€

N
Qjﬁéﬁn
=
- ’ =

TPABMATOJIOIUA
MWOPTONEOUA
POCCUWN

2023 + T. 29 » Ne 1

HAYYHO-MNMPAKTUYECKNN PELLEH3VPYEMbIV XXYPHAT



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

Travmatologiya i Ortopediya Rossii

Vol. 29,N 1, 2023

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 st.,
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 Pl 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: L.V. Kolesnikova, A.S. Shen
Layout: I.N. Bukreeva
Translators: M.A. Sergeeva, A.R. Mironov

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

© Vreden National Medical Research Center

of Traumatology and Orthopedics, St. Petersburg,
Russia), 2023

© Eco-Vector, 2023

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 (St. Petersburg State University,

St. Petersburg, 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.) (Pirogov Russian National Research Medical University,
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
the legality of using reproduced materials.

z

~
ECOeVECTOR



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

Tpasmatonorua u oproneaus Poccuu

Tom 29, Beinyck 1, 2023

EXXEKBAPTAJTbHbI PELLEH3MPYEMBIA HAYYHO-MPAKTUYECKMIA XXYPHAI

XypHan ocHoBaH B 1993 1.

YYPEOUTENU

o OIBY «HaumoHaNbHbIA MeaULMHCKMI
MCCNenoBaTENbCKMI LLEHTP TPAaBMAToONOM MK

u opToneauv umenun PP. BpeaeHa» Munsapasa Poccun
» 000 «3ko-BekTop»

WU3OATENb

000 «3ko-BekTop»

Anpec: 191186, . CaHkr-lNeTepbypr,

AnTekapckuii nep., 4. 3, nuTepa A, nomellenune 1H
E-mail: info@eco-vector.com
https://eco-vector.com

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

PEOAKLINA

Anpec: 195427, CankT-Tetepbypr,
yn.Akafemuka baiikosa, aom 8;
Ten.: +7 (812) 670-86-84

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

MHAEKCALUS

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

)KypHan BkntoyeH B MNepeyeHb peLeH3MpyeMbIX HayuHbIX
u3faHuii, pekoMeHayembix BAK PO ans onybnvkosanus
OCHOBHbIX Hay4HbIX Pe3yNbTaToB ANUCCEPTALMIA Ha COMCKaHNe
YYEHOM CTeneHn AOKTOpa M KaHAMAATa Hayk

XypHan 3apernctpupoBaH [0CKOMUTETOM NeyaTh,
Tenepaf1oBeLLaHus U MaccoBbIX KOMMYHMKaLUmii 12 anpens
1993 r. (Ceupetenbcteo N2 0110540). NMepepeructpuposaH
DenepanbHoit cyx60oi No Haa3opy 3a cobnlofeHnemM
3aKOHOAATeNbCTBA B CHEpe MACCOBbIX KOMMYHMKALIMIA

1 0XpaHe KynbTypHoro Hacneans CMU 10 nekabps 2021 .
(Cnpetenbcreo o pernctpauuu [N No DC77-82474)

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

PacnpoctpaHsetcs no noanucke:

Munexc MHO30 B katanore «Mouta Poccumy;
MHpekc 33020 B 06beanHERHOM KaTanore
«Mpecca Poccum»

PenakTtopbl KonecHukosa M.B., Len A.C.
TexHuueckuit penakTop laspunosa C.B.

000 «Tunorpadus NecHuky, 197183, CankT-TeTepbypr,
yn. Cabuposckas, 4. 37.
Llena csoboaHas.

© OIBY «HaupoHanbHbI MeAULMHCKUIA UCCNENOBATENbCKMIA
LLeHTp TpaBMaTonoruu u optoneanu umexu P.P. BpepeHax
Mun3gpasa Poccun, 2023

© 000 «3ko-BekTopy, 2023

I'naBHbI pepakTop
Tuxunos Pawud Mypmy3sanuesuy — un-kopp. PAH, a-p Men Hayk, npodeccop
(HMWL, TO um. PP. BpeneHa, CaHkT-Metepbypr, Poccus)

3amecTuTeNb FIaBHOrO peAaKkTopa
LLly6Hsikos Ueops MeaHosuy — A-p Mep, HayK
(HMULL TO um. P.P. BpeneHa, Cankr-letepbypr, Poccus)

OTBeTCTBEHHDII CeKpeTapb
KonecHukosa Mpuna BnadumuposHa
(HMULL TO um. P.P. BpeneHa, Cankt-letepbypr, Poccus)

PEOAKLUMOHHAA KONNErUA

Axmsamos N.®. — n-p Men. Hayk, npodeccop (KasaHckuit TMY, KazaHb, Poccus)

baundypaweunu A.I. — akapemuk PAH, n-p mea. Hayk, npodeccop (HMULL ATO um. . TypHepa,
CaHkr-letepbypr, Poccus)

benerbkuii M.I. — p-p mep. Hayk (CN6 HAW ckopoit nomowm um. U.N. Dxanenuaze,
CaHkT-letepbypr, Poccus)

benos M.B. — kang, Mef. Hayk (KnuHuueckas 601bHULA CKOPOM MEAWLIMHCKON NOMOLLM

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

boxkosa CA. — p-p Men. Hayk (HMUL, TO um. PP. BpeneHa, CankT-Metepbypr, Poccus)

bop3yHos .10. — n-p mep, Hayk (Ypanbckuit TMY, Ekatepunbypr, Poccus)

ybun A.B. — p-p men. Hayk, npodeccop (CaHkT-TNeTepbyprckuii 'Y, CankT-TMetepbypr, Poccus)
Jybpos B.3. — p-p mMen. Hayk, npodeccop (MI'Y um. M.B. JlomoHocoBa, Mocksa, Poccus)

Jynaes A.K. — n-p mMen. Hayk, npocdeccop (MCM6MMY um. U.M. Maenosa, CaHkT-MeTepbypr, Poccus)
3aepa Jl. — £-p MeauumHbl, npodeccop (OpToneanyeckniti UHCTUTYT faneauun, MunaH, Utanus)
KopHunos H.H. — p-p men. Hayk (HMULL TO um. P.P. Bpenena, CaHkt-NeTepbypr, Poccus)
Kopones A.B. — p-p Men, Hayk, npodeccop (ECSTO, Mocksa, Poccus)

KopsimkuH A.A. — kaHg. Men. Hayk (HoBocubupckuit HUMTO um. 4.1, LmsbsiHa,

Hoocnbupck, Poccus)

Koyuw A.fO. — p-p Men. Hayk, npodeccop (HMULL TO um. P.P. BpeneHa, CaHkT-MeTepbypr, Poccus)
KpeHH B. — n-p MeauumHbl, npodeccop (LLeHTp rvctonoruu, Lutonorum 1 MonekynspHoi
[AWarHocTuku, Tpup, lfepmanns)

Kynsomaros [l. — p-p MeanumHbl, npodeccop (YHuBepcuteTckas knnHuka, CeHt-Jlyuc, CLLA)
ManaHun J.A. — B-p mMen. Hayk, npodeccop (Bonrorpaackuii TMY, Bonrorpag, Poccus)
Mupomaros A.M. — p-p Men,. Hayk, npodeccop (YutnHckas TMA, Yuta, Poccus)

MumpogaHros B.H. — kaHp. Mea. Hayk (TpUBOMKCKMIA MCCNenoBaTeNbCKUIA MEOULIMHCKNI
yHuBepcurtert, H. Horopog, Poccus)

Mypeineg B.HO. — p-p mepn. Hayk, npodeccop (Mepsbiit MTMY um. U.M. CeueHosa, Mocksa, Poccus)
lNapsu3u . — n-p MeanumHbl, npodeccop (MHcTuTyT PotmaHa, Ounapensdus, CLLA)

lMepka K. — n-p MeanuUMHbl, npodeccop (LLleHTp ckeneTHO-MbileyHo  XMpypruu
YHuBepcuteTckon KnuHuku LLiapute, BepauH, lfepmanns)

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

CaHkT-lNeTepbypr, Poccus)

Pg6bix C.0. — n-p Men. Hayk (PHUMY um. H.W. MNMuporosa, Mocksa, Poccus)

Cepeda A.lM. — p-p men. Hayk (HMUL, TO um. PP. BpeneHa, CankT-MeTepbypr, Poccus)

ConomuH J1.H. — n-p men. Hayk, npodeccop (HMUL, TO um. PP. BpeneHa,

CaHkT-Tetepbypr, Poccus)

TomceH M. — p-p MeauumHbl, npodeccop (Knuuuka MuttenbbaseH, bapeH-baneH, lfepmanus)
Xomurey B.B. — p-p mMep. Hayk, npodeccop (BMenA um. C.M. Kuposa, CaHkT-lNeTep6ypr, Poccus)
Xy63 P. — n-p MepuumHel, npodeccop (LleHTp aHaonpoTe3upoBaHus, MioHxeH, lepMaHus)

Pepakuus He HeceT OTBETCTBEHHOCTU 33 COflepXaHMe pekNaMHbIX MaTepuanos.
Toyka 3peHus aBTOPOB MOXeT He COBMAajaTb C MHEHWEM pefakLuu.
K ny6aukaumm npuHMMALOTCS TONbKO CTaTbK, NOATOTOBEHHbIE B COOTBETCTBUM
C npaBunamMu Ans aBTopo.. HanpaBnss CTaTbio B peaakLmio, aBTOPbI IPUHAMAIOT
ycnosus 4oroBopa nybnnyHoit odeptbl. C npaBunamu 4ns aBTOPOB 1 JOFOBOPOM
ny6nuuHoi odepTbl MOXHO 03HAKOMUTbCA Ha caiTe: https://journal.rniito.org.
lMonHoe MM YacTMYHOe BOCMPOW3BEAEHWEe MaTepuanos, ony6AMKOBaHHbIX
B XXypHane, AOMYCKAeTCs TONbKO C MMCbMEHHOTO paspelleHus u3aatens
1 PefaKLmm, CCbINKa Ha XypHan obsizaTenbHa.

S3XKO®BEKTOF



Traumatology and Orthopedics of Russia

Vol. 29, No 1, 2023

CONTENTS

CLINICAL STUDIES

Bortulev P.I., Baskaeva T.V., Vissarionov S.V., Barsukov D.B.,
Pozdnikin 1.Yu., Poznovich M.S.

Variants of Acetabular Deformity in Developmental Dysplasia

of the Hip in Young Children........cccceeeeeeeerniecinnieneenenneenenseennenne 5

Pavith Janardhan T., Pothuri Rishi Ram, Praveen Narayan,
Surya Sri Karun Ch.

Functional Outcome of Preoperative Exercises on Range

of Movements Following TKA: A Prospective Comparative

SEUAY .eveeteeetee ettt ettt ettt ettt as 17

THEORETICAL AND EXPERIMENTAL
STUDIES

Shcherbakov I.M., Klimashina E.S., Evdokimov P.V.,

Tikhonov A.A., Putlayev V.I., Shipunov G.A., Zatsepin V.A.,
Dubrov V.E., Danilova N.V., Malkov P.G.

Properties of Calcium Phosphate/Hydrogel Bone Grafting
Composite on the Model of Diaphyseal Rat Femur’s Defect:
Experimental StUAY ......cceeevuervienernienierenteeeeteeeeiee e 25

Savchuk O.P., Tapalski D.V., Zinovkin D.A., Nikolaev V.I.,
Yarmolenko M.A., Rogachev A.A.

Perifocal Soft Tissue Reactions in Response to Contaminated
Implants With a Composite Antibacterial Coating:

Experimental StUAY ......ccceceevvereererseenieeeeteeteeeeeeseeeeeseeseesieene 36

Anastasieva E.A., Cherdantseva L.A., Tolstikova T.G.,

Kirilova L.A.

Deproteinized Bone Tissue as a Matrix for Tissue-Engineered
Construction: Experimental Study .........cceeeceereeienvenniiennienceennen. 46

TRAUMA AND ORTHOPEDIC CARE

Sereda A.P., Dzhavadov A.A., Cherny A.A., Bilyk S.S.,

Denisov A.O., Shubnyakov LI., Kornilov N.N., Avdeev A.L,
Stolyarov A.A., Demin A.S., Tikhilov R.M.

Follow-Up After Hip and Knee Arthroplasty:

a Review of the Literature and a Report on a Pilot Project

at the Vreden National Medical Research Center

of Traumatology and Orthopedics........ccceevveeerrierreererseeneeseeniennne 60

Gerasimov S.A., Zykin A.A.,

Morozova E.A.

The State of Hip Arthroscopy in Russia:

Assessment Based on a Sociological Survey of Doctors................ 73

EXPERIENCE EXCHANGE

Kasimova A.R., Gordina E.M., Toropov S.S.,

Bozhkova S.A.

Stenotrophomonas Maltophilia Infection in Trauma

and Orthopedic Patients: Clinical Experience

ANA REVIEW ...ttt 84

CASE REPORTS

Naumov D.G., Tkach S.G., Ladygin A.A., Shchelkunov M.M.,
Karpushin A.A.

Revision Reconstruction of the Cervical Spine in a Patient

With Early Deep Surgical Site Infection Complicated

by Angular Kyphosis: Case Report and Review ........cccccceeveeeueennen. 95
Mursalov A.K., Kositsyn G.M., Dzyuba A.M.

Reconstruction of Traumatic Medial Malleolus Loss With
a Free Iliac Crest Autograft: Case Report........cceeeeevieeneereeennnnn. 104

REVIEWS

Shulepov D.A., Sorokin E.P., Konovalchuk N.S.,
Pashkova E.A., Demyanova K.A.
Posterolateral Rotational Knee Instability:

Evolution and Current Trends in Surgical Treatment................. 111
Mikhaylovskiy M.V., Sergunin A.Yu.
Cervical Spine in Scheuermann’s Disease: Review ..........cccocueuu.e 123

Shershnev A.M., Dokolin S.Yu., Kuzmina V.I.,
Kutuzov M.O., Yarets E.V.
Options in Tendon Transfers for Anterior-Superior Rotator

CUuff Tears: REVIEW .....ccccceevuereerierieieneeneeee st 135
MEMORIAL DATES

Sergei S. Tkachenko

To the 100%™ Anniversary of the Birth ........cccccceeeevieverceencercnennen. 143



TpaBmaTtosiorust u opromnenust Poccun

Tom 29, N2 1, 2023

COJEPXAHUE

KIIMHWYECKUE NCCIIEOOBAHNSA

Boprynés I1.U., Backaesa T.B., Buccapnonos C.B.,

Bapcyxkos J1.B., Ilo3guukuH U.10., [TozHoBnu M.C.

BapuanTs! nedopmanyy BepTIIY>KHOI BIAAMHBI IPU JUCIIA3UN
Ta300epeHHBIX CYCTaBOB y JeTeil MIaJIIero BO3pacTa .....c..ccu... 5

IMaBut Ixanappax T., [Torypyu Pumm Pam,

IIpaBuu Hapasn, Cypss llIpu Kapys Y.

Brustame dusmyeckux yrpakHeHMIT B IIpeoTepaiOHHOM
repuoje Ha 00beM IBVKEHMIT B KOJIEHHOM CyCTaBe

OC/Ie TOTAJIbHOTO SHAOIIPOTE3VPOBAHMS : ITPOCIIEKTUBHOE
CPaBHUTENIBHOE MCCITEIOBAHME. c.ceeereeuuerrerreeeeeesannnneeaeeessesssssnnsaneees 17

TEOPETMYECKME 1 3KCIIEPUMEHTAJIbHBIE
VCCJIEDOBAHUSA

lllep6akoB U.M., Knumamnua E.C., EBmokumos IL.B.,
TuxoHos A.A., IlytiasieB B.., llunynos I.A., 3anenus B.A.,
Iyopos B.3., lanuinosa H.B., Manbkos ILT.

O11eHKa CBOVCTB KOCTHO3aMelllaloIIuX MaTepuaioB

Ha OCHOBe MOMM3TU/IEHIVIMKOIb JUaKpuIaTa M OKTaKaJIbl1eBOro
docdaTa Ha MOIENV MOHOKOPTUKAIBHOTO Anadu3apHOTO
nedekra 6eIpeHHO KOCTY KPbIChI: SKCIIEpUMEHTATbHOE
VICCTIEIOBAHE. ... uvvvrreeeeeeeeaenrrrseeeeesaaaanssssseseeessassssssssasessssssnsnssseees 25

CaBuyk O.I1., Tananbckuii [1.B., 3uHoBkuH [I.A.,

Huxomnaes B.U., SIpmonenko M.A., PoraueB A.A.
IMepudokanbHble peakuuy MITKUX TKaHell Ha BBeIeHue
KOHTaMVHMPOBAHHBIX MMILJIAHTATOB C KOMITO3UI[MOHHBIM
aHTHOAKTePUATbHBIM MTOKPBITUEM: IKCIIEPUMEHTAIBHOE
VICCITEOBAHME. . .ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessressssssssssnsnsnnnnnnnnnnnsseeseensens 36

Anacracuena E.A., Yepganuesna JI.A., Tonctukosa T.I.,
Kupunosa U.A.

Vicrionb30BaHye JeMpOTeMHMU3MPOBAHHOM KOCTHOM TKaHU

B KaueCTBe MaTPUIIbl TKAHEVH)XeHEePHOI KOHCTPYKIIVIN:
9KCIIEPUMEHTATTBHOE VICCTIEIOBAHMIE ....vveeeeuvreeeerreeeeanreeeeaseeeeansens 46

OPTAHM3AIIUS TPABMATOJIOTO-OPTOITEJUYECKOM
rnomMoun

Cepepa A.IL., I)xaBamoB A.A., YepHsiii A.A., Bunsik C.C.,
Henucos A.O., lllyouaxkos U.U., Kopumios H.H., ABnees A.U.,
CrosnsipoB A.A., lemun A.C., Tuxunos P.M.

HabmioneHne namnyeHToB 110C/Ie S3HO0NPOTe3UPOBaHMS
Ta300e4peHHOr0 ¥ KOJIEHHOTO CYCTaBOB: 0630p IUTEPATyPbI

¥ IOKJIa/ 0 MUIOTHOM IpoekTe HalyoHalbHOTO MegULIMHCKOTO
MCCIel0BaTeIbCKOTO LIeHTPa TPaBMaTONIOT UM Y OPTONennn

uM. P.P. Bpenena 60

lepacumos C.A., 3bikuH A.A., Mopo3soBa E.A.

CocTosiHMe apTPOCKOIINYECKON XUPYprum Ta306epeHHOr0
cycraBa B Poccuu: o1jeHKa Ha OCHOBaHUM COLIYIONIOTMYECKOTO
OITPOCA BPAULT c.eenneiinrerireiiteneeeereeeiteseateesne e e eenesssnesentesneeenne 73

OBMEH OITBITOM

Kacumosa A.P., Topauua E.M., Toponos C.C.,

Boxxkosa C.A.

Wubekuust, Bbi3BaHHas Stenotrophomonas maltophilia,

y HMaIMeHTOB TPaBMAaTOJIOr0-OPTOMEIMYECKOTO TTPOQIIS:
KJIMHUYECKUIE OTTBIT U 0030D JIATEPATYPDBL. uvveerreerreeveenveessvenenes 84

CJIYYAU 13 ITPAKTUKIN

Haymos [.I., Tkau C.I., Jlagsiruu A.A., llleakynos M.M.,
Kaprymux A.A.

PeBu3MOHHAS PEKOHCTPYKIMS MIETHOTO OTJe/Ia T0O3BOHOYHMKA

y maiyeHTa ¢ paHHe riy60Koit nHbekumeit 061acTu
XVPYPruYecKoro BMenaTesbCTBa, OCIOKHEHHO YITIOBBIM
K1(b030M: KIMHUYECKUI CITy4Yait M KpaTKuit 0630p
JIATEPATYPBL.cnueeennreeueeesteaseeeeesetesastesasteeseeeseseeessssesastesssesesens 95

Mypcanos A.K., Kocuupia I M.,

JI3106a A.M.

PeKOHCTPYKILMS MeIMUATbHO JTIOABIKKY CBOOOHBIM
ayTOTPAHCIUIAHTATOM U3 TPeGHS MOAB3IONIHOM KOCTU

T0C/Ie TPAaBMATUUECKOTO AedeKTa: KIIMHUYECKUI CTydaii ......... 104

OB30PbI

Illynenios [I.A., Copoxkus E.II., KonoBanbuyk H.C.,

ITamkosa E.A., lembsiHOBa K.A.

3agHenaTepanbHas POTalMOHHAsI HECTaOUIBbHOCTb KOJIEHHOTO
CyCcTaBa: 9BOMIOLMS ¥ COBPEMEHHbIE TPEHIbI XMPYPrUYECKOTO
JICUEHMS «.eeeennneeeeenneeeaanneesaanreeeaaseeeesseeessaseeessanseessanseessenseeessnseees 111

MpuxaiinoBckuii M.B., Cepryaus A.10.
[llestHbIit OTHEN TO3BOHOYHMKA TPy 6oesHu [lloitepmana:
0030D JTUTEPATYPDI «ecvveenverurereerrereernseeeessesssessesssesseessesssessasssesses 123

IllepmiaeB A.M., JokoauH C.10., Kysbmuua B.1.,
Kyty3os M.O., fIpen E.B.

BapuaHTbI CyXOKMIbHBIX TPaHCHEPOB MPY MepeJHEBEPXHUX
pa3spbIBax BpalllaTelbHO MAaHXKeThI IJIEUeBOTO CYCTaBa:

0630D 3aPYOEKHOI JIUTEPATYPBI «.cevvenneenrerrenreessereessessesasssessens 135
TTAMSATHBIE TATBI

Cepreii CrenaHoBnu TkaueHKO

K 100-71€TUI0 CO THS POSKIEHMST cenevvrerrenneeeraneeeeeneeeranseeesasneeenas 143



CLINICAL STUDIES

Original Article @)y |

https://doi.org/10.17816/2311-2905-2012

Variants of Acetabular Deformity in Developmental Dysplasia
of the Hip in Young Children

Pavel I. Bortulev!, Tamila V. Baskaeva!l, Sergei V. Vissarionov 2, Dmitriy B. Barsukov,
Ivan Yu. Pozdnikin!, Makhmud S. Poznovich!

L H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery,
St. Petersburg, Russia

2 Mechnikov North-Western State Medical University, St. Petersburg, Russia

Background. The choice of pelvic reconstruction technique in children with developmental dysplasia of the hip
(DDH) has been the subject of discussion for many years and is often determined by personal preferences of a
surgeon rather than by X-ray anatomical state of the acetabulum. The variants of its anatomy structure have
still not been reflected in the available scientific literature.

Aim of the study — to identify the most typical variants of acetabular deformation in children with varying
severity of DDH, based on the X-ray anatomical analysis of structure of the acetabulum.

Methods. The study was based on the results of examination of 200 patients (200 hip joints) aged 2 to 4
years (3.1£0.45) with Tonnis grade II-IV DDH. All patients underwent conventional clinical and radiological
examination. The latter consisted of hip radiography in several views and computed tomography. We took the
values of acetabular index, the extent of acetabulum arch and the presence or the absence of bone oriel as
criteria for determination of the most typical variants of acetabular deformation.

Results. X-ray analysis of anatomical structure of the acetabulum in young children with varying severity
of DDH revealed 3 most common variants of acetabular deformity: 1 — moderate underdevelopment of the
acetabulum arch (AI<35°), its shortening and the presence of bone oriel; 2 — pronounced underdevelopment of
the acetabulum arch (AI >35°), its shortening and the presence of bone oriel; 3 — pronounced underdevelopment
of the acetabulum arch (Al >35°), its sufficient length and the absence of bone oriel.

Conclusion. Suggested supplements to existing Tonnis DDH classification might become basic for choosing the
surgical correction technique of the acetabulum in children with different severity of DDH.

Keywords: developmental dysplasia of the hip, DDH, children, acetabular deformity, pelvic osteotomy.
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BapuaHTbl pedopMaumnu BepTay)KHOM BNagMUHbI NpU AUCINIA3ZUM
Ta306eApeHHbIX CYyCTaBOB Yy AeTeil MaaaLero Bo3pacra

I1.1. boptynés !, T.B. Backaesa!, C.B. Buccapuounos 2, I.b. BapcykoB !,
N.10. Mo3guukuu !, M.C. I[TosHoBMu !

! @I'FY «HayuoHansHblii MeduyuHckuii ucciedosamensckuli yeHmp demckoti mpasmamosnozuu u opmoneduu
um. I.U. Typuepa» Mur3zdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 @I'BOY BO «Cesepo-3anadHulii 20cydapcmeeHHsili MeOUUUuHCKuti yHusepcumem um. HM.1. MeuHuxosa»
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AKmyanbHocme. Bpi60p MeTOOMKM PEKOHCTPYKIMM Tas3a y JeTeil ¢ OucIuiasueii Ta306epeHHOTo CyCcTaBa
OCTaeTcsl MpegMeTOM IMCKYCCUIi Ha MPOTSKEeHUM MHOTMX JIeT M 4aCTO 3aBUCUT OT JIMUHBIX MMpeAroYTeHn
XUpYpra, a He OT peHTreHOAHATOMMYECKOTO COCTOSIHMS BePTAYKHOV BIIaAMHbI, BApMAHThI CTPOEHMSI KOTOPO1
He OTpaXeHbl B HAYYHOI1 TUTepaType.

Ilenv uccnedoseamus — Ha OCHOBAHMM PEHTTEHOAHATOMMUYECKOTO aHAAM3a CTPOEHMSI BePTIYsKHOM BIaAVHBI
BBISIBUTH HanboJiee pacpocTpaHeHHbIe BAPMAHTHI ee TedopMaliuy y AeTeii C pasanyHOi CTeIeHbI0 TSDKeCTU
IUCILIa3UM Ta300eIpeHHBIX CYCTaBOB.

Mamepuan u memoosl. VicciiemoBaHue OCHOBaHO Ha pesyiabraTtax obciaemoBanus 200 namuenToB (200 Tazo-
O6egpeHHBIX CyCTaBOB) B Bo3pacTte oT 2 1o 4 net (3,10+0,45) ¢ mucruiasueit TazobeqpeHHbIX cycraBoB II-1V
cT. 1o kinaccudukanuu D. Tonnis. Bcem maiueHTam mpoBOaWIM KIMHUYECKOe U JTyUyeBOe MCCieloBaHMe T10
001IenpPUHATON MeToayKe. JlyueBoe uccaeq0BaHMe 3aK/I0YaI0Ch B BbITIOJIHEHUY peHTreHorpaduu Tasobe-
IPeHHBIX CYCTAaBOB B HECKOJNbKMX IMPOEKIMIX ¥ KOMITbIOTepHOI Tomorpaduu. B kauecTBe KpuTepues s
ompezeneHus: Haubosee TUMIMYHBIX BAPUAHTOB Aedopmanuyyu BepTIYKHOM BIaAVHBI HAMM ObLIM BbIOGpPAHbI
3HauUeHUs aleTaby/IsIpHOTO MHAEKCA, BeIMYMHA MPOTSIKEHHOCTM CBOJA BEePTIY)KHOI BHAAMHBI M HAIMYMeE
WJIX OTCYTCTBYME KOCTHOTO 3pKepa.

Pesynvmamui. PeHTTeHOMeTPUYECKUI aHa/IN3 COCTOSIHMSI BEPTIY)KHOI BIIaAVHbI Y AeTeil Maaguiero Bo3pacra
C pa3/INYHOI CTeTIeHbIO TSKeCTH OUCIIIa3UM Ta300eIpeHHbIX CYCTaBOB MMOKAa3aJl HAIMUMe Tpex Haubosiee 4acTo
BCTpEYAIOIIMXCSl BAPMAHTOB AedopMalyuy BepTIyKHOI BIIAOMHbBI: BAPUAHT 1 — yMepeHHO BbIpa)keHHOe He-
JIIOpasBUTHE CBOJA BEPTIY>KHON BraguHbl (A< 35°), ero yKopoyeHue ¥ HaJIM4ye KOCTHOTO 3pKepa; BapMaHT
2 — BbIpakeHHOe HeJJ0pa3BUTHMe CBOJA BEPTIY>KHOI BIiaguHbl (AU >35°), ero ykopoueHue 1 Haau4yme KOCTHOTO
9pKepa; BapMaHT 3 — BhIpasKeHHOE Hegopa3sBUTME CBOAA BEPTIYKHOI BramauHbl (AV>35°), ero mocraTouHas
MPOTSKEHHOCTb M OTCYTCTBME KOCTHOTO 3pKepa.

3axmouenue. [penoxkeHHbIe JOTIOTHEHNS K MMeOleiics KiaccuduKauyum IUCIiasmumu Ta3obeqpeHHbIX CyC-
TaBOB, pa3paboraHHoii D. TOnnis, MOryT CTaTh OCHOBOJ aJIrTOPUTMa BbIOOpAa METOAVKYU XUPYPrUUeCcKoil Kop-
pEeKILIMYM BepTIY>KHO BIAAVHBI y IeTell C pa3JIMUHOM CTeIeHbIO TSDKeCTU TUCIIa3uu Ta300eIpeHHOTO CyCTaBa.

KiroueBblie C10Ba: T1CIUIa31s Ta306eApeHHOT0 CYCTaBa, AeTH, Aedopmalis BepT/aysKHO BIIaJMHbI, OCTEOTO-
MM Ta3a.
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nedopmanuy BepTAYKHOM BMAAMHBI MPU OUCIUIA3UM Ta300eIpEeHHbIX CYCTAaBOB Yy JeTeil MJIaJIIero BO3pacTa.
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BACKGROUND

According to many authors, dysplasia of the hip
is one of the most common pediatric orthope-
dic diseases with the incidence rate of 3-4 to 50
cases per 1000 newborns. A severe degree of hip
dysplasia characterized by prominent anatomic
changes developed ante- and postnatally still
plays one of the leading roles among all congeni-
tal musculoskeletal disorders [1, 2, 3, 4].

Impossibility of ultrasonic screening exami-
nation, as well as its improper interpretation
and indiscriminate application of conservative
therapy methods force to perform surgical stabi-
lization of the joint in order to restore correct re-
lations between pelvic and femoral components
during reconstructive surgeries. The Tonnis clas-
sification of hip dysplasia and its modification,
the International Hip Dysplasia Institute (IHDI),
are used to verify the disorders of intraarticular
relations in the hip joint before starting the sur-
gical treatment [5, 6]. Many Russian and foreign
authors proved the efficacy of the surgeries on
pelvic components, such as Salter innominate
osteotomy of the pelvis, Pemberton pericapsular
osteotomy, Dega’s acetabuloplasty and combined
Salter-Pemberton pelvic osteotomy, described by
P.C. Perlik [7, 8,9, 10, 11, 12, 13].

The choice of pelvic reconstruction technique
has been the subject of discussion for many years
and is often determined by the surgeon's quali-
fication and experience, as well as his personal
preference for one or another technique, rather
than by the radiological and anatomical condi-
tions of the acetabulum, whose structural vari-
ants have not been found in the available scientif-
ic literature. Besides, the available classifications
of hip dysplasia reveal only the degree of femoral
head dislocation. Said facts necessitate more de-
tailed study of radiological and anatomical con-
ditions of the acetabulum in order to identify its
most typical deformities. In our opinion, these
pathologic changes will determine the choice of
the reconstruction technique of the acetabulum.

Aim of the study. Basing on the X-ray anatomy
of the acetabulum, to identify the most frequent
types of its deformity in children aged 2 to 4 years
with varying severity of hip dysplasia.

METHODS

Study design: monocenter cohort retrospective.

Inclusion criteria:

— age 2-4 years;

— presence of Tonnis grade II-IV unilateral
hip dysplasia [5];

- absence of any signs of dysplastic changes
in the contralateral joint;

— absence of any prior surgeries on the pelvic
component of the joint;

- no neurological diseases;

- no genetic or systemic skeleton diseases;

- consent of the patient's legal representa-
tives to participate in the study.

Exclusion criteria:

— age under 2 years and over 4 years;
presence of bilateral hip dysplasia;
prior hip surgeries;
neurological, systemic or genetic diseases;
refusal to fill out the informed consent to
participate in the study.

The study included 200 patients (200 hip
joints) aged 2 to 4 years (3.10+0.45) with Tonnis
grade II-IV hip dysplasia who were admitted to
the hospital for the following surgical treatment
between 2016 and 2021. All patients underwent
the standard clinical examination typical for
this orthopedic pathology, hip X-rays in AP and
Lauenstein views, in position of abduction and
internal rotation of the lower extremities, as well
as computed tomography.

We selected the following criteria to determine
the most common types of acetabular deformity:

- acetabular index (AI) — the angle formed
by the line connecting both Y-shaped cartilages
(Hilgenreiner line) and the tangent line to the
acetabular arch;

- length of the acetabular arch — the distance
from the inferomedial to its superolateral point
(to the Ombredanne-Perkins line);

- bony prominence — the presence or absence
of a step-like transition of the upper edge of the
acetabulum into the iliac wing.

In order to objectify the data, the above-men-
tioned criteria were calculated using both X-rays
and CT slice in the middle of the acetabulum
(Figs. 1, 2).
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Statistical analysis

Statistical analysis was performed using SPSS
Statistic v.26 software (IBM, USA). Arithmetical
mean (M), standard deviation (SD), median (Me)
with quartiles (25-75%) were calculated. Within
groups, the data obtained were analyzed using
Wilcoxon criterion. Correlation analysis (Pearson
criterion) was performed, and the strength of
correlation was assessed as follows: 0.01<p<0.29

— weak correlation; 0.30<p<0.69 — moderate
correlation; 0.70<p<1.00 — strong correlation.
The coefficient value determined the presence
of a positive or negative correlation. Regression
analysis in the form of paired linear and quad-
ratic regression models was performed to assess
the degree and the variant of the influence of one
attribute on another. Sample proportion was es-
timated using the coefficient of multiple deter-
mination (R?).

Fig. 1. Determination in patients with Tonnis grade II DDH based on X-ray and CT results:
a, d — acetabular index;
b, e — extent of acetabulum arch (Ilength of the sclerosis zone);
¢, f — presence of bone oriel (indicated by black arrow)

8 2023;29(1)
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Fig. 2. Determination in patients with Tonnis grade IV DDH based on X-ray and CT results:
a, d — acetabular index; b, e — length of acetabulum arch;
¢, f — absence of bone oriel (indicated by black arrow)

RESULTS

Legal representatives of the patients complained
of lameness in children on admission to the
hospital. The relative shortening of the lower
extremity was 1.7#0.5 cm. Goniometry changes
were typical for hip dysplasia in form of abduc-
tion restrictions and excessive rotational move-
ments on the side of the lesion.

Results of performed radiometry according to
the above-mentioned X-ray anatomy criteria of
the acetabulum in patients with various severity
of dysplasia are presented in Table 1.

Basing on the Table 1 data, it can be conclud-
ed that there was the marked underdevelopment
and shortening of the acetabular arch in the
overall cohort of patients. It should be noted that
by shortening of the arch we mean a situation in
which the difference in measurement compared
to the contralateral joint is at least 25% of the
individual norm. Moreover, 1/3 of patients had
bony prominence - the transition of the acetabu-

lar arch into the iliac wing, which was represent-
ed by the bone edge rounded downwards. The
correlation analysis between the Al values and
the length of the acetabular arch, measured on
X-ray and CT scans, showed a strong positive cor-
relation which was r = 0.96 and 0.98, respectively.

Regression analysis showed that the coeffi-
cient of determination (R?) for the correlation of
Al and acetabular arch length measured on X-ray
and CT scans was 0.93 and 0.96, respectively. It
had no significant differences between the linear
and quadratic models, which brought the studied
attributes closer to the linear regression (Fig. 3).
Approximation is considered very good, because
more than 90% of sample can be substantiate by
the regression formula. Thus, reliable radiome-
try of such parameters of the acetabular anatomy
as Al and the length of the acetabular arch can
be adequately performed without the use of CT,
which will significantly reduce the radiation dose
to the child.
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Table 1

Values of acetabular deformity in patients with varying severity of hip dysplasia

Patients with hip dysplasia

Contralateral joint

Parameter

M=SD (min-max)
Me (25-75%)

M=SD (min-max)
Me (25-75%)

Al according to X-ray, deg.

Al according to CT, deg.

Arch length according to X-ray, mm

Arch length according to CT, mm

Bony prominence:
— present
— absent

40.6+5.0 (31.0-51.0)
41.0 (37.0-44.0)

39.944.9 (30.0-52.0)
41.0 (36.0-43.0)

14.1%3.5 (10.0-22.1)
13.2 (11.3-16.7)

13.8+3.4 (10.0-21.7)
13.0 (10.9-16.2)

37%
63%

20.6%2.0 (15.0-24.0)
20.5 (19.0-22.8)

20.5%2.0 (14.0-23.0)
20.3 (19.0-22.5)

19.32.6 (14.3-24.3)
19.4 (17.2-21.4)

19.1%2.3 (13.9-24.1)
18.8 (16.7-21.1)

100%

Al Rg

40,00

"30,00 3500 40,00 4500 50,00 5500

@ AICT

® Observations

= Linear regression

Length Rg

22,00

20,00

18,00

16,00

14,00

1200 o °

10,00 -
10,00 12,00 14,00 16,00 18,00 20,00 22,00

@ Length CT

—+ Quadratic regression

Fig. 3. Results of regression analysis reflecting the correlation between:

a — values of Al measured in X-rays and CT scans;

b — values of acetabulum arch length measured in X-rays and CT scans

Patients were divided into two groups depend-
ing on the severity of dysplastic instability of the
hip in order to study possible variants of acetab-
ular deformity in more details. The first group
enrolled 90 patients (90 hip joints) with grade II
dysplasia, i.e., hip subluxation. The second group
included 110 patients (110 hip joints) with grade
III-1V dysplasia, i.e., hip dislocation.

Table 2 shows the results of radiometric anal-
ysis performed in patients with hip subluxation.

Analysis of the X-ray anatomy of the acetab-
ulum in children with hip subluxation (Tonnis
grade II) showed that 44% of patients (40 hip
joints) had a distinct bony prominence, Al val-
ues did not exceed 35°, and the acetabular arch
shortening was 25% or more compared to the
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healthy joint. In 56% of cases (50 hip joints),
the bony prominence was not detected, Al was
greater than 35° and was not accompanied by the
shortening of the acetabular arch. Correlation
and regression analysis showed strong positive
correlation (r = 0.66) between Al and the length

of the acetabular arch. Coefficient of determina-
tion was 0.44 with approximation value of 44%
(Fig. 4).

The results of the radiometric analysis of the
above-mentioned parameters in patients with
hip dislocation are presented in Table 3.

Table 2

Values of acetabular deformity in children with Tonnis grade II hip dysplasia

Parameter

Me (25-75%)

Patients of Group I
M#SD (min-max)

Contralateral joint
M#SD (min-max)
Me (25-75%)

Al according to X-ray, deg.

Arch length according to X-ray, mm

Bony prominence:
— present
— absent

40.0 (35.0-42.0)

16%3 (10.0-22.1)
15.7 (14.3-18.2)

44%
56%

39.245.2 (31.0-50.0)

20.6%2.0 (15.0-24.0)
20.5 (19.0-22.8)

19.242.6 (14.3-24.1)
19.3 (14.3-21.4)

100%

Al

50,00

45,00

40,00

10,00 12,00 14,00 16,00

Length

® Observations — Linear

regression

18,00

20,00 2200

=+ Quadratic

regression

Fig. 4. Results of regression analysis reflecting
the correlation between Al values and acetabulum
arch length in children with hip subluxation

Table 3

Values of acetabular deformity in children with Ténnis grade III-IV hip dysplasia

Parameter

Patients of Group II
M=SD
Me (25-75%)

Contralateral joint
M=SD
Me (25-75%)

AT according to X-ray, deg.

Arch length, mm

Bony prominence:
- present
— absent

39.045.3 (31.0-51.0)
39.0 (35.0-43.0)

15.3+3.0 (10.0-22.1)
15.1 (13.1-17.7)

51.8%
48.2%

20.6%2.0 (15.0-24.0)
20.5 (19.0-22.8)

19.242.6 (14.3-24.1)
19.3 (14.3-21.4)

100%
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Analysis of the X-ray anatomy of the acetab-
ulum in children with hip dislocation (Tonnis
grade III-IV) showed that 51.8% of patients
(57 hip joints) had bony prominence. In 38 pa-
tients (34.5%) Al values did not exceed 35° and
the ace-tabular arch shortening was detected. Al
values in 19 patients (17.3%) were more than 35°
in association with the acetabular arch shorten-
ing compared to the contralateral joint. In 48.2%
of cases (53 hip joints) the transition of the ace-
tabulum into the iliac wing was not detected,
Al values did not exceed 35° and the acetabular
arch was extended. Correlation and regression
analysis showed moderate positive correlation
(r = 0.4) between Al and the length of the aceta-
bular arch. Coefficient of determination was 0.16
with approximation value of 16% (Fig. 5).

Al

50,00

45,00

40,00

3500

10,00 12,00 14,00 16,00 1800 20,00 22,00
Length

— Linear
regression

® Observations =+ Quadratic

regression

Fig. 5. Results of regression analysis reflecting
the correlation between Al and acetabulum arch
length in children with hip dislocation

Low coefficient of determination indicates
rather large variability of possible acetabular de-
formities in children with hip dislocation.

Thus, basing on the studied X-ray anatomy
of the acetabulum, as well as on the correlation
and regression analysis, we can distinguish three
most common types of acetabular deformity in
case of hip dysplasia in young children.

1. Moderate underdevelopment of the acetab-
ular arch with Al values < 35°, shortening of the
acetabular arch, and the presence of bony promi-
nence. This type occurred in 44% of cases of hip

subluxation and in 34.5% of cases of dislocation.

2. Marked underdevelopment of the acetabu-
lar arch with Al values >35°, extended acetabular
arch and the absence of bony prominence. This
type was found in 56% of cases of hip subluxation
and in 48.2% of cases of dislocation

3. Marked underdevelopment of the acetab-
ular arch with AI values >35°, shortening of
the acetabular arch and the presence of bony
prominence. This type of deformity occurred in
17.3% of observations only in children with hip
dislocation.

DISCUSSION

Severity of this pathology, as well as inaccurate
diagnostics and conservative treatment of chil-
dren with varying severity of hip dysplasia inevi-
tably lead to the need of various surgical inter-
ventions performed to restore correct relations
in the hip joint and to provide conditions for its
correct development and remodeling as the child
grows [14, 15, 16, 17].

Nowadays, the verification of diagnosis and
determination of severity of the hip deformation
in children over 1 year represent no difficulties
[5, 6, 18]. At the same time, the overwhelming
majority of orthopedic surgeons, when planning
a surgery, perform an X-ray assessment of severi-
ty of the acetabular arch underdevelopment with
the use of Al values, deformity of the proximal
femur, as well as the severity of the femoral head
dislocation in relation to the acetabulum by inte-
gral indicators and available international classi-
fications [19, 20, 21, 22, 23]. It should be pointed
out that the latter reflect only the character of in-
correct relations in the hip without the detailed
verification of possible types of deformities of
the pelvic and femoral components of the joint.
This sufficiently limits the perception of patho-
logic disorders in the affected joint and makes
it possible to decide only upon the necessity of
arthrotomy followed by intraarticular manipula-
tions. Nowadays, the choice of pelvic osteotomy
technique depends on the surgeon, his experi-
ence and preferences, since the available scien-
tific data show the high efficacy of techniques
applied in the international orthopedic practice
for surgical correction of dysplastic acetabulum
both in the mid-term and long-term follow-up
period [24, 25, 26, 27]. Russian scientists devel-
oped the working classification of hip dysplasia.

12 2023;29(1)
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Thus, I.F. Akhtyamov and O.A. Sokolovskii distin-
guish two types of dysplasia — femoral and pelvic
[28]. V.D. Makushin and M.P. Teplen'kii developed
more detailed classification of hip dysplasia based
on two variants of pathological state — stable and
unstable. Both of them are subdivided into femo-
ral, acetabular and mixed forms, while the unsta-
ble type is also characterized by the direction of
the femoral head dislocation in relation to the ac-
etabulum [29]. Both classifications are intended to
define a methodological approach when choosing
the way of correction of the pelvic, femoral, or both
components of the joint. In our opinion, the main

I (intact hip joint)

Il = 1 (hip subluxation with Al€35°,
shortened acetabulum arch and
presence of bone oriel)

Il = 2 (hip subluxation with Al>35°,
extended acetabulum arch and
absence of bone oriel)

disadvantage of these classifications is the lack of
characteristics of the acetabular deformity types.
Nowadays, there is a sonographic classification
of hip dysplasia in children in the first year of life
developed by R. Graf which reflects both hip joint
relations and types of deformity of the acetabular
structures [30]. This classification prompted us to
perform this study.

In our opinion, basing on the most frequent
types of acetabular deformities in children with
Tonnis grade II-1V hip dysplasia verified during the
present study, it is reasonable to include them in
the existing classification, presented in Figure 6.

Il = 1 (marginal hip dislocation
with Al€35°, shortened
acetabulum arch and presence
of bone oriel)

Il = 2 (marginal hip dislocation
with Al>35°, extended
acetabulum arch and absence
of bone oriel)

Il = 3 (marginal hip dislocation
with Al>35°, shortened
acetabulum arch and presence
of bone oriel)

IV — 1 (supra-acetabular
hip dislocation with Al<€35°,
shortened acetabulum arch
and presence of bone oriel)
IV — 2 (supra-acetabular
hip dislocation with Al>35°,
extended acetabulum arch
and absence of bone oriel)
IV — 3 (supra-acetabular
hip dislocation with Al>35°,
shortened acetabulum arch
and presence of bone oriel)

Fig. 6. Supplemented Tonnis classification of hip dysplasia severity

CONCLUSION

Performed radiological and anatomical analysis
of the acetabulum in young children with vary-
ing severity of hip dysplasia, based on the study
of severity of underdevelopment of the acetabu-
lar arch, its length, as well as the presence or ab-
sence of bony prominence, revealed three most
common types of acetabular deformity, which are
characterized by: 1 — moderate underdevelop-
ment of the acetabular arch (Al < 35°), its short-

ening and the presence of bony prominence;
2 — severe underdevelopment of the acetabular
arch (AI>35°), its sufficient length and the ab-
sence of bony prominence; 3 — severe underde-
velopment of the acetabular arch (AI>35°), its
shortening and the presence of bony prominence.

In our opinion, the proposed additions to the
existing classification of hip dysplasia developed
by D. Tonnis can become the basis for an algo-
rithm of technique selection for surgical correc-
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tion of the acetabulum in children with varying
severity of hip dysplasia, which is a priority for
our further study.
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Functional Outcome of Preoperative Exercises on Range
of Movements Following TKA: A Prospective Comparative Study

Pavith Janardhan T., Pothuri Rishi Ram, Praveen Narayan, Surya Sri Karun Ch.

Sanjay Gandhi Institute of Trauma and Orthopaedics, Bengaluru, India

Background. The range of motion prior to total knee arthroplasty (TKA) is a key determinant of the postoperative
range of motion. The chance that the accompanying stiffness of the extensor mechanism may lead to limited flexion
following surgery increases with how restricted the preoperative range of motion was. It would make sense to enhance
knee ROM before surgery in order to optimize flexion following TKA. Final flexion following TKA is affected by a number
of factors, although preoperative range of motion is the most important.

The aim of the study — to evaluate the functional performance and efficacy of the preoperative exercise programme
on the osteoarthritic knee during the exercise period, following arthroplasty, during immediate postoperative recovery,
and at 1, 3, 6 and 12 months after surgery.

Methods. For the study, 156 patients with knee arthritis were collected over a period of one and a half years. In this
prospective study, they were divided into a treatment group and a control group. Preoperative knee exercise was given
to 78 patients for at least one month. Prior to and following the treatment group’s workouts, all patients were observed.
The time in days before reaching 90° of knee flexion and the length of the hospital stay were the data that were gathered.
At 4 weeks, 3 months, 6 months, and 1 year, each subject had their knee ROM and KSS reevaluated.

Results. Knee workouts were unquestionably helpful in achieving early knee flexion up to 90° in comparison to that
of the control group. When the treatment group was compared to the control group, knee flexion to about 90° and more
was attained in about 4 weeks; this difference was statistically significant (p<0.01). However, there were no appreciable
variations in the knee range of motion achieved on long-term follow-up for 6 months and a year.

Conclusion. In conclusion, prehabilitation significantly improves the KSS for the treatment group both before surgery
and three months after surgery. Exercises done before to surgery help patients recover more quickly from TKA and may
speed up the process of achieving a good flexion and extension range of motion. However there is no significant difference
in functional outcome after one year post surgery in both groups.

Keywords: osteoarthritis, prehabilitation exercise, functional outcome, TKA.
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BnusHue pusmnyecknx ynpaxxHeHui B npeaonepauuoHHOM nepuoae
Ha 06beM ABUXKEHUI1 B KOJIEHHOM CyCTaBe Noc/ie TOTa/lbHOro
SHA0MNPOTE3UPOBaAHUSA: NPOCNEKTUBHOE CPaBHUTENbHOE UCCNeA0oBaHue

MMaBut Oxxanapaax T., [Totypu Puiin Pam, [Ipasuu HapasiH, Cypss lpu Kapyx Y.

Hucmumym mpasmamonozuu u opmoneduu Canoxas I'anou, 2. Banzanop, HHous

AxmyansHocms. O6beM IBVKEHMIT B KOJIEHHOM CYCTaBe Iepef, TOTAIbHbIM 3HAONPOTE3MPOBAHMEM SIBJISIETCSI OCHO-
BOIOJIATaAoMMM (GaKTOPOM, BIMUSIONMM Ha (QYHKIMOHATbHbBIE PE3YIbTATHI ITOC/E orepaiuu. YeM 60JbIlie BhIpaskeHa KOH-
TpakTypa Ha (oHe pUTMIHOCTM MBI, pasrubaTeneii 1O BMeNIaTebCTBA, TEM BBIIIE PUCK BO3HMKHOBEHMST OTpaHMYeHMIT
crubaHus B MOC/IEONePalIOHHOM Tepuojie. B CBSI3U ¢ 3TUM MpeACTaB/SeTCS 11e71ecCO00pa3HbIM YBEIMUUTD MTpeloIepary-
OHHbIVI 06BEM IBVSKEHUIT IJIST ONITUMATIbHOIN PabOThI MBIIIII-CTMOATeNel TToc/Ie BbITIOMHEHNSI TOTAIBHOTO SHIOIPOTE3U-
poBaHus KosmeHHOro cycraBa (TOKC). CrubaHue B KOJIEHHOM CYCTaBe IMOC/Ie TOTATbHOTO SHIOMPOTE3UPOBAHMS 3aBUICUT OT
MHOKeCTBa (GakTOPOB, CPEAY KOTOPBIX CAMBIM BasKHBIM SIBJISIETCSI 00beM ABVKEHMIT B ITPeOTIEPAIVIOHHOM TIEPUOJE.

Llens uccnedoeanus — OUEHUTHh QPYHKIMOHATbHBIE MTOKa3aTeNu U 3DHEeKTUBHOCTD MPeAOIepayOHHON MpOrpaMMbl
yIIpakHEHMI MPU 0CTeoapTpo3e KOJEHHOIO CyCcTaBa BO BpeMsl MX BbITIOJIHEHMS, B Iepyoy, IOCJIeoNepalnioHHOTO BOCCTa-
HOBJIEHMSI TTOC/Ie SHAOIMPOTE3MPOBAHMS, a TaKke Uyepes 1, 3, 6 u 12 mec. rocie onepanyn.

Mamepuan u memodst. 3a IO TOPA TOJA B VICCIeIOBaHYE ObIIM BKIIOUEHBI 156 MAIMEeHTOB, MOTYYUBIINX XUPYyprude-
CKOe JIeyeHMe T10 TTOBOY apTpo3a KOJEHHOTo cycTaBa. OHM ObUIY TOJeeHbl HAa 2 TTPOCITEKTUBHbBIE I'PYIIIIbI — OCHOBHYIO
M KOHTPOJIbHYI0. CeMMUIeCATY BOCbMMU MAIIMEHTAM B IPeJoTNepaiOHHOM Mepuojie MPOBOAMINCH GU3MUYECcKMe YIIpaskKHe-
HMSI Ha TIPOTSDKEHUM MMHMMYM OJHOTO Mecsiia. Bce manyeHTbl OCHOBHOI TPYIITBI OBIIM OCMOTPEHBI 10 Hauana Gusu-
YecKO¥ MOJATOTOBKY K OIEepaTUBHOMY JIEUEHUIO U Tocje ee 3aBepileHus. ToTajbHOe SHAONPOTE3MPOBaHME KOJTEHHOTO
cycTaBa 6bUTO BBIMIOTHEHO BceM 156 manyeHTam. OlieHKa o6beMa IBVKeHMI B CyCcTaBe MPOU3BOAMIACh uepes 4 Hefl., 3, 6
1 12 mec. mocJie OMepaTUBHOTO BMeIIaTe/lbCTBA. bblsl OnpeaeneH CpoK, 3a KOTOPbIN MalMeHTbl CMOIJIM AOCTUYDb [OJTHOTO
pasrubanust u crubanus 1o 90° B KOJIEHHOM CYCTaBe.

Pe3ynomamet. TIanlveHTbl OCHOBHOJ TPYTINbI, BBIOTHABIINE (Dy3nuecKye yIpaskHEHUS B TIPeJOTepalyiIOHHOM Tepu-
olle, CMOIJIM AOCTUYb CTMOaHMSI B KOJIEHHOM CycCTaBe Iof yrioM 90° paHblie (MpUOAU3UTENbHO 4 He[l.), ueM MalyeHThl
KOHTPOJIBHOJ TPYIIbI. Pa3HUIA B CPOKAX MEXAY CPABHMBAEMBIMU TPYMIaMu ObUIa CTATUCTUYECKM 3HAUMMoii (p<0,01).
PasHuiia B o6beMe ABVDKEHMIT B KOJIEHHOM CyCTaBe MeXIy TMalMeHTaMyu 06eux IpyII, OTMEeUYeHHAs] BO BpeMsl OCMOTPOB
yepes 6 1 12 Mec. rocjie onepaiyu, 6b1a He3HAUUTETbHOI.

3axnrouenue. IIpeapeabuauTanys 3HAUUTEIBHO YIYYIIMIIA TTOKA3aTeu 1o mkaixe KSS y manueHTOB IPYIImbl Uccie-
JIOBaHMS Kak B IpeJioNepalyiOHHOM Tepuoge, Tak U uepe3 3 mec. Iocjie onepanuu. YrpaxkHeHNsl, BbITIONHsIeMble Tepes,
OTepaTMBHBIM BMEIIATETbCTBOM, ITO3BOJISIOT COKPATUTh CPOKM BOCCTAHOBJIeHUS ManyeHToB mmocie TAKC u cmocobeTBy-
10T 60J1ee OBICTPOMY JOCTIMKEHMIO XOPOIINX MYHKIMOHAIbHBIX Pe3yabTaToB. OMHAKO Yepe3 rof ocje ornepamnyun CTaTu-
CTUYECKM 3HAUMMBIX Pa3INUNil B aMIUTUTyIe CrubaHus ¥ pa3TubaHusl B KOJIEHHBIX CYCTaBaX y MalMeHTOB 06eMX Ipyrmax
OTMEYEHO He OBIIO0.

KiroueBble C10Ba: OCTEOApTPO3 KOJIEHHOIrO CycTaBa, (GU3MUeCKMe YIpakHeHMs, (QYHKIMOHAIbHbIE DPEe3y/IbTaThl,
TOTAJIbHOE SHIONPOTE3UPOBAHIE KOJIEHHOTO CyCTaBa.

[MaBut Dxanapgan T., [Totypu Pumu Pawm, [IpaBuu H., Cypes llpu Kapyn Y. [BausHue dusmyeckux yrnpaxkHeHUit
B IpenonepaloHHOM Iepyuofie Ha 06beM MBMKEHMIT B KOJIEHHOM CyCTaBe ITOC/Ie TOTAJIbHOTO SHAOMPOTE3UPOBAHMS:
MIPOCIIEKTMBHOE CpaBHUTeNbHOe uccienosanue]. Tpaemamonozus u opmonedus Poccuu. 2023;29(1):17-24. (AHIL.).
https://doi.org/10.17816/2311-2905-2014.
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INTRODUCTION

The most prevalent form of joint disease in the
world, osteoarthritis (OA), has negative effects on
musculoskeletal pain, disability, and socioeconomic
expenses [1, 2, 3]. Osteoarthritis of the knee is
associated with gradual decreases in strength, agility
and reduced ability to perform daily chores [4, 5].
Initial medication is used to manage this condition,
but it frequently worsens to the point that total knee
arthroplasty (TKA) is the sole option for providing
long-term pain relief [6]. Even while TKA surgery
is excellent in relieving pain, it may still result in
years of decreased leg strength [7, 8]. Older persons
who have weak lower extremity muscles are more
likely to fall and have decreased function [5]. People
with knee OA show significantly reduced quadriceps
strength relative to their unaffected leg or healthy
age-matched controls [9, 10]. There has been mixed
effectiveness with a variety of exercise regimens
intended to increase leg strength and functional task
performance in people prior to TKA [10, 11, 12].

Even with better surgical technique, postoperative
physical therapy, and prosthetic design [13, 14], TKA
rarely offers full range of motion (ROM) with flexion
of more than 120. The majority of daily tasks can be
comfortably carried out with a postoperative ROM of
100 to 120 [15]. Final flexion following TKA is affected
by a number of factors, although preoperative
range of motion is the most important [16, 17].
The chance that the accompanying stiffness of the
extensor mechanism may lead to limited flexion
following surgery increases with how restricted the
preoperative range of motion was. It would make
sense to enhance knee ROM before surgery in order
to optimize flexion following TKA. A structured
exercise programme intended to develop quadriceps
and hamstring strength and endurance might cause
even severely arthritic patients to respond within
4-6weeks [18,19]. Exercises can also improve balance
and alleviate discomfort [20].

The aim of the study — to evaluate the functional
performance and efficacy of the preoperative exercise
programme on the osteoarthritic knee during the
exercise period, during immediate postoperative
recovery following arthroplasty, and at 1, 3, 6 and
12 months after surgery.

MATERIALS AND METHODS
Study design

The assessors in this prospective pilot randomized
controlled research were blinded. Since participants
had given informed consent to have joint arthroplasty,
patient competence to consent was not explicitly
assessed. The rights of the trial participants were
maintained, and each patient gave written informed
consent to take part.

One hundred fifty six non-inflammatory arthritis
patients, aged 48 to 70, were enrolled in this
prospective trial. They were randomly assigned to the
treatment group or the control group.

Before TKA surgery, 78 patients (the treatment
group) participated in a four-week home exercise

regimen.
Prehabilitation exercises included resistance
training, flexibility exercises, and quadriceps

strengthening over the course of four weeks at home.
The exercises were demonstrated to the patients,
who had to perform them three times per day for four
weeks.

Inclusion criteria

Non-inflammatory osteoarthritis with intentions
for a primary unilateral TKA, moderate to severe pain
in the afflicted knee, patient willing to volunteer to
participate in the study by signing a consent form
accepted by the ethical review committee, patient
plans to be accessible for follow-up through 1 year
postoperative, and good condition that allows safe
participation in the preoperative home exercise
programme were included.

Exclusion criteria

Patients with systemic inflammatory illness,
or concurrent lower extremity abnormalities
were excluded from the trial, as were patients
who were unable to tolerate the preoperative and
postoperative treatment programme. Patients
were required to obtain an approval status from an
internal medicine specialist, on which it should be
noted that the patient has no medical conditions
that would preclude them from undergoing surgery.
BMI greater than 35, prior hip or knee replacement
surgery, active local or systemic infection, high tibial
osteotomy of the affected knee, flexion less than 80°,
fixed flexion deformity greater than 20°, varus or
valgus alignment greater than 10° unless correctable
to under 10°, and most recently fractured upper or
lower extremity were also excluded.

The patients who were included in the control
group carried on as usual up until the procedure.
During the baseline assessment, the treatment group’s
participants received individualized explanations of
the exercises and completed one of them with the lead
researcher. There was a regimen that was supposed to
be followed at home for exercise.

The exercise plan was created to improve the soft
tissues and muscle strength in the lower extremities.
For four weeks, the subjects were required to complete
the exercises at home. The exercises needed to be
done without a physiotherapist’s assistance.

The four-week therapy course was finished at
the time of hospital admission the day before TKA
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surgery. Just prior to surgery, participants in the
treatment and control groups completed a second
evaluation of knee range of motion and the KSS.
Using a fixed bearing, cemented-retaining knee
prosthesis while sacrificing the cruciate ligaments,
a knee replacement procedure was carried out
by anterior midline skin incision and medial
parapatellar incision. All subjects underwent the
same physiotherapy programme following surgery.

Outcome assessment

The time in days before reaching 90° of knee
flexion and the length of the hospital stay were
the data that were gathered. At 4 weeks, 3 months,
6 months, and 1 year, each subject had their knee ROM
and KSS reevaluated.

The term «active knee flexion» refers to the
maximum angle of knee flexion as measured using
a goniometer when the patient is standing against
a wall and the foot maintained parallel to the other
leg. The passive knee flexion angle assessed with the
patient resting supine on a table and knee flexion
performed at the subject’s muscle strength. In KSS
the knee and patient function ratings are given
distinct scores. Higher scores indicate greater knee
and patient function.

Statistical analysis

Pearson’s correlation was utilized as a bivariate
measure. The Student t test was employed to compare
variables throughout the statistical analysis, which
was done using SPSS 20.0 (IBM® SPSS®). The
statistical significance threshold was set at p<0.05.

RESULTS

One hundred fifty six participants were used
in the study, equally split into two groups: those
who participated in a prehabilitation programme
(n=78; 20 men and 58 females) and those who did not
(n =78; 25 males and 53 females). Patients ranged in
age from 48 to 70 years.

Although there were statistically significant
gains in knee and functional scores over time in
both groups (with prehabilitation programme and
without prehabilitation programme), there were no
statistically significant changes in BMI over time
(p>0.05). Both groups displayed comparable KSS levels
(39.5 vs. 39.83) four weeks before surgery (p = 0.8216).
The treatment group’s KSS at baseline was 44.95,
postoperative KS was 52.26, 1 month after surgery
was 72.76, 3 months after surgery was 78.41, 6 months
after surgery was 84.15, and after a year it was 86.77.
The baseline KSS for the control group was 39.74, the
postoperative KS was 47.15, the KSS at three months
was 67.12, the KSS at six months was 83.05, and the KS
at one year was 86.31.

After 4 weeks of training, the treatment group’s
passive and active flexion, extension, knee score,
and patient function were significantly improved
(p< 0.001). Patients in the treatment group achieved
90° of knee flexion on average 3.8 days (*1.2)
following surgery, but patients in the control group
did not achieve this milestone until 4.03 days (+1.5)
following surgery. The treatment group’s hospital
stays were on average 4.1 days (*1.5) and the control
groups were 5.5 days (£1.2) Exercise’s impact on the
knee score or patient function score, as determined
by the KSS, was not supported by any data. When
compared to the control group, the treatment
group’s extension range of motion was superior for
the first 3 months, after which it remained the same
in both research groups. With regular physiotherapy
exercises, therange of motion advanced. After 4 weeks
of rigorous physiotherapy, 12 patients with tight
knees underwent manipulation under anesthesia.
With time, the patient’s knee and function scores
improved, and they felt very at ease performing
typical housekeeping tasks (Tab. 1, 2).

Figure 1 shows passive and active flexion and range
of movements at different follow up.

Figure 2 shows graphical representation of KSS
and patient function score at different follow-up.

Knee scores for treatment and control group at different follow-up, mean (SD) fable 1
Follow-up
Group 4 weeks
before Baseline After surgery 1m 3m 6m 12m
surgery
Treatment | 39.95 (3.195) | 44.95 (3.195) | 52.26 (1.607) | 72.76 (7.838) | 78.41 (5.241) | 84.15 (5.643) | 86.77 (3.486)
Control 39.83 (3.359) | 39.74 (3.390) | 47.15 (3.814) | 67.12 (7.047) | 75.32 (5.119) | 83.05 (4.070) | 86.31 (3.021)
p value 0.826 <0.001 <0.001 0.125 0.771 0.89 0.93
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Table 2
Patient function scores for treatment and control group at different follow-up, mean (SD)
Follow-up
Group 4 weeks
before Baseline After surgery 1m 3m 6m 12m
surgery
Treatment | 27.63 (5.625) | 40.06 (3.558) | 52.50 (5.568) | 72.44 (2.414) | 77.44 (2.463) | 83.13 (2.486) | 88.21 (2.503)
Control 27.24 (5.847) | 27.56 (5.962) | 47.69 (5.565) | 68.31 (66.34) | 76.99 (73.16) | 82.12 (2.486) | 87.24 (2.503)
p value 0.676 <0.001 <0.001 0.097 0.87 0.813 0.977
125,00 125,00
120,00 120,00
115,00 115,00
110,00 110,00
105,00 105,00
100,00
100,00
95,00
9,00 90,00
@‘& S Baseline 1m 3m 6m  12m
%%

®)

Fig. 1. Passive (a) and active (b) knee flexion for treatment and control groups at different follow-up

—8—Treatment =@ Control —8— Treatment —@&— Control

84,15 6, 86,31
T84, 808

”5?51

8313 88 &Y 24
27,63 40,06

777%‘15
52 5/’069
27,24 .

=8 Treatment =@ Control

=8 Treatment =@ Control

Fig. 2. Graphical representation of KSS (a) and patient function score (b) for treatment and control groups at
different follow-up

21 2023;29(1) TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES / KITMHUYECKWUE MCCNEOOBAHUA

DISCUSSION

In a randomized controlled experiment with 131
participants, L. Beaupre et al. published the findings of
their preoperative exercise and education programme
in 2004. Following the intervention programme or
at any postoperative measurement point, there were
no differences between the two groups in terms
of knee measures (ROM and strength), pain, or
function. Compared to the control group, patients
in the treatment group required fewer postoperative
rehabilitation services and were hospitalized for
shorter periods of time, but these differences failed
to reach statistical significance. Prior to surgery,
patients in the treatment group participated in
a four-week fitness and education programme.
The aim of the exercise programme was to increase
knee strength and mobility with straightforward
exercises that were similar to those found in the
postsurgical exercise programme. Exercises that
build muscle and are isotonic were not added. This
could be the cause of the stagnant increase in range
of motion [21].

According to the results of his study, J.A. Rodgers
found that physical therapy did not affect extension
strength but did result in moderate increases in
isokinetic flexion strength in these highly arthritic
knees. Preoperative physical therapy had no impact
on the postoperative decline in isokinetic strength.
This study did not demonstrate any benefit from
preoperative physical therapy before doing knee
replacement surgery [22].

Prehabilitation improved the treatment group’s
leg strength and functional task performance as
compared to the control group prior to TKA, according
to the findings of A.M. Swank et al. Prehabilitation
for a brief period of time (four to eight weeks)
helped those with severe OA gain more strength and
function [23].

The results of a study by C. McKay et al. showed
that the intervention increased quadriceps strength,
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walking speed, and mental health prior to TKA in a
way that was clinically significant. In the 12 weeks
following surgery, it did not provide patients with
any long-term benefits [24].

According to R. Topp et al. exercisers engaged in
prehabilitation activities including resistance training
and flexibility. The results appeared to corroborate
the idea of prehabilitation and show the effectiveness
of prehabilitation among TKA patients [25].

F.Matassi et al. also stressed that exercise programs
improve knee motion in the presence of arthritis in
their study, Range of motion following total knee
arthroplasty: the influence of a preoperative home
exercise programme. Exercises for the arthritic knee
before surgery aid in the quick recovery after primary
TKA [26].

The key result of the current study was that a
preoperative home exercise regimen improves TKA
recovery. The current study supports earlier findings
that patients with degenerative knee problems can
benefit from a balanced exercise regimen in terms of
improved mobility and function.

CONCLUSION

Patients’ mobility and function may benefit from
an exercise regimen. Our research demonstrates
a statistically significant difference between the
treatment and control groups for KSS and patient
function score. Following the prehabilitation
therapy, KSS and patient function score increased.
In conclusion, prehabilitation significantly improves
the KSS for the intervention group both before
surgery and three months after surgery. Exercises
done before to surgery help patients recover more
quickly from TKA and may speed up the process
of achieving a good flexion and extension range
of motion. It can help patients stretch their knees
to 90° earlier. After one month of being out of the
hospital and up to one year following surgery, there
is no persistent postoperative effect.

JOIIOTHUTEJIbHASI THO®OPMALIVISA

3asneneHHslii 6K1a0 agmMopos

THasum /Incanapdan T. — KOHUEIIINS U TU3aIH UCCIIEN0-
BaHMUSI, aHAJIU3 Y MHTEPIIPETALNS TaHHBIX.

IMomypu Puwu Pam — c60p JAaHHBIX, HATIVICAHUE TEKCTa
CTaTbU.

Ipasun HapasH — aHamM3 ¥ MHTEPIIpETALNS TaHHBIX.

Cypos LlIpu KapyH Y. — HanycaHue TeKCTa.

Bce aBTOpBI Npowin U ofo6puan GUHAIBHYIO BEPCUIO
PYKOIINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCe acIeKThbl paboThl, YTOOBI 0OECIIeUnTh HaJIe-
Kalllee pacCMOTpeHMe U pellieHKe BCeX BO3MOKHBIX BOIIPO-
COB, CBSI3AHHBIX C KOPPEKTHOCTHIO U HAJEKHOCTDIO 060
yacTu paboThI.
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Properties of Calcium Phosphate/Hydrogel Bone Grafting Composite
on the Model of Diaphyseal Rat Femur’s Defect:
Experimental Study

Ivan M. Shcherbakov, Elena S. Klimashina, Pavel V. Evdokimov, Andrei A. Tikhonov,
Valerii I. Putlayev, Georgii A. Shipunov, Vladislav A. Zatsepin, Vadim E. Dubrov,
Natal’ia V. Danilova, Pavel G. Malkov

Lomonosov Moscow State University, Moscow, Russia

Background. The problem of bone defects replacement is relevant nowadays, that is why many scientists create
new synthetic bone substitutes, but the «ideal» material has not been found so far.

The aims of the study: 1) to determine the suitability of the monocortical defect model in the rat femur
diaphysis with additional prophylactic reinforcement with a bone plate for assessing the biological properties
of implanted materials using the commercially available ChronOS® material as an example; 2) to assess of the
osteoconductive properties of composite materials based on poly(ethylene glycol)diacrylate and octacalcium
phosphate with architecture Kelvin and gyroid types on the developed model.

Methods. A prospective study, level of evidence II. A monocortical defect of the rat femoral diaphysis (length 7
mm) was produced under anaesthesia in aseptic conditions and fixed with a polyetheretherketone plate and six
titanium screws. In the control group, the defect was left empty. In other groups, blocks of one of three materials
were implanted — chronOS and composites of poly(ethylene glycol)diacrylate and octacalcium phosphate
with 3D-printed Kelvin and gyroid architectures. After 3 and 6 weeks, the rats were sacrificed, and histological
examination of the defect zone was performed. The amount of newly formed bone tissue was histometricly
assessed, followed by statistical processing of the results.

Results. Allratshavereachedthe planned endpoint,and therewerenoinfectious complicationsorlossoffixation.
Histological examination of the defect zone revealed minimal bone growth in the Control group, rather slow
bone formationinthe Gyroid group,and statistically significantly more pronounced bone formation in the pores
of the materials in the Kelvin and Chronos groups.

Conclusions. Bone defect in this model was not spontaneously filled with bone tissue and allowed us to study
the biological properties of bone substitutes (the ability to biodegrade and osteoconductive properties). The
osteoconductive properties of a composite material based on poly(ethylene glycol)diacrylate and octacalcium
phosphate with a Kelvin architecture are higher than with a gyroid architecture and are comparable to that
of the chronOS.

Keywords: bone repair, critical-size defect, hydrogel, bone substitutes, 3D-printing.
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OueHKa CBOMCTB KOCTHO3aMeLLALWMX MaTep1ManoB Ha OCHOBEe
NOMIM3TUNEHINIMKONb AUAKpUIaTa U OKTaKanbumeBoro ¢ocdara

Ha MOAeNuM MOHOKOpPTUKanbHOro auagusapHoro aedekra 6eppeHHOM
KOCTU KpPbICbl: SKCMEepUMEHTa/IbHOe uccaeaoBaHue

V.M. lllep6akos, E.C. KnumamnHa, I1.B. EBmokumoB, A.A. TuxoHos, B.U. ITytises,
I.A. lluntyHoB, B.A. 3auenus, B.2. [Iy6pos, H.B. [lanunosa, I1.I. MaabKoB

@I'BOY BO «Mockosckuii 2z0ocydapcmeeHHblli yHusepcumem um. M.B. JlomoHocosa», 2. Mockea, Poccus

AxmyanvHocme. IIpo6ema 3ameniennst ne¢eKToB KOCTM aKTyaJibHa B HACTOSIIEE BPEMSI, TOCTOSTHHO BEIYTCS
MOVUCKM HOBBIX CMHTETMUUECKMX KOCTHO3aMel[aiIuX MaTepuaaoB, OOHAKO MealbHbIi MaTepuas He HalifieH
JIO CUX TIOp.

Ilenu uccnedosanus: 1) ompeneneHye IPUrogHOCTU MOJEIM MOHOKOPTUKAIbHOIO nedekrta auadusa 6egpeH-
HOVi KOCTY KPBICBI C JOTIOTHUTEIbHBIM MPOGMIAKTUYECKMM apMUPOBAHMEM ITPU ITOMOIIY HAKOCTHO TIJIaCTH-
HBI J1JIsI OLIEHKY OMOJIOTMYECKUX CBOVICTB MMIUIAHTMPYEMBIX MAaTEPMUAIOB Ha IIpUMepe KOMMepUYECKM JOCTYII-
Horo martepuasa chronOS®; 2) oreHKa OCTEOKOHIYKTMBHBIX CBOMCTB KOMITO3UTHBIX MaTepyuayioB Ha OCHOBE
TTOIMATWIEHIVIMKOJIb TUMAKpUIaTa M OKTaKaIblMeBoro docdara ¢ apxutekTypoii KenmbBuHaA 1 TUIIA TMPOUI HA
pa3paboTaHHOI MOMENN.

Mamepuan u memoodsi. MOHOKOPTUKAIbHBINA AedeKT nuadusa 6empeHHO0Ii KOCTU KPbIC pa3MepoM 7 MM B IJIN-
HY IIPOM3BOIVJIY IO, HAPKO30M B aCEIITUYECKMX YCIOBUSIX OTIePaIOHHOM 1 GUKCUPOBAIY ITOabupadhupke-
TOHOBOJ TJIACTVHO Y MIECThIO TUTAHOBBIMM BUHTaMM. KpbIc pacmpenesnsiiv ¢rydaifHbIM 06pa3oM Ha YeThbIpe
rpymsl Mo 12 oco6eli B Kaxkaoii. B rpymme «KOHTposb» Y SKUBOTHBIX KOCTHBIN MedeKT He 3amomHsIN. Y SKUBOT-
HBIX B I'pymIe «XpoHOC» AedeKT 3amoIHsIM MTOATOTOBIEHHBIM MaTepuasoM chronOS® B Bume MOMyHVIINH-
Ipuueckoro 6yoka, B rpymie «KeabBuH» — MCCaemyeMbIM MaTepuaioM C apXuUTeKTypoii KenbBuHa, B TpyIine
«['Mpoun» — ucciaeayeMbIM MaTepuaaoM C apXUTeKTypoit Tuma rupou. Yepes 3 1 6 Hel. KPbIC BHIBOAWIN U3
9KCITIEPUMEHTA Y TTPOU3BOIMUIIV TMCTOIOTMYECKOE VCCIeIOBaHye 30HbI JedeKTa. 3aTeM BBIMOTHSIIM TYUCTOMeE-
TPUUECKYIO OI€HKY KOJMYECTBA HOBOOOPA30BAaHHOI KOCTHOI TKAHM C ITOCIEAYIOIIei CTaTUCTUUECKOi o6pa-
60TKOJT Pe3yabTaTOB.

Pe3ynemamel. B xofe sKCiepuMeHTa BCe SKMBOTHbBIE TOCTUINIM TUIAHMPYEMOV KOHEUHOM TOUKY, MHMEKIVOH-
HbIe OCIOKHEHMS U oTepst pukcanyy 3admMKCUpoOBaHbl He ObIIN. [PV IMCTOIOTMYECKOM MCCIeIOBAHNY 30HbBI
nmedeKTa BbISIBJIEH MUHMMAJIbHBIN POCT KOCTYU B rpymie «KOHTPOIb», JOCTATOYHO MeIjieHHOe 06pa3oBaHMe
KOCTM B MaTepuasie TPYIIIbl «[MpOua» ¥ CTaTUCTUUYECKM 3HAUMMO O0siee BbIpaKeHHOe 00pa30BaHMe KOCTHO
TKaHY B [I0pax MaTepuasos B rpynmnax «KeabBuH» 1 «XpOHOC».

3axniouenue. PaszpaboTaHHast MozeNb JedeKTa KOCTM CIIOHTaHHO He 3aITOJIHSIETCST KOCTHOM TKaHbIO U MO3BO-
JISIET TIPOBOIUTD M3YUeHMEe OMOTOTMYECKMX CBOMCTB KOCTHOILIACTUYECKMX MATEPUAIOB (CIIOCOOGHOCTh K 61O0-
JIerpajaiyuy U OCTeOKOHIYKTUBHbIE CBOIiCTBa). OCTEOKOHAYKTMBHbIE CBOCTBA KOMIIO3UTHOTO MaTepuasia Ha
OCHOBE MOUATUIEHIIVKOJb IMaKpUIaTa M OKTaKalbIMeBoro docdara ¢ apxutekTypoii KeabBuHa Bblllle, yemM
C apXMUTEKTYPO¥ THUIIA TMPOUI, ¥ COTIOCTABMMBI C TaKOBbIMM y MaTepuana chronOS.

KioueBsble c10Ba: pereHepanyisi KOCTHOV TKaHM, KpUTUUeCKuit fedeKT, TMIApOreib, KOCTHO3aMeIIaloIye Ma-
Tepuasbl, 3D-1eyars.
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BACKGROUND

Development of new artificial bone substitute
materials is rather relevant due to the high need
for them, but so far, no universal material meet-
ing all clinical requirements, nor a set of medi-
cations with clear indications for application in
various situations have been created [1, 2, 3, 4].
Advances in materials sciences allow to develop
a large number of compounds and composites
with probable clinical properties (biodegradabil-
ity with a given rate, osteoconductivity, osteoin-
ductivity and osteogenecity). However, it is im-
possible to confirm or refute the presence of such
properties only theoretically, without performing
studies on animal models [5, 6, 7].

One of the promising directions in materials
science is the development of bone substitute
implants with three-dimensional pore architec-
ture, which allows to improve the osteoconduc-
tive properties while maintaining the strength
characteristics [8, 9, 10]. One of the possible
materials for filling bone defects can be hydro-
gel-based composites with addition of calcium
phosphates with the Ca/P<1.5 weight ratio (e.g.,
octacalcium phosphate (OCP) with the chemical
formula Ca8(HPO4)2(P04)4:5H20)), which have
a higher resorption rate compared to hydroxya-
patite and tricalcium phosphate [11, 12]. An
increase of osteoconductive properties is typi-
cal for structures with a cohesive-porous archi-
tecture and a fraction of voids more than 75%
of the volume [13]. But such parameters pose
the problem of determining their optimal spa-
tial arrangement without losing the mechani-
cal strength of the whole system. One of the
possible ways to solve this problem can be the
application of modern methods of topological
optimization [14, 15, 16]. Good combination of
mechanical properties and physical permeabil-
ity in calculations are shown by the Kelvin and
gyroid-type architectures, but the actual advan-
tages of each of them require experimental veri-
fication [17, 18].

Aims of the study:

1) determination of applicability of the rat
monocortical femoral diaphyseal defect model
with additional prophylactic reinforcement by
plate to assess the biological properties of im-

plantable materials with the use of commercially
available ChronOS® material as an example;

2) evaluation of osteoconductive properties of
composite materials based on polyethylene gly-
col diacrylate and OCP with Kelvin and gyroid-
type architecture on the designed model.

METHODS

Materials

The new-generation bioresorbable macropo-
rous 3D constructs under study represent a
hydrogel composite filled with calcium phos-
phate particles. A polyethylene glycol diacrylate
(PEG DA) hydrogel was used as the matrix of the
composite. OCP was used as the second phase
of the composite — Ca8(HPO4)2(P04)4-5H20.

Photopolymerizable suspensions based on
PEG DA, OCP, water and photoinitiator were used
for the synthesis of hydrogel composites accord-
ing to the procedure described in our previous ar-
ticle [19]. Stereolithographic 3D printing using an
Ember DLP printer (Autodesk, USA) was chosen
to form the above-mentioned constructs. Three-
dimensional models of the structures were cre-
ated using Monolith (Autodesk, USA) and Fusion
360 (Autodesk, USA) computer programs.

Total porosity of the created materials was
about 70% of the volume, the main channels are
1250 ym in size and the transitions between them
are 750 um, which provides the maximum per-
meability of these architectures. During the pro-
cess of computer-aided design, 3D models with
Kelvin and gyroid-type structures were selected
to achieve the aim of the study (Fig. 1) [17, 19].

The Kelvin structure is a close packing of
truncated octahedrons with pass-through chan-
nels perpendicular to each face. The gyroid-type
structure is a minimal periodic surface [20].

A widely used fully synthetic ceramic mate-
rial based on Ca3(P04)2 (tricalcium phosphate)
ChronOS® (DePuy Synthes, Johnson & Johnson,
Switzerland), which chaotic porosity is formed by
uncontrolled foaming and solidification of the
initial material in industrial conditions, was used
as a comparison material. The total porosity of
this material is approximately 55% of volume,
the size of the main pores is 300 um and the tran-
sitions between them are 50 um.
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Animals

The study was performed on 53 male Rattus
norvegicus Wistar rats aged 25-30 weeks from
the Research Equipment Sharing Center "SPF-
vivarium" of the Institute of Cytology and
Genetics of the Siberian Branch of the Russian
Academy of Sciences. Animals were kept in the
vivarium in cages, 3 animals in each. Access to
water and food was ad libitum.

Experiment design, surgical procedure,
laboratory tests

Type of the study — prospective, evidence level II.
To induce anesthesia in  animals,
6.25/6.25 mg/kg of Zoletil 50 (Zoletil, Virbac
Sante Animale, France) and 4 mg/kg of Xyla
(Xyla, Interchemie werken "De Adelaar B.V.",
Netherlands) were injected intraperitoneally.

In aseptic conditions of the operating room, af-
ter reaching the surgical stage of anesthesia, the
rat was positioned on the right side on the surgery
table. Surgical area was cleared of hair and a 6.0-
cm skin incision was made in the projection of the
femur. Then, using sharp and blunt tissue dissec-
tion, we made an approach to the femur along the

Fig. 1. Isometric projection of computer models

of three-dimensional structures with different architectures:
a — an elementary cell of a Kelvin type structure; b — an
elementary cell of a Gyroid type structure; ¢ — a cylindrical
structure with a Kelvin type architecture; d — a cylindrical
structure with a Gyroid type architecture

lateral intermuscular septum. After performing
the approach in the middle third of the diaphy-
sis of the femur, a semicylindrical defect of 7 mm
length and 4 mm radius was created along the dor-
sal surface with a diamond-coated conical burr 2.3
mm in diameter using a Marathon-N2 machine
(Saeyang Microtech, Republic of Korea) (Fig. 2 a).

Rats were randomly allocated into four groups
of 12 animals in each. In the "Control" group of
animals the bone defect was not filled. In the
"Chronos" group the defect was filled with the
prepared ChronOS® material in the form of a
semi-cylindrical block, in the "Kelvin" group -
with the studied material with Kelvin architec-
ture, in the "Gyroid" group — with the studied ma-
terial with gyroid-type architecture.

Thebonewasreinforcedwitha 30.0x4.0x4.5 mm
polyetheretherketone plate. It was placed on the
posterolateral surface of the femur and fixed with
6 titanium screws 1.2 mm in diameter and 10 mm
long (Konmet, Russia), 3 screws on each side of
the defect (Fig. 2 b). After fixation, the wound was
sutured layer-by-layer, no dressings were applied,
and no immobilization was used. The average
duration of surgery was 39+8 min (23 to 54 min).
Blood loss did not exceed 1.0 ml.

Fig. 2. The view of surgical wound:
a — bone defect with implanted
material;

b — bone augmentation by plate
and screws

AR
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Three and six weeks after the surgery, the ani-
mals were withdrawn from the experiment ac-
cording to the standard procedure using a CO2
chamber with subsequent material sampling
(femur segment with a defect) for histological
examination.

The samples were fixed in 10% neutral buffered
formalin for 24-48 h. After this time, the materi-
als were decalcified in 25% neutral Trilon B solu-
tion at room temperature on an Orbital Shaker
0S20 machine (Biosan, Latvia). After decalcifi-
cation according to the standard procedure, the
materials were washed in distilled water. Then
histological processing and embedding were per-
formed. Next, we made 3-4 um thick cross sec-
tions of paraffin blocks and stained them with
hematoxylin and eosin.

Histometric analysis

Blind histometric analysis was performed to
evaluate the results. Images of histological
specimens were obtained using a Leica DM LB2
light microscope (Carl Zeiss, Germany) and
an AxioCam ICc3 digital camera (Carl Zeiss,
Germany). Digitized images were converted to
JPEG format. Histometric evaluation was per-
formed using Fiji program [21] at 20x magnifi-
cation with measurement of the area of newly-
formed bone tissue in the material lacunae in
mm?. Newly-formed bone tissue was identified
by its specific structure and staining. We took
into account the areas that were not connected
with the endosteum or cortical bone in order
to avoid the inclusion of overgrowths. For each
sample, a calculation was performed on three
specimens, giving a total of 18 values for each
group (only for "Chronos 3 weeks" and "Control
6 weeks" groups — 15 values).

Statistical analysis

The results of each group were presented as mean,
maximum and minimum values. Nonparametric
Kruskal-Wallis test was used to determine the
statistical significance of differences. It was cal-
culated separately for the groups with withdrawal
periods of 3 and 6 weeks using StatSoft Statistica
10.0 software (2011).

RESULTS

During the experiment, 2 animals died from
anesthesia-related complications. Four ani-
mals underwent iatrogenic femoral fracture in
the area of the defect during the surgery, and
therefore euthanasia was performed using a CO2
chamber. One animal from the "Chronos" group
(No. 12) had a postoperative wound dehiscence
with a large soft tissue defect the next day after the
surgery due to aggression of its cage neighbors. As
a result, euthanasia was performed for ethical rea-
sons. The rest of the animals underwent surgical
intervention, survived and were withdrawn from
the experiment without any peculiarities.

Animals' body weight increased during ob-
servation. The average weight of the rats at the
time of enrollment in the experiment was 347 g,
at the time of withdrawal 3 weeks later was 398 g,
6 weeks later — 445 g. No significant difference
between the groups concerning the weight and
the weight gain was observed.

No changes in animals' behavior during the
experiment were observed. In the postoperative
period, all animals moved on four legs without re-
strictions. Postoperative wounds healed with pri-
mary intention in all animals. No external signs of
infectious complications were recorded. There were
also no signs of purulence, damage or migration of
fixators, or bone fractures during the sampling and
examination of the implantation area.

The defect area in the "Control" group was filled
on the histological sections with granulation con-
nective tissue. No formation of bone tissue tra-
beculae not associated with the endosteum was ob-
served neither 3 nor 6 weeks later, that allows us to
consider this defect as critical (Fig. 3).

In the "Chronos" group, all the specimens
showed a transverse section of rectangular-
shaped material, the external linear dimensions
of which did not change 3 and 6 weeks later.
Inorganic base of the block was identified as
fields of cellular pale gray structure containing
no cellular or fibrous elements. Almost all blocks
were surrounded outside by a thin layer of granu-
lation connective tissue, and no marked inflam-
matory reaction (large number of polymorpho-
nuclear neutrophils, macrophages or giant cells
of foreign bodies) was noted 3 and 6 weeks later.
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Fig. 3. The cross sections of femur at the defect level
(Control group):

a — after 3 weeks; b — after 6 weeks. Staining with
hematoxylin and eosin. Mag. x20

Connective tissue ingrowth with cellular ele-
ments and vessels into the pores throughout the
entire thickness of the material with bone tra-
becular formation in the periphery of the block
(25-35 trabeculae per section on average) was
observed in 3 weeks. In 6 weeks, bone trabecular
formation in the pores throughout the entire ma-
terial was observed (Fig. 4).

In the "Gyroid" group, the continuous pres-
ence of rounded cavities repeating the outlines of
the implanted material blocks, which contained
brown-red colored structures without cellular
elements and fibers of various irregular shapes
with the presence of permanent ribbon struc-
ture elements (Fig. 5) was noticed on the histo-
logical sections. These ribbon structures were
considered to be residues of the hydrogel used
to produce the blocks of material. Histological
specimens showed complete filling of the mate-
rial pores with granulation connective tissue and
bone trabeculae formation 3 weeks after implan-
tation. However, 6 weeks after implantation, the
area of the newly-formed bone was smaller than
that in the "Chronos" and "Kelvin" groups. At the
same time, the material itself and its structure
could be seen on the specimens of that time with
great difficulty.

In the "Kelvin" group, the histological specimens
also revealed the zones of rounded voids following
the contours of the implanted material blocks and
containing smaller brown-red colored structures
without cellular elements and fibers (Fig. 6). The
shape of these voids differs from those in the speci-
mens with implanted material with gyroid-type ar-
chitecture. Osteoconductive properties of material
with the Kelvin architecture were better expressed,
as evidenced by the greater mass of bone tissue
around the material and in its pores. Compared to
the histological specimens of the "Chronos" group,
the areas of bone tissue were larger and followed
the pore architecture of material.

The results of calculating the area of the new-
ly-formed bone tissue in all groups are presented
in Table 1.

Fig. 4. The cross sections of femur at the defect level (Chronos group):
a — after 3 weeks; b — after 6 weeks. Staining with hematoxylin and eosin. Mag. x20
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Fig. 5. The cross sections of femur at the defect level (Gyroid group):
a — after 3 weeks; b — 6 after weeks. Staining with hematoxylin and eosin. Mag. x20

Fig. 6. The cross sections of femur at the defect level (Kelvin group):
a — after 3 weeks; b — after 6 weeks. Staining with hematoxylin and eosin. Mag. x20

Table 1
Results of calculating the area of the newly-formed bone tissue in all groups
. The area of the newly-formed bone tissue, mm 2
Growp oo weeks |
Average value Min. value Max. value

«Control» 3 0.0515 0 0.7070
6 0.1462 0 0.8350

«Chronos» 3 0.3694 0.0920 0.7760
6 1.1686 0.1570 3.1230

«Kelvin» 3 0.9107 0 1.8270
6 1.2650 0.0870 2.9780

«Gyroid» 3 0.0497 0 0.6060
6 0.0853 0 0.6710
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The differences between the groups in the
area of the newly-formed bone tissue were sta-
tistically significant in both cases — 3 weeks
(Kruskal-Wallis H-criterion is 57.4399, which cor-
responds to p<0.01) and 6 weeks after implanta-
tion (Kruskal-Wallis H-criterion is 38.4702, which
corresponds to p<0.01).

DISCUSSION

Various models are used to study the biologi-
cal properties of materials in vivo, both in terms
of the animal choice (mice [22], rats [23, 24, 25,
26, 27], rabbits [28], dogs [29]), and in terms of
the implantation technique. It is obvious that the
defect must be critical to study the properties of
materials, i.e., it must not have the possibility of
spontaneous replacement. Otherwise, the pres-
ence of material will even decelerate the replace-
ment by bone tissue and reflect only the rate of
its biodegradation.

Critical defects described in the literature can
be conventionally divided into two types. The
first type includes the defects that due to their
stability do not require additional augmentation
preventing pathological fractures of the operated
bone (rounded burr cranial defects [25, 30, 31],
rounded burr defects of the femoral and tibial
epiphyses [28]). The second type includes the de-
fects requiring stabilization due to the high risk
of bone fractures under normal loading — com-
plete segmental defects of the femur, fixed with
a nail [22], plate [32] or external fixator [33].

It is technically easier to perform studies on
the defects without augmentation, however, such
defects are less relevant to real clinical cases in
terms of their biological properties. The study of
segmental diaphyseal defects is dictated by the
clinical request to restore the length of a limb
shortened for various reasons without the use of
long-term distraction osteogenesis techniques or
extremely difficult transfers of vascularized bone
grafts. But these models are technically difficult
to be implemented and may not be suitable as
screening models. In the present study, we used
a model of a monocortical defect of the femo-
ral diaphysis with plate and screw fixation. This
choice was determined by the necessity of com-
bining a critical diaphyseal bone defect with reli-
able fixation of the material in the defect and en-
suring the possibility of adequate locomotion of
the animal during the observation period without
increasing the risk of fixator and bone fracture.

The suggested model of defect creation showed
its capabilities as indicated by the absence of in-
fectious and mechanical complications during
the observation period of up to 6 weeks under
the conditions of preserved locomotor function
in rats. Among the advantages of this model over
other fixation methods are fixator placement in
the tissues and the absence of external fixator
elements that can potentially injure the animal
itself or its cage neighbors [33]. The proposed
model differs from the intramedullary fixator in
the fact that the medullary canal is free of fixator
and there is no need to place the material near
the bone, which brings our model closer to the
clinical case [22]. Simplicity of surgical technique
and possibility of reliable material fixation in the
defect area due to the congruence of shapes and
plate pressing distinguish our model from the
complete defect [32].

The present study showed that the mono-
cortical defect, like the complete one, was criti-
cal, as indicated by the absence of spontaneous
bone tissue replacement of the resected area
within 6 weeks. In addition, the proposed bio-
logical model is suitable for the study of poten-
tial bone substitute materials, as evidenced by
the marked infiltration of the ChronOS® mate-
rial with proven osteoconductive properties by
the bone tissue.

The second objective of our study was to
determine the effect of two types of three-di-
mensional material architecture on the osteo-
conductive properties of OCP-loaded hydrogels
based on polyethylene glycol diacrylate. The im-
pact of the porous material structure on bone in-
growth has been described in the literature [18].
The results of the study suggest that in terms of
osteoconductive properties, Kelvin architecture
is superior to gyroid-type architecture in PEG
DA-based composites. One of the reasons for
this may be the biological interaction of tissues
with three-dimensional pores, resulting in trig-
gering of certain mechanotransductive signals
and the orientation of precursor cell differentia-
tion along the osteoblast pathway, which is bet-
ter expressed in the Kelvin structure. Additional
causes may be more rapid degradation and loss
of strength of the mechanical structure, which
made it difficult to form a new bone at a later
period. In terms of properties, this was probably
comparable to the conditions in the defect of
the "Control" group.
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CONCLUSION

The developed bone defect model is critical and
enables to study biological properties of osteo-
plastic materials (biodegradability and osteocon-
ductive properties). Osteoconductive properties
of the composite material based on polyethyl-
ene glycol diacrylate and octacalcium phosphate
with Kelvin architecture are higher than those of
the gyroid type.
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Perifocal Soft Tissue Reactions in Response to Contaminated
Implants With a Composite Antibacterial Coating:
Experimental Study
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Background. Protection against microbial colonization of surface fixators for metal osteosynthesis can reduce
the number of infectious complications.

The aim of the study was to experimentally assess early perifocal tissue reactions to metal implants with
a composite antibacterial coating under microbial load.

Methods. Fragments of steel pins for osteosynthesis (diameter 1 mm) with a four-component antibacterial
coating based on polylactide, polyurethane, ciprofloxacin and silver nanoparticles were contaminated by
methicillin-resistant S. aureus (MRSA) 43431. They were implanted in rats within the quadriceps femoris.
Contaminated uncoated pins were used as a control. The animals were withdrawn from the experiment
on the 2m 4% 7t day after implantation. Histopathological specimens from tissue around implants were
prepared. A semiquantitative assessment of reactions was performed.

Results. The microbial load before implantation was (1.12%0.26)x10° S. aureus cells for the control implants
and (0.86%0.31)x10¢° cells for implants with antibacterial coating. Tissue inflammatory reactions on the second
day of implantation were equally evident in the control and investigated groups. There was a significant
reduction in the number of immune cells and necrotic detritus, as well as increased growth of connective
tissue and neoangiogenesis in the experimental group by the 4" day. The appearance of a less pronounced
well-vascularized fibrous capsule around the experimental implants was noted by the 7% day. It indicates
a more favorable healing of soft tissues in comparison with the control.

Conclusion. Weak morphological manifestations of tissue reactions in response to the fitting of contaminated
implants with an antibacterial coating can be associated with both the direct antimicrobial effect of the coating
components and the anti-inflammatory activity of silver nanoparticles and ciprofloxacin included in its
composition.

Keywords: implants, antibacterial coating, ciprofloxacin, silver nanoparticles, Staphylococcus aureus,
contamination, tissue reactions.
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MepudokanbHblie peakunm MArkMX TKaHen

Ha BBeAeHUe KOHTAaMUHUPOBAHHbIX UMIJIAHTATOB

C KOMMO3ULMOHHBIM aHTUOBAKTEPUANIbHBIM NOKPbITUEM:
IKCNepuMeHTa/IbHOe uccneanoBaHue

O.I1. CaBuyk!, /I.B. Tamanbckuii!, I.A. 3unoBkuH', B.1. Hukonaes!,
M.A. Ipmonenko?, A.A. Poraues?
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AKmyanpHocme. 3a1nuTa OT MUKPOOHOI KOJIOHM3AIMM TTOBEPXHOCTM (PUMKCATOPOB /1T META/LIOOCTEOCHHTE3a
CIIOCOOHA COKPATUTh KOIMUECTBO MHMEKITMOHHBIX OCTIOKHEHMIA.

Llenws uccnedosanuss — 3KCIIEPVMEHTAIBHO OIIEHUTDh paHHME MepudoKaabHble TKAHEBbIE PeaKIMK Ha MeTal-
JIMYEeCKye UMILUIAHTAThl C KOMIIO3UIIMOHHBIM aHTMOAKTEPUATbHBIM ITOKPBITHMEM B YUIOBMUSIX MUKPOOHOI Ha-
I'PY3KMU.

Mamepuan u memodst. DparMeHTHI CTATBHBIX CITAIL [IJIT OCTEOCUHTE3a JMaMeTPOM 1 MM C HaHEeCEeHHBIM Ye-
THIPEXKOMITOHEHTHBIM aHTMOAKTEPUAIbHBIM ITOKPBITHEM Ha OCHOBE MONMMIAKTUAA, TONIMYypeTaHa, IIUIPod-
JIOKCAIIMHA ¥ HAHOYACTUIL cepebpa KOHTAMUHMPOBAIM KYJIbTYPO METUIIM/UIMHOPE3UCTEHTHOTO S. aureus
(MRSA) 43431 y MMIUTaHTMPOBAIM KpPbICAaM B TOJIIY YeThIPEXIJIaBOii MBINIIIbI 6efpa. B KauecTBe KOHTPOJIb-
HbIX MMIIJIAHTUPOBAIM KOHTAMMHMPOBAHHbIE CIIMUIIBI 63 MOKpbIiTUS. Ha 2-e, 4-e u 7-e CyT. mocjie UMILIaH-
TalUy >KMBOTHBIX BBIBOAM/IM U3 3KCIIepyMeHTa. [OTOBU/IM MaTOTUCTONIOTMUeCKMe ITpernapaThbl TKaHel BOKPYT
MMIUIQHTATOB. BIMOMHSIIM MTOMYKOIMYECTBEHHYIO O1IeHKY TKaHeBbIX peakIuii.

Pe3zynsmamet. Mukpo6Hast Harpyska nepef uMIUIaHTanyet cocrapisuia (1,12%0,26)x10° kieTox S. aureus oJis
KOHTPOJIbHBIX UMILTaHTaTOB U (0,86%0,31)x10° KJIeTOK [JISI MMIUIAHTATOB C AHTMOAKTEePUATbHBIM ITOKPBITH-
eM. TRaHeBbIe peaki[My BOCIAJINTEIbHOTO XapakTepa Ha 2-€ CyT. UMILIAHTAlIUM ObUIM OJMHAKOBO BbIpaxke-
HbI B KOHTPOIBHOM U 3KCIIEPUMEHTAIbHOM rpynmnax. K 4-M CyT. OTMeueHO 3HaUMMOe CHUKeHME KOIMIeCTBa
MMMYHHBIX KJI€TOK M HEKPOTUMYEeCKOTO JeTPUTa, a TakKe yCuaeHue pa3pacTaHus COeAMHUTENbHOV TKaHU U
HEOaHTMOTeHe3a B 3KCIIepUMEHTANbHO rpymmne. K 7-mM CyT. OTMeueHO MOsIBJIeHM e MeHee BbIPakeHHOM, X0-
POIIIO BaCKYJISIPM30BaHHO (hMOPO3HOI KATICYJIbI BOKPYT 9KCITIEPYMEHTAIbHBIX MMILIAHTATOB, UTO YKa3bIBAET
Ha 60J1ee 6J1arONPUATHOE 3aKUBJIEHNE MSITKUX TKaHEe B CpPAaBHEHUM C KOHTPOJIEM.

3axniouenue. CaboBbIpakeHHbIE MOPQOIOTMYECKIME TTPOSBIEHMS TKAHEBBIX PeaKIlii B OTBET HA BHEIPEHME
KOHTaMMHMPOBAHHbBIX MUMIUIAHTATOB C aHTMOAKTEPUATbHBIM ITOKPBITMEM MOTYT OBITh CBS3aHBI KaK C IIPSIMbIM
MIPOTVMBOMMKPOGHBIM J1€/iCTBYEM KOMITOHEHTOB MOKPBITHS, TaK M C IIPOTUBOBOCIIATIUTENBLHON aKTUBHOCTBIO
BXOZSIIMX B €r0 COCTaB HAHOYACTHUIL cepebpa 1 nuImpoduioKcaHa.

KimroueBble ¢JIOBa: MMILIAHTATHI, aHTMOAKTepUATbHOE TIOKPBITHE, IMITPOQIIOKCAIIMH, HAHOUACTUIIBI cepebpa,
Staphylococcus aureus, KOHTaMUHAIVS, TKAHEBbIE PEAKIIUNA.
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BACKGROUND

The incidence of early wound infection of the sur-
gical site after internal osteosynthesis of closed
fractures ranges from 0.5% to 10.0% and is up to
50% in case of open fractures [1]. Staphylococcus
aureus and coagulase-negative staphylococci
prevail in the etiological structure of implant-
associated infections [2, 3].

Active protection against microbial coloniza-
tion of the surfaces of implanted hardware for
osteosynthesis represent rather promising strat-
egy that will significantly reduce postoperative
wound infection complications [4, 5]. Numerous
types of coatings have been developed to provide
local antimicrobial activity or to deliver antimi-
crobial agents to the surgical site. The main dis-
advantages of the majority of them are the non-
optimal kinetics of antibacterial release, which
is often too rapid and does not provide surface
protection throughout the implantation period,
the possibility of induction of microbial resist-
ance to antibiotics, as well as high susceptibility
to mechanical impact [6, 7].

Implant surfaces can be chemically modified
or physically coated with various antibacterial
substances, such as metal nanoparticles, poly-
mers, hydrogels and antibiotics [8, 9].

Basing on the results of physical-chemical
and medical-biological studies, we developed
and optimized the compositions of multicompo-
nent coatings with polymer matrixes consisting
of polyurethane and biocompatible and biode-
gradable polylactide, and biocidal components
including ciprofloxacin and silver nanoparticles.
The coatings are applied to metal base (titani-
um, stainless steel) by electron-beam deposition
from the active gas phase [10, 11].

Pronounced bactericidal effect of the synthe-
sized coatings was established and its universal
character against the microorganisms of differ-
ent taxonomic groups, regardless of the concomi-
tant resistance to antibacterial drugs, was shown.
The ability of complete prevention of microbial
biofilm formation was revealed. Using HEp-2,
HaCaT cell cultures and primary fibroblast cul-
ture, we concluded that the four-component
polyurethane-polylactide-ciprofloxacin-silver
chloride antibacterial coating was biocompatible
and had no cytotoxicity. The study of local effect
after implantation to nonlinear rats showed that
titanium implants with composite antibacterial
coating had better biocompatibility and better

bio-integration into the surrounding connective
tissue comparing to uncoated implants [12, 13].

The study of antibacterial activity and bio-
compatibility of implants with a four-component
composite coating in case of contamination with
clinically significant antibiotic-resistant micro-
organisms appears to be relevant nowadays.

Aim of the study is to experimentally evaluate
early perifocal tissue reactions to metal implants
with composite antibacterial coating under con-
ditions of microbial load.

METHODS

Implants

We used fragments of wires for osteosynthesis
of 1 mm in diameter and 20 mm in length made
of corrosion-resistant austenitic steel (Scientific
and Technological Park BNTU Polytechnik,
Belarus, TU RB 14576608.002-2000). Four-
component composite antibacterial coating
based on polyurethane, polylactide, ciprofoxacin
and silver nanoparticles was applied using vac-
uum-plasma method from the active gas phase
[10, 12]. Control implants had no coating on their
surface.

Sterilization of the implants was performed us-
ing steam method at steam pressure of 0.11+0.02
MPa at 121°C, exposure time was 45 min.

Microbial culture

A strain of methicillin-resistant S. aureus (MRSA)
43431 from the collection of the Research
Institute of Antimicrobial Chemotherapy of
Smolensk State Medical University was used as a
test culture. The strain was isolated from a pa-
tient with posttraumatic osteomyelitis and was
characterized by a pronounced ability to form
a microbial biofilm. It was resistant to oxacillin
(minimum suppressive concentration 256 mg/L),
gentamicin (64 mg/L), tetracycline (32 mg/L),
rifampicin (256 mg/L), ciprofloxacin (256 mg/L),
levofloxacin (32 mg/L).

Implant contamination

A suspension with an optical density of
1 McFarland (2x108 cells/ml) was prepared from
a daily culture of S. aureus 43431 in sterile iso-
tonic sodium chloride solution. The implants
were dipped into the bacterial suspension using
sterile forceps and then transferred into sterile
1.5 ml Eppendorf tubes (a separate tube for each
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implant). The tubes were kept open in a laminar
flow box for 2 hours. The implants having been
dried, the tubes were closed and stored at +8°C
for no more than one day before implantation.
Some samples from the experimental and con-
trol groups were inoculated on the surface of
blood agar using D. Maki et al. semi-quantitative
method to confirm the presence of viable micro-
bial cells on the implant surface and to determine
their number [14]. We also resuspended microbial
cells in 1 ml of sterile isotonic solution with sub-
sequent quantitative analysis. The experiment
was performed in six repetitions.

General characteristics of animals

Thirty Wistar rats of both sexes aged 9-10 weeks
and weighing 272.0£16.6 g were included in the
experimental study. The animals were rand-
omized into groups using a random number gen-
erator. Surgery, subsequent implantation of the
hardware, nursing and housing of the animals,
withdrawing them from the experiment and sam-
pling the material were performed in a separate
box, which met all the standards and regulations
for working with pathogenic microorganisms.

Implantation

General inhalation anesthesia was performed with
Sevoflurane (Farmland, Belarus). Animal was po-
sitioned on its back. Hind limbs were fixed in the
abduction position. The skin of the femorogluteal
area was cleaned twice with antiseptic Septocid
R (BelAseptika, Belarus). The longitudinal 2 cm
incision was made with a scalpel along the ante-
rior surface of the thigh. The skin, subcutaneous
fat, fascia and muscles up to the thigh bone were
dissected layer-by-layer. The edges of the wound
were spread with retractors. One wire fragment
was implanted longitudinally into the quadriceps
muscle. After that the operative wound was su-
tured layer-by-layer with interrupted capron su-
tures without drainage. Henceforth, the rats were
kept in individual cages to prevent them from
gnawing through the ligatures and causing addi-
tional trauma to each other. The weight bearing
on the limb was not artificially restricted after the
implantation of the wires. There were no animal
deaths during the whole observation period up to
the withdrawal from the experiment.

Preparation of pathohistological samples

On the 2™, 4% and 7™ days each, 10 animals were
withdrawn from the experiment in both control
and study groups by decapitation under inhala-
tion anesthesia. The implants were removed, and
the tissue fragments adjacent to the implantation
site were fixed in a 10% solution of neutral buff-
ered formalin for 48 hours. Fixed muscles were cut
transverse to the course of the wound canal into
slices no more than 3 mm thick and placed in his-
tology cassettes. Biopsy samples were placed in a
Thermo Microm STP-120 histological processor
(Thermo Scientific, USA). Histological processing
in increasing concentrations of isopropyl alcohol,
isopropyl alcohol and vaseline oil, as well as tis-
sue infiltration with paraffin in vaseline oil and
paraffin and in paraffin were performed. Tissue
fragments were embedded in paraffin blocks,
which were used to prepare 5-7 pm thick histo-
logical sections using a Thermo Fisher Scientific
HM 450 sliding microtome (Thermo Scientific,
USA). The obtained sections were transferred to
glass slides, stained with hematoxylin and eosin
according to the standard technique, and placed
under coverslips.

Morphometric assessment

Evaluation of periimplant tissue reactions was
performed using a semi-quantitative scale
based on GOST R ISO 10993-6-2009 "Medical
Devices. Biological evaluation of medical de-
vices". Part 6 "Tests for local effects after im-
plantation". Microscopy was performed using
Nikon Eclipse 50i microscope (Nikon, Japan) at
x400 magnification power in 10 non-overlap-
ping fields of vision.

Statistical analysis

The Shapiro-Wilk test revealed that the distribu-
tion of variables differed from normal (p<0.05);
therefore, the results were presented as median
(25-and 75-percentiles). Group comparisons were
performed using the Mann-Whitney test. Scores
were compared using the Kruskal-Wallis test
with the Dunn criterion. Differences were consid-
ered statistically significant at p<0.05. Statistical
analysis was performed using GraphPad Prism
v 9.01 software package (GraphPad Software, USA).
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RESULTS

Preliminary microbiological study confirmed the
presence of viable bacterial cells on the surface of
the contaminated control and experimental sam-
ples. The calculated microbial load was 106 mic-
robial cells of S. aureus 43431 per sample. When
inoculating the contaminated control and ex-
perimental implants on blood agar using D. Maki
semi-quantitative method, abundant microbial
growth was observed. The actual microbial load
determined by resuspending the microbial cells
from the surface of the contaminated implants
followed by the quantitative inoculation was
(1.12%+0.26)x10¢ cells for the control implants and
(0.86+0.31)x10¢ cells for the experimental im-
plants with antibacterial coating.

Histological examination on the 2™ day re-
vealed vast areas of necrosis with dense neutro-
philic infiltrates in the places of direct contact
with the implant surface at the site of implan-
tation of both control and experimental wires
(Fig. 1).

Small groups of lymphocytes, plasmacytes and
macrophages were located around the necrotic
tissues. Single proliferating fibroblasts were ob-
served only in the group of animals with the con-
taminated implant. Comparison of the tissue re-
action parameters is presented in Table 1.

No statistically significant differences were
observed when comparing the total scores
(p = 0.786) (Fig. 2). The final value of the differ-
ence in total scores (mean value) of the samples
on the 2" day was 0.2.

Table 1

Tissue reaction parameters in response on contaminated implants wit and without
antibacterial coating, scores

Parameter 2 day 4" day T day
experiment control experiment control experiment control
Polymorphonuclear 4.0(4.0;4.0) 4.0(4.0;4.0) 2.2(2.0;2.5) 2.7 (2.2;3.1) 0.1(0.0;0.5) 0,4 (0,3;0.5)
leukocytes p=1.00 p=0.106 p = 0.008
Lymphocytes 3.4 (3.2;3.6) | 3.4 (3.2;3.6) 3.2(3.0;3.3) | 3.6(3.6;3.9) 1.3(1.0;1.4) | 1.0(1.0;1.3)
p=1.00 p = 0.0022 p=0.372
Plasmacytes 2.0(2.0;2.0) | 2.0(2.0;2.0) 1.0(0.8;1.3) | 1.6(1.5;1.9) 0.8(0.8;0.8) | 1.4(1.2;1.4)
p=1.00 p = 0.0043 p = 0.0022
Macrophages 1.8 (1.6;2.8) | 1.9 (1.6;2.8) 1.3(1.0;1.8) | 2.5(2.1;3.0) 0.5(0.4;0.7) | 0.8(0.6;1.1)
p=1.00 p = 0.0022 p=0.132
Giant cells - | - 2.0(2.0;2.3) | 2.7(2.2;2.8) 0.2(0.1;0.4) | 1.0(1.0;1.0)
- p = 0.047 p = 0.0022
Necrosis 4 (3.8;4.0) | 3.9 (3.8;4.0) 0.4(0.4;0.9) | 1.2(1.2;1.4) 0.0(0.0;0.2) | 0.0(0.0;0.0)
p=1.00 p = 0.0022 p=0.45
Neovascularization - | - 0.4(0.4;0.5) | 1.5(1.4;1.7) 1.4(1.2;1.7) | 0.3(0.4;0.5)
- p = 0.0020 p = 0.0020
Fibrosis 0.2 (0.0;0.4) | 0.0 (0.0;0.0) 2.1(1.7;2.3) | 2.8 (2.6;2.8) 1.0(1.1;1.3) | 2.8 (2.8;3.0)
p=1.00 p =0.0022 p = 0.0022

Bold type indicates statistically significant differences
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Fig. 1. Pathohistological picture at the site of implantation on the 2™ day:
a — in the control group; b — in the experimental group. Stained with hematoxylin and eosin. Mag. x200
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On the 4™ day, the control group showed a thick
line of immature connective tissue with sepa-
rate groups of proliferating newly-formed ves-
sels and mild necrotic changes in the areas of di-
rect contact with the implanted wire (Fig. 3 a).
Polymorphocellular leukocytes were presented as
small dense infiltrates. Lymphocytes infiltrated
immature connective tissue forming diffuse abun-
dant clusters. Plasma cells, macrophages and
multinucleated giant cells formed single marked
infiltrates of newly-formed stroma, predominantly
locating along the newly-formed connective tissue.

There was a moderately pronounced line of
immature connective tissue in the experimen-
tal group with small (4 to 7 in the field of vision)
groups of proliferating newly-formed capillaries
and areas of minimal necrosis in the place of con-
tact with the implant. Polymorphocellular lym-
phocytes infiltrated the newly-formed stroma in
small groups of cells from 5 to 12 in the field of
vision. Lymphocytes were presented as a diffuse
abundant infiltrate. Plasma cells, macrophages

Fig. 2. Statistical characteristics of the scores

in the groups on the 2" day

Note: The vertical bold dotted line the median line

on the graph, the normal dotted line indicates the
25™ and 75% percentiles. The curves of the outer lines
which form shapes at the graph, show the distribution
of cases in the group

and multinucleated giant cells were represented
by weakly pronounced focal infiltrates similar to
those in the control group, predominantly lo-
cated along the newly-formed connective tissue
(Fig. 3 b). The comparison of total scores revealed
statistically significant differences (p = 0.0022)
(Fig. 4).

On the 7™ day, the control group revealed an
extensive weakly vascularized connective tis-
sue capsule around the implant with single ne-
crotized cells (Fig. 5 a). Single polymorphocel-
lular leukocytes and multinucleated giant cells,
weakly expressed lymphoid, macrophage and
plasmacyte infiltration were detected.

On the 7" day, moderately pronounced well
vascularized connective tissue capsule infil-
trated by single polymorphocellular leukocytes,
lymphocytes, macrophages, plasmacytes and
multinucleated giant cells was detected in the
experimental group (Fig. 5 b).

The comparison of total scores showed statis-
tically significant differences (p = 0.0022) (Fig. 6).
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Fig. 3. Pathohistological picture at the site

of implantation on the 4' day:

a — in the control group; b — in the experimental
group. Stained with hematoxylin and eosin.

Mag. x200
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Fig. 4. Statistical characteristics of the scores
in the groups at the day 4 Note: See Figure 2

¢c000

Fig. 5. Pathohistological picture at the site

of implantation on the 7 day:

a — in the control group; b — in the experimental
group. Stained with hematoxylin and eosin.

Mag. x200

Control group -

22000

Exp.group <

Score

Fig. 6. Statistical characteristics of the scores
in the groups at the day 7 Note: See Figure 2
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DISCUSSION

Postoperative wound healing is a dynamic pro-
cess affected by both exogenous and endogenous
factors [15, 16]. Bacterial infections are a signifi-
cant cause of implant failure. The growth of mi-
crobial biofilms on the surface of steel or titanium
implants can lead to the development of periim-
plantitis. Microbial contamination of the implant
and the associated inflammatory response inter-
fere with the adhesion of osteoblasts. Bacterial
infections of the periimplant area can cause o0s-
teomyelitis [17].

Perifocal reactions of soft tissues were studied
under conditions as close to real ones as possi-
ble, when contamination with microorganisms
occurs right at the moment of open fracture. The
microbial load is usually low, but the presence of
an implant in the wound contributes to the de-
velopment of infectious complications. Early in-
fection is most often localized in the soft tissues,
and with its extended duration the bone is also
involved.

Marked infiltration with polymorphocellular
leukocytes, the presence of necrosis and a weak
lymphomacrophagal reaction in both groups on
the 2n day were related to the activation of dam-
age-associated molecular patterns (DAMP) and
pathogen-associated molecular patterns (PAMP)
signaling pathways involved in nonspecific pat-
terns of innate immune response [18].

By the 4" day the statistically significant de-
crease of the number of immune cells and ne-
crotic detritus in the experimental group, as well
as increased connective tissue overgrowth and
neoangiogenesis could be related both to the
direct antibacterial effect of ciprofloxacin and
silver nanoparticles and to the anti-inflamma-
tory effect of ciprofloxacin revealed by F. Sasche
et al. [19]. These effects of antibacterial coatings
by the 7™ day of implantation led to the devel-
opment of less pronounced, well vascularized fi-
brous capsule around the experimental implants
with less noticeable infiltration by immune cells.
The above-mentioned morphological changes
around the experimental implant indicate more
favorable soft tissue healing [20].

The antibacterial effect of silver-containing
coatings against MRSA strains has already been
demonstrated many times in vitro [21, 22]. It is
known that, in addition to direct antimicrobial ef-
fect, silver nanoparticles can control the release of

anti-inflammatory cytokines, thereby contribut-
ing to faster wound healing without scar forma-
tion [23]. By stimulating the differentiation of my-
ofibroblasts from normal fibroblasts, they allow to
control the infection process and accelerate the
healing process. Silver nanoparticles also enhance
reepithelization of the epidermis by stimulating
the proliferation and migration of keratinocytes,
and in combination with tetracycline signifi-
cantly reduce the bacterial load in the superficial
and deep tissue layers in the mouse model, which
leads to accelerated wound healing [24, 25].

CONCLUSION

The obtained results allowed us to establish
subtle pathological morphological manifesta-
tions of tissue reactions in response to the use
of experimental implants with a four-component
composite antibacterial coating in case of bacte-
rial contamination of the surgical wound. On the
7% day, the morphological signs of inflammation
at the implantation sites of MRSA-contaminated
experimental wires into the soft tissues of the
laboratory animals were minimal, which can be
attributed both to the direct antimicrobial effect
of the coating components on the microorgan-
isms and to the anti-inflammatory activity of sil-
ver nanoparticles and ciprofloxacin in the early
postoperative period.
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Ucnonb3oBaHue AenpoTeMHU3UPOBAHHOM KOCTHOM TKaHU
B KayecTBe MaTpuLbl TKAHEUHXXEHEPHON KOHCTPYKLMMK:
3KCNepuMeHTa/NIbHOe uccneaoBaHue

E.A. AnacracueBal, JI.A. Uepmaunena!, T.I. TonctukoBa?, .A. Kupuiosa'l

L @I'BY «Ho80CUOUpCKULI HAYUHO-UCCe008amMeNbCKULI UHCMUMYm mpasmamonozuu u opmoneduu um. A.JI. IusvsHa»
Munsdpasa Poccuu, 2. Hogocubupck, Poccust

2 @I'FYH «Hogocubupckuii uHcmumym opeaiutieckoti xumuu um. H.H. Bopoxcyosea CO PAH»,
2. Hosocubupck, Poccus

AkmyansHocms. B HacTosiee BpeMsi IO PsIAy TMIPUUMH He BCerja BO3MOKHO TOTHOe 3aMeleHne aedekTa KOCTHOM
TKaHM ayTOT€HHOI KOCTbIO. B KauecTBe aJibTepPHATUBbI UCIIONb3YIOT KOCTHO3aMelllalole MaTepuaibl Kak 6uonoruye-
CKOTO, TaK ¥ HEGMOIOTMYECKOTO MPOUCXOKAeHMs. OMHUM U3 MyTeil Pa3sBUTHSI PEKOHCTPYKTUBHBIX TEXHOJIOTUIA SIBJISIETCSI
MCITO/Ib30BaHMeE TKaHEMsKeHEPHbIX KOHCTPYKIINIA, TOJTHOIIEHHO MMUTHUPYIOIIMX ayTOTeHHYI0 KOCTHYIO TKaHb B HE06X0IM-
MOM o6BbeMe.

Llens uccnedosaHus — ONpeNenuTh in Vivo BOSMOKHOCTY MCITOTb30BaHMS IEMPOTEMHU3UPOBAHHO Ty6UaToil KOCTHO
TKaHM YeJIoBeKa B KaueCTBe MaTPUIIbI /IS CO3MaHMS TKAHEVHXeHePHBIX KOHCTPYKIIMIA.

Mamepuan u memodst. ViccienoBaHue in Vivo OCYIIEeCTBISUIM Ha KpoauKkax Juauy NZW. s co3gaHms MaTpUIlbl UC-
MOJIb30Ba/IM (parMeHThI JeIPOTEMHMU3MPOBAHHO I'y6uaToi KOCTHOI TKaHM TOJOBKYM GeIpeHHOM KOCTU 4esloBeKa, CTPOo-
MaJTbHO-BaCKY/ISIPHYIO (PaKIIMIO SKMPOBOJ TKAHY KpOauKa. JIist oleHKM 3G GheKTUBHOCTY pernapaTuBHOTO OCTeoreHe3a Impu
PEKOHCTPYKIMY KOCTHBIX Ae(heKTOB BBIMOIHSIOCh MOJIETMPOBaHMe KOCTHOTO JedeKkTa ¢ ero rnocjaenyoimM 3aMelieHn-
eM. BbiiesieHbl TpymIbl uccaemnoBanus: 1-s1 rpymna (KOHTPOIbHAS)) — XUPYPrudeckoe MOJeTpPOBaHye KOCTHOTO JedekTa
6eIpeHHO KOCTU 6e3 ero PeKOHCTPYKIINH; 2-51 TPYIIa — XUPYPTUUECKOe MOMeIMPOBaHye KOCTHOTO AedeKTa 6epeHHOi
KOCTU C ero peKOHCTpyKIuei dparMeHTaMy OeMpOTEMHU3UPOBAHHOM T'yGUATO KOCTHOM MAaTPUIIbI; 3-S1 TPYIIA — XU-
pypruueckoe MoJeIupoBaHMe KOCTHOTO AedeKTa 6eqpeHHOI KOCTM C ero PeKOHCTPYKIMei dhbparMeHTaMy JerpoTeMHM-
3MPOBAHHOJI I'y6UaToi KOCTHO MaTPUIbl COBMECTHO CO CTPOMAa/IbHO-BACKY/ISIPHOI (pakifymeit SKMpoBoii TKAHU (COIIACHO
texHosioruu ACP SVF).

Pe3zynvmamuoit. CpaBHUTENbHBIN aHAIN3 perlapaTMBHBIX MPOLIECCOB IIPU UCIIOTb30BaHUM TKAaHEMHKeHEPHOV KOHCTPYK-
LMY Ha OCHOBE KOCTHOIM MaTpPUIIbI U3 MENPOTEMHU3UPOBAHOM I'y6uaToi KOCTHOI TKaHM YelIoBEKA B COUETAHUMU CO CTPO-
MaJIbHO-BaCKY/ISIPHOI (bpakiiyeit SKupoBoii TKaHM Ha SKCIIEPUMMEHTAIbHOM MOZIENN in Vivo BBISIBWII, UTO MCITOJNb30BaHMeE
KOCTHO3aMeIIAIoIMX MaTepuaaoB CIIOCOGCTBYET He TONBKO PaHHEl aKTMBAIMM PerapaTVMBHON pereHepaliuy OCHOBHBIX
CTPYKTYPHBIX 3JIEMEHTOB KOCTHOJ TKaHM B MeCTe 3aMelleHMsi KOCTHOTO JedekTa, HO M UX CBOEBpeMeHHOI nuddepeH-
LIMPOBKe. DTO OOYC/IOBIMBAET BOCCTAHOBJIEHME CTPYKTYPHO-(GYHKIMOHAIBHOM COCTOSITENbHOI KOCTHOM TKaHU B MeCTe
TIOBPEXAEHMSI, He BbI3bIBASI PA3BUTHS BHIPAKEHHOTO PEAKTMBHOTO BOCHaseHus. IIpy 3ToM eiicTBe BhIOpPAHHON TKaHe-
MHKeHEPHOV KOHCTPYKIIMM C COYETAaHHBIM BIIMSHYEM HecKonbkux dhakTopoB (ACP SVF) B ee cocTaBe oka3anoch 6osee adh-
(bekTUBHBIM /1S yCKOpeHus pereHepanyu u quddepeHIPOBKY KOCTHOM TKaHMU.

3axnatoueHue. Vicrionb3oBanue couetaHusi SVF ¢ JenpoTeMHM3UMPOBAHHOM KOCTHOM MaTpulleil A5l CO3MaHNusI TKaHEeUH-
SKeHEepHOV KOHCTPYKIMM MO3BOJISIET 3a/1€/ICTBOBATh HECKOJIBKO MEXaHM3MOB pereHepanyu 1 YCKOPUTH MPOoIecc 3aMele-
HMSI KOCTHOTO JledeKTa 1Mo CpaBHEHUIO C M30IMPOBAHHBIM MCITOb30BaHMEM JEMPOTEMHU3MPOBAHHOM KOCTHOM MaTPUIIbI
1 6e3 peKOHCTPYKIIUY KOCTHOTO fedeKTa.

KiioueBbie /I0Ba: TKaHEMHKeHEPHAs] KOHCTPYKIMS, KOCTHBIN JedeKT, KOCTHAsT MaTpUIia, AePOTeMHU3MPOBAHHAS
ry6uartasi KOCTb, 3aMelleHI e KOCTHOTO JAedeKTa, CTPOMATbHO-BACKY/ISIpHAs GpaKius JKUPOBO TKAHM.
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Deproteinized Bone Tissue as a Matrix for Tissue-Engineered
Construction: Experimental Study

Evgeniya A. Anastasieval, Liliya A. Cherdantseva!, Tatyana G. Tolstikova?,
Irina A. Kirilova'!

I Novosibirsk Research Institute of Traumatology and Orthopedics n.a. Ya.L. Tsivyan, Novosibirsk, Russia
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Novosibirsk, Russia

Background. At present, for a number of reasons the complete bone defect replacement with autogenous bone is not
always possible. Bone substitute materials are used as an alternative to autogenous bone tissue and can be of either biological
or non-biological origin. One of the ways of development of reconstructive technologies is the use of tissue-engineered
constructs that fully imitate autogenous bone tissue in the required volume.

Aim of study — to define in vivo the possibility of using deproteinized human cancellous bone tissue as a matrix for
creating tissue-engineered constructs.

Methods. An in vivo study was carried out on NZW rabbits. To create a construct, we used the fragments of deproteinized
cancellous bone tissue of the human femoral head and stromal vascular fraction of rabbit adipose tissue as a matrix. Bone
defect modeling with its subsequent replacement was performed to evaluate the efficacy of reparative osteogenesis during
bone defects’ reconstruction. Study groups were defined: group 1 (control) — surgical modeling of a bone defect of the
femur without its reconstruction; group 2 — surgical modeling of a bone defect of the femur with its reconstruction using
fragments of deproteinized cancellous bone matrix; group 3 — surgical modeling of a bone defect of the femur with its
reconstruction using fragments of deproteinized cancellous bone matrix in combination with stromal vascular fraction of
adipose tissue (according to ACP SVF technology).

Results. Comparative analysis of reparative processes in case of applying tissue-engineered constructs based on
deproteinized human cancellous bone matrix in combination with adipose tissue-derived stromal vascular fraction on in
vivo experimental model revealed that the use of these bone substitute materials contributes not only to an early activation
of reparative regeneration of main structural elements of the bone tissue in the area of the bone defect replacement, but
also to its well-timed differentiation. This determines the restoration of structural and functional viability of the bone
tissue at the damage site without developing discernible reactive inflammation. Moreover, the effect of the selected tissue-
engineered construct with the combined influence of several factors (ACP SVF) in its composition turned out to be more
effective in stimulating bone tissue repair and differentiation.

Conclusion. Combination of SVF and deproteinized bone matrix for creating tissue-engineered constructs enables to
engage several regeneration mechanisms and accelerate the process of bone defect replacement in comparison with isolated
deproteinized bone matrix without bone defect reconstruction.

Keywords: tissue-engineered construct, bone defect, bone matrix, deproteinized cancellous bone, bone defect
replacement, adipose tissue-derived stromal vascular fraction.
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BBEJEHUE

B Hacrosiiee BpeMsi aKTyaJabHbIMU [IJI1 OKa3aHUs
BBICOKOTEXHOJIOTMYHOI U CIIelMalu3pOBaHHON Me-
IUILMHCKOV MOMOILM NalyeHTaM B TpPaBMaTOJIOTUU U
OpTONeANM OCTAIOTCSI BOMIPOCHI 3aMellleHNs yTpaueH-
HOTO 0ObeMa KOCTHOJ TKaHU IPU MATOJOTUYECKUX
COCTOSIHMSIX PasHOro sTuomnartoreHesa. [IpumumHamu
dbopMupoBaHUsI KOCTHBIX AehEKTOB MOTYT SIBIISTh-
€S KaK CerMeHTapHble pe3eKLyM KOCTeii M0 MOBOLY
OTIYXOJIEBBIX M OITYXOJIETIOA00HBIX IIPOIIECCOB KOCTE,
TakK M PedHIONPOTE3UPOBaHME CYCTAaBOB, TPAaBMbI U
nocnencTBus ux jgedenus [1]. ITox yrpaueHHbIM 00b-
€MOM KOCTHOJ TKaHM cjefyeT MOHMMAaTb He TOJbKO
(dbaxkTMyeckoe OTCYTCTBME Y4acCTKa KOCTM, HO U U3-
MeHeHMe ee TUIOTHOCTM — YIUIOTHEHMe, Halpumep
BCJIE[ICTBME VIMITIPECCMOHHOTO TTeperioMa, Tpebyroie-
IO PEKOHCTPYKTMBHOM KOPPEKLUM, a TaKKe HEeCOOT-
BETCTBME CTPYKTYPHO-(GYHKIIMOHATbHBIX XapaKTepu-
CTUK KOCTHOI TKaHU, HaIIpuMep B 00JaCTY JIOSKHOTO
cycrasa [1, 2].

TpynHOCTb 3aMellleHMSI KOCTHBIX Ne(eKTOB MoO-
KeT BO3HMKAaThb B C/lyyae KakK OrpaHMYEHHbIX, TaK
M HeorpaHMYEHHBIX NOedeKTOB, UYTO uMeeT 0coboe
3HaueHMe IpM COYETaHUM MaTOJOTMYECKOro IMpo-
Iecca ¢ HapylleHMeM HOPMAaJIbHOI OMOMeXaHUKU.
[Ipy 3TOM HeMaJIOBaKHYIO POJb B YCIIEIIHOCTU Ka-
YeCTBEHHOJ PEKOHCTPYKIMM KOCTHBIX mOedeKToB
UTPAOT MHAUBUIYAJIbHbIE OCOOEHHOCTY OpraHm3Ma
nainyueHTa. be3ycioBHO, 4 B HacTosilee BpeMs 14 3a-
MellleH!sI KOCTHBIX AedeKTOB ONTUMAaIbHbBIM SIBJISIET-
Cs1 ayTOreHHas KOCTHAasl TKaHb MauueHTa [3]. OgHako
M0 psiLy NPUUMH He BCErga BO3MOXHO IOJHOe 3a-
MelleHMe nedeKTa KOCTHOVM TKaHM C ee TTOMOIIbI0
[4, 5]. B kauecTBe aabTepHATUBBI UCTIOTB3YIOT KOCTHO-
3aMelaole MaTepuaabl Kak 6110J0TMYecKoro, Tak
M HeOMOJOTUYeCKOTO MmpoucxokieHus. Ha maHHoMm
3Tare MOXHO BbIAEIUTh ABa OCHOBHBIX ITyTU Pa3BU-
TUSI PEKOHCTPYKTUBHBIX TEXHOIOTHIA [1, 4, 6]. IlepBbiit
U3 HUX — CO3JaHMe M YCTAaHOBKA MHAVBUAYAIbHBIX
3D-KoHCTpyKLIMiA. MeTon OT/IMYaeTcs BBICOKON 3¢-
(beKTMBHOCTBIO, OJHAKO 3aTPAThl JJISI TIPOM3BOMCTBA
3D-uMIIaHTaTa BbICOKME. BO3MOXHO, IIpU yelles-
JIEeHMM MaTepuaibHOI 6a3bl MeTof OymeT 6osee mo-
CTYIIEH, XOTS IIPU pacueTe Ha OTAAJIeHHbIN ITepuof, 3a-
TPaThl MOXKHO CPaBHUTB CO CTaHAAPTHBIMYM METOAAMU
JedeHus [7]. BTopoit IyTb pa3BUTHSI PeKOHCTPYKTUB-
HbIX TEXHOJIOTMI KOCTHOJM TKaHU — MUCIIOJIb30BaHMeE
TKaHeV>XKeHePHbIX KOHCTPYKIIMIA, TTOJTHOIIEHHO UMMU-
TUPYIOLIMX ayTOTEHHYI0 KOCTHYIO TKaHb B HEOOXOI M-
MoMm obbeme [8].

Llens uccnedosaruss — ompenenuTb in Vivo BO3MOXK-
HOCTY MCIIO/Tb30BaHMSI IeIPOTEMHU3MPOBAHHOI I'y0-
YaTO¥ KOCTHOM TKaHU UesloBeKa B KaueCTBe MaTPULIbI
LIS CO3aHMS TKAaHEMH)KeHEPHBIX KOHCTPYKLIMIA.

MATEPHAJI 1 METO/1bl

Boi6op modenu. ViccneqoBaHue BBITIOTHEHO Ha 24
Kponukax auauu NZW. Beuto chopmupoBaHo Tpu
TPYNIIbI UCCIIef0BaHMs: 1-4 rpynmna (KOHTPOIbHAs) —
XUPYpruyeckoe MoJenpoBaHMe B yuacTkax nuadmusa
KOHTpajaTepanbHOM 6epeHHOl KOCTU KOCTHBIX -
(hexToB 6€3 PEKOHCTPYKLMM, aHAJIOTUIHBIX TPYIIIaM
UCCIIefOBaHMS; 2-5 TpyIIa — XUpPypruyeckoe Mofe-
JMMpoBaHMe KOCTHOTO Aedekra nuabmsa GeqpeHHON
KOCTY C er0 PeKOHCTPYKIMei dhparMeHTamMu AeIpo-
TeMHU3MPOBAHHOI Ty6UaToii KOCTHOM MaTPUIIbI ye-
JIOBEKa; 3-51 rpymIia — XUPypruueckoe MOLeIUpoBa-
HMe KOCTHOro medekra auadusa O6eIpeHHON KOCTU
C ero peKOHCTPyKIIMeit GpparMeHTaMy IOeMpOTEeUMHMU-
3MPOBAHHOI TybUaToOil KOCTHOV MaTpUIIbl UesoBeKa
COBMECTHO CO CTPOMAabHO-BaCKYISIPHOI (ppakiumeit
SKMPOBOI TKaHM (COIMIacHO TexHojorum «Autologous
conditioned plasma-SVF» (ACP-SVF) (maTeHT
US10512659B2).

JKMBOTHBIX BBIBOOWIM W3 3SKCIIepUMMEHTa IIOf,
3bupHBIM HApKO30M Ha 2-i, 4-i1 U 6-it HeJ. moCIe-
OIepalMOHHOTO Nepuofa. B cTaHIapTHBIX YCIOBUSX
OCYILIeCTB/ISIM 3ab60p OMepalMoOHHOTO MaTepuana
IJI TIOC/TeAYIoLeil TUCTOMOTMYECKOM OLLEHKU MeCT-
HOTO BJMSIHMS KOCTHO3aMellaloux MaTepuajoB Ha
KMBBIE TKaHM U peaJinM3alMi0 penapaTuBHOIO OCTe-
oreHesa B 00/1aCTM PEKOHCTPYKLUMM KOCTHBIX Aedek-
TOB. DBTaHA3UIO KMBOTHBIX OCYLECTBJISIIU CII0CO60M
nepeno3upoBKM 3PpUpHOTO Hapko3a. [uzaitH uccie-
IOBaHMSI COOTBETCTBYET HEeMCTBYIOILMM MeXIyHa-
POIHBIM CTAaHAAPTAM IIPOBeIeHMsI TaO0PaTOPHBIX MUC-
cnegoBanuii ISO 10993-2-2009.

ITodzomoseka KkocmHotli Mampuys! 01 80CNOJIHe-
Hus depekma. NSl cO3maHMsI MATPUIbl UCIIOIb30Ba-
mu  GdparMeHThl AeNpPOTEMHM3UPOBAHHON Ty6UaToi
KOCTHOJ TKaHM TOJIOBKM OGegpeHHOI KOCTU (JUeyioBe-
Ka), pe3elypOBaHHOM MO MeAUIMHCKMM IOKa3aHU-
SIM U TI0C/Ie KOMILIEKCHOTO 00C/IefoBaHMSI Ha TeMo-
TpaHcMuccuBHble MHObeknuu (BUY, rematut B u C,
cudwmmmc). Kaskaplii MMIUTaHTUPYEMBIii o6pasel; ObLT
3apaHee CMOIeIMpoOBaH 1Mo Gopme U pasMepam, CO-
OTBETCTBYIOLIMM MOZEIUPYEeMbIM KOCTHBIM Jedek-
TaM, [OJBEPrHYT MHOTO3TAITHOM ITOC/Ie0BATEIbHOM
06paboTKe — MeXaHMYeCKoi U (PU3UKO-XUMUIECKOH
JeLleJUTIoNSpU3aluy U JeNpoTeMHU3ALMUM C TTOCTeNYI0-
1ieit paguMalnyoHHoi crepunmsaieii (RU 2232585 C2,
RU 2223104 C2, RU 2640932 C2).

Pasmepsl (parMeHTOB KOCTHOV MaTpHULbI CO-
OTBETCTBOBAJIM pasMepaM KaKIOTO CMOZEINPO-
BaHHOTO KOCTHOTO JedeKTa M COCTaBIsIM 2x5 MM*.
Lynuuppudeckas Gopma KOCTHOM MaTPUIbI obecre-
YMBAET ero CTabMIbHOE HeITOABMKHOE PACIIONOKEeHY e
B yuyacTke MMIUIaHTauuu. [IpoBoguin ucciesoBaHue
MECTHOTO BJIMSIHUSI pa3fpakarollero, CeHCUOMIN3U-

*TOCT ISO 10993-6-2011, peiictByromuit 1o 01.03.2022, u TOCT 10993-6-2021 ITpunoxkenne C, akTyasibHOE HA MOMEHT IIPOBEAEHUS
9KCIIEPUMEHTAIbHOI paboTsl B3ameH yrpaTtusiiero cvry TOCT P MICO 10993-6-2009 [Mpunoskenue D.
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PYIOIIETO U IUTOTOKCUYECKOTO e iCTBUS BBIOPAHHBIX
KOCTHBIX MATpPWI] Ha KMBbIe TKAHM B 0OJIACTU UM-
IUIAHTAILMOHHOIO JIOKa™,

Memoduka nosyueHus HUpoeoii mkaHu u cmpo-
MAIbHO-8ACKYNAPHOU  hpakyuu  #upoeoli  mKaHu.
o Havajia aHeCTe3UM y SKUBOTHBIX 3abupanu 2 M
BEHO3HOJi KPOBY U3 V. marginalis c TOCJIeIYIONINM IBY-
KpaTHBIM IIeHTpUdyrupoBanueMm B TeueHue 10 MuH.
npu vactote 2800 06./MuH. [9]. KoskHble MTOKPOBBI
B 00/acTM 3KCIEPUMEHTAIBHOTO XUPYPTUUECKOTO
BMeIIaTebCTBA OCBOOOKAAINM OT IIEPCTU M MapKu-
pOBaIM 1O CTaHAAPTHO MeTonuke [10]. O6myio aHe-
CTEe3UI0 OCYHIeCTB/ISIIM 1% pacTBOPOM TMOIIEHTaIa
HATpMsI C IpeAIIecTBYIOIIei MeCTHOI MHPUIbTpalu-
OHHOI1 aHecTe3uel TKaHei 2 M 2% pacTBopa JIngo-
KamHa ¢ 6 mi1 0,9% pactBopa NaCl a1 Kaskaoro sramna
orepaiumu.

C 1menpl0 MMHMMM3AIUU 0ObeMa OIMEPATUBHOIO
BMeIIaTeIbCTBA VCIIOIb30BAIM €IVMHUYHBIN HEeOOb-
IO XUPYPTUYECKUI JOCTYI MO AOPCATIbHOM MOBEPX-
HOCTM IlIey XMBOTHOTO, TapaBepTeOpaibHO MEXKIY
JIOTIaTKaMM U Tlapasie/ibHO TMHUMU OCTUCTBIX OTPOCT-
KOB ITO3BOHKOB ¥ OCYIIIECTBJISIM 3260D JKMPOBOI TKa-
HY KpPeMOBO-0€eJIoro 1Bera B o6beMe 2 M. IMeHHO
IIJIST 9TOJ JIOKAIM3ALMU Y B3POCIbIX 0CO0€ET KPOIMKOB
XapaKTepHO Hauboblllee KOJUUYECTBO CBETI0-KO-
PUYHEBBIX KMUPOBBIX KieTok (Beige AT), cXOXXux o
CBOJICTBAM C XOPOILIO BaCKY/ISIPU3UPOBAHHOI Oypoii
SKMPOBOV TKaHbIO [11]. ComtacHO MpMHLUIIAM COBpe-
MEHHO (GU3MOI0TUM, ¥ YeSIOBEKA TPV BbITTOTHEHUN
orepauuii C UCIOJIb30BaHMEM CTPOMAaTbHO-BAaCKy-
JISPHOV (ppaKkuuM XKMPOBOI TKaHM 3a60p KUPOBOIA
TKaHM OCYILECTBJSIETCS U3 aHAJIOTMUHBIX aHATOMMU-
yecKux o6siacTeii Tena U mapayMOMIMKaIbHOM 30HBI
[12]. TMomyyeHHYI0 >XMPOBYK TKaHb YKIaIbIBaJIN
B CTePUJIbHYIO YamKy IleTpu ¢ mobGaBieHuem 4 M
pactBopa KnsiiHa (OpuUrMHaAbHOTO COCTaBa) C MO-
crenyrIuM u3menbueHeM (puc. 1).

O6pabarpiBajM IOCPEICTBOM OBICTPOIO II€PEro-
Ha B CUCTeMe U3 [IBYX CTEePUIbHBIX MHBEKIMOHHBIX
LITIpULIEB O TOMyYeHUs] OJHOPOAHOI Macchl € TO-
CJIeqyIoNIMM paciipeeieHueM 1o 4 mpobyupKram Tumna
anmeHgopd o6beMoM 2 MJI U OBYKPATHO IHEeHTpUdy-

TMpOBaM B TeueHMe 10 MUH. IIpM YacToTe 060POTOB
2800 06./MMH. C STalHBIM OUYMIIEHMEM (IOIOTHU-
TeJIbHbIM LIeHTPUGYTMPOBAHMEM) ¥ COOTBETCTBEHHO
cokpalieHneM obbema cyberpara. Cliemyrooimmii sTarm
BbIZIeJIEHUST U 06pabOTKM CTPOMAJIbHO-BACKYJISIPHOM
dbpakumy KMPOBOJ TKAHM ObLI IPOBEIEH I10 CTaH-
IapTHOM MeTOomuKe ¢ moOaBIeHUEM IeHTPUDYTUpo-
BaHHOJ KPOBM — BBIJIEJIEHHOI U3 Hee 000raiieHHO
TPOMOOLIMTAMU T1JIa3MOIA.

[lo pmaHHBIM JIUTEpPATYPbl, KOIUYECTBO KJIETOK
SVF, KoTOpble MOIYT OBbITb BBbIAEIEHbI U3 IOIKOXK-
HOJi JXKMPOBOJ TKaHM, COCTABJSET MPUOIUIUTETHHO
0,5-2,0x10° Ha rpaMM >XMPOBOJ TKaHMU, MPU STOM
MIPOLIEHTHOE cofep>kaHue CTBOJIOBBIX KJIETOK KoJie-
6nercs ot 1 go 10% [13, 14].

Memooduka no0Kox#cHOU UMNIAHMAyuU KOCMHbIX MA-
mpuy. ITocne nonyyeHns: KMPOBOJ TKaHU XUPyprude-
CKMM CITOCOOOM [IJIST OTIpeAesIeHNsT BIUSIHUSI KOCTHOM
MaTpuilbl Ha >KMBbIE TKAHU >KUBOTHBIM IOIKOKHO,
C IBYX CTOPOH NapaBepTeO6paybHO U MapaslIeIbHO JIN-
HUM OCTUCTBIX OTPOCTKOB MIO3BOHKOB YCTaHABIMBAIN
(dbparmeHTHI TY6UATOIN TEIPOTEMHU3UPOBAHHO KOCT-
HOJi TKaHY TOJIOBKM GelpeHHOJi KOCTU YejIoBeKa pas-
MepOM 5x5 MM C ITOC/TIeAYIOIIMM YIIMBAHUEM KOKU
CTepPUIbHBIM LIOBHBIM MaTepuaaoM IIPOCTHIM Hellpe-
PBIBHBIM OGBMBHBIM IIIBOM.

Memooduxa modenuposanuss KOCmHvlx Oepeximos
U UX PEeKOHCMPYKYUU KOCMHO3AMewarnuumu mame-
puanamu Ha ocHoge KOCMHwlx mampuy. s OlleHKU
3(pheKTUBHOCTM penapaTMBHOTO OCTEOTeHe3a Mpu
PEKOHCTPYKIMM KOCTHBIX Me(GeKTOB pasHbIMM Bapu-
aHTaMM KOCTHO3aMel[awIuX MaTepuaaoB Ha OCHO-
Be KOCTHBIX MAaTPUI] OCYIIECTB/SIA MMILIAHTALUI0
(bparMeHTOB  [IempOTEMHM3MU30BAHHON  ry6uaToit
KOCTHO¥ TKaHY B MOJeIMPOBaHHbIE€ KOCTHbIE Aedek-
Thl COIIACHO BBIOPAHHBIM TPYIIIIAM MCCAeIOBAHMS.
C 9TOJi LIeNbI0 B CTEPUJIbHBIX YCIOBUSIX TIOH, 00IIei
KOMOVHMPOBAHHOJ aHeCcTe3yeli BBIIOMHSIIM XUPYP-
TMYEeCKUIL OOCTYII 10 JJaTepaabHOM CTOPOHE AMCTANIb-
HOJi yacTu 6enpa. Msrkue TKaHM pasBOIMIN TYIIO T10
X0y MbILIIEYHBIX BOTOKOH, HAAKOCTHUILY OTCAauBaIn
Mpu MOMOILM pacrnaTopa.

B guacdwusapHoit yactTu GempeHHO! KOCTU obe-
MX 3aOHMUX JIANl KKIOTO KMBOTHOTO (OpMMUPOBAIN
M0 TPU KOCTHBIX Hedekra crenuaan3MpoBaHHBIM
CTEPUIbHBIM XUPYPTUUECKUM MHCTPYMEHTapueM.
IBa M3 Tpex KOCTHBIX Ae(heKTOB, pPaCITONOKEHHBIX

Puc. 1. XXupoBast TKaHb MEXKJIOIATOUYHOI 06/1aCTM KpoauKa Juuum NZW
B Ipoiiecce 06pabOTKY IO CTaHIAPTHOM MeToaVKe

Fig. 1. Fragmented interscapular adipose tissue of a NZW rabbit during its processing
according to the standard method

* TOCT ISO 10993-6-2011 (meiictBytommit mo 01.03.2022) u 10993-6-2021 IlpunoskeHnue A, akTyalbHOe HA MOMEHT IIPOBeIEHMS
9KCIePUMEeHTaIbHOI paboTsl B3aMmeH yrpaTusiiero cuiry T'OCT P ICO 10993-6-2009 [IpunoxkeHue B.
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B auaduse IpaBoit OempeHHOI KOCTH, 3arojIHS-
oM obpaslamMy KOCTHOTO MarTepuasia B COOTBET-
CTBUU C TPYTIINON UCCIENOBAHUS — 2-5 U 3-51 TPYIIIIbI
(puc. 2). CUMMeTpUYHbI€ KOCTHBIE Ae(eKThl KOHTpa-
JlaTepaibHOM O6eIpeHHOV KOCTU He 3aIOIHSIIM KOCT-
HbIM MaTepUaioM, UCII0SIb30BaJI/ B KAUeCTBE KOHTPO-
Jist. 711 TOATBEPKAEHUST OTCYTCTBUSI BapUATUBHOCTHU
MOPGOIOTMYECKNX ITPOSIBJIEHNIT perlapaTUBHO pere-
Hepauyy KOCTHOM TKaHU B YCJIOBUSIX KaXKI 0 OTENb-
HOJ 0cobu 6bUIM CHOPMUPOBAHBI TOMOTHUTEIbHbIE
IedeKTbl — M0 OJHOMY B Auadu3apHOil yacTu Gem-
PEHHOJ KOCTM Ha KaXKmoi KoHedyHOCTH. Ilocie 3To-
ro OCYUIeCTBJIS/IM reMOoCTa3 U MOCA0MHOe yIlIMBaHue
orepalMoOHHON paHbl. OCyIIeCcTBISIIM 06paboOTKY I0-
CJleonepaliMOHHOrO IIBa PAaCTBOPOM aHTUCENTUKA U
IMOPOIIKOM aHTMOAKTEPUATIBHOTO KOMOMHMPOBAHHO-
ro mIpernapara C akKTMBHBIMM BellleCTBaMM GamuTpa-
LIVIH, HEOMUIMH.

Puc. 2. Xupypruueckoe
MopenupoBaHue neheKToB
KOCTHOJ TKaHu B Avaduse
6eIpeHHO KOCTM KPOJIUKa
Fig. 2. Surgical modeling

of bone defects in the femoral
diaphysis of a rabbit

Tucmonozuuecxkoe

uccnedosaHue 0onepayuUoOHHO20
Mamepuana. MaTepuajomM UCCIETOBAHUS CITY>KUIN
(parMeHTBI KOCTHOI TKaHM U3 06JIaCTU XUPyprude-
CKOTO MOJe/MPOBaHUSI PEKOHCTPYKIIUM KOCTHBIX [ie-
exroB. O6pasiel hukcupoBanu B 10% HeliTpasbHOM
3a6ydepeHHOM pacTBope GpopMainHa B TeueHue 72 4.
C TIoOUIeAywollel pAekaablMHAIMEel B pacTBOpe
Puxmana -Tenbbanga - Xwina B TeueHue 10 cyT. mpu
temnepatype 20°C. Ilocne cTaHZAPTHONM TUCTOIOTU-
YyecKo¥ MPOBOAKM B CeEpUMM CIIMPTOB BO3pacTaloliei
KOHIIEHTpalMU U KCUIoNe o6pasilbl KOCTHOM TKaHU
3aJIMBAJI B ITapadyHOBbIe 6JIOKY C TOCIeTYIONUM 13-
rOTOBJIEHMEM CEPUITHBIX CPe30B TOMINHOM 4—5 MKM
U UX OKpallMBaHMEM TreMaTOKCWJIMHOM U 303MHOM.
C uwenbio audepeHIMPOBAHHON KOIMUECTBEHHOM
OLIeHKM 3peioi 1 hopMUPYIOIIeics COeIMHUTENbHOM
TKaHM B o6pasiiaXx MCCIeTOBAaHMUSI TUCTOJIOTMYECKIE
cpesbl OKpamuBaau no Ban 'm3oHy m monBepranu
MUMITperHaiuu cepedbpom. ITocie oKpacku mpernaparhbl
3aK/II0YaiM B MOHTUPYIOUIYIO Cpeny IO, MOKPOBHOE
CTEKJIO U BBICYIIMBAIM B TeueHue 7 AHEN Mpu KOM-
HaTHOJ TeMIlepaType.

OG630pHYI0 CBETOBYI0 MMUKPOCKOIMIO C IOJTyve-
HMeM O0630pHBIX MMKpodoTorpaduit oCyIecTBIs-
U Ha nabopaTopHOM MUKpockorie OLYMPUS CX 43

¢ ¢porokamepoit OLYMPUS UC 90 (Olympus Medical
Systems Corp., SIrouus). MopdomeTtpuueckoe rmccie-
IOBaHME TUCTONOTUYECKMX 0OPa3IOB YYaCTKOB re-
TEPOTONMMUYECKON U OPTOTOIMMUECKON MMILIaHTALIN
MaTepuaaoB UCCIeSOBaHUSI TTPOBOAMIN C TIOMOIIbIO
nporpaMmmHoro o6ecrieuenus (Image]J, v. 1.530, 2022,
Wayne Rasband and contributors National Institutes
of Health, CIIA) npu yBesmuenuu 200. B rucromno-
IMYECKUX Cpe3ax OLIEHUBAIMU UUCAEHHYIO IVIOTHOCTb
cocynoB (Nai), 3 HMX IIPOLIEHT MOJHOKPOBHBIX COCY-
OB B 30He MMIUTaHTayu (%), 06bEMHYIO TUIOTHOCTD
3peNbIX KOJUIareHOBBIX BOJIOKOH (VVv%), 0O0bEeMHYIO
TJIOTHOCTD aprUpOMUIIbHBIX COeIVTHUTENTbHOTKaHHBIX
BOJIOKOH (Vv%), 00bEMHYIO IJIOTHOCTh KOCTHOJ TKa-
HMU 3peJjioit ¥ HoBoo6pas3oBaHHOI (Vv%).

CraTuCcTHUYECKNI aHaIN3

CratucTudeckyro 06paboTKy MoIydeHHbIX MOpdO-
MeTpUUECKMUX TaHHBIX OCYILIECTB/S/IM B MpOrpaMme
RStudio (v. 2022.02.1 RStudio, Inc., CIIIA) Ha s3bIKke R
(v. 4.1.3, ABCTpUS).

JleCKpUNITUBHbIE CTAaTUCTUKMU HEIPepbIBHBIX IO-
KaszaTesei pacCUMTBIBAIUCh B BUe MeVaH [[1epBbIi
KBapTWJIb; TPETUI KBAPTUJIb], CPegHee * CTaHapTHOe
OTKJIOHEHMEe ¥ MUHMMa/JIbHOe — MaKCUMaJbHOe 3Ha-
YyeHMe; Yy KaTeropuasabHbIX ITOKa3aTeseil ompenens-
JIOCh KOJIMUYECTBO MAMEeHTOB (YacCTOTa) A/ KaXKmon
KaTeropumu.

CpaBHeHMEe HeIpepbIBHBIX ITOKasaTeneil Mexkay
rpyInamMy IpOBOAMIOCH HellapaMeTpuueCcKUM Herap-
HbiM U-kputepmem MaHHa-YutHu. IIpomsBommics
pacueT CMellleHUSI paclpefeleHuit C TMOCTPOeHU-
eM 95% moBepuTenbHOro mHTepBania (OW) mns cme-
meHus. KateropuanbHble TMoKa3aTenu CpaBHUBA-
JIU TOUYHBIM JBYCTOPOHHUM KpuTepuem @uiiepa.
Koppekiust ommbKyM MHOKECTBEHHOTO TECTVMPOBAHMS
MpM CpaBHEHUM KaTeropuii MpoBOAWIACH METOAOM
Benmkamuuy — Xox6epra.

[TpoBepka CTaTUCTUYECKUX TUIIOTE3 IMPOBOAMUIIACH
MIpY KPUTUUYECKOM ypOBHe 3Haummoctu p = 0,001, T.e.
pasnauume CUNTAIOCh CTATUCTUUECKM 3HAUMMBIM IIpU
p<0,001.

PE3VJIbTATbBI

IIpy MakpOCKONMUYECKONM Oll€HKEe TTOKPOBHbBIX TKa-
Heit 06J1aCTV reTepOoTONMNIECKON UMITIAHTALUM KOCT-
HbIX MaTpull, HAUMHAS CO 2- Hen. MUCCIegOBaHMS,
MOPGOJIIOTMYECKUX MPU3HAKOB PA3BUTUS MECTHOM
BOCHAJIUTEIbHOM peaKkly Y KMBOTHBIX BbISIBJIEHO He
6b110. Y BCEX KMBOTHBIX B yJacCTKaxX MMILIAHTAIlUM
oTMeuasin (GOPMUPOBAHME COCTOSTEIBHOIO IOCIE0-
MepalMoOHHOro pyobiia TonumuHoi 10 0,2 ¢cM IJIOTHOM
KOHCUCTEHIIMM Ha BceM MpoTskeHuu. KoskHble Mo-
KPOBBI B 00JIACTY ITOCTIEOTEPALIMIOHHOTO PyoI1ia ObLIn
1IeJIOCTHBIE, 6JIeIHO-PO30BOr0 IIBeTa, 6e3 MaToI0TH-
yecKkux m3MeHeHuit. ITooKoskHas KaeTdyaTka o0IacTy
MOCJIeONEPALIMIOHHOIO Py0OIla ITpeacTaB/ieHa PaBHO-
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MEePHOI1 ITPOCI0IKOM XUPOBOI TKAHU CBETI0-KPEMO-
BOTIO IIBeTa TOMIIMHOI 1o 0,5 cM 0OHOPOIHOI KOHCU-
CTeHLMM 6e3 MaTOoJIOTMUYeCKUX U3MEeHeHMI.

Ha 2-i1 Hep. nccienoBaHus Ipy CBETOBOI MUKPO-
CKOIMMU TUCTOJOTUYECKUX OOpas3loB KOXKM 00IaCTU
reTepoTONMUecKoi (uKcaluy MMILIAHTaTa Y KU-
BOTHBIX MEX/Y TepMOJi ¥ MBIIIIE CIIMHbBI OTMevasIn
(opmupoBaHMe TOJCTOCTEHHOM COEIVMHUTEIbHOT-
KaHHOJ KarCyybl o (1ab0it MHGUIbTpAIMEN CTEHOK
MakpodaraMy ¥ MOHOHYK/JI€apHbIMU JIEMKOIUTAMMA.
Mesxly BOJIOKHAaMU COeIMHUTEIbHOM TKaHU BbISIBUIN
60JIbIIIOE KOJMYECTBO MEJIKMX TOHKOCTEHHBIX KpOBe-
HOCHBIX COCYZIOB 6€3 ITPU3HAKOB re MOV PKYISITOPHBIX
HapyuleHui. B TmpocBeTe COeaVMHUTETbHOTKAHHON
KaIICy/Ibl COXPaHSUIUCh (hparMeHThbl MMILJIAHTVPOBAH-
HBIX OEeMPOTEUMHU3UPOBAHHBIX TyOUYAThIX KOCTHBIX
MaTpull, TpeACTaBIeHHbIE 3Pe/IOil KOCTHOM TKaHbIO.
B TkaHsax, mepudoKaJIbHO 006JIACTM MMILIAHTALUA
KOCTHBIX MaTpMUIl, Y SKUBOTHBIX (DOPMMUPOBAHMS KIIe-
TOYHO-BOCHAJUTEIbHOr0 MHMUIbTPATA BBISIBIIEHO He
65110 (pHUC. 3).

Ha 4-i1 Hen. ucciemoBaHMs Y )KUBOTHBIX JepMa He
u3MeHeHa. B MecTe GuKcauyy MMIUIAHTMPOBAHHBIX
KOCTHBIX MaTpUll, MEXIY AEPMOI1 M MbILIEYHBIMU BO-
JIOKHaMM, Y JKMBOTHBIX BBISIBWIM OYarM KOMIIAKTHO
PACIIONIOKEHHBIX TPYOOBOJIOKHUCTBIX COEIVHUTENb-
HOTKaHHBIX BOJIOKOH, KOTOPbIE, BEPOSITHO, SIBJISTIOTCS
bparmenTamMu GUOPO3HOI KarCylbl. B MbIIIEUHOI
000JI0YKe JepMbl M ITOJKOXKHOI KJIeTYaTKe OTMeda-
MM GOJBIIOE KOJMYECTBO TOHKOCTEHHBIX COCYHOB.
MeXay MbIIeYHO 060/0UKO JepMbl M TOHIKOXK-
HOJ KJIeTYaTKOM HaOIIOAAINCh YIACTKM KOMITAKTHO

VB. x100

Mag. x100

pacIo/IosKeHHBIX COeMHUTENbHBIX BOJOKOH CO CJia-
60i1 ouaroBoii MHMWIbTpAIMEel MOHOHYKJI€APHBIMU
JieikonuTaMmu. Bo Bcex C0SIX AepMbl Y >KMBOTHBIX
OTIpenessyiv OYaroByl0 KJIETOUHYIO CJ1abyIo ITpenmy-
MIeCTBEHHO JMMGOIMTapPHO-MaKpodaraapHy0 WH-
dwnbTpanuio (puc. 4).

JaHHbIE MMKPOCKONMYECKOM KapTUHBI NPU TUC-
TOJIOTMYECKOM  MCCIEIOBAaHUM  00paslOB  KOXU
C TogjexallyMMyM MSITKMMM TKaHSIMU Ha 6-11 He[n.
3KCIIePMMEHTA/IbHOTO MCCAeNOBaHUS HOCUIM Xa-
paKTep, aHAJOTMYHBIN BBISIBJEHHBIM WM3MEHEHUSIM
Y >KMBOTHBIX Ha IpeflIecTBYIOIIEM CpPOKe MCCIeno-
BaHus. [Ipy BU3yaJbHOM OCMOTpE IMOKPOBHBIX TKa-
Hell yUaCTKOB 3KCIepUMEHTAIbHOTO MOIe/IMPOBAHMS
KOCTHBIX N1e()eKTOB M UX OPTOTOIMYECKOV PEKOH-
CTPYKLIMM  KOCTHO-3aMelailMMMU  MaTepuasaMu
Y BCeX XMBOTHBIX ITPM3HAKOB MECTHO pa3BuUBalolieri-
CSI BOCHAJIMTENIbHOM peakLyy BBISIBJIEHO He OBLIO.
[MocneonepanyoHHbIe PyOIbI Y BCEX SKMBOTHBIX OBLIU
COCTOSITe/IbHbI, TOMMHOM 10 0,2-0,3 cm, IJIOTHOM
KOHCUCTEHIIMM Ha BCEM IIPOTsDKeHUM. LleoCcTHOCTD
KOXKHBIX ITOKPOBOB B 00J1aCTU IOCIEOIEePAIMOHHOTO
pyb611a 6buTa 6e3 HapyUIeHM Y TMaTOMOTUUECKUX U3-
MeHeHUi1, 611eMHO-PO30BOro LiBeTa. [IomKOKHAs KIeT-
yaTKa B 00JIaCTH MTOCIEOTIEPAIMOHHOTO pyblia B BUe
PaBHOMEPHO pacHpeeeHHON! KMPOBOI TKaHU CBET-
JIO-KPEMOBOTO LiBeTa TOMIIMHOI 1o 0,5 cM 6e3 maTo-
JIOTUUECKUX U3MEeHEHMIA.

Haumnas co 2-if Hen. y BceX XKMBOTHBIX B obac-
TU MOMEJIMPOBAHHBIX KOCTHBIX He(PEeKTOB U IPU UX
3aroJIHEHMM KOCTHO-3aMellalilyMy MaTepuaiaMu
HabmIomaMy He3HAuYUTeTbHOE YTONIIEeHMEe KOCTHU.

Puc. 3. ®parMeHT KOXXM Kponuka anauu NZW, 2-51 He[l. MccienoBaHus:

B IIPOCBETE COeAMHNUTEIbHOTKAHHOM KaTCyJIbl COXpaHEeHbI (parMeHThbI
3peJIoit KOCTHOJ TKaHM MMILIAHTUMPOBAHHbBIX KOCTHBIX MaTPUIL; cJiabast
MHGUIBTPALMS CTEHOK COeIMHUTEIbHOTKAHHOM KarCyibl Makpodarammu
¥ MOHOHYKJIEAPHBIMY JIEMIKOIIUTAMM; GOTBIIIOE KOTMIECTBO METKMUX
TIOJTHOKPOBHBIX TOHKOCTEHHBIX KPOBEHOCHBIX COCYNOB MEXIY BOTOKHAMU
COeIMHUTENbHO TKaHM. OKpacka reMaTOKCMIMHOM U 303MHOM. YB. x100

Fig. 3. Skin fragment of a NZW rabbit in the 2" week of study.

Fragments of trabecular bone tissue of implanted bone matrix are preserved
in the space of connective tissue capsule; poor infiltration of connective
tissue capsule walls by macrophages and mononuclear leucocytes;
numerous small full-blooded thin-wall vessels between connective tissue
fibers. Hematoxylin and eosin staining. Mag. x100

Puc. 4. ®parmeHT KOy Kponuka iuHun NZW, 4-4 He[l. UCCieq0BaHus :
COeAVHUTENbHAS TKaHb C OYaraMmu ¢J1aboit MHOMIbTpAIUK
MOHOHYKJIEAPHBIMM JIEKOIIUTAMMU, C 6OJIBIIMM KOJIMYECTBOM MEJIKUX
MOJIHOKPOBHBIX cOCy0B. OKpacka reMaTOKCUIMHOM U 303MTHOM.

Fig. 4. Skin fragment of a NZW rabbit in the 4™ week of study.
Connective tissue with foci of poor infiltration by mononuclear leucocytes
with numerous small full-blooded vessels. Hematoxylin and eosin staining.
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K 4-i1 Hen. mepuoma pemnapauuy Habmomanu ¢Gop-
MMUpOBaHMe KOCTHOJ MO30/1M, 00pa3sOBaHHOI 3Ha-
UNTEIbHOM CTelNeHU MOPUCTOCTU KOCTHOWM TKaHBIO
C TIOUIeAYyIIVM ee YIVIOTHeHMEM K 6-11 HeJl. uccie-
moBaHus. IIpu 0630pHOI CBETOBOM MMKPOCKOIUMU
TUCTOIOTMYECKMX 06pa3IoB B 1-ii TpyIIie UCCaeaoBa-
HUS Ha 2-1i He[l. BUSYaIUM3UPOBaIu NedeKThl KOCTHOI
TKaHM HENpaBWIbHOM OKPYIVION (OpMBbI, 3aIIOTHEH-
Hble TUIOTHOBOJIOKHUCTOM COeOUHUTENbHOM TKaHbI,
dbopmupoBaHue «Iernoyek» 0CTeob1acToB, 0YaroBoe
dbopmupoBanme peTukynodnbpo3HOI TKAaHU. ITO CO-
MMPOBOKAAIOCh YMEPEHHBIM MOTHOKPOBUEM COCYLOB
¢ dopmupoBaHMEM HE3HAUYUTENbHO BBIPAKEHHOTO
TepUBACKY/ISIPHOTO OTeKa, C1aboii KIeTOYHO-BOC-
MMAJIUTENbHOM  MHOWIbTpALVEli, IPeUMMYIIeCTBeH-
HO JuMdouuTapHO-MaKpodarabHOro XapakTepa
(puc. 5a).

K 4-i1 Hepn. ucciemoBaHMsI OTMedayd KOMITaKTU-
3aI[MI0 CYOXOHIPATbHO PACIIOIOKEHHBIX TpabeKys
KOCTHOJ TKaHM ¥ COXpaHeHMe 6ojiee PhIXJIOro UX pac-
MTOJIOKEHMSI B TOJIIIE «KOCTHOIM MO30j1»; 06pa3oBa-
HJe TIEPBUYHBIX OCTEOHOB C IEPBUYHBIMU KPYITHBIMU
raBepCcoOBbIMM KaHaJlaMM; CKOTIJIEHUST He3PeJoit KOCT-
HOJ TKaHM C OGOJBIIMM KOJIMYECTBOM OCTEO0OJIacTOB
Ha MoBepxHOCTU Tpabekyn. Cpeny meTtenb choOpMU-
POBAHHOVM PETUKYJISIPHON COeIVHUTENbHOVM TKaHU
M MEeXIy BOJIOKHAMM TPYOOBOJIOKHUCTOM COEIMHU-
TeJIbHOM TKaHM COXPAHSIOCh GOJBIIOE KOMMYECTBO
KPOBEHOCHBIX COCYHOB 6e3 IPM3HAKOB HapyIIeHMS
reMouupKyasgiuyu. CrereHb BbIPAXKEHHOCTU KIeTOY-
HOJ1 peakiMy COOTBETCTBOBAJIA MPeAbIAYIIEMY CPOKY
Habmogenust. K 6-ii Hell. ucciaeqoBaHMs ITPOUCXOIN-
JIO 3HAYMTEeNIbHOE YIJIOTHEHME KOCTHOM TKaHU B 30He
MOZENMVPOBAHHOTO HedeKTa 3a CYeT 3aroTHEeHMS
ry64aToil KOCThbIO, TECHO CBSI3aHHOI C OKpYsKaloIei
XpSIIIIEBOI TKaHbIO. B 06/1acTM BHYTpPEHHE ITOBepX-
HOCTU IedeKTOB IMPOUCXOAUIIO AadbHelliee o6pa3o-

BaHMe IPaBMIbHO OPMEHTMPOBAHHBIX KOMITAKTHBIX
KOCTHBIX 06aJI0K CO CKOILIEHMEM OCTe06/1acTOB Ha I10-
BepxHOCTHU Tpabekyi, hopMuUpoOBaHMe JaKyH dJeMeH-

TaMy KOCTHOro mosra (puc. 5b). CoxpaHsiuch oua-
I'M C1ab0 BBIPAKEHHON KJIETOUYHO-BOCIATIUTEIbHO
uHOMWIBTpPalMM  IUM@OLMTapHO-MaKpQaraaibHOro
xXapakrepa.

ITpy cBETOBOV MMKPOCKOIMM 00pa3I[0B KOCTHOJ
TKaHM 2-7i TPYIIIbI HA 2-11 HEZ. OTMevYaIiu MOHOe 3a-
IMOJTHEHME KOCTHOTO JedekTa pparMeHTaMy KOCTHO-
3aMeIaIero Marepyuaja M IUIOTHOe IIpujieraHue
(parMeHTOB K COOCTBEHHO 3peyioil KOCTHOI TKaHU
B 00/1aCTM BHYTPEHHEI ITOBEPXHOCTU 30HBI AedeKTa.
Bo Bce mepmopp! MccIemo0BaHMS XOPOIIO BhIPasKeHHAS
KOpPTUKAJIbHAS TJIACTUMHKA M rybdyaTas KOCTb MMen
Pa3BUTYIO APXUTEKTOHMKY TPaOEKYJI € IIaCTMHYATHIM
CTPOEHVEM ¥ XOPOIIO BbIPAKEHHBIMM T'aBEPCOBBIMU
KaHasaMu, GOPMMPOBAHMEM OCTEOHOB CO (JIabo BBI-
paXeHHOI cTpyKkTypoi. Ha 2-71 Hepn. mcoienoBaHUs
BBISIBM/IM 3HAUMTEIbHOE KOJIMYECTBO MCTOHUYEHHBIX
KOCTHBIX TpabeKyJ1, XaOTMYHO PACITOIOKEHHBIX C pac-
IIMpeHMEM MeEXTPabeKyISIpHOTO ITPOCTPAHCTBA, 3a-
TTOJTHEHHOTO OOJBIIMM KOJIMYECTBOM PETUKY/ISPHBIX
¥ Ipy6OBOIOKHMUCTBIX COeAMHUTETbHOTKAHHBIX BOJIO-
KOH. ['yGuaToe BellecTBO KOCTHBIX OaJIOK ITpeICTaBIe-
HO IJIACTMHYATOM KOCTHOV TKaHbIO C TOBEPXHOCTHBIM
dbopMupoBaHMEM 1IeIOUEK 0CTE0OIaCTOB (PUC. 6a).

ITomMyMO 3TOTO, OIpemdesiach 04aroBasi KJaeTou-
Hast uHQMIbTpauus aMMdoLUTapHO-MaKpodaraib-
HOro xapakrepa. Ha 4-it Hem. mcciemoBanus ¢op-
MMpOBaHMe TPabeKysl KOCTHOM TKaHM COXPaHSJIOCH.
Mesk6aIouHble ITPOCTPAHCTBA ObUIM 3aIlOJIHEHBI pe-
TUKYJISIPHOM COEeOVHUTENbHOM TKAaHbIO C y4aCTKaMM
rpyOOBOJIOKHMCTO HEOMOPMIIEHHOM COeTUHUTEb-
HOJM TKaHM C COXpaHeHMEeM OOJBIIOr0 KOJIMYeCTBa
KPOBEHOCHBIX COCYIOB 6€3 IMPM3HAKOB reMOIIMPKYIIS-
TOPHBIX HapYILIEHWIA.

AHayiormuHble U3MEHEeHMST ObLIM BBISBIEHBI M Ha
6-11 Hen. uccnemoBanus. [Ipy sToM Tpabekysnbl ryo-
YaToii KOCTM OBLIM MPENCTaBJIEHbl 3PeI0il KOCTHOI
TKaHbI0O C OYAaroBBIMM OTJIOKEHMSIMM OCTEOUAA U
dbopMupoBaHMEeM IIeMOYEK M3 OCTe0OJacTOB Ha MO-
BepxHOCTU. COXPAHSIMCh YYACTKM Ae30praHu3annmn

Puc. 5. ®parMeHT KOCTHO# TKaHM OeIpeHHOI KOCTU KpojuKa auHuy NZW, 06/1acTh KOCTHOTO JedeKTa:
a — 2-9 He[l. uccieqoBaHust; b — 6-51 Hefl. uccnemoBanus. OKpacka reMaTOKCYMIMHOM ¥ 303MHOM. VB. x100

Fig. 5. Bone tissue fragment of the femur of a NZW rabbit, bone defect area:
a — in the 2" week of study; b — in the 6™ week of study. Hematoxylin and eosin staining. Mag. x100
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MUCMHOAb30BAaHHOTO KOCTHOTO MAaTpMKCa B Yy4yacTKax
JIOKQ/IN3alUUM MHOTOSIIEPHBIX TUTAHTCKUX KJIETOK U
COXpaHeHMUS KJIETOYHOTO MaKpogaraJbHOro MHOWIb-
Tpata. B 6osblieit cTeneHy 5TO GbIIO BHIPAsKEHO B 00-
JIAaCTU KOPTUKAJIBHON IJIACTUHKU. B COXpaHSIOMMXCS
y4acTkax (HOpMMPOBAHUS PETUKYISIPHON COeIVHU-
TeIbHO TKaHM OTMeuasu 04aroBoe MoJTHOKPOBUE CO-
cynos (puc. 6b).

[Tpu BM3yanmm3anuym TUCTOJIOTMYECKMX 00pasIoB
KOCTHOJ TKaHM 3-11 TPYIINbI BbISIBUJIN IIPOTPECCUPYIO-
1Iye Npu3HaKM pernapaTMBHOIO OCTeoreHesa ¢ 2-1 no
6-10 He[l. MCC/IeAOBaHMsI, KOTOpble GbLIM BbIPAsKEHbI
B 0OJIbINEll CTEIeHM B CpaBHEHMM C AHAJOTUYHBI-
MU TUCTOJIOTMYECKUMM TIPOSIBIEHUSIMU B COOTBET-
CTBYIOII[ME CPOKM MCCIeNOBaHMS B obpasmax 1-i
W 2-11 TPyMIL.

K 6-it Hep,. uccienoBaHUs BbISIBUIM (OPMUPOBA-
HMe KOCTHO TKaHU, MpeCTaBIeHHON KOPTUKAIbHOMI
IUIACTUHKOM C MEePBUUHBIMU UIMPOKUMU TaBEPCOBBI-
MM KaHajaMu, B 0OJIACTU MpUIETaHus K CTEeHKe fe-
(ekra KOCTHOI TKaHU (pUC. 7).

B BbIllIepaconoskeHHbIX yUacTKax OMpeaesisiyiv OT-
JleJTbHbIE OYary KOCTHOTO pereHepara c (parmeHTa-
MM KOCTHO3aMellalulero MaTepuasia, OKpy>KeHHOTO
HOBOOOGPAa30BaHHBIMM KOCTHBIMM OaIkKamy ¢ GopMu-
pPOBaHMEM Ha ITIOBEPXHOCTY «LIEITOUYEK» OCTE0DOIaCTOB

u OTIOKeHUeM ocreouna. HoBoo6pa3zoBaHHAsT KOCT-
Hasl TKaHb TMOJIOTHO Mpujeraja K ydyacTkaM KOCTHO-
3aMeIaIero Marepuana, Mecramm obpasyst emu-
HYIO CTPYKTYPY C o4araMy pe3opO61iuy KOCTHOM TKaHU
B yYaCTKax JOKaAM3aluy I’MraHTCKUX MHOTOsIIePHBIX
KJIeTOK. MeskOaJIouHOe ITPOCTPAHCTBO OBLIO 3aroj-
HEHO CTPOMajbHbIM KOMIIOHEHTOM KOCTHOTO MO3ra,
MPEUMYIIEeCTBEHHO PETUKY/SIPHBIMU COEIVHUTENb-
HOTKAaHHBIMM BOJIOKHAMM, HeO(QOpMJIEHHBIMU BO-
JIOKHaM¥ IpyOOBOIOKHYCTOM COeAMHUTENbHOM TKAaHU
C AOCTATOYHBIM KOJIMYECTBOM COCYHOB Oe3 Ipu3Ha-
KOB reMOUVPKYJISITOPHBIX HapyueHuii. [lomumo 3To-
r0o, COXPaHSUTUCh YUacTKM JumMbonnuTapHo-Mmakpoda-
TJIbHOV MHOUIBTPAIINN.

ITpu MopdoMeTpMUUeCKOM MCCIeTOBaHUM 06pas-
110B KOCTHOJ TKaHM 06/1aCTV MOZEIVPOBAHMUS KOCTHO-
ro gedexra u ero peKOHCTPYKIMM PA3HBIMU KOCTHO-
3aMeIanIMMy MaTepuagaMy BO BCeX IPYIIIax 6610
BBISIBJIEHO TPOrPECCUBHOE yBeIuMuyeHue IoKa3aTess
YMCIEHHON TVIOTHOCTU COCYAOB K 6-1 Hep,. uccieno-
BaHMSI, B TOM UMCJIEe MMOJIHOKPOBHBIX. [Ipn 3TOM B 3-i1
I'pYIIe BeJIMUYMHA [TOKa3aTesis YMCIEeHHO MIOTHOCTHU
cocyzmoB ObLTa 6onble Ha 2-i, 4-11 1 6-i Hex,. ucCe-
moeauus B 1,8; 2,3 u 1,5 pasa cOOTBETCTBEHHO, YeEM
B 06pasiax 1-if (KOHTPOIbHOI) IPYIIIIbI, 1 HECKOIBKO
6osbIle, yeM BO 2-ii rpyrme (Tab. 1).

Puc. 6. ®parMeHT KOCTHOI TKaHM 6eIpeHHO KOCTY KpoJinKa, 06/1acTh 3aMele st KOCTHOTO fAedeKTa

JeMPOTEMHU3UPOBAHHOI T'yGYaTOi KOCTHOI TKAHbIO:

a — 2-9 He[l. uccieqoBanusi; b — 6-51 Hepl. uccnemoBaHus. OKpacka reMaTOKCYMJIMHOM ¥ 303MHOM. YB. x100

Fig. 6. Bone tissue fragment of rabbit femur, area of bone defect replacement with deproteinized cancellous bone tissue:
a — in the 2" week of study; b — in the 6" week of study. Hematoxylin and eosin staining. Mag. x100

VB. x100

Mag. x100

Puc. 7. DparMeHT KOCTHO TKaHM 6eJpeHHOI KOCTU KPOJINKa,

006J1aCTh 3aMeIleHNMsT KOCTHOTO edeKTa TKaHeMHKeHEePHOI KOHCTPYKIMen
Ha OCHOBE JeMPOTEeMHU3UPOBAHHO Iy6UaTOi KOCTHO TKaHU

M CTPOMaJIbHO-BACKY/ISIPHOM pakuyy KUPOBOI TKAHMU,

6-41 Hep,. uccnenoBanys. OKpacka reMaTOKCWIVHOM U 503V HOM.

Fig. 7. Bone tissue fragment of rabbit femur, area of bone defect
replacement with tissue-engineered construct based on deproteinized
cancellous bone tissue and adipose tissue-derived stromal vascular fraction
in the 6™ week of study. Hematoxylin and eosin staining.
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[Ipu olieHKe IOKasaTeass 00beMHOJ IJIOTHOCTU
KOJIJIar€HOBbIX COEIVHUTENbHOTKAHHBIX BOJIOKOH
B 00paslax MCoIegoBaHMUSI 3-ii TPYIIIbI BBISBUIU
ero AMHaMMUyecKoe yBelaunveHue Ha 36% co 2-¥ 1o
6-10 Hepn. [Ipu 3TOM Be/lMUMHA OAHHOTO ITOKasaTe-
JISl y3Ke Ha 2-71 Heq. ucciaenoBaHus 6buia GoJbIIe Ha
25%, yem B oGpasuax 1-i rpymIibl, OQHAKO Ha 6-i1
HeZl. OTMeua/i ee He3HauuTelbHOE yMeHbIleHNe.
[Ip 3TOM BO BCe CPOKM MCCAeNOBaHUS BeIUUYMHA
IaHHOTO IapaMeTpa Obljia HE3HAUMUTEIbHO OOJIbIIIE,
yeM B o6pasiax 2-ii TPyHIibl. TO COMPOBOXKIAIOCH
He3HAUYUTe/JbHbIM TPOTPECCUPYIOLIUM YBeIMUYEeHMEM
IoKa3aTesiss 06beMHO TJIOTHOCTY aprupo@uIbHbIX
BOJIOKOH B 06pasiiax 3-ii IpyIIIbl U €ro HEKOTOPBIM
npeobyaganueM HaJ, BeJIMUYMHON JAaHHOTO MapamMe-
Tpa BO 2-i1 rpyIne Ha 2-¥ U 4-Vi Hef,. UCCIeJOBaHMSI.
K 6-71 Hen. pasHuUIlAa B BeIMUMHAX JAHHOTO MMOKa3a-
TeJisl HeBenypoBanack. [Iporpeccupyioiiiee yBenmuue-
HMe TT0Ka3aTeIst 00beMHO IJIOTHOCTY apTUPOGUIIb-
HbIX BOJIOKOH B 0Opasiax 1-if  2-7 IpyIin BeISIBUIU
c 2-i1 1o 6-10 Hep. (B 2 pasa). [Ipu sToM o6beMHast
IUIOTHOCTDh aprUupoUJIbHBIX BOJIOKOH B 1-i1 rpyrme
uccIemoBaHus Ha 6-i1 Hep. 6b1a 60sblne Ha 28Vv%
B CPaBHEHUY C BeJIMUMHOI aHAJOTMYHOTO MoKa3aTre-
JIs1 BO 2-11 U 3-11 TpyIIIax.

BennunHa 06beMHOI INIOTHOCTY HOBOOOGPA30BaH-
HOJM KOCTHOJ TKaHM MOpPOrpeCcCUBHO YBEJIMUYMBAIaCh
C 2-71 1o 6-10 Hep.: B 1-1i rpymme — B 1,6 pasa, BO 2-1i
rpymrne — B 2,2 pa3a u B 3-i1 rpynne — B 1,7 pasa. [Ipu
3TOM BO BCe MEPUOAbI HAOMIOMEeHNUS] 0ObeMHas IIJIOT-
HOCTb HOBOOOPA30BaHHO KOCTHOM TKaHU B 3-i1 IpyH-
e 6blIa CTATUCTUYECKM 3HAUMMO O0JIbllie, ueM B 1-Ji
rpyIe, npuMepHo B 2 pasa. O6beMHast IIOTHOCTb
3pesIoii KOCTHOM TKaHM B oOpasliax MCC/IeIOBaHUS
YBeIUUYMBAIACh C 2-11 MO 6-10 HeZ. BO BCEX TpyIlmnax.
[Ipu 3TOM BeIMUMHBI AAHHOTO ITOKa3aTens B 2-1 U 3-i1
rpyImrax 6bumi 60Jblie, YeM B 1-ii TpyIIne, Bo BCe Cpo-
KV HaOIIOmeHMs.

OBCY>XKIEHUE

Bbi6op KponMka B KauecTBe MOJEIM KMBOTHOTO
[T HACTOSIIIIET0 MCCIeAOBaHMSI OOOCHOBAaH aHAIO-
TMYHBIM TUIIOM pelapaTMBHOIO OCTeoreHesa IO ra-
BEPCOBOMY TUITY Y JAHHOTO BUAA MJIEKOMIUTAIOLIMUX U
yejioBeKa [15]. DTo MO3BOJISIET SKCTPATIONUPOBATD pe-
3y/IbTaThl JAHHOTO MCC/IeN0BaHMS Ha YeloBeKa.

Bri60op B KauecTBe KOCTHOIM MaTPUIIbI JeIPOTEM-
HM3UPOBAHHOM Ty6UaTOli KOCTHOM TKAHM pe3eInpo-
BaHHO I'OJIOBKY 6eIPEHHOI KOCTU YeJIoBeKa 060CHO-
BaH AAHHBIMM HAy4YHOIL TUTEPATYphl U pe3ylbTaTaMu
COOCTBEHHBIX paHee ITPOBENEHHBbIX MCCIeIOBAHMUIA,
KOTOpble BBISBWJIM CBOMCTBa JAaHHOTO MaTepuasna,
MO3BOJISIIOIIME MCII0/Ib30BaTh €ro B KauecTBe Camo-
CTOSITEJIBHOTO KOCTHO3aMelllalolllero marepuana u
paccMaTpMBaTh B KaueCTBe KOCTHOM MaTpUIIbl IJIsi
co3manusl 3(PGEKTUBHBIX TKAHEMHKEHEPHBbIX KOH-
cTpykuuii [16, 17] (puc. 8).

OcTeobnactnyeckui
ocTeoreHes

AyTOKOCTb

AnnokocTtb
KceHokocTb

OCTEOMHAYKTUBHBIV
ocTeoreHes

OCTEOKOHAYKTUBHbIM
ocTeoreHes

fl CvnTeTnueckue
KM

CTMMyNMpOBaHHbI
oCTeoreHes

Puc. 8. MexaHn3Mbl BO31eJICTBMS KOCTHOIIACTMUECKOTrO
MaTrepuasa Ha MPOLeCChl pereHepaIny KOCTu

Fig. 8. Mechanisms of osteoplastic material impact
on bone regeneration processes

B crydae ucmonb3oBaHMS KOHCTPYKIMM Ha 6ase
OenpOTEeMHU3UPOBAHHOM KOCTHOW MaTpULbl C CO-
Iep>kaHueM ayTOJIOTMYHOTO MaTepuasa, ClIoCOOHOro
BO3J€JMCTBOBAaTb Ha pereHepalyi KOCTHOM TKaHMU,
MIPOMCXOAUT BK/IIOUEHME BCeX YeTbIpex ITpOlecCoB
pereHepainuy KOCTHOM TKaHM: OCTe06JaCTUUYECKOTO,
OCTEOMHIYKTUBHOI'O, OCTEOKOHIYKTUBHOTO U CTUMY-
JIMPOBAHHOTO OCTeOTeHe3a.

Hecmorpsi Ha TO, UTO B HallleM MCCIeNOBAaHUM UC-
MO/Ib30BaHHbIe KOCTHbIE MaTPUIIbl B OTHOLIEHUM BBI-
OpaHHOV MOJIENM KMBOTHBIX (KPOJIMK) SIBJISIIOTCSI KCe-
HOTeHHBbIMM, HAUMHA CO 2-11 HeJl. BBISIBWIN OTCYTCTBUE
MAaKpO- ¥ MUMKPOCKOITMYECKUX MOPGhOTOTMIECKUX TTPU-
3HAKOB (JOPMUPOBAHMS MECTHO/ BOCHIAIUTEbHOI pe-
aKLUU MSTKUX TKaHEe Y OTTOPKeHUST KOCTHBIX MaTpPUI]
B y4YaCTKax MX reTepOoTONMUYECKON MMIUIAaHTAlUUN B 2-11
U 3-i1 rpynmnax. OTo 06yCIOBJIEHO COOTBETCTBYOIIMMMU
CBOJCTBaMU VCITOJTb30BAHHBIX KOCTHBIX MATPUIL — Gu-
3UKO-XMMUYECKUMM U OUOTIOTMUYECKUMY, YIOBJIETBO-
PSIIOLIMMM  XapaKTePUCTUKAM OKPYXKAIIIMX TKaHe
B yyacTKax MMIUIaHTalu|, YTO, B CBOIO Ouepenb, Ompe-
IesIeTCs CIIoCOO0OM UM CTENEHBI0 OUMCTKU TIyOuaToi
KOCTHOM TKaHM OT aHTUI'€HHBIX CTPYKTYp [18, 19, 20].

[MonydeHHbBIE PE3YIbTAThI CBUIETEIBCTBYIOT 00 OT-
CYTCTBUM TOKCUUECKOTO A CTBMS BHIOPaHHOTO MaTe-
puaja B OTHOIIEHMM XUBBIX KJI€TOK U TKaHelt in vivo
¥ UMMYHHOM peakiy Makpoopranmsma. 3To IT03BO-
JIUJIO UCIIONb30BaTh €r0 B KaueCTBe KOCTHBIX MaTpPUI]
ST pa3spaboTKM TKaHEMHKEHEePHbIX KOHCTPYKIIMIA
Y TAJIbHEMIIero u3ydeHus ux 3¢pdeKTMBHOCTH.

B xauecTBe 6MOMOTMYECKY aKTMBHOTO KOMITOHEH-
Ta AJ1s1 CO34,aHNSI TKaHEMH)KEHEePHOI KOHCTPYKLIUM Ha
OCHOBE JeMPOTEeMHU3VPOBAHHOM I'ybuaToii KOCTHO
MaTpuilbl OblJIa BhIOpaHa CTPOMAIbHO-BACKY/ISIPHAS
dbpakums XKMUPOBOJ TKaHM, BbIAeJeHHass U o6pabo-
TaHHas MO CTAaHOAPTHOM MeTOAMKe, UTO IO3BOJSeT
VCKJIIOUUTD TIpOBeJleHMe OMOTHUTENbHONM 3KCIepu-
MEHTAJIbHOV KOJIMYEeCTBEHHOM OLIeHKU KIETOYHOIO
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cocraBa IoyyuyeHHoi dhpakiuu [13, 14, 21]. 3To 060-
CHOBAHO KJIETOYHBIM COCTaBOM (PpaKIMy U CBOVICTBA-
MU CaMUX KJIETOK — CTBOJIOBble KJIETKU JKUPOBOI
TKaHU, SHJ0TeIMaNbHbIe U IVIaAKOMBbILIIEYHbIE KIeTKN!
KPOBEHOCHBIX COCYAOB M UX TIpeAIIeCTBeHHUKH, Pu-
6pob6mactel, Makpodaru, T-TMMQPOIUTHI, TTEPUIATHI
U ApyTUEe KIeTKM, 00yCIOBAMBAIOIINE BbIpAsKeHHBIN
pereHepaTOPHbIN MOTEHIIMA, BBIpa)KeHHOE MPOTUBO-
BOCMAINTEIbHOE NeiiCTBME U UMMYHOPETYISITOPHYIO
aKTUBHOCTD. Taroke (haKTOPHI CTPOMAaTbHO-BACKYJISIP-
HOJ (pakiuy CTUMYIMPYIOT 06pasoBaHME COCYIU-
CTOJ CeTU, YTO CIIOCOOCTBYET pereHepainuy KOCTHOI
TKaHu [22, 23, 24, 25].

Pa3paboTka HOBBIX METOAOB AKTMBALIMM perapa-
TUBHOTO OCTeOTeHe3a C TOMOIIbI0 Pa3HbIX KOCTHO-
3aMeIlalIINX MaTepUaJoB TpeObyeT OObEKTUBHBIX
IaHHBIX 0 6e30macHOCT U 3P EGEKTUBHOCTU UCIIOIb-
3yeMbIX MaTepuajoB [26]. IToayunTh 0ObEKTUBHBIE U
JIOCTOBEPHbIE JaHHbIE O COCTOSIHUMM perapaTMBHOTO
ocTeoreHe3a MOXXHO C TIOMOIIbI0 MUKPOCKOITMUECKOTO
MCCIeIOBAHMS TUCTOJIOTMYECKUX 0Opas3IoB KOCTHOM
TKaHu. [uUcTonornyeckoe wuccieqoBaHue TO3BOSET
OIIEHUTDb KJIETOYHbIEe M TKaHEeBble peakiuu, hopmu-
pyroliecs: B OTBET Ha pa3HOTo poja MaToornyeckue
BO3IEMCTBUS, U ONpPENeNUTb CTelleHb BbIPAKEHHOCTHU
pernapaTUBHONM pereHepanyy KOCTHOM TKaHU — KIIIO-
YyeBoe 3B€HO B UCC/IETOBAHMSIX I10 TTOUCKY 3DPEeKTUB-
HbIX U 6€30TaCHBIX KOCTHO3aMeIIAIoIINX MaTePUAIOB
U pa3paboTKe HA UX OCHOBE TKaHEMHKEeHEPHbBIX KOH-
CTPYKUMIA 711 TPAaBMAaTOJIOTUYM U OPTOTIEIUMN.

CoBpeMeHHbIE MeTOmIbl 00pabOTKM (parMeHTOB
KOCTHOVi TKaHM TTO3BOJISIIOT HOTYUUTDb TUCTOIOTUYECKIE
rpernapaTbl KOCTHBIX pereHepaToB XOPOIllero KauecTsa.
BaxkHy10 posb Mpy OLIEHKE COCTOSIHMSI KOCTHOM TKaHU
UrpaeT TUCTOIOTMYECKasl OKpacka. Mcronb3oBaHue py-
TMHHOTO OKpAalllMBaHUSI TeMaTOKCUIMHOM Y 303MHOM
MO3BOJISIET OLIEHUTb KAayeCcTBO TMCTOMOTMYECKUX Cpe-
30B, MPOBECTY OO30PHYIO OLIEHKY TMCTOOTMYECKIX
KpUTEepUEB M3yyaeMoro Iipoiiecca. [jis yTOUHeHUSs
TIOSTyYeHHOM MHMOPMAMY O XapaKTepe BbISIBJIEHHBIX
TIPOLIECCOB B KOCTHOM pereHepaTe B paboTe MCIIONb-
30Ba/IM AOIMOJHUTENbHbIE TUCTOXUMUYECKME METOJbI
OKpacky — 110 Ban I'M30Hy, MMITperHanys cepebpom.

s ocyuiecTBieHnsT MOPOMETPUIECKOTO MCCIIe-
IOBaHMSI BaKHBIM SIBJISIETCS TakKe KauecTBO OKpa-
IIMBaHMUSI 00pasloB, TaK KaK 3TO HAIPSIMYIO BIMSIET
Ha TIOJMlyYeHMe OOCTOBEPHBIX, CTATUCTUUECKM 060-
CHOBAHHbBIX Pe3yJIbTaTOB MCCAeA0BaHMii. PazpaboTka
HOBBIX KOCTHO3aMelawIyuX MPOAYKTOB Ha OCHOBE,
B YaCTHOCTM, [JeIpOTEMHU3UPOBAHHON TIyb6UaTOI
KOCTHOJM MAaTpHUIlbl, HEBO3MOXHA 0e3 IpOBeHeHMs
MOpdOMeTPUUECKOi OLIeHKM TMCTOIOTUIECKUX KPU-
TepyueB OGMOIOIMYECKOI 6€30T1aCHOCTU UCIIOIb3yeMO-
ro MaTepuaa ¥ ero CiocooHoOCT! 3PEKTUBHO aKTHU-
BMUPOBATh perapaTUBHBIN OcTeoreHe3. B HacTosiee
BpeMsI OTCYTCTBYeT YeTKas cucreMa MopdhomMeTpun,
aJanTupOBaHHAs AJIS1 KOCTHOM TKaHu. Heo6XoaMbIM

SIBJISIETCS  MCCIeloBaHMe Kak (parMeHTOB CaMOro
KOCTHOT'O pereHepara, Tak M CTPYKTYPHbIX KOMIIOHEH-
TOB KOCTHO3aMelalllero Matepuasia, IOMelleHHOT0
B KOCTHBI 1e()eKT, TaK KaK OH 00yCIOB/IMBAET peasn-
3aLIMI0, B OOJIBILIE VIV MEHBIIEN CTEIeHM BhIpaskeH-
HOCTM, Kackaja criermduaeckux peakiuii Ha BBeJe-
HMe NaHHOIO areHTa, UCXOs U3 ero CBOMCTB [27].

B Hamrem mcciemoBanuy 6bi1a IpoBegeHa Mopgdo-
Jornyeckast u MopdomeTpuueckas olleHKa KOCTHBIX
pereHepaToB MOCAe MMIUIAHTALMM KOCTHO3aMella-
IOUIMX MaTepuasoB HA OCHOBE KOCTHOI MaTpULbl U3
IenpOTEMHU3UPOBAHHON I'ybuaTOii KOCTHOW TKaHU
peselpoOBaHHOl TOJOBKM OeIPEHHOV KOCTU Yesio-
BeKa M aHAJIOTMYHOV KOCTHOJM MaTpuIlbl C JobaBiie-
HMEM CTPOMAabHO-BACKYISIPHOI (paKIUy KUPOBOI
TKauu. C Leabl0 KOMIUIEKCHOI OLeHKM OMOI0ru-
YyecKkux (OCTEOKOHIYKTUBHBIX, OCTEOMHIYKTUBHBIX,
OCTEOT€HHBIX) CBOWCTB KOCTHO3aMeINAwIMX Ma-
TepuajaoB OCYUIECTBS/IM IIOACYET OTHOCUTEIbHO-
ro oObeMa «3peJioii» ¥ HOBOOOPA30BAHHOI KOCTHOI
TKaHu. [IMHaMMKa M3MeHeH s [1oKa3aTesiss 00beMHO
TJIOTHOCTY «3PeJIoi» KOCTHO TKaHM ObLiIa aHAJIOTUY-
HOJi ITOKa3aTeai0 00beMHOM IUIOTHOCTU «HE3peoi»
KOCTHOJ TKaHM B TUCTOJIOTMYECKMX 00pasuax Ipu
MMILJIAHTAaUMM KOCTHO3aMelawIiIuX MaTepuaios.
MuHMMaIbHBIM ITTOKa3aTelb OObEMHOI IUIOTHOCTU
HOBOOOPA30BaHHOI U «3pejIoii» KOCTHOM TKaHM ObLT B
TUCTOJIOTMYECKMX 06pa3iax 6e3 3aMelleHMsT KOCTHbIX
nmedexrtoB. IToMMMO 3TOTrO, BBISIBMJIM CKIOHHOCTb K
dbopMupoBaHMIo Ipy6GOBOIOKHIUCTOM COETUHUTETBHOM
TKaHU Ha TIOBEPXHOCTY KOCTHOTO pereHepara 1 BHYTpHU
HETO0 B C/Ty4Yasx 3arloTHeHNsT KOCTHOTO AedeKTa Ierpo-
TEMHU3UPOBAHHOV KOCTHOM MaTPUIIE U TIpU ee coue-
TaHHOM Mcroiab3oBauuu ¢ SVF. BeipaskeHHoe popmu-
pOBaHMe TPyOOBOJIOKHUCTON COENVHUTEIbHOM TKaHM,
JIOKaJIM30BaHHO MPEeUMYIeCTBEHHO HaJl MTOBEepPXHO-
CTbI0 pereHeparta, BbIIBMIM IIPU OTCYTCTBUM 3aMe-
MIeHNsT KOCTHOTO JedeKTa. DTO COMPOBOKAAIOCH TEM,
YTO 00beMHAas IUIOTHOCTh aprupodUIbHbIX COETUHU-
TeJbHOTKAHHBIX BOJIOKOH ITpeoOsafana Haj IoKasa-
TesieM 00beMHOJ TJIOTHOCTM KOJIJIATEHOBBIX BOJIOKOH
BO BCe MepMopbl MccIenoBanmsl. Takke IpeodnagaHme
aprupo@UIbHBIX BOJOKOH IIPU CaMOIPOVM3BOIHBHOM
3aKMBJIEHMM KOCTHOTO JedeKTa HaJ ITOKa3aTeNlsIMu
B 06pa3iax KOCTHOM TKaHM Py 3aMeIleHUM KOCTHBIX
nIedeKTOB BBIOPAHHBIMM KOCTHO3aMENIAUIMMM Ma-
TepuajaMiu MOTYT ObITh KOCBEHHBIM MMPM3HAKOM Ha-
pyuienus auddepeHIMPOBKY COeAMHUTETbHO TKAHU
B 00/1aCTM CAMOIIPOV3BOIBHOTO 3aKMBJIEHVSI KOCTHOTO
IedeKra M MPUUMHON (GOPMUPOBAHUS OCIOKHEHMUIA,
TaKMX KakK JIOKHBIN CyCTaB.

BeposiTHO, hopmupoBaHMe BBISIBIEHHBIX CTPYKTYP-
HBIX M3MEeHEeHM1 00yC/IOBIEHO, B TOM UMC/Ie, BIUSHUEM
MpO- U MPOTMBOBOCHAIUTEBHON aKTUBHOCTU KJIE€TOK
B cocTaBe JIMMGOIMTAPHO-MaKpo(haraJbHOr0 KIeTOU-
HOrO MHGWIbTPATa B OTBET HA MHOPOAHOE TEJIO TP
PEKOHCTPYKIMM KOCTHBIX Je(eKTOB, UTO MOXKET CITy-
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SKUTb aKTMBATOPOM ITPOliecca peMOAeMPOBaHMUs KOCT-
HOM TKaHu. [IMHaMMKy penapaTMBHOIO OCTeOoreHesa
U peMOAeNMpPOBaHMe KOCTHONM TKaHM B JAHHOM 3KCIIe-
PUMEHTAIbHOI PaboTe OIEHMBAIM B TUCTOIOTMYECKUX
o6pasiiax KOCTHOM TKaHM TpexX BPeMeHHbBIX TOYEK VC-
clepoBanusl. [IpMHMMasi BO BHMMaHMe HEITPOAOIIKU-
TebHbBIN TepUOJ, UCCIeNOBaHMs, BbIsSB/I€HHbIE CTPYK-
TYpHbIE U3MEHEHUS CBUIETETbCTBYIOT O ITpeobiagaHmm
TIPOLIECCOB perapanyy KOCTHOM TKaHM B 06sacTu ee
IedeKkToB HaJl ITpolieccamy pe3opOoIy ¥ pEMOIETNPO-
BaHMSI, UTO B OOJIBIIIENT CTEITIEHM BHIPASKEHO ITPY MCIIOINb-
30BaHMM KOCTHO3aMeIllaloLMX MaTePUaIoB.
CpaBHUTENbHBIM aHAIM3 penapaTUBHbBIX IIPO-
11eCCOB TIpM MCIIOb30BaHMM KOCTHOV MAaTpUIlbl U3
IenpOTEMHU3UPOBAHON TIybUaTOl KOCTHOV TKaHU
4yejoBeKa U pu ee couetanuu ¢ SVF Ha sKkcriepuMeH-
TaJabHOM MOJEN in Vivo BBISIBUJI, UTO MCIIOJIb30BaHME
YKa3aHHbIX KOCTHO3aMellawIluX MaTepuasoB CIo-
COOCTBYET He TOIBKO paHHEN aKTUBAIMU perapaTuB-
HOJl pereHepanyy OCHOBHBIX CTPYKTYPHBIX 3JieMeH-
TOB KOCTHOJ TKaHM B MeCTe 3amelleHUsT KOCTHOTO
IedeKTa, HO U UX CBOEBpeMeHHOI auddepeHpoB-
Ke. JTO OOYC/IOBIMBAET BOCCTAHOBJIEHME CTPYKTYpP-
HO-(YHKIVMOHAJIBHOM COCTOSITEIbHOM KOCTHOM TKaHU
B MecCTe TOBpeXAeHMsI, He BbI3bIBasl pa3BUTUS BbIpa-
>KEHHOTO PeaKTMBHOTO BocTaseHus. Vcrnonb3oBaHme
TKaHEMHKeHEPHOI KOHCTPYyKIMM B coctaBe ¢ SVF Ha
IEenpOTeMHMU3UPOBAHHOM KOCTHOM MaTpulie IMO3BO-
JiseT 3aJelicTBOBaTh BCe MeXaHU3Mbl pereHepaiuu
M YCKOPUTD TIPOIECC 3aMelIeHMs] KOCTHOTO AedekTa
10 CPaBHEHMIO C U30JMPOBAHHBIM MCIOIb30BAHUEM
KOCTHOI MaTpulibl win 6e3 samosHeHus: Aedekra.
IeiicTBYE BHIOPaHHOI TKaHEMHKEHEPHO KOHCTPYK-
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MCITONIb30BAaHMST KOCTHOM MaTPUIIbl HA OCHOBE AEIpo-
TeMHU3UPOBAHHOJ Ty6UaTOI KOCTHOM TKAaHM IJIs1 CO3-
IaHWS TKAaHEVHKeHePHbIX KOHCTPYKITUIA.
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OrpaHuueHueM HacCTOSIIErO0 MCC/IeJOBaHUS TI0-
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HU3MPOBAHHONM KOCTHOM MaTpuilein Ojas CO34aHUs
TKaHEMHKEHEPHO KOHCTPYKLMM IO3BOJISIeT 3ahei-
CTBOBAaTh HECKOJbKO MEXaHM3MOB pereHepauum u
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Background. Today in Russia, the follow-up of patients after arthroplasty is carried out in accordance with
clinical guidelines, the wording of which is based on monographs from 2006, 2008, and 2014, in addition,
clinical guidelines for follow-up do not take into account the results of treatment assessed by the patient
himself.

The purpose of this study was to examine existing systems and develop a proprietary follow-up system for
patients after hip and knee arthroplasty.

Results. A review of the literature revealed that follow-up of patients after arthroplasty is an unsolved
problem, within which there is low coverage, reluctance or forgetfulness of the asymptomatic patient,
the problem of accessibility of medical examinations, and an excessive financial burden on the health
care system. Since 2022, fixed recommendations for follow-up after arthroplasty have been used in the
clinical practice of our center in discharge epicrisis. Recommendations for the frequency of follow-up were
formulated by experts based on a comprehensive review of the literature and their own experience. In the
first three months, 221 hip and 235 knee evaluation questionnaires were collected through the proposed
mechanism, with a progressive increase in the number of questionnaires based on weekly monitoring data.
Conclusion. Unfortunately, the outpatient clinic system is not always able to provide qualitative monitoring
of patients after arthroplasty due to various reasons, therefore, in our opinion, the implementation of the
mechanism of remote monitoring of patients will allow detecting various complications at the stage of
early diagnosis, which will contribute to prompt solution of these problems. The remote monitoring system
is also an important source of scientific data.

Keywords: knee arthroplasty, hip arthroplasty, remote monitoring, follow-up.
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AxkmyansHocme. Ha ceronHsimuHuit neHb B Poccuu gucriancepHoe HabmofeHMe 3a MalyeHTaMy Iocie 3HI0-
MIPOTe3MPOBAHMS OCYIIECTBISIETCSI B COOTBETCTBUU C KIIMHUUYECKUMMU PeKOMeHIauusamu, GopMyInpoBKU U3
KOTOPBIX OCHOBaHbI Ha MoHorpadusx 2006, 2008 u 2014 rr. Kpome Toro, KIMHUYECKME PeKOMeHIAIUK 10
IUCIIaHCEPHOMY HaOMIOAEHMIO HE YUUTHIBAIOT PE3Y/IbTAThI IEUeHUSI, OLleHEHHbIE CAMUM MallIEHTOM.

Ilenvto [aHHOTO MCC/IELOBAHNS ObIIO M3yUeHNe CYIIeCTBYIOUIMX CUCTEM U pa3paboTka cOOCTBEHHON CUCTEMBI
HabmofeHMs 3a NalyeHTaMy [10c/Ie SHOONPOTe3VPOBAHYS Ta300eAPeHHOTO U KOJIEHHOTO CyCTaBOB.
Pesynvmamet. O630p muTEpaTyphl BBISIBUI, YTO HabOMOAeHNE 32 [TallMeHTaMy I10c/Ie SHI0MPOTe3MPOBAHNS
mpencTaBisieT co60ii HepelleHHYI0 TPo6IeMy, COCTABISIIOIMMM KOTOPOII SIB/SIIOTCS HU3KMIT 0XBaT, HeXXelna-
HMe WM 3a0bIBUMBOCTb ACMMIITOMHBIX MAI[MEHTOB, MPobieMa JOCTYIMHOCTY MEOUIMHCKUX OCMOTPOB, U3-
ObITOUHAs GMHAHCOBAS HArpy3Ka Ha cucTemMy 3apaBooxpaHeHus. C 2022 r. B KIMHUYECKOit mpakTuke HMUILL
TO um. P.P. BpefieHa B BBIIMMCHBIX 3TTMKPU3aX UCIOIb3YIOTCSI PEKOMEHAAIIMY T10 HAGJIONEHUIO TTOC/Ie SH/I0-
MpoTe3upoBaHus. PeKoMeHAAI MK 1O TEPUOAVYHOCTY HAGII0eHN T ObLIM cHOPMYIMPOBAHBI IKCITEPTAMMU HA
OCHOBE BCECTOPOHHEro 0630pa JUTepaTypbl M COOCTBEHHOTO OMbITA. 3a MepBble TPU Mecsna cobpaHa 221
aHKeTa I10 OLleHKe Ta300eJpeHHOro cycTaBa U 235 — KOJIeHHOTO CyCTaBa, IPMYEM UYMC/IO0 aHKeT 110 JaHHBIM
eXeHeZlelIbHOI0 MOHUTOPYHTIA IIPOTPECCUBHO BO3PACTAET.

3axkntouenue. K coxaneHuo, IOMMKIMHNYECKAs] CUCTeMa He BCeraa MOXKeT 00eclieuuTh KaueCTBEHHOE Ha-
6TI0MleHMe 33 MalMeHTaMM TI0C/Ie SHIOMPOTE3UPOBAHNS B CMITY PA3JIMUHBIX MIPUUMH, TIOITOMY pean3anust
MexaHM3Ma YAaJIeHHOTO Ha0/TIoleH s 3a allieHTaMy, Ha Halll B3TJISI, TO3BOJIUT BBISIBJISITh HA TAaTle paHHei
IUarHOCTUKY Pa3JUYHbIe OCIOXKHEHMUS, UTO OYyIeT CrIoCOOCTBOBATh OMEPATUBHOMY PEIIEHUIO AAHHOI TPOo-
6;eMbl. Takke CUCTeMa yIaJ€HHOTO HAGIIONeHUS TIPeACTABISET CO60 BasKHbI MCTOUHUK HAYUHBIX TAHHBIX.

KiarouesBble cjioBa: SHAOIIPOTE3MPOBAHNME KOJIEHHOTO CyCTaBa, SHAOIIPOTE3MPOBAHNME TaBOGe,ILpEHHOI‘O CyCTaBa,
AUCIIaHCEepHOe Ha6f[IOIL€HI/Ie.
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BACKGROUND

The number of hip and knee arthroplasties is
steadily increasing worldwide [1]. According to
the report of the Priorov National Medical
Research Center of Traumatology and
Orthopedics, in 2018, 116597 surgeries were
performed in the Russian Federation, inclu-
ding 70316 hip arthroplasties and 42 904 knee
arthroplasties, with a ratio of 1.6:1.0 [2].

The report of the Vreden National Medical
Research Center of Traumatology and Orthope-
dics showed even higher numbers of arthro-
plasties in 2019 in Russia, with 83311 primary
hip arthroplasties, 63750 knee arthroplasties
(ratio 1.3:1.0), 5197 hip revision arthroplasties,
and 2 573 knee revision arthroplasties. The ratio
of revision to primary surgeries for the hip joint
was 1:16, and for the knee joint was 1:25. Thus,
knee revisions were performed 1.55 times less fre-
quently than hip revisions [3]. The higher num-
bers in the report of the Vreden National Medical
Research Center of Traumatology and Orthopedics
were due to the inclusion of medical organizations
of federal subordination and private medical or-
ganizations in the analysis, unlike the report of
the Priorov National Medical Research Center of
Traumatology and Orthopedics.

According to clinical recommendations, after
hip arthroplasty [4] it is recommended to per-
form X-ray examination of the hip joints in two
projections at 3 and 12 months, and then once
every 5 years [5, 6]. Clinical recommendations for
knee arthritis [7] dictate the need for X-ray exam-
ination after arthroplasties at 6 and 12 months,
and then once every 5 years [8].

As can be seen, the formulation of clinical
recommendations on the frequency of postop-
erative radiological examination after arthro-
plasties of both hip and knee joints is based on
monographs from 2006, 2008, and 2014 [5, 6, 8],
which are not scientific studies focused on the
question of the periodicity of postoperative fol-
low-up. Furthermore, clinical recommendations
on follow-up completely ignore patient-evaluat-
ed clinical outcomes, known as Patient Related
Outcome Measures (PROM), the patient's qual-
ity of life, and its dynamics. As a result, a vicious
idea may emerge that only dispensary radiologi-
cal evaluation will serve as a measure of whether
the patient needs revision or whether the opera-
tion was effective.

PROM has an important feature — it is an en-
tirely subjective assessment that only takes into
account the patient's evaluation of their own
results. Therefore, PROM can be conducted re-
motely without burdening the patient with visits
to healthcare institutions. This not only opens
up new horizons for actual patient follow-up, but
also theoretically increases patient compliance
with prescribed recommendations and reduces
the burden on the healthcare system by exclud-
ing visits that do not have any impact.

Since, according to normative documents, dis-
pensary follow-up is limited only to X-rays and
does not include PROM, in this article, we will
use the term "follow-up", which implies not only
a complex of dispensary follow-up but also a sys-
tem of decision-making and information transfer.

The aim of the study is to investigate existing
systems and develop our own system for follow-
ing up with patients after arthroplasty of the hip
and knee joints.

Is patient follow-up necessary after
arthroplasty?

The system of patient follow-up after arthro-
plasty should take into account the following
dilemma:

-radiographic examinations can reveal asymp-
tomatic patients who require revision,;

- not all radiographic changes in asymptomat-
ic and minimally symptomatic patients require
revision.

According to foreign authors, the frequency
of early revisions (within 5 years after the prima-
ry operation) after total arthroplasty of the hip
joint is currently only about 24% of all repeat op-
erations [9]. The structure of revisions includes
the following main causes: dislocations, aseptic
loosening, and infection [9, 10, 11].

In the context of patient follow-up, the diag-
nosis of osteolysis is particularly important, as it
can be completely asymptomatic before loosen-
ing occurs. In the 1990s and 2000s, the frequency
of revisions due to aseptic loosening caused by
osteolysis was very high and reached 47% of all
revisions [12]. B.M. Wroblewski et al. observed
22 066 primary endoprostheses for a maximum
period of 38 years and found that 72.6% of cas-
es of loosening or polyethylene wear occurred
between 7 and 20 years after surgery [13]. This
indicates that the main goal of follow-up such
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patients should be to identify asymptomatic pa-
tients with osteolysis before there is a clear rea-
son for revision. On the other hand, there are
currently no studies that have demonstrated the
effectiveness of prophylactic revisions for oste-
olysis. The absence of such studies, in our view,
is due to the difficulty of designing such studies
and should not call into question the advisability
of observation and early diagnosis of osteolysis
in general.

The frequency and structure of early revi-
sions of the hip joint, according to the registry of
the Vreden National Medical Research Center of
Traumatology and Orthopedics, differ from for-
eign publications. As of 2019, the proportion of
early revisions increased from 32.9% to 56.7% in
2013, with early revisions accounting for 37.4% of
all primary revisions, which is significantly high-
er than the 24% reported by J.S. Melvin et al [9].
The main reasons for revisions, according to the
registry of the Vreden National Medical Research
Center of Traumatology and Orthopedics in
2019, were aseptic loosening of arthroplasty
components (50.3%), infection (27.6%), polyeth-
ylene wear and osteolysis (9.0%), and dislocation
(6.2%).

According to the National Joint Registry for
England, Wales, Northern Ireland, and the Isle of
Man, the risk of revision surgery within the first
12 years after knee arthroplasty surgery is rela-
tively low, at approximately 5%. Early revisions,
which make up 27% to 69% of all revision sur-
geries, are most commonly performed within the
first two years, with infection being the most fre-
quent reason for revision.

Some authors suggest that, unlike hip arthro-
plasty, osteolysis is a rare cause of early failure
after knee arthroplasty, with a revision rate of
less than 10%. However, in their review of data
from multiple registries, M. Khan et al. reported
that aseptic loosening (29.8%), infection (14.8%),
and pain (9.5%) were the most common reasons
for revision, both early and late.

When analyzing the knee joint arthroplasty
registry of the Vreden National Medical Research
Center of Traumatology and Orthopedics from
2011 to 2021, a trend towards equalizing the per-
centage ratio of aseptic and infectious revisions
is observed (Fig. 1). This is likely due to a learning
curve and the resulting gradual reduction in risks,
namely intraoperative blood loss and time of pri-
mary operative intervention. However, these data

are difficult to extrapolate to other clinics, as in
this case, the Vreden National Medical Research
Center of Traumatology and Orthopedics serves
as a revision center, to which a large proportion
of specialized patients from all regions of the
Russian Federation are referred, regardless of the
place of primary arthroplasty.

m Infectious

m Aseptic

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig. 1. Structure of the main causes of revision total
knee arthroplasty in the Vreden National Medical
Research Center of Traumatology and Orthopedics
from 2011 to 2021

Meanwhile, in the Vreden National Medical
Research Center of Traumatology and
Orthopedics registry, aseptic instability became
the primary cause of non-infectious revisions of
the knee as of 2021 (60.4%). Other significant
reasons included joint imbalance or instability
(8.1%) and pain in the anterior compartment of
the joint (7.2%), although they were observed in
significantly fewer cases.

The lower frequency of revisions due to osteo-
lysis of the knee compared to the hip may sug-
gest a lower need for radiographic evaluation
after knee arthroplasty. This is reflected in the
discharge summary recommendations for pa-
tients of the Vreden National Medical Research
Center of Traumatology and Orthopedics — there
is no recommendation for knee radiography after
7 years, unlike the hip joint.

Review of existing recommendations for
follow-up after arthroplasty

The British Hip Society recommends perform-
ing follow-up examinations at one year, seven
years, and every three years thereafter if the pa-
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tient is asymptomatic and has no radiological
issues. During each examination, X-rays in the
anteroposterior and lateral projections should
be taken and evaluated using the Oxford scale for
the X-rays (by phone or traditional mail). If a new
implant was used, additional follow-up exams
are recommended at 5 years, then at 7, 10, and
every 3 years thereafter, in addition to the regu-
lar follow-up exams recommended by the British
Hip Society [18].

The Arthroplasty Society of Australia recom-
mends less frequent examinations for patients
who had surgery before the age of 70 or when
an arthroplasty not evaluated in the Australian
NJRR registry was used — once every 1-2 years,
once every 7-10 years, and every 3-5 years there-
after [19]. This frequency of examinations is sup-
ported by the results of L.E. Bayliss et al.'s study,
which found that the risk of revision surgery dur-
ing a patient's remaining life is 1-6% for those
operated on after the age of 70, while for patients
under 50 at the time of the first surgery, the risk
is 35% [20].

Therefore, more extensive follow-up of older
patients may be unnecessary. Extensive recom-
mendations for more frequent, unnecessary ex-
aminations of elderly patients may lead to dis-
appointment in the accessibility of medical care,
a lower likelihood of patients following recom-
mendations, psychological risks, and a burden
on the healthcare system. On the other hand, the
frequency of examinations for younger patients
should be higher.

In the United States, there are no official re-
commendations for the frequency of follow-up
visits, so doctors make independent decisions. A
survey of orthopedic surgeons conducted by the
American Association of Hip and Knee Surgeons
showed that 95.9% use a "calendar” of scheduled
examinations and radiographic studies after joint
arthroplasty, with the majority of respondents
recommending such observations annually for
the first 5 years, then every 2 years up to 10 years
after surgery, and then every 2 years or annually
for both knee and hip joints thereafter [21].

J].B. Meding and colleagues analyzed 11019
knee arthroplasties to identify the optimal timing
of follow-up visits for revision. They found that
the recommended follow-up times are 6 months,
1 year, 3 years, 8 years, 12 years, and 17 years. More
frequent visits are required for patients with a body
mass index >40 kg/m? and for those whose symp-

toms appear 6 months after surgery. However, this
study found an overall revision rate of 7.5% after
20 years, and like all other studies, it does not ac-
count for the fact that the decision to undergo re-
vision surgery may have been made for a symp-
tomatic patient who sought care on their own or
during routine follow-up [22]. Therefore, recom-
mendations for follow-up visits for asymptomatic
patients may be excessive and ultimately have no
impact on the decision to undergo revision.
Similarly, there are no studies confirming the
effectiveness of prophylactic revisions, including
due to the difficulty of their design. Therefore,
currently available data are insufficient to refute
the claim that asymptomatic patients do not re-
quire frequent follow-up, and in absolute cases,
do not require any follow-up at all: a reasonable
decision about surgery is made for a symptomat-
ic patient, and the effectiveness of prophylactic
revisions is not proven. However, completely dis-
regarding recommendations for follow-up visits
for asymptomatic patients would be unwise, as
it would eliminate an important tool for scien-
tific research that benefits patients. It should be
noted that the frequency of follow-up visits af-
ter arthroplasty is nothing more than an expert
opinion and is not supported by proper research.

How is follow-up conducted after
arthroplasty?

Regardless of recommendations on the fre-
quency of examinations, there is a problem with
their feasibility and compliance due to the avail-
ability of medical care and patient compliance.
The study by P. De Pablo et al. is revealing, as it
showed that after arthroplasty of the hip joint,
15% of patients did not undergo follow-up X-ray
examination, only early examination was per-
formed in 43% of patients, and only 42% of pa-
tients underwent a full examination with X-ray
after 6 years. Consequently, it can be assumed
that the proportion of patients who receive fol-
low-up examinations in later periods of follow-
up will be even smaller, until the patient experi-
ences symptoms [23].

Other studies have demonstrated even lower
coverage. For example, a survey of members of
the British Orthopaedic Association showed that
60% of orthopedists do not see operated patients
after one year, only 27% of orthopedists perform
examinations after arthroplasty of the hip joint,
and only 13% prescribe control X-rays [24].
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As noted above, North American colleagues
recommend much more frequent follow-up ex-
aminations (annually during the first 5 years,
then every 2 years until 10 years after surgery,
and then every 2 years or annually for both knee
and hip joints) [21]. However, 78.3% of the doc-
tors in that study were private practice doctors
and received corresponding financial compen-
sation for examining the patient, unlike their
British colleagues. In this regard, we reiterate the
idea that the postulate” follow-up is necessary for
asymptomatic patients” is not at all refuted.

Some authors believe that early follow-up af-
ter arthroplasty is very doubtful [1]. C.A. Jacobs
and colleagues' study demonstrated that none of
the 339 patients who underwent early revision
between one and two years had any problems
during early examinations up to one year [25]. A
similar study showed that only one out of 304 pa-
tients had a reason for revision detected during
routine examination (aseptic loosening) [26)].

Similarly, there is little evidence of the ef-
fectiveness of routine medium- and long-term
check-ups for asymptomatic patients. C. Hacking
et al. reported that in a series of 110 patients
who underwent revision hip arthroplasty, only
4 (3.6%) hip joints (in 3 patients) were asymp-
tomatic, while the other patients had symptoms
of pain (75%), dislocation (8.2%), periprosthetic
fracture (6.4%), and other causes (6.8%) (the per-
centages were recalculated by the authors of this
publication) [27]. It is obvious that these 96.4%
symptomatic patients would seek medical help
for their symptoms even without routine follow-
up visits. In this regard, the study by A.B. Joshi
et al. is interesting, as they found that patients
who underwent knee arthroplasty and were lost
to follow-up had a lower revision rate and higher
satisfaction scores [28]. Therefore, a patient in
need of revision will seek help even without rou-
tine check-ups.

The cost of one consultation and X-ray ex-
amination is not established at the federal lev-
el in our country — each subject of the Russian
Federation has its own territorial program of
state guarantees. Therefore, calculating the cost
of one additional visit for a patient after arthro-
plasty on a countrywide scale will have some
approximation. Let's take three subjects of the
Russian Federation with median gross domestic
product: Kaluga Region, Murmansk Region, and
Arkhangelsk Region (excluding the districts) —

466.0,482.5 and 514.0 billion rubles, respectively
[29]. It can be assumed that these are truly me-
dian subjects in terms of economic situation. A
consultation with a traumatologist-orthopedist
is priced as primary medical-sanitary aid in out-
patient settings for prophylactic and other pur-
poses. The weighted average financial norms of
expenditure per unit of volume of medical care
in three median subjects in 2022 tariffs amount
to 498 rubles, while the weighted average rate
for X-ray examination in one projection (pelvis,
femoral neck, knee joint) is 593 rubles, and in two
projections — 1288 rubles. Thus, each additional
follow-up of a patient after arthroplasty in 2022
prices will cost 1786 rubles, excluding CAPEX
(capital expenditures), which are not included in
mandatory medical insurance tariffs for outpa-
tient visits.

Given that 88 508 hip and 66 323 knee arthro-
plasties (primary and revision) are performed
annually, additional annual costs will amount
to (88508+66323)*1 786 rubles — 276 528,166
rubles. Taking into account that the number
of patients undergoing arthroplasty in our coun-
try increases by 155000 people each year, every
two additional follow-up visits (compared to
clinical recommendations [4, 7]) over a decade,
as indicated in the discharge recommendations
of the Vreden National Medical Research Center
of Traumatology and Orthopedics, will require
additional costs at the national level amounting
to 553 million rubles annually. On the one hand,
this is not a significant amount, especially since
the coverage of such visits is never complete,
but on the other hand, this figure does not in-
clude CAPEX costs. The most concerning aspect,
in our view, is that each additional visit reduces
the overall availability of medical care in cases
where it is truly necessary, such as for sympto-
matic patients.

An important question is who performs pa-
tient evaluations directly after arthroplasty. In
some foreign countries, there are specialized
outpatient services that not only follow up with
patients after arthroplasty but also effectively
manage waiting lists for arthroplasty, known
as advanced-practitioner-led clinics [30, 31].
In these cases, physiotherapists can effectively
perform evaluations and refer patients for con-
sultations with orthopedic surgeons, thereby re-
lieving the workload of orthopedists. An analysis
of such physiotherapist consultations showed
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that patients were referred for consultation re-
garding the operated joint in only 7.4% of cases
[32]. Moreover, K.E. Large and colleagues report-
ed better PROM results after knee arthroplasty in
patients who were followed up by physiothera-
pists without being referred to orthopedic sur-
geons [33].

Both studies reported no cases of adverse
events when patients were solely managed by a
physiotherapist [32, 33]. Patient compliance and
adherence to appointments with physiothera-
pists were found to be high, exceeding 80%, ac-
cording to M.]. Walton et al. and B. Cavka et al.
[32, 34]. Physiotherapy can be a viable alternative
to orthopedic care for early postoperative man-
agement of joint arthroplasty patients [34, 35],
although the economic feasibility of this model
is questionable. M.]. Walton et al. concluded that
managing and supervising patients through a
clinic system under the guidance of an experi-
enced physician only resulted in a 1% financial
saving compared to traditional orthopedic sur-
veillance [32].

The general practitioner is another important
healthcare provider involved in the management
of arthroplasty patients, and this model of care
is becoming increasingly popular [36]. However,
general practitioners lack the necessary qualifi-
cations for early diagnosis of periprosthetic infec-
tion and osteolysis, which are critical for timely
treatment [37]. Timely diagnosis of periprosthet-
ic infection can make a one-stage revision a more
attractive option. There are also legitimate con-
cerns about general practitioners' ability to diag-
nose osteolysis, as they rely on the radiologist's
conclusions, who in turn, are less adept at verify-
ing early signs compared to orthopedic surgeons.
In patients undergoing hip revision surgery, ra-
diologists only compared preoperative images in
42% of cases, and failed to identify loosening of
the femoral component in 12% of cases and ac-
etabular component in 10% of cases, and failed to
verify femoral and acetabular osteolysis in 26%
and 28% of cases, respectively [38].

The advantage of observing a patient after
arthroplasty by orthopedists themselves is that
it allows for a more precise evaluation of the re-
sults, even allowing the orthopedists to directly
see the results of their operations, including
during the evaluation of new implants [39, 40].

On the other hand, the Beyond Compliance and
Scottish Arthroplasty Project studies have shown
that general practitioners are effective in moni-
toring new implants and timely diagnosing fail-
ures [41, 42].

Prospects for patient follow-up:
"virtual” clinic

In the past 10 years, remote data collection sys-
tems for patients after arthroplasty, which in-
clude X-ray and PROM, have been progressively
developed. Typically, these systems are based
on a web-based questionnaire to which X-rays
can be attached. The pioneers of such systems
were G. Wood et al. with 40 patients [43] and
].D. Marsh et al. with 118 patients [44]. These pi-
lot studies demonstrated a decrease in the need
for in-person consultations and that teleconsul-
tation at least during the first year after surgery
can help avoid missed opportunities for revision
[43, 44]. Later, ]. Marsh et al. also showed the eco-
nomic efficiency of this model [45].

Such teleconsultation shows good patient en-
gagement in the early stages after surgery, but
there are legitimate concerns about the com-
pleteness of information collection in the longer
term [46]. Of the 154 patients who declined to
participate in J. Marsh et al.'s pilot project [44],
14% cited the reason that they "want to see the
surgeon in person,” and patient satisfaction with
in-person orthopedic consultations was higher
than that of "virtual" clinic patients [44, 47]. This
issue may be addressed through the use of video
conferencing or the ability to attach video files
[48]. In addition, a significant number of patients
in both studies had difficulties with computers
and needed assistance with filling out the ques-
tionnaire [43, 44].

The COVID-19 pandemic has given a power-
ful boost to the development of telemedicine.
Development is taking place both through the ef-
forts of IT giants, such as Zoom for Health [49],
through the platforms of health ministries, such
as the National Health Service attend anywhere
[50], and through custom developments by clin-
ics [51, 52]. Additionally, monitoring systems
based on smartphone apps are being developed
by joint replacement manufacturers such as
Zimmer Biomet (Warsaw, USA) [53, 54].
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Remote system for evaluating
arthroplasty outcomes at the Russian
Vreden National Medical Research
Center of Traumatology and Orthopedic

Since 2022, discharge summaries at the
Vreden National Medical Research Center of
Traumatology and Orthopedics in clinical practice
include recommendations for follow-up observa-
tions (Table 1). As can be seen, the frequency of
recommended observations in discharge summa-
ries exceeds that of observations in clinical guide-
lines [4, 7]. The formulation of recommendations
for the discharge summary was done by the au-

thors of this article, who are doctors at the Center.
On one hand, the high frequency of radiographic
imaging recommendations may result in resist-
ance from insurance companies, but on the other
hand, clinical recommendations are subject to pe-
riodic review.

There are three principal ways for remotely
assessing the results of arthroplasty:

« Using web forms (questionnaire on the web-
site, feedback form variant).

« Using applications for smartphones.

« Using state information systems: the Unified
State Information System in Healthcare (EGISZ)
and government services (Gosuslugi).

Table 1

Standardized recommendations for postoperative follow-up after arthroplasties
in discharge summaries of patients at the Vreden National Medical Research Center
of Traumatology and Orthopedics

Hip joint

Knee joint

To enable us to follow-up the condition of your joints and make timely decisions for the benefit of your health, please

do the following:

Follow-up X-ray images should be taken at 3 months,
1 year, 3 years, 5 years, 7 years, 10 years, 13 years,
16 years, and so on, every three years after the operation.

Follow-up X-ray images should be taken at 3 months,
1 year, 5 years, 10 years, 13 years, 16 years, and so on,
every three years.

Please send us the images along with your answers to the questionnaire.

You can find the questionnaire on the website rniito.ru, in the section "For Patients" - "Questionnaires for Patients".
In the questionnaire, please indicate the medical record number, which is printed at the beginning of this discharge
summary in the upper right corner. If necessary, the doctor will respond to you through the specified communication

channel.

We gave preference to "archaic” web forms
for several reasons. Despite the attractiveness
and "wow-effect" (attention to customer-specific
details or any other actions that can make your
customer feel important and exceed their ex-
pectations) of smartphone applications, there
are certain risks involved, such as low coverage
due to elderly patients' reluctance to use them.
Additionally, in the overwhelming majority of
cases, patients will have to reinstall the applica-
tion when they replace their smartphone, which
becomes an increasingly significant problem
over the years of patient follow-up after arthro-
plasty, as the patient ages. However, we do not
deny the prospects of smartphone applications
and are currently conducting preparatory work to

develop them; we just gave priority to web forms
in the development process.

Currently, the development of post-arthro-
plasty monitoring through state information sys-
tems (EGISZ, Gosuslugi) is impossible due to the
absence of a protocol for patient cards for those
who have undergone arthroplasty in the for-
mat of structured electronic medical documents
(SEMID). The Center's employees have developed
a corresponding SEMID protocol project, but its
implementation within the framework of EGISZ/
Gosuslugi is impossible until it is adopted.

The patient fills in their passport data, speci-
fies their attending physician, and the electronic
medical record number, which is printed in the
discharge summary (Fig. 2).
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Fig. 2. Scheme of remote monitoring patients after
arthroplasty at the Vreden National Medical Research
Center for Traumatology and Orthopedics

Then the patient answers the questions of the
Oxford scale in the modification of the Vreden
Center, attaches files (attachment from a smart-
phone camera is possible), and specifies feed-
back options, including the most common mes-
senger, WhatsApp. The completed web form is
then submitted as a separate task to the public
services portal, where it is reviewed by an opera-
tor. We consider this stage to be very important
and do not see the possibility of excluding the
operator for the following reasons: the confident
identification of the patient's data, who filled
out the questionnaire, is only possible through
the public services portal's protocol of the sin-
gle system of identification and authentication
(ESIA). Implementing ESIA in the web form is
possible, but we are afraid that it will deter some
patients. Automatic linking via the electronic
medical record number may also be difficult for
some patients. Automatic linking via the at-
tending physician or operating surgeon is also
not very promising, as many patients simply do
not remember the doctor's name or the doctor
may resign. In addition, some patient question-
naires may require administrative participation.
Therefore, we believe that it is impossible to
exclude the stage of the operator who sorts the
questionnaires. We plan to maintain this mecha-
nism for at least two years to understand the ac-

tual involvement of patients, and only after that,
we will introduce either authentication through
the public services portal (ESIA) or another au-
thentication option (such as linking to social
networks, email, etc.).

Then the operator switches the task in the
corporate portal to the doctor who operated on
the patient. The task includes the results of the
Oxford-Vreden scale survey, images attached by
the patient, the patient's questions, and com-
ments. The task has an automatic hyperlink to
the patient's direct number on WhatsApp (using
open line protocol), so if necessary, the doctor can
switch from the corporate portal to WhatsApp
messenger with just one click and respond to the
patient by text or voice using their phone number
or department number.

All surveys are combined into a summary
xls-file, which is compared with the export from
the local registry of the Vreden National Medical
Research Center of Traumatology and Orthopedics.
It is important to note that preoperative and post-
operative statuses are evaluated using absolutely
identical Oxford-Vreden questionnaires. Automatic
merging of data from the registry with the sum-
mary questionnaires obtained from web forms is
currently impossible due to authentication-related
issues as described earlier. We plan to decide on
the path of automatic merging of preoperative and
postoperative data in two years, after clarifying the
status of the questionnaires. Without understand-
ing the status, an erroneous implementation of the
expensive merging mechanism can be costly, given
the involvement of thousands and tens of thou-
sands of patients.

The proposed mechanism was implemented
in the summer of 2021. We made a mistake by
basing our web form on the platform of one of
our foreign partners. Therefore, we had to de-
velop our own custom web form, which was com-
pleted in May 2022.

During the first three months, 221 question-
naires for hip joint assessment and 235 for knee
joint assessment were collected through the
proposed mechanism, and according to weekly
monitoring, the number of questionnaires pro-
gressively increases, which is not surprising,
since the corresponding recommendation for pe-
riodicity is contained in the discharge summary
(see Table 1).
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CONCLUSION

Patient follow-up after arthroplasty remains an
unresolved problem, with low coverage, lack of
willingness or forgetfulness on the part of asymp-
tomatic patients, problems with access to medi-
cal examinations, and excessive financial burden
on the healthcare system being the main issues.
At present, the real impact of preventive check-
ups on the decision-making process for revision
arthroplasty, especially in patients over 70 years
of age, remains unknown, and the effectiveness
of "preventive" revisions for osteolysis without
loosening has not been proven.

Nevertheless, follow-up of asymptomatic pa-
tients after arthroplasty represents an important
source of scientific data that can be used both to
refine indications for arthroplasty to address the
potential problem of an epidemic of early osteo-
arthritis arthroplasty, as well as for implant safe-
ty monitoring, especially for new implants, and
for planning the development of the arthroplasty
system as a whole.

Perhaps the problem of low coverage of pa-
tient monitoring after arthroplasty will be solved
through modern technologies. The advantage is
the simplicity for the patient, for which "archaic"
but more understandable web forms were pre-
ferred in the pilot project of the Vreden National
Medical Research Center of Traumatology and
Orthopedics. An important feature is the direct
transmission of the results of surveys and control
X-rays to the operating physician.

Unfortunately, this type of follow-up form
does not have legal status, but despite this, in
the case of a real orthopedic problem, it can be
resolved because there is a direct connection be-
tween the doctor and the patient, and we have
given the right to initiate communication to the
doctor, not the patient.

Currently, there is an unresolved problem of
automatically merging postoperative follow-
up data with data from the local registry of the
Vreden National Medical Research Center of
Traumatology and Orthopedics or with the medi-
cal information system. A possible solution will
be implemented through the Unified System of
Identification and Authentication in two years

as material accumulates and the commitment
and difficulties of patients in implementing the
postoperative follow-up mechanism are ana-
lyzed. The fact that the first three months of work
showed good patient engagement, at least at the
stage of short-term results, inspires optimism.
The outpatient system cannot always provide
quality follow-up of patients after arthroplasty for
various reasons, so we believe that implementing
a mechanism for remote follow-up will allow for
early detection of various complications, which
will facilitate prompt resolution of these issues.
Increasing the quantity and analyzing the incom-
ing information will further improve the system
of remote patient follow-up after arthroplasties.
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CocTosiHMe apTPOCKONUUYECKOW XMpyprun Ta3o6eapeHHoro cycraBa
B Poccuu: oueHKa Ha 0CHOBaHMM COLMOJIOrMYECKOro ONpoca Bpayei

C.A.Tepacumos 2, A.A. 3pikuH !, E.A. Mopo3oBa 12

T ®I'6OY BO «IIpusonxckuli uccnedosamensckuii meduyuHckuii yHusepcumem» Murnsdpasa Poccuu,
2. Huxcruti Hoszopod, Poccus

2 AHO «Opmoneduueckue ucciedosamensckue npoekmol», 2. Huxcruii Hogzopod, Poccus

AxkmyansHocme. ApTpockonusi Ta300eIPeHHOr0 CycTaBa SIB/SIETCS MaJlOTPaBMAaTUUHBIM XUPYPrUUECKUM MeETOLOM,
KOTOPBII1 Uallie BCero BBIMOMHSIETCS ISl ycTpaHeHMsl hemopoaleTabyisspHoro uMnuuakmenTa (PAU). B HacTosiiee BpeMst
OHa MIMPOKO IPUMEHSIeTCS 3apyOeXKHbIMM BpauaMy; MMeeTCsl 3HaUMTeIbHOe UMCIO0 aHIVIOSI3bIUHbIX ITyOGIMKaluit 1o JaH-
HOI1 TeMaTuKe. KonnyecTBO IPOBOAMMBIX aPTPOCKOMMYECKUX OTepalyii Ha Ta306eJpeHHOM cycTaBe B Poccuu HEM3BECTHO.
Vudopmanusi o JaHHOM XMPypruyeckoil MeToauke Takke BeCbMa OrpaHMUeHa B Hallleit CTpaHe.

Liens uccnedosanuss — OLLEHUTD YPOBEHD apTPOCKONMNUECKOI XUPYPIUM Ta300eApeHHOro cycTaBa B Poccum.

Mamepuan u memo0ds!. Bbisi0 IPOBeLEHO CIVIOIIHOE aHKeTVPOBaHNe TPABMaTOI0TOB-0OPTOIEe 0B, MMEIOIINX OIBIT BbI-
TIOJIHeHMSI apTPOCKOMMIi Ta300eIpeHHOTO cycTaBa. AHKeTa Oblia pa3MelieHa Ha maTdopme Google Forms u cocrosiia 13
13 BOIPOCOB 3aKPBITOTO, IOTY3aKPbITOIO ¥ OTKPBITOTO TUIIOB. [I/1s1 ompoca 6blIM IpUIVIAlleHbl 54 XUpypra U3 poCcCUiicKuX
KJIMHUK, U3 HAX aHKeTY 3aIll0THWIN 45 UeoBexk.

Pesynsmamesi. Cpeny pecrioHAEHTOB Mpeo6afaiy Bpauu C OMIBITOM BBITTOTHEHUS apTPOCKOMUYECKUX OMepaiuit
Ha KoJleHHOM M tmuiedeBoM cycraBax (100,00+0,00% mu 93,30%0,03% cOOTBETCTBEHHO). BOMBIIMHCTBO CHELMATUCTOB
(73,30+0,06%) 06yuaamch apTPOCKOMNMM Ta300eIpeHHOT0 CyCTaBa Ha MepBUYHOM Kypce B OAHO 13 KIuHUK Poccun. Bo-
Jiee TI0JI0BMHBI onpouieHHbIX (68,80+0,06%) B HacTosIllee BpeMs 3aHMMAIOTCS JAHHBIM XUPYPTrUUeCcKMM HalpaBjieHueM,
OJIHAaKO KOJIMYECTBO omnepanuii y 45,16+0,07% 13 HUX He MpeBbILIAeT NATH B rof,. Y XUPYProB, MPOLIEIINX ABa U Gonee
06yyarumx Kypca, 06beM BbIMOTHIEMbIX onepaiuii Boiiie (p<0,05). APTPOCKOTINIO C TOMOIIbIO &JIbTEPHATUBHO TEXHU-
KU BBIIOMHSIOT 51,11%0,07% Bpaueit. CrielnaauCTOB, apTPOCKONIMYECKYM pe3elMPYIOLMX KOCTHBI KoMnoHeHT ®AW, mpak-
TUYECKH B 2,5 pasa 60oJIbllie, YeM XMPYProB, 0018 JaI0NX HABBIKAMU PEKOHCTPYKTUBHOI apTPOCKOMMYECKO XUPYPTUU Ta-
306empeHHOTO cycTaBa (p<0,05). [I9THaaaTh ONPOLIeHHbIX (48,39+0,08%) BBITOMHSIOT 1e6PUIMEHT B KAUECTBE MOITBITKYA
OTCPOYUTH 3HAOMpOTe3upoBanue. Hanbosnee pacnpocTpaHeHHbIMY TPYSHOCTSIMMU, C KOTOPBIMM CTAJIKMBAIOTCS Bpauw,
SIBJISTIOTCST TIPO6IeMbI ¢ AuarHocTuRoit ®AU (40,00+0,02%), OTCYyTCTBME HEOOXOAMMOro MHCTpyMeHTapus (40,00+0,02%),
JIOCTaTOYHOI'O KONMYeCcTBa BpeMeHM Ha ocBoeHue TexHuku (33,30+0,07%). Tonbko Tpoe (6,60+0,07%) onpoiieHHbIX CUM-
TaIOT, UTO MM yIAeTCs JOCTUYb 3aTlJIaHMPOBAHHBIX PE3y/IbTaTOB onepanui; 93,30+0,03% Xxupypros COOGIINMIIN O TOM, UTO
He Bcerja MoayvyaeTcst JOOUThCS skejlaeMbIX UCXO0B.

3akntoueHue. ApTpOCKOMUs Ta306€IPEHHOrO0 CycTaBa B Poccuy Masio pacrpocTpaHeHa, 00beM MOA06HBIX BMENIATETbCTB
He3HauuTesneH. [Ipeob61asaoT Bpauu ¢ MMHMMAaJIbHBIMM HaBbIKAMM apTPOCKONMYECKON XUPyprun Ta3o6eIpeHHOro cycTa-
Ba. ®aKkTOpPBI, KOTOpbIe 3aTPYLHSIOT pa3BUTHe NJAHHOTO HallpaBjieHMsl B Hallleit cTpaHe, CBSI3aHbl C MeTOLaMy OOyUeHMsI,
npo6iaemMamu auarHoctrku G@AW, OTCYTCTBMEM HEOOXOAMMOTO MHCTPYMEHTApUs AJIsl IPOBeIeHNs OTepaluii, HeXBaTKOM
BpeMeHU y CIIelIaJuCTOB AJIS OCBOEHUS XUPYPIrUuecKoit TeXHUKMU.

KioueBble c1oBa: apTpocKoImus, pemMmopoalieTabyIsipHbIil UMIMHIKMeHT, DAY, Ta306eIpeHHbI CYCTaB, PEKOHCTPYK-
TUBHAS XUPYPIsl, TOBPEXKIEHE TYObl BEPTIYKHOI BITAAUHBI, IeOPUIMEHT.

TepacumoB C.A., 3bikuH A.A., Mopo3oBa E.A. CocTosiHMe apTPOCKOMMYECKOi XMUPYpPruy Ta3o0eIpeHHOTo CycTaBa
B Poccuu: oleHka Ha OCHOBaHMM COLMOJIOTMYECKOrO oOmpoca Bpaueit. Tpasmamonoeus u opmonedus Poccuu.
2023;29(1):73-83. https://doi.org/10.17816/2311-2905-2022.
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The State of Hip Arthroscopy in Russia:
Assessment Based on a Sociological Survey of Doctors

Sergey A. Gerasimov 2, Andrey A. Zykin!, Ekaterina A. Morozova !

I Privolzhsky Research Medical University, Nizhny Novgorod, Russia
2 ANO “Orthopaedic research projects”, Nizhny Novgorod, Russia

Background. Hip arthroscopy is a minimally invasive surgical technique most commonly performed to correct
femoroacetabular impingement (FAI). Currently, it is widely used by worldwide; in addition, there are a significant number
of english-language publications on this topic. The number of hip arthroscopy performed in Russia is unknown. Information
about this surgical technique is also very limited in our country.

The aim of the study was to assess the level of hip arthroscopy in Russia.

Methods. A total sociological survey of orthopaedic surgeon with experience in performing hip arthroscopy was
conducted. The questionnaire was posted on the Google Forms platform and consisted of 13 questions of closed, semi-closed
and open types. The survey included 54 surgeons from Russian clinics, 45 people filled out the questionnaire.

Results. Among the respondents, doctors with experience in performing arthroscopic operations on the knee and
shoulder joints predominated (100.00+0.00% and 93.30£0.03%, respectively). The majority of specialists (73.30£0.06%)
were trained in hip arthroscopy during the primary course in one of the clinics in Russia. More than half of the respondents
(68.80+0.06%) are currently engaged in this surgical area, however, in 45.16+0.07% of them, the number of operations
does not exceed 5 per year. For surgeons who have completed two or more training courses, the volume of operations
performed is higher (p<0.05); 51.11+0.07% of doctors perform arthroscopy using an alternative technique. There are
2.5 time more specialists doing just bone resection, than surgeons who apply any kind of reconstruction technique while
treating FAI (p<0.05). Fifteen respondents (48.39+0.08%) perform debridement as an attempt to delay arthroplasty.
The most common difficulties faced by surgeon are problems with the diagnosis of FAI (no patients) (40.00+0.02%), lack
of the necessary tools (40.00+0.02%) and sufficient time to master the technique (33.30£0.07%). Only three (6.60+0.07%)
respondents believe that they manage to achieve the planned results of the operation, 93.30+0.03% of surgeons said that
it is not always possible to achieve the desired outcomes.

Conclusion. Hip arthroscopy in Russia is not very common, the volume of such interventions is insignificant. Doctors
with minimal skills in arthroscopic hip surgery predominate. Factors that impede the development of this area in our
country are related to teaching methods, problems with FAI diagnostics, the lack of necessary instruments for performing
operations, and the lack of time for specialists to master surgical techniques.

Keywords: arthroscopy, femoroacetabular impingement, FAI, hip, reconstruction surgery, labrum tear, debridement.
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BBEJEHUE

Jleue6HO-IMarHOCTUUECKAs apTPOCKOIMSI Ta30-
6elpeHHOro CycTaBa — MaJIOTPaBMAaTUUYHBIN XUPYP-
rUYecKuit crocob ycrpaHeHus gecbopmanny BepTiIyxK-
HOIt BITaiMHBbI U ITPOKCUMAJILHOTO OTAe/a 6elpeHHOI!
KOCTM, KOTOpbIE€ YUYacTBYIOT B Pa3BUTUM IaTOMeXa-
HMYECKOTro Ipoliecca — hemMmopoaleTabyasipHOTO M-
nuHKMeHTa (PAN). THbIMM ITOKa3aHMUSIMM K BBITIOJ-
HEHMI0 [aHHOTO BMeIIaTelbCTBA HAa CETOLHSIIHUIA
IleHb SIBJIIOTCS TTOBPEXIeHNe CYyCTaBHO I'yObl BepT-
JTY>KHO¥ BIIAAVHBI, XpSIIIIa FOJIOBKYM 6 peHHO KOCTH,
KPYIJION CBSI3KM, CMUHAPOM IOAB30IIHO-TOSICHUYHOIA
MBIILILIbI, TOLOCTHBIM UMIOMHIXMEHT, yAaleHle XOH-
IPOMHBIX Ten [1, 2].

BriepBbie apTpoCKOMuio Ta300eIpeHHOro CyCTa-
Ba Ha KaJaBepHOM MaTepuaje BBINOJHWI B 1931 T.
M. Burman [3]. BiepBrle B KIMHUYECKOW MpPaKTU-
Ke 3TOT MeTO[ NMPUMMEHMJ cIycta 8 jeT, B 1939 r.
K. Takagi B kauecTBe JOTIOTHUTETHLHOTO METOA JIeve-
Hus ipu cycraBax lllapko, Ty6epKyae3HOM U CenTu-
yeckoM apTputax [4]. lo cepenynsbl 1970-X IT. 66110
ONYy6JIMKOBAHO HEe3HAUMTENbHOE KOJIMYeCTBO Hayu-
HBIX MCC/IeNOBaHMI 110 apTPOCKONNYU Ta306epeHHO-
ro CyCTaBa, OIHAKO IOCJIe TOro, Kak R. Gross coobuimt
0 IPUMEHEeHUM JAaHHOJ METOIMKM B KauecTBe Jieye-
HUSI TIeguaTpuyecKux 3ab0jeBaHMil Ta300edpeHHO-
rO CYyCTaBa, CTajo IMOSBJSITLCS BCe OObIle HAYUHBIX
paboT c omucaHueM cepuii ciaydaes [5, 6]. AKTUBHOe
pasBUTHE U CTAHOBJIEHME aPTPOCKOIMM Ta300eIpeH-
HOTO CyCTaBa KaK XMPYpPruyeckoro MeTona JieueHUs
HauuHaeTcs ¢ 1980-x rr.

IlpoBeneHHBINi TOMCK B 3MEKTPOHHOI 6ase
PubMed 3a nmocsieHMe AT JIET TOMBHKO IO KITIOUEBbIM
croBaM «hip arthroscopy» BwIsIBMI 2523 craTby, 1O
«femoroacetabular impingement» — 2058. TemaTuka
MyoMMKauii pasHooOpa3Ha: METOObl OUATHOCTUKU
MaTOJOTUM, KOHCEPBATUBHBIE U XUPYPIUUECKUE Ba-
PMAaHTHI JieueHUs], TEXHUKU BbIIIOTHEHUSI apTPOCKO-
Uy, peabuauTanus, oleHka pe3ylbTaToB OIepalum
y NalMEeHTOB Ha pa3HbIX CPOKaX, OCAOKHEHUS, IPU-
YMHBI PEBU3MOHHBIX aPTPOCKOIMI, OCOOEHHOCTU
U pe3yIbTaThl IeueHUs PO eCcCUOHATbHBIX Y HEIIPO-
(deccroHaMbHBIX CITIOPTCMEeHOB ¢ AU u T.11.

ITo gpanubiM Swedish National Patient Register
(NPR), 3a mepmopm c 2006 mo 2018 r. 6bL710 BBI-
nmoaHeHo 6105 apTpoCKONMMUYEeCKMX  omepaiuit.
C 2006 mmo 2014 r. oTMevaJicsl 5KCIIOHEHIMATbHbIN
POCT KOJIMYeCTBA MOJOOHBIX BMENIATeNbCTB; B ITOC/Ie-
IYIOLIEeM C KaXIbIM FOJIOM B MCCIeAyeMOM Iepuope
3TO YMCJIO CHWXKANOCh [7]. AHa/OrM4yHas CUTyaUus
o6buta 3adurcupoBaHa M B PuanasHauu. Ilo maH-
HbIM Finnish National Hospital Discharge Registry
(NHDR), ¢ 1997 no 2016 r. 6pu10 mpoBeneHo 4207
apTPOCKOIMII Ta300eApeHHOro CycTaBa. B mepBbie
16 neT B aHa/IM3MPyeMOM IIePUOE OTMEUaJICs exe-
TOAHBIV NPUPOCT Uyuciaa onepauuit Ha 13,0%, B cie-
OyoumMe 3 roma [OaHHBIM IOKasaTeab CHMKAICS

exxerogHo Ha 17,9% [8]. IIpumMepHO B 3TO Xe BpeMsl
(2004-2016 rr.), mo manHbIM Statewide Planning and
Research Cooperative System (SPARCS) mrata Hpio-
Mopk (CILIA), 65110 BBINOIHEHO 23 640 apTpPOCKO-
MMYeCcKux onepauuii nauuentam crapie 10 et [9].
CTouT OTMETUTD, UTO B 9TOM miTaTe CIIIA He HabO-
JaJIOCh TEHIeHL MY K CHMKEHUIO YaCTOThI IPOBeLeHUs
IIaHHOTO ONIepaTUMBHOrO BMeLIaTeNbCTBa 3a Uccaenye-
mblil iepuon,. B r. Onrapuo (KaHaga) Ha OCHOBaAaHUM
M3yuyeHus: 6a3bl JAHHBIX BBISIBJIEHO YBeJIMUEHME YUC-
Jla apTpOCKOIMii TazobenapeHHOro cycraBa Ha 470%
B rox ¢ 2010 mo 2016 r. [10]. B my6aukauum H. Yang
C coaBTOpaMy HeT MH(OpPMaALUU O KOMUYECTBE IIPO-
BeleHHbIX onepauuit B Kurtae, ofHaKo aBTOPBI MIPO-
BeJIM aHAIN3 MyOAMKALMIOHHOM aKTUBHOCTHU, CBSI3aH-
HOI1 ¢ teueHueM AU nipyu oMoy apTPOCKONUM 3a
2005-2019 rr. Bpuio BBISIBIIEHO, UTO apPTPOCKOIMS
Ta300eJpeHHOr0 CyCcTaBa aKTMBHO pa3BMBAETCS —
B IOCJIESHME TOObI OTMEeYaeTcsl pOCT KOJIMYECTBA Ha-
YUHBIX CTaTeil 0 ee mpumeHeHun [11].

Ha ceromusimumii neHb apTpPOCKONUS Tasobe-
JIPEHHOrO CyCTaBa MPOAO/DKAET COBEPILIEHCTBOBATHCS
M HMIMPOKO MPUMEHSThCS 3a pybeskom [12, 13]. K co-
sKajieHuIo, 00Illee YMCI0 MOAOOGHBIX OmNepaluii, mpo-
BelleHHbIX B Poccui, HEM3BECTHO BBULY OTCYTCTBUS
KaKOTO-IM60 OTKPBITOTO perucrpa ¢ AaHHOI WMH-
dbopmanueit. ®ITBOY BO «[IMMVY» gBisieTcs OOHUM
M3 OCHOBHBIX LIEHTPOB B CTpaHe, IAe MPOBOLUTCS
apTpocKomus TaszobeqpeHHOro cycTaBa. JJaHHOe XK-
pypruyeckoe HampaBJjieHMe B MHCTUTYTE Pa3BUBAETCS
¢ 2015 r. Ha moMeHT Havasia paboOThl Haf CTaTbe
ObLIO BBITIOTHEHO 325 BMellaTenbCTB.

B HayuHOI sneKkTpoHHOM O6MOMMoreke eLIBRARY
¢ 2017 mo 2022 r. mOo K/IKOYEBBIM CI0BaM «apTpo-
CKOTIMS Ta300epeHHOT0 CycTaBa» ObUIO HalimeHOo
16 nmybmukamnuit, «demopoaneTabyasIpHbIi MMIIMH-
IKMeHT» — 23, IpakTuyecku TpeThb (7 paboT) U3 HUX
MOCBSIIEHBI AMAarHOCTUKE Y JIEUeHUIO aBaCKyJISIPHOTO
HeKpo3a royIoBKY 6expeHHO KocTu. [Tocie uckoue-
HMSI TIOBTOPSIIOIINXCSI CTaTeil UxX oblllee KOIMUECTBO
COCTaBUJIO 37, TPU U3 HUX NPEACTaBISIOT Pa3INvYHbIe
acrektbl @A (McTOpuUs, IMAarHOCTMKA MATOJIOTUU U
TJIAaHMPOBaHMe apTPOCKOIINY Ta300eIpeHHOr0 CyCTa-
Ba, pe3yJIbTaTbl apTPOCKONNYECKOV XUPYPTUM).

C 2017 mo 2022 r. B HaIIel cTpaHe OGbUIO ITPOBeIe-
HO 16 KoH(epeHLNit, B TOM UMCIe U B OHJIAMH-(Op-
Mare, re 00CYyKIaniCch BOIIPOChI apTPOCKOMMYECKOM
XUPYPruu Ta306enpeHHoro cycrasa. s cpaBHeHUS:
CUMIIO3MYMbI, TTOCBSIIEHHbIE 3HIONPOTE3UPOBAHNIO
Ta300eJpeHHOTr0 CyCTaBa, HACUUTHIBAIOT 3HAUUTEb-
HO 6GoJTblilee KOMMYeCTBO — TOMbKO B 2022 T. 6bIIO 3a-
IIAaHUPOBAHO 13 KPYITHBIX BCEPOCCUICKUX MEPOTIPU-
SITUIA, B TOM YMCJIE C MeXAYHapPOOHBIM yUYacTUEM.

Ha ocHOBaHMM BbILIEN3/TOXKEHHOTO MOYKHO CHEeaTh
BBIBOJI, O TOM, UTO apTPOCKOIINS Ta300eIpeHHOTO CYC-
TaBa HELOCTATOYHO MOMYISIPU3UPYETCS Cpedy TpaB-
MaTOoJIOTOB-OPTOIE[0B, KOMMYECTBO PYCCKOSI3bIYHBIX
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UCTOUYHUKOB 0 PAN Kak 06 aHATOMMUUYECKOM BapMaHTe
pasBUTUSI Ta300eIPEHHOTO CYCTaBa, KOTOPBINA SIBIISI-
eTCsl OHMM M3 OCHOBHBIX TTIOKa3aHUH K TPOBeeHUI0
OIepaTMBHOTO JieueHMsl, OTPAaHUYEHO.

Llens uccnedosavuss — OIEHUTDH YPOBEHDb PA3BUTUS
apTPOCKOIINYECKOV XUPYPTUM Ta300eIpeHHOTO CyC-
TaBa B Poccun.

MATEPHAJI U METO/1bl

VccrenoBanye HOCWIO XapakTep CIUIONTHOTO aH-
KeTMPOBaHMS TPaBMAaTOJOTOB-0OPTOIEI0B, MUMEIOIINX
OTIBIT BBITIOJTHEHUST apPTPOCKOIIMYECKMX Orepamii Ha
Ta306edpeHHOM cycTaBe. AHKeTa ObLla pasMelleHa
Ha miatdopme Google Forms, cchbIka Ha 3amojiHe-
HJe OTIIpaBjieHa PecIoHAeHTaM. AHKeTa COCTOsIa U3
13 BOIIPOCOB 3aKPBITOTO, MOTY3aKPBITOTO U OTKPBITO-
ro TMIIOB. YacTb BOMMPOCOB MOCBSIIIANIACH aPTPOCKOIIN -
YeCKoii MpaKTuKe B 1IeJIOM, Apyras — OIbITY IIPOBe-
IeHUST apTPOCKOMMUY Ta306eqpeHHOr0 CYyCTaBa, B TOM
YuciIe crrocobaM OCBOEHUS JAaHHOV METOAVIKM JIeUeH!
M TPYAHOCTSIM, C KOTOPBIMM CTAJIKMBAIOTCS Bpauy IIpu
ee BBINOMHEHNM. [IJi9 ompoca 6bUIM HpUIJIAIIeHbl 54
XUPypra u3 POCCUICKUX KIMHUK, M3 HUX aHKETY 3a-
TIOTHWIN 45 YeoBex.

CraTuCTUUYeCKUIL aHA/IN3

Cratuctudyeckast 06paboTKa JaHHBIX OCYIIECTBJIS-
JIach C ITOMOIIIbIO ITporpammel Statistica v.13.3 (TIBCO
Software Inc). KauecTBeHHbIe JaHHbIE TTPeICTABIEHbI
B Bune P+op (P — nipoiieHTHAas 0078, op — CTaHaapT-

100%*

100%

93,3%*

HO€ OTKJIOHEHMe MPOLIeHTHOM J0/u). [Ipy 4acCTOTHOM
aHa/M3e TabIuI] CONPSIKEHHOCTM MUCTTIONb30BaIN KPU-
Tepun Metca u ®umepa. CTaTUCTHMUECKM 3HAUMMBbI-
MU cuuMtany pasauuust mpu p<0,05 ¢ mompaBKoii Ha
MHOKeCTBEHHbIe CpaBHEHMS TP aHa/In3e 6osiee IBYX
TpyMIL.

PE3VJIbTATbBI

I'pynny pecioHAEHTOB COCTaBMU/IM Bpau B BO3pac-
Te oT 30 mo 50 jteT.

BO/BIIMHCTBO OMPOLIEHHBIX BBIMOIHSIOT apTpPO-
CKOIIMYEeCKue orepanuy Ha KOJeHHOM U IIIeYeBOM
cycrasax (100,00+0,00% n 93,30%0,03% COOTBETCTBEH-
HO); KOJIMYECTBO CIELMAJNCTOB, OCYIIECTBISIOMINX
oriepalMy Ha TOJEHOCTOITHOM cycTaBe, B 1,5 pasa
MeHbllle, Ha JIOKTEBOM CyCTaBe — B 2 pa3a MeHbllle
(puc. 1).

Cpeny pecrioHIeHTOB IPeodIagaay CreuaauCTbl
C OITBITOM apTPOCKOIIMYECKOI XUpyprum 6osee 10 et
(40,00%0,07%), a TakKe Te, KTO 3aHMMAETCS JaHHBIM
HalpaBjeHueM B TeueHue 6-8 jer (26,60+0,06%).
Haubonpillee KOIMUECTBO OIepalii BBITOJHSIOT
BpauM C OMbITOM 6—8 jieT, HauMeHblllee — XUPYPIH,
KOTOpbIE€ TIPOBOASAT apTPOCKONMYecKue orepauumn
B Teuenue 3-5 1 9-10 ner (Tabm. 1).

BONMbIIMHCTBO PeCIOHAEHTOB OOyJaauch apTpo-
CKOTIMY Ta3006epeHHOTO CyCTaBa Ha IePBUYHOM Kypce
B OfgHOM m3 ximHuK Poccum (73,30%0,06%). VHBIM
MPaKTUKYEMBIM METOAOM OCBOEHUSI TEXHUKU SIBJISTICS
BU3UT XUpYypra B KJIMHMUKY Ha TepBble omepauum —

90%
80%

Puc. 1. YacToTa BBIOTHEHNST apPTPOCKOIINYECKUX
omepauuit B 3aBUCUMOCTH OT CyCTaBa

1,1%*

Hmozosslti npoyenm npesviwiaem 100,

70%

m.K. eonpoc npeanozlazaﬂ HeCKOJIbKO

60%

éapuaHmoes omeema,

50%

46,6%*A

p = 0,008; *vs*— p<0,008

40%

Fig. 1. The incidence of arthroscopic procedures

30%

depending on the joint

20%

10%

The total percentage exceeds 100 because the

question had multiple answer options;
p = 0,008; *vs* — p<0,008

0% T T

KONEHHbIM nneyeson rONEHOCTOMHBbIN

NIOKTEBOM

KonmnuecTBO BBINOIHsAEMbIX Olepanyii B roJi B 3aBMCMMOCTHU OT ONbITa XUpypra, Picp?’/:?muua !
Or1bIT, 1€T
KonnyecTBo onepaiinii B rop,

MeHee 3 3-5 6-8 6omee 9-10
Menee 50 (n = 7 yen.) 42,86*0,07 28,57+0,06 - 28,57+0,06
51-100 (n =7 yen.) 14,29+0,05 14,29%0,05 14,29+0,05 57,14+0,07
101-150 (n = 6 yen.) - 16,67%0,05 33,33+0,07 50,00+0,07
151-200 (n = 10 ven.) - - 30,00+0,06 70,00+0,06
Bonee 200 (n = 15 yen.) 13,33+0,05 - 40,00+0,07 46,67+0,18
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JTOJISI CITeLIMATMCTOB, BLIOPABIINX JAHHBIM BAPUAHT OT-
BeTa, 6bUIa B IBa pasa MeHbie (35,50+0,07%). Kaxxmpiii
YeTBEPTHI OMPOIIEHHbIN MTPOXOAMI KalaBEPHbII KypC
3a pybGeskoM WIM TTOCeNa] MHOCTPAHHOTO CIIeIVain-
CTa C 1eJIbI0 00yueHust (puc. 2).

Ha momeHT ompoca 60see TOJIOBMHBI TPaBMAaTO-
JIOTOB-OPTOIIEIOB BBITIOTHSIIM apTPOCKOIINIO Ta300e-
OPEeHHOTo CyCcTaBa, UXx mois cocraBuia 68,80+0,06%
(p<0,05). 13 18 uyenoBek (40,00+0,02%), moceTus-
mMxX aBa U 6ojlee Kypca IO OCBOEHMIO TEXHUKM, 16
(88,80%0,07%) TpUMEHSIOT IIOJyYEHHbIE HABBIKU
B cBoeii npakTuke (p<0,05). HemHOoruM 6osiee mojo-
BuHbI (60,00£0,03%) y4acTHMKOB OIIpOCa IOCEIaan
TOJIBKO OAVH O0OyvYamIuii Kypc, U3 HUX 12 yeoBeK
(44,40%0,09%) B mocnenywoileM He MPOBOAMIN IIO-
IOOHBIX Omepanuii, IpuyeM OOJbIIMHCTBO XUPYP-
roB (66,60%0,09%) yyacTBOBa/IM B IIEPBMUHOM Kypce,
MPOBOAMBIIEMCS B OOHOM U3 KIMHUK Poccun.

HeobxomMmMo OTMETUTH, UTO OKOJIO TIOJIOBVHBI
pecrioHieHToB (45,16+0,07%), OTBETMBIINX, YTO
B HaCTOsIlllee BpeMsl BBITIOMHSIIOT apTPOCKOIINIO Ta30-
6eIpeHHOro CyCcTaBa, OCYIIECTBIISIIOT He Oojee 5 1mo-
IOOHBIX Oomepanuii B rof (puc. 3).

Cy1iecTByeT TPU OCHOBHBIX TEeXHUKHU, IIpUMe-
HJIONIMeCss TpM  apTPOCKONMM Ta306epeHHOTO
cycraBa. [losioBMHA  TpaBMaTOJIOTOB-OPTOINENOB
(51,11+0,07%) oTmaeT mpennouTeHue Tak Ha3biBae-
MO aIbTePHATMBHOM TEXHMKE C HAUaJIOM OIlepalyumn

13 repudepnIeckoro oTaena CycTaBa, MOIeIUPYIO-
1Ieii KOCTHOM pesekiuuy gedhopManyuy MpOKCUMab-
HOro OThesa 6epeHHO KOCTU M BEPTIYKHON BIa-
IVHBI, TIOC/Ie KOTOPOJ IPOM3BOAUTCS TPaKUUsl U
OCYIIECTBJISIIOTCS paboTa C LeHTPAJbHBIM OTHEIOM
CyCTaBa ¥ IIIOB CyCTaBHOJ T'yObl. JIOJIST OIPOIIEHHBIX
XUPYProB, MPUMEHSIOUIMX CTAaHAAPTHYI TEXHUKY
omepauuu, cocrasiusieT 35,50+0,07%. [Ipu crangapT-
HOJ TeXHMKe TPaKIMs UCTI0/Ib3YeTCs B TeUeHMe 3Ha-
YUTENIbHO 60j1ee TPOJO/IKUTETbHOTO BpeMeH !, a 10~
C1el0BATEIbHOCTD OECTBUIA BBIIVISIAUT CI€AYIOIMIUM
06pa3oM: KarcyJ0TOMMSI, yCTpaHeHue nedopmainum
BEPTIIY>KHOJ BITAAVHBI, IIIOB CYCTABHOI I'yObl, CHITHE
TpakUuM, pe3ekuus gedopMamnuy MPOKCUMATbHO-
ro oTmena 6empeHHO KOCTU. TOMbKO Kaskablii cemb-
MOJ1 YYaCTHMK OIpOCa MCIIONb3yeT B CBOENM Ipak-
THKe SKCTpaKamcylIsipHyl TexHuky (13,33+0,05%),
KOTOpasi 3aK/IluyaeTcs B NPOBEJEHUM apTpPOCKOIa
M pabounx MHCTPYMEHTOB 3KCTPAapTUKYISIPHO Ha
TepenHIO Karcyiny ¢ T-ob6pa3Hoii KallCyJ0TOMMUe
Y TIOC/eNYyIIIUM BbITIOJIHEHMEM pe3eKUMUU KOCTHBIX
CTPYKTYP, BOCCTAaHOBJIEHMEM IIOBpeXAeHMIt Cyc-
TaBHO TyObI, IPU HEOOXOAMMOCTM PabOTHI C CYC
TaBHBIMM TTOBEPXHOCTSIMU. [Ipy 3TOM BpeMs Tpak-
UMM COTMOCTAaBMMO C ee IPOLO/DKUTENbHOCTHIO MPU
aJIbTepHATUBHOM TexHMKe. Yallle BCero CrieyanamcTbl
06yJyanmich 3KCTPAKAICYISIPHOM METOOMKE B paMKax
BM3MTa XMUPYypra Ha repbie onepaiium (31,25+0,06%).

100,0%

1 — nepBMYHbIN KypC B OQHOM U3 KNMHUK Poccum

80,0% -{—73,3%*

2 — BU3MUT XMpypra B KJIMHUKY Ha NepBble onepauuu
3 — KafaBepHbI Kypc 3a pybexxom

60,0%

4 — BU3UT K XMpypry 3a py6exom

40,0% 35,5%A

5 — kapasepHbIi Kypc B Poccum

6 — VuMedi

20,0%

1 2 3 4 5

=
0,0% - T T — . ——

Puc. 2. CTpyKTypa BUOOB 06yUeHMST apTPOCKOMIMYECKOI XUPYPIUy Ta300eIpeHHOTO CyCTaBa
Hmozosstii npouenm npesviwaem 100, m.x. 8onpoc npednoniazan Heckousko sapuaqmos omeema; p = 0,003; *vs™ — p<0,0003

Fig. 2. Structure of hip arthroscopy training courses

The total percentage exceeds 100 because the question had multiple answer options; p = 0,003; *vs* — p<0,0003

50,00%

*
45000 45,16%

40,00%

Puc. 3. PacripeneneHye pecriOHAE€HTOB

35,00%

30,00% 29,03% A

I10 KOJIM4YEeCTBY IMMPOBOAMMBIX

25,00%

ApPTPOCKONMYECKUX Omepalnii
Ha Ta306eqpeHHOM CYCTaBe B rof,

VYposens snauumocmu p = 0,005;

20,00%
16,13%*

15,00%

10,00%

*ys™ — p<0,005

Fig. 3. Distribution of respondents
by the number of hip arthroscopy

5,00% —
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~ qu*  Significance level p = 0,005;
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MeHee 5 6-10 11-20 31-40

*ys™ — p<0,005
6onee 50
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CriocoO6bl OCBOEHMSI BYX HOPYIMX TEXHUK Oojiee
BapuabesbHbI.

IIpaktTuecku Bce Bpaunm (93,30+0,03%) py-
TUHHO B CBO€Il TpaKTUKe BBIMIOJHSIOT PE3eKIUI0
cam-koMmioHeHTa @AV, HeMHOrMM 6oJiee IIOJIOBU-
HBI OIIPOIIEHHBIX YCTPAHSIOT pincer-gedopmanyio
(60,00+0,03%). Kaskmplii TpeTuit Xupypr obnagaeT Ha-
BBIKAMMU IIIBA CYCTaBHO ry6nI (28,80+0,06%) (puc. 4).

BbuIo BBISIBIEHO, UTO CIELMaJNUCTOB, apTPOCKO-
NMYECKM pe3elMpPyINIMX KOCTHBIM KOMIIOHEHT DAU,
MpaKkTUYecKu B 2,5 pasza 60sbllle, YeM XUPYProB, 00-
JIaJAoMX HaBbIKaMM PEKOHCTPYKTUBHOM apTPOCKO-
MMMYECKOi XUPyprum tTazobempeHHoro cycrasa (p<0,05)
(tabm. 2). HecMoTps Ha mipeo6iafaHue Bpaveit ¢ OIblI-
TOM pe3eKIMOHHOM xupyprun OAU, BBITIOTHSIEMBbII
UMM 06BbEM OIlepalyii 10 JaHHOI IaTOJIOTUM B TeUe-
HMe rofa KpaiiHe MaJl.

ITo maHHBIM OITpOca, 6os1ee MoIOBUHBI (66,60+0,07%)
Bpaueil OIepMpYyIOT IalMeHTOB Monoxe 40 et
(p<0,05). BrIronHEeHME apTPOCKONMMYECKOTO HeOpu-
MeHTa KaK MOMNbITKMA OTCPOUUTD S3HIOIMPOTE3UPOBAHE
cycraBa ocyiectsisercs 15 Bpauamu (48,39+0,08%)
(p<0,05). IeBsarp cnenuannuctoB (56,25+0,07%) 13 Hux
MCIIOTb3YIOT TTOOOHYI0 METOAMKY Y TAllMEeHTOB CTap-
uie 40 ner.

BHe 3aBMCHMMOCTM OT KOAMUYECTBA MPOBOAMMBIX
omepaiuii B TOHA Hauboiee pPacIpOCTPAHEHHBIMU
TPYOHOCTSIMMU, C KOTOPBIMM CTAJIKMBAIOTCS TPaBMaTO-
JIOTU-OPTOTIENIbI, SIBJISIIOTCS IMPOOGIEMBI C IMATHOCTU-
Kot @A (40,00+0,02%), oTCyTCTBUE HEOOXOOUMOIO
uHcTpymeHTapus (40,00+0,02%), OCTaTOYHOTO KOIM-
YyeCcTBa BpeMEHM Ha OCBOeHMe TeXHUKM (33,30+0,07%)
(puc. 5). K xaTeropum «uHble MPUUMHBI» ObUIM OT-
HeceHbl OTBETHI AOCTAaTOYHO YacTHOTO XapakTepa,

100,0%

Puc. 4. YacToTa pyTMHHO
BBITIOJTHSIEMBIX 3TAroB

TIPY aPTPOCKOIINM Ta306€PEHHOTO

CyCTaBa

Hmoezoswtii npoyenm npessviwiaem 100,
m.K. 80nNpoc npeonoaaza HecKonbKo
8apuaHmos omeema;

p = 0,005; *vs* — p<0,005

Fig. 4. Kinds routinely performed stages

in hip arthroscopy

The total percentage exceeds 100 because

the question had multiple answer options;
p = 0,005; *vs* — p<0,005
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Tabnuya 2

VpoBeHb XMpPYypPruuyecKux HaBbIKOB B 3aBUCUMOCTHY OT KOJIMYECTBA BBIIOTHSIEMbIX
apTPOCKONIMYECKUX ONepaluii Ha Ta300eApPEeHHOM B CyCTaBe B rof, n (Pxep%)

KonuuecTBo omepaiuii B rof,
VPOBeHb XUPYPIUUECKUX HABBIKOB p
MeHee 5 6oiee 5
PesekimonHas xupyprus (n = 29 yen.) 22 (75,86*0,09) 7 (24,14%0,16) <0,05
PekoHCTpyKRTUBHAs xupyprust (n =11 yen.) 5 (45,45%0,15) 6 (54,55%0,20) >0,05

1 — TpynHocTM € anarHocTukoin MAN

50%

2 — HeT Heob6X0AMMOr0 apTPOCKOMMUYECKOro
MHCTPYMeHTa

3 — HeT BPEMEHU Ha OCBOEHUE TEXHUKN

4 — HeT ONepaLMOHHOrO CTOMA C BO3MOXHOCTbIO
TpakLumm

5 — UHble NPUYMHBI

6 — aaMUHUCTpaTUBHbIE Bapbepbl

7 — otcytctme S0

. 40% 40%
40% - A
30% 279
o I I
10% - — : s 4%

2%
0%- . —
1 2 3 4 5 7

Puc. 5. TpyIHOCTH, C KOTOPBIMI CTATIKMBAIOTCSI OTIPOLIIEHHbIE ITPY ITPOBEIEHMM apTPOCKOIINY Ta306€IPEHHOr0 CycTaBa
Hmoezosstii npoyenm npesviwiaem 100, m.K. 60npoc npednondazai HeCKoabKo 8apuaHinos omeema

Fig. 5. Difficulties faced by respondents during hip arthroscopy

The total percentage exceeds 100 because the question had multiple answer options
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KOTOpble He MPeACTaB/IsIOCh BO3MOXKHBIM 0OOBemy-
HUTb C APYTMMM YKa3aHHBIMMU IPyIaMyu — «ajam-
Tanyusi Ha HOBOM PaboueM MecCTe», «aHeCTe3MOJIor»,
«OTCYTCTBME CBSI3U MOIUKIMHMUKA-CTALMOHAP».

YCTaHOBJ/IEHO, YTO TOJMBKO 3 (6,60+0,07%) ompo-
LIeHHBIX CYMUTAIOT, UYTO UM YOAEeTCS AOCTUYb 3aruia-
HUPOBAHHBIX Pe3y/lIbTaTOB Olepaluy, MoAaBJsioliee
GOJBIIMHCTBO pecnoHAeHTOB (93,30+0,03%) coobim-
JIM O TOM, UTO He BCera moayvIaeTcst JOOUThCS JKemae-
MbIX ucxomoB (p<0,05). OxkumaeMo He BCerga Ioc-
TUTAIOT TOCTABJIEHHbIX 3a/lay BpauM, BBIMOIHSIONIE
MeHee 5 BMeIaTeabCTB B rof,.

OBCY>XIEHUE

Aprpockonusi Ta306eJpeHHOr0 CyCTaBa SIBJISETCS
TEXHUYECKM CJIOKHON omepalyeil, Kotopas Tpebyer
OT TPaBMaTOJIOra-OpTOIe[la OMbITa U XUPYPIrUIECKUX
HaBBbIKOB [JIS1 JOCTVMXXEHUSI ONTUMATbHBIX pe3y/ibTa-
TOB JIeUEeHUSI Y CHVDKEHUSI PUCKA Pa3BUTHUS OCTIOXKHE-
Huit. Kak ripaBuiio, Bpaun, HauMHAKIMe 3aHUMaTbCS
JIaHHBIM HaIllpaB/ieHMEM, MMEIOT OTMBIT BbIIOTHEHUS
apTPOCKOMMYECKUX OMepauuii Ha APYrUX CycTaBax.
[lo pesynbTaTaM NPOBELEHHOTO OIpOca IOAABJISIO-
1jasi 4YacTh PEeCHOHAEeHTOB MPUMEHSIOT OaHHBIA BUL
XUPYPIUM Ha KOJIEHHOM U TIJIEUeBOM CyCTaBax.

Omnmpasich Ha Halll OTIBIT, MOXKHO CKa3aTh, UTO, 06-
Jajasi XOpolMMM apTPOCKONMYEeCKMMU HaBbIKaMM,
CrenuanuCT, KOTOPBIN BBIMOMHSIET Koppekuuio GAU,
CTaqKMBAETCS CO 3HAYUTENbHBIMU TPYOHOCTSIMU
B TPUAHTYJ/ISILIMA, YTO O0OYCIIOBJIEHO OOJIBIIMM MacCH-
BOM MSITKMX TKaHel Ha TPOTSDKEHUU ITIOPTOB, INIOTHOM
CyCTaBHOJ KaIICy/10¥, OrpaHMYMBAIOLIEl IPUBbIYHbIE
MaHMITYJISILMK, @ Takke MPUMeHeHMeM apTpocKoIa
70°, KOTOpBIN KpaliHe pegKo UCIONb3YyeTCsl B apTpo-
CKOIMMYECKOM XUPYprum Ipyrux CyCcTaBoB. B psige pa-
60T COOOIAeTCS O BHICOKOI YaCTOTe HEYIOBIETBOPU-
TeJbHBIX Pe3yAbTaTOB JieueHUs, TOBPeKAeHUN Xpsila
TOJIOBKM Oe[IpeHHO KOCTM TPaBMATOJIOTaMM-OpPTO-
rnenamMu, TOAbKO HaUMHAIOIIMMM BBITIOIHSTD JaHHbIe
omepauuu [14, 15, 16]. ITosToMy 0O6ydeHME SIBASETCS
OIHUM M3 BaskHeNIMX (PaKTOPOB OCBOEHMS apTpO-
CKOMuM Ta306eqpeHHOro CyCcTaBa.

B Hacrosiee BpeMs AJis1 IOATOTOBKU CHeLMaIu-
CTOB MCIIOB3YIOTCS pasauMyHble OOydarolue CUCTe-
MbI: KaJlaBepHblii MaTepuasa, BUPTyaJlbHble CUMYJISI-
TOPBI, TpeHaXepbl. B Hallell cTpaHe eCTh ABa Kypca
M0 apTPOCKOMMUM Ta300epeHHOro CycTaBa — Kajaa-
BepHbI Kypc Ha 6a3e eHTpa BbICOKMUX MeIUIIMHCKIX
texHonoruii AMTEC KAZAN (r. KasaHb) 1 mepBuu-
HBII Kypc Ha 6a3e YHMBEPCUTETCKOM KIMHUKY [TUMY
(r. Hwxkuauit Hosropom). Hame ucciemoBaHue II0-
KasaJyio, 4To Gojiee BCETO Cpeny PecroHAEHTOB pac-
MPOCTpaHeH BTOPOJ BapMaHT 0OyueHMsI, a OCBOEHME
TEeXHMKM Ha KaJaBepHOM MaTepuase 6osee Momysip-
HO B MHOCTPaHHBIX LIEHTpax, UTO, BEPOSITHEE BCETO,
CBSI3aHO C OTPaHMYEHHBIM AOCTYIIOM K KaJaBepHO-
My MaTepuaay B Hallleii cTpaHe. B HacTrosliee Bpe-

Ms Tepefaya ONbITA MEXIY XUPypramm U3 pasHbIX
CTpaH 3aTpygHeHa, UTO MOXeT HeraTMBHO CKa3aThbCs
Ha pa3sBUTHE apPTPOCKONMM Ta300edpeHHOr0 CyCcTaBa
B Poccuu, T.K. 0GyueHre MMEHHO Y 3apyOesKHbBIX KOJI-
JIET COCTAaBWIIO IOCTATOYHO 60sbITyI0 momio. Ho B TO ke
BpeMs JaHHYIO CUTYaLMI0 MOKHO PaCLleHUTh KaK BO3-
MOYXHOCTb COBEPIIEHCTBOBAHMUS CUCTEMbI OOyUEHMS
B Hallleil cTpaHe. B 3apy6eskHOI MpaKTHMKe 00ydYeHUsT
MporpaMma OCBOEHMSI apTPOCKOTIUM Ta300eApeHHO-
r0 CyCcTaBa MMeeT 60yiee KOMIUIEKCHBIN TTOIXO0M, TP
3TOM aKTMBHO MCIIO/Nb3YIOTCS CUMYISITOPBI, TPEHa-
SKepbl ¥ OTpaboTKa HABBIKOB B KaaBePHBIX IEHTPAX
[17, 18]. [To pe3ynbpTaTam orpoca 6bI7I0 YCTAHOBJIEHO,
YTO XUPYPIU, MpOLIeAllNe TOJIbKO OOUH KYypC, pexe
B ITOC/IeYIONIEM 3aHMMAIOTCS apTPOCKOIMel Ta3obe-
IPEHHOIO CYCTaBa, YeM CIIelMaIUCThI, KOTOPbIE CTa-
HOBWINCH YYaCTHMKAMM IOBYX M Oojiee 0OydyarOImInx
MEePOIPUITHIA.

IJIsT OLleHKM KPUBOJ 0O0y4eHMSI apTPOCKOIUM Ta-
300eApeHHOr0 CycTaBa HYXHO NMPUHUMATL BO BHMU-
MaHMe pe3yabTaThl JIEUeHNsI, OCJIOKHEHMST U He06X0-
IMMOCTb TTOBTOPHBIX BMeIIaTeabCTB. [IpnobpeTeHne
XUPYPIUUECKUX HaBbIKOB U UX NMPUMeHEeHMe Ha MpakK-
ke oreHw N. Mehta ¢ coaBTopamMmu, KOTOpbIe ITPO-
Benu stratum-specific likelihood ratio (SSLR) aHanmm3
pe3ynbTaToB B IOCTENyIOIMe 5 JIeT Iocae apTpo-
CKOIMMYECKNUX OIlepaluii, MpoBedeHHbIX 251 Xupyp-
rom y 8041 nauuenTa B mrate Hbio-Mopk B nepumop,
¢ 2003 o 2012 1. [19]. ABTOpamu 6BLTIO OTpeneeHO
4 Tpynmbl Ha OCHOBaHMM KOMMYECTBA BbIMOTHEHHBIX
BMeIlIaTe/bCTB ¥ MPOLIeHTa MOBTOPHBIX OIepaluii Ha
cycraBe. VccinepgoBarteny IpULUIM K BBIBOAY O BeCbMa
MIPONO/DKUTEIBHON KpuUBOJ o6yueHus. Yacrora mo-
BTOPHBIX oIepanuii CHu3mIach 10 10% ToMbKO Iocie
388 apTpocKomnmii, camast Hu3Kast yacTora (2,6%) 6bu1a
BBISIBJIEHA Y CITEIMAIMCTOB, KOTOpbIE MIPOBEIN Oojee
519 onepauwmit. CTOUT OTMETUTh, UTO JAHHbIE aHAa-
JIM3UPOBANUCDH 3a TePUOJ, KOTOPbIi MOXKHO OTHECTU
K 3TaIy pas3sBUTUSI apTPOCKONMYECKOV XUPYpPrum Ta-
300eApPeHHOr0 CyCTaBa, KOTAAa OMpenessuiuch IMoKa-
3aHMSI M IIPOTUBOIIOKA3aHMs K MPOBeIeHMI0 orepa-
LMY, COBEPILIEHCTBOBAINUCH XUPYPruyecKue TEXHUKMA.
B cBS3M ¢ 3TMM MOKHO MPEATIONOXUTD, YTO AOCTU-
SKeHMe TaK Ha3bIBAeMOTO IUIATO B KPUBOI OOyUeHUS
Ha CerofjHSIUIHMII leHb MOXeT HacCTYNUTb paHbIle.
L. Haipeng c coaBTOpaMyu oTMeualoT HEKOTOPOe CHU-
>KeHMe TIPOO/DKUTEIbHOCTY OTlepalyu Mocjie mpose-
IIeHUSsI IEPBBIX 25 BMEIIaTeTbCTB, HO OHO He SIBJISTIOCh
CYIIECTBEHHBIM U OOBSCHSIOCH YBETMUYEHMEM CIIOK-
HOCTU xupyprum. OQHAKO MpakKTMUeCcKu B 2 pasa Co-
KpaTUJI0Ch BpeMs YCTaHOBKM MTOPTOB TOC/Ie ITpoBee-
Hus 30 onepanuii [16].

[MonyyeHne XUPYPruueckux HaBBIKOB BO3MOXXHO
TOJIBKO IPU YCJIIOBUYM CUCTEMATUUYECKOTO BbITIOTHEHUS
MOIOOHBIX Ollepanuii B TeueHue roja, Ipyu 3TOM OT-
CYTCTBME MPAKTUKU OBICTPO MPUBOIUT K CHUKEHUIO
KauectBa xupypruu [20]. CormacHo onpocy 64 amepu-
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KaHCKMX XMUPYProB, 3aHMMAIOUIMXCS apTpOCKOIueit
Ta306eqpeHHOTO CyCcTaBa, HeMHOTUM 6oee 70% BbI-
MoHSIOT 60sbie 100 orepatuii B ro, 60j1ee OJIOBU-
HbI PECIIOHIEHTOB (56,3%) MMEIOT OITBIT BbITTOJTHEHMSI
Mom06HBIX orepanyy cpbiie 5 et [21]. [To MHeHMIO
PeCIIOH/IEHTOB, OCHOBHBIMU XUPYPrUUe€CKMMU STara-
MM SIBJISTIOTCST pe3eKuust cam-gedopManm M peKoH-
CTPYKIMS CYyCTaBHO I'yOBI.

CTouT OTMETUTb, UTO pe3eKlus pincer-
IedopMaluy U IIOB CYCTABHOJ T'yObI TPeOYIOT Gosee
BBICOKMX XMUPYPTMUECKMX HABBIKOB IO CpaBHEHUIO
¢ ycTpaHeHueM nedopMaluy FOJI0OBKY U 1Ky 6ef-
peHHOI Koctu. Y 55% manueHTOB, MMEIOMUX KINU-
Huueckue cuMiToMmel AU, BcTpedaeTcss COMYTCTBY-
Iolee TOBpPekAeHMe TyObl BEPTIYKHOM BIAIVHBI
[22, 23], KOTOpOe MOKeT PacCIpPOCTPAHSITHCS Ha XPSIILL,
YTO YBeJIMUMBAET PUCK PA3BUTUS JereHepaTMBHBIX
U3MeHeHUl B cycrase [24]. B maHHOM ciiydyae BO3-
MOKHO MpUMeEHEHMe NeOpUIMEHTa CYCTaBHO I'yObl
WM ee BOCCTAHOBJIEHME C IMMOMOIIbI0 hUKCAIUU MU
IUIACTUKU. B HacTosillee BpeMs XUPYpPru Mpearioun-
TaOT COXPAHUTh I'yOy BepPTIYKHOW BHAAMHBI, KOTHA
3TO BO3MOXHO. ITo maHHBIM 0630pa JIUTEPATYphl 3a
nepuopg ¢ 2009 mo 2017 r., oTMevaeTcs yBeaudeHne
YacTOThl BOCCTAHOBJIEHMSI CYCTaBHOI TyOBI TpU ap-
TpOCKOMIMY Ta306eqpeHHOro cycrasa ¢ 19 mo 81% [25].
CornacHo uccremoBanuio M.P. Kucharik ¢ coaBTOpa-
MU, u3 99 manueHTOB, KOTOPbIM BBIIIOJHSIACh ap-
TPOCKOINSI Ta300eIpeHHOr0 cycTaBa 1o nmosony ®AU
C IUTACTUKOJ TYyOBI BEPTAYKHOV BHamuHbl, 5 (5,1%)
nepeHewIn 3SHAONPOTE3MpPOBaHME B TeueHMUe I0-
ctepyomux 10 yet, a u3 105 y9aCTHUMKOB, KOTOPBIM
MMPOBOAMJICS OeOpPUIMEHT, 3aMeHa Ta300eIpeHHO-
ro cycraBa morpeboBanachk 23 (21,9%) [24]. Kpome
3TOr0, aBTOPbl HECKOAbKMX MeTaaHaaM30B MPUIIIN
K BBIBOJZIY O 60Jiee BbICOKO# 3(h(eKTUBHOCTY BOCCTaA-
HOBJIEHUSI T'YObI BEPTIY>)KHOJ BIIQIMHBI 10 CpaBHe-
HUIO C [e6pUIMEHTOM Ha OCHOBAHUM YPOBHS VIOB-
JIETBOPEHHOCTM NanueHToB [26, 27]. IIpumeHeHMe
IebpuaMeHTa Ta300eqpeHHOro CyCTaBa B KauecTBe
MONBITKM OTCPOUYUTDH SHIAOMPOTE3UPOBAHUE OLIEHU-
BaJioch B ucciaemoBanum S. Daivajna ¢ coaBTopamu,
10 pe3yabTaTaM KOTOporo 34 (44%) n3 77 nauueHTOB
C ocreoapTpuToMm 2-3 cT. mo Tonnis, KOTOPbIM BbI-
TIOTHSJIACh apTPOCKOIMST Ta300eApeHHOr0 CyCcTaBa,
B cpemHeM uepes 18 Mec. moTpeboOBaloCh IMPOBeEIe-
HMe SHIOO0IIpoTe3upoBaHus [28].

Yem OGombllle BMEIIATENbCTB IPOBOOUT Bpady,
TeM OOJbIlle HIOAHCOB XMUPYPTMM OH OCBauBaerT.
CommacHo paHHbIM Non-Arthroplasty Hip Registry
(Benmukobpurtanust), B 2018 1 2019 rr. 6bUIO0 BBIIIOTHEHO
60mee 1200 apTpoCKOIMYECKUX OIepaluit Ha Ta3o6em-
peHHOM cycTaBe. OTMeuaeTCss poCT YMcaa OIepanyii
¢ 2012 mo 2021 r., 3a uckmouyennem 2017, 2020
1 2021 rr. Ecim B 2017 1. cHYSKeHMe 6bUTO He3HAUNTENb-
HbIM, TO B 2020 1 2021 rT. KOIMUYECTBO apTPOCKOMMIA
COKPaTUJIOCh MMPAKTUUECKU B [1Ba Pa3a U He ITPeBbICUIIO

750 BMeIIaTeNIbCTB, UTO CBSI3aHO C SMMIEMMOJIOTHUYe-
CKO¥1 06cTaHOBKOI 10 TToBoY COVID-19 [29].

Cxoskue TIoKa3aTeny MpencTaBieHbl B 6a3e JaHHBIX
Danish Hip Arthroscopy Registry sa 2016-2018 rr.,
0 JaHHBIM KOTOPOT'O €KeTOHO OCYILIeCTBIIsIOCh 800
apTPOCKOMMUYECKUX OIepaluii Ha Ta300eIpeHHOM
cycrase [30].

Hanbonee aKkTMBHO apTPOCKOMIMSI ITPUMEHSIETCSI
B CIIIA — TonbKo B mTaTe Hblo-MopK, corIacHo JaHHBIM
Statewide Planning and Research Cooperative System
(SPARCS), B 2016 1. BeInoHEeHO 6051ee 3000 apTpoCcKo-
nmaeckux onepauuit. Okono 50% Bpaueit BbITOJIHUIN
meHee 100 momo6HBIX BMEIIATENbCTB B Tof, 25% crie-
IMaJUCTOB Nposenu oT 164 no 340 onepaunii [9].

[MonyyeHHble HAMM [JaHHbIE MO3BOJSIOT IMPeLIIo-
JIOXKUTD, UTO €KerogHOe KOJIMYECTBO BBIMTOIHSIEMBbIX
apTPOCKOMMUYECKUX OTepaluii Ha Ta300eIpeHHOM
cyctaBe B Poccunu cocrasisieT He 6oee 200-250 Bme-
maTeabcTB. CTOMb HU3KMIA TMOKa3aTeslb 06yCIOBIEH
pPAIOM TPYLHOCTEN, KOTOpble MPENsITCTBYIOT IMpPU-
MEeHEHUIO JAaHHOTO BUAA XUPYPTrUUeCKOTo JeYeHUsI
B MOpakTuke Bpadeil. OgHONM M3 OCHOBHBIX IMPUUYMH
SIBJISTIOTCS TIPOOGJIEMBI C AMarHoCcTukoin ®AU. 3to oT-
YaCTU MOXKET OBITh CBSI3aHO C HU3KOM MHOOPMUPO-
BaHHOCTBIO Bpaueil, B TOM UKCjie MOIUKINHUYECKOTO
3BeHa, 0 JaHHOI MaTOJIOTUK U O TOM, KaKue MeTOJ bl
IMATHOCTUKM TPeOYIOTCS IJIsl TIOCTAaHOBKY AMArHosa
1 BbIOOpA BapuaHTa jiedeHust. OTCYTCTBIME MTPABUIIBHO
MOIOOPaHHBIX IMAIMEHTOB MAJIS MPOBeINeHUsI apTpo-
CKOTIMM Ta300eAPEeHHOT0 CyCTaBa He IMO3BOJISIET Bpauy
pasBUBaATh CBOM XUpypruyeckue HaBbiku. Kpome 3T0-
ro, 3HaUMTe/bHAsI JOJISI PECIIOHIEHTOB OTMEeTMU/Ia OT-
CYTCTBME BpeMEHMU [Jis1 OCBOEHUST TEXHUKU OTrlepaluin.
Ilo JaHHBIM OIpOCA, CIELMATUCThI UMEIOT JOBOJIBHO
MHTEHCVBHYIO XUPYPIUUECKyI0 aKTMBHOCTb, a 00ydJe-
HMEe apTPOCKOIMY Ta300eIpeHHOr0 CyCTaBa SIBJSIETCS
BeCbMa TPYOOEMKMM IIPOIECCOM, TPeOYIOIMM IIpO-
XOXKIIeHMST pa3IMIHbIX KypPCOB U MTOCTOSIHHOM MPaKTy-
Ki. TosibKo 3TH f1Ba (pakTOpa ysKe B 3HAUMUTEIbHOJ CTe-
TeHY BAMSIIOT Ha Pa3sBUTHE XUPYPTUUECKUX HABBIKOB,
yBeIMuMBasi U 06e3 TOTO MPONO/IKUTENbHYI0 KPUBYIO
obyueHus. [Ipyroii pacpocTpaHeHHOV ITPO6JIeMOii SIB-
JISIETCSI OTCYTCTBME HEOOXOAMMOTO apTPOCKOINIECKO-
rO MHCTPyMEHTapusi, a Takke OINepalOHHOTO CToja
C BO3MOYXHOCTBIO TPaKLMY HYDKHEN T KOHEUHOCTM.

[IpencraBneHHble TPYIHOCTU, C KOTOPBIMU CTasl-
KMBAIOTCSI TPaBMAaTOJIOTU-OPTOIEeNbl B CBOel pabo-
Te, B3aMMOCBSI3aHbl. [JIs perieHus JaHHbIX Mpobiem
MepBBIM IIIarOM MOXKeT ObITh ITOBBIIIEHME YPOBHS
OCBEJOMJIEHHOCTY CIELMaaNCTOB O MaTOJOTUYECKUX
COCTOSIHUSIX Ta300empeHHOro cycrapa. Eme B 1965 T.
R.O. Murray ¢ coaBTOpamMy [OOKa3ajiM B3auMMOCBSI3b
mexny AU u nocienywommumM pa3BUTUEM OCTE0apT-
posa [31], kotopyto B 2008 r. R. Ganz ¢ coaBTOpammu
omMcaiM Kak «MeXaHMUYeCKyl KOHUEeNUMI0 pas-
BUTHUSI KOKcaptposa» [32]. [lo3gHee mHOTME aBTO-
pbl Takke pacHeHuBanu ®AU Kak 3THMOIOTMUECKUIT
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(axkTop mporpeccupoBaHus HereHepanyuu Tazobem-
peHHoro cycraBa. COOTBETCTBEHHO, BOBpeMsl Auar-
HOCTMPOBAHHAs1 MAaToOJOTMUS U YCIIEeIIHOe IpoBene-
HMe orepauyuyu MOTYT M36aBUTh UeoBeKa He TOJIbKO
OT KJIMHMYECKOTO IpOsSIBIeHUs] 3aboyieBaHMs, HO U
OT 3HJOINPOTE3UPOBaHUS B JajbHelieM. [Ipu sTom
cjlefyeT OTMETUTD, UTO BO3PAcCT MalieHTa, B KOTOPOM
BBITIONHSETCS Koppekuusi GAU, HanpsIMylo BiauseT
Ha (QyHKIMOHATbHbIE Pe3yIbTaThl U HEOOXOOMMOCTD
apTpoIUIacTUKY Ta306eqpeHHOro cycTaBa. Tak, Imo pe-
3yJIbTaTam jiedeHus 16 327 mnauyeHTOB, BbIIIOJTHEHME
orepaiuy B Bospacre crapiie 40 jet B 18,1% Tpebyer
MpOBeIeHNsT SHAOMPOTE3UPOBAHMS Ta300eqpEeHHOTO
CycTaBa B TeueHMe TOCTAeAyIOIIMX 25 Mec., cTapiie
50 ner — B 23,1% , crapiue 60 et — B 25,2% [33].

«OMomnoxkeHne» MNalMeHTOB, MMepeHeclInX apTpo-
CKOTIMIO Ta300eJpeHHOTO CYCTaBa, SIBJISIETCS 06IeMu-
POBOJ TeHAEeHLIMEN, KOTOpasi, HeCMOTPSI Ha 3HAUNUTENb-
HO MeHblllee paclpoCTpaHeHME apTPOCKOMUYECKO
XUPYpPruM Ta3o006eIpeHHOro cycTasa B Poccuu, mpocie-
SKMBAeTCsl U 0 TaHHBIM orpoca. B pabore L. Haipeng
C COaBTOpaMU CpeIHMI BO3PacT MalyeHTOB, KOTOPbIM
BBITIONTHSIIACh APTPOCKOITMSI Ta300eIpeHHOTO CYCTaBa,
cocraBmi 30,8+12,7 net [16]. W.W. Schairer ¢ coaBTopa-
MM COOOIIMIIN, UYTO Y XMPYPrOB, BHITIOMHMUBIIUX Gojee
160 apTpockonMUYecKMUX orepalmuii Ha Ta306eIpeHHOM
CycTaBe, CpeSHUIA BO3PacT MalMeHTOB COCTaBMUIT OKOIO
32 jieT; aBTOPbI CBSI3BIBAIOT 3TO HoJee CTPOruM OT6O-
pom 6onbHBIX [9]. CpemHMiT BO3paCcT HALIMX TMalyeH-
TOB, KOTOPbIM ObLJIa BBITIONIHEHA omepauus B 2020 .,
coctraBui 37 nert, B 2021 r. — 34 roga.

JOIIOTHUTEJIbHASI THO®OPMAILIMISA

3asnenenHslii 6K1a0 aémMopos

T'epacumos C.A. — KOHLeNIUIMS U IU3aliH UCC/IeIOBaHMS,
HamnMcaHye U pefakTUPOBaHMe TEKCTA CTATbM.

3bIKUH A.A. — KOHIIETLMS VICCIeIOBaHMS.

Mopo3zoea E.A. — c60p 1 aHa/IN3 JAaHHbBIX, HATMCAHME
TEKCTa CTaTbU.

Bce aBTOpBI Npowin U opo6puan GUHAIBHYIO BepCUio
PYKOITVCH CTaTh!. Bce aBTOPBI COT/IACHBI HECTM OTBETCTBEH-
HOCTH 3a BCE aCHeKThl paboThl, YUTOOBI 06ECTIEYnTh HaJjIe-
kalllee pacCMOTpeHMe U pellieHMe BCceX BO3MOYKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HALEKHOCTBIO JT1060i1
YyacTu paboThI.

Hcmounuk  uHaHcuposanus.  ABTOpbI  3aSIBJISIIOT
06 OTCYTCTBUM BHENIHETO (pMHAHCUPOBAHUS TIPU MpOBee-
HUY UCCIIeIOBAHMSI.

Kongpaukm unmepecos. ABTOPBI NeKIapUPYIOT OTCYT-
CTBYE SIBHBIX U MMOTEHIMATbHbIX KOH(MIVKTOB MHTEPECOB,
CBSI3aHHBIX C MTyOIMKaLMel HaCTOSIIEN CTaTh.

Admuueckas 3kcnepmu3sa. He npuMeHnMa.

HUngopmupoeanroe coenacue Ha
He TpebyeTcs.

nyéaukauyuio.

3AK/IIOYEHUE

Ha ocHOBaHMM BBILIEN3/I0XKEHHOTO MOYKHO CHEaTh
PsiI, BBIBOJOB. APTPOCKOTIMS Ta300eIpeHHOTO CycTaBa
B Poccum mano pacmpocrpaHeHa, 06beM IOJOOHBIX
BMeIIaTe/lbCTB He3HAUMUTeNeH, MPaKTUIEeCK He MOo-
My/ASIpU3UPYyeTCs Cpeay TPaBMaTOIOr0B-OpPTOIELOB.
VimeeTcs: HeGONbIIOE KOMUUYECTBO PYCCKOSI3BIUYHBIX
my6IMKaInii, KOTOpble BCECTOPOHHE OCBEIIAIOT IMpo-
6nemy ®AU m meTonmoB ero Koppekuuu. daxTopsl,
KOTOpbIE€ 3aTPYOHSIOT pa3BUTHEe NAaHHOTO HampabJiie-
HMSI B Halllel CTpaHe, CBSI3aHbI C METOaMM O0yUeHMS,
npo6nemamu nuarHoctTuky ®AU, orcyTcTBMEM HEOO-
XOOMMOTO MHCTPYMEHTapUs sl IpOBeLeHus orepa-
LM, HEXBATKOM BpeMeHU Y CIelUaanucTOB IJis1 OCBO-
eHMSI XUPYpruueckoit Texuuku. IIpeo6nagamT Bpaun
C MMHMMAQJIbHBIMM HaBBbIKAMM apTPOCKOMMUYECKO
XUPYpruu TazobegpeHHOro cycraBa. TpaBMaTOIOTOB-
OPTONENOB, BBHIMOMHSAWIIMX LIOB WX IIIACTUKY
CYCTaBHONM TryObl M pabOTy C CYCTaBHBIM XPSIIIOM,
HacuuTbiBaeTcsl MeHee 10. Iyt pa3BUTKSI 3TOTO Ha-
MIpaBJIeHNS Ha TEPPUTOPUM Hallleli CTpaHbl TpebyeTcst
co3maHKe KOMIUIEKCHO TOIIaroBoii CUCTEMBbI 00yUe-
HMUSI, BKJTIOUaoleii B cebs TeOpeTMueckuit Kypc, 3a-
HATUSI HA CUMYJISITOpax, paboTy B KagaBepHoii 1abo-
paTtopuy U BBITIOJIHEHME TE€PBBIX ONepaluil BMecTe
c 6osiee OTBITHBIM XMPYProm. Bce 9TO 1MO3BONMUT Bpa-
Yy MpaBUIbHO OMNpeNesiTh MOKa3aHUs K apTPOCKO-
MUy Ta306epeHHOT0 CYyCTaBa, CPABHUTENBHO OBICTPO
BBITY Ha IUIATO KPMUBO OOyUeHMS U, KaK CIeICTBUE,
MoNyyaTh Xopouie (GYHKIMOHAIbHbIE Pe3y/IbTaThl
JleueHusl.
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Stenotrophomonas Maltophilia Infection in Trauma and Orthopedic
Patients: Clinical Experience and Review
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Background. Stenotrophomonas maltophilia (S. maltophilia) is a gram-negative non-fermenting bacillus and is
a rare pathogen of orthopedic infection. Due to the relatively low virulence of S. maltophilia, many clinicians
are still faced with the question of whether this bacterial species is simply a colonizing agent or the true cause
of infection.

Aim of the study — to raise the awareness of practitioners about S. maltophilia as a rare pathogen of orthopedic
infection.

Methods. A retrospective analysis was performed concerning the frequency of S. maltophilia isolation from
patients treated at the Vreden Center for periprosthetic infection and/or osteomyelitis from January 1, 2009
to October 31, 2022. The literature search by keywords was carried out in the PubMed/MEDLINE, Scopus,
eLIBRARY, and Cyberleninka databases. The search retrieved 587 articles published in Russian or English
over the period from 2012 to November 2022.

Results. During the study period, 9 cases of orthopedic monoinfection with S. maltophilia were identified
in 9 patients aged 36 to 83 years. At the time of admission, no leukocytosis was detected in patients, and only 2
of 9 patients had elevated C-reactive protein level. S. maltophilia is naturally resistant to many broad-
spectrum antibiotics. Co-trimoxazole is considered the drug of choice for the treatment of S. maltophilia
infection. The limited choice of drugs for targeted therapy, the presence of multiple determinants of antibiotic
resistance, the existence of microbial associations and patient risks including implantation, chronic nature
of infection, elderly age, as well as the presence of significant concomitant somatic pathology can lead to
the ineffectiveness of the ongoing treatment of infections caused by S. maltophilia. Our experience shows
that in the case of sensitivity of S. maltophilia strain to co-trimoxazole it is possible to prescribe this drug
for a long course as monotherapy, provided that the radical surgical treatment of the focus is performed.

Keywords: periprosthetic infection, osteomyelitis, Stenotrophomonas maltophilia, antibacterial therapy,
trimethoprim, sulfometaxazole.
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UHdekuus, BbizBaHHaa Stenotrophomonas maltophilia,
y NaLMEeHTOB TPaBMaToN0ro-oproneanyeckoro npoduns:
KJIMHUYECKUM ONbIT U 0630p nuTepartypbl

A.P. Kacumosa %, E.M. Topanuna!, C.C. Topomos!, C.A. boskkoBa !

L @I'BY «HayuoHanvHwtii MeOUUUHCKULi ucciedosamenbCkuil yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus
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Beedenue. Stenotrophomonas maltophilia (S. maltophilia) ipencrtaBiiseT co60ii TpaMOTpHUIIATENbHYIO Hedep-
MEHTUPYIOIIYIO MAJI0UYKY U SIBJISIETCS PeIKUM BO30YIMTEIEM OPTONEANUECKOi MHpeKIVA. 13-3a OTHOCUTEb-
HO HU3KO¥ BUpPY/IeHTHOCTH S. maltophilia nepe; MHOTMMM KIMHUIIMCTAMMU BCe ellle CTOUT BOIIPOC, SIBJISIETCS U
3TOT BUJ, 6aKTEepUii TPOCTO KOJIOHU3ATOPOM WJIM ICTUHHON PUUMHON MHPEKLINMA.

Ilenv uccnedosanuss — MOBLICUTH MHGOPMIUPOBAHHOCTD MPAKTUKYIOIINX Bpaueit o S. maltophilia kak pegkom
BO30yauTese opTonennueckoit MHGeKIUn.

Mamepuan u memodst. BbITIOJIHEH PeTPOCIIEKTUBHBIN aHa/IK3 YaCTOThI BbigeneHust S. maltophilia ot namyeH-
TOB, HAXOIMBIINXCS Ha JeueHUM B LleHTpe 1Mo MOBOMY MepuUIIpoTe3HOi MHPeKuun u/mimu ocreomuennta c 1
ssaBapst 2009 1o 31 okTsi6ps 2022 1. TIOMCK IUTEPATyPhI IO KITFOUEBLIM CJIOBAM OCYIIECTBIISUICS B 6a3ax JaHHBIX
PubMed/MEDLINE, Scopus, eLIBRARY 1 KubepJ/lennnka. B pesynbrare roucka 6p110 HaiigeHo 587 crateit 3a
nepuoy, ¢ 2012 1o Hos16pb 2022 ., Oy6IMKOBAHHBIX HA PYCCKOM WJIM aHIVIMIICKOM SI3BIKAX.

Pe3ynvmamel. 3a ©3yueHHbI Iepuog, yCTAaHOBIEHO 9 cIyyaeB opToleanueckoit MoHoMH(eruuu S. maltophilia
y 9 maiMeHTOoB B Bo3pacTe OT 36 10 83 jieT. Ha MOMEHT MOCTYIIEHUS Y MALIEHTOB He GbIT BbISIBJIEH JIEHKOLIUTO3
M TOJIBKO Y 2 M3 9 pEerncTpUpOBaM MOBBIIIEHHbI YpoBeHb C-peakTUBHOTrO 6enka. S. maltophilia umeet nipupog-
HYIO YCTOMUMBOCTb KO MHOTMM aHTMOMOTMKAM IIMPOKOTO CIEKTPA AeiicTBUsA. Ko-TpMMOKCa30/1 CUMTAIOT Tpe-
rmapaToM BbIOOpa [l iedueHusT MHGEKIVI, BbI3BaHHBIX S. maltophilia. OTpaHMYeHHOCTh BbIGOPA IPErnapaToB
IUISl TAPTETHOI Tepanuy, Haluyue MHOKECTBA IeTEPMUHAHT YCTONYMBOCTY K aHTUOMOTYKAM, CYIIeCTBOBaHME
B COCTaBe MMKPOOHBIX acCOIMalii U PUCKYU CO CTOPOHBI MallMeHTOB, BKIOYAIOII}e YCTAaHOBKY MMILJIAHTATOB,
XpOHMUECKUit XapakTep MHGeKIIUM, MOKUION BO3PACT, @ TaKke Ha/JINUKMe BbIPaskeHHOM COIMYTCTBYIOIIEH CO-
MAaTUYeCcKOit MaToMOTUM, MOTYT IIPUBOAUTD K Hed(PEeKTUBHOCTY ITPOBOAMMOTrO JeueHus: MHGeKIMii, BbI3BaH-
HbIX S. maltophilia. Hait onibIT CBUIETENBCTBYET, UTO B CJIydae YyBCTBUTEILHOCTHU MITaMMa S. maltophilia x Ko-
TPMMOKCA30/ly BO3MOXKXHO Ha3HaueHMe JAaHHOTO IperapaTa IJUTeIbHbIM KypcOM B BUIEe MOHOTepanuu mnpu
YCJIOBMM BBITIOTHEHUS PAAUKAIbHOM XMPYPTUUYECKOii 06paboTKY ouara.

KiroueBsle cjIoBa: IepuIipoTe3Has MHOEKIMs, OCTeOMUENNT, Stenotrophomonas maltophilia, anTub6akTepu-
ajabHas Tepanus, TPUMeTOIPUM, Cy/IbhoMeTaKkcas3ol.

Kacumosa A.P., Topauna E.M., ToporioB C.C., BoskkoBa C.A. MHdekuus, Bbi3BaHHas1 Stenotrophomonas maltophilia,
y TalyeHTOB TPaBMaTOI0r0-0PTONEANYECKOTO MPOMWMIS: KIMHUUECKHMIA OTIBIT ¥ 0030p IUTepaTypsl. Tpasmamonozus
u opmonedus Poccuu. 2023;29(1):84-94. https://doi.org/10.17816/2311-2905-2027.

DAL Kacumosa Anuna PawudosHa; e-mail: kasi-alina@yandex.ru

Pykomuch momyyeHa: 15.11.2022. Pykonuch ogo6pena: 13.02.2023. CTaTbs ory6aMKoBaHa oHtaiH: 28.02.2023.

© Kacumosa A.P., Topauna E.M., Toponos C.C., Boxxkosa C.A., 2023

85 2023;29(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



EXPERIENCE EXCHANGE

BACKGROUND

Implant-associated infection, including
periprosthetic infection (PPI) and osteomyelitis,
is currently one of the leading causes of early re-
operations after primary and revision total hip
or knee arthroplasty [1]. In this case, the course
of the infectious process often becomes recur-
rent. Despite the fact that the main causative
agents of bone and joint infections, including
those associated with orthopedic implants, are
staphylococci, the presence of Gram-negative
pathogens in the etiology remains significant
and represents a prognostically unfavorable
sign [2]. Rare pathogens can also be etiological
agents of osteomyelitis and PPI, especially in
immunocompromised patients. Such pathogens
may include fungi of the genus Candida spp.
nontuberculous mycobacteria, Treponema spp.,
Anaerococcus spp., Clostridium spp., Eubacterium
spp., Campylobacter spp., Fusobacterium nuclea-
tum, Prevotella spp. and others [3, 4]. Previously,
we studied the features of fungal PPI treatment
based on our own clinical experience and avail-
able scientific publications [5].

One more rare causative agent of PPI may be
Stenotrophomonas maltophilia (S. maltophilia),
which is a Gram-negative non-fermenting ba-
cillus. Because of the relatively low virulence of
S. maltophilia, many clinicians are still faced with
the question of whether this bacterial species is
simply a colonizer or the true cause of infection
[6]. Infection caused by S. maltophilia is uncom-
mon in immunocompetent patients, however,
this species is more and more often considered
an opportunistic pathogen in chronically immu-
nocompromised patients [7].

Multiple drug resistance of the pathogen
makes the treatment of infections caused by
S. maltophilia a significant problem [8]. Clinical
management of such patients is complicated
by the molecular heterogeneity of the bacillus,
which is reflected in the uneven distribution
of antibiotic resistance determinants and viru-
lence factors among different strains, in the lack
of available antimicrobial sensitivity tests and
the absence of standardized borderline values for
some antibiotics with in vitro activity.

There are currently rather limited data on
S. maltophilia as a causative agent of orthope-
dic infection. The PubMed Central database

contains few studies concerning the manage-
ment and treatment of orthopedic patients with
S. maltophilia infection.

Aim of the study — to broaden the knowledge of
practitioners about S. maltophilia as a rare causa-
tive agent of orthopedic infection.

METHODS

We performed a retrospective analysis of the
incidence of S. maltophilia isolation from pa-
tients treated at the Russian Scientific Research
Institute of Traumatology and Orthopedics
named after R.R. Vreden for PPI and/or osteo-
myelitis from January 1, 2009 to October 31,
2022. Epidemiological analysis of results of
bacteriological tests was performed using the
Microbiological Monitoring System "Mikrob-2".

Laboratory and instrumental examina-
tion data were obtained from patients' medical
records.

The literature search was performed using
keywords in the PubMed/MEDLINE, Scopus,
eLIBRARY and CyberLeninka databases. The
search request included the name of the micro-
organism and the words describing the course
of orthopedic infections.

RESULTS

From 2009 to 2022, 9 cases of S. maltophilia-
related orthopedic monobacterial infection
were identified in 9 patients (5 men, 4 women)
aged 36 to 83 years (Table 1). In 7 cases, iso-
lated S. maltophilia strains showed sensitiv-
ity to trimethoprim/sulfamethoxazole (co-tri-
moxazole) at standard or increased medication
exposure, and in two cases — resistance. All
patients had a history of surgeries, including
surgical interventions for an infectious process
at this locus, but of a different etiology. In one
case the pathogen was isolated from the com-
ponents removed during revision hip arthro-
plasty for aseptic instability. The remaining
8 patients had an infection at the time of ad-
mission: 6 had an infection of the hip joint and
2 had an infection of the knee joint. Seven out
of eight patients had chronic recurrent infec-
tion, and in one case the patient was admitted
with a newly diagnosed chronic PPI caused by
S. maltophilia. The clinical case of this patient
will be discussed in detail below.
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No leukocytosis was found on admission in
all patients. The patient with newly diagnosed
chronic PPI had a significantly elevated CRP and
erythrocyte sedimentation rate. Only 2 of 7 pa-
tients with chronic recurrent infection had el-
evated CRP levels, while sedimentation rate was
within normal limits. Thus, routine laboratory
signs of a chronic infection were not pronounced.
Only in 3 cases S. maltophilia was identified pre-
operatively, in 3 patients the microorganism was
isolated from the removed hardware, in 3 cases it
was isolated from the tissue biopsy samples and
in one — from blood.

Average time from primary surgical interven-
tion at this locus to the development of an in-
fection process caused by S. maltophilia was 9.2
years (3.7 to 16.1). In one case, the patient was
discharged without surgery in order to treat a
pronounced comorbidity. Other 8 patients under-
went surgery. Only in 2 cases where the pathogen
was isolated from the joint fluid, etiotropic an-
tibacterial therapy (ABT), including co-trimox-
azole, was administered since the surgical de-
bridement. In the remaining cases, the patients
received empirical ABT (n=5) or antibacterial
prophylaxis (n=1). Etiotropic antibiotic therapy
was administered to the patients only after the
isolation of S. maltophilia from the intraoperative
material. Six out of nine patients received co-
trimoxazole during the inpatient period. In the
early postoperative period, recurrence of the in-
fection occurred in 3 out of 8 operated patients,
which required repeated surgical interventions,
and the co-trimoxazole therapy was continued.
The infectious process was stopped in all pa-
tients at the time of discharge.

Clinical case

A 74-year-old patient (176 cm, 85 kg) was admit-
ted with complaints of pain, limited range of mo-
tion in the right hip and shortening of the right
lower extremity. Patient had a history of coro-
nary heart disease, atherosclerotic cardiosclero-
sis, grade 2 hypertension with risk of cardiovas-
cular complication of the 3™ category, complete
blockade of the right bundle branch, non-acute
chronic gastritis.

In July 2016, total hybrid arthroplasty was
performed in the local hospital for idiopathic
right-sided hip osteoarthritis. The postoperative
period was uneventful. In September 2017, the

patient fell on his right side and was admitted to
the hospital again. No signs of skeletal trauma
were found, and he was discharged with the di-
agnosis of "soft tissue bruise of the right thigh".
Pain syndrome was persisting, and some time lat-
er hyperemia and swelling appeared. In October
2019, the patient was consulted by a surgeon of
the septic surgery department on an outpatient
basis: diagnostic joint puncture was performed,
S. maltophilia strain was isolated from the as-
pirate. Surgical treatment for the diagnosed
chronic PPI was recommended. Diagnosis on ad-
mission: orthopedic joint implants, total arthro-
plasty of the right hip (2016), chronic deep surgi-
cal site infection (CDSSI), chronic osteomyelitis
of the right femur and pelvis 3B (). On admission,
X-ray exa-mination showed instability of the
cementless acetabular component of the right
hip prosthesis with dislocation of the femoral
head. Cemented femoral component was stable
(Fig. 1 a). Lab tests revealed signs of an exacer-
bation of the infection: WBC - 8.3x107%]1, eryth-
rocyte sedimentation rate - 57 mm/min, CRP -
143 mg/1, and a decrease in the filtration capacity
of the kidneys: blood creatinine — 118 umol/I, es-
timated creatinine clearance (CC) — 71.6 ml/min.

Taking into account the patient's age and
pronounced comorbidities, one-stage replace-
ment of the prosthesis was attempted. Revision,
removal of prosthetic components and bone ce-
ment and radical surgical debridement were per-
formed. Joint fluid, 5 tissue biopsy samples and
removed prosthetic components were taken in-
traoperatively for bacteriological examination.
According to the W.G. Paprosky classification, the
bone defect was IIC for the acetabulum and II for
the femur. After careful cleaning of the surgical
area with an antiseptic solution (polyhexanide)
and washing with a large volume of a saline solu-
tion, prosthesis reimplantation (Zimmer Biomet,
USA) with cemented fixation of components
(6.0 g meropenem per 40 g standard DePuy CMW
3 cement package (Johnson & Johnson, USA) was
performed with plastic repair of the acetabulum
with augment. The wound was drained according
to Redon. Intraoperative blood loss was 1100 ml.
Considering the identified etiology of the infec-
tion, the patient received parenteral etiotropic
ABT starting the day of the surgery: co-trimox-
azole 0.96 g 2 times a day and meropenem 1.0 g
3 times a day for 10 days.
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Fig. 1. X-rays of the right hip:
a — on admission with signs of acetabular component instability and prosthetic head dislocation;
b — after one-stage revision arthroplasty

Control X-ray the first day after the sur-
gery showed the replacement of the right hip
with a total prosthesis with cemented fixa-
tion of the components in the correct stable
position. Postoperative period was uneventful
(Fig. 1b). The drains were removed on the
5t day. The wound healed with primary inten-
sion. S. maltophilia strain was isolated from all
intraoperatively sampled materials, which did
not require ABT correction. The sutures were
removed on the 14" day. The patient was dis-
charged in satisfactory condition with the re-
commendation to take co-trimoxazole tablets
0.96 g 2 times a day for 8 weeks and to monitor
the clinical blood count, creatinine, transami-
nases once every 2 weeks to detect possible ad-
verse reactions.

The patient experienced closed dislocation
of the prosthesis later the day of discharge be-
ing at home in his sleep. He was admitted to the
on-call hospital, where an unsuccessful attempt
of closed reduction of the prosthesis led to the
instability of the femoral component. One week
later, the patient was readmitted to the depart-
ment of septic osteology for surgical treatment.
According to the patient, he had been taking the
recommended ABT. X-ray showed total right hip
replacement with unstable position of cemented
prosthetic components with dislocation of the
head of the femoral component (Fig. 2 a). No mi-
crobial growth was observed in the preoperative
punctate.

From the day of the patient’s readmission
to the hospital, oral form of antibiotics was sub-
stituted for parenteral: co-trimoxazole and me-
ropenem in the same dose until the discharge of
the patient. He received analgesic treatment and
symptomatic therapy to correct anemia as part
of preparation for revision surgery.

Revision surgery with reinstallation of the ac-
etabular and femoral components was performed
5 days after admission (27 days after one-stage
revision arthroplasty). Double-mobility acetabu-
lar component and cemented (6.0 g meronem per
40 g standard package of DePuy CMW 3 cement
(Johnson & Johnson, USA)) femoral component
(Zimmer Biomet, USA) were implanted. Given
the stable position of the augments, they were
not replaced to prevent an increase of the bone
defect.

Early postoperative period was uneventful.
Control X-ray on the first day after the surgery
showed right hip replacement with correct and
stable position of the total prosthesis with ce-
mented fixation of the components (Fig. 2b). On
the 14™ day after the surgery the patient was dis-
charged from the hospital. At the outpatient stage,
the patient was recommended to continue taking
co-trimoxazole 0.96 g 2 times a day for 8 weeks.

The patient had a total ABT course of 97 days.
He did not complain of adverse reactions related
to treatment with antibiotics. Two years later, on
admission for elective total left hip replacement,
there were no signs of infection and inflamma-
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tion in the right hip area. Given the absence of
recurrence of the infection, we can retrospec-
tively affirm the complete eradication.

Thus, in the vast majority of the analyzed
clinical cases, S. maltophilia was isolated as the
only etiological agent in patients with long-term
chronic recurrent infection, indicating the pres-

DISCUSSION

S. maltophilia can colonize the surface of medi-
cal devices and therapeutic equipment, causing
infections of various localizations [9]. Bacteria of
this species possess various virulence and per-
sistence factors, including elastase, hyaluroni-
dase, protease, lipase, DNase, RNase and muci-
nase, providing invasion into the tissues of the
macroorganism and protecting against the host
immune system [10]. S. maltophilia is character-
ized by its ability to form biofilms consisting of
polymeric matrix of polysaccharides, proteins,
lipids, nucleic acids and minimally active bac-
teria, which can disseminate by colonizing new
surfaces in less than 24 hours [10].

S. maltophilia has natural resistance to many
broad-spectrum antibiotics [8]. Resistance to
most beta-lactams is realized via two produced
enzymes: L1 — class B zinc-dependent penicil-
linase and L2 — class A serine-cephalosporinase,
which makes S. maltophilia resistant to ceftriax-
one, piperacillin-tazobactam and carbapenems
[8]. Clavulanic acid demonstrated activity only
against L2 beta-lactamase [9]. Besides, acetyl-
transferase synthesis provides resistance to ami-
noglycosides. Resistance to a number of other
antimicrobial drugs is achieved by a system of ef-

ence of secondary immunodeficiency. There
were no typical changes in the laboratory mark-
ers of the infection and inflammation. In 3 out of
8 cases recurrences of infection were diagnosed
in the early postoperative period, which required
reoperations while continuing co-trimoxazole
therapy as the only etiotropic antibiotic.

Fig. 2. X-rays of the right hip on
re-admission:

a — on admission with signs of
femoral component instability and
prosthetic head dislocation,;

b — after repeated revision
arthroplasty

flux pumps (e.g., SmeDEF and SmeABC) acting on
fluoroquinolones, aminoglycosides, macrolides
and tetracyclines. Resistance to co-trimoxazole
is regulated by the sull and dfrA target modifica-
tion genes via class 1 integrons [10].

S. maltophilia is often one of the causative
agents of polymicrobial infections. The frequen-
cy of identification of representatives of this spe-
cies as a component of microbial associations
ranges from 33% to 70% [11, 12]. The presence of
S. maltophilia in polymicrobial biofilms even with
low virulence of their strains increases the risk of
horizontal transmission of antibiotic resistance
genes to other bacterial species [13]. It has been
shown that the transfer of genetic material be-
tween sessile forms of bacteria occurs at a higher
speed than between planktonic cells. This is due
to the enhancement of interbacterial interaction
by limiting the mobility of bacteria in biofilms,
which allows the biofilms to be considered as
reservoirs of genetic diversity [14]. In addition,
a number of studies have shown that in case
of polymicrobial types of infection, the intermi-
crobial interaction can influence the prognosis
of the infectious disease outcome [11].

Our study revealed low incidence of orthope-
dic infections caused by S. maltophilia (9 cases
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over 14 years of follow-up). This fact may be ex-
plained by the limited virulence of the strains
of this species, its existence in microbial asso-
ciations where other species are considered the
leading pathogens, as well as the difficulties
in bacteriological diagnostics associated with
the biochemical identification of this bacterial
species.

There is an extremely limited number of pub-
lications on bone and joint infections, includ-
ing implant-associated infections caused by
S. maltophilia. M.E. Hantes et al. successfully
managed PPI caused by S. maltophilia that devel-
oped after total shoulder arthroplasty. The au-
thors note that the infection markers were poorly
expressed (white blood cell count — 12.7x10%1,
CRP — 9.1 mg/], erythrocyte sedimentationrate —
55 mm/h). Basing on the results of bacteriologi-
cal examination of intraoperative tissue biopsy
samples, levofloxacin and co-trimoxazole were
prescribed. In addition, the patient underwent
complete immunological examination within the
course of treatment, since S. maltophilia is more
often detected in patients with immunosuppres-
sion. However, no possible concomitant patholo-
gies affecting the immune system were detected.
This clinical case showed that S. maltophilia
strains could also cause orthopedic infection in
non-immunocompromised patients [15].

Our study revealed that all patients with
S. maltophilia as an etiological factor of PPI had a
history of debridement surgery, i.e., the infection
was recurrent. Significant number of surgical in-
terventions, in their turn, may contribute to low
immune status and increase the susceptibility of
patients to this pathogen.

E.]. Chesnutis 3" et al. described a case of the
secondary S. maltophilia osteomyelitis that de-
veloped after an open fracture of the distal tibia,
and despite daily infusions of ticarcillin/clavu-
lanate and levofloxacin, amputation of the limb
at the level of the upper third of the tibia was
required [16].

Co-trimoxazole is considered the drug of
choice for the treatment of infections caused by
S. maltophilia, and has been widely used for many
years [17]. A number of adverse effects of this
drug are known, including renal and hepatic dys-
function, water-electrolyte imbalance, inhibition
of bone marrow function and hypersensitivity re-
actions [18]. The patient in our clinical case did

not complain of any adverse reactions after long-
term (97 days) treatment with co-trimoxazole.

In recent years, S. maltophilia isolates resis-
tant to co-trimoxazole have been increasingly
reported [17, 19, 20]. The existing regulatory
documents determining the antibacterial sen-
sitivity criteria specify the epidemiological cut-
offs for co-trimoxazole. However, in 2020 the
susceptibility range of S. maltophilia strains has
been changed, and the vast majority of isolated
cultures will be evaluated as sensitive only with
increased drug exposure or resistant. These
changes may significantly limit the eligibility
of co-trimoxazole administration in case of in-
fections caused by S. maltophilia, despite many
years of successful experience of its use.

Fluoroquinolones are used as an alternative
for treating infections caused by co-trimoxazole-
resistant S. maltophilia or in patients with its
intolerance [8]. However, levofloxacin also has
adverse effects, including cardiac conduction
disorders, tendopathy, gastrointestinal distur-
bances and the high risk of Clostridioides difficile
infection [8, 20]. A large study showed that le-
vofloxacin was an effective alternative to co-tri-
moxazole in case of S. maltophilia infection [20].
Despite this, there are no criteria for assessing
the sensitivity of S. maltophilia to fluoroquino-
lones in the international guidelines for determi-
ning the antimicrobial activity of drugs against
different types of pathogens (EUCAST, CLSI).

M.L. Landrum et al. report on successful treat-
ment of a case of osteomyelitis after L5-S1 red-
iscectomy caused by S. maltophilia. During the
treatment process, etiotropic therapy includ-
ing levofloxacin for 6 weeks was administered.
However, 2 months later, the patient returned to
the hospital with increasing low back pain. MRI
scans showed recurrence of osteomyelitis, and
S. maltophilia, sensitive to co-trimoxazole and
resistant to levofloxacin, was identified again
in the disc aspirate. The patient received co-tri-
moxazole for 18 months, and the infection was
stopped [21].

Tetracyclines (tigecycline, doxycycline, mi-
nocycline) are other antibiotics showing efficacy
against S. maltophilia [22]. In five review studies,
the sensitivity rate of S. maltophilia to minocy-
cline was 99.5% [12]. In the Russian Federation,
minocycline has been registered since May 2022
as an indication for infectious and inflammatory
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diseases caused by the pathogens sensitive to
this drug (including purulent soft tissue infec-
tions, osteomyelitis). In addition to the high lev-
el of sensitivity of S. maltophilia to minocycline,
it is characterized by minimal drug-drug interac-
tion and is relatively well tolerated by patients.
This antibiotic can be prescribed in combination
with co-trimoxazole in case of ineffectiveness of
alternative treatment regimens [8].

EUCAST v. 12 (https://www.eucast.org/clini-
cal breakpoints) indicates the criteria for eval-
uating the sensitivity of S. maltophilia to the
new antibacterial drug cefiderocol, which was
approved in the United States and the EU in
2019, but has not been registered in the Russian
Federation yet. Five cases of pneumonia caused
by S. maltophilia treated with this antibiotic were
registered within the study of cefiderocol activ-
ity against Gram-negative carbapenem-resistant
bacteria (CREDIBLE-CR). At the same time, de-
spite the high in vitro activity of cefiderocol, the
response to treatment in all five cases was con-
sidered undetermined, and all-cause mortality
was 80% (4 of 5) at the end of the study [23]. This,
in our opinion, does not allow to consider the
drug as promising for the treatment of patients
with PPI.

Due to the wide range of mechanisms of
S. maltophilia resistance to antimicrobial drugs
and the difficulty of achieving target antibiotic
concentrations in some body tissues (bone, cen-
tral nervous system, pulmonary), the combina-
tions of antimicrobial drugs to overcome S. malto-
philia resistance or to achieve drug synergism
were studied. Experimental studies have shown
that in case of confirmed sensitivity of S. malto-
philia to co-trimoxazole, ceftazidime, ticarcillin/
clavulanate and aminoglycosides their double or
triple combinations have a synergistic effect [8].
Combinations of co-trimoxazole or inhibitor-
protected beta-lactams with antibiotics such as
tigecycline, fluoroquinolones, televancin [24],
rifampicin [25] or colistin in aerosol have also
been studied. These drugs have demonstrated
various degrees of synergism, including the abil-
ity to maintain efficacy in the microbial biofilm.

In clinical practice, the combination of co-
trimoxazole, ceftazidime and levofloxacin has
been shown to be effective against S. maltophil-
ia-induced meningitis [26], while intravenous
colistin infusion plus parenteral administration
of phosphomycin with tigecycline have resulted

effective against complicated biliary tract infec-
tion [27]. These groups of drugs are widely used
for treating PPI of various etiology and, probably,
can be used in case of PPI caused by S. maltophilia.
When determining the prospects of clinical
use of various antibiotic combinations for the
treatment of S. maltophilia infection, it is impor-
tant to understand that in vitro synergism must
correlate with clinical outcomes, and compara-
tive studies of clinical outcomes are absent due to
the rare occurrence of the pathogen. In addition,
evaluation of S. maltophilia sensitivity is limited
by the lack of susceptibility checkpoints for the
vast majority of drugs used in clinical practice.

CONCLUSION

Thus, the limited choice of drugs for targeted
therapy, the presence of multiple determinants
of antibiotic resistance, the existence of micro-
bial associations and patient risks, including
implantation, chronic character of infection, ad-
vanced age, as well as the presence of pronounced
concomitant somatic pathology, can lead to the
ineffectiveness of the ongoing treatment of in-
fections caused by S. maltophilia. Despite the fact
that the representatives of this bacterial species
are not obligate pathogens, the described clini-
cal case demonstrates the necessity to consider
S. maltophilia as a possible etiological agent ca-
pable of causing severe chronic infections, in-
cluding orthopedic ones. At the same time, our
study demonstrates that in case of sensitivity of
S. maltophilia strain to co-trimoxazole, it is pos-
sible to administer this drug for a long course as
a monotherapy provided that the radical surgical
debridement of the focus is performed.
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Revision Reconstruction of the Cervical Spine in a Patient With Early
Deep Surgical Site Infection Complicated by Angular Kyphosis:
Clinical Case and Review
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Andrey A. Karpushin'
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3 Federal Network of Medical Centers “MRI Expert”, Apatity, Russia

Background. Deep surgical site infection (DSSI) is one of the most severe complications in spinal surgery. The
timing and nature of DSSI are the determining criteria in the choice of treatment tactics. The uniqueness of the
clinical observation is the combination of early DSSI, epidural abscess and angular kyphotic deformity formed
after a course of conservative antibacterial therapy in a patient who underwent surgery for degenerative-
dystrophic disease of the cervical spine. Correction of angular kyphosis, removal of fractured vertebrae, interbody
implants and three-column cervical reconstruction were performed in one surgical session.

Case presentation. A 57-year-old patient was admitted to the clinic after staged surgical interventions on the
cervical spine for multilevel degenerative stenosis of the spinal canal. The primary surgical interventions were
complicated by DSSI in the early period after the second surgery with formation of angular kyphosis of the
cervical spine. The patient underwent revision one-stage reconstructive intervention to correct the deformity,
decompress the spinal canal, and three-column reconstruction of C3-7 segments. Long-term follow-up showed
persistent reduction of pain syndrome, improved quality of life and absence of recurrence of DSSI.

Conclusion. The presented case illustrates the possibilities of one-stage revision three-column cervical spine
reconstruction for correction of sagittal profile, decompression of intracanal neural structures and ensuring
stability of operated segments. Use of DSSI treatment algorithms based on V. Prinz and P. Vajkoczy classification
contributes to the selection of the optimal tactics of patient management.

Keywords: surgical site infection, cervical spine, kyphosis, revision surgery.
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BACKGROUND

Angular kyphotic deformity is one of the most se-
vere cervical spine pathologies leading to the de-
velopment of vertebrogenic pain syndrome, my-
elo- and radiculopathy, impaired global sagittal
balance and decreased quality of life of patients
[1, 2, 3]. The etiology of angular kyphosis of the
cervical spine is multipotent [4, 5, 6]. Among the
leading factors are postlaminectomy syndrome,
rheumatologic diseases (ankylosing spondyloar-
thritis, Bechterew's disease) and infectious pro-
cesses (spondylitis, surgical site infection (SSI))
7,8, 9].

The incidence of cervical kyphosis after mul-
tilevel laminectomy without posterior hard-
ware fixation reaches 15-24% in adults and
37-100% in children [10, 11, 12, 13]. Performing
fixation, laminoplasty, minimally invasive ven-
tral (Jho's surgery) and dorsal (foraminotomy)
decompression interventions reduces the risks
of kyphosis development in the postoperative
period [14, 15, 16].

Ankylosing spondyloarthritis manifested by
thoracic hyperkyphosis and lumbar hypolordosis
leads to chin-on-chest deformity and changes in
the gaze angle requiring SRS-Schwab (2014) type
3 out-of-apical vertebrotomies to correct the sag-
ittal balance [17, 18, 19, 20].

Despite the existing array of data reflecting
the features of clinical characteristics, diagnos-
tics and surgical treatment of cervical kyphotic
deformity associated with postlaminectomy syn-
drome and Bechterew's disease, the information
on angular kyphoses with infectious processes is
extremely limited and represented by rare publi-
cations [21, 22, 23].

Aim of the study. To present the results of si-
multaneous revision three-column cervical spine
reconstruction in a patient with deep early sur-
gical site infection complicated by the develop-
ment of angular kyphotic deformity.

Clinical case

A 57 vyear old patient was admitted to
the Department of Spine Surgery No. 6
of Saint Petersburg Research Institute of
Phthisiopulmonology of the Ministry of
Healthcare of Russia in January 2022. On admis-
sion he complained of chronic vertebrogenic pain
syndrome in the cervical spine with intensity of
up to 7 points according to the visual analogue
scale (VAS), numbness of the fingers IV-V of the
left hand and muscle weakness in the hands.

The patient was known to have a history of
vertebrogenic cervical pain syndrome with ir-
radiation to the left shoulder joint area since
September 2020. He underwent staged courses of
conservative analgetic (NSAIDs) and neurotropic
therapy without any stable therapeutic effect.
ENMG of the upper extremities (March 2021)
showed the presence of preganglionic lesions of
the C6-C8 spinal cord roots. MRI of the cervical
spine in March 2021 revealed polysegmental de-
generative-dystrophic changes in the C3-C7 spi-
nal motion segments, stenosis of the spinal canal
with the development of discoradicular conflict
(Fig. 1).

Considering the clinical picture and radiologi-
cal findings, the patient underwent surgery in
May 2021: anterior cervical discectomy, decom-
pression of the spinal canal and interbody fusion
at the C5-C6, C6-C7 levels (Fig. 2). Postoperative
period was uneventful, and the radicular pain
syndrome was partially resolved (intensity was
up to 5 points according to VAS).

Fig. 1. MRI (a — T2 images; b — STIR images): C3-C7
polysegmental degenerative changes, spinal canal stenosis, C6—C7
end plates oedema type I Modic, polysegmental myelopathy C4-C7
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Fig. 2. MRI (a — T2 images; b — STIR images) and
CT (c) after the first operation: two interbody
implants (PEEK cages) are identified

at the C5-C6, C6-C7, C4—-C6 ossification of the
posterior longitudinal ligament (segmental type
according to the Committee on the Ossification
of the Spinal Ligaments)

Six months after the initial surgery, the pa-
tient returned due to the persistence of clinical
complaints. Clinical and instrumental examina-
tion was performed. The decision was made to
perform a staged surgery consisting of anterior
cervical discectomy, decompression of the spinal
canal and spondylodesis of the C4-C5 segment.

Early postoperative period was complicated by
the development of deep SSI, for which empiric
antibacterial treatment (parenteral injection of
vancomycin 1.0 twice a day for 3 weeks) was ad-
ministered. Revision surgeries (necrectomy, ab-
scessotomy, removal of interbody cages) were not
performed. Cervical spine MRI in the setting of
deep SSI (16 days after anterior cervical discectomy
and C4-C5 spondylodesis) showed the presence of
an epidural abscess and focal myelopathy at the
C2-C3 level, a prevertebral abscess at the C2-Cé6
level and spondylitis at the C3-C5 level (Fig. 3).

Over time, the antibacterial treatment result-
ed in stabilization of the general condition and
laboratory parameters. However, the intensity of
vertebrogenic and radicular pain syndrome in-
creased up to 8 points.

At the time of admission to the St. Petersburg
Research Institute of Phthisiopulmonology, the
patient complained of cervical spine pain with ir-
radiation to the upper extremities with an inten-
sity of up to 7 points according to VAS. The de-
crease in quality of life assessed by the Oswestry
Disability Index (ODI) and Neck Disability Index
(NDI) was 47% and 62%, respectively (severe).
Neurological status corresponded to Frankel type D
(spinal cord lesions in C5-T1 segments with sen-
sory disorders).

Radiological examination revealed an angular
kyphotic deformity of the cervical spine of 48°
according to Cobb, cSVA 12 mm, T1S 30° (Fig. 4).

The patient's general medical condition was
moderately severe. Given the presence of chronic
vertebrogenic pain syndrome, neurological defi-
cits and angular kyphotic deformity of the cervi-
cal spine, the indications for surgical interven-
tion were determined.

At the first stage, bone structures at the lev-
el of C3-C7 were exposed using the right-sided
anterior cervical approach according to
R.B. Cloward [24]. Significant scarring-adhesive
changes of the glossopharyngeal space, intimate
contact of the posterior wall of the esophagus
with scar tissues at the level of C6-C7 were ob-
served. At the stage of mobilization of the anteri-
or column of the spine, a nasogastric tube was in-
serted in order to prevent esophageal perforation.
Corpectomy of the C4-C6 bodies and decompres-
sion of the spinal canal at the corresponding le-
vel were performed using a high-speed bone drill,
Kerrison rongeurs and microsurgical dissectors.

Fig. 3. MRI after the second operation:

a — STIR images; b — T2 images: prevertebral, epidural
abscesses, C3—C5 spondylitis, focal myelopathy

at C2-C3
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Correction of kyphotic deformity after corpec-
tomy was not performed due to the inability to
install the Caspar pin distractor (the length of
the C3-C7 postresection diastasis was 6 cm) and
due to the bilateral synostosis of the C3-C4 facet
joints. The anterior cervical approach was closed
with retention sutures.

The second stage included type 1 bilateral fac-
etectomy C3-C4 according to SRS-Schwab (2014),
posterior transpedicular fixation of C2-C3, T1-T2
using the free-hands technique and posterior
spondylodesis at the C2-T2 level with autograft
fragments.

At the third stage, instrumental distraction
of the anterior column of the spine and installa-
tion of a titanium mesh cage filled with autolo-
gous bone, taken from the anterior iliac spine,
were performed. The wounds were drained and
sutured. Surgery duration was 10 hours; the vol-
ume of surgical blood loss was 850 ml (13.5% of
the total blood volume).

Fig. 4. X-ray (a), CT (b) and MRI (c)
at the time of hospital admission:
angular kyphosis 48° Cobb,
destruction of C3-C5, myelopathy
at C2-C3, no signs of active
inflammatory process (abscesses)

X-rays of the cervical spine at the time of dis-
charge from the hospital and CT scans 10 months
after the surgery are presented in Figure 5.

Postoperative period was uneventful, wounds
healed by primary intention. Drains were re-
moved on the 2nd day, patient was verticalized
in a cervical brace on the 3" day after the surgery.
The intensity of vertebrogenic pain syndrome
10 months later was 2 points according to VAS,
radicular pain syndrome in the upper extremities
subsided, ODI - 15%, NDI - 14%. The value of
correction of kyphotic deformity of the cervical
spine was 46° according to Cobb.

Bacteriological examination of the surgical ma-
terial showed no microbial growth. The results of
histological examination indicated the presence of
dystrophic changes in the bone tissue with irregu-
larly pronounced lymphoplasmacytic infiltration.
The diagnosis was a moderate chronic nonspecific
inflammation. In the postoperative period the pa-
tient underwent a course of oral antibacterial ther-
apy: amoxicillin + clavulanic acid for 6 weeks.

Fig. 5 (a, b, c). Sagittal (a) and frontal (b) X-rays, sagittal CT (c) 10 months after surgery: posterior
transpedicular screw fixation correct position, solid anterior fusion C3—C7 formation detected
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A

Fig. 5 (d). Axial (d) CT: posterior transpedicular screw fication correct position, solid anterior fusion

C3-C7 formation detected

DISCUSSION

The incidence of SSI in vertebrology ranges from
2.1% to 16.3%, whereas the deep periimplant in-
fection as an independent nosological entity of
infectious complications is registered with the
incidence of up to 20% in the general structure of
SSI [8, 25]. According to V. Prinz and P. Vajkoczy
temporal periodization, SSI is commonly distin-
guished in early (up to 6 weeks after the surgery),
delayed (>6 weeks) and late (>12 months) [26].

It is the duration of SSI development that is
one of the key criteria for the choice of further
treatment tactics. In case of early SSI, it is pos-
sible to retain implants, while delayed and late
SSI require either one-stage replacement of fixa-
tion elements in combination with antibacterial
therapy for at least 6 weeks, or staged tactics with
primary implant removal, antibacterial therapy
and subsequent restabilization [27].

The Russian-language version of the modified
V. Prinz and P. Vajkoczy classification is present-
ed in Table 1.

Systematic literature review published by
a multicenter team of authors demonstrates a
number of significant trends in the studied field:
1) shift in the microbiological spectrum of SSI
pathogens towards resistant forms (MRSA culti-
vation rate — 35-71%, MRSE - 43%); 2) possibil-
ity of hardware retention in case of superficial
SSI development both in the delayed and late
postoperative periods; 3) necessity of hardware
removal or one-stage replacement in the over-
whelming majority of cases of deep SSI regard-
less of development terms [27].

Considering the presented clinical case, it
should be noted that the development of deep

SSIin the early postoperative period required the
removal of interbody implants with one-stage
posterior hardware fixation to provide cervi-
cal spine stability. In turns, the optimal volume
of bacteriological examination to verify the SSI
pathogen includes inoculation of the wound exu-
date for nonspecific flora and sonication of the
implant surfaces with an ultrasound destructor
with the following cultivation of material for an-
aerobic low pathogenic flora (culture medium —
blood agar). Duration of etiotropic antibacterial
therapy is at least 6 weeks, 2 weeks of them are
with parenteral administration.

It is also necessary to study the tactics of pri-
mary surgical intervention when the surgeons
preferred the ACDF (anterior cervical discecto-
my and fusion) technique. One of the algorith-
mic tools for selecting surgical approach in case
of degenerative pathology of the cervical spine
is the K-line parameter originally suggested by
T. Fujiyoshi et al. for patients with posterior lon-
gitudinal ligament ossification [28].

In our opinion, one of the obligatory compo-
nents of preoperative radiological examination
of patients with degenerative pathology of the
cervical spine, along with MRI, are functional
X-rays in the sagittal plane and CT scans. Thus,
the results of CT scans after the primary sur-
gery indicated the presence of a segmental type
of longitudinal ligament ossification in the pa-
tient (see Fig. 2). At the same time, the functional
X-rays in the sagittal plane at the preoperative
stage could indicate the K-line (+) sagittal pro-
file of the patient and shift the surgical tactics
towards dorsal decompression (laminoplasty or
laminectomy with hardware fixation of C4-C7).
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Table 1
Russian-language version of V. Prinz and P. Vajkoczy classification
Parameter Early SSI Delayed and late SSI
Term < 6 weeks Delayed: > 6 weeks

Clinical symptoms "Acute” local and systemic

local pain, fever)

Microbiological
spectrum of pathogens

Pseudomonas aeruginosa)
Biofilms Immature

Surgical tactics
of hardware

Parenteral administration —
2 weeks, then per os 4-10 weeks

Antibacterial therapy

manifestations (fistula formation,

Highly pathogenic microorganisms
(Staphylococcus aureus, streptococcus
spp., Gram-negative: E. coli, Klebsiella,

Necrectomy (debridement), retention

Late: > 12 months

"Chronic” manifestations
(periimplant development of resorption, instability
of implant)

Low pathogenic and resistant microorganisms
(coagulase-negative staphylococci: MRSE, MRSA,
anaerobic bacteria: Propionibacterium acnes)

Mature

Removal/replacement of hardware (in the absence
of spondylodesis), sonication of the removed
implants with subsequent bacteriological tests,
including for low pathogenic flora (culture medium
- blood agar)

Parenteral administration —
2 weeks, then per os 4-10 weeks

CONCLUSION

Presented clinical case illustrates the poten-
tial of one-stage revision three-column cervical
spine reconstruction for correction of the sagit-
tal profile, decompression of intracanal neural
structures and providing stability of the operated
segments. Development of early deep SSI as the
main cause of angular kyphotic deformity in this
patient required revision surgery with interbody
implants removal as soon as possible after the
onset. At the same time, the use of tactical algo-
rithms for the SSI treatment promotes the selec-
tion of optimal patient management tactics both
at the stage of revision surgery and at the stage of
subsequent antibiotic therapy.
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Reconstruction of Traumatic Medial Malleolus Loss With a Free Iliac
Crest Autograft: Case Report

Anatolii K. Mursalov, Georgii M. Kositsyn, Aleksei M. Dzyuba

National Medical Research Center for Traumatology and Orthopedics named after N.N. Priorov,
Moscow, Russia

Background. In the world literature only a few cases of medial ankle reconstruction after its traumatic loss
were described. The authors have not found similar cases in the Russian-language literature.

The aim of the study was to show a rare clinical case of a patient with a traumatic defect of the medial ankle
and to describe the method of its reconstruction.

Case presentation. A 52-year-old patient suffered a motorcycle injury resulting in an open fracture of the
medial ankle with bone fragment loss. The patient was taken to a medical facility where he underwent
primary surgical treatment with wound suturing. Three months later, the reconstruction of the medial ankle
with a free iliac crest autograft, medial ankle osteosynthesis and deltoid ligament plasty were carried out
at N.N. Priorov National Medical Research Center of Traumatology and Orthopedics. In the postoperative
period, immobilization of the ankle joint was performed for 4 weeks followed by the active development
of motions and partial weight bearing 8 weeks after the surgery. The AOFAS score 12 months after the
reconstruction was 93 points. According to CT scans, complete autograft integration was achieved and no
signs of instability of the ankle joint were observed. The patient was satisfied with the performed surgical
treatment.

Conclusion. The most optimal method of treatment in case of traumatic defect of the medial ankle is its
reconstruction with a free iliac crest autograft. This allows us to form a graft of required parameters and
shape, minimizing the risk of postoperative complications.

Keywords: traumatic bone defect, medial ankle fracture, bone grafting, free bone autograft.
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PeKkoHCTpyKuMs MearManbHOMU N0AbIKKM CBOOOAHBIM
AYTOTPaHCNIAHTAaTOM U3 rpebHs NoAB3AOLWHON KOCTU
nocne TpaBMaTuyeckoro aedekra:

KMHUYECKUI Cyyaun

A.K. Mypcanos, I M. Kocutiiera, A.M. [I3106a

DI'BY «HayuoHanwbHwili MeuyuHcKuii ucciedosamensckuli yeHmp mpasmamosnozuu
u opmoneduu um. H.H. Ilpuoposa» Mun3dpasa Poccuu, 2. Mocksa, Poccus

AKkmyansHocms. B MUpOBOI1 IMTepaType OIMCAHO BCETO HECKOIBKO C/IydyaeB PEKOHCTPYKLIMY MeAMaabHOM JIO-
IIBDKKY T10C/Ie BO3HUMKHOBEHMS ee TpaBMaTnueckoro gedexra. B pycckosi3bIuHOI MTepaType HaM He yAaI0Ch
HaTY OMMCAaHMS TTOIOOHBIX CITyUaeB.

Llenvto ry6nuKauyy SIBJASETCS AEMOHCTPAIMS PeJKOTO KIMHUYECKOTO HAGIoNeHs Tal[MeHTa ¢ TpaBMaTuye-
CKIM ,He(l)eKTOM Me,umaanoﬁ JIOABDKKNM M MeTOoda €€ PEKOHCTPYKINN.

Onucatue ciyuas. ITaniyieHT 52 J1eT MOMYYMI MOTOLMKIIETHYIO TPABMY, B pe3y/ibTaTe KOTOPO¥ ITPOMU30IIIeN OT-
KPBITBIN TIEpeIOM MeIMaIbHOM JIOObIKKY C YTpaToit KocTHOTO (parmenTa. [laimeHT qocTaBiieH B JieuebHOe
yupexaeHue, rae eMmy OblIa BbITIOJTHEHA MTePBUYHASI XMPYypruueckas o6paboTka ¢ ymmMBaHuem panbl. Uepes 3
Mec. 6bIIa BBITIOJTHEHA OTIePaIys 110 PeKOHCTPYKIIUM MeAMATbHO JIOABDKKM CBOOOAHBIM ayTOTPAHCIUIAHTATOM
U3 Tpe6GHS MOAB3IOUIHOM KOCTH C UKCALMEeN MEeTa/UIOKOHCTPYKIMENA U TUIACTUKO AeTbTOBUIHON CBSI3KNU. B
MOC/Ie0TNepalyiOHHOM Tepyoe BITIOIHSIACh UMMOOMIN3AIMs TOJIeHOCTOITHOTO CyCTaBa B TeueHue 4 He[l., 3a-
TeM aKTMBHAas pa3paboTKa OBMKEHMI M JO3MPOBaHHAS HArpy3Ka Ha KOHEUHOCTDb uepe3 8 Hem. UYepes 12 mec.
ornenka 1o mkaise AOFAS cocraBwia 93 6asmia. ITo JaHHBIM KOMITbIOTEPHOM ToMOrpaduu JOCTUTHYTA TIOTHAS
MHTETpanus ayTOTPAHCIIAHTaTa, OTCYTCTBYIOT ITPM3HAKYM HECTAOMIBHOCTY TOJIEHOCTOITHOTO cycTaBa. [larmeHT
YIOBJIETBOPEH MPOBEAEHHBIM XUPYPTUUECKUM JIeYeHUEM.

3axarouenue. IIpy TpaBMaTHIECKOM JeeKTe MeIVaTbHOM JTOIBDKKMA ONTUMAIbHBIM METOIOM JIEUEHUS SIBISIET-
CS1 PEKOHCTPYKIIMSI CBOOOIHBIM ayTOTPAHCILIAHTATOM U3 IPeOHS MTOAB3OUTHOM KOCTH. DTO M03BOoJsIeT chopmm-
pOBaTh TPAHCILIAHTAT HEOOXOIMMBIX PA3MePOB U (DOPMBI, MPM ITOM MUHUMU3IUPYETCS PUCK Pa3BUTHUS TIOCIIE-
OIepanOHHbIX OCIOXKHEHWUIA.

KirioueBbIe CJIOBA: TpPaBMaTUUYECKUI IedeKT, TepesioM MeIUaaTbHO JIOMbIKKMA, KOCTHAS TUIACTVKA, CBOOOIHBI
KOCTHBIN ayTOTPaHCIIAaHTAT.

Mypcasnos A.K., Kocuiibia I.M., /I3106a A.M. PeKOHCTPYKLIMST MeI1albHOM JTOABIKKY CBOGOMIHBIM ayTOTPAHCI/IAHTATOM
13 IpeOHS MTOAB3OIITHOI KOCTH ITOC/Ie TPAaBMAaTUUeCKOTO fedeKTa: KIMHMUeCKuit crydait. Tpasmamosnozus u opmoneous
Poccuu. 2023;29(1):104-110. https://doi.org/10.17816/2311-2905-2030.

DX Kocuypin Teopeuii Muxatinosuy; e-mail: og-o@mail.ru
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BACKGROUND

Open fractures of the medial malleolus which
cannot be managed with osteosynthesis because
of the bone fragment loss or massive fragmenta-
tion are uncommon in clinical practice. Stability
of the ankle joint is provided by the medial malle-
olus, so its reconstruction is important to ensure
the functional recovery.

The world literature describes several recon-
struction techniques, which can be divided into
two groups:

1) reconstruction with free bone autografts
(from the iliac crest and fibula) [1, 2, 3, 4];

2) reconstruction with local tissues (sliding
osteotomy of the tibia) [5].

Taking into account the uncommon charac-
ter of such injury, the optimal tactics of correc-
tion have not yet been determined. In our case,
we used free bone autograft from the iliac crest
because of the possibility to provide the required
shape of the graft and its size.

The aim of the study — was to show a rare clini-
cal case of a patient with a traumatic defect of
the medial ankle and to describe the method of
its reconstruction.

Clinical case

A 52-year-old patient suffered an isolated injury
of the right ankle joint as a result of a motorcy-
cle accident - an open avulsion fracture of the
medial malleolus. He was admitted to the hos-
pital, where he underwent primary surgical de-
bridement (Fig. 1). The wound was classified as
Gustilo-Anderson II, and no attempt was made
to reconstruct the medial malleolus. Antibiotic
prophylaxis was administered in the periopera-
tive period. Deltoid ligament bundles attached

Fig. 1. Right foot
after primary surgical
debridement

to the medial malleolus were damaged, vascular
and nerve structures were preserved. The patient
was referred for consultation to the National
Medical Research Center for Traumatology and
Orthopedics named after N.N. Priorov, where it
was decided to perform a delayed reconstruction,
taking into account the condition of the soft tis-
sues. The patient underwent ankle immobiliza-
tion with a posterior plaster cast from the toes to
the middle third of the tibia to prevent equinus
deformity of the foot and provide rest for the soft
tissues. Anticoagulant therapy was prescribed
for the period of immobilization — Rivaroxaban
10 mg once a day. Two weeks after the injury, the
patient attended physical therapy classes to im-
prove motions in the ankle joint. Axial load on
the injured limb was prohibited, taking into ac-
count the high risk of medial subluxation of the
foot due to the absence of the medial malleolus.
The patient underwent a CT study of the ankle
joints with subsequent 3D reconstruction to mo-
del the shape of the medial malleolus (Fig. 2, 3).

Fig. 2. CT scans of both ankle joints after primary
surgical debridement

Fig. 3. Results of 3D reconstruction of both ankle
joints
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Three months later, when the wound healed
by secondary intension and the range of active
motions in the ankle joint was restored, the pa-
tient underwent surgical treatment under spinal
anesthesia with prolongation of the analgesic ef-
fect by the regional anesthesia (Fig. 4).

Longitudinal approach to the medial malleo-
lus was performed in supine position under pneu-
matic tourniquet on the thigh. The medial malle-
olus bed on the tibia was exposed, the proximal
deltoid ligament was isolated and mobilized. It is
interesting that the integrity of the canal of the
tendon of the posterior tibialis muscle was pre-
served and there was no dislocation of the lat-
ter. After preparing the medial malleolus bed, we
performed an approach to the iliac crest and took
a graft sized 2.5%2x1.8 cm. The graft was modeled
according to the shape of the medial malleolus
with artificial formation of the anterior and pos-
terior tubercles as well as the medial malleolus

Fig. 4. Appearance of the
foot after wound healing

sulcus. The graft with the medially faced cor-
tex was fixed with a partially threaded lag can-
cellous screw to ensure absolute stability and a
2.4 mm antiglide LCP plate to prevent shear forc-
es and rotational load on the graft (Fig. 5). Next,
the transosseous fixation of both portions of the
deltoid ligament, fused by scar tissue into a sin-
gle conglomerate, to the distal part of the graft
was performed in a neutral foot position. It was
not possible to separate the individual ligament
components due to scar tissue changes. Duration
of the surgery was 55 minutes.

Two weeks after the surgery, the sutures were
removed and the wounds healed with primary in-
tension. Continuous immobilization of the an-
kle joint was performed for 4 weeks to provide
adequate integration of the deltoid ligament.
Control X-rays were performed, position of the
implants was correct and stable (Fig. 6).

During the next 2 weeks, active development of
motions in the ankle joint (flexion and extension)
was performed, joint immobilization was contin-
ued during the resting period. Six weeks after the
surgery, movements aimed at developing inver-
sion and eversion of the foot were allowed, and
joint immobilization was discontinued. X-rays of
the ankle joint in two views were also carried out
at that time: signs of satisfactory consolidation
of the graft and absence of signs of its lysis were
noted. Eight weeks after the surgery, the patient
was allowed to load the limb gradually increas-
ing the weight. Ten weeks after the surgery, the
patient switched to full weight-bearing without
using additional walking aids.

Fig. 5. Surgery stages:
a — medial surface of the talar bone in the wound; b — autograft implantation in the medial ankle bed,;
¢ — autograft fixation with plate and screws
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Fig. 6. Control X-rays after bone autoplasty and
fixation with cancellous screw and plate:
a — AP view; b — lateral view

Twelve months after the surgery, the pa-
tient underwent CT of the ankle joint to assess
the status of the graft and the condition of the
ankle joint. CT scans showed complete consoli-
dation of the graft and no signs of implant mi-
gration. There were also no signs of progression
of degenerative changes in the ankle joint, which
may attest to adequate biomechanics of the joint.
Donor site was asymptomatic. AOFAS score was
93 points, range of motions in the ankle joint was
10-0-45°.

There were no clinical signs of medial insta-
bility of the ankle joint, and the deltoid ligament
had no disruptions. The patient was satisfied
with the surgical treatment results.

DISCUSSION

In 1965, J.G. Bonnin published an article on the
treatment of a patient with a similar injury [6].
The author did not perform any reconstruction
because he believed that the scar tissue at the
site of the injury would prosthetize the function
of the deltoid ligament. One year after the injury,
the patient complained of pain in the ankle joint
and sense of instability only during prolonged
physical activity. However, the extent of bone
loss and the presence of subluxation of the foot
are not specified in the article, so this publication
is mostly of historic importance.

An article by M.I. Boyer et al. was published
in 1994, describing the results of surgical treat-
ment of an open avulsion fracture of the medial
malleolus in an 18-year-old patient. The extent

of bone damage was significantly less than in
the case we presented. Clinically, the patient had
medial ankle instability due to complete rupture
of the deltoid ligament and a soft tissue defect
6x8 cm above the medial malleolus. Deltoid liga-
ment reconstruction with the tendon of the plan-
taris muscle of the contralateral limb, tenodesis
of the tendon of the posterior tibialis muscle to
the medial surface of the talus and coverage of
the soft tissue defect with a free flap of the gra-
cilis muscle of the femur were performed. Thirty
months after the surgery, the function of the
ankle joint was restored [7].

In 2009, S.P. Wu et al. presented a series of
6 cases concerning the treatment of patients with
open avulsion fractures of the medial malleolus
and significant soft tissue damage using mi-
crosurgical techniques. In all cases, the head
of the fibula with a section of the tendon of bi-
ceps femoris muscle was used as a bone autograft
(for deltoid ligament reconstruction). Soft tissue
defects were covered with a thoracodorsal flap
and an anterolateral femoral flap. In all patients
the grafts survived: in 5 cases the wounds healed
with primary intension, and only in one case
there was an infectious complication, which was
treated with debridement and antibiotic therapy.
The average follow-up period was 3.5 years (1-5
years). In 5 cases (patients with primary healing),
the AOFAS score was 95.2 (93-96) points on av-
erage, and only the patient with postoperative
infection had 86 points. This is the largest study
group described in the literature with excellent
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postoperative results, which demonstrates the
reliability of the technique. However, injuries in
the described series of patients were accompa-
nied by a significant soft tissue defect, which re-
quired microsurgical techniques to cover defects.
This fact significantly increases the requirements
to the surgical team and operating room equip-
ment [8].

A clinical case of a 48-year-old patient with
an open avulsion fracture was published in 2022.
A sliding tibial osteotomy technique was used to
reconstruct the medial malleolus. No need for
additional injury to the distant donor site is con-
sidered by the authors as a special feature of this
technique. This significantly reduces the risks of
postoperative complications and the develop-
ment of chronic pain syndrome. Results of treat-
ment were evaluated 2 years after the surgery:
86 points according to the AOFAS scale, the range
of motions in the ankle joint was 0-0-30° [5].
In our opinion, one-stage reconstruction is asso-
ciated with high risk of infectious complications,
since a large area of the tibia is exposed in the
contaminated wound, also, there may be difficul-
ties with the modeling of the medial malleolus.
But we agree with the authors that the need for
additional injury to any donor sites decreases.
This has a positive effect on patients' postopera-
tive recovery.

The most feasible technique is the reconstruc-
tion by sliding osteotomy. However, it increases
the risk of infectious complications due to addi-
tional injury to the bone tissue in the contamina-
tion zone, and also has limited possibilities for
modeling the medial malleolus. The use of mi-
crosurgical technique significantly increases the
potential for reconstructions of any complexity,
but significantly extends the time of surgical in-
tervention and the requirements for the surgical
team. This technique is indicated for soft tissue
defects requiring grafting.

The problem of application of additive tech-
nologies for reconstruction of the medial malleo-
lus remains unsolved. Currently, there is no ex-
perience in the application of such technologies.

CONCLUSION

Infrequency of the injury makes it impossible to
perform large studies to determine the optimal
correction technique, but the literature is gradu-
ally updated with new data, which expand the ex-
perience in managing such traumas. In our opin-
ion, the optimal method of treatment in case of
traumatic defect of the medial malleolus is the
reconstruction with a free autograft from the
iliac crest. This allows us to form a graft of the
required size and shape thus minimizing the risk
of postoperative complications.
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3ap.HenaTepaanaﬂ POTaLMOHHaA HeCTabuNbHOCTb KONNIEHHOIO CyCTtaBa:
3BOoIOUMA U COBPEMEHHDbIE TPpeHAblI XUpyprudyeckoro se4yeHua

O.A. llynenos, E.I1. CopokuH, H.C. KoHOoBanbuyK, E.A. IlamkoBa, K.A. lembsiHOBa

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

Beedenue. [TiaTHOCTMKA U JieueHMe TAl[MeHTOB ¢ XpPOHMYECKOi 3aHel 1 3aiHeaTepaabHO HeCTabMIbHOCThIO KOJIeH-
HOTO CYCTaBa SIBJIIeTCSI OGHO M3 MAJIOM3yUYeHHbBIX ITPO6IeM COBpeMeHHO opToneany. CBSI3aHO 3TO € JOCTATOYHO HMU3KOM
YacTOTO BCTPeuaeMOCTH JAHHO MAaTOIOT Y, & TAKKe CO CJIOKHOCTBIO0 AaHATOMUYECKOTO CTPOEHMST CBS30YHO-CYXOKUIbHBIX
CTPYKTYD 3aJHeNaTepaibHOTO OTJena KOJIEHHOTo cycTaBa. HeM3amMeHHO Bo3pacTaiolllee YMC/I0 3apyOesKHbIX MyOImMKaIuit,
MTOCBSIIIIEHHOE JAaHHOV TeMe, TOBOPUT O TOM, YTO Ha JaHHbI/i MOMEHT HET eJVHOTO MOAXO0Aa K TAKTUKE XUPYPTUUECKOTO
JIeueHusI MallMEHTOB JAHHOM KaTeroOpuin.

Ilenv 0630pa — Ha OCHOBe aHAIM3a HAYYHON JUTEPATYPhbl OLIEHUTb OCHOBHBIE TPEHAbl XUPYPTrUUECKOTO JIeUeHMUSI
3aHeNaTepaIbHO POTALIMOHHO! HECTaOMIBHOCTY B 3aBUCUMMOCTM OT CTeIIeHU BOBJI€UEHHOCTU B [1aTOJIOTUYECKUit TIPO-
1[eCC PA3IMUYHBIX AHATOMUUYECKUX CTPYKTYP.

Pe3zynomamet. HecMoTpsi Ha 6OJbIIOe KOIMYECTBO METOOMK XMPYPIUUECKOro JiedeHUs TOBpeXIeHuit 3agHenare-
PaJIbHOTO YIVIa MIPY aHajIM3e COBPEMEHHBIX MyOIMKAIIMI MOKHO BBIAEIUTH HECKOIHKO OCHOBHbBIX TEHAEHIIMI Pa3BUTHUS
XUPYPrUYeCKUX MEeTOLOB JTeueHus 3aiHe/laTepaabHO HeCTAOMIBHOCTY KOJIEHHOTO cycTaBa. [Ipu 3aiHenaTepaabHO He-
CTAGWIBHOCTU 1-TO TUTIA ONITUMAJbBHO SIBJISIETCS] M30IMPOBAHHAsI apTPOCKOMMYecKasl MIacTMKa 3agHell KpecToobpas-
HOJ CBSI3KU. [IpU HECTAOMIBHOCTU 3-TO U 4-TO TUIIOB Ha CETOMHSIIHUI [eHb aHATOMMYECKNEe MEeTOAMKM Tuma Larson
u LaPrade MOMHOCTBIO BBITECHWIM METOAVKM HeaHATOMMUECKO DPEeKOHCTPYKIMM 3amHenaTepajbHOro ymia. Kpome
TOTO, B TIOC/IEAHME TOJbI MOSIBUIIOCH GOMBIIIOE KOMMYECTBO MYOIMKAIUIA, TTOCBSIIIEHHBIX aPTPOCKOMMYECKUM METOIMKAM
BBITIOJTHEHUST TTOJOOHBIX omepannii. Han6ombiryio mpo6aeMy BbI3bIBAE€T BOMPOC 06 06beMe ONMTHMAaTbHBIM BbITIOTHE-
HIM€e TaKMM IalleHTaM IUIaCTUKYU 3aIHel KpecTo06pa3HOo CBSI3KM, OTIONHEHHOM TIACTUKOM CYXOKWUIIMS TOIKOTEHHOM
MBIIII[bI, BBIMTOJHEHHBIX apPTPOCKOMMYECKMUM CIIOCOO0M.

3axoueHue. AHATM3 IUTEPATYPHI TTOKA3aJl, UYTO HaMMeHee OCBSIeHHBIM SIBJISIETCSI BOMIPOC 06 06beMe U CIIocobe Xu-
PYDPIMYECKOTO BMeIIaTeIbCTBA IIPK 3aJHeIaTePaIbHOM HeCTa6MIbHOCTY 2-T0 TuMa. Hanbomee MOAXOASIIMM Mbl CUUTAEM
BBITIONTHEHME TaKMM MAIl[MEeHTAM IJIACTUKM 33aJHEI KPeCcTO06PasHOi CBSI3KY, JOTIOMIHEHHOE TUIACTUKOM CYXOXKMUIIMS TTOKO-
JIEHHO MBIIII[bI, BHITIOTHEHHO apTPOCKOMMYECKUM CIIOCOGOM.

KitoueBble c10Ba: apTPOCKOIMSI KOJIEHHOTO CyCTaBa, 3a/lHejaTepaabHas POTalMOHHAs HeCTabMIbHOCTD, 3aiHesaTe-
PaJIbHBIN YTOJ, CYXOXKUITME TTOJKOJIEHHON MBIIIIIIBI.
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HeCTabMIbHOCTh KOJIEHHOTO CYCTaBa: SBOJIIOIMS ¥ COBpEMEHHbIe TPEHAbl XUPYPrUUeCcKoro JeueHus. Tpasmamosnozus
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DX Hiynenoe Imumpuii Anekcandposuu; e-mail: dr.shulepov@gmail.com
Pykomnuch nmomydyeHa: 19.12.2022. Pykonuch ogobpena: 16.01.2023. CtaThs onybmkoBaHa oHmaiH: 03.02.2023.

© lynenos [I.A., CopokuH E.II., KonoBanbuyk H.C., [Tamxkosa E.A., JembsiHOBa K.A., 2023

111 2023;29(1) TPABMATONOIMNA U OPTOMNEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


mailto:dr.shulepov@gmail.com

OBb30Pbl / REVIEWS

Review Article “(W)

https://doi.org/10.17816/2311-2905-2007

Posterolateral Rotational Knee Instability:
Evolution and Current Trends in Surgical Treatment

Dmitrii A. Shulepov, Evgenii P. Sorokin, Nikita S. Konovalchuk, Ekaterina A. Pashkova,
Ksenia A. Demyanova

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

Background. Diagnostics and treatment of patients with chronic posterior and posterolateral instability of the knee is
one of the most understudied problems of modern orthopedics. This is due to rather low frequency of this pathology, as
well as to complex anatomy of tendoligamentous structures of the posterolateral part of the knee joint. Steadily increasing
number of foreign publications dedicated to this topic say that there is no common approach to the tactics of surgical
treatment of patients of this category at the moment.

Aim of review — to evaluate the main trends of surgical treatment of this pathology according to the stage of involvement
of various anatomical structures responsible for posterolateral rotational instability in the pathologic process.

Results. Despite a large number of methods of surgical treatment of posterolateral corner injuries, when analyzing
modern publications, several main trends concerning posterolateral instability of the knee joint can be identified. In case
of type 1 posterolateral instability, an isolated arthroscopic posterior cruciate ligament plasty is the most optimal. As for
types 3 and 4, today such anatomical techniques as Larson and LaPrade have completely replaced the methods of non-
anatomical reconstruction of the posterolateral corner. In addition, a large number of publications have recently appeared
concerning arthroscopic techniques of these surgeries. The most important problem concerns the extent and the methods
of surgical intervention in case of type 2 instability. Authors of the article consider that an arthroscopic posterior cruciate
ligament plasty combined with popliteal tendon plasty is the most optimal for such category of patients.

Conclusion. The actual problem is the question of the method of surgical treatment in case of type 2 instability. The
optimal technique for such patients is arthroscopic posterior cruciate ligament plasty combined with popliteal tendon plasty.

Keywords: knee arthroscopy, posterolateral knee instability, posterolateral corner, popliteal tendon.
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BBEJEHUE

OnmHOt M3 MaJloM3yYeHHbIX MpobaeM CcoBpe-
MEHHOJ XUPYPrMM KOJIEHHOTO CyCTaBa SBJSeTCS
IMAarHoCTHUKA U JieueHMe MaluueHTOB C XPOHUYeCKO
3aJHel 1 3aHenaTepasbHO HeCTaOMIbHOCTHIO KO-
JleHHOro cycrtaBa. CBsI3aHO 3TO, C OGHOI CTOPOHBI,
C [OOCTaTOYHO HM3KOM YacTOTO! BCTPEYaeMOCTHU
JIaHHOJ MaTOJIOTUH, & C APYTOii CTOPOHBI, — CO CJIOXK-
HOCTbI0 aHATOMMYECKOTO CTPOEHUS CBSI30YHO-CYXO-
SKMJIBHBIX CTPYKTYP 3afHeJaTepaJbHOro OTHena KO-
JIEHHOTO CyCTaBa.

BOnbLIMHCTBO aBTOPOB CXOISTCSI BO MHEHUH,
YTO BO3HMKHOBEHME 3aJHeaTepaabHO POTaLVOH-
HOJ HeCTabWIbHOCTY CBSI3aHO C TOBpEeXIeHMeM He
TOJBKO 3amHel KpectoobpasHoit cBsisku (3KC), HO
U CTPYKTYp 3ajgHenarepanbHoro yraa (3J1Y) [1, 2].
Ilo HacTosIIero BpeMeHy NMOHMMaHMe aHaTOMUU 3a-
JIHelaTepaabHOro yIJia ¥ BXOOSUIMX B HETO aHATOMM-
YeCKUX CTPYKTYP SIBJISIETCS IUCKYTaOETbHBIM, a IIOHSI-
THe «3aHe/laTepaabHblii yTO/I» Ha3bIBAETCS «TEMHBIM
MATHOM» B (PYHKIIMOHAJIbHOJ aHATOMUM KOJIEHHOTO
cycrasa [1, 3, 4].

Ileny 0630pa — Ha OCHOBe aHAJNM3a HAYYHOI JIK-
TepaTypbl OLLEHUTb OCHOBHbIE TPEHIbI XUpypruye-
CKOr0 JieyeHUs 3aJHe/laTepaibHOV pOTalMOHHOI
HeCTaOMJIBHOCTY B 3aBUCMMOCTU OT CTeIleHU BOBJIe-
YeHHOCTM B TATOJIOTMUYECKMII MPOLecC Pa3aMuHbIX
aHaTOMMUYECKUX CTPYKTYP.

MATEPUAJI U METO/IbI

ITouck nuTepaTypbl ObUT BBHIMOMHEH B 6a3ax AaH-
Hbix PubMed/MEDLINE u eLIBRARY mo pesyinb-
TaTam 3ampocoB OT ceHTA6pst 2022 r. [jig momcka
B PubMed wucnonbp3oBanuchk cienywoliye KIOUeBble
ctoBa: posterolateral reconstruction, arthroscopic
posterolateral reconstruction, PLC reconstruction,
posterolateral corner reconstruction, popliteus
reconstruction, arthroscopic popliteus reconstruction.
IOnsa moucka B eLIBRARY: 3agHenatepasibHbIA yroi,
PEKOHCTPYKLMS 3aiHeNaTepaJbHOrO YIVIa, IIacTUKa
3afHenaTepaJbHOTO yIVIa, 3aHe/aTepaybHasl HeCTa-
O6MJIBHOCTb KOJIEHHOTO CycTaBa. Mbl CO3HATENbHO He
BKJIIOYMJIM B CIIEKTP paccMaTpMBaeMOi IaTONOTUM
BapMaHThl COUETAHHOTO ITOBPEXIEHUSI TlepenHeil
KpeCcTooOpa3Hoi CBSI3KU U CTPYKTYP 3aJHeaTepasb-
HOTO YIJIa, TMIOCKOJIbKY BO3HMKAIOIIASI B 9TOM C/Iydae
HeCTaObWIbHOCTb KOJIEHHOTO CYyCTaBa HOCUT JPYTOif
61oMexaHUUeCcKuil XapakTep 4 He OTHOCUTCS K 3a]I-
HeJjlaTepasbHO!  POTALMOHHON  HeCTAaOMJIbHOCTH.
[Ty6nukauym, MocBsleHHbIe 9TOMY BapUMaHTy MYJIb-
TUJIUTAaMEHTApHO TPaBMbl, ObLIM UCKITIOUEHBI 13 pe-
3y/IbTATOB MTOMCKA.

PE3VJIbTATbBI

AHaTomus 3agHenaTepajibHOro yria
U BXOOSAIIMX B HETO CTPYKTYP

TepMuH «3agHenaTepaabHbI YTOI» CTAT UCIIONb-
3oBaThcsd B 1970-1980 rr. OTO MOHSATME BKJIKOYAET
B ce0sT KOMIUIEKC aHATOMMUYECKUX CTPYKTYP, MPETIsIT-
CTBYIOIIVX BapyCHOM OeBManyuy M M3OBITOUHOI Ha-
PYKHOM poTtanum roneHu. K aHaToMuyeckum CTpPyK-
Typam 3JIY NpUHSITO OTHOCUTD:

— CYXOXMjauMe  TOAKOJAEHHOI  MBIIIIbI  —
m. popluteum (CIIKM);
— IOJKOJIEHHO-Maj06epIioByI0 CBSI3Ky  —

lig. popliteofibulare (ITKMC);

- Maja06epIOBYI0 KO/IaTEepaJIbHYI0 CBSI3KY —
lig. collaterale fibulare (MKC);

- nmo MHeHuio J. Chahla c¢ coaBTOpamu u
C.E. Franciozi ¢ coaBTOpammu, Takke ITyrooO6pasHYIO
CBA3KY (YTOJIIEHVE 3aJHEro OTHeja KarlCylbl KO-
JIEHHOTO CYCTaBa), IepemaHIOl MeHMCKOheMOopab-
HYIO CBSI3KY, JIATEPaJIbHYIO TOJIOBKY M. gastrocnemius
u lig. popliteum [1, 5].

[TepBble TPM aHATOMMYECKME CTPYKTYpPbI MUIPAIOT
OCHOBHYIO pOjTb B (DOPMMPOBAHUY 3aIHEIATEPATLHOM
pPOTALMOHHOM HeCTAaOMJIbHOCTM KOJIEHHOTO CyCTaBa
(puic. 1). TToatromy cremyeT Mmompo6HEe OCTaHOBUTh-
€S Ha UX aHATOMMM U OMOMEXaHMYEeCKOV (YHKIU
[1,6,7,8].

Manobepyosas KoamepaivHas C853Ka TPeICTaB-
JisieT co60¥ TUIOTHBIN (GUOPO3HO-CYXOKWIbHBIN TSIK,
MIPOXOISIINIA TI0 JIaTepaabHOM ITOBEPXHOCTU KOJIEH-
HOro cycraBa. [InnHa ee cocrasisieT 0Kono 60 Mm [9].
ITpokcumanbHO 30Ha KperyieHuss MKC umeeT oBaib-
HyI0 HOopMy, pacIioyokeHa Ha JiaTepalbHOM HaIMbI-
miesike 6eIpeHHOI KOCTH, HECKOIBKO ITPOKCUMAaIbHEe
M K3a[I¥ OT 30HbI KPEeIIEHUs CyXOKWINS TTOKOIEeH-

Puc. 1. OcHOBHBIE CTPYKTYPBI 3aHe/IaTepaabHOrO yIvia
Fig. 1. Main structures of posterolateral corner
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HOJi MBIIILIBI, LIEHTP ee KpervieHUsl MPaKTUYeCKU Co-
BHaZaeT C BepXYIIKOi JaTepaJbHOTO HaAMBbIIIIENKA.
IOucranmbHo MKC KpermmTcs K Maiob6eplioBOil KOCTH,
OBaJIbHAs 30HA ee KpeIvieH!sl paclipoCTpaHsIeTcs Kie-
penu M OUCTaIbHO OT WWIOBUIHOTO OTpocTKa [9, 10,
11]. OcHOBHOI1 (DYHKIMEN ITOV CBSI3KU SIBJISIETCS TIpe-
MSITCTBME BAPYCHOMY CMeEI|eHUIO TOJIeH M.

Cyxoxcunue no0KONEHHOU Mblluybl VIMEET OKpY-
[JIyI0 30HY KpeIyleHUsl Ha JaTepaJibHOM HaAMbIIem-
Ke OenpeHHOI KOCTM KIlepeoy ¥ HEeCKOJIbKO IUC-
tanbHee oT MKC, manee mpoOXOOUT AUCTAIbHO MU,
orubast JaTepaybHBI MBIIIENIOK, ITPOXOAUT WHTpa-
apTUKY/ISPHO T03aaM 3aJHero pora JiaTepaabHOTO
MeHMCKa U HV3Ke 1eTM KOJIEHHOTO CyCTaBa IepexoauT
B MBIIIEUHYI0 YacCTh IMOAKOMEHHONM MbIbl [11].
B 6muomMexaHMUECKUX MUCCIENOBAHMUIX TTOKA3aHO, UYTO
CIIKM sBisieTCsI OCHOBHOM CTPYKTYpOM, OTpaHM-
YMBAIOIIe M30bITOUHYI0 HAPYKHYI0 POTAIMIO TIpU
noBpexxpenusx 31V [8, 11, 12].

ITodkonenHo-manobepyosas ces3ka SBISIETCS Of-
HOJi 13 Haubojiee CIIOPHBIX M HEOTHO3HAUYHBIX (KaK
B aHAaTOMMYECKOM, TaK ¥ B (DYHKIIMOHAILHOM IUIaHE)
ctpyktyp 3JIV. [1o JaHHBIM JIUTEPATYPhI, 3TA CTPYKTY-
pa BcTpevaeTcst 6osee yeM B 95% KOJIEHHBIX CYCTaBOB
[9, 13]. IlpencraBnser co60¥1 KOPOTKMIA CYXOKWJIb-
HBIN TSDK, COeAMHSIONMI AucTanbHbii otoen CIIKM
U CYXOXKMTbHO-MBIIIEYHBI TTepexof ¢ 06/1acThI0 0-
3aY IIVJIOBMIOHOTO OTPOCTKA Mayio6epIioBOii KOCTM.
@aKkTUUYeCKM 3TO CYXOXUJIME CO3[0aeT HOMOTHUTETb-
HYIO TOUKY (QUKCALIUM Y CTAOUIU3UPYET MPOTSHKEHHOE
CIIKM mipu pOTaliMOHHOM HarpysKe Ha KOJIEHHBIN CyC-
TaB. [Io MHeHMIO HEKOTOpbIX aBTOpPOB, [IKMC camo-
CTOSITE/IbHO BBITIONHSIET BAXKHYIO POJIb B OTPAaHUUEHUN
M30BITOYHO HAPYKHOI poTarmu [13, 14, 15]. OgHako
B 9KCIIEpPMMEHTAJIbHbIX aHATOMUUYECKUX UCC/IeIOBaHM-
SIX BCTPEYAIOTCS TAKOKe JaHHbIe, YTO U30/IMPOBAHHOE ee
pacceveHye 3HaUYMMO He BAMSIET HA POTALIMOHHYIO CTa-
OGMIILHOCTD KOJIEHHOTO cycTasa [12, 16].

Xupyprudueckoe jieueHue 3agHeIaTe paTbHOM
POTAIMOHHOJ HECTAOMILHOCTY KOJIEHHOTO
cycrasa

JleueHue ocmpolx mpaem ¢ noepexcoeHuem
cmpyKkmyp 3adHenamepaisbHozo yaad

Ha cerogHglIHMII JOeHb HET eIMHOro IIo4xXona
K neueHuio TpaBm 3KC m 3JIY B ocTpoMm mnepuone
(mo 3 Hem. ¢ MOMeHTa TpaBMbI). OIyOIMKOBAHHBIN
B 2018 r. KOHCeHCyC MmO mMoBpexageHusim 3JIY mpu-
BOOMUT CJIEOYIONIYI0 CTAaTUCTUKY: 25% OIpoOIIeHHbIX
3KCIIepTOB MOAAEePKaau MPeuMyleCTBeHHO KOHCep-
BaTMBHYIO TaKTUKY JiedeHUS TallMeHTOB C OCTPbhIMU
MYJIbTUIUTaMEeHTapHBIMM TTOBPEXKIEHUSIMY, B TO Bpe-
Ms Kak 71% BbICKa3aJnMChb 3a paHHee OmepaTUBHOE
BMeIIaTenbCTBO. bonee 90% 35KCIIepTOB COrNaCUINCh,
YTO TIpPU IUIAHMPOBAHUM CPOKOB OIEPaTUBHOIO Jie-
YyeHUsl CIeqyeT YUYUThIBAThb Takue (aKTOpbl, KaK CO-
IMyTCTBYIOIIME TIOBPEXIEHUSI MEHMCKOB, HEpBOB U

COCYZIOB, 0OIIecoMaTMyeckoe COCTOSTHME TMalyeHTa
U TpaBMa MATKUX TKaHei1 [3]. [Ipu 3TOM HET eIuHOro
MHeHMSI 06 0O0beMe U METOIAX XUPYPrUUECKOro jieye-
Hus1. HecMOTpSl Ha SIBHOE TPEMMYILECTBO OIepanuii,
MPOBEJIEHHBIX B OCTPbIN mepuop, (BO3MOXHOCTb BOC-
CTAHOBJIEHMS COOCTBEHHBIX ITOBPEXKAEHHBIX CTPYK-
Typ 6€3 UCTIOIb30BaHMS IJIACTUMUECKOTO MaTepuana u
paHHee Havyajo peabMINTAlMOHHOTO MePUoa), TaKoi
MOAX0J, MOXeT MPUBOAUTb K HEeLOCTaTOYHON OlleHKe
o6bemMa TOBPEXAEHMST CBSI30YHOTO arapara M, Kak
CJIeCTBME, K TTOC/IEOIEPALIMOHHOM OCTaTOUHOM HeCTa-
OWJIBHOCTM CycTaBa. M3 COBpeMEHHbBIX MyOIMKAIINIA,
TTOCBSIIIEHHBIX 3TOM MpobaeMe, HaMOOIbIllee BHUMA-
HMe 3acTykuBaeT pabora J.P. Stannard ¢ coaBTopamu,
TOKAa3aBIIMX BBICOKYIO YacTOTYy (37%) HeygauHbIX MC-
XOIOB BMeUIaTe/bCTB, HallPaBJ€HHbIX HA BOCCTaHOB-
JIeHVe TIOBPeXIeHHbIX CTPYKTYP 3JIV [17]. B TO ke Bpe-
MsI IEpBUYHAs PEKOHCTPYKIMS U ractuka 3JIY numena
9% HeynoBIEeTBOPUTENbHBIX PE3y/IbTATOB. YUUTBIBAS
CTOJIb BBICOKMII TIPOIIEHT HeyAay, IpecTaBisieTcs 60-
Jiee palliOHAJIbHBIM BBIMOMHATh PEKOHCTPYKIMIO T0-
BpEXIEHHBbIX CTPYKTYp TNpPU MYJbTUIUTaMEHTAPHBIX
TIOBPEXIEHUSIX B OTCPOYEHHOM Itepuoze [18].

JleueHue xpoHuueckoli 3adHenamepanbHoOil

pomauuoxHoli HecmabuisHOCMU

Hanuuue y manmeHTa XpOHMYECKOI 3aJHenaTe-
pasbHONM HEeCTabWJIbHOCTM KOJIEHHOTO CYyCTaBa SB-
JIIeTCS MOKa3aHMeM K OlepaTMBHOMY JIEUeHUIO, UTO
MOATBEPKIAETCS MHEHMEM abCOTIOTHOTO OOMbIINH-
CTBa 3KCrepToB [3]. B To ke BpeMs 06111ero MHeHMs 06
ONTUMaJIbBHOM BHUJl€e ONEepPaTMBHOTO BMeIIATe/lbCTBa
Ha CErOfHSIIHMIA JeHb He CcyllecTByeT. He BbI3biBaeT
COMHEHM KOHILIETIIMSI He0OXOOMMOTO U OCTaTOYHO-
ro o6bemMa OmepaTMBHOTO BMeIIATeIbCTBA — CTPEM-
JileHye 60/bIIMHCTBA aBTOPOB BOCCTAHABIMBATD TOJb-
KO Te CTPYKTYpBbI, IOBPEXIEeHMEe KOTOPBIX HOKAa3aHO
KJIMHMUYECKU Y UHCTPYMEHTAIbHO.

Hapymienme 61onorMyeckoir oCuM KOHEUHOCTU
MOKET BHOCUTb CBOJ BKJIAJ, B pa3BUTME IOCTTPaB-
MaTUYeCKOi HeCcTabMIbHOCTY KOJEHHOTO CyCTaBa.
KommiekcHas oljeHKa MHalMeHTa, BKIKUawlas Mpu
HeOOXOOMMOCTY BBITIOTHEHME TeJlepeHTTeHOTPaMM,
M03BOJISIET TPAaBWIBHO CIVIAaHMPOBATD 3TaIlbl XUPYPIU-
yeckoro jedyeHus. [Ipu BbIIBI€HMM Ha TelepEeHTTeHO-
paMMax BapycHOI gedopMaiivy HUKHEN KOHEUHOCTU
MEePBbIM 3TAallOM PEKOMEHIYeTCS BBIIOIHSATh TOT WU
MHOV BapMaHT KOPPUTUPYIOIEN OCTEOTOMUM [JIs1 BOC-
CTAaHOBJIEHMSI HOPMaJIbHOJ OCU HMKHE KOHEeYHOCTU
[19, 20]. B HacTos1IEl CTaThe MBI He Oy/ieM OCTaHaB/IN-
BaTbCsl HA 3TOM TeMe, a 06CyaMM BO3MOKHbIE BapuaH-
Thl PEKOHCTPYKLMM KaIlCyTbHO-CBSI30YHOTO ammapara
KOJIEHHOTO CyCTaBa.

HpOBe,E[eHHbIe 6roMexaHNYeCcKue nucciegoBa-
HMSI TIOKa3bIBAIOT, YTO K BO3HMKHOBEHMIO 3aJHEN
HeCTabMIbHOCTY npmuBOOUT npemMyuieCTBEHHO

nospexxgenne 3KC. Ilpu panbHeieM yCUIEHUU
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TPaBMMUPYIOLIIETO areHTa BO3HUMKAeT I[OBpeXaeHne
CTPYKTYp noakoneHHoro komiuviekca (CIIkM u I[TkMC),
YTO MPUBOIUT K YCWIEHUIO 3aJHel HeCcTabuIbHOCTU
C OOHOBpEMEHHbIM BO3HMKHOBEHMEM POTalMOHHOTO
KOMITOHEHTa — M30BITOYHOJ HAPYKHOV pOTallUM TO-
nenn. Hanmnume BapycHO! HeCTAOMIBHOCTU KOJEHHO-
ro cycrasa roBoput o nospexaeHun MKC [8]. S. Weiss
C COaBTOPAMU MIPUBOAST CIEIYIONIYIO KIacCHbUKAINIO
3a[HeaTePaJIbHOM POTALIMOHHON HECTaOMUIbHOCTY
KOJIEHHOTO CyCTaBa, OCHOBAaHHYIO Ha BbILIEINIpUBEIEeH-
HBIX JaHHBIX [2]:

- mun 1 — 3agHAs HeCTabMUIbHOCTD M3-3a U30JU-
poBaHHoOro nospexxgenus 3KC;

- TUI 2 — 3aJHejaTepajbHasi poTallMOHHAs He-
cTabuabHOCTh 6e3 BapycHO# HectabuiabHocTH (3KC
u CIIkM/TIKMC noBpexaeHbl, MKC He MOBpeXaeHa);

- TUI 3 — 3aJHe/laTepajabHasl poTallMOHHAs He-
CTaGMUIBHOCTh C BapyCHOI HecTabuiabHOCThIO (3KC,
CITkM/TIKMC 1 MKC noBpesKIeHbI);

- TuUl 4 — 3aJHe/NaTepaabHasl PoTalMOHHAs He-
CTaGMIBHOCTD C BBIPAKEHHOJ BapyCHOI HeCTabuIb-
HocTtbio (3KC, CIIKM/TIKMC u MKC noBpexaeHbl,
KpOMe TOTO, TTOBPEKIEHbI BTOPUYHbBIE CTAOUIMN3ATO-
PbI — WIIMOTUOMATBHBIN TPAKT, CyXOKMITME IBYIIABOM
MBIIIIIBI U AP.).

[Ipn olieHKe HECTAOMJIBHOCTM KOJIEHHOTO CYyCTaBa
crpyktypam 3JIY yaenseTrcsi HEIOCTaTOYHOE BHMMaA-
HMe, HeCMOTPS Ha TO, UYTO UX MOBPEXKAEHME COIIPOBO-
KaaeT g0 16% Bcex TpaBM KOJIEHA, a ITPU IMMOBPEKIEeHUM
3KC mocrturaet 70% [21].

Ha cerogHSAIIHMUIT OeHb OIyOIMKOBAHO MHOTO
pasnMUYHbBIX METONOB XMPYPTMUECKOTO JieueHus IMa-
LIMEHTOB C 3aJHejaTepaqbHOM HeCcTabMIbHOCTHIO.
Be3ycnoBHO, Bce TpefJjioskeHHble MEeTOAbI IOApa3y-
MeBaloT KoOMOMHamio ¢ BoccraHoBiaeHnem 3KC.
0630p coBpemMeHHbIX MeTOmoOB IutacTuky 3KC O6bL1
omyoimkoBaH Hamu paHee [22]. KpoMe TOro, OCHOB-
Hble TpeHabl I1acTuky 3KC 6bUIM TOIPOOHO OMMCAHbI
S.B.S. Kambhampati ¢ coaBropam B 2020 r. [23].

Hamu 6bl1a mpoBeneHa paboTa, HarpaB/ieHHas Ha
Co3JaHNe MaKCMMaJIbHO 6e30I1acHO MeTOOVIKM ap-
Tpockonnyeckoi pekoHcTpykuuy 3KC [24].

Bce mpepnokeHHbIe TUIIBI OMNepaLMii OpuU MO-
BpexxaeHunu 3JIY MOXHO pasmenuTb Ha ABa OCHOB-
HBIX HaMpaBjaeHUs: 1) UCIOMb30BaHME MECTHBIX TKa-
Hell U co3gaHyue Pas3InMYHbIX BapMaHTOB TeHOHe3a;
2) omepauyu 10 maacTuke cTpyktyp 3JIY ¢ ucnonb3o-
BaHMEM ajljIo- ¥ ayTOTPaHCIJIAHTaTOB.

HeanaTomuueckue MeTOIbI PEKOHCTPYKIMM
3aJHe/laTepaJbHOro yriia. MHorme aBTOpbl OMUCHI-
BaJIM PeKOHCTPYKLMIO 3JIY € UCIIOMb30BaHMEM JIOCKY-
Ta JlaTepajabHOVi dacuuu 6empa. [TogpobHO omyMcaH-
uble ]J.C. Hughston, K.E. Jacobson u A. Trillat meTompI
MoApasymMeBaloOT MCIIOIb30BaHMe JaTepalbHOM To-
JIOBKM OUIIEIICa, €er0 CYXOKWINS U TTOPIUM IMINPOKOH
acumm 6empa a1 co3maHMs HATSKEHMS TIOBPEKIEH-
HBIX CTPYKTYp 3JIV [25, 26].

J.L. Lerat ¢ coaBTOpaMyu MpenjiOXuau CO34aBaThb
HaTsDKeHMe 3aJHeaTepalibHbIX CTPYKTYp IyTeM
TPAHCIIO3ULIMY TOJIOBKM MayIoO6epIioBoOil KOCTU U Ha-
TSDKEHMS 3aJHel Karcybl [27].

G. Bousquet ¢ coaBTOpamMmyu npenjoxXuan ABa TUIA
PEKOHCTPYKIIMM: MaJjas OAKOMeHHas] peKOHCTPYKLIMS
MoJpasyMeBaia HaTsDKeHue CTPYKTyp 3JIY ¢ UCIomnb-
30BaHMEM <«II€TVIV» U3 JIOCKYTa CYXOXWUIus Oullerica,
6osbIIasl TIOAKOJEHHAS PEKOHCTPYKIMS — WCIIONb-
30BaHMe Y-06pa3sHOTrO TPAHCIUIAHTATA W3 CBSA3KU
HaJKOJIEHHMKA W CYXOXWIUS TOMYCYXOKMUIbHOM
U HeKHOV MbliL, [28] (puc. 2).

CBoI0 MOIMGUKAIMUIO OOMBIION PEKOHCTPYKLIMU
npemyioxkmwin B 1994 r. J.H. Jaeger ¢ coaBTopamu [29]
(puc. 3).

@

Puc. 2. Cxema peKOHCTPYKLIMM 3aJHeJIaTepaabHOrO yIvia
1o G. Bousquet ¢ coaBTopamu: a — Majasi peKOHCTPYKL S ;
b — GosnbIiast pEKOHCTPYKIIMSI

Fig. 2. Scheme of PLC reconstruction according to
G. Bousquet et al.: a — small-size reconstruction;
b — large-size reconstruction
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Puc. 3. Cxema peKOHCTPYKLIMM 3aiHe/IaTepaabHOTO yIyia
o J.H. Jaeger ¢ coaBTopamu

Fig. 3. Scheme of PLC reconstruction according
to J.H. Jaeger et al.

115 2023;29(1)

TPABMATONOIMNA U OPTOMNEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

OnucaHHble METOOVKM MMeJIM HEeCKOIbKO IMPUH-
LUIMMATbHBIX HEJOCTAaTKOB. Bo-mepBbiX, M30MeTpusi
BOCCTaHOBJIEHHBIX CTPYKTYDP OII€pUPOBAHHOIO CyCTa-
Ba 3HAUUTENBHO OTAMYAETCS OT U30METPUM UCXOA-
HbIX aHAaTOMMUYECKUX CTPYKTyp. [loaTOMy poTalnoH-
Hasl CTAOMUIbHOCTD JOCTUTAETCS TOMBKO B ITOJIOXKEHUN
pasrubaHus, IPU 3TOM YKe B Havasie ¥ Ha IIPOTsKe-
HUM BCEro CrubaHusl IIPOVICXOAUT YMEHbIIeHWe Ha-
TsSDKeHUST CTPYKTyp 3JIY, 1 OHM He MOTYT KOHTPOJIM-
poBaThb M36bITOUHYIO poTaiuio rojaeHu [30]. Kpome
TOTO0, TaKye OIepanuy O4eHb TPAaBMATUUYHBI U TPeOy-
10T UIIMPOKMUX JOCTYIIOB, & 3HAUUT, BO3pacTaeT U PUCK
MOBPEXIEHMS COCYIOB U HEPBOB, BO3HMKHOBEHMS
MOC/IeoNepalMOHHbIX KOHTPAKTyp M CeNTUYeCKUX
OUIOKHEHMI. YUMThIBasl BbIllIeCKa3aHHOE, BIIOTHE
O00OBSICHMMO OTCYTCTBME COBPEMEHHBIX ITyOIMKAaInii,
MOCBSIIIEHHBIX BBITIOJIHEHUIO JAHHOTO BUAA Ollepa-
TUBHbBIX BMeIlIaTe/IbCTB.

AHaToMMUyecKue MeTOAbl PEeKOHCTPYKIUU
3aJHelaTepajJbHOro yriaa. K aHaTomuueckum pe-
KOHCTpYKUMsIM 3JIY OPUHSTO OTHOCUTH OIlepaluu,
HanpaBieHHble Ha BoccTtaHoBiaeHMe MKC, CIIKM n
ITKMC ¢ ncrionb30BaHMEM a/IJIO- WJIM ayTOTPAHCILIAH-
TaTOB C yYEeTOM aHATOMMWYECKUX 30H UX KperieHus,
OIMCAHHbBIX HAaMMU BbIllie. Takue peKOHCTPYKLUMM Hau-
6os1ee yCTOMUYMBBI K 3aJHEMY M POTAIIMOHHOMY CMe-
LIEeHUIO TOJIEHN.

Boccmanosnenue manobepyosoli KoanamepansHoti
cgs3ku. K mepexonHoV OT HeaHaTOMMYECKMX K aHa-
TOMMUYECKUM OIepaiusiM MOKHO CYUTATh METOLMUKY,
npegnoxkeHnyto W.G. Clancy [31]. [Ipu 3Toi TexHUKe
MCIIONIb3YeTCS CYyXOKWMe Ouilerca, Ijsi KOTOpPOTO
CO3JAI0T AOTIOTHUTETBHYI0 TOUKY (MKCAIUM B 30HE
aHaTommuyeckoro kpemneHuss MKC Ha natepajbHOM
MbIIIleJIKe GelpeHHOoi KocTu (puc. 4). AHajmormuHasi
TEXHMKA, HO C MCIIOIb30BaHMEM YaCTU CYXOXWINS
6urernca, mpemaiaosxkeHa A. Trillat [26].

Ceityuac 3T METOAMKM WCIIONb3YIOTCS PEOKo,
a npu u3onupoBaHHo maactuke MKC MCmonb3yior-
Csl TPAHCIUIAHTAThl U3 CBSI3KM HaJKOJEHHMKA, CYyX0-
SKUIIUIA TIOTYCYXOKMJIBHOM MBIIIIBI MM aJJIOTPaH-
cruiaHTaThl [32, 33]. [Ipm 3TOM €O31a10TCS IBE TOUKHU

cyxaxunuve
6uuenca

Puc. 4. Texuuka
nnactuku 3JIY
o W.G. Clancy

Fig. 4. Technique
of PLC plasty
according

to W.G. Clancy

dbukcanyy TpaHCIUIAHTATa — HA JATePaJIbHOM MbI-
HejKe 6eIpeHHOo KOCTY M Ha TOJIOBKE Majiobeplio-
BOJi KOCTM B ITOJIOXKEHUM MAKCUMAaIbHOTO CTMOaHMS
C OOIOJIHUTENbHONM BHYTPEHHEN pOTalyeil ToleHN.
Takoil BapMaHT IUIACTUKU TTO3BOJISIET YCTPAHUTD 60-
KOBYIO HECTaGMIbHOCTb, OJHAKO HE IIPEIsITCTBYET
136bITOYHOI HAPY;KHOI POTAILIUM TOJIEHN.

B cBsI3M € 3TMM CTanu pa3BUBATbCSI METOOUKU
OTIEPATMBHOTO BMEIIATENbCTBA, ObecreunBaloIye
POTAIMOHHYI0 CTa6MIBHOCTh. OHM OCHOBBIBAIOTCS
Ha miactuke [IKMC m/mmn CIIKM ¢ ucnonb3oBaHueM
ayTo- UM aJUIOTPaHCIIaHTaTOB.

ITnacmuka  nodkoneHHO-Manob6epyosoli  CA3KU.
B 2001 r. R.V. Larson onucan opurmHaabHYIO TEXHU-
KY, TIOJIb3YIOIIYIOCS MOIY/ISIPHOCTBIO U CeromHs [34].
CBOOOIHOE CYXOKUIME ITOYCYXOKMUIbHOM MBILIIIBI
dbuKkcupyeTcst B CBOeit LIEHTPaIbHO YyacTu B chopmu-
POBaHHOM rOpU30HTAIbHOM CKBO3HOM TOHHEJE B I0-
JIOBKE MaJIoO6ePI[0BOJi KOCTH, 8 CBOOOIHbBIE €T'0 KOHIIBI
MIPOXO/IST IT0 06€ CTOPOHBI OT FOJIOBKM Ma06epLioBoit
KOCTY ¥ (DUKCUPYIOTCSI BUHTOM B JIaTepaIbHOM MbI-
neyike 6eapeHHON Koctu. Takumu o6pasom, popmu-
pytorcst kak MKC, Tak u IIkMC. [Ipu oTcyTCTBUM Na-
TepaJbHOI HeCTAOMIbHOCTY METOAVKA IIPEIIOIaraeT
IJIaCTUKY ToabKO ITKMC (puc. 5).

B MmoguduumposanHoii C.G. Rios ¢ coaBTOpamu
TeXHMKE ObLJIO MPEeIoKeHO GUKCUPOBATh B OGepeH-
HOJ KOCTM ayTOTpPaHCIUIAaHTaT He B OLHOM, a B JBYX
CJIETIbIX KOCTHBIX TOHHENSIX: OOWH [JISI PEKOHCTPYK-
1 ITIRKMC, a npyroii — miisa pekoHcTpykiyu MKC [35].
E.P. Ho c coaBTOpaMu B 3KCIIEPUMEHTE CPaBHWIN 06e

Puc. 5. Metoguka Larson:

a — M30JIMPOBAHHAS [/IACTMKA MTOJKOIE€HHO-
Manio6epIioBOii CBS3Ka;

b — rIacTMKa MOAKOIEHHO-MaTo6epIioBast CBSI3KM
" Masio6epIioBOii KOIaTepasbHOM CBSI3KA

Fig. 5. Larson’s method:

a — isolated popliteofibular ligament plasty;

b — plasty of popliteofibular and lateral collateral
ligaments
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3TU MeToaMKM [36]. BapycHas cTabuabHOCTH obecrie-
yyBajaach 3PGeKTUBHO 06eMMIM METOAMKAMM, HO PO-
TalMOHHAS CTAOMIBLHOCTh ObUIA BBINIE TIPY TEXHUKE
c OByMs OempeHHbIMM TyHHensiMU. R.A. Arciero
B 2005 r. mpemymoxkua cxoxyw ¢ C.G. Rios ¢ coaBTO-
paMu MeTonuKy [37], KOTOpasi B 3KCIepUMEHTEe Ha
aHATOMMYECKOM MaTepuajie IMmokasaja cBow 3pdek-
TUBHOCTb M XOPOIIyI0 cTabmibHOCTh [38]. H. Zhang
C COaBTOpaMy MpPeAJIOKUIN BBITIOTHSITh PEKOHCTPYK-
M0 ToAbKO [IKMC y manyeHTOB, Y KOTOPBIX KIVHMU-
YeCKy BbBISIB/IEHA TOJIBKO M3OBITOYHAS HApPYKHAS PO-
Tanus 6onee yueM Ha 15° 6e3 MPU3HAKOB BapyCHO
HeCTaObWIbHOCTU. PeKOHCTPYKIMSI OCHOBAaHA Ha Me-
Toguke Larson ¢ He3HaUUTENbHBIMU U3MEHEHUSIMMU.
B skcrepuMeHTe Ha KamaBepax Oblla ITOKasaHa 3¢-
(beXTUMBHOCTD IIACTUKY TOIbKO CITKM mJ1s1 orpaHuye-
HMSI M36BITOYHOM HAPYKHOM poTanym [39].

MeTonuka Larson MmeeT psifi mpeuMyIeCTB: YHU-
BEPCAJIbHOCTD IJ1s1 KOPPEKIMM KaK BapyCHOM, Tak U
POTAIMOHHOM HEeCTaOMIBHOCTH, OTHOCUTENBHO ITIPO-
CTasi MeTOAMKA BbITIOJIHEHMS, OTHOCUTEIbHO HEBBICO-
Kasl CTOMMOCTb MMIUIAHTATOB )i (pUKCcALMU TpaHC-
IJIAHTAaTa. DTO OObSICHSET, IIOUEMY U IO Ceii IeHb 9Ta
TeXHMKA OXOTHO MCIOb3yeTCsI BO BCEM MMUPE U ITy-
OMMKYIOTCSI XOpOIIMe OTHaJeHHbIe Pe3Y/IbTAThI ee VC-
nonb3oBaHus [40, 41, 42].

B 2015 r. G. Song c coaBTOpaMM OIMCAIU IIOJ-
HOCTBIO apTPOCKONMYECKYI0 TEXHUKY IUIACTUKU
[MKkMC [43]. daKkTHYecKM OHA SBISUIACh Momuduka-
uueri Larson, BbIIIOJTHEHHON 4epe3 6 apTPOCKOIN-
YyeCcKUX OOCTYIOB, B TOM UMC/I€ U C BbINOTHEHUEM
TpaHCCEeNTAJbHOrO AOCTyIa, omucaHHoro J.H. Ahn,
C.W. Ha B 2000 r. [44]. MeTomuKka Obl1a ommcaHa
Y OOHOTO MalieHTa C XOPOIIMM KIMHUYEeCKUM pe-
3y/JIbTaTOM M BO3BPaTOM K CIIOPTY 4yepe3 2 roja Imo-
cjle BMelIaTe/NbCTBa. I[IOMHOCTBIO apTpOCKOMMye-
CKasl IUIacTuKa 1o Tumy Arciero 6buta TMpeoskeHa
B 2019 r., o4HAKO OTHAJIEHHBIX pe3y/IbTaTOB Ha Ce-
TOOHSIIHNI JeHb He omybnaukoBaHo [45]. P. Liu
¢ coaBTopamu B 2020 r. moKa3aau Ha KagaBepax, 4To
apTPOCKOTIMYECKYIO IJIACTUMKY IO 3TOM MeTOOUKe
BO3MOSKHO BBITIOJIHUTb U 6e3 MpUMeHeHMs OOTIO0J-
HUTEJIBbHOTO TPAHCCENTAIBHOTO JOCTYTIA [46].

ITnacmuka  cyxoxcunuss  NOOKOJIEHHOU — MblUYbL.
ITnactuka CIIKM BO3MOXHa Kak B W30JMPOBAH-
HOM BHJe, TaK ¥ B KOMOMHauuu ¢ miactukoii MKC.
PeKOHCTPYKIMST TIOOKOJIEHHOTO CYXOXUIUS TpebyeT
dbopMMpoBaHMS CKBO3HOTO KOCTHOTO TOHHEJIS B jIaTe-
PaJbHOM MbIIIEeKe 60JbIIebepoBoii KOCTH, a MPo-
BeJIeHHOe uepe3 HEero CyXOwmine, OTubast MbIIIeT0K
6elpeHHOV KOCTHU, KPETTUTCS B CJIETIOM KOCTHOM TOH-
Hejle MHTepGhEepPeHTHBIM BUHTOM B 30HE aHATOMMUYE-
ckoro kperuienus CIIKM (puc. 6).

TpaHcmianTaT GUKCUPYETCS ¢ MaKCMMAaTbHBIM
HaTspkeHMeM rmocie rmnactuku 3KC B mosmoxkeHUM
HeroyHoro pasrubanust (10-15°) B KOJIEHHOM CyC-

TaBe C HENTPaJbHON poTalyein 6oNbIIe6epLOBOI
KOCTH. DTO MO3BOJISIET 36€5KaTh M30BITOUHOTO OTpa-
HMU4YeHMs1 HapyxkHoy porauuu. B 2009 r. H. Feng
C COaBTOpaMM OIMCAIM TOTHOCTbIO APTPOCKOMU-
yeckyrw mnpouenypy nnactuku CIIkM [47]. B 2016 T.
K.H. Frosch c¢ coaBTOpamu HOpenjioKujiu CBOI Ba-
puaHT apTpockonuueckoi maactuku CIIKM, ocHoO-
BBIBASICh Ha YETKO} BU3yaIM3alMyM aHATOMMUYECKUX
OPMEHTUPOB JJjis YCTAHOBKM TpaHCIIAaHTAaTa B IIO-
JIOKeHUM, MAaKCUMAaJIbHO GJIM3KOM K aHATOMMUYECKO-
my [21]. TIpepnaranock BBIMIOMHATh 3Ty ONepalyio
¢ dbopMMpoOBaHMEM IIECTU OOCTYIIOB, B TOM UMCIIE
C WCIIONMb30BaHMEM [IOTIOJHUTENbHOIO «TpaHCCell-
TaJIbHOTO» 3aJHEr0 apTPOCKOMMYECKOTro MAOCTYIIA.
[MosuuymoHupoBaHue 6GOIbIIE6EpPIOBOIO0 U OegpeH-
HOr0 TOHHeJIe}i MPOBOAMIOCH TOJ, apTpPOCKOMuye-
CKMM KOHTposieM. IlonokeHue chOpMUPOBAHHBIX
10 TaKo¥i MeToAuKe 30H UKcaAuuy TpaHCIUIAHTATa
IOCTAaTOYHO TOYHO TOBTOPSIIO 30HBI aHATOMMYe-
ckoii pukcamyy HaTuBHOTO CITKM € ommbKoit He 60-
Jlee yeM Ha 3 MM [48].

B 2016 r. K.H. Frosch ¢ coaBTOpamu mpeacraBu-
JIM KIIMHMUYECKME Pe3yIbTaThl MpenaokeHHoM B 2014
r. mnactuky CIIKM m 3KC y 19 maiuneHTOoB (B IpyIIITy
BOIIJIM MALMEHTHI CO 2-M TUIIOM MOBpexaeHui 3JIY).
OC0KHEeHMI, CBSI3aHHBIX C TEXHMKOI, He BbISIBJIEHO.
3agHee cMmelleHMe 6GObIIe6epOBOI KOCTU YMEHb-
mmaoch ¢ 13,3+1,9 mm (mo omnepanumn) go 2,9%2,2 mm.
Yepes rof, mocjae BMeIIATeIbCTBA CpemHuii 6aa 1o
omnpocHuky Lysholm cocraBun 88,4%8,7 6annoB [49].

B wmccremoBaHuy OMOMEXaHMKM, OITyOGIMKOBAaH-
HoMm H. Zhang ¢ coaBTOpammu, cpaBHMBaJach pOTa-
[IMOHHASI CTAOWIBHOCTb TIPU BBITIOTHEHUM TEXHUKU
Larson ¢ peKOHCTPYKIM€EN MMOAKOIEHHOTO CYXOXKUIUSI.
O6e TeXHUKM TTOKA3ajIM XOpolue pe3yiabTaThl, OHA-
KO, M0 JAHHBIM aBTOPOB, T€XHUKA PEKOHCTPYKIUU
CIIKM M36BbITOYHO OTpaHMUMBAa HAPYKHYIO pOTa-
1m0 rosieru [39]. B uccimegoBanuy 6momexaHuKy Ha 18
KoneHHbIX cycTaBax T.C. Drenck ¢ coaBTOpamu noxa-

Puc. 6. Cxema IiacTUKu
CYXOKUJIUS TTIOKOJIEHHO
MBIIIIIBI

Fig. 6. Scheme of popliteal
tendon plasty
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3aJIM KIIMHUYECKYI0 U G1oMexaHMueckylo 3¢ (ekTuB-
HoCTb miactTuky CIIKM, He yCTymaroulyl0 MeTOAVKE
Larson [12].

KombuHnuposatHsie anamomuueckue pekoHCMPYK-
yuu 3adHenamepanvHozo yenda. B 2004 r. R.F. LaPrade
C COaBTOpaMM OMYOIMKOBAIM METOAMKY, TIO3BOJISIIO-
1IyI0 OIHOBPEMEHHO PEeKOHCTPYMPOBATh BCe TPU OC-
HOBHbIe CTPYKTYpsI 3JIY [50]. Ha cerogusamHmii seHb
MeTOIMKM, OCHOBBIBalOLMecs Ha TexHuke LaPrade,
yalie BCEro HOCSAT Ha3BaHMeE «aHATOMUYECKAsI PEKOH-
crpykius 3JIY». CornacHo eit, QopMUpYIOTCS CIIemyIo-
1yie TyHHeu:

— [IBa TYHHEJS B JIaTepaJbHOM MbIIIENIKe GeqpeH-
HO KocTu mjist pukcanmum TpaHciuiantatoB MKC u
CIIkM;

— KOCTHBI/I TOHHE/Ib B JIaTePaJbHOM MbIIIEJIKe
60s1bIIE6EPIIOBOI KOCTH 1151 TpaHcIiaHTaTa CITKM;

— TOPU3OHTAIbHBIN TYHHEb B TOJIOBKe Maiobep-
11OBOJ KOCTMU.

Takum 006pa3oM, MeTOAMKA, IO CYTHU, SIBJSETCS
KOMOMHaIMei Texuuku Larson ¢ ractmkoir CIIKM.

B.B. XomuHer, ¢ coaBropamu B 2020 T. mpeayioKu-
JIM VICTIONb30BATh AJIsI uKcaIlMy TpaHCIUIAHTATa Ha-
KoCcTHYI0 cucremy Tuma TightRope, uro mosBossiio
CKOpPEeKTMPOBaTh HaTsXKeHMe TpaHCIUIAaHTaTa U CTe-
TIeHb OTpaHNYeHUS Hapy>KHOI potaruu [51].

Texnuka LaPrade u ee MoguduKaLyuy Ha CErof-
HSIITHUI IeHb TTOTYYMIM 60JIBIIOe PACIIPOCTPAHEHME.
Ee addexkTBHOCTD JOKA3aHA B OTHAJIEHHBIX PE3YIIb-
TaTax MHOTMMM aBTopamu [5, 40, 41, 52, 53, 54].

B 6momexaHmMueckom ucciemoBaHumu S. Apsingi
¢ coaBTOpamMM TexHuKM Larson u LaPrade rokasanu
CXOIHbIE pe3yabTaThl BAPYCHOM U POTALIMOHHOM CTa-
6wibHOCTHM [55]. He momyueHO 3HAUYMMBIX pas3iymamit
B CpelHECPOYHBIX pe3ynbTaTax maactuku 3JIY mexny
meronukamy Larson u LaPrade u mpyrumu aBTOpa-
mu [39, 40]. IIpu 3TOM CTOUT OTMETUTD, UTO TEXHUKA
LaPrade sBisieTcst 6oiiee CIOKHOI, 6oiee TpaBMaTUy-
HOJl U JOPOTOCTOSIIIEN (C TOYKMU 3PEHUSI HEOOXOmU-
MbIX UMIIJIAHTATOB).

B 2019 r. mBa He3aBMCUMMBIX aBTOpa OMYOIMKOBAIN
paspaboTaHHbIe MMM MOAUGUIMPOBAHHBIE TEXHUKU
LaPrade: MajlOMHBAa3MBHYIO apTPOCKONMYECKU aCCU-
CTUPOBAHHYIO, He TPeOYIINYI0 OOJBIIOr0 MOCTYIIA
K cTpyKTypam 3J1V [56] 1 IMTOTHOCTHIO apTPOCKOIINYE-
ckyto [57]. B 2020 r. B. Freychet ¢ coaBTOpamu 1og-
POOHO omMCcaNu TEXHUKY apTPOCKOMMYECKOV BU3Y-
anM3anuyu OCHOBHBIX CTpykTyp 3JIY [58]. B 2022 T.
M.M. Sajajadi ¢ coaBTOpamMm OITyOGJMKOBAIM CBOJ
BapMaHT MaJIOMHBA3MBHON IJACTUKU IO METOLU-
ke LaPrade, mpeprosnaraineii BbIIOJHEHNME OBYX
MMUHU-IOCTYIIOB K 30HAM aHaTOMMWYECKOTO Kperuie-
Hust cTpykryp 3JIY [59]. HecmoTpst Ha 3HAUUTEIBHO
MEHbBIIYI0 TPaBMaTUYHOCTb U BO3MOXHOCTb BU3Y-
anu3aluuy 30H KpeIvieHUs] TPaHCIUIaHTaTOB, MpeJ-
CTaBJIeHHbIE METOAVIKY TPEOYIOT BBICOKMX HABBIKOB U
OT/INYAIOTCSI TEXHUUECKOW CIOXKHOCTBIO, & OTHAeH-

HBIX Pe3y/IbTaTOB TaKMX BAPMAHTOB XUPYPrUUECKOTO
JieyeHus HeT. Ha ceromHSIIHNI JeHb apTpOCKONYe-
CKMEe ¥ MaJIOMHBAa3MBHbIE MOAMOUKALMU IIJIACTUKU
o LaPrade ele He HalllJIX IIMPOKOTO IMPUMEHEHMSI,
OIHAKO SIBJISIIOTCSI MMepPCIeKTMBHBIM HaIllpaB/ieHUEM
pa3BUTHUS MaJOMHBA3UBHOI XUPYPTUM KOJIEHHOIO
cycTaBa.

OBCY>XIEHUE

Hecmotps Ha 60sbIII0€ KOTMYECTBO METOIUK XU-
pypruueckoro JjedeHus: nospexaenui 3JIY, Ha gaH-
HbI/i MOMEHT MOKHO BbIZeTUTb HECKOJIBKO OCHOBHBIX
TEeHAEHLMIT Pa3sBUTUS XUPYPIUM 3a[He/aTepaaibHOI
HeCTabWIbHOCTM KOJIEHHOTO CYCTaBa.

Bo-mepBbiX, HA CEroAgHSIIHUI AeHb aHaTOMMUYe-
ckue Metomuky tuia Larson u LaPrade momHocTbIO
BBITECHUIM METOAMKM HeaHaTOMMUYEeCKOil pPEeKOH-
ctpykuny 3JIY. Bo-BTOPBbIX, B ITOC/IegHME TOAbI ITOSIBY-
JIOCh GOJIBIIIOE KOJIMYECTBO ITYOIMKALIVIA, ITOCBSIIEH-
HBIX apTPOCKONMYECKMM METOAMKAaM BbITIOJHEHUS
Mofo6OHbBIX orepanuii. OmHAKO BCe 3TU METOOVIKU
6O HOCSAT SKCIIEPUMEHTAIBHBIN XapakTep, 6o He
MMEIOT ONMyOJIMKOBAHHBIX OTHAJEHHBIX Pe3yIbTaTOB
MpUMeHEeHUs B KIMHUUECKO MeIUIMHE.

B HacTos1iee BpeMsl HET eMHOTO MHEHMS O TOM,
Kakasi MeTOMKa ONepaTUBHOTO JieueHUsI alyieHTOB
C TaHHOJ IIATOJIOTUEN SBJSIETCSl Haubojiee pauuo-
HaJbHOM UM OOCTAaTOYHON [JISI TOAYYEHUS] XOPOIlei
CTabMIIBHOCTY KOJIEHHOTO cycraBa. CylecTByeT Io-
CTaTOYHO YeTKOoe MOHMMaHMe 06beMa ONepaTMBHO-
ro BMelIaTeJIbCTBA Y MALMEHTOB C MOBPEXIEHUSIMU
1-ro Tuma (mactuka 3KC 6e3 mmactuku 3J1Y) [22]
U 3-4-ro TUIOB (pasiuuHbie MOmUGUKAIUK ILIa-
cruky Tumna Larson unu LaPrade) [39, 40, 41, 51, 52,
53, 54]. IIpu aTOM TaKkTHKA ¥ 06beM BMeENIATENbCTBA
NpU TOBPEXIEHMSIX 2-TO TUMA HEOJHO3HauHbl U
BBI3BIBAIOT OOJIbIIOE KOJAMUECTBO AMCKyccuii. YacTb
aBTOPOB MpeJIaralT OTPaHMUNTBCS TOIBKO IIACTHU-
kot CIIkM, apyras 4acTb — TOJIbKO maacTukoi [IkKMC
[34, 46, 47, 48, 49].

CTOUT OTMETUTD, UTO (praocodust HEOOXOIAUMOCTH
M OOCTaTOYHOCTM BOCCTAaHOBJIEHMSI TOJNBKO ITOBPEXK-
IeHHbIX CTPYKTYp 3JIY mo3BO/MSIET MUHUMU3UPOBATD
TPaBMaTUYHOCTL OIllepaunyy, obecreunBasi IOCTa-
TOUHBIM CTAOWIM3UpPYIONMIA 3P EdEKT ornepaTUBHOIO
BMellaTelbCTBa.

ABTOpBI CTaTbM pPa3geNsIiOT 3Ty TOUYKY 3peHUs
U TIpUAEPXKUBAIOTCS MHEHMS, UTO TNPU MOBpexKze-
Huy 3JIY 2-ro Tulla JOCTaTOYHBIM OYIET BBIIOJI-
HeHnue 1actuku 3KC m CIIKM. MbI cumuTaem, 4TO
M30BITOYHAS HAPY)KHAs POTAIUs TPU OTCYTCTBUU
BapyCHO HECTabMIbHOCTY KOJIEHHOTO CyCTaBa CBSI-
3aHa B Oosbleli creneHu ¢ nmoppexmenuem CITKM.
Anatomnueckast ¢pyHkumst [IKMC, Mo Hamemy MHe-
HMIO, CBOAUTCS IIpeXAe BCero K CO3JaHUI0 TOUYKU
dukcauuy mobunbHoro CIIKM M KecTKOi CyXo-
KUAbHOM KOHCTpyKUmu 3J1Y. Ilpu 3TOM U30IMPO-
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BaHHas 1actuka CIIKM cama 1o cebe mompasyme-
BaeT GUKCALMIO TPAHCIIAHTATA B KOCTHOM TOHHeJIe
Ha JlaTepaJbHOM MblIIe/ike 60/1ble6epioBoit KOCTH,
YyTO obecreunBaeT OTCYTCTBUE U3OBITOUHO €ero Mo-
6mIbHOCTY. MBI paspaboTany COOGCTBEHHYIO OPUTU-
HJIbHYI0 METOAMKY MMOJHOCTbI0 apTPOCKONMUYECKOIA
minactuku CIIKM M anpobupoBaiu ee B KIMHUKE.
[TomyyeHHble CpeIHECPOUYHbIe pe3yabTaTbl ObUIN
onybiukoBansl Hamu B 2020 r. [60] u He ycTymaioT
TaKOBbIM Y 3apyOeXKHBIX aBTOPOB [45, 47, 49].

JOIIOTHUTEJ/IbHASI THO®OPMALIMISI

3aseneHHslii 6K1a0 asmMopos

Bce aBTOpBI croenany SKBMBAJEHTHBIM BKIAJ B TOATO-
TOBKY ITyOIVIKALIAMA.

Bce aBTOpPBI MpowIn U Ofo6puIn GUHATBHYIO BEpCUI0
PYKOTIMCH CTaThi. Bce aBTOPBI COTTIaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCE acleKThl paboThl, UTO6bI 06ECTIEUNTh HaTe-
skalllee pacCMOTPeHMe U pellieH e BCeX BO3MOYKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAMEKHOCTHIO JTH060IA
yacTu paboThI.

Hcmounuk  (puHaucuposanus.  ABTOpbI  3aSIB/ISTIOT
06 OTCYTCTBMM BHEIIHEro (pMHaHCMPOBaHUS MIPH MPOBeIe-
HUM UCCIIeNOBAHMS.

Konpauxkm unimepecos. ABTOPHI TeKIAPUPYIOT OTCYT-
CTBME SIBHBIX ¥ TOTEHIMAIbHBIX KOH(MINKTOB MHTEPECOB,
CBSI3aHHBIX C MyGIMKAIMel HaCTOsIIe  CTaThu.

Amuueckasa 3kcnepmu3sa. He npuMeHuMa.

Ungopmuposantoe coznacue Ha
He TpebyeTcs.

nyéaukayuro.
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O630pHast cTaThst
VIK 616.711.1-007.5-089
https://doi.org/10.17816/2311-2905-2040

LLleliHbIN OTAEN NO3BOHOYHMKA Npu 60one3Hu LloiepmaHa:
0630p nuTEpaTypbl

M.B. Muxaitnockuii, A.10. CepryHuH

@I'BY «Hosocubupckuii HayuHo-uccnedogamensckuii uncmumym um. 4.J1. Luevsana» Munzopasa Poccuu,
2. Hogocubupck, Poccus

Axmyansnocms. COCTOSTHYE TIETHOTO OTHe/la TO3BOHOYHMKA Y MallMeHToB ¢ 60/e3Hblo [llojiepmMaHa Ha HACTOSIINI
MOMEHT M3Y4YeHO HeJIOCTAaTOYHO. ITO KACAeTCs BeTMUYMHBI IEHOTO JIOP03a B HOPMe U P I0BEHUJIbHBIX KM(DO3ax KaK
B [10-, TaK " B MOC€0NepanMOHHOM ITepuoAax, a Takke CBSI3U 3TUX U3MeHeHMI C TO3BOHOYHO-Ta30BbIMMU ITapaMeTpaMu,
[TpakTuyecku HeT MH(POPMALIVIY O KOPPEJISIIMY COCTOSTHUS IIEM{HOTO JIOP03a C PA3BUTUEM IMPOKCUMATbHBIX M€ PEXOTHbIX
K¢ 030B.

Llens ny6nuxkayuu — Ha OCHOBAHMM aHAIM3a JIUTEPATYPhl OMPENETUTb OCOOEHHOCTH COCTOSIHUSI LIEMHOTO OThena
TT03BOHOYHMKA Y MAI[MeHTOB ¢ 60/e3Hblo [llojtepMaHa B 7j0- ¥ TTOCI€OTepalMOHHOM MTepUoIax.

Pesynvmamel. [JanHble TUTepaTypbl HE MO3BOMSIIOT Y€TKO OUYEPTUTh TPAHUIBI HOPMBI IIPYU KOJUYECTBEHHOI OlleHKe
meifHoro aoppo3a. ENMHCTBeHHOe, B UeM CXOZSITCSI BCe MCCIefoBaTenu, — MIeiHbIl JIOPA03 CJIeAyeT pacCMaTpUBaTh JUC-
KpeTHO, a UMeHHO — Ha ypoBHsIX C1-C2 1 C2-C7. Haubosee 4acTo MUCI0/Mb3yeMbIMY TapaMeTpaMu e HO-TPYIHOTO ITe-
pexopa SIBAsIoTCS HakI0H Th1 mo3BoHKa, HAKIOH BX0a B TPYAHYI0 KiIeTKy (TIA) 1 mosnoxkeHue caruTTaabHOM BepTUKAIb-
Hoit ocu (SVA). BenuunHa 1eifHOTo Jiopo3a mpu 6oesuu llloitepmaHa BapbupyeT OT 4° 10 35°, T.e. yBeIuueHue rpyaJHOro
kudo3a ganeko He BCETAA COMPOBOXKAAETCS PA3BUTMEM KOMIIEHCATOPHOTO MIEHOTO Turepsiopaosa. [lpu rpyaHsix ne-
dhopmanusix (BepmmHa Ha ypoBHe T10 1 KpaHKMa/IbHee) BeJIMUMHA LIETHOTO JIOP03a 3HAUMTENbHO MPEBbIIIaeT TAKOBYIO
MIpU TPYHO-TOSICHUUHBIX AedopMmanusix (BepivHa Ha ypoBHe T11 u KaypmanbHee). B mepBoM ciryuae IieitHblIi JIOPIO3
(C2-C7) cocrasasier 19,4-26,2°, Bo BTopom — 4,7-8,5°. BecbMa HEMHOTOUMC/IEHHbIE JTUTEPATYpPHbIE aHHbIE eMOHCTPH-
PYIOT, UTO B acleKkTe AMHAMMUKM HIETHOTO JOpA03a MmalluMeHTsl ¢ 60e3HbIo lllojiepMaHa — 9TO He TOMOTeHHas Ipyria,
U eOVHCTBEHHAs] 3aKOHOMEPHOCTb 3aK/II0YaeTcsl B TOM, YTO B OTAAJeHHOM IOCAeOnepalOHHOM Mepuoe IIeiiHbIi
JIOpI03 He3HAuMTeIbHO yBelIuuuBaeTcs. [I03BOHOYHO-TA30Bbie MapaMeTphbl Y MalMeHTOB ¢ 6GosesHbio IlloitepmaHa
MaJIo OTIMYAIOTCS OT HOPMaJIbHBIX IMOKAa3aTesieil 1 MPakKTUUeCKM He MEHSIIOTCS Moc/ie KOPPUTMPYIOUIMX BMeIIaTelbCTB.
He ymanoch HaitTu paGoT, B KOTOPbIX MPEeAIIPUHATA TOMbITKA YBSI3aTh PUCK PAa3BUTHS MPOKCUMATbHOTO TE€PEXOJHOTO
kudosa ¢ napamerpamu meitHo-rpygHoro nepexona (Thil, TIA, SVA).

3akntouenue. CoCTOSTHYME LIETHOTO OTIeIa MTO3BOHOUYHMKA Y MalMEeHTOB ¢ TsDKeMbIMu (hopmamu 6onesunu IlloitepmaHa,
MoA/eXXall My ONlepaTUBHOM KOPPEKLMM, U3YU€HO HeLOCTaTOUYHO. DTO KacaeTCsl BeIMUYMHBI IIeifHOTO J0pA03a, ero Ou-
HaMMKM B MOCJIEONIePallMOHHOM Iepuojie, CBSI3YM C MO3BOHOYHO-TA30BbIMM TapamMeTpaMMy, a Takoke B3aMMO3aBUCUMOCTU
rapamMeTpoB MePeXoIHOTO MIeHO-IPYJHOTO OTAe/Na C Pa3BUTHEM ITPOKCUMMAJIbHBIX IepexXoaHbIX Knudo30B. Heobxommbl
HOBBIE MCCeN0BaHMs B STOM HalpaBJIeHUN.

KioueBbie ciioBa: 6omesHpb lllojiepmana, LIeiHbINM OTHEN IMO3BOHOYHMKA, LIEIHBINA JOpH03, I0BEHMIbHBIN KO3,
XUpypTUyecKoe jieyeHue.

MuxaiinoBckuit M.B., Cepryrun A.IO. [llejtHbIi1 oTHen MO3BOHOUHMKA Tpy 6ose3nu llloiiepmanHa: 0630p IUTEPaTypPhI.
Tpasmamonozus u opmonedus Poccuu. 2023;29(1):123-134. https://doi.org/10.17816/2311-2905-2040.
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Cervical Spine in Scheuermann’s Disease: Review
Mikhail V. Mikhaylovskiy, Alexander Yu. Sergunin

Novosibirsk Research Institute of Traumatology and Orthopedics n.a. Ya.L. Tsivyan, Novosibirsk, Russia

Background. The state of the cervical spine in patients with Scheuermann’s disease has still not been studied enough.
This concerns the magnitude of cervical lordosis in the norm and in juvenile kyphosis in both pre- and postoperative
periods, as well as the relationship of these changes with the spinopelvic parameters. There is almost no information on the
correlation between the state of cervical lordosis and the development of proximal transitional kyphosis.

Aim of the study. To determine the features of the cervical spine in patients with Scheuermann’s disease in the pre- and
postoperative periods by analyzing the literature data.

Results. The literature data do not allow us to clearly define the limits of normal in the quantitative assessment of
cervical lordosis. The only thing all researchers agree on is that the cervical lordosis should be considered discretely, namely
at the C1-C2 and C2-C7 levels. The most commonly used parameters of the cervical-thoracic junction are T1 slope, thoracic
inlet angle (TTA) and position of the sagittal vertical axis (SVA).

The magnitude of cervical lordosis in Scheuermann’s disease varies from 4° to 35°, i.e., thoracic kyphosis increase is not
always accompanied by the development of compensatory cervical hyperlordosis. In thoracic deformities (the apex is at the
level of T10 and cranial), the magnitude of cervical lordosis is significantly greater than that in thoracolumbar deformities
(the apex is at the level of T11 and caudal). In the first case, the cervical lordosis (C2-C7) is 19.4-26.2°, while in the second
one — 4.7-8.5°.

Very few literature data demonstrate that in terms of cervical lordosis dynamics, patients with Scheuermann’s disease
do not represent a homogeneous group. The only pattern is that the cervical lordosis increases slightly in the long-term
postoperative period. The spinopelvic parameters in patients with Scheuermann’s disease differ little from the normal ones
and almost do not change after corrective interventions. We could not find any publications attempting to relate the risk of
PJK to cervical-thoracic junction parameters (T1, TIA, SVA).

Conclusion. The state of the cervical spine in patients with severe forms of Scheuermann’s disease, subject to surgical
correction, has not been studied enough. This concerns the magnitude of cervical lordosis, its dynamics in the postoperative
period, its relationship with spinopelvic parameters, as well as the correlation between parameters of transitional cervical-
thoracic spine and development of proximal transitional kyphoses. Further studies of this problem are needed.

Keywords: Scheuermann’s disease, cervical spine, cervical lordosis, juvenile kyphosis, surgical treatment.
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BBEJEHUE

Hedopmarmio mno3BoHounuka H. Scheuermann
B CBOE€} KjIaccuYeckoii paboTe HasBad «KupO30M
nogmacTtepbeB» (apprentice kyphosis) [1]. Ee kinau-
yecKue MPOSIBJIEHUST M PEHTTeHOBCKOe OTOOpakeHye
OBLIM OTIMCAHBI B CBOE BPeMSI CAMbIM e TaIbHBIM 006-
pasom [2, 3]. IIpaBra, BCe 3TO OTHOCMUJIOCH K I'PYSHOMY
U TIOSICHUYHOMY OT/Ae/IaM MTO3BOHOYHMKA, TOCKOIBKY
MMEHHO 37ech GOpPMUPOBATUCH U TTPOTPECCUPOBATIN
KkudoTHMYecKas ayra co CKOIMOTUUECKMM KOMITOHEeH-
TOM MM 6e3 TaKOBOTO M KOMITEHCATOPHOE CaruT-
TaJIbHOE MPOTUBOUCKpUBIeHNE. COCTOSIHME LIEITHO-
ro OTHesa MO3BOHOYHMKA Y MAI[MEeHTOB ¢ 00e3HbI0
[lloitepmaHa MccaeqoBaTesieit Kak OyATO He MHTepe-
coBasio. B mepBbIx 0630pax 1mo mpobiemMe IOBEHUIb-
HbIX KM(}O30B IIeiHbI OTHeN MO3BOHOYHUKA Iaske
He yriomuHaetcs [4, 5]. S. Voutsinas u G. MacEven,
M3yUyaBIllMe CaruTTaIbHbIN MPOGUIb MTO3BOHOYHOTO
cTonba y MOJIOOBIX 3[I0POBBIX CYOBEKTOB, paccMa-
TPUBAJIU TOJILKO IPYSLHONM U MOSICHUYHBIN OTHEJbI 110-
3BOHOUHMKA M HaKJIOH KpecTua (sacral inclination)
[6]. IHTepec K COCTOSIHMIO LIEJHOTO OTAea MO3BO-
HOuHMKa npu 6o0me3Hu llloiiepmaHa BO3HMK TTO3HEe,
HO TIOKa B HAY4YHOI JuTepaType OGosblile BOIIPOCOB,
HeskellM OTBeTOB. Tak, MpobaeMy BeJIMUMHBI HIeTHO-
ro JIOpHo3a B HOPME HeJb3sl CUYMTaThb OKOHYATENb-
HO peIleHHOl B CUTy SOCTaTOYHO IMPOTMBOPEUMBBIX
IaHHBIX JuTepatypsl [7, 8, 9]. KpaiiHe orpaHmueHa
nHbopmalus, Kacawmascs M3MeHeHMIt IeifHOro
JopHo3a y mnaiyeHToB ¢ 6onmesHbio lllojtepmana Kak
B JO-, TaKk M B I[OWIEONEPALMOHHOM TepUoaax
[10, 11, 12], a Takke CBSI3M 3TUX U3MEHEHUI C [I03BO-
HOYHO-Ta30BbIMM NapameTrpamu [13, 14], rpynHbIM
K1G0O30M U OSCHUYIHBIM JIOpHo30M [15]. [TpakTrueckmn
HeT uHOOpPMaUUM O CBI3U COCTOSTHUSI UIEHfHOTO
JIOpO3a C pa3sBUTHEM IPOKCUMAIbHBIX TI€PEXOAHBIX
K1(}o30B y 60bHBIX ¢ 6osie3HbI0 [lloiiepMaHa.

Llens nybaukayuu — Ha OCHOBAaHMM aHAIN3A IUTeE-
paTyphl OINpeeauTb 0COOEHHOCTM COCTOSIHMS IIeit-
HOTO OT[Iesia T03BOHOYHMKA Y MAI[MeHTOB ¢ 601e3HbI0
[llojiepmaHa B LO- U MMOCIE0NePaliMOHHOM IIepUOIax.

PenTtreHorpaduuyeckye napaMmeTpsl

LIefHOro OTAe/a IIO3BOHOYHMKA

30Ha LIeMHO-TPYAHOrO I1epexofa, B KOTOPOWi CThbI-
KYIOTCSI MOOWJTbHBIN IIEMHBIA Y PUTHMAHBINA TPYTHO
OTHeNbl IO3BOHOYHMKA aHaJOTMYHA MOSICHUYHO-
KpeCTLI0BOMY OT/ie/y — CThIKY MOHOJIUTHOTO KpecTia
¥ MOOWJIBHOTO MOSICHUYHOTO OTZHeNa MMO3BOHOYHMKA.
BriosiHe JIOTMYHO, YTO JTI06bIe OTKJIOHEHUSI OT HOPMbI
B 9TOJ 30He CKa3bIBAIOTCS HA COCTOSTHMM (hopma, TTo-
JIOXKeH)e) BbIlIeNeXallX OTAeI0B ITI03BOHOYHOI'O
cronba. OmnpeneneH U MMUPOKO UCIIONb3YeTCs LIeJbIi
Habop peHTreHOTPaMMETPUUYECKUX IapaMeTpOB.
[Tonbckue wuccnemosarenyu P. Janusz ¢ coaBTOpammu
CBeJIM BCE M3BECTHBIE MOKA3aTe BOEJMHO U pa3bu-
JI/ MX Ha YeThIpe noarpynnsl [11]:

o IlleiiHple MmapaMeTpbl: II€VHas CaruTTaJIbHas
BepTUKa/bHAs och (sagittal vertical axis — SVA), meii-
HbIi 1opao3 (C2-C7); monHbIl weHbii jgopao3 (Cl1-
C7); yron C1-C2, yron abcomoTHOi porauyy C2-C7 —
MeXIy JMHUSIMMU, MPOBEIEHHbBIMM IO AOPCATbHBIM
3aMbIKaTeabHbIM IIacTMHKaAM C2 u C7 MO3BOHKOB;
Yrojl OTHOCUTENbHOM poTauunu C2-C7 Mexny JUHU-
sIMM, TIPOBEJIEeHHBIMU 10 JOPCaJbHBIM 3aMbIKaTesb-
HBIM IJIACTMHKaM JBYX COCEAHMUX MTO3BOHKOB Ha IISTU
ypoBHsix oT C2-C3 go C6—-C7.

 [lapameTpsbl Bx0Za B IPYIHYIO KJIETKY: YTOJI BXO-
Ia B rpyaHylo kieTky (TIA — thoracic inlet angle); Ha-
kioH Thl mosBouka (Th1 slope); HaKJIOH IIeEM — YTOI,
dbopMupyeMbIit TMHMENR, UAYIIEH OT KpaHUAIbHOTO
KOHIIA TPYAMHbBI, U JIMHUEN, COEAUHSIOIEN LEHTP
BEepXHEei 3aMbIKaTeIbHONM MtacTMHKM Thl mo3BoHKa
Y BEDXHMIT KOHell IPyIVHBI.

e KpanuanbHeie mapameTpsl: yroa CO0-C2
(yron mexny auHuein McRae M HMXKHeN 3aMbIKa-
TeJNbHOM maacTuHKoi C2), yron CO (yron mexnay
miockocTtbio Frankfort m nmuueii McRae, cmelie-
HJe yeperna — pacCTosiHMe MeXAY JMHMEel oTBeca,
onyuieHHOM oT C7 MO3BOHKA, U TeOpPEeTUUYECKUM
[eHTPOM TpaBUTALIMM T'OJIOBBI HA 8 MM (DPOHTAIb-
Hee YIIHOTO KaHaja; KpaHMuaabHblii HAKIOH — YToJ
MeXIy JMHMeN, NIPOBeleHHOM U3 LeHTpa BepXHeil
3aMbIKaTeabHO MIacTuHKY Thl mo3BoHKa K 3y0y
C2, n BepTHKaIbIO M3 ILEHTPa BepXHel 3aMbIKa-
TeJNbHOM TtacTMHKM Tesa Thl mo3BoHKa.

e I'pymo-noOsSICHUYHBIE MapaMeTpbl: TPYAHON Ku-
do3 (yron Kob66a Th4-Th12), rpymo-mosiCHUIHBIN
kudo3 (yron Ko66a Thl11-L1), mOSICHUYHBIN JTOPIO3
(yron Ko66a L1-S1).

B aTOT crnucok He BHeCEHbI MOSICHUYHO-Ta30Bble
napaMeTpsl — uHAEKC Tasa (PI), yron HakioHa Tasa
(PT) 1 MosICHUYHO-KpPeCTLOBbIN yroia (SS). Ho psgom
uccienoBaTeneil OHM Takke MCIOJb30BaJIUCh MPU
OlleHKe COCTOSIHUS LIefHOTO OTHesa MO3BOHOUYHMKA,
B TOM umciie ripu 6onesun loitepmana [13, 14, 16].

IlleriHbIN OTAE TIO3BOHOYHMKA B HOpMeE

A. Borden c coaBTopamu B 1960 r. cienanu mep-
BYIO TIOMBITKY JaTh KOJMYECTBEHHYIO OLIEHKY Lieii-
HOTO JIOpA03a I0 peHTreHorpammam 180 4yesnoBek,
He TMPeIbsIBISBIINX XaM0b HAa COCTOSHME MIefHOTO
oTnena no3BoHouyHuka [17]. Cyms mo Bcemy, MeTO[,
Cobb (Tounee, Lippmann), onrcannsiii B 1948 1. [18],
aBTopaM ObUI HEM3BECTEH, M OHY MCIIOIb30BaJIM COO-
CcTBeHHbIN. [lepBas mpsimasi JIMHUS OPOBOAUTCS OT
3aJHeBepxXHero Kpas 3y6oBumHoro orpoctka C2 mo-
3BOHKA A0 3agHeBepxHero yria Tena C7 IO3BOHKA.
BTopasi nMHMS IPOBOAUTCS T10 3aJHMUM 3aMbIKaTe/lb-
HbIM IuTacTMHKam Ten C2-C6 IMMO3BOHKOB M MMeeT,
COOTBETCTBEHHO, BUZ, MOAyoBajia. TpeTbs NUHUS —
MepIIeHAVKYISIP K [epBOil B MecTe ee HaubOoMbIIero
OTCTOSIHMSI OT BTOPOIA, U ee IjIMHa B MWUIMMeTpax 1o-
Ka3bIBaeT INIyOMHY MeifHOro iopao3a. CpeaHsis IJMHa
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aroit imaun B 98% ciydaeB coctaBuia 11,8 Mmm, mpu-
yeM B 13 ciyvasix Jiopmo3 6bUI CriakeH. B ocTaBIImx-
CSI TpexX CJTyvasX BBISIBJIEH IeiHbIN Kudo3. Yepes ron
Ta Xe TpymrIa AaBTOPOB OITYyOJIMKOBAIA ITOXOKME
JaHHble — DIyOMHA IIEHOro JIOpA03a COCTaBuWIIA
12,5 mm [19].

D. Gore ¢ coaBTOpamMy MCCAEOOBIM IIEHHBIN
Jopmo3 y 200 yenoBeK, He MPEAbSBISIBIINX KaKUX-
b0 Kaynob. V3Mepsiicsi yrol MeXIy JMHUSIMMU,
MPOBELEHHBIMU TI0 AOPCAJIbHBIM 3aMbIKaTeIbHBIM
mnactTuHkam C2 1 C7 mo3BOHKOB. B BO3pacTHOI rpyTI-
e 20—25 jieT ero BeJIMUMHA COCTaBWIA B cpeqHem 15°
Yy XeHIIMH U 16° y My>kumuH, B rpymme 30-35 jget —
16° u 21° cootBeTcTBEHHO [20].

J. Hardacker c coaBropamu o6cinegoBanu 100 ueso-
BEK, pa3fe/IeHHbIX Ha IB€ paBHbIE IPyIIIblL. B rpynre 1
(cpemumii Bo3pact — 38,4 roma) obciaegyemble He
MpeIbsIBIISUIA Kaylo0, B rpyire 2 (38,6 roma) OHM OT-
Medanau 60/M B MOSICHUYHOM OT[ejie IT03BOHOYHMKA.
O6mas BelMYMHA IIEHOIO JIOPA03a, M3MEPEHHOTO
mo Cobb ot CO mo C7, cocraBmia mjist o6IIei Ipym-
nel B 100 venosek 40°. CTaTUCTUYECKU 3HAYMMOW
pasHUIIBI MEXIY TPYIIIaMy He BbISBIEHO. Bombimas
4acTh J0pA03a orMeuyeHa Ha ypoBHe C1-C2 (31,9°),
U TOIMbKO 6° (15% ot obiiero o6bema) — Ha ypOBHE
C4-C7 no3BOHKOB [8].

D. Harrison ¢ coaBTOpamm cpaBHMIM MHOOpMa-
TUBHOCTb [OBYX METOAOB KOJMUECTBEHHON OLIeHKMU
meifHoro jopmpo3a — mertoga Cobb u mopcambHOro
TaHTeHIIMaabHOro Metoma Harrison. CTaHmapTHBIN
merton, Cobb (C1-C7 u C2-C7) OHM COIIOCTaBUIU
C M3MepeHMeM CyMMBbI YIJIOB, 06pa3yeMbIX TMHUSIMMA,
MPOBeIEHHBIMMU Uepe3 JopcalbHble 3aMbIKaTelbHbIe
mnactTuHku C2-C7 nmo3BoHKOB. OKa3anoch, UTO MpU
ucnoab3oBaHuy Mmetoma Cobb yron C1-C7 cocrapisier
54°, a yron C2-C7 — Bcero 17°. Merton, Harrison mos-
BOJIUJI ONpENENUTh BEJIMUMHY IIefHOTO JIopAo3a —
26°. TTockonmbKy yroan Mexay KaygajJabHOM U AOopCaib-
HOJ1 3aMbIKaTeJIbHbIMMU IJIACTMHKAMMU T€JI IeHbIX 10~
3BOHKOB He paBeH 90°, BeMunHa J0pA03a Ha YPOBHSIX
C2-C3, C4-C5 u C6-C7 oka3spIBaeTcs1 3aHMKEHHOIA.
O6a meToza aBTOPbI PaclleHMBAIOT KaK JOCTOBEPHBIE,
HO TaHreHIMaJIbHbI/A MeTO[, M0 MX MHEHMUIO, AaeT
MEHBIIIYIO CTaHIAPTHYIO OIMOKy. MeTon Cobb oneHn-
BaeT JIOPA03 B 11eJIOM U He JaeT IpeACcTaBIeHMs O TOM,
YTO IMPOUCXOOUT «BHYTpU» Hero. TaHTeHUMaJbHBbI
MeTOJ, YUUThIBAET HAK/JIOH KaXXJOro MO3BOHKA, UTO
MO3BOJISIET  aHA/IM3UPOBAThb COCTOSIHME  IHEHO-
ro OTAena IO03BOHOYHMKA TIOCerMeHTHO. [loatomy
D.E. Harrison ¢ coaBTopamu paclieHMBaIOT CBOI Me-
TOJ, KaK MHXXEHMPUHTOBBIN aHaau3 (mepBasi IIpOu3-
BOJHAs), MMEIOUIMii MTPeuMyIlecTBO M0 CpaBHEHUIO
¢ metomom Cobb [9].

K. Nojiri ¢ coaBTopamu obciemoBanyu IPymIry u3
313 3mopoBbIX Jwomeit (155 myskumH, 158 >KeHIIVH)
u BbISICHWIM, 4TO yroa CO-C2 cocraBiseTr B Cpen-
HeM 14,5° (ku}o3) y My>KUMH U 16° Y KeHIIVH, yToJl

C1-C2 — 26,5° n 28,9°, a yron C2-C7 — 16,2° n 10,5°
COOTBETCTBEHHO. DTU pas3auuus CTaTUCTUUECKU [0-
CTOBEpHbI U JOJIKHBI YUUTHIBATHCS TIPU TJIAaHMPOBA-
HUM OIlepalyuu B 00JaCT KpaHMOBEPTEOPATbHOTO
nepexoga [7].

C. Kuntz ¢ coaBTOpaMu IpeacTaBuiam 0630p JaH-
HBIX JTUTEPATypbl (Pe3y/lbTaTbl U3MEPEHMS LIETHOTO
JIOpII03a IO TpeM ITyOIMKaIUSIM) U COOOLIUIIN YCpe -
HEHHbIe 3HauUeHMs Tpex nmapameTpoB: CO-C2 — 14°)
C1-C2 —29°,C2-C7 — 17° [21].

S. Erkan ¢ coaBTOpamu ucciieqoBaay BIUSIHUE ca-
TUTTAIBLHOTO MPOGIIIS MEHHOTO OTAEIa TO3BOHOUYHM-
Ka Ha rpyaHoii kudo3s. [Ijis aToro oHu chopMmupoBaim
IBe IPYMIIbI MTALMEHTOB: rpymnna 1 — 68 yenosex, jie-
YMBIIMXCS 11O TTOBOAY MATOJIOTUM HMKHUX KOHEUHO-
CTeli, IMeHBINA JOPA03 CryiaxkeH; rpynna 2 — 160 ye-
JIOBEK € GU3MOJOTUYECKMM IIEMHBIM JIOPAO30M.
B rpymme 1 BennumHa nopmo3sa (C2-C7) cocraBmia B
cpenHem 2,4°, B rpyrne 2 — 18,2° (MCIo/Ib30BaJICS TaH-
reHLMaabHbIi MeTon Harrison). ABTOpBI ITOgYepKUBa-
IOT OTCYTCTBME €OVHOIO ONpeneneHNUs] HOPMaJbHOTO
IEITHOTO JIOPH03a, MIO3TOMY OHUM M30paay BeTMUYMHY
#4° KaK BO3MOKHYIO OIIMOKY M3MepeHus ¢ 95% mose-
PUTEIbHBIM MHTEPBAJIOM M OIpeNein, uTo Gusmo-
JIOTMYECKUI IIEVHBIN TOPA03 MEHbIIe -4°; a IeHbIN
Kugo3 6onpmie +4°. «Cepast 30Ha» MeXay -4° u +4°
oIrpeziesieHa Kak «I10Tepsi LIeHOro Iopao3a» [22].

S.H. Lee c coaBTOpamu o6caeqoBai 77 3m0pOBbIX
BOJIOHTEPOB B Bo3pacte 21-50 net metogom Cobb u
BbISICHWIN, 4TO yroja CO-C2 cocraBmit 22,4°, a C2-C7 —
9,9° (cooTHOLIEHME 77:23) [16].

B. Blondel ¢ coaBTOpammu, ob6cienosaB 55 3mo0po-
BbIX BOJIOHTEPOB, BBISIBUJIM CBSI3b ILIEITHOTO JIOpH03a
(C2-C7) ¢ Bo3pactoM. [Ijist BO3pacTHBIX rpymn 20-39,
40-69 u 60 neT u cTapiile BeIMYMHA JIOPA03a COCTaB-
ssina 9,4°; 6,6° n 22,0° COOTBETCTBEHHO [23].

L. Jiang ¢ coaBTOpamMu CpaBHWIM II03BOHOY-
HO-Ta30Bble TapaMeTpbl y IMAalMeHTOB C O0JIe3HbI0
[loeripmaHa y 3M0pOBBIX MOAPOCTKOB. B rpyrtime 310-
POBBIX CpelHsIS BeJIMUMHA ILIEeTHOro Joph03a cocTa-
Buia Bcero 2° [15].

IllefiHO-TpyZHO mepexos B HopMe

V3yueHue 3TOro BOMpoca, HACKOAbKO MbI MOXKeEM
CYyIUTb, HAYAJIOCh B mepBOM AecsatuineTnm XXI B.

R. Loder He 0OGHaApyKMUJI KOPPEISILIUM MEXKIY Be-
JIMUMHAMU 1Ie/AHOTO U TPYAHOTO OTAENOB MO3BOHOY-
HMKAa, HO BBISIBWI €e MeXAY BeIMYMHON LIeHOro u
MOSICHUYHOTIO JIOPA03a U MEXIY LIeiHbIM JIOPH030M
Y pas3Hulieit IPySHOTO U MOSICHUYHOTO JIOpA03a (Yros
Ko66a rpymHoro kugo3a MuHYC yroi Kob66a mosicHmy-
Horo Jjiopgo3sa). R. Loder moguepkuBas, 4To IrMOKuUe
IIEHBIN U TTOSICHUYHBIN OTAE/bl I03BOHOYHMKA Kpe-
MSITCSL K PUTUAHOMY TpygHOMY oTheny. Ecin pasHuiia
TPYAHOTO U MOSICHUYHOTO JIOPA03a CTAHOBUTCS Oojiee
KMMOTUYECKOI, IIeHbIN JTOPA03 YCUIUBAETCS MOJIS
COXpaHeHMs TOPU30HTAJIBHOTO B30pa [24].
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P. Knott ¢ coaBTOpaMyu 6bUINM, BEPOSTHO, ITEPBbI-
MM, KTO 06paTuja BHMMaHue Ha MHGOPMATUBHOCTD
TaKOTO IIOoKa3aTess, Kak HakiaoH Thl mno3BoHKa.
OHM MoJUepPKHY/IM BaXKHOCTbH 3TOTO NapaMeTpa Mpu
OIleHKe CaruTTaJbHOTrOo 6asaHca, T.K. OH, [0 UX JaH-
HBIM, Haubojee CTPOTO KOPPEeNIUpPYeT C CaruTTalb-
HOJ BepTUKaJIbHONM ochblo (sagittal vertical axis —
SVA). ABTOpBI OTMETWJIM, YTO HOPMAaJIbHbIV HAKJIOH
Thl nmo3BoHKa He ompeneneH (M CUTyalus OO CUX
TOp He U3MeHUJIach), HO OOGHAPYKMIN, UYTO eC/IM Ha-
ki1oH Th1 npessiiaet 25°, To Bcex ciayvyasix SVA cme-
njaeTcs Briepen 6ompiie yem Ha 10 cM, a mpu Hera-
TUBHOM CaruTTaJbHOM 6anaHce HakiIoH Thl 06bp19HO
MeHbIIe 13°. IIpu aToMm, eciu BeauuuHa HakioHa Thl
HaAXOOUTCSI B IPOMEXYTKe Mexay 13° u 25°, 310 He
SIBJISIeTCSl TapaHTMel# HOPMAaJIbHOTO CaruTTabHOTO
6ananca [25].

J. Smith ¢ coaBTopamu, ucciegoBasiive 3¢@exT
TPAHCIIeAUKYISIPHON CyOTPAaKLMOHHON OCTEeO0TO-
mum (pedicle subtraction osteotomy — PSO), BbIsI-
BUJIM HOpMaJIM3allMI0 CaTUTTAIbHOTrO Gananca (SVA,
HakJIOH C7-Th12) u koppensinyuio HakiaoHa Thl mo-
3BOHKA C MU3MEHEeHUSIMM 1IefHOTO OTAesa T03BOHOY-
HukKa. B rom xe rony S.H. Lee ¢ coaBTOpamMu BbISIBUIN
HaJIuMuyMe CUJIbHONM KOppensuuu Mexny HaKIOHOM
Th1 no3BoHKa, BeauunHoit topmosa C2-C7, CO-C2
U YIJIOM BXOJa B I'PYAHYIO0 KJeTky (thoracic inlet
angle — TIA). Ilocnemuuii mokasaTejlb CTPOTO CBSI-
3aH C KPaHMOIePBMKAJIbHBIM CATUTTAIbHBIM OajaH-
coM. UTo6bI COXpaHUTDh HAKJIOH IIEU IO YIJIoM 44°,
TIA yBenuuuBaeT HakiaoH Thl u meiHbIi 10pmO3
u Haobopot [26]. [To mHeHMIO J.S. Smith ¢ coaBTO-
pamu, TIA u HakmoH Thl mo3BoHKa MOIYT OBITh
MCIIOJIb30BaHbI KaK IMapamMeTpsl NpeacKasanus hu-
3MOJIOrMUYECKOTO KOHTYpa LIeifHOTO OTheJa M03BO-
HOYHMKa [27].

ITo manHBIM P. Janusz ¢ coaBTOpamMu, Ipu rPyAHBIX
I0OBEHMJIbHBIX KM(o3ax HakIoH Thl mo3BoHKa 60Jb-
e, YeM Py TPyLo-TOSICHUYHBIX. DTO K€ OTHOCUTCS
K meiHoMy yopAo3y u TIA. OCHOBHbIE M3MEHEHUS
CaruTTaJbHOTO KOHTypa WIEfHOrO OTAena I03BO-
HOYHMKA OTMeueHbl Ha ypoBHSIX C4-C5 u C5-C6
cermeHTOB. Ha ypoBHsax CO-C2 n C1-C2 usmeHeHUs
MMHMUMaJIbHbI. KoMIeHcalus 1IeifHOTO OTaesa IIo-
3BOHOYHMKA ITPOUCXOOUT 3a CUET CyOaKCUMATbHBIX
orneinos [11].

S.H. Lee c coaBTOpamMy NOAYEPKUBAKOT, UTO HAKJIOH
Thl nosBoHKa cTporo Koppenupyer ¢ TIA u Benu-
YMHOV IPygHOTO K1do3a, KOTopas, B CBOIO Ouepenb,
SIBJIIETCST KIIIOUEBBIM (DaKTOPOM IIIEfHOrO OasiaH-
ca. TasoBbie mapameTpsl U TIA ompemensior 6aaaHC
IIEIfHOTO OTHAeNa MO3BOHOYHMKA Yepe3 HakiIoH Thl
MM03BOHKA. Bosbmioit HakimoH Thl mo3BoHKa Tpebyer
yYBeMYeHs IIeTHOTO JIOP03a AJIs oA IepskaHms 6a-
JIaHca nociaenHero [16].

L. Nasto ¢ coaBTOpaMy KOHCTaTUPOBAJIN KOppEs-
umio mexxay yriom C2-C7 u HakimoHoMm Thl no3BoH-

Ka. [To omepauuyu HakioH Thl Koppenupyer Takke
¢ TUIIOM fedopMalyy, IPYAHBIM K(O30M U ITOSICHUY -
HBIM JIOPA030M, M0C/Ie OIepaliy COXpaHseTcsl Kop-
pensiius HakiaoHa Th1 mosBoHKa ¢ BeamumHoi C2-C7
U C MOC/IeonepaliOHHbIMY M3MEHEeHUSIMU TPYIHOTO
kudosa. Hakimon Thl mo3BOHKAa — caMblii BasKHbIN
rnapamMeTp NIpM OIpeleneHuM TMocaeonepalioHHO-
rO CaruTTaJIbHOTO BBICTpaMBaHUsI ILIEHOTO OTHesa
MMO3BOHOYHMKA U KOPPEIUPYET C IPYOHBIM K1bO30M
Y TIOSICHUYHBIM JIOpH030M. [loceornepalioHHbIe 13-
MeHeHMS B IlIe/iHOM OT/AeJie T03BOHOUYHMKA KOppein-
PYIOT ¢ u3MeHeHUsIMUM HakimoHa Th1l mo3BoHKa [28].

V3MeHeHMs MIEITHOTO OTAe/Ia TO3BOHOYHMKA
npu 6ose3Hu lllojiepmana

B panHux kmaccuueckux paborax H.W. Scheuer-
mann u K.H. Sorensen cocTtosiHue mieifHOro othena
MO3BOHOYHMKA Y GOJIbHBIX C HOBEHWIbHBIMU KUGDO-
3aMU, KaK OTMEUEHO BbIIlle, BOOOIIE He 06CYKAaI0Ch
[1, 2, 3]. Hacko/IbKO MBI MOXeEM CYyIUTh, [IepBOE OIU-
CaHMe COCTOSTHMS UIefHOro Jiopho3a Ipu 6one3Hu
[llortepmana npuHamiexxut T. Lowe, KOTOpBI orpa-
HUYWICS 3aMeYaHMeM O TOM, UYTO LIENHBIN JIOPHO3
yCuJIeH, a To/IoBa BbIIBUHYTA BIieper, [4]. B Tabmuie 1
OTpaskeHbI JAHHbIE JTUTEPATyPbl O COCTOSTHUM ILIEITHO-
r0 JIOp[I03a, a TaKke I'PyAHOro Kudo3a 1 MosICHUYHOTO
JIopo3a y maleHToB ¢ 6oe3Hbio llloiiepmaHa.

IlepBylo paboTy, TMOCBSIIIEHHYIO COCTOSTHUIO
IIEIfHOTO OTHAeNa TO3BOHOYHMKA TIpU  Gose3Hu
Illoitepmana, omy6nukoBan R. Loder B 2001 r. [24].
OH He Hallle]l KOppesiLuy MeXAY HIEeHbIM JIOPA030M
U TPYIHBIM K1DO30M, KOppesiLys oOHapy>KeHa MesK-
Iy lIEefHbIM U MOSICHUYHBIM JIOPJ030M, a TaKXXe MeX-
Iy IIEeHBIM JIOPLO30M U T.H. OCTaTOYHOI CaruTTasb-
HOJt pasuuiieit (yron Ko66a rpygHoro kudosa MUHYC
yron Ko66a MOsSICHMYHOTO Jiopmosa). Ilpu 6ose3Hu
[llofiepMaHa PUTMIHBIN IPYSHO OTH eI I0O3BOHOYHM -
Ka HaXOJOUTCS MeKAY MOOMIbHBIMMU LIEMHBIM U TTOSIC-
HUYHBIM OTAenaMu. Ecnu ocrtatouHasi carMTranabHast
pasHMlla CTAHOBUTCS Oosee KMGOTUUECKOM, IIeHbI
JIOPZO03 YCUAMBAETCS [/ COXpaHEHUS CarUTTaAbHOTO
B30pa.

ITo muenuio R. Loder, oTcyTCTBME CBSI3U MEXKIY
BeJIMUMHAMU IPYyOHOTO K1do3a U IeitHOTOo JIopao3a
nipu 6one3Hu lllojtepmana MokeT 0OBSICHSITHCS IBYMSI
MIpUYNHAMMU:

— PUTMIHOCTb TPYOHOrO OTAe/Na MO3BOHOYHMKA
MeHsIeT «II0BeJleHye» MIEeHOro OTHeNa;

— JIOPIO3MPOBAHHBIN TPYIHOM OTHEN MO3BOHOY-
HMKa paccMaTpMBaeTcsl Kak NpUYMHA MAMONaTuUye-
CKOT'O CKOJINO3a, a KU(O3MPOBAHHBIN TPYIHOIN OTIEN
MO3BOHOUHMKA — KaK Pe3yabTaT pasBUTUS GOe3HU
[llotiepmaHa BHe 3aBUCMMOCTU OT STUOIOTUM.

IMpuuuna xudosza llloiiepmaHa OTIMYAETCS OT
NPUYMHBL MOMONATUYECKOTO CKOAMO3a IOAPOCT-
KOB, XOTSI MCTUHHAas TpuuyMHa o00eux OonesHeit
He3BeCTHa.
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Tabnuya 1
IMTapamMmeTpbl CAarMTTAILHOTO KOHTYpa IMIO3BOHOYHOTO CT0JI0A Y MallMeHTOB
c 6osesnbio llloitepmana
IlejtHblit 10pHO3 5 3
e & =
g C2-C7 C2-C7 2 =
ABTODEI, 8 m 2 M:K npu TIPY TPYA0- S o
rom £ o C2-C7, X T
o E e TPYIHOM | TMOSICHUYHOM s T
o T S rpag. S =
g9 = kudose, kudose, T E .
55| de rpaj. rpaj. =3 5 q
2 B OB o (==
Bezalel T. ¢ coaBTOpamu, 150 15,5M | 95:55 -23,9M - - 60,7 M 63,5M
2019 [10] 16,7 3K -21,5 3K 576K | 11,2K
Janusz P. c coaBTOpamu, 86 16,3 52:34 - -19,4 -8,5 584T 53,1 T
2019 [11] 54 TL 45,7 TL
Xu L. ¢ coaBTOpamu, 2019 59 14,6 - - -21,4 -7,2 - -
[12]
Ashraf A. c coaBTOpamu, 18 16,7 13:5 35 - - 76,0 77,0
2014 [13]
Jiang L. c coaBTOpamu, 55 14,2 42:13 13,3 26,2 4.7 45,6 56,3
2014 [15]
Loder R.T., 2001 [24] 34 15,5 18:16 | 4*15 Cobb - - 65,0 71,0
9+14 PVBA
Mehdian H. 35 25,0 26:9 33 - - 83,0 60,0
¢ coaBTOpamuy, 2013 [29]
Janusz P. c coaBTOpamu, 71 16,3 41:30 - 19,8 8,9 62,5T 68,1 T
2015 [30] 56,7TL | 62,1 TL
Paternostre F. 23 32,7 10:13 -15,6 A - - 74,6 A 72,8 A
¢ coaBTOpamy, 2017 [31] +11,6 B 59,4B 65,8B
Nasto L. ¢ coaBTopamu, 64 189T 53:11 - -21,1 -6,1 81,6 T 699T
2016 [32] 17,8 TL 823TL | 76,4 TL

PVBA — posterior vertebral body angle; (-) — orcyrcTBue undopmanmu; T — thoracic; TL — thoracolumbar; A — nopzno3;

B — kudos.

L. Jiang ¢ coaBTOpamMu MepBbIMM UCCAeI0BaN Ca-
TUTTATbHBIN KOHTYpP ITO3BOHOYHMKA IIpU OONe3HU
[loiiepmaHa B 3aBMCUMMOCTU OT JIOKaAM3aluu Bep-
mrHbI K o3a. OKa3anioch, UTO BEIMUMHA BCEX CaTUT-
TaJbHbIX M3TMOOB TO3BOHOYHMKA Oojiee BbIpaskeHa
TIpU TPYIOHBIX Kd0o3ax, HeXKeau P TPYA0-TIOSICHUY -
HbIX. B TiepBoIi TpyIine BbISBI€HA JOCTOBEPHAS CBSI3b
rpygHOro Kudo3a ¢ meifHbIM U TTOSICHUYHBIM JIOPIO-
3aMu. [Ipy rpymo-nosICHUYHOJ JIoKaau3anuu Kudgosa
I'PYyOHOM KMUGO3 U TOSCHUYHBINA JIOPHO3 CIIaXKeHbI,
MeXOY HUMM eCTh YeTKasl B3auMOCBsI3b. TakuM 06-
pasoM, pasHble TUIbI medopMaluii BeIpabaThIBAIOT
pasHble KOMITEHCaTOpPHbIE MeXaHU3MBI [15].

F. Paternostre ¢ coaBTopammu, onepupoBasiine 23
MalMeHTOB ¢ KudoTuueckuMmu medopmarmsvu (17
U3 HUX — ¢ 6onesHbio llloiiepMaHa), BRISIBUIM HAINU-

yye OBYX TUIOB (GOPMBI HIEHOTO OTHe/a IT03BOHOY-
HUKa — JIOPAOTUYECKYIO U KUDOTUIECKy0. [Iprunny
dbopMHUpOBaHUS IMAMETPATbHO ITPOTUBOIIOIOKHBIX
TUIIOB JedopMalluy aBTOPbI CKIOHHBI YBSI3bIBATh
C IMapaMeTpaMy IPYAHOTO U IMOSICHUYHOTO OT/IEeIOB T10-
3BOHOYHMKA M HAKJIOHOM Tasa, a TaKKe CO CTeNeHbIo
HaKJIOHA [TepexXoIHOrO efHOTPYLHOrO oTena [31].

JyHaMMKa COCTOSIHMSA LIeHOro OTaeaa
TI03BOHOYHMKA IOC/Ie KOPPUTHUPYIOLIETO
BMelllaTe/IbCTBa

VHdopmanys 0 COCTOSIHMU IIIETHOTO OTAeNa Mo3-
BOHOYHMKA y MalMeHTOB ¢ Oose3Hbio IllojiepmaHa
B IIOC/eonepalMOHHOM IIepMofe BecbMa CKyIHas.
Ham 13BeCTHBI TOITBKO ISITh MYOIMKALIMIA, IOCBSIIIEH-
HBIX 3TOJ ITpobemMe (Tabm. 2).
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Tabnuya 2

JuHaMMKa IIeifHOro JIOPA03a IMoc/Ie XUPYPruueckoii KoppeKuuu Kudosa y naueHToB
c 6o;e3Hbio llloitepmana

[lertHbIl 10pLO3
o) =
a ) C2-C7 C2-C7
= C2-C7 C2-C7
ABTOPLY, 5 2% g | MX ¢y 1Pyt TPV rPyA0- nocie (cpok
o £z = § rpag, | TPYHOM | TOSCHUIHOM omepanuy, | HaGIIOIEeHNS)
55 g8 * | xudose, Kugose, oa ’ a ’
O O m rpag. rpag. pan. pan.
Xu L. c coaBTOpamu, 59 14,6 - - 21,4 7,2 13,1 T 149T
2019[12] 11,7 TL (143,8 TL;
roma
Ashraf A. c coaBTopamu, 18 16,7 13:5 35 - - - 37
2014 [13] (2,8 roma)
Mehdian H. c coaBTopamy, | 35 25 26:9 33 - - 19 25
2013 [29] (8 net)
Paternostre F. 23 32,7 10:13 | -9,7 - - 12,1 12,9
¢ coaBTopamu, 2017 [31] (5 ner)
Nasto L. ¢ coaBTOpamu, 64 189T | 53:11 - -21,1 -6,1 -12,5T -15,7T
2016 [32] 17,8 TL -10,1 TL G (;li,éTL )
,9-4,2 roga

(=) — orcyrcrBue uadopmanuu; T — thoracic; TL — thoracolumbar.

Haubomee  paHHMM  SBJSETCS  COOOIIEHMe
H. Mehdian ¢ coaBTOpamMu, KOTOpble OTMETWUIN, UYTO
OGOBIIMHCTBO IAIIIEHTOB JKaJOBAJMCh Ha 00
B IIEfHOM M TOSICHUYHOM OTAe/liaX MO3BOHOYHMKA
B TeueHMe [IBYX JIeT Iocje orepaiuu, B JajbHeiiem
3TU CUMIITOMBI Mcuesnu. ComocTaBiieHe KInHuue-
CKMX Y peHTreHorpaduyeCcKyX JaHHbIX (0 OTIepaIum,
cpasy Iocjie Hee ¥ B KOHIlE Mepuoma HaOomeHus)
MOKa3ajao, YTO M3HAUAJIbHO JOCTUTHYTAs KOPPEeKIMs
B OTHQJIEHHOM TI0C/eolepalMOHHOM Iiepuoje yac-
TUYHO YTPAUYMBAETCS. DTO KacaeTcs rpyaHoro kudosa
(83,3-41,6—44,0°), meitHoro (33-19-25°) u nosicHn4-
Horo (60—40-52°) 1opHo30B. ABTOPbI OTPaHUYMUIINACH
KOHCTaTaiyel 9Toro (axkra 1 He CTaay Ae/IaTh JajJeKo
UAYLIVX BBIBOAOB [29].

A. Ashraf ¢ coaBTOpaMy He BBISIBUIM CKOJBKO-
HMOYOb 3aMETHBIX V3MEHEeHMH IeifHOTrO JIopHo3a,
XOTd OMHaMMKa TpygHoro kudosa (76-56°) u 1mo-
SICHUYHOTO Jiopao3a (77-57°) paciieHeHa Kak CyIe-
cTBeHHas [13].

F. Paternostre ¢ coaBTopamMu onepupoBaiu 23 ma-
LIMEeHTOB ¢ rurepkudosaMu, U3 HuX 17 — Ha IouBe
6onesuu llloitepmana. ['pyrma 6pu1a paszéuTa Ha OBe
YacTu B COOTBETCTBMM C (DOpMOIT IIEIHOTO OTmena
IMO3BOHOUHMKA — IIejiHbIiA J0pmo3 (-15,6°) u meii-
HbIii Kudo3 (+11,6°). ABTOPBI BBISIBWINM OTUYETIUBYIO
KOppensinuio MexXay mmenHbIM Jiopgo3om (C2-C7) c
OJIHOJt CTOPOHBI ¥ TAKMMU MapaMeTpamMi, Kak HaKJIOH
Th-1 no3BoHka, kudo3 Th1-Th4, Th4-Th12, nopmos
L1-S1. [leriHbIi1 10pA03 B IOCAEONEPALIOHHOM IIe-
puome M3MEHUJICS OYeHb He3HAUMTEeTbHO, ecau obe

MOATPYMIIBI PacCMaTpUBaTh COBMECTHO — yBeJuue-
Hue Ha 2,4°, u gajee oyt 6e3 guHaMuKu. [Ipu sTomM
BEJIMYMHBI IPYIHOTO K1 03a U MOSICHUYHOTO JIOPI03a
TpeTepren 3HauMMble U3MEHEHUSI — COOTBETCTBEH-
HO 71-37°m 71-55° [31].

B IByx uccienoBaHUSX pe3yabTaTbl KOPPEKIUU
kudosa npu 6Gomesuu Illojtepmana paccMaTpuBa-
JIUCh pasfenbHO — IMIPUMEHUTETBHO K IPYOHO 160
TPYAO-TIOSICHUYHOM JIOKQIM3alUM BepUIMHbI Kudo-
Tuaeckoit gedopmanuu. L. Nasto ¢ coaBTopamu BbI-
SIBWJI, YTO B TPYIIIIe TPYOHBIX KU(O30B MIEHHbIN
JIOPI03 CyllecTBeHHO yMmeHbmcs (c 21,1 go 12,5°),
a B JaJIbHENIIeM HECKOIbKO YBeIuImiIcs — o 15,7°.
V G0NBbHBIX C TPYHO-TIOSICHUYHON medopmanyeit uc-
XOHbI IIeHBIN JIOpH03 ObLI CIVIasKeH 10 6,1°, moce
omnepanuu ysenmnuuics go 10,1°, a B KoHIle nepuopa
Habmomenuss — mo 12,1° [32]. IIpakTudecku aHajo-
TMUYHBbIEe pe3yabTaThl KOHCTaTUpOBaIu L. Xu ¢ coas-
TOpaMM: OIMHaMMKa IIeTHOTro JOpA03a IIPpU IPyaHOMI
Jokanu3anuu kudosa 21,4-13,1-14,9°, mpu rpymo-
MOSICHUYHOM — 7,2-11,7-13,8° [12].

BnusiHue NO3BOHOYHO-Ta30BbIX IapaMeTPOB
Ha COCTOSIHME IIEefTHOro oTaesa
MMO3BOHOYHMKA npu 6osie3Hu Illloitepmana

JToit mpobieMe TOCBSIIEHO BeCchbMa OrpaHUYEeH-
HOEe KOJIMYECTBO MCCAeNOBaHMII MOCIEIHErO IeCSITH-
JIeTusl.

M. Tonbul ¢ coaBTOpamu He BHISIBUIU KOPPEISIIIUN
Mexay BeJimunHoii PI 1o onepauum u nocieonepauu-
OHHOI1 TToTepet Koppekuuu [33].
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L.Jiang ¢ coaBTOpamMmu OTMETWIN, UYTO y TTAI[IEHTOB
¢ 6one3nbio llloiiepmana nmokasarenu PI u PT meHsbiie,
YyeM Yy 3[I0pOBbIX Jitoaeii. [Tpy rpymHbIx KMdo3ax Imoka-
3aTeny UIefHOTo, IPYJHOr0 U MOSICHUYHOTO OTHEI0B
MMO3BOHOYHMKA OOJbIlle, YeM MNPy TPYAO-TIOSICHUY-
HbIX [15]. [Ipu Tpymo-moSCHUYHBIX K1b0o3ax IpygHON
U TIOSCHUYHBIN OTAE/Nbl MO3BOHOYHMKA CITIaXKeHbI,
eCTb KOppessiiys MeXIy BeJIUUYMHON TMOSCHUYHOTO
JIOpPZI03a M HaKJIOHOM KpecTIia.

A. Aschraf c coaBTOpaMu KOHCTaTUPOBAJIN, UTO BCE
TpU MTO3BOHOYHO-TA30BbIX MIOKa3aTessl Mocje orepa-
LU He U3MEeHMIINUCH [13].

M. Tyrakowski ¢ coaBTOpamMu BBISIBUIM, YTO
Yy B3POC/IBIX MALMEHTOB ¢ 6osesHblo IllojiepmaHa Be-
JmuyHa Pl HMKe, yeM y 300pOBBIX, a KOppeISLUmU
Mexnay BenmunHamy Pl U MOsICHUYHOrO JIOpA03a HET
[14]. Tomom mo3ske TOT ke KOJUIEKTUB aBTOPOB CO-
006N, UTO MaLMeHThl ¢ 6oe3Hbl0 [llojiepMaHa 10
U TIOC/Ie CO3peBaHus CKeleTa MMEIOT OAMHAKOBbIe
Ta30Bble MapameTrpsl, IpuuyeM Pl B ob6eux rpymmax
HVKe HOPMBI [34].

P. Cahill ¢ coaBTOpaMu coOGIIMIN, YTO Y MAIIUEH-
TOB ¢ GonesHblo IllojiepMaHa ITOKa3aTeaM Ta30BbIX
rnapaMeTpoB He OTJIMUYAIOTCS OT TAKOBBIX Y 3JJ0POBBIX
MHIVBUIOB. Bosee Toro, BesmumHa TpymsHOTO Kudosa
He KoppenupyeT ¢ BeIMUMHON MOSICHUYHOTO JI0P03a
U TIOJIO’KeHMeM Tasa [35].

L. Nasto ¢ coaBTopamu ob6cimenoBany 37 IalyeH-
TOB ¢ 6Gose3Hbpio IllojiepMaHa 0 M TOC/IE OIepanyun
Y BBISIBUWIM B 7 CIy4dasix MPOKCUMAJbHBIV TepPexo/l-
Hblii kudo3 (proximal junctional kyphosis — PJK).
IoonepalyOHHbIN K103 6GbIT OMMHAKOBBIM B IPYIIIaX
60mbHBIX ¢ PJK 1 6e3 Hero, PI go onepanyy 6bUT BbIIIE
y 60sbHBIX ¢ PJK (52-43°), KOppeKuust rPyJHOrO Ku-
($ho3a 1 ocsteonepanMoHHasT BeIMUMHA TTOSICHUYHOTO
JIOPZI03a OAVMHAKOBBI B 06eux rpyrimnax. bonpabie ¢ PJK
MMeNy GOoJbIINIA mooIepalyoHHbIi PI, mocie orepa-
MM OTMEYEH 3HAUMTENbHbIN AeUIIUT TTOSICHUIHOTO
sopho3a. [loaToMy aBTOPBI MOIAraloT, UTO KOPPEKIMIO
rpynHOro Kudo3a Halo IVIaHMPOBATh B COOTBETCTBUM
C IOOIepaliIOHHbIM MOKa3aTteaeM PI, 4To6bI M36€KaTh
U3JIUILIHETO CIVIaKMBAHMS MTOSICHUYHOTO JIopAo3a [32].

F. Paternostre ¢ coaBTOpaMmyu OTMETWJIM, YTO Be-
juuyyHa Pl Bellle mpy 1eitHOM JIOpAO3e, a JOpA 03
CO-C2 6ombire npu meitHoM Kudose. OHU BbISBU-
mu psp 3aBucumocteit: kudos Th1-Thl2 u nopmos
C2-C7, noppo3 L1-S1 u PI, C2-C7 u HakioH Th-1 mo-
3BoHKa, C2-C7 u kudo3 Th1-Th4 [31].

PesynbTarsl MccaeqoBaHus MO3BOHOYHO-Ta30BbIX
rapaMeTpoB Yy HalMeHTOB c 6ose3Hbio IlloiiepmaHa
IO U TIOC/Ie OTTepaTUBHOM KOppeKImu Kudo3sa 1eMOH-
CTPUPYIOT MUHUMAIBHYIO UX AMHAMUKY B OIyoKaii-
1IeM ¥ OTHAJIEHHOM IOC/aeolepalMOHHOM Iepuoaax
(Tabm. 3).

Tabnuya 3

JuHaMMKa IMO3BOHOYHO-Ta30BbIX IapaMeTpOB,
Hak/JIoHa Th1l mMo3BOHKa ¥ CarUTTAILHOM BEPTUKAIBHOI OCH Y MAIMEeHTOB ¢ 6oe3HbIo0 llloiiepmaHa
0 ¥ IOcJIe OIePaTUBHOrO JIeYeHMs

Aschraf A. Mehdian H. Paternostre F. Nasto L.
[TapameTp C COaBTOpaMM, C COaBTOpaMM, C COaBTOpaMy, C COaBTOpaMM,

2014 [13] 2013 [29] 2017 [31] 2016 [32]
Haksnou Th1 nosBonka — 1 - - 34,9 39,1-27,4
Haxsnoux Th1l nosBonka — 2 - - 27,9 32,4-25,9
Haxsnox Thl nmosBonka — 3 - - 32,2 34,3-23,4
SVA—1 35 +8 16,5 15,9-25,6
SVA —2 26 -3,9 15,6 4,5-21,1
SVA—3 - +2,8 21,3 21,5-22,1
SS—1 37 36 38,5 33,4-29,0
SS—2 37 33 37,4 -
SS—3 - 39 35,8 -
PT—1 12 13 10,1 5,9-17,2
PT—2 15 16 11,6 -
PT—-3 - 9 12,3 -
PI—1 46 49 48,6 39,6-34,0
PI—2 47 48 48,9 -
PI—3 - 40 48,1 -
CpenHmii CpoK HabMogeHus, 1eT 2,8 8,0 5,0 3,9-4,2

1 — mo omepanuu; 2 — cpasy mocje onepamyumn; 3 — B KOHIIE epuoa HabmoaeHus ; (—) — OTCYTCTBME MHGOPMAIIVN.
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IllefiHbIN OTHE MO3BOHOYHMKA U pPa3BUTHE

MPOKCUMA/IbHBIX IMMEePEXOAHbIX KM(O30B

npu 6ose3un llloitepmana

[Tepexonubie Kudo3bl (junctional kyphosis) —
OIHO M3 HamuboJiee YacTO BCTPEUAIOIINXCS OCIOXKHe-
HUIT B Xupyprum nedopmaiinii mo3BoHouHuKa. OHU
OBIBAIOT KaK MPOKCUMAaTbHBIMU, TaK Y TUCTATbHBIMMA,
puyeM IOoCAenHue BCTpedaloTcs peske. K GomesHu
[lloitepMaHa 3TO MOJIOKEHME OTHOCUTCS B TIOITHOI
mepe. Tloucku TOpUYMH pPa3BUTUSI MPOKCUMATbHBIX
repexonHbIX KM(O30B IPOAOIKAIOTCS MHOIO JIeT,
orpejieJieHO Hemajoe KoauuecTBO (DaKTOpOB pUCKa,
Cpeliu KOTOPbIX — PacHoyioKeHVe BepxXHero MHCTPY-
MEHTMPOBAHHOTO TO3BOHKA, HEBKIIOUEHMe B OJIOK
KpaHMAIbHOTO TTO3BOHKA B [IyTe, CTEIIeHb KOPPeKIUHU
kudoTtuyeckoit gedopmaiu, 0TKa3 OT UCIOAb30Ba-
HUS KPIOKOB B KDAaHUAJIbHOM YaCTU 30HbI MHCTPYMEH-
TAJIBHOTO CIIOHAWIOAEe3a U psp Apyrux. Hecmotps
Ha 3TO, €IMHOTO0 MHEHMS HeT 10 CMUX Top, a Koaude-
CTBO KOHCTaTMPYeMbIX aBTOpaMM ITyOaMKAIMii oc-
JIOKHEHMI He yMeHbIIaeTcs, Bapbupys oT 2 mo 50%
u 6onee [36].

IOHomeckuit ko3 — CJIOKHASI, XOTSI MpaKTUIe-
CKM OJHOIIOCKOCTHas, Aedopmaliiyis Mo3BOHOUYHMKA,
OTpa’kalomasics B TOM MJIM MHON cTereHM Ha dopme
u QYHKIMM BCEX ero OTAEJOB — OT Tasa Jio T'OJIOBbI.
EcTb MHOKECTBO paboT, MOCBSIIEHHBIX BIMSHUIO Oa-
30BbIX OTAEJ0OB MO3BOHOYHMKA HA Pa3BUTHE TPOK-
CUMaJIbHBIX TE€PEXOMHBIX KM(PO30B. [leTalbHbIN 06-
30p MHOTOUMCJIEHHBIX B3aMMO3aBUCUMOCTEN MEeXIY
MO3BOHOUYHO-TA30BbIMU MapaMeTpamy, AUHAMUKOI
I'pyIHOTO K1d03a, MOSCHUYHOTO JIOP/I03a, BeTMUMHOM
SVA u ux BausHus Ha pasputue PJK 6bL1 Hamu mpe-
cTaBieH B MoHorpaduu «bonesHs llloitepmaHHa» [36].
B sT0it kHUTre JKaH /[1006ycce maeT CBOe OoIpeaesieHye
PJK — «BHe3aIlHOe MaToJiorM4yeckoe M3MeHeHMe ca-
TUTTATBHOTO KOHTYPa MEXIY ABYMS COCETHUMMU TI0-
3BOHKaMM, 4aCTO OTMe4YaeMOe Ha BepxHeli rpaHuile
30HbI MHCTPYMEHTA/IbHOTO CIIOHAWIOAE3a».

BecbMa HeMHOTOUMCIIEHHBI UCCI€I0BAHMSI, aBTOPbI
KOTOPBIX, U3y4asi pe3yabTaThl XUPYPTrUUeCKOoit KOppeK-
uyu Kuco30B Ha mouBe 6osesHyu [lojiepMaHa, OlleHN-
BaJI COCTOSTHME I1IeTHOTO OT/Ae/Ia TTO3BOHOYHUKA JI0 U
Moc/ie BMellaTeabCTBa U MpeCcTaBuwiIn MHOOpMaInio
o konmuyectBe pasButus PJK. ITo mJaHHBIM 3TUX aBTO-
POB, YaCTOTa pasBUTHUS OCTIOKHEHMIT cocTaBisieT 27,8;
45,5; 27,1% cooTBeTcTBeHHO. OMHAKO B 3TUX paboTax,
Kak U B IPYyTUX, TOCBSII€HHBIX IMHAMMKE TapaMeTpOB
IIefHOrpyaHOTO Hepexona npu 6omesuu Illoiiepmana,
MOJIHOCTBIO OTCYTCTBYeT MHMOpMAaIMs O IOIbITKaX
YBSI3aTh JAHHbIE PEHTTeHOTPAMMETPUU U VHbIe MOKa-
3aTenu ¢ yactoTtolt pa3sutus PJK.

OBCY>XIEHUE

B mocnemuue rombl GOJBIIOE KOIMUYECTBO ITYO/IM-
KalMii ObUIO TMOCBSIIEHO TMapaMeTpaM I'pyao-IIosiC-
HUYHOTO U MOSICHUYHO-KPECTI[OBOTO OTEIOB IT03BO-

HOUHMKA. BN OTpezeieHbl Kak 17106aabHble, TaK U
perMoHa/ibHbIe MTapaMeTphbl, a TaKKe MPUHLIMUITBI BOC-
CTAHOBJIEHUS CarUTTA/IbHOTO KOHTYpa. OfHAKO JMIlb
HeMHoOrue paboTbl ObUIM ITOCBSIIIEHBI HOPMaTUBaAM
HIeffHOTO OTJesia TO3BOHOYHMKA U ellje MeHee — BJIU-
STHUIO CETMEHTAapHOTO0, PerMOHAIBHOTO U TJI06aTbHO-
ro 6ajiaHca Ha COCTOSIHME IIeifHOro Jiopao3a. llleiiHbri
OTJieN TI03BOHOYHMKA BeCbMa CJIO0KEH, OH He TOJIbKO
TOAAEPKUBAET Maccy ToyioBsl (KoTopyio K. [Iobycce
oIpenesieT Kak «KPaHUAJIbHBIV [IO3BOHOK» [36]), HO
U obecreuMBaeT BBICOKMII YpPOBEHb MOOMIBHOCTMU.
CJIO’KHOCTb JII000/ CUCTEeMbI ITOBBILIIAET ee YSI3BU-
MOCTb ¥ MOXeT CTaTh NMPUYMHON pPasBUTKUSI MHOTO-
YMCIEHHBIX MaTOJMOTUMYECKUX COCTOsIHMI. Kpome
TOTO, IIEeMHbINI OTAEe/ MO3BOHOYHMKA BIMUSET HA BbI-
CTpauBaHMe HMKeJleXallluX OTHel0B M03BOHOUHOTO
cToyiba, HEOOXOAMMOe i IOAIepsKaHus BO3MOXK-
HOCTY r'OPU30HTaIbHOIO B30pa [37].

[IpoBemeHHBIT HAMM aHaAU3 OAHHBIX JUTEpPaTy-
pbI TIOKa3aJl, UTO He Ha BCe BOIMPOCHI, BO3HUKAIOIIME
MIpU UCCAeA0BaHUM COCTOSIHUS LI€THOTO OTesa IMo-
3BOHOYHMKA Y MAIlMEHTOB ¢ 6ose3Hbio IlloitepmaHa,
MOXXHO TIOJIYUUTh OJHO3HAUHbIe UM OOGOCHOBAHHBIE
OTBETBHI.

Tax, IpuBefeHHbIe JaHHbIE He Jal0T BO3MOXHOCTU
YeTKO OUYePTUTDh IPaHMUIbl HOPMBI TIPU KOIMYECTBEH-
HOJ OLleHKe IIefHOro Jiopmo3sa. IIpencTaBiieHHbIE
ucciemoBaTensiMu  IMGpPbl BechbMa BapuabesbHbI.
OTYacTM 3TO MOKHO OOBSICHUTD TE€M, UYTO aBTOPbI UC-
M0JIb30BajIM pa3Hble METOAMKM UCCAeN0BaHMs CIIOH-
nwiorpaMm. EQMHCTBEHHOe, B uUeM CXOASITCS BCe
UCCIenoBaTeNn, — IIeMHbIN JIOPA03 CleayeT paccMa-
TPUBATh OVCKPETHO, a MUMEHHO Ha ypoBHsix C1-C2
u C2-C7. bonplasi 4yacThb MIEMHOrO JOpHA03a MPUXO-
OUTCSI UMEHHO Ha BepxHuii ero otpe3ok (C1-C2) u co-
crasiiseT oT 22° 1o 37°. Ha npotsokenun C2-C7 (wnn
C4-C7 — 3mech TOXXe HeT eAMHCTBA) JOPAOTUYECKas
medopMalusi cocTapiseT ot 2° oo 26°. B aTom cxof-
CTBO ILLIEITHOTO JIOPZI03a C MOSICHUYHBIM, TAe OCHOBHAs
YacThb CArUTTAJIbHOVN OedopMaiuu TPUXOOUTCS Ha
cerMmeHTbhI L4—-S1. MOXHO, BEpPOSITHO, CAENaTh BBIBOT,
0 TOM, YTO Haubojiee BaXKHbIMMU, a TTIOTOMY U Hambo-
Jiee 4acTO MUCIOAb3yeMbIMM MapaMeTpaMu, XxapakTe-
PU3YIOIIMMM COCTOSIHME UIEHO-TPYOHOrO Iepexo-
Ia, IBISIOTCS HakaoH Thl mo3BOHKA, HaKJIOH BXOJa
B IPYJIHYIO KJIeTKY U TOJIOXKeHMe CaruTTalbHOI Bep-
TUKQIbHOM OCH.

[llejiHbI/A OTHEN IMO3BOHOYHMKA IIpU OOJIE3HU
[loiitepmaHa OeMOHCTPUPYET Ty K€ KapTUHY OT-
CYTCTBUS eIMHO0Opa3usl, UYTO U Y 3[0POBBIX JIIOHEN.
BenmuyHa meifHOro JIopao3a BapbupyeT oT 4° 1o 35°,
MOKa3bIBasi, TEM CaMbIM, UTO YBeJIMYEHME TPYSHOTO
kudosa npu 6onmesuu IlloiiepmaHa majeko He Bcer-
la CONPOBOXIAETCs pa3BUTMEM KOMIIEHCAaTOPHOTO
1meifHoro rumepiopnosa. Ckopee, MOXXHO TOBOPUTh
O PEeLMIIPOKHOM YCWJIEeHUM MOSICHUUHOTO JIOpHo3a
(cm. Tabm. 1). Kak u mpy pacCMOTpPeHUM HOPMaJIbHBIX
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rnapaMeTpoB IIEHOTO OTAe/lia MO3BOHOYHMKA, JaH-
Hble JUTepaTypbl MO3BOJSIOT BBISIBUTh BeCbMa YyBe-
PeHHO OHY BaXKHYI0 3aKOHOMEPHOCTb. B Tex ciyyasx,
KOTZa yCA0BMSI TIO3BOJISUIM Pas3ieuTb UCCIeRyeMylo
IPYIIy NaleHTOB B 3aBUCUMOCTHU OT JIOKaIU3aluun
BEPIIMHBI KM} 03a, ObIJI0 OTMEUEHO, UTO P TPYAHBIX
IedopMalusx (BepiHa Ha ypoBHe T10 u KpaHu-
ajbHee) BeJIMUYMHA UIEHOrO JIOpA03a 3HAYUTEIbHO
MpeBbIIIaeT TAKOBYI IIPU TPYLO-TIOSICHUYHBIX [e-
opmanmsax (BepinHa Ha ypoBHe T11 u kaymanbHee).
B nepBom cityuae mieriHbli 1opaos (C2—-C7) cocrasisi-
er 19,4-26,2°, Bo BTOpOoM — 4,7-8,5°.

Becbma HeMHOrouncaeHHbIe JaHHbIE JIUTEePaTyphl
JIIeMOHCTPUPYIOT, YTO B aclieKTe AMHAMMUKU HIEfHOTO
JIOpIo3a ManyueHThl ¢ 6onesHbio llloiiepmana — 3TO
He rOMOTeHHas TpyIina, U eGUMHCTBeHHAas 3aKOHOMep-
HOCTb (eciM O TaKOBOJ BOOOIIE MOXKHO TOBOPUTD)
3aK/II0UaeTcsl B TOM, YTO B OTAAJI€EHHOM Iocaeomnepa-
LIMOHHOM IIepuofe IIeiHbIA JTOPA03 HEe3HAUUTENb-
HO yBenuuuBaeTcs. [Ipy 3TOM AaHHbIE HEKOTOPBIX
aBTOPOB CBUIETEJbCTBYIOT O TOM, UTO ITO3BOHOY-

JOIIOTHUTEJIbHASI THO®OPMAILIVISA

3asneneHHslii 6K1a0 aémMopos

Bce aBTOpBI coenanu 3KBMBAJIEHTHBIN BKJIAJ B IOATO-
TOBKY ITyOIMKAIIUA.

Bce aBTOpBI Npowin U opo6puau GUHAIBHYIO BepCUIo
PYKOMMCH CTaTbU. Bce aBTOPBI COITIaCHBI HECTY OTBETCTBEH-
HOCTH 32 BCE acHeKThl paboThl, YUTOOBI 06ECTIeYnTh HaJjIe-
kalllee pacCMOTpeHMe U pellieHMe BCceX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HALEKHOCTBIO 106071
yacTu paboThI.

Hcmounuk  uHaHcuposanus.  ABTOpBI  3aSIBJISIIOT
06 OTCYTCTBMM BHeIIHero puHaHCHMPOBaHUS MIPU MpoBeJie-
HUM UCCIeSOBAHUS.

Kougnukm unmepeco8. ABTOPBI AEKIAPUPYIOT OTCYT-
CTBUE SIBHBIX M TOTeHLMANbHbIX KOHGIMKTOB MHTEPECOB,
CBSI3aHHBIX C IIyO/IMKalMel HacTosIIel CTaThu.

Amuueckas 3kcnepmu3sa. He npumeHuMa.

Ungopmupoeantoe coenacue Ha
He TpebyeTcs.

nyéauxkauyuo.
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Options in Tendon Transfers for Anterior-Superior
Rotator Cuff Tears: Review

Andrei M. Shershnev, Sergei Yu. Dokolin, Vladislava I. Kuzmina, Matvei O. Kutuzov,
Elizaveta V. Yarets

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

Background. Irreparable anterior-superior rotator cuff tears can cause significant shoulder dysfunction due
to the failure of normal biomechanics of the joint, because of the loss of compressive effect of the rotator
cuff on the humeral head. Muscle-tendon transfers are an alternative to standard surgical treatment options:
debridement of injured tendons, arthroscopic anchor suture, and reverse shoulder arthroplasty. Currently,
several options of muscle-tendon transfers are described in the foreign literature, and there is an active
discussion over the results of the already proposed techniques, and their improvements, while these
techniques are practically not covered in the domestic literature.

The aim — to describe modern surgical technique options of the muscle-tendon transfers for the treatment of
patients with anterior-superior rotator cuff tears based on a review of foreign literature sources.

Methods. The search for publications from 1988 to 2022 was carried out in the PubMed/MEDLINE and Google
Scholar databases.

Results. Nowadays, the most common muscle-tendon transfers options for patients with anterior-superior
rotator cuff tears are the sternocostal portion of the of pectoralis major tendon transfer and the latissimus
dorsi tendon transfer. A review of foreign literature showed that muscle-tendon transfers are a well-described
alternative to standard methods of treating profile patients with a predictable result.

Conclusion. Currently, there is no consensus on clear indications for certain types of muscle-tendon transfers
in case of anterior-superior rotator cuff tears, there is a lack of data on long-term results. This determines the
need of study of the long-term clinical results of use of these methods and develop an algorithm for choosing
the tactics of surgical treatment of relevant patients.

Keywords: rotator cuff tear, muscle-tendon transfers, shoulder arthroscopy.
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BapuaHTbl CyX0XUNbHbIX TpaHChEPOB Npu NepeaHeBePXHUX
paspbiBax BpawaTe/ibHOM MaHXeTbl NJ1Ie4eBOro CycTaBa:
0630p 3apybexxHON nuTepaTypbl

A.M. lllepuines, C.10. [TokonnuH, B.1. Kysemuua, M.O. Kyty30B, E.B. fdpei

@OI'BY «HayuoHanvHwlli MeOUYUHCKULI Uccnedosamensckuil yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpedena» Mun3adpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

AxkmyansHocms. HeBoCCTaHOBMMBIE TIepelHeBePXHIME Pa3PbIBbI BpalllaTe/IbHO MaHKeThl MOTYT 3HAUUTEb-
HO YXYIIIUTh QYHKIMIO IJIEYeBOrO CYCTaBa 13-3a HapyIIeHUs HOPMaIbHOM 6MOMeXaHUKM CYyCTaBa B CBSI3U C
YTPaToOl KOMITPECCUPYIOIIEro AeliCTBUSI BpalllaTeJIbHOM MaHXXeThl Ha TOJIOBKY IJIeUueBOi KOCTU. MbIlIeuHO-
CYXOKMJIbHbIEe TpaHChepsl SIBIASIOTCS aJlbTepPHATUBOM CTaHAAPTHBIM BapuMaHTaM XMPYPTrUUECKOTro JedeHus :
Ie6pUIMEHTY OBPEXKIEHHBIX CYXOKUIINIA, apTPOCKOTMUECKOMY SIKOPHOMY IIIBY ¥ PeBEPCUBHOMY SHIOIIPO-
TEe3UPOBAHUIO TIJIEYEBOTO CYyCTaBa. B 3apybeKHOI TUTEpaType OMMCAHO HECKOJbKO BapMAaHTOB MBbIIIEUHO-
CYXOXXVMJIbHBIX TPaHCGhEpOB JIJist JIeUeHUsI 3TOM MaTONOTUM U BEIeTCST aKTMBHOE 06CYKAeHMe Pe3yIbTaTOB yKe
MpeIJIOKeHHbIX TEXHUK, a TAKKe UX yCOBEpPIIEHCTBOBAHME, B TO BpeMs KaK B OTE€UEeCTBEHHOI JuUTepaType
IaHHbIe METOAMKM IMPAKTUIEeCKM He OCBEIEeHbI.

Ilens 0630pa — Ha OCHOBE aHaIM3a MyOAMKALIMIT OI[EHUTh COBPEMEHHbBIE XUPYPTrUUeCKUe TEXHMUKIM MbIIIeU-
HO-CYXOXMJIBHBIX TpaHCc(epoB Ipu JieueHU! MalMeHTOB C MepeJHeBepXHUMM pa3pbiBaMy BpallaTelbHO
MaHXeTbl [JIeYeBOTr0 CYyCTaBa.

Mamepuan u memodst. Tlouick Ty6IMKAIIMI OCYIIECTBASICSI B 06a3zax maHHbix PubMed/MEDLINE
u Google Scholar ¢ 1988 o 2022 r.

Pesynsmamet. B HacTosiiee BpeMs HauGosbIllee paclpoCTpaHeHMe MOMYUYMIY MBIIIEUHO-CYXOXKUIbHbIE
TpaHchepsl IPYOIMHHO-PEOEPHO MTOPIUM CYXOKMUIINST OOJbINON TPYAHOM MBIIIIIBI M CYXOKMUJINS IIMpOYali-
eyl MbIIIIbI CIIMHBI, KOTOPBIE SIBASIOTCS aJIbTEPHATUBONM CTAHAAPTHBIM METOAM JieueHusI C Ipeickasye-
MBIM pe3yJIbTaTOM.

3akntoueHue. B HacTosIIee BpeMs HET eMHOT0 MHEHMS O UeTKUX ITOKa3aHMSIX K TeEM MJIM MHBIM BapMaHTaM
MBIIIIEYHO-CYXOXXUIbHBIX TPaHC(hepoB Mpy MepegHEeBEePXHUX pa3pbiBax BpallaTeabHO MaHKeTbl IJIeueBOro
CycTaBa, HEIOCTaTOYHO AAHHBIX 00 OTHalIeHHBbIX pe3yiabTaTaX. ITO OIpeaenseT HeoOXOAMMOCTb U3YUeHUSs
OTTAIeHHbIX KIMHUUYECKUX Pe3yIbTATOB MPUMEHEHNS] JaHHBIX METONOB ¥ pa3paboTKyU aJiropuTMa BhiGopa
TaKTUKU XUPYPrUUECKOro jedeHs MpodWIbHbIX MalieHTOB.

KiioueBble (j10Ba: paspbIB BpallaTeTbHOM MAaHKETbI, MbBIIIEUHO-CYXOKWIbHBIE TpaHCGhEephbl, apTPOCKOITMS
TJIEYeBOTO CYCTaBa.

llepmneB A.M., OokomuH C.1O0., Kyspmmua B.U., Kyryszos M.O., Spen E.B. BapmaHTbl CyXOXXMIbHBIX TpaHChepoB
MpU TepeJHEBEPXHMUX DPa3pbiBaX BpaIlaTelbHO! MaHXKeThl IUIEUEBOTO CYCTaBa: 0630p 3apyOeXHOI JTUTepaTyphl.
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DA Ilepuires Andpeii Makcumosuu; e-mail: andreyshersh@gmail.com
Pykomnuch nonmydyeHa: 28.10.2022. Pykomuch ogo6pena: 30.11.2022. CtaTbsi onmybnukoBaHa oHmaiH: 02.02.2023.

© epuHeB A.M., lokonuH C.10., Kyspmuna B.I., Kyrysos M.O., fpen E.B., 2023

136 2023;29(1) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


mailto:andreyshersh@gmail.com

REVIEWS

BACKGROUND

Shoulder rotator cuff (RC) tears can have many
configurations, which are classified according to
the extent of damage, the involved tendons and
the possibility of their repair [1, 2]. Injuries of the
tendon of the subscapularis muscle may have no
clinical manifestations, causing delayed treat-
ment, resulting in retraction and fatty degenera-
tion of the muscle belly and making the rupture
irreparable [1].

The damage to the tendon of the subscapula-
ris muscle is often associated with the damage to
the tendon of the supraspinatus muscle - these
injuries are called anterosuperior. In these inju-
ries, the compressive effect of RC on the humeral
head (HH) is compromised, resulting in antero-
superior translation of HH, causing pain and dys-
function of the shoulder joint [3].

Surgical treatment of patients with massive
RC tears is challenging, as the high incidence of
recurrent tears, ranging from 18 to 94%, the lack
of engraftment after repair and the possible ir-
reparable character of the tear lead to poor clini-
cal outcomes of surgical treatment [4]. Surgical
treatment methods used for massive irreparable
RC tears include debridement of damaged ten-
dons, partial repair, muscle-tendon transfers
(MTT), reconstruction of the upper shoulder cap-
sule, implantation of subacromial balloon spacer
and reverse shoulder arthroplasty [2, 5]. MTT is
an alternative for young and active patients with
irreparable RC tears. In case of anterosuperior RC
tears, the transfer of the tendon of the pectoralis
major muscle, the transfer of the tendon of the
pectoralis minor muscle and the transfer of the
tendon of the latissimus dorsi muscle are used
[2,6,7,8].

Aim of the study — to evaluate the current var-
iants of muscle-tendon transfers in case of an-
terosuperior shoulder rotator cuff tears, basing
on the analysis of the foreign literature.

METHODS

Publications from 1988 to 2022 were searched
in the PubMed/MEDLINE and Google Scholar
databases. We used the following keywords and
phrases: arthroscopy, rotator cuff, rotator cuff
tear, anterosuperior rotator cuff tear, massive
rotator cuff tear, irreparable rotator cuff tear,

subscapularis tendon, transfer, tendon transfer,
latissimus dorsi transfer, pectoralis major trans-
fer, pectoralis minor transfer. Forty-eight most
relevant sources were selected for the analysis.

RESULTS

Surgical treatment options for
anterosuperior shoulder rotator
cuff tears

Surgical treatment of massive RC tears can
have different objectives depending on the pa-
tient's needs, so there are different treatment
techniques.

Subacromial decompression, debridement of
damaged tendons and tenotomy or tenodesis
of the long head of the biceps brachii are indi-
cated in patients with low functional demands in
whom the pain is the main complaint and whose
shoulder function is sufficient for their daily ac-
tivities [9]. Interposition techniques such as im-
plantation of subacromial balloon spacer [10]
and upper capsule reconstruction [11] aim to
relieve pain and improve function restoring the
biomechanics of the shoulder joint by placing the
humeral head in the center of the glenoid cavity
of the scapula.

Complete or partial arthroscopic suture anchor
repair of RC can improve shoulder joint function
and pain control [12]. The efficacy of biological
factors in the treatment of patients with mas-
sive irreparable RC tears has not yet been proven
[13, 14]. Use of stem cells and tendon augmen-
tation are aimed at increasing the resistance of
repaired tendons to damage and their ability to
heal [15, 16].

Transposition of the tendon of the long head of
the biceps brachii has been recently introduced.
It is a promising alternative to the reconstruc-
tion of the upper shoulder capsule according to
clinical and biomechanical studies. However, this
technique is limited in patients who have already
undergone a spontaneous tenotomy, so that the
tendon is not available [17, 18].

The use of muscle-tendon transfers makes
it possible to restore the near-normal biome-
chanics of the shoulder joint, reduce the pain
syndrome and decelerate the progression of ar-
thropathy, which explains the interest in these
treatment methods, especially in young patients
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with high functional demands. However, these
interventions are difficult and require high level
of surgeon’s expertise, which explains very high
incidence of complications in the postoperative
period, including tendon tissue tears at the site
of refixation (up to 38%), neurological and vas-
cular complications [7, 19, 20].

There are five basic rules for successful muscle-
tendon transfers listed in the literature. The trans-
ferring muscle must:

- have the same line of tension (force vector)
as the muscle it replaces;

- have the same tension as the muscle it
replaces;

- have the same excursion as the muscle it
replaces;

- substitute only one function;

- have normal muscle strength [21].

Indications for muscle-tendon transfers are ir-
reparable anterosuperior and anterior RC tears in
young and active patients without osteoarthritis
of the shoulder joint. Contraindications are stage
III shoulder osteoarthritis, pronounced contrac-
ture of the shoulder joint, injury of the axillary
nerve and brachial plexus, deltoid muscle dys-
function, infection of the surgical site, inability
to follow the postoperative protocol, posterosu-
perior RC tears associated with the injury of the
subscapularis muscle [20, 21, 22, 23, 24].

Transfer of the tendon of the pectoralis
major muscle

The pectoralis major muscle adducts, flexes and
rotates the upper extremity inward. It consists of
two heads: clavicular and sternocostal. The cla-
vicular head originates from the medial part of
the clavicle, and the sternocostal head originates
from the upper part of the sternum and from the
second to fourth rib. Two heads converge near
their attachment point. The sternocostal head of
the muscle passes posteriorly and attaches proxi-
mally, while the clavicular head passes more su-
perficially and attaches along the lateral edge of
the bicipital sulcus [22]. The main source of blood
supply is the pectoral branch of the thoracoac-
romial artery. Lateral and medial pectoral nerves
innervate the muscle. They enter the muscle at
an average distance of 12.5 and 11.9 cm from the
tendon attachment site, respectively [22]. The
pectoralis major muscle can be considered a good
option for performing a muscle-tendon transfer

in case of anterosuperior RC tear, because it has
adequate mobility potential and similar function
to that of the tendon of the subscapularis muscle.
However, from the biomechanical point of view,
the pectoralis major muscle has a different vec-
tor comparing to that of the subscapularis due to
its location in front of the chest wall, while the
subscapularis is to the back [23].

In the literature, the transfer of the tendon
of the pectoralis major muscle is considered the
most popular intervention from the group of
muscle-tendon transfers for the treatment of pa-
tients of the studied profile [21, 24, 25, 26, 27].
This technique was first suggested by C. Gerber
in 1996, after that many variants of its perfor-
mance were described. In some cases, the tendon
of the sternocostal portion of the pectoralis major
muscle is used, in others - that of the clavicular
portion, in the rest — the entire tendon. Variants
of positioning the transferred tendon anteri-
orly and posteriorly from the combined tendon
of the coracobrachial muscle and the tendon of
the short head of the biceps brachii muscle are
under discussion [28, 29, 30, 31, 32].

It is more biomechanically advantageous to
place the transferred tendon of the pectoralis
major muscle posterior to the combined tendon
because this position brings the traction vector
closer to the vector of the subscapularis mus-
cle. However, this position is more dangerous in
terms of anatomy due to the risk of injury to the
musculocutaneous nerve [1, 25, 33]. It should be
noted that, according to a systematic review, only
in two out of 195 cases, the surgeries were associ-
ated with neurological complications [33].

B. Elhassan et al. described in their study,
published in 2008, the technique of transposition
of the tendon of the sternocostal portion of the
pectoralis major muscle under its clavicular por-
tion. This technique provides the approximation
of the traction vector to that of the subscapularis
muscle without the risk of damaging the muscu-
locutaneous nerve [26]. Today, this technique is
the most common in surgical practice.

Regardless of the used transfer technique of the
tendon of the pectoralis major muscle, significant
pain reduction occurs and good results are achie-
ved according to the patient's subjective assessment
scales. However, unsatisfactory functional results,
particularly the limitation of internal rotation, are
observed in the long term [23, 24, 34, 35, 36].
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Complications of performing the tendon
transfer of the pectoralis major muscle include
axillary deep vein thrombosis, residual pain at
the attachment site of the pectoralis major mus-
cle, anterior subluxation of the head of the hu-
merus and musculocutaneous and axillary nerve
dysfunction. The complication rate is about 10%
[33, 34, 35, 36].

Transfer of the tendon of the pectoralis
minor muscle

The pectoralis minor muscle usually originates
from the third to fifth rib and attaches to the
coracoid process. It stabilizes the shoulder and
lowers, rotates down and inward the scapula or
tilts it forward [37].

In 1997, M.A. Wirth and C.A. Rockwood ]Jr.
were the first to describe the transfer of the pec-
toralis minor muscle to the lesser tubercle [38],
but the results of this technique were published
along with other methods without further strati-
fication [6].

In 2013. P. Paladini et al. published the results
of 27 transpositions of the tendon of the pectora-
lis minor muscle to the lesser tubercle along with
a small cortical portion of the coracoid process
to treat patients with irreparable anterosuperior
RC tears. Two years after the surgery, there was
no neurological damage, and the Constant Score
improved significantly, by an average of 41 points
(p<0.001), although the muscle strength score
did not increase significantly. Overall, 78% of pa-
tients returned to their daily activities. It is worth
noting that the mean extent of loss in external
rotation was only 11°, and only 22% of patients
still had positive belly-press test [39].

In 2017. M. Cartaya et al. described arthro-
scopic transfer of this tendon with promising
short-term results. However, the authors used
this method to treat patients with Lafosse grade
III subscapularis muscle injury, while grade IV
and V were considered as contraindications for
this procedure [40]. According to this study, the
pectoralis minor muscle, due to its anatomical
position and function, is a good candidate for in-
ternal rotation repair, as it has:

- better force vector compared to the pectora-
lis major muscle;

- adequate tendon excursion, which, in con-
trast to the pectoralis major muscle, is more sim-
ilar to that of the subscapularis muscle [41];

- no excessive muscle tension after the per-
formed transfer;

- minimal impact and damage to the sur-
rounding tissues.

Despite the fact that the good short-term clini-
cal and functional results have been reported in
published studies, there are currently no reports
confirming these results in the long term. In this
regard, the transfer of the tendon of the pectoralis
minor muscle remains an understudied and un-
common variant for muscle-tendon transfers in
case of anterosuperior RC tears.

Transfer of the tendon of the latissimus
dorsi muscle

The latissimus dorsi is a large fan-shaped mus-
cle, which originates from the iliac crest, the
thoracolumbar fascia and the spinous processes
of the lower thoracic and lumbar vertebrae. It is
attached medial to the pectoralis major muscle
along the crest of the lesser tubercle of the hu-
merus and lateral and proximal to the teres major
muscle on the humerus. Its neurovascular sup-
ply comes from the thoracodorsal artery and tho-
racodorsal nerve [42, 43]. An anatomical study
conducted by A.D. Pearle et al. in 2006 showed
that the size of the safe corridor for mobiliza-
tion of the latissimus dorsi muscle was 13 cm,
as the thoracodorsal neurovascular bundle enters
the latissimus dorsi at this level. This study also
determined the relationship between the trans-
ferred tendon and the posterior branch of the
axillary nerve, that once again points out the im-
portance of an adequate formation of the poste-
rior safe corridor for the transferred tendon [43].
The axillary and radial nerves are closest to the
attachment point of the tendon of the latissimus
dorsi when the arm is flexed, and farthest when
the arm is rotated inward. This fact is especially
important when harvesting the tendon from the
point of attachment to the humerus [42, 43].

The transfer of the tendon of the latissimus
dorsi is a common variant of muscle-tendon
transfers for surgical correction of the stud-
ied pathology. The technique of the transfer
of the tendon of the latissimus dorsi together
with the teres major was originally described by
J.B. LEpiscopo in 1934 and was used to correct
active external rotation disorder in patients
with Erb-Duchenne palsy [44]. Then, in 1988,
C. Gerber et al. applied and described the trans-
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position of the tendon of the latissimus dorsi
as a method to restore active external rotation
in patients with irreparable posterosuperior
rotator cuff tears [45]. Due to the development
of arthroscopic surgery of the shoulder joint
E. Gervasi et al. described an arthroscopic-as-
sisted tendon transposition of the latissimus
dorsi muscle (ATTLDM) in 2007 [46]. Later, this
technique received several modifications, and in
2015 B. Elhassan described the technique of an-
terior arthroscopic-assisted transposition of the
tendon of the latissimus dorsi for the treatment
of patients with anterosuperior RC injuries [47].
In terms of biomechanics, this intervention
is more preferable than the tendon transfer of
the pectoralis minor muscle because the trac-
tion vector of the latissimus dorsi coincides to
a greater extent with that of the subscapularis
muscle [21, 24, 48]. Published anatomical study
proved the safety of the tendon transfer of the
latissimus dorsi in regard to the neurovascu-
lar structures located at the surgical site [47].
The data have been published on the high in-
cidence of postoperative tears of the thin and
short (less than 2 mm thick and with an average
length of 6 cm) tendon of the latissimus dorsi
from the point of attachment on the humerus
along and in the place of the tendon-muscle
transition (from 5.5% to 38%), which is asso-
ciated with the features of the tendon and im-
proper choice of the point of attachment, as this
may lead to the guillotine effect or the killer
turn effect [49]. According to different authors,
in the average follow-up period, the patients af-
ter the transfer of the tendon of the latissimus
dorsi report a significant pain decrease, an im-
provement of the shoulder joint function, an ex-
cellent subjective assessment of intervention as
well as an increase in internal rotation in com-
parison with the transfer of the tendon of the
pectoralis minor muscle [20, 25, 27, 28, 48, 49].
Despite the fact that nowadays the literature
does not contain many data on the long-term
results of arthroscopic-assisted tendon transfer
of the latissimus dorsi, this method seems to be
quite promising.

CONCLUSION

The data obtained from the literature analysis
indicate that the application of muscle-tendon
transfers in case of anterosuperior rotator cuff
injuries is rather promising. The most frequent-
ly used and studied are the transfer of the pec-
toralis major muscle and the transfer of the ten-
don of the latissimus dorsi muscle. Despite the
fact that the studied literature could not fully
differentiate the indications for various surgi-
cal options, the promising results of application
of these techniques point out the necessity of
their further study and implementation into the
national surgical practice. More detailed assess-
ment of mid-term and long-term clinical results
of application of these surgical techniques and
the development of patient treatment algo-
rithms are required.
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CEPFEN CTENMAHOBWY TKAYEHKO
K 100-neTtuto co AHA poXXaeHUs

18 utons1 2023 roga ucrnonHsietcst 100 sieT co AHS poXKIeHMSI BbIAAIOUIEerocs TpaBMaToJIora-opToIesa, yueHOro, feiarora,
OpraHu3aTopa BOEHHOTO 3[paBOOXpPaHEHMsI, JOKTOpa MeOUIIMHCKUX HayK, Ipodeccopa, jaypeaTa ['ocygapcTBeHHOI TIpe-
vuu CCCP, uneHa-koppecnoHgeHTa AKagemMuy MeguimHckux Hayk CCCP, reHepasn-maitopa MeIUIIMHCKOI cysk6b1 Ceprest
CrenmaHoBuya TKaueHKO.

KiioueBsble ciioBa: TPpaBMAaTOJIOTUSA U OpTOIIeaAns, UCTOPUSI MeOMITNHBI.
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SERGEI S. TKACHENKO
To the 100%™ Anniversary of the Birth

July 18, 2023 marks the 100™ anniversary of the birth of an outstanding orthopedic traumatologist, scientist, teacher,
organizer of military healthcare, Doctor of Medical Sciences, professor, laureate of the USSR State Prize, corresponding
member of the Academy of Medical Sciences of the USSR, Major General of the medical service Sergei Stepanovich

Tkachenko.

Keywords: traumatology and orthopedics, history of medicine.

Cepreit Crenanosny TkaueHKo popmics 18 urons
1923 1. B 1. PocTOoBe-Ha-Jlony. [Toc/ie OKOHYaHUS Cpef; -
Hel IKOJIbI B CaMOM Hauajie Bennkoit OTeueCTBEHHOM
BOVHBI OH JAOOGPOBOJBHO BCTYNUI B psimbl KpacHoit
Apmum 1 6bUT HaTIpaBieH Ha yueby B KyitObIeBCKyIO
BOEHHO-MEIVIMHCKYI0 akageMuio, a B 1943 1. mne-
peBefeH B BoeHHO-MeIMIIMHCKYIO akaJeMUI0 WM.
C.M. Kuposa. Ilocie okOHUaHMS aKaJeMUM IIPOXO-
Iuin oryk6y Ha kadenpe opTorenuu, rae 3aHMMAaI
JIO/DKHOCTM Bpaya-peHTreHosIora, CTapliero Opau-
HaTopa, IpernojaBaTesis, CTapllero NnpernogaBaress,
3aMecTUTeNsT HavaJbHMKA Kadenpsl, a ¢ 1969 r. —
HauvaabHMKA Kadeapbl TPaBMAaTOJOTUM U OPTOIIETUMA.
B 1953 r. Cepreit CremaHOBUY 3aIIUTWI KaHAMOAT-
CKYIO IMICCEPTAIMIO Ha TeMY «BHYTpMKOCTHAs aHecTe-
318 IIpU omepanysX Ha KOHEYHOCTSIX», a B 1963 r. —
IOKTOPCKYI0 AuccepTainio «KocTHasi ToOMOILIacTUKa».

B 1960 r. C.C. TkaueHKO OBLIO IPUCBOEHO Yy4yeHOe
3BaHMe JolleHTa, B 1964 r. — npodeccopa. B 1979 r.
C.C. TkaueHKO IPUCBOEHO 3BaHMe reHepaa-maiopa
MEeIUIIMHCKON CITYKOBI.

bnaropaps ero ycuiugam B 1970 r. Ha OCHOBaHUMU
IVpeKTUBbI HauaabHyuKa [IBMY MO CCCP 6butM co3-
JIlaHbl TPAaBMaTOJIOTMUYECKME OTHEIEHUSI B OKPYKHBIX
rOoCMUTaNsIX. JTa JaTa CUATAeTCS rOJOM OCHOBAaHMS
TPaBMaTOJNIOTMUECKOM CIYKObl BOOpYKeHHBIX CHUJT
CCCP. B 1973 r. C.C. TkaueHKO OblT Ha3HAUEeH IJIaB-
HbpIM TpaBmarosnorom MO CCCP. Ilo uHuMLIMaTuBe
C.C. Tkauenko B 1973 r. Ha 1-Mm dakynbreTe BMenA
6bLTa OpraHM30BaHa IJIAHOBAsI MOATOTOBKA BOEHHBIX
TPaBMaTOJIOTOB-OPTONIEIOB CO CPOKOM OOyueHMst
2 roma. B 1974 r. Bosrnasisiemas: Ipodeccopom
C.C. TkaueHKo Kadempa TpaBMaTOIOTUM U OPTOIIEINN
MOJIy4Yyia HauMeHOBaHye «BOeHHas».
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ViMeHHO B TO/KHOCTM Havya/JbHMKA Kadenpsl pac-
KPBUICS OPraHM3aTOPCKMUI, HAYYHBIM U MeJarornyie-
ckuii noreHuuan Cepres CrenaHoBuya TkauyeHKO.
ITop, ero pykoBoncTBOM Kadenpa yaensiia NpuUcTaab-
HOe BHMMaHMe OpraHu3anuy TPaBMAaTOJIOTMYECKON
CTYKOBI B apMuu, pas3paboTKe OpraHU3alVOHHBIX
OCHOB MPOGUIAKTUKM TpaBMaTK3Ma B BOICKax, BHe-
JIDEHMI0O B NPAKTUKY COBPEMEHHBIX MEeTOLOB Jjeye-
HUsI 6OEBBIX TTOBPEXKIEHMIA, OCHALIEHUIO OTAENeHUI
¥ TMOATOTOBKE KaJpOB BOEHHBIX TPaBMAaTOJIOTOB-OP-
TOTIEOB. PeryyiispHO MPOBOAMINCH COOPBI TVIABHBIX
TPaBMAaTOJIOTOB OKPYTOB M (MJIOTOB, HA KOTOPBIX 06-
Cy)XZanu OpraHM3alMOHHble M KIMHUYECKue Ipo-
671eMbI OKa3aHMS TTOMOIIY MOCTPAAABIINM OT TPAaBM,
a Taxke BOIPOCHI JiedyeHUs] 3a60/IeBaHMIT OMOPHO-
JIBUTATEJILHOTO anmnapata. J[jist MeIUITMHCKO CITysKObI
BC CCCP 6butv M3maHbl pa3iMyHble METOIMUYECKUE
OCO6USI ¥ MUHCTPYKIVM.

HecatuneTHuit mepuon 60eBbIX OeiCTBUIL
B Adranucrane (1979-1989) cran HempoCTbIM WC-
MbITAHMEM Kak JJisl IMYHOTO COCTaBa Kadeapshl, Tak
U IJisl BCeil TpaBMaTonornueckoii cimysk6sr BC CCCP.
C mnepBbiX [Hel BOVHBI B OKpYXHOJ TOCINUTaIb
TypkBO B TamikeHTe, B KaGyabckuit apmeiickuii ro-
cnutanb ¥ lleHTpanbHbll rocnuTanb AdraHcKoi
apmuu Cepreem CrTenmaHOBMYEM ObUTM HAIpaBIEHbBI
npemnopaBatenu kadeopbl B KauecTBe KOHCY/IbTaH-
TOB WM HAaYaJIbHUKOB TPaBMaTOJIOIMUYECKUX OTAeNe-
Huii. [loMMMO /edeHMs] paHeHbIX BOEHHOCTYKalUX,
COTpPYOHMUKAMM Kadenpbl ObUT BBHIITOMHEH OOJbIION
06beM HAYYHO-UCC/IEA0BATENBCKOI PabOThI, TTPeJIo-

SKEeHbI ¥ BHEIPEHbI HOBEJIIIEe MeTObI JeueHus 6oe-
BO¥ TPAaBMbI, B YaCTHOCTY OTHECTPeIbHbIX [IepeioMOB
KOCTel M paHeHUii CyCTaBOB, allpOOMPOBAHBI HOBbIE
BUIIbI MeIUILIMHCKOM TeXHUKM. Ha ocHOBaHMM IIOCTO-
STHHOTO ¥ CKPYITy/Ie3HOTO aHa/I13a OpraHu3aliuy oka-
3aHMSI TPAaBMATOJIOTMYECKO TTIOMOIIM B 3TOT TIepUOof,
ObUIM M3HAHbI «MeToguMuecKye yKa3aHus Mo STarHo-
MY JledueHUI0 paHeHHbIX B KOHEUHOCTU». [IpucTanbHOe
BHuMMaHue C.C. TkaueHKO yhesnsul opraHu3auuu Me-
IUIMHCKOM peabuanuTaluy paHeHbix. [Ipy ero akTus-
HOM yuacTuu Ha 6a3e CakCKOTO BOEHHOT'O CAaHATOPUS
ObLT CO3[aH I[EHTP BOCCTAHOBUTEIBHOTO JIEUEHMS
C OIepanyOHHbIM 6IOKOM, B KOTOPOM ITOMOIIIb TTOTY-
yuau 6osiee 8 THIC. BOEHHOCTYKAIIUX, TTOTYUMBIINX
60€eBYIO XMPYPrUUYeCcKyo TpaBMy B ApraHucraHe.

HOuviamazon HayuyHO!l  gesitenbHOCTM — Cepres
CremaHoBMua BecbMa IIMPOK. Ero wmccinemoBaHus,
MOCBSII€HHbIe BHYTPUKOCTHOW aHeCTe3uu, KOCTHOM
IJIaCTUKe, KOMOMHMPOBAHHBIM ITOPAKEHNSIM, OITH-
MMU3aluM penapaTMBHONM pereHepalnyy KOCTHOM TKa-
HM, pa3paboTKe MEeTOOB JIeUeHNS ITepeIOMOB KOCTe
U UX OCJIOXKHEHUA, TATOIOT MY TT03BOHOYHMKA U Ta30-
6eIpeHHOrO CyCTaBa, He yTPaTWIM CBOEi aKTyaJbHOC-
T O CUX TIOP.

OpHa u3 mepBbIx HaydyHbIX pa6oTr C.C. TKaueHKO
B coaBtopctBe ¢ mnpod. W.JI. Kpymko u mpod.
A.B. BopoHIIOBbIM 6blJIa HAIlpaBjieHa Ha TeopeTuye-
CKyI0 pa3paboTKy M BHeApeHMe B MPAKTUKy MeToma
BHYTPUKOCTHOM aHecte3uyu. Ocoboe MecTo B mcCcie-
moauusx C.C. TkRaueHKO 3aHMMAaeT MpobiieMa ocTe-
ocuHTe3a. UM B 1980-X IT. 6bIIM CHOPMYIMPOBAHBI
OCHOBHbIe TIPUHLMIIBI BHYTPEHHEro OCTEeOCHHTe3a,
a Takke IpeayIoKeHO OOJbIIoe KOJUYECTBO OPUTU-
HaJIbHBIX MeTa/ToKOHCTPyKIuii. C.C. TkaueHKO B €O-
aBTOpCcTBe ¢ Tnpod. B.M JleMbsiHOBbBIM paspaboTasinu
HOBYIO TUIQCTMHY [Jis OCTEeOCMHTe3a, B KOTOpOit 3a
cdeT 0coboil 0BalbHOI (OPMBI OTBEPCTUIi C 3a[aH-
HBIM HaIlpaBjeHKeM Oblla peajn30BaHa BO3MOXK-
HOCTb AMHAMMUYECKOl KOMIIpecCuu B 30He TepesiomMa.
JaHHBIVI NPUHIUAI IMUPOKO MCIOAb3YyeTCS BO MHO-
I'MX COBpPeMeHHbBIX MMILIaHTaTaX [iJis OCTeOCUHTEe3a.
B KIuHMKe BOEHHOI TPaBMAaTOJOTUM U OpPTOIEeaVU
aKTMBHO BHeJpsuics MeToA Vnn3apoBa, a Takxke In-
POKO MUCIOMb30BAIM KOHCTPYKIIUY [JIs1 YpECKOCTHOTO
OCTeOCHHTe3a COOCTBeHHOIi pa3paboTKu, B T.4U. armia-
par, npeaoxxeHHbil camum C.C. TkaueHKo.

OnepenuBIIIMM CBOE BpeMs CUMUTAOT GyHIa-
MeHTaJbHble HayuHble Tpydbl mpod. C.C TkaueHKo
Mo OuoMexaHMKe WU 3JIeKTPOPU3MUONIOrUU KOCT-
HOV TKaHM, BBITIOJTHEHHBIE B COABTOPCTBE C MPOd.
B.B. PyllkuM ¥ TOCBSIIIEHHbIE 3J€KTPOCTUMYJISILINA
ocTeoperniapaimu.

B cdepe HayuHbix mHTepecoB mpod. C.C TkaueHKO
Ha TPOTSDKeHUM Bcelt Kapbepbl HEM3MEeHHO OCTaBa-
J1ach TMpobiemMa jieueHus: paHeHbIX ¢ GOeBOIl XUPYpP-
rMyeckoy TpaBmoii koHeyHocTteil. C 1976 mo 1991 r.
COTpymHUKamMu Kadeapsl moj pykoBoacTBoM Ceprest
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CremaHoBMYa OBLIM YCITENIHO ITPOBEAEHbI HAyYHbIE
MCC/IeAOBaHMS, TIOCBSIIEHHbIE TEPMMHAIbHON 6an-
JIUCTUKE, IeUeHUIO TTOCTPaJaBIINX C TIOBPEKIEHUSIMU
BBICOKOCKOPOCTHBIMM PaHSIIMMMU CHapSIAaMu IIUH-
HBIX KOCTEI U KPYITHBIX CYCTABOB KOHEYHOCTEN, OKa-
3aHMIO UM TOMOIIM Ha 3Tarnax MeIUIMHCKOM 3BaKy-
anyu. HecoMHeHHO, OTHMM 13 Hamboiee 3HAYMMBIX
pe3ynbTaToOB JAHHBIX UCCIeNOBAHMI CTAT0 0OOCHO-
BaHMe U BHeApeHMe B MPAKTUKy BOEHHOV Meaulu-
HbI METOJA CTAabWIN3aIuy MepeoMOB armapaTaMmu
BHeIHel dukcamy B Ipoiecce OKa3aHUsI TOMOIIN
paHeHbIM B KOHEYHOCTH.

B 1971 r. no munumuatuBe C.C. TKaueHKO B KIU-
HMKe BOEHHOJ TPaBMAaTOJOTUM M OPTOIEeaNy ObLIO
OpraHM30BaHO OTAENIeHMEe KOCTHOM THOMHON XU-
pyprumu. DTO HalpaBjieHMe TPaAULMOHHO CUUTa-
eTcsl OgHMUM U3 Haubosiee CIOKHBIX M TPYIOEMKUX
B TPaBMaToOJOTUM U opTomnenuu. B pesynbTate BbI-
IMOJTHEHHBIX HAYUYHBIX paboT 0O0CHOBaHA cCHUCTEeMA
KOMIIJIEKCHOTO JledYeHUs MalMeEHTOB C OCTEOMUEN-
TOM KOCT€ll KOHEYHOCTEN, Mpeproararwiinas, mo-
MMUMO TpPaAUIMOHHBIX MECTHBIX BO3AENCTBUII Ha
THOVHYI0 KOCTHO-MBbIIIIEUHYIO PaHy, KOPPEKIMUIO UM-
MYHHOT'O ¥ HyTPULIMOHHOTO CTaTyca. XMpypruueckue
acIeKThl UCCIIeIOBAHMI BKITIOUAIN pa3paboTKy CII0-
Cc060B IUIACTUKM OCTEOMMENUTUUECKUX TIOJIOCTeN
OMOMIOTMYECKVMM M CUHTETUUECKMMMU MaTepuana-
MU, METOOMK PEeKOHCTPYKTMBHBIX OIlepauuii mpu
IedeKkrax KocTeil KoHeuHocTeii. [IpeaiokeHbl GuUsm-
YyecKye MeToAbl 06paboTKM IHOMHBIX PaH, TAKMe KaK
Tepanus OTPULIATE/NbHBIM AaBjieHueM (BaKyyMMUpO-
BaHMe), yIbTPa3ByKoBasi 06paboTka, MHPpaKkpacHasi
JlasepoTepanys, foKasaHa BbICOKast 3PHEeKTUBHOCTD
mpuMeHeHMUs OKcureHobaportepanuu. Co3gaHue
Creunanu3upoBaHHOTO OTAEeNeHUs U MpPOBeAeHHbIe
UCCAeq0BaHMUsI 3HAUUTENbHO YIYULIUIU PE3YIbTaThl
JieueHMsI IallMeHTOB C OTHECTPEIbHBIM OCTEOMMUENH -
TOM, BKJTIOUAsI pAHEHBIX 13 30HbI O0EBBIX AEICTBUSIX
B Adranucrane.

BeccriopHo, 3acnykMBalOT BHMMaHUS MUCCIeI0Ba-
Husa C.C. TkaueHKO, IOCBSIIIeHHbIE KOCTHOI T'OMO-
IJIACTUKE IJIS1 3aMellleHNs] 3HaUYMUTeNbHbIX AedeKTOB
IJIMHHBIX KOCTEl KOHEUHOCTEN M IPOKCUMAJIbHOTO
CYCTaBHOTO KOHIIA 6epeHHO KOCTM.

B Bompoce 3amelleHMsI CYCTaBHbIX KOHIIOB KO-
cTell TpU MOCTTPAaBMATUYECKUX U TeOpMUPYIOMINX
apTpo3ax MpUOPUTET ObII OTHAH SHAOIPOTE3UPOBA-
Huto. ITepBbie onepanyu nmpodeccopom C.C. TKaueHKO
OBLIM BBITIOJIHEHBI C VCIIOIb30BAHMEM CBSI3aHHOTO
[IeTbHOMET/ZTMYECKOTO TIpOTe3a Ta306eqpeHHOro
cycraBa, npemyiokeHHoro K.M. Cusamom. B nocieny-
IOIl[eM [IJII TOTAJIbHOTO 3HJONPOTE3UPOBAHUST Ta30-
6eIpeHHOTr0 CyCcTaBa MPUMEHSUINCH TBYXKOMIIOHEHT-
HbIe ITPOTEe3bI OTEUECTBEHHOI pa3paboTKM.

O6amast pa3BUTBIM IMEPCIIEKTUBHBIM MBIIITIEHN -
eM, C.C. TkaueHKO OOHUM U3 MepBbIX B JIeHMHIpaae
OLIEHUJT UIMPOKME TMEePCIeKTUBbI 3HIOCKOMYECKUX

MeTOAMK IPU JIeUeHUM MaTOTOTUM KPYITHBIX CYyCTaBOB
M aKTMBHO CIIOCOGCTBOBAJ BHEIPEHUIO apTPOCKOIINNA
KOJIEHHOTO CyCTaBa B MOBCEJHEBHYIO MTPAKTUKY KIIU-
HMKM BOEHHOI TPaBMAaTOJOTUY U OPTOIEIUMN.

C.C. TkaueHKO pa3paboTajg OpUTMHAIbHbBIE CIIO-
COOBI XUPYPTUUECKOTO JIEUeHUSI JereHepaTUBHOIM
M TIOCTTPAaBMATUUYECKON HECTAOMIBHOCTM TIEYEBOTO
Y KOJIEHHOTO cycTaBOB. OTHOCUTENIbHO MTPOCTasi B TeX-
HMYECKOM OTHOIIEHUM OIepayms 1o TpaHcdepy (re-
peMelIeHNI0) CYXOKUIUS IJIMHHO TOJIOBKY m. biceps
B pacillenl CyXOXWIMs TOAJIONaTOYHOV MBIIIIBI C 1ie-
JIbIO YKpeIyieHUsl TepeHero OTAesna KariCysbl Iiie-
YeBOTO CyCTaBa [0JIT0e BpeMsl OCTaBajiach 30/I0ThIM
CTaHAAPTOM JIeUeHUs TepefHeli HeCcTabMIbHOCTY U
MIPMBBIYHOTO BBIBMXA IIeYa HE TONBKO B JIeUeOHBIX
yupexaeHusx MUHUCTEPCTBA 060POHBI.

BaskHejimmm pasaenom, 6e3 KOTOPOro HEBO3MOXK-
HO MPeACTaBUTb COBPEMEHHYI0 MeIOUIIMHY, SIBJseT-
CSl PEKOHCTPYKTMBHAsl M IUIACTUYEeCKasi XUPYPIus.
VY UCTOKOB ero CTaHOBJIEHMSI B Halllell CTpaHe Haxo-
mwck npogeccopa C.C. Tkauenko u A.E. Benoycos.
[Ipu KIMHMKE BOEHHOJ TPaBMAaTOJOTUU U OPTOTIeaNN
IS TIpoBefeHMs] QyHIAMEeHTATbHbIX MCCIeI0BaAHMIA
U TPEHUPOBKM CHEeLMATbHbIX XUPYPTrUUeCKUX HaBbI-
KOB OblJIa OPraHM30BaHa MUKPOXUPYpruUeckas Jabo-
patopusi. B apceHan Xupypruueckux BMeIIaTeIbCTB
YCIIeLTHO BOIJIYM HOBAaTOPCKME Orepalym 1o periaH-
TalMy MajblieB, KUCTEI PYK, Ilepecagky KOMIIIEKCOB
TKaHe U ap.

TpynHO MepeoleHUTh TOT BECOMBIN BKIaZ, KOTO-
pbiii BHec C.C. TKaueHKO B pa3BUTHME BepTe6Gposio-
run. Cepreir CTermaHOBUY M300peNl OPUTMHAIBHYIO
METJIJIOKOHCTPYKUMIO — CTSDKKY «CIIeLMaIbHYIO»,
win CTsoKKy TkadeHko. OH nepBbiMm B CCCP mipezJio-
SKUJT YCTAHABAMBATb KPIOKU 3TOM MeETalIOKOHCTPYK-
UMY 3@ IUVIACTMHYATYIO YaCTh OYKKU B aNUIYpaIbHOE
MPOCTPAHCTBO. 3aAHSAS BHYTPeHHSIS (urcaumst 1o-
3BOHOUHMKA CTsKKO C.C. TkaueHKO aBajia BO3MOX-
HOCTb OIEPUPYIOLIEMY XUPYPry PaHO aKTUBU3UPO-
BaTh MalleHTa, CTaBUTh €r0 Ha HOTM U pa3peliaThb
XOOUTh YK€ Ha ClIemyloluii eHb IMocie orepaiun.
IJisT cBOEro BpeMeHM NaHHbI MPUHIUI (GUKCALUU
MMO3BOHOYHMKA OBLT ITOMCTMHE PEBOTIOIVMOHHBIM,
a B HalllM HY peann30BaH MIPU UCIIONb30BaHUM CAMBIX
COBPEMEHHBIX BEPTEOPAIbHBIX «<KPIOUKOBBIX» CHCTEM.
He MeHee BaXKHBIM [IOCTMKEHUEM SIBJISIETCSI BHEAPeE-
HMe B MOBCEJHEBHYIO MPAKTUKY ABYX3TAITHOTO METO-
Ila JIeueHUs «B3PBIBHBIX» OCKOJbYATBIX IT€PEIOMOB
TeJ TO3BOHKOB, KOTOPbIV i 06beAMHMI BO3MOKHOCTHU
3agHelt (uKcanuy MO3BOHOYHMKA UM BEHTPaJIbHO-
ro CHOHAMIONEe3a, 06ecreunBaIero IOTHOIEH-
HOe BOCCTAHOBJIEHME TMepeJHeli OMOpPHOI BepTe-
O6pasbHO KOJOHHBI. Pa3paboTaHHBI B COABTOPCTBE
¢ H.M. dcTpebKOBBIM OUCTPAKTOP, MMEIOIINIA, B OT-
Jinyye OT OPUTUMHATBbHOI KOHCTPYKUMM XapPUHITOHA
C XpamoBbIM MeXaHM3MOM, Pe3bOOBYI0 pabouyio
YacTh, MO3BOJIWJI OCYIIECTBIISATH GoJee IMIaBHYI0 KOp-
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PEKITNIO CKOIMOTUYECKUX AedhopManyii T03BOHOUYHM -
Ka ¥ u36eraTh HapyIIeHUI1 KPOBOCHAOKEHMSI CIIMHHO-
ro Mo3sra.

Cepreii CTernaHOBUY SIBJISIETCS aBTOPOM M COaBTO-
poM 60os1ee 500 HayYHBbIX PaboT, B T.U. 22 MOHOrpaduii
u yue6HMKoB. Hekotopbie pa6ortbl C.C. TkaueHKO,
HarleyaTaHHbIe B OTEYECTBEHHBIX JKypHAIax, ObLIN
TpencTaBieHbl B Bume pedepaToB B M3BECTHBIX
AHIVIOSI3bIUHBIX IEPUOANYECKUX U3TaHUSIX.

ITpodeccop C.C. TkaueHKO ObLI aKTUBHBIM M30-
6peTraTeneM U panyoOHaIM3aTOPOM. MM 6bLIO TOMTY-
YyeHO 47 aBTOPCKUX CBUIETEIHCTB Ha M306peTeHUs
U BHezpeHo 6oee 170 panMoOHaAM3aTOPCKUX MIPEI-
JIO)KeHMI. 3a MHOTOJIETHMII TIJIOOOTBOPHBINA TPYI,
B 00J1acTM M300peTaTesbCTBa UM palMOHAIU3ALIUU
mpodeccop C.C. TkaueHKo B 1989 r. OB yIOCTOEH
IMOYETHOI'O 3BaHUS «3aCTy)XKeHHbI M306peTaTesib
PCDCP».

IMomumo HayuHo¥ pa6oThl, C.C. TKAYEHKO YAeIs
6osIbIIIOe BHMMaHKE yuyebHOMY mporeccy. Ha akanme-
MUYECKUX Kypcax yCOBEpIIEeHCTBOBaHUS MeIUIMH-
CKOTO COCTaBa, TIOMMMO TPYIII, M3y4aBIIMUX OOIIye
BONPOCHl BOEHHOI TpaBMATOJOTUM U OpTOIEenuM,
OBLTM OCHOBAaHBI TeMaTUYEeCKMe IUKIbI OOydeHMs.
Taxke TpPOXOOMIIM CIIElMa/IbHYIO MOATOTOBKY TpyM-
TTbI TVIABHBIX TPAaBMATOJIOTOB OKPYTOB U (DIIOTOB, IIpe-
ropasaresneit kKadenp TpaBMATONOTMM, OPTOIIEINN
C KypCOM BOEHHO-TI0IEBOI XUPYPIUM BBICIIUX MeIU-
LIMHCKUX YUEOHBIX 3aBeeHMIT CTPaHbl, Bpaueil BOeH-
HbIX CAaHATOPMEB IO BOCCTAHOBUTEILHOMY JIEUEHUIO
MMOC/IeNCTBUIA IOBPEXKIEHM U 3a00/1€BaHNUi OTTIOPHO-
JIBUraTeabHOro anrapara.

ITpodeccop C.C. TKAUEHKO SIBJSIETCSI OCHOBATEIEM
Hay4YHOI IIKOJbl BOEHHBIX TPaBMaTOJOTOB-OPTOIe-
noB. Ilog ero pykoBOACTBOM 3alMIEHO 12 HOKTOp-
ckux 1 40 kauaumaTckux guccepranuii. C.C. TkaueHKo
BOCIIATAJI LEYI0 TUIeSIAY BBIJAIOIIMUXCS TPaBMaTONIO-
rOB-OpTOIEnOB, cpeay HuX P.M. Tuxuios (I.m.H., IIpo-
eccop, unen-koppecrongeHT PAH), A.E. Bemoycos
(m.Mm.H., npodeccop, naypeaTt I'ocymapcTBeHHOJ Ipe-

muu CCCP), B.C. HemymkuH (O.M.H., mpodeccop),
B.M. IllartoBasioB (A.M.H., mpodeccop), A.W. I'puiiaHoB
(m.M.H., mpodeccop), A.K. [Tynaes (I.M.H., mpodeccop)
¥ MHOTMe JIpyTHe.

3a BpeMs CBO€Ji MHOTOJIeTHEN U MJIOAO0TBOPHOM
pa6otsl Cepreii CTernaHoOBMUY ObUT YIOCTOEH GOJBIIO-
ro 4ucjia Harpaj U IMO4YeTHbIX 3BaHuii. B 1976 . oH
6bL1 HarpaxkaeH menanbio H.U. Iluporosa AMH CCCP
Y TIOYETHBIM 3HAKOM «3a 3aCJTyTU B 00/1aCTY BBICIIIETO
obpasoBauusi CCCP», n36paH AeliCTBUTEIbHBIM YJle-
HOM MeXayHapOoHOM accouManuu TPaBMaTONIOTOB U
opronenos (SICOT). B 1977 r. 3a sakciepuMMeHTaIbHOE
000CHOBaHMe, KIIMHNYECKYIO Pa3paboTKy M BHeIpe-
HMe B MPaKkTUKy MeTOAA IepecafgoK KPYIHBIX ajljlo-
TPaHCIIAHTATOB OH 6bUI ymocToeH ['ocynapcTBEHHOT
npemun CCCP. IIpodeccop C.C. TkaueHKO GbUT Wite-
HOM HayyHoro coBeTa 1O TpaBMaTOJOTMU U Op-
tonienuu Tpu npesuauyme PAMH wu HayuHoro
coBeta mo OmomexaHuke PAH, wieHoM mpe3uau-
yma O6mectBa TpaBmaronoros-opromenos CCCP.
B xypHane «OpTtornenyusi, TpaBMaTOJIOTUS U IIPOTe-
3MpOBaHMe» BO3IIABJSI PefaKIMOHHYI0 KOJJIETHUIO,
a B JXypHaJlaXx «AHHaJIbl TPaBMaToOJIOTUM U OpTOIle-
Iuun», «TpaBmaTonorust u opronenus Poccum» BXoaui
B ee cocTtaB. B geka6pe 1986 r. C.C. TkaueHKO ObLT 13-
O6paH WIeHOM-KOPPECIIOHAEHTOM AKaJeMuu Menu-
nmHCcKkux Hayk CCCP.

3a 47 neT 6e3ynpevyHoii CIy;KObI B BOOPY>KeHHBIX
cmnax CCCP reHepan-maiop MeOUIMHCKOM CITYXK-
6b1 C.C. TRaueHKO HarpaxkaeH opaeHaMyu TpymoBOro
KpacHoro 3Hamenu u «3Hak Ilodera», MemansiMmu
«3a 6oeBble 3acayru», «3a mobeny Hap I'epmanueit
B Bemukoit OreuyecTBeHHOV BoitHe 1941—1945 rr.»
¥ MHOTMMM BEJOMCTBEHHBIMU MeJaISIMMU.

B 1989 r. C.C. TRaueHKO ObLT YBOJEH B OTCTaB-
Ky, HO TPOJOJIKAI TPYOUTbCS Ha POAHON Kadenpe
B JOJDKHOCTU TTpodeccopa. Ymep Cepreit CTenaHOBUY
26 utonst 1997 r. B CaukT-IleTepOypre, mpopaboTaB Ha
Kadenpe 49 net. [IoxopoHeH Ha aKaJgeMUUECKO II0-
aaKe BorowosBckoro Kjaiagouina.

Xomuney Bnadumup Bacunvesuu
I-p Mef. HayK, Tpodeccop
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