMOCUMHOCTO3Y
[76, 80, 81]. B TO Bpems Kak runeptupeos B IeTCTBE
YCUIMBAaeT MUHEPAIN3ALMI0 KOCTU U YCKOPSIET 3TU-
(dbu3HOe co3peBaHME, Y B3POUIBIX OH BBI3bIBAET IIO-
TepI0 KOCTM 3a CYeT mpeobyajamiieii akKTMBHOCTU
OCTeOK/IaCcTOB. Tak, MoTepss MMUHEPAIbHOI IUIOTHO-
CcTU cocTasiset okono 10-20% npeumyIieCTBEHHO 3a
CUeT KOPTUKAIBHOM KocTu [75, 76]. Llukn pemogenn-
POBaHMS KOCTU COKpalaeTrcs moutu Ha 50% (c 200 mo
113 mHeit), a MpOMOPLMK MEKAY 00pa30BaHMEM KOCTU
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u ee pe3opbimeit HapymaioTcs [82]. da3a KOCTHOTO
00pa3oBaHMsI YMEHbIIAETCS Ha 2/3, UTO BJIMUSIET HA
rorepio 6omee 10% mMuHEpann30BaHHON KocTU [83].
BcnencTBue 3TOro TMpPEOTOKCUKO3 MPUBOAUT K yBe-
JIMYEHUIO PUCKA TIepesioMoB [75, 76, 82]. Y manyeHTOB
C TUMEPTUPeO30M OOHAPYKMBAIOTCS ITOBBINIEHHbIE
KOHIeHTpauu IL-6 B ChHIBOPOTKE KpPOBM, TE€M Ca-
MBIM CTUMYJIVPYS TTOBBIIIEHHYIO O depeHIpoBKY
OCTEOK/IACTOB. IL-6 cTUMynIupyeT BhIpabOTKY OCTEO-
KJIACTOB ¥ MOSKET ObITb MEeOMaTOPOM TapaIiuTOBUI -
HOTO TOPMOHA Ha KOCTHOM TKaHu [84]. HapymeHus
KOCTHOr0 00MeHa, HabJiogaemMble TPy TUITepPTUPEO3E,
CBSI3aHBI C OTPUIIATEIHHBIM KaJbLIVEBBIM OaTaHCOM,
rUIepKaiblyieMyeit u runepragbuyypueit [75, 84].
[Ipsimoe nelicTBMe Ha KJIETKM KOCTHOWM TKaHU IIpU-
BOAUT K YCWIEHUIO OOMEHHBIX ITPOIIECCOB B KOCTU
” ocTeoropo3sy [85, 86].

V MaiueHToB C TUIIOTUPEO30M B IETCKOM BO3pac-
Te OTMEeYalTCs 3aMefjieHue WM Oaxke OCTaHOBKa
pocTa, HapylleHUsI 3HI0XOHIPa/IbHOTO OKOCTEHEH NS,
3aiepskka KOCTHOTO Bospacra [75, 76]. [mmotupeo3s
CIIoco6CTBYET 001IeMy ruIoMeTabonusmy. I[pomecchl
(opmupoBaHus Kocty 3aMenJISoTes Ha 50%, mporiec-
CbI pe3opb61yy KocTu — Ha 40%. CHUKAIOTCS KaablIy-
YpUS ¥ KOHLIEHTpaIMs B CbIBOPOTKE OCTEOKa/IbI[MHA,
menouHoii docdaTasbl, HO TMOBBIINIAETCS KOHIIEH-
Tpalus MapamyuTOBUAHOTO TOPMOHA U BUTaMuHa D
B CbIBOPOTKe [82]. I[IpMHSTO CUMTATh, UTO IUIIOTUPEO3
Y B3POCIBIX YXyAIIaeT 06MeHHbIe ITPOIeCChl B KOCT-
HOJ TKaHU, TIPUBOIS K OCTEONOPO3Y U TMOBBIIIEHUIO
JIOMKOCTY KOCTM, OFHAKO MMEIOTCS MCCaeqoBaHus,
OIpOBepTawIlye 3TO YTBEPXKIeHNeE.

TakuM 06pa3oM, MeXaHM3M BAMSHUSI HeduLuTa
rOpPMOHA IIUTOBUAHOI sKkee3bl OCTaeTCs A0 KOHIIA He
u3y4yeHHbIM [87, 88], KaK U CcTeneHb y4yacTusi JAHHOIO
rOpPMOHA B pelrapaTMBHOI pereHepanum.

IIponakmun

IMponaktua (PRL) meiicTByeT Ha criery@uyecKuii
peuentop (PRLR), npuHagiexammuii K HagCeMeinCTBY
LIMTOKMHOBBIX PELIENITOPOB TUITA 1, KOTOPBI BK/IKOYA-
eT perientop GHR 1 IL-1. B HEKOTOPBIX UCC/IETOBAHUSIX
MoKa3aHo, 4YTo PRL-pelienTopbl 06HApYKEHbI HA OCTe-
obmacrax [89]. O6BIYHO OCTEOO6ACTBI IKCITPECCUPYIOT
PRLR, XOTS CyIIECTBYIOT HEKOTOpbIE OCTEOOIaCTHbIE
JIMHUM YeJTIOBEKa, KOTOpbIe TPeOYIOT MequaTopoB, Ta-
KuX Kak 1,25(0OH)2D3 miy [II0KOKOPTUKOMIBI IJIsT 9KC-
npeccun PRLR. Kpome Toro, PRL ycunuBaeTr pe3op6-
LIMIO KOCTM YaCTUYHO 3a CUeT yBeIU4YeHUs akTuBaTopa
peuentopa NF-muranga (RANKL) M CHMKeHMS 3KC-
npeccun OPG ocreobnactamu [90]. B akcrnepumeHTe
YCTaHOBJIEHO, UTO B OCTE00/1aCTONMOAOOHBIX KJIeTKaX,
MOABEPIIINXCS BO3OEMCTBMIO BBICOKMX KOHLIEHTpa-
uuit PRL, cOOTBeTCTBYIOIIMUX (UIMOIOIMUYECKM Ha-
6mogaeMbIM BO BpeMsl GepeMEeHHOCTM M JIaKTalyuu
(to ectb Mexxmy 100 u 500 Hr/muT), SKCIIPECCUsT LIUTO-
KMHOB ¥ MOJIEKY/I, YIaCTBYIOIIUX B PEry/siuu OCTeo-

kinacroreHesa (to ectb RANKL, ephrin-B1l, TNF-q,
IL-1 ¥ IMKIOOKCUTeHa3bI-2), TOBbIIIANACh. [Ipy 6osee
BBICOKMX ITaTOJOTUMYECKUX KOHIeHTpauusx PRL mo-
nmasisiet ypoBau MPHK OPG B ocreobmacrax, TeM ca-
MBIM AOINOMHUTENbHO yeunuBas aevictBue RANKL Ha
ocTteoknactbl. C Apyroit CTOPOHBI, YBEIMUEHME UNCTa
OCTEOK/IaCTOB MPUBOIUT K YBETMUYEHNMIO YPOBHS KaJlb-
LMSI B KPOBU U CeKpelM MapailUuTOBUAHOTO TOPMOHa
(ITTT) [91]. CHmskeHme ypoBHs ITTT mpMBOOUT K YMEHb-
menuto cekperuu PRL 13 nepenHeii yactu runodusa,
rmockosnbKy ITTT MHrMOMpyeT 06paTHBIN 3aXBaT U BbI-
cBobokmenne modammuua (DA), KOTOPBIA SIBIISETCS
daxTtopom, nurnbmpyromum PRL [92]. B mononHenue
K PRL-mMHAOyUMpPOBaHHOM aKTMBALMM OCTEOK/IACTOB
yepe3 ocreobsactel PRL mopmasnster auddepeHny-
POBKY ITpeocTe61acToB U (GYHKINUM OCTe00IacTOB, Ha-
MpYMep 3KCIIPeCCUI0 OCTeOKaabLIMHA UM aKTUBHOCTb
meouHoii pocdortassl (ALP). B Mopensx Ha KUBOT-
HBIX YCTAHOBJIEHO TPU OCHOBHBIX ITyTU BAUSHUS TPO-
JIAKTMHA: 33 CYET CTUMY/ISIIVM abcopOIMM KaybLys
B KMIIIEYHMKe, MHTMOMPOBaHME CMHTE3a IMOJIOBBIX TOp-
MOHOB U uepe3 NpsMoe BO3[eiCTBMe Ha KIeTKU CKe-
JieTHO¥ TKaHu. BiusHue PRL 3aBucut ot Bo3pacra: ot
yBeJIMYEHMsI KOCTHOM MaccChl y PacTyIiuxX ocobeil mo
MOTepU KOCTHO TKaHM Y B3POC/bIX [94, 95].

Takum 06pa3oM, UCXOAS U3 IKCIIEePUMEHTATbHBIX
IaHHBIX, MPOJIAKTUH TIPU (HUMOTOTUUYECKUX KOH-
LleHTpaluusIX OKa3blBaeT CTUMYAMpYIOllee BO3Aeli-
cTBMe Ha dopmupoBaHmue Koctu. [Ipu yBenmueHUn
3HaueHuii PRL B auama3oHe JIeTKOW TUIlepIiposiak-
TUHEMUU AOTIOHUTETbHO CTUMYIUPYIOT PEMOAENIN-
poBaHMe KOCTU, TIPUYEM DPe30poLus KOCTU YBeIu-
yuBaercs Gosblle, yueM obpasoBaHye. [Ipy BBICOKUX
3HaueHMsX PRL pe3opOLyst KOCTM IOHOJHUTEIHHO
CTUMYIUpPYETCS, a 00pa3oBaHMe KOCTY IOJaBJIsIET-
Csl C TOCJIeNyIIIMM HapylleHMeM MUKPOCTPYKTYPbI
TpabekynasipHoit Koctu [95]. Ocobblii MHTEpEC BbI-
3pIBaeT MCC/IeOBaHME IMAlMEHTOB C IepeioMaMu
TPyOUaThIX KOCTE B COUETAHUM C UeperrHO-MO3TO0-
BoJi TpaBMo¥t (UMT). 3BeCTHO, UTO TaKOe COUeTaHME
TpaBM 3a4acTyl0 COMPOBOXAAETCS YCUIEHHBIM PEMO-
IeIMPOBAHMEM C TUIIEPTPOGUUECKMM 06pa30BaHUEM
KaJTyca /WX TeTepOTONMUYECKMM OKOCTeHEHMEM.
[Mpn guHaAMMUUYECKOM HAOIIONEeHUM BbIPAKEeHHBIX U3-
MEHEHUII TOPMOHOB CTpeCC-TpyInbl, Takux Kak AKTT
M KOPTM307, a TakKKe rOpMOHa poCTa, MapaTupeo-
MUIHOTO TOPMOHA, He oTMeyvanocb. OJHAKO YpOBEHb
MPOJIAKTMHA OCTaBajCs BBICOKMM C MOMEHTa TpaB-
MbI ¥ COXPaHSIICS TAKOBBIM 10 5 He[l. Bce mareHTbI
C TUIepHpojakTMHEMMEN TeMOHCTPUPOBAIN cpallle-
HMue ¢ (hopMHpOBaHMEM TUIEPTPOPUUECKON KOCT-
HOJ MO30/IM W/UIY TeTepOTONYeCcKoe OKOCTEeHEeHNeE.
CnenoBaTe/lbHO, MPOJNIAKTUH HE TOJBKO BAMSET Ha
(u3MOoIOrNI0 KOCTHOrO 06MeHa, HO, BO3MOKHO, ITPU
ompeneseHHbIX YCIOBUSIX MOXET SIBJSTHCS OOHUM U3
TYMOPaJIbHBIX (DaKTOPOB, YUACTBYIOIMX B SIBJIEHUU
YCUJIEHHOI'0 OCTeoreHesa y rnauueHTos ¢ UMT [96].
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3aKIouyeHue

MexaHU3M JeiCTBUSI OOMBUIMHCTBA TOPMOHOB
IOCTAaTOYHO M3yUYeH B OTHOIIeHUM (HOPMUPOBAHUS
cKresneTa, PU3MOMOTMUECKOI pereHepal 1 MaToNo-
MY, BbI3bIBAEMOJ HapyIlleHeM BbIpabOTKM TOTO MU
MHOTO ropMoHa. OCHOBHBIMMU DETYISATOPaMM Pa3BU-
TUSI U POCTa B AETCKOM BO3pacTe SIBJISIOTCS TOPMOH
pocTta, MHCYIMHONOLOOHbIN (akTop pocra 1, rmio-
KOKOPTUKOMABI UM TOPMOHBI IIUTOBUAHONM >Kese3bl.
[TonoBbie TOPMOHBI OTBEYAIOT 32 3Tall ITyO6epTaTHOTO
pocTa M 3aBepUIaoUlyl0 CTagui0 PasBUTUS CKele-
ta. Hapymienue ocu GH/IGF-1 BbI3bIBaeT CMHAPOM
mebunmra IGF-1 ¢ XapakTepHOit 3amepykKOit pocra,
CHMKEHMEM CKOPOCTY 06pa3oBaHMsI KOCTHOI MacChl
u ee mMuHepanusanuu. M36siTok 'K ycunmusaet pe-
30pOIMI0 KOCTH, TIOHABJSET aKTMBHOCTh OCTe0bsac-
TOB M CHMKaeT IPOAYKIMI0O KOCTHOTO MaTpMKCa,
BbI3bIBAasl 3aZepXXKy pocTa y [OeTeil M OCTeonopos3s
Y B3pOC/bIX. e UILIUT ITOTOBBIX CTEPOUIOB IIPUBOIUT
K BBICOKOMY POCTY M CHVDKEHM IO KOCTHOM Macchl U3-3a
HapyueHus MU dU3apHOTO CIUSTHUS Y KOMITIEKCHOTO
BO37eCTBMS Ha CKeJleT, BKIUas ycuieHue pe3op6-
UMY KOCTU. [IpO/TIaKTUH SBJSIETCSI OCHOBHBIM Peryiis-
TOPOM KaJIbLIMSI BO BpeMs1 6epeMeHHOCTHM U JIAKTaI[UM.
MHor1e TOpMOHBI IeMOHCTPUPYIOT CMHEPTUIO B pea-
nu3auyuy cBoux 3¢ @eKToB, a HEKOTOpbIe, HATTPOTUB,
BBICTYNIAIOT aHTaroHMcTaMu. PemapaTuBHass pere-
Hepauus, OTINYasCh OT (GU3UOIOTUUECKON CUION U
IJIOIAA b0 TPOUCXOISIINX [TPOLECCOB, TO-TIPeXXHEMY
OCTaeTcs MajoOM3yyeHHO! B OTHOILIEHUM TOpPMO-
HaJIbHOM peryasumuy, MeXaHM3MOB YyIIpaBlIeHUS U He
MMeeT YeTKUX KPUTePUeEB OLIeHKY, UTO TpebyeT nab-
HeJilero u3ydyeHus.

JIuteparypa [References]

1. Charmandari E., Tsigos C., Chrousos G. Endocrinology of
the stress response. Annu Rev Physiol. 2005;67:259-284.
doi: 10.1146/annurev.physiol.67.040403.120816.

2. HemoB W.W., MenbHuueHko TI.A. DHOoKpuHonozus.
Mocksa: T'90OTAP-Meaua; 2019. 1112 c.

Dedov 1.I., Melnichenko G.A. [Endocrinology]. Moscow:
GEOTAR-Media; 2019. 1112 p. (In Russian).

3. Nicholls J.J., Brassill N.]., Williams G.R., Bassett ]J.H.D.
The skeletal consequences of thyrotoxicosis. ] Endocrinol.
2012;213(3):209-221. doi: 10.1530/JOE-12-0059.

4. Tyce KA., MupomanoB A.M., MwupomanoBa H.A.,

ButkoBckuit 10.A. ITomumopdusm rena EGFR-2073A>T
u aKcnpeccust poctoBoro ¢akropa EGF y 60/bHBIX ¢ Ha-
pylIeHreM KOHCOMUIAIY IIePEeIOMOB JITMHHBIX KOCTe
KOHeuHocTel. 3abatikansckuii mMeduyuHcKuili 8ecmHuk.
2016;3:25-29. Pesxum pocrymna: http://zabmedvestnik.
ru/arhiv-nomerov/nomer-3-za-2016-god.
Gusev K.A., Miromanov A.M., Miromanova N.A.,
Vitkovsky Yu.A. [Influence of polymorphism of
gene EGFR-2073A>T on expression transforming
growth factor EGF at patients with disturbance of
consolidation of fractures of long bones of extremities].
Zabaikal’skii meditsinskii vestnik [The Transbaikalian
Medical Bulletin]. 2016;3:25-29. Available from:
http://zabmedvestnik.ru/arhiv-nomerov/nomer-3-za-
2016-god. (In Russian).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kopx H.A., lenyx H.B. PennapatuBHas pereHepanmus Ko-
CTM: COBpEMEHHBIIT B3I Ha Mpobiemy. CTaguy pere-
Hepauun. Opmonedus, mpasmamonozust U npome3uposa-
Hue. 2006;1:77-84.

Korzh N.A., Dedukh N.V. [Reparative bone regeneration:
a modern perspective on the problem. Regeneration
stages]. Ortopediya travmatologiya i protezirovanie
[Orthopedics, Traumatology and Prosthetics]. 2006;1:
77-84. (In Russian).

Kawai M., de Paula F.J.,, Rosen C.J. New
insights into osteoporosis: the bone-fat
connection. J Intern Med. 2012;272(4):317-329.

doi: 10.1111/j.1365-2796.2012.02564.x.

Mak W., Shao X., Dunstan C.R., Seibel M.]., Zhou H.
Biphasic glucocorticoid-dependent regulation
of Wnt expression and its inhibitors in mature
osteoblastic cells. Calcif Tissue Int. 2009;85(6):538-545.
doi: 10.1007/s00223-009-9303-1.

Hartmann K., Koenen M., Schauer S.,
Wittig-Blaich S., Ahmad M., Baschant U. et al. Molecular
Actions of Glucocorticoids in Cartilage and Bone During
Health, Disease, and Steroid Therapy. Physiol Rev.
2016;96(2):409-447. doi: 10.1152/physrev.00011.2015.
Weinstein R.S., Hogan E.A., Borrelli M.]., Liachenko S.,
O’Brien C.A., Manolagas S.C. The Pathophysiological
Sequence of Glucocorticoid-Induced Osteonecrosis
of the Femoral Head in Male Mice. Endocrinology.
2017;158(11):3817-3831. doi: 10.1210/en.2017-00662.
Tu J., Henneicke H., Zhang Y., Stoner S., Cheng T.L.,
Schindeler A. et al. Disruption of glucocorticoid
signaling in chondrocytes delays metaphyseal
fracture healing but does not affect normal cartilage
and bone, development. Bone. 2014;69:12-22.
doi: 10.1016/j.bone.2014.08.016.

Rapp A.E.,Hachemi Y.,Kemmler J., Koenen M., Tuckermann
J., Ignatius A. Induced global deletion of glucocorticoid
receptor impairs fracture healing. FASEB ].
2018;32(4):2235-2245. doi: 10.1096/fj.201700459RR.
Jilka R.L. Molecular and cellular mechanisms of the
anabolic effect of intermittent PTH. Bone. 2007;40:1434-
1446. doi: 10.1016/j.bone.2007.03.017.

Kim J.-M., Choi J.S., Kim Y.-H., Jin S.H., Lim S., Jang H.-].
et al. An activator of the cAMP/PKA/CREB pathway
promotes osteogenesis from human mesenchymal

stem cells. J Cell Physiol. 2013;228(3):617-626.
doi: 10.1002/jcp.24171.
Kousteni S., Bilezikian J.P. The cell biology of

parathyroid hormone in osteoblasts. Curr Osteoporos
Rep. 2008;6(2):72-76. doi: 10.1007/s11914-008-0013-9.
Yu B., Zhao X., Yang C., Crane J., Xian L., Lu W.
et al. Parathyroid hormone induces differentiation of
mesenchymal stromal/stem cells by enhancing bone
morphogenetic protein signaling. | Bone Miner Res.
2012;27(9):2001-2014. doi: 10.1002/jbmr.1663.
Teitelbaum S.L. Bone resorption by osteoclasts. Science.
2000;289(5484):1504-1508.

doi: 10.1126/science.289.5484.1504.

Chiavistelli S., Giustina A., Mazziotti G. Parathyroid
hormone pulsatility: physiological and clinical aspects.
Bone Res. 2015;3:14049. doi: 10.1038/boneres.2014.49.
Parisien M., Silverberg S.J., Shane E., de la Cruz L.,
Lindsay R., Bilezikian ].P. et al. The histomorphometry
of bone in primary hyperparathyroidism: preservation
of cancellous bone structure. J Clin Endocrinol Metab.
1990;70(4):930-938. doi: 10.1210/jcem-70-4-930.
Woijda S.]., Donahue S.W. Parathyroid hormone for bone
regeneration. J Orthop Res. 2018;36(10):2586-2594.
doi:10.1002/jor.24075.

127 2021;27(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

20. Hirsch P.F., Lester G.E., Talmage R.V. Calcitonin,

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34. Pacifici

35.

36.

37.

an enigmatic hormone: does it have a function?
J Musculoskelet Neuronal Interact. 2001;1(4):299-305.
Keller J., Catala-Lehnen P., Huebner A.K., Jeschke A.,
Heckt T., Lueth A. et all. Calcitonin controls bone
formation by inhibiting the release of sphingosine
1-phosphate from osteoclasts. Nat Commun. 2014;5:5215.
doi: 10.1038/ncomms6215.

Davies J. Procalcitonin. J Clin Pathol. 2015;68(9):675-
679. doi: 10.1136/jclinpath-2014-202807.

Vijayan A.L., Vanimaya, Ravindran S., Saikant R.,

Lakshmi S., Kartik R., Manoj G. Procalcitonin:
a promising diagnostic marker for sepsis and
antibiotic therapy. ] Intensive Care. 2017;5:51.

doi: 10.1186/540560-017-0246-8.

Shen C.-J., Wu M.-S., Lin K.-H., Lin W.-L., Chen H.-C.,
Wu J.-Y. et al. The use of procalcitonin in the diagnosis
of bone and joint infection: a systemic review and meta-
analysis. Eur J Clin Microbiol Infect Dis. 2013;32(6):807-
814. doi: 10.1007/s10096-012-1812-6.

Khosla S. Update on estrogens and the skeleton.
J Clin Endocrinol Metab. 2010;95(8):3569-3577.
doi: 10.1210/jc.2010-0856.

Vanderschueren D., Laurent M.R., Claessens F., GielenE.,
Lagerquist M.K., Vandenput L. et al. Sex steroid
actions in male bone. Endocr Rev. 2014;35(6):906-960.
doi: 10.1210/er.2014-1024.

Khosla S., Melton L.J. 3rd, Riggs B.L. The unitary
model for estrogen deficiency and the pathogenesis of
osteoporosis: is a revision needed? J Bone Miner Res.
2011;26(3):441-451. doi: 10.1002/jbmr.262.

Khosla S., Amin S., Orwoll E. Osteoporosis in men. Endocr
Rev. 2008;29(4):441-464. doi: 10.1210/er.2008-0002.
Falahati-Nini A., Riggs B.L., Atkinson E.]., O’Fallon W.M.,
Eastell R., Khosla S. Relative contributions of
testosterone and estrogen in regulating bone resorption
and formation in normal elderly men. J Clin Invest.
2000;106(12):1553-1560. doi: 10.1172/JCI110942.
Manolagas S.C. Birth and death of bone cells: basic
regulatory mechanisms and implications for the
pathogenesis and treatment of osteoporosis. Endocr Rev.
2000;21(2):115-137. doi: 10.1210/edrv.21.2.0395.

Riggs B.L. The mechanisms of estrogen regulation of
bone resorption. J Clin Investig. 2000;106(10):1203-1204.
doi: 10.1172/JCI11468.

Cenci S., Weitzmann M.N., Roggia C., Namba N.,
Novack D., Woodring J. et al. Estrogen deficiency induces
bone loss by enhancing T-cell production of TNF-alpha.
J Clin Invest. 2000;106(10):1229-1237. doi: 10.1172/JCI11066.
Hofbauer L.C., Khosla S., Dunstan C.R., Lacey D.L.,
Boyle W.]., Riggs B.L. The roles of osteoprotegerin and
osteoprotegerin ligand in the paracrine regulation of
bone resorption. J Bone Miner Res. 2000;15(1):2-12.
doi: 0.1359/jbmr.2000.15.1.2.

R. Estrogen, cytokines, and pathogenesis
of postmenopausal osteoporosis. | Bone Miner Res.
1996;11(8):1043-1051. doi: 10.1002/jbmr.5650110802.
Riggs B.L. The mechanisms of estrogen regulation of
bone resorption. J Clin Invest. 2000;106(10):1203-1204.
doi: 10.1172/JCI11468.

Hadji P., Colli E., Regidor P.-A. Bone health in estrogen-
free contraception. Osteoporos Int. 2019;30(12):2391-
2400. doi: 10.1007/s00198-019-05103-6.

Berger C., Goltzman D., Langsetmo L., Joseph L.,
Jackson S., Kreiger N. et al. Peak bone mass from
longitudinal data: implications for the prevalence,
pathophysiology, and diagnosis of osteoporosis. | Bone
Miner Res. 2010;25(9):1948-1957. doi: 10.1002/jbmr.95.

38.

39.

40.

41

42.

43.

45.

46.

47.

48.

49.

50.

51.

.Suda T,

Kerrigan J.R., Rogol A.D. The impact of gonadal steroid
hormone action on growth hormone secretion during
childhood and adolescence. Endocr Rev. 1992;13(2):281-
298. doi: 10.1210/edrv-13-2-281.

Hofbauer L.C., Hicok K.C., Khosla S. Effects of
gonadal and adrenal androgens in a novel androgen-
responsive human osteoblastic cell line. J Cell Biochem.
1998;71(1):96-108.

Hofbauer L.C., Hicok K.C.,, Chen D., Khosla S.
Regulation of osteoprotegerin  production by
androgens and anti-androgens in human osteoblastic
lineage cells. Eur J Endocrinol. 2002;147(2):269-273.
doi: 10.1530/eje.0.1470269.

Takahashi N., Udagawa N., Jimi E.,
Gillespie M.T., Martin T.J. Modulation of osteo-
clast differentiation and function by the new
members of the tumor necrosis factor receptor
and ligand families. Endocr Rev. 1999;20(3):345-357.
doi: 10.1210/edrv.20.3.0367.

Veldhuis J.D., Bowers C.Y. Human GH pulsatility:
an ensemble property regulated by age and
gender. ]| Endocrinol Invest. 2003;26(9):799-813.
doi: 10.1007/BF03345229.

Wang J., Zhou J., Cheng C.M., Kopchick ]J.J., Bondy C.A.
Evidence supporting dual, IGF-I-independent and IGF-
I-dependent, roles for GH in promoting longitudinal
bone growth. ] Endocrinol. 2004;180(2):247-255.
doi: 10.1677/joe.0.1800247.

.Lindsey R.C., Mohan S. Skeletal Effects of Growth

Growth  Factor-I
2016;432:44-55.

Hormone and  Insulin-like
Therapy. Mol Cell Endocrinol.
doi: 10.1016/j.mce.2015.09.017.
Locatelli V., Bianchi V.E. Effect of GH/IGF-1 on Bone
Metabolism and Osteoporsosis. Int | Endocrinol.
2014;2014:235060. doi: 10.1155/2014/235060.

Yakar S., Courtland H.-W., Clemmons D. IGF-1
and bone: New discoveries from mouse models.
J Bone  Miner Res. 2010;25(12):2543-2552.

doi: 10.1002/jbmr.234.

Singhal V., Goh B.C., Bouxsein M.L., Faugere M.-C.,
DiGirolamo D.]. Osteoblast-restricted Disruption of the
Growth Hormone Receptor in Mice Results in Sexually
Dimorphic Skeletal Phenotypes. Bone Res. 2013;1(1):
85-97. doi: 10.4248/BR201301006.

Wu S., Yang W., De Luca F. Insulin-Like Growth
Factor-Independent Effects of Growth Hormone
on Growth Plate Chondrogenesis and Longitudinal
Bone Growth. Endocrinology. 2015;156(7):2541-2551.
doi: 10.1210/en.2014-1983.

Zhang M., Faugere M.-C., Malluche H., Rosen C.].,
Chernausek S.D., Clemens T.L. Paracrine overexpression
of IGFBP-4 in osteoblasts of transgenic mice
decreases bone turnover and causes global growth
retardation. | Bone Miner Res. 2003;18(5):836-843.
doi: 10.1359/jbmr.2003.18.5.836.

Honda Y., Landale E.C., Strong D.D., Baylink D.].,
Mohan S. Recombinant synthesis of insulin-like growth
factor-binding protein-4 (IGFBP-4): Development,
validation, and application of a radioimmunoassay
for IGFBP-4 in human serum and other biological
fluids. J Clin Endocrinol Metab. 1996;81(4):1389-1396.
doi: 10.1210/jcem.81.4.8636339.

Chevalley T., Strong D.D., Mohan S., Baylink D.,
Linkhart T.A. Evidence for a role for insulin-like
growth factor binding proteins in glucocorticoid
inhibition of normal human osteoblast-like cell
proliferation. Eur ] Endocrinol. 1996;134(5):591-601.
doi: 10.1530/eje.0.1340591.

128 2021;27(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

52

53.

54.

55.

58.

57.

58.

59.

60.

61.

62.

63.

64.

65.

. GabbitasB.,Canalis E. Cortisol enhances the transcription
of insulin-like growth factor-binding protein-6 in
cultured osteoblasts. Endocrinology. 1996;137(5):1687-
1692. doi: 10.1210/endo.137.5.8612502.

Denger S., Bahr-Ivacevic T., Brand H., Reid G., Blake J.,
Seifert M. et al. Transcriptome profiling of estrogen-
regulated genes in human primary osteoblasts reveals
an osteoblast-specific regulation of the insulin-like
growth factor binding protein 4 gene. Mol Endocrinol.
2008;22(2):361-379. doi: 10.1210/me.2007-0292.

Qin X., Wergedal J.E., Rehage M., Tran K., Newton J.,
Lam P. et al. Pregnancy-associated plasma protein-A
increases osteoblast proliferation in vitro and bone
formation in vivo. Endocrinology. 2006;147(12):5653-
5661. doi: 10.1210/en.2006-1055.

Christians J.K., de Zwaan D.R., Fung S.H.Y. Pregnancy
associated plasma protein A2 (PAPP-A2) affects bone
size and shape and contributes to natural variation in
postnatal growth in mice. PLoS One. 2013;8(2):e56260.
doi: 10.1371/journal.pone.0056260.

Mohan S., Bautista C.M., Wergedal J., Baylink D.].
Isolation of an inhibitory insulin-like growth factor
(IGF) binding protein from bone cell-conditioned
medium: a potential local regulator of IGF action.
Proc Natl Acad Sci USA. 1989;86(21):8338-8342.
doi: 10.1073/pnas.86.21.8338.

Devlin R.D., Du Z., Buccilli V., Jorgetti V., Canalis E.
Transgenic mice overexpressing insulin-like growth
factor binding protein-5 display transiently decreased
osteoblastic function and osteopenia. Endocrinology.
2002;143(10):3955-3962. doi: 10.1210/en.2002-220129.
Zhao G., Monier-Faugere M.C., Langub M.C., Geng Z.,
Nakayama T., Pike ].W. et al. Targeted overexpression of
insulin-like growth factor I to osteoblasts of transgenic
mice: increased trabecular bone volume without
increased osteoblast proliferation. Endocrinology.
2000;141(7):2674-2682. doi: 10.1210/endo.141.7.7585.
DiGirolamo D.J., Mukherjee A., Fulzele K., Gan Y.,
Cao X., Frank S.]. et al. Mode of growth hormone action
in osteoblasts. J Biol Chem. 2007;282(43):31666-31674.
doi: 10.1074/jbc.M705219200.

Simpson H., Savine R., Sonksen P., Bengtsson B.A.,
Carlsson L., Christiansen J.S. et al. Growth hormone
replacement therapy for adults: into the new
millennium. Growth Horm IGF Res. 2002;12(1):1-33.
doi: 10.1054/ghir.2001.0263.

Laron Z., Kauli R. Fifty seven years of follow-up
of the Israeli cohort of Laron Syndrome patients-
From discovery to treatment. Growth Horm IGF Res.
2016;28:53-56. doi: 10.1016/j.ghir.2015.08.004.

Bikle D., Majumdar S., Laib A., Powell-Braxton L.,
Rosen C., Beamer W. et al. The skeletal structure
of insulin-like growth factor I-deficient mice.
J  Bone Miner  Res. 2001;16(12):2320-2329.
doi: 10.1359/jbmr.2001.16.12.2320.

Zhang W., Zhang L.C., Chen H., Tang P.F., Zhang L.H.
Association between polymorphisms in insulin-like
growth factor-1 and risk of osteoporosis. Genet Mol Res.
2015;14(3):7655-7660. doi: 10.4238/2015.July.13.10.
Thomas J.D.J., Monson J.P. Adult GH deficiency
throughout lifetime. Eur ] Endocrinol. 2009;161(1):
§97-S106. doi: 10.1530/EJE-09-0258.

Claessen K.M., Kroon H.M., Pereira A.M., Appelman-
Dijkstra N.M., Verstegen M.]., Kloppenburg M. et al.
Progression of vertebral fractures despite long-term
biochemical control of acromegaly: a prospective follow-
up study. J Clin Endocrinol Metab. 2013;98(12):4808-
4815. doi: 10.1210/jc.2013-2695.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

71.

79.

79.

80.

81.

Mazziotti G., Bianchi A., Porcelli T., Mormando M.,
Maffezzoni F., Cristiano A. et al. Vertebral fractures
in patients with acromegaly: a 3-year prospective
study. J Clin Endocrinol Metab. 2013;98(8):3402-3410.
doi: 10.1210/jc.2013-1460.

Mormando M., Nasto L.A., Bianchi A., Mazziotti G.,
Giampietro A., Pola E. et al. GH receptor isoforms
and skeletal fragility in acromegaly. Eur J Endocrinol.
2014;171(2):237-245. doi: 10.1530/EJE-14-0205.
Nicholls J.]., Brassill M.]., Williams G.R., Bassett ].H. The
skeletal consequences of thyrotoxicosis. J Endocrinol.
2012;213(3):209-221. doi: 10.1530/JOE-12-0059.

Gorka J., Taylor-Gjevre R.M., Arnason T. Metabolic
and clinical consequences of hyperthyroidism on
bone density. Int ] Endocrinol. 2013;2013:638727.
doi: 10.1155/2013/638727.

Harvey C.B.,Bassett ].H.,Maruvada P., Yen P.M., Williams
G.R. The rat thyroid hormone receptor (TR) Deltabeta3
displays cell-, TR isoform-, and thyroid hormone
response element-specific actions. Endocrinology.
2007;148(4):1764-1773. doi: 10.1210/en.2006-1248.

.Gouveia C.H. [The molecular and structural effects

of thyroid hormone in bones]. Arq Bras Endocrinol
Metabol. 2004;48(1):183-195.  (In  Portuguese).
doi: 10.1590/s0004-27302004000100021.

Wexler J.A., Sharretts J. Thyroid and bone. Endocrinol
Metab Clin North Am. 2007;36(3):673-705, Vvi.
doi: 10.1016/j.ecl.2007.04.005.

O’Shea PJ., Bassett J.H., Sriskantharajah S., Ying H.,
Cheng SY., Williams G.R. Contrasting skeletal
phenotypes in mice with an identical mutation
targeted to thyroid hormone receptor alphal or
beta. Mol  Endocrinol. 2005;19(12):3045-3059.
doi: 10.1210/me.2005-0224.

Bassett J.H., Williams G.R. The skeletal phenotypes
of TRalpha and TRbeta mutant mice. ] Mol Endocrinol.
2009;42(4):269-282. doi: 10.1677/JME-08-0142.

Harvey C.B., O’Shea P.J., Scott A.]., Robson H.,
Siebler T., Shalet S.M. et al. Molecular mechanisms
of thyroid hormone effects on bone growth and
function. Genet Mol Metab. 2002;75(1):17-30.
doi: 10.1006/mgme.2001.3268.

Bassett ]J.H., Williams G.R. The molecular actions of
thyroid hormone in bone. Trends Endocrinol Metab.
2003;14(8):356-364. doi: 10.1016/s1043-2760(03)00144-9.
Gauthier K., Plateroti M., Harvey C.B., Williams G.R.,
Weiss R.E., Refetoff S. et al. Genetic analysis reveals
differentfunctionsfortheproductsofthethyroidhormone
receptor alpha locus. Mol Cell Biol. 2001;21(14):4748-
4760. doi: 10.1128/MCB.21.14.4748-4760.2001.

Gu W.X., Stern PH., Madison L.D., Du G.G. Mutual
up-regulation of thyroid hormone and parathyroid
hormone receptors in rat osteoblastic osteosarcoma
17/2.8 cells. Endocrinology. 2001;142(1):157-164.
doi: 10.1210/endo.142.1.7905.

Gruber R., Czerwenka K., Wolf F., Ho G.M,,
Willheim M., Peterlik M. Expression of the vitamin D
receptor, of estrogen and thyroid hormone receptor
alpha- and beta-isoforms, and of the androgen receptor
in cultures of native mouse bone marrow and of
stromal/osteoblastic cells. Bone. 1999;24(5):465-473.
doi: 10.1016/s8756-3282(99)00017-4.

Bassett J.H., Williams G.R. Critical role of the
hypothalamic-pituitary-thyroid axis in bone. Bone.
2008;43(3):418-426. doi: 10.1016/j.bone.2008.05.007.
Bassett J., Williams G. Role of Thyroid Hormones in
Skeletal Development and Bone Maintenance. Endocrine
Reviews. 2016;37(2):135-187. doi: 10.1210/er.2015-1106.

129 2021;27(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

82. Kosinska A., Syrenicz A., Kosinski B., Garanty-Bogacka B.,
Syrenicz M., Gromniak E. [Osteoporosis in thyroid
diseases].  Endokrynol ~ Pol.  2005;56(2):185-193.
(In Polish).

83. Hypponen E., Lddrd E., Reunanen A., Jarvelin M.R.,
Virtanen S.M. Intake of vitamin D and risk of type 1
diabetes: a birth-cohort study. Lancet. 2001;358(9292):
1500-1503. doi: 10.1016/S0140-6736(01)06580-1.

84.Reddy P.A., Harinarayan C.V., Sachan A., Suresh V.,
Rajagopal G. Bone disease in thyrotoxicosis. Indian ] Med
Res. 2012;135(3):277-286.

85.Abe E., Marians R., Yu W, Wu X.,, Ando T,
Li Y. et al. TSH is a negative regulator of
skeletal remodelling. Cell.  2003;115(2):151-162.

doi: 10.1016/S0092-8674(03)00771-2.

86. Tsai ., Janson A., Bucht E., Kindmark H., Marcus C.,
Stark A. et al. Weak evidence of thyrotropin
receptors in primary cultures of human osteoblast-
like cells. Calcif Tissue Int. 2004;74(5):486-491.
doi: 10.1007/s00223-003-0108-3.

87. Vestergaard P., Rejnmark L., Mosekilde L. Influence
of hyper- and hypothyroidism, and the effects of
treatment with antithyroid drugs and levothyroxine
on fracture risk. Calcif Tissue Int. 2005;77(3):139-144.
doi: 10.1007/500223-005-0068-x.

88. Gonzalez-Rodriguez  L.A., Felici-Giovanini M.E.,
Haddock L. Thyroid dysfunction in an adult female
population: A population-based study of Latin American
Vertebral Osteoporosis Study (LAVOS) - Puerto Rico site.
P R Health Sci J. 2013;32(2):57-62.

89. Clement-Lacroix P., Ormandy C., Lepescheux L.,
Ammann P., Damotte D., Goffin V. et al. Osteoblasts are
a new target for prolactin: analysis of bone formation
in prolactin receptor knockout mice. Endocrinology.
1999;140(1):96-105. doi: 10.1210/endo.140.1.6436.

CBEOEHWA OB ABTOPAX:

Mupomaros Anekcandp Muxaiinosuu — I-p Me[. Hayk,
npodeccop, 3aBeayrommii kKadbeapoit TPaBMaTOIOTUU U Op-
toneguu, ®TBOY BO «UnTMHCKas rocyiapcTBeHHasI Meay-
UMHCKas akagemusi» Munsapasa Poccun, r. Unura, Poccus
e-mail: miromanov_a@mail.ru
https://orcid.org/0000-0003-1432-1844

I'vces Kupunn Apkadvesuu — KaHA. Mel. HaykK, acCUC-
TeHT Kadeapbl TpaBMaTonorumu u opromneaun, ®IBOY BO
«UuTMHCKAsl TOCyIapCTBeHHas MeIMIIMHCKas akaaeMusi»
Mwunspgpasa Poccun, r. Unra, Poccus
e-mail: kirill.gusev.86 @mail.ru
https://orcid.org/0000-0003-3375-9956

3asenenHslli 8K1ad asmopos

90. Charoenphandhu N., Tudpor K., Thongchote K.,
Saengamnart W., Puntheeranurak S., Krishnamra N.
High-calcium diet modulates effects of long-
term prolactin exposure on the cortical bone
calcium content in ovariectomized rats. Am ]
Physiol ~ Endocrinol ~ Metab.  2007;292(2):E443-452.
doi: 10.1152/ajpendo.00333.2006.

91.Holt E., Lupsa B., Lee G., Bassyouni H., Peery H.E.
Goodman’s Basic Medical Endocrinology, 5' edn. Elsevier;
2021. 552 p.

92. Momsen G., Schwarz P. A mathematical/physiological
model of parathyroid hormone secretion in
response to blood-ionized calcium lowering in
vivo. Scand ] Clin Lab Invest. 1997;57(5):381-394.
doi: 10.3109/00365519709084585.

93. Krishnamra N., Seemoung J]. Effects of acute and long-
term administration of prolactin on bone 45Ca uptake,
calcium deposit, and calcium resorption in weaned,
young, and mature rats. Can ] Physiol Pharmacol.
1996;74(10):1157-1165.

94. Thongchote K., Charoenphandhu N., Krishnamra N.
High physiological prolactin induced by pituitary
transplantation decreases BMD and BMC in the
femoral metaphysis, but not in the diaphysis of
adult female rats. J Physiol Sci. 2008;58(1):39-45.
doi: 10.2170/physiolsci.RP015007.

95. Mazziotti G., Frara S., Giustina A. Pituitary
Diseases and Bone. Endocr Rev. 2018;39(4):440-488.
doi: 10.1210/er.2018-00005.

96. Wildburger R., Zarkovic N., Tonkovic G., Skoric T.,
Frech S., Hartleb M. et al. Post-traumatic hormonal
disturbances: prolactin as a link between head injury
and enhanced osteogenesis. ] Endocrinol Invest.
1998;21(2):78-86. doi: 10.1007/BF03350319.

AUTHORS’ INFORMATION:

Aleksandr M. Miromanov — Dr. Sci. (Med.), Professor,
Chita State Medical Academy, Chita, Russia
e-mail: miromanov_a@mail.ru
https://orcid.org/0000-0003-1432-1844

Kirill A. Gusev — Cand. Sci. (Med.), Chita State Medical
Academy, Chita, Russia
e-mail: kirill.gusev.86@mail.ru
https://orcid.org/0000-0003-3375-9956

Mupomanos A.M. — unest v pa3pab0oTKa KOHIIEMNIMM 0630pa, IoA00p, aHAIN3 M MHTepIpeTalis pe3y/IbTaToB
TIOMCKa MTyOIMKaLMii [0 TeEMe CTaTby, OKOHUYATEeIbHAST PeIaKIIns.
I'ycee K.A. — TIOUCK, aHA/IKU3, OTTMCAHMeE MyOIMKAaIIUii, HAallMCaHMe TeKCTa CTaThM.

Bce aBTOpPBI Mpowan U ogo6puian GUHAIBHYIO BEPCUIO PYKOIMCU CTaThbU. Bce aBTOPBI COTMIACHBI HECTU
OTBETCTBEHHOCTD 3a BCE aCIeKThl paboThI, UTOOBI 06ECTIeUnTDh Hazjieskallee pacCMOTPEHME U pelieHne BcexX
BO3MOXKHBIX BOITPOCOB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAIESKHOCTDIO JII0O0¥ YacTy paboThl.

KoHgnuxkm unmepecos

ABTOpr 3asIBJISIIOT 00 OTCYTCTBUUA KOHd).T[I/IKTa MHTEPECOB.

130 2021;27(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

0630pHast cTaThs @)y |

VIK 616.728.3-007.248
https://doi.org/10.21823/2311-2905-2021-27-1580
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B.B. HoBakog 2, O.H. HoBakoBa?2, M./. YypHocoB?

1 OI'BY3 «I'opodckas 6oavHuya N2 2 2. Benzopoda», 2. Benzopod, Poccus

2 @IrAQY BO «Benzopodckuii 20cy0apcmeeHHsili HaUUOHAbHbIT UCcnedosamesibCKuli yHusepcumem»
MunobpHayku Poccuu, 2. Benzopoo, Poccus

Pecdepar

AxmyansHocms. Octeoaptpo3 (OA) KOJIEHHOTO CyCTaBa — 3TO MHOTrogaKTOpHOe 3a60/ieBaHye, SIBJISIONEECs] pe3y/ibTa-
TOM BBaMMO):LeﬁICTBMH MHO>XeCTBa CpeJOBbIX, SIINT€HETUUYECKNUX U T€HETUUYECKUX Cl)aKTOpOB puUCKa, IIpnyeM Ha OOJII0 I10-
ctenHUX npuxogutcs ot 40 1o 65%. TeHeTuuyeckue ocHOBbI OA KOJIEHHOTO CyCTaBa Ha OCHOBE ITOJIHOTEHOMHOTI'O ITOMCKA
accouyanuit (GWAS) akTMBHO M3Yy4alOTCSd MHOTMMM HAyYHBIMM KOJUIEKTMBamMy Mupa. IlonydeHHble pe3yabTaThl 4acTo
MIPOTMBOPEUNBBI M HEOJHO3HAUYHBI, UTO KacaeTCs ¥ IPOBeleHHbIX PeTVIMKaTUBHBIX uccienoBanuit OA KOJIeHHOro cycTasa.
DTO IUKTYET HEOOXOOMMOCTH POBEAEHMSI TOMOTHUTEIbHBIX PEIUIMKATUBHBIX MCCIEIOBAHMI B PA3/IMUHbBIX MTOMYJISIIMSIX,
B TOM uucie B Poccunu. Mamepuan u memodst. TTouck my6nuKanmii 6bUT BBITIONIHEH B 3JIEKTPOHHBIBIX 6asax PubMed,
PubMedCentral, eLIBRARY, B kaTtasiore GWAS 3a nepuop, ¢ 2008 r. mo HacTosIee BpeMs 10 KIIUYEBBIM CJIOBAM: OCTe-
oapTpo3 KoseHHoro cycraBa (knee osteoarthritis), GWAS-uccnegoBanus (GWAS studies), rensi-kanauaaTsl (candidate
genes). Pezynsmamol. 3a niepuop ¢ 2008 o 2021 r. BbITIOTHEHO 15 MOMHOreHOMHBIX MccienoBanuii OA KOJE€HHOrO Cyc-
taBa (8 GWAS, 6 metaanann3oB GWAS pganHbix, 1 ucciegoBanne — couetanne GWAS u meraananmsa GWAS naHHbBIX),
B pe3y/IbTaTe KOTOPBIX YCTAHOBJIEHO 78 MOAMMOPGHBIX JIOKYCOB, aCCOLMMUPOBAHHBIX C PUCKOM Pa3BUTUSI OCTE0APTPO3a
KOJIEHHOTO cycTaBa mpu p<5x10%, [Tomassioniee 60JbIIMHCTBO 3TUX JOKYCOB (62 u3 78 SNPs, 79%) mokasanu GWAS-
3Hauumble accouyauun ¢ OA B metaaHanu3zax GWAS pmaHHBIX U TONBKO 16 JIoKycoB (21%) — B GWAS-ucciieqoBanmsix.
IMoutn 95% GWAS-3HaunMbIx ajis1 OA KOJIEHHOTO CycTaBa JOKycoB (74 SNPs) BbISIBJIEHbI HAa BbIOOPKAX €BPOMEOUIHOTO
npoucxoxaerusi. 21 n3 78 GWAS-3Haummbix SNPs accoumnpoBanbl ¢ OA KOJIEHHOI'O CyCTaBa M30JMPOBAHHOM JIOKAJIN-
3auun, a 57 SNPs — ¢ OA KoJIeHHOTO0, Ta300eIPEeHHOr0 CyCTaBOB U CyCTaBOB PYKM (CMelllaHHasi BbIOOpKa). Bece momHO-
reHOMHbIe yccnenoBanusi OA KOJIEHHOTO CcycTaBa u MeTaaHain3bl GWAS maHHBIX TIPOBeeHbI 3a pybeskoM Ha BbIGOPKAx
M3 pasjIMUHbIX 3apyOeKHbIX IMOIMY/ISIMIA, IPUYEM B 3TU MCCIeA0BaHMS BbIOOPKU U3 Poccuiickoit @emepanyy He GbUIU
BK/TIOUeHbl. JInmb 1Ba GWAS-3HaunmbIxX 1151 OA nmommMop@HbIX jJoKyca (rs143384 rena GDF5 nyis OA KOJIEHHOTO CycCTa-
Ba M30JIMPOBAHHO JoKanm3auuu u rs3771501 rena TGFA pnst OA nmo60ii JoKanu3anuu) perviMiMpoBaHbl Ha MOTHO-
TeHOMHOM ypOBHe 3HauUMMocCTH (p<5x10%) B 1BYX pasauMuHbIX MCCIeIOBaHUAX. akatoueHue. [lonyueHHbIe MaTePUAIIbI
0 GWAS-3HauMMBIX JIOKYCax MOTYT ObITh MCIIOIb30BaHbI KaK IIpU 0TOOpE MOAMMOPGMU3MOB IPU PEIUIMKATUBHBIX UCCIIE-
moBaHMax OA B pas/IMUHBIX MOMYJISIUMAX Poccuu, Tak u Aj1sl pacluypeHus IpeACcTaBaeH O MOIeKYyISIPHO-TeHeTUYeCKUX
MeXaHM3MaxX Pa3BUTHS 3a60IeBaHMsI.

KiroueBbie ¢I0Ba: 0CTE0apTPO3 KoeHHOro cyctaBa, GWAS, 1To/IHOreHOMHBII OMCK acColualuii, FeHbl-KaHAMIAThI.
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Abstract

Background. Knee osteoarthritis (OA) is a multifactorial disease resulting from the interaction of many environmental,
epigenetic and genetic risk factors, and the latter account for 40% to 65%. Genetic bases of the knee OA based on genome-
wide association study (GWAS) are being actively studied by many scientific teams around the world. At the same time, the
results obtained are often contradictory and ambiguous, as for the conducted replicative studies of knee OA. This dictates the
need for additional replicative studies in various populations, including populations of Russia. The aim of the study was to
analyze genome-wide studies of knee OA and to establish GWAS-significant polymorphic loci associated with OA. Materials
and Methods. The search for publications was carried out in the electronic databases PubMed, PubMedCentral, eLIBRARY,
in the GWAS catalog for the period from 2008 to the present by the keywords: knee osteoarthritis, GWAS studies, candidate
genes. Results. Firstly, for the period from 2008 to 2021, 15 genome-wide studies of knee OA were performed (8 GWAS, 6
meta-analyzes of GWAS data, 1 study — a combination of GWAS and meta-analysis of GWAS data), as a result of which 78
polymorphic loci were found associated with the risk of developing osteoarthritis of the knee joint at p<5x10-%, Second ly,
the vast majority of these loci (62 out of 78 SNPs, 79%) showed GWAS-significant associations with OA in meta-analyzes of
GWAS data and only 16 loci (21%) in GWAS studies. Third ly, almost 95% of GWAS-significant loci for knee OA (74 SNPs) were
found in samples of Caucasian origin. Fourthly, 21 out of 78 GWAS-significant SNPs are associated with isolated knee OA,
and 57 SNPs are associated with knee, hip and hand OA (mixed sample). Fifth, all genome-wide studies of knee OA and meta-
analyzes of GWAS data were carried out abroad on samples from various foreign populations, and samples from the Russian
Federation were not included in these studies. Sixth, only two GWAS-significant polymorphic loci for OA (rs143384 of the
GDF5 gene for knee OA isolated localization and rs3771501 of the TGFA gene for OA of any localization) were replicated at
the whole genome level of significance (p<5x10-%) in two different studies. Conclusion. The main genome-wide studies of
knee OA were reviewed and GWAS-significant polymorphisms associated with OA were identified. The obtained materials on
GWAS-significant loci can be used both in the selection of polymorphisms in replicative studies of OA in various populations
of Russia, and for expanding the understanding of the molecular genetic mechanisms of the disease development.

Keywords: knee osteoarthritis, GWAS, genome-wide study, candidate genes.
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BBenenmne

Octeoaprpo3 (OA) siBisieTcss Hanbosiee pacrpo-
CTpaHeHHbIM 3a00jieBaHMEM CyCTaBOB, KOTOpOe
yaie BCero rnopaxaet Ta306eqpeHHbI U KOJTeHHbBIN
CyCTaBbl, IO3BOHOYHUK U MeJKUE CYCTaBbl KUCTU
u cronsl [1]. OA BbI3bIBaeT MOTEPIO CYCTABHOTO XPSi-
1112, 06pa3oBaHye 0CTeo(PUTOB, MU3MEHEHUS B CyOXOH-
IPaJIbHOM KOCTM UM CUHOBUT. PacripocTpaHeHHOCTb
OA HeyKJIIOHHO pacTeT BO BCEM MUPe, UTO CBSI3bIBAIOT
C yBenMUeHUeM IIPOAOJIKUTENbHOCTY XKM3HU Hacele-
HUS, POCTOM OKUPEHMS, a TAKKe C HU3KMM KaueCTBOM
neye6HO-MpoPMIaKTUIeCKUX Mepompusatuin [2, 3].
ITo manHbiM BO3, 9,6% myxxumH u 18,0% >kKeHIUMH
crapuie 60 yseT BO BCEM MMUpe MMEKT CUMIITOMA-
Tuueckuin OA [4]. PaciipocTtpaHneHHocTs OA cpenu
sxutenen Poccuum B Bo3pacTe 18 jieT u crapiie COCTaB-
nset 13% [5].

OA NpuBOOUT K CyLeCTBEHHOMY CHMXEHUIO pa-
6OTOCITOCOOHOCTY U MHBAJIUOAM3ALUMU JIIOOEA Tpy-

IocrocobHoro Bo3spacta [6]. Bo Bcem mMupe ¢ Kaxk-
IBIM TOIOM HaO/MI0HaeTcss HEYKJIOHHOe yBeanveHue
MaTepuaabHbIX 3aTpaT Kak CO CTOPOHbI IalueH-
TOB, TaK M TOCyZapcTBa Ha TOTaJbHOE SHAONPOTE-
3upoBaHMe CycTaBoB [7]. COIMIaCHO JaHHBIM OTeue-
CTBEHHbIX U 3apy6e>1<1-[blx YUYeHbIX, 00Jid IMaleHTOB,
He YOOBJETBOPEHHBIX MCXOAOM TOTaAbHOTO 370-
MPOTE3UPOBAHMSI KOJIEHHOTO CyCTaBa, MOYKET CO-
crasisate 17-25% [8, 9, 10, 11, 12, 13]. Ilpu 3TOoM
peBU3MOHHBIE BMeIaTe/NbCTa B TeUeHME I[ePBBIX
2-5 ner mocie TEPBUYHOIO JSHAOMPOTE3UPOBAHMS
nipoBoasaTcs B 60—-80% ciyuaes [14, 15]. TToaTomy XOTsI
TOTaJbHOE 3HJONPOTE3UPOBAHME U IPU3HAIOT OGHUM
13 95(GdEeKTUBHBIX METOIOB JEYEHUS JereHepaTyB-
HBIX, CUCTEMHBIX M IIOCTTpaBMaTHMUeCKuX 3aboe-
BaHMI1 KosleHHOro cycrasa [10], cTaTucTuKa rOBOPUT
0 TOM, YTO COBPEMEHHbIE TEXHOIOTUM SHIONPOTE3U-
pOBaHMS He MO3BOJISIIOT B [IOJHOV Mepe pelluTb JaH-
HYI0 IMpo6sieMy. DTO AUKTYeT HEeOOXOIMMOCTD Mallb-
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Hejilero pasBUTHS U COBEPIIEHCTBOBAHMS MOAX0H0B
K peIleHuIo 3TOV ITPOOJIeMbI, B TOM UMCIIe C MCITONb30-
BaHMEM reHeTUYeCKUX JaHHbBIX.

OcreoapTpo3 — 3TO0 MHOTo(dakTOpHOe 3aboe-
BaHMe, SIBJSIONIEeCS pe3yabTaTOM B3aMMOIENCTBUS
MHOXEeCTBa CPeIOBbIX, SMUTE€HETUYECKUX U TeHeTU-
yeckux ¢GakTopoB pucka [16], mpuuem Ha OO0 re-
HETUYECKOI KOMIIOHEHTBI mpuxoautcs ot 40 mo 65%
[1, 17]. B HacToslllee BpeMsI 3HAUUTENbHOE KOIMYe-
CTBO 3apyOeskHbIX ucciemoBateneii [18, 19, 20, 21,
22, 23] ¥ psAn OTeYeCTBEHHBIX YUEHBIX [24, 25, 26, 27,
28, 29] 3aHMMAIOTCS U3yUYEHUEM Te€HETUUECKUX OC-
HOB BO3HMKHOBEHMS, Pa3BUTHSI, TIPOrPECCUPOBAHUS
0CTeoapTpo3a KOJeHHOTO CyCTaBa.

[Tpn u3yvyeHMu BKIAZA reHEeTUUECKUX (PAKTOPOB
B (popMupoBaHMe U pa3BUTHE MHOTMX MHOTO(GaKTOP-
HbBIX 3a00/IeBaHMI1, K KOTOPbIM OTHOCUTCS U OCTEO-
aptpo3 [30], ucronb3yeTcsl MOTHOT€HOMHBIN ITOUCK
accoumanuit (GWAS) [31]. T'eHeTuueckue OCHOBBI
OA Ha ocHOoBe GWAS akTMBHO M3y4yalOTCS pasjiny-
HBIMM Hay4YHBIMM KoJuleKTuBamu. [Ipu 3TOM ciepyet
OTMETUTb, UTO MOTyYeHHbIe JaHHbIe HEOJHO3HAYHbI,
HepeaKo MPOTUBOPEUYMBBI M UMEIOT HU3KYIO0 BOCIIPO-
MU3BOIMMOCTD B IPYTUX HOMYISILIUSIX MUPA.

Ilenv pabomosl — TIPOBECTY AHAIU3 MMEIOIIVXCS
TOJIHOTEHOMHBIX MccaemoBanuii OA KOIEeHHOTO CyC-
TaBa ¥ ycTaHOBUTb GWAS-3HauMMbIe MOTMMOpPQHbIe
JIOKYCBI, accolumpoBaHHbie ¢ OA KOJIEHHOTO CyCTaBa.

MaTepI/laH " ME€TOAbI

IMoucKk aHIIO- M PYCCKOSI3BIYHBIX ITYOMMKALIA
[0 TIOJIHOT€HOMHBIM, a TaKXe peruIMKaTUBHBIM JC-
cnegoBaHussM OA KOJIEHHOTO CyCTaBa 3a Mepuof,
¢ 2008 r. mo Hacrosinee BpeMsI ObLI BBIITOJHEH
B Katasiore GWAS, B 3JIeKTPOHHBIbIX 0a3ax JaHHBIX
PubMed, PubMedCentral u eLIBRARY mo Kioue-
BBIM CJIOBAM: OCTE0APTPO3 KOJIEHHOro cycrara (knee
osteoarthritis), GWAS-ucciemoBannst (GWAS studies),
reHbl-KaHauaaTel (candidate genes).

PesynbTaTsl

Ha momeHT HamucaHus o63opa (ampenb 2021 T1.)
B Karajore  IIOJIHOTEHOMHBIX  MCCIeIOBaHUik
National Human Genome Research Institute (GWAS)
(https://www.ebi.ac.uk/gwas/) TpencraBjaeHbl pe-
3ynbTaThl 24 paboT, mocBsieHHbIX OA KOJIEHHOTO,
Ta306eI]peHHOT0 CYCTAaBOB ¥ CYCTaBOB PYKM, B PE3YiIb-
TaTe KOTOPBIX BbISIBIEeHO 60mee 250 GWAS-3HaUMMBbIX
OTHOHYKJIEOTUIHBIX moaumopdusmoB (SNPs), acco-
LMUPOBaHHBIX ¢ pa3BuTteM OA. CTOUT OTMETUTD, UTO
15 u3 24 uccemoBaHMiA TTOCBSIIEHBI U3YYEHUIO POJIU
reHeTMyeckux (GpakTopoB B pa3BuTum OA KOJIEHHOTO
cycrasa [18, 19, 20, 21, 22, 23, 32, 33, 34, 35, 36, 37, 38,
39, 40], M3 KOTOPbIX 8 pabOT SIBJSIOTCS «KIACCUYECKU-
mu» GWAS-uccmegoBaumsivu [19, 20, 21, 32, 33, 35,
38, 39], 6 — meraaHanu3zamu GWAS-maHHBIX [18,
22, 23, 30, 37, 40], B omHOIi paboTe IMpeCTaBIEHbI

pes3yabTaTbl KakK IIOJHOTEHOMHOTO WMCC/Ie0BaHMSs
OA KOJEeHHOro CycTaBa, Tak ¥ mMeTaaHamm3a GWAS-
IaHHBIX [34]. VI3 15 MOTHOTeHOMHBIX MCCIeIOBaHMIA
OA KOJIEHHOTO cycTaBa B 7 paboTax paccMaTpUBaCs
TobKO OA M30IMPOBAHHOI JIOKAIM3aLUuu, B 5 pabo-
Tax — OA KOJIeHHOro, Ta306edpPeHHOr0 CYCTaBOB U
CYCTaBOB pyKM (CMeIIaHHast BBIOOpKA) U B 3 paborax
m3yvacs Kak OA KOJI€eHHOTO CyCTaBa U30JIMPOBAHHOM
JoKaym3auyu, Tak 1 OA KOJIEHHOTO, Ta300eIpeHHO-
IO CYCTABOB U CYCTaBOB PYKM (CMeIIaHHAasI BbIOOPKA).
B pesynbTaTe 3TUX McciegoBaHuit BbisBiIeHO 78 SNPs,
GWAS-3HaummbIx gjist OA.

TonHozeHoMmHble UCCE08aHUS ocmeoapmpuma
KO0JIEHHO020 cycmasa LIBOJIUPOBGHHOﬁ Jlokaausauu

B pesynbpraTe 10 IpoBeOeHHBIX K HACTOSAIEMY
BpeMeHM IIOJJHOTEHOMHBIX uccinenoBanuii OA Ko-
JIEHHOTO CyCTaBa WM30JMPOBAHHOI JIOKaJM3aLUU
(5 GWAS, 4 metaanannsza GWAS-gaHHbIX, 1 ucciaeno-
BaHue — coueraHne GWAS u metaaHanmsa GWAS-
IaHHBIX) CTAaTMCTUUYECKM 3HAUYMMbIE HAHHBIE OBLIN
rnosiyyeHsl B 7 ucciegoBanusax (2 GWAS, 4 meTtaaHa-
ausza GWAS-maHHbIX, 1 McwiegoBaHMe — cOouyeTaHMe
GWAS u metaananusa GWAS-aHHBIX).

ITepBoe GWAS-ucciienosanmne OA KOIEHHOIO CycC-
TaBa 6bU10 onybnukoBaHo A.M. Valdes ¢ coaBTopamu
B 2008 r. [33]. B maHHOIi paboTe Ha BbIbOpKax u3 1534
60mbHBIX OA KOJMEHHOrO cycTaBa u 2620 MHAMBUAY-
YMOB KOHTPOJIbHOJ TPYMIIbl €BPOMNEeOUIHOr0 IPOuC-
xoxnaenust (m3 crpan Esporbl u CIIA) Hanbonee 3Ha-
yyMasi accoumanys ycraHoBaeHa s 154140564 rexa
PTGS?2 c OA koneHHOro cycrasa (p = 6,9x107°7).

B pa6ote Y. Miyamoto ¢ coaBTopamMu Ha BbIOOpKax
aroHIeB u3 740 60mpHbIX OA KOJIEHHOTO CyCTaBa U
1289 MHAMBUIYYMOB KOHTPOIBHO TPYIIIBI ObLT yCTa-
HOBJIEH ITOMIMMOPHBI JIOKYC 1$7639618 reHa DVWA,
IIOKa3aBIIMii Hauboiee 3HauMMble acconmanum ¢ OA
(p =7,3x10) [32].

B pamkax GWAS- uccinegoBanuss M. Nakajima c co-
aBTOpaMu, B 0OIEei CIOKHOCTY BK/TIOUAIOLIETO OKO-
j10 4800 stmonueB u 2000 eBpormneiines, ObUT BbISIBJIEH
ONHOHYKJIEOTUAHBbIN moaumopdusm  (rs7775228),
accoummpoBaHHbI ¢ OA KOJIEHHOI'O CyCTaBa y SITIOH-
LeB [34].

ITepBbiii sTanm GWAS-ucciegoBaHuss KOHCOPLIM-
yma arcOGEN (Arthritis Research UK Osteoarthritis
Genetics), BriIouammuii usydyenme 514898 SNPs Ha
BbIOOpKaAx M3 3177 60mpHBIX OA KOJEHHOTO U Ta30-
6eIpeHHOro cycTaBoB U 4894 yel0BEK KOHTPOJIbBHO
TPYNIIbl, MMEIOIIUX €BPOIeiickoe IPOUCXOXKIEHNE,
a TaKKe peIUIMKAaTMBHbIe MucciemoBaHust (in silico
a”anus 44449 ygacTHUKOB U de novo aHanu3 14534
O0BHBIX ¥ KOHTPOJIS) HE BBISIBUIM CTATUCTUUYECKU
3HaUMMBIX (p<5x10%) accormanuii [38].

Btopoit stanm  KpymHomacimTabHoro  GWAS-
ucciaenoBanus KoHcopumyma arcOGEN, BbINOMHEH-
HOTo Ha BeIOOpKax u3 7410 6ombHBIX OA, 80% 13 KO-
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TOPBIX OJTYUMJIX TOTATbHOE SHIONPOTE3UPOBAHNE, U
11009 MEAMBUAYYMOB KOHTPOJbHO IPYIIIIbI, @ TAKXKE
periMKaTUBHbIE MCCAeN0BaHMs (BbIMOTHEHBI HA BbI-
60pkax u3 7473 60nbHbIX OA 1 42 938 MUHIUBUIYYMOB
KOHTPOJISI €BPONEeiCKOTO TPOUCXOKAEHMST) TT0O3BO/IN-
JIX BBISIBUTH CTATUCTUMYECKU 3HAUYMMbIe acColMalun
nonmmMopduama rs12107036 ¢ TOTalbHbIM 3HIOIIPO-
Te3upoBaHMeM y 6osbHbIX OA KOJIEHHOIO CyCTaBa
(p =6,71x10%) [39].

M.S. Yau c¢ coaBTopammu mpoBenu GWAS-uccie-
moBaHue OA y eBpomeiileB ceBepO-aMepUKaHCKOTO
npoucxoxaeHus (3898 60mbHbIX OA KOJIEHHOIO CyC-
TaBa U 3168 MHAMBUIAYYMOB KOHTPOJIbHOI T'PYMIIbI),
KOTOpOe BKJIIOYAJIO B cebs 1-ii sTam McoIemoBaHUS
Ha BbIOOpkax OAI (Osteoarthritis Initiative) u JoCo
(Johnston County Osteoarthritis Projec) (2672 60b-
HBIX M 1776 4Ye/llOBEK KOHTPOJS), a Takke 2-I sTan
uccenoBaHus (perviMkanysl MmpoBefeHa Ha BbIOOD-
Kax MOST (Multicenter Osteoarthritis Study) u GO
Genetics of Osteoarthritis Study) (1226 6onbHbIX OA
u 1392 denmoBeka KOHTpOMbHOIN rpynrsl) [19]. [Ipu
00beIVHEHMM OBYX 3TAOB MCCIETOBAHMUSI HE ObLIO
BBISIBJIEHO CTATUCTUYECKM 3HAUMMBIX (p<5x!9-8) acco-
umanuii ¢ OA KoleHHOro cycraBa. Hambosee mocrto-
BEepPHbIVi YPOBEHb 3HAUYMMOCTY ObLI YCTAHOBJIEH IJIsSI
rs4867568 rena LSP1P3 (p = 3,02x107). Takke 6bLIM
BbIsIB/IEHBI acconmanyy OA KOJIeHHOrO CyCcTaBa C pa-
Hee YCTaHOBJIEHHBIMM JIOKycamu (1143383, rs835487
un 1s8044769), HO ypOBeHb 3HAUMMOCTU [JISI HUX HE
IOCTUT ITOJTHOTEHOMHOTO (p<5x10-8),

Memaaranuszst GWAS-0aHHbix 0ocmeoapmpuma
KOJIEHHO020 Cycmasa u30Jiupo8aHHoll 10KaIu3ayuu

Metaanamm3 GWAS-manubix M. Nakajima c co-
aBTOpaMu Ha BBIOOpKAX U3 eBPOIeiileB U SIIOH-
LleB BBISIBWI ONHOHYKJIEOTUIHBIN MoauMopdusm
(rs10947262), nmoka3aBLIMii 3HaUMMBble accoLMalum
¢ OA xoneHHoro cycrasa (p = 5,1x10%) [34].

B pa6ore E. Evangelou ¢ coaBTopamu B pe3y/bTaTte
MetaaHanmu3a 4 GWAS-uccieoBaHmii Ha BHIOOPKAX
13 6709 60nbHBIX OA KOJMIEHHOTO cycTaBa U 44439 un-
IVBUIYYMOB KOHTPOJIbHOI TPYIIIIbI 6bLIM YCTAHOBIIE-
HBI elle IBa MoMUMMOpPGHBIX JoKyca rs4730250 reHa
DUS4L v rs10953541 rena BCAP29, KoTopble accoIu-
upoBaHbl ¢ OA KOJIEHHOTO CYCTaBa y JIUL], €BPOIIEON] -
HOro IpoucxoxkaeHus (p = 9,17x10% u 3,90x10% co-
OTBETCTBEHHO) [37].

Mertaanann3 GWAS-manHbix Y. Liu ¢ coaBTopamy,
MPOBEEHHbI Ha BhIOOPKe U3 1217 abpoamepukaH-
ueB ¢ OA KOJI€HHOrO CYCTaBa, BbISIBMUJI 3HAYMMbIe ac-
conuanum amnenst C nokyca LINCO1006 (rs7792864)
C DaHHBIM 3abojeBaHueM. ACCOLIMALINY TISITU IPYTUX
OIHOHYKJIEOTUIHBIX ToMMMOphu3mMoB (rs145965284,
rs78571182, rs76983122, rs4920343, rs9783397) ¢ OA
KOJIEHHOTO CYyCTaBa AOCTUTa/IM YPOBHSI 3HAUMMOCTH,
61M3KOT0 K MOTHOTeHOMHOMY (p = 5x10°%) [40]. 3Toit
Ke TPYIIOi YYEHBIX GbLIO MPOBEIEHO PEIUIMKATUB-

Hoe uccnemoBaHue 12 SNPs, mokasaBiMx 3HaYMMbIE
accoumanyu ¢ OA B eBpOMNeNCKuUX MOMy/ISLIMIX B pa-
Hee TMIPOBeAEeHHOM uccienoBanuu [39]. YcTaHOBIEHO,
YTO HU OIUH U3 pacCMOTpeHHbIX paHee SNPs He ac-
couyupoBaH ¢ OA KOJeHHOro cycTaBa y adpoamepu-
KaH1eB [40].

B camMomM KpynmHOM Ha CErogHSIIHUII [OeHb
(ampenb 2021) metaaHanuse GWAS-maHHbBIX (M3y4e-
Ha BbI6OpKa 13 17 151 60npHBIX OA Ta306eIpeHHOTo
cycTtaBa, 23877 nmauyeHTOB ¢ OA KOJMEHHOrO CyCTa-
Ba U okoysio 562000 MHAMBUIYYMOB KOHTPOJIbHO
rpynmsl) U. Styrkarsdottir ¢ coaBTOpamMu BbIsIBIIE-
Hbl 22 TOMMMOPQHBIX JIOKYCa, aCCOLUMPOBAHHBIE
¢ OA, 16 u3 KoTtopsIx 6bUIM HOBbIMMU (12 SNPs mis
OA TaszobenpenHoro cyctaBa u 4 SNPs mis OA Ko-
JieHHOro cycraBa: rs2061026, rs1078301, rs1060105,
rs34195470) [22].

B meraa”Hanmmse GWAS-pgausbeix I. Tachmazidou
C coaBTOpaMy (paccMaTpMBajaach BhIOOPKM 13 77 052
60pHBIX OA KomeHHOro cyctaBa, OA TasobegpeHHO-
ro cycraBa, OA KOJEHHOro W/Wiyu Ta306eqpeHHOro
cyctaBoB, OA o601 nokanu3sanuu u 378 169 uHOu-
BUAYYMOB KOHTPOJBbHOI TPYIINbI) YCTAHOBJIEHBI CTa-
TUCTMYECKY 3HauMMble (p<5x10-%) accoumauyu ¢ OA
KojieHHOro cycraBa 9 SNPs, mpuuem 7 SNPs 6pu11 HO-
BBIMU [23].

Takum 06pasoM, B pes3yabTaTe 7 IIOJHOTEHOM-
HbIX uccaemoBanuii (2 GWAS, 4 metaananmsa GWAS-
OaHHbIX, 1 ucuiegoBaHue — couetaHne GWAS nu
MmeTaaHamm3a GWAS-maHHBIX) ObLIO BbIIBIEHO 21
SNPs, accoumnmpoBaHHbIX ¢ OA KOJIEHHOTO CyCTaBa
M30JIMPOBAaHHONM jaoKanu3anuu. CiegyeT OTMETUTD,
YTO, BO-TIEPBBIX, MOHABJISIONIEE OGOBIIMHCTBO ITUX
OA-3HaYMMBbIX JTOKYCOB — 18 SNPs (85%) ycTaHOBJIEHBI
B pe3ynbTaTe MeTaaHaan30B GWAS-IaHHbIX M JINIIb 3
SNPs mnokasanu ¢Bsi3b ¢ OA KOJIE€HHOTO CyCTaBa U30-
JIMpoBaHHOM Jokanmu3auuyu B GWAS-nccienoBaHusx.
Bo-BTOphbIX, 17 13 21 GWAS-3HaunmbIx s OA Ko-
JIEHHOTO CcycTaBa ITOJIMMOP(QHBIX JIOKycoB (6osee
80%) 6bUIM YCTAHOBJIEHBI Ha BHIOOPKAX €BPOITEOMU/I-
HOTO MPOUCXOXOeHMS, U Jnulllb 4 SNPs BbISIBJI€HbI Ha
CMeIllaHHbIX BBIOOPKAX (EBPOIIEIIbI, STIOHIIBI, adpo-
aMmepuKaHIlbl). B-TpeTbUx, YCTAaHOB/IEH OAMH JIOKYC
rs143384 rena GDF5, 1okasaBIuii 3HaAUMMbIe acco-
uuanuy ¢ OA KOJTEHHOTO CycTaBa B IByX MeTaaHa-
mmn3ax GWAS-maHHbIX A1 €BPOIEMCKUX TTOMYISIIINIA.
CrnepyeT OTMETUTh AOCTaTOYHO BBICOKMUII YPOBEHb
3HAYMMOCTYM 3TUX accoumanuii — p = 4,77x102 [23]
np=1,40x10"[22].

C momompil0 COBPEeMEHHBIX MMPOBBIX 06a3 IO
GYHKIMOHANBbHOV reHOMMKe [41] HaMu M3ydeHbI
dyHKIMOHANBHBIE 3((EKTHI MOMMMOP(PHOIO JIOKY-
ca rs143384 rena GDF5: peryasTOpHbIA ITOTEHIU-
an (MCIoab30Bajiach OHJAVH mporpamma HaploReg
v 4.1 (http://archive.broadinstitute.org/mammals/
haploreg/haploreg.php), BausHMe mnoAMMOpPIU3IMA
Ha 3KCIPeCCUIO U aJIbTepHATUBHBIN CIUIaJiCMHT T€HOB
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(ucronb30BaaMCh gaHHble MmpoekTa Genotype-Tissue
Expression (GTEx) (http://www.gtexportal.org/)).
VcTaHOBIEHO, UTO monumopdusm rs143384, pacrio-
yiokeHHbIi B 5'-UTR o6actu reda GDF5, uMeeT Bbl-
PaKEHHBIN PEryasITOPHBIA IOTEHIMaN: HaXOOUTCS
B 3BOJIIOLIMOHHO KOHCepBaTMBHOM yuacTke [IHK,
peruoHe motuBa [IHK, gBasironierocss caitoMm CBSI-
3bIBAHMS C TPAHCKPUITIIMOHHBIM (akTopom Ascl2,
B 00/71aCT¥ TMCTOHOB, MapKMUPYIOUIUX ITPOMOTOPbBI U
3HXaHCepbl B Pa3/JIMYHBIX TKAHSIX U OpraHax, MMelo-
IIMX TMaTOreHeTUUYECKYI0 3HauMMOoCTb Ajs OA (mep-
BUYHBIE KJIETKM 0CTe006J1acTOB, GMOPOOIACTBI, KUPO-
Basi TKaHb " T.7.), B peTMOHE IUIIePUyBCTBUTENbHOCTHU
K [IHKa3ze 1 B 16 Ky/nbTypax KJIETOK/TKAHSX (KJIETKU
MpeaIecTBEHHMKM HEeMpoOHOB, GuOPOo6IaCThl U T.1.).
CornacHo paHHbIM GTEX mpoekTa BBISBJIEHO, UTO
rnmoauMopdusm 1s143384 3HAUMMO aCCOLMUPOBAH
¢ ypoBHeM akcrpeccun 21 reHa (CEP250, CPNEI,
EDEM2, EIF6, EPB41L1, ERGIC3, FAMS83C, FERI1IA4,
GDF5, MAPILC3A, MMP24, MMP24-AS1, MYHT7B,
NFS1, NORAD, PROCR, RP4-61404.13, RPL36P4,
SCANDI1, TRPC4AP, UQCCI) B 60nee uem 20 opraHax
U TKaHSIX, B TOM UYMC/Ie TIaTOTeHeTUYeCKM 3HAaUMMBbIX
nns pasButust OA: UQCCI v RPL36P4 B ¢bubpobmna-
crax (p = 2,7E-50 u p = 1,3E-10 COOTBETCTBEHHO),
GDF5 B muToBUaHOI kenese (p = 1,2E-10), CPNE1
B KpoBu (p = 3,5E-11), CPNE1 B XMupOBOiI1I TKaHU
(p = 1,4E-10) n T1.n. Taxke nokyc rs143384 cBsisaH
C YpOBHEM aJbTepPHATMBHOIO CILJIa/iCMHIa TPaHC-
kpuntoB 8 renoB (CEP250, EIF6, ERGIC3, FERILA4,
GSS, RBM39, TRPC4AP, UQCCI) B pa3HbIX OpraHax u
TKaHSAX ¥ B TOM YMCJ/ie, BOBJIEUEHHBIX B MaTOGU3UO-
soruio OA: UQCCI B CKeJIeTHBIX MBIIIIAX ¥ OOJIbIIIe-
6epoBoM Hepse (p = 5,6E-65 u p = 1,0E-9 coorBeT-
CcTBeHHO), ERGIC3 B OAKOXHOM XXMPOBOI KIE€TYATKE
(p=8,7E-10) n T.10.

Cnepyer orMeTuTh, YTO GWAS-3HaUMMBI «puC-
KOBbIVi» 1Jjisi OA KOJIEHHOro CycTaBa M30JMPOBAH-
HOJM joKanm3auum aienb A rs143384 rewa GDF5
(OR =1,1) [22, 23] pa3HOHaANIPaBJIEHHO aCCOLIMMPOBAH
C TPAaHCKPUIILIMOHHOM aKTMBHOCTBIO U aJbTepHATUB-
HBIM CIUIA/ICMHTOM Pa3HbIX reHOB. Tak, JaHHBINA ajl-
JieJIb CBSI3aH C HMU3KOI sKcIpeccueri reHoB MAPILC3A
(B =-0,097...-0,16), RPL36P4 (B = -0,26...-0,40), GDF5
(B =-0,14...-0,45) u gp., BBICOKOI TPAHCKPUITIIMOHHOM
akTuUBHOCTBIO reHoB CPNEI (B = 0,19-0,26), PROCR
B = 0,11-0,16), FAM83C (B = 0,13-0,23), UQCCI
(B = 0,12-0,51) u gp., BLICOKMM YPOBHEM aJIbTepHA-
TMBHOTO cIuiajicuura renoB CEP250 (B = 0,27-0,48),
ERGIC3 (p =0,24-0,49), TRPC4AP (§ = 0,23-0,27) u ip.,
HU3KMM YPOBHEM a/JbTepPHATMBHOIO CIUIAliCMHTA re-
HoB FERI1I4 ( =-0,34...-0,42), UQCCI ( =-0,28...-0,71)
M Op., HU3KOM abMHHOCTHIO PEryasiTOPHOTO MOTMBA
IOHK Kk dakTopy TpaHckpurymu Ascl2 (ALOD = -1,0).

TakuM 06pa3som, NOAMMOPGHBINA JTOKyC r$s143384
redHa GDF5 xapaKTepu3yeTcsl BbIPaKEHHbIMM SITUTe-
HeTuueckuMu 3deKTaMu, acCCOLMUPOBAH C YPOBHEM

9KCITPeCCUM U aJbTEPHATMBHOTO CIUIAliCMHTA Oojee
20 pa3nMYHbBIX T€HOB B Pa3HBIX OpPraHax U TKaHSX Op-
raHusMma, ¥ B TOM 4YMC/ie BOBJIEUEHHBIX B MaTOreHe3
OA KOJIEHHOTO CyCTaBa, YTO MOXXET ObITh MEOVKO-
61M0JIOrMYeCKOI OCHOBO accolMaLuii JaHHOTO ITO/IN-
MOpGHOro JIOKyca ¢ 3ab60ieBaHMEM, YCTAaHOBJIEHHBIX
B [TIOJTHOT€HOMHBIX UCCIeL0BAHMSIX.

T'enemuueckue uccne008aHusl ocmeoapmpuma
KOJ1IeHHOZ20, ma3o6eapeHHozo cycmasos

u cycmaeos pykKu, 8bllnoJIHEHHblE

HA CMEeWaHHbIX 6bl50pKaX

K HacTosiieMy BpeMeHM MOPOBENEHO § TOIHO-
reHOMHbBIX MccnenoBaumnii OA KojeHHOro, Tasobes-
PEHHOTO CYCTaBOB U CYCTaBOB pPyKM Ha CMeIllaH-
HBIX BBIOOpKaxX O00mbHBIX (4 GWAS u 4 MeTaaHanm3a
GWAS-1aHHBIX).

B muccneposanun H.]J. Kerkhof ¢ coaBTOpamm, BbI-
TIOJIHEHHOM Ha BBIOOpPKAxX €BPOITEiICKOTO MPOMCXOXK-
IeHust B oobeme 1341 601pHOr0 OA KOJIEHHOrO, Ta30-
O6eIpeHHOro CyCTaBOB M CYCTaBOB PYKM, a Takke 3496
MHIMBUAYYMOB KOHTPOJIBHOI TPYIIIBI, ObIT YCTAHOB-
JieH MyuHOpHbIN ayutens C rs3815148 rena COG5 (7q22),
sBasitonmiics pakropom prcka OA KoJIeHHOTO CycTaBa
u/vmu Kuctu (p = 8x10%) [35]. Taxke BBISIBIEHO, UTO
IaHHbI SNP HaxomuTcsl B HepaBHOBECUM MO Cliellie-
HUIO C 1$3757713, KOTOpBIN CBSI3aH C YPOBHSIMMU IKC-
npeccun reHa GPR22 B KynbType KIeTOK aumdbobia-
cTOB (p = 4x10712),

GWAS-uccienoBanmne koHcopumyma arcOGEN
TO3BOJIMJIO BBISIBUTH CTATUCTUUYECKM 3HAYMMBbIE ac-
collManuy ST TOAMMOPQHBIX JIOKYCOB C OCTeOo-
apTpo3oM IpM HeOOXOOMMOM YpPOBHE 3HAUMMOCTU
p<5x10® [39]. Haubonee moCTOBEpHBIE aCCOIMALINU
¢ OA y 60/TIbHBIX, TTOTYYMBIIMX TOTAIbHOE SHIOMPOTE-
3MpOBaHMe KOJIEHHOTO U Ta306eqpeHHOr0 CyCTaBOB,
yCTaHOBJeHbI i 156976 reHa GLT8DI (p = 7,24x1%1Y),
HaXOAsIerocsi B HEpPaBHOBECUM MO CIEIIeHUIO
¢ 1511177 rena GNLS3, KOTOpPBIl Takke MoKas3ana 3Ha-
yumbie accouyanuu ¢ OA. CremyeT OTMETUTb, UTO
B TaHHO¥ paboTe PeIUINIIMPOBAH Ha TIOJTHOTEHOMHOM
ypoBHe 3HauMmocTy GWAS-3Haummsblii gisg OA Ko-
JIEHHOTO CyCTaBa M30JMPOBAHHOI JIOKAJIN3ALUU TI0-
numopdusm rs12107036 rena TP63.

B pa6ote E. Casalone ¢ coaBTopamMu Ha BbIOOpPKax
13 23304 601bHBIX OA KOJIEHHOTO V/WUIX Ta300eapeH-
HOTO CyCTaBa IOC/e TOTaIbHOTO 3HOOMPOTe3UpPOBa-
Hus (T3II), m 99406 yenoBeK KOHTPOIBHO TIPYIIIIbI
BbIsiB/IeH 1510116772 rena GLIS3, accoliuuMpoOBaHHBIN
¢ OA KOJEHHOTO M/MAU Ta306edpPeHHOro CYCTaBOB
y 6ompHBIX 1ocie TAIT [21].

B GWAS-uccnegosanum E. Zengini ¢ coaBTopa-
MM (paccMaTpuBasiiach BbiOOpKa u3 30727 GOIbHBIX
OA 1 297191 yenoBeK KOHTPOJbHO TPYIIBI) ObLIU
yCTAaHOBJIEHbI 5 HOBbIX GWAS-3HAaUMMBIX JIOKYCOB,
accouuupoBaHHbix ¢ OA: rs2820436, rs375575359,
rs11335718,rs3771501, rs116882138 [20].
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Memaananuszst GWAS-0aHHbIX N0 ocmeoapmpumy

KOJIEHH020, Ma300e0peHH020 CYCMasos u cycmasos

PYKU, NOyUeHHble HA CMEUAHHbIX 8bI00PKAX

Onupasicb Ha pe3yJabTaThl paHee MPOBENEHHO-
ro GWAS-uccienoBanusi kKoHcopimuymom arcOGEN
[38], A.G. Day-Williams ¢ coaBTOpaMy BbIIIOJIHWIN
MmeTaaHam3 GWAS-maHHBIX Ha BbIOOpKax m3 19041
60mpHOTO OA M 24504 MHIVBUIYYMOB KOHTPOIbHOM
I'PYIITIBI €BPOIIeICKOTO TTPOUCXOKIEHMS, B pe3y/ibTa-
Te KOTOpPOro ObUT OGHApYKeH MOMMMOPGHBII JTIOKYC
rs11842874 rena MCF2L, accouuupoBaHHbii ¢ OA
(p = 2,1x10%) [36].

MeTaaHa/in3 [aHHBIX PEIVIMKATUBHBIX MCCIIe-
IOoBaHMIT Ha BbIOOpKax KoHcopimyma arcOGEN, UK
Biobank u deCODE, B 06111eii CJIOXHOCTM BKIIOUAIO-
mux 23425 60mpHbIX OA U 236814 MHOAMBUIYYMOB
KOHTPOJIbHOV TPYIINbI, BbIoaHeHHbI S. Hackinger
c coaBTOpamu, BbIIBUA 1s12901071, HaxopsIuii-
csl B MHTpoHe reHa SMADS3, acconiumpoBaHHbIil ¢ OA
(p = 3,12x1019) [18].

B metaananusze GWAS-manHbix U. Styrkarsdottirc
coaBTOpamMm BbIAB/IeHO 8 SNPs, accolnupoBaHHbIX
¢ OA m060i¥ okanu3anym [22], 3 KoTopsix 3 SNPs
(rs2061026, rs1078301, rs143384) Takke MoKa3aau
GWAS-3Haunmble accoumanuy ¢ OA KOIeHHOro Cyc-
TaBa M30JIMPOBAHHO TOKATM3AI M.

KpymHomaciita6ubiit MetaaHann3 GWAS-maHHbBIX
I. Tachmazidou ¢ coaBTOopamu ycraHoBua 43 SNPs,
GWAS-3naummbix mjast OA: 9 SNPs accouuyupoBaHbl
¢ OA KONeHHOTO CyCTaBa M30JIMPOBAHHON JTOKA/IN3a-
uyu, 8 SNPs ¢ OA KOJIeHHOTO /I Ta306eapeHHOro
cycTaBoB, 26 SNPs — ¢ OA 1106071 lokamm3anym [23].

Takum o6pa3oMm, B pe3yibTaTe 8 MOTHOTeHOMHBIX
uccinenoauuit (4 GWAS-uccienoBauus U 4 Merta-
aHann3za GWAS-IaHHBIX) YCTAHOBAEHO 57 OBHOHY-
KJIEOTUAHBIX MMOAMMOP(GU3MOB, acCOIMMPOBAHHBIX
¢ OA KoJIeHHOTO0, Ta306eAPEeHHOr0 CYCTaBOB ¥ CyCTa-
BOB pyKM (cMellaHHas BbIGOpKa). CTOUT OTMETUTb,
YTO, BO-TIepBbIX, 60see 77% GWAS-3HAUMMBIX JIOKY-
coB (44 SNPs), accoummupoBadHbix ¢ OA KOJE€HHOTO,
Ta300eIpeHHOT0 CYCTAaBOB ¥ CYCTaBOB PYKU (CMe-
HIaHHAasT BBIOOPKA), ObIJIO BBISIBJIEHO B MeTaaHa/IM3ax
GWAS-naHHbIX, 13 SNPs ycTaHOB/IeHbI B pe3ynbraTe 4
GWAS-1ccemoBaHmit. Bo-BTOPbIX, aGCOTIOTHO BCE MO-
numopdHbIe JTOKYChI, accoriuupoBanHbie ¢ OA, ycTa-
HOBJIEHBI Ha BHIOOPKAX €BPOITEOMTHOTO MPOUCXOKAE-
HusL. B-Tpetbux, monmumopdusm rs3771501 rena TGFA
nokasan GWAS-3Haunmbie accoumaiiuu ¢ OA 10607t
snokamm3auuu kak B GWAS-uccnegoBanun E. Zengini
C coaBTOpaMM, Tak M B MeTaaHanmsze GWAS-
uccnemoauuit I. Tachmazidou ¢ coaBTopamu.

B ocHOBe yCTaHOBJIEHHBIX HA TMOJHOT€HOMHOM
ypoBHe 3HaumMocTu (p<5x1%) accoumaumit monau-
mopdHoro mapkepa rs3771501 rena TGFA ¢ OA mo-
I'YT JieskaTb ero 3HauMMble QyHKIMOHa/IbHbIE 3(Pdek-
Thl. MaTepuasnbl, MpeacTaBjeHHble B 6a3e JTaHHbIX

HaploReg (v 4.1) CBUAETEIbCTBYIOT O BaKHOM pery-
JIATOpHOM TmoTeHnuane rs3771501 rena TGFA, ac-
COLMUPOBAHHOTO C pa3ButueM OA. BbISIBI€HO, UTO
nomMopdHbIii 0oKyc 1rs3771501, pacroaosKeHHbI
B MHTpOHe reHa TGFA, HaXOOMUTCSI B 3BOMIOLMOH-
HO KOHCEepBaTMBHOM YyuyacTKe, permoHe TUCTOHA
H3K4mel, MapKuUpyIOLIEro SHXaHCEPhl B Pa3IMIHbIX
TKaHSIX ¥ OpraHax, B TOM 4M(Jie UTPaloIIUX BaXXKHYIO
ponb B natoreHe3e OA (KyabTypa KJI€TOK XOHAPOLIM-
TOB, B TKaHSX rOJIOBHOTO MO3Ta U T.A.). C TOMOIIbIO
ounaiiH mporpammbl GTExportal in silico BbIsiBIIeHa
cBsI3b monmumopdusma rs3771501 ¢ ypoBHEM 3Kc-
npeccuu reHa TGFA B Kope TOJIOBHOTO MO3Ta U TUIIO-
tanamyce (p = 2,9E-11 u p = 8,5E-09 cooTBeTCTBEH-
HO), B GonbIirebepioBoMm Hepse (p = 1,6E-04) u T.1.
ITpu stom puckoBslii giast OA ammens A rs3771501
(OR = 1,05) [23] acconmMmMpoOBaH ¢ HU3KOV TPAHCKPUII-
LIMOHHOJ aKTUBHOCTBHI0 reHa TGFA (B 6ase HAaHHBIX
GTEx mpoekTa KO3(pOUIIMEHT JMHEITHO! perpeccumn
npeacTaBieH s pedepercHoro atenst G rs3771501,
B =0,09-0,31).

TakuMm o6pa3oM, TeHeTUYeCcKuii MoaMMophusM
rs3771501 rena TGFA wumeeT 3HauMMble (QYHKIIM-
OoHaJbHble 3(QdeKTbl TeMOHCTPUPYET BbIpaskeH-
HbIIl 3MUTEHEeTUUYEeCKUI TOTEeHIMal, acCOUMPOBAH
¢ ypoBHeM 3Kcripeccuu reHa TGFA B TKaHSIX U opra-
HaX, MUMEIIIUX BaXHYI0 poib B matoreHese OA. OTo,
BO3MOXXHO, U oIpefensieT YCTAaHOBIEHHYIO CBSI3b U3Y-
yeHHOTO TMonuMopduama ¢ OA B TOSTHOT€HOMHBIX
UCCIeq0BaHUSIX.

Utorosble pesynbraThl 10 GWAS-3HauMMBIM I10-
JTUMOPGHBIM JIOKyCaM, accouumpoBaHHbIM c OA
KOJIEHHOT'O CyCTaBa, MPUBENEHbl B Tabmuiax 1 u 2
(pencraBieHbl JaHHble Mo OA KOJI€HHOTO, Ta3o00e[-
PEHHOT0 CyCTaBOB M CYCTaBOB PYKM, MOTyUYeHHbIe Ha
CMeIllaHHbIX BbIOOpKax). CTOUT OTMETUTh, YTO, BO-
nepBbIX, 3a nepuopn ¢ 2008 mo 2021 r. BBIIOIHEHO
15 momHoreHoMHBIX McciegoBaHuit OA KoOJIEHHOTro
cycraBa (8 GWAS, 6 meraaHamm3oB GWAS-IaHHBIX,
1 uccnegoBanme — couetanme GWAS 1 meTaaHanm3a
GWAS-maHHBIX), B pe3yJibTaTe KOTOPbIX YCTaHOBIIE-
HO 78 moaMMOPGHBIX JIOKYCOB, aCCOIMMPOBAHHBIX
C PUCKOM pasBUTUS OCTe0apTpPO3a KOJIEHHOTO CYC-
TaBa Tipu  p<5x10%., Bo-BTOpbIX, IOAABJSIOIIEE
OOMBIIMHCTBO 3TUX JIOKYCOB (62 13 78 SNPs, 79%)
nokasanin GWAS-sHauumbie accouyauum ¢ OA B Me-
taaHanm3ax GWAS-maHHBIX M TONBKO 16 JIOKYCOB
(21%) — B GWAS-uccnenoBanusx. B-tperoux, noutu
95% GWAS-3HauMMbIX 17151 OA KOJIEHHOT'O CyCTaBa JIo-
KycoB (74 SNPs) BbISIBJIEHbI Ha BBIOOPKAX eBPOIEOU/I-
HOT'O IPOUCXOXAeHus. B-ueTBepThiX, 21 13 78 GWAS-
3HaunMbix SNPs accouuupoBanbl ¢ OA KOJIEHHOT'O
CycTaBa M30IMPOBAHHOI JloKanu3amnuu, a 57 SNPs —
¢ OA KOJIeHHOTO, Ta300eJPEHHOTO CYCTaBOB U CyCTa-
BOB PyKM (CMelllaHHas1 BbIOOPKA). B-MATHIX, BCe MOJ-
HOreHOMHbIe ucciaemoBanuss OA KOJeHHOTO CyCTaBa
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n MeraaHam3bl GWAS-maHHBIX IPOBEOEHBI 33 Py-
0e’kOM Ha BBIOOPKAxX M3 Pa3IMYHBIX 3apyOeKHBIX
TIOMTY/ISILVI, TIPUYEeM B 3TM MCCIeNOBAaHMSI BBIOOD-
K1 u3 Poccuiickoit ®emepaiiuy He GbUIM BKITIOUEHBI.
B-mectoix, auiib aBa GWAS-3Haummbix g OA mo-
muMopdHBIX JoKyca (rs143384 rena GDF5 pmins OA
KOJIEHHOTO CyCTaBa M30JMPOBAHHOMN JIOKAIM3ALUN U
rs3771501 rena TGFA gnst OA m0607 JIOKaaM3aIn)
PeIMIMPOBaHbI HA TIOTHOTEHOMHOM YPOBHE 3HAUM-
MocTH (p<5x108) B 1BYX pasaMUHbBIX MUCCI€IOBAHUSIX
(cm. Tab. 1, 2). CTOUT OTMETUTD, UTO B STUX UCCIEN0-
BaHMSIX «PUCKOBOE» 3HaUeHue a,1s1 pa3sButus OA nme-
10T autenb Ars3771501 rena TGFA (OR = 1,05) 1 ayutenb
A 15143384 rena GDF5 (OR = 1,10). CornacHO pesyiib-
TaTaM Hamero in silico aHanusa, 3TU MOIMMOpPQHbIe
JIOKYCbI JIE€MOHCTPUPYIOT BbIpasKeHHbIE (YHKIMO-
Ha/lbHble 3()¢EeKThl (MMEIT 3HAUYMMBIN PEeryisiTop-
HBIVi TTOTEHIVAN, CBSI3aHbI C YPOBHEM 3KCIIPECCUM U
aIbTEPHATMBHOTO CIUIA/CHHTA pa3HbIX T'eHOB B pas-
JIMYHBIX OPTraHax ¥ TKaHIX, B TOM UMC/Ie BOBJIEYEHHbBIX

B natodusmonoruio OA). B-cegbMbIX, MOTyUYEeHHBIE
GWAS-maHHbIe YKa3bIBAIOT HA HAIMUME IBYX PETUO-
HOB XpomocoMm (6p21.32 un 7q22.3), B KOTOPBIX pacIio-
yaraeTcst Haubosbiee KomuuecTBo GWAS-3HaUMMBbIX
171t OA monMMOPGHBIX JIOKYCOB — IT0 3 SNPS B Kask[oMm :
6p21.32 (rs10947262, rs7775228, rs9277552) u 7922.3
(rs4730250, rs10953541, rs3815148). B-BoCcbMbIX, IPU
yBeIMUEeHNUM 00beMa MCCIeIyeMbIX BbIOOPOK OOJIb-
HbIX ¥ KOHTPOJS KOIMYECTBO BbISIBIeHHbIX GWAS-
3HAYMMBIX ITOIMMOP(PM3MOB, aCCOLIMUPOBAHHBIX ¢ OA,
TakKke Bo3pacTtaeT. Tak, HarpumMmep, B mepBbix GWAS-
MCCIeIOBaHMSX, IPOBEJEHHBIX B CpegHEeM Ha BbIOOD-
KaX OKOJIO 6 ThIC. OOJIbHBIX ¥ KOHTPOJIS, BBISIBJISIUCH
1-2 GWAS-3HaunMBbIx JIOKyca [32, 33], B TO BpeMsI Kak
B meTtaaHanm3ax GWAS-maHHbix OA KOJEHHOIO CyC-
TaBa IOCAETHUX JIET, BBITTOJIHEHHBIX HA BBIOOpPKAX
okosio 500 Thic. 60/bHBIX U 450 ThIC. KOHTPOJISI, OBLIO
YCTaHOBJIEHO YiKe 43 GWAS-3HauMMBbIX ITOTMMOP(I3-
Ma, OeBITh U3 KOTOPBIX acCOLMMpPOBaHbl ¢ OA KOJeH-
HOTO CyCTaBa M30JIMPOBAHHON JIOKanIu3auuu [23].

Tabnuya 1

O,HHOHYKJIGOTM,E[H])IG HOJIMMOp(l)I/IBMbI, aCcCouMMPOBaAHHBIC C OCTECOAPTPUTOM KOJIEHHOrO CyCTaBa
MSOHMPOBHHHOﬁ JIOKaJIM3alMM 10 JAHHBIM IOTHOTEHOMHBIX MCC/IeTOBaHMUI

=
S
5
[omimopdusm  JIoKyc TeH § OR (95% Cl) p Tomymsiumst E
E = g
= [~ =
o< 3)
Z = O ~
p<5x1098
1 1s7639618-T 3p24.3 DVWA OAK 1,54 (1,32-1,81)  7,3x10% SImoHcKast [32]*
1s10947262-C 6p21.32 BTNL?2, OAK 1,31 (1,20-1,44) 5,1x10® SmnoHcKas [34]**
TSBP1-AS1 EBpornerickas
3 1s7775228-C 6p21.32 HLA-DQBI OAK 1,34 (1,21-1,49) 2,43x10% SmnoHckas [34]*
4 rs4730250-G 7922.3 DUS4L OAK 1,17 (1,11-1,24) 9,17x10% EBporeiickast [37]**
5 rs10953541-T 7q922.3 BCAP29 OAK 1,17 (1,10-1,23) 3,90x10
6 1s12107036-G 3928 TP63 T3l 1,21 (1,13-1,29) 6,71x10 EBpomneiickas [39]*
OAKy
SKEHIMH
7 1s7792864-C 7936.3  LINC01006 OAK 2,35 (1,77-3,13) 4,11x10%” AdpoamepuraHckas [40]**
rs2061026-A 2p22.3 LTBP1 OAK 1,06 (1,05-1,09) 1,40x10!
rs1078301-T 9932 COL27A1, OAK 1,07 (1,05-1,10) 1,40x101°
KIF12
10 rs1060105-C  12q24.31  SBNOI OAK  1,07(1,04-1,10) 1,90x10°% EBpomnerickasi (22
11 1s34195470-G 16g22.1 wWwp2 OAK 1,07 (1,05-1,09) 2,70x10
12 rs143384-A 20q11.22 GDF5 OAK 1,10 (1,07-1,12) 1,40x10°"°
13 rs12470967-A 2q32.3  AC098872.1 OAK 1,06 (1,04-1,08) 1,50x10°
14  r1s35611929-A  5ql4.1  AP3BI OAK  1,06(LO4-1,08) 121x10%  pooo oo r a3
15 rs56116847-A  12q24.31 SBNO1 OAK 1,06 (1,04-1,08) 3,19x10°1%°
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OxoHuaHue mabauyst 1

(=]
=
g
Homumopdusm  JIOKyc Ten § OR (95% Cl) p TTomysisyst E
B 5
= : :
o< 3}
Z = O =~
16  1rs35912128-AT 15qg21.2 USP8 OAK 1,08 (1,05-1,11) 2,18x10
17 rs4775006-A 15921.3 POLR2M, OAK 1,06 (1,04-1,08) 8,40x101°
ALDHIA2
18 1s6499244-A 16g22.1 NFAT5 OAK 1,06 (1,04-1,08) 3,88x10! »
19 rs35087650-ATT 17p13.3  SMGé OAK  1,07(1,05-1,1) 1,18x10 Esportevickast [23]
20 1s8067763-G 17924.3 ROCR, OAK 1,06 (1,04-1,08) 2,39x10%
AC005144.1
21 rsl43384-A  20ql11.22  GDF5 OAK  1,10(1,08-1,12) 4,77x10%
OA — ocreoaprpo3; OAK — ocreoapTpo3 KOJI€HHOro cycraBa; TOIl — TOTaJlbHOE SHIOIPOTE3UPOBAHME;
* — GWAS-ucciepoBanne; ** — meraaHanu3 GWAS-TaHHBIX.
Tabauya 2
OmHOHYK/IEOTHUIHbIE TOIMMOP(GU3MBI, ACCOMUUPOBAHHBIE C OCTE0APTPUTOM KOJIEHHOTO,
Ta300eIPEeHHOI0 CYCTABOB M CYCTAaBOB PYKM (CMeIllaHHasA BLIOOPKA)
II0 JaHHBIM IIOJTHOT€HOMHbBIX VCC/IeJOBaHUI
=
=
8 ”
IMomimopdusm Jlokyc Ten o OR (95% Cl) D IMomynsiys =
= 5 =
= £ < :
Z = O ~
p<5x10%
1 rs3815148-C 7922.3 GPR22, COG5  OAK m/unun 1,14 (1,09-1,19) 8,0x10%® Epomeiickasi [35]*
OAP
2 rs11842874-A 13q34 MCF2L OA 1,17 (1,11-1,23)  2,1x10% EBpomeiickast [36]**
3 rs6976-T 3p21.1 GLT8D1 T3IT OA 1,12 (1,08-1,16) 7,24x10!
4 1s6976-T 3p21.1 GLT8D1 OA 1,09 (1,06-1,12) 6,56x10°%
5 rs11177-A 3p21.1 GNL3 TIIT OA 1,12 (1,08-1,16) 1,25x101°
6 rs11177-A 3p21.1 GNL3 OA 1,09 (1,06-1,12) 5,13x10° EBpomerickas [39]*
7 1s10948172-G 6p21.1 SUPT3H, OA myxxumubl 1,14 (1,09-1,20) 7,92x10°%
CDC5L
8 rs8044769-C 16q12.2 FTO OA skenmmuber 1,11 (1,07-1,15) 6,85x10%
rs12901071 15922.33 SMAD3 OA 1,08 (1,05-1,11) 3,12x10® EBpomeiickast [18]**
10  1rs10116772-A 9p24.2 GLIS3 T3II OAK 0,97 (0,96-0,98)  3,7x10% Espomeiickas [21]*
u/vnu OATB
11 1s2820436-C 1941 ZC3H11B OA#+ OA 0,93 (0,91-0,96) 2,01x10%
YCTaHOBJIEH
B 60/IbHMIIE
12 r1s3771501-G  2pl3.3 TGFA OA#+OA 0,94 (0,92-0,96) 1,66x10
YRR EBpomneiickas [20]*
MaIMEeHTOM
13 rs11335718-A 4q21.21 ANXA3 OAK+ OA 1,11 (1,07-1,16) 4,26x107
YCTaHOBJIEH
MaIEeHTOM
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Ipodonxncerue mabauyst 2

=
=~
e N
Momumopdusm  JIokyc TeH g OR (95% Cl) p Tonynsuys 2
z 28 S
14 rs116882138-A 9p21.2 MOB3B, OAK+OATB 1,34 (1,21-1,49) 5,09x10°
EQTN u/min OAK
YCTaHOBJIEHBI
B GonbHMIe EBpomejickag [20]*
15 1rs375575359-C 19q13.12 ZNF345 OAK+OA 1,21 (1,14-1,30) 7,54x10°%
yCTaHOBJIEH
TaLeHTOM
16 1s2126643-C 1p21.1 COL11A1 OA# 1,05 5,4x107'0
17 rs2785988-A 1941 - OA# 1,05 4,5x10 1
18 rs2061026-A 2p22.3 LTBP1 OA# 1,05 4,7x1071°
19 rs1800562-G  6p22.2 HFE oA 1,39 7,6x10" )
20 1s1078301-T 9q32 - OA# 1,05 141010 CBPOMEVCKas [22]
21 rs12901372-C 15922.33 SMAD3 OA# 1,04 9,5x10%
22 rs143384-A 20q11.22 GDF5 OA# 1,05 2,1x10°10
23 rs117018441-T 22q13.2 CHADL OA# 2,84 9,1x1018
24 TAAAAAAAAAA 1 - OA# 1,03 (1,02-1,05) 1,05x10°%
AAAAAAA
25 C 1 - OA# 1,03 (1,02-1,05)  2,54x10°%
26 1s2820443 -C 1g41 ZC3H11B OAK n/unn 1,06 (1,04-1,07) 6,01x101
OATB
27  rs10218792-G  1q44 KIF26B OA# 1,04 (1,02-1,05)  2,03x10
28 1s3771501-A 2pl13.3 TGFA OA# 1,05 (1,03-1,06) 4,24x10°'¢
29 rs2061027-A 2p22.3 LTBP1 OA# 1,04 (1,03-1,05) 3,16x10°%3
30  rs62182810-A  2q33.2 RAPHI OA# 1,03 (1,02-1,05)  1,65x10°
31 1s62262139-A 3p21.31 RBM6 OA# 1,04 (1,03-1,05) 9,09x10
32 rs34811474-G  4pl5.2  ANAPC4 OA# 1,04 (1,03-1,05)  2,17x10°
33 rs11732213-T 4p16.3 SLBP OAK n/unn 1,06 (1,04-1,08) 8,81x10!°
OATB
34  rs13107325-T 4q24 SLC39A8 OA# 1,10 (1,07-1,12)  8,29x10°" . .
EBpomerickast [23]**
35 1s3884606-G 5g35.1 FGF18 OAK n/unn 1,04 (1,03-1,06) 8,25x10*
OATB
36 1rs115740542-C 6p22.2 HIST1IH2BC OA# 1,06 (1,04-1,08) 8,59x10°%
37 1s9277552-C 6p21.32 HLA-DPBI OAK u/unu 1,06 (1,04-1,08) 2,37x101°
OATB
38  rs12154055-G 6p21.1 CDC5L OA# 1,03 (1,02-1,04) 2,71x10
39  rs11409738-TA 7921.3 DYNCII1 OA# 1,04 (1,03-1,05) 2,13x101°
40 1s330050-G 8p23.1 AC022784.1 OA# 1,04 (1,03-1,05) 1,93x10!
41 110974438 -A  9p24.2 GLIS3 OA# 1,03 (1,02-1,05) 1,34x10°%
42 1s919642-T 9932 COL27A1, OA# 1,05 (1,04-1,06) 8,55x10°%
KIF12
43 rs17659798 -A 11p14.1 AC090833.1 OAKu/mnn 1,06 (1,04-1,07) 2.06x101°
OATb
44  rs11031191-T 11p14.1 MPPED2-AS1 OA# 1,03 (1,02-1,05) 1,42x10%
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45  rs1149620 -T 11q13.5 TSKU OA# 1,04 (1,02-1,05) 6,93x101°
46 rs317630 -T 12q15 CPSF6 OA# 1,04 (1,02-1,05) 1,97x10°
47  rs11105466-A  12q21.33  AC084200.1 OAKm/mmm 1,04 (1,03-1,06) 2,15x10°
OATB
48 rs2171126-T 12922 CRADD OA# 1,03 (1,02-1,05) 9,07x10°
49  1s35206230-T 15q24.1 LMANIL, CSK OA# 1,04 (1,03-1,05) 1,48x10'
50  1rs9930333-G 16q12.2 FTO OAK m/mmm 1,05 (1,03-1,06) 1,52x10°%°
OATB
51  rs1126464-G 16q24.3 DPEPI OA# 1,04 (1,03-1,06) 1,56x10° Espomeiickas [23]**
52  rs2953013-C 17q11.2 NF1 OAK m/mmm 1,05 (1,04-1,07) 3.07x1071°
OATB
53 rs547116051-AC 17q21.31 MAPT OA# 1,83 (1,49-2,26) 1,50x10°
54  rs10502437 -G 18ql1.2 TMEM?241 OA# 1,03 (1,02-1,04) 2,50x10%
55 rs1560707-T 19p13.2 SLC44A2 OA# 1,04 (1,03-1,05) 1,35x10°*®
56 1s75621460-A  19q13.2 TGFB1 OA# 1,16 (1,12-1,20) 1,62x107
57 1s528981060-A  22q13.2 SCUBEI OA# 1,68 (1,40-2,02) 2,37x10°

OA — ocreoapTpo3; OAK — ocTeoapTpo3 KojeHHOro cycraBa; OATB — ocTeoapTpo3 Ta300eIpeHHOr0 CyCTaBa;
OAP — ocTeoapTpo3 cycTaBoB pyku; TIII — ToTanbHOe SHAONpPOTe3upoBaHue; OA# — 0CTeoapTpo3 060 TOKATU3ALINA;
* — GWAS-uccnemoBanme; ** — meraaHann3 GWAS-IaHHbIX.

Hapsity c 1O/JHOTeHOMHBIMU MCCIeL0BaHUSIMU
OA BaXHOe 3HaueHMe MMeeT MPOBENEHNE peIlInKa-
TUBHBIX MCCIeA0BaHMIi, KOTOpPble MO3BOJSIOT yCTa-
HOBUTb pOJb KOHKpeTHbIX GWAS-3HauMMbIX A1
OA nonumMopdHBIX MapKepoB (M3 MIMUPOKOTO CITMCKA
okono 80 SNPs accoummpoBaHbix ¢ OA Ha MONHO-
reHOMHOM YpOBHe) B (hOpPMMUPOBaHUU 3a60/IeBaHMS
B OTHE/bHBIX MOMY/ISALUIX MUpa, B TOM 4YMUC/Ie U TO-
nynsuusgx Poccuu, xapakTepusyoOIMXCS CBoeobpa-
3MeM MOMY/SILIMOHHO-TeHETUYECKUX XapaKTepPUCTUK,
(akTopoB cpenpl obuTaHus 1 ap. CiegyeT OTMETUTD,
YTO K HacCTOSILLEMY BpEMEHM B IPOBELEHHBIX perin-
KaTUBHBIX UccienoBaHusix OA, TUILb AJ1S eIMHUYHBIX
MOMMMOP@HBIX JIOKYCOB MOATBEPKIEHBI aCCOIMALIN
C JaHHBIM 3aboseBaHueM [42, 43, 44, 45, 46, 47, 48].

PermmkatuBHOe ucciaemoBauue [. Meulenbelt
¢ coaBTOpaMu [42], BBITOJIHEHHOE HA BBIOOpPKAX U3
2602 601pHBIX OA KOJIEHHOTO ¥ Ta300eIpeHHOTI0 CYC-
TaBOB U 2747 WMHIUBULYYMOB KOHTPOJIBHOW TpyII-
bl €BPONEOMIHOr0 IIPOUCXOKAEHMS, ITO0Ka3aao0, YTo
HM OOUMH U3 Tpex PacCMOTPEHHBIX MOMMMOP(HBIX
JIOKYCOB (rs7639618, rs11718863 mu rs9864422 reHa
DVWA) He nmeeT 3HaUMMBbIX accouyanuii ¢ OA (ronu-
MopdHbie TOKYChbI 157639618 1 rs11718863 BoisiBie-

Hbl B pe3ynbraTe GWAS-uccnemoBanusi Y. Miyamoto
¢ coasTopamu (2008)). OmHaKO MpU BKIKYEHUU aB-
TOpaMM B MCCIelOBaHMEe BbIOOPOK M3 SITIOHCKOM U
kutaiickoi nomynauuit (1300 6onpHbIXx OA M 2637
YyeJIoBeK KOHTPOJIbHOW TPYIIbI) OBLIO YCTAaHOBJIEHO,
YyTO TOMMMOPdHBIN JIOKyC 1$7639618 rena DVWA ac-
counmpoBat ¢ OA KojieHHOro cycTaBa (p = 2,7x10°%).
PeruinkatuBHOe uccnemoBanue 2 SNPs (rs10947262
reHa BTNL2, rs7775228 rena HLA-DQBI) (accouuu-
poBaHbl ¢ OA KOJIEHHOTO CyCTaBa y SITIOHLIEB U €BPO-
neiinieB B ucciaenoBanuu M. Nakajima ¢ coaBTopamn),
BbINloTHeHHOM A.M. Valdes ¢ coaBTopammu [45], He
MOKa3aJI0 3HAUMMBIX accoumauuii ¢ OA KOJIeHHOro
CcycTaBa Ha BbIOOpPKax eBPOIEOUIHOTO IPOMUCXOXK-
IeHusl, BKIoJaommx 5749 6ombHbIXx OA KOJIEHHOTO
cycraBa 1 6408 MHOMBUILYYMOB KOHTPOJIBHO IPYII-
mel. B pa6ore D. Shi ¢ coaBTopamMu msyueHa BbIOOD-
Ka okoio 2500 60/bHBIX ¥ KOHTPOJSL. He BBISBIEHBI
acconManyum ABYX 3TUX e TOAMMOPGHBIX JTOKYCOB
(rs10947262 rena BTNL2, rs7775228 rena HLA-DQBI)
¢ passuteM OA y KuTaliLeB 1 apcTpanuiiles. Ho pu
BK/IIOUEHUM B UCC/IeIOBaHMe BHIOOPOK €BPOIIeiCKOTO
MIPOUCXOXKIEHUS 3HauuMble accoumauumu ¢ OA Ko-
JIEHHOTO CyCTaBa ObUIM BBISIBJIEHBI TOMBKO it 1 SNP
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(rs10947262 rena BTNL2, p = 3x10) [43]. B perunka-
TUBHOM MccienoBanuu J. Dai ¢ coaBTopamu [47], mpo-
BEeIEHHOM Ha BbI6G0OpKax KuTaiiies (890 60mbHbIX OA
u 844 MHOAVMBUAYYMOB KOHTPOJIbHOI I'PYIIIIbI), ITIOCBSI-
[IEHHOM M3Y4YeHUIO POJIN MOIMMOPGHOTO reHeTnye-
ckoro mapkepa rs8044769 rena FTO B pasputun OA,
He YCTAaHOBJIEHO 3HAUYMMBIX aCCOLMalMiA C OaHHOM
MaTojoruen. B peryimkaTMBHOM MCC/IeA0BaHUM, ITPO-
BemeHHoM T. Zhao ¢ coaBTOpaMm, U3y4eHa BbIOOpKaA
n3 2556 60mpHbIX OA 1 1688 uenoBek KOHTpOS [48].
ITO MO3BOJIMJIO YCTAHOBUTD, UYTO U3 9 paCCMOTPEHHbBIX
MOMMMOP(@HBIX JIOKYCOB ¢ pas3ButeM OA KOJIEHHOro
cycTaBa ObUI acCOLMMUPOBAH TOJMBKO rs3884606 reHa
FGF18 y kutaitueB (OaHHbIN MOIMMOPQHBIA JIOKYC
BBbISIBJIEH B pe3yiabrarte meTaaHann3a GWAS-maHHbBIX
I. Tachmazidou ¢ coaBTopamm) [23].

B Poccuiickoit @enepaniyy nccienoBaHMs MOJTEKY-
JIIpHO-TeHeTn4YeCKux 0CHOB OA B OCHOBHOM Hampas-
JIEHbI Ha M3yYeHMe pOoyiM MOIMMOpP(PU3IMOB pasany-
HBIX I'PYIIIT TeHOB-KaHIMUIaToB B opmupoBanmy OA:
MU3yYaICh TeHbl MAaTPUKCHBIX MeTaIONpPOTeMHA3
[24, 26, 28], aHTHOKCUAAHTHBIX (pepmeHTOB [25, 27],
peuenrtopa ButammHa D [26], arrpekaHa [29] u T.n.
B nutepatype ripencTaBieHbl pe3y/abTaThbl MUIIb OHO-
ro perviMKaTuBHOrO ucciegoBanusi GWAS-3HauMMBbIX
SNPs B omHOIt 13 nonynsuuii Poccun — pecnyonmnku
BamkopTocran [49]. ABTOpsl Ha BbIOOpKax u3 156
>keHIIMH ¢ OA 1 161 MHOMBUAYYME KOHTPOJS BbISIBU-
JIM 3HAYMMbIe acCCOIMALMM MOMUMMOP(HBIX JIOKYCOB
rs835787 (CHST11), rs4836732 (ASTNZ2), rs7639618
(DVWA), 12302061 (DOTIL) ¢ OA B uenom. CTouT
OTMETUTh, UTO TPU U3 YeThIpeX MOAMMOpP(}13MOB
(rs835787, rs4836732, rs2302061) 6bLIM yCTaHOBJIE-
Hbl paHee B GWAS-uccinemoBanusx OA tazobenpeH-
Horo cyctasa [39, 50]. Iyist monumopdhHBIX MapKepoB
rs6976rena GLT8D1nrs11842874 rena MCF2L B 3TOM
MCCIef,0BaHMM He BbISIBJIEHO 3HAUMMBbIX acCOLMALIIA
¢ OA (rs6976 ycraHoBneH B GWAS-ucciieqoBaHun.

3aKk/JIIo4eHne

Takum ob6pa3om, ciemyeT OTMETUTb, YTO TeHe-
Tu4yeckmne OCHOBbI OA KOJIEHHOrO CyCTaBa Ha OCHO-
Be TIOJHOT€HOMHOTO TIOMCKa accolualuii akTUB-
HO M3Y4YalOTCSI MHOTMMM 3apyOeKHBIMM HAyUYHBIMMU
Ko/JIeKTuBamMu Mmupa. IIpy 3TOM Moay4deHHbIE pe-
3y/IbTaThl 4aCTO MPOTUBOPEUYMBBI ¥ HEONHO3HAUHBI.
DTOT >XKe BbIBOJ, KacaeTcsl M MPOBeeHHbIX K HACTO-
S1eMy BpeMeHM peIUIMKAaTUBHBIX MCC/IeJOBaHMIA.
Ballie yka3aHHbIE OOCTOSITEILCTBA AUKTYIOT HEOOXO-
IUMMOCTb TIPOBeAeHUsT [OIMOTHUTENbHBIX perviuKa-
TUBHBIX MCCAeOOBaHMII B Pa3IUYHBIX MOMYISIMSIX,
B TOM umcie B Poccuiickoit @egepauyn, XxapakTepu-
3YIOIIMXCST 3HAUUTENbHOM STHO-TEPPUTOPUATBLHOM
BapuabeTbHOCThIO, C IIJbI0 BBISIBIEHUSI KOHKpET-
HbIX GWAS-3HauUMMBbIX MOIMMOP(HBIX MapKepoB
reHOB-KaHIUIATOB, acCOMMPOBaHHbIX ¢ OA B IaH-
HBIX OTJEebHBIX MOMYJSUMUSIX U UX JaTbHEeNIIero uc-

MOJIb30BAHUST B MPAKTUUYECKON MemuiuHe mjis Ghop-
MMUPOBaHUS CpelM HacejleHUsS Ha IOKIMHUUYECKOM
JTare TPy pucka 1o passutuio OA u ¢ nocienyo-
el peanusauyeii B 3TUX rpynIax MepoIrpusTUii o
npodwnakTuke OA.
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Pecdepar

TMon muickuHe3ueit jonatku (JI) MOHMMAIOT JI060e HapylleHue ee CTAaTUYHOTO TIONOKEHUS VMY KMHEMAaTUKU BO BpeMst
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Scapula Dyskinesis
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Ivan A. Vasiliev -2, Dmitrii A. Bessonov 2, Evgenii E. Achkasov?, Andrey V. Korolev }2

I European Clinic of Sports Traumatology and Orthopedics (ECSTO), Moscow, Russia

2 RUDN University, Moscow, Russia

3 Sechenov University, Moscow, Russia

Abstract

Scapular dyskinesis is any alteration of its static position or kinematics during movements in the shoulder joint.

The correct scapula orientation is associated with the tone of the muscles attached to it. The prevalence of scapular dyskinesis
is high among patients with subacromial impingement syndrome, partial rotator cuff tears, shoulder joint instability
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and SLAP injuries. Scapular dyskinesis can be caused by a whole range of factors, including upper cross syndrome and
postural adaptations predisposing to it, neurological disorders. However, instrumental diagnosis of scapular dyskinesis
is difficult, which makes the use of clinical tests the main method of its detection. In this lecture, the etiology
of scapular dyskinesis, classification, diagnostic tests and treatment methods are analyzed in detail. The detection of
scapular dyskinesis and its type determination in patients with shoulder joint pathologies allows us to form an optimal
rehabilitation therapy protocol, including techniques of myofascial release, passive and active stretching of spasmodic
and training of weak muscle groups aimed at correcting postural disorders, pathology of the scapulohumeral rhythm,
restoration of the glenohumeral joint normal biomechanics.

Keywords: scapular dyskinesis, shoulder joint, shoulder joint biomechanics, rotator cuff, subacromial impingement

syndrome.
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BBenenne

ITog, muckuuHesuest nomnatku (IJI) mOHMMAIOT JIIO-
60e HapylleHNe ee CTATUYHOIO IOJIOKEHUs VI KU-
HeMaTUKM BO BpeMsi ABMKEeHUI B IIJIe4eBOM CyCTaBe
[1, 2]. [InedeBoOit MOSIC KPENUTCSI K OCEBOMY CKeJeTy
yepe3 TPYyAVHHO-KIIOYNYHBIN CycTaB [3, 4]. [losTomy
MpaBu/ibHasE OpMEeHTAlMsl JOTAaTKM B MPOCTPAHCTBE
Kak B TTOKOe, TaK U TpU ABUKEHUSIX B 3HAUUTEIbHOI
CTeleHM CBsI3aHAa C HOPMaJIbHBIM TOHYCOM Kperis-
IIMXCST K Heli MbIIII. [JIeHOU I, SIBISIETCS CTaOMIbHBIM
OCHOBaAHMEM JIJIsT paboThI IIIEUEBOrO CyCTaBa, a TaK-
ke BaKHbIM 3BEHOM KMHETWYeCKO¥ Ileni, B KOTO-
poit HV>KHME KOHEYHOCTH U KOPITYC BBITIONHSIIOT POJTb
reHepaTOpOB CUJIbl, @ BEPXHSSI KOHEYHOCTb — POJib
peryasitopa cwitbl [1, 5, 6]. Y manyeHTOB ¢ pasanyHOi
MaToNIOTMel IJIEYEeBOr0 CYCTaBa, TaKUMMM Kak Cy6-
aKpPOMMAa/IbHBIN MMOUHIKMeHT-cuHApoM (CANC),
HeCTaGMIbHOCTh IUIEUYEBOTO CYCTaBa, Pa3pbIBbI Cy-
XOKWINI BpallaTeIbHON MAaHXeTbl MJIM CYCTaBHOI
ryObl, OTMEUAIOTCSI HAPYIIeHUs TONOKEHNST U OBUKe-
HUii nomaTtku [1, 7, 8, 9].

W.B. Kibler ommcan kputepuu mpaBUIbLHOTO IO-
JIOXKeHMS JIOTIATKU: MO0 3aJHelt MOBepXHOCTU TPYI-
HOV kneTku Ha ypoBHe OT T2 go T7, Ha omuHAKO-
BOM yIaJIeHUM OT ITO3BOHOYHMKA (TIPUOIU3UTETHHO
7,5 cM), TIJIOCKO Y pebepHOit AyTH, B ToaokeHun 40°
BHYTpeHHe potaiuy u 10° mepegHero HaK/IoOHa, 6e3
BBICTOSTHUSI HVOKHUX UM MeOMaJbHbIX ee OTHel0B
[10].

OcHoBHbIe ABVsKeHMs jonatku 1o F. Struyf ¢ co-
aBTopamu [11]:

1. Poranus:
— BOKPYT CarMTTaJbHOI OCM BO (PpPOHTAIBHOI
IUIOCKOCTM — BepXHSIs (BepxHSSl TOpLMsT Tpare-

LIMEBUIHOV MBIIIIbI, TepemHsis 3ybuyaTas MBIIIIA)
M HYDKHSS POTauys (JIeBaTOP JIOTIATKY, pPOMOOBUIHbIE
MBIIIIIbI, MaJIasi TPyAHAs MBIIIIIA);

— BOKPYT (OPOHTAILHOI OCH B CATUTTAIbHOI IJIOC-
KOCTU — TlepegHUI U 3aJHUI1 HAKJIOH (MaJjasi TpygHast
U TIepeHsIs 3y6uaTast MbIIIIIBI COOTBETCTBEHHO);

— BOKDYT BEPTUKAIBHON OCU B TOPU3OHTAIBHON
IIOCKOCTY — HapykHasl portamus (poMOOBUIHbIE

MBIIIITbI) ¥ BHYTPEHHSIS poTalus (MepemHsis 3youarast
MBIIIIIIA).

2. TpaHcnsguus:

— SneBalys — ABVDKEHME BBePX 10 TPYIHOM KIeT-
Ke (BepxHsis MOopILus TpaneneBUAHON MbIIIIbI, JJ1e-
BaTOp JIOTIATKN);

— Iemnpeccusi — IBVDKEHUSI BHU3 110 TPYAHOM KJIeT-
Ke (HVKHSISI MOPLMS TpanenyeBUAHOV MbIIIIbI);

— peTpakuus — ABUKeHMeE K TO3BOHOYHUKY (POM-
OOBUIHBIE MBIIIIIbI, CPETHSST TTOPIMS TpaIleleBu -
HOJi MBIIIIIBI);

— OpOTpakuusi — ABVKEHME OT ITO3BOHOYHMKA
(mepenHsis 3youaTtast MbIIIIA).

st ocyiecTBIeHMS KIIOUeBbIX IBVMKEHUI B TIe-
yeBOM CyCTaBe HeoOXOmMMa COAPYKECTBEHHAsl pa-
60Ta INIEHOXYMEPAJIbHOTO U JIOMATOYHO-IPYIHOTO
CYCTaBOB — ILIeuesonatounblii putMm (IVIP) (Tabi. 1).

B nccnemosanun V.T. Inman ¢ coaBTopamu JaHHOeE
COOTHOIIIEHME COCTaBJISIeT COOTBETCTBEHHO 2:1 — Ha 2°
IBVKEHUI B VIEHOXyMEPAJIbHOM CyCTaBe MPUXOAUTCS
1° IBMsKEHMIA B JIOMTATOUYHO-TPYLHOM cycTase [8].

B pa6ote S.K. Lee ¢ coaBTopaMu mpoBefieH 6Gosee
neTtanbHblil aHanu3 IVIP mpu nmomoniyu 3D-TpeKuHr-
MpOrpaMMbl C UCHOAb30BaHMeM MHGpPaKpacHbIX Ka-
Mep U JAaTUYMKOB, KPETSIIMXCS Ha MPOEKIINIO JIOMATKU
U IIeYeBOii KOCTU. B paboTe BbISIBIEHO, UTO CTATU-
CTUYECKM 3HAuMMOI pasHuilpl mexpay I[IJIP momwu-
HAHTHOV ¥ HEAOMUHAHTHOI KOHEUHOCTe HeT [12].

B. Lee c coaBTOpaMu mpu oMOIIy (GIroopoCcKoIy-
YeCKMX M300paskeHMi1 JeTaTbHO PacCMOTPeIN KUMHe-
matuky aonatku u [1JIP, cpaBHUB UX TPy MTaCCUBHBIX
U aKTMBHBIX ABVDKEHMSIX B IJIEUEBOM CYCTaBe U BbI-
TIOJTHUB M3MepeHUsI BO BpeMsI ITOAbeMa BepXHeil KO-
HEUHOCTM U IIpu ee omyckauuu [13]. B pabote Takke
OMMCaHbl M3MEPEHUs He TOJIbKO BepxHel poTauun
JIOTIATKM, HO U ee 3aHer0 HAaKJIOHAa U HaPYKHOI po-
tanyu. KosuterM BBIIBMIM TIPUOIU3UTEIbHbIE IaH-
Hble 110 3HaueHussM ITJIP Bo Bpems s/neBaliM Bepx-
Hell KOHEUHOCTU, KOTOpble COCTaBWIM B CpegHeM
3,50£0,17. 3HaUMMO¥ pa3HUIIBI MEXAY U3MEPEHNSIMU
aKTUBHBIX U MACCUBHBIX OBVDKEHUN CHIEMATUCTHI HE
06HAPYKWIIN.
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Tabnuya 1

ITneyenonatrounsiii putM 1o B. Lee ¢ coasTopamu [13]

VYroi oTBeleHus B IVIEYeBOM CyCTaBe

0-30°

COOTBETCTBYIO].L[]/IQ YIJIbL ,Z[B]/I)KEHI/IVI B INIEHOXYMEPAJIbHOM

M JIOIIATOYHO-TPYAHOM CYyCTaBaX

InenoxymepanbHbIit 20°

JlormaTOuHO-TPyAHOV (BepXHSISI poTaims) 8—11°

JloraTOYHO-TPYAHOM (3a4HMIT HaK/IOH) 0°

JloraTOYHO-TPyLHOM (Hapy>kHas poranys) 0°

30-60°

I'nenoxymepainbubii 20-40°

JlonaTouyHO-TPYyAHOV (BepXHSIST poTanys) 11-23°

JlomaTOYHO-TPYAHOM (3aAHMIT HAK/IOH) 1,7-4,6°

JlomaTOYHO-TPYAHOV (HapyskHas poramus) 1,2—-2,5°

60-90°

I'nenoxymepanbHbiit 40—-60°

JlomaTOYHO-TPYAHOM (BEPXHSIS poTauus) 23—-29°

JlommaTOYHO-TPYAHOM (3aHUI HAK/IOH) 4,6—7,5°

JlonmaTo4YHO-TPyIHOM (Hapy>KHas poTaius) 2,5-3,3°

90-120°

Inenoxymepanbubiit 60-90°

JlonaTouyHO-TPYAHOV (BEepXHSIST poTanysy) 29—-38°

JlomaTOYHO-TPYIHO (3aMHUIT HAKIOH) 7,5-14,0°

JlomaTOYHO-TPYIHOV (Hapy>KHast poTarus) 3,3-5,3°

Knaccmd)m(aum[ AUCKMHE3UMU JIOIIATKN

Haunbonee momynsipHOii SIBASIETCS KacCupURaIs
IUCKMHEe3UM JIonaTKy, mnpemyioxkeHHas W.B. Kibler
¢ coaBTopamu [14]:

—tun 1 (Hvokasag gucdyukims — tilted scapula):
BBICTOSIHME HVDKHErO yIVIa JIOMATKU Haj TPyoHOM
KJIeTKOM c3aay (mepedHyii HAaKJIOH B CaTUTTaIbHOI
TIJIOCKOCTH);

- in 2 (MeguasbHas AUCHYHKIMS — winging
scapula): BBICTOSIHME BCET0 MeOMaIbHOTO Kpasl JIo-
MaTKM HaJ TPYLHONM KIeTKOM c3aay (BHYTPEHHSIS Po-
TaIysI JIONATKY;

- tum 3 (BepxHss mucHyHKuus — shrag): paHHSS
aJIeBaIMsI WY Ype3MepHast BEPXHSS pOTamys JomaT-
KV BO BpeMsI 3/IeBaluy BepXHeil KOHEUHOCTM.

OTnenbHas KaTeropmsi KOMOVIHMPOBAHHO
muckuHesuy Jsornatku — SICK scapula (Scapular
malpositioning, Inferior medial border prominence,
Coracoid pain and malposition and dysKinesis of
scapular movement) BCTpedaeTcsl MPeUMYIIeCTBEH-
HO Y aT/IeTOB OPOCKOBBIX BUIOB CIIOPTA U CUMTAETCS
Meperpy30YHbIM COCTOSIHMEM. KiMHUYECKU TMpOosiB-
JIeTCSsl TIepeJHUM HaKJIOHOM JIOTIATKM, ee TIPOTpakK-
1Mei, a Takke paHHel 3jeBalyeil IIpy OTBedeHUN
mieyva [6].

BHI/IILEMI/IOJIOI‘MH " 3TUOJIOTUSA IUCKMHE3UN
JIOIIATKU

IVCKMHEe3Ms JIOMaTKM 4acTO OTMEYaeTCsl y aTie-
TOB, 3aHMMAIIIMUXCS CIIOPTOM, IPEAIIONaralIIum
IBVDKEHMSI B TJIEUEBOM CYCTaBe BbIIIE TOPMU30HTAIb-
HOTO YPOBHSI — TeHHMC, BOJIeI00I, TyIaBaHKue, MeTa-
TeJIbHbIE BUABI criopra. Tak, J. Preziosi Standoli ¢ co-
aBTOpaMy, M3y4YMB KMHEMATUKY IJIEYEBBIX CYCTaBOB
661 IJI0BLIA IUTHOTO YPOBHSI, 0OHAPYXWIN 6eccuM-
nromuyio IJI y 8,5% [15]. PacnipocTpanennocts [J1
BBIIIIE Y CIIOPTCMEHOB, pab0OTAIONIMX BbIIIe TOPU30H-
TaQJbHOTO YPOBHSI, HESKEJIM YeM Y OCTAIbHBIX, BBUILY
HEeOOXOAMMOCTY MCIIOAb30BaHMUS TIOJTHOTO Ob6bema
IBVDKEHUI B IJIEUEBOM CYCTaBe, 3a4acCTyIO Ha BbICO-
KO cKopocTu [16].

HVCKMHe3MsT JIOMATKMU SIBASIETCS MHOTrOodaxTop-
HbIM cocTOsiHMEM. [IpuumHamu passutus IJI moryt
SIBJISITbCSL HEBPOJIOTMYeCcKMe (HaKTOPbI, MbBIIIEUHbBIN
nucbanaHc, aTOMOTHSI HEIIOCPeACTBEHHO TIIeUYeBOro
CyCTaBa, IOCTypaabHble HapyleHus [17].

W.B. Kibler ¢ coaBTopamu u J.B. Berthold c coas-
TOpaMM B CBOMX paboTax BBISIBUIM HEBPOJIOTUYECKIE
MIPUYMHBI, CIIOCOOCTBYWOIINME (opmupoBauuio IJI
TUIa 2, TakMe KaK MOBpeXIeHe JJIMHHOTO IPYIHOTO
HepBa, LiepBUKaabHas pagukyaonatus [9, 18].

147 2021;27(4)

TPABMATONOIMNA U OPTOMNEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



0Na NPAKTUYECKUX BPAYEW / FOR PRACTICAL PHYSICIANS

CormacHo paboram S. Gumina ¢ coaBTOpamu,
a taxke K. Otoshi ¢ coaBTOpamm, mocrypanabHbie
ajanTanyuu, B YaCTHOCTU TUMEPKUGO3 TPYIHOTO
oTAena MO3BOHOYHMKA, CITOCOOHBI OKa3bIBATb KOC-
BEHHOe BJMSIHME Ha HeNpaBWJIbHOE IIOJ0XeHue
JIOTMaTKu M, Kak ciaelcTBUe, BO3MOXHOEe pa3BUTHE
CAUC [19, 20].

Hamnbonee wactoit mpuumHoii passutus [JI, mo
mHeHuoo W.B. Kibler ¢ coaBTopaMu, cumTaeTrcss MbI-
[IEeYHbI/ ayucbaJaHC — YKOpPOUYEHMEe OIHOW TI'PYIIIbI
MBIIII] TPV HETPEHUPOBAHHOCTYU U CIabOCTU APYroit
[9]. Tak, ykopoueHMe Masoi rpygHOI MBIIILBI YIIOMU-
HaeTCs B IUTepaType Kak GakTop, OrpaHUUMBAIOIINI
3aJHMUII HaKJIOH JIOMIATKM U ee HapyXHYI0 pOTaluio
[21, 22]. B TO ke BpeMs c1aboCTh, K IpUMepY, Iepe/i-
Hell 3y0UaToil MBIIILbI, IPUBOIUT K CHUKEHUIO BEPX-
Helt poTaluy JIONMaTKU NPpU OJHOBPEMEHHOM YBeEJIN-
JeHUM BHYTPEHHeI ee porauuu [23, 24].

ﬂMaI‘HOCTI’IKa AVNCKVWHE3VMU JIOIIATKU

3agauamMy KIMHUYECKOTO OCMOTpa SIBJSIETCSI BbI-
sIBJIeHMe Haauuusl uian otcytcTBus IJI B onoxkeHUM
TOKOSI (BU3YaJIbHO IIPY OCMOTpEe C3aauM U COOKy —
BBICTOSIHME HMKHETO YIJIa JIOMATKY, ee MeIUaTbHOTO
Kpasi), a Takxke MpU OBMKEHUSIX B TIJIEYEBOM CYCTaBe.
[loMmMMO 3TOrO BaKHO MNPUMEHUTH AMHAMMUYECKUe
MaHeBpbI IJIsT OlleHKM 3(deKTa KOPPeKUMU TUCKU-
He3uu npu CAKC. 3TO MO3BOJUT BBISIBUTh BIAUSHUE
IUCKMHE3MM JIONMATKYM Ha CUMIITOMbBI Yy TMalleHTa
¥ BEPHO TMOCTPOUTH MOCIeN0BaTENbHYI0 MPOrpamMmy
peadbMINTAIMOHHOTO JIeUeHMS.

[Tpu nanbmauyuy Maaoi rpygHON MBILILLI ¥ KOPOT-
KOJ¥1 TOJIOBKY IBYIJIABOI MBIIIIIBI TIeYa OYAET ompe-
IeNIAThCSI UX YYBCTBUTEIBHOCTh BBUAY YKOpPOUEHMS,
B TO Xe BpeMsl NpU OBVDKEHUSX B IIJIeYEBOM CyCTaBe
60/Tb B ITPOEKIIMY BBINIEYKA3aHHbBIX MBIIII] MOKET OT-
CyTCTBOBaThb. [Ipy MaHya/JibHOJ MaKCUMMAaJbHON pe-
TpakUUM JIONATKM BpPauoM, a Takke MpU OTBeHeHUU
Iieya mpumepHo Ha 40-50° MOKeT BO3HUKATH OIILy-
1IeHYe YyBCTBUTEIbHOCTYU U HANIPSDKEHHOCTM JaHHbIX
mbr. M. Kluemper ¢ coaBTopamu MpeayioKuIn cie-
OYIOIIUI OTHOCUTENIbHBIA METO[I, OLIEHKM YKOPOUYEHMS
MaJjIoil TPYAHOM MBIIIIBI — MALMEHTY HEeOOXOIMMO
BCTaTh, IPV>KABIIMCh CIIMHOI K CTeHe, Bpau u3MepsieT
paccTosiHMe OT CTEHBI 10 IlepefHero Kpasi akpoMMOHa
¢ 06eMx CTOPOH 1 OILIeHMBAET Pa3HUITY B CAHTUMETpPaX
[25] (puc. 1).

S.S. Burkhart c¢ coaBTOpaMu COCTaBWIM CXEMY
olleHKY KoMbuHMpoBanHoii [IJI SICK scapula B moso-
>KeHUU MalMeHTa CTOS C OMyL[eHHbBIMU BIOJIb TYI0OBU-
1a pyKaMmu [6], IO KOTOPOI1 OIpenensieTcsi Hajlin4yue
60/71eBOTO CMHAPOMA B YKa3aHHBIX aHATOMMYECKUX
obnactsax, mapamerpbl JJI manHoro Ttuma — infera
WK ONyIIeHMe JIOaTK! B CAHTUMeTpax (110 BepXHe-
MeAuaJbHOMY YTy JIONIATKU), CTelleHb MPOTPaKLun
JIONATKM B CPaBHEHMM C HEBOBJIEYEHHOI CTOPOHOI,
a TaKXe CTelleHb ee OTBeAeHMSI.

Puc. 1. Onipenenenye qUCKMHE3UM JIONATKY ITyTEM
V3MepeHMsI PACCTOSTHMSI MEKAY 3aHUM KpaeMm
aKpOMMOHA M CTE€HO B MOJIOKeHUH TTAI[IeHTa CTOST
W JIeKa Ha CIIMHe

Fig. 1. Determination of scapular dyskinesis by
measuring the distance between the posterior edge
of the acromion and the wall in the standing

and lying on the back

AnbTepHATUBHBIN METOZ, ONpefeeHus MmepegHe-
TO HaKJIOHA JIOTIATKM KaK OJHOr0 U3 mposiBaeHuin 1J1
B nokoe omucanu J.D. Borstad u P.M. Ludewig [26].
B pabore mpeioskeHO U3MEePSTh IJIMHY MaJIOi Ipy-
HOJ MBIIIIIBI TTAllMEeHTa B TOKOE B TTOJIOXKEHUN Jieka
Ha criuHe (0T Kpast 4-To pebpa 1o HUsKHeMeOMalbHO-
ro Kpasi KJIIOBOBUIHOTO OTPOCTKA), MOCAEe Yero Bbi-
YUCISITh TaK Ha3bIBaeMbIi MHAEKC Majoii TPyIHOI
mblel (MMT) BBUAY BO3MOXKHOI BapuabeabHOCTU
U3MepeHUi B 3aBUCUMOCTHU OT pocTa uejoBeka. UMT
BBIUMC/ISVICSI TIyTeM [AefeHUsI TONYyYeHHOW IJINHBI
MaJIOl TPYQHOV MBIIIIBI HA POCT YeloBeKa U nocie-
IYIOIero yMHOKeHUSI TToaydeHHOo cyMMbl Ha 100.
CornacHo aBTopaMm, MIMI' omnpefensini yKOpouyeHue
MaJjioi TPYAHOM MBIIIILI TIpU pesyiabraTe 7,65 uan
HUKE.

OreHKa OMHAMMUUYECKOI CTabMIbHOCTU JIOTIATKU
Obla BepBbIe MpeiokeHa B pabote P. McClure c co-
aBropamu [27]. OHa BKIIIOUaeT B ceOsl HArPy30UHBII
TECT Ha MBIIIITbI-CTAOMUIM3aTOPHI JIOIIATKU U OTpefe-
JIeHVe UX YTOMJISIEMOCTHU TIPU ABVDKEHUSIX B TIJIEUEBOM
CycTaBe C YTSDKeIUTeNsIMU B 06enx pykax (1,4 Kr mpu
macce IaiyeHTa go 68,1 Kr 1 2,2 KT IIpy Macce Iauu-
eHra 6onee 68,1 kr) [21, 24, 23, 27]. [TauueHTy IIpe/Ia-
raeTcst BBITIOJHUTD OT 3—5 mo 10 moBTOpeHuii cruba-
HUS B 000MX IJIEUEBBIX CycTaBax (puc. 2). BeicTosiHME
100071 4acTy MeauaJbHOTO Kpasl JIOTIaTKM OIleHMBa-
eTcsd Kak Hanuuue JJI (IpU3HAK «yes») UK ee OTCYT-
CTBMeE (TIPU3HAK «NO»).

KommneHcupyiomye TecTbl OCOOEHHO aKTyaabHbI
npu auarHoctuke CAMC. Haubojee rmoka3aTelbHbI-
MU U AOCTOBEPHBIMU SIBJISIIOTCSI TECT aCCUCTUPOBAH-
HOTO JIBVMsKeHMS JionaTku (scapular assistance test —
SAT) u Tect peTpakiiuu jionaTku (scapular retraction
test — SRT) [14].
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Puc. 2. Tect
Ha IUCKMHEe3NI0
noraTtky mo McClure

Fig. 2. McClure
scapular dyskinesis
test

[Tpu BbITIOTHEHUM TeCTa aCCUCTUPOBAHHOTO JBU-
SKeHMsl JIOTIaTKM Bpad OKa3blBaeT MSITKOe [aBiie-
HMe Ha MeJMaJIbHbI Kpayl JoNaTKu IJjisl ee JOIoJI-
HUTEIbHOJM BepxHeil poTauuyu U 3aJHEero HakjaoHa
IIPY BBINIOJIHEHUM TAlIMEHTOM OTBeIeHUs BepxXHeil
KOHEUHOCTY, TeM CaMbIM HECKOJbKO YyBeIuuuBas
cy6aKpOMMUaIbHOE TMPOCTPAHCTBO M BBISIBJISAS POJb
IedulMTa BepxHeil poTaluu JOMAaTKKU U MepeHero
ee HakjJoHa B (opMMupoOBaHUM GOIEBOTO CUHAPOMA
npu CAUC. TecT peTpakuuu JIONATKU BBITIOJHSETCS
B [10JIO’KeHUM TaliieHTa CTOs Wiy cupg. [lanmeHT Bbl-
TIOJTHSIeT 5/IeBali0 BepXHell KOHEUHOCTH, IIPU 3TOM
UCCIeny0IIMii MaHyaJlIbHO OCYILECTBIISIET PETPAKIUIO
M 3aJHMI HAKJIOH JIOATKU. TecT cunTaeTcs MoaoxKu-
TeJIbHBbIM, eCJIM IIPU ero BBINIOTHEeHUM YMeHbIIaeTCs
MHTEHCUBHOCTD Gosu [14].

JleueHye JUCKUHE3UM JIOTIATKU

Bce Tumbl aucKuMHe3suu jomnaTku, Bkawodas SICK
scapula, TpeGyOT crenuduUuecKoii peadMIUTaLIOH-
HOI Tepanuu C UMHAUBUAYaAJIbHOM IPOrpamMmoON Ojis
KaK[IOTO MalieHTa B 3aBUMCUMMOCTM OT KJIMHUYECKUX

MPOSIBJIEHNI. BOCCTaHOBUTE/IBHOE JIeUeHME BKIIOUAeT
MMaCcCMBHbIE MEPOIPUITHUS (PYUYHON WIM MHCTPYMEH-
Ta/IbHBIN pPen3 YKOPOUEHHbIX M HAIIPSKeHHBIX MBIIIILI,
yCTpaHeHMe TPUTTEPHBIX TOUEK, 37IeKTPOMUOCTUMYJISI-
1IMs1), & TAKKEe aKTYBHbBIE MEPOIIPUSITUSI — crienyduye-
CKMe YIIPaskHEHUST Ha PACTSIKKY YKOPOUYEHHBIX CTPYK-
TYP ¥ CWJIOBYIO TPEHUPOBKY OCIa6/IEHHBIX MbIIIEYHbIX

TPYIIIL.

Manas epyouas moiuiya

Crioco6bI PaCTSKKM MaIOii TPYAHOM MBIIIIBI Te-
JISITCSL Ha TaCCUBHBIE M aKTUBHbIE. [IpM macCMBHOM
pacTsskke (cools stretch) B monoskeHuM IalyieHTa
Jlexa Ha CIYHe Bpad OCYLIeCTBJSeT HapyKHYH pO-
TalMio GOJIBLHOIO IIeda ¢ HeOOIbIIMM OTBeIeHUEM
¢ duKcammeil JonaTku. AKTMBHAS PACTSDKKA Majioit
TPYOHOM MBILIIBI OCYIIECTBJISETCS B IOJTOKEHUU
MaleHTa CTOSI Y CTeHbI C OTBedeHMeM Iuieda 150°
U Pa3OTHYTHIM JIOKTEBBIM CyCTaBOM [28].

M.M. Reinold c coaBTopamu, a Taxke S.S. Burkhart
C COAaBTOpPaMM SIBJISIIOTCS CTOPOHHUKAMU CAeyIOIINX
TEXHUK PACTSDKKY Majioli TPyJHOM MBI [6, 29]:

1. TlaccuBHOI (6€3 OMOIIM Bpaya) — B IOJIOXKe-
HUM TalMeHTa JieXXa Ha CIIMHEe CO CBEPHYTBIM U YJIO-
SKEHHBIM BJ0JIb TPYJHOTO OT[e/a MTO3BOHOYHMKA T10-
JIOTEHIIEM U OTBeJeHHBbIMM BEPXHMMM KOHEUHOCTSIMU
C TIOCTENIeHHbIM YBeIMuYeHMeM YyIJa OTBedeHUs [0
150° (puc. 3). [TaccuBHAST pacTsDKKa Ha KaskAOM yIiie
oTBeIeHMs yaepkuBaeTcs oT 30 mo 60 cex.

2. IIp BO3MOKHOCTM aKTMBHOM PaCTSIKKU MC-
MOB3YIOT PacTSKKY «90/90», mpennonaramlly OT-
BemeHue 1reda Ha 90° B coueTaHuUM co crubaHmeM
B JIOKTE€BOM cycTaBe Ha 90° B IMOJIOXXeHUM MalyueHTa
CTOS1 y CTEHBI C YIIOPOM B CTEHY ITpeIlyieybeM U JIafi0-
HbIO BOBJIEUEHHOJ BEpPXHE KOHEUHOCTHU (PUC. 4).

Puc. 3. PacTsbkka masoit I'py,[[HOV[ MBIIIIBI B ITOJIOKEHNMM JIEXKA Ha CIIMHE C BAJIMKOM B OJIb TPYOJHOTO OTOEIa

no3BoHOUHMKaA 1Mo M.M. Reinold u S.S. Burkhart

Fig. 3. Stretching of the pectoralis minor muscle in the supine position with a roller along the thoracic

spine according to M.M. Reinold and S.S. Burkhart
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Puc. 4. PacTsbkka Maioi TpyAHOM MBIIIILBI
B nnosioxxeHnu 90/90 cTost y cTeHbl win B eTisx TRX

Fig. 4. Stretching of the pectoralis minor muscle
in the 90/90 position standing against a wall
or in TRX loops

TpaneyuesuoHas Mpluya

TpeHUpOBKa TpaneluueBUAHON MbIIIIbI (GasaHC
BEpXHeI, CpeHei 1 HUXKHEN ee TTOPL ML) TaKKe Tpef -
JlaraeTcs ClenyuaaucTaMu B pasiMYHbIX BapualMsX.
A.M. Cools ¢ coaBTopamu 0co60e BHUMaHUE YAESIOT
YKpeIvIeHUI0 JAHHO MBIIIeYHOM TPYIIbI: (QIeKcus
BepxHell KOHeYHOCTHM Jieska Ha 3[0pOBOM 6OKy (OII-
LIMOHAJIBHO C YTSDKeIUTeNsIMU [IpU IIporpecce Tpe-
HMPOBOK), Hapy>KHasl pOTalus C YTSDKeIeHMeM Jiexka
Ha 3J0pOBOM OOKY (puc. 5), @ TaKke TOPMU30HTAIbHOE
OTBeJleHVe C HapY>KHO poTalyeii rieya jgexa Ha XXu-
BOTe C yTsDKesleHMeM (puUcC. 6). JJaHHble yIpakKHeHUSI
ONTUMAJIbHBI 1T BOCCTAHOBJIEHMS OajaHCa MEXKIY
BepxHeil ¥ HIKHENM NOpLUUAMU TpalelyeBUIHOM
Mblb! [30]. B To ske BpeMs duiekcus BepxHeit Ko-
HEYHOCT! B IIOJIOSKEHNM JIeXKa Ha 30,0POBOM GOKY (OII-
LIMOHHO — C YTSDKEIUTEISIMU IIPU [IPOTrpecCumt TPeHU -
POBKM), Hapy>KHasi poTalus € YTSOKeIeHMeM JieXxa Ha
HEeBOBJIEYEHHOM OOKy ¥ OGuiiaTepanbHOe pasrubaHye
BepPXHMX KOHEUHOCTEN C yTsKeleHueM JjieXka Ha JKU-
BOTE yKa3aHbl Kak Haubosiee 3¢ heKTUBHBIE IJIST KOP-
pekiuu aucbasaHca MeKAy BepXHeit U cpemHeii mop-
LUSIMU TpaneuueBUIHON MBILIIbI.

R.A. Ekstrom c coaBTOpamMyu OTMETWIM HaubGOJb-
LIYIO 3/eKTpomMuorpaduueckyio aKTMBHOCTb HUKHEN
MOPU MY TpaleleBUIHOV MBILILIBI IIPY BBITIOTHEHUA
TOPU30HTAIBHOIO OTBELEeHMU JieXXa Ha KUBOTE B CO-
YyeTaHUM C HAPYKHOI porauueit (TOpM30HTAIbHOIO
yrnpaxkueHus «full can»), a Takke ropM30HTAILHOTO
oTBefieHs Ha 120° (pOBHO 110 X0y HallpaBIeHUs BO-
JIOKOH HIVDKHeM nopuun) [31].

Puc. 5. HapykHast poTanyst B ITOJIOKEHUY Jieska
Ha 3I0POBOM GOKY C YTSKEJIEHMEM

Fig. 5. Sidelying external rotation

Puc. 6. TopM30HTa/IbHOE OTBEIEHME B COYETAHUU
C HapYy>KHOI1 poTaLyeli ¢ yTsoKeJleHueM

Fig. 6. Horizontal abduction in combination
with external rotation and weighting

ITo muenuto M.M. Reinold, Hanbonee sdpdexTus-
HBbIM CWJIOBBIM YITpakKHeHMeM, HallpaBJIeHHbIM Ha 6a-
JIAaHC CUJI Pa3IMYHbIX ITYYKOB TparneneBuIHOM MbIII-
LIbl, SIBJSIETCS OuiaTepanbHas HapyKHas pPOTALMS
B MOJIOKeHMM CcTosI pu 0° OTBemeHMS C pe3MHOBBIM
3CIaHIepOM Iiepeqn TpymHoOi KieTkoit (W-exercise),
akleHT MPU 3TOM [elaeTcs Ha peTpaKklyu JIOMaTOK
U 3ajHeM UX HakJIoHe [29] (puc. 7).
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Puc. 7. BunatepanbpHast Hapy>KHasi pOTaLys

B TTOJIO’KeHMM cTos1 Tipu 0° oTBemeHus mieda

C 3CMaHAepoM Iepef, TPYIHOM KIeTKOM

IS YKPeTUIeHMST H/KHEN TTOPIIVM TpaleyieBUIHOM
MBIIIIIBI ¥ IOOOCTHOM MbIIIbI (W-exercise)

Fig. 7. Bilateral external rotation in a standing position
at 0° shoulder abduction with an expander in front

of the chest to strengthen the lower portion of the
trapezius muscle and the infraspinatus

muscle (W-exercise)

Ilepednss 3youamas mvluya

M.M. Reinold ¢ coaBTOpamu B cBoOeii paboTe OT-
Meuasu, YTO JaHHAsl MBIIIIA OCOGEHHO BaXXHA [IJISI
KMHEMaTUKU JIONATKY, IIOCKOJIbKY OTBeYaeT 3a Bce
KOMIIOHEHTBl HOPDMAaJbHOTO ee [BVKEeHMUS B Tpex
IIOCKOCTSIX — BEPXHIOIO ¥ HAPY>KHYIO pOTaluy, 3a-
HMI HaKJIOH [32].

[epepusis 3ybuaTas MbINIIIA TakKke IOMOTaeT
CTabUIM3UPOBATh MeOUAIbHBIN Kpail JIOMATKU W
HJDKHUIA ee yrojl, TeM CaMbIM IpefoTBpallasl BHYT-
PEHHIOI0 POTalUMI0 JIONATKM M TepefHMUI HaKJIOH.
dnextpomuorpaduueckass akTMBHOCTb IeperHeit
3y64aToii MBIl YBETMUYMBAETCS TPU SJIE€BAIUU
BepXHel KOHEeYHOCTH, ONHAKO IIPY HaIWM4YMUK Y Halu-
enTa CAVC peKOMeH[I0BaHO BBINIOJIHEHNE YIIPAKHE-
HUIT U9 YKpeIUIeHus TepenHeli 3y6uaToii MBIIIIIbI
[IpM MEHbIIKX YT7IaX OTBeIeHMs, aKTUBHOCTb MbIILLIbI
IIPY KOTOPBIX TAKKE BeJIMKa.

HekoTopsiMu aBTOpamMmu ONMucaHel Hanbosee ad-
(ekTMBHBIEe yIIpaKHeHUS IS YKperuieHUsl Mepep-
Hell 3y0uaToil MBIIIIIBI, CAMBIMU PACIIPOCTPAHEH-
HBIMU U3 KOTODPBIX SIBJISIIOTCSI «OTSKMMaHMUS ILIIOC»
(push-up plus) — oTxkMMaHMSI C BBIIPSIMAEHHBIMU
JIOKTeBBIMM CyCTaBaMM MWCKIIOUUTEIBHO 3a CYeT
MIPOTPaKL UM JOMATOK — OT CTEHBI B IIOJIOKEHUY Ha
YyeTBepEeHbKaXx, a TaKKe KIacCuyeckye «OTKMMaHUs
IUIIOC» C BBIIIPSMJIEHHBIMU KOJEHHBIMM CYCTaBaMu
[33, 34]. B tuTepaType 66712 OTMeUYeHa 6osiee BbICO-
Kas snekTpoMuorpaduyeckass akTMBHOCTb MBbIIII[bI
npu 6osiee TOPU3OHTAIHHOM IOJOKEHUM TYIOBU-

1113, TO €CTh IPU HauOOJbIIIEM BIUSHUY IPABUTAIUN
[32]. CornmacHo uccinenoBanusim S.Y. Jeong ¢ coaBTO-
pamu u S. Kim ¢ coaBTopaMu, saeKTpoMuorpadu-
yeckass aKTMBHOCTb IlepenHeil 3yOuaTOil MBbIIIIIbI
TaKKe TPU «OTKMMAHUSIX IUTIOC» HA HeCTabuiib-
HBIX TTOBEPXHOCTSX BbIIIe, HEKEIM HA CTAOMIbHBIX
[35, 36].

M.]. Decker ¢ coaBTOpamMy CpaBHWIM HECKOJIbKO
TpyIIN YIIpayKHeHU /1S BbISIB/IEHMSI MAKCYMMAaIbHO Ha-
TpaBJIEHHBIX HA YBEJIMUEHME CUJIbI IEPEeIHEN 3y0UuaToi
mbIisl. [Ipy smekTpomuorpaduy OHM OOHAPYKUIU
HaMOOMBINYI0 aKTUBHOCTH MBIIIIILI TIPV BBITOTHEHUN
BBIIIEYTIOMSIHYTOTO YITPaXKHEHMS «OT)KUMaHMUS TITIOCY,
mu push-up plus, a Takke Mpu «IMHAMUIECKMX OOHMK-
maHusIx» (dynamic hugs) [37] (puc. 8).

Puc. 8. InHaMmmueckye 06HMMaHUS
C Pe3VHOBBIM 3CIAHAEPOM

Fig. 8. Dynamic hugs with a rubber expander

CornacHo ucciaemoBauusaMm R.A. Ekstrom c coas-
TOpammu, OJisI MaKCMMaJIbHOM aKTMBHOCTU IepemHeit
3yO6UaToi MBIIIIBI HEOOXOIUMO 0bsI3aTeIbHOE cove-
TaHMe IPOTPaKLUK U BepXHEN poTauym jonaTku [31].
[laHHbIe YCIOBUSI OOCTUTAIOTCS TIPU BBITIOJIHEHUU
YIIpaXkXHeHUST «IMHaAMUUecKue yaapbl» C pe3MHOBBIM
acrangepoM u diaekcueir 120°, Korma B MCXOTHOM
TIOJIO’KeHMM TTalleHTa BepXHSISI KOHEUHOCTb HaXOUT-
Cs1 B COCTOSTHMU TIPUBeAEHMS, a lajiee OCYIeCTBISIOT-
Cs1 TOPU30HTaIbHOE MpUBeeHNe, deBals BepxHeit
KOHEYHOCTM M pas3rubaHue B JIOKTEBBIX CYCTaBax
C TIOCTIeNYIOIEe MPOTPaKILMeN JTOMMaTKM.

Pom608uUOHbBIE MblLLLBL

PoM60BMIHBIE MBIl BBITIOJHSIIOT POIb CTa-
6UIM3aTOPOB MeAMATbHOTO Kpasl JIOMaTKu, OCy-
mecTBasis ee perpakiui. R. Paine m M.L. Voight
PEKOMEHIOBAJIM BBITIOTHEHME YIIPAXKHEHUS TITU Ha
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pOoMOOBMIHBIE MbIIIbI (low row) IpM UCIIOIb30Ba-
HMUY PE3VHOBOTO 3CMaHAepa, 3auKCMPOBAHHOIO Ha
YPOBHE XMBOTA Ha CTAOMILHOM OCHOBAHUM C HEOO-

|

|

|
1
| |

XOOMMOCTBIO TTOBTOpeHui1 oT 10 7o 20 pas, 1mo 3 mof-
Xoa TpU yaepsKaHUM CBedeHMUS JIOTIATOK I10 3 cek.
[38] (puc. 9).

{

| ! IA
-

Puc. 9. YiipaskHeHMe TSITM Ha pOMOOBIMIHbIE MBIIIILIBI C PE3VIHOBBIM 3CIIaHIEPOM

Fig. 9. Low-row exercise on rhomboid muscles with a rubber expander

3aKkioueHye

Knuuuyeckass olleHKa HapyIIeHMit KMHEMaTUKU
IJIEYeBOTO CyCTaBa HeOOXOAMMa IJisl OIpereieHus
TAKTUKU JIEUeHMS] Pa3JMUHBIX MATOJOTUI ILIeve-
BOTO CycTaBa. MIHCTpyMeHTa/bHasl Ayardoctuka 1
3aTPYIHUTENbHA, OCHOBHBIM METOIOM €€ BbIsBIIe-
HMUS SIBJIIETCS UICIIO/Ib30BaHMe KIMHUYECKUX TECTOB.
BoisiBienue JIJ1 v onipefiesieHNe ee TUIIA Y MTallIeHTOB
C TaTOJMIOTHEN MJIEYEBOTO CYCTaBa MO3BOJSIOT chop-
MMUPOBATh ONMTUMAJIbHBIA MPOTOKO peabuInuTaLuMy,
BK/TIOUAIONIVI TEXHUKY MMUOQacIMaJbHOIO pejn3a,
MaCCUBHYIO ¥ aKTUBHYIO PACTSIKKY CITa3MUPOBAHHBIX
M TPEHUPOBKY CJ1aObIX MBIIIEUHBIX I'PYIIN, HAMpaB-
JIeHHbIe Ha KOPPEKUMIO MOCTYPaIbHbIX HAPYIIEHMIT,
MaTOJOTUM TIEYEIONIaTOYHOTO PUTMa, BOCCTAaHOB-
JieH/e HOPMaJIbHOV GMOMEXaHUKM IJIEHOXYMepasib-
HOTO CyCTaBa.

HnpopmuposarHoe coznacue

MackupoBanue ¢ororpaduii He IIpOBEAEHO
B CBSI3U C TeM, UYTO obbekTamu cdortorpaduit siBis-
I0TCSl He IalMeHThl, a COTPYLHUKMU EBpormerickoii
KIVHUKYU CIIOPTUBHOM TPaBMaTOJOTUU U OPTO-
nepuu (ECSTO) uncrpykrop JI®K H.M. ITonkoB u
Bpau-peabunnrosor JXK.1O0. I[InancoH, KOTopble gaau
CBOe corjacue Ha IyO6aMKamuio M300paskeHUit 6es
MacKMUpPOBaHUS.

. Kibler

. Inman V.T,
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NHCTpyMeHTanbHagA AMArHOCTUKA

U NpeponepaLMoOHHOE NJIAHMPOBaHME apTPOCKONUU
Ta3o06eppeHHOro cycraBa npu pemopoauetTabynsapHom
UMMUHAXKMEHT-CUHAPOME: NeKLMUS

O.E. borononbckuit

QOI'BY «HayuoHanbHblli MeOQUYUHCKULL ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

demopoalleTabyIsIpHbIit UMIUHIKMEHT (DAU) 10 CBOe# CyTH SBISETCS MEXaHMYeCKUM KOHMIMKTOM, BOSHUKAIOMMM
TIpY B3aMMOJECTBUY Kpast BePTIYKHOM BIAAMHbBI C TOJOBKO U 1I€iiKOi 6eIpeHHO KOCTU U COMPOBOKAAIOMIVIMCS
KIMHUYECKUMU MPOSIBJIeHUSIMU. B OCHOBe 3TOTO KOH(IMKTA, KaK MPaBUIIO, JIEXKUT OJHO- UM IBYCTOPOHHMI aHATOMMU-
yeckuit medekT KocTeit, 06yciIaBaMBaIOIIUii HEIIPaBUWIbHYI0 hopMy Ta3obenpeHHoro cycraBa (TBC) BpOkIAeHHOI MU
Mpuo6GpPeTeHHO 3TMOoNOrMM. Ba30BbIM MHCTPYMEHTOM JIyUeBOM IMarHOCTUKM naTonoruu obinacty TBC TpaguIMOHHO
cyMTaeTcsl peHTreHorpadus, BoIMIOJIHEHHAS B IPSIMOJi TPOEKIMU U B TToJioxkeHUM Dunn 45° ¢ HapyskHO poranueit 40°,
MO3BOJISIONIAs OLIEHUTh aHATOMO-MOpdoIornueckoe cTpoeHne o6pasyoIMX CYyCTaB MOBEPXHOCTEN U UX B3aUMOOT-
HollleHue. BoisiBieHMe BhIpaskeHHbIX medopmanuii TBC MokeT MoTpe6oBaTh MPOBENEeHNUST KOMITbIOTEPHOI TOMOrpa-
un. Iy O11eHKU COCTOSTHUSI MATKOTKaHHBIX CTPYKTYp TBC, moBpeXmeHNsI KOTOPBIX YACTO BCTPEYAIOTCS Y MalMeHTOB
¢ ®AU, ncnonb3yeTcsi MarHUTHO-Pe30HAHCHAsI ToMorpadus miM MarHUTHO-pe30HaHCHas apTporpadmusi. CoBpemMeH-
HBIM METOAOM JieueHus nauyeHToB ¢ DA aBasercs aprpockonus TBC, K HEOCTOPUMBIM MPEUMYIIECTBAM KOTOPO¥
MOXXHO OTHECTM Majyl0 TPaBMaTUUYHOCTb OTepalyuiu, HU3KUI YPOBEeHb MHTPAOIePALMOHHBIX OCIOKHEHUI U KOPOT-
KUii MOCIeonepalyoHHbI peabUINTAIIMOHHbIN Mepuo. I ee YCIEIHOro MpOBeIeHMs] HeoOXOOMMO YUUThIBAThH
CJIOKHOCTD BBITIOJTHEHUSI, IIUTEIbHOCTD, TOTPEOGHOCTH B XOPOIeif TeXHUUECKOi OCHANIEeHHOCTH Ipoilecca M BhICOKMIt
YpPOBHEHb MAaCTEPCTBA omepupyloiiero Bpava. OMHAKO JaHHas omepalus MMeeT Psif OTpaHMUYeHU, YTO He06X0AMMO
YUUTBHIBATH MMPU OTOOPE MAIEHTOB.

KiioueBble CJIoBa: apTPOCKOIMS Ta300epEeHHOr0 CycTaBa, heMopoaleTabyasipHblii MUMIMHIKMEHT, ITOBPEKAeHNE CyC-
TaBHOI TYObI, JTydeBbIe METO/IbI AVMATHOCTUKMU.

HcTOYHUK PUHAHCHMPOBAHMS: MCCIENOBaHME IPOBENEHO 6€3 CIIOHCOPCKO MOMIE PXKKIA.

Boromonbckuii O.E. THCTpyMeHTa/IbHAs AMArHOCTHKA U MTPeAoIiepalMOHHOe TUIAaHMPOBaHKe apTPOCKOMM Ta306eIpeH-
HOTO cycTaBa nmpu GeMopoaneTadbyIsIpHOM UMITMHIKMEHT-CUHAPOME: aeKuus. Tpasmamonozust u opmonedust Poccuu.
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Instrumental Diagnosis and Preoperative Planning of Hip Arthroscopy
in Femoroacetabular Impingement Syndrome: Lecture

Oleg E. Bogopolskiy

Vreden National Medical Research Center of Traumatology and Orthopedics,
St. Petersburg, Russia

Abstract

Femoroacetabular impingement syndrome (FAI) is essentially a mechanical conflict that occurs when the acetabulum
edge of the pelvic bone interacts with femur head and neck with clinical symptoms. In a basis of this conflict, as a
rule, is a single or bilateral anatomical bone defect that causes an irregular shape of the hip joint with congenital
or acquired etiology. Radiography, performed in a direct projection and in 45° Dunn position with external rotation of
40°, is traditionally considered as basic tool for the radiological diagnosis of hip joint pathology. It allows to assess the
anatomical and morphological structure of joint surfaces and their relationship. Detection of severe hip deformations
may require computed tomography (CT). Magnetic resonance imaging (MRI) or magnetic resonance arthrography (MRA)
is used to assess the condition of soft tissue structures of hip joint, its damage is often found in patients with FAI.
The modern method of treating patients with FAI is hip arthroscopy, the undeniable advantage of which is low traumatic
nature of the operation, low level of intraoperative complications and short postoperative rehabilitation period.
For its successful implementation, it is necessary to take into account the complexity of performing hip arthroscopy,
its duration, the necessity for good technical equipment and a high skill level of the operating surgeon. However, this

operation has a number of limitations, which must be taken into account when selecting patients.
Keywords: hip arthroscopy, femoroacetabular impingement syndrome, acetabulum labrum rupture.
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BBenenmne

CI0KHOCTb BBITIOIHEHMSI apTPOCKOIIMM Ta306e]I-
penHoro cycrasa (TBC), B ToMm umciie mipu dhemMopo-
areTabyIsipHOM MMIIMHIKMeHTe (DAN), ee mim-
TEJbHOCTh M MOTPEOHOCTh B BBICOKOI TEXHUYECKO
OCHAIIeHHOCTY B 3HAUYMUTENIbHONM CTeleHu OKyIla-
eTcsl ee MaJiOli TPaBMAaTUYHOCTbIO, HU3KUM YPOB-
HEeM MHTPaoIepalMOHHBIX OCIOKHEHUI U OGbICTPO
peabwinTalMeil manMeHTa B IOCIEONepalyiOHHOM
rnepuoge.

B cepenyHe XX B. Ha OCHOBaHMM MCCIeL0BaAHUM
TPYIIHBIX CYCTaBOB CYMUTAJIOCh, YTO BBHITIOJIHEHME ap-
Tpockonmuyeckux onepanuii Ha TbC He nepCcriekKTUB-
HO ¥3-3a HEBO3MOXHOCTU IIOJIHOLIEHHOI'0 OCMOTpa
MOJIOCTM BEPTIYSKHOM BIAAMHBI U TOJIOBKYU OelpeH-
Hoit koctu [1]. JanbHejillee pa3BuUTUMe 3HAHUIL 00
aHatomuu, 6uomexaHuke u rmarosorun TEC, a Takke
pa3BUTHME TEXHUKU U CTPEeMJIeHMEe MUHUMU3UPOBATD
OIepallMOHHYI0 TPaBMy IIPUBEIM K 3HAUYUTEIbHO-
My pacrpocTpaHeHuto aprpockonuu TBC u pacum-
peHuIo ToKa3aHuil K ee mpuMeHeHuio [2, 3, 4, 5].
OpHako npu BeinoNHeHun aprpockonum TBC ume-
I0TCSI OTPaHUYEHUS] IPU KOPPEKUMUM BHYTPUCYCTAB-
HOJl mnartonoruyu [6]. PacmmpeHue BO3MOKHOCTEN
IIaHHOJ orepauyuiu MOXKeT ObITh JOCTUTHYTO 32 CUeT

NpUMEHEHUSI MeOMalbHbIX IOCTYIIOB, OJHAKO 3TO
COTIPSDKEHO € BBICOKMM PUCKOM MOBPEXIEHUS COCY-
OB ¥ HepBOB [7]. BbIpoci0 KOINMYECTBO OlepaLuii,
MPOBOAVIMBIX HE TOJIbKO MOJIOJBIM MaleHTaM, HO U
nuuam crapite 60 et [4, 5]. Oco6eHHO BO3pocia yac-
TOTa M POJIb aPTPOCKONNUY B JIeYEHUM TTOBPEXIEHUT
cycTaBHO ry6nl 1 Koppekuyyu AU [2, §].

CyliecTBeHHBI POCT 4UMC/Ia Olepanuii 3aKOHO-
MEpPHO BbI3BaJI yBeJIMUYeHMe YNCaa NaluyeHTOB, KOTO-
pble TI0 pa3HbIM IPUUYMHAM OKa3aaucChb He TOBOJbHbI
IOCTUTHYTBIM PE3YJIbTATOM JIeueHMs, YTO IIoTpedoBa-
JIO TIOBTOPHBIX OIlepPaTUBHBIX BMeIIaTeNnbCTB. YacToTa
TOBTOPHBIX omepauuit nowie aprpockonuu TBC, 1o
IaHHBIM pa3/JMYHBIX aBTOPOB, BapbUpPyeT B LIUPO-
KoM nuanasoHe ot 1,3% mo 50,0% u 6omee [9, 10, 11,
12, 13]. Haubonee vacToit MpUUMHON pPEeBU3MOHHBIX
omepaluii SBAsSeTCS COXPAHSIOMIUIACS UMIMHIKMEHT
MeKIY TOIOBKOJ/IIel Kol 6egpeHHOi KOCTU 1 BepT-
JIy>KHOM BIIaAVHOIA [14].

ITMOJIOTUS U [IaTOreHe3

B Hacrosuiee Bpemss @AY paccMaTpMBaeTCs Kak
MaTOJIOTMYECKUil TPOIecc, O0OYCIOBIEHHBI XPOHMU-
YeCKOM MeXaHMUeCKO} TpaBMaTu3aluel CyCTaBHOM
ryObI, Xpsia M Kpash BepTIYy>KHOI BIIaJMHBI T'OMOB-
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KOW MM IIeHKOM OeIpeHHOI KOCTM B pe3yibTaTe
HENPaBMIBHOTO MX MOP(HOJIOTUYECKOTO CTPOEeHUS,
TIPOSIBJITIONIMIACS OOJIEBBIM CMHAPOMOM M 3a4YacTyIo
orpannueHueM nBwkenuit [15, 16]. Heobxomumo
MOOYEPKHYTh aKTyaJbHOCTb MMEHHO KIMHUYECKOTO
MPOSIBJIEHNST 3a00/1eBaHMs, TaK KaK Hajmuumue medop-
Mallyy TOJIOBKM GeIpPEeHHOM KOCTU WIJIM BEPTIYKHOI
BHAAVHBI 6€3 KIMHUYECKOTO ITPOSIBIIEHMS HE MOXKET
OBITh OTHECEHO K 3a00JIEBAaHMIO, 4 MOXET CUUTATHCS
JIMIIB TIpegpacnonararimmumm dakropamu [15].

AchepuYHOCTb CYCTAaBHBIX ITOBEPXHOCTEN MOKET
MMETbh MECTO KaK CO CTOPOHbI BHYTPUCYCTABHOTO OT-
nIena 6egpeHHON KOCTU B BUJE [I€€YHO-TOMIOBOUHBIX
IedopMaliuii, Tak ¥ CO CTOPOHBI BEPTIIY>KHO BITaAM-
Hbl. OgHAKO Yallle HabII0[aeTCs CMeLaHHbIi TUII e-
dbopmarmii [17, 18].

HedbopMaliiusi BHYTPUCYCTABHOrO OTHena Oep-
PeHHOIt KOCTM, NPUBOAAILAS K MMIMHIKMEHTY U
HasBaHHas cam-gedopMaliueii (OT aHII. cam — Ky-
JIaK), SIBJISIeTCS yallle BCero CiefCTBMEM IepeHeceH-
HBIX B JIETCKOM BO3pacTe 3ab0/iieBaHMil, TaKUX KaK
smuGM3UOIN3 TOJOBKM OeIpeHHOV KOCTU, O0ojIe3Hb
Jlerra—KenbBe -Ilepreca, wiu MOXKET ObITh CI€ICTBU-
€M MOyYeHHbIX TPaBM, Pa3BUBILIUXCS MOCTTPaBMaTU-
yeckux gedopmanuii I USMEHEHUI B pe3yybTaTe
TTOCTOSTHHBIX M30bITOYHBIX HArPy30K [19, 20].

HapyiieHnst ctpoeHust BEPTIY>KHOM BITQAMHbBI HO-
CSIT B TIOJIABJISIIOIEM OOJBIIMHCTBE BPOSKAEHHBIN Xa-
pakTep, POSIBASIIOIMIICS B BUIE HeLOTIOKPBITUS WIIH,
Ha060pOT, M3OBITOYHOTO ITOKPHITHS TOJIOBKM GeipeH-
HOJM KOCTM, a TaKKe BBICTYIIAIOIEN MepegHeii CTeH-
KM BepmIyskHOM BmaauHbl [21]. TIpu obcreqoBanum
naiyenTa ¢ @AW, kpoMe pyTMHHOTO c60pa aHaMHe-
3a ¥ OCMOTpa MaluMeHTa C NpoBefeHueM MaHyallb-
HbIX TECTOB, BBITIOJIHSIETCS JIyueBasi AMarHoCTUKa IJ1si
BBISIBJIEHUS U OLIEHKM MMEIIIMXCS MaTOI0rMYecKux
M3MeHEeHU B Ta300epeHHOM CYCTaBe.

JIyueBast AMArHOCTMKA
Penmeenozpagpus

TpaaAuIIMOHHO AMATHOCTMKA IaTOJIOTUM 00JIaCTU
TBC HauMHaeTcs ¢ peHTreHorpadum, KoTopasi o3Bo-
JISIET OIIEHUTh MOP(OTIOTNUECKOe CTPOeHME 06pa3yo-
LMX CYCTaB MOBEPXHOCTEN M MX B3aMMOOTHOIIIEHNeE.
[j1s1 BBISIBIEHUST TIATOJIOTUM pa3inyHbIX 0THenoB THC
6bLIM pa3paboTaHbl M ITOAPOOHO OMMCAHBI MHOIO-
YlC/IeHHbIe YKIaIKM U TIpaBuia UX BBITIOTHEHUST KaK
B OTeUeCTBEeHHOI [22, 23, 24], Tak U B 3apyOesKHOI T1-
Teparype [25, 26, 27, 28, 29].

PenTreHomornyeckoe 06CIeI0BaHNMe TAlVeHTa
¢ @AY HauMHAETCS C BBIMTOMHEHMS 0630PHOTO CHUM-
Ka Tasa B MPSIMON TPOEKIMM B TIOJOKEHUU CTOs
C BHYTpEeHHejt poranyeit o6eux crom Ha 15°. TIpu BbI-

TOJIHEHUUM JTAHHOTO MUCCIeNOBaHUSI BaXXHO He JOIy-
CKaTh porauuu Tasa [24, 25, 26, 27]. IIpu nmpaBUIBLHO
BBITIOJTHEHHO? peHTreHorpaduy Tasa CpemHSs JIK-
HUSI KPeCTLia ¥ JIOHHOTO COYJIeHeHUSI HaxOAsTcs Ha
OIHO NMUHUM, a «PUTYPBI CJIE3bI» U 3aIMpPaTEbHbIE
OTBEpPCTUSI CMMMETPUYHBI. BbIllOTHEeHNEe peHTTeHO-
rpaMMbl B TOJOKEHUM CTOSI MO3BOJISIET PACCUUTATh
TOYHOE 3HaueHMue BBICOThI CYCTaBHON Ienu, olie-
HUTbh COOTBETCTBME LIEHTpPa POTaluU TOJOBKU Oefi-
PEHHOJ KOCTU M BEPTIYKHOJM BHAAVHBI, IOJOXKEHUE
repenHero M 3aJHero KpaeB BEPTIYKHOI BIIaJVHbI
B 3aBUCUMOCTM OT MHOMUBUIYATbHBIX TTOSICHUYHO-Ta-
30BbIX B3aMMOOTHOLIeHMiA [30].

BpicoTa cycTaBHOWM Wienu SIBSIETCS KOCBEHHBIM
rokasaTrejieM M3HOCAa CYCTaBHOTO XpSlia M AO/DKHA
ObITh He MeHee 2 MM. [Ipy MeHbIIeli BbICOTE CYCTaB-
HOJ 1Ie/ix pe3Ko yXyZAulaeTcs MPOrHO3 MCXoAa oIle-
paTMBHOTO JieueHus [12], 0CO6EHHO ec/u BU3YaIU3U-
pyeTcs HepaBHOMEDHOe CysKeHMe CYCTaBHOI Ienu,
yallle BCero B jaTepajabHOM oTAerne [31].

Penmeeronozuueckas  oduazHocmuka hamonaozuu
sepmyxcHoli enaduxsl. Hambonee BasKHbIMM KpUTe-
pUSIMM OLIEHKM aHaTOMMM BEPTIYKHOI BIIagMHBI SIB-
JISIIOTCS LeHTPa/IbHO-KPAaeBOW Yroji, MpeaosKeHHbIN
Wiberg B 1939 r. u moguduuupoBanHsbiit S. Ogata
B 1990 r., nepegHMI1 LIEHTPAIIbHO-KPAeBOi1 yroi (Yroa
Lequesne) u yron HakJ0Ha KPbIIIY BEPTIYKHO BIa-
IvHbl (yroa Tonnis).

g ompeneneHUss UCTMHHOTO 3HAYE€HUS JjaTe-
PaJIbHOTO TTOKPBITHS TOJIOBKM GeIpeHHOI KOCTU pac-
CUMUTBIBAETCS JIaTEPAJbHBIA LEHTPaJbHO-KpPaeBOi
yron Wiberg (LCEA) B mogudwukauumu S. Ogata [32].
[T TIOCTPOEHMSI STOTO yIVIa Ha 0630PHOI PEHTIEHO-
rpaMme Ta3a MPOBOIST MPSIMYI0 TMHUIO, TPOXOISIILYIO0
yepes OCHOBaHUS «DUTyp ciae3bl». BTOpPYI JUHMUIO
MIPOBOJST uepe3 IIeHTP TOJIOBKM OelpeHHOIi KOCTH,
MepHeHOUKYISIPHO I€pBOM JMHUM. TpeTbs JIUMHUS
MPOXOAUT OT LieHTpa roJI0BKY 110 JIaTepaibHOMY Kpato
CKJIEpO3MPOBAHHOM YaCTU CYCTaBHOM IMOBEPXHOCTU.
Vron Wiberg, o6pa3oBaHHbIi BTOPOil U TpeTheil Ju-
HUSIMU — OCTPBIiA Yrojl, KOTOPbI B HOPME COCTaBJISIET
oT 25° mo 35° (puc. 1). Vi36bITOUHBIN yron 6onee 35°
CBUIETENLCTBYET O pincer-gedopMaLyy BepTITysKHOM
BITAAVIHBI ¥ MOXKET OBITh MPUUMHON UMITMHIKMEHTA.
BapuaHTOM CTpOEHMS BEPTIIY>KHOI BITaAVHBI C U30bI-
TOYHBIM ITOKPBITHEM SIBJISIIOTCS ITYOOKAsT BEPTITY>KHAS
BITaAMHA U NPOTPy3usi. [JaHHbBIMA TUIT CTPOEHUS BepT-
JIy>KHOV BIIaJMHBI He SIBJISIeTCS TPOTUBOIIOKa3aHueM,
HO He GJIarOIPUSITEH 1S BBITIOTHEHUS aPTPOCKOTINN,
C TOYKM 3PEHUS] TEXHUUECKUX CJIOKHOCTEN U UCXopa
[33]. I[TpomeskyTouHOe 3HaUeHMe ot 20° 1o 25° cumra-
eTCsl IOTPAaHUYHON AUCIIa3uelt, a BeIuuuHa MeHee
20° — yKe MOKa3saTeIb AUCIIa3sun.
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LCEA<20°
20°<LCEA<25°

25°%L CEA<35°

35°<LCEA

MHorouucieHHble MCCIeN0BaHMUS ITIOKa3aau Xo-
poliye pes3yabTaTbl apTPOCKOMUM Y TAlMeHTOB
¢ ®AU Ha doHe MOrpaHUYHON TUCILIA3UU BEPTIYK-
HOJV BIIAOVHBI MPU YCIOBUM IIBA CYCTABHO TyObI U
BOCCTAHOBJIEHMS LIeJIOCTHOCTU KaIlCy/bl CycTaBa [34].
Ho cToUT NOMHUTB, UTO KaXKObI/i MUJJIMMETP pe3eK-
UMM Kpasi BePTIY>KHOM BIAAMHBI MPU BOCCTAHOBIIE-
HUY CYCTaBHO T'yOBI yMeHbIIaeT BenyunHy yriaa LCEA
npuMepHOo Ha 1° [35]. IIpy BbISIBIEHMM Y HallMeHTa
MUCTUHHOM AUCIIa3UM CTOUT OTHABATh MpeJoYTeHne
BBITIOJTHEHUIO ITepualeTabyIsipHOi OCTeOTOMUM, BO3-
MOXXHO, C OHOBPEMEHHOI apTPOCKONMYECKO KOp-
peKIMeli BHYTPUCYCTaBHbIX MOBPEXXIeHN U gedop-
manuii [36].

BeilosiHeHMe peHTreHOTpaMMbl B IIPSIMOI IIPO-
€KLY B TIOJIOKEHUU Tal[MeHTa CTOsI MO3BOJISIEeT BbI-
SIBUTh HapylleHus: (GPOHTAIbHOrO GajaHca Taza u
MIpU pas3inumum B AjIHe HIKHUX KOHEYHOCTE MOKeT
BBISIBUTDH Tleperpy3Ky JiaTepaJbHOTO OTAe/Na CycTaBa
Iaske Py HOpMaIbHO BenuuuHe yria Wiberg.

BaxkHbIM mMoOKa3aTesieM IMPaBUIbHOCTM aHaTO-
MMUUECKOTO CTPOEeHMUSI BEPTIY>KHOI BIAAMHbBI SBJS-
eTcst yron Tonnis. [js1 onpeneneHus 3TOTO yIria Ha
0030pHOJI pEeHTreHorpaMMe Ta3a, BbIIOJHEHHOI
B TTOJIOKEHUM CTOSI, IIPOBOJST MPSIMYIO TMHUIO, ITPO-
XOISIIYI0 uepe3 OCHOBaHMS «bUTYp ce3bl». BTopyio
JIVHUIO TIPOBOJSAT Uepe3 MeaualbHbINi Kpail CKIepo-
3MPOBAHHOM 4YaCTU KPBIIIM BEPTIYKHOM BIaAVHBI
napasiyieIbHO MepBOil IMHUM. TpeThsl AMHUS TIPOXO-
IUT OT MeOMUaTbHOTO Kpasi CKIepOo3MpPOBAHHON Yac-

0°%<Tonnis<10°

. Tonnis<0°

Puc. 1. OnipefeneHue iaTepaabHOTO LIEHTPAIbHO-
kpaeBoro yria (LCEA) (mmokasaH JieBblit Ta306eIpeHHbI
CyCTaB):

a — onpenenenue yrna Wiberg B Moaudukaunn Ogata;
b — BapMaHThI CTPOEHUST BEPTIIY>KHOI BIIaJMHbI

B 3aBMcuUMOCTH OT yria LCEA

Fig. 1. Determination of the lateral center-edge angle
(LCEA) (left hip joint):

a — determination of Wiberg angle in Ogata modification,;
b — variants of acetabulum structure depending

on the LCEA

TU KPBIIIM BEPTAYKHOI BHaAMHBI A0 JlaTepaJbHOIO
Kpasi. OCTpBbIil YyTOI MeXAY BTOPOW U TPeThei TUHU-
SIMM ¥ €CTb yTOJI HaKJIOHA KPBIIIY BEepPTIYKHOM BIia-
OuHbI (puc. 2a). B HopMe OH AOKeH COCTAaB/ISATh OT
0° mo 10°. Yron Tonnis meHbliie 0° CBUIETENbCTBYET
o pedopmanuy tuna Pincer BepTIysKHOM BITaAVHBI
MU Ke O INTyGOKO¥ BEepPTIYSKHOI BIIaAMHE MU IIPO-
Tpy3un. Yros Tonnis 6osbie 10° IBISIETCS OMHUM U3
npusHakoB aucruiasuyu TBC (puc. 2b). B atom cryuae
CTOUT OOPATUTH BHUMaHME Ha COBMAAeHUY IEHTPOB
poOTauMyM TOJIOBKM OeOpPEeHHON KOCTU U BEPTIYK-
HOJi BriaguHbl. He crouT mpuberaTh K apTPOCKOIUMN
TBC npwu BBISIBIEHUM HECOOTBETCTBUS APYT OPY-
Ty IIeHTpOB pOTallMM, T.K. B JaHHOI CUTyalluu 3TO
CBUIETEILCTBYET O IMOABBIBUXE Y HECTAOMIBHOCTU
CycTaBa U/WiIX O 3HAYUTETbHOM JIOKaJTbHOM M3HOCE
xXpsiia.

BakHbIM OMarHOCTMUYECKMM MOMEHTOM SIBJISIETCS
OIleHKa COOTHOIIIeHMSI TepefHero M 3aJHero KpaeB
BEPTIY>)KHOM BIIaAVHBL. B HOpMe Ha peHTreHorpamme
Ta3a NepefHU U 3a0HUI Kpasi BEePTIY>KHOW BIaau-
HbI He TlepeceKaloTcs, a 3aHMI Kpaii MPpOXOAUT uepes
LIEHTP pOTallyy TOJIOBKM O6eipeHHOoIi KocTu. OmHUM U3
BapMaHTOB CTPOEHUs SIBJSETCS MepeceueHye rnepe-
Hell U 3aJHel CTeHKaMM C IPaBUIbHO OpUeHTale
3aJHeli CTeHKM, Ha3BaHHbBI MPU3HAKOM IlepeKpecTa
(cross-over sign). B aToii cuTyanum umMeeT MeCTO BbI-
CTYyNawIIuii TepefHe-BepXHUIM Kpall BepPTIy>KHOM
BITAAVIHBI, CHVDKAIONIVI 00beM CTMOGaHMS M BHYTPEH-
Heli potauuu B cycraBe. OgHaAKO yalle NMpyu HaaUu4Inm

Puc. 2. Onpepenenne ymia Tonnis (a); BApMaHTbI CTPOEHMS
BepTIY>KHOJ BIIaAMHBI B 3aBUCUMOCTU OT yia Tonnis (b)

Fig. 2. Determination of Tonnis angle (a);
variants of the acetabulum structure depending
on Tonnis angle (b)
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rnepeceueHus TepenHeit U 3agHeEN CTEHOK BCTpeda-
€TCsI peTpoBepCUsl BEPTIYKHOM BriaguHbl. [Ipyu sTOM
BU3YaJIM3UPYETCS 3HAK MepeKpecTa, a 3aJHsIs CTeHKa
BEPTIYKHOIM BIIAAMHBI PacIOOXKeHa MeAuaabHee

[IEHTPa pOTalyy TOJOBKM OeipeHHO KocTu [37, 38].
Hepenko mpu peTpoBepcuy BepPTIYKHOW BHAAVHBI
MOHO YBUJIETb BBICTYIAIOIIYIO CeAATUIIHYI0 OCTb
(puc. 3) [39, 40].

Puc. 3. [IByXCTOPOHHSISI pETPOBEPCHS BEPTIY>KHOV BITaAMHBI:

a — uHAeKc petpoBepcun = A/(A+B) x 100;

b — cxemaTH4HOE M300paskeHMe PETPOBEPCUM BEPTIYKHON BIIAAVHBI.
C — cemanuuiHas ocTh; D — mepemHuit Kpaii BepT/IysKHOM BIaguHbl; E — IeHTp poTaium, IyHKTUPOM 0003HaUYeHa
3aJHsIS CTeHKa BepTIIY>KHO BIIaAVHBbI, IPOXOSIlas MeAyaabHee IeHTPa poTaluu roJIOBKU

Fig. 3. Bilateral acetabulum retroversion:
a — retroversion index = A/(A+B) x 100;
b — schematic view of acetabulum retroversion.

C — sciatic spine; D — anterior edge of the acetabulum; E — center of rotation, dotted line indicates posterior wall

of the acetabulum, passing medial to the rotation center

B nuTepaTtype He yIasioch HAiTU TOYHOE 3HAUEHME
MHIIeKca peTpoBepcuu (OTHOIIEHME PACCTOSTHUSI OT
BepxHero Kpasi BepTIyKHOI BITaJMHBI 10 Tlepeceve-
HUSI TIepeHero M 3aJHero KpaeB BITAAMHBI K 0OIIei
IJIHE BEPTIY>KHON BHaAMHBI M YMHOKeHHOe Ha 100),
TIpY KOTOPOM BBITIOSTHEHYE apTPOCKOITMY TTPOTHUBOTIO-
Ka3aHo. OHaKo OTHebHbIe UCCIe0BaHNs, B KOTOPBIX
U3YYaMCh Pe3yIbTaThl (heMOPOILIACTUKY B YCUIOBUSIX
peTpoBepcuy BepTIy>KHOW BIIAAMHbI, [TOKa3a/1IM I1JI0-
Xye pe3yabTaThl B 33,8% Habmomenuii [41]. B mpyrom
MCCIeNOBaHMM ObIT ITOJIYYeH XOPOWIMii pe3yabTaT
Yy TAaIMeHTOB C BEJINYMHOV CpelHell peTpoBepCun
35,1% [42]. BeposAITHO, BOTIpOC 06 OrpaHMYeHUN TTOKa-
3aHUI K apTPOCKONNYU IPU PETPOBEPCUM BEPTIY>KHOMN
BIAMHBI JOJDKEH pacCMaTpMBaThLCS He TObKO MCXOs
13 BeJIMUMHBI MHJEKCA PeTpoBepcuy, HO M Ha OCHO-
BaHUM IPYTUX aHATOMMUYECKMX (aKTOPOB, B T.U. yIjia
c(hepUUHOCTY TOJIOBKM OeIpeHHOI KOCTH.

ITpu ananu3se anaTomuy TBC He06XOAMMO OLIEHUTD
CTpOeHMe TiepeJHero OT/esia BepPTIy>KHO BITaJAVHBI.
[JiT 9TOTO BBIMIOJHSIETCSI PeHTreHorpadusi cycraBa
B IIPOEKIINM «JIOXKHOTO» Ipoduist. Ha peHTreHorpam-
Me OIpenensiioT NepeJHUI e HTPaIbHO-KPaeBoi yroi
(yron Lequesne) 1o meTonuke, UAEHTUYHON omnpene-
JIEHMIO JIaTepaJbHOTO I[eHTpaIbHO-KpaeBOro Yyrja.
Ilo Mepe HaKOIUIEHMSI KIMHUYECKUX HAGTIOIEeHMI
65110 cOPMUPOBAHO pasfesieHue: MmepeIHuii eHT-

paJIbHO-KpaeBoit Yyrojl B HOpMe COCTaBisieT 25°, yron
B auana3oHe 20-25° gBiseTcs MorpaHNJHOM AyCIIa-
3ueit, a yron MeHee 20° paciieHMBAeTCs KaK OUCIUIa-
3us. J.R. Crockarell Jr. c coaBTOpaMu IT0JIaraoT CUUTATh
HOPMOIJ1 [Jis1 TIepefHero IeHTpaJbHO-KpaeBOro yriaa
17° u 6omee [43].

[IOTIOMHUTEIBHO HA peHTreHoTpaMMe JIOKHOTO
npoduist He0OXOAMMO OLIEHUTh CTPOeHMe MmepenHeit
HIDKHEl 0CTM MOAB3IOIIHOM KocTu (anterior inferior
iliac spine — AIIS), KoTOopast MOKXET CO3[1aBaTh YCJIO-
BUSI [IJISI TIOJOCTHOTO MMITMHAXKMEHTa MpU 2-M WIn
3-eMm TuIie CTPOeHMUs [44].

Penmeeronozuueckass OudzHoCmuka  HapyuleHus
cpepuunocmu 2on08ku OedperHoli kocmu. B 2002 T.
H.P.N6tzli ¢ coaBToOpaMu IpeaiosKIu MeTO, OIpeae-
JieHus JedopMaliuy TOJIOBKM 6eIpeHHOIT KOCTU C MUC-
MOJIb30BaHEM KOpoHapHoro cpe3a MPT [45]. OnHako
3TOT METOH, MPUMEHUM U IJisi peHTreHorpaMm [46].
ChepuuHOCTb TOJOBKM PACCUMTHIBAETCS ITyTEM MU3-
MepeHMsl yIia MeXIy JIMHUEl, MPOBeleHHO uepes
LIEHTp ILeiKY ¥ FOJIOBKM OeIpeHHOl KOCTU, ¥ BTOPOit
JIMHMEN, IPOBeIeHHOl OT IIeHTpa TOJIOBKM OempeH-
HOJ KOCTM K TOYKEe OKOHYaHMS ChepUUYHOCTU T'OJIOB-
KM, TJIe HAYMHAETCST BHICTYITAIONMIAst YaCTh C OOMBIINM
pagmycom (R), uem paguyc (r) rolIOBKM. Yron chepuy-
HOCTM Ha3BaH yIJIOM anbda (o), ¥ B IUTepaType Mpu-
BOISITCSI pa3/MdHbIe ero 3HadeHusI B Hopme (puc. 4).
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Puc. 4.
Omnpenenenue
yIia o

Fig. 4.
Determination
of the o angle

H.P. Notzli ¢ coaBTOpamMu orpenenuau cpemHee
HOpMajbHOe 3HaueHue yria o B 42°, C.W. Pfirrmann
¢ coaBTopamu 1 J. Zhou ¢ coaBTopamu — B 55° [47, 48].
K.K. Gosvig ¢ coaBTOpaMu peKOMeHIOBaIu OIpene-
JIITh HE TOJIbKO HOPMaJIbHBIN YTOJI o, HO ¥ IOTPaHUY-
Hble 3HaUeHUs, IPU KOTOPBIX B COUETaHUM C PYTUMU
(akTopamMM BO3MOKHO TMpOSIBIeHME KIMHUYECKON
KapTUHbI MUMIMHIXMeHTa [49]. HopmasbHbI yron o
ObUT OTIpefiesieH IJis MYXYMH PAaBHBIM WM MeHbIe
68°, mjs xeHmuH — 50°. [lorpaHuvHble 3HAYEHUS
ObUIM OTIpeneneHbl OT 69° mo 82° mjist MY>KYUH U OT
51° mo 56° mist keHIMH. HeKoTopbie McciieqoBaHMS
BBISB/ISIIOT 3HAUMTEIbHOE COBIIaJIeHNe MeXIy Iua-
[a30HOM 3HauyeHMit yIia o KaK y MalyeHTOB C CUM-
nromamu DAV, Tak ¥ B KOHTPOJIbHONM rpymme 6e3
KIMHUYECKUX TposiBiaeHuit [50] win mokas3piBaloT OT-
HOCUTENIBHO C1abyio muddepeHIIMPOBKY CUMITTOMA-
TUYECKOIi ¥ GeCCUMITTOMHO TPYII B 3aBUCUMOCTHU

OT yIJIa o, OTpenessis CpenHyue 3HaueHUs B IpyIIIe
CpaBHeHMs paBHbIMU 47,0¥2,0°, a B TpyIime ¢ KIVMHU-
yeCcKuMM NposiBeHussMu — 67,4£8,0° [51].
VuuThiBasi, YTO yalie Bcero cam-aedbopmanys
TOJIOBKU/IIE KM OGeapeHHOM KOCTU JIOKaJM3yeTCs
B mpoMexyTke 11:45-2:45 ycnoBHoro uudepbnara
nnst mpaBoro TBC u 9:15-12:15 ycinoBHOro umdep-
6nata gjst eBoro TBC, HeoOGXOmUMO OILEHUTDH cde-
PUYHOCTbD INepegHe-BePXHEro OTAea FoJIOBKM/IEAKN
6empeHHOI KOCTH [52, 53], maske ec/i Ha CHMMKeE Ta3a
B IIPSIMOJ TTPOEKLMY HET JAaHHBbIX O HapyIIeHuu che-
PUYHOCTU TOJIOBKM (puc. 5a). C 3TOJ 1LIeJIbI0 BBIIOJ-
HSIIOTCSI peHTTeHorpamMMbl 110 Dunn 45° ¢ HapysKHOI
poraumeii 6empa Ha 40° (puc. 5b) u usmepsiercs yron
c(hepUIHOCTY rOJIOBKYM OeIPEeHHOI KOCTMU.
BrInonHeHMe cTaHOApPTHONM yKaagky mo Dunn 45°
rmogpasymeBaer crubaHme B Oenpe Iof ymiom 45°,
oTBefeHye Ha 20° U HeWTpaJbHOE TOJIOKEHNE CTO-
bl [54, 55, 56]. OgHAaKO B MMUTepaType 3a4acTyi0 BbI-
MOJIHEHMEe YKAagKu 1Mo Dunn 45° B KjIacCUYeCKOM
BapuaHTe 3aMeHSIeTCS Ha BBITIOTHEHME 3TOV YKIaIKN
¢ poraiueit 40°. I[Tpu crubanuy B TBC Ha 45° 1 Hapyk-
HO1 poranum 6enpa Ha 40° BeIgBIeHMe Aedopmann
yiryuraetcs [57]. 'Horma BO3HMKAET CUTyalusl, KOr-
Ila TIpY M3MEepeHUM YIa o. MbI ITOJydyaeM 3HavyeHue
meHbIre 50-55°, ogHaKO BU3YaJIbHO MOKHO OIpefe-
JIUTh CHVDKeHMEe ChepUIHOCTH TOJIOBKM OelpeHHOI
KocTu (puc. 6a). B aroit cutyamum OGymeT IOe3HO
usMepene opceTHOro KosdgouiueHta (OTHOIIEHME
PacCTOSTHUST MEXKIY TapajuieTbHbBIMU JIMHUSIMU OCU
LIEeiKM, KOTOPbIE ITPOBOASTCS IO KParo IIEeKM U Kparo

Puc. 5. Iedopmarius epenHe-BepxHero oTaesna
TOJIOBKM/IIEI iKY G€APEHHOI KOCTH:

a — peHTreHorpamma jsiesoro TBC 6e3 Mpu3HaKkoB
cam-gedopmarnnu;

b — penrtreHorpamma yieBoro TBC B monoxkeHUM
o Dunn 45° ¢ portaiueii 40°

Fig. 5. Deformation of the anterior superior part
of femoral head/neck:

a — left hip X-ray without signs of cam-deformity;
b — left hip X-ray in 45° Dunn position with
rotation 40°

Puc. 6. I3amepeHue odcera rosioBKu/1eiiky 6eJpeHHOI
KOCTU:

a — M3MepeHue yIiia o, CoCTaBJsIomero 51°;

b — onpepenenne odceTHoro Koshduimenra,
cocrassioniero 0,09

Fig. 6. Measurement of femoral head/neck offset:
a — a angle measurement of 51°;
b — determination of offset ratio, which is 0.09
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TOJIOBKM OeIpeHHOI KOCTH K AMaMeTpy rOJIOBKM), Be-
JIMYMHA KOTOPOTO B HOpPMe A0J/DKHA ObITh O6osee 0,17
(puc. 6b) [56]. 3nauenue menee 0,17 rOBOPUT O HAIN-
yuy cam-gedopManyn.

V3Mmepenust ymia o UM odceTa TOJIOBKU/IIEHKA
MOYKHO BBITIOJTHUTbD 151 JTIOOOTO BUIMMOTO Ha PEHTTe-
HOrpaMMe OTzeNna 6eIpeHHOol KOCTHU. BhIsiBieHMe e-
dbopmarum 3amHero u/mMaM 3agHe-HUKHETO OTHEIOB
6enpeHHO KOCTH SIBJISIETCS TTIOKAa3aHMEeM K OTKPBITO-
MY BBIBMXY 6elipa ¥ OTKPBITOI KOppeKium nedopma-
vy [58].

MazHumHo-pe30HaAHCHAst U KOMNbIMEPHAsL

momozpagus

BaxkHOe 3HaueHMe B COBpEeMEHHOI CUCTeMe auar-
Hoctuku naronorum TBC nmeetr MPT, koTopast mos-
BOJISIET BBISIBUTH IIaTOJOTMUYECKME COCTOSIHUS Kak
BHYTPUCYCTABHBIX MSATIKOTKAaHHBIX CTPYKTYp, TaK
¥ KOCTHbIe Aedopmalui, a Takke JaeT BO3MOKHOCTb
nudbepeHIIMPOBATh UX OT OKOJIOCYCTAaBHONM MAaTONO-
I'mn, I/IMEIOIHEIZ CXOoHbIE€ KJIMHMYECKME IIPOSABICHUSA
[59]. MPT no3BonsieT oneHUTb Aedopmaiiumu BO BCeX
OTJenax CyCTaBa, a TakoKe MPOBECTU UX U3MEePEeHMUs], CO-
MOCTaBUMble TI0 TOYHOCTU C MHTpPaoNepaliOHHbIMU
[60].

BHyTpucycTaBHas MSTKOTKaHHAasi MaTOJIOTUS MIPU
®AW dame BCero mpencraBjieHa KOMIUIEKCHBIM IT0-
BpeXXIeHMeM, 3axXBaThIBAIOIIMM CYCTaBHYIO TIyOy
M XPAII BEPTIY>KHOY BITaJMHbI,  TAKKE TOMIOBKY 6ef-
peHHOI KocTH [61, 62].

Hambonee ompaBmaHo ucrnonab3oBaHue MPT
C HaNpPSKeHHOCTbI0 MarHUTHOro nosns 3 Tecna (3T),
TOCKOJIbKY OHa 0Oojiee YYBCTBUTENbHASI M TOYHAs,
yem o6bryHast 1,5T MPT pnjst BbISIBJIeHUSI TTOpaske-
HMIT CyCTaBHOI TyObI U Xpsmia [63, 64, 65]. 3auacTyio
PEHTIeHO/JIOTM OIpaHMUYMBAIOTCS KOPOHAPHBIMU U
aKCHAJIbHBIMU Cpe3aMM, OIHAKO HaMOOJBIIYIO Oua-
THOCTMYECKYIO 1IeHHOCTb B OINpeeeHUM MaToI0Tun
CYCTaBHOJ I'yObl B IepefHe-BepXHeM OTHeNle VIMEeIOT
CcaruTTajJbHble UM paguaibHble Cpe3bl (ITPOXOAsIye
yepes 0OCh IeKy O6eIpeHHOl KOCTU), BBITIOJIHEHHbBIE
B PD FES pexume [66, 67]. KomoccanbHyl0 4yBCTBU-
TEIbHOCTb U AMUAarHOCTUUECKYIO TOUHOCTb MMeEET MpsI-
Masi MarHUTHO-pe3oHaHCHas aprtporpadus (MPA)
TIpU BBISIBJIEHMM TIATOJIOTUM CYyCTaBHOI Tyosl [68, 69].
ITpssmass MPA Takke nmokasasa BbICOKYIO UYBCTBUTEb-
HOCTb IIpU BBISIBJIEHUM ITOPaskeHUI XPsIla BePTITYK-
HO¥ BraguHbl (71-90%) MO cpaBHEHUIO C OOBIYHOI
MPT (58-83%), HO 9TO pasnuume He OBLIO CTOMb 3HA-
YMMO [IJISI BBISIBJIEHUS AeeKTOB XpsIia ToJIOBKK Oe-
IpeHHoi Koctu (50-83%) cooTBeTCTBEHHO [63]. Haxke
OYeHb ONTUMMUCTUYECKME UCCIENOBaHUSI, KOTOpbIe
OTpeeNIiOT YYBCTBUTENBHOCTh U CIEeNU(PUIHOCTD
MPT K moBpexmeHUI0 cycTaBHOi ryosl B 100%, cBu-

JIeTebCTBYIOT O 3HAUUTETbHO 60Jiee TIIOXOM BBISIBJIE-
HUUM TIATOJIOTUM cycTaBHOro xpsma [70, 71]. OgHako
NpuMeHeHue MpsaMoii MPA orpaHMuYMBaIOT ee 6oiee
BBICOKAsI CTOMMOCTb, TEXHUYECKAS CJI0OKHOCTb U BO3-
MOXXHOCTb OCJIOKHeHMIT 110 cpaBHeHMIo ¢ MPT [72].

IMoBpexkmeHMe CyCcTaBHONM TryObl M Xpsillla BepT-
JIY’KHOVM BIIAQAMHBI BO3HMUKAET IIPEeUMYILECTBEHHO
B lepenHe-BepxHeM oTaene (94%), a 40% noBpexne-
HMIT TyGbI PACIPOCTPAHSIIOTCS HAa ApPyrMe KBaJapaH-
Tbl [73]. IlepBOHaAUa/IbHO MOBpEXIeHMe Xpslla IIpu
cam-gedopManny MOsIBJISIETCS Ha CTOPOHE BEPTITYK-
HOJi BIIaAMHbI C IOCJIEAYIOIIMM BOBJIeUeHMEM XPSIia
TOJIOBKM OeIpeHHOli KOCTY B 6oJiee MO3AHUX CITyva-
sx. IIpu pincer-medpopmanium BcaencTBue MPOTUBO-
yIapa rojoBKOi 6eIpeHHOM KOCTY HPOUCXOIUT I0-
BpeXAeHMe Xpslla He TOJNbKO IlepeJHe-BepXHEro
OTHena, HO U 3aJfHero OTAe/ia BePT/IY>KHO BITaIVHbI
[47, 74]. TloBpexxneHne xpsimia npu MPT BbIsIBIIsIeTCS
MM Kak gedexT xpsia, Wi Kak JIMHeHoe SKUIKOCT-
HOe pacc/ianBaHMe BIOIb BEPTIY)XKHON BIagMHBI, MO-
KpPBITOV TKaHbIO C 60jiee HU3KOM MHTEHCUBHOCTHIO
MP-curHana [75]. APTpOCKONIMYECKUM SKBUBATIEHTOM
MOXKeT ObITb JIOCKYTHOE TTOBPEXIeHNE VI TaK Ha3bI-
BaeMblif «3HaK BOJHBbI» C TIOBPEXIEeHMEM CyCTaBHOM
ryObl UM 6e3 Hero, HO C ToTepeit GUKcauun Xpsia K
CYOXOHIpasIbHOM KOCTH [76].

I[Tomumo npovero, MPT sBiisieTCsI BBICOKOTOYHBIM
MHCTPYMEHTOM, TIO3BOJISIIOIIUM BBISIBUTh OTEK U KU-
CTbI CYOXOHAPAIbHOV KOCTU BEPTIYKHOI BITaIVHbI
[77]. 9T HaxooKku, He3aMeTHbIe IPU apTPOCKOIINN,
yKasbIBalOT Ha ocTeoapTpuT THC U OOMKHBI YUUTHI-
BaThCSI B XOJle 00C/IeTOBaHMS MAIMEeHTa KaK BO3MOXK-
HBIVi IPEIUKTOP HEyAauu ONepaTUBHOTO JeYeHMSI.

Kaxk yxe 6p110 CKa3aHO paHee, TOBPEXKIEHME CYC-
TaBHOW TyObl yalle BCEro JIOKAIU3YeTCS B Iepem-
He-BepXHeM KBaJIpaHTe, UTO CBSI3aHO C HaMOOJbIIIel
(OYHKIMOHAIBHOIM HArpy3Koil Ha 3TOT OTHEN M MO-
BTOpSIOIIENCS TpaBMaTusauuein Bcieactsue GAU.
HopmasnbHast cycTaBHas ryba BepTIY>KHOM BITaAVHbI
BBIIJIIIUT KaK TPEyrojbHUK cinaboro MP-curHana
C IIagKUMM KpasiM, IVIaBHO MePexXonsiuinii B XSl
BEPTIYKHOI BIAAVMHBI UJIM OTHEIEHHbI OT HETO Cy0-
nabpanabHOii 60po3moii. PacmpocTpaHeHHON omu6-
Koii ipu orleHKe MPT sBisieTcsl ompepeneHue cyo-
JabpajbHBIX YIIyOJeHui KaK MOBPEXIEHU. ITO
HOpMaJibHble BapMaHThbl, KOTOpbIE, KaK MpaBujIo, He
PacIIpoCTPaHSIOTCS Ha BCIO TOIIMHY CYCTaBHOM I'yObI,
IIOXOIST ITPOEKUMOHHO 10 YPOBHS CyOXOHAPaTbHOM
KOCTY U 4allle HabGMoaloTcs B IepeqHe-HIDKHEN MU
3aJlHe-HIDKHel YacTu BepTIyKHOI BraauHbl [78].
PacnonoskeHue cybaabpasbHOii 60pO3abl B IIepeaHe-
BEpPXHEM OT[eJie CTOUT BHUMATENbHO IuddepeHIn-
poBaTh C TOBPEXIEHUSIMM, KOTOpbIe BCTPEUAIOTCS
B 9TOVi o6mactu vaie [79] (puc. 7).
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Yaiiie BCero BCTPeYaIOTCs IMPOMOIbHbIE TOBPEX-
IeHUs XOHAPO-abpaJbHOro Mepexoma C OTCIOKOIA
wiu 6e3 OTC/IOVKM CYCTaBHOTO XPSINA OT IOAJIeKa-
meit CyOXOHOPaTbHOM KOCTM WIM TOPU3OHTAIbHOE
paccioeHmne CycTaBHO ryobl, HepeKo BeayIiee K 06-
Pa30BaHMIO MHTpaIa6paabHbIX UM ITapatadpaibHbIX
KUCT, B TOM UKcCjie M B 30He IPUJIeraHusl CyXOXUINS
MOZB3IONTHO-TIOSICHUYHO MBIIIIBI C paclpoCTpaHe-
HMEM KUCTBHI 10 X0y cyxoxunus [80, 81].

HeckonbKko MHaue MPOUCXOOAT U3MEHEHUs Cyc-
TaBHOW TIybbl TIpu pincer-gedopmanusix demopo-
aneTabyasIpHOTO MMITMHIKMEHTA, COOTBETCTBEHHO,
kaptuHa MPT BeImiSauT uHaue. IIpy XpoHMYECKOi
TpaBMaTMU3alMM Kpasi BepTIY>KHOM BHagMHbI TONOB-
KOJ1/111e/iKoii 6eIpeHHOI KOCTU MPOUCXOIST KOCTHAS
MeTaruia3yus Kpasi BepTIy>KHOM BIIaAMHbBI ¥ MHTpaia-
6pasbHOE OKOCTeHeHMe. PaspacTasich, KOCTHbBIN Kpaii
HAIOJI3aeT Ha CYCTaBHYIO I'y0y CBepXy, YaCTUMYHO 3a-
memasi, ucronvas u ymemssis ee [82]. Kpome mac-
CMBHOTO pa3pacTaHMsi KOCTHOM TKaHM, BO3MOXKHO
BbIsIBIIeHMe, N0 AaHHbIM MPT, HeOOJbLINX OYaroB
BHYTPM/IaOpaIbHOTO OKOCTEHEHUS] WMIM KalnbIudu-
KalMy, KOTOpbIe TPOSIBJISIOTCS B BUIe HEOGOIbIINMX
ovyaroB MHTeHCUMBHOCTM MP-curtana, cxogHbix ¢ MP-
CUTHAJIOM OT KOCTHOTO mo3ra [83].

Puic. 8. Pa3prIB ry6sl BePTIIY>KHOI BIIAIMHbI
(6enas cTpesika) ¢ GopMMUPOBAHMEM KUCTBI
(4epHas CTpesika)

Fig. 8. Acetabulum labrum rupture (white arrow) with
cyst formation (black arrow)

Puc. 7. Cy6bnabpanbHasi 60po3ga:

a — MPT-kapTuHa cy6;1abpaabHOI
60pOo3/ibl;

b — Bug cy6mabpanbHOiT 60pO3/IbI

BO BpeMsI apTPOCKOTINM

Fig. 7. Sublabral sulcus:

a — MRI picture of sublabral sulcus;

b — sublabral sulcus arthroscopy view

BapmraHTOoOM KOMOWMHMPOBAHHOI BHE- M BHYTPWU-
CYCTaBHOM maTonoruu mnepenHero otgena ThC, co-
nytcrByomeri AU u BoissBiaeHHoi no MPT, gasisert-
Csl MMIOMHIKMEHT-CMHIPOM M. pPS0as, COueTaHHbIN
C BHYTPUCYCTaBHBIM TOBPEXKIEHMEM CYCTABHO I'yObI
¥ BO3MOKHBIM HaJIMYMEM VIIMOIIEKTUHAIBHOM GYPChI
WM OTeKa MepeqHero Kpasi BePTIY>)KHO BITaaVHbI [84]
(puc. 8,9). Takke CTOUT 06pPaTUTh BHMMAaHME Ha CTPOe-
HYe CyXOKUJIUSI M. psodas, umeronee B 17% crydaes iBe
1 bojiee YacTy, COXpaHeH)e KOTOPbIX IMPU TEHOTOMUU
MOJKET [TOBJIEYb PELIUINB UMIIVHIKMeHTa [85].

[Tpu MOAOCTHOM UMIIMHIKMEHTe, UMUTUPYIOIIEM
nepenuuii @AV, uau TeHOAMHUTE MPSIMOI TOJIOBKU
MpsiMoii MbIIILbl 6emgpa MPT IMO3BOJSIET BBISBUTH
OTeK B 00JIaCTy IepeaHeli HIDKHEl OCTU ITOAB3IOIII-
HOW KOCTU U OLLeHUTb TUIl cTpoenus AllS [6].

Taxke mpu BbinonHeHuu MPT TasobempeHHOro
CyCTaBa B COUETAaHMM C aKCuaibHbIMu cpe3amu MPT
KOJIEHHOTO CyCTaBa MOXXHO pacCuuTaTh Bepcuio (IIpo-
CTPAaHCTBEHHYI0) OPMEHTAIMI0) IIeiiku OempeHHO
KOCTM ¥ BEPTTY>KHO BITaAVHBI, IPMHMMAas BO BH/MA-
HMe OTHOCUTEIbHYIO aHTeBepCUI0 UM PeTPOBEPCUI0
MBIIIENKOB 6empa [86, 87, 88]. HopmanbHast aHTeBep-
Cusl 1Ief iKY 6eIpeHHOl KOCTY COCTaBJIsIeT Mpuban3u-
TeabHO 12-13° [89]. PeTpoBepcus mieitku 6eqpeHHOi

Puc. 9. OTek nepefHero Kpasi BepTIY)XHO BIIaAVHbI
(uepHast CTpesKa) B IPOEKIUYU CYXOKIWINSI M. pS0as
(6enas cTpesnka)

Fig. 9. Edema of acetabulum anterior edge

(black arrow) in the projection of tendon m. psoas
(white arrow)
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KOCTM, KaK M yMeHbllleHe ee aHTeBepCUM, MOKET
YCWIMBATh 3HAYMMOCThL JedopMalinii, IOCKOIBKY
KOHTAKT MEXIY BEPTIYKHOM BIIaAMHON U TOTOBKOI/
1IeiiKoi 6eIpeHHOl KOCTU MPOUCKXOOUT IIPU MUHU-
MaJIbHOM CrMOaHMM B CyCTaBe M BHYTPEHHEM Bpalie-
Huy Gegpa, OHAKO MPY MPaBUIIBHOM TUIAaHUPOBAHUY
U KOPPEKTHO! MOZeIupylolmeil pesekiunu mgedop-
Maluii HeT pa3HUIlbl B pe3ylbTaTax y IalMeHTOB
C aHTeBepCHUeN U MalMEeHTOB C PeTPOBEpCHUEN 1IEeKN
6enpenHoit koctu [90, 91].

IMpumenenue KT mpu ob6ciemoBaHMM IalMeHTOB
¢ @AW 1o3BosieT BU3YAIbHO IPENCTaBUTh HIOAHCHI
AHATOMMYECKOTO CTPOEHMSI KOCTHbIX CTpykTyp TBC.
OpHako BO3MOKHOCTM COBpeMeHHO MPT no3BonsitoT
nomyunTh 3D-pekoHCcTpyKumMu TEC, conmocTaBumble O
KavyecTBY M300paxkeHus ¢ 3D-peKOHCTPYKIMSIMHU, TT0-
JIyUeHHbIMM Ha KOMIIbIOTEPHBIX TOMOrpaMMax [86].

Hpe,uonepaumon}loe IVIaHMPOBaHUE

MakcuMManabHO TIOMHOE KAMHUKO-AUArHocTuye-
ckoe obcnenoBanme mnauyenTa ¢ ®AU sBisieTcst OCHO-
BOJM OJi MpenoliepalMOHHOrO mjaaHupoBaHus. [Ipu
BBISIBJIEHUM UCTUHHON OMUCIUIa3UM, HEPAaBHOMEPHOM
CY>KeHUM CyCTaBHOII mienn, gedopmanum 3agHUX OT-
IeN0B TOJIOBKM M 3aAHEN CTeHKM BEPTIY>KHOI BMa-
IVHBI C TMpU3HAKaMM TpaBMaTU3aluu, OTeKa WU
KUCTOBUIHOJ IIePecTpoiiku CyOXOHAPabHOM KOCTU
BEPTIYKHOJ BITAQAVHBI, OTE€KA TOJOBKM OGeapeHHOI
KOCTM CTOUT BO3JepKaTbCs OT IPOBeLEeHUs apTpo-
ckonuu TBC Kak NpuOpUTETHOTO METOAA JIEYEeHMUSI.

Llenbio mpemomnepanyioHHOTO TIJIAHMPOBAHUS SIB-
JISeTCSI BCECTOPOHHSSI OIleHKAa MMEUMXCS TMaTo-
Jornmdyeckux wusMeHeHuit TBC mjasi Mx KoppeKUuu
C MMHMMM3aLMell pUCKa BO3MOXXHBIX OCIOKHEHUI
U COKpallleH!s MPOAOIKUTETbHOCTU OTlepalu.

Ha BBI60p cIIOCO6a AOCTYIIA MOSKET ITOBIUSTH OCO-
6EHHOCTh CTPOEHMS BEPTIYKHOI BriaguHbl. Hamune
ITyOOKOV BEePTIYSKHOIM BIAAVHBI MOXKET YCIOXKHUTD
MUCMONAb30BaHMe [OCTyMa C MEepBUYHONM BU3yalu3a-
Luyeil LeHTPaJIbHOTO OTHena CycTaBa BBUAY OTCYT-
CTBUS JOCTAaTOYHOTO ITPOCTPAHCTBA MEXIY TOJIOBKOI
6edpeHHO KOCTM M KpaeM BEepPTIYKHOI BIIaAMHBI,
BBICOKMM PUCKOM TIOBPEKAEHMS CYCTABHOI T'yObl U
XpAIIa TOJIOBKM GeAPEeHHO KOCTU. B 3T0i cuTyanun
ymo6Hee OymeT MCIIONb30BaTh AOCTYII C IEPBUYHOI
BU3yanm3anueii mepudepndeckoro KOMITapTMeHTa
WIN SKCTPaapTUKYISPHBINA Aoctyn. Korma mmeercs
MorpaHuYHas OUCIIa3us, CTOUT OTAATh MpeariouTe-
HJe MeTOZY C TOUeYHbIM AOCTYIIOM M/ TIaHUPOBATh
IIOB W/WIY TIUKAIUIO KaTICybl [34].

OcHoBHbIMM 3Tanamu aprpockoruu TBC npu AU
SIBJISIIOTCSL MOAENUpPYIolias pe3eKuusi KOCTHBIX he-
(opmanmii BepTay>kKHOM BIIAAVHBI ¥ TOJTIOBKU/IIENKNA
6enpeHHOI KOCTH, peduKcaIus CyCTaBHOM I'yObl TPy
ee TMOBpeXIEeHUM, KOPPEeKLUs MOBPEXIeHMT Xpsiia
TOJIOBKU/IIIE/ KM OGeIPEeHHO KOCTU ¥ BEPTIYKHOI
BIIAJMHBI.

BHe 3aBMCHMOCTM OT MCIONIb30BAHMS MHTpAOIIe-
PalYOHHOTO PEHTTeHONIOTMYEeCKOTO0 KOHTPOJS, C Ie-
JIbIO aJeKBaTHOM KOPPEKIMU KOCTHBIX medopMalinii
HeoOXOMMMO IIpeIBapUTENIbHO PacCUUTATh OObEM
TpebyeMoii pe3eKUuM TOJIOBKM U IIeKU 6eIpeHHOl
Koctu. C 9TOJi LesIbI0 Haubosiee IMPOCThIM BapUMaHTOM
SIBJISIETCS MCIIOJIb30BaHME PEHTTeHOBCKMUX CHUMKOB
B 9JIEKTPOHHOM BUMJ€ C KOppeKiueii maciiraba mpu
HeobxomumocTu (puc. 10).

Angle 1 - 75.5'

. Angle2 - 41.8°

R

Puc. 10. MeTomuka pacueTa o6bemMa IIaHUPYyeMOit
pes3eKi TOJIOBKY U LIeiiKy 6epeHHOi KOCTHU

Fig. 10. Estimation of planned femoral head
and neck resection volume

VunuThiBasl, UTO MaKkCUMMajabHas medopmalius ro-
JIOBKM ¥ IIeHKM OeIpeHHO) KOCTM Ppaclojaraercs
B IlepelHe-BepxHEM OTHesle, IMpenonepalyuoHHOe
IUVIaHMPOBaHME HauMHAeTCsl C PeHTreHOTpaMM, BbI-
MMOJTHEHHBIX B YKIaAKe 1o Dunn 45° ¢ Hapy>KHOi po-
tanuei 6eapa Ha 40°. [Ij1s1 pacueTa HEOOXOIMMO BITHU-
CaThb rojJIOBKY 6epeHHOI KOCTM B KPYT U PACCUUTATD
yron o uMeronieiics medopMaiuyu. BTopelM sTarom
OTMeYaeTCsl pacueTHBIN Yrojl o, PaBHbI MPUMEPHO
42°. OnpenensieTcs camasl BbICTYIIAKOILAS TOYKa KOCT-
HoV medopmarnuu, KOTopasi, Kak MpPaBWIo, XOPOIIO
orpeensieTcsi MHTPAonepalyoHHO U TOCTYKUT TOY-
KOJi oTCcYeTa BO Bpems onepauun. [IpoBoguTcs IMHMS,
COeMHSIONIASl TOUKY MaKCMMAalbHOW medhopmauym
C TOYKOJA TlepeceueHus] UCXOLHOIO YI/ia o M OKPYKHO-
ctu. [IJIHa TTOTyYEeHHOM TIMHUM, OTMEPEHHO OT Kpast
KOCTHOJ AedopmaLyy, [aeT TOUKY Hauaaa pe3eKuymn
Ha roJI0BKe 6eIpeHHOoI KocTu. JIjst pacuera IiyOMHbI
KOppEeKLUUM TIPOBOAUTCS TEePHeHIUKYISIP K MepBoii
JIMHUM Yepe3 TOUKY IepeceyeHus] OKPYKHOCTU C JIU-
HUe, Onpeesiolei KelaeMblil IocaeoIepanuoH-
HBIIA Yyroa o. JIJIMHa 3TOTO OTpe3Ka SIBJISIeTCS IITyou-
HOM KOCTHO1 pe3eKkuuu. [ToCKOMbKY 30Ha KOPPEKLMNU
TOJIOBKM U IIEHKM GeAPEeHHOM KOCTYU 10 Hapy>KHOMY
OTIeNTy YaCTO HAaXOAUTCS ITOf CYCTaBHOI ryboii, pac-
YyeT BEJIMUYMHBI pe3eKUUM SIBISIETCS Ba’KHBIM 3Ta-
IOM IUIAaHMPOBAHMSI OMEPATUBHOTO BMeIIaTe/NbCTBa.
CoOTBeTCTBYWOILIME M3MEPEHMST BBITIOMHSIOTCS U Ha
peHTreHoTpaMMe Ta3a B IPSIMOIi TPOeKIUM IJI] YyTOU-
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HEHUSI He0OXOIMMOro 06beMa pe3eKIuM HapysKHOTO
OT[eJia TOJIOBKY U IIEKY 6epeHHO KOCTH.
VHTpaomnepauyoHHas peanusalus IjiaHa Mope-
JIUPYIOLIEN pe3eKIUy roJIOBKYU U HIEKY OeqpeHHO
KOCTU TIPOBOAMTCS B HECKOJIBKO 3TarioB, HauMHasi
C BBISIBJIEHUSI MaKCUMaJIbHOV medopmanuu. OT Hee
OTMEpPSIOT TOUKY Hauajia pe3ekKUuuu U 3aaioT Iy-
6MHY pe3ekuyu. OpUEHTUPYSICh HA BBIINOJTHEHHBIN
COIJIaCHO pacyeTaM Yy4acTOK pe3eKIluM, MOCTerneH-
HO BBITIOJIHAIOT YyAaleHUe OKPYXKaKIMUX KOCTHBIX
medbopmanuii (puc. 11). Onupasice Ha gaHHble MPT,
B IpefolepalnMoHHOM Mepuoje MOXKHO NMPUMEPHO

paccuMTaTh MOTPEGHOCTh B (MKcAaTopax IJs BOC-
CTAHOBJIEHUS CYCTaBHON TyObl, MCXOMSI U3 pacyerTa,
YTO pacCTOSIHME MeXAY (prKcaTopaMy AOJIKHO ObITh
ot 1,0 mo 1,5 cMm. Takke CTOUT y4eCTb, UTO MMOBPEXK-
IeHye CYyCTaBHO T'yObl B 00JIACTY MEpeIHEro OTae-
Jla BEPTIYSKHOM BITaAVHBI TpeOyeT MCIIOIb30BaAHUS
MUHMMAJIBHBIX I10 TOJNIIMHE U IJIMHE MMIUIAHTATOB
[92]. TIpu moBpeXxpeHmUu xXpsiila BepTIYy>KHOM BIaau-
HbI MOXXET ITOTPe60BATHCS XOHAPOIUIACTUKA BILIOTh
0 3aMelleHMs Xpslla XOHAPaAbHOM MaTpuUllen, IJisi
yero HeoOXOAMMBI HOIONHUTETbHAS TeXHUYEeCcKast
OCHAIIeHHOCTh M MaTepuaibHas 6asa.

Puc. 11. Mogenupytoiasi pe3ekiusi roJIOBKM U IIeiKy 6eIpeHHO KOCTH:
a — omnpe[eneHe IJIMHBI U TTYOMHBI pe3eKIi[Mn; b — BHIMOTHEHME YaCTUYHO pe3eKIMn; C — BUJ, I0C/Ie Pe3eKINN

Fig. 11. Modeling femoral head and neck resection:

a — determination of length and depth of resection; b — partial resection; ¢ — view after resection

3akJ/IroueHmne

ApTpockonusi Ta3006eJpeHHOr0 CyCTaBa SIBJISIETCS
MePCHeKTUBHOM BbICOKOTEXHOIOTMYHOI OIepalyeis,
TpebyIollleil BLICOKOTO MAacTepCTBa XUPypra U XOpo-
1Iero MaTepuaJbHO-TEXHUUECKOTO OCHALEeHUS KIN-
HUKM COBpPeMEeHHbIM 060pymoBaHMeM. DTO OAUH U3
CaMbIX TPOTPECCUBHBIX U OBICTPO Pa3BMUBAIOIIMXCS
B TEXHOJIOTMYECKOM IVIaHE METO0B KOPPEKLIVMU [1aTO-
JIOTMM Ta300eIJpeHHOr0 CYCTaBa, KOTOPbIi M03BOJSIET
CYLIeCTBEHHO CHMU3UTb XUPYPTUUECKYI) arpeccuio
B OTHOIUEHMUM CyCTaBa M camoro InauueHra. ®AU
SBJISIETCSL 4aCTOJM IaTOJOrMel, OrpaHMuYMBarOLIen
(usnyeckyo akTMBHOCTb U CHMKAIOIIel KauecTBO
SKM3HM MOJIOIBIX TaiueHTOB. IIpu ob6cnemoBaHuM
MalMEeHTOB He TepsieT CBOEei aKTyaJlbHOCTU BBIMOI-
HeHMe peHTTeHorpaduM Tasa C IOMOJTHUTETbHBIMU
YKJIaIKaMU, KOTOpPbI€ MO3BOJISIOT OL€HUTb CTPOEHME
CyCTaBOOGPA3yIOIIMX KOCTHBIX CTPYKTYp M Hapylile-
HUSI B3aMMOOTHOLUIEHUIA MEXITYy HMMM. YUUTbIBAs
YacTyIo MMaTOJOTUI0 CYCTaBHOM I'yObl M XpsIia BepT-
JIY>KHOM BHaguHbl npu @AW, KpaliHe XejlaTelbHbIM
saBysieTcsl BbIllonHeHe MPT Ha cOBpeMeHHBIX TO-
morpadax ¢ HampssKeHHOCTbI) MarHUTHOTO TIOJIS
3T. COBOKYITHOCTb 3TUX JaHHBIX [aeT BO3MOXHOCTb
BBITIOJIHUTDL OTOGOP MALMEHTOB, Y KOTOPBIX apTPOCKO-
nuyeckasi KOppeKUMsl IMO3BOMUT IOOUTHCS MaKCy-

MaJIbHOTO pe3yJ/bTaTa, M ITPOBECTU IpemornepalioH-
HOe IUIaHMPOBAHME ISl TIONIHOIEHHOW KOPPeKIIUu
BHYTPUCYCTABHbBIX MMOBPEXIEHMI U CHYOKEHUST pUcCKa
BO3MOKHBIX OCJIO’KHEHMIA.

baarogapHocTu

ABTOp BbIpakaeT 67arogapHOCTb A.M.H. TaTbsiHe
HukonaesHe BOpOHIIOBOJ 3a OKa3aHMe MeTOAuUYe-
ckori oMoty u AHHe CepreeBHe boromonbckoi 3a
TepeBo[, TEKCTOB CTaTeil C aHIIMIICKOTO Ha PYCCKUM
SI3BIK.
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I'BY «Cavkm-Ilemep6ypzcKuli HayuHo-uccied08amensckuti uHcmumym ckopotii nomowju um. ULH1. Darenud3se»,
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B KOMMEHTapum K CTaTbe «JleueHnne I‘I/IHOTpOd)I/I‘-IECKOI‘O TIICeBO0apTpO3a KIHUYMIIbI: KIIMHUYeCKUIA CJ'IY'-IaV[» l'IO,E[pO6HO aHa-
JIM3UNPYIOTCA MPUYMHBI HECOCTOATE/IbHOCTH 3TAIIOB IIEPBUYHOIO U IIOBTOPHOI'O OCTEOCMHTE3a Y MMallME€HTA C 3aKPbITBIM I1€pe-
JIOMOM K/IIOUMIIbI B Cpe,uHeﬁ TpeTn ,ILI/[ad)I/[Ba. KOHCepBaTI/IBHOG JieueHle B TeueHMe 4 MecsieB 0Ka3aaoCh HEBCl)dJEKTI/IBHbIM.
BbITToTHEHHBI HepBM‘IHbIﬁ 0CTeOCMHTE3 TIJIAaCTUHOM U CEePKIIS>KHBIM HIBOM IIPUBEJI K HECOCTOSATE/IbHOCTU Cl)I/IKCaI_U/[I/I niepe-
JIOMY IVTACTUHBI. ITocne peocTeoCHTEe3a peKOHCprKTI/[BHOVI TTACTMHO C KOCTHO IIJIaCTUKOM CBO60,E[HI>IM dYTOTPaHCIIJIAHTa-
TOM KOHCTAaTMPOBAHO HeCpallleHue. BoimonHeHa pe3eKknuyrAa 30Hbl HeCpallleHMs C 3aMellleHeM ,E[ed)EKTa CBO6OL[HLIM BaCKYJIA-
PU30BaHHBIM KOCTHO-MbIIIE€YHO-KO>XHbIM Ma.TIO6eleOBbIM JIOCKYTOM C (bI/IKCaL[I/Ieﬁ ero pEKOHCprKTMBHOﬁ IUIACTUHOIA. ‘{epea
4,5 Mecsa ITpoMm30uIes ITepeIoM IJIAaCTUMHBI B 30HE KOHTAKTa LEHTPaJIbHOI'O OTJIOMKA M TPAaHCIJIAHTATA, ITOC/Ie Yero IVIaCTMHa
6bL1a yOasieHa C BbITIOTHEHMEM KOM6I/IHI/IpOBaHHOI‘0 HaIIpS>KeHHOI'0 OCTeOCMHTEe3a IepejomMa C MCII0/JIb30BaHMEM 3JIEMEHTOB
Hapy>KHOTO Cl)I/[KCaTOpa. ‘{epea 4,5 mecs1ia rmocjie 3Toi oriepanunm n3-3a pa3BMBIIETOCA BOCIIAJIEHUS B obmactu HApPY>XKHBIX KOH-
CprKLH/[ﬁ rnocjiaenHue ObLIN YAa/IeHbl, CIIMIIA B KIIOUMIE OCTaB/JI€eHa C IIOrPYy;KeHMEM €€ KOHIIOB IO KOXKY. Takum O6p8.30M,
O6IJ.U/II7[ CPOK JIeUueHMs ITalilMeéHTa COCTaBUJI 6oiee OBYX JIET. B pe3yinbTaTe JOCTUTHYTO CpallieHne repejiomMa, HO d)yHKL[I/[OHaJIb-
HbIl pe3ynbTaT €ro CJIOXKHO paCleHMBATh KakK XOpOIJ.IV[f/]. ABTOp KOMMEHTapus K CTaTbe OCBeIlllaeT COBpEMEHHbIE IMOAXO0/bI
K JIEYEHUIO I1epeIOMOB K/ITIOUMIIbI, @ TAK)Ke KPATKO OCTaHABJIMBAETCA Ha T€OPUU OCTEOCMHTE3A B LI€JIOM. Ocoboe BHMMaHME
OH yOesaeT OMOIOTMYECKUM U MEeXaHUUeCKUM Cl)aKTOpaM, B/IMAIOIIMM Ha KOHCOJIMOALIMIO II€PEeIOMOB. Kirouom k yCIexy o1re-
paul/[ﬁ BHyTpeHHe]‘/JI dmxcaur/m mepejIoMOB aBTOP KOMMEHTAapUs CUUTaAET CO6J'I]O,E[€HI/I€ 6a30BbIX IIPMHOUIIOB OCT€OCHMHTE3a.

KiroueBbie cioBa: ImepejoMbl  K/ITIOUMIIBI, HAKOCTHBII OCTEOCUHTE3, HecCpallleHMre I1epeIOMOB, HECOCTOSATEJIbHOCTb
OCTE€OCMHTE3a, BHEIIH A (bMKCﬁHI/IH ImepejIoMoOB.
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Comment to the Article by O.A. Kaplunov et al. “Hypotrophic Clavicle
Pseudoarthrosis Treatment: A Case Report”
Igor G. Belenkiy

St. Petersburg Dzhanelidze Emergency Research Institute, St. Petersburg, Russia

In the comment on the article «Treatment of Hypotrophic Nonunion of the Clavicle: A Clinical Case», the reasons for the
failure of primary and refixation of the clavicle closed fracture are analyzed in detail. A 70-year-old patient got a fracture
of the middle third of the left clavicle diaphysis as a result of a fall. He underwent four surgical treatment options: plate
osteosynthesis; plate osteosynthesis + bone autoplasty; plate osteosynthesis + vascularized fibular flap reconstruction;
external osteosynthesis. A month after the fourth attempt of surgical treatment, fusion, improvement of the function of
the right upper limb and the quality of life of the patient were achieved. Technological inaccuracy, namely, the lack of the
fragments fixation stability due to the incorrectly chosen length of the plate, as well as an incomplete assessment of the

Benenbkumit U.I. Kommenrtapuit k cratbe O.A. KaryHoBa ¢ coaBTOpamMu «JleueHue TMIOTPODUUECKOTO TICeB-
J0apTpo3a KIIOUMIIBI: KIVMHUYECKUi ciydait». Tpasmamonozus u opmonedus Poccuu. 2021;27(4):169-172.
https://doi.org/10.21823/2311-2905-1713.

Cite as: Belenkiy I.G. [Comment to the Article by O.A. Kaplunov et al. “Hypotrophic Clavicle Pseudoarthrosis Treatment:
A Case Report”]. Travmatologiya i ortopediya Rossii [Traumatology and Orthopedics of Russia]. 2021;27(4):169-172.
(In Russian). https://doi.org/10.21823/2311-2905-1713.

DK Benenwkuii Hzopw Ipuzopwesuu / Igor G. Belenkiy; e-mail: belenkiy.trauma@mail.ru

Pykomuch nonmydyeHa: 07.12.2021. CraTest ormybnmkoBana: 17.12.2021.
Submitted: 07.12.2021. Published: 17.12.2021.

© Benenbkuii U.T., 2021
© Belenkiy I.G., 2021

169 2021;27(4) TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KOMMEHTAPUN / COMMENTS

anamnesis and the identified cognitive — behavioral features of the patient, are considered as possible reasons for the
treatment failure. The author of the comment highlights modern approaches to the treatment of clavicle fractures, and also
briefly dwells on the theory of fracture fixation in general. He pays special attention to biological and mechanical factors
affecting fractures healing. The author considers the compliance with the basic principles of osteosynthesis to be the main

factor in achieving good results in fracture treatment.

Keywords: clavicle fractures, fracture nonunion, plate fixation, external fixation, unstable osteosynthesis.
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B craTbe aBTOPBI OMMCHIBAIOT KIMHUYECKUIA
orydait jedeHMs] TIallMeHTa C 3aKpbITBIM Iiepe-
JIOMOM KJIIOUMIIBI B CpemHeil Tpetu nuadusa.
KoHcepBaTuBHOe JieueHle B TeueHMe YeTbIpeX Mecs-
11eB oka3ajsoch HeshGeKTMBHBIM. BbIMoMHEHHDIV Ha
3TOM CpOKe OCTeocuHTe3 1/3-TpybuarToil MmiacTUHO
Y CepK/ISDKHBIM IIBOM TIPMBEJ K HECOCTOSITETbHOCTHU
(ukcaunuu c mepenomom miactuHel. [lociie peocreo-
C/HTe3a PEeKOHCTPYKTUBHOI TMJIACTUHOM C KOCTHOIA
IJIACTUKOI CBOOOIHBIM ayTOTPAHCIUIAHTATOM Yepes
10 Mec. mocsie peornepauuy KOHCTaTUPOBAHO Hecpa-
neHue. BbITloNHEHA pe3eKiusi 30Hbl HecpalieHus
¢ 3amerieHneM aedeKTa CBOOOTHBIM BaCKy/ISIPU30-
BaHHBIM KOCTHO-MBIIIEUHO-KOKHBIM ~ Majio6epIio-
BBIM JIOCKYTOM C (uKcaiyeil ero peKOHCTPYKTUB-
HOJ mnactuHoii. Yepes 4,5 Mec. IpoM30IIesT nepeaom
IJIACTMHBI B 30HEe KOHTAKTa I[@HTPaIbHOTO OTJIOMKA U
TPAHCIUIAHTATA, MOC/Ie Yero IIacTMHa Oblia yianieHa
C BBITTOJIHEHMEM KOMOMHMPOBAHHOTO HAIPSKEHHOTO
OCTeOCHHTe3a U UCIOIb30BaHMEM 2JIeMEHTOB HapyX-
Horo ¢uxcaropa. Uepes 4,5 Mec. mociie 3TOi oniepanym
13-3a PA3BUBIIETOCSI BOCHAIEHUSI B 0OMIACTU HaApPYX-
HbIX KOHCTPYKLIMI MOC/IegHMe ObUTM YIaleHbl, CIuIa
B KJIIOUMIIE OCTaB/IeHa C MOTpyskeHueM ee KOHIIOB I0f,
KO3ky. [Tociie 3TOro «60MBbHOI MPUCTYITUAIT K KOMITTIEKC-
HOJ peabwnurauum». TakuM 06pasoM, OOIIMII CPOK
JleyeHUsT TIAI[MEHTa COCTaBWI Oojee ABYX JIeT, B pe-
3yJbTaTe AOCTUTHYTO CpallleHKe Iepeyioma, HO (pyHK-
LIMOHA/IbHBIN PEe3yabTaT €ro CJI0KHO PaclieHMBAaTh KaK
xopotuii. Ilespi0 aBTOPOB ObUIO Ha IpuMepe Mpem-
CTaBJIEHHOTO KJIMHUYECKOTO C/Tydasl IoKa3aTh Heob-
XOOMMOCTD COBTIONEHMST OMOOTUUECKUX Y MeXaHUue-
CKUX TpeOOBaHMIT K OCTEOCUHTE3Y TIEPETIOMOB.

KomMMeHTHUpPYsT 3TOT KAMHMYECKUIA CIydait, XoTe-
JIOCh ObI OCTAaHOBUTHCS HA COBPEMEHHBIX IMOAXOHAX
K JIeUeHUIO TTepesIOMOB KITIOUMIIbI M HA TEOPUM OCTEO0-
CUHTe3a B L[eJIOM.

IMepBbIii BOMPOC, HA KOTOPbIi HEOOXOAMMO IaTh
OTBET: a HaJo JIM BOOOIIE OMepupoBaTh 3aKPHIThIE
HeOC/IO’KHEeHHbIE M30/IMPOBAaHHbBIE TIEPEIOMbBI KITIOUM-
1bI? BriepBbie OTBET Ha 3TOT BOIIPOC TPaBMAaTOJNOTU-
yeckomy coobmectsy nan C.S. Neer B 1960 r. [1]. OH
OImyO/MMKOBa/I JaHHble O KOHCEPBATMBHOM JIEUEHUU
2235 mepesioMOB KJIIOUMIIBI B CpefHel TpeTu 3a Iie-
puopg ¢ 1939 mo 1959 1., U3 KOTOPBIX TOABKO 3 CyIydast
(0,1%) 3aBepmmanch HecpalieHueM. ABTOP CUUTAET,
YTO OCHOBHOV IPUUYMHOI HEyJau B JeueHUy Iepesio-
MOB KJTIOUMIIBI SIBJISIETCSI HeaJleKBaTHOe BHITIOTHEHME
OCTEOCHHTe3a.

ITpornuio Bpemst, u yke B 1997 r. .M. Hill ¢ coaBTo-
paMu, U3y4nB pe3y/ibTaThl KOHCEPBATUBHOIO JIeUeHUs
242 60NbHBIX ¢ AuadusapHbIMU ITepeIoMaMi KITIOUK-
1bl, onyumau 15% Hecpamienmnit u 31% HeymoBieT-
BOPUTEIbHBIX Pe3ynbTaToB; 11,6% GOMbHBIX He ObLIU
YIOBJIETBOPEHbI  KOCMETUUECKMMMU  pe3yabTaTaMu
KOHCEpBAaTUBHOTO jeueHuss. KoMMeHTUpysT pe3ynbTa-
Thl TIPEABIAYIINX MCCAETOBAaHMIA, OIMyOIMKOBAHHbIX
BIUIOTb O KOHLA 80-X IT. IPOLLIOTO CTOJNIETUSI, aBTO-
pbI TOBOPSIT 0 TOM, uTo C.S. Neer u gpyrue Xupypru He
YUYUTBIBAIM BO3PaCT MOCTPafaBIUMX, JOKAAU3ALUIO U
TSDKECTh IlepesioMa. ABTOPbI OTIpeIeTAIIN, UTO MIePBUY-
HOe YKOPOU€eHMe KITIoUnITbl Ha 20 MM 1 60ee SIB/ISIeTCst
IOCTOBEPHBIM MTPEAUKTOPOM HEYIOBIETBOPUTETBHOTO
pesyJibTaTa KOHCEPBAaTUBHOIO JIedeHus [2].

OnHaKo pesynbTaTbl, M3JI0KEHHbIE B 3TOM pa-
60Te, He BBIIVISIAENM AOCTATOUYHO YOemUTeTbHBIMU.
BosnbInyio SICHOCTb B MPOGJIEMY JieueHUsl TIePesIOMOB
KJIIOUMIIbI BHECJIO MYJIBTULEHTPOBOE PaHAOMMU3UPO-
BaHHOe JuccnenoBaHue KaHanckoro oproreno-Tpas-
MaTosornyeckoro ob6ectsa (COTS), B KOTOPOM cpaB-
HUBAJIUCb KOHCEPBAaTUBHOE JIeYEHME U OCTEOCUHTE3
IJIACTUHOM ¥ BUHTaMM IIpM IlepejioMax cpenHeit
TpeTy KIIUMIIBI CO CMelleHyeM OT/IOMKOB [3]. boiu
MIOJIy4Y€eHBI CJIefyIolIyie pe3y/lbTaTbl: CDOKM PEHTTEeHO-
JIOTUYECKOTO CpallleHNs Y ONepUPOBAHHBIX GObHBIX
ObUTM 3HAUUTETHHO MEHbIle TIPU OOJbIIeT yooBIeT-
BOPEHHOCTU pe3yJabTaTamu JjedeHus. IIpu Hab6Io-
JEeHUM [0 OFHOTO Tofa o0miast OISl OCIOKHEHMUIA
B TpyIllle ONepaTMBHOTO JiedeHUs CocTaBuiaa 37%,
B IpyIle KOHCepBAaTUBHOIO JiedyeHUss — 63%. JTa pa-
60Ta IBMIaCh CBOEOOPA3HBIM OPMEHTUPOM [JIsI ITpaK-
TUKYIOIIUX XMPYProB, KOTOpPbIE CTanu 60jee aKTMBHO
MCIIO/Ib30BaTh XUPYpPrudyeckue MeTOAbl B Je4eHUU
TepesioMOB KJTIOUMIIbI. YBEJTMUEHUIO XUPYPTUUECKOM
aKTUMBHOCTY IIpU MOJOOHBIX TpaBMaX CII0COOCTBOBA-
JIU U TaHHbIE O TOM, UTO CpallleHNe KII0UYuIlbl B He-
MpaBMIbHOM TIOJIOKEHUM MPUBOAUT K JIOTIATOYHOM
JUCKUHe3uM [4]. A B psifie cJlyyaeB M3-3a JaBIeHUs Ha
rofJieskale HelfpoBacKyJ/sIpHbIe CTPYKTYPBI 1 HapYy-
IIeHMSI KMHEeMATUKM MBI, OTBETCTBEHHbBIX 3a JIBU-
SKeHUSI JIOTIATKM U TIjieua, 3TO MPUBOAUT K HEBPOTEH-
HbIM OCJIOKHEHMSIM, onucaHHbIM Kak TOS — toracic
outlet syndrom (6;1eAHOCTD, OTEKM, XOJMOJHAS KOXKa,
napecre3un) [5].

[To Mepe HaKOIUIeHMS] KIMHMYECKOTO MaTepuasa
B TOC/eHME TOABl ObUIO OITyGIMKOBAHO HECKOIb-
KO MeTaaHaaM30B, CPaBHMBAMOIIMX KOHCEPBAaTUB-
HOe ¥ OIlepaTMBHOE JieueHMe INepeioOMOB KIIIOUMILbI.
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Nx pesynbTaThl B TEKylleM roay cymmupoBanu S.D.
Jones u ].T. Bravman [6]. [Io ux 3akntoueHuro, ore-
paTMBHOE JieueHye TIePeIOMOB KITIOUMIIBI CO CMele-
HJYEM OTJIOMKOB B CPaBHEHMM C KOHCEPBATMBHBIM
YBeIMYMBAET OO0 CpallleHus IepeioMoB, GYHKIIMO-
HaJIbHbIE VICXOABI JIEUEHUS U €T0 KOCMEeTUUYECKIe pe-
3ynbTatrhl. [Ioka3aHUSIMM K OIePaTUBHOMY JIEUEHUIO
ABTOPBI CYMUTAKOT YKOPOUYEHME KIKUMIIbl HA 20 MM U
6osiee, cMellieHre OmIOMKOB Ha 100% u 6ojee man
Z-o06pasHyio medhopMaluio.

[Tpobnemy HecpalieHUs] TIEPEIOMOB KITIOUMIIBI
HeJb3sT paCCMaTPUBATh B OTPHIBE OT TEOPUM KOCTHO-
ro cpamieHus B LieJoM. [JIsi KOHCOMMOauuu aob0ro
rmepejioMa HeoOXOmMMO HaJluume psga Oumoiornde-
CKUX U MexaHuueckux ¢aktopoB. P. Andrzejowski u
P.V. Giannoudis nmpemjiokuian «KOHUIENIINIO OPUIN-
aHTa» (diamond concept), pacroyoKMB Ha BepIIMHAX
VIJIOB BOOOpaskaeMOro OpM/UIMAHTa OMOJOrMYecKue
(>KMBBI€ KJI€TKM KOCTHO TKaHU, CTUMYJISITOPBI OCTeore-
He3a, OCTeOKOHTYKTUBHBIN MaTPUKC, BACKYISIPU3aLIVs
30HBI TIEpPEJIOMA) UM MeXaHuM4yecKue (CTabMIbHOCTD)
TpeboBaHusI, Heo6XomMMbIe 11 cparneHus [7]. Takum
006pasoM, AJIs COOMIOAeHNsT OMOTOTUYECKUX TpeboBa-
HMII K OCTEOCMHTE3y HEOOXOAMMO MaKCUMAaIbHO CO-
XpaHUTh KPOBOCHAOKeHME KOCTM B 30HE Ilepesioma.
B sTOM Ci1ydyae mpu OTCYTCTBUM KOCTHBIX AeheKTOB
BACKY/ISIPM30BaHHbIE OTIOMKM OyOyT COmepsKaThb
B cebe KMBbIe OCTE0OIACThI ¥ OCTEOLIUTHI, 6e/IKOBbIE
CTUMYJISITOPBI OCTEOTE€He3a M TUIPOKCHATIaTUTHBIN
OCTEOKOHIYKTUBHBII MATPUKC, OCTAHETCS TOJIbKO
aJIeKBaTHO CTaOMUIM3MPOBATD ITEPEIOM.

OmHako KaXymiasicsl IPOCTOii IpobiemMa obec-
TeYeHMsT MeXaHNYeCKOM CTabMIbHOCTM OCTEOCUMHTEe3a
MMeeT MacCy TOHKOCTeH, KOTOpble HeOOXO0OMMO 3HATh
MPaKTUKYIOIeMy TpaBmarosory. COracHO Teopuw,
usnoxkenHoii E. Gautier u C. Sommer, umeeTcst nBa 6a-
30BbIX ITPUHITMITA BHYTPEHHE! PuKcaIymm nepeoMoB:
KOMITpeccHsl ¥ IMHupoBaHme. Kommpeccust IpuBOIUT
K PUTHMAHOV hUKCAIINN, JOCTUTAETCS ITPY HATTMINA 10-
CTaTOYHOTO KOHTaKTa MeXIy OTIOMKaMM ¥ TTOKa3aHa
TIpM TPOCTBIX TepenoMax. llIMHMpoBaHME — MeTO[,
aJIaCTUUYECKOV (pUKCALMI, KOTOPbIi He TpebyeT MOTHO-
IO KOHTAKTa MeXIy OTIOMKAMM, MOKET ITPUMEHSITbCS
TIpY TIepesIoMaxX BHECYCTABHO JIOKAIM3ayuyu U AOCTHU-
raeTcsl TEXHMKOM MOCTOBUOHOIO OCTeOCHMHTe3a. IIpu
3TOM COXPaHSETCSI MUKPOITOIBYKHOCTD B MeCTe Tepe-
JloMa, HO OHA He MPEeISITCTBYeT CpalleHui0. ABTOPBI
TaKKe IOKasaady, YTO paboyast AJIMHA BBeJEHHbIX
B IUIACTMHY OMKOPTUMKAIbHBIX BUMHTOB M, C/I€JOBa-
TeJIbHO, YCTOMUMBOCTh CUCTEMBI «MMILIAHTAT-KOCTb»
K IMKIMYECKMM Harpyskam, 3aBUCUT OT AyamMeTrpa
Koct. Kpome TOro, KOHCTaTMPOBAHO, YTO IPU OTHO-
CUTEJIbHO HEeOOJbIIIOM PACCTOSHUMM MEXOY OmvoKaii-
MMM K TIepeJIOMy BMHTaMM B 30HE IepesiomMa Ipu
MMKPOTIOABVDKHOCTM CO3HAETCS Ype3MEepPHO BBICOKAS
KOHIIEHTpalMsI Harpy3Kku, KOTOpas MOXKeT IMPUBECTU
K HECOCTOSITeIbHOCTY uKcauun. st mpopmIakTUKu

3TOT0 OCJIOKHEHMS TIPU IIMHUPOBAHMM 30HBI [1epeso-
Ma peKOMeHAYeTCsI UCTI0/b30BaHMe IJIMHHBIX IJIaCTUH
C CO3JaHMeM MaKCUMMAaJbHO BO3MOXKHOIO PacCTOSTHUS
MeXIy OMsKaiiMMM K TepeioMy BMHTamMu. JavHa
TIACTVHBI JO/KHA ObITh B 8—10 pa3 60s1bIlle 30HbI IIN-
HMUPOBAHHOTO ITPOCTOTO O/IM3KOT0 K IOTIePeYHOMY I1e-
peiioma U B 2—3 pasa AjJMHHee 30Hbl HIMHUPOBAHHOTO
OCKOJIBYATOro rnepenoma [8].

Be3ycioBHO, BCe 3TM peKOMEeHJAluU SIBJSIOTCS
OTHOCUTENbHbIMMU. KaxKaplil MepeoM YHUKAIEH, HO
MOHMMaHMe 3TUX NPUHIUIIOB U CTpeMJIeHue COOT-
BETCTBOBAaTb UM B 3HAUMTEIbHOI Mepe CMOTYT CIIO-
COOCTBOBAaTh YMEHBIIEHMIO BEPOSTHOCTM Heymau
OCTEOCTUHTE3A.

BosBpaiijasich K peacTaBJieHHOMY KIMHUYECKOMY
Cyyalo, cjefyeT CKasaTh, UTO MOKa3aHus K MepBUY-
HOMY OCTEOCHHTEe3Y He BbI3bIBaIOT COMHEHMIA, TaK KaK
MMeJIOCh HecpallleHue IepeioMa K/IIYMLbl, COIMpOo-
BOKIAIOIIEEeCs] COOTBETCTBYIOIIEN CUMIITOMATUKOMN.
HakoCTHBIN OCTEOCHHTE3 MPEeACTaB/SIETCS adeKBaT-
HBIM METOAOM OCTEOCMHTEe3a B TOHOOHBIX CIydasix.
Tem He MeHee, OCTEOCMHTE3 BBINOJIHEH 1/3-Tpy6ua-
TOW IIJIACTMHOM, He 00/ajalonieii JOCTaTOYHO! Me-
XaHMYECKON >KecTKocTbio. Kpome Toro, ¢umkcaums
JIOTIO/THEeHA MTPOBOIOYHBIM CEPKIISIKHBIM IIIBOM, KOTO-
PpbIii caM 10 cebe HapylIaeT KpOBOOOpalleHe KOCTH,
a ero BBITIOJIHEHME TpebyeT MOIOHUTEIBHOTO CKe-
JIETUPOBAaHUST OTVIOMKOB. TakuM 06pa3om, HeCOCTOSI-
TEJIbHOCTb ITEPBUYHOI (PUKCALIMM MOKHO OBIIO IIPOT-
HO3MPOBATh 3apaHee, TaK KaK He ObUIM COOIIOmEHBI
HUM MeXaHuJecKue, HU OMojormyeckme TpebOBaHMS
K OCTEOCUHTES3Y.

[Ipn mepBO¥ pPeBU3MOHHOI Omepanuy MpUMeHe-
Ha PEKOHCTPYKTMBHAs IUIACTMHA, obiamaromas He-
06XOIVMBIMM B TTOIOOHBIX CJIyUassXx MeXaHUYECKUMU
cBojicTBaMM. [IJIT HOpMaiau3anuu OUOJOTUYECKO
COCTaBJISTIONIEN TPMMeHeHa CBOGOIHAS KOCTHAS T1J1ac-
TUKa 30HbI HecpaleHusi. TeM He MeHee, eclii B xofe
MepPBMYHOrO OCTEOCHMHTE3a IIaCTMHA paclosaraaach
Ha TepeiHeli CTOpPOHE KJIIOUMIIbI, TO IPY PeOCTeO0CUH-
Te3e XMPYPru Pacioiokmwin ee IO BepxHeli MoBepXx-
HOCTM KOCTM, YTO TOTPeOOBANIO IOMOJHUTETHLHOTO
CKeJeTUPOBaHUs U OOIOJHUTENbHO OTPULIATEIbHO
MTOBJIMSIIO Ha GMOJIOTMUECKYIO COCTABJISIIOIIYIO OCTE0-
cuHTe3a. Kpome Toro, 6iyokaiiiime K 1epeyioMy BUH-
Thl YCTAHOBJIEHBI HAa HEOOJBIIOM PACCTOSHUU IPYT
OT JIpyTa, 4TO CO3JajI0 GONMBITYI0 KOHIIEHTPALUIO Ha-
TPY3KU B 30He miepesioMa. TeopeTndecky MOKHO GbIIO
OXMIATh IepejioMa IUIACTMHBI B 3TOM 30He, HO Ha
MIPaKTHKe 3TOTO He MPOU30IILI0. BEINMOIHEHHBIN B IT0-
CJIefyI0lleM OCTeOCHMHTE3 C pe3eKliyeil CKIepo3upo-
BaHHOJ KOCTU ¥ 3amelleHneM aedekra CBOOOIHBIM
BaCKY/ISIPY30BaHHBIM TPAHCIUIAHTATOM PaAUKaIbHO
pemn GMONIOrMYecKyIo IpobieMy, Tak KakK KpPOBO-
obparieHe B 30He HecpalleHus MOHOCThIO BOCCTa-
HOBMWIOCh. OJHAKO MeXaHMYecKue MmpobaeMbl TOTbKO
YCYTyOMIINCh, TaK Kak akTuuecku o6pasoBascs cer-
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MEHTapHBIN ITepesioM CpefHel TPeTU KIKUYUIIbI C Ha-
JMYMEeM HEOBPEKAEHHOTO IMPOMEKYTOUYHOro ¢par-
MeHTa (aHastor repeoMa C2 1o knaccupuranmy AO).
ITpu ero ¢puKkcaium, aHaJIOTUYHO MIPEIbIIYIIEil PEBU-
3MOHHO omepanyu, BUHTbI ObLIM BBEIEHbI GJIN3KO
K JIMHUSIM TI€PEeIOMOB, UTO U SBUJIOCH IIPUUMHON He-
COCTOSITEIBHOCTM OCTeoCHMHTe3a. Heb3sl He TIpUMHU-
MaTh BO BHMMAaHMe TaKkKe TPaBMaTUYHOCTb OIlepaLym
3aMelIeHnsT KOCTHOro nedeKTa KpPOBOCHAGKaeMbIM
Maj06epILOBbIM JIOCKYTOM. M36paHHbIii B MOCIEmy-
I0IIeM MeTOZ, KOMOWHMPOBAHHOTO HAIIPSKEHHOTO
OCTeOCMHTe3a ObIJT CBOETr0 POAA IMIAroM OTYasTHMSI, HO,
K CYACTbIO, IIPUBEJ K CPaIlleHUIO TIepesioMa.

KoHeuHO, MpOCTO KPUTUKOBATH APYTUX U YKa3bI-
BaThb Ha [OIyIIEHHbIe ONIMOKM ¥ NedeKThl B jede-
Huu. Ho MeHs ompaBabIBaeT TO, YTO SI CaM aKTMBHO
3aHMMAIOCh XUPYPTUEN IepeIOMOB U TOXE IOITyCKa0
aHaJOTMYHbIe OINMOKMU, IMOyJast MOAOOHbBIE OCIOXK-
HeHus. Hama o6miast 3agaya — IMOHSTH, [IOYEMY 3TO
TIPOMCXOOUT M CTApaThCsS MaKCHMMAaIbHO YMEHBIIUTD
BEPOSITHOCTb ~ HECOCTOSITEIbHOCTM  OCTEOCMHTE3a.
Heob6xoaumMo TOMHUTH O TOM, UTO MbI TOJKHBI a/leK-
BaTHO CTAOMIM3MPOBATh MEPEIOM C COOMIOIEeHUEM
BCEX MeXaHMUYeCKMX TpeboBaHMIT K dukcaruu, He
Hapymias mpy 3TOM GMOJIOTMYECKYIO COCTABJISIONIYIO
ocreocuHTe3a. U, KOHEUHO, cTabuam3anus rnepeaoma
JIOJIKHA TIO3BOJISITh BBITIOJTHEHME PAaHHUX aKTUBHBIX
OBVKEHMI B CMEXKHBIX CyCTaBaX. JTO OTHOCUTCS He
TOJILKO K OTIEPAIMSIM OCTEOCMHTE3a KITIOUMIIbI, HO Ha
3TOM HIpUMepe MpobiieMa 6ajaHca MEXaHMUYECKON U
O6MOIOTMYECKON COCTaBJISIIOIINX OCTEOCMHTE3a IIPO-
SIBUJIACh Hauboee OTYETIMBO.

B Hameii cTpaHe eXeromgHO BBIMOJHSIOTCS COT-
HM Oomepaluii 1Mo MOBOAY MeperoMOB KIKUMUIIbI. DTO
3HAYUT, YTO KOPPEKTHHIM TEXHUIECKMM BBITIOTHEHMU-
€M OCTeOCMHTE3a 3TUX IePeIOMOB Mbl 3HAUUTETHbHO
YMEHbIIUM JOMI0 OCIOKHEeHU. [Ipu aTomM eciin mep-
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BUYHBII OCTEOCHMHTE3 MOXXHO KOPPEKTHO BBITIOTHUTD
B JIIOOOM OTHEJIEHUM TPaBMAaTOJIOTU, TO JIJISI PEBU3U-
OHHBIX Orlepaluit, TeM 60Jiee C IpMMEHEHEM MUKPO-
XUPYPIUIECKOI TEXHUKM, HEOOXOAMMO HarpaBieHue
B CcHenuaau3upoBaHHble eHTPbl. HO ¢ Kaxkmoii 1mo-
CenyIole peBu3nein KaKaplii U3 BO3MOKHBIX ITyTe
BBIXOZIA 3 CJIOKMBIIENCS CUTyaluy IMeeT Bce 6O0Jb-
11e v 60Jibllle HeTOCTaTKOB. TaKMM 06pa3oM, KIHYOM
K yCIexy IIpu BBIMIOJIHEHUM OIlepalyuii BHYTPEHHEN!
dbukcanyy nepeoMoB SIBJISIETCS COOJIOAeHre 6a30-
BBIX IIPUMHIIUIIOB OCTEOCHMHTE3a, KOTOpPhble ObLIM 3a-
TPOHYTHI B 3TOM KOMMEHTapUN.
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IMamsTHbIE HATHI [@ey |

VIK 617(091)

95 net nepsomy B Poccuu Hay4yHOMY 06LLeCcTBY
TpaBMaTos0roB-opToneaos

B.B. XomuHen, P.B. I'magkoB

@I'6BOY BIIO «BoeHHo-meduyurckasn akademus um. C.M. Kuposa» MO P®, 2. Cankm-ITemep6ype, Poccus

Pecdepar

95 neTt Ha3am, a UMeHHO 12 OKTsI6ps 1926 1., yownusamu 27 yupemureneil, B ToM uucie npodeccopos ILU. TypHepa,
A.J1. TloneHoBsa, P.P. BpeneHa u I.A. Anb6pexTa 6bII0 CO3AAHO TIEePBOE B Hallleii CTpaHe HayYHOe OOLIECTBO XUPYPTOB-0P-
TornenoB JleHuHrpaaa u JIeHMHIpaACKOi 06/1aCTH, KOTOpOe MPOJOJIKAeT OCTaBaThCs He3aMeHMMOJ TpUOYHOIL [JIs TTof -
TOTOBKYM HAyYHBIX KaJIpOB, 0OMEHA MPaKTUYECKMM OIBITOM M Pe3y/lbTaTaMy UCCIeA0BAHMIT HATIPAB/SIEMbIX aBTOPUTET-
HBIMU [I€SITeJIIMM OTeYeCTBEHHOV TPaBMaTOIOTUM U OPTOIeNNUU, MPOAOKATENSIMU TPAAULIUI JIEHUMHTPACKOM LIKOIbI
XUPYProB-0PTOIEN0B-TPABMATOJNIOTOB. B cTaThe MoABeAeHbI UTOTY PabOTHI OOIECTBA B T€UEHME YEThIPEX ITEPVOIOB €0
nmesrenbHocTu: I nepuon craHoBiaenust (1926—1933 rr.), I mepuon — paboTa B IpeqBOeHHbIe, BOEHHbIE U ITOCEBOEH-
Hble rofabl (1934-1950 rr.), III mepuoa MHTEHCMBHOTO Pa3sBUTHUS TpaBMaTogoruu u opromnenuu (1950-1990 rr.) u IV me-
PUOJ COBPEMEHHOTO GYPHOTO pasBUTHS crenuanbHOCT (¢ 1990 r.). ChopMynInpoBaHbl OCHOBHbBIE IETU AeSTeTbHOCTYU
B HaCTOSIIIee BpeMs M HOBbIe HANpaBIeHUs PabOThI.

KiroueBsle ciioBa: HaydHOe 06]J_leCTBO TPaBMaTOJIOTOB-OPTOIIEO0B, UCTOPUSA TPABMATOJIOTUM U OPTOIIEANN.

HNcTounnk q)MHaHCMpOBaHI/Iﬂ: rocygapCTBeHHOe 6IO,IL)KETHOE (bI/IHaHCI/IpOBaHI/Ie.

Memorable dates [@)ey ]

95t Anniversary of the First Russian Society of Orthopedic Surgeons

V.V. Khominets, R.V. Gladkov

Kirov Military Medical Academy, St. Petersburg, Russia
Abstract

95 years ago, namely on October 12, 1926, through the efforts of 27 founders, including professors G.I. Turner,
A.L. Polenov, R.R. Vreden and G.A. Albrecht, the first scientific society of orthopedic surgeons of Leningrad and the
Leningrad region was created in our country, which continues to be an indispensable platform for the training of scientific
personnel, the exchange of practical experience and research results directed by authoritative figures of domestic
traumatology and orthopedics, the successors of the Leningrad school of orthopedic surgeons. The article summarizes
the results of the society’s work during four periods of its activity: the first period of formation (1926-1933), the second
period — work in the pre-war, war and post-war years (1934-1950), the third period — the intensive development of
traumatology and orthopedics (1950-1990) and the fourth period — the modern rapid development of the specialty
(since 1990). The main aim of the current activity and new areas of work are formulated.

Key words: scientific society, association of orthopedic surgeons.
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Vctopusi co3maHmusi U OesITEIbHOCTU TE€PBOTO B
Poccuu HayuHOTO 06I1IeCTBa TPABMAaTOIOTOB-0OPTOIIe-
[IOB HEPa3pbIBHO CBSI3aHA C MCTOPMEN 0O0pa3soBaHUS
TPaBMAaTOJIOTUM U OPTOIEAUN KaK CAMOCTOSITeNbHOM
crienuanbHocTu. C Havana u go 60-x rogmoB XX Beka
npoucxoguiaa nuddepeHIMAINUS XUPYPIUU, BbIfeIe-
H}e TPaBMaTOJIOTMM, OPTONEAUN U MPOTe3UPOBAHUS
B CaMOCTOSITEJIbHYIO CllelMalbHOCTh. Hauano gaHHo-
ro nepuona B Poccuy 6bUTO 03HAMEHOBAHO YUPEXK-
menueM B 1900 r. kadenpsl U KIMHUKUA OPTOIEOUA
Meauko-Xupypruueckoil akajgeMuu BO IjiaBe U Oia-
rogaps crapaHusMm [eHpuxa MBaHoBmua TypHepa.
[lepBas mupoBast u I'paxkgaHCcKasi BOVHbBI HA MHOTME
TOZbI OTIPeIeTVIIV HEOOXOAMMOCTD JIeUeHNST PAaHEHBIX
U U3y4eHMsI BOIIPOCOB BOEHHOI MeaUILIMHBI. BmecTe ¢
T'enpuxom MiBaHOBMuUeM pabortanu C.A. HOBOTeIbHOB,
AK. Illenk, T.A. Anp6pext, 2.0. Octen-CakeH,
A.A. Kosnosckuit, IA. Tapubmkansid, 1.JI. Kpyrko,
COCTaBUBIIME SIAPO TYPHEPOBCKOI IIKOJBI OTeue-
CTBEHHOJ oproneguu. OHM JOOMIUCH JIYUIIUX pe-
3Y/IbTATOB JIeUeHUS pPaHEHbIX, YeM OOIIMe XUPYPTH,
obocHOBa/IM HEOOXOAMMOCTb CO3HAaHMUS JIedeOHBIX
yupexaeHuii I TpoTe3upoBaHMs, BOCCTAHOBIe-
HUSI TPYAOCIIOCOOHOCTM U COIMATBHBIX TIEPCIIEKTUB
YBEUHBIX BOMHOB.

B 1906 r. B Cankr-Iletepbypre 6bUI OTKPBIT
Opromneauueckuini  MHCTUTYT, KOTOPBIA BO3IJIaBUII
Poman PomanoBuu BpeneH. OH co3hast KOy OpTOIe-
OB, B uncie koropori B.IN Baiinurreiin, T.H. CteraHoB,
N.E.Ka3akeBuu, M.W. Kycnuxk, I.5. Onurreiin, B.1. Po3oB
U OpyrMe BUOHbIE ydyeHble. MenuKko-MexaHUdeCKuit
MHCTUTYT, OTKPBITBII B XapbkoBe (1907 r.) mop, py-
koBogcTtBoM K.D. BerHepa, cTajl TpeTbUMM ILIEHTPOM
oproneauyeckoin mpicin B Poccun. B mocnemytomiem,
B 1918 r., 6buT ocHOBaH KasaHCKuii opToremuuecKkuii
MHCTUTYT, a B 1921 1. — JleueOHO-TTPOTE3HbIN MHCTUTYT
B Mockse, craBmmii B 1940 r. LleHTpasbHbIM HAay4YHO-
MUCCIIeN0BaTEeTbCKUM MHCTUTYTOM TPaBMAaTOIOTUU U
opronenyy. TakumM 06pa3om, OPTOTIeqVs TTOCTEIIEHHO
OTHensiach OT XUPYPTUM, 3aHUMAsI CBOIO HUIIY B Jie-
YeHMM MAlMEHTOB C MaTOJIOrMeil KOCTHO-MBbIIIEYHO
CUCTEMBI.

Korpma opromnenusi u npoTe3supoBaHMue MOKUHYIU
XUPYPTUIO, TPABMATONOTHUS TIPOAOIIKAIA MPeObIBATh
B coCTaBe 00IIeli XUPYPTUM U Jaxke He Mmesa o0Ie-
npu3HaHHOTO TepmuHa. [losiBneHne B IlepBOit Mu-
POBOJ1 BOJHE COTEH ThICSY PAHEHBIX B KOHEUHOCTU
C OTHECTpeJIbHbIMM TiepejioMaMM, YacTO OC/IOXKHSIB-
IIMMMUCS aHA3POOHON MHGEKIINEl, 0OCTEOMUETUTOM,
HecpalleHusIMu, eopmanysmu, o6pa3oBaHMeM I10-
POUYHBIX KYJIbTEH, KOHTPAKTYp U APYTUX MTOCTeCTBUI
OTHECTPENbHOI TPaBMbI, CIIOCOGCTBOBAJIO YCKOpe-
Huio auddepeHINauUM XUPYPTUM U BBIIEIEHUIO
HOBOJ CITeIMaJIBHOCTM — TpaBMmaTojaoruu. Ocobast
3acjyra B 3TOM IPUHAMJIEXUT AHIper JIbBOBUUY
[Tonenoy, co3gasuiemy B 1918 r. miepByl0 B CTpaHe
Kadenpy TpaBMaToJIOrMM B cocTaBe IleTepOyprckoro

TICUXOHEBPOJIOTUUECKOTO MHCTUTYTa. [0JOM CIyCTS
B IleTporpame Gmaromapsi MHUIIMATUBE U TIOHBVK-
HUUYECKOM nesaTenbHOCTM [epmaHa AneKCaHOpOBUYA
Anbbpexrta Havaa paboTy Ha 6a3e MapuMHCKOTO MPy-
tota ['ocymapCTBEHHBIN MHCTUTYT NPOTE3UPOBAHUS —
Beqylee yupeskaeHue MeIUIIMHCKON peabuanTaum
VHBaJIUIOB.

[IpeBpaleHne 0Te4eCTBEHHOV OPTOIEeAuM B PaB-
HOIPaBHYI0 Hay4YHO-KJIMHUYECKYID OTpaciab XUPYP-
My ¥ GBICTPOE pa3BUTHE ee OCHOBHBIX HAITPaBIeHMIT
K 20-M rogaM MOpoLIIOro CTONAETUS COeaaly HaCylll-
HOJi HeOOXOAMMOCTBIO CO3aHMe HAYYHOTO 00IIeCcTBa
OPTOIEeO0B-TPAaBMATOJIOTOB KaK OpraHM3alMOHHO-
MeTOANYECKOTO M HayYHO-UCC/IelOBaTeNbCKOTO 1IeH-
Tpa B3aMMOJENCTBUSI OPTOIEANYECKUX MHCTUTYTOB
" JiedeOHbIX YUPEKIEHN C [ebl0 YIYJIIeHUs opra-
HM3aLMUM OPTONe[0-TPaBMAaTOJOTMYECKO MMOMOIIN
B CCCP, BoctiuTaHus ¥ MOCTOSIHHOTO YCOBEPIIEHCTBO-
BaHMS HAYUHbBIX U MPAKTUUYECKUX KAPOB, CHUKEHUS
TpaBMaTM3Ma U MHBanugHocTU. OCHOBaTeNlb OTeye-
ctBeHHOV opronieauy .U, TypHep MbIC/INII O CO3AaHUU
00IIeCTBA KaK «...BBICIIEI HAYYHO! M TEXHUYECKO
OpTONEeaNYECKOI IIIKOJIbI».

IleBSIHOCTO TISITh JIeT Hasafd, 12 okTsbps 1926 r.,
B aymutopuu Kadenpsl opromenuu BoeHHO-
MEeIUIMHCKON akameMum, Koropas ¢ 1924 no 1931 r.
cormacHo mpukazy N2 205 1o BOEHHO-CaHUTapHO-
My BeIOMCTBY HOCMJIA Ha3BaHMe Kadedpbl BOEHHO-
T0JIEBO XUPYPTUM, AECMYPTUM U OPTOIEIUM, TOf,
npencenatenbCcTBoM ILU. TypHepa cOCTOSIIOCH epBOe
3acemanye JIeHMHTPaACKOTO 06IIeCTBa XUPYProB-0p-
TOIEeOB — MEePBOTO U CTapeiiliero opToneanyeckoro
oblmiecTBa B Hallleli cTpaHe. B 3acemaHuy OPUHSIIN
yJacTue Bce BUIHbIe XUpypru JIeHMHrpaga — UCTOPU-
YyeCKoro I[eHTpa pa3BUTHS OTeYeCTBEHHOI OpTOIeIn-
yecKoii Hayku. Moogoe 0611eCcTBO XU PYypProB-0opToIie-
OB MIPUBETCTBOBAJIU TIpefcenaTe/ib XUPypPruueckoro
obmecrsa uMm. H.W. ITuporosa H.H. IletpoB, Hauab-
HUK BoeHHO-MemumuHcKkoi akagemuu B.M. Bosiuek,
C.II. ®epgopoB, N.U. T'pekos, I.P. 'ecce u nppyrue.
I.W. TypHep Mo3gpaBua COGPABIIUXCSI C UCTOpUYE-
CKMM COOBITMEM <«IIOCAJKM HOBOTO OTIIPHICKA, BBbI-
pOCIlIero Ha MOTyYeM CTBOJIE Hallleil OTeYeCTBEHHOI
XUPYprun». YYaCTHUKOB 3acelaHMs BOJNHOBAIU BO-
MIPOCHI BbIOOPA TIyTEl Pa3BUTUSI OPTOIEAMM, HATIPaB-
JIeHUsl JesITelbHOCTM M B3aMMOOTHOILIEHME C MaTe-
pelo-xupyprueii, koropsie I'M. TypHep ormnpeznennn
atenyimyMy  cioBamu: «C 0coGEHHOJ HaCTOMUU-
BOCTBIO S IOJKEH B 3aK/I0YeHMe TOBOPUTH O Halllei
Hepa3pbIBHO CBSI3YM C BBIPACTUBILEN HAC XUPYPTUEA.
ITog, KpOBOM MaTepMHCKOTO JiepeBa MbI Oymem pa-
6oTaTh pyKa 00 pyKy, MPOAOJIKasi YUUTHCS B cdepe
IIMPOKOTO CMEJIOTO pa3Maxa KpOBaBOW XUPYPTUMU.
Ho nmoBepiue K HamuM croelyaabHbIM 3HAHUSM OT-
BeJleT JOCTaTOYHO paboThl Ha HAIly IO, MO0 B MO-
Ka3aHMsIX OJ1s1 IpMMeHeHUs HOKa, A,0I0Ta, MUIbl MbI
BHeceM OoJiee IITyOOKYIO MMPOAYMAHHOCTb».

174 2021;27(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



MAMATHBIE OATbl / MEMORABLE DATES

Vuepenutensimyu JIeHMHTPaACKOro o6IIecTsa Xu-
pypros-opronenoB (JIOXO) 6butM Bedyllye OpTOIe-
bl crpanbl: I.U. Typuep, P.P. Bpenen, ILA. Anb6pexr,
2.J0. Ocren-CakeH, C.A. HoBotenbHOB, I.41. DnirTeiiH,
O.A. HoBoxxunos, IL.T. KopHes, B.A. lliTtypm u apyrue.
[TepBBIM MpencemaTesieM ITpaBJIeHUs] 06IIecTBa ObLI
usbpan I'U. TypHep. B cocraB IepBOro IpaBiaeHUsI
BOLIJIM BBbIJAIOLIMECS] [esiTeIM COBETCKOI TpaBMa-
tonoruu u oprornenuu — P.P. Bpenen, I'A. Anb6pexT
AL TloneHoB. YneHamu cekpetapuaTa 0blIv U36pa-
Hbl C.A. HoBotenbHOB, I'.4. dnmreiid, M.C. IOceBuuy,
kasHaueeM — 2.}0. OcteH-CakeH. BbICOKMII aBTOpU-
TeT yupenuTeseil U TpaBleHUS] HEYKIOHHO TOBBI-
IIaJT TIPECTVIK OOIIeCTBa, ITOCTaBUB €ro Ha MOYeTHOe
MeCTO CpeAy OPYTMX HAyUHbBIX COOOIIECTB CTPaHBI.
HesaTenbHOCTh 00OIeCTBa He OrpaHMYMBAIACH TO-
POICKMM MacITaboM ¥ MMesia BCECOI03HOe opra-
HU3aLMOHHO-MEeTOAMUYEeCKOe M HayyHOe 3HaueHMe,
0 YeM CBUJIETE/NbCTBYET pEryaspHOe U aKTUBHOE
yJdacTue B 3acefaHMsIX 4JeHOB 13 MOCKBbI, MMHCKa,
KpacHopapa, PoctoBa-Ha-ZloHy, Ogecchl U Opyrux ro-
PO[IOB, Cpeli KOTOPBIX TaKMe U3BECTHbIE yUeHble, KaK
A K. Illenk, B.[I. Yakuu, T.C. 3anenns, C.B. Kodmas,
M.H. Ianupo, I'H. JlykesHos, H.A. Boropas u apy-
rue. TakuM 006pa3oM, JeSTeTbHOCTb O6IIeCcTBa BO3-
[71aBJ/s/Iach M HaMpaB/slach KPYMHENIIMMMU OesiTe-
JIIMM OTeYeCTBEHHO TPaBMAaTOJIOTUM U OPTOIeSUMN.
[loyeTHbIMM  TIOKM3HEHHBIMM  TIpefcenaTensiMu
obmecrBa 6bLTM M36paHbl Mpodeccop I'U. TypHep
(1927), nevicrButenbhbiii uwieH AMH CCCP mipodeccop
IL.I. KopueB (1943), npodeccop N.JI. Kpymko (1970)
u wieH-KoppecnoHaeHT AMH CCCP mnpodeccop
C.C. TkaueHko (1990). 3a 60J1bI1I0I BKJIAJ B CTAHOBJIE-
HJe ¥ pa3BUTHE ITePBOT0 OPTOITEIMUECKOTO 00IIecTBa
U OTeYeCTBEHHO} TPaBMaTOJOTUM M OPTOIEAUU T0-
YeTHbIMM WieHaMu JIeHMHTPaACKOro obIecTBa Tpas-
MAaTOJIOTOB M OPTOIENOB ObUIM M36paHbl aKaJgeMUK
AMH CCCP M.B. Bonkos, mpodeccopa B.I. BajiHiuTeiiH,
M.H. TonuapoBa, C.®. TomyHoB, C.B. Kodmas,
E.K. Huxudoposa, I.A. HoBoxkuos, B.B. Py6uHIITElH,
B.[. YaknuH 1 K.M.H. .M. [IncapHUIIKMIA.

B 1926 r. 661 IPMHSAT IEPBBIA yCTaB OOIIECTBA,
a B 1952 1. 006IIECTBO XMPYProB-OPTONENOB Ilepe-
MMEHOBaHO B 0OIIECTBO TPaBMAaTOJIOTOB-OPTOIIEIOB.
Ha IlepBom cbe3pe TpaBmaTonoro-oprornenos CCCP
B 1963 r. 66U IPUHST €AVHBII YCTaB AJIS1 BCEX OOIIECTB
CTpaHbl. 3a BeCh IepUOJ, CyIleCTBOBaHMS paboTa 00-
[IeCTBa MPephIBaIach Jnilb B 1942 T. B cBSI3U C 6J10-
Kagoit JIeHMHIpaga U CJIOKHOM BOEHHONM 0OGCTAaHOB-
Koii. O 6e33aBeTHOM CTy:kKeHMM PomyHe Ha GpoHTax
Benukoit OteuectBeHHOI BOVHBI (BOB) cBUaeTens-
CTBYET HarpaxxaeHye BbICIIEN Harpagoil — OpAeHOM
JleHMHA CeMepbIX WIEHOB 001eCTBa, OpIeHaMMI U Me-
JayIIMU — CeMUIEeCSITU TPeX.

C momeHTa ocHoBaHMsl CaHKT-ITeTepOyprckoro
001IecTBa TPABMATOJIOTOB-OPTOIIENOB MOXHO BbI-
IleJIUTh YeThbIpe Mepuoja ero gesitelbHoOCTU: | mepu-

on — craHoByieHue (1926-1933), II nepuonm — pabo-
Ta B IpeABOEHHbIE, BOEHHbIE U MOCJIEBOEHHBIE TO/Ibl
(1934-1950), III mepuom — MHTEHCUBHOE Pa3BUTHUE
TpaBMaTosioruu u opromnenyuu (1950-1990) u IV nepu-
0[l — COBpeMeHHOe 6ypHOe pa3BUTHeE CIIeIMaTbHOCTU
(c 1990 r.). IlepBslil IEPUON, ITPOXOAMI B 0OCTAHOBKE
MOILIHOTO MHAYCTPUAIBHOTO UM CeTbCKOXO03SICTBEH-
HOT'O TIOJ’beMa B CTpaHe, B CBSI3Y C UeM OLHO U3 Hau-
00Js1ee aKTyaIbHbIX OblIa IPOOJIEMa U3YUEHMS, ITPeIy-
TIpeXAeHNUsT U JieueHUs TTPOU3BOLCTBEHHOI TPaBMBbI.
CnoskHbIe YCIOBUSI MEKBOEHHOI'O BpeMEHMU CITOCO0-
CTBOBIM HMIMPOKOMY PacIpoCTpaHeHUI0 KOCTHO-CYC-
TaBHOTO TyOepKyJie3a, BO MHOTOM OIIpeeTMBIIEM CO-
Iep>kaHue TTOBECTKM 3acelaHmit 0bIIecTBa.

WToru paboTsl B IEPUOL, CTAHOBIEHUS U JeATeNb-
HoCTY ob61ectBa 3a 20 JieT BIiepBbIie ObLIM OTPAsKEHbI
B mokinange I.5. dmureitna u B.M. PosoBa, omy6iu-
KOBaHHOM B XypHane «Xupyprusi» (N2 11, 1947) [1].
YsteHbl ¥ TOCTH OOLLIECTBA AOK/IAIbIBAIM O CII0COOAX U
pesyabTarax Je4yeHus NalyeHTOB C IOCTTPaBMaTnyie-
CKMMU, BPOKIEHHBIMY, HEeipOTeHHbIMY U Hedopma-
UMMM MHGEKLIVIOHHOTO ITPOUCXOXKIEHNS, 0COOEHHO
y IeTeif, KOCTHO-CYCTaBHBIM TybepKyne3oM u (puo-
PO3HBIMU OUCTPOPUIMU, OOCYKIAIMU BOIIPOCHI BOEH-
HO-TIOJIEBOM XUPYPIUM, aMITyTallMi U IPOTe3UpOBa-
HMUSI, CTaBlIMe TPUOPUTETHBIMM BO BTOPOJi MOJIOBUHE
TPUILIATHIX TONOB, a Tak)Ke MHOTME Apyrue, OXBaThbl-
Bawolllye BCce pasfesbl TPaBMaTOIOTUM U OPTOIEnUH,
BKJIIOUAasi BOIPOChl OpraHM3aluu TpaBMaToJOrnye-
ckoit momomy. «Bopbba € OETCKUM KaJleYeCTBOM»
CTJIO OOHMM U3 Haubosee SPKMUX BBICTYILIEHMI
I.W. TypHepa Iepen uieHaMu 00IIeCTBa.

Bo BTOpom mepuope paboter ¢ 1934 mo 1950 r.
O6IIeCTBO TPUOPUTETHO 3aHMMAIOCh BOIIPOCAMU
OpraHu3alyu MOMOILM U IeYeHUsI paHEeHbIX, aMITyTa-
LM, IpoTe3UpOoBaHMsI U 60eBoii TpaBMbI. K 25-1eTuio
B 1951 r. cocTosioch 310 3acemaHmii 0611ecTBa, B X0z
KOTOPBIX BBITIOJTHEHO 422 noknana u 947 neMoHCTpa-
uyit. O6Cy>Kaanyu Mpo6JieMbl STAITHOTO JIEUEHUST paH
Ha BOJiHEe, HEOOXOOMMOCTY paHHE XUPYyPTUUECcKOit
00paboTKM, MPUMEHEHUs] aHTHUCEIITUKOB, IPOTUBO-
IIIOKOBBIX MEPONPUSATUIA ITyTeM COTpeBaHMs, BBeJe-
HUST 00€300IMBAIOIINX, UMMOOWIN3AIINM TIEPEIOMOB
KOCTelt ¥ reMoTpaHCcdy3nu, BOIIPOCH PACIIO3HAHMUS U
JleueHMsT aHadpOoOHOM MHGEKINM, OKOTOBOJ TPaBMBblI,
NpMMeHeHMs] MeCTHOl aHecTe3MM U HapKo3a B MO-
JIEBBIX YCIOBUSIX. UsieHbI 06IIecTBa cuenami MHOTOe
IIIS1 yOOBIETBOPEHMS BO3POCIIIEli IMOTPEOHOCTM B Ha-
YUYHOJ M y4eOHOI JuTepaType 10 BOEHHOI TpaBMe.
B nipenBoenHsIli nepuog copatHuk [LM. TypHepa —
crapunit mpernogaBatend 3.J0. OcreH-CakeH IOI-
roroBu1 «KpaTkuit Kypc BOEHHO-TIONEBOV XUPYPrUm»
(1928 1 1930 rr.), a Takke «PyKOBOIACTBO IO BOEHHO-
rosieBoil  xupyprum» (1932 r.). «KpaTkuii y4e6GHUK
110 BOEHHO-TIOJIEBOJ XUPYprum» ObLT u3maH B 1932 .
non penmakuyeinn C.C. TupronmaBa, I'M. TypHepa
u C.I1. ®egopoBa. HakanyHe Bennkoit OTe4eCTBEHHOM
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BoitHbI (1938-1940) omy6GnMuKOBaHbI PaboOThI IIPO-
(eccopa C.A. HoBOTenbHOBA, ITOCBSIIEHHBIE OIBITY
JleueHMs] paHeHBIX: «DTalHOe JieueHlMe OTHeCTpesb-
HBIX TIepeJIOMOB Oefpa IO OIBITY MUPOBOJ BOMHBI»
(1938) u «OpTorenus-TpaBMaTOIOTHS Ha CITysKOe co-
BpeMeHHOI BOViHbI» (1940), a Takke «PyKOBOACTBO
no rurmcoBoi Texuuke» .M. TypHepa, P.P. Bpenena
u B.A. berexTuHa.

HeolieHuM BKjIaJ KOJIJIEKTUBA €IVMHOMBIIIJIEHHN -
KOB TPaBMAaTOJIOTO-OPTONEIUUECKOTO COODIIecTBa
JleHMHTpaa U BCei CTpaHbl B pa3pabOTKy U MPAKTHU-
YyecKoe BHeJpeHMe eIVHbIX YCTAaHOBOK BOEHHO-Me-
IVLIMHCKOV JOKTPMHBI ¥ TIPUHLIMIIOB JIEUeHUST OTHe-
CTpeJIbHBIX paH, MOJYUYeHHBIX COAAATaMU Y MUPHBIM
HaceyeHueM B BOB. B rogpl 6;10Kaibl B TOMOIIb Bpa-
YyaM 3BaKyallMOHHBIX U TBUIOBBIX T'OCHUTAajeil BOEH-
HOro BpeMeHM Oblia M3JaHa MOHOrpadus mouyeTHo-
ro npeacenartens obmecta IL.I. KopHeBa «JleueHue
OTHECTPENbHBIX paHeHUI KOHeYHOCTel» (1943).
Vcxoppl ieueHMs paHEHbBIX C OTHECTPeIbHBIMU Tiepe-
JIOMaMM KOCTeli KOHEYHOCTeN B Ccrhenuanu3upoBaH-
HbBIX TOCIIUTAJISIX OKa3aaMCh 3HAYMMO JIYUIIUMU, YeM
B O0OIIEXUPYPrUUeCcKUX, HECMOTPS Ha MUCIIOIb30BaHMe
OHMX METO/IOB KOHCEPBATUBHOTO JIeUeHUST — TUIICO-
BOJ1 TIOBSI3KM U CKeJIETHOTO BBITSIKEHMSI.

Hamnbonee macumTabHOI Lebl0 OTEYECTBEHHOI
MeOVLVHBI B IOCJIEBOEHHOM IMEPUOAE CTalo 0000-
[IeHVe OITbITA JIEUeHUS] PAHEHBIX M OOJTbHBIX B TOMIbI
BoiiHbI. Ilepen wieHaMmyu o6IIecTBa BCTajla 3amava
IoNeurBaHus M peabUIUTAlINM MHBAJIUIOB, BOCIIM-
TaHMSI HOBBIX KaJpoOB TPaBMaTOJOIOB-OPTOIIEIOB.
Ha 3aceganmsix mpeo6saaiia BOEHHAsI TeEMaTHKa: Jie-
YyeHMe OTHeCTPeIbHOT0 OCTeOMMEINTA U JIOKHBIX CyC-
TaBOB, MCIpPaBJI€HME ITOCTTPaBMATUUYECKUX medop-
Malit ¥ COBepIlIeHCTBOBaHMe KOCTHO-IUIACTUYEeCKUX
onepanuii.

Pactymuiti aBTOpUTET OOINECTBA CIIOCOGCTBO-
BaJl KpaTHOMY YBEeJIMYEHMIO COCTaBa MOJIOJbBIMU
HAYYHBIMM U KIMHMYECKMMM Kagpamu, pabora Ko-
TOPBIX B paMKax OOIIeCTBa HAIPaB/sIach KpyH-
HeNmMUMM IesTeNsIMU OTeUYeCTBEHHOM OpToIeanm —
N.C. BabunubiM, B.C. bamaknunoii, B.A. BeTexTuHbIM,
B.I. BaitHmreiinom, C.®. l'omyHoBbiM, M.H. ToHua-
posoit, T.C. 3anenunbiM, 1.E. KazakeBuuem, I1.I. Kop-
HeBbIM, IL.II. KonppatbeBbiM, @.A., KOIBIIOBBIM,
C.B. Kobmanom, WN.JI. Kpynko, IT1.A. KynmpustHOBbIM,
M.N. Kyciukom, A.A. Hukutunaeim, E.K. Hukudopo-
Boii, /I.A. HoBoxkunoBbiM, C.A. HoOBOTeIbHOBBIM,
B.B. ITyuunsiM, B.1. Po3oBbiM, B.B. PyGuHIITEIHOM,
B.A. Iltypm, T'4. SmmreiitHom, M.C. IOceBuuem
n S1.C. I0ceBuuem. C 1943 r. moyeTHbIM MOpenacena-
TeJieM CTaj geiicTBuTenbHbIi wieH AMH CCCP mpod.
I.I. KopHeB, ciemylomumM 00pa3oM OMMCABIINIA
3HaueHMe OOIIeCTBa Ha TEKYIIeM 3Tare pPa3sBUTUS:
«[TostBMIack TpMOyHa Aj1s1 OOMEHA OITBITOM, Halles-
Csl IIMPOKUI BBIXOM, HAYUHBIM MCKaHUSIM, CTAJIO OCY-
LEeCTB/ISATHCS MeTOAMYECKOe PYKOBOICTBO, CO3/IA/IMCh

Haynbojiee 6JaronpUsTHBIE YUIOBUS IJIS1 YCOBEPIIEH-
CTBOBAHMSI ¥ TIOATOTOBKY KaJpOB».

Pe3ynbraTsl AesiTEIbHOCTM OOINEeCTBa B IOCIIe-
mytomye 15 et (1951-1966) moapo6HO OTOXKEHBI
N.JI. Kpynko, C.C. Tkauenko u W.II. llynsikom B OT-
yere (Opromenus, TpaBMAaTOJIOTUS U IPOTE3UPOBA-
Hue, 1966. N2 9), nocesimeHHOM 40-/IeTHEMY 100MIEI0
JIeHMHTPAJCKOTO HAYYHOTO OOIIecTBa TPaBMAaTOJIO-
ros-opronenos (JIHOTO) [2]. B xozme 270 3acemaHnii
3aQTylnaHo 424 mokiama M MPOBeIeHO 657 meMOH-
CTpaumit MalMeHToB, B T.4. I0C/I€ TIOTPY’KHOTO OCTEO-
CUHTE3a, KOCTHOJ rOMOIUIACTHKM, ONepaluii 1o Io-
BOIY BPOXIEHHOTO BbIBMXa Oeapa, aMITyTanuii u
MPOTE3UPOBAHMSI KOHEUHOCTE. JTOCTIKeHUsT 001ie-
ctBa 3a 50 net B 1977 r. mogpiToskuau C.C. TkaueHKO
u AWM. I'punianoB (OpTonenysi, TpaBMaTOAOIMS U IIPO-
Te3upoBaHue, 1977. N2 8) [3].

Tpetuii nmepuon, pabotbl obmiectBa (1950-1990)
COOTBETCTBOBAJ paclBeTy TpPaBMaToJOTUM, OPTO-
nmeguMu ¥ TPOTE3UPOBAHMUS, HAYAy U YIIyOIeHUIO
ux guddepenunanyu. B 1963 r. cocrosuicst IlepBbiit
BCECOIO3HbIN Cbe3[, TPaBMaTOJOrOB-OPTONEAO0B, YT-
BepKIeHa OpraHu3alMOHHO-IITaTHAs CTPYKTypa
TPaBMaTOJNIOTMUECKOI CIYy>KObI BO IVIaBe C IVIABHBIM
TPaBMaTOJIOTOM-OPTOIIEIOM CTpaHbl IMpodeccopom
M.B. BONKOBBIM, ZOECATUKPATHO BO3POCIO YMCIO
TPaBMAaTOJIOTO-OPTOIEeIMUECKUX CTAIMOHAPOB, 006-
pa3oBaHbl MHCTUTYTHI TPAaBMAaTOJIOTUM U OPTONEAUN
B [loHenike, Kyprane u IIpoKOIbeBCKe, a B KaXKIOM
BBICIIIEM MEIMIMHCKOM YYpEeXIeHMM CO3JaHbl Ka-
dbenpel TpaBMAaTONIOTUM, OPTOIEIUM M BOEHHO-TIO-
JieBoit xupyprun. IIoSBUIOCH MOHSATHE «BOEHHAs
TPaBMaTOJIOTMSI», CO3MIaHbl OTHENeHMS] TPaBMaTOJIO-
MU B BOEHHBIX rocnutaisx. [lokasareinem paciiu-
peHus cdepsl OeaTeNbHOCTY, UHTEHCUBHOM PaboThI
M pacTyIIero aBTOPUTETAa OOIIECTBA CTAJO PETryIsip-
HOe yuacTue B 3acefaHMsIX MpeacTaBuUTeneit Apy-
I'MX TOPOAOB, MPOBeJEeHME COBMECTHBIX 3acemaHuit
C OPYyrMMM HAyYHBIMM OOIIECTBAMM U YUPEXKIEHMU-
aMu  — JIeHMHTPaACKMM Hay4HO-UCC/Ie0BaTeNb-
CKMM MHCTUTYTOM XUPYPTUUECKOTO TybepKyiesa,
JIeHMHTpaJACKMM Hay4YHO-UCC/IelOBAaTeTbCKUM WH-
CTUTYTOM TPaBMaTOJOTMMU U OPTONEAUU UMEHU
P.P. Bpepena, [leTCKMM OpTOIEAMUYECKMM WHCTU-
tyrom umeHu I.U. TypHepa, JIeHMHrpaagCKMM Ha-
YYHO-UCCIeA0BATEIbCKUM  MHCTUTYTOM  TpPOTe-
supoBaHus uM. I.A. Anbbpexta, XUPYyprUUECKUM
obmecrsom umenu H.U. Iluporosa. MHOro BHMMA-
HUs OBLJIO YEJNIEHO BOIPOCaM IperofaBaHusl OpTo-
neauu B By3ax, OpraHu3alyu TPaBMaTOIOTUUECKOM
M TIPOTE3HOI) TOMOIUIM, TMOMYJASpU3alKU XKypHaaa
«OpTonenus, TPaBMarToJOTUS UM TPOTE3UMpOBaHME»
C pelleH3MPOBaHMEM OTAEeNbHbIX HOMEPOB. UjeHbI
06IIecTBa BBICTYIIAIM C JIEKIIMSIMM JJIS TTPOCBeIle-
HUSI MIMPOKOV OOIIECTBEHHOCT B JOMax KyJIbTYpbI,
CAaHUTAPHOTO TIPOCBEMIEHMS U PAbOUMX ayAUTOPU-
SIX, & TAaK’Ke B COCTaBe KOHCY/IbTATMBHOIO OIOPO TIO
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OKa3aHMIO MMOMOIIM B HAY4YHOI paboTe, CO3LaHHOTO
B 1957 r. mpu yuactuu mnpod. I.A. HoBoskuioBa, oka-
3bIBAJIM METOA0OTUYECKYIO Y PYKOBOZSIILYIO TOMOIIb
HauYMHAIOMIYM HayYHbIM KaapaMm. C 1Lie/ibio TpuBjiede-
HMST MOJIOZIBIX Bpaueii K HayaHo paboTe MM GbLIa Ipe-
JlOoCTaBjieHa IPUOPUTETHAS! BO3MOXKHOCTDb BBICTYILIE-
HUSI Ha 3acegaHMsIX oOInecTBa. BaskHOI Tpamuiueii
00IIlecTBa CTaJI0 OOCYKIEHME COBPEMEHHBIX MOHO-
rpaduit U pPyKOBOACTB. [IaHbIO YBaskeHMsSI O0OIe-
CTBa 3aCcayraM OTeYeCTBEHHOI HayKu ObumM 3ace-
JaHusl, TOCBAIeHHble Io6mmeaMm B.A. BeTexTuHa,
M.H. I'onuaposoii, C.®. T'omyHoBa, [I.A. HoBOXX1I0OBa,
M.B. CrpykoBa, B.C. BajmakmHOi, a Takke mnams-
T BbIJAKOIIMXC pycckux ydeHbix [.M. TypHepa,
P.P. Bpemena u I A. AnbOpexra.

ITpencematenp obiectsa rnpod. M.JI. Kpymnko u ot-
BeTCTBeHHBIVI cekperapb mpod. C.C. TkaueHKO Bce-
MEpHO COAENCTBOBAAM paCUIMPEHUI0 U KauyecTBeH-
HOMY YCJIO)KHEHMIO Kpyra MHTepecoB U TeMaTUKU
3acegaHuit. PaspaboTka 1 BHeIpeHME B KIMHNUYECKYIO
MPaKTUKY BHYTPEHHETO 1 0COOEHHO BHEIITHETO OCTE0-
CUHTEe3a 00yCI0BMUIM TosBaeHue ¢ 1950 I. B moBecT-
Ke 3acegaHuit coOOIIeHN 06 OIbITe MPUMEHEHUS UX
IpY IeUEeHUU IIePEIOMOB KOCTE.

BoitHa B AdraHucraHe mnorpeboBasia pasBUTUS
(yHIamMeHTaIbHBIX TIOJNIOKEHMIA B 06JacTM paHe-
BOIl OAJUIMCTUKM, TATOMOPQOIOTUM U IaTODU3U-
OJIOTMM OTHEeCTPeNbHbIX paH M MMUHHO-B3PbIBHOI
TpaBMbl, pereHepalyuu KOCTHOV TKaHU B YCIOBUSIX
3aXMBJIEHUSI OTHECTpebHbIX IEPeIOMOB, a TaKke
M3MEeHEeHMS CTpaTerny U TaKTUKU JIeueHUsI paHeHbIX.
IToBecTKa 3acemaHuii 0OLIECTBA B TPEThEM Il€pUOIe
TaKoKe BKITIOUaaa 06CY>KIeHne pe3ylbTaToB SKCIIePU-
MEHTAJIbHbIX MCC/IEJOBAHMII 10 PAHEBOI OaJIUCTU-
Ke, MOpP(OIOrUM OTHECTPEeNIbHO! paHbl, U3YUYEHUIO
00mmIelt peakiMy OpraHM3Ma Ha TSOKENIYI0 TPaBMY
u QopMupoBaHMe MNPUHIUIIUAIBHBIX ITOJOXKEHM
10 JIeUeHMIO paHEeHbIX, OCYIIECTBASEMbIX XUpypra-
mu (KonecamukoB U.C., Komecos A.Il., JonuauH B.A.,
JiucuupiH K.M., BepkyroB A.H., [epsibun W.N.,
ITleperyonos W.I., AnekceeB A.B.), TpaBmarojora-
mu-oproregamu  (Kpynko W.JI.,, Tkayenko C.C.,
HembsHoB B.M., lllanomuHukos 10.I., demymikuHa B.C.)
u Mopdonoramu (MakcumeHKOB A.H. u [IbickuH E.A.).

K oxoHyaHMIO TPETHETO ITePUOAA AEATETLHOCTH 06-
miectBa 66110 TpoBeneHo 1000 3acemaHmit, 3aCTyIIaHO
1600 mokimagoB u npeacrasieHo 2500 meMoOHCTpaIuii,
o uem ponoxuau C.C. Tkauenko, B.M. IllamoBanoB
u B.M. T'aiimykoB B MOHOIpaduu, IMOCBIIIEHHO! CTO-
JIETUIO OCHOBAaHMS epBoii B Poccum opronennueckoi
KIMHUKK [4]. UncieHHBI COCTaB, HACUMTHIBAIOIINIA
B MOMEHT co3gaHusg 27 4jeHoB obuiecTBa, K 1991 .
OOCTUr 324.

BypHoe pa3BuTKe TPpaBMaTOJIOTUMN U OPTOIESUN B
MMpe M Hallell CTpaHe OIpemenniIo Xxapakrep pabo-
ThI OGINECTBA B YETBEPTOM IIepUOAE, HAUABIIEMCS C
1990-x rogoB. IlosiBieHM e HOBBIX TEXHOJIOTUI TIpeS - U

MHTpAOIepallMOHHOM BMU3yanusaluuM U IUIAaHUMPOBa-
HMSI, HeIIpepbIBHOE COBEPIIIeHCTBOBaHME MHCTPYMEH-
Tapus ¥ MMILIAHTAaTOB, paclipeHre BO3MOKHOCTE
aHeCcTe3MOJIOTUM U TepUOTepalMOHHOTO COIMpPO-
BOXKIEHMS, @ TaKKe IMPOrpecc peadbuIMTalMiOHHO-
BOCCTAaHOBUTE/NIbHBIX METOMOB JIeUeHUST WU3MEeHWUIU
TIPUHITATIBI JIEUeHUST TPaBMaTOJIOTMYeCKMUX U OpTOIle-
IVYeCKUX TalMeHTOB. JuarHoctudeckasl JOCTAaTOU-
HOCTb, aHATOMUYHOCTb, QM3MOJIOTHMUECKasT U ITaTore-
HeTu4YecKas OIpaBIaHHOCTb BMeIIATeNbCTB, a TaKKe
MPeeMCTBEHHOCTh C BOCCTAHOBUTEIbHBIM 3TaloM
JIedeHUSI CTaM OCHOBOJ, MO3BOJIMBIIEN CYII€CTBEH-
HO YJIYUIIUTD Pe3y/IbTaThl ieueHus. YCI0KHeHe He-
136EKHO COMPOBOXKIAIOCh YBEIMUEHMEM MHTEHCHUB-
HOCTM DPabOThl M AanbHemei nuddepeHIuaien
CIIeIMaJIbHOCTM «TPaBMaTOJOTUSI M OpTOMNenuu» Ha
psi, OTHOCUTEIBHO CaMOCTOSITEIbHBIX HallpaBIeHMIA
(wnu cybcnenyaabHOCTE), HAIIeOIIMX OTpPaskeHUe
B OPraHM3alMOHHO-IITATHON CTPYKTYype Je4eOHbIX
yUpekIeHuil, a Takke M3MeHEeHMeM MeTOHOJIOTUN
npenofaBaHusi. B IoOBecTKe 3acemaHuii MOSIBUIMCh
BOMIPOCHI  DHAOIPOTE3MPOBAHMUS ¥ apPTPOCKOINH,
BEPTEOPOJIOrMU, PEKOHCTPYKTMBHO-BOCCTAHOBUTETb-
HOI XUPYprum C IIpUMEHEHMeM MUKpPOXMpypruue-
CKO¥1 TEXHUKM, TTOC/IeA0BATEIbHOTO M PEBU3VIOHHOTO
OCTEOCHHTE3a, KOTOpPbIe 0OCYKIANINCh C UCIIOIb30Ba-
HMEM COBPEMEHHBIX BO3MOXXHOCTE KOMITbIOTEPHOM
TEXHUKN. BO3MOKHOCTb 06yUeHMsT ¥ 0OMeHa OIbITOM
C 3apybekHbIMM KOJIJIEraMy CITIOCO6CTBOBaa ObIc-
Tpoii auddepeHIManM U CO3AAHMIO Y3KOCIeIua-
JIM3VPOBAHHBIX COOOINECTB BHYTPYM TPAaBMATOJIOTUU U
opTONeanN, a TaKKe OOMUITUIO COODIEHMI O pesy/ibTa-
TaxX COOCTBEHHBIX MCCIIeIOBAHMI U BHEIPEHUS TTepe-
IOBBIX TEXHOJIOTUIA.

OnHOBpEMEHHO C M3y4YeHMeM MeXKIyHapoaHO-
TO OIbITa B TPaBMAaTOJOTUM M OPTOIleIMM Ha Tema-
TUYECKUX 3aCelaHMsIX OOIIeCcTBa VOEISIM TOJIK-
HOe BHMMAaHMe OmiIeliHbiMm partam: 100-1eTuio
co mus poxkgenusi I.A. Anp6pexra, ILI. KopHesa,
E.K. Hwuxudoposoii, P.P. Bpenmena; 90-meTuio
B.I. Baiinmrreiina, [I.I. KoBanenko, I'f. DOmurreiiHa,
70-, 75- u 80-neturo W.JI. Kpynko, A.B. BopoHiioBa
u I.J0. HukutuHa. CrenyanabHble 3acefaHust ObLIU
MOCBSAIIEHbI MTaMsITy TpodeccopoB I.A. Mnusapoa
u B.M. JlembsiHOBa. COBMECTHO C XUPYpPru4eCKUM
obmecrsom H.U. ITuporosa npoBOAUINCH 3acCeTaHMsI,
MOCBsIIIIeHHble AHIO 3amuTHuKa OTeuecTBa, Ha KO-
TOPBIX 3aCTYIIMBAIM BOIIPOCHI COBPEMEHHOI 60EBOI
naTojorun. Ilpomormkas Tpaguiyyu obiiectsa, 0600-
HIAIONIe BBICTYIUIEHMS ITPOodeccopoB U OMBITHBIX OP-
TOIEeIOB-TPaBMAaTOJIOTOB COBMEIIAJIUCh C COOOIIEHN-
SIMM MOJIOZBIX CIEMaIMCTOB, MOTYYaIONIMX TTePBbIil
OIIBIT HAYYHOTO OOCYKIEHMS, COBEThI M 3aMedaHUs
60Js1e€ OTIBITHBIX KOJIJIET.

B ssaBape 1993 r. 6p11a co3aHa 06IIeCTBEHHAS Op-
raHusanms «Accoranys TpaBMaTOJIOTOB U OpTOIle-
nmoB CaHkT-IleTepbypra u JIeHMHIpaCKOi 061acT,
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KOTOpyIo Bo3miaBui mmpod. B.A. HeBepos. OHa BoIia
accolMaTMBHBIM WIeHOM B Accoumanuio TpaBMa-
TosoroB-oprornenoB Poccuu. Cankr-IleTepbyprckoe
Hay4YHOe OOIIEeCTBO TPAaBMAaTOJOTOB-OPTOIENOB IO,
npencenarenbcTBoM mpod. B.M. IllamoBanoBa 6bUIO
peopraHmM30BaHO B HAy4YHO-MPAKTUUYECKYID CEKILIUIO
Accomnmanuu, COXpaHMB TpaauIMOHYI0 dopmy pa-
6OTBbI C ekeMeCSUYHBIMM 3aCefaHUSIMU B ayaUTOPUN
Kadenpsl BOEHHOI TPAaBMATOJIOTUU Y OPTOTIEINM.

Wtorm paboThl HAayuyHO-TPAKTUUECKON CEKIUU
AccolManiuy TpPaBMAaToJOTOB U oprorenoB CaHKT-
[Tetep6ypra u JIeHMHTPaACKOi 06IaCcTU 3a MOUIeoHME
20 jieT TpeacTaB/IeHbl B Tabiuile 1. 3a 9TO Bpems Co-
crosyich 137 3acemaHuii, BoinonHeH 291 noxian u 157
JeMoHcTpauuii. Ha MoCTOSIHHOV OCHOBE TOAAEPKUBaA-
10T esITe/IbHOCTD accoumanum 6onee 30 MeOUIIMHCKUAX
opraHmsaiuii ropoga u obmactu. JIMaUpyoImMmu yd-
peXaeHusIMM, Kak U rpexae, seistorcss HMULL TO nm.
P.P. Bpenena u kadempa BOEHHOJ TPaBMaTOJIOT UM U Op-
Torenuyu BoeHHO-MeOuIIMHCKOM akagemum. OB1ecTBo
MPOO/DKAET OCTaBaThbCsl ILIATGOPMOII IyIsI OOMeHa
MPaKTUYECKMUM OITbITOM U pe3y/IbTaTaMu UCC/IeOBaHUIA.

3amnocnegHue 20 net accoumanys ormeruia 110-e-
Te Kadeopbl BOEHHOI TPaBMATOJIOTMM M OpPTOIE-
vy, 90-netue Kadenps! akagemuu M.M. MeuHMKOBa,
a takke 150-nmetme co gus poxxmenus I.U. TypHepa.
B 2016 r. cocTtosutach KoHpepeHUMs, IPUYpPOUYEHHASsT
K 106M1e10 0611ecTBa, KOTOPOMY UCIOMHWIOCHh 90 JieT.
C moxymagaMu BeIcTynuau mpodeccopa B.B. XomuHer,
(«ITepBomy B Poccuy O6I1IeCTBY OpTOIENOB-TpaBMa-
tosoroB 90 jner»), B.A. HeBepoB («JleHMHIrpamcKas
IIKOJIa TPaBMAaTOJIOrOB-OpTOIenoB»), P.M. Tuxumaos
(«Ponp  mpodeccopa P.P. BpemeHa B pasBUTUM
CaHKT-TIeTepOypPrcKOi  IIKOIBI  OPTOIENOB-TPaB-
marosnoros»), U.B. llIBegoBuenko («McToxku mnpore-
3MpOBaHMS, KaK YacTb TPUEAVHON CIelUaaIbHOCTU —
opTomneauy, TPaBMAaTOJOTUM U TIPOTE3UPOBAHUSI»)
u C.B. Buccapuonos («McTopmuyeckue Bexu pa3sBUTHUS
¥ MHHOBAIIMM B IETCKOM OPTOIIEeANN»).

OCHOBHBIMM LIEJISIMU [IESITEIbHOCTU accoluyalun
B HACTOsIIIlee BpeMsl sBjsieTcss GOPMUPOBAHME TIPO-

(dheccroHaIbHOV Cpeabl IJISI KOJUIErMalbHOTO 06CYK-
IeHMs HAay4YHbIX U TIPUKIALHBIX BOIPOCOB CIIELV-
a7bHOCTHU, BBICTYIVIEHUI C OK/IalaMM O pe3yabTaTrax
COOGCTBEHHOJ HAYYHOM M MPaKTUUECKO IesTebHO-
CTH, a TaK)Ke HayYHbIX MHHOBALIMSIX B IMpeLCTaBisie-
MbIX YYaCTHMKaMM YUPEKAEHUSIX, Mpea3alluTHbIX
BBICTYILJIEHUI COMCKaTe/eli HayuyHbIX CTeleHel, BOC-
NUTaHUS U TIOMYyYeHUS ONbITa BBICTYIUIEHUI TMeper,
ayguToOpuein MOJIOABIMU CIleManucTaMmu. 3a Mo-
cremuue 5-7 et 3acemaHusl 0OIeCTBa CTaaM Te-
MaTUYeCKUMM, UTO CIIOCOOCTBYeT Oojiee IITyOOKOMY
MOHMMaHMI0 MOJIOABIMU CIlelMaaucTaMu IpegmeTa
TPaBMAaTOJIOTUM U OpTONeauu. B Oymymem maaHu-
pyeTcst morojaHeHue opMara 3aceqaHuii oblecTsa
TpaHCISIIMeN B SJ€KTPOHHOIN 00pa3oBaTeNbHON
cpene Ha miat@opmax BoeHHO-MeIMIIMHCKONM aka-
memuu u HMULL TO mum. P.P. BpeneHa, a Takke IOTY-
YeHUsI YYaCTHUKAMM 6aJlJIOB HEIPepbIBHOTO MeIy-
IIMHCKOTO 00pa30BaHMsI.

HoBbiM HalmpaBieHVeM paboThl Accolyanuyu
cTaja 9KCIepTHAsI OIleHKa WieHaMM coobiiecTBa u
MpUrAalleHHbIMU TpefCcTaBUTENIMU IOPUANYECKUX
opranusaumii CaHkT-IleTepbypra CIOKHBIX KIMHU-
YeCKUX CJTyYaeB, JKauob U cymeOHbIX pa3doupaTelbCTB
st popMuUpoBaHMs 060CHOBAHHO 1 COTJIACOBAHHOIA
¢ mMpodecCUOHATbHBIM COOOIIECTBOM IO3UIMM 3a-
IIMTHl TPaBMAaTOJOTOB-OpTONenoB. I[IpoBeneHue
OTHENbHBIX 3acemaHuit Accoumanuym TpPaBMaTOJIO-
rOB-OPTOIEIOB COBMECTHO C XUPYPTrUUeCKUMM 00-
mectsoMm H.U. IluporoBa obecrieunBaeT MeKINUC-
UMIUIMHApPHOE B3aMMOIENCTBME U MCTOPUUECKYIO
MpeeMCTBEHHOCTb.

CoxpaHeHye 6e3 Majoro BEKOBBIX TPaauIINii, He-
MIPEePbIBHBIN MOMCK MCTUHBI, POKIAE€MOI B IUCKYCCUU
06 aKTyaJbHBIX BOIPOCAX Hallleil CIenuaJTbHOCTH,
npuBeao AccolualMi0 TPaBMaToJIOTOB UM OpTOIle-
nmoB Cankt-IleTepbGypra u JIeHMHIpaaCKOil 06acTu
K CBOEMY 95-7eTUIO TIOJIHBIM cu U 3Hepruu. CBoeit
paboToi1 OHO U Jasbllie OyIeT CII0cO6CTBOBATh COBEP-
IIIEHCTBOBAHMIO U PaCIIBETY OTeYeCTBEHHOI TpaBMa-
TOJIOTUU U OPTOTIEAVIA.

Tabnruya 1

HToru paboThl HAYyYHO-IIPAKTUUECKOI CeKIMM Acconuanyuy TpaBMaToJIOTOB ¥ OPTOIEeI0B
CaukT-ITeTepOGypra v JIeHMHTpaJACKOI 00/1acTN

ITepuog, KonnuecTtBo 3acemanmnii KonmnuecTBo noKnanos Konmn4aecTBo AeMOHCTpaLinii
TOJIbI (n/ BCero) (n/ BCero) (n / Bcero)
1926-1951 310 422 947
1951-1976 452/762 802 /1224 1016/ 1963
1976-2001 392/1154 656 /1880 490/ 2453
2001-2021 137/1291 291/ 2171 157 /2610
Bcero 1291 2171 2610
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Bce aBTOpBI mpowin U omo6puan (GUHAIBHYIO BEPCUIO PYKOIMCU CTAaTbM. Bce aBTOpBI COITIACHBI HECTU
OTBETCTBEHHOCTH 3@ BCE acCIMeKThl paboThl, UTOObI 06eCIIeUNTh HaJJIekallee PaCCMOTPEHNME U PElIeHNe BCEX
BO3MOSKHBIX BOIIPOCOB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAZEKHOCTBIO JIF060I1 YacTu paboThl.

Kowgnuxm unmepecos

ABTOpBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(IVKTA MHTEPECOB.
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HEKPOJIOIM / OBITUARIES

HWUKOJIAY TABPUI0BMY ©®OMUYEB

1941-2021

18 mexkabpst 2021 r. yiien M3 XKU3HU OOKTOP Me-
IUIMHCKUX HaykK, Ipodeccop, OBIBLIMIA IUPEKTOP
HoBocubupckoro HUUTO um. 51.J1. LIuBbsiHa Hukonaii
laBpunosuu domunues.

HI. ®omuueB pomunca 10 wmag 1941 T
B HoBocubupckoii o6rnactu. ITocie oKOHYaHUS Cpef-
HeJl IIKOJIbI TPOIOJIKIUII 06yueHre B HoBocubupckom
MeIULIVMHCKOM MHCTUTYTe. B 1967-1970 rT. 06yuancs
B acCIMpaHType Ha Kadeape obIIeii XUPYpPrum.

B 1971 r. H.I. ®oMuueB 3alUTUI KaHAUOATCKYIO
IyccepTaluio.

Bcsa ero TpynmoBasi OesATENbHOCTb IPOXOOU-
Jla B MeOUMHCTUTYTe: accucteHt ¢ 1970 mo 1979 r.,
¢ 1979 r. — moueHT, ogHOBpPeMeHHO 1o 1983 r. pabo-
TaJI IeKaHOM IeguaTpuyueckoro daxkynbpreTa. B cBsizu
C TeM, YTO OH ObUT B pe3epBe OTHeNlia BHEIIHUX CHO-
menuit MunsgpaBa CCCP, paboran B TaH3aHUM U
Odumormu. ITo BO3BpallleHUIO U3 3arpPaHKOMaHIMPO-
BOK H.I. ®omuueB npoao/sKuiI paboTy B MHCTUTYTE.

VuuThIBasi OOMBIION KIMHUYECKUI OIBIT M HABBI-
KM OpraHu3aTopa 3apaBooxpaHeHus, B 1986 r. oH 6bL1
Ha3HauYeH Ha AO/DKHOCTH aupekTopa HoBocubmpckoro
HUWTO. B TpyaHbie ajis1 crpadbl 1980-1990 rogbl emy
yOaJIOCh He TOMbKO COXPaHUTb MHCTUTYT, HO U MPU-
JIaTb eMy HOBble BEKTOPbI pa3BUTUS, CO30aTh TPYLO-
CITOCOGHBIN KOJUIEKTUB, ONITMMMU3MPOBATh €r0 paboTy.
KonoccanpHble yCuamsi ObIIM TIPUIIOKEHBI 1T YKpe-
IJIEHMS] MaTepUaabHOM 6a3bl MHCTUTYTA.

Huxonait 'aBpuaoBMY B CBOEI AOKTOPCKOM OMC-
ceprauuu «HayuHoe o6ocHOBaHMe U pa3paboOTKa
CUCTEMBI CHEIMATM3UPOBAHHOM OMOIIM Ipu 3a60-
JIEBaHMSIX U TIOBPEXIEHMSIX MO3BOHOUHMKA» (1994)
Hay4YHO 000CHOBAJ HEOOXOOMMOCTh CO3IaHMUS HOBOJ
KJIMHUYECKOM OUCIIUIUIMHBI — BepTeOpOIOTrui, a Tak-

5K BaXKHOCTb Pa3pabOoTKM CUCTEMbI CIeLMaIn3Upo-
BAHHON BepTe6PONIOrMYecKoil MOMOIIM HaceJIeHUIo
Poccun. B mHCTUTYTE OBLT BHEOpPEH PSIi BBICOKUX
TEXHOJIOTUIA TI0 XUPYPTUM MO3BOHOYHMKA: CUCTEMBI
«Dynesys» u CDI, TpancnienukynasipHas Gukcaims, 9H-
JocKkomuyeckast Xupyprusi. PazpabatbiBainuch HOBbIe
KOHCTPYKLMMU, XUPYPTUUECKUIT MHCTPYMEHTapUii,
MMIUIAHTAThl M3 TIOPUCTOTO HUKeNNUAA TUTaHa. bbuio
OpraHM30BaHO Hay4YHOE COTPYLHMUYECTBO C BEAYILIUMU
3apybexkHpiMu KmHMKaMu. B 1998 r. H.I. ®omuueBy
6bLIO TIPMCBOEHO yUeHoe 3BaHue mpodeccopa.

Huxonan T'aBpuioBuY TMOATOTOBMI 12 TOKTOPOB
HayK U 17 KaHOUIATOB HAyK, OH SIBJISIETCSI aBTOPOM
6onee 200 HayYHBIX TPYIOB, BKIHOUas 12 MOHOrpa-
duit, a Tarcke 16 M306peTeHMIA.

HeBo3moxHO 1niepeoueHnTh poib H.I. ®omuueBa
B co3maHuu Poccuiickoil accoumauuy XuUpypros-
BepTebpooros, 06beAMHUBIIEN OPTOMENOB U Heii-
pPOXUPYPIOB, UYTO MO3BOAMUIIO MMOAHSATh OPTaHMU3aLUIO
BepTebpONIOrMyecKkoii MOMOIIYM Ha HOBBIM KauyecT-
BEHHBI YPOBEHbD.

bnaromaps wuHuImaTMBe M ycuiausam Hukonas
l'aspuioBmuya B 2004 1. BbIlIEN B CBET IIePBbI/i HOMED
KypHaia «Xupyprusi Io3BoHOUYHMKa». B Hacrosiee
BpeMs 3TO — aBTOPUTETHOE Hay4YHO-IPAKTUYECKOe
MU3aHue, KOTOPOe 3HAIOT U YUTAIOT BO BCEM MMUPE.

[To auuuatuse H.I. ®omuyeBa YueHBIi COBET
TIPMHST pellieHye O 1e1ecoo6pa3HOCTU U HeobXomu-
MOCTU MPUCBOEHUS MHCTUTYTY MMEHU BEJIMKOTO XU-
pypra u ydyeHoro fIkosa JleonTbeBnua LIuBbsiHA.

Hukonaii TaBpuaoBMY ObLT HarpakaeH Harpym-
HbIM 3HakoM «OTIMYHUK 34pPaBOOXPaHEHMSI», OpHe-
HOM «3HakKk modeta» (2002), eMy IpUCBOEHO 3BaHME
«3acmy>keHHbI1 Bpau Poccniickon @epepaunm» (1996).
OH 4BJISUICS WIEHOM MEXIyHapOZHOTO OOIlecTBa
TpaBmatosoros-opronenos SICOT ¥ MCHOMHUTENb-
HOro KommTeTa EBpomeiickoit accoumaimuy 6GaHKOB
TkaHeil (EATB), wieHOM penxosuieruit psifa oreye-
CTBEHHBIX KYPHAJIOB I10 CIIeMaJbHOCTH.

Huxkomnait TaBpunoBuy @omuueB BO3I/IABIISII
HoBocubupckuit HUMTO B Teuenue 20 ner. [lepenas
6pasabl MpaBjieHus] B PYKM HOBOTO AOMpEKTOpa, OH
OCTaJICSl B MUHCTUTYTeE, 6€3 KOTOPOTo ce6st He MBICINII,
MIPOJIOJIKAJT aKTUBHO U TUIOAOTBOPHO PaboTaTh, MOKa-
3pIBasi CBOMM IIPUMEPOM, Yero MOXKET JOCTUYD Yeso-
BEK, IpeaHHO M YeCTHO CIy)XXallluii CBoeMy Jeny.

[MTamate 0 Hukomae TaBpmioBnue domuyeBe —
CBETJIOM YeJloBeKe, TaJaHTAMBOM OpraHusatope U
PYKOBOJMTENE — HAaBCETAA COXPAHUTCS B CEPALAX ero
POIHBIX, APY3€eii, KOJIJIeT, yYUeHUKOB, MaljMeHTOB.

Konnexmug Hosocubupckozo HUUTO um. A.J1. LusvsHa
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