TPABMATOJNIOINNA
MWOPTONEAWUA
POCCUN

2022+ T. 28 » Ne 1

HAYYHO-MPAKTUYECKNN PELLEH3UPYEMbIV XXYPHAT



ISSN 2311-2905 (print)
ISSN 2542-0933 (online)

Travmatologiya i Ortopediya Rossii

Vol. 28,N 1, 2022

QUARTERLY SCIENTIFIC AND PRACTICAL PEER-REVIEWED JOURNAL

Journal founded in 1993

FOUNDERS

 Vreden National Medical Research Center
of Traumatology and Orthopedics

¢ Eco-Vector

PUBLISHER

Eco-Vector

Address: 3A, Aptekarskiy lane, office 1N,
St. Petersburg, 191186, Russia

e-mail: info@eco-vector.com
https://eco-vector.com

Phone: +7(812)648-83-67

EDITORIAL OFFICE

Address: 8, Akademika Baikova str.,
St. Petersburg, Russia, 195427
e-mail: journal@rniito.org
https://journal.rniito.org

Phone: +7(812)670-86-84

INDEXING

Emerging Sources Citation Index
(Web of Science)

Russian Science Citation Index
Google Scholar

Directory of Open Access Journals (DOAJ)
WorldCat

BASE

Dimensions

Ulrich’s Periodicals Directory
OpenAIRE

The journal is listed among the peer-reviewed
scientific periodicals recommended by Higher
Attestation Commission at the Ministry

of Education and Science.

The journal is registered by Federal Service
for Supervision in the Sphere of Telecom,
Information Technologies and Mass
Communications.

Registration certificate PI No. FC77-82474 was
issued on December 10, 2021.

[@her |
The content is available under the Creative

Commons — Attribution 4.0 International,
CC-BY license.

Editors: LV. Kolesnikova, A.S. Shen
Layout: S.V. Gavrilova

Printred in “Typography Lesnik”,
197183, St. Petersburg, Sabirovskaya str., 37.
Free price.

© Vreden National Medical Research Center

of Traumatology and Orthopedics, St. Petersburg,
Russia), 2022

© Eco-Vector, 2022

Editor-in-Chief

Rashid M. Tikhilov - Dr. Sci. (Med.), Professor

(Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg,
Russia)

Deputy Editor-in-Chief

Igor I. Shubnyakov - Dr. Sci. (Med.)

(Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg,
Russia)

Executive secretary

Irina V. Kolesnikova

(Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg,
Russia)

EDITORIAL BOARD

Ildar F. Akhtyamov — Dr. Sci. (Med.), Professor (Kazan State Medical University, Kazan, Russia)
Aleksey G. Baindurashvili — Dr. Sci. (Med.), Professor (Turner National Medical Research Center
of Children’s Orthopedics and Trauma Surgery, St. Petersburg, Russia)

Igor G. Belenkiy — Dr. Sci. (Med.) (St. Petersburg Dzhanelidze Emergency Research Institute,

St. Petersburg, Russia)

Mikhail V. Belov — Cand. Sci. (Med.) (Solovyov Clinical Emergency Hospital, Yaroslavl, Russia)
Svetlana A. Bozhkova — Dr. Sci. (Med.) (Vreden National Medical Research Center

of Traumatology and Orthopedics, St. Petersburg, Russia)

Dmitry Yu. Borzunov — Dr. Sci. (Med.) (Ural State Medical University, Ekaterinburg, Russia)
Aleksander V. Gubin — Dr. Sci. (Med.), Professor (Priorov National Medical Research Center

of Traumatology and Orthopedics, Moscow, Russia)

Vadim E. Dubrov —Dr. Sci. (Med.), Professor (Lomonosov Moscow State University, Moscow, Russia)
Aleksander K. Dulaev — Dr. Sci. (Med.), Professor (Pavlov University, St. Petersburg, Russia)

Luigi Zagra — MD, Professor (Galeazzi Orthopedic Institute, Milan, Italy)

Nikolai N. Kornilov — Dr. Sci. (Med.) (Vreden National Medical Research Center of Traumatology
and Orthopedics, St. Petersburg, Russia)

Andrey V. Korolev — Dr. Sci. (Med.), Professor (European Clinic of Sports Traumatology and
Orthopedics, Moscow, Russia)

Andrey A. Korytkin — Cand. Sci. (Med.) (Tsivyan Novosibirsk Research Institute of Traumatology
and Orthopedics, Novosibirsk, Russia)

Aleksander Yu. Kochish — Dr. Sci. (Med.), Professor (Vreden National Medical Research Center

of Traumatology and Orthopedics, St. Petersburg, Russia)

Veit Krenn — MD, Professor (Center for Histology, Cytology and Molecular Diagnostics, Trier, Germany)
Djoldas Kuldjanov — MD, Professor (University Hospital, St. Louis, USA)

Dmitry A. Malanin — Dr. Sci. (Med), Professor (Volgograd State Medical University, Volgograd, Russia)
Alexander M. Miromanov — Dr. Sci. (Med.), Professor (Chita State Medical Academy, Chita, Russia)
Vyacheslav N. Mitrofanov — Cand. Sci. (Med) (Privolzhsky Research Medical University, Nizhny
Novgorod, Russia)

Valery Yu. Murylev — Dr. Sci. (Med.), Professor (Sechenov First Moscow State Medical University,
Moscow, Russia)

Javad Parvizi — MD, Professor (Rothman Institute, Philadelphia, USA)

Carsten Perka — MD, Professor (Charité — University Medicine, Berlin, Germany)

Dmitry A. Ptashnikov — Dr. Sci. (Med.), Professor (Vreden National Medical Research Center

of Traumatology and Orthopedics, St. Petersburg, Russia)

Sergey O. Ryabykh — Dr. Sci. (Med.) (Priorov National Medical Research Center of Traumatology
and Orthopedics, Moscow, Russia)

Andrey P. Sereda — Dr. Sci. (Med.) (Vreden National Medical Research Center of Traumatology
and Orthopedics, St. Petersburg, Russia)

Leonid N. Solomin — Dr. Sci. (Med.), Professor (Vreden National Medical Research Center

of Traumatology and Orthopedics, St. Petersburg, Russia)

Marc Thomsen — MD, Professor (Mittelbaden Clinics Baden-Baden Balg, Baden-Baden, Germany)
Vladimir V. Khominets — Dr. Sci. (Med.), Professor (Kirov Military Medical Academy,

St. Petersburg, Russia)

Robert Hube — MD, Professor (Center of Arthroplasty, Munich, Germany)

The editors are not responsible for the content of advertising materials.
The point of view of the authors may not coincide with the opinion of
the editors. Only articles prepared in accordance with the guidelines
are accepted for publication. By sending the article to the editor, the
authors accept the terms of the public offer agreement. The guidelines
for authors and the public offer agreement can be found on the website:
/ https://journal.rniito.org. Permissions to reproduce material must be
obtained in writing to the publisher and retained in order to confirm
ECOeVECTOR the legality of using reproduced materials.



ISSN 2311-2905 (print)
ISSN 2542-0933 (online)

Tpasmatonorua u oproneaus Poccun

Tom 28, Bbinyck 1,2022

EXXEKBAPTAJIbHbI PELLEH3MPYEMBIA HAYYHO-NMPAKTUYECKUIA XXYPHAT

XypHan ocHoBaH B 1993 1.

YYPEAUTENU

o OIBY «HaunoHanbHbIM MeAMLMHCKMIA
MCCNenoBaTeNbCKUi LIEHTP TPaBMaToNoMmu

1 opToneann umenu P.P. BpeneHa» Munsapasa Poccuun
« 000 «3ko-BekTop»

WU30ATE/Ib

000 «3ko-Bektop»

Anpec: 191186, r. CaHkT-NeTepbypr,

AnTekapckuii nep., a. 3, iuTepa A, nomelenve 1H
E-mail: info@eco-vector.com
https://eco-vector.com

Ten.: +7(812)648-83-67

PEQAKLMA

Anpec: 195427, Cank-letepbypr,
yn. Akagemuka baiikosa, aom 8;
Ten.: +7 (812) 670-86-84

e-mail: journal@rniito.org
https://journal.rniito.org

MHOEKCALLMS

Emerging Sources Citation Index (Web of Science)
RSCI Ha nnatdopme Web of Science
PUHL,

Google Scholar

BASE

Dimensions

DOAJ (Directory of Open Access Journals)
Ulrich’s Periodicals Directory

WorldCat

OpenAIRE

)XypHan BkntoyeH B MNepeyeHb peLeH3UpyeMbIX Hay4HbIX
u3naHuii, pekomenayembix BAK PO ans ony6nukosaHus
OCHOBHbIX Hay4HbIX Pe3yNbTaToB AMCCEPTaLIMIA Ha COMCKAHWE
YYEHOM CTeneHu AOKTOPA M KaHAMAATA HAYK

XKypHan 3apeructpupoBaH [0CKOMUTETOM NevaTu,
TenepaAmMoBeLLaHNS U MaCcCOBbIX KOMMYHMKaLMiA 12 anpens
1993 1. (Ceupetenncteo N2 0110540). NMepepeructpupoBaH
DepepanbHoi cnyxboii No Haa3opy 3a cobiofeHneM
3aKOHOAATENbCTBA B Chepe MaCCOBbIX KOMMYHMKALINIA

1 0XpaHe kynbTypHoro Hacneamnst CMU 10 nekabps 2021 .
(CupetenbcTao o peructpaumuu MU No DC77-82474)

) R
KoHTeHT ypHana foctyneH nog nuuexsueii Creative
Commons — Attribution 4.0 International, CC-BY.

PacnpoctpaHsieTcs no noanucke:

Mupekc MHO30 B katanore «Mouta Poccumy;
MHpekc 33020 B o6benHEHHOM KaTanore
«[Mpecca Poccumn»

PenakTopbl KonecHukosa M.B., Len A.C.
TexHuueckuit pepaktop faspunosa C.B.

000 «Tunorpadust NecHuky, 197183, CankT-MeTepbypr,
yn. Cabuposckas, 4. 37.
LleHa cBobopaHas.

© OIBY «HalyoHanbHbI MEAULMHCKUIA UCCNE0BaATENbCKMUIA
LLleHTp TpaBMaTonoruu u optoneamnu umenn PP. Bpeaena»
Mwun3ppasa Poccuu, 2022

© 000 «3ko-Bektop», 2022

[naBHbIi pepakTop
Tuxunoe Pawud Mypmy3anuesuy - i-p Mea Hayk, npodeccop
(HMWULL, TO um. PP. BpeaeHa, CankT-lMetepbypr, Poccus)

3amecTuTenb MaBHOro peAakTopa
LLly6Hsiko8 Meops MeaHosuY - p-p Men. HaykK
(HMULL, TO um. PP. BpeneHa, CankT-TMetepbypr, Poccus)

OTBeTCTBEHHbIN CEKpeTapb
KonecHukosa MpuHa BradumuposHa
(HMUL, TO wm. PP. BpeneHa, CankT-lMetepbypr, Poccus)

PEOAKLMOHHAA KONNErNg

Axmsamos N.@. — 1-p mMen, Hayk, npodeccop (KaszaHckuit TMY, KasaHb, Poccus)

baundypawsunu A.I. — akanemuk PAH, n-p mMea. Hayk, npodeccop (HMUL, ATO wm. U TypHepa,
CankT-letepbypr, Poccus)

benenbkuti M.I — n-p mep. Hayk (CM6 HKUM ckopoit nomowum um. UM, Dxxanennase,
CankT-Tetepbypr, Poccus)

benos M.B. — kaHp. Mefi. Hayk (KnuHuyeckas 60onbHULA CKOPOU MeAMULMHCKOW MOMOLLM

um. H.B. ConoBbesa, pocnasnb, Poccus)

boxkosa CA. — n-p mea. Hayk (HMULL, TO um. PP. Bpenena, CankT-Tetepbypr, Poccus)

bop3yros [.10. — n-p Men, Hayk (Ypanbckuit TMY, Exatepunbypr, Poccus)

ybuH A.B. — p-p Mep. Hayk, npodeccop (HMUL, TO um. H.H. Mpuoposa, MockBsa, Poccus)
ly6pos B.3. — p-p men. Hayk, npodeccop (MY um. M.B. JlomoHocosa, Mocksa, Poccus)

Jlynaes A.K. — n-p Mea. Hayk, npodeccop (MCM6IMY um. U.MN. Maeno.a, CaHkT-MeTepbypr, Poccus)
3aepa Jl. — A-p MeanumHbl, npodeccop (Optoneanyeckuit MUHCTUTYT faneauun, Munax, Utanus)
KopHunos H.H. — p-p mep. Hayk (HMWL, TO um. PP. Bpenera, CaHkT-MeTepbypr, Poccus)
Kopones A.B. — p-p Men,. Hayk, npodeccop (ECSTO, Mocksa, Poccus)

Kopbimkur A.A. — KaHp. men, Hayk (Hosocnbupckuit HUIMTO um. 9.1, LinsbaHa,

HoBocubupck, Poccus)

Koyuw A.fO. — p-p Mep. Hayk, npodeccop (HMUL, TO um. PP. BpeaeHa, CaHkT-MeTepbypr, Poccus)
KpenH B. — n-p MeanumHbl, npodeccop (LleHTp ructonoruu, uutonorum u MonexkynspHom
AnarHocTuku, Tpup, lfepmanus)

Kyneoxaros [. — a-p MenmumHbl, npodeccop (YHuBepcuteTckas knmHuka, CeHt-Jlyuc, CLUA)
Mananun .A. — B-p Men. Hayk, npodeccop (Bonrorpaackuii TMY, Bonrorpags, Poccus)
Mupomatros A.M. — p-p Men,. Hayk, npodeccop (YuTuHckas TMA, Yura, Poccus)

Mumpogaros B.H. — kanp. mea,. Hayk (MpUBOMKCKUIA UCCNELOBATENbCKUIA MEAULIMHCKUIA
yHuBepcuteT, H. HoBropog, Poccus)

Mypeines B.HO. — n-p men. Hayk, npodeccop (Mepsbit MTMY um. U.M. CeueHosa, Mocksa, Poccus)
Mapsu3u [x. — A-p MeanumHbl, npodeccop (MHcTuTyT PotMana, ®unapensdus, CLLA)

Mepka K. — n-p MeanumHbl, npodeccop (LLeHTp ckeneTHO-MbILeYHOR XUPYPruu
Ynusepcutetckort knuuuku LLapute, bepnuH, lepmanus)

lMmawnukos [.A. — n-p Mepn. Hayk, npodeccop (HMULL TO um. P.P. BpeneHa,

CankT-Tetepbypr, Poccus)

Pabbix C.0. — o-p mMen. Hayk (HMULL TO um. H.H. Mproposa, Mocksa, Poccus)

Cepeda A.M1. — n-p men. Hayk (HMULL TO um. PP. Bpenena, CankT-Tetepbypr, Poccus)

ConomuH J1.H. — n-p mea. Hayk, npodeccop (HMULL TO um. PP. Bpenena,

CankT-Tetepbypr, Poccus)

TomceH M. — a-p MeauumHbl, npodeccop (KnuHuka MuttensbaneH, bapeH-baaeH, lfepmanus)
Xomurey, B.B. — n-p men, Hayk, npodeccop (BmenA um. C.M. Kuposa, CankT-Tetepbypr, Poccus)
Xy63 P. — n-p MeamumHel, npodeccop (LleHTp 3HaonpoTe3nposaHus, MioHXeH, [epMaHus)

Penakums He HeceT OTBETCTBEHHOCTM 3a COAEPXaHWe PeKNaMHbIX MaTepUanos.

Toyka 3peHWs aBTOpPOB MOXET He COBMajaTb C MHeHWeM pedakLuu.

K ny6amkaumm npuHMMaloTCs TONbKO CTaTbM, NOAFOTOBAEHHbIE B COOTBETCTBUM

€ npaBunamu Ans aBTopos. Hanpaenss CTaTbio B peAakLmio, aBTopbl NPUHAMAIOT

YCNoBUs A0roBopa nybnnyHoii opeptbl. C npaBunamMu 4ns aBTopoB U JOrOBOPOM

ny6anMyHOi odepTbl MOXHO 03HAKOMMUTLCS Ha caiTe: https://journal.rniito.org.
/ MonHoe MAM YacTMYHOE BOCMPOM3BEAEHME MaTepuanos, OMyBAMKOBAHHbIX
B XypHane, AOMYCKaeTcs TONbKO C MMCbMEHHOTO paspelleHns u3patens
1 PenaKLMM, CCbINKA Ha XypHan obsizatenbHa.

OQKO®BEKTOP



Traumatology and Orthopedics of Russia

Vol. 28, No 1, 2022

CONTENTS

EDITORIAL

Tikhilov R.M., Sereda A.P.
Orthopedic Consequences of COVID-19........ccccueeeveevieerceeenveennen. 5

CLINICAL STUDIES

Preobrazhensky P.M., Bozhkova S.A.,

Kazemirsky A.V.

Comorbidity Index as a Risk Factor of Knee PJI Recurrence

After Spacer Implantation ........coccceeveeriieeiieiniiencieeeeeeeeeeeeeees 7

Teplenky M.P., Oleinikov E.V., Bunov V.S.,

Fozilov D.T.

Pelvic Osteotomies for Treatment of Young Patients With Hip
Osteoarthritis Secondary to Developmental Dysplasia ................ 19

Chugaev D.V., Konovalchuk N.S., Kogan P.G.,

Kornilov N.N., Sorokin E.P., Glaznyov D.N.

Adsorbent Dressings from Sodium Carboxymethyl Cellulose
With Silver Ions in Primary Knee Arthroplasty:

A Randomized Trial

Bozhkova S.A., Liventsov V.N., Tikhilov R.M.,

Romano C.L., Kochish A.Yu., Labutin D.V.,

Artyukh V.A.

Protein Energy Malnutrition as a Predictor of Early Recurrent
Revisions After Debridement Surgery in Patients With
Difficult-to-Treat Periprosthetic Infection ..........ccccceeeveecveerunenne 39

Bortulev P.1., Vissarionov S.V., Baskaeva T.V.,

Barsukov D.B., Pozdnikin I.Yu., Murashko T.V.,

Baskov V.E., Poznovich M.S.

The Use of Electret In the Surgical Treatment of Children

With Perthes Disease: Early OUtCOMES.........ccceeeveerueercreeniveennnenn. 46

Babaeva Kh.B., Polukhov R.Sh.
Ultrasonographic Assessment of the Proximal Femoral
Ossification Center in Children Under 1 Year.....c.ccccecueeevereneennnen. 58

Batkin S.F., Vissarionov S.V., Baindurashvili A.G.,

Agranovich O.E., Barsukov D.B., Buklaev D.S., Petrova E.V.,
Trofimova S.I., Kochenova E.A., Savina M.V.

Surgical Treatment of Children with Hip Dislocation

in Amyoplasia-Type Arthrogryposis: A Rational Approach

to Treatment Selection ..........ccecceeeverriierrieeieeneeeee et ae 67

THEORETICAL AND EXPERIMENTAL
STUDIES

Antropova L.P., Volokitina E.A., Udintseva M.Yu.,

Yushkov B.G., Tyumentseva N.V., Kutepov S.M.

Effect of Lanthanum Zirconate Ceramic on the Dynamics

of Hematological Parameters and the Bone Remodeling

Markers: Experimental Study .......cocceeveeeeereerersienernienieenenseenennne 79

Zelyanin D.A., Dubrov V.E., Zelyanin A.S., Filippov V.V.,
Yashin D.V., Petrosyan K.A.

Features of the Extraction of the Anterior Tibial Vessels

in the Formation of Vascularized Bone Grafts...........ccccceevueeeuennns 89

NEW TECHNIQUES IN TRAUMATOLOGY
AND ORTHOPEDICS

Voronkevich I.A., Varfolomeev A.P., Geraschenko N.I.
Shoulder Arthrodesis: A New Technique .........cccceeeevueeeeccveenenns 100

CASE REPORTS

Panin M.A., Petrosyan A.S., Hadjicharalambous K.Kh.,

Boiko A.V.

Avascular Necrosis of the Femoral Head After COVID-19:

YO8 Ty I <) o (=TSRSS 110

REVIEWS

Shchurova E.N., Ryabykh S.0., Ochirova P.V.,
Popkov D.A., Ryabykh T.V.
Spine Pathologies in Osteogenesis Imperfecta: A Review .......... 118

Torgashin A.N., Rodionova S.S.

Osteonecrosis in Patients Recovering from COVID-19:
Mechanisms, Diagnosis, and Treatment at Early-Stage Disease
(REVIEW) c.ceuiieiiiicieicictcrcreret ettt n e 128
Zhumabekov S.B., Pronskikh A.A., Pavlov V.V.,

Korytkin A.A.

Surgical Treatment of Patients With Knee Pathology

and Deformities of the Lower Extremities:

A Systematic ReVIEW.......cocuviriuiiiiiiiiiiiicniietcccccceececeeen 138

UBILEES

Vladimir P. Morozov
75% Anniversary of the Birth .......cccceeeeveeverienenceneeceeeeeeeenne 148



TpaBMaTOJIOI‘Mﬂ u oproimeaus Poccun

Tom 28, N2 1, 2022

COJEP>KAHUE

OT PEJAKTOPA

Tuxunos P.M., Cepega A.Il.
Oproneguueckye mocieACTBUSI COVID-19....ccccuvvviinvieenierieennen. 5

KIIMHWYECKUME MCCJIEJOBAHNMA

IIpeo6paskenckuii I1.M., Boskkosa C.A.,

Kaszemupcknii A.B.

PacueT MHIeKca KOMOPOMUIOHOCTM KaK GakTopa pucKa peryanBa
TepUITPOTe3HON MHGPEKLINM [TOCIIe YCTAHOBKY cIieiicepa
KOJTIEHHOTO CYCTABA -.uveeeureerureenreraseesaseesaseeasseesseesantessseesnseesssessnsens 7

Témnennbkuit M.II., Oneitnukos E.B., Bynos B.C.,

®o3mnos JI.T.

PeKOHCTPYKIMS Ta300€APEHHOTO CYCTaBa Y MOJIOJBIX

TALVEeHTOB C AUCTIIACTAUECKUM KOKCAPTPO3OM ...evveeererrersnnenneens 19

Yyraes [.B., KonoBanpuyk H.C., Koran ILT.,

Kopxuios H.H., Copokus E.IL.,

I'masués I.H.

IpuMeHeHMe acOPOUPYIOIIMX TTOBSI30K

13 HaTPUITKapOOKCYMETUIIIE/UTION03bI C MOHAMU cepebpa

B IIEPBMYHOM 3HJIONPOTE3UPOBAHNM KOJIEHHOTO CYCTaBa:
PaHIOMU3UPOBAHHOE UCCITIEHOBAHME ...euveereruveerersnreeessnreeessseeesns 28

BoxkoBa C.A., Jlusennos B.H., Tuxuios P.M., Pomano K.JIL.,
Koumm A.10., JTaGytuu [I.B., ApTiox B.A.
BenkoBo-3HepreTnyecKast HeAOCTATOYHOCTh KaK MPEAVKTOD
PaHHMX MTOBTOPHBIX PEBU3MUIT TTOC/IE CAHUPYIOLIVX OMepaIuii

y MalMeHTOB C TPYAHOU3IEUMMONi TIEPUTTPOTE3HOI

MHQPEKIIVET ..evvenvieneereieeriesetessseesteestessstessseessesssessseessssesssassnn 39

Boprynés I1.U., Buccapuonos C.B., backaesa T.B.,

Bapcyxkos [I.B., Ilo3guukuu 1.10., Mypamxko T.B.,

Bbackos B.E., IIozHoBu4 M.C.

[IpyMeHeHMe OpTOIeIMYECKOro 7eKTpeTa B XMPyPruiyeckom
JeyeHuy feteii ¢ 6onesHsblo Ilepreca:

OITVKAIIIVIE PEBYITBTATBI «.ceneveeneerueeeaseesastenseeseeeeeassseesaseessseennns 46

Ba6Gaesa X.B., IToxyxos P.III.
VrpTpa3ByKOBast OIleHKa SI[pa OKOCTEHEHMsI TPOKCYMAaIbHOTO
snmnbu3a 6eApeHHON KOCTH Y ATEN A0 1 TOOA . coverrereenreeeerneannes 58

BatbkuH C.®., Buccapuonos C.B., Bannaypamsuin A.T.,
Arpanosuu O.E., Bapcykos /I.B., Byknaes /I.C.,

ITerposa E.B., Tpodbumosa C.HU., Kouenosa E.A.,

CaBuna M.B.

BbI60p criocoba XMpypriueckoro JeueHns geTei rpyaHoro

¥ TIPeIIONIKOILHOTO BO3pacTa C BhIBMXOM 6Gefipa

TIPY AMUOTIIABUM «evvevreerearernnnreeeeeesasssnssnneesessssssssnsesseessssssssssssnnnees 67

TEOPETUYECKHE U 9KCITEPMEHTAJIbHBIE
VCCIEOOBAHNA

AnTponiosa U.I1., Bomokuruua E.A., Vounnesa M.IO.,

OmxkoB B.T., Tiomenuesa H.B., Kyrernos C.M.

BiusiHue kepaMuueckoro MaTepuaia Ha OCHOBE LIMPKOHATA
JIaHTaHa Ha AMHAMMKY reMaTOJIOTMYeCKNX nokasareseit

¥ MapKepOB PEMOEINPOBAHMsI KOCTHOM TKaHM:
9KCITEPUMEHTAIBHOE UCCTIEMOBAHME «..veervveenererrreneeensseensessnennnes 79

3ensuuH [.A., yopos B.J., 3ensuuH A.C.,

O®ununmnos B.B., i [1.B., IlerpocsH K.A.

Oco6eHHOCTM BbIIeTIEHNS TIEPeJHUX OOJbIIe6EPIIOBBIX

cocynoB py GOPMUPOBAHUY KOCTHBIX BACKY/ISIPU3UPOBAHHBIX
TPAHCIIIAHTATOB...cuuuviieiutieeintreeiiseesenateesssaneessanesssanesessaseessnns 89

HOBBIE TEXHOJIOTMI B TPABMATOJIOTMN
1 OPTOIIEOVN

BoponkeBuu 1.A., Bapdonomees A.Il.,
T'epamenko H.A.
ApTpo[ie3 IJIe4eBOro CyCTaBa: HOBASI TEXHOIOIMS ..ceeuereeerennnneen. 100

CJIVUYAU U3 TTPAKTUKU

IManun M.A., Ilerpocsia A.C., Xamxkuxaparamo6yc K.X.,

Boiiko A.B.

OcTeoHeKpo3 rojioBKM 6empeHHo KocTu rmocie COVID-19:

Ccepust KIMMHNUECKUX HAOTIOMEHMIM «veeeuveeereeerreeeeeesvreesseessaeenneens 110

OB30PbI

Illyposa E.H., Ps6bix C.0., Ounposa I1.B., Ilonkos [I.A.,
Pa6bix T.B.

BapuaHTbI MaToMOrMM MO3BOHOYHMKA Y MAIIEHTOB

C HECOBEPIIIEHHBIM OCTEOT€HE30M: 0030D JIUTEPATYPHI ............. 118

Toprammx A.H., Poguonosa C.C.

OcTeoHeKpOo3 y NallMeHToB, nepeHecunx COVID-19:

MeXaHM3MbI Pa3BUTHS, AMATHOCTMKA, IeUeHNe

Ha PAaHHUX CTAAUSIX (0030D JIUTEPATYPBI) .veeerereerrerneenrernanseeneens 128

JKyma6ekoB C.B., IIponckux A.A., ITasnos B.B.,
KopbITKHUH A.A.

Xupypruueckoe jieueHye NalyeHTOB C aToIorueit
KOJIEHHOTO CcycTaBa 1 feopmManusmMy HVSKHUX KOHEUHOCTe:

CUCTEMATUYECKUI 0630D JIATEPATYPDI c.veenveerereerreraeensessuensesneens 138
IOBWJIEU

Biaagumup IlerpoBuu Mopo3os

K 75-JT€TUIO CO THS POSKIIEHMS .. venveerereennreensreransensssessseesseesssenns 148



OT PEOAKTOPA /EDITORIAL

OPTONEAMUYECKUE NOCNIEACTBUSA COVID-19

P.M. Tuxumnos
0-p med. Hayk, npogpeccop, enasmbili pedakmop

A.Il. Cepena
0-p med. Hayk, uneH pedKoiezuu

[MpencraBnasem Bamiemy BHMMaHUIO MEpPBBIN BbI-
ITyCK Halllero XxypHajia B 3TOM rogy. B Hem mpepcTas-
JIEHBI Pa3MuYHble PABOTHI MO CAMBIM AKTYaJIbHBIM
BOIIPOCAM TPaBMAaTOJIOTUM U OPTOIEeIUN.

MbI Ipofo/IKaeM KUTh M paboTaTh B YCIOBUSIX
60pb6bI ¢ COVID-19 1 mocaeacTBUSIMM 3TOr0 3a60-
JieBaHMS. B CBSI3U ¢ 3TUM OTpajHO BUIETh Ha CTpa-
HMIIaX >KypHasja JBe CTaTbyM HalllMX MOCKOBCKUX
KOJIJIeT, TMOCBsIleHHble OCTEOHEKpPO3y U ero CBSI3MU
¢ COVID-19.

MHorue m3 Hac CTajmyu obpamiaTh BHMMAaHME HA
y4yacTUBIIMECS CJIydau pa3BUTHUSI OCTEOHEKpO3a pas-
JIMUHBIX JIOKa/JIM3aluit, UYTO, BO3MOXHO, CBSI3aHO
¢ COVID-19. HecMmoTpsl Ha 06uIye BCTPEYAIOLIMXCS
B IMOCJAeNHMII IO MalyeHTOB C OCTeOHEepPO30M IIO-
cne niepeHeceHHoro COVID-19, B opromnegnuyeckux
’KypHajax Moka 3TOT BOIIPOC OCBellleH BechbMa CKY/I-
HO: mpu moucke B PubMed mo 3ampocy COVID-19
femoral head necrosis o6Hapy>XKuUBaeTCs BOCEMb pa-
60T, 13 KOTOPBIX PeJIeBaHTHBI TOJBKO 1eCTsh [1, 2, 3,4,
5, 6]. Cpengut aTux mectu paboT TobKo S.R. Agarwala
¢ coaBTopamMu [1] COOOGIIAIOT O Tpex Ciaydasx pas-
BUTUSI OCTEOHEKPO3a TOJIOBKM OGegpeHHO! KOCTU
y MalyeHTOB Ioc/ie KOPTUKOCTEPOUIHON Tepanun
COVID-19, a B ocTanbHbIX IIATH paborax [2, 3,4, 5, 6]
aBTOPbI BHICKA3bIBAIOT OTIACEHMSI O Pa3BUTUM OCTe-
OHeKpo3a Ioc/ie TOpMOHOTepanuu. B cB3u ¢ 3TuM
MbI 0COGE€HHO 6JIarofgapHbl HAIlMM aBTOpaM 3a IMpo-
BeJleHHYIO paboTy B 3TOM aKTyaJbHOM HaIlpaBIeHUN
" IyOIMKAIMIO CTaTell Ha CTpaHUIAX HAIEero Kyp-
Hasa. OgHaKO MMelIasics B HacTosiliee BpeMs JI0-
KasaTejlbHasi 6a3a He I03BOJISIET ObITh YBEPEHHBIM
B TOM, uTO uMeHHO COVID-19 cam 1o cebe gBsieTcs
(dbaxTopoM pMcKa WM MATOTeHETUIECKUM MeXaHU3-
MOM pa3BUTHUS OCTEOHEKPO3a.

BepositHO, He cam COVID-19 mpuBOOUT K OCTEOHEK-
po3y, a IIMUPOKO MCIOAb3yeMasi MpU CTallMOHAPHOM
JIeYeHUM TIallEeHTOB C TSDKEeMbIMU (opMamMu HOBOI
KOPOHABUPYCHOM WMHGEKIMM TOpPMOHA/IbHASI Tepa-
nusi. BriepBble 06 0CTEOHEKPO3€e B KOHTEKCTE BUPYC-

HbIX 3a60JIeBaHMII OPTOIEIbl HaYa/Iy TOBOPUTH ITOC-
se stiupemun SARS B 2003 1. Bhuta omy6imMKoBaHa
1enas cepus coobIIeHuit 06 0CTeOHEKPO3€e T'OJI0BKU
6eIpeHHO KOCTM, HO, OISTh K€, KaK O CIeICTBUMN
CTepOMOHON Tepamuu, a He camoro SARS: vacrtoTa
ocTeoHeKpo3a gocrurana 23% [7]. Koptukocreponn-
MHAYLUMPOBAHHBI OCTEOHEKPO3 M3BECTeH yKe [1aB-
HO: TIepBble MyOaMKAIMM MOSBWINCH emie B 1960 T.
[8, 9], a B 2015 r. BbImIEeNT MeTaaHAIU3 IO STOMY
Bompocy [10].

Bo3MoxkHOe BAMSIHME HA Pa3BUTHE OCTEOHEKPO-
3a Opyrux mnartonornuyeckux (akropos COVID-19
(mopaskeHyue COCYAOB, KoOaryjaomaTus, IUTOKUHO-
BBI/i IITOPM, BAaCKyJUTbI, arperanuuu JEeKOIUTOB,
TUTIEePKOATY/ISIIMS U T.J.) U3y4eHO HeJOCTaTOYHO, U
I 6oJiee MeTaTbHOTO JOKAa3aTeIbCTBA CBSI3U CaMO-
ro COVID-19 ¢ ocTeoHEKpPO30M HeOOXOAMMBI Oymy-
e uccienoBaHus. [loMuMoO 0CTeoOHEeKpO3a roJIOBKU
O6edpeHHOJi KOCTU, B KIMHUYECKO MPaKTUKe BCTpe-
YAITCS UM Opyrue JOKaau3aluu: OCTeOHEKpPO3 ro-
JIOBKM IIJIEYeBOI KOCTU, TAPAHHOM KOCTU, MSITOYHOM
KOCTM, MBbIIIEJKOB GelpeHHOi U 60/bilebepiioBoit
KocTeli u T.O. Ellle mpencTOUT OeTaabHO AOKa3aTh
NPSIMYI0 CBsI3b ocTeoHekpo3a ¢ COVID-19, a camoe
IJlaBHOe — TOHSITh MeXaHU3M pa3BUTHUS 3TO MaTo-
JIOTMMU, BBISIBUTh YaCTOTY BCTPEUAeMOCTHU U 3aBUCU-
MOCTb OT JO3MPOBOK IpPUMEHSIEMbIX Iperaparos,
M3YUNTh OCOOEHHOCTM He6I0oTa MepBbIX MPU3HAKOB
M KJIMHUYECKOTO TeueHUsl, BO3MOXHbIe Mepbl IPO-
dunakTuky U Haubonee 3¢deKTUBHBIE BapUAaHThI
JieueHusI.

B mo6om ciyuae ocreonekpos u COVID-19 —
Ype3BbIUATHO aKTyaJbHAs MpobiemMa, ¥ TOPMOHAIb-
Hasl Teparnusi, 6e3yCJIOBHO, TO/KHA HA3HAYATHCS TIPU
TIIATEJIbHOM aHajM3e COOTHOIIeHUS PUCK/TI0Jb3a,
0COOEHHO Y aMOY/IaTOPHBIX MAIEHTOB U Y OOIBHBIX
¢ HeTspKenbIM TedeHeMm COVID-19.

JKenaem BceM 3I0pOBbSI, CKOpEIIEro OKOHYaHMUS
SMUAEMMUHA U BO3BpallleHMs K IIJIaHOBOi paboTe!
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Comorbidity Index as a Risk Factor of Knee PJI Recurrence
After Spacer Implantation

Petr M. Preobrazhensky, Svetlana A. Bozhkova, Alexander V. Kazemirsky

Vreden National Medical Research Center of Traumatology and Orthopedics,
St. Petersburg, Russia

Background. Patient-related risk factors for periprosthetic joint infection (PJI) are currently investigated in detail.
However, the influence of those factors on PJI recurrence and their confounding effect was not investigated. Identifying
factors that influence PJI recurrence and establishing the role of each risk factor are important.

The study aimed to analyze the comorbidity structure in patients with knee PJI and create, based on obtained data, a
rating scale that allows predicting the probability of PJI recurrence after spacer implantation.

Methods. A single-center study was conducted based on retrospective data of 161 patients with PJI after primary
total knee arthroplasty treated with staged reimplantation from January 2007 to January 2017. To clarify comorbidity
structure and the most important risk factors, all patients were divided into two groups: patients with PJI
recurrence after spacer implantation (group 1, n = 48) and patients who successfully passed spacer implantation
(n =113, group 2). Based on the obtained data, the frequency of comorbidities was analyzed. The list included 17 points
that characterized the presence and severity of different comorbidities. Then, we conducted a logistic regression analysis
to identify the significance of each factor and thresholds for the comorbidity index (CI) for the interpretation of the final
score. With the presented scale, spacer implantation in the compared groups was analyzed.

Results. The most significant comorbidities were anemia, chronic kidney disease, obesity, and cardiovascular
pathology. The CI thresholds were calculated, which allowed interpretation of the obtained score. The distribution
of patients by risk categories within each group was also analyzed, and differences between groups were
determined. The CI value corresponding to the minimal risk of PJI recurrence was more common (p<0.0001)
in group 1. Moreover, more than half of the patients with failed spacer implantation had a high risk of PJI recurrence
according the CI value, and only 6.2% of patients who had successful treatment had CI high value (p<0.0001).
Conclusions. The multivariate analysis of the presence and severity of concomitant pathologies enabled the development
of a comorbidity scale with the calculation of an integral indicator (comorbidity index) and establishment of its threshold
values. The proposed CI could be the basis for a combined relapse risk calculator and an algorithm for choosing the
surgical treatment strategy in patients with knee PJI, which requires further investigation.

Keywords: periprosthetic joint infection, knee, recurrence, comorbidity, risk factors.

Cite as: Preobrazhensky P.M., Bozhkova S.A., Kazemirsky A.V. [Comorbidity Index as a Risk Factor of Knee PJI Recurrence
After Spacer Implantation]. Travmatologiya i ortopediya Rossii [Traumatology and Orthopedics of Russia]. 2022;28(1):
7-18. (In Russian). https://doi.org/10.17816/2311-2905-1718.

DA Petr M. Preobrazhensky; e-mail: Pedrro@yandex.ru
Submitted: 17.12.2021. Accepted: 28.01.2022. Published Online: 16.02.2022.

© Preobrazhensky P.M., Bozhkova S.A., Kazemirsky A.V., 2022

7 2022;28(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Hayunag craTbs
VIK 616.728.3-089.844-022:616

https://doi.org/10.17816/2311-2905-1718

PacueTt uHpekca KOMOp6MAHOCTU KaK akTopa pUCKa peunamBa
nepunpoTesHon MHGEKLMUU NoCNe YCTAaHOBKM cneicepa
KOJNIEHHOrO CyCTaBa

I1.M. IIpeo6paskenckuii, C.A. BoxkkoBa, A.B. Kasemupckuii

OIBY «HauyuoHanvHblli MeOUYUHCKULL ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munszdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxkmyansHocmp. B HacTosilee BpeMsI TOAPOOHO M3yUeHbI CBSI3aHHBIE C MAlMeHTOM GaKkTOopbI, TOBBIIIAOIIME PYCK BO3HMUK-
HOBeHMS niepunpoTe3Hoit nHbekyuy (IIT11), ogHaKOo BAMSIHME TeX ke (DaKTOPOB HA PUCK Pa3BUTHS peliManBa MHGEKIUN, a
TaKke KyMYJISTUBHBIN 3¢ deKT HeCKOMbKMUX 3a00/1eBaHMIt Ha PUCK peliMANBa M3yUeHbl HeJOCTaTOUHO.

Ilens uccnedosanus — MPOAHATN3UPOBATH CTPYKTYPY COMYTCTBYIOLIE) MTaTOMIOTM Y TanueHTOB ¢ [TV KoJIeHHOTO CycTaBa
M Ha OCHOBAHMM IIOJTYYEHHBIX JAHHBIX CO3JaTh OLEHOYHYIO LIKAJTY, IIO3BOJISIIOLIYIO IPOrHO3MPOBATh BEPOSITHOCTh Pa3BU-
TUS pelUaANBa MHGEKLMM TOoC/Ie CAaHUPYIOLIEro 3Tara orepaluu.

Mamepuan u memodsi. PeTpocrieKTMBHOE OJTHOLIEHTPOBOE KOTOPTHOE MCC/IelOBaHMe OCHOBAHO HA MOTYYEHHbIX U3 MeIy-
LIMHCKOM JOKyMeHTaluu cBefeHusix o 161 maiuenTe c I[1IIM nocie nmepBUYHOTO SHAOMIPOTE3MPOBAHMS KOJIEHHOTO CyCTa-
Ba, MPOMIEIIEro 3TArHoe JeyeHne 3a nmepuoyg, ¢ ssuBapst 2007 1. mo sHBapb 2017 1., COBpaHHBIX B X0/ AMCCEPTAIMOHHOTO
ucciaemoBanus. C 1eTbI0 YTOUHEHMSI CTPYKTYPhl KOMOPOUAHOCTY U Haubosee BaXKHbIX (aKTOPOB pucka peryuausa [T
MaluMeHTOB pa3fenuau Ha [IBe TPyNIbl: rpynna 1 — nauueHTsl ¢ penyauBamu [IIM nocie BbITTOIHEHUST IEPBOTO 3Tarma
JieueHUs: — 48 denoBek; rpymmna 2 — naiueHTsl ¢ [1I1H, ycreltHo mpollefiinxe MepBblii 3Tan (MMIUIAaHTaLUus clieiicepa) —
113 yenoBex. IIpy BBITTOMHEHNUM AUCCEPTALIMOHHOTO MCCIeqoBaHmMs mepBoro apTopa (I1.M.I1.) 6611 chopMUPOBaH MepeueHb
COMYTCTBYIOILEe} TaTOMOTUM, COCTOSIILMI 13 17 MyHKTOB, XapakTepU3YIOUIMX HaTUUYMe U BbIPasKeHHOCTD Pa3JIMYHBIX COITYT-
CTBYIOIIMX 3a060eBaHmit. B mambpHeliiem mpy MOMOIIM MyJIbTU(MAKTOPHOTO CTATUCTUYECKOTO aHa/IM3a C MCTIONTb30BaHMEeM
MeTOo/Ia KJacCU(UKALMOHHBIX IEPEBbHEB OMPeIesiM 3HAUMMOCTh KaXk[I0i ITaTOIOTY, TOPOrOBbie 3HAUEHMS IJIST CYMMap-
Horo 6aJi1a 1Mo chopMyIMPOBAHHOI 1IKaIe KOMOPOUIHOCTH (MHIEKCA KOMOPOUIHOCTH) AJIT MHTEPIIPeTaly TOTyUeHHbIX
pesyJIbTaToB.

Pesynsmamet. Hau6osbIiast 3HAUMMOCTb Cpeiy pounx HakTopoB MPUHAMIEKUT XPOHUUECKOI Kee30aedUIIUTHON aHe-
MUY, 32607IeBaHMSIM ITOYEK, OSKUPEHMIO U ITATOJIOTUY CEPIEYHO-COCYANCTONM CUCTEMBI. YCTAHOBIEHBI 3HAUEHMSI TOPOTOBBIX
KPUTEpUEB MHAEKCA KOMOPOUIHOCTM, TTO3BOJISIONIME TPAKTOBATh MOJIYYEHHBIN pe3ynbrat. [[poaHaM3MpoBaHO pacipe-
JlefieH)e TIalleHTOB 10 KaTeropmsiM pucka BHYTPU KaKI O TPYIIIbI U OMpeiesieHbl MeKTPYIIIIOBble pasanyys. 3HaueHue
MHJIEKCa, COOTBETCTBYOIIee MYMHMMAIbHOMY PUCKY PelMaAMBa MHMEKIMHM, Yallle BCTPEYaIoCh B IPYIIIIE MAI[MEeHTOB 6e3 pe-
uuauBa I (p<0,0001). Bosee mMoOBMHBI MAIMEHTOB € HEYIAYHBIMY TMOTIBITKAMM CaHAIMM ovara MHMEKIMOHHOTO BOC-
TayieHyst UMeJ BbICOKUIT PUCK, TT0 CPaBHEHMIO C MaljeHTaMu 6e3 peunayusa IITN.

3axouerue. TIpoBeeHe MHOTO()AKTOPHOTO aHAIN3a HATMYMS U BBIPAKeHHOCTY COMYTCTBYIOIIEH MTaTONOTMM TI03BOIUIIO
pa3paboTaTh MIKaTy KOMOPOUAHOCTM C PaCUeTOM MHTErpa/ibHOTO IoKa3aTessl (MHAeKca KOMOPOUIHOCTM) M YCTAaHOBUTD
€ro Mmoporosbie 3HaueHus. [IpeIoKeHHbI MHIEKC KOMOPOMUIHOCTM MOXKET Jieub B OCHOBY 00beMHEHHOT0 KaJIbKyIITOpa
pHUCKa penyauBa U aIropmMTMa TaKTUKY BhIOOPA XUPYPTMUECKOrO JieueHus y maineHTos ¢ 1[IV KoJIeHHOro CycTaBa, uTo
TpebyeT JaJbHeNIINX UCCIef0BaHNIA.

KiioueBble cmoBa: repuripotesHas MHOEKIMS, KOJIEHHbI CYyCTaB, PelUANB, KOMOPOUIHOCTD, PaKTOPBI pyUCKa.

IMpeo6paskenckuit I1.M., BoxkkoBa C.A., Kazemupckuit A.B. PacueT mHAeKca KOMOPOMUIHOCTM KakK (aKTopa pucka
peuuauBa MepUIIPOTE3HOI MHMEKIMYM TTOCIe YCTAHOBKM CIlelicepa KOJIEHHOTO cycraBa.Tpasmamonozus u opmonedust
Poccuu. 2022;28(1):7-18. https://doi.org/10.17816/2311-2905-1718.
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Background

Over the past decade, periprosthetic joint infec-
tion (PJI) has steadily become one of the most
common reasons for revision interventions af-
ter knee arthroplasty [1, 2]. Given the increasing
number of PJI cases caused by difficult-to-treat
pathogens and a significant proportion of com-
plicated PJI cases (such as undetected pathogens,
fistulous forms of P]I, and massive bone defects),
staged re-endoprosthetics remains one of the
preferred surgical approaches [3, 4, 5]. The treat-
ment of PJIis associated with significantly higher
costs and a greater number of complications than
arthroplasty for aseptic reasons [6, 7]. According
to Lum et al., the mortality rate varies from 1.7%
to 34.0%, and its causes can be both the severity
of the infectious process and decompensation of
concomitant pathology [8].

Currently, patient-related factors that in-
crease the PJI risk have been studied in detail,
which include the presence of systemic diseases,
liver and kidney pathologies, immunodeficiency
states, obesity, peripheral vessel pathologies, etc.
[9]. However, the influence of these factors and
the cumulative effect of several diseases on the
risk of recurrence are less investigated. Thus, not
only identifying the factors that influence the
risk of relapse but also establishing the degree of
this influence is important. Considering that sev-
eral patient-related risk factors are modifiable,
the identification of key pathologies will help
the patient be more prepared at the preoperative
stage for the upcoming surgical intervention, re-
ducing the probability of P]I recurrence and le-
thal outcomes.

This study aimed to analyze the comorbidities
in patients with knee PJ]I and, based on the data
obtained, to create an assessment scale for pre-
dicting the probability of infection recurrence af-
ter the sanitizing stage.

Methods
Study design

A retrospective single-center cohort study was
conducted based on the medical records of 161
patients with PJI after primary knee replace-
ment who underwent staged treatment from
January 2007 to January 2017, collected dur-
ing the thesis research of the first author* [*P

M. Preobrazhensky, Ways to Optimize Revision
Knee Arthroplasty in Patients with Periprosthetic
Infection, Ph.D. (Medicine) thesis work, Saint
Petersburg (2017)]. The average follow-up period
was 5.6 (2.4-7.2) years.

The criteria for exclusion from the study were
previous revision interventions on the knee joint
and signs of a systemic inflammatory response.

Diagnostics of the knee PJI was performed
based on the criteria of the International
Consensus Meeting [10]. The PJI type was de-
termined based on the timing of its manifesta-
tion after primary arthroplasty, that is, early
(<3 months after arthroplasty), delayed (3-12
months after arthroplasty), and late (>12 months
after arthroplasty) [11].

To clarify the structure of comorbidities and
the most important risk factors for PJI recur-
rence, patients were distributed into two com-
parison groups:

- Group 1 included patients with PJI relapse
after stage 1 of treatment (n = 48);

- Group 2 consisted of patients with PJI whose
spacer implantation was successful (n = 113)
(Fig. 1).

In the comparison groups, known risk factors
for the occurrence of infectious complications
were analyzed, namely, initial diagnoses; identi-
fication of the pathogens in the puncture sample
preoperatively or diagnostically significant path-
ogens from the intraoperative material; presence
and severity of cardiovascular, respiratory, liver
and biliary duct, and urinary disorders; diabetes
mellitus; systemic, hematological, and malig-
nant diseases; coagulation disorders; and intake
of anticoagulants.

Patients with PJI
(n=161)
Stage I: sanitation,
installation of a spacer
Group 1:relapse Group 2: successful
results (n = 113)

(n=48)
Comparison groups

Fig. 1. Study flowchart
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To determine the degree of the estimated risk
of PJI recurrence, we created a list of comorbidi-
ties, consisting of 17 items characterizing the
presence and severity of various comorbidities.
Each item, depending on the degree of disease
manifestation, was assigned 0-3 points: 0, no
manifestations; 1, minor manifestations or their
absence, and no permanent therapy is required;
2, presence of clinical manifestations, but with
a controllable patient condition, and constant
therapy is required; and 3, moderate and severe
manifestations despite treatment (Table 1).

Subsequently, in the multivariate analysis us-
ing the classification tree method, we determined
the significance of each factor and threshold val-
ues for the total score according to the formulated
comorbidity scale, that is, the comorbidity index
for interpreting the results obtained. This scale
was used to analyze the treatment outcomes of
all study patients.

In this study, all patients underwent a sanitiz-
ing surgery, including arthrotomy, removal of the
components of the endoprosthesis and cement
mantle, if any, debridement of soft and bone tis-
sues involved in the infectious process, abundant
lavage of the joint cavity using Lavasept solution
(at least 5 L), and further implantation of an an-
timicrobial articulating or block-shaped cement
spacer [4].

Stage 1 of surgical treatment was considered
successful if the patient had no clinical or labora-
tory signs of PJI recurrence upon admission for
revision arthroplasty. Repeated sanitizing inter-
ventions between sanitation stages were inter-
preted as a poor outcome.

Statistical analysis

The clinical results obtained were analyzed us-
ing the StatSoft STATISTICA 10 software system.
Frequency characteristics (sex, PJI type, comor-
bidities, and outcomes) of qualitative indicators
were compared using nonparametric y?> methods,
Pearson’s %%, and Fisher’s test. The median was
used as the central characteristic, and the low-
er (Q1) and upper (Q3) quartiles (25%-75% of
the interquartile range) were used as measures
of dispersion. Quantitative parameters (such as
age, duration of hospitalization, surgery dura-
tion, and blood loss volume) in the study groups
were compared using the Mann-Whitney test.
Differences between the groups were considered

significant at p < 0.05. The classification tree
method was used to determine the significance
of factors and threshold values in the proposed
comorbidity scale.

Results

The infectious process was possible to be ar-
rested in 113 of 161 study patients after the first
stage of sanitizing surgery. Stage 2 was revision
arthroplasty. Thus, the efficiency of the sanita-
tion stage was 70.1%.

The general characteristics of both the study
cohort and comparison groups are presented in
Table 2. The distribution of patients by sex and
age in the comparison groups was comparable
with a slight predominance of women. The aver-
age age of the patients in the comparison groups
was 60.5 (29-77) years. A hematogenous route of
generalized infection in which symptoms mani-
fest later than 12 months was the most common
in both groups. In the majority of the study pa-
tients, primary arthroplasty was performed for
idiopathic gonarthrosis, that is, in 70.2% of pa-
tients without PJI recurrence and 50.0% of pa-
tients with relapses. Posttraumatic gonarthrosis
occurred significantly more often (p = 0.05) in
patients with PJI relapses, and systemic diseases
as the cause of primary arthroplasty occurred
with a comparable frequency.

As regards PJI pathogens in patients who
completed successfully the two-stage treatment,
Staphylococcus epidermidis was the most com-
mon, whereas in patients with relapses of infec-
tion, S. aureus was the most common pathogen.
Moreover, 40% of S. aureus isolates in patients
with relapses were resistant to methicillin, sur-
passing more than twice (p = 0.086) that in pa-
tients without relapses (17.7%). In addition,
the frequency of methicillin-resistant strains
of epidermal staphylococcus in the compari-
son groups was comparable. Representatives
of Corynebacterium spp. and Enterobacteriaceae
were more frequently isolated from patients with
poor treatment outcomes (Table 3).

Polymicrobial infection was also diagnosed
two times more often in recurrent PJI, that is, in
22.6% of the cases compared with 10.6% of pa-
tients who had successful surgery (p = 0.05).

The most common somatic pathologies in both
groups were cardiovascular diseases (coronary
heart disease, arterial hypertension, and heart fail-
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Table 1
List of comorbidities
Disease 0 points 1 point 2 points 3 points
Ischemic heart disease No Constant therapy Use of therapy, the condition is Decompensation: unstable

Congestive heart failure

Cardiac arrhythmia

Arterial hypertension

Peripheral vascular disease:
obliterating atherosclerosis,
varicose veins, endarteritis

Diabetes mellitus

Respiratory system diseases:
COPD and chronic bronchitis,
bronchial asthma

Malignant neoplasms,
including hematological

Pathology of the liver and BD

GIT pathology

Systemic connective
tissue diseases: RA, SLE,
scleroderma, etc.

Anemia of any etiology

Coagulation system
disorders: thrombophilia,
thrombocytopenia, etc.

Intake of anticoagulants

HIV/AIDS

Diseases of the kidneys and
UT: CRF associated with
glomerulonephritis, diabetes,
etc., chronic infections of the
kidneys and UT

Metabolic status: entry of
height and weight, automatic
calculation of BMI and
assignment of the required
number of points

No
No

No

No

No

No

No

No

No

No

No
No

No

No

No

Normal

is not required

CHF-I

Constant therapy
is not required

Constant therapy
is not required

Initial signs,
constant therapy
is not required

Diet

Initial signs,
constant therapy
is not required

History, no
recurrence

Initial signs,
constant therapy
is not required

Initial signs,
constant therapy
is not required

Initial signs,
constant therapy
is not required

Mild: >90 g/1

Without hypo- or
hypercoagulation

For orthopedic
indications

Constant therapy
is not required

Kidney disease
without CRF;
history of acute
infection

Overweight
(BMI 26.0-27.9)

compensated, and/or a history of
infarction

CHEF-II (A and B)

Permanent or paroxysmal form
of arrhythmia, use of constant
therapy; the condition is
compensated

Use of constant therapy; the
condition is compensated

Moderate signs; therapy is
required

Use of therapy; the condition is
compensated

Moderate signs; therapy is
required

Stabilization during antitumor
treatment

Use of therapy; the condition is
compensated

History of gastrointestinal ulcer;
therapy is required

Use of therapy; the condition is
compensated

Moderate: 70-90 g/L

Clinical and laboratory
manifestations of hypo- or
hypercoagulation

For cardiological indications;
without hypocoagulation

Use of therapy; the condition is
compensated

Initial or moderate CRF, remission

of chronic disease

Obesity I-1T (BMI 31.0-40.9)

angina, acute coronary
syndrome, acute myocardial
infarction

CHF-III

Newly detected untreated
arrhythmia and
decompensation during
therapy

Decompensation: hypertensive
crisis

Surgical treatment is required

Subcompensation and
decompensation

Severe respiratory failure

With distant metastases,
progression during treatment

Hepatic cirrhosis, severe signs
of liver failure

Acute erosive gastritis, acute
ulcer, and bleeding from the
GIT

Decompensation during
therapy

Severe: <70 g/L

History of venous thrombosis
or PAE

For cardiological indications;
there are clinical and
laboratory manifestations of
hypocoagulation

Development of an infectious
process associated with HIV/
AIDS

Severe CRF or dialysis,
exacerbation of infection

Obesity III-IV (BMI 36-41),
anorexia (BMI < 17.5)

CHF - chronic heart failure; COPD — chronic obstructive pulmonary disease; GIT — gastrointestinal tract; BD — biliary ducts; RA — rheumatoid
arthritis; SLE — systemic lupus erythematosus; PAE — pulmonary artery thromboembolism; UT — urinary tract; CRF — chronic renal failure; BMI -,

body mass index.
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Table 2
Characteristics of patients in the study groups
Parameter Total, n =161 n (%) GrouI’)q }"%’; =48, Groupn2(,c£)= 13, p
Gender
Men 41 (25.5) 17 (35.4) 24 (21.2) 0.075
Women 120 (74.5) 31 (64.6) 89 (78.8) 0.075
PJI type
Early 46 (28.5) 13 (27.1) 33(29.2) 0.850
Delayed 48 (29.9) 14 (29.8) 34 (30.1) 1.000
Late 67 (41.6) 21 (43.7) 46 (40.7) 0.730
Initial pathology
Idiopathic gonarthrosis 103 (64.0) 24 (50.0) 79 (70.2) 0.010
Posttraumatic gonarthrosis 37 (23.0) 16 (33.3) 21 (18.5) 0.050
Rheumatoid arthritis 21 (13.0) 8 (16.7) 13(11.3) 0.400
Statistically significant values are given in bold.
Table 3
Structure of PJI pathogens in both groups
Pathogens G;ozlc}j)l G;o(l(% 2 D
Staphylococcus epidermidis 15 (23.1) 48 (37.5) 0.05
Staphylococcus aureus 20 (30.8) 42 (32.8) 0.87
CNS 6(9.2) 14 (10.9) 0.81
Streptococcus sp. 1(1.5) 3(2.4) 1.00
Enterobacteriaceae 9 (13.9) 3(2.4) 0.01
Enterococcus spp. 6(9.3) 6 (4.7) 0.22
NGNB 0(0) 3(2.4) 0.55
Corynebacterium spp. 4 (6.1) 1(0.7) 0.04
Propionibacterium spp. 1(1.5) 4(3.1) 0.66
Candida sp. 0(0) 1(0.7) 1.00
Other 3 (4.6) 3(2.4) 0.40
Total 65 (100) 128 (100) -

CNS - coagulase-negative staphylococci (except for S. epidermidis); Enterobacteriaceae, including Escherichia coli, Klebsiella
pneumoniae, Enterobacter cloacae; NGNB - nonfermentative gram-negative bacteria. Significant values are given in bold.
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ure). Moreover, this pathology was detected sig-
nificantly more often in patients with P]I relapses
(p <0.001) (Fig. 2).

Peripheral vascular disease, as a risk factor for
PJI occurrence and recurrence and tends to pro-
gress in case of repeated surgical interventions, oc-
curred in 48% of the patients in group 1 compared
with 24.8% of the patients in group 2 (p < 0.001).
Similar differences in the incidence were found for
liver and biliary duct, gastrointestinal tract, and
kidney and urinary tract diseases (p < 0.0001). Iron
deficiency anemia, which develops in the course of
a chronic infectious process, was also significantly
more often (p < 0.0001) detected during preopera-
tive laboratory examination in group 1. The rest of
the indicators included in the analysis did not show
significant differences in the comparison groups.

In the multivariate statistical analysis, each
indicator used in the comorbidity scale was as-
signed with its degree of significance depending
on the influence of this factor on the final result
(Table 4).

Among other factors, hematological diseases
(chronic iron deficiency anemia), kidney diseas-
es, obesity, and cardiovascular diseases (arterial
hypertension and coronary heart disease) were
significant.

The total score obtained when completing the
scale for each patient is called the comorbidity
index. Later, based on the statistical analysis,
the values of the threshold criteria for the co-
morbidity index were determined, which allow
interpretation of the results obtained. In the
study patients, the number of points correspond-
ing to each category of results was calculated
(Fig. 3). The distribution of patients by risk cat-
egory within each group was also analyzed,
and intergroup differences were determined
Table 5).

The index value corresponding to the minimum
risk of infection recurrence was more common
(p < 0.0001) in the group without PJI recurrence
(group 2; 51.3%). Moreover, more than half of the

Ischemic heart disease GG 734
96,2

Heart failure NN 69,0
Rhythm disorder W1

Arterial hypertension

Peripheral vascular disease M 24,8 S

i i N 124
Diabetes mellitus 20.9
Respiratory disease [l 11,5
18,7
Malignant neoplasms | 2,6
Pathology of the liver and pummm 192

bile ducts

Pathology of the — N 320
gastrointestinal tract

Systemic formations of the M 8,9
connective tissue

Anemia of any etiology M 44
Disorder of the blood | 0,0
clotting system | 2.1

Intake of anticoagulants IEEEE—————— 1nag

0,0
HIV/AIDS 31

Kidney and urinary tract [l 12,4
diseases 375

i — |
Metabolic status 88,0 87.5

0% 50% 100% 150%

m Group 2 = Group 1

Fig. 2. Occurrence of concomitant pathology in
groups 1 and 2;
*p<0.001; ** p<0.0001 compared with group 2

patients with unsuccessful attempts to sanitize the
infectiousinflammation foci(group 1) had ahighrisk
ofrecurrence (58.3%),whichwassignificantlyhigher
(p < 0.0001) than that in patients without P]I re-
currence (6.2%). The final average values of the
comorbidity index in the group without and with
PJI recurrence were 7.4 (3-14) and 13.0 (6-21),
respectively.
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Table 4
Significance of indicators of the
comorbidity scale

Indicators Significance of the factor by Place
strength
Anemia of any etiology 100 1
Kidney and urinary tract diseases 86 2
Arterial hypertension 80 3
Metabolic status 78 4
Ischemic heart disease 71 5
Diabetes mellitus 40 6
Heart failure 39 7
Pathology of the gastrointestinal
37 8
tract
Pathology of the liver and bile
d 34 9
ucts
Rhythm disorders 24 10
Respiratory system diseases 23 11
Peripheral vascular diseases 20 12
Intake of anticoagulants 16 13
Systemic connective tissue diseases 9 14
Malignant neoplasms 6 15
Blood coagulation disorders 5 16
HIV/AIDS 2 17
120% - .
100% e . 80,0%

80% - 72,7%

60%

40% - 273%™ 20,0%

20% -

0% -

Minimum (0-7) Average (8-12) High (above 12)

Group1l ®Group 2

Fig. 3. Distribution of patients in groups 1 and 2 depending on the
risk calculated by the comorbidity index,
*#% p<0.0001 compared with group 2
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Distribution by risk categories within both groups, % ables
Risk Group 1 Group 2 p (between groups)
Minimum 4.2 51.3 0.0001
Medium 37.5 42.5 0.3000
High 58.3 6.2 0.0001
Total 100 100 -
Discussion (RR 2.22; p=0.001) in patients with chronic kid-

The development of relapse after spacer implan-
tation and further attempts of staged surgical
treatment are known to result in the aggrava-
tion of comorbidity and an increased risk of le-
thal outcomes [12]. Thus, identification of the
key risk factors for recurrence, their mutually
aggravating effect, and, if possible, correction at
the preoperative stage can both increase the ef-
ficiency of repeated endoprosthetics and reduce
the mortality of patients postoperatively.

Preoperative anemia in patients undergoing
primary arthroplasty more than double (from
2.0% to 4.2%) the risk of PJI manifestation, as
established by Greenky et al. after analyzing
complications in 15,707 patients. Nearly half
of the patients (44%) with preoperative anemia
required donor blood transfusion; while in the
absence of this risk factor, this indicator was
13.4% [13]. Although allogeneic blood transfu-
sion increases the risk of PJI, Newman et al. did
not reveal a relationship between this method of
hemoglobin correction and the recurrence of in-
fectious complications [14].

By using the classification tree method, we re-
vealed that anemia in a patient with PJI at the
preoperative stage most affects the risk of relapse.
However, this risk factor is modifiable, and timely
correction of the hemoglobin level will increase the
efficiency of the first stage of surgical treatment.

According to our data, kidney and uri-
nary tract diseases increase the risk of failure
of sanitizing interventions in patients with
PJI; their frequency in patients with PJI re-
currence reached 37.5%, significantly exceed-
ing (p < 0.001) the same indicator in group
1(12.4%). McCleery et al. came to similar conclu-
sions, having proved a significant increase in the
relative risk of development of both early PJI (RR
1.52; p=0.002) and late hematogenous infection

ney disease after primary arthroplasty [15]. An
even greater risk of infectious complications is
typical for patients with end-stage chronic kid-
ney disease, who receive hemodialysis (RR 4.40;
p =0.001) [16].

In our study, another significant risk factor for
recurrence was being overweight among patients
with PJI. The influence of this factor is also con-
firmed by international publications. Katakam et
al. reported a higher failure rate in patients with
obesity who underwent sanitation of the infec-
tious site with preservation of the endoprosthe-
sis components (57.9%) than in patients without
obesity (36.8%; p = 0.035). Watts et al. demon-
strated a significantly lower efficiency of the san-
itation stage in patients with PJI receiving staged
surgical treatment, that is, 22% of relapses in
case of morbid obesity compared with 4% in the
comparison group (p < 0.01) [17, 18].

Understanding the significance of the influ-
ence of the cumulative effect of various patholo-
gies on the life expectancy of patients resulted
in the development of various calculators that
predict both the potential life expectancy of a
patient and the risk of upcoming surgical inter-
vention. Charlson et al., based on patient age and
presence of concomitant pathologies (cardiovas-
cular, lung, liver, urinary system, neurological,
and oncological diseases and diabetes mellitus),
created a calculator to predict the 10-year sur-
vival of patients [19]. The disease severity on this
scale was taken into account only for liver pathol-
ogy, diabetes mellitus, and oncological diseases,
whereas for the other included pathologies, only
their presence matters.

Subsequently, the Charlson scale was validat-
ed to predict early mortality (3 months, 1 year,
and 5 years) in older patients hospitalized with
an exacerbation of chronic pathology [20]. This
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scale was also used in assessing the risk of surviv-
al in patients with end-stage kidney disease, who
receive hemodialysis, and patients with pros-
tate cancer, depending on the type of prostate-
specific antigen detected [21, 22]. A modified
Charlson scale also enabled assessing the 30-day
mortality in patients with bacteremia caused by
S. aureus [23].

A correlation was also established between
scores obtained on the American Society of
Anesthesiologists (ASA) scale, which is used to
predict the risk of surgery, and the probability
of PJI. Namba et al. revealed that patients who
scored >3 points on the ASA scale belong to the
group with a high risk of infectious complica-
tions [24].

The combination of modifiable and nonmodi-
fiable risk factors is known to affect the probabil-
ity of PJI. An analysis of 64 factors, performed by
Tan et al., led to the development of a calculator
that computes the probability of infectious com-
plications. However, such a calculator enables
computation only of the risk of PJI manifesta-
tion, and it is not applicable for predicting the
risk of recurrence of an infectious process due to
the structure of risk factors [25].

To predict the outcomes of sanitation of the
infectious inflammation focus with the preser-
vation of the components of the endoprosthesis
(debridement, antibiotics, and implant retention
[DAIR] procedure), based on the presence of cer-
tain pathologies, underlying diseases leading to
the development of gonarthrosis, and the level of
C-reactive protein, two groups of researchers cre-
ated two different calculators. The KLIC scale pre-
dicts the success rate of the DAIR procedure, re-
gardless of the term of PJI manifestation, and the
CRIMESO scale is used for a similar surgical inter-
vention in acute hematogenous infection [26, 27].

Based on the analysis of 56 risk factors in 293
patients with PJI, Klemt et al. found that the stron-
gest predictors of recurrence are attempts of sani-
tation interventions with the preservation of en-
doprosthesis components, obesity, bad habits, and
detection of an inveterate pathogen (Enterococcus
sp.). Moreover, the authors did not conduct a de-
tailed analysis of comorbidity, limiting themselves
to determining the presence of the most known pa-
thologies that increase the risk of PJI [28].

The calculation of the comorbidity index,
which we have developed, showed that for 58% of
patients with PJI relapses, a score of >12 points
corresponded to a high risk of PJI relapse. Only
6.2% (p < 0.0001) of the patients in the group
without relapses had a high risk of relapse, which
indicates a high sensitivity of the developed scale
for calculating the risk of PJI recurrence.

Study limitations

The limitations of this study were the noninclu-
sion of factors not related to comorbidity (initial
diagnosis, pathogen type, duration of hospital-
ization, previous surgeries, and spacer type) in
the analysis and the lack of approbation of the
proposed comorbidity index on a prospective
cohort of patients, which is planned to be per-
formed in the future.

Conclusions

A multivariate analysis of the presence and se-
verity of concomitant pathology enabled us to
develop a comorbidity scale that allows the cal-
culation of an integral indicator (comorbidity
index) and set its threshold values. A high score
on the proposed index (>12 points) increases
significantly the risk of PJI recurrence. The pro-
posed comorbidity index can form the basis of a
combined recurrence risk calculator and an al-
gorithm for choosing surgical treatment in pa-
tients with knee joint PJI, but this requires fur-
ther research.
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Pelvic Osteotomies for Treatment of Young Patients With Hip Osteoarthritis
Secondary to Developmental Dysplasia

Mikhail P. Teplenky, Evgenii V. Oleinikov, Vyacheslav S. Bunov, Dzhonibek T. Fozilov

National Ilizarov Medical Research Center for Traumatology and Orthopedics, Russia
Kurgan, Russia

Background. The value of joint-sparing reconstructive procedures in patients with osteoarthritis in a dysplastic hip is
controversial.

The study aimed to evaluate the immediate and mid-term results of reconstructive interventions performed in patients with
this pathology.

Methods. The treatment results of 30 patients aged 14-40 years with osteoarthritis in the dysplastic hip were analyzed. The
mean follow-up time was 6.8+1.5 years in group 1 and 4.1+0.7 years in group 2. The clinical condition and treatment results
were assessed by D’Aubigne-Postel, Severin, Tonnis criteria, and the Ilizarov Center system. In all cases, extra-articular
reconstructive procedures were performed on both articular components.

Results. The patients were divided into two groups by age. In group 1 (14-18 years), the functional result was
16.0+0.5 points. According to the Severin criteria, the joints were distributed as follows: Ia, 7; Ila, 7; IIb, 2; and III, 3.
The degree of hip osteoarthritis did not change in 13 joints. Osteoarthritis progressed in one joint, and arthritic changes
regressed in four joints. The treatment results according to the criteria of the RSC VTO were good in 14 joints, satisfactory
in 5, and unsatisfactory in 1. In group 2 (>18 years, n = 11), the functional result was 15.0£0.4 points. The distribution
of joints according to the Severin criteria was as follows: Ia, 3; IIa, 6, and III, 2. The degree of osteoarthritis did not change
in 10 joints. Osteoarthritis progressed in one joint. The treatment results according to the criteria of the Ilizarov Center
were good in seven joints, satisfactory in three, and unsatisfactory in one.

Conclusions. The differentiated use of joint-sparing reconstructive procedures makes it possible to slow down the
progression of the pathological process in the joint even in patients with developed osteoarthritis and, in some cases, to
use them as a temporary alternative to endoprosthesis in adolescents and young adults.

Keywords: dysplastic hip, hip osteoarthritis, joint-sparing reconstruction.
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PeKOHCTpyKLMA Ta306eApeHHOro CycTaBa y MOJIOAbIX NaLMEHTOB
C AUCNNACTUYECKMM KOKCApTPO30OM

M.II. Ténnenbknii, E.B. Oneitnukos, B.C. byHos, [I.T. ®031u10B

QOI'BY «HayuoHansHulli MeOUYUHCKULL ucciedosamenscKuli yeHmp mpasmamosnozuu u opmoneouu
um. axkad. I A. Unuzapoea» Mun3dpasa Poccuu
2. KypeaHn, Poccus

AKmyaJleocmb. 3HaueHMe Cy'CTaBOC6epeI'alOH.U/IX PEKOHCTPYKTMBHBIX BMENIATE/IbCTB Yy IIAIMEHTOB C PAa3BUBIIMMCH
JAUCIVIACTUYECKMM KOKCApTPO30M OCTaeTCsa ,EU/[CKyTa6€]'[beIM. 1lenw uccnedoeaHus — OIl€HKa GmKaANIINX U cpeomHeCpoY-
HBIX PE€3YyJIbTATOB PEKOHCTPYKTMBHbIX BMEMIATE/IbCTB, BBINTOJTHEHHBIX Y ITALIMEHTOB C AUCIVIACTUYECKMM KOKCaApTPO30OM.

Mamepuan u memodst. [IpoaHaMM3UPOBAHbI Pe3yIbTAThl JeueHuss 30 MaIMEeHTOB C AUCIUIACTUYECKMM KOKCapTPO30M
B Bo3pacte oT 14 mo 40 sert. ITanueHThl GbIIM pasfesieHbl Ha [IBe IPYINbl. B MmepByio rpymmy BOIumM 19 mainueHTOB
B Bo3pacTte 14-18 jet, Bo BTOpyio — 11 mamueHTOB B Bo3pacTe 19-40 sneT. B mepBoii rpyrie cpemHuii Cpok Habmome-
Hus coctaBwi 6,8%1,5 net, Bo BTOpoit rpymme — 4,1*0,7 roga. KnuHnuyeckoe cOCTOSTHME M Pe3y/IbTAThl IeUeHUs OLleHN-
Basmu 1o kputepustm D’Aubigne —Postel, Severin, Tonnis 1 Mo cucreme olleHKM, pa3paboranHoit B HMUILL TO um. akaf,.
I.A. nu3apoBa. Y Bcex MalyeHTOB BbITIOIHSIIY BHECYCTaBHbIE CycTaBoCcOGeperaoniyie peKOHCTPYKTUBHbIE BMENIaTeTbCTBA,
MOKa3aHMsI K KOTOPBIM YCTaHABIMBAIM C YUYETOM TUIIA CYCTABHBIX NMOBEPXHOCTEN M BEJMUMHBI MHIEKCA KOHIPYIHTHOCTU
CYCTaBHBIX ITOBEPXHOCTEIA.

Pesynomamet. B mepBoii Tpymme cpemHuit (GYHKUMOHAIbHBIN pe3yiabraT coctaBuwi 16,0+0,5 6Gamia. Pacmpenerne-
HMe CyCTaBoOB Mo Kiaaccubumkamu Severin: Ia — 7, I[Ta — 7, IIb — 2, III — 3. CTeneHb apTpo3a He M3MeHWIACh B 13 cy-
craBax. [IporpeccupoBaHMue apTpo3a OTMEUYEeHO B OJHOM CYyCTaBe, perpecc apTPO3HbIX M3MEHEHMII — B YeThIpex
cycraBax. Pesynprarsl nedeHust o kputepusim HMULL TO um. I'A. nusaposa: xopoumit — 14 cycTaBoB, yOOBI€TBOPU-
TeNbHBINI — 4 CyCcTaBa, HEYJOBIETBOPUTENbHBIN — 1 cycTaB. Bo BTOpOi rpymnme GYHKIIMOHANbHBIA Pe3ylIbTaT COCTaBUII
15,0+0,4 6anna. PacripemeneHue CycTaBoB 110 Kputepusm Severin: Ia — 3, Ila — 6, III — 2. CtereHb apTpo3a He U3MEHMU/IACh
B 10 cycTaBax, IporpeccupoBaHye apTpo3a MPOU30ILI0 B OAHOM cycTaBe. Pe3ynbrarsl meueHus: no kputepmusm HMUILL TO
uM. [LA. nn3aposa: Xopoumii — 7 CyCTaBOB, YAOBIETBOPUTENbHBI — 3, HEYIOBJIeTBOPUTENbHBI — 1.

3axmouenue. JuddepeHunpoBaHHOE MPUMEHEHNE CYCTABOCOEPETAOIINX PEKOHCTPYKTUBHBIX BMEIIATENbCTB AaeT BO3-
MOXKHOCTb 3aMeJTUTh IPOrPECCHPOBAHNE TIATOIOTMYECKOTO MTPOLIeCca B CYCTaBe AaXe B YCIOBMSIX Pa3BMBIIETOCS apTpo3a
¥ TI03BOJISIETB Psifie C/Ty4aeB MCIIONb30BaTh MX B KAUECTBE BPEMEHHOI a/bTePHATUBBI SHIOMPOTEIUPOBAHMIO Y TIOLPOCTKOB
U MIALMEHTOB MOJIOLOTO BO3PAacTa.

KiroueBble c10Ba: Ta300eqpeHHbINi CYCTaB, OUCIUIACTUYECKMI T KOKCapTPO3, PEKOHCTPYKIMS, CycTaBocOeperawliye
omepanuiu.

Térmenbkuit M.IL., OmneitiukoB E.B., BbynoB B.C., ®oswioB [I.T. PeroHCTpyKumMs Ta306eIpEHHOrO CycTaBa
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Background

Excessive pressure between the articular surfaces
can lead to the development of degenerative and
dystrophic changes in the cartilage in dysplas-
tic coxarthrosis because of the decrease in the
area of their contact [1, 2] and is possibly associ-
ated with an impairment of the spatial position,
shape, and ratio of the articular components [3,
4]. Studies have proposed that eliminating or ful-
ly compensating for these mechanical causes can
positively affect the course of the pathological
process in the joint [5, 6], which is the basis of the
practicality of using joint-sparing reconstructive
surgeries. However, the value of these interven-
tions for developed arthrosis remains debatable
[7]. Many experts consider early osteoarthritis as
a contraindication to this intervention because
of the risk of rapid progression of the pathologi-
cal process [8, 9]. In addition, other adverse prog-
nostic factors include severe underdevelopment
and deformity of the acetabulum, significant
proximal and lateral displacement of the femo-
ral head, and impairment of its sphericity [11, 12,
13]. On the other hand, other studies have pro-
posed triple pelvic osteotomy as an alternative to
early arthroplasty [7, 10].

This study aimed to evaluate the short- and
medium-term effects of reconstructive interven-
tions performed on young patients with dysplas-
tic coxarthrosis.

Methods
Study design

This retrospective cohort study analyzed the re-
sults of the treatment of 30 patients (27 women,
3 men) with dysplastic coxarthrosis aged 14 to
40 years. We distributed the patients into two
groups on the basis of age. Group 1 comprised 19
patients aged 14 to 18 years (15.2 = 0.5 years);
whereas group 2 comprised 11 patients aged 19
to 40 years (25.5 = 1.5 years).

In all cases, congenital hip dysplasia led to the
pathological process.

The inclusion criteria included grades I to II
of arthrosis, severe acetabular dysplasia (Tonnis
angle > 20°), grades II to III of dislocation based
on the Tonnis classification [14], Wiberg angle
of 5° or lower, and a follow-up period of at least
2 years.

The exclusion criteria included grades 0 and III
arthrosis, moderate acetabular dysplasia (Tonnis
angle < 20°), grade I dislocation, Wiberg angle of
more than 5°, and a follow-up period of less than
2 years.

Surgical technique

The indications for extraarticular joint-sparing
reconstructive interventions were established by
considering the type of articular surfaces and the
value of the index of congruence of the articu-
lar surface (ICAS) [16]. With a congruence index
of 1.1 to 1.5, the acetabulum was reoriented via
pelvic osteotomy in 22 cases [17] or via periac-
etabular osteotomy in 5 cases. Although per-
iacetabular osteotomy is similar to the R. Ganz
technique [18] in the nature of the impairment
of the bone integrity, they differed in the way of
changing the spatial position and fixing the ac-
etabular fragment. With an ICAS of more than
1.5, pelvic osteotomy was supplemented with
iliac bone osteotomy in 10 cases to change the
spatial position of the cavity vault. On the other
hand, pelvic osteotomy was combined with the
formation of a shelf according to L. Staheli to
increase the cavity volume in two cases with an
ICAS of less than 1.1 [19]. The proximal femur
in all cases received reconstructive intervention.
Most cases (21) underwent intertrochanteric os-
teotomy to correct cervical-diaphyseal disorders
in the frontal and horizontal planes. Meanwhile,
nine cases underwent double transtrochantic os-
teotomy. The osteotomized fragments and the
joint during pelvic osteotomy were fixed with the
Ilizarov apparatus. In addition, decompression
of the articulation was performed during treat-
ment. The duration of hardware treatment lasted
73.0 = 3.2 days. During periacetabular osteotomy,
combined osteosynthesis performed by fixing the
pelvic bone with screws and fixing the joint and
fragments of the femur with the apparatus. The
duration of hardware treatment lasted 40.0 £ 2.0
days. The rehabilitation period after dismantling
the apparatus lasted 9.3 * 0.4 months.

Evaluation of results

We assessed functional outcomes using the Merle
d’Aubigne—Postel scale and assessed the radio-
graphic parameters using the Severin and Tonnis
criteria and the assessment system of the G.A.
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Ilizarov National Medical Research Center for
Traumatology and Orthopedics. We determined
X-ray signs of pathology using radiographs of the
hip joint, performed in the anteroposterior pro-
jection. We also determined the radiographic pa-
rameters of the angle of inclination of the cavity
bearing surface (WBS), the acetabular coefficient
(AC), the indices of sphericity of the acetabu-
lar cavity and the head (ISH), ICAS, the Wiberg
angle (CEA), the degree of coverage of the head
with an acetabular roof (AHI), cranial displace-
ment index (SL), and lateral displacement angle
(LDA). In addition, we used the Tonnis classifi-
cation to determine the severity of arthrosis and
the Coleman criteria, modified by the authors of
the article [16], to determine the nature of the ar-
ticular surfaces.

Statistical analysis

Using Microsoft Excel 2010 software to analyze
the results, we compiled the unweighted vari-
ation series from quantitative data and deter-
mined the means, their error, and statistical
significance. We processed the data using non-
parametric tests such as the Wilcoxon test and
Mann-Whitney U-test.

Results

In group 1, the initial functional indicator was
14.7 £ 0.1 points, with pain at 4.50 £ 0.13, range
of motion at 4.8 # 0.2, and physical activity at 4.6
* 0.15. The leading radiological signs of pathol-
ogy include acetabular dysplasia and decentra-
tion of the femoral head. Meanwhile, the mean
bearing surface inclination reached 39.5° = 2.0°,
AC reached 130.0 = 5.4 (100-200), and the bone
coverage index reached 0.35 = 0.06 (0.20-0.60).
The distribution of joints based on the grade of
dislocation showed 12 joints with grade II and 7
joints with grade III. The distribution based on
the grade of arthrosis by Tonnis showed 13 joints
with grade I and 6 joints with grade II. The dis-
tribution based on the type of congruence by
Coleman showed 9 joints with grade I, 6 joints
with grade II, 3 joints with grade III, and 1 joint
with grade IV.

In group 2, the initial functional index was
13.1 £ 0.5 points, with pain at 4.50 £ 0.15, range
of motion at 4.40 = 0.25, and motor activity at
4.20 £0.15. The mean bearing surface inclination

scored 34.0° = 2.5°, AC scored 170 + 5 (140-210),
and the bone coverage scored 0.42 * 0.05 (0.4-
0.6). The distribution of joints based on the grade
of dislocation showed 10 joints with grade I and
1 joint with grade III; the distribution based on
the grade of arthrosis according to Tonnis showed
8 joints with grade I and 3 joints with grade II;
on the other hand, the distribution based on the
type of congruence according to Coleman showed
7 joints with grade I and 4 joints with grade II.

We analyzed the results on the basis of the fol-
low-up period from 2 to 18 years, with an average
follow-up period of 6.8 + 1.5 years in group 1 and
4.1 £0.7 years in group 2.

We obtained a higher functional result in pa-
tients of group 1 (16.0 # 0.5 points), with an in-
crease of 1.3 points. The result was considered
good (15-16 points) in 15 cases and satisfactory
(12-14 points) in three cases. The functional
indicator in one patient was 11 points, corre-
sponding to a poor result. On the other hand, the
average score increased by 1.9 points in group
2, amounting to 15.0 # 0.4 points. The result of
treatment was considered good in seven cases
and satisfactory in four.

The X-ray data in both groups showed a sta-
tistically significant improvement in indicators
characterizing the state of the acetabulum and
articular ratios (Table 1).

Using the Severin criteria, radiographic results
in group 1 were classified as Ia in 7 cases, Ila in 7
cases, IIb in 2 cases, and III in 3 cases. The sever-
ity of arthrosis remained unchanged in 13 cases,
moved up one grade in one joint, and decreased in
4 cases. Results also showed a progression of ar-
throsis by two grades in one case. Distribution of
joints based on the Tonnis criteria showed grade
Iin 16 joints, grade I1in 2 joints, and grade Il in 1
joint. Congruence of articular surfaces improved
in 5 joints. The distribution of joints based on the
type of congruence according to Coleman showed
type I for 14 joints, type II for 2 joints, and type
III for 3 joints. On the basis of the criteria by the
G.A. Ilizarov National Medical Research Center
for Traumatology and Orthopedics, 14 cases had
good results (2.70 £ 0.03) whereas 4 cases had
satisfactory results (1.98 * 0.08). However, one
case had a poor outcome (1.60). The proportion
of good results was 74%.

Figure 1 presents a sample case from group 1.
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Table 1
Changes in radiometric parameters over time in patients with coxarthrosis
Patient group
X-ray indicator 1 (25 joints) 2 (14 joints)
tr]c?:tfr%r:nt eigrlrll(i)r‘;va_tl; gn Before treatment Follow-up examination

WRBS, deg. 39.5+2.0 8.0 £3.0* 34.0£2.5 9.0+ 1.5%

AC 130.0£5.4 18.0+ 1.5* 170.0£5.0 185.0£1.8

AHI 0.35+0.05 0.92 £ 0.05* 0.42 +£0.03 0.85 = 0.06*

CEA, deg. 14+1.6 30.0 £1.9* 1.2+1.7 27.0+0.8*

LDA, deg. 38.0+2.5 22.0 +2.0* 35.0+3.0 25.0+1.3*

SL, mm 29.0+3.0 5.0+0.2% 25.0£3.5 3.0+0.6*

*Statistically significant differences from the baseline, p < 0.05.

Fig. 1. X-ray images of a 14-year-old patient; dysplastic coxarthrosis, stage II; dislocations, stage III:
a — before treatment; b — during treatment; c — 7 years follow-up

Using the Severin criteria, radiographic results
in group 2 showed 3 cases with Ia, 6 with Ila, and
2 with III. The severity of arthrosis remained un-
changed in 10 cases, but one joint had a progres-
sion by one grade. Distribution of joints based
on the Tonnis criteria showed 7 with grade I and
4 with grade II. The congruence of the articular
surfaces improved in three joints. The distribu-
tion of joints based on the type of congruence ac-
cording to Coleman showed 9 joints with type I, 1
with type I, and 1 with type IV.

Figure 2 presents a sample case from group 2.

On the basis of the criteria of the G.A. Ilizarov

National Medical Research Center for Traumatology
and Orthopedics, seven cases had good results (2.56
£(.01), while 3 cases had satisfactory results (2.10 £
0.05). However, one case had a poor outcome (1.36).
There were 63% of good results.

Complications

In 3 cases from group 1, superficial inflammation
of the soft tissues around the apparatus fixing
elements was stopped using conservative meas-
ures. In one case, an intraarticular fracture of the
fixing elements occurred, requiring additional
surgical intervention.
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Fig. 2. X-ray images of a 20-year-old patient; dysplastic coxarthrosis, stage II; dislocations, stage II;
a — before treatment; b — during treatment; c — 16 years follow-up

Discussion

Although arthroplasty has known advantages
and high efficiency, this method may not al-
ways be the surgery of choice for adolescents and
young adults with dysplastic coxarthrosis be-
cause of the high probability of repeated, usually
more aggressive intervention [20]. Therefore, im-
proving and implementing joint-saving surgeries
are preferred in the orthopedic rehabilitation of
these patients. Theoretically, restoring articular
relationships by changing the spatial position
and shape of the articular components should re-
duce intraarticular pressure and have a positive
effect on the course of the pathological process
in the joint [7, 17].

Although adequate reconstructive interven-
tion slows down the progression of arthrosis, the
intervention does not prevent it [21]. Previous
studies showed that the proportion of joints in
which arthrosis progressed after surgery varied
from 5% to 31% [22, 23, 24]. Other studies found
that 5% to 15% of cases required arthroplasty af-
terjoint-sparing intervention [25,26, 27]. Adverse
prognostic factors include age, signs of devel-
oped arthrosis, severe cavity dysplasia, proximal
and lateral displacement of the head, deformity,
and incongruence of the articular surfaces [11,
12, 13, 28, 29, 30]. Korytkin et al. noted that in
a group of patients older than 18 years with hip
dysplasia with minimal dislocation and without
pronounced degenerative changes, 6% required
arthroplasty during the first 3 years after recon-
structive intervention [31]. In addition, Kamosko

et al. found that in a group of adolescent patients
with signs of developed arthrosis at the end of
the rehabilitation period, 7% of cases presented
with articulation decompensation in the form of
a rapid progression of degenerative-dystrophic
changes, requiring joint replacement [32].

In this study, we excluded patients (grade 0 ar-
throsis, grade I dislocation, spherical head, mod-
erate acetabular dysplasia) who were considered
the best candidates for joint-sparing intervention
by Trousdale and Cabanela, [33]. Thirty percent
of joints had grade II arthrosis. Eight cases reg-
istered grade III dislocation, whereas four cases
had head deformity.

We detected 6.7% of joints with arthrosis pro-
gression. All cases had grade I arthrosis before
the surgery. We associated a poor outcome in a
teenage patient with technical errors during sur-
gery (intraarticular location of fixing elements).
In a patient from group 2, the formed incongru-
ence of the articular surfaces possibly caused the
pathological process progression.

Because of the limited number of patients and
a short average follow-up period, we could not ob-
jectively assess the impact of reconstructive sur-
gery on the pathological process. Nevertheless,
despite the adverse prognostic indicators in most
cases, it should be noted that joint-sparing inter-
vention did not lead to joint decompensation.

Previous studies found that the restoration
of articular relationships can stabilize and even
regress degenerative-dystrophic changes in the
joint [34, 35, 36]. Other studies noted that the pro-
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portion of joints that had reversal of degenerative-
dystrophic changes varied from 6% to 91% [32, 34,
36]. This difference may be associated with the
initial grade of arthrosis and the different criteria
used to interpret radiographic results [10, 14, 32].
In our study, we noted an improvement in 4 joints
only in group 1. In addition, structural changes
in the components of the joints remained at the
same level in 80% of cases, suggesting a slowdown
in the progression of arthrosis.

Analysis of the treatment results accord-
ing to age showed that higher functional re-
sults were achieved in group 1 despite the more
pronounced initial anatomical disorders in the
group. Differences in radiographic results be-
tween both groups were not statistically signifi-
cant, probably due to the higher adaptive capac-
ity of adolescents.

Previous studies found that complications in
the form of heterotopic ossification (4%-8%),
neurological disorders (1%-15%), and the forma-
tion of false joints (1%-2%) usually occur after
performing reorienting osteotomies [22, 25, 26,
27]. In this study, all complications (13.3%) were
associated with the use of hardware fixation, with
the treatment outcome in one case being signifi-
cantly affected by a complication.

The Ilizarov apparatus is commonly used in
the treatment of patients in both groups for fixing
osteotomized bone fragments. Its disadvantages
include significant inconvenience for the patient,
the need for prolonged medical supervision,
and a long rehabilitation period (8—10 months).
Previous studies showed that the duration of the
recovery period can be reduced to 3-6 months
with the use of modern internal fixators [36].
This difference may be partly due to the different
criteria for completing the rehabilitation period.
We believe that a full load on the limb (the end of
the recovery period) is acceptable when the mo-
bility in the joint and the strength of the gluteal
muscles are restored in a functionally beneficial
range. Another important factor that increases
the recovery process duration is the long-term
(70-75 days) hip joint fixation, which increases
its contracture. This is one of the controversial
elements of the technology. On the one hand,
joint immobilization causes degenerative chang-
es in the articular cartilage. On the other hand,
clinical data show that prolonged fixation of the
joint in combination with supportive distraction

does not lead to irreversible changes. We assume
that nonarticulating hardware fixation of the
joint with decompression elements can ensure
mutual adaptation of the articular components
after the restoration of articular relationships, as
confirmed to a certain extent in the analysis of
the results our study.

This technique’s advantages include the pa-
tient’s early motor activity and the load on the
limb, reduction of surgical complexity and inju-
ry rate, and flexibility in positioning bone frag-
ments and articular components during the sur-
gery and in the postoperative period. Using the
apparatus provides the necessary mobility of the
cavity, virtually eliminating delayed consolida-
tion at the osteotomy sites.

Conclusions

The differentiated use of reconstructive interven-
tions can slow down the progression of the patho-
logical process in joints with developed arthrosis
and initial discongruence of the articular surfaces
and can be used as a temporary alternative to ar-
throplasty in adolescents and young patients.
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Adsorbent Dressings from Sodium Carboxymethyl Cellulose
With Silver lons in Primary Knee Arthroplasty:
A Randomized Trial
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Evgenii P. Sorokin, Daniil N. Glaznyov
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Background. The ideal wound dressing should have complex positive affect on a postoperative wound healing: absorb
excessive wound exudate, allow adequate gas exchange, prevent secondary infectious complications, create optimal humidity,
be durable and not to restrict patients’ mobility, which is crucial for early mobilization after total knee arthroplasty. We
carried out this research to asses the effectiveness and safety of contemporary adhesive wound dressings and if they do have
the abovementioned qualities.

Aim — to assess the effect of using absorbing wound dressing made from sodium carboxymethyl cellulose with silver ions
on the quality of rehabilitation and the rate of superficial infection occurrence in patients who underwent total knee joint
arthroplasty.

Methods. This prospective randomized (simple randomization) paralleled open study included 200 patients with terminal
stage knee arthritis, who required total knee joint arthroplasty. Patients were divided into three groups, in two of the groups
the innovate wound dressing made from sodium carboxymethyl cellulose with silver ions was used, in the third group
traditional wound dressing was used.

Results. In the course of this study, it was confirmed that there was no statistically significant difference in pain syndrome
intensity in the early postoperative period or Knee Society Score (KSS) at 3 months postoperatively in regard of type of
wound dressing and time of its application. Subjectively the most comfortable wound cover method for the patients was
the usage of adhesive dressings with silver impregnation from the first day postoperatively. As complications we observed
epidermal blistering under the dressing, superficial wound necrosis, superficial wound infection and formation of prominent
and rough postoperative scars. The highest rate of blistering was observed in patients with traditional patch wound dressing.

Conclusions. The usage of absorbing wound dressing made from sodium carboxymethyl cellulose with silver ions in our
current study did not affect the rate of infectious complications and did not have any negative effects on rehabilitation.
The usage of innovate dressings reduced the rate of epidermal blistering associated with dressings.

Keywords: adhesive wound dressing, surgical infection, wound infection, total knee arthroplasty, complications.
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MpumeHeHne apcopoUpYIOLLUX NOBA3OK

U3 HAaTPUIKapOOKCMMETUNLLENION03bI C MOHAMU cepebpa
B NepBMYHOM 3HAONPOTE3UPOBAHMMU KONIEHHOIO CyCTaBa:
pPaHAOMMU3UPOBAHHOE UCCNeA0BaHue

I.B. Yyraes, H.C. Konoanbuyk, IL.T. Koran, H.H. Kopuunos, E.I1. CopokuH,
O.H. 'masues

QOIBY «HayuoHanbHblli MeQUYUHCKULL ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

AKmyansHocmp. VijeanbHble TIepeBSI30YHbIE MAaTEPUAIIBI JODKHBI OKa3bIBaTh KOMIUIEKCHOE TTOJIOKUTENIbHOE BIMSHME HA
SMUTETU3UPYIOLIYIOCS TTOCTe0NePAMOHHYI0 paHy — 3(hGEKTUBHO YAAISITh U36BITOK PAHEBOrO IKCCYAATa, 06ECIeurBaTh
aZleKBaTHbI ra3000MeH MEXIY PaHOi M OKPYsKallleii Cpeoii, IpefoTBPaIlaTh BTOPMUHOE MHOUIMPOBAHME PaHBI, CIIO-
CO6CTBOBATh CO3[IAHUIO ONITUMAaIbHON BIKHOCTM PaHEBOI TOBEPXHOCTH, UMETh JOCTATOYHYI0 MEXaHUYECKYIO IIPOYHOCTbD,
He CTeCHSITh OBVDKEHUI MALMEeHTa, YTO SIBJISIETCSI KpaliHe BasKHBIM B PaHHEl peabuiInTaluu mocie onepaunii SHAOMPoTe-
3UPOBaHMS KOJIEHHOTO CYCTaBa.

ILlene — OLIEHUTD BIAMSIHME VCIIO/Ib30BaHUS a,ucop61/[py10u_u/lx IIOBSI30K 13 HaTpI/IﬁKap6OKCMM€TV[J'IL[eJUHOJ'IOSbI C MOHaMH ce-
pe6pa Ha KauyeCTBO pea6I/IJ'II/ITaI_II/II/I M 4aCTOTYy Pa3BUTHUA HOBerHOCTHOﬁ I/IHC])QKLU/[I/[ B paHHeM I10CJ1eornepanMoOHHOM Iepu-
o€ y MMalMeHTOB, IEPEHECHINX OIIePalIO TOTAJIbHOI'O SHAOIIPOTE3MPOBAaHMS KOJIEHHOT'O CyCTaBa.

Mamepuan u memo0ds!. B IpoCIieKTMBHOE PAHIOMM3MPOBAHHOE (ITPOCTAst PaHAOMM3aLIMS) MapajIeIbHOE OTKPBITOE MCCIIe-
JIoBaHMe 6610 BKIIOUeHO 200 6OJTbHBIX C TEPMUHAILHO CTaMel TOHAPTPO3a, HY>KIAOUIMXCS B BHITTOTHEHUYM TIEPBUYHOTO
SHOMPOTE3UPOBAHMS KOJIEHHOTO CycTaBa. [TalyeHThl ObUTM pa3eIeHbl Ha TPU IPYIIIbI, B JBYX M3 KOTOPbIX GBI UCITOJb-
30BaHbl MHHOBAIIMOHHbBIE TIOBSI3KM U3 KaPOOKCHUMETUIIEITIONO03bI, MUMITPETHUPOBAHHOI cCepeObpoM, a B TPETbeli ePeBsI3KA
OCYIIECTBJISTY TPAAUIIVIOHHBIM 06Pa3oM.

Pe3ynsmamet. B xone vcciemoBaHus 6bUTO TTOATBEPKAEHO, YTO HE3aBUCHMO OT BUAA TMOBSI30K M BPEMEHU UX HATOKEHUS
HEeT CTaTUCTUYECKU 3HAUMMBIX Pa3IMuuii B CTETIEHM BbIPaKEHHOCTY GOJIEBOTO CMHAPOMA B pAHHEM ITOC/IE0NEPAIIMOHHOM
repuoe 1 rmokasaTtesx QyHKIMM KOJIEHHOTO cycTaBa 1o mkane KSS uepes 3 mec. rociie onepauym. CyObeKTMBHO Hanboiee
KOMMOPTHBIM IS TAIIMEHTOB BAPUAHTOM YKPBITHUS ITOCTE0NEePAIIMOHHOM PaHbl CTAI0 UCTIONb30BaHME are3MBHBIX MTOBSI-
30K, MUMITPETHUPOBAHHBIX CepeObPOM, € TTePBOTO IHS MOC/Ie orlepanyy. B KauecTBe OCIOKHEeHN 1 6bUIV 3abUKCUPOBAHBI Pa3-
BUTHE SMUAEPMATbHBIX ITy3bIPeil MO, MOBSI3K0I, HEKPO3 KPaeB pPaHbl, TOBEPXHOCTHASI MHMEKIMS 06J1aCTU XUPYPTUIECKOTO
BMeIIaTeNbCTBA ¥ GOPMMUPOBaHME rpybOro MmocaeonepauoHHOro pyo6ia. Passutue 6micrepuura (hGopMupoBaHue SIuaep-
MAaJIbHBIX ITy3bIpeit) yalile BOSHUKAIO Y TeX MalyeHTOB, Y KOTOPBIX ObIIM MCITOMb30BaHbI KIACCUYECKYE KIeKye TOBSI3KI.

3aknroueHue. VIcTionb30BaHMe aicOPOMPYIOIMX TIOBSI30K M3 HATPUITKapOOKCHMETIIILIETIONO03bI C MOHAMM cepebpa B ITPo-
BeZleHHOM HaMJ JICC/IeIOBAHMY He MOBIMSIIO Ha KOJIMYeCTBO THOMHO-CENTUUECKMX OC/IOKHEHMI Y TalleHTOB ¥ He 0Ka3ajio
HEeTaTMBHOTO BJIMSHMS Ha peabunnuTalmio. Vcronb30BaHye COBpeMeHHBIX MTOBSI30K II03BOIMIIO CHU3UTD YaCTOTY Pa3BUTHUS
SMMAEPMabHbIX ITy3bIpe N0, TOBI3KOM.

KiarwoueBsbie coBa: aare3MBHbIE IIOBA3KH, XUPYypruuyeckasa I/IH(l)EK].U/IH, paHeBas I/IH(l)eKLU/IH, SHOOIIPOTEe3MPOBaHME KOJIeH-
HOro CyCTaBa, OCJIOXKHEHMNS.
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Background

Over the past decades, significant changes occurred
in conceptual approaches to the use of dressings
(wound coverings) in everyday surgical practice.
Thus, the dressing paradigm changed not only in
the aspect of “when and how many times to dress?”
but also “what material?” There is a constant search
and development of not only materials for the man-
ufacture of dressings, but also coatings which, being
in direct contact with the wound, should optimize
epithelialization [1]. Despite the rapid development
of medical technologies, the problem of healing
and predictable safe management of postoperative
wounds has not yet been resolved [2].

Theoretically, ideal dressings should have
a complex positive effect on the postoperative
wound, remove effectively excess wound exudates
and its toxic components, ensure adequate gas ex-
change between the wound and the environment,
prevent secondary infection of the wound and con-
tamination of environmental objects, contribute to
the creation of optimal moisture in the wound sur-
face, have sufficient mechanical strength, and do
not hamper the patient’s movements, which is very
critical in the period of early rehabilitation after ar-
throplasty of large joints [3].

Publications covering this issue can be divided
into three main categories.

Group 1 includes several prospective rand-
omized trials and reviews showing that absorbent
wound dressings, which are more commonly used
to treat wounds in general and purulent surgery,
also demonstrate good results when used in pa-
tients who have undergone elective orthopedic in-
terventions [4, 5, 6, 7, 8].

Group 2 includes studies that did not reveal a
significant difference between different wound
dressings in terms of the incidence of infectious
complications, healing time, pathological scarring,
pain intensity, patient comfort, or ease of dressing
change [6, 9].

Group 3 includes studies indicating the negative
aspects of new dressings. For example, dressings
with a sealing effect can lead to excessive exudate
exposure to the wound, and an excessively humid
environment contributes to skin damage and bac-
terial infection of the postoperative wound [10].

Such an amount of disparate data necessitated
the evaluation and statistical confirmation of the
efficiency and safety of using modern adhesive
dressings made of sodium carboxymethyl cellulose
with silver ions in total knee arthroplasty.

This study aimed to evaluate the effect of the
use of sodium carboxymethyl cellulose adsorbent
dressings with silver ions on the quality of rehabili-
tation and incidence of superficial infection in the
early postoperative period in patients after total
knee arthroplasty.

Methods
Study design

A prospective, randomized, parallel, open, single
center study (simple randomization) was performed.

The study was conducted in the clinic of the
R.R. Vreden National Medical Research Center
for Traumatology and Orthopedics from April
to December 2019. The study included 200 pa-
tients with end-stage deforming knee arthrosis
who required primary uncomplicated total knee
arthroplasty.

The inclusion criteria were as follows: patients with
stage III gonarthrosis according to Kosinskaya’s
classification, aged 50-75 years, without restric-
tions on sex and body mass index.

The exclusion criteria were as follows:

— Patients with extensive defects of the bones
that form the knee joint, requiring various types of
plastic interventions on the knee joint and endo-
prostheses with increased frontal stabilization.

— Patients with skin diseases even in remission,
diabetes, history of surgery, or infectious complica-
tions on the prosthetic joint (Fig. 1).

Patients

Among the patients examined, women predominat-
ed both in the general array and in all three groups.
All clinical groups were comparable in terms of sex
and age (p > 0.05) (Table 1).

Surgical technique

All patients underwent surgery under spinal anes-
thesia using bupivacaine solution. Thirty minutes
before surgery, 1.5 g of tranexamic acid was admin-
istered intravenously. The surgery was performed
using a pneumotourniquet that was inflated in the
position of maximum flexion in the knee joint, cre-
ating a pressure of 270-300 mm Hg in the cuff. In
all patients, we used an anterior approach to the
knee joint. Using a standard set of tools, the neces-
sary elements of soft tissue release in the knee joint
were made, a bed was prepared for the endopros-
thesis components, and their cement retention was
performed. In the knee joint flexion position, the
joint capsule and subcutaneous adipose tissue were
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Evaluated according to the inclusion criteria
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Y
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Analysis of results

\ v
[ Clinical data ] [ Complications j [ Patient satisfaction j
Fig. 1. Study flowchart
Table 1
Distribution of patients by sex and age
Group
Parameter
I II III
Sex
female 45 (90%) 43 (86%) 82 (82%)
male 15 (10%) 7 (14%) 18 (18%)
Age, years 64.2 (Me 65.0 £ 7.2) 63.9 Me 66.0 + 10.1) 62.1 (Me 62.0 £10.3)
p > 0.05.

sewn with a continuous twisted suture with a braid-
ed bioresorbable suture. The skin was sewn with a
non-absorbable, removable polycaproamide mono-
filament suture using a continuous Donati suture.
Drainage of the knee joint cavity was not performed
in the study patients. In all patients in the postop-
erative period, a standardized thromboprophylaxis
regimen was used (low-molecular-weight heparin
with transition to tablet forms of anticoagulants
and the use of compression garments).

All patients were randomly distributed into
three groups, with different types of wound dress-
ings used in the postoperative period.

In group I (n = 50), the postoperative wound was
covered with an adhesive bandage of sodium car-
boxymethyl cellulose with silver ions Aquacel Ag
Surgical (ConvaTec Inc., UK) in the operating room
immediately after wound suturing. During hospi-

talization, staged dressings were not performed un-
til discharge (Fig. 2).

In group II (n = 50), while in the operating room,
the wound was covered with a sterile gauze dress-
ing, which was fixed to the skin with an adhesive
sticker Curapor (Lohman & Rausher International,
Germany). On the next day after surgery, during the
first dressing and treatment of the postoperative
wound with antiseptic solutions, the wound was
covered with a bandage of sodium carboxymethyl
cellulose with silver ions Aquacel Ag Surgical. As in
group I, staged dressings were not performed until
discharge.

In groups I and II, the sodium carboxymethyl
cellulose dressing was changed postoperatively. In
patients with visual wetting of the absorbent layer
reaching 50%, they were excluded from the study

(Fig. 3).
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In group III (n = 100), the wound was covered
with sterile gauze dressing, which was fixed to the
skin with an adhesive Curapor sticker. During hos-
pitalization, wounds in this group were dressed
once every 2 days; postoperative wounds were
treated with aqueous antiseptic solutions and com-
plete replacement of the gauze bandage. This group
was included as the comparison group (Fig. 4).

Postoperatively, the clinical parameters, such as
the emergence of blistering, number of dressings
required during hospitalization, number of early
postoperative infectious complications, effect of
the used dressings on rehabilitation, and severity
of pain syndrome according to visual analog scale
(VAS), were assessed in all patients. The subjective
assessment of patients was also taken into account.

Fig. 2. View of the knee after
total knee arthroplasty with
Aquacel Ag Surgical dressing

Fig. 3. View of the knee after total knee
arthroplasty with Aquacel Ag Surgical dressing
with leakage more than 50%

At 90-120 days after surgery, all patients were in-
terviewed by phone to ensure that there were no
infectious complications after discharge, and knee
joint function was assessed using the Knee Society
Score (KSS).

Fig. 4. View of the

knee after total knee
arthroplasty with a gauze
dressing

Statistical analysis

After receiving the initial patient data, spread-
sheets were compiled using the Microsoft Excel
computer program. For statistical processing of
data, we used Past ver.3.17. All data were tested for
compliance with the normal (Gaussian) distribution
using the Shapiro—Wilk and Kolmogorov-Smirnov
tests. Data that did not follow a normal distribution
were evaluated using nonparametric statistics. The
samples were compared using the Mann-Whitney
and Kruskal-Wallis tests. To search for correlation,
Pearson’s linear correlation test and Spearman’s
rank correlation test were used.

Results

Pain syndrome is one of the subjective indicators
that determine the patient’s well-being and his/
her satisfaction with the surgical intervention. This
parameter was analyzed on a VAS. To exclude or
confirm the assumption of a possible relationship
between the intensity of the pain syndrome and the
type of dressings, both of these parameters were
analyzed statistically. Accordingly, regardless of the
type of bandages and their application time, in all
groups, no significant differences (p = 0.09-0.12)
were noted in the severity of pain syndrome in the
early postoperative period (Fig. 5).

Moreover, analysis was conducted to determine
a possible statistical relationship between the pa-
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rameters of the knee joint function on the KSS
scale before surgery and 3 months after surgery.
With identical baseline indicators in the immediate
postoperative period, slight differences were found
in the absolute numerical values in all groups;
however, no significant differences were observed
(p > 0.05). In group I at month 3, the average value
on the KSS scale was 77.1 (Me 75.0 = 1.5), and it was
the lowest among the comparison groups. In groups
IT and III, values were almost comparable, with 80.1
(Me 77.0 £ 2.5) and 79.0 (Me 77.0 £ 2.7), respectively

(Fig. 6).

100
80
60
40
20

77,1

i Before surgery

4 Before surgery

B Day 7 after surgery

Fig. 5. VAS before and after surgery

80,1 79

II 11

B Month 3 after surgery H

Fig. 6. Knee function according to the KSS

Complications

A well-known complication of the use of adhesive
dressings is the development of epidermal blis-
ters around the wound, referred to as blistering.
In the early postoperative period, we managed to
establish that the blistering phenomena occurred
more often in group III, whose wounds were cov-
ered with classic adhesive bandages Curapor
(n = 11). This finding was not only clinically obvi-
ous, but also had a significant justification. In group
I, the described type of complications was detected
only in one case (2%).

Regarding the total number of complications
during hospitalization, 17 (8.5%) patients had
any one of the types of complications. No two or
more types of complications occurred in one pa-
tient. The maximum number of complications (15
cases; 15%) was registered in group III. Moreover,
blistering was the most frequent. In descending

order of frequency, necrosis of the wound edg-
es (n = 2; 2%), superficial infection of the surgi-
cal site (n = 1; 1%), and rough postoperative scar
(n =1; 1%) were noted (Table 2).

Finally, we analyzed one of the important factors
for the patient, that is, how comfortable the use of this
wound dressing is for the patient. Despite the general
satisfaction of the majority of the treated patients of
all groups, 43 (43%) patients of group III noted maxi-
mum discomfort. In group I, there were 18 (36%) such
patients, while 15 of them insisted on changing the
existing dressing and switching to regular dressings
with case follow-up of the wound by the attending
physician. In group II, the number of patients who
complained of bandage discomfort was the lowest,
that is, 7 cases or 14% of the total number of the
group. Statistical analysis when comparing all groups
revealed a change in the coefficient from p = 0.003 to
0.048, which indicates significant differences.
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Table 2
Postoperative complications in the studied groups
Patient group
Complication
I (n=50) II (n=50) III (n = 100)

Deep infection of the surgical site 0 0 0
Superficial infection of the surgical site 0 0 1 (1%)
Marginal skin necrosis 1(2%) 0 2 (2%)
Rough postoperative scar 0 0 1(1%)
Blistering 1(2%) 0 11 (11%)
Bandage discomfort 18 (36%)* 7 (14%) 43 (43%)

*15 of 18 (30%) patients requested bandaging with the motivations “I want to see if everything is alright,”

“I would like to be bandaged like other patients.”

Discussion

Surgical site infection occurs in 1%-2% of patients
who underwent total knee arthroplasty [11, 12, 13].
According to a study of the causes that led to revi-
sion surgery after total arthroplasty, periprosthetic
joint infection (PJI) accounts for 14.5% of the to-
tal number of revisions and 26.8% of the cases if
the repeated intervention was performed within
a year after primary arthroplasty [14]. One of the
most important risk factors associated with PJI is
postoperative wound infection [15, 16]. This makes
the prevention of superficial wound complications
one of the basic aspects of perioperative manage-
ment of total arthroplasty [11]. One of the effective
means is the use of modern dressing materials [17].
In the Proceedings of the Second International
Conference on Musculoskeletal Infection, a sepa-
rate section focused on a discussion of postop-
erative management of patients. During the dis-
cussion, a strong consensus was achieved, that is,
occlusive and silver-impregnated dressings reduce
the incidence of wound complications compared
with standard gauze dressings. Moreover, dressings
are recommended to be changed only when they get
wet [18]. Although such a conclusion is essentially a
compilation of expert opinion and does not have di-
rect statistical support, it demonstrates the interest
of orthopedic surgeons in this topic. Moreover, this
interest has solely practical roots, namely, the min-
imum possible number of dressings and if they af-
fect the course of the wound healing process in pa-
tients who underwent major orthopedic surgeries.
The general concept that formed the basis of our
study can be formulated quite simply. We need to

find an effective wound dressing that can be a bar-
rier to bacterial penetration, cope with excessive
wound discharge, create an optimal environment
for wound healing, and have an antibacterial effect
[19]. To date, when discussing which dressing ma-
terial best meets these requirements, the authors
resort to evaluating various indicators, which can
lead to difficulties in interpreting and comparing
results [11]. This is possibly due to the fact that
many of the criteria used to describe the condi-
tion of a postoperative wound are qualitative rather
than quantitative, which makes their assessment
too subjective. For example, to describe the impair-
ment of skin integrity resulting from the use of a
dressing, several terms are used in the literature,
such as erythema, erosion, maceration, epidermal
blisters, and blistering. Blistering is considered the
most indicative and clinically significant. This term
refers to the detachment of the epidermis from the
underlying dermis, which is most likely caused by
an increase in severe soft tissue edema in which the
elasticity of the skin becomes insufficient. This may
also be due to the low extensibility of traditional
dressings, which leads to significant tension in the
upper layers of the skin during movements in the
operated joint [20].

Patient-related factors that increase the inci-
dence of blistering include obesity, venous insuf-
ficiency, and diabetes mellitus [1]. Given that knee
arthroplasty is often performed in older people
with thin skin, the probability of this complica-
tion becomes even higher [21]; therefore, dressing
change should be minimally traumatic. Clarke et al.
evaluated the incidence of blistering with different
types of dressings. In their study, this complication
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occurred 19.5% less frequently with modern elastic
bandages than with traditional ones [6]. This was
also confirmed in our work.

In addition, problems with wound epithelializa-
tion can make it difficult to mobilize the patient,
thereby increasing the duration of rehabilitation
(both hospital and general). Obviously, postopera-
tive wounds after total arthroplasty are located in
the projection of the operated joints; accordingly,
wound dressings should not restrict movement in
them and should adapt to dynamic changes in the
wound size so as not to affect adversely early post-
operative rehabilitation [22]. This is also confirmed
by Cosker et al. who revealed that inelastic dress-
ings in combination with postoperative wound ede-
ma contributes to the occurrence of blistering and,
moreover, is poorly tolerated by patients, causing
unnecessary discomfort during rehabilitation [23].
In addition, adhesive interactive dressings provide
a wide range of subjective benefits for the patient,
including the ability to take a shower immediately
after surgery [24, 25, 26].

Moreover, another subjective criterion is the
amount of wound discharge, since there is no uni-
fied method for determining its redundancy. At a
conference on the treatment of musculoskeletal
infections, a consensus was reached that the more
abundant and prolonged the wound discharge, the
higher the probability of infectious complications
[18]. Clarke et al. reported that adhesive dressings
have effective absorption and retention of wound
exudates, which reduced significantly the number
of dressing changes [6]. In addition to the low fre-
quency of blistering, other clinical advantages of
this type of dressing material include a decrease in
the average number of bed-days, fewer dressings
during hospitalization, and no increase in the inci-
dence of surgical site infection [23].

Another subjective criterion is the satisfaction
of doctors, nurses, and patients. Each doctor and
nurse evaluates the progress of the dressing, guided
by personal experience and traditions of a partic-
ular department, which can vary greatly both be-
tween departments of the same clinic and between
different hospitals. Individual patient satisfaction
can also vary greatly, both in terms of assessing the
pain syndrome associated with changing wound
dressings and comfort during dressing or rehabili-
tation sessions [25].

The expediency of using dressings made using
hydrofiber technology, impregnated with antisep-
tics, should be discussed separately. Does this en-
able restriction of the indications for the use of an-
tibiotics? This is important in view of the presence

of hospital-acquired strains of multidrug-resistant
microorganisms that cause surgical infection [27,
28]. Several modern researchers report improve-
ment in the use of silver-containing dressings in
the treatment of surgical wounds [29]. Silver ions
have high antimicrobial activity against gram-pos-
itive and gram-negative flora, including antibiotic-
resistant strains, and their use in modern wound
dressings has significant potential advantages [27].
This can be scarcely overestimated, as Poultsides et
al. showed in their study, conducted on the causes
of surgical site infection in a hospital after prima-
ry hip and knee arthroplasty, that the total cost of
treating such patients is approximately twice the
cost of patients without this complication [30].

Kuo et al. revealed that the use of silver-con-
taining dressing increased the period between
dressings compared with the standard approach
(5.2 £ 0.7 vs. 1.7 = 0.4 days; p < 0.0001) and, ac-
cordingly, reduced the number of dressings
(1.0 £ 0.2 vs. 3.6 £ 1.3 times; p < 0.0001). When us-
ing standard dressings, patients noted discomfort
during their change and exercising with an exercise
therapy instructor, which was not noted when us-
ing modern wound dressings. An increase in pa-
tient satisfaction with the bandage was registered
(p < 0.0001) [25].

Chowdhry et al. reported the advantages of wound
hydrofiber dressings compared with traditional
dressings [31]. In this study, significant differences
were found in the rate of subsidence of inflammatory
phenomena in the group with contemporary dress-
ings. This was manifested by a more pronounced
dynamics of normalization of body temperature, a
decrease in the level of leukocytes, and normaliza-
tion of postoperative wound healing. Another study
(56 patients) comparing traditional dressings with
adhesive dressings showed a lower average number
of dressings in the modern wound dressing group
than in the passive dressing group (0.3 vs. 1.9 at
p < 0.001) [32].

Nherera et al. indicated that the use of modern
adhesive dressings is associated with fewer compli-
cations than traditional dressings [33].

Recent studies have shown that adhesive wound
dressings reduce the number of dressings required,
thereby reducing the cost of postoperative treat-
ment, even taking into account their high cost com-
pared with traditional materials [25]. Since dress-
ings on a postoperative wound after arthroplasty
are changed on average every other day, a decrease
in the number of dressings reduces material costs,
staff workload, and risk of wound contamination
with pathogenic microorganisms [24].
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Absorbent adhesive dressings are also not ideal,
and one of the problems of orthopedists when using
them is that the doctor cannot examine the wound
within the next few days after surgery because of
the dressing. In this case, dressing is performed ei-
ther when the bandage is excessively wet, as was
demonstrated in our study, or at the personal re-
quest of the doctor, which is not always justified.
For several surgeons and patients, it was unordi-
nary to examine the wound for the first time only
5-7 days after surgical treatment [8]. Therefore, it
would be optimal if the wound dressing used after
the surgery does not interfere with the wound ex-
amination and enable the assessment of paravulnar
skin hyperemia and the identification of changes in
local temperature, which is extremely important
for diagnosing early infectious postoperative com-
plications [17].

Thus, our data are consistent with those of current
large studies and meta-analyses, suggesting that al-
though modern dressings are more expensive than
traditional ones, they may cause fewer skin compli-
cations (blistering). Moreover, their use reduces the
hospitalization time, increases patient satisfaction
with the treatment provided, and enhances satisfac-
tion of doctors and nurses by reducing the number
of complications and the comfort of using innova-
tive wound care techniques. Furthermore, long-term
multicenter prospective clinical studies are neces-
sary to assess correctly both the economic efficiency
and the role of modern wound dressings in the pre-
vention of infectious complications.

Study limitations

This was a single center study with a small sample of
patients. A multicenter analysis of the treatment of
several thousand patients is necessary to assess ad-
equately the influence of wound coverage factor on
the risk of developing a deep surgical site infection.

Conclusions

In our study, the use of adsorbent sodium carboxym-
ethyl cellulose dressings with silver ions did not af-
fect the number of purulent-septic complications in
patients and did not affect adversely the rehabilita-
tion. In patients of both clinical groups, the range of
motion in the knee joint at discharge and 3 months
after surgery were not significantly different when
using different types of wound dressings. Innovative
dressings helped reduce the incidence of epidermal
blisters in patients who underwent endoprosthesis
replacement and reduce the number of dressings
during hospitalization without negative conse-
quences to the patient.
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Protein-Energy Malnutrition as a Predictor of Early Recurrent Revisions
After Debridement Surgery in Patients With Difficult-to-Treat
Periprosthetic Infection
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Background. Protein-energy malnutrition (PEM) is an established risk factor of postoperative complications in orthopedic
disorders, including arthroplasty of the large joints. The study aimed to evaluate PEM prevalence and its association
with the early postoperative revision in patients with the difficult-to-treat (DTT) prosthetic joint infection (P]JI) of the
hip. Methods. The retrospective study included 132 patients with chronic DTT PJI of the hip. The patients underwent
orthopedic implant removal, radical debridement of the infected tissues, and resection arthroplasty with non-free
transplantation of an axial vastus lateralis muscle flap (n = 57) or installation of an antimicrobial spacer (n = 75). DTT P]JI
was defined as an infection caused by rifampicin-resistant staphylococcal strains, ciprofloxacin-resistant gram-negative
bacteria, fungi of the genus Candida, and their associations. The assessment of the patient’s protein-energy status
included the evaluation of reference laboratory parameters, such as levels of hemoglobin, total protein, and albumin and
number of lymphocytes. The degree of PEM was determined by the number of laboratory markers below the threshold
values. The statistical comparison was performed using Fisher’s test. The odds ratio (OR, 95% confidence interval [CI])
was calculated to assess the risk of PJI recurrence. Differences were considered significant at p<0.05. Results. More than
70% of patients with chronic DTT PJI included in the study were diagnosed with preoperative PEM of varying degrees of
severity. Hypoalbuminemia and decreased hemoglobin levels were diagnosed more often: 64.3% and 57.1% in the muscle
flap plasty and 57.3% and 31.1% in the antimicrobial spacer group, respectively. In muscle plasty and antimicrobial spacer
groups, a decrease in the values of three or more reference PEM markers was detected in 28.5% and 16.0% of patients,
and this advanced impairment of the nutritional status increased the risk of early revision intervention by two (OR 2.0;
CI 95% 0.47-8.56; p = 0.35) and six times (OR 6.11; 95% CI 1.06—35.35; p<0.04), respectively. Conclusion. In general,
the analysis of publications and results of our study show that PEM is associated with the development of surgical site
infection and recurrence of PJI after revision surgery. A decrease in the values of three or more reference PEM markers is
a significant predictor of repeated revisions after debridement surgery with the installation of an antimicrobial spacer.
PEM complicates the postoperative course in patients with resection arthroplasty. Given the high incidence of PEM in
patients with DTT PJI of the hip joint, further research is needed to develop methods for nutritional status correction and
assessment of their effect on the outcomes of debridement surgery.

Keywords: difficult-to-treat infection, prosthetic joint infection, protein-energy malnutrition, hip resection arthroplasty.
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benkoBo-3HepreTuyeckas Hef0CTaTOYHOCTb KaK NPeaUKTOpP PaHHUX
MOBTOPHbIX PEBU3UIA NOC/IE CAHUPYIOLLMUX ONepaLmii Y NaLMeHTOB
C TPYAHOU3NEYMMOMN NepuUnNpoTe3HOon MHpeKLuen

C.A. BboxxkoBa!, B.H. JIusennos !, P.M. Tuxunos !, K.JI. Pomano 2, A.10. Kounii -3,
I.B.Jlabytun', B.A. ApTiox!
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Beedenue. bBenkoBo-sHepretTuueckas HemocTaTouHocTh (BOH) sBisercs nokasaHHbIM (aKTOPOM pUCKA PasBUTHS
TIOC/IE0TIEPALIMOHHBIX OCIOKHEHUI Y OPTOMeAMYeCcKUX OOJNbHBIX, B TOM UMCIE M TOCTe SHAOMPOTE3UPOBAHMS KPYITHBIX
cyctaBoB. Lleasto vicciemoBaHys 6bIIa OLIEHKA YaCTOThI BeTpeyaemMocTt BOH u ee BIMsiHUS Ha HEOOXOAMMOCTD BBITIOTHEHMSI
PEBM3MOHHOTO BMeIATeAbCTBA B PAHHEM I10C/eOTepallMOHHOM IIepuofie y TAalMeHTOB C TpynHousneunmoii (TU)
niepunpoTesHoit uudekuyeit (IIM1) TazobeapeHHOTO cycTaBa. Mamepuan u memodsl. B peTpocrieKTMBHOE MCCaeIoBaHe
BKIIOUeHO 132 mamueHTa ¢ xpoHudveckoii TU TIIM Ta306eIpeHHOr0 CycTaBa, KOTOPbIM ObLIM BBITOJHEHBI YAaaeHUe
OpTOTeMYeCKOT0 MMIUIAHTATA, PAAMKAIbHAS XUPYPTrUUecKas 06paboTka ouara MHGEKIMM Y pe3eKIMOHHAs apTPOIIacThKa
C HeCBOOOIHOVI TIepeca;koii 0CEBOTO MBIIIEYHOTO JIOCKYTa U3 m. vastus lateralis (n = 57) wiu ycTaHOBKA aHTUMUKPOOGHOTO
cneiicepa (n = 75). K TU TN oTtHocwiu MHDEKIUIO, O6GYCIOBIEHHYI0 PUGAMIUIVH-PE3UCTEHTHBIMM IITAMMaMMU
cTaUIOKOKKOB, LIUITPOQIIOKCAI[MH-PE3UCTEHTHRIMM IITAMMAaMM TpaMOTpULIATeNIbHBIX OakTepuii, rpubamu popa Candida,
a Takke Mx accoruanusiMu. OleHKa 6GeTKOBO-IHEPreTMUYECKOro CTaTyca MallMeHTa BKIYajga OITpefesieHMe OMOPHbIX
J1a60opaTOPHBIX IOKa3aTeseil: ypoBHel reMorio6uHa, o6iiero 6eyika, albOyMuHa ¥ KOAMYECTBO JMMbounuToB. CrerneHb
B2H ompepensiy 1Mo KOIMYECTBY JIAGOPATOPHBIX MapKepoB HIKe MOPOTOBbIX 3HAUeHMit. COMOCTaBIeHE OTHOCUTETbHbIX
ToKasaTeJsieil CpaBHEeHMS BBIIIOIHSIIN C IpUMeHeHeM Kputepus ®uiiepa. [1s1 ouieHKM Biausinus BOH Ha pa3BuTue peruausa
paccunMThIBaIM OTHOIIEHMe 1ancoB (OILl, 95% [IW). Pasmuuns mpuHUMay 3a AOCTOBepHbIe pu p<0,05. Peynsmamet. bonee
yeM y 70% 60abHBIX ¢ XpoHuueckoit TU IIIIM, BKIIOUEHHbIX B MCCIE€NOBaHMe, IO onepalyy 6blia guarHoctMpoBaHa BOH
Pa3IMYHOM CTereHu TspkecTy. Yalle IMarHOCTUPOBAIU TUIIOATBOYMUHEMMIO M CHYDKEHME YPOBHS reéMOTJIO0MHA: COOTBET-
CTBEHHO 64,3% 1 57,1% B rpyIie MbIIIEYHOI TUIACTURYA U 57,3% u 31,1% B TpyIre aHTMMUKPOOHOTO criejicepa. B rpymmax
MBbIIIEYHOl IUIACTMKY M aHTUMMKpPOGHOTO creiicepa meduuMUT TpexX U 6ojiee OMOPHBIX IOKaszaTeseii BOH Gbla BbISBIEH
COOTBETCTBEHHO Y 28,5% 1 16,0% manyeHTOB, TPy 3TOM HaIMUMe TaKUX BbIPAKEHHBIX HAPYIIEHUH HYTPUIIMOHHOTO CTaTyca
YBEJIMUMBAIO PUCK PAHHETO PEBU3MOHHOTO BMeIaTenbcTBa B 2 pasa (OII = 2,0; U 95% 0,47-8,56; p = 0,35) 1 B 6 pa3s
(Ol = 6,11; N 95% 1,06-35,35; p<0,04). 3axntoueHue. AHanM3 HAYUHBIX ITyOIMKAIMIL Y Pe3YIbTaThl HALIIETO VCCIeTOBAHMS
MoKa3bIBawT, yTo BOH cBs3aHa ¢ passutueMm MOXB u peuyausoMm TN mocie peBM3MOHHBIX ornepainii. CHIODkKeHue Tpex U
6oJiee OMOPHBIX MOKa3aTeseit BOH sB/isgeTcss 3HAUMMBIM MPEAVKTOPOM ITOBTOPHBIX PEBU3MIL TTOC/IE CAHUPYIOIIMX OTIepariyit
C YCTAaHOBKO# aHTMMMKPOOHOTO CIIejicepa, a TAKKe YXY/IIIaeT TeUeH)e paHHEero OC/Ie0NePAIIOHHOTO TIepMo/Ia y allMEHTOB
C pe3eKIMOHHO apTPoIIacTUKoi. C yueTOM BBICOKOI YacTOThI BcTpedaeMocTyt BOH pasnmyHoi cTeneHy TSDKeCTH Y Many-
eHToB ¢ TU I Ta306eIpeHHOr0 CycTaBa HeOGXOIMMBbI AabHENIIMe MCC/IeNOBaHMs TI0 pa3paboTKe METOAOB KOPPEKINU
HYTPULIMOHHOTO CTaTyCa M OLIeHKe UX BIMSHUS Ha MCXObl CAHUPYIOIIVX OTMeparnii.

KiioueBble c/IoBa: TpymHOM3IeunMass WHGEKUIMS, MepUITpOTe3Hass MHbeKIus, 6eJKOBO-3HepreTuuecKas HeqoCTaTou-
HOCTb, pe3eKIIMOHHAS apTPOIIACTUKA, Ta306€IPEHHBIN CyCTaB.

Introduction debridement surgery result in large bone defects.

Chronic prosthetic joint infection (PJI) is one of Resection arthroplasty of the hip coupled with a
the serious complications of total joint arthroplasty. flap of vastus lateralis muscle filling the bone defect
The worst treatment results are observed in has been shown as an effective way to achieve the
infections caused by drug-resistant strains of bacteria  control of infection, particularly, in case of the DTT
[1, 2]. Lately, the so-called difficult-to-treat (DTT) PJI and in some cases restore its function [4, 5].
infection has been defined as an infection caused by  This surgical approach improves the blood supply
difficult-to-eradicate pathogens such as rifampicin- and the delivery of oxygen, leucocytes and antibiotics
resistant  staphylococci, ciprofloxacin-resistant to the affected tissue which helps to eradicate
gram-negative bacteria and Candida fungi [3]. pathogens responsible for the chronic infection
Multiple attempts to eradicate this infection through  decreasing the risk of P]JI recurrence [6].
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The imbalance of nutrients or protein-energy
malnutrition (PEM) is one of the main causes of
increased morbidity and mortality, reduced quality of
life, increased frequency and length of hospital stay,
and associated health care costs [7, 8]. PEM is a proven
risk factor for the development of postoperative
complications in orthopedics including patients who
underwent arthroplasty of large joints as well as
spinal surgery [9, 10, 11]. In addition, PEM not only
negatively affects postoperative recovery and wound
healing but also increases the risk of early and late
surgical site infection [12]. The incidence of PEM in
orthopedic patients requiring arthroplasty varies
from 8.5% to 50% [13, 14, 15]. PEM has been shown
both as a risk factor for the onset of prosthetic joint
infection and a predictor of the infection recurrence
after primary arthroplasty [16]. Surrogate markers of
PEM such as total lymphocyte count, serum albumin
and transferrin have been extensively used to assess
the underlying nutritional status of patients [17,
18]. Increased risk of complications after total hip
arthroplasty including the recurrence of PJI has been
associated with hypoalbuminemia [19]. Low levels of
albumin in combination with hemoglobin were also
associated with the development of PJI [18].

The number of studies that have addressed the
role of PEM in the development of PJI is limited.
Most of them are hindered by heterogeneous cohorts
without any discrimination between cases of primary
and revision arthroplasty, or PJI and trauma-related
surgery [15, 20]. Given this, we aimed to evaluate the
prevalence of PEM in patients DTT PJI of the hip. In
addition, the association of preoperative PEM with
surgical complications requiring early postoperative
revision after resection arthroplasty with a muscle
flap or a cement spacer implantation was assessed.

Methods

The data for the study were retrieved from the
records of the local PJI register covering the period
of 2012-2018. The study was approved by the
institutional review board. General informed consent
was obtained as a part of the hospital admission.

Of all 132 patients included in the study, 57
were treated with a pedicled muscle flap after the
removal of the endoprosthesis. Surgical debridement
of the affected tissue was followed by subsequent
transplantation of a vastus lateralis muscle flap of
the femur retaining the vascular supply. Alternatively,
the remaining 75 patients were treated with surgical
debridement and installation of an antimicrobial
cement spacer in place of the metal components.

The main inclusion criteria were chronic DTT PJI of
the hip caused by rifampicin-resistant staphylococci,
ciprofloxacin-resistant Gram-negative bacteria and/or
Candida fungi. The main laboratory parameters which
were taken for the evaluation of the nutritional status

included total lymphocyte count, hemoglobin, albumin
and total protein. The cut-off values suggesting PEM
were defined as follows: total lymphocyte count (TLC)
at <1.5x10° cells/L, hemoglobin at <12.0 g/dL, albumin
at <3.5 g/dL and total protein at <6.5 g/dL. The severity
of PEM was defined as the percentage of cases with one,
two or three and more of these laboratory values below
the cut-off level.

Postoperatively, all patients received intravenous
antibiotic therapy followed by oral antibiotics for
6-8 weeks. The proportion of patients requiring
revision surgery in the early postoperative period was
evaluated regardless of the cause.

Statistic analysis

The data were analyzed using Statistica v10
(StatSoft, Russia) and GraphPad Prism v 9.0 (GraphPad,
USA). Categorical variables are shown as percentages.
They were evaluated using Fischer’s exact test.
Odds ratios (OR. were calculated with respective
confidence intervals (CI) at the confidence level of 95%.
The P-value below 0.05 was considered as the indication
of statistical significance.

Results

General characteristics of the cohort are depicted
in Figure 1. Patients treated with a muscle flap had a
longer median duration of PJI and a lower percentage of
at least two episodes of infection recurrence before the
hospital admission as compared to patients managed
using two-stage revision with a cement spacer.

Cohort (n=132)

.

~,

Muscle flap Cement spacer
(n=57) (n=75)
| Median age, years |
59 (52-67) 62(52.5-69.5)
| Gender, n I
Females 24 Females 39
Males 33 Males 36
| Median durationof PJI, days |
629 (265-1276) 350 (83-1229)

| Infection recurrence before admission (>2), %(n)

78.9 (45)

25.3(19)

Fig. 1. General characteristics of the cohort

Puc. 1. O6uias xapakTepucTUKa MaleHTOB
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Hypoalbuminemia and decreased hemoglobin
were the most common markers of malnutrition in the
cohort (Fig. 2).

Whereas the overall fraction of patients with one
abnormal malnutrition marker was comparable to
those without PEM in the muscle flap group but higher
in the cement spacer group (Fig. 3).

Association of the advanced malnutrition (at
least three abnormal markers) and post-operative
complications requiring surgical revision was only
statistically evident in the cement spacer group
(Fig. 4, 5).

80-

= Muscle flap Cement spacer

Fig. 2. Percentage of the decreased surrogate markers
of protein-energy malnutrition in the cohort

Puc. 2. [lons nauyeHTOB CO CHYDKEHVEM YPOBHS OIIOPHBIX
nokasarenei BOH B rpynnax cpaBHeHUS

P> 0.05
50 1

40 1

301

%
™)
[}
~

201

101

Fig. 3. Preoperative severity of the protein-energy
malnutrition

Puc. 3. Yacrora BcTpeuaemoctt BOH pasnnuHoii crernieHn
BBIPAQ)XEHHOCTY Y NALIMEHTOB TPYIII CPDAaBHEHUS

O.R. 0.67 O.R.2.0
501 (0.14-3.17) (0.47-8.56)
421
401 =
324 O.R.0.57 —
(0.09-3.83) =
216 —
21 190 =
= =105 =
1 2 23

== No revision E= Revision

Fig. 4. Association of protein-energy malnutrition
and revision surgery in the muscle flap group

Puc. 4. Biusinue crerienu BoipaskeHHOCTY BOH Ha TeyeHne

PaHHEro rmocjieornepanMoHHOro rnepmoga B rpyriie
MBbIIII€YHOM MIaCTUKU

O.R.1.22
(0.39-3.8)
50 -
441
40 - 36.6 O.R.6.11
323 (1.06-35.35)
301 O.R.1.43
0.35-5.79
= 219 ! ! 22
20 176 17.1 =
=
101 : 6.0 E
0 . = B=
No PEM 1 2 23

= No revision = Revision

Fig. 5. Association of protein-energy malnutrition

and revision surgery in the cement spacer group

Puc. 5. Bnustaue crenenu BoipaxkeHHOCTM BOH Ha TeueHne
paHHero MocJIeonepanyioHHOrO eproia B rPyTIre
aHTUMUKPOOGHOTO criejicepa

Discussion

Despite the worse functional outcomes compared
to the use of an antimicrobial spacer, resection
arthroplasty of the hip joint using a vastus lateralis
muscle flap is an effective procedure to achieve PJI
control [4]. The cohort of patients in the present study
has previously been assessed to compare the efficacy of
resection arthroplasty with a muscle flap and a cement
spacer implantation for treatment of DTT PJI [5]. In all
patients with the muscle flap and cement spacer, the
infection remission was achieved in 96.5% (n = 55) and
45.3% (n = 34) of cases, respectively. Late recurrence of
PJI was only in 2.5% (n = 2) of cases with the muscle
flap vs 26.7% (n = 20) of cases with a cement spacer.
Thus, resection arthroplasty with a vastus lateralis
muscle flap proved to be a strategy of choice for
management of recurrent DTT PJI. In contrast, for this
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study, the cohort was analyzed both for the prevalence
of preoperative PEM and the association of PEM with
early postoperative complications requiring revision.

The average preoperative prevalence of PEM in
patients undergoing arthroplasty depending on the
heterogeneity of the cohort has been widely reported
at 8.5%, 12.3%, 53% and 80% [13, 15, 15, 20, 21]. At
the time of hospital admission, most of our patients
(>70%) had laboratory signs of PEM. It is well known
that prolonged systemic inflammatory response due
to the persistent infection eventually leads to the
loss of muscle mass and function, which could itself
be the manifestation of PEM [7, 8]. For instance, cases
of revision arthroplasty due to septic complications
had a higher rate of hypoalbuminemia as compared to
aseptic cases [10]. Given this, it is feasible to assume
that long-term chronic DTT PJI with multiple prior
failed revisions could have been the primary reason
for the impaired preoperative nutritional status of
our patients. This would also explain the rather high
prevalence of PEM in our study compared to previous
reports. It is noteworthy to mention that the already
abnormal nutritional status of patients at the time
of hospital admission could have also been further
aggravated by the surgery.

Several laboratory values have been considered
as surrogate markers for the early diagnosis of PEM.
For instance, albumin and hemoglobin have been
shown as independent factors associated with PJI
occurrence after primary elective THA [18]. Whereas
albumin had the highest specificity and a positive
predictive value compared to all other markers such
as total lymphocyte count and transferrin. Other
studies have also confirmed the association of
hypoalbuminemia with complications of arthroplasty
from surgical site infection to pneumonia,
cardiovascular pathology, and urinary tract infection
[9, 21, 22, 23]. Like the above reports, our findings
showed low albumin and hemoglobin as the most
prevalent (>50%) abnormal laboratory values.

Our previous study showed that in the early
postoperative period, the only indication for the
secondary revision in the spacer group (28%, n = 21)
was the recurrence of the infection. Alternatively,
main indications (35%, n = 20) for post-operative
revision in the muscle flap group were necrosis of the
flap (8.8%,n = 5), culture-negative hematomas (10.5%,
n = 6), and recurrence of the infection including
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wound dehiscence or prolonged wound drainage for
more than 7 days (15.7%, n = 9) [5]. PEM was found
to be associated with the prolonged surgical site
discharge and subsequent deep infection which
required additional treatment after elective total joint
arthroplasty [16]. In our cohort, a decrease of 3 or
more laboratory markers of PEM increased the risk of
postoperative wound revision by 6 times in patients
with a cement spacer (OR 6.11, CI95% 1.06—35.35,
P<0.04) and 2 times in patients with a muscle flap
(OR 2.0, CI95% 0.47-8.56, P = 0.35) (see Fig. 4, 5).

Due to the retrospective nature of our study, some
medical records such as BMI index and a complete list
of concomitant pathology were missing for a part of
the cohort and thus were omitted from the analysis.

Enteral nutrition is a process of providing the
patients with necessary supplements has been long
regarded as a method of choice for PEM correction
in general medicine and hip replacement in geriatric
patients [24]. Unfortunately, due to the limited
number of studies addressing potential benefits of
PEM correction in orthopedic patients the exact
guidelines for preventing early post-operative
complications including PJI recurrence via nutritional
supplementation before and after arthroplasty are
yet to be established. In a clinical study of 162 cases
of primary knee arthroplasty, it has been shown that
patients with constant perioperative nutritional
management had a lower number of postoperative
complications such as wound drainage, hematomas,
superficial and deep infection as well as the reduced
number of albumin transfusions and a shorter
hospital stay [25]. This suggests that implementing
the protocols for hypoproteinemia correction before
any major orthopedic surgery such as primary and
revision arthroplasty including patients with PJI could
improve its outcome.

Overall, both previous reports and our data show
that malnutrition is associated with the occurrence of
surgical site infection and relapse of P]I after revision
arthroplasty. In particular, the risk of postoperative
revision was significantly associated with multiple
pathological markers of PEM in two-stage revision
with a cement spacer but not with a muscle flap
surgery. Considering the mounting evidence that
malnutrition is a modifiable risk factor for PJI, more
studies are required to demonstrate the efficacy
of preoperative PEM correction.
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The Use of Electret In the Surgical Treatment of Children
With Perthes Disease: Early Outcomes
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The study aimed to evaluate the immediate results of the use of electret in the surgical treatment of children with Perthes
disease.

Methods. The study was based on the results of a comprehensive examination of 10 patients (10 hip joints; average age,
7.2%0.7 years). To stabilize the joint and comply with the principle of “containment therapy,” all children underwent triple
pelvic osteotomy, which was supplemented by a transphyseal implantation electret. Postoperatively, all patients were
evaluated for the severity of pain syndrome and amplitude of movements and underwent ultrasonography, radiometry of
the main indicators of the structure and stability of the hip joint, computed tomography, and magnetic resonance imaging
of the hip joints.

Results. The visual analog scale questionnaire indicated the presence of a moderately pronounced pain syndrome on
postoperative day 3, with its complete relief by day 7. Ultrasound studies showed the absence of synovitis, and goniometry
revealed the achievement of physiological indicators of flexion and abduction to the end of the hospitalization period.
According to the radiation methods, all patients had elimination of subluxation with the restoration of hip joint stability
and a significant improvement in the shape of the femoral head with the appearance of its single bone contour. The volume
of the bone part of the femoral head increased by 15%-35% from the original, and there was a significant improvement
in the shape of the cartilaginous model with the complete absence of a necrosis focus in the femoral head, close to the
physiological position of the labrum acetabulum.

Conclusions. The use of electret in the surgical treatment of children with Perthes disease in Catterall groups III-IV and
hip subluxation due to the anti-inflammatory effect makes it possible to alleviate pain syndrome and manifestations of
synovitis early after surgery and to begin rehabilitation treatment with the achievement of the physiological amplitude of
movements in the hip joint in the immediate postoperative period. The osteoreparative effect of the electrostatic electret
field alone or in combination with anti-inflammatory treatment increased the volume of the newly formed bone tissues
of the femoral head with a decrease in the area of its defect or disappearance of compression of the central part of the
epiphysis with the differentiation of the initial elements of the trabecular pattern, in comparison with the homogeneous
high-intensity structure of the femoral head.

Keywords: children, Perthes disease, hip subluxation, triple pelvic osteotomy, orthopedic electret.
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MNMpuMeHeHne opTOoneanYECKOro 3neKTpeTa B XUPYpruyeckoMm sieyeHuu aeten
¢ 6onesHbio MNMepTeca: GnuxkanumMe pesynbrarbl

I1.1. Boprynés !, C.B. Buccapmonos 2, T.B. BackaeBa', /I.b. Bapcykos !, .10. [To3mHMKMH !,
T.B. Mypaniko !, B.E. Backos!, M.C. [TosHOBUY !

L @I'BY «HayuoHanbHblii MeOuyuHCKUll uccnedosamensckull yeHmp 0emckoti mpasmamonozuu u opmoneduu
um. I H. Typrepa» Mun3dpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 @I'BOY BO «Cesepo-3anadmbiii zocyoapcmeeHHsili MeduyuHckuii ynusepcumem um. M.H. Meunuxosa»
Munsdpasa Poccuu, Cankm-Ilemep6ype, Poccus

Ilens pa6omsl — OLeHUTH GIVKailIMe pe3yabTaThl IPUMEHeHUs] OPTOMeANYECKOTO IeKTPeTa B XUPYPrUueckoMm Jieye-
HUM HeTeii ¢ 6one3HbIo IlepTeca.

Mamepuan u memodst. ViccienoBaHyue OCHOBaHO Ha pe3y/abTaTaX KOMILIEKCHOTO o6ciemoBanus 10 manyenTtos (10 Ta-
306eIpeHHbIX CYyCTaBOB) B CpeHeM Bo3pacTe 7,2+0,7 yeT. BceM AeTsaM AJisI CTa6UIM3alMu CycTaBa M COOIOeHNs TPUH-
uumna “containment therapy” 6bi1a BhIIIONHEHA TPOJHAS OCTEOTOMMS Tas3a, KOTOpas 6blIa NOMOAHeHa TpaHCchU3apHOii
MMIUTaHTAllMe OpTOIeqMUecKoro JeKTpeTa. B mociaeonepalfoHHOM T€pMOe OLIEHMBaIM BbIPaKeHHOCTh 60IeBOTO
cuHapoma 1o BAIIl, aMminTyny JBUKEHU, BHIMOTHSIVM PEHTTeHOMETPUIO CTPOEHUS U CTAaOUIBHOCTb Ta306eIpeHHOTO
cycraBa, Y31, MCKT u MPT Ta306eipeHHbIX CyCTaBOB.

Pe3ynsmamest. AHKeTHpoBaHMe 1o BAIIl cBMIeTeTbCTBOBAIO O HATMYMY YMEPEHHO BhIPaskeHHOTO 60IeBOTO CMHIPOMA YIKe
Ha3-MCYTKUITOCIe0TIepaliMOHHOTO IePMO/Ia CerOIOTHBIMKYIMPOBaHMe K 7-McyTKaM. Y 3 oKa3aio OTCYTCTBME CMHOBUTA, &
TOHMOMETPUSI— JOCTVKeHMe DU3MOIOrMYecKMX oKasaTesneli Crubauus M OTBedeHMsI KOKOHUAaHWI0 CPOKATOCTIUTATU3 AN,
Mo JaHHBIM JIyUYeBbIX METOZOB MCC/IeOBAHMSI, Y BCEX MAllIEHTOB GbIT yCTPAHEH MOIBBIBMX C BOCCTAHOBIEHMEM CTAOUITb-
HOCTY Ta300eJpeHHOr0 CyCTaBa, 3HAUMUTEIbHOE yayuliieHne GOpMbl TOJOBKM OeIpeHHO KOCTH ¢ GOpMUPOBaHMEM ee
eIMHOr0 KOCTHOTO KOHTYpa. BennunHa 06beMa KOCTHO YacTy FOJIOBKYM yBeanumiach Ha 15-35% (2-3 ¢cM®) OT MCXOMHOVA.
Taxke 3HAUMUTENbHO YIyUlIIach popmMa xpsineBoit MOIea ¢ OTHbIM OTCYTCTBMEM Ovara HeKpo3a B TOJIOBKe GepeH-
HOIT KOCTH, osioskeHue labrum acetabulum mpu6AN3UIOCH K GU3UOIOTUUECKOMY.

3axnouenue. TIpyMeHeHMEe OPTOMEIMUECKOTO JIEKTPeTa B XUPYPruueckoM JiedeHuM JieTeit ¢ 6ome3Hbio [lepTeca rpymim
III-1V mo Catterall 1 momBbrIBUXOM Gefipa MO3BOJSIET KYITMPOBATh OOMIEBOI CMHAPOM ¥ IIPOSIBIEHUS CMHOBUTA B PaHHNE
CPOKM ITOCJIE OTIepalyy 3a CYET MPOTUBOBOCTIATUTENBHOTO 3¢ deKTa, HauaTh BOCCTAHOBUTEIbHOE JIeUeHME C JOCTVKEH -
eM GU3NOIOTMUECKOI aMIUIUTYbI ABMKEHNIT B Ta306eJpeHHOM CyCTaBe B GiVsKaiilieM MMoc/ieonepanyoHHOM epuoe.
OcTreopenapaTUBHBIN 3PHEKT 3EKTPOCTATUYECKOTO TTOJIS AIEKTPETA MPUBOIUT K YBEIUMUEHUIO 00beMa HOBOOGPa30BaH-
HOJT KOCTHOJ TKaHM TOJIOBKY 6e/ipa ¥ yMEHbIIEHUIO 30HbI ee AedheKTa UM OTCYTCTBUIO KOMITPECCUY IEHTPATbHO YacTu
snmudu3sa ¢ guddepeHINPOBKOI HAYATbHBIX JIEMEHTOB TPAOEKY/ISIPHOTO PUCYHKA B CPABHEHUY C TOMOTEHHOJI BHICOKO-
MHTEHCUBHOV CTPYKTYPOJi TOJIOBKYM GeJpeHHOI KOCTM.

KroueBbie cjioBa: meti, 6onesHb [lepreca, moaBbIBMX Gepa, TPOifHAsl OCTEOTOMMSI Ta3a, OPTOIeIUUECKUI J/IeKTPET.
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Background

Currently, Perthes' disease remains one of the
most severe and difficult in terms of the treat-
ment of hip joint diseases in children. The inci-
dence of this pathology ranges from 0.4 to 29.0
per 100,000 children with a peak of the disease
from 4 to 8 years [1, 2, 3]. The pathogenesis of
the disease is a violation of arterial perfusion of
the proximal epiphysis of the femur with its sub-
sequent infarction and the formation of a necro-
sis focus with a different volume of lesion of the
femoral head [4, 5]. The natural course of Perthes'
disease in children in groups III-IV according to
the Catterall classification [6] leads to deforma-
tion of the femoral head with the formation of
an extrusion subluxation of the latter. With such
radiological picture of the disease, an adequate
method of treatment is surgical — “primary sur-
gical containment". One of the most common
methods of surgical treatment that allows to sta-
bilize the hip joint and significantly improve the
shape of the proximal epiphysis of the femur is a
triple osteotomy of the pelvis. At the same time,
it should be emphasized that there are no studies
to assess the course of the processes of revitali-
zation of the necrosis focus in the femoral head.
To date, in order to reduce the recovery time
of the shape and structure of the proximal epi-
physis of the femur, such conservative treat-
ment methods as physiotherapy (various types
of electrophoresis, laser and magnetotherapy)
are widely used, but their effectiveness remains
unproven. It has also recently been established
that electric fields serve as an effective tool for
controlling and regulating cellular and tissue
homeostasis, and electric potentials play an im-
portant role in the proliferation, migration and
remodeling of bone cells [7]. However, all avail-
able electrical stimulators operate from external
power sources, which significantly limits their
use due to the inconvenience caused and the lack
of the possibility of their long-term use. In recent
years, there have been data on methods of stimu-
lating positive biological processes in the human
body by short-range static electric fields cre-
ated by autonomously functioning electretes [8].
Electretes are electrical analogues of permanent
magnets, the physics of which is based on rather
complex phenomena underlying the so—called
electret state of dielectrics [9]. Electretes belong
to the class of active dielectrics and are materials

capable of maintaining residual polarization for
a long time (months or even years) after removal
of external influence and generating a relative-
ly strong (up to 106 V/m) quasi-static (slowly
changing in time) electric field. Along with the
presence of a field, electretes have a very weak
electric current (density 10-14 A / mm?), which
flows along the field voltage gradient. This cur-
rent, which increases many times when the elec-
tret is heated, is called a thermally stimulated
current (TSC). The totality of the manifestations
of electret (electric field and TSC) is called the
electret effect. Currently, there are publications
in the literature reporting successful results of
treatment of adult patients with osteoarthritis of
the joints of the lower extremities using ortho-
pedic electret [10, 11, 12, 13]. Studies concerning
the effectiveness of electret use in the surgical
treatment of orthopedic diseases of the hip joint
in children in our country are of a single nature.

The aim of the study was to evaluate the imme-
diate results of the use of orthopedic electret in
the surgical treatment of children with Perthes’
disease.

Methods
Design of the study

A multicenter open cohort prospective study was
performed.

The criteria for inclusion of patients in the
study were: the age of children from 6 to 8 years,
the presence of hip subluxation, subtotal or total
lesion to the epiphysis (Catterall group III-1V),
the stage of fragmentation of the femoral head,
the absence of surgical interventions history on
the hip joint, the absence of neurological disor-
ders of the lower extremities, systemic and genetic
diseases, voluntary informed consent of patients
and their parents to participate in this study.

Exclusion criteria: age less than 6 and older
than 8 years; femoral epiphysis lesion corre-
sponding to Catterall groups I-1I; absence of hip
joint instability; stage of osteonecrosis, impres-
sion fracture or recovery; presence of confirmed
neurological, systemic and genetic diseases.

Patients

The study included 10 patients (10 hip joints)
aged 6 to 8 (7.2+0.7) years with Perthes disease
in the stage of fragmentation with lesions of the
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femoral epiphysis corresponding to Catterall
groups III-1V, and the presence of extrusion hip
subluxation. There were 8 male (80%) and 2 fe-
male (20%) patients. After diagnosis, all children
underwent conservative treatment at their place
of residence without observing the principle of
“containment therapy” — the centralization of
the femoral head in the acetabulum with a bone
coverage coefficient equal to 100%. In this re-
gard, all patients developed instability of the hip
joint on the side of the lesion in the form of hip
subluxation, which required surgical treatment.
The purpose of the surgery was to restore the sta-
bility of the joint with the creation of conditions
for the formation of the sphericity of the femoral
head and the congruence of the articular surfaces
of the hip joint as a whole.

Surgical technique

A triple pelvic osteotomy was chosen as a sur-
gical treatment technique, which was sup-
plemented by implantation of an orthopedic
electret "Electret stimulator of osteoreparation —
IMPLESO" (Medel LLC, Russia) into the neck and
head of the femur in such a way that its proximal
part was transfisually brought as close as possi-
ble to the focus of necrosis in the femoral head

(Fig. 1).

GAIJFNSHTENU

Fig. 1. Postoperative X-ray images of the patient,
born in 2015: a — AP projection; b — axial
projection. The proximal part of the orthopedic
electret is brought through the neck of the femur
physis to the focus of head necrosis as close

as possible

Methods of examination

The clinical study consisted in the classical
method of examination of patients with orthope-
dic pathology of the hip joints. The preoperative
comprehensive examination included ultrasound
and radiography of the hip joints in anteropos-
terior and axial projections, as well as in the po-
sition of abduction and internal rotation of the
lower extremities in order to assess the centrali-
zation of the femoral head in the acetabulum
and exclude the symptom of “hinge adduction”,
MSCT and MRI of the hip joints. Radiography was
performed on a Philips Digital Diagnostic device
MSCT — on a Philips CT Brilliance 64 multisec-
tion tomograph, MRI — on a Philips Ingenia
Elition 3.0T X device .

In the postoperative period, the examination
included an assessment of the severity of the pain
syndrome on the VAS scale on the 39, 7hand 14%
days after the surgery, the amplitude of move-
ments on the 7" and 14™ days, ultrasound of the
hip joints on the 39, 7" and 14" days., radiogra-
phy of hip joints in anteroposterior and axial pro-
jections, MSCT and MRI 6 months after surgery.
According to the results of ultrasound, the pres-
ence and severity of hip synovitis were assessed.
On the basis of radiographs, radiometry of the
main indicators of the anatomical structure and
stability of the hip joint was performed (Sharp and
Wiberg angles, cervical-diaphyseal angle, angle
of antetorsion of the proximal femur, degree of
bone coverage (UPC). According to the MSCT data,
the shape, size and structure of the femoral head
were evaluated using volumetric and multiplanar
reconstructions using tissue segmentation tech-
niques (color mapping of the affected head) with
measurement of its volume, and densitometric
indicators of femoral head density were evaluat-
ed using the histogram technique of the selected
volume of the area under study. According to MRI
data, the shape of cartilaginous models of the
femoral head and acetabulum was evaluated.

Statistical analysis

Statistical analysis was carried out using Excel
2010 and SPSS Statistics v. 26. Using descrip-
tive statistics, arithmetic averages (M), standard
deviations (SD), median (Me) with the 25th and
75th percentiles (Q1-Q3) were calculated. The
intragroup analysis was carried out using the
Wilcoxon criterion.
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Results

Upon admission to inpatient treatment in the de-
partment of hip pathology, the main complaint of
patients was the restriction of movements in the
hip joint, which was characterized by typical dis-
orders of the amplitude of abduction and internal
rotation in the hip joint (Table 1).

As can be seen from Table 1, functionally sig-
nificant changes in the parameters of the ampli-
tude of flexion and external rotation were not ver-
ified. The Thomas test was negative in all patients.

Ultrasound of the hip joints revealed that 9
(90%) patients had an expansion of the capsular-
cervical space before surgery compared with the
contralateral healthy joint, the average value of
which was 2.5 # 0.4 mm. The data obtained indi-
cated the presence of moderately pronounced sy-
novitis of the hip joint. The results of the X-ray
examination are presented in Table 2.

Table 1
The range of motions in the hip joints in
patients before surgery, degrees

Range of motions

Motion (M%SD) / Me (Q1-Q3)
Flexion 109,0£5,7 /110 (105-115)
Abduction 13,6+3,2 /15 (10-15)

Internal rotation 12,7+4,1 /15 (10-15)

External rotation 44 ,0+7,4 / 45 (40-50)

It was found that in patients with Perthes' dis-
ease there was a moderately pronounced excess of
the upper limit of the normal values of the angle
of inclination of the acetabulum in the frontal
plane, which may be due to extrusion subluxation
of the hip. This is evidenced by the pathological
values of the angle of Wiberg and DBC with the
presence of a site of local hyperpression of articu-
lar surfaces in the upper-lateral part and the for-
mation of secondary deformation of the acetabu-
lum. The values of NSA and AA were within the
physiological norm.

The results of MSCT of the hip joints showed
that in all patients, during the initial studies,
there was a total lesion of the femoral head with
partial preservation of the marginal surfaces of
the epiphysis. The subchondral necrosis zone was
measured when assessing the height of the lat-
eral, central and medial parts of the head. A to-
tal decrease in the height of the central part was
observed in 30% of patients, subtotal — in 70%.
Densitometric characteristics of the density of the
fragmented femoral head according to the histo-
gram showed increased mineralization by an av-
erage of 81.8 #15.9 units. Houndsfield (HU) com-
pared with a healthy femoral head (Fig. 2).

According to the MRI, all patients had defor-
mity of the cartilaginous model of the proximal
epiphysis of the femur and labrum acetabulum
(Fig. 3). The latter, in our opinion, arose due to the
forming coxa magna and hip subluxation.

The severity of the pain syndrome in the post-
operative period according to the results of the
patient survey is shown in Figure 4.

Table 2

Comparison of X-ray anatomical parameters of the hip joint in children
with Perthes' disease before surgery with standard indicators

1 . _ Normative parameters
Parameter Perthes' disease patients (M+SD) / Me (Q1-Q3) in healthy children (Kamosko M.M.) [14])
Sharp angle, deg. 51,1%£2,7 /49,1 (48,0-52,8) 35-45
Wiberg angle, deg. 9,9+4,1/11 (5,5-13,0) 25-40
NSA, deg. 141,5+5,3 /141,5 (138,3-145,0) 125-145
AA, deg. 15,3*2 /15 (13,3-16,0) 10-30
DBC, % 58,3+7,0 /57,5 (51,3-64,5) 85-100
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Fig. 2. Computed tomography of the hip in a patient with Perthes disease (Catterall IV) and hip
subluxation: a — method of measuring the zone of subchondral necrosis; b — assessment of femoral head
density using the histogram technique of the allocated volume of the studied zone

Fig. 3. Magnetic resonance imaging of a patient,
born in 2015, with the diagnosis of Perthes disease
in the stage of fragmentation with total lesion

of the femoral head (Catterall IV) and hip
subluxation (explanations in the text)

The maximum intensity of the pain syndrome
on the 3" day after performing a triple pelvic oste-
otomy in combination with implantation of an or-
thopedic electret was 3 points, which corresponds
to moderate pain. In the future, by the 7th day,
only one out of 10 patients had pain syndrome
corresponding to 2 points according to VAS. On
the 14" day, pain was completely stopped in all
children. The absence of a pronounced pain syn-
drome made it possible to start early rehabilita-
tion treatment according to the methods devel-
oped in the clinic [15], which, in turn, allowed
to achieve an almost physiological amplitude of
flexion and withdrawal by the time of discharge of
patients (Table 3).

Ultrasound of the hip joints performed on the
3rd day after surgery revealed an expansion of
the capsular-cervical space, the size of which was

34 day 7t day 14* day
Fig. 4. Severity of pain syndrome in patients
according to the visual analog scale on

postoperative days 3, 7, and 14

1.4 mm compared with a healthy joint in only 1
(10%) patient. The results of the analysis of the
X-ray anatomical structure of the pelvic and fem-
oral components of the joint, as well as its stabil-
ity, carried out after 6 months are presented in
Table 4.

It can be seen from Table 4 that all patients
had elimination of subluxation with restoration
of hip joint stability, as evidenced by the changes
in the Sharp, Wiberg, and DBC angles (p<0.05).
The moderately pronounced excess of the lower
limit of the normal values of the Sharp angle is
explained by the need for a greater intraopera-
tive lateral inclination of the acetabulum than in
children with hip dysplasia due to the presence
of a destroyed lateral column of the femoral head
and coxa magna forming, as well as its initially
smaller deformation. The results of the MSCT
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Table 3
The range of motions in the hip joints on the 7% and 14" days
of the postoperative period, degrees
7t day 14t day
Motion (M*SD) (M%SD)
Me (Q1-Q3) Me (Q1-Q3)
Flexion 88,5+4,7 105,04,7
90 (85,0-91,3) 105 (100-110)
Abduction 23,0435 28,0+2,6
22,5 (20-25) 30 (25-30)
Table 4
Comparison of X-ray anatomical parameters of the hip joint in children
with Perthes’ disease 6 months after surgery with standard indicators
Parameter Perthes' disease patients (M*SD) / Me Normative parameters
(Q1-Q3) in healthy children (Kamosko M.M.) [14])
34,0%3,3 _
Sharp angle, deg. 34,0 (30,8-35,5) 35-45
. 35,4%4,0 ~
Wiberg angle, deg. 36,0 (32,0-38,5) 25-40
141,5%5,3 -
NSA, deg. 141,5 (138,3-145,0) 125-145
15,3%2,0 _
AA, deg. 15 (13,3-16,0) 10-30
0 98,5+2,4 ~
DBC, % 100 (95-100) 85-100

showed that the structure of the femoral head
bone tissue in dynamics allowed differentiating
the initial elements of the trabecular pattern in
comparison with the homogeneous high-intensi-
ty structure of the head initially, and the densito-
metric characteristics of the femoral head densi-
ty, according to the histogram, began to approach
the values on the contralateral proximal epiphy-
sis. In all patients, during the control study, the
restoration of the shape of the head was noted in
the form of both an increase in the size of the lat-
eral parts (mainly lateral) and a decrease in the

area of the head defect or lack of compression of
the central part of the epiphysis — a significant
improvement in the shape of the femoral head
with the appearance of its single bone contour.
With volumetry, the volume of the bone part of
the head increased by 15-35% (2-3 cm?) from the
initial values (Fig. 5).

The MRI performed showed a significant im-
provement in the shape of the cartilage model
and the absence of a necrosis focus in the femo-
ral head, as well as an approximate physiological
position of the labrum acetabulum (Fig. 6).
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Fig. 5. Computed tomography of the hip: volumetric and multiplanar reconstructions and tissue
segmentation (color mapping of the affected head) with the measurement of its volume: a — assessment
of the densitometric parameters of the femoral head density using the histogram technique of the selected
volume of the area under study; b — measurement of the volume of the affected head by multiplanar
reconstruction with color mapping; ¢ — measurement of the bone mass volume of the affected head before

surgery; d — 6 months after surgery

Fig. 6. Magnetic resonance imaging

of cartilaginous models of the femoral head
and acetabulum 6 months after surgery
(explanations in the text)

Discussion

The modern treatment of patients with Perthes'

disease is based on the principle of “contain-
ment therapy”, which consists in immersing the
femoral head into the acetabulum with a degree

of bone coverage equal to one, which allows im-
proving the shape of the femoral head and there-
by delaying the development of hip arthritis [16].
Surgical treatment in the vast majority of cases
is required for children over 6 years of age with
total or subtotal lesion to the epiphysis according
to the Catterall classification, since the destruc-
tion of the lateral column of the femoral head
with increased intra-articular pressure provokes
joint instability [17, 18]. To date, in the world
orthopedic practice, in the surgical treatment
of children with Perthes disease with subtotal
or total damage to the epiphysis, to achieve the
principle of “containment therapy”, methods of
corrective (varization) femur osteotomy and tri-
ple pelvic osteotomy are used. There is no clear
answer in the scientific literature about the ad-
vantages of one treatment tactic over another. At
the same time, a number of authors have proved
that the typical shortening of the lower limb after
performing a corrective (varization) osteotomy
of the femur is on average 2 ¢cm, and the com-
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bination of weakness of the gluteal muscles and
different heights of the lower extremities in the
long-term postoperative period forms a violation
of the stereotype of walking in the form of lame-
ness [19, 20, 21, 22, 23]. Triple pelvic osteotomy,
according to many authors, is considered the
most justified surgical technique, since it avoids
intervention on the proximal femur and thereby
excludes the formation of clinically significant
shortening of the lower limb and iatrogenic hy-
pertrophy of the large trochanter [24, 25, 26].
Taking into account the data of the world litera-
ture, in this study, triple pelvic osteotomy was
chosen as a method of surgical treatment of chil-
dren with Perthes' disease. It is known that under
the influence of a pulsed electromagnetic field,
osteoblasts are stimulated and osteogenesis ac-
tivity increases due to an increase in the expres-
sion of TGF-betal and BMP-2/4 proteins, as well
as an increase in intracellular calcium transition
processes [27, 28, 29].

According to a number of authors, a strong
positive anti-inflammatory effect has been
proven under the influence of a pulsed electro-
magnetic field, which causes an increase in the
activity of adenylate cyclase and a decrease in
the production of superoxide anions as a result
of increased regulation of A2A receptors lo-
cated on the surface of neutrophils. This helps
to improve blood flow, and also limits the ex-
pansion of the necrotic zone resulting from is-
chemia [30, 31].

At the same time, there is practically no data
in the available literature on the use of electric
fields, especially immersion fields, in the treat-
ment of this category of pediatric patients, their
effect on the course of the postoperative period
and on a comprehensive assessment of the tim-
ing of the revitalization of the necrosis focus in
the proximal epiphysis of the femur. The pub-
lications mainly concern the evaluation of the
functional results of the treatment of adult pa-
tients with aseptic necrosis of the femoral head.
A number of authors independently proved the
effectiveness of isolated application of surface
electromagnetic stimulation in the early stages
of aseptic necrosis of the femoral head (Ficat I
and II) in adult patients [32, 33, 34]. J.L. Cebrian
et al. and L. Massari et al. in their studies showed
that the overwhelming number of patients re-
ceiving electromagnetic therapy had a signifi-

cant decrease in pain syndrome, and in some it
was completely stopped [32, 33].

R.K. Aaron et al. conducted a comparative
analysis of the effectiveness of electromagnetic
stimulation in 56 patients and surgical decom-
pression of the necrosis focus in 50 patients.
According to the results of the questionnaire on
the modified D'Aubigne functional scale, 68%
of patients receiving this type of physiotherapy
showed clinical and functional improvement,
while the same result in patients receiving surgi-
cal treatment was in 44%. The X—ray examina-
tion showed the progression of the pathological
process in both groups, but it was less pronounced
in patients receiving electromagnetic therapy -
39% versus 64% [35].

Based on the data of a comprehensive exami-
nation in the immediate postoperative period ob-
tained during the execution of our study, it can
be concluded that the constant electrostatic field
created by the implanted orthopedic electret has
anti-inflammatory and analgesic effects. It should
be noted that previously patients had to perform
a physiotherapy procedure for 8 hours a day for
several months, which causes significant social
difficulties. The use of orthopedic electret allows
you to abandon these procedures and improve the
quality of life of patients and their parents.

In the only Russian thematic publication,
N.I. Nelin et al. analyzed the functional and radi-
ological results of treatment of 49 children with
Perthes' disease, while electret implants were
used in 15 patients - a Blount-type plate or screw
[36]. The authors note good anatomical and func-
tional outcomes in 93.3% of patients, while in
children who received similar surgical treatment
without the use of orthopedic electretes, similar
results were found in 86.6%. The authors attrib-
ute the obtained results to the positive effect of
the electrostatic field, which manifested itself in
the activation of proliferation and differentia-
tion of multipotent mesenchymal stromal cells
of the bone marrow, intensification of the pro-
cesses of synthesis of proteins of osteogenic and
chondrogenic orientation, as well as a decrease
in the intensity of pain syndrome due to blocking
the processes of depolarization of the membrane
of cells of specific bone receptors. However, the
authors do not indicate either the timing of pain
relief or the timing of restoration of the structure
of the femoral head.
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Study limitations

Our study has the following limitations: a small
group of patients due to the rare occurrence of
such severity of hip joint lesion in the totality of
the described pathological changes, the absence
of a comparison group and thematic publications.

Conclusions

The use of orthopedic electret in the surgical
treatment of children with Perthes' disease in
Catterall III-IV groups and hip subluxation due
to the anti-inflammatory effect makes it possible
to stop pain syndrome and manifestations of syn-
ovitis in the early stages after surgery, to begin
rehabilitation treatment with the achievement of
physiological range of motions in the hip joint in
the immediate postoperative period. Apparently,
the osteoreparative effect of the electrostatic
electret field in its own version or in combination
with an anti-inflammatory effect provides an in-
crease in the volume of newly formed bone tissue
of the head with a decrease in the area of its de-
fect or the absence of compression of the central
part of the epiphysis with differentiation of the
initial elements of the trabecular pattern in com-
parison with the homogeneous high-intensity
structure of the femoral head.

It is planned to conduct a further study of the
effect of orthopedic electret on the timing of the
revitalization of the necrosis focus and restora-
tion of the structure of the femoral head as part
of a comparative analysis.
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YnbTpasByKoBasi OLLeHKa fiApa OKOCTEHEHUSI NPOKCUMabHOro
anudusa 6eapeHHON KOCTU y aeTten Ao 1 ropa

X.b. Babaea, P.III. IToiryxoB

AsepOatioxcaHckuli meduyuHcKuli yHusepcumem, 2. baky, Asepbatioxcaxckas Pecnybnuka

AxkmyansHocms. HapylieHye pasBUTHS SIpa OKOCTEHEHMsS ITPOKCUMMAIBbHOTO 3mudu3a 6eIpeHHOl KOCTY MOXKET SIB-
JIITBCSI MapKepoM psiia 3a60/ieBaHMiI TETCKOTO BO3pacTa, TPeOYIOIMX CBOEBPEMEHHON AMArHOCTUKM U jeuenus. Llens
uccnedoeaHuss — ONEHUTb BO3MOXKHOCTH YIbTPA3BYKOBOTO MCCIEMOBAHMS B IMATHOCTHKE TIPOIECCOB Occu(UKaImMM MPOK-
CUMasbHOTO smubu3a 6eqpeHHoI Koct. Mamepuan u memoodsl. VicciemoBaHve 6a3upyeTcsl Ha pe3y/ibTaTax o6cienoBa-
Hus 524 meteit ¢ HOpMaIbHO cOPMUPOBAHHBIMM Ta306€IPEHHBIMM CYCTaBaMM B BO3pacTe OT 2 Heleslb A0 1 rofa, cpeau
HMX 259 ManbumKkoB U 265 meBouek. Bcem mamyeHTaM 6bUIO MTPOBENEHO YAbTPAa3BYKOBOE MCCIEIOBaHME Ta300eIPEeHHBIX
cycraBoB 1o Metoayke P. I'pada B cTanmapTHOM KOpoHapHOM cpese. V feTeil 60iee cTapuiero BO3pacta C Iebio UCKITIO-
UYeHUs TIOTPeLTHOCTeN B M3MepeHUy pa3mMepoB sipa OKOCTEeHEeHMsI UCII0/Ib30BaJICSl AOTIOMHUTEbHBIN TTOTIepevHblil cpes.
Pe3ynvmameol. B Bo3pacte 10 3 Mec. y MaJTbuMKOB U 10 2 MeC. Y IeBOYEK SIIPO OKOCTEHeHMSI BBISIBISITIOCh B eIMHUYHBIX CITY-
yasx, y 45% meBodek B Bo3pacTe 3 Mec. BUSYATM3UPOBAIOCh YETKOE SIIPO, Y MATBYMKOB 3TOTO BO3PACTA SAPO BBISIBIISIIIOCH
B 5% ciryuaeB. K Bo3pacty 5 mec. y 81% meBouek BBISIBIISIIIOCH SIAPO, B TO BpeMSI KaK Y MaJTbUMKOB OHO IOSIBJISIIOCH TOTBKO
B 46%. K 7 Mec. B 06eMx rpymmax Kak y MaJbuMKOB, TaK U y eBouek B 6osee uem B 90% ciydaeB OINpenensyioch Sapo
okocteHeHus. TakuM 06pa3om, y AeBOUeK HabIomaIoch 6omee paHHee HopMUpOBaHME SIAPa OKOCTEHEHUS, UeM Y MaJlb-
4MKOB. SIipo B 82% cimydaeB pa3Melanoch B LIeHTPE TOI0BKY, B 14% OTMeuasnoch ero jaTepaabHOe pacnonoxkeHnue, B 4%
SIAPO OBLIO CMEIeHO MeauanbHO. Y 95% obcimenyeMbIxX feTeii mporecc GopMUPOBAHMUS SIAeP OKOCTEHEHUS TPOUCXOINAIT
CUMMETPUYHO B 060MX cycTaBaxX. Kpome TOTo, Tpy OJHOBPEMEHHOI yiIbTpacoHoTrpabuu U peHTreHorpaduy Ta306eIpeH-
HBIX CYCTaBOB GbLIM BBISIBIEHBI HECOOTBETCTBMS, 00YC/IOBIIEHHbBIE TeM, UTO Tpy Y3U Aap0o CTAaHOBUTCS BUOMMBIM PaHb-
e, YeM Npu peHtreHorpaduu. 3akntoueHue. YHUKaIbHbIEe 0COOEHHOCTY COHOTpabMYeckoro MeToAa, Takue Kak Heorpa-
HUYEHHBI TI0 BpeMeHHBIM MHTepBaJlaM M YacTOTe MOHUTOPUHT, OTHOCUTEbHO PaHHee BbISIBIEHMeE silep OKOCTeHeHMs,
OTCYTCTBME JIyU4eBOJ HATPYy3KM HA OpPraHu3M pebGeHKa, AealoT MePCIeKTUBHBIM Aa/IbHEIee U3ydeHre M ONTUMU3AINI0
V3-MeTona B MCCeIOBAHNUM TTPOLIECCOB OCCUMUKALINY MTPOKCUMAIBHOTO 31ndu3a 6eapeHHOI KOCTH Y AeTeil paHHEero BO3-
pacra. YpTpa3ByKOBOE MCCIeIOBaHMe IIPOIeCCOB OCCHGUKAIIMY TPOKCUMATBHOTO 3MMdu3a 3aCIykK1BaeT 60Jiee MMPOKOTro
BHEJIpEHMS B TPAKTUKY OPTOIEOB, JETCKUX XMPYPrOB U MeAMATPOB. ITO MO3BOJUT CIEIMATICTAM PAHO MPeABUAETH Oyay-
Iye HapyIIeHMs pOCTa ¥ pa3BUTHUS ITPOKCMMATBLHOTO OTena 6eqpeHHOI KOCTHU 1 00eCIIeunTh MPY HeO6XOAMMOCTY pPaHHee
BMeIIaTeIbCTBO.

KiroueBble ci10Ba: Ta300epeHHbII CYCTaB, SIP0 OKOCTEHeHMs, JUCIIa3Ks Ta300eJpeHHOTO CycTaBa, apTpocoHorpadus,
acenTMUeCKUIT HEKPO3.
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Ultrasonographic Assessment of the Proximal Femoral Ossification
Center in Children Under 1 Year

Khalida B. Babaeva, Ramiz Sh. Polukhov

Azerbaijan Medical University, Baku, Republic of Azerbaijan

Background. Developmental disorders of the secondary ossification center (SOC) of the proximal femoral epiphysis can be
a marker of some childhood diseases that require timely diagnosis and treatment.

The study aimed to assess the capabilities of ultrasonography in the diagnosis of ossification processes of the proximal
femoral epiphysis. Material and Methods. The study is based on the results of a survey of 524 children aged 2 weeks to
1 year with normal hip joints, including 259 boys and 265 girls. All patients underwent ultrasound examination of the
hip joints according to the method of R. Graf in a standard coronary section. In older children, to eliminate errors in
measuring the size of the SOC, an additional cross-section was used. Results. The SOC was detected in isolated cases in
boys aged up to 3 months and girls up to 2 months. At age 3 months, the SOC was visualized in 45% of girls and 5% of
boys. By age 5 months, 81% of girls had a SOC compared with 46% of boys. By 7 months, SOC was determined in more
than 90% of cases of both groups. Thus, girls showed an earlier formation of the SOC than boys. The SOC was located
in the center of the femoral head in 82% of cases, lateral in 14%, and medial in 4%. In 95% of the examined children,
SOC development occurred symmetrically in both joints. In addition, discrepancies were revealed with simultaneous
ultrasonography and X-ray of the hip joints since the SOC becomes visible earlier during ultrasonography. Conclusion.
Sonography is a highly informative method for determining the ossification processes of the proximal femur. Knowledge
of the normal sonographic appearance of the femoral head SOC by age and sex will help clinicians diagnose and treat hip

disorders.

Keywords: hip joint, ossification center, hip dysplasia, arthrosonography, aseptic necrosis.

BBepnenune

HecMoTpst Ha TO 4TO TpagMUIIMOHHAS peHTTeHOorpa-
(us ocraeTcs caMbIM pacIIpoCTpaHEHHbIM 06BEKTUB-
HBIM METOJOM IMAaTHOCTMKM 3ab0jieBaHMIl OIMOPHO-
IBUTaTeIbHOM CUCTEMBI, B MOCAeqHNE IeCITUIeTHUS
Bce Oosblliee MPU3HAHME MOTYYAIOT HEVMOHU3UPYIO-
mue TexHonoruu, Takue kak MPT u ynbprpacoHorpa-
us. AprpocoHorpadusi — yabTpa3sByKOBOE MCCIIENO0-
BaHMe OMOPHO-BUTATEIbLHOIO arapara — obiagaeT
PSIIOM 0COGEHHOCTET, BHITOIHO BBIIESIONINX ee Cpe-
IN OPYyIUX METOMOB MCC/IeOBaHMUSI KOCTHO-CYCTaB-
HOJ CUCTEeMbI: HEMHBAa3VBHOCTb, OTCYTCTBME TyUeBOIi
Harpyskiu, BO3MOXHOCTb MCCIeIOBaHUS B peXuUMe
peasibHOTO BpeMeHM NPy OBUKEHUSIX U MPOBefeHUn
IMHAMMWYECKUX IPo0, MPOCTOTa, MOCTYITHOCTb, BU-
3yanmsaius COeIMHUTENbHOTKAHHBIX M XPSIEBbIX
3JIeMEHTOB CYCTaBa, CKaHMPOBaHMe HECKOIbKUX CYC-
TaBOB OJHOBPEMEHHO, BO3MOKHOCTb IPOBeIeHMS
MOHUTOPMHTA COCTOSIHUS CyCTaBa C ITPOM3BOIbHBIMU
uHTepBaiamu [1, 2, 3].

Ocob6oe MecTo cpemu ob6acTeii MpPUMEHEHMUSs
apTpocoHorpaduM 3aHMMAET YIbTPA3BYKOBOE UC-
wtemoBaHKe TasobempeHHbIX cyctaBoB (Y3 TBC)
Yy HOBOPOXIEHHbIX M J[eTeil I'PyAHOro BO3pacTa
C 11eJIbI0 BBISIBJIEHMST BPOXKIEHHbBIX HapyIIeHu Ghop-
mupoBauus TBC [4, 5, 6, 7]. Metoguka Y31 TBC

Y HOBOPOXIEHHBIX BIIEPBble OblIa MpeIoKeHa aB-
cTpuiickum opronegom P. I'padom B 1970-x rr. Y3U
TBC mo BceM IlapaMeTpaM OTBeuaeT TpeGOBaHUSIM
BO3 K CKpMHMHIOBBIM METOHAM: MPOCTOTA, TOCTO-
BEPHOCTb, HAIEXKHOCTD, BOCIIPOM3BOAMMOCTb, O€30-
MacHOCTb, MTOCTYITHOCTb U OTHOCKUTeJbHas pelle-
Bu3Ha obcnenoBanusi. Conorpadust TBC B KauecTBe
CKpMHMHTA CTajia IpUMeHSThCS ¢ 1992 1. B ABCTpUn,
¢ 1997 r. — B llBetitapun, ¢ 1996 r. — B 'epmanum
B KauecTBe MeToda o01ero obciegoBaHMs BCeX
HOBOpOXIeHHBIX [8, 9]. B CIIA, Benmukob6puTanum,
CKaHAMHABCKUX CTpaHaX YAbTpacoHOrpadwusi mpo-
BOJUTCS CENeKTUBHO HOBOPOXAEHHBIM TPYIIIbI
pucka [10, 11, 12]. B HacTosillee Bpems CYILIECTBY-
eT HeckonbKo Metomuk Y3U TBC: I'pada, Xapke,
Cysyku, TepskeceHa u T.4. [13, 14, 15]. Bce MeToguKu
TIOCBSIIEHbI OlleHKe COOTHOIIEHUI MEXIYy 3/eMeH-
TaMM CycTaBa Jjisi MakKCMMa/IbHO paHHEero BbISIB/Ie-
HUSI HeCcTabwIbHOCTM cycTaBa. OMHAKO B COBPEMEH-
HbIX ITpoToKojaax Y31 TEC HegoCTaTOYHO BHMMAaHMS
yIoeneHo sxorpaduueckuM OCOOEHHOCTSIM IIpolecca
occuUKaLy MPOKCMMAaIbHOTO 3nudusa 6empa.
Slnpo oxkocteHeHust (10) mMpOKCMMAIbHOTO SIIM-
dusa 6empeHHOI KOCTU SBJSIETCSI BTOPUUHBIM IIeH-
TPOM OKOCTEHeHMs, yUacTBYIOIIMM B IIpoliecce 3H-
XOHJIpAJbHOTO OKOCTeHeHus 3mmdu3oB. ITocmegHne
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MUCC/IeNOBaHMUSI TIOKAa3alay, YTO BTOPUYHBIE II€HTPbI
OKOCTEHEHMSI SIBJISIIOTCS He TOJIbKO IOKa3aTensiMu
3peJIoCTM CKejleTa M MapKepamy COCYOMCTOrO MuTa-
HUS 3NM(GU30B, HO U 3aIIMINAIOT SIMMeTapu3apHYI0
30HY POCTa OT MeXaHNYECKMX (DaKTOPOB ¥ OKA3bIBAIOT
pery/isiTopHoe BUSHME Ha CTBOJIOBblE KIETKU 3IM-
MmeTadn3apHOii TUIACTMHKM pocta [16]. Hapymenue
pasputust IO rogoBKM OGeapeHHONM KOCTU SIBJISIETCS
OJHMM M3 NEePBbIX CUMIITOMOB CaMOTO I'PO3HOTO OC-
JIO(KHEHUS JleueHus BPOXKaeHHOo! aucruiasum TbC —
MMOCTMMMOOMIM3AIIMOHHOTO acerTUYeCKOro HeKpo3a
ronoBku 6GempeHHoit Koctu [17, 18]. BosHukaroriee
BC/IEICTBYE TIOCTUMMOOWIN3AIMOHHOTO  aCenTu-
YeCcKOro HeKpo3a TOJOBKM OGeApeHHON KOCTM Hapy-
1IeHye pocTa M pasBUTUSI MPOKCUMAIbHOTO OTHesa
6egpeHHO KoCTH, AedopMaliyist TOJIOBKM GeIpeHHOT
KOCTHU, HapyllleH/e COOTHOLIEHUSI MeXAY BEPTIYKHO
BIIAJIMHOJ M TOJIOBKOJ 6eIpeHHOi KOCTU CO3ai0T yC-
JIOBUS JIJISI PAHHETO Pa3BUTHUS U OBICTPOTO IMPOTPeCCu-
poBaHus KokcapTposa [19, 20].

Y meteii paHHEro BO3pacTa, NepeHecX 3aKpbl-
TYIO PENO3UIIMIO Y HaXOHSIINXCS Ha JIeUeHUM 10 T0-
BoAy BbiBuxa win aucmiaasumu TBC, caMbIM paHHUM,
a 3a4acTyl0 M eIVHCTBEHHBIM MPU3HAKOM pPa3BUTUS
MMOCTMMMOOUIM3ALMOHHOTO aCEeINITUYECKOT0 HEKPO-
3a TOJNIOBKM OeIpeHHOV KOCTU SIBJISIETCSI 3afepskKa
dbopmuposanusa S0 Ha cTopoHe mopaxkenus [21, 20].
TpaguuyoHHas peHTreHorpadus MO3BOJISIET YCTAHO-
BUTH AMArHo3 acenTMYeCcKoro HeKpo3a roJIoBKu Gef-
PEHHOJT KOCTU Ha 6oJiee MO3THUX CTaaMUsIX 3a00/1eBa-
Hus [22, 23].

CBelleHMST O PEHTTEHOJIOTMYECKUX CPOKax IOsIB-
JIeHUS SiApa MPOKCUMMAIbHOTO 3nudu3a B auTeparype
KpaliHe pa3sHOpPEUYMBBI U OINpeNesIoTCs valle B Iua-
masoHe ot 3 mo 9 mec. [24, 25]. [lorpaHMYHBIM BO3-
pacToMm, OompenessiIMM aTOMOTUUECKYI0 3aJepyKKY
OKOCTEeHEHMS, Ha3bIBAIOT pasjiMuyHbIe CPOKU: 3—4 MecC.
y V. Putti, 4 mec. — y H. Hilgenreiner, 6 mec. —
y D. Tonnis, 7,5 mec. — y P. I'pada [1uT. 1o 6].

ITo mauubiM P. I'pacda ¢ coaBTOpamMu, yIbTPacCOHO-
rpacust o3BoJsieT BoIsIBUTh 10 Ha 4—8 Hefl. paHbIlle,
yeM peHTTeHorpadus [6, 26]. ITy pasHMUIY aBTOPbI
OOBSICHSIIOT T€M, UTO Y3-CKaHep CII0COGeH YIOBUTh
SAPO Ha CTaAUM KJIETOUHBIX CKOIUJIEHMA, KOTAA HET
BBIPYKEHHOTO OTJIOKEHMS COMeit KaubLysl b0 OHU
He3HauuTe/NbHbl. B 3TOT mepmon SApO CTaHOBUT-
Cs1 3XOTMO3UTUBHBIM UM OTpakaeTcss Ha COHOTpamMMmax
B BUJI€ TOUEUYHBIX OJMHOUHBIX, @ BIOCIEACTBUM MHO-
SKeCTBEHHBIX TUIEPIXOT€HHBIX BKIOUEHMH, CKIOH-
HBIX K CJIMSHUIO. B masbHeinemM no mepe yCujieHus
MPOLIECCOB OccubUKALIU, IPUMEPHO uepes 4—8 He,,
SIAPO CTAHOBUTCS BUAVMbBIM U Ha PEHTreHOorpaMmax.
YuuTbiBasi, UTO CBOEBpeMeHHas OMarHOCTUKA U Jie-
YyeHMe TOCTUMMOOWIN3AIOHHOTO acelTUYeCcKoro
HEKpO3a TOJIOBKY 6eIpeHHO KOCTY SIBJISIIOTCS OTIpe-
IensomyuMy Gakropamu B OJaronpusSTHOM MCXOIe
MaTOJIOTUY, MPEACTaB/SIeTCSl aKTyaJbHbIM M3yueHMe

BO3MOXKHOCTel Y3-MeToma B ucciaemosauuu 0 6en-
peHHoI1 KocTu. [ToHMMaHye COHOaHATOMMU U HU3NO0-
JIOTMYECKUX OCOOEHHOCTeN OocCUpUKALMU MTPOKCH-
MaJIbHOTO OTHAeNa OeIpeHHO! KOCTY U CBSI3aHHBIX
C Heli MaTo(U3MOIOTUIYECKMUX COCTOSTHUIT MOKET IO-
BBICUTb TOYHOCTb AMATHOCTUKY, ITO3BOJIUT PAAVONIO-
ramM npeaBuaeTh Oymyliye HapylieHus: U 06ecIeunThb
ONTUMAJIBHYI0 BU3YaNM3alUI0 C KOHEUHON IIeJbI0
CBOEBPEMEHHOTO M HaJIJIeXKalero BMellaTeTbCTBa.

Llens uccnedosaHuss — ONEHUTH BO3MOKHOCTH YiTb-
TpacoHorpaduyu B OLIEHKE 30H ocCUMOUKAIUM ITPOK-
CMMAaJIbHOTO OTAeNa OeIpeHHOI KOCTU U BhIpaboTaTh
HOPMAaTMBHbIE TTOKA3aTe M CPOKOB ITOSIBJIEHNS U CTa-
muit pasButust 10 mMpokcuManbHOTrO snudusa 6em-
PEHHOJ KOCTM Y 3[40POBBIX A€Teil N0 roma, U3yumThb
TIOJIOBBIE M BO3pACTHbIE 0cobeHHOCTU pas3Butus S0,
a TaKke TEXHUKY eTro M3MepeHMs.

Marepmuaa M MeTOIbI
Jlusaiin uccnedosamus

IlpoBeieHO TMPOCIEKTUBHOE HAGIIOJATENbHOE
HEKOHTPO/IMPYEMOE MCC/IefOBaHMe, BKIKUAKOIIee
aHanm3 conorpamm TBC y 524 nmeteit ¢ LeHTpUpO-
BaHHbIMM cycTaBamy Tuma 1A u 1B no I'pady, 3 Ko-
TOPBIX 259 MaybUMKOB U 265 neBouyek B BO3pacTe OT
2 Hen. go 1 roga. Y3U mpoBoauioch Ha Y3-cKaHepe
GE Voluson E8 (General Electric, CIIIA) B B-pexkxume
JIMHEeHBIMM IaTYMKaMM C 4vacToToit 5,0-7,5 MIi.
O6cmenoBaHKe MPOBOAMIOCH IO MeTonuke I'pada Bo
(bpoHTaMbHOI IJIOCKOCTM C IOJIOKEHMEM IMallMeH-
Ta Ha OOKY B CITELMaIbHOM ykiagke. CKaHMPOBaHMeE
CyCTaBa IPOBOAMIOCH B CPEIMHHOM Cpe3e, KOTOPBIN
COOTBETCTBOBA/I CTAHAAPTHONM cuTyaiuu mo ['pady.
B penkux cinyvasix, Npy pacoaoXKeHUN s1ipa He CTPOTo
110 LIEHTPY T'OJI0OBKM, UCHOAb30BAINCH JOMOTHUTEb-
Hble Nlapasuie/ibHble Cpe3bl AJ151 YeTKOM BU3yanu3aluumn
S0. TIpu GonbiIMx pasmMepax SApa UCIOTb30BAJICS
IIOTIOTHUTEJIbHBIN TTOTepeuHblii cpe3 TOJoBKU Oef-
PEHHOJ KOCTU U3 NepegHero LOCTYyIa B HEMTPAIbHOM
MOJIOKeHUM pebeHKa.

Cmamucmuueckuti aHaius

[MonyyeHHble KOJMYECTBEHHbIE U KauyeCTBEH-
Hble TaHHble aHAIM3UPOBAINUCH C UCIIOIb30BaHMEM
MS EXCEL-2019 u craTtuctuueckoro makera IBM
Statistics SPSS v.26. [Iy1s1 KonuuyecTBeHHbBIX ITOKa3a-
Tejeit pacCUMTHIBAJICS CTaHOAPTHBI HabGoOp OIMu-
caTelbHbIX CTAaTUCTUK: cpeaHue M*m, MeamuaHa
U KBapTWiu. [ KaTeropuMajbHbIX XapaKTePUCTUK
ompefessiiuCh YacTOThbl TIOSIBJIEHUS] TPU3HAKOB
B M3YUEHHBIX TPYINaxX B abGCOMIOTHBIX 3HAUEHUSIX U
MpoIleHThl. KoinuecTBeHHble T[1OKa3aTejly CpaBHU-
BAIMCh C TIOMOIIbIO KpuTepus MaHHa-YUTHU, Ka-
yeCcTBEeHHbIe — C TIOMoOIbIo ¥? IIupcona. JIuHaMuKa
ToKa3aTesieil OlieHMBajach KaK C MCIIOJb30BaHMEM
KpuTepust YUJIKOKCOHA, TaK U IIPU MIOCTPOEHUM KPUBBIX
Kamana —Meijiepa ¢ npuMeHeHNeM JIOT-PaHK TecTa.
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PesynbTaTsl

YV HOBOPOXXIEHHBIX U JIeTeli 40 Tofa MPOKCUMaIb-
HbI1 amndu3 GepeHHO KOCTH, YacTh MeTadusa U
6071bI1I0} BepTesT Ha 9XOrpaMMax BBIMISISIT Kak OJHO
CJIUTHOE TUIIOIXOTeHHOe 06pa30oBaHMe, TaK KaK CoC-
TOSIT U3 HEOKOCTeHeBIIero xpsia. nudn3 MOKPHIT
aBaCKY/ISIPHBIM CYCTaBHBIM T'MAJIMHOBBIM XPSIIIOM,
LIeHTpa/ibHasl 30Ha COCTOMUT U3 3nudU3apHOro rua-
JIMHOBOTO Xpsillia, B KOTOPOM HPUCYTCTBYIOT UepBe-
00pa3sHble 3XOCUTHAJIbI, COOTBETCTBYIOIIVE KPOBEHOC-
HBIM cocygam (puc. 1).

OnmMH LEeHTP OKOCTeHEHMS HaxOOUTCS B shpe
MIPOKCMMAa/IbHOTO 3MMdu3a roloBKu O6epeHHOol KO-
CTU, BTOPOJi 06pasyeTcs B 6OJIBIIOM BepTesie B Gonee
ro3gHeM Bo3pacTe — K 4 rofmam [24]. Cragum Gopmu-
poBaHust 10 mpokcuManbHOro anudusa 6eapeHHOI
KOCTY HaM¥ 6bII 0603HaUeHbI CJIeAYIOIINM 06pa3soM:

- 1-g cragust — aapo OTCyTCTBYET (pUC. 2a);

— 2-9 cragusi — SIOpPO-TOYKA BU3YaIU3UPYETCS

B BUJ€e OTHOTO MJIM HECKOJbKUX TOUEUHBIX BKIIIOUE-
HM, CKIOHHBIX K CIMSHUIO, TAKKe 3Ty CTamnio 060-
3HayalT Kak HaMeuamwoieecst 10 (puc. 2b);

- 3-a cragusi — SAPO-TISITHO BU3YaIU3UPYETCS
B BUJ€ YETKOT'O OKPYIJIOTO TMIIEPIXOTE€HHOI0 yyacTKa
6e3 aKyCTUYECKON TeHu, IuaMeTp 10 4 MM (puc. 2c);

— 4-4 cTagusi — SIAPO-TIOyMeCS1, KPyITHOe SIIPO
C IUCTaJIbHOM aKyCTUYECKOI TeHbIO (puc. 2d).

Ha 4-i1 ctaguu natepajibHble OTHENIbl OKOCTEHEB-
1Iero SApa OTpaXxkaloT YAbTPa3BYKOBbIe JIyuM, MeIu-
ajgbHble YYaCTKM OCTAIOTCS B aKyCTUUECKON TeHH,
B pe3yibTaTe yero KpyrnHoe IO Ha COHOrpaMMme BbI-
IJISSAUT Kak IoayMecsil. Tak Kak Ha JAHHOM CTaauu
IApo umMeeT GOPMY CIUTIONEHHOTO B KpaHMO-Kay-
IaJIbHOM HaITpaBjieHuu syumiica, mpu Y3U 6osee Kop-
PEKTHBIM GbITIO ObI TOBOPUTH HE O IMaMEeTPe, a O BbICO-
Te 0. BoicoTa siipa Ha 3TO¥ cTaguy 60biire 5 Mm. C
1e/TbI0 60JIee TOUHOTO BBHIYMCIEHMSI pa3MepoB siapa U
BBISIBJIEHUMS aCMMMETPUM MEXAY MPaBoii U JIeBO CTO-
pOHaMM Ha 3TO CTaAuM HaMM PEeKOMEHAYeTCs JO-
TOJIHUTEJIbHAS OlleHKa IOMePeYHbIX CPE30B rOT0BKU
6elpeHHO KOCTM CO CpaBHEHMEM MaKCUMAaJIbHOTO
TOTNePevYHOTo pasMepa saep MpaBoii U JieBoi CTOPOH
13 MepegHero OOCTyna B HeMTpaJbHONM MO3UIIUMK, TAK
KaK IIpy CTaHJApPTHOM ITOAXO[e M3 60KOBOTO JOCTYIIa
MaKCUMaJIbHbIN MOMepEeYHbIN pa3mep ssAapa U3MepPUTh
He MIpeJCTaB/sSIeTCSI BO3MOXHBIM [27].

Puc. 1. CoHorpamMa Ta306epeHHOr0 CyCcTaBa pebeHKa

B BO3pacTe 6 He[,.:

1 — KOCTHO-XpsilieBas rpaHu1ia;

2 — GO BEPTET;

3 — rosioBKa 6eIpeHHO KOCTH;

4 — ROCTHas Kpblllla BepTIY>)XKHOI BIIaAVIHbI;

5 — yepBeoOpa3HbIe IXOCUTHAJIBI, COOTBETCTBYIOIINE COCYIMUCTHIM
CUHYCOUTAM

Fig. 1. Ultrasound image of the hip joint of a 6-week-old baby:

1 — chondro-osseous junction;

2 — greater trochanter;

3 — femoral head,;

4 — bony acetabular roof;

5 — vermiform echo signals corresponding to vascular sinusoids

Puc. 2. CoHorpaduueckue ctaguu GopMUPOBaHMS SIIpa OKOCTEHEHMSI TOJIOBKM OeIpeHHOI KOCTU (OTMEUEHO CTPEIKAMM):
a — AIpo He BUBYATU3UPYETCs; b — TOUueYHOoe SIAPO; C — SIAPO-TISITHO; d — SAPO-TIOIyMECSI] ¢ aKYCTUUYECKOI TEHbIO

Fig. 2. Ultrasonographic stages of the formation of the secondary ossification center (SOC) of the femoral head
(marked by arrows):
a — the SOC is not visualized; b — point stage; ¢ — spot stage; d — crescent stage with acoustic shadow
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ITo Mepe yBenuueHUs apa 06/1aCTh aKyCTUUECKOA
TeHM TakKe pacTeT U 3aTPySHSET BU3yaau3aluio
Y-06pa3HOro xpsimia M KOCTHOW KPBIIIY BEPTIYKHO
BITagMHbI — IIaBHOro opueHTMpa B Y3U THC Ha nipe-
MeT BBISIBJIEHUS AUCTIIa3UM. ITO SIBJSETCS OTPaHUUN-
BaloIMM (aKTOpPOM B IpuMeHeHuM coHorpadum TBC
y IeTei1 crapuie roga [28].

120
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40

4acTOTa BLIABNEHHA B %

20

1mec 2mec 3mec 4mMec S5mec 6mec 7mec 8mec 9mec 10mec 11mec 12mec
BO3PACT B MeC.

== = Manb4vKn AeBOYKH

Puc. 3. YacToTa BBISIBJI€HUS SIIPa OKOCTEHEHMS
MMPOKCUMAaIbHOTO 31Mbu3a 6eIpeHHO KOCTU
B BO3PACTHO-TE€HIEPHOM acrekTe, %

Fig. 3. Frequency of the detection of the secondary
ossification center of the proximal femoral epiphysis
in the age-gender aspect, %

O6cnenyeMble nmeTu ObUIM pasfelieHbl Ha 12
TPYMII B 3aBUCUMOCTH OT Bo3pacta — OoT 1 o 12 mec.
KonnuecTBO MaJIbuMKOB M JEBOYEK B Ka)KIOM BO3-
pacTHO¥ TpyIirne O6bUIO IIPMMEPHO OAVHAKOBBIM.
B xaxkpoii rpyrme BbIYMCSIJICS MPOLIEHT NEeTeNM C BU-
oumbIM Ha coHorpamme SIO. [lo 3 mec. y MaJlbuyMKOB
SIIPO BBISIBJISITIOCH B €0MHUYHBIX CTy4yasX, B TO BpeMs
Kak y 45% meBouek B BO3pacTe 3 MecC. BU3YaIU3UPO-
BaJIOCh yeTKoe sapo. K 5 mec. y 81% neBoyek BhISIBISI-
JIOCh S1IPO, B TO BpeMs KakK Y MaJbuMKOB B 3TOM BO3-
pacTe OHO MOSIBUJIOCH TOMBKO B 46% ciydaeB. K 7 mec.
B 00eMx Ipynmax Kak y MaJIbdMKOB, TaK U Y J€BOYEK
B 60s1ee uem 90% ciryuaeB onpepensioch 0. K 9 mec.
U cTaplie Kak y MaJIbuMKOB, TaK U y I€BOUEeK SIApO
BBISIBIISIOCH B 100% ciydaes (puc. 3).

Takke oTMeuanuch pasnuuus B pasmepax 510
Y MaJIbuMKOB U AeBOYeK: cpenHuit pasmep S0 y neBo-
YyeK MPEeBbINIAJ TAKOBOI Y MaJIbUUKOB (Tabi. 1).

V 12 mamyeHTOB ObLIa M3y4YeHA AMHAMMKA POCTa
J0 myTem MpoBeOeHUS €KeMeCSYHOI COHOMETPUN:
CpemHMii exkeMeCsUHblii mpupocTt coctaBui 0,715 Mm
y MaspuukoB u 0,782 MM — y geBouek. B mepBom
MOTYTOAMM OTMEeYaICh 60jiee BbICOKME TEMITbI POC-
ta 40 (1,0-1,3 mm), uem Bo BTOpoM (0,6—0,8 Mm).
Hcnonb3yst MeToA MHOXUTEIbHOM OLIEHKM U CpegHIe
TemIibl pupocta IO B rpyrmne MauyMeHTOB C BUOM-
MbIM ripu Y3U S0 (316 mauueHTOoB), peTPOCHEKTUBHO
ObLT OTIpeesieH MPUMEPHBIN BO3PACT CaMOT0 paHHe-
ro ob6HapykeHust IO, KOTOpBI cOCTaBWI 5 Hem. AJIs
IeBOYEK U 7 He[l. IJIs1 MaJIbYMKOB (Tabi. 2).

Tabnauya 1
CpenHue pa3Mepsl siipa OKOCTeHEeHMS B II0/I0-BO3PAaCTHOM acIIeKTe
g [Mon
§ S Maibunku HeBouku p, p,
R GE) n M *m | Me Q1 Q3 n M *m Me Q1 Q3
1 21 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 22 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | >0,05 | 1,000
2 25 | 0,10 | 0,10 | 0,00 | 0,00 | 0,00 | 28 | 0,13 | 0,09 | 0,00 | 0,00 | 0,00 | >0,05 | 0,656
3 38 | 0,13 0,10 | 0,00 | 0,00 | 0,00 | 37 1,12 | 0,25 | 0,00 | 0,00 | 2,00 | <0,001 |<0,001
4 29 | 1,10 | 0,31 | 0,00 | 0,00 | 3,00 | 30 | 2,15 | 0,33 | 2,25 | 0,00 | 4,00 | 0,026 | 0,029
5 28 | 1,88 | 0,40 | 0,00 | 0,00 | 4,00 | 27 | 3,30 | 0,38 | 4,00 | 2,00 | 5,00 | 0,014 | 0,018
6 19 | 329 0,40 | 3,50 | 3,00 | 4,50 | 22 | 4,16 | 0,32 | 4,50 | 3,50 | 5,00 | >0,05 | 0,076
7 18 | 4,14 | 0,34 | 4,50 | 3,00 | 5,00 | 21 | 4,76 | 0,40 | 5,00 | 4,00 | 6,00 | >0,05 | 0,266
8 18 | 4,25 | 0,34 | 4,75 | 3,50 | 500 | 17 | 6,12 | 0,37 | 6,00 | 5,00 | 7,00 | 0,001 | 0,001
9 18 | 5,03 | 0,36 | 500 5,00 | 6,00 | 18 | 6,33 | 0,38 | 6,25 | 5,00 | 7,50 | 0,018 | 0,022
10 17 | 5,44 | 0,41 | 6,00 | 5,00 | 6,50 | 16 | 6,19 | 0,28 | 6,25 | 5,00 | 7,00 | >0,05 | 0,195
11 15 | 6,70 | 0,38 | 7,00 | 6,00 | 8,00 | 14 | 7,61 | 0,26 | 7,50 | 7,00 | 8,00 | >0,05 | 0,111
12 13 | 7,00 | 0,46 | 6,50 | 6,00 | 8,00 | 13 7,88 | 0,36 | 8,00 | 7,00 | 9,00 | >0,05 | 0,147

n — YKo meteit; M — cpenHee apudMeTnueckoe; ¥m — cTaHgapTHas omnoka; Me — Mmenuana, Q1 — mepBblit KBApTUIIb;
Q3 — TpeTuii KBapTW/Ib; CTATMCTHYECKAS 3HAUMMOCTD Pas3/inumii: p, — 1o t-CrbiofileHTy —~ Bonbepponu, p,— MaHHa - YUTHN.

62 2022;28(1)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWME MCCNEOOBAHWSA / CLINICAL STUDIES

Tabnuya 2
CpaBHeHIe BpeMeHM O0HAPYKeHUs Spa B TeHAEePHOM acIieKTe y AeTeil C BbISIBIeHHbIMM
SApPaMU OKOCTEHEeHMS

KonuuecmeenHsie daHHble

ITon Bcero YuTeHHbIe, N HeHsyp1poBaHibie
n %
MaibumKu 259 137 122 47,1
JleBOUKM 265 179 86 32,5
Bcero 524 316 208 39,7
CpedHue u cpedHecmpyKkmypHsle nokasamenu
CpenHue CpengHeCcTpyKTypHBIe
ITon M m 95% N Me e 95% U
Hrp Brp Hrp Brp
MasbumKu 1,66 0,12 1,42 1,90 1,30 0,21 0,88 1,72
IeBouku 1,28 0,10 1,10 1,47 1,00 0,14 0,73 1,27
Bcero 1,46 0,08 1,31 1,61 1,20 0,09 1,02 1,38
Pezynvmam ananusa
x df p
Jlor-pank Tect (KarmtaH — Meiiep) 7,442 1 0,006

n — Kon-Bo; M — cpenHee apudmeTmyeckoe; Tm — cTaHIapTHas olnMbKka cpegHeit apudmernyeckoit; Me — MenuaHa;
*me — cTaHIAPTHAs omKbKa MenuaHbl; 95% IV — 95% noBepuTenbHblit MHTEpBaa; Hrp — HIOKHSISI TpaHuiia; Brp — Bepx-
HSISI rpaHMIIa ; 2 — Koadduiment Iupcona, df — cremeHb cBO60OABI; p — CTATUCTMUUECKASI 3HAUMMOCTD PA3IUUMIA.

Kpome Toro, y 41 pe6enka (Bo3pacT ot 5 10 8 mec.)
V31 npoBoguiochk mocie penrreHorpadun TBC, Ko-
TOopasi BbIsIBWIA OTCyTCTBMe $10 mpuM HOpPMaabHO
chOpPMIMPOBAHHO KPbIIIE BEPTIY;KHOM BIIaaMHbI 6e3
MMPU3HAKOB IUCIUIa3uK. BpeMeHHO MHTepBaI MeXIy
PEHTIeHOMIOTMYECKUM M YAbTPa3sBYKOBBIM 00C/Iemo-
BaHMSMM COCTaB/IST He Gonee 1 Hemenu. Y3U y aToit
TPYIIbI MAIMEHTOB B 27 (JiyyasiX BBISIBUIO CUMMe-
TpuuHbie SO Ha 2-i1 coHorpadudeckoi cragum y 17
JeTelt (ToOueyHoe SApo) 1 Ha 3-1 ctaguu — y 10 geTeii
(IOpO-TISITHO AMaMeTpoM fio 2,5 Mm).

O6cyRmeHue

Takum o6pasom, Mbl HabOmomanu Gojiee paHHee
dbopmupoBanme J0 MpoKrCUMaTbHOTO OTAENA GeapeH-
HOJ KOCTM Yy JIeBOY€eK T10 CpaBHEHMUIO C MaJbuMKaMMU.
CpenHye pa3Mephl AIpa y TeBOUYEK MTPeBbIIIaIN TaKo-
BbIe Yy MaJTbuMKOB. SI71po B 80% cirydyaeB pa3Menaioch B
LIeHTpe TOJI0BKU, B 14% OTMeuanoch ero jaTepajibHOe
pacrionoskeHue, B 4% sapo ObIIO CMeIllleHO Meayuab-
HO, B OJHOM CjTyuyae Ha6Ioanuch MHOKECTBEHHbIE
0. V mopmaBnsioniero OOMbIIMHCTBA 06C/TeTyeMbIX
(95%) niporiecc hbopmupoBanus S0 MpoucxoamI CUM-
METPUYHO B 000MX cycTaBax. IIpemjiokeHHast HaMu
TeXHMKA M3MepeHMsI sifipa B JOTIOJIHUTEIbHOM II0oTe-

peYHOM cpe3e y feTeli cTapiieit BO3pacTHON IPYIIIbI
(crapmre 7-8 mec.) ¢ 6ojee KPYMHBIM SIPOM C IC-
TaJbHOI aKyCTUUYECKOJ TEeHbIO MO3BOJSIET U36eXKaTh
omm60oK auarHocTuku. Tak, B uccmegoBanuy H. Atalar
C COaBTOpaMM OOCYKHAeTCS KIMHUYECKUII Caydaii,
Korja y 8-MecsiuHOM JeBouky ¢ Turom 1A mo I'pady
Y CUMMETPUYHBIMMU TIpU Y3U ¢ 06eux CTOPOH siapa-
MU peHTTeHOTrpadus BbISIBWIA BbIPAXKEHHYIO OIHO-
CTOPOHHIOIO rumorviasuio S0 [27]. [IpyunHOi omM6KU
B TaHHOM KOHKPETHOM CJTydae SIBJSIETCS TO, YTO MPU-
MepHO Tocsie 8 mMec. Kpyryast popma sigpa CTaHOBUTCS
OBJIbHO-BBITSIHYTOM C MaKCMMAaIbHBIM IUHHUKOM
B MTOTIE€PEYHOI MIIOCKOCTH, HA UTO B CBOUX UCCIIEIOBA-
HMSIX yKasbIBaloT Takoke J.C. Nguyen ¢ coaBTopaMu u
0. Zouari ¢ coaBTopamu [29, 30]. Ucionb30BaHue Of -
HOTO CcTaHAapTHOro GpOHTANBHOTO cpe3a 1o I'pady,
KOTOPBII OTpa’kaeT KpaHMO-KaydaJbHBII pasmep
SJUIUTITOUTHOTO SIAPa, TO €CTb ero BbICOTY, SIBJISIET-
Cs HeNOCTAaTOUHBIM. Meano-jaTepanbHbIll pasmep
BO3MOYXHO M3MEPUTh MPU IMOMEPEeYHOM PaCIIONoKe-
Huyu Y3U-maTumka, COBIAJAOIINUM C 60JbINOI OChIO
summnTougHoro sapa. H.T. Harcke ¢ coaBTopammu
TaKke 00palaloT BHMMaHMe Ha pasHble MPOEKIIMOH-
Hble MOAXOAbI K M3MepeHusiM ipu Y3U U peHTreHo-
rpadun [26].
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Taxke B paborax H.T. Harcke c coaBTOpammu
u O. Zouari ¢ coaBTOpamMi yKa3bIBaeTCsI Ha BbIpaskeH-
HyO acummeTpuio 10 mpy OgHOCTOPOHHEM BbIBUXE
[26, 30]. Ilocne ycremHol penosuLuu aBTOPHI Ha-
GJII0AIM aKTUBHBINM pocT oTcraminero S0, KOTOpbIi
B TedeHMe 12-24 mecC. JOCTUTAI pa3MepoB IIPOTUBO-
ITOJIOKHOJ CTOPOHBI. Takoit 6ypHbIii pocT IO aBTOPHI
CUMTAJIXM XOPOLIUM MHIAMUKATOPOM BUTATbHOCTU TO-
JIOBKYM O€eIpEeHHOI KOCTHU.

DTHMYECKME 0COOEHHOCTY dbopMupoBaHus
10 wuccnepmoBamu A. Paranjape c coaBtopamu [25].
CpaBHUTENbHOE COHOTrpaduueckoe yCC/IeAOBaHNUE

SIO mpoBOAWIOCE B MHAMICKOM M M3PaMIbCKON IO-
MyAUusIX. SIApo BIlepBble CTaHOBUJIOCH BUIMMBIM
B 2 HeZ,. Y U3pauIbCKMX AeTel U B 8 Hell. — Y MHAUICKUX
mazeHieB. Tem He MeHee K 20 Hefl. SIAPO BbISIBIISITIOCH
y 81% wHOuiickux u 22-74% U3pauabCKUX NETe,
K 24 Heq. B 00euXx rpyIiiax sSapo BU3YaIu3UPOBaIOCh
B 6oee uem 90% ciayuaeB. B Hammx pesynbraTax 6e3
yJyeTa TeHAEPHbIX OTIMYMII BIEpBble SAPO CTaHO-
BUTCS BUAMMBIM B Bo3spacrte 1,5-2,0 mec., B 5 Mec.
(21-22 nen.) S10 BBIIBASIOCh Y 64% nmeTei, K 6 MeC. —
y 89% u x 7 mec. — y 6onee uem 94% neteii. ITocte
9 mec. y 100% geteit ompenensyioch 4YeTKOe SIApPO
OKOCTEHEHMS.

[Tpy omHOBpPEMEHHO YIbTPacOHOrpaduu U PeHT-
redorpacdum TBC 6bUIM BBISIBJIEHBI HECOOTBETCTBMSI,

JononmauTenbHas uHbopmanys

3asnenenHslii 6K1a0 asmMopos

Babaesa X.b. — KOHIENIMS U AM3aiiH MCCIeL0BaHMs,
c6op 1 06paboTKa MaTepuasa, CTaTUCTUIeckas o6paboTKa,
HalucaHue TeKCTa, peJakTUPOBaHMe.

Ilonyxoe P.IIl. — KOHUENUMUSI U OU3AH UCCIeq0BaHMs,
c60p 1 06paboTKa MaTepuasa, CtaTUCTUuIecKast oopaboTka.

Bce aBTOpBI Mpowin U omoOpwiu (GUHAIBHYIO BEPCUIO
PYKOTIMCH CTaTbi. Bce aBTOPBI COTTIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0O0ECTIEUNTH Hajle-
sKalllee pacCMOTpeHMe U pellieHe BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO ¥ HAIEXKHOCTBIO JII060i
4acTy paboThl.

Hcmounuk  ¢uHaHcupoeaHnus.  ABTOpBI  3asIB/ISIOT
06 OTCYTCTBMM BHeUIHero GMHAHCUPOBAHUS MIPU MPOBeJe-
HUM UCCITIeNOBAHUS.

Kongaukm unmepecos. ABTOpBI IeKJIapUPYIOT OTCYT-
CTBUE SIBHBIX M TOTeHLIMANbHBIX KOH(MIMKTOB MHTEpEeCoB,
CBSI3aHHBIX C IyO/IMKalMell HacTosIIIel CTaTbhy.

Amuueckas 3xcnepmu3a. He npuMeHnmMa.

Undopmuposannoe coenacue. ABTOPbI TOTYyUMUITN TUCH-
MeHHOe corjacue 3aKOHHBIX IpefCTaBUTeNell malueHToB
Ha MyOIMKAIIMI0 MEAUIIMHCKAX JAaHHBIX U GoTorpaduil.

00yC/IOBJIEHHBIE TEM, UTO Ipu Y3U Sapo CTaHOBUT-
Csl BUAMMBIM paHbllle, YTO COBIIafaeT C pe3y/ibTa-
tamu uccnegosanuit P. I'pada ¢ coaBropamu [6] u
H.T. Harcke ¢ coaBTopamu [26]. DTOT haKT, HeCOMHEH-
HO, ITOBBILIAET LIeHHOCTD Y 3-1uccaeqoBaHms, T.K. JaeT
BO3MOXXHOCTb IPEIITOIOKATD HapylieHne occuduka-
MY POKCUMATBHOTO OTHena GempeHHOl KOCTU Ha
6-8 Hep. paHble (110 I'pady) 1Mo cpaBHEHUIO C TpagU-
LIMOHHOJ peHTreHorpadueii.

3aKk/JIIouYeHne

VHUKaJIbHbIe OCOOEHHOCTM COHOTpadMUecKoro
MeTO[Ia, TakMe KaK HeOTpaHUYEHHbIV 110 BpeMEeHHbIM
MHTEepBaJIaM ¥ YaCTOTe MOHUTOPUHT, OTHOCUTEIbHO
paHHee BBbISIBJIEHME SITE€pP OKOCTEHEHMs, OTCYTCTBUE
JIy4eBOJ Harpy3ky Ha OpTaHM3M pebeHKa, IeIaioT
MepCIeKTUBHBIM JTajibHelIIee U3yyeHue ¥ ONTUMMU-
3auuio Y3-MeTona B MCCAeOOBAHMM MPOILECCOB OC-
cuduRaIMM TIPOKCUMAJIBHOTO 3mudusa 6egpeHHO
KOCTU y JleTeil paHHero BO3pacTa. YIbTPa3BYKOBOE
MCCIeNOBaHMe IIPOIECCOB OCCUMMUKALMM  TTPOKCH-
MaJIbHOTO 3mudu3a 3acTykKMBaeT Oojiee IIMPOKOTO
BHEJIPEHUS B MPAKTUKY OPTOIENOB, JETCKUX XUPYP-
TOB U MTeMATPOB. DTO MO3BOIUT CIIEIMATMUCTAM PaHO
MpeABUIETh OyAyIIye HapyIIeH!s] POCTa U Pa3BUTHS
MIPOKCUMAaJIbHOTO OT/Iesia 6eIpeHHOIt KOCTU 1 obecrie-
YUTDb IIPY HEOOXOIMMOCTY PaHHEE BMEIIaTelbCTBO.
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HayuHas cratbst [D)ey ]

VIK 616.718.4-009.12-001.6-089-053.2
https://doi.org/10.17816/2311-2905-1661

Bbi60op cnocoba xupypruueckoro nevyeHus AetTen rpyaHoro
U NpeaaoLKONbHOro Bo3pacTa ¢ BbIBUXOM 6eapa npu aMmuonnasum

C.®. barbkun !, C.B. Buccapuonos 2, A.I. Baunmgypamswim 2, O.E. Arpanosuu !, /I.b. BapcykoB !,
I.C. byknaeB !, E.B. IletpoBa !, C.l1. Tpopumosna ', E.A. Kouenosa !, M.B. CaBuHa'

I @I'FY «HayuoHansHblli MeOUYUHCKUT uccnedosamesbckuli yeHmp demckoii mpasmamonozuu u opmoneduu
um. I . Typuepa» Mun3zdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 @rbOY BO «Cesepo-3anadHsiii 2ocydapcmeeHHsili MeduyuHckuii ynusepcumem um. M.H. Meunuxosa»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxkmyansHocms. Y TIallMEHTOB C BBIBMXOM Oefipa MpM aMMOIUIa3uM BCTPEUAIOTCS pas3/MUHble BapMaHThl KOHTPAKTYP
Ta306eIpPeHHbIX CYCTaBOB ¥ XapaKTepHbIe IJIst KaXkI0TOo 13 HUX AedopMalliy CycTaBa, 0JHAKO OTCYTCTBYIOT Pa3INuMs B BbI-
60pe criocoba ieuenus. Lleas uccnedosanus — 060CHOBATH U OLIEHUTH 3G GEKTUBHOCTH OPUTMHATBLHOTO aJITOPUTMa BhIOOpa
croco6a XMPypruueckoro JeueHus geTeit 10 3 JieT ¢ BHIBUXOM Gefpa Ipu amuoruiasuu. Mamepuan u memodst. O6cneno-
BaHO 70 6ombHBIX. OCHOBHYIO TpyIITy cocTaBmiu 40 meteit, u3 Hux 21 pebeHKy B Bo3pacTe 0 1 rofa GbIIO BLITIOTHEHO 25
omepaluit OTKpbITOTO BIIpaBieHus 6eapa, y 19 mereit B Bo3pacte ¢ 1,5 10 3 JieT OTKPbITOE BIIpaBaeHMe TOMOTHSIIOCH TTOf-
B3JIOLITHO¥ ocTeoToMuelt mo Conmtepy, KOPPUTUPYIOIIEil ocTeoToMIel 6epeHHOI KOCTH. B KOHTPOIBbHYIO TPYIIY BOIILIU
30 manueHTOB B BO3pacTe OT 3 10 7 JieT, paHee He TMOIyvyaBille KOHCePBATUBHOTO U XMPYPIUIECKOro gedeHusl. [TareHThI
OCHOBHOJ1 ¥ KOHTPOJIbHOJ TPYIIN ObUTM PasfieeHbl Ha TIOATPYIIbI B 3aBUCYMOCTY OT BApMaHTa KOHTPAKTYPhl Ta3006eqpeH-
HOTO CyCTaBa: OTBOASIIAS (MIepBble MOATPYIINbI) M NPUBOAMIILAS (BTOpPble MOArPYIbI). Mcnonb3oBanack OpUrMHAIbHAS
mkana oueHku ¢yHkimu TBC, ocHOBaHHAsI HA M3MepPEeHUN MTAaCCUBHBIX ABMKEHMUI 110 OTHOMIEHMIO K QYHKIMOHAIbHOMY
IManasoHy ABMKEHNI, HEOOXOIMMOMY JIJIsl BBITTOTHEHMS TTOBCEJHEBHBIX NeCTBUIA. [IJIsT OI@eHKY Pe3yabTaTOB JTYUYeBbIX Me-
TOLOB MUCCAeA0BaHMUS MPUMEHSIach MpefJjiosKeHHasi aBTOpaMM IIKajga peHTreHonornvyeckoit oueHku TBC. Pe3ynismamel.
V meTeii TiepBO#t MOATPYIIIIBI TOC/IE OTKPHITOTO BIIpaBIeHNs 6efpa XOpoliye pe3ylbTaTbl OTMEUEHbI B 17% cilyyaes, yI0OB-
JleTBOpUTeNbHbIE — B 50%, HEymoBIeTBOpUTENbHBIE — B 33% ¢ pa3BuTuem ocnoxkueHmii [11 n IV kmaccoB 1o mogudmumpo-
BaHHoOI Knaccudukaimm Clavien—-Dindo-Sink B 83% Hab/omeHmit. Ilocie OTKPHITOrO BIIpaBieHus 6epa, MoHgB3a0IIHO
octeoToMuu 110 ConTepy, KOPPUTUPYIOIIEH ocTeoTOMMM GeIpeHHO KOCTH, BHITTOJTHEHHBIX MAI[MeHTaM IePBOii OATPYIIIIbI,
XOpOIlIVe pe3y/bTaTbl OTMeUYeHbI B 50% ciydyaes, yoOBIeTBOPUTEIbHBIE Y HEYOBJIETBOPUTEIbHbIE — 110 25% TP MeHbIeM
KOJIMYECTBe TSDKeNbIX ocmoskHeHuit (50%) (p = 0,041). V meTeit BTOPOIt MOATPYIITBI MTOCTAE OTKPBITOTO BIIpaBaeHMs 6eapa
XOpolIue pe3ynbTaThl onydeHsl B 90% ciaydaes, yoBieTBOpUTenbHble — B 10% Ipu yacToOTe TsDKeIbIX ocokHeHuit 10%,
a Mpy coueTaHMy JaHHOII oTlepalny ¢ oAB30IIHOI ocTeoToMMel 1o ConTepy, KOPPUTHUPYIOIIEit ocTeoToOMMel 6eIpeHHO
KOCTM XOpOIllMe pe3yabTaThl OTMeUeHbI B 75% Habm0qeHni, yIoBaeTBOpUTeabHble — B 19% 1 HeyIoBIeTBOPUTENbHbIE —
B 6% IpU 4acTOTe TSKENbIX OcaokHeHuit 25% (p = 0,05). 3axkatouenue. TyuddepeHUIMPOBAHHDIN MTOAX0], K JIEUeHUIO AeTei
C TAHHO¥ MaTOoJIOTMeli MO3BOMUT MOBBICUTH 3(PGhEKTUBHOCTL ONEePaTUBHBIX BMEIIATENbCTB, & €r0 BHeJpeHNe B KIMHIYe-
CKYI0 IIPAKTUKY GYIeT ClIOCOOCTBOBATD YIYULIEHNIO MCXOIOB JIEUEHUST.

KiroueBble cj10Ba: aMMOIUIas3usl, BeTH, BBIBUX Oelpa, OTKPHITOe BIpaBjieHMe OGefpa, ocTreoTomMusl H6enpa, MOgB3L0MIIHAS
ocreoroMus 1o Conrepy.
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Surgical Treatment of Children with Hip Dislocation
in Amyoplasia-Type Arthrogryposis: A Rational Approach
to Treatment Selection
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Background. Patients with amyoplasia-type arthrogryposis and hip dislocation have different variants of hip contractures
and deformities, but there is no difference in the selection of the type of surgery. The study aimed to justify and evaluate
the effectiveness of the original algorithm of the rational selection of surgical approaches in children aged <3 years with
hip dislocation in amyoplasia. Material and Methods. Level of evidence II. Seventy patients were examined, including
21 children aged <1 year (main group) who underwent 25 hip open reductions; 19 children aged 1.5-3 years (main
group) who underwent hip open reductions, Salter innominate osteotomy, and femoral osteotomy; and 30 patients aged
3-7 years (control group) who had not previously received conservative and surgical treatment. All patients were divided
into two subgroups depending on the variant of hip contracture: flexion-extension—abduction—external rotation (frog-
like) (subgroup 1) and flexion-extension—adduction—external rotation (subgroup 2). Clinical, radiological, and statistical
methods were used. Results. In subgroup 1, after hip open reduction, good results were noted in 17% of cases, satisfactory
in 50%, and unsatisfactory in 33%. Severe complications, i.e., classes III and IV according to the modified Clavien-Dindo—
Sink classification, were noted in 83% of the cases. After hip open reduction, Salter innominate osteotomy, and femoral
osteotomy in subgroup 1, good results were noted in 50% of cases and satisfactory and unsatisfactory each in 25%,
and 50% had less severe complications (p = 0.041). In subgroup 2, after hip open reduction, good results were obtained
in 90% of cases and satisfactory in 10%, and 10% had severe complications When this surgery was combined with
Salter innominate osteotomy and femoral osteotomy, good results were noted in 75% of cases, satisfactory in 19%, and
unsatisfactory in 6%, and 25% had severe complications (p = 0.05). Conclusion. A differentiated treatment approach
of children with hip dislocation in amyoplasia-type arthrogryposis will increase the effectiveness of treatment methods,
and its introduction into clinical practice will help to improve outcomes.

Keywords: amyoplasia-type arthrogryposis, children, hip dislocation, open reduction, femoral osteotomy, Salter innominate
osteotomy.

BBenenmne

AKTYaJIbHOCTb MTPOGJIEMBI JIEUEHUS [TETEI C BBIBU-
xoM 6efipa Mpu aMMOILIa3uy 06yCIOBIeHa BbICOKOIA
4yacToTol BcTpeuaemocT (15-41%), TsokeCThIo aHATO-
MUYeCKMX U QYHKIIMOHATbHBIX HApYIIeHUI B CyCTaBe,
a Taxke GOJBIIMM KOJTMYECTBOM OCJIOKHEHUIT TIoC/ie
MpoBefeHHOro jevyeHus [1, 2]. KoHcepBaTuBHOE j1eve-
HIe JleTeli ¢ BHIBUXOM 6e/ipa, YCIeNHO TPUMEHSIEMOe
MpU TUCTUIA3UM PA3BUTHUS Ta300ePEHHOTO CyCTaBa
(TBC), HeadbdekTUBHO MpPU aMUOILIA3UU, MTOITOMY
JlaHHasl MMaToOrusl TpebyeT MePBUYHOTO XUPypruye-
CKoOro jieuenusi [3, 4, 5, 6]. I3BecTHO, UTO y Al[MEeHTOB
C BBIBUXOM Ge/ipa Mpy aMMUOIUIa3U1 BCTPEUAIOTCS pas-
JIMYHbIe BapuaHTbl KOHTpakTyp TBC u XxapakTepHble
JUIST KOKIOOTO U3 HUX AedopMalui CTPYKTYp CyCcTaBa,
OJTHAaKO OTCYTCTBYIOT Pa3jnuusl B BBIOGOPe Criocoba jie-
yeHus [7, 8, 9, 10]. JokazaHo, UTO y GOTbHBIX C JaH-
HOJl TIaTONOTMEN MMeeTCs] U30bITOUHAs aHTEBepCusl
BEPTTY’KHOV BIIAJMHBI C HEAOPa3BUTUEM IepefHero
U BepxXHero ee KpaeB. B yacTHOCTH, [ NalieHTOB

C COMNYTCTBYIOIIMMM CrubaTebHO-pa3TubaTeTbHO-
OTBOASILIe-HAPY>KHOPOTALMOHHBIMY  (OTBOISIIIIVIMM)
KoHTpakTypamu TBC xapakrepHa peTpoTopcus 6ef-
PEHHOI KOCTH, a /IS AeTel co crubaTebHO-pas3rmuba-
TeJIbHO-TIPUBOASIIIe-HAPY)KHOPOTAMOHHBIMU  (IIpU-
BOZASLIMMM) KOHTPAKTypaMM — aHTETOPCUSI, KOTOpas
MOJeT BapbMpOBaTh B IIMPOKOM JuamnasoHe [10].
Ananu3 nuTepaTypbl IO [OaHHOI IpoGiieme 3a
nowtenHue 10 JieT moKasai, YTO GOJMBIIMHCTBO ITy0-
VKA  TIpeACTaBAeHbl HEGOMBIIMMU  CEPUIMU
KIVMHUYECKUX CJIy4aeB, MOCBSILEHHbIX PAaHHEMY XU-
PYPrMYecKOMY JIEYEHMI0, & MMEHHO BBIIIOJIHEHUIO
omepanuyu OTKpbITOrO BIpaBieHuss OGempa (OBB)
B COYETAaHMM C T[EePUAPTUKY/ISIPHBIMU Denu3aMu.
[Tpm 3TOM XOpOIIMe pe3yabTaThl JeUeHUSI BapbUPYIOT
B IIMPOKOM AuanaszoHe — oT 54 no 90% ciaydaes, ofi-
HAKO MMEIOTCS COOOIIEHMs, yKasbIBalolIye Ha Hesd-
(dbekTMBHOCTD JaHHOTO BMeriarenbcTBa [10, 11, 12, 13].
HexoTopble aBTOpbI TipeajaraioT AomnoiaHsATb OBB
KOPPUTUPYIOIIeil ocTeoTomMueli GeqpeHHOI KOCTU
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(KOB) M pasauMuHbIMM BapuaHTaMM Ilepualeraoy-
JISPHBIX OCTEOTOMMUIA MJIM alleTabyJIoIJIaCTUK B Gosee
crapiieM Bo3pacTe, HO IPU 3TOM aKIeHTUPYIOT BHU-
MaHMe Ha HamOOJbIIeM KOJIMYECTBE MMOC/Ieornepany-
OHHBIX OCJIOXKHEHUI1 y IeTeN cTapiie 3 jeT. XOpoIine
pe3yabrathl JieueHud nociie OBB, KOb 1 pasnnuHbix
TepuaneTabyIIpHbIX PEKOHCTPYKIMIA COCTABISIIOT OT
70 no 80% ciryuaes [6, 7, 14].

K cokaneHunio, OTCyTCTBYIOT ITyOIMKAI[MM, TOCBSI-
IIeHHbIe OlLleHKe 3(P(EKTUBHOCTM Pa3JINUYHBIX CIIO-
Cc060B XMPYPrUYECKOTO J€YEHNSI B 3aBUCUMOCTU OT
BO3pacTa 1 BapuaHTa KOHTpPakTypsl THC.

Ilenv uccnedosaxuss — 06OCHOBATh U OLEHUTD 3¢-
(beRTMBHOCTh OPUTMHAIBHOIO aJropMTMa BbIOOpA
criocob6a XUPYpPrUUecKOro JevyeHusl meTeit 1o 3 jer
C BBIBMXOM 0Oefipa Impy aMyOIIa3uy, HaIpaBIeHHOTO
Ha yaydllleHue UCXO0B JieueHus.

Marepnaja ¥ MeTOIbI

Jlusaiin uccnedosaHus

[IpoBeieHO OAHOLIEHTPOBOE PETPOCIIEKTUBHOE
KOTOPTHOEe KOHTPOJMpPYeMOe MCCAefOBaHMe pe3yiib-
TaTOB JI0- U MOCIe0IepalIOHHOTO obcaenoBanus 70
IeTeli B Bo3pacTe OT 5 MecsiieB 0 7 JIeT C BLIBUXOM

6enpa (86 TBC) mpu amuoruiasuu, u3 HUx 42 (60%)
masibumka u 28 (40%) meBouex.

OCHOBHYIO Trpymmy coctaBuan 40 mauueHToB
(49 TBC), u3 Hux 21 pebeHox (25 TBC) B Bo3pacTe OT
5 mec. mo 1 roga u 19 gereii (24 TBC) B Bo3pacTe OT
1,5 mo 3 jeT, KOTOPBIM ObLIM BBIITOTHEHBI XUPYPIUIe-
CKye BMeIllaTeIbCTBA M0 MOBOAY BhIBMxa O6empa. Y 10
nmeteii (14 TBC) HaGMIOOATUCH OTBOISIINME KOHTPAK-
Typel U y 30 mamuenTtoB (35 TBC) — mpuBogsinye
KOHTPaKTYyphI.

[71s1 OLleHKM pe3ylbTaTOB XUPYPIUIYECKOTo aeye-
Hus1 6bUTa chopMuUpoBaHA KOHTPOJbHASI TPYyIINa U3
30 60oabHBIX (37 TBC) ¢ amuoIuiasMeit ¥ BbIBUXOM
6empa B Bo3pacTte OT 3 A0 7 JIeT, He MOJYyYUBIINX pa-
Hee KOHCEPBAaTMBHOIO U XUPYPrUUECKOTO JIeueHMsl,
u3 HUx y 3 geteit (5 TBC) umennuch OTBOASIIME KOH-
TpakTypbl U y 27 60nbpHBIX (32 TBC) — npuBogsinye
KOHTPaKTYphI.

[MauyeHThI OCHOBHOI M KOHTPOJIbHO IPYIIN ObLIN
paszeneHbl Ha JIBe TIOATPYMIIbI B 3aBUCMMOCTU OT Ba-
puaHTa KoHTpakTyp ThC. B mepBbie MOArpyIIibl BOII-
JIM TIAUMEHTHI C OTBOASLIMMMU KOHTpakTypamu THC,
BO BTOpbIe NOATPYIITbI — MalMeHThI C TPUBOASIIIVMU

(

70 naumenToB OT 5 Mecsaues 1o 7 net ¢ BbiBuxoM 6eapa Il u IV knacca no IHDI npu ammonnasum

KOHTpakTypamu (puc. 1).

OcHoBHasg rpynna:
N =40, n =49 / xupypruyeckoe nevyeHue

(

) (

KoHTponbHas rpynna:
N =30,n= 37/ neyeHne He NPOBOANNOCH

)

KnuHunueckoe nccneposaHue

y

JlyyeBoe uccneposaHune

><_
><—

v

Xvpypruyeckoe nevyexue:
* OBb c 5 MecaueB ao 1 ropa: N=21,n=25
* OBB,NOC,KOb c 1,5 netpo 3 net: N=19,n =24

\ 4
| noarpynna (oTBOASILLME KOHTPAKTYPbI):

~

\4

A

ec5mecaueB o lropa:N=4,n=6
ecl5pn03nen:N=6,n=8
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Il noagrpynna (npuBoasiuue KOHTPAKTYpbl):

J

A

e c 5m™MecaueB o 1 ropa: N=17,n=19
ecl5p03net:N=13,n=16

!

J

!

Y

A

-
‘ | noarpynna (oTBOAsILME KOHTPAKTYPbI):
g c3po7nenN=3n=5
n i
-
o Il nogrpynna (npuBoasiumMe KOHTPaKTypbl):
” c3po7ner:N=27,n=32
-

Y Y

CpaBHWTENbHBIN aHaNNU3 UCXOA0B ABYX CMOCOBOB XMPYPruyeckoro NeyeHns NaLumMeHToB C aHaNOTMYHbBIM BapMAaHTOM KOHTPAKTYpbI,
a TaKXKe C MaLMeHTaMu KOHTPONIbHOM rpynmbl MO pa3paboTaHHbIM OLEHOYHBIM LKanaMm.
Mepwnop HabnopeHus 3 (2,8; 4,8) ropa

Puc. 1. Biok-cxema gu3saitHa uccinenoBanus (N — 4YMCIO MalMeHTOB, 1 — YUC/IO CYyCTaBOB)

Fig. 1. Study flowchart (N — number of patients; n — number of joints)
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Kpumepuu exnouenus naieHTOB B MCCaeq0BaHMeE:

1) pmuarHo3 «aMuoIIa3us»;

2) peHTreHOJorMYecKue MPU3HAKM BbIBUXa Oenpa
III n IV xnaccos 1o knaccudukanym International Hip
Dysplasia Institute (IHDI) [15];

3) metT C aMmuoOILIa3Mel B BO3pacTe A0 3 JIET,
Moy4yaBllie XUPypruyeckoe jieueHue 1o MOBOAY BbI-
Buxa 6empa;

4) meTu ¢ aMMOILIa3Mel B BO3pacTe OT 3 40 7 JieT,
paHee He MOyYyaBIlMe XUPYPruueckoro M KOHCepBa-
TUBHOTO JIeUeHMSI 10 TTOBOAY BbIBUXA Gepa.

Bcem mammeHTaM OCHOBHOV TPYIIIbI B BO3pacTe
Io 1 roga 6e3 yueta BapuaHTa KOHTpakTyp TBC BbI-
nonusiaock OBB, a metsam ¢ 1,5 mo 3 jieT 310 BMella-
TEeJIbCTBO JOIIOJHSIJIOCH MOAB3IOIIHOI OCTEOTOMMEN
no Contepy (ITOC) u KOB. Bo Bcex ciyvyasix mpume-
HSUICSL TIepedHenaTepanbHblii goctyn K TBC YoTcoH-
II>KOHCa, BBIMIOTHSIMCH TEHOTOMMUM M. rectus femoris,
m. iliopsoas. Tlocne T-o6pa3sHOii IepemHe-HUKHEN
apTpoToMumM yoanasuiuch lig. teres, lig. transversum
acetabuli v GpM6GPO3HO-KUPOBAs IOAYIIKA, ITIPU OIle-
pauyy OBB B M301MpOBaHHOM BIE OCYIIECTBJISIACh
TpaHCApTUKYISIpHas ¢ukcanus crmieir KupiiHepa.
HdeTsam mepBbIX MOATPYIN NPOBedeHO 14 orepaimii:
BO BCeX CJIyyasx ObLIM BBIMOTHEHbI TEHOTOMUU M.
rotator triceps coxae, m. piriformis c 11eJ1bI0 KOPPEKIUN
HapYyKHOPOTAI[MOHHOJ KOHTPAKTypbl U [OCTUXKe-
HUSI KOHI[EHTPUUYECKOTO BIIpaByiieHus bexmpa. Y ma-
LIMEeHTOB MePBOV MOATPYIIITbI ITpy BbinonHeHU OBB
(6 omepaluii) C paBHOM 4acTOTO¥M (10 3 cyry4dasi) BbI-
TIOMHSUTUCh Z-00pa3Hoe YIJIMHEeHMEe CYXOXKWIbHBIX
vacreit mm. gluteus medius et minimus v 3agHSS
KarcyJIoTOMMSI, KOTOpasi M03BOJsIAa YBEIUIUTh aM-
IUVINTYLY TTaCCMBHOI BHYTPEHHEN poTauuu Ojs JIyd-
el eHTpaluuy roloBKy BO BrnaguHe. [TokazaHnem
K VIJMHEHWIO CYXOXMJIbHBIX uacteir mm. gluteus
medius et minimus Mbl CYUATAIM OTBOMSIIYIO
KoHTpaktypy TBC 6osee 20°.

P.M. TuxujioB ¢ coaBTOpaMu IIpu 0OCIeOOBaHUU
B3pOC/IBIX MalMeHTOB ¢ aHKmio3amu TBC BbIsSIBUIN,
YTO TpeBbIlIeHNEe (YHKIMOHAIBLHO BBITOJHOTO (TI0
Merle d’Aubigné) crubanus Ha 15°, oTBemeHuUs 6osee
10° wnu npuBemeHus 6oyee 6° MPUBOIUT K HEOIO-
poCIoco6HOCTY KOHEeUHOCTHM [16]. [Ipy BbITIOTHEHUN
OBB, KOB, IIOC (8 omnepauuii) ¢ paBHOJ 4aCTOTOI,
Mo 2 ciydvasi, BBITIONHSIUCh 3a[HSIS KarcyJl0TOMMS
U Z-06pasHoe VIJIMHEHME CYXOKUJIbHBIX YacTeil
mm. gluteus medius et minimus.

[MauyeHTaM BTOPBIX MOATPYIIT BCETO BBIMOTHEHO
35 XMUpypruyeckuMx BMeENIATeNbCTB. IIpy BhINOJIHE-
uuu OBB (19 orepanuii) TeHOTOMMM M. rotator triceps
coxae, m. piriformis BbITTONHSIIUCH B 12 (63%) cydasx.
Taxke ¢ paBHOI 4aCTOTOM, 1O 2 CTy4dasi, JTaHHAas MaHU -
OyJSLMs CoueTasach C 3aAHeN KarncyJIoToMuen u Te-
HoTOMMSIMU mm. adductor longus et brevis, m. gracilis.
[Tpu Beinonuenuu OBB, KOB, ITOC (16 BMemaTenbCTB)
IJIT OCTUMKEHMSI KOHLIEHTPUUECKOTO BIIPaBeHUs

metsam BTOpoi moarpymIiel B 100% ciydyasix morpe-
60BaJIOCH BBITIOJIHEHME TEHOTOMMIA m. rotator triceps
coxae, a Takke C paBHOM 4acCTOTOM, Mo 2 ciiydas (Io
12,5%), 6bLIM BBIMIOJTHEHBI 3a[HSIS KarCYJIOTOMMUST U
TeHoTOMUM mm. adductor longus et brevis, m. gracilis.

[TpomomKUTETPHOCT MMMOOUIM3AIIUY KOKCUT-
HOJi TUIICOBOM IOBSI3KOJM BO BCEX CIydasx COCTaBUJIa
6 Hemenb. OueHKa 3(G@dEKTUBHOCTU IPUMEHSIEMBbIX
CIIOCOO0B XMPYPIUYECKOTO JIEUeHUSI B Pa3IMIHBIX
BO3paCTHBIX TpyINax MPOBOAMUIACh B AOIIKOIbHOM
Bo3pacte (0T 3 1o 7 jeT). Icxonapl JeuyeHns MalieHTOB
OCHOBHOI1 T'PYIIIbI C OTBOASUIMMU UM IPUBOASILIN-
MU KOHTPaKTypaMM IOC/ie BbIMOTHEHUS ABYX CIIOCO-
60B XMPYPTrUUYECKOTO JIeUeHMs] CPAaBHUBAINCH MEKAY
co60J1, a Takke C UCXOOAMM B KOHTPOJIbHON TpyIIIe
C QHAJIOTMYHBIM BapMaHTOM KOHTpakTyphl. Ilepuop,
HaO/II0JeHNusT CoCTaBua OT 2,6 OO0 6 JieT, MeauaHa —
3(2,8;4,8) roga.

Memo0de! uccnedosanus

IIpy KIMHUYECKOM MCCIeSOBaHUM MCIIO0/Ib30Ba-
Jlacb OpPUI'MHA/IbHAS INKajaa OleHKU ¢yHKuuu TBC
(IOODPTBC), ocHOBaHHAsI Ha U3MepPEeHUM IMaCCUBHBIX
IBYDKEHUI 110 OTHOLIIEHMIO K QYHKIIMOHATIBHOMY Iya-
Ma30HY ABVKEHMI, HEOOXOAMMOMY JIJISI BBITIOJTHEHMS
TMOBCEQHEBHBIX HOeiCTBUIL. [ OLleHKM pe3y/bTa-
TOB JIy4yeBbIX METOJOB MCC/IeIOBaHUSI MPUMEHSIACh
Takke OpUTMHAJbHAsl NIKaja PeHTreHOJOTMYecKo
ouenku TbC — IIPOTBC [10].

IOTOMTHUTENbHO BBIMIONHSIM PeHTreHorpadmoo u
MCKT TBC nis usmepeHus aleTadbyasspHOTO MHIEK-
ca (AW), yria repemgHero Kpasi BepT/Iy>KHO BITaOUHbI
(VTIK), MICTMHHOTO IlleeYHO-auadm3apHoro yriaa (MCT.
/1Y), a TakKe yIyia Topcuu 6eaperHoii Koctu (YTBK)
[17, 18]. 3a Hopmy VIIK, V3K, CY 6bL1M B3SITHI TaHHBIE
E.B. Orapesa u A.K. Mopo3sosa [18]. PenTreHoMeTpus
IaHHBIX BBITIONIHSIACh M3MEPUTENbHBIM MWHCTPY-
MeHTapuem B cucteme Picture Archiving and
Communication System (PACS).

[MocneomnepaliMOHHbIE  OCJIOXKHEHUS  OlleHUBa-
JIUCh IO MOAUMUUMPOBAHHON IJIsI IETCKOI OpTOIe-
IUy KIaccu@uKanum XUPYPrUUeCKUX OCIOXKHEHMUI
Clavien-Dindo-Sink, mpu 3TOM YUYMTBIBaIUCh OC-
noxHeHwus1 Tonbko I1-IV kmaccos [18]. Ko II kmaccy
OCJIOKHEHWUI, He TPeOYIMMX NOTOTHUTENbHBIX XU-
PYpPruuecKux orepanyit, 6bUi OTHECEHBI CTy4ay pas-
BUTUSI aCEIITMYECKOTO HEKPO3a TOJMIOBKYU OelpeHHOi
koctu (AHI'BK) I rpymmsr o Kalamchi—McEwen, sB-
JISBIIMECS OOpaTUMMBIM OCJIOKHEHMEM U TpeboBaB-
nye JUilb yBeIMYeHUs] CpoKa OTpaHUuYeHMsT 0CeBOi
Harpysku. Il kmacc oc/io’kHeHMI BK/IIOUAJT pesTroKca-
IIMIO ¥ TTOABBIBUX Gempa, a TAaKKe JIOKHBIN CyCTaB Tela
MTOJIB3/I0IITHO KOCTY, KOTOPbIe TPe6OBaIy MMOBTOPHO-
ro xupypruueckoro JyedeHus. K IV kimaccy ocnoskHe-
Huit 6s otHecenbl AHI'BK III mn IV rpymm, npuBo-
Igmve K gedopMaiuy cTpykryp TBC U yXymieHnIo
dbynakuym [19].
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PesynbTarhl JieueHUs OLIEHUBAIUCh B COBOKYII-
HOCTM Ha OCHOBaHMM oOpuruHajabHbIX IIODTBEC n
HIPOTBC. K xopomum pe3ysibTaTamM Mbl OTHOCUIN 14—
18 6amnoB 1o IODTEC u 10-11 6annos no HIPOTEC,
K YIOBJIETBOPUTENbHBIM — 8—13 6aioB 1o HIODTEC
u 8-9 6amnos 1o IMPOTBC, K HEYIOBIETBOPUTENb-
HbIM — 7 ¥ MeHee 6ayoB 1o [IIPOTBC 1 IIODTBC.

Cmamucmuueckuti aHaius

Cratuctuueckasgs o06paboTKa  KOJIMYECTBEHHBIX
JIaHHBIX ObLIa MPOBEAEHA C MCIIOTb30BaHMEM Hera-
pamMeTpUYecKuX MEeTOLOB IMpU MOMOIIM MTPOTrPpaMMbl
IBM SPSS Statistics v.22. PaccunThiBaiy MenuaHbl
(Me), 1-11 u 3-1 kBapTWIbHbIe MHTepBaabl (Q1; Q3).
CpaBHeHMe KOAMUYECTBEHHBIX TMPU3HAKOB MEXAY
He3aBUCUMMbBIMM TpYINaMyu MPOBOOMIM TIPU I[OMO-
mwy U-kputepus ManHHa-YutHu. OlleHKa BHYTPU-
IPYIIIOBOI AMHAMMKU TMPOBOAMIACH TIPM TMOMOUIU
T-kputepus BunkokcoHa. CTaTUCTUUECKM 3HAUMMBIM
cunTascs pesyabtat mpu p<0,05.

PesynbTaTsl

[Tocne OBB, BBIMOMHEHHON OETSIM II€pPBONM MOM-
I'PYIIIIBI, TOJBKO B OOHOM ciyuae (17%) 6blia oTMe-
yeHa xoporast Gyakuyst TBC, B octanbHbIX 5 (83%)
HaOMIOOeHNsIX ObUT TIOMYYEH YIOBIETBOPUTETbHBIN
(yHKUMOHAMBHBIN pe3ynbTaT comtacHo IIIOPTBC.
[Ipy BHYTPUTPYNIIIOBOM UM MEXTPYIIIOBOM aHaau3e
C I'PYTIION KOHTPOJIS 3HAUMMOTO YIyulieHus (QyHK-
uuu TBC mocine OBB ormeueno He 610 (p = 0,157;
p=0,177).

CormacHo HIODTEC nmocne OBB, KOB, I1OC y ge-
Teil TepBOil MOATPYNIIbI MOJyYeHbl B PAaBHOM KO-
JMYecTBe, 10 4 ciayuas (mo 50%), xopomasi u yIoB-
nerBoputenbHass ¢yHkuug TBC. Ilocie maHHOI
orepanyuy yIydimioch GYHKIMOHATbHOE COCTOS-
Hue TBC npu BHYTPUTPYIIIIOBOM U MEXTPYIIIIOBOM
aHanaMse C TPYMIOV KOHTPOJS, UTO OOYC/IIOBJIEHO
yBeIM4YeHNeM I1aCCMBHOJM BHYTPEHHEN poTanumn
B TBC (p = 0,023; p = 0,003).
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V manueHTOB IepPBbIX MOATPYII BbISIBIEHO 3Ha-
YUMo Jyudliiee GyHKIMOHANbHOe cocTossHue TBC mo
HIOPTBC mnocne onepaunnu OBB, KOB, ITOC (14 (13;
14,7) 6annos), uem mociae OBB (13 (11; 13) 6amioB)
(p =0,002) (puc. 2).

ITo manHbiM peHTreHorpadum u MCKT, y mereii
MepBOi MOArpyImnsl rmocjie OBB BbisIB/IeHAa HE3HAUM-
Masi BHYTPUTPYIIIIOBAas AMHAMMKa yMeHblneHus AU
c 41° (39,2°; 41°) mo 37° (31,5°; 41,2°) (p = 0,172),
VIIK ¢ 73,5° (69,2°; 101°) mo 73° (68°; 100°) (p=0,357),
3HaunMoe yBennueHme YTBK c -10° (-18°; -5°) mo -5
(-15,0°; -2,2°) (p = 0,027). Uct. LAY He uMmen 3Ha-
YMMBIX pas3janmumii u coctaBuia 122,5° (120°; 125°) mo
u 125° (120°; 125°) moce nevenus (p = 0,317). ITpu
MEXIPYIIIOBOM aHa/iu3e AAHHBIX C aHaJOTUMUYHBIMU
roKa3aTessiMu OeTeli KOHTPOJbHON IpymIibl, rae AU
cocraBui 37° (36°; 40°), VIIK cocraBui 75° (64,5°;
76,0°), YTBK -9° (-10°; 0°), mucr. LIAY125° (125,0°;
127,5°), KaK 10, Tak ¥ MOCJIe JJIeYeHNsT 3HAUMMbIX pa3-
JIM4YMi TIosryueHo He 6pu10 (p>0,05).

Cornacao MPOTBC nocne OBB y peteli mepBoit
MOArpyMITbl Xopolee cocTosiuue ThC 0TMeYeHO TOIbKO
B 1 aryuae (17%), yooBIeTBOPUTEIBHOE — B 3 HaOIIO-
meHusx (50%) 1 HeymoBJIETBOPUTENIbHOE — B 2 CJTyYa-
X (33%). BHyTpUTPYIIIIOBOM M MEKIPYIIIIOBO aHAIN3
C KOHTPOJIbHOJ IPYIIION ITIOKa3aa OTCYTCTBUE yIyydllle-
Hus o HIPOTBC nmocie OBB (p =0,792; p = 0,247).

V 60mbHBIX MepBoii moarpymisl mocie OBB, KOB,
I[IOC ormeyeHO 3HauMmoe ymeHblueHue AN c 38°
(35°; 45°) mo 10° (2°; 14°) (p = 0,012), yBennueHue
VTBK — ¢ 10° (-18°; -10°) mo 10° (6°; 20°) (p = 0,017),
ymenbinenne YIIK c¢ 79° (72°; 80°) mo 58° (54°; 62°)
(p = 0,011), uct. ILY He MMen 3HAUMMBIX Pa3INUNIA
u coctaBisr 125° (121°; 125°) mo nevenmst m 125°
(123°; 125°) — mmocte (p = 0,577). IIpu MEXTpyIIIIOBOM
aHa/iu3e MOMyYeHHbIX JAaHHBIX C aHAIOTMYHBIMM TO-
KasaTeJsIMU AeTeil KOHTPOIbHOV TPYIIIbI MTOTyYEeHbI
3HauMMble pasanuus mo AU, VIIK, YTBK (p<0,05).

ITociie OBB, KOB, I1OC y naiMeHTOB IePBOi1 IO -
rpyrmsl B 4 arydastx (50%) oTMeueHO XOpOIllee peHT-
retHoyiormueckoe coctosHue TBC, B 2 HaOMIOOEeHMSIX
(25%) ymosneTBopuTenbHOE U B 2 (25%) — HeyoOBJIeT-
BOPUTE/IbHOE. BHYTPUIPYIIIIOBOIT M MEXIPYIIIOBOM
aHaau3 ¢ KOHTponbHONM rpymnmnoi no MPOTBC moka-
3aJ1 yIyuyllleHMe peHTTreHonorndeckoro coctosiuus ThC
y OeTeli TepBOil MOATPYMIIbI ITOC/IE TPOBEAEHHOTO Jie-
yeHus (p =0,017; p = 0,003).

Puc. 2. Inarpamma pasmaxa 6ayoB o IIIODTEC

y MalMeHTOB MePBbIX MMOATPYIII MTOC/Ie XUPYPTUUECKOT0o
neuenus (p<0,05, U-kpurepuit MaHHa — YUTHM),

rge N — KolIn4ecTBO NMalYeHTOB, 1 — KOJIUYECTBO
Ta300eIpeHHbBIX CYCTABOB

Fig. 2. Distribution of the values according to the hip
functional scale in subgroup 1 after surgical treatment
(p<0.05, Mann-Whitney U-test);

N — number of patients; n — number of hips
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VY maimeHTOB U3 IepPBbIX IMOATPYIIIT PEHTreHOJIO-
ruueckoe coctosiuue TBC 1o [IIPOTBC 6b110 3HAYMMO
syuiie rmocie OBB, KOB, ITOC (10 (7,5; 11) 6aiioB), uem
rocsie OBB (8 (6; 8) 6amtoB) (p = 0,043) (puc. 3).

ITocne BeinonHeHus 6 onepaunii OBb 4 nanmeHTam
MepBOI MOATPYIIIIbI OTMEYEHO M0 2 ciayvas (1o 33%)
peokcaluy U TOABbIBMXA Oedpa, MOTpeGoBaBIIMX
BBINTOJIHEHMST TOBTOpHOTO OBB B couetanun ¢ KOB,
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Puc. 3. Inarpamma pasmaxa 6aioB o [IIPOTBC
Y MaIMeHTOB MEePBBIX MMOATPYIIIT ITOC/IE XUPYPTUUECKOTO

nevenus (p<0,05;U-kputepuit MaHHa - YUTHI)

Fig. 3. Distribution of the values according to the hip X-ray
assessment scale in subgroup 1 after surgical treatment
(p<0.05, Mann-Whitney U-test)

I[IOC B mpenmomKoAbHOM BoO3pacTe, M oguH (17%)
cryyait AHITBK III rpymmer mo Kalamchi-MacEwen,
npuBenMii K GopMuUpoBaHMIo Aedopmanyy MpoK-
CMMAJIBHOTO OTHena GegpeHHOol KOCTY IO TUITY COXd
vara trochanterica. Takum o06pasoM, OCIOXKHEHMUS
II1 kiracca 6bUIM OTMEUEHBI B 66% CTyyaeB, OCIOKHE-
Hus [V kmacca — B 17%.

ITocne BeimonHeHus: 8 onepauuit OBB, KOB, T10C
6 netsm nepsovi moarpynel AHI'BK pa3susics B 3 aiy-
yasx (38%), u3 Hux K III rpyrime 6bu1 oTHeCeH 1 cycTraB
(12%), x IV rpyrme — 2 cycraBa (26%), 1 B 1 Habmome-
HuM (12%) pasBWICS JIOKHBIN CyCTaB IOAB3OOIIHON
koctu. Ocnoxknenus III kimacca ormeueHsl B 12% ciy-
yaes, a IV kimacca — B 38%.

OcnoskHeHMsI TOCAe XUPYPrU4eckoro JedyeHust
y [leTeil MmepBbIX MOATPYIII Yalle HabIraaamuch Iocie
OBB, uem nociie OBB, KOB, TTOC (p = 0,041).

Y nauyeHTOB nepBoi noarpymiibl nocie OBB, KOB,
IMOC xopoiye pesyabTaThl JIEUEHUSI ObLIM IIOIyde-
HbI B 4 (50%) cinyyasix, a Takke 1o 2 (1o 25%) ciydast
YIOBJIETBOPUTENbHBIX UM HEYINOBIETBOPUTENbHBIX pe-
3ynbratoB. ITocie onepaiuy OBB y 60/bHBIX HEPBOI
TIOATPYIIIBI TOJBKO B 1 (17%) HabGMIOOmeHMM OTMEYEeH
XOPpOIINi pe3ynbrart, B 3 (50%) crydasx — yIoBIeTBO-
puTenbHbI U B 2 (33%) HaAOMIOOEHUSIX— HEYIOBJIET-
BOPUTENbHBIN. TakMM 06pa3oM, y MayeHTOB MePBbIX
noarpymni onepauys OBB, KOB, ITOC mo3Bonmiia nomy-
YUTb 3HAUMMO JIyUllliie pe3yIbTaThl IeUeHNs], YeM orle-
parust OBB, uTo 06yC/IOB/IEHO JIyumMM Kak (QyHKITU-
OHaJIbHBIM, TaK ¥ PEHTTE€HOJIOTMUECKUM COCTOSTHUEM
TBC (p = 0,043) (puc. 4).

Puc. 4. PeHTreHorpaMMblI Ta3a B MPSIMOJ MPOEKLUM MALMEHTKU 2 JIeT
U3 TIepPBO¥ MOATPYTIIIbI:

a — 1o orepanuu;

b — unTpaonepammonHas pearrenorpamma mocie OBB, KOB, ITOC;

¢ — yepe3 2 rofa 1mocjie onepauun

Fig. 4. X-ray of the hip joints in the A-P view in a 2-year-old patient
from subgroup 1:

a — before surgery;

b — intraoperative X-ray after hip open reduction, femoral osteotomy,
and Salter innominate osteotomy;

¢ — 2 years after surgery
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Y nmereii BTOpbIX nogrpyni nocie OBB B 1 coyuae
(5%) ormeueHa YHOBIETBOPUTENbHAS (PYHKIUS TIO
IIIODTBC, B ocTaynbHbIX 18 HabmOmeHMSIX (95%) — XO-
poiias, a nocie onepanuu OBB, KOB, I[1OC B 1 cnyuae
(6%) oTMeueHa yOOBAeTBOPUTEIbHAS GYHKIMS U B 15
HabmomeHusx (94%) — xoporiasi.

[To HIOD®TBEC y pmeTreit BTOPBIX IMOATPYMI IOCIE
OBB (17 (14; 17) 6amnoB) u mociae OBB B coueTaHun
¢ KOB u ITOC (16 (15; 16) 6a/I0B) 3HAUMMBIX pas-
JIMYMNIi BBISIBJIEHO He 6buI0 (p = 0,423). OTMeUeHO
ngyuiee GyHKIMOHANbHOe cocTosiHMe TBC y 60ib-
HBIX BTOPBIX ITOATPYIII [TOCIe XUPYPTUIECKOTO jeye-
HMS, UYEM Y IeTei BTOPOI MOATPYIIIbl KOHTPOJbHOM
rpymisl (14 (13; 14) 6amnos) (p = 0,000). VayuieHue
dyukuyuy TBC cBsSI3aHO CO 3HAUMMBIM YBeIMUEHUEM
aAMIUTUTY], TACCMBHOTO CTMOAHMUS M OTBEIEeHUS I10-
ate onepaiuy OBB, a Takke ¢ yBennueHnuem obbemMa
MacCMBHOTO oTBefeHus mocie onepauuu OBB, KOB,
ITOC (puc. 5).

[lo maHHBIM pEHTreHOMEeTPUM, Y OGONbHBIX BTO-
poit moarpymmnbl nocwie OBB oTMeueHO 3HauMmoe
yMmeHnbIeHne AU ¢ 44° (39,7°; 45,0°) mo 26° (24°; 31°)
(p = 0,001), 3Haunmoe ymenbiienue YIIK ¢ 70° (70°;
73°) mo 64° (61°;67°) (p=0,001), 3HaUMMO HE U3MEHW-
yuch uct. HIJTY, koTopslit coctaBui 130° (125°; 130°)
o yseueHus u 125° (120°; 135°) moce (p = 0,317), a
takke YTBK — 12° (10°; 33°) mo neuenus u 15° (12°;
25°) nmocne neuenus (p = 0,304). IIpu cpaBHeHUMU
OTMeueHa 3Hauumasi AuHaMmuka ymeHbiieHus YIIK
y AeTeil BTOPOM MOATPYIIIbl OCHOBHOM TPYIIBI I10-
cJie jleueHusl TI0 CPaBHEHMIO C aHAJIOTMYHBIM 1OKa3a-
TejieM y MalMeHTOB KOHTPOJbHOV I'PYMIIbl, KOTOPBIN
cocraBui 68° (59°; 80°) (p = 0,046). OTMeUYeHO YMEHb-
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Puc. 5. [Inarpamma pasmaxa 6ayoB 1o IIIODTEC
Y MaIMeHTOB BTOPBIX MOATPYIII ITOC/Ie XUPYPIUIECKOTO
nevyenus (p<0,05; U-kpurtepunit ManHa - YuTHM)

Fig. 5. Distribution of the values according to the hip
functional scale in subgroup 2 after surgical treatment
(p<0.05, Mann-Whitney U-test)

meHnue AW y mereit BTOpPOI IMOATPYIIIBI OCHOBHOM
TPYMIIBI 110 CPAaBHEHMIO C KOHTPOJIbHO TPYIINON, TOe
ero 3HaueHue cocraBuio 45° (38,5°; 47,0°) (p = 0,000).
Y nereli KOHTpoabHOI rpynmbl YTBK cocrasun 17°
(13,5°; 24,0°), uct. IIOY125° (125°; 130°), mpu cpas-
HEHUM C aHAJOTMYHBIMM YIJIaMU OCHOBHOV TPYIIIIbI
Kak [0, TaK U TOc/Ie JieueHUs 3HAYMMBbIX pasauumit
BBISIBJIEHO He 65110 (p>0,05).

B pesynpraTe anHanmuza mo [POTBC y gereii
BTOpOJ moarpyrmibl nociae OBB B 2 ciyvdasx (10%)
OTMEYEHO VYIOBJETBOPUTEIbHOE PEHTTEHOJIOTU-
yeckoe coctossaue TBC u B 17 HabnwomeHusx (90%) —
xopoiee. [lociie TpoBefeHHOIO eueHUsI COIacHO
MIPOTBC oTmMeueHO 3HAUMMO JIyulllee PEeHTreHOJ0-
ruueckoe coctosiHue TBC, uem mo Hero (p = 0,000).

Y meteii BTopoii noarpyrisl rociae OBB, KOB, IT0OC
OTMEUeHO 3HauMmMoe ymeHbieHne AU ¢ 42,5° (33,2°;
51,5°) mo 15,5° (10,5°; 20,5°), YTBK c 17° (7,5°; 30,0°)
mo 10° (10°; 15°) (p = 0,013), VIIK c 79° (67,5°; 83,0°)
mo 61° (57,2°; 62,7°) (p = 0,000), muct. LIY 3HAUM-
MO He M3MeHmIcs U cocraBwi 127,5° (120°; 130°) mo
nmeuenust u 125° (125°; 130°) mocte (p = 0,564). Ilpu
cpaBHuTenbHOM aHamm3e AU, VIIK, YTBK wmexmy
MalyeHTaMy KOHTPOJbHOM M OCHOBHOW TPYIII ITO-
CJie JledeHUsl BBISIBIEHO MX 3HAuUMMOE yMeHblleHue
(p<0,05), a TakKe OTCYTCTBME 3HAUYMMOI AMHAMMIKI
ucrt. IIAY (p = 0,377).

ITocie onepaunm OBB, KOB, ITIOC, BbINOMIHEHHO
MalyeHTaM BTOPOI MOATpymIibl, B 1 wiyyae (6%) oOT-
MeueHO HeyIOBIeTBOPUTENbHOE PEHTTeHOIOTMYeCcKoe
cocrosguue no IMPOTBC, B 3 HabmomeHusx (19%) —
YOOBJIETBOPUTEIbHOE, B OCTAJbHBIX 12 CiIydasx
(75%) — xopormiee. Takum 06pa3soM, PEHTTEHOJIOTHU-
yeckoe coctosinue ThC mociie medeHus CTaao Jaydiie,
yeM 10 Hero (p = 0,000).

PesynbraTel o6cnenoBanus no IIPOTBC y 60mb-
HBIX BTOPBIX MOATPYIMI, KOTOPBIM XMUPYypruuyeckoe
JieueHMe ObIIO BBINOJIHEHO B 06bemMe OBB (10 (10;
11) 6amnoB) u B couetanuu ¢ KOb u ITIOC (11 (10;
11) 6annoB), sHaUuMMO He oTinyanuch (p = 0,880),
HO ObLIM JIyYIlle, YeM Y JeTeil KOHTPOIbHOI IPYITIIbI
(p = 0,000) (puc. 6).

IMocne BeimonHenust 19 omnepauuit OBB 17 605b-
HBIM BTOPOJI roArpynisl B 1 (5%) HabmomeHny pas-
BWICS TIOABBIBMX Oempa, IMOTpeGOBaBIIMIA BBIIIOJ-
HEeHMs TIOBTOPHOI'O BMellaTeslbcTBa B 00beme KOB,
IT10C B mpengomkoibHOM Bo3pacTte. AHI'BK pa3Buics
B 4 aryvasix (21%), “3 HuUX B 3 HaAOGMIOIEHUSX
(16%) ormeuena I rpymma mo Kalamchi-MacEwen
C TIOJTHBIM BOCCTaHOBJIEHMEM CHEPUUYHOCTY TONOBKU
6enpeHHOI KocTy uepes 1,5 roga u B 1 cryuae (5%) —
II1 rpyrma ¢ popmMupoBaHueM coxa vara trochanterica.
Takum o6pasom, ocnoskHeHus 111 u IV kiraccoB pa3Bu-
JIUChb B PAaBHOM KOJIMYECTBe — IO 5% ciryyaes, a oc-
noxkHenus 11 kimacca Habmomanuch B 16%, KOTOpbIe He
TIOBJIMSIIV HA OTHa/IeHHbIe Pe3y/IbTaThl JT€UeHUS.
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Puc. 6. [Inarpamma pasmaxa 6aioB 1o IIIPOTEC
Y MaIMeHTOB BTOPDIX MOJATPYTIII TIOC/IEe XUPYPrUIecKoro
nevyenus (p<0,05; U-kpurtepuit ManHa — YuTHm)

Fig. 6. Distribution of the values according to the hip X-ray
assessment scale in subgroup 2 after surgical treatment
(p<0.05, Mann-Whitney U-test)

ITocne BeinmonHeHus 16 onepaunii OBB, KOB, IIOC
13 manyeHTaM BTOPOJ HOATPYIINBI peToKkcays 6em-
pa oTmeueHa B 1 HabGmogeHnu (6%), B OCTaJIbHBIX 4
orydasix (25%) passuicst AHTBK, 3 uux k III rpyn-
e 1o Kalamchi—MacEwen ObIIM OTHECEHBI 3 CcycTa-
Ba (19%), a x I rpynmne — 1 cycraB (6%). Ocio)XKHEHNS

II kiTacca HaGMIOOAINCh B 6% CIy4aeB M He TOBIUSIIN
Ha OTHa/IeHHbIe pe3ynbTaThl JeueHus, II1 u IV kimaccel
OCJIOKHEHMI OTMeUeHbI B 4 HAOMIOOEeHUSX B BULIE pe-
miokcayy u AHIBK III rpymisl, uTo coctaBuio 25%,
KOTOpbIe TTOTPe6OBaM MOBTOPHOTO XUPYPTUUECKOTO
JedueHus uiau npusenu K gedopmanyu TBC, yxyamms
ero (pyHKIuIo.

TakuM 06pa3oM, y AeTeil BTOPBIX MOATPYIIN IO-
CJleorepalyiOHHbIe OCJTOKHEHUST IO MomuMduImMpo-
BaHHOI Knaccudukanumu Clavien-—Dindo-Sink III u
IV knaccoB Habmoganuch B 25% ciryuae rocie OBB,
KOB, IIOC u Ttonbko B 10% mocne onepauyu OBB
(p = 0,05).

Y nmetelt BTOpbIX moArpynim Imocie omnepauuy OBB
XOpollve pe3yinbTaTbl OTMeueHbl B 17 aryvasix (90%),
VIOB/IETBOPUTENIbHBIE — B 2 Habmomenusx (10%), a
nocie OBB, KOB, I1OC xopoiine pe3ynbraTbl OTMeYe-
HbI B 12 HabmopeHusx (75%), yIOBIETBOPUTETbHBIE —
B 3 cryvuasx (19%), B 1 HabmomeHun (6%) IOTyueH He-
YO,0BJIETBOPUTENbHBIN pe3yibTaT (PUC. 7).

Ha ocHoBaHMM TpOBEIEHHOT0 CPaBHUTEIBLHOTO
a”Hanmm3a 3((EeKTMBHOCTY OIEePaTUBHOIO JIEUEHMUS
IeTeii 10 3 jieT ¢ BBIBMXOM Oeapa Ipu aMMUOIUIa3uu
MpeIJIOKEeH aJIfOPUTM BbIOOpa criocoba Xupyprude-
CKOro JieueHus. IlepBoouepegHbIM 3TArioM BbIOOpa
SIBJISIETCSI TIpaBMJIbHAS MMOCTaHOBKA AMAarHosa, yTou-
HeHMe BapuaHTa KoHTpakrypbl TBC. Cienmyroimmum
9TAllOM HeOoOXOOVMMO BBINOJHUTL PEHTreHOorpaduio
B npsamoit nmpoekiuuu u MCKT TBC ¢ 3aXxBaTOM MbI-

subgroup 2:

Puc. 7. PeHTreHOrpamMmbl Ta3a B IPSIMOI ITPOEKLMM Al ieHTA
7 Mecs1eB U3 BTOPOI MOATPYIINbI:

a — JI0 ornepauumu;

b — uHTpaonepaloHHasl peHTreHorpaMmma mnocie OBB;

¢ —uepes 3,5 roga nmocie OBB

Fig. 7. X-ray of the hip joints in the A-P view, in a 7-month-old patient

a — before surgery;
b — intraoperative X-ray after hip open reduction;
¢ — 3.5 years after surgery
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IIeJIKOB GepeHHOM KOCTY [IJIs OIIpefiesIeHNsT peHTre-
HOAQHATOMMWYECKUX OCOOEHHOCTEe, XapaKTePHBIX IJIsT
MalMEeHTOB C COIMYTCTBYIOIIMMM OTBOASAIIMMMU WU
MIPUBOIAIIMMYU KOHTPAKTYpPaMu, KOTOpble HeOOX0mu-
MO YYUTBIBATh B XO[€ MpeJoIepalMOHHOTO IJIaHUPO-
BaHMS. [JaHHBIV aJITOPUTM ITO3BOJUT C BBICOKOI CTe-
MEeHbI0 BEPOSITHOCTU pa3fenuTh MaleHTOB Ha [Be
I'PYIIIIBL, TpeOyIoNe nudGepeHIIMPOBAaHHOrO ITOAX0-
Jla K Ie4eHN10, Jaxke ecIu OHU yKe eTo TMOTyUMIU UK
HaXOMSTCS Ha 3Tare JedeHus 10 MOBOLY KOHTPAKTYyP
KOJIEHHBIX CYCTaBOB U/Mju JedopMaluii ctor. Takum
00pa3oMm, JeTSIM C OTBOASIIMMU KOHTpakTypamu ThBC

IO TIOJNyTOpa JIET CJIeNYyeT MPOBOAUTDH JIeUEeHME CO-
MyTCTBYIOIINMX KOHTPAKTYp U AedopmMaluii CycTaBoB
HVDKHMX KOHEYHOCTEH M TOJbKO ITOTOM BBIIIOTHSTD
BMmeiaTtenbcTBa Ha TBC B o6beme OBB, KOB, ITOC
no 3 ner. ITauyeHTH C MPUBOOSIIMMU KOHTPAKTY-
pamMu Iocjie POKAEHMST TODKHBI ITOJIyYaTh JeYeHue,
HalpaBJIeHHOE Ha KOPPEKIMIO COMYTCTBYIOMIMX KOH-
TPakTyp U gedopmMaiuii CyCTaBOB HISKHUX KOHEUHOC-
Teit, a ¢ 5 Mec. 1o 1 roga MM HE0OXOIVMO BBITIOJIHUTD
OBB. B ciryuae 6osee mo3gHero oopalieHust 3a omMo-
b0 BeinoaHeHue OBB, KOB, ITOC mo 3 jieT Takke 0-
IyCcTUMO (puc. 8).

(ﬂ,em rPYAHOrO M NpeanoLLKONbHOrO Bo3pacTa ¢ BbiBuxoM 6eapa (l11, IV knacc no IHDI) npu aMMOHna3MM)

( KnuHuueckoe uccnefoBaHue (AMarHocTMka BapuaHta KOHTpakTypbl ThC) )

JlyyeBoe uccnenosaHue (peHTtreHorpadums ThC B npsamoit npoekumun, MCKT TBC
C Mbllwenkamm 6egpeHHon KOCTH)

Y

MaumeHT rpyaHoro Bo3pacta c BbIBUXOM Beapa M NpuBoAsLLEN
KOHTpakTypoi TbC

MaumeHT NpeaaoLIKONbHOMO BO3pacTa C BbIBUXOM beapa
1 oTBOAALLE KOHTpakTypoi TBC

!

( Onepauus OBb )

( Onepauusa OBB + [MOC + KOb

Puc. 8. AITOpUTM palMOHATILHOTO BhIOOPA CII0C06a XUPYPTUUECKOTO JIeUeHus faeTeit 1o 3 et

C BBIBUXOM 6e,upa IIpU aMUOIlJIa3umn

Fig. 8. Algorithm of the rational selection of the surgical approach in children aged <3 years

with hip dislocation in amyoplasia

Oo6cyRIeHue

Omnepanus OBB sdgdekTuBHa TONBKO Y JeTeil o
1 roma ¢ OpMBOOAIIMMM KOHTpakTypamu. [laHHOe
BMemIaTeNbCcTBO yinyumaeT dynkiuio TBC cormacHo
HIODTHC 3a cyeT yBenmuvyeHMS aMIUIMTYAbI [TAaCCUBHO-
ro crubauus u orBemeHus (p<0,05). OTmeuaetcs BoC-
cTaHoBJIeHMe CHEepUYHOCTY BEPTAYKHON BIALVHbI
3a CUeT JOopa3BUTHUS ee BEPXHETO U NepelHero Kpaes.
IaHHOe cocTosiHMe 06YC/IOBIEHO B3aMMHBIM CTUMY-
JUPYIOMIUM BJIMSIHMEM TOJIOBKY OeJpeHHOI KOCTU U
BEPTIYKHOI BIIAAMHBI, YTO IPOAEMOHCTPUPOBAIN
3HauuMad auHaMuka ymeHnblneHus AU, VIIK, a Takke
yAydllleHMe peHTreHoorn4yeckoro coctossuus ThC 1o
IIMPOTBC (p<0,05). OBB compoBOXIaeTCsI MEeHbIIe
YaCTOTOM OCJIOKHEHMI ¥ OONBIIUM KOTUYECTBOM XO-
pOIINX pPe3yJIbTaTOB JIeueHus], YeM COUeTaHye JaHHO
omnepaiuy ¢ KOB u ITOC (p = 0,05).

Omnpenenena s¢derTuBHOCTh ornepauyuu OBB,
KOB, IIOC y 6GONbHBIX C OTBOOSMIMMM KOHTPAKTY-
pamu TBC u3-3a 3HAUMMOro yay4iieHUs QYHKINN
mo IIOPTBC, o6ywIOBIEHHOI YBEJIMYEHMEM aM-
IUIMTYAbl MTAaCCUBHOM BHYTpeHHel porauunu B ThC
(p<0,05). lanHOe BMeNIaTeIbCTBO YCTPaHSIET Hemo-

CTaTOYHOCTb IlepelHero ¥ BepXHeTro KpaeB BepTIyXK-
HOJM BHAgMHBI, & TAKKe PETPOTOpCUIO OenpeHHO
KOCTM, O YeM CBUJIETe/lbCTBYeT yMeHblleHue AU,
VIIK, yBennuenue YTBK, a Takke yiaydllleHue peHT-
reHojorndeckoro cocrosiuus mo IIMPOTBEC (p<0,05).
HesddexktuBHocte OBB y gmeTeit ¢ OTBOASIIMMU
KOHTpaKTypaMu CBsI3aHa, 110 HallleMy MHEHMUIO, C BbI-
pakeHHOJ HapyXHOPOTALMOHHOM KOHTPaKTYpOIii,
HU3KMM TIOTEHUMAAOM [JOpa3BUTUSI BEPTIY>KHOM
BIIAJIMHbI, KOTOpPbIe B COBOKYITHOCTY BJIMSIIOT Ha CTa-
OMJIBHOCTD CYCTaBa U SIBJISIIOTCSI TPUYMHAMM PeJTIOK-
cauyu u GopmMupoBaHUS MOABBIBUXA Oenpa, Ipen-
MYIIECTBEHHO TepegHero. PeTporopcust 6empeHHOl
KOCTU Y MALEHTOB C OTBOZSIEN KOHTPAKTYPOIi, [0
HalleMy MHEHMUIO, SIBJISIETCS] TTOC/IEACTBMEM MblllIey-
HOTO AucOanmaHca Hapy>KHbIX M BHYTPEHHUX POTATO-
poB Gepnpa. [lonyyeHHbIe JaHHbIE, YKa3bIBaIOIIMe Ha
ymeHbiieHue YTBK mnocine OBB, cBsizaHbl, O BCel
BUAMMOCTM, CO CKpyuMBaHueM Oefpa KHYTPU BO
Bpems runcoanus u JIOK, yTo He NpoOTUBOpEeUnT
JAHHBIM JIUTEPATYPHI [8].

Xopollne MUCXOAbl JeYeHMs MalyeHTOB IepBOii
noarpynmnbl mowte OBB, KOB, ITIOC (50%), a Takke
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meteli BTopbIx noarpymmn nocie OBB (90%) u ee co-
yetauus ¢ KOB, IIOC (75%), moyueHHbIe B XOJIE UC-
cleJ0BaHMsI, COMOCTAaBMMbI C JAHHBIMU JIMTEPATYPbI
(54-90%) [11, 12, 13,20]. OgHako, Kak JIeMOHCTpPU-
pyeT DaHHOe MCCIedoBaHMe, Y OeTeil MmepBOil IOA-
rpynnsl nowie OBB xopomine pes3yibTaThbl JeUeHUS
COCTaBUAM Jiniib 17%, 4TO 3HAUUTENIBLHO XYXKe, 4eM
B IIPOaHAJIM3MPOBAHHBIX MCTOYHMKAX, a TaKKe ueM
y TaIMEeHTOB BTOPOiI TMOATPYIIIbI, Yero paHee He
ObBUIO OIMMCAHO B MYONMKALMSIX, PACCMATPUBAIOIIVX
KOTOPTHI TAIEHTOB C aMMOILIJIa3yueil U pa3IndHbIMU
(opmamyt BpOsKIeHHOTO MHOKECTBEHHOTO apTPOTrpu-
1103a B COBOKYITHOCTH.

OcnoxHenue B Buge AHI'BK mociie BoimosHeHUS
onepauuii OBb y geTeii mepBoit 1 BTOPOI NOATPYII
Hab/1I01a/10Ch € YacTOTOM 17% 1 21% COOTBETCTBEH-
HO, YTO COIIOCTaBMMO C JIMTEPATYPHBIMU TaHHBIMU
(5-63%) [11, 12, 13, 20]. ITocsie coueTaHust omnepa-
nuu OBB ¢ KOBb u ITOC yactoTa uiieMuuyecKux Ha-
pylLIeHui y geTei mepBoil U BTOPOI MOATPYMIT OT-
MeueHa B 37% u 25% ciaydaeB, 4YTO MeHbIIe, YeM
B mybnmkyemMbIx paborax (41-70%) [6, 7, 14, 21].
[To HamemMy MHEHMUIO, 9TO CBSI3aHO, B TOM UuCJIe,
C OTKasOM OT T'UIIEPKOPPEKINM aleTabyJsIpHOTO
(parmeHTa, TaK KakK OpU HU3BEIEHUU BEPTIYKHOI
BITAIMHbI YBEJMUMBAETCSI PACCTOSIHME MEXKIY TOYU-
KaMM Havaja ¥ IpUKpeIieHMS ITOAMYHbBIX MBIIIIIL U
HAPYKHBIX POTATOPOB Geaipa, YTO IMPUBOIUT K KOM-
IMpeccuy CyCTaBa, a TakKKe K M30BITOYHON HapykK-
HOJ porauuu 6empa ¢ MpeanoCblIKAMU K IepegHeit
HEeCTaOUIbHOCTH.

JononmauTenbHas uHopmanys

3asenenHslii 6K1a0 asmMopos

Bce aBTOpBI chenasy 5KBMBAJIEHTHBIN BK/afd B ITOArO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI Mpowin U omo6pwin GUHATBHYIO BEPCUIO
PYKOIMCK CTaTh!. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThI paboThl, YTOOBI 0OECIEUNTH Hale-
Kalee pacCMOTPEHME U PellleHN e BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEKHOCTbIO JII06071
YyacTu paboThl.

Hcmounuk  ¢punaHcupoeaHusi.  ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBMM BHelIHero ¢hMHAaHCUPOBAHMS NIPU NPOBeJe-
HUM UCCIIeSOBAHUS.

Konaukm unmepecos. ABTOPBI IEKIAPUPYIOT OTCYT-
CTBUE SIBHBIX ¥ TOTEHIMATbHBIX KOHMIMKTOB MHTEPECOB,
CBSI3aHHBIX C MyGIMKaIMeli HACTOSIIe CTaTh.

dmuueckana 3sxkcnepmusa. VicciemoBaHue omoOpe-
HO JIOK&JIbHBIM 3TudeckuM komuterom HMUIL ITO um.
I'U. Typuepa, npotokon N2 20-3 ot 20.11.2020 r.

Hngopmupoeannoe coznacue. 3aKOHHbIE TTPEICTaBUTE-
JIM TIALMEHTOB Jay MMCbMEHHOe J06POBOIbHOE COIacue
Ha yJyacTue B VMCCAeOOBAHMM M IYOIMKALMIO KIMHUYIECKUX
HaOJTIOIEeHIA.

OczpaHuuerus uccnedo8amus

IIpy MHTEpIpeTalyuyu pPe3ylIbTaTOB UCCIEAOBAHUS
HEO06XOIMMO YUUTHIBATH, UTO OHO MMEET PSIZI, OTPaHM-
yeHuit. Pabora mocssieHa oneHke 3(pbeKTMBHOCTU
IIBYX CIIOCOGOB XMPYPrUMUECKOTO JIeUeHUs, MpuMe-
HEHHBIX Y AeTeil ¢ JOCTaTOYHO peAKON MaToJIoTUE.
CnencTBueM 3TOTO SBJSIETCSI He6osbllas BbIOOpPKA
MAalMEHTOB U PasHUIA MO0 KOJIMYECTBEHHOMY COCTa-
BY B ITOATPYIINAx. B MccieqoBaHuy cenaHa MmomnbITKa
OLIEHUTH (YHKIIMOHA/IbHbIE U PEHTIEHOJIOTUYECKIUE
pe3y/IbTaThl JIEUEHUS MTOC/IEe BBITIOTHEHUST OIepaIn
OBb u ee couetanus ¢ KOB, ITOC geTsM ¢ BBIBUXOM
6empa ¥ pasnUMUYHBIMU BapuaHTaMu KOHTpakTyp TBC
MpY aMUOIIa3uiu. ABTODBI OTHAIOT ceGe OTYeT, UTO
HaO/II0[IeHEe 33 MPOOIEPMPOBAHHBIMY MAllMEHTAMU
M0 MPUMMEHEHHBIM METOAMKAaM B YKa3aHHbIE CPOKU
HEe MOXET pacCMaTPUBAThCS KaK MOTHOLIEHHOE A0Ka-
3aTeNnbCTBO UX 3P derTuBHOCTM. Heobxomumo masb-
Helillee HabmofeHne /ST OLIeHKM (PYHKIIMM, a TAKKe
dbopMupoBaHus Ta306eAPEeHHOTO CyCTaBa rocie mpo-
BeJIEHHOTO XMUPYPrUUeCKOro JeUeHus.

3ak/ouyeHne

IOuddepeHIIMPOBAaHHbBIN MOIXOM, JIEKALIUIA B OC-
HOBe pa3paboTaHHOIO aJropuTMa BbIOOpa criocoba
XUPYPrUUeCKOro JieueHus geTel A0 3 JeT ¢ BBIBUXOM
6enpa IIpy aMUOIUIA3UM ITO3BOJIUT ITOBBICUTD 3 dek-
TUBHOCTb IIPMMEHSIEMbBIX BMeEIATeIbCTB, 8 €ro BHe-
IpeHye B KIMHNYECKYIO TPAKTUKY OYyIeT Crioco6CTBO-
BaTh YIYUIIEHUIO MCXOOB JIEUeHNUS.
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BnugaHue kepamMmnuyeckoro Matepuana Ha OCHOBE LIMPKOHATA
NAHTaHA Ha AMHaMUKY reMaToJIorMYeckux nokasareneil U MapKkepos
peMoAeNMpoBaHMA KOCTHOM TKaHU: IKCNEepUMEHTaNbHOE UCC/Ief0BaHue

W.II. Aarponosa 2, E.A. Bonokutuna !, M.IO. Youauesa !, b.I'. FOmkos 13,
H.B. TromeniieBa 3, C.M. Kyternos'

I ®@Ir'BOY BO «Ypanwvckuii 20cy0apcmeeHHsili MeduyuHckuti ynusepcumem» Murn3dpasa Poccuu,
2. Examepun6ype, Poccus

2@I'BYH «MHcmumym 8blcOKOmeMnepamypHoli snekmpoxumuu» Ypansckozo omadeneHus PAH,
2. Ekamepun6ypez, Poccus

3 @I'BYH «MHCmumym umMMyHoJI02uU U ¢usuonozuu» Ypansckozo omdenexus PAH, 2. EkamepuH6ype, Poccus

AxmyansHocms. Kepamuyeckye MaTepuasibl Ha OCHOBE OKCH[a LIMPKOHMS aKTUBHO UCIIO/Ib3YIOTCSI B MeAMLIVIHE, ONHAKO
IMOCTOSIHHO BeOYTCS MCCIeOdOBaHMs, HAallpaBJIEHHbI€ Ha Y/IYyUIlIeHMe UX MeXaHUYeCKUX XapaKTePUCTUK U 6I/IOI/IHTeI‘pa—
uuu. MisydeHue maTepuaaoB Ha OCHOBe LMpkoHaTa jiaHTaHa (IIJI) sBisieTcs OGHMUM U3 MEePCHeKTUBHBIX HallpaBJIeHUIA.
Ileny uccnedosanuss — VI3y4UTh BIMSIHME HOBOTO KEPAaMMUECKOTO MaTepyuana Ha OCHOBe IIMPKOHATA JaHTaHa Ha IMHA-
MMKY IreMaTOJIOTUYeCKUX rmoxKasaTeyeil u MapKepoB peMoae/IMpoBaHUs KOCTHOJ TKaHM Ipy MHTpaMeay/uUIIpHOM OCTeO-
cuHTe3e (MO) nepenoma 6empa crepskaem u3 1IJI B skcriepuMeHTe. Mamepuan u memoost. VicTioyib30Baiv KepaMudeCKuii
matepnuan La, ,.Ca, . Zr,0,. DKCIIepMMEHT IPOBe/leH Ha MOPCKMX CBMHKAX, KOTOpbIe OblIM pasfeeHbl Ha 4 TPYIIIbI: OC-
HOBHas TpyIina — MOJe/IMpoBaHKe nepejaoma 6empeHHoit koctu, 1O nepenoma crepskaem u3 IIJI (n = 9); rpyrmma cpaBHe-
HMST — MOZeMpoBaHue nepenoma 6enpa, 0 nepenoma crepskHeM u3 B-tpukanbimiipocdara (TKD) (n =9); KOHTpoabHASI
rpynmna (K) — MopenupoBaHue rnepeaoma 6egpeHHO KOCTH 6e3 BBITIOTHEHMSI 0CTeOCHHTe3a (n = 9), HATUBHBIN KOHTPOIb
(HK). )XuBOTHBIE BBIBOOMJIMCH U3 dKcrepumeHTa o onepauyu (HK), uyepe3 4, 10 u 25 Hep. mowie onmepauuu (1Mo Tpu
SKUBOTHBIX Ha KAXKIYI0 BPEMEHHYI0 TOUKY). Ompenensiv reMaToJorMyeckme 1mokasaTeny, Mapkep ocTeope3opouum —
TapTpaT-pe3nucTeHTHYI0 Kucayio hocdarasy (TPKD), mapkep ocreoreHesa — ocreokanbiuH (OK). Pezyasmamast. Konnde-
CTBO 3PUTPOLIMTOB BO BCEX TPYIINAX ITPOONEPUPOBAHHBIX KMBOTHBIX Uepe3 4, 10 u 25 Hep. moc/ie XMPypruyeckoro BMe-
IaTeNbCTBA HEe MMEJIO CYIeCTBEeHHBIX OTIMuMii oT rpymnmbl HK. 3HaunTenbHO 60siee BBICOKMIT 10 CPAaBHEHUIO C APYTUMMU
TpyIIIaMM YPOBEHb JIEMKOI[MTOB OTMeUasics B KOHTPOIbHOI rpymie ciycTs 10 Hep. mocie onepaiuu (p = 0,044), uTo 00b-
SICHSIETCSI OTCYTCTBMEM CHHTE3a IepesioMa. YPOBEHb TPOMOOIIMTOB BO BCEX I'PYIIIAaX SKMBOTHBIX B TeUEHME CPOKa HAGIIO-
IeHus He uMeJl cyliecTBeHHbIX omnunii oT rpynisl HK. AktusHocTs TPK® B rpynnax IJI u TK® mena makcumaibHble
3HaueHus yepes 4 Heq., ypoBeHb OK mocturan makcumyma K 10-i1 Heq. rocie omepanyy 6e3 CyIeCTBEHHbIX pas3inumii
MeXIy IPYIIaMy JKMBOTHBIX ¢ BbIOMIHEHHBIM MO nepenoma crepxkasimu u3 LJI u TKO®. 3akarouenue. [Ipu onpepeneHnnn
IVHaMMUKM OCHOBHBIX FeMaTOJOTMYEeCKMX [I0Ka3aTeneil He BbISIBJIEHO OTPpUIlaTelbHOTO BansiHus LIJI Ha opraHu3M aKcie-
pPUMEHTAaTbHBIX JXMBOTHBIX, 06HAPYKEHO MOJIOKUTENbHOE BAUSHME JAHHOTO MaTepuaia Ha MPoLecC peMOoeTMPOBaHMS
KOCTHOV TKaHU. HOBbIN KepaMuueCckuii MmaTepmaa Ha OCHOBE LIMPKOHATA JIaHTaHa MPeLCTaBIIsIeTCS ePCIeKTUBHBIM AJIS
MCIIONMb30BaHMs B TPABMAaTOJIOTUM U OPTOIENUM, UTO MOXKET CIYXXUTb OCHOBaHMEM [JiI TIpOBefeHMsl JaJbHeNInxX JC-
cJieJOBaHUIA.

KroueBslie cioBa: rnepesyioMm, MHTpaMe,E[y.TIJIprHbIVI OCTE€OCHHTE3, KepaMMIIECKMVI oCTeo3aMeLaruuin maTtepual, pemoae-
JINpOBaHME KOCTU, reMaTOoJIOrMuYeCKMe IT10Ka3aTe/In.
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Effect of Lanthanum Zirconate Ceramic on the Dynamics
of Hematological Parameters and the Bone Remodeling Markers:
Experimental Study

Irina P. Antropova 2, Elena A. Volokitina!, Maria Yu. Udintseva!, Boris G. Yushkov '3,
Natalia V. Tyumentseva?®, Sergey M. Kutepov!

I Ural State Medical University, Ekaterinburg, Russia
2 Institute of High Temperature Electrochemistry, Ekaterinburg, Russia
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Background. Zirconium oxide is actively used in medicine; however, research is underway to improve mechanical
characteristics and biointegration. One of the promising areas is the study of materials based on lanthanum zirconate (LZ).
The study aimed to examine the effect of a new ceramic material based on LZ on the dynamics of hematological parameters
and markers of bone tissue remodeling after intramedullary osteosynthesis (I0) of a hip fracture with LZ rods. Material
and Methods. The ceramic material Lal.95Ca0.05Zr207 was used. The experiment was conducted in guinea pigs, which
were divided into four groups: main group, modeling of a hip fracture (I0 of the fracture with LZ rod, n = 9); comparison
group, modeling of a hip fracture (IO of a fracture with a rod from B-tricalcium phosphate [TCP]; n = 9); control (C) group,
modeling of a hip fracture without IO (n = 9); and native control (NC) group. Animals were withdrawn from the experiment
before surgery (NC) and at 4, 10, and 25 weeks after surgery (n = 3 for each time point). Hematological parameters, i.e.,
a tartrate-resistant acid phosphatase (TRAP) as an osteoresorption marker and osteocalcin (OC) as an osteogenesis marker,
were determined. Results. The red blood cell counts in all groups of the operated animals at 4, 10, and 25 weeks after surgery
were not significantly different from the NK group. A significantly higher level of leukocytes in comparison with other
groups was observed in the control group 10 weeks after surgery (p = 0.044), which was explained by the absence of fracture
synthesis. The platelet level in all groups of the operated animals during the study period was not significantly different
from the NK group. The TRAP activity in the LZ and TCP groups had maximum values after 4 weeks, and the OC level reached
the maximum by 10 weeks after the operation without significant differences between the LZ and TCP groups of animals.
Conclusion. The study of the main hematological parameters did not reveal a negative effect of LZ on the experimental
animals. A positive effect of this material on bone tissue remodeling was found. A new ceramic material based on LC appears
to be promising for use in traumatology and orthopedics.

Keywords: fracture, intramedullary osteosynthesis, ceramic bone graft, bone remodeling, hematological parameters.

BBenenune

KocTHas miacTMKa MCIONb3YeTCs IPU XUPYPIU-
YeCKOM JIeYeHUM IIepeiOMOB, MaplualbHbIX OCTEO-
XOHZPaNbHBIX JedeKkToB, NMpK AereHepaTMBHO-AMC-
TpoduUyeckux 3ab0/IeBaHMSIX KPYIHBIX CYCTaBOB U
OHKOIIATOJIOTUM KOCTHO-MBIIIEYHO! cucrembl [1].
B mnpakTtuMyeckoy meguiyHe IIMPOKOEe pacrpocTpa-
HeHMe MOoNyYM/IM Kepammuueckue ocreosaMelnarolye
Marepuassl, 61arogapsi UX Xopolleil 610COBMeCTH-
MOCTM ¥ ONTUMAJbHBIM (GU3UKO-XUMUUECKUM Xa-
pakTepuctukam |2, 3]. Bmecre ¢ TeM akKTMBHO IIPOBO-
JSTCS MCCIeN0BaHus, MOCBsIIeHHble MOAU(UKALUN
XMMUYECKOV CTPYKTYPbI TAKUX MaTepuajoB OJIs OIl-
TUMM3ALUY KauyecTB, HeOOXOOVIMBIX IJISI X MCIIONb-
30BaHMs B TPaBMaTOIOIMK U opromnenuu. JlokasaHo,
YTO BBeLeHMEe B COCTaB KepaMMKU LIVPKOHMSA Cylle-
CTBEHHO Y/IydlllaeT MeXaHU4eckue CBOJCTBA Mare-
puanos [4, 5]. Kpome Toro, npucyTcTBUe LMUPKOHUS
B KOMIIO3/TaX He OKa3bIBaeT LIUTOTOKCUUECKOIO BO3-
IeICTBUS Ha MPeoCcTeob1acTbl M yaydllaeT peakiyio

ocTeobyacToB in vitro [6, 7]. I3BeCTHO Takke, 4TO
pernko3eMesibHble 3JIEMEHTBbI, B YaCTHOCTM JIaHTaH,
OKa3bIBAIOT 3HAUUTE/IIbHOE BIMSHME Ha KOPPO3UOH-
HYIO0 CTOMKOCTb KOMIIO3UTOB [8]. DKCIIepUMEHTAIbHO
MOKAa3aHo, UTO XJIOPU[L JIAHTaHAa MHTUOUPYeT 06pa3o-
BaHMe OCTeOK/IaCTOB, QYHKIIMIO U SKCIIPECCHUI0 TeHOB,
crelMUUHBIX JIJIST OCTEOK/IACTOB, OCIA6JIIEeT OCTEO-
Jn3, BpI3BaHHbBINM yacTuamu Ti [9]. Hannune kanpuus
B KOMITO3UTHOM MaTepuaje U ero BbICBOOOXAEeHUe
U3 KepaMMUuyeCcKOro MMIUIAHTaTa MOXKeT OIoCpeno-
BaTb 3KCIIPECCUIO0 OCTEOTIOHTHHA, KOTOPbII He TOIbKO
CBSI3BIBAETCSI C IMIAPOKCUANIATUTOM KOCTM, YIaCTBYS
B ee GOpPMUPOBAHNUY, HO U MMeeT UHTerpPUH-CBS3bIBa-
IOIMI TOMEH U, CJIeJ0BATENbHO, MOXET CIIOCOOCTBO-
BaTh INpUKpeIieHMI0 M mponudepanmu KJIeTOK Ha
IIOBEPXHOCTU UMILIaHTaTa [10].

B 7nabopaTopuyu TBEPIOOKCUIIHBIX TOTUIMBHBIX
anemeHToB VIBTD VpO PAH 6bUT CMHTE3MPOBAH HO-
BbI/i KOMIIO3UTHBIM KepaMMYeCKUil maTrepuan, CO-
Jepaluii OKCUI, LMPKOHMS, KaJbLMil U JIaHTaH
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(La, ,.Ca, Zr,0,). Panee B Hammx paboTax 6bLIO 1MO-
Ka3aHo, UTO B 3KCIIEPMMEHTE IO MCIIO0Ib30BaHUIO
JIlaHHOTO MaTepuasna B KauecTBe MMIUIAHTaTa CUCTeMa
«LIMPKOHAT JJAHTAHA — KOCTb» TPV OMHOOCHOM CKaTUM
0 MMPOYHOCTY MPEBOCXOAUT HEMOBPEXKIEHHYIO KOCT-
HYKO TKaHb. Kpome Toro, aHanu3 Ca/P OTHOIIeHUs
Mokasaja, UYTo yke B paHHeM IMOocaeolnepalMoOHHOM
rnepuoe o6pasyomascs KoCTb MMeeT 60Jiee BBICOKME
MMPOYHOCTHbIE XapaKTEePUCTUKU B MEPUMMILUIAHTHOM
obmacTy, yeM HaTMBHAS KOCTH [5]. BMecTe ¢ TeM BaXKHO
IIOHMMAaTbh, OKa3bIBAET JIM HOBBIV KepaMUUECKMIT Ma-
Tepuaa Ha OCHOBe LiMpKoHaTa jJaHTaHa (LIJI) HeraTus-
HOe BO3[eliCTBMe Ha OpraHu3M, a Takke OINpenenuThb
IMHAMWUKY ¥ BBIPAKEHHOCTb ITPOIIECCOB Pe30poImmu

u ocTeoreHesa npu umrvianranmm La, ,Ca  Zr,0..
Ilenvio  uccnedosauss  OGBUIO  OIIpeIeieHKe
BIMSIHMSI  HOBOTO  KepaMMYeCKOro  Marepua-

Jla Ha OCHOBe MMPKOHATa JaHTaHA Ha AVMHAMUKY
OCHOBHBIX T€eMaTOJIOTMYECKUX ITOKa3aTeseil 1 BbIpa-
SKEHHOCTbMapKepOB PeMOJIeTMPOBAHMI KOCTHOM TKA-
HU TP MHTPaMeAy/IIPHOM OCTEOCUMHTE3€e IepeioMa
B 9KCIIEpUMEHTE.

MaTrepuan u MEeTOIbI
Mamepuan

Hupkonat nanrana (La, ,.Ca  7Zr,0,) cuHTE3UPO-
BaH LUTpaT-HUTPATHBIM MeTOomOM. LIMpKoHwMi1 coc-
tapasier 19,92%0,20 at1.%, nantan — 21,24+0,16 art.%,
kucmopon, —  58,54+0,33  atr.%, Kambuuit < —
0,30+0,03 aT.%. ITo ;aHHBIM PacTPOBOI 371E€KTPOHHOM
MMUKDPOCKOIIMM, MaTepuaa MMeeT 3aKpbIThIA TUIT IO-
pUcCTOCTM C 0OBEMHOI TO/Iei Imop He 6onee 15%, pas-
mep nop — 2-30 mkM. CTepskHM IJIs1 CMHTe3a Iiepe-
JloMa (MHTpaMeny/UISpHOM MMILIAHTALMM) IJIMHOMN
25 MM umenu KBagpatHoe (1,5x1,5 MM) ceueHue.
CTep>kKHM aHAJIOTMYHOT'O pa3Mepa ObLIU M3TOTOBIEHbI
u3 B-Tpukanbuuitdocdara.

UccrenoBanue BBINIONHEHO Ha 30 JIMHENHBIX
MOPCKUX CBMHKax (camku). JKMUBOTHbIe HaxXOOUIUCh
B MOEHTUYHBIX YCJIOBMSIX KOPMJIEHMSI U copepyKa-
Hus. Bce XMBOTHBIE MMeNM BeTEPUHAPHBIN cepTu-
¢ukar. Bce mpouenyphl, Kacawuiuecs >XUBOTHBIX,
OBLIM ITPOBEIEHBI B COOTBETCTBUM C HALIMOHATbHBIMU
«MeToguuecKMMM DPEKOMEHJAIMSIMM IO copepyka-
HUIO JIaG0PATOPHBIX SKMBOTHBIX B BUBAPUSIX HAYYHO-
MUCC/IeA0BATeNbCKUX MHCTUTYTOB U YUeOHBIX 3aBefie-
HU» 1 JupekTuBoil EBporeiickoro mapiameHTa U
Coseta EBporerickoro Coto3a 1o 0xpaHe KMBOTHBIX,
MUCHOb3yeMbIX B HAYYHBIX LE/ISIX.

Jusatin uccnedoganus

B ocHOBHY10 IpymTy BOILIN 9 KMBOTHBIX, KOTOPBIM
6b11 MpoBeaeH MO mepenomMa IUCTAIBHOTO METaIu-
adusa GespeHHON KOCTU CTep)KHEM M3 LMPKOHATA
JlantaHa (rpymnmna LIJI). I'pyniny cpaBHEHUST COCTaBUIN
9 >KMBOTHBIX, KOTOPBIM BbITIONHeH VIO cTepskHeM U3
B-Tpukanbuuitdpocdara (rpynmna TKD). B KoHTposb-

Hy10 rpyniy (K) Boiin 9 skuBOTHBIX, KOTOPBIM TPOBO-
IWJIOCh MOAENMPOBaHMe TepesioMa, HO UMILIaHTalun
CTEPsKHS He BBITIONTHSIIOCH. ['pyTiy HATMBHOTO KOHTPO-
jig (rpynna HK) coctaBuim 3 Mopckue CBUHKMU, KOTO-
pbie He OBLIM IIPOOTIEPUPOBAHBI.

Ilepen omepanyeli 3KCIIepMMEHTAIbHBIM JXMUBOT-
HeiM rpynn IIJI, TK® n K npoBogmwin mpemennka-
o (kewtasuH 0,2 MI/KT BHYTPUMBIIIEYHO) U aHe-
cre3uto (3ometwui1 0,1 MI/Kr BHYTPUMBILIEUHO), TTOC/IE
Yyero Mx yKJIaabIBaau B IOJOKEHUM JieXa Ha CIIMHE.
IIyis MecTHOTO 06e360muBaHus ucionb3oBanu 0,25%
HOBOKayHa, KOTOPbIM BBITIOJHSIIM TakXke TMApPaBJIu-
YeCKYyl OUCCEKIMI0 TKaHeil. Ilepemom co3maBascs
METOJOM OTKPBITOl OCTEOKIa3UM B 00IaCTM AVCTAIb-
Horo Mertanuadusa 6eapeHHON Koctu. B rpymmax I1J1
u TK® nposogunu MO mniepenoma crepskHsimu u3 LJT
" B-Tpukrambimiipocdara COOTBETCTBEHHO. B rpymme
K cuHTE3 nepenoma crepxkHeM He IpoBoawian. Bcem
MPOOTIEPUPOBAHHBIM JXMBOTHBIM B KauyecTBe aHTHU-
6MOTUKOITPOMWIAKTYKY BBOAWIM aMIUITVIINH (1 pas
B CYTKMU, B TeUEHME 3 qHeN Iocye onepanyn).

JKuBoTHbie rpymmbl HK BBIBOOMAUCHE U3 3KCIIEPU-
MeHTa 6e3 XMPYpPrMYecKoro BMeNIaTenbCTBa. B rpyr-
nax [IJI, TK® u K 110 3 >XKMBOTHBIX BBIBOAMUJINCH U3 3KC-
nepumeHnTa yepes 4, 10 u 25 Hefesb 1ocjie onepanym.

Memo0ds! uccnedosanus

3ab0op KpoBM MPOBOIUIICS ITYHKIMEN cepaa. s
oTbopa 06paslioB MCIOAb30BaM BaKyyMHbIE IIPO-
OMpPKM IJIST TeMaTONIOTMUECKUX U OUOXUMUYECKUX
uccnemoBanuit (Rustech, Poccust). Knuuuaecknit aHa-
JIU3 KPOBYU MPOBOAWIICS C MCIIOIb30BAHMEM aBTOMa-
TUYECKOTO reMaTojiornueckoro ananausaropa Cell-70
(Biocode-Hygel, France). [I;1s1 O1leHKM YPOBHSI MapKe-
POB KOCTHOTO PEMOJIEIMPOBAHMS B CHIBOPOTKE KPOBU
OIpenessiiyu KOHIeHTpaluio ocTeokanbliHa (OC) u
aKTMBHOCTb TapTpaT-pPe3UCTEHTHON KuUcaoi docda-
ta3sl (TPK®) MmeTogom ABYXCaiiTOBOro TBepaodasHO-
ro rereporeHHOro ®A. Viconb30Baiy TeCT-CUCTEMBI
Cloud-Clone Corp (KuTait) u miaHIeTHbIi GoToMeTp
Termo Scirntific Multiskan GO (Irmoumust).

Cmamucmuueckuti aHaius

CraTucTuueckast 06paboTKa JaHHbIX TPOBOIMUIIACH
MeTOAaMM BapUalMOHHOM CTaTUCTUKU C MCIIONb-
30BaHMeM Iiporpammbl Statistica 8.0. [Ijs cpaBHe-
HUSI UCCJIelyeMbIX TPYII MCII0/Ib30BajICsl KpUTepuit
Kpackena—Yosnnca. ITapHoe cpaBHeHME MeXAY IPyM-
namMy TIPOBOAMIM C MCIIOJNIb30BaHUEM KpUTEpPUS
ManHa-YutHu. YpoBenb p<0,05 mpuHMMAJCS CTa-
TUCTUYECKU 3HAYMMBIM. [laHHbIE MpeLCTaBlIeHbI KaK
MeJMaHa [MHTepKBapTU/IbHbBIN pa3Max|.

PesynbTaTsl

B Tabnmuiie 1 nmpencraBiaeHbl OCHOBHbIE T€MAaTOJIO-
rMyeckue ToKasaTeau SKCIepUMEHTATbHBIX SKUBOT-
HBIX B ITOC/IEOITePaliMOHHOM Iepuo/e.
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Tabnuya 1
TemaTosiorMyecKkue NMOKa3aTe/ JKMBOTHBIX B Pa3IMYHbIE CPOKHU IOC/IE OIeparun
Tpymma Cpox nocsie oniepauuu, He.

SKMBOTHBIX 0 (HK) 4 10 25 p2

Spumpoyumet, 10%/n
K 5,88 [5,40; 6,19] 4,27 [3,97; 5,31] 5,11 [4,62; 6,08] 0,159
TKO 5,20 [4,62;5,83] | 5,35[5,25;5,63] 5,44 15,21; 5,53] 5,22 [4,32; 5,23] 0,450
J1 5,18 [4,92; 5,50] 5,32 [4,27; 6,15] 5,10 [5,02; 5,12] 0,863
pl 0,135 0,236 0,875

TemoznobuH, 2/n

K 129[121;139] 11,2[9,7; 13,2] 13,3[12,4; 14,3] 0,270
TKO 135[129; 151] 135 [135; 140] 13,5[12,8; 14,2] 12,5[10,8; 13,1] 0,164
1 136 [136; 140] 13,9[11,8; 15,1] 12,6 [12,2; 12,9] 0,924
pl 0,326 0,193 0,430

Jletikouumat, 10°/n
K 6,8 [5,1; 7,4] 8,0[7,9; 10,6] 7,86,7; 11,3] 0,099
TKO 6,4 [4,6; 7,7] 6,7 [5,5; 7,5] 4,9 [4,3; 5,3] 8,4[6,3; 8,5] 0,229
1 7,5[7,4;9,9] 5,3[5,2; 5,6] 6,9 [6,5; 8,8] 0,113
pl 0,246 0,044 0,875

I'panynouyumot, 10°/2
K 2,0[2,0; 2,3] 5,1[4,0; 7,4] 3,4(3,3; 4,2] 0,097
TK® 4,0[2,0; 4,5] 2,8 [1,4; 3,8] 2,3(2,2; 2,4] 4,2[3,5; 4,3 0,269
1 3,4[2,0; 4,1] 2,0[1,8; 3,6] 4,70 [4,1; 4,9] 0,172
pl 0,209 0,043 0,223

Jlumeoyumet, 10°/n
K 1,3[1,0; 1,9] 1,2 [1,0; 3,4] 1,5[1,0; 6,3] 0,832
TKO 1,8[1,3;2,0] 1,710,8; 2,9] 1,110,8; 1,3] 1,7[1,1; 2,5] 0,535
LT 2,4[1,8; 2,8] 1,6 [1,2; 1,7] 1,9[1,3; 2,1] 0,094
pl 0,532 0,361 0,956

Monoyumet, 10°/n

K 0,1[0,1;0,2] 1,9 10,6; 2,0] 1,6 [1,5; 3,0] 0,049
TK® 1,110,8; 1,2] 1,6 [1,2; 1,7] 1,411,3; 1,7] 2,4[1,0; 2,5] 0,253
1 1,7[1,6; 1,8] 1,510,8; 1,9] 2,2 [1,7; 2,6] 0,170
pl 0,041 0,790 0,875

Tpomboyumot, 10°/n
K 583 [444; 636] 387 [371;411] 445 [405; 517] 0,092
TK®D 4211[399; 511] 479 [393; 574] 346 [306; 435] 355[330; 512] 0,537
J1 530 [452; 590] 454 [451; 610] 384 [243; 518] 0,270
pl 0,413 0,061 0,561
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OxoHuaHue mabauyst 1

Tpomboxpum, %

X 0,29 [0,24; 0,33]
TK®D 0,28 [0,25; 0,37]
- 0,26 [0,25; 0,36] 0,3 [0,3; 0,4]
ol 0,722

0,26 [0,21; 0,26] 0,291[0,27;0,34] | 0,340

0,23 [0,21; 0,27] 0,23[0,21;0,31] | 0,413

0,3[0,3; 0,4] 0,3[0,2; 0,3] 0,577
0,064 0,429

pl — CTaTUCTU4YECKad 3HAUYMMOCTDb pa3m/[q1/u71 MeXXOy IrpyriiamMum B OHPEJIEHEHHOﬁ BpeMEHHOﬁ TOUKeE; p2 — CTaTuUCTHUue-

CKas 3HAaYMMOCTb paBJI]/I‘-II/Iﬁ MeXXOy BpeMeHHbIMM TOUYKaMM.

KonuuecTBo apUTPOIIUTOB U YPOBEHb T€MOIIOOM-
Ha B IpymIiax MpoonepupoOBaHHbBIX KUBOTHBIX uepes
4, 10 u 25 Hepn. mocie XUPYPruyeckoro BMeIIaTesb-
CTBa He MMeNU CYIIeCTBEHHbIX OTAMYMIT OT I'PYIIIIbI
KMBOTHBIX, KOTOPBIM OIlepauusi He MNPOBOAWIACD.
CpaBHeHne mexnay rpynmnamu LIJI, TK® u K Ha mpo-
TSDKeHUM Tlepuoga UCCaef0BaHMs TakKe He BhISIBUIO
3HAUMMBIX pa3INdmii.

YpoBeHnb neiikounToB B rpynmnax LJI u TKO® B uc-
cleqyeMoM TIPOMEXKYTKe BpeMeHM Kojebascsi, HO
JIlaHHble M3MEHEeHMs He IOCTUTaaM CTAaTUCTUUYECKOIA
3HAUYMMOCTH. 3HAUUTEIbHO 60Jiee BHICOKMIA IO CpaB-
HEHUIO C JPYTMMU TIPyINIaMM YPOBEHb JIEHKOLIUMTOB
OTMeYascs B KOHTPOJNIbHONM rpymrie cryctsa 10 Hem.
nocie onepauuu. [lapHoe cpaBHeHMe T'PYIII B TecTe
MaHHa - VYUTHU TIOATBEPAMIO CYIIECTBEHHOE OT/IN-
ype rpymiibl K ot rpymi IJI, TK® (p<0,05 B 060ux ciy-
yasx). [Ipy 3TOM 3HAUMMBIX Pa3aUIMIl MEKIY TPYII-
mamvu 1IJT u TKO® He obHapy>keHO. [TapHOE CpaBHEHME
M0Ka3aja0 Takke CyIleCTBeHHOe TOBbIllIeHe YPOBHS
JIEIKOUMUTOB Y KMBOTHBIX KOHTPOJbHOM TPYIIIIbI OT-
HocuTenbHO rpymIbl HK.

AHanu3 pasjiMuHbIX BUAOB JIEMKOLUTOB B KPOBU
3KCIIepUMMEHTATbHBIX )XMBOTHBIX BBISIBUI 3HAUYMMOE
MOBBIIIEHVE YPOBHS rpa”HyIouTOB B rpymmne K cmy-
cts 10 Hen. mociie onepauun. [lapHoe cpaBHEeHMeE MO-
Ka3aJio 3Hauumble oTanums Kak ot rpymi LJT u TKO,
tak 1 ot rpynnbl HK (p<0,05 g Bcex). YMepeHHbBI
JIEMIKOLIUTO3 C MOBBILIEHMEM YPOBHS T'PaHYI0LMUTOB
B rpytire K MokeT 00bsSICHSITHCSI YMEPEHHBIM BOCITa-
JIeHeM, OOYCIOBJIEHHBIM OTCYTCTBMEM (UKCcALUU
rnepejaoMa y 3KCepuMMeHTaIbHbIX SKUBOTHBbIX.

VpoBeHb MOHOIMTOB B rpymmnax IIJI u TKD 6bu1
CyIIEeCTBEHHO BbIlIe, yeM B rpytie K, ciycts 4 Heq.
rociie onepaiun. JJaHHOe OTInune OObSICHIETCS pe-
aKkuyen opraHM3Ma Ha MMIUIAHTAT. BakHO OTMeTUTb,
YTO He BBISIBJIEHO pa3/inumii B KOAMUYECTBE MOHOLIM-
TOB Mexay rpynmnamu LIJI u TK® B maHHOI BpeMeH-
HoJ1 Touke (p = 0,539), UTO MOXKET CBUAETETbCTBOBATD

0 CXOJHOI peaklyy OpraHM3Ma Ha HOBBI MaTepual
LJI vt Ha TK®. K 10-11 Hen. pa3nnums MeXay rpyrnmnammu
K, IIJT 1 TK® HMBeMMpOBaInCh.

[Tpu3HaKM CTAHAAPTHON peakUuM TPOMOOIMTOB
Ha XUPypruyeckoe BMeIIaTelbCTBO COXPaHSIUCH 0
4 Hep. TIOC/Ie OTEepaIuy, YTO MPOSIBUIIOCH B HEOOIb-
[IIOM TIOBBIIIEHWYM YPOBHS TPOMOOIIMTOB BO BCEX
rpynmax IpoonepMpOBaHHbBIX KMBOTHBIX, XOTs pas-
JMUUST He UMEeNU CTaTUCTUUECKON 3HAYMMOCTU
B cpaBHeHuM ¢ rpynmnoi HK. 3HauuMMbIX M3MeHeHU
B YPOBHE TPOMOOIIMTOB OTHOCUTENIBHO I'pyIbl HK He
obHapy>keHO 1 B cpoku 10 u 25 Hep,. CylIecTBEHHBIX
pasnuunii mexxay rpynramu LJI, TK® u K He BbisiBrIe-
HO B TeUeHMe U3y4aeMoro nepmosa BpeMeHM.

[OyHaMKuKa MapKepoB KOCTHOTO peMOZenupoBa-
HUSI TIOC/Ie TIPOBeNleHMS 3KCIEPUMEHTATbHBIM >KU-
BOTHBIM XMPYPruuecKkoro BMellaTe/lbCTBa MpeacTaB-
JieHa B Tabmuie 2.

KonneHTpaumst mapkepa ocreopes3opbuymu TPKD
B rpymmax JI u TK® ummena makcumaibHble 3HaYe-
HUS 4yepes 4 Hep. mocie omepanyu, K 10-i1 Hed. Ha-
6/TI0[1aJTOCh ITOCTEIIEHHOE CHIDKEHVE YPOBHS JaHHOTO
dbepmeHTa. B KOHTPOJIBHOJ I'PYIIIIE JXKUBOTHBIX BbICO-
Kag KoHueHTpauyusa TPK® coxpansnacs no 10-i Hep,.
1ocJie onepauuu, 4To, Mo-BUAMMOMY, CBSI3aHO C OT-
cyTcTBMEM (GUKCAIMM TPAaBMUPOBAHHON  KOCTH.
K 25-i1 Hep. nmocie onepauuyu ypoeHb TPK® Bo Bcex
TPYIIax OMEePUMPOBAHHBIX KMBOTHBIX OBLI COIMOCTA-
BMM C YPOBHEM JaHHOTO hepmeHTa B rpymie HK.

[ToBbIlIeHME YPOBHS MapKepa ocTeoreHesa OK Ha-
6JII01aJIOCH C 4-1i He[l. ToCjIe onepaluy BO BCeX I'PYII-
Max IpooINepupPOBaHHbBIX JKUBOTHBIX. MakCHMMaabHOE
nossitieHne OK B rpymnmax LJI u TK® nipuxognnoch
Ha 10-10 mocneornepauOHHYI0 Henent. I[Ipu aTom
B rpymire K mo cpaBHeHuto ¢ rpynnamu IIJI u TKO
HabI0galIcs CYNeCTBEHHO 6oyiee HU3KUIT YPOBEHD
OK. K 25-Ji Heli. ypOBeHb JaHHOTO MapKepa oCTeore-
He3a B IpyINax MpoOINepUPOBAHHBIX KMBOTHBIX He
yMeJs 3HaUMMBbIX OT/IMUMii OT rpymribl HK.
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Tabnuya 2
Mapkepsl KOCTHOTO peMOJe/IMPOBaHUs Y JKMBOTHBIX B Pa3jIMYHbIe CPOKU
mocJie onepanumn
Tpymma Cpoxk nocsie onepauuu, Hef. P2
SKMBOTHBIX 0 (HK) 4 10 25
Tapmpam-pe3ucmenmuas kucnas poccpamasa, Ed/n
K 0,7810,72; 1,24] | 0,8210,81;0,84] 0,17 [0,16; 0,47] 0,040
TK®D 0,27 [0,12; 0,37] 0,91[0,68; 1,15] | 0,4810,25; 0,64] 0,18 [0,09; 0,28] 0,028
11 0,80[0,61;0,95] | 0,49 0,36; 0,65] 0,21[0,15; 0,22] 0,038
pl 0,796 0,041 0,957
OcmeokanvyuH, H2/M
K 4,41 [4,22; 4,50] 3,98 [3,75; 4,05] 4,19 [3,61; 4,29] 0,113
TK®D 3,83 [3,33; 4,07] 4,14 [4,11; 4,16] 4,57 [4,35; 4,93] 3,83[3,81; 3,97] 0,012
1JI 4,05 [3,84;4,57] | 4,38[4,30;4,50] 3,92 [3,83; 4,05] 0,042
pl 0,439 0,051 0,618

pl — CTAaTUCTNYECKasI 3HAUYMMOCTb paSJ’II/I‘II/If/i MeXay rpyrmnmnamu B OHpe,HEHEHHOﬁ BPEMEHHOﬁ TOUKeE; pZ — CTaTUCTUYEeC-

Kasg 3HAUMMOCTDb pasnmqmﬁ MeXXoy BpeMEeHHbIMM TOUKaMU.

Oo6cyRIeHue

Kepamuueckue matepuasnbl Ha OCHOBE OMOKCUIA
LVPKOHMS JOKAa3a/1y CBOIO MePCIEeKTUBHOCTD JJIs pe-
KOHCTPYKIMM M BOCCTAHOBJIEHUA d)YHKLU/IOHa)IbHOCTI/I
MOBpexxneHHo KocTu [11, 12, 13]. BBeneHue B ocTeo-
3aMellalMii MaTepuasa JlaHTaHa M KaJabLMSl Tak-
5Ke CITOCOOCTBYET YAYUIIEHUIO GMOMHTErpalMOHHbBIX
CBOJCTB UMILIIAHTATOB [9, 10].

PaHee Mbl MoOKa3ajyu B 3KCIEPUMEHTE, UYTO UM-
IUIaHTaTbl M3 HOBOrO KepamMuuyeckoro marepuasa
La ,Ca,,Zr,0, 0061agaT XOpPOWIMMM MeXaHuye-
CKOV CBOJCTBaMu. BbIIO omnpeneneHo, 4YTO B Mepu-
MMILIAHTHO 06jacTty oTHoueHue Ca/P 6oiblile, uemM
B HAaTMBHOM 00pasiie, YTO CBUAETENbCTBYET O BbI-
COKOJI ITPOYHOCTM BHOBb 0Opasyoieiicss Koctu [5].
Bmecre c TeM BaskHO MOHMMaTh, KaKoe BAMUSIHME OKa-
3pIBaeT Ha OpPraHM3M BBeJEeHMe HOBOTO MaTepuasa.
B mpepncraBieHHOl paboTe MbI M3y4YaaM OUHAMUKY
OCHOBHBIX TeMaTOoJIOTMUeCKUX II0KasaTeseii uepes
4, 10, 25 Hep. mocie MHTpaMeIy/UISIPHOTO OCTEOCHH-
Te3a 1mepesioMa OeIpeHHOV KOCTM Yy SKCIepUMeH-
TAJIbHBIX KUBOTHBIX cTepskusmu u3 La ,Ca Zr,0..
V3BecTHO, YTO MPU MMIUIAHTALUM KepaMUuyeCKOro
0CTeOIIaCTUUECKOrO MaTepuasia y 3ClepuMeHTallb-
HBIX KMBOTHBIX HAOMIOZAETCS CTepPeOTUITHAsI peak-
1M1 KPOBM C YMEPEHHOI aHeMMeN U TeKOLUTO30M
B paHHEM NOC/IeoNepal M OHHOM Tepuofe U BOCCTa-
HOBJIEHMEM JIOOTEePaLMOHHOTO YPOBHS CITYCTS 2 HEJ,
nocte onepauuy [14]. ITonydyeHHble B Hamiei pabo-
Te TeMaToJIOrMuecKye rnapamMmeTpbl MOKa3bIBAaIOT, UTO
MMILIAHTAThl Ha OCHOBE I[MPKOHATA JIaHTaHa o6a-
JIal0T XOpolleil FTeMOCOBMECTUMOCTbIO U He CTUMY-

JIMPYIOT BOCITAJUTENbHYIO PeaKIIMUIO in Vivo, TTOCKO/b-
KY JIEIKOLMTAPHbI YPOBEHD He MTPEeBbINIAET TAKOBO
Y HaTUBHBIX XXMBOTHBbIX. OTCYTCTBME BOCHaJIeHUS
Mpy AJUTENbHOM (25 Hepd.) HaxXOXIeHUM MMILIaH-
TaTa B OpraHu3Me KCIEePMMEeHTaJbHbIX XXMBOTHBIX
MOATBEPKAAETCS TAKKe YPOBHEM TPOMOOIIUTOB, KO-
TOPBI HEe UMeeT 3HAUYMMbIX OTIAUYMI OT HATUBHOTO.
OmnpeneneHue AMUHAMUKY 3PUTPOLUTAPHOTO YPOBHS
TaKke He BBISBWIO HETraTMBHOIO BJMSIHMS HOBOTO
MaTepuasa: He OOHApYKeHO IMPU3HAKOB reMOiIu3a
S3PUTPOLIUTOB B TeUueHME BCETO CPOKa HAOGIIOHEHMSI.
TK® x0po1110 M3BECTEH U IMMPOKO IIPUMEHSIETCS B Ka-
yecTBe OCTeo3aMelamllero marepuana [15, 16, 17].
CpaBHeHMe HOBOTO KepaMM4yeCcKOoro maTepuana Ha
oCHOBe 1upKoHaTa ¢ TK® He BBISIBUIO CYIIE€CTBEH-
HBIX PasauMumMii MeXIy HMMM IO OCHOBHBIM rema-
TOJOTMYECKMM ITOKa3aTensiMm. B cpegHecpouyHOM U
OTHaJIEHHOM Iepuoax rmokasaTenyu KpoBu Ha (GoHe
MMIUIAHTalMY O060MMM MaTepuajiaMyu He OT/iMYa-
JIUCh OT AHAJOTUYHBIX I[lOKasaTeneil y HaTUBHBIX
SKUBOTHBIX.

[Tpoueccol peMoaenpoBaHys KOCTHOM TKaHU IPpU
ee TIOBPEXAEHUM COMPOBOXKIAKTCS M3MeHEeHUeM
B KPOBM YPOBHSI MapKepoB, OTpakalomux QyHKINO-
HaJbHYI0 aKTMBHOCTb OCTEOK/IACTOB M OCTe0OJIacTOB
[18, 19, 20]. ByactHoCcTH, TPK® cekpeTupyetcs ocreo-
KJIacTaMu, obecrieunBast Jerpafaiinio OpraHnyeckoro
KOCTHOTO MaTpMKCa, UCIOIb3yeTCs B KayecTBe Chbl-
BOPOTOYHOTO MapKepa aKTMBHOCTU OCTEOpe30pOLmn
[21, 22]. OcTeoKanbUMH SKCIIPECCUPYETCS B MPOLec-
ce (GopMmupoBaHUS KOCTM ¥ KOHTPOJUPYET MAacCy,
pasmep, OpMeHTalMl0 MMUHEPaIbHOTO KOMIIOHEHTA,
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y4acTBYeT B OpraHu3alyuy BHEKJIETOYHOT'O MaTPUKCa,
rpu3HaeTcss THOOPMATUBHBIM MapKepOM OCTeOTeHe-
3a [23, 24].

Pa3znuumus B ToKaIU3alUu U TSIKECTU TTepPeIoMOB
HaxoZsAT OTpaXkeHue B JMHAMMKe MapKepoB KOCTHO-
ro pemopenvpoBanus [18]. UudopmatuBHOCTD JaH-
HBIX MapKepoB IOKa3aHa MpPU OlleHKe YCIeNIHOC-
TU BOCCTAHOBJIEHMSI KOCTHOW TKaHM U BbISIBIEHUU
HapylleHUil ocTeoreHes3a IMPU XUPYPIUUECKOM Jie-
YeHUM TpPaBM U OPTOMNEeAMYECKUX 3ab6oseBaHMI
[25, 26, 27, 28]. B akcmepMMeHTaJIbHbIX MCCIIENO-
BaHMSIX MapKepbl OCTeOoreHe3a U OCTeope30pOIm
MO3BOJISIIOT OMPeAeNsiTh YCIEeUIHOCTb pPeMOJeNN-
pOBaHMsI KOCTM TIPU U3yUeHUM BHOBbH CO3JAHHBIX
oCTeo3aMellalX MaTepuaaoB, TPOBOAUTh CPaB-
HeHMe C MaTepuajiaMy, YKe MCIOAb3YIUUMMUCS
B KJIIMHUYECKOI NpaKkTuke [29].

Panee B 9KcIiepyMeHTe Ha KPOJIMKAX ObLIO MOKa-
3aHO, YTO MaKCUMYM pe30pO1uy HabIomaeTcs K 4-i
He[. TIoc/ie BBeJleHMS 0CTe03amMelawllero Mmatepumasia
[14, 29]. B Hamem uccieqoBaHUY Takoke Haubosee ak-
TUBHAsI pe30pOI1IMsl KOCTHOM TKaHM HabImanach ye-
pe3 4 HeJ. TIOC/Ie Onepauuy, IpuyeM MHTEHCUBHOCTD
BBIJIeJIEHMS B KPOBb MapKepa pe3opbuuu 6bpuia 61ms3-
kot nipu uMmiuianTaiuu TK® u [IJI. BaskHO OTMETUTD,
YTO OTCYTCTBME MHTPaMeIy/UISIPHOIO OCTEeOCHMHTEe3a
rnepesioMa (B KOHTPOJIbHOJ I'PYIIIE) MPUBOAUT K 60-
Jiee IJINTETbHOMY COXpaHEHMIO aKTUMBHOTO Ipolecca
KOCTHO# pe30opbuyu. B oTmajeHHOM Iepuoje mocie
MMIUIAaHTAllMM HOBBIM KepaMMUueCKMM MaTepuaaom
He BBISIBJIEHO TMPU3HAKOB aKTUBALIUMU OCTeope3op6-
LIV, YTO CBUAETEIbCTBYET 06 3(h(EeKTUBHOM OCTEO-
MHTEerpauuyu MMIUIaHTaTa.

JomnomauTenbHas nHGopManus

Baazodaprocmu
ABTODPBI BBIPAKAIOT GJIArOMAPHOCTb 3aBenyloOIeil Ja-
6opaTopueii  3MeKTPOXMMMUUECKOTO MaTepuaaoBeIeHs

WHcTuTyTa BBICOKOTEMITEPATYpPHOI 3nmekTpoxummuu YpO
PAH p-p xum. Hayk JILA. JIlyHIOIIKMHOJM 3a MHpenoCTaB-
JleHVe HOBOTO KepaMM4eckoro marepuasna, COTPYIHMU-
kam WHcTUTyTa MMMyHONoruu u dusmonoruum YpO PAH
B.B. l'epacuMOBOIJi 3a IOMOIIb B paboTe ¢ SKCIIePUMHTAJIb-
HBIMM >KMBOTHbIMMU U C.A. Bpy/sInaHT 3a cofelicTBMe B IPO-
BeJleHMM reMaToJIOTMUeCKUX UCCIeIOBaHMIA.

3asneneHHslii 6K1a0 asmMopos

Anmponosa U.II. — 06paboTKa U aHaAM3 JAHHBIX, Ha-
MycaHyMe PyKOIIMCH.

Bonokumuna E.A. — KOHLIIeNLMS U OU3aiH UccaemoBa-
HU, HallMCaHe PYKOIIUCH.

Younyesa M.IO. — mipoBeeHME 3SKCIIEPUMEHTAIb-
HOJi paboThl, 06paboTKa M aHa/IU3 AAHHBIX, HaMCaHUE
pykomnmucu.

Hwkos b.I. — KOHLIeNIIIMS U OM3aliH UCCaeq0BaHMs.

TiomeHyesa H.B. — TIpoBefeHME 3KCIIEPUMEHTANbHON
paboThl, aHa/N3 JAHHBIX, yUacTVe B HAIIMCAHUY CTAThMU.

Kymenoe C.M. — KOHLeNILIMS U AU3aliH UCCIeJOBaHMS.

IaHHbIe IUTEPATYPBI CBUIETETHCTBYIOT O O0/IBIIOM
pasHoob6pasuy Mapkepa ocreoreHesa OK B nuHamMuke
TIpY TIOBPEKAEeHUM KOCTHOM TKaHU U TIpU 3aMellleHUI
IedeKTOB KOCTY Pa3IMIHBIMU OCTEOTUIACTUYECKUMMU
matepuanamu [18, 30, 31]. PaHee ObLIO TOKa3aHO,
yto rnpumeHeHue TK® pgnsg BOCIIOMHEHMS TpaBMa-
TUYECKOTO JedeKTa KOCTHOM TKaHM acCOIMUPOBAHO
C CyIeCTBEHHO O0jiee BLICOKMM YPOBHEM BbII€IEHMS
B KpoBb OK 10 CpaBHEHMUIO C APYTUMM MaTepuaaiaMu,
UCIO0JIb30BAHHBIMMU JIS1 MMILIaHTaLVu [14]. B Halem
ucaremoBanuy usmMeHeHust OK B KpoBu GbUIM COMO-
ctaBuMbl py umIiantauyuu TK® u LJI, yTO MoxeT
CBUIETEIBCTBOBATh 00 3 PEKTUBHOM OCTEOTEHE3e Y
SKUBOTHBIX, KOTOPBIM BBOJWJIM HOBBIN KepamMuueCKuii
MaTepuan.

3aKk/IouYeHne

Takum o6pasom, orpefe/ieHNe OCHOBHBIX rema-
TOJIOTMYECKUX T[IoKasaTejeil Iocjie MMIUIaHTalun
MHTpaMeay/JIIPHOTO CTEPXKHSI U3 HOBOTO Kepamu-
YyeCcKoro maTrepuasna Ha OCHOBe I[MPKOHATa JaHTaHa
He BBISIBWIO OTPUIIATENbHOTO BAMSHUS JAaHHOTO Ma-
Tepuasja Ha OpPraHM3M 3KCIIepUMEHTAIbHbBIX JXUBOT-
HbIX. OGHAPY)KEHO ero IOJIOKUTETbHOe BAMSHUE Ha
MPOLIECC PEMOAEINPOBAHMS KOCTHOM TKaHU. HOBBI
kepammyeckuii kommosut La, ,Ca  Zr,0, mpen-
CTaBJIeTCS TEePCIeKTUBHBIM [JI1 MCIOAb30BaHMUS
B KauecTBe OCTe03aMellaiolero marepuana B TpaB-
MaTOJIOTUM U OPTOIEeONUM, YTO MOXKET CIIY>KUTh OCHO-
BaHMeM JJ1s1 TPOBeAeHMs JalbHeNINX UCCIeloBaHM
M0 ONTUMM3ALMUM TIPOLIECCOB OCTEOMHTETpalu IpU
MMIJIAaHTaUUM KOHCTPYKLMI U3 JaHHOTO MaTepuasna
B KOCTHYIO TKaHb.
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Oco6eHHOCTM BbiaeneHus nepeaHUx 6onblie6epLoBbIX COCYAOB
npu ¢opMMUPOBAHUMN KOCTHBIX BACKYNSPU3MPOBAHHbIX
TPaHCNIAQHTATOB

IL.A. 3ensaauu 2, B.2. Iyopos!, A.C. 3ensguuu >4, B.B. ®uumros !, I.B. dmmH b2
K.A. ITetpocsin®

I @IrBOY BO «Mockoeckuii zocydapcmeeHHblil yHusepcumem um. M. B. JlomoHocosa», . Mockea, Poccust
2I'BY3 «Knunuueckas 6onpHuya N° 29 um. H.D. Baymana [I3M>», 2. Mockea, Poccus

3 @IrAQY BO «Ilepebiii Mockosckuii zocydapcmeeHHsili MeduyuHckuii ynusepcumem um. .M. CeueHosa
(Ceuenosckuti yHusepcumem)» Munzdpasa Poccuu, 2. Mockea, Poccust

4 @I'BHY «Poccutickuti HayuHblii yeHmp xupypeuu um. akao. b.B. ITemposckoz0», 2. Mockea, Poccus

AxmyansHocms. CylecTBYIOIIVE B HACTOSIIIEE BPEMSI METOIMKM BbIIEJIEHUS TIEpeTHETO 60/bIIe6epiOBOr0 COCYAMCTOIO
mmyuka (ITBBCII) B MpOKCMMaIbHO TPeTU rojieH He 06eCITeunBaloT JOCTATOYHO JIMHbBI COCYAMCTOM HOXKY JIJIS pOTaLun
KOCTHOT'O TpaHCIUIaHTaTa 60JblIe6epIioBOil KOCTM 10 YPOBHS cpenHeit Tpetu 6empa. Llens ucciedoeanuss — 060CHOBATD
BO3MOXKHOCTD BBITTOJTHEHMS OTIEpAIIMii HECBOOOAHO Iepecaiky Ha YPOBEHb CpeHel TpeT 6eipa IBYX KPOBOCHAGKaeMbIX
KOCTHBIX ayTOTPAaHCIUIAaHTATOB Ha 061l MOCTOSTHHOV MUTAa0IEel HOXKe, BKIouawieii IIBBCIT. Mamepuan u memoodst.
ViccnemoBaHye MPOBEIEHO Ha 62 HYSKHUX KOHEUHOCTSIX He(MKCUMPOBAHHbIX (HATUBHBIX) TPYIIOB JI0fel. V3yuyaanu Tororpa-
(o-anarommnueckue B3ammooTHoueHus ITIBBCIT u rmy6okoro Majo6epiioBoro HepBa Ha ypOBHE ITPOKCMMAaJIbHO TPeTU
roneuu. Peaynsmamel. PaccTossHVie MEXIY BEPXYIIKOI 60/IbIIOrO BepTesia 6eipeHHOI KOCTU U IUCTAIbHBIM KPaeM KOCT-
HOTO IepeaHero 60bIIe6epI0BOro TpaHCIIaHTaTa IIPY MCITO/Ib30BaHUYM KOMOMHALIMY TPAHCIIJIAHTATOB HA OJTHOM YPOB-
He COCTaBWIO: y My>XuuH Me = 176,7 [173,7; 193,9] MM, y skeHInuH Me = 151,6 [146,9; 159,9] MM. AHa/M3 COOTHOLIEHMIT
IJIVHBI KOHEYHOCTEN Y MY>XUMH U KEHILIVH CBUIETE/NbCTBYET O CTAaHAAPTHOM YPOBHE, KOTOPBIM MOKXHO JOCTUYD IIPU PO-
TalUM TPAHCIUIAHTATOB y K&K 0ro uenoBeka. 3akitoueHue. Boigenenne I[IBBCII Ha ypoBHe MPOKCUMMAaIbHO TPETU rojie-
HY TT03BOJISIET POTMPOBATh HA €AMHOM COCYIMCTOM ITyUyKe KOMIUIEKC ITepeaHero 60/buie6epoBoro KOCTHOTO ayTOTpaH-
CIUIAHTATa M ayTOTPAHCIJIAHTATa BTOPOJi TJIIOCHEBOI KOCTYU B 30HY CpelHel TpeTu 6eIpeHHOoIi KocTu. IIpegoTBpaieHne
MMOBPEXIEHMS BETBEI INTy6OKOro Majio6epIioBOro HEPBA B X0/ BbIIEIEHMS COCYAMCTON HOXKM TPeOYET MCIT0Ib30BaHMST
MUKPOXUPYPTUUECKOI TEXHUKHM U TIpefolNepaliOHHO OATOTOBKU.

KiroueBble CJIOBa: JIOXKHbIE CYCTaBbl, KOCTHbIe HedeKThl, pOTUPYyeMble KPOBOCHAOkaeMble KOCTHbBIE TPAHCILIAHTATHI,
MMKPOXUPYPTUUecKasl PeKOHCTPYKIIMS.
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Cite as: Zelyanin D.A., Dubrov V.E., Zelyanin A.S., Filippov V.V., Yashin D.V, Petrosyan K.A. [Features of the Extraction
of the Anterior Tibial Vessels in the Formation of Vascularized Bone Grafts]. Travmatologiya i ortopediya Rossii
[Traumatology and Orthopedics of Russia]. 2022;28(1):89-99. (In Russian). https://doi.org/10.17816/2311-2905-1719.

DK 3ensnun Imumpuii Anexcandposuu / Dmitrii A. Zelyanin; e-mail: zelyanindmitry@mail.ru

Pykomuch momyyena: 19.12.2021. Pykonuch omo6pena: 17.02.2022. CTaTbs ony6aMKoBaHa oHtaity: 28.02.2022.
Submitted: 19.12.2021. Accepted: 17.02.2022. Published Online: 28.02.2022.

© 3ensiuuu [.A., Jly6pos B.3., 3ensuun A.C., ®uannmos B.B., dummu [1.B., [Tetpocsta K.A., 2022
© Zelyanin D.A., Dubrov V.E., Zelyanin A.S., Filippov V.V., Yashin D.V., Petrosyan K.A., 2022

89 2022;28(1) TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


mailto:zelyanindmitry@mail.ru

TEOPETUYECKWME N SKCMEPUMEHTAJIbHbIE MCCNEOOBAHNSA / THEORETICAL AND EXPERIMENTAL STUDIES

[@)ey |

Original Article
https://doi.org/10.17816/2311-2905-1719

Features of the Extraction of the Anterior Tibial Vessels
in the Formation of Vascularized Bone Grafts
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Dmitrii V. Yashin 12, Karen A. Petrosyan?®

I Lomonosov Moscow State University, Moscow, Russia

2 City Clinical Hospital No 29, Moscow, Russia

3 Sechenov University, Moscow, Russia
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Background. The currently existing techniques for dissection the anterior tibial vascular bundle in the proximal third of
the lower leg do not provide sufficient length of the vascular pedicle to rotate the tibial bone graft to the level of the middle
third of the thigh. The aim of the study — to substantiate the possibility of pedicled transfer to the level of the thigh middle
third of two blood-supplied bone autografts on a common permanent pedicle, including the anterior tibial vascular bundle.
Material and Methods. The study was conducted on 62 lower limbs of non-fixed (native) corpses. We studied the topographic
and anatomical relationship between the anterior tibial vascular bundle and the deep peroneal nerve at the level of the
proximal third of the leg. Results. The distance between the tip of the greater trochanter of the femur and the distal edge of
the anterior tibial bone graft using a combination of grafts at the same level in men was Me — 176.7 [173.7; 193.9] mm, in
women — Me = 151.6 [146.9; 159.9] mm. An analysis of limb lengths ratios in men and women indicates standard level that
can be achieved with graft rotation in each person. Conclusion. Dissection of the anterior tibial vascular bundle at the level
of the proximal third of the lower leg allows rotation of the complex of the anterior tibial bone autograft and the autograft of
the second metatarsal bone into the area of the middle third of the femur on a single vascular bundle. Prevention of injury
to the deep peroneal nerve branches during dissection of the vascular pedicle requires the use of microsurgical techniques

and preoperative preparation.

Keywords: non-unions, bone defects, vascularized bone grafts, microsurgical reconstructive surgery.

BBenenmne

JleyeHre TAIMEHTOB C HapylleHUeM 3askKuBje-
HUS TIepeioOMOB U OCTEOTOMMIA, B YACTHOCTU C JIOXK-
HBIMM CyCTaBaMy OeIpeHHOI KOCTY, MHPOAOJIKaeT
OCTaBaTbCsl aKTYaJbHOI MPOo6IeMOit TpaBMaTONIOTUN
Y PeKOHCTPYKTUBHON xupypruu [1]. MeToguxku npu-
MeHEeHUS BaCKYISIPU30BAHHBIX KOCTHBIX JIOCKYTOB,
MOSIBUBIIIMeECS] B KOHIIe XX BeKa, MPM3HAHbI BbICOKO-
3 beKTUBHBIMY IPU JIEYEHUU JIOKHBIX, B TOM UYUCIIE
aTpoduuecknx CycTaBOB IJIMHHBIX KOCTEeIl CcKejeTa
[2, 3, 4]. Pa3paboTka TaKMX METOMOB TIOAIEPKKU
oCTeopernapalyy HarpsSIMyIo CBSI3aHa C UCCAeq0BaHU -
€M MUKPOCOCYOUCTOM aHAaTOMUY OTEeHIUMATbHBIX J0-
HODPCKMX 30H, omnpefieJieHeM BapMaHTOB U TEXHUKMU
dbopmupoBaHusT KOMIIEKCOB TKaHeii [4]. Pa3paboTka
MeTomOB (OPMMUPOBAHMUSI KOCTHOTO M HAJKOCTHUY-
HO-KOPTUKAJbHOTO AayTOTPAHCIJIAHTATOB U3 [UC-
TaJbHOTO MeTamuadusa 60/biIe6epIioBoil KOCTH Ha
COCYIOMCTBIX BETBSIX MIepeIHero 60Jble6epIioBoro Co-
cynuctoro mmyuka (ITBBCIT) pacimpuiia BIGOp BacKy-
JISPU3UPOBAHHBIX KOMIIJIEKCOB TKaHel, B TOM UMCIIe
MIPUTOAHBIX JI1 pOTaLMM Ha COCYAUCTON HOXKe |3, 4].
OnHaKo CyllecTBYION/E B HACTOSIIee BpeMs MeTOIoU-
ku BbifeneHus [IBBCIT B mpokcuMaabHO TpeTu ronie-

HI He 06ecreunBaiT JOCTATOUHOM IIMHBI COCYIC-
TO HOXKM [JISI pOTalUy KOCTHOTO TpaHCIUIaHTaTa
00JbIIe6EPIIOBOIT KOCTH IO YPOBHSI XOTS ObI CpemHelt
TpeTu 6epa ¢ COXpaHeHMEM LIeJIOCTHOCTY MOTOPHBIX
BeTBeli IMyOoKoro maynobepiioBoro Hepsa (ITMBH)
K IIepeHeit 60/1bIe6epoBoii MbIIIIIIE.

Ilenv uccnedosanuss — 060CHOBATb BO3MOKHOCTh
BBITNIOJTHEHMST OITepaliii HeCBOOOMHOI Iepecagky Ha
YpOBeHb cpefHeli TpeTu Geapa IBYX KpOBOCHabOKae-
MBbIX KOCTHBIX ayTOTPAHCIUIAHTATOB Ha 001Ieli II0CTO-
SIHHOJ TIMTalollei HoxKKe, BKitoualoieit ITBBCII.

Martepuana 1 MeTOIbI

s u3ydeHus: 0COGEHHOCTel aHaTOMUM U TOIIO-
rpacdum [IBBCII, a Tak)ke BO3MOKHOCTM OTHOBpEMeH-
HOro (opMMpOBaHMS BaCKYISIPU30BAHHBIX KOCTHBIX
ayTOTPAHCIUIAHTATOB U3 TMepeaHell IOBEPXHOCTU
IUCTATbHOTO MeTanuadusa 60blre6epIioBoii KOCTU
M BTOPOJ TUTIOCHEBOI KOCTY OBIIO IPOBEIEHO KOM-
IJIEKCHOe ucuiefoBaHye. OHO BKIOYAIO M3yYyeHMe
KaK aHTPONIOMEeTPUYeCKUX MPOIOpPIUiA Tesla U KOHeY-
HOCTel, Tak ¥ Tomnorpado-aHaTOMUYECKUX B3aMMO-
OTHOIIIEHUTT B TIPOKCUMAJ/IbHON TPeTU TOJEHU C UHDB-
eKlell apTepuaJbHOTO pycjla U B HATUBHOM BUJIE,
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peanu3anuio pa3spaboTaHHON METOIMKM BBIIEIEeHMS
M poTalyuy KOMIUIEKCA ayTOTPAaHCIUIAHTATOB, CTATU-
CTUYECKMIi aHaJIN3 TIOTYYeHHbIX Pe3y/IbTaTOB.

Mamepuan

WccnemoBaHue IpoBedeHO Ha 62 HIDKHUX KO-
HEYHOCTSIX He(@UKCUPOBAHHBIX (HATUBHBIX) TPYIIOB
MalMeHToB, YMepIIMX B Bo3pacTe oT 58 mo 82 ner
(Me = 66,5 [58,7;74,5] roga), MpUYMHBI CMEPTH KOTO-
PBIX He ObUIM CBSI3aHBI C OHKOJIOTMYECKUMU U COCYIM-
cThIMM 3aboseBaHMSIMU. VccmenoBaHMsI MPOBOAVIIN
B nepsble-BTOpble (Me = 1,3 [1,1;2,4]) cyTKM mocie
CMepTH.

Kpumepuu ucknioueHus u3 uccnedosauus: HAIA-
yie TOCTTpaBMaTUUeCKUX MU MOCaeoIepaliOHHBIX
pPYOIIOB Ha HMKHUX KOHEUHOCTSIX; aHAMHECTHUYECKIe
UM HalileHHble B TMpOliecce MCCAeNOoBaHUS MAaH-
Hble O TepeioMax KaKoro-aubo cerMeHTa HVKHEN
KOHEYHOCTH.

TexHuka JKcnepumeHma

B mepBoii rpymnne mpenapaToB TOJEHU U CTOMBI
(4 HMXXHMX KOHEYHOCTM) COCYAUCTYI0 CeTh M3yya-
JIM TIPY TIOMOILIM pacTBOpa KeJaTMHA, B KOTOPbIi
IOGaB/ISIM METUJIEHOBBIA CUHMI, MCIOJNb3YyeMbIii
I KOHTPACTUPOBAaHMA M GUKCALMM KaK IepegHeit
6onbiebepiioBoit aprepun (ITBA), Tak U COCYAUCTOI
CeTU HaAKOCTHUIIbI M BHYTPUKOCTHBIX COCYAOB IO
meTtonuke B.B. BopuceBuua [5].

[yis1 BBeeHMs pacTBOpa B COCYAUCTYIO CETb HMXK-
Heli KOHEYHOCTM MPOU3BOAWIM [IOCTYI K IOAKO-
JeHHol aprtepuu no H.U. Iluporosy. B ee mpocser
YCTaHaBIMBa/IM KaTeTep pasmepom 14G, KOTOpbIi
bUKCMPOBAIM HUTHIO K COCYOMUCTOV CTEHKE, MPOK-
CMMaJIbHO HaK/JIaJblBaAM JUTATypy IJs UCKIoYe-
HUS peryprutauum pactsopa. C 1e/blo yaydllieHus
pacnopocTpaHeHusl KelaTUHA MO0 KPOBEHOCHBIM CO-
CyZaM OCYIIECTB/ISIM HarpeB KOHEUHOCTM A0 35-
40°C npu NOMOIIM MIPOTOYHOM BOABI, TEMIIEPATYPY
KOHTPOJMPOBaIN Jia3epHbIM TepMoMeTpoM. Ilocie
IOCTYDKEHMSI HeOoOXOOMMOJ TeMIIepaTypbl TKaHei
KOHEYHOCTM BHYTpUapTepuasbHO, uYepe3 YyCTa-
HOBJIEHHBI/I KaTeTep, B TeueHue 1 MMH. BBOOWIU
40-60 mn pacTBOpa >kejlaTMHA C METUIEHOBBIM CU-
HMM. 3aTeM IIPU MOMOIIY HPOTOYHON BOABI OXJIaXK-
Jaau KoHeyHocThb mo 10-15°C, mo6uBasch 3aCThIBa-
HMS pacTBOpa XejlaTKHa, BBeJEeHHOT0 B COCYIUCTOe
pycio (puc. 1).

Bo BTOpoOIt rpyIime aHaTOMMUYeCcKue IIperapaThl
MU3yYaauM B HATMBHOM COCTOSIHMM 0e3 IpuMMeHeHMS
KOHTPACTMPOBAHMST COCYAMUCTOro pycia (58 HMKHUX
KOHEYHOCTEIN).

BoigeneHnye cocymoB, HEPBOB M MX BETBE MPOU3-
BOAWIN C UCIIOMb30BAHMEM YEThIPEXKPATHOM O6MHO-
KYJISIPHOJ JIYTIbI, IPUMEHSISI KaK 001eXnpyprudeckue,
TaK ¥ MUKPOXUPYPTHUUECKME MHCTPYMEHTHI.

Puc. 1. llepenuss 60bilie6epiioBast apTepus 1 ee BeTBH,
(bMKCHMpOBaHHbBIE C UCITOIb30BAHNEM JKEJIATHHA
C METMJIEHOBBIM CUHUM

Fig. 1. Anterior tibial artery and its branches fixed
by gelatin with methylene blue

Onuuy OGempa M3MepsUiM TIPU Pa30THYTOM KO-
JIEHHOM CYCTaBe OT BepXYIIKM OONbIIOTO BepTena
O BepIIMHBI yIJIa MeXAY CBSI3KOI HaJKOJIEHHMKA
(YCH) u nepenHe-BepxHMUM KpaeM OOJbIle6epIioBoit
koctu (YCH-IIKBBK), njinHy rojseHu — OT BepIIMHBI
VCH-IIKBBK 10 Mribl, yCTaHOBJIEHHOJ B MOJIOCTh IO-
JIEHOCTOITHOTO CYCTaBa Mo MepeqHeMy Kpalo 60sbIiie-
0epIIOBOIl KOCTM, HA CepefuHe PACCTOSTHUS MEXKITY
JoabDKKaMu. [IJIMHY CTOIBI M3MePSIM OT UIJIbI, YCTa-
HOBJIEHHOJ C IOJOUIBEHHOV [IOBEPXHOCTY K BepLIMHE
MSITOYHOTO GYTpa, 10 UTJIbI BO BTOPOM ILTIOCHE-(halaH-
rOBOM CycTaBe. MapKupOBOYHbIE UIJIbI YCTaHABINBA-
JI TIepIEeHIVKYJISIPHO TOBEPXHOCTY KOXKU.

[Tocne ocyuiecTB/ieHMs BCeX M3MEpeHUIi MPOMU3-
Boguau xupyprudeckuii goctyn K [IBBCIL. ITocnoitHo
pacceKkany KOXY, IMOAKOXKHYIO KMPOBYIO KJIETYaTKy,
dacuuio roneHu. 3aTem, HauMHAS OT IPOKCUMATbHOM
TPeTU rojieHy, TYIIO B IPOMEXYTKe MeXIy IepelHeli
60bIIe6EPIIOBOI MBIIIIEN U IJIMHHBIM pasrubaTe-
snem nanbleB Boigensnu IIBBCII u ero BeTBu. BeTBH,
UIyIIJYe K MBIIIEYHbIM TKaHSIM, TUTMPOBaIn. BeTBy,
UAYIIME K HaJKOCTHUIIE AMCTATBHOTO OTAeNa 6Ooib-
1me6epiioBOoit KOCTU, TOMBKO BBIAEISIIN.

IMporcumanbHOM rpaHuieii BoigeneHusi ITIBBCII
M COOTBETCTBEHHO BO3MOXHOJ TOYKOM pOTauuu
CUMTaAM YPOBEHb NUCTAIbHEE OTXOXIEHMUS IMepPBBIX
MBIIIIEYHBIX BETBEIl K IepemHeit 6obliebepIioBoii
MBIIIIIe ¥ JJIMHHOMY pa3TMOaTesTio MepBOro maiblia
crombl. C y4EeTOM M3BECTHBIX OCOOEHHOCTEN KPOBO-
cHab>keHMsI TIepeHeli 6O0JbIIe6epliOBO MBIIIIIBI U
IUTMHHOTO pa3rubaTessi MePBOrO Majiblia CTOIbI, Ha
npoTsbkeHuu Tpetbero 10% MHTepBasa OAMHBI TO-
JIeHM HaxOJSTCSl NOCTOSIHHbIE MBIIIEUYHbIE BETBU OT
IMBBCII, uyTo COOTBETCTBYET 2—4 CM IUCTA/IbHEE BBIXO-
Jla COCYIMCTOTO ITyuKa B IlepegHUit QyT/isap roienu [6].
[l yHOpolleHusT M3MEPEeHUiI TOYKa POTalyuy KOM-
IIJIEKCOB TKaHel OTHeceHa Ha 4 CM IUCTa/IbHEE BbIX0Aa
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ITBBCIT yepe3 MEKKOCTHYI0 MeMOpaHy B IlepemHee
(acumanpHOe JI0XKE TOJEHMN.

BeTBu, uaymie K MbIII€YHBIM TKaHSIM OUCTab-
Hee BBIOPAHHOJ BepxXHEll TpaHUIbl BbIIEIEHUS
IIBBCII, nuruposanu. BeTBu, uayime K HagKOCT-
HUIIE IMCTAJbHOTO OTHea G0JbIIeOepIOBOii KOCTH,
TOJABKO Bbigensyin. TMBH ¢ ero BeTBIMM BbIZe/ISIN
Ha TPOTSCKEHUM BCero mnepeaHero (acinuajabHOTO
JIOKa C OlleHKO¥ Tomorpadmmu ¥ KOJIMYECTBA BET-
Bel, OTXOASIIMX K ITepegHe IPyIie MBbIIIL TOJeHN.
Nsmepsnu paccrosiaue ot BepuinHbel YCH-TIKBBK no
Touky Beixona 'MBH B 310 noxe. [Ipu Hanuumum go-
6aBOYHOT0 MaJIOGEPIIOBOr0 HEPBA €ro BBIAEISIIN Ha
BCEM MPOTSIKEHUYM BMECTE C BETBSIMMU.

KoxxHbli1 paspes mpopjieBaiu OO0 MEPBOTO MeEXK-
MajJbl[eBOTO MPOMEXKYTKa, IIOCIOINHO pacceKkann
BEPXHMIT U HVOKHUI yOEPKUBATENIN CYXOXUINIA pas-
rubaresieif CTOIbI, CMEIAIN CYXOKUIUS IJIMHHOTO U
KOPOTKOro pasrubaresieil GOJbIIOrO Iajablia CTOIIBI
MeAuaibHO. 3aTeM ONpeAensiii BO3MOKHOCTb poTa-
MM KOCTHBIX TPAHCIVIAHTATOB C COXpPaHEHHBIM Oce-
BBIM MCTOUYHMKOM KPOBOOODAIEHMS.

Ecmu aHaToMuueckue ocoOGEHHOCTM CTPOEHMS CO-
CYOUCTOV CeTU TMO3BOJISUIM MCIIONb30BaTh KOCTHBIN
JIOCKYT B KaueCTBe pOTUPYEMOTO, TO JJis OTpefeneHus
BO3MOYXKHOCTM JOCTVOXKEHMSI YPOBHSI JIOKHOTO CYyCTaBa
6eIpeHHO KOCTY BEIUMCIISIIN IJIMHY COCYIMUCTOTO ITyY-
ka oT Touky Bbixoma IIBBCIT yepe3 MEXXKOCTHYIO MeM-
6paHy B nepegHee ¢acuyagbHOE JIOXKe TOJIeHN IO OC-
HOBaHMSI BTOPOI IIIIOCHEBOM KOCTH. 10 rMoBepxXHOCTH
KOXXU U3MePSIIU PACCTOSIHME OT paHee YCTaHOBJIEHHO
Ha BepumHe YCH-TIKBBK mMapkupoOBOYHOI WIJIBI A0
npoekuuu Bbixona IIBBCII yepe3 MEXKOCTHYIO MeM-
6paHy B nepegHee (acuyalIbHOE JIOXKe TOJIeH!, IToc/Ie
Yyero Mpou3BOAWIM BblfeleHe KOCTHOTO TPaHCILIaH-
Tara 13 60JbIIEOEePIIOBOIT KOCTH.

Crnemytonym 3Tarom ¢hopMUPOBaIM TPAHCIUIAHTAT
2-i1 1mocHeBo# KocTu. [To aHamorum ¢ (pusmyeckoin
MOJEbI0 0OOCHOBAHMS MaKCHMAJIbHO BO3MOKHOTO
KOCTHOTO 0O6beMa ayTOTPAHCIUIAHTATA, BbIIEISIEMO-
ro U3 KJIIUMULBI [7], onpenensyiv TpaHULbl KOCTHOTO
TpaHCIUIaHTaTa, INMPUHOI He 6oJiee OIHO TpeTH Iua-
MeTpa BTOPOJ ITIOCHEBOM KOCTU, OJAVHOM — OT IIPOK-
CUMaJIBHOTO [I0 IMUCTAJIBHOTO MeTadusa. ApTepuio
ThUIA CTOIbI BBIAENSUIM OO0 IMPOKCUMMAIbHOTO MeTa-
(¢uza BTOpOI IUTFOCHEBOI KOCTM, MO ThIIbHO-MEIN-
QJIbHO TTOBEPXHOCTYM BTOPONM IUIIOCHEBOI KOCTHU, Ha
COCYIOMCTBIX BETBSIX apTepuy Thia CTOIbI. Boigensnu
(parmMeHT 1epBOii MEKKOCTHOJ MBIIILIbI, COXPaHSIS
ee CBSI3M C HAAKOCTHUIE BTOPOI IJIFOCHEBOM KOCTH,
paccekasay HaJKOCTHMUITY IO TpaHUIle BbIIeI€HHOIO
MbIIIEYHOTO (hparMeHTa, u3berasi ee OTCJAOKU OT ITOA-
JIeXkaliel KOCTH.

dopMupoBaHMe TPAHCIJIAHTATa U3 BTOPOIA TIHOC-
HeBOJi KOCTU TPOU3BOAUIN B MeIUaTbHO-TIOJOIIBEH-
HOM HampaB/JieHUM OPU TOMOILM OCUMIUPYIOILe
MWJIbI, TIOC/IE Yero BbIAEeSIM KOCTHBIN TPaHCIIaHTAT

U3 IUCTaIbHOTO MeTaauadusa 60/bI1e6epIi0BOii KOC-
TH ¢ pparMeHTOM HAAKOCTHUIIBI Ha TEPUOCTATbHbIX
BeTBsax IIBBCII. [IucTranbHOV TIpaHMUIE KOCTHOTO
TpaHCIUIAaHTaTa U3 OOJbIIEOEPIIOBOM KOCTM CUUTA-
JIX IVHUIO TTPUKPEIJIeHUsT KarlCy/bl TOJIeHOCTOITHOTO
cycTaBa.

ITocne dopmupoBaHMs KOMILIEKCA TIOCIELOBA-
TeJIbHO PacCMoJ0XXeHHbIX KOCTHBIX TPAaHCIJIAaHTAaTOB
C COXpaHEeHHBIMU OCEBBIMM COCyJaMM OLIEHUBAIU
IJIMHY COCYOMUCTOM HOXKM OUCTaTbHEe OTXOXAEHUS
TEePBBIX MBIIIEYHBIX BETBEI K IlepedHeii Oojblie-
6epIIOBOJi MBIIIIIE U IJIMHHOMY pasrubaTenio mepBo-
ro MaJiblia CTOMbI — IO AMCTAJbHOTO Kpasi KOCTHOTO
¢dbparmenTa 60/b11€6€PIIOBOII KOCTU M OUCTATBHO-
rO Kpasi KOCTHOTO (parMeHTa BTOPOJi ILIIOCHEBO
KOCTH.

Iy oneHKM ocobeHHOCTel Tororpado-aHaTo-
MUYECKUX B3aMMOOTHOUIEHUI COCYIUCTOM HOXKU
M MSTKMX TKaHeil 6empa OCYIIeCTBJISUIM TTOCTOHBIN
IOCTYI K CPemHeil U IUCTAIbHOM TPeTIM OeIpeHHOI
KOCTY TI0 TepefgHe-HApYyKHOI IMOBepxXHOCTM Gempa
MEXOy MpsSMOM U JaTepaJibHOM TOJIOBKAMM YEThI-
pexIiaBoii MbIIIIIBI. 3aTeM MEXIY paHaMy Ha Gempe
" rojeHu (GopMUpPOBaIM TOIKOXKHBI TOHHENb, Ye-
pe3 KOTOPbIi MPOBOAMIM KOCTHbIE TPAHCIIAaHTAThI
Ha COCYIMCTOI HOXKe TaKMM 0O6pa3oM, UTOOBI IeT-
5, popmupyemasi COCYOMUCTOlM HOXKKOI, OCTaBaach
B TOHHeJIe. [Ipy 3TOM COCYIUCTYIO HOXKY C KOMILJIeK-
COM KOCTHBIX TPaHCIUIAaHTATOB PacIioyiaraiy 1moj, Bbli-
IeneHHbIMM MblliedyHbIMM BeTBsIMU MBH B mpokcu-
MaJbHOM OT[iesie rojieH!. 3aTeM OTMeuasa MPOeKINIo
Ha 6eJpeHHYI0 KOCTh AVCTATBHOTO KOHIIA KasKAOTO U3
3a06paHHBIX KOCTHBIX TPAHCIUIAHTATOB.

IMocne poranyuu KoMILIekca TPaHCIVIAHTATOB U3-
MepsUIM ITy6GMHY OT MEXKKOCTHOM MeMOpaHbI IO I10-
BEPXHOCTHO (aciyy ToieHy AJIsI OIeHKU TOIIMHbI
MBIILIEYHOTO CJIOSl, HA 3TOM >Ke€ YPOBHE U3Mepsiu
rorepevHbie pa3Mepbl roeHU. Takke U3MepSIIU
IJIyOMHY OT O6elIpeHHOl KOCTU IO IIMPOKO (aciym
6empa 10 HApPY)KHOI MOBEPXHOCTM HA YPOBHE POTHU-
POBaHHOI'O KOCTHOT'O TPAHCIJIAaHTATa U3 AUCTATbHOTO
MeTanuadusa 60bI1e6epPIOBOI KOCTH.

[ig MMIUIQHTalMM KOCTHBIX TPaHCIIAaHTATOB
B OeqpeHHYI0 KOCTb MCIIONb30BAIM [OBA BapMaHTa
BMellaTe/bCTBa. [lepBbIit BApMAHT BKJIIOYAJ PaCIiosio-
>KeHMe KOCTHbBIX TPAHCIIJIAHTATOB B Pa3HbIX CEKTOPax
MIOTIEPEeYHOTO ceueHMs 6eIpeHHOI KOCTH Ha OTHOM ee
ypoBHe (puc. 2a). IIpy TakoM pacronaoXKeHUN AjauHa
IIBA 00 OTXOXOEHMUSI COCYAUCTBIX BETBEN K Iepe-
HeMy OOJIbIIEOEPIIOBOMY KOCTHOMY TPAHCIUIAHTATY
SIBJIIETCST IMMUTHUPYIOLIEI BeJIMUMHON poTarum 060-
MX KOCTHBIX TpaHCIUIAaHTaTOB. Bo BTOpoM BapuaHTe
KOCTHbI€ TPAHCIUIAHTAThl pacosaraim o Xomgy cocy-
IVCTOTO ITyYKa MoCIeL0BaTeIbHO OTHOCUTENBHO MPO-
IOJBHOM OCU: TepemHuii 60Jblle6epLOBbIi — IUC-
TaJabHO, BTOPOJ IJIIOCHEBOJ KOCTU — MPOKCUMATIbHO
(puc. 2b).
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Puc. 2. Cxema pacrionoxxeHust
KOCTHBIX TPAHCIUIAHTaTOB

B Pa3HbIX CEKTOPAX ITOIEPEYHOTO
ceueHMs1 6eIpeHHOI KOCTH:

a — Ha OZTHOM ee YPOBHE;

b — Ha pa3HBIX YPOBHSIX

Fig. 2. Scheme of the bone grafts
location in different sectors of
the femur cross section:

a — at the same levels;

b — at the different levels

® ®

ITpu 060Mx BapuaHTax PacIoNIOKeHNS TPAHCIIIaH-
TaTOB M3MEPSUIM PACCTOSTHUSI OT BEPXYIIKM OOTBIIIOT0O
Beprena 6eIpeHHO KOCTY IO Kpasi KOCTHOTO TPaHC-
TUIaHTaTa, PacIojarampinerocs mocie potaluun Hau-
60iee KpaHMAJILHO.

Ilepen okoHUYaHMEM WMCCAeOOBaHUS, TOCIAE OCY-
LEeCTBA€HUS] POTAlMM KOMIUIEKCA TPaHCIUIAHTATOB,
moTopHble BeTBM MBH K MbllIllaM niepeiHei rpym-
IIbI TOJIEHY MapKMUPOBaJIK, TTOC/Ie Yero 3abmpanyu mux
dbparMeHTBl /11 TUCTOJIOTMYECKOTO MCCIeIOBaHMS
C 1eNbI0 OTNpeAeseHus JuaMeTpa 3TUX BeTBel Ha UX
TOIIepeuyHoM cpese (puc. 3).

Puc. 3. MukpodoTtorpadus ry60Koro Masio6epiioBoro
HepBa 1 ero BeTseii. OKpacka reMaTOKCUMIMHOM
¥ 303MHOM. YB. x40

Fig. 3. Micrograph of the deep peroneal nerve
and its branches. Staining with hematoxylin and eosin.
Mag. x40

IMonyueHHbIe MakpompernapaThbl GotorpadupoBa-
nmu (dporoarmapar CANONIXUS 185). ITpu doroduxk-
calyu MUKpPOIIPEIapaToB MCIIOMb30BaIM MUKPOCKOIT
Leica DM 1000, uudposoii ¢oroanmnapat Leica EC3.
O6paboTKy (ororpaduit TPOU3BOAUIN C UCIIONb30-
BaHMeM rpaduueckoro pegakropa Adobe Photoshop
CC 2015.5, a mukpodoTorpaduii — ¢ UCIOIb30BaAHMU-
€M CITelMaJn3MPOBaHHOrO IPOrPaMMHOIO TaKeTa
Leica Application Suite 4.1.

Cmamucmuueckuti aHanus

[TpoBepKy HOpPMa/JbHOCTU paclpeneieHus oile-
HMBaJIM C moMollpio Kputepus Hlanmmpo — VYmika.
PacnipeneneHue Bcex KOMMYECTBEHHbIX [IAHHBIX,
MpeACTaBIeHHOE B paboTe, OTIMYAIOCh OT HOPMAaJTb-
HOro. Pe3ynbTaThl peacTaBieHbl Kak MeauaHa (Me),
HokHMi 25% (LQ) u BepxHMii 75% kBaptwiu (HQ).
Ijis OLleHKM 3HAUMMOCTM MEKTPYIMIIOBbIX pasiu-
Unii IIPUMEHSIICS HemapameTpuueckuii U-Kpurtepuit
MaHHa-VYUTHM [JISI HECBSI3aHHBIX COBOKYITHOCTEIA,
3HaueHue p<0,05 cuuTany 3SHAUMMBIM.

PesynbTaTsl

IIpn wuccnemoBaHuM 62 HUKHUX KOHEUHOCTEN
y 31 Tpyna ITBA HaiineHa B 58 mpemnaparax. 3HaUMMbIX
pasInuMii B TONIIVHE MBIIIEYHOTO CJIOSI TOJIEHU U
6empa B rpymnrax MYKYMH M JKeHIIWH He BbISBIIe-
HO. Pacctosinus mexxay Toukoii Beixoma IIBA, TMBH
u BepuminHo¥ YCH-TIKBBK cTatucTuMyecku 3HAYMMO
OTIMYaINCh B 06eux rpymnmnax. OmHAKO MpU OIleHKe
CpegHMUX COOTHOILIEHMII IJMHBI cerMeHTOB (6Gempa
K TOJIEHU U TOJIEHU K CTOTIe) B KaXKI0¥ U3 TPYIIN 3Ha-
YMMble OTAMYMS B pe3ylbTaTax COOTHOIIEHUI He
6bLTM OGHApYKeHbI. [Ipy aHa/MM3€e COOTHOIIEHUS pac-
crosstaus ot BepuiHbl YCH-IIKBBK 1o Touky Bhixoma
[IBA K gavHe rojieHu ¥ COOTHOIIEHUSI PACCTOSIHUS OT
BepumHbl YCH-ITKBBK m0 ToukyM BbIXOma ITyGOKOTO
Maj06epliOBOr0 HepBa K [JMHE TOJIeHM 3HAUYMMOI
pasHMIIBI B IpymIiax He 6bUT0 HaitmeHo. CTOUT OTMe-
TUTb, UTO TOMIIMHY MOAKOXHO-KMPOBOI KI€TYaTKU
He YUMTBHIBAIM, TaK Kak IPU POTAIUM COCYOUCTast
HO’KKa pacIiojaraeTcsl HeIocpeAaCcTBeHHO Ha ITOBepX-
HOCTM KOCTHBIX WJIM KallCyJIbHO-CBSI30YHBIX CTPYK-
TYp B 00GJIACTM KOJEHHOTO CYCTaBa IOJ ITOJKOKHO-
SKMPOBOJM KI€TYaTKOM.

TakuM 006pa3soM, YCTAaHOBJIEHO, UTO [JIMHA CO-
CYOMCTOM HOXKM TpaHCIUIAHTAaTa ITPONOPIMOHAIb-
Ha pOCTy TaiuMeHTa U, caefoBaTe/ibHO, YPOBEHb PO-
TalMy TPaHCILUIAHTaTa Ha 6Geapo He OIpemesseTcs
AHTPONOMETPUYECKUMMM OCOGEHHOCTIMM UejioBe-
Ka. JIuHeliHble pa3Mepbl KOCTHBIX TPAHCILUIAHTAaTOB
B 00eMx rpymnmax He MMeNIM CTAaTUCTUYECKM 3HAYM-
MBIX pasanunii (Tabim. 1).

Tomorpacdo-aHaTOMMUUYECKME COOTHOIIEHUS, BO3-
HMKAIOIIye II0C/Ie POTaluy KOCTHBIX TpaHCILIaHTa-
TOB, IIPMBEAEHbI B TA0IMIIE 2.
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Tabnuya 1
Pe3y/ibTaThl aHTPOIIOMETPUYECKUX M3MEPEeHMit M Tororpado-aHaToMmuecKme B3aMMOOTHOIIEHNUS
CTPYKTYP TOJIEHM B TPYIIIIEe MCC/IeTOBAHMS

CpenHss BeIMuMHa
ITapameTp My>KuMHBI JKeHninHbI p
(n=17) (n=14)
Me [LQ;HQ] Me [LQ;HQ]
TonuuHa MbIIIIEYHOTO €105 BepXHE TPeTy roJIeHU, MM 28,0 [26,3; 30,0] 24,4 [23,9; 27,9] >0,05
TonuyHa MBIIIIEYHOTO CJ1051 TPAHULIBI CpefHEeN 30,7 [27,1; 32,8] 32,6 [30,9; 34,3] >0,05
U HIDKHEl TpeTu 6epa, MM
IiuHa 6enpa, MM 440,0 [410,7; 451,8] | 394,2 [379,1; 409,2] | <0,05
IHaA roneHu, MM 382,0[369,0; 391,5] | 342,8 [326,9; 363,0] | <0,05
InuHa CTOIbI, MM 250,0[241,9; 263,3] | 232,0 [226,0; 234,6] | <0,05
CpenHee COOTHOIIEHME IJIMHBI 6epa K AJIMHE TOJIeHA 1,17 [1,11; 1,19] 1,15[1,13; 1,16] >0,05
CpenHee COOTHOIIIEHME OJIMHBI TOJIEHU K IJIMHE CTOTBI 1,47 [1,45; 1,52] 1,40 [1,39; 1,58] >0,05
PaccTostHue Mexkmy TOUKO# Bbixoga ITBA 1 BepuIMHO¥ 64,1 [56,0; 66,4] 53,0 [49,0; 54,0] <0,05
YCH-IIKBBK, Mmm
PaccrostHue mexnmy Toukoit Bbixoga 'MBH u BepmmHoit | 105,9 [103,1; 108,0] 93,9 [91,4; 97,8] <0,05
YCH-IIKBBK, Mmm
CootHomieHune pacctosiHus oT BepinHbl YCH-TIKBBK 16,7 [14,9; 17,8] 14,3 [14,1; 16,2] >0,05
o Touky Bbixoga ITBA K gjiviHe rojieHun
CooTtHotieHue pacctrossHus oT BepiuinHbl YCH-TIKBBK 28,57 [26,4; 30,7] 27,40 [25,9; 29,3] >0,05
0o Touky Beixoga 'MBH K mjimHe roneHu
[IvpuHa TpaHCIIaHTaTa 60/bIIE6EPIIOBOI KOCTHY, MM 26,5 [21,7; 30,4] 23,9[20,1; 28,0] >0,05
IiyHa TpaHCILIaHTaTa 60/bIIe6ePIIOBOI KOCTU, MM 109,5[100,5; 118,4] | 101,3[95,2;108,9] | >0,05
[llnpuHa TpaHCIUIAHTaTa BTOPOI IJTFIOCHEBOM KOCTU, MM 8,4[5,2; 12,4] 7,8 [4,7; 11,2] >0,05
[nvHa TpaHCIUIaHTaTa BTOPOIA IJIFOCHEBOM KOCTU, MM 68,5 [61,4; 76,4] 47,2 [38,2; 61,0] >0,05
Tabnuya 2
Pe3ynbTaThl 3KCIIEPUMEHTAIBHOTO MCCI€I0BaHMS ITOC/IE POTAIMM KOMIUIEKCA
BaCKY/ISIpM3MPOBAHHBIX KOCTHBIX ayTOTPAHCIIAHTATOB Ha 6epo
CpenHsisg BemMuMHa
Mapamerp My>KUMHBI JKeHUIMHBI b
(n=17) (n=14)
PaccrosiHMe MeXKIy BepXyIIKO¥ 60MbIIOTO BepTesia U AUCTATbHBIM 81,2 64,7 >0,05
KpaeM TpaHCIUIaHTaTa U3 BTOPO MII0CHEBOM KOocTu Ha [1BA, B Mm [73,1;91,0] [56,3; 72,0]
OT 6OJIBIIIOTO BepTesa
PaccrosiHMe MeXKIy BepXyIIKOii GOMbIIOTO BepTesia U AUCTATbHBIM 176,7 151,6 >0,05
KpaeM TpaHCIUIaHTaTa 13 60/bile6epiioBoit KocTy Ha ITBA, [173,7; 193,9] | [146,9; 159,9]
B MM OT O0JIBIIIOTO BEpTeia
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B uccinemoBanuy 6611 OLieHEeHbI TOHOrpado-aHa-
TOMMUYECKMe 0cobeHHOCTM pacmonaokenuss 'MBH.
Paccrosame ot BepmmHbl YCH-IIKBBK po0 TOuku
Beixoga 'MBH Kk mpoekuum IIBA B rpynmnax MysK-
YMH U KeHIIMH coctaBmuiao Me = 105,9 [103,1; 108,0]
nMe=93,9[91,4; 97,8] MM, COOTHOILIIEHM E PACCTOSTHUS
oT BepimiHbl YCH-IIKBEBK o toukm Beixoma 'MBH
K IauHe rosenu — Me = 28,57 [26,4; 30,7] u Me = 27,40
[25,9; 29,3], COOTBETCTBEHHO.

Heobxomumo o6paTuTb 0c060e BHUMAaHME TP BbI-
IeneHun MbliieuHbix BetBeil 'MBH Ha 30HY, pacmono-
>KeHHYI0 B mpenenax oT 90,0 no 144,0 Mmm aucragibHee
YCH-IIKBBK, Haxop1ytocs oA, MbIIILaMU iepeHein
TPYIIIbI ToJIeHN. VIMEHHO B 3TOJ 06/1aCTV HaXOOSITCS
MoTopHble BeTBM 'MBH, uayIiye K repemHeit 60bIiie-
6epuoBoii meie ([IBM). [To HamMM HaOTIOAEHNUSIM,
xof [IBA mepeceKkaroT IuUllb BETBY, MHHEPBUPYIOLIME
ITBM (puc. 4). B 6 (9,8%) HabMOaeHUSIX IBUTATETbHbIE
HepBHbIe BETBM MPOXOIWIN IO, OJTHOM 13 KOMUTAHT-
HBIX BEH Ha 00eVX HIDKHUX KOHEUHOCTSIX, UTO 3aTPY/I-
HSUTO BbIJIeJIeHM€e U TTOBBIIIAI0 PUCKM UX TpaBMaTu3a-
uym (puc. 5).

B ob6nacTy 1reiiku Mano6epiioBoii KOCTU, IUCTaTb-
Hee TOUKM BeTBJIEHMS OOIIero Majo6eplioBoro HepBa
Ha ITyOOKMi U IMMOBEPXHOCTHBIN, IIPU IIperapupoBa-
Huy ot TMHB Bo Bcex HaGIIOAEeHUSIX BBIIEJISIV KPYII-

HYIO MBIIIIEYHYIO BETBb, KOTOpAs, pa3aensiach Ha 2—4
6onee menkue setBu (Me = 3,2 [2,9; 3,8] BeTBU), MH-
HEPBUPYIOIINE TePemgHIOn 60blle6epliOBYI0 MBbIIII-
1y. [IucranbHee mepBOi KPYITHOM MBIIIEUHOM BETBU
Takke OTMeUaJIMCh MbIIIIEUHbIE BETBU, UAYIINE K I1e-
penHeit 60blIe6epLIOBOI MBIIIIE, YMCIOM OT 1 1o 4
Me =2,7[1,7; 3,8] BeTBU) (CM. puc. 4).

B 6,3% HabmogeHnii (4 KOHeYHOCTH) GbUIM OOHA-
pPY)XeHbI IBe BeTBUM, MHHEPBUPYIOIIME AJIMHHBIA pas-
rubaTesb 60JBILOrO Mablia CTOIbI Ha 94,3 1 119,9 MM
HIDKE TOJIOBKM MaobepIoBOil  KOCTU. [uaMeTpbl
HEPBHbBIX BeTBeE, MU3MepeHHbIe MPU IUCTONOTUIECKOM
MCCIefOBAaHMM C TIOMOIIIbI0 MUKPOCKOIIA, TIpe/icTaBie-
HbI B Tabnmuiie 3. PesyabTaThl M3MepeHUsT JMaMeTPOB
HEPBHBIX CTPYKTYp TOKa3ajayu, YTO BblAe/eHue Hep-
BOB TaKMX JAMAaMEeTPOB HEBO3MOXXHO 6e3 yBelMYEeHUS.
[MombITKM TIPOBEIEHMST ITOTO 3Tara 6e3 MCIOoIb30Ba-
HMSI GMHOKYJISIPHOV JTYITbI IIPUBOIVIIN K TIOBPEKAEHUIO
KaK MMHMMYM ABYX MOTOPHBIX BeTBeil [MBH.

B xoge mcciemoBaHust 6bUTM BBISIBJIEHBI CIEOYIOIIVE
BapuaHThl cTpoenyst [IBBCII, mpu KOTOPBIX GOpMUPO-
BaHMe epemgHero 60/1bIIe6epIIoBOro U TPAHCILIAHTaTa
2-71 IUTIOCHEBO# KOCTU M UX POTALMS ObUIY HEBO3MOK-
Hbl: oTcyTcrBue IIBA (puc. 6a), OTCyTCTBME apTepun
ThUIa CTOMbI (puc. 6b) u 3amHeli GosbIIE6EPIIOBOI
apTepun.

Puc. 4. Ilepenuuit 60/b11e6€pILIOBBIN COCYOVCTO-HEPBHbIII
ITy40K. MbIIlIeUHbIE€ BETBY INTyGOKOTO Mayo6epioBoro
HepBa, UAyIIVe K epefHeit 601bl1e6epIioBoii MbIIIIIE,
TepeceKkaloT X0, IepeaHei 60/bIi1e6eplioBoii apTepumn

Fig. 4. Anterior tibial neurovascular bundle. Muscular
branches of the deep peroneal nerve, going to the anterior
tibial muscle, cross the course of the anterior tibial artery

Puc. 5. AHaTOMMYECKMIT BAPUAHT MPOXOXKIEHNS OTHOM
13 BEH, COMPOBOKAAIOIIEN TIepeIHIo 60/bIIe6epIioBYI0
apTepuio, MeKIY MbIIIEYHBIMM BETBSIMMU TTyOOKOTO
Mayio6epI0BOTO HEpBa

Fig. 5. Anatomical version of anterior tibial artery vena
comitans passage between the muscular branches

of the deep peroneal nerve

Tabnuya 3

JuamMeTp HEePBHBIX BETBEI INTYOOKOr0 Ma/Io0epIOBOrO HepBa
Tapamerp InameTp HepBa,
MM
Imy6oKMit Mamo6eplioBblii HEPB 10 OTXOKAEHMS MbIIIEUHBIX BETBeI’ 2,1[1,3; 3,2]
ITepBast KpyIiHast HEPBHAs BETBb, MHHEPBUPYIOIIAS ITePeIHIOI O0MbIIe6ePIIOBYIO MBIIIILY 0,5[0,4; 0,6]
IucTanbHble HEPBHBIE BETBU, MHHEPBUPYIOIIVE TIePeIHIO 60/IbIIe6epIIOBYI0 MBIIIITY 0,2 [0,1; 0,4]
[iry6oKMit Mamo6eplioBbIii HEPB HA YPOBHE CPeIHEl TPETH ToJIeHM TTOC/Ie OTXOKAEHMS 0,910,7; 1,4]
MBIIIEYHBIX BETBEN
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Puc. 6. AHaTOMIUECKYE BAPUAHTHI CTPOEHMS TIepeqHero 601blIe6epIioBOro COCYAMCTOTO ITyYKa:
a — OTCYTCTBUe IepefHeli 6eipeHHO apTepui; b — OTCYyTCTBME apTepyuy Thljla CTOIIbI

Fig. 6. Anatomical variants of the anterior tibial vascular bundle:
a — the absence of the anterior tibial artery; b — the absence of the dorsalis pedis artery

Oo6cykmeHne

[lo HegaBHero BpeMeHU JUMMUTUPYIOLUMM Tapa-
MeTPOM IIPU BbIOOPE YPOBHS Pa3BOPOTA COCYAMCTOTO
My4yKa IMpU MPUMEHEHUM POTMPOBAHHOTO KOCTHOTO
TpaHCIUIAaHTaTa OOJbIIEOEPIIOBOIi KOCTU SIBJISIACh
rpaHulla BEepXHEN U CpemHel TpeTeil TOieHU HIDKe
ypoBHs1 mepeceduenus: [IBBCII 1 MOTOpPHBIX BeTBel
I'MEH [3]. [TosToMy poTalus nepegHero 6ombiiebep-
II0BOTO TPAHCIUIAHTATA B TAKOM CUTyalyuu OblIa BO3-
MOYKHA JIIIIb B TIpefiesiax AVCTAIbHO TpeTu Gempa.

Hacrosiiee ucciiegoBaHue M3MEHUIO TpeNCTaB-
JIeHV/e O BO3MOXKHOCTY (hOPMUPOBAHMSI COCYAMUCTOM
HOXKM KOCTHOTO ayTOTpPaHCIJIaHTaTa TOJbKO Ha
YPOBHE MPOKCMMAJbHOM TpeTu roieHu. BoigeneHue
COCYAUCTOM HOXKKM Ha YPOBHE MPOKCUMAIbHON TPETH
TOJIeHM TI03BOJIMJIO POTMUPOBATh IMepeIHuit Gosblie-
6epIIoBBI ayTOTPAHCILIAHTAT A0 YPOBHS T'PAHUIIBI
MMPOKCUMMAJIBHOM U CcpemHeil TpeTeii 6empa, a ayTo-
TPaHCIUIAHTAT BTOPOJ IIJIFOCHEBOM KOCTU — 0 MPOK-
CUMAaJIbHO TpeTu Gempa.

ITo manHbiM H.O. MuytaHoBa ¢ cOaBTOpaMu, IJIOT-
HOCTb DACIOJIOXKEHUST COCYOMCTBIX BeTBeH, mepdo-
PUPYIOMIUX KOPTUKAIbHYIO IUIACTUHKY Oobliie6ep-
1I0BOJ KOCTM, TIO3BOJISIET B CpegHEM B MOMYISLUU
MPUHMUMATh 33 MPOKCUMAIbHYI0 TPaHMUIly KOCTHOTO
rnepegHero 60bIIe6epIOBOr0 TPAaHCIUIAHTAaTa FOpu-
30HTAJbHYIO JIMHUIO, IPOBEIEHHYI0 Ha 12 ¢M IPOK-
CUManbHee JMHUU TPUKPEIIEHMST KallCy/abl Tone-
HOCTOITHOTO CyCTaBa K O0ibIie6epiioBoit Koctu [4].
OmHakoO Hall KIMHUYECKMI OMBbIT MCIOJIb30BAHMUS
KOCTHOTO BacKy/ASpU3UPOBAHHOTO TpaHCIJIaHTaTa
60JbIIHOGEPIIOBOI KOCTM II0KAa3aj, UTO BbIIeIeHMe
TpaHCIUIaHTaTa 60j1ee 8 CM IJIMHON He GbIIO HEOOXO0-
IMMO HY B OHOM M3 KIVMHUYECKUX HAOTIOmeHWIA.

OgHMM U3 KIIOYEBBIX (aKTOPOB MPUMEHUMOCTHU
CBOOOAHBIX PEBACKYISIPU3UPYEMBIX ayTOTPAHCIUIAH-
TaTOB B KJIIMHUYECKOI MPaKTHUKe SIBJSETCS IJIMHA CO-
CYIMCTOM HOXKMU, TTI03BOJISIIONIAS BHITIOTHUTD HAJIOXKe-
HJ)Ee aHaCTOMO30B C PelUMUIIMEeHTHBIMU COCyJaMM Ha
TpeGyeMOM ypOBHE. BoisiBjIeHHbIE 0COGEHHOCTY aHa-

tomuu [IBBCIT n ero BeTBeit, TIMBH 1 ero MOTOpHBIX
BeTBEli MOTYT IO3BOJUTb ITPOTHO3MPOBATH (HOPMU-
pOBaHMe IJIMHHOM COCYAMCTONM HOXKKMU. OCOOGEHHOCTH
MPOXOXKIEHMSI MOTOPHBIX BETBEi K IepemHeii 60Jb-
e6epIoBoii  MbIIIIEe (aHATOMUYECKMIA BapuUaHT
UX MPOXOXKAEHMS TOH ONHOM M3 KOMUTAHTHBIX BeH
ITBBCII) He SIBJISIOTCS OrpaHUYeHNeM Ijis GopMuUpo-
BaHMS COCYAVICTOM HOXKKYM Ha YPOBHE IMTPOKCUMAaIbHOM
TpeTu rojeHu. B momo6Hoi cutyanyy hGopMupoBaHye
IJIVHHOWM COCYAVICTOM HOXKM KOMIIJIEKCAa KOCTHBIX
TPaHCIVIAHTAaTOB IPeNCTaB/ISIeTCs BO3MOXHbBIM MPU
repeceueHy OJHOI U3 ABYX BEH, COMMPOBOKAAIUINX
IBBCII, pacIonokeHHO Haubojaee MOBEPXHOCTHO,
IIJIST OCBOOOKAEHMS ¥ COXPAHEHMS MOTOPHBIX BETBE
I'MBH Kk mepegHeii 60ibllie6eplioOBOi MBbIIIIE, TPU
3TOM OJHY U3 BEH MPUHIMINAIBHO BaXKHO COXPaHSTh
VHTAKTHOJA.

[To BaHHBIM HEKOTOPBIX UCCIEL0BAHUN, CYILIECTBY-
10T O HA MMOCTOSIHHAS M 0fHa HernocTossHHAs (10% Ha-
6monenuit) BetBu TMBH, nHHepBUpYOIIME AIMHHBIN
pasrubaTrenb OONBIIOrO Maiblla, KOTOPbIE OTXOOST
HIKEe TOJIOBKM Majio6epIioBOi KOCTM B CpeJHEM Ha
9,1 n 12,1 cm cooTBeTCTBEHHO [8, 9]. B mpoBegeHHOM
MCCIenoBaHMM ObUIM TIOTYYEeHbI COMOCTaBMMbIE pe-
3y/IbTAThI: B 6,3% HaOMOAEHMIT (4 KOHEYHOCTH) ObUIN
oOHapy>keHbl 00e BEeTBM, MHHEPBUPYIOIINME IJIMH-
HBIIi pa3rubaTenb OOJBIIOTO IMaiblla CTOMbI Ha 9,4
1 11,9 cM HMKe TOJIOBKY Majiob6epIi0BOii KOCTH.

BaykHO OoTMeTuTh, UTO, 0 gaHHbIM D. Yu ¢ coaB-
TOpaMy, OflHa-IBe BeTBM, MHHEDPBUPYIOILNE Tepe[-
HIOI0 6OJIbIIe6epIIOBYI0 MBIIIILY, 06eCIIeYnBalT MO-
TOPHYIO MHHEPBAIMIO ee MepefHeil yacTu, ogHa-IBe
BETBM — MHHEPBALMIO 3aJHel 4acTy, MpUYeM MexK-
Iy BHYTPUMBIIIEYHBIMM BETBSIMM He CYIEeCTBYeT
B3aMMOCBSI3M. TO CBUIETEIbCTBYET O HEOOXOAMMO-
CTU MHTpPaoIlepaliOHHOTO MPeL3MOHHOTO Bhljele-
HUSI U COXpaHEHMS] BCeX HepPBHBIX BeTBe, MAYLIUX
K IepegHeil 60/blIe6eplioBoil MBIIIIIEe, KOTOpbIE ITe-
pecekaloT Xo[ IepemHeii 60/blIe6eplioBoil apTepUn.
D. Yu ¢ coaBTOpamMM mokasaau, YTo mepemHsis 60Jb-
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e6epIIoBast MbIIILA MHHEPBUPYETCS 2—4 MBIIIIEYHBI-
MU BETBSIMU, B cpenHeM (2,8%0,6) [10]. ITo maHHBIM Xe
HAIlIero MCCIemOBaHMsI, B 00JIacTy LIEHKMU Masiobep-
1I0BOJ KOCTH, AVCTA/IbHEE TOUKM BETBJIEHUS OOIIETO
Maj06epILiOBOT0 HEpPBA Ha ITTYOOKMIA M ITOBEPXHOCT-
HBIIi, BO BCeX CAy4yasx ObUla OOHApyKeHa KpyITHAs
MbIIIEYHAs] BETBb, pasfeisiBiiasics Ha 2-4 Oojee
MeJIKMe BEeTBY, MHHEPBUPYIOIINE TMePenHIOn O0ib-
e6epIIoBYI0 MbIIIILY. ITpy 3TOM AMcTaabHEe IIePBOii
KPYITHOJ MBIIIEYHOV BETBU TaKKe ObLIM BbISBJIEHbI
1-4 MbIlIeYHbIe BETBY, UAYINNE K ITepeHeli 60IbIlIe-
6epII0BOI1 MBIIIIIE.

B ycnoBusax npenysuoHHoro Boigenenus 'MBH u
ero BeTBeii 3a OCHOBY OIlpefeNeHNs] TOUKM poTaluun
M3y4aeMbIX TPAHCIUIAaHTATOB Ha COCYAMCTO HOXKe
MpU BBITIOJIHEHUM U3MEPEHMIt B3AT OTCTYIl B AUC-
TaJIbHOM HallpaBJ€HUM Ha BEIMYMHY 4 CM OT BbIXOZa
ITBBCII B nepengHee dacuyagbHOE JIOXKE C YYETOM U3-
BECTHBIX 0COOEHHOCTE) KPOBOCHAOKEHMS IepeaHeli
60JIbIIE6EPIIOBOI MBIIIIBI ¥ IJIMHHOTO pasrmodaTers
IepPBOTO MaJiblia CTOIIHI [6].

[lpu mpoBemeHUM MUCCIENOBaHMS HA MPOTSDKEHUU
BBIOPAHHOT'O MHTEPBA/IA BU3YATM3UPOBAIN COCYIUCTHIE
BETBM K ITepemHelt 60sbIIe6epoBoii MBIIIIE W IIVH-
HOMY pa3rMbaTeio IMepBOro IMajblia CTOIbL. MOXKHO
MpeprnonaraTb, 4To IepeMellleH)e TOYKM pOoTalun
B IPOKCMMaJIbHOM HallpaB/ieHUM BO3MOXHO B YCTIOBUSIX
BU3ya/IU3alMM ITPOKCUMAa/IbHBIX MbIILIEYHBIX BETBEIA.

[To maHHBIM JAUTEpaATyphbl, GOPMUPOBAHNE TTEPET-
Hero 60JbIIe6ePIIOBOro M TPaHCIIAHTaTa 2-i1 TTI0C-
HeBOJ KOCTU U UX POTalysl HEBO3MOXHBI ITPU PeIKUX
aHATOMMYECKUX BapuaHTax CTPOEHMS: OTCYTCTBUU
ITBA [11, 12, 13], OTCYTCTBUM apTepuu Thlia CTOIBI,
Hauaje apTepuy ThlJIa CTOMBI OT Maj06epIoBOit ap-
tepun [14] mau 3agHeit 60sbIIe6EPIIOBOI apTepumn
[15, 16]. Tak, mo manabiM B. Adachietal, B 7,1% Hab6imio-
nenmni I1IBA otcyrcryet [13]. B Hamem uccienosa-
HNUM B 3 HAOMIOAEHMSX ¥ Pa3HBIX TPYIIOB MY>KUMH Ha
OLHOV M3 KOHEUHOCTEN BCTPETUIICS aHATOMMUYECKUIT
BapuaHT otcyTcTBusl IIBA: 8,8% B rpymre mMy>XumH
u 4,8% — cpenyt BceX HaBGIIONeHMIA.

[To maHHBIM HEKOTOPBIX MUCCIeOOBaTeNel, apTepus
ThUJIa CTOIIBI, SIBJSIOIIASICS TMpoposkeHueM IIBA, ot-
CyTCTBYeT B 12% HaOMIOmeHnit, a B 5% HaUMHAETCS OT
manobepiioBoii aprepun [17, 18]. B murepaType BcTpe-
YalTCs OMMCAaHMSI PeJKUX aHAaTOMMUYECKUX BapuaH-
toB. Haripumep, L. Dubreuil-Chambardel eme B 1925 1.
MTOKa3aJI, YTO apTepus ThIJIa CTOITbI MOKET 6paTh CBOE
HayvaJIo OT BETBU 3aHei O0IbIIeO6epIoBOii apTepun,
orubarorieit MeaanabHYIO JOABIKKY [16]. B mpoBemeH-
HOM MCC/IeA0BaHMM OINMCAHHBIV aHATOMUYECKNUIA Ba-
PUAHT BCTPETUJICS B OTHOM HAOTIOMEeHUN.

[MpomomkeHeM apTepuy Thia CTOIBI B 85% ciry-
yaeB SBJISIeTCS TiepBasi ThUIbHAS IIJIIOCHEBAsl apTepusi;
B 1,6-5,0% HaOMIOmEHMII KOHEYHOI BETBBIO apTe-
pUM ThUIA CTOIIBI SIBJISIETCS AYrooOpasHas apTepus;
B 1,6—10,0% BCe 4 ThIIbHBIE IUTIOCHEBBIE apTEPUM 6epyT

CBOE HayaJIo 13 MOAOILIBEHHBIX IUTIOCHEBBIX apTepuit, a
B 1,6% HabmogeHnit nepsas ThlIbHAS IUIIOCHEBAs ap-
Tepust IpocTo otcyrcTByet [19, 20, 21]. B npoBeneH-
HOM HaMU MCCIeIOBAHNUM JIUIIh B ABYX HAOTIOHEHUSIX
apTepus ThUIA CTOITbI HAUMHAIACh OT MaIOGEPIIOBOIA,
OTCYTCTBME apTepuy ThIa CTOIMBI BbISIBIEHO B OLHOM
npemnapate. [IpyM Takux aHATOMUYECKUX BapuaHTax
BbIZle/ieHe BacKy/lIsIpU3MPOBAHHOTO KOCTHOTO TPaHC-
IJIAaHTATa BTOPOA IUIFOCHEBO KOCTY HEBO3MOSKHO.

Bo3MOXXHOCTb BbiJle/IeHUsI KOMIUIEKCA ayTOTPaH-
CIUTAHTATOB CTPOMTCSI HA COYETAaHMM OJIaroIpUsIT-
HbIX aHATOMMYECKUX BApMAHTOB apTepuaabHOI CeTH,
BKJIIOUAIONIMX B cebss Hammuue IIBA, aprepum Thiia
cToIbl, saBiaswoeiics BeTBbio IIBA. ITomuMo Bcero
MpoYero, KOHEUHO! BETBbIO apTepuM Thla CTOIIbI
JIOJDKHA SIBJISITBCSL TIepBasl IUIIOCHEBasl apTepusi Uin
nIyroobpasHas aprepus. ToMbKO TPy TaKMX BapUaHTaX
CTPOEeHMUS apTepUaibHOM CeTU BO3MOKHO MCII0/Ib30-
BaHMe BBIIIEONMCAHHBIX TPAHCIIJIAHTATOB.

B uccnemoanum H.O. MunaHoBa € COaBTOpaMu
MpM TIOATOTOBKE K OINEPaTMBHOMY JIeUEHUIO Malu-
e€HTaM MPOoBOAIIM (QYHKUMOHAIbHBINA TECT KOMITEH-
caiMy KPOBOCHAOKEHMSI CTOMBI IIPU BBIKITIOUEHUN
IIBA 1104 KOHTpPOIEM OYIUIEKCHOTO YAbTPa3BYKOBOTO
maTumka. B 7% HabmomeHuii KOMIIEHCAIMU KPOBO-
obpaleHuss He HAOMIOOAIN, YTO CBUIETEIHCTBOBAIO
0 HaJIMYMM y IAaIMEHTOB aHATOMMUYECKMX BAPUAHTOB,
He M03BOJISIOIIMX UCIOIb30BaTh BaCKY/ISIPU3UPOBAH-
HbIl KOCTHBIV 60JIbIIIe6ePIIOBBIN TPAHCIIAHTAT [4].

Takum 06pa3oM, COMIACHO JaHHBIM JTUTEPATYPhI
[20, 21, 22], u pe3ynbTaTamMm NpOBENEHHOTO UCCIen0-
BaHMsI OblJla BBISIBJIEHA IIMPOKas BapuabelbHOCTb
cocyaucToro pycia. Heo6xomumo moguepKHyTh Bask-
HOCTb KOMIIJIEKCHOTO MOJXO0Ja Ha MpenorepanyoH-
HOM 3Tale MOATOTOBKM — IpOBefeHMe KaK KAMHU-
YeCKMX TeCTOB, TaK M MHCTPYMEHTAJIbHbIX METOAOB
McCief0BaHMs, TaKMX KakK YIbTPa3ByKOBOE UCC/IeO0-
BaHue u/vu KT-auruorpadus cocymoB HMKHUX KO-
HeyHoCTeii [1, 3, 7].

AHaToMMueckue OCOOEHHOCTM COCYIOB M HEPBOB
roJIeH!, B YaCTHOCTU UX MaJblii JuameTp, JUKTYIOT He
TOJIbKO HEOOXOAVMOCTb BbICOKOKAUYEeCTBEHHOTO 000-
PYAOBaHMS U MHCTPYMEHTapus, OTCYTCTBME KOTOPOTO
MIPUBOOUT K TOBPEXKAEHUIO BaXKHBIX CTPYKTYpP, HO U
CO3JaHMsl CIelMaabHO TIOATOTOBJIEHHON XUPYPIu-
YyecKoii Opurazbl, WieHbl KOTOPOJ 00/1aal0T MacTep-
CTBOM B CBO€Ji OCHOBHOJ CITeLMaJIbHOCTU (TpaBMaTo-
JIOTUM U OPTOTIeINY, PEKOHCTPYKTUBHO-TIIaCTUUECKOIA
XUPYPTUU, MUKPOXUPYPIUN), & TAKKe UMEIOT 6a30BYI0
MOATOTOBKY B CMEXKHBIX CIIEIIUATbHOCTSIX.

3aKk/JIIouYeHne

Boimenenue mnepemHero O60JbIIEOEPIIOBOrO CO-
CYIMCTOTO IyYKa Ha YPOBHE MPOKCHMMAJIbHOI TPETU
TOJIEHM TI03BOJISIET POTMPOBATh HA €IMHOM COCYIMC-
TOM ITYYKe KOMILJIEKC IepeaHero 60/bIIedepIoBoro
KOCTHOT'O ayTOTPaHCIIAaHTATa ¥ ayTOTPaHCIIAaHTAaTa
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BTOPOJ ITIOCHEBOJ KOCTY B 30HY CpeHel TpeTu 6efi-
peHHOI1 KocTu. [IpemoTBpallleHe B XOA€e BbIIEIEHUS
COCYIMCTO HOXKM, [IOBPEXIEHUS BETBEN INTy60KOr0o

HomnonauTenbHas uHbopmanys

3aseneHHblii 6K1A0 a8mMopos

3ensHuH JI.A. — KOHUEIIMS M Au3aiiH UccIegoBaHMs,
MHTEepIIpeTaIys MoMy4YeHHbIX JaHHbIX, C6OP U CTaTUCTUUe-
cKkast 06paboTKa JaHHBIX, HAITMCAHME TEKCTA PYKOIUCH.

JTy6poe B.2. — KOHLEMINS U AU3aiH UCC/IeTOBaHMS, pe-
IaKTHMPOBaHMeE TEKCTa CTaTbU.

3ensHuH A.C. — KOHLEINMS M Ou3aiiH ucciegoBaHus,
pemakTHpOBaHMe TEKCTA CTAThU.

dununnos B.B. — KOHLENMUMS U AU3aiiH UCCIen0BaHsl,
pemakTHpOBaHMe TEKCTA CTAThU.

Swun /I.B. — pegakTMpOBaHe TEKCTa CTaThN.

Ilempocsin K.A. — penakTUpoBaHMe TeKCTa CTaTbU.

Bce aBTOpPBI powin ¥ ogo6puian GUHAIbLHYI0 BEPCUI0
pyKomMcH CTaTbu. Bce aBTOpBI COr/TacHbI HECTU OTBET-
CTBEHHOCTb 3a BCE€ aCIIeKThl paboThbl, YTOOBI 06ECIIeUNnTh
Hajexallee pacCMOTpPEHME U pelleHle BCceX BO3MOXKHBIX
BOIIPOCOB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAIEKHOCTHIO
106071 YacTy paboThI.

Hcmounuk  ¢unaHcuposanusn.  ABTOpPHI  3asIBJISIIOT
06 OTCYTCTBMM BHENTHEro GbMHAHCUPOBAHMS MPY MPOBEJIe-
HUY UCCIIeOBaHUSI.

Kongauxkm unmepecos. ABTOPBI NEeKIAPUPYIOT OTCYT-
CTBUE SIBHBIX U IMOTEHLMAJIbHbIX KOHCbJH/IKTOB MHTEepecCoB,
CBSI3aHHBIX C My6GIMKaLVeil HaCTOSIIEe CTaTbu.

Omuueckaa 3Kkcnepmusa. Bce srambl HayyHO-MCCIIe-
JIOBaTeNbCKOI paboThl OJOOPEHBI ITUYECKUM KOMUTETOM
MHOII MI'Y um. M.B. JTomoHOCOBa, ripotokon N2 54/11 ot
08.11.2018.

Hugopmuposantoe coanacue. He tpebyercs.
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Shoulder Arthrodesis: A New Technique
Igor A. Voronkevich !, Alexander P. Varfolomeev!, Nikita I. Geraschenko?

!'Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia
2 New Clinic ABIA, St. Petersburg, Russia

Background. The replacement of fusion by arthroplasty in terminal shoulder arthropathies has led to the emergence of cases
contraindicated for revision arthroplasty. Performing fusion by traditional methods in such cases is extremely risky because
of unfavorable conditions: absence of the humeral head, thinning of the metaphysis walls, and defects of the glenoid. Thus,
the creation of a new shoulder fusion technique is necessary.

The study aimed to show the possibilities of a new shoulder fusion technique in treating arthroplasty complications and
terminal shoulder arthropathies.

The surgical procedure includes the resection of the shoulder joint and internal fixation with a special device containing
a scapular fork with four locking screws and a bone plate. The fork was put on the scapular spine from the side of its notch
and was blocked by four tightening screws, which clamped the scapular spine in the fork. The bone plate fixed the diaphysis
of the humerus. The fixator form set the scapulohumeral ratio for the formation of ankylosis in a functional position. Bone
grafting was performed with a graft from the wing of the iliac bone according to the special technique after endoprosthesis
removal or with the resected head of the humerus in case of arthrosis.

Conclusions. The developed technique can be used as a standard revision option for contraindications to shoulder
arthroplasty and for any traditional indications for its fusion, such as oncological resections, consequences of open and
gunshot trauma, lesions of the brachial plexus, and terminal arthropathies in persons engaged in heavy physical labor when
it is impossible to change profession.

Keywords: shoulder arthrodesis, shoulder ankylosis, shoulder arthropathy, complications of shoulder arthroplasty, bone
grafting.
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AKmyansHoCmb. BeiTeCHEHME apTPoe3a SHIOMPOTE3MPOBAHMEM TPV TEPMIUHAIbHBIX apTPOIATHSIX IJIEYEBOTO CYyCTaBa
MIPMBEJIO K TOSBIEHMIO TAI[MEHTOB, KOTOPHIM ITPOTMBOIIOKA3aHO PEBU3MOHHOE IHIOMPOTE3UPOBaHMeE. BbITIONIHEHNE ap-
TpoZe3a TPagUI[MOHHBIMY METOIaMM Y TAKMUX MaleHTOB OKa3bIBAETCS KpaiiHe PUCKOBAHHBIM BC/IEICTBIE HEGIAaromnpm-
SITHBIX YCJIOBMIA: OTCYTCTBUSI TOJIOBKM, ICTOHUEHMSI CTEHOK MeTadm3a 1 1edeKTOB CyCTaBHOTO OTPOCTKA JIOMAaTKU. ITO
MoTpe6oBasIo CO3MaHMsI HOBOM TEXHMKM apTPOo/Ie3a IJIeYeBOro CycTaBsa.

Ienw uccnedosarus — OKa3aTb BO3MOXHOCTY HOBOI METOAMKY apTpoje3a IIeUueBOro CycTaBa Ipu MocIefCTBUSIX OC-
JIOKHEeHU SHIONPOTE3UPOBAHMS M TEPMUHAJBHBIX CTaAMUSIX apTPOIIaTUM IJIEYeBOTr0 CycTaBa. TexHuUKa onepayuu BKIIO-
YyaeT pe3eKIMI0 TJIeUeBOro CycTaBa, BHYTPEHHIOW (GUKCAIMIO CIIeIMaabHbIM YCTPOMNCTBOM, COOEPIKALIMM JIOMATOYHYIO
BUWJIKY C YeTHIPbMSI OJIOKMPYIOIIMMY BUHTAMM ¥ HAKOCTHYIO TUIACTMHY. BUika HaJeBaeTcst Ha JIONATOUHYIO OCTb CO CTOPO-
HbI ee BbIPe3KM U GIOKUPYETCS] YeThIPbMSI CTSTUBAIOIIVMM BUHTAMM, KOTOPBIMU 3aKMMAIOT JIONIATOUHYIO OCTh B BUJIKE.
HaxkocTHoii tuiacTuHoi GUKCHMpYIOT nuadu3 miaedeBoit kKoctu. Popma dukcaTopa 3aaeT miedeonaTouHble COOTHOIIIe-
Hust 0j1s1 GopMUPOBAHUS aHKMIO3a B QYHKIIMOHATBHO BBHITOLHOM IMONOKeHUYM. KOCTHYIO IJIACTUKY BBITIONHSIOT TPAHC-
IUIAHTAaTOM M3 Kpblja MOAB3L0UIHOM KOCTU IO CIlel[yajabHOM MeTOOMKe I0C/Ie yHaleHUsl SHAOIPOoTe3a WM YTUIbHOMI
TOJIOBKOJ MJIeueBOi KOCTU IIpU apTpo3e.

3axntoyerue. PaszpaboTaHHasi METOLMKA MOKET MPUMEHSITbCS B KauyecTBe CTaHJAapTHOM pPeBU3MOHHON ONMUMM TPU
MIPOTUBOIOKa3aHUSIX K SHAOMPOTE3MPOBAHMIO TIIEUEBOIO CYyCTaBa, a Takke MPU JIIOOBIX TPaIUIIMOHHBIX IMOKa3aHUSIX
K ero apTpoze3y, TaKUxX KaK OHKOJIOTMUeCKye pe3eKIUM, TOCTeICTBUSI OTKPBITON M OrHeCTPeabHO TpaBMbI, TOPasKeHUSI
I171Ie4eBOTO CIVIeTEeHUS U TepMUHAIbHbIE CTAAUY apTPOMIATUN Y JIILL, 3aHUMAIOLIUXCS TSDKeIbIM GU3UYeCKUM TPYLOM IIPU
HeBO3MOKHOCTM CMeHbI Tpodeccun.

Kiarouessblie ciioBa: apTponaes3 IjieueBoro cycrasa, Tie4eI0naTOYHbIi AHKWJIO3, apTpOoIIaTuA IJiedeBOro CycraBa, OC/JIOKHe-
HUA SHOOIIPOTE3MPOBAHMS IIJIEYE€BOI0 CyCTaBd, KOCTHAA ITJIAaCTHUKaA.
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Background

The shoulder fusion is an operative intervention
consisting in resection of the joint and fixation
of the humerus to the scapula for the formation
of ankylosis, providing painless functioning of
the upper limb in new anatomical and functional
conditions. Thirty years of experience in shoul-
der joint arthroplasty has shown low survival
rate of modern systems, which in 7-12 years in
some cases results in an inoperable condition
for revision arthroplasties [1, 2, 3, 4, 5]. In cases
of contraindications to revision arthroplasty of
the shoulder joint in such patients, arthrodesis
is increasingly required. Most of orthopedic sur-
geons have begun to forget the shoulder fusion,
or, avoid it due to the imperfection of traditional
surgical techniques. Traditional techniques hap-
pened to be untenable in the consequences of
shoulder joint arthroplasty complications [6].
In addition, it has become clear that primary ar-
throplasty are usually contraindicated for people
engaged in heavy physical labor [7, 8, 9, 10]. The
new reality has led to the look for other solutions
to the problem of terminal stages of osteoarthri-
tis by means of revival of shoulder fusion surgery
at new technological level, which can ensure suc-
cessful ankylosing in conditions of combined
bone defects of the shoulder head and the gle-
noid. To do this, we have modified the surgical
technique and created a brand new special in-
ternal scapulohumeral fixator with standardized
angles of 3D alignments for ankylosis formation
in a functionally favorable position [11]. With
contraindications to arthroplasty, this turned out
to be a high-tech option for surgical restoration
of upper limb function.

The aim of the study was to show the possibili-
ties of shoulder fusion new technique in the con-
sequences of complications of arthroplasty and
terminal stages of osteoarthritis of the shoulder
joint. A new technique and special internal fixa-
tor for the formation of ankylosis, with standard-
ized angles of humeroscapular ratios, created
at the R.R. Vreden NMIC, is updated option for
surgical restoration of upper limb function for
all known indications to shoulder fusion, and a
highly effective method for contraindications to
revision arthroplasty.

The device is a bridge-like structure combin-
ing a scapular fork with locking screws for at-
tachment to the scapular spine and a bone plate

for fixing the humeral diaphysis. For the external
looking like, the device was called "The Camerton”
[11]. The combination of proximal locking unit
and compression plate in the implant provides a
long time rigid inter-fragment fixation that re-
sists loosening and maintains optimal mechani-
cal conditions for the consolidation between the
glenoid and the humerus after its head resection.
They are responsible for relative comfort of
the patient and the optimal range of upper limb
motions. The surgeon is responsible for correct
rotational position. Bending along the contour
of the humerus head makes it possible to bypass
the resected remains of the proximal end of the
humerus with the glenoid (Fig. 1a). This also
helps exact reposition, to free up space around
the joined surfaces to accommodate grafts fitting
that increase local bone mass and completeness
of interfragmental contact. After removal of the
stem of the shoulder component or spacer, there
is always high probability of delayed consolida-
tion due to decreased reparative potential of the
bone adjacent to them. This requires long-term
resistance of the fixator to fatigue fractures of
the plate at the level of screw hole. Therefore, the
transition zone of the implant above the resected
shoulder joint is made without screw holes which
migt be stress concentrators. The scapular fixing
unit is made so that when put on the scapular
spine, the fork of the "Camerton" imbraced it with
branches in front, in the supraspinatus fossa, and
behind, in the infraspinatus fossa. Fixation is
carried out with three or four tightening screws
that pass through the scapular spine, block it and
clamp it tightly, bringing the fork branches clos-
er (Fig. 1 b, c). Such fixation successfully resists
loosening in the scapular spine and ensures the
reliability of compression for a long time. There
are three types of screw holes in the diaphyseal
part of the plate: longitudinal groove for one-
time static compression by the contractor, oval
compression holes for dynamic compression and
round holes for final fixation of the humerus.

Surgical technique

The surgery can be performed from two positions
of the patient: "beach chair", patient sitting with
a raised trunk, which is traditional for shoulder
joint surgery, or lying on a healthy (opposite)
side. When laying a "beach chair" for the shoul-
der joint fusion, it is necessary to hang the op-
erated scapula over the edge of the table by the
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Fig. 1. The location of the fixator on the bone and the coverage of the scapular spine with locking screws
on a training plastic bones: a — general view; b — view from the scapular spine; ¢ — side view

Fig. 2. Patient’s position “the beach chair” for shoulder fusion: a — general view; b — the operating field
includes all of the scapula and provides approach to the scapular spine; ¢ — palpation of the scapular spine
in correct positioning; d — the fork placement; e — fork screw-locking to the scapular spine;

f — setting the correct rotation, when the hand of the operated arm reaches the patient’s nose
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width of the scapula (Fig. 2). In this position, it is
comfortable for surgions to resect the joint and
remove the scapular component of the endopros-
thesis. It is inconvenient for surgeons to implant
the “Camerton” fork on the spatula. It is also im-
possible to take a large autograft from the iliac
wing, which is required in the absence of humeral
head, that is common for indications to revision
surgery for an endoprosthesis failure with simul-
taneous contraindications to revision shoulder
arthroplasty. First we have put the patient on his
opposite side to harvest the autograft, then shift
it to a "beach chair", and the surgeon is forced to
lock the screws in the scapular fork without visu-
al control - "by touch", with the risk of errors and
with significant loss of time.

We use the patient's position "on the side"
more often now. It allows without shifting the
patient simultaneously (by two surgeons) to per-

form all stages of the surgery from harvesting a
large iliac wing autograft to removing the endo-
prosthesis, blocking the scapular fork with vis-
ual control, osteosynthesing and bone grafting
(Fig. 3). In such way the duration of the surgery is
reduced by 40-50 minutes.

Removal of components and joint resection
in such “side position” require spatial rethinking
and updating of the skill of shoulder joint sur-
geons. To reduce blood loss, the incision is per-
formed step by step: each approach is done for
one of the stages of the surgery. The first incision
is a straight anterior arthrotomy 10-12 ¢cm long
between the anterior and middle portions of the
deltoid muscle from the acromion to the lower
border of the humerus neck. It is performed for
resection of the shoulder joint. Surgeons remove
the cartilaginous lip, cartilage from the glenoid
and resect 2/3 of the humerus head(if head is not

Fig. 3. Patient’s position “on the intact side”: a — convenience of bone harvesting from iliac wing;
b — palpation for planning approach to the spine of the scapula; c — visualization of the scapular branch
of the “The Camerton” for it’s screw locking; d — convenience of inserting screws into the plate
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removed) along the anatomical neck. It is cut
with an oscillating saw parallel to the anatomi-
cal neck, forming disc-shaped fragments 5-8 mm
thick, which will be used as autografts for bone
grafting.

To fix the fork to the scapula, an incision 4-5
cm long is made parallel to the scapular spine,
steping distally from it by 3-7 cm, depending on
the thickness of soft tissues (in case of obesity,
the distance is increased). Longitudinally dissect
the infraspinatus muscle, reach the back surface
of the scapula to the edge of its insisura, put a fork
on the spine and block it with tightening screws.
Next, the arthrotomic incision is extended in the
distal direction by the length of the diaphyseal
plate part of the implant. The incision is spirally
shifted medially to step off the radial nerve. The
biceps muscle in the distal part of the incision is
also displaced medially and, pushing the fibers of
the shoulder muscle, they reach the bone. In the
lower corner of the wound in short patients, the
radial nerve is visible or palpated, in tall patients
it remains distal.

During reposition, the resected proximal end
of the humerus is put on the resected glenoid,
controlling the completeness of contact with op-
timal humerus rotation placement. The shape of
the implant is responsible for the angular rela-
tionship between the humerus and the scapula
(abduction and deviation), and the surgeon con-
trols only the rotational alignment: the hand of
the operated limb must reach the patient's nose
(see Fig. 2 f). If the contact surfaces do not match
perfectly, they are fitted by modeling resection.
With a preserved head after resection, we some-
times make a depression in the shape and size
of the glenoid for putting cave on it, which sig-
nificantly increases the contact area of the frag-
ments. When the proximal end of the shoulder
is thinned, we insert the tip into the prepared
groove in the center of the glenoid. In the lat-
ter case, the volume of the bonegraft should be
increased.

In the absence of the humerus head, the con-
tact between the humerus and the scapula is
always minimal, so it requires extensive bone
grafting, which requires a large autograft from
the iliac wing. Therefore, we begin the surgery
by harvesting the graft in the estimated volumes.
Joint resection is always completed by anterior
and posterior decortication of the glenoid to sur-
round the consolidation zone with blood-sup-

plied cortico-spongious fragments. Under the
decorticated fragments of the glenoid on the an-
terior and posterior surfaces, we put autografts
in a volume that obviously exceeds the expected
size of the formed callus, and we put them with
an impactor to a tight fit. To improve the side
contact of the grafts, we press them against the
humerus and glenoid with compression screws.
Such bone grafting with massive bonegrafts
around the zone of questionable consolidation
provides optimal conditions for the formation of
ankylosis. In long-lasting dislocations, we met
bone defects of the head of the humerus (Hill-
Sachs and McLaughlin) and the anterior or pos-
terior edges of the glenoid. In these cases, we
processed the docking zone with Z-shaped «step-
cut» counter resections with compression fixa-
tion with lag screws.

Thorough hemostasis is required at each stage
of approach. Particular attention should be paid
to the vessels: a. circumflexa humeri posterior,
which may be responsible for bleeding in time of
the head of the humerus dissection. A. et v. su-
prascapulartis, passing along the lower edge of
incisura scapulae and which may be damaged if
the locking fork is incorrectly implanted on the
spine. With anterior dislocations, a long-term
history brings the axillary artery in close contact
to the head of the humerus. Therefore, before the
surgery angiocontrast CT is necessary. In the case
of close contact of the artery with the head, it was
necessary to perform a resection of the head, us-
ing a decortication technique, leaving part of the
the dislocated head — subchondral bone with car-
tilage in place adjacent to the artery.

The second-generation fixator, which was used
in 82 patients from 2013 to the present, was uni-
versal, independent of the side of the shoulder
joint lesion, and always required preoperative in-
dividual bending, sometimes with the use of heat-
ing up to 600-700°, at which titanium becomes
thermoplastic and allows it to take any shape
without loss of strength. From the neutral form,
the fixator was bent in three planes before steri-
lization: for the side of the lesion and for the sur-
gical task. They started by bending the plate pos-
teriorly by 25-30°, turning the fixator into a right
or left option. In the case of a preserved head of
the humerus or minor anatomical changes in the
bones of the shoulder joint, with such prepara-
tion of the fixator, the offset was not changed, but
only the diafiseal plate of the fixator was spirally
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twisted around the axis of the humerus to avoid
contact with the radial nerve. For the right, the
plate is twisted counterclockwise, for the left —
clockwise by 30-50 °, depending on the patient's
height. Height determines the distance from the
joint to the exit of the radial nerve to the ante-
rior surface of the humerus. In a tall patient with a
preserved head, the twist is lesser. With a decrease
in the length of the humerus in a short patient
with a head defect, for example after arthroplas-
ty or tumor destruction, the twist was increased,
bringing the distal end of the plate almost to the
anterior surface of the humerus. In the absence of
the head, and especially after removal of the en-
doprosthesis or spacer, it was necessary to reduce
the offset by the difference between the diameter
of the head and the diameter of the proximal end
of the diaphysis, which were determined by CT
data. To do this, the main bend of the fixato going
around the conditional head was changed (there is
no head, therefore it is necessary to bring the con-
ditional axis of the humerus closer to the center

Discussion

The arthrodesis surgery according to the de-
scribed method has been used in our institution
since 2005. The first such interventions were
performed using individually manufactured im-
plants made of bayonet-shaped intramedullary
nails of CITO, which were significantly trans-
formed. The accumulated experience had been
used for manufacturing the second-generation
design (NPO DEOST, “DC Implant Production”,
Pushchino, Moscow), which we used for this op-
eration since 2012 to 2021. Currently, the third

of the glenoid remnants by the difference between
the diameter of the head and the diameter of the
metadiaphysis of the humerus), that is, from 50-
55 mm to 25-30 mm.

At the time of article writing, 100 patients
underwent surgery according to the above-men-
tioned indications in the clinic of the R.R. Vreden
NMIC TO according to the described technique.
Over the past 5 years, the ratio of revision indica-
tions together with the contraindications to ar-
throplasty to all other indications has increased
to 3:2. In 95% of patients, ankylosis of the shoul-
der joint was formed, and consolidation in the ab-
sence of the head and defects of the glenoid led to
the formation of a sufficiently strong bone callus
(Fig. 4). In some patients without final callus re-
modeling, clinical consolidation is observed with
a positive tendency to bone fusion. All patients
note the pain relief, physical strength increasing
and consistency of the result with a tendency to
improve by the 5th-6th year after surgery with-
out a tendency to deterioration for 10 years.

Fig. 4. Consolidation quality after left shoulder
fusion for recurrent dislocations after the revision
reverse arthroplasty (7 years of anatomical
endoprosthesis survival, & 4 years after the reverse
shoulder arthroplasty complicated by recurrent
dislocations): a — CT-scan frontal section;

b — CT-scan, 3D reconstruction, frontal view

generation of the device is prepared for release
at the “Altermedica Enterprise” (St. Petersburg).
The experience of working with the second gen-
eration allowed us to formulate new medical and
technical requirements for the third generation
implant, which is planned to be released since
2023. During the final refinement of the new
third-generation device, the disadvantages typi-
cal for previous generations were eliminated.
The main drawback — the need for preoperative
implant bending to the side of the injury and
its anatomical variant — were eliminated by the
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manufacturer. Fixators will be produced with
high level of implant 3D shaping and in special
standard sizes.

Almost all the bends of the implant are imbod-
ied in new done forms: a refined contour around
the joint, longitudinal spiral twists and a posteri-
or deviation of the diaphyseal plate. This resulted
in appearance of the right and left versions of the
third generation fixator and new standard offset
sizes. For extensive resections of the proximal
humerus, mainly for arhtroplasty and oncologi-
cal indications, appaired short revision-resection
offset and wide offset for the preserved humeral
head. We consider the most important advantage
of third-generation devices to minimize the indi-
vidual modeling of the fixator, together with the
material (plastic titanium) now allows for easy
minimal individualization right in the operating
room with plate bender wrenches.

The improvement of the technique of shoul-
der arthroplastics resulted in the almost com-
plete refusion of the shoulder arthrodesis eve-
rywhere [8, 10, 12]. This surgery in the coming
months after the correct implantation of an ana-
tomical or reversible endoprosthesis leads to the
restoration of painless shoulder movements with
sufficient amplitude. We found few cases reports
with artroplastics after shoulder ankylosis oste-
otomy, performed for special indications (appar-
ently with a functionally unfavorable fusion) [13,
14]. However, the experience gained over more
than 30 years has revealed a number of negative
trends, which requires rethinking the problem of
treating terminal stageos of the shoulder joint os-
teoarthritis. The first negative phenomenon was
a relatively short period of successful functioning
of shoulder joint endoprostheses in a significant
part of patients with a tendency to a gradual de-
crease in the amplitude of movements and the
appearance of pain, which eventually trends to
become an indication for revision surgery [8, 15].

Of the revision options, the conversion from
anatomical to reverse endoprosthesis is currently
more often used [2, 7, 15]. Indications for the tran-
sition from endoprosthesis to arthrodesis [6, 16]
have not yet been found in modern publications,
that, in our opinion, could be explained by the
lack of a reliable technique available. However,
the gained experience has shown that after a re-
verse arthroplasty performed as a revision, in-
dications for the second revision surgery occur
almost twice as quickly as after the primary one

[2, 17]. Currently, according to various authors,
from a quarter to a third of patients who need in
second revision surgery face contraindications
to performing shoulder joint replacement due to
the lack of a sufficient bone bed for implantation
(especially the scapular component), recurrent
dislocations of the reversive implant, peripros-
thetic fractures or pseudoarthrosis at the tip of
the unstable humerus component, deltoid mus-
cle dysfunction, or a spacer after a deep infection.
Another reason is the misunderstanding of the
patient the strict load restrictions in professions
espessially for those associated with heavy phys-
ical labor when it is impossible to change profes-
sions [17, 18, 19].

A patient with a "painful floating shoulder”
after repeated attempts to replace the joint has
the only chance to restore the painlessness and
strength of the upper limb with a diminished
range of movements. This is the shoulder joint
fusion against the background of extremely un-
favorable conditions for the formation of anky-
loses: a combination of a total defect of the head
with a subtotal defect of the glenoid [18, 19, 20,
21, 22].In addition to the new problems that have
arisen due to the increase in the number of ar-
throplasties, the traditional, long-known indica-
tions for arthrodesis, which have no alternative
solutions, have not disappeared anywhere.

Currently, the indication to shoulder fusion
are: the consequences of fractures and fractures
of the proximal humerus with irreversible loss of
axillary nerve function, unreduced dislocations
of the humerus with a long-term history, which
are accompanied by complete degeneration of
the elements of the rotator cuff muscles with
deep impression defect of the humerus head,
damage to the brachial plexus (for shoulder sta-
bilization to increase the effectiveness of revi-
sion neurosurgical intervention on the nerves
forming the plexus), the consequences of severe
open and gunshot fractures of the shoulder joint,
the consequences of repeated unsuccessful revi-
sion interventions for complications of osteosyn-
thesis, resection of tumors of the shoulder joint
area, after which arthroplasty with an acceptable
functional result is impossible [21, 22, 23, 24, 25].
Separately, degenerative-dystrophic diseases of
the shoulder joint should be mentioned in per-
sons with heavy physical labor when it is impos-
sible to change their profession. Heavy physical
labor results in rapid development of mechanical
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complications of arthroplasty: aseptic loosening,
periprosthetic fractures, instability, dislocations
[18, 21, 22].

The remaining techniques of the shoulder
joint fusion, as a rule, are designed to use com-
pression transarticular fixation of the head of the
humerus after the cartilage removal to the simi-
larly processed glenoid in combination with ex-
tra-articular humerus to the scapula fixation with
one or two plates or external fixation devices.
However, even with a preserved head, they do not
always allow to achieve consolidation: instead of
ankylosis of the shoulder joint, pseudoarthrosis
develops in 10-25% of patients after arthrodesis
[20, 26, 27, 28]. After removal of the humeral head
for any indications, among which endoprosthe-
sis-related ones prevail, these arthrodesis tech-
niques happenes to be practically ineffective. In
this regard, the technique described in this arti-
cle has clear and undeniable advantages and is an
effective option for contraindications to shoulder
joint replacement.

Conclusions

Thus, the proposed technique of the shoulder
joint fusion is an effective option for irreparable
damage to the shoulder joint, which allows to
achieve consolidation in more than 90% of cases,
including cases after removal of the endopros-
thesis or spacer, which significantly exceeds the
effectiveness of known techniques. It is a reliable
revision option in unfavorable biomechanical
conditions with contraindications to shoulder
joint arthroplasty, and can serve as an alternative
to known techniques.
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Avascular Necrosis of the Femoral Head After COVID-19:
A Case Series
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The coronavirus disease-2019 (COVID-19) has adverse effects on various organs and systems. There are isolated reports
concerning the development of osteonecrosis after COVID-19. These papers discuss the role of corticosteroids widely
used in the treatment of COVID-19 in the development of osteonecrosis. This article presents clinical observations of
four patients with bilateral osteonecrosis of the femoral heads after treatment with COVID-19. Prednisone doses in three
patients were 4000 mg, 746 mg, and 533 mg. Corticosteroids were not used in one patient. Data showed that osteonecrosis
in patients who underwent coronavirus developed in a shorter time compared with this pathology in patients without
COVID-19. Two of four patients had a burdened family history (such as myocardial infarction, hypertension, and
thrombosis). Hereditary vascular factors possibly played some roles in the genesis of the osteonecrosis of the femoral
head in these patients. To understand the features of osteonecrosis development after COVID-19, further accumulation
of evidence is necessary. Several synergistically influencing factors are important in the development of this disease after
COVID-19.
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OcTeoHeKkpo3 rosioBku 6eapeHHom Koctn nocne COVID-19:
cepusl KNIMHUYECKUX HabnoaeHuni

M.A. TTauuu 2, A.C. ITetpocsan !, K.X. Xamkuxapanamo6yc?, A.B. Boiiko?

1 TBY3 «[opodckas knuHuueckas 6onvHuya N° 17 13M», 2. Mockea, Poccus
2 @IrAQY BO «Poccutickuii yHugepcumem 0pyc6ut Hapooos», 2. Mockea, Poccus
3 I'BY3 «Iopodckas kauHuueckas 6onpHuya N° 40 I3M», 2. Mockea, Poccus

HM3BectHO, yTo COVID-19 oKa3biBaeT HeGIATONIPUSTHOE BAMSIHUE HA PA3IMUHbIE OPraHbl M CUCTEMBI OPTaHM3Ma YeyloBe-
Ka. B IOCTYIHOI uTepaType MMEIOTCSI eIMHUYHBIE COOOUIEeHNS], Kacaloluecs: pa3BUTUSI OCTEOHEKPO3a I0CIe MepeHe-
cerHoro COVID-19. B 3Tux pa6otax o6CyskIaeTcst pojib LIMPOKO UCIOMb3yeMbIX B jedeHuM COVID-19 KOpPTUROCTEPOUIOB
B Pa3BUTUM OCTEOHEKPO3a. B HalIei cTaTbe MPUBOIATCS KIMHUUECKME HAOTIOAEHVSI YeThIPEX MMAlMEHTOB C IBYCTOPOHHUM
OCTEOHEKPO30M TOJIOBOK GeApeHHBIX KocTelt mocie jedenuss COVID-19. Jlo3bl nMpefHU30I0HA Y TPeX MaleHTOB COCTa-
B 4000 mr, 746 mr 1 533 Mr. Y ogHO# MalMeHTKM KOPTUKOCTEPOUIbI He TPUMEeHSTMCh. Haumm gaHHble TT0Kas3aau, 4To
OCTEOHEKpO3 y ManyueHToB, nepeHecmx COVID-19, pasBuiics B 601ee KOPOTKME CPOKM 110 CPAaBHEHMIO C TOV MaTOJIOTUEN
y HanyeHToB 6e3 KOPOHABUPYCHON MHGbEKIMK. Y TBYX U3 YEThIPEX MAI[MEHTOB OTMEUEH OTSTOIeHHbBII CeMeifHbIi aHaMHe3
(uHbapKT MMOKapaa, rUnepTeHsus, TpoM603). BO3MOXHO, Y HMX B reHe3e OCTeOHEKpPO03a IOIOBKU GeJpeHHOI KOCTU He-
KOTOPYIO POJIb ChITPajy HacaeLCTBeHHbIe COCYAUCTbIe (akTOphl. [yl MOHMMaHUsI 0COG@HHOCTe! pa3BUTUS OCTEOHEKPO3a
rociie COVID-19 Heo6xoauMo JanbHeliiee HaKoIieHre GakTUUeckuX JaHHbIX. BeposiTHO, Ha pa3BuUTHe 3a00/I€BaHUS CH-
HEepPruyHO BO3JEMCTBYIOT MHOTME (aKTOPhI, B TOM YMC/I€ CTEPOUIHBIN U UILIEMUIECKUIA.

KmouesBsie ciioBa: COVID-19, kopoHaBupycHast MHGEKINS, KOPTUKOCTEPOUIbI, ACENITUUECKMIT HEKPO3, OCTEOHEKPO3.
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nocie COVID-19: cepusti KIMHMYECKUX HabmomeHuit. Tpasmamonozus u opmonedus Poccuu. 2022;28(1):110-117.
https://doi.org/10.17816/2311-2905-1687.

DK Botixo Andpeii Bukmoposuu; e-mail: boiko120393@gmail.com
Pykomuch momyyeHa: 19.10.2021. Pykonch ogo6pena: 17.01.2022. CtaThs ory6auKoBaHa ontaiy: 04.02.2022.

© [Maunu M.A., ITerpocsiH A.C., Xamkuxapanam6yc K.X., Boiiko A.B., 2022

111 2022;28(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS

Background

The novel coronavirus infection caused the pandemic
that started in December 2019, and on January 30,
2020, the World Health Organization (WHO) declared
the outbreak of a new coronavirus infection an inter-
national public health emergency [1]. On February 11,
2020, the International Committee on Taxonomy of
Viruses named the new coronavirus severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), and
the WHO named the disease coronavirus disease 2019
(COVID-19). Owing to the rapid spread of infection
worldwide and the high mortality, on March 11, 2020,
WHO announced the start of the COVID-19 pandemic.
SARS-CoV-2 has significantly surpassed SARS-CoV
and MERS-CoV in terms of the number of infected and
epidemic zones, as cases of the new coronavirus infec-
tion have now been recorded in 220 countries [2]. As
of September 10, 2021, 223,022,538 COVID-19 cases
were registered worldwide, including 4,602,882 lethal
outcomes [3].

The studies have demonstrated that COVID-19 has
adverse effects on various body systems and can lead
to conditions such as pulmonary thromboembolism,
cardiomyopathy, Guillain-Barré syndrome, pulmo-
nary fibrosis, nervous system dysfunction, etc. [4, 5,
6]. The effects of COVID-19 can persist for weeks or
even months [4, 7].

In 2020, to describe the protracted course of
COVID-19 outcomes, the term “long COVID” (long-
term COVID) was proposed, which duration exceeds
12 weeks [8]. Symptoms of long COVID-19 may include
fatigue; air shortage sensation; depression and anxi-
ety; pain in the chest, joints, and muscles; and lack of
concentration, which is denoted as “brain fog” [4].

According to Russian clinical guidelines for the
treatment of COVID-19 from 2021, its treatment can be
etiotropic, pathogenetic, and symptomatic. Antiviral
drugs are used as etiotropic therapy. Pathogenetic
therapy is prescribed mainly for hospitalized patients
and includes anticoagulants because this disease has
an increased risk of thrombosis, as well as immuno-
suppressants for the treatment of “cytokine storm”

(blockers of cytokines and their receptors) [9]. In the
acute phase of COVID-19, corticosteroids are used as
life-saving agents [10].

Long-term and/or high-dose use of corticosteroids
in clinical practice is known to be a factor predisposing
to the development of osteonecrosis (steroid-induced
necrosis), including that of the femoral head [11].
Moreover, coagulopathy and vascular factors, which
are pathogenetic elements of thrombotic complica-
tions in severe COVID-19, are known to be significant
in the genesis of the so-called femoral head idiopathic
osteonecrosis [12, 13]. Herein, we present four clinical
cases of patients with bilateral osteonecrosis of the
femoral head after diagnosis of coronavirus infection,
and the genesis of osteonecrosis appears debatable.

Clinical case 1

42-year-old man (patient 1) without an aggravated
somatic and family history had come through a se-
vere COVID-19 with 80% lung damage. He was hos-
pitalized for 27 days. He received anticoagulants
(enoxaparin 1.6 mL per day for the entire treatment
period), favipiravir (antiviral drug, 3600 mg for 1 day,
then 1600 mg for 6 days), and tocilizumab (400 mg
once). Before the hospitalization, he received 18 mg
of dexamethasone for 6 days. During inpatient treat-
ment, dexamethasone therapy was continued at a
dosage of 20 mg daily, which was decreased to 4 mg
upon discharge. During the illness period, the patient
received a total of 600 mg of dexamethasone. After
discharge from the hospital, the patient received 20
mg of rivaroxaban per day for 1 month for thrombo-
sis prevention.

At 80 days after the disease onset, the patient noted
severe pain in both hip joints (visual analog scale [VAS]
8 points) and lower back and therefore experienced sig-
nificant difficulty in walking. Such symptoms were not-
ed by the patient for the first time in his life. According
to magnetic resonance imaging (MRI) performed 120
days after the COVID-19 onset, ARCO IIC bilateral
osteonecrosis of the femoral heads was diagnosed on
both sides (Fig. 1).

Fig. 1. MRI signs of bilateral femoral head osteonecrosis (ARCO IIC) in patient 1:
a — axial view; b — frontal view
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At 135 days after COVID-19 onset, bilateral de-
compression of the necrosis foci was performed with
the administration of a bone marrow concentrate, and
drug therapy with statins, taking into account the al-
leged steroid-induced necrosis, bisphosphonates, and
anticoagulants was prescribed. At 3 months after the
surgery, the patient noted an improvement in motor
activity and a decrease in pain intensity (from 8 to 4
points according to VAS). No significant improvement
was noted in MRI.

Clinical case 2

In a 32-year-old man (patient 2), without an aggravated
somatic and family history, the disease manifested it-
self with a rise in temperature to 38°C for 7 days. The
patient independently took antipyretic drugs (par-
acetamol). Owing to his deteriorating condition, he
consulted a doctor and was admitted where COVID-19
was confirmed and 40% of lung damage was detected.
During the hospitalization (8 days), he received antico-
agulants (enoxaparin 1.2 mL throughout the hospitali-
zation), triazaverin (antiviral drug, 750 mg per day for
5 days), tocilizumab (400 mg once) and dexamethasone
with the total dose of 100 mg. After hospital discharge,

he received 15 mg of rivaroxaban per day for 1 month.

At 75 days after the disease onset, the patient com-
plained of severe pain in the hip and knee joints, hips,
and lower back (VAS 8 points) and therefore was forced
to use crutches when walking. He consulted a neurol-
ogist and was diagnosed with an intervertebral hernia
in the lumbar spine. Conservative treatment was rec-
ommended for 4 weeks with nonsteroidal anti-inflam-
matory drugs, muscle relaxants, intravenous infusions
with dexamethasone 4 mg in combination with 0.5%
novocaine 50 mL three times, vitamin therapy, and
physiotherapy. During the therapy, the patient’s con-
dition improved (a decrease in VAS to 4 points), and
the patient refused to use crutches and changed them
for a cane. During repeated examinations by a neu-
rologist, a hip joint pathology was suspected, which
was confirmed by MRI that revealed ARCO IIC bilat-
eral necrosis of the femoral heads (Fig. 2).

Given the diagnosis of osteonecrosis of the femoral
heads in the precollaptoid stage (ARCO IIC), the patient
received drug therapy (anticoagulants and bisphospho-
nates), and surgery with decompression of necrosis foci
was proposed, which the patient flatly refused. The pa-
tient did not visit for further follow-up examinations.

Fig. 2. MRI signs of bilateral femoral head osteonecrosis (ARCO IIC) in patient 2:

a — axial view; b — frontal view

Clinical cases 3 and 4

In cases 3 and 4, the patients, a 32-year-old woman
(patient 3) and a 30-year-old woman (patient 4), are
siblings. They had COVID-19 during the same period,
after which both were diagnosed with bilateral oste-
onecrosis of the femoral heads. In our opinion, an im-
portant circumstance is an aggravated family history
common to the sisters. Their father had a myocardial
infarction at age 49 and currently has heart failure
and grade III hypertension. The elder sister had acute
phlebothrombosis of the lower extremities at age 41.
Their mother has hypertension since age 37.

Both patients almost simultaneously had moder-
ate COVID-19. Patient 3 was hospitalized for 6 days

with 25% lung lesion. Inpatient treatment included
the antiviral drug favipiravir (2400 mg for 1 day, then
1200 mg for 5 days), anticoagulants (enoxaparin 0.6
mL for 6 days), and dexamethasone in a total dose of
80 mg. After hospital discharge, the patient received
15 mg of rivaroxaban per day for 1 month.

Patient 4 with a similar lesion of the lungs received
outpatient treatment, which did not include corticos-
teroids (favipiravir 2400 mg for 1 day, then 1200 mg
for 6 days, as well as rivaroxaban 10 mg for 30 days
since disease onset).

In patient 3, 120 days after the disease onset, hip
joint pain appeared, and bilateral osteonecrosis of the
femoral heads was diagnosed, that is, ARCO IIIC on
the left and ARCO IIB on the right (Fig. 3).
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At 4 weeks after bilateral osteonecrosis was diag-
nosed, due to the subchondral fracture of the head of
the left femur (ARCO IIIC), patient 3 underwent total
arthroplasty of the left hip joint.

Patient 4, 180 days after COVID-19 onset, began
experiencing lower back pain. MRI of the lumbosacral
spine and hip joints was performed, which revealed bi-

lateral osteonecrosis of the femoral heads, with ARCO
IIB on the right and ARCO IIA on the left (Fig. 4).

Patient 4 is under case follow-up and is receiv-
ing conservative treatment with anticoagulants and
bisphosphonates; decompression of necrosis foci
was planned. Data of all these cases are presented in
Table 1.

Fig. 3. MRI signs of bilateral femoral head osteonecrosis in patient 3: left hip, ARCO IIIC stage; right hip,
ARCO IIB stage; a — axial view; b — frontal view (an arrow shows the “crescent sign” that indicates the

subchondral bone fracture)

Fig. 4. MRI signs of bilateral femoral head osteonecrosis in patient 4:
right hip, ARCO IIB stage; left hip, ARCO IIA stage; a — axial view; b — frontal view

Table 1
Summary of clinical cases of patients with osteonecrosis of the femoral heads
after COVID-19
Case
Parameter
2 3 4
Age, years 42 32 32 30
Aggravated family history (myocardial
infarction, ischemic heart disease, thrombosis, - + +
hypertensive disease)
Course of COVID-19 Severe Moderate Moderate Moderate
Total dose of dexamethasone/prednisolone, mg 600/4000 112/746 80/533 -
Period of necrosis development from COVID-19 80 75 120 180
onset, days
. . . ARCO IIC/ ARCOIIC/ | ARCOIIB/

Necrosis severity (ARCO) on the right/left ARCO IIC ARCOIIC | ARCO HIC ARCO IIB/ARCO ITA
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Discussion

Under modern conditions, studies that investigate the
effect of COVID-19 on the course of human chronic
diseases and development of de novo diseases are ex-
tremely relevant.

In 2021, we were contacted by four patients with
osteonecrosis of the femoral heads after COVID-19.
In this regard, we searched for similar clinical cases in
PubMed databases using keywords and phrases COVID,
coronavirus, AVN, avascular necrosis, osteonecrosis. Two
publications were found. The first report focused on the
effect of coronavirus and its treatment on the course
of previously developed steroid-induced osteonecrosis
[14]. The authors did not obtain convincing data on the
negative influence of coronavirus on the progression
of osteonecrosis. The second publication is a case re-
port and describes three clinical cases of patients with
osteonecrosis of the femoral heads that developed af-
ter COVID-19 [15]. In this paper, the authors suggest
steroid-induced necrosis in all three patients, despite
the relatively low doses of hormones that they received
during the treatment of COVID-19.

The pathogenesis of steroid-induced osteonecrosis
is not fully understood, the mechanism of its develop-
ment is believed to include fat embolism, fat hyper-
trophy, hypercoagulation, endothelial dysfunction,
etc.[16, 17, 18].

Currently, no clear data are available on the in-
take duration of corticosteroids and their dosage,
which increase significantly the risk of osteonecro-
sis. According to Jones and Koopman, 2000 mg is the
minimum total dose of prednisolone for the develop-
ment of osteonecrosis [19]. Other researchers believe
that a lower dose of prednisolone, 700 mg, is sufficient
for the development of osteonecrosis [20]. McKee et
al. demonstrated that hormone dose sensitivity in
different patients is very variable, as steroid-induced
necrosis of the femoral head manifested clinically af-
ter taking prednisolone in doses from 290 to 3300 mg
[21]. According to a meta-analysis by Mont et al., a
prednisolone dose of more than 10,000 mg increases
the risk of osteonecrosis by a factor of two in patients
after organ transplantation [18].

In the present study, three of the four patients re-
ceived dexamethasone in the treatment of COVID-19
at a cumulative dose of 600 mg, 112 mg, and 80 mg,
corresponding to 4000 mg, 746 mg, and 533 mg of
prednisolone. Considering the above literature data,
steroid-induced osteonecrosis can be assumed in
three of four patients with varying degrees of prob-
ability. The first clinical signs of osteonecrosis in our
patients appeared 80, 75, 120, and 180 days after the
start of medical treatment for COVID-19, including
corticosteroids, except for patient 4.

As the prednisolone dose increases the risk of oste-
onecrosis, the duration of corticosteroid use is debated.

Anderton and Helm present a clinical case of humeral
head osteonecrosis that developed 2 years after the
dexamethasone therapy [20]. According to McKee et
al., the average period from a course of corticosteroids
to the clinical manifestation of osteonecrosis is 16.6
months. However, the authors note a significant varia-
bility in this period (from 6 to 33 months) [21]. A review
of the literature on the pathogenesis of osteonecro-
sis revealed that osteonecrosis manifests within 6-12
months after taking hormones [22, 23]. The authors of
the only publication on post-COVID osteonecrosis in-
dicate an average period of its occurrence of 58 days
(45-67 days) [15]. Our data, as well as those of Agarwala
et al., indicate that the time of osteonecrosis develop-
ment after the onset of COVID-19 is significantly short-
er than the period of osteonecrosis development after
a course of hormonal therapy in the pre-COVID era, as
reported in the literature. This suggests that not only
the use of corticosteroids but also other factors associ-
ated with COVID-19 and its treatment may influence
the accelerated development of osteonecrosis.

Patients 3 and 4, who are sisters, should be dis-
cussed separately. Patient 3 received a small cumula-
tive dose of hormones (Table 1), whereas patient 4 did
not receive corticosteroids. We assumed a different
(nonsteroidal) genesis of the development of oste-
onecrosis of the femoral heads; therefore, their family
history was carefully studied, which turned out to be
extremely aggravated. The closest relatives of the pa-
tients aged <50 years had myocardial infarction, severe
hypertension, and thrombosis; thus, family predisposi-
tion to vascular accidents was suspected in this fam-
ily. This appears very probable since in the last decade
it has been established that genetically determined
thrombophilia, coagulopathy, endothelial dysfunction,
etc., play a certain role in the genesis of osteonecrosis
[24, 25, 26, 27]. A contemporary systematic approach
enabled to establish the presence of some gene poly-
morphisms common to vascular disorders of various
localizations [28, 29]. Specifically, in our studies, the
relationship of osteonecrosis with the polymorphism
of the genes of factors V and XIII of the blood coagu-
lation system, methylenetetrahydrofolate reductase
gene, and platelet integrin genes in the pathogenesis of
non-traumatic osteonecrosis of the femoral head was
previously proven [25, 26, 27]. For patients 3 and 4, it is
reasonable to assume that COVID-19 provoked and/or
accelerated the implementation of a genetic predispo-
sition to vascular disorders.

Nowadays, it is certainly anticipatorily to conclude
that osteonecrosis developed after COVID-19. The
disease development is probably synergistically af-
fected by many factors, including steroids and isch-
emia. In the future, the accumulation of information
about such patients will help form a reasonable opin-
ion on this issue.
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BapuaHTbl NaToONOrMM NO3BOHOYHUKA Y MALUEHTOB C HECOBEPLUEHHbIM
OCTeoreHe3oMm: 0630p nUTepaTypbl

E.H. lllypoga, C.0. Ps65Ix, I1.B. Ounposa, [I.A. ITonkos, T.B. Psg6b1x

QOIBY «HayuoHanbHblli MeOUYUHCKULl Ucciedo8amensckuil yeHmp mpasmamosiozuu u opmoneouu
um. akad. I A. nusaposa» Muwnzdpaea Poccuu
2. Kypzan, Poccus

AKmyansHocmes. B nociieHee AecSITUIETVE 3aMETHO BbIPOC HAYUHbIN ¥ KIMHMYECKUIT MHTEPEC K MpobjieMaM HecoBep-
meHHOro ocreoreHesa (HO). OgHako aHanu3y pa3aMYHbIX BApUMAHTOB MaTOJOrUM M03BOHOUYHMKA ITpu HO yaeneHo Hepno-
CTaTOYHO BHMMaHUS. Ifesib — aHa/IN3 COBpEeMEHHOI IUTepaTypsl 10 BOIPOCAM Pa3IMUHbIX BAPMAHTOB MATOJOTUU T10-
3BOHOYHMKA y nauyeHToB ¢ HO. HecoBepieHHbI ocTeoreHe3 — (DeHOTUIIMYECKM Y TeHETUYECKM TeTepOoreHHas rpyrmna
HaCJIeCTBEHHBIX KOCTHBIX AucIuias3uii. ITaTonorus mo3BoHouHuka mpu HO mpeacTaBiieHa CKOIMO30M, KM(GOCKOIMO30M,
aHOMAaJIMSIMM KPaHMOBEPTEOPAbHOTO COEAMHEH S, HECTAOMIbHOCTHIO CETMEHTOB U MEPEJIOMaMU TeJT T03BOHKOB, CIIOH-
IWIONM30M U CIIOHAMIOAMCTe30M. Haubomee paciipocTpaHeHHbIMY (POpMaMy IaTOJIOT MM TTO3BOHOYHMKA SIBJISIIOTCS CKO-
J103 U Kudockonmos. IIpu Tskenbix opMax M BO3pacTe cTapiie 6 JIeT pacpoCTPaHEHHOCTb CKOJIMO03a MOKET OCTUTATh
89%. TouHblii MeXaHM3M (GOPMMUPOBAHMS CKOIMO3a y MaiueHToB ¢ HO CJIoXKeH M OCTaeTcs M0 KOHIIA He OIpe/le/IeHHbIM.
AHOMaNNM KPaHMOBEPTEOPATBHOTO TTepPeXola PETUCTPUPYIOTCA Yy 37% maieHToB ¢ HO, onpenesnsiioTcst Mpy BCEX YeThI-
pex Tumnax HO. KnuHuueckiue mposiBjieHUs MaTOIOTUM KpaHMOLIepBUKAIbHOTO Ilepexofa MOTYT BapbMPOBAThCSI OT OTCYT-
CTBUSI CUMIITOMOB [0 COaBA€HMUS CTBOJIA MO3Ta, OTpaHMUeHUS] IUPKYISLUUM CIIMHHOMO3TOBO SKMAKOCTH, IPUBOISIINUX
K rugpouedannu, CUpMHTOMUENIUY U TTIOPaKEHUIO YEePEITHbIX HEPBOB. [1aTOMIOrMS MOSICHUYHO-KPECTLIOBOTO OT/esa I10-
3BOHOYHMKA MTPECTaB/IeHa CIIOHAMIIONM30M U CITOHIMIONUCTE30M, Kak IpaBuiio, B cermenTte L5-S1, B 5,3-10,9% ciyua-
eB. KnmHMueckasi 3HauMMOCTb U eCTeCTBeHHOe TeueHMe CIIOHAMIO0NN3a U CIIOHAMIoNNCTe3a y naiueHToB ¢ HO B uTe-
partype 10 KOHIAa He OTpefeeHbl, a MHQOpMaLus 0 XUPYyPrUUeCcKMX MOKa3aHUSIX ¥ METOHAX JOCTYITHA TOJMbKO B PEAKMUX
oTyeTax o crydasix. VisMeHeHust oceBoro ckeyera nmpyu HO MOTYT MpuUBECTU K CYLI€CTBEHHOM (YHKIMOHAIbHOM MHBA-
JIMIHOCTY, 60/IM ¥ TIOTEHLMAIBHO OIMACHBIM JJIS JKU3HU OCJIOKHEHMSIM: KOPEIIKOBOMY HEBPOJIOTMUYECKOMY Ae@ULINTY,
CHVDKEHUMIO MOIIHOCTY BEHTUJISIIIUM JIETKUX, CEPIEUHO-PECTIMPATOPHBIM OCIOKHeHUsIM. O61mast Tskecth HO mo cux mop
0OCTaeTCs JIYYIIMM KpUTepyueM MPOorHo3a pa3BUTUS BTOPUYHOI MaTOJOTMM TTI03BOHOYHMKA. B cuTy reHepain30BaHHOCTHU
u reteporeHHocT HO He06X0MMO NTPUMEHSITh MHAMBUIAYAJIbHBIN Y MYJTbTUIUCIUTUIMHAPHDII ITOAXOM, TP AMarHOCTH-
Ke ¥ IVIAaHMPOBAHUU CTPaTeruu JjeueHus JaHHOM I'PYIbI MalMeHTOB.

KrouesBsle ciioBa: HeCOBepUIEHHbIIZ OCTeoreHes, raTo/JI0rnsa 03BOHOYHMKA, CKO/IM03, aHOMaJ/IUU KpaHI/IOBepTE6pafIbHOI‘O
CoeaMHeHNs, MaTo/JI0TIrusa 1Ie/iHOTO oTAes1a, IMMaToJIormAa MOACHUMYHO-KPECTLOBOI'o OTAEe/Ia I0O3BOHOYHMKA.
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Spine Pathologies in Osteogenesis Imperfecta: A Review

Elena N. Shchurova, Sergey O. Ryabykh, Polina V. Ochirova, Dmitriy A. Popkov,
Tatyana V. Ryabykh

National Ilizarov Medical Research Center for Traumatology and Orthopedics,
Kurgan, Russia

Background. The scientific and clinical interest in the problems of osteogenesis imperfecta (OI) has grown in the last
decade. However, the analysis of various variants of spinal pathologies in OI received insufficient attention. The study
aimed to analyze the current literature on various variants of the spinal pathology in patients with OI. Ol is a phenotypically
and genetically heterogeneous group of hereditary bone dysplasias. The spine pathology in OI is represented by scoliosis,
kyphoscoliosis, anomalies of the craniovertebral junction, instability of the segments and fractures of the vertebral bodies,
spondylolysis, and spondylolisthesis. Scoliosis and kyphoscoliosis are the most common forms of spinal pathology. In severe
forms and at age >6 years, the prevalence of scoliosis can reach 89%. The exact mechanism of scoliosis formation in patients
with OI is complex and incompletely defined. Anomalies of the craniovertebral junction are recorded in 37% of patients
with OI and are determined in all four types of OI. Clinical manifestations of the craniocervical junction pathology can vary
from asymptomatic to compression of the brainstem, restriction of cerebrospinal fluid circulation, leading to hydrocephalus,
syringomyelia, and cranial nerve damage. The pathology of the lumbosacral spine is represented by spondylolysis and
spondylolisthesis generally in the L5-S1 segment in 5.3%-10.9% of cases. The clinical significance and natural course
of spondylolysis and spondylolisthesis in patients with OI are not fully defined in the literature, and the information on
surgical indications and methods is available only in rare case reports. The changes in the axial skeleton in OI can lead to
significant functional disability, pain, and potentially life-threatening complications, such as radicular neurological deficit,
decrease in the ventilation capacity of the lungs, and cardiorespiratory complications. The overall severity of Ol remains the
best criterion for predicting the development of secondary spinal pathology. Given the generalization and heterogeneity of
01, an individual and multidisciplinary approach is necessary when diagnosing and planning the treatment strategy for this
group of patients.

Keywords: osteogenesis imperfecta, spinal pathology, scoliosis, anomalies of the craniovertebral junction, pathology of the
cervical spine, pathology of the lumbosacral spine.

BBenenne BIaBeHNe, GaswispHas WHBarMHAIMS M TUIATH-
6a3usi), HeCTabMIbHOCTBIO M TepeIOMaMM LIeiHO-
ro OThena, CIOHAMIONU30M ¥ CIIOHAMIONUCTE30M

6, 15, 16, 17].

HecoBepuiennsiii ocreorenes (HO) — rereporeH-
HOe Hac/IeCTBeHHOe reHepan30BaHHOe 3a60/1eBaHye
COeIMHUTEIbHOM TKaHM, BHEKIETOYHOIO MaTpHUKCa,
Kko/utareHa I tuma [1, 2, 3], KOTOpoe JOKaaU3yeTcs
B OCHOBHOM B KOCTSIX, CBSI3KaX, IeHTMHE UM CKjepax
[4, 5, 6, 7]. HO nipencrainsieT co60ii (heHOTUITNUECKU
U TeHeTUYeCK reTepOoreHHYI0 TPYIY HacaeACTBEH-

dTmonorus, naroreHes u Kiaaccubmranys
HeCcoBepIIeHHOTO OCTeoreHesa

HecoBepiiieHHbIiT ocTeoreHes GOpMUPYETCS B pe-

HBIX KOCTHBIX OUCIIa3uii [8] u sgBisieTcs ONHONM U3
CaMbIX PAaCIpPOCTPAHEHHBIX CKEJIeTHBIX AVCIUIa3uit
cuacroroyi BecrpeuaemocTu 1/10000-1/20 000 ciryyaeB
[9, 10, 11]. HecmotTps Ha To uTO HO cunTaeTtcs oTrenb-
HBbIM 3abosieBaHMeM OoJiee BeKa, HAYYHBI U MCCIIe-
JIOBaTe/lbCKUI MHTEpeC K 3TOM MaTOJIOrMU 3aMeTHO
BBIPOC 3a IOC/IeHYEe eCsTh JIeT [2].

CHIDKeHHasl KOCTHasl Macca M XPYIKOCTb KOCTel
NIpUBOIAT K MepesoMaM U OedopMaliuy AJMHHBIX
KOCTel, KOMITpeccuy I03BOHKOB, fedopManum pedep
¥ TO3BOHOYHMKA, 3HAUMTENbHOMY JIe@UIuTy pocTta
[8,12, 13, 14].

[MaTonmorust mosBoHouHuka npu HO mnpexcras-
JeHa CKOIMOo30M, KUGPOCKOIMO30M, aHOMalMUsIMU
KpaHMOBepTeOpalbHOTO coenyHeHUs (6a3wmispHoe

3y/lbTaTe HapylleHMsl CMHTe3a KolareHa 1-ro turma.
Komnaren 1-ro Tuma — OCHOBHOJ 6€/I0K MEXKKJIeTOU-
HOI'O BellleCTBa B KOCTSX, KOXe U cBsizkax [8, 10]. On
COCTaBJIIET MPUMEPHO TpeTh Bcero Oeika B opra-
Hu3Me [1] u mpencTasisieT co60¥t TPOMHYIO CIIUPAITb,
COCTOSIIITYIO U3 OBYX pro-ol-meneit u ogHONM pro-o.2-
1leny, KOTOpble CUHTEe3UpPyTcs u3 reHoB COLIAT
n COLIA2 CcOOTBETCTBEHHO. IIpMOMMU3UTETHLHO
B 85-90% cnyuaeB HO 00ycioBI€H ayTOCOMHO-[IO-
MMUHAHTHBIMU MyTauussMu B reHax COLIA1 u COLIA2
[3, 8, 10]. 3T MyTanyy BbI3BIBAIOT KOIMYECTBEHHbBIE
M KaueCTBEHHble M3MEHeHMs KoyjlareHa 1-ro tuma.
KonmuectBenHsble gedeKTbl 00yCIOBIEHBI HOPMUPO-
BaHMeM HYJIEeBOJ aJljienyl, IpU 3TOM CTPYKTypa KOJI-
JlareHa He M3MEeHSIeTCs, a ero KOJIMYeCTBO CHIKAeTCs
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BIIBOe — TeueHMe 3a60/ieBaHMSI B 9TOM CJTyUyae JIeTKoe
[1, 8]. KauecTBeHHbIe medeKThl BbI3BAHBI 3aMEHOI
IJIMIIMHA HA aMUHOKUCIOTY GOJBIIETO pasmepa, uTo
BJIeveT 3a co60Ji HapylIeHue Ipolecca GpopmupoBa-
HUSI TPOMHOM CIMPAIU U CTPYKTYpPHbIE M3MEHEHUS
MOJIEKYJIbI IIPOKOJIIareHa 1-ro tuma [3].

B TeyeHMe mociegHMX ABYX OECATUIETUI B pe-
3y/IbTaTe M3yYeHUs reHoma maiueHToB ¢ HO 6bumn
YCTaHOBJIEHBI HOBbIE TIPUUYMHBI DPA3BUTHS 3abose-
BaHMS: MyTallMM B TeHaX OEJIKOB, YYaCTBYIOIIMX
B TIOCTTPAHCISIIMOHHOVM MOIMGbUKAIINY, TPUCOENN-
HEeHUM [arepoHa, GOoNgMHTE U CIIMBAHMM KOJIIaTeHa.
O6Hapy>keHMEe HOBBIX T€HOB 3HAUMTEIHHO YITYUIINIO
TMOHMMAaHMe KJIETOYHOTO M OMOJIOTMYeCcKOro IIaTo-
renesa passutus HO [18]. V nauyenToB ¢ HO Takke
HaiiIeHbl M3MEHeHUs U B Ipoliecce hOpMUPOBAHMS
KOCTHO# TKaHM, KOTOpPbI€ CBSI3aHbl HE C KOJIJIar€HOM,
a ¢ HapylleHueM MUHepaau3anu Koctu, nuddepeH-
LVIPOBKY U (YHKIIMOHUPOBAHMST OCTE061aCcTOB. Bblan
BBISIBJIEHbI ayTOCOMHO-pellecCMBHbIe, X-CBsI3aHHbIE
U IOTIOTHUTE/IbHbIE ayTOCOMHO-JOMMUHAHTHBIE MTyTU
HacmenoBaHusg. B 2000 r. Obl1a oGHapykeHa Iep-
Basl, He CBSI3aHHAs C CMHTE30M KojulareHa MyTalusi
B rede IFITM5 c ayTOCOMHO-IOMMHAHTHBIM ITyTEM
HawtenoBaHus [19, 20, 21], o151 KOTOPOW XapaKTepHbI
oOpasoBaHye TUIIEPTPOPUUECKOl KOCTHOM MO30/MU
U occuduKaIMsl MEKKOCTHOV MemOpaHbl. B 2006 T.
R. Morello ¢ coaBTOpaMu oInmcaayu MeEPBYIO MYTaIMIO
C ayTOCOMHO-PeLIeCCUBHBIM IIyTeM Hac/ieI0BaHUS
B reHe CRTAP [22]. Ha [maHHBI/I MOMEHT M3BECTHO
20 reHOB U OOHapyskeHO 6ojee 1500 myTtamuii, Ko-
TOpbIEe MPUBOIAT K (DEHOTUIMMUECKUM ITPOSBICHUSIM
HO [23].

Hamnbonee mmpoko pacmpocTpaHeHHas (HeHOTH-
mueckast kinaccudukanmuss HO 6blia mpemjioxkeHa
D.O. Sillence ¢ coaBTopamu B 1979 1. [24]. OHa ocHOBa-
Ha Ha KIMHUKO-PEHTTEeHOJIOTMYECKOI KapTuHe 3a60-
neBaHus v Briatouaet I, IT, ITI v IV Tumbl 3a60/1eBaHus,
IIJIST KOTOPBIX XapaKTepeH ayTOCOMHO-IOMWHAHTHBbIA
TUII HaC/IeoBaHusI. B mociemyromem Kiaccuburanmus
Obl1a JOTIOJIHEHA, TOoOaBJIeHbI V (HOMMHAHTHO HaclIe-
IyeMblii, XapaKTepHO 06pa3oBaHie 00bEMHbBIX TUIIEP-
TpObMPOBAHHBIX HE CKIIOHHBIX K PEMOAEIVPOBAHNIO
KOCTHBIX MO30JIei, 0cCUPUKAIINS MEKKOCTHBIX MEM-
6paH), VI (BeposITHO, perneccUBHO HacC/IemyeMblii),
VII (peueccuBHBIV TUIT HaCJAedOBaHUS, MyTalus
reHa CRTAP), VIII (peuiecCMBHO Hac/leAyeMblii, MyTa-
uus reHa LEPREI) TwuIibl, BKIKOYAIOIIMe MaleHTOB
C KJIMHUKO-PEHTTeHOJIOTMYECKUMU TPOSBIEHUSIMU
HO, HO 6e3 HapyllleHMii CMHTEe3a KoJlareHa IMepBOro
Ttuna [10].

Cronnos IIpM HECOBEPLHICHHOM OCTE€OreHese

Tssxkects HO, cBSI3aHHOE C HUM CHIMKEHMeE KauecTBa
M KoJM4ecTBa KoyutareHa [ Tura, cTereHb XPYITKO-
CTU KOCTEJ, CIabOoCTh CBSI30K, IIEPEIOMbI IT03BOHKOB,
MHOTOYpOBHEeBbIe gJedopMalnyy IMO3BOHKOB —

BCe 3TO HapyllaeT MexaHN4YeCKyI0 LeJIOCTHOCTb BCeit
apXUTEKTYphbl MTO3BOHOYHMKA ¥ CIIOCOOCTBYET pas-
BUTUIO MIPOTpeccUpyrInmnx aedopmalinuii B mpoiecce
pocra [17].

B nmonynsuuu naumeHToB ¢ HO yactoTra BCTpe-
YaeMOCTH CKOMTMO30B U KM(POCKOIMO30B KOIeOIeTCst
B JOCTaTOYHO WIMPOKUX mpepenax — oT 39% mo 80%
[25, 26].

BoMbIIMHCTBO aBTOPOB aKLEHTUPYIOT BHUMaHUeE
Ha po/iy BoO3pacTa MalyeHTa B pacHpoCTpaHeHHO-
¢t ckommosa npu HO. Jedopmanyy mo3BOHOUHMKA
penKko BO3HMKAIOT B BO3pacTe 0 6 JIeT, HO C POCTOM
pebeHKa BepOSITHOCTh BOSHMKHOBEHMS CKOMMO3a T10-
BbIILIaeTCs ¢ 26% 1o 82% [27]. Tak, B BO3pacTe MsITU
JIeT 4acToTa CKojamuo3a cocrasigeT 20-25%, B 1mog-
poctkoBoli rpynmne pgocturaer 80-90% [28, 29, 30].
OpHako nmpyu HeKOTOpbIX Tuiax HO ckommoTtuueckas
IedbopMalys MOKET BBISIBJISITbCS Cpasy IMOC/Ie POXK-
nenus [31]. Ha yacToTy pa3sBUTUSI CKOJIMO3a TaKXKe
BausieT Tskectb HO (tum HO). ITo ganHbIM A. Sato
¢ coaBropamyu u M.]. Wallace ¢ coaBTOopamu, pac-
MIPOCTPAaHEHHOCTh CKOIMO3a Hambosee BbICOKA MIPU
HO III tumna (68-89%), 3a uum caepyet HO IV Tuma
(54-61%) 1 HO I tTuma (36-39%) no kinaccuburaimum
Sillence [30, 32].

Hedopmanmsi MO3BOHOYHMKA, KaK IMPaBWIO, Ha-
yyHaeT OBICTPO IMPOTPecCHMpoBaTh y AeTelt crapiie
5-6 neT uaM 1ocjae TOTO, KaK MCKpUBJIEHME IO3BO-
HOUHMKA TpeBbinraeT 50° [27, 33]. IIporpeccupoBanme
CKOIMOTUYECKOM AYTM MPOJOKAaeTcs OO TeX Iop,
MoKa He CchHOPMUPYETCS MIMOKOCTAIbHBINM KOHTAKT
KaK pe3y/abTaT TSKeI0ro Kudockoamosa [34].

Benuunna medopmanny MoXkeT HapacTaTh U IOC-
Jle 3aBepiieHus mybepraTHOrO Tepuona. [Ipu sTom
mocje 6 jeT GbICTpOe ITPOrpeccMpOBaHME CKOIMO3a
HaObJTI01a/IOCh Y MAIlMEeHTOB, He MMOyJYaBIInX 6ucdoc-
¢donatel. V nauyeHToB ¢ HO emyHUYHBIE T'PYIHBIE
IIYTU SIBJISTIOTCSI Hayubosiee 4acThIM TUIIOM ITPOSIBIIE-
HUSI CKoMmMoTudeckoii medopmauuu. Tak, mpu HO
I TMna oHM perucTpupoBaIuCh B 97% ciiyyaes, y na-
uuenToB ¢ HO III tuma — B 58% [29].

Bennumua ckonmmotuueckoit ayru npu HO moskeT
KoyIe6aThCs B JOCTATOYHO IIMPOKUX TTIpefesax — oT 7
nmo 105° [35]. ComtacHO HaIMOHAIBHOMY MCCIEA0BA-
Huio HO, BeimoniHeHHOMY B T'epmanum, nedopMaiinm
TO3BOHOYHMKA Y 73,7% NalyeHTOB ObUIM JIETKVMMM
(<40°), y 10,5% umenu ymepeHHbI Xapakrep (<60°),
vy 9,2% maieHTOB ObLIM TsDKeIbIMU (<80°) My 6,6% —
oueHb TsprenbiMu (>80°) [28].

M.]. Wallace ¢ coaBTopamu 1okasajuu, uto ajst HO
I Tumma TummyHO opMMpoOBaHMe JIerKuX medopma-
umit (mo 50° mo Cobb), s III TMa — ymMepeHHbIX (10
100° mo Cobb), myist IV Tuma — tskenbix (6onee 100°
o Cobb). Kpome Toro, 110 JaHHBIM 3TUX aBTOPOB, JIe-
dbopManuu rpysHoi KIETKM U IIePeKOChI Ta3a TUITUY-
HBI JIJIS1 CKOJTMO30B U KM(POCKOIMO30B ¢ JedhopMaliuei
6omee 50° mo Cobb [32].
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B HekoTOphIX paboTax ObLIa ONpeneeHa YeTKas
CB$I3b IIOTEPU IVIOTHOCTY KOCTHOM TKaHU 110 Z-OLieHKe
¢ hbopMupoBaHMeM 6oJiee TSHKENbIX JehopMallnii mo-
3BOHOYHMKA [36, 37].

A. Sato ¢ coaBTOpamMM PEeTPOCHEKTMBHO OLIEHWUIN
PEHTreHOTpaMMbl IO3BOHOUHMKA Y TMalyueHToB ¢ HO,
KOTOpbIe O6bUIM 00yc/IoB/IeHbI MyTalysiMu B COLIAT
nnu COL1A2 (90% nauuenTtoB ¢ HO) u 3aTem npose-
JIX aHaIN3 KOpPeIsiuu MeXIYy CKOIMO30M U TeHOTU -
noM HO. [To gaHHBIM 3TUX aBTOPOB, YMEPEHHBIV MU
TSDKEJIbI CKOMO3 (10 JaHHBIM aBTOpOB, yron Cobb
>25°) penxko BCTpeyvasics Y JIUI, C MyTalMsSIMU rarvio-
HemocTtaTouHOCTU COLIAI, HO TIpUCYTCTBOBA IIPU-
MepHO y 40% maleHTOB C TPONHBIMM CMPATbHBIMU
3aMeHaMM IMUMHA Wiu MyTaiusvu C-TipornenTua.
O1ieHKa pacrpoCTPaHEHHOCTM CKOAMO3a B Pas3HBIX
BO3paCTHBIX TpyMIax oKasaua, YTO CKOIMO3 OT yMe-
peHHoit mo TsRenmoit craguu (yron Cobb >25° mnu
MCTOPUS oTepaluu CIOHAMIONEe3a) He HAOGMI0mancs
mpu HO I tuna B Bo3pacTe [0 5 JIeT U 3aTPOHYI Me-
Hee 20% nanueHToB ¢ HO I Tuna B Bo3pacte 10 ner
u crapiue. B To xxe Bpems 16,7% nanuenTton ¢ HO 111
TUIIA YK€ MMeNU CKOJIMO3 OT YMEPEHHON [0 Tsxke-
JIOV cTaguy B BO3pacTe O 5 JieT, a pacrpoCcTpaHeH-
HOCTb CKOJIM03a OT YMEPEHHOIO 0 TSIKEeJIOro B 3TOM
rpy1iie yBeauumiachk 1o 90% mocie 15 ner. [Tpu HO
IV Tuma pacnpoCTpaHeHHOCTb CKOIMO3a CpegHel u
TSDKEJION CTereHei 6blia MIPUMEPHO BABOE MEHBIIIE,
yem nipu HO III Tuna B KaXkmoi BO3pacTHOI TpyIIIIe.
CpaBHeHMe MexXAy IpyniiamMu MaiueHTOB, BbiJeleH-
HBIMM 110 TEHOTUITY, TTI0KAa3a/10, YTO IPUMEPHO Y Tpe-
TU TAI[MeHTOB C MyTalMSIMU TalJIOHEJOCTaTOYHOCTH
COLIA1 6B CKOMMO3, HO OH PeIKO CTAHOBUJICSI yMe-
PEHHBIM WM TsDKeabIM. Harpotus, y 40% nanyueHTOB
C TPOMHBIMMU CIUPAJTbHBIMU 3aMeHAMM TTIMLIMHA UIU
¢ mytauusimm C-miponenTuia MpUCyTCTBOBAI CKOJIN-
03 OT YMEPEHHOI [0 TsKeoi cterenn. Cpean mauu-
€HTOB C MyTallMSIMU CIIMBAHUS PacCIPOCTPAHEHHOCTD
CKOJIMO03a OT YMEPEHHOI 10 TSIKEJION CTeleHu Oblia
MPOMEXYTOUHOM MeXAy TpylnnaMmu rarjioHefocTa-
TOYHOCTU U KOTOPTBI IPYTUX TeHOTUIIOB [30].

Bonee rmy6oKuMii aHaaM3 TeHETUUECKOTO JIAH.I-
madra ckomosa rmpu HO 6611 nipoBeneH G. Liu ¢ coas-
Topamu. [1o JaHHBIM 3TUX aBTOPOB, M3 19 cylecTBy-
OIIMX B HacTosee Bpems TunoB HO B cOOTBeTCTBUM
C TEHEeTUYECKMMM BapuaHTamMu y 16 TUIOB MPUCYT-
CTBOBajJIa CKOMMOTHMYECKAsT medopmMainys MMO3BOHOY-
HUKa [4].

NsmeHeHnus oceBoro ckesneta rmpu HO moryT npu-
BECTU K CYIeCTBEHHO! MHBAJIMAHOCTU MAalMEHTOB,
CBSI3aHHON C 60Je3HEHHBIM KIMHUYECKUM COCTOSI-
HMEM, a B TSDKebIX C/ydyasix — Jake K IpM3HaKam
KOPELIKOBBIX HEBPOJIOTMYECKUX HapyuieHuin [34],
CHVDKEHUIO SKM3HEHHOJ eMKOCTU JIETKUX, CepAedHO-
pecrnupaToOpHbIM OC/IOKHEHMSIM, KOTOPbIE SIBJISIIOTCS
OCHOBHOJ MPUYMHOM CMEPTHOCTU B JAHHOI TPYIIIIe
ManymeHToB [25].

ITamozeHes ckonuo3a npu HecoeepuleHHoOM

ocmeozeHese

TouHbIit MexaHU3M HOPMUPOBAHMS CKOMMO3a TIPU
HO cnoxeH u 10 KOHILAa He u3yudeH [4]. B HacTos1ee
BpeMs BBISIBJIEHO, UTO Ha Ipoiecc GopMUPOBAHUS
CKOJIM03a B OCHOBHOM BT Tuil HO, ocTeornenus,
BO3pacT, MMHepa/JbHas IIOTHOCTb KOCTHOJ TKaHH,
cofepkaH/e MMHEPAJIOB B KOCTSIX, MEXaHMYEeCKOe Ha-
MIPSDKEHME U ¢J1ab0CTh CBSI30K [37, 38, 39].

[To MHeHMIO psifa aBTOPOB, CYILECTBYIOT HEKOTO-
pble ycKoBble ¢GaKTOpbl GOPMUPOBAHMS CKOIMO3A,
Takye Kak MMUKpOIlepesioMbl T03BOHKOB, BbI3BaHHbIE
TpaBMaMy IIACTMHOK POCTa MO3BOHKOB WM XpYI-
KOCTbIO KocTelt [38, 39, 40]. Xots OpyrumMu uccie-
IOBaTeNsIMU 3TU [OaHHbIe CTaBATCS I10Z, COMHEHUE
[41, 42]. JOIOTHUTENIBHO MOI'YT OKa3bIBaTh BIUSHUE
Ha pasBuTHe AedopManyuy MO3BOHOUHMKA U IpyTyue
(axTopbl, TakMe KaK HepaBHOMepPHAas JIMHA HYDKHUX
KOHEYHOCTe, HaKJIOH Ta3a, aHOMaJIMM MeKIT03BOH-
KOBBIX JVICKOB [36, 42].

V3 aHomanmit Tes MO3BOHKOB ObUIM BBISIBIIEHBI
KJIMHOBMHBIE TTO3BOHKM M BapUAHTHI IJIATUCTIOHIU-
nuu [43, 44]. Viccneposanue S. Ishikawa c coaBTopamu
M0Ka3aJio, UTO CYIeCTBYyeT ueThIpe Tuma nedopma-
UMt Tena no3BOHKOB Ipu HO: 1) IBOSKOBOTHYTBIE;
2) yIUIOLleHHbIe; 3) KIMHOBUAHbIE; 4) HeKIaccudu-
nupyemble 103BOHKM. lllecTh U 6Gosee IBOSIKOBOT-
HYTbIX II03BOHKOB pacCMaTpMBAIOTCS KaK KpuTe-
puit Tskect HO M BbicOKOro pucka hbopMUpOBaHUS
ckonmosa [39]. B nureparype npuBOOMINCH JAaHHbIE
Y 0 BapMaHTe IUCI0KalMy I0O3BOHKOB U TeTpoIapese
y nauueHToB ¢ HO Ha doHe kudo3sa [45]. HekoTopsie
aBTOPBI OMMCBIBAIOT CKOIKO3 U Kudockonmno3s npu HO
KaK BTOpUYHbIe M3MeHeHMsI Ha ¢poHe KOMITpeCCUOH-
HBIX I1€PeJIOMOB U YAJIMHEHUS MEXCYCTaBHOI 4acTu
TIO3BOHKOB [27].

OcreoneHusl Takke OUYE€Hb YaCTO PETUCTPUPYETCS
y nauyeHToB ¢ HO — oTMeueHa MonokuTeabHast Kop-
persius cKoinosa ¢ Z-OLeHKO MUHepaabHO IJIOT-
HOCTU KOCTH [37, 46].

HemanoBaxkHyio poib B GOPMUPOBAHUM CKO-
JUOTHYEeCKO nedopMaluy TMO3BOHOYHMKA MOKET
urpatb Bo3pacT. COrNacHO peTPOCIEKTUBHOMY MC-
aienosanuio .M. Ben Amor ¢ coaBTopamu, CKOIMO3
3HAUUTENIbHO CBSI3aH C BO3PAacTOM, TOrAa Kak Apyrue
K/IMHMUYECKME XapaKTepUCTUKN, TaKMe KakK IO U Bec,
He OKa3bIBaloT BausiHMs [47]. A.K. Anissipour ¢ coas-
TOpaMu OIpef e JIMHENHYI0 3aBUCUMOCTDb MeXIY
BO3pacToM " ymioM pAedopMauuyu TO3BOHOYHUKA
(10 Cobb) y marinenTos c III Turmom HO: B Bo3pacTe 51
10 neT yribl medopmanuy cocTassu okoso 30° u 50°
COOTBETCTBEHHO [29]. B HEKOTOPBIX CIy4yasix CKOIMO3
M KOMIIpeccus Tejla NM03BOHKA BO3HMKAIM TOIbKO BO
Bpemst 6ypHoro pocta [48]. R.H. Engelbert ¢ coaBTopa-
MY OGHAPYKWIN, UTO BO3PACT Havaia GopMUPOBAHUS
CKO/I103a ObLT CBSI3aH C BO3PAacTOM (DOPMMUPOBAHUS
aHTUTPAaBUTALMOHHBIX MOTOPHBIX HaBBIKOB, TaKMUX
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Kak CuJieHye C Oonopoii [36]. OTa B3aUMOCBSI3b MOXXET
ObITh BbI3BaHA M3MEHEHMEM KakK (YHKIMOHAIbHO-
ro craTyca B 1IeJIOM, TaK M MeXaHMYeCKUX Harpy3ok
B YAaCTHOCTH.

[NoBbillIeHHOE MeXaHW4Yeckoe HalpsbkeHNue B Mpo-
1iecce poCTa MaryeHTa MOKeT ObITb OIHOM M3 BAXKHbBIX
pyurH GOPMIUPOBAHMS CKOMMO3a. MexaHMYecKye Ha-
IPY3KM B COUETaHUM C OCTEOIEeHMeli MOTYT BbI3bIBaTh
peMonenpoBaHye KOCTU C (opMMpOBaHMEM IIPO-
rpeccupyioieii gedopmanymu. Takke ObLIO ONpene-
JIEHO, 4TO HeKoTophle ciydyan HO ¢ TsbkenbiM rumnep-
JIOPIO30M ObLIM OOYC/IOBJIEHBI VIJIMHEHUEM HOKKU
MOSICHUYHOTO ITO3BOHKA U CIIOHAMIIONUCTE30M [49].

BausHue rumnepmMo6MIBHOCTY CYCTaBOB M MHO-
>KeCTBEHHBIX OCTeOINeHMUeCKUX TepeioMOB Tesl TOo-
3BOHKOB Ha (popmupoBaHMe ckommosa u gedopma-
LMY TPYOHOI KJIEeTKU ocTaeTcs cropHbIM. D. Primorac
C COaBTOpPaMM CUMTAIOT, YTO TIOBbILIEHHAs paccia-
6JIEHHOCTb CYCTaBOB MOXKET MPUBECTU K CKOJIUO-
3y U MOPOKaM pa3sBUTUS TPYLHON KieTku [46]. XoTs
H. Arponen ¢ coaBTOpamu OIpenenuin, 4To HaInumue
IUIIEPMOGMIBHOCTY CYCTABOB He KOPPEeIMpyeT C Hau-
YyyeM MY PUCKOM BO3HMKHOBEHMS cKommo3a [50].

U3 Bcero BbIllIeCKa3aHHOTO MOXHO CIeNaTh BbIBOZ,
YTO 001Iast TSKECTh 3a60JIeBaHMS 10 CUX ITOP OCTAeT-
Cs1 JIYYIIMM KpUTepueM MPOrHo3a pasBUTUSI BTOPUY-
HOJ1 MaTOMIOTUY TTO3BOHOYHMKA.

CDaKmopbl pucka passumus ckKouo3a
Yy nayueHmoes ¢ HeCoeepuleHHbIM 0CIMMeo2eHE30M

B HeKOTOpBIX MCCIefOBaHMUSIX aKLEHTUPOBAIOCh
BHMMAaHMe Ha BOIIPOCE O BO3MOXHBIX (pakTopax pu-
cKka pasBuTus ckonmosa mpu HO [17, 36, 40, 51]. Beuio
oIpesiesieHo, UTo (pakTopaMy puUCKa SIBISIOTCS TUIT U
TspkecTb HO, cBSI3aHHAas C 3TUM CTelleHb XPYIKOCTU
KOCTel1, I03iHee pa3BUTHE ABUTATEIbHbIX HABLIKOB,
repejioMbl NO3BOHKOB, MHOTOYPOBHEBOCTb IO3BOH-
KOB CO CTPYKTYPHBIMM M3MEHEHUSIMMU (IBOSIKOBOTHY-
Thle TIO3BOHKM B CAarUTTAIbHOM IJIOCKOCTH), CJIAOOCTh
CBSI30K M MbIIL [27, 36, 39]. [IopOUHBIIi KPYT yBEIUUM-
Baroleiics necdopmMaluy U MOCIeAYOMX BTOPUYHBIX
M3MeHEeHU, 3aMeIJISTIOII X POCT ITI03BOHKOB B U3THOe
YT, CIIOCOBCTBYET Mporpeccupyoiieit gedbopmainm
II03BOHOUHMKA ¥ II03BOHKOB [17]. MHO)eCTBeHHbIe
KOMITPECCHOHHbBIE TIepeIOMbl M TOTEPS] BBICOTHI IO-
3BOHKOB IMIPUBOIST K 00IIeMY CarMTTa/IbHOMY Aucoa-
JIAHCY TY/IOBMILIA BCAEACTBYME IPYOHOTO Turepkudosa
U KOMIIEHCUMPYIOLIEro IMOSICHUYHOTO TUIIEPI0pLO3a
[17,40].

EcrecTBeHHOe TeueHMe nedbopmalnii MO3BOHOU-
HUKa y nanueHToB ¢ HO ocraeTrcs no-npexxHemy He-
oIpesiesIeHHbIM, Kak 1 (haKTOpbI, ero oIpefessiolue.
[To MHEHMIO OIHUX aBTOPOB, BOSHUKHOBEHME U IIPO-
rpeccupoBaHMe CKOIMO03a 3alyCKaeTcss MMKpOIlepe-
JIOMaM¥ MO3BOHKOB M OCTaTOUHO Hedopmalineit Bo
dpouTanpHOI tiockocTH [15, 51]. Ipyrue uccnenosa-
TeIM CYMUTAIOT, YTO YacTOTa M PUCK MPOrpeccupoBa-

HUS JedopMalnyu CBSI3aHbI C TSDKECThIO 3a0071€BaHMS
M IBUTATEJbHBIM CTATYCOM IAIMeHTOB, Kak 1 'y 60JIb-
HBIX C I[epebpabHbIM Mapaauyom [17].

Huskast MmuHepasibHasl INIOTHOCTb KOCTHOM TKaHU
M0 Z-OlleHKe SBsIeTCs GaKTOpOM pasBUTUSI U IPO-
rpeccupoBanus ckoamosa [36]. ITo manubim M. Kashii
C coaBTOpamMu, 6oJiee HMU3KME Z-6a/lJIbl MUHEPAJIbHO
IVIOTHOCTM KOCTHOM TKaHM L2-4 MO3BOHKOB, Halu-
yye (POHTAIBHBIX M CATUTTAJbHBIX Aedopmaiuii
MTO3BOHKOB, a TAaKKe KOPPUTUPYIOIIEH OCTEOTOMUM
HIKHMX KOHEYHOCTe B aHaMHe3e O6bUTY 3HAYMMbIMU
daxkTopamu pucka pa3BuTus ckomosa mpu HO [51].

S. Ishikawa ¢ coaBTOpamu ompemenuiy, 4YTO Ha-
JMYMe JBOSIKOBOTHYTBIX TO3BOHKOB [I0 ITOJIOBOTO
co3peBaHusl sABsieTcs] GaKTOPOM pPUCKA MPOTrpeccu-
pOBaHMS CKOMMO3a. Bce mManyeHTsl € TSOKETbIM CKO-
no3oMm (yroia no Cobb >50°) umenu 6osee 6 TBOSIKO-
BOTHYTHIX [TO3BOHKOB I1OC/Ie TTEPEJIOMOB ITO3BOHKOB
o meHapxe [39].

Ipyre aBTOpPHI BBICKA3BIBAIOT ITPEATIONONKE-
HMe, UTO C1a6OCTh CBSI30K MTO3BOHOUYHMKA MTPUBOAUT
K HeCTabMWIbHOCTM MMO3BOHOYHMKA M, TaKUM 0bpa-
30M, JIEKUT B OCHOBE €ro Iporpeccupymolleir me-
dbopmanuu [34, 52], a TakKe BbIPAXKalOT COMHEHMUS
B MIPUOPUTETE IepeIOMOB IMO3BOHKOB B PasBUTUM
cKkonmmosa [41, 42].

G. Watanabe c coaBTOpaMy COOGIIMIN, YTO CYyIIE-
CTBYET 3HAUMMasl TIOJIOKUTEIbHAS KOPPEeISIIINSI MeK-
Iy CTETeHbIO CKOMMO3a M pasHUIlei B IJIMHE HIK-
HUX KOHEYHOCTel [37]. OTU pe3ynbTaThbl COMIACyIOTCs
¢ BeiBogamu M. Kashii ¢ coaBTopamu o Tom, uTo vac-
TOTA KOPPUTUPYIOIIEH ocTeoToMUM IIpu nedopma-
MY IJIMHHBIX KOCTEN Mociie IepesioMa KoppeanupyeT
¢ 60/TBIIMM HECOOTBETCTBMEM AJIMHBI HUKHUX KOHEU-
HOCTei ¥ HAKJIOHOM Ta3a BIlepe], YTO MOXKET SIBJISATh-
CSl Kay3aIbHBIM (PaKTOPOM PA3BUTUS CKOIMO3A IJIST
KOMIIEHCAIlMY HaKJIOHA Ta3a. YMeHbIleHNe Koaude-
CTBA KOPPUTUPYIOIIMX OCTEOTOMMUIM HIVDKHUX KOHEY-
HOCTE OTpaXkaeT CHUKEHMEe XPYIIKOCTU KOCTei B pe-
3y/IbTaTe JieueHUs: 6uchochoHaTaMM U MOKET ObITh
CBSI3aHO C MEHbIIIell pacIpoCTPaHeHHOCTbIO CKOJIMO-
3a [51]. OmHaxko, Mo maHHbIM A. Sato ¢ coaBTopammu, Ha
pacIpoCcTpaHeHHOCTb CKOMINMO3a B 3peJIOM BO3pacTe
He BiuseT Tepamust 6ucochoHaTamu B aHaMHese,
XOTSI 3TO JleueHue MOIJIO 3aMeIJIUTh IIPOrpeccupoBa-
Hue gedopmanyu [30].

T. Palomo ¢ coaBTOpamMu yTBEPSKIAIOT, YTO IIPY OMC-
dochoHaTHOI Tepanmuy M3MEHEHUS] MSITKOTKaHHBIX
CTPYKTYp, MIPUBOJSIIME K aHOMAJIbHOM MOIBUKHOCTYU
MEKITO3BOHKOBBIX CYCTABOB ¥ ITO3BOHOUHBIX AVICKOB,
OKa3bIBAIOT CUIbHOE BIMSIHME Ha Pa3BUTHE CKOIMO3a
¥ BBICOKYIO YaCTOTY €r0 BCTpeuaeMocTH [5].

Takum 06pa3oM, B HaCTosIIee BpeMs HEeT UeTKUX U
SICHBIX TIpeACTaBIeHMII 00 OCHOBHBIX (haKTOpax pyucKa
dbopMupoBaHMs ckomo3a y nauyeHtos ¢ HO, urto, Bu-
IVIMO, 00YCJIOBJIEHO (DEHOTUITMYECKOI U TeHeTUIECKOIA
HEOTHOPOAHOCTBIO MOy JAHHBIX [TallIEHTOB.
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AHOMa/IMM KPAaHMOBEPTEOPATBHOTO Iepexona
(6aswisipHas UMIIpeccusi, 6asuiasspHast
VHBarvHauus, rjiaTmuoasus)

AHoManuu KpaHMOBepTeOPaATbHOTO Tepexoa pe-
TUCTPUPYIOTCS Y 37% mauueHToB ¢ HO [53]. 9Ta rpyn-
T1a TATOJIOTUH BKITIOYAET 6a3WISIpHYI0 MHBAarMHAIUIO,
0Ga3WISIPHYI0 MMIIPECCUIO U TUIATHOA3UI0, KOTOpbIE
onpenensorces y 13%, 15% u 29% mnainentos ¢ HO
COOTBETCTBEHHO. [laHHbIe aHOMAaJIUM TaKXkKe COIIPOBO-
SKIIAI0TCSI BTOPUYHOI ruaporiedanuein [53, 54]. Kpome
TOTO, TPAKTUYECKY BCErJa Pa3aIMUHble BAPMAHTHI 6a-
3WISIPHOI MHBAaruMHauuyu M MMIIPECCUM COUETAIOTCS
c ruiatmbasmeit [24, 53, 55].

basuisipHasi MHBarMHauusi — TMPOTPY3UsI KpaHU-
AITBHBIX CTPYKTYP BepXHe-IIEefHOTO OT/e/1a B O0IbIIOe
3aThUIOUHOE OTBEPCTMe C MHBaruHalyeil Bepxyll-
KU 3yOOBMIHOTO OTPOCTKA Gojiee 5 MM BbIIIe JTMHUK
YembeprieHa (0T 3aiHel HA3a/IbHOI OCTU 10 3aTHETO
Kpast 6OJBIIOTO 3aTHUIOYHOTO OTBEPCTUSI UM Gosee
7 mm Bbillle TuHUM MakI'peropa (OT 3afHel Ha3alb-
HOl OCTM 1O KayJaJbHO Hambosiee BBICTYHAIOIIEN
YacTU 3aTbUIOYHO} KOCTM), YaCTO C MHBaruMHauuen
6OJIBIIIOTO 3aTBIOYHOTO OTBEPCTUSI BEPXYIIIKOM 3y60-
BUJTHOTO OTPOCTKA yepe3 auHuio MakPes [56].

BasuisgpHoe BaaB/ieHMe (MMIIpecCusl) OIpemessi-
eTcsl KaK OTHOCUTeNbHOe KpaHMaJIbHOEe CMelleHue
6a3MISIPHO YacTU 3aThIIOYHON KOCTU U ee GOKOBBIX
OTZEIOB B CTOPOHY CYOTEHTOPUAIBHOTO MPOCTPAHCTBA
C BHE[IpEHMEM B TIOJIOCTDb Yepena KpaeB 60bIIoro 3a-
TBUIOUHOTO OTBEpPCTUS, 3aThUIOUHBIX MBILIEIKOB U
3y60BUIHOTO OTpOCTKA [57]. BaswisipHast uMIIpeccust
NpUIaeT xapakTepHble YepThl uepelry. ETo peHTreHo-
JIoTMYecKkye 0COGEHHOCTY BKJIIOUAIOT BBICTYITbI BUCOY-
HOI M 3aTbUIOYHONM KOCTel, MOMy4uuBIIMe Ha3BaHUE
«aepen [lapra Beiinepa» [58]. [lnaTubasust onpemens-
eTCsl Kak YIUIOIIeHye OCHOBaHMS uepena [53, 55].

AHOManuyu OCHOBaHUS yepela U KpaHUO-BepTe-
OpaTIbHOTO Tepexoa PEeruCTPUPYIOTCS TIPU BCEX Ue-
toipex Tunax HO (I, II, III, IV tumel o Sillence).

H. Arponen c coaBTOpaMy IIPOBeM IOIEPEeYHOe
uccenosanue 76 nmauyeHTos ¢ HO. B 13% cryyaeB oHU
BBISIBWIM OAa3sWISIPHYI0 MHBarMHaIuio. B aTom mccie-
JoBanuy u3 13 maumenTos ¢ HO III tuna nare (39%)
UMen 6aswISIpPHYI0 MHBATMHALIVIO, U 9TO 6bITO 60JTb-
1re, YeM cpeny nauueHToB ¢ I Tunom (2%) wiu IV Tu-
nom (25%) [53]. Pannee neuenue 6ucdochoHaTamm
MOXeT 3a7epkaTh pasBUTHe 6a3WISIPHOI MHBATrMHA-
LMK, HO HesICHO, MOKET JIM 3TO JieueHue IMpefoTBpa-
TUTB ee pa3BuTKe [59, 60]. Coob1anocs, 4To Z-0oIeHKa
BBICOTBI HI3KE -3 SIBIsIeTCsT (DakTOpOM pucKa 6a3miisp-
HOIt MHBarMHauuy. Takoke HESICHO, B KaKOW CTeleHU
obHapy>keHHas 6asuIsIpHas MHBarMHALMS OyIeT Ipo-
rpeccupoBaTh IOC/e Co3peBaHus ckeneta [53].

baswuisipHasi MHBarMHauus MOKeT HapylaTh MyTH
TOKa CIIMHHOMO3TOBOI XMIKOCTU, IPUBOAS K Ouia-
TallUM SKeIyOUKOB UM BTOPMUHON Truuapouedannu;
JlaBJIeHMIO HAa MO33KeUOK, BbI3bIBAIOIIeMY IBYCTOPOH-

Hee HapyllleHue; COaBJIeHMI0 CTBOJa MO3ra, IpOBO-
nupyomeMmy neGuiunut QyHKIUM HYKHUX YeperTHbIX
HEpBOB; HAPYIIEHMIO PAOOTHI IBIXaTeLHOTO IIEHTPA;
COABAEHMIO CIOMHHOTO MO3Ta; BHE3aIlHOW CMepTHu
[61, 62]. TToBpiIeHHas KnMHMYecKas TsokecTb HO sB-
JISeTCS CWJIbHBIM HPeAUMKTOPOM aHOMajuii OCHOBa-
Hus yeperna [60].

Knuanyeckne mposiBjeHusl IMpobiaeM KpaHMO-
LlepBMKAIbHOTO Tepexofa MOTYT BapbMpPOBATbCS OT
OTCYTCTBUSI CUMIITOMOB [IO CHaBJIEHMSI CTBOJIA MO3-
ra, OrpaHMYeHUS UMPKYAALUM CIUHHOMO3TOBOM
SKUAKOCTY, TMPUBOIAIIMM K ruapouedannu, CUpuH-
TOMMENIUNM M TOPaKeHUI0 4YepernHbIX HepBOB [62].
PeHTrenorpadus yepera M MEHHOTO OTHeNA MO3BO-
HOYHMKA B 60KOBOI ITPOEKIMM PeKOMEHIOBAaHA BCEM
netsam ¢ HO go mocTtiokeHMs Bo3pacTa 6 JieT.

HecTaGMIBHOCTD U mnmepejioMsbl B IeiHOM
oTaesie IO3BOHOYHMKA

[Tybnukauumu, OMMCHIBAIONIME HECTaOUIbHOCTh
meiiHoro orgena npu HO, KpaiiHe ManO4YMCIEeHHBI.
ATnaHToakcuanbHas HecTabuabHOCTh py HO MoskeT
OBITH CBSI3aHa C 0s odontoideum, nyuucMopdu3Mom 3y-
60B 1M CJ1aOOCTBIO CBSI30K. B 11€/10M HECTabMIIbHOCTD
C1-C2 ormpepenseTcs Kak yBeJIUMUYeHME IepesHEero
aTJIAaHTOAKCUAJIBHOTO PacCTOSIHUSI 6ojiee 4 MM /W
yMeHbllIeH)e 3aLHero aTIaHTOaKCUaAbHOro Mpome-
KyTKa <13 MM [63, 64].

Bosnb B 11ee, MpM3HaKy MUEIONATUM MU YMEHbIIIe-
HJe IPOCTPAHCTBA, JOCTYITHOTO [JIs1 CIMHHOTO MO3ra
(SAC — Space Available for the Spinal Cord), paccma-
TPUBAINCh KaK TOKa3aHUS [Js1 MHCTPYMEHTaJIbHOTO
crioHaMIoAe3a u skectkoi ¢ukcanmum C1-C2 [65].

[lepenombl 1LIETHOTO OTHena ITO3BOHOYHMKA
y nauyeHToB ¢ HO BcTpeuarwTcs JOCTaTOYHO PERKO.
B nutepatype coobianoch o mepesoMax 3yOOBUI-
HOTO OTpOCTKa [66] u nepenome IxkeddepcoHna [67],
cybaKkcHambHbIX KOMITPECCMOHHBIX TIepesioMax B Iie-
puonbl pocta [68]. BOMBMIMHCTBO U3 3TUX [1epeIOMOB
y IeTeli XOpOUIO CPacTaloTCs MPU JIeUeHUM OpTe3amu
(MHAVBULYaIbHBIN KeCTKUI 1IEeHbI BOPOTHUK WU
HALO-kopceT), BK/Ir04asi BO3MOXHOCTb PEMOZEINPO-
BaHMS BO BpeMs IPOJOJIKAIOLLErocs pocra [66, 68].

IMaToMorMs MOSICHUYHO-KPECTIIOBOTO OTAe/Ia
IIO3BOHOYHMKA

CrOHAMITIONY3 U CTIOHAUIONUCTE3 TTO3BOHKOB MPU
HO vame onucans! aj1st cermenTa L5-S1. VX BcTpeua-
€MOCTb, KOTOPYI0 MOKHO OTCJIEAUTH TOAbKO TIO JAH-
HbIM eIVHUYHBbIX HaOGMIOMeHu, cocTaBiseT oT 5,3%
o 10,9% [69, 70].

D. Hatz ¢ coaBTOpamu Mpu U3yUYeHUU PEHTTEHO-
rpaMM B 60KoBoiT Tpoekuyy 110 nannenTos ¢ HO 06-
HapyXuau CIoHaunonu3 B 8,2% ciaydaeB B CpegHeM
BO3pacre 7,5 JIeT, a CIIOHAMUIONUCTe3 — Y 12 maiueH-
ToB (10,9%) B cpegHeM Bo3pacTe 6,4 rona. Y 9 gereii
ObLT MCTMUYECKUI CITIOHAMIONNUCTES, Y 3 — AMUCIUIA-
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ctuaeckuii [70]. [To X BaHHBIM, HY OO MH KOHKPETHBI
it HO He uMest 60j1ee BBICOKYIO YaCTOTY CIIOHIMUIIO-
JINCTE3a, YeM APYTHe TUIIbI, XOTSI Y 7 U3 9 malueHTOoB
co cnorawionsom 6s11 HO 111 Tuma [70].

K. Abelin ¢ coaBTOpamMu npu CpaBHUTETbHOM
aHanmM3e CaruTTAIbHOTO MPOGUIS y TMAIMeHTOB C
HO u 3m0poBOJi KOropThl He OOHAPYXKWIM 3HAUM-
MbIX HapylleHui IT03BOHOYHO-TAa30BOTO OayaHca
[40]. Omnako C.O. Pga6bIx ¢ coaBTOpaMu, aHAIU3UPYS
eqMHUYHbIEe HAOTIOAEHMS, BRISBUIM OTKIIOHEHME Ta-
KX IIapaMeTpOB MTO3BOHOYHO-TA30BOr0 6ajaHca, KaK
yBenndenue PT (HakimoHa Ttasa), PI (Ta30BOro mHaek-
ca) 1 oTpuLaTenbHol SVA (BepTUKaIbHOM CaruTTalb-
HOJ1 ocy). DT (aKTOPBI IIPUBOIST K BEPTUKAIM3ALUN
cermeHTa L5-S1 ¥ MHOYIMPYIOT MEXaHU3M COCKaJlb-
3pIBAHUS B YCIOBUSX TUIIEPMOOWIBHOCTM (HecTa-
O6MIIBHOCTY) CBSI30YHOrO amnmaparta [71]. Ilo MHeHMIO
S.A. Shah u M.]. Wallace, y MHOruX nauyuesToB ¢ HO
OTCYTCTBYIOT HOpMaJibHble TapaMeTpbl Ta3a U Ha-
6ofaeTcsl yBeIMUYEHHBIN MMOSCHUYHBIN JIOpHo3 [6].
Heob6xomyMo yuMTBHIBATbh HaIM4Me CIUOaTeNTbHbIX
KOHTPaKTyp Gefpa u MpOTPY3UM BEPTIYKHOI BIIa-
IVHEI [6, 72, 73].

JomnonauTtenbHas uHbopManus

3asnenenHslii 6K1a0 aémMopos

Llyposa E.H. — c60p, aHanu3, MHTepIIpeTalys JaHHbIX,
HanyMcaHMe TeKCTa CTaTbM.

Pabbix C.O. — KOHLeNUMSI, AM3aitH UCCIeqoBaHus, Ha-
MJcaHMe TEKCTa CTaTby, ee peJakTUpPOBaHMe.

Ouuposa I1.B. — pefakTUpOBaHye PyKOIMCH.

Ilonkos /[I.A. — pegakTUpOBaHe PYKOIIUCH.

Pabbix T.B. — pelakTUPOBaHMe PYKOIIUCH.

Bce aBTOpBI Ipowin U ofgo6pmian GuHaIbHYI0 BepCUio
pyKkonucu CTaTbM. Bce aBTOpBI COIVIAaCHBI HECTU OTBET-
CTBEHHOCTDb 32 BCE€ aCIeKThl PaboThbl, UYTOOBI 0O6ECIIeUnTh
Hajjiexxalllee PacCCMOTPEHME U pellleH)e BCEX BO3MOXKHBIX
BOIIPOCOB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HaJEXHOCTDHIO
106071 YacTu paboThl.

Hcmounuk  ¢unancupoeanus.  ABTOPbI  3aSIBJISIIOT
06 OTCYTCTBMM BHeLIHero (GMHAHCUPOBAHUS IIPU MIPOBeLe-
HUU VICCTIeNOBaHMUS.

Konpaukm unmepecos. ABTOPHI TEKIAPUPYIOT OTCYT-
CTBME SIBHBIX M TOTEHUMAIbHBIX KOHMIVKTOB MHTEPECOB,
CBSI3aHHBIX C MyGIMKaI[Meli HaCTOSIIIe! CTaTh.

Omuueckasn 3kcnepmusa. He nipymeHuma.
Ungopmuposantoe coznacue. He Tpebyercs.
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Osteonecrosis in Patients Recovering from COVID-19:
Mechanisms, Diagnosis, and Treatment at Early-Stage Disease
(Review)

Alexander N. Torgashin, Svetlana S. Rodionova
National Medical Research Center for Traumatology and Orthopedics named after N.N. Priorov, Moscow, Russia

Background. Aseptic bone necrosis (osteonecrosis), as a consequence of the ongoing coronavirus disease-2019
(COVID-19) pandemic, is increasingly becoming the cause of severe pain syndrome in the hip, knee, and shoulder joints
with disruption of their function. The discussion of the pathogenesis of post-COVID-19 osteonecrosis, possibility of its
diagnosis, and treatment at early stages continue. As COVID-19 affects young and able-bodied people, the diagnosis and
treatment of this form of aseptic necrosis at early stages have great social and economic importance.

Methods. The literature search was conducted in the databases of eLIBRARY, PubMed, and Scopus. The search depth was
10 years. Selected publications were related to the early diagnosis and treatment of aseptic necrosis following COVID-19.

Results. The form of osteonecrosis that developed after COVID-19 should now be classified according to ICD-10 as M87.3
(another secondary osteonecrosis). The review provides data on the possible mechanisms of osteonecrosis development
in patients who had COVID-19, explains the role of MRI for the early detection of the pathology, provides the results of
treatment that can influence both pathogenesis mechanisms, and leads to disease regression if treatment was initiated at
an early stage.

Conclusions. Improving the doctors’ awareness about the pathogenesis, diagnostic methods, and treatment of early disease
stages will reduce the risk of developing an advanced stage of aseptic necrosis post-COVID-19, slow down the progression
of the pathology, and delay or even prevent the need for joint replacement. Our concern is based on the continuation of the
pandemic, the observed fact of the dramatic increase in the frequency of aseptic necrosis post-COVID-19, and the number
of total arthroplasties in young and middle-aged people for aseptic necrosis of the femoral head.

Keywords: aseptic necrosis after COVID-19, osteonecrosis, COVID-19, glucocorticoids.
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OcTeoHeKpo3 y nauueHToB, nepeHecwmnx COVID-19:
MeXaHU3Mbl pa3BUTUSA, AUATHOCTUKA, IeYEHUE HA PAHHUX CTAAUAX
(o630p nuTEpaTypbl)

A.H. ToprammuH, C.C. PoguoHoBa

QOI'BY «HayuoHansHulli MeOUYUHCKUL uccnedosamensCKuli yeHmp mpasmamosnozuu u opmoneduu um. H.H. ITpuoposa»
Munsdpasa Poccuu, 2. Mockea, Poccus

AxkmyansHocms. AceniTMUeCKUii HEKPO3 KOCTel (OCTeOHeKpo3) Kak ciefcTBue nepeHeceHHoro COVID-19 B ycnoBusix
NpoJioyKalolelicss maHOeMUM Bce Yallle CTAHOBUTCSI IPUUMHOI BbIPasKeHHOTO 60/IeBOT0 CMHAPOMA B 006/1aCTU KPYITHBIX
CYCTaBOB C HapyluleHneM ux QyHkuuu. IIpogomkaercs: o6cyxaeHMe NaToreHe3a IOCTKOBUAHOIO OCTEOHEKPO3a, BO3MOXK-
HOCTY €TO BbISIBJIEHMSI U JIeUeHUs] Ha paHHUX CTaausX. YUUTHIBAs MaciTab pacnpocTpaHeHHocTH nHdekuum COVID-19
Cpeay ML, MOJIOZIOTO M TPYLOCIIOCOGHOTO BO3PACTa, BBISIBIEHME U jleueHye 3Toi (OpMBI acelTMYeCKOro HeKpo3a Ha
pPaHHUX CTaAMSIX MMeeT BaKHOe COLMaTbHOe M SKOHOMMUYEeCKoe 3HaYeHMe.

Mamepuan u memodsi. [TIoVick TUTEpaTypPhI TPOBeeH B 6a3ax maHHbIX eLIBRARY, PubMed, Scopus. I'my6uHa moucka — 10
seT. OTo6paHbl My6IMKaILMK, Kacarolyecss paHHei IMarHOCTUKY U JIeUeHsT acelTUUYeCKOro HeKpo3a Mmocjie mepeHeceH-
Horo COVID-19.

Pesynomamosi. DopMy OoCTEOHEeKpO3a, pa3BuBIlerocs nocwie nepeHecenHHoro COVID-19, B Hacrosiniee BpeMs cienyeT
knaccudunyposaThb mo MKB-10 kak M87.3 — mpyroit BTOpUUHBII OCTEOHEKPO3. B 0630pe NMpMUBOASATCS JaHHbIE O BO3MOXK-
HbIX MeXaHM3Max pasBUTHSI OCTEOHEKPO3a Y MaIuMeHToB, nepeHecmnx COVID-19, 060CHOBbIBAETCSI HEOOXOAVMOCTH BbI-
rioniHeHust MPT 11 paHHETO BbISIBIEHUST TATOJIOT YU, TPUBOMSITCS PE3Y/IbTAThI JIEUeHUST, CIOCOGHOTO OKa3bIBATh BIMUSIHME
Ha 06a MeXaHM3Ma MaToreHe3a ¥ MPUBECTU K 06paTHOMY Pa3BUTUIO MTPOIlecca MPH YCIOBUYM Havasla JIeYeHMs Ha paHHeii
cranuu 3aboneBaHusl.

3axanrouenue. TIoBbIlIIeHNE OCBEIOMJIIEHHOCTY Bpayeil O raToreHese, MeToAax AMAarHOCTUKY U JIeUeHUST PAHHUX CTaauit
MO3BOJIMT CHU3UTh PUCK Pa3BUTUS 3aIyII€HHON CTaAMM acelTUUEeCKOTro HeKpo3a nocie nepeHecenHHoro COVID-19, 3a-
MeJJIUT MPOTPECCUPOBAHYE MTATOIOTMYECKOTO MPOIeCca, OTCPOUUT MU AaKe MPeJOTBPATUT HEOOXOAMMOCTh SHAOIPO-
Te3MpOBaHMS cycTaBoB. Harra 03a604eHHOCTb OCHOBBIBAETCS HA TTPOJO/DKEHNY MAHAEMUM U PE3KO BO3POCIIEl 4acTo-
Te acenTuyeckoro Hekposa mnocie COVID-19, ¢ ogHOM CTOpPOHBI, 1 OMNepalyili SHAONIPOTE3UPOBAHUS Y JIUIL, MOJIOLOTO
M CpeJHEero BO3pacTa I10 MOBOAY aCeIITUYECKOTO HEKPO3a TOIOBKY 6eApeHHO KOCTH, C IPYTOii CTOPOHBI.

KiioueBble c10Ba: acenTuueckuit Hekpo3 cyctaBoB nmociie COVID-19, ocreonekpos, COVID-19, IioKOKOPTUKOUIBI.

Toprammns A.H., Ponnonosa C.C. OcTeoHekpo3 y nalueHToB, epeHeciinx COVID-19: mexaHU3MBbI pa3BUTHSI, JUMATHOC-
THUKa, JIeueHNe Ha paHHuX cTagusax (063op surepatypsl). Tpasmamonozusi u opmonedus Poccuu. 2022;28(1):128-137.
https://doi.org/10.17816/2311-2905-1707.

DK< Alexander N. Torgashin; e-mail: alexander.torgashin@gmail.com

Pykomuch nomyvena: 23.11.2021. Pykomuch ogo6pena: 15.02.2022. CtaTbst onybinnkoBaHa oHiaiH: 22.02.2022.

© TopramuH A.H., Ponuonosa C.C., 2022

129 2022;28(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS

Background

The COVID-19 pandemic caused by the novel
coronavirus SARS-CoV-2 has already claimed the
lives of more than 5 million people [1]. Recent re-
search has observed in some patients, particularly
those with extensive lung lesions and respiratory
failure, the development of the long COVID-19
syndrome [2], which persists for more than 12
weeks after treatment completion and patient
transfer to the “recovered” status [3]. Symptoms
of long COVID-19 include fatigue, shortness of
breath, anxiety and depression, heart palpita-
tions, chest pains, inability to think or concen-
trate (currently referred to as “brain fog”), the
rarer Guillain—Barre syndrome, pulmonary fibro-
sis, pulmonary thromboembolism, cardiomyopa-
thy, sensory dysfunction, stroke [2], and muscle
and joint pain, which may be a manifestation of
aseptic bone necrosis [3, 4].

Previous studies have found that 5%-58% of
patients with severe COVID-19 have presented
with osteonecrosis [5, 6], with the femoral head
being affected in most cases. Hui et al. reported
that 39% of SARS-CoV-2 patients developed fem-
oral head osteonecrosis within several months
after atypical pneumonia [7]. Other foci of os-
teonecrosis have also been detected in the con-
dyles of the femoral and tibial bones, the head of
the humerus, the talus and calcaneus, and other
areas of the skeleton [5].

At present, two possible mechanisms are cur-
rently being discussed regarding the pathogen-
esis of aseptic necrosis after a COVID-19 infec-
tion: the virus damage to bone tissue vessels and
a negative effect of glucocorticoids (GCs) used in
the treatment of infection on the bone tissue.

Scientists continue to search for ways to di-
agnose aseptic necrosis in its early stages after a
new coronavirus infection and to determine the
risk factors for its development. The presented
literature discussed the possibility of conserva-
tive therapy in preventing disease progression,
provided that aseptic necrosis is treated in its
early stages. The ongoing pandemic emphasizes
the relevance of these data for doctors from vari-
ous specialties who monitor patients who recov-
ered from COVID-19.

This review aimed to summarize the data
on the pathogenesis of aseptic necrosis after
COVID-19 infection and the diagnostic methods
and treatment in the early stages of the disease.

Methods

We searched PubMed, Scopus, and eLIBRARY da-
tabases for articles using the keywords COVID- 19,
osteonecrosis, and aseptic bone necrosis, with a
search depth of 10 years. We then selected arti-
cles concerning the early diagnostics and treat-
ment of aseptic necrosis after COVID-19.

Results and discussion

Pathogenesis of aseptic necrosis caused by
COVID-19 infection

Researchers have been discussing the role of the
virus and glucocorticoid therapy in the patho-
genesis of aseptic necrosis caused by COVID-19.
For example, it has now been revealed that the
SARS-CoV-2 virus directly penetrates vascular
endothelial cells via angiotensin-converting en-
zyme-2 (ACE2), which is expressed by endothe-
lial cells in the lungs and in many other organs
and tissues, leading to vascular damage through
coagulopathy and extensive inflammatory syn-
drome [8]. Escher et al.’s study on a patient with
COVID-19 infection who had a significant in-
crease in von Willebrand factor confirmed the
destruction of the vascular endothelium [9]. In
addition, after entering the body, SARS-CoV in-
duces the expression of the TRIM55 ubiquitin li-
gase E3 gene in the vascular smooth muscle cells,
consequently resulting in the inflammation of
the vascular wall and aggregation of leukocytes
[10]. Combined with hypercoagulation, these ab-
normalities cause microthrombosis and bone os-
teonecrosis distal to the site of arterial obstruc-
tion [11].

Besides directly penetrating the vascular en-
dothelium, the virus also exacerbates damage in
bone tissue and intensifies general inflammation
and cytokine storm, similar to SARS-CoV-1 [12],
because of excessive activation of proinflam-
matory cytokines interferon-gamma (IFN-y),
tumor necrosis factor (TNF), interleukin-1 (IL-
1), interleukin-6 (IL-6) [13], and chemotaxis of
T-lymphocytes to the inflammation site [14],
caused by the immune response. The resulting
microthrombosis and direct damage to blood
vessels by the virus lead to the development of
aseptic necrosis [15].

However, this is not the only mechanism for the
development of osteonecrosis due to COVID-19.
The use of GCs has a greater impact on the risk
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of aseptic necrosis in COVID-19 [16]. These drugs
are used in COVID-19 because of their potential
advantage over other drugs in reducing immuno-
pathological tissue damage and early proinflam-
matory response by suppressing the expression
of proinflammatory cytokines such as IL-1, IL-2,
IL-6, TNF-a, and IFN-y and the migration of leu-
kocytes to inflammation sites, preventing the de-
velopment of a cytokine storm [17]. In addition,
previous studies also note the potential harm of
GCs, including a delay in the elimination of the
virus and the presence of adverse effects such as
the development of diabetes, psychosis, systemic
osteoporosis, and avascular bone necrosis [18,
19, 20].

The body then negatively reacted to the in-
take of GCs soon after recovery from COVID-19.
Moreover, the follow-up of patients with atypical
pneumonia suggested a decrease in bone mineral
density (BMD) after recovery [21].

The degree of bone loss was largely influenced
by the dose and duration of corticosteroids,
which were the main therapy used to reduce in-
flammation during the initial infection and the
subsequent early period of rehabilitation and re-
covery [5].

Depending on the medical institution, the fre-
quency of use of GCs in severe COVID-19 patients
varies from 28% to 70% [22]. Glucocorticoids are
widely used in COVID-19 because of the positive
experience with their use in patients with atypi-
cal pneumonia during the SARS-Co-V epidemic.
Multicenter studies showed that early adminis-
tration of dexamethasone reduced the duration
of artificial lung ventilation use and overall mor-
tality in patients with acute respiratory distress
syndrome [23]. The RECOVERY clinical trial, one
of the largest trials related to the treatment of
COVID-19, demonstrated that this drug reduced
the risk of death by 20% in severe COVID-19 pa-
tients who received artificial lung ventilation or
those receiving oxygen [24]. Moreover, because
corticosteroids have both direct and indirect
negative effects on the bone, they are consid-
ered a predisposing factor in the development of
avascular necrosis [25]. First, they affect the pro-
liferation of mesenchymal stem cells by blocking
RUNX2, preventing the formation of preosteo-
blasts and the transition of preosteoblasts to
osteoblasts, consequently reducing the mature
osteoblast count and shifting metabolism toward

the formation of adipocytes from the mesenchy-
mal cells [26, 27]. Under the influence of GCs, ap-
optosis of osteoblasts and osteocytes increases,
and osteoclasts are activated because of their in-
fluence on the system of RANKL and DKK-1 sign-
aling proteins [28].

The adverse effect of GCs on bone tissue is also
demonstrated in their participation in lipid me-
tabolism. The accumulation of low-density lipo-
proteins and the formation of fatty emboli blocks
peripheral blood vessels leading to ischemic ne-
crosis of the bone tissue. Free fatty acids formed
during the hydrolysis of fat emboli damage the
endothelial cells of capillaries and cause diffuse
vasculitis and intravascular coagulation, exacer-
bating ischemic bone tissue necrosis [29].

Another negative effect of GC on bone tissue
is when GCs act as a regulator of local blood flow
and change the sensitivity of vessels to vasoactive
substances such as endothelin-1, norepineph-
rine, and bradykinin, leading to vasoconstriction
in the femoral head and increased bone ischemia.
High doses of GCs decrease tissue plasminogen
activator (t-PA) activity while increasing plasmi-
nogen activator inhibitor-1 (PAI-1) antigen lev-
els in plasma, resulting to an increased plasma
procoagulant potential and hypercoagulation
state [30].

Fu et al. revealed that the expression of mi-
croRNA 596 (miR-596) in the bones of patients
with steroid-induced avascular necrosis of the
femoral head (SANFH) inhibits the proliferation
and osteogenic differentiation of bone marrow
stromal cells (BMSC), preventing the restoration
of damaged bone [31].

Previous studies demonstrated the associa-
tion of microRNA-17-5p (miR-17-5p) and miR-
210 with the pathogenesis of steroid-induced os-
teonecrosis of the femoral head (SANFH) [32, 33].
Moreover, GCs’ direct apoptosis of endothelial
cells and suppression of vascular collagen syn-
thesis prevent revascularization and restoration
of bone tissue in the area of osteonecrosis [34].

As previously mentioned, the dose of GCs and
the duration of therapy influence the develop-
ment of osteonecrosis. For example, the dose
of less than 1 to 2 mg/kg methylprednisolone
in a short course of 3 to 5 days used during the
atypical pneumonia epidemic in China in 2003
was recommended as an adjuvant treatment for
COVID-19 [35]. This mode of administration pro-
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vided a good therapeutic effect in patients with
a strong inflammatory response and acute pro-
gression (according to lung CT) of the disease and
did not lead to the development of osteonecrosis
[36]. In addition, a previous study suggested that
higher cumulative doses and longer treatment
with steroids could lead to the development of
osteonecrosis [37]. Other studies demonstrated a
correlation between the maximum daily dose of
GCs and femoral head osteonecrosis, which re-
quires adequate control [38]. In an experiment on
rabbits, Motomura et al., doses of 1 mg/kg, 5 mg/
kg, 20 mg/kg, and 40 mg/kg of methylpredniso-
lone resulted in incidence rates of osteonecrosis
of 0%, 42%, 70%, and 96%, respectively [39].

Another study on the clinical use of methyl-
prednisolone demonstrated that a dose of 5 mg/
kg per day resulted in the development of oste-
onecrosis in every fifth patient, compared with
the control group of patients receiving 1 mg/kg
per day, who did not develop the disease [40].
Moreover, increasing the dose of prednisolone
for every 10 mg also increased the incidence rate
of osteonecrosis by 3.6% [41].

The increasing cumulative dose of glucocor-
ticosteroids used in a retrospective study of 539
patients with acute respiratory syndrome also in-
creased the incidence rate of osteonecrosis [42].

Zhao et al. noted a nonlinear relationship be-
tween the cumulative dose and osteonecrosis.
They found that when the total dose of methyl-
prednisolone was below 5 g, the risk of osteone-
crosis remained relatively low. However, increas-
ing the total dose from 5 to 10 g dramatically
increased the risk, with highest risk in patients
at a cumulative dose of 10 to 15 g. Because a low
cumulative dose of corticosteroids (methylpred-
nisolone less than 5 g) is believed to be relatively
safe in patients with acute respiratory syndrome,
clinicians are advised to avoid using high doses
of corticosteroids, especially a cumulative dose
of more than 10 g [37]. Rademaker et al. demon-
strated that a dose of 700 mg prednisolone is the
threshold for the onset of the femoral head ne-
crosis [43]. In addition, Chan et al. suggested that
cumulative doses of methylprednisolone greater
than 2000 mg or hydrocortisone greater than
1900 mg are predictors of osteonecrosis [44].

In addition to dosage, the duration of therapy
also affects the development of osteonecrosis. In
a study of 1137 patients with atypical pneumonia,

an incidence rate of osteonecrosis of 1.29 (95% CI,
1.09-1.53; p = 0.003) for every 10 days of treat-
ment was shown to indicate the importance of re-
ducing the duration of administration of steroids
to reduce the risk of osteonecrosis [37]. Studies
suggested that even a weekly intake of GCs could
induce a high risk of osteonecrosis if the dose of
oral methylprednisolone exceeded 300 mg, (i.e.,
approximately 1 mg/kg per day in a patient weigh-
ing 60 kg for 5 days). On the basis of these data,
the authors drew attention to the importance of
examining patients in the presence of the previ-
ously mentioned risks for the early detection of
aseptic necrosis due to COVID-19 [45].

Diagnostics of aseptic necrosis in COVID-19
Survivors

Zhao et al. demonstrated that MRI is recom-
mended at months 3, 6, and 12 after the end of
glucocorticoid intake [46]. Others also pointed
out this time interval between the intake of cor-
ticosteroids and the development of aseptic ne-
crosis of the femoral head [47]. A retrospective
study of patients who recovered from COVID-19
detected osteonecrosis (21 of 23 patients) using
MRI 3 months after completion of treatment, al-
though the examination was also performed at
an earlier time [48].

Besides MRI diagnostics, scientists have been
searching for new predictors of the disease. For
example, PAI-1 decrease is a sensitive method
for screening patients at high risk of osteonecro-
sis [49]. In addition, B. Wei and W. Wei suggested
the use of microRNA 423-5p as a biomarker in
which the blood level is significantly increased
in patients with steroid-induced osteonecrosis.
Moreover, laboratory parameters of the coagulo-
gram in most cases have been noted to remain
within normal values [50].

Treatment of aseptic necrosis associated with
previous COVID-19 infection

Timely detection of aseptic necrosis due to
COVID-19 and its treatment with GCs reduces
the risk of progressing to its advanced stage,
which will inevitably lead to joint arthroplasty. In
addition, if osteonecrosis is diagnosed at an early
stage (I or II), then 92%-97% of patients will not
need surgical intervention [51], and conservative
treatment may result in recovery [52].
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As in the case of idiopathic osteonecrosis or
secondary osteonecrosis not associated with
COVID-19, treating the disease in its early stage
is mainly aimed at reducing pain, slowing down
the disease progression, preventing subchondral
bone collapse, and restoring the joint function.

Conservative treatment of early stages of
aseptic necrosis after COVID-19 enables to avoid
endoprosthetics which is fraught with a high risk
of aseptic instability in young and middle-aged
patients.

At present, no protocol for the treatment of
early-stage osteonecrosis following COVID-19
has been standardized. In clinical practice, phar-
macotherapy is usually combined with joint un-
loading, which has proven its efficiency particu-
larly in steroid-induced osteonecrosis [53]. The
joint is unloaded with the help of crutches for a
period of at least 3 months in case of localization
of the femoral head osteonecrosis, and in case of
localization in other bones, a cane and an ortho-
sis are used instead of crutches [54].

Agarwala et al.’s study on the successful use
of antiresorptive drugs, including glucocorti-
coid-induced osteonecrosis, to treat secondary
osteonecrosis in its early stages in adults [55]
reported the drugs’ ability to slow down the dis-
ease progression and reduce the need for surgical
intervention. In the United States, the American
Association of Hip and Knee Surgeons reported
that the proportion of bisphosphonates in the
treatment of femoral head osteonecrosis is 10%
[56]. Their aim was to reduce the intensity of re-
sorption both in the zone of osteonecrosis, re-
ducing the risk of subchondral bone collapse [57],
and in the surrounding bone tissue [58], given
the possibility of a generalized BMD deficiency
in COVID-19 patients [21]. However, from a legal
point of view, prescribing this group of drugs for
osteonecrosis can only be off-label because their
annotations do not indicate the possibility of
their use in this pathology.

Although alendronic acid 70 mg once a week is
considered a possible bisphosphonate for the entire
period of treatment of patients with aseptic necro-
sis [59], a disadvantage of oral bisphosphonates is
their low compliance. Hence, using intravenous
forms, primarily of zoledronic acid at a dose of 5
mg, given the frequency of administration (once a
year), is considered promising [60]. In addition to a
direct antiresorptive effect, which results in a de-

crease in bone tissue edema [61], intravenous bis-
phosphonates have a significant analgesic effect,
improving the quality of life of patients [60].

Because bisphosphonates are contraindicated
in patients with impaired nitrogen excretion by
the kidneys [62], denosumab is used at a dose of
60 mg twice a year as an antiresorptive drug for
aseptic necrosis [62].

However, a previous study noted that antire-
sorptive drugs should be simultaneously admin-
istered with calcium preparations at a dose of
500 to 1000 mg/day and cholecalciferol at a dose
of at least 1000 IU/day or alfacalcidol at a dose of
at least 0.5 to 0.75 pg/day [63].

Prescribing cholecalciferol during a pan-
demic is recommended to influence the course
of COVID-19. This decreases the severity of the
infection course and increases the survival rate
[64, 65], as shown by a slowdown in the rate of
viral replication, a decrease in proinflamma-
tory cytokine concentration, and an increase in
antiinflammatory cytokine concentration [64].
However, this mechanism of action of cholecal-
ciferol has a low evidence base. Observational and
clinical studies conducted on the effect of vita-
min D and the associated risk of respiratory tract
infections are contradictory, with some reporting
areduction in risk, whereas others do not [64, 66].
These conflicting results are probably due to the
heterogeneity of the patient population and vita-
min D dose. Therefore, conclusions on their pos-
sible impact on the course of COVID-19 should
only be drawn after the results of well-designed
vitamin D trials have been established.

In addition, the use of cholecalciferol and es-
pecially of alfacalcidol is important in the com-
plex therapy of osteonecrosis. A previous study
established that the serum concentration of 1.25
(OH) 2D3 (16.7 £ 7.9 mg/ml) is significantly lower
in patients with idiopathic femoral head oste-
onecrosis than in the control group (26.9 mg/ml)
+13.7 mg/ml) (p < 0.01) [64]. The authors consid-
ered this decrease as an adverse condition for the
development and progression of osteonecrosis.

Another reason for prescribing cholecalciferol
was the relationship between the osteonecrosis
development and low BMD [67], as cholecalcifer-
ol is currently used in combination with calcium
preparations as the basic therapy for maintaining
bone metabolism at low BMD values with prima-
ry and secondary osteoporosis [68].
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Considering the relationship between oste-
onecrosis and microcirculation disorders, dipy-
ridamole is used orally at a dose of 25 mg 3 times
a day for 3 weeks (as an inhibitor of platelet ag-
gregation and angioprotective agent) at day 1 of
osteonecrosis diagnosis [69]. Iloprost can also be
prescribed to reduce intraosseous pressure and
improve the microvasculature condition as its
efficiency in the treatment of osteonecrosis has
been previously noted [70]. However, because of
the high risk of a decrease in blood pressure, ilo-
prost infusion should be performed exclusively in
a hospital or outpatient setting in the presence of
a resuscitation team [71].

Anticoagulants, particularly sodium enoxapa-
rin, can be administered subcutaneously at a dose
of 4000 IU (0.4 ml) to 6000 IU (0.6 ml) per day
for 2 to 12 weeks if patients with osteonecrosis
present with hypercoagulation or hypofibrinoly-
sis. This is recommended in complex therapy to
prevent the disease progression at stages 1 to 2
of ARCO [72]. Because anticoagulants in tablets
showed a similar effect to subcutaneous drugs in
the treatment of COVID-19, their use (e.g., apixa-
ban at a dose of 2.5 mg 2 times a day for 12 weeks)
is considered no less effective [73].

Since physiotherapy can reduce the symptoms
of the disease in some cases [74], pulsed electro-
magnetic therapy, hyperbaric oxygen therapy,
ozone therapy, and extracorporeal shock wave
therapy can also be used in the complex treat-
ment of osteonecrosis. However, their efficacy in
the treatment of osteonecrosis due to COVID-19
requires further evaluation.

In a previously described conservative thera-
py, the focus of the affected area of the femoral
head can be tunneled (decompressed) in the ini-
tial stages to reduce pain and improve blood sup-

ply [75].

Conclusions

Recent studies have discussed two mecha-
nisms for the development of osteonecrosis
after COVID-19: the influence of GCs used to
treat the infection and the ability of SARS-
CoV-2 to impair bone metabolism. In the
latter case, osteonecrosis develops either
because of microthrombosis and bone tissue
malnutrition associated with the virus’s di-

rect damage on blood vessels or because of
the vascular wall inflammation in combina-
tion with an increase in blood coagulability
caused by an increase of proinflammatory cy-
tokines as an immune response to the infec-
tion. According to general opinion, perform-
ing dynamic MRI three to six months after
COVID-19 infection, in addition to searching
for new predictors of the disease, can help
decrease the incidence rate of osteonecrosis
and prevent the consequences due to late di-
agnosis (arthroplasty).
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Xupypruyeckoe nevyeHue NaLMeHToB C NAaToNorMen
KONEeHHOro cyctaBa u aedopMaumuiMmU HUKHUX KOHEYHOCTEN:
cucTteMaTuMyeckuii 063op autepaTtypbl

C.B. ’)Kyma6exkos, A.A. [TpoHcKkux, B.B. ITaBioB, A.A. KOpeITKMH

@IBY «Hosocubupckuli HayuHo-ucciedo8amensckuii UHCMumym mpasmamosnozuu u opmoneduu um. S.JI. LusessHa»
Mumnszdpasa Poccuu, 2. Hosocubupck, Poccus

AxkmyanbHocms. Y NaLMEHTOB C MAaTOJIOTMel KOJIEHHOTO CycTaBa 4aCTO MCIOJb3YyeTCsl 3TallHblil MOAXOM K XUPYPru-
YeCKOMY JIEUeHUIO: CHava/la KOPPUTUPYIOIMEe OCTEOTOMMM, a 3aTeM, IIPpU HeOOXOOMMOCTY — IHIONPOTEe3UpOBaHMe.
Taxkasi TAKTMKA [103BOJISIeT JOOUTHCS ONTUMATbHBIX KOHEUHBIX Pe3y/IbTaTOB JieueHUsl. Llensto JaHHOTO 0630Da SBISIeTCSI
ornpezeneHKe MepcreKTUBHBIX CII0COO0B XUPYPTrUUeCKOT0 JieueHus MalMeHTOB C MaToIorMel KOJIeHHOTO CYyCTaBa B CO-
yeTaHUMU ¢ fedbopMalusIMu OCU HUKHet KoHeUHOCTY. Mamepuan u memodst. IIouck mybamkanuit mpoBoauin B 6azax
nmanHbiX eLIBRARY, PubMed 1 Scopus ¢ riy6uHoi moucka 20 jet (¢ 2000 mo 2020 T.) 110 KJIFOUEBBIM CJIOBOCOUYETAHUSIM :
nedopmanus ocu koneunoctu (deformity of the lower limb axis), koppurupyromast ocreoromus (deformity correction),
TOTaJbHOE HJIONPOTE3MPOBAHME KOJIEeHHOro cycTaBa (total knee arthroplasty). Beuiu mpoaHaJn3MpoOBaHbI TeMorpa-
(buyeckne maHHbIe MANMEHTOB, OCOOEHHOCTU XUPYPIUUECKUX BMELIATEAbCTB U Pe3yabTaThl JeueHusl. Pe3ynsmamol.
ITo pesynbraTaM moucka ObUIO HajimeHo 1232 mybamMkaiuu, O aHaau3za oTobpaHo 12 MccoregoBaHMit, B KOTOpbIe
BouuIM 2428 mauyueHTOB. CpOKM OIepaTMBHOTIO JieueHUs IalMeHTOB oxBaTuiu nepuop ¢ 1987 nmo 2018 r. Cpoxk Ha-
GJIIOJIEHNST COCTAaBUJI B cpenHeM 64,1%7.4 mMec., cpegHuit BO3pacT MalMeHToB coctaBui 58,8+1,4 roma, cpeaHsis mpo-
JIOJKUTENbHOCTD omepauuu — 114,2+39 mMuH., cpenHuit o06bem kpoomotepu — 484,0£30,0 mi. Bpemsi dukcauumu
MeTa/VIOKOHCTPYKIMEN, mpollefiiee OT MOMEHTA OCTEOTOMMUMU L0 yAaJleHus, COCTaBmio B cpegHeM 18,0£1,8 mec.
3aknrouenue. Koppurupyoujmue oCTEOTOMUM MOTYT IIPeOTBPATUTh SHI0NPOTE3MPOBAHME UJIM OTCPOUUTD €ro B Cpef -
HeM Ha 11,8 ner. OcTeoTOMMS, IpeIIECTBYIOLIAs TOTAJIbHOMY SHIOIPOTEe3MPOBAHMIO, He OKa3blBaeT OTPULIATeIbHO-
ro BIAMSHMSI Ha BBDKMBAEMOCTb 9HAOIIPOTE3a, €€ Pe3yabTaThl COMIOCTaBMMBbI CO CPeAHECPOUHBIMU U [OATOCPOYHBIMU
pesysibTaTaMy IIePBUYHOTO 3HAONIPOTE3UPOBAHMUS.

KnroueBsie ci1oBa: /:[ecbopMauMﬂ OCM KOHEYHOCTM, KOppUTrupyromasa OCTe0TOMMS, BbICOKada TUOMaNIbHAas OCTeoToOMMUs,
TOTaJIbHOE S3HAOIIPOTE3MPOBaHME KOJIEHHOI'O CyCTaBa.
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Surgical Treatment of Patients With Knee Pathology
and Deformities of the Lower Extremities:
A Systematic Review

Subanbek B. Zhumabekov, Aleksandr A. Pronskikh, Vitaliy V. Pavlov,
Andrey A. Korytkin

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

Background. In patients with knee pathology, a phased approach to surgical treatment is often used: first, corrective
osteotomies and then, if necessary, arthroplasty. This technique allows achieving optimal results of treatment.

The study aimed to determine promising methods of surgical treatment of patients with knee pathology and deformities
of the lower limb axis. Material and Methods. Publication search was conducted in the databases of eLibrary, PubMed,
and Scopus from 2000 to 2020 (a search period of 20 years) using the following keywords: deformity of the lower limb
axis, deformity correction, and total knee arthroplasty. Demographic data of the patients, features of surgical techniques,
and treatment results were analyzed. Results. The literature search identified 1,232 publications, of which 12 studies that
analyzed a total of 2.428 patients were included in this review. The surgical treatment covered the period from 1987 to
2018. The average follow-up period was 64.1+7.4 months, the average patient age was 58.8+1.4 years, the average duration
of surgery was 114.2+3.9 min, and the average volume of blood loss was 484.0+30.0 mL. The fixation period with a metal
plate, from the moment of osteotomy to hardware removal, was on average 18.0+1.8 months. Conclusion. Corrective
osteotomies can prevent or delay knee replacement by an average of 11.8 years. Osteotomy preceding total arthroplasty
does not negatively affect the survival of endoprosthesis, and its results are comparable with the medium- and long-term

results of primary arthroplasty.

Keywords: limb axis deformity, corrective osteotomy, high tibial osteotomy, total knee arthroplasty.

BBenenmne

B cTpyKType maTojaoruyu KOCTHO-MBIIIEUHOM CucC-
TeMbl OCTEOapTpPO3 SIBJISIETCSI CaMbIM pacIipocTpa-
HEHHBIM 3a00JIeBaHMEM M OCTAEeTCS Ha MPOTSHKEHUN
MHOTHX JIET Bemyleii mpo6aeMoit KIMHUYEeCKOi Me-
IuiHbl. [0 JaHHBIM CTATUCTUKU, OCTE0apTPO30OM
crpasaet 20% HaceslleHUsI 3eMHOrO 1mapa [1].

MHorue y4yeHble, M3ydaloliye IMaToreHe3 OCTeo-
apTposa, SBJSIOTCS CTOPOHHMKAMM MexaHO-(yHK-
[IMOHAIBHOM Teopuu pasBUTUSI AedOpPMUPYIOIIEro
apTpo3a KPYMHBIX CYCTAaBOB HIDKHEN KOHEUHOCTU
[2, 3, 4]. CornacHO 3TOI TeOopuy, pa3BuUTHE JereHe-
paTUBHO-IUCTPOdUUECKOTO Tpoliecca B CyCTaBHOM
Xpsie, cy6XOHIpaabHOM KOCTM M Kallcyje cycTaBa
CBsI3aHO C (GYHKIMOHAAbHON Ieperpy3koit Xps-
ma. IIpu u3MeHeHUM MeXaHUYeCKoi OocCu KOHed-
HOCTM Harpyska Ha CyCTaBHble IOBEPXHOCTU KO-
JIEHHOTO CyCTaBa OKa3bIBaeTCs HepaBHOMEPHOIA.
[TaTonmornveckuii mepekoc CyCTaBHBIX TOBEPXHOCTET
00yClaBMMBaeT IMeperpysky OZHOTO M3 MBIIIENKOB
GempeHHOI MM 60blle6epoBOi KOCTU B 3aBUCU-
MOCTM OT BUAA U cTerneHu gedbopmanuu (CUMHAPOM
rumneprpeccumu). [Ipu BanbrycHoi nedbopmanyy Ha-
GmogaeTcsl TUIIEPIpeccusl JaTepaJbHOTO OTHesa,
MpU BapycHoil medopmauuy — MeAuanabHOTO [4, 5,
6, 7, 8]. YCTaHOBJIEHO, UTO CBOEBPEMEHHAsI KOPPEK-
uust 6MOMeXaHMYeCcKoil ocy HMKHE! KOHEeUHOCTU

M KOMIIeHCalMsl HeCcTaOMIbHOCTY Ta306elIpeHHOro
V/WJIN KOJIEHHOTO CyCTaBa MIPAIOT 3HAUUTEIbHYIO
pOJib B COXpAaHEHUM U ONTUMAIbHOM (DYHKIIMM BCEX
CYCTaBOB HIDKHeN KoHeuHocTtH [9, 10].

AXTyaJIbHOCTb MCC/IeIOBaHMIA, TTOCBSIIEHHBIX BO-
MpocaM XUPYPrUUecKoro JeueHus MaToJoruu KojieH-
HOTO CycTaBa, OOYC/IOB/IEHAa MHOTMMM TIPUYMHAMMU:
BBICOKOJI YaCTOTOJ BCTPEUaeMOCTM, OBICTPBIM IIPO-
rpeccuMpoBaHMEM JereHepaTUBHO-IUCTPODUIECKUX
TpOIIeCCOB C paHHel MHBaIuAM3alMein MalnyeHTOB
TPYAOCIIOCOGHOTO BO3pacTa, HM3KOI 3DPeKTUBHO-
CTbI0O KOHCEPBATMBHOTO JIeUeHUS] U TPYTHOCTIMU
BbIOOpA ONTUMMAJBHOTO BUIA XUPYPrUUECKOro Jie-
yeHMs. B HacTosiee BpeMsl Cpeiy XUPYpPrudecKux
METOIOB JieueHMs MpeobiamaeT TOTaTbHOE SHAOMPO-
tesupoBanue [11]. K 2030 r., cormacHO IIpOrHosam
3apy6eskHbIX aBTOPOB, TIOTPEOHOCTD B IEPBUYHOM H-
IOTPOTEe3UPOBAHNUYM KOJIEHHOT'O CyCTaBa B MUpe BO3-
pacTeT Ha 673% 1 cocTaBUT 3,48 MJIH omlepaiuii B rof,
[12, 13]. OpHaKO TOTaJIbHOE 3HAONPOTE3VPOBAHME
KPYITHBIX CYCTABOB HMKHE KOHEUHOCTHU J0 KOHIIA He
pemmio po6ieMy JiedeHUs JereHepaTUBHO-AUCTPO-
dbuueckux 3aboneBaHMiI — BO3HMKAET MOTPEGHOCTh
B 3aMeHe KOMIIOHEHTOB 3HJIONpPOTe3a, UTO, B CBOIO
ouepenb, MPUBOAUT K acerTUYeCKOMY pacliaThIBa-
HUIO, MU3HOCY BKJIQJIbINIA M THOMHBIM OCIOXKHEHUSIM
[13, 14, 15].
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OpraHocoxpaHsIOIIe KOPPUTUPYIOIIME OCTeO0-
TOMMM He MOTepsUIM CBOEro 3HaueHMsl, Tak Kak Mo-
3BOJISIIOT YMEHBIIUTh U IlepepacrnpenenuTb CTaTu-
KO-AMHaAMMUUecKue HalpsoKeHMS B OMOPHBIX 30HAX,
CITOCOGHBI MPEJOTBPATUTb WM 3aMeIJIUTh TedeHue
JleTeHepaTUBHO-OUCTPOMUIECKOTO Mpoliecca, PO -
JIUTHh CPOK (QYHKUMOHMUPOBAHMUS €CTECTBEHHOTO CYyC-
taBa [16, 17, 18].

Ilenv uccnedosaHuss — OINpPeNeNUTb TEPCIEKTUB-
HbI€ CIIOCOOBI XMPYPTUUYECKOTO JIEUeHUS MalMeHTOB
C MaToJiorueil KOJIeHHOTO CyCTaBa B COUETaHUU C Je-
(opmarmeit ocu HUKHE KOHEUHOCTH.

MaTepI/laH " ME€TOoAbI

IMouck my6nuKammii MpoBOAMIM B 6a3ax JaHHBIX
eLIBRARY, PubMed u Scopus ¢ rnyGMHOI IOMUCKA
20 net — ¢ 2000 o 2020 r.

Kpumepuu exniouenus:

— BO3pacCT IMaleHTOoB 18 eT u cTapiie;

— CTaThy HA AaHIVIMIICKOM WJIM PYCCKOM SI3bIKE;

— HajJMyye TOJIHOTO TEeKCTa CTaThbM C yKa3aHUeEM
KOJIMYECTBEHHbIX ¥ KAUECTBEHHBIX JAHHbIX.

Kpumepuu ucknrouenus:

— HEIOJIHOTEKCTOBbIE ITyOMMKAIIMY, KITMHUYEeCKue
CTydau, HeomyoIMKOBaHHbIE PAaOOTHI;

— MCCIeOBaHMUSA, MMeIoIye TMpU3HaAKU Oyomu-
poBaHMS (CXOXKMI1 TTPOTOKOJ MCC/IeNOBAHMS, TPYIIITbI
M YMCIO0 TAUMEeHTOB M [p.); B CIydae OOHApY>KeHMS
IyOIMPYIOMIMUX CTaTei BhIOMpany 6oiee MO3gHION 110
JaTe myonuKaiun;

— VICCTIeIOBAHMUS C MajbIM KOJIMYECTBOM KJIMHU-
yeckux HabmomeHuit (MeHee 10), cpokoM Habome-
HUS MeHee 12 mec.

ITouCKOBBIN 3alpOC HAa PYCCKOM SI3bIKE BBIMIO-
HSUIM TI0 KJIIOYEBBIM CJIoBaM: «aedopMaiusi Oocu
KOHEUHOCTU», «KKOPPUTUPYIOIIAS OCTEOTOMUSI», «TO-
TaJIbHOE SHAOIPOTEe3MPOBaHME KOJIEHHOTO CYCTaBay.
I TIoMcKa B 3apyOesKHBIX MCTOUYHMKAX MUCIIOIb30-
BaJIM KJIIoueBble ciaoBocouetanus: “deformity of the
lower limb axis”, “deformity correction”, “total knee
arthroplasty”.

IMonHbIE TEKCTHI CTATEi ObUIM OLIEHEHBI Ha Ipe-
MeT UX PUTOTHOCTY AJISI BKIIIOYEHMSI B CUCTEMaTUde-
cKuit 0630p. Kpurepuem sSIBSIOCH HaUuMe B MyO/Iu-
KaIMsIX TaKuUX CBeJeHM, KaK KOJIMUYeCTBO M BO3PacT
MalMeHTOB; CPOK, NPOILIeAIINii OT KOPPUTUPYIOIIE
OCTEOTOMMUM IO TOTAIBHOTO 3HJOIPOTE3VPOBAHUS;
i gedopMaiuy OGeIpeHHON U OOIbIIeO6epIOBOI
KOCTelt; XapaKTepuCTMKa OTIepaTMBHOTO BMeIaTe/lb-
cTBa (TUH QUKCALIMM TTOC/IE OCTEOTOMMUM, BpeMst (PUK-
caiuu, IIUTETbHOCTh OTepanuy, 06beM KpOBOIIOTe-
pu), pe3yabTaThl JeueHus. [ OLeHKM OTOaJI€HHbIX
pe3ybTaTOB aHAIMU3UPOBAIM CPOKM, KOJINUECTBO
Y IPUYMHBI Pa3BUTUS OCJIOKHEHMI, & TAKOKe ITPOLIEHT
M CPOKM TIOTPeOOBABIIMXCS PEBU3MOHHBIX BMeIlla-
TeJIbCTB, BbDKMBAEMOCTb MMILIAHTATOB.

ITpouecc oT6opa cTaTeit A aHAAK3a MPeICTaB-
JIeH Ha pUCyHKe 1.

ITocne geTanbHOTO M3Y4YEHMSI YacTb ITONHOTEK-
CTOBBIX CTaTell OblIa MCKIOUEHA U3 UCCAeIOBAHMS:
B 3 MyOIMKALMSIX KOJIMUECTBO Cy4YaeB Ob110 MeHee 10
[19, 20, 21], B omHO¥i ITy6IMKaLUY HAGTIOAATACDH T1a-
LIMEeHTHI B Bo3pacTe MeHee 18 jieT [22], B TpeX CTaTbhsIX
Cpok HabmomeHust 6pu1 MeHee 12 mec. [23, 24, 25].
B KOHEUYHOM UTOre B CUCTEMATUUECKUIT 0630p ObLIO
BKJIIOUEeHO 12 rmybiaukaumii (Tabom. 1).

[ Mybnnkaumm, obHapyKeHHble B pe3ynbraTe noncka B 6asax aaHHbix PubMed, SCOPUS, eLIBRARY j

(n=1232)

!

( My6nukaumu nocne yoaneuus pybnmkatos (n = 898) )

McknioyeHHble nybamKaLmmn B COOTBETCTBUU C KpUTEPUAMU

ucknouenns (n=879) ]

( My6nukaumnm, Bowenlne B CKPUHUHT (n = 898) )—»[

lMonHOTEKCTOBbIE CTaTbM, OLLEHEHHble
Ha BO3MOXHOCTb BK/OUEHMS B aHanu3 (n = 19)

v

Bcero ncknto4eHO NONHOTEKCTOBBIX CTaTew (N =7)
Bo3pact MeHee 18 net — 1

Konnyectso HabnoaeHUn HepoCTaTouHo — 3
Mepuop HabnopeHus meHee 12 mec.— 3

MccnenoBaHus, BKNOYEHHbIE B KONIMYECTBEHHbIN
M KayecTBEHHbIV aHanus (n = 12)

Puc. 1. biok-cxema or6opa my6amkarmit
Fig. 1. Flow chart of the study
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Tabnuya 1
HccnemoBaHusi, BKIIOUEHHbIE B CUCTEeMAaTUUECKUI aHA/IN3
ABTOpHI Ton Cpenuunii Bo3pacT | KommuecTBo Tompl Cpok
MyoMMKauuy | TMaleHTOB, JIeT cIydaeB MCCenoBaHMsl | HaGMIOOeHMS, MecC.

van Raaij T.M. [26] 2007 60,0 14 1996-2003 444
Gaillard R. [27] 2017 66,5 14 - 41,8
Gaasbeek D.A. [28] 2010 48,4 50 2003-2005 12,0
Brouwer RW. [29] 2006 50,2 92 2001-2004 12,0
Luites J.W.H. [30] 2009 53,0 42 2001-2004 24,0
Bsiuxk B.E. [31] 2019 57,6 28 2005-2018 102,0
Bae D.K. [32] 2017 68,3 32 1994-2012 74,4
Amendola L. [33] 2010 68,5 24 1994-2005 97,0
El-Galaly A. [34] 2018 62,0 1044 1997-2015 102,0
Niinimaki T. [35] 2014 4,3 1036 1987-2008 80,4
Kosashvili Y. [36] 2011 56,0 22 - 60,0
Chalmers B.P. [37] 2019 51,0 30 2000-2012 120,0

Cmamucmuueckuti aHaius

CTaTuUCTUUECKNIT aHaINU3 MPOBOOUICS C UCIIOJb-
30BaHMeM nporpaMmmsl Excel. Kputepunu Buikokcona
ObUIM MCIOJIb30BaHbI IJISI CPaBHEHMSI TTOKa3aTesei
no mkasam BAIII u KSS.

PesynbTaTsl

OO61Iee KOJMUYECTBO HAOMIOLEeHMiII BO BCeX WC-
clemoBaHMUSIX cocTaBuio 2428: or 14 po 1044.
Cpoxu omepaTMBHOTrO JieueHMsI MalMeHTOB OXBa-
Tiin nepuog ¢ 1987 mo 2018 r. Cpok HabGMOIeHUS
coctaBua B cpegHem 64,174 mec.: ot 12 go 120;
Me — 67,2 mec. CpegHuii BO3pacT OOJbHBIX COC-
TaBua 58,8%1,4 roga: or 48,4 mo 68,5; Me — 58,8
ner. CpepHsiss TPOAOIKUTENBHOCTb oOmepanuum —
114,2+¥39 muH.: ot 88 mo 136; Me — 120 MuH.
Cpeguuit 06beM KpoBororepu — ot 329 go 700 mut:
B cpegHeM — 484+30 mit; Me — 422 mi1. Bpemst pukca-
LMY METa/VIOKOHCTPYKLMENA, Mpolefiiee OT MOMeH-
Ta OCTEOTOMUMU [I0 yAaJieHUs, B CpegHeM COCTaBUJIO
18,0%1,8 mec.: ot 12 10 24; Me — 18 mec.

Bce Bomiemmme B ucciaenoBaHme MyOMMKAIMY MbI
pasgenuau Ha ABe IPYTIIb.

B I rpynmy Bomnuwiu 4 my6GauKaiyy, B KOTOPBIX
OIMMCAHbl PAa3HOBUIHOCTY BBICOKOW TUOMUATBHOI
ocreotromun (BTO) mpu apTpose 2-3 cTereHH, CO-
yeTamumMcs ¢ gedopmaiimeii KOJEHHOTO CyCTaBa.
OrnepaTuBHbIE BMeEIIATE/NbCTBA B [OAHHONM TpYyIIIIe
npoBoaunch B mepuof ¢ 2001 o 2018 r. Pe3ysbTaThl
aHaM3a MyoIMKaluii IpeacTaBaeHbl B TabmuIe 2.

Bo II rpynmy Bouuiu 8 myGimMKaluii, MOCBSIIE-
HBIX SHJOMNPOTE3UPOBAHMUIO KOJIEHHOTO CYCTaBa

rnocjae pasiMYHbIX BapMAHTOB KOPPUTUPYIOIINX
0oCTeOTOMMUI1 6OJbIIe6epIoBOii M O6edpeHHbIX KOC-
Teil. ccimemoBauyst BhIMOMHSIIMCD ¢ 1987 mmo 2015 1.
(Tabi. 3).

Tabauya 2
Pe3ynbTaThl aHATMU3A ITyOIMKAIUIA
I rpyninbt

[TapameTp M *=SD Me
Bospacr, net 52,3%1,7 51,6
Cpok HabmofeHus, Mmec. 37,5%19,3 18
KonuuectBo cinyyaes, n 212 46
YacToTa OCJIOKHEHM, % 5,5%0,3 5,5
BAIII no omepariuu, 6ain 6,4*0,2 6,3
BAIII mocite omepaiiuu, 6aii 2,1+0,5 2,0

Tabnuya 3
Pe3ynbTaThl aHAIM3a TyOIMKAIIIT
II rpyninst

[TapameTtp M#£SD Me
Bospacr, ner 62,0£2,1 63,1
Cpok HabIoaeHus, MecC. 77,5%9,8 77,4
KonuuecTBo cnyyaes, n 2216 27
YacToTa oc10KHEeHU, % 2,2%0,5 1,0
KSS mo onepauum, 6amn 51,9+4,8 49,05
KSS nocre onepartiuu, 6an 90,0%1,4 91,3
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Oo6cyRIeHue

[Ipu mpoBemeHUM aHaNIM3a MYyOIMKAINIA, BKITIO-
YeHHBIX B MCCIe0BaHMe, ObIIIO BBISIBJIEHO, UTO Cpem-
HU CPOK, IPOILIEIINIi OT OCTEOTOMUM IO SHAOIIPO-
Te3upoBaHus, coctaBuia 11,8 net: MmuHumMyM — 4,8 net
[26], makcumyMm — 18,8 neT [27] (Me — 12,5 nteT).

DHAOMPOTE3MPOBaHME Y MOJIOLOTO TalieHTa MO-
SKeT MMeTb HebIaronpusTHbIe MOCTeNCTBUS, YBeIu-
YyBasi KOJIMYECTBO aCeNTUUeCKUX pacllaTbIBaHUI M,
Kak ciaefCcTBUe, pAHHUX PeBU3MOHHBIX BMEILIATEe/NbCTB.
HecsaTuieTHsIS1 BbBDKMBAEMOCTh IIpU MTPOTE3UPOBAHUNA
KOJIEHHOTO CyCTaBa y MalleHTOB B Bo3pacTe 55 jieT u
MOJIOXe cocTaBuiIa 83% 110 cpaBHEHUIO € 94% y mauu-
eHTOB crapiie 70 smet (p<0,0001) [38].

Cy1iecTByeT [1Ba OCHOBHBIX BUJA M30IMPOBAH-
HOJ BBICOKO} TUOMANBHOM OCTEOTOMMUM: 3aKPBITO-
yronbHas (3Y) u orkpsiTOoyronbHas (OV) [39].

B cBoem mccnemoBanuu D.A. Gaasbeek ¢ coaBTO-
pamu cpaBHUIM pe3ynbTaThl OY mu 3Y ocTeoTomuii.
Bbuti  oGHapyskeHbl He3HAUMTeJbHbIe  PasINUMS
Mmexxmy rpyrnamu. CpemgHuit 6amn o KSS yBemunics
B rpynrme OY ¢ 111,7 no 176,6, B rpyminie 3Y — ¢ 113,6 1o
180,2. CpegHee 3HaueHue BAIII B rpymre ¢ OV ocreo-
ToOMMel CHU3WIOCH C 6,6 0 2,5, B Tpyriie ¢ 3Y ocTeo-
Tomueit — ¢ 6,4 no 1,8. ABTOpHI He COOOILIAIOT O CITy-
Yasix MOTepy YPOBHS KOPPEKIMU, 3HAUUTEIbHAS YaCTh
ManyeHToB ObIa YOOB/IETBOpeHa jiedeHueM. OgHaKo
GosbIlle OCIIOKHEHUIT ObIIIO 3amMeueHO B rpytmre ¢ 3Y
BTO [28]. Takoe KOIUYEeCTBO OCIOKHEHUIT MOKET ObITh
CBsI3aHO ¢ TeM, uTo rpu 3V BTO Heo6X0mmMmMo mpouns-
BECTM OCTEOTOMMIO ¥ MajiobepIIoBOif KOCTH, a TaKKe
MacCUMBHYIO JUCCEKIUIO MSATKUX TKaHeH, UTO onpene-
JITeT BBICOKMII PUCK TOBPEKIEHNUS Malo6epIioBOro
HepBa [40, 41]. Opyroii ocoberHoctbio 3Y BTO sBisi-
eTcs yganeHue hparmMeHTa KOCTHOM TKaHU, YTO MOXET
B JlaJIbHEIIIeM CO3[1aTh TEXHUYECKUEe TPYSHOCTU TIpU
BBITIOJITHEHUYM TOTAJIBHOTO 3HAOMPOTE3UPOBAHMUS KO-
JIEHHOTO CYyCTaBa, a Mpy OONbLIMX YIJIaX KOPPEKIUU
COIPOBOXKIAETCS] YKOPOUEeHMEeM KOHEUHOCTH [29, 42].

OV BTO sBnseTtcs 60ee COBpeMeHHbIM METOIOM,
BBITIOJIHSIETCSI HA MeIUaIbHOM CTOpOHEe Oosbilebep-
1I0BOJ KOCTH, TO3TOMY JIaTePaabHbI KOPTUKATbHBIN
C/IOM OCTaeTcsd MHTAKTHbIM. Her Heo6XomuMMOCTH
B OCTEOTOMUM Majao6eproBOif KOCTU, HE TepsIeTCs
KOCTHAsT Macca, 4YTo cOo3haeT GlaronpusiTHbIE YCIO-
BUSI IJISI SHIOMpPOoTe3MpoBaHus. OLHAKO ITOC/Ie OCTe0-
TOMMM U BbIPDABHMBAHMSI OCUM KOHEUHOCTU OCTAETCS
MMPOCTPAHCTBO MEXAY MPOKCUMAIbHBIM U AUCTAJb-
HBIM (DparMeHTaMM, YTO MOXKET COMTPOBOKIATHCS 3a-
MeJlJIeHHOV KoHconupanueii [30, 42, 43].

B.E. Banuk ¢ coaBTopamu BbeinosHMIu OY BTO
y 28 mauyeHTOB ¥ YCTAHOBWIN, UTO yepe3 8,5 et Hu-
KTO U3 HUX He HY>KJAJICS B TOTAJIbHOM 3HJIOMPOTE3N-
pPOBaHMM KOJIEHHOTO cyctaBa. Camble jyuiie QyHK-
LIMIOHAJIbHbBIE PE3Y/IbTaThl ObUIM MOTYUYEHBI Yepes rof,
nocie orepainu, moxkasarean BAII causunmuce ¢ 71,1

no 9,8. C TeueHueM BpeMeHM ITOKa3aTenu yxXyzlla-
JIUCh, ¥ Uepes 8,5 roma ycuieHue 60u ObIIO 3HAUM-
MbIM — 38 6amoB [31].

BTO MoxeT NpMMEHSTBHCS B COUETAaHUM C apTPO-
CKOIIMEl KOJIEHHOI'0 CycTaBa (abpas3uBHAs XOHIPO-
IUIaCTUKA M HaHeCeHMe MUKpomepenaomoB). Tak,
P. Schuster ¢ coaBTOpamMm W}CIIOAb30BAJIU STOT
MeTog, TedyeHUs y 79 MmauueHTOB C OCTE0ApTPO30OM
koneHHoro cycrasa III-1V cragumu u depes 10 et
nosnyunnu 81,7% xopomux pe3ynbTaToB [44].

CywectByeT Taxke BTO ¢ TpaHcmiaHTauuen me-
Hucka. J.D. Harris ¢ coaBTOpamMu B MeTaaHa/iu3e
MPOaHAIU3UPOBAIM  pe3yabTaTbhl M30JIMPOBAHHOTO
1 KOMOMHMpoBaHHOro MetonoB BTO. IIpu nsatuiet-
HUX HAOIIONEeHUSIX KOMOMHMPOBAHHASI OCTEOTOMMSI
roKasasia Jydiime pesyabTaTbl: — 97,7% ¢ apTpOCKO-
MMYeckoi miaactukom u 90,9% — ¢ TpaHCIUTaHTaLMel
MeHMcKa. Yepes 5 jieT mocse M30aMPOBAHHBIX OCTEO0-
TOMMI1 pe3ybTaThl OBLIU TAKKE OTIUYHBIMMU: B TPYII-
e OY — 91,2% u 3Y — 92,3%. Ho K mecsaTomy romgy
HaOIIoMeHMsI pe3yIbTaThl B 00eMX I'PYIIaxX ObLIN YKe
onuMHakoBbIMU — 84,5% [45].

BTO, xotopas MOXeT IpefOTBPAaTUTh 3aMeHY
CyCTaBa, SIBJIIETCS NMPU3HAHHBIM METOAOM JIeYeHMUS
0CTe0apTpo3a, OCOOEHHO y MOJIOABIX M AKTMBHBIX
nanyeHToB. OMHAKO y YacTy TMAalMeHTOB Ooye3Hb
MpOrpeccupyeT, ¥ B 3aBUCUMOCTH OT CTEIIEHU OCTEO-
apTpo3a, YPoBHS 6011 1 QYHKLMM CyCTaBa SHAOMIPO-
Te3UpoBaHMe SIBISIETCS CAeAYIOLUMM 3TAlloOM Je4yeHUs
[32, 46].

L. Amendola ¢ coaBTOpaMy CpaBHMIM Pe3yIbTAThI
JiedueHMs1 29 MalUMEeHTOB MOC/Ie SHAOMPOTE3UPOBAHNS
¢ mpenwencreytomein BTO (Bpems, Mpoiieaiiee OT
OCTEOTOMMM [0 3SHIONPOTE3UPOBAHMUSI COCTABUIO
8,5 yer) 1 y 29 MalMeHTOB, EPEHECHINX [TIEPBUYHOE
SHIOIPOTE3UPOBaHME KOJEHHOIO CyCTaBa CO CPOKOM
Habmogennust 97 mec. [Ipu cpemHecpoUYHOM HabIOmIEe-
HUM MEX[Iy IBYMS TPylIiaMy 3HAaUMMBIX pas3inuuii He
6bu10. TTokaszaTenu 1o KSS B rpymme ¢ BTO Bbipocin
¢ 38,5 10 92,7 6aj1oB, B TPYMIIE C IEPBMYHBIM SHAOIPO-
Te3upoBaHMeM — ¢ 35 10 91 6asu1a. B KoHIIe MccrenoBa-
Hu4 B rpyrire ¢ BTO otnmnuHas oueHka mo KSS (90-100)
IOCTUTHYTA B 25 KOJMEHHBIX CyCTaBaX, XOPOIIasi B Tpex
(80-89) 1 moxast — B 1 wiyvae (<70). AHaJIOTUYHbIE
pes3ynbTaThl ObUIM MOJyYeHbI B TPyIIe O6e3 IMpemie-
CTBYIOLEI OCTEOTOMMM: OTIMYHBIA — B 23 CIyyasX,
XOPOIIMii — B 5 U IJIOX0¥ — B OIHOM CTydae [33].

Ipyrre aBTOpPHI COOOMIAIOT O XYOIIUX pPe3yib-
TaTax ¥ OONBIIOM 4YMC/Ie OCIOKHEHUN TOC/Ie SHIO0-
NpoTe3upoBanus ¢ npepuectsytomein BTO [47, 48].
[Tnoxme pe3yabTaThl MOTYT OBITH CBSI3aHBI C TAKUMU
M3MEeHEeHUSIMM aHATOMMM, KaK pyOIleBaHMe MITKUX
TKaHel, HM3KOe CTOSIHMEe HaJIKOJIeHHUKa, IMOoTeps
YPOBHSI KOppEKIMM, CHUKEHMEe KOCTHOTO 3amaca
MMPOKCMMAJIBHOTO OTHea OO0NbIIe6eplioBOii KOCTH,
HaKJIO0H 60JbIlIe6epIOBOTO IJIATO M HAIMYME METal-
JIOKOHCTPYKLUMU [26].
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A. El-Galaly ¢ coaBTOpamMM BBIIOJHWIM aHaIN3
BbDKMBAEMOCTY 3HAOMNPOTe3a IOC/e IMpenuiecTBYIo-
e BTO ¥ mepBUMYHOTO 3HAOIPOTE3UPOBAHUST KO-
JIEHHOT'O CyCTaBa B 60jiee 3HAYMUTETbHbIX MaCIITA0aX.
HccnenoBanne 6bJI0 OCHOBAHO HA JAHHBIX JATCKOTO
perucrpa 3HAOMPOTE3MPOBaHMS KOJIEHHOTO CYCTaBa,
KOTODBIV ITPOCITIEKTUBHO COOMpPA/I NaHHbIE O JH[IO-
MPOTEe3UPOBaHUM KOJIEHHOTO CyCTaBa C MOMEHTA CBO-
ero BO3HMKHOBeHMS B 1968 T. u cpeayu mpouymx AaH-
HBIX COAEPKUT MHMPOPMAIMIO O KU3HEHHOM CTaTyce
MMaleHTOB. ABTOPBI U3yumin 64 804 HabmomeHus, U3
Hux 1044 cnydas SHOOMPOTE3UPOBAHMS IIOCTE TIpe -
mwectBywiieit BTO. IIpu cpaBHeHNUM pe3yJIbTaTOB BbI-
>KMBAeMOCTH B TpeX pasjiMuHbIX nepuopax ¢ 1997 mo
2015 r. HMKAKOJ CYIIEeCTBEHHON pasHMUIIBI He OBLIO.
[MokaszaHus K pPEBU3MOHHOMY 3HIOIPOTE3UpPOBaA-
HUMIO 3HAQUMMO He pasiuyajiuChb MeXAY TpyInaMu.
Tem He MeHee HeCTAaOWJIBHOCTb M M3HOC BKJIAJIbI-
ma Habmomanick vame (22,5% npotus 17% u 7,25%
npoTUB 4% COOTBETCTBEHHO) B TpyIlNe MNaleHTOB
¢ mnpepmectByoiieii BTO. OgHako acenTuyeckoe
pacuiaTeiBaHMe KOMIIOHEHTOB ObLIO YaCTBIM ITOKa-
3aHMeM K DEBU3MOHHOMY 3HIOINPOTE3UPOBAHUIO U
yamie Ha6MI0Hanoch B TPYIIe C MePBUYHBIM JHJIO-
nmporesupoBanueM — 27% mpotuB 22,5% B rpyIie
¢ BTO. VHdeKIMOHHbIE OCTOKHEHMSI ObUIM PaBHO-
MEpHO paclpeneneHbl MeXAy rpynmnamu: 24% cuy-
YyaeB B TpyIINe ¢ IepBUYHBIM SHIONPOTE3UPOBAHUEM
u 22% — B rpynme ¢ BTO [34].

Ananornunyio pabory mposenu T. Niiniméki ¢ co-
aBTOpaMU, OCHOBBIBASICh HAa TAHHBIX (DMHCKOTO peru-
CTpa SHIOOIPOTE3UPOBAHMS, KOTOPBIV Hauaa paboTy
B 1980 r. IIpy uccaeqoBaHuy ObUIM ITOJIYYEHBbI JaH-
Hple 0 1036 omepauusx 3HAONPOTE3UPOBAHUST KO-
JieHHOro cyctaBa ¢ 1987 no 2008 r. mocine BTO u 4143
MalueHTax C TM[epBUYHBIM 3HAONPOTE3UPBAHUEM
6e3 BTO, KoTOpble GbUIM COMOCTABMMBI 10 BO3PACTY
U mojay. BeokuBaeMocTb OblIa olleHeHa uepes 5, 10
u 15 neT — HabMIOmANMACh HE3HAUUTENIbHAS Pa3HUIIA
Mexmy rpymmamu: 95,3%; 91,8% u 88,4% B rpymie
¢ BTO u 97,2%; 94,5% u 90,6% B rpyIirie c 1epu-
BUYHBIM 3HJOMNPOTE3UPOBAHMEM COOTBETCTBEHHO.
ABTOpBI NIPUIIJIM K BBIBOZY, YTO SHAONPOTE3UPOBA-
HMe Tocie mpenmectByoineii BTO obecreunBaer
YA,0BIETBOPUTEIbHYI0 BbDKMBAEMOCThb, Kak U Iep-
BUYHOE JHAOIPOTE3MpPOBaHME 6e3 IMpeauIecTBYIO-
1Ieii KOppUrupyomieit ocreorommu [35].

M. Badawy ¢ coaBTOpaMmu, OLIeHMBAsI YaCTOTy pe-
BU3MOHHBIX BMEINIATENbCTB Y OOJBHBIX IIOCTE H[IO0-
MPOTEe3UPOBaHMSI KOJIEHHOTO CyCTaBa C MpeJIIecTBY-
oM BTO u nepBMYHBIM 3HAOINPOTE3UPOBAHUEM,
He OOHAPYKMIM CTATUCTUYECKM 3HAYMMBIX pasju-
unii. IccnemoBaHue MpOBOAMIM HA OCHOBE IAHHbBIX
HOPBEXCKOTO perucrpa 3HOONpOoTe3upoBaHust [49].
B 15-netHem Habmiogmenuu M. Badawy c coaBTopa-
MU CpaBHMBIM pe3ynbTaThl 31077 mepBUYHBIX H-
morporesupoBanuit u 1399 sHOomnpoTe3upoBaHUM

nociie BTO. [ecatuneTHsISI BBDKMBAE€MOCTb B TPYIIIIE
6e3 BTO cocraBuna 93,8%, B rpymiie ¢ BTO — 92,6%.
PeBU3MOHHOE 3HAONPOTE3UPOBaHME ITPOBOAMUIOCH
B 1387 (4,4%) cimydasix B TpYIIIe ¢ IePBUYHBIM 3HIO-
nporesupoBanueM, 83 (5,9%) ornepaiuy pesHIOIPO-
Te3UpoBaHMS IOTpeboBamch B rpyrre ¢ BTO [50].

Kpome BTO, mHOrMe aBTOpbI YAEASIOT BHYUMAaHME
IVCTaIbHOM 6egpeHHO ocTeoToMmuu (JIBO) Kak ome-
paiuu, ONpealliecTBYIONeil TOTaTbHOMY HAOIPOTE-
3MPOBAHMIO MPU HAyaJbHBIX CTaAMUSIX OCTe0apTpo3a
KOJIEHHOTO CyCTaBa ¢ gedopmariimeii oc KOHEUHOCTU
[36]. B.P. Chalmers c¢ coaBTOpamMu ITpOaHAIM3UPO-
Bamu 31 cimydail sHpornporesupoBaHus mocie [IB0.
BsokuBaemocts cocraBwia 100%, 100% u 95% uepes
2, 5 u 10 et cooTBeTCTBEHHO. Yepes 7 JIeT mocje SH-
IOIMPOTe3UpPOBaHus y 1 maryeHTa 6bUI0 OGHAPYKEHO
acemnTUYeCcKOe pacIIaThiBaHWe TUOMAIBHOTO KOMIIO-
HEHTAa HJOMNPOTEe3a. ABTOPBI CBSI3bIBAIOT HECTAOUIIH-
HOCTb SHAOIPOTE3a C U3IUIIHUM BeCOM 6OTHHOTO —
NMT cocrasiaan 32. 3a 10 net He HabM0maIoCh He-
CTabMIIbHOCTY GeapeHHOr0 KOMITOHEeHTa [37].

F. Luceri ¢ coaBTOpaMy BBITIOJIHMUJIM TIE€PBBI CUC-
TeMaTHUJYeCcKuii 0630p, IOCBSINEHHbII pesyabTaTaM
SHIOMPOTE3UPOBAHMUSI KOJIEHHOTO CyCTaBa MoCye
IOBO, myisg KoToporo orobpanu 5 mccmemoBaHmii. s
bukcamMmu T1OC/Ie OCTEOTOMUM MCIOIb30BaIM Ha-
KOCTHYIO TIJIacTMHY. boslee yeM B MOJOBMHE CiTyva-
eB (59,7%) MeTa/UIOKOHCTPYKIMs OblIa ygajeHa BO
BpeMs IIPOBEAEHUS SHAONPOTE3UpPOBaHMS. Takoii
MTONXOH, SIBJISIETCS TPEeATIOUTUTENbHBIM, UTOOBI W3-
6exxarh M3MMIIHe TpaBMatusanuu. Cpoku ot JBO
IO SHAOIPOTE3MpPOBaHMs cocTaBuiu ot 10 go 15 ner.
B o6meit w1okHOCTM 6BUIO M3YyUeHO 85 MmallMeHTOB,
CpelHsisl YacToTa IMOocaeonepalMOHHbIX OCI0KHEHU
cocraBwia 18,6%. HemocraTkoM 3TOro o63opa ObLIO
TO, YTO BO BCEX MYOIMKAIMSIX aHAIU3MPOBAIOCH He-
60JIbIIIOe KOTMYECTBO MalMeHTOB. TeM He MeHee aB-
TOPBI CIenanu BbIBOL O TOM, YTO MpeAbIayIasl mpa-
BWIbHO BBITIOJIHEHHAsI OCTEOTOMMSI He BIMSIET Ha
KJIMHMUYECKME UCXO[bl IEPBUYHOTO SHIOMPOTE3UPO-
BaHMSI, Pe3y/IbTaThl KOTOPOTO COMIOCTaBUMBI C PE3YJib-
TaTamMu SHAOIPOTE3MPOBAHMS 6e3 ITpeIIecTBYIONIei
ocreoromuu [51].

3aKk/JIIouYeHne

Koppurupywoiiye 0CTeoTOMMM KOCTEM HIDKHUX
KOHEUHOCTel MO3BOJISIOT MepepacipenennuTb CTaTu-
KO-IMHaMMueckoe HalpspkeHMe B OMOPHBIX 30Hax,
3aMe[I/IMTh TeueHue [ereHepaTuBHO-AUCTpoduye-
CKOTO ITpOIIecca, MPOAJIUTH CPOK eCTECTBEHHO (hYHK-
MU CycTaBa.

Ha HacTosimiuii MOMEHT HET eOVMHOI0 MHEeHUS
0 TOM, BJIMSIET JIM MPeAIIeCcTBYOIIasi OCTEOTOMUS Ha
pe3ynbTaThl SHAOMPOTE3MPOBaHMS. B OGOIBIIMHCTBE
cJlyyaeB TpeUIecTBYIONIAs OCTEOTOMMUSI He OKa3bl-
BaeT OTPULIATENbHOTO BAMSIHUS Ha BbDKMBAEMOCTb
3HJIOINPOTEe3a, MO3BOJISIET OTCPOUUTH TOTAIbHOE 3H-
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IOMPOTEe3UPOBaHMe, UYTO BAXKHO [JII MOJOLBIX U
aKTMBHBIX TaliMeHTOB. I[loka3aTenu COMOCTaBUMBbI
C pesyabTaTaMy IEPBMYHOTO 3HIONPOTE3UPOBAHMS
B CpefHe- M JIOJITOCPOYHbIE TIePUONbl HAOMIOmEeHNS.
Ecnu ects BBIOOD, TO MpEATIOUTUTENIbHEE TTPOBOAUTD
OV BTO B coueTaHMM C apTPOCKOMMEN CYyCTaBa.
[Moka3zaHus K ITPOBEAEHMIO OGHO- UM MHOTO3TAIl-
HOT'O XMPYPTIUUECKOTO JIeYEeHUSI SIBISIeTCS AUCKYCCUOH-
HBIM BOIIPOCOM U OTIPEEJISIOTCSI MHOKECTBOM (haKTO-
POB (T10J1, BO3PAcCT, ypOBEHb (PYHKITIMM CYCTaBa, TSSKECTh

JomnonauTenbHas uHGopManys

3aseneHHblii 6K1a0 agmMopoe

JKymabekoe C.b. — upest v OU3aiiH ucciemoBaHusI, cOOp
1 06paboTka MaTepuasna, OleHKa ¥ MHTEPIIPEeTAIS TIOTy-
YeHHbIX JAHHBIX, IOATOTOBKA TEKCTA.

Iporckux A.A. — o6paboTKa MaTepuasa, oleHKa U MH-
TepIpeTarys MOJYYeHHbIX JaHHBIX, [IOAIOTOBKA TEKCTA.

ITaenos B.B. — 06pa6oTKa MaTepuaa, OlleHKa U MHTep-
TpeTanys MOJyIeHHbIX TaHHbBIX.

Kopwsimxun A.A. — oLleHKa ¥ MHTepIpeTanys IOIydyeH-
HbIX JAHHBIX, IM3aIH UCCIeNOBAHMS.

Bce aBTOpBI Tpowin U ogo6pmiay GUHATBHYI0 BEPCUI0
PYKOIIMCK CTaTbM. Bce aBTOPBI COTJIACHBI HECTU OTBET-
CTBEHHOCTb 3a BCE aCIleKThl paboThl, YTOGBI 06ECIIeUNUTh
HaJJIexaiiee pacCCMOTPEHYE U pellieHue BCeX BO3MOKHBIX
BOIIPOCOB, CBSI3AHHBIX C KOPPEKTHOCTHIO ¥ HAAEKHOCTHIO
1106071 YacTy paboThI.

Hcmounuxk  ¢uHancupoeanus. ABTOPbI  3aSIBJISIIOT
06 OTCYTCTBUM BHENIHETO (pMHAHCUPOBAHMS IIPU MIpOBee-
HUM VICCTIENOBaHMS.

Kongnuxkm unmepecos. ABTODHI IE€KIAPUPYIOT OTCYT-
CTBME SIBHBIX M MOTEHIVAIbHBIX KOHGIVKTOB MHTEPECOB,
CBSI3aHHBIX C yB/IMKAIeit HaCTOSIIIel CTaTbu.

Admuueckas 3kcnepmu3a. He npuMmeHnMa.
HUngpopmupoeannoe coznacue. He Tpebyetcs.
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BAAAUMUP NMETPOBUY MOPO30B
K 75-netuio co aHA poXxaeHus

15 despana 2022 r. UCHOMHMIOCH 75 JeT mpo-
deccopy Bnagumupy IletpoBuuy Mopo3oBy, ¢ 1993
rmo 2009 rr. pykoBoguBIeMy Kadeapoit opTonegnn
1 TpaBMaTosornum CapaTOBCKOTO rOCyZapCTBEHHOTO
MeAVLVHCKOTO YHUBEPCUTETA.

Bnagumup IletpoBuu popwica B TalikeHTe
15 deBpanst 1947 r. B ceMbe KaJpOBOTO BOEHHO-
CIyKallero, ydacTHuka Benmmkoit OTedecTBeHHOM
BoiHbl. B 1965 r. Bnagumup IleTpoBuY OKOHYMI
CPemHIOI UIKOJIYy M MOCTYNMI Ha INeguaTpuUyecKuii
daxynbrer CapaTOBCKOTO MEIUIIMHCKOTO MHCTUTYTA.
ITo okoHUuaHuM MHTEpHATYPHI B 1973 1. B.II. MOpo30B
paGoTayl B IIPaKTMYECKOM 3BEHE 3/IPaBOOXPaHEHMUS
r. CapaToBa.

B 1980 r. oH Hauasn cBOIO paboTy Ha Kadeape TpaB-
MAaTOJIOTUM U OpPTONeAVH, Iie MPOUIeN MyTh OT acCu-
CTeHTa 1o 3aBefdylomniero kadenmpoit. Cseime 30 jeT
Bnapumup IletpoBuu mpopaboran Ha Kadempe Tpas-
MaTOJIOTUM M OPTOIeSuM, TIOKa He TMOKUHYI ee II0
coCcTOSIHMIO 300pOoBbs. C 1980 r. OCHOBHOJ Hay4yHbIN
mHtepec st B.II. MoposoBa mpexacraBisuin auadpu-
3apHble TepesioMbl JJIMHHBIX KOCTEel KOHEYHOCTEN U
UX JieueHye C IOMOILbI0 KOMITPeCCMOHHO-AUCTPaKIU-
OHHBIX amnmnapatoB. K 3ToMy BpeMeHM y HEro yske Gbun
COOCTBeHHbIE 3aM1aTeHTOBaHHbIE KOHCTPYKIIUNA.

B mrone 1985 r. B.II. Mopo30B 3amiUTII KAaHAUIAT-
CKYIO IYccepTaiyio Ha TeMy: «JIleueHne nuadusapHbIxX
MepeIOMOB Tieva, 6efipa, roJieHu KOMITPECCHOHHO-
OUCTPaKLMOHHBIM amlapaTom», a B mae 1993 r. —
IOKTOpCKYyI0 aucceprainio «CoBeplieHCTBOBaHME
6roMexaHUUeCcKUX YCJIOBMI jedeHUsT auadusapHbIx
MepesioMOB JJIMHHBIX TPYOUaThIX KOCTei Mpu upec-
KOCTHOM OCTEOCUHTE3E».

B 1993 r. Bnagumup I[leTpoBuy 6bU1 Ha3HAUEH 3a-
Benyouum kadeapoit, CMEHUB ee OCHOBATEJISI U CBO-
ero yuurenss — npodeccopa A.E. AGonuny. Kadenpa
nof pykoBoacTsom B.I1. Mopo30oBa yCIelrHo CripasJis-
J1ach ¢ 6OMBIIVM 00'bEMOM TI€IaTOTMUECKO, HAayUHOI
1 JIeueOHO-KOHCY/IbTATUBHOI paboThl. [T0 MHULIMATH-
Be npodeccopa B.I1. Mopo3sosa B 2007 T. 66111 CO37aH
coBmecTHO ¢ CapHUUTO HayuHO-06pa30BaTeIbHbIM’
eHTp, ¢ 2009 r. kadenapa craja 3aHMMATbCS MOJe-
JIMPOBaHMEM TPaBMaTOIOTMUECKUX U ONlePALMIOHHBIX
nporieccoB. C 1 centsa6ps 2009 r. mo 30 urons 2014 r.
Brnamgumup I[MeTpoBuu paboran mpodeccopom Kade-
pbl TPABMATOJIOTUU U OPTOINENUMU — OH ObUI OTBET-
CTBEHHBIM 3a HAYUHO-MCCIeIOBATENIbCKYIO PabOTYy.

C 2004 no 2010 r. oH BHeApPST B KIVHUKY MaJO-
MHBAa3UBHbIE METO[bI JIEUeHUs] MepelioMOB TOJIeHH,
MMO3BOJISIIONIME COKpAIllaTh CPOKM JieueHus: B 1,5-
1,8 pasa. 3a mociegHme 5 et paboThl B TPaBMAaTOJIO-
ruy Mopo3sos B.I1. Beimomumt 6oee 500 omeparimii,
OOJBIIMHCTBO M3 KOTOPBIX IMTPOBOIMIINCH IO pa3pabo-
TAHHBIM MM HOBBIM METOAMKAM, MMEIOUI/M BBICIIYIO
KaTeropuio CJIOKHOCTU. B aToTr mepuon Brnamumup
[TeTpoBMY MHOTO CUJI ¥ 3HAHWUIT BIOXKWUJ B COBEPIIEH-
CTBOBaHMe METOOB JIEUeHUSI IIEPEJIOMOB HIeHiKY 6ef-
PEHHO KOCTH.

ITonm, ero pyKOBOACTBOM IOATOTOBJIEHO U 3allly-
meHo 8 KaHAMOATCKUX auccepraiuit. I[Ipodeccop
B.II. MopO30B SBJSIIICS WIEHOM [MCCEPTAlMIOHHOTO
coseta I 208.094.01.

Bnagumup IleTpoBuu — aBTOp 19 maTeHTOB Ha
1306peTeHNs 1 ToJIe3Hble MOMeNH, 15 paloHanu3sa-
TOPCKUX npennoxeHuit. Cpeau KOHCTPYKUMIA, pa3pa-
6oraHHbIX B.II. MOpO30BbIM, — ammapaThl BHEIIHe
dbukcamum, B TOM uucie ¢ YHUKAIbHBIM PEIOHUPY-
IOIIMM  MOJYJIeM, KOMIIPeCCUPYIOIIe CnupaabHOM
CrIUIeN Win KOMIIPeCCUPYIIIMM BUHTOM. Ero pas-
PaboTKM HEOMHOKPATHO SKCIOHMPOBAINCH HA KPYII-
HeJMIINX BBICTaBKaxX Kak B Halllell CTpaHe, Tak U 3a
pyoeskom. IIpodeccop B.IT Mopo3oB — aBTOp Gojee
260 mevaTHbIX paboT. Bragumup [IeTpoBuY BBICTYIIAT
C HayyHBIMM JOKJIaZaMu Ha KOHbepeHIMSIX, Ches-
Iax U MeXIYyHapoOHBIX cumno3mymax. OH aKTMBHO
3aHMMAJICSI OOIIEeCTBEHHON MesITeTbHOCTbIO, MHOTYE
rombl 6bL cotpencenatesseM CapaTOBCKOTO 00LIECTBa
OpTONEeA0B-TPAaBMAaTOIOTOB. MHOTOKpPaTHO Harpax-
JIaJICSI IOYEeTHBIMY rpaMOTaMy MUHUCTEPCTB, B 2007 T.
ObUT HarpakAeH HarpygHbIM 3HAKOM «OTIMYHUK
30 paBOOXpaHEHUSI».

Konnexmus kagedpst mpasmamonozuu u opmoneduu CIMY u HUH mpasmamonozuu, opmoneduu u Hetipo-
xupypzuu CTMY no3dpasasitom Bradumupa ITemposuua c o6uneem u xceaarm emy 300p08wsl U 8ce20 HAumyuuiezo!
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